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Ò�ÓjÔ�ÕaÖg×GØgÙ�Ú8Û³Ü8Ý�Þ\ßBà�á]â�ã¤ä�Þ�ä�Þ�åEã�ß
æ�ÞNç�è�ÞNç�æ
éEÞ�Þ�å�â�ê·æ�Þ�ç¬ècã¡ëNÞ
ìPí éEåEç�ÞNåEæîßBéEå7ï"ðjê"æ�æ¬ã¡ñSà¡òcïGâ ì ê í æqßGéEåSæ8êGó7ë�à¤ã¤Þ�écâ�æ�ï�Þ�ßGë ì�ô ã¤â ì
â ì Þ�ã¤ç8ê ô é�õ í ßBà¤ã¡â]ò4êGóaæ�Þ�ç¬èPã¤ë�Þ6öh÷-êPøSù8ç¬Þ�õ í ã¤ç�Þ�ä�Þ�écâ�æ\ú8û�ßGécò
æ í ë ì ë�à¤ã¤Þ�écâ�æ�ë�ßGé%â�ê"à¤Þ�ç�ßBâ�Þ�â ì Þ�à¡ê"æ�æ·êGó�ß�ë�Þ�ç¬â�ßGã¤éÄóhç�ßBë�â�ã¤ê�é
êGó¢â ì ÞRã¤écóhê"ç�ä	ßGâ�ã¤ê"é°ç¬Þ�õ í Þ�æ�â¬Þ�å�óhç�ê"äwâ ì Þ�æ�Þ�ç¬è�Þ�ç�ï�ç¬Þ�æ í à¤âüá
ã¡éSý�ã¤é�à¡ã¤â¬â�à¤Þ�ê�ç8éSê'éEê"â�ã¤ë�Þ\ßBñEà¤Þ�åEÞNý�ç�ßBåjßGâ¬ã¤ê�é�ã¤é�â ì Þ-ë�à¤ã¤Þ�écâ\þ æ
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ðjÞNç�ë�Þ�ã¤è"Þ�åºõ í ßGà¤ã¤â]ò�êBó'æ�Þ�ç¬ècã¡ëNÞ ô�ì Þ�é_â ì Þ�ã¤écóhê�ç¬äußBâ�ã¤ê�é%ã¤æ
ç�Þ�ëNÞ�ã¤è�Þ�åIßGéEå%ðEç¬êcë�Þ�æ�æ¬Þ�å7úLK
ê�éSæ�Þ�õ í Þ�écâ¬à¡òcï�à¤ê�æ¬æ]á]ç�ßGâ¬Þ�ã¤æ'ßGé
ã¤ä�ðgê�ç�âqßGécâ�ðjÞNç]óhê"ç�äußBéEë�Þ�ä�Þ\ßGæ í ç�Þ¶óhê�ç8â ì Þ·æ�Þ�ç¬ècã¡ëNÞ¢õ í ßBà¤ã¡â]ò
â�ê�äußGécò�ë�à¤ã¡ÞNéPâ¬æ·êGóÇç¬Þ\ßGà¸á]â�ã¤ä�Þ·ä�ÞNåEã�ß6æ�Þ�ç¬è�Þ�ç¬æ\úNM%Þ�åEÞ=OgéEÞ
â ì Þ�â�Þ�ç¬ä �¡�B�q�����¬���d�2PRQ!ScïUT�V¢ßBæ�â ì Þ�óhçqßGë�â¬ã¤ê�é%êGó�ðgßGë=W�Þ�â¬æ�ã¤é
ß�æ�â�ç¬Þ\ßGä Þ�ã¤â ì Þ�ç4åEã¤æ�ë\ßBç�åEÞ�åpê�ç·æ�ÞNç�ècã¤ë�Þ�å�à�ßBâ�Þ�ç�â ì ßGé%â ì Þ�ã¤ç
åEÞ�à�ß�ò�ë�ê"éEæ�â¬ç�ßGã¤écâ�æ�ßGà¤à¤ê ô ú�X-ê ô Þ�è"Þ�ç\ï�óhç�ê"ä(ß�ë�à¤ã¤Þ�écâ\þ æ
ðjê"ã¤éPâ
êGójècã¤Þ ô ïGà¤ê"æ�æ]á]ç�ßBâ�Þ�ë�ê í à¤å'ñgÞ�â ì Þ8óhçqßGë�â¬ã¤ê�é6êGóaðjßGë=W�ÞNâ�æ�Þ�ã¤â ì ÞNç
ç�Þ�ëNÞ�ã¤è�Þ�åRà�ßBâ�Þ·ê�ç�éEê"â�ç�Þ�ëNÞ�ã¤è�Þ�å°ßBâ�ßGà¤à]ú
Y éEÞ�êGójâ ì Þ�ðEç¬ê�ñEà¤Þ�ä�æ ô ã¤â ì6í æ�ã¤éEý-à¤ê�æ�æüá@çqßGâ¬Þ�ßGæ8ß-ðjÞ�çüóhê�çüá

äußBéEë�Þ�ä�Þ�â�ç¬ã¡ë4ã¡æ·â ì ßGâ-ã¡â·åEêcÞ�æ·éEê"â·åEÞ�æ�ëNç�ã¤ñjÞ ô�ì Þ�é°à¤ê"æ�æ�ÞNæ
