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u=wvax@ xOv}; QO x]@=Q ẁv u}= "OvOQoQ@ Ovv=wD|t |Qo}O *|v=tR xR=@ QO 'Ov=xOQm lQD =Q
C@=kQ w xOvWwQi Q}}eD sm |xv} Ry j} Q] R= w OwW|t h} QaD xv=oOvJ |Q=O=iw l}

[7]"OwW|t C}=tL =yxOvvmu}t-=D u=}t q=@

Cq;u}W=t CavY =@ |QDWt VRQ= |=ypOt |xU}=kt
|R=Ux=Q

x@ |R=Ux=Q Cq;u}W=t CavY |QDWt VRQ= |x@U=Lt |=ypOt 'xU}=kt QO
|q=m |R=Ux=Q Cq;u}W=t =Q} R 'OvQDl}ORv |QDWt |Q=oOv=t Q@ |vD@t |=ypOt
hkwD =} VwQi R= TB C=tON Ci=} QO QO lU} Q w OvwQ|t Q=tWx@ |}x}=tQU
"OyO|t jwU OvQ@ l} R= xO=iDU= CtU x@ =Q =yCmQW `kwtx@ Q}taD sOa R= |W=v
CavY =@ |ovy=ty ?ULQ@ |QDWt |Q=oOv=t Q@ |vD@t |=ypOt 'xt=O= QO u}=Q@=v@
CU= CQ=@a =ypOt u}= |xU}=kt |=v@t "OvwW|t xU}=kt |R=Ux=Q Cq;u}W=t
Qy R=}v OQwt |=yQDt=Q=B 'CU=QH= p@=k =yu; QO VwQ Qy xm |Q=mw?Um ẁv %R=
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pwYLt ẁv Qy O} QN l} w QiY p=tDL=
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|wor= |=Q=O CavY ẁv T=U=Q@ |Ov@xDUO |=Q@ QDt=Q=B xU u}= |Ov@C} wrw= �

"CU}v |YNWt
h} QaD 'pta QO xm �xDUO 125� Ovm|t O}rwD =Q |O=} R |=yxDUO O=OaD VwQ u}= �
R= xO=iDU= p}rO u}tyx@ "OR=U|t wQx@ wQ pmWt =@ =Q xDUO Qy |=Q@ |SD=QDU=
u}= xm =QJ 'Ow@ Oy=wNv QF-wt ,qt=m |R=Ux=Q Cq;u}W=t CavY QO pw= VwQ
u=} QDWt w �R=F=M=5 xwQo � VRQ=QB u=} QDWt |}=U=vW QO =yvD VwQ
p�=k |Y=N C} wrw= |v}@=v}@ |=yxwQo |=Q@ w 'CU=v=wD �R=F=M� VRQ=sm

"OwW|tv
QO |Ov@xDUO uwO@ |QDWt Qy |=Q@ RFM |xOWu}}aD Q}O=kt swO VwQ QO
|QDWt 2910 OQwtQO |Ov@xDUO u}= s=Hv= |=Q@ "OwW|t s}UQD |Oa@xU |=[i
2 Q=Owtv QO xm u=vJ "CU= xOW xO=iDU= Matlab Q=Ri=sQv R= |UQQ@ OQwt CmQW
|xOt; CUO x@ Q}O=kt T=U=Q@ |Ov@xDUO uwO@ |QDWt Qy RFM OwW|t xO}O

