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wLvx@ q=@ Q=}U@ |D=aq]= p}Uv=DB |=Q=O `@=vt u=wvax@ =yxO=O C}ty= Q}N= |=yp=U QO
j}kO w `} QU hWm w G=QNDU= =@ |w=mxO=O "CU= xOW xDiQo Q=Qk xHwD OQwt |}xOQDUo

xrtH R= s}tYD |v=@}DWB w |Q}os}tYD Qw_vtx@ =yxO=O x=o}=B R= u=yvB w VRQ= =@ *C=aq]=
x@ OwN |O=YDk= w |vi '|tra xaUwD Qw_vtx@ |DmQW w u=tR=U 'QwWm Qy xm CU= |Qwt=
QO �� |Ov@xWwN ,=YwYN �� |w=mxO=O uwvi R= xO=iDU= CQwQ[ x@ xHwD =@ "OQ=O R=}v u;

|Ov@xWwN QO xm OwW|tx�=Q= |Ov@xWwN OQm} wQ T=U=Q@ |[=} Q pOt l} Q=DWwv u}=
pOt CQwYx@ |Ov@xWwN |xr�Ut "OQ=O OQ@ Q=m QRNTQ=B |DavY CmQW u=} QDWt

u=} QDWt |Ov@xk@] QO |}xWwNuwQO pY=wi \UwDt ẁtHt |R=Uxv}tm hOy =@ |[=} Q
pY=wi QO O}OW |WN@Ow@y@ =@ 'xOW V}=tR; OQ=wt |t=tD QO xm OwW|t |Ov@pwtQi

p}rLD w xOW xOwtR; |ak=w |xr�Ut l} QO xw}W u}= OQmrta "CU= x=Qty |}xWwNuwQO
"CU= xw}W u}= C=@U=Lt |}=Q=m R= |m =L G}=Dv
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w |}xrUrU |Ov@xWwN |=yVwQ '|Ov@xWwN '|w=mxO=O %|O}rm u=oS=w
"k-means sD} Qwor= '|QDWt =@ \=@DQ= C} Q}Ot '|}xrUrUQ}e

xtOkt "1
=ypOt u}= |=Q@ |i=WDm = w j}kO |}=ysD} Qwor= "=vatQB w QF-wt |Ov@xWwN |=yKQ]

"CU= xOW KQ]t
1971 p=U QO '|Ov@xWwN w |w=mxO=O |[=} Q EL=@t XwYNQO C=k}kLD
�? &|}xWwNu=}t |=yQwPHt ẁtHt |R=Uxv}tm =@ �hr= %OW s=Hv= j} Q] wO x@
sD} Qwor= �2003� Oa@ |=yp=U QO "|}xWwNu=}t |xrY=i u} QDW}@ |R=Uxv}tm =@
|Ov@xWwN |=Q@ xOv}=Ri |}xw}W sD} Qwor= u}= &OW x�=Q= �k-means� k |=yu}ov=}t
|twta |wHwCUH OvwQ l} j} Q] R= u}at |v=tR QO =} wB CQwYx@ xm CU=
|=yC}akwt R= ẁQW =@ �� k|=yu}ov=}t sD} Qwor= R= <=RH=N R=pmWDt ��|v=v}tQDO
CU= u; |Ov@xWwN XwYN QO Qo}O |x_Lqt "O}=Ri=|t xWwN RmQt Q@ ?U=vt
xOQWi w Tv=HDt 'u}at |D=}YwYN x@ xHwD =@ xrY=L |=yxWwN OwQ|t Q=_Dv= xm
x@ xO=O xawtHt |Ov@s}UkD |=Q@ |[=} Q pOt R= xO=iDU= =@ Q=DWwv u}= QO "OvW=@
|=yxWwN O=OaD xOW ZQi pOt u}= QO &CU= xOW s=Ok= |Q=YLv= |=yxDUO
\UwDt ẁtHt |R=Uxv}tm� pOt |k}kL OQmrta "CU= C} wr= l} k ?wr]t
l} x@ |}=yxWwN ?Um hOy =@ u=} QDWt |Ov@xk@] QO |}xWwNuwQO pY=wi