ßGç¬ÞußGà¤à¤ê ô Þ�å%â�êRêcë�ë í ç\ú[ZSê�ç4ä�ê�æ¬â�à¤ê�æ¬æ]á]â�ê�à¤Þ�çqßGécâ'ßBðEðEà¤ã¤ë\ß�á
â�ã¤ê�éSæ\ï�â ì Þ�ç�Þ	ã¤æ í æ í ßGà¤à¤ò�ß»ç�Þ�æ¬â�ç�ã¤ë�â¬ã¤ê�éIê�é%â ì Þ�é í ä�ñgÞ�ç�êBó
�q���c���q�\�c�d�����·ðjßGë=W�ÞNâ�à¤ê�æ�æ¬Þ�æ·â ì ßBâ�ßGç�Þ�ßBë�ë�Þ�ðSâ�ßGñSà¡Þ"ú1ZSê�ç-Þ
\"á
ßGä�ðEà¤Þ�ïaà¤ê�æ¬ã¡éSý°ßRæ¬Þ�ç�ã¤Þ�æ�êBó�ë�ê�éSæ�Þ�ë í â�ã¤è�Þ	ðjßBë]W"Þ�â�æ6ódç�ê�ä,ßGé
ß í åSã¡ê·æ¬â�ç�Þ�ßGä1ä�ã¤ý ì âaç¬Þ�æ í à¤â
ã¤é'â ì Þ�à¤ê�æ�æ³êGó7ß�ëNê�ä�ðSà¡ÞNâ�Þ
æ�Þ�ëqá
â�ã¤ê�épêGó�ß í åEã¤êgï8ç�ßBâ ì ÞNç�â ì ßGé�ä�Þ�ç�ÞNà¡ò�ß�ç¬Þ�å í ëNâ�ã¤ê�éIã¤éIâ ì Þ
æ�ã¤ý�égßGà¸á@â¬êGá]éEê�ã¤æ¬Þ¢çqßGâ¬ã¡êgúF^1æ í ã¤â�ßGñSà¡Þ4ðjÞ�çüóhê�ç¬äußBéEë�Þ�ä�Þ\ßGæ í ç�Þ
ã¤éRâ ì ã¤æ-ë\ßGæ¬Þ�ã¡æ·ßR¥8�§�E���"¥8�q���¤�G�q�q�����"�h��ïEã]ú Þ�ú-à¡ê"æ�æüá@çqßGâ�Þ6ë�ê"écá
æ�â¬ç�ßGã¤éEÞNåRêGè�Þ�ç·ßNOjéSã¡â¬Þ�ç�ßBéEý�Þ"ïjê"ç�¥8���E�"��¥8ïgêBó3ëNê�éEæ¬Þ�ë í â¬ã¡è"Þ
ðjßGë=W"Þ�â�æ�ú�û	ê�ç¬Þ�ðEç¬Þ�ë�ã¤æ�Þ�à¤òcïaßGé°ßBðEðEà¤ã¤ë\ßGâ¬ã¡ê"é�ä�ã¡ý ì âÇâ¬ê�à¤Þ�ç�ßBâ�Þ
_ ðgßGë=W�Þ�â·à¤ê�æ¬æ�Þ�æÅóhê�ç-Þ�è�Þ�ç¬òa`	ßBç�ç�ã¤è�ßBà¡æ·ßGâ-â ì Þ6è�ßGç¬ã¡ê í æ�æ¬Þ�ç]á
ècã¡ëNÞ�ðjê"ã¡écâ¬æÇßGë�ç¬ê�æ¬æîß·éSÞ�â ô ê"ç�Waú�^�écò6æ�Þ�ç¬ècã¡ëNÞ�åEã¤æ�ëNã¡ðSà¡ã¤éEÞ�ßBâ]á
â�Þ�ä�ðEâ�ã¤éEý·â¬ê'ä�Þ�Þ�â
â ì Þ�æ¬Þ·ç�Þ�õ í ã¤ç�ÞNä�Þ�écâ�æ
ä í æ¬â8Þ�éEæ í ç�Þ·â ì ßGâ
â ì Þ�é í ä�ñgÞ�ç�êGógèPã¤ê"àµßBâ�ã¤ê�éSæ7â�ê·â ì Þ�à¤ê�æ�æüá@â¬ê�à¤Þ�çqßGéEë�Þ�æ¬ðjÞNë�ãbOjë\ß�á
â�ã¤ê�é6ã¤æ�ä�ã¤éEã¤ä�ãbc�Þ�å�ö§ã�ógéEê�â�cNÞ�ç�êcù8ßGë�ç¬ê�æ¬æÇâ ì Þ ô�ì ê�à¤Þ
æ�â¬ç�Þ\ßBä°ú
øcê�ä�Þ	ë�à¤ã¡ÞNéPâ¬æRë\ßBéEéEê�â	â¬ê�à¤Þ�ç�ßBâ�Þ%ßGécòÈà¤ê�æ¬æ	êGó'ã¤écóhê"ç�ä	ß�á

â�ã¤ê�é�ç�ÞNë�Þ�ã¤è�Þ�åÄóhç�ê"ä!ß�æ�Þ�ç¬è�Þ�ç�ï8ñ í â·æ í ë ì ë�à¤ã¡ÞNéPâ¬æ�êGódâ�Þ�é%ç¬Þqá
õ í ã¤ç�Þ�åEÞNàµß�ò�ñjê í éEåEæ�ê"éRâ ì Þ�ã¤écóhê�ç¬äußBâ�ã¤ê�é7ú�K
ê�éSæ�Þ�õ í Þ�écâ¬à¡òcï
