Data Mining

Munawar, PhD

—
<< /. Data Mining T




01 Overview
02 Tools Comparison
03 Rapid Miner

04 weka







Overview

Knowledge discovery in databases is a rapidly growing field, whose
development is driven by strong research interests as well as urgent
practical, social, and economical needs.

The last few years, knowledge discovery tools have been used mainly in
research environments, sophisticated software products are now rapidly
emerging.

In this course, we provide an overview of data mining tools and discuss
open source tools to study basic data mining methods, including

preprocessing data and association rule method:
v' RapidMiner
v WEKA




The top 10 tools by share of users were

(Kdnuggets-2014)

Overview

What Analytics, Big Data, Data mining, Data Science software you used

in the past 12 months for a real project? [3285 voters]

Legend: Red: Free/Open Source tools
Green: Commercial tools

T % users in 2014
I o users in 2013

RapidMiner (1453), 35.1% alone I 44.2%
I 39 2%,
R (1264), 2.1% alone I 38 5%
I 2T 4%
Excel (847), 0.1% alone I 25 5%
I 5 0%
SQL (832), 0.1% alone I 25 3%
na
Python (539), 0.9% alone I 19 5%
I 13.3%
VWeka (558), 0.4% alone I 17.0%
I 14 3%
KMIME (492), 10.6% alone I 15.0%
S 9%
Hadoop (416), 0% alone I 12 7%
I O 3%
SAS base (357), 0% alone I 10 9%
I 10.7%
Microsoft SQL Server (344), 0% alone | 10.5%
7 0%

« Most popular open source
tools:

— RapidMiner, 44.2% share (39.2% in
2013)

— R, 38.5% ( 37.4% in 2013)

— Python, 19.5% ( 13.3% in 2013)
— Weka, 17.0% ( 14.3% in 2013)
— KNIME, 15.0% ( 5.9% in 2013)

* Most popular commercial
tools:

— SAS Enterprise Miner

— MATLAB

— IBM SPSS Modeler




Popular Op.e.rTSource DM

RapidMiner: many DM algorithms (also can import Weka’s methods), extendable, steady
learning curve, recent problems with licensing

Weka: many DM algorithms, user-friendly, extendable, not the best choice for data
visualization or advanced DM tasks at this time

R: strong in statistics and DM algorithms, extendable, fast implementations, complexity of
extensions, not user-friendly — some improvement with Rattle GUI

KNIME: user-friendly, extendable (e.g. Weka, R), covers most of the advanced DM tasks
as add-ons, no significant downsides

Orange: user-friendly, visually appealing GUI, moderate DM algorithms coverage, doesn't
cover advanced DM tasks at this time

scikit-learn: great documentation, fast implementations, moderate DM algorithms
coverage, not user-friendy




Programming/ Statistic Language

] i "
Language used | i :g:g:z :2 gg:é glggg:i ¢ TO p te n Of p rog ram m I n g/
N % voters in 2012 (579 total) . .
reeesnzn)  ——-o | StatiStics languages used for
I 52 5% 1
e— ¢ an analytics/data
I 20 8% . . . .
m— 19 7 mining/data science work in
Python (252) I 5 0%
I 38 8% .
| 363_?‘;:! 2 O 14 .
I 0 6%
saL (220) 30 53{3_5% . R
I G2 1%
Java (89) I 12 4% « SAS
I 16.5%
I 21 .2% °
Unix shell/awkised (63) I s 5% Python
—Hfaoj.fo?% « Java
Pig Latin/ Hive/ other Hadoop- | 8 5% ° UniX
based languages (51) S 0%
—— i * Pig Latin/Hive/Hadoop
ot asked - SPSS
MATLAB (49) -—5'301(102_5%  Matlab
I 13.1%

Source: http://www.kdnuggets.com
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Developer:

Programming
language:

License:

GUI/CL:

Main purpose:

Community
support (est.):

RapidMiner,
Germany

Java

open s. (v.5 or
lower); closed
S., free Starter
ed. (v.6)

GUI

general data
mining

large

(~200 000
users)

worldwide
development

C, Fortran, R

free software,
GNU GPL 2+

both; (GUI for
DM = Rattle)
sci.
computation
and statistics

very large
(~ 2 M users)

Popular Open Source DM

Univ. of
Waikato,
New Zealand

Java

open source,
GNU GPL 3

both

general data
mining

large

Univ. of
Ljubljana,
Slovenia

C++, Python,
Qt framew.

open source,
GNU GPL 3

both

general data
mining

moderate

KNIME.com
AG,Switzerland

Java

open source,
GNU GPL 3

GUI

general data
mining

moderate

(~ 15 000 users)

multiple; support:

INRIA, Google

Python+NumPy+

SciPy+matplotlib

FreeBSD

command line

machine learning

package add-on

moderate






Introduction

« RapidMiner, formerly known as YALE (Yet Another Learning
Environment), was developed starting in 2001 at the Artificial
Intelligence Unit of Technical University of Dortmund, Germany.

RapidMiner is an open source software platform that provides an
integrated environment for machine learning, data mining, text mining,
predictive analytics and business analytics.

Written in the Java programming language.

Follows a modular operator concept which allows the design of
complex nedted operator chains for a huge number of learning
problems.

Used for business and industrial applications as well as for research,
education, training, rapid prototyping, and application development and

supports all steps of the data mining process. /J _
I r i
Available to download from https://rapidminer.com E/IJJ agidmmer



https://rapidminer.com/

Preparation

Download the free version of RapidMiner software from
http://www.rapidminer.com

Documentation
http://docs.rapidminer.com/studio

RapidMiner Installation Guide:
http://docs.rapidminer.com/studio/installation/index.html

RapidMiner manual guide

https://rapidminer.com/wp-content/uploads/2014/10/RapidMiner-v6-user-
manual.pdf

Tutorial Video
http://videos.rapidminerresources.com/course/index.php?categoryid=4



http://www.rapidminer.com/
http://docs.rapidminer.com/studio
http://docs.rapidminer.com/studio/installation/index.html
https://rapidminer.com/wp-content/uploads/2014/10/RapidMiner-v6-user-manual.pdf
http://videos.rapidminerresources.com/course/index.php?categoryid=4

Installation & First Recovery

« Download the appropriate
Installation package for your
OS and install RapidMiner
Studio according to the
Instructions on the website.
https://rapidminer.com

« RapidMiner is written in the
Java programming language,
so that an up-to-date Java
Runtime is needed.

