Benchmarks October 2013 (c) napp-it.org

Hardware: SM X9 SRL-E Xeon E5-2620 @ 2.00GHz, 65 GB RAM, 6 x IBM 1015 IT (Chenbro 50bay)
OS: napp-it appliance v. 0.9c1, OmniOS stable (May 2013)

Disks:

5 Seagate SAS ST3146855SS, 146 GB, 15k/rpm,
1 Intel 320, 300 GB SSD (MLC),

1 ATP SATA II SSD 16 GB (SLC)

1 Winkom ML-X8480, 480 GB MLC

1 ZeusRAM 8GB SAS (DRAM)

Intension of these benchmarks:

- verify some basic dependencies

- only a overview, no interest in absolute values

- quick tests with small files, larger files are more accurat but not too different

What I read from the benchmarks

Test 1: Sequential performance vs number of vdevs/disks via dd

- Sequential values scales with number of vdevs/disks (about 100-130 MB/s per disk)
- even a single disk is fast enough for 1 GB network

- a fast SSD is as good or better than 4 enterprise 15k rpm SAS disks

OPS/s (fileserver benchmark)
- OPS/s scales with number of vdevs
- a fast SSD is as good or better than 4 enterprise 15k rpm SAS disks

OPS/s (webserver benchmark)
- similar values with number of disks or SSD

Test 2: iSCSI vs SMB (sync disabled)

- iSCSI is similar to SMB regarding writes

- iSCSI is more than twice as fast compared to SMB regarding reads (needs some more tests)
- a fast SSD is as good or better than 4 enterprise 15k rpm SAS disks

Test 3: Async vs Sync Write
To check if a SSD is a good ZIL, set sync to always, create a volumebased iSCSI Target, run a Crystalmarbench and check 4k values

- Sync write perfomance is only 10-20% of async without dedicated ZIL !!!

- A ZIL build from a 3 years old enterprise class SLC SSD is mostly slower than without ZIL
(this pool is build from fast disks, but a dedicated ZIL needs to be really fast or its useless)

- A Intel 320 SSD (quite often used because of the included supercap) is a quite good ZIL,
You get up to 60% of the async values (at least with a larger 320, i used a 300 GB SSD)

- Only a DRAM based ZeusRAM is capable to deliver similar values like async write

- Some SSDs like newest SLC ones or a Intel S3700 are very good and much cheaper



Filebench: Randomwrite

Sync write values are quite bad, even with a ZeusRAM.
I suppose this is due the small 8 GB ZeusRAM (a ZIL needs to hold about 10s of writes, not ideal for a local benchmark)
but a single 8 GB ZeusRAM should be ok for a single 10 GbE link (about 1 GB/s x 10s = less than 10 GB needed Zilsize).

Test 4: Async vs Sync on a SSD only pool

- sync write performance is up to 40% of the async performance

- a slow SSD as extra ZIL, even a SLC one is a very bad idea (although may increase durability of MLC SSD's)

- Even with a SSD only pool, a ZeusRAM is a good idea. (Up to 70% or asny values and increase durability of MLC SSD's)

- ZFS seems quite well when a Pool is nearly full (at least with benchmarks from small files. Performance with large files
like ESXi VM is a different thing from my experience, so try to stay below 70% fillrate)

The benchmarks

Test1: Use the Seagate in a Raid-0, test performance vs number of vdevs, sync: default (=disabled)
Remote tests are done from Windos via 10 GbE either via CIFS or iSCSI

Filebench, all Seagate SAS Disks in Raid-0, i do not check absolute values but differences plus dd write with 128GB, 2 MB blocks, writeonly,
NAS-Tester http://www.808.dk/?code-csharp-nas-performance. Because of the large RAM-Cache, i check mainly write values, readvalues are mostly similar without cache.