â ì ÞNæ�ÞRâ]òcðgÞ�æ�êGó�ë�à¤ã¤Þ�écâ�æ�ç¬Þ�õ í ã¤ç�Þ	åEÞ\ßBåEà¤ã¤éEÞ�æ ô�ì ã¤ë ì æ¬ðjÞ�ëNã�ódò
â ì Þ�ä	ß�\cã¤ä í ä ßBä�ê í éPâ-êGó�â¬ã¡ä�Þ�ðjßBë]W"Þ�â�æ6êGó�ã¤écóhê"ç�äußBâ�ã¤ê�é
óhç�ê"ä!â ì Þ�æ�Þ�ç¬è�Þ�ç6ë\ßBé%ñjÞ�åEÞNàµß�ò"Þ�å í écâ�ã¤à�â ì Þ�ò°ñgÞ�ë�ê"ä�Þ�ã¤écá
è�ßGà¤ã¤å7ú
d�ê'ý í ßGçqßGécâ�Þ�Þ·æ í ë ì åEã¤è�Þ�ç¬æ�Þ�÷-êPø�ç�ÞNõ í ã¡ç¬Þ�æ�ó]ßGæ�â�ßBéEå�Þ±ó�á

Ojë�ã¤Þ�écâ�æ¬ë ì Þ�å í à¤ã¤éEý%æ í ðEðgê�ç�â	ßGâ�â ì Þ	æ�ÞNç�è�ÞNç\úed ì ã¤æ�ðjßGðgÞ�ç
åEÞ�æ¬ë�ç�ã¤ñgÞ�æÇâ ì Þ
ðEç�ßBë�â�ã¤ë\ßBàPã¤æ¬æ í Þ�æ³ë�ê�éEëNÞ�ç�éEÞNå ô ã¡â ì â ì ÞÇã¤ä�ðSà¡Þ±á
ä�Þ�écâqßGâ�ã¤ê"é�êGó3ß4æ�ë�ßGà�ßGñEà¤Þ·ç�Þ�ßGà¸á@â¬ã¤ä�Þ�ðjßBë]W"Þ�â�æ�ë ì ÞNå í à¤Þ�ç�ç¬Þ�æ]á
ã¤åEÞ�écâ�ê�éRß6æ�ÞNç�è�ÞNç\ïgåEÞ�æ¬ã¡ý"éEÞ�åRâ¬ê'ä�Þ�Þ�â�æ¬Þ�ç�ècã¤ë�Þ6ë�ê�éEæ¬â�çqßGã¤écâ�æ



ê�é%ã¤écóhê"ç�äußBâ�ã¤ê�é�â�ç�ßBéEæ]ódÞ�ç�ç¬Þ�åÈßGë�ç¬ê�æ�æ�ß	éEÞNâ ô ê"ç�W%â�ê�äußGécò
ë�à¤ã¡ÞNéPâ¬æ\ú_øcðjÞNë�ãbOjë\ßGà¤à¤òcï ô ÞRåEÞNæ�ë�ç¬ã¡ñgÞ�â ì ÞRã¤ä�ðEà¤Þ�ä�Þ�écâ�ßBâ�ã¤ê�é
ã¡æ¬æ í ÞNæÇßGéEå�ðgÞ�çüóhê�ç¬äußGéSë�ÞîßBë ì ã¤Þ�è�Þ�å�ñcògf-òcéjßBä�ã¤ë�MÈã¤éEåEê ô á
K
ê�éEæ¬â�ç�ßBã¤éEÞ�åuø�ë ì Þ�å í à¤ã¤éEý	ö�f3MhK�øEùNï ô�ì ã¤ë ì ã¤æ
åEÞ�æ�ã¤ý"éEÞ�å�â¬ê
ä�Þ�Þ�â�â ì ÞRåEÞNàµß�ò�ßBéEåIà¤ê�æ�æ�ë�ê�éSæ�â�çqßGã¤écâ�æ�ê�éIðjßGë=W"Þ�â�æ�óhç�ê"ä
ä í à¤â�ã¤ðEà¤Þ7æ¬â�ç�Þ�ßGä�æ ô ã¤â ì åEãbiaÞ�ç�ÞNéPâ�ðgÞ�ç]ódê�ç�ä	ßGéEëNÞÇê"ñ�jqÞ�ë�â¬ã¡è"Þ�æ\ú
k]é�ó]ßGë�â�ï	f3MhK�ø�ã¡æ�åSÞ�æ�ã¤ý�éSÞ�åRâ�ê�à¤ã¤ä�ã¤â�â ì Þ�é í ä�ñjÞNç�êGó�à�ßBâ�Þ
ðjßGë=W�ÞNâ�æ6êGè�Þ�çlOjéEã¤â�Þ�é í ä�ñjÞNç�æ6êGó�ë�ê"éEæ�Þ�ë í â�ã¤è�Þ	ðjßBë=W�Þ�â¬æ�ã¡é
à¡ê"æ�æüá@â¬ê�à¤Þ�ç�ßBécâ)ßBéEå	mGê"ç�åEÞ�à�ß�ò"á@ëNê�éEæ¬â�ç�ßBã¤éEÞ�å7ï ì Þ�â�ÞNç�ê�ý"Þ�éEÞ�ê í æ
â�ç�ßon�ë�æ�â¬ç�Þ\ßBä�æ\ú�M%Þ�æ ì ê ôÈì ê ô fpMqK�ø4ë\ßBé�ñgÞ�Þ=n�ë�ã¤Þ�écâ¬à¡ò
ã¡ä�ðEà¤Þ�ä�ÞNéPâ¬Þ�å�â¬ê·ðEç�êGècã¤åEÞ
æ�Þ�ç¬èPã¤ë�Þ�ý í ßGçqßGécâ�ÞNÞ�æ8â�ê ìcí éEåSç�Þ�åEæ
