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Abstract 

In the modern world, high performance embedded applications in the field of multimedia, 

networking, and imaging are increasing day by day. These applications require  high 

performance and more complex out-of-order superscalar processor. These complex dynamic 

instructions scheduling superscalar processors need higher levels of on-chip integration designs 

which are often associated with power dissipation. These out-of-order superscalar processors 

achieve higher performance compared to other processors by simultaneous fetching, decoding 

and execution for multiple instructions in out-of-order that are used in the next generation 

network processors. The main data path resources of the processor use CAM+RAM structure 

which is the major power consuming unit in the overall out-of-order processor design. The 

proposed new design of CAM+RAM with power-gating technique reduces the overall average 

power consumption compared to the conventional design without any significant impact on 

their performance. 
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 Introduction 

Nowadays, our modern society moves towards the direction of high performance and 

energy efficient computing technology. Out-of-order superscalar processors are designed to 

attain high performance and are energy efficient. But this performance improvement will 

increase the overall chips power and their energy dissipation [1, 2]. Minimization of power 

consumption in the out-of-order superscalar processor has become important due to their need 

in network routers, next generation networks, all portable systems etc. Users demand longer 

battery life and this can only be obtained either by increasing the battery capacity or by 
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increasing the logic efficiency [3, 4]. But increasing the battery capacity also increases the 

weight of the system.  Reducing power by using logic or minimizing the hardware is essential 

to meet the requirement in superscalar processor based systems [5].  

As heat dissipation of components increases, it becomes more difficult to provide 

sufficient cooling by good packages, heat sinks or fans and ultimately the cost increases. 

Furthermore, higher temperatures increase the strain on the component and hence reduce its 

constancy [6, 7]. Other electrical issues need attention to provide a supply with proper capacity 

demands, like number of bond wires between the chip and the package, and a high amount of 

the signal routing area occupied by power distribution [8]. Power efficiency is made an 

important factor for the superscalar processor by presenting together the facts that, high current 

densities can lead to electro-migration at the system level, and highest power requirement 

demands huge and expensive power supplies [9-11]. Designing low power superscalar 

processor-based system requires different methodologies to be implemented at every level of 

abstraction. Power dissipation is either in static or dynamic manner. Static power dissipation is 

caused due to leakage and short circuit currents. The dynamic power dissipation is due to the 

occurrence of switching activities within the circuit.  Dynamic power is the major contributor 

to the reduction of performance in the superscalar processor [12-14]. 

CAM+SRAM are used in out-of-order super scalar processors, to clear cache burst in 

the cache memory. In order to maintain the specified order of memory operations, all in-flight 

memory instructions are kept in a particular order [15]. Because of this, larger amount of 

CAM+RAM memory structures are required in the overall architecture. In addition to this, 

superscalar processors, wider their issue width in order to get higher performance. 

 Related Work and Background 

The bypass hint mechanism for the reduction of register ports, by avoiding unnecessary 

reads and writes of register file where the values are bypassed, was proposed by Park et al. 

(2002) in the paper, “Reducing design complexity of the load/store queue” [16].  The 

Decoupled renaming technique was used to separate physical tagging and dependence of 

register operands. Write banking added with bypass mechanisms exhibit banking conflicts. 

Instructions commit their results in program order, was developed by Abella, Jaume et al. 

(2006) in the proposal, “SAMIE-LSQ: Set-associative multiple instruction entry load/store 

queue” for power reduction [17]. Sha et al. (2006) designed and developed a model without 

Store Queue (NoSQ) in out-of-order engine using Speculative Memory Bypassing (SMB) 
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methodology. Store load issue bypassing reorder predictor was used to identify whether the 

load bypasses or identifies the communicating store queue [18]. Tsai et al. (2008) analyzed the 

address allocation compression technique for all the load store queue in order to improve their 

scalability and power efficiency [19]. They presented their results in the article entitled “Power-

efficient and scalable CAM+RAM design via address compression”. Castro et al. (2005) 

implemented an efficient CAM+RAM filtering state mechanism for significant amount of 

energy reduction and presented it in their research article entitled “A Power Efficient and 

Scalable Load-Store Queue Design” [20]. The Load bypass and load forward were major 

technique utilized in the out-of-order processor [21]. Each entry of CAM+RAM gave either 

load effective or store effective address [22-24]. Every load instruction executes store queue to 

conclude whether load forward or load bypass is needed and every store instruction executes 

load queue for data forward in the same address location [25, 26]. 

 Conventional Load and Store Queue 

Existing CAM+RAM is considered for power analysis [27].  It is basically a 

CAM+RAM structure which includes the above features for high performance with low power. 

The structure of existing CAM+RAM is implemented and analysed for finding new technique 

to reduce the power further for the same performance as presented by Homayoun et al. (2011). 

