2@

&jli_all
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External Memory < il 3 S\l
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Types’of External Memory

Magnetic Disk whaizall (= 8l [
RAID O
Removable Jlaiu Ji@l [
Optical &=l 00
CD-ROM [0
CD-Writable (WORM) [0
CD-R/W O
DVD [
Magnetic Tape ubbiadll Ly 230 [

https://manara.edu.sy/
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Madgnetic Disk

(laa vaall 2usT) dairas 3alay suSa Sl gl Jaee (a8 [

Range of packaging ziwll J&ii [
Floppy ol = al [
Winchester hard disk —lall yiclisy g a3 [
Removable hard disk 4 320 &l lall e @l []

https://manara.edu.sy/
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Data Org4nization and Formatting

Concentric rings or tracks S _all sasie cilals ol el [
Gaps between tracks <lluall (e 4[]
Reduce gap to increase capacity el saly 3 culel all Jalss ]
Same (—edaill 48US adAl) el JS 8 QLA 2ae i ]
number of bits per track (variable packing density)
Constant angular velocity it 4,51 ) 4c ju [

Tracks divided into sectors wlelkd ) cllluall sl [

Minimum block size is a5 glad & &Ll g jaal aaa []
one sector

May have more than &sh JgUas Ji) ellia () oSy 38 []
psf/manaraedusy/ one sector per block
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Disk Data Layout




A8 Rl Al Gal Y (g5
leed#Mbvable Head Disk

Fixed head 45Ul Lus5,0 [
One read write head per track <l JSI4US/ze) i Ll [

Heads mounted on fixed 4G & )3 e 48 ja Gl [
ridged arm

Movable head i< aidll (sl [0

One read write head per side wxila JSVAUS/se) 3 Ll [0
Mounted on a movable arm & i gl )3 e 4S [

https://manara.edu.sy/
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Fixed>and Movable Heads

Platters Spindle Tracks, Cylinders, and Sectors
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Removable or Not Y ./ 4l )3 Ji

Removable disk 4 330 ALl al @Y [
Can be removed from .cs_Ab Lellagiul 5 48) 3ull ce Ll 3 Sy [
drive and replaced with another disk
Provides unlimited storage capacity Lk 4:5lg3Y daw 228 []
Easy data transfer between eV o cilblall Jis Jgs [
systems
Nonremovable disk 41330 L&l ye yal @Y1 ]

Permanently mounted in the 48 gl & A3y J<G6 A4S e [
drive

https://manara.edu.sy/
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0 8% 5.25% 3.5"
Small capacity 3 _wa 4xu [
(xS K&y Haiwi 21 2,.88M ) 1.44Mbyte s [
Slow cg-ja-\
Universal JxLi

Cheap =l s

https://manara.edu.sy/
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Winchester Hard Disk (1)

(USA) siwiys 4 IBM sk
Sealed unit 4ala s
One or more platters (disks) Sl sl (= 8
o dll () sa die 400 ged) Ao o) Aall e gyl Jai
Heads fly on boundary layer of air as disk spins

Very small head to e ill 5 52 () 3 s ol [
disk gap

Getting more robust _Si 4t [

https://manara.edu.sy/



Wmchﬂef’éter Hard Disk (2)

Universal 4L
Cheap 4=
Fastest external storage g ! da jill il de

Getting larger all the time aLY) a ala
Multiple Gigabyte now usual < slle aaa oY) culy o 32 [J

https://manara.edu.sy/
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‘”LLRemovable Hard Disk

ZIP O
Cheap g, O
Very common gL [J
100M s ]
JAZ O
Lasd ; ol [
1G O
L-120 (a: drive) O
.3.5” floppy Ll i & [0
Becoming more popular? Wi J< zuai Ja [J

https://manara.edu.sy/
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Finding Sectors —lcUaill Jla

gl el Ay i jad e 308 055 ol e
Must be able to identify start of track and sector

Format disk _= all 4

Additional information not .aaatuall ddlia) il slaa A g3 ]
available to user

Marks tracks and sectors <iletaill 5 <l jluall aley [

https://manara.edu.sy/
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o)ti_a (faxill) ST506 irra

