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CUT;KNMPVXWYVZ@[OR\R]^WY_X_XMP`-WaQcbdGfeg_XWhGfijkONiYl�iYia]^MPQm_
npo _XKRMrq	M)s[ONWaeXM)]JM)Qm_tV oun ev_tKRMrwZM)S$eXM)M npo

x GfVy_tMPe nfo b�KRWai n V n$z K|{
WYQ

wZM z Gfeg_X]JM)Q|_ npo I n ] z ON_XMPe'@B})WaMPQN}PMr~���QRS$WYQRMPM)eXWaQNS

}� T;KRM1ILKRWYQRMPVgM"�	QRWY�fMPeXVgWY_D{ npo��	n QRSJE n QRS
C'ORS$ORVy_��f�$�f�

T;KRM"ILKRWaQRM)VXM1�'QRW��$M)eXVXW�_D{ nfo��'n QRS^E n QRS^K n iY`RVv_tKNM1} n$z {BegWaS$Km_ nfo _tKRWYVv_tKRM)VXWYVP��C�Qm{
z M)eXV n Q���Vt�ZWaQm_tM)QR`RWaQNS*_ n ORVXM�G z Gpeg_ n e�_XKRM���K n iYM nfo _tKRM�]JGp_tM)eXWaGfiaV	WaQ>_XKRWaVZ_XKRMPVgWaV
WaQ�G z e n$z�n VgMP` z OR\NiaWa}PGp_tW n Q�]�ORVg_"VXM)MP��} n$z {[eXWaSfK|_�eXMPiYM�GfVgM o e n ]�_tKRM8wZMPGfQ nfo _XKRM
�HeXGf`RO�G�_tMr@B}�K n[n i��
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VgOR\R]^WY_g_tMP`-\m{
Î8Ï�Ð ÑÓÒ Ô&Õ>Ö�×6Ø>Ù

oun ev_XKRMH`RMPS$egMPM nfo x GfVg_XMPe nfo b�KRWai n V n$z K|{
Gp_;_tKRM1ILKRWYQRMPVgM"�	QRWY�fMPegVXWY_D{ nfo��	n QRS^E n QRS

Ú Û ³�1»�²´ÜÝ

I n Qm_tM)Q|_yÞàßvGpVXMP`1AD]ÝGpS$M�q�M)_tegWaM7�fGpik�/IvßLAàq'�K�Gf`H\�MPM)Q z e n$z�n VXM)` oun eÁQRM�GfegiY{	_tM)Qr{fM�GfegVPá
{$M7_�áp_XKRMPegMLGpeXM�Vg_tWYiai$]JGfQm{ n$z MPQ z e n \RiaM)]JV�egMP]JGfWaQHORQRV n iY�fMP`?�dT;KRMLiYM�GfegQRWaQNS nfo WY]ÝGfSfM
VXWY]JWYihGfegWY_D{$á�_tKRM	WaQm_XMPetGp})_tW n Q���WY_tK^ORVgMPeXV)áB_XKRM'QNMPMP` oun eâ`�Gp_�Gp\�GfVXM)VPá[_tKRM	VXM)]ÝGfQm_XWa}	SmG z
��WY_XK¬Wa]JGfS$M o M�Gp_XOReXM)VPá'GfQR`Ê_XKRM>ORQN`RMPegVg_�GpQR`RWaQNS nfo Wa]JGfS$M)VÝGfegM>�fM7{[V*_ n Wa] z e n �fM
IvßLAàqH�ãADQ2_XKRWaV�_tKNMPVXWYVPá��LM1]ÝGf�pM"ORVgM nfo eXMPiYM)�pGfQR})M o M)MP`R\�Gp}��>Gfeg}�KRWY_XMP})_XOReXMr_ n iaM�GpeXQ
Wa]JGfS$M�VXWY]JWYihGfegWY_D{c_tKRe n ORS$K�WaQm_tM)etGf}7_tW n QRVr��W�_tK¢ORVXM)eXVP�cä�MJ] n `RM)i�ONVXMPegVPåæ_�GfegS$M)_"GfV
G´`RWaVy_tegWa\RON_XW n Q§WaQÊ_XKRM>WY]ÝGfSfM o MPGp_tORegM2�$M)})_ n e8V z Gp}PMçGfQR` z e n$z�n VXM>G z GfeXGf]JM7_tM)eXV
MPVy_tWa]JGp_XW n QçG zNz e n Gp}�K�_ n }PG z _tONeXM^WY_�� x n eXM n �fMPe)á�G(@BMPi o ÞyèZeXSmGpQRWaé)WaQRS x G z ��@Rè x �
WaQm_tM)eyÞês[ONMPeg{ o MPMP`N\�Gf}��6G zNz e n Gp}�K¢WYVZORVXM)`�_ n eXM n eXSmGpQRWaé)M�_tKRWYV o M�Gp_XOReXM��fMP}7_ n eHV z Gf}PM
V n _tK�Gp_^`RWYVg_XeXWa\NON_tW n Q nfo ORVgeXM)VPåâ_�GfegS$M)_^}�GpQÊ\�M(}PG z _tONeXMP`§] n eXMcGf}P})ORetG�_tMPi�{�ORVXWYQRS
z GfeXGf]JM7_tM)eXV	MPVg_XWa]JGp_tW n Q8]^M)_tK n `?�L��ë z MPegWa]^MPQm_tV n Q(\ n _XK(Vy{[Q|_XKRM)_XWa}"GfQR`2egM�Gfi�`�G�_�G
VXK n ��_XK�Gp_ n ORe z e n$z�n VXM)`�]^M)_tK n `çS$W��$MJG-\�M)_g_tM)e1ORQN`RMPegVg_�GpQR`RWaQNS nfo ORVXM)ePåìV1_tGfeXS$M7_
`RWaVy_tegWa\RON_XW n Q-GpQR`(WY] z e n �$M)`cegM)_XeXWaM7�pGfi z egMP}PWYVXW n Q-WaQ8_tKRMHegM�GfiÁ`�G�_�G½M7ë z MPeXWY]JM)Qm_��

bæMPM)eyÞê_ n ÞàbæMPM)e8��b��fb��HVg{[Vg_XMP]^V�GfegMÝeXM)}PM)Q|_XiY{�M)� n iY�fMP` z GfetGf`NWaS$]^V oun e"Gp}�KRWaM7�BWYQRS
KRWaSfKRMPeZ_XKRe n ONS$K z ON_ nfo \ n _tKç`�Gp_tGcVy_ n eXGfS$M�GfQN`¢} n ] z ON_�Gp_XW n Q z�n �LM)eP�½ä¢M oun eXMPVgMPM
_tKRM z�n _tM)Qm_tWhGpi oun e;b��fb�_ n VXO zRzãn eg_'IvßLAàqÍWYQ*_tKRM�VgMPQRVgM nfo WYQR}PegM�GfVgMP`cWa]JGfS$M�} n iaiYMP}íÞ
_tW n Q6GfQR`>� n eg�[i n Gf`6VgK�GfeXWYQRS nfoâo MPGp_tORegM�M7ë[_XetGf}7_tW n Q?�Zä�M½`NM)�$M)i n$z MP`�G*b��fbî}PiYWaMPQm_Pá
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}�GfiYiaM)`�wZAy@RI;è;ïZAàqHád}PG z Gf\NiaM nfo;z MPe oun eX]^WaQRS(IvßLAàqðWaQ�G2b��fbÍQRM7_D� n eX�k�(ADQ´Gf`R`RWñÞ
_tW n Q?áÁ�LM z e n$zãn VXMJG(bæMPMPe�ILiaORVy_tM)eXWaQNS2GfQN`�j�WYeXM7� n eg�çòZORMPey{ x n `RMPi�_ n _�Gp}��[iYM^_XKRM
`�Gp_tG�i n }�Gp_XW n Q z e n \RiaM)]óWYQ"`RWYVg_XeXWa\NON_tM)`�MPQm�[Wae n QR]^MPQm_�á$iYWa�pMvb��fbd��ä:WY_XK"_tKRWYV�]^M)_XK n `á
VXK�GpeXMP`J`�Gp_tGrGpQR` z MPM)eXV�WaQ^GHb��fb´QRM)_D� n eg��GfeXM n egSmGfQRWYéPMP`�iYWa�fM;V n })WhGfiN} n ]^]�ORQRW�_tWYMPVPá
_tK|ORV�s|ORMPey{�e n OB_tWaQNS6VX}�KRM)]JM-}�GpQ¹\�McG zRz iYWaM)`�_ n eXM)`ROR})Mcs|ORM)eg{�]^MPVgVtGfS$M)V�\Re n Gp`BÞ
}�GfVy_tWYQRS�_XK�Gp_ nfo _XMPQ n })}PORegV�WaQ¹ORQRVg_XeXOR}7_tORegMP`Êb��pbÂQRM)_D� n eg�[V)�Êä¢Mc`NMP] n QRVg_XetGp_XMP`
_tKRM(VX}PGfihGf\NWaiaW�_D{ nfoZn OReJGfiaS n eXWY_XKR]Ó_XKRe n ONS$KÊVgWa]�ORiaGp_tW n Q���WY_XKÊeXMPGfi	GfQR`¬Vy{[Q|_XKRM)_XWa}
`�Gp_tGN�
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Ú Ü�ôõ«Uª�ö ¿m¯6µÄ¸®· ¯ç«¬

Aæ� n ORiY`½iaWY�fM�_ n _tK�GpQR�"]"{1VXO z M)eg�[WaV n ePá|b�e npo �fADeg��WYQ�E�WaQRSRá oun e�KRWYV z Gp_XWaM)Q|_�S$ORWa`RGfQR}PMpá
}PMPGfVXM)iaMPVgVHVXO zRz�n ey_�á?WYQRVXWYS$Km_ o ORiæWa`RMPGfV�GfQN`6S$MPQRM)e n ONV�MPQR} n ORetGpS$MP]^MPQm_HWaQ>GfiaidGfV z MP}7_tV
_tKRe n ORS$K n ON_	_tKRMH_D� n {$MPGfeXV nfo ]"{ x b�KRWai�Vg_XOR`N{f�vA;Gf]&�fMPey{(SfetGp_XM o ORiÁ_ n K�G��$M1KRWa]
GfVÝ]1{§VgO z MPeg�[WYV n e)� � M2WaQm_Xe n `ROR}PM)`¬]^M(_ n eXM)VXM�GpeX}�K?÷ z�n iaWYVXKRM)`§]1{¹��egWY_XWaQRS¢GfQR`
z eXM)VXM)Q|_tGp_tW n Q-VX�|WaiYiaV)÷NSmG��$MH]^M n$zRz�n ey_tORQRW�_tWYMPV�_ n Gp_X_XMPQR`-WaQm_XMPeXQRGp_tW n Q�Gfi�} n Q o MPeXM)QR}PM)VPá
��KRWa}�KÝ\ãM)QRM)lR_v]JM oun eâ_tKRMZegMPVy_ nfo iYW o Mp��AâGf] z e n OR` npo \ãM)WaQRS1KRWaV�Vg_XOR`RMPQm_PáRQ n �îGfQR`
oun eXM7�$M)eP�

T;KRGfQR�|V2S n _ n b�e nfo ��ø�GfWñÞêä�GfQùILK�GfQUGfQN`Íb�e nfo �LúZWaOBÞà@NGfQRS x n[n Q oun e-_XKRMPWYe
WaQm�pGfiaORGf\RiaM(} n ]^]^MPQm_tV)á	_ n x eP�vILKRW�Þ � GfQRS¹ILKRGfQîGfQR` x e)��ILKRMPON�mÞ � GfQNSÊû	S oun e
VXK�GpeXWaQNS�_tKRM)Wae*�|Q n ��iYMP`RS$M>GfQR`®WaQNVXWaSfK|_ o ORi	`RWaVg}PORVgVXW n QRV8WaQ¬]1{ÊegMPVXMPGfeX}�Ká	_ n _tM�Gp]
]JM)]�\�MPeXV nfo wZAy@RI;è;ïZAàq oun ev_XKRMPWYe;M)ü n eg_XVP�

ø�GfVy_�\RON_�Q n _�iaM�GpVg_�á�AH� n ONia`�iaWY�fM*_ n VgK�GfeXM-V n ]JM*� n eg`RV�KRMPegM-_ n eXMPV z M)})_JGfiYi
_tKRMHVg}PWaM)Qm_tWaVy_tV'GfQR`-MPQNS$WaQRM)MPegV oun ev_XKRMPWYe;} n Qm_XeXWa\NON_tW n QRVv��KRWY}�Kc��M1}PGfQcS$e n ONQR`RMP` n Q
��KRMPQ(`RM)�fMPi n$z WaQNS n ORe o ON_tORegMf�
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* + �'����,"�-������.�/� *
0 � 0 bâe n \RiYMP] @|_�Gp_XMP]^MPQm_î�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 0
0 � � I n Qm_teXWY\RON_XW n QRVó�1�r�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 1
0 �21 T;KRMPVgWaV'èZeXSmGfQNWaé�G�_tW n Q8�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� �

3 4 �5����#$��/-6��" 7
�[� 0 I n Qm_tMPQm_yÞàßvGfVgMP`(AD]ÝGfSfMHq	M7_teXWYM)�pGfi �r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 8

�B� 0 � 0 j�M�G�_tORegM1��ë[_teXGf})_XW n Q �r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 9
�B� 0 � � ADQR`NM7ëBWaQRSJGfQR`(q�M)_tegWaM7�fGpi��r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� :

�[� � q	M)iaM)�pGfQN}PMrj�MPMP`N\�Gf}��¹�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� :
�B� �[� 0 ä¢MPWYS$Km_	� z `�Gp_tWYQRS �1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� ;
�B� �[� � ßvG�{fMPVXWaGfQ(j n eX]�ORiaGp_tW n Q-�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 0<0
�B� �[�21 @[_tGp_tWYVg_XWa}�GpiC zNz e n Gp}�KRMPV��r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 0 �
�B� �[� � ADQm_tM)eyÞês[ONMPeg{cj�M)MP`R\�Gp}����1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 0 �

