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Abstract: - Multi-core processors reflect an evolutionary change in modern computing and set the new high-performance computing 

(HPC) standard. The efficiency of the cache memory is an important factor for evaluating overall processor performance. In a multicore 

processor, concurrent processes resides in main memory uses a shared cache. The shared cache memory reduces the access time, bus 

overhead, delay and improves processor utilization. Cache replacement policies for L2 shared cache can be improve the performance of 

multicore systems efficiently. LRU cache replacement policy gives better reflect the locality of reference and is widely used. LRU is not 

optimal for reducing the shared cache miss ratio and it is also failed to predict frequently used data. In this paper we implement a newly 

proposed a reclaim oldest block cache replacement policy (RLLRU) and compared with existing cache replacement policies such as 

LRU, FIFO, PLRU, LFU and Random.  Results are obtained on various parameters such as hit ratio, average access time, execution 

time etc. The experiment is performed on Gem5 Simulation tool with SPLASH 3.0 FFT and Radix benchmarks. 

Keywords: - Cache replacement policies, Execution time, Hit ratio, LRU, RLLRU. 

1 INTRODUCTION 

Computer pioneer correctly predicate that computer 

professionals and researchers would want unlimited 

amount of fast memory. An economical solution to that 

desire is a memory hierarchy, which takes advantage of 

locality and cost performance of memory technologies. 

The development of processor had changed from 

increasing the working frequency to putting more cores 

into a single chip. As a result, the memory requests of 

processor are growing rapidly. By disparity, the growth of 

main memory is growing slower than the development of 

processor and it could not satisfy the demand of processor 

[1]. Multicore processors have become a mainstream 

design choice for modern high performance 

microprocessors with excellent performance [22]. 

Therefore the cache memories are introduced, which play 

an important role in improving performance of processors 

and reducing memory request. 

In multicore processors, two or more independent cores are 

combined into a single processing chip. In most of the cases, 

each processor has its own private level-1 cache memory 

(L1). Generally, the L1 cache memory is split into instruction 

cache and data cache. Also, multicore processors may have 

one shared level-2 (L2) cache or multiple distributed and 

dedicated L2s cache [2][19]. The clock of the processor is 

several hundred times faster than the access latency of main 

memory. Cache provides the service to reduce this gap and 

make the performance of system better [5][20]. 

 

 

 

The major dimensions of cache design are organization or 

structure of caches, set of rules that is followed when the 

cache is accessed and cache address space. Apart from these 

techniques compiler optimization for reordering the address 

stream and principle of locality of reference are also 

considered for designing of cache. In this paper we study and 

analysis the impact of level 2 cache replacement policies in 

multicore processors. Level 2 cache memory is shared among 

all the cores multicore processors. Therefore, it is very 

changing issue. In Least recently Used (LRU) replacement 

policy every cache line or block are searched by processor to 

find oldest one. The LRU is efficient, still it has some 

disadvantages such as LRU replacement policy wastes 

valuable high speed cache memory. Each time when a cache 

hit occurs, the cache controller must put a time counter value 

in memory location associated with the cache memory line.  

First In First Out (FIFO) replacement policy firstly added line 

or block is searched. 
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2. CACHE REPLACEMENT POLICIES 

 

 Once the cache becomes fail or miss occurs or cache is full 

then a new block or line is brought into the cache. Whenever, 

a new block or line is brought into the cache, then the existing 

block or line must be replaced. For direct mapping, there is 

only one line for any particular block. For associative 

mapping and set associative mapping, a replacement 

algorithm is needed. In these caches, the general goal of 

replacement policies is to minimize future cache misses by 

evicting a line that will not be referenced often in the future 

[6]. Cache replacement policies determine which data blocks 

should be removed from the cache when a new data block is 

arrived. There are various cache replacement policies such as 

FIFO (First In First Out), LRU (Least Recently Used), 

Random etc. FIFO selects for replacement of the block least 

recently loaded into cache. In FIFO there is a circular counter. 

