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Agutepetouvoca pvaun H/Y

H ocurepevovoa uvnun (secondary memory) eival pvAun
MEYAAUTEPNG XWPENTIKOTNTAG, OAAA HME QPKETA MIKPOTEPN
TAXUTNTA METAPOPAG OEOOMEVWY ATTO TNV KUpia Pvridn.

To KUPIO XOPAKTNPIOTIKO TNG €ival OTI N TIPOOTIEAaon oTnv
uvun autn dev yiveral atr’ eubeiag atmd Tnv CPU, aAAG péow
TOU OUOTHUATOG £10000U/£CODO0U.

Ta Ocdopéva peTAPEPOVTAl METAEU TNG KUPIAG KAl TNG
deuTEPEUOUCAG PvAMN uttd popen block. H deutepevouca
UVAMN TwV OUYXPOVWYV UTTOAOYIOTWYV aTtroTeAEiTal ammo Hard
Disks, Optical Disks, Magnetic Tapes, USB sticks, ..., .



AguTtepevouca pvaun HY

HARD DISK ZIP DRIVE MAGNETIC TAPE




MONAAEZ 2KAHPQN AIZKQN



U payvnTn

y

MayvnTtiké 1redio diItroAIko




Aopn Kal payvnTiIopuog o1dnPopayvnTIKoOU UAIKOU

Ferromagnetism (a) Unmagnetized Material (b) Magnetized Material




MayvnTiké 1Tedio YUpW aT1rd aywyo TTou diappEETal
aTrd NAEKTPIKO pEUMA
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MayvnTikO 1Tedio TTnVviou




AnUioupyia NAEKTPEYEPTIKNG DUVANNG €€ ETTAYWYNG O€
TTNVio a1rd PETARBAAAOMEVO HAYVNTIKO TTEDIO

Direction of Movement

Coil or Loop

\ n

WA AV
¥ R\ AVY AV
H'ﬂf‘/:'

Magnet

G alvanometer




Aopny okAnpou diokou

Spindle
N\ Platters

o ——————

_Actuator Arm_

Actuator Axis

Actuator

Power :
connector

SATA y
connector

Jumper




Tracks kail Sectors

Kara tnv didpkeia NG popotroinong toug (format) or okAnpoi
diokol xwpilovtal o€ tracks kai sectors. Ta tracks (ixvn) €ivai
OMOKEVTPOI KUKAOI OTNV MAyVNTIKI ETTIQAVEIA TWV OKANPWVY
OIOKWYV OTOV KABE £va aTTd TOUG OTTOIOUG EYYPAPOVTAl HAYVNTIKA
dedopéva (ocIpec atro bit). Ta ixvn, dONAadr oI ONOKEVTPOI KUKAOI
xwpilovral og sectors (Toueic), Ta oTToia €ival TO¢A OTOBEPOU
MNKOUG. 2uvnBwcg KaBe sector €xel upeyebBoc 512 bytes. Ta
clusters gival AOYIKEC OUADdEC aTTO sectors TTou dnuIoupyouvTal
ammd Ta operating systems vyia Tnv BeATioTOoTIOINON TWV
Acitoupyiwyv |/O. Ta clusters ptTOpOUV Va TTEPIAQUBAvouV aTro 4
€wg 64 sectors (2-32 KB).



Tracks, sectors kai clusters

A : Track

B : Geometrical Sector

C: Track Sector
D: Cluster




Tracks kai sectors TTaAAAIOTEPWYV KOl CUYXPOVWYV OKANPWYV dioKWV

MODERN

HARD
DRIVE




Aopn Ke@AARG OKANPOU SIOKOU HE TTNVio yia
avayvwon/eyypa@n dedopévwy

Evolution of Magnetic
Read/\Write Sensors

Structure




Aopn Ke@AARG OKANPOU SIOKOU HE HOYVNTOAVTIOTAON
yia avayvwon Kol TTnvio yia eyypa@n 0edouEvwy

Signal

A A

U U lime GMR read sensor
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First introduced by IBM,
Dec 1997