�[�21 bdMPM)eyÞ/_ n ÞDbdMPM)e'ADQ oun eX]JGp_tW n Q8q�M)_XeXWaM7�pGfi �r�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 0 �
�B�21B� 0 wZWYVg_tegWa\ROB_tMP` � GfVXKcT�Gp\RiaM�TæMP}�KRQNWas|ORMPV&�r�r�r�1�r�1�r�r�1�r�1� 0 9
�B�21B� � q n ON_XWaQRS½ADQR`NWa}PM)V�GpQR`(@BK n ey_t}POB_tV-�1�r�r�r�r�r�1�r�1�r�r�1�r�1� 0 :
�B�21B�21 I n Qm_XMPQm_gÞDßvGfVXM)`>q�M)_XeXWaM7�pGfi?WaQcb��fb®@|{BVy_tM)]JV§�1�r�1�r�r�1�r�1� 0�=

�



> ? �5���%& @�� ACBD	E���.%&�F���!�/�,G 4 ��	H �"JI� K�! @(5�����< ML, A �"�������� 3,*
1B� 0 b�GfeXGf]JM7_tM)e��âVy_tWY]ÝGp_XW n Q npo TdGfeXSfM)_'wZWaVy_teXWY\RON_XW n Q¬�r�r�1�r�1�r�r�1�r�1�Í� 0

1N� 0 � 0 x n _tWY�pGp_XW n Qc�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�Í� 0
1N� 0 � � x n `RM)i��1�r�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�Í��1
1N� 0 �21 q�MPiYM)�pGfQR})M1j�M)MP`R\�Gp}��¢�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�Í�p�
1N� 0 � � x G ëNWY]�OR]&�âQm_Xe n$z {cwZWaV z ihG�{Ý�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�Í��9

1B� � @BMPi o ÞyèZeXSmGpQRWaé)WaQRS x G z ßvGfVXM)`2ADQm_tM)eyÞàò�ONMPeg{cj�M)MP`R\�Gp}�� �r�1�r�r�1�r�1�Í�<:
1N� �[� 0 x n _tWY�pGp_XW n Qc�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�Í�<:
1N� �[� � ADQRW�_tWaGfiaWYé�Gp_XW n QJGfQR`(q	M z iaWY}�Gp_XW n Q nfo @Nè x �r�r�1�r�1�r�r�1�r�1�Í��;
1N� �[�21 @Rè x TdeXGfWaQNWaQRS oun e;ADQm_XMPeyÞês|ORMPey{cjkM)MP`R\RGf}��>�r�1�r�1�r�r�1�r�1�N1 0
1N� �[� � TdGfeXSfM)_½��Vy_tWa]JGp_XW n Q�GfQR`´wZWaV z ihG�{¢@BM)_½@BMPiYMP}7_tW n Q oun erADQm_tetG Þ

s|ORM)eg{cj�MPM)`R\�Gf}�� �r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�N1<1
1B�21 ��ë z MPegWa]^MPQm_��r�1�r�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�N1@8

1N�21B� 0 @[_XOR`N{ npo bdGfetGp]JM7_tMPeâ��Vy_tWa]JGp_XW n Q x M)_tK n `^�'VgWaQRS1@[{[Qm_tKNM)_tWY}
w�Gp_tGó�r�1�r�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�N1@8

1N�21B� � bæMPe oun eX]JGfQR}PM1@[_XOR`N{-WYQ8ADQ|_XetG�ÞLGfQN`cADQm_XMPeyÞvòZORM)eg{cj�MPM)`R\�Gf}��>�ù�m�
1B� � I n QR}PiYORVXW n Q��1�r�1�r�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�ù�|�

O P�+�Q �RS�!�6-T�� �"VUXWY�'�� ��'�HGZ�6�5	H �"V[\�.	R-T��� + �T]^�$S%��F���!�'�_I� @����. @(F��� O$O
�N� 0 ADQ|_Xe n `ROR}7_tW n Qù�r�1�r�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�ù�$�
�N� � bdMPM)eZILiYORVg_XMPegWaQRS��r�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�ù�A8

�R� �[� 0 ßvGpVXWa}ZïâM)eXVgW n Q �H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�ù�A8
�R� �[� � @BWYQRS$iYMHILiaORVy_tM)e�ïâM)eXVgW n Q �r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�ù�A:
�R� �[�21 x ONiY_tW z iaM�ILiaORVy_tMPegV;ïâMPeXVgW n Q �1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�`8 0

�N�21 j�WaegM)� n eX�*ò�ONMPeg{ x n `RM)i¬�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�`8�1
�N� � AD] z iYMP]^MPQm_�G�_tW n Q8GfQR`2@[{[Vg_XMP] C�eg}�KRWY_XMP}7_tORegM��r�r�r�r�1�r�1�r�r�1�r�1�`8<:

�R� �N� 0 ��Q|ON_tM)iaihG x MPVXVXGfS$M x n `RWYl�}PGp_tW n Q �r�r�r�r�r�1�r�1�r�r�1�r�1�`8<:
�R� �N� � C'eX}�KRW�_tMP}7_tORegM npo wZAy@RI;è;ïZAàqî�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�`8�;
�R� �N�21 j�i n � nfo è z M)etGp_XW n QNVù�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�N9$�

�[W



�N�a8 ��ë z MPegWa]^MPQm_tV8�r�1�r�r�1�H�r�1�r�1�r�r�1�r�1�r�r�r�r�r�1�r�1�r�r�1�r�1�N9m�
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eXM)iaM)�pGfQm_'_ n KRWYV	_tGfeXSfM)_��'T;KRM�Vy{BVy_tM)] iaMPGfeXQNV o e n ] _tKRWYV o MPM)`R\�Gf}��cWaQ oun eX]JGp_tW n QcGfQR`

0
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z eXM)VXM)Q|_XVvG�VXM7_ npo � \�M)_g_tM)eZ�K¿�Wa]JGfS$M)V�_ n _tKNM	ONVXMPe)��T;KRM�iaMPGfeXQRWYQRS z e n })MPVXV�WaV�] n `RMPiYMP`
MPW�_tKRM)eJGpV�G�})ihGfVgVXWYlR}�Gp_XW n Q z e n \RiYMP] § 0 �Ná 0 á�� 0 á�� = áÀ8�1[áÀ8p�S¨ n e�GpVJGpQ¹M)Vg_XWa]JGp_tW n Q
z e n \RiaM)] § 0 �BáL�<9NáÁ:Bá��S1Báv�@1BáÂ8�9S¨���WY_tK o M)MP`R\RGf}��®WaQ oun eX]JGp_tW n QÊ\�MPWYQRS´_tegM�Gp_XMP`îGfV
ihGf\�MPiYMP`8_teXGfWaQNWaQRS�`RGp_�G n e n \NVXMPey�pGp_tW n QRV�eXM)V z MP})_XWY�fMPiY{f�

T;KNM>S n Gfi nfo egMPiYM)�pGfQR})M o MPM)`R\�Gf}��§WaVJ_ n }�G z _tORegM>ORVgMPePåìV*_�GpeXS$M7_8GfVJs[ONWa}��|iY{ÊGfV
zãn VXVXWY\RiaM�GfQN` z egMPVgMPQm_�KRWY]UG�VXM)_ nfo ] n Vy_æeXMPiYM)�pGfQm_æWa]JGfS$M)V�_ n KNWaVÁ_�GfegS$M)_P�dADQm_XORWY_XWY�$M)iY{fá
_tKRM�M7üM)})_tW��$M)QRMPVgV�GfQR`¢Gf})}POReXGf}){ npo iYM�GfegQRWaQRS-GpiaS n egWY_XKR]4WaVZ_tKNM^} n eXM nfo Wa] z e n �[WYQRS
eXM7_teXWYM)�pGfi z eXM)}PWaVgW n Q��@BWYQR}PM1_tKRM½egMPiaM7�pGfQR}PM o M)MP`R\RGf}��6WaV�GpQ6WaQm_tM)etGf}7_tWY�fM z e n })MPVXV)áÁ�LM
GfeXSfORMr_XK�Gp_�_tKNM1iYM�GfegQRWaQRS z KRGfVXMrVXK n ORia`c_�Gf�pMr_XKRM1`NWaV z ihG�{8VXM7_�VgMPiYMP})_XW n Q z K�GfVgM1WYQm_ n
} n QNVXWa`NMPetG�_tW n Q:GfVÝ_tKNM6ihGp_g_tMPe n QRM>WY] z�n VgMPV8G z egW n eJ} n QNVg_teXGfWaQm_ oun eÝ_tKRM o MPMP`N\�Gf}��
WaQ oun eX]JGp_tW n Q2S$W��$M)Q¢\m{6ORVgMPegVP��T;K|ORVPáæ�LM^GfWY] _ n `RM7�[WaVXM�\�M)_g_tMPeHiYM�GfegQRWaQRSÝ]JM7_tK n `RV
_tK�G�_2} n QRVXWY`RMPe-_tKNM¢WYQ|_XMPeXGf})_XW n Q:��WY_XKùORVgMPegV2WaQ n eg`RMPe-_ n iaM�GpeXQî] n egM�Gf}P})ORetGp_XMPi�{
_tKRM-VgWa]^WaihGpeXWY_D{ npo Wa]JGfS$M)V oun eg],_tKNMPWae o M)MP`R\RGf}��k�§ä¢McVgK n �&_XKRMcGf}P})ORetGf}7{ nfo'n ORe
z GfeXGf]JM7_tM)eXVÝM)Vg_XWa]JGp_tW n QÊ]^M)_XK n `§ORVXWYQRS´Vy{BQm_XKRM)_XWa}6`�Gp_tG´GfQR`ÊK n � W�_ÝWYVÝS n WaQRS�_ n
Wa] z e n �fM�eXM)_XeXWYM)�pGfi z egMP}PWYVXW n Q-WaQ8eXMPGfiÁ`�Gp_tG½M7ë z M)eXWY]JM)Q|_XVP�

bæMPM)eyÞê_ n ÞàbæMPM)eç��b��fb��^Vy{[Vg_tM)]JV¹ÃpQRM7_D� n eg�|V(GpeXM2egMP})MPQm_ti�{§M7� n i��$M)` z GfetGp`RWaS$]^V�_ n
Gf}�KRWYM)�$M^KRWYS$KRMPeZ_XKRe n ORS$K z OB_ npo \ n _tKç`�Gp_tGcVy_ n eXGfS$M�GfQN`¢} n ] z ON_�Gp_XW n Q z�n �LM)eP�^C�V
_tKRM)eXM^WaV�Q n })MPQm_teXGfiâWaQR`RMíë6Vy_ n egWaQRS-`�Gp_tG8i n }�Gp_XW n Q6WYQçG-_D{ z WY}�Gfi�b��fbùVg{[Vg_XMP]^VPád_XKRM
z e n }PM)VXV nfo i n }�Gp_XWaQRS�`�Gp_tG npo _tMPQ�\NeXWaQNS$V�Gf\ n ON_?_XKRMâs[ONMPeg{Z]JM)VXVtGpS$MÅÄ n[n `RWYQRS z e n \RiYMP]cá
WaQ®��KRWY}�KùG�s|ORM)eg{:K�GfV*_ n �BWYVXW�_8]ÝGpQ|{ z M)MPegVcWYQ n eX`RM)e*_ n i n }�G�_tM2_XKRMçV n OReg}PM nfo
G�lRiaMf� x GpQ|{îGpeX}�KRW�_tMP}7_tORegMPVcK�Gf`î\ãM)MPQ z e n$z�n VgMP`îWaQ®_tKRM�iaW�_tM)etGp_XOReXM2_ n Gp`R`ReXM)VXV
_tKRWYV z e n \RiaM)](�rT;KRM½]JGfWaQNVg_tegM�Gf]^VZGpeXM�_ n WY] z�n VgM�GfQ n �$M)eXihG�{2Vg_tegOR})_XOReXM�WYQçG8b��pb
QRM)_D� n eg� n eZ_ n e n ON_tM�s|ORMPey{çWaQRVy_tMPGf` nfo \Ne n Gf`N}�GfVy_tWaQNS&§Æ8 0 á�1<;Ná 0 1BáT8f�S¨�� �'n ��M)�$M)ePá
] n Vg_ npo _tKRM)] oun }PORV n QÊ_tKNM>MEb^}PWYMPQm_8`RWYVX} n �fMPey{¬ORVgWaQRS�G¢` n })OR]^MPQm_8Wa`NMPQm_tW�l�MPeÈÇ��
�ÅbJ})WaM)Q|_�VX}�KNMP]^M oun eâlRQR`RWaQNSrVgWa]^WaiaGfed` n })OR]JM)Qm_tVâ\�GfVgMP` n Q^} n Qm_tM)Q|_�WaV�Vy_tWYiaiRQRM)MP`RM)`?�

