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L�MONQPSRUT�VUW$XZY[T�XZRURU\Z]�Y�Y[\.PS^[W>_>YJT[\`Y[_>aSbcT[\`XINQPSRUT�VUW$XdY�T�e.^[\.PSf9]�VUT�gS\hPST�ij_>VUaSe	XQ^[_>W>_>VUkh_>^

\ZlmT[gnXZT�e.^[\.PSfpo�q�\Z]�_>k._>^srZlt\.^�N`XZa�uJWv\.a�lw_v^�_>aSWvVxa eyfSP ^�fj\.Y�_vY�VUT�VUYzP Y�_{lwP R|T�\J}�aS\Z]~]�g \JVUY

RUVUY�T�_vaSVUaSe�T[\�T�g _�W>\.a�lt_>^�_>a W>_.rSXZa bJ]�gS_>T[gS_>^�T[gS_zNI_>bSV•X
€n\Z]�Y�XZ^[_z^[_$XZW{gSVUaSe�^�_>Wv_>VUk._>^[YzfS^[\.f�•

_>^[Rxu�op‚�W>W>P ^ƒXZT[_>RUu,fj_>^„lt\.^�NIVUaSe�in\hT�g,T[gS_>Y[_�T{XZY[}…Y�^�_vY�T�^[VUW>T�Y�T�gS_�Y�W$XdRxVUaSe†\ZlmT�g _�W>\ha�lw_>^[_>aSW>_.o

L�McNQP RxT[VUW$XZY[T�N,_$XdaSY�T[gnXZT�aS\Z•„\.a _�}�aS\Z]�Y�T�gS_�fS^[_>W>VUY�_�N,_vNQin_>^[Y�gSVUfQ\dl‡XJW>\ha�lw_>^[_>aSW>_#XZT�X

Y�fj_>W>V‰ˆnWQT[VUN,_.rjXZaSb	T[gSVUY�VxaŠlw\.^[N`XZT[VU\.aQW$XdaSaS\.T�ij_yb VxY[W>\Zk._v^�_>bmrpXZY�T�\IT�^�u‹T�\,b \,Y�\�]�\.PSRUb

W$XdPSY�_	XZacVUNIfSRU\.Y�VU\ha	\Zl�N,_>Y[YƒXde._>Ysr�N`XZa�u	\dl�]�gSVUW{gc]z\hPSRUbcin_IRx\hY�T#Œ�gSVUYJVUYJaS\hTyT[\	YƒXsu

T�gjXZTJ]�_QW$XZa aS\.T#}�aS\Z]�T[gS_,ij\.PSa bSYy\dl0X•W>\.a�lt_>^�_>a W>_�N,_>NQij_>^�Y[gSVUfmrmX�Y[PSiSY[_>Ty\dl�]�gS\.N

N,VUehg…T�in_IfS^�_vY�_>a�T,XZTQXZa�u	T[VUN,_#•�T[gSVUYJW$XdaŽij_,bS\haS_QPSY�VUaSe9_>aSWv^�u�fST�VU\ha•XZa bc^�_>Y[T�^�VUW>T[_>b

bSVUY�T[^�VUiSPST[VU\.a	\dlz_>aSW>^[u�fST�VU\.ac}h_>u�Y$r|\dlz]�gSVUW{g•NI\.^[_�R•XdT�_>^soJL„aSY[T�_$Xdbmrm‘�Œ�’�M�f ^�\Zk�VUbS_>YJXZf�•

fS^[\Z“…VUN�XZT�_�NI_>NQij_>^�Y[gSVUf,VUa�lw\h^�N`XdT�VU\.a#T�g ^�\.P e.g�fn_v^�VU\�bSVUWJNQPSRUT�VUW$XdY�T�\dl1Y[_>Y�Y[VU\.a	NI_>Y�Y{XZe._vY

]�gSVUW{gmrjVUa•XdbSbSVUT�VU\ha`T[\,VUa�lw\h^�N�XZT�VU\ha,XZij\.PST�T[gS_y^[_>W>VUfSVU_>a�T$r|XdRxY[\,ehVxkh_�VxaŠlw\.^[N`XZT[VU\.a,XZij\.P T

T�g _	^�_>Wv_>fST�VU\ha~”�PnXZRUVUT„uŽXZTQT[gnXZTQ^[_>W>_>VUk._v^$o�‘�Œ�’�M•Y�_>Y[Y�VU\.aON,_>Y[YƒXZeh_>Y`Xd^�_�^�_vY�T�^[VUW>T�_>b–VUa

^ƒXdT�_.rjY[\,T�gjXZT�XZY�X#W>\.aŠlw_>^�_vaSW>_Qe.^[\Z]�Y$r T�gS_J^{XZT[_J\Zl�Y�_vY�Y�VU\ha•NI_>Y�Y{XZe._vY�^�_>N�XZVUaSY�W>\haSY�T{XZa�T$r

XZa b•_$XdW{g•^[_>W>_>VUk._v^J^�_>fj\.^[T�YJRU_>Y[Y�\ZlwT[_>amoJ‚—NI_>NQin_v^�\ZlzT[gS_yWv\.a�lw_v^�_>aSWv_,W$Xda•aS_vk._>^�}�aS\Z]

_>“SXZWvT�RUu•]�g \	VUYJfS^�_vY�_>a�TQXZTyX�fjXZ^�T[VUW>PSR•XZ^JT[VUN,_�lw^[\.N@‘�Œ�’�MO^�_>fj\.^[T�Ysr�iSPST#bS\�_>YJgnXskh_,X

e.\�\�b`XdfSfS^[\Z“…VUN�XZT�VU\hayT[\QT�gS_JWv\.a�lw_v^�_>aSWv_JN,_>NQij_>^[Y�gSVUfmo

‘�_>Wv_>fST�VU\ha	”�PnXZRUVUT„uQVUa�lw\.^[N`XdT�VU\.a#VUY�fS^�VUN`Xd^�VURUuyVUa�T�_vaSbS_>b�lt\.^�bS_>i PSe.ehVxa eyfSP ^�fj\.Y�_vY$rmXdY

bS_>i PSe.ehVxa e	\Zl�L�M–NQPSRUT�VUW$XdY�T�fS^�\hiSRU_>N,Y�VUYyX�b V™˜,WvPSRUT�T{XZY[}šo�q�\Z]z_vk._>^sr�VxT†VxY†fn\hY�Y�VUiSRU_QT[\

PSY[_�^[_>W>_>f T�VU\.a	”�PnXdRUVxT„u#VUa�lw\h^�N`XdT�VU\.a&lw\.^�^ƒXdT�_JXZbnXdfST�VUkh_�Y�_vaSbS_>^[Y$r|XZRUT�g \.PSehgQVxT�VUYza \.T�W>RU_$Xd^

]�gS_>T[gS_>^#T�gSVUY�VUa�lw\h^�N`XdT�VU\.a�VUY�Y�P�˜,WvVx_va…T[RUu•T[VxNI_>RUu�T�\�in_,XdiSRU_yT[\•XZbjXZfST�l›XdY�T�_>aS\hPSe.gcT[\

T�^{XZaSY[VU_>a�T�W>\haSe._>Y[T�VU\.apo�q�\Z]�_>kh_>^$r VxT�VUY�W>_v^�TƒXdVUaSRUu,Y�PŠ˜,W>VU_>a�T�lw\.^�fS^[\Zk�Vxb Vxa eœXdbnXZfST{XZT[Vx\ha,T[\

X9•�Y[gnXZ^[_>žQ\Zl�T�gS_†W>PS^�^[_>a�T�W$XdfnXZWvVxT„u�o

Œ�gS_�fS^�VUaSWvVxf Rx_�^[_$XZY[\.a�T�gnXdTQVUTyVUY#gnXZ^[b•T[\cPSY�_�T[gSVUY,XZfSfS^[\…XdWƒgŸlw\.^#e._vaS_>^ƒXdR�W>\haSe._vY„•

T�VU\ha•Xskh\.VUbnXdaSW>_�VUY�T�gS_†l›XZWvT�T�gnXdT�lw_>_vbSinXZW{}�N,_vY�YƒXde._>Y�XZ^[_JaS_>W>_vY�YƒXd^�VURUu	bS_>R•Xsuh_>b	XZaSb�_$XdWƒg

^�_vW>_>VUk._>^#\.a Rxu‹^�_>fj\.^[T�YQXZTJXI^ƒXZT[_Q]�gSVUW{gcVxY�VUa�k._>^[Y�_>RUu9fS^�\hfn\h^�T[Vx\hanXZR�T[\`T[gS_,NI_>NQij_>^�Y[gSVUf

\Zl�T[gS_yWv\.a�lw_v^�_>aSWv_	 •\.T[gS_>^[]�VxY[_yT[gS_JaS_vT„]z\h^�}�VUY�€n\�\�bS_>b	]�VUT[g	T�gS_vY�_#^�_>fj\.^[T�Y$o�¡OgSVURx_�T[gSVUY

N,_sXZaSY�T[gnXZT�T�g _�R•Xd^�e._v^
XdaSb,NI\.^�_�b _>aSY�_vRxuQT[gS_�^�_>Wv_>VUk._>^�fj\.fSP R¢XdT�VU\.aQfj_>^[N,_$XdT�_>Y�T[gS_�aS_>T„•

]�\.^�}|rpT�gS_QNI\.^[_yfSR•XdW>_>YyXd^�_QYƒXdN,fSRU_>b‹fn_>^[VU\…b VxWsXZRURUu…rjlt\.^�N,\�bS_>Y[TJY�VU£>_Qeh^�\hPSfSY$rpT�g VxY†N`Xsu

N,_sXZaQT�gjXZT�aS_>T„]�\.^�}QWv\.aSbSVUT[Vx\haSY�XZY�fn_>^[W>_>VUk._vb`i�u,X†Y�\hPS^�W>_JXd^�_�”�PSVUT�_�\hPST�\ZlmbnXdT�_.o�¤�\hN,_

\.T[gS_>^�XZY�fj_>W>T[Y�\dl1‘�Œ�’�M¥^�_vfn\h^�T�Y�XZ^[_�b VxY[W>PSY[Y�_>b9VUa,W{gnXZf T�_>^�_>VUe.g�T$o
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¤�_>WvPS^�VUT„u	VUY�NI\.^[_�Y[\�W>V•XZRURUu`Wv^�VUT�VUW$XdRmVUa	NQPSRUT�VUNI_>bSV•X�W>\hN,NQPSaSV‰W$XZT[VU\.aQT�gjXZa9Vxa�T[^ƒXZb VxT[VU\.anXdR

bnXdTƒX‹W>\.NINQPSaSVUW$XZT[VU\Zamo�L„a�T�^�P Y�VU\.a¥\.^#bSVUY�W>RU\.Y[PS^�_�\dl�g�PSN`Xda�•„g…P N`Xsa	W>\hN,NQPSa VxWsXZT�VU\ha	VUY

