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SSD Architecture

Flush Memory Summii The SSD is mainly composed of a main control chip, a flash memory chip, and a firmware algorithm.
The performance is very different and affected by the different of main control, the type of the flash
memory, and the number of channels, etc.

SSD Controller

Flash
Memory

FTL Firmware

Address Garbage Wear Bad Read Data
Mapping Collection Leveling Block Disturb Retention
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A Variety of SSD Testing Tools

Performance Evaluation Tests
- Sequential Read/Write

- Random Read/Write

- Response time

= ' - Queue Depths

2 ‘ Read/Write ratio

4 Acc.time

[ tometer

y Score:

T The performance is affected by
S mame - the transmission data structure,
AS SSD Benchmark g 4 184.8 355.0 test tool settings, and system
" s 421)2 464.3 settings. The software tools
| 127,50 1114.0 sometimes do not have real
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ijl Workload by applications

Flosh Memory Summit \wjith different workload, SSD has different performance.

Application

Payload
Size

| QD | Sequential | Random | Read % | Write %

Web servers

Exchange Email

Media Streaming

File Servers

Database OLTP

0S paaina

Video on Demand Ran

Video on Demand Seq

Web server logs

Decision Support system

SQL logs

DBMS

Archive

Medical Imaging
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Background Issues

1. How do we make a wise decision with a pool of testing
software?

2. The internal methods are unknown to the users as
black-box testing is applied.

3. Does the result of the testing software agree with the

user experience?
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Solid State Storage (SSS)
Performance Test Specification (PTS)
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PTS, developed by SNIA is a method to compare the performance specifications of SSDs. These
specifications define a set of device level tests and methodologies which enable comparative testing for
Enterprise and Client systems.

Enterprise v1.1(2013) Client v1.2(2015) Enterprise + Client v2.0(2018)

www.sina.org B IOPS Test
. . Client Test Throughput Test
Items Latency Test
: Write Saturation Test
Enterprise Test—

Host Idle Recovery

Cross Stimulus Recovery

Composite Block Size Workload

Demand Intensity/Response Time Histogram

[tems
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SSD Performance Phases

SSD Performance States - Normalized IOPS
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Open Source Baseline:

hmenoysnmt ClOUdharmony/block-storage

Y -

root@ADATA: /home/root/pts/test_report

root@ADATA: /home/root/pts/test report# ../run.sh --threads=4 --oio per thread=16 --target=/dev/sdb --test=iops \

> --test=throughput --ss max rounds=25 --verbose

02/08/2018 01:57:32 UTC 0s run:43

targets [/dev/sdb] and 86400s timeout

02/08/2018 01:57:32 UTC 0s run:50

02/08/2018 01:57:32 UTC 0s BlockStorageTest:1688

h --nosecureerase=1; --notrim=0; --nozerofill=0

02/08/2018 01:57:32 UTC 0s BlockStorageTest:1701
--nosecureerase argument was specified (or implied due to

02/08/2018 01:57:32 UTC 0Os BlockStorageTest:1707

iscard /dev/sdb >/dev/null 2>&1; echo $?

02/08/2018 01:57:42 UTC 1@s BlockStorageTest:1711

02/08/2018 01:57:42 UTC 10s BlockStorageTest:1748

02/08/2018 01:57:42 UTC 10s run:59

Starting block storage tests [iops, throughput] using

Starting IOPS block storage test
Attempting to purge non-rotational target /dev/sdb wit

ATA secure erase not be attempted for /dev/sdb because
lack of --secureerase pswd argument)
Attempting TRIM for volume /dev/sdb using command blkd

TRIM successful for target /dev/sdb
Target /dev/sdb purged successfully using trim
Target purge successful - continuing testing

PHP Notice: Undefined index: precondition time in /home/root/pts/lib/BlockStorageTest.php on line 1932

02/08/2018 01:57:42 UTC 10s BlockStorageTest:1932

Attempting workload independent preconditioning (2X 12

8k sequential writes on entire device). This may take a while...
PHP Notice: Undefined index: precondition time in /home/root/pts/lib/BlockStorageTest.php on line 1936

02/08/2018 01:57:42 UTC 10s BlockStorageTest:1940
2
02/08/2018 01:57:42 UTC 10s BlockStorageTest:344

