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Storage Terminology/Nomenclature:

e ZFS (Zettabyte File System)

e ZIL (ZFS Intent Log) Accelerator
= a.k.a.SLOG (Separate LOG) or Dedicated Log

e SSD (Solid-State Drive)

= SSD Types (Primary Media):
* Flash (NAND) Based
* DRAM (Dynamic Random Access Memory) Based

= SSD Form Factors:
» 3.5”/2.5” HDD (Hard Disk Drive) Compatible
* PCIl Express Plug-in Card

e |OPS (Input/Output operations Per Second)
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The Filesystem Reinvented.

ZFS Hybrid Storage Pool.:

A pool (or collection) of high capacity, low cost,
and low RPM HDDs accelerated with integrated
support of both read and write optimized SSDs.

The key is both storage devices (HDD/SSD) work
together as one to provide the capacity and cost
per bit benefits of an HDD with the performance
and power benefits of an SSD.
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The ZFS Vanguard.

ZIL Accelerator:

One of the two optional accelerators built-in to
ZFS. Expected to be write optimized as it only
accelerates synchronous writes. Therefore, the
intended device must have both extremely low
latency and high sustained write IOPS.

End purpose is to accelerate applications bound
by synchronous writes (e.g. NFS, iSCSI, CIFS).

Can be created from either type of SSD (DRAM
or Flash). Which SSD type to choose?
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Questions to be answered:

What is the ZIL (ZFS Intent Log)?

« Common characteristics of both ZIL Accelerator SSD types?
 Why does the ZIL Accelerator attachment interface matter?
e ZIL Accelerator access pattern random and/or sequential?
* The untold truth about Flash SSD write IOPS degradation?
 How does |O/partition alighment affect IOPS performance?

* How do ZIL Accelerator SSD types compare and contrast?
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Questions to be answered:

 What is the ZIL (ZFS Intent Log)?

 Common characteristics of both ZIL Accelerator SSD types?
 Why does the ZIL Accelerator attachment interface matter?
e ZIL Accelerator access pattern random and/or sequential?

* The untold truth about Flash SSD write IOPS degradation?
 How does |0/partition alignment affect IOPS performance?
e How do ZIL Accelerator SSD types compare and contrast?
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What is the ZFS Intent Log (ZIL)?

Logs all file system related system calls as transactions in host memory.
If synchronous semantics apply (O_SYNC, fsync()...), transactions are
also placed on stable (non-volatile) storage, so in the event of a host
failure each can be replayed on the next reboot.

Satisfies POSIX requirements for synchronous write transactions.

Default implementation uses the pool for stable “on-disk” format.
Optionally, a ZIL Accelerator can be used to increase performance.

One ZIL per dataset (e.g. file system, volume), with one or more
datasets per pool. A ZIL Accelerator is a pool assigned resource and
thus shared by all datasets (ZILs) contained in that pool.

Transactions are committed to the pool as a group (txg) and involve
reading the ZIL “in-memory” representation and NOT the "on-disk"
format. After the txg commits, the relevant ZIL (on-disk or optionally a
ZIL Accelerator) blocks are released.
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What is a synchronous write transaction?

» Synchronous writes are forced to stable (non-volatile) storage prior to
being acknowledged. Commonly initiated by setting O_SYNC,
O_DSYNC, or O_RSYNC flag parameters when the target file was
opened or by calling fsync().

e Guarantees, upon a host power or hardware failure all writes
successfully acknowledged prior are safely stored and unaffected.

e Critical Assumption: All relevant storage devices (including HBA
Controller) and device drivers must properly implement the SCSI
SYNCHRONIZE_CACHE or ATA FLUSH CACHE command by flushing
any/all volatile caches to stable (non-volatile) storage.

« WARNING: Some storage devices ignore the cache flush command
and are unable to correctly implement synchronous write semantics.

«  WARNING: Do NOT set the system-wide "zfs_nocacheflush" tunable
unless every system storage device's volatile cache is power protected.
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Questions to be answered:

 Whatis the ZIL (ZFS Intent Log)?

« Common characteristics of both ZIL Accelerator SSD types?
 Why does the ZIL Accelerator attachment interface matter?
» ZIL Accelerator access pattern random and/or sequential?
 The untold truth about Flash SSD write IOPS degradation?
 How does I0/partition alighment affect IOPS performance?
e How do ZIL Accelerator SSD types compare and contrast?
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Common characteristics of both ZIL Accelerator SSD types?

* The ZIL Accelerator is added to a pool, thus shared by all datasets (file
systems, volumes, clones) contained within this pool.

* Device data integrity is paramount to operational correctness. Unless the
ZIL Accelerator is mirrored, no ZFS checksum fallback is available.

* Requires a low latency, high sustained write IOPS capable device.
* Write IOPS intensive, never read unless at reboot (replay) and import.
e ZFS does NOT support TRIM, an issue for Flash SSDs but not DRAM SSDs.

 BONUS: By relocating the default ZIL from the pool, it reduces both pool
block fragmentation and pool 10 congestion, increasing all IO performance.

 WARNING: Device must correctly and consistently implement the SCSI
SYNCHRONIZE_CACHE or ATA FLUSH CACHE command for cache flush support.

 WARNING: Operational correctness (cache flush support) requires power
protection of ALL on-board volatile caches. Most obvious with memory
components, but also beware of controller based on-chip volatile caches.
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Flash SSDs which do NOT power protect on-board volatile caches!
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Flash SSDs which do power protect on-board volatile caches:

DDRdrive
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* OCZVertex 2 EX
e Supercapacitor Backup
e SLC (Single-Level Cell) Flash
e SandForce 1500 Controller
e« 2.5” SATA Il SSD

* OCZVertex 2 Pro
e Supercapacitor Backup
* MLC (Multi-Level Cell) Flash
e SandForce 1500 Controller
« 2.5” SATA Il SSD
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DRAM SSD which power protects ALL on-board volatile memory.