N,\h^�_�}._>_>a Rxu*lw_>RUT�T�gjXZa,\dlJ•�N,_v^�_>ž#bnXZT{XSo

©�aSVUW$XdY�T�XZaSbQNQP RxT[VUW$XZY[T‡NQP RxT[VUN,_>bSV•X�W>\hN,NQPSa VxWsXZT�VU\ZaJ^[_>”�PSVU^�_�Y�\.NI_�XZbSb VxT[VU\.anXdR…T[_>W{g�•

aSVU”�PS_>Y*lw\.^QfS^[\.T[_>W>T�VU\haªXZe�XZVUaSY�T#T�g _>Y�_cXZaSb~XŸk.XZ^�VU_>T„uc\dlJ\.T�g _>^,Y[_>W>PS^[VxT„u~XdT�TƒXdW{}…Yso¬«S\h^

_>“SXZNIfSRU_.rjT�gS_v^�_,VUYJXIT�_>NIfSTƒXdT�VU\.a‹T�\�in_vRxVU_>kh_QT�gnXdT�NQPSRUT�VUW$XZY[T�VUY�VUaSgS_>^[_>a�T�RUu	RU_>Y�Y†fS^�VUk.XZT[_

T�gjXZa,P aSVUW$XZY[TzW>\hN,NQPSa VxWsXZT�VU\haJY�VUaSW>_�T�gS_�T[^ƒXs˜,W�k�VxY[VUT�Y�Y�\#N`XZa�uJNI\.^[_�fSR•XZW>_>Y�VUa,T[gS_�aS_>T„•

]�\.^�}|o
L„a,l„XZW>TsrST�g VxY�VUY�aS\.T�T[gS_JW$XdY�_#_>“�W>_>fST�]�VxT[g�iS^�\�XZbSW$XdY�T�XZaSb	f ^�PSaS_†T„u…fj_JNQPSRUT[VxWsXZY�T

^�\hPST�VUaSe‹fS^�\hT�\�W>\.RUYJb k…NI^�f�o,q�\Z]z_vk._>^sr�L�M–NQPSRUT�VUW$XZY[T�bS\�_>YJN`Xd}._#VUTJY�VUN,f Rx_&lw\.^yX•gS\.Y[T

T�\9XZaS\ha…u�NI\.PSY[RxuJ­{\hVUa®XINQPSRUT�VUW$XdY�T�e.^[\.PSfŽXdaSb9^�_>W>_vVxkh_�T�^ƒX¯˜,WQbS_>Y[T�VUaS_>b¥T�\	T[gnXZTJeh^�\hPSf

]�VUT�gS\hPSTmT[gS_�\.T[gS_>^�Y�_vaSbS_>^[Y
XdaSbJ^�_vW>_>VUk._>^[Yz}�aS\Z]�RU_>b e._.opLtlnT�g _
XdfSfSRUVUW$XZT[Vx\ha�^�_>”�PSVU^�_vN,_>a�T�VUY

T�\†W>\.NINQPSaSVUW$XZT[_�ij_>T„]z_v_>a�Y�\.NI_�Y�_>T�\ZlmP Y�_>^[Y$r�T�g _>a,Y[T�^�VUW>T�f ^�VUk.XZW>u#W$XdaQ\.aSRUu#in_�_>a�lw\h^�W>_>b
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The User The Network

Request Service (Parameters, Payment)

Send Data, Possibly Shaped

Respond to Policing or...

Respond to Congestion, by

adapting

Complete Session

Dimensioning

Reservations

Policing, or...

congestion indications

Routing of Packets, respecting params.

Scheduling of Packet forwarding...

Monitoring, and possibly charging
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Domain A
allocated 224.1.192/20

Domain B
allocated 224.2/16

Domain C
allocated 224.1.128/20

Domain D
allocated 224.1.130/24
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v=0

i=A Seminar on Internet Multimedia

s=Multimedia Seminar

u=http://www.cs.ucl.ac.uk

e=mjh@isi.edu (Mark Handley)

c=IN IP4 224.2.17.12/127

t=2873397496 2873404696

a=recvonly

m=audio 49170 RTP/AVP 0

m=application 32416 udp wb

a=orient:portrait

m=video 51372 RTP/AVP 31

originator
session ID and version timestamp
originating host
title

information about the session

url for more information

email address to contact
connection information
(multicast address and TTL)
start time (NTP timestamp)
stop time (NTP timestamp)
attribute indicating session
is receive-only
PCM audio using RTP on port 49170

wb application on port 32416
wb is in portrait mode

H.261 video using RTP on port 51372

o=mjh 2890844526 2890842807 IN IP4 128.16.6.4
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Ring

Ring

isi.edu

ns.isi.edu

INVITE eve@isi.edu

whereis eve? eve is at east

200 OK
Contact: eve@east.isi.edu

INVITE 
eve@east.isi.edu

east.isi.edu

ISI

301 Moved Temporarily
Contact: eve@east.isi.edu
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Ring

Ring

200 OK
Contact: eve@east.isi.edu

east.isi.edu

180 RINGING

100 TRYING

ACK eve@east.isi.edu

Audio and Video Data

BYE eve@east.isi.edu

200 OK

ACK eve@east.isi.edu

time

talkingtalking  

hangs
up

call finishes

answer's call

INVITE eve@isi.edu

INVITE eve@isi.edu

isi.edu301 Moved Temporarily
Contact: eve@east.isi.edu 
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INVITE sip:mjh@north.east.isi.edu SIP/2.0
Via:SIP/2.0/UDP east.isi.edu
Via:SIP/2.0/UDP isi.edu
Via:SIP/2.0/UDP chopin.cs.caltech.edu
To: sip:mjh@isi.edu
From: eve@cs.caltech.edu
CSeq:1
Content-Type: application/sdp
Content-Length: 214

...

o=eve 987329833 983264598 IN IP4 128.32.83.24
v=0

s=Quick call...

destination user
caller
command sequence no.
format of payload
length of payload

payload: an SDP
description of the
session this call
is trying to set up

second relay
first relay
originating host

request header and URL

Ö'Ò0®�¢�Ï�µ�¯�¯"Ò
°�Ñ�¦�®$µ�Ò0¯�¬ µ�Î[¢�Ê<µ�ÓL±�å�³˜ÎI¦�Ê�Ï�¥�¢�®�°�¢�¬�Ó´¬�×�°�Ñ�¦dÊ�¦�Ê�Ê�¢�¬�ÓJ°�Ñ�¦�Ï�µ�¯�¯"¦	¥�Ð3¢"Ê�Ñ�¦�Ê

°�¬
Ê�¦�°<¤I®?¨@Ö3Ñ�¦�á'æHçCè$¦�¯�Î�Ê<¢�Ó�ÎI¢"Ï�µ�°�¦�°�Ñ�¦�®$µ�°�Ñz°�µ�Ô#¦�Ó@Í Òw°�Ñ�¦d¥�¦�ä0¤�¦�Ê�°<°�Ñ�¥�¬#¤�£�Ñ@®�¥�¬�Ë�Ì

¢�¦�ÊDÊ�¬d×‰µ�¥�é6Ð3¢"°�Ñ[°�Ñ�¦�è$¥�Ê�°�ê�æHçëè$¦�¯�Î[¢�Ó�Î�¢�Ï�µ�°�¢�Ó�£�°�Ñ�¦<­9¬�Ê�°�¥�¦�Ï	¦�Ó0°�®�¥�¬�Ë0Ò
°�¥�µ�ì�¦�¥�Ê�¦�ÎJµ�Ó�Î

°�ÑI¦<¯7µ�Ê�°B¬#Ó�¦�¢�Ó�Î�¢�Ï�µ�°�¢�Ó�£�°�ÑI¦<Ï�µ�¯"¯�¦�¥�í Ê�Ñ�¬�Ê�°�¨!²;Ó[°�Ñ�¢�Ê�Ï�µ�Ê�¦�î6ì�¦9Ê�¦�Ó0°D°�Ñ�¦9­<¦�Ê�ÊWµ�£�¦�×ï¥�¬�­

ð�ñ�ò�ó

æ,ô0õ

ð�ö

õ

ð

ç#÷ ø;ù

ð�ñ

õ ù�ú�û0é?¢�°4Ñ$µ�Ê3°�¥Wµ�ì#¦�¥�Ê�¦�Îqæ

ö

æ�õ ù�úIûBµ�Ó�Î�ù�ç

ö

ø�õHæ

ö

æ�õ ù�ú�û0é�µ�Ó�Î�¢�Ê4Ï�¤�¥�¥�¦�Ó0°�¯�Ò�Í$¦	¢"ÓI£

Ê�¦	Ó °8°�¬9ô

ò0ü

ø

ñ

õ ù�ç

ö

ø�õ æ

ö

æ�õ ù�ú�û�µ�Ê3¢�Ó�Î�¢�Ï�µ�°�¦�Î�¢�Ó<°�Ñ�¦�¥�¦	ä ¤I¦�Ê�°8ý*Ú�þU¨

Üÿ¥�¦�Ê�®A¬�ÓIÊ�¦�°�¬�°�Ñ�¢�ÊB­9¦�Ê�Ê�µ�£#¦�¢"ÓIÎ�¢�Ï�µ�°�¢"ÓI£C°�Ñ$µ�°����

ñ

Î�¬0¦�Ê�Ð3µ�Ó0°�°�¬d°Wµ�¯�Ô!­<¢�£�Ñ0°8¯"¬0¬#Ô

¯�¢�Ô�¦�ª



�����
	���
��������������
���
��������� �!����	��������!���#"$
��&%����'���!�
��()���&�*
����+�,�-%����.
 �������/���0�0���0	���12�

Ring

Ring
180 RINGING

talkingtalking  

answer's call

isi.edu mobile27.isi.edu

ACK eve@mobile27.isi.edu

Audio Data

INVITE eve@isi.edu
m=audio, m=video INVITE eve@mobile27.isi.edu

m=audio, m=video

INVITE eve@mobile27.isi.edu
m=audio

606 UNACCEPTABLE
Contact: eve@mobile27.isi.edu
m=audio

606 UNACCEPTABLE
Contact: eve@mobile27.isi.edu
m=audio

200 OK
Contact: eve@mobile27.isi.edu

3547698
:<;>=
?@=
A�B�C!DFE<G
;�69H�I!4KJLI<47H9G
M>HONQP�;�R
4KJ0STJO:UJLP�;�I!;V:!W

payload specifying
the relevant addresses
and ports on the callee's
machine

Via:SIP/2.0/UDP isi.edu
Via:SIP/2.0/UDP chopin.cs.caltech.edu

CSeq:1

Content-Length: 214

...

v=0

s=Quick call...

