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 Logical versus Physical Address Space
* Swapping Memory,
« Contiguous Allocation,
* Paging,
« Segmentation,
« Segmentation with Paging,
* Demand Paging,

* Page Replacement,
» Page Replacement Algorithms.
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Concept:Regarding
Memory Managemelt and Virtual Memory

A memory -> just like a human brain.
* Memory is used to store -> data and information.

 Computer Memory -> the storage spaces in the Computer,
where data is to be processed and instructions are
required to process -> the data.

* Just as processes share the CPU,
processes also share -> memory.
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What is Memory Management?

 Memory Management (MM) -> process
« of controlling and coordinating -> computer memory and
« optimize the overall performance -> of the system.

* MM -> most important function -> of an operating system
that -> manages primary memory.

* MM helps -> processes to move back and forward between the main
memory and secondary memory.

* MM helps -> OS to keep track of every memory location, irrespective
of whether -> allocated to some process or remains free.
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What are the Need-/Importance / Functions
of Memory Managem@t in OS?

FO“OWing are reasons for USing memory management:
\/Allocate and de-allocate -> MmMemaory (before and after process execution).

v'Keep track -> of used memory space by processes.

v'Minimize -> fragmentation issues.

v'Proper utilization -> of main memory.

v'Maintain data integrity -> while executing of process.
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e Like -> we have the address -> of our house, so that
anyone can reach -> out to us.

* In the same way, -> the data in the memory at
different locations so that we can access ->
data again whenever required in the future.

* Two types of addresses are used for memory in the OS i.e.
* the physical address and
» the logical address
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Physical Address (PA)
. h -> to a location in the memory and -eagyggpggls fo

: . =Copy Free
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-> directly accessible to the user progra ce, a

logical address needs to be mapped -> to it tc‘;ﬁe the
address accessible.

- -> by the MMU (Memory Management Unit) -> a Logical Relocation| ysical
hardware component -> responsible for translating a Address Register Address
logical address to a physical address.

Lo

ical Address (LA) or Virtual Address (VA) (PU | =—p || 20| | ——p
_ -> generated by the CPU during program 14 4

execution. A logical address doesn't exist physically.
-> to access the physical address. A logical

address usually ranges from zero to maximum (max).
. ﬂ -> that generates the logical address

assumes -> that the process runs on locations between 0

to the max.

« This logical address(generated by CPU) combines with
the base address generated by the MMU to form
the physical address. Memory
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Logical Ac

Differentiate-Between

termark)

dress § Physical Address

Paramenter | Logical Address Physical Address

Basic generated by CPU location In a memory unit

Address Logical Address Space is set | Physical Address is set of all

Space of all logical addresses physical addresses mapped
generated by CPU in to the corresponding logical
reference to a program. addresses.

Visibility User can view the logical User can never view physical

address of a program.

address of program.

Generation

generated by the CPU

Computed by MMU

Access

The user can use the logical
address to access the
physical address.
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The user can indirectly access
physical address but not
directly.
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Static and Dynathic-

o
To load a process into the main memory is done by a loader.

There are two different types of loading :

 Static loading:- loading the entire program into a fixed address. It requires more
memory space.

 Dynamic loading:- The entire program and all data of a process must be in
physical memory for the process to execute.

e To gain proper memory utilization, dynamic loading is used. In dynamic
loading, a routine is not loaded until it is called. All routines are residing
on disk in a relocatable load format. One of the advantages of dynamic
loading is that unused routine is never loaded. This loading is useful
when a large amount of code is needed to handle it efficiently.
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Static and Dynamic:linking

PDF

* To perform a linking task, a linker is used. A linker is a program that takes one
or more object files generated by a compiler and combines them into a single
executable file.

e Static linking:

* In static linking, the linker combines all necessary program modules into a single
executable iroiram. Soi there is no runtime deiendenci. _

* Dynamic linking:

* The basic concept of dynamic linking is similar to dynamic loading. In dynamic linking,
“Stub” is included for each appropriate library routine reference. A stub is a small piece
of code. When the stub is executed, it checks whether the needed routine is already in
memory or not. If not available, then the program loads the routine into memory.
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Fragmentation,

* As processes are loaded and removed from memory, the free
memory space is broken into little pieces.

* [t happens after sometimes that processes cannot be
allocated to memory blocks considering their small size and
memory blocks remains unused.

* This problem is known as Fragmentation.

* Fragmentation is of two types:
» External fragmentation
* Internal fragmentation
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Types of Fragmer\“ta%bh“a"nd Descriptions

* External fragmentation

* Total memory space is enough to satisfy a request
or to reside a process in it, but it is not contiguous, so
It cannot be used.