When miss occurs then circular counter is incremented by one 

[7][20]. FIFO is very simple to implement. LRU policy selects 

for replacement of the block that was least recently accessed 

by the processor and replaces that block. This policy is based 

on the assumption that the least recently used block is the one, 

least likely to be referenced in the future. The LRU is 

efficient, still it has some disadvantages such as LRU 

replacement policy wastes valuable high speed cache 

memory. Each time when a cache hit occurs, the cache 

controller must put a time counter value in memory location 

associated with the cache memory line. Another disadvantage 

with the LRU replacement policy is that it requires complex 

logic for implementation. When a replacement occurs, the 

cache controller compares all the line time counter values of 

all line of cache memory [8][17]. To reduce the cost and 

complexity of the LRU policy Random policy can be used, 

but potentially at the expense of performance. A random 

replacement policy would select a block to replace in a totally 

random order, with no regard to memory references or 

previous selections. Least Frequently Policy (LFU) counts 

how often cache blocks or lines have been used. The blocks or 

lines which are used less are removed from the cache first. If 

all elements have same frequency then this policy removes 

any blocks or lines from cache [1][18][21]. 

 Pseudo-LRU (PLRU) is a tree-based approximation of the 

LRU policy.  In the tree-based replacement policy (number of 

ways -1) bits are used to track the accesses to the cache blocks 

or lines, where number of ways represents the number of 

cache blocks or lines in a set [7]. 

 

3. RECLAIM LEAST RECENTLY USED CACHE 

REPLACEMENT POLICY 

In Least Recently Used policy access frequency of data is 

not predicted. LRU replacement policy considers only the 

access information of the most recently used data block or 

lines. In Reclaim LRU policy cache blocks or lines are 

assigned bits that hold reclaiming value. This reclaim value 

define that the lines or blocks are reused in future. This policy 

search only those line or block which does not have any 

reclaim value. Therefore, proposed policy take optimum time 

to find line block where new data come from upper level of 

memory.        

  RLLRU resolves searching deficiency and reusability of 

the LRU by introducing the concept of non reclaimed blocks. 

RLLRU has the following advantages:  

(1) RLRU can easily find location for eviction where new 

data block. 

(2) RLLRU also used to reference line so that without 

delay data will be accessed. 

 (3) RLLRU takes less time to search the line or block. 

 
3.1 RLLRU Model 

In a cache replacement policy selecting most appropriate 

line or block of data to evict is complicated task. For this we 

propose RLLRU reclaimed valued based cache replacement 

policy. RLLRU depends on pre prediction bits value. The 

Reclaim sets are defined as follows: 

 
 

 

 

 

 

 

  In RLRLU policy first OL bits are used to identify 

the oldest line of cache memory and LLL is used to recognize       

that line is less frequently accessed through processor. When 

new data is inserted in cache line than bit value of NAL is 

assigned and RL bits are used to identify the line which will 

be accessed in future.  Here 8 lines of cache are presented. 

Where A, B, C, D, E, F, G, H data elements are stored and 

corresponding reclaim bits are shown.    

 
Suppose X new data element is fetched from upper level of 

memory. Than first cache logic will search the oldest lines of 

cache then insert new data element into that any of oldest line. 

After that next less least line become oldest line.  In fig 1.3, 

line where D is stored reclaim bits value is changed from 01 

to 00.   

 
Now, next element G is accessed. Therefore, G 

line will be referenced line and reclaim value of this 

line become 01 to 11 is shown in fig.:1.4. 

 
 

0 0 Oldest Line (OL) 

0 1 Less Least Line (LLL) 

1 0 Newly Arrived Line (NAL) 

1 1 Referenced Line (RL) 

X B C D E F G H 

10 00 00 00 01 01 11 10 

         Fig.: 1.4 cache lines with RL 

reclaim bits  

X B C D E F G H 

10 00 00 00 01 01 01 10 

         Fig.: 1.3 cache lines with OL 

reclaim bits  

A

  

B C D E F G H 

00 00 00 01 01 01 01 10 

         Fig.: 1.2 cache line with reclaim 

bits  
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Now again element H is accessed. Therefore, H line will be 

referenced line and reclaim value of this line become 10 to 11.   

 
Now again Y new data block is fetched from upper level of 

memory than it is placed on oldest line (which is firstly 

inserted). Therefore, next less oldest line become oldest and 

bits value is changed from 01 to 00. 

 

 
 

3.2 RLLRU Algorithm  
 

 Step1: Initially set reclaim bits 00 to all the   cache line.  

Step2: For every insertion line should be changed 00 to 01. 

Step3: If cache memory become full or element is not 

found in cache then call the search procedure. 