êGó�æ¬â�ç¬Þ\ßGä�æ\ú
rDs�tvu@wyxgzLz7Ô!s�tEÛ7Ù�{�tc×cÜUf3MhK�ø4ã¡æ³åEÞ�æ�ã¤ý"éEÞ�å�â¬ê'ä	ß�\cã¸á
ä�ãRc�Þ�éEÞ�â ô ê�ç-W�ñjßGéSå ô ã¤åEâ ì�í æ�ßBý�Þ�ã¤é�â ì Þ-ðEç�Þ�æ¬Þ�éEë�Þ6êGó7ä í à�á
â�ã¤ðEà¤Þ%ðjßGë=W"Þ�â�æ%Þ\ßBë ìÀô ã¤â ì â ì Þ�ã¤ç�ê ô éKåEÞNàµß�ò_ë�ê"éEæ�â¬ç�ßGã¤écâ�æ
ßGéEåRà¤ê"æ�æ]á]â�ê"à¤Þ�ç�ßBéEë�Þ�æ�úDd ì Þ'ðgÞ�çüá@ðjßBë=W�Þ�â·åEÞ�à�ß�òRßGéSåRà¤ê�æ�æ·ßGà¸á
à¡ê ô ßGéSë�Þ�æ6ä í æ�â6ñjÞ	ðEç¬êGècã¡åSÞ�å|ßBæ)ßBâ�â�ç¬ã¤ñ í â�ÞNæuß�ódâ�Þ�ç6ý�Þ�éSÞ�ç]á
ßGâ�ã¤éEý%â ì Þ�ä óhç�ê"ä ì ã¡ý ì Þ�çüá@à¤Þ�è"Þ�à�ßGðEðEà¤ã¤ë\ßBâ�ã¤ê�épë�ê�éEæ¬â�çqßGã¤écâ�æ\ú
d ì ÞRßGà¤ý�ê"ç�ã¤â ì ä<ç�Þ�õ í ã¤ç¬Þ�æ�â ô ê°ßGâ¬â�ç¬ã¡ñ í â�Þ�æ�ðjÞNç�ðjßGë=W�ÞNâ\ïÇßBæ
óhê�à¤à¤ê ô æ2|
} ½��q�����¡���E�&~·â ì ã¤æ2ã¡æ2â ì Þ
à�ßGâ¬Þ�æ�â�â�ã¤ä�Þ3ß¶ðjßGë=W"Þ�â�ë\ßGé��q�"���
�'���E�q��æ¬Þ�ç�ècã¤ë�Þ�ú4d ì Þ·åEÞ\ßGåSà¡ã¤éEÞ-ã¤æÇåEÞNâ�Þ�ç¬ä�ã¤éEÞ�å�óhç¬ê�ä(ß
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Table 1. Precedence amongst pair s of packets
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Figure 1. (a) A fast implementation of DWCS
uses two heaps: one for deadlines and an-
other for loss-tolerances. (b) Using a cir cular
queue for each stream eliminates the need for
synchr onization between the scheduler and
the server queueing packets.
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Figure 2. (a) The number of deadlines missed, and (b) the number of loss-tolerance violations, versus
number of streams.
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Figure 3. An example showing possible loss-
tolerance violations for a single stream using
FIFO and DWCS in overload conditions, when
the original loss-tolerance is 1/3. (Note that
`X' denotes a late packet.)
