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[Teprypaen

» lepapyxio MvAiung

» O vopog tou Moore

» Alokol, Aettoupyia, tapadeiypota

» BeAtiotomoinon
» SSDs
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[Tapayovteg

» TaxvtTnTol LECOU

» Kootog amoBnkeuong (EVOELKTIKEG TLUEG)
Mayvntikol diokot: 15 Aemtta/GB
Solid State Disks (SSD): 50 Aemtta/GB
DDR3: 5 eupw/GB

» Atlomiotia
AntwAeLla dedopevwy oe epimtwon SLaKOTNC PO G TAONC
ATtwAgLa AOyw oPpAAUATOC UALKOU

2 NUAVTLKOC tapayovtag otav Xtilouue data centers



Tagwopnon Mvrung

» AladpopeTIKOL TPOTIOL KATNyopLlomoinong
Volatile (mpookatpn) €<= Non-volatile (noviun)

» Kupta (Primary): fast, volatile

» Aeutepevouoa (secondary): moderately fast, non-
volatile, online

» Toawvieg (Tertiary): slow, non-volatile, off-line



Volatile vs Non-Volatile

» 2NUOVTLKO oTolxelo otn oxedlaon evoc 2ABA

Ertnpeadlst U0 armo ta Yapaktnplotika puioc SoocoAnyioc
Atomicity, durability
» Akopa Ko av OAn N BA xwpael otn pvAun, ot aAAOYEC
MPETIEL VAL ATtoONKEUTOUV € KATIOLO LOVLUO LECO

Hard disk
RAM disks w/ battery
Flash memory



[epapyio Mviung
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Storage Cost
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Jim Gray: How Far Away is the Data?

Andromeda
107 Tape /Optical 2,000 Years
Robot
10° Disk 2 Years
1.5 hr
100 Memory
10 OnBoard Cache This Lecture Ha 10 min
2 On Chip Cache '
1 Registers % My Head 1 min
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Moore’s Law

» Gordon Moore (1965): O aplOuoc twv tpaviiotop ava
TETPAYWVLKO EKOTOOTO SumAaoialetal kabes xpovo
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Amotuynueveg IlpoBAsPelg
» Thomas Watson (builder of IBM, in 1943)

“I think there is a world market for maybe five computers.”

» Ken Olsen (founder of Digital Equipment, in 1977)

“There is no reason anyone would want a computer in their home.”
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Moore’s Law

»  XapaKTNPLOTIKA TTou akoAouBoUv 1o vouo tou Moore
Taxvtnta eneéepyaotn
Néa taon: BeAtiwon umoAoyLoTikAG oxvog / Watt
ApBuog bits og €va chip
AplOuOG bytes o€ eva payvnTko PECO
»  XopoKTnPLOTIKA TTou 8gv akoAouBouv to vopo tou Moore
Taxvtnta MpooTEAoNG oTNV KUPLAL VAN
Taxvtnta MePLOTPODNC LAYVNTIKWY SLOKWV
— KaBuotepnon (Latency) yivetal otadiaka peyoAutepn

O xpovoc yla va petakwvrioouvpe dedopeva/eyypadec avapeoa ota dtadopa
enineda TG Lepapyioc avéAvel CNUOVTLKA O OXEON LE TO XPOVO EMEeepyaoiag
otnv CPU
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Ye Alya ypovia

L2
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» Aladopetikoi puBpot
BeAtiwong XapaKTNPLOTIKWVY
NPOCTIEAOLONC
»  Taxutnto eneéepyaoth
»  Koéotog pvrune/HDD/SSD
> Tox0TNTO UVANG
»  Taxvtnta neplotpodnc HDD
»  Taxvtnta petadopag

» ...00nNyouV o€ avayKn yLa
avaBswpnon



To (610 patvopevo kat ot RAM

osIpIa




Data Locality Important

Cost of “cache-miss”
INCreases



Aour) Mayvntikov Aiokov

track ¢ «— spindle

...:
.— TS

sector s

cylinder ¢ — read-write
head

»

platter

rotation

— arm assembly




OpoAoyia

MAaketa (plate)
Erudavela (surface)
Txvn/Atpaktol (tracks)
Touelg (sectors)
KepaAn (head)

b
b
b
b
b
» Zuotoyyia (cluster/block)
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JuvnBwc Exou e SladopeTLkO aplBuo sectors

ava track (meploootepa ota EWTEPLKA)