"CU= xOW sUQ M w F 'R

22



|v=N
}r=a

u=U
L=

w|
wO@r

=Q}t
= "u=} QDWt |Ov@xDUO QO M w F 'R |=yQDt=Q=B Q}F-=D "4 pwOH

K=12 K=11 K=10 K=9 K=8
0 638 0 640 0 635 0 734 0 735 F

0 242 0 303 0 329 0 256 0 264 R

0 12 0 057 0 036 0 01 0 001 M

Rapid Miner Q=Ri=sQv \UwD |Ov@xDUO QO =yQDt=Q=B Q}F-=D =y|Ov@xDUO s=Hv= R=
|t=tD QO CU= xOW xO=O u=Wv 4 pwOH QO xm u=vJ "�4 pwOH� OW |Q}oxR=Ov=
C}=yv QO w R QDt=Q=B u; R= TB w 'CU= QDW}@ xty R= F QDt=Q=B Q}F-=D =y|Ov@xDUO
\=@vDU= u}vJ u=wD|t `k=w QO "OQ=O jwi QDt=Q=B xU u}@ QO =Q Q}F-=D u} QDsm M QDt=Q=B
|QDWt OOHt |xaH=Qt w O} QN Q=QmD R= |R=Ux=Q Cq;u}W=t CavY QO xm OQm

"OwW|t jkLt O} QN sHL

R= xO=iDU= =@ |QDWt |Q=oOv=t p=tDL= |v}@V}B
RFM |Ov@xDUO

wO Q}F-=D CLD QDW}@ RFM VwQ =@ u=} QDWt |Ov@xDUO 'OW xQ=W= QDV}B xm u=vJ
|Q=oOv=t |x@U=Lt QO QDt=Q=B wO u}= R= u=wD|t xm =Hv; R= w CU= xOw@ F w R QDt=Q=B
MQv |x@U=Lt |=Q@ xDiQoCQwY |=y|Ov@xDUO 'CUHxQy@ u=tR=U =@ u=} QDWt
|WwQ |x�=Q= O@=}|t C}ty= =Hv}= QO xJv; "CW=O Oy=wN OQ@ Q=m u=} QDWt |Q=oOv=t
|=Q@ =Pr "CU= xOv}; QO |}=D12 |Ov@xDUO R= xDUO Qy u=} QDWt Q=DiQ |v}@V}B |=Q@
u=wD|t '\=@DQ= `]k =} ^iL |ovwoJ ^=Lrx@ |QDWt l} |D; Q=DiQ |v}@V}B
C@Uv =yu; |D; Q=DiQ =@ \@DQt 'xDWPo x@ C@Uv xwQo Qy QO =Q u=} QDWt |rai Q=DiQ
2 5 xR=@ wO x@ =Q |QDWt Q=DiQ |xr=UGvB |v=tR xR=@ p}rO u}tyx@ "CUv=O p=L x@
u=} QDWt M w F 'R C=YNWt pw= p=U 2 5 xR=@ QO w [10]"s}vm|t s}UkD p=U
2 5 |=Q@ ,=OOHt 'xr=UGvB |=yxWwN O=OaD T=U=Q@ "s}vm|t x@U=Lt ,=OOHt =Q
11 1 Q=Ri=sQv R= |Ov@xDUO u}= s=Hv= |=Q@ "s}vm|t|Ov@xWwN =Q u=} QDWt pw= p=U
Q_v QO OOa 12 Q@=Q@ xr=UGvB xR=@ Ovv=t =yxDUO O=OaD "OW xO=iDU= Clementine

"CU= xOW xOQw; 5 pwOH QO Q=wxYqN |Ov@xDUO u}= |xH}Dv "CU= xOW xDiQo
xHwDt s}vm |UQQ@ p=U 2 5 QO |}=D12 |Ov@xDUO =@ =Q 5 pwOH |=yxO=O xJv=vJ

"Ov=j@]vt sy Q@ =yxDUO ,qt=m xm s} wW|t

u=} QDWt R= xDUO Qy |Q=oOv=t MQv |x@U=Lt
|QDWt\UwD u=tR=U lQD p=tDL= p[=iD =@CU= Q@=Q@ |QDWt Qy |Q=oOv=t p=tDL=

