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Computer Fundamental & Operating System - CSSC/CSGE - 01

Unit III: Memory — Study Guide

Tg booklet B Sc/B A/B H Sc 1st Semester & faenfefai & fag g1 @+t syllabus topics &= Hindi-English
# fau g €1 Diagrams conceptual § 3R scale TR Tal s 8|

Memory hierarchy Registers, cache, RAM, secondary storage; speed/capacity/cost
Primary / Secondary memory RAM, ROM, types, comparison and storage
Cache memory Hit/miss, locality, mapping and write policies
Virtual memory Pages, frames, page table and page faults
DASD Disk structure, access time and direct access
Instruction format Opcode, operands, addressing fields and formats
Program / Data memory Stored instructions, variables and architectures
MMU Address translation, protection and TLB
5 3R 10 3ich T IR Fd fad?

5 3iak: Definition, labelled diagram, Hwa fig dam examplel 10 3ik: Introduction, labelled diagram,
components, working, types, advantages/limitations a41 example I numericall Question & IR
headings g1

Basic Units

1 bit=binary 031 1; 1 byte = 8 bitsI Binary units: 1 KiB = 1024 bytes, 1 MiB = 1024 KiB| Decimal
units: 1 kB = 1000 bytes!| Questions & f&T unit convention T dTe &< |
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1. Memory Hierarchy

Memory hierarchy computer # memories @t speed, capacity 3R cost per bit & 3R WR levels &
eI e I UUTell 1 Teh 8 memory 8 agd 31fdieh speed, 81 capacity 3R &H cost UG el s
gid1 81 39feiq &8 levels et o ohxd &l

[ Registers ]

[ Cache (L1 /L2 /L3) ]

[ Main Memory (RAM) ]

[ Secondary Storage (SSD / HDD) ]

[ Archival / Offline Storage ]

Up: faster, smaller, higher cost per bit
Down: larger, slower, lower cost per bit (general trend)

Figure 1. Memory hierarchy: &R speed 31fde; #1& capacity Im=ae: sifde|

Levels kT gof9

* Registers: CPU & 3iex BI¢ storage locations; current operands, addresses 3R intermediate
results ¥&@d gl
« Cache: CPU & 9 frequently/recently used memory blocks &I copies; S™™=Ia: SRAM 3MTenid|

« Main memory: RAM # currently running programs 3R data %&d &|
+ Secondary storage: SSD/HDD W programs 3R files @« ¥57% de &<l 8|
* Archival storage: Backup 3R long-term retention; tape &I 3aT8<UT &

Hierarchy & a1y 2t 82

CPU oI 377asaa data Uget d< level IR @it wirdT g1 Nearby/frequently used data cache & 3@+ &
3TfERIM accesses dST gl ahd &, STafch 98T data = & levels H @1 ST 81

Hgayul: Capacity 3R speed &l g1 9T g 8; 8 device & falg ga fixed numerical value =gl gl
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1.1 Memory Characteristics & Locality

g&g fagteary
e e,
Capacity foha=T data store & hdT &
Access time / latency Request 3R data fie™ & st a9g
Transfer rate gfd second transfer g aref data
Cost per bit 9 bit storage Fi @mTd
Volatility Power g+ W data &1 3gdT & 3T -Tgl
Memory cycle time Memory operations & i< 3aedeh 99

Locality of Reference
Programs 3eRiR HIffid 9573 # @ instructions/data @l IR-IR IUANT &d &1 S AGER & cache 3R
virtual memory gHTdt I g1

* Temporal locality: gel # SuaiT g1 data/instruction fth SUANT g Hehal &1 Example: loop
instruction|

- Spatial locality: 3udiT fh address & U & locations STeg UANT 8 Gehd &1 Example: array o A
T e
Capacity Numerical
gfe memory & 1024 locations g 3R & location 8 bits &' §, capacity = 1024 x 8 = 8192 bits = 1024
bytes = 1 KiB|I

