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[^J
XÆO F ]�H/PR[WOxJ FGD U D"S HKJhP�PRO¨PRQ D d¢Ox[WJhP , < & y�p03st03so4103 r43sp � gu g v V1d1d¢Ox_ D ª F�Fa¥�  � 8 ¥ "G:M¡���"
	 ¯ & �ho03st�� g

v DsD y H � g
i / J1_ DsF P , ? & y 1037103 r��03"uho03"u � g
i / J1_ DsF P ,�� & y 1037103 r��03st��03s� � g � P PRQ1[W_�_�P8HK� D c PRQ D F O�O PE[W_���XÆV1UWU��1g
i / J1_ DsF P , > & y��03 r2103so037103 r�� � g

r g C D ]¨V`_�P�� �"!$#&%êPRQ D F O�O P�g
o g � H �xD PRQ D XÆOaV F S�D�e PRO F _ê[^J S OaU S�D L�HKJML'��� F OxV`d(� PRQ D ] PROa� D PRQ D�F

[^JhPRO¨P�� O�� F OxV`d1_ c _�H�fhg : < 3 : > HKJML : ? 3 : � g v D�D ! �aV FGD y L � gt g / J`_ D�F P , @�& yGr��03sp03so�z63)�53)� � g+* F HKJ e Q _ D U D e PR[WOaJ J DsD L D L PRO
L D P D�F ]§[WJ D Q1O�� PRO �1F HKJ e Q g v DsD�, [W�aV FGD o�y H � g

°R±³²
±R²
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_ D U D�e PR[WOaJ c HKJMLbPRQ`[^_qPR[W] D c � D ]�H�f e Q1O�Oa_ D PRO �1F HKJ e Q F [W�xQhP c
H _E_RQ1O��qJ [^J , [^�aV FGD o
y � � g

°R±³²
±R²
´¶µ^·<¸º¹:»�¸%¼�½$¸%¼\¾À¿�Á³ÁRÂ�Ã³ÄÆÅ�ÇÉÈ�Â�Ê^ÈÉÊWËÍÌÆÊ4ÎÏ�Å�ÊWÈÍÊKÈÍÁ³ÃÐÎ¶ÊWÈ�Ñ`Ò-ÓaÔ�ÕÆÇsÖ�ÊaÎ�×�Ø�ÁÙÃ�ÚWÒ3ÇÉÊ4Î\Û�Ã³ÇÉÅ�ÕÜ×�Ç"Ê6Ý�Ø�Á³Ã�Ú6Ã³Ç�Û�ËÍÃ³ÇÉÇÉÊ^Ô`Ø
ÊWËÍÑ
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Center Rad ActiveD

child1 child2 child3

(0,0,0,0,0)    50 2,3

(5,3,20,1,5)

(0,0,0,0,0)    50 2,3

(5,3,20,1,5) (0,0,18,42,4)

(0,0,0,0,0)    50 2,3

(5,3,20,1,5) (0,0,18,42,4) (0,0,19,39,6)

LEGEND

(a) (b) (c)

(0,0,0,0,0) 50 2,3

v1 v4 v2 v3

v1 v1 v2 v1 v2 v3

S1 S2

(20,9,30,5,5) 20    1,4 (1,1,30,4,4) 13 2

(d)

°R±³²
±R²
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ÊWËÍÑ
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(0,0,0,0,0) 50 2,3

v1 v4 v2 v3

S1 S2

(20,9,30,5,5) 20    1,4 (1,1,30,4,4) 13 2

v5

(0,0,0,0,0) 50 2,3

v1 v4 v2 v3

S1 S2

(20,9,30,5,5) 20    1,4 (1,1,30,4,4) 13 2

v5 v6

°R±³²
±R²
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ÊWËÍÑ
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Ú6Ã³Ø�Á³ÊWÈ/Õ3Þ�à1×�Á³ÇÍÃÙÑ�Ê4Î�Ã�Ò ä Ò%Ç<Ò3Ö�Ò%ÈÍÊaå�Ó�ÈÉÇÉÊ^Ñ
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i�� OaJ1_R[-L DsF J`O�L D�	 �q[6PRQ r B 
 B PSRUT KMLa�ON$� e Q`[^U-L FGD J c L D J1O P D L
	 < 3  K    3 	���
������������ g

ib¡ {���� y , � L D J1O P D _�PRQ D HK]§OaV1JhP � D ]¨V1_GP D � dMHKJML 	 �  6ª¬«1­ "�®k¯ _�O
PRQ�H�P , Y _ H e PR[ S�D L
[W_�P8HKJ e�D X F Oa] 	 �  6£�¡K¤�¥8¡K¦ X�H UWUW_B� [6PRQ1[WJ§PRQ1[W_ F H ;
L\[^V`_ g