"CU= �|}xWwNuwQO |xrY=i u} QDsm =@ xOQWi xR=Ov=
QO QRNTQ=B |DavY CmQW R= pY=L *|k}kL |=yxO=O R= Q=DWwv u}= QO
QyW QO 1347 x=t uty@ QO CmQW u}= "CU= xOW xO=iDU= |D=@U=Lt C=W}=tR;
|kQ@ |ov=N sR=wr `=wv= CN=U Qw_vtx@ w =@}WwDTQ=B |DavY CmQW s=v =@ 'CWQ
X=N |t=yU x@ CmQW ẁv '1352 p=U x=t CWy@}OQ= QO "OQm C}r=ai x@ ẁQW

|v=w=Qi |=}=Rt 'Q=m w?UmhrDNt |=yVN@ QO C=aq]= |Qw=:vi `} QU OWQ xRwQt=
u=wvax@ R}v|@=} Q=R=@ |xRwL &CU= xOQw; u=etQ= x@ |O=YDk= |=yx=ov@ u=@L=Y |=Q@
RwQ@ x@ C=aq]= |Qw=:vi "CU}v |vFDUt xOa=k u}= R= u=tR=U |rY= VN@ Q} R
u=} QDWt |=yxO=O R= |a}Uw sHL O=H}= w =yu=tR=U |@=} Q=R=@ |=yVwQ QO |D=Q}}eD
w CqwYLt ẁvDt |=yxv} Ro w Q=R=@ QO xOQWi C@=kQ x@ xHwD =@ "CU= xO}t=Hv=
|tyt Q=}U@ pt=a u=} QDWt Q=DiQ p}rLD 'OQ=O Q=Qk u=} QDWt |wQ V}B xm C=tON
|=yQ=R@= u} QDQF-wt R= |m} 'xOWO=} OQ=wt x@ xHwD =@ "OwW|t |krD =yx=ov@ |=k@ |=Q@

"CU= |w=mxO=O |=yl}vmD R= xO=iDU= u=} QDWt Q=DiQ |UQQ@
|Ov@xwQo Q@ R}v wu=} QDWt C=akwD w =yR=}vCN=vW Q@ =yCmQW 'Q}N= |=yp=U QO
w |@=} Q=R=@ |=yOQ@y=Q |yOR=@ |WN@Ow@y@ hOy =@ �� |r=tDL= w |rai u=} QDWt
R=}v w xO=O nQR@ |=yxawtHt |v=w=Qi "Ov=xOW RmQtDt �� OwN Q=R=@ syU V}=Ri=
|=ywor= X}NWD |=Q@ |}=ysD} Qwor= O=H}= x@ '=yu; QO xDiyv Vv=O G=QNDU= x@
l}vmD l} |Ov@xWwN R}r=v; "CU= xO}t=Hv= =yxO=O xawtHt QO OwHwt |xDN=vW=v
'x@=WDu}at |=yQ=}at Q_vx]kv R= x@=Wt |=yxwQo|}=U=vW hOy =@ xmCU= |w=mxO=O
'OQ=O OwHw |Ov@xWwN |xr�Ut x@ C@Uv |O=} R |=yOQm} wQ "CU= xDi=} xaUwD
p}mWD |=Q@ |[=} Q |=ypOt |xOvQ}oQ@ QO |=yVwQ T=U=Q@ |R=Uxv}y@ pt=W

pw�Ut xOvU} wv �
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x�=Q=|=Q@ k-medoids w k-means |Ov@xWwN |=ysD} Qwor= u}@ |oO}J}B |x@U=Lt
[7]"OwW s=Hv= |}x]kv |=yxO=O CN=wvm} w p=tQv `} RwD

|t}UkD C=}rta |QUl} CQwYx@ '3�HC� |}xrUrU |Ov@xWwN |=yVwQ
�=yp=Ft� OQ=wt |t=tD |xOvQ}oQ@ QO OL=w |xWwN l} =@ u=W ẁQW xm OwQ|t V}B
"OwW|t XNWt '|WN@xtD=N xOWu}}aD V}B R= Q=}at x@ uO}UQ =@ 'u=Wu=}=B w
HC pL w 'OvQ=O OQ@ Q=m xO=O xDUO Q@ |Q}U=iD O=H}= |=Q@ HC |=yVwQ 'u}=Q@=v@
w 4�NHC� |}xrUrUQ}e |Ov@xWwN VwQ |=Q@ |OwQw l} u=wvax@ u=wD|t =Q