Stage 1.1: (fileserver.f, 30s), Raid-0 (one basic 15k disk disk per vdev)

Disks
1

2
3
4

OPS

104987 ops
399095 ops
233414 ops,
397243 ops

OPS/s RW

3499.449 ops/s  (318/636 r/w) 83.4 mb/s
3302.761 ops/s  (1209/2419 r/w) 319.9mb/s,
7779.562 ops/s  (707/1415 r/w) 185.9mb/s
13238.229 ops/s  (1203/2407 r/w) 318.9mb/s,

Stage 1.2: (webserver.f, 30s), Raid-0 (one basic 15k disk per vdev)

Disks
1

2
3
4

OPS

13605195 ops
13658179 ops
13595568 ops,
13553535 ops

OPS/s RW

453490.7 ops/s  (146287/14631 r/w) 2405.3mb/s
455255.654 ops/s (146856/14688 r/w) 2414.6mb/s,
453166.862 ops/s (146182/14620 r/w) 2404.3mb/s,
451769.074 ops/s (145731/14575 r/w) 2396.3mb/s,

Stage 2.1: Compatre to a single SSD (480 GB), (fileserver.f)

Disks
1

OPS
633773 ops,

OPS/s RW

21123.501 ops/s, (1920/3841 r/w),  509.5mb/s,

Stage 2.2: Compare to a single SSD (480 GB), (webserver.f)

1

13649111 ops,

454954.630 ops/s (146759/14678 r/w), 2413.5mb/s,

Latency
1634us cpu/op
428us cpu/op
1123us cpu/op
542us cpu/op

Latency

56us cpu/op
56us cpu/op
56us cpu/op,
56us cpu/op,

Latency
428us cpu/op,

56us cpu/op,

49.4ms latency
13.0ms latency
22.8ms latency
13.1ms latency

0.2ms latency
0.2ms latency
0.3ms latency
0.2ms latency

8.1ms latency

0.3ms latency

dd write

111 MB/s
229 MB/s
378 MB/s
475 MB/s

dd write
470 MB/s

NAS tester write 400 MB (Windows SMB)
143 MB/s
108 MB/s
117 MB/s
176 MB/s

NAS tester write 400 MB (Windows SMB)
141 MB/s



Test 2. iSCSI vs SMB, disks vs SSD, sync disabled, volume based LU

iSCSI Benchmark: Windows 7-64, 8GB RAM, 10 GbE via iSCSI Target (volumebased, 50 GB, 64k blocksize, thin prof., writeback cache enabled, NTFS formatted
Pool from single Seagate disk via iSCSI  Pool from 2 disks, 2 vdev=Raid-0

Pool from 3 disks, 3 vdevs in Raid 0

Pool from 4 disks, 4 vdevs in Raid 0

Pool from Single 480 GB SSD
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Test 3. Async vs sync write depending on ZIL, Pool build from 5 x vdevs, each from a basic Seagate 15k/m disks (Raid-0)

sync, no ZIL sync, Adata 16GB SLC sync, Intel 320-300GB MLC sync, ZeusRAM, DRAM 8 GB
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Test 4. Async vs sync write depending on ZIL on a SSD Pool, Pool build from 1 x vdev from a basic Winkom SSD 480 GB, important is the 4k value

ync=disabled

sync=always, no ZIL

sync, ATP SSD 16 GB SLC ZIL

sync, ZeusRAM Dram ZIL

sync=disabled, Pool 95%full, iSCSI
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Write [MB/s]

141.8 166.2
141.6 144.0

%16.24 111.98
& 164.9 133.9

o] @l

= CrystalDiskMark 3.0.2 x64

Datei  Bearbeiten Theme

Al
Seq
512K

4K

4K
Qb3z

Hilfe

1[v] ‘100MB X: 0% (0/485GB)
Read [MB/s]

141.3 247
138.9 1228.1
16.07 116.25
146.8 127.0

foll @ =]

Sprache(language)

Write [MB/s]

.3




Test 5: special configurations

sync=off, iSCSI, volume LU, SSD sync=off, iSCSI, file LU, SSD

4 x vdevs, each from a basic disk 1 xvdev Z1 from 4 datadisks (4+1)

4 x 72, each 7 disks RE4 5400rpm

= Untitied - ATTO Disk = = Untitled - ATTO Disk = & Untitled - ATTO D g = 3 Untitled - ATTO Disk pE| 25 Untitled - ATTO Disk Benchmark ==
File View Help File View Help File View Help | File View Help File View Help
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= CrystalDiskMark 3.0.2 _gg_lg =, CrystalDiskMark 3.0.2 x64 (mom| = = CrystalDiskiiark 3.0.2 164 [o] @ (==

CrystalDiskMark 3.0.2 x64

Datei Bearbeiten Iheme Hilfe Sprache(language)

E 1[v] [100MB S: 0% (0/49GB)

Read [MB/s] Write [MB/s]