  Loop until all oldest lined which marked as 00.  

            first of oldest line = new data element;  

            Reclaim bit value = 10  

  End of loop 

  Next of this the bit value of less oldest line =00 

       End of If  

Step4: If data is found in cache line. 

            If reclaim bit value =10(Newly inserted) 

      Then reclaim bit value = 11 (Reference. bit) 

            Else if reclaim bit value = 00 (oldest bit)           

                   Then reclaim bit value = 11 

             Else if reclaim bit value = 01              

       Then reclaim bit value = 11 (Reference. bit) 

            End of If  

Step5: In the case of lines are not accessed 2 or 3 iterations  

  Less oldest line = 00 (oldest line) 

            Referenced line = 01(less oldest line) 

 
4. EXPERIMENTAL SETUP 

 

  In this paper, we used the Gem5 simulation tool 

which is a full system simulator. The gem5 simulator is an 

open source computer architecture simulator. Gem5 simulator 

provides a flexible, modular simulation system that makes it 

possible exploring multicore, multiprocessor architecture 

features. It has a various set of CPU models, system execution 

modes and memory system models such as caches etc [6][22]. 

In this tool we create environment of quad and octa core 

processors. For both the processors different cache 

replacement policies such as LRU, FIFO, Random, PLRU and 

our newly proposed policy are implemented. 

 

 

Table 1 Simulation Parameters 

 

Parameter Values 

CPU X86 Quad core, Octa core 

L1 Instruction Cache Size 

(KB) 

32 KB fixed 

L1 Data Cache Size (KB) 32 KB fixed 

L2 Unified cache 32KB, 64KB, 128KB, 

256KB, 512KB, 1024KB, 

2048KB 

Associativity 4 Way, 8 way 

Replacement Policies LRU, FIFO, Random, 

PLRU, LFU, RLLRU 

Main Memory Size 1 GB 

Benchmark SPLASH 2 FFT and Redix 

 

4.1 Performance Parameters 

Hit Ratio: If data is found in cache memory then it is 

called as cache HIT. If data is not found in cache then it is 

called as cache MISS [4][5][18]. 

Hit Ratio = No. of hits / (No. of Hits + No. of Miss) 

The cache hit ratio should be almost one. Miss Ratio 

is defined as:                

Miss Ratio = 1- Hit Ratio 

Execution Time: Time to complete the execution of 

workload [19]. 

5.  RESULT AND ANALYSIS 

 Simulation results are the average of the result obtains 

after running same parameter 10 times for each. Here we are 

compared the result of existing replacement policies with our 

proposed cache replacement policy. Simulation results are 

obtained in various parameters such as Hit Ratio, Execution 

time etc. Here we present the graphs of these parameters and 

analysis the performance of multicore systems.   

 

 
 
Fig.: 5.1 hit ratio of 4 way associative L2 cache for SPLASH 

FFT benchmark in quad core CPU. 
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Fig.: 5.2 hit ratio of 8 way associative L2 cache for SPLASH 

FFT benchmark in quad core CPU. 

 

 
 
Fig.: 5.3 hit ratio of 4 way associative L2 cache for SPLASH 

FFT benchmark in octa core CPU. 

 
 
Fig.: 5.4 hit ratio of 8 way associative L2 cache for SPLASH 

FFT benchmark in octa core CPU. 

 
Fig.: 5.1, 5.2, 5.3 and 5.4 presents the hit ratio of L2 cache 

memory. From these graphs we observed that when L2 cache 

size increases, for the SPLASH 3.0 FFT proposed RLLRU 

replacement policy gives high hit ratio. 

 

 
 

Fig.: 5.5 Execution time of 4 way associative L2 cache for 

SPLASH FFT benchmark in quad core CPU. 

 

 
 

Fig.: 5.6 Execution time of 8 way associative L2 cache for 

SPLASH FFT benchmark in octa core CPU. 

 
 

Fig.: 5.7 Execution time of 4 way associative L2 cache for 

SPLASH FFT benchmark in Octa core CPU. 

