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U�VXWZY�[;[]\_^-`aVb\_c-de^f`agihTj�dk^mlEnfo8h]Vb^ph]c-\rq=h]VXs'WtcuWrVbv_h
swh]`x\_y;yzlp^{[�`ade\_^{sxyz\_Vf[]ceW8sasad|yz}mde^pv&Wr^i~�sa[Xgih/~Elpcede^pv
^ph(`��T\_VboC`bVbWrY�[_����^pyz\_Va`alp^iWr`ah/ck}8�!�pVa\8�{h/Vace}�[(\_^p�
� v_lpVbde^pv�`aVXWZY�[x[(\_^-`bVa\8cKdes�[]\_���pcede[/WZ`ah:~�^p\r`�\8^pck}
� }�sw\8��h]`ade��h/s&\ � sa[]lpVah�lp^i~ph]Vbck}mde^pv�`bgph]\8Vah]`adu[]W_c
[(\_^{[(h]�p`bs/� � lE`�dk`�dus�Wrcusw\���W8~Eh&~Ed|Y�[]lpc|` � }�`agih
VbWr`agph/V�sb[]W_Va}���`X[]��[(\_^ � v_lpVXWZ`bdk\8^�ceW_^pv_l{Wrv_h�liswh:~
yz\_V�`agides/�
`b[(^iv�W_dk��st`a\&de���iVa\Z�8hf`agidesxsad|`bliWZ`bdk\8^�����`�~Eh(�

� ^ph/s�W�^ph/���;��li[Xg6��\8Vah�gmlp��Wr^E��yzVadeh]^{~Eck}6[(\_^p�
� v_lpVXWZ`bdk\8^6cuWr^iv_liW_v_h_��Wr^{~6�iVa\Z�mdu~Eh/s�W�[]\_���pdeckh/V
`aVXWr^isaceWr`ade^pv�`bgiWZ`�`b\ W¡sah(`�\ry¢ce\Z�Th]Va��ceh]�8h]c�cuWr^p�
v_liW_v_h/s/��Wr��\8^pv�`agih]�¤£¥Wr^{~¦��`X[]�p�§`b[]^pv6W_cesa\
[(\_��h:s���dk`ag�W¨sadk��lpcuWZ`a\8V�`ag{WZ`2lisah/s�`agph�W_[(`aliW_c
o_h]Vb^ph/cJ[]\m~ph�`b\�sadk��lpcuWZ`aht`agih�`bVbWrY�[�[(\8^-`aVb\_c{sal � �
sw}Esw`ah]�&�
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U�VXWZY�[2[]\_^-`aVb\_cTdus�`bgph�swh]`�\_y���h/[XgiW_^pdusw��s�liswh:~
`a\�[(\8^i~Edk`ade\_^�^ph(`��T\_Vbo�`aVXWZY�[r�TWr^i~�`agih]deV�Wr�p�pcedk�
[]WZ`bdk\8^��6U%}m�pdu[]Wrc�lisah/s�W_Vah¢`a\�v8dk�8h¢sa\_��h�`aVXWZY�[
gpdkv8gph]V&�pVbde\_Vbd|`�}6`agiW_^�\_`agph/V/��`a\�ckde��d|`�`agih�VXWZ`bh
WZ`t��gide[Xg�`bVbWrY�[�des�sah]^-`/�J\_V�Wrcusw\�`b\ � ce\E[Xo¢li^i~Eh(�
swdeVbW � cehf`aVXWZY�[_��U�gph�ceWr`w`bh]V�h(npWr���pceh�sagp\Z��s�`agiWr`
`aVXWZY�[�[]\_^-`aVb\_c'des�de^���Wr^m}&�TW°}Es�Vah/ceWr`ah/~�`a\ � Vah]�
�TW_ckcedk^ivi�EWr^i~2`ag{WZ`T`agph/Vah�WrVbht[/W_sah/s/�m��gph]Vbhth/d|`bgph]V
[]Wr^��iW_Vw`bdeW_ckce}��Jh]Vayz\_Vb�¦`bW8swoEs�\ry'`agph�\_`agph/V/�
±�gph]^²[(\8^isade~Eh/Vade^pv³`agph¦�{W_[Xo_h]`´�pVa\E[]h/sbswde^pv

�iWZ`bg�sagp\Z��^�dk^ � v8lpVbh�µ8�K`aVXWZY�[�[(\8^-`aVb\_c!dus�swdk`alE�
WZ`ah:~�^ph(nm`�`a\�`bgph�^ph(`��T\_Vbo�de^8`bh]Vay¶W_[]h/s/�pWZ`�de^pv_Vbh/sbs
Wr^i~¢WZ`�h]v8Vah:sas/��·T`�de^pv_Vbh/sbs]�m\8^pck}�W�cedk��dk`ah/~�sah(`�\ry
yzlp^i[�`bdk\8^is�[]W_^ � h&�{h/Vwyz\8Va��h:~K�%sali[Xg6W8s�Vah/��\Z�°W_c
\ry'li^i~Eh/sadeVah:~2�iW8[Xo_h]`bs/�-\8V��pVah/ckde��dk^{WrVb}�[(cuW_sbswd � []Wr�
`ade\_^��!·T`�h]v_Vbh/sbs/�r`agih�yzlpcec=VbW_^pv_h�\ry�`bVbWrY�[t[(\8^8`bVa\8c
yzlp^i[�`bdk\8^is�dus�W°�ZWrdeceW � ceh_�mdk^{[(celi~Ede^pv�¸-lph]lpde^pv{�
�¹^&`agpdus��iW_�{h/V/�i�%h � Vbdeh(ºi}�dk^-`bVa\E~Eli[]hx`agph�v_h]^p�

h]VXWrcEs�`bVal{[�`aliVahT\ry{j�dk^mlEn�`aVXWZY�[%[]\_^-`aVb\_c-de^�sah/[(`ade\_^
» �¼±�h&`bgph]^¼~Edusa[]lisbs�lp^pde�_h]VXsbWrc�lisbW � deckdk`�}¨�pVb\ � �
ckh/��s�Wr^i~�sagp\_Va`b[]\_��de^pv8sT\ry0`bgph�[(liVaVbh]^-`�[(\8^ � v_lp�
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½�dkv8lpVah¢µ_¾�¿!W8[Xo_h]`��pVb\m[]h/sbswde^pv�de^C`bgph�j�de^-lpnCo_h]Va�
^ph]c��

VbWr`ade\_^���h/[XgiW_^pdusw�Àdk^�sah/[�`bdk\8^�Áp�0Wr^i~��pVbh/sah]^-`�W
^ph]� []\_^ � v_lpVXWZ`bdk\8^�sa}Es�`bh]��ÂÃ`b[]^pv-Ä�`agiWr`�dus � lidkck`
\_^�`a\8�¢\_y�`bgph�h(nEdus�`bdk^pv�\8^phxdk^�sah/[�`bdk\8^¢Å{�!�¹^�sah/[(�
`ade\_^CÆE�E�Th�~Eh/sb[(Vbd � hxswde��liceWr`a\_VXsTlisah/~2`a\�`ah:s�`�`bgph
`b[]^pv�sa}Es�`bh]�&�xWr^i~Çgp\Z�È`agph/}Ç[]W_^ÇWrcusa\ � h��ilE`
`a\&de^8`bh]Vbh/sw`ade^pv2l{swh:s � h]}8\_^i~C`aVXWZY�[�[(\_^-`bVa\8c5��±�h
[(\8^i[(celi~Eh���d|`bg�W¢~Edesb[(l{sasadk\8^C\ryTswgp\8Vw`X[(\8��de^pv-s�\ry
`b[]^pv�dk^�sah/[(`ade\_^&Ép�
£%\_^ � v_lpVXWZ`bdk\8^�\_y�[(lpVbVah/^-`�j�de^mlEn�`bVbWrY�[�[(\8^E�

`aVb\_c�dus�~E\E[(lp��h/^8`bh/~ � } `agph�j�dk^mlEn§·t~E�ZWr^i[]h/~
Ê�\_lp`ade^pv�Wr^i~�U�VXWZY�[�£%\_^-`aVb\_c=�pVb\rË�h:[�`�Ì|µ]Í��!·´~Eh]�
`bW_dkceh/~6~Eh/sb[(Vbdk�p`ade\_^¨\_y�`agph�de^8`bh]Vb^iWrc�sw`aVbli[�`blpVah�\ry
`aVXWZY�[�[(\8^-`aVb\_cmdk^�`bgph�j�de^mlEn�o8h]Vb^ph]cp[/Wr^ � h�yz\8lp^i~
dk^�Ì » Í��iWr^{~�yzlpVa`agih]V���WZ`bh]VbdeW_c=des�W°�ZW_dkcuW � ceh�\_^�Ì ÁrÍ��
`b[]^pv�[]\_��h/s!��dk`ag¢h(nm`ah/^isadk�8h�ceW_^pv_liW_v_h�W_^i~�lisw�

Wrv8hx~p\m[]lp��h]^-`bWr`ade\_^��!U�gph�`X[(^pv�gp\8��hx�iW_v_hxdus�WZ`
ÎEÏ-Ï-Ð�ÑaÒmÒrÏJÓ°ÔEÕTÖb×_Ø_ÙEÚJÓZÛ-ÜEØrÚmÕEÛ;Ö5ÔiÛ8Ï
U�gpdus��pVb\rË�h/[(`�s�`XWrVa`ah:~�Wr`�`agph � h/v_de^p^pde^pvÝ\ry

»rÞ8Þ µ�Wr`xß%¿;½0j¨�a£T·��K[(\_^-`bdk^mlph:~Clp^-`adec0��de~m� »rÞ8Þ8»
WZ`�à%de�mdk\Cá�h(`��T\_VboEs��¹^i[r�e�!Wr^i~�g{W_sf^i\Z� � h/[]\_��h
\_^ph�\_y�`bgphfWrlE`bgp\_V:â s�sw�iW_Vaht`ade��hfW_[(`ade�-dk`adeh/s/�
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U�gphH��Wrde^�h]ceh]��h]^-`XsK\rym`aVXWZY�[![]\_^-`aVb\_c_W_Vah![]ceW8sasad � �
[]WZ`bdk\8^��8sb[Xgph:~Elpcedk^pv{�_Wr^{~�¸-lph/lpde^pvi�;£%cuW_sbswd � []Wr`ade\_^
ck\m\_oEs�Wr`2�iW_[Xo8h(`�[(\8^-`ah]^-`�\8V�WZ`�\r`bgph]V2dk^Eyz\8Va��Wr�
`ade\_^�Vbh]cuWZ`bh/~�`a\6�iW_[Xo8h(`Xs]��W_^i~�WZ`a`aVbd � lE`ah:s�`bgph]�
`a\C~Edus�`bdk^{[�`�[]ceW8sasah/s/�2¿!W_[Xo8h(`Xs�W_Vah�`bgph]^��ilE`fdk^-`b\
¸8lih]lph:s]�-Wr^i~�h]�8h]^-`al{Wrceck}�sb[Xgph:~Elpceh/~�yz\_V0`bVbW_^isa��dusw�
swde\_^���U�gph�[(cuW_sbs�\_y{W��{W_[Xo_h]`�~Eh]`ah/Va��de^ph/s�de^���gpdu[Xg
¸8lih]lphT`agih%�iW8[Xo_h]`�v8\-h:s]�rW_^i~fgi\Z�¨d|`!dus0sa[Xgph:~Elpceh/~K�
½'dev_liVah » dkcecelis�`bVbWr`ah:sT`agpdus��pVb\E[(h/sbs/�

Queuing

SchedulingClassification

½�dev_lpVbh » ¾!U'VbWrY�[x[]\_^-`aVb\_cJyzlp^i[(`ade\_^iW_c�sw`aVbli[�`blpVah8�
j�de^-lpn�`bVbWrY�[�[(\8^-`aVb\_c'[]\_� � dk^ih/s�¸-lph/lpde^pv¢W_^i~

sa[Xgph:~Elpcedk^ivtde^-`a\xsw\_��[/Wrceckh:~��a¸-lph/lpdk^iv�~Edusb[(de�pckde^ph:sa�i�
� lph]lpde^pvx~Edusa[]dk�pcede^ph/s![/Wr^ � h�^ph:s�`bh/~K�rh8� v{�'Wx¸-lph]lp�
dk^pv6~Edesb[(de�pcedk^ihCdk���pceh]��h/^8`bdk^iv�W��pVbdk\8Vadk`�}6sb[Xgph/~E�
lpckh/Vt[/Wr^Clisah�¸-lph/lpdk^iv2~Edusa[]dk�pcede^ph/stdk���pceh]��h/^8`bdk^iv
½'��½���s��Z�myz\_V�sw`a\8Vade^pv�`agph��{W_[Xo_h]`bs/�
U�gph�~ph/sadkv8^2\ry�j�de^-lpn�`aVXWZY�[�[]\_^-`aVb\_cJdesTgpdev_gick}

��\E~EliceW_V/����d|`bg¨W��ZW_sw`�[Xgp\_du[(h�\_y�¸8lih]lpde^pv�~Edusb[(dk�
�pckde^ph:s�Wr^i~�[(cuW_sbsad � h/Vbs/�
�¹���J\_Va`bW_^-`�¸-lph/lpde^pv�~Edesb[(de�pcedk^ih/s�de^i[(celi~Eh
� `agphfsade���ickhf~EVb\_�p�5`XWrdec=½���½����r�
� W �bÊ�Wr^{~E\_� ß;W_Vace}���h]`ah/[(`ade\_^H��Â¶Ê�ß��xÄ½���½��¦Ì ÅrÍ��
� `agph �bU�\8o_h]^ àTli[Xo_h]`È½�dec|`bh]VX�¤Â5U�àT½!Ä(�ÇWswg{Wr�Jh]V�`ag{WZ`�h]��dk`bs��{W_[Xo_h]`bs�WZ`�W � nEh:~2VXWZ`bh_�
� W��pVbdk\8Vadk`�}¢sb[Xgph:~Elpceh]V�`bgiWZ`�h]��d|`Xs��iW8[Xo_h]`bs�de^gpdev_gph/V��pVade\_Vbdk`�}Ç[(cuW_sbswh:s � h]yz\_Vbh��{W_[Xo_h]`bs&de^
ck\Z�Th]V��pVbde\_Vbd|`�}�[]ceW8sasah/s/�pWr^i~
��� �"!��$#&%('()+*-,.%0/�1324,.5�6 '-%�78/�9;:+,�'(%<6=1�'(>?,@)+*-2?,.*�6=1

A >?6=9->	'(>?,�B�/�*(*-6 CD,0E;F(G8*-%H'(IJ6=1KG8*(%('HI�)+L3'(M�N�OP �Q23*-)+73IJ'-/�6=R��S!��S#Q2?*()+7?%T1?, A R BU/�*(*-6 CV6=1?WX78/�9-:+,.'(%
A >?,.1	6 'Y>?/�%Y*(,Z/�9->?,.2�6 '-%[5@/]\V6=50L?5U%(6=^.,DO_�`[acbd%H';/�*H'-%"2?*-)+737?6=1?We78/�9;:+,�'(%f/�R=*-,g/�23Bihj,.kl)+*-,[*(,Z/�9->3I
6=13Wm'(>?,n5@/]\36=5iL?5po�L?,.L?,q%(6=^g,+rs%-)U'(>8/]'t9.)+1?W+,.%('(6=)+13I
9.)+1D'-*()+R=R=,.2�7?*-)�'()�9g)+R=%uR=6=:+,�vYwcx�9g/�1	%-R=) A 2?) A 1�6=1@'-6=5�,+O

