
Memory Management 

Address uniquely identifies a location in the memory. There are two types of addresses that are 

logical address and physical address. The logical address is a virtual address and can be viewed by 

the user. The user can’t view the physical address directly. The logical address is used like a 

reference, to access the physical address. 

The fundamental difference between logical and physical address is that logical address is 

generated by CPU during a program execution whereas, the physical address refers to a location 

in the memory unit. 

BASIS FOR 

COMPARISON 

LOGICAL ADDRESS PHYSICAL ADDRESS 

Basic It is the virtual address 

generated by CPU 

The physical address is a 

location in a memory unit. 

Address Space Set of all logical 

addresses generated by 

CPU in reference to a 

program is referred as 

Logical Address Space. 

Set of all physical 

addresses mapped to the 

corresponding logical 

addresses is referred as 

Physical Address. 

Visibility The user can view the 

logical address of a 

program. 

The user can never view 

physical address of 

program 

Access The user uses the logical 

address to access the 

physical address. 

The user can not directly 

access physical address. 

Generation The Logical Address is 

generated by the CPU 

Physical Address is 

Computed by Memory 

Management Unit 

 

Definition of Logical Address 

Address generated by CPU while a program is running is referred as Logical Address. The logical 

address is virtual as it does not exist physically. Hence, it is also called as Virtual Address. This 

address is used as a reference to access the physical memory location. The set of all logical 

addresses generated by a programs perspective is called Logical Address Space. 



The logical address is mapped to its corresponding physical address by a hardware device 

called Memory-Management Unit. The address-binding methods used by MMU 

generates identical logical and physical address during compile time and load time. However, 

while run-time the address-binding methods generate different logical and physical address. 

Definition of Physical Address 

Physical Address identifies a physical location in a memory. MMU (Memory-Management 

Unit) computes the physical address for the corresponding logical address. MMU also uses logical 

address computing physical address. The user never deals with the physical address. Instead, the 

physical address is accessed by its corresponding logical address by the user. 

The user program generates the logical address and thinks that the program is running in this 

logical address. But the program needs physical memory for its execution. Hence, the logical 

address must be mapped to the physical address before they are used. 

The logical address is mapped to the physical address using a hardware called Memory-

Management Unit. The set of all physical addresses corresponding to the logical addresses in a 

Logical address space is called Physical Address Space. 

Base register and Limit register 

 

•Base register: Specifies the smallest legal physical memory address. 

•Limit register: Specifies the size of the range. 

•A pair of base and limit registers specifies the logical address space. 

•The base and limit registers can be loaded only by the operating system. 

 

•Ex:If the base register holds 300040 and the limit register is 120900, then the program can legally 

access all addresses from 300040 through 420939  

 

 



 

Address Binding 

Address binding is the process of mapping from one address space to another address space. 

Logical address is address generated by CPU during execution whereas Physical Address refers to 

location in memory unit. 

An address binding can be done in three different ways: 

 

Compile-time Address Binding: 

 

• If the compiler is responsible for performing address binding then it is called compile-time 

address binding. 

• It will be done before loading the program into memory. 

• The compiler requires interacts with an OS memory manager to perform compile-time 

address binding 

 

Load time Address Binding: 

 

• It will be done after loading the program into memory. 

• This type of address binding will be done by the OS memory manager i.e loader. 

 

Execution time or dynamic Address Binding: 

• It will be postponed even after loading the program into memory. 

• The program will be kept on changing the locations in memory until the time of program 

execution. 

• The dynamic type of address binding done by the processor at the time of program execution. 

 

MMU (Memory Management Unit) 

The run time mapping between Virtual address and Physical Address is done by hardware device 

known as MMU. 

In memory management, Operating System will handle the processes and moves the processes 

between disk and memory for execution. It keeps the track of available and used memory. 