1 � u=tR=U lQD p=tDL= = |Q=oOv=t MQv %1 OOa R=
QO xDUO Qy u=} QDWt Q=DiQ u=tR=U R= |QDWt V}=OH MQv |x@U=Lt |=Q@ =Pr
u=} QDWt O=OaD w 'CU= xOW xU}=kt swO p=U 2 5 QO =yu; Q=DiQ =@ pw= p=U 2 5
u=} QDWt O=OaD s}UkD =@ "CU= xOW x@U=Lt swO p=U 2 5 QO u=tR=U R= xOW =OH
lQD C@Uv pw= p=U 2 5 QO xDUO Qy u=} QDWt pm x@ swO p=U 2 5 QO xOW =OH
pN=O u=} QDWt O=OaD xm O};|t V}B |v=tR pmWt =yvD "O};|t CUO x@ u=tR=U
|QDWt l} =@ 2 |xWwN '|QDWt l} =@ 6 |xWwN "OW=@ |mJwm OOaxWwN l}

"xr=U 5 |v=tR xR=@ QO xwQo 12 QO u=} QDWt |Ov@xDUO "2 pwOH
QFm =OL pk=OL QFm =OL pk=OL O=OaD xDUO s=v

R R F F u=} QDWt
10 1 3 1 708 4 xDUO
21 11 3 1 714 9 xDUO
35 22 7 1 537 7 xDUO
49 36 6 1 414 11 xDUO
61 50 3 1 398 3 xDUO
10 1 9 4 80 10 xDUO
24 11 10 4 40 5 xDUO
19 1 17 10 14 8 xDUO
5 1 19 14 2 12 xDUO
18 18 4 4 1 1 xDUO
1 1 27 27 1 2 xDUO
7 7 7 7 1 6 xDUO

"hrDNt |=y|Ov@xDUO QO Davies Bouldin XN=W "3 pwOH
K= 13 K= 12 K= 11 K= 10 K= 9 K= 8

0 502 0 488 0 489 0 491 0 498 0 543 Davies

Bouldin

ltmx@ u=} QDWt |=y|Ov@xDUO R= l} Qy 'CU= Q=OQwNQ@ Davies Bouldin

u; |=]N w OQ=w Q=Ri=sQv u}= x@ K hrDNt Q}O=kt |=Q@ w K-Means sD} Qwor=
u=wvax@ xWwN s=v w R 'F 'M |UQQ@ OQwt |=yCiY Q=m u}= |=Q@ "OW |Q}oxR=Ov=
|=]N C@Uv u} QDu}}=B s}vm|t xOy=Wt 3 pwOH QO xm u=vJ "OW Qw_vt ?UJQ@
|Ov@xwQo u}= XN=W u}= &CU= |}=D12 |xWwN x@ \w@ Qt Davies Bouldin

"Ovm|t |iQat |Ov@xwQo u} QD?U=vt =Q
xO=iDU= OQwt |=yCiY ^=Lrx@ xDUO Qy u=} QDWt uOw@l}ORv swO VwQ QO
|xvwtv QO |UQQ@ u}= "OQ}o|t Q=Qk uwtR; OQwt CavY u=oQ@N \UwD |Ov@xDUO QO

"Ovm|t |@=} RQ= =]N u} QDsm |=Q=O =Q xDUO 12 O=OaD xDiQos=Hv=

u=} QDWt |Ov@xDUO QO RFM QDt=Q=B Qy Q}F-=D |}=U=vW
|R=Ux=Q Cq;u}W=t CavY

w F u; R= TB w R =OD@= |Ov@xDUO lqt 'RFM R= xO=iDU= |DvU VwQ QO
?}DQD O}=@ |Ov@xDUO u}= QO OW XNWt |OvJ R= TB =t= "CU= xOw@ M TBU
=yQ=Ri=sQv R= xO=iDU= VwQ QO "O=O Q}}eD Q=mw?Um ẁv ?ULQ@ =Q =yQDt=Q=B Q}F-=D
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�5 15; 826; 630; 804 �40 7 1183 C xwQo

