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Ordering Information

Contact your local Intel sales representative for ordering information.

Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or configuration will affect
actual performance. Consult other sources of information to evaluate performance as you consider your purchase. Results have been estimated
based on internal Intel analysis and are provided for informational purposes only. Any difference in system hardware or software design or
configuration may affect actual performance.

All documented performance test results are obtained in compliance with JESD218 Standards; refer to individual sub-sections within this document
for specific methodologies. See www.jedec.org for detailed definitions of JESD218 Standards.

Intel does not control or audit the design or implementation of third party benchmark data or Web sites referenced in this document. Intel
encourages all of its customers to visit the referenced Web sites or others where similar performance benchmark data are reported and confirm
whether the referenced benchmark data are accurate and reflect performance of systems available for purchase.

The products described in this document may contain design defects or errors known as errata which may cause the product to deviate from
published specifications. Current characterized errata are available on request.

Contact your local Intel sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an order number and are referenced in this document, or other Intel literature, may be obtained by calling
1-800-548-4725, or go to: http://www.intel.com/design/literature.ntm

Intel and the Intel logo are trademarks of Intel Corporation in the U.S. and other countries.
*Other names and brands may be claimed as the property of others.

Copyright © 2015 Intel Corporation. All rights reserved.
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1 Overview

This guide is intended for publications, OEMs, technical analysts, and individuals who plan to test or evaluate the
Intel Solid-State Drive 750 Series performance benefits and features. This guide gives specific and detailed
instruction on how evaluate the 750 Series using IOMeter.

This guide is significant due to the technology transition from AHCI (SATA) based SSDs to NVMe* /PCle* based
SSDs. Performance benchmarks originally designed for SATA SSDs are not optimized for NVMe SSDs. Hence, the
results reflected in these benchmarks may never read maximum performance values stated in the product
specification. NVMe allows multiple CPU queues with deep queue depths (up to 64K outstanding 10s). To date,
benchmarks such as Crystal Disk Mark*, AS SSD*, ATTO*, Anvil*, and many others do not run with multiple queues
and high queue depths to highlight the maximum bandwidth of NVMe technology. The only known benchmark with
this capability is IOMeter.

For the latest on NVMe technology, go to http://www.nvmexpress.org/.

AHCI NVMe
(Old Technology) (New Technology)
. 1 command queue; 65536 queues;
Maximum queue depth 32 commands per queue 65536 commands per queue
Uncacheable register accesses 6 per non-queued command; 2 per command
(2000 cycles each) 9 per queued command P

Single interrupt;

MSI-X and interrupt steering no steering

2048 MSI-X interrupts

Requires synchronization lock

Parallelism and multiple threads . No locking
to issue a command
—_ 1 command queue; 65536 queues;
Efficiency for 4 KB commands 32 commands per queue 65536 commands per queue

With PCle Gen3 support and NVMe interface, the family of products deliver excellent sequential read performance up
to 2.4 GB/s and sequential write speeds up to 1.2 GB/s. It delivers very high random read IOPS of up to 440K and
random write IOPS of up to 290K for 4KB operations. Taking advantage of the direct path from the storage to the CPU
by means of NVMe, the SSD 750 Series exhibits low latency of less than 20 ys for sequential accesses. See the Intel
Solid-State Drive 750 Series Product Specification for more information.

The 2.5-inch form factor of the SSD 750 Series takes advantage of the 8639 connector and provides hot-pluggable
removal and insertion, providing in-service replacement options.

This document provides guidance on how to achieve the performance numbers as stated in the SSD 750 Series Product
Specification using IOMeter.

March 2015 Evaluation Guide
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2 System Requirements

To replicate the performance numbers stated in the benchmark, your system will need to meet the following
hardware and software requirements.

2.1 Hardware Requirements

The following hardware is necessary to replicate the performance numbers stated in the SSD 750 Series Product
Specification:

e ASUS X-99 Deluxe Motherboard

e Intel Corei7-5960X CPU

e 32 GBof DDR4 DRAM

e A GTX980/970 Graphics Card

e A 730 Series SATA SSD

e Anlntel 750 Series SSD

Any deviation from this setup may yield less then optimal results.

