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VoD

Video conferencing

Pay-per-view

Library information retrieval

Secure stock trading 
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Multimedia applications

Messaging applications

Real-time messaging applications

Need QoS

 ?? Unified QoS management framework ??
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Attributes                   Values

 
Application name      QLibAccess

Application category  Information retrieval

Accessibility              Public

Attributes                   Values

 
Application name        MonetVOD

Application category  Video on Demand

Accessibility               Public

(a) Library Information Retrieval Application (b) Video on Demand Application
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IRS QLibServer

Disk reader ES

ESS Decryption1

DS RS

Generic service component Specific service component

IRS: Information Retrieval Service      ES: Encoder Service     ESS: Encryption Security Service     DS: Decoder Service     RS: Renderer Service

(a) Library Information Retrieval Application (b) Video on Demand Application 

jJk4l ¼��N¼ �����f£����X�5�����2�,Íf�f���������¤�f�2£ ���{�2�f§!�u�2��Ê ª �#�½��¾d�����m��� �����f£����X�5�����¤���IÀ ��¯��2�#��£��3Å

,.-0/ZA</RC X#7(8:/Z8 =IY*3�=I>G/B>!; @G/BAH8:C 7(30;<7(=?> aTpkpÃg�öIy�aTbBaTõdõdpkiuj5a�z�iÃg�b
e~|2ûn|2pÃg�õF|2v�z�g
y{õN|2j5i®÷°��ikbqe~ikûfiue~`qanp�y}|5v�û�ikj5|7j3g�ù�õNgnbq|5bfz2ÿ yIikb~÷°gnv�ù,a�z�iÃg�b�ö:ldikjml�iuyxv}|L��`qiÃv�|2e<ø��<z}ld|���ú
��gnùÄõdikpÃ|2v�� 	�ikcn`dv�|_s�y}ldg�öIy�z�ld|�y}|5v�û�ikj5|Äj5gnùÄõNgnbd|2b�z�e~|2y�j3v�iÃõdz}ikgnbqy�÷°g�v7z�ö�g=aTõdõqpÃiuj5aTú
z}ikgnbqy�&��sa��Äz�ld|äpkikødv�anv}� iÃbd÷°gnv�ùÄaTz}ikgnb�v�|3z�v}ik|5û�aTp�aTõdõqpÃiuj5aTz}ikgnb�r�aTbqe �Éø��Äz�ld|äû�iue~|5gæg�b
e~|5ù,aTbFe anõdõdpkikj2a�z}ikgnb �4ô½lq|������=v�|5õqv}|¤y{|2b�zmy�`dbqe~|5þqbd|2e û�aTpk`d|<ö:ldikjml ö:ikpÃp:øN|�e~|3z�|5v}ú
ù�ikbd|¤eäø���z}lq|���ú)��gnùÄõdikpk|5vL�Nô½ld|	�
�����Lv}|2õdv}|¤y{|2bfz�y�z}ld|�`dbqe~|5þqbd|¤eäû�aTpk`d|�ö:ldiujml
ö:ikpÃp
øF|7e~|5z}|2v}ùÄikbd|2e<ø��,z}lq|#v}`dbdúsz�iÃùÄ|=p�� � ed`dv}ikbdc�z}lq|7aTõdõdpkiuj5a�z�iÃg�b�|5ü~|2j3`dz}ikgnb�z}ikù�|��

,.-0/�PGAH/RC<L ;<=�L 143G3G597(8:1�;H7(=?>$LMAH3�/B8:7�68Z;HC 1�>0A<5(14;<7(=?> ;</BYZ3G5914;H/���� ;H=�� ;H/BYVL
3G5914;H/�� �sany�y{ldg�ö:b#ikb�	�iÃc��Lt
�·aTpkpkg�öIy�aTb�anõdõdpkikj2a�z�iÃg�b7e~|5û�|5pkgnõN|5v·z�gxe~|5þqbd|�z�ld|%ù,aTõqõdiÃbqc
øF|5z�ö�|2|5b�e~iÃýN|2v}|2b�z:`qy}|5v �xg��Âpk|5û�|5puy6�°|�� c��Ãr��xy{|2v0y�v �xg
�B& wIikcnlDr��xy{|2vW��a �xg
�B& wIikcnl]�%anbqe
j3gnv�v�|2y}õFg�bqe~ikbdc aTõqõdpÃiuj5aTz}ikgnb~ú�y}õF|¤j3iÃþFj �xg���j5aTz}|2cngnv�ik|2y �É|�� c��kr�y�b~÷°gnv�ù,a�z}ikgnb v}|5z}v�iÃ|2û�aTp¡r
�4|5v}÷°gnv�ùÄanbqj3|�& axiked|5g
�½anbqe �xg���e~ikù�|2bqy}iÃg�bqy+�É|�� c��krçv}|L��`q|2y{z�õdv�iÃg�v}iÃz��nrq÷°gnv�ùÄaTz2rNv}|¤y{g�pÃ`dú
z}ikgnb���������y}|5v �xg
�Äpk|5û�|5puy�anv}|�e~|3z�|5v�ùÄiÃbd|¤eÂø���z}ld|�aTõqõdpÃiuj5aTz}ikgnbLed|5ûn|2pÃg�õF|2v�a�y�a�û�aTikpuaTødpk|
� ��¨¤�m�����������������T���m�����¤�#�~�¤���m�������������m���m�����%��§f�I���XÇ��f�����m�#�m�����2�����~�m�m��Ë��x�������T�®��� ª ����§f�2���
���~�m�m��Ë��#���#��£®���#�m���{�5�����¤�q³qÊ4§f�7�2���f£����X�5�����2��«��m�¤�m£��¤�~���I�X�5��«������m£��¤�<�2���5�f��£®���X�3�����¤���T�®�
��§f�½�k�f�f�}���®�2���5£·«��m�~����«����f�� �¨2�{�5�f§,�m�¤�m����§f�2�f¨2§Ä§f���3��§f��«���������� ��§f�X���I�2£�£ç¥��f��£������~���m��Ë��
�������T���m���m�2�#�~�¤���m�����m³ ��¨¤�m�����������������T���m���m�2�#�~�¤���m��� ª ��£�£�¥~�x����¥f�¿�����������X« ª ����§L�~�¤������¥f£��
���~�m�m��Ë��:���}���n���m�:���¤�#�~�¤���m���3ÀÁ�{Å4«��n���®��¨x��§���È��������¤�#�f��£®�5�����2�������#�¤³

