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3Fk�m{Ú�k�kA8�6.iFkAz7*um71l6.8.5%�1lm�1l5N*`Ú�*A��m76`xFk�m7k�j�m 148,m7kAz7*uj�m71l6.8á*,h�6.8.Þ`57kAz{y.1lj�k�5N5HiFk�j�1 npk�xÐ*u5 *,3.57mHz7*uj�m
h�*uj�Ù.148.k�5A(
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��6.z
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h�6.xFk�-l148.Þ�-4*,8.Þ.+F*uÞ,k 3F*u57k�x�6.8`j�-l1lkA8,m�j�6.8.j�kAi.m75�z7*umHÙ.kAz�mHÙF*,8�h�6.xFk�-l148.Þ�-4*,8.Þ.+F*uÞ,k j�6.8.j�kAi.m75A(Nß�Ù.1l5
iF*,iFkAz�z{kAiF6.z{m75�6.8 6.+Fz�*um7m7kAh�i.m�m76�1lxFkA8,m71 ÛÝ�N5H+.j�ÙNj�6.8.j�kAi.m75A(
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q
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Feature Class Hierarchy

Re-usable Meta Analysis

Feature Library

feature1 + feature2 = feature3

Composition Mechanisms
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Ú�1lmHÙ.148NmHÙ.kËÛÝ6.z7h�*u-Y*u-lÞ,kA3Fz7*F(
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ò�k�ÙF*Ay,k25HiFk�j�1 npk�x�*�5714h�i.-lk�)
X�ß�g j�-l1lkA8,m~|T6.z{1lkA8,m7k�x�h�6.xFk�-Y6�Û¹iFÙ.6.8.k�3FkAÙF*Ay.1l6.+Fz�(
ß�Ù.1l521l5�5H+���|

j�1lkA8,m7-l��j�6.h�i.-lk���m76�1l-l-4+.57mHz7*um7k�mHÙ.k�Þ.z7*,iFÙ.1ljA*u-F57�F8,mH*u�:9u148¿npÞ.+Fz{k2bF9,3Fk�148.Þ�kAh�i.-l6u�,k�x�m76�j�6.h�h�+F8.1ljA*um7k
mHÙ.kËÛÝ6.z7h�*u-:57kAh�*,8,m71lj�5�Ú�1lmHÙNmHÙ.k�j�-l1lkA8,mA(

regard=on
listen=silent

regard=off

regard=off

listen=talk

regard=off

listen=ringing

regard=on
listen=ringing

listen=ready
regard=off

listen=busy

regard=off

listen=connecting

dialIn

lift

lift

drop

dial(ID)

otherUp

busy

regard=off

listen=noconnection

free

otherDown

noconnection

lift

drop

dial(ID)

listen:signal

regard:on-off

otherDown

Phone USING ID, signal, on-off

State Invariant: (regard=on) => (  (listen = ringing) or (listen = silent) )

Fairness: WF(noconnection)
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åPe�f ��é�(.ß�Ù.k�148¬ÛÝ6.z7h�*u-YxFk�57jAz{14i.m71l6.8N1l5�*u5ÑÛÝ6,-l-l6uÚ�5%
e�f �^z{k�oF+.14z{k�5�*�5HiFk�j�14*u-0m7k�-lkAiFÙ.6.8.k�mHÙF*um�jA*,8N5HÙ.6uÚÐmHÙ.k�jA*u-l-lkAz 
 5�8.+Fh�3FkAz23Fk}ÛÝ6.z{k�*�jA*u-l-
1l5 *,8.57Ú�kAz{k�xY(�ß�Ù.kN+.57kAz�h�1lÞ.Ù,m�xFk�j�1lxFk`8.6,m�m76`*,8.57Ú�kAz�*`iF*,z{m71ljA+.-4*,z�jA*u-l-lkAz�Ú2Ù.kA8�mHÙ.k
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regard=off

listen=connecting

dialIn

lift

lift

drop

dial(ID)