* Internal fragmentation

* Memory block assigned to process is bigger. Some
portion of memory is left unused, as it cannot be
used by another process.
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compaction technique can"bé gsed td create more free memory
out of fragmented memory..

Fragmented memory before compaction

Memory after compaction

sEmaEa. @z
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Swapping Mé@“@ci‘y in OS

* 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

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

and that's the reason Swapping is also known as a technique
for memory compaction.
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Main Memory
Process P1
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Secondary Memo

ry . . .
G tOtRL time taken by swapping process
it takes to move the

cludes the time

ﬁntire process to a secondary disk and then
to copy the process back to memory, as
well as the time the process takes to
regain main memory.

Process P3

Process P4

|

: Let us assume that the user process is of size 2048KB and on a

| standard hard disk where swapping will take place has a data
transfer rate around 1 MB per second. The actual transfer of

Process P the 1000K process to or from memory will take

2048KB / 1024KB per second
= 2 seconds
= 2000 milliseconds

Now considering in and out time, it will take complete
4000 milliseconds plus other overhead where the

process competes to regain main memory.
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Partition Allocation Methods
in Memorylanagement

In the operating system, the following are four
common memory management techniques.
*Single contiguous allocation
* Partitioned allocation
* Paged memory management
*Segmented memory management
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Partition Alld"é””é’f‘@"’r“i‘““ﬂ’ethods ..Contd..

* Single contiguous allocation: Simplest allocation method used by MS-DOS.
All memory (except some reserved for OS) is available to a process.

 Partitioned allocation: Memory is divided into different blocks or
partitions. Each process is allocated according to the requirement.

* Paged memory management: Memory is divided into fixed-sized units
called page frames, used in a virtual memory environment.

e Segmented memory management: Memory is divided into different
segments (a segment is a logical grouping of the process’ data or code).In
this management, allocated memory doesn’t have to be contiguous.
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in Partition AIIocatlor@

* In Partition Allocation, when there is more than one partition freely
available to accommodate a process’s request, a partition must be
selected.

* To choose a particular partition, a partition allocation method is
needed. A partition allocation method is considered better if it avoids
internal fragmentation.

* There are different Placement Algorithm:
A. First Fit
B. Best Fit
C. Worst Fit
D. Next Fit
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*In the first fit, the partition is
allocated which is the first
sufficient block from the top of
Main Memory.

It scans memory from the
beginning and chooses the first
available block that is large
enough.

* Thus, it allocates the first hole
that is large enough.
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* Allocate the process to the

partition which is the first
smallest sufficient partition
among the free available
partition.

* It searches the entire list of
holes to find the smallest
hole whose size is greater
than or equal to the size of

the process.
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* Allocate the process to the partition
which is the largest sufficient among
the freely available partitions available
in the main memory.

* It is opposite to the best-fit algorithm.

* It searches the entire list of holes to
find the largest hole and allocate it to
process.
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*Next fit is similar to the first fit

*but it will search
e for the first sufficient partition
e from the last allocation point.
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e Consider the requests from processes in given order 300K, 25K, 125K,
and 50K. Let there be two blocks of memory available of size 150K
followed by a block size 350K.

* Which of the following partition allocation schemes can satisfy the
above requests?

A) Best fit but not first fit.
B) First fit but not best fit.
C) Both First fit & Best fit.
D) neither first fit nor best fit.
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 Best Fit

300K is allocated from a block of size 350K. 50 is left in the block.
25K is allocated from the remaining 50K block. 25K is left in the block. 125K is
allocated from 150 K block. 25K is left in this block also.
50K can’t be allocated even if there is 25K + 25K space available.

* First it:
* 300K request is allocated from 350K block, 50K is left out.
25K is be allocated from the 150K block, 125K is left out.

Then 125K and 50K are allocated to the remaining left out partitions.
So, the first fit can handle requests.

e So option B is the correct choice.
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When a program or process is to be executed,
memory according to program or process requirements. This kind of
method or approach is called memory allocation.

Memory
Allocation

Static Dynamic
Memory Memory
Allocation Allocation
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Static Memory:Allocation
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* In static memory allocation, the size of the data required by the process
must be known before the execution of the process initiates.

* If the data sizes are not known before the execution of the process, then
they have to be guessed. If the data size guessed is larger than the
required, then it leads to wastage of memory.

 And, if the guessed size is smaller, then it leads to inappropriate
execution of the process.

