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S�TVUXW�Y;YAZ\[-]^T_Z\`-ab[c]^dfeRg�ah[jiEkcl8eAT_[meA`-Zon=eATVp'Uq`rUoT_s\e
pteA]uZ\v;vwim[xY�]^abZ\[xpuvwZ\TcYA`bU8p^p^ayvwzjab[ms&Uo[f{|p^YVdfe/{Eim`bab[ms
[me(]~}RZ\T_l�]_T_UoW�Y\����[mvwZ\T^]^im[fUo]^e/`hz8�!�mT^Z8�xe/T^`bz�Y(Z\[m�
� s\imT_ab[ms�]^TVUXW�YuY(Z\[-]_T^Z8`�abp�YAZ\���m`babY/UX]^e:{�[mZo]�Z8[m`hz
� z�ptZ8��eA]^ab��e/p&Z � p^YAimT^e|im[f{meAT_`hzjab[ms�]_dmeAZ8T^eA]^arYAU\`
Y(Z\[xY(eA�m]_p/� � iE]�ah]�arp�Uo`rptZC��U8{Ee&{EayW�YAim`y] � z�]^dfe
T_Uo]^dme/T�p_YAU\T^z��~]VYA��Y(Z\[ � s\imTVUX]_ahZ8[�`bU\[ms\ixUos\e�ifpte:{
vwZ\T�]^dfabp/�
]_Y([fs�U\ah��pq]^Z&ab���fT^ZX�8ec]^dfabpup^ay]_ifUX]_ahZ8[�����]�{Ee(�

� [me/p;Uq[feA}��\��ifYVd���Z8T^e�djim��Uo[m�5vwT_ahe/[f{E`bz�Y(Z8[ � s\�
imT_Uo]^abZ\[�`bU\[ms\ifU\s\e8��U\[f{c�fT^ZX�jar{Ee/p�UqYAZ\���mab`he/T�]^dfUo]
]^TVUo[fp^`bUo]^e:p=]^dfUo]�]^Z�U�p^e(]'ZovE`hZX}ReAT^��`he/�\eA`�`rUo[ms8ifUos8e/p/�
Uo��Z\[msu]_dmeA���6Uo[x{��~]_Y/�m�']_YA[mscUo`rptZcYAZ\��e/p;}�ay]_d
Ucptab��if`bUo]^Z\T;]^dfUo]%ifp^e/pG]^dmeuU\Y(]^ifU\`fl8eAT_[meA`IY(ZE{Ee�]_Z
ptab��im`rUX]_e�]^dmeu]_T_UoW�YuYAZ\[-]^T_Z\`�p^i � p^zEp~]_eA�&�
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S�TVUXW�Y2YAZ\[-]^T_Z\`Rarp�]_dme�pteA]�Z\v���e/YVdfU\[marpt��p�ifpte:{
]^Z¥Y(Z8[f{Eah]^abZ\[�[me(]~}RZ\T_l�]^TVUXW�Yo�RUo[f{�]^dfeAabT�Uo�m�m`bah�
YAUX]_ahZ8[��6S%zj�marYAUo`�ifp^e/p�U\T^e?]^Z�s8ah�8e?p^Z\��e�]^TVUXW�Y
dmahs8dmeAT&�mT_abZ\T_ay]~z6]^dfU\[�Z\]^dme/T/��]^Z�`hab��ay]�]^dfe|TVUX]_e
UX]q}�dfabYVd�]_T_UoW�Y�abp�p^eA[-]/�IZ\T�Uo`rptZ�]_Z � `bZEYVl?if[f{Ee(�
ptabT_U � `bec]^TVUXW�Y\��S�dme�`bUo]t]_eAT�e(kmUo���m`be�p^dmZX}�p�]^dfUo]
]^TVUXW�Y�YAZ\[-]^T_Z\`'abp�ab[���Uo[jz&}RU�zEp�T^e/`bUo]^e/{�]^Z � T^eA�
}RU\`h`bah[fsf�EUo[f{2]^dxUX]R]^dme/T^e�UoT_eqY/U\p^e/p/�j}�dmeAT_eqe/ay]_dmeAT
YAUo[��fU\Tt]_abU\`h`bz��IeAT^vwZ\T_�¦]_U8ptlEp�Zov']^dme�Z\]^dme/T/�
§�dmeA[¨Y(Z8[fp^ab{Ee/T^ab[ms©]^dme¦�xU\YVl\eA]ª�mT^ZEYAe/p_ptab[ms

�fUX]_d�p^dmZX}�[|ah[ � s8imT_e�«8��]^TVUXW�Y�Y(Z8[-]^T_Z\`!arp�ptah]^iE�
UX]^e:{�[me(kj]�]^Z�]_dme�[me(]~}RZ\T_l�ab[8]_eAT^v¬U\YAe/p/�mUX]�ab[ms\T_e/p_p
Uo[f{?UX]�eAs8T^e:p^p/��­R]�ab[ms\T_e/p_pA�jZ8[m`hz�U�`bah��ah]^e/{�p^e(]�Zov
vwim[fY�]_ahZ8[fp�YAU\[ � e&�xe/TtvwZ8T^��e:{��%p^ifYVd6U8p�T^e/��ZX��U\`
Zov'if[f{Ee/p^abT^e:{2�fU8YVl\eA]_p/�-Z8T��mT^e/`hab��ah[xUoT_z�Y(`rU\p_pta � YAUo�
]^abZ\[��!­R]�eAs\T_e/p_p/�o]^dfe�vwim`b`=T_U\[ms\e�Zov�]_T_UoW�YqY(Z8[8]_T^Z8`
vwim[fY�]_ahZ8[fp�arp�U��XUoab`bU � `be\�jah[xY(`bif{Eab[ms�®-imeAimab[msx�
�¯[&]^dmarp��fU\�xe/T/�f}%e � T_abe(°fz�ah[-]_T^ZE{EifYAeu]^dme�s\eA[m�

eATVUo`Ep~]_T^ixY�]^ifT^eRZovxg�ah[jiEk�]^TVUXW�Y%YAZ\[-]^T_Z\`-ab[�p^e/Y(]^abZ\[
± �²§Ce&]_dmeA[²{Earp^YAifp_p�im[mab�\eATVp_Uo`�ifp_U � ab`hah]~z³�mT_Z � �
`he/��p�Uo[f{�p^dmZ\T^]_YAZ\��ab[ms8pRZov0]_dme�Y(ifT^T_eA[-]�Y(Z8[ � s\im�
T_Uo]^abZ\[���e/YVdfU\[mabp^�$ab[³pte:Y�]_ahZ8[�´f��U\[f{|�mT_e/p^eA[-]�U
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µ�ahs8imT^e?«\¶�·!U8YVl\eA]��mT_ZjYAe/p_ptab[ms�ab[�]_dme�g�ab[-imk�l\eAT^�
[meA`¸�

[meA} YAZ\[ � s\imTVUX]_ahZ8[|p^zEp~]_eA��¹º]_YA[ms-»�]^dfUo]�arp � ifah`h]
Z\[�]^Z8�?Z\v�]_dme�e(kEarp~]_ah[ms�Z8[meuah[�p^e/Y�]_ahZ8[?¼x�!�¯[�p^e/Y(�
]^abZ\[�½E�E}Re�{Ee/p_Y(T_a � euptab��if`bUo]^Z\TVpRifp^e/{2]^Z�]^e:p~]�]_dme
]_YA[ms�p^zEp~]_eA�&�uUo[f{¾dmZX}¿]^dme/z¾YAU\[¾Uo`rp^Z � e|�fiE]
]^Z&ab[8]_eAT_e/pt]^ab[ms2ixpte:p � eAz8Z\[f{�]^TVUXW�Y�Y(Z\[-]_T^Z8`5��§|e
Y(Z8[fY(`bif{Ee�}�ay]_dCU?{Eabp_Y(ixp^p^ahZ8[�ZovRptdmZ8Tt]VY(Z8��ab[ms-p�Zov
]_YA[ms�ah[�p^e/Y(]^abZ\[&Àm�

�%Z\[ � s\imTVUX]_ahZ8[|Z\v�Y(imT_T^e/[-]�g�ab[jiEkC]_T_UoW�Y�Y(Z8[E�
]^T_Z\`�arp¥{EZEY(im��e/[8]_e/{ � zÁ]^dmeÂg�ah[jiEkÃ­q{E�XUo[fYAe/{
Ä�Z\im]^ab[ms�Uo[f{�S�TVUXW�Y��%Z\[-]^T_Z\`=�mT_ZoÅ~e:Y�]�Æy«AÇ¸�!­ª{EeA�
]_U\ah`be/{6{Ee/p_Y(T_ah�m]^abZ\[³Z\v�]^dme�ab[8]_eAT_[fUo`�pt]^T_ifY�]_imT^e�Zov
]^TVUXW�Y�Y(Z8[-]^T_Z\`jah[�]_dme�g�ab[jiEk�l8eAT_[meA`mY/Uo[ � e�vwZ8im[f{
ah[¥Æ ± Ç��fUo[x{�vwimT^]^dfeAT���UX]_eAT_abU\`=abp�U��XU\ah`rU � `be�Z\[�Æ ´oÇ¸�

]_YA[ms�YAZ\��e/p!}�ah]^d?e(kj]^e/[fp^ah�8e�`bU\[ms\ifU\s\e�U\[f{�ifpt�
Uos8eu{mZjYAim��eA[-]_Uo]^abZ\[��!S�dme�]VY([ms�dmZ8��eu�fU\s\euarp�UX]
ÈEÉ-É-Ê�Ë^ÌjÌoÉIÍ�ÎEÏRÐ_Ñ\Ò\ÓEÔIÍXÕ-ÖEÒoÔjÏEÕ;Ð5ÎfÕ8É
S�dmarp¥�mT_ZoÅ~e/Y(]�p~]VUoT^]^e:{�Uo]¥]^dme � e/s\ab[m[mab[ms×Zov

±oØ8Ø «�Uo]uÙ%·;µ0g³�^�R­���Y(Z\[-]_ah[jime:{�im[-]^ab`0��ab{j� ±oØ8Ø8±
UX]�Ú%ab�jahZ�Û�e(]~}RZ\T_lEp��¯[fYo�b�!Uo[f{�dxU\pc[fZX} � e/YAZ\��e
Z\[me�Z\v�]_dmecUoiE]_dmZ\T:Ü p�pt�fU\T^eq]^ab��ecU\Y(]^ab�-ah]^abe/p/�
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S�dmeG��Uoab[�eA`beA��eA[-]Vp�Zovj]^TVUXW�Y!YAZ\[-]^T_Z\`\U\T^e!YA`bU8p^p^a � �
YAUX]_ahZ8[��8p_YVdme:{Eim`bah[msx�\Uo[x{�®-ime/imab[msf�;�%`rU\p_pta � YAUo]^abZ\[
`hZjZ\lEp�Uo]2�fU\YVl8e(]�Y(Z8[-]^eA[-]�Z8T�UX]�Zo]_dmeAT2ah[EvwZ8T^��Uo�
]^abZ\[ÂT_eA`rUX]_e/{�]^Z6�fU\YVl8e(]VpA��U\[f{ÂUX]^]^T_a � iE]^e:p�]_dmeA�
]^Z�{Earp~]_ah[xY�]�YA`bU8p^p^e/p/�2·!U\YVl8e(]Vp�U\T^e�]_dmeA[¥�fiE]cah[-]_Z
®8ifeAime:pA�-Uo[f{�eA�8eA[-]^ixUo`b`hz�p_YVdme:{Eim`be/{�vwZ\T0]_T_U\[fp^��arpt�
ptabZ\[���S�dme�Y(`rU\p_p�Z\vxU��xU\YVl\eA]�{EeA]^e/T^��ab[me/p�ab[�}�dmarYVd
®8ifeAimeR]^dfe%�fU8YVl\eA]�s8Z-e:pA�oU\[f{cdfZX}³ay]!arp0p^YVdme:{Eim`be/{��
µ'abs\ifT^e ± ah`b`bifp~]_T_Uo]^e:pR]^dmarp��mT_ZEY(e/p_p/�

Queuing

SchedulingClassification

µ�abs\imT_e ± ¶!S'T_UoW�YuYAZ\[-]^T_Z\`Ivwim[fY(]^abZ\[fU\`�pt]^T_ifY�]_imT^e8�
g�ab[-imk�]_T_UoW�Y�Y(Z8[-]^T_Z\`'YAZ\� � ah[fe/p�®-ime/imab[ms?U\[f{

p^YVdme:{Eim`bah[fsqab[-]^ZuptZ\��Y/Uo`b`he:{��^®-ime/imah[fs�{Earp_Y(ab�m`hab[me:p^�f�
� imeAimab[msu{Earp^YAah�m`bab[me/p!Y/Uo[ � e�[me:p~]_e/{��oe8� sx�'Uu®-imeAim�
ah[ms6{Eabp_Y(ab�m`bah[fe�ah���m`beA��e/[8]_ah[fs�U��mT_ahZ8T^ah]~z6p_YVdme/{E�
im`he/TqY/Uo[�ifp^e�®-ime/imah[fs2{Earp^YAah�m`bab[me/pqah���m`beA��e/[8]_ah[fs
µ'�~µ���p��X�jvwZ\T�pt]^Z8T^ab[ms�]^dme��xU\YVl\eA]_p/�
S�dme�{me/p^ahs8[2Zov�g�ab[-imk�]^TVUXW�Y�YAZ\[-]^T_Z\`IabpRdmabs\df`hz

��ZE{Eif`bU\T/��}�ay]_d³U��XU\pt]�YVdmZ\arY(e�Z\v�®8ifeAimab[ms�{Earp_Y(ah�
�m`hab[me:p�Uo[f{�Y(`rU\p_p^a � e/T_p/�
�¯���IZ\T^]_U\[-]�®-ime/imab[ms�{Eabp_Y(ab�m`bah[fe/p�ab[fY(`bif{Ee
� ]^dmecp^ab���f`hec{ET_Z\�m�5]VUoab`=µ��~µ����o�
� U �_Ä�Uo[x{EZ\� Ù;U\T^`bz���eA]^e/Y(]^abZ\[G��¹¬Ä�Ù��u»µ��~µ��¦Æ ¼oÇ��
� ]^dme �_S�Z8l\eA[ ÚRifYVl\eA]¿µ�ab`y]_eATV� ¹5S�ÚRµ!»(�¾UptdxUo�IeAT�]^dxUX]�eA��ah]_p��xU\YVl\eA]_p�UX]�U � kEe:{2TVUX]_e\�
� U��mT_ahZ8T^ah]~z?p_YVdme:{Eim`beAT�]_dfUX]�eA��ay]Vp��fU8YVl\eA]_p�ab[dmabs\dme/T��mT^abZ\T_ah]~z¾Y(`rU\p_pte:p � eAvwZ\T_e|�xU\YVl\eA]_p&ab[
`hZX}ReAT��mT_abZ\T_ay]~z�YA`bU8p^p^e/p/�mUo[f{
��� �"!��$#&%('()+*-,.%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

� ]^dfeª�Zy�abeATVUoTVYVdmarYAU\`�S'Z\l8eA[�ÚRifYVl8e(]V�³]_dfUX]dzUo��Z8[ms�Zo]^dfeAT�]^dmab[ms-p�z³U\`h`bZX}�p�]^Z¥U\p_p^ahs8[6U
Y(e/Tt]VUoab[��xe/T_YAeA[-]_U\s\e�ZovR]^dme�U��XU\ah`rU � `be � Uo[x{j�
}�ar{j]^d&]_Z�ab[f{Eab�jab{mifUo`�YA`bU8p^p^e/p/�
S�dme$��Z8pt]�ab���xZ8Tt]VUo[-]�Y(`rU\p_pta � e/T abp©YAU\`h`be/{
�tif´ ± �²Uo[x{�ah]�YAU\[Áifpte³U\[jz � ah]��fUX]^]^e/T^[fp�ah[ªU
�fU\YVl8e(]6vwZ\T6YA`bU8p^p^a � YAUo]^abZ\[�� S�dfeAT_e�UoT_e¾U\`bp^ZÃU
vweA}ª��Z\T_ecp^�xe:Y(arUo`bal{/e/{�Y(`rU\p_p^a � e/T_p/�me8� sx��Z\[me:p�]^dfUo]
T^eA�¸ixpte?]^dme&T_e/p^im`h]_p�Zov��mT^e/�jahZ8ifp�T_Z\im]^ab[msCZ8T � T^eA�
}RU\`h`bab[ms�{Ee/YAabp^ahZ8[fp/�
�%`bU8p^p^a � YAUo]^abZ\[+Y/Uo[ Uo`rptZ � eÂY(Z8� � ab[me/{+}�ah]^d