Aopn Ke@AARG OKANnPOU SIOKOU HE HAYVNTOAVTIOTAON
yia avayvwon Kal TTnvio yia eyypo@n 0edopévwy

Read Current T VWrite Current

b l

ME or GMR Sensor

Shield ) Recording

Medium
Track Width

Read Element Inductive Write

Magnetisation Element




KepaAn avayvwong/eyypa@ng cuyXpovwyv oKANpwyv dioKwv

Monopole

V read Inductive Write Element

s | 'Shield2

Read Element _ 33 | P1
GMR Sensor =~ & | &

ecording
Medium

Soft
Underlayer

'
Return Pole




LBA

Logical block addressing (LBA) is a common scheme used
for specifying the location of blocks of data stored on computer
storage devices, such as hard disk drives.

LBA is a particularly simple linear addressing scheme. Blocks
are located by an integer index, with the first block being LBA 0O,
the second LBA 1, and so on.

The IDE standard included 22-bit LBA as an option, which was
further extended to 28-bit with the release of ATA-1 (1994) and
to 48-bit with the release of ATA-6 (2003), whereas the size of
entries in on-disk and in-memory data structures holding the
address is typically 32 or 64 bits.

Most hard disk drives released after 1996 implement LBA.



LBA

Cylinder 0
™,
N Cylinder 1

CHS Adressing LBA Adressing




Seek time, rotational delay

Xpovoc¢ avalnitnoncg (seek time), cival 0 XpOVOC TTOU ATTAITEITAI
yia va METAKIVNOOUV oI KEPAAEC TOU OIiOKOU OTTO TOV KUAIVOPO
TTou Bpiokovtal oTov KUAIVOPO TTOU aVAKEl TO ixvog (track) TTou
TTEPIEXEI TOV TTPWTO TOUEA (sector) TS {nTouuEevnG TTANPOPOPIaC.
E€aptartal mmpopavwe atmd tTnv B€on oTnv OTToia BPIOKETE N
KEQAAN] OXETIKA ME TNV 0OEon oOTnv oTroia  TTPOKEITAI VA
TOTT00ETNOEI. 2UVBWCS dIdETAI O HETOC XPOVOGS avalrTnong.

Xpovoc¢ avauovri¢ (rotational delay n latency) civai o Xxpévog
TTOU QTTAITEITAI ATTO TNV OTIYMN TTOU N KEPAA Ba Ppebei oTo
OwOTO iXVOoG HEXP! va BpeBei oTnv apxn Tou {nToupevou TopEa. O
MEOOC XPOVOC avauoVvAG gival 600 DIAPKEi KIOT) TTEPIOTPOYN.



Access time, transfer time

Xpovo¢ mpoorréAaong (access time) cival 1o dBpoioua Tou
XPOvou avalnTnong Kai Tou XpOvou avapovng.

Xpovo¢ ueragpopac (transfer time) civai o YpOvog TIoU
QATTAITEITAI YIQ TNV UETAPOPA TWV OEOOUEVWYV EVOG sector atmo
TNV OTIYMNA TTOU N KEQAA Ba Bpebei otnv apxn Tou Topéa. Eivai
i00G JE TOV XPOVO DIEAEUONG TOU TOMEQ KATW ATIO TNV KEPAAN.



Aiokol TexvoAoyiag SSD

[lpéopata o1 okAnpoi diokol kataokeudalovtal  ATTO
oAokAnpwpuéva KukAwpata TexvoAloyiag flash EEPROM. Ol
flash hard disks €xouv uwnAoTeEPn atmdédoon atrd TOug
OKANPOUG OIiOKOUC HE KIVATA MEPN, OAAAG KAl CUYKPITIKA

uwnAOTEPN TIUN.




- FASTER PERFORMANCE - CHEAPER PER GB
- NO VIBRATIONS OR NOISE - AVAILABLE IN LARGE VERSIONS
- MORE ENERGY EFFICIENT



Latencies

* HDD

— Seek time — amount of the necessary to move the
head to the desired cylinder

— Rotational time — amount of time needed for the
media to rotate to the correct sector

*+ SDD

— Single fetch latency that is orders of magnitude
less than HDDs latency




M.2 SSD
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App Open Times
Seconds to launch a program (lower is better).

