CS404 — Computer Organization &
Architecture - UNIT -04 DETAILED NOTES
IN EASY WAY

Main Memory (Primary Memory) (14 Marks
Answer)

Most Important Basic Topic
Main Memory se direct 5 marks, 7 marks aur 14 marks ke questions aate hain.

RAM, ROM, Cache aur Virtual Memory samajhne ke liye Main Memory samajhna bahut

zaruri hai.

Ye answer 3—4 pages aasani se cover karega.

Main Memory

Introduction

Computer system me data aur instructions ko store karne ke liye memory ka use kiya jata hai.

Jab bhi CPU Kkisi program ko execute karta hai, us program ko sabse pehle Main Memory me load

kiya jata hai.
CPU directly Main Memory ke saath communicate karta hai.

Isi liye Main Memory ko Primary Memory bhi kaha jata hai.



Definition

"Main Memory is the primary storage area of a computer that stores data, instructions and

programs currently being used by the CPU."

Why Main Memory is Needed?

CPU directly Hard Disk se data process nahi kar sakta.

Process:

Hard Disk
|

Main Memory

!
CPU

Program execution ke liye data ko pehle Main Memory me load karna padta hai.

Block Diagram of Main Memory

CPU

Secondary Memory



Characteristics of Main Memory

1. Directly Accessible by CPU

CPU directly Main Memory ko access kar sakta hai.

2. High Speed

Secondary Storage se faster hoti hai.

3. Temporary Storage

Program execution ke dauran data store karti hai.

4. Semiconductor Memory

Integrated circuits se bani hoti hai.

5. Limited Capacity

Hard Disk ke comparison me capacity kam hoti hai.

Working of Main Memory

Step 1

User program run karta hai.

Step 2

Program Hard Disk se Main Memory me load hota hai.



Step 3

CPU instruction fetch karta hai.

Step 4

Execution perform hoti hai.

Step 5

Result Main Memory me temporarily store hota hai.

Working Flow Diagram

Program Stored in Disk
!

Loaded into Main Memory

J

CPU Fetches Instructions
!

Execution

l

Result Generated

Types of Main Memory

Main Memory do types ki hoti hai:

Main Memory



1. RAM (Random Access Memory)

Temporary memory hoti hai.
Power off hone par data delete ho jata hai.
Example:

Running Programs

Chrome

MS Word

Games

2. ROM (Read Only Memory)

Permanent memory hoti hai.
Power off hone par bhi data save rehta hai.

Example:

BIOS Program

Memory Hierarchy

Most Important

Registers
|

Cache Memory
l

Main Memory



l

Secondary Memory

Speed Order

Registers
Cache
Main Memory

Hard Disk

Main Memory Organization

Memory ko small locations me divide kiya jata hai.

Example:
Address Data
1000 A
1001 B
1002 C
1003 D

Har location ka unique address hota hai.



Address and Data Bus

Main Memory CPU se buses ke through connected hoti hai.

Address Bus

Memory location select karti hai.

Data Bus

Actual data transfer karti hai.

Diagram

Advantages of Main Memory



1. Fast Access

CPU quickly data access kar sakta hai.

2. Direct Communication

CPU directly communicate karta hai.

3. Essential for Program Execution

Without Main Memory program execute nahi ho sakta.

4. High Performance

System speed improve hoti hai.

5. Efficient Data Storage

Temporary working storage provide karti hai.

Disadvantages of Main Memory

1. Expensive

Secondary storage se costly hoti hai.

2. Limited Capacity

Storage space limited hota hai.

3. Volatile (RAM)



Power off hone par data loss ho jata hai.

4. Not Suitable for Permanent Storage

Permanent data storage ke liye use nahi hoti.

Applications of Main Memory

Operating System Storage

OS execution.

Program Execution

Running applications.

Data Processing

Temporary data storage.

Gaming

Game data loading.

Scientific Applications

Complex calculations.

Main Memory vs Secondary Memory



Main Memory Secondary Memory
Primary Storage Secondary Storage
Fast Slow

Direct CPU Access Indirect Access
Expensive Cheap

Temporary Storage Permanent Storage
RAM, ROM Hard Disk, SSD

Very Important Comparison

Main Memory vs Cache Memory

Main Memory Cache Memory

Larger Capacity Smaller Capacity

Slower Faster

Cheaper Expensive

Stores Programs Stores Frequently Used Data

Viva Questions

Q1. What is Main Memory?

Primary storage directly accessed by CPU.

Q2. Why is Main Memory called Primary Memory?



Because CPU directly accesses it.

Q3. What are the types of Main Memory?

RAM and ROM.

Q4. Is Main Memory faster than Hard Disk?

Yes.

Q5. What is stored in Main Memory?

Programs, instructions and data.

Frequently Asked RGPV Questions

2 Marks

1. Define Main Memory.

2. Why is Main Memory required?
3. Name types of Main Memory.
4. What is Primary Memory?

5 Marks

1. Explain Main Memory.
2. Write characteristics of Main Memory.

3. Explain Memory Hierarchy.

7 Marks



1. Explain Main Memory with diagram.
2. Discuss organization of Main Memory.

3. Compare Main Memory and Secondary Memory.

14 Marks

1. Explain Main Memory with neat diagram and working.
2. Discuss characteristics, advantages and applications of Main Memory.

3. Explain Memory Hierarchy and role of Main Memory.

PYQ Trend Analysis

Topic Frequency

Main Memory Basics

Memory Hierarchy

Main vs Secondary Memory

Organization of Memory

Expected 2026 Questions

¢y Explain Main Memory with neat diagram.
¢y Discuss Memory Hierarchy.
¢4 Compare Main Memory and Secondary Memory.

¢y Explain role of Main Memory in computer system.

One-Minute Revision



"4 Main Memory = Primary Memory
{74 Directly accessed by CPU
"4 Types:

RAM

ROM
"4 Memory Hierarchy:

Registers
!

Cache

!

Main Memory

l

Secondary Memory

("4 Faster than Hard Disk

Conclusion

Main Memory computer system ki primary storage unit hai jo CPU ko programs aur data provide
karti hai. Ye program execution ke liye essential hai aur CPU directly isse access karta hai. High
speed aur direct accessibility ke karan Main Memory computer architecture ka ek fundamental

component hai aur RGPV exams ka important topic hai. @

Next Topic:

RAM (Random Access Memory) — 14 Marks Answer (Very Important &
Frequently Asked)



RAM (Random Access Memory) (14 Marks
Answer)

Most Important Topic

RGPV me RAM se direct 5 marks, 7 marks aur 14 marks ke questions frequently puche jate

hain.
RAM vs ROM comparison bahut important hai.

Ye answer 3—4 pages aasani se cover karega.

RAM (Random Access Memory)

Introduction

Computer me jab koi program run hota hai, to uska data aur instructions temporary form me store

karne ke liye RAM ka use kiya jata hai.
RAM computer ki working memory hoti hai.

CPU directly RAM ko access karta hai aur isi memory se instructions fetch karta hai.

Definition

"RAM (Random Access Memory) is a volatile semiconductor memory that stores data and

instructions temporarily for processing by the CPU."

Full Form



RAM = Random Access Memory

Why RAM is Needed?

Suppose aap Chrome browser open karte ho.

Process:
Hard Disk
!
RAM
CPU

Program pehle RAM me load hota hai aur phir CPU execute karta hai.

Agar RAM na ho to computer bahut slow ho jayega.

Why is it Called Random Access?

RAM me kisi bhi memory location ko directly access kiya ja sakta hai.

Example:

Address 100
Address 500
Address 900

Kisi bhi address par directly ja sakte hain.

Sequential access ki zarurat nahi.

Block Diagram of RAM



CPU

Address
Data
Control

Characteristics of RAM

1. Volatile Memory

Power off hone par data delete ho jata hai.

2. Read and Write Memory

Data read aur write dono kar sakte hain.

3. Fast Access

Hard Disk se kaafi fast hoti hai.

4. Semiconductor Memory

Integrated Circuits se bani hoti hai.

5. Temporary Storage

Permanent storage nahi hai.



Working of RAM

Step 1

Program Hard Disk me stored hota hai.

Step 2

Program RAM me load hota hai.

Step 3

CPU RAM se instructions fetch karta hai.

Step 4

Execution perform hoti hai.

Step 5

Result temporarily RAM me store hota hai.

Working Diagram

Hard Disk

!
RAM

CPU
J
Result



Types of RAM

Most Important

1. SRAM (Static RAM)

Static RAM me data tab tak stored rehta hai jab tak power supply available ho.

Refresh ki zarurat nahi hoti.

SRAM Cell

SRAM Flip-Flop technology use karti hai.

Features of SRAM

_J Fast

"4 No Refresh Required
"4 Expensive

4 Low Density

Uses



Cache Memory

CPU Registers

2. DRAM (Dynamic RAM)

DRAM capacitor ke form me data store karti hai.
Data continuously leak hota hai.

Isliye refresh karna padta hai.

Features of DRAM

"4 Cheap
"4 High Capacity
"4 Refresh Required

(4 Slower than SRAM

Uses

Main Memory
PC RAM Modules

SRAM vs DRAM

Very Important Table

SRAM DRAM

Static RAM Dynamic RAM




Faster Slower

No Refresh Refresh Required
Expensive Cheap

Low Density High Density
Cache Memory Main Memory

RAM Organization

Memory locations addresses ke through organized hoti hain.

Example:

Address Data

1000 A
1001 B
1002 C
1003 D

Har location unique address rakhti hai.

RAM Read Operation

Process

CPU
l

Address Sent
l

RAM




l
Data Returned

RAM Write Operation

Process

CPU

|
Address + Data

l
RAM

!
Data Stored

Advantages of RAM

1. High Speed

CPU fast access kar sakta hai.

2. Direct Access

Random access facility.

3. Read and Write Support

Data modify kiya ja sakta hai.

4. Improves Performance

System speed improve hoti hai.



5. Essential for Program Execution

RAM ke bina execution possible nahi.

Disadvantages of RAM

1. Volatile Memory

Power off = Data Loss

2. Expensive

Hard Disk se costly.

3. Limited Capacity

Storage limited hoti hai.

4. Temporary Storage

Permanent storage nahi.

Applications of RAM

Operating System

OS execution.

Running Applications

Chrome, Word, Games.



Multimedia Processing

Video Editing.

Gaming

Game Assets Load Karna.

Scientific Applications

Complex calculations.

