3.9

MEMORY HIERARCHY

1. Introduction

A computer system uses different types of memory to store data, instructions and
results. These memories differ in terms of speed, storage capacity, cost and access
time. No single memory can be very fast, very large and very cheap simultaneously.
Therefore, different memories are arranged in a hierarchical order, known as
Memory Hierarchy, to achieve a balance between high performance and large storage
capacity.

Definition:

Memory hierarchy is an arrangement of different types of computer memories
in a systematic order according to their speed, capacity, cost and access time.
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2. Need of Memory Hierarchy

® Anideal memory should be very fast, very large and very cheap, but such a
memory is not practically possible.

® High-speed memories (like registers, cache) are expensive and have low capacity.

® Large-capacity memories (like HDD, tape) are cheaper but slower.

e Memory hierarchy provides a combination of these memories so that we can get
the advantage of both fast access and large storage.

e It also reduces the waiting time of CPU and improves overall system performance.

3. Levels of Memory Hierarchy

The memory hierarchy consists of the following levels (from fastest to slowest):
CPU Registers

Cache Memory (L1, L2, L3)

Primary Memory (RAM, ROM)

Secondary Memory (HDD, SSD, etc.)

Backup/Archival Storage (Magnetic Tape, Optical Storage)

4. Memory Hierarchy D:agram

O 1~

@

Speed Cost per Bit  Capacity
(Access Time) | CPU Registers Higher
Faster | (Accumulator, PC, etc.) | (hxpensne) Smaller

(Low Access Time)

Cache Memory L1/L2/1.3 Cache
(L1 lgfl.l!) Rl (High speed, small size) ’
Primary Memory \ m Main Memory
(RAM / ROM) N\ (RAM & ROM)
Secondary Memory

(DD 55D)

Slower
(High Access T 1mc}

Ma_gmhc Tape,
Owca.'l Archive Lower

(Cheap)

HDD, S50, Pen Drive,
CDDVD ck. .

Larger

Fig. 3.1 Memory Hierarchy Pyramid

5.

(10 Marks) ]

Description of Each Level

5.1 CPU Registers (Top Level)

5.2 Cache Memory (L1, L2, L3)

Located inside the CPU.

Fastest memory with minimum access time (= (0.1 ns). @
Very small storage capacity (few hytes).

Highest cost per hit.

Used to store immediate data, addresses and instructions. Fig. 3.2 CPU Registers
Examples: Accumulator, Program Counter (PC), Instruction Register (IR),
Memaory Address Register (MAR), Memory Data Register (MDR).

-

Fig. 3.3 Cache Memory

Located between CPU and main memory.
Very fast memory, built using SRAM.
Stores frequently used data and instructions.
Smaller capacity than RAM but faster.

Types: L1 Cache (fastest, smallest), L2 Cache (larger), L3 Cache (largest).

5.3 Primary Memory (Main Memory)

5.4 Secondary Memory

Directly accessible by CPU.

Consists of RAM (volatile) and ROM (non-volatile).
Stores currently running programs and data.
Moderate speed and medium capacity.

Flg. 3.4 RAM Module

Non-volatile storage used for long-term storage.
Large starage capacity.

Slower than primary memory.

Examples: Hard Disk Drive (HDD), Solid State Drive (S5D), CD/DVD,
Pen Drive, Memory Card etc. Pig. .5 Hard Disk Drive (HDD)

5.5 Backup / Archival Storage (Lowest Level)

Used for backup and archival purpose.
Very large capacity and very low cost.
Slowest access time.

Examples: Magnetic Tape, Optical Archive. Fig. 3.6 Magnetic Tape

i ri e
6. Comparison of Memory Levels
Level of Memory Example (A SP“;'“) Capacity ‘ Cost per Bit Volatility
Registers CPU Registers \(E'glu:f; ! Ve(rgyir:;ll Very High Volatile
Cache M L1, L2, L3 High ol High Vlatl
el (=1-10ns) | (KB-MB) A
) : High Medium . RAM: Vilatile
Fromzsy Memary! | RAM.ROM | =10-100m) | (MB-GB) Medium | ¢ op: Nan-volatle|
| HOD, $5D, Low Large _ o
Secondary Memory (.lJ'D\’D Pen Dmc| ) (GB-TB) Law Non-volatile |
Very Low I Very Large I i ; : i
Backup Storage Magnehc Tape i || (Ti}- pB) Very Low Non-volatile |

7.

® Aswemove from top to bottom in the hierarchy:

o Speed decreases.
® Access time increases,
® Storage capacity increases,

Important Points / Characteristics

® Cost per bit decreases,

® Frequency of access decresses.