ä¢M oun egMPVgMPM�_tKRM z�n _XMPQm_tWaGfi oun eLb��fb§Vy{BVy_tM)]JV�WaQ8VgO zRz�n eg_XWaQRS^Ivß�AàqõWaQ*_XKRMZVXM)QRVXM
É±ÊÌË
ÍÏÎ2Ð�ÑHË�Ò�ÓÀÒ�ÓÔËwËwÓÈÕ�Ö×Õ¾Ø�ÍJËwÑ�ÓÚÙ�ÛwÓÜÕZÝ Û�ÞSÓÈÕ¾ÛwÞSÓZß±Ë¾ÎáàEÓãâ×ÍäØ�Õ¾ÓÀÕ¾ÓÜå2ÓÜà�æ�çEËTÎ2ÍÂæèÐEÓÈÛ^é�Ø�Õ�Ö×ÕwØEÍ_Ë¾Ñ�ÓÚÛwê�Û!ëË¾ÓÜÍDÝ Û$ÞSÓÈÕ¾ÛwÞSÓZß±Ë¾ÎáàEÓoâìæÅÛ.ÓÜË$ØèÖ<ÎáÍÂæ�Ð�ÓÈÛKË¾ØoßÜæèÞ�ËwÙ�Õ¾Ó�ÍÏØEÕwÓ�Î2ç�Ö×Ø�Õ¾ÍÂæ�Ë¾ÎáØEçÀÖ×Õ¾Ø�ÍíÙSÛ.ÓÈÕ$ÎáçÏË¾Ñ�Ó,ç�ÓÔîRË$Õ¾Ø�Ù�çSï�é±ðñÜÊÌË�ßÈæèçuÒSÓoæÚò�å2ÓÜç�æ�ÍäÓ�ó�Ñ�æEÛ.Ñuà�æèå2Ù�ÓÅØèÖ�æÚò�åáÓÈç�æèÍäÓÅØ�Õ,ÍäÓZÛwÛ¾æèÐEÓ
ï�Î2Ð�ÓZÛ!ËTØ�Ö�Ë¾Ñ�ÓÅò�å2ÓoßÔØ�çHË¾ÓÜçHËÈð
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nfo WYQR}PegM�GfVgWaQRS�WY]ÝGfSfMPV8} n iaiaM)})_XW n Q:GfQN`ù� n eX�|i n Gf`ùVgK�GfegWaQRS nfo1o M�Gp_XOReXMçM7ë[_XetGf}7_tW n Q?�
û n _ n QNiY{Ý_XKRM�`�Gp_tG^Vy_ n eXGfS$M nfo IvßLAàqÍ}PGfQ(\�MHWaQR})eXMPGfVXM)`(`ReXGfVg_XWa}PGfiai�{$á[\RON_'GfiaV n b��pb
} n ]^]�ORQNWY_tWYMPV�\�MPQRM7lR_ o e n ] WY_ oun e	WaQR})eXM�GpVXWaQNSJ_tKNM"s|ORMPey{(�pGfegWaM7_D{(\m{(Gf`R`NWaQRS*IvßLAàq
o ORQR}7_tW n Q�GfiaW�_D{$�-ä�M n ON_tiYWaQRM�_tKNM8GfeX}�KNWY_tM)})_XOReXM oun e z MPe oun eX]^WaQRS2IvßLAàq�WYQ´b��fbFGfQR`
z e nfzãn VgMrG^bæMPM)e�ILiYORVg_XMPegWaQRS^GfQR`cj�WYeXM7� n eg�-òZORMPey{ x n `RMPiã_ n Gf`R`RegMPVgV	_XKRM z e n \RiaM)]
nfo MEb^}PWYMPQm_�i n }PGp_tW n Q nfo VXWY]JWYihGfe�`�Gp_tG^WYQ-GJb��fb§QRM)_D� n eX�k�

�Y�èô Ô ¡ Ø�¦  oõR¢ ×p¦ õH¡ Ø¤ö

ADQ6_tKRWYV'_tKNMPVXWYVPá?��M½M7ë z i n eXM"_XKRM½GfegM�G nfo iYM�GfegQRWaQNS*Wa]JGfS$MrVXWY]JWYihGfegWY_D{8GpQR`çQRM)� oun eg]
nfo `�Gp_�Gp\�GfVXMHVgO zRz�n eg_	WaQ(IvßLAàqH��ADQ z Gfeg_XWa})ORihGfe)á
0 �;ä¢M z e n$z�n VgM1G z GfetGf]^M)_XMPegV;MPVg_XWa]JGp_tW n Qí§ �@9�¨?WaQm_teXG�ÞDs|ORM)eg{ o M)MP`R\RGf}��-G zRz e n Gf}�K
oun e�}�G z _XOReXWYQRS½ORVgMPeXV)åRVXMPGfeX}�KNWaQRS�_tGfeXS$M7_;] n eXM�Gf}P})ORetGp_XMPi�{J��KRWYiaM'} n ] z ON_tGp_tW n Q
} n Vg_	WaV;�pM z _']JWYQRWa]JGfi��

�B�;ä¢M z e n$z�n VXM^G(@BMPi o ÞyèZeXSmGpQRWaé)WaQRS x G z ��@Rè x �'ÞD\�GpVXMP`¢WaQm_tM)eyÞês[ONMPeg{ o MPMP`N\�Gf}��
G zRz e n Gf}�KJ§Æ:�¨�_ n eXM n eXSmGfQNWaéPM�_XKRM o M�G�_tORegM��$MP}7_ n eHV z Gf}PM�V n _XK�Gp_ o MPGp_tONeXM��$M)}7Þ
_ n eXV nfo Wa]JGfS$M)VvORQR`RM)e;_tKRMHVtGp]JM�VgMP]JGfQm_tWa}�]^M�GpQRWaQRS���WYiaiã\ãM�})iaORVy_tMPegMP`ciaWY�fMHG
�HGfORVXVgWhGfQ-`RWYVg_XeXWa\NON_tW n Q?�

1N�;ä¢M(`RM7�$M)i n$z G�b��fb�}PiYWaM)Q|_ z e n S$eXGf] }�G z Gf\RiYM npoZz MPe oun eX]^WaQRS�IvßLAàq }PGfiaiYMP`
wZAy@RI;è;ïZAàq�§ �A:�¨��ÍAê_8`NMP] n QRVg_XetGp_XMPVÝ_XKRM z�n VXVgWa\RWYiaW�_D{ nfo G zRz iY{[WaQRS¢} n Qm_XMPQm_gÞ
\�GfVgMP`8VgWa]^WaihGpeXWY_D{"VXMPGfeX}�K8WYQ*b��fb�WaQRVy_tM�Gp` nfo _XKRM�l�iYMPQ�Gf]^M n e�l�iYM'AàwÍVgM�Gfeg}�KRMPV
WaQ-MíëNWYVg_XWaQRS^b��fbÊQRM7_D� n eX�|VP�

�R�;ä¢M z e n$z�n VgMâGfQ n �fMPegihG�{ZQRM7_D� n eX�HGfeg}�KRWY_XMP})_XOReXMâGpQR`Hs[ONMPeg{Ze n ON_XWaQRS;Vg}�KRMP]^Ml§Æ1�9Bá
1@8Bá����S¨Á_ n eXM)`ROR})M"QRM7_D� n eg�*_teXGSb^}1\m{-MPiYWa]^WaQ�G�_tWaQNS"s|ORMPey{-\Re n Gf`R}�GpVg_tWYQRSR��C�iñÞ
_tK n ORS$K¬s|ORM)eg{§\Re n Gf`R}�GpVg_tWYQRS z e n \RiYMP] K�GfVJ\ãM)MPQ:Gf`N`ReXM)VXVXM)`®WaQ¬]JGfQm{�QRM7�
G zRz e n Gf}�KNMPVPákW�_;WaV n QRiY{JV n i��$M)`(WYQ*_tKRMH} n Q|_XM7ë[_ nfo l�iaM)Q�Gf]^M n eLl�iYM�AàwUVXM�GpeX}�KBÞ
WaQNSR�-èZORe z e n$z�n VgMP`�Vy_teXGp_tM)Sf{�V n i��$MPVr_tKRWYVHWaQç_tKRMJ} n Qm_tMíë[_ nfo } n Qm_tM)Qm_gÞD\RGfVXM)`
VXWY]JWYihGfegWY_D{�VgM�Gfeg}�KRWaQRSN�
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ADQ6_tKRWYVZ_tKRM)VXWaV)á?�LM½egM)�[WaM7��})OReXegMPQm_riaWY_XMPeXGp_tORegMPV n QçeXMPiYM)�pGfQR})M o MPM)`R\�Gf}��2_XMP}�KRQNWas|ORMPV
GfQR`�b��fbÄVg{[Vg_XMP]^V½WaQ´ILK�G z _XMPe^�B�>ADQ z Gfeg_XWa}PONihGfe)áæ_XKReXM)M-G zRz e n Gf}�KRM)Vn§ �<1Ná 0 �|á��$��¨
WaQ¹eXM)iaM)�pGfQN}PM o MPMP`N\�Gf}��¹GfQR`�_D� n GfeX}�KRW�_tM)})_tONeXMPVp§ �m�Ná 0 1S¨�WYQÊb��fbðGpeXM8�[WaVXW�_tM)`?�ÊADQ
ILK�G z _XMPef1Bá��LM z e n$z�n VXMÝGfQR`´M7�pGfiaO�G�_tM*G z GfetGp]JM7_tMPegV"M)Vg_tWY]ÝG�_tW n Q�]^M)_tK n `�GfQR`�G
@BMPi o ÞyèZeXS$GfQRWaé)WaQRS x G z �/@Rè x �h§ ��8�¨�G zRz e n Gf}�K>ORVgMP`6WaQc_tKRM1eXM)iaM)�pGfQN}PM o M)MP`R\�Gp}��2GfeàÞ
}�KRWY_XMP}7_tORegMf����ë z M)eXWY]JM)Q|_XV n Q2Vg{[Qm_tKRM7_tWa}�GfQR`>egM�Gfid`�Gp_�GJGfeXM1VXK n ��Q>_ n GfQ�Gfi�{[éPM1_XKRM
}�K�GfeXGf})_XMPeXWYVg_XWa}PV	GfQN` z MPe oun eX]JGfQR})M nfo�n ORe�GfiaS n eXW�_tKR]c�

ADQ"ILK�G z _tMPe��Rá ��M�`NMPVX})eXWY\ãMâ_tKRMâWY] z iYMP]^MPQm_�G�_tW n QZGfQR`rWaQN} n e zãn eXGp_tW n Q���W�_tK"IvßLAàq
o ORQR}7_tW n Q�GfiaW�_D{ npo GHb��fb�}PiYWaM)Q|_ z e n S$eXGf](áf}�GfiYiaMP`^wZAy@RI;è;ïZAàqH�$ä�M	GfiYV n `RM)VX}PegWa\�M	_XKRM
bdM)MPe�ILiYORVg_XMPeXWYQRS�Vy_tetG�_tMPSp{^_ n�n egSmGfQRWYéPM'G"b��fb�QRM)_D� n eg�*GfQR` z e n$z�n VgM'_tKNMZj�WYeXM)� n eg�
òZORMPey{ x n `RM)i�_tK�Gp_�eXM)`ROR})MPVvQRM7_D� n eX��_tetG�bJ}'GfQR`JWa] z e n �fMPV�eXM)_XeXWYM)�pGfi z M)e oun eg]ÝGpQR}PMp�
@BWa]"ORihGp_XW n Q-Míë z MPegWa]^MPQm_tVZGfeXM1ORVXM)`ç_ n _tM)Vg_Z_XKRM"Vg}�GfiaGf\RWYiaWY_D{ nfo _tKRWYV�] n `NMPi/�'ø�GfVg_XiY{fá
�LMr`RWYVX}PONVXV zãn VgVXWY\RiaM o ON_XOReXMZ� n eg�[V'GfQR`cS$W��$MH} n QN}PiaON`RWaQRS½egMP]JGfeX�|V�WaQ(ILK�G z _tM)eu8[�
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ADQ oun eg]ÝGp_XW n Q�q	M7_teXWYM)�pGfiRWYV�_tKNM;M7ë z i n etGp_XW n Q n e�VgM�Gfeg}�K npo GZ`�G�_�Gf\�GpVXM n e�_XKRM�ADQ|_XMPegQRM)_
WaQ n eg`RMPe;_ n KRM)i z mc A�$m
�! Gf})}PMPVgV'WYQ oun eg]ÝGp_XW n QÝWaQ-G�®/²�°�¼�½ ÿ�°HGfQR`v°���¼�½¾°�·�¯�]ÝGpQRQRMPe)�

ô���� Ô ¡ Ø�¦�Ö�Ø�¦�����Ò©ö�Ö�� ÏT¥ Ò1Ù�Ö 	 Öu¦  Àõ Ö�
rÒ £
C�VæGfQHWa`NW n ]îVtGfWY` � C z WY})_tONeXMâWaV� n ey_tK1G;_XK n ORVXGfQR`H� n eX`RVÈ�RápM7�$M)Q�G;VX]JGfiaipWa]JGfS$Md}�GfQ
} n Qm�fM){½} n ] z iaM7ë"Vg_XeXOR}7_tORegMv��WY_XK�eXWY}�K½} n Qm_tM)Qm_���Aê_�VgMPM)]JV�_XK�Gp_�VgM�Gfeg}�KRWaQRS oun e�Wa]JGfS$M)V
WaVd]�OR}�K½] n eXM�`RW�b^}PONiY_�_XK�GfQ�VgM�Gfeg}�KRWaQNS oun ed_XM7ë[_���ADQ½MPGfeXi�{rWa]JGfS$M�eXM)_XeXWYM)�pGfi[Vg{[Vg_XMP]^VPá
_tKRM7{-eXM)s[ONWaeXMHK|OR]JGfQ(GfQRQ n _tGp_tW n Q-GfQR`c}PiaGfVXVgWYl�}PGp_tW n Q n Q8_tKRMrWa]JGfS$M�} n iYiaMP}7_tW n Q?áB_XKRM
s|ORMPey{�WYVr_XK[ONV z MPe oun eX]^MP`�ONVXWaQNS2_tMíëB_yÞD\�GpVXMP`�eXM)_XeXWYM)�pGfiâ]JM7_tK n `RV)� �	n �LM7�$MPe)á�_tKRM)eXM
GfeXM6_D� n iYWa]^WY_�G�_tW n QRV oun e8VXOR}�KÍWY] z iaMP]^MPQm_tGp_tW n Q��� -6%���� + �'�� A�(/ ��'���!�'� ¿ÝGfQR`
� �/��G Q ������"��FS" P  �	R�<��!m����.�/� Ç ��ä:W�_tKÝ_XKRMZetG z Wa`JS$e n �;_tK8WYQÝ_tKNM'� n iaOR]^M nfo `NWaS$W�_
Wa]JGfS$M)VPáâVXMPGfeX}�KRWYQRS�GfQR`¹\Re n ��VgWaQRSçWaQ¹G6ihGpeXS$M*} n iaiYMP}7_tW n Q nfo ORQ�GfQRQ n _�Gp_XMP`¹Wa]JGfS$M)V
WaV�SmGfWYQRWaQNS6Wa] zãn ey_�GfQN}PMf�¹I n Q|_XMPQm_gÞDßvGfVgMP`¬AD]JGfS$M-q�M)_XeXWaM7�pGfiH�/Ivß�Aàq��½Vg{[Vg_XMP]^VÝGpeXM
z e nfzãn VgMP`®_ n�z GfVXV8_tKNWaVÝ_XMP`RW n ORVÝ_tGfVX�¹_ n } n ] z ON_XMPe)��@BWYQR}PM6MPGfeXi�{ 0 ;<;$�NåìVPá�]JGfQm{
Vg{[Vg_XMP]^V2K�G��fM¢\�MPM)Q z e n$zãn VXMP`õGfQR`ù`RM)�fMPi nfz M)`?á�V n ]^M nfo _XKRMP] GfeXM�ò�ßLAyI § 0 9S¨�á
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_tM)](�rßvGfVgMP` n Q>_XKRWaV o M)MP`R\RGf}��ká�_XKRM½Vg{[Vy_tMP] MPVg_XWa]JGp_tM)VZORVgMPePåìV z egM o MPegMPQR})M½_tKRe n ORS$K
G^iYM�GfegQRWaQNS z e n }PM)VXV)�Lj�WYSR���[�21½VXK n ��V�G�_D{ z Wa}�GpiÁeXMPiYM)�pGfQR})M o MPMP`N\�Gf}�� z e n })MPVXV)�

x n Vg_ nfo _XKRM�}PORegeXMPQm_�eXMPiYM)�pGfQR})M o M)MP`R\�Gp}��rVy{[Vg_tM)]JV�GfeXMâ\�GfVgMP` n Q1_tKNM�WYQ|_XetG�Þês|ORMPey{
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_ n ONVXMPe)��C�V;GreXM)VXORi�_�áB_XKRM�Vy{[Vg_tM)]&WYV�Míë z MP}7_tM)`-_ n S$M7_v] n Vg_�WaQ oun eX]JGp_tW n Q�SmGfWaQ o e n ]



«6¬F�®/¯±°�²����l�¼�����²¹¸�»K·/º 0 �

ORVXM)ePåìV o MPM)`R\�Gf}��k��ßLMPVgWa`RM)VPáT§ì��1�¨?GfiYV n `RM)_tGfWaiYV�_XKRM z e n })MP`RORegM�_ n G zRz i�{�_tKRWYVLVg_XetGp_XMPSf{f�
T;KRWaV�]^M)_XK n `-WYQRV z WYeXM)Vv_tKRMH`RWYV z iaG {Ý] n `RM)i nfodn ORe z e nfzãn VXGfi/�

!#"w!x"wÔ Õ#,J*-,J9%¾a,/9�7c*fkBÖÆ}�})0/:<*87Lz)(+¾
û'WYSmGf] M)_cGfi��r§ 1@:�¨HGfQN`:ä¢O:M)_(Gfi��r§Æ8�9�¨ z e n$z�n VXM)`ùONVXWaQNS�_XKRMç� x GpiaS n egWY_XKR] _ n
}PiaGfVXVgW o {-` n }POR]^MPQm_XV�GfQN`2Wa]JGfS$M)V�eXMPV z M)})_XWY�$M)iY{f����ë z MP}7_�Gp_XW n Q x G�ëBWa]^Waé�G�_tW n Q���� x �
GfiaS n eXW�_tKR]Â�LGfVLlReXVg_ z e nfzãn VgMP`8WYQ 0 ;@:�:�§ 0 8�¨d��Aê_v�LGfVLORVgMP`8_ n V n i��$M�_XKRM�]JG�ëBWa]"OR]�Þ
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GfS$M)V"GfegM npo _tKNM^VXGf]^MJVgMP]JGfQm_tWa}�]^M�GfQNWaQRSR� � M)WaVy_tMPeg��Gf] z §ì�$��¨�GfQR` � M�M)_"Gfi��À§ � 0 ¨
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GfeXM1eXM7�$M�GpiaMP`� �'n ��M)�fMPePá?_XKRWaV	]^M)_tK n `>}PGfQ n QNiY{-eXM7_tegWaM)�fM�Wa]JGfS$M)V;��KRWa}�K6K�Gp`2\�MPMPQ
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]JMPGfVXONeXM�\ãM7_D�LM)MPQ¢Wa]JGfS$M�¬�GpQR`4®(ORQR`NMPe�_tKRM½VgMP]JGfQm_tWY}½V z Gf})M�iaM�GpeXQRM)` o e n ] ORVXM)eP�
ADQ z etGf}7_tWY}PMfáf`RWYüãMPegMPQm_�s|ORMPegWaM)V�]ÝG�{1WaQm� n i��$Mv} n ]^] n Q"KRWaS$K[ÞDiaM7�$M)iNVXM)]ÝGpQ|_XWa} o M�Gp_XOReXM)VP÷
_tK|ORV5GÍWYVL`RM)} n ] zãn VXMP`8ONVXWaQNS½VXWaQNS$ORihGpeâ�pGfiYORM�`NMP} n ] z�n VXW�_tW n QJ_ n Gå�åæ� -«#çdáB��W�_tK
æ5çSæÆ�è@ká6é)ç�é2�è@½GfQR`ê ¢`RWaGfS n QRGfi/�dI n iYOR]JQ½�fMP})_ n eXV nfo æùGfQR`êéÄGpeXM�MPWYS$MPQm�$M)}7Þ
_ n egV npo G�GÍç�GfQR`DGÍç�GÂeXM)V z MP})_XWY�fMPiY{f��GÂWaV�_tKRM)Q2egM z egMPVXM)Qm_tMP`ç\m{(GJ} n ] z Gf})_ oun eg]
��KRWY`R`RM)Q¹VgMP]JGfQm_tWY}*V z Gp}PM �IëÝá���KRWY}�K¼ëì�¢æ) FGfQR`�WY_�eXMPs|ORWYeXM)V½eXMP`NOR}PM)`§Vy_ n eXGfS$M
V z Gp}PM�©�AêíÁáÎíc\�MPWYQRS½_tKRMHetGpQR� nfo ]ÝG�_teXWñëîGóGfQR`Iíªïiâã�
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T;KNM oun iai n ��WYQRS�WaV�G½} n ] z GfeXWYV n Q nfo `RWYüãMPegMPQm_	eXM)iaM)�pGfQN}PM o MPM)`R\�Gf}��-G zNz e n Gp}�KRMPV)�

ô���÷ � ÖZÖ   ��¦ ¡ � � ÖZÖ   Ï�ØWV ¡X  ¥ Ò´¦ õH¡ Ø 	 Öu¦  oõ Ö�
rÒ £
bdM)M z Þ/_ n ÞDbdMPM)e¢��b��fb��ÝQRM)_D� n eg�¬WaV8G´egMP})MPQm_ti�{®M)� n iY�fMP` z GfeXGf`RWaSf] oun eÝ`RWaVy_teXWY\RON_XMP`
} n ] z ON_XWaQRSN��ä:W�_tKZ_XKRM�MP]^MPegS$WaQRS�b��fbcQRM)_D� n eg�[V n e_XKRMPWYe�pGfeXWaGfQm_tV?VgOR}�K�GpVæ�HQ|ON_XMPiaiaGr§ 0�= ¨�á
û�G z Vg_tM)eÚ§Æ1<1�¨|GfQR`rj�eXM)MPQRM7_Ú§ 0 :�¨/á�GfQN`H_XKRMPWYe?Wa] z iYMP]^MPQm_�Gp_XW n QNVPáPVgOR}�K�GpVÁøÁWa]^M)ä:WaegMÂ§ì��;S¨�á
M)_X}f�âT;KRM){ n üM)e�_XKRM oun iai n ��WaQRS½Gp`N�pGfQm_�GfS$M)VH�

0 � P �w	�����.�6-T�R K"�I� �	H�/-���< 4X T;KRM6Vy_ n eXGfS$Mfá	WaQ oun eX]JGp_tW n Q§GfQR`:} n ] z ON_tGp_tW n Q�Gfi
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} n Vg_;}PGfQ*\�MZ`RWaVy_tegWa\RON_XMP`8Gp] n QNS1_tKNM z M)MPegVPá�GfiYi n ��WaQNSr]JGfQm{JWaQR`RW��[Wa`RO�Gpi�} n ]½Þ
z ON_XMPegV	_ n Gp}�KRWaM7�$M1G�KNWaS$KRM)ev_tKRe n ORS$K z ON_©§ �@8�¨/�

�B� + �6�<� A��	H �"`I� ��.�.�5�6�.�w�)�èxYX T;KRMHb��fbùQRM7_D� n eX�>WYQR}PegM�GfVgMPV�eXM)iaWaGf\RWaiYWY_D{8\m{2MPiaWY]�Þ
WaQRGp_tWYQRS�egMPiaWaGfQR})M n Q®}PM)Qm_tetGpiaWaé)MP`®} nBn eg`RWaQRGp_ n egVJ_XK�Gp_-GfegM z�n _tM)Q|_XWhGfi'}PegWY_tWY}�Gfi
z�n WaQm_tV npodo GfWYiaORegMY§ 0<0 ¨��

1N� Uh�/%&m6� �zT K��	R�)(/ K�T �	R	M�$] + �T]^�$�%&�F���!�/�BX T;KRM*b��fbUQRM7_D� n eg��K�GpV1_tKNM z�n Þ
_tM)Qm_tWhGpi�_ n eXM�Gp}�K¹M7�$M)eg{�} n ] z ON_tM)eXV n Q´_XKRM*ADQm_tM)eXQRM7_�áâ��KRWaiYMÝM)�fMPQ�_tKNM8] n Vy_
} n ] z egMPKRM)QRVXW��$M'VXM�GpeX}�KÝM)QRS$WYQRM'}PGfQ n QRiY{�} n �$M)e n QRMíÞê_XKRWaeg` npo _tKNM �.�6"T ��,�5�6�. �Z
��MP\BÞêVXWY_XMrG �pGfWYihGf\NiaMZGpV	Vy_�Gp_XMP`cWaQ-V n ]JMHVg_tGp_tWYVg_XWa}PV)�T§ì�<:�¨

j�WaSfOReXMc�B�á9çVXK n ��V*GpQ§})ihGfVgVXWa}PGfivMíëRGp] z iYM nfo G�b��fbÂQRM7_D� n eg��[ �§ADQ¹_XKRMcM7ëNGf] z iaMpá
`RWYüãMPegMPQm_�l�iaM)V�GfeXM�VgK�GfegMP`c\|{*`RWYüãMPegMPQm_ z M)MPeXV)��ä:KRMPQ(G z M)MPe�WaQRW�_tWaGp_tM)VvG½VXMPGfeX}�K oun e
G�lRiaMfákW�_�\Re n Gp`R}�GfVy_tV'G^s|ORM)eg{ceXM)s|ORMPVy_�_ n GfiYiÁWY_tV�} n QRQRM)})_tWYQRS z M)MPeXV)�vAê_tV z MPMPegV'_XKRMPQ
z e nfz GfSmGp_XM½_tKRM^eXM)s[ONMPVg_1_ n _tKRM)Wae n ��Q z MPMPegV"GpQR`¢_XKRWaV z e n })MPVXVr} n Q|_XWaQ|ORM)VP�-�'QNiaWa�pM
_tKRM8})iaWYMPQm_gÞêVXMPey�$M)e�GfeX}�KRW�_tM)})_tONeXM nfo _tKNM*�LM)\?á�_XKRM-b��fbóQNM)_D� n eX��GfWY]JV"Gp_�GfiYi n ��WaQNS
WaQR`NWY�[Wa`RORGfiâ} n ] z ON_XMPeXV)á���KRWa}�Kª� n WYQ�GfQR`�iYM�G��$MJ_tKRM8QRM7_D� n eX� o egMPs|ORM)Q|_XiY{fáâ_ n VXK�GpeXM
WaQ oun eX]JGp_tW n Q�`RWaegMP})_XiY{´��W�_tK¬MPGf}�K n _XKRMPe^��WY_XK n ON_^_tKRM(KRMPi zÊnfo `RMP`RWY}�Gp_XMP`¬VgMPey�$MPegVP�
�âGf}�K z M)MPeLGf})_XVvGfVLG"VXM)eg�$M)e;GfQR`*GfVvG"})iaWYMPQm_LVgWa]�ONiY_�GpQRM n ONVXiY{f��ADQÝ_XKRMPVgMZQRM7_D� n eg�|VPákG
z M)MPeZ}PGfQ6\�MP} n ]JM"GÝ]JM)]�\�MPe npo _tKRM"QRM)_D� n eX�(\m{2M)Vg_�Gp\RiaWYVXKRWYQRS*GÝ} n QRQRM)})_XW n Q>��W�_tK
n QRM n ed] n eXM z M)MPegV�WaQr_tKRMv})OReXegMPQm_�QRM7_D� n eX�k� x MPVgVtGfSfMPVâGfegMLVXM)Qm_ n �fMPe�]"ORiY_XW z iYM�K n$z V
o e n ] n QRM z MPM)e�_ n GfQ n _tKRM)e���KRWaiYMvM�Gf}�K z MPM)e�egMPV zãn QN`RV�_ n s|ORMPegWaM)V oun e�WaQ oun eX]JGp_tW n Q1W�_
VXK�GpeXMPVdi n }�GfiYiY{f�Áb�ihGfWYQRiY{fá�_tKRWYVæ] n `RMPimWYV?�vGfVy_tM o ORiB\�MP}PGfORVgM z MPMPegV�GpeXM oun eX})MP`r_ n K�GfQR`NiaM
WaegeXMPiYM)�pGfQm_âs|ORMPey{½]^MPVXVXGfS$M)VP��T;KRWYVâ_D{ z M nfo VgM�Gfeg}�KJWYV�}�GfiYiaM)`JGHßLegM�Gf`B_tKBÞDj�WaegVg_gÞà@BM�GpeX}�K
��ßvj�@R�7��C�V'VXK n ��Q6WaQc_tKRWYV'MíëNGf] z iaMfák_tKNM"`�Gp_tGJi n }PGp_tW n Q z e n }PMPVgVZWaV'GJ�pM){ z e n \RiaM)]
WaQ�b��fbÄWaQ oun eX]JGp_tW n QçeXM7_teXWYM)�pGfi��cä:KRM)Q�G z MPMPe"WaVXVgORMPV�G2s|ORMPey{´eXM)s|ORMPVy_�á�_tKRM*b��pb
Vg{[Vg_XMP] ]�ONVg_;\�MHGf\RiYM�_ n i n }PGp_tM	_tKRM�egMPs|ORWaegMP`-`�Gp_tG�WaQ-GfQ8M�b^}PWaM)Qm_�]ÝGfQNQRMPe)� x GfQm{