 

0

0.2

0.4

0.6

0.8

H
it

 R
a

ti
o

L2 Cache Size

Graph of Hit Ratio of 8 way Associative 

Cache in Quad core CPU  for SPLASH 3.0 

FFT Benchmark

LRU

FIFO

Random

LFU

PLRU

RLLRU

0

0.2

0.4

0.6

0.8

H
it

 R
at

io

L2 Cache Size

Graph of Hit Ratio of 4 way Associative Cache 
in Octa core CPU  for SPLASH 3.0 FFT 

Benchmark

LRU

FIFO

Random

LFU

PLRU

RLLRU

0
0.2
0.4
0.6
0.8

H
it

 R
at

io

L2 Cache Size

Graph of Hit Ratio of 8 way Associative Cache in 
Octa core CPU  for SPLASH 3.0 FFT Benchmark

LRU

FIFO

Random

LFU

PLRU

RLLRU

2

2.2

2.4

2.6

2.8

3

Ti
m

e
 in

 S
e

c.

L2 Cache Size

Graph of Execution time of 4 way Associative 
Cache in Octa core CPU  for SPLASH 3.0 FFT 

Benchmark 

LRU

FIFO

Random

LFU

PLRU

RLLRU

2

2.2

2.4

2.6

2.8

3
Ti

m
e

 in
 S

e
c.

L2 Cache Size

Graph of Execution time of 8 way Associative 
Cache in Quad core CPU  for SPLASH 3.0 FFT 

Benchmark 

LRU

FIFO

Random

LFU

PLRU

RLLRU

2

2.2

2.4

2.6

2.8

Ti
m

e
 in

 S
e

c.

L2 Cache Size

Graph of Execution time of 4 way Associative 
Cache in Octa core CPU  for SPLASH 3.0 FFT 

Benchmark 

LRU

FIFO

Random

LFU

PLRU

RLLRU

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 03 , March - 2026

IJERTV15IS030576 Page 4

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



 

 
 

Fig.: 5.8 Execution time of 8 way associative L2 cache for 

SPLASH FFT benchmark in Octa core CPU. 

 

Fig.: 5.5, 5.6, 5.7 and 5.8 presents the execution time of quad 

and octa processors. From these graphs we observed that 

when L2 cache size increases, for the SPLASH 3.0 FFT LRU 

and our proposed RLLRU replacement policy take less time to 

execute.  

 

 
 
Fig.: 5.9 hit ratio of 4 way associative L2 cache for SPLASH 

Radix benchmark in quad core CPU. 

 
 
Fig.: 5.10 hit ratio of 8 way associative L2 cache for SPLASH 

Radix benchmark in quad core CPU. 

 

 
 
Fig.: 5.11 hit ratio of 4 way associative L2 cache for SPLASH 

Radix benchmark in octa core CPU. 

 

 
 

Fig.: 5.12 hit ratio of 8 way associative L2 cache for SPLASH 

Radix benchmark in octa core CPU. 

 

Figure 5.9, 5.10, 5.11 and 5.12 presents the hit ratio of L2 

cache memory. From these graphs we observed that when L2 

cache size increases, for the SPLASH 3.0 Radix benchmark 

our proposed RLLRU replacement and LFU policy gives high 

hit ratio. 

 

 

Fig.: 5.13 Execution time of 4 way associative L2 cache for 

SPLASH FFT benchmark in quad core CPU. 
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Fig.: 5.14 Execution time of 8 way associative L2 cache for 

SPLASH Radix benchmark in quad core CPU. 

 

Fig.: 5.15 Execution time of 8 way associative L2 cache for 

SPLASH Radix benchmark in octa core CPU. 

 

 

Fig.: 5.16 Execution time of 8 way associative L2 cache for 

SPLASH Radix benchmark in octa core CPU. 

 

     Fig.: 5.13, 5.14, 5.15 and 5.16 presents the execution time 

of quad and octa processors. From these graphs we observed 

that when L2 cache size increases, for the SPLASH 3.0 Radix 

benchmark LFU and our proposed RLLRU replacement 

policy take less time to execute.  

 

CONCLUSION 

    In this paper we present a new RLLRU cache replacement 

policy which is enhanced from of the LRU policy. In our 

proposed policy search time of LRU is reduced by associating 

reclaim bits. This paper also describes the cache replacement 

policies in the form of their performance analysis on SPLASH 

3.0 FFT and Radix benchmark. The analysis of experimental 

results presents that our proposed RLLRU is the most scalable 

cache replacement policy. Sometime LFU and Random 

replacement policies give better results. In our future work we 

will improves the performance of RLLRU policy for different 

benchmark and compare with other replacement policies in 

multicore systems      
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