« Create a local repository on
your computer to begin with
the first use of RapidMiner
Studio.

B New Repository ]d*-\__:__

% Enter paramelers to create a new local or RapldMiner Server repository

Alias: NewLocalRepository

Root directory.  [/] Use standard location



https://rapidminer.com/

Home Perspective

« RapidMiner Studio is the GUI- e ; e
based software where data [ SAEY ma PR - - o - _ q
mining and predictive analytics "

workflows can be built and E Tutoridls I
deployed. " 9 @ |
; d : |
2 | [y |
« You can select which 1
perspective i P !
« Home perspective B
» Design perspective O\ — I
* Results perspective
* Wizard perspective Launch view of RapidMiner 6.2

iIn Home Perspective




Design Perspective

[ ———— ; e )
JAHEY ra SPIE 8- 6 o N -
- Design Perspective: (.. _?:‘}.’Z"Z’:'i’, ~pe— oo ,?'_':'5;;;.,' '“\l
This is the central ) (] e |
RapidMiner Studio oo™ & pommmmmmmmmmmees TR S c— |
perspective where all ;=™ ) :, 7! — I
analysis processes oo N Selectingviews 11 o
are created, edited 1\ /| 1 using’Show View” 1 1| L. ]
and managed. I Ay MenUOpon i )| e fmm)
e i N B -
TEER “ ) Compay lewl
b2 3 s : @ Hep
« It does not only an | il Sroes B
almost comprehensive | | 2o i
set of operators, but | i R
also structures that 3, J e
express the control ow [3777777° B oG > |

of the process. _ _ o
Design Perspective of RapidMiner.




Operators & Repositories View

* There are two very meaningful views in this p—— o

Design area:
IVITET Ty P U E

A S
-
8
s
s

« Operators View

All work steps (operators) available in
RapidMiner Studio are presented in groups
here and can therefore be included in the
current process.

% % Process »

oA T
\-———————c-

4
\

* Repositories View

The repository is a central component of
RapidMiner Studio which was introduced in
Version 5. It is used for the management
and structuring of your analysis processes
Into projects and at the same time as both a
source of data as well as of the associated | Ll
meta data. .

S
7

,_________
S

’




Process View

* In RapidMiner, process
components are called
operators.

« An operator is dened by
several things:

» The description of the
expected inputs,

* The description of the
supplied outputs,

* The action performed by the
operator on the inputs, which
ultimately leads to the supply
of the outputs,

* A number of parameters
which can control the action
performed.

_Ele Edit Process ook

iA@Y rAa SPIE 8- 6 (o - 2ot e ]|
= Oparators 5 Process
&~ B .. Beness ' -0 $ B B 5 arametare
Sy N 8§ N N N N N N N N N N N N _§ N _§ N _§ N | &
Frocess Control (4] { N BRPRE
3 ) Uty {52} I = Process
3 [ Repository coass s | 1
4 L) mipod (26) - s |:-;mrxsrr.' nit
4 ) Eapan(17) 1
# L) Data Transtormaton {114] | In;l'"i L
4 L) Wodeding (112) I
2 ) Evaluslion (23] I:MT‘:-P
l|F ) Connectrs (13) : 1 —
Jprcom seed | 2004
i . PROCESS VIEW
l Ea'n:‘ma T
I bocoong [ svamen
Recommended operators 1 1
. I
! I
8 Fepasiines 1 I_
g4 * 1 I_}cu-npmurrl vl
-
800 : LI
&F phiReposiony : }ﬁ' B A
e " POEESS
Clsa Ruposty D e ———
& Resiull Ovamisw
]
The: root cperator wh
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Operators

« An operator is an atomic piece of
functionality (which in fact is a chunk of trieve Golf
encapsulated code) performing a =

certain task. %;,j out [)

O
* The data mining tasks:
* Importing a data set into the
RapidMiner repository, 7 e |
. . . . . mo an 1)
 cleaning it by getting rid of spurious S L
examples, quit g mod))
» reducing the number of attributes by e/
using feature selection techniques,
o bUIIdlng predictive models An operator can be connected via its
. ' i (left) and
or scoring new data sets using models '(?.Zﬁi)p%:fowe :t:trl:s .onlfjt.zgfoproc:fts

built earlier. operators




Group of Operators

Groups of operators in the tree
structure.

Process Control: Operators
such as loops or conditional
branches which can control the
Process ow.

Utility: Auxiliary operators
which, alongside the
operator"Subprocess" for
grouping subprocesses, also
contain the important macro-
operators as well as the
operators for logging.

Repository Access: Contains
operators for read and write
access in repositories.

« Import: Contains a large

number of operators in
order to read data and
objects from external
formats such as les,
databases etc.

Export: Contains a large
number of operators for
writing data and objects
Into external formats such
as les, databases etc.



Process

 All data mining and predictive analytics problem solving require a series of
calculations and logical operations, therefore a single operator by itself
cannot perform data mining.

 All of these steps can be accomplished by connecting a number of
different operators, each uniguely customized for a specific task as we saw
earlier.

» There is typically a certain flow to these problems:
« import data,
« clean and prepare data,
« train a model to learn the data,

 validate the model and rank its performance, then
finally apply the model to score new and unseen data.




Process (2)

« An analysis process
consisting of several
operators.

* You can insert new
operators into the process
In dierent ways, e.g.. Via
drag & drop from the
Operators View as
described above.

 After you have inserted
new operators, you can
Interconnect the operators
Inserted.

Read Excel
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Further Options of the Process View

* The ve icons on the right-hand side of the
Process View toolbar perform the following

actions:

» Auto-wire and Re-wire connections The plug symbol allows to
auto-wire and re-wire the connections between operators.

« Automatic arrangement: Rearranges all operators of the
current process according to the connections and the current
execution order.

« Show and alter execution order This action allows you to see
the execution order of the operators and to change it.

« Automatic size: Changes the size of the white working area in
such a manner that all operators currently positioned have just
enough space.




Further Options of the Process View

 In further options of the @t Beoess s o-0[+ B
Process View, e
representation of the O {-
execution order is I
unfavourable however, NOE
since more data sets
have to be handled at BRoE
LY

the same time.
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Parameter View

Parameters of the
currently selected
operator are set in
the parameter
view.

Numerous
operators require
one or several
parameters to be
indicated for a
correct
functionality.