Figure 1 shows the structure of the existing CAM+RAM implementation. The Upper segment 

taglines are inaccessible with the bottom segment taglines. Bottom segment is power gated 

during the normal period. Isolation between bottom bit line segment and corresponding upper 

bit line segment is achieved by tuning off transmission gate. During an associative search 

process operation, the tagline broadcasting in the processor is responsible for 46% of power 

consumption. In CAM+RAM, the tagline broadcasting must go to the entire width. Obviously, 

it has a large number of one-bit comparators which increases wire capacitance. The equivalent 

broadcast tagline capacitance is specified in the equation (1). 

𝐶𝑡𝑎𝑔𝑙𝑖𝑛𝑒 = 𝐶𝑔𝑎𝑡𝑒(𝐶𝑜𝑚𝑝𝑎𝑟𝑒𝐸𝑁) ∗ 𝑁𝑟𝑜𝑤𝑠 + 𝐶𝑑𝑖𝑓𝑓(𝐶𝑜𝑚𝑝𝑎𝑟𝑒 𝐷𝑟𝑖𝑣𝑒𝑟) + 𝐶𝑚𝑒𝑡𝑎𝑙 ∗ 𝑇𝑙𝑒𝑛𝑔𝑡ℎ                 (1) 

Where, 𝑁𝑟𝑜𝑤𝑠 indicates the number of CAM rows and  𝑇𝑙𝑒𝑛𝑔𝑡ℎ indicates the broadcast 

tagline length. 

In CAM+RAM design, larger amount of power is consumed due its capacitance. The 

effective size of the Load/Store Queue is reduced dynamically in order to reduce the power 

dissipation. It detects whether the bottom bit line segment is empty or not in order to downsize 
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the Queue [29, 30]. Based on bit indication, it automatically reduces the size and the power 

consumption in the CAM+RAM  memory cell as well as overall processor. 
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Figure 1. Structure of Existing CAM+RAM Implementation [28] 

 Proposed Instruction Queue 

To reduce both the static and dynamic power dissipation in the CAM/RAM structure, 

gated-power technique is proposed and is shown in Fig.2. It enhances the robustness of the 

design against process variation. A priority encoder with CAM+RAM memory structure is 

used for getting input signals from the input request terminals.  It provides an N-bit output code 

word to indicate the identification number for the highest-priority level from the active input 

demanding terminal. 

When any one of the first group of input demanding terminal is identified as a logical 

TRUE value in the specified bit position of the N-bit output code word, it is active.  Another 

input demanding terminal, should have a logical FALSE value for the specific bit position as 

disabled.  The proposed new design of CAM+RAM with priority encoder in the conventional 

CAM+SRAM identifies memory order violations, consistency and inconsistent violations and 

misprediction. It reduces delay and power consumption, compared to the conventional 

CAM+RAM [27, 28].  The voltage on the Tagline is charged up to 0.7V which is very less than 

the corresponding VDD. Hence the new proposed architecture of CAM+RAM with priority 
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encoder provides both low-power and high-speed operation in the out-of-order superscalar 

processor. 
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Figure 2. Circuit Implementation of proposed CAM+RAM 

 Simulation and Results 

Conventional design of CAM+RAM and the new proposed design CAM+RAM with 

priority encoder are designed using Tanner EDA tool. Precharge is kept as high, during the 

testing. Conventional designs of CAM+RAM and the proposed CAM+RAM with priority 

encoder output functional waveforms, are shown in Fig.3 and Fig.4 respectively. The 

performance of the new proposed design of CAM+RAM is compared with the conventional 

design based on 65nm, 45nm and 32nm technologies. The power reduction achieved by the 

proposed design compared with the conventional design in all the above technologies, indicates 

technology independency. Insertion of Priority Encoder in the design of CAM+RAM which 

reduces the associative search tag time for loading, memory order violations and broadcasting 

of data, also reduces the average power consumption. 

The Power reduction is observed for the proposed design at 45nm fabrication 

technology when compared with conventional CAM+RAM. 
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Figure 3. Output Waveform of the Conventional CAM+RAM 

 

Figure 4. Output Waveform of the proposed CAM+RAM 

The average power consumption observed from the CAM+RAM design for various 

transistor channel length sizing 65nm, 45nm and 32 are shown in Fig.5, Fig.6 and Fig.7 

respectively. These results show that CAM+RAM with priority encoder is adaptable for all the 
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above technologies and especially more suitable to implement in 45nm technology for higher 

power reduction while compared to other technologies. 

 

Figure 5. Power Analysis of CAM+RAM (65nm) 

 

Figure 6. Power Analysis of CAM+RAM (45nm) 
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Figure Error! No text of specified style in document.. Power Analysis of CAM+RAM 

(32nm) 

 Conclusion 

The implementation of proposed CAM+RAM for improving the performance of the 

superscalar processor is explained. The priority encoder incorporated with the logic structure 

of load store queue for achieving further power reduction shows improvement in average power 

consumption compared to the existing CAM+RAM.  The power analysis of the proposed 

structure in 65nm, 45nm and 32nm technology shows the power reduction and technology 

independency. This power gating technique with priority encoder can be used with any other 

orthogonal techniques to achieve power reduction of overall processor design which is 

especially designed for next generation networks. 
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