[8]"OQ@ Q=m x@ xrY=L |xWwN pL |WN@Ow@y@ Qw_vtx@
|t}UkD |Ov@xWwN x@ swUwt '�NHC� |}xrUrUQ}e |Ov@xWwN VwQ
"CU= swrat C=t}UkD O=OaD u; QO xm OvwW|t jq]= |Dr=L x@ '�|m}miD�
|t=tD |=Q@ u; R= TB w 'OwW|t s}UkD xWwN k x@ =OD@= xO=O ,qwtat VwQ u}= QO
xm u}= =D OwQ|t V}B xOW p}mWD |=yxWwN u}@=t |}xO=O \=kv umtt Cq=kDv=
\UwD u=wD|t =Q xWwN Qy xw}W u}= QO 'u}kkLt Q=y_= Q@ =v@ "O@=} jkLD hkwD Q=}at
"O=O V}=tv �k xv=}t� xWwN RmQt QO `k=w OQwt l} =@ =} �k-means� xWwN RmQt
?wN pta QO xm OW=@ k-means sD} Qwor= |Ov@xWwN sD} Qwor= u} QDhQYtQB O}=W
[9]"OwQ|t q=@ |Oa=YD Qw]x@ Cr=L u} QDO@ QO u=tR |oO}J}B OvJQy 'Ovm|t Q=m
|=yxO=O |=Q@ |}xrUrU |Ov@xWwN O}OH sD} Qwor= l} Q}N= |=y|UQQ@ QO
xO=iDU= =@ O=Oa= |R=i |Ov@xWwN 'u; QO xm xDiQo Q=Qk |UQQ@ OQwt �FHCA� |R=i
VwQ '|r@k x@=Wt |=yVwQ |xty QO "OQ}o|t s=Hv= |@D=QtxrUrU |=yVwQ R=
xHw "OyO|t VWwB =Q |R=i |=yxO=O '�|R=i |Ov@xWwN� xDi=}\U@ 5�FCM�
|R=i |=yxO=O |Ov@xWwN QO |}xrUrU |Ov@xWwN sD} Qwor= OQ@ Q=m 'VwQ u}= R}=tD
VwWet |=yxO=O p@=kt QO u; |q=@ Ctw=kt sD} Qwor= u}= |oS} w u} QDsyt "CU=

[10]"CU=
u=}t pY=wi ẁtHt |R=Uxv}tm hOy =@ K}LY OOa |=yVwQ |UQQ@ QO
sD} Qwor= |=QH= |UQQ@ |DQ=@ax@ =} 'u; =@ j@]vt *|}xWwN RmQt w xO=O |x]kv Qy
Q@ RmQtD =@ =Q |Ov@xWwN |=yVwQ u}kkLt '|R=Uxv}y@ pOt QO k-means

T=}kt Q@ |vD@t |=yVwQ %OvOQm s}UkD xDUO xU x@ |[=} Q |=yuw}UqwtQi
[11]"l}miD Q@ |vD@t |=yVwQ w 'pOt Q@ |vD@t |=yVwQ '�l} QDt�

|v=yH |i=WDm = VwQ pFt �� NHC |=ysD} Qwor= R= |NQ@ QO 'Qo}O |wU R=
sD} Qwor= u}= u=L=Q] "OvwW|t p}mWD |OwaY CQwYx@ =yxWwN �� k-means

|xDUO |xr�Ut |xv}y@ pL R= u=wD|t =Q xv}y@ k |xDUO pL xm OvQw=@ u}= Q@
CUO x@ =yxO=O xawtHt s=tD |wQ |rLt |wHwCUH l} R= xO=iDU= =@ �k-1�
s=k |xDUO RmQt u} QDy@ =D OwW s=Hv= ,=QQmt k-means sD} Qwor= xm |Qw] 'OQw;
|WN@O}t= |=ypLx=Q x@ sD} Qwor= u}= CU= umtt xJQo = "OwW pY=L xvmtt