=+ —- & o Se
Eile Edt Process Tools Wiew Help
. -5 a . 8 = z B
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Fi Operaton o Process E¢ Panamelers
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B 3 Value Bodiication {15) 1 T | & ' |
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H| 2e1 Data 1
H] Declane Missing Vs 1 ancoging SYSTEM i 1
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B L Filering (%) I |
f (2] Sorting (3) i 1
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€ Halp
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B [ sampies & Rasult Dvariew
=] dala (] |
[ i processes
I 'ﬂ'DER The root operabor which is
(B o bhi-Rwpasibory e the outer most opesator of
Cloud Repasitory BVETY PIOCESS

®
a
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Creating a New Process

* YOou can start a new process

by selecting the “New” i Roposiiores X
button under the “File" %"% e
menu from the Home B08
Perspective. T L@ et

* In principle, you are o Rt
completely free in how you 2 &) Process (e
structure your repository. & o

« Arepository structured into Clouarepesin fresmea e
projects and each of those

structured according to
data, processes and
results.




First Analysis Process

] o cnew process"s — WMMGF-HP

 After the creation of the e -
process, RapidMiner Studio JAHEY »a SPIE B 6. (gow -
automatically switches to the = operma

'*‘""l P @a-m - ¢ @ Pocess » @ -

Design Perspective and you s Qe

= " Data Generaton {13)

can start with the process || Bomewon
. § Generabe Diala by User Spec
§l Generate Mominal Data
design. || | [ Bomremnaace
enerate Massive Data
Generate Direct Mailing Dat3
Generate Chum Data

« Now we will begin our new
process starting with the | | [ BEENNER
generating of data which we P ecommonsatons oo

# Repositones

can work on. '4 j-a Qe

[ = o el el
2

« Expand the group “Utility" in im
the Operators View and then
the group Data Generation®,

 Repading

e.g. the operator “Generate b & CoudRepoti
Sales Data"




Transforming Meta Data

» The most fascinating aspects of S
RapidMiner Studio, namely the " ot
ability to compute the output of an
operator or process beforehand ”

Generated by Generate Sales Data output

and to even do this during the e

Generate Sales Data.output (output)

design time, so without having to [

load the actual data or even oL e 1009

perform the process. me e _jonouina. -1 ;
single_pr... integer =[10-100] =0

« This is made possible by the so- | :
called meta data transformation

of RapidMiner Studio. The meta data of the output port of
the operator “Generate Sales Data".




Transforming Meta Data (2)

* The most important part of the meta data is the
table which describes the meta data of the
Individual attributes. The individual columns
are:

Role: The role of the attribute. If nothing is indicated then it is a
regular attribute

Name: The name of the attribute
Type: The value type of the attribute

Range: The value range of the attribute, so the minimum and
maximum in the case of numerical attributes and an excerpt of
possible values in the case of nominal attributes

Missings: The number of examples where the value of this
attribute is unknown

Comment: A comment depending on the attribute




View I\7|.e.t.a Data

« When we want to generate a new attribute with the name "total price", we
will use a further operator named "Generate Attributes”, which is located in
the group "Data Transformation" - Attribute Set Reduction and

Transformation -"Generation".

2 — LI

T Operators 59 Process

-

i Process » & -0 8

] Export (17)
= :_J Data Transformation (114)
|'.'_] MName and Role Modification (7)
] Type Conversion (20)
= ; Attripute Set Reduction and Tran
= i Generation (19)
2] Optimization (5)
,@ Generate ID
@ Generate Weight (Stratific
| [ Generate Weight (LPR)
@ Generate Empty Aftribute
@ Generate Copy
i
E@ Generate Concatenation
@ Generate Aggregation
@ Generate Absolutes
@ Generate Products
HH Generate Ganssians

Generate Sale...

=)

-

T

out [ e exa
@ ari




Generate New Attribute

The parameters of the operator “Generate Attributes".

" Process

B2 RBE-
[ Generate Attributes

@ > - 4 5 Process »

function descripli.. | L Edit List (0)

« Computation of the new
attribute “total price" as a
product of “amount” and
“single price” can be done by PPy
select “Edit List” in “Generate
Attribute” J

nes
s 2] use standand ephstants

Edit Parameter List function descriptions
Lisi of funchions to gensrate.

aftnbute nams funclion axpressions

Latal_prica amount*single_prica

* A new attribute “total price”
will be created by selecting
“Apply” button.

| :15&1 Enfry :'} Remawe Entry | x Cancel |




Generate New Attribute

« A new attribute “total_price” has been created

ExampleSet (100 examples, 1 special atiribute, 8 regular attributes)

Row Mo.  fransaction...  store_id

1 1 Store 01
2 2 Store 15
3 3 Store 12
4 4 Store 05
5 5 Store 01
b ] Store 11
7 7 Store 10
8 8 Store 10
g 9 Store 11
10 10 Store 14
" 11 Store 14
12 12 Store 12

customer_id
Customer 1}

Customer 1§
Customer 12
Customer 1!
Customer 47
Customer 7§

Customer 7+

product_id product_cat...

53642
90945
18548
85359
80069
55848
11762

Customer 1 75667

Customer 1(
Customer 5¢
Customer 1}

Customer 1¢

97291
39580
58636

64853

Toys
Movies
Maovies
Books
Clothing
Sports
Health
Health
Health
Toys
Health

Sports

Filter {100/ 100 examples): !II

single_prick total_price

date
Apr1, 2007 3

Feb 15, 200¢ 2
Sep 27,200 5
May7,2005 5
Jan,2008 5
Jun3,2006 3
Sep 19, 2001 3
Nov 29, 200§ 7
Mar 21, 200¢ 3
Sep 5,2005 8
Jun5,2008 5
Dec§, 2007 8

amount

90.246
60.586
96.613
16.963
§5.215
56.475
26.873
67.075
47.246
42.669
81.849
29.309

P ————

270.739
121173
483.063
84.813

3A26.077
169.424
20.619

469.522
141.737
341.352
409.243
234470

\

-

\—————————————————————————————'



Selection of Attribute

« RapidMiner allows
generation of data,
generation of a new
attribute, and also
selection of a subset of
attributes.

