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(X.Y) = cov(X,Y) _ E[(X—-EX)(Y —E(Y))]
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! Clustering
Z partitional Clustering



\YEA-\YAS P AF ul:,.uu AD OJLM: asj‘vb.b&} VRV IS u.;}: d&.&)}i 6\.&3&}) ¥

Ah g 3 0355 or o e laes 8 53 1) Ll T (SSB anas et e ke suab
Q)jﬁaw’&@d‘,}@buﬁiud\ﬁ.sﬁ@u@hLg.k.ga..i:;ﬁ-q;,ﬁml.p\éjlcla‘ﬂﬁ); 5o ad g
g op okl oyl g 5 31 51 e bk

At O oS ae ol s S 6 S b SIS sttt sl i) S Gl suad
o5 38 e Gl el 6l Ll LS e s g il O b K5 4 besls 48 gazee By baad s
S o b 6 sy el lulid sl WS 5 L bl (S e s skas L‘“p—"w:@ 233,04

23 a5k e 25 Wesls (ol ,beT 32 6 e (e Gl g Bgy 551 Jde (gls p (gad
e Ol 4 S el Gl ke ol en 4 LT w5 sla bl 2sT s Wdie gl iuad s 6l
Ll ol 3 ,me Jde )3 ladd =

G A £.Y

Sledst (OUS SIS o gl e 3 ge Jole VY O zie slazel Cusi sliwly 55 (WABDL Olg, 5 als ol
55 0L szt slazel s 3 Jalse cpl 5l Ol 5 olulis 0L e W L5 1) &SSL oSl 5 O s oS
2335 ESL (23 35w Ol e gliwly 53 (VWAS) O Jia 5 03l ol ol eal Gl Ao PO I S 6 sazen
Sl UL 0L e (g abse pl Dl Sl 5 250 oy it daly 5 3 1) Ob ke slazsl Olje b
Jolse o age 511 slazel 5 e Culy el g 55 a3 5o 1y Ol g5 Dbl 5 (o 5 3Ll 5 s 5Ly
Jelse O i (g5Isby 5 Jse Julge pluls gliwly 55 (WA4) (giams 3500 S5 0L 2én (gloliy 43 e
w5 4l 2L sl Il coad (S5 (Y paams 5 Sladst b () oty T (Dl (OLS,IS
Lnly o 53 5 il 4l 5 Ob e ol 55 e Jolse () 2 & (VWAY) OLIKs 5 (b 3505 (D jme 0d S5
) pates S| 5 (S8 Jalse carlo S ke (50318 5 SUSGl o585 ¢ by 35008 5 Jelse w5 %
Lo 1 03505 G 7 VU 1) il (sla By 35 s 4 ot L 2 a5 (Y210) ) 80 0a s g (e
23 fan aaiia ) gliia (nl Gl eCils 60 4 O3 e S5l S 15 Ot 13K 5l Cailes 5 0L ke
et oy DUl Sl eslizal Olje 5 o Sl 53 el ol Ol aey L1534 08 5 i 51 S1s o,
oIS Je K 0L e E gy JST Coda L (TA)0L s 5 Kl ol os b me LIS 31 ols aasls
st D s Aol B e s ST gy OWge 5 el aSST S 4 5 Sl 03505 1,1 (56
S8 oy Sl it S8 el B gme s ST Bas b 5B sk ST R el alie b caly
5 S35l 5 Fse ol & Ol gm s S Splad 4 s oS5 51 (TNP) sl s 5 3,8 Sl 03l 0L
O e 15, 55 6y SRl 5 1 @S S Slas s (s 515 301 o)Ll O 2 SBlelas 055 OLWT
oslizal Ob e 15 K5y S w3 plolid Sl O Rt Sl opdle Sl G 3 Ol s (o e

5 o g Gy LI e S 5 St 05 S5 Sl rg) S 4 1y Jra) ol Olaal s s

! Hierarchical Clustering
? Density-Bases Clustering
¥ Model-Based Clustering
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Descriptive Statistics