=1 --ioengine=libaio --refill buffers --scramble buffers=1

Attempting workload independent precondition pass 1 of

Starting fio using command: fio --name=global --direct
--blocksize=128k --rw=write --numjobs=1 --iodepth=16 -

igroupireporting --output-format=json --size=100% --name=wipc-1-1 --filename=/dev/sdb

Command: fio --name=global --direct=1 --ioengine=libaio --refill_buffers --

scramble_buffers=1 --blocksize=128k --rw=
group_reporting —output-format=json--size=100% --name=wipc-1-1 --filename=/dev/sdb

write --numjobs=1 --iodepth=16 --
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Input
Search log parameter ‘

Data / Command Flow

User Report




User Interface Work Flow

tart testing,

02/86/20

o .
ash Memory Summit

17 urC
17 os o

17 0 Test:1975

17 Blockstora 1978

17 ockStorageTest:1983

17 2035

17

17 o 2219 REPORT | INFO
17

oIk Do

Choose your action

BlockStorageTest
eTest:2231 DT

8
18
018

8

]

5 1

02/06/2018 16,
02/06/2018
02/06/2018
02/06/2018 BlockstorageTest

1801003 | 1075 1P

18010 ECWDIRTH

. TEST  OUTPUT

£

USER MANAGEMENT

PERMISSION LASTLOGIN | STATUS




?*ADATA" SSS PTS TEST

*R.  Love-Life-Dacasns
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Choose your action

Target : ADATA SP32055(/dev/sdb)

Input |-

wvendor

Model No.

Capacity
S/N

Firmware version

Interface

MAMND Type

sSpecification type: o Enterprise Client

Test item : iops throughput latency wsat hir xSr cbww

Purge mode: Mo purge ATA secure erase MNWVMe format namespace zero fill
Max test rounds: | 25

TOIO: iops. throughput. wsat. hir. xsr by test operator choice
Thread Count: | 4 Queue Depth: | 32 ~w

WSAT test optional workload: | Write Intensive (RND 4KiB RWO) WSAT test optional time period: | 6 ~

DIRTH test parameter dirth test read write percentage and block size by test operator choice
RW: Read | 65 ~ | % Block Size: | 8192 (8 KiB) ~

Show test log: @ on OFF

GO
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Test

ADATA SSS PTS TEST

Test Report

Start testing...

02/06/2018
02/06/2018
02/06/2018

30322s
30322s
30322s
30322s
44882s
44882s
44882s
44882s
44882s
44882s
44882s
449425
449425
44942s
44942s
449425
45003s
45003s
45003s
45003s
45065s
450655
450655
45065s
45127s
45127s
45127s
45127s

run:43

run:50
BlockStorageTest:
BlockStorageTest:1978
BlockStorageTest:1983
BlockStorageTest: 2035
run:59
BlockStorageTest:2219
BlockStorageTest:2227
BlockStorageTest:344
BlockStorageTest:358
BlockStorageTest:2231
BlockStorageTest:2227
BlockStorageTest:344
BlockStorageTest:358
BlockStorageTest:2231
run:69
BlockStorageTestDirth

1975

BlockStorageTest:344
BlockStorageTest:358

BlockStorageTestDirth
BlockStorageTestDirth
BlockStorageTestDirth:

BlockStorageTest:344
BlockStorageTest:358

BlockStorageTestDirth:
BlockStorageTestDirth

BlockStorageTest:344
BlockStorageTest:358

BlockStorageTestDirth
BlockStorageTestDirth

BlockStorageTest:344
BlockStorageTest:358

BlockStorageTestDirth
BlockStorageTestDirth

BlockStorageTest:344

Starting block storage tests [dirth] using targets
Starting DIRTH block storage test

Attempting to purge non-rotational target /dev/sdb with --nosecureerase=0;
Attempting ATA secure erase for target /dev/sdb

ATA secure erase successful for target /dev/sdb

Target /fdev/sdb purged successfully using secureerase

Target purge successful - continuing testing

Attempting workload independent preconditioning (2X 128k sequential writes on entire device
Attempting workload independent precondition pass 1 of 2

