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�Aò÷jô&÷²Ê¦÷jô&ðÅìñ¬ô�ô&ðÉÉNÆªÊ&ñ'ÆªðÊ�ÉÊ&÷jÅ¶ÌÎó�Ì¶Í�ÇÊ¦ú¼ÌÎÍbýR÷jô�ñ&ÌÎÏRÇñ&ÌÎÆªÍ Ì¶Í
m �<rAÇªÍ�È2Ì¶Í�È-ÌÎøjÇ=ñ¦÷6ñ&ò�Çñ*��l ï ÌÎôçÇTÉÊ¦Æªó�ÌÂô�ÌÎÍÏTÊ¦Æªð-ñ¦Ì¶ÍÏ½ÇªÉ-û
ÉÊ¦ÆRÇªø¬ò�� y ÷_ÈÆ�ÍÆªñçô�ò�Æ=ö ô&ÌÎóÕðÅÂÇ=ñ¦Ì¶ÆRÍ¤Ê&÷kô�ðÅ¶ñ¦ô�ùÔÆªÊC�� ï
ÇÍ�ÈÃÆªñ&ò÷jÊ�É�Çªø8�!ÌÎÍÏûºü�ÇRô�÷kÈ�ô¦ø¬ò÷fó�÷jôÕô�ÌÎÍ�ø£÷6ö?÷ÖÇÅÂô&Æ_ùÔÆRðÍ�È
��l ï ñ¦ÆLÉ�Ê&Æ=ý!ÌÂÈ-÷�ü�÷fñ�ñ&÷jÊ'ÆªÊ'ô&ÌÎóLÌÎÅÂÇÊAÉ�÷jÊ�ùÔÆRÊ&ó6ÇªÍ�ø£÷q�
�Aò÷�Ê&÷jó�ÇªÌ¶Í�È-÷fÊ?Æù.ñ¦òÌÂôAÉ�ÇÉN÷fÊ?ÌÎôAÆRÊ&ÏbÇÍÌ��f÷kÈ6Çªô+ùÔÆªÅÎÅÎÆ=ö'ôT�
ÿ!÷jø£ñ&ÌÎÆªÍ�w ó�Æñ¦Ì¶ý=Ç=ñ¦÷jôÕÅ¶ÆbÇªÈ�ÉÊ&ÆªË�ÅÎÌ¶ÍÏTü!úÃø£Æªó�É�ÇªÊ&ÌÎÍÏ�Ì¶ñ�ñ&Æ
Å¶ÆbÇªÈ�ü�ÇªÅÎÇªÍ�ø£ÌÎÍÏ ÇÍ�ÈTÅÎÆRÇRÈ�É�Çªø8�!ÌÎÍÏ����EÍ�ÿ!÷køpñ&ÌÎÆªÍ sÖÇ¼øfÆªóLû
ÉÊ¦÷fò÷jÍ�ô�ÌÎýª÷�ø£Æªó�É�ÇªÊ¦Çñ&ÌÎýª÷%÷jý\ÇªÅ¶ð�Ç=ñ&ÌÎÆªÍ¼Æù���l ï ýª÷jÊ¦ô&ð�ô+��� ï
ÆªÍ6Ç�ùÔðÅÎÅÎúRûEø£ÆRÍÍ÷køpñ&÷kÈ�ý!Ì¶Ê&ñ&ð�ÇªÅÉ�Çñ&ò6ü�ÇRô�÷kÈçÍ�÷£ñ7ö?ÆªÊ��ÕÌÂô�ÉÊ¦÷£û
ô�÷jÍbñ&÷jÈ*� y ÷�ø£ÆªÍ�ø£ÅÎð�È-÷�ÌÎÍ ÿ-÷jøpñ¦Ì¶ÆRÍ,�çö%Ììñ¦ò Ççô�ðó�ó6ÇÊ¦ú6ÇÍ�È
ö%Ììñ¦òTÈ-Ì¶Ê¦÷jø£ñ&ÌÎÆªÍ�ô?ùÔÆRÊAùÔð-ñ&ð�Ê&÷²ö?ÆªÊ��N�
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2.1 MLR vs LLR: An analytical comparison
�+ÆªÍ�ô&ÌÎÈ÷fÊ²Ç¼ô&ú-ô7ñ¦÷fó ö%Ì¶ñ&ò=< È-Ì��N÷jÊ&÷jÍRñ�É�Çñ&ò�ô�üN÷£ñ7ö?÷f÷fÍ