Instruction-execution cycle Follows steps: 

1. First instruction is fetched from memory e.g. ADD A,B 

2. Then these instructions are decoded i.e., Addition of A and B 

3. And further loading or storing at some particular memory location takes place. 

 

Multistep Processing of a User Program 

Program is a sequence of instructions written by the user that instruct the computer to perform 

the task of solving some problem. Before the program executed, the various steps are: 

https://www.geeksforgeeks.org/formation-of-process-from-program/


 
 

 

 

 

 

 

Basic Hardware 

As main memory and registers are built into processor and CPU can access these only. So every 

instructions should be written in direct access storage devices.If CPU access instruction from 

register then it can be done in one CPU clock cycle as registers are built into CPU. 

 

If instruction resides in main memory then it will be accessed via memory bus that will take lot of 

time. So remedy to this add fast memory in between CPU and main memory i.e. adding cache for 

transaction. 

Legal address consists of base register (holds smallest physical address) and limit register(size of 

range). 

For example: 

 Base register = 300040 

 limit register = 120900 

 then legal address = (300040+120900)= 420940(inclusive). 

 legal address = base register+ limit register 

 

 



 

How processes are mapped from disk to memory  

1. Usually process resides in disk in form of binary executable file. 

2. So to execute process it should reside in main memory. 

3. Process is moved from disk to memory based on memory management in use. 

4. The processes waits in disk in form of ready queue to acquire memory. 

 

Procedure of mapping of disk and memory 

Normal procedure is that process is selected from input queue and loaded in memory. As process 

executes it accesses data and instructions from memory and as soon as it completes it will release 

memory and now memory will be available for other processes. 

MMU scheme – CPU------- MMU------Memory 

 

  

 

1. CPU will generate logical address for eg: 346 

2. MMU will generate relocation register(base register) for eg:14000 

3. In Memory physical address is located eg:(346+14000= 14346) 

 

Dynamic loading and Dynamic linking 

To run a process, the entire process and its data must be in physical memory. Thus, the size 

of a process is limited to the size of physical memory. The dynamic loading and linking are run-

time operations. 

  

Linking and Loading: are the utility programs that play a important role in the execution of a 

program. Linking intakes the object codes generated by the assembler and combines them to 

generate the executable module. On the other hand, the loading loads this executable module to 

the main memory for execution. 

Loading: Bringing the program from secondary memory to main memory is called Loading. 

Linking: Establishing the linking between all the modules or all the functions of the program in 

order to continue the program execution is called linking. 

https://www.geeksforgeeks.org/compiler-design-linker/


 

 

 

Differences between Linking and Loading: 

1. The key difference between linking and loading is that the linking generates the executable 

file of a program whereas, the loading loads the executable file obtained from the linking 

into main memory for execution. 

2. The linking intakes the object module of a program generated by the assembler. However, 

the loading intakes the executable module generated by the linking. 

3. The linking combines all object modules of a program to generate executable modules it also 

links the library function in the object module to built-in libraries of the high-level 

programming language. On the other hand, loading allocates space to an executable module 

in main memory. 

 

 

 

Dynamic Loading 

The dynamic binding is a method to obtain better memory-space utilization. A routine is not loaded 

until it is called, until then all routine remains in the disk as relocatable code format. 

 

A routing can call another routine, but it checks if another routine is loaded or not. If not, then 

relocatable linking loader is called to load the routine into memory and update program’s address 

tables to reflect this change. The control is passed to the newly loaded routine. 

 

The total program may be large but only a small portion is loaded. The unused routine is never 

loaded into memory. 

 

It is the programmer’s responsibility to implement dynamic loading, the OS can provide library 

routines to implement the dynamic loading. 

 

Dynamic Linking 

The dynamic linking, similar to dynamic loading is delayed until run-time. This feature is used 

with system libraries such as language subroutine libraries. Without this facility, each program 

must include a copy of its language library in the executable image which wastes memory space. 

 

There are several benefits of dynamic linking: 

– library routines not part of program code. A program is much smaller without the routines and 

loads faster into the memory. 