�100 316; 213; 107; 037 �100 2910 pm `tH

"A-B-C VwQ x@ A xwQo u=} QDWt |Ov@xDUO "10 pwOH

R= OYQO VRQ= ẁtHt
O=OaD OYQO O=OaD xwQo s=vpm VRQ= x@ |QDWt |QDWt
u=} QDWt pm

�64 202; 308; 022; 689 �4 115 A1 xwQo
�12 38; 002; 033; 655 �8 1 237 A2 xwQo
�4 12; 606; 049; 699 �5 6 164 A3 xwQo
�80 252; 916; 106; 043 �17 7 516 pm `tH

xDiQo s=Hv= R}v VRQ= T=U=Q@ u=} QDWt |Ov@xDUO ,=D}=yv w CmQW VRQ= 'RFM

"CUH xQy@ |@=} Q=R=@ |=yQ=my=Q P=ND= |=Q@ u=wD|t xrY=L G}=Dv R= "CU=

|Q}oxH}Dv
Q@ |vD@t |=ypOt |va} �� |QDWt VRQ= |x@U=Lt |=ypOt *xwQo wO |xU}=kt QO
Cq;u}W=t CavY �� |QDWt CQH=yt Q@ |vD@t |=ypOt w |QDWt |Q=oOv=t MQv
|vD@t |=ypOt |va} 'pw= xwQo |=ypOt x@ pwYLt uOw@|}x}=tQU p}rOx@ |R=Ux=Q
u} QD?U=vt =DB wo pOt =ypOt u}= |xU}=kt QO "CU= QDl}ORv '|QDWt |Q=oOv=t Q@
QDt=Q=B |x@U=Lt |=Q@ xOWx�=Q= pOt QO "OW xO=O X}NWD CavY u}= |=Q@ pOt
u}= QO "OvwW |Ov@xDUO u=} QDWt RFM VwQ x@ O}=@ =OD@= u=} QDWt '|Q=oOv=t MQv
�R� O} QN QN-=D O}=@ 'CavY u}= QO =yO} QN u}@ |xrY=i x@ xHwD =@ |Ov@xDUO
RwQx@ sQwD MQv T=U=Q@ O}=@ �M� O} QN VRQ= u}vJty "OwW |UQQ@ x=t ?ULQ@
QO "OwW pQDvm Q=m |xH}Dv |Oa@xU |=yQ=Owtv =@ xm OwW|t x}YwD "OwW |v=UQ
|xH}Dv "OW xO=iDU= K-Means sD} Qwor= R= RFM VwQ QO u=} QDWt |Ov@xDUO
u=} QDWt |=yxwQo |xv}y@ O=OaD xm O=O u=Wv xOW|UQQ@ |xvwtv QO |Ov@xDUO u}=
QO QF-wt QDt=Q=B u} QD|rY= CavY u}= QO xm OW XNWt u}vJty "CU= OOa 12
|QDWt Qy |Q=oOv=t MQv |x@U=Lt |=Q@ "CU= �O} QN Q=QmD� RFM |Ov@xDUO
|w=Ut CtUk wO x@ RFM |Q}oxR=Ov= |v=tR xR=@ u=} QDWt |Ov@xDUO R= TB
w OvwW|t |Ov@xDUO u=} QDWt pw= |v=tR xR=@ QO ,=OOHt u; R= TB "OW s}UkD
|ak=w C=aq]= uDW=O Q=}DN= QO =@ |Oa@ |xQwO QO xwQo Qy |Q=oOv=t p=tDL=TBU
u}}aD u=} QDWt |Q=oOv=t p=tDL= xwQo Qy QO u=} QDWt |=Q@ w |UQQ@ Oa@ |xQwO
Qy OQwtQO u; R= |W=v OwU w xDWPo O} QN sHL uDW=O Q=}DN= QO =@ C}=yv QO "OW
x@U=Lt =DB wo pY= T=U=Q@ |QDWt Qy VRQ= '|QDWt |Q=oOv=t MQv R}v w |QDWt

