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ABSTRACT

The fierce competition between big corporations for customer acquisition
consumes huge sums of money, it also attracts swinging customers who don’t care about
long relationships or brand loyalty, whom were attracted by seasonal offers.

Corporations have found it beneficial to focus on their customer base rather than
trying to acquire competition’s customers, they reasoned that they will gain more revenue
by increasing sales to their customers, because they have huge amount of customers’ data
stored, such as transactions’ history and the personal information provided by customers
themselves willingly. But some corporations have engaged into excessive sales practices
focusing only on increasing their profit margins and collecting commissions, rather than
questioning whether these sold products will be beneficial to their customers or not.

This study is a trial to make a balance between cross selling practices and
customers’ satisfaction with companies and their products in general, to generate more
profits for the long term.

To make this balance the study will use data mining tools integrated into big data
processing systems to harness its full potential. Thus aiming to reach better results.
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KDD Knowledge Discovery in Database
RFM Recency, Frequency , Monetary
NPS Net Promoter Score

SQL Structural Query language
CLV Customer Lifetime Value
HDFS Hadoop Distributed File System
SAS Single Attachment Station
RDD Resilient Distributed Dataset
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WSSE Within Set of Squared Errors

HTML Hypertext Markup Language
CSS Cascading Style Sheets

RDBMS Relational Database Management System
PHP Hypertext Preprocessor
MVC Model View Controller

MYSQL MY Structured Query Language
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4 ka8l e 3 ke a5 Datanamic Data Generator MultiDB V6 alaaiul clibnd) 2l 5 a3

O A sl Ll s e L gle oy G bl 2o ) @ e aaded ) cilipdadll 5 el ) s bl 2 ol

Aalae (8 b Jass 25000 25 pasusall o aie L pal A3aill (81 5 ¢ agiall G 230 ol 5 i

oaxd i OS] ge Baa) gl Al il dplee 8 ¥l (e 13 g3na Y ade il Aad jall ARl Lol cgasl o)) duasl
Al dily Y 5 [20](Sel LY 52 499) Gaill Laaly dall

+ bl Al g3 &l gad

s LUl o clddlald) g i) 3ae18 alas) ]

il e dliade J gl duad o selgd UL A 68 a3l bl Jglas cndsl 4lad) b

£
-

: @Y\
: (Customers) sdasd) clily Jgia.1
Aradll) Jueal) Qliln 48 e (g g3y 58

PR & il Jaal) o

(Unee)denll o8 integer (10) customer_id

Js¥) ) varchar (20) first_name

BEINEY varchar (20) last_name

(2w 85 (i 18 (1) el integer (3) Age

() 5l 83 g il o) uial) varchar (6) Sex

s OV el Ja 5 g) ApelaiaY) A varchar (20) marital_status
Glae — married zssie — single < el
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J—aiie — widowed J—_i — divorced
(legally separated Ly 58

(el 5329000 Y 1200 () <5l

integer (10)

Salary

gk gl e ¢

varchar (20)

job_type

o) 7 A Al Ja i) ailail) (5 gl
« High school 5 ~l=ic No degree
Associate 4zige 41l ) Diploma asbo
iiwalac Bachelor o5 <« degree
2z La « PhD ol_siSa < Master degree
= e Post-Doctoral o)) siSal

(Vocational training

varchar (30)

Education

oSl

varchar (30)

Residence

Glowa ] @Y (el gaal)alall g
Basic checking account cswtul s s
checking account s ¢ s 2
Savings account sl clbuea 3

Money s Gls—ul glay cl—wa d
market deposit account

Certificate of gl Clle—i a5

(Deposits account

varchar (50)

account_type

Not Lii ye sf active i) cluall Al

(active

varchar (10)

account_status

Table 3-1 customer table
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: (Transactions)<Stalaall J 92,2

eiality Jaanll ALl iSUaal) Jaws e (5 s

PRI & sl Jaall sl
Allal) doleal) o8 integer transaction_id
(10)
Alaally Al 2y )l Date transaction_date
(2017\9\5 ) 2000\1\1 ()
g1l dmans (e 2al ) dleall ¢ 53 varchar transaction_type
mortgage ke (.1 (20)
credit card 4 4 gp Gld Clilay 2
Stocks agl.3
bonds o ©lais 4
mutual funds 4w slbia 5
ETF Wi 4 sluic J 5ual, 6
Personal loans asasl (s 4.7
Automobile loans <l sl Js 9238
Home equity Jjwll gla—ay a5 8.9
loans
(Derivatives 4dle Ciisia 10
) credit 4y Lei oS Eum e dlaal) g 3 varchar transaction_code
debit 42 (10)
e Al g e dad) Aleall LWl Hlasall | big integer transaction_amount
(1000000 1 1000 (15)
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JLeiS) srie gray A Gasd) Sl cpall s | integer (5) Maturity
o Arps (g2a)al Aalil) )l 5 Jua¥) slaws
5l g uad ol 2 i 5 1 saa) g A
515 23 e dued 5 10 S g e
(30 A 50

U sanll A o i g il A nilly sl ja s Float interest_or_commission
4l slie dad) ol )il 5 all Cllaad Al
(0.15 &Y 0.025 ¢

0 4l ¢ 10 ) 1 (0 4edf) Jaeall Laa | integer (2) Satisfaction
(4l o1b oy ol Jpeall O Jin

Jrenll o8 integer customer_id

(10)

table 3-2 transactions table

:(Collaterals) o2 Al clilaa Jgia.3

Al aa) 8 ileal dlenl) a5 ) cililasall Jodiy 58 5

Ak

g5

Jal

ezl 3

integer (10)

collateral _id

&\,sia.gjw;;\})umm&,s
Government 4w sSa Glai
sl automobile 3 sl bonds
i_als s Real estate Jlic

Insurance ¢t

varchar (15)

collateral_type
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7 ) Aaf) adlaall L) )sal
(1000000 ! 1000 ¢

big integer (15)

collateral_amount

oda gl L;ﬂ\ Alaal) ?EJ
Glaall

integer (10)

transaction_id

Table 3-3 Collaterals table

:(Payments) ciadall g bludy) J s34

Al () 8 cllee o 4 jiall LY ads Cllee dady

YENER|

-

g5

Jal

Loall o) Al a8

integer (10)

payment_id

51000 O 40 s—die dad)e sdnall Jlall daS
(1000000

big integer (15)

payment_amount

Y 2000\ \ ] ) Aaday Al S
(2017\9\5

Date

last_payment

s OYls & saal) LLudY) ) Cilmdall Al
Lenia 5 5ba i paid JwlSiy de o L)

unpaid ie s e i partially paid

varchar (15)

payments_status

Lol add (5 s Al Aglanll a8

integer (10)

transaction_id

Table 3-4 Payments table

: (accounts)sSuand) cililua Jgia.5

o Saad) il Sllia sy

PR & sl Jaall and

(Dmae) dpend) Clsa 8 integer (10) account_id

I 1000 0 Aa)dpanll 3 big integer (15) Balance
(1000000000

Gluall cialia a8 integer (10) customer_id

Table 3-5 accounts tables
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reaia 53 ) sl

g

o

Al

A1y bl

wll Bacld

Sbladl 3

1on

XAMPP i 5 ddaul 50 Jala 3224l generat

B {3 Generalion accounts B £ Jererion customers

Ba generalion transactions
]

@ account_id - int(10) ' ¢ customer id :int(10) —

e @ transaction id - int(10)
# balance  bigini(15) & first_name : varchar(20)

O } @ fransaction_date : date
#cvtnel 110 0 lest_name  varchar(2) @ transaction_type : varchar(20)
*age intJ) @ transaction_code : varchar(10)
& sex - varchar(b)

# fransaction_amount : bigint(15)
# maturity : int(5)

# interest or_commission : float
# satisfaction : int(2)

& marital_status : varchar(20)
# salary - int(10)
& job_type : varchar(20)

& education : varchar(30) {

# customer id : int(10)
@ residence : varchar(30)

& account_type - varchar(50)

@ account_status : varchar(10)

enerzlion payments
Bo generation collaterals B¢ : -~
ayment_id : int(10
o collateral id - int{10) e .. ﬁ_ W i
# payment_amount : bigin
& collateral_type : varchar(15) PAVTIE. a1

. @ last_payment : date
# collateral_amount : bigint(15)

y— & payments_status : varchar(15)

# transaction_id - int(10) )
# transaction_id : int(10)

figure 3-1 bank schema
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Gl Al a5 JsY) AV Jie ASaall L Ld ea g3l 3l giadl el o sl oanad €l

a3 S gelgd Al 5 Ledone A 1Sa) e grali ) e Anee W ue adgill 2y Sl ela ) A Y
Liay Jlal dlee 3 il aned Lo zalipl aviie 8 (g 835 el mdlly LGSV

: Slibal) Al 653
QUL 32 B jagad Jin il Wl (48 gladl) 8 Caal UiSas ALl 2l 65 Jrad 4 50U cililaadl S
Al ey Leday )
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”

;etkﬁ\e.w.m

Alade 48l 5 a5 pias (3] 4 Radianal) 5391 5 Aallaall s Jalail) Ui Ay jlasa peaia o ) as
NER g

MAP Reduce

Clondera CDH5.10
Clondera Virtual Machine

figure 4-1 system architecture

daadanl)

we

alai ) bl Jas) A8 GV e i ¢ bl a5 dlae Lisa gl g salaad) L) 81 S5 LS
Jaalddl) A1, dasia Spark dslledl)

34



sl Jad

sacld Jai elld 25 o5 ¢ gl Aaial (63 e () MySQL el (g0 Ll Bae B ot a3 c i) &
Okl Jaéi xe Apache Sgoop z<U_» e Apache Hadoop pUss Jals ) generation slaseal) <ULl
..Apache Hive & ) selallh il sae 6l oy (53

3 sy ) sehall date ULl & gl et ol iS5 ¢ snappy Aaeall dda siaas Jglaall o)yl &3 &
At wl e Lgialles Coad A 54 sdactransactions_data 2 sexll & transactions Jsaall 8 das s
Hive Jshaad sl Iaxall sl s 5¢ parquet file tawa ol 5 2Y) Jslaall s transactions Jsaall

:Cloudera Hue »= Apache Hive dah ds jae Ul Jglaal ) pasda g

:accounts Jsaa

1 SELECT * FROM accounts)

Results (100+)

accounts.account_id accounts.balance accounts.customer_id
1 1 288490690 5
2 2 875727719 1
3 3 736774435 21
4 4 240202792 23

figure 4-2 account table
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1 SELECT * FROM customers