[12]"CU}v |rm pL u} QDy@ x@ uO}UQ ut[Dt 'Ot=Hv}@
|=yQwPHt ẁtHt |R=Uxv}tm Q=}at 'xOWs=Hv= *C=k}kLD R= |Qo}O |QU QO
l} 'G}=Dv |NQ@ \U@ w |Q}oxQy@ =@ u}vJty "CU= xOW xDiQo Q_v QO =yxwQo u=}t
R= |]=kv '<=RH= u; QO xm |}xr�Ut |=Q@ K}LY OOa |]N |U} wvxt=vQ@ pwtQi
=} wB sD} Qwor= "OW x�=Q= 'OvDUy |UO}rk= |xUOvy |Oa@ p =} |Oa@lD |=[i l}
|k}kL \N |wQ |]=kv =Q <=RH= u=wD@ u; QO xm OwW|t x[Qa |OQwt |=Q@ QF-wt w
K}LY OOa |U} wvxt=vQ@ |rai |=ysD} Qwor= R= QDOt;Q=m sD} Qwor= u}= &CiQo Q_v QO
CQwQ[ =y|Ov@xWwN O=OaD uOW XNWt V}B R= 'sD} Qwor= u}= QO xwqax@ "CU=
|]=kv <=RH= xm |v=tR "OwW|t x�=Q= |Ov@xWwN O=OaD Qy |=Q@ |rL x=Q xmr@ 'OQ=Ov
|=Q@ K}LY OOa |]N |U} wvxt=vQ@ pwtQi 'OvW=@ |Oa@ p |UO}rk= |=[i l} R=
=Q C} Rt u}= 'CU= Q@Dat |v}at \}=QW CLD xJQo = pwtQi u}= "OwW|t x�=Q= xr�Ut

u; s=v 'uB=S |=@}WwD x@ jraDt s=yU |Q=Po =w R= TB 1361 p=U QO w OW p}O@D
"Ci=} Q}}eD QRNTQ=B |DavY CmQW x@

C=tONwT} wQUR=Ht x=oQ}taD 350OwOLR=?mQt 'xOQDUo|}xm@WCmQWu}=
|@=} Q=R=@ |=Q@ |}=yCYQi ?Um |B QO "OQ=O u=Q}= \=kv |Yk= QO VwQi R= TB
ODUwO=O |=yQwDm =i T=U=Q@ =Q Vv=} QDWt OQ=O p}=tD CmQW u}= '|QDWt =@ x]@=Q
sD} Qwor= R= xO=iDU= =@ |Ov@xWwN R= |Q}UiD "Ovm |Ov@xk@] |}=}i=QeH C}akwt w
"OW Oy=wN x�=Q= 4 VN@ QO QRNTQ=B |DavY CmQW |=yxO=O |wQ |Ov@xWwN
xOWs=Hv= C=k}kLD '|Ov@xWwN |=yVwQ T=U=Q@ 2 VN@ QO 'Q=DWwv u}= QO
|r=Ft KQ] =@ TBU "OwW|t x�=Q= |O=yvW}B pOt R}v 3 VN@ QO w OwW|t QwQt
|xOWx�=Q= pOt =@ =Q G}=Dv w xO=O KQW u; |wQ Q@ =Q pOt pL '4 VN@ QO u}O=tv
|UQQ@ w EL@ R}v w 'Q[=L |xar=]t G}=Dv 5 VN@ QO ,=D}=yv "s}vm|t xU}=kt |r@k

"OwW|t x�=Q= |Ov@xWwN w |R=Uxv}y@ |xv}tR QO |D; C=k}kLD |=Q@ =Q;

xOW ?Um ?Q=HD w Cq=kt QwQt "2
C}r=ai |R=Ux}@W� u=wva CLD |w=mxO=O OQwtQO VQ=Ro u}DUNv Cio u=wD@ O}=W
u}YYNDt w u=QoVywSB 'u=tRsy "CU= xOW x�=Q= 1983 p=U QO �|w=mxO=O
w xv}tR u}= QO VywSB x@ R}v """w u}W=t |Q}oO=} '|awvYt Vwy 'Q=t; 'xv=}=Q swra