Address Lines Numerical

afe memory byte-addressable & 3fk address lines 16 &, dt locations = 2'° = 65,5361 Capacity =
65,536 bytes = 64 KiB1 Word-addressable system # capacity fAereid @73 word size & T[0T &A1 1T
Hierarchy & &9 iR iar

T dST average access, 81 practical capacity 3fiR cost @1 dige | HHT: data movement, replacement
3R consistency management # complexity!|

5 3ieh T W: Memory hierarchy diagram & 911 §911sT I 10 3iwk: Levels, characteristics, locality T
advantages dfgd 99sIEy|
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2. Primary Memory

Primary memory CPU gRT directly addressable internal memory @t &gl sirar 81 Introductory
classification # RAM 3R ROM g9 §&4 %4 g1 Cache 3R registers &l hierarchy # 311 ds levels & &9
# oft ggr ST 81

{ Primary Memory ]

s B
N

{ SRAM } { DRAM } { PROM / EPROM / EEPROM }

Figure 2. Primary memory &1 &= introductory classification|

RAM — Random Access Memory

RAM read/write working memory g1 Computer & I g programs, current data 3R intermediate
results IHTIT: RAM # g1d &1 Main-memory RAM STHRIE volatile gidl 8; power g W 39T data I
ST €1 Random access @1 31ef location & address & access &1

SRAM — Static RAM

Bits bistable circuits & store gld §; powered I8+ W periodic refresh &t SaTehdr Tg! gidl| Tg dol clfch
ufd bit #gM 3k A dense gidt &1 Cache # =T IUANT| Static &7 31ef non-volatile gl g1

DRAM — Dynamic RAM

Bits capacitor charge ¥ represent gid &1 Charge leak 81 & %RUT refresh 3a2deh g1 I SRAM bl a1
# 9T 3ifdes dense 3R I gid! 8; main memory & 39ANT gl 8l

Storage Bistable circuit Capacitor charge
Refresh Periodic refresh =gt 3T

Speed / Cost AT o [ Jgeh AT it [ gt
Use Cache Main memory
Volatility Volatile Volatile
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2.1 ROM and Its Types

ROM = Read-Only Memory. Ig non-volatile memory family & fSert 3T firmware a2 relatively
permanent instructions o g fosar SiraT g1 @t ROM types &t ™I runtime RAM &t aRg IR-aR g1
ferar S

Detailed explanation

Mask ROM Manufacturing & 5 contents fRefRa; am=r IuahTedf reprogram =gt ax TehdTl
PROM Programmable ROM; SH=Id: Uah §R program i ST dahd! g

EPROM Ultraviolet light & erase &< reprogram; I=Ia: chip @t UV exposure &AT UgdT g
EEPROM Electrical @i & erase 3fR reprogram; fine-grained updates d¥a|

Flash memory = Non-volatile technology; G™=Id: blocks & erasel Firmware, SSD 3R pen drives & 3udh|

Firmware

Firmware hardware control & fag stored software g1 Modern systems # firmware 3/&RR rewritable
flash memory # Tga1 81 & ohaat permanently fixed ROM AT Tg! 81 81

RAM vs ROM
N
Working programs/data Firmware/permanent instructions
Normal read/write operations Writing capability type @ 3R
Typical main-memory RAM volatile Non-volatile
Running applications Startup/control software

Primary Memory & #19 gd Harg

Primary working memory CPU @&f comparatively fast access &dt g1 RAM @' capacity secondary
storage ¥ AHRIGE &H 3R cost per bit 31fdes gidl 81 Volatility & @RUT persistent files @t secondary
storage W save &l A1RT|

gt #: RAM/ROM definition, classification diagram, SRAM-DRAM @1 ROM types & 3gTex0T fod |
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3. Secondary Memory

Secondary memory programs 3R data @ long-term &= &I storage g1 g G-I non-volatile,
31fder capacity areft 3fk RAM & &H cost per bit dTell gt 81 THT desktop execution # stored
program RAM # load glehX execute gidT g1