2.2 Software Requirements

The following software is necessary to replicate the performance numbers stated in the SSD 750 Series Product
Specification:

e Latest ASUS* Motherboard Drivers
e  Graphics Card Driver

e  Microsoft* Windows* 8.1 64 bit

e Latest Intel NVMe Driver

You can download the latest at: https://downloadcenter.intel.com/download/23929/Intel-Solid-State-
Drive-Data-Center-Family-for-PCle-Drivers

e |OMeter Version 1.1.0 for Windows x64

You can download the latest version at: http://www.iometer.org/doc/downloads.html
e Latest Intel SSD Toolbox
Link: https://downloadcenter.intel.com/download/18455/Intel-Solid-State-Drive-Toolbox

e Latest Intel Data Center Toolbox

Link: https://downloadcenter.intel.com/download/23931/Intel-Solid-State-Drive-Data-Center-Tool

Any deviation from this setup may yield less then optimal results.
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3 System Setup and Configuration

System configuration and SSD states can affect run-to-run performance. To overcome this, use a consistent system
configuration for repeatable benchmark results.

3.1 System Setup and Driver Installation

Once you have installed your CPU, DRAM, Graphics card and all other hardware, install Windows 8.1 (64 bit) onto
the SATA SSD. Windows 8.1 64 bit MUST be installed in UEFI mode. Be sure to set your UEFI BIOS into UEFI mode
only. You will test the Intel 750 Series SSD as a secondary drive. For optimal performance, you MUST install the
SSD 750 Series in a PCle Gen 3 slot. Be sure to consult your motherboard manual to identify the correct Gen 3 PCle
slots.

e Update your motherboard to the latest UEFI BIOS.

e Besuretoinstall all chipset drivers for the motherboard as well as all peripheral drivers.

e Install the Intel NVMe Driver.

e Besure that the Intel 750 Series has the latest firmware (confirm installation using the Device Manager).
e Do not format the 750 Series SSD.

Once you have installed all drivers, install these programs:

e Intel SSD ToolBox
e Intel Data Center Tool
e |OMeter

3.2 System Configuration

Many items can impact storage subsystem performance. Virus scanners and other various Windows based services
can induce run to run variation.

Make sure no other programs, such as a video card control panel, virus scanning software, etc., are running in the
background at the same time as the workload. To ensure consistency, be sure to disable the following:

e  Screen Saver — Disabled
e Power Management — High Performance
0  Turn off the Display - Never
0 Putthe Computer to Sleep — Never
0 Hibernate after - Never
¢  Windows Defender/System Protection — Disabled
e  Automatic Windows Updates — Disabled
e Disk Defragmentation — Disabled
e Any other Virus Protection — Disabled

March 2015 Evaluation Guide
332075-001US 7



intel.

Intel® Solid-State Drive 750 Series

The objective is to disable any automatic services which may interrupt or disrupt the performance test. Once
complete, the next step it to set up permissions for IOMeter:

1.  Open the directory to IOMeter, right click on the IOMeter.exe icon and click Properties.
2. Click on the Compatibility tab and check Run this program as an administrator.

3. Click Apply.
4.

Repeat for Dynamo.exe.

o] I0Ometer.exe Properties L] Dynamo.exe Properties
General | Compatibilty | Securty | Details General | Compatibilty | Security | Details
I this program isnt working comectly on this version of Windows, ¥ this program isnt working comectly on this version of Windows,
try running the compatibility troubleshooter. try running the compatibilty troubleshocter.
Run compatibility troubleshooter Run compatibility troubleshoater
How do | choose compatibility settings manualh How do | choose compatibility settings manualt
Compatibility mode Compatibility mode
[ Run this program in compatibility mode for: [] Run this program in compatibility mode for:

Windows 8

indows 8

Settings Settings
Reduced color mode Reduced color mode
8-hit (256) color it (256) color
Run in 640x 480 screen resolution Run in 640 x 480 screen resolution
[] Disable display scaling on high DP| settings [] Disable display scaling on high DPI settings
[] Enable this program to work with SkyDrive files [] Enable this program to work with SkyDrive files

Run this program as an administrator ] Run thig program as an administrator ]

'&'Changa settings for all users 'E‘:;'Change settings for all users

QK Cancsl oK Cancel

5. Once complete, double click on IOMeter and accept the terms and conditions.

Intel Open Source License ~

Copyright () 2001 Intel Corparation Al ights reserved. Redktibution and use in source and binaty forms, uith or
without modiicalion. are permitied provided that the following conditions are met

Redistibutions of source code raust retain the above copyright nofice,  this st of condiions and the follaning
disclaime

FRedistibutions in binary form must reproduce the above copwight notice,  this list of conditions and the fallowing
disclaimer in the documentation  and/or ather materials provided with the: distribution.