DDRdrive X1:

e Guarantees correct and consistent
implementation of cache flushes.
(SCSI SYNCHRONIZE_CACHE command)

e Guarantees, in conjunction with an
external UPS attached with the
included ACDC adapter, all on-board
volatile memory is power protected.
During a host failure or power loss an
automatic backup occurs transferring
all DRAM contents to on-board SLC
NAND. Automatically restores NAND
to DRAM when host power recovers.

* Singularly designed to perform the
unique function of a ZIL Accelerator.
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Questions to be answered:

 Whatis the ZIL (ZFS Intent Log)?

e Common characteristics of both ZIL Accelerator SSD types?
 Why does the ZIL Accelerator attachment interface matter?
» ZIL Accelerator access pattern random and/or sequential?
 The untold truth about Flash SSD write IOPS degradation?
 How does I0/partition alighment affect IOPS performance?
e How do ZIL Accelerator SSD types compare and contrast?
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Why does the ZIL Accelerator attachment interface matter?

BER = Bit Error Rate e Separate HBA/SSD
= Storage Media
= SSD Controller
= SATA/SAS Cable (BER)
= HBA Controller
= PCle Bus to Host (BER)

No cable, no BER. * Integrated HBA+SSD

= Storage Media

= Unified Controller (No Cable)
= PCle Bus to Host (BER)
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Why does the ZIL Accelerator attachment interface matter?

Performance:
= Separate HBA/SSDs (higher latency)
* Data path requires two separate hops to the Host.
e Shared HBA controller is an IOPS bottleneck. ‘
= How many SSDs can attach today and tomorrow?

* Storage protocol (SATA/SAS) overhead cannot be eliminated.

" |ntegrated HBA+Storage (lower latency)

e Data path requires only one hop to the Host.

* |OPS performance scales, on-board IOPS processor.
» Storage protocol (SATA/SAS) overhead is eliminated.
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Why does the ZIL Accelerator attachment interface matter?

Reliability:
= Separate HBA/SSDs (lower reliability)
* Increased chance of controller failure (up to 2X).
* Increased data path errors. Every bus has a BER. O
* Single point of failure (HBA), reduced redundancy.

" |Integrated HBA+Storage (higher reliability)

e Decreased chance of controller failure.
* Decreased data path errors. No bus, No BER.

* Nothing shared, increased redundancy.
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Questions to be answered:

What is the ZIL (ZFS Intent Log)?

e Common characteristics of both ZIL Accelerator SSD types?
 Why does the ZIL Accelerator attachment interface matter?
» ZIL Accelerator access pattern random and/or sequential?
 The untold truth about Flash SSD write IOPS degradation?
 How does I0/partition alighment affect IOPS performance?

 Compare ZIL Accelerator SSD types by cost (IOPS/S)?
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Is the ZIL Accelerator access pattern random and/or sequential?

ZIL Accelerator Access Pattern?

The answer is a key variable in determining which
of the SSD types is best suited as a ZIL Accelerator.
As a Flash based SSD, unlike a DRAM SSD, has
highly variable write IOPS performance depending
on |0 distribution (sequential, random, and mixed).
For a Flash SSD, performance variability is especially
pronounced if the workload is random or mixed.

Contrast with a DRAM SSD, in which performance is
absolutely consistent regardless of 10 distribution.
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Is the ZIL Accelerator access pattern random and/or sequential?

iopattern.d - Single 10zone workload targeted at a single file system (ZIL):

DEVICE
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5

%RAN
6

U O P NOIN OONRPRFERPRORKRFER ORNODO
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%SEQ
94
100
100
98
99
100
99
99
100
99
99
98
100
94
98
100
98
99
100
95

COUNT
152
506
830
272
483
606
511
440
601
583
436
148
928
152
544
928
414
267
943
152

MIN

4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096

20

MAX
131072
131072
131072
131072
131072
131072
131072
131072
69632
131072
131072
73728
131072
131072
131072
131072
131072
81920
131072
131072

AVG
34708
7422
7446
21202
8904
8502
12167
10994
8444
12042
10878
18293
7216
34708
9118
7216
16176
11060
7722
34708

~
X

KW
5152
3668
6036
5632
4200
5032
6072
4724
4956
6856
4632
2644
6540
5152
4844
6540
6540
2884
7112
5152

O O OO OO O 0O O 0O O o o oo o o o o o
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Is the ZIL Accelerator access pattern random and/or sequential?

seeksize.d - Single I0zone workload targeted at a single file system (ZIL):

ZI1IL Accelerator = sd5 (negative seek offsets)

value -------—------ Distribution ------------- count

O O O O O O O W o

0
dagdddagddadddaddddaaddaaddeaadcerdaccea iy
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Is the ZIL Accelerator access pattern random and/or sequential?

seeksize.d - Single I0zone workload targeted at a single file system (ZIL):

ZI1IL Accelerator = sd5 (positive seek offsets)
value -------—------ Distribution ------------- count
0 |CRERCRRERERRRLRERERRLRRLRCRLRRLRCRLREREREERRERREE 56701
1 | 0
2 | 0
4 | 0
8 | 9
16 | 11
32 | 5
64 | 4
128 | 14
256 | 0
512 | 0
1024 | 35
2048 | 0
4096 | 0
8192 | 218
16384 | 1
32768 | 0
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Is the ZIL Accelerator access pattern random and/or sequential?

iopattern.d - Five I0zone workloads each targeted at separate file systems (ZILs):

DEVICE
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5
sd5

%RAN
71
63
27
37
38
32
65
22
36
55
22
30
42
21
33
43
25
35
52
28
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%SEQ
29
37
73
63
62
68
35
78
64
45
78
70
58
79
67
57
75
65
48
72

COUNT
619
100
1706
717
488
962
820
946
1132
664
490
877
786
675
1628
458
459
1513
282
1677

MIN

4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096

23

MAX

131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072
131072

AVG
14862
59064
5997
12419
19539
10078
10464
12448
7927
16414
13642
8322
11886
15316
7024
24745
14813
7607
29441
7361

~
X

Kw
8984
5768
9992
8696
9312
9468
8380
11500
8764
10644
6528
7128
9124
10096
11168
11068
6640
11240
8108
12056
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Is the ZIL Accelerator access pattern random and/or sequential?

