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at We’ll Co

tation is a “deep dive” into tuning

, as implemented under Solaris 11.
5 of ZFS are likely to be similar, but | have
em extensively, and, therefore, do not kn

ish to try some of the parameter change
1 here, please do your research.




ombined file-system and logical volu
r designed and implemented by Sun
stems, and currently supported by Oracle

argeted at the Enterprise space, as can be
y of its capabilities and limitations.

xt-Generation file-system, primaril
d checksums and its self-healir

ZFS History

opment was started by Sun in 2001,

S source code was released to the open-so

unity by Sun under the CDDL. Oracle cease
ing the open-source code when they purc
is has caused a fork in the code develop

orated into the FreeBSD kernel and i
a package for many Linux distri
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ZFS Goals

pacity & Scalability

eliability — Identify bit-rot and bad writ
1gh end-to-end checksums and correct th
validated redundant data

Availability — Maintain data availability th
\dant disks and data structures

erformance — Highly parallel implemer
the most from today’s multi-core
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FS Features

On-Write (COW) transactional object moc
ive block size
snapshots with clones and rollback
to-End checksums with scrubbing and self-h
srated NFS/CIFS/SMB/iSCSI management
ated compression and dedup (deduplicatic
ated encryption (new in Solaris 11)
ed Lustre interface
FS available from 3rd parties

eatures - Chec

sum options are None (not advisec
er-2, Fletcher-4 (default), SHA-256 a
256+MAC (encrypted only)

S with mirrors or RAID-Z, the checksum
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e file support (2% byte limit)
ge numbers of disks in a pool (254 max
ge directory support (248 entries)
code name support

space to a pool by adding VDEVs

sk structure is always consistent
2d for a file-system check progran

S Disadvantage

emory requirement, due to ARC
ptive Replacement Cache)

large memory requirements when dec
bled (~5GB memory/TB disk used)

possible to add a disk to an array

possible to change the structure of an a

possible to remove a VDEV from a pool
lex on-disk format

ly high CPU requirement vs. pre
on file-systems
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ystems can easily be large enou
ormal backup methods, such as ta
to use. Usually, the best way to b
FS file-systems is to send the data tc
r file server, using snapshots, ZFS se
receive.

Performa

Hardware Tuning
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Performance —

lock is more important than lo

ecksums require significant CPU power

ompression and encryption (when enablec
2quire more CPU power and memory band
an Checksums

is a single-thread latency issue, no
shput issue

PU cache will help ZFS perfc

ongly advised to use ECC memo
C-enabled CPU with ZFS, to maxim
antial of the self-healing file-system

the highest bandwidth memory
ported by the CPU & Motherboard
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erformance — Me

ARC likes to have a LOT of memory

RC metadata is all stored in the ARC,
ducing the ARC'’s effectiveness

dup likes to keep all the checksums in t
, requiring a HUGE amount of memor

action that releases a large amount ¢
ory from the ARC will have a signi
on system performance

Performance — D

> become a bottleneck with heavy
1s, or when there are a lot of cache m

seneral, more small disks will deliver be
rformance than fewer large disks

t RAID-Z performance is when there ar
8 disks, plus the parity disks

an ZFS was created, SUN found that
mance dropped when there were




5/22/2014

S Performance — D

ber of disk channels doesn’t usual
ter, but each array should be spread ¢
any as possible

/O to a single VDEV should not saturate a chz

oss of a channel should not cause loss of dat

ter balance of 1/0 load is achieved whe
VS in a pool have the same capacity

take a few weeks to rebalance tf
er a new VDEV is added to a

Performance —

are an excellent way to improve
ormance of a ZFS pool

ary SSD uses for ZFS are ZIL and L2AR
h of which can have high write rates

1en using an SSD as either ZIL or L2ZARC
“Enterprise” SSDs should be used, d
ability to survive longer with susta
ite rates




5/22/2014

Performance —

S Intent Log — Write cache for
adata and synchronous writes

be disabled — Not good for reliabilit
be placed on an SSD

UGE synchronous (NFS and metadata) writ
arformance improvement

S read performance improvement — si
time’

dd (pool) log (disk| mirror)

erformance —

in back the ARC with an L2ARC (Le
otive Replacement Cache)

ul if hit rate of Ghost MFU or Ghost
er 10-20%

an SSD or fast disk as an L2ARC devic
ory can’t be expanded enough
| add (pool) cache (disk)
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ormance — Disk

