/FSUnderThe Hood




Quick Owerview

¥ More than just another blesysteit® a blesystenr
a wlume manageand a RAID conwller all in one

¥ Production debut in Solaris 10 6/06
o ¥ 128 = 1 billiorTB
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Old & Busted

Traditional storage stack:
Plesystem(upperplename to object (inode)

Pplesystem(ler): object to wolume LB\

volume managerolume LB\ to array LBA
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New Hothess

Terms:
¥ Collapsed stack: ZPL: ZFS POSIX lyar

Standad syscall interfacef bles

ZPL Plename to ObjeCt DMU: Data Management Unit

Transactional object ster

D|\/|U object to DVA SR: Storage Bol Allocator

Virtual block allocation,
data transfrmation

Sm DVA to d|Sk LBA DVA: DataVirtualAddress

Object adiresses within pool

LBA: Logical Bloclkddress
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/FSAdvantages
¥ Fast

¥ Copy-on-write, Pipelined I/QDynamic striping,
Variable block sizdop-down resihering

¥ Simple management

End to end data mtegrltyelf healmg
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Getting Down to Brasslacks




/FS 1/0O Lécycle

Writes are interpreted as object transactions in the ZPL:
OMak& these 5 changes to these 2 objeCts.

Asynchpnous writes (no O_DSYNC or fsync()) amput into a pefhost
memoly cache called thadaptive Replacement Cache (ARC)

Transactions a bundled in the DMU into transaction@ups (TXGs) that a&
shut davn at regular intevals (default 5 sec) and synced to the pd&d. soon
as onelrXG is closedthe next one is opened toaceive more transactions.
There can be at most one open and one synd‘ D@S at ary tlme |f aTXG
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/FS 1/0O Lécycle

SynchonousWrites

¥ For writes that require immediate data integrit)FS manages a pketesystem
log called the ZFS Intent Log (ZILEach operation gets a log sequence
number

When a synchomnous commandsuch as fsynes issuedhe ZIL commits
blocks up to the curent sequence mmber Whlle this operatlon IS
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/FS 1/0O Lécycle

Reads

Readsbhy their very natuie, can thiottle an aplication so thg are sewned from
the ARC wheneer possible

If the necessarblocks ae not cachedZFS issues a prioritized |/Gequest tha
Ocuts the lineO ahead of pending writes to satisfyetd r

,ﬂ-l f

onsewatiwe, controlling the averall rumber of




Speed Is Laf

¥ Copy-on-write design means random writes car
be made sequential

¥ Pipelined I/O extracts maxiom parallelism with
out-of-order issuesorting and ag@gation
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Copy-On-Write




Copy-On-Write




Copy-On-Write




Copy-On-Write




Pipelined I/0

Reorders writes to be as sequential as possible

[ ]

App #1 writes: EE

— [ ]

App #2 writes: HE




Pipelined I/0

Reorders writes to be as sequential as possible

[ ]

App #1 writes: EE

— [ ]

App #2 writes: HE

If Ieft In orlglnal oder we

- waste a lot of time waiting .
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Pipelined I/0
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Pipelined I/0

Reorders writes to be as sequential as possible

[ ]
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Pipelined I/0

Reorders writes to be as sequential as possible
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Pipelined I/0

Reorders writes to be as sequential as possible

[ ]

App #1 writes: EE

— [ ]

App #2 writes: HE
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Pipelined I/0

Reorders writes to be as sequential as possible

[ ]

App #1 writes: EE

— [ ]

App #2 writes: HE
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Pipelined I/0

Reorders writes to be as sequential as possible

[ ]

App #1 writes: EE

— [ ]

App #2 writes: HE
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Dynamic Striping

¥ Load distribution aarss devices

¥ Factors determining block allocation
Include:




Dynamic Striping

New data striped aayss thiee mirors.

Writes striped acpss both mirors. No migration of existing data.
Copy-on-write reallocates datawver time,

Reads occur whever data was gradualf spreading it aasss all thee mirors.
written.

* RFE ér Oon-demand@silering to explicity re-balance




Variable Block Size

¥ No single value wrks well with all types of bles

¥ Large blocks in@ase bandwidth buteduce metadata and can lead to
wasted space
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Variable Block Size

¥ The DMU operates on units of a bd record size
default is 128KB

¥ Files that ag less than theacord size ae written as
a smgle Dlesystem block (FSB) of varlable S|ze In
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Variable Block Size

¥ FSBs a the basic unit of ZFS dataseiwhich
checksums & maintained




Top-down Resiler

¥ a.k.arebuild resyngreconstruct

¥ Traditional lesilering is basicalla whole-disk cop
In the miror caseRAID-5 does XOR of the othe
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Top-down Resiler

¥ The ZFS wp is metadata-dran,which povides
the following benepts:

¥ Live blocks ony: We just walk the block tee;
arny unallocated blocks ddanf@ed to be copied.
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Keep It Simple

¥ Unibed management modetols and datasets

¥

Vi
¥

Datasets ag just a goup of tagged bits in the podblesystemsplumes,
sngshotsclones

Properties can be set while the dataset is aetiv

Hierarchical arangementchildren inherit poperties of paent
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Data Integrity

¥ Not enough to be fastnust be saf too

¥ Silent coruption is our mottal eneny

¥ Defects can occur aywhere:disks prmwae, cableskernel drivers
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Data Integrity

Traditional Method:
ISk Block Checksum




Data Integrity

Traditional Method:
Disk Block Checksum




Data Integrity

Traditional Method:
Disk Block Checksum




Data Integrity

The ZFSNay

¥ Store data checksum in pant block
pointer

¥ Isolates faults beteen checksum and




Data Integrity




Data Integrity
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Goodie Bag

¥ BlockTransbrms

hots & Clones
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BlockTransbrms

¥ Handled at SR layer, transpaent to upper |gers
¥ Available todg

¥ Compression

zfs set compression=on tank/myfs

LZJB (default) or GZIP

Multi-threaded as of sn 79
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Sn@shots & Clones

¥ zfs snapshot tank/myfs@thursday
¥ Based on block bih time, stored in block pointer

¥ Nearly instantaneous (<1 sec) on idle system
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Sharing

¥ NFSv4

¥ zfs set sharenfs=on tank/myfs
¥ Automaticaly updatesetc/dfs/sharetab




On-Disk Format

¥ Platbrm-neutral adative endianness

¥ Writes always use natie endiannessja a bit in the block pointer

¥ Reads ptesvap if necessarbased on comparison of host endianness
value of block pointer bit
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FIn

Further reading:

ZFS Commnity:

http://opensolaris.org/os/conmumity/zfs

ZFSAdministration Guide:
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http://opensolaris.org/os/community/zfs
http://opensolaris.org/os/community/zfs
http://docs.sun.com/app/docs/doc/819-5461
http://docs.sun.com/app/docs/doc/819-5461
http://blogs.sun.com/bonwick/en_US/category/ZFS
http://blogs.sun.com/bonwick/en_US/category/ZFS
http://blogs.sun.com/main/tags/zfs
http://blogs.sun.com/main/tags/zfs