Neither the name of the Intel Corporalion nor the names of its contiibulors  may be used to endarse or promote
products derived from this software  without specifc prior writen permission

THIS SOFTWARE |15 PROYVIDED BY THE COPYRIGHT HOLDERS SHD CONTRIBUTORS “&5 |5 AND MY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL
THE INTELOR ITS CONTRIBUTORS BE LISBLE FOR AMY DIRECT. INDIRECT, INCIDENTAL. SPECIAL.
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED T0, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES, LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION]
HOWEVER CAUSED AND ON AN'Y THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
O TORT (INCLUDING NEGLIGENCE DR OTHERWISE]ARISING IN AN'Y Wiy OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE

OWNERSHIP AND COPYRIGHT OF SOFTWARE: Title o the Software and al copies thereof remains with Inel
or its suppliers. The Software s copyrighted and is protected by the laws of the United States and olher countiies.
ard intemational ety provisions. Yo tay hat remove any copyight notice from the Software. Intel may make
changes to the Saltware, or ta items referenced therein, 3t any fime without notice, but is not cbligated to support v

Forget It

You are now ready to use IOMeter.

Evaluation Guide March 2015
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3.3 SSD Pre-Conditioning

The performance of an SSD is at its best when the SSD is new (out-of-the-box). As the SSD fills with data, performance
will degrade. Performance degradation varies based on the workload applied to the drive. Because performance
measurements vary depending on the state of the drive, performing benchmark testing on an SSD that is in an out-of-
box state is recommended. This can be done by erasing the drive.

3.3.1 Erasing the SSD

To regain out-of-the-box performance of a 750 Series, perform an erase on the drive. An erase deletes all data and
returns the SSD to a common starting point for benchmarking consistency.

NOTE: To run Secure Erase, the Intel SSD must be installed as a secondary SSD in your system

For the SSD 750 Series, an erase can be performed with either the Intel SSD Toolbox or the Intel SSD Data Center Tool:

3.3.1.1 Intel® SSD Toolbox

1. Select the Intel SSD on the home screen and view the Drive Summary information to verify the Intel SSD is
the drive you want to erase.

2. Click the Secure Erase button on the left side of the tool.

3. Click Erase.

Note: For issues running Secure Erase, see the tool's help documentation.

3.3.1.2 Intel® SSD Data Center Tool

In Windows, run the command:
isdct.exe -erase -drive [<drivenum> | all]

Where <drivenum> is the drive number, or use all to erase all drives. For a list of all the drives:

In Windows, run the command:
isdct.exe -list

See the Intel® Data Center Tool Users Guide for more details.

March 2015 Evaluation Guide
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3.3.2

Prefilling the drive

Intel® Solid-State Drive 750 Series

As standard in the industry, the drive must be sequentially filled prior to running a workload. This can be done with

IOMeter by running a sequential write operation.

3.3.2.1

o v M w N =

3.3.2.2

1.
2.

Evaluation Guide
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Setting up the Disk Target

Click on the Disk Target tab.
Click on Worker 1.

Click on the target drive (in this case, the NVMe Intel drive).

Leave Maximum Disk Size at 0.

Leave Starting Disk Sector at O.

Set # of Outstanding I/Os to 32 per target.

lometer = E

EEEFE

Alo|& o aEu] |

Topoloay

Disk Targets | Network Targets | Access Speciications | Resus Display | Test Setup |

B AllManagers
Ta

o
2 worker 3
3 Worker 4
23 worker 5
23 worker §

Target

o Sectors

- Starting Disk Sector
’ —‘
-4 of Outstaning 1/0s—|
3z pertarget
Use Fixed Seed

’Vl' Fixed Seed Value

Test Connection Rate
Wiite 10 Data Pattem

Maximum Disk Sizeg —‘

[ I 4

Setting up Access Specifications

Click on the Access Specification tab.

Click New to open a new workload.

lometer = B

#\a| = DE»| 4o

Tapology

S Al Managers
=2 N3G
3 Worker 1
3 Worker 2
5 Worker 3
5 Worker 4
3 Worker 5
3 Worker 6
2 Worker 7
3 Worker 8

RIE LI
Diske Targets | Network Targetd] Access Speciications | Resuts Display | Test Setup

- Assigned Access

Move Up Mave Down

[~ Global Access fi

12 B: 100% Read: 0% randor
12 B: 75% Read: 0% random
12 B; 50% Read; 0% random ﬂl
12 B; 25% Read: 0% random
12 B; 0% Read: 0% random o |
KiB: 100% Read; 0% randarr
KiB: 75% Read; 0% random
KiB: 50% Read: 0% random
KB: 25% Read: 0% random
KB: 0% Read; 0% random
KB aligned; 100% Read: 10
KB aligned: 507 Read; 100
KB aligned; 0% Read: 100%
6 KiB: 100% Read; 0% rando
6 KB: 75% Read: 0% rndor
6 KiB: 50% Read: 0% randor ,
>

4< Add
Remave »>
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3. Create a name for your workload.

