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(a) Data objects and constraints     (b) Clusters ignoring constraints    (c) Clusters with constraints 
 

Highway 

Bridge 
River 

C1 

C2 

C3 

C1 

C2 C3 

C4 

��8XYFU"WJA{ ?�: ?4 57TVU"IRKJABWJ8V>"Y S'P_KgP =Fz 'RABe�KgIl�l8VKg6�e(=?>"IRKJWgPF8V>MKgI

�kAB8XYF6�KJABS�j0PF>"6'P�KJKbP_>���P_>"S/��TVTX8X]|IJ=?8VS��y�~6"AcPF]"]"TV8XeBP_Kg8V=?>*S"A(KJABWRxc8V>"ABIa�l6"8Veb6/xpA(KR9

WJ8Ve�8XIlABxp]"TX=�LFABS���S"A(]sA(>"S"8X>|Yc=?>.8VKJI~eb6'PFWgP_e(KgA(WJ8VIRKg8VeF�k�~6"A�xp=?IRKle(=?xpxc=?>�xpA(KJWJ8Xe�8V>

6.-0/�4 021 6 ) 443�6�� "�IR]'P_KJ8`PFT+S'P�KbPFz'P_IJA�S|=?xDP_8X>"I�zsA�K<�7A(AB> K<�k=%S'P_KgPc=?z('RABe(KJI��pPF>"S�� 8VI
& # . " 4 / 1 ��60S"8XI�KbPF>"e(AF�"�l6"8Veb6.8VI~S"A(�">"ABS0PFI

���������	��
� � ����������� �������� � � � �� � ��� �  ?�V  �

�~6"AZ��U"eBTV8XS"ABPF>�S"8XI�KbPF>"e(A�zsA�K<�7A(AB>0K<�k=cS"P_KbP =?z 'RA(e(KgI�8X>�KJU"WJ>�8X>"S|8XeP�KgABI~]|WJ=�^8Xxp8VK<L
8X>pKg6"A�IJ]'P�Kg8`P_T'S'P_KbPoxc8V>"8X>|Yoe(=?>MKgA��^KB� ;�AB>|eBAF�"PZeBTVU"IRKJABWkY?WJ=?U|]"IkS"P_KbPo=?z 'RABe�KgIQ8:[�Kg6|A
S"8VIRKbP_>"eBA(I�z�A(K<�kABA(> S'P_KgP{=?z 'RABe�KgI�PFWJA )10 � " " �

�dIH]�=?8V>�KJABS =FU|KHABPFWJTV8XABW(��eBTXU|IRKgA(WJ8V>"YcKJABeb6">"8 =�U"ABI ��v��|� �M�^���^� �M�
� ���|� ���|���?v
�E !�^�
v^�Qv�"� �
�l�^� ���
� ���
� ��v^�� ?� �" _� �|  	H8X>MKgWR=^S"U|eBABS 8V> Kg6"A*S'P�KbP�xp8X>"8V>"Y/TV8VKgA(WgP_KJU"WJA

6'P�?AZ[�=^e(U"IJA(S =?> ]�ABW�[�=?WJxcPF>"e(AZ8V>.KgA(WJxpI�=_[�A�sABe�Kg8V�FAB>"A(IJI�PF>|S A�peB8VAB>"e�L.[�=FW�TXPFWJY?A
S'P_KgPFz'PFIRABI(�k;�=��7A��?ABW(�'PFTVxc=?I�K >"=?>"AH=_[�Kg6"A(x 6"P��FAdKbP_�FAB>�8V>MKg=yP_eBeB=FU">MK~eB=?>|IRKgWJPF8X>MKJI

Kg6"P_KyxcPL z�AD]|WJABIRAB>MK 8X> Kg6"AcS'P_KgP0=?W�e(=?>"I�KgWgP_8X>MKgIZ=?>/Kg6|A%eBTVU"IRKJABWJ8V>"Y0]|WJ=
eBABS|U"WJA_�

�~6"A(IJADe(=?>"I�KgWgP_8X>MKgI�6'P�?ADP�IR8XY?>|8V�'eBPF>MK�8X>��'U|AB>"e(Ac=?> Kg6"A =�U'PFTV8VK<LrP_>"S e(=?WJWRABe�Kg>"A(IJI
=F[EKg6"AoeBTVU"IRKJABWR8X>"Y ]"WR=^e(ABIJI�=F[�T`PFWRY?A�PFxp=?U">MKl=F[�IJ]'P�Kg8`P_T�S'P_KgP|���<>.xpABS"8VePFT�8XxcPFY?8X>|Y"�
[�=?WyA��|PFxc]|TXAF���l6"8VTXA�v ]�=?8X>MKJIyeB=?U|TXS�zsA�e(TX=?IRA%Kg=?YFA(Kg6|ABW PFe(eB=?WRS"8X>"Y KJ= PrS|8XIRKgPF>"e(A

xpAPFIRU"WJA_�
KJ6"A(L IR6"=?U"TVScz�AlWJABI�KgWJPF8X>"A(Sc[�WR=?x z�AB8X>|Yoe(TXU"I�KgA(WJABSpKg=?YFA(Kg6|ABW S"U"AlKg=o]"6ML^IO9

8XeBPFTQ=?W z"8V=?TX=FY?8XeBPFTke(=?>"I�KgWgP_8X>MKgI(���<> P :-��\$PF]|]"TX8VeP_KJ8X=?>�I�KgU"S^L^8V>"Y KJ6"A�xc=��FABxpAB>MK
=F[�]sA(S"ABI�KgWR8`PF>"I~KJ=p8VS"AB>MKJ8V[�L%=F]|Kg8VxDPFT�z'PF>|�%xDP_eb6"8X>"Aa]|T`PFe(ABxpAB>MKgI(�"[�=?W~A��|PFxp]"TXA_�|Kg6|A

]"WRABIJA(>"eBA�=F[sPH6"8VY?6M�QPLy6|8X>"S"A(WJImKJ6"A~xc=��FABxpAB>MKu=F[�]sA(S"ABI�KgWR8`PF>"IuP_>"S{IJ6"=FU"TXS z�AQeB=?>
9

IJ8VS"ABWRABS0PFI�PF>.=Fz"IRKgPFeBTVAF�'�l6"8XTVA�Pp]�ABS^�QPL�=��?ABWlKg6|8XIl6"8XYF6��7PL�eB=?U|TXS�zsA�eB=F>"IJ8VS"ABWRABS

PFI�P�z"WR8XS"Y?A_����8XY?U"WRA% ?�:  8XTXTVU"IRKJWgP_KJABIdPF>*A��|PFxp]"TXA{=_[7P�e(TXU"I�KgABWR8X>"Y�]|WJ=?z"TVABx 8X>*Kg6|A

]"WRABIJA(>"eBAZ=F[�eB=?>"I�KgWJPF8X>MKgI(�

v



�Q�7= e(=?>"IRKJWgPF8V>MKQAB>MKJ8VKg8VABIQ8V>���8VY?U"WJAo ?�: ��DP�6"8VY?6M�QPLDPF>"S�PyWR8V�?A(W��p[�=?WReBA�>'P_KgU
9
WgP_Tse(TXU"I�KgABWRIQKg=yz�AH8VIJ=?TXP_KgA(S%8V[�KJ6"AHA(>�KJ8VKJ8XABIQPFWJAHe(=?WJWRABe�KgTVLp8V>�KJABWR]"WJA�KgABS�zML%e(TXU"I�KgA(WJ8X>|Y

KgA(eb6">"8 =
U|ABIB���~6"ABIRAyAB>MKJ8VKg8VABI�6'P�?A{PpS"8XIReB=?>|>"ABe�Kg8V�
8:K<L�[�U|>"e(KJ8X=?>'P_TX8VK<LF�|�l6"8Veb6 S"8XIReB=?>
9

>"A(e(KgI Kg6"A�eBTV=?IJA(>"ABIRIQzsA�K<�7A(AB>�S'P�KbPZ=Fz 'RABe�KgIB���~6|AdA��|PFxp]"TVA�8V>D��8VY?U"WRAZ ?�:  � z��mIJ6"=��lI
[&PFTVIJA�9 eBTVU"IRKJABWJI~8V>%�l6"8Xeb6�AP_eb6�[&PFTVIJA�9<eBTVU"IRKJABWQYFWJ=?U"]|I�S"P_KbPy=?z('RABe(KJI�KJ6'P_KlIR6"=?U"TVS�6"P��FA
>"=FKcz�ABTX=F>"Y?ABS$Kg=rKg6"A.eBTVU"IRKJABWB� �<> PFS"S"8:Kg8X=F>��7P_>�AB>MKJ8VK<L$IJU"eb6 PFIDP z"WJ8VS"Y?A�6'PFIcP
eB=F>">"ABe�Kg8:�^8:K<L%[�U">"e�Kg8V=?>'PFTV8VK<L �l6"8Xeb6�Y?WR=?U"]"I~S"8VIRKgPF>MKlS'P_KbP{=?z('RABe(KJI~Kg=?Y?A�Kg6"A(WB� ���|PFx 9
]"TVABIuPFWRA~S"AB]"8Ve(KJABSp8X> ��8VY?U"WJA_ ?�:  � e ���4:�A(>"ABWJPFTXT:L?�FKJ6"Al>"APFWRABI�KueBTXU|IRKgA(W PFIJIR8XY?>"xpAB>MKm[�=FW
AP_eb6�S'P_KbPo=?z 'RA(e(K�|8 ��AF�me(TX=?IRAdS'P_KgPZ=?z('RABe(KJIQY?WR=?U"]�ABSDKJ=?Y?A(KJ6"ABW(�|8VI7>"=FK7PF]"]|TX8XeBPFz"TVAlKJ=
Kg6|Aoe(TXU"I�KgA(WJ8X>|Yp]|WJ=?z"TVABx 8X>�Kg6"A�]"WRABIRAB>"e(A�=F[�eB=?>|IRKgWJPF8X>MKJIB�

�<>%Kg6"8VIkKJ6"ABIR8XIB�
�7Ad]"WJ=?]�=?IRAaP�eBTVU"IRKJABWR8X>"Y�PFTXY?=FWJ8VKJ6"x���GaN~57TXU�5d�
8X>pKg6"Ad]"WJA(IJAB>|eBA
=F[�eB=?>"I�KgWJPF8X>MKgI(��;�=��kA(�FABWB�^T`PFWRY?AlPF>"SpeB=Fxc]"TV8XeBP_KgA(Spe(=?>"I�KgWgP_8X>MKgIuU"T:Kg8XxcP_KJABTVLoS"A(Y?WgP_S"A

Kg6|AD]�ABWR[�=FWJxcPF>"eBAp=F[QPF>�PFTVY?=?WJ8:Kg6"x��p�dIyP�WJA(IJU"T:K��KJ6"8XI�Kg6|ABIJ8VIyPFTVIJ=�]"WJ=F]s=?IRABIZ>"A(�

xp=^S"A(TX8V>"Y�IJeb6"A(xcA(IZ[�=?W�e(=?>"IRKJWgPF8V>MKgIoU"IJ8V>"Y0IR8Xxp]"TXA{]�=?TVL
Y?=F>"IoPF>"S >"A(� e(=?>"eBA(]|KgI-�
��>MKgWRL�]�=?8V>�KJIlPF>"S.��>�KJWRL�A(S"Y?A(IB�

�	��� � �����)� � #&���	*+�����(* �)� #&�

�~6"AyWRABxcPF8X>|S"ABW�=F[�Kg6|8XI�KJ6"ABIR8XIH8VI�=FWJYMPF>|8��BA(S*PFI�[�=?TXTV=!�lI(4~8X> 576'PF]|KJABW�v^���7A�z"WJ8VA �"L
8X>MKJWJ=
S"U"eBAu>"=��FABT�eBTVU"IRKJABWJ8V>"Y�PFTXYF=?WJ8:Kg6"xpI��l6"8Veb6ZS"=�>"=FKEe(=?>"IJ8VS"ABW2e(=?>"IRKJWgPF8V>MKgIEPFeBe(=?WJS
9

8X>|Y KJ={Kg6"A(8XWQKbP!�|=F>"=?x�L�8V>�=?WJS"A(W~Kg={[&PFxp8XTX8XPFWJ8 �BAlWJABPFS"A(WJIl�l8VKg6�KJ6"A�IRKbP�KgA�9 =F[`9 KJ6"A�9<PFWRK
8X> eBTVU"IRKJABWR8X>"Y�KgA(eb6">"8 =�U"A(IB�.576'PF]^KgABWyv�P_TXIJ=�]"WRABIJA(>MKgI�KJ6"AD>"=_Kg8X=F>"I�=F[QWRAPFeb6'P_z"8XTV8VK<L

PF>"Sre(=?>">"A(e(Kg8:�
8VK<L >|ABABS|ABS 8X> Kg6|A{A��^]'PF>"IR8X=?>r]"WR=^e(ABIRIa=F[kGaN~\"57��� �  !��	mIJ8X>|eBAyKg6|A
IgP_xcAQWRAPFeb6"PFz"8XTV8VK<L�8VS"APd8VI�PFS"=F]|KgA(S{8X>{GaN~57TVU�5�PF>"S{]|WJ=��
8XS"A(I�Kg6"A~xp=FKJ8V�_P_Kg8V>"YleB=?>
9

eBA(]|KgI�IR8XY?>"8:�'eP_>�KaKJ=�Kg6"8VIaIRKgU|S|L?�{��> A(S"U"eP�Kg8X=F>'PFT�KJ=^=?TE[�=?WaeBTVU"IRKJABWR8X>"Y�PFTVY?=?WJ8:Kg6"xpI

8XIZ8X>MKgWR=^S|U"eBA(S$8V>/Kg6|A%IgPFxpA%eb6'P_]|KgA(WB� �<>$576'PF]|KJABW �|�mK<�k=*eBTVU"IRKJABWJ8V>"YrPFTVY?=?WJ8:Kg6"xpI
Kg6"P_KkKgPF�FAd8X>MKg=ZPFeBe(=?U">MK~]"6ML
IJ8VePFT�eB=F>"IRKJWgPF8V>�KJI7IRU"eb6�PFI7=Fz"IRKgPFeBTVABIkPFWJA�]"WJA(IJAB>MKJABS��2�<>
PFS"S|8VKg8V=?>���PpIRKgU|S|L.KJ6'P_K�8XIl[�=^e(U"IJA(S =?>.=?]sA(WgP_KJ8X=?>"PFT+eB=?>|IRKgWJPF8X>MKJId8XI�8X>MKJWJ=
S"U"eBA(S�� �<>
576'PF]^KgABW �"�+�kAcIR6"=�� 6"=�� �kAcxp=
S"ABTmKJ6"A eB=?>"I�KgWJPF8X>MKgI�� =?z"I�KbPFe(TXABIoPF>|S e(WJ=?IRIJ8X>|Y?I
� U"IJ8V>"Y0P�IJ8Vxc]|TXA{]�=?TVL
Y?=?> PF>|S/>"A�� eB=?>|eBAB]^KgI �*��>MKgWRL A(S"Y?ABIZPF>"S/��>�KJWRLr]�=?8X>MKJI
�%PF>"S�8XTVTXU"I�KgWJP_KgA�6"=�� Kg6|AoA(S"Y?A(I�=_[�KJ6"Aa]s=FTVL
Y?=?>"IlP_WJAaWJA(S"U"e(ABS.KJ= 8Xxp]"WJ=��?Aa]�ABW�[�=?W�9

xcPF>"eBA_�7�~6"AZxDP_8X>�eBTVU"IRKJABWJ8V>"YcPFTXY?=FWJ8VKJ6"x��"GaN~57TVU�5d�"�l6"8Xeb6.eB=?>|IJ8XS|ABWJI�eB=?>|IRKgWJPF8X>MKJI

�



S"U"WR8X>"Y{KJ6"AaeBTVU"IRKJABWJ8V>"Y"�"8VI~8X>MKgWR=^S|U"eBA(S��u�~6"A�eB=?xp]"TXA��^8VK<LDPF>'PFT:L^IR8XI~=F[�GaN~57TVU�5 P_>"S

Kg6|A0xp=^S"A(TX8V>"YrIJeb6"A(xcA(I%=F[ae(=?>"IRKJWgPF8V>MKgID8VID]"WRABIRAB>MKgA(S�8X>�576"PF]|KgA(W��^� 576'PF]^KgABW �

IJ6|=!�lIpKg6"A�]�ABW�[�=?WJxcPF>"e(A�=_[�KJ6"8XIpPFTVY?=?WJ8:Kg6"x PF>"S$8VKJI{eBTVU"IRKJABWJ8V>"Y WJABIRU"TVKJI z�L��_PFW�LM9

8X>|Y%Kg6"A >�U"xyz�ABW��_S"8 �pe(U"TVK<L*=_[7S'P�KbP�=?z 'RA(e(KgIoPF>|S e(=?>"IRKJWgPF8V>MKgIB� ��8X>'PFTVTVLF�+\^A(e(Kg8V=?> �
eB=F>"eBTVU"S"ABIlKg6|8XI~IRKJU"S|L��l8:Kg6�IJ=?xpAaS"8VIJeBU|IJIJ8V=?>�=F[�[�U^KgU"WRA��k=?WR���

�



� � ��� � � � �

� � ��� � � � ��� � � � � �

�<>�Kg6"8VIyeb6'PF]^KgABWy�kA�S"8XIReBU"IRI eBTXU|IRKgA(WJ8V>"Y"�uPFTVIJ= ��>"=��l>$8X>�Kg6|A�TX8VKJABWJP_KgU"WRA%PFIy}�>"IRU^9
]�ABWR�
8VIJABS eBTXPFIJIR8V�'eBP_Kg8V=?>*PFTVY?=?WR8VKg6|xcI(�o57TXU"I�KgABWR8X>"Y�xyU|TVKg8�9<S"8VxcA(>"IJ8V=?>'PFT�S'P_KbP�=?z('RABe(KJI
8XIHPF>r8X>MKgA(WJABI�Kg8V>"Y�]"WJ=Fz"TXA(x KJ6'P_K�6'PFI�P�KJKgWJPFe(KJABS*Kg6|A P_KJKJAB>MKg8V=?>*=F[ IRKgP_Kg8VIRKg8VeB8XPF>"I�[�=FW

xcPF>ML LFAPFWRI�S"U|ADKg=.8VKgI��_PFTXU"PFz"TXApPF]|]"TX8VeP_KJ8X=?>"I(��57TXU"I�KgA(WJ8X>|Y PF>'P_TVL
IJ8VI�[�=FWZS'P�KbP08V>

xyU"T:Kg8�9<S"8VxcA(>"IJ8V=?>'PFT IJ]'P_eBABID8XI eB=?>|IJ8XS|ABWJA(S�Kg= zsA.P [�=FWJx =F[dIJ]'P_KJ8`PFTlS'P�KbPrxc8V>"8X>"Y

PF>"S 6'P_I�>
U|xcA(WJ=?U"I�PF]|]"TX8VeP_KJ8X=?>"Ic8X>�Y?A(=?Y?WJPF]"6"8Ve 8X>|[�=FWJxcP_Kg8V=?>�I�L^I�KgA(xcI(�H]'P_KRKgABWR>

WJA(eB=?YF>"8VKJ8X=?>���xcA(S"8XeBPFT�8VxDPFYF8X>"Y"��xcPFWJ�_A(Kg8V>"Y�PF>'P_TVL
IJ8VIB���kAP_KJ6"ABWa[�=?WRABeP_IRKg8V>"Y"�+=
eBABPF>

eBU|WJWJA(>MKgIZPF>'PFT:L^IR8XI(�+A(Kge_�c57TXU"I�KgABWR8X>"Y�PF]|]"WJ=MP_eb6"ABIo8X> PF]"]|TX8XeBP_Kg8V=?>"IdPFWJAy�_PFWR8X=?U"IaS|U"A

Kg=�KJ6"AB8VWaS"AB]"TV=�L?ABS xcA�Kg6"=
S"=?TV=?YFL�Kg=�S"8VIJeB=��FABW�8X>MKgA(WJA(IRKg8V>"Y�eBTVU"IRKJABWJI(� �/A 8XTVTXU"I�KgWJP_KgA
6"A(WJAB8V>�PFTVY?=?WJ8:Kg6"xpIm[�=?W APFeb6%PF]"]"WR=MPFeb6%8V>DS"A�KbPF8VT �m��8XY?U"WRAHv
�V �]"WJA(IJAB>MKJIlPoKbP!�|=F>"=?x�L

=F[�eBTVU"IRKJABWJ8V>"YpPFTXYF=?WJ8:Kg6"xpIB�

�~6"A~KbP��^=?>|=?x�Ly8V> � v_w^��v?�"	"[�=?Wme(TXU"I�KgABWR8X>"Y�P_TXY?=?WR8VKJ6"xcIE8XI�S"ABIReBWJ8VzsA(SDP_I�8X> ��8VY?U"WJA
v^�: �A��^eBA(]|K�[�=FW7Kg6"A�e(=?>"IRKJWgPF8V>MKR9<z"PFIJA(S.P_]"]"WJ=?PFeb6.IR8X>"e(A�xc=?I�K~eBTVU"IRKJABWR8X>"YpPFTVY?=?WJ8:Kg6"xpI

Partitioning Graph−
Partitioning

Hierarchical Density−Based Grid−BasedGraph−
Partitioning

Density−BasedPartitioning

COD−CLARANS AUTOCLUST+ DBCluC K−medoids

CLARANS

K−means

DBSCAN

OPTICS

DENCLUE
CHAMELEON

AUTOCLUST

AGNES
DIANA
BIRCH
CURE

STING

WaveCluster

Data Clustering

  Constraints Based Non−Constraints Based

��8XY?U|WJAov^�: ?4���P��^=?>"=?x�L%=F[�e(TXU"I�KgA(WJ8X>|YcP_TXY?=?WR8VKJ6"xcI

�



6'P�?Aa>|=FKQKbP_�FAB>�8V>�KJ={PFe(eB=?U">MKle(=?>"IRKJWgPF8V>MKgIQKg6"P_KQxcPLD6'P�FA�PyzsABPFWJ8V>"Yy=?>%KJ6"AaA�sABe�9
Kg8:�?A(>"ABIRI~=F[EeBTXU|IRKgA(WJI(�u;�AB>|eBAF�"�kAH�l8XTVT�PFTXIR=y8X>MKgWR=^S|U"eBAHe(TXU"I�KgA(WJ8X>|Y{PFTXYF=?WJ8:Kg6"xpIu8X>%Kg6|A

]"WRABIJA(>"eBAo=F[�eB=?>|IRKgWJPF8X>MKJIl�l8:Kg6�P{S"8XIReBU"IRIJ8V=?>�=F[�YFAB>"A(WgPFTV8��P�Kg8X=F>"I~PFz�=?U|K~e(=?>"I�KgWgP_8X>MKgI(�

� �
� � ��� � * �)��� �)� #&������� � ������#	*+! �����

�<>%Kg6|8XIQIRABe(KJ8X=?>��|�7Aa8V>MKgWJ=
S"U"e(AHeBTVU"IRKJABWR8X>"Y{P_TXY?=?WR8VKJ6"xcI�KJ6'P_K~Y?WR=?U"]�S'P�KbPy=?z 'RA(e(KJI~z�L
]'PFW�Kg8:Kg8X=F>"8X>"Y KJ6"ABx 8V>�=?WRS"ABW Kg= xDP!�|8Vxc8 �BA�8V>�KJWgP�9 eBTVU"IRKJABW IJ8Vxc8VT`PFWR8VK<L?�m�l6|ABWJABPFID�kA
xcP��^8Xxp8��BA�8X>MKgA(W�9<e(TXU"I�KgA(WoS|8XIJIR8Xxp8XTXPFWJ8:K<L?����TXT�S'P�KbP�=?z 'RA(e(KgIZ8X> P�]"T`PF>"PFWaIJ]'P_eBAD6"P��FA
Kg6|AB8XWc=��l>�xcA(xyzsA(WJIR6"8X]"IpKg=�P eBTXU|IRKgA(W%IJU|eb6 Kg6'P_KD>"=?8VIJABI%PF>"S =?U^KgTX8VABWRI%PFWRA06'PFWRS

Kg={A��^eBTXU|S"A�8X>�eBTVU"IRKJABWR8X>"Y"�mf�PFW�Kg8VKJ8X=?>|8X>"Y�PF]"]"WR=MPFeb6"A(I�WRA =�U"8VWJA�P{]'PFWJPFxcA�KgA(W7Kg={I�KbPFW�K

Kg6|A7]'PFW�Kg8:Kg8X=F>"8X>"Yl=F[�S"P_KbP�=?z 'RABe�KgI ��KJ6"AQ>�U"xyz�ABW�=F['e(TXU"I�KgABWRI��l6"8Veb6{WJA =�U"8VWJAkA��
KgA(>"IJ8:�?A
]"WR8X=?WQ��>"=��lTVABS"Y?A_�

��������� �
	���������
�~6"A���9<xpAPF>"I�8XI P*�7A(TXTQ��>"=��l>�e(TXU"I�KgA(WJ8X>|Y P_TXY?=?WR8VKJ6"x P_>"S��QPFIp]�=?]"U"TXPFWB�uz�A([�=?WRA

Kg6|A�S'P_KgPcxp8X>"8V>"Y eB=?xpxyU">|8VK<L�IRKgPFWRKJABS0KJ=%z�ABeB=FxcAo8X>MKgA(WJA(IRKgA(S*8X>.8VK�~�~6|A���9<xpAPF>"I
IRKJU"S"8VABS 8X> �����"	o]'PFWRKJ8VKJ8X=?>"I%P$IRA(K.=F[�S"P_KbP�8X>MKg=���e(TXU"I�KgABWRI.IRU"eb6 KJ6'P_K�xpABxyz�ABWRI

8X> P�eBTVU"IRKJABWoPFWJA�� . "53 )
1���� �l6"8VTXA{xpABxyz�ABWRIazsA�K<�7A(AB>�e(TXU"I�KgA(WJIZPFWJA�� 6 3�9 ) 3 . "53 )
1����
�uPFeb6 eBTXU|IRKgA(Wa8XIHWRAB]"WRABIRAB>MKgA(S�zML*P�eBA(>�KJWJA =F[kY?WgP�
8VK<L.�l6"8Xeb6r8VIdKg6"A �RxpAP_> �%�_PFTXU"A
WJA(]"WJA(IJA(>�KJ8X>"Y xpABxyz�ABWRIJ6"8V]�=F[lKg6"A�e(TXU"I�KgABW(�/�~6"A�xpA(KJ6"=^S�KJ=*A(�_PFTVU'P_KgA�e(TXU"I�KgA(WJ8X>|Y

WJA(IJU"T:KgIy=F>�P.]"TXPF>'PFWoIJ]"PFeBA�8VI�P )� # ��! 1 / - 1 !�! 3"!$# #�6 . 9 443�6 & �E�l6"A(WJA �*8VIZKg6|ADS'P_KgP
=?z 'RA(e(K�8V> Kg6"AyS"P_KbPFz"PFIJA_�+x&%�8VI�KJ6"A{xcABPF>*=F[ eBTVU"IRKJABW(')% �2PF>"S+*08VIdKg6"A{>�U"x�zsA(WH=F[
eBTVU"IRKJABWRIB�

& �-, �
% ��� , .0/21�/4365736893;:=<�> ��@?A%;> � � v^�V  �

�<>"8VKJ8`PFTVTVLF�kKg6|ArPFTXY?=FWJ8VKJ6"x WJPF>"S"=?xpTVL$IRABTXA(e(KJIB��]�=?8V>�KJI%��>"=��l> PFI��Re(AB>MKgWR=?8XS"I �
[�WJ=Fx Kg6|AZY?8:�?A(>�IRA(K�=F[�S'P_KbP{=?z('RABe(KJIB�2� KlKg6"A(>0PFIRIJ8VY?>"I~Kg6"A�WRABIRK�=F[�APFeb6.S'P_KgP ]�=?8V>�K
Kg=$P �R>"ABPFWJA(IRK���e(AB>MKgWR=?8XS�� ��[�KgA(W��">"8XIR6"8X>"Y�KJ6"A PFIJIR8XY?>|xcA(>�KJIB�H8:K�TX=
eP�KgABI�>|A(���

eBA(>MKgWJ=F8XS"I�[�=?WuAP_eb6DeBTVU"IRKJABWueP_TXeBU|T`P_KJABS zML{Kg6"AlI =�U'P_WJABScABWRWJ=?W�[�U">"e�Kg8V=?>���}�>�KJ8XT|KJ6"ABWRA

8XI�>"=aeb6'PF>"YFA~8X>yxcPFY?>"8:KgU"S|A7eBA(>MKgWJ=F8XS"I(�?Kg6"AQ[�=?WReBA(ScP_IJIJ8VY?>"xpAB>MK�=F[�xpABx�zsA(WJIJ6|8X]"I�[�=FW

�



� � � 12� 4'� GaP_KgPFz'PFIRA�PF>"S��
� 1+� � 1+�M4'��IJA�K�=F[�e(TXU"I�KgA(WJI

� ;�P_>"S"=?xpTVL%\^ABTVABe�K��DS'P_KbP{=?z('RABe(KJIdP_>"S.IRA(KlKg6|ABx PFI~�%e(AB>MKgWR=?8XS|I��
� �c3��&�&� 9�� 1 ! 1 4 ) ��6�� . � ��6�� 1 476	��! ��
 479�� . 1 6*9=! 3�4 / ) tE�
 � ��	 � " "�3���� 1 . 9 ) 3 476 � ��9 ����� )
1 t2�
� eB=?xp]"U|KJAaeBTV=?IJA(>"ABIRI�z�A(K<�kABA(> =�%EPF>"S��%e(AB>MKgWR=?8XS"I �
� PFIJIR8XY?>�=�%+KJ=DP{e(TX=?IRABIRK�e(AB>MKgWR=?8XS"I �
�

�
��t2� ��	
� eB=?xp]"U|KJA{xcABPF>*�_PFTXU"A(IH[�=?WaAP_eb6 e(TXU"I�KgABW�P_>"S IRA(K�Kg6|ABx�PFIa>|A(� �0eBAB>
9

KgWR=?8XS"I �
�
�
��t �

����i���	_���!3E, ��� �d9<xpAPF>|I~�dTXYF=?WJ8:Kg6"x

>"A��lTVL�eB=Fxc]�=?IJA(S0��e(AB>MKgWR=?8XS"I�8XIl8:KgABWJP_KgA(S�� �~6"A&��9<xpAP_>"I�PFTXY?=FWJ8VKJ6"x 8XIl8XTVTXU"I�KgWgP�KgABS

PFI~[�=?TVTX=��lIB�

�dI�S"A(IJeBWR8Xz�ABS 8X>r�dTVY?=?WR8VKg6|x  F��Kg6"AA��9<xpAPF>|IHWgPF>|S"=?xpTVL.IJABTVABe�KgI�8X>"8:Kg8XPFT��0eBAB>
9
KgWR=?8XS|IB�s�l6|8XTXA�PF>*8X>"PF]"]"WR=?]"WJ8XP_KgAoIJA(TXA(e(Kg8V=?> =F[ue(AB>MKgWR=?8XS|IH�7ABPF�FA(>"IaKg6"AyA&�peB8XA(>"e(L0=F[
Kg6|A~PFTXYF=?WJ8:Kg6"x WRA =�U"8XWR8X>"YdU">">"A(eBABIRIgPFW�L{8VKJABWJP_Kg8V=?>"IB��NkLZ8VKJABWgP�Kg8X>|Y�Kg6|A~@+8X>"A(ImzsA�K<�7A(AB>

