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Introduction

• Content-addressable memory (CAM) is a 
storage device, which provides an efficiently fast 
data-search function.

• To achieve an effective function of data 
searching, the data comparison architecture of 
CAMs is usually implemented in parallel 
operation structure.
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Introduction
• However, due to parallel process characteristic, 

power consumption is always an important 
concern when designing CAM circuitry.

• Therefore, many articles have been devoted to 
the study of CAMs for low-power, in which power 
reduction has focused on the circuit and 
architecture domains.
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Previous Work & Observation

• Recently, pre-computation technique has 
received as one of the most effective 
approaches for low-power designs.

• Pre-computation-Based CAM (PB-CAM) stores 
extra information along with data used in the 
data searching operation to eliminate most of 
the unnecessary comparison operations, 
thereby saving power.
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Previous Work & Observation
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1’s Count PB-CAM
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Mathematical Analysis for the 1’s 
Count PB-CAM

• Assume that the inputs are independent and uniformly 
distributed, the number of input data related to the same 
parameter for n-bit input data can be determined by

where k is a number of ones for n-bit input data (which is 
from 0 to n). 

• Therefore, the occurring average probability of every 
parameter can be derived by
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Mathematical Analysis for the 1’s 
Count PB-CAM
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1’s Count Parameter Extractor
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Deficiencies of the 1’s Count 
Approach

1. The normal distribution limits further the 
reduction of comparison operations in PB-CAMs
so that the effect of reducing power consumption 
is also limited.

2. The 1’s count parameter extractor is  
implemented with many full adders, which not 
only wastes area but increases delay.
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Block-XOR PB-CAM

• To improve the major deficiencies of the 1’s 
count approach, the concept behind the block-
xor approach is to eliminate the normal 
distribution characteristic for random input data 
resulting from the 1’s count approach and to 
reduce the delay and area of the parameter 
extractor.



13

Block-XOR Parameter Extractor
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Mathematical Analysis for the Block-
XOR PB-CAM
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Comparisons of two PB-CAMs
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Previous Work & Observation

• The probability viewpoint proves that the block-
xor approach reduce the number of comparison 
operations in 88% of the cases for 15-bit random 
input data compared with that of the 1’s count 
approach.

• However, for most of applications, their data 
distribution characteristics are specific rather 
than random.
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Proposed Approach
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Proposed Approach

• Suppose that we use basic logic gates (AND, 
OR, XOR, NAND, NOR, and NXOR) to 
synthesize a parameter extractor for a specific 
data type, which has 6^7^(n/8) different logic 
combinations. 

• Obviously, the optimal combination of this 
parameter extractor can not be found in 
polynomial time.
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Proposed Approach

• To synthesize a proper parameter extractor in 
polynomial time for a specific data type, we 
propose a gate-block selection algorithm to find 
an approximately optimal combination. 

• We illustrate how to select proper logic gates to 
synthesize a parameter extractor for specific 
data type from mathematical analysis below.
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Mathematical Analysis

• For a 2-input logic gate, let p be the probability 
of the output signal Y that is one state. 

• The probability mass function of the output 
signal Y is given by
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Mathematical Analysis
• Assume that the inputs are independent, if we use any 2-

input logic gate as a parameter extractor to generate the 
parameter for 2-bit data, then the PB-CAM requires the 
average number of comparison operations in each data 
comparison process can be formulated as

• where N0 is the number of zero entries, and N1 is the 
number of one entries for the generated parameters.
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Mathematical Analysis
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Proposed Approach

• To reduce the complexity of our proposed 
algorithm and enhances the performance of the 
parameter extractor, our proposed approach 
only selects NAND, NOR, and XOR gates to 
synthesize the parameter extractor for our 
implementation. 

• This is because that NAND and NOR are better 
than AND and OR in terms of the area, power, 
and speed.
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Gate-Block Selection Algorithm
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An Example

minimal



26

An Example

minimal



27

An Example

minimal



28

An Example
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Experimental Results
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Experimental Results
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Experimental Results
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Experimental Results

LG : Logic Gate (which is NAND, NOR, or XOR)

FA : Full Adder
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Conclusion

• In this paper, a gate-block selection algorithm  
has been proposed, which can synthesize a 
proper parameter extractor of the PB-CAM for a 
specific data type.

• As shown in our experimental results, the 
proposed PB-CAM is very suitable for specific 
applications such as embedded systems.
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Thank You !


