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Throughput in MBIs

u

from an

Class 10 SDHC card, 8 GB, using Linux-2.6.37 with sdhei-pci driver.

O 4MB (segmert)
[ET

owe

Os5L1KB

O 2s6KiB

O 128KB

O 64KB (block)
Q3268

O 168

O 8KiB (page)
Ok

=2

OB
05128 (sector)

Randam Read

Linear Write

Randam Write

Arnd Bergmann

FAT Random Write

10 IBM Corporatio



Working with cheap flash drives

Read performance scatter graph

Read access time for 32 KB inms

Partition data FAT Closed segment | Open segment | Closed segment | Closed segment | Erased segment

3

T ——

Erased segment

16
Position on the drive in MB

Arnd Bergmann

28
s e
et e
) “ B
IS A
28 JE T ———
24
it o s

0 4 8 20 24 8



Working with cheap flash drives

Static wear leveling over erase blocks

Logical FAT Free
segments

Physical

segments

Writing to a free segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

write

Writing to a free segment

Arnd Bergmann

© 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Writing to a free segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Writing to a free segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Writing to a free segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Writing to a free segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical | FAT
segments

Physical
segments

Writing to a free segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical FAT write
segments

Physical

segments

Overwriting a used logical segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical | FAT
segments

Physical
segments

Overwriting a used logical segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Overwriting a used logical segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Overwriting a used logical segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

|FAT

write

A

Free list

Writing to multiple segments

Arnd Bergmann

© 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical EAT write
segments

Free list

\ A

Writing to multiple segments

Physical
segments

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical FAT write
segments

Physical

segments

Writing to multiple segments

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical FAT write
segments

Physical
segments

Writing to multiple segments

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical | FAT
segments

Physical
segments

Writing to multiple segments

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical | FAT
segments

Physical
segments

Concurrent FAT updates

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Concurrent FAT updates

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Concurrent FAT updates

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Concurrent FAT updates

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical FAT write
segments
- A A A A A »A.
Physical
segments

Concurrent FAT updates

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Concurrent FAT updates

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Erasing a segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

Physical
segments

Erasing a segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical FAT Erase
segments

i A = £ A 2
Physical
segments

Erasing a segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Logical
segments

| |

Physical
segments

Erasing a segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Static wear leveling over erase blocks

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

Old Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

Old Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical
Segment
A
QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

Old Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

HEEEEEEE
QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Linear access optimized garbage collection

Logical
Segment

Old Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Linear access optimized garbage collection

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical
Segment
A
QOld Physical New Physical
Segment Segment

Arnd Bergmann 2010 IBM Corporation



' Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical
Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical
Segment

Old Physical New Physical
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

Old Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

Old Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Logical

Segment

QOld Physical New Physical
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Garbage collection with block remapping

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical
Segment
A
0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical
Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical
Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical
Segment

New Physica
Segment

0Old Physical
Segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



| Working with cheap flash drives

Data logging garbage collection

Arnd Bergmann © 2010 IBM Corporation



I Working with cheap flash drives

Data logging garbage collection

Arnd Bergmann © 2010 IBM Corporation



' Working with cheap flash drives

Data logging garbage collection

Logical
Segment

R

Arnd Bergmann © 2010 IBM Corporation



I Working with cheap flash drives

Data logging garbage collection

101 /136 Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical
Segment
kvl A
0Old Physical New Physica
Segment Segment

Arnd Bergmann

2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

104 /136 Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

107 / 136 Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Logical

Segment

0Old Physical New Physica
Segment Segment

111 /136 Arnd Bergmann 2010 IBM Corporation



Working with cheap flash drives

Data logging garbage collection

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

Physical
segments

Writing without free segments

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT write | |

Physical
segments

Writing without free segments: user writes to a logical segment that is not open

114 /136 Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT write | |

Physical
segments

Writing without free segments: free up a partial segme

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT write | |

Physical
segments

Writing without free segments: one segment is now unreferenced and can be erased

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical FAT write
segments
i ) 3 h A =y 5
Physical
segments

Writing without free segments: one segment is now erased and can be reused

117 /136 Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT write | |

Physical
segments

Writing without free segments: start writing to the segment just freed up

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT

Physical
segments

Writing without free segments: user writes to another logical segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT

Physical
segments

Writing without free segments: free up a partial segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT

Physical
segments

Writing without free segments: one segment is now unreferenced and can be erased

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT

Physical
segments

Writing without free segments: one segment is now erased and can be reused

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical FAT write Free list
segments
)
Physical
segments

Writing without free segments: start writing to the segment just freed up

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT

Physical
segments

Writing without free segments: start writing to the segment just freed up

124 /136 Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT

Physical
segments

Writing without free segments: user writes to another logical segment

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical FAT
segments
Physical
segments
Writing without free segments: free up a partl nt

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT

Physical
segments

Writing without free segments: one segment is now unreferenced and can be erased

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

Physical
segments

write

Writing without free segments: one segment is now erased and can be reused

Arnd Bergmann

© 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical
segments

FAT

Physical
segments

Writing without free segments: start writing to the segment just freed up

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

Logical | FAT
segments

Physical
segments

Writing without free segments

Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Running out of open erase blocks

131/136 Arnd Bergmann © 2010 IBM Corporation



Performance footprint of an SD card

Throughput in MBIs

u

from an

Class 10 SDHC card, 8 GB, using Linux-2.6.37 with sdhei-pci driver.

O 4MB (segmert)
[ET

owe

Os5L1KB

O 2s6KiB

O 128KB

O 64KB (block)
Q3268

O 168

O 8KiB (page)
Ok

=2

OB
05128 (sector)

Randam Read

Linear Write

Randam Write

Arnd Bergmann

FAT Random Write

10 IBM Corporatio



Working with cheap flash drives

Flashbench demo

Arnd Bergmann



Working with cheap flash drives

Planned optimizations

@ Superpage buffer cache

134 /136 Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Planned optimizations

@ Superpage buffer cache
@ Flashcache device mapper target

134 /136 Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Planned optimizations

@ Superpage buffer cache
o Flashcache device mapper target
@ Erase block optimizations in elevator

134 /136 Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Planned optimizations

@ Superpage buffer cache

o Flashcache device mapper target

@ Erase block optimizations in elevator
@ File system block allocation

134 /136 Arnd Bergmann © 2010 IBM Corporation



Working with cheap flash drives

Legal Statement
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represent the view of IBM.
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countries.

Linux is a registered trademark of Linus Torvalds.
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