otherUp

busy

regard=off

listen=noconnection

free

otherDown

noconnection

otherDown

get-ID=~ID
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*,h�i.-lk,9Yh�1lÞ.Ù,m�Ú�1l5HÙ�m76 57m76.iNmHÙ.k�14z2j�Ù.1l-lx�z{kA8 ÛTz{6.h jA*u-l-l148.Þ`iFz{kAh�14+Fh z7*um7k�8.+Fh�3FkAz{5A(�[�8
mHÙ.kNk��.mHz{kAh�k jA*u57k,9
*u-l-�6.+.m7Þ,6,148.Þ`jA*u-l-l5�å?k��.j�kAi.m�iFkAz7ÙF*,i.5�m76`mHÙ.k kAh�kAz{Þ,kA8.j���57kAz{y.1lj�k�5Hé
h�*A�`3Fk�xF1l5H*,3.-lk�x �mHÙ.k�8.k�m{Ú�6.z7à 6.iFkAz7*um76.z2h�1lÞ.Ù,m�xF6NmHÙ.1l5�1 Û *�m7k�-lkAiFÙ.6.8.kN3.1l-l-�z{kAh�*u148.5
+F8FiF*u1lxY(

��6.z�8.6uÚ�9YÚ�k�xF6`8.6,m�j�6.8.571lxFkAz �0ð.J 1l5�h�*,à,148.Þ�5H+.j�Ù�*�z{k�57mHz{1lj�m71l6.8:(�ò�k z{k�oF+.14z{kN* 57m76.z{kìÛÝ6.z�*
-l1l57m�6�Û 8.+Fh�3FkAz{5�Ú2Ù.1lj�Ù�*,z{k�m76`3Fk�57jAz{k�kA8.k�xY(Nß�Ù.k�5714h�i.-lk�57mìÛT+F8.j�m71l6.8F*u-l1lm{��1l5�m76�iFz{6uy.1lxFkN*Nh�kA*,8.5
6�ÛÍ*uxFxF148.Þ�* 8.+Fh�3FkAz2m76 mHÙ.k�-l1l57m�*,8.x`z{kAh�6uy.148.Þ�* 8.+Fh�3FkAz ÛTz{6.h mHÙ.k�-l1l57mA(�å?_`6.z{k�j�6.h�i.-lk��`h�kA*,8.5



6�Ûì+FiFx�*um7148.ÞêmHÙ.k`-l1l57m�jA*,8á3Fk�3F+.1l-lm`+FiF6.8ámHÙ.k�57k`m{Ú�6�57kAz{y.1lj�k�5A( é�ß�Ù.kA8:9�Ú2Ù.kA8ámHÙ.k�+.57kAz xF14*u-l5�*
8.+Fh�3FkAz�9�*�j�6.8F8.k�j�m71l6.8á1l5N8.6,mNh�*uxFk�1 ÛìmHÙ.k`8.+Fh�3FkAz z{k�oF+.k�57m7k�xÀ1l5 6.8êmHÙ.k`z{k�57mHz{1lj�m7k�xÀ-l1l57mA(�ß�Ù.k
ÛÝ6.z7h�*u-:z{k�oF+.14z{kAh�kA8,m75�h�6.xFk�-Y1l521l-l-4+.57mHz7*um7k�x�148ÌnpÞ.+Fz{k�aF(

regard=off
listen=connecting

EXIT

connect,noconnect

free

noconnection

busy

drop

connect(n)

noconnect(n)

removeID(ID)

addID(ID)

drop

ConnectControl USING ID

removeID(n)

numbers={}

remove(numbers,n)

add(numbers,n)

forall numbers:IDSet

addID(n)

[not(contains(numbers,n)]connect(n)

noconnect(n) [contains(numbers,n)]

NoConnectStore USING IDSet

dial(n)

OCS = ConnectControl |[connect,noconnect]| NoConnectStore

noconnection,free,busy

regard:on-off

listen:signal

dial(ID)

lift

Phone+OCS = OCS refines Phone(off,connecting)