� ÚÏÝ��	�! #"sâ%$�Ý5ã'&½�2��«�ÚÏÝ#�)(2àuÞ#â'*
+�à°Ý�*x�3�������3���4�5��ÚÏÝ#�,+°ß�â-��à ./�� �"Áà°Ý#*
+D�����{§��3�{�2�����}���10��½�f�2��¦
�u���f�������¤�f�2£������¤�~�}�����®�����5�%�����~�m�m��Ëf�!�5�f��£®���X�3�����¤�ÆÔ�Ö ) DÖ �5×É³ �YÚÏÝ#�2(2àuÞ7â'*�+�à°Ý�*Â«n��Ë����m���
Ç����2£����{�5���������2��Ç����2�������{�5���������5��������¥f�n�����u�5����ÚÏÝ��3�� �"sâ$�Ý2ã!&5T�2�f«x�������D�����X«:���½�}§f�5�{�5���������40m�



Target node                                  **
Hardware requirements                *
Supporting QoS categories          Information retrieval:

                                                         request priority       *

                                                         request reliability    *

                                                         valid response time *

Service component name             *

Service component repository      
IRS

Attributes                                    Values

Service component type               Generic 

Target node                                  boston.cs.uiuc.edu
Hardware requirements                <(CPU:SUN Ultra 60), (MEM:5MB)>
Supporting QoS categories          Information retrieval:

                                                        request priority {Low, Medium, High}

                                                        request reliability {Low, Medium, High}

                                                        valid response time [5,20]

Service component name             QLibServer 

Service component repository     ComponentRepository 

Attributes                                    Values

Service component type               Specific 

(I) Information Retrieval Service's description (II) QLibServer's description

(a) Library Information Retrieval Application

Target node                                  **
Hardware requirements                *
Supporting QoS categories          Performance:Video:

Service component name             *

Service component repository      *

Attributes                                    Values

Service component type               Generic 

Target node                                  paris.cs.uiuc.edu
Hardware requirements                <(CPU:SUN Ultra 60), (MEM:20MB)>
Supporting QoS categories          Performance:Video:
                                                         format   any
                                                         resolution {740x480, 480x360,360x240}
                                                            frame-rate   [10,30] 

Service component name             Disk reader

Service component repository     ComponentRepository 

Attributes                                    Values

Service component type               Specific 

color depth {8}

                                                           format          *
                                                           resolution     *
                                                            frame-rate    *

color depth   *

...

(b) Video on Demand Application

(I) Disk reader's description (VI) Renderer Service's description

Service component category      

*
Service component category        ISS     

Service component category        DRS     Service component category        RS     

j k�l ¼��q¼ �n�����T���m�I���2�#�~�¤���m���Ï�½�m���������������2�f�Ï�u�2��Ê ª �#�½��¾d�����m��� �����f£����X�5�����¤���IÀ ��¯��2�#��£��3Å

aTõdõdpkiuj5a�z�iÃg�b~ú�j5a�z�|5c�gnv���ú�y}õF|¤j3iÃþFj �xg��=pk|5û�|5puy�÷°gnv�z�ld|Â`qy}|5v7e~`qv}ikbdc�z}lq|ÂaTõdõdpkiuj5a�z�iÃg�bÌv}|5ú
��`q|2y{z�z}ikùÄ|��B�IõdõqpÃiuj5aTz}ikgnb~ú�y{õN|2j5i®þNj �xg
��j2a�z�|5cng�v}ik|2y:anbqe=e~ikùÄ|5bqy}ikgnbqyxaTv�|�e~|3z�|5v�ùÄiÃbd|¤e
øf�=z}ld|Âanõdõdpkikj2a�z}ikgnbÌe~|2ûn|5pkgnõN|5v7a�y�z}ld|,ikbdõd`dz �xg
�äõqaTvmaTùÄ|3z�|5vmyxz}g<z}ld| ��ú)��gnùÄõdikpk|5v¤r
j3gnv�v�|2y}õFg�bqe~ikbdc,z}g�e~iÃýN|2v}|2bfz�`Fy{|2v��xg���pk|5ûn|2pky�� <|*�>P24:a[:2 - j2aTbäøN|Äcn|2bd|5vma�z�|2e�ø���z}lq|
��ú ��g�ù�õqiÃpk|5v¤r3øqa�y{|¤e#gnb7anpÃp�j3g�ù�ødikbqa�z�iÃg�bqy·gn÷d`qy{|2v �xg���pÃ|2ûn|5puy�ikb�e~iÃýç|5v�|5bfz�anõdõdpkikj2a�z}ikgnbdú
y{õN|2j5i®þFj��xg��=j5aTz}|2cngnv�ik|2y��]w�g�ö�|2ûn|5v¤rNö:i®z�ldgn`~z7pkg�y�y�gT÷�cn|5bq|5vmaTpki®z���rNö�|Äany�y{`dùÄ|�iÃbBz�ldiky
õqaTõN|5v�z}lqaTz%z�ld|���ú)��gnùÄõdikpk|5vÏö:ikpÃpçc�|5bd|2v�aTz}| < *[>.24:a�:D2 - ÷°g�v�anbLaTõdõqpÃiuj5aTz}ikgnb�rføqany}|2eÄg�b
j3gnù!ødikbqa�z�iÃg�bqy�gT÷Fg�bdpk�#z}ld|Iy�aTùÄ|½`qy}|5v �xg
��pk|5ûn|2pky�ikb,aTpkpde~i®ýç|5v�|5bfzÏaTõqõdpÃiuj5aTz}ikgnb~ú�y}õF|¤j3iÃþFj
�xg
�!j5a�z�|5c�gnv�iÃ|¤y�[	�iÃc�`dv}||t�y}ldg�öIy�z}ld| �Iz}g�� z�|5ùÄõdpua�z}|½÷°g�v4z�ö�g�e~iÃýN|2v}|2bfz%aTõdõdpkiuj5a�z�iÃg�bqy�&
�Éa���z�ld|ÄpÃikødvmaTv��<ikb~÷°g�v}ù,a�z�iÃg�bäv�|3z�v}ik|5û�aTp�anõdõdpkikj2a�z}ikgnbDrçanbqe �Éø��xz}lq|�û�iue~|5g<gnbBe~|5ù,anbqe
aTõdõdpkiuj5a�z�iÃg�b �
ô½ld|L`dbqi®÷°g�v}ù �xg
�Ìõqv}g�cnvmaTùÄùÄiÃbdc�|2bfû�ikv}g�bdùÄ|5bfz�|2bqaTødpk|2y�z}lq|Âþqvmy�z�pÃ|2ûn|2p%gT÷I`qbdi®ú