@ Top level memories are fast and costly.

® Bottom level memories are slow and cheap.

® This hierarchy achieves a balance between speed
and storage capacity,



AND SECONDARY MEMORY (10 Marks)

1. Introduction (4R<=)

Computer ¥ data, instructions, programs 31T results &I store ®4 & forg
memory FT I fiFaT STeT € | Computer memory @ broadly & wwif
fgfSm fisar SITar & - Primary Memory (Main Memory) 3R Secondary

2. Classification of Memory

[

Computer Memory l
|

¥ ¥
Memory (Auxiliary Memory). Primary Memory Secondary Memory
(Main Memory) (Auxiliary Memory)
— —— —
Input Devices ALU Eontral Output Devices RAM ROM Optical " Flash
(Keyboard, (Arithmetic 1o (Monitor, B _ : J
Mouse, etc.) chic Unit) L2t Printer, etc.) (VO_T_M_&) S ﬁ{m_v o_latf)_ = su?.@f ! I Soaee
al e e gy
| PROM EPROM EEYR_OM | Hard Disk Magetic fais) S0
' = | = Statlc) {Dynamlc) -ammable) | (Erasable) , .(E]ecmclally (HDD) Tape DVD Pen Drive
Primary Memory | ALy o | Erasable) Blu-ray . Memm‘yCard.
RAM / ROM [ (HDD/ SSD / CD/DVD/
( ) | Pen Drive, elc.) . -
A = Fig. 3.2 Classification of Computer Memory
Fig. 3.1 Position of Primary and S lary Memary in Comy System
3. Primary Memory (&4 &A1) 3.2 ROM (Read Only Memory) _ RAM and ROM ? 3w
Primary memory g #31 § 1l CPU directly access o el & | 98 2 N"““’O]“‘“"%‘“"’m“y (pososc ot gl dany - "F:.am | o AR:M v vy I:,,m,: :
processing % WHY JUdIT € dTel data, instructions ¥ programs @I store T Eiii‘ ?‘GE; )| ! N" == \-'JI' (;:“ —— <2 | = = ;”I L
el & | 97 fast B1dfl € @IS S storage capacity Hf¥a gt 81 ® Mostly read-enly | , i e purdheihale
'I.I'ITIWﬂI'C O 1n5 ructions store 5] il cad o rite ostly lwgad only
g & UBR 61 &l & - RAM 3 ROM. } . F {BIOS}Sﬂ‘i’b t instructions st | Read/ Write | Read and W | Mastly Read onl
Purpose Stores running programs | Stores firmware and boot
and data instructions
31 RAM [Rll:ldom Access MEIIIO!'}) Speed Faster Slower than RAM
* Volatile memory (power off W data =€ 81 Ter 8) Capacity More (GB) Smaller (MB-GB)
Read 3R Wi GRCEA| ' ' | Retai '
: C::rently I'ul::’:;l?::’fogl‘alll? R data siore B ¥ el Data Retention | Last when power is off :;e:;ned even when power
; ; ; EPROM E | | |
* High speed ofK low access time. o (Erasible (Blectrically Exampls | SRAM, DRAM PROM, EPROM, EEPROM
Fig. 3.3 RAM Module ROM) Programmable ROM) | Erasable ROM) ! :

3.1.1 Types of RAM
A. SRAM (Static RAM)

e Flip-flop circuit  data store BT |
e Very fast, expensive.

[ B. DRAM (Dynamic RAM)
® Capacitor 5 charge & %7 H data store
o]