4. Copy the settings below to setup a 128KB, aligned, sequential write workload.
Edit Access Specification
| e et —
[128K seqeuentials ‘ | one ~|
Size | %Access| % Read| % Random| Delay | Burst| Aligrment | Reply | Insert Before
OME 128KE OB 100 i i [ 1 sector none —'i
Insert After
Delete
- Transfer R ~ Percent of Access Speciication Percent Read/Wiite Distribution
1
[ 3: 128 = ]
100% 0
Megab Bytes 100 Percent Wite Fiead
 Percent Random/Sequential Distribution - - Burstiness -~ lign 1/0s on
B -~ Trsnster Dslay— |~ Burst Length—— @ Sector Boundaries
100% 0% | 0 ms | | |1 1/03 ch HF b 3
Sequential Random L Megabutes  Kilobutes Butes
~Reply Size
* Mo Reply
cli e dF H
Megsbjtes Kiobytes  Bytes Cancel
5. After completion, click OK.

You now have created a new workload.
6. Click Add to assign it to Worker 1, NVMe Intel Disk.

lio] lometer = =
= [=] = y |
Sl =B IRYE ELE:
Tepalogy Disk Targels | Network Targets  Access Specfications | Resuts Display | Test Setup
T4 &lanagers [ et st d
NSE 128KE Sequertial Wite 6 KB: 100% Read: D% rando A New
23 Warker 1 6 KiB: 75t Read: 0% randor

Edt
Edi Copy
Delete

6 KiB: 50% Read; 0% random
6 KiB: 25% Read; 0% random
6 KiB: 0% Read; 0% random
KiB; 100% Read; D% randa
KiB; 75% Read: 0% random
KiB; 50% Read: 0% random
KiB; 25% Read: 0% random
KiB; 0% Read; 0% random
KiB; 100% Read; 0% randa
KiB; 50% Read: 0% random
KiB; 0% Read: 0% random
256 KiB:; 100% Read; 0% rand
256 KiB; 50% Read; 0% rando
256 KiB; 0% Read: 0% random
llin one

| 28KB Sequertial Write: v

MoveUp | | Mave Down < >

March 2015
332075-001US

nte

Evaluation Guide
11



intel.

Intel® Solid-State Drive 750 Series

3.3.2.3 Setting Up Test Duration

1. Click on the Test Setup tab.

2. Set the number of minutes to 20.

E lometer - B
] . —1 i
=@ D= 40| ) 48] ¢
Topology Disk Targets | Network Targets | Access Specfications | Results Display  Test Setup
(BN, A1l Managers Test Description
=8 Nk |
23 Worker 1
) Werker 2
Run Time Ramp Up Time Number of Workers to Spawn Automaticaly
2 Worker 3
2 Worker & 0 Hous 0 Seconds Diske Network
=) Worker 5 & #of CPUS © #of CPUs
= Worker 6 | I Record Resuts o e
2 Worker 7 0 Seconds {W =]
{2 Worker B
- Cycling Option:
[Nomal ~run all selected targets for all workers |
Worker Tagets # of Outstanding 1/0s
Start |1 Start |1 Start |1 End |32
Step [i Step [1 Fower [2
[Linear Stepping 1 [Linear Stepping | [Exponertial Stepping ~ |
[ [ 4

3.3.24 Running the Test

1. Click on the Results Display tab.
2. Under the Results Since setting, click the Last Update radio button.
3. Set Update Frequency to 1 second.
4. Click the green flag to begin testing.
o lometer = =
'] m’ L — —1 1
=R I SEIREELTE
Topology Disk Targets | Network Targets | Access Specfications  Resuits Display | Test Setuy
S AlManagers P, —R(efuns Since Update Frequency (seconds)
e managers and workers e e
= -gawmen & ml”;“;;‘;;“ﬁ::“ffyymﬁ‘:ice_ r :ﬁngl e = & L;s: u;daEHV ! =
[ Al Managers 0.00 0
Total 1405 per Sscond | j
Al Managers 0.00 MBPS (0.00 MiBPS) 0
Total MBs per Second Decimal) | | j
Al Managers 0.0000 0
Average /0 Response Time ins) | | j
Al Managers 0.0000 []
Maximum 140 Response Time ms) || 2l
Al Managers 0.00% 0%
% CPU Utiization fota) \ 2l
Al Managers 0 0
Total Eror Court | 2l
I [ A

5. Name the results file that IOMeter will create and click Save.

After the workload completes, the drive will be full. It is now ready for testing. Be sure not to assign
any workloads to other workers (Worker 2 to Worker 8). If you want, you can delete these workers.

