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L5�<%"� / ��G2S>!�%"�2��� 7�Lf-9�4-�%"� / � � Z � L># Z �K%�-d74Q5� / �wvf� Le��� �"!$#�%�&]/ #A�5��� / ���2#A�g��#��4���
T]� L5�<-�L5� Z �2/ � B �����
Lf-9�4-�Q5-9�4�l�27����`/ �2�K�C� M � /K-,3�7��

� �4���87��4%"�K-CT]G2�[���F�27:/ #A��7H�4%�3�/ ��� L(��#l- Z #,�2L>35�5��� / � 7�74-,%"SlLf-9�4-d/ #AQ��2� 7Km�-C��L
� Lf-9�4-F�4%�-,��70Ik�K%"7hL5#`��#,�N�<��/K35%�7�SA7H���KT./K-9G2G�# Z �K%����K-XL B

D #,���:-9G27�#]�4�5-X�|�4���83�7��K%NQ5%"#�/ � 7�7�%"� �4-9�<��7N/ #A�C�4%"#,G5# Z �K% �4���:Lf-X�4-
Q5-9�o� B�� S`3�7H�[��@�-F7�� �y#9I�7�SA7H���KT
/K-9G2G27Km��2�8/K-,��%"� / #��Cvf@A35%"���4����T]� L5�<-lL5� Z �2/ �,m %0� / #A�Cvf@A35%"�]�4������� �"!N#A%�&l/ #A�5��� / ���2#A� #A%�/ G2#,7H���4���
L5� Z ��/ �obc��� �"!N#A%�&l7H�4%"�K-,T]G2�<��� B

� � �?������� � �E���� ��� � ��� � �"��� 
 � �
x �|�5- Z �|-,���<T�Q�G2�KT]�K�C�4-9�H��#��
#XIA#A35%�Q5%"#�Q5#,7�� L]-,%"/ ���2��� / �435%"�?#A�8�535�F� � � '��N7��o-9���2#A� L�& � 7�� i53��<Q5Q5� L
!��2�4���4��� ���ED ���p�?�4���K%H��� �$/ #��,�4%0#,G2G��K%N-,��Ll�4��� V 35-XG � -97��2/ '�-9���8'*� V
D �kL M %"� #$-C3�L5��#]�<�C���K%sI*-9/ � B
� ø9æ1á°åKJcíÚî*ö0í@âiî1á°á°ì/á°ìWâ]íÚî1å°á�ã´è*â}á�äLé/ä�êcå°á°â}âCå°êjè/ò@ìWæ*ã��Tá�â]è/ï �´í@ë}ë}á°ìOã Jcá|ä}î1á|òzãTì/ì�ä�á°â}â �¡êjäMâ}á|î1ìcíÚî*ö/÷
��� ë]æ1á|ä}î*á�ë�æ1á°ãTì/á|ä�â�íÚîOêdè¤äMâ}ðcâ}ë}áH��÷
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Packet size (bytes)

Unmodified path
Fast path

=?�2@A35%"� �fn('��K-9L�Q5-9�o�(Q5-9/1&X� ��G<-9���K��/ S B

+835%h/K35%�%"�K�C�87�S�7����KT��5-97 M � �K���<T�Q�G2�KT]�K�C��� LY-97
-C�(� �����K��7��2#A�g��#(�535�5+8�e� Bq�5Bh� #,7���#9I|�4���
T]#�L5�wvf/K-9���2#A��74),-XL5L5���H��#���7d-C%"�]��#(�4�����?�4���K%H��� �8Lf%"� Z �K%
-,��L��4���l&9�K%���� Gwbc3�7��K%8�<�C���K%sI*-9/ � B �535Q5Q5#�%"�
IJ#A%]L5�<%"� / �`T]� L5�<-\7��4%"�K-CT]�<��@Y�5-97 M � �K�^-9L5L5� LR��#e�4���(L5� Z �2/ �>�<��L5�KQ5�K��L5�K�C��Q5-,%0�6#XIE�4���>-C3�L5��#
Lf%"� Z �K% B '*�]�4���27N7�� / ���2#A��m�!N��%"�KQ5#�%"�$Qu�K%sIk#�%�T�-,��/ �8T]�K-97435%0�KT]�K�,�H7?#9I�7�� Z �K%�-9GfQ5%0�[Td���H� Z �8#AQ5�K%�-X���2#A��7
�<�(�4���
-C%"/1���2��� / �o35%"� B