[1]"OvDN=OQB u; =@ \@DQt |=yxv}tR
�|w=mxO=O R= xO=iDU= =@ u=} QDWt |Ov@xk@]� |xr=kt QO R}v 2002 p=U QO
l} w lv=@ l} u=} QDWt� u=} QDWt |}=U=vW |=Q@ |w=mxO=O |=yVwQ |[a@ R=
VwQ R= 'lv=@ |xawtHt QO VwQ u}= h}YwD |=Q@ [2]"OW xO=iDU= �?=Dm Awrm
"CU= xOW xO=iDU= sDU}U pN=O |=ywor= w =yQ=DN=U uDi=} Qw_vtx@ |Ov@xWwN
2�CRM� |QDWt =@ \=@DQ= C} Q}Ot C=ar=]t R= liv}q |WN@ 1�DM�|w=mxO=O
j�qa w C=}YwYN CN=vW CQwYQO Ovv=wD|t =yCmQW xm x}[Qi u}= =@ 'xOw@

[3]"OvR=U Q=QkQ@ R}t;C}kiwt |}x]@=Q =yu; =@ 'OwN u=} QDWt
|=yl}vmD w CavY QO u; hQ=Yt '|w=mxO=O QwQt x@ u}kkLt R= |NQ@
w |w=mxO=O |=yOQ@ Q=m u}@ pt=aD w x]@=Q w Ov=xDN=OQB u=wva u}= CLD |iQYt
R}v |}xOa [4]"Ov=xO=O KQW hrDNt ?v=wH R= =Q �CRM� |QDWt =@ \=@DQ= C} Q}Ot
w |w=mxO=O xm OvOQm u=wva w 'xO=O Q=Qk |UQQ@ OQwt =Q |w=mxO=O QO |R=Uxv}y@ Vkv
|R=Uxv}W}@ pFt |]@=wQ �� CRM u} wv \@=wQ |xaUwD |=Q@ Ovv=wD|t |R=Uxv}y@
[5]"Ovvm ltm sy x@ �� u=} QDWt Cqt=aD w |QDWt R}r=v; '|QDWt Qta pw] u=R}t
QwQt '|QDWt =@ \=@DQ= C} Q}Ot QO |w=mxO=O |=yVwQ C}ty= x@ xHwD =@
u}= QO "CU= xOW pt=m w `t=H |}xt=vQ@ O=H}= Ea=@ `t=H |Ov@xDUO w C=}@O=
CRM QO |w=mxO=O |=yVwQ OQ@ Q=m XwYNQO |tra C=}@O= QwQt =OD@= OQwt
'2006 =D 2000 |v=tR xQwO QO C=aq]= |QUl} TBU w xDiQo Q=Qk |UQQ@ OQwt
|=yVwQ u}@ s}kDUt \=@DQ= xOvU} wv 900 u; |] xm xOW x}yD xr=kt 24 pt=W

[6]"Ov=xOQm |}=U=vW =Q CRM w |w=mxO=O
|vatx@ w '|w=mxO=O |xRwL QO j}kLD OQ=wt u} QDsyt R= |m} �|Ov@xWwN�
|=yxwQo QO <=RH= w 'x@=WD u} QDW}@ xwQo Qy pN=O <=RH= xm CU= |}=yxwQo O=H}=
CQ=_v uwO@ |Q}oO=} VwQ l} |Ov@xWwN "OvW=@ xDW=Ov |Dy=@W xvwoI}y =RHt
|Ov@xwQo *u=mt= �� V}=y|oS} w w Q=DN=U R= |W=v �� u; C} Rt u} QDsyt xm CU=
|Ov@xWwN sD} Qwor= "CU= |r@k `q]= uwO@ =} u} QDsm =@ nQR@ |=yxO=O *s}kDUt
OQwtQO |D=k}kLD =D xOW Ea=@ xDmv u}ty w OQ=O OQ@ Q=m |O=} R |=yxRwL QO
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=w@= |O=yvW}B pwtQi =OD@= xm CU= ?}DQDu}O@ Q=DWwv u}= QO Q=m s=Hv= pL=Qt

|HwQN =@ u; |HwQN |xU}=kt pL=Qt '|Q=PoxLY |=Q@ TBU w xOW x�=Q=
7.5.0 �R2007b� Q=Ri=sQv QO |Ov@xWwN p}rLD QO xOWxO=iDU= x@=Wt pwtQi
4 =D 1 |=yQ=Owtv w 4 =D 1 pw=OH QO xU}=kt u}= G}=Dv "OwW|ts=Hv= MATLAB

"M=2 |=Q@ xrY=i u} QDsm T=U=Q@ ? w hr= pwtQi G}=Dv |xU}=kt "1 pwOH
xrY=i u} QDsm xvwtv O=OaD? hr=

0 5 2 3
0 66 2 4

1 4 5
1 86 11 14 6
1 87 11 7
2 77 21 77 8
4 45 45 09 9
4 10 42 10

"M=3 |=Q@ xrY=i u} QDsm T=U=Q@ ? w hr= pwtQi G}=Dv |xU}=kt "2 pwOH
xrY=i u} QDsm xvwtv O=OaD? hr=

0 37 1 62 4
0 66 4 5
1 04 9 11 6
1 10 9 70 7
1 61 18 33 8
2 92 45 9
2 73 42 10

"M=4 |=Q@ xrY=i u} QDsm T=U=Q@ ? w hr= pwtQi G}=Dv |xU}=kt "3 pwOH
xrY=i u} QDsm xvwtv O=OaD? hr=

0 45 3 80 5
0 78 9 11 6
0 83 9 70 7
1 07 16 8
1 95 39 16 9
2 05 42 10

"M=5 |=Q@ xrY=i u} QDsm T=U=Q@ ? w hr= pwtQi G}=Dv |xU}=kt "4 pwOH
xrY=i u} QDsm xvwtv O=OaD? hr=

0 61 9 11 6
0 66 9 70 7
0 86 16 8
1 56 38 72 9
1 64 42 10

|Ov@l}miD x@ =Q xr�Ut 'xHwD p@=k |OL QO Ow}k O=OaD R= uDU=m Q@ xwqa xm OQ=O
"OyO|t Vy=m xOW XNWt V}B R= |=yxawtHt =} C=t}UkD |O=OaD =@ xawtHt
|=yxr�Ut pL xm Ov=xDW=O Q=y_= 'Ov=xOQm |UQQ@ =Q xr�Ut u}= xm |v=QoVywSB
|[=} Q pOt Oa@ VN@ QO [13]"CU= |@ wr]t |D=@U=Lt u=tR OvtR=}v |v}vJu}=

"OW Oy=wN x�=Q= |Ov@xWwN |xr�Ut |=Q@ |O=yvW}B

|Ov@xWwN |xr�Ut |=Q@ |O=yvW}B |[=} Q pOt "3
|}xWwNu=}t |=yQwPHt ẁtHt |R=Uxv}tm Q}_v� |O=} R |Ov@xWwN |=yp}rLD
"CU= xOW s=Hv= w�=Q \UwD �|Oa)@ p |UO}rk= |=[i x@ jraDt |=RH= |UQQ@ w
|Oa)@ p |UO}rk= |=[i x@ jraDt |=RH= |UQQ@ QO xOW xDiQo Q_v QO OQwt u}rw=
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|R=Uxv}tm '|iQYt Q=}at w�=Q pOt QO "CU= xDiQo Q=Qk |UQQ@ OQwt 'w�=Q \UwD
|xr�Ut l} u}= "CU= 4 pwtQi j@] |}xWwNu=}t pY=wi QwPHt \UwDt ẁtHt
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(1 3 3) u=DUJwr@ w u=DU}U "1

(2 3 3) u=tQm "2
(3 3 3) u=oRtQy "3

%(4 4) C=YDNt O=Oa= =@ |@ Qe ?wvH |x}L=v �
(1 4 4) u=DURwN "1

(2 4 4) |Q=}DN@ w p=LtQ=yJ "2
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