4={1418.0 1246.0
4| 37615 1 205.2
pei22.74 123.28
147.0 1149.1

— — o
= CopstalDiskMark 302 _{E‘E@

Datei Bearbeiten Iheme Hiffe Sprachellanguage)

Read [MB/s] Write [MB/s]

E 1[v] [100MB F: 0% (0/51GB)

b= 42219 1243.5
\2¢/ 38010 1 206.5
Wel15.49 115.59
168.3 (118.6

e
4=1405.0 ' 207.3
(1 367.3 1190.1
wei13.52 113.85
167.4 1153.5

Datei Bearbeiten Iheme Hilfe Sprache(language)

E 1[v] [100MB V: 0% (0/50GB)

Read [MB/s] Write [MB/s]

| =4{1401.0 1178.9
\e2¢(1339.0 (1110.3
W 113.86 114.39
202.6 '1141.0

Datei Bearbeiten Theme Hilfe Sprache(Language)

1[v] [100mB P: 0% (0/60GB)

Read [MB/s] Write [MB/s]

| 40716 165.1
= 3665 190.3
w114.00 114.47
& 228.6 158.5

CrystalDiskMark 3.0.2 x64

Datei Bearbeiten Theme Hilfe Sprache(Language)

| E 1[¥] 4000MB [V/] 5: 0% (0/49GB)
|

Read [MB/s] Write [MB/s]

= 1396l6 1187.1
¢/ 358.1 1186.4
wel124.60 19/183
173.9 18.554

Datei Bearbeiten Theme Hilfe Sprache(language)

| E 1[] [4000m8 [] [F: 0% (0/51GE)
|

Read [MB/s] Write [MB/s]

w1 381l5 1194.6
\=x \358.7 1158.6
Wl (13.61 17.855
222.8 14912

Question: Volume or Filebased Logical Units?

Volumbased LUs are minimal faster, but not as easy to handle compared

to filebased LUs regarding copy/move/backup/restore from snap.

Filebench fileserver.f
9352.514 ops/s, (850/1701 r/w), 224.4mb/s,
474us cpu/op, 18.9ms latency

Filebench fileserver.f
13594.182 ops/s, (1236/2472 r/w),
327.4mb/s, 393us cpu/op, 12.8ms latency

Filebench randomrw.f
86419.294 ops/s, (83691/2728 r/w),
675.1mb/s, 17us cpu/op, 0.0ms latency

Filebench randomrw.f
88637.352 ops/s, (86004/2634 r/w),
692.5mb/s, 13us cpu/op, 0.0ms latency

Filebench webserver.f
456351.152 ops/s, (147209/14723 r/w),
2420.4mb/s, 55us cpu/op, 0.3ms latency

Filebench webserver.f
458002.397 ops/s, (147742/14777 r/w),
2430.2mb/s, 55us cpu/op, 0.3ms latency

More vdevs or Raid-Z? (same amount of datadisks/poolsize)

If you look at sequential performance, they are similar, Z1 even slightly
faster. If you look at the fileserver-filebench, the multi-vdev option is up to
50% faster on latency, r/w and cpu/op than the Raid-Z1.

=2 CrystalDiskMark 3.0.2 164 fol @ ==

Datei Bearbeiten Theme Hilfe Sprache(Language)

1[v] [100MB Q: 31% (5741/18726GB)[v]

Read [MB/s] Write [MB/s]

| 139.7 239.1
= 139.9 223.4
4#16.10 115.19
wel152.3 1123.9

iSCSI

SMB

Backup pool (green WD disks RE4)
dd: 1800 MB/s write, 4000 MB/s read

fileserver.f
29950.846 ops/s, (2723/5446 r/w),
726.0mb/s,

604us cpu/op, 5.1ms lat



More Benchmarks (sync vs async Performance -

Look mostly at 4k with sync=always

Datei Bearbeiten Ansicht Chronik Lesezeichen Extraz Hilfe

€ %

512K

4K

MLC Intel 330 60GB sync=disabled —————— e MLC Intel 330 60GB sync=always

MLC-HET Int

All

Seq

512K

4K

4K
QD32

[H] OpenSolaris derived ZFS NAS/ SAN (Nex... | +

hardforum.com//showthread phpft=1573272&page=256

1]v] | 100MB F: 1% (0/10GB)

Read [MB/s] Write [MB/s]

107.4 189.99
91.26 196.53
10.45 110.66
98.55 1100.5

1]v] | 100MB F: 1% (0/10GB)

Read [MB/s] Write [MB/s]

107.4 170.84
98.24 199.52

11.21 :8./946
107.2 8.566

1|v|| 100MB G: 1% (0/12GB)
Read [MB/s] Write [MB/s]

108.3 1109.7
99.65 1100.0

12.61 /111.58
. L ]

. A

GB network,

Is this a good Zil?