þFj5aTz}ikgnb�rNùÄ|5bfz}ikgnbd|¤e�ikb=z}lq|+y�bfz}v�g~e~`qj3z}ikgnb � {xbqj3|�z}ld|ÄaTøNg�ûn| �xg
��y}õF|¤j3iÃþFj5aTz}ikgnbqy�aTv�|
iÃb�õdpuanj5|nr�z}lq| ��ú)��gnùÄõdikpk|5v:y�zmaTv}z�y�z�gÄj5gnùÄõdikpÃ|�z�ld| �xg
��y{õN|2j5i®þNj5a�z�iÃg�bqy�iÃbfz�g!z�ld| �xg
��ú
|5bqanødpÃ|¤eLùÄ|5z�aÄikb~÷°gnv�ù,a�z}ikgnb�any:ed|2y�j3v�iÃøN|2e�iÃb<z�ld|�÷°gnpkpÃg�ö:ikbdc,y}|2jXz�iÃg�b �

� �����Bï����xó  ��î#����ñ:í~ï����íB��ð �æï ���Bï����xó  �í~ó{ï%ì �	��'�í4�$�
ô½ld|:õdv�iÃù,aTv���c�g�anp~gT÷Nz}ld| ��ú)��gnùÄõdikpk|5v�
�rnö:ldiujmlÄiky4z�ld|Io�|5��õFaTv}zÏgT÷Nz}ld|�p����
	=`dbdiÃþq|¤e
�xg
�Æù,anbqaTc�|5ùÄ|5bfz2r4iuy�z}gÌj3g�ù�õqiÃpk| �xg
�æy}õN|2j3iÃþFj2a�z}ikgnbFy!gn÷�e~iÃýç|5v�|5bfzÂe~gnù,aTikb anõdõdpki®ú
j5a�z�iÃg�bqy�iÃbfz�g �xg��fú¿|5bqanødpÃ|¤e�ùÄ|3zma�ikb~÷°g�v}ù,a�z�iÃg�b=z�lqa�z7j5anbäøN|,`qy}|2e=`qbdi®÷°g�v}ùÄpk�=ø���z}lq|
�����3�������m�f£®�5���X�3���m¨¤�5�� <Ô�Ö �5×É³�Íf�2�%��¯��5�#�f£��¤fÈ�����«����#�m�f�����2��2�������¤£��������¤���7�®�%�5�,�5��������¥f�n���
�2��È����,�X�5���m¨2�2�� ��[nç�����k�2���7�5�f�m� � � �Ã«n�m���n³·È����L«n���#�m�f�����¤�L�X�5�<¥~�������������{§��5�f¨��5¥f£� Â�f���m«ª ����§ÂÈ����7���5�{�5�#�������X³

� Ê4§f�I«n���{�2��£����5�ç��§f�:È�¦¿���2�#�f��£����Ï�k�{�5�#� ª �5��¬!�X�5��¥~�½�k�¤�f�f«!����Ô�Ö �3×É³



Information retrieval

  

request priority                      High                  Medium                     Low
request reliability                  High                   Medium                     Low
valid response time (min)       15                        10                                  5

UserIrQoS:High   UserIrQoS:Medium  UserIrQoS:Low

UserIrQoS: User’s QoS Information retrieval category

QoS levels

High Medium Low

Performance:Video

  UserPVQoS:HighUserPVQoS:Medium UserPVQoS:Low

QoS levels

High Medium Low

UserSecQoS:HighUserSecQoS:MediumUserSecQoS:Low

UserPAQoS:HighUserPAQoS:Medium UserPAQoS:Low

Performance:Audio

Security

format
resolusion (pixelxpixel)

frame-rate (fps)

{mjpeg, mpeg-II}{mjpeg, mpeg-II}{mjpeg, mpeg-II}

740x480
25

480x360
20

360x240
10

format

delay (sec)

sampling rate (kHz)

sample bit (bit)