Ç�É�ÇÊ&ñ&ÌÂø£ð�ÅÎÇªÊ�ô&Æªð�Ê¦øf÷AÇªÍ�È�Ç�É�ÇÊ&ñ&ÌÂø£ð�ÅÎÇªÊ�È-÷jô�ñ&ÌÎÍ�Ç=ñ¦Ì¶ÆRÍ*� y Ììñ¦ò-û
Æªð-ñ²ÅÎÆRô¦ô�Æù?Ïª÷fÍ�÷fÊ¬ÇÅÎÌìñ7úq��ö+÷6Çªô¦ô&ðó�÷Õñ¦ò�Ç=ñ²ñ¦ò÷ÖøfÇªÉ�ÇªøfÌìñ7úTÆªù
ÇÅÎÅ/ô&ð�ø¬òTÉ�Ç=ñ¦ò�ô%ÌÂô'ÌÂÈ-÷fÍbñ¦ÌÎøjÇÅ/ÇªÍ�È�ÌÎô'ÍÆªÊ¦ó6ÇÅÎÌ��j÷jÈ_ñ&Æ¼Ç�ð�ÍÌìñ��
�.÷fñ�>I�@?2�.È÷fÍÆªñ&÷+ñ&ò÷+ÉÊ&ÆRü�Çü�Ì¶ÅÎÌìñ7ú²È-÷jÍ�ô&Ììñ7ú�ùÔðÍ�ø£ñ&ÌÎÆªÍÕùÔÆªÊ.ñ¦ò÷
ð-ñ&ÌÎÅÎÌ��kÇ=ñ&ÌÎÆªÍÕÊ&÷��Rð�Ì¶Ê¦÷fó�÷fÍbñ[Æù�Ê¦÷��bð÷kô7ñ¬ô�ùÔÆªÊU���?ô[ü�÷fñ7ö+÷j÷fÍ²ñ¦ò÷
ô&Çªó�÷'ô�ÆRðÊ¦øf÷'ÇÍ�È6È÷jô�ñ&ÌÎÍ�Ç=ñ¦Ì¶ÆRÍÖø£ÆªÍ�ô�ÌÂÈ-÷fÊ¦÷jÈ�Çªü�Æ=ýR÷_�I�Aò�Ç=ñ�ÌÂô
>I�@?2�.ÌÂô8ñ&ò÷AÉÊ¦Æªü�ÇüÌÎÅ¶Ì¶ñ7ú�ñ&ò�Çñ�ñ&ò÷Aü�ÇªÍ�È-ö%ÌÂÈ!ñ&òLÊ&÷��bðÌ¶Ê¦÷fó�÷jÍRñ
Æù�ÇA���uÊ¦÷��bð÷jô�ñ�ö%ÌÎÅ¶Å8ü�÷*?���ö%ò÷fÊ¦÷BA,CD?ECGF ��ö%ò÷jÊ&÷�F
ÌÎô�ñ&ò�÷�ÅÂÇÊ¦Ïª÷kô7ñ?É�Æbô&ô&Ì¶ü�Å¶÷�ü�ÇÍ�Èö%ÌÎÈ!ñ¦ò¼Ê¦÷��bð÷kô7ñ���?ú�ý!Ì¶Ê&ñ&ð�÷�Æªù
ñ&ò÷�øjÇÉ�ÇRø£Ì¶ñ7úÖÇªô¦ô�ð�óLÉñ&ÌÎÆªÍ*�$F8C%o_�
�.÷£ñIH È÷fÍÆªñ&÷Tñ¦ò÷½Æ=ýª÷jÊ¦ÇªÅ¶ÅAÅÎÆRÇRÈ4Æªù�ñ&ò÷�ô&ú-ô7ñ¦÷fó��A÷��!û