– One copy of library routing is referred by many programs, therefore, saving disk space and 

memory space. 

 

 

Overlays in Memory Management 

The main problem in Fixed partitioning is the size of a process has to be limited by the maximum 

size of the partition, which means a process can never be span over another.In order to solve this 

problem, earlier people have used some solution which is called as Overlays. 

The concept of overlays is that whenever a process is running it will not use the complete program 

at the same time, it will use only some part of it.Then overlays concept says that whatever part you 

required, you load it an once the part is done, then you just unload it, means just pull it back and 

get the new part you required and run it. 

Formally, 

“The process of transferring a block of program code or other data into internal memory, replacing 

what is already stored”. 

Sometimes it happens that compare to the size of the biggest partition, the size of the program will 

be even more, then, in that case, you should go with overlays. 

So overlay is a technique to run a program that is bigger than the size of the physical memory by 

keeping only those instructions and data that are needed at any given time.Divide the program into 

modules in such a way that not all modules need to be in the memory at the same time. 

Advantage – 

• Reduce memory requirement 

• Reduce time requirement 

 

Disadvantage – 

• Overlap map must be specified by programmer 

• Programmer must know memory requirement 

• Overlaped module must be completely disjoint 

• Programmming design of overlays structure is complex and not possible in all cases 

 

Swapping 

Swapping is a mechanism in which a process can be swapped temporarily out of main memory (or 

move) to secondary storage (disk) and make that memory available to other processes. At some 

later time, the system swaps back the process from the secondary storage to main memory. 

Though performance is usually affected by swapping process but it helps in running multiple and 

big processes in parallel. 



  

 
 

 

Benefits of Swapping 

Here, are major benefits/pros of swapping: 

• It offers a higher degree of multiprogramming. 

• Allows dynamic relocation. For example, if address binding at execution time is being 

used, then processes can be swap in different locations. Else in case of compile and load 

time bindings, processes should be moved to the same location. 

• It helps to get better utilization of memory. 

• Minimum wastage of CPU time on completion so it can easily be applied to a priority-

based scheduling method to improve its performance. 

 

 



 

What is Memory allocation? 

Memory allocation is a process by which computer programs are assigned memory or space.Here, 

main memory is divided into two types of partitions 

1. Low Memory - Operating system resides in this type of memory. 

2. High Memory- User processes are held in high memory. 

Partition Allocation 

Memory is divided into different blocks or partitions. Each process is allocated according to the 

requirement. Partition allocation is an ideal method to avoid internal fragmentation. 

Below are the various partition allocation schemes : 

• First Fit: In this type fit, the partition is allocated, which is the first sufficient block from 

the beginning of the main memory. 

let us assume the jobs and the memory requirements as the following: 

• Job 1 90k 

Job 2 20k 

Job 3 50k 

Job 4 10k 

• Let the free pace memory allocation blocks be: 

• Block 1 50k 

Block 2 100k 

Block 3 90k 

Block 4 200k 

Block 5 50k 

• 50k 100k 90k 200k 50k 

• 1.Job 1 (size – 90k) 

 The job cannot fit in the first block as 50k (block size) < 90k (job size). 

• Goes to block 2 as can fit in block 2 as 100K > 90K (Size of the block more than the size 

of the process). 



• The job is assigned to the second block. 

• 10K remains empty in this block now. 

• 2. Job 2 (size 20K) 

• • The job can easily fit in the first block 20K < 100k•Job is assigned to the first block. 

• 30k remains empty in this block now 

• 3.Job 3 (size 50 K) 

• The next empty memory block is the third block with condition 50k < 90k. 

• The job is thus allocated to the third block. 

• 40k remains empty in this block. 

• 4.Job 4 (10k) 

• The first, second, and the third blocks in the memory are already occupied. 

• The fourth job thus reaches the fourth empty memory block. 

• The size of the block is greater than the size of the job (200k > 10 k). 

