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Abstract— Virtual memory provides a necessary abstraction 

for writing architecture-independent portable programs. In 

virtual memory architecture, each program has a large, 

linear address space in which it places code and data. 

Processes may use more memory than physically available, 

freeing the programmer from the responsibility of physical 

memory management. The operating system creates the 

virtual memory illusion using secondary memory for 

backing storage when the system exhausts physical memory. 

In this paper, the concept of virtual memory is discussed 

.Various Page Replacement algorithms will be discussed 

and comparison will be done to find out which is the best 

algorithm. 
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I. INTRODUCTION 

Computers have limited amount of RAM. It is the main 

memory of a computer. If two or more applications are 

running simultaneously, the RAM will not be enough to run 

the processes at the same time. This is when virtual memory 

comes into play and balances the process. Virtual memory is 

a memory management technique. Thus Virtual memory can 

be defined as”Management capability of an operating 

system that uses hardware and Software to allow a computer 

to compensate for physical memory shortages by 

temporarily transferring data from RAM to Disk storage” 

(Galvin).It gives an illusion to the programmer that there is a 

large memory available for use but actually it has very small 

memory. Virtual memory separates logical memory from 

physical memory. Each process is given a virtual address 

which has to be converted into physical address to map the 

process into main memory. The process can access its data 

with the virtual address. When a process is executed, the 

virtual address space is mapped into a physical address 

space. Virtual Memory can be implemented with the help of 

Demand Paging. This paper discusses about Virtual 

memory. How the concept of Virtual memory can be 

implemented using demand paging is discussed in first 

section. In the next section, Various Page Replacement 

algorithms are discussed using an example and the best 

algorithm is found. In the last section, Conclusion is given. 

A. Demand Paging 

A demand paging is a paging technique with swapping 

where processes reside on disk. In demand paging a process 

is divided into different pages & each page is given a unique 

address .At a time all the pages of a process are not brought 

in the main memory, only some of the pages related to the 

process are brought in. The remaining pages can be brought 

on demand. But CPU can also need those pages which are 

not available in the main memory, referred to as page fault 

by the CPU. When there is page fault that means page 

referenced by CPU is not available in the main memory and 

that page is to be searched in the secondary memory. Once 

the required page is found in the secondary memory, we 

have to bring that page into the main memory. But if main 

memory is full, new page replaces one of the existing pages. 

In order to replace existing page, page replacement 

algorithm is used. There are various page replacement 

algorithms available; every algorithm has its own 

functionality we have to select that algorithm which best 

suits to our requirement. The commonly used algorithms are 

FIFO (first in first out), LRU (Least Recently used),,OPT 

(Optimal Page Replacement Algorithm). 

 
Fig. 1: Concept of Demand Paging 

II. PAGE REPLACEMENT 

Page Replacement deals with swapping pages to and from 

main memory to disk. Main memory is divided into equal 

sized frames and the logical memory is divided into pages. 

Whenever a process is to be executed, pages from the 

logical memory are brought into free frames in main 

memory. If no frame is free, the one that is not currently 

being used is freed by moving the respective page back into 

the swap area of disk.  

A. Page Replacement Process 

Page replacement process has been defined in following 

steps as shown in the following figure. 

 
Fig. 2: Page Replacement Process 
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B. Page Replacement Algorithms 

Page Replacement Process makes use of different page 

replacement algorithms to make space available for pages 

required in the process. Various algorithms that are used in 

page replacement process are:                                 

1) First in, first out (FIFO) 

The first-in first-out algorithm is the simplest and oldest 

algorithm. Each page is time stamped upon entry into the 

page table, and when the time comes for a page to be 

replaced, the page with the oldest time gets removed. 

‘Replace the page which has been resident longest.’ (Lister, 

42) It ignores the possibility that the oldest page may be the 

most heavily referenced. Following figure 3 illustrates an 

example of the FIFO algorithm. 

 
Fig. 3: Illustration of FIFO algorithm 

In this figure, initially the first three frames are 

empty. From the first three references (2,3,1) of the 

reference string, page faults occur, and are brought into 

these empty frames. Thereafter, a page fault only occurs 

when the requested page is not in the table. A total of 9 page 

faults would occur with this reference string. The FIFO 

algorithm is fairly simple to understand and implement. On 

the other side, optimal performance is rarely obtained. Since 

the page replacement choice is based solely on the age of the 

pages, the oldest page may be used again fairly soon, thus 

creating an unnecessary page fault. On the other hand, the 

oldest page may have been needed only for initialization 

purpose and will never be used again. The most efficient 

implementation would be to use a queue. One each page 

fault, the replaced page would be taken from the exit end 

(head) of the queue and the new page would add at the entry 

end (tail) of the queue. 