ÉÊ¦÷jô¦ô�÷kÈ ÇRô%ñ¦ò÷Õô&ðó
Æù�ñ&ò÷ÕÊ&÷kô�÷jÊ&ýR÷jÈ ü�ÇÍ�È-ö%ÌÎÈ-ñ&ò½Æ=ýR÷fÊ'ÇÅÎÅ
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	XÅÎÆRÇRÈ!ûOÉ�Ê&ÆªË�Å¶÷kÈ�ô�ú-ô�ñ&÷fóãö?Æªð�ÅÎÈ�ñ¦÷fÍ�È�ñ&Æ�È-ÌÎô�ñ&Ê¦ÌÎüð-ñ&÷?Ì¶ñ¦ô[Å¶ÆbÇªÈ
Ì¶ÍLô�ð�ø¬ò�Ç�ö?Ç\ú�ñ&ò�Ç=ñ�ñ&ò÷AÉÊ¦Æªü�ÇüÌÎÅ¶Ì¶ñ7ú²ÆùNô&Çñ&ÌÂô7ùÔú!ÌÎÍÏ�ñ¦ò÷�þ�Æbÿ
Ê&÷��Rð�Ì¶Ê¦÷fó�÷fÍbñ¬ôçÆªù�ÌÎÍ�ø£ÆRó�Ì¶ÍÏ ��� Ê&÷��bð÷jô�ñ¦ôLÌÂô6ó6ÇD�-Ì¶ó�Ì��f÷kÈ2�
y ÷�÷��-ÉÅÂÇÌÎÍ¼üN÷fÅÎÆ=ömÇçÉ�ÇªÊ�ñ¦ÌÎøfðÅÎÇªÊAö?Ç\ú6Æªù[Çªø¬ò�Ì¶÷jýbÌÎÍÏLô�ð�ø¬ò�Ç
ÏªÆRÇªÅ"�
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Ê&ÆRð-ñ&ÌÎÍÏLÉðÊ¦É�Æbô�÷kôT�!ö?÷�ÇRô&ô&ðó�÷�ñ&ò÷²Ç\ý=ÇÌÎÅÎÇªüÌÎÅ¶Ì¶ñ7ú6Æù�Ç §&¨�-�cµ
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Æù�ô&Çñ&ÌÂô7ùÔú!ÌÎÍÏ�ñ&ò÷�þ�Æ!ÿ�Ê¦÷��bðÌÎÊ¦÷fó�÷fÍbñ�?ÖÆù�ÇÍ�ÌÎÍ�ø£ÆRó�Ì¶ÍÏ����
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�/÷£ñ
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ô�÷fñ�n�.ö%òÆbô�÷ �-¡��!�f�¬� ��Ì"� ÷_��ðÍ�Ê&÷kô�÷jÊ&ýR÷jÈ�jÇ\ý\ÇªÌ¶ÅÂÇü�Å¶÷,�Aü�ÇÍ�È!û
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Ç\ý\ÇªÌ¶ÅÂÇü�Å¶÷4ü�ÇÍ�Èö%ÌÎÈ!ñ¦ò ùÔÆRÊÁÇuÉ�Ç=ñ&ò ô&÷fÅÎ÷jøpñ¦÷jÈ#Ç=ñ2Ê¦ÇªÍ�È-ÆRó
ùÔÊ&ÆRó��
ö%ÌÎÅ¶Å�üN÷çÅÎ÷jô¦ô�ñ&ò�ÇªÍ�ÆRÊ�÷��Rð�ÇÅ8ñ&Æ ?���	'Å¶ñ&÷jÊ&Í�Ç=ñ&ÌÎýª÷jÅ¶úq�
o���� � �@?2��ÌÂô+ñ&ò÷²ø£ð�óÕðÅÂÇ=ñ¦Ì¶ýR÷�ÉÊ¦Æªü�ÇªüÌÎÅ¶Ì¶ñ7úLñ&ò�Çñ+ñ¦ò÷²Ç\ý\ÇªÌ¶Å¶û
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ñ&Æ_ô¦Ç=ñ¦ÌÎô�ùÔú�ñ&ò�÷LÈ-÷jó6ÇÍ�È�Æù�Ç����áÊ&÷��bð÷jô�ñ�Æªù ? ��ÆªÊ�ó�ÆªÊ¦÷��
ü�ÇÍ�Èö%ÌÎÈ!ñ¦ò*�
�Aò!ð�ô��ñ¦ò÷²ÉÊ¦Æªü�ÇªüÌÎÅ¶Ì¶ñ7ú6ñ&ò�Ç=ñ�Ç ���*Ê&÷��bð÷jô�ñ'ö%Ì¶ÅÎÅ/üN÷�Çªø£û
ø£÷fÉñ&÷jÈ�ÆªÍÃÇ¼É�Çñ&òÃô�÷jÅ¶÷køpñ&÷kÈ½Ê¬ÇÍ�ÈÆªó�Å¶úTÆRð-ñ�Æù��
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2.2 MLR vs LLR: Effect of request granularity
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Table 1. Weight assigned to various routes.
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Figure 1. Example load profile and bandwidth
availability profile.
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3.3 Performance Measures
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3.4 Simulation Results for Aggregate Flows
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ü�ÇÍ�Èö%ÌÎÈ!ñ¦ò*��''÷fÊ¦÷?ö+÷+ñ¦Ç_�ª÷�� � w�A�� y ÷?ò�Ç\ýª÷+ùÔÆªðÊ�ø£ÅÂÇªô¦ô&÷jô
Æù2���4ö%Ììñ¦òn~ � � o c Ad��~ � ��tNc Ad�°~ � � o Anc A²ÇÍ�È!~ � � o,tNc Ad�
�/Ê¦ðÍd�*Ê¦÷jô&÷fÊ¦ý=Ç=ñ¦Ì¶ÆRÍuÌÂôTÍÆñ½ð�ô�÷kÈmÌÎÍáñ&ò÷kô�÷¤÷T�-É�÷jÊ&ÌÎó�÷fÍbñ¦ô��
) ÌÎÏªð�Ê&÷LwXô�ò�Æ=ö'ô¼Ê¦÷jô&ðÅ¶ñ¦ô¼ùÔÆªÊ�ÇXô��ª÷fö?÷jÈ�ö?ÆªÊ��!Å¶ÆbÇªÈ2� �Aò÷
ÇÊ¦Ê&ÌÎý=ÇÅ/Ê¬Ç=ñ¦÷jô�ÇÊ¦÷ �N�(� A*c � �*� ��� � A*c s,�*� � � � A*c w��ÃÇÍ�È� � � Anc�o����/ö%ò�÷fÊ¦÷#�¤ÌÎô�ñ¦ò÷�ñ&Æªñ¦ÇÅ���� ÇÊ¦Ê¦Ì¶ý=ÇÅ�Ê¬Ç=ñ¦÷_� �Aò÷
È-÷fÉ�ÇªÊ�ñ¦ðÊ¦÷%Ê¦Çñ&÷jô�ÇÊ¦÷ 	 ��� A*c A A���� 	 �9� A*c A A_s�� 	 � �DA*c A AqwÇÍ�È 	 � �:Anc A Adoq� y ÷%ñ¦Ç_�ª÷�" � ! � � �:Anc �d� y ÷�Æªü�ô&÷fÊ¦ýª÷+ñ&ò�Çñ
��l ï Æªðñ&ÉN÷fÊ&ùÔÆªÊ¦ó�ô ��� ï Ì¶Í ñ¦÷fÊ¦ó�ôAÆªù[Ê¦÷fýR÷fÍ!ð÷q�
) ÌÎÏªðÊ¦÷�s�ô�òÆ=ö'ô?Ê¦÷jô&ðÅ¶ñ¦ô+ùÔÆªÊ'ÇLðÍÌ¶ùÔÆªÊ¦ó ö?ÆªÊ��!Å¶ÆbÇªÈ2�U�Aò÷

