
Copyright © 1997 APM Limited

$30
POSEIDON HOUSE • CASTLE PARK • CAMBRIDGE CB3 0RD UNITED KINGDOM

+44 1223 515010 • Fax +44 1223 359779 • Email: apm@ansa.co.uk • URL: http://www.ansa.co.uk

ANSA Phase III
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Abstract
 In this report we investigate what are the main concepts and issues in the support of Quality of Service, focusing
at open distributed computing and middleware platforms. We study how  these issues are being addressed in
research on QoS support related to middleware.

QoS is about non-functional properties in general, but research has been centred around communication protocols
and multimedia. The main issues of QoS, related to each RM-ODP viewpoints are discussed. Important issues are
QoS specification, QoS provision and how to deal with changing conditions. Research in QoS in middleware
platforms is mainly centred around ODP, ANSA and CORBA architectures.

Distribution:
Supersedes:
Superseded by:

 APM.1977.01.00 Approved 02 June 1997
Technical Report



ii



iii

TABLE OF CONTENTS

1 INTRODUCTION 1

�����*RDOV �

�����5HSRUW�VXPPDU\ �

�����$FNQRZOHGJHPHQWV �

2 CONCEPTS AND ISSUES 3

�����(QWHUSULVH�YLHZSRLQW �

�����,QIRUPDWLRQ�9LHZSRLQW �

�����&RPSXWDWLRQDO�9LHZSRLQW �

�����(QJLQHHULQJ�9LHZSRLQW �

�����7HFKQRORJ\�YLHZSRLQW �

�����6XPPDU\ �

3 MIDDLEWARE QOS RESEARCH 11

�����,0$&���0XOWLPHGLD�H[WHQVLRQV�WR�$16$ ��

�����50�2'3�UHODWHG�UHVHDUFK ��

�����$16$�UHVHDUFK ��

�����&25%$�2EMHFWV�DQG�DGDSWDELOLW\ ��

�����6XPPDU\ ��

4 QOS ARCHITECTURES 14

�����2YHUYLHZ ��

5 CONCLUDING REMARKS 14





1

 1 INTRODUCTION

,Q�D�GLVWULEXWHG�V\VWHP��ZKHQ�FRQVLGHULQJ�LQWHUDFWLRQV�EHWZHHQ�FOLHQWV�DQG
VHUYHU�REMHFWV��ZH�VRPHWLPHV�QHHG�WR�EH�DZDUH�RI�SURSHUWLHV�ZKLFK�DUH�QRW
SDUW�RI�WKH�REMHFW·V�LQWHUIDFH��QRQ�IXQFWLRQDO�SURSHUWLHV���1RQ�IXQFWLRQDO
SURSHUWLHV�FDQ�EH�DV�FUXFLDO�IRU�WKH�XVDELOLW\�DQG�FRUUHFWQHVV�RI�D�GLVWULEXWHG
DSSOLFDWLRQ�DV�WKH�IXQFWLRQDO�RQHV��7KHUH�DUH�PDQ\�GLIIHUHQW�H[DPSOHV�RI�VXFK
SURSHUWLHV���)RU�LQVWDQFH�LQ�UHDO�WLPH�RU�PXOWLPHGLD�V\VWHPV��WKH�WLPLQJ�DQG
V\QFKURQLVDWLRQ�RI�IORZV�RU�RSHUDWLRQ�LQYRFDWLRQV�DUH�UHJDUGHG�DV�LPSRUWDQW
,Q�GDWDEDVH�V\VWHPV��DWRPLFLW\�LV�UHJDUGHG�DV�LPSRUWDQW�

6WDQGDUGLVDWLRQ�HIIRUW�IRU�RSHQ�GLVWULEXWHG�FRPSXWLQJ��$16$��2'3��&25%$�
FXUUHQWO\�KLGHV�DZD\�QRQ�IXQFWLRQDO�SURSHUWLHV�EHKLQG�WKH�REMHFW�LQWHUIDFHV�
7KLV�LV�LQ�VRPH�FDVHV�WRR�UHVWULFWLYH��7KHUH�LV�D�QHHG�RI�SODWIRUP�VXSSRUW�IRU
FRQWUROOLQJ�QRQ�IXQFWLRQDO�DVSHFWV��4XDOLW\�RI�6HUYLFH��RI�GLVWULEXWHG
DSSOLFDWLRQV���7KLV�KDV�RIWHQ�WR�EH�GRQH�LQ�DQ�DG�KRF�PDQQHU��ZKLFK�FDQ�EH
GLIILFXOW�DQG�HUURU�SURQH�

 1.1 Goals

7KH�JRDOV�RI�WKLV�UHSRUW�LV�����WR�LQYHVWLJDWH�ZKDW�DUH�WKH�PDLQ�FRQFHSWV�DQG
LVVXHV�LQ�4XDOLW\�RI�6HUYLFH��4R6��VXSSRUW��ZKHQ�IRFXVLQJ�RQ�RSHQ�GLVWULEXWHG
FRPSXWLQJ�DQG�PLGGOHZDUH�SODWIRUPV�DQG�����KRZ�WKHVH�LVVXHV�DUH�EHLQJ
DGGUHVVHG�LQ�UHVHDUFK�RQ�4R6�VXSSRUW�UHODWHG�WR�PLGGOHZDUH��:H�DUH�DOVR
LQWHUHVWHG�LQ�LGHQWLI\LQJ�VFRSH�IRU�IXUWKHU�UHVHDUFK�RQ�4R6�

 1.2 Report summary

7KLV�UHSRUW�XVHV�WKH�FRQFHSWV�DQG�WHUPLQRORJ\�RI�WKH�,62�,78�5HIHUHQFH�IRU
2SHQ�'LVWULEXWHG�3URFHVVLQJ�>50�2'3@��,Q�VHFWLRQ����ZH�ORRN�DW�UHOHYDQW
FRQFHSWV�DQG�LVVXHV�LQ�HDFK�RI�WKH�ILYH�50�2'3�YLHZSRLQWV��4R6�LV�DERXW
QRQ�IXQFWLRQDO�SURSHUWLHV�LQ�JHQHUDO��EXW�UHVHDUFK�KDV�EHHQ�FHQWUHG�DURXQG
FRPPXQLFDWLRQ�SURWRFROV�DQG�PXOWLPHGLD��4R6�LV�DQ�DVSHFW�RI�ELQGLQJV��EXW�LW
GHSHQGV�RQ�VXSSRUW�IURP�REMHFW�DQG�LQWHUIDFH�LPSOHPHQWDWLRQV��WR�EH
LQVWDQWLDWHG��7KH�PDLQ�LVVXHV�GLVFXVVHG�DUH�UHODWHG�WR�4R6�VSHFLILFDWLRQ
�LQIRUPDWLRQ�YLHZSRLQW���4R6�SURYLVLRQ�DQG�KRZ�WR�GHDO�ZLWK�FKDQJLQJ
FRQGLWLRQV��FRPSXWDWLRQDO�DQG�HQJLQHHULQJ�YLHZSRLQW��

,Q�VHFWLRQ���ZH�ORRN�DW�VRPH�RI�WKH�PRVW�VLJQLILFDQW�UHVHDUFK�LQ�4R6�LQ
PLGGOHZDUH�SODWIRUPV��7KLV�LV�FHQWUHG�DURXQG�2'3��$16$�DQG�&25%$
DUFKLWHFWXUHV��7KLV�UHVHDUFK�PRVWO\�WDNH�D�ODQJXDJH�EDVHG�DSSURDFK�WR�4R6
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VSHFLILFDWLRQ��7KH\�DGGUHVV�LVVXHV�RI�H[SOLFLW�ELQGLQJ��4R6�UHVHUYDWLRQ�DQG
QHJRWLDWLRQ��VXSSRUW�IRU�FKDQJH��VFDOLQJ��DGDSWDWLRQ��DQG�HQJLQHHULQJ
VXSSRUW�

,Q�VHFWLRQ���ZH�EULHIO\�VXPPDULVH�VWDWH�RI�WKH�DUW�LQ�4R6�DUFKLWHFWXUH
UHVHDUFK��ZKLFK�DLPV�WR�SURYLGH�DQ�LQWHJUDWHG�YLHZ�RI�4R6��HQG�V\VWHPV�
QHWZRUNV��SURWRFROV����*RRG�VXUYH\V�RQ�4R6�DUFKLWHFWXUHV�H[LVW
>$XUUHFRHFKHD����&DPSEHOO��@�

 1.3 Acknowledgements

7KH�DXWKRU�RI�WKLV�UHSRUW�LV�VHFRQGHG�WR�WKH�$16$�3KDVH�,,,�SURJUDPPH�E\
WKH�8QLYHUVLW\�RI�7URPVR�DQG�LV�VXSSRUWHG�E\�D�1$72�6FLHQFH�)HOORZVKLS
WKURXJK�WKH�1RUZHJLDQ�5HVHDUFK�&RXQFLO�JUDQW�QR�������������

7KDQNV�WR�$QGUHZ�+HUEHUW��%LOO\�*LEVRQ��5LFKDUG�+D\WRQ�DQG�=KL[XH�:X��IRU
YDOXDEOH�DGYLFH�DQG�FRPPHQWV�
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 2 CONCEPTS AND ISSUES

,Q�WKLV�FKDSWHU�ZH�ORRN�DW�ZKDW�DUH�WKH�PDLQ�FRQFHSWV�DQG�LVVXHV�UHODWHG�WR
4R6�LQ�RSHQ�GLVWULEXWHG�FRPSXWLQJ��+HUH�LW�LV�XVHIXO�WR�XVH�WKH�50�2'3
YLHZSRLQWV�WR�ORRN�DW�GLIIHUHQW�DVSHFWV�RI�4R6�

 2.1 Enterprise viewpoint

,Q�WKH�HQWHUSULVH�YLHZSRLQW�ZH�DUH�LQWHUHVWHG�LQ�ZKDW�4R6�LV�DOO�DERXW��L�H�
WKH�SXUSRVH�RI�4R6�LQ�D�,7�V\VWHP�DQG�ZKR�DUH�LQYROYHG�LQ�4R6�

 2.1.1 What is QoS about

*HQHUDOO\��ZH�VD\�WKDW�WKH�WHUP�4XDOLW\�RI�6HUYLFH�FDSWXUH�QRQ�IXQFWLRQDO
SURSHUWLHV�VXFK�DV�VHFXULW\��GHSHQGDELOLW\��V\QFKURQLVDWLRQ��SUHVHQWDWLRQ�
SHUIRUPDQFH��HWF�

+RZHYHU�PRVW�UHVHDUFK�RQ�4R6�IRFXV�RQ�SURSHUWLHV�UHODWHG�WR�UHDO�WLPH�DQG
PXOWLPHGLD�FRPPXQLFDWLRQV�OLNH�SHUIRUPDQFH�DQG�V\QFKURQLVDWLRQ�
7KHUHIRUH�WKLV�LQYHVWLJDWLRQ�ZLOO�EH�IRFXVHG�DW�PXOWLPHGLD�UHODWHG�LVVXHV�

 2.1.1.1 Interfaces and bindings

4R6�DUH�UHODWHG�WR�ELQGLQJV��L�H��ELQGLQJV�ZLWK�GLIIHUHQW�SURSHUWLHV�PD\�EH�VHW
XS�IRU�WKH�VDPH�LQWHUIDFH��EHFDXVH�RI�GLIIHUHQW�FOLHQW�UHTXLUHPHQWV�RU
GLIIHUHQW�VHUYLFH�SURYLGHG�IURP�WKH�QHWZRUN�

+RZHYHU��WKRVH�SURSHUWLHV�RI�ELQGLQJV�PXVW�EH�VXSSRUWHG�E\�WKH�REMHFW��
LPSOHPHQWDWLRQ��LQWHUIDFH�LPSOHPHQWDWLRQ�RU�HYHQ�WKH�FOLHQW�LPSOHPHQWDWLRQ�
(�J��WUDQVDFWLRQDO�ELQGLQJV�DUH�QRW�SRVVLEOH�LI�WKH�REMHFW�LPSOHPHQWDWLRQ
GRHVQ
W�KDYH�WUDQVDFWLRQ�VXSSRUW��ORJJLQJ��VWDEOH�VWRUDJH��HWF����7KHUHIRUH�
4R6�VSHFLILFDWLRQ�PD\�LQYROYH�DOO�WKHVH��7KH�ILJXUH�EHORZ�LOOXVWUDWHV�KRZ
GLIIHUHQW�FRPSRQHQWV�SDUWLFLSDWLQJ�LQ�D�ELQGLQJ��REMHFW��LQWHUIDFH��FOLHQW��FDQ
KDYH�4R6�VSHFLILFDWLRQV�DWWDFKHG�WR�WKHP��L�H��ZKDW�4R6�WKH\�DUH�DEOH�WR
VXSSRUW��$�UHTXLUHG�4R6�PD\�EH�LQVWDQWLDWHG��L�H��D�ELQGLQJ�HVWDEOLVKHG��LI
WKH�4R6�FDQ�EH�VXSSRUWHG�E\�DOO�UHOHYDQW�SDUWLHV�
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Client Server

 2.1.2 Application vs. system level

:KHQ�IRFXVLQJ�DW�PLGGOHZDUH�SODWIRUPV��LW�LV�XVHIXO�WR�GLVWLQJXLVK�EHWZHHQ
WZR�OHYHOV�RI�4R6�VSHFLILFDWLRQ�DQG�SURYLVLRQ�DV�WKH�ILJXUH�VKRZV�

♦ $SSOLFDWLRQ�OHYHO���4R6�SURYLGHG�E\�PLGGOHZDUH��WR�DSSOLFDWLRQ
SURJUDPV�

♦ 6\VWHP�OHYHO���4R6�SURYLGHG�E\�RSHUDWLQJ�V\VWHP�DQG�QHWZRUN��WR
PLGGOHZDUH�

middleware

appl.