: customers Jsas

default * E] &7

| 2
-
Query His Q = Saved Queries Q Results (1004) @ .7
_id s.first.name  customers.last_name s.age s.5eX s.marital_status
piy
=1 Dylan Brumley 37 Female Leqgally Separated
2 2 Ed Nobles 22 Male Legally Separated
3 3 Lena Huston 54 Male Married
4 4 Tobias Markovi 52 Female Widowed
figure 4-3 customer table
: transactions Js
s default B £ ?
1 SELECT * FROM transactions
>
M~
Query Hist i ed Queries Q, Results (100+) O .7
id i ion_date type code
Iz
- 1 1 2011-12-20 Home Equity Loan Debit 687787
v details 2 2 2016-01-05 Mortgage Credit 229741
3 3 2014-08-27 Mortgage Debit 11582
4 4 2008-03-05 Home Equity Loan Credit 95515

figure 4-4 transactions table
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1 SELECT * FROM collaterals

collaterals.collateral_id

1

2 2
3 3
4 4

1 SELECT * FROM payments

Query Histery Q, [¥]

payments.payment_id
1
2
3

Saved Queries Q

ved Queries Q

collaterals.

Results (100+) O .°

collateral_type

Government Bond

Automobile
Insurance

Real Estate

collaterals.collateral_amount
198641
385837
375978

559207

figure 4-5 collaterals table

Results (100+)

payments.payment_amount
87945

78345

5359

29343

A

a

payments.last_payment
2014-05-01
2000-12-13
2011-05-08

2017-02-06

payments.payments_status
Partially Paid

DEFAULT

DEFAULT

Not Paid

figure 4-6 payments table
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all Lo g (e ULl w88 setWithMean 4dlla e StandardScalerd) » s&.MinMaxScaler
ol yaY) )l Ly (he A el ULl a8 i o 585 SetWithStd (A Y) A Lelilgia an sk e
Lle A 5 Lo dad o bl Normalization Jes: » s MinMaxScaler A1) Lefeas sl 5 bl

JPREAO| daul g sUazs P A Ao oLy ULl Aallaas o 583 Normalizer A1) Lol
5« account Jsaa & balance & Lele Normalizationd) iles il 3l saac Yl
* 4alidl Normalizationd! 3k 48LS 45 a3 xa g ¢ transactions Jsxall 4 transaction_amount

(bl eadl i) 4 Mean ille e StandardScaler 4s ) sa o Las 5 Leailis &5 jlaa 5 Spark
2l A Ly bl G e Gus

Aa il 5 A8y yha 3 ga g aaal A Dy gl Ui ) i 23l 28 Normalizationd) e e 83 aa g Laa
i) 08 (e liallaal 4 Jlai ) o5 el 3216 Y gl ) 5 Lgiallad
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il g g

Ciran 5 ¢ Lgale (Clustering)eseadl cillee ol jal s ) (il adll & 52 5 5kl ol b
s sl 805 daeadl Liay ae 3,1 (CLV) 5 (all attribute) b e bl

¢ Lgale ¢ Manll apuiiy () ialll alies o sty Al (ailadld) e el bl apaay igs 5V 43 yhll
Oy sk aladt W Qi (RFMJ)s CLV) (e el il cadl) 3aL o 685 g8 [18] (o8 WS 4l 45y ,hall
3aec Y J Y1 Jsaad) (g sm sV A8 Hhall 8 2l ) #3lall (e (301 2 yiall ayaadl 23 saill () (i) apanill
Jdsra1 = (customer_id,transaction_id,transaction_type,transaction_code,satisfaction)
Jsaadl — (account_status,job_type,account_type,age,residence) sxac¥ls ¢ transactions
Jsaadl e Ll —wa a5 ) (recency,frequency,monetary) s2s<¥! s ¢ customers
«accounts Jsxall (o balance s payments Jsaall (« payment_status sctransactions

1 SELECT * FROM allattribute

Results (100+)

allattribute.customer_id ~  allattribute.transaction_id allattribute.transaction_type  allattribute.transaction_code allattribute.satisfaction

1 4 18463 ETF Debit 1
2 4 18464 Derivatives Debit 1
i 4 18464 Derivatives Debit 1
4 4 18465 Personal Loan Debit 2
5 9 9301 Credit Card Debit 2
6 9 9301 Credit Card Debit 2
7 9 9301 Credit Card Debit 2
8 9 9301 Credit Card Debit 2

figure 4-7 all attribute table
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¢3¢ RFMA)s CLVA e (s giay S Jgaall
(customer _id,recency,frequency,monetary,clv)

1 SELECT #* FROM ourfeature

Results (100+)

ourfeature.customer_id ourfeature.frequencey ourfeature. monetary ourfeature.recency

1 2 9 4546161 1933
2 4 9 5613927 1106
3 9 4 2501844 3607
4 11 9 5479155 2122
5 14 9 4580982 366

& 16 1 229741 645

7 18 36 7368936 1142
a 23 9 2317431 1879

Figure 4-8 clv without satisfaction

sdaladl) Aa )yl 5a
: Kmeans aladiuls (Clustering)<tibsdl asea

OF Al A8 jre 5is5ade e aband Baed A )al) 038 8 L) andil aeadll il ) ) s <y

Gl 5,8 Gl ) edlee anai ) Gl (8 a3 A0Lad) ol pal) il 5 e sedandl & L

Gladl) sae Jgd;ﬁ@lﬂ&ﬂ\ Gile ) oad) 228 434 ya Lﬂhﬂ)&jﬂdﬂé‘\uﬂw L";d\ Gladiall § (a gyl C)H
wasadllda s o Jaall 3 LhaiDle (1 250 Lo 58 seline