{wav, mp3}

       75

       16

       16

{wav, mp3}

       50

       24

       24

{wav, mp3}

      100

        8

        8

format

key length encryption (bit) 

des

64

des

128

des

80

UserPVQoS: User’s QoS Performance (video data type) category

UserPAQoS: User's QoS Performance (audio data type) category

UserSecQoS: User's QoS Security category

(a) Library Information Retrieval Application (b) Video on Demand Application
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QLibServerQLibClient_PC
{UserIrQoS:High}

{UserIrQoS:High} QLibServerQLibClient_CE

Information retrieval

...

struct PriorityRange priority_range ; 

priority_range.min = 10 ; 

priority_range.max = 15 

interface RequestPriorityPolicy : CORBA::Policy {

       readonly attribute PriorityRange   priority_range ; 

}; 

struct RoutingTypeRange routing_range ;

routing_range.min = SYNC_WITH_SERVER ;

routing_range.max = SYNC_WITH_TARGET ;

interface RoutingPolicy : CORBA::Policy {

      readonly attribute RoutingTypeRange routing_range ;

};

interface QueueOrderPolicy : CORBA::Policy {

};

interface SyncScopePolicy : CORBA::Policy {

      readonly attribute SyncScope synchronization = SYNC_WITH_TARGET ;

};

      readonly attribute Ordering allowed_orders = ORDER_PRIORITY ;

interface RelativeRoundtripTimeoutPolicy : CORBA::Policy {
      readonly attribute TimeBase::TimeT relative_expiry = .... ; 

}; 

struct PriorityRange priority_range ; 

priority_range.min = 10 ; 

priority_range.max = 15 ; 

interface RequestPriorityPolicy : CORBA::Policy {

       readonly attribute PriorityRange   priority_range ; 

}; 

Pre-requisite system configuration file

QoS messaging 
Local Router

boston

Pre-requisite system configuration file

QoS messaging 

     *

Reply Handler

QoS Specifications :   

         +  service component descriptions

                            + Service component repository
Symbolic configuration translation

QLibServerQLibClient_PC
{UserIrQoS:High}

QLibServerQLibClient_CE{UserIrQoS:High}
...

...

QLibServerQLibClient_PC{UserIrQoS:High}

+ Pre-requisite system configuration files

+ Mapping result files

<(CPU, 10%), (Bandwidth, 44Kbps), (CPU     , 18%), (Bandwidth     , 44Kbps)>
** boston boston

+ End-to-end minimum resource requirements

QLibServerQLibClient_CE{UserIrQoS:High}
...

...

(configuration 1)

(configuration 2)

(configuration 2)

(configuration 1)

QoSCASpec generation

Pre-requisite system component translation

Resource translation

IRS QLibServer QoS Specifications :   

         + service component descriptions

                           + Service component repository

Disk reader ES

ESS Decryption1

DS PS

Decryption1

Disk reader

Decryption1

Disk reader

{UserPVQoS:High, 

  UserPAQoS:High,

  UserSecurityQoS:High}

{UserPVQoS:High, 

  UserPAQoS:High,

  UserSecurityQoS:High} ...

MJPEG encoder

Encryption1

MJPEG decoder

MJPEG Player

Information retrieval
Security

Performance:Video Performance:Video
Security

{UserPVQoS:High, 

  UserPAQoS:High,

  UserSecurityQoS:High} Decryption1

Disk reader

MJPEG encoder MJPEG decoder

MJPEG Player

Prerequisite system configuration file Prerequisite system configuration file

Pluggable protocol stacks Pluggable protocol stacks

<bandwidth, 8.8Mbps> <bandwidth, 8.8Mbps>

MPEG-II EncoderMPEG-II Decoder

MPEG-II Player

Encryption1

Decryption1

Disk reader

MPEG-II EncoderMPEG-II Decoder

Encryption1

MPEG-II Player

{UserPVQoS:High, 

  UserPAQoS:High,

  UserSecurityQoS:High} ...

...

Pre-requisite system configuration files

Mapping result files+ 

{UserPVQoS:High, 

  UserPAQoS:High,

  UserSecurityQoS:High} Decryption1

Disk reader

MJPEG encoder MJPEG decoder

MJPEG Player

+ 

<(CPU, 15%), (Bandwidth,   8.8Mbps), (CPU, 20%), (Bandwidth, 8.8Mbps)>+ End-to-end minimum resource requirements
paris paris * *

Decryption1

Disk reader

{UserPVQoS:High, 

  UserPAQoS:High,

  UserSecurityQoS:High} ...

...

Information

Application 
QoS Configurations

Configurations  QoS Levels                                   Resource Requiements

...

...

*

*

Configuration 1   {UserIrQoS:High}    <(CPU, 15%), (Bandwidth, 8.8MBpss), (CPU , 20%), (Bandwidth  , 8.8Mbpss)>

                            {UserIrQoS:Low}   

Configuration 2   {UserIrQoS:High}   <(CPU, 20%), (Bandwidth,  6.5MBps), (CPU  , 25%), (Bandwidth   , 6.5Mbps)>

paris

Prerequisite System 
Configuration Files

...

...

Service  

    Information

MJPEG encoder
...

...

...
Encyption1

MPEG-II player
                            {UserIrQoS:Low}      

...

...

...

... ...

... ...

...

Video on Demand
Monet VOD

Public

*

* F
boston , F

*
 M ,  Mboston *

F
boston , F

*
 M ,  Mboston *

paris

parisparis
...

Information

Application 
QoS Configurations

Configurations QoS Levels                             Resource Requiements

...

...

*

*

Configuration 1{UserIrQoS:High} <(CPU, 10%), (Bandwidth, 44Kbps), (CPU, 18%), (Bandwidth , 44Kbps)>

                         {UserIrQoS:Low}   

Configuration 2 {UserIrQoS:High} <(CPU, 6%), (Bandwidth, 44Kbps), (CPU , 15%), (Bandwidth , 44Kbps)>

boston

boston

boston

boston

Prerequisite System 
Configuration Files

...

