ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.18, No.12, December 2007, pp.3115-3123 http://www.jos.org.cn
DOI: 10.1360/jos183115 Tel/Fax: +86-10-62562563
© 2007 by Journal of Software. All rights reserved.

EF R MENIDE NSRS EEFE AR
A, A R A

(EHERZE HHENFE S EARR LT 100084)

Software-Based Route Cache Algorithm for Network Processors

LIU Zhen®, LIU Bin, ZHENG Kai

(Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China)
+ Corresponding author: Phn: +86-10-62773441, Fax: +86-10-62773616, E-mail: liuzhen02@mails.tsinghua.edu.cn

Liu Z, Liu B, Zheng K. Software-Based route cache algorithm for network processors. Journal of Software,
2007,18(12):3115-3123. http://www.jos.org.cn/1000-9825/18/3115.htm

Abstract: Routers require fast and flexible route table lookup for incoming packets at relatively low cost. This
paper describes a software-based route cache algorithm for network processors. Part of the on-chip high-speed
memory space is allocated and programmed into a caching table for temporal storage of route lookup results. A
suitable hash function can make a good balance between cache miss rate and update complexity, which shortens the
average search time, reduces the contentions on memory bus and leaves more headroom for other network
applications. Experiments with real-life packet traces show that the packet throughput of a network processor can be
greatly improved with only a small number of route cache entries per processing element.
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Fig.1 Block diagram of 1XP2800 and its major components in memory hierarchy
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Table 1 Characteristics of the primary memory types in 1XP2800
& 1 IXP2800 F EAF il de PRI IR A

Addressable | Maximum . Access time (cycle) .
Memory type data unit size On chip? Read Write Typical use
Local memory 4B 640x4B Yes 5 5 Caching data needed by ME
Scratchpad 4B 16KB Yes 100 40 Processing state or shared data
SRAM 4B 64MB No 130 53 Packet header or smaller data structure
DRAM 16B 2GB No 295 53 Packet storage or large data structure

2 BHEKRSREFEE

AR SCHRE IR % oh 2 R T AT S K e b R A s 00— 40 S TR 4 R, H Rk i — A T
4 2% 173K (route cache), A B, 75 v AMICTEAE it 5% 1 I —SS 07 9L v 580(EURE FH 245 TRD 80K I SV sl A I i 3 %)
T+ 1XP2800 Sk i, &M 7 1 % v 1) Local Memory 5 AT F K Gl A7 B8 4738 5 I P A 4K 455 IR A7 R 1K) R TN I —
ASNHE P Mk 2 —ANH 1P bbb W) 5 48 % 32 A2 1P Muhk 34T — IG5 B HL 5 8] — R 515 (index),
F T 0 SR A7 2R AT R 22 AR T R 28 ) (0 SR I A P9 2%, A SR 5 H 1D 1P bk A DG, 34 3R I R A7 1 7 4k 45 SRR
(5] 75 5 e — AN 2, I 56 HE b A H 2 bl A 4R R CRAE7E DRAM . v )% R EAT K 28 1 ol A 4R 10 &5 S B
TR I N R Ab 3E 225 B % i A R 45 R AR S SR I H IR 1P ik A A A 7 S R AR D 19 45 o i
FH P08 B 2 LU A2 11 L B85 vh 2% 2 5 B0 1) K 5 ot Wil B i JEL (route update message), i 6 v 5L HH 4 P T 45
AT I U005 248 16 OS50 40 865 b 2 R i ph B 4k 4 R A 3R
21 R EEBALAR

