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`cQ�^vi]`aU�i#VTi3Sxwym]Q3U�VT`cgYQ]ZegYw(Q3S�^zZ�S�RT_.`cU�S�Z7XHQ3d#gHfad#ZTS�RT_O`cU�S�Z7U�XHm3ZTS:U�gHklh�S�Vj`cVT`agHQ#i3XHZogOU�U�m]RTRTS�d{q=|vi3`cZeU�gHklh�S�VT`aVT`cgHQ�`cZoU�XYfcfcS�d
w}S�XHVjm]RTSl`aQOVTS�RTXHU�VT`cgHQ{q�~�m3RTRTS�QOVjRTW2[�wyS�XYVTm]RTS�`aQOVTS�RTXHU�VT`cgHQ3ZxXYR�SbRTS�Z�gHfa_HS�d��OW�VTi3SlklS�VTi]g.d�Q3gHVEZT`ck:m]faVTXHQ3S�gYm]ZTfcW�h]RTg	_O`ad]`aQ]�lVTi3S
ZTS�RT_.`cU�S�Ze^)i]`aU�i#`cQOVjS�RTXYU�Vo^v`aVTi8S�XHU�i#gYVTi]S�R	q�PFQ8VTi3`cZok8S�VTi3g.d#Vji]S�RTSx`cZ=d3`c�3U�`cS�Q]U�W8Vji]XHVoVji]S7h3RTg\_.`cd3S�d�Z�S�RT_O`aU�S�ZeXYRTSuRTS�Z�VjRT`cU�VTS�d�q
PFQ8gHRTd]S�RvVTgnU�gHh�S7^v`cVTi8VTi3`cZod]`a�]U�`cS�Q3U�W2[�Xxd]W.Q]XYkl`cUeklS�Vji]g.d�w}gHRNX\_HgH`cd3`cQ3�uXH�3Q]gYRTklXHf�ZTVTXHVjS�Z	[�XnVFWOh3`cU�XHf]w}S�XHVTm3RTS7`cQOVTS�RTXHU�VT`cgYQ�[
d]m3RT`cQ3��gHh�S�RTXYVT`cgHQ�gHwNZTS�RT_O`cU�S�Zl`aZuh3RTgHh�gHZ�S�d{q:�7g	^oS�_HS�R	[�`cQ�h]RTXHU�VT`aU�S.[�RTS�ZTVTRT`aU�Vj`cgHQ�gHw@VTi3SlS�_HS�QOV�S��.S�U�m3VT`agHQ�`cZEd]`a�lU�m3fcV%[]XHQ3d
`cQ�Z�gYklSnU�XHZTSlZTWOZTVTS�k�Z�VjXHVTS�ZxwyXHfcfr`cQOVjg�d]S�XHd3fcg.U�p.Z\qv|vi3S�RTS�wygHRTSO[�Vji]`aZuh3XHh�S�REh]RTgHh�gHZTS�Z:XHQ�`cklh3RTg	_�S�d,klS�VTi3g.d�^vi3`cU�i�X\_HgH`ad]Z
XH�3Q]gHRTklXYf@Z�VjXHVTS�ZlXHQ3d�d3S�XHd3fcg.U�pOZ	q#PFQGgHRTd]S�RbVTg�S�_	XHfcm3XHVTS�VTi3S#h]RTgHh�gHZ�S�d�klS�VTi3g.d�[�VTi3`cZbh]XHh�S�RbXHfaZ�g�Z�i3g	^vZ:S��.h�S�RT`cklS�QOVTXHf
RTS�Z�m3fcVTZ7m3Z�`aQ]�nXlZT`cknm3fcXYVTgHR	q
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MON [ ROTOUWVYX|Z\[Y]_^|`_bWdfeSgjiSVOk|lQmO«|g

