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MFNOMQPSRUTWVYX2Z\[\]^TY_`X0RaNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN d
MFNfe gih\jbXFVY_`kF_`R\lmX0n.]oXFRp]�j^qpTY[prFstrFRprFsvu2lW_`lwNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN x
MyNfe2N`M z{XFTWTYs`Xy|~}\VYj�k0j0� lm]�X0RUTWVY_v|p[�TY_`X0R NcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN x
MyNfe2N�e �9X0R\]oj^q\TY[prFs4rFRprFs�u�lW_`lmrFn<TYj^Vm}\VYjok0j�NbNcNbNcNbNcNbNcNbNbNcNcNbNcN x
MyNfe2N�� �9X0R\]oj^q\TY[prFs4rFRprFs�u�lW_`lmrFlwq8ryVWTmXFnG��ryTY[�VYjclW]�_`j�R\]oj�l�NbNcNcNbNcN �

MFNf���mjorFlWX0R\lmn<XFVmZ\X0_`R\k��9X0R\]oj^q\TY[prFst�{RprFs�u�lW_`l�NbNcNbNcNbNcNbNcNbNbNcNcNbNcN �
MyNf�2N`M �ij�_`R\k�n@XyVY��rFs4ry|,X0[�Tm_vR\n@XFVY��rys4��ryTWTYj�V�NcNbNcNbNcNbNbNcNcNbNcN �
MyNf�2N�e gih�VYjoj�q,j�VYl�q,j�]�TY_��UjolwXFR�n<XFVY��rFsv_`�oryTY_`XFR NcNbNcNbNcNbNbNcNcNbNcN�Mo�
MyNf�2N�� �9X0R\]oj^q\TY[prFs4ryVY]�hprFj�X0s`X0kyu NcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M0M

MFN � �"hpryTb� lWjolWlW_vX0RC�:�B_`k0hUTm|,j#NbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M0M
MyN �\N`M ���\rF��q8svjolwX0nGlWj�lWlW_`XFRpl�NbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M?�
MyN �\N�e gih\jbq\VY_`�B_vTY_v�0jc]oX0R\]�j�q\TYlmNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M��
MyN �\N�� }�_v�0j*� [\jol�TY_vX0R\lwX0R\jc]oX0[\svZ~ryl�¡�ry|,X0[�TwTYh\jb]oX0R\]�j�q\T���lWj�lWlW_`X0RC��N�M��

MFNf¢ �9XFRp]�s`[\Z\_`R\kBVYjo��ryVW¡�l£NcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M��
¤¦¥§):A�>H7H><3�;©¨«ª�68I¬/ ­®):ª�¯ &�L
e2NOMQPSRUTWVYX2Z\[\]^TY_`X0RaNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M?d
e2Nfe��§}\V�rF��j^°JXFVW¡�n<XFVb± [�q\q,XFVWTY_`R\k�²aXF|p_`svjc³{lWj�VYlbNbNcNbNcNbNcNbNbNcNcNbNcN�M�x
e2Nf�´�µjory¡��9X0R\R\jo]^TY_v��_�TSu¶NbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M�x
e Nf�2N`M gih\j��9X2ZprB}G_`s`j�±Uu�l�TYj��·NcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M?�
e Nf�2N�e gih\jc�wr�uUX0[¸±Uu�l�TYj��·NcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M?�
e Nf�2N�� gih\jc�mX?�Uj^V{g4X2X0s�¡�_vT#NcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M?�
e Nf�2N � ± [\q\q,XFVWTmn<XFVw�µj?ry¡��9X0R\Rpj�]^TY_v��_�TSu¹NbNcNbNcNbNcNbNcNbNbNcNcNbNcNºeF�

e2N � »4_`�B_vTYj�Z��mj�lWX0[�VY]oj�l�NbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºeF�
e N �\N`M gih\j�¼½Z�u�lWlWj�u~±Uu�l�TYj��¾NbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºe�M
e N �\N�e gih\jc�mX?�Uj^V{g4X2X0s�¡�_vT#NcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºe�M
e N �\N�� ± [\q\q,XFVWTmn<XFVm»._v��_vTYj�Z��mj�lWX0[�VY]oj�l¿NbNcNbNcNbNcNbNcNbNbNcNcNbNcNºe0e

e2Nf¢�À{XF��rFZ\_`]b³{lWj�VYlÁNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºe0e
e Nf¢2N`M ± [\q\q,XFVWTmn<XFVmÀ{X0��rFZ\_v]c³{lWj�VYl#NbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºe0�

e2Nfd ± j�lWlW_`X0RKNcNbNcNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºey�
e Nfd2N`M �Âs`j���j�RUTYlmX0nGrÃ± jolWlW_vX0R NcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºe0¢
e Nfd2N�e �ÄhpryT�± j�lWlW_`X0R�²ajorFR\lmn<XFVwTYh\jc}\V�rF��j^°JXFVW¡ÅNcNbNcNbNbNcNcNbNcNºe0d

e2N�x �9XFRp]�s`[\lW_vX0R NbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºeUx
M



