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Chapter 1: Introduction to Recommendation
Engines
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Chapter 2: Build Your First Recommendation
Engine

RECOMMENDER ENGINE
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Load data

Calculate
similarity
matrix

Predict
Unknown
ratings

Recommend
Movies

L= Y - - B - * B o=

critic

Jack Matthews
Jack Matthews
Jack Matthews
Jack Matthews
lack Matthews
Mick LaSalle
Mick Lasalle
Mick LaSalle
Mick LaSalle
Mick LaSalle
Mick LaSalle
Claudia Puig
Claudia Puig
Claudia Puig
Claudia Puig
Claudia Puig
Lisa Rose

Lisa Rose

Lisa Rose

Lisa Rose

title

Lady in the Water
Snakes on a Plane
You Me and Dupree
Superman Returns
The Might Listener
Lady in the Water
Snakes on a Plane
Just My Luck
Superman Returns
You Me and Dupree
The Might Listener
Snakes on a Plane
Just My Luck

You Me and Dupree
Superman Returns
The Might Listener
Lady in the Water
Snakes on a Plane
Just My Luck

Superman Returns

rating
3.0
4.0
3.5
5.0
3.0
3.0
4.0
2.0
3.0
2.0
3.0
35
3.0
25
4.0
4.5
2.5
3.5
3.0
35
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> head(ratings)
critic title rating
1 Jack Matthews Lady in the water 3.0
2 Jack Matthews sSnakes on a Plane 4.0
3 Jack Matthews You Me and Dupree 3.5
4 Jack Matthews  Superman Returns 5.0
5 Jack Matthews The Night Listener 3.0
6 Mick Lasalle Lady in the water 3.0
1
= str{ratings)
‘data.frame’ : 31 obs. of 3 variables:
£ critic: Factor w/ 6 levels "Claudia Puig",..: 3 3 3 3 3 55555 ...
$ title : Factor w/ 6 levels "Just My Luck",..: 2 3 64 52 314086...
$ rating: num 3 4 3.5 5 3 34232 ...
1
Claudia Gene Jack Lisa Mick Tob
Puig Seymour Matthews Rose Lasalle ¥
Just My Luck 3.0 1.5 3.0 2
Lady in the Water 3.0 3.0 25 3
Snakes on a Plane 3.5 35 4.0 35 4 45
Superman Returns 4.0 5.0 5.0 35 3 4.0
The Night Listener 4.5 30 3.0 30 3
You Me and Dupree 2.5 3.5 3.5 2.5 2 1.0
Claudia Gene Jack Lisa Mick Tob
Puig Seymour Matthews Rose Lasalle ¥
Claudia Puig 1.0000000 0.7550289 09285714 | 0.0440112 0.6546537 0.8034051
Gene Seymour  0.7559289 1.0000000 0.94409112 | 0.5000000 0.0000000 0.3812464
Jack Matthews 09285714 09440112 1.0000000  0.7559289 03273268 0.6623490
Lisa Rose 0.9449112  0.5000000 0.7559289 1.0000000 0.8600254 09912407
Mick Lasalle  0.654565%37  0.0000000 0.3273268 0.8660254 1.0000000 0.92244735
Toby 0.803405%1 0.3812464 0.6628400  0.9912407 00244735 1.0000000
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[ T IR ST R K]

Z | " Filter
title rating
Just My Luck

Lady in the Water

Snakes on a Flane
Superman Returns
The Night Listener

You Me and Dupree

= titles_na_critic
[1] "Just My Luck"”
1

"Lady in the water”

"The Wight Listener”

critic

Mick LaSalle
Mick LaSalle
Mick LaSalle
Claudia Puig
Claudia Puig
Lisa Rose

Lisa Rose

Lisa Rose

Jlack Matthews

Jack Matthews

Cene Seymour
GCene Seymour

Cene Sa&ymour

title rating

Lady in the Water 3.0
The Night Listener 3.0
Lady in the Water 3.0
Just My Luck 2.0
The Might Listener 3.0
Just My Luck 3.0
The MNight Listener 4.5
Lady in the Water 2.5
Just My Luck 3.0
The Might Listener 3.0
Lady in the Water 3.0
Just My Luck 1.%
The Might Listener 3.0
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critic title rating similarity
Claudia Puig Just My Luck 3.0 0.8934051
Claudia Puig The Might Listener 4.5 0.8934051
Cene Seymour  Lady in the Water 3.0 0.3812464
CGene Seymour Just My Luck 1.5 0.3812464
Cene Seymour The Might Listener 3.0 0.3812464
Jack Martthews | Lady in the Water 3.0 06628400
Jack Matthews The Might Listener 3.0 06628490
Lisa Rose Lady in the Water 2.5 0.9912407
Lisa Rose Just My Luck 3.0 0.9912407
Lisa Rose The Might Listener 3.0 0.9912407
Mick LaSalle Lady in the Water 3.0 0.9244735
Mick LaSalle Just My Luck 2.0 0.9244735
Mick LaSalle The Might Listener 3.0 09244735
critic title rating similarity sim_rating
Claudia Puig Just My Luck 30 08934031 26802154
Claudia Puig The Night Listener 45 08934051 4.0203232
Gene Seymour Lady in the Water 3.0 03812464 1.1437393
Gene Seymour  Just My Luck 1.5 03812464 0.5718696
Gene Seymour The Might Listener 30 03812464 1.1437303
Jack Marthews  Lady in the Water 30 06628490 1.9885460
Jack Matthews The Night Listener 30 0.6628400 10885460
Lisa Rose Lady in the Water 2.5 09912407 24781018
Lisa Rose Just My Luck 3.0 09912407 29737221
Lisa Rose The Night Listener 3.0 0.9912407 29737221
Mick LaSalle Lady in the Water 3.0 0.0244735 27734204
Mick LaSalle Just My Luck 20 09244735 1.8489460
Mick LaSalle The Night Listener 3.0 09244735 27734204
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> generaterRecommendations(l)
source: local data frame [1 x 2]

title sum{sim_rating)/sum{similarity)
(fctr) (db1)
1 Lady in the water 2.856137
> generateRecommendations{2)
source: local data frame [0 x 2]

variables not shown: title (fctr), sum(sim_rating)/sum(similarity) (1gl)
= generaterecommendations(3)
source: local data frame [1 x 2]

title sum(sim_rating)/sum(similarity)
(fecrr) (db1}
1 Just My Luck 2.409926
> generateRecommendations(4)
source: local data frame [0 x 2]

variables not shown: title (fcrr), sum(sim_rating)/sum(similarity) (1gl)
= generatefecommendations(5)
source: local data frame [0 x 2]

variables not shown: title (fcrr), sum(sim_rating)/sum{similarity) (1g1)
= generaterecommendations(6)
Source: local data frame [3 x 2]

title sum(sim_rating)/sum(similarity)

(fetr) {db1)
1 Just My Luck 2. 530981
2 Lady in the water 2.832550
3 fhe Night Listener 3.347790
>
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Chapter 3:
Explained

Recommendation Engines
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A Fistiud of Evil: An Urban
Fantasy Nowvel
Rebesca Chastain
Hririnindk (1)

Kindie Editicn

£2.08

Trace of Magic: 1 (The
Diamond Crty Magic Nowels)
Diana Pharaoh Francis
Kindle Edition

sT.07
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Annde Bellet
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Collaborative Filtering Approach

W

Lollaborative

filtering

recommendations

Engine

recommendations

33’%5

Movie/User Claudia Puig Gene Seymour [Jack Matthews |Lisa Rose |Mick LaSalle [Toby
Just My Luck 3 1.5 3 2
Lady in the Water 3 3 25 3
Snakes on a Plane 3.5 3.5 4 3.5 4| 4.5
Superman Returns 4 5 5 3.5 3 4
The Night Listener 4.5 3 3 3 3
You Me and Dupree 2.5 3.5 3.5 2.5 2 1

Euclidean Distance(x,y) =

[17]
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— - - - : - : -
Claudia Puig |Gene Seymour lack Matthews  [Lisa Rose Mick Lasalle Toby
Claudia Puig 1| o750 0.9285714] 0.5445112 06546537 08934051
Gene Seymour 0.7559289 1 09449112 05 0 0.3812464]
Jack Matthews 0.9285714]  0.949112 1 07555289 03273268 0.662849
Lisa Rose 0.9449112 05 07559288 1 0.8560254 0.9512407]
Mick LaSalle 0.6546537 0 03273268 0.8660254 1 0924735
Toby 0.8924051]  0.3812454) 0.66264| 0.991407 05244735 1
sim(a, b) = __ﬂ—_
la|*|b]
Just My Luck Lady in the water Snakes on a Plane Supernan Returns The Night Listener You Me and Dupree
Just Wy Luck 1. 0000000 0.6338001 0,737 0. 714516 0. 8935046 {0, 7598559
Lady in the water  0.6339001 1. 0000000 0, 79503135 0.5149529 0.7977412 (0. 8897565
Snakes on a Plane  0.7372414 0,7930515 1. 0000000 09779829 0. 8385983 0. 9200319
Superman Returns  0,71%4516 06149529 0,9779629 1. 0000000 08857 0. 9680784
The Kight Listener  0.8935046 0.7977412 0, 8383983 0.885721 1.0000000 0. 9412504
'm:: We and Dupree  0.7308539 0, 8807563 0. 9200319 0. 9680784 0. 3412504 1.0000000
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Content Based Approach

User
Profile

Product
Content

™,
Y _//
, /
, #
dontentbased &
recommendations

Engine

recammendations

Movies Genre

Just My luck Romance

Lady in the water  |Thriller

snakes on a plane  |Action

Superman Returns |ScienceFiction

The Might Listener |Mystery

You Me and Dupree [Comedy

Just My luck

Lady in the water
snakes on a plane
Superman Retumns
The Hight Listener

You Me and Dupree

Romance Thriller Action ScienceFiction Mystery
1 1] 0 0
0 1 0 0
0 1 1 0
0 0 0 1
o o 0 0
1 o 0 0

o o O O

Comedy

2 o o O O

Fantasy

Crime

2 o o O
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Romance Thriller Action ScienceFiction Mystery Comedy Fantasy Crime
1.0986123 1.0986123 1.7917595 1.7917595 1.7917595% 1.7917595 0.6031472 1.7917505%
Romance Thriller Action Sciencefiction Mystery Comedy - Fantasy - Crime
Just My luck 1098612  0.000000 Q.000000 0.000000 Q000000  Q.000000 06931472 0.000000
Lady in the water 0.000000 1.008612 0.000000 0.000000 0.000000 0.000000 0.6931472 0.000000
snakes on a plane 0.000000 1.098612 1.791759 0.000000 0.000000 0.000000 0.0000000 0.000000
Superman Remurms 0.000000  0.000000 0.000000 1.791759  0.000000  0Q.000000 06931472 0.000000
The Might Listener 0.000000  0.000000 0.000000 0.000000 1.791759 0.000000 0.0000000 1.791759
You Me and Dupree 1.098612 0.000000 0.000000 0.000000  0.0O0000 L7@7se  0.0000000 0Q.000000
Claudia.Puig Gene.Seymour - Jack.Matthews Lisa.Rose Mick.LaSalle Toby
Just My luck 1 1 1 1
Lady in the water 1 | 1 1
snakes on a plane 1 1 1 1 1 1
Superman Returns 1 1 | | 1 1
The Might Listener 1 1 1 1 1
You Me and Dupree 1 1 1 1 1 1
Romance Thriller Action ScienceFiction Mystery Comedy Fantasy Crime
Claudia.Puig 6.042368  3.845143 6.271158 TAG7038  B062018 4470300 4.852030 B.062018
Gene.Seymour 5493061 7.140980 G.271158 5958797  5.375278  G6.271158 6.584898 5373278
Jack.Matthews 3.845143 7.600286 7167038 8958797 5375278  G6.271158 5545177 5.375278
Lisa.Rose 5042368 6591674 6271158 6271158 5375278 4479390 6238325 5375278
Mick.LaSalle 4394440 7.600286 7167038 5375278 5375278 3.583519 5.545177 5.375278
Toby  1.098612 4.943755 8062018 7.167038 0000000 1.791759 2.772580 0.000000
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Claudia.Puig
GCene.Seymour
Jack.Matthews
Lisa.Rose
Mick.LaSalle
Toby