Minimu Std.
N Range m Maximum Mean Deviation

CreditScore ~ 10000 500.00 350.00 850.00 650.5288 96.65330
Age 10000 74.00 18.00 92.00 38.9218 10.48781
Tenure 10000 10.00 .00 10.00 5.0128 2.89217
Balance 10000 250898.0 .00 250898.0 76485.8893 62397.4052

9 9 0
NumOfProduc 10000 3.00 1.00 4.00 1.5302 .58165
ts
HasCrCard 10000 1.00 .00 1.00 .7055 45584
IsActiveMemb 10000 1.00 .00 1.00 5151 49980
er
EstimatedSala 10000 199980.9 11.58 199992.4 100090.239 57510.4928
ry 0 8 9 2
Exited 10000 1.00 .00 1.00 .2037 40277
Valid N 10000
(listwise)

5700 solael 4, ols O i o Kle Doy ga 5 3515 HLEADY B0 o5l 55 ()bl anale O e (5 lasl 43,
LBl O (glael a0y 3 Ok aels (s 4% Hlas U3l il L

wal3 ol 0l dloes Sl 05 U3l ol b Jlo YA 0L e 5 Kle e 5 3L o JLo &Y B VA 63L )3 0L j2hs
NGSOW S| R 4 g P 5- WG W

dals 1y &KL 53 b aible Jlo Vo (g j2ie U ablo L3 (6 280 Sl 5 b oo Jlo V0 (b i Cls Ol i dels
izen Jlo ¥ Sl b e a5l 0L e 5Sibe 5 sy ozt

ol b ,¥s 5158 V8 0L i Olas slile 5 S0ke Oy gas 3 s SYs 558 Y0 b dws oile (5115 OL e
Al o )Y PY s

AEb o Jsemen F LY 65 5o ol oslinl  guama Sldas

s golael S8 BB Ao ya ¥ s sl g golael S8 (glyls Ob mie Lo ya Ve 5 gl

Azes Jb e ale 5 b Ol e dp )3 O) 5yu>

S Ve T gyl ke Sopgumr 55505 515 5Y3 188 6 Y5 1Y 03l 53 Ob 2ie (5l okd o i el s
.M)‘}!J

..u\omcju&,uwaﬁo};f\:otipwszv~;,J}

Pl ol oy s 03ls 035 0 3lle i b 3l g S s (e S e Gyls ke VAT g 4

Sl ol



\YEA-\YAS P AF ul:,.uu AD OJLM: LL§)|.\;.LM>} VRV IS u.;}: d&.&)}i 6\.&3_)&.)) A

1S o oD gaRio

0313 (6 i Lo dld porie 55 A o OLGS Hls gei oy 6[{';5MD@OW\)C}L@%UJ)‘&L@;}\%—J‘)F@‘

.MJLAJSG‘}};‘S‘)‘JLA Loy3 00 5 Jle aw 31 28 b oals doys YO &S Sl OT
Jle V51 28 0L i doys VO 5 Jls O 3 9d 0L i
Olg oo g oals il s a4 aST e lijls S
Ny P Aol Ly Olae Cudd b (g 2 s Oledl

.J‘)\J;'Jﬁ);)li}:.iﬁjib

10L gl Dl oo gmrio

u;dow\,og,mgwa,uu@jwj\;ys 45.\.»6_,.;)\_;;\)pl@,?\:dj\‘_;\@f,l{,bﬂa!