SIP/2.0 200 OK

From:eve@cs.caltech.edu

Content-Type: application/sdp

Via header for "east" already
removed by responding server
Refers to request "from"
and "to", not message from
and to

Response header and code

Command sequence no.
echoed from request

Where the callee was found. Contact:sip:mjh@north.east.isi.edu;tag=76fa98

o=eve 987329833 983264598 IN IP4 128.32.83.2

To:sip:mjh@isi.edu
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 Multipoint
 Control
 Unit (MCU)

T1

T2

T3

]�^U_a`�b�c/[@dUXaegf5`�hji�^jkmla^jn\i.o*l3npiqb�l3h'r�n�^ji

spt

la`�hju�_ab�cwvxi�cCb/i

t

v=nLymvxz�^j{|b-vxi�c|}

s�~�•

ymc€n�cCcZu�cCu�•+^jiE{wv=n	ySc€{Cl3‚|y�^jn�cZu6ƒp^„v…v u�c‡†

ƒp^j{Cc/i

t

v=i.z�ˆpn�{

t

bql3n�^jzqcCz/v|z�cZi�l=‰�kmvxb-vxhUhjcCh'}

s@~�•

{

t

v=n�n@cChjz�i�la_3cCi

t

cCbŠ•‹vxz�z

t

l=Œ.n…^Un •m_a`�b�c

[�d?Ž@d�•

t

^jz�Œ.v=z.lan�{Cc/•pn�l=Œ.n6vxz�vL‘�ySl3n@u�^jn�_3’|ySl=“'•mv=n@u”^jz�n�cC{C{CcZz�z-vxb�ˆLymcZ{wv=`�zqcMzqcCkScCb-vxi�c

{

t

v=n@n�cChjz%vxb�c…n�lai/_3`mvxb�cwvxnpi�cCcCu•iql�ySc)bql3`�iqcCu�l=ƒacCbMi

t

c…z-vx‚)c|kmvxi

t

i

t

b�l3`@_

t

v–{C^jb�{Z`�^ji

z�Œ.^jiq{

t

cCu	u�^j_3^ji-vxh�iqcChjcCk

t

lan�cMn@cCi—Œ˜lab�•'•'zql”‚…vŠˆ)^jn�{C`@b�u@^š™'cCbqcCnpi/u�cCh›vŠˆpzwdW•

t

`@z�^O‰˜uSv=i-vœ^jz

z�iqb�^jkScCu�l=ƒacCb.i

t

cCz�c€u�^O™‹cZb�cCnpiE{

t

v=n�n@cChjzw•S^ji.^Uz�n�cC{CcZz�z-vxb�ˆLi�l|{wvxhj^Uy@b-v=iqc/i

t

c/u�cCh›vŠˆ)lx™‹zqcCiEl=‰

i

t

c�y@^Uiqz�v=i.i

t

c/b�cZ{CcC^jƒ3cCb�cCn�u6zqlMi

t

v=i.i

t

c/lab�^j_3^›v=n@hmumvxi-vWl3bqu�cCb�{Šv=n…ymcWb�cC{Cl=ƒacCb�cZu�d

G.703PR-ISDN
Codec

Bonding
Box H221

]�^j_3`@b�c/[�d?Ž�e�}

s�~�•ž•

o

t

vxn�n�cCh

•

lan�u�^jn�_

Ÿ˜ ¢¡˜ —¡ £¥¤�¦a§�¨�¤�©�ª.§�«�¬®­¯ª�°¢§�¤�¦p¤—§�«¥±�¤�¨�²'ª�¤—§�³	´+¦p«�¬µ±�¶�·*¸w«�¨@«�·�²'¤q·.¹

}—n6i

t

cM}—•.rºz�i‡v=n�umvxb�u�zEŒ*l3bq•‹•Sv	‘q{Cl3np‰»cCb�cCn@{CcC’6bqc‡‰!cCbqz�iql�¼)½a¾�¿aÀZÁÂ¿qÃ�½aÄ‡¿-½a¾�¼ÅÁ1Æ@Ç›È‡¼=É›ÉjÊ|Ë3ÇjÌ‡Í

Á�Äw¾‡ÌCÄ‡ËEÎ�¿ŠË3ÄZÌ�ÏjÆ�¼aÏ�¼3¾qÄ'ÐC¿3ÇÑÎ�Ä‡Ë�Ï»¿‡½3ÄŠÏUÆ@Äw¾*¼3Î@Ë/ÏUÆ@¼3Ï�¼3¾�Ä.È‡¼ÅÁ1¼aÒCÉjÄ.¿�Ã.Ä‡Ó3È‡Æ�¼aÎ3½3ÇÑÎ3½€¼3ÀpË3Ç›¿‡½a¾�¼‡Á�Æ�Ç›È

¼3Î@Ë”¼aÀpË3Ç›¿aÔwÇjÌCÀp¼=É+Ç›ÎCÃC¿a¾CÕ€¼3Ï»Ç›¿3Î6¼aÈw¾q¿=Ì‡Ì�ÔŠ¼3¾ZÇ›¿3ÀaÌ/È‡¿3Õ€ÕMÀpÎ�Ç›È‡¼aÏ!Ç›¿aÎ�Î@ÄwÏ»Ö�¿3¾q×=ÌCd

Ø+v=b�iq^j{C^jkmv=npi�z|i‡v=•p^jn�_Lkmv=bqiM^jnÙvL{Zl3np‰!cZb�cCn�{Zc6‚”vŠˆ

t

vŠƒ3c…v={C{ZcCz�z…i�lLƒ3v=bq^jl3`�z€i—ˆpkmcCz l=‰

‚)cZu�^›v

t

v=n�u�hj^jn�_/{Šv=kmvxy�^jhU^jiq^UcZz�z�`�{

t

v=z.v=`@u�^jlMlan�hjˆ”ÚÑi�cChjcCk

t

l3npˆ�ÛC•�v=`@u�^jlMv=n�u umv=i‡v)Ú»v=`�u@^Ulx†

_3b‡v=k

t

^U{Zz-ÛC•�vx`�u�^jl|v=n�u ƒ\^ju�cZl”Ú»v=`�u�^jl=ƒp^jz�`mvxh›ÛC•3vxn�u”vx`�u�^jlm•aƒp^Uu@cClm•�vxn�u)umvxi-v Ú›‚|`�hjiq^U‚ cCu�^›v=ÛCd

•

t

c”]*•'Ü€•gvxn�u	•

s

cCb�^jcCz|Ý.cC{Zl3‚)‚ cCn�umvxi�^jl3n@z�k�bql=ƒ\^ju�c)vœ‰!b‡v=‚ cCŒ˜lab�•…‰»l3bEi

t

c ^jn\iqcCb—†

Œ*l3b�•p^jn�_ l=‰˜v=`�u@^UlS•Sƒ\^ju�cZlm•'v=n�u–_3b-vxk

t

^j{CzEi�cZb�‚)^jnmvxhjz.l3n�vœkmla^Unpi¢†Þiql=†—kmla^Unpi.ymvxz�^jzEi

t

bql3`�_

t
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 :-) Smiley
 :-( Unsmiley
 :-o Smiley singing national anthem
 :-* Smiley after eating something sour
=:-) Smiley punk-rocker No, real punks don't smile

OK, this is a real punk smiley:
=:-(

Surprised smiley?

¼X½�¾	¿�À�Á4º*Â�¹	Ã�ÄAÅ)Á�Æ�Ç�È$É*Ê�ÁAË�ÌGÍ�Ê�Ë0Î%Ï�Ð�Ë�ÌGÑ�Á�Æ�ÑA¿�Ð�Á�Ò#Ì[Ë	À,Ç�Å�Å*Ë�Ñ?Ç�Ñ�½�Ë�Å

Ä,Ð.½�Ñ�½�Ð,Å�Ë	Ñ,Á�Æ�É<Á�Î�Ñ�Á-Ò>Ñ�Ó;Ç�Ñ,È$Ë	Ð�Ñ�Ç�Å�Å*Ë�Ñ?Ç�Ñ�½�Ë�Å*Ð,Ô�½�Ê�Ê1Í;Á�È$Ë�Ò�½3Õ;Á�Ò#Í�Ö@È(¿*Ê�Ñ�½�É�Ê�Á�¿�Ð�Á�À�Ð

Ð�½�È(¿�Ê�Ñ%Ç�Å�Á�Ë	¿�Ð�Ê�Ö�×�Ñ�Ó�½�Ð\Í�ÖZ½�Ñ�Ð�Á�Ê3ÌOÇ�Ê�Ê�Ë�Ô�Ð\Ç,Å�¿�È(Í<Á�À\Ë�Ìe¿*Ð�Á�À�Ð+Ñ�Ë4Í;ÁAÔ+Ë	À�Ï�½�Å�¾.Ð�½�È(¿�Ê�Ñ?Ç�Å�Á�Ë	¿�Ð�Ê�Ö

Ë�Å)Ñ�Ó�Á.Ò�Ë�Î�¿�È$Á-Å0Ñ�½�Å#Ð�Á�É;Ç�À?Ç�Ñ�Á4Í�Ê�Ë�Î%Ï�Ð Â

Ø,Ë�ÔJÁ�Ù�Á-ÀNË	Å�Ê�Ö@Ç�Ê�Ê�Ë�Ô�½�Å�¾4È(¿*Ê�Ñ�½�É�Ê�Á,É<Á�Ë�É�Ê�Á4Ð�½�È(¿�Ê�Ñ?Ç�Å*Á�Ë�¿�Ð�Ê�ÖZÑ�ËIÚ�Û*Û�Ü�ÝfÚ�ÝfÞ4Ç�Ò�Ë�Î�¿�È#Á�Å�Ñ

½�È$É<Ë�Ð�Á�Ð\Ñ�Ë�Ë4¾	À�Á Ç�ÑtÇ•Î�Ë�Å�Ð�Ñ�À%Ç�½�Å�Ñ+Ë	Å(Ñ�Ó�ÁAÉ;Ë	Ñ�Á�Å�Ñ�½†Ç�Ê;¿�Ð%Ç�¾	Á,È$Ë�Ò�Á-Ð\Ë�Ì�Ñ�Ó�Á,Á�Ò*½�Ñ�Ë�À=ÂGß�Ó0¿*Ð+ÔJÁ

Ç�Ê�Ð�Ë$È@Ç�Ï�Á4Á=Ç�Î%ÓIÊ�½�Å�Á4Ë�ÌtÇ#Í�Ê�Ë�Î?Ï)Ë�ÌàÇCÒ�Ë�Î�¿�È$Á-Å0Ñ.Ç#Ð�Á�É;Ç�À?Ç�Ñ�Á(Á�Å�Ñ�½�Ñ6Ö�Â.ß�Ó�½�Ð4Ç�Ê�Ê�Ë�Ô�Ð�¿�Ð�Á�À�Ð

Ñ�Ë#Í;Á�ÔJË�À�Ï�½�Å�¾(Ë	Å
Ð�Á�É<Ç�À?Ç�Ñ�Á�Ê�½�Å*Á�Ð,½�Å
Ñ�Ó�Á4Ð?Ç�È$Á4Í*Ê�Ë�Î%Ï$Ô�½�Ñ�Ó�Ë�¿�ÑAÑ�Ó�Á-À�Á(Í<Á�½�Å�¾@ÇCÉ;Ë	Ñ�Á�Å�Ñ�½†Ç�Ê