18
Word 2016

Excel 2016




Aopég NAND kai NOR flash

NAND-Flash Structure NOR-Flash Structure




Erase and write of data in NAND flash

Data written
in 4 KB Pages

Data erased
in256 KB
Blocks

64 writable Pages
in 1 erasable Block

Typical NAND Flash Pages and Blocks




TexvoAoyieg SLC, MLC kau TLC

VTOHI vrTt:btal

Higher
Bit Count
Per Cell
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SLC MLC TLC
One bit per cell Two bits per cell Three bits per cell



Apxitektoviki diokou SSD

Examples:

SATA Controller
PATA

Host i | NAND

Inter. i i Mgmt.

Basic Solid State Drive (SSD) Architecture




Typical Controller Functions and Blocks

SMART Buffer/

Cacha Misc.

[[e]

Host
Interface

(Examples) NAND
SATA | Memory

PATA Interface
SD

usB
PCle

Multiple NAND Channels

Defect
Mgmt.

Generic Solid State Drive (SSD) Controller Architecture




AlaouvdEoeig OKAnpwv diokwv



Ailaouvdeon PATA oto motherboard

H diaocuvdeon PATA (Parallel ATA) 1Tou apXikd ovoualeto
EIDE/ATA (ATA: AT Attachment) cival TTaAaidétepo ocuoTnua yia
TNV ouvdeon povadwyv atmrobrikeuons (okAnpwv OioKwv,
uovadwv CDROM oT1o PC. 21nv ouvéxela didetal 1o interface
Twv okAnpwv diokwv PATA. Até 10 2007 10 PATA Iinterface
apxloe va avtikaBiotaral atrd 1o SATA (Serial ATA) 1Tou ofuepa
EXEI ETTIKPATNOEL.




Alaocuvdeon PATA otov okAnpo dioko

PATA Data




Alacuvdeon SATA otov oKAnpo dioko

To Serial ATA (SATA) atroteAei e€EMcn Tou EIDE/ATA. O1 TaxuTtnTeg
META@OPAC dedouévwy Tou Serial ATA cekivouv atrd 150 Mbps. 2¢
avTiBeon pe Ta kKaAwdia TTou xpnoiyotrolovuvral oto EIDE/ATA T1a
oTroia €ival yAKoug £€w¢g 40 cm, Ta kaAwdia Tng SATA utropouv va
gival Ewg 1 m.
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KaAwdia SATA kai ouvdetripeg SATA oto motherboard




MNMpodiaypagég SATA

SATA revision 1.0 (1.5 Gbit/s, 150 MB/s)

SATA revision 2.0 (3 Gbit/s, 300 MB/s)
SATA revision 3.0 (6 Gbit/s, 600 MB/s)

SATA revision 3.1
SATA revision 3.2 (16 Gbit/s, 1969 MB/s)

SATA M.2 standard is a small form factor implementation
of the SATA Express interface, with the addition of an
internal USB 3.0 port.



2uvdeon motherboard pe SSD pe 1o Interface M.2
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SCSI (Small Computer System Interface)

To SCSI (Small Computer System Interface) cival €évag diaulog
TTou e€ao@alifel Tnv MPeETa@OPA OeOOMEVWYV  METAEU TOU
UTTOAOYIOTI KOl TTEPIPEPEIOKWY OUOKEUWYV, Kupla disk drives.
Xpnoiyotroleital  €10IK& o€ network servers (€CUTTNPETNTEG
OIKTUWV), ] 1I0Xupa workstations (otaBuouc epyaaciag). To SCSI
EXEl OUO onuavTika TTAsovekTAuaTa o€ oxéon ue 1o EIDE. ‘Evacg
eAeYKTNC SCSI ptropei Kal eAéyxel ammo 7 €wg 15 OUOKEUEC
(xpnoiuotroiwvTtag povo €va IRQ). O SCSI controller €xer Tov
OIKO Tou etTecepyaaTr], eAeuBepwvovtag €rol Tnv CPU amd Tov
OXETIKO POPTO.



