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I no yes very high Yes
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(1) H=no & M =yes & T = high - F = yes
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(2)H=yes & M =no & T = high -, F=yes

X2

B)H=yes & M =yes & T =veryhigh —,. F =yes
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DB = o ) G o G}

U/B, = {{x1’x4’ X6} {x2:x3:x5}}

IND(B7) = {(x1, 1), (x2,%2), (x3, x3), (x4, X4, (x5, x5), (X, Xg), (X2, X5)}

U/B; = {{x1}’ {x3}, {xa}, {x2, x5}, {xs}}

Oeed 3yl Cewd & ol e acgezme ) ple sl 1) Goler SN Do es 4
5l e le el Xy 08 Julls aS U/B7 9 U/By slajl 3l 51 oS

[Xz]B1 = {x2, x3, x5} ) [x2]37 = {x;, x5}

" Elementary

28



@slSeols 5 (55l (slaJos P b

Wac gooro o Hi

b co,® ST X CU g BCC osS oy g lodbl g 3 S = (U,C) oS 5,8
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.(Y"\c st)w)w‘wagw&u)yous‘)&)éju“"
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il oo Cowsdy py Dygo 4 B = {H, M, T} by e

X ={x:F = yes} = {xq,x,,%3, %5}

!crisp
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U/B = {{x1}, {xs}, (x4}, (2, x5, {6}

[x1]p ={x1} , [x2lp ={x2, x5}, [xslp ={xs} , [xalp = {xa}
[xs]p = {x2,x5} , [x6]p = {X6}

= BX) = {x|[x]s € X} = {x1, %3, %6} ,

E(X) = {xl[x]B nx+ (Z)} = {xl,xz,x3, x5,x6} ) BNS(X) = {x2ix5} * (Z)

L:ol.w‘ B L)‘ u..ula 9 YL 6L®w).9.> O‘JA.Q 4JX d.CM )‘ ‘saLo.m ol B LgLQ)..M AL goto

Sl oals ooly Hlad V-V S 0 B psie degesxe

{14}
X asgomme Vb o i
[ ) {xz, x5} | V€8
N
[ X acgozms (bl o, {x1.x3.x4}
s no

Jeslawl b plgi co ) B EC jsin acgasme bl o X C U dcgozme (109 g b (5280

0,5 gmryy eilodal (A=Y g (V-Y) Lalg, 10 S5 0 aS o5 CuS 5 8o sl )lrs

|BCO)

ap(0) = 2 V-1
ps () = X A1)

o5T B(X) € X S B(X) oSl 4 4555 L .cowl absgy o dcgamme Lacl slaws o] oyl o as

O<ap(X)<pp(X) <1
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For Jlo

o1 sl B = {H,M, T} 31

B(X) = {xllx3'x6} y E(X) = {x1;x21 X3, x5'x6}

3

X)) =2, pp(X) =23

W51 sl B = {H} 31 >

BX)=0 , BX)=U

ol o
pp(X)=0 , az(X)=0

) o CaS 5 C8s (g oo U olgids dcgemme ) 10 (gl ol CobS g 8o 5l eolaul L
O 4 aslsl )3 a8 S e (655 ol 0 )sSl S ] JLs 4 5 el Jgi S sl

o2l R0
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38 S G oKST s U = UL, X; s XiNX; =0 Ol 50 aS il U assl> slodacgome )
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b-¥ Jluw
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B(Xl) = {xll x31x6} ) E(Xl) = {xll x2l x31x51x6}
B(Xy) = { x4} ) E(Xz) = {x3, X4, X6}
Bl o ke G sl 09290 S el o )s8) (Gaied; ColeS 5 S nl b

341 4 1 341 4 2
MB(G)—§—§—5 ) aB(G)—T—g—g

~ k03, CusS 5 B0 Lo g 4 )T Jgaz Sl ond Sl (655 e o550 ol

winN
\o
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223l 69,0 Ol Sl iie a0 ST el St B acgaze (¥-F Gy yai

5 Jiuwe B' 51 sl B acgeme ol SO |, B 5l B dcgemen; o (F-Y Gy g
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oS oS ol axel> ol 3l (g9, o Lol dcgese aiilen JLSG 181 aiis 0B
Wies b rals @ Glee a5 ole e e o lis Red(B) L 1) B s dcgoxe

a3l (g ks Sl alS Wlg o piiie dsgeme G Gl (pady Nisd oo Comite (65,0 pE
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' Dispensable
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la_zals aen S1il wiwa a5 olxl 5l .cwl B sla jzalS ass acgoe (Red(B) ] o a5
—03, ol o Lk T slacl 51 Sy ,o Bis g Cenl b uitie 5l dgazme ) et 5502 ) el