We can try : Open the
group “Data
Transformation” — “Attribute
Set Reduction and
Transformation" “Selection"
and drag the operator
named “Select Attributes"
into the process

B Operaiors ~ Process
@ - D E @& & process » @0 &8 H &
= 1] Expart (17 -

Crata Treeafommation (114)
% (2] Mame and Rola Modhcaion
B 1] Type Corwaraion (200

= Paramslze

f% Selecl Afinbules

e Sritete filer bep | Subsst
%y Airiteste Sal Foecucion and Tr 4
s ) r]'"' atinbutes o, Salesd Al
- wap——f : [
3 i b :
L] i [ {3 b At selacion
L LI
inchade BpeCial Bmmbues
B Select Anributes: attributes é-
Skt afnbules: attribetes
(,]h The atribute which should 2 chosen
i Yotk on Subset Alrizutes Sekciad Aribules
& [ Value Medilication (15)
L) o | &
Recommendedoperators: A~ | B oo 1 . produd_calegory
e osstomer_id L9 ] stoe_a
B Repositonis LET & | total_price
[C T 3 L - produc_id Mhutes
-] i singla_prica ot
) ransachkon_id |
& shi-Repositony
i Prajed [ -
ot REsulls | L':I sy ] x e
3y Data TTTEr Grpe TR

Individual attributes or subsets can be selected or even deleted with
the operator “Select Attributes".




Executing Process & Results

Executing Processes: Result Overview

I!Q_II <new process*> — RapidMiner Studio 6.2.000 @ user-H

YO u h ave th e fo I IOWi n g File Edit Process Tools View Help
options for startingthe |« “HEY »~~ Sp B 8- -
p ro CeSS : ~ =2 Result Overview | | ExampleSet (Select Attributes)

ExampleSet (100 examples, 1 special attribute, 3 regular attributes)

[ﬁ @ Row Mo. fransaction.. store_id product_cat.. total_price

1 . P ress tl’DA BIE'A é' e p I ay :’ Data 1 1 Store01  Toys 270739
. o 1= @, Z 2 2 Store 15 Movies 121173
b u tto n I n [n e IO O I b ar Siatictics 3 3 Store 12 Movies 483.063

. . 4 4 Store 05 Books 84.813

Of R a.p I d I\/I I n e r, E F'F"i::.l 5 5 Store 01 Clothing 326.077
' Charts ] 6 Store 11 Sports 169.424

2 I h ® _ 7 7 Store 10 Health 80.619
' S e eCt t e m e n u I H 8 8 Store 10 Health 469.522

w
w

(11 1]
e ntry P roceSS - A?:V;:rid Store 11 Health 141737
74 n | . 10 Store 14 Toys 341.352

3. Press F11.

Ay
- O

11 Store 14 Health 409.243

=
[l

12 Store 12 Spors 234470




Breakpoints

« RapidMiner allows us to restrict

. e aftribute filter ty... | subset g
inter-operator process by i .
providing process termination - L .

through “Breakpoint Before” ° @ Show Operator o F

13 . ”” « [OF Enable Operataor Ctri+E
and “Breakpoint After o Rename ]
G Replace Operatar 3
. . 3l Save as Building Block...

« If a breakpoint was inserted S
after an operator for example, [ | Do Ctt+C
then the execution of the JES Do 3
process will be interrupted here @ sreaontsewe —
and the results of all connected 8 g

. . i ; 48 All Breakpoints (DeBug Mode)
Output ports WIII be |nd|Cated In %ShnwExampleSetResult

the RGSUltS PerspeCtlve =7 Show ExampleSet Result




Visualization Data & Result

« Results of a process will be
dlsplay_ on_ResuIt Perspective Lo g sn apum E- o
of RapidMiner. However, there ... 5o
are Some diﬁerent mode: @ ExampleSet (100 examples, 1 special attribute, 3 regular attributes)

Row Mo. transaction.. store_id product_cat.. total_price

- Each open result is displayed as e e e
an additional tab in the |arge Statiécs 3 2 Store 12 Movies  483.063
area on the left-hand side as 7 : : e
Automatic Opening. i ;

* The second option for displaying
results is loading results from
one of your repositories. __

. I . SelccLAtiby., @’ Connectresult 1 to repository location.

A third possibility for looking at ¢ m s

- . : resulffile @
results and even intermediate o

results is displaying results which ERSEREEEg 2001
are still at ports.

Inrmerrbncibe | it - ||. |Il4

[ & Disconnect Port

ey
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Chart

* One of the strongest features
of RapidMiner Studio are the
numerous visualisation
methods for data, other tables,
models and results oered in
the “Charts View" and
“Advanced Charts View".

4 B Sore 08 W S 08

onl |
. 6. 8§ 6. 6. 5. %. ®. 6. 6. 5. 5. 5. 5. %

2= Result Overview

i

Data

)

Stalistics

5

Charts

&

Advanced
Charts

Annotation

. Seatter

-

¥-Ads

[product_i

)

] Log Scale

YA

[ amount

[[] Log Scale

Color Column

[ store_id

[ Log Scale
Jitter

©

[] Rotate Labels

[i ExampleSet (Generate Sales Data)

@ Store 01 @ Store 02 @ Store 03 © Store 04 O Store 05 @ Store 06 @ Store 07

store_id @ Store05 0 Store 03 O Store10 O Store 11 O Store12 @ Store 13 @ Store 14

amount

& Store 15
=] o] [sTe] a o
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[ 3 90w L] @ L e (]
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o (o3 R e ¥ ) o) o @ ()
an @ a o o9 Lo ]
G0 000 Q@@ B
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More Complex Visualization

» Univariate Plots: RapidMiner
provides a lot of options to
visualize the data by click Scatter
Matrix button in Charts view of
ExampleSet

« Complex visualisations such as
SOMs over a “Calculate"” button
for starting the computation. The
progress is indicated by a bar.

| s premcess®s — R ahlioss Sruais 62000 & wes-HE

Els Gt Peocsaa Josm Jew Heip

% Rk Cwerd ew
s =
W4 —d’ -I"'. Scalies Uakin
= ETT Data
B ¥,
7T
’ Siatiics S Srar
/ _
[ 32
tum E—
\\ & 4 ==
4
he T
& "_ Halgan
=
1 ¥
Ckn i
e
Shos

|l Esampie B Fedigve g

Inae li5-nEiEY @ Is-vErEraor T
1
[ -
X - el
3 . - Ny
Scater Matrin Boater 30 Ecalter 30 Colpt
Suren s Mcct
=
A L .
Bas Bary Sudked Farity
' | {ilfo
LA i ||| ~| wr
Duarble Colat Cuuarble obor Blater P
e _& ; -
Bed Bea 30 Bustace 30
#&
L) oy
o
e S0
4 =
2lan S

'_,._Jﬂmgi A dPIIE B 6 yoe -







Introduction

Weka (Waikato Environment for Knowledge Analysis) is a
collection of machine learning algorithms for data mining tasks
written in Java.