RAM vs ROM

Most Important Exam Question

RAM

ROM

Random Access Memory

Read Only Memory

Volatile

Non-Volatile

Read & Write

Mostly Read Only

Temporary Storage

Permanent Storage

Fast

Slower

Used During Execution

Stores Firmware

RAM vs Hard Disk

RAM

Hard Disk

Temporary

Permanent




Fast Slow

Expensive Cheap
Volatile Non-Volatile
CPU Direct Access Indirect Access

Memory Hierarchy

Registers

l

Cache Memory
l

RAM
!

Hard Disk

Viva Questions

Q1. What is RAM?

Temporary memory used by CPU.

Q2. Expand RAM.

Random Access Memory.

Q3. Why is RAM called volatile?

Because data is lost when power is OFF.

Q4. Name types of RAM.



SRAM and DRAM.

Q5. Which RAM is faster?

SRAM.

Frequently Asked RGPV Questions

2 Marks

1. Define RAM.

2. Why is RAM volatile?

3. What are types of RAM?

4. Expand SRAM and DRAM.

5 Marks

1. Explain RAM.
2. Explain SRAM.
3. Explain DRAM.

7 Marks

1. Explain RAM with diagram.
2. Compare SRAM and DRAM.
3. Explain RAM organization.

14 Marks

1. Explain RAM with neat diagram and working.



2. Discuss types of RAM and compare SRAM and DRAM.
3. Compare RAM and ROM.

PYQ Trend Analysis

Topic Frequency

RAM Basics

SRAM vs DRAM

RAM vs ROM

RAM Organization

Expected 2026 Questions

¢y Explain RAM with diagram.
@ Compare SRAM and DRAM.
¢ Compare RAM and ROM.

¢y Explain characteristics and applications of RAM.

One-Minute Revision

"4 RAM = Random Access Memory
{74 Volatile Memory

4 Read + Write Memory

"4 Types:



SRAM

DRAM

74 SRAM = Fast + Expensive
74 DRAM = Slow + Cheap

{74 Used for Running Programs

Conclusion

RAM (Random Access Memory) computer system ki primary working memory hai jo programs
aur data ko temporarily store karti hai. CPU directly RAM ko access karta hai aur isi se
instructions execute karta hai. SRAM aur DRAM RAM ke do important types hain. High speed
aur direct accessibility ke karan RAM computer architecture ka ek fundamental component hai

aur RGPV exams ka highly important topic hai. @&

ROM (Read Only Memory) (14 Marks
Answer)

Most Important Topic
RGPV me ROM, Types of ROM aur RAM vs ROM bahut frequently puche jate hain.

Ye answer 3—4 pages aasani se cover karega.

ROM (Read Only Memory)



Introduction

Computer system ko start (boot) karne ke liye kuch permanent instructions ki zarurat hoti hai.
Agar ye instructions RAM me rakhe jayen to power off hone par delete ho jayengi.
Is problem ko solve karne ke liye ROM (Read Only Memory) ka use kiya jata hai.

ROM ek permanent memory hai jisme data power off hone ke baad bhi safe rehta hai.

Definition

"ROM (Read Only Memory) is a non-volatile memory used to store permanent instructions

and programs required for the operation of a computer system."

Full Form

ROM = Read Only Memory

Why ROM is Needed?

Computer start hote hi Operating System ko load karne ke liye boot instructions chahiye.
Ye instructions ROM me stored rehti hain.

Process:

Power ON
l
ROM
!
BIOS Program



l
Operating System Load

Characteristics of ROM

1. Non-Volatile Memory

Power OFF hone par bhi data safe rehta hai.

2. Permanent Storage

Data permanently store hota hai.

3. Mostly Read Only

Normal users data modify nahi kar sakte.

4. Stores Firmware

Firmware aur BIOS programs store karti hai.

5. Reliable Memory

Data accidental deletion se protected rehta hai.

Block Diagram of ROM

CPU



Permanent Data

Working of ROM

Step 1

Computer ON hota hai.

Step 2

CPU ROM ko access karta hai.

Step 3

ROM se BIOS instructions fetch hoti hain.

Step 4

BIOS hardware check karta hai.

Step 5

Operating System load hota hai.

Working Flow

Power ON
!



ROM Access
!

BIOS Execution
!

Hardware Check

!
0S Load

Types of ROM

Most Important

PROM EPROM EEPROM Flash ROM

1. PROM (Programmable ROM)

PROM ko manufacturer blank state me banata hai.

User ek baar program write kar sakta hai.

Features

"4 One Time Programmable
{74 Permanent Storage

X Data Erase Nahi Kar Sakte

2. EPROM (Erasable Programmable ROM)



EPROM me data erase aur rewrite kiya ja sakta hai.

Erase karne ke liye UV Light use hoti hai.

Features

"4 Reprogrammable
"4 UV Light Erase

Y Slow Process

Diagram
EPROM Chip
| I
| 0 | < Quartz Window

3. EEPROM (Electrically Erasable
Programmable ROM)

EEPROM ko electrically erase aur rewrite kiya ja sakta hai.

Features

("4 Electrically Frasable

{74 Multiple Times Rewrite



"4 Easy Updating

4. Flash ROM

EEPROM ka advanced version hai.

Large blocks me erase hoti hai.

Features

"4 Faster
{74 Large Capacity

4 Used in USB, SSD, BIOS

Types of ROM Comparison

Type Reprogrammable Erasing Method
PROM No Not Possible
EPROM Yes UV Light
EEPROM Yes Electrical Signal
Flash ROM Yes Electrical Block Erase
Very Important Table
Advantages of ROM

1. Permanent Storage



Data power OFF hone par bhi safe rehta hai.

2. Reliable

Accidental modification nahi hota.

3. Low Power Consumption

RAM ke comparison me kam power use karti hai.

4. Stores Firmware

BIOS aur embedded software store karti hai.

5. Secure

Permanent instructions protected rehti hain.

Disadvantages of ROM

1. Slow Writing

Data modify karna difficult hota hai.

2. Limited Flexibility

RAM ki tarah easily update nahi kar sakte.

3. Smaller Capacity

Hard Disk ke comparison me capacity kam hoti hai.



4. Special Hardware Required

Programming ke liye special devices lag sakte hain.

Applications of ROM

BIOS Storage

Computer boot instructions.

Embedded Systems

Washing Machine, Microwave.

Mobile Phones

Firmware storage.

Printers

Control programs.

Microcontrollers

Permanent program storage.

ROM Organization

Address Data

0000 BIOS



0001 Boot Code
0002 Firmware
0003 Configuration

ROM vs RAM

Most Important Exam Question

ROM

RAM

Read Only Memory

Random Access Memory

Non-Volatile

Volatile

Permanent Storage

Temporary Storage

Slower

Faster

Firmware Storage

Running Programs

Data Safe After Power OFF

Data Lost After Power OFF

ROM vs Hard Disk

ROM

Hard Disk

Stores Firmware

Stores User Data

Smaller Capacity

Large Capacity

Fast Access

Slower Access

Permanent

Permanent




Memory Hierarchy

Registers

!

Cache

!
RAM

ROM
l
Hard Disk

Viva Questions

Q1. What is ROM?

Permanent non-volatile memory.

Q2. Expand ROM.

Read Only Memory.

Q3. Why is ROM non-volatile?

Data remains even after power OFF.

Q4. What is BIOS?

Basic Input Output System stored in ROM.

Q5. Name types of ROM.



PROM, EPROM, EEPROM, Flash ROM.

Frequently Asked RGPV Questions

2 Marks

1. Define ROM.

2. Why is ROM non-volatile?
3. What is BIOS?

4. Name types of ROM.

5 Marks

1. Explain ROM.
2. Explain PROM and EPROM.
3. Explain EEPROM.

7 Marks

1. Explain ROM with diagram.
2. Explain types of ROM.
3. Compare ROM and RAM.

14 Marks

1. Explain ROM with neat diagram and working.
2. Discuss different types of ROM with suitable examples.
3. Compare ROM and RAM.



PYQ Trend Analysis

Topic Frequency

ROM Basics

Types of ROM

ROM vs RAM

BIOS in ROM

Expected 2026 Questions

@ Explain ROM with diagram.

¢ Discuss different types of ROM.
@ Compare ROM and RAM.

@ Explain BIOS and its role.

¢ Explain EEPROM and Flash ROM.

One-Minute Revision

74 ROM = Read Only Memory
{74 Non-Volatile Memory

{74 Stores BIOS & Firmware
_J Types:

PROM
EPROM



EEPROM
Flash ROM

74 Power OFF - Data Safe
"4 Most Important:

ROM vs RAM

Conclusion

ROM (Read Only Memory) ek non-volatile memory hai jo computer system ke permanent
instructions aur firmware ko store karti hai. BIOS, boot programs aur embedded software ROM
me store hote hain. PROM, EPROM, EEPROM aur Flash ROM iske important types hain.
Permanent storage aur reliability ke karan ROM computer architecture ka ek essential component

hai aur RGPV exams ka highly important topic hai. @

Magnetic Tape (14 Marks Answer)

Frequently Asked Topic
Magnetic Tape Secondary Memory ka traditional storage device hai.
RGPV me 5 marks aur 7 marks ke questions frequently puche jate hain.

Magnetic Tape vs Magnetic Disk comparison bhi important hai.

Magnetic Tape

Introduction



Computer system me large amount of data ko permanently store karne ke liye Secondary Memory

devices ka use kiya jata hai.
Magnetic Tape sabse purane storage devices me se ek hai.
Ye ek long plastic strip hoti hai jispar magnetic material coating ki gayi hoti hai.

Data magnetic form me tape par store hota hai.

Definition

"Magnetic Tape is a sequential access secondary storage device that stores data in the form

of magnetic patterns on a plastic tape coated with magnetic material."

Basic Structure of Magnetic Tape

Tape do reels ke beech move karti hai.

Construction of Magnetic Tape

Magnetic Tape mainly 3 layers se bani hoti hai:
1. Plastic Base

Tape ko support provide karta hai.



2. Magnetic Coating

Data store karti hai.

3. Protective Layer

Damage se bachati hai.

Block Diagram

Read/Write Head

Working of Magnetic Tape

Step 1

Tape drive me tape insert ki jati hai.

Step 2

Tape read/write head ke saamne move karti hai.
Step 3

Data magnetic signals ke form me write hota hai.

Step 4



Reading ke time magnetic patterns ko electrical signals me convert kiya jata hai.

Working Flow

Data Input

l
Write Head

!
Magnetic Tape

!
Stored Data

Data Storage on Tape

Data tracks aur blocks ke form me store hota hai.

Sequential Access Method

Most Important
Magnetic Tape sequential access device hai.