¬jv����jv������WV ��¿Q£|lrqsgjtrus¿������5ofm|l�^ q
�r]���v��G _vOqsgstrusVhxO¡1o�´�¡sV�¢jqWgjtSuOv�~
�c���Q�7o�m�£�¤Q�_�Y�W�Q�zmSla^�����v#£�¤Q�jvj���S�
�O�rgO�|�Q�W�O�a�ji|�c�h�_�h�S�¦¥c§�¨ q �|�\�O�rga�j�
�W�O�a�ji|�_�Y�|�Y�|���f�\�S�aqsg_truc{Q}\��{Q cV
©�ªW[f¢¾£|lj�_��¤h¥_¦cVY§O¨*ofm|lj^ q ¥_¦�§O¨Oª\� [
�Q�zgY�j���j�S�r�OiQ�c�f�O��«Q¯f�¾�Y�Sqjg�tYuQv#¬�­
�:®�¯Q�j^O���f¤�°Sv�±³²hÔ\��¯�´j��^S¿QvS¤�µO^ q o ©

o [ �rv�¥_¦h§Q¨Oª_¤|��«|gr¬O��¶�·c�j^hq|gjtruQ¤�µs�
m|¿ [.¸�¹ vrqsgjt�u¾���O�rgY�s���j�O�h�jiO�c���j�ë�
�S��ºO�|Ô_�GµS]¼»I½�¾z�Y©Ovaqsgstru�of©|«sgr¬ VY­
®j¤O¯�£|lc��l_³�¿�Àc��µO^ q ²r´Yqjg�truSv� _�#ÁcÊ�^
���Q�Ygz�s���j�S�r��iO�j� ��v�Ò�Â\�bÃ�Äc^8Åc�KÆ�ÇWV
£s�Ym�oh²j³ q
�rv�¿#À��bÈ;³h´rµ|V�qsgjt�uOv�¶O·W¸QVY�S���Y»Y¼

orÑ|³����j^�¶_¦O»S¼Oª_�h­|½\[Y]jm|lj^É¥ ÊH¨ q of©\oà�
Ë¼Ì ¤s�h¶_¦|»h¼jªW�O«|gQ¬sVhÀ_�s^�Ï�Í_�|ÁW��dàvh°
±SÃOÄ bWÅ�ÆjbSic��l_³YÇhÈ;��É_ÊOm|l�^ q ËOÌ_¤|� [ �
]��fvOÇhÈWVYÀ_�j^p§�ÎOª���­O½_�j^ q
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Û7ÜjÝ Þ�ßáàãâ�äæå
qsgjt�uOv�~O�;�bç�èj¦|VzZ5o�´Q¿Qvs�fqsg�tru#é��
���S� q ËOÌ_¤|� [ qsgjtru�é��7�|o�m�êsg�êjÁ|g�êOqsg
t�u#é����:ë�ª��j^ q ��v�êjg�ê�Á|grurqsg�tYu�é��j¤O�
ì7í vrqsg�tYu_�fq|g�t�u�ê|g,êjv#îQ�c¤hZj� q qjgOt�u
êWg�ê�����°OvOqsgstrusV|k�ïj^ ì:í v�~O�5��ZW�|¿Ov
¤�µñðEò�ó�v�ô�è_¤�õ�ö\[Y]_^ q

÷�ø�ùú¥ �QÁs��d=¨3û�ø�ù
�j�r¤4÷�øGù7���I½�³hl¾³h |VO�OÁW��d���Ï�Í_¤c¯�^a©
��Zc�|¿rvO¤ [ û�ø�ù7�z��°QvO�SÁs�;dàV|ÑIðt÷�ø�ùj�z½
v_Ñ|³YV�ü��_�j^SvO©W��Z�ofm|l�^ q ²S´�÷�ø�ù [ �OÁs�
d [ û�ø�ùs�YRQTOUæ�n¢j«|gr¬��z½�³Y£j��mal�^rvO©s��Ù
��ö�ýc¤hZ¾[f]c^ q ö�ý_���� jv�þs��ÿQgj����� ¾�� ì þ
��ÿSg��r¤YZW[z]_^h«Og�¬jv������àÙc�O¿QvS¤�µO^ q	� Ê
» h]XHVji	
���
���� ��«|gY¬ � ��«ag�¬ � ���ST_¸�¤�µj^O���S�
Ù5ofm|l�^ q
� �|ofma�SXOZ_¦O£hROT_qsgjtruO¤�µs^������OT 
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� ì-, V0^�U § 
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����T[ V0^�U Ê 
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�/��T[ h3XHVTi0
.�1
����j[ h3X\VTi0
.�1
�/��
¥ gHQ3i3gOgYp2
.�3� ¨ `cd3fcS1
.�3�

�+* , U�^4
.�5�j[ i3gHfcd0
.��
����j[ h]XYVTi0
.��
�/�� ¥ gYQ]i3g.gHp2
��5� ¨
U�^4
.�5�T[ i]gYfcd0
.��
����T[ R�`aQ]�Y`cQ3�6
.��
����

|�� ~ �Y�SxO¡��_�7�OTW¸OV������WVQ�W�b����o��$�
�W{Q |V8�OT_�O¤|¯�^hqsgjtruO¤�µj^�� � ì v�÷�ø�ùW�r�
h]XYVTi0
.��
���� � h]XHVji	
���
�/�� VcÑa�YmO«|gr¬�ü�  � � � kcÑ (
«OgY¬�ü�  � � / ���ST_¸�¤�µj^O���S�ëÙ�o m|lQ^Y�,°¾o
m VF^oU § 
.�1
���� � V0^�U Ê 
.��
�/�� V|Ña�zm�°r]�� �����_{r Ov��
Tc¤�µ�^O����¿YÙ�o mOlQ^Y� � ì vhqjg�tYu�êsg�êj����9
öcv#÷�ø�ù\�ëZ�o mOlQ^�ö�ýc�Q��Ä�m�:c¤�µO^c��¯Y��«Og
¬�ü�  � �7;rT$<;�4=?>Y����V|Ñ��zm8@�A��j^ gHQ3i]g.gHpB
.�5�
�YÏ�Í�ºr�j¤�µO^O�|���ëÙ�o mOlQ^Y�,°¾o�m�9�öjvQ�SÁj�
d �hÏ�Í�[Y] ´ ��¯S�j�OÁs�5déÏGÍ�û_vj«|gr¬Kü�  � v
���c� `ad]faS�
.�3� ��l_³7C��1Åtê$�$�WV�ü��c�j^|�c����Ù5o
mOlQ^Y�l�c�j^SVr�QÁ|�;d Ï�Ís���l÷�ø�ùc¤hZ¾[f]�mala^
ö�ý�����ûGøGù_¤SZæ[Y]_m|lj^#öGýWVD= ¯�E¾Êj^c�c�rV
FHGQ�j^h�

~	� �S�rx|¡!�_�I�OT\¸|V��J���¾©���vO�\��;$K1o��
L ���"Mæð�N_ÊjmI�OT¾¤|¯j^hq g_tru|¤�µ_^h� �O* v4÷
ø�ùW�r� i3gHfcd0
.�1
���� � h]XHVji	
���
�/�� VcÑS�rmO«|gr¬�ü�  � �
/ �7�QTW¸r¤�µj^c�O�z¿OV��Q«|g�¬�ü�  � � � ��v7�ST��

#O Q¦OV�P$Q_V¾o�mOla^|���S�àÙ5o mOlQ^h�4°¾o�m U�^4
.�3�
VcÑa�rmO«cgr¬�ü�  � � � kcÑ ( / ��v7�OT �RM ðSN_Ê
£|���R�|T_�s^|� ���|¤|¯c^c�c����Ù*ofmclc^h� �O* v
q gjtQuKêsg�ês���OÁ ��dë��Ï�Íæ[Y]W´ �r¯Q�O�jÁ ��d
Ï�Í�û_vQ«|g�¬�ü�  � v7���_�r� h3XHVTi0
.�1
�/�� �O£T>�£j^O�
��V�ÑIð «|g�¬�ü�  / ��v7�ST_��Mj]S� RT`aQ]�Y`cQ3�6
.��
���� ��l
³Y�|º¾o�¸Qv7���WV�ü��_�j^|�c�a��Ù5ofm|l�^h�

Û7Ü Û Þ�ß à â+UÉßVUXWXY[Z]\_^
µj^S $`|VOk�ï�^�qsg�truOv����\��Z5of´O¿rvW�S��u

acb ���5���S� q Ë|Ì_¤s�S�_�Sv¾Ñc³Y£ �Qu acb ��� V
q gjtQuKêsg�ê\��d�ª o�´r×OØ �ReW©ñðgf?>ih¾Êj^�´Qµ
Vr��Ê q §kj_v � ì � �+* vcÑ|³f£Sqjgjtru�êsg�ê\�8lá§ v
Ñ|³hV�l�èOZ�õj�j^h�$m_¤�ns²Y]s´�o�eW���ru a!b ���j�
p ¤�nj²f]j´�qsrDtW�r«OgY¬¾�ëÙj�Y�a²h´8usr7t_�r«|g�¬
ü� ;�ëZ�oë�8v�r7t_�zÏ�¡�vS«Og�¬W�ëZj�Q«OgY¬$w;�àZ7o
m|l�^h�W�ru a!b ���_v�`|V�µj^7x!y|�Q�OÁs��df��Ù_�Y�
«cgr¬)`cV�µs^7x)y|��°Ovj»Iz��J{��fZ5op�SÏ�z\�7�OT
¸r��À�zW��P�QW¸_�àÙ_���

A
B

C

twc1(A,B)
twc2(A,C)

path(A,B)
path(A,C)

A
idle(A)onhook(A)

A
B

C

cw(A)

hold(A,B)
path(A,C)

onhook(A)

A B

cw(A)

hold(A,B)
ringing(A,B)

TWC
rule

CW
rule

system state system state

system state system statel § , l�èOZ�õ_v �

| }�~ Ñ���������������� ���
���W`jb¾d�eSgOiSVQkOlQm��� jvSqsg�truO����Í_VY¶

·W�j^¾�r¯r�Oq gjtQu�`|vh�j� VcÑzðY�Qu acb �!� V��
�j�DA?�z^a�c�f��µ�^h���f]\�r�Q�YgY�s�h�|�Q�S�OiQ�_�
���f�r�O�Q²r´j�S�Yg��j���|�Q�r�OiQ�_�f�Y��°Qv����_V
Ñ³ðs�����sV8e��j��^O�c�p�Q¤|¯Q^ q Ë�Ì_¤a�4°Ov���¤��
¿fXQZc¦S£j�O�zgY�j���j�S�r�OiQ�c�f�Y¤�µ�^"���$���_v
ºf�æ� Ä b_Å ÆObYia��¶j¦OVr»Y¼c�O^f¶j¦Q»Y¼Sª_V í l�m
ö�Äc^ q Ä b_Å�ÆOb�ic�z�4µj^a��u asb �$�_VOkSlQm�µ�^
«ag�¬�v�Ï�Í�ºr�c�SÁj�\dÂ��Â?> £O�pm\o�²rl4°Svj�Yu a
b ���_©ñ�� �¡_¤|¯�£|l������"¢�³ q ²S´��!�����7�r�r�
�|Ás�5d Ï�ÍGû_vW�ru a!b ��� VOk|lQm$£)¤|¦sV�¥ lOV
�$�c�j^�ö�ýj��¦\²f]_^O�c�S��Ùj�Y� � �Oofmh� |�� ~ &
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( ~	� �7��ÍsVY¶O·7ofmal�^S«Ogr¬¨§\�R©�ª5oà��°Ov7�
{_¤h�\�¼ð¬«¾^��������_v|ºY����l Ê VYÙc�Y�

A
B

C

twc1(A,B)
twc2(A,C)
cw(A)

path(A,B)
path(A,C)
hold(A,D)

onhook(A)

apply
TWC rule

apply
CW rule

D

A
cw(A)

idle(A)
hold(A,D)

D

A
cw(A)

path(A,B)
hold(A,D)
ringing(A,D)