@+8X>"A�vcP_>"S*@+8X>"A �|� ��9<xpAPF>"I�PFTVY?=?WR8VKg6|x P_KJKJABxp]|KgIlKg=cxc8V>"8Xxp8��(AdKg6|A�I =�U'P_WJAyA(WJWJ=FW
& IJU|eb6�KJ6'P_K~8:[+Kg6"A(WJA�8XIQ>|={eb6'PF>"Y?A�8V>DKg6"Aae(AB>MKgWRA�=F[EY?WgP�
8VK<LF�|Kg6"A�P_TXY?=?WR8VKJ6"x 6'PFT:KgIB�

� ]"WJ8V>"eB8V]'PFT"P_S|�_PF>MKbPFY?A~=_[ ��9<xpAP_>"I�8XIm8:KgI�WRU">">"8V>"YaKg8XxpAF�_�l6"8Xeb6p8XI�>"ABPFW�� � 6 � " ���
�l6"A(WJA 6 8VI%Kg6"A >�U"xyz�ABW�=F[�S'P_KbP�=?z('RABe(KJI PF>|S "Z8XI�Kg6"Ar>�U"xyz�ABW�=F[Z8VKJABWgP�Kg8X=F>"IB�
\^8V>"eBA%KJ6"ABWRA�PFWJA%>�S'P�KbP =?z 'RA(e(KJI KJ=*]"WJ=
eBA(IJI(�$�/eBTVU"IRKJABWJI(� "�TV=^=?]|8X>"Y"��PF>"S ��� 6
PF>"S�"�� 6'��KJ6"AyeB=Fxc]"TVA��^8VK<L�e(=?U"TXS.zsA�WJA�9<PFWRKJ8Xe(U"T`P_KJABS.8X>.KJ6"Ay=?WRS"ABW�=F[�� � � �a� �H>
Kg6|Ay=FKg6|ABWH6'P_>"S���=?>|Ay=F[uKg6"A�S"WgP�lz'PFeb��I�=F[���9<xpAP_>"Id8VIdKg6'P�KH8VKHPFIJIRU"xpABIHKg6"P_KHKg6|A
>�U"xyz�ABW{=F[�S'P_KgP*IJA(KJI{�"KgI{8V>�KJ6"A�xcPF8X>�xpABxp=?W�L?���l6"8XTVADKg6|8XI{8XI�>"=FKpPFT:�QPL
I{KgWJU|A

8X>�WRAPFTHPF]"]"TV8XeP�Kg8X=F>"IB� ��9<xpAPF>"ID8XI%�?A(WRL�IRAB>"IR8VKJ8V�?A*KJ=$>|=?8XIRArPF>"S =?U|KJTX8XA(WJI(��IR8X>"e(A

>"=?8VIJAaP_>"S%=?U|KJTX8VABWJIkIJU"z|IRKbP_>�KJ8`PFTVTVLp8X>|eBWJABPFIJA�Kg6"Ad�_PFTVU"Ad=_[EKJ6"AHI =
U"PFWJAaA(WJWJ=FWk[�U">"e�Kg8V=?>

[�=?W�e(TXU"I�KgABWR8X>"Y|� �~6"A ��9<xpAPF>"I�8VI%>"=FK.PF]|]"TX8VePFz"TVA.KJ=$S|=?xDP_8X>"ID�l6|8Xeb6 WJAB]|WJABIRAB>MK

P*eBA(>�KJWJ=?8VS$�l8:Kg6�=?>"A�S"P_KbP*=?z 'RA(e(Kp[�=?WyABPFeb6�e(TXU"I�KgABW{IR8X>"e(A�eBAB>MKJWJ=?8VS"I 8X> ��9<xpAPF>"I
8X>|S"8XeBP_KgAHKJ6"A�xcABPF>��FP_TXU"A(I~=F[�xpABx�zsA(WJIl8X>�ABPFeb60e(TXU"I�KgABW(�

�



������� � �
	�����������(���
	��� ���������������

��9<xpABS"=F8XS"I � v�
	y8VI*P�eBTVU"IRKJABWR8X>"Y PFTVY?=?WR8VKg6|x A��
KgA(>"S"A(S [�WR=?x ��9 xcABPF>"IB���~6|A �
9
xpABS"=?8VS"I{WJA(]"WJA(IJA(>�KJIDe(TXU"I�KgABWRI{�l8VKg6 � � � >
U|xyzsA(W =F[ 021 / 3�4 / ) Kg6'P_KpP_WJA�Kg6"A�xp=?IRK
eBA(>MKgWgP_TXTVL TV=^eBP_KgA(S S"P_KbP$=?z 'RABe�KgI.8X> ABPFeb6 e(TXU"I�KgABW(�a�l6"ABWRA � 8XI.P�U|IJABW(� I0]'PFWgP_x 9

A(KJABW(� GHU"A.Kg=�Kg6|A*S"A(�'>|8VKg8V=?> =F[ � 021 / 3�4 / � 9OPrS'P_KgP�=?z 'RABe�K�WJA(]"WJA(IJAB>MK.P�eBTVU"IRKJABWO9
��9<xpABS"=F8XS"I%8VI�TXA(IJI�IJA(>"IJ8:Kg8V�FA*Kg=$=?U|KgTV8XA(WJIDKJ6'PF>��
9 xcABPF>"I(��S"A(eBWRAPFIR8X>"Y�Kg6"Are(=?>"IJA�9
=�U"AB>|eBA0=_[H=?U|KJTX8VABWJIpPF>|S�>"=F8XIJA�Kg=rKg6|A.I =
U"PFWJA(S ABWRWJ=?W{[�U">"e�Kg8V=?>����~6|A+��9<xpABS"=F8XS"I
8X>|8VKg8XPFTXT:L�IJABTVABe�KgIy�rxpABS"=?8VS"I�[�WJ=?x P�Y?8V�FAB>�IRA(Ky=_[~S'P_KgP.=?z 'RA(e(KJIB� � KoKg6|AB>�eb6"=
=?IJA(I
P*WgPF>|S"=?x{9<xpABS"=?8VS/[�WJ=Fx >"=?>
9<xpABS"=?8VS�S'P_KgPr=Fz 'RABe�KgIpz�L�A��|PFxp8X>"8V>"Y �l6"A(KJ6"ABW Kg6|A
I =�U'P_WJABS*A(WJWR=?Wd� =�U'P_KJ8X=?>'v^�V Z8XI�WJA(S"U"eB8Vz"TXAozML0WRAB]"TXPFeB8V>"Y Kg6"AZ>"=?>^9 xcA(S"=?8XS��l8VKJ60=?>|A

=F[lKg6|A%�/xpABS"=F8XS"I(� � K�[�=?TXTV=!�lI�P0[�=?WJe(ABS^9<PFIJIR8XY?>/xcA�Kg6"=
S��l6"8Xeb6�WRAPFIRIJ8XYF>"I{P S'P_KgP
=?z 'RA(e(K{KJ=0Kg6"A�e(TX=?IRABI�K{xcA(S"=?8VS�8V[lP WJPF>"S"=Fx 9 xcA(S"=?8XS S"ABe(WJABPFIJA(I KJ6"A%I =
U"PFWJA�A(WJWJ=FW
[�U">"e�Kg8V=?>��

�~6"ABWRA7P_WJAmK<�k=�K<L
]"8XeBPFT ��9<xpABS|=?8XS"Is�FP_WJ8`P_>�KJIB4 8�� 2 PF>"S� ��������a�!fs�Hj ��v��
	M8VI2P
�kABTXT�9<��>"=��l> �?9<xpABS|=?8XS"I�PFTVY?=?WJ8:Kg6"x�� � KH8V>"8VKJ8`PFTVTVLcIJA(TXABe�KgIH��xpABS"=F8XS"I(��KJ6"AB> WRAB]"TXPFeBA(I
=?>"A�=_[�KJ6"A%� xcA(S"=?8XS|I��l8VKJ6�P WgPF>"S|=?xcT:L IJABTVABe�KgABS�>"=F>^9<xpABS"=F8XS/[�WR=?x KJ6"A%IJA�K =F[

S'P_KgPD=?z 'RA(e(KJIa8V[�Kg6|ABWJA�8XIaP56 3�6.- 021 / 3�4 /�=?z 'RABe�KaKg6'P�KH]"WR=^S"U|eBABIHKJ6"AyTV=!�kABI�K�I =�U'PFWRA
ABWRWJ=?W�zML�IR�7PF]"]"8V>"Y�=?>"A*=F[oKg6"A*��xcA(S"=?8VS"ID�l8VKJ6 Kg6"A 6 3�6.- 021 / 3�4 /F� � [oKg6"A(WJA*8VI
>"=�IJU|eb6 WRAB]"TXPFeBA(xcA(>�KoP�[�KgABW�P_TXT�KJ6"A{� e(TXU"I�KgABWRIa�l8VKg6|=?U|Kaeb6'P_>"Y?ABI�8V> & 6"P��FA zsA(AB>

TX=
=?�_ABS%Kg6|WJ=?U"YF6��|Kg6|AB>�Kg6"AoPFTVY?=?WR8VKg6|x 6'PFTVKJI7�l8VKJ6�P{TX=
ePFT�=?]|KJ8XxcPFT ���~6"AaS"8 �sABWRAB>"e(A
z�A(K<�kABAB>+�
9 xcABPF>"IlPF>|S0f��aj TV8XA(I~8X>�Kg6"A�xpA(KJ6"=^S�Kg=pPFIRIJ8VY?>.S"P_KbP =?z 'RA(e(KgIlKg={KJ6"AB8VW
>"ABPFWJA(IRKQe(AB>MKgWR=?8XS|IB�u;�=��kA(�FABWB�"KJ6"Ad]|WJ=
eBABIRI7=F[+fs�aj 8XIu�?ABW�LD8V>"A�pe(8XAB>MK7zsA(ePFU"IRAdKg6|A
eB=Fxc]'P_WJ8XIR=?>r=F[7PFTXTm]"PF8XWRIo=_[QP�eBA(>�KJWJAcPF>"S >"=?>^9 eBA(>�KJWJA(IZKg=�A��|PFxp8X>|Ay�l6"A(KJ6"ABWoeB=?I�K

8XI�8Xxp]"WJ=��?A(S�8XI��FABWRL�A��^]sA(>"IJ8:�?A_� � KgI eB=Fxc]"TVA��^8VK<L 8VI � � �0, 6.- � 1 � ���u�l6|ABWJA#6�8XIyKg6|A
>�U"xyz�ABWo=F[~S'P�KbP�=?z 'RABe�KgI(� � KZ8XIoeBTVAPFWaKJ6'P_K�fs�aj zsA(eB=?xpABIoA��^]�AB>"IR8V�?Ac�l6"AB> 6�8VI
8X>|eBWJABPFIJA(S��

5Q@+� ;l� � 57TXU"I�KgABWR8X>"Y�@+� ;lY?Au�d]"]|TX8XeBP_Kg8V=?>"I � � v���	
PF8XxpI�Kg=�=��?ABWReB=?xpA7S|WgP�lz'PFeb��I
=F[|fs�Hj IJU|eb6yPFI2xpABxp=?WRLdxDPF>"PFY?ABxpAB>MK2IR8X>"e(Akf��aj IJU �sABWRIE[�WR=?x TXPFeb�H=F[^IJeBPFT`PFz|8XTX8:K<L

Kg=�T`PFWRY?A�S"P_KbPFz"PFIJA(IB�k5Q@+� ;l� ABxp]"TX=�L
IQPZIgPFxp]"TX8V>"YyP_]"]"WJ=?PFeb6�WgP_KJ6"ABW Kg6'P_>�PFeBe(ABIJIO9

8X>|Y �l6"=?TXA�S"P_KbP*=?z 'RA(e(KJIB� �H>"eBA�8VKyS"WgP�lIcPrIJPFxp]"TXAD[�WR=?x P*S'P�KbPFz'P_IJAF�Q5Q@+� ;l�

PF]"]|TX8XA(IdKg6|ApIJPFxp]"TXA�KJ=�fs�aj �25Q@+� ;l� ]�ABW�[�=?WJxpIHxyU|TVKg8V]"TXAZIgPFxp]"TVABIaIJU|eb6 KJ6'P_K�8VK

�



KgWR8XA(IyKg= P�?=?8VS�z"8XPFIJA(S�IgPFxp]"TX8V>"Y"� � KpKJ6"AB>$IJA(TXA(e(KgI{KJ6"A�xc=?I�K A�sABe�Kg8V�FA.e(TXU"I�KgA(WJ8X>|Y
zML*S"A(]"TX=�L
8X>"Y�f��aj � ��=FKgAyKJ6'P_KHKJ6"A =�U'PFTX8:K<L0=_[ke(TXU"I�KgA(WJ8X>|Y�8XIaS"A(xDPFWReP_KJABSrzML Kg6|A
P�?A(WgPFY?AoS"8VIJIJ8Vxc8VT`PFWR8VK<L{=_[�PFTVT�xpABxyz�ABWRIB�

�de(eB=?WRS"8X>"YcKg=DKJ6"AyA��^]�ABWR8XxpAB>MKgIH8V>���v��
	 ��� IJPFxp]"TXA(Id=F[ ;���� , ��]"WR=^S|U"eBA{PcWJAP!9
IJ=F>'PFz"TVA<=�U'PFTV8VK<L =F[~e(TXU"I�KgABWR8X>"Y|��� A(K 5Q@2�3;�� 8XI��?ABW�L�IRAB>"IR8VKg8:�?ADKJ=0Kg6|AD[�=?TXTV=��l8X>"Y

]'PFWJPFxpA(KgA(WJI(4mKg6"A�>�U"xyz�ABWl=F[�IgPFxp]"TV8X>"Y?I7PF>"S�Kg6"AaIR8��(Ao=_[mP{IgP_xc]"TVAF�"z�=FKJ6�=_[E�l6|8Xeb6
xcP�L�8V>.KJU"WJ>.8X>"S"U|eBA�IR�FA��7A(S IJPFxp]"TX8V>"Y"�7��IdIRABAB>*8V>.��TXY?=FWJ8VKJ6"x v
�s8:KgI�eB=?xp]"TXA��^8VK<L

8XI � � �0, ;���� � 1 � � �0, 6.- � 1
����5Q@+� ;l����IyeB=?>MKJWJ8Xz|U|Kg8V=?> 8VI�A&�ce(8XA(>�K�eBTVU"IRKJABWJ8V>"Y.�l6|8Xeb6
AB>"PFz"TXA(Il8VK~Kg= S"ABPFT��l8VKJ6�T`PFWRY?AHS'P_KgPFz'PFIRABI�zML�ABxp]"TX=�L
8X>|YyKg6"A�IgP_xc]"TV8X>"Y P_]"]"WJ=?PFeb6��

� � � 12� 4'� GaP_KgPFz'PFIRA�PF>"S��
� 1+� � 1+�M4'��IJA�K�=F[�e(TXU"I�KgA(WJI
� ��	�� "53
3 '*) t2�

� ;�P_>"S"=?xpTVLcIJA(TXABe�K�P IJPFxp]"TXAa=F[ �Mw���v_�c=?z 'RA(e(KgIl[�WJ=Fx S'P_KgP =Fz 'RABe�KgI��
� �d]"]|TVL�f��aj Kg= S"8XIReB=��?A(W��DeBAB>MKJABWJI �

57=?xp]"U|KgAHKJ6"A�P�?A(WgPFY?AaS|8XIJIR8Xxp8XTXPFWJ8:K<L{=F[2Kg6"Aae(TXU"I�KgA(WJ8X>|Yy[�WJ=?x Kg6"Aa]"WRA(�
8:9
=?U"IlIRKJAB] �
�&� 9�� 1 ��
 1 ! � � 1 /�4 ) ) 4 0 4 " ��! 479�� 4 ) " 1 ) ) 9 � ��639�� 1 . # ! ! 1 6*9 0 476*4 0 # 0 �!32�^�

\^A(K�8:KQKg={Kg6|Aoe(U"WJWRAB>MK�xc8V>"8XxyU|x �
�aABAB] KJ6"A � xcA(S"=?8XS|IHS"8XIReB=��?A(WJA(S 8V>*@+8X>"A vc[�=FW�Kg6|A{zsA(IRK�xpABS"=?8VS"I
IJ={[&PFW �

�
��tE�&�
�
��t2� ��	

���&i���	�����3�, ��� 5Q@2�3;�����TXY?=?WR8VKJ6"x

� 6"8XTVAy�?9<xpABS"=F8XS"I(�s�_PFWJ8XPF>MK�PFTVY?=?WJ8:Kg6"xpI�fs�aj PF>"S 5Q@+� ;l� PFWRA{TXABIRIaIJA(>"IJ8:Kg8V�FA

Kg=�=FU|KgTV8XABWRIdKg6"PF> �
9 xcABPF>"I(�sKg6|A(L*IRU ��A(Wa[�WJ=?x P%WgPF>|S"=?x IRABTVABe(KJ8X=?>*]|WJ=?z"TVABx =F[kPF>

8X>|8VKg8XPFT'eBA(>MKgWJA�=F[2YFWgP�
8VK<LDPF>"S�Kg6"Ad6'PFTVK7eBWR8VKgA(WJ8V=?>�� �d9<xpABS|=?8XS"IkPF>"S �d9<xpAP_>"I7IRU ��A(W
[�WJ=Fx S"8XIReB=��?A(WJ8X>|Y�PFWRz"8VKJWgPFW�L�IJ6'P_]sA(S eBTVU"IRKJABWJI(�7�l6"8VTXA�Kg6"A�L��7A(TXTlS"A(KJABe�K�IJ]"6|ABWJ8VePFT

IJ6"PF]sA(S eBTXU|IRKgA(WJI(� �<> Y?A(>"ABWJPFT ���d9<xpABS"=F8XS"Ic8XIDU|IJA([�U|TH8X> PF]|]"TX8VeP_KJ8X=?>"I Kg6"P_K�>"A(ABS

Kg= WJA(]"WJA(IJAB>MK�ABPFeb6�eBTVU"IRKJABW �l8VKJ6�=?>"A.=F[HKJ6"A0S'P�KbP =Fz 'RABe�KgIDWRABIR]sA(e(Kg8:�?A(TVL?� ��8VY?U"WJA

v^� v�8VTXTXU|IRKgWJP_KgA(IaKg6"A%S|8 �sABWJA(>"eBAczsA�K<�7A(AB>�Kg6|A � - 021 ��6 ) PF>"S/KJ6"A � - 021 / 3�4 / ) �2�l6"ABWRA
PF> �O� ��>"=FKg8V=?>*WJA(]"WJA(IJA(>�KJIZABPFeb6/e(TXU"I�KgA(Wa8X> � - 021 ��6 ) ���l6"8VTXA P�Y?WgPL0eB=?TV=?WJA(S ]�=?8V>�K
WJA(]"WJA(IJA(>�KJIHP{eBTVU"IRKJABWl8X> � - 021 / 3�4 / ) �

�



� � � 12� 4'� GaP_KgPFz'PFIRAF�"���'>�U"xpTX=
ePFT �"PF>"S�xcP��^>"AB8VY?6�zs=FU"W
� 1+� � 1+�M4'��IJA�K�=F[�e(TXU"I�KgA(WJI
:�A�K�8X>"]"U^Kl]'PFWgP_xcA�KgABWRIB4�>�U"xpTX=
ePFT�PF>"S�xDP!�|>|AB8XYF6
z�=?U"W(� �
\^A(K�xp8X>�e(=?IRKlKg=cP{T`PFWRY?AH>�U"xyz�ABW(� �
�c3��&�&� 4�� 6 # 0 "53 . � "�tE�

� \^A(K�e(U"WJWRAB>MK�KJ=pPF>�PFWJz"8:KgWJPFWRLD>"=^S|Ao8V> : ��� � �
� \^A(K�'7Kg=� ��
 ��P_�FAZP WJPF>"S"=Fx >"AB8VY?6�zs=FU"W�\�=_[�e(U"WJWRAB>MK �

5QPFTXe(U"T`P�KgAHKg6|Aoe(=?IRK�S"8 ��A(WJA(>�KJ8`PFTs=F[EKg6"AaK<�k=D>"=
S"ABI �
�&��� � � ) � "53�� 1 ! . 3 ) 9k�!3E�
�

\^A(K�e(U"WJWRAB>MKlKg=D\ �
:�=yKJ=D@+8V>"Aov �

�
��tE�&�
' � � �
�&� ��4 )+1; # � " 9 3 3"!!" 1 ) ) 9 � ��6 0 ����6 1 4 � � � 3 # !Z�!32�
�
:�=yKJ=D@+8V>"A �/�

�
��tE�&�
�&� �
	 0 ����6 1 4 � � � 3 # !o�!32�
�

� �yeB=?xp]'PFWRAHKg6"A�e(=?IRK�=F[�eBU"WRWJA(>�K��l8VKJ6�xc8V>�eB=?I�K �
�&� 9�� 1 . 3 ) 9 34# . # !�! 1 6*9�� 0 476 . 3 ) 9k�!3E�
�

\^A�K�xp8X>�e(=?IRKlKJ=pKJ6"A�eB=?I�K�=_[�e(U"WJWRAB>MK �
\^A�K�z�ABI�Kg>"=
S"A�Kg= eBU|WJWJA(>MK �

�
��tE�&�
�
��tE�&�
8 � ���
�&� 4�	 6 # 0 "53 . � "E�!32�
�
�HU|Kg]"U^KlzsA(IRKg>|=^S"AZPF>"S�IRKJ=?] �

�
��tE�&�
�
��t �

���&i���	����!3E, � � 5Q@+� ;l���d\���TXY?=FWJ8VKJ6"x

 �w



x

x

(a) K− means (a) K− medoids 

x

��8XY?U"WRA�v^� v^4��d>�=��?A(WR�
8XA�� =F[EKg6"A �d9<xpAPF>|IlPF>"S �H9 xcA(S"=?8VS"I

��������� � �����������

5Q@+� ;l���d\$AB>|6'PF>"e(ABS�KJ6"A.�?9 xcA(S"=?8XS|IcP_]"]"WJ=?PFeb6�zML$=��?ABWReB=?xp8X>|Y S"8VIgPFS^�FP_>�KgPFY?A(I
=F[uf��aj PF>"S*5Q@+�3;�� IJU"eb60KJ6'P_K�A�peB8VAB>"e�L.PF>"S IRePFTXPFz"8XTV8VK<LDPFWJAoIJ8VY?>"8:�'ePF>MKJTVL�8Vx 9
]"WR=!�FABS����~6"Ak]�ABW�[�=?WJxcPF>"e(Ak8VI28Xxp]"WJ=��?A(SoKJ6"WJ=FU"Y?6oz"U"8XTVS"8X>|Y�PlY?WJPF]"6ZPF>"SyPlIgP_xc]"TV8X>"Y

PF]"]|WJ=MPFeb6����~6"AdY?WJPF]"6c6"ABTV]"I~5Q@+� ;l���d\c]"WR= 'RABe�KQ8VKJIkI�KgA(]"IkKJ=�S"8VIJeB=��FABWQ�?9<xpABS|=?8XS"I
zMLrPFWRz"8VKJWgPFWR8XTVL�WRAB]"TXPFeB8V>"Y�P�xpABS|=?8XS �l8:Kg6r=?>"A{[�WJ=Fx , 6.- � 1pS'P_KgP�=?z 'RABe�KgI(���l6"A(WJApP
>"=
S"A�eB=?WRWJABIR]s=F>"S"IcKJ=�PreB=?TVTXA(e(Kg8V=?>�=F[H�?9 xcA(S"=?8XS|IpIRU"eb6 Kg6"P_KcP eBTVU"IRKJABWR8X>"Y WJA(IJU"T:K

8XI�S"A(IJe(WJ8Xz�ABS zMLrAPFeb6 >"=
S"AF�DGHU"A{Kg=�Kg6"Ap>"=FKJ8X=?>r=F[QP�Y?WgPF]|6 xp=^S|ABT �E5Q@+�3;����H\
eB=F>|�'>"A(Io8:KgIHIRAPFWReb6*Kg=�P%]'PFW�Kg8VeBU"TXPFWdIRU"z"Y?WJPF]"6rWgP_KJ6"ABW�Kg6'PF>*A��|PFxc8V>"8X>|Y�PFTXTE>"A(8XY?6^9

z�=?U"WJIZ=F[�P0>"=
S"A_� ��=FKJ8Xe(AcKg6"P_K 5Q@+� ;l� IRABTVABe(KJI{IgPFxp]"TVABIZ[�WR=?x PFTXTuS'P�KbP0=?z('RABe(KJI
8X>�KJ6"AZz�ABYF8X>">"8V>"Y =F[�KJ6"A�eBTVU"IRKJABWJ8V>"Yp]"WJ=
eBA(IJIB���l6"A(WJAP_IH5Q@+� ;l���d\�S"=
ABI�P IgPFxp]"TXA
=F[�>"AB8VY?6�zs=FU"WJIl8X>�ABPFeb6.I�KgA(]��)� K�8VI~]s=?IRIJ8Vz"TXAHKJ6'P_K�5Q@+� ;l���d\.P�?=?8VS"I~IJ�_A(�kABS*IJPFx 9
]"TV8X>"Y"�mPFI{8VK�S"ABe(WJAP_IJABI Kg6|A�>
U|xyzsA(W{=F[�IJABPFWJeb6"A(IB��;�=��7A��?ABW(�kKJ6"A�A�sABe�Kg8V�FAB>"A(IJIp=F[
eBTVU"IRKJABWR8X>"Y�8VIH�?ABW�L*IJA(>"IJ8:Kg8:�?A{Kg=�Kg6|A{]'PFWgP_xcA�KgWJ8Ve��_PFTXU|ABI 0 ����6 1 4 � � � 3 # !DPF>|S 6 # 0 -
"53 . � " � � 2 ����6 1 4 � � � 3 # ! �.S|A(KgA(WJxp8X>"A(IZKJ6"ADxcP��^8XxyU|x�>
U|xyzsA(W�=F[Q>"AB8VY?6�zs=?U|WJI�=_[lP

>"=
S"A~Kg=oIJABPFWJeb6��u�~6"A�]"U"WR]s=FIJA�=F[ ��>
U|xcTV=^eBPFT �a8VIuKJ=�eb6"=^=FIJAlKg6"A�>�U"xyz�ABW =F[�TV=^=F]"8X>"Y
8VKJABWJP_Kg8V=?>"I~PFIl]"WRABIRAB>MKgA(S 8X>���TXY?=?WR8VKJ6"x �^�

�dIkIJABA(>�8X>c�dTXYF=?WJ8:Kg6"x �|�
KJ6"Ad]�ABW�[�=?WJxcPF>"e(A�=_[E5Q@+� ;l���H\pWJABTV8XA(Ik=?>pK<�7=�8X>"]"U^K
]'PFWJPFxpA(KgA(WJI(� �Hz��
8V=?U"IJT:L?�^8VK 8XI >"=FKkKgWJ8:�
8`PFT"KJ=�IJA(TXA(e(KQ8Vxc]"PFWRKJ8`PFT"]"PFWgPFxpA(KJABWu�_PFTXU"A(I KJ=

AB>|IJU"WRA7Kg6"AkzsA(IRK�eBTXU|IRKgA(WJ8V>"Y =�U'P_TX8VK<LF����6"8XYF6o�_PFTVU"Ak=_[ 0 ����6 1 4 � � � 3 # !~8V>y5Q@+�3;����H\
TXABPFS"IaKg=�e(TXU"I�KgABWR8X>"Y�]�ABWR[�=FWJxcPF>"eBA{IR8Xxp8XTXPFW�KJ=�KJ6'P_Ko=F[7fs�Hj PF>"S/5Q@+� ;l���2PFI�Kg6|A

IJA(TXA(e(Kg8V=?>�=F[<6 # 0 "53 . � "EPFTVIJ={S"=
ABI(�k5Q@2�3;����H\�xDPLceB=?>M�FABWJYFAoKJ=cPyTV=^eBPFT�=F]|Kg8VxyU"x
S"U"AaKJ= KJ6"A�>'P_KJU"WJA�=F[EKg6"A�]'P_WRKg8:Kg8V=?>"8X>|Y{PF]"]"WR=MPFeb6"A(IB�

 ? 