Agar Block-10 read karna hai to pehle:

Block1
Block2
Block3

Block9
Block10



tak pahunchna padega.

Direct access possible nahi hota.

Characteristics of Magnetic Tape

1. Sequential Access

Data sequence me access hota hai.

2. Large Storage Capacity

Large amount of data store kar sakti hai.

3. Non-Volatile

Power off hone par bhi data safe rehta hai.

4. Low Cost

Storage cost bahut kam hoti hai.

5. Portable

Easily transport ki ja sakti hai.

Advantages of Magnetic Tape

1. Low Cost Storage

Large data ko cheaply store kar sakti hai.

2. High Capacity



TBs me data store kar sakti hai.

3. Long Life

Data kai saalon tak safe rehta hai.

4. Backup Purpose

Backup ke liye ideal.

5. Portable Storage

Easy transportation.

Disadvantages of Magnetic Tape

1. Slow Access

Data access me time lagta hai.

2. Sequential Access Only

Random access possible nahi.

3. Mechanical Wear

Time ke saath tape damage ho sakti hai.

4. Not Suitable for Real-Time Use



Fast processing applications ke liye suitable nahi.

Applications of Magnetic Tape

Data Backup

Large backups store karne ke liye.

Data Archiving

Old records store karne ke liye.

Banking Systems

Transaction archives.

Scientific Research

Large datasets storage.

Government Records

Long-term data preservation.

Magnetic Tape vs Magnetic Disk

Very Important Table

Magnetic Tape Magnetic Disk

Sequential Access Direct Access




Slow Fast

Cheap Expensive

Backup Storage Online Storage
Long-Term Archive Daily Use

Reel Based Circular Disk Based

Magnetic Tape vs RAM

Magnetic Tape RAM

Secondary Memory Primary Memory
Non-Volatile Volatile

Slow Fast

Permanent Storage Temporary Storage
Large Capacity Limited Capacity

Diagram of Tape Drive

Read/Write Head

Viva Questions

Q1. What is Magnetic Tape?



Secondary storage device using magnetic coating.

Q2. Is Magnetic Tape volatile?

No.

Q3. What type of access method is used?

Sequential Access.

Q4. Why is tape used for backup?

Low cost and high capacity.

Q5. Is direct access possible?

No.

Frequently Asked RGPV Questions

2 Marks

1. Define Magnetic Tape.
2. What is sequential access?
3. Why is Magnetic Tape used?

4. Is Magnetic Tape volatile?

5 Marks

1. Explain Magnetic Tape.

2. Write characteristics of Magnetic Tape.



3. Explain working of Magnetic Tape.

7 Marks

1. Explain Magnetic Tape with diagram.
2. Discuss advantages and disadvantages.

3. Compare Magnetic Tape and Magnetic Disk.

14 Marks

1. Explain Magnetic Tape with neat diagram and working.
2. Discuss construction, characteristics and applications of Magnetic Tape.

3. Compare Magnetic Tape and Magnetic Disk.

PYQ Trend Analysis

Topic Frequency

Magnetic Tape Basics

Sequential Access

Tape vs Disk

Applications

Expected 2026 Questions

@ Explain Magnetic Tape with diagram.
¢ Discuss sequential access method in Magnetic Tape.

¢4 Compare Magnetic Tape and Magnetic Disk.



¢y Write advantages and applications of Magnetic Tape.

One-Minute Revision

{74 Magnetic Tape = Secondary Storage
174 Non-Volatile Memory

{74 Sequential Access Device

"4 Cheap + High Capacity

74 Mainly Used For:

Backup
Archiving

Long-Term Storage
"4 Most Important:

Magnetic Tape vs Magnetic Disk

Conclusion

Magnetic Tape ek secondary storage device hai jo magnetic coating wali plastic tape par data
store karti hai. Ye sequential access method use karti hai aur large-scale backup aur archival
storage ke liye bahut useful hai. Low cost, high capacity aur long-term reliability ke karan

Magnetic Tape aaj bhi enterprise backup systems me use ki jati hai. @

Magnetic Disk (14 Marks Answer)

MOST IMPORTANT TOPIC OF MEMORY ORGANIZATION



RGPV me Magnetic Disk se direct 5, 7 aur 14 marks ke questions frequently aate hain.
Magnetic Disk vs Magnetic Tape aur Disk Structure bahut important hai.

Ye answer 4-5 pages aasani se cover karega.

Magnetic Disk

Introduction

Computer system me large amount of data ko permanently store karne ke liye Magnetic Disk ka

use kiya jata hai.
Magnetic Disk sabse common Secondary Storage Device hai.
Hard Disk Drive (HDD) Magnetic Disk technology par based hoti hai.

Isme data circular disks par magnetic form me store hota hai.

Definition

"Magnetic Disk is a non-volatile secondary storage device that stores data in the form of

magnetic patterns on rotating circular platters.”

Need of Magnetic Disk

RAM me data temporary store hota hai.
Power OFF hone par data delete ho jata hai.
Permanent storage ke liye Magnetic Disk use ki jati hai.

Example:



Operating System
Movies
Games
Photos

Documents

Basic Structure of Magnetic Disk

Read/Write Head

Vv
/ \

/ Platter \
/ \
\ /

\ /

Spindle

Components of Magnetic Disk

1. Platter

Circular disk jisme data store hota hai.

Magnetic coating se covered hoti hai.

2. Read/Write Head

Data read aur write karta hai.



Har platter ke liye head hota hai.

3. Spindle

Platters ko rotate karta hai.

4. Actuator Arm

Head ko move karta hai.

Diagram

Actuator Arm

Vv
[ Head ]

/ \
/ Platter \
\ /

Spindle

Working of Magnetic Disk

Step 1

Disk rotate hoti hai.



Step 2

CPU required data request karta hai.

Step 3

Read/Write Head required track par move karti hai.

Step 4

Data read ya write hota hai.

Step 5

Data CPU ya Memory ko transfer hota hai.

Working Flow

CPU Request
!
Disk Rotates
!
Head Moves
!
Data Read/Write
!

Transfer Complete

Data Organization on Disk

Most Important



Disk surface ko divide kiya jata hai:
Tracks
Sectors

Cylinders

Track

Circular path jahan data store hota hai.

Sector

Track ka small portion.

Track

N |/

Cylinder



Different platters ke same track numbers ka group.

Track 5 (Platter 1)
Track 5 (Platter 2)

Track 5 (Platter 3)

Cylinder

Access Time of Magnetic Disk

Very Important

Disk Access Time =

Seek Time
+
Rotational Latency

+

Transfer Time

1. Seek Time

Head ko required track tak pahunchne me lagne wala time.

2. Rotational Latency

Required sector head ke niche aane me lagne wala time.

3. Transfer Time

Actual data transfer ka time.



Disk Access Diagram

Seek Time

!
Rotational Delay

|
Transfer Time

!
Data Available

Characteristics of Magnetic Disk

1. Direct Access Device

Random access possible hai.

2. Non-Volatile

Power OFF hone par bhi data safe rehta hai.

3. High Capacity

GBs aur TBs me storage.

4. Reusable Storage

Data overwrite kar sakte hain.

5. Faster than Tape

Direct access ke karan.



Advantages of Magnetic Disk

1. Large Storage Capacity

TBs tak data store kar sakti hai.

2. Direct Access

Random access possible hai.

3. Permanent Storage

Data power off ke baad bhi safe rehta hai.

4. Cost Effective

Per GB storage cost kam.

5. Suitable for Daily Use

Operating Systems aur Applications store kar sakte hain.

Disadvantages of Magnetic Disk

1. Mechanical Parts

Damage hone ka risk.



2. Slower than RAM

Primary Memory se slow.

3. Power Consumption

Moving parts power consume karte hain.

4. Noise

Rotation ke karan noise generate hoti hai.

Applications of Magnetic Disk

Hard Disk Drive (HDD)
Database Storage
Operating System Storage
Multimedia Files

Enterprise Servers

Magnetic Disk vs Magnetic Tape

Most Important Exam Question



Magnetic Disk Magnetic Tape
Direct Access Sequential Access
Fast Slow

Daily Use Backup Use
Random Access Sequential Access
Disk Shape Tape Shape
Expensive Cheap

Magnetic Disk vs RAM

Magnetic Disk RAM

Secondary Memory Primary Memory
Non-Volatile Volatile

Slow Fast

Large Capacity Smaller Capacity
Permanent Storage Temporary Storage

Magnetic Disk vs SSD

Magnetic Disk SSD
Mechanical Parts No Moving Parts
Slower Faster

Cheap Expensive




More Capacity Less Capacity (for same cost)

Viva Questions

Q1. What is Magnetic Disk?

Secondary storage device using magnetic platters.

Q2. Is Magnetic Disk volatile?

No.

Q3. What are tracks?

Circular storage paths on disk.

Q4. What are sectors?

Small divisions of tracks.

Q5. What is seek time?

Time required to move head to desired track.

Frequently Asked RGPV Questions

2 Marks

1. Define Magnetic Disk.
2. What is Track?

3. What is Sector?



4. What is Seek Time?

5 Marks

1. Explain Magnetic Disk.
2. Explain Disk Structure.

3. Write characteristics of Magnetic Disk.

7 Marks

1. Explain Magnetic Disk with diagram.
2. Explain Track, Sector and Cylinder.
3. Explain Disk Access Time.

14 Marks

1. Explain Magnetic Disk with neat diagram and working.
2. Discuss structure, characteristics and applications of Magnetic Disk.

3. Explain Track, Sector, Cylinder and Disk Access Time.

PYQ Trend Analysis

Topic Frequency

Magnetic Disk Basics

Track-Sector-Cylinder

Disk Access Time

Disk vs Tape




Expected 2026 Questions

@ Explain Magnetic Disk with neat diagram.
¢y Explain Track, Sector and Cylinder.

@ Explain Disk Access Time.

& Compare Magnetic Disk and Magnetic Tape.

¢ Discuss advantages and applications of Magnetic Disk.

One-Minute Revision

{74 Magnetic Disk = Secondary Storage
{74 Non-Volatile

%4 Components:

Platter
Head
Spindle

Actuator Arm
{74 Important Terms:
Track
Sector
Cylinder

"4 Access Time:

Seek Time
+

Rotational Latency



+

Transfer Time

Conclusion

Magnetic Disk ek non-volatile secondary storage device hai jo magnetic platters par data store
karti hai. Isme direct access, large storage capacity aur permanent data storage ki facility hoti hai.
Track, Sector, Cylinder aur Disk Access Time iske sabse important concepts hain. Hard Disk
Drives (HDDs) Magnetic Disk technology par based hoti hain aur ye RGPV exam ka highly

important topic hai. @&

Optical Storage (14 Marks Answer)

Easy & Frequently Asked Topic
Optical Storage se RGPV me direct 5 marks, 7 marks aur 14 marks ke questions aate hain.
CD, DVD aur Blu-ray ke differences bahut important hain.