� ��� � �*$����'$!+����'$2��	� +�
�$*+��!&*��
� 7�� �8#9I�� �5Q5�K%"�<T]�K�C��7]!�-97
Q5�K%sIJ#A%�Td� Le��#>T]�K-97o35%"�]�4���`Q5�K%cbcQ5-9/1&X� �
G<-9���K��/ Se#XI�%"�K-9LpQ5-9�4��7 B 's�
=?�2@A35%"�	�fm9�4��� I£-X7�� %0�K-9L�Q5-9�4�8�27|-97?L5� 7H/K%"� M � L��<����� / ���2#A� ® IJ#A% #A35%�-C%"/1���2��� / �o35%"� B ������35�5T]#AL5�wvf� L
%"�K-9LeQ5-9�o���276-978L5� 7�/K%0� M � La�<�e��� / ���2#A� L Ik#A%��535�5+8�p� Bq�5B '*���K-X/1��� �5Q5�K%0�[Td�K�,�Km?-(3�7��K%FQ5%"#�/ � 7�7
M G2#A/ &C7:�4%0SA�<��@���#�%"�K-XL(I*%"#AT.-,�l�KT�Q��"Sl/ #A�5��� / ���2#A� By� Q5-9/ &9� ���27��o���K�(7��K�C�NI*%"#AT.-�%"�KT]#C���E��#C7��
��#F�4���:/ #��5��� / ���2#A�(��#F!�-,&9�:35Ql�4���83�7��K%NQ5%"#�/ � 7�7�Q5�K%sIJ#A%�Td�[��@]�4���
%0�K-9L B �����EQu�K%sbcQ5-9/ &9� �NG<-9���K��/ S
�27
T]�K-97435%0� L>I*%"#AT !:���K�g�4���]�<�,�H�K%�%�35Q��
�5-,��L5G2�K%8@C� ��7:/ #��,�4%0#,G���#l!:���K�g�4����3�7��K%8Q5%"#�/ � 7�78!�-,&9� 7
35Q^-C��L �5-97`-X/ / � 7�7`�H#e�4���>%"� / � � Z � LPQ5-9/ &9� � Ba� Z �K%�-X@,� L %"� 7o3�G��H7�# Z �K%�� & �o%"�<-9G27¢-,%0�>%"�KQ5#A%0��� L B
'*��L5� Z �2Lf35-9G|%"� 743�G2��7�L5#`��#,� Z -,%"S(T]3�/1� B

�h���d%0� 743�G2��78�<��=?�2@A35%"� �(74��#9!r�4�5-9�8�4���]G<-9���K��/ S�#9I|�o���]I£-X7��E%0�K-9LeQ5-9�4�g7��4-�S�7ET]#�%"�]#A%�G2� 7�7
/ #A��7��o-,�,�
-X�
- M #A3�� L �$S���7 B 's��/ #A�C�4%�-97���mf�4����G[-X���K��/ S�#9I��4����35�5T]#AL5�wvf� L^%"�K-XLYQ5-9�4�g�<��/K%"�K-97�� 7
!��2�4�gQ5-9/1&X� �$7H��� � B

