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(57) ABSTRACT

In the proposed stored don’t-care hierarchical search-line
scheme, a content-addressable memory (CAM) is divided
into several blocks. Each block contains a plurality of local
search-lines, a global search-line, a buffer and a memory
memory cell. Data are stored in the blocks in order according
to the length of the prefix. Data with the longest prefix is
stored at the bottommost, and its don’t-care state is used as the
control signal of the buffer to control whether to transfer the
data on the global search-line to the local search-line or not.
The local search-line then transfer the value into the memory
cell. There is no complex control circuit and extra storage
device needed. Moreover, because the control signal directly
comes from the don’t-care state, power consumption on
search-lines can be effectively reduced with no increase of
search delay.

11 Claims, § Drawing Sheets
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STORED DON’T-CARE BASED
HIERARCHICAL SEARCH-LINE SCHEME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a design of search-line in
the computer network domain and, more particularly, to a
stored don’t-care based hierarchical search-line scheme mak-
ing use of a content-addressable memory (CAM) to apply to
IP addressing lookup.

2. Description of Related art

Content-addressable memory (CAM) is a memory that
implements the lookup-table function in a single clock cycle
using dedicated comparison circuitry. CAM is a high perfor-
mance search engine. It compares input search data with its
entire contents within a single clock cycle. A CAM cell serves
two basic functions—bit storage and bit comparison. For bit
storage, CAM plays as an ordinary memory. Different from
the SRAM, CAM has a special mode—searching operation.
High search speed is the most advantage of CAM. As CAM
applications grow, the power problem deteriorates more than
the area. How to make a trade-off between power, speed, and
area is the most important issue of recent researches in large
capacity CAMs.

CAM can beclassified into binary CAM and ternary CAM.
The binary CAM cell, has two states: “one” state and “zero”
state. Different from binary CAM cell, the ternary CAM has
an extra state, don’t-care, which is suitable to be used in
network applications. Because ternary CAM cell has this
extra state, it needs an additional storage memory to store
data.

FIG. 1 shows a simplified block diagram ofa ternary CAM.
A conventional Ternary CAM architecture is usually com-
posed of memory cell array 32, address decoders 30, bit-lines
pre-charge circuits 38, word match schemes 34, read sense
amplifiers 42, address priority encoders 36 and data line 40.
Generally, ternary CAM has three operation modes: write,
read, and search. The input in FIG. 1 is called search word that
is broadcasted onto the search-lines. The number of bits in a
ternary CAM word is usually large, with existing implemen-
tations ranging from 36 to 144 bits. A typical ternary CAM
employs a table size ranging between a few hundred entries to
32K entries, corresponding to an address space ranging from
7 bits to 15 bits. Each stored word has a match-line that
indicates whether the search word and stored word are iden-
tical (the match case) or are different (a mismatch case, or
miss). The match-lines are fed to an encoder that generates a
binary match location corresponding to the match-line that is
in the match state. An encoder is used in systems where only
a single match is expected. In ternary CAM applications
where more than one word may match, a priority encoder is
used instead ofa simple encoder. An address priority encoder
36 selects the highest priority matching location to map to the
match result, with words in lower address locations receiving
higher priority. The overall function of a ternary CAM is to
take a search word and return the matching memory location.

The hierarchical search-line scheme divides the search-
lines into a two-level hierarchy of global search-lines (GSLs)
and local search-lines (LSLs). FIG. 2 shows a simplified
hierarchical search-line scheme, where the match-lines are
pipelined into two segments, and the search-lines are divided
into four LSLs per GSL. As shown in FIG. 2, hierarchical
search-lines are built on top of pipelined match-lines. The
basic idea of hierarchical search-lines is to exploit the fact that
few match-lines survive the first segment of the pipelined
match-lines. In the figure, each LSL feeds only a single
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2

match-line (for simplicity), but the number of match-lines per
LSL canbe 64 to 256. The GSLs are active every cycle, but the
LSLs are active only when necessary. Activating LSLs is
necessary only when at least one of the match-lines fed by the
LSL is active. In many cases, an LSL will have no active
match-lines in a given cycle, hence there is no need to activate
the LSL, saving power.