Gapl| Id |Gap2 Data Gap3|Gapl| Id |Gap2 Data Gap3

Sync

Byte | TTack Head | Sector| CRC SYNC | pata | CRC

Byte

Foreground reading Jsb Ysi s 58 [
Find others dadl Jay) sy [

https://manara.edu.sy/
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““«Characteristics <! .l

Fixed (rare) or movable 48 aia i (1,00) 446 gy, [

head

Removable or fixed Al ;0 Al of il

Single or double (usua
Single or multiple

ly) sided Creas sl )5 an g
dlatter sl Y aaxia sl as

I_

ead mechanism (s ) 4

Contact (Floppy) b Juail [

Fixed gap 44U 5 58 []

Flying (Winchester) 5_ai 5 saé []

https://manara.edu.sy/
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ﬁﬁtiple Platter 22 mli

One head per side 4s5 JSI
Heads are joined and aligned —ua sis (53l g
Aligned tracks (= dll (e dasiia JSddial yiall Ol Ll
on each platter form cylinders
Data is striped by cylinder % ghau! J<1 bl aads [
reduces head movement (s ) 4, Ji&s [
Increases speed (transfer rate) (Jall 4ws) de ol (0 3 35 [0

https://manara.edu.sy/
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8)Li_aJ Speed ic .l

Seek time &l (w3 [0
Moving head to correct track comlial g sall 1) (sl 11 &l a5 [
(Rotational) latency eV aalill (2 5a0) [0

Waiting for data to rotate (1 cass bl o)) 550 SUasl [
under head

e I Al 4+ Caad) = ) e
Access time = Seek + Latency
Transfer rate Jaill 4wy

https://manara.edu.sy/



Optical'Storage CD-ROM

Originally for audio wii swall Jal (e Lulul anai [

8 Ve (e JEY e Jusd Whaes 650Mbytes O
650Mbytes giving over 70 minutes audio

(psiall 33le ) ulSai¥) e elaiy o S (A sally 3Uasa []
Polycarbonate coated with highly reflective coat,
usually aluminum

Data stored as pits u=_2 (e SULall ¢ A
Read by reflecting laser osSaiall 3l 8 (ye | 8
Constant packing density 45U calas 4slis
Constant linear velocity 435 4xbas 4e

https://manara.edu.sy/
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CD-ROM Drive Speeds

Audio is single speed 32 il 43 pall 4yl 1
Constant linier velocity 4 adas de o []
1.2 ms1[
Track (spiral) is 5.27km long &8 5.27 Jsh S5 3s sl [
4391 seconds = 73.2 minutes Lic ) Lidasy [

Other speeds are 4 Gle ju o s AY) Sle ) [
quoted as multiples

e.g. 24x 00

The quoted 48 sull (5 paidll de Judl o adle o jlatiall HUaY) ]
figure is the maximum the drive can achieve

https://manara.edu.sy/



ua%\a\; COWRTTR R FN|
d<ola

Compatison of Disk Layouts
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CD-ROM Format

FE clol 83 Layered
= 0|l H| O D
00 x 10 00 S| » % < ata ECC
12 byte 4 byte 2048 byte 288 byte
Sync Id

https://manara.edu.sy/

2352 byte

blank data field ¢ 4 <ULy Jss =Mode 0
2048 byte data+error correction =Mode 1
2336 byte data =Mode 2




CD%M Sle ol sl Sl
RandoniAccess on CD-ROM

Difficult 22«

Move head to rough position ¢séa adse ) Gl I J
Set correct speed issall de judl by

Read address () sixll 3¢ 43

Adjust to required —ulidl a8 gall ) J sea gl Lavizall
location

https://manara.edu.sy/




44% .. CD-ROM.
CD-ROM for & against

Large capacity (?) 3_uS 4z

Easy to mass produce 3_uS Gy aiaill Jeu
Removable 4 33U Jy

Robust (xie

Expensive for small runss s 3 yial JuaZill aill 285 j

Slow ¢
Read only lasé 3¢) 53

https://manara.edu.sy/
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Other:Optical Storage