Phone USING ID,signal,on-off

��1lÞ.+Fz{k�a��X�z{1lÞ,148F*um7148.Þ�e�*u-l-0g.jAz{k�kA8.148.Þ

ß�Ù.kAz{k�*,z{k�*�8.+Fh�3FkAz�6�Ûâ148,m7kAz{k�57m7148.ÞNiF6,148,m752m76�8.6,m7k�*,3F6.+.m�mHÙ.1l5�h�6.xFk�-�
� �:Ö�Ô � � ��#	� ��# �:Ö�� �
ß�Ù.k�8.k�Ú��.ó ÷ ÛÝkA*umH+Fz{k�1l5�1lm757k�- ÛÍj�6.h�iF6,57k�xÌÛTz{6.h m{Ú�6�j�6.h�iF6.8.kA8,m75%�mHÙ.k�� � ó ���.� ø � õ ÷ õF�.� ø *,8.x�mHÙ.kó ���.� ø � õ ó ���ÆõF�.�F� (�� � ó ���.� ø � õ ÷ õF�.� ø 57m76.z{k�50mHÙ.k�-l1l57m
6�ÛÂ8.+Fh�3FkAz{5�Ú2Ù.1lj�Ù�ÙF*Ay,k
m76�3Fk�57jAz{k�kA8.k�xY(�ß�Ù.1l5
-l1l57m21l5257k�m�m76�3Fk�kAh�i.m{� 6.8 mHÙ.k�jAz{kA*um71l6.8 6�Û¹mHÙ.k�57m76.z{k,(�ß�Ù.k�57m76.z{k�*u-lÚ�*A�.52*u-l-l6uÚ�5�mHÙ.k�*uxFxF1lm71l6.8�*,8.x
z{kAh�6uyu*u-:6�ÛÍû��N8.+Fh�3FkAz{5 ÛTz{6.h mHÙ.k�û�� ÷�� ü�-l1l57m�6�Ûñ8.+Fh�3FkAz{5�m76 3Fk�57jAz{k�kA8.k�xY(�ß�Ù.k�57m76.z{k�Ú�1l-l-�*u-lÚ�*A�.5
3Fk�*,3.-lk�m76�xF6�k�1lmHÙ.kAz�* � ���.� ø � õ �~��� 6.z�* ���,� � ���.� ø � õ �~��� 9.3F+.m�8.6,m23F6,mHÙ:9.xFkAiFkA8.xF148.ÞN6.8�Ú2Ù.k�mHÙ.kAz
� 1l5
148�mHÙ.k�57k�m�6�ÛÂ8.+Fh�3FkAz{5
m76�3Fk�57jAz{k�kA8.k�xY(
ß�Ù.1l5
1l5ñÛÝ6.z7h�*u-l-l��5HiFk�j�1 npk�x�*u5
*�iFz{k�j�6.8.xF1lm71l6.8`åP3Fk�m{Ú�k�kA8
57oF+F*,z{k�3Fz7*uj�àuk�m75�148NmHÙ.k�xF14*uÞ.z7*,h�é
6.8�mHÙ.k�*uj�m71l6.8:(�ò�k�z{k�oF+.14z{k ��@HL��Ñã}L,=?BH<�@�CHC
6.8�mHÙ.k � ���.� ø � õ *,8.x
�p� � ���.� ø � õ *uj�m71l6.8.5�148��.ó ÷ (
ó ���.� ø � õ ó ���ÆõF�.�F� 1l5�*�C�DPL,DP@2B{@TëÍ<�@Aï�@A<�Du6�Û �,�.� *,8.x'� ���.� ø � õ:���Æ� 148�mHÙ.k ��� ��� ø (0[Pm�1l5
*2h�*uj�Ù.148.kÚ2Ù.1lj�Ù Þ,k�m75
jAz{kA*um7k�x�3,��mHÙ.k ���u�F� � û�� � *uj�m71l6.8 z{k�5H+.-lm7148.Þ 148N* ��� ��� ø Ú2Ù.1lj�Ù 1l5 �,�.� *,8.x �F�,�uõ ø �Â���Æ� 9