• The memory block is assigned to the fourth job. 

• 190k remains empty in this block. 

• 5.Job 5 (100k) 

• Memory blocks one to five are already occupied. 

• Job 5 reaches the fifth memory block but cannot be assigned to it as the block is smaller 

than the required memory space. 

• Thus, the job has to wait until a job is finished and an empty space is released. 

• Job 5 remains do not get a memory, and the last memory block remains unallocated. 

The following diagrammatic representation shows memory allocation after the first fit 

method. 

Job 2(20k) Job 1(90k) Job 3 (50k) Job 4 (10k) 

•  

50k 100k 90k 200k 50k 

• Unused memory 

Block 1= 30 K 



Block 2= 10 K 

Block 3= 40 K 

Block 4= 190 K 

Block 5= 50 K 

 

• Best Fit: It allocates the process to the partition that is the first smallest partition among 

the free partitions. 

let us assume the jobs and the memory requirements as the following: 

• Job 1 90k 

Job 2 20k 

Job 3 50k 

Job 4 200k 

• Let the free space memory allocation blocks be: 

• Block 1 50k 

Block 2 100k 

Block 3 90k 

Block 4 200k 

Block 5 50k 

• 50k 100k 90k 200k 50k 

• 1. Job 1 (size – 90k) 

• The memory is traversed searching for the memory space with minimum wastage. 

• The first block is not assigned as it is smaller than the demanded memory. 50k (block 

size) < 90k (job size). 

• The second block is also not allocated as it will cause memory wastage. 

• Control moves to the third block which is then allocated as the process size and the 

memory sizes are equal. 

• Job 1 is assigned to block 3 with no memory wastage. 



• 2. Job 2 (size – 20k) 

• The CPU searches the memory for an empty memory slot which is either equal to or more 

than 100k. 

• The first block is selected as it is slightly greater than the process size. 

• Block 1 is allocated to the second process. 

• Waste in size is of 30k 

• 3. Job 3 (size – 50k) 

• The CPU searches the entire memory block to allocate free memory. 

• The first block is already allocated to job 2. Hence it is skipped. 

• The CPU moves to the second block but is greater in size than the demanded memory (50 

k < 100 k). 

• The third block is already occupied, and hence it is skipped. 

• The CPU now moves to the fourth block which is also greater than the demanded size. 

Hence it is also skipped. 

• Now the fifth block is accessed. In this case, the demanded memory and the available 

memory sizes are equal (50k = 50k). 

• Hence the block five are allocated to job 3. 

• 4. Job 4 (size- 200k) 

• The CPU searches the memory blocks for allocation. 

• It skips the first block as it is already occupied. 

• The second block in the memory is skipped as it is smaller than the demanded memory. 

• The third memory block is also skipped as it is already occupied. 

• CPU then moves to the fourth memory block which is finally allocated as its size exactly 

meets the demanded memory size of the process (200k = 200k). 

• Block four is allocated to the memory which no memory wastage. 

• 5. All the processes are assigned memory blocks. 

6. Block second remains unoccupied at the end of the memory allocation procedure. 

 



• Worst Fit: It allocates the process to the partition, which is the largest sufficient freely 

available partition in the main memory. 

let us assume the jobs and the memory requirements as the following: 

• Job 1 10k 

Job 2 20k 

Job 3 30k 

Job 4 70k 

• Let the free space memory allocation blocks be: 

• Block 1 50k 

Block 2 100k 

Block 3 90k 

Block 4 200k 

Block 5 50k 

• 50k 100k 90k 200k 50k 

• 1. Job1 (Size – 10k) 

• The CPU searches the empty memory slots which is greater than the demanded memory. 

• It skips memory block one, two, and three to find the largest empty memory space. 

• The CPU allocated memory block four which is of 200k and is the largest among all the 

slots. 

• Job 1 is assigned to block four. 

• The wasted memory is 190k. 