Evaluation Guide March 2015
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4 Evaluating the Intel® SSD 750 Series

This section provides the steps for evaluating the Intel SSD 750 Series with IOMeter. After the IOMeter workload is
configured, you can save the configuration file as an .icf file for later testing. The workload order is:

e 128KB Sequential Writes
e 128KB Sequential Reads
e 4KB Random Writes
e 4KB Random Reads

4.1 128KB Sequential Writes

This workload is very similar to the prefill workload, but instead of writing the entire drive, it writes over an 8GB span.
This is done by defining the Maximum Disk Size.

4.1.1 Setting the Disk Target
1. Click on the Disk Target tab.
2. Click on Worker 1.
3. Click on the target drive (in this case, the NVMe Intel drive).
4. Set Maximum Disk Size to 16777216 sectors.
5. Leave Starting Disk Sector at 0.
6. Set# of Outstanding 1/Os to 32 per target.
o} lometer = =
=/ | eolmz] Aleo]2) o mu] ¢]
Topolagy Disk Targets lNawurk Targets | Access Specfications | Resuts Display | Test Setup
E EI AllMansgers Tanrg; T Maximum Diske Size
IED 0: "NVMe INTEL SSDPEDMWO1 T
1= Worker 3 Starting Disk Sector
= worker 4 0
g wmterg
oIker # of Outstanding 1/0s
Ef o
Use Fed Seed
r Fixed Seed Value
Test Connection Rate
r =] Transactions per comnection
Wiite 10 Data Pattem
March 2015 Evaluation Guide
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4.1.2 Setting Access Specifications

1. Reuse/Recreate the same workload as the Prefill workload.
2. After the workload is created, click Add to assign it to Worker 1.

Edit Access Specification

Name Defaull Assignment
‘128 KB Sequential wWrites |None j
SgiﬁB TR Z’TSEESS ‘ZHDEad ZF\aUndDm Deu\ay EL;rsl UMigllanzrgE’glE F::ZE[: Insert Before
Inzert After
Delete
Transfer Re i Percent of Access Specification Percent Readwiite Distribution
o= (=N = AT | a—
Vvhegabytesw:I Bytes 100 Percent \1,?,?; Heuaé
Percent Random/Sequential Distribution Burstiness Align 1/0s on
J— Transter Dielay Burst Length ' Fequest Size Boundarie:
T00% 0 me | | 1 140 " Sector Boundaries
LSequenlial Fandam (ol 1] m m
Megabytes  Kilobytes Bytes
Reply Size
* Mo Reply
(8] El 128 El 0 El
Megabytes  Kilobytes Bytes oK Cancel
4.1.3 Setting Up Test Duration
1. Click the Test Setup tab.
2. Setfor 20 minutes.
4.1.4 Running the Test
1. Click the Results Display tab.
2. SetlLast Update and Update Frequency to 1 second.
3. Click the green flag to run the workload.
4. Name and save the output file.
5. Check to see the Sequential Writes Surpasses specifications:
e  900MBY/s for 400GB 750 Series SSD
e 1200MB/s for 1.2TB 750 Series SSD
Evaluation Guide March 2015
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lio] lometer - Db

ClE]=li =Rt LI

Topology Disk Targets | Network Targets | Access Speciications  Resuts Display ITest Setup |
B Al Managers o ok Resuts Since Update Frequency fsecands)

&) g managers and workers -

E-{E) N3G from the Topology window [~ [, el Test =
20 Worker 1 to the progress bar of your choice. + Last Updats

Display

Al Managers 10098.97 100000
Total 1/0s per Second |

All Managers 1323 69 MBPS (1262 37 MiBPS) 10000
Total MBs per Second (Decimal 5|

All Managers 31887 10
Average /0 Resporse Time o) | 2
All Managers 142467 100
Maximum 1/0 Response Time is) | | 5l
All Managers 234% 0%
% CPU Uilizztion fotal) ] 2|
All Managers 0 0
Total Eror Count 2l

Run remaining: 1187sec  Run 1 of 1

Once the test is complete, you can refer to your output file which will provide various statistics of the
workload.

4.2 128KB Sequential Reads

The second workload is the sequential read workload. Just like the sequential writes workload, it only uses 1
worker at 32 outstanding I/Os per target, spans over 8GB, and is run for 20 minutes.

4.2.1 Setting the Disk Target

Click the Disk Target tab.

Click on Worker 1.

Click on the target drive (in this case, the NVMe Intel drive).
Set Maximum Disk Size to 16777216 sectors.

Leave Starting Disk Sector at O.

Set # of Outstanding I/Os to 32 per target.

o ¢ M w N =

4.2.2 Setting Access Specifications

-

Click the Access Specifications tab.