( N\
Secondary Storage
Program file
(. J
R
Load into RAM
Working copy
(. J
( N\

CPU executes
Instructions

Figure 3. M= program loading 3fR execution @&T conceptual shH|

HDD Magnetic rotating platters; large-capacity storage
SSD Flash-based storage; moving mechanical parts 7&f
USB flash drive Portable flash storage

Optical disc Laser-based reading; CD/DVD/Blu-ray

Magnetic tape Sequential access; backup/archive

Primary vs Secondary Memory

Primary working memory Secondary storage

Fast working area Long-term storage

CPU memory operations & folg 3uetey I/O 3iR storage controllers gRT access
Typical RAM volatile 3MAR TR non-volatile

Comparatively smaller capacity Comparatively larger capacity
Examples: RAM Examples: SSD, HDD

#ga: OS, applications, student records, documents 3R backups power off g tR «ff grférd 7@ S
ghd 81 Storage device @i reliability, backups 3R access controls fthe +ft 3masaes g1
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4. Cache Memory: Meaning & Working

Cache CPU & Ure f&d 1t 8k st memory & St lower-level memory & selected blocks @' copies
@ §1 SThT 38T average memory access time geHT g1 Ig FHTIA: SRAM 3Teid gidl 8l

Request Miss: fetch block

CPU L ’( Cache L ’( RAM

L L

Hit: data is available in cache; miss: access next level

Figure 4. CPU-cache-RAM interaction; ardfae systems & multiple cache levels gid €1

Cache Hit and Miss

Hit: Requested block cache & fii@ maTI Miss: Block =gf fT; 3Tet memory level @ @M1 g1 Cache T
RAM @1 copy g @it

Working Steps

« CPU memory address generate &dT gl

« Cache address tag d2T relevant entry &t Sirg &l gl

« Hit 89 R data/instruction f&am STraT &1

« Miss 89 @R next level & block fetch g1 &1

« SR g1 df IR block &l replacement policy ¥ 21T SITdT g1

Levels

L1: CPU core & sgd UTd, BT 3R d; instruction/data 37eli g1 Hehell g1 L2: A=A a1 3R $o efieft) L3:
%s designs # 8t 3R cores & &9 shared | Exact arrangement processor @ MR g1

Locality

Temporal locality repeated access # 3R spatial locality 99 & addresses & access H cache @&t @
adt 81 Cache line/block & @8 consecutive bytes ¥& ST ¥ehd &1

a19: CPU waiting &% 8RR average access aut| HHT1G: capacity @, cost 31f8ie a1 coherence/
replacement complexity!|
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4.1 Cache Mapping, Policies & Numerical

Mapping Techniques

Direct mapping = & memory block ae Tk Reifd cache line & ST ¥ehar 81 IR, wifch conflict misses sifeie
& ¥ehd g1

Fully Block faseit it cache line # ST |hdT 81 Flexible, dfd associative search #gm|
associative

Set associative  Block T fAefRda set # SIdT 8, @ifch 39 set &t g ways # 9 fohelt # g Tepar 81

Direct mapping: Cache line index = memory block number mod number of cache linesi Example:
8 lines aTeft cache & block 18 - line 21

Replacement Policies
LRU: §ad o G ¥ 3031 9 §T block &t g¢MTI FIFO: Ugel 311U block &l ggt g¢H1I Random: Random
choicel Replacement & S%xd 39 95 gidl & 919 allowed locations 1< i

Write Policies

Write-through: Write cache 3fR next level d& <1 ST 81 Write-back: Modified block cache # Tgar
&; eviction W next level update gia1 81 Write-allocate/no-write-allocate write miss bl 3@ policies

gl

Hit Ratio

Hit ratio = hits / total accesses| Miss ratio = 1 - hit ratiol afe 1000 accesses # 920 hits €, hit ratio =
0.92 = 92%; miss ratio = 8%l