i , [ F _GP c _ D U D�e P�HKUWU 
 Y _�_�V e Q�PRQMH/P ¡ {���� y , � [W_E]§[WJ1[W] [ � D L g
!kj�l [ X�� D QMH S�D J1O�L D _ 	 <+3       3 	 @ � [6PRQ ¡ {�� S HKUWV D _ r 103"u�103 r��03 r2103staoFGD _�d D e PR[ S�D U f c PRQ D P���O e HKJML
[-L1H/P D _k_ D U D e P D L XÆO F dwOa_R_�[ � U D [WJ1_ DsF PR[WOaJ
H FGD"	 < H J�L 	 > g / X>H PR[ D O ese V F _ c HK_�[WJ�PRQ D H � O S�D e H _ D c d1[ e � PRQ D
J`O�L D _RV e Q�PRQMH/PqPRQ D L
[W_GP8H J e"D X F Oa] PRQ D¨e"D JhP DsF O XêPRQMH/P J1O�L D PRO
, [W_E] [^J`[^] [ � D L�g

°R±³²
±R²
´¶µ^·<¸º¹:»�¸%¼�½$¸%¼\¾À¿�Á³ÁRÂ�Ã³ÄÆÅ�ÇÉÈ�Â�Ê^ÈÉÊWËÍÌÆÊ4ÎÏ�Å�ÊWÈÍÊKÈÍÁ³ÃÐÎ¶ÊWÈ�Ñ`Ò-ÓaÔ�ÕÆÇsÖ�ÊaÎ�×�Ø�ÁÙÃ�ÚWÒ3ÇÉÊ4Î\Û�Ã³ÇÉÅ�ÕÜ×�Ç"Ê6Ý�Ø�Á³Ã�Ú6Ã³Ç�Û�ËÍÃ³ÇÉÇÉÊ^Ô`Ø
ÊWËÍÑ
Ã³ÈÉÈÍÃÙÕÜÔhÞßËÉÕÜÑEà1ÕÆËÍÄ:Ò%Ô1á Ò%×�ÞßÑ1Ò%Ô�Ô�â8ËÍÊWÈÉÈ-ãâ8ËÍÃÙÔ
Ú6Ã³Ø�Á³ÊWÈ/Õ3Þ�à1×�Á³ÇÍÃÙÑ�Ê4Î�Ã�Ò ä Ò%Ç<Ò3Ö�Ò%ÈÍÊaå�Ó�ÈÉÇÉÊ^Ñ
È àæÕÆËÉÄ�Ò%Ô1áKÒ3×�ÞßÑ1Ò%Ô�Ô çsÕÆØ�Ó�ËÉÃ³ÄÜÅ:Ç Úèêé-ëÆëÜì
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i C Q D JT� D H/PGP D ] d�PêPRO [WJ1_ DsF P@H S�D e PRO F , [WJhPRO H�U D H�XæJ1O�L D 	 PRQMH/P
[W_ HKU FGD HaL�f XÆV1UWU c PRQ D J�� D J DsD L PRO�_Rd1UW[6PBPRQ D J1O�L D g

i C�D ]¨V`_�P e�FGD H/P D _RV � J1O�L D _ 	 < 3 	 ? c HKJML D H e Q S�D e PRO F [WJ�J1O�L D 	
] V1_GP�X�H UWU [^JhPRO OaJ D O X PRQ D�FGD �a[WOaJ1_ FGD d FGD _ D JhP D L � f PRQ D _ D P���O
_RV � J`O�L D _�g

i v d1UW[ P S�D e PRO F _ [WJ U D H�X 	 [^JhPRO�P���O�� F OaV1d1_ y�� < 3�� < � g
i C�D ]�Hsf �wD H � U D PRO D J e UWOa_ D HKU^U ShD�e PRO F _�[WJ � < � [6PRQ1[WJ H FGD �x[WOaJ
� [6PRQ e"D JhP DsF 8 < HKJML F HxL\[^V`_ ¦ < HKJML HKUWU S�D e PRO F _�[WJ � < �q[6PRQ1[WJ HFGD �a[^OaJ��q[6PRQ e"D JhP DsF 8 ? HKJML F HxL\[^V`_ ¦ ? g

