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What 1s Main Memory?

) % R

Primary Memory Active Storage Temporary Workspace

Internal memory CPU directly accesses Stores OS, executing programs, active data CPU processes data only from RAM
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Key Characteristics
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RAM (Random Access Memory)

Direct access to any memory location

J

\
High Speed
Faster than secondary storage ® @
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Volatile Nature soREE wfw ' ssms mam
Data lost when power is off

N
Limited Size
Smaller than secondary memory

J
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Role of Main Memory 1n OS
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Main memory plays a central role in process execution

Process Storage

&
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Memory Allocation

Al

12 Fast Execution
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Logical Address (Virtual)

The logical address, also known as a virtual address, 1s generated by the

Logical Memory
[

CPU during program execution.

Program-Centric View

Key Advantages
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Logical vs Physical Addresgser

Logical Address Physical Address

- Virtual Address Actual Hardware Address
vy Page Tables
g H * Generated by CPU during * Real address in main memory
- ‘. " E .§ é execution
| Address Space | [EE I « Used by programs to refer to  Managed by Memory Management
| Page Tables — memory Unit (MMU)
e Each process has own address » Logical address converted before
space access
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Memory Management Objectives >
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Timeless Storge Memory
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Efficient Use of Memory Avoid Memory Wastage Protection & Security
A N
=
Support

Fast Memory Access Multiprogramming
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MEMORY TECENQUE
Swapping
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Swapping moves processes between main memory and secondary storage to manage limited memory space

111 R . Operating
( Process temporarily moved System
%

J main memory to swap space
il

Process 1

Swapped Out

Space

User

Main Memory Secondary Memory

O\ N
L )

Allows multiple processes by

X%\ swapping lower priority for higher
) Vi / priority
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Why Swapping 1s Needed
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How Swapping Works

*000@B000° &) o= é | —vo | T
.000@0004, & ) — 2, D
Select Process Swap Out Swap In Resume
Components Involved
Main Memory Secondary Storage Medium-term Scheduler
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Swapping: Pros & Cons
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Advantages Disadvantages
Increases multiprogramming degree High overhead due to disk 1/0O
Better memory utilization Slower execution
Allows execution of large number of processes Not suitable for real-time systems
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Block A

Memory Management
Techniques
v -
Uniprogramming Multiprogramming
Contiguous Memory Non-contiguous
Allocation Memory Allocation
v l v v - 1 v
it Segmented Segmented
C 't’.‘g o Partitioned Paged Memory " Memory
SHLHREIONS Allocation Management peblt Management
Allocation Management . :
with Paging
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Allocation Schemes

Fixed Memory Partitions
Partiition 1 ‘

Partiition 2 |

Partittion 2

Partiition 2

Partittion 2

Partiition 3

Partiition 4

Partiition 5

Partiition 7

Partiition 8

Memory typically divied into two pa1§itions: one for OS, one for yser proces
Main Memory| Operating Systems and virtualization
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Variable Memory Partitions Diagram:

Free space Free space
" X
Avf ) T Yy
Process A ‘
Process B Procass G
N /
Process C
Process B Process D Available
2
1‘,7
Free space
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Single Partition Allocation
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Memory Division One Process Only
Sineb P o One partition for OS, one for user process Only one process loaded at a time
ng artiistion
0 - J \ J
O
Memory '—A“ @
@ #+—— Setigh . 0
Nemion Simple Implementation
P E—
Memoery Trersign No memory sharing between processes
Drawbacks
>{ Poor CPU utilization ¢ No multiprogramming >{ CPU idle during I/O
15/25
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Fixed Partition memory
/. 7\\‘
Procesion —

Procelisis —

Procesion —+

Processs —++

Pereeiple partitiorin nemory
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Multiple Partition Allocation