"u=} QDWt R= xDUO Qy VRQ= "8 pwOH
VRQ= \UwDt O=OaD R= OYQO

|QDWt VRQ= xwQo|QDWt Qy |QDWt VRQ= pm
xWwN QO u=} QDWt

680; 513; 282 80 �18 55; 390; 403; 711 10 xDUO
59; 753; 424 708 �13 42; 305; 424; 493 4 xDUO

35; 252; 119; 147 1 �11 34; 518; 875; 068 1 xDUO
2; 346; 784; 903 14 �10 32; 490; 517; 299 8 xDUO

42; 279; 863 714 �10 30; 187; 821; 879 9 xDUO
57; 410; 034 414 �8 23; 767; 753; 902 11 xDUO

21; 532; 466; 845 1 �7 21; 907; 949; 165 6 xDUO
10; 706; 237; 826 2 �7 21; 174; 939; 922 12 xDUO

497; 979; 784 40 �6 18; 836; 837; 300 5 xDUO
31; 160; 208 537 �5 16; 733; 031; 500 7 xDUO
27; 879; 322 398 �4 11; 095; 970; 098 3 xDUO

7; 891; 121; 540 1 �2 7; 803; 582; 698 2 xDUO
- 2910 �100 316; 213; 107; 037 pm `tH

|R=Ux=Q |=yCmQW VRQ= u}}aD
VRQ= |Q}oxR=Ov= R= TB "OvyO|t p}mWD u; u=} QDWt VRQ= =Q CmQW l} VRQ=
"s}UQ|t CmQW VRQ= p}rLD x@ p=L 'xWwN Qy VRQ= R}v w u=} QDWt R= l} Qy
=yu; pm VRQ= `tH R= CmQW l} u=} QDWt VRQ= ẁtHt 'OW x_Lqt xm u=vJ

[11]"O};|t CUO x@

A-B-C j]vt w VRQ= ?UL Q@ |Ov@xDUO
Qo}O �40 "OwW|t pY=L u=} QDWt �20 R= =yvDCmQW OwU �80 wDQ=B pY= j@]
CmQW VRQ= �5 R}v QN; �40 w 'Ov=CmQW VRQ= �15 |xOvvmu}t-=D u=} QDWt R=
w '\UwDt VRQ= =@ 'VRQ=QB xwQo xU x@ u=} QDWt ?}DQD u}=x@ "OvyO|t p}mWD =Q
'u}W}B VN@ QO |QDWt Qy VRQ= |x@U=Lt x@ xHwD =@ "OvwW|t s}UkD VRQ=sm
VRQ= u=R}t ?ULQ@ u=} QDWt VwQ u}= QO "CU= Q}PBu=mt= |Ov@xDUO u}= lv}=
u=} QDWt xm h} QaD u}= =@ 'OvwW|t s}UkD C w B 'A |xDUO xU x@ CmQW |=Q@
B u=} QDWt &OwW|t |W=v =yu; R= CmQW VRQ= �80 xm OvDUy |v=} QDWt A

u=} QDWt w &OwW|t O=H}= =yu; \UwD CmQW VRQ= �15 xm OvDUy |v=} QDWt
=Pr "OwW|t |W=v =yu; R= CmQW |xOv=t|k=@ VRQ= �5 xm OvDUy |v=} QDWt C

u} QDu}}=B x@ VRQ= u} QDq=@ R= VRQ= ?ULQ@ u=} QDWt '|Ov@xDUO |xwLv u}= QO
"�9 pwOH� CU= xOW x@U=Lt =yu; |atHD VRQ= TBU w [12]xOW ?DQt VRQ=
|xDUO �10 pwOH� 'u=} QDWt u} QD|O}rm |}=U=vW swRr x@ xHwD =@ u}vJty
|Ov@xDUO u}= |=v@t &OwW|t s}UkD A3 w A2 w A1 |xDUO xU x@ OwN A

