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Compact IP-Routing Lookup

Abstract—A priority TCAM IP-routing lookup scheme, which

I I
combines a priority ternary content addressable memory (TCAM) E ADHs (64K) i
technique with a compact IP-routing lookup scheme, is proposed I'| Segment Logic !
in this letter. It not only completes an IP-routing lookup with two | Table | | Process NHA 1
memory accesses but also achieves small lookup table size and fast ! eflfffs) Unit . !
table reconstruction time. ! N;IA {
| |

Index Terms—P-routing lookup, ternary content addressable Destination == --——=—----------——mmmmesle
memory (TCAM) IP Address : Priority TCAM :
Ly | 1st TCAM > !
I I
— |
. INTRODUCTION | 2T OAM ) ey Lo Ascitea | |
1| 3rd TCAM —» Unit !
ARDWARE IP-routing schemes can be classified into i |
. . . I | 4th TCAM [ 1
three categories: mutliway search, direct TCAM match, 3 '

and indirect lookup. Lampson, Srinivasan, and Vargheseet [1]
showed how multiway search can be adopted for solving th@. 1. Block diagram of the priority TCAM IP-routing lookup scheme.
IP-routing problem. Its advantage is the small lookup table

size. However, it suffers the disadvantage of large memory TABLE |

accesses per lookup and long routing table reconstruction time. ROUTING PREFIXES OF THE192.168 SGMENT

Direct TCAM matching ASICs are available recently [2]. But ' i

TCAM with sufficient capacity for IP routing is still not cost EtY Rf’“l‘_mi Entry p"_(lz,; y)_2 . C°m£:°t ¥P'f°“;?:i£°k“p
effective. Gupta, Lin, and Mckeown [3] proposed an indirec (') ’;;é '1{58/'1 =5 :xx:;xb Compa::;r_'zunng RS
lookup mechanism with 9 Mbytes memory and three memo 1 192:168.20/22/1 000101xxb | Compact IP-routing Iookup
accesses per lookup. Huang and Zhao [4] decreased the 1 3 192.168.8472272 010101xxb | Compact IP-routing lookup
hop array (NHA) size to 470 Kbytes. Wang, Chan, and Che ™ 3 192.168.68/23/3 0100010xb | Compact IP-routing lookup
[5] further reduced the lookup time to two memory access ~— 4 192.168.68.16/28/4 | 01000100b priority TCAM
with a little more memory. 5 192.168.68.16/32/5 01000100b priority TCAM

In this letter, we propose griority TCAM IP-routing lookup . _
scheme which combines a priority TCAM technique with Letl; andh; be the length and the next hop of a routing prefix
a compact IP-routing lookup scheme. The priority TCAM, respectively, ang;(z, y) represent the bit pattern from the
IP-routing lookup scheme can complete an IP routing lookugsh bit to theyth bit in p;. Table | shows an example of routing
with two memory accesses, reduce IP-routing lookup table siggefixes of the 192.168 segment, where entry 0 is the default
and especially, decrease IP-routing lookup table reconstructi@igfix. Due to the maximum length = 32, the segment re-
time. quires2(32-16) NHA entries if using Huang’s algorithm. In this

letter, the proposegriority TCAM IP-routing lookup scheme

Il. THE PRIORITY TCAM IP-ROUTING LOOKUP SCHEME partitions the routing entries at prefix length equal to 24 and