� ��� �  �K+����'$!+����'$2��	,� +�
�$!+ �!&*��
'*�g�4���27�7�� ��#9I � �5Q5�K%0�[Td�K�,��7�m�!$�
Td�K-97435%"� Lg�4���6Qu�K%8Q5-9/1&X� ��G<-9���K��/ S>#XI 7��K��L�7��2L5�]Q5%"#A/ � 7H7��<��@ B 's�
=?�2@A35%"�:�um,�4���835�5T]#�L5�qvf� L(!�%"�2���:Q5-9�4�d��7�-97yL5� 7�/K%"� M � L(�<�l��� / ���2#A� L IJ#A%?�535�5+8�(� Bq�5B =�-97H�?7�SA7H���KT
/K-9G2G��278-97�L5� 7�/K%"� M � L��<�g��� / ���2#A�N�fm�-,��L(L5� L5�2/K-9��� Le&9�K%���� G��o�5%"�K-9L(�<�>��� / ���2#A�g� B
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Unmodified path
Dedicated thread
Fast system call

=?�2@A35%"�6�un x %"�2���6Q5-9�o�(Q5-9/1&X� �$G<-9�H�K��/ S B
�?-9�4� �N#A�C��� ��� ��S�7����KT ��#AQ,S��<��@

7�!��2��/ � /K-9G2G
���5T]#AL5�wvf� L ��#���� Q5�K%�Q5-9/1&X� � �"!��2/ �
V � L5�2/K-9��� L #���� Q5�K%h�4%�-X�[� #A��/ �
� �2@A�C�"!$� �2@A�C� #���� Q5�K%h�4%�-X�[� ��#A���
=�-X7��N7�SA7h/K-9G2G�7 ��#���� Q5�K%�Q5-9/1&X� � ��#A���

��- M G2� L ny+ Z �K%����K-9L57��<�;!:%"�2���6Q5-X�4��7 B

� -9���K��/ S8�27|T]�K-97435%0� L8I*%"#ATO!:���K�F�4���N3�7��K% 743 M T]�2��7|-�Q5-9/1&X� ��Ik#�%�7��K��L5�<��@8��#�!:���K���4����&9�K%���� GJm
#A%�&X�K%���� G��4�5%"�K-XL�mj-CQ5Q5�K��L57��4���6Q5-9/ &9� �N��#��o���
��� �c!N#A%H&]�<�,���K%cI£-9/ �Fij3��K3�� B ¡��������
G<-9���K��/ S>%0� 743�G2��7
-,%"��74��#9!:�l�<�l=?�2@A35%"�
�5m�!:���2/ �(74��#9!O�4�5-9�yI*-97��N7�S�7����KT /K-9G2G��5-97h�4���:G2#9!N� 7��NG<-9���K��/ S(#9I��o���8�4�5%"� �
-,Q5Q5%"#�-9/1��� 7N7��o3�L5��� L B =�%0#AT.��- M G2� L m�!$��7�� �8!:�CSl�4���8G<-9���K��/ Sl#9I�I*-97��N7�S�7����KT./K-9G2G��27�G2#9!N�K%y�4�5-,�
�4���8G<-9���K��/ S(#XI 35�5T]#�L5�qvf� L�!:%0���H�
Q5-9�4�P� M � /K-,3�7��8�"!N#dTd�KT]#A%"SCb*��#9bcT]�KTd#A%"S�/ #AQ��2� 7:-C%"�
- Z #,�2L5� L4#
-,��LgG�#9!N�K%h�4�5-,�(�o���
G<-9���K��/ Sg#9I L5� L5�2/K-9�H� LY&9�K%���� G��4�5%"�K-9L � M � /K-,3�7��]/ #A�C��� ���:7H!��2��/1���<��@>-,��Lg#A���
T]�KT]#�%"S,b*�H#9bcT]�KT]#A%0S�/ #AQCS¢-,%0�
- Z #,�2L5� L4# B

