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\�8`*,3.57mHz7*uj�m2h�*uj�Ù.148.k�xFk�57jAz{143Fk�5�x�*umH*F9�6.iFkAz7*um71l6.8.5�*,8.x`148,yu*,z{14*,8,m�iFz{k�57kAz{y,k�x�3,��k�y,kAz{�N6.iFkAz7*um71l6.8:(
\�3.57mHz7*uj�m2h�*uj�Ù.148.k�5�*,z{k�j�6.h�iF6,57k�x�3,�Nj�6.8 #~+F8.j�m71l6.8`6�Ûñ1lm75�148,yu*,z{14*,8,m75�*,8.x`j�6.h�3.148F*um71l6.8�6�Ûñ6.iFkAz7*V|
m71l6.8.5A(0ß�Ù.k�z{k�5H+.-lm7148.Þ�*,3.57mHz7*uj�m0h�*uj�Ù.148.k2h�*A�2k�1lmHÙ.kAz�iFz{k�57kAz{y,k
mHÙ.k�z{k�5H+.-lm7148.Þ�148,yu*,z{14*,8,mA9u6.zY148,yu*u-l1lx�*um7k
1lmA(�ß�Ù.k y.1l6,-4*um71l6.8�6�Û 148,yu*,z{14*,8,m�1l5�148,m7kAz7iFz{k�m7k�xê*u5�*,8�148,m7kAz7*uj�m71l6.8�*,8.x�1l5�148 ÛT*uj�m�*,8`148,m7kAz�ÛÝkAz{kA8.j�k



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(
��� � � � × � �:Ö �A��� #	� ��# � × � ×$# � � ×���� � � ���
ß�Ù.k�j�6.h�iF6,571lm71l6.8N6�ÛYÛT*u14z78.k�575�*u575H+Fh�i.m71l6.8.5�148�ß�W:\�1l52xF6.8.k�*um�*�Ù.1lÞ.ÙN-lk�y,k�-Y6�Ûñ*,3.57mHz7*uj�m71l6.8 *,8.x�1l5
iFz{k�57kAz{y,k�x mHÙFz{6.+.Þ.Ù�mHÙ.k2j�6.h�iF6,571lm71l6.8 iFz{6.j�k�575A(�\Ðh�6.xFk�-�ÛÝ6.z
*�ß�W:\ ÛÝ6.z7h�+.-4*�1l5�*,8�148¬n�8.1lm7k�mHz7*uj�k26�Û
57mH*um7k�5A9F*,8.x�*�ß�W:\�5HiFk�j�1 npjA*um71l6.8�1l5�h�*uxFk�+FiN6�Û¹mHÙFz{k�k�iF*,z{m75%
0mHÙ.k�148.1lm714*u-0j�6.8.xF1lm71l6.8.5A9�mHÙ.k�z{k�-4*um71l6.8
6uy,kAz2yu*,z{14*,3.-lk�5A9
*,8.x�mHÙ.k¿ÛT*u14z78.k�575�j�6.8.57mHz7*u148,m75A( òÐÙ.kA8�j�6.h�3.148.148.Þ�m{Ú�6N57kAz{y.1lj�k�5A9�Ú�k�148.jAz{kA*u57k mHÙ.k
z{k�57mHz{1lj�m71l6.8.5�6uy,kAz�mHz7*uj�k�5�3F+.m�Ú�k k��.m7kA8.xêmHÙ.kNh�6.xFk�-l5N3,��*uxFxF148.Þ�8.k�Ú yu*,z{14*,3.-lk�5A(êß�W:\ÊiFz{6uy.1lxFk�5