IXP2800 ¥ Local Memory 4 & 41 2%, & 5 15 | 48 (030 45t L5 2 SR 2 7745 48 U 1) T4, Al R e 20 1) 2R
INBR T A AN T2 S o I 4 v i P I A SR IR 4 o S R 6 e R S PR AT G AN X A T B — AR R AR R
TR RIS AT RS Bt BRI 45 B 23R ILh R — Bk 1P bk, (B R — AN rh o8 BT 22 AN [R) =LA 1 i
K22 TRt Ty DR 2 AT 7 A b B SR Shy — AN B 7 BI AT 3R 7 (13 15 (porrt). ZR I0 P 8 (1% 7 W) 3 v LR AE XS WY,
[ B B 1P Huhk A7 8 FR R b4 (tag), I BAIX 43 45 3o s 4518 55 DL 5 a0 [R) — AN R U AN A H (1 1P btk
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B RELAREDEAF— B E N RI A GEGHE B 19 1P shhEE BAE K B0, 50 05 FH 742K R R, 1%
) 24 Ak g 1T DA SCRE 128 AR AN — Bk 1P kb B I b bR R A, 2 10 P9 3R AT 8 Ak oy AL 2% bR A g
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e H 1 1P Hbhk A 3R 0 2, AT A H 22 AN B (1) 1P Mtk 5 T rp (10— 30 0 0 i n 7 B VR S A9 21 e
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| DIP[31...25] [ DIP[24] | DIP[23..17] | DIP[16] ||| DIP[15..8] || DIP[7...0] |

Index || Index[8] || Index[7...0] ||

Y
+ Local memory

e———  32bit ———

Base address

Y
Tag | DIP[31.16] | DIP[7..0] |

Fig.2 A possible implementation of route cache entry and Hash function
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Index[8]=DIP[24] XOR DIP[16],
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Prefix length Prefix length
Fig.3 Prefix length distribution for dataset 1 Fig.4 Prefix length distribution for dataset 2
3 HnAE 1 KRS B A K4 Hldk 2 S A

24 BEHEXRSREFEEEEIXP28004 B E KT

Bl tof I 23 18 D R 0t g A SRR AT DAk, 2 A 205 Ak T v 28 % SR P R B A . I 49 Ak B P 0 255 1 B ) 4 A o
PEICH A, L FH AR 0 B 48 4 ok 5 i, T LR B R PP 1 K B, 1 A8 A L W ) 28 5 D 2% Ak B 2% R HH BB
IR TR 4 A7 45 25 ol A At 7 10 86 o 7 K v T 2 A7 Y o (9 A 38 B L B bR 8 2

K5 o T4 1XP2800 H i 55 AR -F8 A 5 4 (alu_shf) Rl 735 in 4 45 4 (1d_field/Id_field_w_clr)[ >k Sz 31
Pl 2 o 1 I A R B DA B b 28 ) i ARV AR ST AR A AL 148 A 42 (01 MIPS 45), S 3R VR IR i 4 48 WU A H0L
25T 4 i AT LA b 5T B 7 B AR I LA SRS A SRR AR T AR AT AT, 75 AT 8 a0 P IRAF 2 H 1 IP My
hk, 27 A7 4% ag R4 $ 0x00000100. %2 B I 4l fd R -

a) 184 A0 K H K IP Mt A4 % 16 A7 )5 54 1F 5 0x00000100 #E4T 5 #a4E K DIP[241 32 I H ok (84776 25
1245 bo ;54 AL KE DIP[L614R EL H SR ARAFTE A7 A2 4% by H AR IOAL B F8 4 A.2 ¥ DIP[24]51 DIP[16]HE4T
SEEERAE, T R 515 I 5 i 7 Index[8], H IR A7 7E 257 A7 4% b . 45 4 A3 H (1 1P Huhik 45 7% 8 i, B DIP[15...8]
B Bl B A% — 75 AR5 A HEAD 0001 HE 5 (RF A FEA 6 B — A7 AL SRS N 1 3o 7 BRI 70 ) B X
AN FATHREH R, SN AT 38 Do (AR AT B[R] I AR F bo JLAM R 43 A4S Bt A I R 51

b) 54 B.0 i A I HERYS 1100,44 H ¥ 1P Huhik (9 55 16 47, B0 DIP[31... 16148 M K, 5 N % A7 4% by, [A]
I 27 4735 by AR 2 B o 0,984 B K H K 1P k2% 8 £, JF 3l i A #8559 0010 4 H (1 1P Hhuhik (11K 8
{7, B DIP[7...00 42 B tH >k JE e 70 27 A7 4% by T DIP[31...16]11 J5 If, T ihn 2.