��e(]^e/T^ab[msx��|�eA]^e/T^ab[msuUo`h]^eATVp']^dme�YA`bU8p^p^a � YAUX]_ahZ8[�{EeA�
Y(arptabZ\[�� � U\p^e/{�Z8[�]^dme�TVUX]^e�UX]�}�dmabYVdC�fU\YVl8e(]Vp�UoT^�
T^ab�\e8��­Ã]~zj�marYAUo`0ifp^e�Z\v;��e(]_eAT_ah[ms?abp�]^Z�`bah��ah]q]_dme
T_Uo]^e�Zov'Uc°fZX} � z�{ET_Z\�m�mab[ms��fU\YVl8e(]_p%ahv�]^ZjZ���U\[jz
Zov�]^dme/�©U\T^T_ah�8eqab[�U�s\ab�\eA[?]^ab��e�ah[-]_eAT_��U\`5�

tc utility

Kernel Traffic Control

User or

Application

space

Kernel
space

User

µ�ahs8imT^e�´f¶i�q`b{2]^TVUXW�YuY(Z8[8]_T^Z8`�Y(Z\[ � s\imTVUX]_ahZ8[��

­�p�ptdfZX}�[�ah[ � s\imT_e%´f�/]_dmeG]_T_UoW�Y;Y(Z8[-]^T_Z\`\YAZ\���
�xZ8[meA[-]Vp�ah[?]^dmeul8eAT_[meA`�UoT_eqYAZ\[ � s\imT_e/{�vwT^Z8�¦ifpte/T
pt�xU\Y(e�}�ah]^d¥U&�mT_Z\s8T_U\�$YAU\`h`be/{ �~]VYA�f��vwZ\T��~]^TVUXW�Y
Y(Z8[8]_T^Z8`b�f�

} ~�� 
��&O!¡�K��D
K� M

��]�arp�im[EvwZ8Tt]_im[fUX]_e�]_dfUX]�Uo`b`']^dmarp�}%Z8[f{EeAT^vwim`'vwim[fY(�
]^abZ\[fU\`hah]~z�arp � eA[f{mabp^dm`bz2{EahW�YAim`h]R]_Z�ifpte8�!S�dmeuT^e:UX�
ptZ8[fp�vwZ\T�]_dmarp�U\T^e���U\[mahvwZ\`r{�¶�Zov;YAZ\imTVpte8�f��Uo[jz&Zov
]^dme|im[f{meAT_`hzjab[ms6YAZ\[fYAeA�E]VpA�qe\� sf�+]^dme � e/dfU��jahZ8imT
Zov�S��R·¾}�dme/[|p^i � Å~e:Y�]_e/{�]^Z�]^TVUXW�Y�Y(Z\[-]_T^Z8`5��UoT_e
Y(Z8���f`harYAUo]^e/{¥U\[f{|[meAe:{¥ptZ8��e�`he:UoT_[mah[fs�eAnIZ8Tt]�]^Z
� e�im[f{meATVp~]_Z-ZE{���ÚRiE]�]_dmeAT_e�U\T^e�U\`bp^Z2p^eA�8eATVUo`�Z � �
p~]VU\YA`he:p�ah[�]^dfecY(Z\[ � s\imTVUX]_ahZ8[2�mT_ZEY(e:p^pRah]_p^eA`hv~¶
µ�ahTVp~]:��p^ah[fYAeCU\`h`q]^dme|ab[f{Eab�-ar{EifU\`�YAZ\���IZ\[me/[8]Vp

Zov�U�]_T_UoW�Y�Y(Z8[8]_T^Z8`�Y(Z8[ � s8imT_Uo]^abZ\[²YAU\[ � eC��Uo�
[mab�mim`rUX]^e:{�ab[f{Eab�-ar{EifU\`h`bz\�8]^dfe�`bZjY/UX]_ahZ8[�Uo[f{�T_Z\`be�Zov
e/U8YVdÂY(Z\���IZ\[me/[-]�[meAe:{mp�]_Z � eCpt�Ie/YAa � e:{�ab[�eA�-�
eAT_zqp^ah[fs\`be;Y(Z8[ � s\ifT_Uo]^abZ\[uY(Z\����Uo[x{���S�dmarp�T_e/{Eif[E�
{mUo[xY(z���Uol8e/p0Y(Z8[ � s\ifT_Uo]^abZ\[�p_Y(T_ah�m]_p��\e/T^zudfU\T_{c]^Z



T^e:U\{���Uo[f{q]_T^zjab[ms�]^Z � [x{�ptZ8��eGp^��Uo`b`X]~zj�mab[ms�eAT_T^Z8T
T_U\�mab{m`hzC]^imT_[fp�ah[-]^Z|U�p^e/UoTVYVd|vwZ\T�]^dme?�mT^ZX�8eAT � arUo`
[meAe:{E`he�ab[�]^dme�dxU�zjpt]_U8YVl=�
� e/YAZ\[f{���p^Z\��eCeA`beA��eA[-]_pcÅ~ifpt]�dfU\�m�IeA[�]_Z � e

Y(Z\���m`be(k � z�{Ee/p^abs\[��!µmZ8T%eAkmUo���m`be\�8]^dme�if´ ± Y(`rU\pt�
pta � eAT�ifpte:p¥UÁ�xZ8ah[-]_eAT¥�m`bifp�U\[+Z\n=p^e(]¥]_Zª}RU\`hl
]^dmT_Z\ims8d�UÁ�xU\YVl\eA]/��U�]^T_eAe�Z\v?dfU8ptd�]VU � `be/p|]_Z
��Uo]_YVd�]^dme�{mUo]_Um��U\[f{|U?pt]_U8YVl?]_Z?T_eA�8eAT^]q]_Z?�fT^eA�
�-abZ\ixp?pt]_Uo]^e/p?ab[�]^dme�Y(`rU\p_p^a � Y/UX]_ahZ8[��mT^ZEYAe/p_p�ahv�U
��Uo]_YVd�dfU\p?v¬Uoab`be/{�� §�dfah`be�dfU��jah[ms�vwim`b`�Y(Z8[8]_T^Z8`
ZX�\eAT�U\`h`�]^dme:pte�{EeA]_U\ah`rp�Uo`b`bZX}�p�]^dme�YAZ\[fpt]^T_ifY(]^abZ\[
Zov�dmabs\df`hz¥eAW�YAahe/[-]�YA`bU8p^p^a � eATVpA�0ah] � ifT_{Ee/[fp�ifp^eATVp
}�ay]_d�UCv¬UoabT�Uo��Z\if[8]�Zov�ah[mvwZ\T_��Uo]^abZ\[�]^dme/z³[meAe:{
]^Z�im[f{Ee/T_pt]_U\[f{ � e(vwZ\T_e�eAkE�xe:Y�]^ab[ms?]^Z�U\YAYAZ\���m`babp^d
Uo[jz-]^dmab[msf��U\[f{�]^dme�p^dmeAe/T�[-if� � eATuZovRah[f{mah�jar{EifUo`
Y(Z\[ � s\imTVUX]_ahZ8[�pt]^eA�xpuabp�`bahl8eA`bz�]^Z&YAU\ifpte���abpt]_U\l\e:p
]^Z � e���U8{Ee\�
­ªT_Uo]^dme/T��jabYAahZ8ifp�]~}�arp~]�Z\v']_dmec`rUo[ms8ifUos8euifpte:{