seeksize.d - Five |I0zone workloads each targeted at separate file systems (ZILs):

ZI1IL Accelerator = sd5 (negative seek offsets)
value -—————---————- Distribution --—--------——- count
-65536 | 12
-32768 |d 9094
-16384 |d 4162
-8192 | 2328
-4096 | 1210
-2048 | 824
-1024 | 695
-512 | 730
-256 | 2076
-128 |d 3498
-64 |@ 3548
-32 |@ 6635
-16 |@@ 12743
-8 | 0
-4 | 0
-2 0
-1 | 0
0 |QRRRERERERRRRRERERRERRRRAA 158590
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Is the ZIL Accelerator access pattern random and/or sequential?

seeksize.d - Five |I0zone workloads each targeted at separate file systems (ZILs):

ZIL Accelerator

value
0
1
2
4
8

16

32

64
128
256
512
1024
2048
4096
8192
16384
32768
65536

DDRdrive
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= sdb

ggdgaddagdddaaadadeiadeeiddd
I

I

I

|eee

|ea

@ @

25

Distribution

(positive seek offsets)

count
158590
0

0

0
18452
10456
5298
3767
3641
2121
952
743
852
1178
2258
4132
9035
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Is the ZIL Accelerator access pattern random and/or sequential?

ZIL Accelerator Access Pattern:

A predominately sequential write pattern is found
for a pool with only a single file system. But as
additional file systems are added to the pool, the
resultant (or aggregate) write pattern trends to
random access. Almost 50% random with a pool
containing just 5 filesystems. This makes intuitive
sense knowing each filesystem has a ZIL and all
share the pool assigned ZIL Accelerator.
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Questions to be answered:

 Whatis the ZIL (ZFS Intent Log)?

e Common characteristics of both ZIL Accelerator SSD types?
 Why does the ZIL Accelerator attachment interface matter?
» ZIL Accelerator access pattern random and/or sequential?

* The untold truth about Flash SSD write IOPS degradation?
 How does I0/partition alighment affect IOPS performance?
e How do ZIL Accelerator SSD types compare and contrast?
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Thought Experiment: What is the underlying physics of Flash?

e The ball and the table.

* Quantum Mechanics.
(quantum tunneling)

e The electron and the barrier.

* Fowler-Nordheim. —— —— ]
(electron tunneling) O0Q SEE B L
. i Vsub
° Underly”‘]g proceSS by Fowler-Nordheim tunneling e Homory 1007
which Flash writes (erase/program).
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Inherent disadvantages of a Flash write compared to a DRAM write?

 Can ONLY program a zero (change a 1 to 0), must be erased (set to 1) prior.

* Each write “will” require two separate Flash operations (erase/program).

* Asymmetric Flash operation (erase/program) unit sizes (Block/Page).

* Asymmetric Flash (erase/program) completion times (1.5ms/200us).

* Block/Page asymmetry (64-128X) results in RMW (Read Modify Write).

* RMW results in a write multiplicative effect called write amplification.

* Finite number of writes (erase/program) cycles (1-10K MLC/100K SLC).
 Complicated wear leveling schemes (LBA remapping) for use as an SSD.

* Writes (erase/program) will fail, requiring Bad Block Management.

* Continual performance degradation without TRIM support or Secure Erase.
 SUMMATION: Flash has nondeterministic and inferior write performance.
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How does a Flash write (program/erase) differ from a DRAM write?

/ PAGED SECTORD LBAD
PAGE1 SECTOR1 LBAT
PAGEZ SECTORZ LEAZ
BLOCKD '
PAGE12T
/ PAGED
PAGEA
PAGEZ
BLOCKS192
T
\ PAGE12T SECTORBIBBG0E LEABIEERDE
4GB FLASH SSD LAYOUT 4GB DRAM SSD LAYOUT 4GB HARD DRIVE LAYOUT
PAGE SIZE = 4KB SECTOR SIZE = 512B LBA SIZE = 512B

BLOCK SIZE = 512KE
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What are common mistakes in benchmarking Flash based SSDs?

 Benchmark device immediately after purchase or Secure Erase:

Flash SSDs produce one-time, unsustainable, dramatically
inflated results when tested “new” or after a Secure Erase.

* |lometer Benchmark version (default settings key to IOPS):

= Latest stable release from the official website (iometer.org) is 2006.07.27
* 10 transfer data is pseudo random in 2006.07.27

= Latest release candidate or developer build at SourceForge is 2008.06.22 RC2
* 10 transfer data is “repeating byte” in 2008.06.22 RC2

 Running lometer with a contrived 10 transfer data pattern (e.g.
repeating byte) will NOT provide generalized results if the
device under test implements compression (SandForce 1500).
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What is an example of lometer 2006.07.27 pseudo random data?