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Þ\ßGë ì æ¬â�ç�Þ�ßGäwßGç¬ç�ã¤è�Þ6óhê"ç·æ�Þ�ç¬èPã¤ë�Þ	ßGâ·â ì Þ�æ�ßGä�Þ'â¬ã¤ä�Þ�úNd ì Þ
ß�è�Þ�çqßGý"Þ'ñ í ç�æ�â4æ�ãRc�Þ�ã¤æ¨��S�ðjßGë=W"Þ�â�æ'ßBéEå�ñ í ç�æ¬â�æ·ódç�ê�ä<Þ\ßGë ì
æ�â¬ç�Þ\ßBä(öhßGéSå�Þ\ßGë ì ëNàµßBæ�æqù7ßGç¬ÞÇßGç¬ç�ã¤ècã¤éEýÇëNà¡ê"æ�Þ8â¬ê�ý"Þ�â ì ÞNç\ú�d ì Þ
ß�è�Þ�çqßGý"Þ»ßBç�ç¬ã¡è�ßBà�â�ã¤ä�Þ�ñjÞNâ ô Þ�ÞNéYñ í ç�æ�â¬æ	ã¡æ�Q!S�S�ä�ã¡ëNç�ê�æ¬Þ�ëqá
ê�éEåSæ�ã¤é	â ì Þ�æ¬Þ'Þ�\PðgÞ�ç¬ã¡ä�Þ�écâ�æ�ú�kdó8â ì Þ'ñ í ç�æ¬â�ã¤éEÞ�æ¬æ ô ßGæ�ä�ê�ç¬Þ
ðEç�ê"éEê í éEë�Þ�å%ö ô ã¤â ì à�ßGç¬ý�Þ�ç�ß�è�Þ�çqßGý"Þ�ñ í ç¬æ�â�æ¬ã�cNÞ�æ�ßGéEå�à�ßGç�ý"Þ�ç
è�ßGç¬ãµßBâ�ã¤ê�éSæjã¤é·â ì Þ
â�ã¤ä�Þ7ñgÞ�â ô ÞNÞ�é'ñ í ç�æ¬â�æ�ùNïGâ ì Þ8ðjÞNç]óhê"ç�äußBéEë�Þ
êGó�Z$k�Z Yºô ê í à¤å�ñjÞ-ó@ßBç ô ê�ç¬æ�Þ�ïSæ�ã¤éEë�Þ¨Z&k�Z Y[ô ê í à¤å�æ�ÞNç�ècã¤ë�Þ
ô�ì ê�à¤Þ�ñ í ç�æ¬â�æ�êBóÅßGç¬ç�ã¤è�ßGà¤æ·ódç�ê�ä,ê"éEÞ�æ¬â�ç�Þ�ßGä ô ã¡â ì ê í â'ç¬Þqá
æ�ðgÞ�ë�â¬ã¡éSýuâ ì Þ6åEÞ\ßGåSà¡ã¤éEÞNæ�êGó8ðjßBë=W�Þ�â¬æ¢ã¤éRê"â ì ÞNç¢æ¬â�ç¬Þ\ßGä�æ\ú3k]é
ë�ê�écâ¬ç�ßGæ¬â\ï-â ì Þ�ðgÞ�ç]óhê"ç�ä	ßGéEë�Þ�êGógf3MhK�øIã¤æ�à¤Þ�æ¬æ	æ�Þ�éEæ¬ã¤â�ã¤è�Þ
â�êRñ í ç�æ¬â�ã¤éEÞ�æ¬æ\ú%û	ê�ç¬Þ�êGè�ÞNç\ï�f3MhK�ø�äußBã¡écâqßGã¤éEæ�æ¬Þ�ç�ècã¤ë�Þ�â�ê
æ�â¬ç�Þ\ßBä�æ·ã¤é°ðEç¬ê�ðgê�ç¬â�ã¤ê�é�â�ê	â ì Þ�ã¤ç�åEÞ�à�ß�òRßGéEå�à¤ê�æ¬æ�ç�Þ�õ í ã¤ç¬Þqá
ä�Þ�écâ¬æ\ú
Z2ã¡ý í ç�ÞC�Sö�ñjùÅæ ì ê ô æ�â ì Þ�é í ä�ñgÞ�ç·êGó�à¤ê�æ¬æ]á]â�ê�à¤Þ�çqßGéEëNÞ�èPã¸á

ê�à�ßGâ¬ã¤ê�éEæ�óhê"ç°ã¤éEë�ç¬Þ\ßGæ¬ã¤éEýÈé í ä�ñgÞ�ç�æ�êGó�æ¬â�ç�Þ�ßGä�æ�ú ^-ýPßGã¤é7ï
ðjßGë=W"Þ�â�åEÞ\ßBåEà¤ã¤éEÞ�æ\ï2ódê�ç�ë�ê"éEæ�ÞNë í â�ã¤è"Þ�ðjßBë]W"Þ�â�æ6ã¤é°â ì Þ�æqßGä�Þ
æ�â¬ç�Þ\ßBä°ïcßGç�ÞDT�SHS�â¬ã¡ä�Þ í éEã¤â�æ�ßGðjßBç�â\ú�ZSÞ ô ècã¤ê�à�ßBâ�ã¤ê�éEæ�êcë�ë í ç
í æ�ã¤éEý@f3MhK�ø í écâ�ã¤àaâ ì Þ·é í ä�ñgÞ�ç
êGó�æ¬â�ç¬Þ\ßGä�æÇç¬Þ\ßGë ì Þ�æ¨THS�SEú
^�ñgêGè�Þ@T�SHS�æ¬â�ç¬Þ\ßGä�æ\ï2ã¡â·ã¤æ·ã¤ä�ðgê�æ�æ¬ã¤ñEà¤Þ·óhê�ç�ßBéPò�æ�ë ì Þ�å í à¡ÞNç
â�ê�ä�Þ�ÞNâ�ßGà¤àÇåSÞ\ßGåEà¤ã¤éEÞ�æRödßGæ¬æ í ä�ã¡éSýRâ ì Þ	æ¬Þ�ç�ècã¤ë�ÞRâ¬ã¡ä�Þ�ðjÞNç