Just My dey in
the
luck water

0.89194456 0.88268589
0.9475058 0.0442628
08878721 09029502
0.94780958 0.94420628
0.94750958 0.94420285
06232739 06408335

snakes
on a
plane
0.8057865
0.8729500
0.8005526
0.87295%00
0.87295%00

03219190

Superman
Returns

08173293
08891199
08502198
08891199
08891199
03735800

The

MNight
Listener
0.7461213
0.8219716
0.7538020
0.8219716
08218716

04712180

You Me
and
Dupree
07064116
0.860965%01
08210059
08696501
08696501

0.34306830

Personalised Recommendations

-4

Context Aware Recommendations

:
g &
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R (RATINGS)
R(101,6.1)=6
101 s Id Name
D Mame Age
101 Claudia Puig 16 102 1 Wealkdav
102 | Gene Seymour| 35 . .
103 Jack Matthews 26 ) 3 2 Weekend
104 Lisa Rose 38 104 2
: 3 | Holiday
2 3 35 6 i
\____Y____J Time
Id Movie Genre
1 Just My luck Romance, Fantasy
2| Lady in the water Thriller,Fantasy
3| snakes on aplane Thriller,Action
4| Superman Returns | ScienceFiction, Fantasy
5| The Night Listener Mystery,Crime
6| You Me and Dupres Romance,Comedy
Romance [Thriller |Action |ScienceFi{Mystery |Comedy |Fantasy |[Crime
weekday 0.3 0 0.2 0 0 0.5 0 0
weekend 0.4 0 0 0.3 0 0 0.3 0
Holiday 0 0.5 0 0.4 0 0 0.1 0
| preferencesoftoBy | 109 484  sos] 7.6 of 17 a7l 0|
Romance |Thriller |Action |ScienceFi{Mystery [Comedy |Fantasy |Crime
TOBY weekday | 0. 32958 0| 0. 35835 Q 0| 0.89588 o] ]
CONTEXT (weekend|0.43944 0 0] 0.53753 Q 0f 0. 20794 0
Holiday 0| 0.54931 0] 0.7167 1] 0| 0.06931 0

[22]
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Lady snakes
My e Swas | superman
water plane

The
Might
Listener

weekday 0.27337571  0.000000 | 0.2996171 00000000 0O
weekend 0.66558710  0.153006 | 0.0000000 0.7952170 0O
Holiday 0.04083948 0.553805 | 0.3170418 0.7656785 0O

You
Me

and
Dupree

0.9135004
0.316934
0.000000

Pre-filtering Approach

Product Conten User Profile

Context Relevant Information

Product
Content

User Profile
", -
ntentbased =
recommendations
Engine

re:ommpndations

Context
Information
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Post Filtering Approach

Product User
Content Profile

ntentbased &
recommendations
Engine

recommendations

Context
Infarmation

Past Filtering
Content
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Hybrid Recommenders

LContent based Lollaborative Tilter)
recommendations recommendations
Engine Engine
\ 4

r
/f'
........... \\hrf/

recommendations

i e

Movies d

Users

Movies

R

2
ués
.
Ssc

Sparse

[25]




Graphics Bundle

Chapter 4: Data Mining Techniques Used in
Recommendation Engines

A
d
Distance between a,b
x ;
= -
Y
n
Fuclidean Distance(x, y) = ‘J Z.h’. -yl .
I=|

= X1

[1] 0.7824548 -0.2623895 0.5276719 1.2552186 -0.9803315 -0.4561338 2.4051567

[8] 0.6858002 -0.8711695 -0.2618928 0.2973917 0.8448787 0.2188954 -1.2323462

[15] 0.9132412 -0.4238214 -0.5814376 -0.2448999 1.1896259 -0.9937443 0.6576142

[22] -0.1357882 -0.5627333 -0.8575745 0.2385076 0.7217603 -1.7579127 -0.7489078

[29] -0.3605539 -0.7173789
= X2

[1] 0.36918961 -0.85669259 -0.66356226 0.70927104 -0.24235742 0.68548041 0.97911641

[8] 0.19732953 -0.83348519 0.38272366 -1.61543924 2.31314283 1.44765481 -0.77416639
[15] 1.20584033 -0.94992148 -0.73585753 -1.32329554 0.10810163 -0.62878243 1.22097185
[22] 0.33721922 -0.03807742 -0.55773028 0.68864984 1.26823921 -0.94928127 0.B8784091
[29] 0.81162258 1.37679405
> Euc_dist = dist{rbind(x1l,x2),method = "euclidean")
> Euc_dist

x1

x2 5.259711
= |
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A-B

similarity = cos(f) = TANE ;

@5 = |15 cos

i-b=|bl|||a] cos®

acose
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Y

i-b=|all|b] cosé

—4

i b

= ——
I 15
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|AN B
J(A,B) =
( ) |AU B|
1 AN
T= Ty n—1 = 3. 8y
B cov(X,Y)
PxXy = T30y
1 -
10 e
- ® i
5 o
a
1
1 3 10
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ltem

User/ C
ltem
B -

Lo
]
5

s

EEE
i
o
w

HMEES
b R e T 1.2

(i d)ex

User Xl = 2
-I g o = B 1= 2 8
m 4
User ltem
Features Features
min 3 0, ~gp + Ml IF + Il p, I

A=TUxZ x VT
(mxn)] imxrlirxr) (rxn)
Where U is (m = r) matrix

WVis (nxr) matrix

8 isir=r) matrix

o

Uis {m xk) matrix
WVis (nxk) matrix

¥ iz (kx k) matrix

o
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1/z
Step 1: U@L
[ oxk)
1/2 -
Step 2: e v
[ kxnl
A 12 . - 1/2 @ -‘f_'."T
Step 3: A = UXL " @ =
(mx 1 (m xk) [ kxn)
Y = ﬁlﬂ + B]_X_ 2.
v *a
Y=p0+plX+e -, ;-r:*”f-
B 1]-
. .:’}-‘?}‘h P
) : s I slope
et SO
Sl . } B0 intercept

SN * Ru,_i'\.')

P - Enll similar items, N{
o Enll similar items, N{|'S'i:-h" |)

Ry=aRi+f+¢
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F'(z)

B 1
C 14eX

F(z)

X =y +

1

= 1 + e—(Bo+517)

0.5
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sefosa

Petal.Length = 2.45
[

Petal.Len

Sepal Length < 5.15
versicolor versicolor

oth < 4.85
Petal Width < 1.75
| |
versicolor virginica
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Classification tree:

tree(formula = Species ~ ., data = train)
Number of terminal nodes: &

Residual mean deviance: 0.1471 = 14.56 / 99
Misclassification error rate: 0.0381 = 4 / 105

Petal.Length <26

setosa

Petal Wigth < 1.75

Levels: setosa versicolor virginica

Petal Length < 4'458603\.W|dth <285 Sepal Length < 595
[ 1 [ 1
versicolor virginica virginica
versicolor versicolor
= pred
[1] wversicolor virginica wersicolor versicolor versicolor setosa virginica
[8] setosa virginica wversicolor setosa setosa setosa setosa
[15] versicolor wversicolor versicolor setosa versicolor versicolor virginica
[22] wvirginica wirginica setosa setosa versicolor virginica wversicolor
[29] versicolor wvirginica wirginica wirginica wversicolor virginica wversicolor
[36] wvirginica wversicolor setosa virginica setosa virginica versicolor
[43] versicolor wversicolor setosa

[35]




Graphics Bundle

= model
call:
Number of trees: 500
No. of variables tried at each split: 2
00B estimate of error rate: 6.67%

Confusion matrix:
setosa versicolor virginica class.error

randomForest(formula = Species ~ ., data = train, mtry = 2, importance = TRUE, proximity = TRUE)
Type of random forest: classification

Levels: setosa versicolor virginica
1

setosa 40 0 0 0.00000000
versicolor 0 28 3 0.09677419
virginica 0 4 30 0.11764706
= pred
96 105 138 a9 39 37 149 106 29
versicolor wirginica wirginica versicolor setosa setosa virginica wvirginica setosa
66 a6l 70 140 83 126 77 53 102
versicolor versicolor versicolor wirginica versicolor wvirginica versicolor versicolor wirginica
135 g2 102 32 146 58 e7 19 &7
virginica versicolor wvirginica versicolor wvirginica versicolor versicolor setosa versicolor
5 124 57 42 68 100 145 32 6
setosa  virginica versicolor setosa versicolor versicolor vwvirginica setosa setosa
139 21 Bo 148 1320 108 47 a8 73
virginica setosa versicolor vwirginica wvirginica wirginica setosa versicolor wvirginica

= summary{model)

Fetal.Length Fetal.Length &67.440852
Fetal.width Petal.width 24.942084
Sepal.width  Sepal.width 7.617065
Sepal.Length Sepal.Length 0.000000

var rel.inf
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Fetal Length

-._E -
)]
C
D
g
@ [ [ [ [ [ [ |
1)
0 10 20 30 40 a0 60
Relative influence
= pred[1:5,,]
setosa versicolor virginica
[1,] 5.647443 -2.951628 -4.964130
[2,] -5.238890 -3.222812 4.295997
[3,] -5.289086 3.447595 -3.277463
[4,] -5.288114 2.690219 -2.389940
[5,] -5.245599 -1.588168 3.026419
1
= p.pred

[1]132231111313222321213231123121221331211322322
=

[37]



Graphics Bundle

C_ '\i.hl'tc.ri;a a:.":jdi']."LM

W

)
'
* -
] -
.
4 L]
! .
.
o .
] «*
. ’.
2 . o,
.
) .
.
.
- .
i . » . .
] ] ] 2
.
* .
3 -
.
-
o ®
| .
1 .
*
.
1 .
. '.X%..__
..
.
3 .
.
| . e .
i -
< 4 2 a

a

s o
N
"
-
L]
L ]
. ",
« X
L ]
.
.
- .
L]
.
-
oo *
.
N
L]
L -
|
~ = v

.
.
.
LA ]
¥ . L)
.
x . »
1" -
.
v . ;]
| ' A e
.
I
* e
.
.
.
J
LR .
. ..
g “ + s ‘

[38]




Graphics Bundle

CLUSPLOT( iris )

Component 2
0
|

Component 1
These two components explain 95.02 % of the point variability.
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Reduction In Cost For Values of 'k’
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D1

v D3
N
- " E} D2
™ E :
Y
Z
THE CAT CHASES [RAT DOG  |MAN  [walks [oN MAT
D1 1 1 1 1 0 0 0 0 0
D2 1 1 1 0 0 0 0
D3 1 0 1
lDF 3| 2| 2| 1| 1| 1] 1] 1] 1|
IDF -0.12494 0| 0| 0.477121 0.477121 0.477121| 0.477121] 0.477121| 0.477121]
THE CAT CHASES |RAT Do [man  [waiks [on MAT
D1 -0.12494 0 0| 0477121 0 0 0 0 0
D2 -0.12494 0 0 0| 0.a77121 0 0 0 0
D3 -0.12494 0 0 0 0| 0.a77121] 0.a77121] 0.477121] 047111
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"if 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 O.000000000
"is 0.000000000 0.000000000 0.015238202 0.000000000 0.000000000 0.046137890 0.000000000
"may 0.000000000 0.000000000 0.019825358 0.000000000 0.000000000 0.000000000 O.000000000
"none 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.054457838
"opec 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 O.000000000
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ltem
S Pl
~ T
User E 3 2
= :