2) Least-recently-used (LRU) 

This algorithm replaces the least-recently-used resident page 

in memory. LRU algorithm performs better than FIFO. In 

LRU, when a page is to be replace it chooses the page that 

has not been used for longest period of time. It can be 

implemented by two approaches: 

a) Counter Approach:-In this approach a counter or clock 

is used. A counter field is associated with each table 

entry. Whenever a reference to a particular page is 

made, its counter is incremented and its value is copied 

to the counter field of page table for that entry. Then 

LRU searches the page table for entry with lowest 

counter value and selects that page for replacement. 

b) Stack Approach: - Another possible implementation is 

to record the usage of pages by means of a stack. 

Whenever a page is referenced it is removed from the 

stack and put on the top of stack .In this way the most 

recently used page is always at the top the stack and the 

least recently used page is always at the bottom. 

 
Fig. 4: Illustration of LRU page replacement 

In the above figure LRU algorithm produces seven page 

faults with the same reference string as in FIFO algorithm. 

Initially the first three frames are empty. From the first three 

references (2,3,1) of the reference string, page faults occur, 

and are brought into these empty frames. When the 

reference to page 5 occurs LRU algorithm sees that out of 

the page 2, 3,1 ,page 3 was least recently used .So for the 

remaining reference string LRU replaces the least recently 

used page for the coming new page. It is feasible to 

implement and is less complicated but it requires an 

additional data structure such as counters and stack to 

implement it. It requires expensive hardware support to 

implement such a structure. 

3) Optimal Page Replacement Algorithm 

Optimal page replacement algorithm is considered as the 

best page replacement algorithm in virtual memory but is 

difficult to implement. In this algorithm the page that will 

not be used for longest period of time that is the page in the 

memory which will not be referred to for the longest time is 

swapped out of the main memory to create space for the 

requested page. This algorithm is based on the strategy of 

looking forward in time. 

 
Fig. 5: Illustration of Optimal page replacement algorithm 

In this figure, initially the first three frames are 

empty. From the first three references (2,3,1) of the 

reference string, page faults occur, and are brought into 

these empty frames. Thereafter, a page fault only occurs 

when the requested page is not in the table. A total of 6 page 

faults would occur with this reference string. The reference 

to page 5 replaces page 1 as it will not  be used until the end. 

The reference to page 4 replaces page 2 as it will be the last 

of the three pages in memory to be referenced again. The 

use of optimal page replacement algorithm guarantees the 

lowest possible page faults. It improves the system 

performance by reducing overhead for numbering of page 

faults and swapping pages in and out when a page fault 

occurs.  

III. COMPARISON OF VARIOUS PAGE REPLACEMENT 

ALGORITHMS 

In this section, comparison of three algorithms is done using 

the above examples. For this purpose, random sequences 

with length 12 were imposed to FIFO, Optimal, and LRU 

each with 3 frames. On the basis of reference string 2, 

3,2,1,5,2,4,5,3,2,5,2 Page faults and hit ratio  are calculated. 

Following table shows which algorithm is best out of the 

three? 
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Page Replacement Techniques Page Fault Hit ratio 

FIFO 9 25% 

LRU 7 42% 

OPTIMAL 6 50% 

Table 1: Comparison of three page replacement algorithms 

(FIFO, LRU, OPTIMAL) 

In the above table it has been found that for  the 

above reference string for FIFO there are 9 page faults and 

hit ratio is 25%, for LRU 7 page faults and 42% hit ratio is 

found whereas OPTIMAL results in 6 page faults and 60% 

hit ratio. 

IV. CONCLUSIONS 

The purpose of this work was to discuss about Virtual 

Memory and to find out the algorithm that is considered to 

be the best. A good page replacement algorithm can reduce 

the page faults, when the program is executing, reduce the 

number of I/O, and then increase the system’s efficiency 

effectively. The time is a critical point for the systems. An 

improvement in the performance of the system, having less 

page faults is made. Optimal results the best algorithm 

(Table 1). FIFO has the worst performance. It has more page 

faults as compared to other two algorithms. In some 

situations FIFO, sometimes, makes a wrong decision. In 

such cases, LRU is considered to be better algorithm.  
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