Of f ==t o1 2 3 4 5 6 7 & 2 4 B C D E F 10 11 12 13

o0opooooo |67 01 C7 GF 9B C4 83 A3 E4 SA BF G 44 C8 3B DS G0 2D 9D BA | g.¢_LAREs51LVIE; TP
ooooool4 |50 A8 2F 75 FA 64 F4 4C 3F 39 36 B3 8D 5E 63 B4 8C 39 DB 39 | Prrudjel?96 1 h " 1969
gooooozs | A1 37 BA 9C F9 5B 90 15 A4 E0 5C BD A1 54 54 78 61 5B 11 25 | i7200[01.25~%iTT=zal . ¥
oooooo3c | AD 13 AB C6 B3 82 43 15 53 13 12 3D 40 6D F2 S5E DS EE AC 68 P IC.S . 1@ Di-h
00000050 | 8D 38 3F AB 63 43 CE 54 51 65 22 D7 15 37 02 51 96 D7 B2 9F | 187%«cCITQe"x. 7 .QIx*1
00000064 |93 A1 94 C9 D1 20 A9 A2 59 C32 92 06 7F 1F 6B GE 29 33 62 DD | 1iaEN @e¥dy. 1.k )3nv
00000078 | 2E 44 45 94 C32 AE B3 AE CE 36 E1 61 6D 49 25 30 92 BE 06 CB | IDERE2:EfdanIx="% E
0000008C | 7B B4 4D FE 11 A1 SD BA BA 44 D32 A9 OB 8E 33 42 E2 1E 25 60| { 'Mi.i]22Jo@ 13Ba. %
000000AD0 | BO 3F D2 26 14 01 1F 71 9C 39 49 2F 0E F& 00 9B BS F2 D8 8D | *70&. . .gl9l- . @. 1padl
000000B4 | D6 C1 E3 CC 62 21 09 EF 33 A7 82 EC 65 EE 9B D2 ES Cf 73 B2 | DAZIB! i3f)ieildpls,
000000CS | Bl 43 G 32 DC 8D 7F 7E DE E7 60 90 1C 20 36 1F E2 08 66 2E | Cv2ifgr~bo 1. 6.2 £
000000DC | 19 80 SA 84 28 9E 4E AE 62 DB SE 6D 5C 09 DC DA O0E SC 4F 02 | 1Z0{IN8E0 "n~ U0 0.
000000FD |24 CB 61 C1 10 2C 35 72 CD 17 38 25 37 FO 94 44 F7 7C 91 C5 | 1E=d 15xl 8x7317-|"4
00000104 |39 03 DE AC 14 DC 9C DA 9C 00 FD 43 79 F9 15 94 24 EE 43 0B | 9. .0- Tp00 . §Cyi. 114C.
oopoolls |27 6E 14 62 92 CE 97 90 D8 39 1E 1F 39 7C 65 14 3C EC 12 8D | 'n. k' Innd9. 9)e. <i. |
gooooizc | 3B 9C 16 AC AR 6E 7E E1 17 3C 7F F2 93 ED BF 17 52 95 D7 BC | :1.-«n™a. <1011l RIxX
00000140 |64 0OA 9% EB A9 99 D4 8C 33 36 DA 4E 0D B2 96 2E 76 BD SF D6 | . 12@101360N. 21 . vk O
00000154 |C6 1E 26 6B 10 3D E3 8C 0C CA 16 45 BS C1 4F 3C 9E 08 24 02 | E &k =31 .E Epdo<y. 5.
00000168 |74 18 07 94 DS 4B 00 EE E3 88 1F 69 FS A& EA D0 3B BC 56 16 | z. 10K i®). i52eD; 4V,
0000017C | 6D 3E AF 09 OF CA GA E0 83 DE 22 G4 24 E2 9D 35 06 F9 75 22 | m» . EZabT=215 . tud
00000190 |14 52 03 06 4D 57 25 9B 0A 03 80 52 8B 73 39 DC 25 2D 4D 1E | X, HWx).  IRI=9T0%-M.
ooooolid4 | FE FE F6 SE 61 BB 20 4E 29 6D 3F 08 70 59 B3 20 08 A5 92 1B | ~~5"ax Hin?.p¥* %’

000001B2 |29 F? BC CB E4 E9 63 A4 B4 AC 92 77 GA Ef EC 1E 66 70 Al 37 | |1-%ES&c? "-1wZzi fpi?
000001CC | AD 13 3B ED 4F EE GD 33 EA 49 C5 79 F2 Bl 2B CE G55 83 D1 F2 | - u02]22liyet+ImMEa
000001ED |98 03 01 32 80 F& 7D GE G0 96 66 AF EF 74 G4 CC G4 4B 12 8F | .. 815} " 1£[4tTITK |
oooooilrF4 08 8BS 06 GA AD 63 AT FL O 9F 84 19 AR F2 09 46 E1 F9 81 BC 01 | . 1.Z—cE3811 .« Fanlk.
00000208 | 4B 51 GE E4 G4 6F 22 82 24 DB 16 FD 76 87 6B 1E 64 90 09 29 | KQ 3T " 110 ¢k d1. )
0000021C |50 00 62 94 1A 39 2D CE 2F 74 AS CA CF AD 82 73 ES FB 06 47 | P.bl.9-I-t¥EI-1=&4.G
00000230 | 7D AF D9 8F 92 47 76 G2 83 20 9C DF C1 F2 &7 70 F1 86 85 7B | 1 UNIGvRIIIBASSDRIL
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What is an example of lometer 2008.06.22 RC2 “repeating byte”?

