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» Data sa digitalne ukladaja na
médiu, na ktorom je mozné ich
najst aj po odpojeni zariadenia
od privodu energie.
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* Rotujldce magnetické platne

 Citacie rameno Cita alebo zapisuje data
* Velké tloziska, NAS, servery

» Otacky za minttu (RPM)

* Pristupovy Cas (ms)
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HDD ZAPIS DA’[ » Zapisovacia hlavica meni pély magnetickej platne (severny = 1, juzny = 0)
. « Citacia hlavica: magnetorezistivny senzor spozna zmenu magnetického pola = &itanie0 a 1
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a 1956 — IBM 305 RAMAC - prvy HDD, 5MB, vazil 1 tonu
HISTORICKE 1980 - Prvé kompaktné HDD — Seagate ST-506
6 525", 5 MB, 1500 $

-

80te roky — RAID
o Spojenie diskov do jedného bloku

1991 - 2,5-palcové disky pre laptopy
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Ziadne pohyblivé &asti

NAND Flash paméatové tranzistorové
bunky

Wear leveling

Cache

Boot drive, Laptopy
Megatransfery za sekundu

MB/GB za sekundu

SATA ROHRANIE
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OVLADAC FLASH PAMATOVE BLOKY



SSD: TECHNOLOGIE ZAPISU DAT

* NAND flash paméte sa liSia v poCte bitov ulozitelnych na 1 bunku
o SLC (single-level cell)
o MLC (multi-level cell)
o TLC (triple-level cell)
o QLC (quad-level cell)

o PLC (penta-level cell) - vo vyvoji
* Viac bitov na bunku - nizsia cena na kapacitu, kedZe je mozné ulozit viac dat na jednej bunke

 Viac bitov na bunku - niZsia Zivotnost, proces rozlisovania napr. QLC je technologicky zloZitejsi nez pri SLC



GSD: FLASH PAMATOVA
BUNKA

* Source Line — je to vodic, ktory vedie elektrény do
tranzistora.

* Bit Line — vodi¢, ktorym sa elektrény odcitavaja alebo
zapisuju z tranzistora.

* N oblasti — negativne nabité oblasti, kde sa nachadzaju

nosice elektrénov.
* P oblast — kladne nabity, ktory tvori zaklad tranzistora.

* Float Gate — izolovana vrstva, kde sa uchovavaju
elektrény. Nabita - O, nenabita - 1

e Control Gate — ovladanie ¢itania a zapis dat do bunky.

* Word Line — vodi¢ pripojeny na riadiacu branu na vyber
konkrétnej bunky v matici buniek. 10



ARCHITEKTORA SSD

VYROVNAVACTA PAMAT RAM
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HISTORICKE

-

MEDENIKY 50D

* 1978 - Prvé koncepcie flash pamati - Toshiba

o Fujio Masaoka
e 1991 - SunDisk — prvé SSD (pre ThinkPad)
o 20 MB, 1000 $
e 2007 - Prvé SATA SSD pre bezny trh
o Intel X25-M
o Zapis 250 MB/s, ¢itanie 70 MB/s

o 80 GB
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Vyhody HDD

* V\ysSia kapacita za nizsiu cenu
o Optimalizovany vyrobny proces

o Mechanické komponenty su lacnejsie

* Dlhsia Zivotnost

..... v

o Prezije vacsi pocCet zapisov

HDD V5. 33D

Vyhody SSD

* Rychlost
o Elektronicky pristup k datam

o Data nie su rozdelené do oblasti na disku

* Odolnost

o Bez mechanickych Casti, ktoré by sa pAdom mohli poskodit

* Mensia velkost
o NAND bunky st mensie ako platne v HDD

* Nizsia spotreba energie

o Pohyblivé ¢asti vyzaduji vyssi napajaci vykon zo zdroja
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Verzia SATA Maximalna teoreticka rychlost Efektivma rychlost (priblizna)