Jevice timeout can be adjusted in
el/drv/sd.conf

d:sd_io_time = <Seconds for a disk timeout
st disks use the SCSI driver (sd)

srformance — AF

odern disks use 4KB physical se
12B logical sectors (Advanced For

isks have a 7-11% density increase, a
yroved ECC

all (i.e. 512B) writes to an AF disk trigg
(Read/Modify/Write) cycle in the d

acing a 512B sector drive with a 4KE
drive (when they become availz
ail, due to the sector size
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ssible to override the physical bloc
on a model-by-model basis, in
el/drv/sd.conf:

onfig-list =

SEAGATE ST3300657SS”, “physical-block-size:409
DGC RAID”, ”, “physical-block-size:4096",
ETAPP LUN”. **, “physical-block-size:4096";

iki.illumos.org/display/illumos/List+
entries+for+Advanced-Forma

srformance —

dm set_prop —p recv_buf 1048276tcp
adm set_prop —p send_buf 1048276tcp
adm set_prop —p max_buf 2097152 tcp
adm set_prop —p _cwnd_max 2097152 tc

bove changes are persistent acros:
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> interrupt processing
_squeue_fanout =1
p_squeue_bind =0
p_squeue_wput=1

rnel/drv/ixgbe.conf, set intr_throt

NFS Tuning
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Performance —

e number of threads
s:nfs3_max_threads = <1024>
s:nfs4 _max_threads = <1024>

ease read-ahead count
s:nfs3_nra =<32>
:nfs4_nra =<32>

e number of lock servers
JCKD SERVERS=16384" to /etc

Performance —

e maximum transfer size
aults to 1MB in NFS3 and 32KB in NFS4
ited to <64KB for UDP mounts
s:nfs3_max_transfer_size = <1048576>
s:nfs4_max_transfer_size = <1048576>
2ase logical block size
aults to 32KB (holdover from NFS over
3 bsize = <1048576>
bsize = <1048576>
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Application Tuning

d verify that locally created
ons aren’t doing anything that’s
) performance problem.
arge and well formed 1I/O
Itiple of 4KB (bigger is better)

5/22/2014
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se directories

uses “scalable hash algorithms” for di
arches, allowing them to be fast

en one thread is searching a directory, t
ectory inode is locked

er threads wait for the lock to be releas

eavily used directories, it’s better to
d directories

xample, “/tmp/asdfjkl2d148e” becon
orojectA/48e/2d1/asdfjkl2d148

Performa

OS Tuning
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ZFS performance enhancement
nt — “ZFS Evil Tuning Guide”

solarisinternals.com/wiki/index.php
ning_Guide

is “evil”, but sometimes it’s
il.

mands can be used to retrieve
urrent ZFS parameters:

echo “::zfs_params” | mdb -k

kstat -n arcstats
tree — echo “::spa -¢” | mdb -k
nemory — echo “::kmastat”
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Performance —

st overall ZFS performance will be
3ined when there is only one data po
system, and all data file-systems are i
t pool, as this provides the maximum

ber of disks to all of the file-systems

hould be in a separate pool
ate entire disks to ZFS whenever po
ix ZFS and other file-systems o
ZIL and L2ARC on disks

erformance used to drop quickly b
 free space

0% usage, ZFS would switch from a “f
allocation policy to a “best fit” allocati

problem has been resolved
nange in behavior was moved to

18



5/22/2014

ecksums data and metadata by ©

an use different checksums, or none
ommended)