Of f ==t o1 2 3 4 5 6 7 & % 4 B C I E F 10 11 12 13

gooooooo | o0 00 0o o0 00 00 o0 00 00 00 a0 00 00 00 00 00 00 90 00 00 ...
goooooil4 | o0 00 00 00 00 00 @0 00 o0 00 a0 00 00 00 00 00 00 00 00 00 ...
poooooz2s 00 OO0 0O OO OO OO OO @0 00 00 00 OO0 00 OO0 OO OO0 Q0 00 OO0 0O ... .. . ...
gooooozc | o0 00 0o o0 00 00 o0 00 00 00 a0 00 0o 00 00 00 00 90 00 00 ...
gooooaso | o0 00 0o o0 00 00 a0 00 00 00 a0 00 00 00 00 00 00 90 00 00 ...
goooooed4 |00 OO OO0 00 00 OO @0 00 00 00 a0 00 00 o0 00 00 00 00 00 00 ... ... . L.
gooooo?s | o0 00 0o o0 00 00 @0 00 00 00 a0 00 0o 00 00 00 00 00 00 00 ...
pogooosc 00 OO0 0O 00 OO0 OO0 OO0 Q0 00 00 00 00 00 OO0 OO OO0 Q0 00 OO0 0O ... ... .. . ...
goooooao | o0 00 0o o0 00 00 a0 00 00 00 a0 00 00 00 00 00 00 00 00 00 ...
goooooe4 | o0 OO0 00 00 00 OO @0 00 00 00 a0 00 00 00 00 00 00 00 00 00 ... ...
ooooooce 00 00 00 00 00 OO0 OO0 Q0 G0 00 00 OO0 00 OO0 QOO0 Q0 Q0 Q0 00 00 ... ... L.
gooooomz | a0 00 0o o0 00 00 o0 00 00 00 a0 00 00 00 00 00 00 00 00 00 ...
gooooorFo | o0 00 0o o0 00 00 o0 00 o0 00 a0 00 00 00 00 00 00 00 00 00 ...
gooooio4 | o0 00 00 00 00 OO0 @0 00 00 00 a0 00 00 00 00 00 00 00 00 00 ... ...
gooooiis | o0 00 00 00 00 00 @0 00 o0 00 a0 00 00 00 00 00 00 00 00 00 ...
pogooizc 00 00 0O 00 OO0 OO0 OO0 00 00 00 00 OO0 00 OO0 OO OO0 Q0 00 00 0O ... .. .. ...
gooooid4o | o0 00 00 00 00 00 @0 00 00 00 a0 00 00 00 00 00 00 00 00 00 ...
ooooois4 | o0 00 00 00 00 00 @0 00 00 00 a0 00 00 00 00 00 00 00 00 00 ... ...
oooooles |00 OO 00 00 00 OO @0 00 00 00 a0 00 00 00 00 00 00 00 00 00 ... ... . .
gooooi?c | o0 00 0o o0 00 00 o0 00 00 00 a0 00 00 00 00 00 00 00 00 00 ...
pooooliso 00 00 0O 00 OO0 OO0 OO0 Q0 00 00 00 OO0 00 OO0 OO OO0 Q0 00 OO0 QO ... ... . ...
goooois4 | o0 OO OO0 00 0O OO @0 00 00 00 a0 00 00 o0 00 00 00 00 00 00 ... ... L.
gooooies | o0 OO0 00 00 00 00 @0 00 o0 00 a0 00 0o o0 00 00 00 00 00 00 ... ...
gooooicc | a0 00 0o o0 00 00 @0 00 o0 00 a0 00 0o 00 00 00 00 00 00 00 ...
ooooolE0 | o0 00 0o o0 00 00 o0 00 o0 00 a0 00 0o 00 00 00 00 00 00 00 ...
pooooiF4 00 00O 0O 0O OO OO OO Q0 00 00 00 OO0 00 OO0 OO OO0 Q0 OO0 OO0 0O ... . . ...
goooozos | o0 00 0o o0 00 00 @0 00 o0 00 a0 00 00 00 00 00 00 00 00 00 ...
goooozic | a0 00 0do o0 00 00 a0 00 00 00 a0 00 00 00 00 00 00 90 00 00 ...
oogoo230 00 00O 0O 00 OO0 OO0 OO0 Q0 G0 00 00 OO0 00 OO0 QOO0 Q0 Qo0 00 00 00 ... .. L.
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What is an example of lometer 2008.06.22 RC2 “repeating byte”?

Of f ==t o1 2 3 4 5 6 7 & % 4 B C I E F 10 11 12 13

gooooooo (o1 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo
goooooi4 |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo ...
pogoooz2e (01 01 01 01 01 01 01 01 01 01 0101010101 01 01010101 ... ... ... .....
gooooo3c |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo ..
goooooso |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo
goooooe4 |01 O1 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ... ...
gooooo?s |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ... ..
pogooosc (01 01 01 01 01 01 01 01 01 01 010101010101 01010101 ..., .. ... .....
goooooa0 |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ...
goooooe4 |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo
gogoooce 01 01 01 01 01 01 01 01 01 01 0101010101 01 0101 01 01 ...,
gooooomZ |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ...
goooooFo |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ... ..
gooooio4 |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo
gooooiis |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ...
pogooi2c (01 01 01 01 01 01 01 01 01 01 010101010101 01010101 ..., .. ... ...
gooooid4o |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ... ..
goooois4 |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo ..
gooooles |01 01 01 01 01 01 01 01 ©01 01 01 01 01 01 01 01 01 01 01 01 ... ...
gooooi?c |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo ..
pogooiso (01 01 01 01 01 01 01 01 01 01 0101010101 01 01010101 ... ... ... ... .
goooois4 |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ... ..
gooooies |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 ... ..
gooooicc |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo ..
ooooolE0D |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo ..
pogooiF4 01 01 01 01 01 01 01 01 01 01 0101 010101 01 0101 01 01 ... .. ... ... .....
goooozos |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo ..
gooooz2ic |01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 oo ..
oogoo230 (01 01 01 01 01 01 01 01 01 01 0101010101 01 0101 01 01 ... .
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What is an example of lometer 2008.06.22 RC2 “repeating byte”?

Of f ==t o1 2 3 4 5 6 7 & % 4 B C I E F 10 11 12 13

goooooon |23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstaperssteterssd
ooooool4 |23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteterssd
ooooooz2e 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23| REdApdseprasrfarfdsss
oooooo3c | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstaperssteserssd
oooooaso | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrsstetesssd
ooooooed | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstarsrssteserssd
oooooo?as | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapersstesesssd
oooooosc |23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | #fdapdserasrsdrsdsss
ooooooan | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteterssd
ooooooed4 | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrsiapsrssteserssd
oooooaoce 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | Riddpddssrisrtardssas
oooooomz | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstaperssteterssd
oooooorn | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteterssd
ooooolo4 |23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteterssd
ooooolis | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstaperssteterssd
oogooilz2c 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23| REdfidsrpisrtsrtesss
oooooldn |23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapersstegesssd
oooools4 | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteterssd
oooooles | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrsstetesssd
oooool?c | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrsstesesssd
ooooo1l9o |23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | REdapdserasrfarfdsss
oooooldd | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteserssd
oooooles | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstarsrsstesesssd
ooooolcc | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrsstegesssd
ooooolED | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteterssd
0o0oo01F4 | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | #edapdserasrsdrsdsas
ooooozos | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteterssd
oooooz2ic | 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | pesrstapsrssteserssd
oooooz230 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 | Riddiddssrisrtardssas
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Why is the lometer |0 transfer data so critical to IOPS benchmarking?