Apache Spark 1.6.0 (& <Uly auead Glie )l sA (e B8 giall <l LA AB i 2 g sl &

Cloudera 4s & J (3 5 jiue 4auiS laalade ) & Cua ¢ Al all a8 Gllal) Jaladl deadioall Al & 5 [21]

o 5 lall 38 e e Wil Spark (e uas Gjlaal ) sedh (e ae iy ULl Jilat 8 datial)
_d‘)';‘y\ Q\}Ji)!\ &= d.uﬂ Blaliza

el 580 O Cume (Sl g laill) Cargiosall g ladll daidle e Ll e 38 siall <l LAl alaas

o) ¢[21] il A1 (3 alia lgha i B i g5 G p M) (e 5 ([22] KMeans oo 45k ) castoall duuliall

L jlie A Jall 038 Jlae (5 Al 130 e cpliall U8 (e JSLie (s Led S0 Al g ¢ (oa jadl daiDla dpadiil) sl

sl A (1 ), AUl 13 e 38 siall (5 A panill a3 ) s ae Lei jlie Y gelgia (5 A Y1 ol aa

daia o oA LS daana 5 S Saliad o aghiial "éo&b}‘@c;w@bj\w elub.ﬁ\umhaﬂ ) o2

A8y ol aitbadll sda o) o siilu i gl WS (15 ¢ Juadilly BaY mia sow g3 all_attribute J sl 4
CCLVOL Gam e e el L) g e Dead) Caniuat! S
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Pl w3 e 138 5 ¢ Jaaall Ly o ikl ang s Jltie ) (o Adled) dns 5l Bns ) iy CLVAI (S
s 53 il Tyl e 4bae e a3l Ly Jansie CLVA Caaal Cum Gl 3l o8 b atiallaey
L8l rm g0 LS (all attributes) deadiall 5okl e ol Caail) e U sale liuad jedal L 58 5« NPSJ)

ey azaaill 2y o sV ¢ (K = 3) Cle sanall 2o & il Cle ganall Jead ol jla s
@ e pailasll JS e
customer_id,transaction_id,transaction_type,transaction_code,satisfaction,account_statu):
s,job_type,account_type,age,residence,recency,frequency,monetary,payments_status,bala
.(nce

D) Sl 8 daia ge (A LS Ll ek Lale Kmeans ) 4 ) s Gakal e

B

lier id as id , recency , frequency , monetary , prediction , transaction id ,satisfaction from allattribute cluster

| 4
ai \
atisfaction, type:int, comment:null}], properties:null})
INFO : Completed compiling command(queryId=hive_20171018140505_6a2235cCc-2074-46df-adc5-3b834d616851); Time taken: ©.254 seconds
INFO : Concurrency mode is disabled, not creating & lock manager
INFO : Executing command(queryId=hive_28171018140585_6a2235cc-2974-46df-adc5-3b834d616851): SELECT customer_id as id , recency ,

frequency , monetary , prediction , transaction_id ,satisfaction from allattribute_cluster

Results (100+)

id recency frequency monetary prediction transaction_id satisfaction
1 4 1106 g 5613927 0 18463 1
2 4 1106 9 5613927 0 18464 1
3 4 1106 9 5613927 0 18464 1
4 4 1106 g 5613927 0 18465 2
5 9 3607 4 2501844 1 9301 2

figure 4-9 all attribute clustering output
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1 SELECT customer_id ,recency, frequency,

P S ) il G jedh G a3 L) Aaale e Lgy aeadll ¢l sal ie

monetary ,prediction,transaction_id FROM allattribute without satisfaction_cluster

INFO : Concurrency mode is disabled, not creating a lock manager
INFO

atisfaction_cluster

INFO

INFO @ OK

y History Q [ Saved Queries Q
customer_id recency

1 4 1106

2 4 1106

3 4 1106

4 4 1106

Results (100+) @ .°

frequency
9
9
9
9

: Completed executing command{gueryTd=hive 20171851011414_67T5e6676-853b-4c31-bThe- Fe1fbbSdeacc); Time taken: 9,902 seconds

monetary prediction transaction_id
5613927 0 18463
5613927 o 18464
5613927 0 18464
5613927 o 18465

Figure 4-10 all attribute without satisfaction

Ll & el Lmpent a5 jLie ) 8 (533 La )y 331 (950 RFM—) 5 CLV—) e o8 4300 46, ,al) Lol

1 SELECT * FROM clv_without_satisfaction_cluster

HFD

INFO : Concurrency mode is disabled, not creating a lock manager
INFO

INFO

INFD @ OK

ry History Q 5 Saved Queries Q

clv_without_satisfaction_cluster.customer_id

12
2 4
3 9
4 N

Resulis (100+) O .~

clv_without_satisfaction_cluster.nr
-0.20740357704321627
-0.71502006724985567
0.82010549745002959
-0.091394487987527209

: Completed compiling command(queryTd=hive_26171838048008_f25h42f4-dbs3-4fes-ad3a-64c7162Fhate); Time taken: ©.695 seconds

clv_without_satisfaction_cluster.nf
0.24473276142424049
0.24473276142424049
-0.40926769064831003
0.24473278142424049

1 Executing command{gueryId=hive 28171030040000_f25hazf4-db53-4feB-ad3a-64c7162FbaT): SELECT * FROM clv_without satisfaction cluster
1 Completed executing command{gueryId=hive 28171830840000_f25b42f4-dbs53-4feB-ad3a-64cT162FbatE); Time taken: ©.882 seconds

clv_without_satisfaction_cluster.nm
0.24449197863961747
0.50700863565772913
-0.258115568212303565
0.47387413343566465