\ÜÊ)ç�ï�ÓÔî�æèÒ�å2ÓÁÑ�ÓÈÕwÓãÍÏÓZæèç�ÛÀç�ØèËÚÎáç�ßÜåáÙSï�Îáç�Ð ËwÑ�ÓÁç�Ø�ç�ë Î2ç�ï�ÓÜî�æ�Ò�å2Ó � ÓÈÒ�ë)Û.ÎáËwÓEó � Ñ�Î2ß^ÑfÎaÛoÍÂæèçRêhËwÎ2ÍäÓÈÛË¾Ñ�ÓcÎáçSï�ÓÔî�æèÒ�åáÓÅØ�ç�Óoæ�Û,Û.Ë¾æ�Ë¾ÓÈïlÎáçrÛwØ�ÍäÓcÛ!Ë^æ�Ë¾Î2Û.ËwÎaßÜÛN] ^ _Ìð` ÊÌËTÎaÛ�ÎáçuÖìæEß±Ë,ËwÑ�Ó&Z
çHÙ�ËwÓÜå2åaæÚÍäØ�ï�ÓÈå�ð
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]JM7_tK n `RV½GpeXM z e n$z�n VXM)`�_ n V n iY�fMÝ_tKRWYV z e n \RiYMP]c�>T;KRM){�}�GfQ�\�MÝ`NWY�[Wa`RM)`�WaQm_ n _D� n
}�Gp_XMPS n eXWaM)V	GfQR`8�LM1GfegM�S n WaQNS�_ n WaQm_te n `RON}PMZ_tKNMP] WaQ*_XKRM oun iai n ��WaQRS"_D� n VgMP}7_tW n QRVP�

j�WYS$OReXMr�[�29F��ADiYiaORVy_teXGp_tW n Q nfo WaQ oun eX]JGp_tW n QÝegM)_tegWaM7�fGpiÁWaQ-G^b��pbÊQRM)_D� n eg�

!#"�Ô#"�$ aå9�¾á,60K9�Ý�.Í,6(+bcb *8¾6zedÒ*fÝ�k�(fdÒ(+7Lz�;�9%Û�.)(+¾
T n Gf`R`RegMPVXV'_tKRM1`�Gp_�G^i n }�Gp_XW n Q z e n \RiYMP]cáILK n eX`y§Æ8 0 ¨�áILCZû § 1<;S¨�áãb�GfVy_teg{�§ � 0 ¨dGfQR`
T�G z M)Vg_tey{ §á8�;�¨�_tGf}��|iaM^WY_r\m{�`RWaVy_teXWY\RON_XWaQRS8_tKNMJWYQR`RM7ë�Vy_ n eXGfS$M^WaQm_ n `RW�üM)eXMPQm_ z M)MPegVPá
_tK|ORV�VgK�GfeXWYQRS�_XKRMv� n eX�|i n Gp` nfo G�}PM)Qm_tetGpiaWaé)MP`½WYQR`RM7ë"VXM)eg�fMPeP��T;KNM;`RWaVy_teXWY\RON_XMP`½WaQ o etGfVàÞ
_tegOR})_XOReXMJORVXM)V�wZWaVy_tegWa\RON_XMP` � GfVgK´TdGf\RiaM(��w � T	�Z_tMP}�KNQRWas|ORMÝ_ n ]JG z _tKRM�l�iaM)Q�Gf]^M
nfo l�iaM)V^VgK�GfegMP`¹\|{¹G z MPM)e�_ n �fM){[V)á;GfQR`¹M�Gf}�K z MPMPe�WYV^egMPV zãn QNVXWa\NiaM oun e½Vy_ n egWaQRS�G
}PM)eg_�GpWaQ�etGfQRSfM nfo ��E�M){fádï�GfiYORM ��g z GfWaegVP�Ýä:KRM)Q´G z M)MPeri n[n �|V oun e1G8l�iYMfáæWY_rK�GfVgKRMPV
_tKRM'l�iaM)Q�Gf]^M	_ n G"�fM7{*GpQR`8GfVg�[Vv_XKRM z MPM)eXVvegMPV zãn QNVXWa\NiaM oun e�_tKNWaV��fM){ oun e�_XKRMZGp})_tORGfi
Vg_ n etGfSfMZi n }�Gp_XW n Q nfo _tK�G�_Ll�iYMf��ILK n eg`-] n `RMPiYV�_XKRMZ�fM7{-GfV;GpQî©ÝÞD\RW�_tVLWY`RMPQm_XWYl�M)e;GfQR`
GfeXeXGfQRS$M)V'_XKRM z MPMPegVZWaQm_ n GÝi n S$Wa}PGfiÁeXWYQRSJ_ n$z�n i n Sp{*_ n `NM)_tM)eX]^WaQRMr��KRWa}�K z M)MPeZWYV'egM7Þ
V z�n QRVgWa\RiYM oun eZVg_ n eXWYQRS*��KRWY}�KÊ��E�M){$áÁï�GfiYORM � z GfWae)��ILC�ûð] n `RMPiYV'_XKRM��fM){6GfV zãn WaQm_
n Q�G M ÞD`NWa]^MPQRVgW n Q´IvGfeg_XMPVXWaGfQ´} nBn eg`RWaQRGp_tMJV z Gf})Mfá���KRWYiaMÝMPGf}�K z MPMPe"WaV"egMPV zãn QNVXWa\NiaM

h-iÅÓÈêÁÎ2ÛªË¾Ñ�ÓcÑ�æEÛ.Ñ�ÓZïãà�æ�åáÙ�ÓcØ�Ö�ò�å2ÓÜçSæèÍäÓoæèç�ïÍX$æèå2Ù�ÓcÎaÛªËwÑ�ÓÅòSåáÓÈç�æèÍäÓoæèçSïãå2Ø�ßÜæ�Ë¾ÎáØEçAð
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oun e½��E�M){$áãï�GfiaORM�� z GfWaegV�WaQNVXWa`NM"WY_XV�V z M)}PWYlR}�eXM)S$W n Q�Zj�WYSR�ã�B�a:^WaiaiYORVg_XetGp_XMPV	K n �ÂILCZû
`RWaVy_tegWa\RON_XMPVZWYQR`RWY}PMPV�WaQm_ n `RW�üM)eXM)Q|_ z M)MPeXV)��@[OR}�K¢Vy{[Vg_tM)]JVZ_tGf�fM�G*\RGfihGfQN}PM�\�M)_D��MPM)Q
_tKRMr}PM)Qm_tetGpiaWaé)MP`cWaQR`NM7ëcGfQN`c_ n _�GfiYiY{J`RMP})MPQm_teXGfiaWYéPM)`2WaQN`RM7ëcG zRz e n Gf}�KRMPV)�vT;KRM7{-V z MPMP`
O z GfQN`>eXM)`ROR}PM1]JM)VXVXGfS$M z GfVXVgWaQRS oun e�_XKRM z e n }PMPVgV nfo �pM){(i n[n �|O z �u`�Gp_tGJi n }�G�_tW n Qk�7�
@ n ]^M�M7ë[_tM)QRVXW n QRV npo w � T;Vâ_ nrz MPe oun eX]ð} n Q|_XMPQm_gÞê\�GfVgMP`*egM)_tegWaM7�fGpikGfQR`J_XM7ë[_tORGfikVXWa]^W�Þ
ihGfegWY_D{1]ÝG�_t}�KRM)V�WaQRVy_tM�Gp` npo lRiaMPQRGf]JML]ÝGp_X}�K^GfeXM z e n$z�n VXM)`^WYQ\§á8f��¨/��C�iY_XK n ORSfK�w � T;V
GfeXM1MPiYMPSmGfQm_�GfQR`(VX}�GpihGf\RiYMfá�_tKNMPWae z MPe oun eX]JGfQR}PMrORQR`NMPe�_XKRM"`N{[Q�Gp]JWY}r} n QR`RW�_tW n QRV oun e
b��fbÊVg{[Vy_tMP]^V�WaV;Vy_tWaiYiORQN�[Q n ��Q,§ �m��¨�� x n egM n �$M)ePákVXON}�K2�|WaQR` nfo Vg}�KRMP]^MPV	eXM)iY{ n Q-_XKRM
_tegORVg_D� n eg_XKRWaQNMPVXV npo�z M)MPegV z Gfey_tWa})W z G�_tWaQNS	WYQ1_XKRMvQRM7_D� n eg�k��A o G']JGfiaWY}PW n ORV z MPMPed��KRWa}�K
VXO zNzãn VgMP`�_ n \�M½eXMPV zãn QRVXWY\RiaM oun eZGfQRVg��MPegWaQRS-s|ORM)eXWaM)VH`RMPQm{>_ n ` n V n á?_XKRM z e n \RiaM)]
\ãM)} n ]^MPV'VXM)eXW n ORVPáãMPV z MP})WhGfiYiY{-ORQN`RMPe�_XKRM"} n QR`RW�_tW n Q npo Q n `RO z iaWY}�Gp_XM1WYQR`RM7ë(Vy_ n eXGfS$M
WaQ n _XKRMPe z MPMPegVP�

Distributed Hash Table
(DHT) fuction

Peers in the network,
storing the (key,value)

pairs of shared files

Files shared by peers

Hash value
of filename

jdWaS$ORegMr�B�2:K��ADiaiYORVg_XetGp_XW n Q npo WYQR`RWa})MPV;]JGfQ�GfSfMP]^MPQm_�WaQ(ILCZû

!#"�Ô#"_! gi:{.Í,J9�;)de`a;)bÓ9%7c(+¾µ*f;)b ÕÍz):<06,67+.Í,6¾
C�V	w � T;V;]JGfQR`RGp_tMHG½V z MP})WYl�}HQRM7_D� n eX�*Vy_teXON})_tONeXM1GfQR`-s|ORMPegWaMPV	GfegM�\�GfVgMP` n Q-` n }íÞ
OR]^MPQm_�Wa`RM)Q|_XWYl�M)eXV)á[egMPVgM�Gfeg}�KRMPegV z e n$zãn VXMP`J]JM7_tK n `RV�_XK�Gp_ n$z MPetG�_tM�ORQR`RM)e�_tKRM z egM)�pG�Þ
iaM)Q|_d`N{[Q�Gf]^Wa}�b��fb6MPQm�[Wae n QR]^MPQm_�ápiaWa�pMv��Q|ON_tM)iaiaGNá�GfQR`�s|ORM)eXWaM)V�GfegM�\RGfVXM)` n Q"} n Qm_tMPQm_
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��v � 	 ',y v � �!	 y �F� x&� u � 	7�	v # 0qv ��� 	 �(�ãàâ�ä F Ò ä 5  y ��uM��F-	 y v"� � 	?��	 y v �  *)*Rx8y	z)5
�å� Ò  Ò ä 5Z� v � �£v�v y_� u	vñ��v � Ò  y �æÒ ä > L×	ì	 ���  xUy � u	vñ��v � 	 'Sx��  z v��
��v * ��v���v yA� v.� �A%Î� 	Y�Rv # 0qv ��� 	��æàâ ä 5 ��v �  y�z v �k� u	v3	 � x8zqxUy  #a� 	Y�Rv # 0qv ��� 	��æàâ �A%
� <MJ 5  y � � u	v yE�¦%  # 	7	 1¦�)*F�  �)# v�v.� �  �)#Ux �-u	v.� xUyF� u	v � 	 y � � � �)����x 	 y 	 ' Ò �	v�� � � x�� v.�
x8yk* ��v"0 x 	 � � * ��$ z �$ * uà> ÷ºx8z > Û >}| xB#�#B� � � �$ � v.� � u	v���v � � x v�0? #¦* �!	 � v.�(� � u)�!	 �	z u � u	v � �4	
ù @�îÁÒ  y �çÒ ä >

Ê yRxB��x  #�#&% 5A� uRv #  % 	 ��� 	 'i� u	v � �4	 ù @�î-�Â���v � uRv;�( � v 5�� uM ��x �

è àâ ä F Ò ä % è àâ F Ò
àâ ä �é�Hþ àâ �¸ê àâ ä � àâ L þ�Û >  O��

� �4��vZ #B� v�� � u	vZ� x��6x�# ?� xB��%k� v=�� � ��v � v � �£v�v yµx��  z v ' v= �$� �-v
0qv ��� 	 � �A%3� 	7� xB'T%�x8yRz
� 	7�	v # 04v ��� 	 �(� xUy Ò ä x8y � � v.��Ý	 ' Ò þÓ� u	v �)* �M � v � v � u�	Y�ª� xB#�#u� v3�	v.� � � xB� v�� x8y
y v"ð � ��v �"��x 	 y � 56� uRv � 	 �(�-v.� * 	 y �Rv y)� v � v � �£v�v y x��  z v�� x8y�� u	v;�M �  � ��-vG y � � 	7�	v #
0qv ��� 	��(� x8y Ò �  y�� v * �-v.��v��!04v.�Þ� � � x8yRz<� u	v/�#u)	 # v # v=?� y	xUy	zE* �(	 � v��(��>
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Li	 ��* �M � v � uRvE� x��6x�# �� x&��%[� v=�� � ��v ' �!	 � � u	v xUyA� v.� ��� � v�� %C' v�v.� �  �21Wx8yY' 	 � �  ��x 	 yà5
�£v � 	7� xB'T%I� 	Y�Rv # 0qv �"� 	 �!�¨àâ�ä x8y-� u	v y v�� ù @�îòÒ ä 5 � �)� u � uM �Oy v � �(	 y � � 	 yA�  x8y
� xB��xB# �� xB�  z v.���� x8y � x��  � v�� x8y3� ��v��(�.8 ' v=v.� �  �21 ?��v � 	�0qv�� �.# 	���v.� � 	2v. � uI	 � uRv.�(��>
Ê y�� u	v x8yA� v��}��� � v.� %D' v�v.� �  �21D# v.�� y	xUy	z)5 ��v � 	 y � x �	v��#v= � u�� � v.� %I�¦%  y-� �-v.�Â��Â y
xB� v.�$ ��x 	 y»x8y[� uRv # v=�� y	x8yRzE* �(	 � v��(�.> � �!� �)� v x8yD� uRv ¦ B�ó xB� v.�( ��x 	 yà5  y-� ��v.� � �� 1 v.�
ò�-v � 	 ' �-v # v"0? yA��xB�  z v.� �_ô  y �ïñ�-v � 	 'Oy 	 y ���-v # v"0? yA��xB�  z v.� �_õ � � � xUy	z u x �
ö Æ×Ò³WÓUñ�-v � � x v"0? #�* �(	 � v.�!� 5 Ò äô  y �;Ò äõ ��-v � uRv[��v � �G	 '�� 	 �(�-v.� * 	 y � x8y	zsy v � �!	 y �
��v�� * v ����x 04v #B% >Ç�Yv � à÷ � v � u	v�04v ��� 	 �£u)�0 xUy	z;� u	v # �� z v.� �u* �(	 �  �	x�#UxB��%k� 	 � v � uRv � �-v.��89�
� �� z v �#xUyD� u	v/0qv ��� 	 �
� *  � vk	 ' Ò ä 5  y � xB�#x ���Rv�� y v�� �A%

à÷ � ?� zu� Rðøù c þ àú e �f��% þ�Û > � �
�#u	v.�-v�� x � � u	v²v.� ��x��  � v.� * ��$ � v � v.�!�/	 '4� �� z v � � x � � � x��)����x 	 y  y � c þ àú e �f� x � � u	v
* �(	 �  �	xB#8xB��%Î'Ó�	y)����x 	 y 	 ' àú � 	 � v � u	v � �-v.��89� � �� z v �  y � x&�6x �+�	v.� � � xB� v�� x8y ��v � �
��x 	 y�Û > ¬ > Ù >eß³v � 	7� x&'T%Ð� u	v � 	7�	v # 0qv ��� 	��(�
� x&� u � uRv ' 	 #�# 	�� xUy	z v.� �  ��x 	 y � 5

è àâ äû F Ò äû
àâ äû þ�¦ E  � � àâ äû þu¦ �7Eáü ôeþu¦ � þ à÷ Iýàâ äû þu¦ �w�²% þ�Û > �¬ �

è àâ ä� F Ò äõ
àâ ä� þ�¦ E  � � àâ ä� þu¦ �7Eáü õZþu¦ � þ àâ ä� þu¦ �JIæà÷ ��% þ�Û >  Û �

�#u	v.�-v&ü ôHþ�¦ �k y �;ü õ�þu¦ �F��-v � uRv # v=?� y	xUy	z �( � v��E �þ¦ B�ó x&� v.�( ��x 	 y  y � � u	v % ?��v
� 	 y 	 � 	 y	x�� �	v � ��v.�� xUy	z['Ó�	y)�"��x 	 y �.>ÂL,u � � 5My v � �!	 y �
��v * ��v.�-v yA� ��v # v"0� y¦�>x��  z v��
?��v
� 	�04v.� �.# 	���v.� � 	 � u	v²v.� ��xB�  � v.� � �-v.��89� � �� z v �  y � � u)	 �-v<��v * ��v.�-v yA�2y 	 y ���-v # v�0? yA�
x��  z v��[��-v � 	�0qv��p��4 %ï' �!	 � � u	v¶v.� ��xB�  � v.� � �-v.��89� � ?� z v � > ÷ 	 �D # 	 y	z � �Ryà5
� u	v�0qv ��� 	 ��� *  � v�� x�#B#ö� v � 	Y� x ��v�� 5�x8y �#u x�� u y v � �(	 y �Â��v * ��v���v y¦��x8y	z � xBæ v.�-v yA��x�� �
 z v ��# ��!��v.�;��-vG	 � z  y	xBã v.�É?�/��v * ��$ � v.�Îå; � �(� x  y � #8xB1 v ��#�� � � v��(��	 yÞ� uRv � 	7� x �	v.�
' v= �(� ��v/04v ��� 	 �Â� *  � v;�����u)	�� ysxUy�÷;x8z > Û > Û >
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Ê y  ù @�î 5=� u	v y v.�� �A%7y v � �(	 y � x8yZ� uRv � 	 * 	 # 	 z?% ?��va��v * ��v���v y¦��x8y	z � xB��xB# �� �	yRxB� � 5
�(	 � uM �4� u	v # v=�� y	x8y	zk* �(	 � v��(� �  yD� v x��+* �(	�0qv�� �A%[� 	�0 xUy	z  # �(	 � u	v y v � �!	 y � � uM �
y v=?� � 	 � u	v y v � �(	 y � x8y;� u	v:�-v � �ÌÒ äô  y �þÒ äõ >iL,u � � 5 � uRv¬v.� �  ��x 	 y � ' 	 � � 	7� xB'T%�x8yRz
� u	v � 	Y�Rv # 04v ��� 	 �(�
��-v;�Rv�� y v�� �A% 5

è àâ ä ó F�ÿÝþ àâ äû � % è àâ äû F Ò äô
àâ ä ó þ�¦ E  � � àâ ä ó þ�¦ �7E ü ôHþ�¦ � � þ àâ ä ó %2àâ äû � Ø à÷ I àâ ä ó þ�¦ � Ü % þ�Û >  Ù �

è àâ ä ó F��ªþ àâ ä� � % è àâ ä� F Ò äõ
àâ ä ó þ�¦ E  � � àâ ä ó þ�¦ �7E ü õ
þ�¦ � � þ àâ ä ó %~àâ ä� � Ø àâ ä ó þ�¦ �JIæà÷ Ü % þ�Û >  |f�

�#u	v.�-v ÿÝþ àâ�ä � x � � u	vF�-v � 	 'Ky v x8z u � 	 � x8y	z6y v � �(	 y � ' 	 � àâ�ä 5 � x � � u	v y v x8z u � 	 �-u)	Y	7�
'Ó�	y)�"��x 	 y >�L,uRv � 	 � ��� 	 �+� 	 y�#B%[� ��v.� x ��Ðå; � �(� x  y§y v xUz u � 	���u)	7	Y� 'Ó�	y�����x 	 y  y �
x ���	v"� y v��Þ�� � þ àâ ä ó %~àâ äû � � v"ð *�� I�� þ àâ ä ó %~àâ äû �¬ � + � % þ�Û >  ���
�#u	v.�-v�� x � � u	v4� * ��v.��G	 ')� u x �Hå� � �(� x  y¦y v xUz u � 	���u)	7	Y� 'Ó�	y)�"��x 	 yà5  y � � þ àâ�äó %2àâ�äû � x �
� u	v�� x � �  y)� v � v � ��v=v y�y v � �(	 y � àâ�äó  y �/àâ�äû 	 y<� u	v ù @�î Ò ä z � x �à> � y²x�#�#B� � � �$ ��x 	 y
	 '×� u x � y v x8z u � 	 �-u)	Y	7� 'Ó�	y)�"��x 	 y � x ����u�	R� yox8y�÷;xUz<Û > Ù >

÷ºx8z � �-v Û > Ù�� å; � �(� x  yµy v x8z u � 	 ��u)	7	7� 'Ó�	y)����x 	 y 	 y  ù @�î z � x �
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Ê yÞ� u	v xUyA� �$R��� � v.� %C# v=�� y	x8yRz3* �!	 � v.�(� 5à� u	vF� % � � v � * �-v.�-v yA� �;[��v � 	 'Hx��  z v�� � B � 	
� u	v � �-v.� x8y v= � u xB� v.�( ��x 	 yñþ Ô�ÒMP � u	v xB� v��$ ��x 	 y»xUyµx8yA� v��}��� � v�� %D' v�v.� �  �21 � 5  y � � u	v
� ��v�� � �� 1 � � u	v � ��7v x&� u	v��/��v # v�0? yA� 	 � y 	 y ����v # v�0? yA� >FL,u	v<� % � � v � � �-v.� � u	v<�-v �
	 ' ��v # v"0� y¦��x��  z v�� �mô B; y � � u	vC��v � 	 '"y 	 y ����v # v"0� y¦��x��  z v�� �mõ B � 	ª��v"� y v � u	v
� � v.� % > � 'T� v.� �G��#B��xB*)# v xB� v��$ ��x 	 y �E	 '>xUyA� v.� ��� � v�� %Ý' v=v�� �  �2165:� u	vI� x � � � xB�)����x 	 y 	 '
� xB��xB# �� y v � �(	 y � � x8yò� u	v304v �"� 	 �E� *  � v3	 ' Ò ä ��-v � 	 ��vÐ	 � # v.�(� ' 	 #�# 	R�øå; � �(� x  y
� x � � � x��)����x 	 y > ß³v * v.� ' 	 � � � uRv � �-v.�.8ä� � ?� z v � v�� ��xB�  ��x 	 y 	 yì� u x �Ð0qv ��� 	 �[� *  � v
x8y � � v.��G	 'M� u	v4	 � x8zqxUy  # ' v. �$� �-v�04v ��� 	 �e� *  � v?>Hß³v4�	v"� y vðÒ äô �� � u	v4�-v � 	 ' ��v # v�0? yA�
� 	7�	v # 0qv ��� 	��(� x8y Ò ä 5  y ���£v � �-v � u	v * ��( � v � v��ªv.� ��x��  ��x 	 yª� ?��v.�ï *)* �!	A � u
* �(	 * 	 �-v.� xUy Ø Ù � Ü  y � ù v ����x 	 y�Û >  � 	Wv.� ��xB�  � v � ��v.��89� � �� z v � � x � � � xB�)����x 	 y >IL,u	v
' 	 #�# 	�� x8y	z¤x � � �� x��  #�#B% D��v"��� x&� v<	 '4ÿ �6> Û > ÙoxUyñù v �"��x 	 yòÛ >  > Û�5 � x&� u x��  z v ' v. �$� ��v
0qv ��� 	�� �� b � uM yRz v.� � 	 � 	7�	v # 0qv ��� 	��
	 'ºy v � �(	 y â�ä b � x8y)� v/�£vk���v/��	 � 1�xUy	z 	 y�� u	v
� 	7� x ��v.� y v � �(	 y �.8 � 	Y�	v # 0qv ��� 	 �<� *  � v ' 	 � � u	vI�( 1 v�	 ' ��v.� �)� v��ì�M � ���� x�ã vI y �
x��+* �(	�04v.��� x��6x�# �� x&��%<� v.�� � ��v�>

Y � Zø�
	� ]� 	�
#Zb � J c þ â äû b e ( b % ) b � ��þ g ¬�h ) b I c þ â äû b e ( b % ) b �l��% þ�Û >  �f�

c þ â äû b e ( b % ) b � � g ¬ih ) b vKð * < n�� � q r�t q v xx{z xq % þ�Û >  ���
Y x � � u	v�vKð * ��v��(� x 	 y ��v
�4 yA��� 	 � �ð x��6x�ã v 5  y �¬j x � � u	v xUy �	vKð ' 	 ��� x�� v y � x 	 yà5

�$ yRzqx8y	zk' �(	 �  � 	 ' > c þ L � x �:<å� � �!� x  y �	v y � xB��%Ð'Ó�	y)�"��x 	 y3' 	 �: � 	7�	v # 0qv ��� 	�� � 	
� v � u	v � ��v��.8ä� � ?� z v �#x8y  * �� ��x��.��# ��:� x�� v y � x 	 y > á�% � xBæ v.�-v yA��x  � v � u	v"v"ð * �-v.�(� x 	 y
Y�� L��iL��²L ( b  y � ) b 5�� u	v * ?�$ � v � v.�(� �)* �M � v"v.� �  ��x 	 yµx ��?� ' 	 #�# 	���� 5
�wÙ=��§:�9£ ¢K�ö���}¡R���"���à§:�(¢K���à�� R�}���G×}�"�����(�����"��¨R�9�R¤4��§:¢"¤"�(�ö¢K���H§�¢"��©��!¨�¢"�à���}£��aÕ2¢K�.�ö���:�� R���.¡R�}�����§�¢K¤"�~Ø���� R�a¡����}�(«
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( �_�@� q � � ø��	� ]� 	� â�äû be Ò äô e % þ�Û >  ���

) +b � � ø�
	� ]�� 	� þ(þ â�äû b I ( ��� # q � + ¬ �� h < �� I ) �x��� # q c �x��� # þ â�äû b I ( ��� # q � + ¬ �x h < �x �� ø��	� ]� 	� þ ¬ �� h <G�� I ) �x��� # q c �x��� # ¬ �x h <MJ �
L þ�Û > ¬ O��

Ê y 	 �(�Rv.� � 	 ����xB#8x�ã v � u	v � �-v.�.8ä� ' v�v.� �  �21³xUy�' 	 � �  ��x 	 y�5 �£v � u)	7	 ��v � u	v x��  z v��
#8x v[	 yÝ� u	v � 	 �	y �M�� % 	 ' v.� ��x��  � v�� � �� z v � � x � � � xB�)����x 	 yÎ� 	 * ��v.�-v yA�<� 	 � uRv � ��v��.>
L,u x � xB�  z v.���-v # v ����x 	 y � � �$ � v z?%¶x �� y  # 	 z 	 � � � 	 � u	v � �ð x��G�)� v yA� �(	 *A% � x � *)#  %
���� �  � v�� xUyñØ ¬ Û�Ü > ù7* v �=x � �  #B#B% 5 �£v � u)	7	 �-v � u	v � 	Y�	v # 04v ��� 	 �(� � uM � ��-v ¥=¦S) ��4 %
' �(	 �t� u	v ( 5 �Rv �  x�# 	 ' �#u x�� u x �E� �  � v.� x8y�ù v ����x 	 yìÛ >  > Ù)5 � 'T� v.� � 	Y�	v # 0qv ��� 	 �(�
x8y Ò ä ���vÞ	 ���  xUy v.� 5 ��v � �-v � u	v 'Ó�Ry)����x 	 y � <MJ � 	ª	 ���  x8yì� u	v y v � �(	 y � x8yï� u	v
	 � xUzqx8y  #iù @�îòÒ  y � xB� � � 	 �(�-v.� * 	 y � x8y	z»xB�  z v.�.>�L,u � � 5Yx��  z v��
�#u xB� uÉ���v � v�� �
' 	 � x �	v yA��xB'T%�x8y	z+� �-v.�.8ä� � ?� z v � � x � � � x��)�Y��x 	 y ��-vF�-v # v ��� v.�à>ZL,uRvG��v � � x v�0? #�* �!	 � v.�(� x �
��u)	�� yox8y�÷;x8z > Û >}|Y>

Original SOM M Modified SOM M’

Modified model vector space
data-size reduced to |M Original feature vector space

data-size is |I|

1-1 mapping
function - f -1

Table lookup

Retrieval process
with SOM to
capture feedback
information

÷;xUz � �-v Û >}| � â�v � � x v�0? #�* �(	 � v��(� � � xUy	z<� 	7� x �	v.� ù @�îÁÒ ä
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Color Moment Feature ( 9 − dimensions ) 

Cooccurence Matrix Feature ( 20 − dimensions ) 
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�M �  # 	Y	 17��* ì Å+�=x ì y)��% >
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	 'u* ì1ì.� ��#�� � � ì�� x8yRz > _ 	 y � x ��ì.�
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�Aì �a� �u��!� �)� ì � ê�ì y ì�� � �Wì���	 'V* ì3ì��#� N �: y¦� � � 	Z� y �<�!	 � ì4�)	 ���)� ì yA� � �	y ��ì.�
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å�Ã�Å Â�¾'Â yM½ » È º¿» y	y ì¿º Ç�x » yÐ ó Ç+¼ ì yY½Y¼ » ÉMÇ Â ¼-x8zqy Â Ç'É ¾@ì ù É ì1¾ Å È ì ¼�¼ Â z ì Ç » Æ¯ì1ì1¾
�a��k`K3k`GJO�I�FaNTFjk`K�ZnOWM%KaZ�D&S>GTM"IjNfZ2D`KaP Z�D8IYk`KVD`K:Z2STk�MsGTXYk`G�G"P�P"ZnO�F:G\[TKaX�b�O#IYNTSTKTo
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�?Â Ã Á�ì äYÐñðtç 7 xn¼�Ç Â y º1ì Ã ì Ç�Î ì1ì yÏ¼-x8zqy Â Ç'É ¾@ì ¼ » ò Æ¯ì1ì1¾ ¼
¡f¢�¢#£ � � ¤ ¥ ¦ § ¨ © ª �#« �C�
� «Q¬ «C« �®2¯a ¨a¬ �j¥ °�®²±f ³�®²´\µ �C¬ �j¥ ¥�¬²�#ª ¨a¬ §Q� ³�®·¶\³ ¤Q¬ ¦j¥ ¤Q¬ «C¦� «Q¬ «C« ¯f®·¸f¸ ¥�¬ ©C¤ ©Q¬ ¨a� ªQ¬²�#¦ ¥�¬ §C¤ ³"® ±�¯ ©Q¬ §j¥ ¥�¬ ªC¦ ¦Q¬ ¥@©¤ «Q¬ «C« ¤Q¬ ¨j¤ ¨a¬ §Cª ©Q¬²��¥ ¤Q¬ ¥:¨ «Q¬ §@¨ ¨a¬ ¨j« ¤Q¬ ©C§ ¥�¬ ¥@«¥ «Q¬ «C« ¥�¬ « ¥�¬ ¥C¥ ³�® ±"¯ ¥�¬ �C� ¥�¬²��¨ ³�®2¯:µ «Q¬ §@¨¦ «Q¬ «C« ³�® µJ¶ ¥�¬ ¥@� ©Q¬²�#� �C¬ «C¤ ¤Q¬ ©C§ ¤Q¬ ¤C¤§ «Q¬ «C« ¥�¬ ©C§ ©Q¬ ¦C§ �C¬²��¥ ¥�¬ ¤ ¤Q¬ ¨C¨¨ «Q¬ «C« ¥�¬ «C� ¥�¬ §Cª «Q¬ ¨j¤ �C¬²��¥© «Q¬ «C« ©Q¬ «C§ ¥�¬ ¤j¥ ¥�¬ ©C©ª «Q¬ «C« ¥�¬²� ¤Q¬ ¦C¦�#« «Q¬ «C« ³�®·¶�µ�C� «Q¬ «C«

å<¹ Â òzÇ ì1¾ Ç ê�Â Ç1ÍKx�Ç�Ç�É ¾ yY¼ » ÉMÇ�Ç êYÂ Ç Æ¯ì1ì1¾ í"rWx�¼ º1Á�» ¼ ì ¼�ÇsÇ » Æ¯ì1ì1¾ í�í»xUy ½	xn¼�Ç Â y º1ì Ã ì Ê
Ç�Î ì1ì y Ç ê�ì x ¾ ¼�xUzqy Â Ç�É ¾Wì ¼1Ð»º ì1ì1¾ í�ísÇ ê�ì y È Â ø ì ¼ Â y Â Ç�Ç ¾'Â�º Ç�xTË ìsº1» y	y ì1º Ç�x » y Ç »ÌÆ¯ì1ì1¾
í"rMÐ8¼ Â Ë�x8y	z Â�ÁnÁ3Æ¯ì1ì1¾ ¼ ��» x8y	xUy	z+Ç ê�ì½7 ó:9<;>= ó ó@?Py ì Ç�Î »�¾ ø Æûì1¾ ò »�¾ È Ç ê�ì Ç êY¾@ì3ì Ç Â ¼�ø;¼
½ ì ¼ º1¾ xnÃ ì ½ Â Ã » Ë ì Í�Å » É º@Â y ì y�ËGx�¼�x » y Â ºOðsº�y ì Ç�Î »�¾ øÄÎ#x�Ç ê ¼ ì¿Á òªÊ »�¾ z Â yRxnö=xUy	z Â Ã	x Á x�Ç�Å
Ç » Ã ì º1» yM¼�Ç ¾ É º Ç ì ½Ð¾º ì3ì1¾ ¼�¼ êYÂ�¾ xUy	z!¼-xnÈ6x ÁnÂ�¾\¿ ¼ Â È ì�º1» y�Ç ì y�Ç Â�¾@ì z ¾�» É Æûì ½ Ç » z ì Ç ê�ì1¾
Á x�ø ì Â ¼ »_º x Â�Á º¿» È�È�É	y	x�Ç�Å�Ð ��ê�ì ½ ì Ç Â x Á ¼�Ç ì1Æ ¼ » ò Æ¯ì1ì1¾�º¿Á ÉY¼�Ç ì1¾ x8y	zsxn¼Sx ÁnÁ ÉY¼�Ç ¾'Â Ç ì ½wx8y
�iÁ z »�¾ xTÇ ê È í�Ð
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New attractive connection

Random  connection
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Existing clustered P2P network

(1.5,1.2)

(1.3,2.4)

(1.6,1.8)

(5.2,8.5)

(5.6,8.8)

(4.9,9.7)

(4.7,9.3)

(2.9,6.5)

(2.7,6.0) (2.6,5.9)

(2.0,5.8)
Random connection
Attractive connection

(x,y) Signature value

�;x8z�É ¾Wì äMÐ2�Mç+º ì3ì¿¾/º¿Á ÉY¼�Ç ì1¾ x8y	z�ÊO¼-x8y	z Á�ì&º1Á ÉY¼�Ç ì1¾ Ë ì¿¾ ¼-x » y
À8ÁjÂgÁjÃ Ä Å5ÆjÇ�È:É5Æ:Ê ( ÆaÅdËÌÇ	ÊhÍ�ËÏÎÐÊhÍ�Ë	È@Ñ/Ò

��ê�ìÌÆY¾Wì Ë�Ó » ÉY¼�Ë ì1¾ ¼QÓ » y » ò Æûì3ì¿¾�º1Á ÉY¼�Ç ì1¾ Ó8y	z Â ¼�¼�ÉYÈ ì ¼+È Â`��»�¾ Ó�Ç�Å » ò�½ Â Ç Â ¼ ê�Â�¾@ì ½ Ã�Å
ÂBÆûì3ì1¾ ò Â�ÁnÁ ¼ÔÓUyuÇ ê�ì ¼ Â È ìÏº1Â Ç ì z »�¾ Å�Í ì Ð�zYÐ/Í ÂBÆûì3ì¿¾ ¼ êYÂ�¾Wì ¼ º1»�Á�Áhì¿º Ç�Ó » y » ò"¼�É	yY¼ ì Ç
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� �#uØ¶Øü®´yµ"��� ·»�iÁ z »�¾ ÓTÇ ê È ò »�¾ º ì3ì1¾ ; Á ÉM¼�Ç ì¿¾ ÓUy	z�Ê/9|Ó8y	z Áhì ; Á ÉY¼�Ç ì1¾�ó�ì1¾ ¼QÓ » y
9	;OÊCº ì1ì1¾ Ê@; Á ÉY¼�Ç ì¿¾ Ó8yRzØì Æûì3ì¿¾�� Í�ÓUy;Ç ì z ì¿¾ �C�:Õ î
Ö ¶ØüÔ����� )×�����`� �Y� �&��ì � �Q�C�:Õ î �3¶
; » È Æ ÉMÇ ì} ì ����� é � �"�#�%$ î°_³�� Ö ¶Øü

Ø d � Ø d+Ù ì � � ) � ���#� é � ���#�%$ î ê�Â Ë�Ó8y	z»Ú � ��ì  ì ����� é � �"�#�%$ î�î
ÓnÈ Â z ì ¼ »�¾�º¿»�ÁnÁ�ì1º Ç�Ó » y » ò º1» È Æ ÉMÇ ì1¾ ¼ º Ó ì y º3ì ¾@ì ¼ ì@Â�¾�ºLê$Æ�Â�Æûì1¾ ¼J¹�Ç ê ÉY¼�Ç ê�ì ìcô Ç ¾'Â�º Ç ì ½
ò ì@Â Ç�É ¾Wì Ë ì1º Ç »�¾ ¼¦È»Ó8z ê ÇeÃ ì#º1Á ÉM¼�Ç ì¿¾Wì ½�Ç » z ì Ç ê�ì1¾¦Â yM½ » y ì ¼QÓ8z4y Â Ç'É ¾Wì Ón¼ Â Ã Áhì Ç » ½ ì ¼ º¿¾ ÓnÃ ì
Ç ê�ì ½ Â Ç Â!ºLê�Â�¾�Â�º Ç ì1¾ Ón¼�ÇQÓ º ¾Wì1Â ¼ » y Â Ã Á Å�Ð¾¼ » Î ì Ë ì¿¾ Í[È » ¼�Ç�ÉY¼ ì¿¾ ¼�¼ ê�Â�¾@ì ½ »_º ÉYÈ ì y�Ç�¼ » ò
Ë Â�¾ Ó » ÉY¼&Ç »�Æ Ó º ¼dÓ8y ¾Wì1Â�Á Ê¥Î »�¾�Á ½Ï¼QÓ�Ç�É Â ÇQÓ » y Â ¼5Ó ÁnÁ ÉY¼�Ç ¾'Â Ç ì ½�ÓUyÛ��Ó8zYÐ
äYÐ äYÐ ��ê�ì¿¾Wì ¼ êY» É Á ½
Ã ì�Â y Â Ç�Ç ¾'Â�º Ç�ÓTË ì"º1» yRy ì1º Ç�Ó » yÏÃ ì Ç�Î ì3ì yÏ¼�ÉYÃtÊ º1Á ÉY¼�Ç ì1¾�Ü � » ò Æûì3ì1¾�Ü Â yY½!¼�ÉYÃtÊ º1Á ÉY¼�Ç ì1¾
Ý ¤ » ò Æûì3ì¿¾�Ý Â�Á Ç êY» É	z ê Ç ê�ì Ó ¾�º¿Á ÉY¼�Ç ì1¾�º1ì y�Ç ¾�» Ón½ Â�¾@ì ò Â�¾=Â�Æ�Â�¾ Ç@Ð
¹dì�ÆY¾�»�Æ
» ¼ ì Ç »!Â ¼ ì Ç » òO¼aÓ8zqy Â Ç'É ¾@ì ¼1Í �3Þ�ß é^ÍÇ »±¾Wì¿ÆY¾Wì ¼ ì y;Ç Â Æûì3ì1¾ Ã ì1º1Â ÉY¼ ì Ç ê�ì