� `agih´�Zy�deh]VXWrVX[Xgpdu[]W_c�U'\_o8h]^�àTli[Xo8h(`X�¨`bgiWZ`dzWr��\8^pv�\r`agih]V�`agpde^pv-s�z¨W_ckce\Z��s�`a\�W_sbsadkv8^6W
[(h/Vw`XWrde^��{h/Vb[]h]^-`bW_v_h�\ryT`agph�W°�ZW_dkcuW � ceh � Wr^{~m�
��du~m`ag&`b\�de^i~Ede�mde~pliWrc�[]ceW8sasah/s/�
U�gph$��\8sw` de���{\8Vw`XWr^-` [(cuW_sbswd � h/V des³[]W_ckceh/~
�wliÁ » �¼Wr^{~�dk`�[]W_^ liswh¨W_^m} � dk`��iWZ`a`ah/Va^isCdk^´W
�iW_[Xo8h(`6yz\_V6[]ceW8sasad � []Wr`ade\_^�� U�gih]Vbh�WrVbhÇW_cesa\§W
yzh]�´��\_Vbhfsa�{h:[(duWrcedl{/h/~�[(cuW_sbsad � h/Vbs/�ph8� v{��\_^ph:s�`agiWr`
Vah]��l{swh¢`agph&Vbh/salpck`bs�\ry��pVah/�mdk\8lis�Vb\_lp`ade^pv�\8V � Vah]�
�TW_ckcede^pv�~Eh/[]desadk\8^is/�
£%ceW8sasad � []Wr`ade\_^+[/Wr^ Wrcusw\ � h�[(\8� � de^ph/~+��dk`ag

��h(`ah/Vade^pv{��|�h]`ah/Vade^pvxWrck`ah]VXs'`agph�[]ceW8sasad � []WZ`bdk\8^�~Eh]�
[(duswde\_^�� � W_sah/~�\8^�`agph�VXWZ`ah�WZ`���gpde[Xg��iW_[Xo8h(`Xs�WrVa�
Vade�_h8��·§`�}m�pdu[]Wrc0lisah�\_y;��h(`bh]Vbdk^pv¢des�`a\�cedk��dk`t`bgph
VbWr`ah�\ry'Wfºi\Z� � }�~EVb\_�p�pde^pv��iW_[Xo8h(`bs%dky�`a\m\���W_^m}
\ry�`agph/�³W_VaVbdk�8htde^�W�v_de�_h]^¢`ade��h�dk^-`bh]Vb�°W_c5�
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User

½�dkv8lpVah�Ái¾i�tce~2`aVXWZY�[x[(\8^8`bVa\8cK[(\_^ � v_lpVXWZ`bdk\8^��

·�s�swgi\Z��^�dk^ � v_lpVbh%Ái�/`bgphH`bVbWrY�[;[(\8^-`aVb\_c_[]\_���
�{\8^ph]^-`Xs�dk^¢`agphxo8h]Vb^ph]cKWrVbht[]\_^ � v_lpVbh/~�yzVa\8�¦liswh/V
sw�{W_[(h���dk`ag�W&�pVb\_v8VbW_�$[]W_ckceh/~¡��`X[]�i��yz\_V���`aVXWZY�[
[(\8^8`bVa\8ce�i�
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��`�dus�lp^Eyz\8Vw`blp^iWZ`bh�`bgiWZ`�Wrcec'`agpdus��%\8^i~Eh]Vayzlpc'yzlp^i[(�
`ade\_^iW_ckdk`�}�dus � h]^i~pdesagpce}2~EdkY�[]lpck`T`b\�liswh8�!U�gphxVah:WZ�
sw\8^is�yz\_V�`bgpdus�W_Vah���W_^pdkyz\_cu~K¾�\ry;[]\_lpVXswh8�i��Wr^m}&\ry
`agph�lp^i~ph]Vbck}mde^pv6[]\_^i[]h]�E`Xs]�th_� vi�+`agph � h/giW°�mdk\8lpV
\ry�U�£T¿Ç��gph/^�sal � Ë�h:[�`bh/~�`a\�`aVXWZY�[�[(\_^-`bVa\8c5�KWrVbh
[(\8���ickdu[]Wr`ah/~�W_^i~�^ph]h:~�sw\8��h�ckh:WrVb^pdk^iv�h]qJ\8Vw`�`a\
� h�lp^i~ph]VXs�`b\-\E~K��àTlE`�`bgph]Vbh�W_Vah�W_cesa\2sah]�8h]VXWrc�\ � �
s�`XW_[]ckh:s�dk^�`agihf[(\_^ � v_lpVXWZ`bdk\8^2�pVb\E[(h:sasTdk`bsah]cky�¾
½�dkVXs�`:��sadk^i[]h�W_ckct`agph�de^i~Ede�-du~EliW_c�[]\_���J\_^ph/^8`Xs

\ry�W�`bVbWrY�[C[(\8^8`bVa\8c�[(\8^ � v8lpVbWr`ade\_^¼[]W_^ � h���Wr�
^pde�plpcuWZ`ah:~�de^i~Ede�-du~EliW_ckce}_�8`agih�ce\m[/WZ`bdk\8^�Wr^i~�Vb\_ceh�\ry
h/W8[Xg�[(\_���J\_^ph/^-`�^ph]h:~ps�`b\ � h�sw�Jh/[]d � h:~�de^�h]�-�
h]Vb}tsadk^iv_ceh;[(\8^ � v_liVbWr`ade\_^x[(\_����Wr^{~K��U�gpdus�Vbh/~Eli^E�
~pWr^{[(}���Wro8h/s0[(\8^ � v_liVbWr`ade\_^�sb[(Vbdk�p`bs��_h/Va}xgiW_Vb~f`a\



Vah:W_~K�°Wr^i~t`bVa}mde^pv�`a\ � ^{~�sw\8��hHsa��WrcecZ`�}m�pde^pv�h]VbVa\8V
VbW_�pde~pck}�`alpVb^is�dk^-`a\�WCsah/WrVX[Xg�yz\_V�`agph¢�pVa\Z�8h]V � duWrc
^ph]h:~Eckh�de^�`agph�g{W°}msw`bW8[Xo=�
� h/[]\_^i~K��sa\_��h�h]ceh]��h]^-`bsfË�lisw`�giW_�p�Jh]^�`b\ � h

[(\_���pceh(n � }�~Eh/sadev_^��!½p\8V%h]npWr���pceh_�8`agph�liÁ » [(cuW_sw�
swd � h]V�liswh:s�W �{\8dk^-`bh]V��pcelis�W_^+\_q=sah(`�`b\´�TW_cko
`agpVb\_lpv8g�W �{W_[Xo_h]`/��W�`aVbh]h�\_y¢giW8swg�`XW � ceh/s�`b\
��Wr`b[Xg�`agph�~pWr`bWp��W_^i~�W¢sw`bW8[Xo¢`b\¢Vbh]�8h]Va`t`b\¢�iVah]�
�-de\_l{s¢sw`bWr`ah/s¢de^�`agph�[(cuW_sbsad � [/WZ`bdk\8^��pVa\E[]h/sbs�dky�W
��Wr`b[Xg�giW_s¢y¶Wrdeceh/~K� ±�gidkceh�giW°�mdk^pv�yzlpcec�[(\8^8`bVa\8c
\Z�_h]V�W_ckc�`agph:swhC~Eh]`bW_dkcus�Wrcece\Z��s�`agph�[]\_^isw`aVbli[(`ade\_^
\ry�gpdev_gick}�h]Y�[]dkh/^-`�[]ceW8sasad � h]VXs]�0dk` � liVb~Eh/^is�lisah]VXs
��d|`bg�W�y¶WrdeV�Wr��\_li^8`�\ry�dk^pyz\_Vb��Wr`ade\_^�`agph/}¨^ph]h:~
`a\�lp^i~Eh/Vbsw`bW_^i~ � h(yz\_Vbh�h]nE�{h:[�`ade^pv¢`a\�W_[][]\_���pcedesag
Wr^m}-`agpde^pvi��W_^i~�`agph�sagph]h/V�^-li� � h]Vx\ryTdk^i~pdk�mdu~EliWrc
[(\_^ � v_lpVXWZ`bdk\8^�sw`ah]�{sxdes�cedko8h]ce}�`a\&[]W_liswh���desw`bW_o_h:s
`a\ � h���W8~Eh_�
·´VbWr`agph/V��mde[]dk\8lis�`���dus�`�\_y'`bgphfcuWr^pv8liWrv8hxliswh:~

� }�`bgph��w`b[]��`a\m\_cTWrVbh�lp^mlisaliWrc%^iWr��de^pv�[]\_^m�_h/^E�
`ade\_^is�yz\_V2li^pd|`Xs]��h8� v{�È�w� � �isa��sw`bW_^i~ps�yz\_V�� » ���
� }-`bh/s��Jh]V�swh:[(\_^{~p�p�t�wo � dk`b�C[/Wr^ � h��]µ Þ-» Å � dk`bsb�
\_V��]µ Þ8» Å � dk`bs��Jh]V�sah/[]\_^i~i�p�Eh(`X[r�

All other packets

FIFO qdisc

max. 30kB

TBF qdisc20 kbps

max. 10kB

u32 classifier

Packets to TCP port 80

Priority scheduler

½�dkv8lpVahxÅ{¾%£%\_^ � v8lpVXWZ`ade\_^¢h(npWr���pceh_�
½'dev_liVah�Åfsagp\Z��s!W�[(\8^ � v_liVbWr`ade\_^���dk`ag�Wx�iVade\_Va�

d|`�}�sb[Xgph/~Elickh/V���gp\-swh�gidkv8gE���iVade\_Vbd|`�}�[(cuW_sbs�lisah/s�W
U�àT½¼¸-lph/lphf`b\¢sagiWr�Jhf`bVbWrY�[�WZ` »_Þ â Þ_Þ8Þ � d|`Xs��Jh]V
swh:[(\_^{~K�{W_^i~�W�½���½��Ýyz\_V�`agph�ck\Z�����pVbdk\8Vadk`�}2[(cuW_sbs/�
U�gph��wliÁ » �2[]ceW8sasad � h]Vxdusxliswh:~�`b\��ilE`f�iW_[Xo8h(`Xs�`b\
U�£T¿6�J\_Va`�� Þ de^8`b\�`agph�gidkv8gE���iVade\_Vbd|`�}�[]ceW8sas/�
U�gph/sah WrVbh¦`bgph¥[]\_VbVah:sw�J\_^{~Edk^iv ��`b[/�$[(\8���

��W_^i~ps/¾
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U�gph¡ceW_^pv_liW_v_h�dusbswlph:s�l{swh:~ `a\ � h [(\8���pckh]�
��h]^-`ah:~ � }�`agph�^ph:WrVbck}¨`a\r`XWrc�W � swh/^i[(h&\_yx~E\E[]lE�
��h]^-`bWr`ade\_^��TWr^i~�dk^i[]\_���pceh(`bh&W_^i~¨\8lE`b~iWZ`ah:~¨\8^E�
ckde^ph�gph]ce���¨½i\_Va`alp^iWr`ah/ck}8�!`agph��aj�dk^mlEn¨·t~E�ZWr^i[]h/~
Ê�\_lp`ade^pv�Wr^{~�U�VXWZY�[�£%\_^-`bVa\8ce���pVb\rË�h:[�`�Ìkµ�ÍtgiW8s
��h/Wr^m��gpdeceh��pVa\Z�mdu~Eh/~2��li[Xg&^ph/h/~Eh:~2Vbh]cedeh(y��
� de^i[(h¢`aVXWZY�[2[]\_^-`aVb\_cTde^�v_h/^ph]VXWrc��!Wr^i~6[(cuW_sbswdk�

� []Wr`ade\_^�de^��iWrVa`adu[(liceW_VfWrVbh�gpdkv8gpce}��Jh]Vayz\_Vb��Wr^i[]h(�
swh/^isad|`bdk�8h�W_Vah:W_s/�_dk`Tdus�~Eh/sadkVXW � ckh�`b\ � hxW � ceh�`b\�\8�E�
`ade��dl{/h�`agph�[]\E~Eh_�8\_V!h]�8h]^�`a\�l{swh�giW_Vb~p�TW_VahTW_[][]h]ck�
h]VXWZ`bdk\8^���U�gph¢��\m~plpceW_V�~Eh:swdev_^�\ry�j�de^mlEn�`aVXWZY�[
[(\8^8`bVa\8cK��Wro_h:sTd|`�¸-lpdk`ahxyzh:W_sad � ceh�`a\�W_~i~2^ph/��h/ckh]�
��h]^-`bs���gpde[Xg�liswhfsali[Xg�\8�E`ade��dl{:WZ`ade\_^{s]� � lE`�sali[Xg
W�Vah/�pceW8[(h/��h/^-`�dus0ckdeo_h/ck}f`a\ � h��mduswd � ceh%`b\�`agph�lisah]V:�
Wr^i~�gph/^i[(hxVbh/¸-lpdeVah:s�[(\8^ � v_liVbWr`ade\_^¢[Xg{Wr^pv8h/s/�
U�\�swli����W_Vad {]h8�°`agphT��Wrde^�~EdkY�[(lpck`adeh/s�\ryJj�de^-lpn

`aVXWZY�[C[]\_^-`aVb\_c�W_Vah�`bgiWZ`&[(\_^ � v_lpVXWZ`bdk\8^mz���li[Xg
ckdeo_h��iVa\8v_VXWr����dk^pv6dk^´W8sasah]� � ckh/V�z¼yz\E[]liswh:s�Wrck�
��\8sw`�h(np[(celisadk�8h]ce}�\_^�ck\Z����ckh/�_h/c=~ph(`bW_dkcus/�pWr^i~2`agiWr`
`agph6ck\Z� ceh]�_h/cf\ry�W � s�`bVbW8[�`bdk\8^¡\_y�`agph¨de^-`ah/Vwy¶W8[(h
[(\8���ickdu[]Wr`ah/s�`bgph�de^8`bh]v8VbWr`ade\_^�\_y{�Jh]Vayz\_Vb��Wr^i[]h%\8�E�
`ade��dl{:WZ`ade\_^{s]�

> ~�� 
 « 
<�2P@?s
 « 
�Q!R�P0¯]¬ «

U�gph�v8\8Wrc0\_yT`bgph�`b[]^pv��pVb\rË�h:[�`fdusx`a\�h]n-`bh]^i~�`bgph
h(nEdus�`bdk^pv�`bVbWrY�[�[(\_^-`bVa\8c%`b\ � h:[(\8��h���\8Vah&lisah]Va�
yzVadeh]^{~Eck}8�¢W_^i~+`a\´��Wro8h6`bgph�de^-`ah]Vay¶W_[]h/s�\_y¢`bgph
[(\8^ � v_liVbWr`ade\_^Ýsa}msw`ah/� ��\8Vah�ºih(nEd � ceh_��U�gpdes�dus
~E\_^ih � }�W8~p~Ede^pv�Wr^p\_`agph/V�ceW°}8h]V�\ry�W � sw`aVXW_[�`bdk\8^��
W_s�sagp\Z��^�dk^ � v8lpVahfÆp�

tc utility

Kernel Traffic Control

space

Kernel
space

User

User or

Application

tcc

Other outputs

tcng language

Other inputs

tc language

½�dev_lpVbhfÆE¾Há�h/�Ç`bVbWrY�[�[]\_^-`aVb\_cK[]\_^ � v8lpVXWZ`ade\_^��
U�gphT`aVXWZY�[T[(\_^-`bVa\8c-[]\_���pdeckh/V��w`b[/[]��`bWro8h/s�[(\8^E�

� v_liVbWr`ade\_^Csb[(Vbdk�E`Xs�de^�`agph�^ph]�È�w`b[(^iv8��cuWr^pv8liWrv8h_�



`aVXWr^isaceWr`ah:s�`bgph]� `a\�W�[(\8����\8^6de^-`ah]Vb^iW_c�Vah/�pVah]�
swh/^8`XWZ`bdk\8^��ZWr^i~�`bgph]^fv8h]^ph/VbWr`ah:sK[(\_����Wr^{~ps�de^�`agih
��`b[/��ceW_^pv_liW_v_htyzVa\8�¦`ag{WZ`�Vbh]�pVbh/sah]^-`bWr`ade\_^��
j�W°}_h/Vade^pv&`X[(^pv�\_^�`b\_�6\ry�`b[�Wrcusa\�Wrcece\Z��s�`agih

liswh�\ry�`b[]^pv¨��dk`agp\8lE`¢Vbh/¸-lpdeVbdk^pv¨W_^m}6[XgiW_^pv_h&`b\
`agph�o8h]Vb^ph]c��E\_V�`b\�`bgphx`b[xlp`adeckdk`�}_�
±�d|`bg�`agpdus�^ph/�+de^EyzVXW_sw`aVbli[�`blpVah8��\8^ph�[]W_^�W_cesa\