1 T
MAE = —Z|x;—y;|-
ni—l

Preferred
TRUE FALSE
) 25 10
Recommended POSITIVE
5 10
NEGATIVE
ACTUAL
TRUE FALSE
TRUE FALSE
PREDIC POSITIVE | POSITIVE POSITIVE

FALSE TRUE

NEGATIVE | NEGATIVE NEGATIVE
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Precision

Recall (True Positive Rate)

#p
#tp+#p
#p
#tp 4 #fn
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Chapter 5: Building Collaborative Filtering
Recommendation Engines

Lab for Developing and Testing Recommender Algorithms @

DO

Documentation for package ‘recommenderiab’ version 0.2-0

= DESCRIPTICON fili

L el I i | L1 het mentatgn
Help Pages
AELRECEHILMHERS [ ousc
NN | Y
b ] Class “ealuationResults™ Results of the Evaluation of a Single Recommander Method
Frag-mathiod Clags “swaluationResultList™ Results of the Evaluation of a Multiplé Recommander Methods
g-method Class “svaluationResults™. Results of the Evaluation of a Single Recommender Method
_— B _—
Item Title

Jestersk Jester dataset Sk sample)

Jesterlokes (JesterSk) lester dataset (S5k sample)

MSWeb Anonymous web data from www.microsoft.com

Movielense Movielense Dataset (100k)

MovielenseMeta {MD'U"[E'LE‘HSE] Movielense Dataset {10‘01&']
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[ dimnamess<- REecommender
binarize dissimilarity removeknownRatings
calcPredictionfAccuracy evaluationSchems rowCounts
calcPredictionfAccuracy getData.frame rowMeans
colCounts getlList rowSds
colMeans getNormalize rowSums
colEds getRatings sample
colSums getTopMLists show
denormalize image similarity
dim normalize
dimnames nratings

Models

IBCF_realRatingMatrix

RERECOMMEND _realRatingMatrix

UBCF_realRatingMatrix

POPULAR_realRatingMatrix

RAMDON_realRatingMatrix

SVD_realRatingMatrix

SVDF_realRatingMatrix

[471]




Graphics Bundle

Distribution of ratings

o o
E -—
™ 1 '_—
P81 — _
g 2 —
$
[ -
S |
b
e T
I I ] ] 1
A0 -5 0 5 10
getRatngs(Jestersk)
91 2 53 j4 35 48 47 §8 49 10
u2841 7.91 9.17 5.34 8.16 -8.74 7.14 E.88 -8.25 5.87 6.21
ulss4y7 -3.20 -3.50 -9.56 -8.74 -6.36 -3.30 O0O.78 2.18 -B.40 -8.79
uls221 -1.70 1.21 1.55 2.77 5.58 3.06 2.72 -4.66 4.51 -3.06
ulss573 -7.38 -8.93 -3.88 -7.23 -4.90 4.13 2.57 3F.83 4.37 3J.16
w2150 0.10 4.17 4.90 1.55 5.53 1.50 -3.79 1.94 3.59 4_.81
ulsz994 0.83 -4.90 0.68 -7.18 0.34 -4.32 -6.17 6.12 -5.58 5.44
|
Users Recommended Jokes
u21505| "j81" "j73" "j83" "j75" "j100" "j80" "jr2" "j95" "j&r" "jo6"
u5809 "397" "j93" "j76" "j78" "j77" "j85" "j89" "j98" "jo1" "j80"
u12519| "j98" "j100" "j80" "j93" ~joo" "j87" "j76" "j89" "jsa" "jo6"
u12094 "389" "jo6" "j78" "jo4" "j88" "j86" "j87" "j93" "jo1" "joo"
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Ugars (Rows)

Rating distribution of 100 users

&0 4] BO

ttems (Columns)
Dimensions: 100 x 100

o

data data as ratingMatrix

method Split/Cross-validation/bootstrap
number of nearest neighbours to be

k considered for similarity calculation

Minimum value for considering as

goodRating |good rating

given

Minimum number of records each row
should contain
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TPR
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ROC curve
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ROC curve
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Precision-recall
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Chapter 6: Building Personalized
Recommendation Engines

Top Stories
Fidel Castro
Ohio State University
Colombia
Donald Trump
Raheel Sharif
Magrota
Samsung Galaxy

Bharatiya Janata Party

Shilpa Shetty
Cognizant

Hyderabad, Telangana
India

World

Business

Technology
Entertainment

Sports

Science

Health

Technology »

Lenovo K6 Power in India, Moto M India Launch Teased, and More: Your 2

Amazon employee jumps off building after emailing the CEO. and more top tech news of the day in your 360

= 5
360 Dally
MNDTV - 10 hours ago
o r Lenovo launches K6 Power smartphone in India, Apple said to be working on 10 prototypes of iPhone 8

Lenovo K6 Power smartphone launched in India at Rs 9959 Economic Times
See realtime Specs Comparison: Lenovo KB Power vs Redmi Note 3 vs Meizu M3 MNote Dig
coverage

Daily.

Related
Lenovo »

Samsung Galaxy C7 Pro Tpped to Sport 16- Megaplxel Front and Rear Cameras

3 hours ago
Samsuﬂg has been rumoured to be working on the Pro versions of the Galaxy CT and Galaxy C5 recently. The
Samsung Galaxy C5 Pro and Galaxy C7 Pro are expected to be unveiled in December. and now the Galaxy C7 Pro
has been spotted on

Facebook goes to towns villages with Wi-Fi to provide free internet access

Hindustan Times - & hours ag

Facebook is testing W|F| hotspots across villages and small towns in India to provide free intemet access, the
social networking giant has said, unveiling plans to take the project to other nations as well
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Content Based Approach

Product User
Content Profile

ntentbased &
recommendations
Engine

recammendations

[56]



Graphics Bundle

User Data
Movie Data

User — ltem -
Features

Multi-Class

Classification
model

Sort and
recommend
new items

Movield Userld

1 117
1 429
1 919
1 457
1 468
1 17
1 392
1 16
1 580
1 268
1 304
1 535

Rating

L ¥ N Y Y A VT ]

Gender

Tz E ZT 2T X2 ¥ 2 M E X Z |

Occupation
technician
student
student
other
salesman
engineer
programmer
other
entertainment
student
engineer
educator

educator

Unknown Action

=T = R = B = R = T = T = T = = T = T = T = R =
o o o o o o o o o o o o O

Adventure

o o o o o o o o o o o o o

Animation

Children

Comedy

Crime

o o o o o o o o o o o o o
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= head(ratings)

UserId MovieId Rating
196 242
186 302

22 377
244 51
166 346
298 474
= names (ratings)

[1] "user1id" "MovieId" "Rating"

= strratings)

‘data.frame’: 100000 obs. of 3 wvariables:

£ UserId : dint 196 185 22 244 166 298 115 253 305 6

hown Bl ba
Eo e S R VR TN

§ MovieId: int 242 302 377 51 346 474 265 465 451 86

$ Rating : int 3 312142533
1

.

“woa W N =

IR

11
12
13
14

16

17

Movield - Unknown - | Action - | Adventure - Animation - Children - | Comedy - Crime - Documentary - Drama - | Fantasy - FilmNoir - | Horror - Musical
1
2
3
4
5
6
7
8

9
0
"
12
13
14
5

o o o oo oooooo0o0oo oo o
© o 2 0 o9 o o oo o0 o000 0o o
—~— o o oo ooooooooo oo o

0
0
0
1
1
1
1
1
1
1
0
0
0
1
1
0
0

o o oo ooooooo0o0oo o~ o

1 0
[ 0
[ 0
1 0
[ 1
0 0
[ 0
1 0
[ 0
[} 0
[ 1
[} 1
1 0
0 0
[ 0
1 0
1 1

16
7

Mystery

o o oo ooooooo0ooo oo o

Romance

SciFi

© o 2 0 o9 o e e - 000 oo

Thriller

~ o 2 0o - -9 oo 00 -9 - o
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> names(movies)
[1] "mMovieId"”
[7] "comedy"
[13] "Horror"
[19] "war"
= strimovies)
"data.frame”:
MovieId
Unknown
Action
Adventure
Animation
Children
Comedy
Crime :
DOCUMENTAry:
Drama :
Fantasy
FilmNoir
Horror
Musical
Mystery
Romance
SciFi
Thriller
wWar
Western

B R R e e e

W

"unknown"
"crime"

"Musical”
"western”

1682
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

(=2

COCOoOFOO0OO0OO00000 00000 FEOMNMN

o000 000 00000 ODOOHEDO
COOoOFPFOO0OO0O00000 000000 00w

[=]

CO0O0000000OFRF OO OOORE O
Lo I o e e e e e Y Y e I e e e e s e W

Fud

o000 00000F OO0 000O00OcO
Lo I I e e e e e Y e e e e e Y s
OO0 000O00OOFOoOOoOFRFPOOOO

"action”
"Documentary” "Drama”
"Mystery"” "Romance"

variables:
8 9 10
Q

OO0 00000OOFOoOOoOO0OO0OO0OO OO0
OHFEFOODO0OO0OO0OO0OO0OoOFOOOOoOO0O

"adventure”

"animation”

"Fantasy"
"sciFi”

"children”
"FilmNoir™”
"Thriller”

AR

10
1
12
13
14

b

15

Movield © Userid © Rating ~ | Unknown

oo oo oooooo oo oo o

Action

oo oo oooooo oo oo o

Adventure

©c oo o oo oo oo e e o oo

Animation © | Children * | Comedy - | Crime - Documentary

oo oo ooooooooooo

oo oo oooooo oo oo o

Drama

oo oo oooooo oo oo o

Fantasy ~ FilmNoir

oo oo oooooo oo oo o

Horror © Musical

©c oo o oo oo oo e e o oo

oo oo oooooo oo o oo

Mystery

©c oo o oo oo oo e e o oo

Romance

oo oo oooooo oo oo o

T names (ratings)
[]-] "Movierd"”
[12] "prama”

N

"userrd”
"Fantasy"

"rRating”
"FilmNoir™

"unknown”
"Horrar"

"Animation”
"Romance"

"Adventure”
"Mystery"

"Action”
"Musical”

"children”
"sSciFi”

"comedy”

"Thriller™

"crime”
ar”

"Documentary”
"western"

= head(ratings,

650
635

1
514
250
210
War western nrat

Qe W
HRERER
B vn s w

R RUIFSYWE NS
ccoooo
ocococoo
HFREREO

ocococoo

ccoooo

ocococoo

Movierd userid Rating unknown Action adventure Animation children comedy

HHRHERHR

1

1 1 0 0 0
1 1 0 0 0
1 1 0 0 0
1 1 0 0 0
1 1 0 0 0

ocoocoo

Crime Documentary Drama Fantasy Filmnoir
o o

ocoocooo

Horror Musical

ocococoo

ocoocooo

Mystery Romance sciFi Thriller
[

cocooo

ocococoo

ocococoo

ocococoo
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= apply(ratings[,-c(1:3,23)],2,function(x)table(x))
unknown Action Adventure animation children comedy