*,8.x�Ú2Ù.1lj�Ù �	� ûuü ÷ Ú2Ù.kA8�mHÙ.k ��� ��� ø 1l5�*u5Hàuk�x�m76�xF6�*,8,��k�y,kA8,m�Ú2Ù.1lj�Ù�Ú�6.+.-lxêz{k�5H+.-lm�148ê* ��� ��� ø
57mH*um7k�j�ÙF*,8.Þ,k�å?148�mHÙ.1l5
jA*u57k �.�.��ô�
��F� ø.ø 
 � ���uö 6.z �p� � ���.� ø � õ:�u��� é�(Yf�6,m7k�mHÙF*um�mHÙ.k28.+Fh�3FkAz�3Fk�148.Þ
xF14*u-l-lk�x�1l5�*Ayu*u1l-4*,3.-lk�m76NmHÙ.k�ó ���.� ø � õ ó ���ÆõF�.�F� j�6.h�iF6.8.kA8,m�6.8�jAz{kA*um71l6.8:(�ó ���.� ø � õ:�u��� ó ���ÆõF�.�F� z{k}|576,-ly,k�5�576.h�k26�Û¹mHÙ.k�8.6.8.xFk�m7kAz7h�148.1l5Hh 148NmHÙ.k ��� ��� ø 5HiFk�j�1 npjA*um71l6.8`3,� 57mH*um7148.Þ�mHÙF*um�* �F� ø.ø 6.z � ���uö
jA*,8 6.j�jA+Fz�6.8.-l�N*VÛÝm7kAz�*'� ���.� ø � õ 9.*,8.x`* �p� � ���.� ø � õ:�u��� jA*,8N6.j�jA+Fz�6.8.-l��*VÛÝm7kAz�* �p� � ���.� ø � õ (
� ��# �:Ö	�HÔ � � ��# � !�� �Y�A�F� ×$# �
ò�k�ÙF*Ay,k�m{Ú�6�m{�FiFk�5�6�Ûâ57�F8.j�ÙFz{6.8.1l5H*um71l6.8:9ÆÛÝ6.z{j�k�x 6.8 +.5�3,��mHÙ.k257mH*um7k2z{k}n�8.kAh�kA8,mA9�3Fk�m{Ú�k�kA8��.ó ÷ *,8.x
��� ��� ø (Yò�k�h�+.57m�ÙF*Ay,k ÛT+.-l-Y57�F8.j�ÙFz{6.8.1l5H*um71l6.8 6.8 *u-l-Y*uj�m71l6.8.5�Ú2Ù.1lj�ÙNjA*,8�j�ÙF*,8.Þ,k2mHÙ.k�57mH*um7k�6�Û ��� ��� ø
Ú2Ù.kA8 �,�.� *,8.x � ���.� ø � õ:���Æ� 9u*,8.x�Ù.kA8.j�k�Ú�k�ÙF*Ay,k�*,8 =?<�DP@ABH<�L,îA57�F8.j�ÙFz{6.8.1l5H*um71l6.8�6.8 �p� � ���.� ø � õ:�u����

�F� ø.ø *,8.x � ���uö 9:*,8.x`*,8�@  uDP@ABH<�L,î.57�F8.j�ÙFz{6.8.1l5H*um71l6.8�6.8 �.�.��ô (�ò�k�h�+.57m�3Fk�jA*,z{k}ÛT+.-0Ú�1lmHÙ�@  uDP@ABH<�L,î
57�F8.j�ÙFz{6.8.1l5H*um71l6.8.5�3Fk�jA*,+.57k2mHÙ.k�� h�*A��z{k�57mHz{1lj�m
mHÙ.k�3FkAÙF*Ay.1l6.+Fz
6�ÛÂmHÙ.k2m7k�-lkAiFÙ.6.8.k�+.57kAz�(���6.z�k��F*,h�i.-lk,9
�.ó ÷ 5HÙ.6.+.-lx�8.k�y,kAz�57m76.iêmHÙ.k`+.57kAz¿ÛTz{6.h 3Fk�148.Þá*,3.-lk`m76 �.�.��ô mHÙ.k`iFÙ.6.8.k`1 Ûì5H+.j�Ùá* �.�.��ô Ú�6.+.-lx
3Fk`iF6,5757143.-lk`148êmHÙ.k ��� ��� ø 57mH*um7k,(á[�8êmHÙ.1l5�jA*u57k,9�*`5714h�i.-lk�*,8F*u-l�.571l5 5HÙ.6uÚ�5�mHÙF*um �.�.��ô 1l5N*u-lÚ�*A�.5