S o o dl s s 5l S Ol il LS S Sl odile 0L 2 A3 YO &S el 0T gL &
Vor Sl S Ol 0lle O jdie dpj3 00 5 U yls
DV 5 VO S S 0L i o s VO 5 SYs Hl5m
Oy o3l IS ‘_}:lschﬁw.u\l)b ol olibe

L-:}&:)j\.é:ﬁ &_.JL«} aAJLangsj‘i.im sl oledl O‘j:u"

.JJMJJﬁjQEJ&imew)'\A?}?&GW&

1S gm0 Mo T 3O gk




015 8055 0 e b Cals Ol e ol 0L 2yl (soiy gt 5 &G 51015 S5 0L e oot

o L 15 0L b (o oy aTo 55 WU Sl 5l
ST o S b s w55 5 S Sl Ol il L oS s

A e 0L poler B dl LSl ls 5as

S T35 0l 2t Ao y3 Y0 &S el OT sL & 8
S AT 3 0L i deoy3 00 5 Lyls HYs S8 00
VO 31 S Ob ke o j3 VO 5 HYs Sl a Ve
ols il J:JJ‘{{AQTW.»UJ‘J LTy Y5 e
5 Ssbite deTyo U (6 mie Cils Oledl Ol 55 o oy

S 35 0L e ple Sl a5 LB Aol L

(5 99 ¥ 36) LIS (5 5lwoskT Y6

u};@w\i_;;\,_b\.\g\pwm,uﬁ,;:ﬁg,uﬁ,auvf@ﬁL;um\;@lrﬂwf&\,;

. ,wbggwa,\_;rfjgﬁn\;.@uum;,m@ou.sspss)bé\(j@:ﬁ

Statistics
Indicator of each last
matching case as

Primary
N Valid 10000
Missing 0
Indicator of each last matching case as Primary
Frequenc Valid Cumulative
y Percent Percent Percent
Valid Primary 10000 100.0 100.0 100.0
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Correlations
Customerl |CreditScor NumOfPro |HasCrCar | IsActiveMe | Estimated
d e Age Tenure Balance ducts d mber Salary

Exited Pearson -0.006 _027" 285" -0.014 119”7 -.048" -0.007 156" 0.012

Correlatio

n

Sig. (2- 0.532 0.007 0.000 0.162 0.000 0.000 0.475 0.000 0.226

tailed)

N 10000 10000 10000 10000 10000 10000 10000 10000 10000
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Model Summary
Std. Error of the
Estimate

1 .356° 126 126 .37654
a. Predictors: (Constant), CreditScore, Age, Balance, IsActiveMember, NumOfProducts

Model R R Square Adjusted R Square
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Coefficients?

Unstandardized Coefficients Standardized

Model Coefficients t Sig.
B Std. Error Beta

1 (Constant) -.155 .032 -4.878 .000
IsActiveMember -.145 .008 -.180 -19.160 .000
Balance 6.919E-7 .000 .107 10.919 .000
Age 011 .000 .297 31.676 .000
NumOfProducts -.003 .007 -.004 -417 677
CreditScore -9.135E-5 .000 -.022 -2.344 .019

a. Dependent Variable; Exited
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AL gr 25 D b G S g pod s S 4 a5 L0 P
Exited= -0.155-0.180* IsActiveMember + 0.107* Balance + 0.297* Age
Wl 0 43 8 a5 53 o 3 s a5 (Ol e (suky 4d 5 3l (63,1,18 eslizal Coa L= o
L 3l s bl 55 Ol e ad 5 1) elaw
KU A 1ok b et L Ot a5 tp 55 el
L 3l g2 6ln Yo Jlazmt b 0L jae 4 g5 i g pelas
Ul A lp e gt Jlel b OL s 4 5 1o 5 lgr oo
KL A 8l oS et L 0L s 4 g5ty o
S 3l 8 3b5 dlemml L Ol e a8 1 pela
Wl 0 g lie SUSS L 5 bl R 5 SPSS 1531 6 5 53l eslizal L sy ab 5 gl
SPSS 151 ¢ 5 3l eslizal 1 9l s

