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A Priority TCAM IP-Routing Lookup Scheme
Po-Chou Lin and Chung-Ju Chang, Senior Member, IEEE

Abstract—A priority TCAM IP-routing lookup scheme, which
combines a priority ternary content addressable memory (TCAM)
technique with a compact IP-routing lookup scheme, is proposed
in this letter. It not only completes an IP-routing lookup with two
memory accesses but also achieves small lookup table size and fast
table reconstruction time.

Index Terms—IP-routing lookup, ternary content addressable
memory (TCAM).

I. INTRODUCTION

H ARDWARE IP-routing schemes can be classified into
three categories: mutliway search, direct TCAM match,

and indirect lookup. Lampson, Srinivasan, and Vargheseet [1]
showed how multiway search can be adopted for solving the
IP-routing problem. Its advantage is the small lookup table
size. However, it suffers the disadvantage of large memory
accesses per lookup and long routing table reconstruction time.
Direct TCAM matching ASICs are available recently [2]. But
TCAM with sufficient capacity for IP routing is still not cost
effective. Gupta, Lin, and Mckeown [3] proposed an indirect
lookup mechanism with 9 Mbytes memory and three memory
accesses per lookup. Huang and Zhao [4] decreased the next
hop array (NHA) size to 470 Kbytes. Wang, Chan, and Chen
[5] further reduced the lookup time to two memory accesses
with a little more memory.

In this letter, we propose apriority TCAM IP-routing lookup
scheme, which combines a priority TCAM technique with
a compact IP-routing lookup scheme. The priority TCAM
IP-routing lookup scheme can complete an IP routing lookup
with two memory accesses, reduce IP-routing lookup table size,
and especially, decrease IP-routing lookup table reconstruction
time.

II. THE PRIORITY TCAM IP-ROUTING LOOKUP SCHEME

Although the number of Internet hosts grows exponentially,
the routing prefixes with a router are still in sparse distribu-
tion. There are less than 45 000 routing prefixes over total
segments in today’s backbone routers. And except the default
routing entry, there are few or even no routing prefix to define
the next hop for most segments. Thus, we utilize this sparse dis-
tribution property to reduce IP-routing lookup table size.
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Fig. 1. Block diagram of the priority TCAM IP-routing lookup scheme.

TABLE I
ROUTING PREFIXES OF THE192.168 SEGMENT

Let and be the length and the next hop of a routing prefix
, respectively, and represent the bit pattern from the
th bit to the th bit in . Table I shows an example of routing

prefixes of the 192.168 segment, where entry 0 is the default
prefix. Due to the maximum length , the segment re-
quires NHA entries if using Huang’s algorithm. In this
letter, the proposedpriority 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-
nique, which will be discussed later. Fig. 1 shows the block dia-
gram of the proposed priority TCAM IP-routing lookup scheme.
The compact IP-routing lookupblock is designed to process
the IP-routing entries with . Thepriority TCAM block
is designed to process the IP-routing entries . There-
fore, at most NHA entries are required for the compact
Ip-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
further reduced to . Moreover, by further examining
the pattern (except the default prefix) with ,
the 17th, 19th, 21st, and 22nd bits are the same. This means that
only a 3-bit (the 18th, 20th and 23rd bits) pattern withNHA
entries is needed to record. Notice that the more common bits
there are, the fewer NHA entries will be. If both the compact
IP-routing lookup block and the priority TCAM block match
the incoming destination IP address, theselectorblock chooses
the priority TCAM due to its longer prefix length.

1089-7798/03$17.00 © 2003 IEEE



338 IEEE COMMUNICATIONS LETTERS, VOL. 7, NO. 7, JULY 2003

A. Compact IP-Routing Lookup

Most of the routing entries are with length .
The compact IP-routing lookup block effectively compresses
the memory required for these routing entries. It consists of the
segment table, the logic process unit, the associated default hops
(ADHs) and the NHAs, as shown in Fig. 1. The segment table
contains entries and each entry records 4-byte segment in-
formation. The logic process unit analyses the incoming desti-
nation IP address, decides where the next hop is placed (ADHs
or NHAs), and generates the corresponding address. The ADH
is composed of entries, which stores the default hop of each
segment and the NHAs contain the encoded next hop arrays.

The 4-byte segment information consists of 5 fields: 6 bits of
common prefix pattern (Cprefix), 6 bits of common prefix po-
sition marker (Cmarker), 3 bits of maximum length of routing
prefixes (Mlength), 1 bit of NHA encoding bits (-bit), and 16
bits of NHA pointer (Npointer). Cprefix records the bits of the
common bit pattern of ; Cmarker sets the bits of the
common bit position of to 1 and resets to 0, other-
wise; Mlength equals to the longest prefix length minus 17; Nbit
indicates the number of NHA encoding bits in the NHA, where 0
and 1 represents the encoding of 4 and 8 bits, respectively; and
Npointer points to the associated NHA memory. With double
word alignment of memory space, Npointer can address up to
256 kbytes NHA memory space; it cannot be set to zero except
that only default route exists on that segment. Under such cir-
cumstances, ADH records the default hop of that segment and
no corresponding NHA is needed. Take entries number from 0
to 3 in Table I as an example. The 17th, 19th, 21st, and 22nd
bits are of the same, which results in and

, where represents don’t care. The longest
prefix length classified to the compact IP-routing lookup is 23,
so Mlength is equal to 6. We use 4-bit coding to encode the
output ports ranging from 0 to 3, so Nbit is set to 0. The NHA
port map is {0,0,1,1,0,3,2,2} and requires only 4 bytes memory
space.