2cksums run in multiple threads for hig
oughput and low latency

ksums under ZFS are used to verify ¢
tadata, and to perform dedup

ecksum algorithm is set on a pe
asis by the “zfs” command

Encryption

yression and encryption are CPU-
sive

ffects single 1/0 latency to the application
proved only with faster CPUs

se are set on a per-file-system basis b
command

19
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Dedup likes HUGE memory

f dedup is set for no data verify on synonym,
3 complex checksum like SHA-256 (adds CPU

dedup is set for data verify on synonym (ca
k I/0 intensive), use a simple checksum li

o

a per-file-system basis by the

orformance — Bloc

Jtomatically adjusts blocksize

locksize can be tuned on a per-file-sys
s (the “recordsize” property)

ing the blocksize will not help with seque
rkloads, due to prefetch

ing the blocksize is most helpful with
ications perform mostly random /O

1g the blocksize may affect the amoun

bt, don’t tune the blocksize
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aximum queue depth defaults to

ptimum for pools with ZIL, using local disk
0o small for pools backed by RAID or SAN
ay be too large for pools without a ZIL
:zfs_vdev_max_pending = <Max Queue D

d be the smaller of sd:sd_max_thro
1 _max_throttle (these may need

ormance — Na

ches names of recently used file
tories

le suggests sizing for a hit rate of at

size of the cache can be adjusted
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perform device-level caching

s expanded to 64KB
5:zfs_vdev_cache_max = 16384
5:zfs_vdev_cache_bshift = 16

Its to OMB per VDEV of MRU cache
2fs_vdev_cache_size =0
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ormance — File |

erforms file-level prefetch by def

by default — should be disabled for wor
at have high percentages of random 1/0

prefetch hits are less than 10%, disable pre
s:zfs_prefetch_disable = <0/1>

efetch hit counters in ARC statistics
orefetch_data_hits, prefetch_metadata_hits
fetch_data_misses, prefetch_metadata

ses an ARC (Adaptive Replaceme

5 than physical memory for the ARC —
e on most systems

ge ARC size with:
zfs_arc_max = <Max bytes in ARC>
_arc_min = <Min bytes in ARC>
1e maximum size is critical i

5/22/2014
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ormance — Rea

debugging hint
rinks ARC for unknown reasons o
cated file server
ot zfs:zfs_arc_min to 3/4 or more of zfs_ar

is is a kludge, but it should help to deter
ere the memory pressure is coming fror
out destroying ZFS performance

ormance — Rea

inks ARC to free up space

arc_shrink_shift — defaults to 7 — 1/128
emory

large memory systems (>64GB), this sho
ned to be 128MB-512MB

5/22/2014
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erformance —

imultaneous read & write to L2
ge performance increase with SSD cache
gnificant performance hit with spinning di
s:2arc_norw =0
ease L2ARC write buffers from defaul

seful if multiple L2ARC devices are used
ful if the L2ARC devices are VERY fast
arc_headroom = <Number of L2ARC

erformance —

write bandwidth defaults to 8
s:12arc_write_max = <Size of L2ARC write

ould be under 1/8 total L2ARC disk/SSD
ate

er initialization of L2ZARC

J be under 1/4 total L2ARC disk/SS
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ormance — Ca

iginally designed to communicate
tly with disks

issues a “Cache Flush” command to t
every few seconds

1e RAID and SAN back-end devices ca
performance issues when cache fl

ocacheflush = <0/1>

ormance — Wr

flushes default to every 30 seco
5:zfs_txg_timeout = <Seconds between fl
te flush duration defaults to 5 second

s:zfs_txg_synctime_ms = <Duration of flus
15>

write flush duration can slow reads
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ance — Write

throttle write speed
etimes used to limit impact of large

r max byteE/S limit>

s:zfs_write_limit_max = <highest value to
2d for max bytes/S limit>

ache throttling can be disabled
no_write_throttle = <0/1>

p://www.solarisinternals.com/wiki/inde
raceToolkit

3ce Scripts from Kirill Davydychev of
enta (may not work correctly on Sola

://github.com/kdavyd/dtrace
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Sources

st Practices Guide

il Tuning Guide

the Trenches by Ben Rockwood
une One-Liners by Rigel-Major

/www.zfsbuild.com/2012/03/05/whe
gh-memory-too-much-part-2/

naczfs.googlecode.com/files/ZF

ure Enhanceme

)wing enhancements are plannec
2sentation at some time in the futu

information on FreeBSD and Linux
ert to a technical paper, instead of ¢
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s to improve this presentatio
ould appreciate feedback to:

rd@whisperpc.com

linkedin.com/in/peterashford
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