W_~p~6��\m~plpckh:s�`a\�[(\8^ � v8lpVah2`aVXWZY�[&[(\8^8`bVa\8cTsal � �
sw}Esw`ah]��sf`agiWr`�WrVbh�^p\Z� � W8swh:~�\_^´��`X[]�i�CU�gpdes�des
~Eh/sb[(Vbd � h/~¢de^&sa\_��hx��\_Vbh�~Eh(`XWrdec�dk^�sah/[(`ade\_^�Åi� » �
��`%�T\_lpcu~�h]�8h]^ � h��J\8sbsad � ceh�`b\�W8~p~��iW_Vbsah]VXs!yz\8V

\r`agih]V�cuWr^pv8liWrv8h/s%`agiW_^¼��`b[]^pv8�i�mh_� vi���	|�jH�

����� �	��

��������������������������

U�gphf`X[(^pv�cuWr^iv_liW_v_hfdus�de^C��Wr^m}��TW°}Es�sadk��deceW_V�`b\
£ Wr^i~�¿0h]Vbc�¾�s�`bVali[(`alpVbh�des�h(nE�pVbh/sbsah/~¨de���pcede[]d|`bck}
��d|`bg�`agph�cuWr^iv_liW_v_h�sw}m^-`bWrnK��`agih]Vbh2WrVbh��°W_VaduW � ckh:s
Wr^i~�WrVbd|`bgp��h(`bde[�h(nE�pVbh/sbsadk\8^is]�%[(cuW_sbswd � h]VXs�[]Wr^ � h
h(nE�pVbh/sbswh:~�de^�W�£;��cedeo_h�sa}-^-`XWZnK�'W_^i~�[(�p�¨[/Wr^ � h
liswh:~¢`a\�dk^{[(celi~Eh � ceh/s�W_^i~2`a\���Vbd|`bh���W8[(Vb\8s/�
à%h/ck\Z��des�`agphx`X[(^pv��8h]VXswde\_^�\ry�`agph�h(npWr���pcehx\ry

swh:[�`ade\_^&Áp¾
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U�gphf[(\8^ � v_liVbWr`ade\_^ � h]v8dk^{s���d|`bg&`agph�de^-`ah]Vay¶W_[]h
^iWr��h�Â¶��gpde[Xg6[(\_lice~ � h2\8��dk`w`bh/~�de^�`bgph¢[/W_sah�\ry
h(`ag Þ Ä�Wr^i~�`agihTVb\_ceh_�Zd�� h_��dk^pv8Vah:sas�\8V�h/v_Vbh/sbs]�'U�gph]^��
`agphxh]^-`bdkVbh�[]ceW8sasad � []Wr`ade\_^�dusTh(nE�pVbh/sbswh:~�de^2Vblpckh:sT\ry
`agphxyz\8Va�
?A@CBEDGF7HJI ÜLKNM)OQP6KSRNR DGF7HUT
��gph]Vbh ?:@SBVDGFWH []W_^ � ht`agih�sah]ceh/[(`ade\_^�\_y�W�[(cuW_sbs/�\_VHË�l{s�`YX ÚpØ_Ð `b\¢~EVb\_�&`bgph��{W_[Xo_h]`/��U�gph � \m\8ckh:Wr^

h(nE�pVbh/sbswde\_^�l{swh:sT`agph�sbWr��h�sa}m^-`bWZn2W_^i~2`agph�sbWr��h
�pVah:[(h:~Eh]^i[]h�Valickh:s�W_s�£t�'·�cecH`bgph¢[]\_����\_^ � h/ce~ps
dk^���¿0���	�t¿0�fU�£T¿0�xh]`b[r� gph/W8~Eh]VXs�W_Vah6�pVbh/~Eh]�
� ^ph/~ Âzh_� vi� ÏJÓ:Ð[Z X ÐiØ_ÚmÏ dusC`bgph6U�£T¿À~Eh/sw`ade^iWr�
`ade\_^��J\_Va`/� I Ð[ZE×ZÚJÓ �T\_lpcu~ � hC`agph���¿H�mÅ�sw\8lpVb[]hW_~p~EVbh/sbs/�Th]`b[_� Ä(��Wr^i~�liswh/Vbs2[]Wr^�W_cesa\¨h:W_sadkce}6W8~p~
`agph/dkV!\Z��^�~Eh � ^id|`bdk\8^is]����¿H�mÅ�Wr^i~���¿H�EÉtW8~p~EVbh/sbswh:s

giW°�_h � h]h/^CW_~p~ph/~&W_s � Vbsw`w�¹[(cuW_sbs�~pWZ`XW�`�}m�{h:s]�JWr^i~
[]W_^ � h´��Vadk`w`bh]^Ède^ `bgph´lisaliWrc�^p\_`bWr`ade\_^��Ch8� v{�
\4]A^ ÖC_�` \ ÖC_�a4b;ÖS_4_�c \_V ÎiØi×ZÏed/Ü-Ï-Ð�ÖgfEÛ8Ú-ÔiÛ<h0ÖwØ8Ú8Õed �
àTh]ce\Z�´desxWr^�h(npWr���pceh/s���dk`ag�W2��\_Vbh�de^8`bh]Vbh/sw`ade^pv
[(cuW_sbswd � [/WZ`ade\_^�h(nE�pVbh/sbsadk\8^�¾
�:$,.���(�(2/)/.�ji)i
$/�:$,.���(�(2/)/��#k)k
$)$/�:$,.�$��������2/)/ml*n)n"o,pNqCp).NqSr"n0k)k.�:$,.������s&ut��v-wi)i
$/�:$,.�$��������2/)/ml*n)n"o,pNqCp).6x)ySn0k)k.�:$,.������s&%3)1v-wi)i
�:$,.������m&%3"t�-)-
U�gpdus�des�W�`ah:s�`�yz\_V�sa\r�¹[]W_ckceh/~���`ade^m}�yzVbW_v_��h]^-`Xsa�

W_s'~Eh/sb[(Vbd � h/~xde^�`bgphtÌ Æ:ÍEWr^i~�Ì ÉZÍ��'½i\_V'[]\_^m�_h/^pdeh]^i[]h_�
`agpdus;`ah/sw`%dus;W_cesa\fW°�ZWrdeceW � ceh�W_s;Wf��W8[(Vb\f[]W_ckceh/~ I Ð[Z
I ×AZ_Ï I Ô<z�Z8Ü-Ú�{8ÕW|=Û_ÔEÏ �£%ceW8sasah/s WrVbh sah]ceh/[�`bh/~ ��dk`ag ÓAh}{i×m×
~,����� ? P DG?:�S� KS��� ����gph]Vbh¡`agph§�°W_VaduW � ckh´dus�cuWZ`ah/V~Eh � ^ph/~ dk^¦`bgph ¸8lih]lpde^pv+W_^i~ sb[Xgph/~plpckde^pv§sah/[(�
`ade\_^���U�giWZ`�swh:[�`bdk\8^¨~Eh/sb[(Vbd � h/s�`agih2gpdeh]VXWrVX[Xgm}�\ry
¸-lph]lpde^pv´~Edusa[]dk�ickde^ph/s/��Wr^{~´`agih]deV¨[(\_^ � v_lpVXWZ`bdk\8^��
� lph]lidk^pv6~Edesb[(de�pcedk^ih/s���dk`ag�[(cuW_sbswh:s�WrVbh�yz\_ceck\Z�Th/~
� }�W � ce\E[Xo�Â5~Eh]^p\_`ah:~ � }¢[(liVace} � VXW_[]h/s/�pcedko8h�dk^�£
\_Vx¿0h]VbcuÄ(�{��gide[Xg�[]\_^-`bW_dk^{stW_ckc'`agph:swh�[(cuW_sbswh:s]�t��y%W
[(cuW_sbs�giW_s�W�¸-lph]lpde^pv�~Edusa[]dk�ickde^ph�WZ`a`bW_[Xgih/~�`b\�d|`:�
`agiWr`�~Eh � ^pd|`bdk\8^¢dus�de^�W � ce\m[Xo�yz\8ckce\Z��de^pv�`bgph�[(cuW_sbs
~Eh/sb[(Vbde�E`ade\_^��
·�Vbd|`bgp��h(`bde[�h(nE�pVbh/sbsadk\8^is�[/Wr^ � h�liswh:~�yz\8Vt�iWr�

VbW_��h(`ah/Vbs/� `b[(^iv¡W8~°Ë�lisw`bs�lp^pdk`bs�WrlE`b\_��WZ`bde[/Wrceck}8�
h_� vi��dk^{s�`bh/W_~C\ry��C�,� _ ] f}� �,�C�e�=\_^ph�[(\_lice~���Vbdk`ah
�C�,� _ ]:�:� Ð=×4�Aav|�× �C�,� �
·�cusw\���h]`ah/Vade^pv¨dus¢sa��\m\r`agick}�dk^-`bh]v_VXWZ`bh/~¼de^-`a\

`agph�`X[(^pv&cuWr^pv8liWrv8h_¾�dky%\8^ph��TW_^8`bh/~C`a\&ckde��d|`x`bgph
gpdev_gE���pVbdk\8Vadk`�}�`aVXWZY�[�dk^�`bgphCW � \Z�_h�h(npWr���pceh � }
~EVb\_�p�pde^pv�WrcecE�iW8[Xo_h(`Xs�h(np[(h/h/~Ede^pv »rÞ o � �is]�_dk^isw`ah:W_~
\ryJliswde^pv�Wxswg{Wr�Jh]V:�°`agph�[(\8^ � v8lpVbWr`ade\_^��%\8lpce~�ck\m\8o
W_sTyz\8ckce\Z��s]¾
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� � j'àT��s�`XWr^i~ps%yz\8V��bswde^pv_ceh�ceh/W_om} � li[Xo_h]`b����h(�
`ah]V:�!U�gph���� �[Z-Ø_Ú Z X ÚpØrÐ ��W_[]Va\�}-deh]cu~ps���`aVblph:��Â�µ°Ä
d|y%`agph�ºi\Z�´dus�sw`adecec���dk`agidk^�`agph�sa�{h:[(d � h/~�VbWr`ah_�=\8V
~EVa\8�is�`agih��iW_[Xo8h(`�d|y�`bgph�ºi\Z�§h]np[(h]h:~psx`bgph�VbWr`ah8�
·�v8W_dk^��pWrcec=`agph��pVbde��dk`ade�_h:sT`agiWr`�`b[]^pv�liswh:sT`a\�de���
�pckh/��h]^-`���h(`ah/Vbs�W_Vah�W_cesa\�W°�ZW_dkcuW � ceh�`a\�lisah]VXs]�

����� � ���Q
��*
�� � �
	����
`b[(^iv�W_ckce\Z��s�`b\ � }m�iW_sbs�`bgph2`bVbWrY�[2[(\8^-`aVb\_c%sal � �
sw}Esw`ah]� dk^6`agphCj�dk^mlEn¨o8h]Vb^ph]c�W_^i~�`b\�liswh�W_c|`bh]Va�
^iWZ`bdk�8h�sa\ryÃ`���WrVbhfdk���pceh]��h/^8`XWZ`bdk\8^is]�=\8V�giW_Vb~E��WrVbh
W_[][]h]ceh]VXWZ`b\_VXs]��`X[(^pvC[/Wrcecesx`bgph�~EdkqJh/Vah/^-`��TW°}Es�yz\8V
dk���pceh]��h]^-`bdk^pv�`bVbWrY�[�[]\_^-`aVb\_c��w`bWrVbv_h]`bsb�p�
·�^�Wrck`ah/Va^{WZ`ade�_hCsa\ryÃ`���WrVbh�de���ickh/��h/^-`bWZ`bdk\8^�des

dkceckl{s�`bVbWr`ah/~���d|`bg�`agih¢��£T�x`bW_Vav8h(`/�-��gpdu[Xg2h/��dk`bs�£
[(\E~Eh�yz\_V�`bgphf[(cuW_sbswd � h/V/�EWr^{~�`bgph]^&de^-�8\_o8h/sTv8[/[�`b\
� lpdece~�o_h/Va^ih]c�Wr^{~�`X[x��\E~Elickh:s]�
U�gph�sa\r�¹[]Wrceceh/~�h(nm`ah/Va^{Wrcide^-`ah/Vwy¶W8[(h�lisah/s%W���\_Vbh

swl � `aceh;Wr�p�iVa\-W_[XgxWr^i~t`aVXWr^{swcuWZ`bh/sK[(cuW_sbsad � h/VbsJ`b\�`agih
�aW_[/[(h:sas&[(\8^-`aVb\_cxckdusw`b�6yz\_Vb� `�}m�pdu[]Wrcece}¼yz\_lp^i~¡de^
� Vah/�TW_ckc=[(\8^ � v8lpVbWr`ade\_^is/�'·Ç`agidkVX~��iW_Vw`�}��pVb\_v8VbW_�
[]Wr^�`agph/^�liswh�`agidesx\8lE`a�plp`�`a\&[(\_^ � v_lpVbh�W2giW_Vb~E�
�TW_VahxW_[/[(h]ceh]VXWZ`b\_V:�mh_� vi�!W�^ph(`��T\_Vbo��pVb\m[]h/sbsw\8V/�
U�gphf[(cuW_sbswd � h/V�dk^&\_liV�h(npWr���pceh�}mdkh/ce~is�`agphfyz\_ck�

ck\Z��de^pv�\_lE`b�plE`�Wr`T`bgph�h(nm`bh]Vb^iWrcKde^-`ah]Vay¶W_[]h_¾
'������/08���������"!��������
��(�(������ �/���#/2��
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U�gphÇ�a\rqKswh]`b�¨cede^ph�~Eh � ^ph:s¢gi\Z�È`a\6[/Wrcu[(lpcuWZ`bh
`agphf�J\8sadk`ade\_^&\ry�`agph�U�£T¿¼gph/W8~Eh]V:�;U�gphf��Wr`b[Xgph:s
WrVbhCswde���pck}�`ah:s�`Xs�\ry � dk`2VXWr^pv8h/s/�%h8� v{� _ ]4] ÑC_�c;Ñ
_vc�� ]���]}] ` ] `ah:s�`Xs�dky�`agih�µ/É � d|`Xs�Wr`�Wr^�\_q=sah(`�\ry
µ/É � dk`bsTyzVb\_�¦`bgph � h/v_de^p^pde^pv�\ry'`agphfU�£T¿�gph:W_~Eh/V
giW°�_h�`agih�gph(npW_~ph/[(de��Wrc=�ZWrcelph � Þ �
U�gphxo_h]}�W8sw�Jh/[(`�\ry�`X[(^pv{â s�W � deckdk`�}�`a\�v_h/^ph]VXWZ`bh

\_lE`b�plE`�yz\_V�~Edusw`ade^i[�`�`XWrVbv_h(`XsTdesT\ry0[(\8lpVbsaht`agiWr`�^p\
\_V�\_^ick}¢�_h]Vb}2sa��Wrcec�[XgiWr^iv_h/s�W_VahxVbh/¸-lpdeVah:~2de^&`agih
[(\_^ � v_lpVXWZ`bdk\8^¢sb[(Vbdk�p`bs�lisah/~&W_s�de^p�plp`/�

� � ¯�� ®��(R�P0¬�Q!O

� dk^{[(hTd|`0�%\8lpcu~ � hT^ph:WrVbck}xde���J\8sbsad � ce}�yz\_V0lisah]VXsK`b\
[(\_VbVbh/[�`'�pVa\ � ceh]��s�de^�W�`b[]^pvt[]\_^ � v8lpVXWZ`ade\_^�dkyp`bgph]}
WrVbh%\8^pck}f~ph(`ah:[�`bh/~���gph]^�desbswlidk^pvt`agih�[]\_VbVah:sw�J\_^{~m�
dk^pv�`b[�[]\_����Wr^i~is]�8`b[/[���l{s�`�[]WrVbh(yzlickce}���deVaVb\_VTWrcec

[Xgph/[XoEs�~E\8^ph � }�`X[�Â¶d5� h_�Hsa}m^-`bWZn2W_^i~2[]\_^isadus�`bh]^i[]}
dk^{swdu~Eh�W�sadk^pv8ckh�[(\_����Wr^{~iÄ2W_^i~ � }�`agph�o_h/Va^ph/c
Âzd�� h8�!�iWrVXWr��h]`ah]V!�ZW_ckdu~Edk`�}�W_^i~�[(\8^isadesw`ah/^i[(}�W_[(Vb\8sbs
h]ceh]��h]^-`XsbÄ(�
U�h:s�`bdk^iv�`bgpdes�[/Wr^ � h�`bVadu[Xom}_� � h:[]W_liswht`agih�\8^pce}