* lometer 2008.06.22 RC write 10 uses a “repeating byte” data
pattern (examples shown prior were 0x00, 0x01, 0x23) which
is copied 4096 times to completely fill the 4KB transfer buffer.

 Benchmarking using a contrived data pattern (repeating byte)
will not provide generalized results with some Flash SSDs,
thus are not indicative of generalized ZIL Accelerator ability.

 Both the OCZ Vertex 2 EX and the OCZ Vertex Pro SSD use the
SandForce 1500 controller which implements compression at
the drive level. Benchmarking with an lometer version that
defaults to using extremely compressible data will, in these
cases, show dramatically inflated write IOPS results.

e All results shown in this presentation use Pseudo Random.
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lometer benchmark devices, distributions, and procedure:

Benchmark Devices Under Test:
* OCZ Vertex 2 EX (SLC Flash SSD)
* OCZ Vertex 2 Pro (MLC Flash SSD)
 DDRdrive X1 (DRAM SSD)

Benchmark 4KB Write IOPS Distributions:
* 100% Sequential
* 50% Sequential / 50% Random
* 100% Random

Benchmark Procedure :
* Secure Erase (SE) Flash SSD (no SE with X1)
* Start test, run 60 minutes (see slide 1 of 2).
» Stop test, allow device/host to be quiescent
(no tests or host activity) for 60 minutes.

* Restart test (secure erase not repeated) for a
second 60 minute run (see slide 2 of 2).
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The untold truth about Flash SSD Write IOPS degradation?

VERTE = [

SATA Il 2.5" SOLID STATE DRIVE

OCZ Vertex 2 EX Solid State Drives are designed to provide the best of both worlds - exceptional performance with
the latest cutting-edge technology paired with unparalieled rellability. The Vertex 2 EX pushes the limits in both
large and small file speeds with up to 285MB/s and 50.000 IOPS (4KB random write). With an emphasis on
endurance. the Vertex 2 EX Is an enterprise-ciass solution that utifizes SLC NAND flash to deliver outstanding
maximized read and write performance. Along with best-in-class rellability and all the benefits of SSD technology
Including faster access times, lower power consumption, and superior durabliity compared to conventional hard
drives, Vertex 2 EX provides advanced ECC protection. encryption. and block management

[Product Packaging]

4KB Random Write;
Up to 50,000 IOPS

lll|1‘0|1|‘|0|||7 i A ' OCZ
OCIBI0T-IVTREARG - Techkwology

MADE IN TATWAN Roits ocitechnology.com
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The untold truth about Flash SSD Write IOPS degradation?

40,000 DDRdrive X1

15,000 — Vertex 2 EX
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The untold truth about Flash SSD Write IOPS degradation?
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Vertex 2 EX 100% Sequential 4KB Write 4KB Aligned 180 Minute Screenshot:

i xd
| =1L [ 4E 4
|{ | 1
Topalagy Diigk. Targets I Metwork, Targets I Access Specifications  Results Digplay | Test Setup I
Elzﬂl\ All Managers —FReszultz Since— — Update Frequency [zeconds] l
El--- USER-934096F9: [:rag managers and workers £~ Start of Test ),
rom the Topalogy window I ' ' ' ' ' ' i I
‘: Wwiorker 1 to the progress bar of yaur choice. | © Last Update 1 2 3 4 15 20 45 EBO oo
L) Worker 2
— Dizplay
All Managers 10221.80 GO000
Total |0z per Second | _ ﬂ
Al banagers 39.83 100
Total MEBs per Second | _ ﬂ
All M anagers B.2603 10
pvrage 0 Fesporse Tin ) | 5]
Al banagers 2294643 1000
M aximum | /0 Besponze Time [mz] | _ ﬂ
All M anagers 674 % 10 %
< cpy Uiz tors) | 2]
All Managers 1] 10
Total Emar Count ﬂ
ol | ]
| [Run 1 of 1 v
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DDRdrive X1 100% Sequential 4KB Write 4KB Aligned 180 Minute Screenshot:

I x]
| =1L [ 4E 4
|{ | ,
Topalagy Diigk. Targets I Metwork, Targets I Access Specifications  Results Digplay | Test Setup I
Elzﬂl\ All Managers —FReszultz Since— — Update Frequency [zeconds] l
El--- USER-934096F9: [:rag managers and workers £~ Start of Test ),
rom the Topalogy window I ' ' ' ' ' ' ' ' i I
‘: Wwiorker 1 to the progress bar of your choice. | Last Update 1 2 3 4 § 10 15 30 45 EO0 oo
L) Worker 2
— Dizplay
All Managers 28701.68 GO000
Tl St | [ 5|
Al banagers 151.14 1000
Total MEBs per Second | - ﬂ
All Managers 1.6634 10
Average /0 Besponze Time [ms] | - ﬂ
Al M anagers 1.7307 10
M aximum | /0 Besponze Time [mz] | - ﬂ
All M anagers 2699 % 100 %
% CPU Ultiization [tatal) | B
All Managers 1] 10
Total Emar Count ﬂ
ol | ]
| [Run 1 of 1 v
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The untold truth about Flash SSD Write IOPS degradation?

4KB Mixed Writes
45’000 Slide 1 of 2.

40,000 DDRdrive X1 SECURE ERASE
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The untold truth about Flash SSD Write IOPS degradation?