Î�Ë	Å�á;½�Î�Ñ Â

â>Á.Î�Ë�¿�Ê�Ò#É;Ë	Ñ�Á�Å�Ñ�½†Ç�Ê�Ê�Ö(Ó;Ç=Ù	Á,Ñ%Ç�Ï�Á-Å@Ñ�Ó�½�Ð�È$Ë�Ò�Á�Ê*Ì[¿�À�Ñ�Ó�Á-À ×;Ç�Å�Ò$Ñ�À�Á Ç�Ñ�Á�ÒKÁ Ç�Î%Ó
Î%Ó;Ç�À?Ç�Î-Ñ�Á�À

Ë�Ì1Ç,Ê�½�Å�Á+Ç�Ð+Ç�ÅD½�Å*Ò�Á�É<Á�Å�Ò�Á�Å�ÑJÁ�Å�Ñ�½�Ñ6Ö�Â1ß�Ó�Á�À�Á,Ç�À�Á	×�Ó�Ë�ÔJÁ�Ù	Á�À ×�ÇAÅ�¿�È(Í<Á�À�Ë�Ì;À�Á=Ç�Ð�Ë	Å�Ð\Ô�Ó�Ö4Ñ�Ó�½�Ð

½�Ð�¿�Å�Ò�Á-Ð�½�À?Ç�Í�Ê�Á�Â\¼X½�À�Ð�Ñ�Ê�Ö�×�Ñ�Ó*Á•Ç�È$Ë	¿�Å�Ñ\Ë�ÌGÐ�Ñ?Ç�Ñ�Á4Ñ�Ó;Ç�Ñ�Å*Á�Á�Ò�ÐAÑ�Ë(Í<ÁNÏ	Á�É�ÑJÌ[Ë	À+Á=Ç�Î%Ó
Ð�Á-É;Ç�À%Ç�Ñ�Á

Á�Å�Ñ�½�Ñ6Ö#Ñ�Ë(Á�Å�Ð�¿�À�Á�Á�Ù	Á�Å�Ñ�¿;Ç�Ê�Î�Ë	Å�Ð�½�Ð�Ñ�Á�Å�Î�ÖK½�Ð�Ð�½�¾�Å�½3Õ;Î Ç�Å�Ñ Â\ã6Å
Ç�Ò�Ò�½�Ñ�½�Ë�ÅX×�½FÌGÔ+Á.Î%Ó�Ë�Ë�Ð�ÁZÇ�Ê�½�Å�Á

À?Ç�Ñ�Ó�Á-ÀZÑ�Ó;Ç�Å¨Ç)Î%Ó;Ç�À?Ç�Î�Ñ�Á�À(Ç�Ð�Ç�Å>ÄNäAå�×�ÔJÁ(Ò�Ë
Å�Ë	Ñ4Å�Á�Á-Ò¨Ñ�ËKÀ�Á�Î�Á-½�Ù	Á@Ç�Ê�Ê!Ñ�Ó�Á#½�Å*Ò�½�Ù0½�Ò�¿<Ç�Ê

Î%Ó;Ç�Å*¾�Á�Ð�Ñ�ËZÑ�Ó�Á,Ê�½�Å�ÁNÇ�ÐtÇD¿�Ð�Á�À�Ñ6Ö�É;Á�ÐJæ\Ñ�Ó�Á.È$Ë�Ð�ÑGÀ�Á�Î�Á-Å0ÑAÙ�Á�À�Ð�½�Ë�Å#Ë�ÌGÑ�Ó�ÁAÊ�½�Å�ÁA½�Ð+Ð�¿�ç$Î�½�Á�Å�Ñ ×

Ô�Ó�½�Î%Ó$¾	½�Ù	Á�Ð\¿�Ð,Ç•ÊèÇ�À�¾	Á,Ò�Á�¾	À�Á�Á.Ë�Ì�À�Á�Ò�¿*Å�Ò;Ç�Å*Î�Ö$½�Å(Ñ�Ó*Á,Ì6Ç�Î�ÁAË�Ì�É;Ç�Î?Ï	Á�ÑJÊ�Ë	Ð�Ð=Â\é�Ç�Ð�Ñ�Ê�Ö�×�Ñ�Ó�Á�À�Á

Ç�À�Á$É<Ë�Ñ�Á�Å�Ñ�½†Ç�Ê\Ñ�À?Ç�Å�Ð�È#½�Ð�Ð�½�Ë�ÅKÌ{Ç�½�Ê�¿�À�ÁZÈ#Ë�Ò�Á�Ð4Ñ�Ó;Ç�Ñ4Ô�½�Ñ�Ó>Á�½�Ñ�Ó�Á�ÀDÊ�½�Å�Á(Ä.äAå,Ð�Ë�À4Î%Ó;Ç�À?Ç�Î-Ñ�Á�À

ÄNäAåAÐOÀ�Á�Å�Ò�Á-À\¿�ÐGÔ�½�Ñ�Ó4Å�Ë.¾	Ê�Ë	Í;Ç�Ê�Ê�Ö�Î�Ë	Å�Ð�½�Ð�Ñ�Á�Å�Ñ\Ë�À�Ò�Á�À�½�Å*¾,ÌfË�À�Ñ�Ó�ÁJÄNäAå,ÐXæ�Ó�Ë�ÔJÁ�Ù�Á-À ×�Ò�¿*Á+Ñ�Ë

Ñ�Ó*Á�Å;Ç�Ñ�¿�À�Á�Ë�ÌeÑ�Ó�Á+Î%Ó;Ç�Å�¾�Á-Ð\Ñ�Ë4Ñ�Á�Æ�Ñ ×�Ñ�Ó�Á�Ð�ÁNÇ�À�Á�Ð�½�¾�Å*½FÕ<Î Ç�Å�Ñ�Ê�Ö.Ê�Á�Ð�Ð!Ê�½�Ï	Á�Ê�ÖNÑ�Ë.Ë0Î-Î�¿�À\Ô�½�Ñ�Ó�Ê�½�Å�Á

ÄNäAåAÐ\Ñ�Ó;Ç�ÅZÔ�½�Ñ�Ó(Î?Ó<Ç�À?Ç�Î�Ñ�Á-À\ÄNäAå,Ð=ÂGâ>Á+Ð�Ó;Ç�Ê�Ê�Ò*½�Ð�Î�¿�Ð�Ð+Ñ�Ó�Á�Ð�ÁJÌ6Ç�½�Ê�¿�À�ÁJÈ$Ë�Ò�Á�Ð\Ç�Å�ÒêÇ�Ê�Ð�Ë.Ñ�Ó�Á

½�È$É�Ê�½�Î Ç�Ñ�½�Ë�Å�ÐGË�ÌBÑ6ÔJË�¿�Ð�Á�À�Ð4Ç�Ñ�Ñ�Á�È$É*Ñ�½�Å�¾4Ñ�Ë(È$Ë�Ò�½3Ì[Ö�Ñ�Ó�Á4Ð%Ç�È#Á,Ê�½�Å�Á,Ð�½�È(¿*Ê�Ñ%Ç�Å�Á-Ë�¿�Ð�Ê�Ö�Ê†Ç�Ñ�Á�À ×

½�Å$Ñ�Ó�Á4Ê�½�¾�Ó�Ñ+Ë�ÌOÑ�Ó�Á.Ê�Ë�Ë	Ð�Á.Î�Ë�Å*Ð�½�Ð�Ñ�Á�Å�Î�Ö
È#Ë�Ò�Á�Ê<Ò�Á�Ð�Î-À�½�Í;Á-ÒIÍ<Á�Ê�Ë�Ô4Â

ã6Ñ.½�Ð.É<Á�À�Ó<Ç�É�Ð4Å*Ë�Ñ.½�È$È$Á-Ò�½†Ç=Ñ�Á�Ê�Ö(Ë�Í�Ù�½�Ë�¿�Ð.Ñ�Ó;Ç�Ñ.Á�½�Ñ�Ó*Á�À4Ç$Ê�½�Å�Á4Ë	À4Ç$Í*Ê�Ë�Î%Ï
½�Ð,Ñ�À�¿�Ê�ÖIÇ�Å

½�Å�Ò�Á�É<Á�Å�Ò*Á�Å�Ñ$Á�Å�Ñ�½�Ñ6Ö�Â>Ä7Í�Ê�Ë�Î%Ï>Ë�ÌNÊ�½�Å�Á�Ð(½�Ð(Ç�Å�½�Å�Ò�Á�É<Á�Å�Ò*Á�Å�Ñ$Á�Å�Ñ�½�Ñ6Ö>Í<Á�Î Ç�¿�Ð�Á
½�Ñ�Ó;Ç�Ð(Å*Ë

½�Å�Ñ�Á�À%Ç�Î�Ñ�½�Ë	Å>Ô�½�Ñ�Ó�×XË�À4Ò*Á�É;Á-Å�Ò�Á�Å�Î-Ö¨Ë�ÅX×�Ë	Ñ�Ó�Á�À�Í�Ê�Ë�Î%Ï0Ð=Â$ØAË�Ô+Á-Ù�Á�À=×GÔ�½�Ñ�Ó�½�Å›Ç�Í�Ê�Ë0Î%Ï1×XÊ�½�Å�Á-Ð

Ç�À�Á,Ò�Á-É;Á�Å*Ò�Á�Å�Ñ�Ë�Å(Ñ�Ó�Á,Í�Ê�Ë�Î%Ï(Ñ�Ó;Ç�Ñ\Î�Ë	Å0Ñ%Ç�½�Å�Ð\Ñ�Ó�Á�ÈëÇ�Ð+Ñ�Ó�Á�½�ÀJÊ�Ë�Î Ç�Ñ�½�Ë�Å�½�Ð\Ò�Á�É<Á�Å�Ò*Á�Å�Ñ,Ë�Å(½�Ñ�Ð

É<Ë�Ð�½�Ñ�½�Ë	Å�ÂXã6Å�Ç�Ò�Ò�½�Ñ�½�Ë	Å�×0ÇDÊ�½�Å�Á,Ó;Ç�ÐtÇ�É<Ë�Ð�½�Ñ�½�Ë�Å(Ô�½�Ñ�Ó*½�Å)Ç4Í*Ê�Ë�Î%Ï1ÂGß�Ó�½�Ð+Î=Ç�Å)Í;Á.À�Á�É�À�Á-Ð�Á�Å�Ñ�Á-Ò

½�ÅZÇAÅ�¿�È(Í;Á-À1Ë�Ì;Ô�Ç=Ö�Ð�æ1Ñ�Ó*Á+Ð�½�È#É�Ê�Á�Ð�ÑXÍ;Á-½�Å*¾•Ç�ÅZÇ�Í*Ð�Ë�Ê�¿�Ñ�Á+Ê�½�Å�Á\Å�¿�È(Í<Á�À=× Ë	ÀGÀ�Á�Ê†Ç�Ñ�½�Ù�Á\Ê�½�Å�Ï�Ð�Ñ�Ë