½ »_º ÉYÈ ì y�Ç º1»�Á�Áhì¿º Ç�Ó » yàÓ�¼ Á Ó�ø ì1Á Å�Ç » ò Â�ÁnÁ Ó8y�Ç » ¼ ì Ë ì¿¾'Â�Áeº1Â Ç ì z »�¾ Ó ì ¼ Â yY½±Ç ê�ì Ó ¾�ìcô Ç ¾'Â�º Ç ì ½
ò ì@Â Ç�É ¾Wì Ë ì1º Ç »�¾ ¼"ò »�¾ È ¼ ì Ë ì1¾�Â�Á#º1Á ÉY¼�Ç ì1¾ ¼ Â ¼&Î ì1Á�Á Ð ¹ Ó�Ç ê Ç ê�ì ¼ ì+ºLê�Â y	z ì ¼1Í Æ¯ì1ì1¾ ¼"È Â Åì ¼�Ç Â Ã Á Ón¼ ê ¼ ì Ë ì¿¾'Â�Á�Â Ç�Ç ¾'Â�º Ç�Ó�Ë ì/º¿» y	y ì¿º ÇQÓ » yY¼ ½ ì1Æûì yM½	Ó8y	z » y�Ç ê�ì y;ÉYÈ�Ã ì¿¾ » ò Án»_º@Â�Á ¼�ÉYÃtÊ
º1Á ÉY¼�Ç ì1¾ ¼¿Ð ��ê�ì�¾Wì Ë�Ó�¼ ì ½ Â�Á z »�¾ ÓTÇ ê ÈáÓn¼�Ó Á�Á ÉY¼�Ç ¾�Â Ç ì ½¾ÓUy �iÁ z »�¾ ÓTÇ ê È ð Â yM½!Ç�Î »õºLê�Â yRz ì ¼
Ó8y±Ç ê�ì È Â ÓUy±¼�Ç ì¿Æ ¼ Â�¾Wì É Æ ½ Â Ç ì ½ Â ¼�ò »�ÁnÁ�» Î=¼1ç
í�Ðdt ´#u
³h�Mµ û ü®°���vx���#y û ���Mµ^´y¶
³�z ó�y�Ç ê�ì=ÆY¾Wì¿ÆY¾�»_º3ì ¼�¼aÓ8y	z�¼�Ç Â z ì Í Â ¼ ì Ç » ò�¼aÓ8zqy Â Ç'É ¾@ì ¼
�3Þ�ß éxÓn¼ º1Â�Ánº É ÁªÂ Ç ì ½�Í�Î ê Ó ºLê Â�¾@ì Ç ê�ì ¼�Ç Â ÇQÓn¼�Ç�Ó º1Â�Á È ì1Â y Â yY½�¼�Ç Â yY½ Â�¾ ½�½ ì Ë�Ó Â Ê
Ç�Ó » y » ò¦¼�ÉYÃtÊ º¿Á ÉY¼�Ç ì¿¾ ¼�ò » É	yY½±ÉM¼QÓ8yRzs¼ » È ì&º1Á ÉY¼�Ç ì1¾ Ó8y	z Â�Á z »�¾ Ó�Ç ê È Á Ónø ì5â Ê�È»ã Â yY¼
ä ð&å¥Í º1» È Æ ã¿ÇQÓ�Ç�ÓTËæã Á ã Â�¾ y	ÓUy	z ä ä�äså�Í »�¾ ã ôtÆ ã º Ç Â ÇQÓ » ylÈ Â®ô ÓnÈ»Ónö Â Ç�Ó » y ä í`q`å¥Ð �>ç ã
y;ÉYÈ�Ã�ã ¾�» ò�¼aÓ8zqy Â Ç'É ¾ ã1¼}Ón¼7Ë Â�¾ Ó Â Ã Á ã Â yY½�ÓTÇ}Ón¼ �bµJü`���3°æè'¶�é þ[°�µfê�°;°_³ ü^°��1¶	è
� û µ^´y¶
³�¶ Ö yë� û �¿µJ°;ü*��³��ìy�¶���� û µ"�tµ^´F¶
³h���íy�¶��¿µ ÐÌó�yBÇ ç ãÔÓ�È ÆYÁ ã1È»ã=y�Ç Â Ç�Ó » y
» ò 7 ó:9	;>=>î&ó@?"ÍMÎïã º\çY»t» ¼QãiÇ » ÉY¼Qã º¿» È Æ ãcÇ�Ó�ÇQÓ�Ësã Á ã Â�¾ y<Ó8y	z�ò »�¾ Ç ç ã&¼ Â øsã » ò Án» Î
º1» È Æ ÉtÇ Â ÇQÓ » y Â�Á�º1» ¼�Ç@Ð

ðtÐ�� µ@µJü`��y�µ^´E�
°ðv�¶
³¦³¦°�y�µ^´y¶
³ñ�5�¿µ��Yþ��F´#����� °t³
µHz��>ç Ó�¼ ÆY¾�»tº ã1¼�¼íÓ�¼iÇ ç ãs¼ Â È»ã Â ¼
Ç çYÂ Ç8ÓUy ÆM¾ ã¿Ë�Ó » ÉY¼�¼Qã º Ç�Ó » y�ã ôMº ã Æ ÇiÎ/ã�È Â ø%ã Â Ç�Ç ¾�Â�º ÇQÓ�Ësã º¿» y	y	ã º Ç�Ó » y!ò »�¾ ãcËæã ¾ Å
¼QÓUzqy Â Ç�É ¾ ã Â±Æ ãJã ¾�Æ
» ¼�¼Qã1¼�¼1Ð+ó�y º@Â ¼aã+Ç ç ã²y;ÉYÈ�Ã�ã ¾"» ò ¼QÓ8z4y Â Ç'É ¾ ã1¼5ã ôtº ãJã¿½Y¼�Ç ç ã
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y;ÉYÈ�Ã�ã ¾�» ò Â Ç�Ç ¾'Â�º Ç�ÓTËæã º1» y	y<ã º ÇQÓ » yM¼ Â Ë Â Ó ÁªÂ Ã Á ã�Ç » Ã�ãwã1¼�Ç Â Ã Á Ón¼ ç ã1½�ÍHÇ ç ã�¼�Ç Â ytÊ
½ Â�¾ ½ ½	ã¿Ë�Ó Â Ç�Ó » yðÓ8y Â ¼QÓUzqy Â Ç�É ¾ ãúÓ�¼�ÉY¼aã1½ Ç » ½	ãcÇ�ã ¾ ÈÔÓUy	ã Ç ç ã ù É Â�Á ÓTÇ�Å » ò=Ç ç�Â Ç
Â Ç�Ç ¾'Â�º Ç�ÓTËæã º¿» y	y	ã º ÇQÓ » yÐ �>ç ã&¼�È Â�ÁnÁ ã ¾ Ç ç ãi¼�Ç Â yY½ Â�¾ ½±½	ã¿Ë�Ó Â Ç�Ó » yÍ_Ç ç ã&Ã�ã¿Ç�Ç�ã ¾ Ç »
È Â øsã Â Ç�Ç ¾'Â�º Ç�ÓTËæã º¿» y	y	ã º Ç�Ó » yÄÃûã º@Â ÉY¼aãxÓTÇ>ÓnÈ ÆYÁ Ó0ã1¼ Â ½<ã=yY¼aã º¿Á ÉY¼�Ç�ã ¾ Ð

¹ ã ç�Â Ëæã}Ó8y�Ç ¾�» ½YÉ º ã¿½±Ç ç ã À y Â�Á3Â yY½ÌÈ » ¼�Ç ÆY¾�Â�º ÇQÓ º@Â�Á Ëæã ¾ ¼aÓ » y » ò Æ ãHã ¾=º1Á ÉY¼�ÇQã ¾ ÓUy	z
Â�Á z »�¾ ÓTÇ ç ÈüÓUy 7 ó:9	;>=>î&ó@?"Í ç�Â Ë�Ó8yRz Â�Á�Á
Æ ãJã ¾ ¼qò »�ÁnÁn» ÎuÇ ç Ó�¼ ÆY¾�»tº ã1½YÉ ¾ ã/Î ç ã�y±ÃYÉ	Ó Á ½	ÓUy	z
Ç ç ã,y<ã¿Ç�Î »�¾ øØÍ Â ¼Qã Á òªÊ »�¾ z Â y	Ó�öJÓUy	z>y	ãcÇ�Î »�¾ ø½Ón¼?ò »�¾ È»ã1½Ð ¹ ã�½<ã Á ÓUy	ã Â Ç�ã Â&ù É	ã ¾ Å ¾�» ÉMÇ�ÓUy	z
¼�Ç ¾'Â ÇQã=z�ÅúÓUy±Ç ç ã"y	ã ô Ç/¼Qã º ÇQÓ » y±Ç » ÓnÈ ÆY¾�» Ësã ¾ ãcÇ ¾ Ó(ã¿Ë Â�ÁÆ ã ¾ ò »�¾ È Â y º ã�Ð

��Ó8z�É ¾ ã&äYÐ äYçþý!É Á Ç�Ó ÆYÁ ã º1Á ÉM¼�Ç�ã ¾ ¼�ã ô Ó�¼�Ç�Ó8y ÂsÆ ãHã ¾
� �#uØ¶Øü®´yµ"��� 
��iÁ z »�¾ ÓTÇ ç È ò »�¾ º�ãJã ¾ ; Á ÉM¼�Ç�ã ¾ ÓUy	z�Ê/ý!É Á ÇQÓ ÆYÁ ãí; Á ÉM¼�Ç�ã ¾ ¼>î+ã ¾ ¼QÓ » y
ý�;OÊCº�ãHã ¾ Ê@; Á ÉY¼�Ç�ã ¾ Ó8yRzØì Æ ãJã ¾�� Í�ÓUy;ÇQã=zæã ¾ �C�:Õ î
Ö ¶ØüÔ����������� é5�*ÿ Þ�ß é �¦¶
Ö ¶Øüà���#� )�����&� �j� �`�[ì � �Q�C�:Õ î �3¶
Ö ¶ØüÔ�����3�"�#�%$ �*ÿ Þ|ß5$*�3¶
; » È Æ ÉMÇ�ã  ì ����� é � �"�#�%$ î°_³�� Ö ¶Øü

°_³�� Ö ¶Øü
Ø�� � Ø�� Ù ì � � ) � ����� é � �����&$ î çYÂ Ë�ÓUy	z Ú � �[ì  ì ���#� é � �����&$ î�î°_³�� Ö ¶Øü

����� �	��
������
�� ������
� � �������
�?» È Â øsã7ÉM¼Qã » ò » É ¾�º¿Á ÉY¼�Ç�ã ¾ ã1½¾ºOðsº|y	ã¿Ç�Î »�¾ øØÍ�Îïã ÆY¾�»�Æ
» ¼aã Â�º1» y�Ç�ã�y�Ç�Ê�Ã Â ¼Qã¿½ ù É	ã ¾ Å
¾�» ÉtÇ�Ó8yRzs¼�Ç ¾�Â Ç�ã�z�Å º1Â�ÁnÁ ã1½¾��Ó ¾ ã¿Î »�¾ ø �&É	ã ¾ Å¾ý » ½	ã Á ì#�!�íý�îSÐYó�yÌÇ ç Ó�¼�È » ½	ã Á Í Âsù É	ã ¾ Å
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ÈÔã¿¼�¼ Â zæã5Ón¼ ¾�» ÉMÇQã1½Ì¼Qã Á ã º Ç�ÓTËæã Á Å Â�º¿º1»�¾ ½	Ó8yRz�Ç » Ó�Ç�¼ º1» y�ÇQã=y�Ç@Ð/=Oy º ã5ÓTÇ ¾ ã Â�º\ç ã1¼�ÓTÇ'¼�½	ã¿¼�Ê
Ó8zqy Â Ç�ã¿½ º¿Á ÉY¼�Ç�ã ¾ ÍMÇ ç ã ù É<ã ¾ Å ÈÔã¿¼�¼ Â zæãíÓn¼�Ã ¾�»�Â ½ º1Â ¼�ÇQã1½ÄÃ�Å Æ ãHã ¾ ¼=Ç çY¾�» É	z çÄÂ Ç�Ç ¾'Â�º Ç�ÓTËæã
º1» yRy	ã º Ç�Ó » yY¼wÓUyY¼QÓ�½	ãÄÇ ç ã º¿Á ÉY¼�Ç�ã ¾ È�É º\çbÁ Ónø%ã Â yÏã ôtÆYÁ�» ½<Ó8y	z À�¾ ãcÎ »�¾ ø Â ¼õ¼ çY» Î#y Ó8y
��Ó8zMÐMäYÐ2qtÐþ=&É ¾ ¼�Ç ¾'Â ÇQã=z�Å Â ÓnÈ ¼qÇ » ç
í�Ð ý ÓUy	ÓnÈ»ÓnöHã/Ç ç ã�y;ÉYÈ�Ãûã ¾�» ò�È»ã1¼�¼ Â zæã Æ�Â ¼�¼QÓUy	z�¼�Ó8y Ç ç ã » Ësã ¾�ÁªÂ Åµy	ã¿Ç�Î »�¾ ø
Í
ðtÐ�?�ã1½YÉ º ã�Ç ç ã7Î »�¾ ø Án»�Â ½ » ò�ã Â�º\çÏº¿» È Æ ÉMÇ�ã ¾ Í Â yM½
�MÐ ý Â®ô Ó�ÈÔÓ�öJã�Ç ç ã³y;ÉYÈ�Ã�ã ¾Ä» ò ¾ ã Á ã¿Ë Â y�Ç!½ »_º ÉYÈ»ã=y�Ç'¼ ¾ ãcÇ ¾ Ó0ã¿Ësã1½ ò ¾�» È Ç ç ãÛº ð%º

y	ãcÇ�Î »�¾ øØÐ

��Ó8z�É ¾ ã7äYÐ2qtç[ó ÁnÁ ÉY¼�Ç ¾'Â ÇQÓ » y » ò À�¾ ã¿Î »�¾ ø ù É	ã ¾ Å
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SOM visualization of color moment image data
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FQM − 3 classes 3 clusters

4 5 6 7 8 9
0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

R/V vs TTL for different cluster number per peer (3 classes per peer)
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