['evikn Elkova

Sector

| Track

Logical Block
(typically Gap
multiple
sectors)

7
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[Tapadelypata

Diameter:
Cylinders:
Surfaces:

Sector Size:
Capacity:

1 inch — 15 inches
100 — 40000

1 (CDs) —

2 (floppies)

6-10 (HD)

512B — 54K
360KB (old floppy)
3TB (newer HDD)



Physical Block Address

» Physical Device (molog 6iokog, o€ moto controller)
Cylinder #
Surface # (or head#)

Sector
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Aoywn Aoun Aiokov

» OLedappoyec BAEnouv to dioko oav eva
povodiaotarto rivaka ano Aoyikeg oeAideg (logical
blocks).

O eyypadec dtaBalouv kat ypadouv oeAldEC.

» Ta logical blocks tou povodiactatou nivaka
avtiotolyi(ovtal pe puoikeg oeAideg (physical blocks)
QTTOTEAOUEVEC ATO 1 ] MEPLOCOTEPQ sectors aro TO
ocuoTNUAL.
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Disk Access Time

I want M= _block X
INn memory

block X N

Time = Seek Time (locate track) +
Rotational Delay (locate sector)+
Transfer Time (fetch block) +
Other (disk controller, ...)
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Xpovog Avalntmong (Seek Delay/Time)

» O xpovog avalntnong evoc 61oKou TTPOOUETPAEL TO XPOVO
MOV QUTolLTeLTaL yLa va petakivnBel n kepaAn
avayvwonc/eyypadpnc LETatl Twv LYVwV.

H kepaAn npenel
Na £pBel edw

H kepaAn eivai
0w
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Xpovog Ava{1)TnonG o€ cuvapPTNOoN UE
OATTOOTAOT LETAKIVIIONG TWV KEQAAWV

Seek Time 4

in range |
3Xx - 10x

Time

1 N

AnooTaon PETaKivnong Kepaing
(ueTpnuevn o€ tracks/cylinders)

Xpovoc evaAayng ixvouc/kuAivdpou (~2msecs)
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Average Random Seek Time

N N
Z Z SEEKTIME (i — j)

i=1 j=1
I

S — ]

N(N-1)

“Typical” S: 8 ms — 40 ms
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AovOavwv xpOvocg TTEPLOTPOPTG
(Rotational Delay)

» NavOavwv xpovoc meplotpoPn¢ ivol o xpovog, Tov
OTtOLO 0 0ONYOC MIPETIEL VAL TIEPLLLEVEL LEXPL O OWOTOC
TOMEOC VA PTACEL KATW Ao TNV KEDOAN
avayvwong/eyypadng.

A

Head Here ~
J\

Block I Want
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Average Rotational Delay

» Katd HECO 000 MEPLUEVW HLoN TtEPLOTpOdn
» R=o0Yxpovoc yla 1/2 neplotpodn

» Eotw 6lokoc 7200 RPM

60 secs 72000 nePIOTPOPEC
R 12 NEPIOTPOPN

R=30/ 7200 = 4,17msecs
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Complication

May have to wait
for start of track __— Track Start

before we can read

desired block
Head Here =~ %

N\

Block We Want
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TaxVvmta Metagopag (Transfer Time)
(1 block)

» O XpOVOC TTOU QTTALTELTOL YO VOL KTIEPACOUV» TOL
sectors tou block katw armo tic kKepaleg
E€aptatal amo tTnv taxutnta mepLoTpodnc Kal To peyeboc
Tou block (o€ sectors)

» 7200 RPM, |28 sectors/track, 2 sectors/block.
» 2€ 1 neplotpodn(=60/7200secs) drafalw 128 sectors

» T va dtapfaocw 1 block=2 dtadoyika sectors BEAwW
(2/128) * (60/7200) = 0,13 msecs

» 20yKpLon e seek time ~20msecs, rotational delay

~4msecs
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AAAeG KoBLOTEPTOELG
» Xpovoc CPU yiwa oteihet tnv evtoAn ywa I/O

» Xpovoc enetepyaoiac atnpatoc otov disk controller
» Xpovoc petadopdc otn Lvnun LEcw tou StavAou

“Typical” Value: 0
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[Tapadeypa

» 1 emupavela

» Rotation speed 7200rpm

» 16384 tracks

» 128 sectors/track

» 4096 bytes/sector

» 4 sectors/block (16KB/block)