Average Memory Access Time

AMAT = Hit time + Miss rate x Miss penalty. I8l miss penalty, miss & ®RUT T aTel SifdRad g0
gl

Example: hit time 2 ns, miss rate 0.05 3R additional miss penalty 80 ns| AMAT =2 + 0.05 x 80 =6
ns|

Trap: afe question & miss T total service time f&ar &, dt timing definition 3@ formula @MY;
penalty 3R total miss time A 781 &1
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5. Virtual Memory

Virtual memory T& memory-management technique & it processes @ virtual address spaces adt
& 3R had SI&I pages &t RAM # 3@ ehdl g1 388 program & G4t ¥ &l ek @127 RAM H i1 3Tadeh
T8 gl

Virtual Pages Page Table RAM Frames

Frame 0

Page O — Frame 2

Frame 1

Page 2 —> Frame 3 .
. J . /\[ Frame 3

Figure 5. Illustrative page-to-frame mapping; virtual pages 3@ physical frames & ST et &1

Page 1 _’ Frame 0

Frame 2

Pages, Frames and Page Table

Virtual memory fixed-size pages & 3R physical RAM THM size & frames ® 9idl 5T Gavd! 51 Page
table virtual page @t physical frame & map &<t g 3R valid/present g2 protection information @

gahdt gl

Demand Paging

Page &l 3Masgehdr e+ Ik RAM # load fasar SiraT 81 Required page resident 9 g df page fault gF Sehdr
&1 OS 3IFh! derdT Sirget storage ¥ page @TdT g 3R mapping update &=dT1 gl

oI

* Processes &I @da address spaces 3R protection|
« Shad needed pages RAM & 3@+ & memory utilization|
« Available RAM & &3 address space aiet programs Ia 1 §4d|

=g
Page faults expensive §; page tables 3R translation overhead gldT 81 sgd 3ifdsh paging &4 W)
thrashing & performance iR @erdlt &1 Virtual memory RAM &t speed &8l Sigrd|
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5.1 Page Fault & Address Numerical

( N\

CPU accesses page

(. J

v

( N\
Page not resident
Page fault trap

(. J

v

( N\
OS validates access
Loads page if valid

& J

v

( N\
Update page table
Restart instruction

(. J

Figure 6. Valid non-resident page & fault & @’el handling|

Page Fault & a=vor

OS access @' dgar Sifadt g1 Invalid access W error/termination g @ehdt g1 Valid page & g free
frame feiam STaT 8 & victim page AT SIdT 81 Modified victim @l 3aeae g4 W storage TR foar ST &1
Page load 8 & 915 table update 3fR instruction restart gidt 81

Address Translation Numerical
Page size = 1024 bytes| Virtual address = 25001 Page number = floor(2500/1024) = 2; offset = 2500
mod 1024 = 4521 3f< page 2 frame 5 & §, physical address = 5 x 1024 + 452 = 5572|

Thrashing

Sig system useful execution &t o1 # pages @/ Rehrer # sgd sifieh 7 71T 8, 39 thrashing &gd
g1 ®rRun 7 insufficient frames T working sets & HehTeiel Sigd 31fdeh active processes A &1 Hehd g

Cache vs Virtual memory: Cache access speed §@ & faiq copies ¥&@dt g1 Virtual memory address-
space management, protection 3R demand loading & gfaer &t 81 g4 locality & o1 ad 1
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6. Direct Access Storage Devices (DASD)

DASD @& storage devices & fS=# fhdlt block des ugaat & feiw @oft fUse records et & & UgT Sraeaeh
T8l gtaT1 Magnetic disks g8 URuikes 3aT8¥0T 81 SSD ot direct/random block access &d €, afch 399
mechanical disk movement &l gidr!