�~6"A xDP_8X> e(=?>MKgWJ8Vz"U|KJ8X=?>*=F[Q5Q@+� ;l���d\*8VIHKg=�A(>"6'PF>"e(A{Kg6"A A�pe(8XAB>|e(L*=F[ e(TXU"IO9
KgA(WJ8V>"Ya]"WJ=
eBA(S"U"WRABIuPFI�]"WR=��?AB>p8X> ���M�"	 � �<>cP_S"S"8VKJ8X=?>��M5Q@+� ;l���d\{=FU|Kg]�ABW�[�=?WJxpImf��aj
PF>"Sc5Q@+� ;l���l8VKJ6{WJABIR]sA(e(K Kg=�A�sABe�Kg8:�?AB>|ABIJI(��� KgI�eB=Fxc]"TVA��^8VK<L�8XImWRABS"U|eBABSpKg= � � 6 � ���
5Q@+� ;l���d\�IRKg8VTXT
8X>"6|ABWJ8:KgIEKg6"AQIR6"=?W�KgeB=Fxc8V>"Y?I�=_[s5Q@2�3;�� PF>"S fs�Hj 4FxpABxp=?W�LZxcPF>^9
PFY?A(xcA(>MK{Kg=*6"=?TVS�T`PFWRY?ADS"P_KbPFz"PFIJA(IB� xcA�Kg8Xe(U"TX=FU"Iyeb6"=?8VeBA�=F[�]'P_WgPFxpA(KJWJ8Xep�_PFWJ8XPFz"TXA(IB�

PFWRz"8VKJWgPFWR8XTVL�8V>"8VKJ8`PFTEIJA(TXABe�Kg8V=?>r=F[~P�>"=
S"AF�EPFIRIJU"xp]|KJ8X=?>rKg6'P�K�eBTXU|IRKgA(WJIZPFWJA{IR]"6"A(WJ8XeBPFT �

A(KJeF�

��=�AB>"6"PF>"eBAuKg6|Ak]�ABW�[�=?WJxcPF>"e(A =_[�5Q@+� ;l���d\s� �� 	�
�� !v"	�S"8VIJe(U"IJI��J�'=^e(U"IJ8V>"Yl��A(eb6^9
>"8 =
U|ABI��pPF>|S �J�'=^e(U"IJ8V>"YyxpA(Kg6|=^S"I �"4��'=
eBU"IQ=F> ;�A(]"WJA(IJAB>MKgP_Kg8:�?A �Hz 'RABe�KgIB���'=
eBU"I7=?>
;lABTXA��_PF>MK�57TXU|IRKgA(WJI(��PF>"S ��=
eBU|Id=?>0P�57TXU"I�KgA(WB���~6"A�[�=
eBU"IR8X>"YcxcA�Kg6"=
S"Id8V> �  	�|�2 !v�	
PFWRADS"A(IJ8XYF>"ABS�KJ= 8Xxp]"WJ=��FApKJ6"A%A�pe(8XAB>|e(L =F[�5Q@+� ;l���H\�� ;�P_Kg6"A(WZKJ6'PF>�PFe(eBA(IJIJ8V>"Y
PFTVT�>"=?>^9 xcA(S"=?8XS S'P_KgP�=Fz 'RABe�KgIB� �� 	��	k]|WJ=
eBABIRIJA(I�Kg6"ApWJA(TXA��FP_>�KZS'P_KgP.=?z('RABe(KJIZ[�WR=?x P

S'P_KgPFz'PFIRAoPFS"=?]|KJ8X>"Y P_>.8V>"S"A��^8V>"Y IJeb6"A(xcA ;��oKJWJABA � ��	 �

� ��� � ��� �$� ����*+��! ����!"*+� � ������#	*+! �����

;�8VABWJPFWJeb6"8VePFTseBTVU"IRKJABWJ8V>"Y{PFTVY?=?WR8VKg6|xcI Y?WJ=FU"]�S'P_KgPy=?z 'RABe�KgI~zML%e(=?>"I�KgWJU|e(Kg8V>"YpP-� / 1 6.-
/ 3 ��! � 0 � z'PFIRABS%=?>pKg6"A�IJ8Vxc8VT`PFWR8VK<LZzsA�K<�7A(AB>�S'P_KgPZ=?z('RABe(KJIB�u� S"AB>"S|=?Y?WgP_x WRA([�A(WJIkKJ=

PHKgWRABAlIRKJWJU"e�KgU"WRA�KJ=o]|TX=FK�IRU"z"Y?WR=?U"]"I =F[sS'P_KgP�=Fz 'RABe�KgIu[�=?W�APFeb6pIRKJAB]p8X>{Kg6|A�e(=?U"WRIJAl=F[
eBTVU"IRKJABWR8X>"Y"�u� e(TXU"I�KgABWl8VI�S|8XIJe(=��?ABWRABS.8X>�P � / 1 6 / 3 ��! � 0 � zML�eBU|KRKg8X>|YcP�KdP_>�A��^]"TX8VeB8VK
]�=?8X>MK�

;�8VABWgP_WJeb6"8VePFTleBTVU"IRKJABWR8X>"Y/PFTXY?=FWJ8VKJ6"xpIyxDP_8X>"T:L/[�=?TVTX=�� �_PFWR8`PF>MKgI(4 PFYFY?TX=?xpABWJP_Kg8:�?A

PF>"S�S"8:�
8XIJ8:�?A_�/�~6"A�PFY?YFTX=?xpABWJP_Kg8:�?AcPF]"]"WR=MPFeb6$IRKbP_WRKgI{e(TXU"I�KgA(WJ8X>|Y*S'P_KbP*=?z('RABe(KJI z�L
xpABWJYF8X>"Y�IJ8Vxc8VT`PFWEeBTVU"IRKJABWRIB���<>cKJ6"A�8X>"8:Kg8`P_T^I�KgAB]��^ABPFeb6DS'P�KbP�=?z 'RABe�K78VIu8VKgIRABT:[�P�eBTVU"IRKJABWB�
�uPFeb60e(TXU"I�KgA(W�8VIlKJ6"AB>.Y?WJ=FU"]sA(S.8V>.WRABTXP_Kg8V=?>%Kg=cPc]'P_8XWR�l8VIJAaIR8Xxp8XT`P_WJ8VK<LpxpA(KJWJ8XeH�l6|8Xeb6

6'PFI�zsA(AB> A(xc]|TX=�L?A(S0zML.PF> PFYFY?TX=?xpABWJP_Kg8:�?A�PFTVY?=?WR8VKg6|x.�k��8X>"PFTXT:L?�"8:K�e(=?xpABIdU|].�l8VKJ6

P�eBTXU|IRKgA(W�eB=?>MKbP_8X>"8V>"Y�PFTXT�S'P_KbP�=?z('RABe(KJIZ[�WR=?x P�S'P_KgPFz'PFIRAF�2U">"TVABIJIZP�6'PFTVKHeBWJ8:KgA(WJ8X=F>

8XIHPFS"S"WRABIJIRABS�� �H> KJ6"A =FKg6"A(WH6'PF>|S���Kg6"A{S|8V�
8XIR8V�?A P_]"]"WJ=?PFeb6rIRKbP_WRKgIH[�WR=?x P�e(TXU"I�KgA(W

Kg6"P_K�AB>"e(TX=?IRABI P_TXTaS'P_KgP$=Fz 'RABe�KgIB� � K.]'PFW�Kg8:Kg8X=F>"I�P$e(TXU"I�KgA(W.8V>�KJ=�IRU"z^9 eBTXU|IRKgA(WJI.z�L
A(�_PFTVU'P_KJ8X>"Y%KJ6"AcS|8XIJIR8Xxp8XTXPFWJ8:K<L.z�A(K<�kABA(>�8X>MKJWgP�9 eBTXU|IRKgA(WaxcA(xyz�ABWJI(�c� eBTVU"IRKJABW�8X>rKg6|A

S"8:�^8VIJ8:�?A{PF]|]"WJ=MP_eb6 �k=?U"TVS z�A P�S'P_KgP%=?z 'RABe�Ko8VKgIRABT:[7P_I�P%eBTXU|IRKgA(WB�2U">"TVABIRIZP%IR]sA(eB8:�'e
6'PFT:KleBWR8VKgA(WJ8XPy8XI~]"WR=!�
8VS"ABS��

 !v



�~6"AoIJ8X>|Y?TXA�9<TX8V>"�5� ���"	 �"KJ6"AZP��FABWJPFY?A�9 TX8V>"� ��vFw
	 ��PF>"S�Kg6"AoeB=Fxc]"TVA(KJA�9<TV8X>"� � �?w
	2xpAP�9
IJU|WJAQIR8Xxp8XT`P_WJ8VK<LdzsA�K<�7A(AB> eBTVU"IRKJABWRImzMLyeB=Fxc]"U^Kg8X>|Y�Kg6|A7S"8VIRKbP_>"eBAQz�A(K<�kABA(>{Kg6"A(x.���~6"A

S"8 ��A(WJAB>|eBA�PFxc=F>"YaKg6"A(x 8XI P��7PL 6"=�� Kg=oxpAPFIRU"WJA~Kg6|A�S"8VIRKgPF>"eBA�z�A(K<�kABAB>DeBTXU|IRKgA(WJI(4

P{xc8V>"8Xx�U"x S"8XI�KbPF>|eBAF��P{S"8VIRKgPF>"eBAaz�A(K<�kABA(>0e(AB>MKgWR=?8XS"I(��PF>"S�P{xDP!�|8VxyU"x S"8XI�KbPF>|eBAF�

�~6"A�IJ8X>|Y?TXA�9<TX8V>"�yP_]"]"WJ=?PFeb6%eB=Fxc]"U^KgABI Kg6"A�xp8X>"8VxyU"x S|8XIRKgPF>"e(Adz�A(K<�kABAB>�P_TXT�]'PF8VWJIu=F[

S'P_KgPc=?z('RABe(KJId[�WJ=Fx ]'PF8XW��l8XIRAZe(TXU"I�KgABWRIB���l6"8XTVAoKJ6"A�e(=?xc]|TXA(KJA�9 TX8X>|�DS"A�KgABWRxc8V>"ABI�xDP!�
9

8Xx�U"x S"8XI�KbPF>"e(AF� ��=FKgA�Kg6'P�K%Kg6"A0P�?ABWJPFY?A�9<TX8V>"��xcABPFIJU|WJABIcKg6"A S|8XIRKgPF>"e(A zsA�K<�7A(AB>
eBA(>MKgWJ=F8XS"Iy[�WR=?x ABPFeb6�eBTVU"IRKJABWB� �Q�k= e(TXU"I�KgA(WJI PFWRA�xcA(WJY?A(S�z�L Kg6"A�xp8X>|8XxyU"x�S|8XI�9

KbP_>"eBAaKg= e(=?>"IRKJ8VKJU|KgAoP{T`PFWRY?ABW~e(TXU"I�KgA(WB�

��� ����� ��� ��� � ��������� � � �
� : �d� \ � �dY?Y?TV=?xpABWgP�Kg8V�FA ��A(IRKJ8X>"Y � ��v��
	�PF>|SDG��<����� � GH8:�^8VIJ8:�?A~�d>"PFTVL
IJ8VI � ��v��
	�PFWRA
�kABTXT�9<��>"=��l> 6"8VABWJPFWJeb6"8VePFT2e(TXU"I�KgABWR8X>"YDPFTXYF=?WJ8:Kg6"xpI~U"IJ8V>"YDz�=FKRKg=?x{9<U"].PF>"S.Kg=?]^9 S"=��l>

PF]"]|WJ=MPFeb6�WRABIR]sA(e(Kg8:�?A(TVL?�u� : �d� \DIRKgPFWRKJIQeBTVU"IRKJABWR8X>"YyABPFeb6�S'P_KgP�=?z 'RA(e(K�PFI7PyeBTVU"IRKJABWB�
�uPFeb6�]'PF8VWy=F[�eBTVU"IRKJABWy8VIyxcA(WJY?A(S�Kg= [�=?WRx P TXPFWJY?A(W�e(TXU"I�KgABW(� � KJI{8Xxp]"TXA(xcA(>MKbP_KJ8X=?>
S"A(]"TX=�L
I�Kg6|A�\^8X>|Y?TXA�9<TX8V>"� xpA(KJ6"=^S � ���"	 �0�~6"A�S"8XIRIJ8Vxc8VT`PFWR8VK<L xcP_KJWJ8:� e(=?xp]"U|KgA(I�Kg6|A
eB=F>"eBA(]|KgU'P_T�eB=FWJWJA(T`P_KJ8X=?>|I�z�A(K<�kABA(> e(TXU"I�KgA(WJIHIRU"eb6*Kg6'P_K�K<�7=�e(TXU"I�KgA(WJIaPFWRA�xpABWRY?ABS 8:[

Kg6|A(L PFWRADP_KoTVAPFI�KZS|8XIJIR8Xxp8XTXPFWB�{� eBTVU"IRKJABW�eB=?>MKgPF8X>"8V>"Y�PFTXT�xpABx�zsA(WJI�=F[~P�S'P_KgPFz'PFIRA

�k=?U"TXS�z�AaeB=?xp]s=FIJABS��'U">"TXA(IJI�P IJ]�ABeB8:�'e�6'PFT:K~eB=?>|S"8VKJ8X=?>�8XI~>|=FKl]"WJ=��
8XS|ABS��

G��<����� Y?WJ=FU"]"I~S'P_KgP�=?z 'RA(e(KJI�8V>�PZKJ=?]^9<S|=!�l>�PF]|]"WJ=MP_eb6�IJU"eb6�Kg6'P�KQ=?>"Aae(TXU"I�KgA(W
eB=F>�KgPF8X>|8X>"YaP_TXT
S'P_KbP�=?z 'RABe�KgIu8XI�IJ]"TV8VK�8X>MKg=aPHIRU"z"IRA(K =F[�eBTVU"IRKJABWRIB�u57=?>|IJA =�U"A(>MKgTVLF�^ABPFeb6
=?z 'RA(e(Ka[�=?WRxcIdP%S"8XI�Kg8V>"e(KdeBTXU|IRKgA(WB�+U">|TXABIRI�P%eBU|KRKg8V>"Y%]�=?8X>MKH8VIHeB8:KgA(S����~6"A{]'PFW�Kg8VKJ8X=?>
=
eBeBU|WJIm8V>yP�TXPFWJYFABWEeBTXU|IRKgA(W�KJ=HeB=?xp]�=?IJAkxc=?I�K�S|8XIJIR8Xxp8XTXPFW�IJU|z^9<e(TXU"I�KgABWRIB��� K�8XI�U">"TX8V�FA(TVL
Kg6"P_K26"8XYF6oS|8XxpAB>"IR8X=?>'P_TFS'P_KgP~=?z 'RABe�KgIEPFWRAkP_]"]"TX8VePFz|TXA�KJ=�G��<������S"U|AuKJ=~Kg6"AuS"8 �ce(U"TVK
PF>"S A��^]�AB>"IR8V�FAD]"WR=?z"TXA(x =F[kIJU"z
9<S"8:�^8VS"8X>|Y.P�eBTVU"IRKJABW�8X>rABPFeb6/I�KgAB]��D�~6"A [�=?TXTV=��l8X>"Y

�'Y?U|WJA�A��^]"TXPF8X>"I~YFAB>"A(WgPFT+I�KgAB]|I�8V>�� : �d� \�PF>"S.G��<�������

��� ��� � �	� � ��


N � ;~5Q; � NQPFTXPF>"e(ABS�� KJABWJP_Kg8:�?A ;lABS|U"eB8V>"Y*PF>"S�57TXU"I�KgABWR8X>"Y.U"IJ8V>"Y*;�8XABWJPFWJeb6|8XABI � ���?v�	
PF8VxcI�KJ=�AB>"6'P_>"eBAlA�pe(8XAB>MK xpABxp=?WRL�xDPF>"PFY?ABxpAB>MK�8V>{T`PFWRY?AQS'P�KbPFz'P_IJABIkPF>"S{KJ=oTV=��7A(W
� � � e(=?IRKJIZzMLre(=?xc]|WJABIRIJ8V>"Y�T`PFWRY?A{S'P_KgPFz'PFIRABIB� ��=FKJA{Kg6'P_K�KJ6"ABIRAc8VIJIJU|ABIo6'P�?ApzsA(AB>
IJA(WJ8V=?U"IJT:L�KbPF�_AB>*8X>MKJ=%PFe(eB=?U">MKazML�Kg6"A�S'P_KbPcxc8V>"8X>"Y e(=?xcx�U">"8VK<LF�HN � ;Q5Q; eB=?TVTXA(e(KgI

 	�



A

C

D

E

B
A B C D E

(a) A dataset (b) A dendrogram

A
gg

lo
m

er
at

iv
e 

ap
pr

oa
ch

D
ivisive approach

��8XY?U|WJAov^�
�|4��~6"Ao=��?ABW��
8XA(� =F[�KJ6"A�� :!��� \�PF>|S0G��<�����

Kg6|A0eB=FWJWJA(T`P_KJ8X=?>$=F[aS"P_KbP =?z 'RABe�KgI%zML$z"U"8VTXS"8V>"Y P IJ]�ABe(8`PFTlS'P�KbP/I�KgWJU|e(KgU|WJAF��P  ���-
9=! 1 1 ,  �"$# ) 9 1 ! 476���� 1 ��9/# ! 1 1��78V>�=?WRS"ABW Kg= xc8V>"8Xxp8��(ADKg6"A�IJABPFWJeb6�IR]'PFe(ABIB� �~6"A� ��
,  �"$# ) 9 1 ! 476���� 1 ��9/# ! 1 1 8VIDP*KgWR8X]"TVA(KpIJU"xpxcPFWJ8 �B8X>|YrKJ6"A�8X>|[�=?WRxDP�Kg8X=F>�PFzs=FU|K%P IJU"z
9
eBTVU"IRKJABWl=F[�S'P_KgP =Fz 'RABe�KgIB�
:�8:�?A(> . S^9<S"8VxcA(>"IJ8V=?>'PFTkS'P_KgP ]�=?8X>MKgI 8V>�PreBTVU"IRKJABWB�kKg6"A057TXU"I�KgA(WJ8X>|Y/�'AP�KgU"WRA

� 5Q� �ZAB>MKgW�L�=F[�S'P�KbP =?z 'RA(e(KJI{8X>�Kg6|A%eBTVU"IRKJABW{8XIZWJA(]"WJA(IJAB>MKJABS P_I{P0KgWR8X]"TVA  �� + ,/. �
� � � � � 1��m�l6"ABWRA � ��8XI{KJ6"A.TV8X>"ABPFW{IJU|x =F[HKg6|A . S'P_KgP =Fz 'RABe�KgIB�~8 � A_�����% ����� %<�
PF>"S � � 8XI Kg6"A.I =�U'PFWRA0IJU|x =_[�. S'P�KbP =Fz 'RABe�KgIB�~8 � A_�V� ���% ��� � �% � � 5Q�E9 KJWJA(A.8VI

P*6"AB8VY?6MKR9 z'PFT`P_>"eBA(S�KgWJA(A�WJA =�U"8VWJ8V>"Y K<�7= ]'PFWJPFxpA(KgA(WJI(4�P ��! ��6 . ��476�� # � . 9 3"! � P_>"S

P 9�� ! 1 ) �.3 " /
	2�)�<>�P_S"S"8VKJ8X=?>��~P�5Q�E9 KgWRABA 8VIcS|L
>'P_xc8VePFTVTVL�e(=?>"IRKJWJU"e�KgA(S �l6"AB>�Kg6|A
8X>|IJABW�Kg8V=?>0=?]�ABWJP_Kg8V=?>0=
eBe(U"WJI(��8V[�KJ6"A�8V>"IJA(WRKJ8X=?>0KJ=�PD>"=
S"AZ8XIdIJP_Kg8VIR�'A(S �l8VKJ6 � P_>"S

	2���~6"A z"WJPF>"eb6"8V>"Y�[&PFe(KJ=?W � S"A�KgABWRxc8V>"ABIHKJ6"A >�U"xyz�ABWa=F[ AB>MKJWJ8XA(IaKg6'P_K�ABPFeb6 >"=^S|A

6"=?TVS"IB�m� P_eb6�>|=?>^9<TVAP_[�>"=^S|AdeB=F>�KgPF8X>|I~P_KQxp=?I�K���=_[+Kg6"Ad[�=FWJx��  �� % � . ��4 " /0%���
�l6"ABWRA
eb6"8VTXS %�8XIcP ]�=?8V>�KJABW{Kg= 8VKJIp8�9 KJ6�eb6"8VTXS$>"=
S"AF��� >"=?>^9 TXABP_[H>"=
S"A�S"ABIReBWR8Xz�ABI%P IJU"z
9

eBTVU"IRKJABWleB=Fxc]�=?IJA(S.=_[mPFTVTsKJ6"A�IJU"z^9 eBTVU"IRKJABWJI�=F[�8VKJI~AB>MKgWR8XABI(�)�<>�e(=?>MKgWgP_IRK��P{TXABP_[�>"=^S|A
eB=F>�KgPF8X>|I�P_K�xc=FIRK ��AB>MKgWR8XABI(��PF>"S APFeb6�A(>MKgWRL 8VI�P  ��u�2� Kg6|WJABIR6"=?TVS�	 8V>/P� ��
8X>|S"8XeBP_KgA(IlKJ6"AoS"8`PFxpA(KJABW � WgPFS"8VU"I �Q=F[�AP_eb6 TXABP_[�A(>MKgWRLF���l6|ABWJA�Kg6|AZS"8XPFxpA(KgA(W~=F[mABPFeb6
TXABP_[uIJ6|=?U"TXS*z�AyTVABIJIHKJ6'PF>�	2���dIHKJ6"Ay�_PFTXU"A�	 z�ABeB=FxcA(IaT`PFWRY?ABW(��KJ6"AyKgWRABAyz�ABe(=?xcA(I

IJxcPFTVTXABW(�H�d>rA��"P_xc]"TVAy=F[ P�5Q�E9 KgWRABA{IRKJWJU"e�KgU"WRA{8XIH8VTXTVU"IRKJWgP_KJABS08V>r��8XYFU"WJAyv^�
�|�ZGHU|A
Kg=ZKg6"AHU^Kg8XTV8��BP_Kg8V=?>{=F[+Kg6|A�5Q� KgWRABA_�^Kg6|AHxcABPFIJU|WJABxpAB>MKJIQ8X>%��PFz"TVAHv
�V aP_WJAHA&�ce(8XA(>�KJTVL
PF>"S�8X>|eBWJA(xcA(>MKbPFTVTVL%e(=?xp]"U|KgA(S�KJ=cA��_PFTXU'P�KgAHKg6|AZe(TX=?IRAB>"A(IJI�zsA�K<�7A(AB> e(TXU"I�KgABWRIB� ��=FKJA
Kg6"P_K~Kg6"A�TXPFIRKlxpAPFIRU"WJA(xcA(>MK�8V>"S"8VeP_KJABIQKg6|A =�U'P_TX8VK<LD=F[�eBTXU|IRKgA(WJ8V>"Y"�

  �



    ...

    ...

CF
1

CF
2

CF
n

CF
1

CF
2

CF
n

    ...CF
1

CF
2

CF
n

    ...CF
1

CF
2

CF
M

    ...CF
1

CF
2

CF
M

Prev Next Prev Next

r

L : M
B : n

T : r

...

Root

Non−leaf node

Leaf node

��8XYFU"WJAov^���"4�� 5Q��KgWRABA

 ?��57A(>�KJWJ=?8VS"I���U"eBTV8XS"ABPF> � j.PF>"6'P_KRKbPF>*�7S"8XI�KbPF>"e(A�zsA�K<�7A(AB>0K<�k=ce(TXU"I�KgA(WJIB�
v^�l���?ABWJPFY?A�8X>MKJABW�9 eBTVU"IRKJABW � 8X>MKgWJP�9<e(TXU"I�KgA(W �7S"8VIRKbP_>"eBA_�
�|��� PFWR8`PF>|eBAa8X>|eBWJABPFIJA�S"8VIRKgPF>"eBA_�
�"� � AB8VY?6MKgABS.P�?A(WgPFY?A�e(TXU"I�KgABWlWJPFS"8XU|I � S|8`PFxpA(KJABW � I =�U'PFWRAF�

��P_z"TXAZv^�: ?4 j.ABPFIJU"WRABxpAB>MKgI�=F[�eBTVU"IRKJABWJ8V>"Y

N � ;~5Q; 8XI�eB=?xp]s=FIJABS�=F[��*I�KbPFY?A(IB4�@+=MPFS|8X>"Y"� �a]^Kg8X=F>'PFT~57=F>"S"AB>|IJ8X>|Y"� :aTX=Fz'PFT
57TXU|IRKgA(WJ8V>"Y"�EPF>"S �H]|Kg8V=?>'PFT ;lA(�">"8X>"Y|�c�~6"A �'WRIRKoIRKgPFY?Ap8XIHKg=�eB=F>"IRKJWJU"e�KyP.5Q�E9 KJWJA(A

�l6"8Veb6��"KJIp8V>�Kg6"A�xDP_8X>�xpABxp=?WRLF�$�~6|A.IRABeB=F>"S IRKJAB]�8XIyKg6|A.=?]^Kg8X=F>�KJ=reB=?xp]'PFe�K

Kg6|A%5Q�E9 KgWRABADe(=?>"I�KgWJU|e(KgA(S�8X> Kg6"A �'WRIRKyI�KbPFYFAc8V>�KJ=0P�S"ABIR8XWJPFz"TXA WJPF>"Y?ApzML z|U"8XTVS"8X>"Y

P%IJxcPFTVTXABWd5Q�E9 KgWJA(AF���~6"A{IRxDPFTVTXA(WH5Q�E9 KgWRABAy�l6"A(WJA{=?U|KJTX8VABWJIdPFWJA�WJABxp=��?A(S 8VIHWJA(eB=?>
9

IRKJWJU"e�KgA(S�P_[�KgA(W7IJeBPF>">"8V>"YyTVAP_[+A(>MKgWJ8VABIQ8V>cKJ6"AH8X>|8VKg8XPFT�5Q�E9 KgWRABAF���<>%PFS"S"8:Kg8X=F>��
P�T`PFWRY?ABW
5Q�E9 KgWJA(A 8XIaeB=Fxc]�=?IJA(S zML*YFWJ=?U"]|8X>"Y�IJU|z^9<e(TXU"I�KgABWRIZ8:[uKg6"A ]'PFWJPFxpA(KgA(WJIoPFWRA{IgP_KJ8XIR�"ABS

�~6"ApKg6"8VWJS/I�KbPFYFAc8VIoKJ=0eBTVU"IRKJABW�PFTXT�TVAP_[7>"=^S|ABIB����=_KgA Kg6'P_K�N � ;~5Q; xDP_�FABIZU"IJAc=F[

=FKJ6"ABWoeBTVU"IRKJABWJ8V>"Y.PFTXY?=FWJ8VKJ6"xpIa8X>rKg6"A Kg6"8VWJS IRKgPFY?AF�E�l6"8XTVApN � ;~5Q; P_S"=?]|KJABS�P_>�PFY_9

Y?TV=?xcA(WgP_KJ8V�FA76"8VABWgP_WJeb6"8VePFT^PFTXYF=?WJ8:Kg6"x PFImS|8XIJe(U"IJIRABSp8X> ���?v�	 ����[�KgABW�e(TXU"I�KgA(WJ8X>|Y�PFTXT
TXABP_[
>"=
S"ABI(��N � ;~5Q; KgU">|ABIZKJ6"ApeBTXU|IRKgA(WJIZ8X> KJ6"A [�=?U"WRKJ6/I�KgAB]��.�~6"ApKgU">|8X>"Y�8XI�[�=?TXTV=��7A(S

zML�U"IR8X>"YyKJ6"AaeBA(>�KJWJ=?8VS"I~=F[2Kg6|AaeBTXU|IRKgA(WJIl]"WR=^S"U|eBABS�zML%KJ6"AHKg6"8VWJS�I�KgAB].PFIQIRABA(S"IdP_>"S

WJA(S"8XI�KgWR8Xz"U|KJ8X>"YoKg6"A�S'P_KgP�]s=F8X>MKgI Kg=ZKJ6"AB8VW7e(TX=?IRABIRKQIJABA(S%Kg=y=Fz|KbPF8V>%P�IRA(K~=_[+>"A(� e(TXU"IO9

KgA(WJI(� �~6|8XI~=?]�ABWJP_Kg8V=?>�xc8VY?WgP�KgABI7S'P_KbP{=?z('RABe(KJIl=F[mP{e(TXU"I�KgABWlP_IQ�7A(TXT2PFI~A(>"IJU"WRABIlKg6'P�K

 !�



PFTVTse(=?]"8XA(IQ=F[EPyY?8:�?A(>�S'P_KbPy=Fz 'RABe�KlPFWJAHPFIJIR8XY?>"A(S%Kg=yKJ6"AHIgP_xcAHe(TXU"I�KgA(WB���<>�PFS"S"8:Kg8V=?>��
=?U|KJTX8VABWJIZxc8VY?6MKyz�A�S"8XIRePFWRS"ABS�8V>/Kg6"8VIyIRKgPFY?A_�/��8VY?U"WRA�v^� �08XTXTVU"IRKJWgP_KJABI�Kg6"A�N)� ;~5Q;
PFTVY?=?WJ8:Kg6"x��

 
Step 1 

Load Data into 
memory by 

constructing a 
CF-tree. 

