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:<;>=9?A@CBDB&E�F�GIHKJ�E�LNMPO*QSRTOUR�MSVXWZYCM[Y]\^V`_�acb<Vd\*V`QeYIaeLNR<\gfhR�ikjlYC\�YCb<VXjkVd\�acmnQoY<jkV`pqRTQSrsmtRTQPa�u*V�W*LNMvaoQoLxw*y�aoVXW
z RTjkO8RT\^Vd\�a�{|w�Y<MSVXW}YCO^O�~�L z YIaeLNR<\�M�LN\7Y�y^w�LN��y�L�aoR<y�Md�[u*V`a�VdQSRTbTV`\*V`RTy�Md�[W���\�Y<j�L z�z R�jkO*y�aeLN\^b�YC\�W z R�j�j�y^{
\�L z YIaeLNR<\!Vd\��^LxQ�RT\*jkVd\�aoMd���|a�Lx\ z ~Ny�W�VXM�\*RCa�R<\�~x��f�R�i�MSV`aoy^O!RTQkfhR�i�O^Q�RI��L�M�LNR<\�W^y^QoLx\*b>YC\�YCO*O*~�L z Y�aoLNR<\���M
Q�y^\^{KaeL�jkVT�*w^y^a�YC~�MSRgf�R�iDO^Q�RTb<QeYCjlj�Lx\*bZYC\*W z RTj�O*L�~�Y�aeLxRT\DmnRTQ�W*LN�UVdQSVd\�a�YCO*O*~�L z Y�aoLNR<\�W^RTjlY<LN\*M�W^y^QoLx\*bgY�\
YCO^O�~NL z YIaeLxRT\DW^V`�TVX~xRTO�jkV`\�aI�

� u^V�Q�VdMva�RTm
a�u*V�QSVdO8R<QSa�L�MhR<Q�b�YC\�Lx�dVdW>Y<MhmtR�~N~NRIp�Md����\�i�V z aoLNR<\�:���pqVsW�VXM z Q�LNw8V�a�u*Vk:C; = fhR�i�i�VdQv�^L z V
YCQ z u*LxaoV z a�y*Q�VT����\�i�V z aoLNR<\}�^��pqV�W�VXM z Q�LNwUVga�u*V�YCO^O�~�L z YIaeLNR<\}fhR�i�jkR�W�VX~[y�MSVXW�LN\�aou*V�YCQ z u*LxaoV z a�y*Q�VT���|\
i�V z aoLNRT\� *��p¡V�O^Q�VdM�V`\�ahaou*V�W�V`aeY<L�~xVXW�Mv�^Mva�VXj¢W�VXM�LNb<\�RTm
a�u*VkY�Q z u�Lxa�V z aoy*QSV�����\�i�V z aeLxRT\�£���pqV�O*QSVXMSVd\�ahaou^V
�v¤�¥}LN\�a�VdQSmKY z VXMd��YC\*W�a�u*V�W^V`aeY<LN~NVXW�LNjkO�~NVdjkVd\�aeY�aoLNRT\*Md�k�|\�i�V z aoLNRT\!¦^��p¡VlW^VdM z QoLxw8Vku*RIp�a�R z RTjkO�L�~xVlYC\*W
V`_�V z y^aoVZaou*V�:<; = f�R�i§i�VdQv�^L z VDLN\§Y¨W^L�MvaoQ�LNw*y�aoVdW z R�jkO8R<\*V`\�a�{©wUYCM�VdW�V`\��^LxQ�R<\�jkVd\�aI���|\7i�V z aeLNR<\}ª���pqV
W^VdjkRT\�Mva�QeY�a�V«u^RIp}aou^V�:C; = f�R�ili�V`QS��L z V z Y�\lwUV�W^VdO*~NRX��VXW�Lx\gY�\ZY z aoLx�TV�MSOUY z V����|\�i�V z aeLNR<\Z¬��TpqVhW*LNM z y�M�M
aou^V�QSVX~­YIaoVdW�p¡R<Q�r8�c®�LN\UYC~�~�����LN\>i�V z aeLxRT\�¯���p¡V�~NL�MvaAaou^V]p¡R<Q�rg\*V`VXW�VXW�a�R�wUV z R<\�aoLN\�y^VXW��

° ±�²´³¶µ¸·]¹º¹�»�->¼3(846» ½¾-046¿À(*+.»}46+.2Á-�»

� u^VZ:<;>=6fhR�i�i�V`QS��L z V�YCQ z u*LxaoV z a�y*Q�V z RT\*M�L�MvaeM�R<mca�p¡RDO^uUY<MSVdMXÂ«aou^V�ÃCHtÄÆÅnF�H©ÇÆÈ*Å|EoÃ�Je@CÉ�ÊUHÌËxÍTÅnH©@�Î�ÊUÏ�ÍCÄdE�YC\*W
aou^V�F�È�Î�ÐÑÅnHnÉZE�HtÎ�Ä�Å©ÍCÎUÅnH©Í<ÅnH©@CÎgÊUÏ�ÍCÄ`EÆ�

� u^VZÃCHtÄÆÅnF�H©ÇÆÈ*Å|EoÃlJe@CÉ�ÊUHÌËxÍTÅnH©@�ÎlÊUÏ�ÍCÄdE�O*QSRI��L�W^VdMqa�u*V�O^Q�R<bTQeYCj�jlLx\*b�Vd\��^LxQ�RT\*jkVd\�a«Y�\�WZaou*V�f�R�i z RTjkO�Lx{
~­YIaeLxRT\kp�u*L z ulu*Vd~NOgY�\�Y�O*O*~�L z Y�aoLNRT\�W^VÆ��VX~xRTOUVdQPa�R�W^VÆ��VX~xRTOgY�f�R�i�{�Ydp«Y�Q�V�YCO^O�~�L z YIaeLNR<\lLx\gW^LN�8V`Q�V`\�a[W^RTjZYCLN\*M
LN\�aoR�a�u*VZu*VÆaoV`Q�RTb<Vd\^VdRTy*Md��Y�\�W!y^w�L���y�L�aoRTy*M�W*LNMSa�QoLxw*y^a�VXW z RTj�OURT\^Vd\�aS{|w�Y<MSVXW!Mv��MSa�VXj�M�MS��MvaoVXjlYIaeL z Y<~N~x��YC\*W
VIYCM�L�~x��� � u*V�W^L�MvaoQ�LNw*y�aoVdW z RTj�O*L�~�Y�aeLxRT\gO*u�Y<MSV�bTVd\^VdQoY�aoVdMqa�u*V�jkV`aeY�W�YIa�Y�p«u�L z uDu^VX~xO�MqaoRsQ�VdW^y z V�aou*V]RX��V`QS{
u*VXY<W�RTm[f�R�i�MSV`a�y*O*M z R<Q�QSVXMSO8R<\�W*Lx\*bla�R�W*Lx�8V`Q�Vd\�a z R<\�MvaoQoY<LN\�aeMd�UYC\�W¨f�R�i�Y<W*YCO�a�Y�aoLNR<\�M z R<Q�QSVXMSO8R<\�W*Lx\*bla�R
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f�R�i��^LxR�~­YIaeLxRT\��qy�MSV`Qgj�R<w�LN~�Lxa����AY�\�W z uUYC\^bTVdMlRTm]y�MSV`QZO*Q�V`mnV`Q�Vd\ z VT�¡V`�8V z aeL���VX~���� � u*V�F�È�Î�ÐÑÅnHnÉZE�HnÎ*Ä�Å©ÍCÎ�Ð
ÅnH©Í<ÅnH©@CÎ�ÊUÏ�Í�ÄdE�Lx\�Mva�Y�\�aoL­Y�a�VXM�Y�W^L�MvaoQ�LNw^y^aoVdW z R�jkO8R<\*Vd\�a�{©wUY<MSVdW}YCO*O*~�L z Y�aoLNR<\}LN\�a�R�aou*V�W^L�MvaoQ�LNw*y�aoVdW�\*R�W�VXM
z R<Q�QSVXMSO8R<\�W*Lx\*b�aoR�aou^V�MSy*b<bTVdMSa�VXWljkV`a�Y]W�Y�aeY�bTV`\*VdQoY�a�VXWlW�y*QoLx\*b�a�u*VhW*L�Mva�QoLNw^y^a�VXW z R�jkO�LN~­Y�aoLNR<\lO^uUYCM�VT��YC\*W
aou^VgW���\�Y<j�L zlz R<\�MvaoQoY<LN\�aeM�MSy z u�Y<M z y*QSQ�Vd\�a�QSVXMSRTy^Q z V�Y`�TY<LN~­Y�w�L�~NLxa�����aou*VZMSO8V z L�� z fhR�i�QSVX��y*LNQSVXjkVd\�aeMd� aou^V
MSVdQv�^L z V z RTj�OURT\^Vd\�a�~NR z Y�aoLNR<\�Md�*Y�\�Wgaou*V�VÆ_�V z y^aoLNRT\DV`\���LNQ�R<\�jkVd\�aeMAMSy z u�YCM�W*Lx�8VdQSVd\�ahY z aoLx�TV�MSOUY z VXMd�

� u^VkF�È�Î�ÐÑÅnHnÉZE�:<;>=�L�MAY z R�jkOURT\*V`\�aS{|wUYCMSVXW �TaÑpqR<{©aoLNV`QAW^L�MvaoQ�LNw^y^aoVdWgjlLNW*W^~NV`pAYCQSV]Mv��MSa�VXj z RT\*MoLNMvaeLN\^b�RTm
aou^Vg��y�Y<~�L�aÑ��{ÑYdpAYCQSVZQSVXMSRTy^Q z VgjlY�\UYCb<VXjkVd\�aI��YC\�W�aou^Vg��yUYC~�L�aÑ��{�YdpAYCQ�VZMSVdQv�^L z VgjlY�\UYCb<VXjkVd\�akYCM�MSu*RXp�\�Lx\
®�LNbTy^Q�V>Ò<�D�©a�O^Q�RI��L�W�VXM]aou*VZjkV z uUYC\*L�M�j�M�p«u�L z u!u*VX~xO�M]aou^VgW^L�MvaoQ�LNw*y�aoVdW z RTj�O*L�~�Y�aeLxRT\�YC\*W�aou^VZQSy*\^{KaeLNj�V
LN\*Mva�YC\�aeL�Y�aeLxRT\¨aoR�Vd\�MSy^Q�VgYC\�Vd\*W�{KaoR<{©Vd\*W�fhR�i�O^Q�RI��L�M�LNR<\�� � u*V��ÆÈ�Í<Ë HKÅ��<ÐvÍ��[ÍCFeE�FeE�Ä`@CÈ�FoJ�E�ÉlÍCÎ8Í	��E�ÉZEÆÎUÅPLNM
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Runtime Instantiation PhaseDistributed Compilation Phase

Quality−Aware 
Service Management

Quality−Aware
Resource Management

QoS Proxy

®�LNbTy^Q�VlÒ<Â�
AV z RT\��*bTy^QeY�w�~NV�
qRTj�OURT\^Vd\�aS{|w�Y<MSVXW�
Ay*\�{©aeLNjkV�i��^MvaoVdj��©:<; =��

wUYCMSVXWDRT\Daou^V z RT\ z VdO�a�RTm��	�������������! "�#��$%������p�u*L z u�u�Yd�TV�a�u*V z YCO�YCw*L�~�L�aeLxVXM¡RTm a�u*V�fhR�i�{ÑYdpAYCQSV�Q�VdM�R<y*Q z V
O*QSRTw*LN\*b*�qY<W^jlLNM�MoLxRT\ �P\*V`bTR<aoL­YIaeLNR<\��PQ�VdM�V`QS�<Y�aeLxRT\ �qYC~�~NR z YIaeLNR<\��PV`\*mtRTQ z VXjkVd\�aZYC\*W}W�YIa�Y�YCW�YCO�a�YIaeLNR<\�� � u^V
Q�y^\^{KaeL�jkVk:C;¨=���y�Y<~�L�aÑ��{ÑYdpAYCQSV�Q�VXMSR<y*Q z VsjlYC\�YCb<VXjkVd\�a�Q�VX~NLNVdMhRT\�a�u*V�fhyUYC~'&>YC\>MS��MvaoVXj)(xÒ+*�p�u*L z u�W�VX~NLx��{
VdQ�Mhaou^VkYCw8RX��V z YCO�YCw*L�~�L�aeLxVXMhmtRTQ,
.-�/0(�:	*|�&jkVXjkRTQv�>YC\*W�\*V`a�p¡R<Q�r�Q�VdM�R<y*Q z VXMd� � u*V��ÆÈ�Í<Ë HÌÅ��<ÐvÍ��[ÍCFeE�Ä`EÆF�GXH©J�E
ÉlÍCÎ8Í	��E�ÉZEÆÎUÅqy�MSVdMsaou^V�12�43657�#�98;: V`\�aoLxaÑ��a�R�O*Q�RX�^LNW^V z YCO�YCw�LN~�L�aeLNVdMkMSy z u7YCMsaou*V�W*LNMSa�QoLxw*y^a�VXW§MSVdQv�^L z V
z RTjkO8RT\^Vd\�ahLN\*Mva�YC\�aeL�Y�aeLxRT\ ��aou*V�MSVdQv�^L z V z R<\%�*b<y*QoY�aeLxRT\�M�Vd~NV z aeLxRT\ ��aou^V�W���\�Y<j�L z MSVdQS��L z V z R�jkO8R<\*V`\�ah~xR z Y�{
aeLxRT\�W^L�M z RX��VdQv��� a�u*VZQSVXMSRTy^Q z V z R�R<QoW*Lx\UYIaeLNR<\�Y<jkRT\^b>W*LNMSa�QoLxw*y^a�VXW!MSVdQS��L z V z R�jkOURT\*V`\�aoMX�
Y�\�W!a�u*VgMSVdQv�^L z V
z RTjkO8RT\^Vd\�a]Q�V z RT\��*b<y*QeYIaeLxRT\<�Ìmny^\ z aeLNR<\UYC~�YCW�Y�O^a�YIaeLxRT\ � ����\¨a�u*VsmnRT~�~NRXphLx\*b�MSy*w�MSV z aeLxRT\*MX�Up¡V�W�VXM z Q�LNwUV�aou^V
W*LNMvaoQoLxw*y�aoVXW z R�jkO�LN~­YIaeLNR<\DO^uUYCM�V�YC\*W�aou^V�QSy*\^{KaeLNj�V�Lx\�Mva�Y�\�aoL­Y�aoLNR<\DO^uUY<MSV�LN\�jkR�W^V�W�V`aeY<L�~NMd�
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��\Zaou*V]W*LNMvaoQoLxw*y�aoVXW z RTj�O*L�~�Y�aeLxRT\ZO*uUYCMSV���aou*V�jZYCLN\gVd\�aeL�aeLNVdMAYCQSV�?A@CB�Ä|Ê*EoJÆH %[JeÍTÅnH©@�Î�Äe�^Y�\�W�ÃCHtÄÆÅnF�H©ÇÆÈ*Å|EoÃ�?A@CB
Je@CÉ�ÊUHÌËNEÆFÆ�
1 �43 ��5 ���'&)(7�+*-,.& �0/"�AYCQSV«\^VdVXW�VXWkLx\lY�f�R�isj�L�W^W*~xV`p«Y�Q�V�Y�Q z u*Lxa�V z a�y*QSVAwUV z Y�y�MSVARTm�aou^VAmnR�~N~NRXphLN\^b]QSVIYCM�R<\�MdÂ
��Ò � f�R�isMSO8V z L � z YIaeLxRT\�M z R<\*\*V z aoM[Y�\�Vd\�W�{ÑY�O*O�~NL z Y�aeLxRT\sa�R�a�u*VAy*\�W�VdQ�~x�^Lx\*b�f�R�isjlLNW*W^~NV`pAYCQSV'1 �|: � YC\ZYCO^O�~NLx{
z YIaeLxRT\gy�MSVXMAf�R�ilM�OUV z L�� z Y�aoLNRT\*Mca�RkMSO8V z LNm­�ZLxaoM«f�R�ilQ�Vd��y*LNQ�VdjkVd\�aoM21;�K� � aou^V�y*\�W�VdQ�~x�^Lx\*b�f�R�iZj�L�W^W*~NVÆp«Y�Q�V
O*QSRI��L�W^VdMh��y�Y<~�L�aÑ�DRTm�MSVdQS��L z VXM�wUYCMSVXW�RT\�a�u*V�MSO8V z L��^VXW>f�R�i�MSO8V z L�� z Y�aoLNR<\�Md�43«RIp¸a�u*Vkf�R�i�MSO8V z L � z YIaeLxRT\�M
~NR�RTrD~�LxrTV�W^V`O8Vd\*W*M�R<\�a�u*V�W^VXM�LxbT\>Y�\�WDaou*V�RTw65vV z aeL���VdM«RTmPYlMSOUV z L � z fhR�iDj�L�W*W^~NVÆp«YCQSV�YCQ z u*LxaoV z a�y*Q�VT�¡®*R<Q
V`_^Y<jkO�~xV���Lx\�f�y073O*QSR	5vV z a ( �#*�� f�R�i>M�OUV z L�� z Y�aoLNRT\*M�Y�Q�V�MSO8V z L �*VXW��^L�YDY�MSy�Lxa�VkR<mqW^VdM z QoLxO^aeLxRT\�~�YC\^bTyUY�bTVdM
wUYCMSVXW�R<\�YCM�OUV z a�{|R<QoLxVd\�a�VXW�O*QSRTb<QeY<j�j�LN\^b (  �*|����\�f�R�i�&98 (�£	*|��f�R�i�MSOUV z L � z Y�aeLxRT\*M�YCQSVgMSO8V z L �*VXW¨�^L­Y�Y
f�y�Y<~NLxaÑ��R<mci�V`QS�^L z V;:�M�MSy*QoYC\ z V�¥�YC\^bTyUY�bTV �|fhy<:�¥ � p�u*L z u�O^Q�RI��L�W�VXMAaou*V�Y�w�MvaoQoY z aoLNR<\�M«mtRTQ�fhR�iDjlYC\�YCb<V`{
jkVd\�akmtRTQkYC\§Y�O*O�~NL z Y�aeLxRT\�W^V`�TVX~xRTO8V`Q�a�R�MSO8V z LNm­��f�R�i�MSO8V z L�� z YIaeLNR<\�M�mnRTQkY�\}Y�O*O*~�L z Y�aoLNRT\ �¨��\<
=7,
?>@:��
f�R�iZMSO8V z L�� z YIaeLNR<\�M¡YCQSV]MSO8V z L��^VXWl�^L�Y�aou*V�O*Q�VÆ{�W�V��*\^VXWgLN\�aoV`Q�mKY z VdMqRTm�W*Lx�8V`Q�Vd\�a�f�R�iZMSVdQv�^L z VXMqMSy z u�Y<M«f�R�i
jkVXM�MoYCbTLN\*b ( ¦#*|�^YCy*W*LNRBAI��L�W^V`RsMvaoQSVIYCjlLx\*b�M�V`QS��L z V (�ª	*���mKY�y�~xaqa�R�~NV`QeY�\�a 
=7,
?>@: ( ¬�*|��YC\�WZQ�VIYC~x{KaeL�jkV,
=7,
?>@:
( ¯#*|����\�:hbTL�~NRTM¡j�L�W^W*~NVÆp«Y�Q�V2(NÒDC�*��^f�R�iZMSO8V z L�� z YIaeLNR<\�M¡YCQSV�W�V��^\*VXWl�^L­Y�Q�y�~xV`{©wUY<MSVdWDYC\*W�jkVXj�w8V`QoMSu�LxO�mty*\ z {
aeLxRT\*MX����\§f�{ 
4: & O*QSR	5ÑV z a�(xÒTÒ+*��PfhR�i!MSO8V z L�� z Y�aoLNR<\�M�YCQ�VgMSO8V z L��^VXW��^L�Y�y*M�V`Q�y^aoL�~�L�aÑ��mny^\ z aoLNR<\�Md��E u�LN~NV
f�R�i�MSO8V z L�� z YIaeLNR<\�M�YCQSVlM�OUV z L��*VdW�W*LN�UVdQSVd\�ao~x� z RTQSQ�VdM�OURT\*W*LN\^bDaoR�a�u*VXLxQ�Y<M�MSR z L�Y�a�VXW�fhR�i�j�LNW*W*~xV`pAYCQ�VlYCQv{
z u*Lxa�V z a�y*QSV��UfhR�iDMSO8V z L�� z Y�aoLNR<\�M«MSu�YCQ�V]aou*V�mnR�~N~NRXphLN\^b z uUYCQoY z aoVdQ�L�MvaeL z MdÂ ��Ò � a�u*VÆ��YCQSV�YCO^O�~�L z YIaeLNR<\�MSO8V z L � z 1
�|: � aou^V`�¨\^VdVdW>aoQeY�\�M�~­YIaeLxRT\�M�mtQ�RTj aou^VlYCO^O�~�L z YIaeLNR<\�~xV`�TVX~Pf�R�i>O�YCQeYCjkV`aoV`QoM]Lx\�aoR�a�u*Vky*\�W�VdQ�~x�^Lx\*b�Mv�^Mva�VXj
f�R�i�OUY�QeY<jkVÆaoVdQ�M�aoRDV`\�MSy*QSVZf�R�i�O^Q�RX�^L�M�LxRT\�M21 �K� � aou^VXLNQ�Y<M�MSR z L­YIaoVXW�f�R�i>j�L�W*W^~NVÆp«YCQSVlY�Q z u�Lxa�V z aoy*QSVXM]YCQSV
a�YCL�~xRTQ�VdWgaoRXp«YCQ�W�M�OUV z L�� z a���OUV�RTm
YCO^O�~�L z YIaeLNR<\�Md�

� RkO*Q�RX�^LNW^V�Y�f�R�igj�L�W*W^~NVÆp«YCQSV�YCQ z u*LxaoV z a�y*Q�VT��p«u�L z u�MSy*O^O8RTQvaeM�ÃCH F�EÆFeE�ÎUÅ�aÑ��O8VXM¡RTm
f�R�i�{ÑY`p«Y�Q�V�YCO^O�~NLx{
z YIaeLxRT\�Md��LN\Dy*w�LN��y*LxaoR<y�M z R�jkO^y^aeLx\*bsVd\��^LNQSRT\*j�V`\�aoMX��p¡V�LN\�aoQ�R�W^y z V]a�u*V]mtR�~�~xRIp�LN\*bZfhR�igM�OUV z L�� z Y�aoLNRT\*MdÂ �SÒ �
Í�Ê�ÊUË H©JeÍ<ÅnH©@CÎ>Ã�E�Ä`JÆF�H Ê&ÅnHK@CÎG1��|: � Ä`EdÅP@IH�Í�Ê�Ê8Ë H©JeÍTÅnHK@CÎ;HeÈ�Î8JdÅnH©@CÎ8Í<Ë��<F�Í�ÊUÏ�Ä	1 �©� � Ä`E�FÆGXH©J�E]Je@CÉ�Ê^@CÎ&EÆÎUÅ�Ã�EÆÄÆJÆFÆH Ê&ÅnH©@�ÎG1
YC\*W �Ì  � È�ÄdE�F�Å©@lÍ�ÊTÊ8Ë HKJeÍTÅnH©@CÎ�Ð|Ä©Ê�EoJÆH %[J�ÅnFoÍCÎ*Ä�ËxÍTÅnH©@�Î>Å|EÆÉ�Ê8ËxÍTÅ|E�JLK Å©@�M�Å|EÆÉ�Ê8ËxÍTÅ|EON�� � u^VXMSV]f�R�ilMSO8V z L � z YIaeLxRT\�M
YCQSV�Q�V`O*QSVXMSVd\�aoVXWl�^L­Y�Y�MSV`a¡RTm�V`\�aoLxaeLxVXM z RTjkO*QoLNM�LN\*bkYkfhR�i�{ÑYdpAYCQSV�YCO^O�~�L z YIaeLNR<\ZÊUF�@+�CFoÍCÉsÉkHtÎ9�ZEÆÎ*GXHnFo@�Î�ÉZE�Î8Å
mnR<Q�Y�\9Y�O*O*~�L z Y�aoLNRT\6W^VÆ��Vd~NRTOUVdQ�aoR�W�V`�TVX~NR<O¸Y�\¸YCO^O�~NL z YIaeLxRT\.phLxa�u9f�R�i z R<\�M�L�W�VdQeYIaeLxRT\�MDMv�^MvaoVdjZYIaeL z Y<~N~x�
YC\*W�P^V`_^Lxw�~��¨W^y*Q�LN\^bDaou^VlW^L�MvaoQ�LNw*y�aoVdW!f�R�i z RTj�O*L�~�Y�aeLxRT\¨O*u�Y<MSV�� � u*V�O*QSRTO8RTMSVXW�fhR�i>M�OUV z L�� z Y�aoLNRT\*M�YCQSV
V`_�aoV`\�W^VdW�w8V`�TRT\*W�YDM�OUV z L�� z a���O8V�R<m«Y�O*O*~�L z Y�aoLNRT\*Md� � u*VÆ�!YCQSVlO*QSRTbTQoY<j�jlYCw*~NV�V`\�aoLxaeLxVXM�p�u*L z u�Y�Q�V z y�Mv{

�



aoRTj�LN�IY�w�~xVsaoR�MSO8V z L � z Y�O*O*~�L z Y�aoLNRT\*Md� � u*V /«a�R':3a�VXjkO�~�Y�a�V�u*Vd~NO*M]aou^VZW^L�MvaoQ�LNw^y^aoVdW�fhR�i z RTj�O*L�~�Y�aeLxRT\¨a�R
O8V`Q�mtRTQoj5W^LN�8V`Q�V`\�a«a�QeY�\�M�~­YIaeLNR<\�M@P^V`_^Lxw�~��DYC\�W�Y�O*O*QSRTO^QoL­YIaoVd~x���
� &��D,#�.&� "� ,	���<1 �43 ����� 5�&�� *-,.& �0/��
	 * ���sL�MP\*V`VXW�VXW�w8V z YCy*M�VhYCO*O*~�L z Y�aoLNR<\�MPLN\gY]y*w*L���y�Lxa�RTy*MX�Tu�LxbTu*~x�kW���{
\UYCj�L z ��W*LNMvaoQoLxw*y�aoVXWZVd\���LNQSRT\�jkV`\�aeMAj�LxbTu�aAQ�Vd��y*LNQ�V]W*Lx�8V`Q�Vd\�a�W^Vd~�Lx�TVdQv�gmtRTQoj�Md��W*LN�UVdQSVd\�ahf�R�iZa�QeYC\*M�~­Y�aoLNR<\�Md�
MvaoQSy z a�y*QSVXMcYC\*W�OUY�QeY<jkVÆaoVdQ�Md��3«Vd\ z V��<p¡V«\^VdVXWsaoR�V`_^Y<j�LN\^V��CaoQoYC\�M�~�Y�aoV �©Y�\�W�MSR�jkV`aoL�jkVXM
V`��V`\lLN\�Mva�Q�y�jkV`\�a �
aou^VgYCO^O�~NL z YIaeLxRT\�YC\*W �^\�W�RTy^a�aou*V�f�R�i�QSVX~�Y�aeLxRT\*M�MSR�a�uUY�a�p�u*V`\!a�u*VgY�O*O*~�L z Y�aoLNRT\�V`\�aoV`QoM]aou^VZQSy*\^{KaeLNj�V
O*u�Y<MSV�phLxa�u¨a�u*VsbTR�Y<~ a�R�Y z u�LxV`�TV�Y�fhR�i z RT\�a�QeY z aI�8a�u*VsVd\*W�{©a�R<{©Vd\�W�f�R�i�LN\*Mva�YC\�aeL�Y�aeLxRT\ z Y�\�wUV�W�RT\^VkV`mt{
� z LNV`\�ae~���� � u�LNM�L�M�M�LNjlLN~­Y�Q�aoRZaou^Vk~�YC\^bTyUY�bTV z RTjkO�L�~�Y�aoLNRT\ z RT\ z VdO�a�p�u*V`Q�VkYC\�YCO*O*~�L z Y�aoLNR<\>M�R<y*Q z V z R�W^VsLNM
RTO�aeLNjlLx�dVdW�Y�\�WsaoQoYC\�M�~�Y�aoVdWkLN\�aoR�Y�\�R<w-5vV z a z R�W�V«w���aou^V�~�YC\*b<yUY�bTV z R�jkO�LN~NV`QX�TMSR�aouUYIa[W�y*QoLx\*b]aou^V«QSy*\^{KaeLNj�V
p¡V�b<V`a«Y�u�LNb<u�~��ZR<O^aoL�j�LN�`VXWgYC\*WZu�LNb<u^{©O8VdQSmnR<QojlYC\ z VhO*QSRTb<QeY<j�� � u*V�W*LNMSa�QoLxw*y^a�VXW�f�R�i z R�jkO�LN~NVdQd��M��<RTw65vV z a
z R�W^V
�hL�M y*MSVXW�w��]a�u*V[QSy*\^{KaeLNj�V[Mv�^MvaoVdj mnR<Q�M�VÆaoy^O�RTm^Vd\*W�{KaoR<{©Vd\*WsfhR�i�{ z RTj�O*~�L�YC\�a�OUY�a�u�Md�<f�R�i�W^V`bTQoY<W�YIaeLxRT\
W^y^QoLx\*b�Q�VdM�R<y*Q z V P^y z aoyUYIaeLxRT\���R<QhYCO*O*~�L z Y�aoLNR<\DQ�V z RT\��*bTy^QeYIaeLNR<\ z R<Q�Q�VdMSO8RT\*W*Lx\*bka�Rkaou*V z u�YC\*b<VXMARTm
Mv�^Mva�VXj
Q�VdMSRTy*Q z V�Y`�TY<LN~­Y�w�L�~NLxa���� aou^V z u�YC\*b<VXM�R<mAV`_�V z y�aeLNR<\�V`\���LNQ�R<\�jkVd\�aeM�MSy z u�Y<M�M�V`QS��L z V z RTjkO8RT\^Vd\�asjkRTw*L�~NLxaÑ���
YC\*W�M�V`QS��L z V z R�jkO8R<\*V`\�a�j�LNb<QeY�aoLNR<\���RTQ¡aou^V z u�YC\^bTVXM«Lx\�y�MSV`Q�O^Q�V`mnVdQSVd\ z V��

QoS Compiler
     Phase III

QoS Compiler
     Phase II

DB

QoS Compiler
     Phase I

QoS Specifications

Specific  Functional Graphs

Specific  Functional Graphs from Phase II
with resource requirements

Specific  Functional Graphs

Service Component Descriptions
Application QoS Specifications

with Pre−requisite system component 
associations

Translation Template

®�LNb<y*Q�V�:�Âcf�R�i�
[R�jkO�LN~NVdQ &�R�W^Vd~

� u^VlW*LNMvaoQoLxw*y�aoVXW�f�R�i z RTj�O*L�~xVdQ]j�R�W^Vd~ z RT\�M�LNMSaoM�RTmca�u*Q�V`VkO*u�Y<MSVXM�Y<M�MSu^RIp�\�Lx\!®
LxbTy^Q�VZ:�� � u*VkO^Q�VÆ{
�^LxRTy*Mo~���W�VXM z Q�LNwUVXW¨f�R�i�M�OUV z L�� z Y�aoLNRT\*M���YCQSV�a�u*V��eÄ`@CÈ�FoJ�EkJe@XÃ�E���R<m�aou^V�W*LNMSa�QoLxw*y^a�VXW>f�R�i z RTjkO�L�~xVdQd� � u^V
ÃCHtÄÆÅnF�H|Ç�È*Å|EoÃ�?«@�B�Je@CÉ�ÊUHÌËxÍTÅnH©@�Î�L�M[aou^Vd\�O8VdQSmnR<QojkVXWgR<\�a�u*V�fhR�igMSO8V z L � z YIaeLxRT\�M¡YCM¡mnR�~N~NRXphMdÂ.� -�uUYCMSV]� � f�R�i
z RTjkO�L�~xVdQ¡aoQeY�\�M�~­YIaoVdM�fhR�iDMSOUV z L � z Y�aeLxRT\*M«LN\�aoRlMSO8V z L�� z mny*\ z aoLNRT\�Y<~&b<QeYCO^u�M21�� -Pu�Y<MSV���� � fhR�i z R�jkO�LN~NVdQ�Y<Mv{
MSR z L­Y�a�VXM�VIY z u�MSO8V z L�� z mty*\ z aeLxRT\�Y<~�bTQeY�O*usp�Lxaousa�u*VAO^Q�V`{©Q�Vd��y�LNM�LxaoV¡MS��MvaoVXj z R�jkO8R<\*V`\�a��ÌM � YC\*W�aou*VdLNQPMv�^Mva�VXj
~NVÆ��Vd~&fhR�i�O�YCQoY<jkV`a�VdQoMcw�Y<MSVXWlR<\�Y]aoQoYC\�M�~�Y�aeLxRT\ZjkR�W^Vd~ 1�� -Pu�Y<MSV����S� � f�R�i z R�jkO�LN~NV`Qca�QeYC\*M�~­Y�a�VXMcmtQ�R�j z R�js{
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O�LN~NVdW�MSO8V z L�� z mty*\ z aeLxRT\UYC~cbTQoYCO*u*M �©Y z ��y�LNQSVXW�LN\�O^uUYCM�V��S� � Lx\�a�R>Q�VdMSRTy*Q z VZQ�VX��y�LxQ�VXjkV`\�aeMd��YC\*W�b<Vd\^VdQeYIaoVdM
Y�W*Y�a�Y�MvaoQSy z aoy*QSV z RT\*M�L�MvaeLx\*b�RTmha�u*V�a�QeYC\*M�~­Y�a�VXW�Q�VXMSy*~xaeMlYCMoMSR z L­YIaoVdW�phL�aou§aou^V�YCO*O*~�L z Y�aoLNR<\�W^VdM z QoLxO^aoLNRT\
YC\*W§MSVdQS��L z V z R�jkO8R<\*Vd\�a�W^VdM z QoLxO^aoLNRT\*M�YCMsa�u*V �eFeEoÍ�Ã��<ÐÑÅ©@CÐ|È�ÄdE�� J��d@�Ç � EoJXÅ�Je@IÃ�E���N>HtÎ�HÆ@CF�ÉZÍ<ÅnH©@CÎ��cM�R z YC~�~xVXW
�C?«@CB���B<Ê*EoJ ��� � u*VsfhR�i�
«i�OUV z u^VX~xO�MAa�u*V�V`\�W�{KaoRC{|Vd\*W�fhR�iDLN\�MvaeYC\�aoL­YIaeLNR<\�aoR�w8V�W^RT\^V�V�� z LNVd\�ae~���W^y*Q�LN\^b
aou^V�Y�O*O�~NL z Y�aeLxRT\DQSy*\^{KaeLNj�V�Lx\�Mva�Y�\�aoL­Y�aoLNR<\��

� u^V�?«@CB�Je@CÉ�ÊUHÌËNEÆFqÊ�Ï�ÍCÄ`E���LNMALN\�a�Q�R�W^y z VXWZaoRsbTV`\*VdQoY�a�V�Y<~N~&OUR�M�M�LNw�~xV z RTjkO8R�M�L�aeLNR<\�M � z RT\��*bTy^QeYIaeLNR<\�M � �
RTmcYC\¨YCO*O*~�L z Y�aoLNR<\��8Y<M�YC~xaoV`Q�\�Y�aeL���V�W�VX~�L���V`QS��mnR<Qoj�M z RTQSQ�VXMSOURT\�W^LN\^bZaoRlaou^V�Q�y^\^{KaeL�jkV�Lx\�Mva�Y�\�aeL�Y�aoLNRT\ ��M z R<\^{
MvaoQoY<LN\�aeM
MSy z ukY<M
Q�VdMSRTy*Q z V«Y`�TYCL�~­Y�w�LN~�Lxa�����VÆ_�V z y^aoLNR<\sVd\��^LNQSRT\*j�V`\�aPYC\*Wsy*MSVdQ
O*Q�V`mnV`Q�Vd\ z VT� � u^VhfhR�i z R�jkO�LN~NVdQ
O*u�Y<MSVl��L�M�w�Y<MSVXW�RT\�a�u*V�bTV`\*VdQ�L z MSVdQv�^L z V z R�jkO8R<\*Vd\�aeMd�8aÑ��O8VlMSy*w*MSaoLxa�y^aeLxRT\*MX��Y�\�W�a�u*VlLN\�aoVdQv{ z R�jkO8R<\*Vd\�a
f�R�i z RT\*M�L�MvaoV`\ z � z u*V z r&�

� u^V�?«@CB6Je@�É�ÊUHnË�E�F�ÊUÏ�ÍCÄ`E��	�!LNMkLN\�aoQ�R�W^y z VXW�aoR�MSy^O*O8R<QSagfhR�i�O*QSRI��L�M�LNR<\�MkLN\§W*Lx�8V`Q�Vd\�aZY�O*O*~�L z Y�aoLNRT\
W^RTjlY<LN\*M �ÌVT� b*�]j�y�~�aeLNj�VdW*L�Y^�8jkVdMoMoY�b�LN\^b � p«u�L z u¨uUY`��VkW^LN�UVdQ�V`\�a]MSVXjlYC\�aeL z MhR<m¡f�R�i�Q�Vd��y*LNQ�VdjkVd\�aoM�LN\�aou^V
y*\*L��^VXW�f�R�i!j�L�W^W*~xV`p«Y�Q�VlmnQoY<jkV`pqRTQ�r8���|akY�y^a�R�jlY�aoL z YC~�~���W^V z L�W�VXM�Y�\§YCO^O*QSRTO*Q�L­YIaoVgMSV`a�R<m«MS��MvaoVXj z R�js{
O8R<\*V`\�aeM �nV�� b��gQ�VXMSR<y*Q z VZw*QSRTrTV`QoMd��j�L�W*W^~NVÆp«YCQSV�f�R�i�MSVdQS��L z VXM � YC\*W�aou^VXLNQ�MSy�L�a�YCw*~NV�fhR�i�O�YCQeYCjkV`aoV`QoM�mnR<Q
YC\DYCO*O*~�L z Y�aoLNR<\gmny^\ z aeLNR<\UYC~8b<QeY�O*u z RTQ�QSVXMSO8R<\�W^LN\*b�aoR�a�u*V]YCO^O�~�L z YIaeLNR<\�~NV`�TVX~�f�R�ilOUY�QeYCj�VÆaoV`QoM¡MSO8V z L �*VXWgLx\
aou^VsY�O*O*~�L z Y�aoLNRT\ ��M /AaoR+:9aoVXjkO*~­Y�a�V�� � u*VkfhR�i z RTjkO�L�~xVdQ�O^uUYCM�V����¡L�M�w�Y<MSVXW�RT\�a�u*V�O*QSV`{|QSVX��y�L�M�L�aoV�Mv�^Mva�VXj
z RTjkO8RT\^Vd\�ahY<M�MSR z L�Y�aoLNRT\�Y�\�Wgaou*V z R�W^V�Lx\�MvaoQSy�jkVd\�a�YIaeLNR<\��

� u^V>?«@�B�Je@CÉ�ÊUHnË�E�FAÊUÏ�Í�ÄdE
�	�	�ZL�M«LN\�aoQ�R�W^y z VXW�a�R�a�QeY�\�M�~­YIaoV]aou^V�YCM�M�R z L�Y�aoVdW z RT\%�^bTy^QeY�aoLNR<\�MAbTV`\*VdQoY�a�VXW
LN\¨O*u�Y<MSVk����LN\�a�RDW*LNMvaoQoLxw*y�aoVXW>MS��MvaoVXj¢Q�VdMSRTy*Q z VsQ�Vd��y�LxQ�Vdj�V`\�aoMX���|a�L�M]W^VXY<~NLN\*bZphLxa�u z R�R<QoW*Lx\UYIaeLNR<\�Y<jkR<\*b
W*LNMvaoQoLxw*y�aoVXW�Q�VdMSRTy*Q z V�w*Q�R<rTV`QoMd�UQSVXMSRTy^Q z V�\^Vdb<R<aeL�Y�aoLNRT\ �8YC\*W�Q�VdMSRTy*Q z V�a�QeYC\*M�~­Y�aoLNR<\�� � u*L�MhO*u�Y<MSV�L�Mh\*V`VXW�VXW
aoR�Vd\*MSy*Q�V�YC\¨Vd\*W�{KaoR<{©Vd\*W�f�R�i�bTyUY�QeY�\�aoV`VsmnQSR�j¢a�u*VsQ�VXMSR<y*Q z VkO^Q�RX�^L�M�LxRT\¨OUR�LN\�a]RTmP�^LxV`p�����R<a�Vsa�uUYIa�aou^V
Q�VdMSRTy*Q z V�a�QeY�\�M�~­YIaeLNR<\!LN\!R<y*QsfhR�i�jlLNW*W�V`p«Y�Q�VgY�Q z u�Lxa�V z aoy*QSV�Q�VX~NLNVdM�RT\�aou^VlRTO�aeL�j�LNMSaoL z YCMoMSy*j�O�aeLxRT\�aou�Y�a
LxaoMcQ�VdM�y*~xaqLNMPaou^V�j�LN\*L�j�y�j Q�VXMSR<y*Q z VhQSVX��y�LNQSVXjkVd\�aeM�aoR�Lx\�Mva�Y�\�aeL�Y�a�V�Y z R<\%�^bTy*QoY�aoLNRT\ �
��m8aou^V]fhR�is��LNR�~�Y�aoLNRT\
R z`z y^QoM]W^y^V�aoRgaou^V z uUY�\*bTVdM�R<mcQ�VdMSRTy*Q z V�Yd�<Y<L�~�YCw*L�~�L�aÑ���Ua�u*VlfhR�i>Y<W*YCO^aeY�aoLNRT\*M�p�L�~N~ a�Y�rTVsO*~­Y z V�� � u*Vlf�R�i
z RTjkO�L�~xVdQAO^uUY<MSV������[L�M¡wUY<MSVdW�R<\Da�u*V�Y�\UYC~x��aoL z Y<~UaoQeY�\�M�~­YIaeLxRT\��*Y�\�Wgaou*V�W*LNMSa�QoLxw*y^a�VXW�O^Q�RTw*LN\^b�O*QSR<a�R z RT~©�
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� u^V �#��/�� ,�&�� �$& /"� ,L*</0,.&)*-,.& �0/�L�MhuUY�\�W^~NVXW�w���a�u*VgF�È�Î�ÐÑÅnHtÉgE]:<;>=}w�Y<MSVXW�RT\6?A@CB���B<Ê�EoJ�bTV`\*V`QeY�a�VXW�w��
aou^VgfhR�i z R�jkO�LN~NVdQd� � u^VlQSy*\�{©aeLNjkV�LN\�MvaeYC\�aoL­YIaeLNR<\�\^VdVdW*M�aoR�O*QSRI��L�W^V ��Ò � Y}?«@�B�Ä`E`ÅnÈ�Ê>O^Q�RCaoR z R�~
mnRTQ�aou^V
YCO^O�~NL z YIaeLxRT\�� M�M�VÆaoy^O!RTm¡V`\�W�{©aoRC{|V`\�W�f�R�i�b<yUYCQoYC\�aoVdVdM�Y zdz RTQoW^LN\^b�aoR�MSOUV z L �*VdW�y�MSVdQ�f�R�i�~NVÆ��Vd~�Md��YC\*W �©: �
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Í�Ã�ÍeÊ&Å©ÍTÅnH©@�Î�Ä`EÆF�GXH©J�E�ÄPW�y*Q�LN\*b�aou*V]YCO*O*~�L z Y�aoLNR<\�M[VÆ_�V z y^aoLNR<\DLx\ z Y<MSV�R<m Q�VXMSR<y*Q z V P*y z aoy�Y�aeLxRT\ ��y*MSVdQAjkRTw*L�~NLxaÑ���
YC\*W z uUYC\^b�Lx\*b�RTm[y�MSV`Q�O*QSVdmtVdQ�V`\ z V�� � u^VdQ�VlYCQSVsaou*QSVdVkO^uUY<MSVdM�W^y^QoLx\*b�aou^VgfhR�i>MSV`a�y*O�Â�Ä`EÆF�GXH©J�E�Ê^@<Ë �CÉl@CFÆÐ
ÊUÏ�HtÄeÉk��Ä`E�FÆGXH©J�E�ÃCHtÄ`Je@�GTE�F �<�*Y�\�W�Ä`EÆF�GXH©J�E]FeE�ÄdE�F�G<ÍTÅnHK@CÎ��

B&EÆF�GXH©J�EcÊ^@<Ë �CÉZ@�FÑÊ�Ï�HnÄoÉ (NÒ`��*8L�McW^VIYC~�Lx\*b�phLxa�ugMSV`QS�^L z V z RT\��*bTy^QeYIaeLNR<\ZMSVX~xV z aoLNR<\����|a z R<\�MSy�~�aeM�aou*V�f�R�i%
c{
i�OUV z QSVdO8RTM�LxaoR<QS�sa�R�bTVÆaAYC~�~*O8R�M�M�LNw*~NV z RT\��*bTy^QeYIaeLNR<\�M z R<Q�Q�VdMSO8RT\*W*Lx\*b�aoRsY]y�MSVdQ[QSVX��y^VXMva[mnRTQqYC\�Y�O*O*~�L z Y�aoLNRT\
z R<\�MvaoQoY<Lx\*VXW�w��sY�QSVX��y^VXMvaoVdWsy*MSVdQcf�R�i�~xV`�TVX~©��V`_�V z y^aeLxRT\sV`\���LNQ�R<\�jkVd\�aI�TY�\�W z y*QSQ�V`\�a�Q�VXMSR<y*Q z V�Y`�TYCL�~­Y�w�LN~�Lxa����
� u^V�M�V`QS��L z V]O8RT~x�^jkR<Q�O*u*L�M�j���a�u*V`\��*MSVd~NV z aeMqaou*V]w8VdMSa z R<\%�*b<y*QoY�aeLxRT\�Y<jkRT\^bkaou^V�Q�V`a�y*QS\*VXW z R<\%�*b<y*QoY�aeLxRT\*M
mnQSR�j,a�u*V�Q�V`O8RTMoL�aoR<QS���P��m aou^V�MSVd~NV z aoVdW z RT\��*b<y*QeYIaeLxRT\ z R<\�M�L�MvaeMAR<mPY�\�y*\�W�V��^\*VXW�~xR z YIaeLxRT\ �ÌW^V �*\*VdWDw��gaou^V
phLN~�W z YCQ�W ��� � � mnR<Q�YhMSO8V z L�� z MSVdQv�^L z V z RTj�OURT\^Vd\�aX�Iaou^V�ÄdE�F�GIHKJ�E«ÃCHnÄÆJe@CG<EÆF � (NÒ� �*�phLN~�~�w8VAY z aeLx�<Y�a�VXW�aoR�W*LNM z RI�TVdQ
aou^V�MSO8V z L�� z MSVdQv�^L z V z R�jkOURT\*V`\�aX��M�w8VXMva�~NR z Y�aoLNR<\�� E u*V`\�M�OUV z L�� z MSVdQv�^L z V z R�jkO8R<\*V`\�aeM�Y�Q�V�MSV`a�LN\¨a�u*VdLNQ
~NR z YIaeLNR<\�M��nV�� b����*W*L�Mva�QoLNw^y^a�VXW�a�Y�Q�bTVÆah\*R�W^VdM � �*a�u*V`\�aou^VZÄ`EÆF�GXH©J�E�FeE�ÄdE�F�G<ÍTÅnHK@CÎ (xÒX£	* mnRTQ«aou^V�Vd\*W�{KaoR<{©Vd\*W>f�R�i
O*QSRI��L�M�LNR<\�L�M¡a�Y�rTVd\DO�~�Y z VT�

¤�y^QoLx\*bZa�u*V�Q�y*\�{©aoL�jkV�Lx\�Mva�Y�\�aoL­Y�aoLNR<\���LNm
aou^VkY`�TY<LN~­Y�w�~NV�Mv�^MvaoVdj´QSVXMSRTy^Q z VdM P^y z a�yUYIaoV���RTQ�aou*V�y�MSVdQ�p�u^R
L�M[aou^V�RIp«\*V`Q¡RTm a�u*V�QSy*\^\�LN\^b�YCO^O�~NL z YIaeLxRT\�jkRX��VXMd��RTQ z u�YC\^bTVXM[u�L�M AIu*VdQ«f�R�iZ~NVÆ��Vd~8O^Q�V`mnVdQSVd\ z V���a�u*V]MSVdQv�^L z V
O8RT~x��j�R<Q�O^u�L�M�j6p�L�~N~�MSVX~xV z a�a�u*Vc\*VÆ_�a w8VXMva z R<\%�*b<y*QoY�aeLxRT\*M�YCj�R<\*b«aou^V[O^Q�V`��LNR<y�M�~x�]QSV`a�y*Q�\^VXW z R<\%�*b<y*QoY�aeLxRT\*MX�
YC\*W�a�u*V�QSVXMvaeLx\*blMvaoV`O�M«Q�VdOUVIYIaI�@3�V`\ z VT�[?A@CB���BTÊ*EoJ�u*Vd~NO�M¡aou*V�Q�y^\^{KaeL�jkV�Mv�^MvaoVdj,aoR�Q�VXW�y z V�aou^V�RI�TVdQ�u^VIYCW
RTm]QSy*\�{©aeLNjkV>Lx\�Mva�Y�\�aeL�Y�aoLNRT\ �[aoR�V`\�MSy*QSV�aou^V>Vd\*W�{KaoR<{©Vd\*W fhR�i§O*QSRI��L�M�LNR<\��«YC\*W�a�R�Y<W�Y�O^aDY�O*O*QSRTO^QoL­YIaoVd~x���
E u�LN~NV«p¡VhO*QSRTOUR�MSV�a�u*VhQSy*\^{KaeLNj�V�LN\�MvaeYC\�aoL­YIaeLNR<\ZY<MqW�VXM z Q�LNwUVXW �Ta�u*V�f�R�i%
«i�O8V z L�Mcb<Vd\^VdQoL z ��VÆ_�O*QSVXM�M�Lx�TV�YC\*W
LN\*W^V`O8Vd\*W^V`\�aI��¤�Lx�8V`Q�Vd\�a�Q�y^\^{©aoL�jkVDLN\�MvaeYC\�aoL­YIaeLNR<\�j�V z u�YC\�LNM�jlM z Y�\}W^V`O�~NRX��aou^V z R�jkO*L�~NVdW�LN\^mnR<QojlY�aoLNRT\
�|fhR�i�
«i�OUV z � LN\�aou^VXLNQ«Mv�^MvaoVdjlM@P*VÆ_^LNw*~x���

� ½�������(84 ½}+7(8/9) µ¸·�¹�� /913»	�

Qin QinQout Qout Qout

RB RB RBRB RB RB RB

2 n

RB: Resource Broker
SCD : Service Component Description 

y y
Qin

1y

iy : Service Componenti

ii

SCD SCD SCD1 2 n

®
LxbTy^Q�V���Â � Y<MSr�{ P*RIp &�R�W�VX~

� u^V¨Y�O*O�~NL z Y�aeLxRT\.f�R�i}jkR�W^VX~«LN\�R<y*Q�:<;>=3f�R�i7i�VdQv�^L z V>YCQ z u*LxaoV z a�y*Q�V�LNMlw�Y<MSVXW}RT\}aou^V�a�YCM�r�{�P^RIp

¦



jkR�W�VX~©� � u*V�a�Y<MSr�{�P*RXp z R<\�M�L�MvaoM�RTm[MSVX��y^Vd\ z VXMhRTm[M�V`QS��L z V z R�jkOURT\*V`\�aoM���� z RTjkO*QoLNM�LN\*bZaou*VkYCO*O*~�L z Y�aoLNR<\���M
mny^\ z aeLNR<\UYC~�bTQoYCO^u�� p�u^VdQSVZVXY z u!MSVdQv�^L z V z RTj�OURT\^Vd\�a�LNM�W^VdM z QoLxw8VXW�w��!Y�MSVdQv�^L z V z R�jkOURT\*V`\�a�W^VdM z QoLxO^aoLNRT\
�����	�
� � �8Y�\�W z RT\*M�L�MvaeM«RTm�Lx\*O^y^a���yUYC~�L�aÑ���TV z a�RTQ ������
 � �ULx\�aoV`Q�\�Y<~�MSy*O^O8R<QSaeLx\*bZ��y�Y<~�L�aÑ���TV z aoRTQ�������
�� � �UYC\*W
RTy�aoO^y^a���y�Y<~NLxaÑ���TV z aoRTQ ���	��� � ��� ��:ÁMSVdQv�^L z V z RTj�OURT\^Vd\�aX��M������ � z YC\�wUVlW^VdM z QoLxw8VdW¨w��>a�u*V�MoY<jkV�MSVdQv�^L z V
z RTjkO8RT\^Vd\�aI��M�� ��
 Y�\�W�� ��
�� Y<MAmnRT~�~NRXphMdÂ

��� ���� �"!$# ����� ���
&% ��� ���
�� � �SÒ �

8cY z u�M�V`QS��L z V z R�jkOURT\*V`\�a�Q�Vd��y*LNQ�VdMhj�y*~xaeLxO�~xV�QSVXMSRTy^Q z VXMhY<~�~xR z Y�aoVdWDw��DQSVXMSRTy^Q z V�w*QSRTr<VdQoM�� 
?>qM � Y<M�M�u^RIp«\
LN\�®�LNb<y*Q�Vk��� :�mtaoV`Q�LN\�a�Q�R�W^y z LN\^bZaou^V�:<;>= fhR�i¨i�VdQS��L z VsmtQ�RTj´a�u*VkYCQ z u*LxaoV z a�y*QeYC~ OUR�LN\�a�RTm��^LxV`p�����\�aou^V
mnRT~�~xRIphLx\*b�MSV z aeLxRT\���p¡V�W�VXM z Q�LNw8V�a�u*V�Mv�^MvaoVdj5W�VXM�LNb<\DRTm a�u*V�:<; = fhR�i�i�V`QS�^L z VT�

' ¹�( ¹�+ » � 1Á»}¹�(*)3)

� u^V�:C;¨=§f�R�i�i�VdQS��L z V�MS��MvaoVXj,W^VdMoLxbT\�Y<M«MSu*RXp�\�LN\�®
LxbTy^Q�V] �L�M¡wUYCM�VdWDR<\�aou*V�W*LNMSa�QoLxw*y^a�VXW�f�R�i z RTjkO�Lx{
~­YIaeLxRT\�YC\*W�aou*V�QSy*\^{KaeLNj�V�Lx\�Mva�Y�\�aoL­Y�aoLNR<\DO^uUY<MSVdM�W�VXM z Q�LNwUVXW�Lx\Daou*V]RI�TVdQeYC~�~ YCQ z u�L�aoV z aoy^Q�V�� � u*VsfhR�igVXW^Lxa�RTQ
YC\*W�aou^V«W^L�MvaoQ�LNw*y�aoVdW�f�R�i z R�jkO*L�~NV`QPLNjkO�~NVdjkVd\�a�a�u*VAW*L�Mva�QoLNw^y^a�VXW z R�jkO�LN~­Y�aoLNR<\sO^uUYCM�VT� � u*VAQSy*\�{©aeLNjkV�:<;>=
Mv�^MvaoVdj�L�jkO�~xVXjkVd\�aeM�aou^V«QSy*\^{KaeLNj�V«LN\*MSaeYC\�aeL­YIaeLxRT\sO*uUYCMSV«p�Lxa�uZY<W^W*L�aeLNR<\UYC~*MSy*O^O8RTQvacmtRTQ�aou^V�QSVXMSRTy^Q z V`{ÑY`p«Y�Q�V
f�R�i z RT\��*b<y*QeYIaeLxRT\¨aoQoYC\*Mo~�Y�aoLNRT\ �k��\¨aou*VkmnRT~�~NRXphLx\*b��&pqVlW^VdM z QoLxw8Vsaou*V�jlY<LN\�Mv��MSa�VXj z R�jkOURT\*V`\�aoM]RTmcaou^V
:<; = fhR�i�i�V`QS�^L z V�LN\�W�V`aeY<L�~NMd�

+ ��� ,.-�� �
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L"M3N&M3N 12�43PO ��&),����

1 �43 ���G& ,	����O^Q�RX�^L�W�VXM�YsO^Q�R<bTQeYCj�jlLx\*bkVd\���LNQSRT\�jkV`\�a«mnR<QhYC\�Y�O*O*~�L z Y�aoLNRT\�W�V`�TVX~NR<O8V`QAaoR�W^VÆ��VX~xRTO�YZfhR�i�{
YdpAYCQSV�YCO^O�~NL z YIaeLxRT\�� � u^V�O^Q�RTb<QeYCjlj�Lx\*b§Vd\��^LxQ�RT\*jkVd\�a z RT\*MoLNMvaeM�RTm�W*Lx�8VdQSVd\�a�bTQeY�O*u*L z y*MSVdQ�Lx\�a�VdQ�mÌY z VXM
p�u*L z ulYC~�~NRXp�aou^V�Y�O*O*~�L z Y�aoLNRT\sW�V`��Vd~NR<O8VdQ aoR]M�OUV z LNmt��W^LN�8V`Q�V`\�a[f�R�i�MSO8V z L�� z YIaeLNR<\�M
MSy z u�YCM�aou*V¡u�LxVdQoYCQ z u�L z Y<~
mny^\ z aeLNR<\UYC~�b<QeY�O*u�Md�8aou*VsM�V`QS��L z V z R�jkOURT\*V`\�a�W�VXM z Q�LNO�aeLNR<\��Uaou^VlY�O*O�~NL z Y�aeLxRT\¨W^VdM z QoLxO^aoLNRT\�Y�\�W>aou^Vsy�MSV`Q�a�R
YCO^O�~NL z YIaeLxRT\^{|MSO8V z L�� z aoVdj�O*~­YIaoV�� � u^V�W^V`aeY<LN~NVXWDW�VXM�LNb<\DRTm�aou*V�f�R�i�VdW*L�aoRTQ z Y�\�w8V�mtRTy*\*W�Lx\ (NÒd:	*��

Q�R �TS @�R �TSVU @*�7"�$�RXWJY U �#+-& '�&)�(� !#+-, ![Z �7�����:������� ��!#"%��&('�&)� 2�!546�1�7+ �#DF&(� &)+-,)M
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Profiler

QoSCSpec Repository

Component Repository Naming Service AutoConfig Service

RB RB

QoS Editor

Distributed QoS Compiler Executor

SCCoordinator

Distributed Compilation Phase Run−time Instantiation Phase

2K  QoS Service
Q

SCSC

SC : Service Component
RB : Resource Broker

®
LxbTy^Q�V� *Â[:C; = fhR�i�i�V`QS��L z V�i���MSa�VXj5¤�VdMoLxbT\

L"M3N&M�� � & �D,	� &  7� ,	� � 1 �43�� ��� 5G&-� ���

� &��D,#�.&� "� ,	��� 12�43 ����� 5G&-� ���]LNj�O*~NVdj�V`\�aoM[a�u*QSVdV�aoQeY�\�M�~­YIaoR<QoMdÂ aou^VkÄ �CÉZÇo@<Ë HKJZ?A@CB�Je@CÎL%��<È�FoÍTÅnH©@�Î¨ÅnFoÍ�Î�ÄeÐ
ËNÍ<Å©@CF �|fhR�i z R�jkO*L�~NV`QhO*u�Y<MSVs� � ��a�u*V�ÊUFeEÆÐ|FeE �`È�HnÄoHKÅ|E�Ä �CÄÆÅ|E�É Je@CÉ�Ê*@�Î�E�ÎUÅ¡ÅnFoÍCÎ*ÄeËNÍTÅ©@�F �|fhR�i z RTj�O*L�~xVdQhO*u�Y<MSV
��� � �IY�\�W]aou^VhFeE�ÄÆ@CÈ�FoJ�EÆÐvÍ��qÍ�FeE�?A@CBgJe@CÎL%��<È�FoÍTÅnH©@�ÎlÅnFoÍCÎ*Ä�ËxÍTÅ©@CF �©f�R�i z R�jkO�LN~NV`Q�O^uUYCM�V[���S� � � � u^VqLx\*O*y�aeM�R<m�aou^V
Mv�^j�w8RT~�L z f�R�i z RT\%�^bTy^QeY�aoLNR<\ZaoQoYC\*Mo~�Y�a�RTQAY�Q�Vhaou^V�f�R�ilMSO8V z L � z YIaeLxRT\�M[MSO8V z L��^VXWl��L­Y]aou*V�fhR�i�VXW^LxaoR<QX� � u^V
LN\^O*y�aeMcRTm8aou^VhO^Q�VÆ{|Q�Vd��y*L�M�Lxa�VhMv��MSa�VXj z RTj�OURT\^Vd\�aPaoQeY�\�M�~­YIaoR<Q¡Y�Q�VhMS��j�w8R�~NL z fhR�i z RT\%�^bTy^QeY�aoLNR<\�M�p�u�L z ugYCQSV
aou^V z R�jkO�LN~NVXW�Q�VdMSy�~xaoM mtQ�R�j fhR�i z RTj�O*L�~xVdQ�O*uUYCMSV¡��� � u*V¡LN\^O*y�aeM R<m^a�u*VqQSVXMSRTy^Q z V`{ÑY`p«Y�Q�VAf�R�i z RT\��*b<y*QeYIaeLxRT\
aoQoYC\*Mo~�Y�a�RTQ�Y�Q�Vlaou^VgMv��j�wUR�~NL z fhR�i z R<\%�^bTy*QoY�aoLNRT\*M�YCM�M�R z L�Y�aoVdW¨phLxa�u!aou^VXLNQ�YCO*O^Q�R<O*QoL�Y�a�VgMv�^Mva�VXj z R�jkOUR<{
\*V`\�aoMqY�\�WlM�OUV z L�� z f�R�isOUY�QeYCj�VÆaoV`QoM�p�u�L z ugYCQSV�a�u*V z R�jkO*L�~NVdWkQ�VXMSy*~xaeM�mnQ�RTjÀf�R�i z R�jkO�LN~NVdQPO^uUY<MSVh���e� � u^V
Q�VdMSy�~xaoMsR<m�a�u*V�Q�VdM�R<y*Q z V`{�YdpAYCQ�V�f�R�i z RT\��*bTy^QeYIaeLNR<\�aoQoYC\*Mo~�Y�a�RTQ�Y�Q�Vgaou*VDjlYCO^O�LN\^b�M�RTm z RTj�O*L�~xVXW�Q�VdM�y*~xaoM
�©Y z ��y�LNQSVXW�mtQ�RTj fhR�i�O*uUYCMSV���� � YC\*W�a�u*VXLxQhW*LNMvaoQoLxw*y�aoVXW�Mv�^Mva�VXj5Q�VXMSR<y*Q z V�Q�Vd��y*LNQ�VdjkVd\�aoMd� � u*V>?«@�B ��B<Ê*EoJ
��EÆÎ&E�FoÍTÅ©@CF�bTV`\*VdQoY�a�VXMqY�f�R�i%
Ai�O8V z mnR<Q¡YC\�YCO^O�~NL z YIaeLxRT\ z RT\�M�LNMSaoLN\^b�RTm8aou^VhQ�VXMSy*~xaeMcmtQ�RTj�aou*V�f�R�i z R�jkO�LN~NVdQ
O*u�Y<MSV��S���qY<M�MSR z L�Y�a�VXWZphLxa�uDaou*V�YCO^O�~�L z YIaeLNR<\�W�VXM z Q�LNO�aeLNR<\�YC\*W�MSVdQv�^L z V z R�jkO8R<\*Vd\�aeMAW^VXM z QoLNO�aeLxRT\�Md�

L"M3N&M�� 12�43��23 5��9��� � 5 ����&),����	:

1 �43�� 3;5 ��� �	�95 ����& ,	����: z RT\*MoLNMvaeM�R<m�YC~�~ z R�jkO�LN~NVXW�Q�VXMSy*~xaeM�mnQSR�j aou^V�W^L�MvaoQ�LNw*y�aoVdW z RTj�O*L�~�Y�aeLxRT\�O*u�Y<MSV
p�u*L z u z YC\�wUV�QSV`aoQ�LNVÆ��VXW§w���aou*V�Q�y*\�{©aoL�jkV�LN\�MvaeYC\�aoL­YIaeLNR<\}O^uUY<MSVT� � u^V�fhR�i%
Ai�OUV z Q�V`O8RTMoL�aoR<QS� z Y�\7wUV

¬



z R<\�M�L�W�VdQSVXW�YCM�Y�MSVdQv�^L z VZp�u*L z u§YC~�~NRXphM�a�u*V�W*LNMvaoQoLxw*y�aoVXW�f�R�i z RTj�O*L�~xVdQ�a�R>Q�VdbTL�MvaoV`QkY�\^V`p´fhR�i�
«i�OUV z �
Y<~N~NRXphM¡aou^V�Q�y^\^{KaeL�jkV�Lx\�Mva�Y�\�aeL�Y�aoLNRT\gaoR�QSV`aoQ�LNVÆ��V�Y�f�R�i%
«i�O8V z phL�aou�MSRTj�V z R<\�MvaoQoY<LN\�aeMd�*YC\*W�YC~�~NRXphM�Y�p¡V`w
w*QSRIp�M�V`QAaoR�QSV`a�QoLNVÆ��V�aou*V�Yd�<Y<L�~�YCw*~NV�f�R�i�
«i�O8V z �KY<~�~K��RTQ�MSR�jkV � a�RlW^L�MSO�~�Yd�gRT\Da�u*V�w^Q�RXphMSVdQd�

+ � � � ?18 
[2�0�F @  �� =

L"M�� M3N � �#�<( ���9�

� �	�<( � ���ALNM�YC\kYCbTV`\�a
RTm^a�u*VqQ�y^\^{©aoL�jkV¡Mv��MSa�VXj p�u*L z usOUVdQSmnRTQ�j�M aou^VAW^L�MvaoQ�LNw^y^aoVdW�Q�VdM�R<y*Q z V¡O^Q�R��*~�Lx\*b���wUYCMSVXW
RT\!aou^VZQ�VXMSR<y*Q z V`{�Ydp«Y�Q�VDfhR�i z RT\��*bTy^QeYIaeLNR<\!a�QeY�\�M�~­YIaeLNR<\�� RT\�w8V`uUY<~xmAR<m¡aou^VgW*L�Mva�QoLNw^y^a�VXW�f�R�i z RTj�O*L�~xVdQX�
� u^V -PQSR��*~NVdQ[L�jkO*~NVXjkV`\�aeM
aou*VhW*LNMvaoQoLxw*y�aoVXWkO*Q�R ��~NLN\*b�O*QSR<a�R z RT~UW�VXM z Q�LNwUVXWlLN\ (NÒd¦#*��
�©a¡W^L�M�MSVXj�LN\�Y�a�VXMcMSVdQv�^L z V
z RTjkO8RT\^Vd\�aeM¡Lx\�Y z R<\%�^bTy*QoY�aoLNRT\DYC\�Wlaou*VdLNQ«YCM�M�R z L�Y�aoVdWgMv�^Mva�VXj z R�jkO8R<\*Vd\�aeM¡Lx\�a�R�a�u*V]W^L�MvaoQ�LNw^y^aoVdWZ\*R�W�VXMd�
LN\*Mva�YC\�aeL�Y�aoVdM&aou*VcW*L�Mva�QoLNw^y^a�VXW�MSV`QS�^L z V z R�jkO8R<\*V`\�aeMd�IMva�Y�QSaoM�aou^VcO*QSR���~NLN\^b��Ib�Y�a�u*VdQ�M�aou^V[W*LNMvaoQoLxw*y�aoVXW]O^Q�R��*~�Lx\*b
Q�VdMSy�~xaoMd�*YC\�W�Q�VÆaoy*QS\�MAa�u*VdjÀaoRsaou^V�W^L�MvaoQ�LNw^y^aoVdW�fhR�i z RTjkO�L�~xVdQd�

L"M�� M�� O 84�9� � ,����

O 84��� � ,	���lL�M�Y�\�Y�bTVd\�a�RTmcaou*VkQSy*\�{©aeLNjkV�Mv�^Mva�VXj¢p�u*L z u�O8V`Q�mtRTQoj�M�aou*V�W^L�MvaoQ�LNw^y^aoVdW�Lx\�Mva�Y�\�aoL­Y�aoLNR<\¨RTm¡Y�\
YCO^O�~NL z YIaeLxRT\�� M z R<\%�^bTy*QoY�aoLNRT\ z RTQSQ�VdM�OURT\*W*LN\^b�a�R¨Y�y*MSVdQ�Q�VX��y*VdMSa�phL�aou�MSO8V z L�� z f�R�i�Q�VX��y�LxQ�VXjkV`\�aeMd� � u^V
YCO^O�~NL z YIaeLxRT\�� M z R<\%�^bTy*QoY�aoLNRT\lL�M[MSVX~xV z a�VXW�w��kaou^V 8
_�V z y^a�RTQcwUYCM�VdWlR<\la�u*V�Mva�YIaeL z LN\^mnRTQ�jlY�aeLxRT\lMSy*b<bTVXMva�VXWlLx\
aou^V]f�R�i%
«i�O8V z YC\�W�a�u*VhW���\UY<j�L z Lx\*mnR<QojlY�aoLNR<\ZMSy z ugY<MPaou^V z y*Q�QSVd\�aqQ�VXMSR<y*Q z V�Yd�<Y<L�~�YCw*L�~�L�aÑ��RTm W*LNMvaoQoLxw*y�aoVXW
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_�V z y^a�RTQ
� : � 1

:�� � u^VsQ�y^\^{KaeL�jkVsLN\*Mva�YC\�aeL�Y�aoR<Q z RT\�aeY z aeMha�u*V#8
_�V z y^a�RTQhaoR z R�~N~­Y�w8RTQoY�a�V�a�u*VkW^L�MvaoQ�LNw^y^aoVdW�QSy*\^{KaeLNj�VsLx\^{
Mva�Y�\�aeL�Y�aoLNRT\ �K� � 1

�^� � u^V�8�_�V z y�aoR<Q z RT~�~�YCw8R<QeYIaoVXM�aou^VDW^L�MvaoQ�LNw^y^aoVdW!Q�y^\^{©aoL�jkV�Lx\�Mva�Y�\�aoL­Y�aoLNR<\�R<m«w8V`uUYC~Nm«R<mAaou*VgQSy*\^{KaeLNj�V
LN\*Mva�YC\�aeL�Y�aoR<Q � 
��*¤s� 8 � 1

 �� � u^V 8
_�V z y^a�RTQAQ�V`a�y*QS\�M¡aou^V�LN\*Mva�YC\�aeL�Y�aeLxRT\�Q�VdM�y*~xaAaoRka�u*V]Q�y*\�{©aoL�jkV�LN\*MSaeYC\�aeL­YIaoR<Q �Ì� � �

Òd¬



� �<,	���

� :hQSQ�RXphM
®q�(�k��3�Q�V`O*QSVXMSVd\�a a�u*V[LN\�a�VdQoY z aoLNR<\�M R<m*MSy*O^O8R<QSaeLx\*b�:C; = fhR�i�i�VdQv�^L z Vc\*R�W�VXM a�R�a�u*Vc\UY<j�Lx\*b
MSVdQv�^L z V��*a�u*V z R�jkO8R<\*V`\�ahQ�VdOUR�M�Lxa�RTQv��YC\�W�aou^V�f�R�i%
Ai�O8V z QSVdO8RTM�LxaoR<QS��YCM�O�YCQva�RTm�wUR<a�u¨W*LNMvaoQoLxw*y�aoVXW
f�R�i z R�jkO�LN~­Y�aoLNR<\�Y�\�WDQ�y^\^{©aoL�jkV�LN\*Mva�YC\�aeL�Y�aeLxRT\�O*u�Y<MSVXMd�

� E u�LN~NV�Lx\�aou*V�V`_^Y<jkO�~xV�u�Y<M�R<\�~x�Da�u*V -PQSR��*~NVdQ�YC\*W�aou^V�8�_�V z y�aoR<QhQSy*\*\*LN\^bZRT\�~���R<\¨YljlY z u*LN\^V���Lx\
bTV`\*V`QeY<~K�Uaou^V2-�Q�R��*~NV`QX� YC\*W�aou^V#8
_�V z y^a�RTQ z YC\¨QSy*\¨R<\�VÆ��VdQv�>jlY z u�LN\^VsM�y^O*OURTQSaoLN\^bgaou^Vl:<;>= f�R�i
i�V`QS��L z VT�

� ��\�aou^V z y^Q�Q�V`\�aqL�jkO�~xVXjkVd\�a�YIaeLNR<\��Caou^VhQ�y^\^{©aoL�jkVhLx\�Mva�Y�\�aeL�Y�a�RTQ[MSVX~xV z aeM[YC\�YCO^O*QSRTO*Q�L­YIaoV z RT\��*b<y*QeYIaeLxRT\
mnR<QhY�\�YCO^O�~NL z YIaeLxRT\DQ�Vd��y^VXMva�R<\�w8V`uUYC~Nm�R<m a�u*V 8
_�V z y�aoRTQ � � �

� ±�² ³ µ¸·]¹º¹�»�->¼3(846» (*) ½�4 +7(�¼Á» ¹ ��½�4 »}¹

��\]aou�LNM�MSV z aeLNR<\��dpqV[W^VdM z QoLxw8VPu*RXp!aou^V¡:<; = fhR�i�i�V`QS�^L z V z Y�\�w8VcW^VdO*~NRX��VXW�Lx\�Y z aoLx��VcMSOUY z VdM z R<Q�Q�VdMSO8RT\*W*Lx\*b
aoR�W*Lx�8VdQSVd\�a�Y z aeL���V�MSOUY z V�W�V��^\�LxaoLNR<\�Md�
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��\�aou�LNM�W^V �*\*LxaeLxRT\ � � u*Vl:<;>= f�R�i¨i�V`QS��L z V �naou^V�Q�y*\�{©aoL�jkVl:<;>=�OUY�QSa � L�M z R<\�M�L�W�VdQ�VdW¨Y<M�YC\�Y<M�MSR<{
z L�Y�a�VXW>MSV`QS�^L z V�p�u*L z u>p�L�~N~ w8V�w8R�RCaeMvaoQoYCO^O8VXW�R<\ z VsLx\�Y�\�Y z aeL���VsMSO�Y z VT� � u*Vli�
 
[R�RTQ�W*Lx\UY�a�RTQd�Uaou^V
:hy�aoR 
qRT\��*b�i�VdQv�^L z V��[YC\*W�a�u*VDQ�VdMSRTy*Q z VDw*Q�R<rTV`QoMsphLN~�~qw8V�wUR�RCaeMvaoQoYCO*OUVXW�R<\7Y<~N~AW*LNMSa�QoLxw*y^a�VXW�jlY�{
z u*LN\^VXM�M�y^O*OURTQSaoLN\^bD��y�Y<~�L�aÑ��R<m[MSVdQv�^L z VkLN\>aou^VlY z aoLx��VsM�O�Y z V�� � u*V2-PQSR���~xVdQ�YC\*W>a�u*V#8�_�V z y�aoR<Q�phLN~�~
w8V]w8R�R<aeMva�QeYCO^O8VdW�Y�a�~NVXY<Mva«RT\�YkjlY z u�Lx\*V�Lx\Daou^V�Y z aoLx�TV�M�O�Y z V��
:6fhR�i�{ÑYdpAYCQSVhYCO^O�~NL z YIaeLxRT\sQ�y*\^\�Lx\*b�LN\saou^V�Y z aoLx�TV«M�O�Y z V«L�MPW^VÆ��VX~xRTOUVXW�w���Y�\ZY�O*O�~NL z Y�aeLxRT\kW^VÆ��VX~xRTOUVdQ
�^L�Y¨aou^V¨f�R�i§VdW*L�aoRTQZYC\�W§aou^V�W*LNMvaoQoLxw*y�aoVXW7fhR�i z R�jkO*L�~NV`Q�Q�y*\^\�Lx\*b!R<\ Y�jlY z u*LN\^V>Y zdz VXM�M�LNw�~xVDa�R
aou^VlY z aoLx��VkMSOUY z V�� � u*V z R�jkO�LN~­YIaeLNR<\>Q�VXMSy*~xa �|fhR�i�
«i�OUV z � L�M�Lx\¨a�u*VZfhR�i%
Ai�OUV z QSVdOUR�M�Lxa�RTQS��p�u*L z u
L�MsY zdz VdM�MoLxw�~xVZmtQ�R�j a�u*VDY z aeLx�TVgMSOUY z V�� � pqR>O8R�M�M�LNw*~NV�YCMoMSR z L­YIaeLxRT\�M�R<mAaou*VgW^VÆ��VX~xRTOUVXW§fhR�i�{ÑYdpAYCQSV
YCO^O�~NL z YIaeLxRT\�YCQ�V�W^VdM z QoLxw8VXWDLN\�aou*V]mnRT~�~NRXphLx\*b��
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®�LNb<y*Q�V�¦^Âc:<; = f�R�i�i�VdQv�^L z V�Lx\�: z aeL���V�i�OUY z VXM�¤hV��^\�LxaoLNR<\!Ò2� �]Y<L­Y �

Ò<� � u^V>W^VÆ��VX~xRTOUVXW.f�R�i�{ÑY`p«YCQSV¨YCO^O�~�L z YIaeLNR<\7L�MgYCM�M�R z L�Y�aoVdW§phL�aou�a�u*V>Y z aoLx�TV>MSOUY z VT�«YC\�W�wUR�RCa�{
MvaoQoYCO*OUVXW�RT\ z V�phL�aou�a�u*V�Q�y^\^{KaeL�jkVs:<;>=¡�?8��TVdQv��y�MSVdQhVd\�a�VdQ�LN\*b�aou^VsY z aeLx�TV�MSO�Y z V�MSu�YCQ�VdM«aou^V
MoY<jkV z RT\��*bTy^QeYIaeLNR<\�MARTm Q�y^\*\�Lx\*bgf�R�i�{�Ydp«Y�Q�V�YCO^O�~NL z YIaeLxRT\��*Y�\�W z R<\�a�Q�R�~NM¡aou*V�Y�O*O�~NL z Y�aeLxRT\���L­Y
YC\��¨W�V`��L z V z RT\^\*V z aoVdW�aoR�YgM�OUV z L�� z y*\�W�VdQ�~x�^Lx\*bDjkV z u�YC\*L�M�j MSy z u�Y<M / 7 >�� � &�R�W^L�� z Y�aoLNRT\ Â
aou^V�f�R�i�
«i�O8V z ��MkYCO^O�~�L z YIaeLNR<\�W�VXM z Q�LNO^aoLNR<\�R<mhY¨W�V`��Vd~NR<O8VXW�Y�O*O�~NL z Y�aeLxRT\!phL�~N~ z RT\*M�L�MvasRTm«RT\^V
jkRTQSV �*Vd~�W���aou*V�Y z aeLx�TV�MSOUY z V��Ñ¤s� �

:�� � u^V�W�V`�TVX~NR<O8VdW!fhR�i�{�YdpAYCQ�VlY�O*O*~�L z Y�aoLNRT\¨LNM�Y<M�MSR z L�Y�a�VXW>\^R<a]RT\�~���p�Lxa�u¨aou*V�Y z aeL���VkMSOUY z Vsw*y�a
Y<~NMSR¨p�Lxaou}Lx\�W^Lx�^LNW^y�Y<~qy*M�V`QX� MkO*QSR��*~NVDRTmhO^Q�V`mnVdQSVd\ z V�RTm�aou^V�Y z aeLx�TV�MSO�Y z VT����\�aou*L�M z Y<MSVT��aou^V
YCO^O�~NL z YIaeLxRT\�L�Ml\*R<aZw8R�R<aoMSa�QeY�O*O8VdW�R<\ z V¨Y�alaou*V>MvaeYCQSaoLN\^b�MvaoV`O7R<m�a�u*V¨Y z aeL���V�MSO�Y z VT�¡w*y�a�Lxa
phLN~�~&wUV�Lx\�Mva�Y�\�aoL­Y�a�VXW�W���\UY<j�L z Y<~N~x�gLN\Daou^V�Y z aeL���V�MSOUY z V z RTQSQ�VdM�OURT\*W*LN\^bka�R�a�u*V�W^V`a�V z aeLNR<\DRTm
Y
MSO8V z L�� z y�MSV`QX��M�O*QSVXMSVd\ z VT� � u^V�YCO*O*~�L z Y�aoLNR<\�W�V`�TVX~NR<O8V`Q�O*QSRTbTQoY<j�M�Y�f�R�i�{ÑY`p«YCQSV�Y�O*O*~�L z Y�aoLNRT\
RT\�w8V`uUYC~Nm
R<mcY�\>LN\�W^Lx��L�W^y�Y<~�y�MSV`QX� � &�R�W*L�� z YIaeLNR<\�Â�aou^VkfhR�i%
Ai�OUV z � M�Y�O*O�~NL z Y�aeLxRT\�W^VdM z QoLxO^aoLNRT\
RTm�YlW^V`�TVX~xRTO8VdW�YCO^O�~NL z YIaeLxRT\DphLN~�~ z RT\*M�L�MvahRTm�aÑpqRgjkR<Q�V �*VX~NW*Md�^a�u*V�Y z aoLx�TV�MSOUY z V��Ñ¤s�N�8Y�\�WDaou^V
y�MSV`Q��v¤�� �

��RCaoV[aou�Y�aPMSRTj�V z R�jkO8R<\*Vd\�aeM z RTjkO*QoLNM�LN\*b�aou^VAW�V`�TVX~NR<O8VdW�fhR�i�{ÑYdpAYCQSV«YCO^O�~�L z YIaeLNR<\kY�Q�V¡\^R<a
Q�Vd��y�LxQ�VdW
:	C



aoRgw8VkLN\>aou*V�Y z aeL���VkMSOUY z VT� � u*L�M]jkVIY�\�Mhaou*VÆ� z YC\¨w8VkLN\¨R<a�u*VdQ�Y z aeL���VkMSOUY z VdM�R<Q�Lx\!Y�\�y^\�w8R<y*\*W
MSOUY z V��h®^RTQ�VÆ_*YCj�O*~NVT�8Y��^LNW^V`RgRT\>W^VdjZY�\�W�MSVdQv��V`Q z Y�\>wUVsLN\¨YC\�y*\�wURTy^\�W>MSO�Y z V�p�u*L�~NV�L�aeM z ~�LxVd\�aeM
z Y�\�wUV�W*LNMvaoQoLxw*y�aoVXWDLx\�W^LN�8V`Q�V`\�a�Y z aoLx��V�MSO�Y z VdMd�
� u^V���YCjlLx\*bki�VdQS��L z V��Taou^V,
qRTj�OURT\^Vd\�aqQSVdOUR�M�Lxa�RTQS���Taou^V]f�R�i�
«i�O8V z Q�V`O8R�M�L�aoRTQv�ZY�\�WZM�RTjkVhQSy*\*\*LN\^b
MSVdQv�^L z V z RTjkO8RT\^Vd\�aeM z YC\�w8V z RT\*M�L�W^V`Q�VdWDY<M¡wUVXLN\^b�Lx\�Y�\Dy^\�wURTy*\*WDMSO�Y z V�p�u*L z uDL�M«Y zdz VdM�MoLxw�~xV�mtQ�RTj
aou^V�Y z aeL���V�MSOUY z VT�
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LxbTy^Q�V�ª�Â[:C; = fhR�i�i�V`QS��L z V�LN\�: z aoLx�TV�i�OUY z VdMh¤hV��^\�L�aeLNR<\�:

��\�a�u�L�M�W^V��^\�L�aeLNR<\���aou^VgY z aeLx�TVlM�O�Y z VgYCM�MSu^RIp�\!LN\�®�LNb<y*Q�VgªDMvaoL�~�~
\*V`VXW*M�YDwUR�R<aoMvaoQeY�O*OUVXW�O*QSR z VdM�M
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M�L�j�L�~�YCQca�R�a�u*Vhw8R�RCaeMvaoQoYCO^O8VXWZO^Q�R z VXM�MqW^V �*\*VdWgLN\���Y<L�Y�Y z aeL���V�M�O�Y z V���3�RIpqV`�TVdQX��aou*V�wUR�R<aoMvaoQeY�O*OUVXW
O*QSR z VXM�MZLN\ YCMoMSR z L­YIaoVdW}p�Lxaou Y�\ Lx\�W*L��^LNW^yUYC~«y�MSV`Q z QSVIYIaoVXW7Y z aeL���V>MSOUY z V�� �|\�aou�LNMgM z V`\UY�QoLNR*� � u^V
:<;>=3f�R�i i�VdQv�^L z V �na�u*V�Q�y^\^{KaeL�jkV�:C;¨=�O�YCQva � L�MgMvaeLN~�~ z R<\�M�L�W�VdQ�VdW.Y<MgYC\6YCM�M�R z L�Y�aoVdW7MSVdQS��L z V>Lx\
aou^Vlw8R�R<aoMSa�QeY�O*O8VdW!O^Q�R z VXM�Md� : fhR�i�{�YdpAYCQ�VgYCO^O�~NL z YIaeLxRT\�Q�y^\*\�Lx\*b�LN\�aou*L�M�Y z aoLx�TVZMSOUY z V'1
u^RIp¡VÆ��V`QX�
L�MgW^V`�TVX~xRTO8VdW7w�� YC\6Lx\�W*L��^LNW^yUYC~hy�MSVdQg��L­Y!a�u*V!fhR�i�VdW*L�aoRTQDYC\�W�aou*V¨W*L�Mva�QoLNw^y^a�VXW6f�R�i z R�jkO�LN~NVdQ
Q�y^\*\*LN\*b�R<\gY]jZY z u*LN\*V¡p�u*L z u z YC\�w8VhYC\�y*\�wURTy^\�W�MSOUY z V«RTQ[Lx\lu*L�M A�u^VdQ z Q�VXY�a�VXWlY z aeLx�TV�MSOUY z VT� � u^V
z RTjkO�L�~�Y�aoLNRT\gQ�VXMSy*~xa �©f�R�i%
«i�O8V z � LNM«LN\Daou^V�f�R�i%
Ai�O8V z Q�VdOUR�M�Lxa�RTQv��LN\�Y�\�y*\�wURTy^\�W�MSOUY z V]p«u�L z u�LNM
Y z`z VdMoM�Lxw�~NVkmnQSR�j aou^V z QSVIYIaoVXW!Y z aoLx�TVZMSOUY z VZR<Q z YC\!w8VgY�O^QoL��TY�a�VlQ�V`O8RTMoL�aoR<QS�!YCMoMSR z L­YIaoVdW�p�Lxa�u�aou^V
z QSVIYIaoVXW�Y z aoLx��V�MSOUY z V��
��\]aou�LNM M z Vd\UY�QoLxR��Xa�u*V¡f�R�i%
«i�O8V z ��M YCO^O�~NL z YIaeLxRT\�W^VdM z QoLxO^aeLxRT\�R<m*Y«W^V`�TVX~xRTO8VdW�YCO^O�~NL z YIaeLxRT\]phLN~�~ z RT\�M�LNMSa
RTm�aÑpqRljkRTQSV �*Vd~�W^MX��a�u*V�Y z aoLx�TV�MSOUY z V��Ñ¤s�N�*YC\*W�aou^V�y*M�V`Q��v¤�� �
��RCaoV�a�uUYIa�MSR�jkV�MSVdQv�^L z V z RTjkO8RT\^Vd\�aeM z R�jkO^QoL�M�Lx\*b�aou^V]W^VÆ��VX~xRTOUVXW�fhR�i�{�YdpAYCQ�V�YCO^O�~NL z YIaeLxRT\DYCQSV�\*RCa
Q�Vd��y*LNQ�VdWsaoR�wUVhLN\�a�u*V«y�MSV`Q z QSVIY�a�VXWZY z aoLx��V�MSOUY z VT� � u�LNM[jkVIY�\�M�a�u*VÆ� z Y�\lw8VhLx\�R<aou^VdQqY z aoLx��V�MSOUY z VdM
RTQ¡Lx\�Y�\gy*\�wURTy^\�WgMSOUY z V���®*R<QqV`_*YCjkO�~NVT��Y��^LNW^V`R�RT\�W�VXjlYC\*W�MSV`QS��V`Q z YC\gwUV]Lx\DY�\�y*\�w8RTy^\�WgMSOUY z V
p�u*L�~xV�LxaeM z ~�LNV`\�aoM z YC\�wUV�LN\�aou^V�y*MSVdQ z Q�VXY�aoVdW�Y z aeL���V�MSOUY z VT�
� u^V ��YCj�LN\*b�i�VdQS��L z V��Uaou*V2
qR�jkOURT\*V`\�a�Q�V`O8RTMoL�aoR<QS���&YC\�W>M�RTjkVsQ�y^\*\�Lx\*bDMSV`QS�^L z V z RTjkO8RT\^Vd\�aeM z Y�\
w8V z R<\�M�L�W�VdQ�VdW�Y<M«wUVXLx\*blLx\�Y�\�y*\�w8R<y*\�W�MSOUY z V�p�u�L z u�L�M�Y z`z VXM�M�LNw*~NV�mnQSR�jÀaou^V�Y z aeL���V�MSOUY z V��

� - »	��½§+ »�1 � /9-��

®�LNbTy^Q�V�¬�Q�V`O*QSVXMSVd\�aeM�aou^V z RTjkOUYCQ�L�MSRT\*MsYCj�R<\*b�fhR�i!j�L�W*W^~NVÆp«YCQSV�YCQ z u�L�aoV z aoy^Q�VdMX���|\�a�u*VgmtR�~N~NRIp�LN\^b�� pqV
W^VdM z QoLxw8V�aou*V�jkV`aoQ�L z MAy�MSVdW�LN\�aou^V z RTjkOUYCQ�L�MSRT\�aeYCw*~NV��

?«@�BDÄ|Ê*EoJ`H %[JeÍTÅnH©@CÎ�LNM z RT\�M�LNW^VdQSVXWkmnQSR�j aou^V�YCO^O�~�L z YIaeLNR<\lW�V`��Vd~NR<O8VdQPO8R�Lx\�a[R<m8�^LxV`p��Pf�R�i�MSO8V z L � z YIaeLxRT\�M
LN\�W*Lx�8VdQSVd\�a�f�R�i>j�L�W*W^~NVÆp«YCQSVlYCQ z u�L�aoV z aoy^Q�VdM�YCQ�VkO*QSRTO8RTMSVXW�W^LN�UVdQ�V`\�ao~x� z R<Q�QSVXMSO8R<\�W*Lx\*b�a�RDaou^VZY�Q z u*Lxa�V z {
aoy^Q�VT��MlRTw65vV z aeL���VdMgY�\�W7LxaoMly*\*W^VdQ�~x��LN\*b�MSy^O*O8R<QSaoLN\*b�f�R�i}jkV z u�YC\*L�M�j�MZMSy z u Y<M�fhR�i§a�QeY�\�M�~­YIaeLNR<\��«f�R�i
Vd\^mnR<Q z VdjkVd\�aX�*Y�\�W�f�R�iDY<W�Y�O^aeY�aeLxRT\ �

?«@�B!ÅnFoÍ�Î�ÄeËNÍ<ÅnH©@CÎ�LN\ z ~Ny*W^VdM�W*Lx�8VdQSVd\�a�a���OUVXM«R<m�aoQoYC\�M�~�Y�aeLxRT\*M«MSy z u>Y<MhYsaoQoYC\*Mo~�Y�aoLNRT\DmnQSR�j¢fhR�iDMSO8V z L �^{
z YIaeLxRT\�LN\�aoRkYsMSVÆaAR<m W*Lx�8V`Q�Vd\�a z R�jkOUR�M�LxaoLNRT\*M[R<m MSO8V z L�� z MSV`QS�^L z V z RTjkO8RT\^Vd\�aeMqQSVdO*QSVXMSVd\�aeLx\*bkY�W*LNMvaoQoLxw*y�aoVXW
f�R�i�{�Ydp«Y�Q�V�Y�O*O*~�L z Y�aoLNRT\ ��Y�a�QeY�\�M�~­YIaeLNR<\gRTm YCO^O�~�L z YIaeLNR<\�fhR�ilOUYCQoY<jkV`a�VdQ�M¡LN\�aoR�aou^V�Y<M�MSR z L­Y�aoLNR<\gRTm�MSO8V z L � z
Mv�^MvaoVdj z RTj�OURT\^Vd\�aoMsY�\�W�aou^VXLxQkf�R�i�O�YCQeYCjkV`aoV`QoMd�
YC\*W�Y�a�QeY�\�M�~­YIaeLNR<\�R<m�YCO^O�~�L z YIaeLNR<\§fhR�i�OUYCQoY<jkV`a�VdQ�M

:T:



LN\�aoR�MS��MvaoVXj Q�VdM�R<y*Q z V�QSVX��y�LNQSVXjkVd\�aeMd�}®^Q�R�j a�u*V z RTj�O�YCQ�L�MSRT\�aeYCw�~xV��qYC~�jkR�MvaZY<~N~hfhR�i�j�L�W*W^~NVÆp«YCQSV�YCQv{
z u*Lxa�V z a�y*QSVXM]RT\*~x�¨O*QSRI�^LNW^Vkaou^VZLN\�aoV`Q�mKY z VdM]RTQ�j�V z u�YC\�LNM�jlM�a�R�MSOUV z Lxmt��aou*VZY�O*O�~NL z Y�aeLxRT\�f�R�i>OUYCQoY<jkV`a�VdQ�M
RTQsa�u*VDMv��MSa�VXj f�R�i�OUYCQoY<jkV`a�VdQ�MkW^LNQ�V z ao~x��� 3�RIp,a�R�MSOUV z Lxmt�!a�u*VdM�V�f�R�i�O�YCQoY<jkV`a�VdQoMsVdMSO8V z L­YC~�~x��Lx\�aou^V
Mv�^MvaoVdj ~NVÆ��Vd~ YCO^O*Q�R<O*Q�L­Y�a�VX~���� z R<Q�Q�VdMSO8RT\*W*Lx\*b�aoRZW^LN�8V`Q�V`\�a]fhR�i�Q�VX��y�LxQ�VXjkV`\�aeM21*u^RIpqV`��V`QX��W^V`O8Vd\*W*M�R<\�aou^V
YCO^O�~NL z YIaeLxRT\�W�V`��Vd~NR<O8VdQd��M�W�V z LNM�LNRT\ � � u*Vgj�y�~xaoLx{©O*uUYCMSV�aoQoYC\�M�~�Y�aeLxRT\*M�Lx\�RTy^Q�:C; = f�R�i�i�VdQS��L z V�YCQ�VZO^Q�RC{
O8RTMSVXW�aoR]u^VX~xOsaou*V�Y�O*O*~�L z Y�aoLNRT\sW^V`�TVX~xRTO8V`QPLN\sa�u�L�MPY<MSO8V z aX���|a�a�QeY�\�M�~­YIaoVXM�a�u*V�Y�O*O�~NL z Y�aeLxRT\lfhR�i�OUYCQoY<jkV`a�VdQ�M
LN\�aoR�aou*V�Y<M�MSR z L­Y�aoLNR<\ZR<m�Mv�^MvaoVdj z R�jkO8R<\*Vd\�aeMd�Taou^VXLxQ¡MSy�L�a�YCw*~NV�f�R�ilO�YCQoY<jkV`a�VdQoMd��YC\�W�aou^V�RI�TVdQoY<~�~�Q�VdM�R<y*Q z V
Q�Vd��y*LNQ�VdjkVd\�aoM«Mv�^Mva�VXjlY�aoL z YC~�~����

�«Í�Î���EZ@ H�ÄeÈIÊ�Ê*@�FdÅnHtÎ9�>Í�Ê�ÊUË H©JeÍ<ÅnH©@CÎ*ÄsQSVdO*QSVXMSVd\�aeM�p«u�L z u!YCO^O�~�L z YIaeLNR<\�W^RTjlY<LN\*M�Y�fhR�i>jlLNW*W^~NV`pAYCQSV�YCQv{
z u*Lxa�V z a�y*QSVgLNM�a�Y�Q�b<V`aeLx\*b�RT\ ��®*QSR�j aou*V z R�jkOUY�QoLNM�R<\!aeYCw*~NV��
YC~�jkR�MvasY<~�~¡fhR�i�jlLNW*W^~NV`pAYCQSV�Y�Q z u*Lxa�V z a�y*QSVXM
YCQSVlaeY<LN~NRTQSVXW�a�RIpAYCQoW!Y�MSO8V z L � z Y�O*O�~NL z Y�aeLxRT\!W^RTjlY<LN\ �g��\�fh{ 
4: & (xÒTÒ+*¡YC\*W�fhR�i�&98 (�£#*|� VÆ��Vd\�aou*R<y*b<u
aou^V`�lW�R�\*RCa¡MSO8V z LNm­�ZY�M�OUV z L�� z Y�O*O*~�L z Y�aoLNRT\lW^R�jlYCLN\��Taou^V`�ZYCQSV�jlY<Lx\�~��lW�VIY<~NLN\^b�p�Lxaoula�u*V�jZY�\UY�bTVXjkV`\�a[RTm
y*\*W^V`Qo~x��LN\^b�QSVXMSRTy^Q z VdMd� � u*L�MqLNM[\^R<a[Vd\*R<y*b<uZmnRTQqMSy^O*O8R<QSaoLN\*b�Y�w*QSR�YCW^VdQ[QeY�\*bTVhR<m fhR�i�{ÑYdpAYCQSV�YCO*O*~�L z Y�aoLNR<\�M
p�u*L z uZjlY`�suUY`��VhYCO^O�~NL z YIaeLxRT\lf�R�i�OUYCQoY<jkV`a�VdQ�M�p«u�L z u z YC\�\*RCacw8VAaoQoYC\�M�~�Y�aoVdWkW*LxQ�V z ae~���aoR�aou^V�y^\�W�VdQo~��^Lx\*b
Mv�^MvaoVdj´QSVXMSRTy^Q z V�Q�Vd��y�LxQ�Vdj�V`\�aoMX����\�:<;>=.f�R�i>i�VdQv�^L z Vg��p¡VsMSy*O^O8RTQva�Y�w*Q�R�Y<W�VdQ�QeY�\*bTV�RTmcYCO*O*~�L z Y�aoLNR<\�Md�
f�R�igO*Q�RX�^LNMoLxRT\*MAwUYCMSVXWDR<\Daou*V z y*MSa�R�j�LN�XYCw*~NV�fhR�i�MSO8V z L�� z Y�aoLNR<\�M�Y�\�WDj�y*~xaoLx{|O^uUYCM�V�aoQoYC\*Mo~�Y�aoLNRT\*Md�

?«@�B¸EÆÎLHÆ@CFoJ�E�ÉgE�ÎUÅ�W^Vdj�R<\�MvaoQoY�a�VXM�u^RIp Y�fhR�i§jlLNW*W^~NV`pAYCQSV>Y�Q z u�Lxa�V z aoy*QSV�Vd\*mtRTQ z VXMgf�R�i§O^Q�RX�^L�M�LxRT\��
��\}:<; = f�R�i�i�VdQv�^L z V��cf�R�i�V`\*mnR<Q z VXjkVd\�akL�M�wUY<MSVdW�RT\§j�Lx\�L�j�y*j QSVXMSRTy^Q z V�QSVXMSVdQv�TYIaeLNR<\�j�R�W^Vd~¡Lxm�Lxa�LNM
YCO^O�~NL z Y�w�~xV�� �«R<aoV¨a�uUYIaDa�u*V¨Q�VXMSR<y*Q z V�QSVXMSVdQv�TYIaeLNR<\6jkR�W�VX~�LN\ :<; = phLN~�~�wUV!YCO^O�~�LxVXW6Y�mta�VdQgaou*V�j�y�~�aeLx{
O*u�Y<MSV�aoQeY�\�M�~­YIaeLxRT\�MAp�u*L z u�u�YC\�W^~NV�aou^VkfhR�iDO*QSRI��L�M�LNR<\�M«RTmPYCO*O*~�L z Y�aoLNR<\¨fhR�iDO�YCQeYCjkV`aoV`QoM«p«u�L z u z YC\�\*RCa
w8VDa�QeYC\*M�~­Y�a�VXW§W*LNQSV z ae~x��Lx\�a�R�aou^V�MS��MvaoVXj QSVXMSRTy^Q z VDQ�Vd��y�LxQ�Vdj�V`\�aoMX�}®*QSR�j a�u*V z R�jkO�YCQoLNMSRT\§aeYCw*~NV��¡f�R�i
MSVdQv�^L z VXMALN\ 
=7,
?>@:9W^R�\^R<a«uUYd�TV�YC\�� z R<\ z QSV`a�V�f�R�igVd\*mtRTQ z VXjkV`\�aAV`_ z VdO�a«aou^V�QSVIY<~�{©aoL�jkV�
=7,
?>@:��

?«@�B�Í�Ã�Í�Ê8Å©ÍTÅnH©@CÎkQSVdO^Q�VXMSV`\�aeM�u^RIp§Y�f�R�i�j�LNW*W*~xV`pAYCQ�VqYCQ z u*LxaoV z a�y*Q�V[Y<W�Y�O^aoM z R<Q�QSVXMSO8R<\�W*Lx\*b«aoR�W^LN�8V`Q�V`\�a
LN\ z RTjlLx\*blVÆ��V`\�aeM�MSy z u¨YCM�f�R�ig�^LxR�~�Y�aeLxRT\ � z u�YC\*bTLN\^blRTm
V`_�V z y�aeLxRT\�V`\��^LxQ�R<\�jkVd\�aI� z uUYC\^b�Lx\*blR<m�y*M�V`QhO^Q�V`mt{
VdQSVd\ z V���Y�\�WDy�MSVdQ�jkRTw*L�~NLxaÑ���P��\Daou*L�M�Y<MSO8V z aX�*\^RT\^V�R<mPf�R�i�M�V`QS��L z VdM«LN\ 
47 
 > :9V`_ z V`O^a«aou^V�Y�y�W^LNR AX�^LNW^VdR
MvaoQSVIY<j�Lx\*b�M�V`QS��L z V ( ª	*8O*QSRI�^LNW^VdM¡Y�mtRTQ�jZYC~&fhR�ilY<W�Y�O^aeY�aeLxRT\gjkV z uUY�\�L�M�j�����\ :�b�L�~xR�M (NÒ2C#*|�^fhR�iZYCW�Y�O^a�YIaeLxRT\
L�M�w�Y<MSVXWsR<\ z RT\�aoQ�RT~x{©wUY<MSVdW�a�u*VdR<QS���
�|\g:C; = fhR�i�i�V`QS��L z VT��f�R�ikYCW�YCO�a�YIaeLNR<\�L�M
wUY<MSVdWkRT\lW*Y�a�Y]YCW�Y�O^a�YIaeLxRT\
LN\�aou^V�f�R�i�{�Ydp«Y�Q�VAQSVXMSRTy^Q z V¡jZY�\UY�bTVXjkV`\�a�~­Y`��VdQd��Y�\�W�wUY<MSVdWsR<\kmty*\ z aeLxRT\UYC~�Y<W�Y�O^aeY�aeLxRT\kLx\�aou^VhfhR�i�{ÑYdpAYCQSV
MSVdQv�^L z V�jlYC\UY�bTVdj�V`\�a�~�Yd��V`QX�

:<�



� (*),+.» )Á- ½}+7(8/9) ½¾),1 ( � � ��» � »�),+�½}+7(8/9) ),»�»�1Á»�1 + / � »
1,/0),»

Ò<� �oÎUÅ|E �<F�ÍTÅnH©@CÎ�Â &�R�W^LNm­��Y<~N~ z R�W^VdMlQ�Vd~­Y�a�VXW§aoR!y�MSVdQlO*QSVXMSVd\ z V�W^VÆaoV z aeLxRT\}a�R�y*M�V�aou^V>LN\^mnQeYCMvaoQ�y z a�y*Q�V
RTm ��Y<L�Y�y�MSVdQ�O*QSVXMSVd\ z V�W^VÆaoV z aeLxRT\ �
w�Y<MSVXW�RT\�a�u*VgV`�TVd\�akMSVdQv�^L z V�� � u*VDjlY<Lx\ z R�W^Vg\^VdVXW�VXW!aoR>wUV
jkR�W^L��*VdW�L�M¡LN\gaou^V�jkR<w�L�~xV]�v¤¸YCO^O�~�L z YIaeLNR<\�� 
47 
 > :hQ�LN�dV�aou^V�jkR<w�L�~xV]�v¤¾��a�u*V���RTL z V�jZYCL�~�Y�\�WZaou^V
Q�VdjkR<aoV z RT\�aoQ�RT~�Y�O*O�~NL z Y�aeLxRT\*M¡wUY<MSVdWDRT\�aou^V 
=7,
?>@: z R�jkO8R<\*Vd\�aAaoVdj�O*~­YIaoV�W^V �*\^VXW�Lx\Da�u*V�/ 7 >��

:�� �oÎUÅ|E �<F�ÍTÅnH©@CÎ�Â�i�a�y�W���a�u*V¡¤ 7]i �K¤]YIa�Y 7�w65vV z aci�VdQv�^L z V���w�� 
qu^QoLNMSa�RTO^u�MSVdQG3�VXM�M � Y�\�W�MSVdV[u*RIp§Lxa z RTy*~�W
w8V]y*MSVXWDR<Q�Lx\�aoV`bTQoY�aoVdWgphL�aouDRTy^QhY�O*O�~NL z Y�aeLxRT\*MX� � u^V�¤ 7�igL�M z RT\*MoLNW^V`Q�VXW�YCM¡aou*V,�*~NV�MS��MvaoVXj,Lx\�aou^V
M�jlYCQSa�MSOUY z V�� � u*Vs¤ 7�i�YIa�~NVXY<Mva�O^Q�RX�^L�W�VXMhW*LN�UVdQSVd\�a z R<\�aeY<LN\^VdQ�M«p�u�L z u�u�YC\�W^~NV�W^LN�8V`Q�V`\�a�aÑ��OUVXM�RTm
LN\^O*y�a�W*Y�aeY^�[®*R<Q�VÆ_*YCj�O*~NVT��Y z RT\�aeY<Lx\*VdQ¡aoQoYC\�M z R�W^VdMAaou^V�& - 8���{�Ò�MSa�Q�VXY<j,a�R�a�u*V�w�L�aejlYCO�MvaoQSVIYCj��
>[V z Y�y�MSV�pqV�u�Yd��V�uUYCW�MSRTj�V�aoQoYC\*M z R�W�VdQoMhYC\*W�jlY`��LNj�O*~NVdj�V`\�ahMSR�jkV�jkRTQSV��^aou^V�LNj�O*~NVdj�V`\�aeY�aeLxRT\
MSu*R<y�~�W�mtR�~N~NRIp6aou^V�MSO8V z L�� z YIaeLNR<\DR<m a�u*V�W*Y�aeYsRTw65vV z ahMSV`QS�^L z VT�

�^� �oÉ�Ê8Ë�E�ÉgE�ÎUÅ©ÍTÅnH©@�Î
Â��ÑjkO*~NVXjkV`\�a�Y�f�R�i%
Ai�O8V z QSVdOUR�M�Lxa�RTQS��Y<M�Y!
=7,
?>@:,MSVdQv�^L z V�� � u�L�M�Q�V`O8RTMoL�aoR<QS�
MSu*R<y�~�W6Y�a�~xVIYCMSa�Y<~N~NRXphM�a�u*V�W^L�MvaoQ�LNw*y�aoVdW fhR�i z RTjkO�L�~xVdQgaoR§QSVdb�LNMvaoVdQ�Y�\^V`p f�R�i�
«i�O8V z ��Y<~�~xRIp�M
aou^VsQ�y^\^{KaeL�jkV�LN\�MvaeYC\�aoL­YIaeLNR<\�a�R�Q�VÆaoQoLxV`�TV�YDf�R�i%
Ai�O8V z p�Lxa�u�MSR�jkV z RT\*MvaoQeYCLN\�aeMd��YC\*W�Y<~N~NRXphM]Ylp¡V`w
w*QSRIp�M�V`Q�aoR>Q�VÆaoQoLxV`�TVZaou^VDY`�TY<LN~­Y�w�~NVDfhR�i�
«i�OUV z �KY<~N~©��RTQsMSR�jkV � aoR¨W*LNM�O*~­Y`��RT\�aou^V�w^Q�RXphMSVdQd� � u^V
z y^Q�QSVd\�a z RT\*MvaoQeYCLN\�a[jlYd��Lx\ z ~Ny�W�V«RT\�~��saou^VhYCO*O*~�L z Y�aoLNR<\l\�Y<jkV��TMojlY�QSaqMSOUY z V�L�W���Y�\�W�y*MSVdQ[LNW �
��\kaou^V
\*VÆ_�aAO^uUYCM�VT��a�u*V�Q�VdM�R<y*Q z V z RT\*MvaoQeYCLN\�aeMAY�\�WZaou*V�R<a�u*V`QAVÆ_�V z y^aoLNRT\gVd\���LNQSRT\�jkV`\�a z RT\�Mva�QeY<Lx\�aoM[phLN~�~8wUV
LN\ z ~xy�W^VdW�YC\*W�aou^V z RT\�Mva�QeY<Lx\�a�MeYIaeLNM�mÌY z aeLNR<\�Vd\^b�Lx\*V�jlY`��w8V�W^V`O�~NRX��VdW �

 �� �oÉ�Ê8Ë�E�ÉgE�ÎUÅ©ÍTÅnH©@�Î
Â��ÑjkO�~xVXjkVd\�acaou^Vhy*MSVdQcaoRsY�O*O*~�L z Y�aoLNRT\�{�MSO8V z L � z a�QeY�\�M�~­YIaeLNR<\�aoVdjkO�~­YIaoVT��Y�\�WlV`_�aoV`\�W
aou^V�W^L�MvaoQ�LNw^y^aoVdW>f�R�i z R�jkO�LN~NVdQAphLxa�u�aou^V�mty�~�~���LNjkO�~NVdjkVd\�a�VXW �*Q�Mva]Y�\�W�MSV z RT\�W�O^uUYCM�VdM�RTm�aoQoYC\�M�~�Y�{
aeLxRT\*MX�^Lx\ z ~Ny�W^LN\^bsa�u*V�bTV`\*VdQoY�a�RTQ«R<mPfhR�i%
Ai�OUV z

£�� �oÉ�Ê8Ë�E�ÉgE�ÎUÅ©ÍTÅnH©@�Î
Â���jkO�~NVdjkVd\�a�YDQ�VdM�R<y*Q z VZj�R<\�L�aoRTQ�LN\^b�MSV`QS�^L z V�p�u*L z u!LN\ z ~Ny*W^VXM�W*LNMvaoQoLxw*y�aoVXW 
.-�/
Q�VdMSRTy*Q z VT�PY�\�W�\*VÆaÑp¡R<Q�r�wUY�\�W�phL�W�aou§Y<jkR<\*b�a�p¡R>\*R�W^VdMX� � � R�jkR<\*RTQ�L[u�Y<W�W^R<\*VZphL�aou�aou^VD¤]i�
 �
Q�V`O8R<QSaeLx\*blRTm�aou^V z y*Q�QSVd\�a 
 - /¸a�Rla�u*V�aoQoY<W�VdQhM�V`QS��L z VT� � � u^V�Q�VXMSR<y*Q z V�jkR<\�Lxa�RTQ�LN\*blM�V`QS��L z V�Y<~�~xRIp�M
aou^V]Q�VÆaoQoLxV`��LN\*bkLN\^mnR<QojlY�aoLNRT\gRTm
Yd�<Y<LN~­YCw*~NV 
 - / LN\�YsW*L�Mva�QoLNw^y^a�VXWg\^R�W^VT�*YC\*W�aou^V�Yd�<Y<L�~�YCw*~NV�\^V`aÑpqRTQSr
wUY�\�W�phL�W�aou�Y<jkRT\^bsaÑp¡RlMSO8V z L �*VXW�\^R�W�VXMd�
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 � : -c��M�Lx\�a�R>YDM�V`QS��L z V z R�jkO8R<\*Vd\�a�M�R<y*Q z V
z R�W^VT��a�R z R�jkO�LN~NV¡Y�\�Ws~NLN\*r�aou^VALx\�MvaoQSy�jkVd\�aoVdW�M�R<y*Q z V z R�W^VAYC\*W�a�R�LN\�MvaeY<~�~Ta�u�LNM
LN\*MSa�Q�y*j�V`\�a�VXW�RTw65vV z a
z R�W^VlLN\�aoR�YD~NR z Y�aoLNR<\�r�\^RIp«\!w��¨a�u*Vgf�R�i z RTjkO�L�~xVdQd� � u^V�f�R�i z RTj�O*L�~xVdQ�y*MSVXM]a�u�L�M z R�W�VlW^y*Q�LN\^b
aou^V�W^L�MvaoQ�LNw^y^aoVdW>Q�VdMSRTy*Q z Vsa�QeYC\*M�~­Y�aoLNR<\�� ��R<a�Vsaou�Y�a�aou*V�MSR<y*Q z V z R�W�VkRTmqY�M�V`QS��L z V z RTjkO8RT\^Vd\�a z Y�\
w8V]RT\�W*LNMvaoQoLxw*y�aoVXWg\*R�W^VdMX�
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Pre−defined IDL interfaces 
extended from standard 
CORBA IDL interfaces

Audio/Video streaming 
applications

Pre−defined IDL interfaces 
extended from standard 
CORBA IDL interfaces

Pre−defined IDL interfaces 
extended from standard 
CORBA IDL interfaces

Translations
Multi−Phase 

Applications via customizable
QoS specifications and Multi−
Phase translations

    Different  domains of Based on minimum

QoS in CORBA

Audio/Video Streaming Service Internal translation

resource reservation
model

Based on available 
transport protocols

QoS Messaging Service N/A Messaging applications Queue order in a Router 
process. This is applied 
only with the specific 
router type.

Real−time CORBA N/A Real−time applications Based on the real−time 
extension in standard
operating system

Fault Tolerance CORBA N/A Fault tolerance applications
needed to be maintained
from the implementation
point of view.

Based on priority queues 

 Number of replications

in ORB.
Real−time messaging 
applications

N/APre−defined IDL interfaces   TAO

Messaging applicationsN/A A set of Quality Description
Language (QDLs)

QuO Depending on individual 
application−specific 
implementation and
specification via QDLs

QoSME
Language)
QuAL (Quality Assurance N/A Based on available 

transport protocols
and available OS
compiled with POSIX 
standard

   Any applications needing

N/AHafid’s and Bochmann’s
QoS management in 
distributed multimefdia 
applications

N/A Based on QoS nego−
tiation protocol and 
resource allocation

Q−RAM Utility functions N/A

Assume the availability
of resource consumption
functions

 Based on resource
allocation model 

Any applications running

and QoS in OS
QoS in transport protocols

applications
Distributed multimedia

in the sharing resource
environment and needing 
QoS provision

Agilos Rule−based and 
membership functions

Internal analytical 
translation with the 
help of QualProbe 
during the run−time

is complied with control 
based QoS adaptation

Any applications which Based on best−effort
with the control−based
application−specific
adaptations

QoS specifications 

programming environment

comprising the QoS−aware
application

Data adaptation and
Fucntional adaptation

transport protocol
Modified QoS of 

N/A

N/A

N/A

N/A

Depending on individual 
application−specific 
implementation and
specification via QDLs

QoS re−negotiation
during the run−time

Via a set of operators for

Via a renegotiation to
find another suitable 
configuration

Via the repeat of 
resource allocation
algorithm

Via a control−based 
adaptation

Pre−defined IDL interfaces 
extended from standard 
CORBA IDL interfaces

Applications
QoS Middleware Architecture         QoS Specification               QoS Translation             Range of Supporting             QoS Enforcement              QoS Adaptation       

Q 2K  QoS Service
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