Figure 4-11 CLV without satisfaction result
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: Executing command{gueryId=hive 2@171031811414 670eEETE-053b-4c31-b7bo-fE1fbbSdeacc): SELECT customer_id |, recency, frequency, monetary ,prediction, transaction id FROM allattribute without s
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1 SELECT customer id , nr , nf , nm ,avg satisfaction , clv , prediction from clv_cluster

INFO
INFO

A5 Ofiall Aand 5 A ) (ailadll e sl mandl) (5l e ) 8 053l Lia ) aa g ie Ll

: Concurrency mode is disabled,

from clv_cluster

INFO
INFO

Query His

B

customer_id

-1.1692355482086381

not creating a lock manager
: Executing command(gueryId=hive_20171018215757_678a84bc-dodo-4dée-bB861-fcob307e0d33):

Saved Queries Results (100+)
nr nf
-0.20740357704321627 0.24473278142424049
-0.71502006724985567 0.24473278142424049
0.82010549745002959 -0.40926769064831003
-0.091394487987527209 0.24473278142424049

0.24473278142424049

(recency, frequency, monetary, avg_satisfaction)

s Y Jsan) A e o LS il ¢ yel

nm
0.24449197863961747
0.50700863565772913
-0.25811558212303565
0.47387413343566465

0.25305292974128923

SELECT customer_id , nr ,

avg_satisfaction
2.6666666666666665
1.3333333333333333
35
4,333333333333333

4.333333333333333

figure 4-12 clv clustering output

, nm ,avg_satisfaction ,

: Completed executing command(queryId=hive 28171018215757 678a84bc-dedo-4d6e-b861-fc@b307e0d33); Time taken: 8.81 seconds
i 0K

clv
0.20796477311203343
0.32488286493019886
-0.21869489308012935
0.3554495665127646

0.13521007601084067

tv B & 7

clv , prediction

prediction
1
1

1

M L el L gl Lgiatilia sians qanill dalead ke f diaiia gall il

1 SELECT * FROM association solved @

NFD @ C

ROt
INFO

INFO
INFD

DO

assoclation_solved_0.customer_id

3148
5109
3565
7817

Results {100+)

0
0
0

nd{queryTd=hive_20171620603030_Se340e42- 58044730

ueryLd=hive_26171070995838_56340842- 5004

association_solved_0.mortgage

isabled, not creating a lock manager

assoclation_solved_0.credit_card

do-3ffe37dfaazs); Time taken: 9.225 seconds

queryId=hive_20171829893030_5e340e42-56c4-473C-9eds- 3FE37df4a23): SELECT * FROM association_solved ©

: completed executing command(g 3c-oedo- 3ffB37df4azs); Time taken: ©.9 seconds

association_solved_0.stocks

Tl JY) ae) g adladul

JPLRRCEN Gl aa e 458 S ania o Dlaxdl JS ) il gﬂ\ clatidl (association rules) Ll W ac) 8 clm;ji
AV 3 ) geall (& il AN 5 agiliia o lE] Aad (uilatia 3aa) sl A48l A o Slaall & ol OY @lld g daludl 5 ghadll

Figure 4-13Association rule input table
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culs J;\Jj)é_..a) numerical (a,ﬁw&\ag\ eSae J5aa @LM\ (‘Tﬂ‘ JU;SV,SR.\&
Ay ax(true / false) 3 sa o Claiall Qi due 05l of Cus binominal (A(4ese (e el 13¢] Jaand) o) )& 3a i
ol 038 (43 335 a3 (e o(sUppOrt) peall LiSes dad JilS (0.05) Withe) se FPGrowth dse )l sa e dail il adll slay) o
)l 028 5 ¢ (0.8) » (confidence) 48l as J8l Lgilac) ye ae) 8l SayY association rule 4 ) sa) JaaeS Lealaai i
Aslial) claiall &) j8Y sas e 28 JS il o jA5 o3 clld 2a3[22] Jlaall il (& cpiibs cpfialy Ji (e Creddin] A8 5 aeall

1 SELECT * FROM assocition_result clusterg

Fieldschema(nane:assocition_result_clusterd.comviction, type:double,

INFD
INFD
INFD
INFD

: Concurrency mode is disabled,

assocition_result_cluster0.no

1 8
2 9
i

not creating a lock manager

Results {100+)

assocition_result_clusterd premises
personal_loan, stocks
home_equity_loan, stocks

personal_loan, automobile_loan

assocition_result_cluster0.conclusion

etf
etf
etf

Y B,V ae ) 8 sy

(A8 (S Al Il V) 2 8 a5 AL gl

comnent:null)], properties:null)
Completed compiling comand({queryTd=hive_26171620134545_adeShE15-76f-4a32-beBD-b72e201ea615); Time taken: 6.288 seconds

: Executing command(queryld=hive_20171829134545_adeSb615-676f-1a32-bef0-b72e201eab15): SELECT * FROM assocition result _clusterd
: completed executing command({gueryId=hive_30171620134545_adeSbE15-e76f-4a32-beB0-b72e201ea615); Tine taken: B.8 seconds

0.13918170399999399
0.13864570300000001

0.14579238899999999

assocition_result_clusterD.support

Figure 4-14 Association result cluster 0

1 SELECT * FROM assocition_result clusterl

Fieldschema{name:assocition_result_clusts

INFD
INFD
INFD
INFD

onviction, type:double, commentinull)], propertiesinull)