@ Deaktivieren~ b Cookies® # 55 u Formulare~ [E Bilderr @ Informationen- [E Senstiges- / Kontur- 4& GroBe dndern~ }& Werkzeuge~ B Quelltext
O |

B12Kk

4K

el 53700 800GB sync=disabled ———————— e —— MLC-HET Intel 53700 800GB sync=always

& |B- Gosgle P | ¥ M Feedback ~ # - [

-

Status: *

1[v|| 1oomMB F: 1% (0/10GB)
Read [MB/s] Write [MB/s]

106.4 141,42
97.82 147!11
11.41 4,190
95.11 /8.626

1[v|| 1oomMB F: 1% (0/10GB)
Read [MB/s] Write [MB/s]

107.1 :34.13
97.43 139,29
10.72 13.652
98.32 18.695

- 1)v| 1(;0:45 ]G;lo/o[oh_ms)[ I]
=//107.8 194.03 [ |
512K 98-61 74_@2
%110.36 14,543
#.108.9 ' 88.45 ,

Winkom SSD 120 GB (SF1222, Intel SLC Nand, high IOPS)

=] ]

= CrystalDiskMark 3.0.2 x64

Datei Bearbeiten Theme Hilfe Sprache(Language)
I - 1[v] [100mB S: 0% (0/50GB)
Read [MB/s] Write [MB/s]
#(1209.0 1312.7
#%(,185.1 '187.8
wi1d.11 1212.26

+., 94.89 103.6

=] CrystalDiskMark 30—

Datei Bearbeiten Theme Hilfe Sprache(language)

Al 1[v] [100MB [v][S: 0% (0/50GB)
Read [MB/s]  Write [MB/s]
=(177.8 95.24
s20.153.0  74.16
w 72.727 /5,095
%1120.0 140.89

— .

10 Gbe iSCSI, sync=disabled

ZeusRAM (8 GB DRAM based)

10 GbE iSCSI, sync=always

Datei Bearbeiten Theme Hilfe Sprache(Language)
Al 1[v| [100MB Z: 1% (69/8189MB)
Read [MB/s] Write [MB/s]
#.368.5 1290.3
| 224\ 348(9 1248.3
I
| }#(114.74 115.03
Il
& 209.1 169.4

- N
£ CrystalDiskMark 30.2 x64 L_-E‘E‘ﬁ

=] CrystalDiskMark 3.0.2 x

Datei Bearbeiten Theme Hilfe Sprache(Language)

A L] [100MB (] [7: 19 (65/8185MB)

Read [MB/s]  Write [MB/s]
=1372.3 '158.8
512K 301L3 138-6
#13.17 112.13
#154.8 1103.8

2l == |

10 Gbe iSCSI, sync=disabled

10 GbE iSCSI, sync=always, best of

all 4k QD32



More Benchmarks (SSD only pools), 15 X Sandisk Extreme2-480 GB, Brenchmarks done via volumebased iSCSI via 10 GbE

sync disabled
one vdev Raid-Z2 (15 SSD)

sync=always, no ZIL

sync=always, 120 GB WinKom SLC SSD (ZIL) sync=always, ZeusRAM (8GB DRAM ZIL)
single 120 GB (faster than a 10 GB Partition)

"= CoystalDiskMark 302 =) = CrystalDiscMiark 30 ESmEE—)

Datei  Bearbeiten Theme Hilfe Sprache(language)

D

Datei Bearbeiten Theme Hilfe Sprache(language)

atei Bearbeiten Theme Hilfe Sprache(Language)

Datei  Bearbeiten Theme Hilfe | Sprache(language) |

100MB [ '5: 0% (0/50GB)

Read [MB/s]

s 418.2

Write [MB/s]

E [100MB 'S: 0% (0/50GB)

x| 369,1

b13.42

W% 1164.3

Read [MB/s]

= 413.5 67.