� z|]_dme��t]_YA��]^ZjZ\`RUoT_e�im[jifp^ifUo`%[fUo��ab[msCYAZ\[j�\e/[E�
]^abZ\[fp�vwZ\T2if[may]VpA��e8� sx�¿�t� � �fp^�¥pt]_U\[f{mp�vwZ\T�� ± ���
� z-]_e/p��IeAT�pte:Y(Z\[x{m�m�q�tl � ah]_��Y/Uo[ � e��A« Ø-± ¼ � ah]_p_�
Z\T��A« Ø8± ¼ � ah]_p��IeAT�p^e/YAZ\[f{f�m�Ee(]VYo�

All other packets

FIFO qdisc

max. 30kB

TBF qdisc20 kbps

max. 10kB

u32 classifier

Packets to TCP port 80

Priority scheduler

µ�ahs8imT^eu¼x¶%�%Z\[ � s8imTVUX]^abZ\[?e(kmUo���m`be\�
µ'abs\ifT^e�¼cp^dmZX}�p!U�Y(Z8[ � s\ifT_Uo]^abZ\[�}�ah]^d�Uu�fT^abZ\T^�

ay]~z¥p_YVdme/{Eif`he/T�}�dmZ-pte�dfahs8dE�¸�fT^abZ\T_ay]~z|Y(`rU\p_p�ifp^e/p�U
S�ÚRµ²®-ime/imec]_Z?p^dfUo�Iec]_T_UoW�Y�UX] ±\Ø Ü Ø\Ø8Ø � ay]Vp��IeAT
pte:Y(Z\[x{��xU\[f{�U�µ��~µ��×vwZ\T�]^dme�`hZX}����mT_ahZ8T^ah]~z2Y(`rU\p_p/�
S�dme��tif´ ± �2YA`bU8p^p^a � eATuarpuifpte:{�]_Z��fiE]c�fU\YVl8e(]Vp�]_Z
S��R·6�IZ\T^]�� Ø ab[8]_Z�]^dme�dfahs8dE�¸�fT^abZ\T_ay]~z�YA`bU8p^p/�
S�dme/p^e�UoT_e¦]_dme YAZ\T_T^e:pt�IZ\[x{Eah[fs �~]_Y/�$Y(Z8���

��U\[f{mp/¶
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S�dme `bU\[ms\ifU\s\eÂarp_ptime:p�ixpte:{ ]^Z � eÁY(Z8���m`heA�
��eA[-]^e:{ � z�]^dme�[me:UoT_`hz³]^Zo]VUo`�U � pte/[fY(e&Z\vu{EZEYAiE�
��eA[-]_Uo]^abZ\[��RUo[f{�ah[fYAZ\���m`be(]_e&U\[f{³Z8iE]_{fUX]^e:{³Z8[E�
`hab[me�dmeA`b���³µfZ\T^]^im[fUo]^e/`hz8�!]^dme��^g�ah[jiEk³­q{E�XUo[fYAe/{
Ä�Z\im]^ab[ms�Uo[x{�S�TVUXW�Y��%Z\[-]_T^Z8`b�|�mT_ZoÅ~e:Y�]�Æh«�ÇqdfU8p
��e/Uo[j}�dmab`be��mT^ZX�jar{Ee/{2��ifYVd&[me/e/{Ee:{2T_eA`babe(v~�
� ab[fY(e?]^TVUXW�Y2YAZ\[-]^T_Z\`Rab[�s\e/[meATVUo`¸�!Uo[f{6Y(`rU\p_ptah�

� YAUo]^abZ\[¥ab[¥�fUoT^]^arY(if`bU\TcUoT_e�dmahs8dm`bzC�IeAT^vwZ\T_��Uo[fYAe(�
pte/[fp^ay]_ah�8e�U\T^e:U\p/�\ah]Rarp�{Ee/p^ahTVU � `he�]_Z � euU � `be�]_Z�Z8�E�
]^ab��al{/e�]^dme�YAZE{Ee\�8Z\T!eA�8eA[�]^Z�ixpte�dfU\T_{m}RU\T^eRU\YAYAeA`h�
eATVUX]_ahZ8[��CS�dme?��Zj{mim`bU\T�{Ee:ptabs\[�Zov�g�ab[jiEk�]^TVUXW�Y
Y(Z8[8]_T^Z8`���Uol\e:pRay]�®-imah]^euvwe:U\p^a � `be�]^Z�U\{f{2[me/}�e/`heA�
��eA[-]_p�}�dmabYVd�ifptecp^ifYVd�Z8�E]^ab��al{:UX]^abZ\[xpA� � iE]�p^ifYVd
U�T^e/�m`bU8Y(e/��e/[-]�arp0`habl\e/`hzc]^Z � e��jarpta � `be%]_Z�]^dme�ifp^eAT:�
Uo[f{�dme/[fY(euT_e/®-imabT^e:p�Y(Z8[ � s\ifT_Uo]^abZ\[?YVdxUo[ms8e/p/�
S�Z�ptif����U\T^a {Ae8��]^dmeR��Uoab[�{EahW�Y(im`h]^abe/p�ZovIg�ab[-imk

]^TVUXW�Y�YAZ\[-]^T_Z\`�U\T^e�]_dfUX]&Y(Z\[ � s\imTVUX]_ahZ8[mz���ifYVd
`habl\e¥�fT^Z8s\TVUo����ah[ms6ah[ªU8p^p^eA� � `he/T�z²vwZEYAifpte:p�Uo`h�
��Z8pt]�e(kmY(`bifp^ah�8eA`bz�Z\[�`hZX}���`he/�\e/`={me(]_U\ah`rp/�mUo[f{2]^dfUo]
]^dme6`hZX} `beA�\e/`cZov�U � p~]_T_U8Y�]_ahZ8[ Z\v�]^dme³ab[-]^e/Ttv¬U8Y(e
Y(Z8���f`harYAUo]^e/p�]_dme�ab[8]_eAs8T_Uo]^abZ\[�Z\vx�IeAT^vwZ\T_��Uo[fYAe%Z8�E�
]^ab��al{:UX]^abZ\[xpA�

> ~�� 
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S�dme�s8Z8Uo`0Z\vR]_dme�]_YA[ms��mT_ZoÅ~e:Y�]carpu]^Z�eAk-]_eA[f{C]_dme
e(kEarp~]_ah[ms�]_T_UoW�Y�Y(Z\[-]_T^Z8`%]_Z � e:Y(Z8��e���Z8T^e&ifp^eAT^�
vwT^abeA[x{E`hz8�?U\[f{+]^Zª��Uol8e6]_dmeÂab[-]^eAT^v¬U\YAe/p�Z\v?]_dme
Y(Z8[ � s\ifT_Uo]^abZ\[×p^zjpt]^e/� ��Z8T^e�°fe(kEa � `be\��S�dmabp|arp
{EZ\[fe � z�U8{m{Eab[ms�Uo[mZ\]^dme/T�`bU�z8eAT�Zov�U � pt]^TVU\Y�]_ahZ8[��
U\p�p^dmZX}�[�ah[ � s8imT^ec½m�

tc utility

Kernel Traffic Control

space

Kernel
space

User

User or

Application

tcc

Other outputs

tcng language

Other inputs

tc language

µ�abs\imT_ec½E¶GÛ�e/}¾]_T_UoW�Y�YAZ\[-]^T_Z\`�YAZ\[ � s8imTVUX]^abZ\[��
S�dmeR]^TVUXW�YRY(Z\[-]_T^Z8`-YAZ\���mab`he/T��t]_Y/YA��]_Uol8e/p�Y(Z8[E�

� s\ifT_Uo]^abZ\[�p_Y(T_ah�E]Vp�ab[�]^dme�[meA}¿�t]_Y([fs8��`rUo[ms8ifUos8e\�



]^TVUo[fp^`bUo]^e:p�]_dmeA� ]^Z¥U�Y(Z8����Z8[6ab[-]^eAT_[fU\`�T^e/�mT^eA�
pte/[8]VUX]_ahZ8[��XUo[f{�]_dmeA[cs8eA[me/T_Uo]^e:p�Y(Z\����Uo[x{mp�ab[�]^dfe
�~]_Y/��`bU\[ms\ifU\s\eqvwT^Z8�¦]^dxUX]�T_eA�mT_e/p^eA[-]_Uo]^abZ\[��
g�U�z\e/T^ab[ms&]VY([ms|Z\[¥]_Z\�6Zov�]_Y�Uo`rp^ZCUo`b`bZX}�p�]^dfe

ifpte�Zov�]_YA[ms³}�ah]^dmZ8iE]?T_e/®-imabT_ah[ms³U\[jz6YVdfU\[ms\e&]_Z
]^dme�l8eAT_[meA`¸�EZ\T�]_Z�]_dmeu]_Yuim]^ab`hah]~z\�
§�ay]_d�]^dmarp�[me/}+ab[EvwTVU\pt]^T_ifY�]_imT^e8��Z8[me�YAU\[|U\`bp^Z

