
Paging 

Paging is a non-contiguous memory allocation technique in which 
secondary memory and the main memory is divided into equal 
size partitions. The partitions of the secondary memory are 
called pages while the partitions of the main memory are 
called frames. They are divided into equal size partitions to have 
maximum utilization of the main memory and avoid external 
fragmentation. 

 

Example: We have a process P having process size as 4B, page size as 
1B. Therefore there will we four pages (say, P0, P1, P2, P3) each of size 
1B. Also, when this process goes into the main memory for execution 
then depending upon the availability, it may be stored in non-
contiguous fashion in the main memory frame as shown below: 

  



Translation of logical Address into physical Address 
 

As a CPU always generates a logical address and we need a physical 

address for accessing the main memory. This mapping is done by the 
MMU(memory management Unit) with the help of the page table. Lets 
first understand some of the basic terms then we will see how this 
translation is done. 

Logical Address: The logical address consists of two parts page 
number and page offset. 

1. Page Number: It tells the exact page of the process which the CPU 

wants to access. 
2. Page Offset: It tells the exact word on that page which the CPU 
wants to read. 

 

Logical Address = Page Number + Page Offset 

Physical Address: The physical address consists of two parts frame 
number and page offset. 

1.Frame Number: It tells the exact frame where the page is stored in 
physical memory. 
2. Page Offset: It tells the exact word on that page which the CPU 
wants to read. It requires no translation as the page size is the same as 
the frame size so the place of the word which CPU wants access will not 
change. 
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Physical Address = Frame Number + Page Offset 

Page table: A page table contains the frame number corresponding to 
the page number of some specific process. So, each process will have its 
own page table. A register called Page Table Base Register (PTBR) 
which holds the base value of the page table. 

When we use a paging scheme, we have no external fragmentation: ANY 
free frame can be allocated to a process that needs it. The first page of 
the process is loaded into the first frame listed on free-frame list, and 
the frame number is put into page table. If the process requires n pages, 
at least n frames are required. However, we may have internal 

fragmentation.  

 



How is the translation done? 

The CPU generates the logical address which contains the page 
number and the page offset.  

The PTBR register contains the address of the page table. Now, the page 
table helps in determining the frame number corresponding to the page 
number. Now, with the help of frame number and the page offset the 
physical address is determined and the page is accessed in the main 

memory. 

Advantages of Paging 

1. There is no external fragmentation as it allows us to store the data 
in a non-contiguous way. 

2. Swapping is easy between equal-sized pages and frames. 

Disadvantages of Paging 

1. As the size of the frame is fixed, so it may suffer from internal 
fragmentation. It may happen that the process is too small and it 
may not acquire the entire frame size. 

2. The access time increases because of paging as the main memory 
has to be now accessed two times. First, we need to access the 
page table which is also stored in the main memory and second, 



combine the frame number with the page offset and then get the 
physical address of the page which is again stored in the main 
memory. 

3. For every process, we have an independent page table and 
maintaining the page table is extra overhead. 

 

Protection in paging   

Memory protection in a paged environment is accomplished by protection 
bits associated with each frame. Normally, these bits are kept in the page 
table.  One bit can define a page to be read–write or read-only. Every 
reference to memory goes through the page table to find the correct frame 
number. At the same time that the physical address is being computed, the 
protection bits can be checked to verify that no writes are being made to a 
read-only page. An attempt to write to a read-only page causes a hardware 
trap to the operating system. 

One additional bit is generally attached to each entry in the page table: a 
valid–invalid bit. When this bit is set to “valid,” the associated page is in the 
process’s logical address space and is thus a legal (or valid) page. When the 
bit is set to“invalid,” the page is not in the process’s logical address space. 
Illegal addresses are trapped by use of the valid–invalid bit. The operating 
system sets this bit for each page to allow or disallow access to the page. 

Suppose, for example, that in a system with a 14-bit address space (0 to 
16383), we have a program that should use only addresses 0 to 10468. Given 
a page size of 2 KB. Addresses in pages 0, 1, 2, 3, 4, and 5 are mapped 
normally through the page table. Any attempt to generate an address in 
pages 6 or 7, however, will find that the valid–invalid bit is set to invalid, and 
the computer will trap to the operating system (invalid page reference). 
Notice that this scheme has created a problem. Because the program extends 
only to address 10468, any reference beyond that address is illegal. However, 
references to page 5 are classified as valid, so accesses to addresses up to 
12287 are valid. Only the addresses from 12288 to 16383 are invalid. 



 

 

  

Segmentation in Operating System 

A process is divided into Segments. The chunks that a program is divided 
into which are not necessarily all of the same sizes are called segments. 
Segmentation gives user’s view of the process which paging does not give. 
Here the user’s view is mapped to physical memory. 
  

There is no simple relationship between logical addresses and physical 
addresses in segmentation. A table stores the information about all such 
segments and is called Segment Table. 