_processes those routing entries greater than 24 by a TCAM tech-

Although the number of Internet hosts grows exponentiallijique, which will be discussed later. Fig. 1 shows the block dia-
the routing prefixes with a router are still in sparse distribugram of the proposed priority TCAM IP-routing lookup scheme.
tion. There are Ies§ than 45000 routing prefixes over @&l The compact IP-routing lookublock is designed to process
segments in today’s backbone routers. And except the defaylé |p-routing entries witty;, < 24. The priority TCAM block
routing entry, there are few or even no routing pre_flx to deﬂqg designed to process the IP-routing entiies> 24. There-
the next hop for most segments. Thus, we utilize this sparse disre, at mosp(24-16) NHA entries are required for the compact
tribution property to reduce IP-routing lookup table size.  |p-routing lookup. For entries entries 1 to 3 in Table I, the 24th

bit of routing prefixes can be ignored, and NHA entries can be
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A. Compact IP-Routing Lookup For any pair of prefixes p; and p; in the
Most of the routing entries are with lengtls < 7; < 24. Set ¢ < j if and only if li <lj; po is the
The compact IP-routing lookup block effectively compresse&lefault routing pr(?flx with lo = 16 and
the memory required for these routing entries. It consists of thgefaUIF hop  ho; _
segment table, the logic process unit, the associated default hgfig? 2: Set the ADH entry to ho;

(ADHs) and the NHAs, as shown in Fig. 1. The segment table!T (7 = 1) {Npointer = 0; goto Step 7:}
contains2'¢ entries and each entry records 4-byte segment m€P 3: Assign - Mlength = [, — 17, Cprefix =
formation. The logic process unit analyses the incoming dest?l(”v 22); .
nation IP address, decides where the next hop is placed (ADHQm{“ke]r = 111111b; Nbit = 0;
or NHAs), and generates the corresponding address. The ADKP 4: For  j =110 m—1 do
is composed o?'¢ entries, which stores the default hop of each  Cmarker = (-not. (p;(17,22) .xor. Cprefix))
segment and the NHAs contain the encoded next hop arrays. -and. Cmarker;

The 4-byte segment information consists of 5 fields: 6 bits of it (h; >15) Nbit = 1;
common prefix pattern (Cprefix), 6 bits of common prefix po-
sition marker (Cmarker), 3 bits of maximum length of routingt€P > Get _ )
prefixes (Mlength), 1 bit of NHA encoding bits\(cbit), and 16 €€ memory space with starting address
bits of NHA pointer (Npointer). Cprefix records the bits of the Addr;

2(Mlength—Clength) /9(1=Nbit) pytes

common bit pattern of; (17, 22); Cmarker sets the bits of the  Fill the NHA space with default hop ho;
common bit position op;(17,22) to 1 and resets to 0, other- Npointer = Addr > 2;
tep 6: For j=11t0 m—-1 do

wise; Mlength equals to the longest prefix length minus 17; N
indicates the number of NHA encoding bits in the NHA, where 0 ¥ = (PO(pi(17,24), (Cmarker < 2)) > (7 —
and 1 represents the encoding of 4 and 8 bits, respectively; andlength)); (Mlength—(1,—17))
Npointer points to the associated NHA memory. With double From the kth to the  (k+20M7enstt=tL=H-1)th
word alignment of memory space, Npointer can address up fo{fiés are updated with h
256 kbytes NHA memory space; it cannot be set to zero exce nd
that only default route exists on that segment. Under such cieP 7: Stop =
cumstances, ADH records the default hop of that segment and ]
no corresponding NHA is needed. Take entries number fromvytual Codes 2: Lookup Table Operation
to 3 in Table | as an example. The 17th, 19th, 21st, and 22A¢gorithm _ _ o
bits are of the same, which resultsimarker = 101011band /Aput:  The incoming destination IP address
Cprefix = 0x0x01b, wherex represents don’t care. The longestP: ]
prefix length classified to the compact IP-routing lookup is 282utput:  The next hop of compact IP-routing
so Mlength is equal to 6. We use 4-bit coding to encode théPOKup
output ports ranging from 0 to 3, so Nbit is set to 0. The NHAtEP 10 j = pi(1,16); _
port map is {0,0,1,1,0,3,2,2} and requires only 4 bytes memofget Cprefix, Cmarker, Mlength, Nbit and
space. Npointer from the jth entry of the seg-