CD-Writable 4.t L&l CDA [0
WORM 53 [0
Now affordable 4 sae 44lS ]
Compatible with CD-ROM CD-ROM ) g as (38 53a []
drives
CD-RW [
Erasable o~ J:& []
Getting cheaper (=)l [0

Mostly CD-ROM drive .CD-ROM ) s alazs ae (38 5ia []
compatible

https://manara.edu.sy/
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DVD :‘what’s in a name?

Digital Video Disk &, s 5228 = &[]

Used to indicate a player for »383U axiiu [
movies
Only plays video diskskié i, i (al 3 Jaiy[]

Digital Versatile Disk u=l_eY) 2aia (a3 [

Used to indicate a 48 gl e AVa aratun []
computer drive

Will read computer sl al Y1 Jady s il 15410
disks and play video disks

https://manara.edu.sy/
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DVD - technology

Multi-layer <ladall 2a=ta ]

Very high capacity (4.7G per layer) las dille dau ]

Full length movie on single 25 ga 8 Ao Jish ald e i []
disk

Using MPEG compression .MPEG Lbia alasiuly []

Finally standardized (honest!) 13 5 Ly &3 [J

Movies carry regional coding sl s yill 228Y) Jass [

Players only play correct dsaall 228Y1 Jads <l []
region films

Can be “fixed” eadial (Sa¥ [0

https://manara.edu.sy/
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DVD - Writable

Loads of trouble with (@il JSLik (e S 22 []
standards

AL DVD el 8 36l 58 aalaivn J ¥ daall DVD <l g [
First generation DVD drives may not read U<l
first generation DVD-W disks

CD-RW U=l il 36l 8 aalaiensy J5¥1 Qsall DVD <ldl s [
First generation DVD drives may not read CD-.
RW disks

A5 i K& ol J8 ety Ja HUsEY) Jady [
Wajt for it to settle down before buying!
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Foreground' Reading

0 Check out optical disk storage options
0 Check out Mini Disk

https://manara.edu.sy/
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Magnetic Tape kil Ly,

Serial access uwlui da

Slow cu,-Lu

Very cheap las sax

Backup and archive 4ai )Y 5 sl oy jadll

https://manara.edu.sy/
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Digital-Audio Tape (DAT)

Uses rotating head (like video) 32 uly axiiv [
High capacity on small _sr—s oy )i Je 4lle dau [
tape
4Gbyte uncompressed [
8Gbyte compressed [

Al Claddia g sl G sulall aliial o 385 [
Backup of PC/network servers

https://manara.edu.sy/
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Solid Stite Drives ilall Al ) s

L DRAMAIS () sini 5 4SlS0a o) Jal ellia (ud a8l ey dlall AN [
(10 of us, compared to ms) HDDs I ge 45 jlie Luws Jli 5als [
— Multi-GB/s g sl e [
“floating 4l 4 sall dgias aladtiuly (Ml WIS (338 ]
J2a e ) zUss JUlby | Jle sean Gl A (1 gate”
e

Control gate ~

Floating gate

'/

Isolator -

ource Drain “

https:ffma. IQla.CuuU.3Yy/
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Non-Volatite Memory

[0 Naming convention is a bit vague

0 Flash storage is also often called NVM
[0 Storage-Class Memory (SCM)?

O Anything that is non-volatile and fast?
0 Too fast for even PCle/NVMe “

DRAM

SOftwa re @0 100 ns

O Plugged into memory slots, accessed
like memory

0 But not quite as fast as DRAM S5
0 Latency/Bandwidth/Access granularity = o0

[0 Usage under active research!

SCM

JH) \L‘l 10 ps

S8D (flash)
100 ps

Price per Capacity

Latency

https://manara.edu.sy/
Solice: NetApp blog, “Storage Class Memory: What’s Next in En
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