« All the memory allocation operation required for the process is done
before the execution of the process has started. So, it leads
to faster execution of a process.
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Dynamic Me‘n'ngrv"fﬂAllocation

* Dynamic memory allocation

 provides flexibility to the execution of the program. As it can
decide what amount of memory space will be required by the

iroiram. This reduces memory wastage and improves

* Allocating memory dynamically
e creates an overhead over the system. Some allocation

operations are performed repeatedly during the program
execution
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What is Contiguous-Memory Allocation in
OS and explain its t\es?

*In Contiguous memory
allocation, when the
process arrives from the ‘ |

ready queue to the main
memory for execution, the
contiguous memory blocks
are allocated to the process
according to its requirement. S
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Memory Allestion Techniques
otatic Partitioning Dynamic Partitioning
or or
Fixed Size Partitioning Variable Size Partitioning
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Fixed-size Paﬂi%irun Scheme

* In this type of contiguous memory
allocation technique, each process is
allotted a fixed size continuous
block in the main memory.

* Because irrespective of the size of the
process, each is allotted a block of
the same size memory space.

* This technique is also called static
partitioning.
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Fixed size
partition

\

Operating System

Main Memory

Process 1
. (Size3MB)

|
Process 2

| (Size IMB)

Process 3
 (Size4MB)

Input
Process Queue

34



tected bigPDF Anti-Copy

Advantages o?““el"-*véeﬂiisize Partition

* It is easy to keep track of how many blocks of memory are left,

which in turn decides how many more processes can be given
space in the memory.

* As at a time multiple processes can be kept in the memory, this

scheme can be implemented in a system that needs
multiprogramming.

* Because all of the blocks are the same size, this scheme is simple
to implement.
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Disadvantages of Fixed-size Partition

@
O

* As the size of the blocks is fixed, we will not be
able to allot space to a process that has a greater

Operating System

size than the block. Process 1 (3 MB)

* The size of the blocks decides the degree of

multiorogramming, and only that many
processes can remain in the memory at once as Internal
the number of blocks. fragmentation

* If the size of the block is greater than the size of Process 1 (3 M)
the process, we have no other choice but to @ o0

assign the process to this block, but this will lead

to much empty space left behind in the block. Main Memory
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Variable-size:'Partition Scheme

]
* In this type of contiguous memory allocation oS
technique, no fixed blocks or partitions are
made in the memory. [ ” Process
. . Size 3MB
* Instead, each process is allotted g variable- / --------------------------- Ll
. . . ; 1B Process 2
sized block depending upon its requirements. o 56100
- That means, whenever a new process wants  wiin [~ Pes
some space in the memory, it available, this \ ,,,,,,,,,,,,,,,,,,,,,,,,,,, Size i)
amount of space is allotted to it. [ B
* Hence, the size of each block depends on the [
size_and requirements of the process which 3
occupies it. Iput
Main Memory Process Queue
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Advantages of
Variable-sie Partition

* As the processes have blocks of space allotted to them as
per their requirements, there is no internal fragmentation.
Hence, there is no memory wastage in this scheme.

* The number of processes that can be in the memory at
once will depend upon how many processes are in the
memory and how much space they occupy. Hence, it will be
different for different cases and will be dynamic.

* As there are no blocks that are of fixed size, even a process
of big size can be allotted space.
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Disadvantages of
Variable-sie Partition

*Because this approach is dynamic, a variable-
size partition scheme is difficult to implement.

oIt is difficult to keep track of processes and the
remaining space in the memory.
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Non-Contiguous{V

* Non-Contiguous memory allocation is basically a
method on the contrary to contiquous allocation
method, allocates the memory space present in
different locations to the process as per it’s
requirements.

* As all the available memory space is in a distributed
pattern so the freely available memory space is also
scattered here and there.

* This technique of memory allocation helps to
reduce the wastage of memory, which eventually
gives rise to Internal and external fragmentation.
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Difference between
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Contiguous and Non-contlgﬁus Memory Allocation

CMA->Faster in Execution. CMA->It is easier for the OS to control.

NCMA->Slower in Execution NCMA-> It is difficult for the OS to control.
CMA->Wastage of memory is there. CMA->It could be visualized and implemented using Arrays.
NCMA->No memory wastage is there. NCMA->It could be implemented using Linked Lists.

CMA->0Overhead is minimum as not much address translations are there while executing a process.
NCMA->More Overheads are there as there are more address translations.

CMA-> Contiguous memory allocation allocates consecutive blocks of memory to a file/process.
NCMA->Non-Contiguous memory allocation allocates separate blocks of memory to a file/process.
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