ÇÊ¦Ê&ÌÎý=ÇÅ[Ê¦Çñ&÷jô�ÇÊ¦÷#���(� Anc.w_t���ùÔÆªÊ&} � oW>�wn>�sn> ���Nö%ò÷fÊ¦÷#�
ÌÎô�ñ¦ò÷6ñ¦Æñ¦ÇªÅ§����ÇÊ¦Ê¦Ì¶ý=ÇÅ�Ê¬Ç=ñ¦÷_���Aò÷¼È-÷jÉ�ÇÊ&ñ&ð�Ê&÷6Ê¬Ç=ñ¦÷jô²ÇÊ¦÷
	 � �:Anc A A°w�ùÔÆªÊ } � o >8wN>�sn> ��� y ÷�Æªü�ô&÷fÊ¦ýª÷�ñ&ò�Çñ ��l ï ô�ñ&ÌÎÅÎÅ
ò�Çªô+Ç�òÌÎÏªò÷jÊ+Ê¦÷fýR÷fÍ!ð÷q�RÇÅ¶ñ&ò�ÆªðÏRò6ñ&ò÷�ÏRÇªÌ¶Í�ùÔÊ¦Æªó ÅÎÆRÇRÈ6ÉÊ¦Æû
Ë�Å¶ÌÎÍÏ²ÌÂô�ÅÎ÷jô¦ô�ñ&ò�ÇªÍ�ñ&ò�Çñ�Æªüñ¦ÇÌÎÍ÷kÈçÌÎÍLñ&ò÷�ô\�R÷fö?÷jÈLö+ÆRÊ��!ÅÎÆRÇRÈ

øfÇRô�÷q�U�Aò÷%Ê¦÷jÇRô�ÆRÍçÌÂô�ñ¦ò�Ç=ñ�ñ&òÌÂô�ÏbÇÌÎÍLÌÂô�Ê¦÷jÈ-ð�ø£÷jÈ6Èð÷%ñ&Æ�ñ¦ò÷
Í÷fÏbÇ=ñ¦Ì¶ýR÷+÷T�N÷køpñ ��l ï ó6Ç\ú²ò�Ç\ýR÷+ÆRÍçÈ-ÌÎÊ&÷køpñ����?ô�Çªô[Ì¶ñ�ñ&÷fÍ�Èô
ñ&ÆÄÅ¶ÆbÇªÈ�ñ7ö?ÆûºÅÎÌ¶Íd�ÜÇªÅìñ¦÷fÊ¦Í�Ç=ñ¦Ì¶ýR÷�É�Çñ&ò�ô ÍÆRÍbð�ÍÌìùÔÆRÊ&ó�ÅÎú*ÇÍ�È
ó6Ç\úTÆ=ýª÷fÊ¦ÅÎÆRÇªÈTô&Æªó�÷çÅ¶ÌÎÍd�-ô�Ê&÷kô�ð�Åìñ¦Ì¶ÍÏ ÌÎÍ�ô&Æªó�÷$���?ô�üN÷fÌÎÍÏ
ÇÅ¶ñ&÷jÊ&Í�Çñ&÷jÅ¶ú�Ê¦Æªðñ&÷jÈçÌÎÍ�ô7ñ¦÷jÇRÈçÆªùNüN÷fÌÎÍÏ�È-ÌÎÊ¦÷jøpñ¦Å¶úçÊ&ÆRð-ñ&÷kÈÕÆ=ýR÷fÊ
ñ&òÆbô�÷$�ÔÆ=ýª÷jÊ&ÅÎÆRÇRÈ-÷jÈ��/ÅÎÌÎÍd�-ôT�I�AòÌÂô�ÅÎ÷jÇªÈ�ô�ñ&ÆÕÌ¶Í�øfÊ&÷kÇªô&÷jÈLü�ÇªÍ�È!û
ö%ÌÎÈ-ñ&òuøfÆªÍ�ô&ðó�É-ñ&ÌÎÆªÍ��v�Aò�ÌÎô¼÷��S÷jøpñ_ÌÎô¼óLÆRÊ&÷�ÉÊ&ÆRÍÆªð�Í�ø£÷kÈ
ö%Ììñ¦ò$�� ï ö%òÌÂø¬ò »f³´®¯¡S�!³´� Æ=ýR÷fÊ¦Å¶ÆbÇªÈ�ô&Æªó�÷�ÅÎÌ¶Í��!ô��I�AòÌÎô8ó6Ç\ú
Ê&÷kô�ð�Åìñ?Ì¶Í_óLÆRÊ&÷����?ô�üN÷fÌÎÍÏ�ÇÅ¶ñ&÷jÊ&Í�Çñ&÷jÅ¶úLÊ&ÆRð-ñ&÷kÈÖÇÍ�ÈÖò÷jÍ�ø£÷
Å¶Æ=ö?÷fÊAÊ¦÷fýR÷fÍ!ð÷_�
) ÌÎÏªð�Ê&÷ ��ô&òÆ=ö'ôÕñ&ò÷�ø£ÅÂÇªô¦ô�üÅÎÆ-ø8�!Ì¶ÍÏ�ÉÊ¦Æªü�ÇªüÌ¶ÅÎÌ¶ñ&ÌÎ÷jôÕùÔÆªÊ