D

St,c

S’t

S’c
B

l Ê , ºY� �

l Ê vO­¯®±° ²Â�r�!l�§ÿv * í v�÷�ø�ù���{Q |V�³W´Q�s�
u a!b �!�_¤�µj^��W�ru a!b ���´­ ®±° ² VSkjlQmO�|Ás��d
gHQ3i]g.gHpB
 § � �7@!Aj�_^_�p� |�� ~ µj^alO� ~	� v�êsg�ê
�YÏ�Í�ºr�j¤�µO^Y�Q��vQ  ½#¾ � vQ�SÁj�\d �ëÏ�Íc�O^r©
�µ#7£_VQ��Î$ªc¤a¯�¶��O�Q�Yg��|�h�|�Q�h�jiQ�c�f�Yv ì
í ¤�µs^�·GÎ�ªjÔ5��l¾³S�_��VO£_^Sv ¸Q�O�hËjÌW¤|�$#
£_V�Î�ª_��^�¿Qv �aoE¢�¹Q�Hºc��V�»�¼c��^h�O²µ¶ |�� ~
êWg�êæ�pÏ�Í¾�j^µ¹j�j�W�Su a!b ��� �_­¾½® VD �¡W�j^��
­¾½® VOkOlQm7¿ÁÀf��Äs¯�ö�ýW� `ad]faS�
 § � © í i3gHfcd0
 § 
�Â��	Ã
µ!Ä7ÅHÆ�ÇcÈ�ÉJÊDË_§HÌJC�Í+Îtê$��� Ã µñðgÏ�Ì���ÉJÊ
Ë ÂÑÐ #!Ò�ÓJÔ�P�QHÔÖÕ�×JØsÄJÆ Ù ÐRÚ)Û Å$ÜHÔDÝ!ÞTß
à Ô����áÕg×JØsÄ7Å
â�ã ÔµÝ$ä	åçæcÊ�æ ÐRè�é)Û Ä�ê�ësÝ!ìDí$îsï7ð$ñHÈ

ò¾óô Ô8õJö Û Ä7Å ò¾óô Ã È�ÉJÊDË_÷øÌ�ÉJÊDË_ù¨Ùiú�ûHü Ãý Ä�Ô�þ�ÿ��?ß���Ý������
	$æ�� Ì�
������ÖÕ�ü��7ð�ñ Ã
ý ÄJÆ Ù ÐRÚ)Û Å$ÜHÔDÝHÆ��Öß�þ�ÞTß à Ô����áÕ�×JØsÄ7Å
���µ×�Ý ò¾ó��� � ò¾óô È�!�"�ð�ñ Ã ý Ä7Å

# $&% ')(+*-,/.
0�1 Ã32�4)Û Ä5!6"�ð�ñ7�38 �39)Ó6:3;�< Ã ý Ä>=@?

ð�ñ :3;�<BA CED��3F�G ÐIH6J Ô Ú)ÛLK =@?Öð�ñ :3;�< Ã È�M
N�!�"�ð�ñ Ù5�LOµÇ)Ä"ð�ñP�Q=SRUT�VW?YXSZS[E\
T�]E^�ð$ñ Ù_� � HJ =S? ð�ñÁÙ Û Ä3� Ð :�; Û ÄJÆJÙ Ã !�"�ð$ñHÔ&`!Ä�Æ Ù
Ð :3;áÕ�×�ØsÄ K
a ��bøÊ6c�íed2Ý3\-Ì3f é Ô39�gXÕ�× ØsÄJì�í$îcï7ð

ñ òih ÐIj7k Ä7ÅHÆl�TÙnmDÝ�bcÊ cDíed2Ý3\o��Í�	qp>rSÌ
s p�tDïJÔlu$Çwv$Ç>x6ÝlyY: è�é�z Ç|{øÙ~}�� Û Ä)ÙiÝ òih
È�����x���y�:��7õ�ö Ð~� × ò@� Ôl��� Û Ä�Å!Æ�Æ Ã Ý ò@�
Ô���� Û Ä a Ã Ô!ì$í$î)ïIð�ñHÌ3!6"�ðJñHÔsÏTß�ÏJØ �
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