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Historie modernich SSD

« SSD zalozené na NAND flash
e 1989 Toshiba
« Prukopnikem v oboru SanDisk, prvni SSD v
r. 1991
e 1995 Simple Technology zacCina vyrabét SSD,
v 1. 2000 se prejmenovava na sTec, Inc.,
2007 $1B
1999 Prvni 3.5” vlastovky
2002 Zalozeni OCZ
2008 Intel X25-M, X25-E,
2009 gen. 2, 0 60% levnegjsi



Historie modernich SSD
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Jak funguje SSD

Basic SSD Block Diagram
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Jak funguje SSD
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Jak funguje SSD

SLC MLC TLC
Bits per cell 1 2 3
P/E cycles (2x nm) 100 000 3 000 1 000
Read time 25Us 50us 75uUs
Program time 200-300us 600-900us 900-1300us

Erase time 1.5-2ms 3ms 4.5ms



Jak funguje SSD

SLC NAND MLC NAND TLC NAND
VTutal
(Total Voltage - =T
CellC bl
of Storing) I [ T
SLC MLC TLC
1-Bit/Cell 2-Bits/Cell 3-Bits/Cell

Voltage Allocated to each State based
on NAND Flash Technology



Jak funguje SSD

Serial Input Serial Cutput
(X8 or x16) (x8 or x16)
3005 (Max cll) e— . 30ns (max cli}
Read e load):
Program: & I?;gm )
~ 30015 7
= 2048 Blocks
{2Gb device}
B4 pages jra,
per block '|: NAND Block
Block Erase
-2ms

I I
Data Area Spare Area
20458 bytes {ECC, etc)

&d bytes



Writing data to a solid-state drive

1. Initial configuration

Block 1000 (data)

Block 2000 (free)

2. Writing a page
Block 1000 (data)

PPN data PPN data
0 X 0
1 Y 1
2 z 2
3 3

Block 2000 (free)

PPN data PPN data
0 X 0
1 Yy 1
2 z 2
3 X' 3

3. Erasing a block (garbage collection)

Block 1000 (free)

Block 2000 (data)

PPN data PPN data
0
1 1 y
2 2 z
3 3 x'

= Initially, block 2000 is free and block 1000

has three used pages at PPN =0,1, and 2
{Physical Page Number), and one free
page at PPN = 3.

+ The data in block 1000 at PPN = 0 gets

updated and becomes %'

+ Since pages cannot be overwritten,

the page that contains x becomes stale
(PPN = 0), and the new version of the
data is stored in a free page, at PPN = 3.

The garbage collection process copies all
the valid pages from the data block 1000
into the free block 2000, leaving behind the
stale pages.

Block 1000 is erased, which makes it ready
to receive new write operations. Blocks can
only be erased a limited number of times
(P/E cycles) until they wear off and become
unusable.



Sprava flash pameti

« Sprava vadnych bloku
 Nahradni bloky (spare area)
 Wear leveling

 Garbage collection



Provedeni a rozhrani

 Provedeni a rozhrani
e PCle
« PCle-to-SAS/SATA — FP/LP karta
e NVMe — 2.5” disk / karta
e 3.57/2.57/1.8” disk
 SATA3, SAS2 (6 Gbps)
« SAS3 (12 Gbps)
e MSATA
e M.2



NVMe SFF

SFF-8639

Blue = SAS/SATA
Red = Enterprise PCle

Lane3 Lane? Lane1 Lane1 Lanel
(+Sideband) (+RefClk)




Vybirame SSD

Provedeni a rozhrani

Kapacita

Overprovisioning (spare area, nahradni bloky)
Mnozstvi zapsanych dat, nez odejde

IOPS, latence

Konzistentnost vykonu v case

Ochrana proti ztraté napajeni

AnandTech reviews (http://anandtech.com)



Consumer-grade SSD v serveru

« VeétSina neni odolna proti ztraté napajeni
e OK: Crucial MX100, MX200, M500, M550
e |dealné: Intel 530
_C moc nevydrzi
pare area byva okolo 7% pri nejlepsim
patna konzistence vykonu v case
nodné max pro mene vytizené servery nebo
pro SSD-only konfigurace
* |dealné nevyuzivat celou kapacitu

< W =




Datacenter-grade SSD

e 2.5" SATAS3
e |Intel 730
* Intel DC S3500/S3700 (S3610/S3710)

* NVMe SFF
e Samsung XS1715
* Intel DC P3600/P3700 (i ve forme PCle karet)