Segment Table – It maps two-dimensional Logical address into one-
dimensional Physical address. It’s each table entry has: 
 Base Address: It contains the starting physical address where the 

segments reside in memory. 
 

 Limit: It specifies the length of the segment. 
 



 

In the case of valid address, the base address of the segment is added to the 
offset to get the physical address of actual word in the main memory. 

 
 

 

 



Paging VS Segmentation 

Sl No.                                       Paging                                     Segmentation 

1 Non-Contiguous memory allocation Non-contiguous memory allocation 

2 Paging divides program into fixed size 
pages. 

Segmentation divides program into variable 
size segments. 

3 OS is responsible Compiler is responsible. 

4 Paging is faster than segmentation Segmentation is slower than paging 

5 Paging is closer to Operating System Segmentation is closer to User 

6 It suffers from internal fragmentation It suffers from external fragmentation 

7 There is no external fragmentation There is no internal fragmentation 

8 Logical address is divided into page 
number and page offset 

Logical address is divided into segment 
number and segment offset 

9 Page table is used to maintain the page 
information. 

Segment Table maintains the segment 
information 

10 Page table entry has the frame number 
and some flag bits to represent details 
about pages. 

Segment table entry has the base address of 
the segment and some protection bits for 
the segments. 

 

 
Advantages of Segmentation 

 No internal fragmentation 

 Average Segment Size is larger than the actual page size. 

 Less overhead 
 It is easier to relocate segments than entire address space. 

 The segment table is of lesser size as compare to the page table in 
paging. 

 
Disadvantages of Segmentation 

 It can have external fragmentation. 

 it is difficult to allocate contiguous memory to variable sized partition. 

 Costly memory management algorithms. 



Virtual Memory  

Virtual Memory is a storage mechanism which offers user an illusion of 
having a very big main memory. It is done by treating a part of secondary 
memory as the main memory. In Virtual memory, the user can store 
processes with a bigger size than the available main memory. Therefore, 
instead of loading one long process in the main memory, the OS loads the 
various parts of more than one process in the main memory. 

Why Need Virtual Memory? 

Whenever your computer doesn't have space in the physical memory it writes 
what it needs to remember to the hard disk in a swap file as virtual memory. 

Let's assume that an OS requires 300 MB of memory to store all the running 
programs. However, there's currently only 50 MB of available physical 
memory stored on the RAM. 

 The OS will then set up 250 MB of virtual memory and use a program 
called the Virtual Memory Manager(VMM) to manage that 250 MB. 

 So, in this case, the VMM will create a file on the hard disk that is 250 
MB in size to store extra memory that is required. 

 The OS will now proceed to address memory as it considers 300 MB of 
real memory stored in the RAM, even if only 50 MB space is available. 

 It is the job of the VMM to manage 300 MB memory even if just 50 MB 
of real memory space is available. 

Virtual memory is mostly implemented with demand paging and demand 

segmentation. 

Demand Paging 

A demand paging mechanism is very much similar to a paging system with 

swapping where processes stored in the secondary memory and pages are 

loaded only on demand, not in advance. 

During the program execution, if the program references a page that may not 

be available in the main memory because it was swapped, then the processor 

considers it as an invalid memory reference. That's because the page fault 

and transfers send control back from the program to the OS, which demands 

to store page back into the memory. 



 

Initially only those pages are loaded which will be required the process 
immediately. 

The pages that are not moved into the memory, are marked as invalid in the 
page table. For an invalid entry the rest of the table is empty. In case of pages 
that are loaded in the memory, they are marked as valid along with the 
information about where to find the swapped out page. 

When the process requires any of the page that is not loaded into the 
memory, a page fault trap is triggered and following steps are followed, 

 

1. The memory address which is requested by the process is first checked, 
to verify the request made by the process. 

2. If its found to be invalid, the process is terminated. 
3. In case the request by the process is valid, a free frame is located, 

possibly from a free-frame list, where the required page will be moved. 
4. A new operation is scheduled to move the necessary page from disk to 

the specified memory location. ( This will usually block the process on 
an I/O wait, allowing some other process to use the CPU in the 
meantime. ) 

5. When the I/O operation is complete, the process's page table is 
updated with the new frame number, and the invalid bit is changed to 
valid. 

6. The instruction that caused the page fault must now be restarted from 
the beginning. 

 



There are cases when no pages are loaded into the memory initially, pages 
are only loaded when demanded by the process by generating page faults. 
This is called Pure Demand Paging. 

The only major issue with Demand Paging is, after a new page is loaded, the 
process starts execution from the beginning. Its is not a big issue for small 
programs, but for larger programs it affects performance drastically. 

 

Page Replacement Algorithm 

Page Replacement Algorithm decides which page to remove, also called 
swap out when a new page needs to be loaded into the main memory. Page 
Replacement happens when a requested page is not present in the main 
memory and the available space is not sufficient for allocation to the 
requested page. 