O.S./network

Application level QoS

System level QoS

7KH�UROH�RI�WKH�PLGGOHZDUH�LV�WR�SURYLGH�DEVWUDFWLRQV�DQG�WUDQVSDUHQFLHV�WR
DSSOLFDWLRQV�SURJUDPPHUV��IRU�4XDOLW\�RI�6HUYLFH��7KH�PLGGOHZDUH�VKRXOG
SURYLGH�WKH�UHTXLUHG�SURSHUWLHV�E\�FRQWUROOLQJ�UHVRXUFHV�DQG�WKHLU�4R6�DW�WKH
V\VWHP�OHYHO��7KHUH�LV��KRZHYHU�D�SRVVLEOH�FRQIOLFW�EHWZHHQ�WKH�XVH�RI�KLJK
OHYHO�DEVWUDFWLRQV�DQG�WUDQVSDUHQF\��DQG�WKH�QHHG�IRU�D�IOH[LEOH�DQG�WLJKW
FRQWURO�RI��UHVRXUFHV��2SHUDWLQJ�V\VWHPV�UHVHDUFK�KDV�DGGUHVVHG�UHODWHG
LVVXHV�IRU�D�ZKLOH��VHH�>+DQVVHQ��@����6RPH�UHVHDUFKHUV�>(QJOHU��@�HYHQ
DUJXH�WKDW�DEVWUDFWLRQV�VKRXOG�EH�UHPRYHG�IURP�WKH�2�6��NHUQHO�WR�JLYH
DSSOLFDWLRQV�IXOO�FRQWURO�RYHU�KDUGZDUH�GHYLFHV�

 2.2 Information Viewpoint

,Q�WKH�LQIRUPDWLRQ�YLHZSRLQW�ZH�DUH�LQWHUHVWHG�LQ�WKH�LQIRUPDWLRQ�IORZLQJ
EHWZHHQ�4R6�XVHUV�DQG�4R6�SURYLGHUV��L�H��WKH�PDLQ�LVVXH�LV�KRZ�4R6�LV
VSHFLILHG�

7KH�SXUSRVH�RI�4R6�VSHFLILFDWLRQ�LV�WR�FDSWXUH�DSSOLFDWLRQ�OHYHO�4R6
UHTXLUHPHQWV�DQG�PDQDJHPHQW�SROLF\��4R6�VSHFLILFDWLRQ�LV�GHFODUDWLYH�LQ
QDWXUH�DQG�LV�XVHG�WR�VHOHFW��FRQILJXUH�DQG�PDLQWDLQ�4R6�PHFKDQLVPV��:KHQ
IRFXVLQJ�DW�WKH�GRPDLQ�RI�PXOWLPHGLD�IORZV��LW�LV�XVHIXO�WR�ORRN�DW
>&DPSEHOO���@�ZKLFK�KDV�LGHQWLILHG�WKH�IROORZLQJ�ILYH�DUHDV�RI�4R6
VSHFLILFDWLRQ�
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♦ )ORZ�V\QFKURQLVDWLRQ

♦ )ORZ�SHUIRUPDQFH��7KH�PHWULFV�PD\�YDU\�IURP�RQH�DSSOLFDWLRQ�WR
DQRWKHU��7KH\�FDQ�EH�WKLQJV�OLNH�WKURXJKSXW��GHOD\��MLWWHU��ORVV�UDWHV�

♦ 4R6�FRPPLWPHQW�SROLF\��L�H��WR�ZKDW�H[WHQW�VKRXOG�WKH�4R6�EH
JXDUDQWHHG"�7KH�FKRLFHV�FRXOG�H�J��EH�EHWZHHQ�GHWHUPLQLVWLF�
SUHGLFWLYH��DGDSWLYH�DQG�EHVW�HIIRUW�

♦ 4R6�0DQDJHPHQW�SROLF\��L�H��WKH�GHJUHH�RI�4R6�DGDSWDWLRQ�WR�WROHUDWH�
7KH�SROLF\�PD\�LQFRUSRUDWH�VFDOLQJ�DFWLRQV�

♦ &RVW�RI�VHUYLFH��+LJK�GHJUHHV�RI�SHUIRUPDQFH�RU�FRPPLWPHQWV�PD\
KDYH�D�VLJQLILFDQW�FRVW�LQ�UHVRXUFH�XVDJH��,I�FRVW�LV�D�4R6�SDUDPHWHU�
DSSOLFDWLRQV�DUH�DEOH�WR�PDNH�D�WUDGH�RII�EHWZHHQ�FRVW�DQG
SHUIRUPDQFH��ZKHQ�QHJRWLDWLQJ�4R6�

 2.2.1 Key issues in specification

:KHQ�DQDO\VLQJ�D�FRQFUHWH�PRGHO�RU�V\VWHP�ZH�DUH�LQWHUHVWHG�LQ�KRZ�WKH
SUREOHP�RI�GHFODUDWLYH�4R6�VSHFLILFDWLRQ�LV�DGGUHVVHG��)LUVW�WKH�4R6
UHTXLUHPHQWV�DW�WKH�DSSOLFDWLRQ�OHYHO�VKRXOG�EH�DSSOLFDWLRQ�RULHQWHG�UDWKHU
WKDQ�V\VWHP�RULHQWHG��7KLV�PHDQV�WKDW�WKH�PHWULFV�XVHG�VKRXOG�EH�UHODWHG�WR
XVHU�SHUFHSWLRQ�RU�WKH�DEVWUDFWLRQV�DSSOLFDWLRQ�SURJUDPPHUV�GHDO�ZLWK��2QH
FRXOG�IRU�LQVWDQFH�WDON�DERXW�WKH�LQYRFDWLRQ��RU�IUDPH�UDWH��RU�DERXW�&'�
4XDOLW\�YHUVXV�3KRQH�4XDOLW\��6\VWHP�RULHQWHG�PHDQV�WKDW�PHWULFV�DUH
UHODWHG�WR�V\VWHP�UHVRXUFHV�DQG�WKHLU�SURSHUWLHV��+HUH��RQH�FRXOG�IRU�LQVWDQFH
WDON�DERXW�EDQGZLGWK�LQ�WHUPV�RI�ELW�SHU�VHFRQG�UDWH�RU�KDYH�D�FKRLFH
EHWZHHQ�D�,6'1�%�FKDQQHO�YHUVXV�DQ�$70�FRQQHFWLRQ��$�FRPPRQ�DSSURDFK
WR�WKLV�LV�SURYLGH�PHFKDQLVPV�IRU�PDSSLQJ�DSSOLFDWLRQ�RULHQWHG�4R6��WR
V\VWHP�OHYHO�4R6��7KLV�LV�FORVHO\�UHODWHG�WR�4R6�WUDQVSDUHQF\��L�H��WKH
DSSOLFDWLRQ�SURJUDPPHU�VKRXOG�GHDO�ZLWK�GHFODUDWLYH�4R6�DQG�QRW�ERWKHU
ZLWK�WKH�VHOHFWLRQ�DQG�FRQILJXUDWLRQ�RI�PHFKDQLVPV�DQG�UHVRXUFHV�IRU�4R6
SURYLVLRQ�

$QRWKHU�LVVXH�LV�ZKDW�W\SH�RI�SDUDPHWHUV�WKDW�GHVFULEH�WKH�4R6��2QH�FKRLFH
LV�EHWZHHQ��TXDOLWDWLYH�DQG��TXDQWLWDWLYH�SDUDPHWHUV��4XDOLWDWLYH�SDUDPHWHUV
FDQ�EH�VLPSOH�DQG�LQWXLWLYH�WR�XVH��,W�LV�W\SLFDOO\�D�FKRLFH�EHWZHHQ�SUHGHILQHG
TXDOLWLHV��IRU�LQVWDQFH�EHWZHHQ�CVORZ
��CIDVW
�RU�CYHU\�IDVW
�RU�EHWZHHQ�¶9RLFH·�
¶$XGLR·��DQG�¶&'�4XDOLW\�$XGLR·��$W�WKH�RWKHU�KDQG�WKHUH�VHHPV�WR�EH�D�QHHG
IRU�TXDQWLWDWLYH�VSHFLILFDWLRQV��HVSHFLDOO\�IRU�PXOWLPHGLD�IORZV���ZKLFK�PD\
EH�PRUH�FRQFLVH�DQG�PRUH�IOH[LEOH��RQH�FRXOG�IRU�LQVWDQFH�VD\�VRPHWKLQJ�OLNH
´VSHHG�!�����DQG�MLWWHU�����´��

$Q�DSSURDFK�WR�WKLV��VHH�VHFWLRQ������LV�WR�XVH�TXDOLWDWLYH�SDUDPHWHUV�DW�WKH
DSSOLFDWLRQ�OHYHO��UHJLRQ�QDPHV���ZKLFK�DUH�PDSSHG�WR�TXDQWLWDWLYH�4R6
SDUDPHWHUV��ZKLFK�FRXOG�EH�DFFXUDWHO\�PHDVXUHG��RU�ZKLFK�FRXOG�EH�HDVLO\
PDSSHG�WR�V\VWHP�OHYHO�4R6�DQG�UHVRXUFH�DOORFDWLRQ��$Q�DGYDQWDJH�RI�WKLV
DSSURDFK��LV�WKH�VHSDUDWLRQ�RI�4R6�VSHFLILFDWLRQV��L�H��WKH�GHILQLQJ�WKH
PHDQLQJ�RI�UHJLRQ�QDPHV��IURP�DSSOLFDWLRQ�SURJUDPV��7KH�LGHD�LV�LOOXVWUDWHG
LQ�WKH�ILJXUH�EHORZ�
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capacity > 100 Kb/s
jitter < 5 ms
delay < 1 s
. . .

"CD audio"
Application

program

Region definition

Region name

$�UHODWHG�SUREOHP�LV�KRZ�WR�GHDO�ZLWK�WKH�FRPSOH[�DQG�KHWHURJHQHRXV
SDUDPHWHU�VSDFH��7KH�SRVVLEOH�GLPHQVLRQV�IRU�GHVFULELQJ�4R6�DQG�WKH�FKRLFH
RI�PHWULFV�LQ�D�JLYHQ�VLWXDWLRQ�FDQ�EH�YHU\�QXPHURXV��'LIIHUHQW�SDUDPHWHUV
PD\�EH�QHHGHG�LQ�GLIIHUHQW�VLWXDWLRQV�DQG�WKH�VDPH�SUREOHP�GRPDLQ�FDQ�HYHQ
UHQGHU�GLIIHUHQW�4R6�PHWULFV��LI�GLIIHUHQW�SHRSOH�DUH�GHDOLQJ�ZLWK�WKHP���$Q
DSSURDFK�WR�WKLV�SUREOHP�LV�WR�VWDQGDUGLVH�WKH�SDUDPHWHUV�DQG�PHWULFV�XVHG
LQ�JLYHQ�VLWXDWLRQV��)RU�H[DPSOH�DV�4R6�GRPDLQV�RU�FODVVHV�WKDW�GHILQH�D�VHW
RI�UHODWHG�SDUDPHWHUV�PHWULFV�DQG��SRVVLEO\��D�VHW�RI�UHODWHG�PHFKDQLVPV
>/L2WZD\��@�

:KHQ�WU\LQJ�WR�DQVZHU�WKH�TXHVWLRQ�KRZ�4R6�LV�VSHFLILHG��ZH�PD\�GLYLGH�WKH
UHVHDUFK�HIIRUW�LQWR�WKH�IROORZLQJ�FDWHJRULHV�

♦ 8VHU�DSSOLFDWLRQ�FHQWUHG�DSSURDFKHV�ZKLFK�W\SLFDOO\�DUH�PRWLYDWHG
IURP�WKH�GHVLUH�WR�SURYLGH�PDQDJHDEOH�DEVWUDFWLRQV�IRU�DSSOLFDWLRQ
SURJUDPPHUV�DQG�HQG�XVHUV��7KLV�LV�PDLQO\�ZKDW�KDV�EHHQ�GLVFXVVHG
DERYH�

♦ 1HWZRUN�WHFKQRORJ\�FHQWUHG�DSSURDFKHV�ZKLFK�W\SLFDOO\�DUH�PRWLYDWHG
IURP�WKH�QHHG�WR�EH�DEOH�WR�FRQWURO�4R6�RI�VSHFLILF�WHFKQRORJLHV��0XFK
HIIRUW�LV�EDVHG�RQ�$70�QHWZRUNV�DQG�DLPV�WR�GHYHORS�DUFKLWHFWXUHV
WKDW�VXSSRUW�WKH�SURYLVLRQ�RI�HQG�WR�HQG�4R6�JXDUDQWHHV��$�ZHOO�NQRZQ
H[DPSOH�LV�WKH�;50�;%,1'�DUFKLWHFWXUH�>/D]DU��@��4R6�LV�KHUH
VSHFLILHG�DV�WUDIILF�FODVVHV�DQG�VHUYLFH�FODVVHV��ZKLFK�UHSUHVHQWV
VWDWLVWLFDO�PRGHOV�IRU�LQIRUPDWLRQ�VWUHDPV���HDFK�ZLWK�D�VHW�RI�FODVV�
VSHFLILF�4R6�SDUDPHWHUV��2WKHU�UHVHDUFK�EDVHG�RQ�$70�QHWZRUNV
LQFOXGH�>)HUUDUL��@�DQG�>%HVVH��@��,PSRUWDQW�ZRUN�LV�DOVR�EHLQJ�GRQH
LQ�4R6�VSHFLILFDWLRQ�EDVHG�RQ�WKH�,QWHUQHW�>%UDGHQ��@�

♦ )RUPDO�PDWKHPDWLFDO�QRWDWLRQV��ZKLFK�VHUYH�DV�PRUH�JHQHULF�PRGHOV
RU�ODQJXDJHV�IRU�VSHFLILFDWLRQ�RI�4R6�FRQVWUDLQWV��>%ODLU��D@�SURSRVH�D
4R6�FRQVWUDLQW�ODQJXDJH�4/��ZKLFK�LV�EDVHG�RQ�WHPSRUDO�ORJLF��2WKHU
ZRUN�LQFOXGH�>3ODJHPDQQ��@��ZKLFK��SURSRVH�WR�VSHFLI\�4R6
UHTXLUHPHQWV�DV�9HFWRU�0LQLPXP�3UREOHPV��DQG�WKH�8QLYHUVLW\�RI
7URPVR�',0(�SURMHFW�>(OLDVVHQ��@��ZKLFK�LV�GHYHORSLQJ�D�IRUPDO�W\SH
PRGHO�IRU�PXOWLPHGLD�IORZV�WKDW�LQFRUSRUDWH�TXDOLW\�DWWULEXWHV�

                                                          

��7UDIILF�FODVVHV�DUH�ORZ�OHYHO�DQG�V\VWHP�RULHQWHG�DQG�VHUYLFH�FODVVHV�DUH�PRUH�DSSOLFDWLRQ
RULHQWHG��YLGHR�DXGLR�VWUHDPV��
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 2.3 Computational Viewpoint

,Q�WKH�FRPSXWDWLRQDO�YLHZSRLQW�ZH�DUH�IRFXVLQJ�DW�WKH�IXQFWLRQDO
GHFRPSRVLWLRQ�RI�V\VWHP��L�H��KRZ�LV�4R6�FRQILJXUHG�DQG�ZKDW�PDLQ
FRPSRQHQWV�DQG�LQWHUDFWLRQV�DUH�QHFHVVDU\�WR�HVWDEOLVK�DQG�PDQDJH�4R6�

,Q�DGGLWLRQ�WR�WKH�DSSOLFDWLRQ·V�REMHFWV�DQG�LQWHUIDFHV��LW�LV�UHFRJQLVHG�WKDW
�DV�SURSRVHG�LQ�H�J��>%ODLU��D@��ELQGLQJV�QHHG�WR�EH�YLVLEOH�DV�FRPSXWDWLRQDO
REMHFWV��ZLWK�LQWHUIDFHV��DQG�WKDW�HVWDEOLVKLQJ�RI�ELQGLQJ�VKRXOG�EH�H[SOLFLW�
7KLV�DOORZV�RQH�WR�FRQWURO�WKH�4R6�RI�ELQGLQJV�

$GPLVVLRQ�WHVWLQJ�PD\�EH�D�SDUW�RI�WKH�ELQGLQJ�SURFHVV��7KLV�PHDQV�WKDW
WKHUH�LV�D�FRQFHSW�RI�4R6�IDLOXUH��IDLOXUH�WR�ELQG�EHFDXVH�4R6�UHTXLUHPHQWV
FDQQRW�EH�PHW���7R�EH�DEOH�WR�GHFLGH�LI�LQWHUIDFHV�FDQ�EH�ERXQG��ZH�QHHG�WR�EH
DEOH�WR�VSHFLI\�4R6�DQQRWDWLRQV�RQ�LQWHUIDFHV�WR�EH�ERXQG�DQG��SRVVLEO\��WKH
REMHFWV�

4R6�PRQLWRUV�QHHG�DOVR�WR�EH�YLVLEOH�DV�FRPSXWDWLRQDO�REMHFWV�WKDW�DUH
DWWDFKHG�WR�ELQGLQJV�

2QH�LVVXH�LV�ZKHUH�4R6�LV�VSHFLILHG��7KH�7,1$�4R6�)UDPHZRUN�>7,1$@
VXSSRUWV�4R6�DQQRWDWLRQV�DW������WKH�REMHFW�������WKH�RSHUDWLRQDO�LQWHUIDFH�DQG
����WKH�VWUHDP�LQWHUIDFH��7,1$�2'/��ZKLFK�LV�DQ�H[WHQVLRQ�RI�20*�,'/�IRU
GHVFULELQJ�FRPSXWDWLRQDO�REMHFWV��SURYLGHV�D�VHUYLFH�DWWULEXWH�FRQVWUXFW�WR
FDSWXUH�4R6�FRQVWUDLQWV��>%ODLU��D@�SURSRVHV�4R6�DQQRWDWLRQ�DW�LQWHUIDFHV
WKDW�VWDWHV�ZKDW�LV�UHTXLUHG�DQG�ZKDW�FDQ�EH�SURYLGHG�IURP�WKH�LQWHUIDFH�

 2.4 Engineering Viewpoint

4R6�PHFKDQLVPV�DUH�VHOHFWHG�DFFRUGLQJ�WR�XVHU�VXSSOLHG�4R6�VSHFLILFDWLRQV�
DYDLODELOLW\�RI�UHVRXUFHV�DQG�UHVRXUFH�PDQDJHPHQW�SROLF\��:H�GLVWLQJXLVK
EHWZHHQ�VWDWLF�4R6�PHFKDQLVPV�ZKLFK�LV�UHODWHG�WR�HVWDEOLVKPHQW�RI
ELQGLQJV��4R6�SURYLVLRQ��DQG�G\QDPLF�4R6�PHFKDQLVPV�ZKLFK�DUH�UHODWHG�WR
WKH�DFWXDO�FRPPXQLFDWLRQ�SKDVH��4R6�FRQWURO�DQG�PDQDJHPHQW��

>&DPSEHOO��@�KDV�LGHQWLILHG�WKUHH�PDLQ�W\SHV�RI�4R6�PHFKDQLVPV�

♦ 4R6�SURYLVLRQ�PHFKDQLVPV��ZKLFK�FDQ�LQYROYH�4R6�PDSSLQJ�
DGPLVVLRQ�WHVWLQJ�DQG�UHVRXUFH�UHVHUYDWLRQ�

♦ 4R6�FRQWURO�PHFKDQLVPV��ZKLFK�GR�UHDO�WLPH�WUDIILF�FRQWURO�WR�PDLQWDLQ
DJUHHG�4R6��7KLV�LQFOXGH�IORZ�VKDSLQJ��IORZ�VFKHGXOLQJ��IORZ�SROLFLQJ�
IORZ�FRQWURO�DQG�IORZ�V\QFKURQLVDWLRQ�

♦ 4R6�PDQDJHPHQW�PHFKDQLVPV��ZKLFK�FRXOG�EH�UHTXLUHG�WR�HQVXUH�WKDW
DJUHHG�4R6�LV�VXVWDLQHG�RU�UHQHJRWLDWHG��7KLV�FRXOG�LQYROYH�4R6
PRQLWRULQJ��PDLQWHQDQFH��GHJUDGDWLRQ��VLJQDOOLQJ�DQG�VFDOLQJ�
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 2.4.1 QoS provision

+RZ�LV�HQG�WR�HQG�4R6�SURYLGHG��EDVHG�RQ�WKH�VSHFLILFDWLRQ"�7KLV�LV�PDLQO\
DERXW�HQJLQHHULQJ�VXSSRUW�OLNH�H�J��PDSSLQJV��UHVRXUFH�PDQDJHPHQW�
SURWRFROV�DQG�DOJRULWKPV�IRU�GRLQJ�HQG�WR�HQG�4R6�DOORFDWLRQ��W\SLFDOO\
FRPELQHG�ZLWK�VRPH�QHJRWLDWLRQ�RU�DGPLVVLRQ�WHVWLQJ�

0DQ\�VSHFLILF�PHFKDQLVPV�H[LVW�DQG�DUH�EHLQJ�LQYHVWLJDWHG��0RUH�JHQHULF
HQJLQHHULQJ�PRGHOV�RI�4R6�SURYLVLRQ�DUH�EHLQJ�SURSRVHG�ZLWKLQ�WKH�$16$
SURMHFW�>/L2WZD\��@�DQG�WKH�7,1$�IUDPHZRUN��>1LFRODRX��@�LQYHVWLJDWHV�4R6
UHVHUYDWLRQ�DOJRULWKPV�WKDW�LQFRUSRUDWHV�PXOWLSOH�OD\HUV�DQG�PDSSLQJ
EHWZHHQ�WKHP��>%ODLU��D@�SURSRVH�WKDW�4R6�PRQLWRU�REMHFWV�DUH�UHDFWLYH
REMHFWV��)RU�PRUH�LQIRUPDWLRQ��VHH�VHFWLRQ���

$Q�LVVXH�LV�KRZ�WKH�4R6�LV�FRPPXQLFDWHG�ZLWK�WKH�DSSOLFDWLRQ�SURJUDP��2QH
FRXOG�XVH�DQ�$3,�RU�D�VSHFLDO�SURJUDPPLQJ�ODQJXDJH��7KHUH�LV�DOVR�DQ�RSWLRQ
RI�XVLQJ�D�QHJRWLDWLRQ�SURWRFRO�ZKLFK�PDWFK�WKH�4R6�UHTXLUHPHQWV�ZLWK�WKH
4R6�WKH�XQGHUO\LQJ�V\VWHP�FDQ�RIIHU�

 2.4.2 Dealing with changing conditions

5HVRXUFH�DYDLODELOLW\�DQG�QHWZRUN�TXDOLW\�FDQ�FKDQJH�G\QDPLFDOO\�DQG�XVHUV
PD\�KDYH�YDU\LQJ�UHTXLUHPHQWV��)LUVW�ZH�QHHG�D�ZD\�WR�GLVFRYHU�WKDW�D
VLJQLILFDQW�FKDQJH�KDV�KDSSHQHG��7KLV�FDQ�H�J��EH�GRQH�E\�PHDVXULQJ�WKH
WUDIILF�WR�GHGXFH�WKH�DFWXDO�4R6�SURYLGHG��RU�WKH�XVDJH�SDWWHUQV��OLNH�LQ
>=LQN\��@�

,I�YLRODWLRQV�WR�WKH�DJUHHG�4R6�LV�GHWHFWHG��VRPH�DFWLRQ�KDV�WR�EH�WDNHQ��)LUVW
RQH�FRXOG�WU\�WR�DGMXVW�WKH�UHVRXUFHV�VXFK�WKDW�WKH�UHTXLUHG�4R6�FDQ�EH
PDLQWDLQHG��,I�LW�FDQQRW��VRPH�NLQG�RI�UHQHJRWLDWLRQ�DQG�RU�VFDOLQJ�LV
QHFHVVDU\��5HQHJRWLDWLRQ�PHDQV�WKDW�WKH�SDUWLHV�DJUHH�RQ�D�QHZ�4R6��L�H��LI
WKH�QHZ�4R6�LV�DFFHSWDEOH�IRU�WKH�DSSOLFDWLRQ�FRPSRQHQWV��LW�VKRXOG�FRQWLQXH
XVLQJ�WKH�QHZ��GHJUDGHG��4R6��6FDOLQJ�FDQ�EH�GRQH�E\�LQVHUWLQJ�ILOWHUV�LQ�WKH
IORZ�SDWK�RU�E\�OHWWLQJ�DSSOLFDWLRQ�FRPSRQHQWV��FOLHQWV��VHUYHUV��DGDSW�WR�WKH
ORZHU�4R6�OHYHOV�RU�UHVRXUFH�DYDLODELOLW\��7KH�XVH�RI�ILOWHUV�IRU�VFDOLQJ��VHH
H�J��><HDGRQ��@��FDQ�EH�HVSHFLDOO\�XVHIXO�LQ�PXOWLFDVW�JURXSV�ZKHUH�PXOWLSOH
UHFHLYHUV�RI�D�IORZ�KDV�GLIIHUHQW�4R6�UHTXLUHPHQWV�

 2.5 Technology viewpoint

7KH�LVVXH�KHUH�LV�ZKDW�WHFKQRORJ\�H[LVW�WKDW�VXSSRUW�4R6"�7HFKQRORJ\�FRXOG
EH�LQGXVWU\�VWDQGDUGV�RU�SURGXFWV��+HUH�ZH�VKRXOG�ORRN�DIWHU

♦ 4R6�VXSSRUW�RU�VXSSRUW�IRU�IOH[LEOH�UHVRXUFH�PDQDJHPHQW�LQ�RSHUDWLQJ
V\VWHPV�

♦ 4R6�VXSSRUW�LQ�$70�VZLWFKHV��)'',�QHWZRUNV�RU�RWKHU�QHWZRUN
WHFKQRORJLHV�
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♦ 4R6�VXSSRUW�LQ�25%·V���57�25%·V��>6FKPLGW��@�GHVFULEHV�WKH�GHVLJQ�RI
D�UHDO�WLPH�25%�ZLWK��OLPLWHG��4R6�VXSSRUW�DQG�KDV�VXEPLWWHG�WKH
UHVXOWV�DV�D�5),�UHVSRQVH�WR�WKH�20*�6,*�RQ�5HDO�7LPH�&25%$�
,PSRUWDQW�SDUWV�RI�WKLV�HIIRUW�LV�WKH�GHYHORSPHQW�RI�D�5HDO�7LPH�,QWHU�
25%�3URWRFRO��5,23��DQG�WKH�DUFKLWHFWXUH�IRU�D�5HDO�7LPH�2EMHFW�
$GDSWHU���7KH�$16$�SURMHFW�KDV�SURGXFHG�WKH�57�$16$ZDUH�DQG�WKH
',00$�SODWIRUP��ZKLFK�SUHVHQW�VRPH�SURWRW\SH�WHFKQRORJ\�IRU�4R6
DQG�UHVRXUFH�PDQDJHPHQW�

 2.6 Summary

,Q�WKLV�VHFWLRQ�ZH�KDYH�LQYHVWLJDWHG�VRPH�LPSRUWDQW�FRQFHSWV�DQG�LVVXHV�LQ
HDFK�RI�WKH�ILYH�50�2'3�YLHZSRLQWV��4R6�LV�DERXW�QRQ�IXQFWLRQDO�SURSHUWLHV
LQ�JHQHUDO��EXW�UHVHDUFK�KDV�EHHQ�FHQWUHG�DURXQG�FRPPXQLFDWLRQ�SURWRFROV
DQG�PXOWLPHGLD��4R6�LV�DQ�DVSHFW�RI�ELQGLQJV��EXW�LW�GHSHQGV�RQ�VXSSRUW�IURP
REMHFW�DQG�LQWHUIDFH�LPSOHPHQWDWLRQV��WR�EH�LQVWDQWLDWHG�

,Q�WKH�LQIRUPDWLRQ�YLHZSRLQW�WKH�PDLQ�LVVXH�LV�4R6�VSHFLILFDWLRQ��5HVHDUFK
HIIRUW�PD\�EH�GLYLGHG�LQWR�����KRZ�RQH�SURYLGH�PDQDJHDEOH�DEVWUDFWLRQV�IRU
DSSOLFDWLRQ�SURJUDPPHUV�DQG�HQG�XVHUV������KRZ�WR�FRQWURO�4R6�RI�VSHFLILF
WHFKQRORJLHV�DQG�����IRUPDO�QRWDWLRQV��:H�KDYH�IRFXVHG�DW�GHFODUDWLYH�4R6
SDUDPHWHUV��7KH�FRPSXWDWLRQDO�YLHZSRLQW�LV�FRQFHUQHG�ZLWK�ZKDW�PDLQ
FRPSRQHQWV�DQG�LQWHUDFWLRQV�DUH�QHFHVVDU\�WR�HVWDEOLVK�DQG�PDQDJH�4R6�
+HUH��WKH�UHFRJQLWLRQ�WKDW�ELQGLQJV�VKRXOG�EH�H[SOLFLW�FRPSXWDWLRQDO�REMHFWV
LV�LPSRUWDQW��7KH�HQJLQHHULQJ�YLHZSRLQW�LV�FRQFHUQHG�ZLWK�KRZ�HQG�WR�HQG
4R6�LV�SURYLGHG��:H�QHHG�WR�FRQVLGHU�PHFKDQLVPV�IRU�SURYLVLRQ��FRQWURO�DQG
PDQDJHPHQW�RI�4R6��7KHUH�PD\�EH�D�VSHFLILF�QHHG�WR�GHDO�ZLWK�G\QDPLFDOO\
FKDQJLQJ�FRQGLWLRQV��E\�XVLQJ�UHQHJRWLDWLRQ�RU�VFDOLQJ��WKURXJK�ILOWHULQJ�RU
DGDSWDWLRQ��

7HFKQRORJ\�IRU�VXSSRUWLQJ�4R6��FRXOG�EH�LQGXVWU\�VWDQGDUGV�RU�SURGXFWV��:H
VKRXOG�ORRN�DIWHU�����RSHUDWLQJ�V\VWHPV������QHWZRUN�WHFKQRORJLHV�DQG����
0LGGOHZDUH�WHFKQRORJ\��25%·V��
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 3 MIDDLEWARE QOS RESEARCH

0RVW�RI�WKH�4R6�UHVHDUFK�WR�GDWH�KDV�EHHQ�GRQH�LQ�WKH�FRQWH[W�RI�LQGLYLGXDO
DUFKLWHFWXUDO�OD\HUV��:H�PD\�GLYLGH�WKLV�UHVHDUFK�LQWR�WKH�IROORZLQJ�OD\HUV�

♦ 1HWZRUN��PXFK�HIIRUW�LQ�4R6�SURYLVLRQ�IURP�$70�QHWZRUNV��

♦ 7UDQVSRUW�

♦ 2SHUDWLQJ�V\VWHP�

8QWLO�UHFHQWO\�OLWWOH�ZRUN�KDV�EHHQ�GRQH�LQ�4R6�VXSSRUW�IRU�PLGGOHZDUH
ZKLFK�ZH�FDQ�FRQVLGHU�DV�D�IRXUWK�OD\HU��7KH�UHVHDUFK�PHQWLRQHG�KHUH�LV�DOO
DERXW�GLVWULEXWHG�V\VWHP�SODWIRUPV��

4R6�VSHFLILFDWLRQV�DW�WKH�PLGGOHZDUH�OD\HU�VKRXOG�EH�XVHU�RULHQWHG�DQG
GHFODUDWLYH�UDWKHU�WKDQ�V\VWHP�RULHQWHG�DQG�LPSHUDWLYH��+HUH�4R6�LV�DOVR
IXQGDPHQWDOO\�DQ�HQG�WR�HQG�LVVXH��7KLV�LV�EHFDXVH�ZH�DUH�LQWHUHVWHG�LQ�ZKDW
LV�RIIHUHG�WR�WKH�DSSOLFDWLRQV��FOLHQWV�DQG�VHUYHUV��E\�WKH�PLGGOHZDUH��8VHUV
VKRXOG�EH�VSHFLI\LQJ�ZKDW�WKH\�UHTXLUH��QRW�KRZ�WKLV�LV�DFKLHYHG��7KH
PLGGOHZDUH�VKRXOG�RIIHU�DEVWUDFWLRQV�WKDW�OHWV�DSSOLFDWLRQV�FRQWURO�WKH
UHOHYDQW�4R6�SDUDPHWHUV�DQG�KLGH�LUUHOHYDQW�GHWDLOV�

 3.1 IMAC - Multimedia extensions to ANSA

7KHUH�KDV�EHHQ�VRPH�HIIRUW�LQ�GHYHORSLQJ�H[SHULPHQWDO�4R6�GULYHQ
PLGGOHZDUH��(DUO\�ZRUN�KDV�EHHQ�GRQH�DW�&DPEULGJH�8QLYHUVLW\�LQ�H[WHQGLQJ
WKH�$16$ZDUH�SODWIRUP�ZLWK�VXSSRUW�IRU�PXOWLPHGLD��$QRWKHU�H[SHULPHQW
ZDV�GRQH�DW�/DQFDVWHU�8QLYHUVLW\�>&RXOVRQ��@�

7KH�,0$&�DUFKLWHFWXUH�>1LFRODRX��@�LV�EDVHG�RQ�WKH�$16$�DUFKLWHFWXUH�DQG
LWV�SURWRW\SH�LPSOHPHQWDWLRQ��EDVHG�RQ�WKH�$16$�7HVWEHQFK��,W�LQWURGXFHV
QHZ�FRQFHSWV�DQG�DUFKLWHFWXUDO�VHUYLFHV�WR�GHDO�ZLWK�PXOWLPHGLD�DQG�4R6�
H�J��VWUHDPV�DQG�VWUHDP�W\SHV�

,0$&�DOORZV�VSHFLILFDWLRQ�RI�FRPPXQLFDWLRQ�RULHQWHG�4R6�RQ�D�SHU�
LQYRFDWLRQ�EDVLV��L�H��LQWHUIDFH�RSHUDWLRQV�PD\�VSHFLI\�D�VHW�RI�4R6�RSWLRQV
ZLWK�ZKLFK�WKH\�DUH�SUHSDUHG�WR�EH�LQYRNHG��7KRVH�4R6�RSWLRQV�SXW
FRQVWUDLQWV�RQ�WKH�XQGHUO\LQJ�FRPPXQLFDWLRQ�V\VWHP��7KH�FRPPXQLFDWLRQ
V\VWHP�LV�YLHZHG�DV�D�4R6�SURYLGHU��RU�VHUYHU��DQG�FOLHQWV�VSHFLI\�WKH�VHUYLFHV

                                                          

��+RZHYHU�LW�PD\�EH�UHOHYDQW�WR�DOVR�ORRN�DW�PXOWLPHGLD�GDWDEDVH�UHVHDUFK��ZKHUH�4R6�LQ
VRPH�FDVHV�DUH�DGGUHVVHG�
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DQG�WKH�UHVRXUFHV�WKH\�UHTXLUH�DV�FRQVWUDLQWV�RQ�WKH�VHW�RI�DYDLODEOH�VHUYLFHV
DQG�UHVRXUFHV��4R6�QHJRWLDWLRQ�LV�WKH�SURFHVV�RI�PDWFKLQJ�D�SDUWLFXODU�4R6
FRQVWUDLQW�WR�WKH�DYDLODEOH�VHW�RI�4R6�RIIHUV�IURP�XQGHUO\LQJ�VHUYLFHV�DQG
UHVHUYH�UHVRXUFHV�IRU�WKH�FKRVHQ�RSWLRQV�

7KH�DSSURDFK�WR�4R6�VSHFLILFDWLRQ�LV�WR�GLYLGH�WKH�ZRUOG�LQWR�4R6�GRPDLQV�
GLYLGH�HDFK�GRPDLQ�LQWR�4R6�OD\HUV�DQG�SURYLGH�PDSSLQJV�EHWZHHQ�OD\HUV�
7KH�FRQFHSW�RI�4R6�QHJRWLDWLRQ�LV�H[WHQGHG�WR�EH�SHU�OD\HU�LQ�WKLV
DUFKLWHFWXUH��,Q�WKLV�ZD\�,0$&�SURYLGH�PHWKRG�RI�PDSSLQJ�IURP�GHFODUDWLYH
DSSOLFDWLRQ�RULHQWHG�4R6�WR�WKH�PRUH�FRPPXQLFDWLRQ�RULHQWHG�4R6�RSWLRQV�

,0$&�WDNHV�DQ�RXW�RI�EDQG�DSSURDFK�WR�HQG�WR�HQG�4R6��7KLV�PHDQV�WKDW�WKH
4R6�RSWLRQV�VHOHFWHG�E\�D�FOLHQW�LV�FRPPXQLFDWHG�WR�WKH�VHUYHU�LQ�D�VHSDUDWH
LQYRFDWLRQ��$�ELQG�LQWHUIDFH�LV�SURYLGHG�E\�HDFK�VHUYHU�FDSVXOH��7KLV��XVHG
ZLWK�WKH�SHU�OD\HU�QHJRWLDWLRQ��UHDOLVH�HQG�WR�HQG�4R6��7KH�ILJXUH�EHORZ
LOOXVWUDWHV�WKH�DOJRULWKP��$V�D�UHVSRQVH�WR�D�4R6�UHTXHVW��WKH�V\VWHPV�WU\�WR
UHVHUYH�4R6�DW�HDFK�OD\HU�DW�ERWK�VLGHV��,I�WKLV�IDLOV�DW�RQH�OD\HU��HYHU\
UHVHUYDWLRQ�ZKLFK�KDV�EHHQ�GRQH�KDV�WR�EH�FDQFHOOHG�EHIRUH�UHWXUQLQJ�D
IDLOXUH�LQGLFDWLRQ�WR�WKH�XVHU��,I�UHVHUYDWLRQ�VXFFHHGV�DW�DOO�OD\HUV�DW�ERWK
VLGHV��LW�LV�EHLQJ�FRQILUPHG��FRPPLWWHG�WR��DW�HDFK�OD\HU�EHIRUH�D�VXFFHVV�LV
LQGLFDWHG�WR�WKH�XVHU�

QoS request

Cancel Reserve

Cancel Reserve

ConfirmCancelReserve

ConfirmCancelReserveConfirm

FailureSuccess

Confirm

ServerClient

 3.2 RM-ODP related research

5HVHDUFKHUV�DW�&1(7�DQG�/DQFDVWHU�8QLYHUVLW\�KDV�GRQH�VLJQLILFDQW�ZRUN�LQ
SURYLGLQJ�VXSSRUW�IRU�PXOWLPHGLD�DQG�4R6�LQ�WKH�FRQWH[W�RI�50�2'3��7KH\
SURSRVH�DQ�H[WHQGHG�FRPSXWDWLRQDO�PRGHO�IRU�PXOWLPHGLD�>%ODLU��D�
%ODLU��E@��ZKLFK�SDUWO\�KDV�EHHQ�DGRSWHG�E\�WKH�2'3�FRPPXQLW\��7KH\�DOVR
LQYHVWLJDWH�HQJLQHHULQJ�VXSSRUW�ZLWK�IRFXV�DW�WKH�RSHUDWLQJ�V\VWHP�OHYHO�

6XSSRUW�IRU�FRQWLQXRV�PHGLD�LV�SURYLGHG�E\�DGGLQJ�WKH�FRQFHSWV�RI�VWUHDP
LQWHUIDFHV�DQG�VWUHDP�ELQGLQJV�WR�WKH�PRGHO��6XSSRUW�IRU�UHDO�WLPH
V\QFKURQLVDWLRQ�LV�SURYLGHG�E\�DGGLQJ�WKH�FRQFHSWV�RI�VLJQDOV�DQG�UHDFWLYH
REMHFWV��7R�VXSSRUW�4R6�PDQDJHPHQW�WKH�IROORZLQJ�DUH�DGGHG�WR�WKH�PRGHO�

♦ 7KH�DELOLW\�WR�VSHFLI\�4R6�DQQRWDWLRQV�RQ�LQWHUIDFHV�

♦ 7KH�LGHD�RI�H[SOLFLW�ELQGLQJ�
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♦ 7KH�LGHD�WKDW�ELQGLQJV�DUH�REMHFWV�ZKLFK�SURYLGH�LQWHUIDFHV�WKDW�DOORZV
RQH�WR�FRQWURO�WKH�EHKDYLRXU��4R6��RI�WKH�ELQGLQJ�

♦ 7KH�XVH�RI�UHDFWLYH�REMHFWV�IRU�G\QDPLF�PDQDJHPHQW�RI�4R6�

 3.2.1 QoS annotation language

4R6�DQQRWDWLRQV�FRQVLVW�RI�����D�UHTXLUHG�FODXVH�GHVFULELQJ�4R6
UHTXLUHPHQWV��L�H��WKH�4R6�WKH�LQWHUIDFH�H[SHFWV�IURP�LWV�HQYLURQPHQW�DQG����
D�SURYLGHG�FODXVH�GHVFULELQJ�WKH�4R6�WKH�LQWHUIDFH�RIIHU�WR�LWV�FOLHQWV��7R
DOORZ�WZR�LQWHUIDFHV�WR�EH�ERXQG��WKH\�KDYH�WR�EH�4R6�FRPSDWLEOH
�UHTXLUHPHQWV�LV�PHW�E\�WKH�SURYLVLRQ��

7R�SURYLGH�D�ODQJXDJH�IRU�4R6�DQQRWDWLRQ��D�UHDO�WLPH�ORJLF��4/�LV�SURSRVHG
>6WHIDQL��@��,Q�HVVHQFH��4/�DQQRWDWLRQV�DUH�VSHFLILHG�DV�WHPSRUDO�UHODWLRQV
EHWZHHQ�VLJQDOV��HPLVVLRQ�RU�DUULYDO�RI�VLJQDOV�DW�LQWHUIDFHV��

 3.2.2 Reactive objects

5HDFWLYH�REMHFWV�DUH�REMHFWV�ZKLFK�JXDUDQWHH�UHDO�WLPH�EHKDYLRXU�LQ�WHUPV�RI
WKHLU�UHDFWLRQ�WR�LQFRPLQJ�HYHQWV�E\�JHQHUDWLQJ�RXWJRLQJ�HYHQWV��7KH\�DUH
QHHGHG�LQ�UHDO�WLPH�V\QFKURQLVDWLRQ�DQG�4R6�FRQWURO�WR�SURYLGH�SUHGLFWDELOLW\
ZLWK�UHVSHFW�WR�WLPH�

,Q�DGGLWLRQ�WR�UHDO�WLPH�V\QFKURQLVDWLRQ��UHDFWLYH�REMHFWV�FDQ�EH�XVHG�DV
4XDOLW\�RI�6HUYLFH�PRQLWRUV��7KH\�VKRXOG�UHDFW�WR�4R6�YLRODWLRQV�DQG�LQLWLDWH
UH�QHJRWLDWLRQ�RI�WKH�4R6�FXUUHQWO\�SURYLGHG��,W�VKRXOG�EH�SRVVLEOH�WR
JHQHUDWH�VXFK�4R6�PRQLWRU�DXWRPDWLFDOO\�IURP�4R6�DQQRWDWLRQV�LQ�4/��7KH
ILJXUH�EHORZ�LOOXVWUDWHV�KRZ�D�4R6�PRQLWRU�REMHFW�FRXOG�EH�DWWDFKHG�WR�D
ELQGLQJ�WR�PRQLWRU�DQG�PDQDJH�LW�

Binding

Reactive
object

Video
camera

Video
display

7R�SURYLGH�WHPSRUDO�SUHGLFWDELOLW\��UHDFWLYH�REMHFWV�VKRXOG�FRQIRUP�WR�WKH
V\QFKURQ\�K\SRWKHVLV�>6WHIDQL��@�ZKLFK�VWDWHV�WKDW�D�UHDFWLRQ�WR�H[WHUQDO
HYHQWV�WDNHV�QR�WLPH��,Q�SUDFWLFH�WKLV�PHDQV�WKDW�UHDFWLRQV�VKRXOG�KDSSHQ
ZLWKLQ�ERXQGHG�WLPH�LQWHUYDOV�DQG�WKDW�WKH\�VKRXOG�EH�DWRPLF��7KLV�DOORZV
IRUPDO�UHDVRQLQJ�DERXW�WLPH�DQG�LW�DOORZV�V\QFKURQLVDWLRQ�VSHFLILFDWLRQV�WR
EH�ZULWWHQ�LQ�D�WLPH�LQGHSHQGHQW�PDQQHU��7R�SURJUDP�UHDFWLYH�REMHFWV��RQH
PD\�XVH�V\QFKURQRXV�ODQJXDJHV�OLNH�(VWHUHO�>%HUU\��@��WKDW�UHO\�RQ�WKH
V\QFKURQ\�K\SRWKHVLV��
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 3.3 ANSA research

6LJQLILFDQW�ZRUN�KDV�EHHQ�GRQH�LQ�H[WHQGLQJ�WKH�$16$�2'3�FRPSXWDWLRQDO
DQG�HQJLQHHULQJ�PRGHO�ZLWK�VXSSRUW�IRU�H[SOLFLW�ELQGLQJ��4R6�VSHFLILFDWLRQ
DQG�SURYLVLRQ�>/L2WZD\��@��7KLV�WR�VXSSRUW�UHDO�WLPH�DSSOLFDWLRQV�DQG�KDV
EHHQ��SDUWLDOO\��LPSOHPHQWHG�LQ�$16$ZDUH�57�DQG�LQ�WKH�',00$�SURWRW\SH
SODWIRUP��&XUUHQWO\��',00$�VXSSRUWV�4R6�SURYLVLRQ�DW�WKH�HQJLQHHULQJ
OHYHO�

 3.3.1 Binding framework

7KH�$16$�WHDP�ILUVW�SURSRVH�WR�DGG�H[SOLFLW�ELQGLQJ�WR�WKH�$16$
FRPSXWDWLRQDO�PRGHO��DV�WKH�LPSOLFLW�ELQGLQJ�PRGHO�LVQ
W�JRRG�HQRXJK�ZKHQ
LQWHUDFWLRQ�EHWZHHQ�REMHFWV�EHFRPH�FRPSOLFDWHG�DQG�KDV�4R6�UHTXLUHPHQWV�
7KLV�ZLOO�DOORZ�VSHFLILFDWLRQ�DQG�PDQDJHPHQW�RI�4R6�IRU�ELQGLQJV�

$�ELQGLQJ�IUDPHZRUN�LV�SURSRVHG�ZKLFK�GHILQH�WKH�IROORZLQJ�FRPSRQHQWV�LQ
WKH�HQJLQHHULQJ�YLHZSRLQW�

♦ %LQGHUV�ZKLFK�FUHDWHV�ELQGLQJV�E\�XVLQJ�UHVRXUFH�PDQDJHUV��%LQGHUV
DUH�UHJDUGHG�DV�WUDQVSDUHQF\�PHFKDQLVPV�DQG�KDV�WKH�UROH�RI�PDSSLQJ
4R6�UHTXLUHPHQWV�WR�D�ORZHU�OHYHO�WKDW�FRXOG�EH�XVHG�E\�UHVRXUFH
PDQDJHUV��%LQGHUV�PD\�EXLOG�RQ�RWKHU�ELQGHUV�WR�SURYLGH�KLJKHU�OHYHO
4R6�LQ�D�KLHUDUFKLFDO�PDQQHU�

♦ %LQGLQJ�PDQDJHUV��ZKLFK�LV�XVHU�SURJUDPV�WKDW�PDQLSXODWH�ELQGHUV�

♦ 5HVRXUFH�PDQDJHUV��HDFK�ZKLFK�SURYLGH�4R6�IRU�WKH�SDUWLFXODU
UHVRXUFH�LW�PDQDJHV�

 3.3.2 QoS Framework

$�IUDPHZRUN�IRU�H[SUHVVLRQ�DQG�PDQDJHPHQW�RI�4R6�LV�SURSRVHG��,W�FRQVLVWV
RI�WKH�IROORZLQJ�FRPSRQHQWV�

♦ 4R6�GRPDLQV�DVVRFLDWHG�ZLWK�VSHFLILF�DUHDV�RI�DSSOLFDWLRQ�RU�VHUYLFH��$
4R6�GRPDLQ�GHILQHV�D�VSHFLILF�VHW�RI�4R6�SDUDPHWHUV��GLPHQVLRQV��DQG
WKHLU�FRPELQDWLRQV��'RPDLQV�FDQ�EH�FRQVWUXFWHG�XVLQJ�RWKHU�GRPDLQV�

♦ 4R6�PDQDJHPHQW�ZKLFK�LV�D�VHW�RI�WDVNV��DVVRFLDWHG�WR�HDFK�4R6
GRPDLQ��H�J��4R6�SURYLVLRQ�RU�QHJRWLDWLRQ���7DVNV�FDQ�EH�JHQHULF�RU
GRPDLQ�VSHFLILF�

♦ %DVLF�4R6�PHFKDQLVPV�L�H��HQJLQHHULQJ�VXSSRUW��DVVRFLDWHG�WR�HDFK
4R6�GRPDLQ��(DFK�GRPDLQ�KDYH�D�VHW�RI�EDVLF�PHFKDQLVPV�ZKLFK�FDQ
EH�GLIIHUHQW�IRU�GLIIHUHQW�4R6�GRPDLQV�

♦ $�FRPPRQ�ODQJXDJH�IRU�4R6�H[SUHVVLRQ��(LWKHU�D�ODQJXDJH�RU�DQ�$3,
EDVHG�DSSURDFK�FRXOG�EH�FKRVHQ�IRU�4R6�H[SUHVVLRQ��$Q�$3,�EDVHG
DSSURDFK�LPSOLHV�D�VHW�RI�SURJUDPPLQJ�LQWHUIDFHV�IRU�HDFK�4R6
GRPDLQ��$�ODQJXDJH�EDVHG�LV�SUHIHUUHG�EHFDXVH�LW�SURYLGH�D�KLJK�OHYHO
RI�DEVWUDFWLRQ��LW�LV�IOH[LEOH�DQG�LW�DOORZV�WKH�DSSOLFDWLRQ�RI�DXWRPDWLRQ
WRROV�
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/DQJXDJHV�DUH�SURSRVHG�IRU�GHILQLQJ�4R6�GRPDLQV��EDVHG�RQ�,'/��DQG�IRU
VSHFLI\LQJ�4R6�UHTXLUHPHQWV�ZKHQ�GRLQJ�H[SOLFLW�ELQGLQJ��EDVHG�RQ�WKH
WUDGHU�FRQVWUDLQW�ODQJXDJH��

,Q�WKLV�IUDPHZRUN��4R6�FDQ�EH�DVVRFLDWHG�WR�ELQGLQJV��LQWHUIDFHV��REMHFWV�
REMHFW�LQWHUIDFH�WHPSODWHV�DQG�DFWLYLWLHV��4R6�DVVRFLDWHG�WR�QRQ�ELQGLQJV�DUH
UHJDUGHG�DV�4R6�WHPSODWHV�ZKLFK�DUH�DFWLYDWHG�ZKHQ�D�SDUWLFXODU�ELQGLQJ�LV
HVWDEOLVKHG�

 3.4 CORBA Objects and adaptability

7KH�4X2�SURMHFW�>=LQN\��@�LV�PRWLYDWHG�E\�PLGGOHZDUH
V��H�J��&25%$��ODFN
RI�VXSSRUW�IRU�KDQGOLQJ�HQYLURQPHQWDO�YDULDEOHV�OLNH�4XDOLW\�RI�6HUYLFH��$Q
REVHUYDWLRQ�LV�WKDW�GLVWULEXWHG�DSSOLFDWLRQV�WHQG�WR�EH�IUDJLOH�ZKHQ
HQYLURQPHQW�DQG�XVDJH�SDWWHUQV�FKDQJH��H�J��ZKHQ�PLJUDWLQJ�DQ�DSSOLFDWLRQ
IURP�/$1�WR�:$1���7KH�SURMHFW�LV�GULYHQ�E\�D�GHPDQG�IRU�PLGGOHZDUH�WKDW
FDQ�GHDO�ZLWK�4R6�UHTXLUHPHQWV��FKDQJLQJ�XVDJH�SDWWHUQV�DQG�XQGHUO\LQJ
UHVRXUFHV�DQG�WKHUHE\�VXSSRUW�DGDSWDELOLW\�

$Q�DUFKLWHFWXUH�LV�EHLQJ�GHYHORSHG��4X2��4R6�IRU�&25%$�REMHFWV��WR�VXSSRUW
4R6�DW�WKH�&25%$�OD\HU��,W�H[WHQGV�WKH�IXQFWLRQDO�LQWHUIDFH�GHILQLWLRQ
ODQJXDJH��,'/��ZLWK�D�4R6�GHVFULSWLRQ�ODQJXDJH��4'/���7KLV�FDSWXUH
DSSOLFDWLRQ
V�H[SHFWHG�XVDJH�SDWWHUQV�DQG�4R6�UHTXLUHPHQWV�IRU�FOLHQWV
FRQQHFWLRQV�WR�REMHFWV�

7KH�SURMHFW�DLP�WR�VROYH�WKH�SUREOHPV�LQ�IRXU�FRPSOHPHQWDU\�ZD\V������E\
GHILQLQJ�FRQFHSWV�IRU�LQWHJUDWLQJ�NQRZOHGJH�RI�V\VWHP�SURSHUWLHV�DQG�4R6�����
E\�PDVNLQJ�YDULDQFH�LQ�V\VWHP�SURSHUWLHV������E\�PDNLQJ�UHOHYDQW�REMHFW
GHVLJQ�GHFLVLRQV�YLVLEOH�DQG�����E\�SURYLGLQJ�D�IUDPHZRUN�WR�UHGXFH
SURJUDPPLQJ�HIIRUW�DQG�VXSSRUW�UHXVH�

 3.4.1 QoS Specification

6\VWHP�SURSHUWLHV�DUH�PDGH�ILUVW�FODVV�HQWLWLHV��,Q�WKLV�FRQFHSWXDO�IUDPHZRUN
FRQQHFWLRQV��ELQGLQJV��PD\�EH�HVWDEOLVKHG�EHWZHHQ�FOLHQWV�DQG�REMHFWV��(DFK
FRQQHFWLRQ�LV�DVVRFLDWHG�WR�D�FRQWUDFW�ZKLFK�FDSWXUH�H[SHFWHG�XVDJH�SDWWHUQV
DQG�4R6�UHTXLUHPHQWV��7KH�FRQFHSW�RI�4R6�UHJLRQV�KHOSV�VLPSOLI\�WKH
SUREOHP�RI�GHDOLQJ�ZLWK�D�Q�GLPHQVLRQDO�4R6�VSDFH��)RU�D�JLYHQ�IXQFWLRQDO
LQWHUIDFH�WKHUH�FDQ�EH�PXOWLSOH�EHKDYLRXUV��HDFK�ERXQG�WR�D�4R6�UHJLRQ�

 3.4.1.1 Connections and QoS

7R�SURYLGH�HQG�WR�HQG�4R6��V\VWHP�LQIRUPDWLRQ�IURP�ERWK�WKH�VHUYHU��WKH
FRPPXQLFDWLRQV�LQIUDVWUXFWXUH�DQG�WKH�FOLHQW�PXVW�EH�UHFRQFLOHG��7KHUH�DUH
WKUHH�SODFHV�WR�GR�WKLV��LQ�WKH�FOLHQW��WKH�FRPPXQLFDWLRQV�LQIUDVWUXFWXUH�RU
WKH�REMHFW��8QOLNH�PRVW�RWKHUV�WKH�4X2�SURMHFW�GRHV�LW�LQ�WKH�REMHFW�

,Q�WKH�4X2�DSSURDFK�SDUW�RI�WKH�REMHFW·V�LPSOHPHQWDWLRQ�LV�PRYHG�LQWR
FOLHQWV�DGGUHVV�VSDFH��$W�WKH�FOLHQW�VLGH��D�VWDFN�RI�OD\HUHG�GHOHJDWH�REMHFWV
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UHSUHVHQW�WKH�FRQQHFWLRQ�ZLWK�4R6��7KH�FRQQHFWLRQ�ERXQGDU\�ZKHUH�WKH
H[SHFWHG�XVDJH�SDWWHUQV�DQG�4R6�UHTXLUHPHQWV�LV�DJUHHG�XSRQ��LV�WKHQ
ORFDWHG�LQ�WKH�FOLHQWV�DGGUHVV�VSDFH��$GYDQWDJHV�ZLWK�WKLV�LV�WKDW�WKHUH�LV
YLUWXDOO\�QR�GHOD\�EHWZHHQ�FOLHQW�DQG�WKH�FRQQHFWLRQ�REMHFW�DQG�WKDW�D
GHOHJDWH�REMHFW�ZLOO�QHYHU�IDLO�LQGHSHQGHQWO\�RI�WKH�FOLHQW��'LVWULEXWLRQ�DQG
4R6�PDQDJHPHQW�PD\�WKHQ�UHJDUGHG�DV�HQFDSVXODWHG�LQ�WKH�REMHFW�LWVHOI��7KH
ILJXUH�EHORZ�LOOXVWUDWHV�KRZ�WKRVH�´VPDUW�SUR[LHVµ�GLVWULEXWH�REMHFW�ORFDWLRQ
DQG�VWDWH�

Object

ClientClient

Client

R

W

R

R

 3.4.1.2 QoS regions

7R�KDQGOH�GLYHUJHQFH�EHWZHHQ�H[SHFWHG�DQG�SURYLGHG�V\VWHP�FRQGLWLRQV��WKH
4X2�DSSURDFK�DOORZ�VSHFLILFDWLRQ�RI�WZR�OHYHOV�RI�V\VWHP�FRQGLWLRQV�

♦ 1HJRWLDWHG�UHJLRQV�ZKLFK�UHIOHFW�WKH�H[SHFWDWLRQV�RI�4R6�DQG�XVDJH
SDWWHUQV�

♦ 5HDOLW\�UHJLRQV�ZKLFK�UHIOHFW�WKH�DFWXDO�FOLHQW�XVDJH�REMHFW�4R6�
PHDVXUHG��)RU�RQH�QHJRWLDWHG�UHJLRQ�WKHUH�PD\�EH�PDQ\�UHDOLW\
UHJLRQV�

$�UHJLRQ�LV�GHILQHG�E\�D�VHW�RI�TXDQWLWDWLYH�4R6�SDUDPHWHUV�ZLWK�DVVRFLDWHG
YDOXHV�RU�UDQJHV�RI�YDOXHV��,W�LV�WKHQ�SRVVLEOH�WR�WHOO�LI�WKH�V\VWHP�LV�LQ�D
VSHFLILF�UHJLRQ�E\�FRPSDULQJ�UHJLRQ�GHILQLWLRQV�ZLWK�DFWXDO�PHDVXUHPHQWV�
+DQGOHUV�PD\�EH�FDOOHG�ZKHQ�WUDQVLWLRQV�EHWZHHQ�UHJLRQV�RFFXU��WR�LQIRUP
WKH�FOLHQW�RU�FRQQHFWLRQ�REMHFW�VR�WKDW�DGDSWDWLRQ�RU�UHQHJRWLDWLRQ�FDQ�WDNH
SODFH�

 3.4.2 Adaptation and Transparency

9DULDQFH�LQ�V\VWHP�SURSHUWLHV�DUH�PDVNHG�E\�D�OD\HUHG�VWDFN�RI�GHOHJDWHV�DW
WKH�FOLHQW�VLGH��(DFK�OD\HU�H[SRUWV�D�QHJRWLDWHG�UHJLRQ�WR�WKH�OD\HU�DERYH�
(DFK�OD\HU�PDNH�XVH�RI�YDULRXV�WHFKQLTXHV�WR�PDVN�FKDQJLQJ�FRQGLWLRQV�DQG
PDLQWDLQ�4R6�

:KHQ�D�OD\HU�FDQQRW�PDLQWDLQ�WKH�4R6�FRUUHVSRQGLQJ�WR�WKH�FXUUHQW
QHJRWLDWHG�UHJLRQ�LW�KDV�WR�SURSDJDWH�LQIRUPDWLRQ�DERXW�WKLV�XSZDUGV��1RZ
HDFK�SDUW\�FDQ�WU\�WR�DGDSW�RU�LI�FOLHQWV�H[SHFWDWLRQV�FDQQRW�EH�PHW�DQ\PRUH
UHQHJRWLDWLRQ�PXVW�EH�WULJJHUHG�
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2EMHFWV�PD\�XVH�NQRZOHGJH�RI�LWV�GLIIHUHQW�LPSOHPHQWDWLRQV�WR�DGDSW��)RU
H[DPSOH�D�GHOHJDWH�OD\HU�FDQ�XVH�FRPSUHVVLRQ�WR�PDVN�ORZHU�EDQGZLGWK�IURP
WKH�OD\HU�EHORZ��7KH�ILJXUH�EHORZ�LOOXVWUDWHV�WKLV�LGHD�

Masking

Masking

System interface Functional interface

Degraded Normal Interrupted

Compressed Normal Degraded

Client
delegate

Object
delegate

 3.4.3 Making key decisions explicit

7KH�4X2�DSSURDFK�KDV�DGRSWHG�DQ�2SHQ�,PSOHPHQWDWLRQ�$SSURDFK
>.LF]JDOHV��@�WR�DOORZ�REMHFW�GHVLJQHUV�WR�H[SRVH�NH\�GHVLJQ�GHFLVLRQV�WKDW
DIIHFW�4XDOLW\�RI�VHUYLFH���7KLV�PDNHV�LW�SRVVLEOH�WR�DOWHU�WKH��QRQ�IXQFWLRQDO�
EHKDYLRXU�RI�WKH�DSSOLFDWLRQ�E\�FKRRVLQJ�WKH�REMHFW�LPSOHPHQWDWLRQ�ZKLFK�LV
EHVW�VXLWHG�IRU�WKH�VLWXDWLRQ��7KXV�WKH�4X2�DSSURDFK�RIIHUV�D�IUDPHZRUN�WR
H[SORLW�H[LVWLQJ�VROXWLRQV�WR�WKH�SUREOHP�RI�DGDSWDELOLW\�

7KH�PHWD�GDWD�ZKLFK�GHVFULEH�LPSOHPHQWDWLRQV�DUH�VSHFLILHG�VHSDUDWHO\�IURP
WKH�IXQFWLRQDO�LQWHUIDFHV��$�ODQJXDJH��4'/��4R6�GHVFULSWLRQ�ODQJXDJH��LV
SURYLGHG�WR�VXSSRUW�VSHFLILFDWLRQ�RI�PHWDGDWD��7KH�4'/�FRQVLVW�RI�WKUHH�VXE�
ODQJXDJHV�

♦ $�&RQWUDFW�'HVFULSWLRQ�/DQJXDJH��&'/���ZKLFK�GHILQHV�WKH�H[SHFWHG
XVDJH�SDWWHUQV�DQG�4R6�UHTXLUHPHQWV�IRU�D�FRQQHFWLRQ�WR�DQ�REMHFW
�4R6�UHJLRQV�

♦ $�5HVRXUFH�'HVFULSWLRQ�/DQJXDJH��5'/���ZKLFK�DEVWUDFWV�WKH�SK\VLFDO
UHVRXUFHV�XVHG�E\�WKH�REMHFW�

♦ $�6WUXFWXUH�'HVFULSWLRQ�/DQJXDJH��6'/���ZKLFK�GHILQHV�WKH�LQWHUQDO
VWUXFWXUH�RI�DQ�REMHFW�DQG�KRZ�LW�FRQVXPHV�UHVRXUFHV�

                                                          

��7KH�2SHQ�,PSOHPHQWDWLRQ�$SSURDFK�DOVR�VXJJHVW�WKH�XVH�RI�UHIOHFWLYH�SURJUDPPLQJ��L�H��QRQ�
IXQFWLRQDO�DVSHFWV��VHOHFWLRQ�RI�LPSOHPHQWDWLRQV�SROLFLHV��DUH�FRQWUROOHG�WURXJK�WKH�PHWD�REMHFW
LQWHUIDFH��)XWXUH�UHVHDUFK�LQ�WKH�4X2�SURMHFW�PD\�LQYHVWLJDWH�UHIOHFWLRQ�
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 3.5 Summary

:KHQ�VXPPDULVLQJ�WKH�PLGGOHZDUH�RULHQWHG�UHVHDUFK��WKHUH�DUH�WZR�PDLQ
TXHVWLRQV�ZH�DLP�WR�DQVZHU������+RZ�LV�4R6�VSHFLILFDWLRQ�DGGUHVVHG�DQG����
KRZ�LV�4R6�SURYLVLRQ�DQG�PDQDJHPHQW�DGGUHVVHG"

 3.5.1 Declarative QoS specifications

%RWK�WKH�,0$&�DQG�$16$�PRGHOV�VHHPV�WR�PL[�WKH�VSHFLILFDWLRQ�RI�4R6�DQG
WKH�FKRLFH�RI�SROLF\�IRU�SURYLGLQJ�LW��)RU�H[DPSOH�WKH�FKRLFH�RI�SURWRFRO�
HQFRGLQJ�RU�VFKHGXOLQJ�SROLF\�FDQ�EH�D�SDUW�RI�4R6�VSHFLILFDWLRQV��7KH�,0$&
DQG�$16$�PRGHOV�RIIHUV�DSSOLFDWLRQ�RULHQWHG�HQG�WR�HQG�4R6�VSHFLILFDWLRQ�E\
XVH�RI�QHJRWLDWLRQ�DQG�PDSSLQJ�WR�ORZHU�OHYHO�4R6��7KH�$16$�PRGHO�GRHVQ
W
DGGUHVV�QHJRWLDWLRQ�RU�PDSSLQJ�PHFKDQLVPV��EXW�IRFXV�RQ�D�PRGHO�IRU
GHILQLQJ�4R6�GRPDLQV��ZKLFK�,0$&�GRHV�QRW�JR�LQWR�GHHSO\�

7KH�&1(7�/DQFDVWHU�UHVHDUFK�KDV�D�GLIIHUHQW�DSSURDFK�WR�4R6�VSHFLILFDWLRQ�
$�UHDO�WLPH�ORJLF��4/��IRU�ERXQGLQJ�WHPSRUDO�UHODWLRQV�LV�SURSRVHG��7KLV�LV
PRUH�JHQHUDO�DSSURDFK�WR�VSHFLILFDWLRQ�ZKLFK�DOORZV�IRUPDO�UHDVRQLQJ��EXW�LV
UHVWULFWHG�WR�WHPSRUDO�UHODWLRQV��7KLV�LV�DOVR�D�FRPSOHWHO\�TXDQWLWDWLYH
DSSURDFK�

,Q�WKH�4X2�DUFKLWHFWXUH�WKH�REMHFW�LV�UHVSRQVLEOH�IRU�PDSSLQJ�DSSOLFDWLRQ�
RULHQWHG�4R6�WR�D�ORZHU�OHYHO�4R6��WKURXJK�OD\HUHG�GHOHJDWH�REMHFW�VWUXFWXUH�
$SSOLFDWLRQ�SURJUDPV�FDQ�VHH�4R6�DV�UHJLRQ�QDPHV��ZKLFK�FRXOG�EH�UHJDUGHG
DV�VLPSOH�DQG�TXDOLWDWLYH�4R6�UHIHUHQFHV��7KH�GHILQLWLRQ�RI�UHJLRQV�ZKLFK�LV
GRQH�VHSDUDWHO\�IURP�DSSOLFDWLRQ�SURJUDPV�DQG�IXQFWLRQDO�LQWHUIDFH�
GHILQLWLRQV��LQ�D�VSHFLDO�ODQJXDJH��4'/���LV�TXDQWLWDWLYH�DQG�RIIHU�IXOO
IOH[LELOLW\��,Q�WKLV�ZD\�WKH�4R2�DUFKLWHFWXUH�PDNHV�D�FOHDQ�GLVWLQFWLRQ
EHWZHHQ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�4R6�VSHFLILFDWLRQV�ZKLFK�FRUUHVSRQGV
WR�FKRLFH�RI�UHJLRQ�DQG�GHILQLWLRQ�RI�UHJLRQ�UHVSHFWLYHO\�

 3.5.2 QoS provision and management

,Q�,0$&�4R6�SURYLVLRQ�LV�GRQH�E\�PDSSLQJ�DQG�QHJRWLDWLRQ�ZKLFK�GRHV�4R6
UHVHUYDWLRQV�DW�GLIIHUHQW�OD\HUV�DW�FOLHQW�DQG�VHUYHU�VLGH��&RQIRUPDQFH�WHVWV
DUH�GRQH�E\�PDWFKLQJ�UHTXLUHPHQWV�ZLWK�4R6�RIIHUV��/D\HU�VSHFLILF�4R6
UHVHUYDWLRQ�LV�PDSSHG�WR�UHVRXUFH�UHVHUYDWLRQ�DQG�4R6�UHTXLUHPHQWV�WR
XQGHUO\LQJ�OD\HUV��7KHUH�LV�QR�VXSSRUW�IRU�G\QDPLF�FKDQJHV�

7KH�$16$�PRGHO�LQFOXGH�H[SOLFLW�ELQGLQJ��ZKHUH�4R6�UHTXLUHPHQWV�DUH
VSHFLILHG�LQ�LQYRFDWLRQV�WR�ELQG�RSHUDWLRQV��(DFK�4R6�GRPDLQ�VKRXOG�GHILQH��D
ELQGLQJ�LQWHUIDFH��'XULQJ�ELQGLQJ��D�FRQIRUPDQFH�WHVW�LV�FDUULHG�RXW�
5HVRXUFH�DOORFDWLRQ�DQG�UHVRXUFH�PDQDJHPHQW�LV�VXSSRUWHG�E\�D�KLHUDUFK\�RI
ELQGHU�REMHFWV�DQG�UHVRXUFH�PDQDJHUV�

,Q�WKH�&1(7�/DQFDVWHU�DSSURDFK��WKHUH�LV�VXSSRUW�IRU�H[SOLFLW�ELQGLQJ�DQG
FRQIRUPDQFH�WHVW�E\�PDWFKLQJ�UHTXLUHPHQWV�ZLWK�RIIHUV��5HDFWLYH�PRQLWRUV
FDQ�EH�JHQHUDWHG�IURP�4/��7KH\�FRXOG�EH�XVHG�WR�WULJJHU�UHQHJRWLDWLRQ�LI
QHFHVVDU\�
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7KH�4X2�DUFKLWHFWXUH�VXSSRUWV�JHQHUDWLRQ�RI�4R6�PRQLWRUV�DQG�DGDSWHU�FRGH
IURP�4'/�VSHFLILFDWLRQV��7ZR�W\SHV�RI�4R6�UHJLRQV�DUH�VXSSRUWHG��QHJRWLDWHG
DQG�UHDOLW\��PHDVXUHG���&KDQJH�LQ�UHDOLW\�UHJLRQV�FDQ�EH�PHW�E\�REMHFW�
DGDSWDWLRQ�DQG�PDGH�WUDQVSDUHQW�IRU�WKH�DSSOLFDWLRQ�SURJUDPV�E\�WKH
OD\HUHG�GHOHJDWH�REMHFW�VWUXFWXUH��$�FKDQJH�LQ�QHJRWLDWHG�UHJLRQ�PHDQV
UHQHJRWLDWLRQ�DQG�DSSOLFDWLRQ�DGDSWDWLRQ�

 3.5.3 Implications

7KH�GLIIHUHQW�DSSURDFKHV�GHVFULEHG�KHUH�DUH�QRW�PXWXDOO\�H[FOXVLYH�ZKHQ
FRQVWUXFWLQJ�SUDFWLFDO�PLGGOHZDUH�VROXWLRQV��7R�VRPH�GHJUHH��WKH\�IRFXV�DW
GLIIHUHQW�SUREOHPV��DQG�WKHUHIRUH��VRPH�DVSHFWV�RI�WKHVH�PD\�EH�XVHIXOO\
FRPELQHG��2SWLRQV�IRU�IXWXUH�UHVHDUFK�PD\�EH�WR�LQYHVWLJDWH�KRZ�WKRVH
PRGHOV�DQG�WHFKQLTXHV�PD\�EH�FRPELQHG�LQ�SUDFWLFDO�VROXWLRQV��:KHQ
IRFXVLQJ�DW�KRZ�DSSOLFDWLRQV�VLPSO\�DQG�FOHDQO\�FDQ�FRQWURO�4R6�RI
LQWHUDFWLRQV��WKH�2SHQ�,PSOHPHQWDWLRQ�$SSURDFK�VHHPV�SURPLVLQJ�EHFDXVH�RI
LWV�FOHDU�VHSDUDWLRQ�RI�FRQFHUQ��,W�UHPDLQV�WR�VHH�KRZ�ZHOO�WKLV�FDQ�EH
FRPELQHG�ZLWK�DSSOLFDWLRQ�RULHQWHG�GHFODUDWLYH�4R6�VSHFLILFDWLRQ�
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 4 QOS ARCHITECTURES

$FFRUGLQJ�WR�>$XUUHFRHFKHD��@�PRVW�GHYHORSPHQWV�LQ�4R6�VXSSRUW�KDV�EHHQ
GRQH�LQ�WKH�FRQWH[W�RI�LQGLYLGXDO�DUFKLWHFWXUDO�OD\HUV��&RQVLGHUDEOH�SURJUHVV
KDV�EHHQ�PDGH�LQ�WKH�VHSDUDWH�DUHDV�RI�50�2'3��HQG�V\VWHPV�VXSSRUW�DQG
QHWZRUN�VXSSRUW��EXW�PXFK�OHVV�SURJUHVV�KDV�EHHQ�PDGH�LQ�DGGUHVVLQJ�DQ
RYHUDOO�4R6�DUFKLWHFWXUH�IRU�PXOWLPHGLD�FRPPXQLFDWLRQV��7KH�FXUUHQW�VWDWH
RI�4R6�UHVHDUFK�VXIIHU�IURP�

♦ ,QFRPSOHWHQHVV

♦ /DFN�RI�PHFKDQLVPV�WR�VXSSRUW�4R6�JXDUDQWHHV

♦ /DFN�RI�DQ�RYHUDOO�IUDPHZRUN

7R�VXSSRUW�HQG�WR�HQG�4R6�JXDUDQWHHV��ZRUN�RQ�4R6�GULYHQ�HQG�V\VWHP
DUFKLWHFWXUH�QHHGV�WR�EH�LQWHJUDWHG�ZLWK�QHWZRUN�FRQILJXUDEOH�4R6�VHUYLFHV
DQG�SURWRFROV��6RPH�UHVHDUFKHUV�WU\�WR�DGGUHVV�WKHVH�SUREOHPV�E\�SURSRVLQJ
DUFKLWHFWXUDO�DSSURDFKHV�WR�4R6��7KH�LQWHQWLRQ�RI�D�4R6�DUFKLWHFWXUH�LV
�DFFRUGLQJ�WR�>$XUUHFRHFKHD��@��

����WR�GHILQH�D�VHW�RI�TXDOLW\�RI�VHUYLFH�FRQILJXUDEOH�LQWHUIDFHV�WKDW
IRUPDOL]H�TXDOLW\�RI�VHUYLFH�LQ�WKH�HQG�V\VWHP�DQG�QHWZRUN��SURYLGLQJ�D
IUDPHZRUN�IRU�WKH�LQWHJUDWLRQ�RI�TXDOLW\�RI�VHUYLFH�FRQWURO�DQG
PDQDJHPHQW�PHFKDQLVPV��

,W�LV�KRSHG�WKDW�WKLV�DSSURDFK�FDQ�KHOS�DYRLG�GXSOLFDWLRQ�RI�IXQFWLRQV�DFURVV
OD\HUV�DQG�PD[LPLVH�HIILFLHQW�4R6�PDQDJHPHQW�

 4.1 Overview

&RPSUHKHQVLYH�VXUYH\V�RQ�4R6�DUFKLWHFWXUH�UHVHDUFK�FDQ�EH�IRXQG�LQ
>$XUUHFRHFKHD��@�DQG�>&DPSEHOO��@�+HUH��ZH�SUHVHQW�D�VKRUW�RYHUYLHZ�RYHU
UHVHDUFK�JRLQJ�WKDW�GLUHFWLRQ��6RPH�RI�WKHP�DUH�EDVHG�RQ�$70�QHWZRUNV
>/D]DU����)HUUDUL����%HVVH��@��2WKHUV�DUH�EDVHG�RQ�26,�50�>,62��@��WKH
,QWHUQHW�>%UDGHQ��@�RU�50�2'3��7,1$��

♦ 7KH�+HL3URMHFW�DW�,%0
V�(XURSHDQ�1HWZRUNLQJ�&HQWUH�LQ�+HLGHOEHUJ
KDV�GHYHORSHG�D�FRPSUHKHQVLYH�4R6�PRGHO�>9ROJ��@��7KLV�PRGHO�KDV
EHHQ�GHVLJQHG�WR�KDQGOH�KHWHURJHQHRXV�4R6�UHTXLUHPHQWV�IURP
GLIIHUHQW�UHFHLYHUV�LQ�D�PXOWLFDVW�JURXS�DQG�WR�VXSSRUW�4R6�DGDSWLYLW\
YLD�IORZ�ILOWHULQJ�DQG�PHGLD�VFDOLQJ�
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♦ 7KH�8QLYHUVLW\�RI�3HQQV\OYDQLD�KDV�GHYHORSHG�WKH�20(*$
DUFKLWHFWXUH�>1DKUVWHGW��D@��7KH�HVVHQFH�RI�WKLV�DUFKLWHFWXUH�LV
UHVRXUFH�UHVHUYDWLRQ�DQG�PDQDJHPHQW�RI�HQG�WR�HQG�UHVRXUFHV��$�4R6
EURNHUDJH�PRGHO�>1DKUVWHGW��E@�LV�GHYHORSHG�WR�IDFLOLWDWH�WKH�UHVRXUFH
PDQDJHPHQW�SURFHVV��7KLV�LQFRUSRUDWH�4R6�WUDQVODWLRQ��4R6
QHJRWLDWLRQ�DQG�UHQHJRWLDWLRQ��5HVRXUFH�JXDUDQWHHV�DUH�QHJRWLDWHG
GXULQJ�FRQQHFWLRQ�HVWDEOLVKPHQW�E\�WKH�4R6�EURNHU�SURWRFRO�ZKLFK�LV
SUHVHQW�LQ�ERWK�WKH�DSSOLFDWLRQ�DQG�WUDQVSRUW�VXEV\VWHPV�

♦ 7KH�,QWHJUDWHG�6HUYLFHV��LQW�VHUY��*URXS�RI�,(7)�KDV�GHILQHG�D
FRPSUHKHQVLYH�DUFKLWHFWXUH�>%UDGHQ��@�DQG�D�4R6�IUDPHZRUN�XVHG�WR
VSHFLI\�WKH�IXQFWLRQDOLW\�RI�,QWHUQHW�V\VWHP�HOHPHQWV�ZKLFK�PDNH
PXOWLSOH��G\QDPLFDOO\�VHOHFWDEOH�4R6�DYDLODEOH�WR�DSSOLFDWLRQV�

♦ 7KH�4XDOLW\�RI�6HUYLFH�$UFKLWHFWXUH��4R6�$��>&DPSEHOO��@�LV�GHYHORSHG
DW�WKH�8QLYHUVLW\�RI�/DQFDVWHU��,W�LV�D�OD\HUHG�DUFKLWHFWXUH�RI�VHUYLFHV
DQG�PHFKDQLVPV�IRU�TXDOLW\�RI�VHUYLFH�PDQDJHPHQW�DQG�FRQWURO�RI
FRQWLQRXV�PHGLD�IORZV�LQ�PXOWLVHUYLFH�QHWZRUNV��2UWKRJRQDOO\�WR�OD\HUV
WKH�DUFKLWHFWXUH�LV�GLYLGHG�LQWR�WKUHH�SODQHV��7KH�SURWRFRO�SODQH��WKH
4R6�PDLQWHQDQFH�SODQH��ZKLFK�FRQWDLQV�D�QXPEHU�RI�OD\HU�VSHFLILF�4R6
PDQDJHUV���DQG�WKH�IORZ�PDQDJHPHQW�SODQH�

♦ 7KH�&20(7�JURXS�DW�&RORPELD�8QLYHUVLW\�LV�GHYHORSLQJ�DQG�([WHQGHG
,QWHJUDWHG�5HIHUHQFH�0RGHO��;50��DV�D�PRGHOOLQJ�IUDPHZRUN�IRU
FRQWURO�DQG�PDQDJHPHQW�RI�PXOWLPHGLD�WHOHFRPPXQLFDWLRQV�QHWZRUNV
>/D]DU��@�

♦ 7KH�7HQHW�DUFKLWHFWXUH�GHYHORSHG�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�DW
%HUNHOH\�>)HUUDUL��@��,W�LQFOXGHV�D�IDPLO\�RI�SURWRFROV�ZKLFK�UXQ�RYHU
DQ�$70�QHWZRUN��7KH�7HQHW�DUFKLWHFWXUH�DOVR�VXSSRUW�4R6�PDSSLQJ
EHWZHHQ�OD\HUV�DQG�WR�D�IRUP�QHHGHG�E\�UHVRXUFH�UHVHUYDWLRQ�SURWRFROV�
0HGLD�VFDOLQJ�DQG�PXOWLFDVW�IORZV�ZLWK�KHWHURJHQHRXV�4R6
UHTXLUHPHQWV�DUH�DOVR�DGGUHVVHG�

♦ 7KH�7,1$�4R6�IUDPHZRUN��>7,1$@�LV�GHYHORSHG�IRU�VSHFLI\LQJ�4R6
DVSHFWV�RI�GLVWULEXWHG�WHOHFRPPXQLFDWLRQV�DSSOLFDWLRQV�ZLWKLQ�WKH
7,1$�&RPSXWLQJ�DUFKLWHFWXUH��,Q�WKH�FRPSXWDWLRQDO�YLHZSRLQW�4R6
SDUDPHWHUV�DUH�VWDWHG�GHFODUDWLYHO\�DV�VHUYLFH�DWWULEXWHV��,Q�WKH
HQJLQHHULQJ�YLHZSRLQW�4R6�PHFKDQLVPV�HPSOR\HG�E\�UHVRXUFH
PDQDJHUV�DUH�FRQVLGHUHG��&RPSXWDWLRQDO�ELQGLQJV�DUH�PDSSHG�WR
FKDQQHOV�WKDW�FDQ�EH�FRQVWUXFWHG�IURP�VWXEV��ELQGHUV�DQG�SURWRFRO�
DGDSWHUV�

♦ 7KH�0$6,�HQG�WR�HQG�PRGHO�>%HVVH��@�GHYHORSHG�E\�WKH�&(6$0(
3URMHFW�DW�/DERUDWLXUH�0$6,��8QLYHUVLWH�3LHUUH�HW�0DULH�&XULH��7KLV
LQFOXGHV�DQ�DUFKLWHFWXUH�IRU�PXOWLPHGLD�FRPPXQLFDWLRQV�ZKLFK�WDNHV
HQG�WR�HQG�4R6�VXSSRUW�DV�LWV�SULPDU\�REMHFWLYH�
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♦ 7KH�(QG�6\VWHP�4R6�IUDPHZRUN�>*RSDO��@�GHYHORSHG�DW�:DVKLQJWRQ
8QLYHUVLW\�IRU�SURYLGLQJ�4R6�JXDUDQWHHV�ZLWKLQ�WKH�HQG�V\VWHP�IRU
QHWZRUNHG�PXOWLPHGLD�DSSOLFDWLRQV��7KH�PDLQ�FRPSRQHQWV�DUH��4R6
VSHFLILFDWLRQ��4R6�PDSSLQJ��4R6�HQIRUFHPHQW�DQG�SURWRFRO
LPSOHPHQWDWLRQ�

♦ 7KH�26,�4R6�IUDPHZRUN�ZKLFK�LV�GHYHORSHG�E\�WKH�:*���>,62��@�
7KLV�IUDPHZRUN�EURDGO\�GHILQHV�WHUPLQRORJ\�DQG�FRQFHSWV�IRU�4R6�DQG
SURYLGHV�D�PRGHO�ZKLFK�LGHQWLILHV�REMHFWV�RI�LQWHUHVW�WR�4R6�LQ�RSHQ
V\VWHP�VWDQGDUGV�
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 5 CONCLUDING REMARKS

,Q�WKLV�UHSRUW�ZH�KDYH�LQYHVWLJDWHG�ZKDW�DUH�WKH�PDLQ�FRQFHSWV�DQG�LVVXHV�LQ
4XDOLW\�RI�6HUYLFH�VXSSRUW��IRFXVLQJ�DW�RSHQ�GLVWULEXWHG�FRPSXWLQJ�DQG
PLGGOHZDUH�SODWIRUPV�DQG�KRZ�WKHVH�LVVXHV�DUH�EHLQJ�DGGUHVVHG�LQ�UHVHDUFK
RQ�4R6�VXSSRUW�LQ�PLGGOHZDUH��4R6�LV�DERXW�QRQ�IXQFWLRQDO�SURSHUWLHV�LQ
JHQHUDO��EXW�UHVHDUFK�KDV�EHHQ�FHQWUHG�DURXQG�FRPPXQLFDWLRQ�SURWRFROV�DQG
PXOWLPHGLD��4R6�LV�DQ�DVSHFW�RI�LQWHUDFWLRQ��DQG�LV�UHODWHG�WR�WKH�FRQFHSW�RI
ELQGLQJV��EXW�LW�PD\�DOVR�GHSHQG�RQ�VXSSRUW�IURP�REMHFW�DQG�LQWHUIDFH
LPSOHPHQWDWLRQV�WR�EH�LQVWDQWLDWHG�

,Q�WKH�LQIRUPDWLRQ�YLHZSRLQW�DQ�LPSRUWDQW�LVVXH�LV�KRZ�RQH�SURYLGH
PDQDJHDEOH�DEVWUDFWLRQV�IRU�DSSOLFDWLRQ�SURJUDPPHUV�DQG�HQG�XVHUV��4R6
VSHFLILFDWLRQ�VKRXOG�EH�GHFODUDWLYH��$SSURDFKHV�WR�D�FRPSOH[�DQG
KHWHURJHQHRXV�SDUDPHWHU�VSDFH�PD\�EH�VWDQGDUGLVDWLRQ�WKURXJK�GRPDLQV�RU
FODVVHV��FRQVWUXFWV�OLNH�UHJLRQV��OD\HULQJ�DQG�PDSSLQJ���,Q�WKH�FRPSXWDWLRQDO
YLHZSRLQW�WKH�UHFRJQLWLRQ�WKDW�ELQGLQJV�VKRXOG�EH�H[SOLFLW�FRPSXWDWLRQDO
REMHFWV�LV�LPSRUWDQW��,Q�WKH�HQJLQHHULQJ�YLHZSRLQW�ZH�QHHG�WR�FRQVLGHU
PHFKDQLVPV�IRU�SURYLVLRQ��FRQWURO�DQG�PDQDJHPHQW�RI�4R6��7KHUH�PD\�EH�D
VSHFLILF�QHHG�WR�GHDO�ZLWK�G\QDPLFDOO\�FKDQJLQJ�FRQGLWLRQV��E\�XVLQJ
UHQHJRWLDWLRQ�RU�VFDOLQJ��WKURXJK�ILOWHULQJ�RU�DGDSWDWLRQ��

:H�KDYH�ORRNHG�DW�VRPH�LPSRUWDQW�UHVHDUFK�LQ�4R6�LQ�PLGGOHZDUH�SODWIRUPV�
7KLV�LV�FHQWUHG�DURXQG�2'3��$16$�DQG�&25%$�DUFKLWHFWXUHV��:H�FDQ
FRQFOXGH�WKDW�WKHUH�LV�D�QHHG�RI�VXSSRUW�IRU�FRQWUROOLQJ�QRQ�IXQFWLRQDO�DVSHFWV
DV�ZHOO�DV�IXQFWLRQDO�DVSHFWV�LQ�PLGGOHZDUH��3URPLVLQJ�SURJUHVV�LV�EHLQJ
PDGH�LQ�ODQJXDJH�VXSSRUW�IRU�4R6�VSHFLILFDWLRQ�DV�ZHOO�DV�HQJLQHHULQJ
VXSSRUW�IRU�UHVRXUFH�PDQDJHPHQW�

6HSDUDWLRQ�RI�FRQFHUQ�LV�LPSRUWDQW��)LUVW�WKH�VHSDUDWLRQ�RI�IXQFWLRQDO�DVSHFWV
IURP�QRQ�IXQFWLRQDO�DVSHFWV��ZKLFK�FDQQRW�DOZD\V�EH�KLGGHQ�EHKLQG
DEVWUDFWLRQV��6HFRQG�WKH�VHSDUDWLRQ�RI�GHFODUDWLYH�4R6�UHTXLUHPHQWV�IURP
WKH�SROLFLHV�DQG�PHFKDQLVPV�WKDW�UHDOLVH�WKH�UHTXLUHG�4R6��7KH�2SHQ
,PSOHPHQWDWLRQ�DSSURDFK�DQG�WKH�SULQFLSOH�RI�UHIOHFWLYH�SURJUDPPLQJ�VHHPV
WR�EH�SURPLVLQJ�LQ�H[SRVLQJ�LPSOHPHQWDWLRQ�LVVXHV��VHSDUDWH�IURP�WKH
IXQFWLRQDO�LQWHUIDFH�

7KH�RSWLRQ�RI�H[SORLWLQJ�UHIOHFWLRQ�WR�WDLORU�LPSOHPHQWDWLRQV�WR�PHHW�4XDOLW\
RI�6HUYLFH�UHTXLUHPHQWV�WKHUHIRUH�VHHPV�WR�EH�D�FDVH�IRU�IXUWKHU�UHVHDUFK�
HVSHFLDOO\�KRZ�WKLV�PD\�EH�FRPELQHG�ZLWK�VLPSOH�GHFODUDWLYH�4R6
VSHFLILFDWLRQ���0RUH�PD\�EH�GRQH�LQ�LQYHVWLJDWLQJ�KRZ�DVSHFWV�RI�WKH�GLIIHUHQW
PRGHOV�DQG�WHFKQLTXHV�GHVFULEHG�KHUH�PD\�EH�FRPELQHG�LQ�SUDFWLFDO
PLGGOHZDUH�VROXWLRQV�
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0XOWLPHGLD�6\VWHPV��6DO]EXUJ��2FWREHU������

>50�2'3��@
,62�,(&�-7&��6&���:*���´%DVLF�UHIHUHQFH�PRGHO�RI�2SHQ�'LVWULEXWHG
3URFHVVLQJ�²�3DUW����2YHUYLHZµ��,62�,(&�',6���������

>6FKPLGW��@
'�&��6FKPLGW��$��*RNKDOH��7�+��+DUULVRQ��'��/HYLQH��&��&OHHODQG��´7$2��D
+LJK�3HUIRUPDQFH�(QGV\VWHP�$UFKLWHFWXUH�IRU�5HDO�WLPH�&25%$µ��5),
UHVSRQVH�WR�WKH�20*�6SHFLDO�,QWHUHVW�*URXS�RQ�5HDO�WLPH�&25%$��������

>6WHIDQL��@
-�%��6WHIDQL��/��+D]DUG��)��+RUQ��´&RPSXWDWLRQDO�0RGHO�IRU�'LVWULEXWHG
0XOWLPHGLD�$SSOLFDWLRQV�%DVHG�RQ�D�6\QFKURQRXV�3URJUDPPLQJ
/DQJXDJHµ��&RPSXWHU�&RPPXQLFDWLRQV��SS�����������9RO������1R�����0DUFK
�����

>6WHIDQL��@
-�%��6WHIDQL��´&RPSXWDWLRQDO�$VSHFWV�RI�4R6�LQ�DQ�2EMHFW�%DVHG
'LVWULEXWHG�$UFKLWHFWXUHµ���UG�,QWHUQDWLRQDO�:RUNVKRS�RQ�5HVSRQVLYH
&RPSXWHU�6\VWHPV��/LQFROQ��86$��6HSW�������

>7,1$@
7,1$�&��´7KH�4R6�)UDPHZRUNµ��LQWHUQDO�UHSRUW

>9ROJ��@
&��9ROJ��/��:ROI��5��+HUUWZLFK��+��:LWWLJ��´+HL5$7���4XDOLW\�RI�6HUYLFH
0DQDJHPHQW�IRU�'LVWULEXWHG�0XOWLPHGLD�6\VWHPVµ��0XOWLPHGLD�6\VWHPV
-RXUQDO�������

><HDGRQ��@
1��<HDGRQ��$��0DXWKH��)��*DUFLD��'��+XWFKLVRQ��´4R6�)LOWHUV��$GGUHVVLQJ
WKH�+HWHURJHQHLW\�*DSµ��SURF��,QWHUDFWLYH�0XOWLPHGLD�6\VWHPV�DQG
6HUYLFHV��,'06·�����%HUOLQ��0DUFK������

>=LQN\��@
-�$��=LQN\��'�(��%DNNHQ��5�(��6FKDQW]��´$UFKLWHFWXUDO�6XSSRUW�IRU�4XDOLW\
RI�6HUYLFH�IRU�&25%$�2EMHFWVµ��7KHRU\�DQG�3UDFWLFH�RI�2EMHFW�6\VWHPV
�6SHFLDO�,VVXH�RQ�WKH�20*�DQG�&25%$���MDQXDU\������


