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ABSTRACT 

Content-addressable memory (CAM) is a special type of computer memory which provides a fast data search 

operation in single clock cycle. Content-addressable memory (CAM) is frequently used in applications such as 

lookup tables, databases, associative computing, and networking. However the high speed of CAM increases the 

power consumption. This paper presents low power techniques i.e. One’s count, XOR approach and Gate block 

selection to improve power efficiency of pre-computation based CAM. In this experiment VHDL modeling is 

used and implemented using Xilinx to estimate the power consumption. Compared with the ones count PB-CAM 

system the experimental result shows that proposed approach can achieve 30 %   power reduction. 

 

Keywords:  Content Addressable Memory, Gate Block Selection, One’s Count, Pre-Computation, 

XOR  

I INTRODUCTION 

Content addressable memory (CAM) is the special type of memory in which data can be identified by its content 

instead of its address. CAM compares input search data with stored data, and returns the address of the matching 

data. CAM has fast search capability. CAMs can be used in a wide variety of applications such as asynchronous 

transfer mode (ATM), communication networks, databases, lookup tables, data compression. Due to its vast 

number of comparison operation CAM consumes large amount of power.  

There are many methods for reducing CAM power consumption which are focused on reducing match-line 

power [3], [4], [12] or by dividing the match line [5], [6] ,[13],performance degradation, pre-computation 

techniques [1], [8], low power cache [9]-[11], search architecture [14], [15]. One‟s count pre-computation-based 

CAM [8] (PB-CAM) that achieves low-power. Furthermore to improve the efficiency of PB-CAMs, the 

parameter extractor architecture is modified.  

 In this work, two efficient techniques for reducing power for the PB-CAM.are Compared with the one‟s count 

technique. Proposed techniques achieve power reduction. 

 

II CAM ARCHITECTURE 

2.1 CAM overview 
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Content addressable memory (CAM) provides a fast data search function by comparing the search data with all 

of the stored data in a single clock cycle. CAMs can be used in a wide variety of applications requiring high 

search speeds. However due to high speed of a CAM, silicon area and power consumption increases. For lager 

CAM the power problem further increases. To reduce the power consumption the CAM can be modified at 

architecture level. 

 We can compare CAM to RAM. RAM produces the data for a given address. But in case of CAM, it produces 

an address for a given data word. For RAM, data search is done serially. Thus, finding a particular data word 

can take many cycles. In case of CAM searches all addresses in parallel and produces the address storing a 

particular word. CAM supports writing "don't care" bits into words of the memory. The don't care bit can be 

used as a mask for CAM comparisons. The output of the CAM can be encoded. It ensures duplicate data is not 

written into the CAM. 

 

2.2 Operation of CAM 

Fig.1 shows general CAM architecture. In this block, data is stored already in the CAM memory. The input to 

the system is search word. The input search data is broadcasted to searchlines and then it is compared with the 

stored data. 

 

Fig.1 CAM Architecture [2] 

Each stored word has matchline which indicates that whether the search data and stored data are same or 

different. Then matchlines are connected to encoder. The encoder gives the match location corresponding to 

match line which in match state. CAM does this searching operation at very high speed.  So it requires large 

amount power. In order to reduce the power consumption we have introduced PB-CAM (pre computation-Based 

CAM) architecture. 

 

III PRE-COMPUTATION BASED CAM ARCHITECTURE 

Pre-computation is the technique applied to the CAM at architectural level. This technique stores some extra 

information along with each data. These extra information (extra bits) are generated from stored data and it is 
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used for initial search operation. Initially if this searching operation fails then it will stop further search and thus 

saves power. 

 

 

 

 

 

 

 

 

Fig.2 Pre-computation based CAM Architecture. 

   Fig. 2 shows the architecture of the PB-CAM which consists of data memory, parameter memory, and 

parameter extractor, where k < n. To reduce number of comparison for search operation, the operation is divided 

into two parts. The first consist of input data, parameter extractor and parameter memory, and the second part 

contains CAM memory (data memory). To reduce power consumption this pre computation-based content 

addressable memory is introduced as in the first part. For further pre-computation techniques here only the 

parameter extractor block is changed. Therefore, the parameter extractor of the PB-CAM is critical, because it 

determines the number of comparison operations in the second part. So, the parameter extractor plays an 

important role. 

 

3.1   One’s count parameter extractor 

Fig.3 shows the 14-bit ones-count parameter extractor. In this method input is 14 bit and it will produce 4-bit 

output (S0, S1, S2, and S3). The ones-count parameter extractor is implemented with full address.  As name 

suggested it will count number of ones. If the output is 0101 means it will select parameter P5 in parameter 

memory. If there is no match in the first part, it means that the input search data mismatches with thedata related 

to the stored parameter. Otherwise, the data related to those stored parameters have to be compared in the 

second part. Output of parameter extractor has been is given in Table I. The number of data for each parameter 

and its average probability is tabulated in Table 1.  

The average probability can be determined by,  
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Here n is a type of one‟s count (from 0 to 14 ones-counts).  

 

 

Fig.3 14-bit one’s count parameter extractor 

Table 1: Output of One’s count parameter extractor 

 

1 

Parameter 

No. of data 

related to the 

same 

parameter 

 

Average 

probability 

0000 0 1 0.01% 

0001 1 14 0.09% 

0010 2 91 0.56% 

0011 3 364 2.22% 

0100 4 1001 6.11% 

0101 5 2002 12.22% 

0110 6 3003 18.33% 

0111 7 3432 20.95% 

1000 8 3003 18.33% 

1001 9 2002 12.22% 

1010 10 1001 6.11% 

1011 11 364 2.22% 
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1100 12 91 0.56% 

1101 13 14 0.09% 

1110 14 1 0.01% 

1111 15 Valid bit  

 

For example average probability for parameter P5 can be calculated as follows. 

Number of data related to P5 is 

 

 = 14*13*12*11*10/5*4*3*2*1 = 2002 

The average probability = 2002 / 2^14                    

                                       = 2002/1638 = 0.12219  

Probability (%) = 12.22% 

 

The disadvantage of one‟s-count technique is that from parameter 5 to 9 the number of data related to the same 

parameter is around 2000-3000. Hence comparison operations also increased simultaneously which will also 

increase the power consumption. Ones-count PB-CAMs fail to reduce the number of comparison operations in 

the second part. As it can be seen in Table I, random input patterns for the ones-count approach demonstrate the 

Gaussian distribution characteristic. Here   the Gaussian distribution will limit any further reduction of the 

comparison operations in PB-CAMs. So, we replaced Block-XOR technique for reducing the amount power 

consumption.   

 

IV PROPOSED PARAMETER EXTRACTOR ARCHITECTURE FOR PB-CAM  

4.1  XOR Gate Parameter Extractor 

 

Fig.4 14-bit XOR parameter extractor 
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In this technique 14-bit input data is distributed uniformly over the parameters, then the number of input data 

related to each parameter would be 2
14

/15 =1093. So the maximum number of required comparison operations 

would be same i.e. 1093 for each case in the second part of the comparison process. This approach can reduce 

comparison operations by a several number of times as compared to one‟s count. 

   Fig.4 shows the block XOR parameter extractor. In this block XOR concept the input data is first is applied to 

several blocks. These blocks are several XOR logic combinations from which an output bit is computed. The 

output bits are then combined to become the input parameter for the second part of the comparison Process. 

However, the concept of Block-XOR approach does not provide a valid bit for checking whether the data is 

valid. For this reason the multiplexer is used. It will select the correct parameter. 

 

 The selected signal is defined as,      

s=A3.A2.A1.A0                                (2) 

If the parameter is “0000 - 1110” (s = “0"), the multiplexer will transmit the i0 data as the output. In other 

words, the parameter will not change. Otherwise, (A3A2A1A0 =„„1111”, s =„„1”), the first block of the input data 

will become the new parameter, and “1111” can then be used as the valid bit. Note that the case where “1111” 

was not considered, because for case “1111”, s=‟1‟ then I will select “D13 D12 D11 D10”. So then finally we have 

avoided the “1111”. Table 2 shows the output of blocked XOR parameter extractor. 

Table 2: Output of XOR extractor parameter 

1 

Parameter 

No. of data 

related to the 

same 

parameter 

 

Average 

probability 

0000 0 1024 6.25% 

0001 1 1152 7.03% 

0010 2 1152 7.03% 

0011 3 1024 6.25% 

0100 4 1152 7.03% 

0101 5 1024 6.25% 

0110 6 1024 6.25% 

0111 7 1152 7.03% 

1000 8 1152 7.03% 

1001 9 1024 6.25% 

1010 10 1024 6.25% 

1011 11 1152 7.03% 

1100 12 1024 6.25% 

1101 13 1152 7.03% 

1110 14 1152 7.03% 

1111 15 Valid bit  
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4.2 Gate Block Selection Technique 

In XOR gate PB-CAM parameter extractor we consider only XOR logic gate. So to make the parameter 

extractor more useful for specific data types, we consider different characteristic of logic gates. Fig.5 shows the 

proposed parameter extractor architecture. There are several partition block and each block contains several sub-

blocks G0-G6. Each sub-block stands for different logic gates. Output bit is computed using synthesized logic 

operation for each of these sub-blocks. Then the output bits will become the parameter for data comparison 

process.  The main objective is to select the proper logic gates in Fig.5 so that the parameter can reduce the 

number of data comparison operations. 

     For this parameter extractor, the bit length of the parameter is set into [n/8], and then the levels in each 

partition block equal [log2 8](which is 3). Suppose that we use basic logic gates (AND, OR, XOR, NAND, 

NOR, and NXOR) to synthesize a parameter extractor for a specific data type.  This parameter extractor will 

have different logical combinations. So to select appropriate optimal combination gate block algorithm is 

proposed. The mathematical analysis is given as below. 

 

Fig.5 n-bit block diagram of the proposed parameter extractor architecture. 

   The probability function P of the output signal Y is given by, 

                    (3) 

Here 2-input logic gate is considered and p is the probability of output signal that is in one state. The average 

number of comparison operations in each data search operation can be calculated as, 

 

 

 

Where N0 is the number of zeros, and N1 is the number of ones. 
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 Table 3 shows an example. Here 2 input logic gates are considered for parameter extractor and Cavg is 

calculated for each logic gate. The best selection for this case are OR and NOR gates because they require the 

least average number of comparison operations (which is 3). When we use the inverse relation of logic gates 

(NAND, NOR, XOR) to generate the parameter, the average number of comparison operations for each data 

search operation required in the PB-CAM will be the same. To reduce the complexity of proposed algorithm we 

select only NAND, NOR, and XOR gates to synthesize the parameter extractor for our implementation. Fig.6 

shows our proposed gate block selection algorithm.    

Table 3: Truth table and average no. of comparison operation of basic logic gates 

A B AND OR XOR NAND NOR 

0 0 0 0 0 1 1 

1 0 0 1 1 1 0 

1 0 0 1 1 1 0 

0 0 0 0 0 1 1 

1 1 1 1 0 0 0 

0 0 0 0 0 1 1 

Cavg  4.33 3 3.33 4.33 3 

 

Fig.6 Gate-Block Selection Algorithm 
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V SIMULATION RESULTS 

In this work the PB-CAM is simulated using VHDL. The waveforms for XOR and gate block selection 

techniques are as shown in Figures (7, 8, 9 and 10). 

 

Fig.7 Data write operation for CAM using XOR technique 

 

Fig.8 Data read operation for CAM using XOR technique 
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Fig.9 Data write operation for CAM using Gate block selection technique 

 

Fig.10 Data read operation for CAM using Gate block selection technique 

VI CONCLUSION 

In this paper low power pre-computation based content addressable memory (PB-CAM) is simulated in VHDL. 

Simulation results and mathematical analysis shows that the XOR and gate-block selection techniques can 

effectively save power as compared to one‟s count. It also reduces the number of comparison operations.  From 

power report it shows that power consumption is also reduced. This PB-CAM performs data searching operation 

in exactly one clock cycle. So it is flexible and adaptive for the low power and high speed search applications 
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such as asynchronous transfer mode (ATM), communication networks, databases, lookup tables, data 

compression. 

The power can be further reduced by using XNOR approach instead of XOR approach for parameter extractor 

design of CAM. 
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