iF6,5757143.-lk�148 �.ó ÷ *,8.x�mHÙ.+.52mHÙ.k�+.57kAz 
 5�*,3.1l-l1lm{��m76 �.�.��ô 1l5�8.6,m�* � k�j�m7k�xY(2[�8ÌÛT*uj�mA9F1lm�1l5�mHÙ.k � ø �:��� ø �j�6.h�iF6,571lm71l6.8Nh�k�j�ÙF*,8.1l5Hh Ú2Ù.1lj�ÙNÞ.+F*,z7*,8,m7k�k�5�mHÙ.k�iFz{k�57kAz{yu*um71l6.8N6�Ûâ6.z{1lÞ,148F*u- ��� ��� ø 3FkAÙF*Ay.1l6.+Fz�Ú2Ù.kA8
j�6.h�iF6,57k�xNÚ�1lmHÙ��.ó ÷ 148�mHÙ.1l5�Ú�*A�,(
� # �u� �?× ���F� ×$# �
ß�Ù.1l5�j�ÙF*,8.Þ,k�1l5�*uÞ.*u148�îlJAKHL,î.m76NmHÙ.k�+.57kAz2Ú2Ù.6Nz{k�oF+.k�57m75�mHÙ.k�57kAz{y.1lj�k,(�ß�Ù.kAz{k�1l5�8.6Ny.1l57143.1l-l1lm{��6�ÛÍmHÙ.k
57kAz{y.1lj�k�m76�6,mHÙ.kAz�+.57kAz{5�148NmHÙ.k�57�.57m7kAhN(
�YÖ �F�
�Y� Ö�� � ���A� ×"! �u�F� ×$# �
ò�k�j�-4*u57571 ÛÝ��mHÙ.k28.k�Ú ÛÝkA*umH+Fz{k�3,��mHÙ.k�Ú�*A��148�Ú2Ù.1lj�Ù�1lm
1l5
j�6.h�iF6,57k�x�Ú�1lmHÙ�mHÙ.k�iFÙ.6.8.k�57�.57m7kAhN(�[�8�mHÙ.1l5
jA*u57k,9,mHÙ.k28.k�Ú ÛÝkA*umH+Fz{k�1l5�3F*u57k�x 6.8�*�C�DPL,DP@�B{@TëÍ<�@Aï�@A<�DP(Yg.14h�1l-4*,zÍÛÝkA*umH+Fz{k�5�*,z{k�ó �F�.� � � ���:9,ó �F�.���F�F�%�*,8.x � ����� ø ���F� � � ��� ø (
��� ��� îlL,K	����=4C�D
ß�Ù.k�� �,� ��� � �,�uõ ÛÝkA*umH+Fz{k�ÙF*u5�*�5714h�1l-4*,z ÛT+F8.j�m71l6.8�m76�6.z{1lÞ,148F*um7148.Þ jA*u-l-057jAz{k�kA8.148.Þ�9:3F+.m�z{k�57mHz{1lj�m75

148.j�6.h�148.ÞÀz7*umHÙ.kAz mHÙF*,8á6.+.m7Þ,6,148.ÞêjA*u-l-l5A( [�8Ðe�g¬| ú`mHÙ.1l5�57kAz{y.1lj�k�1l5`à.8.6uÚ28À*u5��:@ABHï�=?<�L,DP=?<�� � L,î?î
�:KAB{@H@A<�=?<���åPß�e�gFé�*,8.xN1lm752148¬ÛÝ6.z7h�*u-:xFk�57jAz{14i.m71l6.8�1l5�*u5ÑÛÝ6,-l-l6uÚ�5%

ß�e�g:9Y*u-l576`à.8.6uÚ28`*u5�148.j�6.h�148.Þ`jA*u-l-
3F*,z7z{148.Þ�90iFz{k�y,kA8,m75�jA*u-l-l5ìÛTz{6.h j�kAz{mH*u148`m7k�-lkAiFÙ.6.8.k
8.+Fh�3FkAz{5�6.z�*,z{kA*�j�6.xFk�5A(�[�8�mHÙ.k�k��.mHz{kAh�k�jA*u57k,9Y*u-l-�148.j�6.h�148.Þ�jA*u-l-l5�h�*A��3Fk�xF1l5H*,3.-lk�x �
ÛÝ6.z�k��F*,h�i.-lk,9�*�jA*u-l- |�3F6u�`h�*A� 8.6,m23Fk�*u-l-l6uÚ�k�x�m76�z{k�j�k�1ly,k�jA*u-l-l5A(