Weka is open source software issued under the GNU General
Public License.

Developed at the University of Waikato, New Zealand.

The algorithms can either be applied directly to a dataset or
called from your own Java code.

Weka contains tools for data >
pre-processing, classification, 7% WEKA
regression, clustering, i

association rules, and visualization.

The University
of Waikato




Installation

e Sources:

o Software Is available to download from:
http://www.cs.waikato.ac.nz/ml/weka/

 If you are interested in modifying/extending weka there is a
developer version that includes the source code

» To complete exercise data repository should be also
downloaded from http://mlearn.ics.uci.edu/MLRepository.html



http://www.cs.waikato.ac.nz/ml/weka/
http://mlearn.ics.uci.edu/MLRepository.html

Launching Weka

 The Weka GUI Chooser (class weka.gui.GUIChooser) provides a starting
point for launching Weka's main GUI applications and supporting tools.

AaNO Weka GUI Chooser
Program Visualization Tools Help

Appiications
WEKA | eooer |

The University ) ' Performance

of Waikato Experimenter ~" | comparisons
Waikato Environment for Knowledge Analysis KnowledgeFlow | | ..... Graphical
Version 3.6.4 =
() 1999 - 2010 interface
The University of Waikato Simple CLI
Mamilton, New Zealand (L " e, Command-line

4
interface




GUI

 The GUI Chooser consists of four
menus and four Applications
buttons—one for each of the four
major Weka applications.

€3 Weka GUI Chooser o | B |
* Menus Program Visualization Tools Help -
* Prog ram ) Applications
 Visualization WEKA Explores
&9  The University
s TOOIS of Waikato Experimenter
* Help o
Waikato Environment for Knowdedge Analysis KnowledgeFlow
. . . Version 3.7.12
 Applications: () 1588 - 201
The University of Waikato Simple CLI
° Exp I orer Hamilton, New Zealand

» Experimenter
* KnowledgeFlow
« Simple CLI




Menu Program

* Program

 LogWindow Opens a log
window that captures all 1@ Weta G0 Crooser (o |
that is printed to stdout e

LogWindow  Ctri+L

 Memory Usage Vemenyuige il (|

Ext Ctri+E ﬂsity

 Exit Closes WEKA e T e Expermente

Waikato Environment for Knowledge Analysis KnowledgeFlow
Verson 3.7.12

(c) 1999 - 2014
The University of Wakato Simple CLI
Hamilton, New Zealand




Menu Visualization

* Visualization:
 Plot: For plotting a 2D plot of a

3 Weka GUI cm
I Program Tools Help

dataset. Plot Cutap pplcations
I I ROC Ctrl+R orer
) ROC Dlsplays a preVIOUSIy % TreeVisualizer C:rI+T i -

saved ROC curve.
« TreeVisualizer: For displaying

GraphVisualizer Ctrl+G | Experimenter

BoundanyVisualizer Ctrl+B

Waikato Environment for Knovdedge Analysis KnowledgeFlow
. P Version 3.7.12
directed graphs, e.g., a decision (0 159 - 2018
The University of Waikato l Simple CLI

Hamilton, New Zealand

tree. "

« GraphVisualizer: Visualizes
XML BIF or DOT format graphs,
e.g., for Bayesian networks.

 BoundaryVisualizer: Allows the
visualization of classifier decision

boundaries in two dimensions.




Menu : Tools

 Tools Other useful

applications. @ Weka GUI Choose ol
| Program  Visualization _ Help |

¢ PaCkage manager A 2 [} Package manager Ctrl+U |

graphical interface to Weka'’s ' gy ~— =
lewer tri+d —

paCkage management Z: B:yes neteditor Ctrl+N f
Syste m. ‘

. Waikato Environment for Knovdedge Analysis KnowledgeFlow

« ArffViewer: An MDI e

application for viewing ARFF o, e S ’ s
files *

« SqlViewer: Represents an
SQL worksheet, for querying
databases via JDBC.

« Bayes net editor: An
application for editing,
visualizing and learning Bayes

nets.
EEENE




WEKA : Applications

| © weka GUI Chooser iM o Experimenter

Program Visualization Tools Help

s | An environment for
g WEKA | = performing experiments and

The University

Sl - conducting statistical tests
Waksto Envircnment for Knoviadgs Ansiyss | KnowledgeFiow between |earning schemes.

Version 3.7.12
{c) 1399 - 2014
The University of Waikato Simple CLI
Hamiton, New Zsaland

 KnowledgeFlow

This environment supports
essentially the same
functions as the Explorer
but with a drag-and-drop

* The buttons can be used
to start the following
WEKA major application:

* Explorer Interface. One advantage is
An environment for exploring ~ that it supports incremental
data with WEKA learning.

" .-..Qllmnlp(‘.l |




Applications : Explorer

Explorer is an environment
for exploring data with
WEKA

* Preprocess. Choose and modify
the data being acted on.

« Classify. Train and test learning
schemes that classify or perform
regres- sion.

* Cluster. Learn clusters for the
data.

» Associate. Learn association
rules for the data.

 Select attributes. Select the most
relevant attributes in the data.

* Visualize. View an interactive 2D
plot of the data.

Q Weka Explorer
p

Preprocess | Classify | Cluster I Associate | Select atiributes | 'u'isualize|

1 [

| i DT i[ CIECTT Jl. DT ][ L=~ g~ ][ =g [n 4] l[ Edit... ]’ Save... l
Filter
Current relation Selected attribute
Relation: iris Atfributes: 5 Mame: sepallangth Type: Mu...
Instances: 150 Sum of weights: 150 Missi,.. 0 (... Distinct: ... Unique: 2 {&...
Attributes Statistic Value
[ All ] l Mone l [ In... ] [ Pa... ] Mirimum 3 i
Maximum 7.9 |E|
Mean 5.843 B
Ma. Mame StdNew N R2A i
T Class [ Vsl |
2 [sepalwidth .Class. class (Mom) ) Visualize All
SIQpehllengﬂ'u
4| |petalwidth 24
5| |dass 30 B
16
10
7
Remaove
I T 1
4.3 .1 7.4
Status
x ] g
g, — — [ -




Explorer: Preprocessing

* The first four buttons at the top of the preprocess section
enable you to load data into WEKA:

* Open file.... Brings up a dialog box allowing you to browse for
the datafile on the local file system.