|Ov@xDUO R= xDUO Qy VRQ= '|QDWt Qy VRQ= ?}DQDu}O@ "CU= wD=Q=B pY= R}v
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QDW
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RQ=

|x@
U=L
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=Q@|

rOt
|x�

=Q=R= TB |}q] C=tON x@ xHwD "OwW |Q=PoCU=}U w h} QaD u=W}= =@ ji=wD =@ w
"OW=@ CmQW |=yQ=my=Q RQ=@ C=mv R= Ov=wD|t u=} QDWt u}= x@ x�=Q= |=Q@ VwQi
|Q=Oxov w Q}taD |oS} w =@ w QDu}}=B |i}m K]U =@ w QDCt}ku=RQ= CqwYLt ��
"OwW x�=Q= �lJwm u=} QDWt� 3 w 4 '11 '7 '9 |=yxWwN u=} QDWt x@Ct}ku=RQ=
|xOvQ}oQ@ QO =yxWwN u}= "OvyO|t =y@ Ct}k |xrwkt x@ QDW}@ u=} QDWt u}=
'11 xwQo xU u}vJty "Ov=CmQW �u=} QDWt �95 R= V}@� u=} QDWt O=} R O=OaD
=yxwQo u}= u=} QDWt =@ T=tD =@ O}=@ xm Ov=xDiQo xrY=i u=tR=U R= Q=}U@ 3 w 7
w nwr=D=m p=UQ= j} Q] R= =} w OW =} wH =Q u=tR=U R= =yu; uDiQoxrY=i p}rO

"CN=U x=o ; O}OH \}=QW w CqwYLt R= =Q =yu; xt=vQ@N
p}mWD u=tR=U x@ Q=O=iw =t= \UwDt |xR=Ov= =@ u=} QDWt =Q 10 w 8 '5 xwQo ��
u}= VRQ= u=W}= x@ |O=yvW}B C=tON w CqwYLt ẁvD =@ u=wD|t xm OvyO|t

"O=O V}=Ri= =Q xwQo

Qy VRQ= 'CmQW |=yQ=my=Q ?=NDv= QO u=} QDWt |Ov@xDUO C}ty= x@ xHwD =@ "OW
T=U=Q@ |O}rm u=} QDWt '|}=U=vW |=Q@ C}=yv QO "OW x@U=Lt u=} QDWt R= xDUO
u}= QO xOW |UQQ@ |xvwtv QO xm OW XNWt w OvOW |Ov@xDUO +=OOHt wD=Q=B pY=
O=yvW}B u}vJty "OvyO|t p}mWD =Q CmQW VRQ= �80 u=} QDWt �17 CavY
OwW h} QaD |QF-wt |@=} Q=R=@ |=yQ=my=Q xWwN Qy ẁtHt V}=Ri= |=Q@ xm OwW|t

%OQm Qw_vt =Q Q} R OQ=wt u=wD|t =yu; u} QDsyt QO xm
&OvQ=O =Q VRQ=u} QDW}@ 2 w 12 '6 '1 |=yxWwN?}DQDx@ VRQ=\UwDt ^=Lrx@ ��
p}mWD =@ |QDWt 5 u}= xm OvQ}o|t Q@ QO =Q |QDWt 5 xWwN 4 u}= ẁtHt QO
"Ov};|t ?=UL x@ CmQW u=} QDWt u} QD|O}rm CmQW u=} QDWt VRQ= R= �30
w nv} QwD}v=t |=Q@ XNWt |OL=w p}mWD 'u=} QDWt u}= =@ \=@DQ= ^iL |=Q@
w CN=OQB \}=QW 'Ct}k 'pwYLt |x�=Q= "CU= |QwQ[ u=v; x@ C=tON |x�=Q=
s=OmQy =@ ?U=vDt w xv=o =OH CQwYx@ O}=@ =yCmQW u}= VwQi R= TB C=tON

CWwv=B
1. net present value
2. cash 
ows
3. retention rate
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