*,8`*,3.57mHz7*uj�m2Ú�*A�Nm76 57mH*um7k´ÛT*u14z78.k�575�*u575H+Fh�i.m71l6.8.5�3F+.m�148`6.+Fz�*,iFiFz{6.*uj�Ù�mHÙ.1l5�+F8¬ÛTz{1lkA8.xF-l��57�F8,mH*u��1l5
Ù.1lxFxFkA8¿ÛTz{6.h�mHÙ.k�jA+.57m76.h�kAz�(Yò�k�kA8.jA*,i.5H+.-4*um7k ÛT*u14z78.k�575
Ú�1lmHÙ.148�kA*uj�Ù�6.3$#�k�j�m
*u5
*�h�kA*,8.5
6�ÛÂz{k�576,-ly.148.Þ
8.6.8.xFk�m7kAz7h�148.1l5HhÊx�+.k�m76N148,m7kAz78F*u-057mH*um7k�mHz7*,8.571lm71l6.8.5A(�ß�Ù.1l5�1l5�* 5714h�i.-lk��,k�m�iF6uÚ�kAz�ÛT+.-0Ú�*A�ÌÛÝ6.z�mHÙ.k
ÛT*u14z78.k�575�m76 3Fk�57mHz7+.j�mH+Fz{k�x�*,8.x�z{k}|�+.57k�x�Ú�1lmHÙ.148N6.+Fz�z{k�oF+.14z{kAh�kA8,m75�h�6.xFk�-l5Aæ4úArVè�(
��� � �YÖ �F�
�Y� Ö � #	� ��# � × � ×$# � � �Y� Ö � � # � � Ö�� �
�:� �?× ���F� ×$#������
[�8`*,8N1lxFkA*u-�Ú�6.z{-lxY9�ÛÝkA*umH+Fz{k�j�6.h�iF6,571lm71l6.8�Ú�6.+.-lx�3Fk�xF6.8.k�+.57148.Þ�j�6.8.j�kAi.m75�Ú�1lmHÙ.148�mHÙ.k�j�-l1lkA8,m75�j�6.8¬|
j�kAi.mH+F*u-0h�6.xFk�-Y6�Û¹mHÙ.k�14z�z{k�oF+.14z{kAh�kA8,m75A(�e�-l1lkA8,m752jA*,8F8.6,m23Fk�k��FiFk�j�m7k�x�m76�k��FiFz{k�5752mHÙ.kAh�57k�-ly,k�52+.57148.Þ
ÛÝ6.z7h�*u-.-4*,8.Þ.+F*uÞ,k�6.iFkAz7*um76.z{5A(0ß�Ù.1l5�xF6.k�5�8.6,m�h�kA*,8�mHÙF*um�mHÙ.k���jA*,8F8.6,m�k��FiFz{k�575�mHÙ.kAh�57k�-ly,k�5ñÛÝ6.z7h�*u-l-l�,(
[Pm�1l52mHÙ.k�z{6,-lk�6�Û¹mHÙ.k�*,8F*u-l�.57m�m76 h�*,iNmHÙ.k�j�-l1lkA8,m752j�6.h�iF6,571lm71l6.8�j�6.8.j�kAi.m7526.8,m76�j�6.h�iF6,571lm71l6.8�h�k�mHÙ¬|
6.xF5�148 mHÙ.k ÛÝ6.z7h�*u-:h�6.xFk�-P(
��6.z
8.6uÚ�9.Ú�k�*,z{k ÛÝ6.z{j�k�x m76�j�6.h�h�+F8.1ljA*um7k�mHÙFz{6.+.Þ.Ù�mHÙ.k26.3$#�k�j�m�6.z{1lkA8,m7k�x
h�6.xFk�-l5`å?Ú2Ù.1lj�Ù�j�6.+.-lxá3Fk�*,z{Þ.+.k�xêm76`3Fk�KAîl=?@A<�Dâã}BH=?@A<�íFîlQ�é�(�[�8�mHÙ.k ÛT+.mH+Fz{k Ú�kNÙ.6.iFkNm76`xFk�y,k�-l6.iê*
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(