Track: concentric path
< p

___Sector: division of a track

Head reads / writes surface

Figure 7. Magnetic disk &t conceptual surface: tracks 3fR sector division|
Magnetic Disk Components

« Platter: Magnetic coating areir circular disk|

* Track: Surface W concentric circular recording pathli

* Sector: Track @hT storage divisionl

+ Read/write head: Surface @ data ggar/fa@dr g1

« Cylinder: Multiple surfaces @ A radius & tracks &1 T9g|

« Controller: Requests, transfers 3R device operations manage &xdT gl

Disk Access Time

Seek time: Head @t required track @@ o ST= &1 ¥54 | Rotational latency: Required sector & head
deh 3 <hl Udter| Transfer time: Actual data transfer &1 9931

Simplified total = seek time + rotational latency + transfer time| Queue 3R controller overhead

3T T 8t gohd &

Numerical: 8 ms + 4 ms + 1 ms = 13 ms| SSD W mechanical seek 3R rotational latency @] A&l

gidtl
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6.1 Access Methods & Storage Comparison

m Explanation / Example

Sequential Ugel & data ¥ oReR? 3T Uga-l; magnetic tapel

Direct Block @T address &a@x access; magnetic diski

Random Location @t address ¥ access, access time @R FHH HET ST §; RAM |

Associative Address @& ST content/key match & lookup; associative memory|
DASD o &9

« Records & faT direct block access|
* Files/databases & convenient updates|
* Large non-volatile storagel

» Sequential medium & g1 H arbitrary records deh Sieat UgeHTl
Hrard

HDD # mechanical delay, wear 3R shock sensitivity g Hehdt 81 SSD # flash endurance d2r1 controller
behavior Agayuf 81 fhet +ft device TR backup 3masas 8l

Magnetic rotating media Flash-based, no moving parts

Seek 3fR rotational delay Mechanical seek/rotation Tgt

3TeFR lower cost per capacity 3TeRR lower latency

Shock 3R mechanical wear &1 g4T@ Write endurance Td controller factors

Rotational Latency Numerical

7200 RPM disk: Qe rotation T @99 = 60/7200 second = 8.33 ms| Uniform arrival 19 &R average
rotational latency @ half rotation = 4.17 ms|

10 ik #: Definition, disk diagram, components, access-time formula, numerical 2T advantages/
limitations fa=d|
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7. Instruction Format

Instruction format machine instruction & bits & layout g1 a8 IdTe & fa operation, operands 3R
addressing information &gl encoded €1 Actual formats processor architecture W AR gid g1

Opcode Mode Register Address / Immediate
8 bits 2 bits 4 bits 18 bits

Illustrative 32-bit format: 8 + 2 + 4 + 18 = 32 bits

Figure 8. 3801 & oIl §=1/IT 71T instruction format; ferelt faew CPU &1 standard &
Main Fields

« Opcode: &H-TT operation T §; st ADD, LOAD a1 STORE|

« Operand / address fields: Data &gf & a1 b operand @R operation g1 g1
* Register field: Ugad register & ggam|

« Addressing-mode field: Operand/address interpret @<= < fafg

- Immediate field: Instruction & encoded constant, afa format A 31

Addressing Examples

Immediate: Operand instruction & constant; S ADD R1, #51 Register: Operand register 1
Direct: Address field memory location gsriar 1 Indirect: Address ot 31 location/register & fiedr
g1 Exact assembly syntax architecture-specific g

Fixed vs Variable Length

Fixed-length instructions T size T gIdT §; decoding fFaffid gt ¥t &1 Variable-length formats
37T instructions o feig 31T size 3d §; compact encoding da @feh decoding Sifee gt epd g

Numerical

8-bit opcode field 3if@iean 28 = 256 distinct patterns 24T 21 4-bit register field 3ifleaH 16 register
identifiers encode &R ¥ahdT g1 I+t patterns actual ISA & UL &1, g TG ol |
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7.1 Types of Instruction Formats

Address-count classification & explicit operand/address fields & €T 3wt STt g1 Registers ot
operands g dd §; U field @ memory address GHEHT TALTH gl |