N

Create the 128KB sequential read workload.

w

After the workload is created, click Add to assign it to Worker 1.

March 2015 Evaluation Guide
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Edit Access Specification

Mame Default Aszighment

1268 KB Sequential Reads ‘None j
Size % Access| % Read| % Random | Delay | Burst Alignment Fieply Insert Before
OMiB 128KE 0B 100 100 a a 1 OMiE 128KB . none 4

Insert After
Delete

Transter Request Sizs Petcnt of Access Spaciication Petcent Read/wiite Distibution
0% 100%
100 Pergent Wiite Read
Percent Rlandom/Sequential Distibution Burstiness fian 17005 on
I— Transfer Delay—| [~ Burst Length = Request Size Boundarie:
1003 0% 0 s 1 1/0s " Sector Boundaries

Sequential Random chh HE Hp &

Megabptes  Kilobptes  Bytes

& NoFReply
e e g 3
Megabytes Kiobytes  Bytes oK Cancel

4.2.3 Setting Up the Test Duration
Click the Test Setup tab.

N =

Set for 20 minutes.

4.2.4 Running the Test

1. Click the Results Display Tab.
2. Setlast Update and Update Frequency to 1 second.
3. Click the green flag to run the workload.
4. Name and save the output file.
5. Check to see the Sequential Reads surpasses the specifications:
e 2200MB/s for 400GB 750 Series SSD
e 2400MB/s for 1.2TB 750 Series SSD
Evaluation Guide March 2015
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4.3 4KB Random Writes

The third workload is the 4KB, aligned, random writes. Although many parameters are similar (Maximum Disk Size to
16777216 sectors and # of Outstanding I/Os to 32 per target), there is one key difference. To take advantage of
NVMe technology, you must use multiple CPU queues. This is done by using multiple workers in IOMeter.

4.3.1 Setting the Disk Target
1. Click the Disk Target tab.
2. Click on Worker 1.
3. Click on the target drive (in this case, the NVMe Intel drive).
4. Set Maximum Disk Size to 16777216 sectors.
5. Leave Starting Disk Sector at 0.
6. Set# of Outstanding 1/Os to 32 per target.
7. Click on Worker 2.
8. Copy all Worker 1 parameters to Worker 2.
9. Click on Worker 3 and re-enter the parameters.
10. Repeat for Worker 4.
o] lometer o} lometer
~ y— g
=3 YOEs A0 s e e D0EE 4o «] 98
Topology Disk Targets I Network Targets | Access Specffications | Resy Topology Disk Targets | Network Targets | Access Specifications | Resu
=77, Al Managers Ee i Targets
=88 NSG o c™ /ﬂg Na;ggers g Maodmurn Disk !
5 worker 1 01 () Volume (3742 730-7028-4381-95¢ =5 worker 1 O &) Volume{374a730-7028-488195c | [16777215 g
5 Worker 2 B &9 0:"NVMe INTEL SSDPEDMWOT -2 Worker 2 B & 0 "NVMe INTEL SSDPEDMWI1
- g Wharker 3 Starting Disk 5¢ - Worker 3 R t ll Starting Disk S¢
{20 Worker 4 0 - Worker & e-enter a l_u
=0 Wotker 5 - Worker B tti f
i) Worker B # of Outstandin i Worker 6 setlings Tor # of Outstandin
Bl el Bl ||| eachworker [
o] lometer o} lometer
—~ - y—
=@ DT 408 o V) == =TiE= 4 e8]« a5
Topology Disk Targets | Network Targets I Access Specifications I Resu Topology Disk Targsts I Network Targets | Access Spechications | Results
E‘fﬂ I Tk ] Targets
L e oBC” Masdmum Disk E“/{lﬂ jonages R Masdmum Disk Siz
=5 worker 1 0 (2 Volume{3F4a730-7028-4881-95¢ |1G777216 5 _.Q Worker 1 023 Volume{374a730- 7028-4881-35c |1G77?216 Sec
5 Worker 2 B & 0: "NVMe INTEL SSDPEDMWO1 5 worker 2 @ & 0: "NVMe INTEL SSDPEDMWD1
o orker 3 - Starting Disk S o Worker 3 Starting Disk Sect
- Worker 4 Re-enter all [ - Worker 4 Re-enter all O
(- Warker 5 5ett|ngs for - Worker 5 .
-3 Warker& h K Hof Outstandin 3 woker & settings for P ——
Blae each worker “32— > Bl each worker “z.z_ pert
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4.3.2 Setting Access Specifications
1. Click the Access Specifications tab.
2. Create the 4KB random writes workload.
Edit Access Specification