Crime Documentary Drama Fantasy FilmNoir Horror Musical Mystery Romance

sciFi Thriller

war western

randomrForest (formula as.factor(nrat) ~ ., data model_data_train[,
Type of random forest: classification
Number of trees: 500
No. of variables tried at each split: 4
00B estimate of 39.98%
Confusion matrix:
0 1 class.error
0 14390 21315 0.5969752
1 10686 33654 0.2410014

error rate:

-c(19, 2001)

0 99990 74411 86247 96395 92818 70168 91945 99242 60105 98648 98267 94683 95046 94755 80539 87270 78128 90602 98146
1 10 25589 13753 3605 7182 29832 8055 758 39895 1352 1733 5317 4954 5245 19461 12730 21872 9398 1854
=1
> head(scaled_ratings)
action Adventure animation children cComedy Ccrime Documentary prama  Fantasy Filmnoir Horror Musical MysTery Romance sciFi
1 -0.5864161 -0.3993232 5.170975 3.594937 1.53365 -0.2959828 -0.08739462 -0.8147076 -0.117069 -0.1327985 -0.236971 -0.2283016 -0.2352716 -0.4915609 -0.3819263
2 -0.5864161 -0.3993232 5.170975 3.594937 1.53365 -0.2959828 -0.08739462 . 8147076 -0.117069 -0.1327985 -0.236971 .2283016 -0.2352716 -0.4915609 -0.3819263
3 -0.5864161 -0.3993232 5.170975 3.594937 1.53365 -0.2959828 -0.08739462 . 8147076 -0.117069 -0.1327985 -0.236971 .2283016 -0.2352716 -0.4915609 -0.3819263
4 -0.5864161 -0.3993232 5.170975 3.594937 1.53365 -0,2959828 -0.08739462 . 8147076 -0.117069 -0.1327985 -0.236971 .2283016 -0.2352716 -0.4915609 -0.3819263
5 -0.5864161 -0.3993232 5.170975 3.594937 1.53365 -0.2959828 -0.08739462 -0.8147076 -0.117069 -0.1327985 -0.236971 .2283016 -0.2352716 -0.4915609 -0.3819263
6 -0.5864161 -0,3993232 5.170975 3.594937 1.53365 -0.2959828 -0.08739462 -0.8147076 -0.117069 -0.1327985 -0.236971 -0.2283016 -0.2352716 -0.4915609 -0.3819263
Thriller war  western Movield userId nrat
1 -0.5291012 -0.3220673 -0.137441 1 650 Q
2 -0.5291012 -0.3220673 -0.137441 1 635 1
3 -0.5291012 -0.3220673 -0.137441 1 1 1
4 -0.5291012 -0.3220673 -0.137441 1 514 1
5 -0.5291012 -0.3220673 -0.137441 1 250 1
6 -0.5291012 -0.3220673 -0.137441 1 210 1
L
= dim{mode|_data_test)
= dim{mode]_data_train)
1
> fit
call:
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> summary(fit)

Length Class Mode
call 3 -none- call
type 1 -none- character
predicted 80045 factor numeric
err.rate 1500 -none- numeric
confusion & -none- numeric
votes 160090 matrix numeric
oob. times 80045 -none- numeric
classes 2 -none- character
importance 18 -none- numeric
importancesD 0 -none- NULL
TocalImportance 0 -none- NULL
proximity 0 -none- NULL
ntreea 1 -none- numeric
mtry 1 -none- numeric
forest 14 -none- 1ist
\y 80045 factor numeric
test 0 -none- NULL
inbag 0 -none- NULL
terms 3 terms call

1

> predictions[0:20]

1 8 19 2

1 1 1
Levels: 0 1

1

3 24 25 29 36 39 45 48 49 50 73
1 1 1 1 1 1 1 1 1 1 1 1

1

1

80 81 82 93

1

99 107

1

1

=

-

=

VoW O

[

m

predictions 0 1

0 3541 2738
1 5379 E297
{accuracy =- sum{diag(cm)) / sum{cm))

[1] 0.5932348

(precision <=- diag{cm) / rowsums{cm))
0 1
.5639433 0.6066832
recall =- (diag{cm) / colsums(cm))
recall
0 1
. 3969731 0.7518804

[61]




Graphics Bundle

-

head{totalMovieIds)

1112 3456

=

tail{totalMovieIds)

[1] 1677 1678 1679 1680 1681 1682

=

> head{activeusernonratedmoviedf)

UserId MovieId Rating
943
943
943
943
943
943

Wodh Wb B owg B
e = I B S W S
o I e e e e s

> head(activeuserratings)

1 943

3 943 [} 0
4 943 [} 0
5 943 [} 0
6 943 [} 0
7 0 o

943
war western
0 0

coocoo
coocoo

L R N N

ccoroo

ccooco
ococooo
coocoor
cocoro
coroo
ococooo
HEERO
ococooo
cococoo

coocooo

ococooo

ccooco

coocooo

MovieId UserId Rating Unknown Action Adventure Animation Children Comedy Crime Documentary Drama Fantasy FilmNoir Horror Musical Mystery Romance SciFi Thriller
0 0 0 1 1 0 0 0 0 0 0 0

Hooocoo

ocororo
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Dot —
product Eate

__ Term Item
User ftem Activity Item Profile Document Content
matrix

Cosine
similarity

User Item
Similarity Matrix

User Profile

Top N
Recommendations
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,"www .microsoft.com
s "VRoot",a,8, “URDDt“

created by getlog.pl”

-

-

-

-

-

-

-

a

277,1,"NetShow for PowerPoint™,"/stream"

»1253,1,"MS Word Development”,” /worddev”
A,1189,1,"TechNet (World Wide Web Edition)”,"/technet™
A,1838,1,"5iteBuilder Metwork Membership”,"/sbnmember™
A,1205,1," "Hardware Supprt™,"”/hardwaresupport”
A,1876,1,"NT Workstation Support”,”/ntwkssupport”
A,1188,1,"M5 in Education™,"/education”

A,1229,1, ”Uruguay","furuguay
A,1172,1,"Belgium”,"/belgium”

AL,1173,1,"Microsoft OnLine Institute","/moli™
A,1283,1, ”Clnemalnla“,“fclnemanla

A,1167,1,"Windows Hardware Testing”,"/hwtest™
A,1298,1,"Activate the Internst Conference",”/devmovies"
A,1193,1,"0ffice Developer Support™,”/offdevsupport”
A,1153,1,"Venezuela"," /venezusla™

A,1013,1,"Visual Basic Support”,"/vbasicsupport™
A,1241,1,"India","findia"

A,1169,1,"Ms Project”,"/msproject”
A,126@,1,"Exchangs Trial","/trial"
A,1863,1,"Intranst Strategy",”fintranet"
A,1252,1,"Community Affairs”,"/giving”

-

IF-I?ZZ:|ZZ—|H

4
1

@,"a"

1,"1

2,"Hidel", 8,8, "Hide"
8,"a"

1,"1"

1

1
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In [B]:
Out[e]:

(¥ R o IR W I A WY I T S v

I I I I I I I eI I Ik Ik @

W
C
W
W
28459 W
C
W
W
C

raw_data

1
1277
1253
11@s
138
1285
1876
11ae
1229
1172
1173
1283
1167
1298

N e R N e B R SRR e

laad4 1
14992 14992
laal 1
1834 1
laad4 1
14993 14993
lele 1
laad4 1
14994 14994

3

NetShow for PowerPoint

MS Word Development

TechNet (World Wide Web Edition)
SiteBuilder Network Membership
Hardware Supprt

NT Workstation Support

M5 in Education

Uruguay

Belgium

Microsoft OnlLine Institute
Cinemainia

Windows Hardware Testing
Activate the Internet Conference
MaN

MaN

MaN

MaN

MaN

MaN

MaN

MaN

MaN

a
fstream
Sworddev
ftechnet
/sbnmember
/hardwaresupport
Sntwkssupport
Jeducation
Juruguay
/belgium
/moli
fcinemania
Shwtest
Sdevmovies
NalN

NalN

NalN

NalN

NalN

NalN

NalN

NalN

NalN
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In [85]: user_activity.head(15)

Out[B5]:

category wvalue
294 C leael
295 W lass
298 W 1826
297 W laz4
298 C leaaz
299 W laas
Jge W 1856
381 W la3z
382 C leaes
383 W lacd
34 W laas
385 W laz2e
386 W laa?
3a7 W 1a3s
388 W 1826
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In [1082]: user_activity.head(28)

Out[182]:

category
294
295
296
297
293
2949
3eae
38l
382
383
Ja4
385
386
3a7
3@3
@9
3le
311
312
313
314
315
316
317
318
319
32@
321
322
323

e T o B o I L e B o B

value
18881
18338
1826
1834
18862
1868
1856
1832
188683
1864
1865
1828
1867
1838
1826
1852
1841
18238
1a88a4
1aa4
18065
1817
1156
166:1
1818
186835
1827
18a9
1846
1838

userid
18681 .
laaal.
laaal.
laaal,
1aa62.
186682,
18682,
18682 .
18883,
1aaa3.
1aea3.
laeas,
18663,
186683,
18883,
18683,
18883,
1aaa3.
laaad,
laaad,
186685,
18685,
186685,
18685,
18885,
18885,
18885,
18885,
186685,
18685,

SO 0000000000000 0000000000 0@

webid
18881 .
1838.
1826.
1834,
18662,
1868.
1856.
1832.
18883,
1864,
1865.
1828,
1867 .
1838.
1826.
1852.
1841.
1828.
laea4,
1864,
18665,
1817.
1156.
16641 .
1818.
1885.
1827.
1889,
1846.
1838.

200000000000 0000000000000 00005303

Out[164]:

category
295
2986
297
299
ea

= = = = =

value
1838
1826
1834
186835
1856

userid

leaal.
laaal.
laaal.
lagaz.
lagaz,

e ®

In [1@4]: user_activity.head()

webid
1838.68
1826.6
1834.8
1885.8
1856.8
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In [13]: items.head()
Oout[13]:
webid desc
@ 1277 NetShow for PowerPoint
1 1253 M5 Word Development
2 1189 TechNet (World Wide Web Edition)
3 1e3s SiteBuilder Network Membership
4 1285 Hardware Supprt
T
In [122]: items_sort.head(5)
Out[122]:
webid desc
112 leese regwiz
48 leal Support Desktop
278  1ee2 End User Produced View
182  1ee3 Knowledge Base
243 leed4 Microsoft.com Search
In [128]: itemprof
Out[128]:
matrix([[ 1. , 8, , 8 R , 8
8. , 8. 1,
[ @.32213709, @. , ® s , @
@. , e. 1.
[ @.43709646, 8. , @ . , B
B. , 8. 1,
rawy
[ ©.38159493, @. , @ . , B
8. , 8. 1,
[ ©.30873274, O. , 8 . , B
@. , e. 1,
[ @.36482686, 8. , ® s , @
@ , e. 1)
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In [138]: userprof
Out[130]:
matrix([[ @.00862937, 8. , @ , eee, B s
B. , 8. 1.
[ @.80889658, @. , B , c-., ® s
@. , 8. 1.
[ @.00144708, @. , B , -., ® s
@ , 8. 1s
vawy
[ @.00046412, . , @ s , @ s
9. , o. 1.
[ @.00067220, 8. , B s , @ s
@. , 8. 1.
[ @.00879057, @. , B s , @ s
o , o i)
In [131]: userprof.shape
Out[131]: (5000, 10@)
In [128]: similarityCalc
Out[138]:
array([[ @.54168982, @.17449812, @.23677835, . 28678579,
@.16298362, ©.19718935],
[ @.78844517, ©.25398775, ©.34452783, .3Badevaes,
@.23711158, @.23781558],
[ #.63172381, ©.28350167, 0.27612424, 29413451,
@.189988@83, @.22006444],
ey
[ @.569/05@3, @.1835199 , @.24981163, .21739274,
@.17132595, @.28738429],
[ ®.49394733, ©.15911875, ©.21598263, 1884878 ,
@.14354513, @.17951e89],
[ ®.86518334, ®@.2787@764, ©.37816358, . 33814958,
8.26018896, ©.31494998]])
In [129]: similarityCalc.shape
Out[139]: (5@@@, 236)
In [140]:
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final_pred[1]