X�+Fz�5HiFk�j�1 npjA*um71l6.8�6�Û¹mHÙ.1l5 ÛÝkA*umH+Fz{k�1l5�1l-l-4+.57mHz7*um7k�x`148 npÞ.+Fz{k�çF(

BlackList

numbers={}

insert(numbers,n)

remove(numbers,n)
remove(n)

addID(n)

numbers

dialInFrom(n) [n is_in numbers]

dialInFrom(n)
[not(n is_in numbers)]

dialIn

forall numbers:IDSet

n is_in numbers

USING IDSet, Boolean
dialIn

checkID(n)=

Phone+BlackList= Phone|[dialIn]|Blacklist

Phone USING ID, signal, on-off

addID(ID) checkID(ID):BooleanremoveID(ID)

��1lÞ.+Fz{k�ç��q
-4*uj�à -l1l57m

\2Þ.*u148:9FÚ�k�ÙF*Ay,k�576.h�k�j�6.h�h�kA8,m75�m76 h�*,àuk2Ú�1lmHÙ�z{k�Þ.*,z{xNm76�mHÙ.1l5 ÛÝkA*umH+Fz{k�h�6.xFk�-�
��#	� ��# � × � ×$# ����Ö	��
 � Ö
ß�Ù.k�j�6.h�iF6,571lm71l6.8N1l5�iFz{k�j�1l57k�-l�`mHÙF*um�57k�kA8 ÛÝ6.z�mHÙ.k�ó �F�.� ø � û��¿ÛÝkA*umH+Fz{k�
mHÙ.kAz{k�1l5�148,m7kAz78F*u-Y57�F8.j�ÙFz{6.8.1 |
5H*um71l6.8N6.8�mHÙ.k ���u�F� û � k�y,kA8,m�*,8.x`mHÙ.k�57�.57m7kAh xFkAiFkA8.xF5�6.8�*,8`*uj�m71l6.8�z{k}n�8.kAh�kA8,m�148`mHÙ.k�8.k�m{Ú�6.z7à
m76�jA*,z7z{� mHÙ.k�8.k�Ú�1lxFkA8,m71 npjA*um71l6.8�x�*umH*�+.57148.ÞN* ���u�F� û � � �.��� *uj�m71l6.8:(



� ��# �:Ö � Ö ! �:Ö��`Ö�� �
]28.-l14àuk�ó �F�.� û��:9F8.6,m�*u-l- ���u�F� û � � �.��� *uj�m71l6.8.52z{k�5H+.-lm�148�* ���u�F� û � *uj�m71l6.8��mHÙ.k�3.-4*uj�à,-l1l57m np-lm7kAz{5�6.+.m
*u-l-Y148.j�6.h�148.Þ�xF14*u-l5�Ú2Ù.1lj�Ù�*,z{k�57m76.z{k�xN148�mHÙ.k�-l1l57m�6�Ûñ8.+Fh�3FkAz{5�148N1lm75257mH*um7k,( ��6uÚ�k�y,kAz�9.-l14àuk�ó �F�.� û��:9
ÛTz{6.h�mHÙ.k�iF6,148,m
6�ÛÂy.1lk�ÚÀ6�ÛÂmHÙ.k2+.57kAz
mHÙ.k28.k�ÚÀ57�.57m7kAhÏ1l5�*�z{k}n�8.kAh�kA8,m
6�ÛÂmHÙ.k26,-lx iFÙ.6.8.k�� mHÙ.k26.8.-l�
xF1 � kAz{kA8.j�k�1l52mHÙ.k�z{k�576,-4+.m71l6.8N6�Û¹576.h�k�6�ÛâmHÙ.k�8.6.8.xFk�m7kAz7h�148.1l5Hh 148NmHÙ.k�6.z{1lÞ,148F*u-0iFÙ.6.8.k�h�6.xFk�-P(
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mHÙ.1l5�mHz7*,8.571lm71l6.8�Ú�1l-l-:k�y,kA8,mH+F*u-l-l�
6.j�jA+Fz�(
ß�Ù.+.5A9.Ú�k2Þ.+F*,z7*,8,m7k�k�mHÙF*um�mHÙ.k2m7k�-lkAiFÙ.6.8.k�+.57kAz
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