* Open URL.... Asks for a Uniform Resource Locator address
for wherethe data is stored.

 Open DB.... Reads data from a database. (Note that to make
this workyou might have to edit the file in
weka/experiment/DatabaseUtils.props.)

« Generate.... Enables you to generate artificial data from a
variety ofDataGenerators.




Supported data format

« Using the Open file button you can read files In

a variety of formats:

« WEKA’'s ARFF format, CSV format, C4.5 format, or serialized
Instances format.

* ARFF files typically have a .arff extension, CSV files a .csv
extension, C4.5 files a .data and .names extension, and
serialized Instances objects a .bsi extension.

e Data can also be read from a URL or from an
SQL database (using JDBC)




arrf file format

+ Uses flat text files to describe the data

D Lister - [c\Program Files (x86)\Weka-3-T\data\weather. nominal arff] E‘EI&J

File Edit Options Encoding Help 100 % |1
‘arelation weather.symbolic .
attribute
@attribute outlook {sunny, overcast, rainy} — _
Battribute temperature {hot, mild, cool} Mo. | 1: outlook | 2: temperature | 3: humidity | 4 windy | 5: play
@attribute humidity {high, normal} Mominzl Mominal Mominal Mominal | Mominal
@attribute windy {TRUE, FALSE} -
@attribute play {yes, no} 1 sUNMY hiot h!gh FALSE o
2 |sunny hot high TRLE nao
@data 3 |owvercast  |hot high FALSE  |yes
sunny,hot ,high,FALSE ,no - - -
5unny,hut,high:THUE,nu 4 ra!rn_.r rmiild high FALSE YES
overcast,hot,high,FALSE,yes 5 jrainy cool normal FALSE  |yes
rainy,mild,high,FALSE,yes i 6 |rainy coal narmal TRUE no
rainy,cool,normal,FALSE,yes Instance 7 |owercast |cool normal TRLUE VES
rainy,cool,normal,TRUE,no - -
overcast,cool,normal,TRUE,yes 8  |sunny mild high FALSE  |no
sunny,mild,high,FALSE,no 9 |sunny cool normal FALSE  |yes
sunny,cool,normal ,FALSE,yes - -
rainy .mild.normal .FALSE .yes 10 [rainy m!ll:l normal FALSE VES
sunny,mild,normal,TRUE ,yes 11  |sunny mild normal TRUE yes
overcast,mild,high,TRUE,yes 12 |overcast  |mild high TRLUE yes
overcast ,hot,normal ,FALSE,yes
rainy,mild,high,TRUE,no 13 nuiercast hu?ut n!jrmal FALSE  |yes
14 rainy rmild high TRLE no
4 [ b

A more thorough description is available here
http://www.cs.waikato.ac.nz/~ml/weka/arff.html



http://www.cs.waikato.ac.nz/~ml/weka/arff.html

arrf file format

& Lister - [c\Users\user\Documents',_data-WEKA\weather.nu...

L= o]
-

File Edit Options Enceding Help
@relation weather

@attribute
Battribute
@attribute
Battribute
@attribute

outlook {sunny, ouvercast, rainy}
temperature numeric

humidity numeric

windy {TRUE, FALSE}

play {yes, no}

@data
sunny,85,85,FALSE,no
sunny,86,98,TRUE ,no
overcast, 83,86 ,FALSE,,yes
rainy,78,96,FALSE ,yes
rainy,68,88,FALSE ,yes
rainy,65,78,TRUE ,,no
overcast,64,65,TRUE ,yes
sunny,?2,95,FALSE,no
sunny,69,78,FALSE ,yes
rainy,75,808,FALSE,yes
sunny,?5,78,TRUE ,yes
overcast,72,98,TRUE,yes
overcast, 81,75 ,FALSE ,yes
rainy,71,91,TRUE,,no

L™

» Heterogen data types

100 %
Mao. | 1: outlook | 2: temperature | 3: humidity | 4: windy | 5: play
Mominal MNumeric Mumeric Mominal | Nominal
1 sunny a5.0 a5.0|FALSE no
2 sUnMY 20.0 20.0[TRLE no
3 overcast 33.0 a6,0|FALSE yes
4 rainy 0.0 96.0|FALSE yes
3 rainy 63,0 a0,0|FALSE yes
& rainy 65.0 70.0/TRLE no
7 overcast 64.0 65.0[TRLE yes
3 sUnMY 72.0 Q5.0|FALSE no
9 SNy 9.0 J0.0|FALSE yes
10 jrainy 75.0 a0,0|FALSE yes
11 |sunny 75.0 70.0/TRLE yes
12  |overcast 72.0 20.0[TRLE yes
13  |overcast a81.0 75.0|FALSE yes
14 rainy 71.0 91.0|TRLE o

|

#




Open File

Preprocess | Classify | Cluster | Assodiate | Select attributes | Visualize |

Lﬁm- J[_Open.. || Open.. || Gener.. || undo || Edt.. || save.. |

Filter
[ Choose J{None |[ Apply ]
Current| ¢ g
° pu—- NS
Rela g w0
Instani Lookin: | | data-WEKA - Foem-
Attribut{
= o breast-cancer.arff o ionosp [ | Invoke options dialog
A'g e & contact-lensesarff &P iris.2D. I
Recent & cpu.arff & iris.arff Note:
No. o cpu.with.vendor.arff o labor.a _
' - ! o credit-g.arff o Reuter Soz\:nf:e m&&m;m:d&ngsl
| Desktop (&) diabetes.arft O Reuter be v vokin, e mtons ke
. | o glass.arff o Reuter
..... 3

e

|
Files of type: [Arffdata files (=.arff)

Open |

-

|




Current Relations

@ Wele Brplorer s o

Preprocess | Classify | Cluster | Assodiate | Select attributes | Visualize |

(e ) (o) [ome ] (oo ) [ ) (i ) [ |

Filter

[ Choose ]{None ][ Apply ]

Current g , “h
el @ open s N

Instan

Lookin: | |. data-WEKA v 3@

Attributy
= o breast-cancer.arff O ionosp [ | Invoke options dialog
All \,;}

o contact-lenses.arff O iris.2D.