In [141]:

Out[141]:

In [141]:
array([1

]
& o @
]
o & @
]
& o @
]
& & o
5 s
= & @
5w
o & @
]
o & @
]
=~ I ]
]
=B ]
]
e~ e ]
]
@@ o
]
@@ o
]
o & @
]
[ |
L ]
= & @
]
o & @
L ]
= & e
L ]
= & @
]
o & @
L ]
= & @
]
o & @
= s
o & @
5 oo
= @

T e T e D D
D0 A A A S @
T e T T . D
OO A A S0
L - T T e R
o e B B =~ I I I
e R I e
00 0 & A A
L . T B B B
D00 0 0 0 A
L T T I D
[ v I~ xR
L - T T T D
o =~ I I~ =~ R
L e T T T B
D H DA DD
T s T T D D
oD DA DD
e R I e
QOO0 O 0 o o
L - e e
L B I B s B |
L T T D D
Do A2 ®
L T T I - D
Lo B B B B =~ I I
e s T T B D
L =~ I~ I =~ R
s T I - D
D00 00 A
T T T D D
D0 A O A DD
s T I T D
D00 0 0 0 A
—
e e T T T e R
e I B B I«
I B T T D B
[ s v B~ e~ i 2
L T T T D I D
o =~ I B~ =~ i
T T T T - -
D00 00 A A
L B T B B B B
o B B~ =~ 2

I B T D D B D
D000 0 0 0 A

final_pred[2]

In [142]:

Out[

1z

T e T T D T T D
DA 200 A A A DD
I T T T D D T R T
O 0000 AA DD D
I T - D D T D
Lo B B =~ I s~ T B I R B
I T T T D D I T T
OO A0 50050 0 A A
I T T B D D B D T
L L~ I <~ e~ < |
T R D T D D I D T |
O 000 A 00 005
I T T T T D T T T
O 00 A0 A0 005
T T T T T B T T T
D EH DD D00 A D
I T T T D D T D T
D H A A DD A DD
I T T T D D T D
QO 0050000 -
I e T - D T T D
B3 A ® A & A A A A
I e T T D D T - T
Q0 A0 A2 0 A 0
I T T - T T T D T
D00 A A DA DA D
I T T T D T I T T
B0 A A DDA DD D
I T D T D D T D T
D000 000 0 A
I T T T D D T D T
O 00050 A0 A0 5
I T T T D D R O =
L I B~ I~~~ < I |
I e T - T T - T
L B~ =~ I~ I B B B B
I T D T D D R D T
D0 00000 005
I T T T D D I D T
oSSR A DDA
I T T T D D T D
O 00 0 0 00 D A A
I T T T D D I D T
O 00 A A0 00 5

-

L T T D B D D T
o B~ I v I~ I~ I w2

array([1

—
—
&
-
]
-
]
-
]
™
]

=
=

final_pred[3]

In [143]:
Out[143]:

=5 s om
& & @
=5 s om
& & @
5 s o=
& & @
= s om
& & @
= oo
& & @
5 om o
& & @
5 omom
& & @
]
=~ I ]
=5 s om
[~ I ]
=5 s om
a2 e ]
=5 s om
a2 ]
=5 s om
@ oo @
=5 s om
S & @
=5 s om
& & @
=5 s om
& & @
=5 s om
& & @

5 m om
& & @

@, 8,

@, @, @, 8, 8, 2, B, 8,780, 2,8,

@, @, @, @, @, &,

8,

int64),)

68, 152], dtype

37,

_Er

indexes of user
(array([

In [145]
Out[145]:
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Product User
Content Profile

. =
/¥ Contentbased™ Cantext
recommendatlons Infarmation
Engine

recammendations
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User Data
Mowvie Data

User — Item -
Features

Multi-Class
Classification
model

Sort and
recommend Time Context
new items

Context aware
recommendations

> head{raw_data)
UserId MovieId Rating TimeStamp

1 196 242 3 881250949
2 186 302 3 891717742
3 22 377 1 B78BE7116
4 244 51 2 BEDG606923
5 166 346 1 EBB6397596
6 298 474 4 BB41E2EO06
> |

> head(movies)
MovieId unknown action Adventure Animation children Comedy Crime Documentary Drama Fantasy Filmnoir Horror Musical mystery Romance sciFi Thriller war wester
1 o ] 1 1 1 o 0 ] o 0 0 o ]

1 o o
2 o 1 1 0 0 o 0 ] 0 0 o ] o 0 0 ] 1 0
3 3 [+] o o o o 0 (4] 0 o o 0 0 [+] o o 0 1 o
4 4 o 1 0 0 [ 1 /] ] 1 [ o ] o 0 [ ] Q [
5 5 [+] o o o o 0 1 0 1 o 0 0 [+] o o 0 1 o
6 1] [+] o o o o o 4] 0 1 o o 0 [+] o o 0 0 o
-1
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@B W

Voo B

1 [
1 [
1

1 5
1 2
1 i

coocoo
coocoo

> head(ratings_ctx)
MovieId UserId Rating

50
35

1
14

50
10

Vv s w

Thriller War Western

coocooco

TimeStamp Unknown Action Adventure Animation Children Comedy

891369759
B78879283
B74965758
875309276
B83263374
887731052

cococooco

cococooo

cococooo

1

B
B
il

cococooo

coocoo
cococooo
coocoo

cococooco

cococooo

cococooco

coocoo

Crime Documentary Drama Fantasy FilmNoir Horror Musical Mystery Romance SciFi
0 0 0

cococooo

cococooco

= T

5 =

ratings_ctx$Timestamp
= head{ts)
[1] 891369759 B7BB79283 B74965758 B75309276 BR3Z263374 BB7731052
= hours =- as.POSIX1t(ts,origin="1960-10-01")%hour
= head(hours)
[1] 010 3 2 4 21
= |

XL

PEENCFSTENT

Movierd

Thrill

DRER R

cocooch

war

coocooo

> head(ratings_ctx)
userId Rating
650

635
1
514

250
210

western
0

0
0
0
0
0

LRSI RV I

Timestamp unknown Action Adventure Animation children comedy

891369759
878879283
874965758
875309276
883263374
887731052
ours

0

10
3
2
4

21

ococoococo

ocoococoo

ococoocoo

1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1

ocoococoo

ccooco
ocoococoo
ocoococo

ocoococoo

ccoocoo

ccooco

ococooco

ococoocoo

Crime Documentary Drama Fantasy Filmnoir Horror Musical mystery Romance scifi
o o o ]

ccoocoo

> head(ucp)

MovieId Action Adventure Animation children Comedy Crime Documentary Drama Fantasy Filmnoir Horror Musical Mystery Romance scifFi Thriller war western hours
496 2 1 1 0 0 0 [} 0 0 [} [} ] 0 0 9
1676 9 0 0 0 0 o a 0 1 0 o 0 o 0 0 0 0 0 0 8
2210 11 0 0 0 0 o 1 0 0 0 o 0 o 0 0 0 1 0 0 9
2356 12 0 0 0 0 0 1 0 ] 0 0 0 0 0 0 0 1 0 0 9
3781 22 1 0 0 0 0 [} 0 1 0 [} 0 [} ] 0 0 0 1 0 9
3944 23 0 0 0 0 i) o 0 1 0 o 0 o 0 0 0 1 0 0 9
I
> head(ucp_pref)
hours Action Adventure Animation children Comedy Crime Documentary Drama Fantasy Filmnoir Horror Musical mystery Romance sciFi Thriller war western
1 0 8 7 1 1 o 0 3 0 0 1 o 1
2 6 3 2 0 0 0 L] 0 2 0 0 0 0 0 1 1 1 1 o
3 8 11 5 o 0 11 4 0 10 0 0 2 0 2 5 4 10 3 Q
4 9 38 20 2 8 36 14 0 41 2 0 11 4 1 24 9 23 11 7
3 10 4 1 o 0 8 o 0 1 0 0 0 0 0 2 2 1 o 1
=1
> head(ucp_pref_sc)
context Action Adventure Animation children Comedy Crime Documentary Drama Fantasy FilmNoir Horror Musical Mystery  Romance
[1.] 0 1.0000000 0.8750000 0.00000000 0.125000 0.1250000 0.0000000 0 0.3750000 0.00000000 0 0.1250000 0.00000000 0.00000000 0.1250000
[2.] 6 1.0000000 0.6666667 0.00000000 0.000000 0.0000000 0.0000000 0 0.6666667 0.00000000 0 0.0000000 O.00000000 0.00000000 0.3333333
[3,] & 1.0000000 0.4545455 0.00000000 0.000000 1.0000000 0.3636364 0 0.9090909 0.00000000 0 0.1818182 0.00000000 0.18181818 0.4545455
[4,] 9 0.9268293 0.4878049 0.04878049 0.195122 0.8780488 0.3414634 0 1.0000000 0.04878049 0 0.2682927 0.09756098 0.02439024 0.5853659
5.1 10 0.5000000 0.1250000 0.00000000 0.000000 1.0000000 0.0000000 0 0.1250000 0.00000000 0 0.0000000 0.00000000 0.00000000 0.2500000
sciFi  Thriller war  western
[1,] 0.7500000 0.0000000 O.0000000 0.1250000
[2,] 0.3333333 0.3333333 0.3333333 0.0000000
[3,] 0.3636364 0.9090909 0.2727273 0.0000000
[4,] 0.2195122 0.5609756 0.2682927 0.1707317
0.2500000 0.1250000 O.0000000 0.1250000
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> recommend$movield
L

war western
0

e
ocoocoo
coococoo

5 6 7 8 10 14 15 16 18 19 20 30 32 34 35 36 7 43 44 45 46 7 48 49

[32] 65 66 70 7 7 7 77 7 81 83 84 86 7 88 89 a0 a3 99 102 103 106 107 112 113 114 115

[63] 131 133 134 135 136 137 140 141 142 143 146 149 150 155 156 157 159 160 162 165 166 17 17 17 17 180

[94] 199 203 206 207 209 212 213 214 220 221 223 224 236 244 245 246 253 255 256 258 262 264 267 268 27 27

[125] 280 283 285 286 287 288 289 291 292 293 296 297 299 302 303 304 305 306 307 308 309 310 311 312 313 315

[156] 324 325 326 327 329 330 331 332 333 336 337 339 340 344 345 346 347 348 351 354 355 357 359 360 361 365

[187] 379 381 382 387 389 392 394 404 408 409 411 413 416 417 418 420 424 429 432 434 436 437 438 439 440 441

[218] 448 451 454 457 458 459 460 461 462 463 464 465 466 467 469 473 474 478 479 480 481 483 484 486 487 488

[249] 499 500 501 503 504 505 506 507 509 510 511 512 513 514 515 517 518 519 520 521 522 523 525 527 528 529

[280] 535 536 537 538 542 543 544 545 547 548 551 552 553 5355 556 557 558 560 561 563 565 567 57 73 57 580

[311] 589 591 592 593 594 596 598 600 601 602 603 605 606 607 608 610 611 612 615 616 617 618 619 620 621 622

[342] 632 633 634 635 638 639 640 641 642 643 644 645 646 647 648 649 650 651 652 653 654 656 657 658 659 660