» SEEKTIME (i — j) = [1000 + |j-i|] Us

» YrtoAoyilote eEAQXLOTO, LEYLOTO KOl LECO XPOVO yLa
TNV avayvwon evoc block.
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YmoAoylopog EAdylotou Xpovou
» H kedoaAn eival otnv apxn tou 1°¥ sector touv block mou
Bcloupe va dtafaooupe
YrtoAoyi{w povo to transfer time
» 4 sectors eival ta 4/128 evoc track
» 1 neplotpodn naipvel 60/7200=8,33ms
» Transfer time =8,33 *4 /128 = 0,26ms

» Total time (min) = 0,26ms

36



YmoAoylopog Meyiotov Xpovovu

» YoBetw peylotn petakivnon kedpaAng (my amo to
TTOLO ECWTEPLKO OTO TOLO £EWTEPLKO track)
Seek time = 1000+(16384-1)us=17,38ms
» Meta 1o seek, n kepaAn LOALC £xaOE TNV P TOU
block mov Yaxvw
Full rotational delay =60/7200 = 8,33ms

» Transfer time (onw¢ mpwv) = 0,26ms
» Total time(max)=17,38+8,33+0,26=25,97ms
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MeEooG XpOVOG
» Seek time = AVERAGE(1000+|i-j|)=...=6,46ms

» Rotational delay: pwor| meplotpodn =
¥%*60/7200secs=4,17ms

» Transfer Time 0,26ms
» 2Uvolo = 10,89ms

Méoog Xpovog 10,8 ms
Méyloto¢ Xpovog 25,97ms
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» Eldape: Tuyalo mpooTelaon
» Tuylvetat av OAw va dtaBaocw to
apEoWC emtopevo block;

39



Av yiveLowoTa...
Time to get = 0,26ms + Negligible

next block /\/

= skip gap
= once in a while, next cylinder
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_____________ Napathpnon

» Xpovocg yia va Stafaocw 1Block

~'Random I/O: 11| ms. (avg)
~Sequential I/O: <Ims.



YELPLOKT) TAXYVTNTA OVAYVWOTNG
» Tuyivetal av dtaBalw cuvexoueva sectors oto (610 track;

» 128 sectors/track * 4KB/sector o€ 8,33ms/track =
512KB/8.33ms = 60MB/sec!!!
Movtepvol diokol (PC) 100-150MB/sec

» Random [/O (avg): | Ims/4KB = 0,33MB/sec
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Eyypaon
» To KOOTOC eyypadnc lval MAPOUOLO E TO KOOTOC
AVAYVWONC

» ...EKTOC Kol av BEAou e va emaAnBevooule, onote
TEPLUEVOUE pia TIANpN eplotpodn yia va dtaBacoupe
OTL ypaYope
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Evnuepwon oeAidag (block)

» Mo va aAAaéw to meplexopevo piac oeAidag (block)
Alafacw tn oeAida otn pvnun
Kavw otL aAAayEC xpetalovtol oto avtiypado otn Lvnun
[padw TN oeAidba micw oto diloko

» Mpoooxn: Ta apPaATAVW YivovTal akopo Kot OEAw va
aAAAlw TNV TN evog bit!
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[Tapaderyua- Megatron 747 Disk

» 3600 RPM

» 1 surface

» 16 MB usable capacity (16 X 229)

» 128=27 cylinders

» 1 block=1sector=1KB

» 10% kevo (gaps) avapeoa ota sectors

» seek time= 25 ms katd pECO OpO

» seek time yla va TAw oTOV EMOUEVO KUAWVOpO= 5 ms.
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[Tapatnpnoelg

» 1 erudavela, o KUAWVOPOG TawwTileTal e To ixvog (track)
» Xwpntkotnta = 16 MB = (22916 = 24

» bytes/cyl = 224/27 =217= 128 KB

» blocks/cyl = 128 KB/ | KB = 128

» AnAadn kaBe track €xeL 128 sectors tou 1KB
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3600 RPM: 60/3600 = 16,66ms ywx 1
TEPLOTPOPT)

One track: % / /

Time over useful data:(16,66)(0,9)=14,99 ms.
Time over gaps: (16,66)(0,1) = 1,66 ms.

ransfer time 1 block = 14,99/128=0,117 ms.
Trans. time 1 block+gap=16,66/128=0,13ms.
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T: = Time to read one random block
(1KB Block)