ðjßGë=W"Þ�â8ã¤æ8ê�éSÞ�â�ã¤ä�Þ í éEã¤â8ßGéEå�ê"éEà¤ò�ê�éSÞ�ðjßGë=W�ÞNâÇë\ßBé�ñjÞ�æ¬Þ�ç]á
ècã¡ëNÞ�å)ßBâ�ß¶â�ã¤ä�Þ\ùNï�æ�ê�à¤ê"æ�æ]á]â�ê"à¤Þ�ç�ßBéEë�Þ
èPã¤ê"àµßBâ�ã¤ê�éSæaæ�â�ßBç�â�â�ê-êcëqá
ë í ç�ú$X-ê ô Þ�è"Þ�ç\ïHf3MhK�ø·æ�â¬ã¤à¡à"äußBéjßGý"Þ�æaâ�ê-ë�ê�écâ�ç¬ê�àcâ ì ÞÇé í ä�á
ñjÞNç�æ8êBójècã¡ê"à�ßGâ�ã¤ê"éEæ7ã¤é�ðEç¬ê�ðgê�ç¬â�ã¤ê�é6â�ê-â ì Þ�à¤ê�æ¬æ]á]â�ê"à¡ÞNç�ßGéSë�Þ�æ8êBó
Þ\ßGë ì ë�à�ßBæ�æ\ú Y ñEæ¬Þ�ç�è"Þ�â ì ßGâ8â ì Þ�â¬ê�âqßGàEé í ä�ñgÞ�ç�êGóaècã¡ê"à�ßGâ�ã¤ê"éEæ
óhê�ç8ßBà¡à��-ë�à�ßGæ¬æ�Þ�æ
ã¤æ�ý�ç�Þ�ßGâ�ÞNç ô ã¤â ì f3MhK�ø�â ì ßGé@Z&k�Z Y�ô�ì Þ�é
ô Þ·ç¬Þ\ßGë ì ßGñgê í âFTHS�S4æ�â¬ç�Þ\ßBä�æ\ú�Z2ã¤ý í ç¬Þ �4æ ì ê ô æ�ßGé	Þ
\EßGä�á
ðEà¤Þ8êGó ô�ì ßBâ7ã¤æ ì ßGðEðgÞ�éEã¤éEýgú$f3MhK�ø-ã¤æ7æ�ÞNç�ècã¤ë�ã¤éEý�æ¬â�ç�Þ�ßGä�æ2ã¤é
ðEç�ê"ðjê"ç�â¬ã¡ê"é°â¬ê	â ì Þ�ã¤ç·à¤ê�æ¬æ]á]â�ê�à¤Þ�çqßGéEëNÞ�æ�ñ í â�ïgóhê"ç¢ÞNè�Þ�ç¬ò ô ã¤écá
åEê ô êGó�`·ðjßGë=W"Þ�â�æ8ã¤é'ß¶æ�â¬ç�Þ\ßBä°ïGâ ì ÞÇà¤ê"æ�æ]á]â�ê"à¤Þ�ç�ßBéEë�Þ�ã¤æ7ñgÞ�ã¤éEý
ècã¡ê"à�ßGâ�ÞNå�ä�ê�ç¬ÞÇâ¬ã¤ä�Þ�æ8â ì ßGé ô ã¤â ì Z$k�Z Y ú�X-ê ô Þ�è"Þ�ç\ï�fpMhK�ø
æ�ðEç¬Þ\ßGåSæ8ê í â ô�ì ÞNç�Þ�â ì ÞÇä�ã¡æ¬æ�Þ�å6åEÞ\ßBåEà¤ã¤éEÞ�æ�êcë�ë í ç�ï�æ¬ê¢ã¤â2æ�â�ã¤à¤à
ä�ã¤éEã¤ä�ãRc�Þ�æ-â ì Þ�é í ä�ñjÞ�ç4êGó�ë�ê"éEæ�Þ�ë í â�ã¤è�Þ�à�ßGâ�Þ�ðgßGë=W�Þ�â¬æ6óhê�ç
ß	ý�ã¤è"Þ�é¥OjéEã¤â�Þ ô ã¤éEåSê ô êBó�ðjßGë=W"Þ�â�æ6â ì ßBâ�ç�ÞNõ í ã¡ç¬Þ�æ¬Þ�ç�ècã¤ë�Þ�ú
Z&k�Z Y ï ì ê ô Þ�è�ÞNç\ïaë\ßBé%ç�Þ�æ í à¤â�ã¤éRäußBécòuëNê�éEæ¬Þ�ë í â¬ã¡è"Þ�åEÞ\ßBåcá
à¤ã¡éSÞ�æ�ñjÞ�ã¤éEý4ä�ã¤æ�æ¬Þ�å7ú�d ì ã¤æ8ã¤æ�ñjßBå�óhê"ç�ä�Þ�åEã�ß¶æ�â�ç¬Þ\ßGä�æ\ï"æ í ë ì
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Figure 4. Number of packets serviced per second for each stream when (a) there are 480 streams,
and (b) 560 streams.
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Figure 5. (a) Service overheads and (b) synchr onization costs of DWCS for increasing number s of
streams.