E\swwsosm

Write [MB/s]

91

x| 373.4

143,92

wai13.61

2.835

W 154.3

135.81

Read [MB/s]

s 408.1

Write [MB/s]

1107.8

x| 382.8

1101.2

wli14.54

110.76

W%1166.9

73.66

Read [MB/s]

| 409.9

Em(mm

Write [MB/s]

158.4

x| 356.6

1137.9

W 14.84

113.64

Wl 161.2

124.4

= CrystalDiskMark 3.0.2

3 x Raid-Z1, each 5 SSD

. CrystalDiskMark 3.0.2

=, CrystalDiskMark 3.0.2

Datei  Bearbeiten Theme Hilfe Sprache(language)

1[¥] 200w ] : 0% 0/5068)

Datei  Bearbeiten Theme Hilfe Sprache{language)

100MB [v][S: 0% (0/50GB)

Datei  Bearbeiten Theme Hilfe Sprache(language)

(1[5 oowe ] 52 0% (0/5068)

Datei  Bearbeiten Theme Hilfe Sprache(language)

Read [MB/s]

s 415.0

Write [MB/s]

222.2

sz 36712

1203.0

wa21.35

114.35

W 216.6

1162.7

Read [MB/s]

= 419.8

Write [MB/s]

'82.58

s 369.8

47.59

we13.41

3.146

W 157.3

\30.55

E\aws@em

Read [MB/s]

s 414.7

Write [MB/s]

1108.3

s 370.7

100.6

W 14.85

110.80

wli222.0

199.44

Read [MB/s]

s 416.3

Write [MB/s]

155.6

x| 369.3

131.7

W 14.23

112.84

Wi 232.8

115.1

= CrystalDiskMa 0.2

7 X 2way mirror (14 SSD)

Datei Bearbeiten Theme Hilfe Sprache(Language)

Read [MB/s]

| 419.8 219

Emmm

Write [MB/s]

9

e 379.5

-1-sd:o

w23.93

15.14

W213.8

1133.5

atei Bearbeiten Theme Hilfe Sprache(language)

(1] oo ]2 04 975068

Read [MB/s]

s 423.2 59,

Write [MB/s]

69

x| 372.6

3752

444113.93

3.501

Wi 1224.7

132.39

' CrystalDiskMark 3.0.

Datei  Bearbeiten Theme Hilfe Sprad

che(language)

100MB  [w]5: 0% (0/50GB)

Read [MB/s]

s 407.0

Write [MB/s]

106.5

e 372.3

198.92

W 13.98

110.79

W 222.9

'98.85

Read [MB/s]

atei Bearbeiten Theme Hilfe Sprac

= 417.3 156

cheilanguage)

Write [MB/s]

6

x| 368.0

—1-36:2

el 13.41

113.28

Wl 227.9

120.9

Result for SSD only pool: No need for mirrors, Raid-Z vdevs are ok, a dedicated very fast ZIL is recommended.




some user benchmarks

Intel S3700-100 GB (the cheapest 3700), with a comparison sync vs nonsync on FreeNAS and OmniOS, see
http://hardforum.com//showpost.php?p=1040226516&postcount=5398
http://hardforum.com//showthread.php?t=1573272&page=271

FreeNAS 9.1 sync=disabled

Fie Dt Those Fop Lagese

[ = oo =] [5: o fovsoce) ]
il

| Read [MB/s]  Write [MB/s]

15411106.4 199.11
ikl 101.4 193,76
W4l 110.81 19.738
& 80.59 90.86

FreeNAS 9.1 sync=always

Fe e Thoes ol Languags

"“li?El [roee 5 5= o rovsoce ~

! Read [MBfs] Write [MB/x]
%1107.0 180.71
#2/101.8 178,56
wiad.12 150929
(/80,46 113.64

OmniOS, sync=disabled

Flr B Thesw Fep Lrguse

.IHFEI [rocem 5] [i: o rovsocy ~

Read [MB/s]  Write [MB/s]

\=/106.5 1105.9
e2¢1100.7 1101.0
44110.67 110.76
W1 73.81 195.09

especially with small writes on iSCSI, OmniOS and Comstar seems dramatically better

OmniOS, sync=always

ﬂﬂ.ﬂ-hﬁﬂ

A |rTE|I:m o] [ 0% (ovsoce) i |

Read [MBJ<]  Write [MB/s]

\=107.1 198.01
2¢.102.0 187.60
444110.52 16,406
W9\ 75.12 167.03