Variable Partition memory
IT‘—L—* }’rocesss\
‘ — Fixed Partition
Processs il Q
e Problem: Internal Fragmentation — unused memory inside allocated
- partition
= B0
==
= Variable Partition
% Advantage: Better utilization, no internal fragmentation
S Problem: External Fragmentation — free memory scattered in small blocks
arsible parition in nemory
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Memory Allocation Strategies

begy -

First Fit Best Fit Worst Fit First Fit

: J J — J _J J Allocate first block that is large enough
cho:sen block cholsen block _J chc::sen block __J

— free space — free sp

— Best Fit
Iz @

Allocate smallest block that fits the process

Worst Fit

Allocate largest available block
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Fragmentation & Trade-offs %
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Fragmentation Types
Internal Fragmentation External Fragmentation
Wasted memory inside allocated block Free memory scattered in small blocks
Internal fragrentation External fragrentation
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1. Problem Statement Balancing Memory Efficiency and User
A computer system has limited main memory, but it must run multiple Experience

programs simultaneously.
Seamless Multitasking

Some programs are large, some are small, and users expect fast
response without crashes or delays.

. . . v ¥ |\~
How can the operating system efficiently manage main memory, Emi:\; 223 E a [3 gi‘;;ri o
temporarily handle memory shortages, and allocate memory to
processes without conflicts or wastage?
19/25
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[ EMPATHIZE ]

Balancing User, Programmeyr, and OS Needs
in Memory Management

User-Friendly
Development

Programmer
Jser Needs Neods
Efficient User | Reliable
Experience System
Execution

Operating System
Needs
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To solve the problem, the operating system must:

Manage Main Memory Handle Memory Overflow

Store active processes in main memory. Move inactive processes to disk (Swapping).

N |

N - ETE
* > TEE

Contiguous Memory Allocation Ensure Efficiency & Safety

Allocate memory efficiently in one continuous block ~ Protect data & minimize fragmentation.

Ensure:

@ Fast access

@ Data safety Ensure Efficiency & Safety

@ Minimal fragmentation  protect data & minimize fragmentation

@ High CPU utilization
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Memory Management Solutions

Store Active Processes Swap Out Inactive Processes
Store only active processes in main memory. Move inactive processes to disk.
L= 1 .“.E—»
[ e pu - ETEK
— -
Contiguous Allocation Allocation Strategies
Allocate each process a continuous block. First Fit, Best Fit, Worst Fit

Base 950

95
S50

l Limit
Memory Protection

Use base & limit registers
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5. PROTOTYPE I
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0S Memory Management Model

———

Contiguous PN & E@)l\:‘n Memory ]

Mem
All.ocat?:?\ OS Region
User Process
Base Register 0S Memory Region
- , Management
Limit Register
0 Model AR
Swoapping
Mechanism

Swap Space

Medium-Term
Scheduler
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TEST

Total Memory

Total memory available in the
system

0S Memory

Memory occupied by the
operating sustem

Process Memory

Menory occupied by the
processes

Free Memory

(o]
S

Memory available for new
processes
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Primary Memory Move Process

CPU Access RAM — Disk

Stores OS & Data Limited Memory

Multiprogramming

Main Memory
" Definition Swapping Limited Memory
* RAM B N\ Multiprogramming
Volatile Primary Memory
+ Limited Size CPU Access Swap Out
Stores OS & Data Swap In

Logical vs Physical

; Logic'al Address M E M 0 RY Better Utilization
+ Physical Address M A N AG E M E NT /: 1/0 Overhead

Contiguous Allocation :

Types
« Efficient Use o Single Partition Single Partition
« Multiprogramming o Fixed Partition Fixed Partition
Protection & Security \ : o - -
Problem \.¢ Variable Partition _ o Variable Partition

Limited Memory Multiple Processes Need Fast Execution
ol Ll J g Fitht
\@ Scheduler Scheduler \.e Best Fit
o Worst Fit

Solution

.\Efﬁcient Allocation e Memory Management ¢ Testing & Optimization
Model B
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