For more clear explanation,Virtual Codes 1and2 are shown
in the following to describe the compact IP-routing lookup table
construction algorithm and its operation algorithm, respec-
tively. Here let represent the value of bit pattern

and Clength counts the total number of 1’s in Cmarker.
Define two operators and on and

by: ,
where , for all ; and de-
fine , where

, for all . For ex-
ample, and

. Also, ” ”
(” ”) means left (right) shift operation. FromVirtual Codes
1 and 2, the table reconstruction complexity is in and
the IP-routing lookup can be accomplished with two memory
accesses.

Virtual Codes 1: Lookup Table Construction
Algorithm
Input: The set of routing prefixes in a
segment

Output: The corresponding segment entry,
ADH and NHA of this segment

Step 1: Let be the set
of sorted prefixes of an input segment;

For any pair of prefixes and in the
set, if and only if ; is the
default routing prefix with and
default hop ;

Step 2: Set the ADH entry to ;
If { ; goto Step 7;}

Step 3: Assign ;
;

; ;
Step 4: For to do

.and. Cmarker;
if ;

End
Step 5: Get bytes
free memory space with starting address
Addr;
Fill the NHA space with default hop ;

;
Step 6: For to do

;
From the th to the th

entries are updated with ;
End

Step 7: Stop

Virtual Codes 2: Lookup Table Operation
Algorithm
Input: The incoming destination IP address

Output: The next hop of compact IP-routing
lookup

Step 1: ;
Get Cprefix, Cmarker, Mlength, Nbit and
Npointer from the th entry of the seg-
ment table;

Step 2: ;
;

;
Step 3: If .and.

( );
Else

;
End

Step 4: Stop

B. Priority TCAM

The priority TCAM block, shown in Fig. 1, consists of
TCAMs, the priority resolve unit, and the associated memory.
Each TCAM generates matched address for the associated
memory. The TCAM, as shown in Fig. 2, is composed of the
prefix register, the corresponding mask bit register induced
from the prefix length , 32 3-input comparators, and a 32-bit
AND operation. The -th TCAM has higher priority than
the -th TCAM, if . The priority resolve unit selects
the highest priority matched output from the TCAMs. And
associated memory stores the next hopof the associated
TCAM entry.
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Fig. 2. The architecture of each TCAM.

The routing entries stored in each TCAM must be carefully
arranged so that at most one entry of each TCAM can be
matched for any incoming destination IP address. Due to the
nonevenly distribution of , we implement 4 priority classes,
instead of 8, with each class corresponding to a specific prefix
length for easy management and full utilization of the TCAM
memory resource. There are rare cases that an incoming IP ad-
dress matches more than four of TCAM entries, which cannot
be placed into the four priority classes. Therouting entry prefix
expansion techniquecan solve this problem. For example, 8
routing entries (

) cannot be
fitted into 4 priority TCAMs. By the prefix expansion tech-
nique, the routing entry 192.168.68.10/ 25/ 0 can be expanded
to 192.168.68.64/ 26/ 0 and 192.168.68.10/ 26/ 0. Merged with
the routing entry 192.168.68.10/ 26/ 1, the expanded entries
can be combined to a routing pair of (192.168.68.64/ 26/ 0,
192.168.68.10/ 26/ 1). By the same way, all the 8 routing entries
can be expanded and merged into 4 pair entries of the same
prefix length and fitted into 4 priority TCAM classes, respec-
tively. Arranging IP addresses into different priority classes
and using prefix expansion techniques are rarely happened and
required only at the IP-table construction phase.

The priority TCAM lookup can be completed with one
memory access plus few logic operation cycles, which is
faster than the compact IP-routing lookup. An efficient TCAM
architecture can be thus designed by releasing the TCAM
lookup time from 1 clock cycle to more, say 4, clock cycles
so that the lookup can be finished with two memory accesses.
That is, about 75% gate count can be saved without sacrificing
overall performance by replacing one operation of a 32-bit
address comparator with four operations of a 8-bit IP address
comparator.

III. RESULTS AND DISCUSSION

For the routing scenario given in Table I, the Huang’s algo-
rithm [4] requires 1 to 3 memory accesses and about 8K lookup

TABLE II
COMPARISONS OFMEMORY REQUIREMENTS

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 II 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-
ternet performance measurement and analysis (IPMA) project
[6]. It can be seen that the IP-routing lookup memory is signif-
icantly reduced.

Moreover, the table reconstruction time should be fast enough
to handle the frequent route updates (e.g., 100 route updates
per second) in a backbone router. The algorithms [3], [4] suffer
from long table reconstruction time because they may require

modifications of table content for one route update in
the worse case. The proposed priority TCAM IP-routing lookup
scheme can complete a route update within modifica-
tions if , or just by adding a new TCAM entry if .
For memory access cycle of 10, it can complete 100 routing
updates within 64 ( ) in the worse case,
such that the switch performance of the IP router can be main-
tained. As a matter of fact, the faster routing table update can be
accomplished by storing all the updates in the priority TCAM
for the time being. In other words, the router can put all the
recently exchanged IP-routing prefixes in the priority TCAM
block temporarily, and reconstructs the corresponding compact
IP-routing lookup table later when the router is available for
updating or the priority TCAM memory is congested. Conse-
quently, The priority TCAM IP-routing lookup scheme can sig-
nificantly reduce IP lookup memory size, minimize IP lookup
table reconstruction time, and complete an IP lookup with two
memory accesses.
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