4. Secondary Memory (fadias Amd)

Secondar}r memog

Fig. 3.6 Typesof ROM 4.2 Hard Disk Stru

= Read Write Head

ag Al & forrd data #R programs

Platter

* Refresh &t smaesear 74 | ® Slower thin SRA’\? - ermanent 59 H store fisa1 a1 £ | 78 non-volatile BYcft
¢ Low capacity. 4 gh".(ﬁ?r anrd h;gh-.r %apdauly‘ ? CPU 4 directly access &1 @3¢ 81 ST storage Y+ Spindle
5| - Crodic refresh required. P ; &
e Cache memory H I g & | + Main memory § 759 @ % | capacity 9gd 3ifer® giefl & 3K cost per bit T ¥t & \
Ve Word Lin 4.1 Types of Secondary Memory i
T L. T J A, Magnetic Storage B. Optical Storage C. Flash Storage Fig. 3.8 Hard Disk Drive (HDD) - Intemal View
o 4 Tmosster L cqacitor 4.3 Comparison: Primary vs Secondary Memory
{ . | Feature  Primary Memory | Secondary Memory
Fig. 34 SRAM Cell (Using Flip-Flop) Fig. 35 DRAM Cell (Using Capacitor) CPUAcoess | Direelly sccessible | Indiiegtaccess
& Speed Faster | Slower
SRAM and DRAM # si@ Hard Disk Drive CD/DVD i c:SD - | Capacity Smaller | Larger
. Feature . SRAM | DRAM (HDD) B (Optical Disk) Fnkd Saeithe) Cost per Bit | :{":\S::_’vmﬁlc | Lower
Full Form Static RAM | Dynamic RAM Volatility ROM: Non-volaile | Non-volatile
| Storage Element Flip-Flop | Capacitor Purpose Current processing | Long-lerm storage
| | Faster | Slower Examples RAM. ROM HDD, 55D, CO/DVD,
Cost per Bit Higher | Lower Foodiiii Pen Drive, Magnetic Tape
| Refresh | Not required | Required periodically o Blu-ray Disc b 4.4 Uses of Secondary Memory
| Capacity | Lower | Higher MagadicTepo (FlashiStnicage) ® Permanent storage of data and programs,
Use Cache memory | Main memory (RAM) Backup and archival purpose.

L]
Fig. 3.7 Examples of Secondary Memory ® Large slorage capacity.
-

Stomge of operating system, application softwarc, documents, etc.



3.7 CACHE MEMORY (5 Marks)

1. Introduction (4R=7)

Cache memory T g &' high-speed memory 2t 8
St CPU 3 main memory (RAM) & &= vt st 81
TE frequently used data 3 instructions & store &l &
fs CPU %! S-S’ main memory & data 1 -1 08
3R access time &7 & 9 |

Definition (af¥s1rem)

Cache memory is a small, very fast memory located
between the CPU and RAM that stores frequently used

data and instructions to reduce access time.

Cache memory W Eﬁ'& aga aﬁi 311% Elﬁﬂ mermory %
ST CPU 3T RAM & a1 fRer gt & iR frequently
used data @7 instructions # store &l &
access time &3 g A2 |

5. Cache Hit and Cache Miss

5.1 Cache Hit 5.2 Cache Miss

e i requested data cache e 9 requested data cache
memuryﬁﬁr&lﬁn‘ﬁ'f% memoryﬂ‘qﬁﬁmé
A 59 Cache Hit @ad & | At 38 Cache Miss &g 1

® Data Sied! fiyel il & e Data & main memory (RAM)
3R CPU &Y wait 78 FT1 A fetch fren s 21
el | e f¢ 3@ cache memory &

o Access time Fgd F4 &1 2| store fiar STl § a1f 3TeR

3 fast access & |

e Access time AT AT 2 1

2. Need of Cache Memory

e CPU, RAM #) gor & sge at g & |

e Cache memory, CPU 3% main memory % =t
speed gap @ & &R B |

@ Tg processing speed F improve et g |

e Ig CPU & waiting time &' reduce Hdl & |

3. Position of Cache Memory

CPU Cache Main Memory| | Secondary
(Processor) Memory (RAM) Memory

Ge

[ Cache ]-[Ii-Fast Access _‘|

L

[ Cache Miss = Slower Access |

8. Cache Memory vs RAM e 9. Advantages of Cache Memory
Feature | Cache Memory | RAM (Main Memory) e  Faster execution of instructions and data.

Speed | Very high speed | Slower than cache e Reduces access time for frequently used data.
Capacity | Small (KB to MB) Large (GB) e Improves overall CPU performance.
Cost per Bit _,_’f‘_'gher (E‘Pe“"‘“) Lower (cheaper) o Reduces frequency of access to main memory (RAM).
Purpose | Stores frequently used | Stores all running programs

| data and instructions and data

| Between CPU and RAM Main memoary, connected to CPU } .
el | on-chip/ofi-chip) G g ' ; :
Technology | SRAM DRAM (Dynamic RAM) L1 Cache L2113 Cacke

Fig. 3.1 Position of Cache Memary in Computer System

6. Levels of Cache Memory

L1 Cache
3 + [Fastest
L1 Cache o Smallest size
(Smallest, & (Closest to CPL
Fastest) B - Usualty on-chip )
L2 Cache L [
(Larger than L1, I.nrxer&nn Ll
Slower than L1) & Slightly slower than 11
\ . Ma) be on-chip or Gﬁ*Chlp
L3 Cache | 13 Cache
(Largest, o Largest size
Slower than L1 & L2) @ Slower than L1 and L2

e May be shared among

Fig. 3.3 Levels of Cache Memary |

{on CPU chip) (o motherboard or processor)

multiple cores (muli-core CPL)
—_— e J

4. Working of Cache Memory

CPU requests data
(instruction or operand)

Not Found
(Cache Miss)

Fetch data from
| Main Memory (RAM)

Data available
in cache

Send data to CPU
(Fast access)

Send data to CPU

Fig. 3.2 Working of Cache Memory

e |
»

Characteristics / Features
Very high speed.