+ completed compiling comand({queryld<hive_28171020134545_braes195-734f-4ae-beTa-62806380708A); Time taken: B.162 seconds

: Concurrency mode is disabled, not creating a
: Executing comnand(queryld=hive 26171820134545_be

: Completed executing command{guery

assocition_result_clusteri.ne

manager

Td=hive 28171

Results (100+)

assocition_result_cluster1.premises
mutual_funds, bonds

derivatives, automobile_loan, credit_card
home_equity_loan, stocks

mutual_funds, etf

5134545_brae195-734f-4a2e-beTa-E280638c7063); Time taken: 8.8 seconds

assocition_result_cluster1.conclusion
home_equity_loan, derivatives
home_equity_loan

derivatives

home_equity_loan, automobile_loan

6105- 734 -4a2e-be7a-62BO63BCTIR0): SELECT * FROM assocition_result_clusteri

assocition_result_cluster1.support
0.02440792

0.11551474

0.13339777
0.025132910000000007

Figure 4-15 Association result cluster 1
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v 3 & ?

assocition_result_cluster0.confi
0.81656184499999995
0.817702684500000001

0.81845536600000002

v B8 ?

assocition_result_cluster
0.82113820999999998
0.82413793000000002
0.82511210000000001
0-82539662000000003



@ ez

1 SELECT * FROM assocition_result_cluster2

ema( name:; assocition_result

ion, typeidouble, commentinull)], propertiesinull)

INFO @ Completed compiling comm 72-4d3a-bbas-41b831FF2675); Time taken: 9.231 seconds
HFD

INFO 029134646_0B47Te5C-1472-4033-b6as-41b831FF2675): SELECT * FROM assocition_result_clusterZ
NFO

646_0BATTH

472-403a-b6as-41ba31Ff2675); Time taken: .8 seconds

Results (13)
assocition_result_clusterZne  assocition_result_cluster2.premises assocition_result_clusterZ.conclusion ~ assocition_result_cluster.support  assocition_result_cluster
1 8 personal_loan, automobile_loan stocks 0.115482234 0.764705882
2 9 derivatives, mutual_funds, personal_loan stocks 0.074873096 0.76623376600000004
3 10 stocks, mutual_funds, automobile_loan home_equity_loan 0.092639594000000006 0.76842105299999997
4 N derivatives, mutual_funds, automobil home_equity_loan 0.0850253809992899997 0-7701,1494300000005

Figure 4-16 Association result cluster 2
Al QL 8 Lpand S Aailil) ac ) gall o2a

M}waw\u;\wﬂdj&méy c«u&m@g‘)}sw\ Qw\wuaue‘m‘ed
DLl A o 4l Ay yla g ilgal i) lal Y] s 5 i) ial yeid
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alasiul g Lea iy @l gl s &l ol e Lel) Joa sl 3 ) el 5l s L) 128 &
s Leie 3aaill 3aamtia (3 5k

:Kmeans =l s

A8 JS e Slaal) Al @m}ﬂ <l 5 Apache Zeppelin pl233ul (Pie Chart) Glabied ) pa b bl i e
Aede Ala 8 5 Al 8 5 s 3l Lia ) JRa Al 8 el g Wb () 5831 (8 Hlal) aladdn) ye

:\}!ji
: (satisfaction)dsesdl La ) 352 50

rdaend) L) L) ilime (ailnal) JS plasinly s dleal) pani JS e sy U ans )

@0 1 @2

Figure 5-1 All attributes including satisfaction

el (e %33 (5 5a3 (2) A4 Laie o Daall (0 %33 (5 5a38 (1) L) Lalee Sl (10 %34 (5 523 (0) Al
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®0 1 @z

Figure 5-2 Proposed features (satisfaction in addition to CLV)

LeiueeSaall (0 %53 e (0) a8l & gial Cua ¢ oSl w58 At A CaEA Jaa 1 da yidall ldall pladi ul die
e Saall (e el %7 o sials (2) Al e eDlaadl (40 %40 e (1) 4 gl

e
‘(satisfaction)dweall La y 2 ga g aomy

:all attributes alasiuly il auds

@0 01 @2

Figure 5-3 All attributes without satisfaction
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o anll (10 %33 (5 5a (2) Al LeleeDandl (10 %33 (5 5a (1) 23l Lele %34 e (0) L) < gial Cua

:CLVA) plasiuly Ll

@0 1 @2

Figure 5-4 CLV without satisfaction

%5 e (2) il sl LaineeSlaall (10 %38 e @siald (1) ) LaleeSlaall (0 %57 e (0) ) <gial Cua
e kbaad) (ga

s awladin) ) sa g satisfactiond) aladinl die 458 IS 3 e Dleall a5 Ao goa g0 40 jle Jg2a

All attributes CLv ) o8
With satisfaction Without With satisfaction Without
satisfaction satisfaction
%34 %34 %53 %57 0
%33 %33 %40 %38 1
%33 %33 %7 %5 2

Table 5-1 comparison table

@2 (38 yeks Cus ¢ All attribute plaaiuly caniail) vie N G a4l Giloud) Jsaal) e Baadl

lial) e sl ey Jlaa) die Us sale (S 3 il Cayiaaill CLV alasin) vie el ¢ 400 4l e e ye ayuy
sac el Apually Al e A (4 5 %2 sy O i) 5 slatinall £ Deall 313 Eum ¢ CLV plasiady maentll Lulee 5 554
e andl 4 3oy 5 Ll Liall 48 Hlally ddagine ¢S5 al ST a1 ind Gueala) e Blaall 334 ) o) G ¢ A80landl il all (55
(8 A gia B ) e g3 () LS gee Sland) (e ST 508 e o] A ) g el g Ao all Blaad) Juaas inih (pilainl)