Three-address ADD R1, R2, R3 R1«< R2 +R3

Two-address ADD R1, R2 R1 « R1+R2

One-address ADD X Accumulator « Accumulator + M[X]
Zero-address ADD Stack & top operands g1

Three-address

Destination 3fR g source operands ¥ gid §1 &H instructions & expression & T g, afch
operand fields 3if&Ia bits & Tehd &1

Two-address

Uah operand destination it id1 81 Encoding compact gt @ahdt 8, dfdh original operand overwrite g
¥ extra copy T ST gt Ahdl 8l

One-address
Accumulator implicit operand gfa1 81 LOAD A; ADD B; STORE X gRT X = A + B fAc1ett ST &ehdr 81

Zero-address

Stack machine & arithmetic operands implicit stack top @R 3gd 81 PUSH A; PUSH B; ADD & dTg result
stack TR T&dT &1 Zero-address @1 31 Tt instruction set & & operand field 7 &1 7151 &1

Expression Example: X = (A +B) x C

Three-address: ADD R1, A, B
MUL X, R1, C

Accumulator: LOAD A
ADD B
MUL C
STORE X

Stack: PUSH A
PUSH B
ADD
PUSH C
MUL
POP X

T teaching examples §; ardfde machine & memory/register operand restrictions 37T gt e 81
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8. Program and Data Memory

Program memory instructions store @<t g1 Data memory variables, input, intermediate values

3fRR results store &l g1 & logical roles §; STt gl foh T 31aT physical chips gl

Program Memory
Instructions

CPU

Data Memory
Values / Results

Figure 9. Instructions 8fR data & logical roles; separate physical memories architecture W ¥R g

Program Memory

CPU instructions fetch @< decode 3R execute @xdl g1 Embedded systems & program flash/ROM
# g 9ahdT 81 General-purpose computers # executable storage @& RAM # load gtd1 8; code pages
I suitable protection & ATY 7@ ST 81

Data Memory

Variables, arrays, stack 3fR dynamically allocated objects @ Tehdt g1 Runtime values 9gdd g, 39feig
working data ™I writable RAM # IgdT 81 Persistent data storage W save T SiraT 81

Instructions Operands 3R results

Fetch/decode/execute & 3T Read/write computations # 3uaT

Code / firmware Variables, stack, heap

3R executable 3R protected SRR writable; permissions @]
Example

C statement sun = a + b; & machine instructions program region & gid g1 a, b 3k sum @& runtime
values data storage # gld &1 Compiler optimization & &RUI $© values registers & ¥ ¥g Tl g1
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8.1 Von Neumann & Harvard Architecture

1 Unified Memory
CPU J< ’{ Instructions + Data

Von Neumann: shared logical memory / path

Instruction Memory

CPU

Data Memory

Harvard: separate instruction and data paths

Figure 10. @ architectures @7 simplified comparison|

Von Neumann Harvard

Instructions/data @7 shared address space Separate instruction/data memories a1 address spaces
Shared access path bottleneck g Hedl & Independent paths simultaneous access & H&d 8
Flexible common-memory organization Different widths/technologies Ewa

Conceptually simpler shared system Organization 31f&& complex gt Tehdl &

Modified Harvard

&g modern processors separate instruction/data caches ¥&d g dfd lower levels R unified
memory UART &d &1 3afeg fhedt modern computer @t &had basic diagram & g8 @38 describe gt
fehaT ST Fepar

Exam tip: 41 diagrams s11e memory arrangement, buses, simultaneous access aar complexity
& 3R WR differences fad|
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9. Memory Management Unit (MMU)

MMU hardware component g Sit CPU-generated virtual/logical addresses @t physical addresses &
translate &=+ 3R access protection @] &< | FgAdT hidl 81 Tg processor & e integrated gt Fehdt
gl

CPU W MMU W RAM
Virtual addressJ Translation J Physical address

I

Page Table / TLB

Figure 11. MMU translation 3fk mapping information &1 3|

q& it
* Virtual-to-physical address translation|
« Page-table entries 3R permissions T Iua
« Read/write/execute aT privilege restrictions &t S|
« Translation cache 37afd TLB & Q1Y &A|
« Invalid/non-resident mapping W appropriate fault signal &I

