Flash-Based Hybrid Systems
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Introduction

DISK
— cheap
» < $1 per GB for 7,200RPM drives
e $3 per GB for 15,000RPM drives

10TB Cost power
7,200RPM | $3,000 | 112W
15,000RPM | $22,000 | 473W

— alatency improvement of a bit more than a factor of two

FLASH

— Cost, Capacity, performance, power consumption
— Unbalanced r/w performance, lifetime, capacity, cost

5500

W DRAM

M SsD
M 15K RPM

acCess Psacs

A. Leventhal. Flash Storage Memory. Communications of ACM, July 2008
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Hybrid systems on web server
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» Background:

— Read >> write
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— Performance depends heavily on
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memory, I/0 bandwidth, access
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. 32MB + l'--Ir.llf'-' lEEf.‘\':i z:'mb '.\I2I'-LB 1G8
— RAM is a large power consumer floo o8 iee 1o 1G8

e Goal:

— RAM s eXpenSive

— Reduce RAM idle power

| 1

. I 1GE DRAM }

consumption | \

— Cheaper | MainMomory |
 Solution:

— Flash as secondary buffer

Taeho Kail, Trevor N. Mudge: FlashCache: a NAND flash memory [""'-——— —~-*"”\]
file cache for low power web servers. CASES 2006:103-112 - -

Hard Disk Drive
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; Sacondary Fil
— RAMis a large power consumer | fene 168 Flah |"| Buffer Cache
— RAM is expensive I Madn Memary |
» Goal:
— Reduce RAM idle power
consumption
— Cheaper “Hard Disk Drive
ion: PFC : Primary Pags Cach
* Solution: e i
_ FlaSh as Secondary buffer WBT : Wear level Satus Tabls

Taeho Kgil, Trevor N. Mudge: FlashCache: a NAND flash memory
file cache for low power web servers. CASES 2006:103-112
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Hybrid systems on mobile
computing (1)

» Background:
— Limited energy

— Disk is a big energy consumer
 Active/standby = 5~10
« Idle: spin-down; request: spin-up
» OS incur periodic writes during idle periods

» Goal:
— Reduce energy consumption

e Solution:
— Flash as buffer
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Hybrid systems on mobile
computing (1)
RAM | RAM

Standby Standby
rite read write

FLASH
1G USB

Active

Read
miss Read and

Active write

R/IW

Dirty data
flushes
A

* Flashas read and « Flash as standby write- * Flash as standby buffer
write buffer only buffer — Move slowly from/to
— reduce latency — Reduce the number of disk
spin-up/down operation — Widely scattered data
— Prolong the period of — Flash full or disk
spin-down active

[1]Brian Marsh, Fred Douglis, P. Krishnan: Flash Memory File Caching for Mobile Computers. HICSS 1994:451-461

[2]T. Bisson and S. Brandt, "Reducing energy consumption with a nonvolatile storage cache," IWSSPS, 2005

[3]Feng Chen, Song Jiang, Xiaodong Zhang: SmartSaver: turning flash drive into a disk energy saver for mobile computers.
ISLPED 2006:412-417
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Hybrid systems on mobile

computing (2)

» Background:

— Limited energy

— Disk is a big energy consumer

— Flash as cache

» Frequently write reduce the lifetime

e Goal:

— Energy efficient

» Solution:

— Flash as secondary storage

workload generator

_‘ single disk /O fraces

file allocator |
-

l

l

file map manager |

i

file migrater |

A4

device driver layer

Young-Jin Kim, Kwon-Taek Kwon, Jihong Kim: Energy-efficient file placement techniques for
heterogeneous mobile storage systems. EMSOFT 2006:171-177
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Hybrid systems on database(1)

-- enterprise

* Background:

— Use dedicated log device to improve write
performance

— NV-RAM as log device
» write faster
» Cost, size (2eB-4GB), battery (power, fail)
* Goal:
— Cheap
— High performance

— Energy efficient

Flash as buffer

Flash as log

e Solution:

— Smaller flash as log device, larger flash as
read and write buffer

| A. Leventhal. Flash Storage Memory. Communications of ACM, July 2008

13/16

Hybrid systems on database(2)

-- commercial
« Background: Randop, Read Randop Ve
Flash Disk 0.4 48
o FIaSh (MLC) Magnetic Disk 9.5 49
* large capacity
« faster at random reads
* low random write speed . ookl IO Operations
Replaceren
— Magnetic disk (™ FC 0. terage )
« faster at random writes . Tequests for Physical 1O
.
» Goal:
H Physical U0 Operalions
— high performance
» Solution: .
— Flash as secondary storage e —

| I. Koltsidas, and S. D. Viglas. Flashing Up the Storage Layer. VLDB 2008. ‘
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Conclusion

» Flash-based hybrid systems involves
extensive applications

» Research on flash-based hybrid systems
IS an important issue
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