Aol
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e Mall Cansi 5 b S 13 Lo pania s elld g Ay jlal) alil Lo (piali e Leanii (S 4] o il Cayiaal dnia
Lalill (ye Aa i) il (5 pn prain sl Al ma ) Aalill gd A Lalill Lelegdl gl 8 3 5m 50 58 Lo e condlii i JS 3
Azl )

Al dald) e aaeaill dlae U (e GEa
saill e 40l il gall ki 3 RFM—s CLV— 4 e sy () ganiia Lo gae oSleall of 2 5

()
0555 gedanns sl A3l Y 1) 5 Adlal) Aol Aagll ol Gl gl 2 g6 slis¥ ] 6 Dl
. Ry, F and M1 agesd
OS5 Cun clgza aglalat die A 5all a8 5Y g a8 giall (o (Al a8 g slainall ¢ Dlaall-
.R{, FI and M1 pgesd
.Rfr, F and M (585 agedd

a3 ¢ Jaaadl e 55 Lo yha oty NPS ddai) sn (uliall edlaall Loa y Jas gie o) Loagl SAIL sl

Jii 5 ¢l e Dlandl 8 Jiaiall o gLl 5 5 Lgie 2y Jall calhs el i iiall (e Jandl Lia ) die goadl (1

A e Cladie e aflalial Al agcam HLdl @l g ¢ Cplaiaall ¢Slaall 3 DB EaY of i dall il

13 Lae ST S0y ¥ llillgie cpuialy e s L A pall Ciladi agauli Al (e agh () 53 siiall ¢ Daal Ll (s A
Jamdl oy Jal e WS sledanl 2 gn g anad A Ranasall (g e 1) B ()5 paios | 538

AN LAJ libad) s ad L\.\;s\.@_ﬂ‘\ Joa i L;\S\ c_‘i\_u]\ C)'u e.g.ucaﬂ.::i Ania gall e sladll L;Q Pk
A pailadll Jesy Leta S ¢ 3 jaan Cilasans

O i) o Sanll ailiady () sandiy Al 024 eDlae 5 :(0) 4l-
u.\lq.\;.d\ & axll UASL\A;J O ganily (3a ) (1) aaall.

Ol e Maal) ailiad o deay (e b 9 :(2) Al

A8 Kl agle Jastiall ;M\L'AJ} RFMJ\L‘»}L\G‘Aﬁ‘;m\d)Aﬂ\

Average Average Average Average Average a4l
(satisfaction) (CLV) (Monetary) | (frequency) (recency)
2.826 -0.179 | -0.196(MJ) | -0.201(F1) 0.029(R1) 0
7.985 -0.216 | -0.239(M1) | -0.249(F1) 0.087(R1) 1
4911 2.409 2.650(M1r) | 2.734(F1) -0.663( RJ) 2

table 5-2 result
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Gl O el ) e laall Luailly a8 g sa LS b Al 48 JS 8 e Deall L o _SAILG 0l
La ) Jows s g oailiny (o3 ol ) 5Saall 55 5l Apalall gl Cld Blalaall 5 () 5 haaty s all (paall sl
O S o805 ¢ Ll an il ol 1Y) (AT () Al i o ail) (g 48] Eun (detractor) e (52 )
50 Ol o) Cum Lt paling Al Aasll claxal o3a gl Ja sy 0l daadl (ysamg ¥ agdl e Lol 5w
Lealasiind 2 5 Claal (S Y S secp Al Cadlia (e dapdiall e da gall oda |y o (Sl

8 SR Y] Gl 138 5 of W) 0 sialll ey Dl ¢ 2 A5l ClaaY canlial) doad) o g 5 Al 8 L

oo Jud Cpfialll (S al Lae 138 selgiiany pa o el 8e L aSaill (g 4l Gl sall bl 33 52
EUIEEN

sbilaa) aanil) Aulas il (e (38
& el Al e 3 jke a5 (Within Set of Squared Errors)- Juais) a5 (WSSE) Cuadin) leia (38aill
()R S e pe (@libiall) eUad) Qi Jslad KMeansl o cua cclidll d clilull ) 50 KMeansd) 4ae ) 52

i i(x(f) —u(D)?

i=1 j=1

S e Gla e et s, SN lilisall & gana JIE Camydiil) S g0 e pealiall dlagl Clay o pany o 58 A1l 038 Ll
AV @l ghadll e el Jaally o5 58 S 8 jealinll Jaus gia aliey (g2l &8 JS

el 8 Al S pad ddass JS ol 1
Aabud) 3 shadl) e Al saaall coliall <) je clas 2

oda em;;u\_ﬁ\ JPLEgTEX Jpan pe Ji Iterations—) (= ‘_,,_.ABY\ all A Jsasll Al s leall o2 ) S5 Al
JWSSEJ diSae Ao Jil and Sl (4 duliall K of ¢ clidll anad dpcaly ;) dad Juadl sl A1)

9680 Auuiis lilall 538 G i ¢ Wl il O b Lgmpand 3 ) Al 5l 28 il e Al o3 3l Ji
Gl a3 ey calidg k Ol dae aladt ul Leasaat a8 e JS S8 5e 10 (5 sb—w Iterations s LA %205 ¢ < pill
(Y Jsaall 8 daia se o LS i) iS5 ¢ computeCost A1) aladiuls WSSEJ)