: Recent & cpuarff @ iris.arfd Note:
No. ' o cpu.with.vendor.arff o labor.a it e add I
‘ o Some file formats offer additional
! -l = © credit-g.arff © Reuter optians which can be customized
1 Desktop &) diabetes.arff & Reuter when invoking the options dialog.
E;“ o glass.arff O Reuter
4 —r—
My Documents : i ] :

! : Fiename: | TEETG]
£ Files of type: fNﬁ data files (*.arff)

Comniiter




Working With Attributes

 Below the Current relation box is a box titled Attributes.

 There are four buttons, and beneath them is a list of the
attributes in the current relation.

 The list has three columns:

* No. A number that identifies the attribute in the order they are
specified in the data file.

« Selection tick boxes. These allow you select which attributes
are present in the relation.

« Name. The name of the attribute, as it was declared in the data
file.




Working With Attributes

. Selection tick boxes. [

Freprocess Clagsify | Cluster | Assocate S:hcta‘lh'h.llﬂl'.'m

These allow you
select which
attributes are present
In the relation

|| sererase... : [ Got.

Selected atinbute

Mame: petalength
Mssing: 0 [0%) Destirct: 43

Slastic Walue

1 |Mmemum




Working With Attributes ...

When you click on different rows in the
list of attributes, the fields change in
the box to the right titled Selected
attribute.

« Name. The name of the attribute,
the same as that given in the
attribute list.

« Type. The type of attribute, most

Commnv'\l\l klnm;nf\l v kll |mnv;n
Current relation

Selected attribute

Relation: iris Attribjtes: 5 Mame: sepalwidth Type: Mumeric
Instances: 150 Sum of wei Missing: 0 (0%6) Distinct: 23 Unique: 5 (3%)
Attributes tatistic Value
[ All ] l Mone l [ Invert ] [ Pattern ] Minimum
Maximum 4.4
Mean 3.054
o e StdDev 0,434

1{Isepallenath

3| Jpetallength

4( lpetalwidth
5| Jclass

-Class: clasz (Mom) | Visualize Al




Working With Attributes ...

Preprocess | Classify | Cluster | Associate | Select attributes | Visualize

[ Open fil... ] [ Cpen U... ] [ CpenD... ] [ Generat... ] [ Undo ] [ Edit... ] [ Save...
Filter
Principal[nmpnnents -RO95-A5-M-1
Current relation Selected attribute

Relation: iris Attributes: 5 T petalwidth e: Numeric

Instances: 150 Sum of weights: 150 Missing: 0 (0%) Distinct: 22 Uniquex2 (195
Attributes Statistic Value \\
Minirmurm 0.1
all None Invert Patter
’ ] [ ] ’ ] [ b\ ] Maximum 2.5 /
Mean 1.199
e L StdDev 0.763
1 Ilsepallength
2 Ilsepalwidﬂﬂ - \
3[7|petallength .Class: dass (Mom) =) Visualize Al
4 ] petalwidt
5(|dass 4
4
29
23
3
Remaove
I T 1
0.1 1.3 25

Statistical
description of
data




Working with Filters

* Preprocess: Allows filters to be defined that transform the data
In various ways.
* The Filter box is used to set up the filters that are required. At

the left of the Filter box is a Choose button. By clicking this
button it is possible to select one of the filters in WEKA.

ESESS—————
£ Weka Explorer
p

Preprocess | Classify I Cluster I Associate I Select attributes I ‘u'isualize|

| Open file... | | Open URL... | | Open DB... | | Generate... |

Filter

| weka

=1 || filters
- w AlFilter
el MultiFilter
- || supervised
- | unsupervised

ributes: 5
wveights: 150

* Once a filter has been selected, its name and options are shown
in the field next to the Choose button.




Working with Filters

» Using Principle Componen Analysis (PCA)

G Welka Explorer

Preprocess | Classify | Cluster | Associate | Select attributes | Visualize |

[ Open fil... l [ Open U... l [ Open D... l [ Generat. .. l [ Undo l [ Edit... l [ Save... l
Filter
PrincipalComponents -R 0,95 -4 5 -M -1
Current relation Selected attribute
Relation: iris_principal compo... Atfributes: 3 Mame: 0.58 1petallength+0. S66petalwidth+0.... Type
Instances: 150 Sum of weights: 150 Missi.,, 0(0%) Distinct: 147 Unique
Attributes Statistic Value f
[ Al H None ” Invert ” Pattern Minimum 2765
Maximum 3.298

Mean 0
NIt A StdDew 1.706

1 [Fl 0.58 ipetallength +0. 566petalwidth +0.522s. .
Class: dass (Nom) v .

[Z]-0.928sepalwidth-0. 37 2sepallength-0.065p. ..
51

class

Remove




Working with Filters

Filters are pre-processing tools in WEKA

&3 Weka Explorer

Preprocess | Classify | Cluster | Assodiate | Select attributes | visualize |
l Open fil... ] ’ Open ... ” Open D... ” Generat... ] ’ Undo ] ’ Edit... ” SEVE... ]
-
Selected attribute
MName: sepallength Type: Numeric
Missing: 0 (0%) Distinct: 35 Unique: 9 (6%)
= Statistic Value W
i attri Minimum 4.3
-~ Add Maximum 7.9
- 4 AddCluster Mean 5.843
- 4 AddExpression StdDev 0.828
- 4 AddID —
- 4 AddMoise : =
- 4 AddUserFields Class: dass (Mom) hd
- 4 AddValues ' '
- 4 Center
- 4 ChangeDateFormat
- 4 ClassAssigner
- ¢ ClusterMembership
- 4 Copy
- 4 Discretize
- 4% FirstOrder
- 4 InterquartileRange
- 4 KernelFilter
- 4 MakeIndicator
= - 4 MathExpression & )




Working with Filters

* Applying Filters
* Once you have selected and configured a filter,
you can apply it to the data by pressing the Apply

button at the right end of the Filter panel in the
Preprocess panel.

* The Preprocess panel will then show the
transformed data.

* The result of applying filters can be saved to a
new data file.

 You can configure a filter by setting values in the
GenericObjectEditor dialog box.