[373] 669 670 &7 73 67 75 &7 77 678 681 682 686 690 691 692 693 694 695 696 6937 698 699 701 702 F0O3 F04

[404] 711 712 713 714 715 716 723 726 727 729 730 731 733 735 736 737 738 740 741 742 744 747 749 750 753 754

[435] 766 767 768 77 77 77 77 77 77 777 77 781 782 783 784 786 787 7BE 7B9 791 799 8OO 803 806 807 809

[466] 817 821 822 823 826 828 832 B34 835 836 837 839 842 844 846 847 848 B850 B851 852 855 856 857 858 860 861

[497] 869 870 872 873 874 875 77 B8O BB2 BB3 8B4 B8B3 886 887 8BS B8B9 8§01 BO5 B9G BOB B899 900 902 903 904 905
> head(ucp_pref_content)

MovieId predictions Unknown Action adventure Animation Children Comedy Crime Documentary Drama Fantasy FilmNoir Horror Musical Mystery Romance Scifi Thriller
1 3 1 0 0 0 0 0 0 0 0 0 0 1
2 4 1 0 1 0 0 0 1 Q Q 1 o o 0 0 0 0 0 0
3 5 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1
4 6 1 0 0 0 0 0 o o o 1 o o 0 0 0 0 0 0
5 7 1 0 0 0 0 0 0 0 0 1 o o 0 0 0 0 1 0
6 8 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0

> head{active_user)

[1,]
[2,]
[3,]
[4,]
[5,]
[6,]
-

[.1]

o = Shown o

[.2]
0. 5609756
2.B048780D
1.9024390
1. 0000000
1.2195122
2.0731707

> head{active_user)

[1,]
[2,]
[3,]
[4,]
[5,]
(6, ]

-

[,1]

[+ Tt [ o R [ S W

[,2]
0.5609756
2. B0487EO
1.9024390
1. 0000000
1.2195122
2.0731707
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Chapter 7: Building Real-Time

Recommendation Engines with Spark

IP: Amcim Arshm
’ -

W R RS @
S ", A

Environments Applications

Data Sources
- s p Y S

- /.\\’ * A
T G DO .0 E Y
T &, HERSE w 'Q] lgl MusCL L.L-‘: " R .

YARM
...... ci?
dacker i
- DataFrames [ SQL [ Datasets APls
Ec2 P -
o & 2 @ S ] o | oo
A paglheny
@ MESOS —
RDDAPI

Gope

Spark

A unified engine across.
data sources,
applications,

and environments.

Spark Physical Cluster

Driver

Executor Executor Executor

Slot Slot Slot Slot Slot Slot

Executor

Slot Slot
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Driver Program

Cluster Master

Worker Program Worker Program Worker Program

Data Node Data Node Data Node
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Apache Spark Ecosystem

Spark SQL + St . MLIib GraphX
DataFrames reaming Machine Learning Graph Computation
Spark Core API
R SQL Python Scala Java
input data . batches of | . batches of

stream Spark input data Spark processed data
- Streaming E:l:> Engine [
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Pipeline Logistic
Eomator) = (vastinet | = | egresio
Logistic
. = . = . ==>| Regression

Pipeline.fit Model
peline.fit() Words Feature
text vectors

PipelineModel [Tnkeni:er ] -y [Hashingﬂ: =) | Regression

(Transformer)

» -8 ~=8 =8

PipelineModel

.transform() Raw Words Feature Predictions

text vectors
ltem

User/ o
Item
e -

User 2
2 :
= :
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I 4 2 14 9
|3 5 T 14 13 &8 1z
I & 5 == 2| e Bl e
| 4 12 &

ltem

Z [P Ee ]
1.2

b S = -

ltem

min 2 r,.—q'p) + A g, [ + ] p, 1%

9P (. irex
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Chapter 8: Building Real-Time
Recommendation Engines with Neo4j

“c”
AllegroGraph
OrientDB
“ f”ﬁ”ffEGraph

Flock DB

e 1 L
F \._‘:.

()Neo4j

T
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Properties:

Age:28

ser - Label)

Properties:
FriendshipSince: 2010

B

2
w

Age:2

Gen‘der: B FriendOf Gender:M

Properties:
FriendshipSince ; 2015

Cypher Query
(u:User) -[f:friendof]-> (m:User)

Above Cypher query pulls up all the
friendship relations between pairs of users

Cypher Query
MATCH (u:User) -[f:friendof]-> (m:User) RETURN f

Above Cypher query pulls up all the friendship relations between pairs of users

[82]



Graphics Bundle

CREATE ({jchn:Perscn [name:"JOHN"1)

Te®

L
Graph

L)Y Persont)

RETURN jchn

<>

CREATE (paul:Person [name:=PRUL"}) CRERTE (krish:Perscn [name:"KRISH"}) BET krish, paal
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MATCH(k:Perscn{name:"ERISH')}), (p:Perscn{name: "FAUL"}), (j:Person{name:"JOHN'}) REIURN k,p.3

v @ CZD

Gragh

5

o

» @ @

MATCH(k:Person{name:'BRISH']), (p:Perscn{name:"FAUL'}), (j:Person{name:"JOHN"}) CRERIE

-
Fus

Created 5 relationships, statement executed in 207 ms.

>
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match{n:Perascn) -[L:FRIENDOF] ->{g:Peracn) return I
te [ +(3) X Person(3)
Maall *(5) | FRIENDOF(5)
Rows FRIENDOF —
A T FRIENDOF ———
Text
. %
P
% )
<> e %
qu_ N &
e \ /
SN
Fiows Set 2 properties, statement executed in 145 ms.
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 FRIENDOF —
— FRIENDOF ——
%, &
&
/

<id=:4 friendsince: 2016

<>

g
m

Set 6 properties, statement executed in 143 ms.
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Person

———— FRIENDOF —__

™
o~
", &)
b
K %%
oy, <

e

— FRIENDOF ———

<id=: 16 gender:] name:PAUL age:Zf
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{f>

line

[UserlD, Itemld, Rating]

[Jack Matthews, Lady in the Water, 3.0]
[Jack Matthews, Snakes on a Planet, 4.0]
[Jack Matthews, You, Me and Dupree, 3.5]
[Jack Matthews, Superman Returns, 5.0]
[Jack Matthews, The Night Listener, 3.0]
[Mick LaSalle, Lady in the Water, 3.0]
[Mick LaSalle, Snakes on a Planet, 4.0]
[Mick LaSalle, Just My Luck, 2.0]

[Mick LaSalle, Superman Returns, 3.0]
[Mick LaSalle, You, Me and Dupree, 2.0]
[Mick LaSalle, The Might Listener, 3.0]
[Claudia Puig, Snakes on a Planet, 3.5]
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RATINGSDATA

UserlD Jack Matthews

temld Lady in the Water

UserlD Jack Matthews
ltemld Snakes on a Planst

Rating 4.0

UserlD Jack Matthews
Itemid You
Rating Me and Dupree

@neoyj ‘ _ a

Download Neo4j Community Edition

@ Neodj 306

Download Mow - Windows 64 bit (exe)

[89]



Graphics Bundle

*

] Mecdj Community Edition Setup O
Select Destination Directory .
Where should Neodj Community Edition be instaled? 0 neOLIJ

Select the folder where you would liee Neodj Community Edition to be instalied, then didk
Next.

Destination directory

:\Program Fles\Neodj CE 3.0.6

Required disk space: 75MB
Free disk space: S13G8

@ MNeodj Community Edition — *

@ neoy) -

Diatabasa Location
iieod\default. graphdb Choose...

Status
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* Meodj Community Edition — >

@neos) -

Database Location

C:\U=ers\SureshDocumentsiNeodj\default. graphdb Choose...

Status
Meodi is ready, Browse to  http: /localhost: 7474/

Options... Stop Start

rid- &6 Graphs

Wi applications making

File Edft view Oo Bodkmarks Tabd Help

ok - #+ E EE nA

el — i & 100 B | konWiew g
reeod-community- 3

0 f-unix Bar gz
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bin cond data impart liby logs pluging fun
T This sy i few
This Libra Loyt raan
e is 1
Anfge paree I Mok —
LICENSE.txt LICENSES tat NOTICE. tat README, txt LIPGRADE txt

[1060929201hw745020 home]$ neodj start

Starting Neo4j.
WARNING: Max 1024 open fTiles allowed, minimum of 48000 recommended. See the Neo4j manual.

Started neo4] (pid 1039). By default, it is available at http://localhost:7474/

There may be a short delay until the server is ready.
See fhome/1060929/Softwares/neodj /neodj-community-3.8.6/logs/neodj.log for current status.

[1868929201hw7450820 home]$ gedit ~/.bashrc

“ C & [ localhost: 7474/browser)
El [ Analytics 4% Born to Blog: Buil... [ Utilities & Banks (] implinks [ Links +# Bookmarks

e to establish connection. There's a graph wasting for you

Database access not avallable. Please use [EEIEETaaili1s

iServer connect

Connect to Neodj Username
Database access réquires an neodj
authenticated connection

Password

Drefault usemame/password, neodjneodj

Conmect

L] Settings - Search ...
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* ocalbond

Learn about Meod

What

How Car

T

s & graph dalstane’’
Gy i gt

What S0 people do with

Jump into code

o k.

T |
Jwery lempiates

8 + & B8

Monitor the system

* oo
E O analytcs 4 Bom to Blog: Buil...

W alhost T4

Utilmies & Banks [ implinis

Connected to Neodj

i thee SEreer

Links % Bookmaris

ol iine cannected As user r

Settings - Search ... [=]:: HIC Temeshest -

& Third Generation. ..

Format the
input csv file

Prepare Load C5W
comumands

Execute commands
in browser tool

Load CSV process
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4 Jack HMarthews,Lady in the Water,3.0
2 Jack Matchews,Snakes on a Planec,4.0
3 Jack HMactthews,You, Me and Dupree.3.5
4 Jack Matcthews, Superman Return=,5.0

s Jack Matthews,The HNight Listener,2.0
& Mick LaSalle,Lady in cthe Wacer,3.0

7 Mick LaSalle,Snakes on a Flanet, 4.0
8 Mick LaSalle,Justc My Luck,2.0

= Mick LaSalle, Superman Heturna.a.q
id Mick LaSalle,¥You, Me and Dupree,2.0
11 Mick LaSalle,The HNight Listener,3.0
12 Claudia Puig,Snake=s on a Planec,3.5
13 Claudia Pujig,Just My Luck,3.0
14 Claudia Euig,You, Me and Dupzss.2.5
15 Claudia Pujig, Superman Returns, 4.0
16 Claudia Ppig,The Night Liscener,.4.5
17 Lisa Rose,Lady in the Water,2.5
18 Lisza Rose,Snakes on a Planec,3.5

15 Lisa Rose, Just My Luck,3.0

20 Lisa Rose,Supeserman Returns, 3.5

21 Lisa Rose,The Might Listener,3.0

22 Lisa Rose,You, Mz and Dupres.2.5

23 Toby, Snakes on a Planet, 4.5

24 Toby, Superman Reourns,4.0

25 Toby,You, Me and Dupre=,1.0

26 Gene Seymour,Lady in the Water,3.0
27 Gene Seymour, Snakes on a Flanet,3.5
28 Gene Seymour,Just My Luck.l.5

29 Gene Seymour, Superman Recturns=,5.0
30 Gene Seymour,You, Me and Dupree.,3.5

1]
¥

L
I

Gene Seymour,The HNight Liscener,3.0
32 Michael Phillips,Lady in the Watexr,2.5
33 Michael Phillips,Snakes on a Planec,3.0