Marmi Detault Assignment
’7|4 KB Random Reads ‘ ’7|None j

Size | % Access| % Read| % Random| Delay | Burst| Aligrment | Reply | InsertBefore

OME 4KiE OB 100 0 100 0 1 OME 4KB OB none
Insert After
Delete

i Transfer Request Size -~ Percent of Access Specification [ Percent Read wiite Distibution )

ID 33 4 33 uJ + J _|

1o e

Megabyte: Kilghuts Eytes 100 Percent Wite Read
(- =) . - t
- Percent Random//S equential Distribution | 1~ Burstin i Align [/0z on

—J Trarwsfer Delay— — Burst Length ' Request S ize Boundaie:

% 100% ﬂg ms} ’7|1 1405 € Sector Boundaries

Sequential Random [ 1] 3: 2 3: IU 3.

Megabytes  Kilobytes Buytes

—Reply Size

& NoReply

o 32 |4 32 IU 3

Megabytes  Kilobytes Butes oK Cancel

3. After workload is created, click Add to assign it to Worker 1.
4. Click on Worker 2 and click Add to assign it to Worker 2.
5. Repeat for Workers 3 and 4.

o} lometer o] lometer
2y L — g o —
=\ 0| ==z Aleg] o2 | = Q=Ez] e8] o 9
Topology Disk: Targets | Metwork Targets Access Specifications | | Topology Disk Targets | Metwork Targets Access Specifications | |
Em; Al Managers Assigned Access Specfiications W\—E Al Managers Assigned Access Specifications
=1 4KBE Random E|" NSE 4KB Random
{2 Worker 1
=) Worker 2 H
5 Worker 3 Click here (Worker 2)
-~ Wworker 4
-~ Worker 5
: {2 Worker &
= =) Worker 7 .
2 worker 8 wadd | ) Worker 8 Then Click here
[E |OT Ml E lonYeter
= dDOmE A | = e =EE A e8] o
=1 | d | LA =) | ed | M
Tapology Disk Targets | Network Targets Access Specifications | Topology Disk Targsts | Network Targets Access Specifications I
Emi Al Managers - Assigned Access Specifications = ﬂ‘ Tl Manages Managers r~ Assigned Access Specfications
@l NS 4KB Random NSG 4KB Random
20 Worker 1 = Worker 1
E ‘wiorker 2 . E Warker 2
) Warker 3 Click here (Worker 3) ) watker 3 )
- Worker 4 ) worker 4 Click here (Worker 4)
= worker 5 =3 Worker 5
) Worker B Th Cl kh = Worker §
0 Waker 7 en Click here - Worker 7 :
) otker 8 <<hdd | S waker® Then Click here e
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4.3.3

4.3.4
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N

Setting Up the Test Duration
Click the Test Setup tab.

Set for 20 minutes.

Running the Test
Click the Results Display tab.
Set Last Update and Update Frequency to 1 second.
Click the green flag to run the workload.

Name and save the output file.

Check to see the Random Writes (Total I/Os per Second) surpasses the specifications:

e 230,000 IOPs for 400GB 750 Series SSD
e 290,000 IOPs for 1.2TB 750 Series SSD

o] lometer - 8
| =104 | 4E &
i :
Topalogy Disk Targets | Network Targets | Access Specfications Restits Display | Test Setup |
=% Al Mansgers Resuts Since Update Frequency (seconds) -
i Drag managers and workers
-8 NSE romthe Topology window [~ Ha:‘nrd Iaf.?lt updats (f: Start of Test m
2 whorker 1 to the progress bar of your choice, =1 11% * Last Update
(i) worker 2
& Worker 3 G
) whorker 4 ELE =
2 wotker 5 Total /05 per Second ]
Worker &
g erker 7 — Joad S0 MBS I IZIIRES)
Total MBs per Second (Decimal) |
L2 Worker &
All Managers 04210 1
e 0 Fporee T ) | [ 2
Al Managers 11.0016 100
Masimum 1/0 Response Time (ms) | [ |
All Managers 15.76 % 100 %
% CPU Uiilization fotal) [ ] B
All Managers ] ]
Total Eor Court | B
Run remaining: 1183 sec  |Run 1 of 1 Y
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4.4 4KB Random Reads

The final workload is 4KB random reads. The setup is essentially the same as the random writes workloads. The only
thing that differs is the workload. If you still have the random writes setup, change the workload to 4K random reads

and assign it to all four workers.

4.4.1 Setting the Disk Target

Click on Worker 1.

Click on Worker 2.

© © N o ks~ wDNh =

Click the Disk Target tab.

Click on the target drive (in this case, the NVMe Intel drive).
Set Maximum Disk Size to 16777216 sectors.

Leave Starting Disk Sector at O.