A.0: alu_shf [bg,a;,AND,a,>>16] B.0: Id_field_w_clr [b;,1100,a0,>>0]
A.1: alu_shf [by,a;,AND,a0,>>8] B.1: Id_field [b,,0010,a,<<8]

A.2:  alu [bg,by,XOR,b1]
A.3: 1d_field [bo,0001,a0,>>8]

(a) Hash function (b) Tag construction
() My pR A (b) HrAEHIE

Fig.5 Example implementation of part of route cache algorithm using optimized instructions of 1XP2800
5 ] IXP2800 [IHALAE Bk H 23 b S L il vy 1 2 A S0 1) 51 481

3 TEEEIEM
3.1 FWMEAIBEEEFL 2RI

N TR B AR R G A S A R AT VR AR T 4 S AN i A trace SRS 1XP2800 Bt
AR (0 A HEAT UL IX SE B A0 trace 1 NLANR St A H ECSE A I 28 0 i e 17 ML & RN BB 119
{2 b e i o 6 18032 2 Bt T ISR trace (1 SR L EE K L S0 K R Y G 7 G A ST I b P
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A8 77, FRATTHE B 6 v (18 I ) A L5 e oK M I B 1) 5 60, 381 22k Tl A 3 T B B0 S v ) P 4 AR AT A o 4R
it (over provision)™ 1 J5 I, 2R 53 B 1 47t 258 HRERAIG, .12 SR 5% 10 B4 oy T A% O B8 DT UG 48 T30 11 i
BT 28 5T S B 100, ol B L ) JR) A P 2 v, 2 X S 85 RAT S TR R,
Table 2 Major characteristics of packet traces
£ 2 By trace 1Y S

Name Site description Link Bandwidth Date

BWY Columbia university (BroadWaY) 0oC-3 155 Mbps  September 15th, 2004

UFL University of florida at gainesville OC-12 622 Mbps December 5th, 2004
Abilene-I Links at IPLS router node 0C-48 2.5 Gbps March 8th, 2006
Abilene-I1l  Link between Indianapolis router node and Kansas city ~ OC-192 10 Gbps June 1st, 2004

FAE T NePSim 75 Ay FEfl (KBl a8, 40 ere 2 5 7 MR RO ALl 1 38 v i oy 25 3R 45 BB A7 R 10
Ay R AR B AT AR H 0 1P Huhk (5080 80 40 L 45 7] — AR AR R A5 1 28 1) Local Memory A AT 640 4>,
BRL b, ATV 2R A7 32 Th A 64,128,256 F11 512 ANFIN, LU S 3 18 F i vhy 785 8 v 8 27 A7 B0 I L B AT T 140
6 BRSO I & 16-8-8 1Y) multi-bit trie J7vZ%

Pl 6 S AN R E H 15007 |38 LU R % ol A R 5 SRR A7 R R I W 4% Ab P38 ¥ fr bk 2 3R 3 RN 7 43 i o 1 4
TSR E N A7 R M B R RS R A 2,38 4 R 8 3 ) 8o T VUG5 1 360 B R 2 A7 R A0 P H 2k R
B 5 |5 P38 1 2.

Table 3 Route cache miss rate for single ME Table 4  Average route cache miss rate for four-ME

F 3 OHRGIENCE N B S AR R K A F 4 VUTGIVERCE TP AR k%

T Route cache entries Route cache entries per ME

race Trace
64 (%) 128 (%) 256 (%) 512 (%) 64 (%) 128 (%) 256 (%) 512 (%)

BWY 30.97 2271 15.31 9.42 BWY 22.12 16.57 11.86 7.98

UFL 55.95 46.46 37.21 27.02 UFL 36.67 29.39 2331 17.67
Abilene-1 43.70 35.40 26.42 19.70 Abilene-1 23.93 19.61 15.41 12.05
Abilene-IIl | 55.38 45.76 37.67 28.30 Abilene-Ill | 36.06 29.32 23.63 18.02

MNIEL6 AT LA 2 AN A 5 ol £ 2 SR 8 A7 3R IR, I 245 b B 1 7 ik i 5 0 60 trace FE AR TG OG0T % £
B 4 25 L 28 A7 25 1R8O AR M T B4 £, trace v 49 1P Mtk 2 [) 1) J s 1tk — M IR 400 T B9 trace TP 485485 1)
A 1P HuhE% B 2, 27 77 38 1) iy o 28080 G 1 % % 100 30 38 4T, RIS A8 T — AR/ I 22 A7 3 A T34
AL R 0, 0 28 Kb 28 1) A ik 8 2 A AR R IR 42 ey R TS i 2 de /1Y) UFL, M B AF R A 64 AR I, I
HAA AN I A B 54K i 17.70 Mpps 38 03 22.60 Mpps, #2557 27.71%.