...

  Mapping

Service 

      

 

    Information

QLibClient_PC
...

...

...

QLibClient_CE

QLibServer
                            {UserIrQoS:Low}      

...

...

...

... ...

... ...

...

Information 

       retrieval

QLibAccess

Public *

*
F
boston , F

*
  M ,  Mboston *

F
boston , F

*
 M ,  Mboston *

...

MPEG-II DecoderMPEG-II Encoder

Encryption1

Encryption1

MPEG-II Player

Encryption1

(configuration 1)

(configuration 2)

(configuration 2)

(configuration 1)

(a) Library Information retrieval application (b) Video on Demand application

Component Component

...

(configuration 1)

(configuration 2)

(configuration 1)

(configuration 2)
...

......

...

...

...

Result Files
  Mapping
Result Files

Mapping result file Mapping result file

Mapping result file Mapping result file
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Specific service component Compiled time middleware service component Application-neutral middleware service component

Executor

QoS configuration selection service

Component location discovery service

Profiler Middleware service
component container   

Application run-time

        container   

OS/system resources

QoS configuration instantiation service

Multi-resource reservation 

 and coordination service

Adaptation policy management service

Multi-resource monitoring service

Middleware management plane
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Component registration service
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aTbqe |3ü�z}|2bqy{ikødpk|�øf�æa�ede~iÃz}ikgnbqanp:y{|2v}û�iuj3|2y��6_�gnv�|5g�û�|5v¤r�z}lq|�ùÄiuede~pk|5ö½aTv�|�ù,aTbFaTcn|2ùÄ|5bfz
õdpkanbd|#gnb�e~iÃýç|5v�|5bfzIù,anjmldikbd|2y½ö:iÃz}l�û�anv}ik|2e<j5anõqanj5i®z�iÃ|¤y��°|�� c��ÃrdlqiÃc�l<õN|5v}÷°gnv�ù,aTbqj5|6�;��y2r
lqaTbqedld|5pueI�%_ �xyW�4anbqe�|5b�û�iÃv�gnbdùÄ|2b�zmy|�°|�� c��ÃrTv�|2y}|5v�û�a�z�iÃg�b~ú¡|2bqaTøqpÃ|¤e·r�gnv�øN|2y{z{ú¿|3ýçgnv}z!�4j5anb
øF|�e~��bqaTùÄiuj5aTpkpk��j5`qy�z�gnùÄi��5|2e �
	qgnv%|5üdaTùÄõdpk|nrTz�ld|�ùÄiuede~pk|5ö½aTv�|Iù,aTbqancn|2ù�|2bfz%õdpuaTbd|Ig�b
z}ld|IlFaTbqe~lq|5pueb�%_ �xyÏj5anb,øF|xj3gnbdþqcn`dv�|2e!z�g7iÃbFj3pk`qe~|Ig�bdpÃ��õqanv{z�ikanpqy{|2v}û�iuj3|¤y�gnvÏ|2ûn|2b�bqg
y{|2v}û�iuj3|2y2rçaTbqe=z}g�v}|2pÃ��g�b
a�c�aTz}|5ö½a��<ö:i®z�lä÷°`dpkpk��ú�y}`dõdõNgnv}z�ùÄiuede~pk|5ö½aTv�|!ù,aTbFaTcn|2ùÄ|5bfz
õdpkanbd|��

y�bÂz}lq|x÷°g�pÃpkg�ö:ikbdc!y}`døqy}|2j3z}ikgnbqy2r�ö�|�e~|2y�j3v�iÃøN|�ldg�ö�z}lq|xv�`db~ú¡z}ikùÄ|�p����æùÄiuede~pk|5ö½aTv�|
any�y{iuy�zmy·z�ld|���ú)��gnùÄõdikpk|5v¤ÿ yDv}|¤y{g�`dv�j5|4z}vmaTbqy}pua�z}ikgnb7ed`dv}ikbdc�z}ld|½aTõdõqpÃiuj5aTz}ikgnb�e~|2ûn|2pÃg�õdùÄ|5bfz
õdlqany}|nrFaTbqe<ldg�öØi®zxùÄanbqaTc�|2y:anbqe�j3g�b�z�v}g�pky�z�ld|7|5ü�|¤j3`~z�iÃg�b�gT÷�aTb=aTõqõdpÃiuj5aTz}ikgnb�e~`dv�iÃbqc
z}ld|7anõdõdpkikj2a�z}ikgnb<|3ü~|¤j3`~z�iÃg�b�õdlFany}|��
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ô½ld|=v�`db~ú¡z}ikù�|hp���� ùÄiuede~pk|5ö½aTv�|=õF|2v{÷°g�v}ù,yÄz�ld|�÷°g�pÃpkg�ö:iÃbqcæy�z�|5õqy �Éy}|5| 	�ikc��`$L���!z�g
any�y{iuy�zÄz�ld| ��ú ��g�ùÄõdiÃpk|5v¤ÿ y!v�|2y}gn`qv�j5|Âz}vmaTbFy{pua�z�iÃg�b ùÄ|2a�y{`qv}ikbdc
z}ld|=e~iuy{z}v�iÃød`dz}|2e ù!`dp®z�i®ú
v}|¤y{g�`dv�j5|�v}|L��`qiÃv�|5ùÄ|5bfzmy:÷°gnvxaÂy{õN|2j5i®þNj�j3g�b~þqc�`dv�aTz}ikgnb��[�B�fz}|2õP$�&qz}ld|!õdv�gTþqpk|5vIc�|3zmy:z}lq|
v}|¤y{g�`dv�j5|�z}vmaTbqy}pkaTz}ikgnb�ÿ yIe~iuy{z}v�iÃød`dz}|2e�õqv}g�ødiÃbqcÂv}|L�f`d|2y{z�����z}|5õhp�&~z�ld|�õdv�gTþFpÃ|2v�anj3z}ikû�aTz}|¤y
z}ld| �xg��äj5gnb~þqc�`dvma�z}ikgnbäiÃbqy{z�anbfz}iua�z}ikgnbÌy}|5v�ûfiuj3|�z�g�j5gnpkpkanøFg�v�aTz}ikûn|2pÃ��j3v�|2aTz}|�z}lq|Äanõdõdpki®ú
j5a�z�iÃg�båv}`dbdúsz�iÃùÄ|äj5gnbfz�aniÃbd|2v�y,anbqe z}lq|=ùÄikededpÃ|2ö�anv}|�y}|5v�ûfiuj3|=j5gnùÄõNgnbd|2b�z<j3gnbfzmaTikbd|5vmy
 ���5���½��§��5����§��½����«n�®�T�®«��f�2£q�¿���m�f�Ï���!��§����%�f�5�{�5¨2�{�2��§Ä�m�5�����m���~�¤�f«!������§f�:�¿�����f�����,Íç��¨�³FÖ �n³