Apxitektoviki SCSI

ID7
$CSI Host D0 D1 D2

Interface Booting  Tape Backup  CD-ROM Drive
HDD

\-

Internal Devices Terminator

Terminator

ID5
Recordable lomega  SSAMNET  agditional

CD-ROM Drive Removahle Drive HDD




Serial Attached SCSI (SAS)

To Serial Attached SCSI (SAS) cival €va point-to-point o€iplako
TTPWTOKOAO PE BAON TO OTTOIO PETAPEPOVTAl dEdOPEVA ATTO KAl
TTPOC PMOVAdEC aTToOrnKeuonG dedOPEVWY OTTWC OKANPOi dioKol.
To SAS avTtikatéotnoe Tov TTaAaiotepo diaulo parallel SCSI. To
SAS, OTTWC Kal O TTPOKATOXOC TOU, XPNOIMOTIOIEI TO TUTTIKO
ouvolo eviohwv Tou SCSI. To SAS Tmrpooépel backward
compatibility pe 1iIc povadeg SATA drives deUTEPNC YEVIAC. AiOKO!
SATA 3 (6 Gbit/s) ytmtopouv va ouvdeBouv oe SAS backplanes,
aANG o1 diokol SAS 0Oev uttopouv va ouvdeBouv oe SATA
backplanes.



2uvoeTnpeg SATA kal SAS og okAnpoug dioKoug
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2uvoetnpeg SAS og motherboard




KaAwoia SAS




Dependability-System Failure

Computer system dependability is the quality of delivered
service such that reliance can justifiably be placed on this
service.

Dependability is the collective term used to describe the
availability performance and its influencing factors: reliability
performance, maintainability performance and maintenance
support performance.

A system failure occurs when the actual behavior of the
system deviates from the specified behavior



2uoTthpara NAS

Ta ouomuara Network-Attached Storage (NAS) cival
OUOKEUEG atToBrkeuong OedONEVWV TTOU ouvdEovTal O €va
OiKTUO  uTTOAOYIOTWY KOl  €€ac@aAilouv  TTPOCTTEAAON
OEOOMEVWY ATTO OIAPOPETIKOU TUTTOU UTTOAOYIOTEGC. ATTO TO
€10¢ 2010 kai €¢n¢ 1a ouotriipara NAS €yivav 1Tio dnuo@IAn,
yia TNV KOIVI] XPNON apxeEiwv PETALU uTToAoyioTwy. Ta v
duvauel TTAeoveKTAATA TwWV cuoTNUATwy NAS évavti Twy file
servers, €ival n TaxuTepn TTPOCTTEAQCN OTa OEeDdOPEVA Kal N
eukoAOTEPN dlaxeipion. Ta cuotpaTta NAS TrepiExouv Evav 1
TTEPICOCOTEPOUC OKANPOUG OIOKOUG OPYAVWHEVOUG ME TNV
Texvoloyia RAID. H trpootréAaon ota apxeia yiverar ye tnv
xprjon network file sharing protocols 6Tw¢ NFS, SMB/CIFS,
N AFP.



2uotnua NAS

Network Attached Storage with

0. 9.9 9 0. 9'9'@® performance, Nexibility, high
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\ set up In minute...




Aopun USB flash drive

1| USB Standard, Male A-plug

USB mass storage
controller device

N

Test point

Flash memory chip

Crystal oscillator

LED (Opt.)

N oo b~

Write protect switch (opt.)

Space for second flash
memory chip




OTrTIKOG DiOKOG KOl KEQAAR avAyvwWonG EYypa®ng




Track oTrTIKWV Kal OKANPWV SioKWV

(a) Track pattern on an optical disk (b) Track pattern on a magnetic disk




6.1. 2TNV KEPAAN TOU OKANPOU TTOU DIiOETAI OTNV OUVEXEIA EVTOTTIOTE
TO ONUEIO TTOU KAVEI TNV EYYPAPI KAl TO ONUEIO TTOU KAVEI TNV
avayvwarn.

