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Festplatte

gute sequential Performance
limitierte random Perfomance
random access time;:

HDD RPM seek time* latency
WD 500 GB 7.200 89ms 4,2ms
WD5002ABYS 3,5
Seagate 400 GB 10.000 42ms 3,0ms
ST3400755SS 3,5
Fujitsu 300 GB 15.000 3,6ms 2,0ms

MBA3300RC 3,5*

*) write seek time, Angabe laut Hersteller
**) Beispielannahme

Weitere Informationen: Prasentationen der Thomas Krenn Roadshow 2009
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+ Solid-State Drive (SSD)

— Aufbau:
* Cells / Pages / Blocks
* Planes / Dies / TSOPs / SSD

— Spare Area
— Wear Leveling

— Write Amplification /
Garbage Collection

— ATA Trim

Quelle: http://www.intel.com/pressroom/archive/releases/20100201comp.htm

Weitere Informationen: Prasentationen der Thomas Krenn Roadshow 2010
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1) Spelchermedlen

- Drive Writes LBAs in Sequentlal Order
 Even If They Are Random LBAs

Host writes to SSD

Leazor
LeA1d
Lea202
LBA 400
A )
| |
Used Space Free Space
IDF2ON]

9

Quelle: Intel Developer Forum 2011
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read / write

read: Backup
mixed read/write: Datenbank Daten-Volume
write: Datenbank Transaction-Log, Restore

random / sequential

random: Datenbank Daten-Volume
sequential: Datenbank Transaction-Log, Disk-Images, Backup

request size

4 KiB: Ext4/NTFS Blockgrolie
8 KiB: Exchange 2007

256 KiB: Backup/Restore J
slide 9/28
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- DAS (direct attached storage, block-based)

_ SATA: SAS Roadmap
 SATA 1,5 Gb/s
« SATA 3 Gb/s F{i[gtdiﬁé‘:e%gi?t
* SATA 6 Gb/s {
— SAS: 3Gbls SAS
¢ 3 Gb/S SAS L First End-Usler Products
. 6 Gb/s SAS (approximately 12-18 months later)

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

— PCIe’ Zu ku nft n%a Quelle: http://www.scsita.org/sas_library/2011/06/serial-attached-scsi-master-roadmap.html
* SAN (storage area network, block-based)

— ISCSI/ FC
* NAS (network attached storage, file-based)

N NFS / CIFS slide 11/28
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network

Y Y
Block I/O Layer

o) {mgper) (1 )L
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[ optional stackable devices on top of “normal” block devices J
\Lh _j/

( 1/O Scheduler w 4oked in Device Driveh
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anticipatory
(until 2.6.32)

B
I

request-based h

device mapper targets

Z/

@oked in Device Driveh

(hook in similar like
J stacked devices like
mdraid/device mapper do)
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The Linux I/O Stack Block Diagram, version 0.1, httpJ/fwww.thomas-krenn.com/en/oss/linux-io-stack-block-diagram
license: CC-BY-SA 3.0, see httpifcreativecommaons.org/licenses/by-saf/3.0/
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RAID Typen

— Software RAID
— Firmware/Driver RAID

— Hardware RAID

» Caches von HW-RAID Controller
(qut far write / unnétig fur read)
» Cache-Protection
— BBUs
— Adaptec ZMCP
— LSI CacheVault
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Transferrate /| Datendurchsatz

MB/s

Vergleich: Personen/h
auf einer Strecke

Anzahl I/O Operationen
pro Sekunde

IOPS

Vergleich: Anzahl mdgl.
iIndividueller Fahrten

dazu kommt: Latenz!

Queue Depth

Vergleich: ab wie vielen -_ = I , !'
Fahrzeugen fahrt die Fahrelos? ¢ . .

S



6) /O Anforder

» Latenz wird durch Lange der Warte-
schlange (Queue) beeinflusst

Number of avg. Queues = Throughput x Latency

Known as Little’s Law in queuing theory

r

Applications

Throughput
A

Wait Time

Storage Stack

HBA

Numbers of

@@@ Reguests or Queues

Service Time

Latency for 1st req = No of req (1) / throughput
Latency for 6th req = No of req (6) / throughput

Therefore, Latency is a function of Queue Depth

K
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7) I/O

+ verstehen

— Anforderungen
— Aufbau Gesamtsystem

° messen

— read/write
— random/sequential
— request size

* optimieren

L3
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Alignment beachten, Bsp. SSD mit falschem Alignment:

Page 1 (4.096 Bytes) Page 2 {4 096 Bytes) Page 8 {4 096 Bytes) | Page 9 {4 096 B\ﬂes)

5128 5128 5128

3128 5.1 2\ 312 Iee

4 KiB (4.096 Bytes)
Y File System Biock )

LBA-Adresse 0 = Master Boot Record
noatime / relatime

SSDs:

Over-Provisioning
Queue Depth — Abwagung IOPS/Latenz

SSD Sessions des Intel Developer Forum 2011:
http://intel.com/go/idfsessions

Lastspitzen einplanen l

slide 24/28 @



(Storage) Fehler einplanen, Auswirkungen durch

RAID-Rebuild nach HDD-Ausfall

Ausfall eines Storage-Controllers

Ausfall eines Storage-Pfades bei Multi-Pathing

Leere Caches (Page Cache, DB Cache im RAM) nach Reboot
bei Neuplanung:

Zugriffsmuster am Alt-System messen
Neues System anhand dieser Werte auslegen

Neues System vor Inbetriebnahme tunen (Zugriffsmuster mit
|Ometer/fio simulieren)
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* Toolsammlung e AR L

Topalogy Dk Targstsl Network Taigets  Access Specifications I Results Dlsplayl Test Selupl

. =7 Al Managers Assigned Access Specifications i Global Access Specifications
=8 WINDOWSHP [ 7a0in cne ] 317 5128, 252 Read: 0% random |« | Mew |
— I ) wotker 1 5 512B; 0% Read; 0% random
<15 4K, 100% Rlead; 0% rand Edit |
K 75% P, 0% o
. <1 4K. 50% Fead, 0% random ﬂl
) merter INAOWS £12 4K, 262 Read; 07 random el |
1 317 4K D% Read; 0 random
- - . - 5 16K; 100% Read; 0% randam
inux mit Windows-Client
215 16K 50% Read; 0% random
Remove >> | | |:1< 16K 25% Read: 0% random
2 16K 0% Riead; 0% random

e fl 0 (LI n UX) 32K 100% Read; 0% random

12 32K, 75% Read; 0% random
%1% 32K, 50% Read; 0% random

21F 32K; 25% Read; 0% random

® |Ozone (LInUX) élsszk,nznead,nz@ndnm

21 &llin one =

. I _’I [doye g tdove Down | 4 LI_

— Lastmessung | | ‘
* lostat
¢ vmstat
* Windows Performance Monitor
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Thomas Krenn Wiki Artikel:

RAID

RAID Controller Grundlagen

Linux Software RAID

Cache Einstellungen von RAID Controllern und Festplatten

Wartung der Battery Backup Unit (BBU/BBM) bei RAID-
Controllern

Adaptec RAID Maintenance Best Practices
SSD Performance optimieren

SSD Over-Provisioning mit hdparm

ATA Trim

Ext4 J
slide 27/28
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Optimale I/O Performance ist
keine einmalige

Konfiguration,

sonhdern ein kontinuierlicher
Prozess.
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