Small capacity.

Expensive (cost per bit high).

Volatile memory (data lost when
power is off).
Built using SRAM (Static RAM).

Stores frequently used data and instructions.

10. Conclusion

Cache memory CPU 3R main memory % # TF
Fg o, BIE! IRg A& memory & S frequently
used data 3R instructions =) store et 21

g access time @Y @l &, CPU @ performance
@t improve @Yt § 3 overall system Y speed
& Torlt &



3.10 VIRTUAL MEMORY

1. Introduction (4f¥=)

Virtual memory is a memory management technique in which a part of the
secondary storage (hard disk/SSD) is used as an extension of primary memory
(RAM).

Virtual memory @8 dd-1d & fore secondary storage &I U& 4T UTAHE
Y (RAM) F R (extension) F ¥9 & 3uai fear oan 81 78 a5+
operating system G manage I AT & |

2. Need of Virtual Memory (3Tgegdr)

Primary memory (RAM) limited &Y<l 2 |
ﬁéwﬂipmgramsﬁaﬁﬁ%ﬁl‘qm mcmuryﬂ?[mmﬁ?ﬁ'%l
Multiple programs ®! U H1Y Fa & foT larger address space 18T |
Virtual memory logical memory &I physical memory ¥ €T fgam o mag

E2Gid
@ I§ better memory utilization R efficient multiprogramming e &l 81

e & & o

3. Concept of Virtual Memory (H&¢d-T)

Programmer & foIU U large logical address CPU

space 9] FIIT ATl 2l Physical RAM 3

3if¥ieh $IawI portion B temporary §9 | T iaaita
secondary storage (swap space / paging file) _ (Logical)

T TET ST & | 3 S 8t g, al g€ data t

secondary storage § RAM # load {341 sirar & = '
(Address Translation)
Physical Address
: Secondary Storage
Mm(m” (HDD/SSD)
(Swap Space)

Fig. 3.10 Concept of Virtual Memory

4. Paging in Virtual Memory (4fSi)

Virtual Memory Physical Memory

Virtual memory @! fixed size blocks H divide fra

(Pages) (Frames)
ST & e Pages BEdE | W= B
Physical memory (RAM) 1 +ff same size & blocks el el |
& divide T STTaT & 57 Frames $ed & Page | Framel |
Page size = Frame si Ily 4 KB).
| ge size = Frame size (usually ) Page 2 — ‘ |
Key Terms Page 3
: Frame 3 ‘
Page : Virtual memory & block. 2 W
Frame : Physical memory 9T block. A

°
. -
® Page size = Frame size.

L]

Page Table : Page to frame mapping table. | Flg: 321 Mappingof Pages to Friniés

(5 Marks)

5. Page Table and Address Translation (451 29 Ud UdT 317dTe)

Page Table Ue data structure & fSFT¥ 78 information 811 8 &
@-4T page 6T frame ¥ store & | MMU (Memory Management Unit)
virtual address @I physical address # translate el 21

~ Virtual Address Format i
[ Page Number (p) —‘ Page Offset (d) ‘

r

_ PageTable
Page No. Frame No. p
0 5 Physical Address Format
1' _2; Frame Number (1) ‘ Page Offset (d)
| ; : | |
| 4 3

Fig. 3.12 Page Table and Address Translation

6. Page Fault (351 §¥)

CPU requests a page |
e CPU fsHfl page @1 access &l & H1X @8 page RAM # T
ufeed T2 T &, T Page Fault occur 8laT £1 ,/Pa . mr;:“x ~ Yes
Operating system 3E page Ed secondary storage FRAMH K,\ o // l e

load W%, page table update ib‘{?ﬂé T instruction

fopt & execute B el & |
Page Fault

Load page from disk

[_ Update page table

Restartinstruction |
Fig. 3.13 Page Fault Handling

7. Advantages (FT3) 8. Disadvantages (81f<dT)

e Large programs &1 run &0 ﬁgﬁﬁﬂl * Sccondary storage RAM g g slow

®  Physical RAM & @37 logical memory space| B

e Multiple programs e |1y I Hehdl § o &ifEres page faulis # system slow €
(multiprogramming) | el 81