» SAS2/SAS3
» Hitachi, Seagate, Toshiba

e Fusion-IO



SSD v serveru pod Linuxem

* |O je Casty bottleneck aplikaci
o Jestliiu Vas, uz SSD mate mit :)

« Data nativneé na SSD vs. pouziti jako cache pro
rotacni disky

« Databaze
e |IOPS ~>TPS

« SATA SSD — AHCI madd radice (NCQ)



/O Scheduler

o Default vetsinou CFQ
e Prerovnava |I/O v zavislosti na LBA
 Ma zbyteCnou latenci

* Pouzijte deadline/noop

# echo deadline > /sys/block/$YOURDRIVE/queue/scheduler



TRIM

* Informuje SSD o nepouzivanych LBA
* Na serveru ke zvazeni
« Lepsi alternativou je zvysSit overprovisioning
(spare area)
« Pripadne fstrim v idle periodach (cron)
* Doporucuje se jednou tydné



Oddily a LVM

e Zarovnani na stranky
* Pokud si nejste jisti, zarovhavejte na 1MB
(moderni distra to delaji automaticky)
e Zarovnani na erase block nedava smysl

» \ytvarejte FS s velikosti bloku rovnou strance
« mMkfs.ext4/mkfs.xfs -b 8k

e Mkfs.btrfs -n 8k



Oddily a LVM

 TRIM pro LVM v /etc/lvm/lvm.conf

e V sekcl devices:
issue_discards = 1



RAID

RAIDO pro jesté vysSsSi vykon
RAID1 jako ochrana proti umrti elektroniky
RAID10

RAID5/RAID6 nedavaji prilis smysl
(opotrebeni NAND bude podobné a zacnhou
umirat najednou)

o K diskuzi
 Chunk size I= page size

MDRAID umi TRIM, LVM RAID ne



Swap

swapon -0 discard[=policy]
discard=once
discard=pages
discarc

/dev/sdal none swap defaults,discard 0 0



Filesystemy

 TRIM podporuji: Btrfs, Ext4, JFS, VFAT, XFS
o fstrim nepodporuje VFAT
« mount flag -o discard

e podpora na ceste pro ZFSonLinux

o Btrfs
» flag -0 ssd
» flag -0 ssd_spread



Flashcache

» https://github.com/facebook/flashcache/
 Facebook, 2010
* Primarnée pro akceleraci InnoDB (MySQL)
 Read I write cache
¢ 3 mody
* Write-back
» write-through
e Write-around
* Nastavitelné eviction mechanismy
 FIFO
 LRU-2Q, konfigurovatelny middle point



Flashcache

* Device mapper, ze dvou blkdev déla jedno
» Konfigurace pres sysctl
* dev.cachedev+slowdev.*
e skip _seq thresh kb

 Nepodporuje TRIM



EnhancelO

» https://github.com/stec-inc/EnhancelO
* sTec, Inc., 2012, fork Flashcache
* Prepsany write-back rezim
« Komprimovana metadata
 Nepouziva device mapper
» Cache device se da odebrat za behu
* Nyni pozadu oproti Flashcache
* Podporuje (zatim) az Linux 3.18



bcache

e V jadre od 3.10
» RHELG ze hry
¢ 2 mody
* Write-trough
» \Write-back
» Konfigurace v /sys/block/yourcachedev/bcache
 cache mode
e sequential cutoff
« Cache zarizeni manipulovatelna za behu



dm-cache

« Vjadre od 3.9
* Device mapper modul
« Umi separatni zarizeni na metadata
e 3 mody
* Write-back
» write-through
e pass-through
* Replacement policies
 multigueue
* cleaner



LFS

o ZFSonLinux (https://github.com/zfsonlinux/zfs)
« L2ARC
e SLOG pro ZIL



Viastni zkusenost

e vpsFree.cz pouziva SSD od 2011
« Zacinali jsme s Intel 320 a OCZ Vertex 2
* Dobihaji OCZ Vertex 3 (240 GB in prod)
 Od 2013 kupujeme Intel DC S3700 200 GB
* Nejstarsi Vertex 3 120 GB maji zapsano ~70TB
* Na nich jela Flashcache
 Flashcache do Q2 2014
« VetSi poCet MySQL instanci problém
« ZFS od Q2 2013 na prvnich strojich, Q2 2014
piny prechod
* Nejvetsi benefit je dedicated SLOG device
« L2ARC



Diskuze

e VaSe zkuSenosti
 Dotazy
e RAID a SSD
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