� � � �  �K+����'$!+�� +� �$2�Q&�
�$*+��!&*��
'*�;�4���27:7H� ��#9I?� �jQu�K%"�<T]�K�,�H7Kmf�o���
!:%"�2���]Q5-9�4�lG<-9���K��/ SlIJ#A%�-d�4%�-9�<�l#9I|Q5-9/ &9� ��7�!�-97:Td�K-97435%"� L Byx �
/ ��#,7��
-]Q5-9/ &9� �N7��2� �8#9I L�& � & M S���� 7yI£%"#�T��o���8# M 7��K% Z -9���2#A�(T�-9L5���<�>��� / ���2#A� L - M #A3���������7�Q5-9/ &9� �
7��2� � B �h���`�A35T M �K%�#9I:Q5-9/1&X� ��7:�<�p-l�4%�-9�<��!�-97 Z -C%"�2� LY# Z �K% ®�& m ��& m�-,��LP� &5B6D #,���]�4�5-X�8�qI��K-9/ �
�4%�-X�[�p%"�KQ5%"� 7H�K�,��7�- Z �2L5� #�I*%�-,T]�,m?-,��Lp�4����I£%H-,T]�`%�-X���`�27 ��& Q5�K%F7�� / #���L�m?�4���K�\�4���`�o%�-9�<�e7H��� � 7
/ #A%�%0� 74Q5#A��L���# Z ��L5� # M �2�
%�-X��� 7:#XI$� � M Q�7Km>S B � � M Q�78-,��L L�&�� M Q�7Km�%"� 74Qu� / ��� Z � G2S B �h����7
%H-,��@,�
%"#A3�@���G�S\/ # Z �K%"7
�4���l�4-,%0@,� � M �2�`%�-9��� 7F#9I � �|�(�Eb ® Z �2L5� # B �h���¢%"�KQu#A%"��� LaQ5-9/ &9� �"b*�4%H-9�<��G<-9���K��/ S
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Lightweight thread

=?�2@A35%"�-O5n x %"�2���
Q5-9�4�(Q5-9/ &9� ���o%�-9�<�lG<-9���K��/ S B

!�-97|T]�K-97o35%"� LFI£%"#�Tr!:���K�]�4����3�7��K%?Q5%"#�/ � 7�7y7��K�,�?�o���Nv�%"7��|Q5-9/ &9� ����#8!:���K�]/ #��,�4%0#,GA!�-97|%0� �435%���� L
��#]�4���]3�7��K%�-�IJ���K%y�4���
&9�K%���� GJm�#A%N&9�K%���� G��o�5%"�K-9L�mf�5-9L>-CQ5Q5�K��L5� L��4���8G<-97��:Q5-X/1&9� �N��#��4���
��� �"!$#�%�&
�<�,�H�K%sI£-X/ �8ij3��K3�� B

=?�2@A35%0�-O
7o��# !h7��4�5-9� M #C�4�(&9�K%���� G��o�5%"�K-9L(!:%"�2���
Q5-X�4��7�Q5�K%sIJ#A%�T]� Lg7��2@A���wvf/K-,�C��G2S M � �����K%��4�5-,�
�4���]35�5T]#AL5�wvf� L�!:%"�2���]Q5-9�4� B =�%"#�T ��- M G�� L m5!N�
/K-C�(7�� �8�"!N#`%"�K-97H#A��7Kn L #h%"� Lf3�/ � LeT]�KT]#A%"SCb*��#9b
T]�KT]#�%"S�/ #AQ��2� 7Km?-,��L ® #F%"� Lf3�/ � LY7HSA7��H�KT /K-9G2G|# Z �K%H���K-9L �~� Z �K� �4��#A3�@A���o���K%"�`�27]-,�Y-XL5L5���H��#��5-9G
/ #A�C��� ����7�!��2��/ � # B