Ye answer 3—4 pages aasani se cover karega.

Optical Storage

Introduction

Computer system me data ko permanently store karne ke liye kai secondary storage devices use

kiye jate hain.

Magnetic Tape aur Magnetic Disk ke alawa ek aur important storage technology hai Optical

Storage.



Optical Storage me data ko Laser Beam ki help se read aur write kiya jata hai.
Examples:

e CD
e DVD

e Blu-ray Disc

Definition

"Optical Storage is a non-volatile secondary storage technology in which data is stored and

retrieved using laser light."

Basic Concept

Optical Disk ki surface par microscopic pits aur lands hote hain.

Laser beam in pits aur lands ko read karti hai.

Pit — 0

Land — 1

Structure of Optical Disk

| Optical Disk |

Components of Optical Storage System



1. Optical Disk

Data store karti hai.

2. Laser Source

Data read/write karti hai.

3. Optical Head

Laser beam ko focus karta hai.

4. Controller

Disk operations manage karta hai.

Block Diagram

Laser Beam

Optical Head

Working of Optical Storage

Step 1



Disk drive me optical disk insert ki jati hai.

Step 2

Disk rotate karti hai.

Step 3

Laser beam disk surface par focus hoti hai.

Step 4

Reflected light detect ki jati hai.

Step 5

Controller reflected signals ko binary data me convert karta hai.

Working Flow

Insert Disk
!

Disk Rotation
!

Laser Read/Write
!

Signal Detection

!
Data Available

Data Storage Mechanism



Disk surface par:

Pits

Lands

present hote hain.

Laser reflection ke basis par data identify hota hai.

Types of Optical Storage

Most Important

Optical Storage

1. CD (Compact Disc)

Full Form

Compact Disc
Capacity

650 MB - 700 MB



Uses

e Music
e Software

e Documents

2. DVD (Digital Versatile Disc)

Full Form

Digital Versatile Disc
Capacity

4.7 GB - 17 GB

Uses

e Movies
o (Games

e Software

3. Blu-ray Disc

Capacity
25 GB - 128 GB

Uses

e HD Movies

e Large Data Storage



¢ Gaming Consoles

CD vs DVD vs Blu-ray

Very Important Table
Feature CD DVD Blu-ray
Capacity 700 MB 4.7 GB 25-128 GB
Laser Infrared Red Laser Blue Laser
Storage Low Medium High
Speed Low Medium High
Cost Cheap Moderate Expensive

Characteristics of Optical Storage

1. Non-Volatile

Power OFF hone par data safe rehta hai.

2. Portable

Easily carry kiya ja sakta hai.

3. Long Life

Data years tak safe rehta hai.

4. Laser Based




Reading/Writing laser se hoti hai.

5. Removable Media

Disk ko remove kar sakte hain.

Advantages of Optical Storage

1. Portable

Easy transportation.

2. Non-Volatile

Permanent storage.

3. Long Shelf Life

Data long time tak safe rehta hai.

4. Low Cost Distribution

Software aur media distribution.

5. No Magnetic Interference

Magnetic fields affect nahi karte.

Disadvantages of Optical Storage



1. Lower Speed

SSD aur HDD se slower.

2. Physical Damage

Scratches se data loss ho sakta hai.

3. Limited Capacity

Modern SSD ke comparison me kam.

4. Special Drive Required

Optical Drive ki zarurat hoti hai.

Applications of Optical Storage

Software Distribution

Windows Installation DVD.

Movie Storage

DVD Movies.

Music Storage

Audio CDs.



Data Backup

Small backups.

Gaming

PlayStation Blu-ray Discs.

Optical Storage vs Magnetic Disk

Optical Storage Magnetic Disk
Laser Based Magnetic Based
Slower Faster

Portable Fixed Storage
Lower Capacity Higher Capacity
CD/DVD/Blu-ray HDD

Optical Storage vs Magnetic Tape

Optical Storage Magnetic Tape
Direct Access Sequential Access
Faster Slower

Smaller Capacity Larger Capacity

Portable

Backup-Oriented




Viva Questions

Q1. What is Optical Storage?

Laser-based secondary storage.

Q2. Name optical storage devices.

CD, DVD, Blu-ray.

Q3. Which laser is used in Blu-ray?

Blue Laser.

Q4. Is Optical Storage volatile?

No.

Q5. What is the capacity of DVD?

Around 4.7 GB.

Frequently Asked RGPV Questions

2 Marks

1. Define Optical Storage.
2. What is Blu-ray?
3. Name optical storage devices.

4. Is Optical Storage volatile?



5 Marks

1. Explain Optical Storage.
2. Explain CD and DVD.

3. Write characteristics of Optical Storage.

7 Marks

1. Explain Optical Storage with diagram.
2. Compare CD, DVD and Blu-ray.

3. Discuss advantages and disadvantages.

14 Marks

1. Explain Optical Storage with neat diagram and working.
2. Discuss types of Optical Storage devices.
3. Compare CD, DVD and Blu-ray.

PYQ Trend Analysis

Topic Frequency

Optical Storage Basics

CD vs DVD vs Blu-ray

Working Principle

Advantages/Applications

Expected 2026 Questions



¢y Explain Optical Storage with diagram.
¢y Compare CD, DVD and Blu-ray.
¢ Discuss advantages and disadvantages of Optical Storage.

¢y Explain working of Optical Disk.

One-Minute Revision

{74 Optical Storage = Laser Based Storage

74 Non-Volatile
_J Types:

o))
DVD
Blu-ray

(74 Capacities:

(D = 700 MB
DVD = 4.7 GB

Blu-ray = 25-128 GB

_] Uses:

Movies
Music
Software

Games

Conclusion



Optical Storage ek laser-based secondary storage technology hai jisme data pits aur lands ke form
me store kiya jata hai. CD, DVD aur Blu-ray iske major examples hain. Portability, low cost aur
long-term storage ke karan Optical Storage media distribution aur backup ke liye bahut useful hai.

Ye RGPV exams ka ek important aur easy-scoring topic hai. @

Cache Memory (14 Marks Answer)

MOST IMPORTANT TOPIC OF UNIT-4
RGPV me Cache Memory se almost har saal question aata hai.

Cache Mapping, Cache Structure aur Virtual Memory samajhne ke liye Cache Memory

sabse important topic hai.

Ye answer 4-5 pages aasani se cover karega.

Cache Memory

Introduction

Computer System me CPU bahut fast hota hai lekin Main Memory (RAM) comparatively slow

hoti hai.
Jab CPU ko data chahiye hota hai to use RAM se lana padta hai.
Is speed difference ke karan CPU ko wait karna padta hai.

Is problem ko solve karne ke liye Cache Memory ka use kiya jata hai.

Definition



"Cache Memory is a small, high-speed memory placed between CPU and Main Memory

that stores frequently used data and instructions to reduce memory access time."

Why Cache Memory is Needed?

Without Cache:

CPU
!
RAM

CPU ko har baar RAM access karni padegi.
Result:

X Slow Performance

>{ CPU Waiting Time

> Increased Access Time

Solution

Cache Memory use karte hain.

CPU
!

Cache Memory

!
RAM

Frequently used data Cache me store rehta hai.

Basic Concept



CPU sabse pehle Cache check karta hai.
Case 1: Data Found

CPU

Cache

Fast Access

Case 2: Data Not Found

CPU
Cache

RAM

Data RAM se laya jata hai.

Block Diagram of Cache Memory

CPU



| Main Memory |

Memory Hierarchy

Most Important

Registers
l

Cache Memory
l

Main Memory (RAM)
!

Secondary Memory

Characteristics of Cache Memory

1. High Speed

RAM se bahut fast hoti hai.

2. Small Capacity

Size chhota hota hai.

3. Expensive

SRAM technology use karti hai.

4. Located Near CPU

CPU ke bahut close hoti hai.



5. Frequently Used Data Store Karti Hai

Working of Cache Memory

Step 1

CPU data request karta hai.

Step 2

Cache Memory check hoti hai.

Step 3

Agar data mil jaye:

Cache Hit

Step 4
Agar data na mile:
Cache Miss

RAM se data laya jata hai.

Working Diagram

CPU Request
!



Check Cache

!
| |
Hit Miss
| |
Data RAM Access
Available |

l
Cache Update

Cache Hit

Data Cache me mil jaye.

Example:

CPU
l

Cache

Result:

74 Fast Access

Cache Miss

Data Cache me na mile.

Example:

CPU
l

Cache

l
RAM



Result:

> Extra Time

Cache Hit Ratio

Numerical Based Concept
Formula:

Hit Ratio=Number of HitsTotal Memory AccessesHit\ Ratio=\frac{ Number\ of\ Hits} { Total\

Memory\ Accesses}Hit Ratio=Total Memory AccessesNumber of Hits

Example

Suppose:

Total Access = 100

Hits = 90
Then:

Hit Ratio = 90/100

0.9

90%

Cache Miss Ratio

Formula:

Miss Ratio



= 1 - Hit Ratio
Example:

1-0.9
= 0.1

= 10%

Types of Cache Memory

Cache Memory

L1 Cache L2 Cache

|
L3 Cache

L.1 Cache

e Fastest Cache
¢ CPU ke andar hoti hai

e Small Size

.2 Cache

e L1 se badi
¢ Slightly slower



L.3 Cache

e Largest Cache

e Multi-core processors me use hoti hai

Cache Structure

Tag

Memory block identify karta hai.

Data

Actual data store hota hai.

Status Bit

Valid/Invalid information.

Advantages of Cache Memory

1. Faster Execution

CPU ko data jaldi milta hai.

2. Reduced Access Time



Memory delay kam hota hai.

3. Increased Performance

Overall system fast ho jata hai.

4. Better CPU Utilization

CPU idle nahi rehta.

5. Improves Throughput

More instructions execute hoti hain.

Disadvantages of Cache Memory

1. High Cost

SRAM expensive hoti hai.

2. Limited Capacity

Size chhota hota hai.

3. Complex Design

Implementation difficult hoti hai.

4. Power Consumption



Fast circuits more power use karte hain.