T1 = seek + rotational delay + transfer time

= 25 + (16,66/2) + 0,117 =|33,45 ms |

UNOBETW MIOH NEPIOTPOPN
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Aloywplopog block /oeAidag

» Qc twpa utoBETape OtL N «oeAida» IOV XPNOLUOTIOLEL TO
O/S kat ot edpappuoyecg tavtiletal pe 1 block oto dloko

» 2tnv tpaén to O/S (N to ZABA) umopel va xpnoLUOTIOLEL
1O OLKO TNC «pEyeBoc oeAidacy
Mmopet va aAAaleL avaloya pe tn doun amoBnkeuong (oxeon,
EUPETNPLO)
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AwdBaocpa cedtdag 4KB (four sectors)
oo 10 6loKO

DO OO
o

1 celida

T4=25+ (16,66/2) + (0,117) x |
+(0,130) X 3 =33,83 ms
[Compare to TI = 33,45 ms]
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Tiylvetatav 1 oeAida=1 track=128KB;

Tt =Time to read a full track
(utoBETW pmopw va apxiow to dtafacpa amo onolodnmote sector tou track)

Tr=25+(0,130/2) + 16,66 - 0,013 =41,72 ms

:

do not have to read last gap

to get to start of next sector
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AG ouYKpPLVOUUE TO KOOTOG Yl va Staffacw 1
oeAld

» Read |IKB page :33,45ms
» Read 4KB page :33,83ms
» Read 128KB page : 41,73ms

» Mati va un peyaAwow kot dAAo to peyeboc tne oeAidac?
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Zwoto Meyebog XeAidbag XABA?

» MeyaAn ceAiba -> SlapolpaleTal To KOOTOC OVAYVWONC
avapeoa o€ TIOANEC eyypAPEC

AANNA

» Towc Stofalw kat ToAAEC AAAeC eyypadec tou de xpelalopal
(koL 0 xpovoc aveBaivel, €otw Kot Alyo)
Entlong n peyaAn ceAida otav €pBetL otn pvAun KataAapBavet
TIEPLOCOTEPO XWPO
» Tuylvetal pe tnv napoakdtw SQL emepwtnon

update Account set Balance=Balance+100 where

AcountNumber=12345
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TiLtpemeL v OKEPTW

» MIKpEC — eyAAeC OXEOELC!
» Eupetnpla
» Read mostly or Update-heavy workload?

» AtadopeTtika peyedn oeAidac?

Oracle
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Optimizations: Prefetching

» Prefetching = Anyin dedopevwy mpLv auta XpeELACTOUV
» Locality of access = 6gdopeva, 6TO XpOVO KOAOUVTAL ATIO
SLadOXLKEC ) KOVTIVEC TIEPLOXEC oTo SloKo.
Napadeypa: table/relation scan
[MpoUTOBETEL OTL EXOUUE HEPLUVNOEL OL OEALOEC TNC OXEONC VOl
Bplokovtal «kovta» iy oto idto track, kUAwSpo
» MmopoUpue va KpUPoUHE LEPOC TOU XPOVOU aVAYVWONC
arto To OLOKOo XPNOLUOTIOLWVTAC AlYyO TIEPLOCOTEPN UVALN
Double buffering
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Double Buffering

» Problem: Have a File
Sequence of Blocks Bl, B2

» Have a Program
Process Bl
Process B2
Process B3
(oelpLakn avayvwon)
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Single Buffer Solution

() Read Bl — Buffer

(2) Process Data in Buffer
(3) Read B2 — Buffer

(4) Process Data in Buffer ...
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Single Bufter Time

Eotw: P = xpovoc enetepyaoiac/oeAidba

R = xpovoc yia va dtafaocw 1 oeAida (utoBETw
Tuyaia tpoomeloon)

n = # aplOpoc oeAidbwv

Single buffer time = n(P+R)
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Double Buftering

Memory:

Disk:

59

DIOCESS

DIOCESS

e

donedone




Double Buftering Time

P = xpovoc eneEepyaoiac/oeAida

R = xpovoc yia va diapacw 1 ogAida
(unoBeTwW TUXAIA NpooneAacn)

n = apiBPoc oeAidwv

YnoBstw P > R

= Double buffering time =R + nP
= Single buffering time = n(R+P)
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More on Prefetching (application
level)

» Requires efficient asynchronous I/O implementation
» Data dependant scheduling of /O

» DB process queues up several requests
Better chance for disk controller to optimize seeks

Better utilization of multiple disks (allow them to work in
parallel)

» Big savings in CPU intensive tasks (e.g. sorting)
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Circular Buffering
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Operating System User Process
) [ )

I N .