�TW°}�`b\ � h�W � sw\8cklE`bh]ce}�swliVaht`agiWr`�W�[]\_^ � v8lpVXWZ`ade\_^
des2�ZWrcede~�dus�`a\�de���pckh/��h]^-`2dk`/� �t\_de^pv�`bgpdes2\_^�W
ckde�_hfsa}Es�`bh]� �T\_lice~�[]W_liswh�W_ckcKomde^i~ps�\_y'�pVb\ � ceh]��s/�
VbW_^pv_de^pv�yzVa\8�Ý~EdesaVblp�E`ade^pvx^p\8Va��Wrc-^ph]`��%\8VaoxlisahT`a\
o_h/Va^ph/c![(VXW_sagph/s � }&`bgph�\E[][]W8swde\_^{Wrc � lpv�~ph(`ah:[�`bh/~
��gph]^&h]nmh/Vb[]desade^pv�lp^mlisaliW_c=`aVXWZY�[x[(\_^-`bVa\8cJsah(`blp�is/�
±�\8Vbsah�}8h(`/�!W_cesa\C�_h/Vadkyz}mdk^iv&`agiWr`�`agih¢[(\8^ � v8lE�

VbWr`ade\_^¼dus�^p\_`2\_^pce}¨yz\8Va��W_ckce}6[]\_VbVah:[�`/� � lp`�`agiWr`
d|`&W_[(`aliW_ckce}�~p\-h:s���giWr`¢��W_s�de^-`ah]^{~Eh/~K��dus�`bdk��h]�
[(\8^iswli��de^pv Wr^i~ `�}m�pde[/Wrceck}¦Vbh/¸-lpdeVbh/s�W§sa�{h:[(d � [
giWrVX~E��WrVbh�sah(`blp���
`b[]^pv�W°�8\_du~ps�W_ckc-`bgph/sah%�iVa\ � ckh/��s � }fsadk��lpceWr`ade^pv

`agph � h]g{W°�-de\_liV�\ry�`bVbWrY�[�[]\_^-`aVb\_cKde^�liswh/V�sw�{W_[(h8�

� ��� ������� � ����� ���
������	��J������� �!�
U�gph�[(lpVbVah/^-`'swde��liceWr`a\_V'\ryE`X[(^pvtdes'[]Wrceceh/~��w`b[]sade���i�
�¹^�\_VX~Eh]V�`b\�h]^isalpVbh%`bgiWZ`;`b[]sade�+sadk��lpceWr`ah:s0h(npW_[(`ace}
`agph � h/giW°�mdk\8lpV2\_yx`agph�`b[Clp`adeckdk`�}�Wr^i~�`bgphC`bVbWryÃ�
� [2[]\_^-`aVb\_cTswl � sw}Esw`ah/� de^�`bgph2o8h]Vb^ph]c��0d|`�swde���pck}
`bW_o_h/s�`agih�[]\m~phfyzVb\_� � \_`ag���W_^i~CW8~p~ps�W2sadk��lpceWr�
`ade\_^Ch/^pv_de^ph8�J�icklis�sa\_��h�yzVXWr��h]�T\_Vbo�yz\8Vt[(\8^ � v8lE�
VbWr`ade\_^&Wr^i~¢yz\8V�`aVXW_[(de^pv{��U�gpdus�dus�sagp\Z��^2de^ � v_lpVbh
Ép�

Kernel code

User−space

G
lu

e 
co

de

Config/simulator

iproute2/tc Kernel (TC)

tcsim

filter

plot

Script

½�dev_lpVbh�Ép¾ � `bVali[(`alpVbhx\ry�`agph��w`b[/swde����sade��lpcuWZ`b\_V:�

U�gphx\_lE`b�plE`�\_y�`b[/swde� dus�swde���pce}2W�[XgiVa\8^p\_ce\_v8d|�
[]W_c�`aVXW_[]h�\ryHWrcec�`bgphfh/�_h]^-`Xs�`agiWr`�giW°�8h�giWr�p�Jh]^ih/~
dk^�`bgph�sadk��lpceWr`ade\_^��HU�gih�\8lE`a�ilE`t[]W_^2`bgph]^ � h � ck�
`ah/Vah:~K�iWr^{~¢[]\_lp^-`ah:~�\_V��pce\r`w`bh/~K�
�¹^�\8Vb~Eh/V�`b\�`ah:s�`x\_liV�h(npW_���ickh�[(\_^ � v_lpVXWZ`bdk\8^��

�%hf[/Wr^�lisaht`bgphxyz\_cece\Z��dk^pv�sadk��lpcuWZ`ade\_^�¾
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�¹^N`bgpdes h]npWr���pceh_���Th � Vbsw`´v_h/^ph]VXWZ`bh§ce\Z���
�pVade\_Vbdk`�}�`aVXWZY�[�WZ`tÆ Þ o � �is � }¢sah]^i~pdk^pv�W��{W_[Xo_h]`
\ry�µ Þ8Þ_Þ � dk`bs¨h/�_h/Va} »rÞ ��dkcecedesah/[]\_^i~ps/� 
 ·�yÃ`ah]V
`ah]^�swh:[(\_^{~ps]�{�%h�W_~p~&gpdev_gp���pVbde\_Vbd|`�}�`bVbWrY�[fWZ`�µ Þ
o � �is]� � de^i[(h!`bgph0`a\_`bW_c_cedk^po�sw�Jh]h:~xdes�\_^pce}�Æ_ÉTo � �is]�
sw\8��hT\ryi`agph�ce\Z�����pVbde\_Vbd|`�}t`aVXWZY�[%des�ce\8sw`�^p\Z����U�h/^
swh:[(\_^{~ps�cuWZ`bh]V:���%h�`bVa}6`a\6dk^{[(Vbh/W_sah&`agih�VXWZ`ah�\ry
`agph�gpdev_gE���pVbdk\8Vadk`�}¢`aVXWZY�[�`b\¢Å Þ o � �is/� � de^i[(h�`agih
swgiW_�{h/V&ckde��d|`Xs&gpdkv8gE���pVade\_Vbdk`�}6`bVbWrY�[C`b\6\8^pck} »_Þ
o � �is]�i^p\Z�ÇgiW_c|y�\ry�`agpdus�`bVbWrY�[�dus�ck\-s�`:�
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½�dkv8lpVbh��E¾ � de��lpcuWZ`bdk\8^¢Vbh/salpck`/�
½'dev_liVah
�tswgp\Z��s'`bgph�[(lp��lpcuWZ`ade�_h%`aVXWZY�[%`ag{WZ`!des

h]^i¸-lph/lph/~�W_^i~¨~Eh:¸8lih]lph:~�yz\_V�~ph/sw`ade^iWZ`bdk\8^��{\8Vw`Xs
» Æ�Wr^i~�� Þ �mh8� v{���]��¾ Þ_Þ Æ Þ �fdus;`bgph�swli� \ry�`bgph�~Eh(�
¸8lih]lph:~�`aVXWZY�[�`b\��J\_Va` � Þ ��U�gides%�pce\r`%��W_s;v_h/^ph]Va�
WZ`ah:~�~EdkVbh/[(`ace}f��dk`ag�`agih�`a\m\_cus!W°�ZWrdeceW � ckhTyz\8V0`b[]sade���
`b[(^iv��_h/Vbsadk\8^ �j{fg{W_s���\8Vah�`bgiWr^�µ:Æ Þ8Þ Vah/v_Vbh/sw�

swde\_^�`bh/sw`bs/�_Wr^{~fW � \_lE`!W�`bgpdeVb~�\ryp`bgph]�´lisah%`b[]sade���

� ��� ����������� �}
�� � 	��J����� ��� �
`b[]sade� dus¢liswh:~�h(nm`bh]^isadk�8h]ce}�yz\8V¢Vbh]v8Vah:sasade\_^6`ah/sw`bs
dk^�`agph�`b[]^pv�sw}Esw`ah/����W_^i~Cdk`�desxW_cesa\¢¸-lpdk`ah�lisah(yzlpc
�Zv[>?,e78/�9;:+,�' 9.)+1?%(6=%('(%�)�k[�)�<h�B�'(,g%Yk )+*['->3,i!�x�>?,g/�2?,.*Zr