��l ï ÇÍ�È,��� ï ð�Í�È-÷fÊ?ñ¦ò÷²ô\�R÷fö?÷jÈÖö?ÆªÊ��!Å¶ÆbÇªÈ�ö%Ì¶ñ&ò �;� o_�
��l ï Ê&÷kÈ-ð�ø£÷kôÖñ¦ò÷�ð�Í-ù�ÇÌÎÊ&Í�÷jô¦ô¼ô&÷f÷fÍuübú�òÌÎÏªòûOü�ÇªÍ�È-ö%ÌÂÈ!ñ&ò
��øfÅÎÇRô&ô�û �x�9���?ô�ü!ú Ê&÷kÈ-ð�øfÌ¶ÍÏÖñ&ò÷jÌ¶Ê�üÅ¶Æ-ø8�!ÌÎÍÏÖü!ú Çªü�ÆRð-ñ �Wm
Ç=ñ�ñ&ò�÷L÷T�-É�÷jÍ�ô�÷�Æªù?ô&Å¶ÌÎÏªòbñ�Ì¶Í�øfÊ&÷kÇªô&÷çÌÎÍÃüÅ¶Æ-ø8�!ÌÎÍÏ¼ùÔÆRÊ�Å¶Æ=ö?÷fÊ
ø£ÅÂÇªô¦ô�÷kôT�

3.5 Simulation Results for Small Flows

) ÌÎÏªð�Ê&÷kôIt�ÇÍ�È$��ô�ò�Æ=öÁÊ&÷kô�ð�Åìñ¬ô/ùÔÆRÊ�Ç�Í÷fñ7ö+ÆRÊ���ö%Ì¶ñ&ò � �
w�A���� � � �d�/ÇªÍ�È�ö%Ììñ¦òÆªð-ñ²ñ¦Ê&ð�Íd��Ê¦÷jô&÷fÊ¦ý=Ç=ñ&ÌÎÆªÍ�� y ÷6ò�Ç\ýª÷
ùÔÆªðÊ+ø£ÅÂÇªô¦ô�÷kô�ÆùN���Áö%Ì¶ñ&ò!~����vo c sd�x~4�9� �ic�oq�°~ � �#�nc ��ÇÍ�È
~ � � � c � �
�Aò÷�ø£ÅÂÇªô¦ô%ÇÊ¦Ê&ÌÎý=ÇÅ.ÇªÍ�È�È-÷fÉ�ÇªÊ�ñ¦ðÊ¦÷�Ê¬Ç=ñ¦÷jô%ÇªÊ&÷�ô&÷£ñ
ÇªôAÌÎÍ½ÿ!÷jø£ñ&ÌÎÆªÍasd� ��� y ÷�ÇÅÂô&Æ�øfÆªó�É�ÇªÊ&÷�ñ&ò�÷&��� ï ÇªÍ�ÈI��l ï
ÇÅÎÏªÆRÊ&Ì¶ñ&òó6ô.ñ&Æ�Ç�ô�ÌÎó�ÉÅ¶÷)'�� ï�^ �9�2Ê¦Æªð-ñ¦Ì¶Í�Ï�ÇÅÎÏªÆRÊ&Ì¶ñ&òómñ&ò�Ç=ñ
ð�ô&÷jô ¨=¡�³´� È-Ì¶Ê¦÷jø£ñ �ÔÆRÍ÷£ûºÅ¶ÌÎÍd�d�+É�Ç=ñ¦ò�ô��
y ÷�Æªü�ô&÷fÊ¦ýª÷ ñ&ò�Ç=ñ���� ï É�÷jÊ�ùÔÆRÊ&ó6ô6üN÷£ñ&ñ&÷jÊÖñ&ò�ÇÍ ��l ï �

�Aò÷ÕÏbÇÌÎÍTùÔÊ¦Æªó
Å¶ÆbÇªÈ�ÉÊ¦ÆË�Å¶ÌÎÍÏ¼ÌÂô�Æ<��ô�÷fñ�ü!ú ñ&ò÷LÅ¶Æbô&ô'ùÔÊ&ÆRó
Æ=ýª÷jÊ&ÅÎÆRÇRÈ-Ì¶Í�Ï2ô&Æªó�÷�Å¶ÌÎÍd�-ô¼ÆRÍ*ÇÅ¶ñ&÷jÊ&Í�Çñ&ÌÎýª÷½Ê¦Æªðñ&÷jô øfÇªð�ô&Ì¶ÍÏ
���?ô%ñ¦ÆÖü�÷LÇÅ¶ñ&÷jÊ&Í�Çñ&÷jÅ¶ú_Ê&ÆRð-ñ&÷kÈ�Ì¶Í�ô�ñ&÷kÇªÈ�Æªù�ü�÷jÌ¶ÍÏ_È-Ì¶Ê¦÷jø£ñ&ÅÎú
Ê&ÆRð-ñ&÷kÈ*ÆRÍ*ñ&ò�ÆRô&÷���Æ=ýª÷fÊ¦ÅÎÆRÇªÈ÷jÈ���ÅÎÌÎÍd�-ôT� 	�ô É�ÆRÌ¶Íbñ¦÷jÈmÆªð-ñ
÷jÇªÊ&ÅÎÌ¶÷jÊ���ñ¦ò÷¤ÏRÇªÌ¶ÍáùÔÊ¦Æªó ÅÎÆRÇRÈuÉ�Ê&ÆªË�Å¶ÌÎÍÏÜÌÎÍáñ&÷fÊ¦ó6ôTÆù6Ê¦÷£û
È-ð�øf÷jÈ�Ê&÷kô�ÆRðÊ¦øf÷�ùÔÊ¬ÇÏRóL÷jÍbñ¦Ç=ñ¦Ì¶ÆRÍ½ÌÂô�ÅÎ÷jô¦ô�ÉÊ¦ÆªÍÆRðÍ�øf÷jÈTö%Ì¶ñ&ò
ô�ó6ÇªÅ¶ÅÎ÷fÊ�È-÷jó6ÇÍ�Èô��n�EÍ�ñ¦ò÷¼ô��ª÷jö+÷kÈ�ö?ÆªÊ��!Å¶ÆbÇªÈ�øfÇªô&÷_�8ü�Æªñ&ò
��� ï ÇÍ�È ��l ï ÇªÊ&÷�ô&Ì¶ÏRÍÌìËNøfÇÍbñ¦Å¶úÁô&ðÉN÷fÊ¦Ì¶ÆRÊÕñ¦Æ"'�� ï�^ �9�
��ÇRô�÷T�!ÉN÷jø£ñ&÷kÈ���ÇRô�ñ¦ò÷fú6ó6Ç_�ª÷�ð�ô�÷�Æù8Ç\ý=ÇÌÎÅÂÇüÅÎ÷'ü�ÇªÍ�È-ö%ÌÂÈ!ñ&ò
ÆªÍ�ÇÅ¶ñ&÷jÊ&Í�Çñ&ÌÎýª÷�Ê&ÆRð-ñ&÷kôT�
''Æ=ö?÷fýª÷jÊ��AÌÎÍ�ñ&ò÷�ðÍÌ¶ùÔÆªÊ¦óëö?ÆªÊ��!Å¶ÆbÇªÈ4øfÇªô&÷_��'�� ï�^ �9�

ô�ÌÎÏªÍ�ÌìË�øjÇÍbñ&ÅÎú�Æªð-ñ¦É�÷jÊ�ùÔÆRÊ&ó6ô�ü�Æªñ&ò ��� ï ÇÍ�È ��l ï �2�AòÌÂô�ÌÂô
È-ð÷�ñ&Æçñ&ò÷�ðÍ�ÌìùÔÆRÊ&ó�Ì¶ñ7ú6Æù.ñ¦ò÷�ñ¦Ê¦Ç��Öø<�!ö%òÌÂø¬ò¼ÌÎóLÉ�Å¶ÌÎ÷jô+ñ&ò�Ç=ñ
ÇÅÎÅ�Í�Æ!È÷�É�ÇªÌ¶Ê¬ô�ò�Ç\ýª÷_�bÆªÍ_Ç\ýª÷fÊ¬ÇÏR÷_�÷��bð�ÇÅQ���4ñ&Ê¬Ç��Öø�Ì¶Íbñ&÷jÍ-û
ô�Ì¶ñ7ú_�U�Aò!ð�ôT�=Ì¶ñ�ÌÎô[ó�ÆªÊ¦÷�üN÷fÍ÷fË�ø£ÌÂÇÅRñ&Æ�ó�Ì¶Í�Ì¶ó�Ì��f÷?ð�ô�ÌÎÍÏ�ÇÅ¶ñ&÷jÊ�û
Í�Ç=ñ¦Ì¶ýR÷�Ê¦Æªð-ñ¦÷jô+ö%òÆRô&÷�Å¶ÌÎÍd�-ô+ÇªÊ&÷�ñ&ò÷jÍ_ð�ô�÷kÈ6ü!úÖÈ-Ì¶Ê¦÷jø£ñ9���?ô��
ñ&ò!ð�ô%øfÆªÍ�ô&÷fÊ¦ý!Ì¶ÍÏÕÍ÷£ñ7ö?ÆªÊ��6ü�ÇÍ�È-ö%ÌÎÈ-ñ&ò*�0�8ÆçÆ=ýR÷fÊ¬ø£ÆRóL÷'ñ&òÌÂô
È-Ê¬Ç\ö%ü�Çªø8�ÖÆªù�ÇªÈÇªÉ-ñ&ÌÎýª÷�Ê¦Æªðñ&ÌÎÍÏ���Å¶ÌÎÍd��Ê&÷kô�÷jÊ&ý=Çñ&ÌÎÆªÍ_ñ&òÊ¦÷jô&ò-û
ÆªÅÂÈô�ô�ò�ÆªðÅÂÈTüN÷Lð�ô�÷kÈ�ô&ÆÖñ&ò�Ç=ñ�ÇÍÃÇªÈÇªÉ-ñ&ÌÎýª÷çÊ&ÆRð-ñ&ÌÎÍÏ_ÇªÅ¶ÏRÆû
Ê&Ì¶ñ&ò�ó ö?Æªð�ÅÎÈ�ø£ÆRÍ!ýª÷fÊ¦Ïª÷�ñ¦Æ¼È-ÌÎÊ&÷køpñ�Ê¦Æªðñ&ÌÎÍÏ¼Çªô%ñ&ò÷çÅ¶ÆbÇªÈ�ÆªÍ
ÇÅ¶ñ&÷jÊ&Í�Çñ&ÌÎýª÷�Ê&ÆRð-ñ&÷kôAÌ¶Í�ø£Ê¦÷jÇªô&÷jô��

Routing with Trunk Reservation

u�É-ñ&ÌÎó6ÇÅ[Ê&÷kô�÷jÊ&ý=Ç=ñ¦Ì¶ÆRÍ ñ&òÊ¦÷jô&òÆªÅÂÈô�ò�Ç\ýª÷�Æªù¯ñ&÷jÍ½ü�÷j÷fÍ�È÷£û
ñ&÷jÊ&ó�ÌÎÍ÷jÈÁÇRô&ô&ðó�ÌÎÍÏ�Ç�Ëd�-÷kÈ#�X�!ÍÆ=ö%Í���Ì¶Í�Éð-ñLñ&Ê¬Ç��Öø6É�Çñ�û
ñ&÷jÊ&Í���÷_� Ï��Qmpo
�Drf��� ) ÆRÊ�÷jÇRø¬òÖÇÅÎÏªÆRÊ&Ì¶ñ&òó��bö+÷�ÉÅ¶Æªñ�ñ¦ò÷�Ê¦÷jô&ðÅ¶ñ¦ô
ø£ÆRÊ&Ê¦÷jô&É�ÆRÍ�È-ÌÎÍÏ�ñ&Æ_ñ&ò�÷çÊ¦÷jô&÷fÊ¦ý=Ç=ñ&ÌÎÆªÍ�ñ¦òÊ¦÷jô&òÆªÅÂÈ�ñ&ò�Ç=ñ�ó6Ç<�!Ì¶û
ó�Ì��j÷jôAÊ¦÷fýª÷jÍ!ð÷_�
y ÷�È-÷fÍ�Æñ&÷ ü!ú=��� ï Ê&÷kô!����l ï Ê¦÷jô8��ñ¦ò÷I��� ï ����l ï �
ÇÅÎÏªÆRÊ&Ì¶ñ&òó ö%Ììñ¦ò)ñ&Ê¦ðÍd� Ê¦÷jô&÷fÊ¦ý=Ç=ñ&ÌÎÆªÍ�� ) ÌÎÏªðÊ¦÷G� ô&òÆ=ö'ô