However, the search speed is also restricted by hierarchical
search-line (HSL) scheme. The primary reason is that the
control signal comes from the comparison result at the pre-
vious stage in the same block, causing search time delay
because each stage has to await the previous stage to finish
operations and await the logic gate delay on one stage of HSL,
to start the comparison. Besides, in order to get the control
signal of the next stage, the buffer of the HSL needs to have a
very large control logic gate, in which the area and power
overhead caused by the pipeline flip-flops and the clock driver
diminishes the usefulness of the approach.

Accordingly, the present invention aims to propose a stored
don’t-care based hierarchical search-line scheme to solve the
above drawbacks in the prior art.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a stored
don’t-care based hierarchical search-line scheme, which is
used in a CAM to arrange data in a special manner and to
directly compare data having the longest prefix so as to deter-
mine whether it is a don’t-care. If the answer is yes, data with
shorter prefixes are also don’t-cares.

Another object of the present invention is to provide a
stored don’t-care based hierarchical search-line scheme, in
which data having the longest prefix is stored at the bottom of
the memory cell in order of prefix length, and data search is
performed upward from the bottom.

Another object of the present invention is to provide a
stored don’t-care based hierarchical search-line scheme, in
which the data content of the bottom of each block is used as
the control signal of the buffer. Therefore, the value of this
control signal can be immediately known at write cycle, and
no time delay will occur during search.

Another object of the present invention is to provide a
stored don’t-care based hierarchical search-line scheme,
which directly makes use of the arrangement characteristic of
don’t-care to control HSLs without the need of extra storage
unit in the applications of IP addressing lookup.

Another object of the present invention is to provide a
stored don’t-care based hierarchical search-line scheme, in
which HSLs are divided into GSLs and LSLs. The GSLs are
active for every search. If the state of each CAM cell con-
nected to the LSLs is don’t-care, the LSLs will be turned off
to save power consumption.

To achieve the above objects, the present invention pro-
vides a stored don’t-care based hierarchical search-line
scheme, which is used ina CAM. The stored don’t-care based
hierarchical search-line scheme comprises a plurality of
blocks, a plurality of hierarchical search-line groups and a
plurality of buffers. The blocks are divided from the content-
addressable memory. Each block contains a memory cell, and
stores a plurality of defined don’t-care states. The HSL
groups are disposed in the blocks. Each HSL group includes
aGSL and a LSL. The LSL is connected to the memory cell.
Each block searches synchronously the don’t-cares. Each
buffer is disposed in one of the blocks and connected to the
GSL and the LSL. Whether to transfer data on the GSL to the
LSL or not is determined based on the don’t-care state.
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The present invention also provides a method of using a
HSL scheme for search. The method is used in a CAM, which
is divided into a plurality of blocks. Each block includes a
HSL group. Each HSL group has a GSL and a LSL connected
together via a buffer. Each block contains a plurality of
defined don’t-cares. The method comprises the steps of? stor-
ing data of the CAM in the block in order according to the
length of its prefix, and sending data for comparison to the
GSL; each block synchronously determining whether the
data with the longest prefix is a don’t-care to provide for said
buffer to determine whether to transfer data of the GSL to the
LSL according to don’t-care state, the buffer also outputting
asearch value of the LSL; and the LSL sending out the search
value.