®  Better memory utilization | ®  Excessive paging € thrashing & i § |

Memory management complex &1 SITdT & |

e  Programmer & fé10 memory management 31T |
Disk @1 3udiT 819 & [/O overhead

System performance improved (if page faulis &% @

Gl a3 91l 2|
9. Comparison: Physical Memory vs Virtual Memory

| Feature Physical Memory (Main Memory) Yirtual Memory
Location | RAM (ha.rd.wa.l:r;) | RAM+ Secondary storage I"hﬁrdwam +08)
Access time Fast ~ Slower (disk access when page fault)
Capacity . Limited (e.g., 4GB, 8 GB) Large (e.g., 16 GB, 32 GB or more)
Controlled by Hardware Operating System (with MMU)
Visibility to user  Actual physical memory Logical memory (larger than physical)
Cost High Lower (uscs cxisting disk storage)
Volatility RAM: Volatile Uses non-volatile storage as extension
Purpose Current processing Run large programs and multiprogramming



4.8 VIRTUAL MEMORY (aﬂ:ﬂa AT

‘1. Introduction (Jf=r)
Virtual Memory Usk memory management technique &, Sl computer

system @t =T illusion et £ f 39 gr physical memory & 4t

31fireF memory 3UeTe & | A technique secondary storage (W& HDD/SSD)

%! T extension & &9 H use HEch & 3K 37 program GoT data
manage B! & S currently RAM H 3eted et & |

FOHT = 349 ¢ — limited primary memory & 8 T if large programs

@Y run AT &R efficient memory utilization T
Definition (4ft#rom)

Virtual memory gg memory 2 St secondary storage ! T extension
% wq & use H¥P, Tk 106WT I address space provide B! 8, S
physical memory £<| a's'ﬁ;?lﬁ 2

Logical
Address

' 6. Diagram (a3e AW 6T SHRIVOTE)

Physical Address

(10 Marks) |

—_—

RAM Page Hit

(Data found

| (Primary Memory)
in RAM)

'

Load Page

No
Page Fault

08§
(Page replacement
algorithm)

Fig. 4.8 Working of Virtual Memory

y

Secondary Storage
(HDD / SSD)

' 2. Need / Motivation (3iTaedesar)
e Physical memory (RAM) &ifird g1t &1
e Large programs 3ii¥ data & e adreq load &AT g T2 24T
e CPU ol speed agat oifir &, sTafs RAM it speed 7% g1
e Memory T 3ga¥ utilization HTI
o BUEHY ¥ program H RAM H T+ o ATazaear g g |
e Multitasking 3R multi-programming ! support &%

L CPU accessesapage J

Page not in RAM
(Page Fault)

t

1. OS selects a free frame
(or replaces a page)

2. Reads page from disk

3. Loadsinto RAM

4. Updates page table

v

3. Principle (ffrgia)

Virtual memory &7 Rigid Locality of Reference WX 3ifi#Rd & |

Tl S data 47 instructions a7sft use 2 @ &, 8 RAM H T@ WA &,

il data secondary storage ¥ T84T € | 51 AT Bl & 9
page fault % ATH ¥ 39 RAM § AT A@T & |

| Process continues
Fig. 4.9 Page Fault Handling

[. 10. Advantages (71%)

Large program size ko run karne ki facility.
Physical memory ka efficient use.

'4. Types of Virtual Memory (3mmeht 391 3 )

j 1. Demand Paging | 2. Demand Segmentation
* et SIERd 61 Y page B ‘ T segment (code, data, stack)
mﬂww%iqﬁm 1 5% U R load g1 71
s GG pages load | ;
e Page fault 9 % page @ e 7 segment =T 37T logical
secondary storage ¥ load ferar ST & |

» g program & logical structure

% AR B Tl &1

address space gfdl 2
18 most commonly used technique & | ‘

Memory utilization improve hota hai.
Multitasking aur multiprogramming support.
System performance better hota hai.

Cost kam hoti hai (large memory ki requirement
nahi hoti).