i�� HKJhf�_RV e Q�_Rd1UW[6PR_ H FGD d¢Ox_R_R[ � U D [WJ�� D J D�F HKU¶g
i v d1UW[ P y�� <+3�� < � [W_�� � � = �
	w�h� _Rd1UW[6P y�� ? 3�� ?"� [
��PRQ D _RV1] _�O X�PRQ DF HaL
[W[ cwy ¦ < � 8�� < � [W_B_R] HKUWU DsF PRQMHKJ�PRQ D _�V`] O X PRQ D F HaL
[W[ y ¦ ? � ¦ �? � g
i v PR[^UWU�J1O P D J1OaV1�aQ�PRO�V1J1[ © V D U6f [ºL D JhPR[6X%f H � ! J D _�P � _�d`U^[6P�g
i / X y�� <73�� < � HKJML y�� ? 3�� ?Z� H FGD _Rd1UW[6PR_q_RV e QbPRQMH/P�J D [6PRQ DsF [W_ ! J DsF
PRQ�H J�PRQ D O PRQ D�F HKJML J1O�O PRQ DsF _Rd1UW[6Pq[W_ ! J DsF PRQMHKJ D H e QbO XêPRQ D ] c
PRQ D J�� D _8Hsf PRQMH/P y�� < 3�� < � [W_ ?@7 = ��� 7��w�K� = �h��������� PRQMHKJ y�� ? 3�� ? �[��

¦ < � ¦ � < A � �"! �
� # !�y�8 <73�8 � < � B ¦ ? � ¦ �? A � �"! �
� # !"y�8 ? 3 8 � ? �  
i v d1UW[ P y�� 3�� � [W_ PRQ D _ D U D e P D L _Rd1UW[ P [
� l

r g`PRQ DsFGD [W_�J`O¨_Rd1UW[ P y�� � 3�� � � PRQMH/PE[W_ ! J DsF PRQMHKJ y�� 3�� � HKJML

°R±³²
±R²
´¶µ^·<¸º¹:»�¸%¼�½$¸%¼\¾À¿�Á³ÁRÂ�Ã³ÄÆÅ�ÇÉÈ�Â�Ê^ÈÉÊWËÍÌÆÊ4ÎÏ�Å�ÊWÈÍÊKÈÍÁ³ÃÐÎ¶ÊWÈ�Ñ`Ò-ÓaÔ�ÕÆÇsÖ�ÊaÎ�×�Ø�ÁÙÃ�ÚWÒ3ÇÉÊ4Î\Û�Ã³ÇÉÅ�ÕÜ×�Ç"Ê6Ý�Ø�Á³Ã�Ú6Ã³Ç�Û�ËÍÃ³ÇÉÇÉÊ^Ô`Ø
ÊWËÍÑ
Ã³ÈÉÈÍÃÙÕÜÔhÞßËÉÕÜÑEà1ÕÆËÍÄ:Ò%Ô1á Ò%×�ÞßÑ1Ò%Ô�Ô�â8ËÍÊWÈÉÈ-ãâ8ËÍÃÙÔ
Ú6Ã³Ø�Á³ÊWÈ/Õ3Þ�à1×�Á³ÇÍÃÙÑ�Ê4Î�Ã�Ò ä Ò%Ç<Ò3Ö�Ò%ÈÍÊaå�Ó�ÈÉÇÉÊ^Ñ
È àæÕÆËÉÄ�Ò%Ô1áKÒ3×�ÞßÑ1Ò%Ô�Ô çsÕÆØ�Ó�ËÉÃ³ÄÜÅ:Ç Úèêé-ëÆëÜì
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[6PR[WOaJ yGr � y [�g D g

PRQ DsFGD�D � [^_GPR_ J1O�_Rd1UW[ P y����E3�� � � ! J D�F PRQMHKJ y�� � 3�� � �G� H J�LqPRQMH/P
[^_E] O FGD e OaJ1_ DsF
S H�PR[ S�D PRQMHKJ y�� 3�� � g

°R±³²
±R²
´¶µ^·<¸º¹:»�¸%¼�½$¸%¼\¾À¿�Á³ÁRÂ�Ã³ÄÆÅ�ÇÉÈ�Â�Ê^ÈÉÊWËÍÌÆÊ4ÎÏ�Å�ÊWÈÍÊKÈÍÁ³ÃÐÎ¶ÊWÈ�Ñ`Ò-ÓaÔ�ÕÆÇsÖ�ÊaÎ�×�Ø�ÁÙÃ�ÚWÒ3ÇÉÊ4Î\Û�Ã³ÇÉÅ�ÕÜ×�Ç"Ê6Ý�Ø�Á³Ã�Ú6Ã³Ç�Û�ËÍÃ³ÇÉÇÉÊ^Ô`Ø
ÊWËÍÑ
Ã³ÈÉÈÍÃÙÕÜÔhÞßËÉÕÜÑEà1ÕÆËÍÄ:Ò%Ô1á Ò%×�ÞßÑ1Ò%Ô�Ô�â8ËÍÊWÈÉÈ-ãâ8ËÍÃÙÔ
Ú6Ã³Ø�Á³ÊWÈ/Õ3Þ�à1×�Á³ÇÍÃÙÑ�Ê4Î�Ã�Ò ä Ò%Ç<Ò3Ö�Ò%ÈÍÊaå�Ó�ÈÉÇÉÊ^Ñ
È àæÕÆËÉÄ�Ò%Ô1áKÒ3×�ÞßÑ1Ò%Ô�Ô çsÕÆØ�Ó�ËÉÃ³ÄÜÅ:Ç Úèêé-ëÆëÜì
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i v V1d1dwOa_ D�	 [W_�PRQ D J`O�L D [^JhPRO�� Q1[ e Q�� D H FGD PRO [WJ1_ DsF P H S�D e PRO F
, g