• 2. Job 2 (size – 20k) 

• The CPU searches for the largest empty block. 

• It skips the first memory block and reaches to the second. 

• As the second is the largest empty block available, it is allotted to the second job. 

• The memory wastage, in this case, is 80k. 

• 3. Job 3 (size- 30k) 

• The CPU skips the first memory block as an empty block of 90k remains empty. 



• It skips the second block as it is already occupied by job 2. 

• CPU finds an empty block of size 90k and assigns it to job 3. 

• The third block is assigned to job 3. 

• The amount of wasted memory, in this case, is 60k. 

• 4. Job 4 (size -70k) 

• The CPU skips the first memory block as it is smaller than the demanded memory. 

• It further skips the second, third and fourth blocks as they are already occupied. 

• The CPU cannot allocate the fifth and the last block as it is smaller than the demanded 

memory. 

• Job 4 remains unassigned. 

• 5. Block one and five remain unoccupied, and Job 4 remains unassigned. 

• Memory allocation at the end of the algorithm can be seen as follows. 

 
Job 2 (20k) Job 3 (30k) Job 1 (10k) 

• 50k 100k 90k 200k 50k 

• Unused memory 

Block 1= 50k 

Block 2= 80k 

Block 3= 60 K 

Block 4= 190 K 

Block 5= 50 K 

• Hence, the method involves a maximum amount of wastage memory and hence is known 

as the Worst Fit method. 

 

a) Contiguous memory allocation 

In contiguous memory allocation, all the available memory space remain together in one place. It 

means freely available memory partitions are not scattered here and there across the whole memory 

space. 



In the contiguous memory allocation, both the operating system and the user must reside in the 

main memory. The main memory is divided into two portions one portion is for the operating and 

other is for the user program. 

In the contiguous memory allocation when any user process request for the memory a single 

section of the contiguous memory block is given to that process according to its need. We can 

achieve contiguous memory allocation by dividing memory into the fixed-sized partition. 

A single process is allocated in that fixed sized single partition. But this will increase the degree 

of multiprogramming means more than one process in the main memory that bounds the number 

of fixed partition done in memory. Internal fragmentation increases because of the contiguous 

memory allocation. 

 

→ Fixed sized partition 

In the fixed sized partition the system divides memory into fixed size partition (may or may not be 

of the same size) here entire partition is allowed to a process and if there is some wastage inside 

the partition then it is called internal fragmentation. 

→ Variable size partition 

In the variable size partition, the memory is treated as one unit and space allocated to a process is 

exactly the same as required and the leftover space can be reused again. 

b) Non-contiguous memory allocation 

In the non-contiguous memory allocation the available free memory space are scattered here and 

there and all the free memory space is not at one place. So this is time-consuming. In the non-



contiguous memory allocation, a process will acquire the memory space but it is not at one place 

it is at the different locations according to the process requirement. This technique of non-

contiguous mem ory allocation reduces the wastage of memory which leads to internal and 

external fragmentation. This utilizes all the free memory space which is created by a different 

process. 

 

Difference between Contiguous and Non-contiguous Memory Allocation : 

 

S.NO. 

CONTIGUOUS 

MEMORY 

ALLOCATION 

NON-

CONTIGUOUS 

MEMORY 

ALLOCATION 

1. 

Contiguous 

memory allocation 

allocates 

consecutive blocks 

of memory to a 

file/process. 

Non-Contiguous 

memory allocation 

allocates separate 

blocks of memory 

to a file/process. 



S.NO. 

CONTIGUOUS 

MEMORY 

ALLOCATION 

NON-

CONTIGUOUS 

MEMORY 

ALLOCATION 

2. Faster in Execution. 

Slower in 

Execution. 

3. 

It is easier for the 

OS to control. 

It is difficult for the 

OS to control. 

4. 

Overhead is 

minimum as not 

much address 

translations are 

there while 

executing a process. 

More Overheads are 

there as there are 

more address 

translations. 