For more clear explanatioNjrtual Codes land2 are shown Ment table;
in the following to describe the compact IP-routing lookup tablgteP 2: P = P1(Cprefix, Cmarker);
construction algorithm and its operation algorithm, respec-Y'1 = P1(pi(17,22), Cmarker);
tively. Here letV (p;(z,y)) represent the value of bit pattern k= (PO(p;(17, 24), Cmarker < 2) > (7 — Mlength));
pi(z,y) and Clength counts the total number of 1's in CmarkepteP 3: If ((Npointer # 0) .and. (P1=P))

'

Define two operator®0(-) and P1() on X,X; ... X, and next hop = content of the jth entry from address
ror1-..ms by: PO(Xg...Xg,r0...15) = Xg--- X, ( Npointer < 2);

wheresy < .-+ < o, < s, forallr, = 0;and de- EIse .

fine P1(Xg...X5,1g...Ts) = X, ...X,, where next hop = content of the jth entry of ADHs;

o9 < -+ < oy < s foralr, = 1. Forex- _ENd

ample, PO(X,... X7,10101100b) = X; X3 XsX; and Step 4. Stop =

P1(X0X7,10 101 100b) = XoXo X, X5, Also, "«”

(">") means left (right) shift operation. Froiirtual Codes B. Priority TCAM

1 and2, the table reconstruction complexity is (m) and The priority TCAM block, shown in Fig. 1, consists of
the IP-routing lookup can be accomplished with two memoRycaMs;, the priority resolve unit, and the associated memory.

accesses. Each TCAM generates matched address for the associated
Virtual Codes 1: Lookup Table Construction memory. The TCAM, as shown in Fig. 2, is composed of the
Algorithm prefix p; register, the corresponding mask bit register induced
Input:  The set of routing prefixes in a from the prefix length;, 32 3-input comparators, and a 32-bit
segment AND operation. Thei-th TCAM has higher priority than
Output:  The corresponding segment entry, the j-th TCAM, if ¢ < j. The priority resolve unit selects
ADH and NHA of this segment the highest priority matched output from the TCAMs. And
Step 1: Let P = pg,p1,--.,pm-1 be the set associated memory stores the next hgpof the associated

of sorted prefixes of an input segment; TCAM entry.
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32-bit destination IP address TABLE I
COMPARISONS OFMEMORY REQUIREMENTS

[ AADS Mae-West PATX

Prefixes 33931 37523 18569

‘Segments 5813 6126 3571

Cength>24 431 433 413

Huang’s[4] 399K 610K 307K

. Chen’s[3] 659K 781K 343K

€ £ Matched Priority TCAM 423K 463K 377K
£ 3 Adares” IP-Routing Lookup | +431 TCAM | +433 TCAM | +443 TCAM

memory; the Chen’s algorithm [5] requires 1 or 2 memory ac-

cesses and also about 8K lookup memory; and the proposed pri-
ority TCAM IP-Routing lookup scheme requires 2 memory ac-
cesses and 9 bytes lookup memory plus 2 priority TCAM en-
tries. Table Il shows the memory requirements of the Huang’s
— algorithm, the Chen'’s algorithm, and our scheme under realistic
prefix data of several network access points (NAPs) from the In-
Fig. 2. The architecture of each TCAM. ternet performance measurement and analysis (IPMA) project
[6]. It can be seen that the IP-routing lookup memory is signif-
antly reduced.
Moreover, the table reconstruction time should be fast enough
handle the frequent route updates (e.g., 100 route updates
er second) in a backbone router. The algorithms [3], [4] suffer
m long table reconstruction time because they may require
2-16) modifications of table content for one route update in

