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2.1 FPGA QueuingModule
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3. THE FPX MODULE
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4. IP ROUTING
2t� I��"E=5*X��i�Nf�GD)
E��"E�5*��,�!�+�'*)Y[M5*X7)�J(5*XV�tL�E�5*�N'*EV�T5Yb�5*X��iEV�"�Y#
�Nf�� ;
5*;rJ )�'tJv,�;
5tL�E�5*�N'*EV�T54%('*)�5*)�O")�!M<KL
%QA8! )�)�S F G7�"EV+�� EV�";@5*)
�"! � ./� ER,�5*�r1D)�595*! �"E��"OTS�;z� EkXV� +
XkGD�N'9J )�'*.0,�E�O"�r'*) F 5*�N'*;"]�{zX��
�(%PhòG�'*)�I��$#��N;0,�E��Nf�O"�"! ! �"E�50GV!$,�59J )�'*. Jv)�'0� ./GV! �"./�"E�5*� EV+
L
%j'*) F 5*�$E�+ZJ F EVON5*� )�EV;@,�5M5*X��iGD)�'958)�J�,Hnqpi2iuD]
6â'*) F 5*�T'0O")
E��R+ F '-,�5*� )
E F ;9� EV+y,cnqp42iuj�"W F � GVGD�Y#o[8�\5*X
�(%Phl./)�# F ! �";�� ;�;9X�)Y[8Ex� EH��� + F '*�Mç�](e�,�O-Xx�(%�h�XR,�'-#�[M,�'*�
./)�# F ! �=� ./GV! �"./�"E�5*;H5�[z)cJ F EVON5*� )
E�;"�C)�EV�7,�5/5*XV�=� E�+�'*�";9;
<K� EVG F 5TA@)�JQ5*X��Z;
[8�\5*O-Xy,�ER#C5*XV�x)�5*XV�T'_,�545*X��x�N+�'*�";9;/<K) F 59U
G F 5TAk)�JB5*XV�g;
[8� 5*O-X�]Å{zXV�y�$E�+�'*�";9;7J F EVOT5*�$)�ER,�!$�\5d:�)�JB5*X��
�(%PhÅGD�N'9J )�'*./;Z5*X��CL
%`! )�)
S F G�J F EVON5*� )
E^]q{zX��='*�"; F !\50)�J
5*XV�H! )�)
S F G3� ; F ;9�Y#C1�:=5*XV�_nqp42iu7;
[8�\5*O-X75*)=#��"! �$I
�N't5*X��
GR,�OTS
�N5M5*)x5*X��i,�G�G�'*)
G�'*�$,�5*�i�"+�'*�";9;rGD)�'95Y]Q{zXV�4�"+�'*�";9;8J F E�ONU
5*� )
EB)�JR5*XV�z�(%�h�'*�NUd,�;9;9�".x1V! �";(;9�"+�./�"E�5*;()�JDGV,�O-S��N5*;(1D�NJ )�'*�
5*XV�T:=,�'*�459'-,�E�;9./� 595*�"#m)
Ek5*XV�i) F 5*+
)�� EV+B! � EVSD]