VO Device = I o > |
w

(¢) Double buffering

Operating System User Process
— i
I Move .
VO Devlce 1 : o )| |
] 9

(d) Circular buffering

I/0 Buffering Schemes (input)



[Teploocotepeg BEATIOTOTION)OELG

» Disk Scheduling Algorithm

Elevator algorithm

» Disk Arrays (RAID)
» On Disk Cache
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First- Come-First-Served (FCFS)

 Aikain moMTIKN

* Apyn

queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

37 536567 98 122124 183 199
L1l | LI




SCAN or Elevator Algorithm

» H kedpalAn tou diokou Eekvael amo tn pia akpn (my €€w)
KOlL KLVELTOL TtpOC TNV AAAN (rTX LEOQ) EEUTTNPETWVTOLC
attnoelg. MoALg ptaoetl oto AAAo akpo aAAalel
KatevBuvon

2UuvoAlka kaAutepn anodoon (Lewwvel To seek time)

Karmoleg attnoelg ylo oeAOEC EVOEXETAL VA TIEPLUEVOUV OPKETA
HEXPL N KedbaAn va aAlaéel katevBuvon

NewTEPEC ALTAOELC UTMOPEL va eEuTtnpeTNOOoLV Vwpltepa armo
AAAEC TTOU TIEPLUEVOUV TIEPLOCOTEPN WPO
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SCAN

*Total head movement=208 cylinders

queue = 98,183,37, 122, 14, 124, 65, 67
head starts at $3

\
536567 98 122124 183 199
|, L | |




Solid State Disks (SSD)

» Xpnon puvnung flash, amouvoia kwvoupevwy pepwv
oAU ypryopn tuxatia npoomnelaon (random 1/O)
MLKPOTEPN KATAVAAWGN PEVLATOG
QEANTEEC amaLthoeLg yla Puén
ka©@oAou Bopufog

» Apketa akplBotepot arno HDD

/1



Solid State Disks (SSD)

» Yrootnpl{ouv CUYKEKPLUEVO aplBUO eyypadwv-
enaveyypadwv (wearing)

Mrmopw va ypadw apeoca o pia kevrn oeAida (4KB) aAda av autn 6gv
elvall kevn n eyypadn yivetal oe emninedo moAAwv oeAidbwv (ry 128)
KAVOVTOC TO TIPWTA erase akopa Kot av aAAAleL pia povo oeAida 4K

» 2tadLakn pelwon tng arnodoonc, avaykn ya avodiataén
(Garbage Collection, TRIM)
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[Mapaderypa Opada 16 ceAltdwv twv 4KB

Ouada X

FREE FREE FREE FREE
FREE FREE FREE FREE
FREE FREE FREE FREE
FREE FREE FREE FREE

F'paye oeAidec A,B,C,D

Ouada X

A B C D
FREE FREE FREE FREE
FREE FREE FREE FREE

FREE FREE FREE FREE
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[Tapaderypa: opada 16 ceAidwv twv 4KB

[paye oeAidec E,F,G,H

A
E
FREE
FREE

B
F

FREE
FREE

Tpononoinoe A’,B’,C’,D’
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A

E

A’
FREE

B

B’
FREE

FREE
FREE

C’
FREE

FREE
FREE

D’
FREE

Mark as Stale

Ma va ypaww naAi
edw NPENEI va KAvVw
erase OAn Tnv
opada



Garbage Collection: Ilwg Eavakepdlow T
stale pages?

Opada X Oupada Y

A B C D FREE FREE FREE FREE

E F G H FREE FREE FREE FREE

A B’ C D’ FREE FREE FREE FREE

FREE FREE FREE FREE FREE FREE FREE FREE

Kave erase 0An Tn X Avteypawe otnv Y Ta Xpnoipa pages tne X
FREE FREE FREE FREE E F G H

FREE FREE FREE FREE A B’ C D’

FREE FREE FREE FREE FREE FREE FREE FREE

FREE FREE FREE  FREE FREE FREE FREE FREE
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