= a L E =l T Nl DFR4T7Tdme Trvrmarrmar Dasssvremae 9 =

Fiowis Added 13 labels, created 13 nodes, set 48 properties, created 35 relationships, statement executed in 276 ms
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I
| Recommendat ions
1

1

I

. I
|Just My Luck |
f I
I

|

1

I

]

|Lady in the Water
|

I
|The Night Listener
L

IF'KZI"IIE IRecmmendaticn

|The Might Listener|2.3333333333333335
l

lLady in the Water IZ.E
l [

|Just My Luck |2.25
1 [
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wl ud Comrmemon Blirers usei 1Ratng e fHatinyg
o M e Diprins Supesrmvy Rstustel. Sk o 3 Plaret] 1184048 15 G0 40]
USCRID  Taoby USERID  Jack Matthews
|G Fahigtel Grsied B @ Pl [49. 45 15 39
USCRID  Toby USLRID  Mchasd Padipn
[ M o Dupress. Sipeiervatin ot Sruskoss o 8 Flareit] 184048 20,30 49
UsE HIlE Toby UsE R Mich | aflle
[V M and Dupres. Supssrmrasn Fsturm. Srskss on 8 Planat e 4048 FIRT T
USERID  Toby USERID  Gans Sapmour
[Fow Ve and Dupres. Supserran Bsbum Snokoes om0 Pt 18 a0 &8 [FIRTET
USERID  Toby USERID  Chamsclls Pug
[Viom M andd Dupres. Supsrran Returm. Snskes on 8 Planat e 40 45 [25 3535
USERID:  Teby USERID  Lisa Fose

I I 1
| coreviewar | similar ity |
1 1 ]
] T 1
|Mick Lasalle |@.7834936490538904 |
1 1 |
| 1 1
|claudia Puig |e.7397917500667335 |
l 1 ]
| I 1
|Lisa Rose |e.7200691375663392|
I T I
|Michael Phillips|®.7204915628125263 |
1 | |
[ | 1
| 78ack Matthews |@.6047152924789525 |
| | ]
| I 1
| Gene Seymour |@.585421901265575 |
| L ]
I 1
|MOVIE Recommendation |
| |
I 1
|The Night Listener|3.3333333333333335|
L |
I |
|Lady in the Water |2.6 |
1 |
I |
| Just My Luck 2.25 |
L |
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Rows Set 42 properties, created 21 relationships, statement executed in 292 ms.

>

> @ CD
=2

Rows

A

LB

>

Code
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Neighbor

Lisa Rose
Mick LaSalle
Claudia Puig
Michael Phillips

Jack Matthews

Similarity

0.9982T43731749959
0.996545T582448796
0.9921572222264535
0.9508301630442589
0.9856838997418295

i

MOVIE
Thie Night Listener
Lady in the Water

Just My Luck

Recommendation
3.3333333333333335
26

235

[98]




Graphics Bundle

Chapter 9: Building Scalable

Recommendation Engines with Mahout

W Ll R

(s |

Ba B3 PR3 BRI R BRI ORI RS

<dependency>
<groupldrorg.apache .mahout</groupld>
{a:t;factZd}mahnut—math{fart;factZdﬂ
<version>»0.12.2</version>
< /dependency>

endency>

1
M
[}
M

T

i

<groupld»org.apache . mahout</groupld:>

<artifactIdrmahout-mr</arcifaccId:>

<version>0.12.2</version>
</dependency>

v B, Maven Dependencies
T mahout-math-0.12.2,ar - O\ Users ST sy,
[ COMMONS-Matna-3.2Jar - _: \Jsersisuresh’

s guava-14.0.1jar - C:\Users Suresh.m2'rep
jma fastutil-7.0.12jar - C:\Users'Suresh'.mireg
o slfdj-api-1.7.19jar - C:\Users\Suresh'.m2\re
jou t-digest-3.1.jar - C:\Users\Suresh.m2\repo

=5 ut-rar-0.12.2,ar - CoUsersioures it |
go_mahout-hdfs-0.12.2,jar - T\ Users' Suresh e

jwy hadoop-client-2.4.1,jar - C\Users\ Suresh’.r

s hadoop-common-2.4.1 jar - C\Users' Sures
jms commons-httpelient-3.1jar - C'\Users Sure
jms commons-codec-1.4.jar - C\Uzers' Suresh’
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< (& | (@ mahout.apache.org/general/downloads.html

..

General Developers Mahout-Samsara Algorithms MapReduce Basics Mahout MapReduce

Official Release

Apache Mahout is an official Apache project and thus available from any of the Apache mirrors. The latest Mahout release is
available for download at:

« Download Latest
« Release Archive

Source code for the current snapshot
Apache Mahout is mirrored to Github. To get all source:

git clone https://github.com/apache/mahout.git mahout

< & | (@ mirror.fibergrid.in/apache/mahout/0.12.2/

Index of /apache/mahout/0.12.2

Names Last modified Size Description

L_EJ Parent Directory -
|_E| apache-mahout-distribution-8.12.2-src.tar.gz 2816-86-13 28:29 4.6M
IEJE apache-mahout-distribution-©.12.2-src.zip 2016-86-13 20:29 &.1M
| apache-mahout-di=ztribution-2.12.2.pom 2815-96-13 20:29 4.4
apache-mahout-distribution-8.12.2.tar.gz__ 2016-86-13 20:23 224M
apache-mehout-drstribution-©.13.2.zip 2016-@6-13 28:29 2384

Apache/’2.4.10 (Debian) Server at mirror,fibergrid.in Port 80
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Mame

bin

conf

docs

examples

flink

hio

lib
= LICEMSE
| £ mahout-examples-0.12.2
| £ mahout-exarmples-0.12.2-job
| £ mahout-flink_2.10-0.12.2
| £ mahout-h2e_2.10-0.12.2

| £ mahout-hdfs-0.12.2

| £ mahout-integration-0.12.2

| £ mahout-rath-0.12.2

|£: mahout-math-scala_2.10-0.12.2
| £ mahout-rmr-0.12.2

[ £ mahout-mr-0.12.2-job

| £ mahout-spark_2.10-0.12.2

| £| mahout-spark-shell_2.10-0.12.2
= noTice
[ ] README.md

[£] mahout-h2o_2.10-0.12.2-dependency-re...

| £ mahout-spark_2.10-0.12.2-dependency-r...

Date modified

11/4/2016 10:03 PM
11/4/2016 10:03 PM
11/4/2016 10:03 PM
11/4/2016 10:03 PM
11/4/2016 10:03 PM
11/4/2016 10:03 PM

11/4/2016 %59 PM
6/13/2016 &01 PM
6/13/2016 &03 PM
6/13/2016 &04 PM
£/13/2016 &03 PM
£/13/2016 806 PM
/13,2016 8:06 PM
B/13/2016 &02 PM
6/13/2016 &03 PM
/13,2016 8:01 PM
6/13/2016 &03 PM
6/13/2016 &02 PM
6/13/2016 &02 PM
6/13/2016 &07 PM
6/13/2016 &07 PM
6/13/2016 808 PM
6/13/2016 &01 PM
6/13/2016 &01 PM

Type

File folder

File folder

File folder

File folder

File folder

File folder

File folder

Text Document
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Executable Jar File
Text Document
MD File

Size

S50KB
732 KB
74,319 KB
422 KB
104 KB
17,708 KB
26 KB
399 KB
12 KB
794 KB
49 KB
131 KB
373 KB
21,436 KB
24 KB
2KB

3KB

—

—_

Ln

e

S Mew Maven Project

New Maven project
Select an Archetype

L

Catalog: |AII Catalogs

V| Lonfigure...

Filter |

| e

Group Id Artifact |d Version =
org.apache.maven.archetypes  maven-archetype-archetype 1.0
org.apache.maven.archetypes  maven-archetype-j2ee-simple 1.0
org.apache.maven.archetypes  maven-archetype-plugin 1.2
org.apache.maven.archetypes maven-archetype-plugin-site 1.1
org.apache.maven.archetypes  maven-archetype-portlet 1.041
org.apache.maven.archetypes  maven-archetype-profiles 1.0-alpha-4
i org.apache.maven.archetypes maven-archetype-quickstart 1.1 i v
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& New Maven Project

New Maven project

Specify Archetype parameters

Group Id: | com.packtpub.mahout

Artifact Id:

Version: | 0.0.1-SNAPSHOT o

Package: | com.packtpub.mahout.recommendations

Properties available from archetype:

] appjava 52

|
1 package com.pa

[ AR ]

public clas=s a

o

[T ]

[

cktpub.mahout . recommenders;

pp 4

poblic =static void main(String[] args) {
= /{ TODO

S Properties for recommenders

type filter text

Resource
Builders

lava Build Path
Java Code Style
lava Compiler
lava Editor
lavadoc Location

Java Build Path

(® Source L= Projects Bk Libraries % Qrder and Export
JARs and class folders on the build path:

= JRE System Library [jre1.8.0_112]
=, Maven Dependencies

Add JARs...

Add External JARs...
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E m app.java @ recommenders/pom.xml 3

@ 13 <properties
14 <project.build. sourceEncoding»UTF-8</project.build. sourceEncoding>
15 </properties>
16 <dependencies>

17 <dependency>
] <groupldrorg.apache .mahout</groupIld>

<groupldrorg.=21f4j</grouplds>
<artifactId>slf4j—gﬂiﬁiartifactId>
<version>1.7.21</version>
</dependency>
= <dependency>
<groupIldrorg.=slf4j</groupId>
¢artifactId>=slf4j-logdjlZ</artifactId>
<version>l.7.21</version>
</dependency>
= <dependency>
<groupld>com.google.guava<,/groupId>
33 <artifactIdrguava</artifactId>
40 <version>19.0</verzion>
41 «/dependency>
422 <dependency’>
43 <groupld>org.apache . commons<,/groupIds>
44 <artifactidrcommons-math3</arcifaccId>

AC L B R e Y

[T

19 ¢artifactId>mahout-math</artifactId>
20 <version»>0.12.2</version>

21 </dependency>

222 <dependency>

23 <groupldrorg.apache .mahout</groupIld>
24 <artifactIdrmahout-mr</arcifaccId>
25 <version>0.12.2</version>

26 </dependency>

27 <dependency>

2

2

TSI

-1 o

3
3
3
35
3
3
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[ Package Explorer &3 =) | « < = 0O
w Y recommenders A

~ [ src/main/java
v H com.packtpub.mahoutrecommenders
[J] UserbasedRecommender.java
[ sro/test/java
v B, Maven Dependencies
[y mahout-math-0.12.2,jar - C\Users) Sureshiun
o fastutil-7.0.12 jar - C:\Users\ Suresh'.m2\repo
o t-digest-3.1jar - C:\Usersh Suresh'.m2\reposi
jms mahout-rmr-0.12.2jar - C\Users!\ Suresh'.m2
s mahout-hdfs-0.12.2 jar - Ch\Users\Suresh’.m
jpe hadoop-client-2.4.1 jar - C\Users\ Suresh'.m
jms hadoop-common-2.4.1 jar - T\ Users) Suresh

jms commons-httpclient-3.1jar - C\Users\ Sures

= 1 I NN [ L

S Java - recommenders/data/dataset.csv - Eclipse
Eile Edit MNawvigate 5Search Project Bun  Window Help

H e NS0 G IEE Y e i e e
[ Package Explorer &3 =N | ¢ = 0O app.java [m] recommenders/pom.xml
v & recommenders '.I].,:I.D,:L.D

w [ crc/main/java 21,11,2.0
v f} com.packtpub.mahout.recommenders 31,12,5.0
appjava 41,13,5.0
UserbasedRecommender.java 51,14,%.0

[ creftest/java ©1,15,4.0
= Maven Dependencies _ 1,16,5.0
B\ JRE System Library [JavaSE-1.2] =1,17,1.0

v & data 191,18,5.0
k5] dataset.csv 102,10,1.0

= 112,11,2.0
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S Java - recommenders/src/main/java/com/packtpub/mahout/recommenders/UserbasedRecommender,java - Eclipse
File Edit Source Refactor MNavigate Segrch Project Run  Window Help

o A G e TSP R RS

|'_ Problems | @ Javadoc @, Declaration | B Consale 4
fa <terminated> UserbasedRecommender [Java Application] C:\Program Files\Java\jre1.8.0_112\bin\javaw.exe (Nov 10, 2016, 11:12:09 PM)
4j:WARN No appe 1ders could be found for logger (org.apache.mahout.cf.taste.impl.model.file.FileDataModel).
em properly.
log4j/l.2/faq.htmlfnoconfig for more info.