5 Working of Virtual Memory (Frdwvret)

CPU e logical address @Y generate &¥am £1
MMILI (Memory Management Unit) 35 address %1 Physical address %
convert AT & |

I required page RAM 5% — data Ter RAM 3 firersmar # (Page Hit) |

af& page RAM & 7&f & — Page Fault g1 &1

0S secondary storage ¥ page @' load sean & 3t 38 RAM H place &aT §1
fisz process resume 2t sTan & 3t data access € s ¥

Q000 00°

|| Basis Physical Memory Virtual Memory
| Size Limited (e.g., 4 GB, 8 G8) | Lamger (logical address space
> physical)
Ston RAM RAM + Secondary Storage
4 | (HDD/SSD)

Access Time  Faster Slower (due 10 page fault)

‘ Cost High Lower (better utilization)

Program Size  Limited by RAM Can be larger than RAM

Complex (requires 0S

Simple
support)

Complexity

L
[ 7. Page Fault Handling (ﬂﬁl Wiee ¥sfem)

| — o

(2. Comparison: Physical Memory vs Virtual Memory -'

' 8. Page Table (= &)
| Page table &% data structure £ =it logical
pages @I physical frambes € map el &1

Page Table Example
Page No. | Frame No.
0 r "5
1 ' 2
2 | 7
3 | 1
4 | 3

| Page table ® valid/invalid bit +ff grar &
| it &aTer & i page RAM # & a7 =l |

"9. Address Translation (U3% ZiEaeF)
CPU g1 generate fasam arar logical address
MMU & grr page number iz offset # divide
febar s #1 Page table € frame number wree
@ias physical address A 8l

Logical Add:us
Page No.
(3) ( 5':']

Example:
Logical Address = 12345
Page size = 4 KB (4095)

| Page number=12345 /4086 =3
Offset = 12345 % 4096 = 57

hge Table

Rad:lla,
| Fig0.4100 Translation ’
"13. Conclusion (ﬁﬂi‘f)
Virtual Memory U HEeaqn]

memoay
management technique & a1 limite
physical memory @l THIT ‘%
317 large programs zr;'r run &

et %1 uw secondary storage @7

Hih memo%'-ﬁ'r logical famam w4t 8

ﬁ qysiern performance 37 efficiency

—_

[ Fm.ll Lme
“Virtual memory provides a larger

and efficient memory space by using
secmdarysfmge as an extension
of primary mmory




3.8 DIRECT ACCESS STORAGE DEVICES (DASD)

1. Introduction (4R=)

Direct Access Storage Devices (DASD) are secondary storage devices in which
any data block can be accessed directly without reading the preceding data.
These devices allow random access to data and are also called Random Access
Storage Devices. Examples: Hard Disk Drive (HDD), Solid State Drive (SSD).
DASD U fecias eror Iusor & fo=d et oft v (eeifer) &t e
Tge 51 e & 3R FeT B ue a1 fore F Oy ued % e B ue A F
ATERIHAT TE Bt &1 A TUBIOT GG (random) TEH HA B & |

Definition (G

Direct Access Storage Devices (DASD) are non-volatile storage devices in which
any location can be accessed directly and data can be read or written without

accessing the previous locations.

DASD & R-areefier eror Suestor & form et +ft T @ i vgames
&er vl a1 forr s gl 8, @31 vgal & wFl @l ug)

3. Types of DASD
The main types of DASD are:

1. Hard Disk Drive (HDD) - Magnetic storage device.
2. Solid State Drive (SSD) - Flash memory based device.
3. Other direct access devices — Pen drive, memory card, etc.

4. Hard Disk Drive (HDD)

HDD is a magnetic storage device in
which data is stored on rotating platters
coated with a magnetic material.
® Data is read and written by
read/write head.
e [t provides direct access to any track
and sector.
® Large storage capacity and low
cost per bit.

Platter

Read/Write
Head

Actuator Arm

Spindle Motor

Fig. 3.11 Internal Structure of Hard Disk Drive (HDD)

8. Advantages of DASD

Fast data retrieval.

@
L ]
® Large storage capacity.
L]
L]
L ]

Any data block can be accessed directly.

Supports both read and write operations.
Suitable for online transaction processing and database applications.
Data remains safe even when power is off (non-volatile).

5. Solid State Drive (SSD)

SSD is a semiconductor based storage

device which uses NAND flash memory

1o store data. [t has no moving mechanical

parts.

e Faster than HDD.

e More reliable and shock resistant

® Lower power consumption.

e Used in laptops, desktops and
high-performance systems.

NAND Flash
Memory Chips

Fig. 3.12 Internal View of Solid State Drive (S5D)

(10 Marks)

2. Block Diagram of DASD

Read / Write Request
(Specific block address) 5

A4

E
B

VO Controller
(Disk Controller) |

Data Transfer
Direct Access Storage Device

(HDD/ SSD)

Fig. 3.10 Block Diagram of DASD

6. Working of DASD

In DASD, data is stored on specific physical addresses or blocks. When a read/write
request is given, the disk controller directly moves the read/write head (in HDD) or
accesses the required memory cells (in SSD) at the specified location and reads or
writes the data without accessing the previous blocks.