iÃb
z}ld|,e~iuy{z}v�iÃød`dz}|2e
pkg�j2a�z�iÃg�bqy5r·j5gnv�v}|¤y{õNgnbqediÃbdcLz}g�z}ld|Ây}õN|2j3iÃþFj�j3g�b~þqcn`qv�aTz}ikgnbäa�y}y}g~j3iÃú
a�z}|¤e=ö:iÃz}l
z}ld|Äe~iuy�z�v}ikød`~z�|2e
õdv�gnødikbdcLv�|��f`d|¤y�zL� �fz}|2õhq�&Fz�ld|�iÃbqy{z�anbfz}iua�z}ikgnbBy{|2v}û�iuj3|¤y�ikb
z}ld|�e~iuy�z�v}ikød`~z�|2e,pkg~j5a�z�iÃg�bqy2rnz�ld|5b�r�e~��bqanù�iuj5anpÃpk�,e~g�ö:bdpkg�a�e�z}ld|xv}|L��`qiÃv�|2eÂy}|5v�û�ikj5|�j3g�ù�ú
õFg�bd|5bfz�y#÷°v}g�ù�z�ld|Ây{|2v}û�iuj3|Âj5gnùÄõFg�bd|5bfz7v�|5õNg�y}i®z�gnv��nr�anbqeBiÃbqy{z�anbfz}iua�z}|Äz�ld|5ù ikb�z�g�z}lq|
j3v�|2a�z�|2eÂj5gnbfz�aniÃbq|5vmy���fz}|2õgr�&�z�ld|�õdv}gnþqpk|5v½anjXz�iÃû�aTz}|2y�z�ld|xv�|2y}gn`qv�j5|IùÄgnbdiÃz}g�v}ikbdc!y}|5v�û�ikj5|
z}gxj5gnpkpkanøFg�v�aTz}ikûn|2pÃ��c�aTz}ld|2v�z}lq|�e~iuy{z}v�iÃød`dz}|2e�ù�`dpÃz}iÃú¿v}|¤y{g�`dv�j5|Ïv�|��f`dikv}|2ù�|2bfz�y·÷°g�vDz�ld|½j3gnbdú
þqcn`dvma�z�iÃg�b � �fz}|2õ�s�&çz}ld|Äõdv�gTþFpÃ|2vxv�|3z�`dv}bFy�z}ld|ÄùÄiÃbqiÃù!`dùK|5bFe�úsz�gTú¿|5bqe
ù�`qp®z�i®ú¿v}|¤y{g�`dvmj3|
v}|L��`qiÃv�|5ùÄ|5bfzmy�gn÷�z�ld|7j3g�b~þqc�`dv�aTz}ikgnbLz}g�z}ld| ��ú)��gnùÄõdikpk|5v¤ÿ y�v�|2y}gn`dvmj3|xz}vmaTbqy}pua�z}ikgnb �

Q-Compiler's distributed probing request

Q-Compiler's resource translation

End-to-end resource requirements

Profiler Middleware service
component container   

Application run-time

        container   

OS/system resources

QoS configuration instantiation service

Multi-resource monitoring service
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OS/system resources

Middleware management plane

QoS configuration instantiation service

Multi-resource monitoring service

 Middleware service
component container   

Application run-time

        container   
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Middleware management plance Middleware management plance

OS/system resources

machine machine

Service component

       repository
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y�b z}lqiky�y}|2jXz�iÃg�b�r�ö�|Ìe~|2y�j3v�ikøF|
ldg�ö z}ld|Bv�`db~ú¡z}ikù�|�p�� � ùÄikeqe~pÃ|2ö�anv}|
iÃbFy�zmaTbfz}iua�z�|2y2r
ùÄanbqaTc�|2y2r�aTbqeåj3g�bfz}v�gnpuy�anb anõdõdpkikj2a�z�iÃg�b |5ü�|¤j3`~z�iÃg�b j5gnv�v}|¤y{õNgnbFe~iÃbqcäz�gæa
`Fy{|2v �xg
�
v}|L��`q|2y{z2r�z}ld|�anõdõdpkikj2a�z}ikgnbDÿ y��xg
���;����õN|2jnrÏaTbqeæz}ld|�e~��bqanù�iuj<v}`qb~úsz�iÃùÄ|�j3g�bqy�z�v�aniÃbfzmy
y{`qjml�any:j5`dv�v}|2b�z:v�|2y}gn`dvmj3|�a�û�aTikpkanødikpÃiÃz��nr~aTbFe�|5ü~|2j3`dz}ikgnb<|5b�û�iÃv�gnbdùÄ|2b�zL�
ô½ld|!v�`db~ú¡z}ikùÄ|bp���� ùÄikededpÃ|2ö�anv}|�õF|2v{÷°g�v}ù,yxz}lq|Ä÷°gnpkpÃg�ö:ikbdc�y{z}|2õqy��f�sy{|2|A	�ikc�� $�$L�D�

�fz}|2õ $�&�z�ld|=|3ü~|¤j3`~z�gnv,cn|5z�yÂaÌ`Fy{|2v �xg
� v}|L�f`d|2y{z�� ��z}|5õ p�&�z}ld|ä|3ü~|2j5`~z}g�vLanj3z}ikû�aTz}|¤y
z}ld|��xg
��j5gnb~þqc�`dvma�z}ikgnb=y}|5pk|2j3z}ikgnbäy}|5v�û�ikj5|#z}gLþqbqe=z}ld|!ù�gfy�z�y{`qi®zmaTødpk|�j5gnb~þFcn`dvma�z�iÃg�b�r
ö:ldikjml<ö:ikpÃp�øN|7e~|5z}|5v�ùÄiÃbq|2e�øqany}|2e�gnb�� $[��z}ld|#aTõqõdpÃiuj5aTz}ikgnb�ÿ y:j3g�ùÄõdiÃpk|2e�v�|2y}`dp®z:c�|3z{z�iÃbqc
÷°v}g�ù9z}ld| �xg����;����õN|2j�v�|5õNg�y}i®z�gnv��P�Éy}|5|b�fz�|5õ�p���$!ikb�	�ikc�� $�$L�3rçanbqe �Sp���z�ld|Âj3`dv�v�|5bfz
a�û�aniÃpuaTøqpÃ|�v}|¤y{g�`dvmj3|2y�cn|5z{z�iÃbdc�÷°v�gnù z�ld|#ù�`qp®z�i®ú¿v}|¤y{g�`dvmj3|�ù�g�bdiÃz}gnv�ikbdc�y}|5v�û�ikj5|@�sy{|2|��fz}|2õ
p�� p,ikbh	�ikc�� $�$[���·ô½ld|Äanedanõ~z�aTz}ikgnb=õNgnpkikj5��ù,aTbqancn|5ùÄ|2b�z#y}|5v�ûfiuj3|!õF|2v{÷°g�v}ù,y�z}ld|,y}|3z�`dõ
gT÷%z�ld|,anedanõ~z�aTz}ikgnb
õFg�pÃiuj3ik|2y#anù�g�bdc�edi®ýç|5v�|5bfz#õFgfy}y}ikødpÃ|,j5gnb~þqc�`dvma�z}ikgnbFy�c�|3z{z�iÃbqcL÷°v�gnù
z}ld| �xg����;���~õF|¤j,v}|2õFgfy{iÃz}g�v}� �Éy}|5|_��z}|5õ p�� q�ikb 	�ikc�� $�$L����ô½ld|Lj5gnùÄõFg�bd|5bfz�pkg~j5aTz}ikgnb
� ���5���½��§��5����§��½����«n�®�T�®«��f�2£q�¿���m�f�Ï���!��§����%�f�5�{�5¨2�{�2��§Ä�m�5�����m���~�¤�f«!������§f�:�¿�����f�����,Íç��¨�³FÖ¤Ö¤³