Å�Á�Æ�Ñ,Ç�Å�Ò$É�À�Á�Ù�½�Ë�¿�Ð�Ê�½�Å�Á�Ð=ÂGØ,Ë�ÔJÁ�Ù�Á�À=×�¾�½�Ù�Á-Å$Ñ�Ó<Ç�ÑJÔ+Á.Ô�½�Ð�Ó#Ñ�Ë(Ç=Ù�Ë�½�Ò$Ç�Å0Ö�ÌfË�À�ÈìË�Ì�Ê�Ë�Î?Ï�½�Å�¾<×

½�ÑG½�Ð!É;Ë	Ð�Ð�½�Í�Ê�Á�Ñ�Ó;Ç�Ñ\Ç.È#Á�Ð�Ð%Ç�¾�ÁJÎ�Ë	Å0Ù	Á�Ö�½�Å�¾.Ñ�Ó�Á�Î�À�Á Ç�Ñ�½�Ë�Å(Ë�Ì�Ç.Å�Á-Ô·Ê�½�Å�ÁJÍ�Ö4Ë�Å�Á�¿*Ð�Á�ÀJÎ�À�Ë	Ð�Ð�Á�Ð

Ô�½�Ñ�Ó>Ç(È#Á�Ð�Ð%Ç�¾�Á�Î�Ë	Å0Ù	Á�Ö�½�Å�¾$Ò�Á-Ê�Á-Ñ�½�Ë�ÅdË�Ì,Ç�Å
Á=Ç�À�Ê�½�Á�À.Ê�½�Å�ÁZÍ�ÖIÇ�Å�Ë�Ñ�Ó�Á�À.¿�Ð�Á�À.æ,½�Å
Ñ�Ó*½�Ð4Ç�Å�Ò

Ë�Ñ�Ó�Á�À\Ð�½�È$½�Ê†Ç�À�Î=Ç�Ð�Á-Ð+½�ÑG½�Ð\Î�Ê�Á Ç�À!Ñ�Ó;Ç�Ñ+Ç�Å$Ç�Í�Ð�Ë	Ê�¿*Ñ�Á�Ê�½�Å�Á+Å�¿�È(Í<Á�ÀG½�Ð\½�Å�Ð�¿íç$Î�½�Á�Å�Ñ\Ñ�Ë.¿�Å�½�î�¿�Á�Ê�Ö

É�Ê†Ç�Î-Á\Ñ�Ó�ÁJÊ�½�Å�Á\Ô�½�Ñ�Ó�½�Å4Ç�Í*Ê�Ë�Î%Ï1ÂOïXË	Ð�½�Ñ�½�Ë�Å*½�Å*¾,ÇJÊ�½�Å�Á!À�Á�Ê†Ç�Ñ�½�Ù�Á\Ñ�Ë,Å�Á�½�¾	Ó0Í<Ë�¿*À�½�Å�¾,Ê�½�Å�Á�ÐX½�Ð�È$Ë	À�Á

À�Ë	Í�¿�Ð�Ñ ×�Ç�ÐNÁ-Ù�Á�Åd½3ÌtÇ(Ê�½�Å�Á4Î�À�Á Ç�Ñ�½�Ë�ÅdÎ�À�Ë	Ð�Ð�Á-Ð4Ô�½�Ñ�ÓdÑ�Ó�Á�Ò�Á�Ê�Á�Ñ�½�Ë	Å
Ë�ÌJÑ�Ó�Á�Ê�½�Å*Á4½�È$È$Á-Ò�½†Ç�Ñ�Á-Ê�Ö

É�À�Á�Ù�½�Ë	¿�Ð,Ñ�Ë(Ñ�Ó�ÁDÅ�Á�ÔðÊ�½�Å�Á�×�Ñ�Ó�Á4Ê�Ë�Î Ç�Ñ�½�Ë�Å)Ë�ÌGÑ�Ó�Á4É*À�Á�Ù�½�Ë�¿�ÐAÊ�½�Å*ÁNÎ=Ç�Å
Í<Á4À�Á-Ñ?Ç�½�Å�Á-ÒIÇ=Ì[Ñ�Á�À,½�Ñ�Ð

Ò�Á�Ê�Á�Ñ�½�Ë�ÅIÇ�Å�Ò
Ñ�Ó*Á4Ê�Ë0Î=Ç�Ñ�½�Ë	Å@½�ÐAÐ�Ñ�½�Ê�Ê�¿*Å;Ç�È(Í�½�¾	¿�Ë�¿�Ð=Â�ï�Á-À�Ó;Ç�É�Ð4Ç�Ð,½�È#É;Ë	À�Ñ?Ç�Å�Ñ�Ê�Ö0×	Ð�Ë#Ê�Ë�Å�¾$Ç�Ð

Ê�½�Å�Á�Ð+Ç�À�Á,Ë	Å�Ê�ÖZÎ-À�Á Ç�Ñ�Á�Ò)Ë�À!Ò�Á�Ê�Á�Ñ�Á-Ò›ñòÅ�Á�Ù	Á�À+È#Ë�Ù�Á�Ò<ó�À�Á�Ê†Ç�Ñ�½�Ù	Á,Ê�Ë�Î Ç�Ñ�½�Ë�Å�Ë�Ì�Ê�½�Å�Á�Ð\È#Á Ç�Å�Ð!Ñ�Ó;Ç�Ñ

Ë�Å*Ê�ÖKÎ?Ó<Ç�Å�¾	Á�Ð4½�ÅIÑ�Ó�Á(½�È$È#Á�Ò�½†Ç�Ñ�ÁNÊ�Ë�Î Ç�Ñ�½�Ë�Å
Ë�ÌtÑ�Ó�Á(Ê�½�Å�Á(½�ÅIî�¿�Á�Ð�Ñ�½�Ë�ÅdÎ Ç�Å>Î Ç�¿�Ð�Á$É<Ë�Ð�Ð�½�Í�Ê�Á

Î�Ë	Å�Ì[¿�Ð�½�Ë	Å�×1Ô�Ó�½�Î%ÓdÈ@Ç�Ï	Á�Ð,½�ÑAÈ(¿�Î%Ó
Á Ç�Ð�½�Á�À.Ì[Ë	ÀNÑ�Ó�Á(¿�Ð�Á�À4½�Å�Ñ�Á�ÀôÌ{Ç�Î�Á�Ñ�Ë)È)Ç�Ï�ÁDÑ�Ó�Á(É<Ë�Ð�Ð�½�Í�Ê�Á

Î�Ë	Å�Ì[¿�Ð�½�Ë	Å)Ë�Í�Ù�½�Ë	¿�ÐJÑ�Ë�Ñ�Ó�Á4¿*Ð�Á�À�Ð,½�Å�Ù�Ë�Ê�Ù	Á�Ò�Â

Ø,Ë�ÔJÁ�Ù�Á-À ×GÇ�Ê�Ñ�Ó�Ë	¿�¾�ÓdÀ�Á-ÊèÇ�Ñ�½�Ù�Á�Ê�Ë�Î Ç�Ñ�½�Ë	Å
½�Å�Ì[Ë	À�È@Ç�Ñ�½�Ë�Å#Ì[Ë	À.Ê�½�Å�Á-ÐN½�Ð.È$Ë	À�ÁDá;Á�Æ�½�Í�Ê�Á�×1½�Ñ.½�Ð
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Mask
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Sender chooses a random key, and a mask 
appropriate for the size of the conference.
Receivers also choose a random key.

Sender

Receiver 1 Receiver 2 Receiver 3

1 0 1 1 0 1 0 0 0 1 0 1 1 1 0 1

1 0 1 1 0 1 0 0 0 1 0 1 1 1 0 1

1 0 1 1 0 1 0 0 0 1 0 1 1 1 0 1

1 0 1 1 0 1 0 0 0 1 0 1 1 1 0 1

1 0 1 1 0 1 0 0 0 1 0 1 1 1 0 1

1 0 1 1 0 1 0 0 0 1 0 1 1 1 0 1

Round 2

Round 3

Round 4

Round 5

Round 6

Round 7 - Receiver 2 matches key

Key Matches

Each round, the sender reduces the mask by one,
and sends the key/mask pair again.

Receiver 2 can now request a retransmission
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change 1

change 2

change 3

Changes 1 and 3 prevail.  Change 2 is seen briefly at site 2, then disappears.
Site 1 never sees Change 2 - it is already too old when it arrives at site 1.
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Site 1 Site 2

change 1

change 2

change 1 results in a line being split in two, creating a modified line and a new line.
change 2 modifies the original line.
In a simple scheme, the new line from change 1 and the modfied original from
change 2 remain.  This is most likely with a network partition, but could also occur
due to simple transmission delays.
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another, independent
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EGF�HJILKMF�HMN	O;P�QSRBHMP�T�UVT�W;NSR�IMKLHMTXRYUVI@ZXKL[;T�\;ILT]FY^_R`W�RBKaRBb�RYIMT.c�[;N	de[fN	IDRYUVTgO�RYb;Q	T�KMF1dgF�OhKLN
Oh\hi

F�\GIDUjTgW;NSR;Z@F�HDR1IMklTgdgNSRBQGmnN	W;T�F�olQ
N	O;P1IMphIMKLTgUrq	sX��tvu�ILTgTgUVI�klTgHMKLN	O;TgOhKXw�x1IMN	O;PyR�KLHeRBWGN
KLN	F�O�RYQ

HMT�QzRYKMN	F�OlRBQhW�RBKaRBb�RYIMT.N	IDOGF�K�IM\;N	KaRBb;Q	T�RBI�KM[;T�IMT2{1|1}•~&€•RBHMT�F�k;KMN	UjN
ILTgW1^7F�H�N	O;W;T�‚nT�WƒKeRBbGQ
T�I

FB^�IMU0RBQ	Q�WlRBKeR•N	KMTgUjIXw
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Š�T�HMTVc.TfdgF�O;ILN	W;TgHyc�[hp�RjIMT�HMm�T�H‹U0R@pŒda[;FhF�IMTƒKMF0\;ILTƒHeR@c•k�RBHLKMN	KMN	F�OGI2F�OŽRjW;N	ILdƒHeRBKL[;TgH

KM[lRBOVP�F�N	O;PyKL[;HMF�\;P�[0KL[;T1o�Q	N
OGPyIMphIMKLTgU•UVTgda[�RYO;N	IMU�wl•�[;T�klF�KLTgOhKMNSRBQ5HLTXRBILF�O;I.^7F�H]\GIMN	O;PƒR

HeR@c‘k�RYHMKMN	KLN
F�OVHaRBKM[GTgH�KL[�RBO0Rfx�’�“*”‘olQ
N	O;PfIMphILKMTgU•RYHMT�–

—

x�’�“*”˜d@RBO;O;F�K�dgHMT@RBKMT™o�Q	TgI�P�HMTXRYKMTgH1KM[�RYOŒ��š™}

—

x�’�“*”"P�TgO;TgHaRBQ	Q	pŒd@RBO;O;F�KyRBW;W;HLTgIMIfW;N	IMdfW;HLN
m�TgI�P�HLTXRBKLTgHyKM[lRBO›��š�}�Zlb;\;K�KM[;N	I�Q	N	UVN	K