(Voo F i) g2 98153 S50 (6 S el o )55l o
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TR et A py Dygo A dlud LQ&[SB ={H,M,T} e ASgone G‘ﬁ N-Y Jj» 39

ey
IND (B) = {(xll xl)! (x2' x2), (.X'3, X3), (.X'4_, X4), (xSi xS)i (x6: x6)' (xZ' xS)}
Bi={H} , B={M} , B3={T} , By={HM}

B ={H, T} , B = {M, T} & Bi,B3, B3, B, Bs,B; € B

i029) o0 Cewd s acgozme s 51 G o Slp |y 55 e Ly, J>

D) = e e e )
08D = e, ) (o, G, o, o) o)
(e = (5 e ) e ey )
o) = [ e e iy ey )

IND (Bé) = {(xll xl)! (x2' xZ)l (.X'3, X3), (x4,, X4), (xSl xS)' (x6l x6)' (le xS)}

IND(Bg) = {(x1,%1), (x2, x2), (x3, x3), (X4, X4), (X5, X5), (X6, X6), (X3, X6), (X2, X5) }

o2l acgaza ) 5l S yo Lawgi oo sl (65,lee daily, 4 axg5 b
IND(B) = IND(BY)

Al o By 5 B ates azs
Red(B) = {H, T}
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Core(B) ={H,T}
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m..f odlw (G200, Q)Aé o>

oudlie U (guowodyogxi B-)-Y
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aal; g0 4 aS 8l SO LSS Glads slows 5l el S le (gl Y latis Jlae B Gy pad
D9 o i )

Support,(C,D) = |[x]c N [x]p
S laggils S olaas 4y gl G IS0 Slads slawd e 4 58 Tl e (VY Gy 1

5l el Oyle 4 0l 0

Support,(C,D)

o,(C,D) = i

" Rule Support Factor
2 Rule Strength Factor
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Supporty(C,D) _ 0x(C,D)

- _ lixIel
cere(C.D) == = rme ¢ "Xl =Ty

AV oSYsl) aily o oalad é

5l el Ol qpaenas (95l va S A=Y @y

[[x]pl

Supporty(C,D) _ ox(C,D)

covy(C.D) == =z, ¢ ") ="

! (& oo )l.,.’;c‘ Lgl)b b il Lg)::f)}.g RPNV} NEY:| 299 LgLa:)Lguo aS @ylﬁ

V-t Jlo

Cawd 4 paonal Ladlore (glo Lo ol o 4y 1) 0ol ool (6,8 penal 00,9501 V-V Jgu> (sl
C={HMT} jxndcsorme S s €' ={H,T} a5 o £-Y Jl;’ua\.?c\.?ssl.g.m)ﬂ

Hlawl Oile X7 08 Slakin jlead zl 5wl pronal (9l (ol ply .ol
1.(H = no)&(T = high) - (F = yes)

.q.:.ﬂksn Cawd Ay 3 Dygo 4 (V) (98 C;\ﬁwbél:u sl lxs

u/C' = {{x1}: {x2, x5}, {x3}, {x4}, {xe}} , U/D= {{xl,xz,x3,x6}, {x4, xs}}
[x1]er ={x1} ,  [xalp = {x1, %2, %3, %6}

= Supporty, (C',D) = |[x1]¢ 0 [xalpl = [{xa} 0 {xg, %2, X3, %63} = [{x1}] = 1
Support,, (C',D) 1 Support,, (C',D) 1

7 (€ D) = U] AR CED A oy e
, Support, (C',D) 1
cove (O D) =——E T "%

P ML‘Z’.& LQUT Lg‘).! W NEY| SR LgLQ)Lu.o 9 ob; C‘)DLH.«.:‘ |) Lbuyl.@ ).!L.u C'_:)j.@ Oy L

" Rule Certainty Factor
2 Rule Coverage Factor
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2.(H = yes)&(T = high) —» (F = yes) ,
P 1 1
support =1, o==, cer =, cov=7
3.(H = yes)&(T = very high) — (F = yes),
1
t=1 , =—, =1 , = —
suppor o=, cer cov =~

4.(H = n0o)&(T = normal) - (Fl = no),

1
support =1, azg, cer=1, cov=§
5.(H = yes)&(T = high) - (F = no) ,
1
support =1, azg, cer=§, covzi

6.(H = no)&(T = very high) - (F = yes),

1
t = 1 , =-=, = 1’ = —
suppor o 6 cer cov 4

9 u’.-.‘as GLQQ};& )’| 6‘499.@.?;0 J.el.w as (ot odedlw C;)..fp...o.@ ﬁ)ﬂ‘ S5 aels Q..{‘).'»Ll.}
Wde odalieo (gudyed,
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AL adls cdillas (655 paeal pi 555!
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37