� �
Ö �4Ö�����# �:Ö �YÖ �F�
�Y� Ö���#	� ��# � × � ×$# ��� � � � ����Ö �0�A� × ��=?í,@HL,î
q
k}ÛÝ6.z{k�Ú�k�148,mHz{6.x�+.j�k 6.+FzËn�z{57m�57m7kAi.5�m76uÚ�*,z{xF5�xFk�y,k�-l6.i.148.Þ�* ÛÝkA*umH+Fz{k�148,m7kAz7*uj�m71l6.8�*u-lÞ,kA3Fz7*F9YÚ�k

h�6,m71lyu*um7k�6.+Fz�Ú�6.z7à�3,�ê1l-l-4+.57mHz7*um7148.Þ�92148ámHÙ.kÌnpÞ.+Fz{k�3Fk�-l6uÚ�92*,8Ð=?í,@HL,î�xFk�y,k�-l6.iFh�kA8,mNkA8,y.14z{6.8Fh�kA8,m
3F*u57k�xN6.8N*�j�6.h�iF6,571lm71l6.8�*u-lÞ,kA3Fz7*F(

Feature Class Hierarchy

Re-usable Meta Analysis

Feature Library

feature1 + feature2 = feature3

Composition Mechanisms

��1lÞ.+Fz{k�t�
0\�8�[PxFkA*u-��
8,y.14z{6.8Fh�kA8,m

ß�Ù.k`h�6,57m�14h�iF6.z{mH*,8,mNiF*,z{m 6�ÛË6.+Fz�=?í,@HL,î�kA8,y.14z{6.8Fh�kA8,m 1l5�*`-l143Fz7*,z{�á6�Û�ÛÝkA*umH+Fz{k�5 Ú2Ù.1lj�ÙáÙF*Ay,k
*u-4z{kA*uxF�N3Fk�kA8ÌÛÝ6.z7h�*u-l-l� 5HiFk�j�1 npk�x�*,8.xNyu*u-l1lx�*um7k�xY(�ß�Ù.1l52-l143Fz7*,z{�NÚ�1l-l-�3Fk�57mHz7+.j�mH+Fz{k�xN148�*�j�-4*u575�Ù.1lkAz�|
*,z{j�Ù,�NÚ2Ù.kAz{k�kA*uj�Ù ÛÝkA*umH+Fz{k�Ú�1l-l-
ÙF*Ay,k�h�*,8,��*,3.57mHz7*uj�m25H+FiFkAz{j�-4*u5757k�5A(�ß�Ù.k�57k�j�6.8.x�h�6,57m214h�iF6.z{mH*,8,m
iF*,z{m26�ÛÍ6.+Fz2kA8,y.14z{6.8Fh�kA8,m�1l5�* -l143Fz7*,z{�`6�Û´åµÛÝ6.z7h�*u-l-l��5HiFk�j�1 npk�x�é´ÛÝkA*umH+Fz{k�j�6.h�iF6,571lm71l6.8�h�k�j�ÙF*,8.1l5Hh�5
Ú2Ù.1lj�Ù�Ú�1l-l-�6.iFkAz7*um7k�6.8�*N5H+F3.57k�m�6�Û�ÛÝkA*umH+Fz{k�5Nå?xFkAiFkA8.xF148.Þ�9
6�Û j�6.+Fz{57k,906.8�mHÙ.k�14z�j�-4*u57571 npjA*um71l6.8:(`\
z{k}|�+.5H*,3.-lk�åPh�k�mH*V|�*,8F*u-l�.571l5Hé2Ú�1l-l-�ÙF*Ay,k�*u-4z{kA*uxF�`1lxFkA8,m71 npk�xêÚ2Ù.1lj�Ù�j�-4*u5757k�5�6�Û
ÛÝkA*umH+Fz{k�5�148,m7kAz7*uj�m�*,8.xY9
Ú2Ù.kAz{k2iF6,5757143.-lk,9FÚ�1l-l-:*u-l576�iFz{6uy.1lxFk�z{k}|�+.5H*,3.-lk�z{k�576,-4+.m71l6.8�h�k�j�ÙF*,8.1l5Hh�5A(
e�z{kA*um7148.Þ�*�8.k�Ú ÛÝkA*umH+Fz{k�Ú�1l-l-
+.5H+F*u-l-l� z{k�oF+.14z{k�mHÙ.k�j�-l1lkA8,m�j�6.h�3.148.148.Þ *u-4z{kA*uxF��k��.1l57m7148.Þ¿ÛÝkA*umH+Fz{k�5
148 iFz{k}|TxFk}n�8.k�xNÚ�*A�.5A9.z{k�5H+.-lm7148.Þ�148
*�8.k�Ú ÛÝkA*umH+Fz{k�Ú2Ù.6,57k�j�-4*u57571 npjA*um71l6.8�1l52jA*u-ljA+.-4*um7k�x�*,+.m76.h�*um71ljA*u-l-l� ÛÝ6,-l-l6uÚ�148.ÞN6.+Fz�*u-lÞ,kA3Fz7*u1lj�57kAh�*,8¬|
m71lj�5A(
g.6.h�kËÛÝkA*umH+Fz{k�5�Ú�1l-l-�z{k�oF+.14z{k�mHÙ.k�5HiFk�j�1 npjA*um71l6.8�6�Ûñ8.k�ÚÐj�6.8.j�kAi.m752Ú�1lmHÙ.148NmHÙ.k�iFz{6.3.-lkAh xF6.h�*u148