i / J1_ DsF PR[WOaJ�O X , ]�Hsf e HKV1_ D P�� O�P�f
d D _qO X e Q�H J`� D _�PRO 	 l [6P ] H�fe HKV1_ D 	 PRO �¢D � �"!$#&% [WJhPRO P���O _RV � J`O�L D _ 	 <�3 	 ? c O F [ P ] H�f
��] O�L
[6X%f � PRQ D _ D P O X¨H e PR[ S�D L
[W] D J1_R[WOaJ1_§O X�J`O�L D 	 y D gß�1g [6XS�D�e PRO F , L
O D _�J1O P H � FGD�D c OaJ¨PRQ D H e PR[ S�D L
[W] D J1_R[^OaJ1_ c �q[6PRQ O PRQ DsFS�D�e PRO F _E_�PRO FGD L H/PEJ1O�L D 	 � g

i C Q D J�J1O�L D 	 � D PR_I_Rd1UW[6Pê[WJhPRO P�� O _RV �5; J1O�L D _ 	 < 3 	 ? c PRQ D _ D PêO XS�D�e PRO F _ H/P D [6PRQ DsF J`O�L D 	 < O F J1O�L D 	 ? y � V�P J1O P � O PRQ � ] V1_GP �¢D
H¬_�V � _ D P�O X PRQ D _ D PEO X S�D e PRO F _ H/PEJ`O�L D 	 �wD XÆO FGD PRQ D [WJ1_ DsF PR[WOaJ�g

i v V1d1dwOa_ D 	 < QMHK_BPRQ1[W_Ed F Oad DsF P�f�g
i � Q D�S�D e PRO F _ [WJ 	 < ]�Hsf�H � FGD�D J1O P OaJ1U6f�OaJ�PRQ D H e PR[ S�D L
[W] D J ;
_R[WOaJ1_¨O X 	 c � V�P�OaJ _ROx] D O PRQ DsF L\[^] D J`_�[WOaJ1_THK_T� D UWU�g / J PRQ1[W_e HK_ D c � DTe HKJ ���:9w����� PRQ D _ D PEO XIH e PR[ S�D L
[W] D J1_R[WOxJ`_�O XÀJ1O�L D"	 c
� f�HaL1L
[WJ1��PRQ D _ D J D � L\[^] D J`_�[WOaJ1_�g v D�D ! �aV FGD �¢D UWO��Tg

c r d , ... , d 
1 s

d , ... , d 
1 s

d , ... , d 
1 s

c1 r1 c2 r2

c r d , ... , d 
1 s

v1 v2 vr

v1 v2 vw vw+1 vr v

,d
s+1

N N

N1
N2

i � Q D O PRQ DsF�e HK_ D � Q D J P D U D _ e Oad1[WJ1�bO e�e V F _�[W_ � Q D J H S�D e PRO F [W_
HaL1L D L PRO H�J1O�L D c 	 c � V�P�J`O _Rd1UW[ P O e�e V F _�g / X 	 O F [W�x[WJMHKUWU6f

°R±³²
±R²
´¶µ^·<¸º¹:»�¸%¼�½$¸%¼\¾À¿�Á³ÁRÂ�Ã³ÄÆÅ�ÇÉÈ�Â�Ê^ÈÉÊWËÍÌÆÊ4ÎÏ�Å�ÊWÈÍÊKÈÍÁ³ÃÐÎ¶ÊWÈ�Ñ`Ò-ÓaÔ�ÕÆÇsÖ�ÊaÎ�×�Ø�ÁÙÃ�ÚWÒ3ÇÉÊ4Î\Û�Ã³ÇÉÅ�ÕÜ×�Ç"Ê6Ý�Ø�Á³Ã�Ú6Ã³Ç�Û�ËÍÃ³ÇÉÇÉÊ^Ô`Ø
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