Step 2 
Condense into 
desirable range 
by building a 

smaller CF-tree 

Step 3 
Global 

Clustering 

Step 4 
Clustering 
Refining 

Initial CF-tree Compressed CF-tree Good Clusters 

Better Clusters 

��8XY?U"WRAov^� �^4��d> �d�?ABW��
8XA(� =F[mN)� ;~5Q;����?v�	

�~6"A � � � e(=?xc]|TXA��^8:K<L�=F[oN � ;~5Q; 8VI � � 6 �{�l6"ABWRA 6 8VIcKJ6"A0>�U"xyz�ABWD=F[aS'P_KgP

=?z 'RA(e(KJI�WJA =�U"8VWJ8V>"Y/=?>|TVL$=?>"A.IJeP_>�=F[oPFTXT�S'P_KgP/=?z 'RA(e(KJIDKg=�e(=?>"I�KgWJU|e(K�P�5Q�E9 KgWRABAF�
;�=��kA(�FABWB�uKg6|ADeB=Fxc]"TVA��^8VK<L =F[�N)� ;~5Q; 8XYF>"=?WJA(IZKJ6"A%eB=FIRK{=F[~KJ6"ADI�KgA(]�v
� �|��PF>|S �
8X> ��8VY?U"WRADv
� �^� � Ko8XI�>"=FK�KJWJ8V�
8XPFT�Kg=�IRABTXA(e(KZ]"WJ=F]sA(WZ]'P_WgPFxpA(KJABWJI(4 ��! ��6 . ��476�� # � . 9 3"!
� PF>"S 9 � ! 1 ) �.3 " /�	 S"U"A�Kg=*Kg6|A�IRAB>"IR8VKJ8V�
8VK<L/=F[de(TXU"I�KgA(WJ8X>|Y =�U'P_TX8VK<LF����=_Kg8Xe(A%Kg6'P�K
Kg6|Aoe(=?>MKgWR8Xz"U|KJ8X=?>�=_[mN � ;Q5Q;�8VIQA�pe(8XAB>MK�xpABxp=?WRLDxDPF>"PFY?ABxpAB>MKlP_>"S�WJABS|U"eBA(S � � �
eB=FIRKgI�zML�PFIRIJU"xp8X>"Y{KJ6'P_K~Kg6|A�5Q�29 KgWRABAa�"KJI�8V>�xDPF8V>�xcA(xc=FWRL?�

��� ����� ��� � �

5Q}3;���8X>MKgA(Y?WgP_KJABIy6|8XABWJPFWJeb6|8XeP_T7PF>|S�]'PFW�Kg8VKJ8X=?>|8X>"Y.PF]"]"WR=MPFeb6"A(I ��  ��	 �*�~6"A�PFS|�_PF>
9
KbP_Y?ABIu=F[+5Q}3;���PFWJAl8:KgIuPFz"8VTX8:K<LZKJ=ZS"A�KgA(e(KkPFWJz|8VKgWJPFWRL�IJ6'P_]sA(SDeBTVU"IRKJABWRIB�
8VKgI�S|ABeBWRAPFIRABS

IJA(>"IJ8:Kg8:�^8:K<L�Kg= =?U|KJTX8XA(WJI(�k8:KgI TX8V>"APFW{I�Kg=?WJPFY?A�WJA>=�U"8XWRABxpAB>MKgI(�~PF>"S�8VKgI A&�ce(8XA(>�KpKg8VxcA
eB=Fxc]"TVA��^8VK<LF� 5Q}3;�� A(xc]"TV=�L^I P >"=��?ABT{6|8XABWJPFWJeb6|8XeP_TZe(TXU"I�KgABWR8X>"Y P_]"]"WJ=?PFeb6 Kg6'P�K

xcPF�FA(IoU|IJA =F[kP�xc8VS"S"TXAZY?WJ=FU">"SrzsA�K<�7A(AB> Kg6"A eBA(>MKgWJ=F8XS"IO9<z'PFIRABS PF>"S*Kg6|A PFTXT�9<]�=?8X>MK

A��
KJWJABxpABI(� � eBTXU|IRKgA(WD8VIcWRAB]"WRABIJA(>MKgABS zML�P IJA�K%=F[d�7A(TXT�IJeP�KJKgA(WJA(S�S'P_KbP =?z 'RABe�KgI(�
NQPFIRABS =F> P eB=?>"I�KbPF>MKd>
U|xyzsA(W . =_[��kABTXT2IReP_KRKgABWRABS S"P_KbPp=?z 'RABe�KgI(��PpeBTXU|IRKgA(W�IR6'PF]�A
PF>"SZA��
KgA(>MK�PFWRAkeBPF]|KgU|WJABS��_�l6"8VTXAu8VKE8XI2IR6"WJU">|��KJ=dP�eBA(>�KJWJ=?8VSZ=_[|Kg6|A7eBTVU"IRKJABWEzMLoP�#�! � . -
9 443�6��k�uGHU"AaKJ= KJ6"A . WRAB]"WRABIRAB>MKbP_KJ8V�FA�PF]|]"WJ=MP_eb6���5Q}3;���8XI~YF=^=
S�P_KlS"8VIJeB=��FABWJ8V>"YpP
>"=?>
9<IJ]|6"ABWR8XeP_T^IR6'PF]�ABS eBTVU"IRKJABWB� ��=FKJA7Kg6"P_K�PdIRxDP_TXTM�_PFTXU"Ak=F[ . S"=
ABIm>|=FKmeBPF]|KgU|WJAQKg6|A

  �



 

Draw random sample s 
from data objects 

Partition Sample 
into p partitions 

Partially cluster 
partitions 

Eliminate outliers Cluster partial clusters Label data in disk 

��8XYFU"WJAov^� � 4���> �d�?A(WR�
8XA�� =F[m5Q}3;��-��  ��	

Y?A(=?xcA�KgW�L.=_[�eBTVU"IRKJABWJId]"WJ=?]�ABWRTVLF���~6"AZS"AB]|TX=�L
xcA(>�KH=F[uPcIR6"WJ8V>"��8X>"Yc[�WgPFe�Kg8X=F> ��PFTXIR=

PFTVTXA(�
8XP_KgA(I�Kg6"AlA&��A(e(KgIk=F[s=?U|KgTV8XA(WJIB���dIk5Q}3;���]"U"WRIJU"A(I7P_>DPFYFY?TX=?xpABWJP_Kg8:�?A~P_]"]"WJ=?PFeb6
[�WJ=Fx KJ6"AH6"8VABWJPFWJeb6"8VePFT�xpA(KJ6"=^ScKg6'P_K7IRKgPFWRKJI7�l8VKJ6�P�S'P_KgPZ=?z('RABe(K~PFI~P�S"8VIRKJ8X>"e�K7e(TXU"IO9
KgA(WB�?KJ6"AleBTXU|IRKgA(WJI��l8VKJ6yKg6"Ale(TX=?IRABIRKu]"PF8XWm=_[sWRAB]"WRABIRAB>MKbP_KJ8V�FA�S'P�KbPa=?z 'RA(e(KgI PFWRA~xcA(WJY?A(S
P_K�ABPFeb6pIRKbP_Y?AF�m�~6|A~IJ8Xxp8XTXPFWJ8:K<La8XI�ePFTVeBU"TXP_KgA(S{zsA�K<�7A(AB> . WJA(]"WJA(IJA(>�KgP_Kg8:�?A(I [�WR=?x ABPFeb6

eBTVU"IRKJABW(� ��>.=��FABWR�
8VA(� =F[m5Q}3;���8VI~]"WJA(IJAB>MKJABS 8V>.��8XY?U"WRA�v^� � �

5Q}3;���ABxp]"TX=�L
I PZWgP_>"S"=?x IJPFxp]"TX8V>"YoPF>"SD]"PFWRKJ8VKg8V=?>"8V>"YHIJeb6|ABxpA�Kg6"P_K78Vxc]|WJ=��?A(I

Kg6|A =�U'PFTV8VK<L�=F[�e(TXU"I�KgABWR8X>"YaKJ6"WJ=?U|Y?6cKJ6"A~�'TVKJABWJ8V>"Y�=F[�=FU|KgTV8XABWRIB���dIuS"AB>|=FKgA(S%8X>p��8VY?U"WJA

v^� � �F5Q}3;��r]"PFWRKJ8VKg8V=?>"I+IJPFxc]|TXAuS'P_KgP�=?z 'RA(e(KJImPF>"SZY?WJ=FU"]"I2Kg6"Ak]'PFWRKJ8VKJ8X=?>"I(�2�dTVKJ6"=?U"YF6
5Q}3;�� ]�ABWR[�=FWJxpIl�FABW�L��7A(TXT2=?>.PpTXPFWJY?AaS"P_KbPFz"PFIJAo=��l8X>"Y Kg=p8VKJI~IgPFxp]"TX8V>"Y{xpA(Kg6|=^S��

8VKH8XIaIJA(>"IJ8:Kg8:�?A{Kg=.P�]s=?IRIJ8Vz"TVL0z"8`PFIRABSrIgP_xc]"TV8X>"Y%PF>"SrKg6"A ]'PFWJPFxpA(KgA(WJI � � � . � ) P_>"S
' ���l6"ABWRA �$8VI�#�! � . 9 443�6'� . 8VI�KJ6"Ay>�U"xyz�ABW�=F[m�kABTVT�IReP_KRKgABWRABS*S'P�KbPc=Fz 'RABe�KgIB� ) 8VI�Kg6|A
IJ8 �BA{=F[7P�IgPFxp]"TVAF�2PF>"S ' 8XIHKg6|Ap>�U"x�zsA(Wa=F[7]"PFWRKJ8VKg8V=?>"Id[�=FW�P�IJPFxp]"TXAyIR]'PFe(A�� �'=?W
8X>|IRKbP_>"eBA_�k8:[ � �y ?��Kg6"A�eBTVU"IRKJABWR8X>"Y*WRABIJU|TVKgIpPFWRA�IJ8Vxc8VT`PFW�Kg=*Kg6|=?IJA�=F[dN � ;~5Q;o���~6"A
eB=Fxc]"TVA��^8VK<L�=F[k5Q} ;�� 8XI � � ) � �l[�=FWHTX=���S"8VxcA(>"IJ8V=?>'PFT2S'P_KgP|�s�l6|ABWJA ) 8XIHP%>�U"x�zsA(W
=F[�WgPF>|S"=?x IJPFxc]|TXAHIR8��BAa[�WR=?x P{S'P_KgPFz'PFIRAF�

� ��� � ��� � �����)� ��� � ������#	* ! �����

��eB=?>MKJWJ=��?A(WJIJ8XPFT28XIRIJU"A�8X>�]'P_WRKg8:Kg8V=?>"8X>|Y{PF>"S�6"8XA(WgPFWReb6"8XeBPFT+PF]|]"WJ=MP_eb6"ABI�=F[me(TXU"I�KgA(WJ8X>|Y

PFTVY?=?WJ8:Kg6"xpIl8XIH6|=!��KJ=�]"WJ=��
8XS"AZKg6"Ay>�U"x�zsA(Wa=F[ueBTVU"IRKJABWJI�P_>"S*6'PFT:KHeBWR8VKJABWJ8XPcWRABIJ]�ABe�9

Kg8:�?A(TVL?�+� 8VKJ6"=?U|Ko��>"=��lTXA(S"Y?AcPFz�=?U|KZP�S"P_KbPFz"PFIJA_��8VK�8VI�>"=FK�KgWR8V�
8`PFT�Kg=�]"WJ=��
8XS"A Kg6|A

>�U"xyz�ABWk=F[2eBTVU"IRKJABWJI(���<>%IJ=FxcA�ePFIRABIB�"PZ>'P_KJU"WgP_Tse(TXU"I�KgABWkxc8VY?6MK zsA�]'PFWRKJ8VKJ8X=?>"A(SczMLDP

 !�



U"IRABWB��Id]"PFWgPFxpA(KJABW(�k�Q�k=%>"=?>
9<IJ8Vxc8VT`PFW eBTVU"IRKJABWRI�xp8XY?6MKlz�AZxpABWRY?ABS�zML�Pc6'P_TVKleB=F>"S"8:9

Kg8V=?>��~�~6"A(IJAy]|WJ=?z"TVABxpIlxDPL�z�A�eP_U"IJA(S zML08V>"A�sABe�Kg8V�FA � ' ! 443"! 4Q��>"=��lTXA(S"Y?AyP_zs=?U^K
Kg6|A~eB=?WRWJABTXP_Kg8V=?>"Imz�A(K<�kABA(>cS"P_KbPa=?z 'RA(e(KJIB���<>{Kg6"8VImeB=F>�KJA��
K�MKJ6"Al]'PFWRKJ8VKJ8X=?>"8V>"Y�PF>"S 6"8:9
ABWJPFWJeb6|8XeP_T'xcA�Kg6"=
S"I PFWJAl>"=_K �FABW�LpPF]"]"TV8XeP_z"TXA7KJ=ZWRAPFT�P_]"]"TX8VeP_KJ8X=?>|IB� �/A~�l8XTVT"6"A(WJAB8V>
8X>MKJWJ=
S"U"eBAlP_TXY?=?WR8VKJ6"xcIEKg6'P�K�ABxp]"TX=�LyP�>|=FKg8V=?> � � 1 6 ) 479�� ��� � Ku6'PFIuz�ABAB>p]"WR=!�FAB> Kg6'P�K
PaGHAB>|IJ8VK<L�PF]"]|WJ=MPFeb6 8VI��?A(WRL{A&�ce(8XA(>�K P�KmS"8VIJeB=��FABWJ8V>"Y�>'P_KJU"WgPFT^eB=?WRWJA(T`P_KJ8X=?>"I�zsA�K<�7A(AB>
S'P_KgP{=?z 'RABe�KgI�IJ8X>|eBAoPpe(TXU"I�KgA(W�6"PFI�Pp6"8VY?6�S"AB>|IJ8VK<L%S"8XI�KgWJ8Vz"U|KJ8X=?>%KJ6'PF>�>"=?8XIRA�=?Wl=?U|KR9
TX8VABWRI7S"="���<>�=FWJS"A(W7Kg=yA��_PFTXU'P�KgAdA&�peB8XA(>MKgTVLcKg6"AdeB=?WRWJABTXP_Kg8V=?>"I zsA�K<�7A(AB>�S'P_KgPy=?z 'RABe�KgI(�
P{IJ]'P�Kg8`P_T�8X>"S|A���8VI~U"IJA�[�U"T+Kg= WJA�KgWJ8VA(�FAo>|AB8XYF6
z�=?U"WRIl8X>�P{S"AB>"IR8VK<LM9<z"PFIJA(S PF]"]|WJ=MPFeb6��

����� ��� ��� ��� ���

GaN~\"57��� 8XIpP / 1 6 ) 479�� - ��� )
1 /�e(TXU"I�KgA(WJ8X>|Y P_TXY?=?WR8VKJ6"x �l8:Kg6�K<�k=/]'PFWJPFxpA(KgA(WJI(� &('*)
PF>"S325476/8=9 ) �'z�=FKg6�=F[2�l6"8Veb6.8V>%KgU"WR>.S|A(KgA(WJxp8X>"AdeBTXU|IRKgA(WJ8V>"Y =
U"PFTX8:K<L �  !��	 ���<>.=FWJS"A(W
[�=?WHS"P_KbP%]�=?8X>MKJIHKg=�z�A{Y?WJ=?U|]sA(S���Kg6|ABWJA xyU|IRKaz�A P_K�TXABPFIRKaP%xc8V>"8XxyU|x >
U|xyzsA(Wa=F[

]�=?8X>MKgI�25476/8=9 ) 8X> &('*) -�6 1 4 � � � 3 # ! �.3
3 /F� .���� : , ' 1��+[�WR=?x�P�S'P_KbP�]�=?8X>MK ' �2Y?8V�FAB> P
WgP_S"8XU"I &('*) � � KgIo]"U"WJ]�=?IRAc8VI�KJ=�S"A(KJABe(K�>'P_KJU"WgPFT�e(TXU"I�KgA(WJIZPFxc=F>"Y�S'P_KbP�=?z 'RA(e(KJIB�mP_I
8VK�S|8XIJe(WJ8Vxc8V>'P_KgA(IH>"=?8VIJApPF>"S =?U|KJTX8VABWJIH[�WR=?x e(TXU"I�KgA(WJIB� �<>/GaNQ\"57���o��Kg6"A [�=?TXTV=��l8X>"Y
S"A��'>"8VKJ8X=?>|IlPFWJA�S"A(>"=FKgA(S��

� 1�� 6*479 443�6  F� � GH8XWRABe�KgTVL�S"A(>"IJ8:K<L�9 WJABPFeb6'PFz"TVA ����]�=?8X>MK ' 8XI+S|8XWJA(e(KJTVL�S"AB>"IR8VK<LM9<WRAPFeb6"PFz"TXA
[�WJ=Fx P ]s=?8V>MK  �l8VKg6�WJA(IJ]�ABe�K�KJ= &('*) � 25476/8=9 ) 8:[
�   � '�� .���� : ,  1�PF>|S
� v�� > .���� : ,  1 >	� 25476/8=9 ) �|�l6|ABWJA > .
��� : ,  1 >MS"AB>|=FKgA(IlKJ6"Aa>�U"xyz�ABW~=F[E]�=?8X>MKJI~8X>%Kg6|A
eB8VWJe(TXAa=F[�WgPFS|8XU"I &('*) PF>"S�eBA(>MKgWJA ' �

� 1�� 6*479 443�6�v
� � GHAB>|IJ8VK<LM9 WJAP_eb6'PFz"TVA ����]s=?8V>MK2]Z8VIES|AB>"IR8VK<LM9<WRAPFeb6'P_z"TXA�[�WJ=Fx P�]�=?8V>�K

=D�l8:Kg6�WJABIR]sA(e(K�Kg=p��]"I�PF>"S0j.8X>'fmKJI�8:[�KJ6"ABWRA�8XIlP eb6'PF8X>�=F[�]s=F8X>MKgI~] � �+�:�:�'] � �'] � �
=��+�'] � � ]�IRU"eb60Kg6"P_Kl] %�� � 8XI~S"8VWJA(e(KgT:L%S"A(>"IJ8:K<LM9<WJABPFeb6'PFz|TXAa[�WJ=?x ] % �
� 1�� 6*479 443�6 �^� � GHAB>|IJ8VK<LM9 eB=?>">|ABe(KJABS��7� ]s=?8V>MK ' 8XIkS"AB>"IR8VK<LM9<e(=?>">"A(e(KJABS�Kg= P�]�=?8V>�K

 �l8VKg6�WJA(IJ]�ABe�KdKg= &('*) PF>"S 23476/8=9 ) ��8:[�KJ6"ABWRAZ8VI�P ]�=?8X>MK+3 IRU"eb60Kg6"P_K�zs=FKJ6 ' P_>"S
 PFWJA�S"A(>"IJ8:K<LM9<WJABPFeb6'PFz|TXAa[�WJ=?x 3{�l8VKJ6�WJABIR]sA(e(K�Kg= &('*) PF>"S323476/8=9 ) �

 	�



 
 
 
 
 
 
 
 
 

  p 
p is density-reachable from 
q, not q from p p 

p and  q is density-
connected by O 

o 

MinPts: 4 
 q 

 q 

��8VY?U"WJAov
� �^4uGHA(>"IJ8:K<LM9<WJABPFeb6'PFz|TXAoPF>"S�GHAB>|IJ8VK<LM9 eB=?>">|ABe(KJABS

� 1�� 6*479 443�6 �|� � 57TXU|IRKgA(W �{@+A(K � zsA.P*S'P_KgPFz'PFIRA�=_[H]�=?8X>MKgI(��� e(TXU"I�KgA(W  �l8VKJ6

WJA(IJ]�ABe�KkKJ= &('*) PF>"S 25476/8=9 ) 8XIuP�>"=?>
9<ABxp]|K<L�IJU"z"IRA(Kk=F[ � IJP_Kg8VIR[�L
8X>|Y�KJ6"A~[�=?TXTV=��l8X>"Y

eB=F>"S"8VKJ8X=?>|IB4

�   � j.P��^8XxcPFTX8:K<Ls4�� ' �  8V[ ' �  PF>"S  8VIuS"AB>"IR8VK<LM9<WRAPFeb6"PFz"TXAl[�WJ=Fx ' �l8VKJ6cWRABIJ]�ABe�K
Kg= &('*) PF>"S325476/8:9 ) �"Kg6|AB>  �  m�
� v���57=F>">"ABe�Kg8:�^8:K<L�4�� ' �  �  m� ' 8XIlS"AB>|IJ8VK<LM9 eB=?>">|ABe(KJABS KJ=  �l8VKJ6.WRABIJ]�ABe�KdKJ= &('*)
PF>"S 25476/8:9 ) �

� 1�� 6*479 443�6��
� � ��=F8XIJA �k@+A(KQP�S'P_KgP�]�=?8X>MK ' � ��� ' 8XI�6 3�4 )
1 �
8:[ '���  % �^�l6|ABWJA  %
8XI 4 5�� eBTVU"IRKJABWB� � � 4 � 6'���d>"S 6*8XIQKJ6"A�>
U|xyzsA(Wl=F[�e(TXU"I�KgA(WJIl8X> ���

��8VY?U"WJAQv^� ��8XTVTXU"I�KgWgP�KgABIEKg6"AQPFzs=��FA~S"A(�'>|8VKg8V=?>"I(���~6"A~S|A(KbP_8XTXA(S��'Y?U|WJABIuP_>"S{S"8XIReBU"IRIJ8V=?>

PFWRA�[�=FU">"S�8X> �  !��	 �
�H>"eBA*K<�k=�]'P_WgPFxpA(KJABWJI & '*) P_>"S 23476/8=9 ) P_WJA*S"A��'>"ABS��aGaN~\"57��� IRKbP_WRKgI%KJ=

Y?WR=?U"] S'P_KbP�]s=F8X>MKgIa[�WJ=Fx�PF>�P_WJz"8:KgWgP_WRL*]�=?8X>MKB� � [~P�eBTVU"IRKJABWoePF>">|=FKozsApA��^]'PF>|S"ABS
�l8VKJ6 WJA(IJ]�ABe�KaKg=DKJ6"Ay>"=FKJ8X=?>|I / 1 6 ) 479�� ! 1 � . � ��� " 1 PF>|S / 1 6 ) 479�� - . 3�6*6 1 . 9 1 /F��8VK�IRKgPFWRKJI
eBTVU"IRKJABWR8X>"YyS"P_KbPo]s=?8V>MKgIk[�=FWQP�>"A�� eBTXU|IRKgA(WB���~6"8VI7]"WR=^e(ABS"U|WJAH8VI78VKJABWJP_KgA(SDU">MKg8VT�KJ6"ABWRA

8XI�>"=aS'P_KgPd]�=?8X>MKEKg=az�A7A��^]'P_>"S"ABSpPF>|S PFTXT
S'P_KgPd]s=F8X>MKgI�8X>�KJ6"AQS'P_KgPFIJA�KuPFWRA7eBTVU"IRKJABWRABS

=?W~TXPFzsA(TXA(S.P_IlPp>"=F8XIJA_�

GaN~\"57����eB=?>MKgWR8Xz"U^KgABI+KJ=~IJeP_T`PFz"8VTX8:K<L?�xpABxp=?WRL�xcPF>'PFY?A(xcA(>MK�[�=?W+TXPFWJY?A�S'P_KgPFz'PFIRABIB�
xp8X>"8Vxc8 �P_KJ8X=?>*=F[lWRA =�U"8VWJABS�S|=?xDP_8X>/��>"=��lTVABS"Y?A_�uPF>"S�A&��A(e(Kg8:�?A�e(TXU"I�KgABWR8X>"Y0S"8XIReB=��M9
ABW�L0�l6"8VTXAZS"8XI�Kg8X>|Y?U"8XIR6"8X>|YDeBTVU"IRKJABWRIH[�WJ=?x >"=?8VIJAy=?W�=?U|KJTX8XA(WJI(��A(KJeF� �H>"AyxcP 'R=?Wd8VIJIRU"A
�l8VKJ6%GaN~\|57��� 8VIuIJAB>|IJ8VKJ8V�
8VK<L KJ=ZKg6|A�]'P_WgPFxpA(KJABWJI &('*) PF>|S 25476/8:9 ) �u�m�?A(>%Kg6"=?U|Y?6

 	�



��8VY?U"WRA�v^�
�|4u�d>�A��|PFxp]"TXAa=_[�P{IJ=?W�KgA(S ����������kY?WgPF]|6

GaN~\"57��� WJA>=
U|8XWJA(I~xc8V>"8Xxp8��(ABSpS"=?xcPF8X>c��>"=��lTXABS|Y?AF�'8:KQ8XIk>"=FK~KJWJ8V�
8XPFT'Kg={TXABPFWJ>DeB=?WO9
WJA(T`P_KJ8X=?>|Ioz�A(K<�kABA(>�S'P_KbP�=?z 'RA(e(KgI(� ���Fw�	k8XTVTXU"I�KgWJP_KgA(I�KJ6"Ac�_PFWR8`PF>MKZeBTVU"IRKJABWJ8V>"Y0WRABIRU"TVKJI
zML eb6'P_>"Y?8X>|Y%Kg6"A{]'P_WgPFxpA(KJABW��_PFTVU"ABI(� �<>*=FWJS"A(WHKg=%=��?A(WJe(=?xcAyKJ6"A{IJ6|=?WRKJeB=?xp8X>"Y%PF>
A�sABe�Kg8:�?Ao6"ABU"WR8XI�Kg8Xe�P_]"]"WJ=?PFeb6 * ���� � �kY?WJPF]"6�8XIQS"A��?A(TX=?]�ABS �� !�"	 ���~6"A�=?z|IJABW��_P_Kg8V=?>
=F[ *  ����������� ������8XI7KJ={S"A(�">"AoP *  ��� � �u[�U">|e(Kg8V=?>%[�WJ=Fx PyS'P_KgPyS"=?xcPF8X>cxDP_]"]"8X>|Y

A(�FABW�LDS'P�KbPZ=Fz 'RABe�K~8X> Kg6"A�S'P_KgP�S"=?xcPF8X>{KJ=ZKg6|AdS"8VIRKbP_>"eBA�[�WJ=?x 8:KgI �M9 >"AP_WJABI�K~>"A(8XY?6^9

z�=?U"WB��� [~PF> PFWRz"8VKJWgPFW�L0S'P�KbP�=?z 'RA(e(K�� 8XIaIJA(TXA(e(KgA(S zMLrIRA(KJKJ8X>"Y
	�� � KJ=B*  ������� � ���
PF>"S�� � �� � � KJ= *s�+P_TXTE]s=?8V>MKgI��l8:Kg6rPF>*A>=�U'PFT�KJ=�=?WdIRxDP_TXTXA(W�KJ6'PF>+*  �������l�_PFTXU"A
�l8XTVT�z�A�eB=?WRAa]s=?8V>MKgIB�^�l6"ABWRA�P{]�=?8X>MK~8VIlP e(=?WJA�]�=?8X>MKl8:[EKJ6"ABWRAoPFWJA�P_KlTVAPFI�K�� � ���� �
>"A(8XY?6�z�=?U"W�]s=?8V>MKgIl�l8VKg6|8X>�8VKgI�	�� �?�l��8XY?U|WJAZv^�
�c8XTVTXU"I�KgWJP_KgA(IlKJ6"Ao=?z"IJA(WR�_P_KJ8X=?>.=F[mKg6|A
6"A(U"WJ8VIRKg8VeZKJ=�S"A(KJABWJxp8X>|AZKg6|Ay]'PFWJPFxcA�KgWR8XeZ�_PFTVU"ABI�8X>*GaNQ\"57���o���~6"Ay=FKJ6"ABWd8XIJIRU"Ay8VI
Kg6|Ad]"WR=?z"TXA(x =F[�KJ6"A�6|8XY?6cS"8XxpAB>"IR8X=?>"PFTX8:K<L�=F[�S'P_KbPo=?z 'RA(e(KgIk�l6"AB>%TV=^=F�
8V>"Ya[�=?W WgPF>"YFA
=�U"ABWR8XA(IoKJ= =�U"8Veb��TVLr8XS|AB>MKg8:[�L ]�=?8X>MKgIa8V>*Kg6"Ap>"AB8VY?6�zs=FU"WJ6"=
=
S =_[QPF>|=FKg6"A(W�]s=?8V>MK�+�<>
�  !��	 �|Kg6"AoPFU^Kg6"=?WRI~8X>"S|A��^ABS�S'P_KgP =Fz 'RABe�KgIlU"IJ8V>"Y{Kg6"A ; ��KgWRABA � ��	 �"z"U|KlKg6|8XI~IRKJWJU"e�KgU"WRA
6'PFI7PZS"8VxcA(>"IJ8V=?>'PFTV8VK<LZTX8Vxc8:KbP_KJ8X=?>y=_[�  � S|8XxpAB>"IR8X=?>"I��l8:Kg6DWRABIR]sA(e(KQKJ=�A�pe(8XAB>|e(L?����I
� �
	QWRAB]�=?WRKJIB��xp=?IRK�=F[~Kg6"A�WRU">">"8V>"Y0KJ8XxpA � � 6MTV=?Y 6 �Z8X> �� !�"	78VIyIJ]�AB>MK 8X>/IJAP_WJeb6"8V>"Y
>"A(8XY?6�z�=?U"WJI~�l8:Kg6#6*S'P_KgP =Fz 'RABe�KgIB�

vFw



����� � � � 	���� � �

�~6"A{8VS"APDz�AB6|8X>"S �af�� ��5~\ � �HWJS"A(WJ8V>"Y�f�=?8V>MKgIdKJ= �<S"AB>MKg8:[�L.KJ6"A 57TVU"IRKJABWJ8V>"Y�\
KJWJU"e�9
KgU|WJA ��8XIdA��
KgAB>|S"ABSr[�WJ=?x GaN~\|57�����  !��	 ���afu� ��5~\ ]"WRABIRAB>MKgIoPF> =FWJS"A(WJ8X>|Y%=F[uS'P_KgP
=?z 'RA(e(KJIaWgP_KJ6"ABW�Kg6'PF>*S|8XIJe(=��?ABWR8X>"Y%PDIJA�K�=F[�eBTVU"IRKJABWRIaY?8V�FAB>0K<�k=�]'PFWJPFxcA�KgA(WJI ��v�	 ���<>
GaN~\"57���Z�"KJ6"ABWRA�PFWJAHK<�k=cU|IJABWRIB�']'P_WgPFxpA(KJABWJI &('*) PF>|S 25476/8=9 ) �u��I�8VTXTVU"IRKJWgP_KJABS%8V>
��v � 	 ��8:Kl8XI�>"=FKlKgWR8V�
8`P_T�Kg=p�'>"S P �Rz�ABI�K �D]"PFWgPFxpA(KJABWRI�[�=?W�PpT`PFWRY?AaS'P_KgPFz'PFIRAo�l8:Kg6"=?U^K
S"=?xcPF8V>%��>"=��lTXABS|Y?AF� �~6"ABWRA([�=?WRAF� �af�� ��5~\.PFTVTX=��lIQU"IRABWRIlKJ= eb6"=^=FIJAaKg6"A ��zsA(IRK �p]'P�9
WgP_xcA�KgABWRI�KJ6'P_K�WJAB]|WJABIRAB>MK�eB=FWJWJA(T`P_KJ8X=?>|I�=_[�S'P_KgPc=?z 'RA(e(KJIB� �af�� ��5~\08X>MKJWJ=
S"U"eBA(IdKg6|A
KgA(WJxpI . 3"! 1 -0/�4 ) 9 ��6 . 1 P_>"S ! 1 � . � ����4 " 479�� -0/�4 ) 9 ��6 . 1 �
�   � 6 ��	!� 7gtE� �(��'�"A?�������
	 =F[�PF>{S'P_KgP�=Fz 'RABe�K ' 8XI�Kg6"AlIJxcPFTVTXABI�K��_PFTVU"AQIJU|eb6pKJ6'P_Ku8VK

xcPF�FA(I ' Ppe(=?WJAo=?z 'RA(e(K�Kg6'P_K�8VI�S|A(�'>"A(S 8X>.GaN~\"57��� �  !� 	 �)�<>0=FKJ6"ABWl�7=FWJS"I(�
Y?8:�?A(>0P{WgP_>"Y?A�=F[����[�WJ=?x ' �"Kg6"A�>�U"xyz�ABWl=F[�>"A(8XY?6�z�=?U"WJIl=F[ ' 8VIlA =�U'PFT�KJ=p=FW
TXPFWJY?A(W�KJ6'PF> 25476/8:9 ) ����28XIdPFTV�7PL
IaIJxcPFTXTVABWlKg6'PF>��B��IJ8X>|eBA���28VId>"=_K�S"A(�'>|ABS
U">|TXABIRI ' 8XIlP{eB=FWJA�=?z 'RA(e(K�

� v���#%��� A�32�"���&�&�����0t��&�(���'��A?��z�A(K<�kABA(>cK<�k=�S'P_KbPH=Fz 'RABe�KgI ' PF>|S  8VI�Kg6|A~Y?WJABP_KgA(W
S"8VIRKgPF>"eBAa=_[�KJ6"A�eB=?WRA�9<S|8XIRKgPF>"e(Aa=F[ ' PF>"S�Kg6"A���U"e(TX8VS"APF>�S"8VIRKgPF>"eBA�z�A(K<�kABA(> '
PF>|S  ���~6"A(WJA([�=FWJAF��Kg6"AcWJAP_eb6'PFz"8VTX8VK<L S"8XI�KbPF>"e(Ac8VIZ>|=FK�S|A(�'>"A(S�8V[ ' 8XI�>"=FK�P

e(=?WJA�=?z 'RA(e(KB�

�af�� ��5~\re(WJAP�KgABI�P_> =FWJS"A(WJ8X>|Y%=F[kPFTXTES'P_KgP%=?z 'RA(e(KgIoPFId8VKae(=?xc]|U|KgA(IaeB=?WRA�9<S|8XIRKgPF>"e(A
PF>"S Pc]"WR=?]sA(WdWRAPFeb6'P_z"8XTV8VK<L�S"8VIRKgPF>"eBAo[�=?WdA��?A(WRL.S'P_KbPc=?z 'RABe�K����=FKJAZKJ6'P_K ��f�� ��5~\
S"=
ABI�>"=FK�]|WJ=
S"U"eBA P�IRA(Ko=F[keBTXU|IRKgA(WJI(� ;�P_KJ6"ABW(�+8VKae(=?>"I�KgWJU|e(KgIZP%�
8XIJU"PFTX8 �P_KJ8X=?>.]"TX=FK
IJU|eb6 Kg6"P_KZP�U|IJABWo8XI�P_TXTX=��kABS*Kg=�8X>MKJABWgP_e(Ka�l8VKJ6 KJ6"A ]'PFWJPFxcA�KgA(WJIaKg=�PFe>=
U|8XWJA A��|]|TX8:9

eP_z"TXA�e(=?WJWRABT`P�Kg8X=F>�8X>|[�=FWJxcP_Kg8V=?> e(=?>"e(ABWJ>|8X>"YrS'P_KgP*=?z 'RABe�KgI(���~6"8XIy[�ABP_KgU|WJA�AB>'P_z"TXA(I
�af�� ��5~\rKg=�S"8VIJeB=��FABW�eBTVU"IRKJABWJI��l8VKJ6rS"8 �sABWRAB>MKoS"AB>"IR8VKJ8XABIoPF>|S/PFWRz"8VKJWgPFW�L IR6'PF]�ABI�=F[
eBTVU"IRKJABWRIB� ��f�� ��5~\r=!�FABWReB=?xpABIoKg6"A IJ6|=?WRKJeB=?xp8X>"Y�=_[~GaN~\"57���Z���l6"8Veb6/8VIaTX8Xxp8VKJABS
Kg=.S"8XIReB=��?A(WJ8V>"Y*P0Y?TV=?z'PFTVTVL0S"AB>"IRA�PFWRAP|��PF>"S�8:KgIo]sA(WR[�=?WRxDPF>|eBAD8VIZTVABIRI�IJA(>"IJ8:Kg8:�?AcKJ=