*,8.xY90*u5�5H+.j�Ù:90jA*,8F8.6,m�3Fk xFk�y,k�-l6.iFk�xá+.57148.Þ�*u-4z{kA*uxF�`k��.1l57m7148.Þ ÛÝkA*umH+Fz{k�5A(Nß�Ù.k�57k 8.k�Ú ÛÝkA*umH+Fz{k�5�Ú�1l-l-
6�ÛÝm7kA8ÜëÍD�í,=?B{@HKADPîlQ�148,m76N6.+Fz�*u-4z{kA*uxF�`k��.1l57m7148.Þ�j�-4*u575�Ù.1lkAz7*,z{j�Ù,�,( [�8`5H+.j�Ù�* jA*u57k,9YmHÙ.k h�k�mH*V|�*,8F*u-l�.571l5
xF6.k�5�8.6,m�8.k�k�xêm76`3FkÜÛT+Fz{mHÙ.kAz�k��.m7kA8.xFk�xY(`[�8�mHÙ.k Ú�6.z{57k�jA*u57k,9�8.k�Ú *,3.57mHz7*uj�m�j�-4*u57571 npjA*um71l6.8.5`åP*,8.x
j�6.h�iF6,571lm71l6.8�h�k�j�ÙF*,8.1l5Hh�5Hé�Ú�1l-l-�3FkN8.k�k�xFk�xá*,8.xêÙ.kA8.j�k mHÙ.kN*,8F*u-l�.571l5�Ú�1l-l-28.k�k�x�m76`3Fk xF6.8.kìã}B{J,ï
C�KAB{L,DPK�ð.(Y�:+Fz{mHÙ.kAz7h�6.z{k,9,mHÙ.k�z{k�oF+.14z{kAh�kA8,m75�h�6.xFk�-l-lkAz{5�Ú�1l-l-Y3Fk2z{k�5HiF6.8.57143.-lk ÛÝ6.z�i.-4*uj�148.Þ�mHÙ.1l5�8.k�ÚájA*u57k
Ú�1lmHÙ.148NmHÙ.kËÛÝ6.z7h�*u-Y*u-lÞ,kA3Fz7*F(
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Ö �4Ö�����# �:Ö �YÖ �F�
�Y� Ö���#	� ��# � × � ×$# ��� � #	�`Ö � � � ��� � × �
[�8�mHÙ.1l5�Ú�k�Þ,1ly,kN*�Þ.z7*,iFÙ.1ljA*u-�z{kAiFz{k�57kA8,mH*um71l6.8�6�ÛÑ6.+Fz´ÛÝ6.z7h�*u-¹ÛÝkA*umH+Fz{kNz{k�oF+.6,14z{kAh�kA8,m75�h�6.xFk�-l5��u(

ß�Ù.k Þ.z7*,iFÙ.1ljA*u-
57�F8,mH*u�`1l5�148¬ÛÝ6.z7h�*u-l-l��k��Fi.-4*u148.k�xÀ*,8.xY9�Ú2Ù.kAz{kN*,iFiFz{6.iFz{14*um7k,90Ú�k j�6.h�h�kA8,m�6.8�Ù.6uÚ
mHÙ.k´ÛÝ6.z7h�*u-Yh�kA*,8.148.ÞN1l52jA*,i.mH+Fz{k�x`+.57148.Þ�WYX�ß�X�g:9:qÐ*,8.x`ß�W:\�(:ß�Ù.k�57kAh�*,8,m71lj�5�*,z{k�j�-lkA*,z{-l�`3F*u57k�x
6.8À*ê57mH*um7k`mHz7*,8.571lm71l6.8Àh�6.xFk�-�*,8.xY9�*u-lmHÙ.6.+.Þ.ÙámHÙ.k��Ð*,z{k�8.6,mN5HÙ.6uÚ28á148ÐmHÙ.1l5`iF*,iFkAz�9�Ú�k�ÙF*Ay,k�*
h�kA*,8.5 6�Ûìh�*,iFi.148.ÞêmHÙ.k�57k`5HiFk�j�1 npjA*um71l6.8.5�6.8,m76êh�6.z{k�j�-l1lkA8,m~|PÛTz{1lkA8.xF-l�ÐÞ.z7*,iFÙ.1ljA*u-�z{kAiFz{k�57kA8,mH*um71l6.8.5A(
ß�Ù.k Þ.z7*,iFÙ.1ljA*u-�5HiFk�j�1 npjA*um71l6.8.5 Ú2Ù.1lj�Ùê*,z{k�Þ,1ly,kA8�j�6.z7z{k�5HiF6.8.xêm76�mHÙ.k xFk}ÛT*,+.-lm�xF14*uÞ.z7*,h�5�Ú2Ù.1lj�Ùê*,z{k
iFz{6.x�+.j�k�x�Ú2Ù.kA8�8.6�j�-l1lkA8,m�h�*,iFi.148.Þ,52k��.1l57mA(
����� I������ � �Æ@HKA= ëÍKHL,DP=?J,<
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)

��1lÞ.+Fz{k�b�
�ß�Ù.k�)
Ù.6.8.k

������� L,î?îl@AB2RHí,@A<�DP= ëÍKHL,DP=?J,<
ß�Ù.k n�z{57mñÛÝkA*umH+Fz{k�Ú2Ù.1lj�Ù�Ú�k2j�6.8.571lxFkAz
1l5�� �F�.� ø ���	� ø �Æõ:�A�:� � �,õ:�u��� (0ß�Ù.1l5ÍÛÝkA*umH+Fz{k�1l5�6.8.k26�ÛÂmHÙ.k5714h�i.-lk�57m2m76�+F8.xFkAz{57mH*,8.x�åP*,8.xN5HiFk�j�1 ÛÝ�Fé�(�[�8Ne�g:ú,9FmHÙ.1l5ÑÛÝkA*umH+Fz{k�1l52à.8.6uÚ28N*u5 � L,î?î�O�ä.ï 	7@AB ��@Aîl=?>A@ABHQ

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

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
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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)
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