Working with Filters

» The parameters of the filter can be customized by setting values in
GenericObjectEditor dialog box

O Wi

Freprocess m}lmw'm]mlmw[mﬂ'

| opemfie. || opemuaL.. || oOpente.. || Geeae.. || unde [[ est. [ seve. |
Filter
Crocs=  |[Normalize -5 2.0 -T -1 0 -unsat -class-tempararty Apply ]
Cuent relstion [ . —— e 1
Fislation: iris-weka. fity G mwlmm‘ L e i— W Type: Humesic
Irstances: 150 | | weka, Siters. unsupervised_atiribute. Mormakze Urique: 9 (6%)
Attrbutes |
S Abaoit
| |—" |: Nosrmalizes all numaric values in the given dalasel (apar from | Mare
1| the class attribute, if set). I 1
Mo Hame | capabses | |
| —
2 smpelvidti} debug | False -
3 [petalengtl _
1| deMotCheckCapablities  False -
ignoreClass | True v i S rrr—
scae |10
rargation |-1.0
open.. save ]




Working with Filters

Preprocess: umldmm;ssen ez Preprocess M|m|m|mmmm

Gpenfie.. || opnlf. || openie. | ceewe.. | e | [ Est.. [ sme.

[ cpmRe.. || opemuml. || openbh. || Genese.. | Lndo [ B |[ e
Flier Fir
[ crosse_Jmeematze 510702 e | Crosse | Mormelize -5 201 -1,0 -insst-class-tenporsrty
Casril Pl Seecied Ml AT (S
Relator: = Attrbutes: § Herme; sepaleng Troe: Momenc Relabon: ri-weka. bers. unsapervsed. atin...
Iretmncess 150

Sum of weighis: 150 Missing: 3 §1%] Disfinct: 35 Unigues © (5%} | Tretarces: L%

ks
|43

[520
L] |

Tlass: dass (o) = | immice




Explorer: Visualization

* Visalize menu

£ We
Py

ka Explorer »

Preprocess | Classify | Clusbe/] Associate | Select attribuhes| Visualize

Plot Matrix —
\

e

class

— “ﬁ/ [}
o o

petalwidth

%
%
",

¥
-
e,

petallength

sepalwidth

o BgEr W

sepallength ,@-‘

=
Mo W | N\
ENE T

e

Lo
||

*Plotaize: [50] T

Jitter: ”

| Colour: dass (Nam)

Class Colour

PointSize: [4] . ”

[] Fast scralling (uses more memary)

Select Attributes
- SubSample % :

Iris-setosa Iris-wersicolor




Explorer: Visualization (2)

« Weka allows to plotting data by selecting a pair data atribute

: pEFE ]
|£:| Weka Explorer: Visualizing iris

l; Weka Explorer
P an

ol 5 |

Preprocess | Classify I Cluster | Assodate | Select attributes| Visualize

Plot Matrix sepallengtisepalwidthpetallengthpetalwidth  class

'x: petalwidth (Mum) | "r: sepallength (Murm) =
||| ctass | G o P ° Colour: dass (Nom) - .:F‘.edangle -
[ o | - mm o § o :
v e Jon i) e
| g | e | | S|
Py o gBms| b P g Plot: iris )
; 7.9 R WK i -
petallength b 3
#lw | /) e
e o ki [ o Eg g
o f " % ®oOKE WM
sepalwidth & % h ? : /E/ % gx Bixxgsixx 2
/halteth
d ® ¥ B e x
) o cExdox 35
sepallength ‘@‘ o g é: E % = " |
/ Sl A .
4.3 L= 4 :
PlotSize: [50] ” [] Fast scrolling (uses mors 0.1 1.3 2.5
PointSize: [4] ” i “
- | cosscoar
‘Colour: class (Nom) - Subsample % : I Iris—setcsa Iris-versicolor Iris—virginica

Class Colour

- . . ~
Iris—setosa Iris-versicolor | ‘




Explorer: Associate

 The Associate panel contains schemes for learning association
rules, and the learners are chosen and configured in the same
way as the clusterers, filters, and classifiers.

€9 Weka Explorer | ' -.u |

‘ Preprocess | Classify [ Cluster Associate | Select attributes ‘ Visuaize |

Assodiator output

Result list (right-chck for options)

« Once appropriate parameters for the association rule learner
bave been set, click the Start button.

 When complete, right-clicking on an entry in the result list
allows the results to be viewed or saved.




Explorer: Associate (2)

« Experiment: Open file: weather.nominal.arff

« Choose: Apriori method

e — ————— S|
| Preprocess | Classify | Cluster| Assodate | Select attributes | Visualize|
Assodiator

l Apriori -Hi10-TO-CO9-DO0OS-U1.0-M01-5-1.0-c-1

Assodiator output

Generated sets of large itemsets: -
Result list (right-dlick...

19:32:50 - Apriori Size of set of large itemsets L{1): 12 i

Size of set of large itemsets L{2): 47

Size of set of large itemsets L{3): 39

Size of set of large itemsets L(4): &

Best rules found:

. outlook=overcast 4 ==> play=yes 4 <conf: (1)» lift: {1.56) lev:{0.1) [1] conw:(1.43)
temperature=cool 4 ==»> humidity=normal 4 <conf: (1)> lifc:(2) lev:(0.14) [2] conwv:(2)

. humidity=normal windy=FALSE 4 ==> play=yes 4 <conf:(1)>» lift:(1.56) lev:(0.1l) [1l] conwv:(1l.43)

. ocutlock=sunny play=nc 3 ==> humidity=high 3 <conf: (1)> lift:{2) lewv:(0.11) [1] cenw:({l.5)

. outlook=sunny humidity=high 3 ==> play=no 3 <conf: (1)> lift:({2.8) lewv:(0.14) [1] conw:(1.93)

. outloock=rainy play=yes 3 ==> windy=FALSE 3 <conf:(l)> 1ift:(1.75) lewv:(0.09) [1] comwv:(l.29)

. outloock=rainy windy=FALSE 3 ==> play=yes 3 <conf:(l)> 1ift:(1.56) lewv:(0.08) [1] comw:(1.07)
temperature=cool play=yes 3 ==> humidity=normal 3 <conf:{1l)> 1ift: {2} lew:(0.11) [1] conv:({l.5)
. outloock=sunny temperature=hot 2 ==> humidity=high 2 <conf: (1)> lift:(2) lew: (0.07) [1] conv:(l)
10. temperature=hot play=nc 2 ==> cutlock=sunny 2 <conf: (1)> 1ift: (2.8) lev:({0.09) [1] conv:(l.29) | &

m
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THANK YOU

Munawar, PhD — moenawar@gmail.com — www.moenawar.web.id