ßGæ'ß í åEã¤êRßGéEå%ècã¤åEÞ�êgï ô�ì ÞNç�Þ	â�êcê	äußBéPò�ë�ê�éEæ¬Þ�ë í â¬ã¤è�Þ�à�ßBâ�Þ
ðjßGë=W�ÞNâ�æ�ç�ÞNæ í à¤â�ã¤éIà¡ê"æ�æ6êGó·ë�ê�ä�ðEà¤Þ�â�Þ�æ�Þ�õ í Þ�éSë�Þ�æ	êGó�ß í åEã¤ê
æ�ßGä�ðEà¤Þ�æ�ê�ç�ècã¤åEÞ�êÄóhç�ßBä�Þ�æ�ï
ç�ßGâ ì Þ�ç�â ì ßBé�j í æ¬âuß%åSç�ê�ð�ã¡é
æ�ã¤ý�éjßBà¸á@â¬êGá]éEê�ã¤æ�Þ�çqßGâ¬ã¡êgú
d�ê�æ¬Þ�Þ ì ê ô ó@ßGæ¬â ô Þ�ë�ê í à¤åRÞ
\cÞ�ë í â¬ÞCf3MhK�ø�ê�é°ß ì ê�æ¬â

ðEç�êcë�Þ�æ¬æ�ê"ç\ï ô Þ°ä�Þ\ßGæ í ç�Þ�å�â ì Þ�é í ä�ñjÞNç�æ�êBó'ðjßBë]W"Þ�â�æ	æ¬Þ�ç]á
èPã¤ë�ÞNåÈã¤é|ç¬Þ\ßGà¸á]â�ã¤ä�Þ�óhê"ç�ã¤éEë�ç�Þ�ßGæ�ã¤éEýpé í ä�ñjÞNç�æ�êBó�æ�â�ç¬Þ\ßGä�æ
ô ã¡â ì â ì Þ�æ�ßGä�Þ°â¬ç�ßon�ë°ë�à�ßBæ�æ�ÞNæ�ö ì ß�ècã¤éEýpâ ì Þ%æqßGä�Þ�à¡ê"æ�æüá
â�ê�à¤Þ�çqßGéEëNÞ�æîßBéEå6åEÞ\ßGåSà¡ã¤éEÞNæ�ù8ßBæ�ñgÞqóhê"ç�Þ�ú�d ì ÞFf3MhK�ø�æ¬ë ì Þ�åcá
í à¤Þ�ç ô ßGæ·ã¤ä�ðEà¤Þ�ä�ÞNéPâ¬Þ�å	ã¤éRâ ì Þ@f-ã¤ê�éEã¤æ�òcæ�÷-êPø�ã¤écóhçqßGæ�â¬ç í ë±á
â í ç¬Þ�ï�ê�é_øcê�à�ßGç¬ã¤æC�Eú�TEúRQ�ï í æ�ã¤éEýpâ ô ê ì Þ\ßGðEæ�ï�ßGéSåÈë�ã¤ç�ë í àµßBç
õ í Þ í Þ�æ�óhê"ç�Þ\ßBë ì â�çqß!n�ëRæ¬â�ç¬Þ\ßGä â�ê�ÞNà¡ã¤ä�ã¡égßGâ�Þ�â ì Þ�éEÞ�ÞNå
óhê�ç·æ�òcéEë ì ç¬ê�éEãRc\ßBâ�ã¤ê�é�ðEç¬ã¡ä�ã¤â�ã¤è�Þ�æ�ïEæ í ë ì ßGæ·æ�Þ�ä	ßGð ì ê�ç�ÞNæ¢ê"ç
à¡êcë=Wcæ\ú(d ì Þ�ç¬Þ�æ í à¡â¬æ�æ ì ê ô â ì Þ�çqß ô æ¬ë ì Þ�å í à¤Þ�ç�æ¬ðjÞNÞ�å�åEã¤æüá
ë�ê í écâ¬ã¡éSý�â ì Þ8Þói´Þ�ëNâ�æ8êBó�â¬ç�ßBéEæ�ä�ã¡æ¬æ�ã¤ê�é·åEÞNàµß�òcú�k]é·ê í ç7Þ
\cðgÞ�ç]á
ã¡ä�Þ�écâ�æ�ï7ßGà¤à8ðjßBë=W�Þ�â¬æ)ßBç�Þ í à¤â�ã¤ä	ßGâ�ÞNà¡ò	æ¬Þ�ç�ècã¤ë�Þ�å7ï³ñ í â�åSç�ê�ð�á
ðEã¤éEý�à�ßGâ¬Þ'ðgßGë=W�Þ�â¬æ'ß�è�ê"ã¤åEæ í éSéEÞ�ë�Þ�æ¬æ�ßBç�ò%â�çqßGéEæ¬ä�ã¤æ�æ¬ã¤ê�éRåEÞ±á
àµß�òcæ
ã¤éuß6ç�Þ�ßGà7æ¬òcæ�â�ÞNä°ú
Z7ã¤ý í ç�ÞD�6æ ì ê ô æ�â ì Þ�é í ä�ñgÞ�ç�æ
êGó�ðjßGë=W�ÞNâ�æ�æ¬Þ�ç�ècã¤ë�Þ�å�ðjÞ�ç

æ�Þ�ë�ê"éEå ô�ì ÞNé|â ì Þ�ç¬Þ�ßBç�Þ%öhß"ùN�¦��S�æ�â¬ç�Þ\ßBä�æ�ïîßBéEåºö�ñjù@TH��S
æ�â�ç¬Þ\ßGä�æ\ú k]écâ�ÞNç�Þ�æ¬â�ã¤éEý�à¤òcï ô�ì Þ�éYâ ì Þ�ç¬Þ�ßGç�Þ¥�¦�HS%æ¬â�ç�Þ�ßGä�æ�ï
â ì Þ�æ¬Þ�ç�ècã¤ë�Þ�çqßGâ¬Þ�ßGðEðEç¬êPßBë ì Þ�æg��T�ðjßBë=W�Þ�â¬æ�ðjÞNç�æ�Þ�ëNê�éEå�óhê"ç

Þ\ßGë ì ßBéEå�Þ�è"Þ�ç�ò4æ�â�ç¬Þ\ßGäKßBéEå7ï ì Þ�éEë�Þ�ïBÞ\ßGë ì ßGéEå�ÞNè�Þ�ç¬ò¢ëNàµßBæ�æ�ú
k]éEã¤â�ã�ßGà¤à¤òcïcæ�Þ�ç¬èPã¤ë�Þ6ã¤æ·ý�ç�ßBécâ�Þ�åRâ¬ê	æ�â�ç¬Þ\ßGä�æ�ã¤éRÞ\ßBë ì ë�à�ßBæ�æ·ã¤é
ðEç�ê"ðjê"ç�â¬ã¡ê"é	â�ê�â ì Þ�ë�ê"ç�ç¬Þ�æ�ðgê�éEåSã¡éSýuà¤ê"æ�æ]á]â�ê"à¤Þ�ç�ßBéEë�Þ�æ�ú3X�ê ô á