U"IRABW~8X>|]"U|KgIkKg6'PF>�GaNQ\"57���o�'��8XYFU"WJAHv^���Z8XTXTVU"IRKJWgP_KJABSDKJ6"AHWRABIJU|TVK~=F[ �af�� ��5~\%U"IJ8V>"Y
K<�k= U"IJA(W�8V>"]"U|KJIB��;�=��kA(�FABWB�mKJ6"A ��f�� ��5~\/I�Kg8XTVTmWJA>=�U"8XWRABIyP�]'PFWJPFxcA�KgA(W�KJ6'P_KZxDPL
6'P�?Ao8X> �'U"AB>|eBA�=?>�Kg6"A�eBTVU"IRKJABWR8X>"Y =�U'PFTV8VK<L?�

v^ 



                                         

ε 

ε′ 

Cluster-order  
of the objects 

Undefined 

Reachability 
distance 

��8VY?U"WRA�v^�
�|4 �HWJS"A(WJ8X>|Y?Il=F[�S"P_KbP{=?z 'RA(e(KJI�8V> �af�� ��5~\�[�WR=?x ��v�	

�afu� ��5~\%e(=?xc]|TXA��^8:K<L 8XI � � 6MTX=?Y 6 ���
�l6"8Xeb6D8XI7A>=�U"8V�_PFTVAB>MK7KJ=�Kg6'P�KQ=F[2GaNQ\"57���o�
�l6"A(WJAo>.8VIQKg6"A�>�U"xyz�ABWl=F[�S'P_KgP =Fz 'RABe�KgIB�

����� ��� ��� � � � ���

Ga���H5Q@2}d� � Ga����IR8VK<LM9<z"PFIJA(Sp5Q@E}�IRKJABWJ8V>"Y ��8VI�S"A(IJ8VY?>"ABS{KJ=Hxc=
S"A(T
KJ6"AQ=��?A(WgPFTVT|S'P_KgP
=?z 'RA(e(K0S"AB>"IR8VK<LF�H�l6"8Xeb6 8VI�PF>'PFT:L
KJ8XeBPFTXT:L�S"A�KgA(WJxp8X>"A(S zML eB=?xp]"U|KJ8X>"Y�Kg6|A IRU"x =F[

476��)# 1 6 . 1 # #�6 . 9 443�6 ) [�WJ=?x S"P_KbP*=?z 'RA(e(KJIB�7�l6"A(WJA�Kg6"A 476��)# 1 6 . 1 # # 6 . 9 443�6�8Xxp]"TX8VABI
Kg6|A08Xxp]'PFe�KD=_[�P S'P�KbP/=?z('RABe(KD=?> 8:KgIp>"AB8VY?6�zs=?W5��v��
	 � � eBTXU|IRKgA(WD8V> Ga���H5Q@2}d�
8XIpS"A�KgABWRxc8V>"ABS�z�L�8X>MKJWJ=
S"U"eB8V>"Y / 1 6 ) 479�� -���9 9=! � . 9 3"! ) �Q�l6"8Veb6 PFWJA�TX=
eP_T�xcP��^8XxcP*=F[

Kg6|A{=!�FABWJPFTXTmS|AB>"IR8VK<L [�U">|e(Kg8V=?>rPF>"S PFWRA{S"A(KJABWRxc8V>"ABSrzML*P�6"8VTXT:9 eBTV8Xxyz"8V>"Y{]"WR=^e(ABS"U"WRA

8X>|IRKgWRU"e(KJABSpzMLyKg6"AlY?WJPFS"8VAB>MK�=F[�Kg6"Al=��?A(WgPFTVT"S"A(>"IJ8:K<Ly[�U">"e�Kg8X=F>����~6"Al=��?A(WgPFTVT|[�U">"e�Kg8V=?>

8XIkKg6"AHIRU"x =_[EKJ6"Aa8X> �'U"AB>|eBAH[�U">"e�Kg8V=?>"I7[�=?W7PFTXTsS'P_KgP�=?z 'RA(e(KgI(�7GHU|AdKg=yKJ6"Ad[&PFe�KQKg6'P�K
PFTVT+S'P_KbPp=?z 'RA(e(KgI�S"=%>"=_Kd6'P�FAyPF>.8X>��'U|AB>"e(Ay=?>.KJ6"A�[�U">"e(KJ8X=?>���Ga���H5Q@2}�� P_S"=?]|KJI

P�TX=
ePFT�S"AB>|IJ8VK<L*[�U|>"e(KJ8X=?>*Kg=�KgPF�FA 8X>MKJ=.P_eBeB=FU">MKZS"P_KbP�=?z 'RA(e(KJI�KJ6'P_KoeB=F>�KJWJ8Vz"U|KgAyKJ=
Kg6|Ad=��?A(WgPFTVT�[�U">|e(Kg8V=?>��m�~6|A�476�� # 1 6 . 1 # # 6 . 9 443�6�[�=FW � � � / 8XIkPZ[�U">"e�Kg8X=F> #����� � /��
� �	 �"�l6"8Veb6.8VI~S"A(�'>|ABS.�l8:Kg6�WJA(IJ]�ABe�K�KJ=cP{z'P_IJ8Xe�8V>��'U"A(>"eBAa[�U">"e�Kg8V=?>�
 � PFI


 �� �� ����
 �����
� ��� � v^� v��

�~6"A / 1 6 ) 479�� # #�6 . 9 443�6�8XI�S"A��'>"A(S�PFI�Kg6"ApIJU|x�=F[Q8V>��'U"A(>"eBA [�U">"e�Kg8X=F>"I�=F[~PFTVTmS'P_KgP
=?z 'RA(e(KJIB� :�8:�?AB>�>�S'P�KbP{=?z 'RA(e(KgI~�l8:Kg6�P{IJA�K�=_[E[�ABP_KgU|WJAH�?A(e(KJ=?WJI�G ���� � ���:�V�
� �����

v?v



�
/
�"KJ6"A / 1 6 ) 479�� # #�6 . 9 443�6*8VI~S"A(�'>|ABS P_I


��� � � ��� �, % ��� 

� �� � � � � v^�����

��=_KgAmKg6"P_K2Ga���H5Q@2}d�.8XI+PFz|TXA�KJ=�P_WJz"8:KgWgP_WJ8XT:LlIJA(TXABe�KEPF>�8X>��"U"AB>"e(Am[�U">"e�Kg8X=F>�4+]'PFWJPFzs=FTX8Xe_�
I =�U'P_WJA7�7P�?AF�M=FW :�PFU"IJIR8`PF>o[�U">"e�Kg8X=F>����~6|A7[�=?TXTV=��l8X>"Y�PFWRA7A��|PFxp]"TVABI�=_["Kg6"Ak8X>��"U"AB>"e(A
[�U">"e�Kg8V=?>"Il8X> ��v��
	 �

 ?��\ =�U'P_WJA-��P�FA �<>��"U"AB>"e(Ay�'U">"e�Kg8V=?>


������ 3 	 < �� ��
/� �� w ��
#� � � ��
/��	��
  �"� � ����� ��� � � v^�
���

v^� :�PFU"IRIJ8`P_> �<> �'U"AB>|eBAZ��U|>"e(KJ8X=?>


�� 3 � : : % 3 � � � ��
/� � �, % ��� ����������� � ��� ��"! � � v^� ���

�<>�Ga���d5Q@E}��~�BK<�7=lK<L
]sA(I2=F[|e(TXU"I�KgA(WJIEPFWJA�S"A(�'>|ABS�z"PFIJA(SZ=?>�S"A(>"IJ8:K<LM9OP_KRKgWgP_e(Kg=FWJIB4
9�� 1  1 6*9 1 ! - � 1�� 6 1 / . "$# ) 9 1 !�PF>"S 9�� 1 � ! ��479 ! ��! � - ) � � '.1 . "$# ) 9 1 !�� �'=?W�P�S|AB>"IR8VK<LM9

P_KRKgWgP_e(Kg=FW��$#�aP�eBA(>MKgABWO9<S"A��'>"A(S eBTXU|IRKgA(W��l6|8Xeb6 8VI�S"AB>"IR8VK<LM9OP�KJKgWJPFe(KJABS z�L��$#0P_>"S
# �� , �%# 1 � �d8VIdPpIJU"z|IJA(KH=F[ Gy�'�l6"ABWRA �d8VIHPpKJ6"WJA(IJ6"=FTXS��dj.AP_>��l6|8XTXA_��P_> PFWRz"8VKJWgPFW�L�9

IJ6"PF]sA�e(TXU"I�KgABWl8VIlP IRU"z"IRA(K�IJU"eb6�Kg6'P_K~KJ6"A�S"AB>|IJ8VK<LD[�U">"e(KJ8X=?>�[�=?WQKJ6"AaIJA�Kd=_[�S|AB>"IR8VK<LM9

P_KRKgWgP_e(Kg=FWJI�8XId>|=DTXA(IJI�Kg6'PF>.Kg6"AoKg6"WRABIJ6|=?TXS��HPF>"S0KJ6"ABWRA�8VIdPD]"P_Kg6#8 [�WR=?x � # � KJ= � #�
IgP�Kg8XI�[�L
8X>"YyKJ6"AHWJA>=�U"8XWRABxpAB>MK~Kg6'P�KQKg6"AaS|AB>"IR8VK<L%[�U">|e(Kg8V=?>%[�=?W~P_TXT�S'P_KbPy]�=?8V>�KJIQ=?>�Kg6|A

]'P_KJ6 8VIa>"=�TXA(IJIaKg6'P_>��B� �HU|KJTX8XA(WJI�PFWRA{S"A(KJABWRxc8V>"ABS 8V[�# �� , �%#	 1 � �B�E�l6|ABWJA{�$#	 8VI�P
TX=
eP_T�xcP��^8XxyU"x��

\^8X>|eBAQGa���d5Q@E}�� WRA =�U"8VWJABI�U"IJA(Wm8X>|]"U|KgI&��PF>"S �B�?A��^KJAB>"IR8V�FA~S"=?xcPF8X>o��>"=��lTXABS|Y?A
8XIZWJA>=
U|8XWJA(S�8X>�P_S|�_PF>"eBA_�r�dTVKJ6"=?U"YF6/Kg6"ADeBTXU|IRKgA(WJ8V>"Y)=�U'PFTV8VK<L 8XIZIJAB>|IJ8VKJ8V�FA%S"AB]�AB>|S^9

8X>|Y�=F>rKJ6"A 8X>"]|U|KgI(�E8:K�WJA(IJU"T:KgI�8X>*6"8VY?6^9 =
U"PFTX8:K<L0e(TXU"I�KgABWRI�8X>*Kg6"A ]"WRABIRAB>"e(AD=F[k>"=?8VIJAF�

���|PFxc]|TXABI =F[�eBTVU"IRKJABWR8X>"Y*WRABIJU|TVKgIpPFWRA�8XTXTVU"IRKJWgP_KJABS�8V> � v���	 ����TVKg6|=?U"Y?6$Ga���H5Q@2}d�
8XIaA(>"YMPFYFABSr8X> P�Y?WJ8VS^9<z"PFIJA(S P_]"]"WJ=?PFeb6��28VKaS|8XIJe(=��?ABWRIZ>"P_KgU"WJPFTmIR6'PF]�ABS eBTXU|IRKgA(WJI�S"A�9

]�AB>"S"8V>"Yo=?>%P�WJA(IJ=?TVU|Kg8V=?> =F[+PoY?WJ8VS����~6"A�eB=Fxc]"TVA��^8VK<Ly=F[+Ga���H5Q@2}���8VI � � 6 TX=?Y 6 ���
�l6"A(WJA 6*8XIQKg6|Ao>�U"x�zsA(W�=_[�S'P�KbP{=?z 'RA(e(KgI(�7�m�FAB>.KJ6"=?U"YF6�KJ6"A�eB=?xp]"TXA��^8VK<Lc=F[mGa���~9
5Q@2}d��8VIQA =�U"8:�_PFTXA(>�K~KJ={Kg6'P_KQ=F[mGaNQ\"57���o�'Ga���H5Q@2}d��8VI7[&PFI�KgABW~KJ6'PF>�GaN~\"57���
zML�P{[&PFe(KJ=?W~=F[�U"]�KJ= ����Kg6'PF>|�
IlKg= 8:KgI~U|KJ8XTX8 �P_KJ8X=?>c=F[�P YFWJ8XS
9<z'PFIRABS.PF]"]"WR=MPFeb6��

v��



1st level(top level)could
 have only one cell.

A cell of (i−1)th level
corresponds to 4 cells
of ith level.

1st layer

.

.

.

.

(i−1)th layer

ith layer

��8VY?U"WRAov^�V w|4u;�8VABWgP_WJeb6"8VePFT�\
KgWRU"e(KJU"WJAo=F[m\^� � � :�� ���
	

� ��� � ��� � ����� � ������#	*+! ��� �

�<>�Y?AB>"A(WgPFT �"P :aWJ8XS�P_]"]"WJ=?PFeb6.e(WJABP_KgA(I�Py�'>|8VKgAa>�U"x�zsA(W�=_[�e(ABTVTXIQ[�=?WlP{Y?8:�?AB>�]"TXPF>'PFW
IJ]"PFeBA_� � K{P_KRKgA(xc]|KJIZKJ= 8X>"S|U"eBAceB=?WRWJABTXP_Kg8V=?>"Io=F[~S'P�KbP0=?z('RABe(KJIyY?WR8XS/zML Y?WJ8VS����~6"A
eBTVU"IRKJABWR8X>"Y�8VIcS|=?>"A =?>�Kg6"A e(ABTVTXIB�~>|=FK%S"8VWJA(e(KgT:L$=?> S'P_KgP/=?z 'RA(e(KJIB� $HU'PF>MKg8 �P_KJ8X=?>
=F[~S"P_KbP�=?z 'RA(e(KgI�AB>"6'P_>"eBA(IZKg6|ADA�pe(8XAB>|e(L =F[~]"WR=^e(ABS"U|WJABI(���~6"ADA&�ce(8XA(>"e(L 8XIaKg6|AB>
S"A�KgABWRxc8V>"ABS�zML�Kg6|AoWRABIR=?TXU|KJ8X=?>%KJ6"A�Y?WJ8VS�PF]"]"WR=MPFeb6 =
U"PF>MKg8��(ABI(�

����� ��� � ��� � �

\^� � �3: � \^��P_KJ8XIRKJ8XeBPFT � �l[�=?WJxcP_Kg8V=?> :aWJ8VS^9<z"PFIJA(S{xcA�Kg6"=
S���S"A(]"TX=�L
Iu6"8XA(WgPFWReb6"8XeBPFT"P_>"S
Y?WR8XS^9 z'PFIJA(S*PF]"]|WJ=MPFeb6|ABIHKg=DY?WJ=?U|] S'P_KgPD=?z 'RA(e(KgIH�l8:Kg6"8V>*P<=�U'PF>MKJ8��BA(S*eBA(TXT:� ����	 ��� KJI
eB=F>"eBA(]|KgU'P_T�8XS"ABPy8XI7KJ={eB=?xp]"U|KJA =�U"ABW�L�8X>|S"AB]�AB>"S|AB>MK�IRKbP�Kg8XI�Kg8VePFT�8X>|[�=FWJxcP_Kg8V=?>DP_IJIJ=�9

eB8XP_KgA(S �l8:Kg6 APFeb6 IJ]'P�Kg8`P_TmY?WJ8VS � e(ABTVT7��8V> =?WRS"ABWaKJ=.WRABS"U"e(AcKJ6"Ac>�U"x�zsA(Wo=_[QIJeBPF>"Io=F[
S'P_KgPy=?z 'RA(e(KgI(�k�~6|A =�U'P_>�KJ8��(ABS�Y?WJ8VS"IlPFWRAHS"ABe(=?xp]s=?IRABS�8X>MKg= PyIRA(K�=F[ES"A(AB]�ABWlT`PL?A(WJI(�
�uPFeb6 Y?WJ8VS 8V> P�TXPL?ABWa8VI�PFIJIR=^e(8`P_KJABSr�l8VKJ6 P�S"8 ��A(WJA(>�KoWRABIJ=FTXU|KJ8X=?>����~6"A WJABIR=?TXU^Kg8X=F>
8X>.KgU"WR> S|ABeB8VS"ABIHKJ6"A{eBTVU"IRKJABWR8X>"Y%A&�peB8XA(>"e(LF�{\
KgP_Kg8VIRKJ8XeP_T�8V>|[�=?WJxcP_KJ8X=?>�[�=?WHABPFeb6rY?WJ8VS
8XI~eBPFTXe(U"T`P�KgABS�PF>|S.I�Kg=?WRABS�[�=?WQ[�U"WRKJ6"ABWl]"WR=^e(ABIRIJ8X>|Y"� ��8XY?U|WJA�v^�: �w{8XTVTXU"I�KgWJP_KgA(I7Kg6"A�e(ABTXT

IRKJWJU"e�KgU"WRAZ=_[�\^� � �3: �
�dI�IJABA(>y8X>Z��8VY?U"WJAkv^�: �w|�_P�YFWJ8XSo8X>oTXA��?A(T 4seB=?WRWJABIR]s=F>"S"I�KJ=�KJ6"A7U">|8X=?>o=F[|KJ6"AQP_WJAP_I

=F[s8VKJI�TX=��7A(W�TXA��?ABT 4 ��� ���~6"AlWJ=
=FKuY?WR8XS��F�l6|8Xeb6p8XI~ 
: 5
TVA(�FABT �Me(=��?ABWRIkKJ6"AQ�l6"=?TVA�IR]'P_KJ8`PFT

S'P_KgP%]"T`P_>"AF��� P_eb6 Y?WR8XS*A��|e(AB]|Ko[�=?WdKJ6"A{TXABP�?ABI�6'P_I ��eb6|8XTXS|WJAB>��2PF>"SrAPFeb6reb6"8VTXS*8VI
PFIRIJ=
eB8`P�KgABSa�l8:Kg6a=?>"A =�U'P_S"WgPF>MKE=F[�Kg6|A�U"]"]�ABW2Y?WJ8VSHIRKJ=?WJ8V>"YlP_KRKgWJ8Vz"U|KJA�9<S|AB]�AB>"S"A(>MK�P_>"S

P_KRKgWJ8Vz"U|KJA�9<8V>"S"A(]sA(>"S"AB>MK7]'PFWgP_xcA�KgABWRI7IRU"eb6�PFI 6'� 0 � ) � 0 476'� 0 ���?�|PF>|S /�4 ) 9 ! 4�� #�9 443�6'�
v�



�l6"A(WJA 6�8XImKg6|A�>�U"x�zsA(W =_[�=?z('RABe(KJIk8V>{Kg6"AlY?WR8XS�� 0 8XI�xpAP_>p=_[�PFTVT|�_PFTXU|ABI�8X>{KJ6"AleBABTVT �
) 8VI7Kg6"AdIRKbP_>"S'PFWRS�S"A(�
8`P�Kg8X=F>%=F[�PFTXT��_PFTXU|ABIQ=F[+KJ6"A�P_KRKgWJ8Vz"U|KJAd8X>%PyeBABTVT � 0 476 , 0 ���1a8VI
Kg6|A7xp8X>"8VxyU"x � xcP��^8XxyU"x �"�FP_TXU"Au=F["KJ6"AQP�KJKgWR8Xz"U^KgA 8X>ZPdeBA(TXT �_PF>"SZS"8XI�KgWR8Xz"U|KJ8X=?>o8XI2Kg6|A
K<L
]sA�=F[ S"8XI�KgWJ8Vz"U|KJ8X=?>�Kg6'P�KHKg6"AyP_KJKJWJ8Xz|U|KgA��_PFTXU"AZ8X>*PceBABTVT �-��=FKgAZKg6'P_KdS"8XI�KgWR8Xz"U|KJ8X=?>
8XI�P�K<L^]�A/=_[yAB>�U"xpABWJP_Kg8V=?>�4$>"=?WRxDPFT �dU">|8V[�=?WRx.�HA��^]s=?>|AB>MKg8XPFT �aP_>"S IR=�=?>�� �~6"A

]'PFWJPFxpA(KgA(WJI(�^A��|e(AB]|Kk[�=?W S"8XI�KgWJ8Vz"U|KJ8X=?>���P_WJA�Y?AB>"A(WgP_KJABScS"8XWRABe(KJTVL zML Kg6"A�S'P_KgPZ=?z('RABe(KJI
�l6"A(WJAP_ImKg6"AkS"8XI�KgWJ8Vz"U|KJ8X=?>Z]'PFWgP_xcA�KgABWE8XI�=?z|KgPF8X>"A(SyzMLyP�U"IJA(Wm=?WEz�L�6ML^]�=FKJ6"ABIR8XI�KJABIRKJI

IJU|eb6�PFI�KJ6"A�� � KJABI�K� �<>|IRKgABPFSo=F[
A��|PFxp8X>"8V>"Y~PFTVTFY?WR8XS"I(��\^� � � : =�U"A(U"ABI2Kg6"A�YFWJ8XS|I�Kg6'P�K
PFWRAZTXPFzsA(TXA(S PFI � ! 1 " 1 
 ��6*9 ��� �~6"AZT`PFz�ABTV8X>"Y =F[mAB8VKJ6"ABW � ! 1 " 1 
 ��6*9 � =FW � 6 3�9�! 1 " 1 
 ��6*9 �
8XI�A(�_PFTVU'P_KgA(S zML0KJ6"A . 3�6 � / 1 6 . 1 476*9 1 ! 
 � " � Kg6"AyA(IRKJ8XxcP_KgA(S WgPF>|Y?ABI �����l6"8Veb6*8Xxp]"TX8VABI
6"=�� WJABTVA(�_PF>MK�P%Y?WR8XS 8VIdKg=%P%Y?8V�FAB> =�U"ABW�L?� � [7P%YFWJ8XS08XIHTXPFzsA(TXA(S*PFI � 6 3�9 ! 1 " 1 
 ��6*9 ���
Kg6|AB> 8VK�8XI�[�U"W�Kg6"A(WmeB=Fxc]"U^KgABS��m�~6"A~S"A�KbPF8VTXABS�ePFTVeBU"TXP_Kg8V=?>�=F[�KJ6"AQeB=F>|�'S"A(>"eBAl8X>MKJABWR�_PFT
� KJ6"A�ABI�Kg8XxcP_KJABS�WgPF>|Y?ABI �lP_WJAaS"8VIJeBU|IJIJA(S 8X> � ����	 �

�~6"A{eB=F>�KJWJ8Vz"U|Kg8V=?>"I�=F[k\^� � �3: PFWRAZKg6|A�[�=?TXTV=��l8X>"Y"4Q\
KbP�Kg8XI�Kg8VePFT28X>^[�=?WJxcP_Kg8V=?>.PFT:9

TX=��lIH\^� � � : Kg=cIJeP_> �l6"=?TXAoS'P_KgPD=?z 'RA(e(KJIH=?>"T:L�=?>"eBA
�sKJ6"A�e(=?xc]|U|KbP_KJ8X=?>�IJ]�ABA(S*=F[
=�U"ABWR8XA(Ip8V> 6 Y?WR8XS�S'P_KgP IRKJWJU"e�KgU"WRABIp8XI � � 6 �1�7PF>"S�Kg6|A�8V>"S"A(]sA(>"S"AB>|eBA�=F[�Y?WJ8VS�WJA�9
T`P�Kg8X=F>"I�IRU"8VKJIH]'PFWJPFTXTVABT2]"WR=^e(ABIJIR8X>"Y|�!�<>*IR]"8VKJAy=F[ 8VKJIdxyU|TVKg8�9<WRABIJ=FTXU|KJ8X=?>�PF]"]|WJ=MPFeb6���8VKJI
eBTVU"IRKJABWR8X>"Y =�U'PFTV8VK<L�8VI~>"=FK�A�sABe�Kg8V�FAF��IJ8V>"eBAZ\^� � �3: S"=^A(Il>"=FK�eB=?>|IJ8XS|ABWleB=?WRWJA(T`P_KJ8X=?>"I

z�A(K<�kABAB>$P0eb6|8XTXS >"=
S"A%PF>|S�8VKgIo>"A(8XY?6�z�=?U"W�>|=^S"A(IB� ��IyP0WRABIRU"TVKB�meBTVU"IRKJABWJI�S"8XIReB=��M9

ABWRABS�zML.\^� � � : S"=p>"=FKl6"P��FAZS|8`PFY?=F>'PFT�z�=?U">"S"PFWJ8VABIB�|z"U|K�PFWJA�A(8VKg6|ABW~6"=?WR8��(=?>MKbPFT�=FW
�?A(WRKJ8XeP_T �

����� � � � ���  �������
	 ��
�/P��FA�57TVU"IRKJABW28XI2PQxyU|TVKg8�9<WRABIJ=FTXU|KJ8X=?>�eBTVU"IRKJABWJ8V>"YlPF]"]|WJ=MPFeb6�IRU"eb6ZKJ6'P_K+xyU|TVKg8�9<S"8VxcA(>"IJ8V=?>'PFT
IJ8VY?>'PFTVIkWRAB]"WRABIRAB>MKlS"AB>|IJA�9 WJA(Y?8X=?>|IQ8X>DP�]"T`P_>'PFW IJ]'PFe(A � ��v�	 �m�~6"A�v!9 S"8XxpAB>|IJ8X=F>'PFT'S'P_KgP
8X> �/P��FA�57TVU"IRKJABWHP_WJAoeB=?>M�?A(WRKJABS 8V>�KJ=pKJ6"A�[�WJA =�U"A(>"e(L.S"=?xcPF8V>�z�L�A(xc]"TV=�L^8V>"Y ) 4 ��6�� "
' ! 3 . 1 ) ) 476�� 9 1 . ��6*4  # 1 ) eP_TXTXA(S � ��
 1 " 1 9 9=! ��6 ) #�3"! 0 ) �$�~6"A.8XS"ABP z�AB6"8V>"S�Kg6"A�KgA(eb6^9
>"8 =
U|ABI�=?z"IRABWR�FABIoKg6'P_KZv�9<S"8VxcA(>"IJ8V=?>'PFTES'P_KgP�=Fz 'RABe�KgIoePF> zsA{WRAB]"WRABIRAB>MKgA(S�8X> PF>�6'9
S"8VxcA(>"IJ8V=?>'PFT�# 1 ��9 # ! 1 )�' � . 1 �l8:Kg6 # 1 ��9/# ! 1 
 1 . 9 3"! ) Kg6'P_KEP_WJAuS'P_KgP�=?z('RABe(KJI�8V>ZP~[�AP�KgU"WRA
IJ]"PFeBA_�

 ��
 1 " 1 9(9=! ��6 ) #�3"! 0 ) S"ABe(=?xp]s=?IRABI�PHIR8XY?>"PFT�8X>MKg=HS|8 �sABWJA(>MKm[�WJA>=
U|AB>"e�L{IJU"z
9<z'PF>|S"I
U|KJ8XTX8 �BA(S�KJ=cS"8VIJe(=!�FABWdKJ6"A�S|AB>"IRA�WJA(Y?8X=F>"IB���l6"8Xeb6 PFWJAoeB=?>|IJ8XS|ABWJA(S*PFI . "$# ) 9 1 ! ) 8V>.Kg6|A

v?�



(a) (b) (c)

��8VY?U"WJA�v^�V F ?4�j.U|TVKg8�9<WRABIJ=FTXU|KJ8X=?> �QP�?A(TXA�KcWRAB]"WRABIRAB>MKbP_KJ8X=?>�=F[lKJ6"A%[�AP_KJU"WJA�IR]'PFe(A.P�K
� P���IJeBPFTXA{ �� � z��7IRePFTVA�v�� � e �~IRePFTVA � [�WR=?x � ��v�	

[�AP�KgU"WRA�IR]'PFe(AF���~6"A�eBTVU"IRKJABWJ8V>"Yr]"WJ=Fz"TXA(x 8X> �/P�?A57TXU"I�KgABWp8XIyKJ=*�'>"S�Kg6"A�S"8VIRKgWR8:9
z"U|KJ8X=?>.=F[�]'P�KJKgA(WJ>"I�=F[m[�ABP_KgU"WRAo�FABe�Kg=?WRIdKg=cWJAB]|WJABIRAB>MKaKg6|AZ[�AP�KgU"WRAZIR]'PFeBAZ�l8VKg6.6"8XYF6

[�WJA>=�U"AB>"e�L.PF>"S�TX=�� [�WJA =�U"A(>"e(L.PFWRAPFIl=F[�PF> 6�9 S"8XxpAB>|IJ8X=F>'PFT�IJ8XYF>'PFT �
 ��
 1 " 1 9(9=! ��6 ) #�3"! 0 S"AB]|TX=�L
xcA(>�Ku6"PFI�Kg6|AQ[�=?TXTV=!�l8V>"Y�PFS|�_PF>MKbPFYFABIB4�U">"IRU"]sA(WR�
8XIRABS

eBTVU"IRKJABWR8X>"Y �'A&��A(e(KJ8V�?AZWJA(xc=��_PFT+=F[�=?U|KJTX8XA(WJI ��PpxyU|TVKg8�9<WRABIJ=FTXU|KJ8X=?>�P_]"]"WJ=?PFeb6 ��PF>"S�eB=?I�K
A�pe(8XAB>|e(L?� ��=FWc8V>"IRKgPF>"eBA_�QKg6"A � ��9 - ) � � '.1 �'T:KgABWRIDxcPF�FA.WJA(Y?8X=?>|IcS"8VIRKJ8X>"e�KDzML�6"8X>^9
S"A(WJ8X>|Y�xp8X>"=FW%8X>|[�=FWJxcP_Kg8V=?> 8X> Kg6|AB8XW�z�=?U">"S"PFWJ8VABIB� �<> =_Kg6"A(W��k=?WRS"IB��eBTVU"IRKJABWRI.8V>

Kg6|AH[�AP_KJU"WJAaIR]'PFeBA�P_WJA�PFU|KJ=?xcP_Kg8VePFTVTVL{]"WR= 'RABe�KgA(S.P_>"S�WJAB]|WJABIRAB>MK�WJA(Y?8X=?>|IQA��^eBTVU"S"8V>"Y
>"=?8VIJA(I � =?U^KgTX8VABWRI ���E�~6"A~xyU|TVKg8�9<WRABIJ=FTXU|KJ8X=?>oPF]"]|WJ=MPFeb6{8:KgA(WgP_KJ8V�?A(TVLoeB=Fxc]"U^KgABImPdeB=MP_WJIJA(W
PF]"]|WJ=�^8XxcP_Kg8V=?>�=F[EKg6"A�=?>"A�S"8VxcA(>"IJ8V=?>'PFTs8X>"]|U|K�IJ8XYF>'PFT�U"IR8X>"YpP TX=�� ]'PFIJIl�'T:KgABWlP_>"S