K WSSE

2 10194.8431
3 8497.4810
4 6140.3612
5 5214.0403
6 4961.2353
10 3522.4329
15 2065.6829
20 2529.8937

Table 5-3 WSSE
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Laill 8 o ga s aaad A Ll 4000 5 A8 Wl il cliel s ¢ 15 (& KJ Al il o aa @il Jsaad) 4
0o I8 WSSE(K) of 2o k < 15 dad (5585 Ladie 50 WSSE(15) oo ST WSSE(K) of 225 k > 15 2ie (sf Led il
. WSSE(15)

lalide Lz je 15 anis Sy 48lSH (e 4l Jedlae W) alle b dama e LSl e dpaly l Aalill (e dalia 15 dagll
agdlaginy dolee A 3 Y adl @l ) ol ¢ cal HLall e a5l aSH 138 ae Cilagaall 81 0 Jalad 4 groa g0 Adlisal) cilal]
gl (g yal) Juadi ¥ ¢ A5 o2a Jako Gaajaiall (p dale A4S jidia CGiliia alag) s U8 ) e Dleadl anai (e Gajadl o) 3
Al dpalal) 3Ll e Calidg Le sa g o jlie W) 8 Aldaadl Callsall 5~ oY) 2l a SLasy) 1 of M %100 Ay

1Ay godl) Aalil) (pa Al ol ¥ 3o g8 ands

Oslainall ¢ Sasll Ll ¢ 980 4855 95 aca (e duails Akl ) 3018 136 agd el (52 siball ¢ Dlanll
Ol oY) ¢ Slaall Al ) 3ae 8 13 Cani Lay ¢ 9680 4 5 %95 ac dagil Akali ) 5acld 62 agd i e
A8 Ao 3an) 5 Adali ) BaclE ) gedal dud (panlu ) o Dlaall Al 450 dad aliil aig ¢ 9675 4855 %5 ac
L ad 53 adal Al e el (i il el A ally 43S e el e 9680 (e ST ol A gluia L]
A el b i i de giial) claiial) e oo loaly sM) £l pall Aol A5al) 031 4 5 LAl
Al alalia Al Jranl Lgnling il 4 s sall

ECCEBNEEN B AR I P I IC PR PIEN

sl 2o gBl) Sae (Confidence)<&ll | (Support)asall | sdlaall sse | 4l o3
136 %80 %5 5597 0
162 %80 %5 4138 1
13 %75 %5 788 2
311 10523 g saxall

Table 5-4 association rule

ot - I3 “ I3 -
saibaay) Agalil) e dadll) Jalsd Y)Y a0 98 ans

Gun ol gl g SRR (g ABDall g 53 sl adATy 98 g ¢ fift—b B yay i sa a2 AGELl 2o g8l 83 g sl
Ladaal 2 ga g sl G yhall (o Ao A8 () nth aa) 5 (pe S8 Aol i) dad S 138 (AiSan ol i 45205 4 L iy
45k Ale i aaly e ST Aail) culS 1) Leledliie adll Gf anih aa) sl 4 sl Gl S 13) el A S pae oy
Ml Al e gall 83 g ag Laa Sl patiall Gy

2ol 8l JS A g At 311 Gjedh ¢ aal sl Led fift—) dad (B5a S Adals Y ael @l e alai ) Ledie
2elly e 5 AN 5 ) gaall el
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575 defauttw [3) £ 7
1 SELECT count{premises) FROM association_result total WHERE lift = 1|

-

INFD : Total jobs = 1 .

INFO : Launching Job 1 out of 1 Job 1509360847941 0001
INFD : Starting tack [Stape-1:MAPRED] in serial mode

INFD @ Wumber of reduce tasks determined at compile time: 1

INFO : In order to change the average load for a reducer (in bytes)

Query History Q Saved Queries Q Results (1) o .~

0

1 3

Figure 5-5 Lift result

1 SELECT premises , conclusion , suppert , confidence ,lift FROM association_result total

M-

INFO ¢ Completed compiling command{queryTd<hive 2017183p845161_e6E37163-e519-4F23-h244-45db3e10305d); Time taken: 8.178 seconds

INFO : Concurrency mode is disabled, not creating a lock manager

INFO : Executing comand{gueryld=hive_26171038848101_e66371e3-6510-4F23-b244-4Bdb3e10305d): SELECT premises , conclusion , support , confidence ,1ift FROM ascociation recult_total
INFO : Completed executing o d{ queryTd=hive_281; £B637163-8519-4F23-h24d ); Time taken: 8.881 seconds

INFO @ 0K

Query History Q = Saved Queries Q Results (1004) @ .~

premises conclusion support confidence lift
= 1 personal_loan, stocks eff 0.13918170399999999 0.81656184499999995 1.0291143089999999
2 home_equity_loan, stocks etf 0.13864570300000001 0.81770264500000001 1.0305523130000001
3 personal_loan, automobile_loan etf 0.14579238899999939 0.61845536600000002 1.0315007169999993
4 home_equity_loan, mutual_funds etf 0.139717706 0.61970649900000083 \ 10330775219999999

Figure 5-6 Association result
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# First Name Last Name Username
1 Mark Otto @mdo
2 Jacob Thornton @fat
3 Larry the Bird @twitter
Figure A-1 Statistics Page
Data 1 Table 1
Credit Card
Person Loan
ETF
Home Equity Loan

Figure A-2 Page Displaying Recommended Packages
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