Accessing a Block in HDD
Tracks
(concentric circles)
Controller moves
head to required Required block
track and sector is read / written
(directly) directly
(parts of track)
Fig. 3.13 Direct Access to a Block in HDD
7. Comparison: HDD vs SSD
| Feature Hard Disk Drive (HDD) | Solid State Drive (SSD)
| Storage Technology | Magnetic platters | NAND flash memory
Access Time Slower (ms) | Faster (ps)
| Moving Parts | Yes (mechanical) | No (semiconductor)
| Speed | Lower | Higher
| Capacity Very large (TB) | Large (GB-TB)
Cost per GB Lower | Higher
Durability | Less (mechanical failure) | More (shock resistant)
Noise | Yes | No (silent)
Power Consumption More | Less
| Common Use General storage, backup High performance systems

9. Disadvantages of DASD

Slower than primary memory (RAM).

Cost per bit higher than magnetic tape.

Physical damage can occur (cspecially in HDD).
HDD has moving parts, so more chances of failure.
Higher power consumption in HDD.

SSD is more expensive than HDD.




3.8 DIRECT ACCESS STORAGE DEVICES (DASD) (10 Marks)

1. Introduction (qR<a) 2. Block Diagram of DASD

Direct Access Storage Devices (DASD) are secondary storage devices in which Read / Write Request (Address, Data)

any data block can be accessed directly without accessing the preceding #

blocks. These devices provide random access to data and are also called ] B

Random Access Storage Devices. CPU » 1/0 Controller »

eeT ST YR 39S (DASD) & fidia® a6 Suwwor § frd fedt oft - (Disk Controller) —

T (eeiier) i el uar a7 forar ST dedr 21 39 Iy § 207 &Y ued & foru
& F 3T Tia‘:r Eafe roean o il il Data Transfer Direct Access Storage Device

»

Used for long-term storage of data, programs, files and operating system.
Available in different forms such as HDD, SSD, etc.

L i ; : (HDD / SSD)
Examples: Hard Disk Drive (HDD), Solid State Drive (SSD). Fig. 38 Block Diagram of DASD Working
3. Characteristics (fa@rwant) 4. Internal Structure of Hard Disk Drive (HDD)
¢ Random (direct) access to any data block. Al / ; Y
o Non-volatile storage (power off TX 9t data FXfET & &) Plalyerd_sk L - . Read/Write Head |
® No need to read previous blocks. (magnetic disk) .
® Large storage capacity. Actuator Arm
e Faster access time as compared to sequential access devices (e.g., magnetic tape). Spindle
: Supports both read and write operations. (motor) ATy
L ]

Fig. 3.9 Internal Structure of Hard Disk Drive (HDD)

5. Working of Hard Disk Drive (HDD) 6. Solid State Drive (SSD)
Track *

¢ Datais stored on magnetic platters.
Platters rotate at high speed.
Read/Write head moves radially to the required track
using actuator arm.

® Data is organized in tracks and sectors.

e Any block can be accessed directly without reading
the previous blocks.

NAND Flash

Sector

Platter ““-‘ MJ

e Controller manages read and write operations. ; >
Fig. 3.10 Tracks and Sectors on Platter Fig.3.11 Internal View of Solid State Drive (SSD)
7. HDD vs SSD (Difference) 8. Advantages of DASD 9. Disadvantages of DASD
Feature | Hard Disk Drive (HDD) | Solid State Drive (SSD) e Any data block can be accessed e Cost per bit higher than sequential
Storage Technology | Magnetic platters | Flash memory (NAND) directly. devices (e.g., magnetic tape).
ieih M | Srover (i) _ el O e Fast data retrieval. e HDD is slower than SSD.
g:;‘;:‘g Parts ! E;SF“M“MI) | ]rj‘i‘i"’g:::’rm‘w"d““w) e Large storage capacity. e HDD has moving mechanical parts
! ! | W ® Supports read and write operations. i , fail.
Capadly | Very barge {TH) | Large(GB~TB) . Sugzgle for online transac?ion Whlc}-l ‘ma}{al‘l SR
Cost per GB | Lower . Higher rocessing and database applications e ol ol
Durability | Less (mechanical failure) | More (shock resistant) » Bm ;cm:ins i 1 g WEE el | L Power consumption is higher in
Noise | Yes | No (silent) is off HDD.
Power Consumption | More | Less e Available in various forms (HDD, o Phy51.ca| d:n.rnage. or shock can affect
Common Use General storage, backup | High performance systems SSD. efc.). data (especially in HDD).