Þ�è�ÞNç\ï7ßBæ�â�ã¤ä�Þ¢ý"êcÞ�æ·ê�é7ïgâ ì Þ�ç�Þ6ã¤æ�ä�ê"ç�Þ·æ�à�ßBë]W	â¬ã¡ä�Þ·â�ê�æ¬Þ�ç]á
ècã¡ëNÞ�ðjßGë=W"Þ�â�æ-ñjÞqódê�ç�Þ4â ì Þ�ò	ä�ã¡æ¬æÇâ ì Þ�ã¤ç�åSÞ\ßGåEà¤ã¤éEÞ�æ�ú3��è�Þ�écâ í á
ßGà¤à¤òPïgßGà¤à�â ì Þ�æ¬â�ç¬Þ\ßGä�æ¢ç¬Þ\ßGë ì ß�æ�âqßGâ¬Þ�ã¡é ô�ì ã¤ë ì â ì Þ�ã¤ç·à¤ê�æ�æüá
â�ê"à¡ÞNç�ßGéSë�Þ�æ8ë�ê"écè�Þ�ç¬ý�Þ¢ßBéEå6â ì Þ�ß�è"Þ�ç�ßBý�Þ
ðjßGë=W�ÞNâ8æ�Þ�ç¬ècã¡ëNÞ�ç�ßBâ�Þ
ã¤æ�â ì Þ·æ�ßBä�Þ¶óhê�ç�ßBà¡àgæ�â¬ç�Þ\ßBä�æ�ú
k]é Z2ã¡ý í ç�ÞL�gö�ñjùNï·â ì ÞNç�Þ|ßBç�Þ[TH��SIæ¬â�ç�Þ�ßGä�æ�ú©d ì Þ�ç¬Þ�ã¤æ

éEê1ðjê"æ�æ¬ã¡ñSà¡Þ ô ß�ò(â ì Þºæ¬ë ì Þ�å í à¤Þ�ç_ë\ßBé ä�Þ�Þ�âÈßGà¤à	åEÞ\ßBåcá
à¤ã¡éSÞ�æ\ú øcã¤éEë�Þ�åSÞ\ßGåEà¤ã¤éEÞqá]ä�ã¤æ¬æ�Þ�æ�W"Þ�Þ�ð1ß!iaÞ�ë�â�ã¤éEý_â ì Þ�ë í çüá
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\EßBä�ðEà¤Þ�ïNâ ì Þ
à¤ê�æ�æüá@â¬ê�à¤Þ�çqßGéEë�ÞNæ
êGó�æ�â¬ç�Þ\ßBä�æ�ã¡éIÞ\ßBë ì ë�à�ßGæ¬æ�éEÞ�è"Þ�ç	ë�ê�écè"Þ�ç�ý"ÞRâ�êpâ ì ÞRæqßGä�Þ
è�ßGà í Þ�úeK
ê"éEæ�Þ�õ í ÞNéPâ¬à¤òPï
â ì Þ°æ¬Þ�ç�ècã¤ë�Þ�ý�ç�ßBécâ�Þ�åÈâ¬ê%æ�â¬ç�Þ\ßBä�æ
ã¤é�Þ\ßBë ì ë�à�ßGæ�æ�ã¤æ�ã¤é�åSã¡ç¬Þ�ë�â�ðEç�ê"ðjê"ç�â�ã¤ê"é�â�ê%â ì Þ�ã¤ç�ê�ç¬ã¤ý�ã¤éjßGà
à¤ê�æ�æüá@â¬ê�à¤Þ�çqßGéEë�ÞNæ\ú
Z2ã¡ý í ç�ÞCTSöhß"ù�æ ì ê ô æ'â ì ÞußBë�â í ßGà
æ�ë ì Þ�å í à¡ã¤éEý�êGè�ÞNç ì Þ\ßBåEæ

óhê�ç6ã¤éEë�ç¬Þ\ßGæ¬ã¡éSý°é í ä�ñgÞ�ç�æ6êGó�æ¬â�ç¬Þ\ßGä�æ\úLd ì Þ�ðjÞNç]óhê"ç�äußBéEë�Þ
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Figure 6. Real-time scheduling overheads (in micr oseconds) as the number of scheduler cyc les
between checking deadlines is increased. All packet deadlines are 200 time units apar t in the left-
hand graph (a), and 500 time units apar t in the right-hand graph (b).
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Figure 7. Number of deadlines missed as the number of scheduler cyc les between checking deadlines
is increased. The `Y' axis is the number of scheduler cyc les between checking deadlines.
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Figure 8. Number of loss-tolerance violations as the number of scheduler cyc les between checking
deadlines is increased. The `Y' axis is the number of scheduler cyc les between checking deadlines.
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