U\{m{6��Zj{mim`he:p�]^Z¥Y(Z8[ � s8imT^e2]^TVUXW�Y&Y(Z8[8]_T^Z8`Rp^i � �
ptzEpt]^eA��pc]^dfUo]�UoT_e�[mZX} � U8pte:{�Z\[ª�~]VYA�f��S�dmabp�abp
{Ee/p_Y(T_a � e/{?ab[&p^Z\��eu��Z\T_e�{Ee(]VUoab`�ah[�p^e/Y(]^abZ\[�¼f� ± �
��]%}RZ\im`r{�eA�8eA[ � e��IZ8p_p^a � `be�]_Z�U8{m{��fU\T_p^eATVp!vwZ8T

Zo]^dfeAT�`rUo[ms8ifUos8e/p%]^dfU\[²�~]_YA[ms8�f�je\� sf���	|�gG�

����� �	��

��������������������������

S�dmec]VY([ms�`rUo[fs\ifU\s\ecarp�ab[���Uo[jz�}RU�zEp�p^ah��ab`bU\T�]_Z
� Uo[f{�·0eAT_`¸¶�p~]_T^ifY(]^imT_e�abp�e(kE�mT_e/p_p^e/{³ab���m`babYAay]_`hz
}�ay]_d�]^dme�`rUo[fs\ifU\s\e�ptzj[-]_Uok���]^dfeAT_e2UoT_e���U\T^arU � `he:p
Uo[f{�UoT_ay]_dm��e(]_abY�e(kE�mT_e/p_p^ahZ8[fpA�%Y(`rU\p_pta � eATVp�YAUo[ � e
e(kE�mT_e/p_pte:{Cab[¥U��;�¸`babl\e�p^z-[-]VUXk��'U\[f{¥Y(�m�³Y/Uo[ � e
ifpte:{?]^Z�ah[xY(`bif{Ee � `be/p�U\[f{2]^Z�}�T_ay]_e���U8Y(T_Z8p/�
Ú%e/`hZX}�abp�]^dmeu]VY([ms��8eATVptabZ\[�Zov�]^dme�e(kmUo���m`beuZov

pte:Y�]^abZ\[&´m¶
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S�dmecY(Z8[ � s\ifT_Uo]^abZ\[ � eAs8ah[xp�}�ay]_d&]^dme�ab[-]^eAT^v¬U\YAe
[fUo��e�¹¬}�dmabYVd6Y(Z\if`b{ � e2Z8��ah]t]_e/{¥ab[¥]_dme?Y/U\p^e�Zov
e(]^d Ø »�Uo[f{�]^dfeRT_Z\`be\�Xa¸� e\��ah[ms8T^e:p^p�Z8T�e/s\T_e/p_pA�'S�dmeA[��
]^dmeueA[-]_ahT_e�YA`bU8p^p^a � YAUo]^abZ\[�arpRe(kE�mT_e/p_pte:{�ab[2T_im`he:pRZov
]^dmeuvwZ8T^�
?A@CBEDGF7HJI ÖLKNM)OQP6KSRNR DGF7HUT
}�dmeAT_e ?:@SBVDGFWH YAU\[ � eq]^dfe�p^eA`be/Y(]^abZ\[�Z\v�U�Y(`rU\p_p/�Z\TGÅ~ixp~]YX ÔmÒ\Ê ]_Z?{ET_Z\�&]_dme��xU\YVl\eA]/��S�dme � ZjZ8`he:Uo[

e(kE�mT_e/p_ptabZ\[�ixpte:pR]^dme�p_Uo��e�p^zj[-]_UXk2U\[f{2]^dme�p_Uo��e
�mT^e:Y(e:{EeA[fYAe�T^if`he:p�U\p��q�'­�`b`G]_dme?YAZ\����Z\[ � e/`b{mp
ah[��~·0���	�q·0�cS��R·0�ueA]_Yo� dme/U8{EeATVpCU\T^e6�mT_e/{EeA�
� [me/{�¹we\� sf� ÉIÍ:Ê[Z X ÊfÒ\ÔjÉ arp�]_dme6S��R· {Ee/pt]^ab[fUo�
]^abZ\[��IZ\T^]/� I Ê[ZEÑXÔIÍ }RZ\im`r{ � e�]^dmeC�~·G�j¼¥ptZ8imT_YAeU\{m{ET_e/p_p/�ReA]_Y\� »(��Uo[f{Âifpte/T_p2YAUo[ÂU\`bp^Z³e:U\p^ah`bz6U8{m{
]^dme/ahT!ZX}�[�{Ee � [fay]_ahZ8[fpA���~·G�j¼�Uo[f{��~·G�EÀqU8{m{ET_e/p_pte:p

dfU��\e � eAe/[�U\{m{me/{&U\p � T_pt]t�¯Y(`rU\p_p�{mUX]VU�]~zj�xe:pA�IUo[f{
YAU\[ � eª}�T^ah]t]_eA[¿ab[�]_dmeªifp^ifUo`�[mZ\]_Uo]^abZ\[���e8� sx�
\4]A^ ÐC_�` \ ÐC_�a4b;ÐS_4_�c Z\T ÈfÒfÑXÉed/Ö-É-Ê�ÐgfEÕ8Ô-ÎfÕ<h0ÐtÒ8Ô8Ïed �
ÚReA`bZX}ªabpuUo[�e(kmUo���m`be/p�}�ah]^dCU2��Z\T_e�ab[8]_eAT_e/pt]^ab[ms
Y(`rU\p_pta � Y/UX]^abZ\[�e(kE�mT_e/p_p^ahZ8[�¶
�:$,.���(�(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�-)-
S�dmarp�abp�U�]^e:p~]�vwZ\T�p^Zo�¯YAU\`h`be/{��~]^ab[jz�vwT_U\s\��eA[-]Vp^�

U\p'{Ee/p_Y(T_a � e/{uab[�]_dmeqÆ ½:ÇEUo[f{�Æ ÀXÇ��'µfZ\T'YAZ\[j�\e/[mabeA[fYAe\�
]^dmarp;]^e/pt]%arp;U\`bp^ZcU��XUoab`bU � `be�U\p;Uc��U8Y(T_ZcYAU\`h`be/{ I Ê[Z
I ÑAZ\É I Î<z�Z8Ö-Ô�{8ÏW|=Õ\ÎEÉ ��%`bU8p^p^e/p UoT_e p^eA`be/Y�]_e/{ }�ah]^d ÍAh}{fÑjÑ
~,����� ? P DG?:�S� KS��� ��}�dmeAT_e ]^dmeÃ��U\T^arU � `heªarp�`rUX]^e/T{Ee � [me/{�ah[¦]_dmeÁ®8ifeAimab[ms+U\[f{ p_YVdme/{mim`hab[msÃp^e/Y(�
]^abZ\[��|S�dfUX]�pte:Y�]_ahZ8[³{Ee/p_Y(T_a � e/p�]^dfe2dmabeATVUoTVYVdjz�Zov
®-imeAimab[msª{Earp^YAah�f`hab[me/p/��Uo[x{ª]^dfeAabT³Y(Z\[ � s\imTVUX]_ahZ8[��
� imeAifah[ms6{Eabp_Y(ab�m`bah[fe/p�}�ah]^d�Y(`rU\p_pte:p�UoT_e�vwZ\`b`hZX}Re/{
� z�U � `bZEYVlC¹5{EeA[mZ\]^e:{ � z?Y(ifT^`bz � TVU\YAe/p/�m`bahl8e�ah[C�
Z\Tu·0eAT_`r»(�x}�dfabYVd�YAZ\[-]_U\ah[xpqU\`h`']^dme:pte�Y(`rU\p_pte:pA�q��v%U
Y(`rU\p_p�dfU\p�U|®-imeAimab[ms¥{Earp^YAah�f`hab[me�UX]^]_U\YVdfe/{¥]_Z�ay]:�
]^dfUo]�{Ee � [may]_ahZ8[?arp�ab[�U � `bZjYVl�vwZ8`h`bZX}�ab[ms�]_dme�Y(`rU\p_p
{Ee/p_Y(T_ab�E]^abZ\[��
­�T_ay]_dm��e(]_abY�e(kE�mT_e/p_p^ahZ8[fp�Y/Uo[ � e�ifpte:{�vwZ8Tq�fUo�

T_U\��e(]^e/T_p/� ]_Y([fs U8{�Å~ifpt]_pCim[mah]_p�UoiE]_Z\��UX]_abY/Uo`b`hz8�
e\� sf��ah[xp~]_e/U\{�Zov��C�,� _ ] f}� �,�C�b�=Z\[me�Y(Z\if`b{�}�T_ah]^e
�C�,� _ ]:�:� Ê=Ñ4�Aav|�Ñ �C�,� �
­�`rptZ���eA]^e/T^ab[ms³arp?p^��ZjZo]^df`hz�ah[-]_eAs\TVUX]_e/{²ab[-]^Z

]^dme�]VY([ms&`rUo[ms8ifUos8e\¶�ahv%Z8[me�}RU\[8]_e/{�]^Z&`hab��ay]u]_dme
dmabs\dE���mT_ahZ8T^ah]~z�]^TVUXW�Y�ah[�]_dme�U � ZX�\e�e(kmUo���m`be � z
{ET_Z\�m�mab[ms�Uo`b`E�fU8YVl\e(]Vp�e(kmY(e/e/{Eab[ms ±oØ l � �fpA�\ah[fpt]^e:U\{
ZovIifptab[ms�UuptdxUo�IeAT:��]^dme�Y(Z8[ � s8imT_Uo]^abZ\[�}%Z8im`b{�`hZjZ8l
U\pRvwZ8`h`bZX}�pA¶
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� � g'ÚR��p~]VUo[f{mp%vwZ8T��_ptab[ms\`be�`be/U\ljz � ifYVl\eA]_����e(�
]^eAT:�!S�dme���� �[Z-Ò\Ô Z X ÔmÒoÊ ��U\YAT^Z�z-abeA`r{mp��~]^T_ime:��¹~«�»
ayv%]^dme�°fZX}ªarp�pt]^ab`b`�}�ah]^dfah[C]^dme�p^�xe:Y(a � e/{�T_Uo]^e\�=Z8T
{ET^Z8�fp�]^dfe��fU\YVl8e(]�ayv�]_dme�°fZX}ÃeAkmY(eAe:{mpu]_dme�T_Uo]^e8�
­�s8U\ah[��mUo`b`=]^dme��mT_ab��ah]^ab�\e:pR]^dfUo]�]_YA[ms�ifpte:pR]^Z�ab���
�m`he/��eA[-]���e(]^e/T_p�U\T^e�U\`bp^Z�U��XU\ah`rU � `be�]^Z�ifp^eATVpA�
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]_Y([fs|U\`h`bZX}�p�]_Z � zj�fU\p_p�]_dme2]_T_UoW�Y2Y(Z8[-]^T_Z\`%p^i � �
ptzEpt]^eA� ah[6]^dme�g�ah[jiEk³l8eAT_[meA`�U\[f{¥]_Z�ifpte�U\`y]_eAT^�
[fUX]_ah�8e�p^Zovº]~}�UoT_ecah���m`beA��e/[8]VUX]_ahZ8[fpA�=Z8T�dfU\T_{E}�UoT_e
U\YAYAeA`beATVUX]_Z\TVpA��]VY([ms�Y/Uo`b`bpu]_dme�{EahnIe/T^e/[-]�}RU�zEp�vwZ8T
ah���m`beA��eA[-]_ah[ms�]_T_UoW�Y�YAZ\[-]^T_Z\`��t]_UoT_s\eA]_p_�m�
­�[ÂUo`h]^e/T^[xUX]^ab�\e�p^Zovº]~}�UoT_e�ab���f`he/��e/[-]_UX]_ahZ8[�abp

ah`b`hixp~]_T_Uo]^e/{�}�ay]_d�]^dfe?���R�u]_U\T^s8e(]/�-}�dmarYVd2e/��ah]_p��
Y(ZE{Ee�vwZ\T�]_dmecY(`rU\p_pta � e/T/�EUo[x{�]_dmeA[&ab[-�8Z\l8e/pRs8Y/Y�]_Z
� imab`b{�l\e/T^[feA`�Uo[x{�]VYu��ZE{Eif`he:pA�
S�dme�p^Zo�¯YAUo`b`be/{�e(kj]^e/T^[xUo`fab[-]^e/Ttv¬U8Y(e�ifp^e/p%U���Z\T_e

pti � ]^`be;Uo�m�fT^Z-U\YVduUo[f{q]^TVUo[xpt`rUX]_e/p�Y(`rU\p_p^a � e/T_pI]_Z�]^dfe
�^U\Y/Y(e:p^p&Y(Z8[-]^T_Z\`u`harpt]_�6vwZ\T_� ]~zj�marYAUo`b`bz²vwZ\im[f{ ab[
� T^e/}RU\`h`=Y(Z8[ � s8imT_Uo]^abZ\[fp/�'­¾]^dfahTV{��fU\Tt]~z��mT_Z\s8T_U\�
YAUo[�]^dme/[�ifpte�]^dfabpuZ8iE]^�mim]�]^Z&Y(Z\[ � s\imT_e�U2dfU\T_{E�
}RU\T^euU\Y/Y(eA`beATVUX]_Z\T:�je\� sf�!U�[me(]~}RZ\T_l��mT_ZjYAe/p_ptZ8T/�
S�dmecY(`rU\p_pta � e/T�ah[&Z\ifT�e(kmUo���m`be�zjahe/`b{fp�]^dmecvwZ\`h�

`hZX}�ab[ms�Z\iE]_�miE]�Uo]R]_dme�e(kj]_eAT_[fUo`�ab[-]^eAT^v¬U\YAe\¶
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S�dme¾�^Zon�pteA]_�³`bab[meC{Ee � [me:p?dfZX}¿]^Z6Y/Uo`rY(im`rUX]_e
]^dmec�IZ8p^ah]^abZ\[&Zov�]^dme�S��R·²dme/U8{EeAT:�;S�dmec��Uo]_YVdme:p
UoT_e�ptab���m`hz�]^e:p~]Vp�Zov � ah]2TVUo[ms8e/p/�%e8� sx� _ ]4] ËC_�c;Ë
_vc�� ]���]}] ` ] ]^e:p~]Vp�ahv�]^dfe�«/À � ay]Vp�Uo]�Uo[¥Z\n=p^e(]�Zov
«/À � ah]_pRvwT_Z\�¦]_dme � e/s\ab[m[mab[ms�Zov']^dmecS��R·�dme:U\{Ee/T
dfU��\e�]^dfe�dme(kmU\{me/Y(ab��Uo`=�XUo`bime � Ø �
S�dmeul\eAz�U8pt�Ie/Y(]�Zov�]VY([msxÜ p�U � ab`hah]~z�]^Z�s\e/[meATVUX]_e

Z\iE]_�miE]�vwZ\T�{Earpt]^ab[fY�]�]VUoT_s\e(]VpRabpRZov0Y(Z8imT_p^eq]^dfUo]�[mZ
Z\T�Z\[f`hz?�\eAT_z2p^��Uo`b`�YVdfUo[fs\e/p�U\T^euT_e/®-imabT^e:{2ab[&]^dfe
Y(Z\[ � s\imTVUX]_ahZ8[?p_Y(T_ah�m]_p�ifp^e/{&U\p�ab[m�mim]/�

� � ¤�� £��(P�N0¡�O!M

� ah[xY(eRay]0}%Z8im`r{ � eR[me:UoT_`hzuab���IZ8p_p^a � `bz�vwZ\T0ifp^eATVp�]_Z
Y(Z\T_T_e/Y�]'�mT^Z � `beA��p�ab[�U�]_YA[msqYAZ\[ � s8imTVUX]^abZ\[�ahvm]_dmeAz
UoT_e%Z8[m`hzc{me(]^e:Y�]_e/{�}�dmeA[�abp_ptifah[msq]^dfe�YAZ\T_T^e:pt�IZ\[x{j�
ah[ms�]_Y�YAZ\����Uo[f{fpA�8]_Y/Y���ixp~]�YAUoT_e(vwif`h`bz���abT^T_Z\TRUo`b`

YVdme/YVlEp�{EZ8[me � z�]VY�¹¬a5� e\�Gp^zj[-]_UXk2U\[f{2YAZ\[fp^arp~]_eA[fYAz
ah[xptar{Ee�U�p^ah[ms8`heCY(Z\����Uo[x{f»2U\[f{ � z�]^dmeCl\e/T^[me/`
¹wa¸� e8�!�fUoTVUo��eA]^eAT!�XU\`har{Eah]~z�U\[f{�Y(Z8[fp^abpt]^e/[fY(z�U\Y(T_Z8p_p
eA`beA��eA[-]Vp_»(�
S�e:p~]_ah[fs�]_dmabp�Y/Uo[ � e�]_T^arYVljz\� � e:YAU\ifpteq]^dfe�Z8[m`bz

}RU�z�]_Z � e�U � ptZ8`hiE]_eA`bz�ptifT^eq]^dfUo]�U�YAZ\[ � s8imTVUX]^abZ\[
abp2�XUo`bab{�arp�]^Z¥ab���m`he/��eA[-]2ah]/� �qZ\ab[ms�]_dmabp2Z\[�U
`hab�\ecp^zEp~]_eA� }RZ\if`b{�YAU\ifpte�U\`h`�ljab[f{mp�Z\v'�mT_Z � `beA��p/�
T_U\[ms\ab[ms�vwT^Z8�×{Eabp^T_im�E]^ab[msu[mZ8T^��Uo`-[meA]~}%Z8T^luifp^eR]^Z
l\e/T^[me/`!Y(TVU\p^dme/p � z&]_dme�ZEYAYAU8ptabZ\[xUo` � ims�{me(]^e:Y�]_e/{
}�dmeA[&eAkje/T_YAabp^ab[ms�im[jifp^ifU\`=]^TVUXW�YuY(Z\[-]_T^Z8`Ip^e(]_im�fp/�
§CZ8T_p^e�z8e(]/�!U\`bp^Z��\e/T^ahvwzjah[fs&]^dfUo]�]^dfe?Y(Z8[ � s8iE�

T_Uo]^abZ\[²arp�[mZ\]2Z\[m`bz³vwZ8T^��U\`h`bz6YAZ\T_T^e:Y�]/� � im]�]^dfUo]
ay]&U\Y(]^ifU\`h`bz�{mZ-e:p�}�dfUo]?}�U\p�ab[-]^eA[x{Ee/{���arp�]_ah��eA�
Y(Z8[fptif��ab[ms Uo[f{ ]~zj�mabY/Uo`b`hz¦T_e/®-imabT_e/p�UÃp^�xe:Y(a � Y
dfUoTV{E}�UoT_e�p^e(]_im���
]_YA[ms�U��8Z\ar{mp�U\`h`-]_dme/p^e%�fT^Z � `he/��p � zcp^ah��im`bUo]^ab[ms

]^dme � eAdxU��-abZ\ifT�Zov�]_T_UoW�Y�YAZ\[-]^T_Z\`�ab[�ifpte/T�pt�xU\Y(e8�

� ��� ������� � ����� ���
������	��J������� �!�
S�dme�Y(imT_T^e/[-]'ptab��if`bUo]^Z\T'ZovE]VY([msqabp'YAUo`b`be/{��t]_YAp^ab���f�
�¯[�Z\TV{EeAT�]_Z�eA[fp^imT_e%]_dfUX];]_YAp^ab�+p^ah��im`bUo]^e:p0e(kmU\Y(]^`bz
]^dme � e/dfU��jahZ8imT2Z\vu]^dme�]_Y�im]^ab`hah]~zÂUo[f{�]_dme�]_T_Uovº�
� Y2YAZ\[-]^T_Z\`Rpti � ptzEpt]^e/� ab[¥]_dme2l8eAT_[meA`¸�0ay]�ptab���m`hz
]_U\l\e/p�]^dfe�YAZj{mecvwT_Z\� � Z\]^d���U\[f{�U8{m{mp�U2p^ah��im`bUo�
]^abZ\[�e/[ms\ab[me8�I�f`hifp�p^Z\��e�vwTVUo��eA}RZ\T_l�vwZ8TqY(Z8[ � s8iE�
T_Uo]^abZ\[&Uo[f{?vwZ8T�]^TVU\Y(ab[msx��S�dmarp�arp�p^dmZX}�[2ab[ � s\imT_e
Àm�
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µ�abs\imT_e�Àm¶ � ]_T^ifY(]^imT_euZov�]^dme��t]_Y/ptab����p^ab��im`rUX]_Z\T:�

S�dmeuZ\iE]_�miE]�Z\v�]_Y/ptab��arp�ptab���m`bz2U�YVdfT^Z8[mZ\`bZ\s8ay�
YAU\`�]^TVU\YAe�ZovGUo`b`�]_dmece/�\eA[-]Vp�]^dfUo]�dfU��8e�dfUo�m�IeA[fe/{
ah[�]_dme�p^ah��im`bUo]^abZ\[��GS�dfe�Z8iE]^�fiE]qYAU\[2]_dmeA[ � e � `h�
]^e/T^e:{��fUo[x{?YAZ\im[-]^e:{�Z\T��m`bZo]t]_e/{��
�¯[�Z8T_{Ee/T�]_Z�]^e:p~]uZ\ifT�e(kmU\���f`he�Y(Z\[ � s\imTVUX]_ahZ8[��

}%ecY/Uo[�ifp^eq]_dmeuvwZ\`b`bZX}�ah[ms�p^ah��im`rUX]^abZ\[�¶
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�¯[L]_dmabpÁeAkmUo���m`be\��}Re � T_pt]ªs\e/[meATVUX]_eÃ`bZX}��
�mT^abZ\T_ah]~z�]^TVUXW�Y�UX]q½ Ø l � �fp � z?p^eA[f{mah[ms�U��xU\YVl\eA]
Zov¥« Ø8Ø\Ø � ah]_p³e/�\e/T^z ±oØ ��ah`b`babp^e/YAZ\[f{mp/� 
 ­�vº]^eAT
]^eA[Cpte:Y(Z\[x{mpA�x}%e�U\{m{&dmabs\dm�¸�mT_abZ\T_ay]~z�]_T_UoW�YcUX]�« Ø
l � �fpA� � ab[fY(e!]_dme0]^Z\]_U\`\`bah[ml�pt�IeAe:{uabp�Z\[m`bz�½\ÀRl � �fpA�
ptZ8��eRZovf]^dme�`bZX}��¸�mT_abZ\T_ay]~zq]^TVUXW�Y%abp�`bZ8pt]�[mZX}���S�e/[
pte:Y(Z\[x{mp�`rUX]_eAT:��}%e�]_T^z6]^Z6ah[xY(T_e/U\p^e&]^dfe�TVUX]^e�Zov
]^dme�dmabs\dE���mT_ahZ8T^ah]~z?]^TVUXW�Y�]_Z?¼ Ø l � �fp/� � ab[fY(e�]^dfe
ptdfU\�xe/T&`hab��ay]Vp&dmahs8dE���mT^abZ\T_ah]~z6]_T_UoW�Y�]_Z6Z8[m`hz ±\Ø
l � �fpA�f[mZX}¾dfU\`yv�Zov�]^dmarp�]_T_UoW�Y�arp�`hZ-p~]:�
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µ�ahs8imT_e��E¶ � ab��im`rUX]_ahZ8[?T_e/p^im`h]/�
µ'abs\ifT^e
�qptdmZX}�p']_dme�Y(im��im`rUX]^ab�\e%]^TVUXW�Y%]^dxUX]!abp

eA[f®-ime/ime/{¥U\[f{³{Ee:®8ifeAime:{|vwZ\T�{me/pt]^ab[fUX]_ahZ8[¥�xZ8Tt]Vp
± ½�Uo[f{�� Ø �je8� sx���]��¶ Ø\Ø ½ Ø �carp;]_dme�ptif� Zov�]_dme�{Ee(�
®8ifeAime:{�]^TVUXW�Y�]_Z��IZ\T^] � Ø ��S�dfabp%�m`bZo]%}�U\p;s\e/[meAT^�
UX]^e:{�{EahT_e/Y(]^`bzc}�ah]^d�]^dfe�]^ZjZ\`rp!U��XUoab`bU � `heRvwZ8T0]_YAp^ab���

� ��� ����������� �}
�� � 	��J����� ��� �
]_YAp^ab� arp?ifpte:{�e(kj]_eA[fp^ah�8eA`bz�vwZ8T?T_eAs8T^e:p^p^abZ\[6]^e/pt]_p
ah[C]^dme�]_YA[ms�ptzEpt]^e/����U\[f{�ah]�abpuU\`bp^Z?®-imah]^e�ifp^e(vwim`
]^Z�{Ee � ims�YAZ\[ � s\imTVUX]_ahZ8[fpA�e�q[meu��UXÅ~Z8TR{ETVU�} � U8YVl
Zov�]^dme�Uo�m�fT^Z-U\YVd�Zov�e(kj]_T_U8Y�]^ab[ms�YAZj{me�vwT_U\s\��eA[-]Vp
�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

Uo[f{�s\`bimab[ms�]_dmeA��]_Z\s8e(]^dfeAT�ah[6]^dme&p^ah��im`bUo]^Z8T�arp
]^dfUo]�]_dme � ifah`r{u�mT_ZjYAe/{EifT^e!vwZ8T�]_Y/ptab�Áabp�v¬UoabT^`bzqvwT_U\so�
ah`be�Uo[f{�T^e:®-imahT_e/p�vwT_e/®-imeA[-]GU\{XÅ~ifp~]_��eA[-]_p�}�dme/[�]_dme
l\e/T^[me/`%YVdfU\[ms\e:pA��­�`bp^Zf� ± � ¼�Uo[x{�T^e:Y(eA[-] ± � ½�l\eAT^�
[meA`rp�{Eayn=eAT�ptimW�YAahe/[-]^`bz�]_dfUX]']^dme%}�dmZ\`beGe(kj]_T_U8Y�]^abZ\[
�mT_ZjYAe/p_p�}RZ\im`r{|dfU��\e�]^Z � e�T_e(�¯{Ee:ptabs\[me:{CU\[f{|T^eA�
}�T^ah]t]_eA[�vwZ\T ± � ½m�
µmZ8Tt]_im[fUX]_eA`bz\��U���ifYVdÂ`be/p_p?ab[j�XU\p^ah�8eCUo`h]^e/T^[xUX�

]^ab�\e?abp�Uo`bT_e/U\{mzCU��XUoab`bU � `be\¶��^�qpte/Tt��|�ZE{Ee2g�ah[jiEkm�
¹¬�	|�g�Æ��:Çw»!T_im[fpG]^dme�g�ab[-imk�l8eAT_[meA`xah[�ifp^eATRpt�xU\Y(e8�
Uo[f{�ah]�dfU\p�T_e/YAeA[-]^`bz � eAe/[��IZ\T^]^e:{�]_Z ± � ½E�
­�p�Uo[�U\{m{me/{ � Z\[jifp/���K|�g©abp�U Y(Z8���f`heA]^e

g�ab[jiEkCp^zjpt]^e/�&��ptZ?]^dme�e/[8]_ahT_e�[me(]~}RZ\T_ljah[ms?p~]VU\YVl=�
ah[xY(`bif{Eab[ms�S��R·0�IT_Z\im]^ab[msf�=e(]VYo�carpuU��XUoab`bU � `he8��Uo[f{
UoT � ah]^TVUoT_z�U\�m�m`babY/UX]_ahZ8[fp�YAUo[ � e�ixpte:{�]_Z�s8eA[me/T_Uo]^e
]^TVUXW�Yo�0S�dmarp�Zon=eATVp�v¬U\[8]VU\pt]^arY;�IZ8p_p^a � ab`bay]_ahe:p�v¬UoT � eA�
z\Z8[f{|Å~ifpt]?e(kE�IeAT_ah��e/[8]_ah[fs³}�ay]_d�]^TVUXW�Y�YAZ\[-]^T_Z\`¸�
µmZ8Tce(kmUo���m`be\��Z\[me�YAZ\im`r{�ixpte�]_dmabp�U\p�U&p~]VUoT^]^ab[ms
�xZ8ah[-]�vwZ\T�ab���f`he/��e/[-]^ab[ms¥UCYAZ\���mT_eAdme/[fptab�\e2[me(]^�
}%Z8T^l?ptab��im`rUX]_Z\T�p^ah��ab`bU\T�]^Z�[fpt� ± Æ �XÇ��
�¯[�Z8T_{Ee/T�]_ZqixpteR�K|�g?vwZ\T0p^ah��im`bUo]^abZ\[fp/�X��Uoab[m`bz

]~}%Z+YVdfUo[ms8e/p6UoT_e�[me/YAe/p_p^U\T^z=¶©]^dme Y(Z\[xY(eA�m]6Zov
�~]_ah��e/��ah[?�K|�gC��ifpt] � e�T_eA�f`bU8Y(e/{�}�ah]^d2]^dmeq�jahT^�
]^ifU\`�]^ab��e�Zov;U\[�eA�8eA[-]t�¯{ET_ah�8eA[�p^ah��im`bUo]^Z8T/�q�¯[�Z\T^�
{EeAT�]^Z�{EZ�]_dmabp/�m]_dme�p^ah��im`rUX]^Z8T���ifpt]�lj[mZX}¾}�dfeA[
U�]^ab��eAT^��{ET_ab�\eA[�U\Y(]^ab�jay]~z�abpG{mime\�-Uo[f{�U\{m��U\[fY(eR]_dme
l\e/T^[me/`!]^ab��eATVp�U\Y/Y(Z\TV{Eab[ms\`bz\��­�[�e(W�Y(abeA[-]cab���f`heA�
��eA[-]_Uo]^abZ\[�Z\v�]^dfabp�}RZ\im`r{�U\`bp^Z�U��\Z8ab{³e(kEe/YAiE]^ab[ms
im[m[me:Y(e:p^p_UoT_z�]^arYVljpRZ\v�]^dme�« Ø\Ø Z8T�« Ø\Ø8Ø y@{�l\e/T^[me/`
]^ab��eAT:�
S�dme³p^e/Y(Z8[f{ YVdfUo[ms8eCarp&]_Z�ah[-]^T_ZE{EifYAe|��e:YVdE�

Uo[marp^��p�vwZ\T?e(kEe/YAiE]^ab[ms�p^ah��im`rUX]^abZ\[�U8Y�]^abZ\[xp�¹we8� sx�
eA[f®-ime/imab[ms?Z\v;U��fU8YVl\eA]V»��=Uo[x{�vwZ\T�YAU\�E]^imT_ab[ms�]_dme
T^e:ptif`y]Vp�Zov;p^ifYVd�U8Y�]^abZ\[xpc¹we8� sx��T^e:Y(eAab�jah[fs2U�[mZ\]^a � �
YAUo]^abZ\[�}�dmeA[�U��fU\YVl8e(]�s\eA]_p�p^eA[-]V»(�
ÚRz�[mZX}��-]^dmeuY(Z8[-�8eATVptabZ\[�Z\v'�K|�g�]_Z�ixpteuptab���

im`rUX]^abZ\[�]^ab��e�dfU\p � e/eA[�YAZ\���m`be(]_e/{&ab[�]^dmeC�tim��`h�
ptab���2�fT^Z\Å~e/Y�]�Æ �oÇ¸��}�dfah`be�ab[fpt]^T_im��eA[-]_Uo]^abZ\[CZovG]_dme
�K|�g¥p^ab��im`rUX]_Z\T�pt]^ab`h`�T_eA��U\ah[fp%]_Z � ec{EZ8[me\�
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