S"=��l>�IgPFxp]"TX8V>"YyKg6"P_KlIJ��8X]|I�A��?A(WRL�=FKg6|ABWlIJ8VY?>'PFT�IJPFxp]"TXAaP�KlS"8 �sABWRAB>MK�IJeP_TXABI(�
��8XYFU"WJApv^�: ?  8XTVTXU"I�KgWJP_KgA(I�Kg6|Ap8:KgA(WgP_KJ8V�?A{x�U"TVKJ8:9<WRABIR=?TXU|KJ8X=?>�]"WR=^e(ABIJIRABIo[�WJ=?x P��">"A

WJA(IJ=?TVU|Kg8V=?> � P��lKJ=�PDe(=MPFWJIRABWHWRABIR=?TXU|KJ8X=?> � z����a�'=?WdABPFeb6*WJA(IJ=?TVU|Kg8V=?>0WRAB]"WRABIRAB>MKbP_KJ8X=?>��
�pIJU"z^9 z'PF>"S|IHPFWRAoS|AB]"8Ve(KgA(S�4QP_>���
 1 ! � � 1 ) 4 ��6�� " , ��� 1yP_>"S � / 1 9 ��4 " 1 / ) 4 ��6�� " ) , ��� �
� � � ��6 /����21����l6"A(WJA ��� , � ��
 1 " 1 9 � '�' ! 3 ��4 0 ��9 443�6 34#23"! 4 ��476�� " 4 0 � � 1 1 8VIaIJ6"=��l>
8X>�KJ6"AZU|]"]sA(WlTXA([�K =�U'P_S"WgPF>MKB� ��� ,��.3"!14�� 3�6*9 � " 1 / � 1 ) 1Z8XI~IR6"=��l> 8X>�KJ6"A�U"]"]�ABW�WJ8XYF6�K
=�U'PFS"WJPF>MK��� � , 
 1 ! 9 4 . � " 1 / � 1 ) 1�8VI ]|WJABIRAB>MKgA(S%8X>{KJ6"A�TV=��7A(W TVA([�K =�U'PFS|WgPF>MK��� � , 
 1 ! -
9 4 . � " 1 / � 1 ) 1�8XI�]"WJA(IJAB>MKJABSr8X>�Kg6"AZTX=��7A(WdWR8XY?6MK =
U"PFS"WgP_>�KB�HNkL.PF]|]"TVL
8X>|YcKg6|8XIdx�U"TVKJ8:9
WJA(IJ=?TVU|Kg8V=?> ]"WJ=
eBA(IJI�KJ=.[�AP�KgU"WRAp�FABe(KJ=?WJI�=F[~S'P_KgP.=?z('RABe(KJI�xyU|TVKg8V]"TXAyKJ8XxpABI(��P�IJA(K�=F[
eBTVU"IRKJABWRI�8VI�S|8XIJe(=��?ABWRABS�� ��=FKJ8Xe(A�KJ6'P_KlKg6|AZ]�ABW�[�=?WJxcPF>"e(Aa=F[me(TXU"I�KgABWR8X>"Yp8XI~xcPF8V>"TVLc8X>^9
�'U"A(>"eBA(S.zMLpKg6"A5=�U'P_>�KJ8��(ABS%[�AP�KgU"WRAHIJ]'P_eBAaIJ8V>"eBAHKJ6"AH>�U"xyz�ABW7=F[28X>MKgA(WR�_PFTVIkKg6"P_KlPFWRA
=�U'PF>MKg8 �BA(S�[�WR=?x Kg6|A�[�ABP_KgU|WJA�IJ]'P_eBAoPFWJA�S"8 ��A(WJA(>�K�P_K~�_PFWR8`PF>MK~IRePFTVABI�=F[EKgWgP_>"IR[�=?WRx.�

v �



� � � 12� 4'� GaP_KgPFz'PFIRAF�"WRABIJ=FTXU|KJ8X=?>�S"A(Y?WJA(AF��PF>"S�IJ8VY?>'PFTsKg6"WRABIJ6|=?TXS
� 1+� � 1+�M4'��IJA�K�=F[�e(TXU"I�KgA(WJI
$HU'PF>MKg8 �BAa[�AP_KJU"WJA�IR]'PFeBA_�'Kg6"A(>0PFIRIJ8VY?>�=?z 'RABe�KgIlKg={Kg6|AoU|>"8VKJI��
�d]"]|TVL%�7P�?ABTVA(K�KgWJPF>"IR[�=FWJx =F>�KJ6"Aa[�AP_KJU"WJA�IJ]"PFeBA
�
��8X>|S Kg6"AreB=F>">"ABe�KgA(S e(=?xc]�=?>"A(>MKgI � eBTVU"IRKJABWJI �%8X> Kg6|A*IJU"z^9 z'PF>"S|I�=_[ZKJWgPF>"IO9
[�=?WJxpABS�[�ABP_KgU"WRA�IJ]'PFe(AF��P_KlS"8 ��A(WJA(>�K�TVA(�?A(TXI �
�dIRIJ8XYF>.TXPFzsA(T�Kg={KJ6"A�U">"8VKJI��
j0PF�_AoKJ6"A�TX=
=?��U"]�KbPFz"TVA��
j0PF]�Kg6"A�=?z('RABe(KJI�KJ={Kg6"A�eBTVU"IRKJABWRI��

����i���	����!3E, � � �dTVY?=?WJ8:Kg6"x =F[ ��P�FA�57TXU|IRKgA(W�� ��v�	

�<>0��TXY?=?WR8VKJ6"x �|�|Kg6"A��'WRIRK�IRKJAB]08VIQKg= =�U'PF>MKg8 �BAaKg6"A�[�AP�KgU"WRAoIR]'PFe(AZ8V>�KJ=pPpIRA(K�=F[
8X>MKJABWR�_PFTVI+Kg6'P_K�6'P�?Ak8X>��"U"AB>"e(Ak=F>ZKg6|Ak]�ABW�[�=?WJxcPF>"e(Ak=F[|eBTVU"IRKJABWJ8V>"Y"��GH8XIReBWJA�KgAu�QP�FABTXA�K
KgWJPF>"I�[�=?WJx 8XIHKg6|AB> PF]"]"TV8XABS KJ=�Kg6"A =�U'PF>MKJ8��BA(S IR]'PFe(AF� �~6"A{Kg6"8VWJS*I�KgAB] xcPF]"IaS'P_KgP
=?z 'RA(e(KJIk8V>pKJ6"A~KgWgP_>"IR[�=?WRxcA(Sp[�ABP_KgU|WJAlIJ]'P_eBAlKg=oS'P_KbP�=?z 'RA(e(KJIk8V> KJ6"A�=?WJ8VY?8X>'P_T^[�AP�KgU"WRA
IJ]"PFeBAozML�T`PFz�ABTV8X>"Y�S'P_KbP{=?z('RABe(KJIdP_>"S.e(WJABP_Kg8V>"YpP � 3
3 �+# ' KgPFz"TXA_�

� 6"8XTVA �/P�?A�57TVU"IRKJABW{IJP_Kg8VIR�'A(I�Kg6"AD]"WJ8VxDPFW�L WJA =�U"8VWJA(xcA(>�KJIy=F[�P Y?=
=
S/eBTVU"IRKJABWO9
8X>|Y�PFTXYF=?WJ8:Kg6"x{9oKg6"A*S"A�KgA(e(Kg8V=?>�=F[�Kg6|A*PFWJz|8VKgWJPFWRL�IJ6"PF]sA(I�=F[oeBTVU"IRKJABWJI �oPFU|Kg=FxDP_KJ8Xe
eBTVU"IRKJABWR8X>"Y ]"WR=^e(ABIJIRABI ��PF>"S�A�pe(8XAB>MK�Kg8VxcAHxcPF>'P_Y?ABxpAB>MK~�l8VKJ6.TXPFWJYFAaS'P_KbP_z'PFIJA(I �%8VKJI
ABxp]"TV=!L
xpAB>MK�=F[�eB=?>M�?=FTV�?A(S*PF>"S�S"=��l>0IJPFxp]"TXA(S�8VxDP_Y?ABIQ�l8:Kg6�PpTV=�� ]'PFIRI��"TVKgA(W~8X>^9

KgA(WJ]"WRA(KJIlKJ6"Aaz"WR8XS"Y?A�9<TV8X�FA�IJA�Kl=F[ES'P_KbPy=Fz 'RABe�KgI�PFIlPyIRKJWJ=?>|YpIR8XY?>"PFT � �<>.P_S"S"8VKJ8X=?>��^Kg6|A
]'PFWJPFxpA(KgA(WJIHIRU"eb6 PFIaS"ABYFWJABA{=_[kWRABIR=?TXU|KJ8X=?>rP_>"S*IJ8VY?>'PFTEKg6"WRABIJ6|=?TXSr6'P�?A IR8XY?>"8:�'eP_>�K

A�sABe�KgI�=?>�eBTVU"IRKJABWJ8V>"Y ]sA(WR[�=?WRxDP_>"eBA_�

� ��� � ��� � ��*+����� � * �)��� �)� #&������� � ������#	*+! �����

�~6"A :aWgPF]"6
9<]'PFW�Kg8:Kg8X=F>"8X>"Y�PF]|]"WJ=MP_eb6"ABIuABxp]"TV=!L�PaY?WgP_]"6yKg=�xp=^S"A(T|S'P�KbPH=?z 'RA(e(KJIkP_>"S
Kg=�WJAB]|WJABIRAB>MK~Kg6|A �Re(TX=?IRAB>"A(IJI��{=_[2>"AB8VY?6�zs=?U|WJIQP_IQPF>%A(S"Y?A_���~6"A �Re(TX=?IRA �y>"A(8XY?6�z�=?U"WRI
6'P�?AkeB=?>|>"ABe�Kg8V�
8:K<LZS|A(KgA(WJxp8X>"A(S�zML��7A(8XY?6MKJABSyA(S"Y?ABIEKg6'P�KmPFWRAkS^L^>"PFxc8VePFTVTVL�eB=?TVTXA(e(KgA(S

8X> Kg6"AceB=?U|WJIJAD=F[~eBTVU"IRKJABWR8X>"Y"���dI�P0WJA(IJU"T:K�EKg6"A%e(=?WJWRABTXP_Kg8V=?>"I�=F[~S'P�KbP0=?z('RABe(KJI{PFWRA
PFU|KJ=?xcP_Kg8VePFTVTVL A(�_PFTXU"P_KgA(S�� ;�=��7A��?ABW(��S|U"A.KJ=/Kg6"A.S"AB]|TX=�L
xcA(>�KD=F[�P/YFWgPF]"6$Kg6'P�K

WJA>=�U"8XWRABIl6"8XYF6�]|WJ=
eBABIRIJ8V>"Yce(=?IRKJIB�'Kg6|Aoe(TXU"I�KgA(WJ8X>|Yp]|WJ=
eBABS|U"WJA�8XI~U|IJU'PFTVTVLD8X>"A&�ce(8XA(>�KB�

v?�



��������� � 
 �� � � ��� �

5Q;��Hj0�u@2� �-� � v � 	l8XIyPr6|8XABWJPFWJeb6|8XeP_T7eBTVU"IRKJABWR8X>"Y PFTVY?=?WJ8:Kg6"x PFS|=?]|Kg8V>"Y*S|L
>'PFxp8Xe

xp=^S"A(TX8V>"Y.KJ= xpABWRY?A%IRU"z^9<e(TXU"I�KgA(WJIB� � 6"A(KJ6"ABW{K<�k= e(TXU"I�KgABWRI PFWJA�xpABWRY?ABS�8VI{S"A(KJABWO9

xp8X>"A(S zMLrKg6"ApIJ8Vxc8VT`PFWR8VK<L.zsA�K<�7A(AB>�KJ6"Ac8V>MKgABWO9<e(=?>">"A(e(Kg8:�
8VK<L PF>"S ]"WJ=�^8Xxp8VK<L =F[QKg6|A

xpABWJYFABS�eBTVU"IRKJABW PF>|S�Kg6"A�8V>�KJABWO9<eB=F>">"ABe�Kg8:�^8:K<L�P_>"S�]"WJ=�^8Xxp8VK<L =F[~KJ6"A%K<�7=re(TXU"I�KgABWRI

z�A([�=?WRAHxcA(WJY?8V>"Y"�m5Q;��aj.� @2� �-� xc=
S"ABTVIkS"P_KbPy=?z('RABe(KJIlPFI~P��?9 >"APFWRABI�Kl>"AB8VY?6�zs=?U|W
Y?WJPF]"6�� � ,�� �*& 1��B�l6"ABWRA���8VI2PQIJA(KE=F[��FABWRKJ8Xe(ABIEPF>"S & 8XI2PQIRA(KE=F[
ABS|Y?ABI(�m�uPFeb6��?ABW�KgA��

8X>�� 8XIkP�S'P�KbPZ=Fz 'RABe�K~8X>DP�S'P_KgPFz'PFIRAF�^PF>"S%ABPFeb6�ABS"YFAH8XI eB=?>|IRKgWRU"e(KJABS�z�A(K<�kABA(>�K<�k=
�?A(WRKJ8XeBA(I�� %�PF>"SZ�	�u8V["=?>"A7=_['Kg6"Ak�M9 >"AP_WJABI�K�>"A(8XY?6�z�=?U"WJI�=F['� %'8XI2�
���m\^8X>|eBAkKJ6"A7�kAB8VY?6MK
=?> PF>rABS|Y?A{WJA(]"WJA(IJAB>MKJIZKg6|A{eBTX=FIJAB>|ABIJI�z�A(K<�kABA(> K<�k=��FABWRKJ8Xe(ABIB�+KJ6"A ABS"Y?Ay�kAB8VY?6MK�=F[

S"A(>"IJAlWJA(Y?8X=F>"I�8X> : � 8XI�T`PFWRY?AF�F�l6|ABWJABPFIuKg6"A~A(S"Y?A~�7A(8XY?6MKu=F[�IR]'PFWJIRAlWJABYF8X=?>"I�8VImIJxcPFTVT �
}�IR8X>"YpKg6"AZ�?9<>"ABPFWJA(IRKH>|AB8XYF6
z�=?U"W�Y?WJPF]"6���=?]�ABWgP�Kg8X=F>"I�KJ=DA��FP_TXU'P_KJAZe(=?WJWRABTXP_Kg8V=?>�[�WJ=?x

S'P_KgP0=?z 'RA(e(KJI PFWJAcA�peB8VAB>MKgT:L/]�ABW�[�=?WJxpABS�� ��=FWZ8V>"IRKgPF>"eBA_��A��
KgWRABxpABT:L/S"8VIRKgPF>MKyS'P_KgP
=?z 'RA(e(KJId8X>�Kg6|AZ�?9<>|APFWRABIRKd>"AB8VY?6�zs=FU"WlY?WgPF]|6 PFWRAZ>'P�KgU"WJPFTXT:L%S"8VIJeB=F>">"ABe�KgA(S����l6|ABWJABPFI
8VKoeBPF]|KgU|WJABIZeB=?WRWJA(T`P_KJ8X=?>"Iaz�A(K<�kABA(>�>"AB8VY?6�zs=FWJ6"=
=^S|IoS^L^>"PFxc8VePFTVTVL0PF>"S Kg6"ApS"AB>|IJ8VK<L

WJA(Y?8X=F>�8VI~WJA(eB=?WRS"ABS.PFI~Kg6"Aa�kAB8VY?6MKgI�=F[�8:KgI~A(S"Y?ABI(�

�~6"A�IJ8Xxp8XTXPFWJ8:K<L�zsA�K<�7A(AB>DK<�k=oeBTXU|IRKgA(WJI75 %sPF>"SD5��78XI�e(=?xc]|U|KgA(SczML{K<�k=Ze(WJ8VKJABWR8`P�9
� 1 " ��9 4�
 1� 6*9 1 ! -  3�6*6 1 . 9 4�
 479�� , � � 1lPF>"S � 1 " ��9 4�
 1  �"53 )
1 6 1 ) ) , �! %1�� � � 8VI�S"A(�'>|ABSpz�L
Kg6|A�PFz"IJ=FTXU|KJAH8X>MKgA(W�9 eB=?>">|ABe(KJ8V�
8VK<Lcz�A(K<�kABAB> 5 %EPF>"S�5���>"=?WJxcPFTV8��BA(SD�l8VKJ6�WJA(IJ]�ABe(K~KJ=
Kg6|A%8X>MKgA(WJ>'P_Tk8V>�KJABWO9<eB=F>">"ABe�Kg8:�^8:K<L/=_[~Kg6"ADK<�k=*eBTVU"IRKJABWRIB���l6"ABWRADKg6|A�PFz"IR=?TXU|KJA%8X>MKJABW�9

eB=F>">"ABe�Kg8:�^8:K<L�8VI�KJ6"Ak�kAB8VY?6MKgABS IRU"x =_['Kg6"AQe(U|Kmz�A(K<�kABA(>%5 %'PF>"S 5��!� � K�8XI�[�=FWJxcPFTX8 �BABS
PFId[�=FTXTX=��lI(�-��=FKJA�Kg6"P_K &  ,  % �  �� 1{8XIdKJ6"A��kAB8XYF6�KJABSrIJU|x =F[�KJ6"AyeBU^KazsA�K<�7A(AB>/5 %
PF>"S�5��!� 	 ' � ')%7��8XIyKJ6"A%�7A(8XY?6MKJABS$IJU"x =_[dA(S"Y?ABI z�AB8V>"YreBU|K 8V>�KJ6"A�Y?WJPF]"6�Kg6'P�K

S"A(IJeBWR8Xz�ABI�P%e(TXU"I�KgABWo5 %�Kg=�Y?A(>"ABWJP_KgAyK<�k=�z"8XIRABe(KJ=?WB� � � PFTVTX=��lIa5Q;��aj0�u@2� �-� KJ=

eB=F>"IJ8VS"ABWmKJ6"A~S"8 �sABWRAB>"e(ABIu8X>{IR6'PF]�ABI�=F[�Kg6|A~eBTXU|IRKgA(WJIuPF>|S KJ6"A~S"A(Y?WJA(A~=F[�eB=?>">|ABe(KJ8V�
8VK<L
=F[�S"8 �sABWRAB>MK�eBTVU"IRKJABWJI(�

��� � ')% �2'�� ��� 	 ' � ')% ��'��1�
w�� � � 	 ' � ')%7� � 	 ' � '�� � � � v^� � �

�! �8XImS|A(�'>"A(SDP_I�Kg6"AlP_z"IJ=?TVU|KgA~e(TX=?IRAB>"A(IJIuz�A(K<�kABAB>D5 %sPF>"Sp5��7>|=?WJxcPFTX8 �BA(SZ�l8VKJ6
WJA(IJ]�ABe�K�KJ= KJ6"A�8X>MKgA(WJ>'P_T�eBTV=?IJA(>"ABIRI�=F[EK<�k=ce(TXU"I�KgABWRIB� �~6"A�eBTV=?IJA(>"ABIRI�=F[EK<�k=ce(TXU"I�KgABWRI

8XIaxpAP_IJU"WRABS z�L eB=?xp]"U|KJ8X>"Y%KJ6"ApP��FABWJPFY?ApIJ8Xxp8XTXPFWJ8:K<L�zsA�K<�7A(AB> S'P_KbP�=?z('RABe(KJIZ8V> 5 %
Kg6"P_KQP_WJAleB=?>|>"ABe�KgABS%KJ=y5��~8V>c=?WRS"ABWuKg=�PFTXTVA(�
8`P�KgA7KJ6"AdA&��A(e(KgIk=F[�=FU|KgTV8XABWRI PF>"SD>|=?8XIRABIB�

v��



;~5 8XI~eB=Fxc]"U^KgABS.PFI(�

�(' � ')% ��'��1� � � ��� � � � � ��� �� � � �� � � � � � ��� � � ��� � � � � � � ��� �� � � � � � ��� � � ��� � ��� �
� v^� ���

��=_KgA%Kg6"P_K � ��� � � � � ��� � 8XI�KJ6"A�P�?A(WgPFYFA��kAB8VY?6MK =F[�ABS"YFABIyKg6"P_K{eB=F>">"ABe�K �?ABW�Kg8VeBABI 8V>
5 % Kg=.�FABW�Kg8Xe(ABIo8X>/5��{]"WJ8V=?WHKg=�Kg6"Ap]'PFW�Kg8VKJ8X=?>rP_>"S � ��� � � � � 8XIaKJ6"ADP�FABWgP_Y?Ac�kAB8VY?6MK
=F[EKg6"A�xp8X>"8VxyU"x >�U"xyz�ABWl=F[�ABS"Y?A(I~Kg6'P_K�>"A(ABS�Kg=pzsA�e(U|KlKg= eBWRAP_KJAoz|8XIJA(e(KJ=?WJI~�l8VKJ6

5 %<���! 6|ABTX]|I 5Q;��Hj0�u@E� �-� xcA(WJY?ADeBTXU|IRKgA(WJI��l6|=?IJA�xpABWJYFABS�e(TXU"I�KgABW{IR6"=��lI P

eB=F>"IJ8VIRKgA(>"e(L/8X>/KJ6"A%S"A(Y?WJA(A�=F[leBTV=?IJA(>"ABIRI{zsA�K<�7A(AB>�S'P_KgP =?z 'RA(e(KgI�8X>/KJ6"A%eBTVU"IRKJABWy8:[
z�=FKg6*Kg6|A{WJABTXP_Kg8:�?A{8V>�KJABWO9<eB=F>">"ABe�Kg8:�^8:K<L*PF>|SrKJ6"A{WJA(T`P_KJ8V�FA{eBTX=FIJAB>|ABIJIoPFWRA{6"8XYF6��y�~6"8VI

8XIQ[�=FWJxcPFTX8 �BABScKg=pxDP��^8Vxc8 �BA�KJ6"Aa[�U">"e�Kg8X=F>.P_Il[�=FTXTX=��lI(4

��� � ')% �2'�� �����(' � ')% ��'��1�
	 � v^�����

�~6"A��_PFTXU|A�� 8XIyP U"IJA(Wp]"PFWgPFxpA(KJABW�KJ=*S"8XI�KgWR8Xz"U|KJADKg6|A�xDPFYF>"8VKJU"S"A%WJP_Kg8V= zsA�K<�7A(AB>

� � P_>"S �! m��GHU"AlKg=ZeB=?>|IJ8XS|ABWgP�Kg8X=F>"Ik=_[+8X>MKgA(W�9 eB=?>">|ABe(KJ8V�
8VK<LpP_>"SDWRABT`P�Kg8V�FAleBTX=FIJAB>|ABIJI(�
5Q;��Hj0�u@2� �-� ]"WR=��^8VS"ABIdzsA�KJKgA(WH]�ABWR[�=FWJxcPF>"eBAoKg6'P_> =FKg6|ABWd6|8XABWJPFWJeb6|8XeP_T�xpA(KJ6"=^S|I

IJU|eb6 PFI�5Q} ;��~�)��=FKJ8XeBA�Kg6'P�K�5Q;��aj0�u@2� � � S|AB]"TV=!L
IDP S|L
>'PFxp8Xe�xp=^S"A(TlIJU"eb6

Kg6"P_KueBTVU"IRKJABWJ8V>"Y�]"WJ=
eBA(S"U"WRABIkPFWJA~z�AB8V>"YoPFU|Kg=FxDP_KJ8XeBPFTXT:L�PFS 'RU"I�KgA(S��
�l6|ABWJABPFI =FKg6"A(W�6"8:9
ABWJPFWJeb6|8XeP_T�eBTVU"IRKJABWJ8V>"Y{xpA(Kg6|=^S�eP_>">"=FKl8V>�KJABW�[�ABWJAH�l8:Kg6�eBTVU"IRKJABWR8X>"Y{=?]�ABWJP_Kg8V=?>"I(�|=?>"e(A

IRKgPFWRKJABS�� � v � 	u6'PFIoeB=?xp]'PFWRABSrKg6"ApA��^]�ABWJ8VxcA(>MKbPFTu]�ABWR[�=FWJxcPF>"eBA =F[~5Q;��Hj0�u@E� �-�
�l8VKJ6y5Q} ;��0PF>"SZGaN~\"57���o��PF>"S�[�=?U">"S�Kg6'P�Km5Q;��aj0�u@2� �-��=?U|KJ]sA(WR[�=?WRxcIE5Q} ;��
�l8VKJ6�WJABIR]sA(e(KpKg=rS"A�KgABe�Kg8V>"Y KJ6"A�>'P_KJU"WgPFT7IJ6'PF]�ABIp=F[�eBTVU"IRKJABWJI(�$;�=��7A��?A(WB�Q8:KgIyKg8VxcA

eB=Fxc]"TVA��^8VK<Lc8XI~>|=FKlA�peB8VAB>MK��� KJIl�k=?WRIRKlKg8VxcAHe(=?xp]"TXA��|8:K<LD8VI � � 6 � ���|�l6"ABWRA 608XIQKg6|A
>�U"xyz�ABWH=_[uS'P_KbP%=Fz 'RABe�KgIB�oN7A(IJ8VS"ABI(��A�sABe�Kg8V�FAB>"A(IJI�8XI�S"AB]�AB>|S"AB>MKo=?> Kg6|AyWJA>=
U|ABIRKJABS
]'PFWJPFxpA(KgA(WJI(�

������� � � � � ��� � � � �

�l}�� ��5Q@2}H\
� ��  � 	'8XIuPaY?WJPF]"6p]'PFW�Kg8VKJ8X=?>|8X>"YdPFTXY?=FWJ8VKJ6"x Kg6'P�KuS"=^A(Iu>"=FK WJA>=
U|8XWJAlP_>�L

U"IRABWo]'PFWgP_xcA�KgABWaIRU"eb6�P_I�KJ6"A >�U"xyz�ABW�=F[keBTXU|IRKgA(WJI(��6'P_TVK�eBWR8VKJABWJ8XP|�+PF>|S S"A(>"IJ8:K<L PFW�9

Y?U"xpAB>MKJIB���~6"AH]"PFWgPFxpA(KJWJ8Ve�WRABIJ=FU"WJe(ABI7[�=?W7P�S'P_KgPFz'PFIRAHPFWRAHPFU^Kg=?xcP_Kg8VePFTVTVLZeB=?TVTXA(e(KgA(S

zML.GHABT`P_U">'PL�S"8XPFY?WgP_x �l8VKJ6"=?U|K � ' ! 443"!147�
>|=!�lTVABS"YFAF� �<>.KJ6"AyGHA(T`PFU|>'PL�S"8`P_Y?WgPFx��
S'P_KgP0=?z 'RA(e(KJIyWJA(IJ8XS|8X>"Y 8V> KJ6"A%z�=?U">"S'P_WRL =F[lP0e(TXU"I�KgABW�8Xxp]"TVLrP.Y?WJABP_KgA(WyIRKgPF>"S'PFWRS

v��



S"A��^8XP_Kg8V=?> 8X>{Kg6|A�TVAB>"YFKJ6 =F[�KJ6"AB8VW 8V>"eB8VS"AB>MKuA(S"Y?ABIkIJ8V>"eBA~Kg6|A�z�=?U">"S"PFWRL{=Fz 'RABe�KgI76"P��FA
z�=FKg6{IR6"=?WRKmABS"Y?A(IuPF>"S TX=F>"YdA(S"Y?ABI(� \^6"=?W�K�ABS|Y?ABI�8V>"S"8XeBP_KgA Kg6"A~e(TX=?IRAB>"A(IJI�=F[�KJ6"AQS'P_KgP

=?z 'RA(e(KJI�Kg6"P_K�PFWJAaKg=pz�AZe(TXU"I�KgABWRABS�Kg=?Y?A�Kg6"A(WB�'�l6"A(WJAP_IdTX=F>"Y ABS"Y?A(Ide(=?WJWRABIJ]�=?>"S�Kg=cP
WJA(T`P_KJ8X=?>�z�A(K<�kABA(>0e(TXU"I�KgABWRI�=FW~zsA�K<�7A(AB>*P{eBTVU"IRKJABW�PF>"S�>"=F8XIJA_�

�l}�� ��5Q@2}H\^� 8V>M�?=?T:�?ABIaKJ6"WJA(ApI�KgA(]"IB4a�'>"S|8X>"Y�z�=?U">"S'P_WJ8XA(IB�2WJA(IRKJ=?WJ8V>"Y�PF>"SrWJA�9

P_KRKbPFeb6"8V>"Y"��PF>|S0S"A�KgABe�Kg8V>"YDIRABeB=F>"S^9<=FWJS"A(Wd8X>|eB=?>"IR8XI�KgAB>|e(L?�l�uPFeb6.]"6'PFIRA�]�ABW�[�=?WJxpI�PF>

ABS|Y?ADe(=?WJWRABe(KJ8X=?> Kg=0PFS 'RU"I�Ky]"WR=��^8Vxc8:K<L*zsA�K<�7A(AB>�S'P�KbP.=Fz 'RABe�KgIB���~6"AceB=?>">|ABe(KJ8V�
8VK<L
z�A(K<�kABAB>�S"P_KbPo=?z 'RABe�KgIk8X>pAPFeb6%I�KgA(]%8XI S"A(KJABWRxc8V>"ABScz�L KJ6"A�[�=FTXTX=��l8V>"Ya[�AP_KJU"WJA(IB4�� 3 -
. � " 2 1 ��6 , ' 1.PF>"S 2 1 ��6 ��9 � 1 
(, 8 1��E�l6|ABWJA58 8XI�P IJA(K =_[�S"P_KbP =?z('RABe(KpP_>"S ' �

8 ��� 3 . � " 2 1 ��6 , ' 1p8VIdKg6"ApP�?A(WgPFYFApTVAB>"Y_Kg6*=F[kABS"YFABI�8X>"e(8XS"A(>MKHKg=�P�S'P_KgP%=?z 'RABe�K ' �
PF>"S 2 1 ��6 ��9 � 1 
(, 8 1c8XIHKg6|ADP�?A(WgPFYFAc=F[kKg6"A I�KbPF>"S"PFWJS S"A(�
8`P�Kg8X=F>"Ia8X>rKg6"A TVAB>"YFKJ6
=F[�8X>"e(8XS"A(>�K�A(S"Y?ABI�[�=?W�PFTXT+]�=?8V>�KJIl8X> 87� �<>|8VKg8XPFTXT:L?�^�l}�� ��5Q@2}H\^��eB=F>"IRKJWJU"e�KgIdYFWgPF>^9