5. 

Internal 

fragmentation 

occurs in 

Contiguous 

memory allocation 

method. 

External 

fragmentation 

occurs in Non-

Contiguous 

memory allocation 

method. 

6. 

It includes single 

partition allocation 

It includes paging 

and segmentation. 



S.NO. 

CONTIGUOUS 

MEMORY 

ALLOCATION 

NON-

CONTIGUOUS 

MEMORY 

ALLOCATION 

and multi-partition 

allocation. 

7. 

Wastage of memory 

is there. 

No memory 

wastage is there. 

8. 

In contiguous 

memory allocation, 

swapped-in 

processes are 

arranged in the 

originally allocated 

space. 

In non-contiguous 

memory allocation, 

swapped-in 

processes can be 

arranged in any 

place in the 

memory. 

 

What is Fragmentation? 

Processes are stored and removed from memory, which creates free memory space, which are too 

small to use by other processes. 



 

 

After sometimes, that processes not able to allocate to memory blocks because its small size and 

memory blocks always remain unused is called fragmentation.  

This type of problem happens during a dynamic memory allocation system when free blocks are 

quite small, so it is not able to fulfill any request. 

Two types of Fragmentation methods are: 

• External fragmentation 

• Internal fragmentation 

 

 

Internal Fragmentation:  

 

Internal fragmentation happens when the memory is split into mounted sized blocks. 

Whenever a method request for the memory, the mounted sized block is allotted to the 

method. just in case the memory allotted to the method is somewhat larger than the memory 

requested, then the distinction between allotted and requested memory is that the Internal 

fragmentation.  

  



 

The above diagram clearly shows the internal fragmentation because the difference between 

memory allocated and required space or memory is called Internal fragmentation.  

 

External Fragmentation:  

External fragmentation happens when there’s a sufficient quantity of area within the memory to 

satisfy the memory request of a method. however the process’s memory request cannot be fulfilled 

because the memory offered is during a non-contiguous manner. Either you apply first-fit or best-

fit memory allocation strategy it’ll cause external fragmentation.  

  

 

In above diagram, we can see that, there is enough space (55 KB) to run a process-07 (required 50 

KB) but the memory (fragment) is not contiguous. Here, we use compaction, paging or 

segmentation to use the free space to run a process.  

Difference between Internal fragmentation and External fragmentation:-  

  



S.NO INTERNAL 

FRAGMENTATION 

EXTERNAL 

FRAGMENTATION 

1. 

In internal 

fragmentation fixed-

sized memory, blocks 

square measure 

appointed to process. 

In external 

fragmentation, variable-

sized memory blocks 

square measure 

appointed to method. 

2. 

Internal fragmentation 

happens when the 

method or process is 

larger than the 

memory. 

External fragmentation 

happens when the 

method or process is 

removed. 

3. 

The solution of internal 

fragmentation is best-

fit block. 

Solution of external 

fragmentation is 

compaction, paging and 

segmentation. 

4. 

Internal fragmentation 

occurs when memory is 

divided into fixed sized 

partitions. 

External fragmentation 

occurs when memory is 

divided into variable 

size partitions based on 

the size of processes. 

5. 

The difference between 

memory allocated and 

required space or 

memory is called 

Internal fragmentation. 

The unused spaces 

formed between non-

contiguous memory 

fragments are too small 

to serve a new process, is 

called External 

fragmentation . 

 



 

 

Compaction 

 

A possible remedy to the problem of external fragmentation is compaction. The idea is to move 

all processes towards one end of memory and all the free blocks of memory towards the other end.  

For example, consider the case in which the blocks are distributed between 2 processes as shown 

in the below image. 

  

 

Using the compaction algorithm, we move process P2 upwards and the free block of 100K between 

P1 and P2 downwards thus forming a big block of 500K [(1600L-2000K)400K+(800K-

900K)100K]. However, compaction is possible only when dynamic relocation is used i.e. when 

the address binding is done at runtime. 