BRIEF DESCRIPTION OF THE DRAWINGS

The various objects and advantages of the present inven-
tion will be more readily understood from the following
detailed description when read in conjunction with the
appended drawing, in which:

FIG. 1 is a diagram of a conventional ternary content-
addressable memory (TCAM) architecture;

FIG. 2 is a schematic ofa conventional hierarchical search-
line architecture;

FIG. 3 is a diagram of the don’t-care based hierarchical
search-line scheme of the present invention;

FIG. 4 is a simplified circuit diagram of the don’t-care
based hierarchical search-line scheme of the present inven-
tion; and

FIG. 5 shows a timing analysis of the don’t-care based
hierarchical search-line scheme of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention provides a stored don’t-care based
hierarchical search-line scheme, which makes use of the char-
acteristics of CAM and don’t-cares when applied to IP
addressing lookup. Using the present invention, the control
signal won’t increase the search delay, and there is no com-
plex control circuit and extra storage device needed. Power
consumption on the search-lines can be effectively reduced
while keeping the same search delay. and the area can be
saved.

If the CAM cell is don’t-care, the matching signal is inde-
pendent of input search data. In this situation, search-line can
be disabled to save power. To archive this goal, the present
invention divides search-line into global search-line (GSL)
and local search-line (LSL). A simplified architecture of pro-
posed don’t-care based hierarchical search-line scheme is
shown in FIG. 3, and a simplified circuit diagram of the
present invention is shown in FIG. 4. The entire CAM 10 is
divided into a plurality of blocks 12. Each block 12 consists of
several math-lines, one LSL 14, one GSL 16 and a buffer 18.
The buffer 18 is constructed by NOR gate, and is used to
connect the GSL 16 and the LSL 14. In each search, data for
comparison is first transferred to the GSL 16, and the buffer
18 decides whether search data on the GSL 16 will broadcast
to the LSL 14 or not according to the don’t-care state in the
CAM 10. The CAM used in the present invention is a ternary
CAM.

For IPv6 addressing lookup application using CAM, data is
sorted inorder of prefix length. Taking FIG. 3 for example, the
CAM 10 stores data of 256 bits, each of the four blocks 12
stores data of 64 bits, and whether each piece of data is a
don’t-care has been defined. Fach circle in the blocks 12

15

20

25

30

35

40

45

60

65

4

represents a memory cell 20. A light-color X in the circle
represents don’t-care, while a deep-color X in the circle rep-
resents a dependent term. In the figure, the longest prefix is
located at the bottom of the CAM, i.e., the top of the first
block. On the contrary, the shortest prefix is located at the top
of the CAM 10, i.e., the bottom of the fourth block. Because
each block 12 has a buffer 18, the blocks 12 can search
synchronously.

Because data is stored in the blocks 12 in the CAM 10
according to the length of its prefix, if the data having the
longest prefix is determined to be a don’t-care, data in the
upper CAM cell 20 is certainly don’t-care. The present inven-
tion uses the don’t-care state stored in the CAM 10 as the
control signal source of the buffer 18. By the special arrange-
ment of data, the don’t-care state stored in the bottom CAM
word in each block is used as the control signal to provide for
the buffer 18 to decide whether search data on GSL 16 will
broadcastto the LSL 14 or not. The buffer 18 accepts the input
of the GSL 16 and the don’t-care state, and outputs a search
value of the LSL 14. The LSL 14 finally sends the search
value into the memory cell 20 in the block 12.

Another advantage of the present invention compared to
the conventional hierarchical search-line scheme is that the
don’t-care based hierarchical search-line scheme do not
increase search delay. FIG. 5 shows the timing diagram of the
don’t-care based hierarchical search-line scheme. FIG. 5
comprises clock cycle signal 50, search data signal 52, GSL
data signal 54, LSL data signal 56, search enable time 58,
match line precharge time 60 and match line (ML) 62.Since
the control signal of the buffer can be decided in write opera-
tion, the buffer won’t affect the search delay. It is obviously
that GSL-to-LSL delay is shorter than half clock cycle. Dur-
ing operation, search data is already on the LSL. Hence, the
architecture proposed by the present invention has no load to
search delay.

To sum up, in the stored don’t-care based hierarchical
search-line scheme provided by the present invention, a CAM
is divided into a plurality of blocks, and each block contains
a buffer. Using don’t-care state that can be decided in write
operation as the control signal of the buffer, the search delay
won’t be affected. Moreover, there is no extra storage device
and complex control circuit needed for getting the control
signal of next stage as in the prior art. Besides, because the
buffer in the present invention is constructed by NOR, the
area and power consumption of the buffer can be reduced to
achieve better performance of search-line.