e~iky�j3g�û�|5v��!y}|5v�û�ikj5|Iö:iÃpkpçøF|�anj3z}ikû�aTz}|¤e,iÃb\�fz}|2õ_q#iÃ÷�z�ld|5v�|�|5ü�iuy{z�y�aTbÂ`dbFe~|3þqbq|2eÂpkg~j5aTz}ikgnb
iÃb
z}ld|,y}|5pk|2j3z}|2eBj3g�b~þqc�`dv�aTz}ikgnb�÷°v�gnù �fz}|2õ�p��%��z}|5õ�r�&Fz�ld| �xg
�
j3g�b~þqcn`qv�aTz}ikgnbäy}|5pk|2j3ú
z}ikgnb�y{|2v}û�iuj3|�v}|5z}`dv�bqy�z}lq|#ù�gfy�zIy}`diÃz�aTøqpÃ|#j3g�b~þqc�`dv�aTz}ikgnbLz}g�z}ld|#|5ü~|2j3`dz}gnvL���fz}|2õ.s�&�z}lq|
|3ü~|2j5`~z}g�v�a�jXz}ikû�a�z�|2y�z}ld| �xg
�Âj3gnbdþqcn`dvma�z�iÃg�bÂikbqy�zmaTbfz}iua�z�iÃg�bLy}|5v�ûfiuj3|�z}gÄj3g�pÃpuaTøNgnvma�z�iÃû�|5pk�
j3v�|2a�z�|%z�ld|:aTõdõqpÃiuj5aTz}ikgnb�v�`db~ú¡z}ikùÄ|�j5gnbfz�aniÃbq|5vmyDikb�z�ld|:e~iuy�z�v}ikød`~z�|2e!pÃg~j5aTz}ikgnbqy2r�anj2j3gnvme~ikbdc
z}g�z�ld|�y}õF|¤j3iÃþq|2eæiÃb~÷°g�v}ù,aTz}ikgnbÆikbÆz}ld|Lv}|5z}`dv�bd|2eÆj5gnb~þFcn`dvma�z�iÃg�b ���fz�|5õ t�&Dz�ld|Âikbqy�zmaTb~ú
z}iua�z}ikgnb
y{|2v}û�iuj3|2yIiÃb�z�ld|!ediky{z}v�iÃøq`~z}|¤e=pkg�j2a�z�iÃg�bqyIe~��bqanù�iuj5anpÃpk��e~g�ö:bdpkg�ane<z�ld|�v�|��f`dikv�|2e
y{|2v}û�iuj3|½j3gnùÄõNgnbd|2bfz�y�÷°v�gnùÙz�ld|:y{|2v}û�iuj3|:j3g�ù�õNgnbq|5bfz�v}|2õFgfy{iÃz}g�v}��r¤anbqe�iÃbqy{z�anbfz}iua�z}|�z}lq|5ù
iÃbfz}g�z�ld|�j5v}|¤a�z}|¤eÄj3gnbfzmaTikbd|5vmy�Tw�gTz�|½z}lqaTz%iÃbg��z}|5õAtqrnö:ld|2bÄa#y}|5v�û�ikj5|Ij3g�ù�õNgnbq|5bfzÏikyÏiÃb~ú
y�zmaTbfz}iua�z�|2e·r~iÃz:ùÄa���aTpuy{g�v}|2cniuy�z�|5v�i®zmy{|2p®÷�z}g,a!õd`dødpkiuj#e~gnù,aTikb<gT÷�v�`dbdbqiÃbdc,j5gnùÄõFg�bd|5bfzmy
ûfiuaBz}lq|
j3g�ùÄõFg�bd|5bfzÂv�|5cniuy{z}vma�z}ikgnb�y}|5v�û�ikj5|�� y�b 	�ikc�� $�$nr%ö�|=any�y}`dùÄ|�z}lqaTzLz}lq|=ùÄike�ú
e~pÃ|2ö�anv}|<y{|2v}û�iuj3|�j3g�ù�õNgnbq|5bfzÄj5gnbfz�aniÃbq|5vmy!anv}|<aTpkv}|¤ane~�Æa�û�aTikpkanødpk|Likb z�ld|�e~iky{z}v�ikød`~z}|¤e
pÃg~j5aTz}ikgnbqy��%�fz}|2õ�u�&Fz}lq|!|5ü�|¤j3`~z�gnv�anj3z}ikû�aTz}|¤yIz�ld|!ù!`dpÃz}iÃú¡v�|2y}gn`dvmj3|�v}|¤y{|2v}û�a�z�iÃg�b=aTbqe
j3gnú
gnvme~iÃbFa�z}ikgnbBy{|2v}û�iuj3|!z}g�j3g�g�v�e~ikbqaTz}|!z}ld|,v�|2y}|5v�û�a�z}ikgnbägT÷�v�|2y}gn`qv�j5|2y�iÃb
z}lq|Âe~iky{z}v�ikød`~z}|¤e
pÃg~j5aTz}ikgnbqy�÷°g�v:z}lq|#|5bqe�ú¡z}gnú¡|2bqe�j3g�b~þqcn`qv�aTz}ikgnb �dô½ld|#v�|2y}gn`qv�j5|xv�|2y}|5v�û�a�z}ikgnb�y}|5v�ûfiuj3|�ö:ikpÃp
øF|,anj3z}ikû�a�z}|¤e=g�bdpÃ��iÃ÷%z�ld|ÄiÃb�ûng�pÃû�ikbdcLe~iuy{z}v�iÃød`dz}|2e
pkg�j2a�z�iÃg�bqyxy}`dõdõNgnv}z�z}ld|Äv�|2y}|5v�û�aTz}ikgnb
ù�g~e~|2pS�]�fz}|2õ\x�&�z}ld|#|5ü~|2j3`dz}gnv:v�|3z�`dv�bqy�z}ld|#|5ü~|2j3`dz}ikgnb<v}|¤y{`dpÃz½z}gÄz�ld|#|5bqe~ú¡`qy}|5vL�

Service component

       repository

OS/system resources

QoS configuration instantiation service

Multi-resource monitoring service

Middleware management plance

Executor

QoS configuration selection service

Adaptation policy management service

configurations triggering 

                               events
...

Component location discovery service  

Multi-resource reservation and

             coordination service  

 Middleware service
component container   

Application run-time

        container   

Middleware management plance

Multi-resource monitoring service

OS/system resources

Multi-resource reservation and

             coordination service  

QoS configuration instantiation service

 Middleware service
component container   

Application run-time

        container   
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End-user

User QoS request Sucess/Fail

machine machine

1 8

2
4

2.1

2.2

2.3

2.2

2.2

2.2

3

5

5,6

5

7

7

7

7

7

7
7

7

6 6

QoSCASpec

  repository

Running components

   public domain

   

3 6

Component registration service

6
5,6
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~�|¤j5an`qy{|=z}ld|Bv}`qb~úsz�iÃùÄ|�p����Gù�iuede~pk|5ö½aTv�|äiuy<j3gnùÄõNgnbd|2bfz{ú¿øqany}|2e�anbqe v�|2j5gnb~þqcnú
`dv�anødpk|nrFanbqe=anpÃpkg�öIy½÷°gnv�e~��bqanù�iuj7e~g�ö:bqpÃgfane~ikbdcLanbqe�pÃikbdo�ikbdcLgn÷%y{|2v}û�iuj3|�j5gnùÄõFg�bd|5bfzmy
iÃbfz}g�e~iuy{z}v�iÃød`dz}|2eäz�anv}c�|3z#bdg~e~|¤y�y}|2j5`dv�|5pk�nr·iÃz#j2aTbB|3ü~|2j5`~z}|,anbqeä|2bqy}`dv}|!z}lq| �xg
��õqv}gnú
ûfiuy}iÃg�bqyÄ÷°gnv�e~i®ýç|5v�|5bfz,z���õN|2yÂgn÷ �xg��fú�a�ö�anv}|<aTõdõdpkiuj5a�z�iÃg�bqy,`dbqi®÷°g�v}ùÄpk�nrÏøqa�y{|¤e gnbåz}lq|
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