 

 



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. 

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. 

 

 

 

 

 

 

 

 

 

 

Translation of Two dimensional Logical Address to one dimensional Physical Address. 

 



 

Address generated by the CPU is divided into: 

• Segment number (s): Number of bits required to represent the segment. 

• Segment offset (d): Number of bits required to represent the size of the segment. 

Advantages of Segmentation – 

• No Internal fragmentation. 

• Segment Table consumes less space in comparison to Page table in paging. 

Disadvantage of Segmentation – 

• As processes are loaded and removed from the memory, the free memory space is broken into 

little pieces, causing External fragmentation. 

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. 

https://afteracademy.com/blog/what-is-the-difference-between-logical-and-physical-address-wrt-operating-system
https://afteracademy.com/blog/what-is-the-difference-between-logical-and-physical-address-wrt-operating-system


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. 

 

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. 

 

 



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 the 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 like a paging system with swapping where processes 

are 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 it’s 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. It 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 must 

read in from disk, and this requires 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 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). 

 

Total Page Fault = 9 

Page Fault ratio = 9/12 i.e. total miss/total possible cases 

 

https://www.geeksforgeeks.org/operating-system-beladys-anomaly/


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. 

File 

A file is a named collection of related information that is recorded on secondary storage such as 

magnetic disks, magnetic tapes and optical disks. In general, a file is a sequence of bits, bytes, 

lines or records. 

File Structure 

A File Structure should be according to a required format that the operating system can 

understand. 



• A file has a certain defined structure according to its type. 

• A text file is a sequence of characters organized into lines. 

• A source file is a sequence of procedures and functions. 

• An object file is a sequence of bytes organized into blocks that are understandable by the 

machine. 

• When operating system defines different file structures, it also contains the code to support 

these file structure. Unix, MS-DOS support minimum number of file structure. 

File Type 

File type refers to the ability of the operating system to distinguish different types of file such as 

text files source files and binary files etc. Many operating systems support many types of files. 

Operating system like MS-DOS and UNIX have the following types of files − 

Ordinary files 

• These are the files that contain user information. 

• These may have text, databases or executable program. 

• The user can apply various operations on such files like add, modify, delete or even remove 

the entire file. 

Directory files 

• These files contain list of file names and other information related to these files.Special 

files 

• These files are also known as device files. 

• These files represent physical device like disks, terminals, printers, networks, tape drive 

etc. 

Attributes of a File 

Following are some of the attributes of a file : 

• Name . It is the only information which is in human-readable form. 

• Identifier. The file is identified by a unique tag(number) within file system. 

• Type. It is needed for systems that support different types of files. 

• Location. Pointer to file location on device. 

• Size. The current size of the file. 

• Protection. This controls and assigns the power of reading, writing, executing. 



• Time, date, and user identification. This is the data for protection, security, and usage 

monitoring. 

Operations on files 

There are six basic file operations within an Operating system. These are: 

• Creating a file: There are two steps necessary for creating a file. First, space in the file system 

must be found for the file. We discuss how to allocate space for the file. Second, an entry for the 

new file must be made in the directory. 

• Writing a file: To write to a file, you make a system call specify about both the name of the file 

along with the information to be written to the file. 

• Reading a file: To read from a file, you use a system call which specifies the name of the file 

and where within memory the next block of the file should be placed. 

• Repositioning inside a file: The directory is then searched for the suitable entry, and the 'current-

file-position' pointer is relocating to a given value. Relocating within a file need not require any 

actual I/O. This file operation is also termed as 'file seek.' 

• Deleting a file: For deleting a file, you have to search the directory for the specific file. Deleting 

that file or directory release all file space so that other files can re-use that space. 

• Truncating a file: The user may wish for erasing the contents of a file but keep the attributes 

same. Rather than deleting the file and then recreate it, this utility allows all attributes to remain 

unchanged — except the file length — and let the user add or edit the file content. 