Set # of Outstanding 1/Os to 32 per target.

Copy all Worker 1 parameters to Worker 2.
Repeat for Workers 3 and 4.

4.4.2 Setting Access Specifications

N =

Mame

Click the Access Specifications tab.

Create the 4KB random read workload.

Edit Access Specification

Default Assigrment

‘4 KB Random Reads

‘Nnne j

Siee % Access| % Read| % Random | Delay | Burst Alignment Reply Insert Before

OMiE 4KE 0B 100 100

Transter Request Size

100 a 1 OMiE 4KE 0B none

Insert After
Delete

Percent of Access Specification Percent Read/wiite Distribution

o= =1 =
Megabyle\ il Bytes

Percent Random/Sequential Distribution

0z 100%

Sequertial Random
Reply Size
" NoReply

o= o= 1o

Megabytes  Kilobytes Bytes

oz 100%
100 Percent Wirite Read

Eurstiness Align 1705 on
Transfer Delay— - Burst Length f* Request Size Boundarie:
0 ms || |1 1/0s " Sector Baundaries

L8 1] ElZ ElDEl

Megabytes  Kilobutes Butes

Cancel

3. Once workload is created, click Add to assign it to Worker 1

You will also need to assign the workload to Workers 2, 3, and 4.
4. Click on Worker 2, then click Add to assign it to Worker 2.

Repeat for Workers 3 and 4.
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4.4.2.1 Setting Up the Test Duration
Click the Test Setup tab.

N =

Set for 20 minutes.

4.4.2.2 Running the Test

Click the Results Display tab.

Set Last Update and Update Frequency to 1 second.
Click the green flag to run the workload.

Name and save the output file.

LA L

Check to see the Random IOPs surpasses specifications:
e 430,000 IOPs for 400GB 750 Series SSD
e 440,000 IOPs for 1.2TB 750 Series SSD
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5 Evaluating the Results

After running the workload, IOMeter will produce .csv files you can view in excel to analyze additional data. The .csv
files will contain average data and will not necessarily show maximum or peak values (up to numbers). However, the
average values should still surpass SSD 750 Product Specifications.

. For Random workloads, check for IOPS, column G
. For Sequential workloads, check for MiBps: column J

Below are results from the 4KB Random Write Workload viewed in Excel:

A B 5 D E F G H I ] K L M N Q

'Test Type Test Description
)
'Wersion
1.1.0
‘Time Stamp
2015-03-18 22:36:51:327
‘Access specifications
‘Access sp default assignment
Untitled 1 o
'size % of size % reads % randomdelay burst align reply
4096 100 0 100 o 4096} o

'End access specifications
'Results
‘Target Ty| Target Nal Access Spi# Managel # Workers # Disks | 10ps Read 10ps Write IOp MiBps (Bit Read MiB} Write MiB MBps (De: Read MBp Write MB; Trar
ALL All Untitled 1 1 4 295741.8) 0 295741.8 1155.241 0 1155.241 1211.358 0 1211.358 29:
MANAGEF NSG Untitled 1 4 295741.8) 0 295741.8 1155.241 0 1155.241 1211.358 0 1211.358 29:
PROCESSCCPUO
PROCESSCCPU 1
PROCESSCCPU 2

W e e kW N e

ElelElElRlE R R
|t~ | o Bl R RS

In this case, IOMeter reports 295741.8 IOPs for random writes. The data sheet specs the SSD 750 Series 1.2TB at
290,000 IOPs. These results align with the data sheet.

Next, we have the results from a sequential read. The results show MB/s of 2591.396. This aligns with the SSD 750
Series 1.2TB product specification statement of 2400 MB/s

A B C D = F G H 1 J K L M N o} P
1 'Test Type Test Description
2 o
3 |'Version
4 |1.1.0
5 'Time Stamp
6 2015-03-18 22:35:30:227
7 'Access specifications
8 'Access sp default assignment
9

Untitled 1 0
10 |'size % of size % reads % randomdelay burst align reply
11 131072 100 100 1] o 1 131072 o
12 'End access specifications
13 |'Results
14 'Target Ty| Target Nal Access Spi# Manage  # Workers # Disks  10ps Read 10ps Write IOpfMIBps (BitRead MiB; Write MIB MBps (DeiRead MBp Write MBj Transac
15 ALL All Untitled 1 1 1 1 20731.16 20731.16 0§ 2591.396 §2591.396 0 2717.275 2717.275 0 20731.
16 MAMNAGEF NSG Untitled 1 1 1 20731.16 20731.16 0f 2551.396 §2591.396 0 2717.275 2717.275 0 20731

17 IPROCESSCCPUO
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