Applications of Cache Memory

CPU Processors

Mobile Processors

Servers

Gaming Systems

Supercomputers

Cache Memory vs Main Memory

Most Important Table

Cache Memory Main Memory
Faster Slower

Small Size Large Size
Expensive Cheap

SRAM DRAM

Near CPU Away from CPU

Frequently Used Data

Complete Programs




Cache Memory vs Registers

Cache Register

Small Very Small

Fast Fastest

Outside CPU Core Inside CPU

Stores Frequently Used Data Stores Immediate Data

Real Life Example

Imagine a student exam preparation kar raha hai.

Bookshelf = Main Memory

Study Table = Cache Memory

Frequently used books study table par rakhe jate hain.

Jaldi access milta hai.

Viva Questions

Q1. What is Cache Memory?

High-speed memory between CPU and RAM.

Q2. Why is Cache used?



To reduce memory access time.

Q3. What is Cache Hit?

Data found in cache.

Q4. What is Cache Miss?

Data not found in cache.

Q5. Which technology is used in Cache?

SRAM.

Frequently Asked RGPV Questions

2 Marks

1. Define Cache Memory.
2. What is Cache Hit?

3. What is Cache Miss?
4. Why is Cache faster?

5 Marks

1. Explain Cache Memory.
2. Explain Cache Hit and Cache Miss.

3. Write characteristics of Cache Memory.

7 Marks



1. Explain Cache Memory with diagram.
2. Explain Cache Hit Ratio.

3. Compare Cache Memory and Main Memory.

14 Marks

1. Explain Cache Memory with neat diagram and working.
2. Discuss Cache Hit, Cache Miss and Hit Ratio.

3. Explain characteristics, advantages and applications of Cache Memory.

PYQ Trend Analysis

Topic Frequency

Cache Memory Basics

Cache Hit/Miss

Cache vs Main Memory

Cache Structure

Expected 2026 Questions

@ Explain Cache Memory with neat diagram.
@ Explain Cache Hit and Cache Miss.

@ Calculate Cache Hit Ratio.

¢ Compare Cache Memory and Main Memory.

¢ Discuss advantages and applications of Cache Memory.



One-Minute Revision

(74 Cache = High-Speed Memory

4 Located Between:

CPU
!

Cache

!
RAM

_J Uses SRAM

{74 Important Terms:

Cache Hit
Cache Miss

Hit Ratio

_J Types:

L1
L2
L3

Conclusion

Cache Memory ek small but very high-speed memory hai jo CPU aur Main Memory ke beech
lagayi jati hai. Ye frequently used data aur instructions ko store karti hai jisse memory access time
reduce hota hai aur system performance improve hoti hai. Cache Hit, Cache Miss aur Hit Ratio
iske sabse important concepts hain. Ye Unit-4 ka sabse important topic hai aur RGPV exams me

almost har saal pucha jata hai. @



Cache Structure and Design (14 Marks
Answer)

MOST IMPORTANT TOPIC

RGPV me Cache Structure and Design se direct 7 marks aur 14 marks ke questions aate

hain.
Cache Mapping Scheme samajhne se pehle Cache Structure samajhna bahut zaruri hai.

Ye answer 4-5 pages aasani se cover karega.

Cache Structure and Design

Introduction

CPU bahut fast hota hai lekin Main Memory (RAM) comparatively slow hoti hai.
CPU ko data access karne me delay hota hai.
Is delay ko reduce karne ke liye Cache Memory design ki jati hai.

Cache ka structure aise design kiya jata hai ki frequently used data CPU ke paas available rahe.

Definition

"Cache Structure and Design refers to the organization, arrangement and implementation

of cache memory to improve the speed and efficiency of memory access."



Need of Cache Design

Without Cache:

CPU

RAM

CPU ko har baar RAM access karni padegi.
Result:

¢ High Access Time

>{ CPU Waiting

X Slow Execution

Solution

CPU
Cache

RAM

Frequently used data cache me store hota hai.

Basic Cache Structure

CPU



Internal Structure of Cache

Most Important

Cache Memory mainly 3 fields se milkar bani hoti hai.

1. Tag Field

Memory block ko identify karta hai.

Example:
Tag = 1010

CPU isi field ko compare karta hai.

2. Data Field

Actual data yahan stored hota hai.



Example:

Instruction
Variables

Program Data

3. Status/Valid Bit

Batata hai data valid hai ya nahi.

1 = Valid

0 = Invalid

Cache Block Structure

Cache Design Goals

Cache design ka main objective:

1. Reduce Access Time
2. Increase Hit Ratio

3. Reduce Miss Ratio



4. Improve CPU Performance

5. Minimize Cost

Cache Organization

Cache Memory blocks me divide hoti hai.

Example:

Cache

Block @
Block 1
Block 2

Block 3

Har block ek memory block store karta hai.

Working of Cache Design

Step 1

CPU memory request bhejta hai.

Step 2

Cache Tag compare kiya jata hai.



Step 3
Agar match mil jaye:

Cache Hit

Step 4
Agar match na mile:

Cache Miss

Step 5

RAM se data load hota hai.

Working Flow Diagram

CPU Request
|

Tag Comparison

|
| |
Hit Miss
| |
Data RAM Access
Returned |

!
Cache Update



Cache Design Parameters

Important

Cache design me following parameters use hote hain:

1. Cache Size

Cache kitni badi hogi.

Example:

32 KB
64 KB

256 KB

2. Block Size

Ek cache block me kitna data store hoga.
Example:
16 Bytes

32 Bytes

64 Bytes

3. Mapping Technique

Memory block cache me kaise store hoga.

Types:



Direct Mapping
Associative Mapping

Set Associative Mapping

4. Replacement Policy
Cache full hone par kaunsa block remove hoga.
Examples:

FIFO
LRU

Random

Locality of Reference

Exam Favorite Topic
Cache Design ka base concept hai.

Program generally same data ko baar-baar access karta hai.

Types of Locality

1. Temporal Locality

Recently used data future me dobara use ho sakta hai.

Example:

for(i=0:;i<100;i++)



Variable i repeatedly use hota hai.

2. Spatial Locality

Nearby memory locations access hone ke chances high hote hain.

Example:

AL@]
A[1]
A[2]

A[3]

Cache Performance

Performance measure karne ke liye:
Hit Ratio
Miss Ratio

Access Time

use kiya jata hai.

Hit Ratio Formula

Hit Ratio=Cache HitsTotal AccessesHit\ Ratio=\frac{Cache\ Hits}{ Total\

Accesses }Hit Ratio=Total AccessesCache Hits



Miss Ratio Formula

Miss Ratio=1-Hit RatioMiss\ Ratio=1-Hit\ RatioMiss Ratio=1—-Hit Ratio

Example

Suppose:

Total Access = 100

Hits = 95
Then:

Hit Ratio
= 95/100

= 95%
Miss Ratio:

5%

Advantages of Good Cache Design

1. Faster Execution
2. Reduced CPU Waiting Time

3. Increased Throughput



4. Better System Performance

5. High Hit Ratio

Disadvantages

1. Expensive Hardware
2. Complex Design
3. Power Consumption

4. Limited Capacity

Applications

CPU Processors
Mobile Processors
Gaming Systems

Servers



Supercomputers

Cache Structure vs Main Memory

Cache Structure

Main Memory

Small Size Large Size
Fast Slow
SRAM DRAM
Expensive Cheap

Stores Frequently Used Data

Stores Entire Program

Viva Questions

Q1. What is Cache Structure?

Organization of cache memory.

Q2. What are main fields of cache?

Tag, Data, Valid Bit.

Q3. What is Tag?

Memory block identifier.

Q4. What is Locality of Reference?

Repeated access of data.




Q5. Why is cache needed?

To reduce memory access time.

Frequently Asked RGPV Questions

2 Marks

1. Define Cache Structure.
2. What is Tag field?
3. What is Valid Bit?

4. Define Locality of Reference.

5 Marks

1. Explain Cache Structure.
2. Explain Cache Design Parameters.

3. Explain Locality of Reference.

7 Marks

1. Explain internal structure of cache memory.
2. Explain Cache Design with diagram.

3. Explain Temporal and Spatial Locality.

14 Marks

1. Explain Cache Structure and Design with neat diagram.
2. Discuss cache organization and design parameters.

3. Explain Locality of Reference and Cache Performance.



PYQ Trend Analysis

Topic Frequency

Cache Structure

Cache Design

Locality of Reference

Hit/Miss Ratio

Expected 2026 Questions

@ Explain Cache Structure with neat diagram.
¢ Discuss Cache Design parameters.

@ Explain Temporal and Spatial Locality.

@ Explain Cache Hit Ratio and Miss Ratio.

¢ Explain internal organization of Cache Memory.

One-Minute Revision

4 Cache Structure:
Tag | Valid Bit | Data

{74 Design Goals:

e High Hit Ratio
o Low Miss Ratio

e Fast Access



{74 Locality Types:
Temporal Locality

Spatial Locality
{74 Design Parameters:

Cache Size
Block Size
Mapping Technique

Replacement Policy

Conclusion

Cache Structure and Design cache memory ki internal organization aur implementation ko
describe karta hai. Cache me Tag, Data aur Valid Bit fields hoti hain jo memory access ko fast
banati hain. Locality of Reference, Hit Ratio aur Mapping Techniques cache design ke sabse

important concepts hain. Ye Unit-4 ka highly important topic hai aur RGPV exams me frequently

pucha jata hai. @

Cache Mapping Schemes (14 Marks Answer)

MOST IMPORTANT TOPIC OF UNIT-4

RGPV me Cache Mapping Schemes se almost har saal 7 marks ya 14 marks ka question

aata hai.
Agar Unit-4 me sirf ek topic padhna ho to Cache Mapping Schemes padho.

Ye topic exam me direct aur comparison dono form me aata hai.



Cache Mapping Schemes

Introduction

Cache Memory bahut chhoti hoti hai aur Main Memory bahut badi.

Question:

Main Memory ka data

Cache me kaha store hoga?

Is problem ko solve karne ke liye Cache Mapping Techniques use ki jati hain.

Definition

"Cache Mapping is the process of determining how blocks of main memory are placed into

cache memory."

Why Mapping is Required?

Suppose:

Main Memory = 1024 Blocks

Cache Memory = 64 Blocks
Ab decide karna hoga ki:
Main Memory Block 100

Cache ke kis block me jayega.

Ye kaam Mapping Scheme karti hai.



Types of Cache Mapping

Most Important

Cache Mapping

Direct Associative Set Associative

Mapping Mapping Mapping

1. Direct Mapping

Most Important

Definition

In Direct Mapping, each block of main memory can be mapped to exactly one specific cache

block.