File Access Method 

When a file is used, information is read and accessed into computer memory and there are several 

ways to access this information of the file. Some systems provide only one access method for files. 

Other systems, such as those of IBM, support many access methods, and choosing the right one 

for a particular application is a major design problem.  

There are three ways to access a file into a computer system: Sequential-Access, Direct Access, 

Index sequential Method.  

  

1. Sequential Access –  

It is the simplest access method. Information in the file is processed in order, one record after 

the other. This mode of access is by far the most common; 

 

For example, compiler usually access the file in sequential fashion.  

Read and write make up the bulk of the operation on a file.  

A read operation read next- read the next position of the file and automatically advance a file 

pointer, which keeps track I/O location. Similarly, for the write operation write next append to 

the end of the file and advance to the newly written material.  

 



2. Direct Access –  

Another method is direct access method also known as relative access method. A filed-length 

logical record that allows the program to read and write record rapidly in no particular order.  

 

For direct access, the file is viewed as a numbered sequence of block or record. Thus, we may 

read block 14 then block 59 and then we can write block 17. There is no restriction on the order 

of reading and writing for a direct access file.  

A block number provided by the user to the operating system is normally a relative block 

number, the first relative block of the file is 0 and then 1 and so on.  

  

3. Index sequential method –  

It is the other method of accessing a file which is built on the top of the sequential access 

method. These methods construct an index for the file.  

 

The index, like an index in the back of a book, contains the pointer to the various blocks. To 

find a record in the file, we first search the index and then by the help of pointer we access the 

file directly.  

 

 

Directory Structure 

 

A directory is a container that is used to contain folders and file. It organizes files and folders 

into a hierarchical manner. 

 

There are several logical structures of a directory, these are given below. 

1. Single-level directory – 

Single level directory is simplest directory structure. In it all files are contained in same 

directory which make it easy to support and understand. 

A single level directory has a significant limitation, however, when the number of files 

increases or when the system has more than one user. Since all the files are in the same 

directory, they must have the unique name .  

 



 

 

 

Advantages: 

• Since it is a single directory, so its implementation is very easy. 

• If the files are smaller in size, searching will become faster. 

• The operations like file creation, searching, deletion, updating are very easy in such a 

directory structure. 

Disadvantages: 

• There may chance of name collision because two files can not have the same name. 

• Searching will become time taking if the directory is large. 

• In this can not group the same type of files together. 

 

2. Two-level directory – 

As we have seen, a single level directory often leads to confusion of files names among 

different users. the solution to this problem is to create a separate directory for each user.  

In the two-level directory structure, each user has there own user files directory (UFD). The 

UFDs has similar structures, but each lists only the files of a single user. system’s master file 

directory (MFD) is searches whenever a new user id=s logged in. The MFD is indexed by 

username or account number, and each entry points to the UFD for that user. 

 

 

 



Advantages: 

• We can give full path like /User-name/directory-name/. 

• Different users can have same directory as well as file name. 

• Searching of files become more easy due to path name and user-grouping. 

Disadvantages: 

• A user is not allowed to share files with other users. 

• Still it not very scalable, two files of the same type cannot be grouped together in the same 

user. 

 

 

3. Tree-structured directory – 

Once we have seen a two-level directory as a tree of height 2, the natural generalization is 

to extend the directory structure to a tree of arbitrary height. 

This generalization allows the user to create there own subdirectories and to organize on 

their files accordingly. 

 

A tree structure is the most common directory structure. The tree has a root directory, and 

every file in the system have a unique path. 

Advantages: 

• Very generalize, since full path name can be given. 

• Very scalable, the probability of name collision is less. 

• Searching becomes very easy, we can use both absolute path as well as relative. 



Disadvantages: 

• Every file does not fit into the hierarchical model, files may be saved into multiple 

directories. 

• We can not share files. 

• It is inefficient, because accessing a file may go under multiple directories.  

 

 

 