When the page that was selected for replacement was paged out, and 
referenced again, it has to read in from disk, and this requires for I/O 
completion. This process determines the quality of the page replacement 
algorithm: the lesser the time waiting for page-ins, the better is the 
algorithm. 

A page replacement algorithm tries to select which pages should be 
replaced so as to minimize the total number of page misses. There are 
many different page replacement algorithms. These algorithms are 
evaluated by running them on a particular string of memory reference and 
computing the number of page faults. The fewer is the page faults the 
better is the algorithm for that situation. 

 If a process requests for page and that page is found in the main 
memory then it is called page hit, otherwise page miss or page fault. 
 

Some Page Replacement Algorithms : 
 First In First Out (FIFO) 
 Least Recently Used (LRU) 
 Optimal Page Replacement 



First In First Out (FIFO) 
This is the simplest page replacement algorithm. In this algorithm, the OS 
maintains a queue that keeps track of all the pages in memory, with the 
oldest page at the front and the most recent page at the back. 

When there is a need for page replacement, the FIFO algorithm, swaps out 
the page at the front of the queue,  that is the page which has been in the 
memory for the longest time. 

For Example: 

1. Consider page reference string 1, 3, 0, 3, 5, 6 with 3 page frames. 
Find number of page faults. 

 
 

Belady’s anomaly – Belady’s anomaly proves that it is possible to have 
more page faults when increasing the number of page frames while 
using the First in First Out (FIFO) page replacement algorithm.   

 

2. Consider the page reference string of size 12: 1, 2, 3, 4, 5, 1, 3, 1, 6, 3, 
2, 3 with frame size 4(i.e. maximum 4 pages in a frame). 
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Total Page Fault = 9 
Page Fault ratio = 9/12 i.e. total miss/total possible cases 
 
3.Consider the page reference string 0,2,1,6,4,0,1,0,3,1,2,1 with 4 page 

frames. Find number of page faults. 

4.Consider reference string 3, 2, 1, 0, 3, 2, 4, 3, 2, 1, 0, 4 and 3 slots 

and 4 frames 

 
 
 
 
 
 
 
 
Advantages 

 Simple and easy to implement. 
 Low overhead. 

 
Disadvantages 

 Poor performance. 



 Doesn’t consider the frequency of use or last used time, simply 
replaces the oldest page. 

 Suffers from Belady’s Anomaly(i.e. more page faults when we 
increase the number of page frames). 
 

Least Recently Used (LRU) 
Page which has not been used for the longest time in main memory is the 
one which will be selected for replacement. 

For Example 

1. Consider the page reference string of size 12: 1, 2, 3, 4, 5, 1, 3, 1, 6, 3, 
2, 3 with frame size 4(i.e. maximum 4 pages in a frame). 

 

 

Total Page Fault = 8 

 

2.Consider the page reference string 7, 0, 1, 2, 0, 3, 0, 4, 2, 3, 0, 3, 2 with 4 

page frames. Find number of page faults. 



 

 

3.Consider the page reference string 0,2,1,6,4,0,1,0,3,1,2,1 with 4 page frames. 

Find number of page faults. 

Advantages 

 Efficient. 

 Doesn't suffer from Belady’s Anomaly. 
Disadvantages 

 Complex Implementation. 

 Expensive. 

 Requires hardware support. 

Optimal Page algorithm 

An optimal page-replacement algorithm has the lowest page-fault rate of 
all algorithms. An optimal page-replacement algorithm exists, and has 
been called OPT or MIN. 

Replace the page that will not be used for the longest period of time. Use 
the time when a page is to be used. 

 

For Example 



 

Total Page Fault = 6 

2.Consider the page references 7, 0, 1, 2, 0, 3, 0, 4, 2, 3, 0, 3, 2, with 4 page 
frame. Find number of page fault. 

 

 

 

3.Consider the page reference string 0,2,1,6,4,0,1,0,3,1,2,1 with 4 page frames. 

Find number of page faults. 



Thrashing 

Thrashing is a condition or a situation when the system is spending a major 
portion of its time in servicing the page faults, but the actual processing done is 
very negligible. 
 
The effect of Thrashing is  
1.CPU becomes idle. 
2. Decreasing the utilization increases the degree of multiprogramming and hence 
bringing more processes at a time which in fact increases the thrashing 
exponentially. 

 

The basic concept involved is that if a process is allocated too few frames, then 
there will be too many and too frequent page faults. As a result, no useful work 
would be done by the CPU and the CPU utilization would fall drastically. The long-
term scheduler would then try to improve the CPU utilization by loading some more 
processes into the memory thereby increasing the degree of multiprogramming. 
This would result in a further decrease in the CPU utilization triggering a chained 
reaction of higher page faults followed by an increase in the degree of 
multiprogramming, called Thrashing. 
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