[�RBI�blTgTgO&N	O;d�HMTXRYIMTgW&\GO;W;TgH�€hF�QSRBHLN	I

—

c�[;TgO&dgHLTXRBKLN	O;PŒRfQSRBHLP�T1o�Q	TyKL[;TyN	O;W;N	HMT�dgKMN	F�OœZ;W;F�\;b;Q	T�N
OGW;N	HMTgdgKLN	F�OJZlRBO;W&KLHMN	k;Q	T�N	O;W;N•i

HMTgdgKLN	F�O0KMFƒW�RYKeRfb;Q	FhdažhI]N	I�RBO0\;OGO;TgdgTgILIeRYHMp&FBm�TgHM[;T@RBWJw

—

b�Tgd@RB\;ILT�mhN	W;TgFŸRBHMda[;N	m�TgIŒRYHMT�IMF�QSRYHMP�T0c.T&c.F�\;Q	WŸO;F�KjP�TgKjUŒRYOnp�RYHMda[;N	m�T�IŒF�O=R

UŒRB‚hN	UVRBQ•Q	pyQSRBHMP�T�o�Q	N	O;PfIMphIMKLTgU�w

—

KM[;T�FBm�T�HM[;TXRYW&FB^�N•i O;FhW;T�IXZhIM\Gk�TgHLb;Q	FhdežhI@Z�T�KMd�w.RBHMT�\;OGO;TgdgTgILIeRYHMp

—

KM[;TƒILTgHMm�TgH‹U0R@p0O;TgTgW¡KMF&U0RBk�RYOŽRYHMda[;N	m�TVRYW;W;HMT�IMIfc�[;N	de[›U0R@p0b�TƒP�HMTXRYKMTgHfKM[�RYO

��š�}›N	OhKMF‹R1W;N	ILd�IMklTgdgN•o�dyRBW;WGHMTgILIX¢h[�R@mhN	O;PyRBdgd�TgIMI�KLF™R™HeR@cŸk�RBHLKMN	KMN	F�O‹c�N	Q	Q;RBN	W‹KL[;N	IXw

“*K�N	I�klTgHMKLN
OGTgOhK]KLFyO;F�KLT�KM[�RYK�UŒRYOhp2HLTgQSRBKLN
F�O�RBQGW�RBKaRBb�RYIMT�UŒRYO�RBP�TgUVT�OnK5ILphIMKMT�UVIXZ�IM\Gde[

RBI�£1HeRBd�Q
T�Z�\GIMTfHeR@c˜k�RYHMKMN	KLN
F�O;I�KLFƒN	O;dgHMT@RBIMTƒklTgH¤^7F�HLUŒRBOGdgT�Z;blTgdXRY\;IMTƒKL[;T�o�Q	N	O;PƒILpnILKMTgU¥N	I

KMFhFƒUƒ\;da[ƒFY^(RYOVFBm�TgHM[;T@RBWJw

•�Fy^7\GQ
Q	pfTgm�RBQ	\�RYKMT1KM[;T�\;ILTyFB^�HeR@c=k�RYHMKLN
KLN	F�O;I.F�O0RBOhpƒk�RBHLKMN	dg\;QSRYH•RYHMda[;N	KMTgd�KM\;HLT‹c.F�\;Q	W

HMT�¦n\GN
HLTVILF�UVTfKMT�IMKMIfKMF§b�Tj\;O;W;TgHLKeRYž�TgO¡KMF&W;T�KMTgHLUVN	O;TƒKM[GTƒIMklTgTgWŸW;N•¨�T�HMTgO;d�TŒblTgK*c.TgTgOŸR

KM[GT‹W�RYKeR©KMHeRYO;I*^ªTgH�FB^•R©[n\GP�T•o�Q	TyHMTgkGHMTgILTgOhKeRBKLN	m�TƒFB^�RƒmhN	W;TgFŒRYHMda[;N	m�TfN	O�RfolQ
N	O;PƒILphIMKMT�U

RBOGWVKM[GTyW�RBKaRyKLHeRYO;I*^7T�H�FB^�RBOjTg¦h\;N	m�RBQ	TgOhK•RYUVF�\;OhK�FB^�W�RBKaR�^7HLF�U«R•HeR@c‘k�RYHMKMN	KLN
F�OJwœ•�[;TgIMT

KMT�IMKMI.c.F�\;Q	WfdgF�OholHMU"N•^�W;F�\Gb;Q	T�RBO;WfKMHLN
kGQ
T�N	O;WGN
HLTgdgKLN
F�O‹HLTXRBQ	Q	pyN	I�m�TgHLp‹T�‚nklTgO;ILN	m�T�ZhF�H�N•^�KM[;T

dXRYde[GN
OGP™RYO;WyHLTXRBWVRY[;TXRBWfKMT�de[GO;N	¦n\GTgI�\;ILTgW‹bhpyKL[;T(o�Q	T]ILpnILKMTgU"U0RBž�T�KL[;T�IMklTgTgWƒW;N•¨5TgHMT�O;dgT

blTgK*c]T�TgO�RfHeR@c‘k�RYHMKMN	KLN
F�OŒRYO;WŒR•o�Q	T�IMphILKMTgU•O;TgP�Q
N	P�N
bGQ
T�w
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•�[;TgHLT�RBHLT]U0RBOhp2RYk;k;HMFhRBda[;TgI(KMF�UŒRYO�RBP�N
OGP]KL[;T�°v\;ž�TgblFB‚5wD€±F�UVT�KM[;N	O;P�Q	N	ž�T]R1Š1N
T�HeRBHLda[;N	dXRBQ

€hKLF�HeRYP�T�~&RYO�RBP�TgH�dXRYOVU0RBž�T(UŒRBOhp‹²�|1I�Q	FhF�ž•Q
N	ž�T]F�O;T�b;N	P�k�RYHMKMN	KLN
F�OJwœŠ�FBc.Tgm�TgH@ZnRYI�TXRYde[

[;N	P�[±i W;T�O;IMN	K*p2²�|¡[;F�Q	W;IJRBblF�\;K�³�´�t]~0b•k�TgH�ILN
WGT�ZBRBO;Wyx1’�“*”¡P�TgO;T�HeRBQ	Q	p2RYQ	Q
FBc�I5R�klRBHMKLN	KMN	F�O

KMF�[�R@m�T�R1UŒRB‚hN	Uf\;UµILN	¶gT�FB^J��š�bJZ�N
K�F�O;Q	pyKeRYž�TgI]·�²�|ŸILN	W;TgI.KMF�UŒRYž�T]R�U0RB‚hN	U‹\GU=IMN	¶gTgW

k�RYHMKMN	KLN
F�OJwœ•DFfIMKLF�HLTymhN
WGTgFVRBO;W0RB\;WGN
FfHMT�¦n\GN
HLTgI�k�RBHLKMN	KMN	F�O;I]FY^D[h\;O;WGHMTgW;I1FB^�P�N	PhRBbhphKMTgI@w

².\;HMHLTgOhK;°a\;ž�T�b�FB‚�[�RYHMW;c�RBHLT]RBOGW2ILFB^7K*c�RBHLT�IM\Gk;k�F�HMKLIDR.HeRYO;P�T(FB^nKL[;T�^7T@RBKM\GHMTgIœHMTg¦h\;N	HMT�WJw

Š�FBc.Tgm�TgHXZ5blTgdXRY\;IMTƒILF�UjTyFB^]KL[;TfF�KM[GTgH�^7TXRYKM\;HLTgIyRBHLT‹O;F�K�IM\;N	KeRYb;Q	T�ZlN	K2U0R@pƒb�TƒWGTgIMN	HeRYb;Q	T

KMF0c�HLN
KLT¸R©O;Tgc=°a\;ž�TgblFB‚ŒU0RBO�RYP�TgH@w�“*O�k�RYHMKMN	dg\GQzRYHXZ5UjF�ILKJ°a\;ž�T�b�FB‚&ILFB^7K*c�RBHLT‹U0RBž�TgI�KM[;T

°a\;ž�TgblFB‚2Q	FhF�ž1Q	N
ž�T�R�dgF�Q
Q	Tgd�KMN	F�O�FB^l’2E�€�W;N	IMd�IXZBc�N	KM[•TXRBda[yW;N	ILd][�R@mhN	O;P�R.x1’�“*”¡o�Q	T�IMphILKMTgU�w

EGF�H�mhN	W;TgFVRBHLda[;N	mnN	O;PVRfWGN¹¨5TgHLTgOhK�UVFhW;T�Q5N
I1HMTg¦h\;N	HLTgWJw.•�[;TgHLT‹c�N	Q	Q5b�T™^ RBH.^7T�c]TgH`o�Q	TgIXZlb;\GK

KM[GTgN	H�IMN	¶gTyc�N	Q	Q�blTy[h\;P�T�w�RBHLT�–
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Ñ�Ò1Ó7Ô;Õ	Õ	Ö2×�Ø�ÙBÕ	Ô�ÙBÚL×•Ù™Û�ÙBÜLÝ;Þ•ÙYÜM×�ßgÒ�àhá�â�Ô;ÜeÙYÚMã	Ò�àfÚMÛ;×�äLå�×�×gÝ;ÖVÙBàGÝ‹Ý;×�ÕzÙ@Öhä�ÒYÓ�ÚLÛ;×�ÜM×�Õ
×�Ø�ÙBàhÚ�Ý;×aæ

Øhã	ßg×gä�à;×g×gÝGä�ÚMÒ1ç�×.ßgÒ�àGäMã	Ý;×gÜL×gÝJè�å�ÙBÜLÚMã	ßgÔ;ÕSÙBÜLÕ	Önè�ÚMÛ;×gã	Ü�ÙBß�ÚMÔ�ÙYÕnål×gÜ¤Ó7Ò�ÜLéŒÙBàGßg×�ÜeÙYÚMÛ;×�ÜDÚLÛ�ÙBàfÚMÛG×gã	Ü

à;Ò�éVã	à�ÙBÕléŒÙYàhÔhÓ ÙBß�ÚMÔ;ÜL×gÜ�äLå�×gß�ã¹álßXÙBÚLã
Ò�à;äXêyë.ÔGÜMÜM×�ànÚLÕ	ÖnèléŒÙYâ�à;×�ÚMã	ß�Ý;×gØhã	ßg×gäyÙBÜL×‹äLã
â�à;ã•á�ßXÙYànÚLÕ	Ö

Ó ÙYäMÚM×�Ü2ÙBàGÝVÛ�Ù@Ø�×2äLã	â�à;ã•á�ßXÙYàhÚMÕ	ÖƒÕ	ÒBÞ]×gÜ.ÕSÙBÚL×gà;ßgÖjÚMÛ�ÙYàŒÒ�å;ÚMã	ßXÙYÕ5Ý;×gØhã	ßg×gä@ê