Formula

Cache Block=(Main Memory Block) mod (Number of Cache Blocks)Cache\ Block=(Main\
Memory\ Block)\ mod\ (Number\ of\ Cache\ Blocks)Cache Block=
(Main Memory Block) mod (Number of Cache Blocks)

Example

Suppose:



Cache = 8 Blocks
Main Memory Blocks:
0,1,2,3,4,5,6,7

Directly map honge:

10 — 2

1M -3

Diagram



Main Memory Cache

Block 8 ------ > 0

Block 1 ------ > 1

Block 8§  ------ > 0

Block 9 ------ > 1
Advantages
"4 Ssimple

"4 Easy Hardware Design

_J Fast Access

Disadvantages

> High Conflict
X Frequent Replacement

Y Low Hit Ratio

2. Associative Mapping

Very Important

Definition

In Associative Mapping, any block of main memory can be placed in any cache block.



Concept

Direct Mapping ki restriction hata di jati hai.

Example:
Main Memory Block 100

Cache ke kisi bhi block me store ho sakta hai.

Diagram

Main Memory Block

Any Cache Block

Working



CPU requested block ka tag sab cache blocks ke tags se compare karta hai.

Agar match mil gaya:

Cache Hit

Advantages

(74 Highest Flexibility
{74 Highest Hit Ratio

4 Low Conflict

Disadvantages

X Expensive Hardware
> Complex Design

¢ More Comparison Circuits

3. Set Associative Mapping

Exam Favourite

Definition

Set Associative Mapping is a combination of Direct Mapping and Associative Mapping.



Concept

Cache ko sets me divide kiya jata hai.

Example:

Cache = 8 Blocks

2-Way Set Associative

Structure

Set 0
Block 0
Block 1
Set 1
Block 2
Block 3
Set 2
Block 4
Block 5
Set 3

Block 6



Block 7

Working

Memory Block pehle set select karta hai.

Uske baad us set ke kisi bhi block me store ho sakta hai.

Diagram

Main Memory Block
Set

Any Block Inside Set

Advantages

(74 Less Conflict
("4 Better Hit Ratio

74 Moderate Cost

Disadvantages

>{ More Complex than Direct Mapping



¢ More Hardware Required

Comparison of All Mapping Schemes

MOST IMPORTANT TABLE
Feature Direct Associative Set Associative
Mapping Fixed Any Block Any Block in Set
Location
Hardware Cost Low High Medium
Complexity Low High Medium
Hit Ratio Low High Medium-High
Access Speed Fast Slower Moderate
Flexibility Low Very High High

Address Format in Mapping

Direct Mapping



Set Associative Mapping

Real Life Example

Imagine a parking area.

Direct Mapping

Car A — Slot 1

Car B — Slot 2

Fixed slot.

Associative Mapping

Car A — Any Slot

Complete freedom.

Set Associative Mapping

Car A — Set 1

Inside Set 1 any slot

Partial freedom.



Advantages of Cache Mapping

1. Fast Data Access

2. Reduced Memory Delay

3. Improved CPU Performance
4. Better Memory Utilization

5. Higher Throughput

Viva Questions

Q1. What is Cache Mapping?

Method of placing memory blocks into cache.

Q2. Name mapping techniques.

¢ Direct Mapping
¢ Associative Mapping
e Set Associative Mapping

Q3. Which mapping is simplest?

Direct Mapping.

Q4. Which mapping gives highest hit ratio?

Associative Mapping.



Q5. Which mapping is most practical?

Set Associative Mapping.

Frequently Asked RGPV Questions

2 Marks

1. Define Cache Mapping.

2. Name cache mapping techniques.
3. What is Direct Mapping?

4. What is Associative Mapping?

5 Marks

1. Explain Direct Mapping.
2. Explain Associative Mapping.
3. Explain Set Associative Mapping.

7 Marks

1. Explain Direct Mapping with example.
2. Explain Associative Mapping with diagram.

3. Explain Set Associative Mapping.

14 Marks

1. Explain Cache Mapping Schemes with neat diagrams.
2. Compare Direct, Associative and Set Associative Mapping.

3. Discuss advantages and disadvantages of different Cache Mapping techniques.



PYQ Trend Analysis

Topic

Frequency

Direct Mapping

Associative Mapping

Set Associative Mapping

Comparison Table

Expected 2026 Questions

¢y Explain Cache Mapping Schemes.

¢y Compare Direct, Associative and Set Associative Mapping.

¢ Explain Direct Mapping with suitable example.
¢y Explain Set Associative Mapping with diagram.

¢4 Which Cache Mapping Technique is best? Justify.

One-Minute Revision

{74 Cache Mapping Types:

1. Direct Mapping
2. Associative Mapping

3. Set Associative Mapping

"4 Direct = Fixed Location




74 Associative = Any Location
{74 Set Associative = Any Location Inside Set

"4 Exam Favourite:

Comparison Table

Conclusion

Cache Mapping Schemes determine how main memory blocks are placed into cache memory.
Direct Mapping is simple and fast, Associative Mapping provides maximum flexibility, while Set
Associative Mapping offers a balance between cost and performance. These techniques improve
cache utilization and system performance. Cache Mapping is one of the most important topics in

Computer Organization and Architecture and is frequently asked in RGPV examinations. @&

Cache Replacement Algorithms (14 Marks
Answer)

MOST IMPORTANT TOPIC OF UNIT-4

RGPV me Cache Replacement Algorithm se direct 7 marks aur 14 marks ke questions

frequently puche jate hain.
Ye topic Cache Mapping ke saath combine karke bhi pucha jata hai.

FIFO, LRU aur Random Replacement sabse important hain.

Cache Replacement Algorithms



Introduction

Cache Memory ka size bahut chhota hota hai.
Kabhi-kabhi Cache completely full ho jati hai.

Aise situation me agar naya block cache me lana ho to kisi purane block ko remove karna padta

hai.

Question:
Cache Full Hai
!

Kaunsa Block Remove Karen?

Is decision ko lene ke liye Cache Replacement Algorithms use kiye jate hain.

Definition

"A Cache Replacement Algorithm is a technique used to decide which cache block should be

removed when a new block needs to be loaded into a full cache.”

Need of Replacement Algorithms

Example:

Cache Size = 4 Blocks

Block A
Block B
Block C
Block D

Cache Full hai.



Ab:
Block E

ko load karna hai.

Question:

A?
B?
C?

D?

Kaunsa remove hoga?

Ye Replacement Algorithm decide karega.

Types of Cache Replacement Algorithms

Most Important

Cache Replacement

FIFO LRU Random

1. FIFO (First In First Out)

Most Important



Definition

In FIFO, the block that entered the cache first is removed first.

Principle

First Come

First Out

Example

Cache:

Arrival Order:

A — First
B — Second
C — Third

D — Fourth

New Block:



FIFO ke according:
A Remove

Result:

FIFO Diagram

A—-B—-C—-D
New Block E

Remove A

Advantages

{74 Easy Implementation
"4 Low Cost

{74 simple Logic

Disadvantages

X Frequently Used Block bhi remove ho sakta hai.

X Performance lower.



2. LRU (Least Recently Used)

MOST IMPORTANT

Exam Favourite Topic

Definition

In LRU, the block that has not been used for the longest time is replaced.

Principle

Least Recently Used
!

Remove First

Example

Cache:

Recent Access:



B kaafi time se use nahi hua.

New Block:

LRU:
Remove B

Result:

LRU Diagram

Most Recently Used

B < Least Recently Used

Remove:



Advantages

(74 Better Performance
{"4 Higher Hit Ratio

74 Practical Method

Disadvantages

X Complex Hardware
> Tracking Required

X Expensive

3. Random Replacement

Frequently Asked

Definition

In Random Replacement, any cache block is selected randomly for replacement.

Principle

Random Selection



Example

Cache:

New Block:

Randomly:
C Remove

Result:

Advantages

"4 Very Simple

4 No Tracking Required



Disadvantages

Y Poor Performance

¢ Important Block Remove Ho Sakta Hai

Comparison of Replacement Algorithms

MOST IMPORTANT TABLE
Feature FIFO LRU Random
Full Form First In First Out Least Recently Used Random
Complexity Low High Very Low
Cost Low High Very Low
Performance Medium High Low
Hit Ratio Medium High Low
Tracking Required No Yes No
Hardware Complexity | Low High Very Low

Working Flow of Replacement

Cache Full
!
Need New Block
!
Choose Algorithm
!
Select Victim Block
!



Remove 0ld Block
|

Insert New Block

Why LRU is Better?

Suppose:

Access Pattern:

Clearly:

use nahi ho raha.

LRU correctly remove karega:



Isliye LRU ka hit ratio zyada hota hai.

Real Life Example

Imagine hostel me 4 beds hain.

New student aaya.

FIFO

Sabse pehle jo aaya tha use nikal do.

LRU

Jo student bahut dino se room use nahi kar raha use nikal do.

Random

Kisi ko bhi randomly nikal do.

Advantages of Cache Replacement
Algorithms
1. Better Cache Utilization

2. Higher Hit Ratio

3. Reduced Access Time



4. Improved Performance

5. Efficient Memory Management

Viva Questions

Q1. What is Cache Replacement?

Process of replacing cache blocks.

Q2. Why replacement is required?

When cache becomes full.

Q3. What is FIFO?

First In First Out.

Q4. What is LRU?

Least Recently Used.

Q5. Which algorithm is best?

LRU.

Frequently Asked RGPV Questions

2 Marks

1. Define Cache Replacement.



2. What is FIFO?
3. What is LRU?

4. Why replacement is required?

5 Marks

1. Explain FIFO.
2. Explain LRU.

3. Explain Random Replacement.

7 Marks

1. Discuss Cache Replacement Algorithms.
2. Compare FIFO and LRU.
3. Explain LRU with example.

14 Marks

1. Explain Cache Replacement Algorithms with suitable examples.
2. Compare FIFO, LRU and Random Replacement.

3. Discuss advantages and disadvantages of different Cache Replacement techniques.

PYQ Trend Analysis

Topic Frequency

FIFO

LRU

Random Replacement




Comparison Table

Expected 2026 Questions

@ Explain Cache Replacement Algorithms.

¢4 Compare FIFO and LRU.

@ Explain LRU with suitable example.

@y Which replacement algorithm is best and why?

¢y Compare FIFO, LRU and Random Replacement.