4.1 IP Lookup Functions
ßtEV�@,�!$+�)�'*�\5*XV.wOY,�GR,�1�! �r)�J�GD�N'9J )�'*./� EV+iL�%y! )�)
S F G�;z,�5z! � EVS
;9GD�"�Y#x�$EH5*XV�8�(%Ph&� ;P5*XV�M{�'*�N�8í?�\5*.0,�GB,�! +
)�'*�\5*X�.�ä ��å�]�{zX��
{�'*�"�0íQ� 5*.0,�Go,�! +�)�'*�\5*XV.Û� ;H,=XR,�'-#�[M,�'*�01R,�;9�"#�,�! +
)�'*�\5*XV.
5*XR,�5/�"./G�!$)Y:�;Z. F !\5*� 1V�\5Z59'*� �=#V,�5-,3;
59' F OT5 F '*�";Z5*)cGD�N'9J )�'*.
L
%�! )�)
S F G�;8[8�\5*XC�Tî/O"� �"E�5 F ;9�i)�J(./�"./)�'9:�]
6rEgL
%�! )�)
S F G�ON)
EV;9� ;
5*;_)�JM�VER#��$E�+k5*X��/! )
EV+��";
5H.0,�5*O-XV� EV+
G�'*�T�Vfo;
5*)�'*�Y#�� Ej5*XV�k'*) F 5*� E�+c5-,�1V! �mJ )�'/5*XV�k+
� I��NE&à
}�U�1V�\5
L
%PI�~C#��";
5*� ER,�5*� )�E�,
#�#�'*�";9;_,�ER#3'*�N59'*� �"I��$E�+m5*X��B,�;9;9)�ON��,�5*�Y#
EV�Tf�5rXV)�G7Jv)�'t5*XV�_L
%sGV,�O-S��N5Y]i6@;r;9X�)Y[8Eg� Ec��� + F '*�x��b�5*X��
F E�� OY,�;
5/L�%á,
#V#�'*�";9;/� ;BO")�./GR,�'*�"#j5*)35*XV�m;
5*)�'*�Y#jG�'*�N��f��";
;
5-,�'95*� E�+t[8�\5*XZ5*XV�M! �NJ�59Ud./)�;
5P1V�\5Y]�ßtE�O"�?5*XV�?!$)�EV+��";
5?.0,�5*OTX�U
� EV+xG�'*�N��f/� ;zJv) F ER#�b�5*X��tGV,�O-S��N5M� ;zJv)�'9[M,�'-#��Y#m5*)_5*XV�r;9GD�"ONU
�\�R�Y#kEV�Nf�5?XV)
Gm1�:0./)�#��\J :�� EV+_5*XV�4GV,�O-S��N5MX��Y,
#��N'M[8�\5*Xm5*X��
;
5*)�'*�"#=EV�Nf�58X�)
G=� E�Jv)�'*.0,�5*� )
E�]
{�)_�Nî/ON�$�NE�5*!\:/GD�T'9Jv)�'*.á5*XV� ;Q!$)�)�S F GBJ F EVON5*� )�Ek� E/XV,�'-#�[z,�'*�
b
5*XV�z{�'*�"�Mí?�\5*.0,�GZ,�!$+�)�'*�\5*XV.á;
5-,�'95*;(1�:_;
5*)�'*� EV+t5*X��zG�'*�N��f��";
� E/,41V� EV,�'9:H59'*�$�@,�;Q;9X�)�[8E/� E/��� + F '*�tñ�]P{zX��@;9XV,
#��Y#ZEV)�#��";
#��NEV)�5*�H,/;
5*)�'*�"#3G�'*�N�Vf�]@6a;9�Y,�'*OTX3� ;tON)
ER# F ON5*�"#C1�: F ;9� E�+
5*XV�?L
%c,
#V#�'*�";9;(1V�\5*;(5*)r59'-,YI��T'*;9�?5*XV�?59'*� �
]({�)4;9GD�"�Y# F G_5*XV� ;
;9�Y,�'*OTX��$E�+CG�'*)�ON�";9;"b�; F 1�59'*�"�";i)�J?5*X��B1V� ER,�'9:759'*� �/,�'*�BON)
.BU
1V� E��Y#H� E�5*)t;9� E�+
! �zEV)�#��";"b
'*�"# F ON�$E�+@5*X��?E F .x1D�N'�)�JR./�"./)�'9:
,�ONO"�";9;9�";rEV�"�Y#��Y#k5*)ZGD�N'9Jv)�'*.ò,x!$)�)�S F G�]?{zXV�_#��"G�5*Xm)�J(5*X��
; F 1�59'*�"�";xO")
.x1V� EV�Y#y5*)7J )�'*. ,3;9� EV+�!$�mEV)�#��m� ;BOY,�! !$�"#j5*X��

*
10*

110*

01*

1011*

0001*

01011*

00110*

 4

1

7

2

9

0

5

3

Prefix Next Hop

0101 1011 ... 0001

Next Hop
5

32-bit IP Address

��� + F '*�3���3L
%áG�'*�T�Vf�! )�)
S F G�5-,�1V! �7)�JiEV�Nf�50X�)
GV;"]��r�Nf�5
XV)�GV;�Jv)�'(L
%CGV,�O-S��N5*;�,�'*�QJ ) F ER# F ;9� E�+85*X��Q! )�EV+
�N;
5(.0,�5*O-XV� EV+
G�'*�T�Vfx�$E/5*X��85-,�1V! �8Jv)�'?5*XV� F E��$O",�;
5M#��";
5*� ER,�5*�$)�Ek,
#V#�'*�";9;?)�J
5*XV�tL
%jGR,�O-S��N5Y]

0 1

0

0 0 0

0

1

1

1 1 1

1

1

1

10

32-bit IP Address
0101 1011 ... 0001

��� + F '*�Bñ��8L
%s! )�)
S F GC5-,�1V! �_'*�"G�'*�";9�NE�5*�"#c,�;4,/1V� EV,�'9:=59'*� �
]
u�5*)�'*�Y#_G�'*�N��f��N;P,�'*�M#��"EV)�5*�Y#x1�:i;9XV,
#��"#xEV)�#��";"](�r�Nf�5(XV)�GV;
,�'*�4J ) F ER#m1�:059'-,YI��N'*;9� EV+x5*XV�t59'*� �
]