SATA | (1.5G) 1.5 Gb/s (150 MB/s) ~ 120-130 MB/s

SATA Il (3G) 3.0 Gb/s (300 MB/s) ~ 250-270 MB/s

SATA Il (6G) 6,0 Gb/s (600 MB/s) ~ 500-550 MB/s




Generacia PCle

PCle 3.0 x4

PCle 4.0 x4

PCle 5.0 x4

PCle 6.0 x4

Poéet liniek

4 linky

4 linky

4 linky

4 linky

Maximalna teoreticka rychlost

4 GB/fs

8 GB/s

16 GB/s

32 GB/s

Efektivna rychlost (priblizna)

~ 3.5 GBfs

~ 7.0 GBfs

~ 1314 GB/s

~ 2830 GB/s




Specifikicia IDE (PATA)

ATA-33 (Ultra ATA/33)

ATA-66 (Ultra ATA/B6)

ATA-100 (Ulra ATA/100)

ATA-133 (Ultra ATA/133)

Maximalna teoreticka rychlost

33 MB/s

b6 MB/s

100 MB/s

133 MB/s

Efektivna rychlost (priblizna)

~ 2530 MB/s

~ 5060 MB/s

~ 8090 MB/s

~ 100120 MB/s




HOD A oD - 2025

HDD: Seagate Exos M

Kapacita: 36 TB
Rychlost: 7200 RPM
10 platni

Platforma: Mozaic 3+

https://www.seagate.com/products/enterprise-
drives/exos/exos-m/

SSD: Phison Pascari X200E

 Kapacita: 1.6 - 26 TB

o Citanie: 1280 MB/s, zapis: 168 MB/s
* Rychlost: 1600 MT/s

* Typ NAND: TLC

* https://www.techpowerup.com/ssd-specs/phison-
pascari-x200e-13-tb.d2013

1



DIAGNOSTIKA

HDD SSD

e Chyby povrchu platne * Degradacia buniek
e SMART * Crucial Storage Executive
* CrystalDiskinfo, HDTune * Samsung Magician

chkdsk: kontroluje stiborovy systém a metadata siborového systému zvazku na logické a fyzické chyby
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NASTAVENTE URLADACICE
MEDIT V BI

* RAID konfiguracia
0 01,3510
* SATA rezimy
o IDE, AHCI, RAID
* Optimalizacné rezimy
o AHCI pre SSD
o Defragmentacia: Len pre HDD, SSD fuj

Secure Boot / spastanie z disku

RAID mode Description

RAID 0 Striped disks

RAID 1 Mirrored disks

RAID 3 Str|[:_)ed set Wltlh
dedicated parity

RAID 5 S‘an_ed disks W.Ith
distributed parity

RAID 10 1+0; Striped set of

Mirrored Subset

Operation

Data is split evenly
between two or more
disks.

Two or more drives
have identical data on
them.

Data is split evenly
between two or more
disks, plus a
dedicated drive for
parity storage.

Data is split evenly
between three or
more disks. Parity is
split between disks.

Four or more drives
are made into two
mirrors that are
striped.

Advantages

Large size and the
fastest speed.

A single drive failure
will not result in data
loss.

High speeds for
sequential read/write
operations.

Large size, fast
speed, and
redundancy.

Larger size and
higher speed than
RAID-1, and more
redundancy than
RAID-0.

Disadvantages

No redundancy.

Speed and size is

limited by the slowest

and smallest disk.

Poor performance for

multiple
simultaneous
instructions.

The total array size is
reduced by parity.

No parity.

Recovery

If one or more drives
fails, this results in
array failure.

Only one drive is

needed for recovery.

A single drive failure
will rebuild.

A single drive failure
will rebuild.

Only one drive in a
mirrored set can fail.
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BUDCNOST UKLADACICH MEDII

« HDD:
o HAMR (Heat-Assisted Magnetic Recording)

= Pouzivanie tepla na zaznamenanie dat na platniach

= Vacsia kapacita diskov

 SSD:
o 3D NAND Flash

» Pamatové bunky sa ukladaja vertikalne v niektorych vrstvach
= \/ySSia kapacita, lepSia efektivita vyroby, nizSie naklady

o MRAM (Magnetoresistive RAM)

= Funguje ako RAM, ale uchovava data aj po vypnuti vdaka magnetickym vlastnostiam materiadlu namiesto elektrickych nabojov

» Energeticka aspornost, vyssia rychlost

0
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