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Cache-based Packet-processing Techniques for Broadband Network

Exploiting Temporal Locality of Network Traffic

MICHITAKA OKUNO,* SHINJI NISHIMURA,! SHIN-ICHI ISHIDA't
and HIROAKI NISHIt

The cache-based packet-processing enginge (PPE) that consists of Process-Learning Cache
(PLC) and Cache-Miss Handler (CMH) is proposed to achieve 100-Gbps (Gigabit per second)
wire-rate throughput which would be needed for backbone routers in 2007 or later to support
broadband network. In this paper, several technical requirements and those solutions for
cache-based PPE are shown. Also details of a prototype of the cache-based PPE are shown.
By using real network traffic traces, we show the cache-based PPE can achieve the wire-rate
throughput. As another aspect, PPEs are required low power consumption. In our estimation,
the cache-based PPE can be constructed about 46% LSI-die size and power consumption of

a conventional PPE.
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Fig.1 Conventional packet processing engine.
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Table 1 List of high-end packet-processing engines.

Product oOooooo 0Oooo (fab) PU DO
(Vendor) 0ooo 0000

SPP 40 Gbps 0.13 pum (IBM) 188
(Cisco ODO) 250MHz 000

X10g-w 40Gbps 0.13 pum (TSMC) 200
(Xelerated) 200 MHz 9.5W (typ)

NP-1c 20 Gbps 0.13 pm (IBM) 64
(EZchip) 250 MHz 15 W (max)

IXP2800 10 Gbps 0.13 um (Intel) 16 (128
(Intel) 1,400 MHz 25.5W (typ) oooo)
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Fig.2 Cache-based packet processing engine.
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Table 2 Token specification.
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Fig.3 Structure of C-Engine.

(A-Info)

PRQ

update address

O Cache Miss Queue0J 00000000 O0OODOOO
0000000000000 P-Engined000D0DO0O
00000000 00O00D0OO0O0DOoOgnO P-Engine
goobooooooo
4.4 O0000DOOOODODOODOOOOODOO
C-Engine0 000000 20000000000
00030000C-Engine0 0000000000
gbobob0obO0o400000D0ODOODOODO
(1) PLCOOOOOOPLC O A-Engine 000
ooooooooo cecMHOOOOOOoOOO
goboooboobooboooobobooo
goooooo 200000 100000
(2) PLC OOO0OO0OOOOOOOUOC-Engine O
R-Engine0 00 OPLCOODOOOCO CMHO
0000000CMHDO R-Engine0 00000
000 pPLCOOOO0OODODODOOPLCOO
0000000000000 OoHTQUOOO
ogo
(3) DOOCMHOOOOOOCMHOOOCMTO
ooooocMQUUODOOOooooooCMH
O pPLCOOOODOODODOOOOOOOOOO
000 pPLCOOOOODODOOOODODODOO
cMTOODOOOOOPPUDOO NDOOOODOO
00 N xth(high)/th(low)DCMQOODODOO
N x th(high)/th(low) 00020
(4) P-Engine0000000 (1)00 th(low) 00
J000O00O0000000DO0O0OP-Engine
go0 pUODDOOOCOOODOOOOOP-
Engine0000000000000PEQIIO
0000o0oooooobPRQUOOOODOO
4.5 O0O0O0OO
0 ()o0oooOoUoooOoUoooOoooooooo

Y ooooo 4)0000000000D000000000O0ODOO
000000000000 CMQUOOD 32000000000

ooooooooobooooooooooOoboboooooooon 349

O000o0o0ooOoooOo PPEOCOOOOCOOCOOO

0 0 Xilinx 0 O FPGAD Field Programmable Gate

Arrayd00 00 Virtex-II Pro®°0 400000000

0000000 Gigabit Ethernet 20000000

0000 2Gbps0000000P-GearOOOOODO

O00U0oo0oOoooooooooo

(1) A-Engine000000000000O00ODODO
0000oo0oooooooooooooo
oo0oo0ooo0ooooooooooooo
o00o0ooooooooooo Ip0OOO
ooooOooooo/ooPOOoOOOOOO
Stuple??"0 000000000

(2) C-EngineOPLCO CMHOOOOOOOA-
Engine00000O0O00DO0O0QO R-Engine O
Ooo0ooo0oooooOoooooOoooo
O0O0O0OO0OO0OPLCOUOP-Engine 00000
E’/P-Info00000A/E-Info000000O0O
O00A/E-Info0 CRCOOOOOOOOOO
oOopPLCOOOCODOODOO PLCOOOOOO
O0P-Engine0 00000 R-Engine 000
O0oooooooooOoCMHOOPLCOO
OoooooopoooOooooooooooo
CMTUO A/E-Info0000000000OODO
CMQUO U-InfoOOODODODODDODO P-Engine
0000oooO0Oo pPLCOOODODOOOOO
CMTOCMQ OOOO0OO R-Engine 0000
OODCMHO CMTUOOOOOOOOOOOO
O000O000FPGAODOOOOODOOOOO
Sway 0 00O O0O00OO0OOOOO CRCOO
0000000000 1,02400000 4way
oo0oooooooooooooooo

(3) R-Engined C-Engine 0000000000
Oo00o0ooooOoooooOoooooooo
000oo00o0oooooooooooooooo
000/00/o000ooooooooooo
o0oo0oooooooooo

(4) P-Engine0 00000000 0OP-Engine O
BSPOOOOOOOOOOOOOOOOOOO
000000P-Engine00 PUO C-Engine
O0oo0oooOoooOooooooooooo
Oo0oo0oooooooooooooooo
0000 C-Engine0 000000000000

B0 Type: xc2vp700 Package: FF15170 Speed Grade: —60
33088 slicesd 66176 FFs[ 5904 K block rams
Y00 ppo/oo IPOOOOOOOOOOOOOO/000000
500000



350 goooooooo

03 P-Gear 0ODOOOOO
Table 3 Spec of P-Gear testbed.
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04 FPGAOUOOOOOOO
Table 4 FPGA main resource utilization.
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Fig.4 Functional block map.
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Fig.5 P-Gear testbed board.
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05 0DO0OD0OO
Table 5 traces for IxExplorer.
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Fig.6 64 byte packet cache hit rate.
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Fig.8 IMIX packet cache hit rate.
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Fig.9 IMIX packet passing rate.
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Table 6 Site list.

KEY SITE bps
WIDE WIDE trans-Pacific line B 100 M
A-TV Univ. of Auckland uplink 155 M

IPLS Abilene Indianapolis router 25G

KEY ooooo ave. length

WIDE 20030227{1600,1615} 520 byte
A-IV 20010327-010000-1 1,019 byte
IPLS IPLS-KSCY-20020814-100000-{0,1} 742 byte

WIDE: http://tracer.csl.sony.co.jp/mawi/
A-IV: http://wand.cs.waikato.ac.nz/wand/wits/auck/4/
IPLS: http://pma.nlanr.net/PMA/
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Fig.10 minimum length packet cache hit rate (real trace).
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