Although the present invention has been described with
reference to the preferred embodiment thereof, it will be
understood that the invention is not limited to the details
thereof. Various substitutions and modifications have been
suggested in the foregoing description, and other will occur to
those of ordinary skill in the art. Therefore, all such substitu-
tions and modifications are intended to be embraced within
the scope of the invention as defined in the appended claims.

We claim:

1. A stored don’t-care based hierarchical search-line
scheme used in a content-addressable memory comprising:

a plurality of blocks divided from said content-addressable
memory, each said block containing a memory cell and
storing a plurality of don’t cares which have defined
don’t-care states;

a plurality of hierarchical search-line groups disposed in
said blocks, each said hierarchical search-line group
including a global search-line and a local search-line,
said local search-line being connected to said memory
cell, each said block searching synchronously said
don’t-cares;
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aplurality of buffers, each said buffer being disposed in one
of said block and connected to said global search-line
and said local search-line, said don’t-care state being
based to determine whether to transfer data on said glo-
bal search-line to said local search-line or not;

data of said content-addressable memory are stored in

order in said block according to length of prefix of the
data;

all said local search-lines in a same column of said blocks

are connected to a common global search-line, and input
search data are sent to said global search-line at every
search cycle; and

said don’t-cares are data stored at top of said memory cell

in each said block.

2. The stored don’t-care based hierarchical search-line
scheme according to claim 1, wherein each said hierarchical
search-line group is connected to a same column of same said
block.

3. The stored don’t-care based hierarchical search-line
scheme according to claim 1, wherein said local search-line is
used to transfer a search value to said memory cell of said
block.

4. The stored don’t-care based hierarchical search-line
scheme according to claim 1, wherein each said block has one
said hierarchical search-line group.

5. The stored don’t-care based hierarchical search-line
scheme according to claim 1, wherein said buffer accepts an
input of said global search-line and said don’t-care state, and
outputs a value on said local search-line.

6. The stored don’t-care based hierarchical search-line
scheme according to claim 1, wherein said buffer is con-
structed by NOR gate.

7. A method of using a hierarchical search-line scheme for
search, said method being used in a content-addressable
memory, said content-addressable memory being divided
into a plurality of blocks, each said block including a hierar-
chical search-line group, each said hierarchical search-line
group having a global search-line and a local search-line
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connected together via a buffer, each said block containing a
plurality of defined don’t-cares, said method comprising the
steps of:

storing data of said content-addressable memory in said

block in order according to a length of prefix of the data,
and sending data for comparison to said global search-
line;
each said block synchronously determining whether the
data with a longest prefix is a don’t-care to provide for
said buffer to determine whether to transfer data of said
global search-line into said local search-line according
to a state of said don’t-care, said buffer also outputting a
search value of said local search-line;
said local search-line sending out said search value; and
all said local search-lines in a same column are connected
to a common global search-line, and input search data
are sent to said global search-line at every search cycle;

said buffer accepts an input of said global search-line and
said don’t-care state, and outputs a value on said local
search-line; and

said don’t-care is content stored at top of said memory cell

in each said block.

8. The method of using a hierarchical search-line scheme
for search according to claim 7, wherein each said hierarchi-
cal search-line group is connected to a same column of same
said block.

9. The method of using a hierarchical search-line scheme
for search according to claim 7, wherein the data with a
longest prefix in said block is stored at bottom of said memory
cell, and data with a shortest prefix is stored at top of said
memory cell.

10. The method of using a hierarchical search-line scheme
for search according to claim 7, wherein said states of don’t-
care are used as control signals of said buffer.

11. The method of using a hierarchical search-line scheme
for search according to claim 7, wherein said buffer is con-
structed by NOR gate.
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