Æ�Ç*E4/aÈ,É�-0687H- 5.7Ê54= ¤pË� NOMQ�wrylW_`]b]?rFsv]o[\sv[pl�NcNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNºe0��2N`MFNOM ± u2R T�r��ÌrFR\Z�lW[�|pl�TY_vTY[�TY_`X0RÁNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNºe0��2N`MFNfe ± TWVY[\]^TY[�V�rFst]�X0R\kFVY[\joR\]�jÍNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNº�0e�2N`MFNf� ± u2R T�ry]�TY_v]blW[\kUryV©NbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNº�0d�2N`MFN � �½jorF]^TY_`X0R\l¹NbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNº�Ux�2N`MFNf¢ gi_`��jcrFR\Z�]�X0�Bqp[�T�ryTY_`X0R~NcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNº�0�� Nfe ±Uq,jo]�_vÎp]oryTY_`XFR�NbNcNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN��U��2N�e2NOM �wryVW|p_`R\kÁNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN��U��2N�e2Nfe g.j�l�TY_`R\k�jo� [\_v�FrFs`j�R\]ojBNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN��pM�2N�e2Nf� ±2XF��jcR\XFT�r�TY_`X0R NbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN��pM�2N�e2N � PSR �FryVY_`rFRUTYlÏNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN�� e�2N�e2Nf¢ »._��UjoR\j�lWlµNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN�� e
Ð ÑÃ1G1G7Ê>@-06\3�>@),+ÓÒc¥Ô)tÕ./�7Ê>H+4Öµ-0),I×I¸5G+.>H-06\3�>H+4Ö×=�;t=^3?/�I¬= Ð,Æ��NOMQØ�VYj�s`_v��_`RpryVY_vjolÙNcNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN�� ���Nfe�²aX2Z\j�s`_`R\kB|8rFlW_v]c]oXF���®[\R\_`]oryTY_`X0R·NbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN�� ���Nf��²aX2Z\j�s`_`R\k�]�hprFR\R\josvlÙNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN�� ��\N��2NOM �9h8ryRpR\j�st]�hpryV�rF]^TYj^VY_`l�TY_`]�lÚNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcN�� ��\N��2Nfe �9X0���®[\R\_`]oryTY_`XFRplwq8ryTWTYj^VYR\lÛNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNº¢F���N � ²aX2Z\j�s`_`R\k�lWj�lWlW_`XFRplBNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNº¢�M�\N �\NOM �§lWjolWlW_vX0R�X0R~r®VYjo��XyTYjch\X0l�Tm��rF]�hp_vR\jÜNcNbNcNbNcNbNcNbNbNcNcNº¢�M�\N �\Nfe �§k0h\X0l�TWÝÞlWjolWlW_vX0R�X0R~r�VYj���XFTYjbh\X0l�Tm��rF]�h\_`R\jßNbNcNbNcNbNbNcNcNº¢0e�\N �\Nf� ±2_v�Bqps`jclWj�lWlW_`X0R���X2Z\j�s`j�ZÌ_`R È ÝÞ]?rFsv]o[\sv[pl¸NcNbNcNbNcNbNcNbNbNcNcNº¢0e��Nf¢ g4X2X0s`lbNbNcNbNcNbNcNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNº¢0��\N�¢2NOM �i[�àCj^VáNcNbNbNcNcNbNcNbNbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNº¢0�
â /2¨Þ/2ª�/�+4-0/�= ã8ä
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e2NOM´±UT�ryTYjbg4V�rFR\lW_vTY_vX0R\lm_`R�TYh\j��9X2ZprÃ±Uu�l�TYj��ÌN×NbNcNbNcNbNcNbNcNbNbNcNcNbNcN�M?�e2Nfe gih\jbl�q,jo]^TWVY[\�ðX0n�ryZ8r�qpT�r�TY_`X0R�l�TWV�r�TYjok0_vjol�NJNbNcNbNcNbNcNbNcNbNbNcNcNbNcNºe�M