U"TXPFWDe(TXU"I�KgABWRID[�WJ=Fx KJ6"A*GHABTXPFU">'PL�S"8`P_Y?WgPFx�� � KDKg6"A(>�WJABxp=��?A(I�ABS"Y?A(I%[�WJ=?x Kg6|A

GHABTXPFU">'PL0S"8`PFYFWgPFx����~6"A A(TX8Xxp8X>"P_Kg8V=?>.=_[7A(S"Y?ABIoPFIaKJ6"A{�'WJI�K�IRKgA(]/8VIHS"=?>"A zML*Kg6|A

]"WR=��^8Vxc8:K<L � eBTV=?IJA(>"ABIRI �yS"ABWR8V�FABS�[�WJ=?x � 3�6�� & / � 1 ) , ' 1�PF>"S � �.3"! 9 & / � 1 ) , ' 1��r�~6"A
� 3�6�� & / � 1 ) , ' 1a8X>|S"8XeBP_KgA(IuKJ6'P_KkKg6"A�ABS"Y?A(IQPFWRA�K<�k=yTX=F>"Y 'R=F8X>"8V>"Y�S'P_KbPo=?z 'RA(e(KgIk[�WJ=?x
S"8 ��A(WJAB>MKkeBTVU"IRKJABWJI(�
�l6|8XTXA � �.3"! 9 & / � 1 ) , ' 1�e(=?>">"A(e(KgI K<�7=�eBTX=FIJAlS'P_KgPo=?z('RABe(KJIk�l8:Kg6"8V>
P�eBTVU"IRKJABWB� �~6"ArIJABe(=?>"S IRKJAB] 8XI%Kg=�WRABe(=!�FABW�ABS"YFABI�8X> � �.3"! 9 & / � 1 ) , ' 1rKJ6'P_K�PFWRA
8X>MKJWgP�9 eBTXU|IRKgA(W�TX8X>|�
I(�%�~6"ApKg6"8VWJS IRKgA(]�WJA(ePFTVeBU"TXP_KgA(IaKg6"AcTX=
ePFT��_PFWR8`P_KJ8X=?>*KJ=.WRABxp=!�FA

8X>"PF]"]"WR=?]"WJ8XP_KgAlA(S"Y?ABI7A(�_PFTXU"P_KgA(SDzML Kg6"A�>"A(� 8X>|S"8XeBP_Kg=?W � 3 . � " 2 1 ��6 � � � , ' 1d�l6|8Xeb6%8VI
Kg6|A P��FABWJPFY?A{TXA(>"YFKJ6*=F[ ABS"Y?A(IH�l6"=?IRAp]"P_Kg6"I�P_WJA vD>"A(8XY?6�z�=?U"WR6"=^=
S"IHI�KbPFW�Kg8V>"Y�P_Ka]��

��8VY?U"WJAov
�V !v�]|WJABIRAB>MKgI�Kg6"AoGHA(T`PFU">"P�LDIRKJWJU"e�KgU"WRA�PF>|S.]"6"PFIJA(I�=F[��l}�� ��5Q@2}H\
�a�

�~6"ApeB=?>MKgWR8Xz"U^Kg8X=F>"IH=F[k�l}�� ��5Q@2}H\^� [&PFeB8VTX8VKgP_KgA�PFU|KJ=?xDP�Kg8XeZeBTVU"IRKJABWJ8V>"Y�8X>*Kg6|A

PFz"IRAB>"e(A~=F[ � ' ! 443"! 4���>"=��lTXA(S"Y?AlPF>|SyS"A(KJABe�Kg8X=F>y=F[�TX=
eP_TXTVLHS"AB>"IRAlPFWJABPFIB��;�=��kA(�?A(WB��8VK
IJU0��A(WJI~[�WJ=?x S"8VxcA(>"IJ8V=?>'PFTV8VK<L ]"WR=?z"TXA(xcI7PFIlPyWJA(IJU"T:Kl=F[E8VKJI7S'P_KgP{xc=
S"ABTV8X>"YoxpA(Kg6|=^S��

� [�S'P_KgP/=?z 'RA(e(KJI%�l6"=?IJA0S"8XxpAB>"IR8X=?>�8XIc6"8XY?6|ABWcKJ6'PF> v�9<S"8VxcA(>"IJ8V=?> PFWRA PF]|]"TX8VABS�KJ=

�l}�� ��5Q@2}H\
�a�_8:KgI2]sA(WR[�=?WRxDP_>"eBAu8XI+x�U"eb6�S"A(Y?WgP_S"ABS����'=?W+A��|PFxp]"TXA_� /
9 S"8XxpAB>|IJ8X=F>'PFT
S'P_KgPH=?z 'RA(e(KgI�WRA =�U"8VWJA � � 6ZTX=?Y 6 � 6 � � ���?�l6|8Xeb6{8XImPFTXxp=?IRK�PH]�=?TVL
>"=?xp8`P_T
8V>"eBWRABxpAB>MK�

�?w



(a) Delaunay Diagram

(c) After Phase 2 (d) After Phase 3

(b) After Phase I
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(a) Directly obstacle free density−reachable (b) Obstacle free density−reachable

(c) Obstacle free density−connected
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Modeling Constraints

Grouping data objects with constraints’ models

Discover a set of Clusters

Clustering problem in the presence of physical constraints

7u�%7(;�#�� z F ! � � 'D��O	�:#$O
�%�,0H�pU �-7 ��/%; �

� ��� ��� � 
�� � � 
7� ��� �
	���

������������������������� �!�#"$�&%���')(��*�����,+!�*-.�/�,�890��12���3�4(�'5�
�6�*��%7(�+,�*�,�,-.��8��
9 � 12���3�;:
(�'.���<�*+��=">�?%��
'5�
%61/@$�!���BAC��'.@&8����ED<��%�;�(
�,-5���E�*'.8���+�-.�!�2"F�,�HG�+�;2���I�,���*+,(3�J�,G��4(����
9
�K+,�*�,�,-.��8��L�*+��M">�?%��
'5�
%N�<-.�,��+,����GO�
(
�I�,�P�Q�K�EG�+�-5��(
-5G�'.����R ���S�!+T@���%�8*�U�*��% ���S�!+�@
GV��-5�S��9XWY��������-5�7��;�+,���*'.'5���Z�,�[-5">G�+,���*�N�!��� ���]\?-512-5'5-^�Q@_�*`L�!�2���*'58*��+,-^�!��"Jab`c�*+
-5�2���3�4��(��4aC(
���S�!+���'5'.-5��8$%��4�3� �����d�*��%e�*�,��-58��2-5��86G�+�-5��+�-.�Q@*9fD<��(��*'5'C�!���4��7g-58(;�+��Uh?9 !
8��
����+,�*'5- �����i�,���L���S�!-.+,�LG�+��?(
��%�;�+����)�*`C�!�����-7 �K'%; �j�4'58���+�-.�,��"k9
� ��(��f�l�f�����*�M(��*��%����2�,��%m��12���3�4(�'5�
��;���-5��8$�!���nGO��'^@&8����J+,��%�;�(
�,-5�����4'58���+�-.�,��"

�*��%j">�?%��
'5�
%j(
+,�����,-.��8o(
�����T�!+!�4-5�S�!�
a-�-7 �K'&; � �T�3�*+T�!�E�!���m(�'%;����,��+�-5��8pG�+��?(
��%�;�+��
`c+,�*"q�*���*+,1�-^�!+,�*+�@N%��4�3�EGV��-5�S��9>WY��-.�B-.�I�!���$�*%2�4�*�S�3�48��U�*` �-7 �K'%; �r-.���!���4�B�!�2�
GV��+�`c�*+,"$�*��(��I-.�<���*�<�,�
���,-^�!-^���I�!�$�*�E-5��G�;2�)��+,%��
+�9 ��;��=�,�>�,���B�*+,1�-^�!+,�*+�@$�,�
'5��(]�!-.���
�*`C�*�6-.��-.�,-s�*'2���3�4+��!-.��8MGV��-5�S��a��-7 �K'%; �t(��*�6(
������-5%��
+K(�+����,��-5��8H(
�����T�!+!�4-5�S�!� 	 ��
 ��� ���
. �	�vu �U(
'&;��T�!��+�-5��86%��4�3�PGV��-5�S�,��9MWY��-.�I�����41�'5�
� �-7 �K'&; �w�!�E1V� ���]\?-.1�'5�M-.�m+,�
�&-.�,-5�28
%�-.�,(����*��+,�
%7(
'&;��T�!��+���9[WY�2�J(
'&;��T�!�
+,-5�28�G�+,�&(��
%�;�+,�E-.� �-7 �K'&; �d-5�H��-5">-5'5�*+B�,���!���x�
�*`)�-7 5��Ky 4 � !;h��za{�<-^�!�_+����,GV��(]�H�!���,���6%����2�,-.�Q@#���*�,-5���|9 @)����(
�*al�*'5'b%��]}���-.�,-5���2�
-5�S�,+,�&%�;�(��
%k-.��5?��(]�!-5�*� %&9 +29 !B�*+,�L-.������+�-.�,��%6-5� �-7 �K'%; �~9
4���+�"��4'5'.@*a4(
'&;��T�!�
+,��%�-.�,(����*��+,�
%U1/@ � !�h��2�,���4���4+,�i���4���!�4�,-5�T}���%H1S@ �=�]}���-^�!-5�*� !(%?a

�*��%B�<����+��l�,���l%2-5���!�*��(
�l1V�
�Q�l���
�M�!���
"�-5�C's�*+�8���+|�,���*�"�*���]a4�*+,�{`c��+�(���%B�!�)1O�l�*G��4+���9
�K��������?c;��
�/�,'.@*a6�-7 5��Ky 4d%��&���I�2�*�I(��*+,+,�
(
�,'.@�G2+,�&%�;�(��f8�+,�(;2G��I�*`b%��4�!�PGO��-.�S�!�=-.�

�#8



�!�2�~G�+����,�
��(��I�4` (������T�!+,�*-5�S�!�
9��Q�P��+�%���+b`c��+i�*���*'58*��+,-^�!��" �,�M+,�
�,��'^���)�!���=(
'&;��T�!�
+,-5�28
G�+���1�'5�
"�-.�p�,���6G�+����,�
��(��k�*`)(����2���!+,�*-5�S�,��al�,���6(��*�����,+!�*-.�/�,�U�,���(;2'5%p1O�E���$(
-5�
�/�,'.@
G�+��?(
���,����%m�!�6G�+��?%�;�(��H(
��+,+���(
�L(
'&;��T�!�
+,-5�28P+,�
��;�'^��9 ���,-.��8P�!�2�HAg��'^@&8����mD<��%�;�(]�!-.���
�*'.8���+,-^�!��"Ja �-7 �K'&; � ���>(�-5�
�S�!'.@0GV��+T`c��+,">�>�,����(
'&;��T�!��+�-5��8��*`L%��4�!����1�����(
�,���<-.�,�
��1��T�3�*(
'5�
��9��Q�N�*%2%�-.�,-5���|a,�-7 �K'&; � 8�+��(;�G��)%�-5�T�3�*�S�<(
'&;��T�!��+��)�<-^�!� � ��
 � 
 ��� ' � �n�4��%
� ��
 � 
 � ������
 �L`c+���" (
+,�����,-5�28$(
�������,+!�*-.�S�!��9

�	� ��
� R0�I�4�!�*1��*���*a �K+����,��-5��8*��aV�*��% � 1����!�*(�'.���
� 
��'��
�� R�y �,�]�)�*` (
'&;��T�!�
+,�

����� ����-5'.�I(�'%;����,��+,-.��8�a�12+,-5%28����<�*+��I�3���4���N-.�S�!�U�*(
(��(;��S� �
��� �3�4+��)(�'%;����,��+,-.��8H`c+,��" ���/�,+�@EGV��-5�S�,�Y�*` (
+,�����,-.��8�� �
����� � + ����	9�������2' .4	9

	"� ������
 � � ������
 ��� ��� .4	9

	�� 	����"! �
# $%� �G: ��	9� � � u �2�*
 ��� ! .4	9

	�� 	����0) � ������
 )+� u �2�*
 ���'& �K) �*���0) ������ 
��0) � �*�*
2		�]u � � #

�)(* �
+ �K'&;��T�!�
+'�Q% )r��� \?�'�Q%�&��K'%;����,��+,�Q%0(*�

* ��! $%�
* ��! ��� �

-/.10 � �2$ �)(�3 $�457698 �K'&; �

�Q�oy�'58��*+,-.�,��" :��2ab(�+,�*�,�,-.��8m(����2���!+,�*-5�S�,�$�4+,�6�3���4���0-5�S�!�e�*(
(��(;2�/�>�<��-.'5�P(
'&;�� :
�!�
+,-.��8E%��4�3�6��1�����(
�,��9<; � � u>= �F"$�x\?-5"$�*'.'.@E�]\?G��4��%��n�J���
�B�*`l(�'&;2���!�
+,�B��;�(3�e�!���x�
�*'.'i%��4�!�eGV��-5�S�,�M�!���4�$�*+��E+,���4(3���*1�'.�J1S@p(
+,�����,-5�28����4+,�E8�+,�	;�GO�
%0�,��8��]�!���
+�9@?��*�,�
�!���4�A; � � u>= ��(��*�$�*'5���B(
������-5%��
+b(
+,�����,-.��8n(
�����T�!+!�4-5�S�!�l�4`v�!�
+�(�'%;����,��+,-.��8�9�B)���K�]����+
a
�<���
� -^�6(���">���P�,�_%2@&���*">-5(��]�4�*'&;��x�!-5�*�t�*`B(���+�+,�
's�4�,-5������1O�]�Q�K�
���j%��4�3�_��1�����(
�,�
�*��%#(������T�!+,�*-5�S�!�
a �!�2��(�+����,��-5��8N(������T�!+,�*-5�S�!�n"N;��T�M1V��G�+��?(
���,����%_-.���!�2�P(��(;2+,�,�$�*`
(�'%;����,��+�-5��8�9

C'6 �4�!�*1��*���	De-5�>�����
�$�*`=%��x�3��GV��-.�/�,�H�!�e1O�J(�'%;����,��+,�
%t-5�0y~'.8���+�-.�!�2" :��?9E�Q�
�!�2-5�Y�!���
�,-.��a��!���L%��x�3�*1��4�,�B-5�<'5-."$-^�!��%$�!�U�Q�K�>%�-5">���2�,-5�*���*'|��G��*(��L`c��+<�]\?GV��+�-5">���S�3�*'
G�;�+�GO�*�,���
9GF -5�2� %U-5��-^�!-s�x�!���i�,���f(
'&;��T�!�
+,-5�28�G�+��?(
��%�;�+��f`c+,�*" �$�,�]�I�*`��
�S�!+�@JGV��-5�S�,�
�!���4�P�4+,�J"$�&%���'.��%p`c+,��" (
+,�����,-.��8#(
�������,+!�*-.�S�!��9 WY�c;��
a<�����
�P�4`=%��4�!����1�����(
�,��-.�
"$�x\?-5"$�*'5'^@[8�+��(;�GV��% �*(
(���+�%�-5�28#�!�#�,����(
+,�����,-5�28[(����2����(]�!-.�&-^�Q@7%��]}����
%j1S@7�#�,�]�
�*`l���S�!+T@mGO�*-5�S�!�L-5�m(
+,�����,-5�28k(
�������,+!�*-.�S�!��9H?)�*�!�H�!���4�IF -.���"%9;��,�
�B�,���U"$�&%�;�'.�M�*`
� \?G��*��% �K'%;����,��+U`c��+U�*'.'i���S�!+T@pGO�*-5�S�!�M�,���4�$�*+,�6">�&%���'.��%_`c+,��" (�+����,��-5��8e���S�!-^�!-.����9
� ��(��B�H"$�x\?-5"N;�" �,�]�)�*` (
'&;��T�!�
+,�<-5�Y%�-.�,(
�;�*��+���%��x`v�!��+7F -.��� %?aJF -5�2� +U1�;�-5'.%��I;�GJ�
(�'%;����,��+~`c+���" %��4�!����1K���
(
�!���!���4�=�*+,�n���*�I+����*(3���*1�'5�n1S@k�,���M(�+����,��-5��8�(������2��(
�,-.�&-.�Q@

��L



�	��� 
� R 6 �4�!�*1��*���*a{��%��x�3��GV��-5�S�UAC��-5�S��a��K'%;����,��+,�Q%|a ��G��
a &k-5��A �,��al�*��%
� 1��T�3�*(
'5���

� 
�� � 
�� R�WC+�;��L��+�� �*'.�,�
��� ��� 6 ) D<�
�,+,-5�]���	?���-.8��/1O�	;�+,���zAg�*-5�S��a ��G��
a � 1��T�3�*(
'5�
���
	
��$%���
�� �&� � � � ��� �� u � ����� ��	�� �  �� ��� �)(* �
� �K's�*���,-^`v@6Ag�*-5�S���*�7? � � ��� 	
# D)�]��;�+���� �*'.�,��	
* ��! $%�

+ (3���*��8*�n(
'&;��T�!��+���%J�*` �*'5'|�
'5�
"$�
�/�,�<-5� ����� 6 -.�/�,� �K'&;��T�!��+,�Q%�	
� %���'.�
�,�nAC��-5�S�<`c+,�*" ����� 6 	
��� ( $ . * 5���� ; 6 5 &! �#"%$ ! �
& ��;�+,+����S�3AC��-5�S��) ����� 6 9 }�+,�T�'�(�!	
) D ��� � F?W ) D)�]�!+�-5�
�*� ?)��-58*�&1V�(;�+��*����;�+,+����S�3AC��-5�S��a � G���a � 1����!�*(�'.���+�
	
�-, $%� + ��5/.1032 6 5 &! �#465  �� �7� � ( * �
� � ��� �98 u 8 � 8 � � L +�:�5/.�0;2 ! �
�'� $1�<8 u 8 � 8 � �/�� .�= �>0�?�5
5 &�@�&+: ; �)( * �
�,� G�;2�)-^�Y-5�S�!� ����� 6 	
� # �,�]�)-.�!�Y(
'&;��T�!�
+)-.%6�!�BAK'&;��T�!�
+'�Q%�	

* ��! $1�
�'+ $1�<8 u 8
CD8 � �/�� =�� & 5E: �)(* �
�-� �,�]�)-.�!�Y(
'&;��T�!�
+)-.%6�!�BAK'&;��T�!�
+'�Q%�	

* ��! $1�
* ��! ��� �

* ��! $%�
� � %���'.�
�,�FA�;2+,+,�
�S�3Ag�*-5�S��`c+���" �G�/� 6 	

* ��! �
�-& D)�]��;�+��kWC+�;2��	
-/.10 � �2$ �)(�3 $ $J5 � \?G��*��%HAK'%;����,��+�� 6 �4�!�*1��*���*a Ag��-.�/��aIAK'%;����,��+,�Q%|a � G��
a &J-5��A �!�
aIJ=1��T�3�*(
'5�
���

-5�U�!�2�~%��4�!�*1��*���*9 �Q�>�!����(��(;2+,�,���*`|(
'&;��T�!�
+,-5�28�aKF -.���~hB�*���,-.8����i�L���]��(�'&;2���!�
+l-.%>`c�*+
�!�2�B�2�]\&�)�]\?G��*��%��*1�'5�B(�'%;����,��+
9
WY��� � \?G��*�2%HAK'&;��T�!�
+N-5�jy~'.8���+�-.�!�2" :�:�"���@ ������" ��-5">-5's�4+��!�p�!���m`W;���(]�!-.���

�*`L�!�2� 698 � AKyG?B9AB����l�
���
+�a=�,����%�-5�T�!-.��(
�,-5���t-.���!���4�E��1��T�3�*(
'5���E�4+,��(��*���,-.%���+���%
-5�[D)�]�!+,-.�
�*� ?��
-58��/1V�(;�+��9�zAg�*-5�S��a � G��
aKJ=1��T�3�*(
'5�
���]a{-.'5'&;2���!+,�4�!�
%#1S@[y�'58��*+,-.�,��" :'L?9
M -.���
�p��Nc;���+T@_GV��-5�S��a ����-.8��/1O�(;2+,�M�*`Y�,���<Nc;���+T@[GV��-5�S�M�*+,�P+��
�,+,-5�]���
%S;2�,-5�28 � Di:
�!+����49��Q� 698 AK'&;OA~a��K�b�������b�*%2��G2�!�
%B�,����+!�4��8��{����-.8��/1O�	;�+1Nc;���+T@L�*G�G�+��S�*(3�B-5���T�!���*%
�*`i�,���>�����*+����T�H����-.8��/1O�	;�+PNc;��
+�@��*G�G2+,�S�*(3��`c+,��" � Di: �,+,�
�*a ��-5��(
��-^�n-.�n� \&�!+,�
"$�
'.@
%�- �$(,;�'.�b`c��+b�!���='5�4�,�,��+{�!�M� \?G��*��%J�f���
�Y�*` (
'&;��T�!�
+,�i-^` �f%��
���,-^�Q@��*` %��4�3�f�*1K����(]�!�i-.�
��-.8��|9 WY�2�=�����
+!�*8��)+�;2�$�!-."$�Y�4` �L����-.8��/1O�(;2+/Nc;��
+�@>-5� � Di: �,+,�
��-.� �RQs'5��8G=/SxaS�<����+��

T�U



= -5�=�,���H�c;�"M1V��+L�*`l%��4�!�P��1K����(]�!�
9 ?)�*�!-.(��M�,���4�I�!�2�H+!�*��8*�H�,���4+,(3�#-.� � Di: �!+����H-.�
���
+�@>�]\?GV������-.�*�*a2�
�,GV��(
-s�*'.'.@f�<�2���$�,���)%�������-.�Q@U-.�{�*��+T@U��-58��U�<-.�,�>�B'5�*+,8��Y%��4�3�*1��*�,�49
J=��(��L���
-58��/1V�(;�+��Y�*` � Nc;��
+�@EGV��-5�S�Y�����*�n1V���
�k+��
�!+�-5�]����% a�-.�Y-.�i�!+,-^�&-s�*'V�!�H�
�4�*'%;��4�,�
�&-5��-51�-.'5-.�,-5�
��1V�
�Q�l���
�[�<Nc;���+T@mGO��-.�S�L�*��%e-.�,�=����-.8��/1O�	;�+,�
9HWY���H�?-.�,-.1�-5'.-.�Q@J1O�]�Q�K�
���
�Q�l�f%��4�!�n��1�����(
�,�K-.�>�,����G2+,��������(
�=�*` ��1����!�*(�'.���b-5�{(��*"$G�;?�!��%T;��,-.��8M�L'5-.���Y�,�
8�">���S�
����-.��-5��8E�Q�l��%��4�!�k��1K���
(
�,��9 � `)�4�/@e��12���!+@;�(
�,-5����'5-.���$+���G�+��������S�!-.��8��*�[�*1����!�*(�'.�$-.�
-5�S�,��+,����(]�!��%k�<-.�!�k�U'5-5�2�I�,��8*"$�
�/� ����-.��-5�28$� Nc;���+T@EGO�*-5�S���*��%k�>%��x�3�U��1K����(]��a��!�2���
�!�2�>%��4�3�EGO�*-5�S�L-5�I� \2(
'&;�%2��%�`c+���"�� &�����`c��+=�,��� Ng;2��+�@eGV��-5�S��a �,-5�2(��H�!���]@e�*+,�U���4�
�&-5��-51�'.�n`c+,�*" ���4(3�e�4�!���
+L�*(�(
��+,%�-.��8P�!� 6 �]}���-^�!-5�*� T 9 B����K�]���
+�a -.`l�PG�+�-5��+�-.�Q@J�*`l�
1�+�-5%�8��)-5�{��-.8����
+b�,���*�$�,���4�l�*` �4����1��T�3�*(
'5�4a&�,�������,���)%��4�3�B��1K���
(
�!�K�*+,��8�+,�	;�GO�
%�-.�
�,G2-.�!�f�*`{�!���M�&-5��-51�'.�f+���'s�x�!-5�*���~1V�
�Q�l���
���Q�l�J�*1K����(]�!��9nWY��-5�~-5�=���2� �*�
@��*%2�4�*�S�3�*8*�
-5� �,��� 698 AK'&;HAZ`c��+P�<-.%��m�*G�G�'.-5(��*1�'5�N%���"$�*-5���
9 � �E-5�6�2�*�k���4�*-.'s�*12'5�k�,� A J 6 :
A F y=D<yG? � �*��%�y ��W�J�A F � � W��M9EWY�������P�*(
(��
G2�!�
%[����-.8��/1O�	;�+,�B%��
}�����%p�*�L�!�2�
����� 6 �,���4�L�4+,�M+��
�!+�-5�]����%m1S@�D<�
�,+,-.�
���	?��
-58��/1V�(;�+,�I�4`ly�'58��*+,-.�,��" :�:M(
���S�!-5�c;��M�,�
�]\?G��4��%E�f(�'%;����,��+b`c+,��"F��'.��">���S�!�l�*` �!�2� ����� 6 a2-^`|�!�����c;�"M1V��+K�4` ��'5�
"$�
�S�!�K-.���!�2�
����� 6 -5�{���4�K'.���,�{�!���*�
	k-.��A �!�
9�yj%��4�3�B��1K����(]�K-.�l'5�*1V��'5�
%U1/@$�*���*�,��-58��2��%�(
'&;��T�!�
+
-5% aV-^`�+,�]�!+�-5�
�*��%��2��-58*�&1V�(;�+��=�*+��f�,�4�!-.��}��
%N�<-.�,�k�!�2�fG��*+,�*">�
�!�
+�5  ��� ��� �]\?(�'%;�%�-.��8
�(;2�,'5-.��+,�
9/?��4�!�U�!���4� F -5���<: U -5�ey~'.8���+,-^�!��" :�:�� \?(�'&;2%����f�k����-.�,�U`c+,��"q1V��-.��8k�*�
��'.��">���S�<�*`C�!��� ����� 6 -.�E��+,%��
+Y�!�U�������*��(�� Nc;���+T@E� �>(�-.����(]@�9

�	��� 
� R �H%��4�!�>�*1K����(]�~AC��-5�S��a � G2��a �*��%�J=1����!�*(�'.���
� 
�� � 
�� R�y �,�]�)�*` %��4�3�HGV��-5�S�!�

� D ��� � F?W� 8��
� ?��
-58��/1V�(;�+*� Ag��-.�S��a � G��+�
	
� ��� � 8 u 8
CD8 � � " + :�5/.�0;2 ! �
� $%� � � 8������1��
 �  u 7� 
 . 7� � Q " )����  � � )�� � �
����� u 8�� S �)( * �
# D ��� � F?WI9 %���'.�
�,� � " �!	

* ��! $%�
* ��! ��� �

+ D)�]��;�+��ND ��� � F&WR	
-/.%0 � �2$ � (�3 $�� 5 D<�
�,+,-5�]���	?���-.8��/1O�	;�+,���zAg�*-5�S��a � G��
a J=1��T�3�*(
'5�
���

WY��� C D ��� � F&WADN-.�#y~'.8���+�-.�!�2" :'L6-5�n�N�,�]�M�*`Y%��4�3�J��1K����(]�!�B�!���4�f�*+������
-58��?:
1V�(;�+,�<�*`g8�-^����� Nc;��
+�@E��1K���
(
�,��9bWY���n�
'5�
"$�
�/�,�Y-5�6�!�2�nD ��� � F&Ww�*+��L(���'.'5��(]�!�
%k�4��%
�!�2�I��1����!�*(�'.���Y�4+,�=�]�*�4'&;��4�,��%61S@Py�'58��*+,-.�,��" :'L?9 WY�2�nD ��� � F&W���'5�
"$�
�S�!�<�*+��=(����&:
���,+�;�(]�!�
%j1S@o+,�
"$���&-5��8�%��4�!�#��1K���
(
�!�P�,���4�P�*+,�k���*���&-.�,-512'5�E`c+,��" � Nc;��
+�@tGV��-.�/�

T :



Ag�*-5�S�~1V��(��	;����f�*` �,���B1�'5�&( �x�*8��L1S@k�*1����!�*(�'.����9YWY�2-5�<�3�*�,�J-.�<GO�
+�`c��+�"$�
%N1S@�F -.�����
-5�Ey�'58���+�-.�,��" :'L&9 ?)�*�!-.(��=�!���4�)'5-5�2� :n-.�ky�'58���+�-.�,��" :*LU+��
�!+�-5�]�����)���
-58��/1V�(;�+,�<�*` �
8�-^�����9Nc;���+T@EGO�*-5�S��a
;��,-.��8 � D �!+������ L T�� 9

� ��� � �> � 
7	
	 �
	��

y~� %2-5�,(,;��,����%n-5�=�!�2�bG2+,�
�&-.�(;�� (3���*G?�!��+���ax�!���{AC��'.@&8����BD<��%�;2(
�!-.���L�*'.8���+,-^�!��"�">�?%2��'5�
��1��T�3�*(
'5�
�n�4��%�12+,-5%28����L1S@m(�'5�*�,��-.`v@&-5��8E�4����12���3�4(�'5�>�*�L�
-.�!�2��+I(��*�/�*�]\#��+I(��*��(������49
F �
����1V�=�!�2�B�c;�"f1O�
+Y�*`CGO��-.�S�!� � �
%�8��
���i�*`g�HGO��'^@&8���� �la��*�2% ���W�b�*��% ��� � 1O�I�!�2�
�c;�"M1V��+<�*`g(����2(������n�*��%J(����S�*�]\kGO�*-5�S�!�
a�+,�
�,GV��(
�,-.�*��'.@*9lWY�2���|a

B  B �W� � B � � �zh?9 :*�

����+i�!���LWb;�+,�2-5��8 6 -5+���(
�,-5���E�4G�G�+,���*(3�k-.�6�!���PAK���S��� \?-.�Q@E�!�
����a��,���B(���">G�'5� \?-.�Q@
�!�~(�'s�4�,�,-^`v@n���Q@&GO�Y�*` �t�*�C�K�
'5'��4� �!�='5�*1V��'?���Q@&GO�i�4` �
���
+�@fGO��-.�S� -5� �t-.� �RQ ��Sxa��4��%
�!�2�>(
��">G�'5� \2-^�Q@��*`b�!�2� � \&�!�
+,���4'5-.�Q@�"$�]�!���&%m-5� �RQ ��-Sx9HWY���$Ag�*'.@&8����eD<��%�;�(]�!-.���
�*'.8���+,-^�!��" +,� Nc;�-5+����n�6�l��-.8��S�!�
%#8�+,�*G��m�!�J+,��G2's�*(
�$�6���*�?: �*%2"$-.�,�,-.1�'5�f��1����,+�;�(]�!-.���
'5-.��������8�">���S�M�<-^�!�_�����
�H�4`~�4%�"$-.�,��-51�'.�$'.-5���>�,�
8�"$�
�S�!��9eWY���P(
��">G�'5� \2-^�Q@e-5�[�!�2�
+,�
G�'s�4(���">���S�Y-.��a&-5���,���~�l��+,�T�Y(��4�,�*a �RQ : S ;��,-.��8H�*�E�*%)�,�*(��
��(
@$"��x�!+,- \U�!���x�Y+,�
G�+,� :
�,�
�S�!�<�*%�">-5���,-.1�'5�<(��*������(]�!-^�?-^�Q@>1O�]�Q�K�
���6���
+��!-.(��
�i`c+,��"F�fGV��'^@?8*���|a/�<����+��P:�-.�l�!�2�
�c;�"M1V��+i�4` �4'5'VGO�����,-.1�'5����1����,+�;�(]�!-.���6��%�8*����a�-.��(�'%;�%�-.��8M�M���
�<�*` '.-5�����,��8*"$�
�/�,�i�!���x�
'5-.���Y-.� �l9 ?��4�!�L�!���4�R: -5�<'.���,�<�!���*��� � ��a��<�2��+,����� ��9lWY���
+,�]`c��+,�4aV�,���BAg��'^@?8*���
D<��%�;�(]�!-.���J�*'58��*+,-.�,��"F`c��+ � +,� Nc;�-5+����

��� B � '5��8 B � B � � ��� � =�� �zh?9IL��

-5�H�,���)�l��+����l(��*���*a/�<����+��9&M-5���!�2�)�c;�"f1O�
+l�*` �����?:Q�*%�">-5���,-512'5�i'.-5���Y����8�">���S�!�{�!�B1V�
+,�
G�'s�4(���% 9��Q�E�!�2�n(
���S�!+!�4+�@�a�-^` �HGV��'.@&8��*�J-.�Y(����S�*�]\OaV�,�����k-.�,�Y(���">G�'5� \?-.�Q@P-.� ��Q ��Sx9
WY���e;�G�GV��+<1V�(;���%E�*`C�!���LGV��'.@&8��*�J+���%�;2(
�!-.���k�*'58��*+,-.�,��"F-5�<�*�Y`c��'.'5���<��R
��� B � '5�*8 B � B � � ��� � B �� �D� B � '.��8 B � B � � ��� � � B � � � B � � �� ��� B � '5�*8 B � B � � � B �W� � B � � �

�zh?9�� �
� -.��(��L�K�n�
�4�*'%;��4�!�n�$���
���*`�GV��'.@&8��*����aV�*��% ���W�i�*��%�&J�4+,�B���������
+!�*8*�n` �*+)�,"$�*'5'.��+
�!���*�P�|a&�!����(���">G�'5� \?-.�Q@U�*`|�,���=GV��'.@&8��*��+,�
%�;�(]�!-5�*��-5�K�*1�����'&;2�,��'^@U'5�����l�,���*� �RQ ��-Sx9

T L



?��*�,�~�!���4�i�!�2�LAg��'^@?8*���6D<��%�;�(]�!-.���E�*'58*��+,-^�!��" -.�i�MG�+��]:QG2+,�&(������,-.��8HG����*���=�!���x�
G�+���(��
%����l�!���)(�'%;����,��+,-.��8B���!�
G|9{WY���)(���">G�'5� \?-.�Q@H�*` �!���)(�'%;����,��+,-.��8n�*'58��*+,-.�,��"d�4'5�����
-5�Y-.�6�!���I��+�%���+<�*` ��� � � '5��8 � ��� �]a��<�2��+,� 0�-.�i�!���L�c;�"M1V��+<�*`g��1��T�!+@;�(
�,-5���E'5-.�����
8��
����+,�4�!�
%61/@$�!���~GO��'^@&8�����+���%�;2(
�!-.���E�*'.8���+,-^�!��"JaS�*�2%�= -5�l�!�����g;2"M1O�
+i�*` GV��-5�S�,�
-5�m�!�2�$%��x�3�*1��4�,�*9�WY���$(
��">G�'5� \2-^�Q@�(��4�|ag�2�;�l�
�*��+
a�1O�>+,�
%�;�(��
%#�!� ��� � � '.��8 � � a
-.`g�K�M�*%���G2�~�*�k-5��%�� \?-5��8$�,(3���
"$�f`c�*+)�*1����!�*(�'.����9 A�;�+�+,���S�,'.@�aO�*'.'C�*1����,+�;�(]�!-5�*�N'5-.�����
�*+��J�,�����,��%t�,�#(3���
( �0�,���k�&-5��-51�-.'5-^�Q@#1V�
�Q�l���
���Q�l�[%��x�3�mGO��-.�S�!��9 ���N(��*�t+���%�;�(
�
�!�2�f�c;�"M1V��+)�*`���12���!+@;�(
�,-5���J'5-.�����
a��<��-5(3���4+,�B�]\2�*">-5���
%N1S@J�
�4�*'&;��4�!-.��8U'5-5�2���Y�!���x�
����'^@[�!+,������+��,�k����-.8��/1O��+����&�?%��H�4`I� Ng;2��+�@*9tWY���
+,�
`c�*+,�*al�!���E�!�*�!�*'Y(��*"$G�'.�]\?-.�Q@#�*`
698 AK'%;HA~a�-5�2(�'&;2%�-5��8M�,���LG�+,� :QG�+��?(
�����,-5�28$�T�3�*8��4a��K�	;�'5%E1V� �D� � � '.��8 � � 9

T �



� � ��� ���	� �

� � � �	����� ��� �
	 ��� � �  � �� � ������� 	

�Q�6�!��-.�Y(3���*G2�,��+
a��K�L�
�4�*'%;��4�,�=�!���IGV��+T`c��+,"$�*��(
�I�*` �!���B�*'.8���+,-^�!��"d�<-^�!�E+,�
�,GV��(]�)�,�
� �O��(]�!-^�����2���,�)�*�2%6�,(��4's�*1�-.'5-^�Q@�9 y�'.�,���(;�8���A J 6 : A F y=D<yG? � �*��%6y ��W�J�A F � � W��
-5�S�*�����,-58S�x�!�$�,����(
'&;��T�!�
+,-5�28NG�+���1�'5�
" -5���,����G2+,��������(
�6�*`Y��12���3�4(�'5�
��a -^�f-.�n���*+,%#�,�
(��*"$G��4+,�9Ng;��*�S�!-.�!�4�!-^���
'.@[�,���kGV��+T`c��+,"$�*��(
�k�4` 698 AK'%;HA �<-.�,�0�,���4�$�*`=�4�!���
+P�*G?:
G�+��S�*(3���
��a�1V��(��p;��,�6�*`K�!���P%2- �O��+,�
�S�M%��4�!�k���
�!�M�,���T�!��% 9�Wg�N+,���4'5-5�T�!-.(��*'.'.@k(���">G��*+��
�!�2�~�*'.8���+�-.�!�2"$�
a*�K���(;�8��S�b�!�h;��,�<�!�����]\2�*(]�K%��x�3�n���
�,�l�<-.�,�>�,���~�,�*">�)(
�����T�!+!�4-5�S�!�
9
� -.��(��P�l�E%��m���*�U�������J�*(
(��
�,�U�!���!�2���,�E%��x�3���,�]�!�>�*��%_�!�
(3����-.(��*'.'.@�(��*���2�*�U8����&:
��+,�4�!�>�!���>�!�4"$�$%��4�3�J�,�]�!��ag�K�$(��*���2�*�H�*(
(:;�+,�4�!�
'.@e(��*"$G��4+,�U�!���>GO�
+�`c��+�"��4��(��>�*`
A J 6 : A F y=D<yG? � �*��%�y ��W�J�A F � � W��w�<-.�,���!���x�K�*` 698 AK'&;HA~9��b�
��a2-^�l-.� �/�����<�
�!���4�E�_%����2�,-.�Q@S: 1��*�,�
% (
'&;��T�!�
+,-5�28p�*'58��*+,-.�,��" ��;2(3�X�*� 698 � AKyG? �(;?�!GV��+�`c�*+,">�6�
G��*+T�!-^�!-5�*��-5��8��*'58��*+,-.�,��" ��;�(3� �4�DA F y~D)y ? � a��<���
�t-.�U(
��"$�
�H�!�e� �>(�-.����(]@7�4��%
� �O��(]�!-^�����2���,�
9 ����+n-.�����!�*��(
�*a�A F y=D<yG? � (��*�2���*�MG2+,��GV��+�'.@m%��]�!��(]�U�N���*�?:Q��G�����+��
�,���*GO�
%o(
'&;��T�!�
+�a{�<����+����*� 698 � AKy ? (��*�_}���%o�*�0�*+,12-.�!+,�*+�@#�,���4GO�
%o(
'&;��T�!��+
9 �Q�
�*%�%2-.�!-.���|a�">��">��+T@P"$�*���*8��
"$�
�S�~�4��%N-.���,�
���,-^�!-.�&-^�Q@��!�>����-.�,�n�*+,�I�l��'.'C���*��%�'.��%J1/@
698 � AKy ?na&�<��-5'.� A F y=D<yG? � �,�����<�iGV�&��+l"$�*���48���">���S��9 B����2(��*a?�K�=(
'5���*+,'^@$-.�2`c��+
698 AK'%;HA�� �bGV��+�`c�*+,"$�*��(��4a?1��*�,�
%P����%2������-.�Q@S:Q1��4�,��%�(�'&;2���!�
+,-.��8�a/-5�b�*`|1V�
���!�
+KNc;��*'.-.�Q@
�!���*�k�,���4�=�4`/A J 6 : A F y=D<yG? � a �,-5�2(�� A J 6 : A F y~D)y ? � -5�����
+,-^�!�<�!���n�,����+T�!(
��"U:
-5�28��Y�*`�A F y~D)y ? � 9 ���B�����*�n�]�4�*'&;��x�!��% 698 AK'%;HAj1S@E8��
����+,�4�!-.��8U��@&�S�!���]�!-5(B%��4�!�
�,�]�!�b�<-.�!�$(���">G�'.�]\U(
'&;��T�!��+l�,���4GO�
�i�*��%$1S@>�4�*+T@&-5��8L�!���)�,- �����*`|%��x�3�f�4�b�l��'.'O�4�l�!�2�
�c;�"M1V��+)�*��%J%�- �$(,;�'.�Q@��*`C�!���LG��S@&�,-.(��*' (��*�����,+!�*-.�/�,��9

T��



����� � 	 � 	 � �� 	��P	��

����+ �!�2��G�;2+,GV���,�)�*`V�!���)�]\?GV��+,-."$�
�S�!��a/�l�������*��8��
����+,�4�!�
%��T@?�S�,���
�,-5(~%��4�3�*���
�,��9 ���
+,�
GO�*+��L`c�(;�+I�*`l�!���
" ���
+,��-.� 6 � :�a 6 � L?a 6 � �2aC�*�2% 6 � � 9 8 +,-5%28����B�*��%e��1��T�3�*(
'5�
�
��;2(3�m�*�~+�-.���
+,�
a 's� �*���
a|�*�2%���-58*�/�K��@&�L�*+,�n�*'5������-5"N;�'5�4�!�
%N-.�k�!�2���,�f%��4�3�4�,�
�,��9 6 � :
(��*�/�!�*-5�2-5��8 � � � %��x�3�<GO��-.�S�!� �<-.�,�L`c�	;�+ ��1����!�*(�'.���
a4-.�b;2�,��%B`c��+ -5'.'&;��T�!+!�x�!-5�*�=G�;�+�GO�������
9
� -.8(;�+,� � 9 :I�������<�)�,��� : � GV��'.@&8����6'.-5�����,�
8�"$�
�S�!�<+,�
%�;�(��
%k�,���U�*1����,+�;�(]�!-5�*�J'.-5���
��9
� -.��(�� 6 � :�-.�l��G��*+��,�*a2-.�b-5�bG�+,-."��4+,-5'^@f8*+,�(;�GV��%�-5�S�!�B������(�'&;2���!�
+�9�y�%�%�-5�28f��1��T�3�*(
'5�
�
(�+����4�,���L`c�(;�+I%�-.���,-5��(]�I(�'%;����,��+,�D� �g-58(;�+�� � 9 : � (�� � 9 6 � L6�*��% 6 � �6G�+,�
�,���S�,�n(
'&;��T�!��+��
-5�m�!�2�$G�+���������(
�P�*`i�*1����!�*(�'.�$�4��%#(
+,�����,-5�28k�
�/�,-.�,-5���
9 6 � LP���*�H: U � �J%��x�3�EGO��-.�S�!��a
� ��1��T�3�*(
'5���
aC�*��% L6(
+,�����,-.��8���9UWY���
+,�>�*+��U�&-.��;��*'.'.@ � (�'&;2���!�
+,�L-58*����+,-.��86��1��T�3�*(
'5�
�
�*��%j(�+����,��-5��80(��*�����,+!�*-.�/�,��aI�4�k�������<�X-5�#� -.8(;�+�� � 9IL�� 1H� 9 6 � �_���4� :�: T T h[%��4�!�
GV��-5�S�!�L�<-.�,� � ��1����!�*(�'.���B�!���4�f(����2�,-5�T�f�4`�L L '.-5���U����8�">���S�!�M�*��% LE1�+,-.%�8����
9EWY���
-5�2-.�!-5�*'1L L '.-5���I����8�">���S�!�)`c+,��" �,-5"�;�'s�4�,��%E��1��T�3�*(
'5�
��-.� 6 � �>�*+��n+���G�'5�*(��
%J�<-^�!� :;h
��1��T�!+@;�(
�,-5���$'5-5�2����9 6 � Ln�4��% 6 � �L�,�2�;���2�;� �4�*+�-5�(;2�,'.@M(�+,�*�,�,-.��8��l�*+,�)%��]}�����%���;�(3�
�!���4�K(
+,�����,-.��8��K(
���S�!+���'��!���
-5+b�;�<��(������2��(
�,-.�&-.�Q@����;�<�
9 6 � � ���4� :'L L�� %��4�3�BGO��-.�S�!��a
�*��% � �*1����!�*(�'.����9 ?��4�!�N�,���4� � ��12���3�4(�'5�
�E�*+,�N(���">GO�*�,��% �4` L L#'5-5�2�N�,�
8�">���S�!�
9
6 � � -5'5'%;����,+!�4�,��� �,���~� \2GV��+�-5">���S�l�*` 698 AK'%;HA�� �bGV��+�`c�*+,"$�*��(��<�<-.�,��+����,GV��(]�K�,�f�����&:
�,G2����+�-5(��4'Y�,���*GV��%o(�'%;����,��+,�$�*��%0">��+,�6(
��"$G2'5-5(��4�!�
%p��1����!�*(�'.���U-5�_�,���N�41��,�
��(��J�*`
����-.�,�49

� -58	;�+,�
� � 9 L~�*��% � 9���-5'5'%;����,+!�4�,���!���i� � �
(
�,-.���
���������*` 698 AK'%;HA#-5�B�!���iG2+,��������(
�Y�*`
��1��T�3�*(
'5�
�~�*�2%N(�+����,��-5��8*��9 ����+<(����S�*����-.���S�=(
��"$G��*+,-.�,���J�*` (
'&;��T�!�
+,-5�28$+�����;2'.�!�
a �g-584:
;�+�� � 9 L��4��% � 9��)-5'5'%;����,+!�4�,� �,� Nc;����S�!-5�*'5'^@VRK� � � %��4�3�<GV��-5�S�!�
a4�*1����!�*(�'.����a*�*��%n(�+,�*�,�,-.��8��
a
1V�
`c��+��I(�'&;2���!�
+,-.��8E	��c1H�K(�'%;����,��+,-.��8U+,�
��;�'^�!�Y-5�P�,���B�*1�������(
�n�*`C(
�������,+!�*-.�S�!� 	 �c(*�K(
'&;�� :
�!�
+,�<-5�P�,���LG�+,�
�,�
��(��B�*`C(�+����,��-5��8�� 	 � %H�K(
'&;��T�!�
+,�<-5�6�!�2�IG�+,�
�,���2(��B�*` �*1����!�*(�'.��� 	 �4��%
� ���~(�'%;����,��+,-.��86+,�
��;�'^�!�L-5���,���HG�+����,�
��(��>�*`b1V�*�!���Q@&GO�
�L�*`K(
�����T�!+!�4-5�S�!��9N��1��T�3�*(
'5�
�
�*��%6(
+,�����,-.��8���9{WY���I+���%E'5-.�����l`c+,��" ��1��T�3�*(
'5���Y-.�6�*'.' %��4�!�*�,�]�!�<�*+��~�!�2�I��1����,+�;�(]�!-.���
'5-.����� +,��G2's�*(
-5��8=�,���<-5��-^�!-s�4'&GV��'^@?8*����� �!���4�b�*+,�Y-.'5'%;����,+!�4�,��%H1S@H1�'%;��*93AK+,�����,-5�28���`c+,��"
6 � L?a?�*��% 6 � �f�4+,�~%2+!���<�P-5�$+,�
%�'5-.�����l�*��%�1�'s�*( �H'.-5���
�l-."$G2'.@&-5��8L�
�/�,+�@>��%28����Y�4��%
�����&:Q���S�,+�@P�
%�8��
�)+�����GO�
(
�!-^���
'.@�9 6 � Lf+���G�+��������S�!�Y�!�2�IG�+,-."��*+T@>-5�S��;�-^�!-^���=����'&;2�,-5���$�*`
�!�2�nG�+���1�'.��" �l�n�����*�f-.�/�*���T�!-58��4�!�
%N-5�6�,��-5�<G��*GV��+
9KWY���n(���+�+,�
(
��(�'&;2���!�
+,-.��8U�,�����<�
�=8�+��(;�G����*`V%��x�3�=GV��-5�S�!�
9 y�'.�!�2�(;�8��U�=(
'&;��T�!��+�-.� (�'.���,�K�����(;28��H�!�L�*(
(������K�=(
+,�����,-.��8

T h



`c+,�*" � (�� -5� � -.8(;�+,� � 9IL?aS-^��-5���2�*�{"$�
+,8��
%>�<-^�!�U�*�,����+�(
'&;��T�!��+��{1/@H�,���<1�+,-.%�8��i���<-.��8
�!�H�,���L"$�&%���'.-5��8f�*`g�,���L(�+����,��-5��8��
9

6 � �M-5��� -58(;2+,� � 9��O�c(*�l�������<�Y}����I(
'&;��T�!��+��Y"$�
+,8��
%6-5�S�!�n�Q�K�U(�'%;����,��+��i1S@P(�+����,� :
-5�28���a -5'.'&;��T�!+,�4�!-.��8H����� (�+����,��-5��8��~�*+,�B%�- � �
+,���S�,'.@J"$�&%��
'5��%J(��*"$G��4+,-5�28U�,�$�,�����,�n�*`
6 � L?9 6 ��GV����%�-.��8D;�GO�*���<���
+,�$�,���>���S�!+T@��
%�8��
�M�*+��>%2�
}����
%_�����k1�+�-5%�8��4ag�
�S�!+�@
��%28����H�4+,��-.�#+���%_-5�e�!���>}�8(;�+��*9 AK'%;����,��+��f(�'.���,�>�!�N�,���P'.����8�-^��;�%�-.���*' ��-5%��$�*`Y�!�2�
1�+�-5%�8��I(��*�k�*'5���>1V�LG�;�'.'5��%E-.�/�,�H�!���L">��+,8*��+�9 �Q� � -58	;�+,� � 9 �O�c(*�]a2%�;��L�!�H�!���L1�+�-5%�8*�
���S�,+�@��
%�8��*aC�����H�@;�(3�#(
'&;��T�!�
+B(
'5�����M�!�J�6(�+����,��-5��8E-5�I">��+�8���% a �<�2-5'5�n�!���U�*�,����+I-.�
���*��9 	k�*+,�����*��+�aK�*�H%��
G�-5(]�!��%0-5�[�,���P}�8(;2+,���
ab�,����+��E-5�MG�+�-5��+�-.�Q@�%��
}�����%01O�]�Q�K�
���
�*���*1����!�*(�'.�M�*��%���1�+,-.%�8��49 � ���
���!���(;28����*���*1����!�*(�'.�f-5�)%�+,���<�����*��+I��12+,-5%28��*aO�
1�+�-5%�8��I���*�)�UG2+,-5�*+,-.�Q@�������+)�*�J��1��T�3�*(
'5�4a�;���'.���,�)�*�,����+T�<-5�,�L��GO�
(�-.}���%|9

� -58	;�+,� � 9 � �,�2�;�<�L�4�N�]\2�*">G�'.�n�*` 698 AK'&;HA�� � ���]\?-51�-.'5-^�Q@6-5�k���*��%�'.-5��8>(��*"$G�'.�]\
(�'%;����,��+B�,���4GO�
�M�*��%�(����2���!+,�*-5�S�,��96WY���$��1����!�*(�'.���f�*+,�>+,�
%�;�(��
%#�!� � U ��1����,+�;�(]�!-.���
'5-.�����
9wWY�����c;�"M1V��+��*`B��1����,+�;�(]�!-.���t'5-.�����>�!���x�6+,�
G�+,�
�,���S�J��1��T�3�*(
'5�k���S�!-^�!-5�
�6�*+��
%��
GO�
��%����S�����E�!���L�,���*GO�L��+Y(
��">G�'5� \2-^�Q@P�*`C�!�2�B�*1����!�*(�'.�B�
�S�!-.�,-5�
��9

�Q�6�!��-.�l�!�2���,-.��a2�l�I�,-."N;�'5�4�!�~�M+,���4' �,G��4�!-5�*'O%��4�3�M-.�P��+,%2��+K�,�H�]\?GO�
+,-."$�
�/�i(��*G��;:
1�-.'5-.�Q@��*` 698 AK'&;HA �*�N�>+,���4' %��4�3�>�,�]��9YWY���B+,���*' �,G��4�,-s�*' %��4�3�U�,�]�=-5�<�������<���*���*�
-5"$�*8��M`c�*+,"$�4�I-5� � -.8(;�+,� � 9 h �z� � 9�WY���>"$�*Gm-5"$�*8��H%��
�,(�+�-51V���L�!���>(�-^�Q@m(��
�/�,+,�>�*`
� %�">���S�!���|a>Ai�*���*%��29H?��4�!�H�!���x�I�!���>"��4-5��+,���*%���a +�-.���
+,�
aC�2-5'5'.��a �4��%�12+,-5%28����B�*+��
+,�
G�+,�
�,�
�/�,��%k1/@��,�]�!�Y�*` GV��'.@&8��*���K`c��+b�!���I� \2GV��+�-5">���S�YG�;2+,GV���,�I�*` 698 AK'%;HA~9 � ��">�
�*`C�!���L+��S�*%��i`c+���" �!�2�I"��*GJ�*+��I���*�)">�?%��
'5�
%6�,-5�2(��I�!���]@6%��>���*�<�����*�n��-58���-^}�(��4�/�
� �O��(]�!�$���o�,���N(
'&;��T�!��+�-5��8m�3�4�'�p�*` 698 AK'&;HA~9 8 @p-.8�����+�-5��8e�*'.'Y(������T�!+,�*-5�S�!�
ai%��4�!�
��1K���
(
�,�f�*+��U���*+,%e�!�E1V�$(
'&;��T�!��+���%���;�(3�e�!���4�L�,���
@m(��*��1V�>8�+,�(;2GO�
%e�,��8��
�,����+
a �4�
�,�
���J-5� � -.8(;�+�� � 9 h9�c(*� 9 8 +,-.%�8��I���S�,-.�!-.���i-.�9� -58(;2+,� � 9 � � %O�K%��U���*�)� �O��(]�Y�!���I(
'&;�� :
�!�
+,-.��8I+,�
��;�'^�!���,-.��(��i�,���Y%��
���,-^�Q@H�*`V%��4�!�=��1K����(]�!�{-5�g�!�&�I�,G��*+��,�Y�!�I1V�Y8�+��(;�GV��%M�<-.�,�
+,�
�,GV��(]�M�!�k(�'5�*�,���2���,�f1O�]�Q�K�
���_%��4�!�k��1�����(
�,��9 � -58	;�+,� � 9 � � ���L�������<�f�!�2��(�'%;����,��+ :
-5�28H�(;2�!G�;2�Y-5�P�,���IG�+����,�
��(��B�*`C��1��T�3�*(
'5�
��a����*�i(�������-5%��
+,-.��8H(�+����,��-5��8U���S�,-.�!-.���
9/JI�2�
(��4�J�*1��,�
+����L�!���4�<�,- \6(�'%;����,��+����4+,�I">��+,8*��%E-5�S�!�H�,��+,�
�B(
'&;��T�!�
+,�<1S@P�!��+����I(
+,�����,-5�28��
�<��-.(3�>�l��+��~���*�{(
������-5%��
+,��%$-5� � -.8(;�+,� � 9 � � ���]9 698 AK'%;HA[}����*'.'.@M8*�����
+!�4�,���l�B���
�b�*`
(�'%;����,��+�����;�(3�U�!���x� �!���Y">��"f1O�
+,� -.�H�I8�+,�(;2GU�*+,�i(
��">G��*+!�41�'5�b�!�I���4(3�>�4�!���
+ �3���/-5�28
-5�S�,�L�*(�(
�(;��S�l�,���i`W;���(]�!-.�����*'.-.�Q@n�*`V(������T�!+,�*-5�S�!�
R (��*������(]�!-^�?-^�Q@H�*�2%$%�-.�,(
�������
(
�!-^�&-.�Q@�9

T �



����� � ��� 
�� � 	��4� � �

���=�*'.�,�B(�����%�;�(
�,��%6�
�4�*'%;��4�,-5�������4�*+T@?-.��8n�,���~��-��
�~�*`O�!����%��4�3�4�,�
�i�*��%��,���~�c;�"f1O�
+
�*`I�*1����!�*(�'.����-.�7��+�%���+U�!�#%���">�����T�!+!�x�!�E�!���k�,(��4's�*1�-.'5-^�Q@[�*` 698 AK'%;HA~9/� -58	;�+,� � 9 T
+,�
G�+,�
�,�
�/�,�b�,���<�]\?��(,;2�!-.���U�!-5">�K-.�U�,��(
����%���`c��+��
-58��S��%��4�3�*���
�,�{�4�*+T@&-5��8L-5�H��-��
�i`c+,��"
L�h��X�,� L U�U �Ha/�<-^�!���*�P-5�2(�+,�
"$�
�S�i�*` L*h��w%��4�!�nGV��-5�S�!�
a?�������<-5��8f8��?�&%>�,(��4's�*1�-.'5-^�Q@�9
WY���B�]\?��(,;2�!-.���E�!-5">�=-.�<�*'5">�����i'5-5�2���*+K�,�H�!���L�c;�"M1V��+<�*`g%��4�!�U�*1K����(]�!��9
W �41�'5� � 9 :P�������<�U+�;��[�,-5">�$�4�*+�@&-.��8N�!�2�P�c;�"M1V��+M�*`)��12���3�4(�'5�
�f`c��+M(
'&;��T�!�
+,-5�28

� ��� %��x�3�N��1�����(
�,��9mWY���P�c;�"f1O�
+M�*`<+,�
%�;�(
��%p'5-.���$����8�">���S�,�M`c+,��" GV��'.@&8����2�M�*+��
�*'."$���T�Y���*'^`C�*`g�,���L�c;�"M1V��+<�*`g-5��-^�!-s�4'O'.-5���I����8�">���S�!�Y`c+���" �,���nGV��'^@?8*������9
?�;2"M1O�
+��4`6'5-.���p�,��8x:
">���S�!�<-5�E��12���3�4(�'5�
�

� : � U L : :*L : � U�U � U U L U U

?�;2"M1O�
+X�*`[��1����,+�;�( :
�!-.���6'5-.�����

:;h L T � h T L :���h L T�U � U h

WY-5">� � ����(�� h �?9 � L � h?9 U � T �29 � � � � 9 :�� :�: � 9 h � :�� U 9 � L L � L?9 :�:
?�;2"M1O�
+��4`6'5-.���p�,��8x:
">���S�!�<-5�E��12���3�4(�'5�
�

:'L U U :�h U U :�� U U L : U U L � U�U
?�;2"M1O�
+X�*`[��1����,+�;�( :
�!-.���6'5-.�����

h � U � T h � : U L � h : U � U

WY-5">� � ����(�� � U � 9 U � � � �?9�� � � � :�9 U : � L T 9 h � h�h �29 � L
Wg�*1�'5� � 9 :�RbD2;��6�!-."$�~�4�*+T@&-5��8H�!�2�B�c;�"f1O�
+)�4` ��12���3�4(�'5�
�

� -58	;�+,� � 9 �IG�+����,�
�S�!�{�!���<�]\?�
(:;2�,-5���H�!-."$�K-5�H�,�
(����2%��l1S@M�4�*+T@&-5��8=�,���<�g;2"M1O�
+��*`
��1��T�3�*(
'5�
��9LWY���H�c;�"M1V��+��I-5���!�2����:Q�x\?-5�=+���G�+����,�
�S�B�,���f�,�*�3�*'g�c;�"M1V��+=�*`bGV��'.@&8��*�
��%28����K�*��%��,���~+����,GV��(]�!-^���~�*1����,+�;�(]�!-5�*�P'5-.�����
9;J=1��,�
+��*�~�!���x�K�!�2��-.��(�+���">���S�3�*' +,�4�!-.�
�*`��): �x\?-.�g�!� �~:Q�x\?-5� -.�fWg�*1�'.� � 9 :i-.�C�4�*+�-s�*1�'.�*R|�,���K-.��(�+���">���S� -.� �~:Q�x\?-5�g-5�C(������T�3�*�S��a
�<���
+,���4�)�,���L-5��(
+,��">���S�)-5�	�): �x\?-.�Y-5�<���*��9�WY���L-5��(
+,��">���S�)+!�x�!-5�H�4`g�,���I}�+,�T�)�,��+,�
�
(��&��+�%�-5���x�!���H-.�
��:Q�x\?-5�H1V��(��*"$�
�H��-58��2��+M�!���*�_�!���4�U�4`��,���E�*�!���
+H(��&��+,%2-5���4�,���H-.�
��:Q�x\?-5�
9 B��
��(��4aV�,���n}�+,���)�!�2+,���B(��&��+�%�-5���x�!���<-.���): �x\?-5�)�*+��n�*"$-^�,�!�
%E-5� � -58(;2+,� � 9 �
�!�N�,����� �!���P��(��*'5�*1�-.'5-.�Q@*9 B����K�]���
+�ab-5�#�,���PG�+���GO�*+��!-.���#�4`Y�!���$-5��(
+,��">���S�H-.�#�!�2�
�c;�"M1V��+M�4`�GV��'^@?8*������ag�!���6� \2�
(:;2�,-5���_�,-5">�$-.�H�*'5">���T�f'.-5�����*+�9�WY�c;��
a 698 AK'&;HA -.�
�,(��*'s�41�'5�f`c�*+I's�*+�8��M%��4�!�*1��*�����L�<-.�,��(���">G�'5-.(��4�,��%���12���3�4(�'5�
�B�*��%m1�+,-.%�8��
�I-5���!�
+,">�
�*`g�,- ���L�*`C�!���L%��4�!�*1��*���B�*��%E�!���L�c;�"M1V��+<�*`g(����2���!+,�*-5�S�,��9

T T



�g-58(;�+�� � 9 :�R AK'&;��T�!�
+,-5�28>%��4�3�*���
� 6 � :
T �



�g-58(;�+�� � 9 L?R AK'&;��T�!�
+,-5�28>%��4�3�*���
� 6 � L

T L



�g-58(;�+�� � 9 �2R AK'&;��T�!�
+,-5�28>%��4�3�*���
� 6 � �

� U



(b) Clustering without constraints(a) Before clustering

(c) Clusering with constraints
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 (a) An example map of Edmonton

(b) Before clustering (c) Clustering without constraints
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(f) Clustering with bridges and obstacles

(d) Clustering with bridges (e) Clustering with obstacles
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