�)� hDBV'(,.%@kl)+*i'(>?,�vYwcxq>?,g/�2?,.*gr[/�1?2 '->3,���� ^g,.*()�hDBV'(,.%
W+,.1?,.*-/]'-,.2 A 6 '-> � �21�7 O

`a\�~Eh � lpv�[(\8^ � v_liVbWr`ade\_^is/���t^phx��WZË�\8V�~EVbW°� � W_[Xo
\ry�`bgph2Wr�i�pVa\-W_[Xg�\ry�h]n-`bVbW8[�`bdk^pvC[]\E~Eh�yzVXWrv8��h/^-`bs
Wr^i~�v_celpde^pv�`bgph]��`b\_v8h(`agih]V�dk^6`agph&sadk��lpceWr`a\8V�dus
`agiWr`�`bgph � lidkcu~x�pVb\m[]h/~EliVah!yz\8VK`b[/swde� des�y¶WrdeVace}tyzVbW_vr�
dkceh�Wr^i~�Vah:¸-lpdkVbh/s�yzVbh/¸-lph]^-`HW_~ZË�lis�`b��h]^-`bs���gph/^�`bgph
o_h/Va^ph/c%[XgiW_^pv_h:s]��·�cesa\i� » � ÅCWr^{~�Vah:[(h]^-` » � Æ�o_h]Va�
^ph]cus�~Ed|q=h]V�swlpY�[]dkh/^-`ace}�`bgiWZ`'`agph%��gp\_cehHh(nm`bVbW8[�`ade\_^
�pVb\m[]h/sbs��T\_lpcu~�giW°�_h�`a\ � h�Vbh(�¹~Eh:swdev_^ph:~�W_^i~�Vah]�
��Vadk`w`bh]^�yz\_V » � Æp�
½p\8Vw`blp^iWZ`bh]ce}_��W���li[Xg�ceh/sbs¢de^m�ZW_sadk�8h�Wrck`ah/Va^{WZ�

`ade�_h¢des�WrceVbh/W_~p}�W°�ZWrdeceW � ceh_¾��a�tswh/Vw��|�\E~Eh2j�dk^mlEnp�
Â¶�	|Cj�Ì��:ÍzÄ!Vblp^isH`agph�j�de^-lpn�o8h]Vb^ph]c{dk^�lisah]VTsw�{W_[(h8�
Wr^i~�dk`�giW_s�Vbh/[]h]^-`ace} � h]h/^&W8~p~Eh:~�`b\ » � ÆE�
·�s�Wr^�W_~p~ph/~ � \_^mlis/���K|Cj³des�W¡[(\8���ickh]`ah

j�de^mlEn�sa}msw`ah/�&��sw\¢`agph�h/^8`bdkVbh�^ph(`��T\_Vbomdk^pv¢s�`XW_[Xo=�
dk^{[(celi~Ede^pv�U�£T¿0�JVb\_lp`ade^pvi�=h(`X[r�fdusxW°�ZWrdeceW � ckh8�KWr^i~
WrV � dk`aVXWrVb}�W_�p�pcede[/WZ`bdk\8^is�[]Wr^ � h�l{swh:~�`b\�v8h]^ph/VbWr`ah
`aVXWZY�[r�0U�gpdus�\rq=h]VXs�y¶W_^8`XW_sw`adu[;�J\8sbsad � deced|`bdkh:s�y¶WrV � h]�
}_\8^i~�Ë�lisw`¢h(nE�Jh]Vbdk��h/^8`bdk^iv¨��d|`bg�`aVXWZY�[C[]\_^-`aVb\_c��
½p\8Vfh(npWr���pceh_��\_^ph�[]\_lpcu~�l{swh�`bgpdes�W_s�W&s�`XWrVa`ade^pv
�{\8dk^-`�yz\_V�de���ickh/��h/^-`ade^pv�W�[]\_���pVbh]gph/^iswde�_h2^ph(`a�
�%\8Vao¢swde��lpcuWZ`b\_V�sadk��deceW_V�`a\�^isw� » Ì �ZÍ��
�¹^�\8Vb~Eh/V�`b\tl{swhT�K|Cj¢yz\_V0sadk��lpceWr`ade\_^is/�Z��Wrde^pce}

`��%\+[XgiWr^pv8h/s6WrVbh�^ph/[]h/sbsaW_Va}=¾³`agph¡[(\_^{[(h]�p`6\ry
��`bdk��h/��dk^¢�K|Cj���lisw` � h�Vbh]�iceW8[(h/~���dk`ag2`agpht�mdkVa�
`aliW_c�`ade��h�\ry;W_^Ch]�8h]^-`w�¹~EVbdk�8h]^�sadk��lpceWr`a\8V/�t�¹^�\_Va�
~Eh]V�`a\�~E\�`bgpdes/�p`bgph�sadk��lpcuWZ`a\8V���lisw`�om^p\Z�Ç��gih]^
W�`ade��h]Va��~EVbde�_h]^�W_[(`ade�md|`�}�desH~plph_�-Wr^i~�W_~p�°W_^i[(hT`bgph
o_h/Va^ph/c!`ade��h]VXs�W_[/[(\_VX~Ede^pv_ce}_��·�^�h(Y�[(deh]^-`fde���ickh]�
��h]^-`bWr`ade\_^�\_y�`agides��T\_lpcu~�W_cesa\�W°�_\8de~¨h(nEh/[]lE`ade^pv
lp^p^ph:[(h:sasbWrVb}�`adu[XomsT\_y�`agph�µ Þ_Þ \8V�µ Þ_Þ8Þ y@{�o_h/Va^ph/c
`ade��h]V:�
U�gph¨sah/[(\8^i~¡[XgiWr^pv8h�dus&`b\�dk^-`aVb\E~Eli[]h���h:[XgE�

Wr^pdusa��s�yz\_V¢h(nEh/[]lE`ade^pv�sadk��lpcuWZ`ade\_^�W8[�`ade\_^{s�Âzh8� v{�
h]^i¸-lph/lpde^pv¢\_y;W��iW8[Xo_h]`XÄ��=Wr^{~�yz\_V�[]W_�E`alpVbde^pv�`bgph
Vah:swlic|`Xs�\ry;sali[XgCW8[�`ade\_^{sfÂzh8� v{��Vah:[(h]de�mdk^iv2W�^p\_`ad � �
[]Wr`ade\_^���gph]^�W��iW_[Xo8h(`�v_h]`bs�sah]^-`XÄ(�
àT}�^p\Z���-`agphx[(\8^-�8h]VXswde\_^�\_y'�K|�j�`b\�l{swhxswde���

lpcuWZ`ade\_^C`ade��h�giW_s � h/h]^�[]\_���pceh(`bh/~&de^�`agph��wlp��ck�
swde���2�iVa\_Ë�h/[�`�Ì �rÍ��K��gidkceh�de^isw`aVblp��h]^-`bWr`ade\_^�\ryH`bgph
�K|Cj�sade��lpcuWZ`b\_V�sw`adeckc�Vbh]��W_dk^is%`b\ � hf~E\8^ph_�
·²�K|Cj o8h]Vb^ph]c�Vblp^p^idk^pv¼��dk`ag �mdkVa`al{Wrcx`ade��h

��dkcec�W_cesa\ � h&dk^-`bh]Vbh/sw`ade^pv�yz\_V�v_h/^ph]VXWrc�Vbh]v_Vbh/sbsadk\8^
`ah:s�`bdk^pv{�;h8� v{�¨sw\8��h�\ry�`agph�`ah:s�`Xs�Vah/v_lpcuWrVbck}��Jh]Va�
yz\_Vb��h/~¡dk^¡`bgph¨½pVbh]h ��� ±�·tá �pVa\_Ë�h/[(`�Ìkµ Þ Í�[(\8^E�
swdusw`¢\ry���Wrdk`ade^pv�yz\8V�`ade��h]\8lE`bs/��sa\�`agph�`ah:s�`���Wr�
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s�`bVal{[�`bs�`a\�`bgph�`X[(^pv�cuWr^iv_liW_v_h�`a\�h]nE�pVah:sas�gpdkv8gpce}
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