~



32-bit IP Address
0101 1011 ... 0001

0 1

0

0 0 0

0

1

1

1 1 1

1

1

1

10

��� + F '*�r���(L
%c! )�)
S F GB5-,�1V! �M'*�"G�'*�";9�NE�5*�"#B,�;Q,4. F ! 5*� 1�� 5P59'*� �
]
6�;
59'*��#��
bM~�Ud1��\5*;"bM)�J45*X�� F EV� OY,�;
5m#��";
5*� ER,�5*� )�Es,
#�#�'*�";9;0)�J
5*XV�kL
%aGV,�O-S��N5B,�'*�=ON)
./GR,�'*�Y#j,�5Z)
EVON�
b?;9GD�N�Y#�� EV+ F Go5*X��
! )�)
S F G=G�'*)�O"�";9;"]

;
59'*�$#��
]�6@Em�TfV,�./GV! �@)�J(,H. F ! 5*� 1�� 5Q59'*� � F ;9� E�+Z~�U�1�� 5z;
59'*��#��";
� ;?;9X�)�[8E0� Ek��� + F '*�r��]�{zX��t{^'*�"�tíQ� 5*.0,�Gk,�! +
)�'*� 5*X�.êO")�#��";
� E�J )�'*.0,�5*� )�E0,�;9;9)�O"�$,�5*�"#/[8�\5*X/�Y,�OTX/; F 1�59'*�"�8,�;?,4E�)�#��8O")�E�U
5-,�� E��$E�+x5d[z)Z1��\5*.0,�GV;"]({zXV� �������	�	��

����������
	� ��#��"E�5*�\�R�";z5*X��
EV)�#��";H)�JM5*XV�0)�'*�$+�� ER,�!?1V� ER,�'9:g59'*�"�0O")�'9'*�";9GD)
EV#�� EV+75*)C5*X��
G�'*�T�Vf��";"]�5*X�� �������	�	��

����������
	� �$#��NE�5*�\�V�";(5*XV�����Nf��\5QGD)
� E�5*;��
)�J_�",�O-Xs; F 1�59'*�"�C5*XR,�50O")�'9'*�";9GD)�ER#&5*)o,�ON5 F ,�!t�Y#�+
�";"]�6rE
�Nf�,�./G�! �4� ;@;9X�)Y[8EC� E7��� + F '*�_��]
íQ:3'*�YW F �\'*� EV+k5*XR,�5H,�! !QO-XV� !$#3EV)�#��N;H)�JM,=;9� E�+
! �/GR,�'*�"E�5i1D�
;
5*)�'*�"#jON)
E�5*� + F ) F ;9!\:o� Eo./�"./)�'9:�b�5*XV�k,�#V#�'*�N;9;Z)�Jt,CO-XV� !$#
EV)�#��ZOY,�Ey1D�xOY,�! O F !�,�5*�Y# F ;9�$E�+C,0GD)
� E�5*�N'i5*)m5*X��B,�'9'-,Y:c)�J
O-XV� !$#xEV)�#��";�,�EV#Z,�EZ�$EV#��Nf_� E�5*)t5*XV,�5�,�'9'-,":xO")
./G F 5*�Y#4J�'*)
.
5*XV�@�Nf�5*�N'*EV,�!D1V�\5*.0,�G�]P{zX��t~�U�1�� 5z;
59'*��#��t�Nf�,�./GV! �r� ;z;9X�)Y[8E
,�;Z,3{�'*�"�mí?�\5*.0,�Gj#V,�5-,7;
59' F ON5 F '*�k� E���� + F '*�c�"æ�]cnqXV�"E
5*XV�T'*�z,�'*�QEV)@I
,�! ��#_�Nf�5*�"EV#�� EV+@GR,�5*XV;"b�5*XV�Q!$)�EV+��";
5P.0,�5*O-XV� EV+
G�'*�T�Vf3� ; F ;9�Y#75*)mJ �N5*O-Xg5*XV�xEV�Nf�5iX�)
Gc� E�Jv)�'*.0,�5*� )
Ec[8XV� O-X
� ;8;
5*)�'*�Y#=� E7,x;9�"GR,�'-,�5*�45-,�1�! �
]
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4.4 Other IP Routing Algorithms
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5. DISTRIBUTED QUEUEING
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5.1 Input Cell Scheduling
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5.2 ReducingCir cuit Complexity
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6.2 Web-basedToolkit
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