ñ&ò�Çñ[ðÍ�È-÷fÊ�ô��ª÷jö+÷kÈ²ö+ÆRÊ��!ÅÎÆRÇRÈ2����l ï Ê&÷kô/ÌÂô�ø£ÆRóLÉN÷£ñ¦Ììñ¦Ì¶ýR÷?ñ&Æ
��� ï Ê¦÷jô�� ) ÌÎÏªð�Ê&÷ ��ô�òÆ=ö'ô/ñ&ò�Ç=ñ�ðÍ�È÷fÊ�ðÍÌ¶ùÔÆªÊ¦óØö?ÆªÊ��!Å¶ÆbÇªÈ2�
��l ï Ê¦÷jô�ÇÍ�È���� ï Ê¦÷jô�ô¦ø¬ò÷fó�÷kô�ÇÅÂô�Æ²÷T�-òÌ¶ü�Ììñ+ô&ÌÎóLÌÎÅÂÇÊ�ÉN÷fÊ&û
ùÔÆªÊ¦ó�ÇªÍ�ø£÷q��	�ô�÷��-É�÷køpñ¦÷jÈ2�E'�� ï�^ �9� � ÌÂô�Í�Æñ�ô&ÌÎÏªÍÌ¶Ë�øfÇªÍbñ&ÅÎú
ö+ÆRÊ¦ô&÷�ñ¦ò�ÇÍ2üNÆñ&ò2ô¦ø¬ò÷fó�÷jô²ÇRô�ÌÎô�ñ¦ò÷ÖøfÇRô�÷LðÍ�È-÷jÊÕô��ª÷fö?÷jÈ
ö+ÆRÊ��!ÅÎÆRÇªÈ*�k�EÍ2ù�Çªø£ñ�� '¨� ï9^ �9� ô7ñ¬ÇÊ&ñ¦ô�ñ¦Æ½ÉÊ¦Æ=ý!ÌÎÈ-÷6ô&Ì¶ó�ÌÎÅÎÇªÊ
Ê&÷jýª÷fÍ!ð÷ Ç=ñ�òÌÎÏªò ����ö%ò�÷fÊ¦÷_Ì¶ñ6ÌÎôLó�ÆªÊ¦÷_ÇRÈ-ý=ÇÍbñ¦ÇªÏª÷fÆRð�ôÕñ&Æ
ø£Æªó�ÉÅÎ÷£ñ¦÷fÅÎú¼Ç\ýªÆRÌÎÈ¼ð�ô&Ì¶ÍÏ6ÇªÅìñ¦÷fÊ¦Í�Ç=ñ¦Ì¶ýR÷�Ê¦Æªðñ&÷jô��
	�Åìñ¦òÆªð�Ïªò¤ÌÎÍ2ñ&ò÷¼øjÇªô&÷�Æù'ô�ó6ÇªÅ¶Å�(�Æ=ö'ôT�/ñ&ò÷ÖÏbÇÌÎÍÃùÔÊ&ÆRó

��l ï Ê¦÷jôLÈ-ð÷¼ñ&ÆÃÅ¶ÆbÇªÈ2ÉÊ¦ÆË�Å¶ÌÎÍÏ�ÌÂôçÆ=ýª÷fÊ¬ô&ò�ÇªÈ-Æ=ö?÷jÈ�ü!ú2Ììñ¬ô
Í÷fÏbÇ=ñ&ÌÎýª÷L÷��S÷jø£ñ�ÆªÍ2È-ÌÎÊ&÷køpñ����?ô�Ê&÷kô�ð�Åìñ¦Ì¶ÍÏ�ÌÎÍ¤ô�ÌÎó�Ì¶ÅÂÇÊ�Ê¦÷fýbû
÷fÍ!ð÷ÕÇRô/��� ï Ê&÷kôT��Å¶ÆbÇªÈ ÉÊ¦ÆË�ÅÎÌÎÍÏ6ÌÎô�ô7ñ¦Ì¶ÅÎÅ[ü�÷jÍ÷£Ë�øfÌÎÇªÅ/ÌÎÍTÊ&÷fû
È-ð�ø£ÌÎÍÏ�ðÍ-ù�ÇªÌ¶Ê¦Í÷kô&ô%ô&÷f÷jÍ_ü!ú¼ò�Ì¶ÏRò-ûOü�ÇÍ�È-ö%ÌÂÈ!ñ¦ò����?ô&m � rb�
� 9��+������$�9!�7���H�����15'$'�$'�,��w��� 5

y ÷ÖÉÊ¦÷jô&÷fÍbñ¦÷jÈ¤Ç�ÍÆ=ýR÷fÅ�ÇªÉÉÊ¦ÆRÇªø¬ò�ñ&ÆTÊ¦Æªðñ&ÌÎÍÏTÏªð�ÇªÊ¦ÇªÍ-û
ñ&÷f÷kÈXü�ÇÍ�È-ö%ÌÂÈ!ñ¦ò (�Æ=ö'ôLÌÎÍ4ý!ÌÎÊ�ñ¦ð�ÇÅAÉ�Çñ&òÄÍ÷£ñ7ö?ÆªÊ��-ôT� �Aò÷
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Figure 2. Revenue versus total VC arrival rate.
Aggregate flows, skewed workload.
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Figure 3. Revenue versus total VC arrival rate.
Aggregate flows, uniform workload.

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

1 2 3 4

B
lo

ck
in

g 
pr

ob
ab

ili
ty

Class number

BLOCKING vs CLASS NUMBER

LPR
LLR

Figure 4. Class blocking probability versus
class number. Aggregate flows, skewed
workload. VC arrival rate = 1.
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Figure 5. Revenue versus total VC arrival rate.
Small flows, skewed workload.
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Figure 6. Revenue versus total VC arrival rate.
Small flows, uniform workload.

19500

20000

20500

21000

21500

22000

22500

23000

23500

11 11.5 12 12.5 13 13.5 14 14.5 15

R
ev

en
ue

Arrival rate

REVENUE vs ARRIVAL RATE

LPR_res
LLR_res

Figure 7. Revenue versus total VC arrival rate.
Small flows, skewed workload. With trunk
reservation.
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Figure 8. Revenue versus total VC arrival rate.
Small flows, uniform workload. With trunk
reservation.