50,000 —
4KB Mixed Writes
45,000 Slide 2 of 2.
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Vertex 2 EX 50% Seq./50% Ran. 4KB Write 4KB Aligned 180 Minute Screenshot:

i xd
| =1L [ 4E 4
|{ | ‘
Topalagy Diigk. Targets I Metwork, Targets I Access Specifications  Results Digplay | Test Setup I
Elzﬂl\ All Managers —FReszultz Since— — Update Frequency [zeconds] l
El--- USER-934096F9: [:rag managers and workers £~ Start of Test ),
rom the Topalogy window I ' ' ' ' ' ' ' i I
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ol | ]
| [Run 1 of 1 v
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DDRdrive X1 50% Seq./50% Ran. 4KB Write 4KB Aligned 180 Minute Screenshot:

I x]
| =1L [ 4E 4
|{ | ,
Topalagy Diigk. Targets I Metwork, Targets I Access Specifications  Results Digplay | Test Setup I
Elzﬂl\ All Managers —FReszultz Since— — Update Frequency [zeconds] l
El--- USER-934096F5; [:rag managers and workers £~ Start of Test ),
rom the Topalogy window I ' ' ' ' ' ' ' ' i I
‘: Wwiorker 1 to the progress bar of yaur choice. | © Last Update 1 2 3 4 § 10 15 20 45 EBO oo
) Worker 2
— Dizplay
All Managers 28701.25 GO000
Tl St | [ 5|
Al banagers 151.14 1000
Total MEBs per Second | - ﬂ
All Managers 1.6633 10
Average /0 Besponze Time [ms] | - ﬂ
Al banagers 24427 10
M aximum | /0 Besponze Time [mz] | _ ﬂ
All M anagers 2542 % 100 %
% CPU Ultiization [tatal) f B
All Managers 1] 10
Total Emar Count ﬂ
ol | ]
| [Run 1 of 1 v
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The untold truth about Flash SSD Write IOPS degradation?

DDRdrive X1

5,000 —

Vertex 2 EX

4KB Random Writes

Slide 1 of 2.
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The untold truth about Flash SSD Write IOPS degradation?
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Vertex 2 EX 100% Random 4KB Write 4KB Aligned 180 Minute Screenshot:

i xd
| =1L [ 4E 4
|{ | 1
Topalagy Diigk. Targets I Metwork, Targets I Access Specifications  Results Digplay | Test Setup I
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DDRdrive X1 100% Random 4KB Write 4KB Aligned 180 Minute Screenshot:

I x]
| =1L [ 4E 4
|{ | ,
Topalagy Diigk. Targets I Metwork, Targets I Access Specifications  Results Digplay | Test Setup I
Elzﬂl\ All Managers —FReszultz Since— — Update Frequency [zeconds] l
El--- USER-934096F9: [:rag managers and workers £~ Start of Test ),
rom the Topalogy window I ' ' ' ' ' ' ' ' i I
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| [Run 1 of 1 v
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The untold truth about Flash SSD Write IOPS degradation?

PRO

SATA Il 2.5" SOLID STATE DRIVE

OCZ Vertex 2 Pro Solld State Drives are designed to provide the best of both worlds - exceptional performance with
the latest cutting-edge technology paired with unparalieled reliability. The Vertex 2 Pro pushes the limits in both
large and small file speeds with up to 285MB/s and 50.000 IOPS (4KB random write). With an emphasis on
endurance, the Vertex 2 Pro Is an enterprise-class solution that utilizes MLC NAND flash to deliver outstanding
maximized read and write performance. Along with best-in-class rellabllity and all the benefits of SSD technology
including faster access times, lower power consumption. and superior durabliity compared to conventional hard
drives. Vertex 2 Pro provides advanced ECC protection. encryption. and block management.

SPECIFICATIONS:

. [opwnng mp oc-vc |
[PrOdUCt PaCkaglng] ﬁ?ﬂf?ﬂﬂm' Read: Up to 205 MB/s

Write: Up 10 275 NB/s

Sustained write: Up to 250 MA/s 2

4KB Rangom Write: Up to 50,000 10PS

4KB Random Write:

Up to 50,000 IOPS

i
Techwology

MADE IN TAIWAN ocztechmology.com
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The untold truth about Flash SSD Write IOPS degradation?
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The untold truth about Flash SSD Write IOPS degradation?
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Vertex 2 Pro 100% Sequential 4KB Write 4KB Aligned 180 Minute Screenshot:

i xd
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DDRdrive X1 100% Sequential 4KB Write 4KB Aligned 180 Minute Screenshot:
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The untold truth about Flash SSD Write IOPS degradation?
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The untold truth about Flash SSD Write IOPS degradation?
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Vertex 2 Pro 50% Seq./50% Ran. 4KB Write 4KB Aligned 180 Minute Screenshot:
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DDRdrive X1 50% Seq./50% Ran. 4KB Write 4KB Aligned 180 Minute Screenshot :
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The untold truth about Flash SSD Write IOPS degradation?
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The untold truth about Flash SSD Write IOPS degradation?
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Vertex 2 Pro 100% Random 4KB Write 4KB Aligned 180 Minute Screenshot:
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DDRdrive X1 100% Random 4KB Write 4KB Aligned 180 Minute Screenshot:
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The untold truth about Flash SSD Write IOPS degradation?

Flash SSD Write IOPS Degradation:

With typical ZIL Accelerator use, Flash based SSDs
succumb to dramatic write IOPS degradation in as short
as 10 minutes after device is unpackaged or Secure
Erased. As illustrated, this behavior is not reversed with
device inactivity. Contrast with a DRAM SSD (DDRdrive
X1) where performance stays constant not only over the
entire product lifetime but with any and all write IOPS
workloads (sequential/random/mixed distributions).

In summary: The high sustained write IOPS usage
requirement of the ZIL Accelerator is in direct conflict
with the write IOPS degradation of a Flash based SSD.
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Questions to be answered:

 Whatis the ZIL (ZFS Intent Log)?

e Common characteristics of both ZIL Accelerator SSD types?
 Why does the ZIL Accelerator attachment interface matter?

» ZIL Accelerator access pattern random and/or sequential?
 The untold truth about Flash SSD write IOPS degradation?

* How does I0/partition alignment affect IOPS performance?
e How do ZIL Accelerator SSD types compare and contrast?
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How does IO and partition alignment affect the ZIL Accelerator?

ZIL Accelerator 10/Partition Alignment?

Both IO and partition alighment versatility are a
factor in determining the best suited SSD type for
the ZIL Accelerator. A Flash SSD, unlike a DRAM SSD,
has alignment requirements for optimum write IOPS
and longevity. A DRAM SSD has no such limitations
or requirements. The following slides show the
same three 10 distributions tested prior with both
sector (512B) and 4KB alignment write IOPS results
superimposed onto a single graph for comparison.
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How does |0/partition alignment affect IOPS performance?