One-Minute Revision

(74 Cache Full - Replacement Needed

{74 Algorithms:

FIFO
LRU

Random
4 FIFO:

First In

First Out
4 LRU:
Least Recently Used

(74 Best Algorithm:



LRU
74 Exam Favourite:

FIFO vs LRU

Conclusion

Cache Replacement Algorithms cache memory ke efficient utilization ke liye use kiye jate hain.
Jab cache full ho jati hai tab ye algorithms decide karte hain ki kaunsa block remove kiya jayega.
FIFO simple hai, Random easiest hai, jabki LRU sabse efficient aur practical algorithm mana jata

hai. Ye Unit-4 ka highly important topic hai aur RGPV exams me frequently pucha jata hai. @

Improving Cache Performance (14 Marks

Answer)

Important Theory Topic
RGPV me ye topic direct 5 marks, 7 marks aur kabhi-kabhi 14 marks me pucha jata hai.
Cache Memory chapter ka concluding topic hai aur Virtual Memory se pehle aata hai.

Ye answer 3—4 pages aasani se cover karega.

Improving Cache Performance

Introduction



Cache Memory CPU aur Main Memory ke beech lagayi jati hai taaki CPU ko data jaldi mil sake.
Lekin kabhi-kabhi Cache Miss hone ki wajah se performance reduce ho jati hai.

Question:
Cache ko aur fast kaise banaye?
Iska answer hai:

Improving Cache Performance

Definition

"Improving Cache Performance refers to the techniques used to increase cache hit ratio and

reduce memory access time."

Need of Improving Cache Performance

Suppose:

Cache Hit Ratio = 60%

Matlab:

100 Accesses
60 Hits

40 Misses

40 baar RAM access karni padegi.
System slow ho jayega.

Goal:



Increase Hit Ratio

Reduce Miss Ratio

Methods to Improve Cache Performance

Most Important

Improving Cache Performance

Methods:

1. Increase Cache Size

2. Increase Block Size

3. Better Mapping Scheme

4. Better Replacement Policy
5. Multi-Level Cache

6. Prefetching

7. Reduce Miss Penalty

1. Increase Cache Size

Most Important

Larger Cache — More Data Storage

Small Cache



More Misses

Large Cache

l

More Hits

Example

32 KB Cache
!

64 KB Cache

Hit ratio improve ho sakta hai.

Advantage

(74 More data available

{74 Fewer misses

Disadvantage

X Expensive

>{ More power consumption

2. Increase Block Size



Frequently Asked

Cache block size increase karne se:

One Access

More Data Loaded

Example
Instead of:

16 Bytes
Load:

64 Bytes

Benefit

Spatial Locality ka advantage milta hai.

Example

AL0]
AL1]
Al2]
AL3]

Nearby data automatically cache me aa jata hai.



3. Better Mapping Scheme

Exam Favourite

Direct Mapping me conflicts zyada hote hain.

Use:

Set Associative Mapping

ya

Associative Mapping

Comparison
Mapping Performance
Direct Low
Set Associative Better
Associative Best

Benefit

(4 Conflict Misses kam hote hain.

4. Better Replacement Policy

Important

Cache full hone par wrong block remove karne se performance gir jati hai.




Use:
LRU
instead of:

FIFO

Why LRU?

Recently used data future me dubara use hone ke chances zyada hote hain.

Result

Higher Hit Ratio

5. Multi-Level Cache

Very Important

Modern Processors me:

L1 Cache
L2 Cache

L3 Cache

use hoti hain.

Diagram



CPU
l

L1 Cache
|

L2 Cache
l

L3 Cache

!
RAM

Working

Step 1
Check L1
Step 2

If miss - L2
Step 3

If miss — L3

Step 4

If miss - RAM

Advantage

"4 Very Fast Access

{74 High Hit Ratio



6. Prefetching

Frequently Asked
CPU future data ka prediction karta hai.

Data pehle hi cache me load kar diya jata hai.

Example

Program:

A[Q]
A[1]
A[2]
A[3]

CPU predict karega:

Al4]

A[5]

bhi use honge.

Benefit

Future Cache Misses Reduced

7. Reduce Miss Penalty

Miss hone par RAM access time kam karna.



Methods

Faster RAM
Faster Bus

Better Memory Controller

Result

Cache Miss Impact Reduced

Locality of Reference

Very Important

Cache Performance improve karne ka base concept hai.

Temporal Locality

Recently used data future me use ho sakta hai.

Example:

for(i=0;1i<100;i++)

Spatial Locality

Nearby locations access hone ke chances high.

Example:



A[1]
A[2]
A[3]

Cache Performance Formula

Hit Ratio:

Hit Ratio=Cache HitsTotal AccessesHit\ Ratio=\frac{Cache\ Hits}{Total\

Accesses }Hit Ratio=Total AccessesCache Hits

Miss Ratio:

Miss Ratio=1—Hit RatioMiss\ Ratio=1-Hit\ RatioMiss Ratio=1—-Hit Ratio

Example

Suppose:

Total Access = 100

Hits = 95

Hit Ratio:

Miss Ratio:

(8]
o

Summary Table



Technique Purpose

Increase Cache Size More Hits

Increase Block Size Better Spatial Locality
Better Mapping Fewer Conflicts

LRU Replacement Better Utilization
Multi-Level Cache Faster Access
Prefetching Reduce Future Misses
Faster Memory Reduce Miss Penalty

Advantages of Improving Cache Performance

1. Faster CPU Execution
2. Higher Hit Ratio

3. Lower Access Time

4. Better Throughput

5. Improved System Performance

Viva Questions

Q1. What is Cache Performance?

Efficiency of cache memory.

Q2. How can cache performance be improved?



By increasing hit ratio.

Q3. What is Multi-Level Cache?

L1, L2 and L3 cache hierarchy.

Q4. What is Prefetching?

Loading future data in advance.

Q5. Which replacement policy is best?

LRU.

Frequently Asked RGPV Questions

2 Marks

1. Define Cache Performance.
2. What is Prefetching?
3. What is Multi-Level Cache?
4. Define Miss Penalty.

5 Marks

1. Explain techniques to improve cache performance.
2. Explain Multi-Level Cache.
3. Explain Prefetching.

7 Marks



1. Discuss methods for improving cache performance.
2. Explain locality of reference.

3. Explain L1, L.2 and L3 cache.

14 Marks

1. Explain various techniques used to improve cache performance.
2. Discuss Multi-Level Cache and Prefetching.

3. Explain locality of reference and its role in cache performance.

PYQ Trend Analysis

Topic Frequency

Multi-Level Cache

Locality of Reference

LRU Replacement

Prefetching

Cache Size Effect

Expected 2026 Questions

@ Explain techniques to improve cache performance.
@ Explain Multi-Level Cache with diagram.

¢ Explain Prefetching.

@ Discuss locality of reference.

¢4 How can cache hit ratio be increased?



One-Minute Revision

_J Improve Cache Performance By:

1. Increase Cache Size
2. Increase Block Size
3. Better Mapping

4. LRU Replacement

5. Multi-Level Cache
6. Prefetching

7. Reduce Miss Penalty
_J Most Important:
L1 — L2 — L3 — RAM

"4 Goal:

Increase Hit Ratio

Reduce Miss Ratio

Conclusion

Improving Cache Performance ka main objective cache hit ratio ko increase karna aur memory
access time ko reduce karna hai. Cache size increase karna, better mapping schemes, LRU
replacement, multi-level cache aur prefetching jaise techniques system performance ko
significantly improve karti hain. Ye Unit-4 ka important theory topic hai aur RGPV exams me

frequently pucha jata hai. @



Next Topic:

Virtual Memory (Most
Important 14 Marks Question of Memory
Organization)

Virtual Memory

CS404 — Computer Organization &

Architecture

Virtual Memory (14 Marks Answer)

MOST IMPORTANT TOPIC OF UNIT-4

RGPV me Virtual Memory se direct 7 Marks aur 14 Marks ka question almost har saal

aata hai.
Ye Unit-4 ka sabse important long answer topic hai.

Virtual Memory + Paging + Page Fault bahut important concepts hain.

Virtual Memory

Introduction

Computer system me RAM (Main Memory) ki capacity limited hoti hai.



Kabhi-kabhi program ka size RAM se bhi bada hota hai.

Question:

Program Size = 8 GB
RAM Size = 4 GB

Program Kaise Run Hoga?
Solution:
Virtual Memory

Virtual Memory RAM ko logically bada dikhati hai.

Definition

"Virtual Memory is a memory management technique that allows execution of programs
larger than the available physical memory by using secondary storage as an extension of

main memory."

Basic Concept

Virtual Memory me Hard Disk ka kuch part RAM ki tarah use kiya jata hai.

Program
!

Virtual Memory

!
RAM + Hard Disk

User ko lagta hai ki bahut badi memory available hai.



Need of Virtual Memory

Suppose:

RAM = 4 GB

Program = 8 GB

Without Virtual Memory:

X Program execute nahi hoga.

With Virtual Memory:

4 GB RAM
+

4 GB Hard Disk

Program execute ho jayega.

Block Diagram of Virtual Memory



| Hard Disk |

(Virtual Memory)

Working of Virtual Memory

Step 1

Program Hard Disk me stored hota hai.

Step 2

Program ke required parts RAM me load kiye jate hain.

Step 3

CPU execution start karta hai.

Step 4
Agar required page RAM me nahi hai:
Page Fault

occur hota hai.

Step 5

Page Hard Disk se RAM me load kiya jata hai.



Step 6

Execution continue hoti hai.

Working Flow

Program Execution

!
Page Required?
!
Page Found?
/ \
Yes No
l l
Execute Page Fault
!
Load From Disk
!
Execute

Paging Concept

MOST IMPORTANT

Virtual Memory generally Paging Technique use karti hai.

What is a Page?

Program ko small fixed-size blocks me divide kiya jata hai.

Program

Page @



Page 1
Page 2

Page 3

What is a Frame?

RAM ko bhi same size ke blocks me divide kiya jata hai.

RAM

Frame 0
Frame 1
Frame 2

Frame 3

Paging Diagram

Pages Frames
Page 8  ----------- > Frame 2
Page 1 ----------- > Frame 0
Page 2 ----------- > Frame 3
Page 3 ----------- > Frame 1

Page Table

Page aur Frame ke mapping ko store karne ke liye Page Table use hoti hai.



Example

Page Number Frame Number
0 2
1 0
2 3
3 1

Page Fault

Exam Favourite Topic

Definition

" A Page Fault occurs when the required page is not available in main memory and must be

loaded from secondary storage."

Example

CPU ko Page 5 chahiye.

RAM me available nahi hai.
Page Fault

generate hoga.

Hard Disk se page load kiya jayega.