Note : N is the number of entries in a TCAM

The routing entries stored in each TCAM must be carefull'>9
arranged so that at most one entry of each TCAM can be
matched for any incoming destination IP address. Due to t
nonevenly distribution of;, we implement 4 priority classes,P
instead of 8, with each class corresponding to a specific pre fg
length for easy management and full utilization of the TCA . .
memory resource. There are rare cases that an incoming |p (g worse case. Thle proposed priority TC':mAﬁI\/;I_IE;-)routln% lookup
dress matches more than four of TCAM entries, which canrpt \cMe can comp ete a rou_te update wi modifica-
be placed into the four priority classes. Tiogiting entry prefix uonsifl; < 24, or just by adding anew TCAM entrylf > 24.'
expansion techniquean solve this problem. For example, or memory access cycle of 18, it can complete 100 routing

routing entries (92.168.68.10 / 25 /0, 192.168.68.10 /26 /1, UPJates within 64:s (100 - 2247190 10 us) in the worse case,
192.168.68.10/31/6, 192.168 68 10/32/7) cannot b’e such that the switch performance of the IP router can be main-

fitted into 4 priority TCAMs. By the prefix expansion tech_talned. As a matter of fact, the faster routing table update can be

nique, the routing entry 192.168.68.10/ 25/ 0 can be expan %ompllished by storing all the updates in the priority TCAM
to 192.168.68.64/ 26/ 0 and 192.168.68.10/ 26/ 0. Merged wifff the fime being. In other words, the router can put all the

the routing entry 192.168.68.10/ 26/ 1, the expanded entr §>§el?ttly exchar;ged :jP-routin? prtefi:;]es in the p”gf“y TCAM i
can be combined to a routing pair of (192.168.68.64/ 26/ OCk temporarily, and reconstructs the corrésponding compac
S

192.168.68.10/ 26/ 1). By the same way, all the 8 routing entri -roqting lookup 'tat?le later when the router is available for
can be expanded and merged into 4 pair entries of the saﬂ%jatmg or the priority TCAM memory is congested. Conse-

prefix length and fitted into 4 priority TCAM classes, respecg.u.ently' The priority TCAM IP-routing !ookup_ s_ch_eme can sig-
ficantly reduce IP lookup memory size, minimize IP lookup

L . . . .. |
tively. Arranging IP addresses into different priority classed o .
and using prefix expansion techniques are rarely happened %ﬁ'@gé?cgzzggggn time, and complete an IP lookup with two
required only at the IP-table construction phase. y '
The priority TCAM lookup can be completed with one
memory access plus few logic operation cycles, which is REEERENCES
faster than the compact IP-routing lookup. An efficient TCAM . _
hitect be th desi d b | . th TCAM[l] B. Lampson, V. Srinivasan, and G. Varghese, “IP lookups using mul-
archi eC_ure can be thus designe y releasing the tiway and multicolumn searchJEEE/ACM Trans. Networkingsol. 7,
lookup time from 1 clock cycle to more, say 4, clock cycles pp. 324-334, June 1999.
so that the lookup can be finished with two memory accesses[2] 9M TCAM SCT9000 by SiberCore Technologies [Online]. Available:
That is, about 75% gate count can be saved without sacrificing,,, NttP:/www.sibercore.com/products. htm .
. . .g[3] P. Gupta, S. Lin, and N. Mckeown, “Routing lookups in hardware at
overall performance by replacing one operation of a 32-bit ™ memory access speed®foc. IEEE INFOCOM'98 Mar. 1998.
address comparator with four operations of a 8-bit IP addresg4] N. F. Huang and S. M. Zhao, “A novel IP-routing lookup scheme and
comparator. hardware architecture for multi-gigabit switching routel&EE J. Se-
lect Areas Commupvol. 17, pp. 1093-1104, June 1999.
[5] P. C. Wang, C. T. Chan, and Y. C. Chen, “A fast IP routing lookup
[ll. RESULTS AND DISCUSSION scheme,1lEEE Commun. Lettewol. 5, pp. 125-127, Mar. 2001.

. . . . , [6] Internet Performance and Analysis (IPMA) Statistics and
For the routing scenario given in Table I, the Huang's algo- "~ paily  Reports. Merit networks, Inc. [Online]. Available:

rithm [4] requires 1 to 3 memory accesses and about 8K lookup  http:/iwww.merit.edu/ipma/routingtable/
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