@slSeols 5 (55l (slaJos P b

~ ool o 5951 50 09290 (B SOl o b i svaline (b sle pate Slasin f
a3l ansls Cllas 65

ool g2yl Sgzrge (o5 pg0 Sl (sl 09 e pladl Glol & (e (sl I

e Hlade 5 OlaSy (byd Glaprie polie gl Koo 58 wizr olee 4 (58 (nl Cnlnle
Slne Bl 5l a5 1, G58 daysild cnl Glee 5l o S el 5,00 5l s Dglite proal
meo Pl wae ssalie sl G 0P8 Olre w4 aBl i el Gl dg 5 ol
@ Wil oo wiyle Casllas was cvalin Glasin b a5 Slogl den o )lh> b ol p oS
3523 olel e olST aiS bl 1) ol 08 loysils asa (51 aied slpiiny 005 1.5 puoual
5 05 amlym (58 102 AT (ral cpeual Lo (slojlene Djge l f 0 (Cilils aly
Sl 4 Cos pge Sl Gl (6 S preal S pdiee D)ge it Jes ped I alie
Qo> oaslie Olasiv 4 a5 peeal led 5l Glacgeme Sl gl cal Sl S0
oL 5 (Setyshul pslare aay igdise Sliiny oS el & WSl 005 5 Sl
-de gozno QT 3loslaiwl b as” wso S olpainy YM}J ooy ally lae cod |y Jog, «(V24Y)
m (oo Sy 00y S penal 4y W10 A5 0 590 08 Dlasiie 4 ) Calil o i &5 4168 Sl

09.»..:

o)l (S0 abayl
ol S005 i  ektedyy) San abaly a5l gl S T g saalie Sy x 05 3
OB el San a5 o] 5l ogi e 00l HLis (X ST) L aS 54 o aiS T yg5l8 4 X ovmlie
Ole lnby il 508 (bt sloprie slaw) lab il slls csalie o & Coi 7

SToyS o0 )18 soyp 2550 T 88 )0 9290 o yitie ol 5 X cvalive 4 7 98 (S0

! Slowinski
2 Valued Closeness Relation

38



@slSeols 5 (55l (slaJos P b

polie A i@y AT 9 ELT el 0 Sezge oy sla ke dcgeme A = {ay,ay, ..., Ay}
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1 Concordance Coalition
2 Discordance Coalition
3 Concordance Index
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2 Nguyen
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Core(C) = Red(C) = {Account_Length, Intl_Plan,VMail_Message, Day_Mins,
Eve_Mins, Night_Mins, Intl_Mins, Intl_Calls, CustServ_Calls}
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1. Account_Length([103, 126)) AND Intl_Plan([* 1)) AND VMail Message([*, 1)) AND
Day_Mins([197.3, 243.5)) AND Eve_Mins([236.7, 293.2)) AND Night Mins([201.8,
227.4)) AND Intl_Mins([10.4, 12.1)) AND Intl_Calls([* 3)) AND CustServ_Calls([3, 4))
=> Churn_(1)

2. Account_Length([103, 126)) AND Intl_Plan([* 1)) AND VMail_Message([*, 1)) AND
Day_Mins([149.3, 197.3)) AND Eve_Mins([223.3, 236.7)) AND Night_Mins([* 168.9))
AND Intl_Mins([8.8, 10.4)) AND Intl Calls([3, 4)) AND CustServ_Calls([4, *)) =>
Churn_(0)
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Abstract

In recent years, the large number of firms which offer similar services, has helped
customers to choose from among several firms based on their needs and enjoy their
services. This diversification is clearly seen in many industries such as insurances,
telecommunications, internet service providers and cable TV networks and caused the
strategy of “keeping customers and avoiding to lose them to the rivals” to become one
of the most important managerial strategies. Cutting the relationship with the current
service provider is called “customer churn”. To lose a profitable customer means that
he is being attracted by rival service provider and the cost of attracting a new customer
is much more than the cost of keeping him (Moser, 2002). From the economic and risk
management point of view, identifying the customers whose churn will incur great loss
is crucial. The existing information about customers, including loyal and churned
customers, is a base for predicting the future customer behavior. If we could predict the
probability of churning customers by examining the characteristics of customers, we
would be able to bring the churning rate of customers to the minimum by exerting
preemptive activities. There are a number of methods for predicting the customer churn,
such as logistic regression, neural networks, decision tree and the Rough Set Theory. In
this thesis, we introduce the aforementioned models and investigate the accuracy and
efficiency of them on the case study using different evaluation criteria. The results

showed that, these criteria suggest different models for predicting customer churn.

Keywords: Customer Churn Management, Rough Set Theory, Neural Network,

Classification and Regression Tree, Logistic Regression
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