ì&ÙBâ�à;×gÚLã
ß�Ý;ÜLã	Ø�×gä

í*àƒÚMÛ;×�î1ã	Ý;×gÒ‹ë.Ò�àhÓ7×gÜL×gà;ßg×�ï�×gßgÒ�ÜMÝ;×�Ü]é0ÙBâ�àG×gÚMã	ß.Ý;ÜMã	Ø�×�ä]ÙBÜL×�Ô;äM×gÝ0ÙBä]Ù`Ó7ÜLÒ�àhÚ�×gà;ÝjÚMÒ�ÚMÛ;×

ë�ð�ñvÔ;ò�×gçlÒBó5ê.Ñ�Û;×gäM×féŒÙYâ�à;×�ÚMã	ß�Ý;ÜMã	Ø�×�ä�Û�Ù@Ø�×�Ó ÙBäLÚ�ÙBßgß�×gäMäyÚLã	éV×gä�ÙBà;Ý§Û;ã	â�Û0ç�ÙBàGÝ;Þ�ã	Ý;ÚMÛ0ã	à

ßgÒ�éVå�ÙYÜMã	äMÒ�àƒÚMÒVë�ð�ñvÔ;ò�×gçlÒBóh×gä�Þ�Û;ã	ßaÛ0Û�Ù@Ø�×�äMÕ	ÒBÞµÙYßgßg×gäLä�ÚMã	éV×gä.ÙBà;Ý0Õ	ÒBÞ=ç�ÙYà;Ý;Þ�ã	Ý;ÚMÛ0ç;ÔGÚ

Ø�×�ÜMÖ&Û;ã	â�Û&äMÚLÒ�ÜeÙYâ�×fßXÙBålÙBßgã	Ú*Öhê2ë.Ô;ÜLÜM×gàhÚLÕ
Ö§Û;ã	â�Ûhæ*×gà;Ý&ÝGã
äLß‹ÝGÜMã	Ø�×gä�äLÔ;ßaÛŽÙYä™ôjõ�çhÖhÚM×fÝ;ÜMã	Ø�×�ä

ÙBÜL×�ßeÛG×XÙBåJê

ö�Ô;ò�×gçlÒBón×�ä

ë.Ô;ÜMÜL×gàhÚMÕ	Ö%Ù÷Û;ã	â�Û�ÝG×gà;äMã	Ú*Ö�ë�ðøÛ�ÙBäƒÙ§ßXÙBå�ÙYßgã	Ú*Ö›ÒBÓ2ù�ú�û&ì0ç¡å�×�ÜƒäMã	Ý;×�ê�ü�äVÙ÷Ønã	Ý;×�Ò

äMÚLÜM×XÙYéréŒÙ@Öfç�×�éjÒ�ÜM×1ÚMÛ�ÙYà&ù�ú�ûƒì÷çJèhÚMÛ;×•äM×gÜLØ�×gÜ�à;×g×�Ý;ä2Ùféj×gßaÛ�ÙBà;ã	äLé,ÚMÒƒÕ	ÒnÙYÝŒÙ•äMÚLÜM×XÙYé

Ó7ÜLÒ�é"éŒÙYànÖyë�ð1ä.Ò�àhÚMÒyÚLÛ;×�é0ÙBâ�à;×gÚMã	ß.éV×gÝGãzÙGê5ý=Û;×�àƒßeÛlÙBà;â�ã
àGâ�Ó7ÜMÒ�é"Ò�à;×�ë�ðþÚMÒƒÙBà;Ò�ÚMÛ;×�Ü

ÚMÛG×gÜM×�ã	ä•Ù™Ý;×gÕSÙ@ÖnêœÑ�Û;×1äM×gÜLØ�×gÜ�éj×gßaÛ�ÙBà;ã	äLé/äMÛGÒ�Ô;Õ	ÝŒÙYã	é/ÚMÒfÛ;ã	Ý;×1ÚMÛ;×�ë�ð=ßaÛ�ÙYà;â�×gÒBØ�×gÜ.ÚMã	éV×

Ó7ÜLÒ�é,ÚLÛ;×yÔ;äL×gÜXê(íªÓDÚMÛG×yßaÛ�ÙBà;â�×gÒBØ�×�Ü�ÚMã	éV×�ã	ä�à;Ò�Ú�Û;ã	Ý;Ý;×gàJèhÚLÛ;×yéj×gÝ;ãSÙ�äMÚLÜM×XÙYéVä�Þ.Ò�Ô;Õ	ÝjäMÚMÒ�å

Ô;àhÚMã	Õ�ÚMÛG×‹à;×�Þÿë�ð•Þ•ÙYä�Õ
ÒhÙBÝ;×�ÝJê�Ñ�ÛG×‹é0ÙBâ�àG×gÚMã	ß�Ý;ã	äMßgä•å;ÜMÒBØhã	Ý;×‹Ù©ç;Ô��5×gÜMã	à;â0éV×�ßeÛlÙBà;ã	äMé

Þ�Û;×gÜL×gçhÖ�éj×gÝ;ãSÙfÝ�ÙYÚeÙjßXÙBà�çl×‹Õ	ÒnÙYÝ;×gÝ§Ó7ÜMÒ�é•ë�ð1ä2Ò�àhÚMÒVÚLÛ;×ƒéŒÙYâ�à;×�ÚMã	ß�Ý;ã	äMßgä‹ÙYà;Ý�å;ÕSÙ@Ö�×gÝ

Ò�ÔGÚ2ÚLÒ0ÚMÛ;×ƒÔ;äL×gÜfÞ�ã
ÚLÛŽÙYà�ã	à;ã	ÚLãzÙYÕJÝ;×�ÕzÙ@ÖhêfÑ�Û;ã	ä�Ý;×gÕSÙ@Ö&ßXÙYà�çl×ƒÕSÙBÜMâ�×‹×�à;Ò�Ô;â�Û›ÚMÒ0Û;ã	Ý;×fÚMÛ;×
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ÚMÛG×gÜM×‹ÙYÜM×��

�

Ê��	��
lÉ
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Ò�ÚMÛG×gÜyÝ;ÜLã
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Ö§ÚMÛ;×jäM×gÕ	×gßgÚLã	Ò�àŸÒBÓ�äL×gâ�éj×gàhÚMäXè�ÚLÛ;×&ÙBÝ;ÝGã
ÚLã	Ò�à�ÒBÓ2ÙBàGà;Ò�ÚaÙBÚMã	Ò�à;äXè�ÙYà;Ý›ÚMÛ;×
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åGÔ;ÕSÙBÚM×1ÚMÛ;×�äM×ƒã	à;Ý;×góh×gä�ã	à&Ò�ÜMÝ;×gÜ�ÚLÒ
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B	C�DFEGC#DFHIH�C�J�KML�N�J�NODFK#PRQFQ�N�L�S�N�J�TUL�J�KUHOE�V KUH�W�V QFNYX#Z9[ J�KUH�L\PRQFQF]_^`H�C�JaE�QFDFJ�KUHIEYPRKMW�J�TUL�J�N�H

H�C�J;H�JYP?W�b�VRB	KcVRd'N�J�N�N�DFV K`^�B	C�DFEGCeW�J�QfJ�PRN�J�N+H�C�J/P?N�N�VUE�DgP?H�J�beW�J�N�VhL�W�E�J�NYXji	C�J;N�J�N�N�DfVhKeDFb�J�KUk

H�DmlAJ�W%W�J�n�W�J�N�J�KUH�N;H�C�J;N�CAPRW�J�beN�HGPRH�J;SAJ�HoB:J�J�KpH�C�J0E�QFDfJ�K_H0PRK�baN�J�W�[hJ�WYX	q�d'H�C�J0N�HrP?H�JIDFN	QfVhN�H�^

d
VhWsJ�t�PRuOn�QfJvH�C�W�V L�whCxV K�JeVRd;H�C�JeuyP?ErC�DfK�J�NsSAJ�DfK�wzW�J�S\VUV H�J�b{^%H�C�J�KxH�C�Jen�W�V H�V_E�V Q%W�JGk

QFDFJ�N'V KIH�C�J	H�WrP?K�N�n\V W�H:V?d|H�C�J	uOJ�b�DgP	N�H�V n�n�DfK�w/PRL�H�V uaPRH�DFEYP?QFQf]h^�J�w\X{H�C�W�VhL�w CsK�VhH'W�J�E�J�DF[UDfK�w

}

i%~	•auvJ�N�NGPRwhJ�N{DmdAL�N�DFK�w

}

i%•�^�V W�H�C�J:DFuOn�QfJ�uOJ�KUHrP?H�DFVRK%L�N�DFK�w%H�C�JI€9•ƒ‚ „�…%†	…j‡a•;‚�•'†

uOJ�H�C�VUbOS\J�QFVRBˆPRN%Pƒ‰ J�J�nŠk‹P?QfDF[hJ X

i	C�J0E�V KUH�W�V Q\W�J�T_L�J�N�H�N+PRK�bOW�J�N�n\V K�N�J�N%uaP�];SAJjN�J�KUH	VR[hJ�W:J�DfH�C�J�W	i%~	•)V W'Œ0•+•�XUŽUDFK�E�J

H�C�JOV W�b�J�WsV?d%H�C�JaW�J�T_L�J�N�H�NOuyP?H�H�J�W�N�^�H�C�JvW�J�TUL�J�N�H�NaPRW�JvN�J�TUL�J�K�E�J�b{^•N�V•D‘d+P?KU]pW�J�TUL�J�N�H�N

PRW�J0QfVhN�H�^UH�C�J�]ausL�N�H'S\J;W�J�H�WrP?K�N�uvDfH�H�J�b`X�Œ%N�DFK�wIŒ+•0•MH�CUL�N	W�J�TUL�DFW�J�NjH�C�JƒE�V K�N�H�W�L�E�H�DFVhKeVRd

W�J�H�WrP?K�N�uvDFN�N�DFVhKpuvJ�EGCAPRK�DFN�uONY^\N�VeH�C�J�W�JyP?W�Js[hJ�W�]cd
J�B’VUE�EYP?N�DFV K�NƒB	C�J�KzH�C�JOPRn�n�QFDFEYP?H�DFV K

EYP?KywhJ�H%P�B	P�]sB	DfH�CaL�N�DFK�wIŒ+•0•�X

i	C�J'uvV N�H\V SU[UDFV L�N{P?b�b�DFH�DFVhK�NAH�V	H�C�J5W�J�TUL�J�N�H�C�JYPRb�J�W`lAJ�QFb�N{PRW�J:PI“�”�•G–'l\J�QFb+H�V	E�V KUHGPRDFK

H�C�JON�J�T_L�J�K�E�JeKUL�usS\J�W�N;VRd	W�J�TUL�J�N�H�Nvw J�K�J�WrP?H�J�bMS_]•H�C�JOE�QFDFJ�KUHY^'P?K�b#P•—A•�”G”™˜›š œMlAJ�QFbzH�V