10. Conclusion (fAswH)

Direct Access Storage Devices (DASD) provide random access to data blocks and allow fast, direct reading and writing of data. Hard Disk Drive (HDD) and Solid State Drive (SSD)
are the main examples of DASD. These devices are widely used for long-term storage due to their large capacity and non-volatile nature.



MEMORY MANAGEMENT UNIT (MMU) (10 Marks) ]

1. Introduction (4R=7) 2. Block Diagram of MMU

Memory Management Unit (MMU) is a hardware component of the CPU
that manages the mapping of virtual addresses to physical addresses,
controls access to memory and provides memory protection, relocation

Memory Management Unit (MMU)

s
I
I
[
i
|
I
I

i
|
I
and memory management facilities. oot Address Protection i z:”;':;'
. . |
TR AT qﬁa (MMU) CPU 1 U §I$3R e 8 S g 99 Translation Unit and Aocess. |4 Main Memory
I | Physical M I
P! fhfSicner U o #g ovdr & dor A9 uaig o) Hdfd wwdr 8, AAd 0 : . T B (Physical Memory)
mmﬁﬂmﬁaﬁaﬁgﬁw@mmﬁl Bt | 1 ;
| I h J |
| Definition (af¥emaT) | 5 TLB !
I
MMU is a hardware unit that translates virtual addresses generated by i (Translation Lookaside Buffer) !
| the CPU into physical addresses, and manages memory access, protection, : {Cache for address translations) :
relocation and other memory-related functions. = ) S
| Mmua—saéﬁmsafré%aﬁcwmmaﬁmﬁaaﬁﬁ;ﬁw '
| U9 # uRafe et 8 iR AN gy, Wiy, Rellew qur s |
| AAR et Tt T wee Rt E )
3. Functions of MMU 4. Address 'Il'anslalmn Process
e Address Translation — Converts virtual address to physical address. A MMU ;F"f_ - ;‘,
e Memory Protection - Restricts unauthorized access to memory. T Tat m;":;ni
@ Memory Relocation - Allows a program to be loaded at any physical generated by CPU ™ Check in TLB | Physical Address )—) Main
memory location. _ ) . (e.g., 0x1234) If not found l A NEmEy
e Memory Management — Supports virtual memory, paging and segmentation. i (TLB miss) !
® Cache Support - Uses TLB to speed up address translation. | Page Table Lookup :
® Access Control - Checks read/write/execute permissions. (in main memory) I
e Handling Page Fault — Generates page fault when required page is not !
in memory. | Physical Idares:ge;m;d I |
5 I and stored in TLB :
- Virtual Address vs Physical Address e
Feature | Virtual Address Physical Address ' Fig. 1 Address Translation using MMU
Gene::ated by | CPU . | MMU (after translation) e S it aal A dvcas
Used in . Program execution . Actual memory access Virtual Addre > bi
Visibility | Seen by program |  Seen by memory hardware | < e % (5, S bis) >
Size May be larger than Limited by physical memory size Page Number | Page Offset
physical memory [ < ~Fia > < 8 010 >
Mappin_g Tran.slated b)« MMU Actual location in main memory ' 7. Translation Lookaside Buffer (TLB)
Purpose Provides logical view Used to access real memory cells ® TLB isa small, fast associative memory inside the MMU.
and abstraction ® [t stores recently used virtual-to-physical address mappings.
® It reduces the time of address translation.
@ If the required entry is found in TLB, it is called a TLB hit.
o If not found, it is called a TLLB miss and page table is searched in main memory.
8. MMU with Pasmg (Example} 9. Advantages of MMU 10. Conclusion (Frep)
P S : :
| MM ® Provides memory protection Memory Management Unit (MMU) plays a
' 4 Physical and access control. i e e e ™
CPU Page Offset Addiiss @ Supports virtual memory. addresses, enstires memory protection,
| (12 bits) |+ e Allows efficient memory utilization. supports virtual memory and improves
Virtual | ® Enables relocation of programs. e "Sﬁe A memRny rew%um;%
Address i Pape Tabl @ [mproves system security. m w1 g m'“ I%! N i f{aﬂ g
L e AN | ® Uses TLB 10 reduce translation time. fofarerer G3w ¥ uRafda Fwar &, A qan
e Supports multitasking and WaTd ST & U <l are HEIE iR e A

Fig, 2 Address Translation in Paging using MMU multi-programming. Sy & Hgeegof I GIR