F1T IXP2800 T AE7E L%y 4012, 0 B FR 4 H iR 2 HOK, Ui i) v 4 DRAM B 25 5 | IR I SE3B . i 18] 7
AT, 2 A A K R A R AR R R B AR BT AN P (0 T 2R R A A T 45 A DRAM IR [] 45 1L
) HE IR & (suspend), BRI G03 | 48 4db 2% BRI (idlle ) IR 785, ATATVR 9 T 105 | 2 1) Ak R R 07 7R 1 8 oy A I A Ak 5 | 4 4
H 14 22 e, ) B T A3 SR BA B 3 1T S B0 IR S (stall) R A B AR Bl R R LR s R (B
Abilene-111 [f]{k 2k %3k 3] 55.38%),17 04K 1R [ Local Memory 143 .25 Hi s/ DRAM 7 ) [ 7k 3, M T 45
A5 | v 22 R S R 3 78 v Ak R 6 VR DA e

57 T BE G 0T | H TR N B R A R i A S R 28 R T 0 B B A A3 SRR D A A 2R
SR TR 4 ), S SO0 A7 SRR SURIEE I B 7 RN 8 [k B R LU S T R H N 1 B n#) 4 i A
AN B B 2 T AR I TR 3045 05 3 — 2 A4 2 6 WIS TS H O 8 T 4R, 05 1 3 50 H RS n © &N R
HREE RN 13 AR RN D, 19 45 b PRSI A ik S TR 4R e T 0 T 26 b A 4K 5 SRR A7 R UL, 2 Ay | 3
o3 UL, A 1 NSRS BB AE 2 AN [R) B ) P Hbtik iRy 350 H A6 B B, 8 A 36 1) i v B AR Y b A B v R A
TS 2 AR B R IP Mk % B I AN T, {5 DRAM 5 18] YR B a3k — 25 ol /b LUK A5 1 38 TAR R i
ieiy T D) 245 A L 1) 0 ek St 4 380 S AT R B T A1 6 v rT LA B A T 98 A7 i, I 4% A RS 1) e B
TSR B30, S IR T 2 1 B 1 K
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1004 ~ e e
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Fig.6 Packet throughput of NP under different number of MEs and route cache entries
K6 AR E B30T 5 DA R s b oy 4k 45 R 02 A7 A AT o) 296 4k 3L 6 1) A0l 0, 1 A it

Packet throughput (Mpps)
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[_164-Entry

[EE128-Entry
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(b) UFL
250+
2251 mmmNo route cache | ~ ~ -
200{| C—164-Entry |~ - [~ -
175]| EEE128-Entry |~ - e
150d1| E==1256-Entry | ..
125 51 2-Entry
100__ ....................
754 « = e e
50__ .....
25+
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ME number

(d) Abilene-I11
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I

O L
64-Entry

128-Entry |
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256-Entry

512-Entry .
0

64—Entry:

128-Entry .

UFL

256-Entry |
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512-Entry
0

64-Entry |
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Fig.7 Utilization rate for single ME
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128-Entry 1
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64- Entry |
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Table 5 Average invalidated route cache entries for each update
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Index Dataset 1 Dataset 2
ending bit | 64-Entry  128-Entry  256-Entry  512-Entry | 64-Entry  128-Entry  256-Entry  512-Entry
DIP[7] 13.23 18.60 26.89 40.06 12.42 16.05 21.24 28.34
DIP[8] 9.381 13.53 20.11 22.00 8.209 10.80 14.36 15.23
DIP[9] 7.081 10.37 11.32 12.40 5.741 7517 7.952 8.466
DIP[10] 5.537 6.010 6.551 7.039 4.125 4.342 4599 4.879
DIP[11] 3.386 3.657 3.901 4.139 2.557 2.685 2.825 2.845
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