Recording
Medium




6.2. 'Evac okAnpog diokog diaBetel Nh =2 Ke@aAéc avayvwong/
eyypaenc (Mia yia kaBe em@aveia Tou diokou). O diokog EXeEl
Nt=1024 opokevTpouc KUKAOUG 1y ixvn (tracks) 1Tou o kaBévag
éxel Ns = 1024 topueic (sectors). KaBe topéag €xel NB=512
bytes. lNola ival N xwpnTIKOTNTA TOU OKANPOU diOKOU.

Y1rodeign

C = NhxNtxNsxNb = 2x1024x1024x512 B=2x210x210x29 =230 =
=1 GB



6.3. 'EoTtw o1 évag diokog TreploTpEPeTe pe 10.000 oTpopEc/min.
[Tolo¢ civalr o pEooG Xpovog avapovns. Edv kdbe ixvocg
mepiExel 1024 TouEig, TT0I0G €ival 0O XPOVOS METAPOPAG VOGS
TOMEQ.

YTrodeign
O PEOOG XPOVOG avauoVNAg, ¢, IcoUTal UE TOV XPOVO TTOU
QTTAITEITAI VIO MIOT) TTEPIOTPOPH TOU dioKou. O UTTOAOYIONOG
TOU TTEPIYPAPETAI OTNV CUVEXEID

60 sec 10000 oTpoPég

t, 0.5 oTpoYEc

Apa

t, =(60x0.5)/10000=30/10000= 3x10-3 sec =3 ms
O XpOvocg UETAPOPAC EVOC TOMED Eival IOOC ME TOV XPOVO
OIEAEUONG TOU TOUED KATW ATTO TNV KEPAAN. Mia TTANpenN
TTEPIOTPOYPN dIapPKEI 6 Mms. Epdoov 10 ixvoc diabéTel 1024
Topeic n diEAeuon Ba diapkei 6 ms/1024 ~ 6 ys.



6.4. 'Evagc okAnpoc Oiokog 0O106€Tel 2 KEPOAAEC avayvwond/
eyypaene (Mia yia kadbe em@avela Tou OdiOKou) Kal
mreploTpéPetal Je r=10000 oTpo@EC/AeTTO. O pEoOG XPOVOCS
avalntnonc ecivar ts=10 ms. O Odioko¢ €£xel Nt=1024
OMOKEVTPOUG KUKAOUG 1) ixvn (tracks) TTou o kaBévag €xel Ns
= 1024 Toucic (sectors). KaBe topéac €xel NB=512 bytes.

a) Mola gival N xwpnTiIKOTNTA TOU OKANPOU dioKOoU;

B) Moiog gival 0 pEoOog XpOvos avapovig;

Y) lNolog gival o yEoOG XpOVOC TTPOOTTEAACNC;

0) Molog €ival 0 xpOvog avayvwons Twv OeO0UEVWV VOGS
TOpEQ. OewpnrioTe OTI €ival i00G PE TO XPOVO dIEAEUONC
TOU TOMEQ KATW ATTO TNV KEPAAT).



6.5. ATTO TIG oUVvOETUOAOYiIEG e OKANPOUG diokoug TTou didovTal oThV
ouvéxela onuelwoTe Trola gival PATA kai Ttoia SATA.
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6.6. 210 motherboard 1Tou JidETAI TNV CUVEXEIQ EVTOTTIOTE TOUG
ouvdetnpeg PATA kail SATA.

AR

EA=C015584TASTE.




6.7. Ao Ta interfaces 1ou didovTtal oTnv cuvéxela TTio gival PATA,
o SATA kai 1Toio M.2.




6.8 ATTO TIC HOPQPOTTOINCEIC TTOU OIdOVTAI OTNV CUVEXEIQ TTOIA AVTIOTOIXEI
O£ OTTITIKO OIOKO Kal TTola o€ OKANPO dioKOo
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