Iteration History?
Change in Cluster Centers

Iteration 1 2 3 4 5 6

1 147 .062 .146 .006 .165 .065
2 .039 .013 .019 .024 .096 .033
3 011 .005 .001 .016 .053 .026
4 .008 .006 .000 .011 .038 .021
5 .004 .004 .000 .005 .023 .013
6 .004 .004 .000 .004 .016 .010
7 .002 .002 .000 .004 011 .009
8 .001 .001 .000 .002 .008 .006
9 .000 .001 .000 .000 .005 .003
10 .000 .000 .000 .000 .005 .003

a. Iterations stopped because the maximum number of iterations was performed.
Iterations failed to converge. The maximum absolute coordinate change for any
center is .005. The current iteration is 10. The minimum distance between initial
centers is .457.
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Distances between Final Cluster Centers
Cluster 1 2 3 4 5 6
1 .189 533 619 1.217 .968
2 .189 344 809 1.406 1.157
3 .533 344 1.153 1.750 1.501
4 .619 .809 1.153 597 .348
5 1.217 1.406 1.750 597 .249
6 968 1.157 1.501 .348 249
ey o 0l [SuSS I 1y s b S e alols YU Jgd s
Number of Cases in each Cluster
Cluster 1 992.000 SO Sl o wbaT 3 g rt sluws
Cluster 2 1101.000 L Sl oA sl o) ks Jlai b 0L i sl
Cluster 3 1452.000 SO 3l 52 6l Vb bl b 0L e sl
Cluster 4 1561.000 SOl 25 6l o ste ezl b OL e sl
Cluster 5 1076.000 LS g5 sl oS Jlazl L 0L e sl
Cluster 6 1781.000 L 51 s sl b5 ezl b OL e sl
Valid 7963.000 oks oS o3l> L3 5 pzae aen La o3l
Missing 0.000
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2030
2000 1781
1456 1561 1460 1510
1500 1334 1050
992 1101 1076

1000 578
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Row Labels 1 2 3 4 5 6

Branchl

444 518 949 1032 448 813
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Branch2 345 373 23 23 381 550
Branch3 203 210 480 506 247 418
Grand Total 992 1101 1452 1561 1076 1781

A KA 4 O o 57 31 o 50

1 2 3 4 5 6
Branchl 10.6 12.3 22.6 245 10.7 19.3
Branch2 204 22 136 136 225 32.4
Branch3 9.84 10.2 23.3 245 12  20.3

495 S A Ol g Slows
Row Labels 1 2 3 4 5 6

Female 424 479 629 680 437 755
Male 568 622 823 881 639 1026
Grand

Total 992 1101 1452 1561 1076 1781

uy&ﬁqggﬁ»yﬂ.\p)o

1 2 3 4 5 6
Female 12.5 14.1 185 20 12.8 22.2
Male 12.5 13.6 18.1 19.3 14 22.5
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Branch1 810 5014 16.2
Branch2 814 2509 32.4
Branch3 413 2477 167
S 2037 10000 20.4
Total

=
Row & F W RH
Labels ok S s
Female 1139 4543  25.1
Male 898 5457 16.5
Gt 2037 10000 20.4
Total

S hn 5351 e O e g 5 o ¥
j\‘w;}lg.fm%é‘j;ﬂd‘jb@\o}y

A2l s 69,0 OT Jds o)z

Ob e g 2 S Sl A 05 0L s 9 5 o
O)dkf&ﬂ%d‘j;ﬂa‘jb@‘cj_ybf

5,8 Sl B a5 5, sl i




\YPA-\YAS P AFY [_)l:ﬂMJ.L.; AO OJLM: asj‘vb.b&} VRV IS u.;}: d&.&)}i 6\.&:_)11.}) \&

S5 domd 9 om

T b als e B Shls 0L 2w 035 Jlsb 5 Olasm odile ¢ yast s ¢ a5 025 ST (5l o3y L

oxugpog,msuoﬂfnlum\p.m}f)\}@j;)}ﬁ;yéuw}'uo\ﬂ,muogp

C,.w\erceu\.&cj\ﬁ-Qb“f«iwLs\ﬁ..uv\.&Lng'.{c\.&,]a4,5}5-9)50MC)\:’-Q\{,$~A\{CAL,ZO|}"¢\{WLL&