50,000
45,000

35,000
30,000
25,000
20,000
15,000

|

Vertex 2 EX (4KBE Aligned])

.
40,000 ...

DDRdrive X1

Vertex 2 EX

W

4KB Sequential Writes

Slide 1 of 2.

SECURE ERASE
THR SUSTAINED
THR QUIESCENT
1HR SUSTAINED

loimatar 200807 27
10 Alignmant = 5128

Transfer Size = 4KB
Transfer Data = Pseudo Random

100% Sequentlal Distributon
1009 Wiite Distribution

Queue Depth = 32
Disk Waorkers = CPU (2]
Target Disk = PhysicalCrive

Tirne 0= Start of Test (1 sec)
Time 14 = Last Update (60 sec)

TRIM Mot Passed te Devices
Intel ICH10R Chipsat

Intel RST 2.6.0,1014 Driver
OCZ Varten 2 EX 50GB FW 111

E Lt rrrinrrrrrrrrrnrrrrrrrrrnl

minuTes ()

DDRdrive

The drive for speed.”

10 20

30

67

40 50 60

OpenStorage

Summit 2010




How does |0/partition alignment affect IOPS performance?
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Vertex 2 EX 100% Sequential 4KB Write 512B Aligned 180 Minute Screenshot:
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DDRdrive X1 100% Sequential 4KB Write 512B Aligned 180 Minute Screenshot:

i
S = IEARIE L 1N

i

Topalogy

Elgﬂ'\ All Managers

1= Worker 1

== USER-934D96F9:

Diigk. Targets I Metwork, Targets I Access Specifications  Results Digplay | Test Setup I

[irag managers and warkers
from the Topology window
to the progrezz bar of your choice.

—Reszults Since—
£ Start of Test

¥ Last Update

— Update Frequency [zeconds]
1

/

1 2 3 4 5 10 15 30 45 B0 oo

— Dizplay

Total |0z per Second

| &l Managers 38705.00 E0000

L

Al banagers 151.14 1000
Total MEBs per Second | - ﬂ
All Managers 1.6632 10
Average /0 Besponze Time [ms] | - ﬂ
Al M anagers 1.8108 10
M aximum | /0 Besponze Time [mz] | - ﬂ
All M anagers 2061 X 100 %
% CPU Ultiization [tatal) f B
All Managers 1] 10
Total Emar Count ﬂ
< |
| [Run 1 of 1 v
DDRdrive 70 OpenStorage

The drive for speed.”

Summit 2010



How does |0/partition alignment affect IOPS performance?
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How does |0/partition alignment affect IOPS performance?

50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

DDRdrive X1

B Vertex 2 EX (4KE Aligned)

Vertex 2 EX

S .

4KB Mixed Writes

Slide 2 of 2.

SECURE ERASE
THR SUSTAINED
THR QUIESCENT
THR SUSTAINED

lometer 200607 27
10 Alignment = 5128

Transfer Size = 4KB
Transfer Data = Pseudo Random

B0 Sequential Distribution
50% Random Distribution
1004 Write Distribution

Queue Depth = 32
Disk Warkers = CPU (2
Target Disk = PhysicalDrive

Time 0 = 5tart of Test (1 sec)
Tirme 1+ = Last Update (60 sec)

TRIM Mot Passed to Devices
Intel ICH10R Chipset

Intel R5T 9.6.0.1014 Driver
QCZ Vertew 2 EX 5068 FW 1.11

10PS

minutes | 20

DDRdrive

130 140 150 160 170 180

72

The drive for speed.”

Srensiorgoe



Vertex 2 EX 50% Seq./50% Ran. 4KB Write 512B Aligned 180 Minute Screenshot:
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DDRdrive X1 50% Seq./50% Ran. 4KB Write 512B Aligned 180 Minute Screenshot:
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How does |0/partition alignment affect IOPS performance?
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How does |0/partition alignment affect IOPS performance?
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Vertex 2 EX 100% Random 4KB Write 512B Aligned 180 Minute Screenshot:
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DDRdrive X1 100% Random 4KB Write 512B Aligned 180 Minute Screenshot:
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How does IO and partition alignment affect the ZIL Accelerator?

ZIL Accelerator 10/Partition Alighment:

Flash based SSDs see measurable performance
degradation and reduced longevity when either
the 10 or partition alignment does NOT match
internal device boundaries and the 10 workload
is either random or mixed. A DRAM based SSD
(DDRdrive X1) performance does not vary or
degrade with any 10 and/or partition alignment.

In summary: A Flash SSD, unlike a DRAM SSD,

requires the user to worry about both partition/
|0 transfer alignment or suffer the consequences
(decreased performance and reduced longevity).
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Questions to be answered:

 Whatis the ZIL (ZFS Intent Log)?

e Common characteristics of both ZIL Accelerator SSD types?
 Why does the ZIL Accelerator attachment interface matter?
» ZIL Accelerator access pattern random and/or sequential?
 The untold truth about Flash SSD write IOPS degradation?
 How does I0/partition alighment affect IOPS performance?

* How do ZIL Accelerator SSD types compare and contrast?
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How do ZIL Accelerator SSD types compare and contrast?

"FLASH 55D = OCZ Vertex 2 EX / OCZ Vertex 2 Pro  * DRAM 55D = DDRdrive X1 FLASH SSD' DRAMSSD’
Sustained Write IOPS +
Write IOPS Degradation X
Results regardless of IO Data Content. +
Results regardless of IO Alignment. +
Results regardless of Partition Alignment. +
Results regardless of ZFS TRIM Support. +
Sustained Write IOPS / Dollar ($) -+
Product Longevity / Durability +
Product Warranty 3YEAR 5 YEAR
Requires Separate HBA/Controller +
Requires External Power Backup +
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DDRdrive X1 NexentaStor 3.0 / OpenSolaris

Thank you!

www.ddrdrive.com
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