+ M 7H�K% Z ���4�5-X�?G��2@A�C�"!N� ��@��,��&9�K%���� G��4�5%"�K-9LlQ5�K%sIJ#A%�T]7 M � �����K%y�4�5-,�6I£-97H�?7�SA7H���KTr/K-9G2G B|� #A%"� # Z �K%�m
�4����G<-9���K��/ SO#9I
G2�2@A�C�c!N� �2@A�C�>&9�K%���� G8�4�5%0�K-9LO�[��/K%0�K-97�� 7>� ���4%"�KTd� G�SR7�G2#9!�G2S !h���o�^�o��� ��35T M �K%l#9I
Q5-9/ &9� ��7Kmu74��#9!��<��@`�4�5-X��G2��@��,�"!N� �2@A�,�8&9�K%���� G �4�5%"�K-9Lg��78Q5-,%"�H��/K3�G<-,%0G�Sg���`/ �2�K�,��IJ#A%��5-C��L5G��<��@>-�G2#A��@
7�� i53��K��/ �>#9I87��K��L57P� M � /K-C3�7��>�4���(# Z �K%H���K-9La#9I:#A���g/ #A�C��� �A�]7�!h���H/1� M � / #AT]� 7l��� @,G2��@C� M G2�e!����K�
-,T]#�%"���2� � L(# Z �K%�-FG<-,%"@,�]�A35T M �K%�#9I 7H�K��L57�# B

� ��� � �� ���� + "%� �*�Q$ � +� ��*$�" ��&�(
x �>�5- Z �(-9G27�#e� Z -9G<35-9��� La�4���>Qu�K%sIk#�%�T�-,��/ �(#9I8-,�a-,3�L5�2#e!:%"�2���>Q5-X�4�e�H#��o���>��� �c!N#A%H& B 's�p#A35%
�<T�Q�G2�KT]�K�C�4-9���2#A��mf-C3�L5��#FLf-9�4-�/K-,Q��435%"� L M S]�4�����5� L�& L M %"��-,3�L5�2#FL5� Z �2/ �
-,%"�hL5�[%0� / ��G2S`7��K�C� M S]�4���
&9�K%���� Gy��#>�o���`�?�4���K%H��� �
/ #A�C�4%"#,G2G2�K% B ���<��/ � M #,�o�e�4���l-,3�L5�2#�L5� Z �2/ �>-,��Le�4���(��� �"!N#A%�&(�<�C���K%sI*-9/ �
7435Q5Qu#A%"� V8��� mA�o���:Lf-9�o-6Q5-X�4�l/ #A��7��27���7h#9I��"!N# V8��� �4%�-C��7"Ik�K%07Kn L # I£%"#�T -C3�L5��#�L5� Z �2/ �
�H#`T�-9�<�
T]�KT]#�%"S,m|-,��L ® #6I£%"#�T T�-9�<�aT]�KT]#A%"S\��#Y��� �"!N#A%�& BeD #e#C�4���K%]�<�,�H�K%�T]� L5�<-,%"SpLf-9�4-g/ #AQ��2� 7(-,%"�
T�-9L5� B

x �`-,%�%�-C��@,� LY�o���¢-,3�L5�2#�L5� Z ��/ �(�H#>�<�,�H�K%�%�35Q��]#A��/ �l� Z �K%"S �,� T]7 B �����l7��4%"�K-,Td�[��@gG<-9���K��/ S
!�-97�T]�K-97435%0� LeI*%"#AT !:���K�p�4���>-C3�L5��#\�[�C���K%�%H35Q��`�5-,��L5G2�K%]@A-9�<��� La/ #A�C�4%"#CG$�H#�!����K�p�4���¢&X�K%���� G
-,Q5Qu�K��L5� L��o���
-,3�L5�2#`Lf-9�o-
�H#��4���
��� �"!N#A%�&]�<�C���K%sI*-9/ �
i53��K3�� B '£��!�-97yIk#�35��L>��# M �]- M #�3��DO�S ��7 B
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Network interface
queue

=?��@�35%"� S5n V � 7��2@A�¢Ik#�%�%"� Lf3�/ �<��@`7HSA7��H�KT./K-9G2G27 B

� ����� �H�� �N���H�8�P�
'*�F�4���27�7�� / ���2#A��mC!$�yL5�27�/K3�7�7?�"!N#�74Q5� / �wvf/:-CQ5Q�G��2/K-9�H��#���7?#9If#A35%�-,%"/ �����H� / �435%"�N��#�7435Q5Qu#A%"��L5�27��4%"� M 3���� L
T]3�G2���<T]� L5�<- B
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