Al e 5 A LT Sl L4 ,S s

aiy L oL i KA;LLM|mj§¢\g|};@)>}M@J.JL@J\C)_P-J\A.o-\gb Soleel a5y Aol b -

51 L6 eVl (515 ine el b g3 pn ol 3,57 Olsie ol sl s oSl w5 e bl 3laS VL 5l

RETX

Ll ol odaline LSJ"““"""‘)’JWWL&"’MC)F_

55 0L iy S a5 ol gl el ol oss (5l T analor )5 (6 2hw s 5 s Cluo 0 lile b O e 6l -

;3,)ﬁﬁﬁbwjuga,u;b;&\ﬁ‘s;slp\aii,u\}sdu,u)\%;;,sgwa,uu&w;)g
P So9pe da Ol g e ob ST (651l Ol gar b 0L e ijdw\y:mYbuwavbubgb

bl aselr 53 (7S s 5 5 0kd i LT Glas (il 03 gad oaliinl (6 2is J guames 31Un5 1 O j2is d o —

Lg\j Sl aldol> u,..;lj.e\ w}»ﬂauyrpu)\ azwlmgbw 03 gas ;..&J.» u"‘J’L"’ Sl ols odaline

g dal g O i Jads

Ja\?;;ww}i;i\ob:@j,u\mb‘_; ijdwfpgb SW\a.,\.wa.sbgLuLg)u\‘_guJ.lw)s—

ol bl 5 b 8 0L i S a3 opl gl ol dal ot al 315 0T s 5 4 (5 2t 0353 Jlsd b 3 50

C}chf'-tg\ﬁtgjlb-&jcsz...i.oQ.,L.i:dbég;&\:&bé\d\;dﬁ:éjﬁujl.;ﬁ@3%0\1;&6

]

Co pde 5 J 28 sdo s 5 550 (kb aab | 0L i u\yu.acla.u?):o_bubgb Lo gl S a5 dn )l
.:ﬁr\ﬂ\L@JT

SO 5l g2 w55 (5 2ha A8Y sl

&L,\C,f@,gu,&dwwdb VY Y sl

SO 3 55 sl YL Jls I L 0L 2t VFOY sl

SOl 55 (81 Lo e dlaz| b 0L 2 V0FY 3l

&L,\C,f@frfdtw\wu VoV sl

&SSL T &l b el b 0L 2ie WA sl

J.l’uybﬁaubjfwmj)duswg)b s Cb b g Sblasl b cwlie 5 0L i bas (ol
Db posls Canl (g mie Ve (g yls,