Page Fault Diagram

CPU Request
!

Page Present?

Execute Page Fault
!

Load From Disk
|

Execute

Advantages of Virtual Memory

1. Large Programs Execute Ho Sakte Hain

RAM se bade programs run kar sakte hain.

2. Better Memory Utilization

Memory efficiently use hoti hai.

3. Multitasking Support

Multiple programs ek saath run kar sakte hain.

4. Reduced Program Loading Time



Entire program load karne ki zarurat nahi.

5. Increased Flexibility

User ko large memory available lagti hai.

Disadvantages of Virtual Memory

1. Slower than RAM

Disk access slow hota hai.

2. Page Fault Overhead

Frequent page faults performance reduce karte hain.

3. Complex Management

Memory management difficult hota hai.

4. Disk Space Required

Extra storage chahiye.

Virtual Memory vs Main Memory

Most Important Table

Virtual Memory Main Memory




Logical Memory Physical Memory
Uses Disk + RAM Uses Only RAM
Large Capacity Limited Capacity
Slower Faster

Supports Large Programs Limited by RAM Size

Virtual Memory vs Cache Memory

Virtual Memory Cache Memory

Uses Hard Disk Uses SRAM

Large Size Small Size

Slower Very Fast

Extends RAM Speeds Up CPU Access

Applications of Virtual Memory

Operating Systems

Windows, Linux

Large Databases

Oracle, SQL Server

Web Browsers

Chrome, Firefox



Gaming Applications

Large games

Scientific Computing

Big simulations

Real Life Example

Suppose aapke study table par sirf 4 books rakhne ki jagah hai.
Lekin exam ke liye 20 books chahiye.

Solution:

Study Table = RAM

Bookshelf = Hard Disk

Jis book ki zarurat hai use shelf se table par le aao.

Yahi Virtual Memory ka concept hai.

Viva Questions

Q1. What is Virtual Memory?

Technique that uses disk as extension of RAM.

Q2. Why is Virtual Memory needed?

To run programs larger than RAM.



Q3. What is a Page?

Fixed-size block of program.

Q4. What is a Frame?

Fixed-size block of RAM.

Q5. What is Page Fault?

Required page not found in RAM.

Frequently Asked RGPV Questions

2 Marks

1. Define Virtual Memory.
2. What is a Page?
3. What is a Frame?

4. What is Page Fault?

5 Marks

1. Explain Virtual Memory.
2. Explain Paging.
3. Explain Page Table.

7 Marks

1. Explain Virtual Memory with diagram.



2. Explain Page Fault.
3. Explain Paging Mechanism.

14 Marks

1. Explain Virtual Memory with neat diagram and working.
2. Discuss Paging and Page Fault in Virtual Memory.

3. Explain advantages and disadvantages of Virtual Memory.

PYQ Trend Analysis

Topic Frequency

Virtual Memory Basics

Paging

Page Fault

Virtual vs Main Memory

Expected 2026 Questions

@ Explain Virtual Memory with neat diagram.

@ Explain Paging and Page Fault.

@ Discuss advantages and disadvantages of Virtual Memory.
@ Compare Virtual Memory and Main Memory.

¢y Explain Page Table with example.



One-Minute Revision

("4 virtual Memory = RAM + Hard Disk

{74 Purpose:

Run Large Programs
_] Important Terms:

Page
Frame
Page Table

Page Fault
_J Most Important Diagram:

CPU
l
RAM

|
Hard Disk

_] Exam Favourite:

Paging + Page Fault

Conclusion

Virtual Memory ek memory management technique hai jo Hard Disk ko Main Memory ke
extension ki tarah use karti hai. Iske through RAM se bade programs bhi execute kiye ja sakte

hain. Paging, Page Table aur Page Fault Virtual Memory ke sabse important concepts hain. Ye



Unit-4 ka sabse important long-answer topic hai aur RGPV exams me frequently pucha jata hai.

@

Memory Management Hardware (14 Marks
Answer)

IMPORTANT RGPV EXAM TOPIC
Virtual Memory ke baad ye sabse important topic hai.
RGPV me 7 Marks aur 14 Marks ke questions frequently puche jate hain.

MMU (Memory Management Unit) se direct question aane ke chances bahut high hote

hain.

Memory Management Hardware

Introduction

Computer system me CPU ko data aur instructions access karne ke liye memory ki zarurat hoti

hai.
Lekin CPU jo address generate karta hai aur actual memory address alag ho sakte hain.

In addresses ko manage karne ke liye special hardware use hota hai jise Memory Management

Hardware kehte hain.

Definition



"Memory Management Hardware is a set of hardware components used to manage memory

allocation, address translation, protection and virtual memory operations."

Need of Memory Management Hardware

Suppose:

Program A
Program B

Program C

sab ek hi memory me loaded hain.
Problems:

>{ Address Conflict

Y Unauthorized Access

X Memory Wastage

Solution:

Memory Management Hardware

Functions of Memory Management

Hardware

Most Important

1. Address Translation



2. Memory Protection

3. Memory Allocation

4. Virtual Memory Support
5. Paging Management

6. Relocation

Memory Management Hardware

Components
Memory Management Hardware

MMU Page Table TLB Registers

1. Memory Management Unit (MMU)

MOST IMPORTANT

Definition

"MMU is a hardware unit that translates logical addresses generated by CPU into physical

addresses in main memory."



Why MMU is Needed?

CPU Logical Address generate karta hai.

Example:
1000

Memory me actual address ho sakta hai:
5000

MMU translation karta hai.

Block Diagram of MMU

CPU

I
Logical Address

Physical Address

I
v

Main Memory

Working of MMU



Step 1

CPU Logical Address generate karta hai.

Step 2

MMU address translate karta hai.

Step 3

Physical Address memory ko send kiya jata hai.

Step 4

Memory data return karti hai.

Working Flow

CPU

l
Logical Address

!

MMU
|

Physical Address
l

Memory

Advantages of MMU

{74 Memory Protection

{74 virtual Memory Support



{74 Fast Address Translation

{74 Better Memory Utilization

2. Relocation Register

Frequently Asked

Definition

Relocation Register base address store karta hai.

Formula

Physical Address=Logical Address+Base AddressPhysical\ Address=Logical\ Address+Base\
AddressPhysical Address=Logical Address+Base Address

Example

Logical Address = 100

Base Address = 500
Physical Address:

100 + 500

= 600



Diagram

Logical Address
!

Relocation Register

l

Physical Address

3. Limit Register

Important

Definition

Limit Register program ke maximum memory size ko store karta hai.

Purpose

Memory Protection.

Example

Limit = 1000
Program:

Address 1200



Access karega to:
Memory Fault

generate hoga.

Diagram

CPU

l
Check Limit Register

|
Valid ?

l
Yes — Access
No — Fault

Relocation + Limit Register

Exam Favourite

Block Diagram

CPU

l
Logical Address



| Relocation Reg|

Physical Address
!

Main Memory

Working

Step 1

Address limit ke andar hai ya nahi check karo.
Step 2

Base address add karo.

Step 3

Physical Address generate karo.

4. Page Table

Most Important

Virtual Memory me use hoti hai.

Definition

Page Table is a data structure used to map virtual pages to physical frames.



Example

Page Frame

0 2

1 0

2 3

3 1
Diagram

Virtual Address
|

Page Table
!

Frame Number

l

Physical Address

5. TLB (Translation Lookaside Buffer)

Important

Definition

TLB is a high-speed cache memory used to store recent page table entries.



Purpose

Address Translation ko fast banana.

Diagram
CPU
TLB

Page Table
l

Memory

Working

TLB Hit

Direct Address Translation

Fast.

TLB Miss

Page Table Search

Slow.



Paging Hardware

Virtual Memory implementation ke liye.

Structure

CPU
MMU

Page Table
l

Frame

Main Memory

Memory Protection

Frequently Asked
Memory Management Hardware unauthorized access ko rokta hai.

Example:
Program A

Program B ki memory access nahi kar sakta.



Advantages of Memory Management

Hardware

1. Fast Address Translation
2. Memory Protection

3. Virtual Memory Support
4. Better Memory Utilization

5. Multitasking Support

Disadvantages

1. Extra Hardware Cost
2. Complex Design

3. Additional Power Consumption

Real Life Example

Imagine:

Hostel Room Number = Logical Address

Actual Bed Number = Physical Address

Warden:



MMU

hostel room ko actual bed se map karta hai.

Memory Management Hardware vs Software

Hardware Software

Fast Slow

Physical Components Programs

Direct Translation Indirect Translation
Efficient Less Efficient

Viva Questions

Q1. What is MMU?

Memory Management Unit.

Q2. What is Address Translation?

Logical to Physical address conversion.

Q3. What is TLB?

Translation Lookaside Buffer.

Q4. What is Page Table?

Maps pages to frames.



Q5. Why is Limit Register used?

Memory protection.

Frequently Asked RGPV Questions

2 Marks

1. Define MMU.
2. What is TLB?
3. What is Page Table?

4. Define Relocation Register.

5 Marks

1. Explain MMU.
2. Explain TLB.
3. Explain Page Table.

7 Marks

1. Explain Memory Management Hardware.
2. Explain Relocation and Limit Registers.

3. Explain MMU with diagram.

14 Marks

1. Explain Memory Management Hardware with neat diagram.
2. Discuss MMU, TLB and Page Table.

3. Explain address translation using relocation and limit registers.



PYQ Trend Analysis

Topic Frequency

MMU

Page Table

TLB

Relocation Register

Limit Register

Expected 2026 Questions

@ Explain Memory Management Hardware with diagram.
@ Explain MMU and address translation.

¢ Discuss TLB and Page Table.

@ Explain Relocation and Limit Registers.

¢ Explain paging hardware architecture.

One-Minute Revision

74 Main Components:

MMU
TLB

Page Table



Relocation Register

Limit Register
"4 MMU Function:

Logical Address

[
MMU

!
Physical Address

4 Formula:

Physical Address=Logical Address+Base AddressPhysical\ Address=Logical\ Address+Base\
AddressPhysical Address=Logical Address+Base Address

{74 TLB = Fast Page Table Cache

{74 Page Table = Page — Frame Mapping

Conclusion

Memory Management Hardware computer system me memory allocation, protection aur address
translation ko manage karta hai. MMU, TLB, Page Table, Relocation Register aur Limit Register
iske main components hain. Ye Virtual Memory aur Paging ko implement karne me important role
nibhata hai aur multitasking systems ke liye essential hai. RGPV exams me ye ek highly

important long-answer topic hai. @&