S\V H�CzW�J�TUL�J�N�HOPRK�bzW�J�N�n\V K�N�JaC�JYPRb�J�W�NsH�VeDFb�J�KUH�Dmd
]eH�C�JON�J�N�N�DFV K{X•ŽUJ�N�N�DFV K#DFb�J�K_H�DmlAJ�W�NsPRW�J

w J�K�J�WrP?H�J�bIDFK0W�J�N�nAVhK�N�J	H�V+P	Ž�Z�i	Œ0•eW�J�TUL�J�N�HY^UPRK�b0usL�N�H�SAJ'L�N�J�bIDFK•P?QFQ N�HGPRH�JGd
L�QUuOJ�H�C�VUb�N�X

i	C�JjižWGPRK�N�nAVhW�H5lAJ�QFbOPRQFQFVRB	N�H�C�J0E�QFDFJ�KUH:P?K�bsN�J�W�[ J�W	H�V/K�J�w VhH�DgPRH�J%PRK�bsN�J�H	nAPRWGPRuvJ�H�J�W�N�d
VhW

H�C�J%N�J�K�b�DFK�wIVRd�H�C�JjuOJ�b�DgPjN�H�W�JYP?upX`qoKsnAPRW�H�DFE�L�QgP?WY^hDfH�PRQFQFVRB	NžH�C�J%E�QfDFJ�KUH	PRK�bsN�J�W�[hJ�W	H�VƒN�J�H

n\V W�H�N;PRK�b•usL�QFH�DFEYP?N�H%PRb�b�W�J�N�N�J�Nƒd
VhW%H�C�J

}

i%•ŸN�H�W�JYPRuvNYXƒi	C�J�W�JOP?W�JsPsKUL�usS\J�W%V?d:V H�C�J�W

C�JYP?b�J�WƒlAJ�QFb�N�^{N�L�EGC#PRN;H�C�JsH�DFuOJIWrP?K�w JsV?d H�C�Jsn�W�J�N�J�KUHGPRH�DFVhKzL�nAVhKzB	C�DFEGCzH�C�JsuvJ�H�C�VUb

J�tUJ�E�L�H�J�Ns¡
†•¢ œ £h•R¤�^�PRK�ba[ P?W�DFV L�N5lAJ�QFb�N	B	C�DfEGCaDFKUH�J�WGPRE�H	B	DFH�CaEYP?EGC�J�N+P?K�baV H�C�J�W	n�W�VRt_DFJ�N�X

•jJ�N�E�W�DFn�H�DFV K�N:V?d|N�J�N�N�DfVhKOL�N�J%H�C�J+ŽUJ�N�N�DFVhKO•%J�N�E�W�Dfn�H�DFV Ka•�W�VhH�VUE�V Q�¡gb�J�N�E�W�DFSAJ�baDFKs~�CAPRnUk

H�J�WO¥�¥U¤�^�B	C�DFEGCzn�W�VR[UDFb�J�NsPcw J�K�J�W�DFEOH�J�EGC�K�DFTUL�Jvd
V W;b�J�N�E�W�DFS�DFK�wpH�C�Jab�J�HGPRDFQFN;VRd%H�C�JOn�W�JGk

N�J�K_HGPRH�DfVhK{^�N�L�EGC#PRN0H�WGPRK�N�nAVhW�H/P?K�bpuvJ�b�DgPIHo]UnAJ�N;VRd:H�C�JsN�H�W�JYP?up^{P?K�beH�C�Jsn�W�J�N�J�KUHrP?H�DFV K

E�VhK_H�J�KUHYX	qouvnAVhW�HGPRKUH�QF]U^ DFH+P?QFN�Vsn�W�VR[_DFb�J�N%H�C�J;N�HGPRW�H;P?K�baJ�K�beH�DfuvJ�N	VRd'H�C�J/n�W�J�N�J�KUHrPRH�DFV K{^

N�VsH�CAPRH	H�C�J0E�QFDFJ�KUH	EYPRKe•'¦¨§�©ˆd
V W�uªPRK�byH�VOPRKU]sn\V DFKUH	DfKvH�C�J0n�W�J�N�J�K_HGPRH�DfVhKeH�C�J�]aB	DfN�C{X

«

J�b�DgP0N�H�W�JYPRuvN9P?W�J	W�JGd
J�W�J�K�E�J�bcH�C�W�V L�whC/N�nAJ�E�D‘l\EYPRH�DfVhKOV?d|H�C�J�DFW'H�DFuvJ�NY^RJ�DfH�C�J�W'W�J�QgPRH�Df[hJ

H�VcH�C�JsN�HrPRW�H/H�DFuOJ;V?d%H�C�Jsn�W�J�N�J�K_HGPRH�DfVhK{^�V WƒDfKzW�JYPRQ5H�DFuOJ X

}

H�N�n#P?QFQfVRB	N0H�C�JsL�N�JvVRd	H�C�J

N�HGPRK�b\PRW�baH�DfuvJ	E�VUb�J�NjL�N�J�bcDfKvDFK�b�L�N�H�W�]vN�L�EGCePRN%Ž

«

i%•'ZMV W�¬%VhW�uyP?Q|•9Q­P�]si	DFuvJ ^ VhW:SU]

N�n\J�E�Dmd
]UDFK�wOP?KyPRS�N�V QFL�H�J0H�DFuOJ•d
V W	n�W�J�N�J�K_HGPRH�DfVhK�N%DFKvW�JYP?Q‘koH�DFuvJ X

i�V;b�DFN�n�QgP�]sP;n�W�J�N�J�KUHrPRH�DFV K{^�H�C�JjE�QFDfJ�K_H�N�V?d
HoB	PRW�J•lAW�N�H	W�J�TUL�DFW�J�N	H�C�J

}

H�N�nsŒ

}

¦eV?d{H�C�J

n�W�J�N�J�KUHGPRH�DFVhK{X%q�d�DfH	C\PRN%H�C�DFN%Œ

}

¦'^�DFH%EYP?KeH�C�J�Kpb�DFN�n�QgP�]OH�C�J;n�W�J�N�J�KUHrP?H�DFV K•SU]vd
V QFQFVRB	DFK�w

H�C�J�N�J;N�H�J�n�NYX

@

X�i	C�JaE�QFDfJ�K_H®lAW�N�HOW�J�TUL�J�N�H�NaH�C�Jeb�J�N�E�W�DFn�H�DFV K¯VRd+H�C�Jen�W�J�N�J�K_HGPRH�DfVhKxL�N�DfK�wzH�C�Jp•0Z`k

Ž�~

}

qo°	Z±uOJ�H�C�VUb{Xxi	C�DFNsN�L�n�n�QFDFJ�Nsb�J�HGPRDFQFNsVRd;H�C�JeuOJ�b�D­PcN�H�W�JYP?uON�^:N�VzH�CAP?HsH�C�J

E�QFDfJ�K_H	E�PRKaN�HGPRW�H	H�C�J/P?n�n�W�Vhn�W�DgP?H�J0uOJ�b�D­PƒPRn�n�QFDFEYP?H�DFV K�N�X

=

X�i	C�J;E�QFDFJ�KUH	H�C�J�KeW�J�TUL�J�N�H�N0H�CAPRHjH�C�J;N�J�N�N�DFV KeDFN%Ž�Z�i	Œ0•�^�W�J�E�J�DF[UDFK�wyPIN�J�N�N�DfVhKeDFb�J�KUk

H�DmlAJ�WjDfKaW�J�H�L�W�K{Xji	C�J;N�J�W�[ J�W+B�V L�QfbeP?QfQFVUEYP?H�J0N�HGPRH�Jh^AN�L�EGC²P?N%H�C�J;N�VUEG‰ J�H�N0H�C�W�V L�whC

B	C�DFErCaH�C�J0uOJ�b�DgP0B	DFQFQ�S\J+N�J�KUHY^�n�QFL�N%PRKU]OW�J�N�J�W�[ PRH�DFV K�N•d
V W�SAPRK�b�B	DFb�H�C{X

³

X�i	C�JaE�QFDfJ�K_HIW�J�T_L�J�N�H�NyH�CAPRHIH�C�JyuvJ�b�DgPaN�H�W�J�PRuONsV?d+H�C�JaN�J�N�N�DFV KxPRW�Je•'¦�§�©�J�b{^'SU]

N�n\J�E�Dmd
]UDFK�wOH�C�J;Œ

}

¦#P?K�beH�C�J/N�J�N�N�DfVhKpDFb�J�K_H�DmlAJ�WY^�P?K�bpPIH�DFuvJ+WGPRK�whJ/H�VsN�HGPRW�H;P?K�b

lAK�DFN�Can�QgP�]UDFK�w/PRH�X

>

X�§	H:PRKU];n\V DFKUH'H�C�J�]/uaP�];•\§	Œ+Ž�Z•H�C�J%n�W�J�N�J�K_HGPRH�DfVhK{^�PRK�bsE�V KUH�DFKUL�J�d
VhW�u’PRKU];V H�C�J�W

nAVhDfKUH�DFK;H�C�J:n�W�J�N�J�KUHrPRH�DFV K;SU]0L�N�DFK�wjN�n\J�E�Dmd
]UDFK�w+P•K�J�BzWGPRK�whJ:DFK0H�C�J	•'¦¨§�©´W�J�TUL�J�N�H�X

µ

X�¶xC�J�K•H�C�JIE�QFDFJ�KUH0CAPRN0E�VhuOn�QFJ�H�J�b{^\H�C�JsE�QfDFJ�KUH0DFN�N�L�J�N/P®i%Z�§

}

•+·•¶x¬’W�J�TUL�J�N�H;H�V

b�J�N�H�W�VR]vH�C�J;N�J�N�N�DFV K{^\PRK�bab�JYP?QFQfVUEYP?H�J;PRKU]sW�J�N�VhL�W�E�J�NYX

}

H�N�nyDFN	DFKUH�J�K�b�J�beH�VsSAJ;PIw J�K�J�W�DFE;n�W�V H�VUE�V Q¨d
V W�uyP?K�DFn�L�QgPRH�DfVhK/V?d'E�V KUH�DFKUL�VhL�N	uOJ�b�D­P

VR[ J�W'H�C�J	qoKUH�J�W�K�J�HYX:¸�V W�P%whDF[ J�Ksn�W�J�N�J�K_HGPRH�DfVhKsV W'N�J�W�[hJ�WY^UH�C�J�W�J+uaP�]0SAJ	QFDFuODFHrP?H�DFV K�N�L�nAVhK

H�C�JyE�V KUH�W�V QFN/H�C�JOE�QfDFJ�KUHIEYPRK2L�N�J X#¸�V WIDFK�N�HGPRK�E�Jh^'Dmd+PeE�V uOn\PRKU]eCAP?N/E�W�JYPRH�J�b¹PcuOJ�b�D­P

n�W�J�N�J�KUHGPRH�DFVhK{^UH�C�J�]suyP�];B�J�QFQ�b�J�N�DFW�J0H�CAP?H:PƒN�J�N�N�DFV KvDfN5K�V H�W�J�E�V W�b�J�b{X:ŽŠDfK�E�J%H�C�J%E�VhKUH�W�VhQFN
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