>,“>sz|gtw\lu>-Lglfwj&\éucﬁ\)\‘ﬁbw.ubgb Slp s ool



WY 015 555 O e b Cald Ol ool 3 O e ol sy a2 5 &STL 31 015 555 0L e Jubows

4 0Lt g5 Slbleg o Lz bl 0L e b (gl (ST BB (5l S5 Ol U157 (a3 s0lel 43,

AL god dr g BB 0L i B> s VL (golael gle 45 (sl 5 Sl il S D)l golzel 455 Cls

ol o b sle LTy L 0L e g S pde b s B Cands e ObT amsle 53 das (e Ol b o

S 4w g8 55 0kl ol Ob e Ao ys ot 5 (gl o 05,5 F a0l phe by s b Sl D31 05y

S5l & s Cu s 1y 5SS pl WIS (o padse nl 35h (oo o3 (520 oS o) YO 350 (gl

deabdn (651 2l G Ol g Bl 5 oo ol sl 2N 3 g s YU o o i AaTyn L 0L e L (gl ol

3,8 515 ke T 53 5 0L e 31 (5,8 04 Sl

Fh 05 0l e B (sl S a5 ol ply Sl 0353 00 OL e g 5 o I e 05 0L e g 5 o

3,8 S 5 3y m sy

o 3 ¥ s Ol e B (sl S a5 cplple Sl 03y K05 md 53 51 ik OL e g 5 i ¥ and

Bl 0 )90 OT s

&b

aelhad (5l 0313 gy 5l eslizal b eSOl 0L he 13,8005 s S OFAV) o Ol 5 g 3l 5 e (oo

PN i oy ol 53T o831 St ghe ol st o e

Sz g 53 0L e 15 K55 55 a8 53 e Jalse glalis cOFr 2 )esnla cpliny 5 o ¢ Lo

WOhgolasl 5 Conde s wlhsTs s Koy 5 Copde oKaloyT Ml S0aS ok e

https://civilica.com/doc/1347828

oy b 51 0l ie 15 K5y sobsrle Jite c0FAQ)e (2 0 ¢ 33 3 Sk (S e 3 pom S35 OB (655

https://civilica.com/doc/1211517. 5,5 sl

Amir Shahi, Mirahmad, Siahtiri, Vida, Ravanbod, Fariba. (2010). Identifying the
factors of Entrepreneur in Tehran. Management Researches in Iran, 4(64): 61-67 .

Bahramzadeh, Mohammad Mehdi, Shokati Maghareb, Somayeh. (2010).
Identification and ranking of factors affecting customer loyalty in private banks of
Khuzestan province .Second International Financial Services Marketing Conference .

Castanedo, Federico, et al. (2014). Using deep learning to predict customer churn in a
mobile telecommunication network.

Datta, P., Masand, B., Mani, D., & Li, B. (2000). Automated cellular modeling and
prediction on a large scale. Artificial Intelligence Review, 14: 485-502.

Ghanbarterani, Nasim. (2014). Customer clustering based on RFM model and data
mining approach to increase customer loyalty. MSc Thesis, Tarbiat Moalem
University, Faculty of Engineering.

Gordini, Niccolo, and Valerio, Veglio. (2017). Customers churn prediction and
marketing retention strategies: An application of support vector machines based on the



\YPA-\YAS P AFY [_)l:ﬂMJ.L.; AO O)La.ai' Lé)‘v\{h.«}} VRV IS u.;}: d&.&})i 6\.&:_)11.}) \A

auc parameter-selection technique in b2b e-commerce industry. Industrial Marketing
Management, 62: 100-107.

Huang, Bingquan et al. (2016). A Fuzzy Rule-Based Learning Algorithm for
Customer Churn Prediction. Industrial Conference on Data Mining. Springer
International Publishing, 2016.

Huigevoort, Chantine, and Remco, Dijkman. (2015). Customer churn prediction for an
insurance company. Diss. M. Sc. Thesis, Eindhoven University of Technology,

Eindhoven, Netherland, 2015.

Mutanen, Teemu. (2006). Customer churn analysis—a case study. Journal of Product
and Brand Management, 14(1): 4-13.

Prasad, U. Devi, and S. Mahdavi. (2012). Prediction of churn behavior of bank
customers using data mining tools. Business Intelligence Journal 5(1): 96-101.

Sharma, Anuj, Panigrahi, and Prabin Kumar. (2013). A neural network based
approach for predicting customer churn in cellular network services. Ar Xiv preprint

Ar Xiv:1(309):39-45.



V4 015 555 O e b Cald Ol ool 3 O e ol sy a2 5 &STL 31 015 555 0L e Jubows

Analyzing the customers who turned away from the bank and
clustering other customers based on the degree of similarity with
the turned away customers
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Abstract

In the banking system, where the cycle of inflow and outflow of cash in the form of
depositing and payment of facilities is considered as its main activity, customer retention is
very important. For this purpose, bank managers have significantly focused on customer
affairs and in this regard, data mining and various statistical analysis methods can play an
effective role in decision making. In this research, a method will be proposed in which an
algorithm based on the correlation coefficient will identify the indicators affecting
customers who have recently left the bank, and then using linear regression, the model of
customer withdrawal will be extracted and finally According to the similarity of customers
with the regression model, customers will be classified into 6 clusters. In this regard,
analyzes of other indicators and managerial expectations have been presented to focus and
retain customers.
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