�\NOMQñ�_�VYjo]^Tm]�X0���*[pR\_v]?ryTY_vX0R�X?�Uj^VwÎp�2joZÌ]�h8ryRpR\j�stòK_`R�²aX2Z\j�st�\N�e2N:NcNcNbNcN��0��\Nfe��mj�Z\[p]^TY_`XFRplw_`RÌ²aX2Z\jost�\N��2N�NbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�� ¢�\Nf��ñ�_�VYjo]^Tm]�X0���*[pR\_v]?ryTY_vX0R�X0RÌRpj^°ß]�h8ryRpR\j�stòK_`R�²aX2Z\j�st�\N��2N¸NbNcNcNbNcN�� ¢�\N � ØÓVYX2]oj�lWl½óô�BX2Z\josv_`R\kÃr®TYhp_v]�¡�Zp[�qps`j^��]�hprFR\R\jos.ó�õ@öY÷�ø�ùU÷oøWöSúyø�ùyú?û�N#NbNcN�� d�\Nf¢��mj�Z\[p]^TY_`XFRplw_`RÌ²aX2Z\jost�\N �\N�NbNcNbNcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcN�� d�\Nfd �9XF���®[\R\_`]oryTY_`X0RÌX0RÌTYh\_`]Y¡�]�h8ryRpR\j�s.óô_`RÌ²aX2Z\j�s4��N �\NwNbNcNbNbNcNcNbNcN��2x�\N�x ± j�lWlW_`X0RÌ]oX0�B��rFR\Z\l{ryRpZÌl�T�ryTYjol�N9NcNcNbNbNcNbNcNbNcNbNcNbNcNbNbNcNcNbNcNº¢0e�\Nf� gt°JXBq\VYX2Z\[\]oj^VYl�ü\TS°JX�]�X0R\lW[\��j�VYlmrFR\Z~r�|8[�à,j^VoNJNcNbNcNbNcNbNbNcNcNbNcNº¢0¢
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gih\_`lÃZ\X2]o[\��j�RUT�_vlÃTYh\j�ÎpRprFsmVYj^q,XFVWT�X0n{TYh\j~²aX?°mk0sv_mq\VYX�� jo]^Toüi]?r�VWVY_`j�Z X0[�TÃ| u�TYh\jrF[�TYh\XFVYl½ryTiTYh\jcÀ{XyVW°Jjok0_`rFR¸�9X0��q8[�TY_vRpk��9j�R TYj^V��HÀ{����N�{lcq:r�VWT�XFniTYh\j�q\VYX���j�]^TBr�s`j�]�TY[�VYjÃlWj^VY_`j�l®X0Rµq\VYX2]�jolWl®]orFsv]o[\s`_�°irFl®k0_v�0joRDryT®À{�_`R�TYh\j*lWj�]�X0R\Z~h8rys`n�X0n�eF�0�F��Nwgih\j*��rF_vR~s`j�]�TY[�VYj^VYl½X0nGTYh\j*lWj^VY_`j�lm°Jj^VYj*�{RpZ\j^VYlm²¸X joR�ÊrFs`lWX�XyVYkUrFR\_`lWj^V��½rFR\ZK�	�WryVWTYj®²×N	
½l�TW�UX0svZCüC°m_vTYh¸XFTYh\j�V�q\VYX���j�]�T���jo�c|Cj^VYl�Îps`sv_`R\kÌ_vRCNgih\jmq\VYX�� jo]^To� l�°JXFVW¡�X0R�ryq\q\VYXUrF]�h\jolÂTYX®rFRprFs�u�lW_`lÂ°irFlÂqp[\|psv_`lWh\joZÃX0R�rFRÃ_vR TYj^VYRpryTY_`XFR8rys°JXFVW¡�lWh\XFq�� e0��
��pTYhpryTiq8ryq,j�Vm]�XFVWVYj�l�q,X0R\ZplwTYX��9hpryq\TYj^V*MbX0n4TYhpj�VYj^qCXyVWToNgih\jÃTY_�TYs`j�XFniTYhp_vl®VYj�q,XFVWToü�]oXFVWVYj�l�q,X0R\Z\_`R\ka°m_vTYhµTYh\jÃq\VYX�� jo]^T�R8ry��j0ü�_vR\Zp_v]?r�TYjol�r°m_`Z\j^V�n<X2]�[pl*X0nJVYj�lWj?ryVY]�hµTYhprFR¬TYhpj�joR\ZµVYj�lW[\svTYl�N��¶��XFVYj�r�qpq\VYXFq\VY_`ryTYj�TY_vTYs`j�°JXF[psvZhpro�Uj�|Cj�j�R��S²aXF|p_vs`jcl�u�l�TYj���l��Â_vR\n<V�rFl�TWVY[\]^TY[\VYjcrFR\Z�n<XFVY��rFstrFRprFsvu�lW_vl��YNgih\jÂq\VYX���j�]�To� l.°JXFVW¡cX0R*TYh\j9]�X0R\]oj^q\TGlWjolWlW_vX0R®°m_`svsU|Cj9[\lWj�Z®_`R®X0[�V�n<[�TY[\VYjÂ°JXyVW¡®rFlGr|,joR\]�hp��ryVW¡*TYXbZ\j�]o_vZ\jJTYh\jin<VY[\_vTYn<[\s`R\jolWlÓXFn:ryq\q8s�u�_`R\k È ÝÞ]?rys`]�[psv[\l�rFl�r{��j?ryRplÓn<XFVÓZpXF_`R\k]oXFRp]�j^qpTY[prFsprFRprFs�u�lW_`l�_vRÃr{q\VYjo]�_`lWjw��rFR\R\j�VoüUV�ryTYh\j^V�TYhprFRBTYh\jw]�X0����XFR�_v�Bq\VYjo]�_`lWji°irouZ\X0R\jc_vR�lWX0n<TS°ir�VYjcjoR\k0_vRpj�j^VY_`R\k\N

���������! 	"�#%$�&'��()&*"��,+
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Application-awareness (collaboration)

(no system support) (no changes to applications)
Laissez-faire Application-transparent
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