WARN Please lize the lo
4j :WARN See http:
Recorrrreddedlterr[lterr 12, walue:4.8328104])
RecommendedItem[item:13, wvalue:4.6656213]

RecommendedItem[item:14, wvalue:4.331242]

logging.apache.or

[cloudera@quickstart ~]1% hadoop fs -cat mahout/outputl/part-r-
00000

3 [10:3.8597424]
4 [13:4.0]

;bserID,placeID rating, food rating,service rating
Z2U1077,135085,2,2,2

3U1077,135038,2,
4 TJ1077,132825,2,
S5UL077,135060,1,
eT1068,135104,1,
TUl068,132740,0,
Tl068,132663,1,
Tl068,132732,0,
10U1068,132630,1,
117J1067,132584, 2,
1217J1067,132733,1,
13010687 ,132732,1,
14TJ1067,132630, 1,
15U1067,135104,0,
16T1067,132560,1,
1701103,132584,1,
18 01103,132732,0,

=TT B ¥ ]
- - - - - - - -

-

d ID M Gl ID ID M I—" P I—" IDI I—1 ID I—" M [T I %
-
d M I—" Gl ID I—" LS e S I = T = T L% R LK L T e 8
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11077, 135085,
1077, 135038,
1077,132825,
1077, 135060,
1068,135104,
1068,132740,
71068,132663,
1068,132732,
1068,132630,
101067,132584, 2
111067,132733,1
1067,132732,1
1067,132630,1
14 1067,135104,0
1067,132560,1
161103,132584,1
171103,132732,0
181103,132630,1

[ o BT - LI S
[

(4]

el =

[Te]

[
[ PRI ]

I
i

[# Problems @ Javadoc @, Declaration &) Console i3
<terminated> UserbasedRecormmender [Java Application] C:\Program Files\Javaljrel.8.0_112\bin\javaw.exe (Mov 11, 2016, 11:04:44 PM)

logging.apache.
RecommendedItem[item:132613, wvalue:l.
RecommendedItem[item:132667, wvalue:1.0]

RecommendedItem[item:132584, wvalue:0.98063793]

'5 [ Problems @ Javadoc [ Declaration & Console &

e <terminated> ltembasedRecommendations [Java Application] C:\Program Files\Java'jrel.8.0_112\bin\javaw.exe (Mov 12, 2016, 12:03:12 AM)

lo i :WARN No appenders could be found for logger (o
FN Please initialize the log4
WAEN See http logging.apache.
RecommendedItem[item:132667, walue:0.96383345]
RecommendedItem[item:132732, walue:0.9602005]
RecommendedItem([item:132733, walue:0.9543598]

apache.mahout.cf.taste.impl.model.file.FileDataModel) .

/fag.htmlfnoconfig for more info.
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Class

Description

AbstractDifferenceRecommenderEvaluator

Averag nmenderEvaluator
GenericRecommender|R StatsEvaluator
GenericRelevantitemsData Splitter

IR Statisticsimpl

LoadEvaluator

Load Statistics

OrderBasedRecommenderEvaluator

RMSRecommenderEvaluator

Abstract superclass of a couple implementations, providing shared functionality.

A RecommenderEvaluator which computes the average absolute difference between predicted and actual ratings for users.

For each user, these implementation determine the top n preferences, then evaluate the IR statistics based on a DataModel that does not have these values.
Picks relevant items fo be those with the strongest preference, and includes the other users’ preferences in full

Simple helper class for running load on a Recommender.

Evaluate recommender by comparing order of all raw prefs with order in recommender's output for that user.

A RecommenderEvaluator which computes the "root mean squared” difference between predicted and actual ratings for users.

at: Load datal
Data

Source

Series of Map-reducer
jobs run in Batch mode —

CTOMCA fa va CentOS

HUES]

and generate

recommendations

Feedback
g &, &5

= L
F |
— >
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[cloudera@quickstart ~]% hadoop fs -cat mahout/u.data |head
196 242 3 B81250949
186 302 3 BO1717742
22 377 1 BYBBET116
244 51 2 BBOB0GYZ3
166 346 1 BEBG3I97590
298 474 4 BB4182806
115 265 2 BB11714E88
253 465 5 B9162B467
305 451 3 BEBG324817
6 86 3 BB3603013
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[cTouderag@quickstart ~]% hadoop fs -cat
recommendations topNrecommendations /part-m-00000 |head

1
[1536:5.0,1467:4.831182,1449:4,_ 80844 ,814:4.742634,1599:4. 68286
9,1398:4.649307,1629:4. 570285,1639:4. 562079,408:4. 536842 ,1367:

4.528492,483:4.4752526,318:4.4236937,1500:4.4102707,1201:4.408
1335,603:4.3991466]

2
[1536:5.0,814:4.78269,1449:4,7134724 ,1398:4. 6964526,1599:4. 563
0975,1467:4.551129,169:4.437805,408:4. 38913,114:4, 381019,64 :4.
3791966,1367:4.3718753,1064 :4. 3644257 ,483:4. 350657 ,851:4. 32865
8,318:4.325402 |

3
[1536:3.842033,1642:3.749693,1467:3.6595325,1449:3, 6565793 ,150
0:3.652883,1398:3,.5153584 ,814:3.5086145,169:3.4643984,1651:3.4
516013,1636:3.4516013,1645:3.4516013,1650:3.4516013,114:3.4097
04,1639:3.3940363,1524:3. 367357]

4
|1642:5.0,1651:5.0,1636:5.0,1650:5.0,1645:5.0,1201:5.0,1639:5

0,1536:5.0,1449:5.0,1367:5.0,1500:5.0,483:5.0,113:5.0,1122:5.0
,1388:5.0]

5
[1536:4.328833,1449:4,. 1486154 ,814:4.09392,1599:4. 0884914 ,1467:
4.0109262,1398:4.0078206,1500:3. 8654287 ,1639:3.821516,1629:3.8

013735,1122:3.8007212,14623:3. 7989178 ,318:3. 7716885 ,483:3. 76697
33,114:3,7642615,1642:3.7634466]

6
[1536:4.669815,1467 :4. 5344944 ,814:4,49133,1449:4, 4251847 ,1599:
4.367457,1639:4. 355604 ,1398:4. 228149 ,1500:4. 21864 ,1642:4.19020
7,1367:4.1796536,1463:4.175493,1452:4. 0896783 ,1458:4. 0896783 ,1
629:4,.063499,851:4. 0583687

7
[1500:4.8419685,1122:4, 636387 ,1536:4.611435,1449:4, 604633 ,1467
t4.470685,1651:4.439256,1650:4,439256,1636:4,439256,1645:4, 439
256,1642:4.408753,1189:4. 399697,1201:4.3634996,1398:4. 3018093,
169:4.25464,1450:4. 2321644 |

8
[1536:5.0,1467:5.0,1642:5.0,1639:5.0,814:4.9976716,1449:4, 9946
73,1398:4,813181,851:4.7969217,119:4, 7551465 ,169:4.7425375,146
3:4.?2?2143,136?:4.E??913T,433:4.661983,1201:4.653322,1453:4.6
515884

9
[1500:5.0,1645:4. 7686267 ,1636:4. 7686267 ,1650:4, 7686267 ,1651:4.
7686267 ,1431:4.6634703,1491:4. 651774 ,1558:4. 6267195,1122:4, 591
5747,1449:4,568915,1201:4.5492425,1175:4, 515396,1643:4, 506893,
1512:4.4682612,1155:4. 4282117 |

10
[1536:4.821219,1500:4. 7425957 ,1449:4, 724121 ,1467:4.6232443,112
2:4,5975246,1642:4. 548042 ,1398:4, 512008,1599:4,.461757,1650:4.4
549794 ,1645:4.4549794 ,1651:4.4549794 ,1636:4.45497094 ,118%:4.440
5603,169:4. 3742394 ,814:4. 372402
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Chapter 10: What Next?

General Recommendations

Personalizations

Personalization

'--»
@

Personaled recommendations for products based on &
spercific customer's purchases, vists. searches, whis ksts,
254 otner BeERIVIO!
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Maturity of Recommender Systems over time

Memory based models |

Model based models |

Ensembled Models §

I

Deep Learning Models

i
i
;

Recommendation

) Google Allo
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(=

Goog|e raspberry pi 3 specs

Al Images  Mews  Videos  Shopping  Morev  Search toals

About 45,90,000 results (0.44 seconds)

i Sponsored
Here's the complete specs for the Pi 3. SoC! Shop for raspberry pi 3 specs on Google

Broadcom BCM2837 (roughly 50% faster than the Pi
2) CPU: 1.2 GHZ quad-core ARM Cortex A53 (ARMv8
Instruction Set) GPU: Broadcom VideaCore IV @ 400

RASPBERRY PI 3 MODEL B COMPLETE STARTER
w KIT - RPi3 Case Adapter NOOBS
MHz. Feb 29, 2016

T 3,999.00 - eBay India

Introducing the Raspberry Pi 3 | Hackaday

COM/2016/0: pberry-pi-3/

leavirg bekird the weh

Systems that discover
corntent on the move,

ubiquitous ssytems

(ncluding Social
axpemce
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Context of
recommendations are

changing
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Smart Manager @

&

(€] | & https://news.google.ca.in
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Mosul Technology »

Manchester United F.C. . i

Michel Aoun I 50 percent Samsung Galaxy Note 7 owners may switch to iPhone 7: IDC

FC Barcelona Firstpost - 3 hours ago

Whe will gain from Samsung's less? This has been on everyone's mind ever since Samsung Mote 7 fiasco hit

Bhopal headlines compelling the company to recall Mote 7 completely (in a fireproof box) and offer refund to users.

Gareth Bale Firstpost

Arsenal F.C Apple MacBook prices increased by Rs 10000

Samsung Galaxy The Mobile Indian - 2 hours age

Air pollution Just last week Apple introduced the new MacBook Pro lineup with TouchBar and Touch ID functionality. While
Kochi. Kerala everyone had their eyes on the newly announced MacBook Pro, Apple silently increased the prices of MacBook

’ lineup in India.
India Reliance Jio launch doubles demand of 4G VoLTE devices
World Firstpost - 3 hours ago
Demand for Voice over Long Term Evolution (VoLTE) enabled devices has doubled since the launch of Reliance Jio,
Business according to a report in Economic Times.
Financial E..
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Sports

Science

5
India Today

Mare Technelogy stories

LG may launch V20 at Rs 49990 in India by November-end

India Teday - 57 minutes ago

Back in September, LG launched its V20 smartphone, the first phene to run Android Neugat at launch. The
successor of LG V10, which never reached India. may soon launch in the country with a price tag of Rs 49,990.
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User Feature Matrix
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