0S 3k MMU &t ifrert

0S page tables sATdT/update &=dT g, frames allocate @var g 3R page faults handle @&=dr g1 MMU
hardware memory access & @99 configured translation/protection @] &<dT 81 MMU & disk &
missing page load &l &xarl

TLB — Translation Lookaside Buffer

TLB recently used address translations @' &It dsi cache g1 TLB hit ™ mapping Sieat [Aerdt g1 TLB
miss ™ page table walk a1 g—hardware 3T software gRT, architecture @ HeRI

#geaygut: TLB miss gA2M page fault gl 81 Mapping page table # valid/resident i« SiTg |t page fault
& fSHT access QX1 gt GehdT 81
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9.1 MMU Translation & Protection

Paging & Translation

Virtual address
age number + Offse

v

( \
Lookup translation
TLB / Page table

& + J
( N\
Physical address

Frame number + Same offset

(. J

Figure 12. Paging & page number translate gidT g; offset sraRafdd &ar 8l

Worked Example
Page size 4 KiB = 4096 bytes| Virtual address 13,0001 Page number = floor(13000/4096) = 3; offset
= 71213 page 3 frame 9 & map &, physical address = 9 x 4096 + 712 = 37,5761

Offset Bits

4 KiB page size = 22 bytes; gafeg byte-addressable system & offset 12 bits @& &1 32-bit virtual
address # virtual page number & faiq 20 bits sad g1
Base and Limit: 9%« Protection Model

Tah simple relocation model # physical address = base + logical address, s21d logical address
permitted limit & 3ax g1 Example: base 5000 3R valid logical address 120 — physical 51201
Modern paging 39 318 fa%qa mechanism 81

MMU <hT Hgd

Process isolation, controlled sharing, relocation &R virtual memory supporti MMU translation
overhead @ Tt g, fS& TLB @&H &xd1 g1 OS policies 3k hardware support i@ memory
protection & g1
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10. Revision & Examination Questions

Quick Revision

* SRAM 3R DRAM &HT dMH=IeE: volatile g1

« ROM family non-volatile & EEPROM/flash rewrite <t ST ¥ehdl! 51

« Cache copies @dl g; hit ratio = hits / accesses|

« AMAT # miss penalty sifaRked 99 g1

« Virtual memory address-space management adt 8; RAM dsT ATg! STt
« Page 3R frame size paging & 99 gid g1

« Page fault 3fR TLB miss 3ferT g1

« DASD direct block access &dT 8; tape sequential g1

« Instruction format # opcode 3R operand-related fields gid &1

« Program/data memory roles 37T §; physical separation architecture = fAsR|
« MMU translates/protects; OS page allocation/fault handling @=ar 81

5 Marks Questions

« Memory hierarchy diagram afga ¥9s8T|
» SRAM-DRAM @t RAM-ROM # iR faifu|
« Cache hit, miss 3fR locality ¥9sT8T|

« Virtual memory 3R page fault THETI

« DASD 3fR disk access time faf@g|

« Instruction format & fields 9HsTsTI

* Program/data memory # 3ier faif@g]

« MMU a1 TLB &I yfies fAf@e

10 Marks Questions

* Hierarchy @& levels, characteristics 3fR locality 99sT8T|

* Primary/secondary memory a1 RAM/ROM types fawar @ faf@g)

« Cache working, mapping 3R AMAT numerical faf@g|

« Virtual memory, demand paging 3R address translation GHsTET|

« DASD disk diagram, components 2T timing numerical faf@g|

« Instruction formats 3R address-count types 3gTeIvT Afgd THSST|

« Von Neumann/Harvard diagrams g1 program/data memory §HgIsq|
« MMU working, protection, TLB 3fR translation numerical faf@g|
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