Starting fio using command: fio --name=global --direct=1 --ioengine=libaio --refill buffers
fio execution successful for step wipc with 64 IOPS (8.05 MB/s). There are now 1 results fo
Workload independent precondition pass 1 of 2 successful

Attempting workload independent precondition pass 2 of 2

Starting fio using command: fio --name=global --direct=1 --ioengine=libaio --refill_buffers
fio execution successful for step wipc with 134 IOPS (16.77 MB/s). There are now 2 results
Workload independent precondition pass 2 of 2 successful

Workload independent preconditioning successful - continuing testing

[/dev/sdb] and 86400s timeout

--notrim=0; --no|

1866 Starting workload dependent preconditioning for DIRTH R/W WDPC (1 of 3)
BlockStorageTestDirth
BlockStorageTestDirth

591 Initiating workload dependent preconditioning and steady state for DIRTH test

599 Starting 60 sec DIRTH rand write preconditioning round 1 of 25, test 1 of 30 [name=x1-0 10|
Starting fio using command: fio --name=global --direct=1 --ioengine=libaio --refill_buffers
fio execution successful for step wdpc with 935 IOPS (7.31 MB/s). There are now 1 results f

607 Test x1-0_100-rand-n@l was successful

617 Added IOPS metric 935 from preconditioning round 1 of 25 for DIRTH steady state verificati

599 Starting 60 sec DIRTH rand write preconditioning round 1 of 25, test 2 of 30 [name=x1-0 10
Starting fio using command: fio --name=global --direct=1 --ioengine=libaio --refill buffers
fio execution successful for step wdpc with 636 IOPS (4.97 MB/s). There are now 2 results f

607 Test x1-0_100-rand-n02 was successful

599 Starting 60 sec DIRTH rand write preconditioning round 1 of 25, test 3 of 30 [name=x1-0 10|
Starting fio using command: fio --name=global --direct=1 --ioengine=libaio --refill_buffers
fio execution successful for step wdpc with 769 IOPS (6.01 MB/s). There are now 3 results f

607 Test x1-0_100-rand-n03 was successful

599 Starting 60 sec DIRTH rand write preconditioning round 1 of 25, test 4 of 30 [name=x1-0_10|
Starting fio using command: fio --name=global --direct=1 --ioengine=libaio --refill_buffers
fio execution successful for step wdpc with 681 IOPS (4.7 MB/s). There are now 4 results fo

607 Test x1-0_100-rand-n@4 was successful

599 Starting 60 sec DIRTH rand write preconditioning round 1 of 25, test 5 of 30 [name=x1-0_10
Starting fio using command: fio --name=global --direct=1 --ioengine=libaio --refill buffers
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Report
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Test

Lave: Life-Dacaoms

Report

. SSS PTS TEST

TEST LOG

Total 6 datas

10PS,TP,LAT,WSAT,HIR
10PS,TP,LAT,WSAT,HIR,XSR,ECW,DIRTH

I0PS, TP,.LAT,WSAT,HIR,XSR,ECW,DIRTH

018 ADATA Technology Co., Ltd. All rights reserved.
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\hb At SSSPTS TEST

Love:Life-Dataons

Test  Report
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If testing is not normal completed, delete the check file. | peee

USER MANAGEMENT

Management

©2018 ADATA Technology Co., Ltd. All rights reserved.

ADD USER

Update Member Data

DELETED

PERMISSION LAST LOGIN STATUS
PERMISSIONS T
Read Write Delete Administer | 2018-02-06 16:57:50 | Enabde
UPDATE || RESET




PTS Report Header

e .
Flash Memory Summit
IOPS Test - Report Page

bttt b bl P | tos |
Test FaramF'Pr‘.

Data Pattern

Motherboard ) o Model No

- . -

NAND Type : OFSLoop | Suedy Stat _

PCle NVM _

IOPS Sleady State Convergence Plot - All Block Sizes

Test Device Setup Test
Platform Under Test Parameters Parameters



IOPS Test :

fosh Memory ot~ All RW Miix 8 BS — 2D Plot

100,0000

10,0000 ‘et

16 32
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™ Host Idle Recovery Test :
Flash Memory Summit IOPS VS. T|me — A” Walt States

Wait State 1 5/5 Baseline 2 5/0 : Wait State 5 5/25 Baseline 5 5/0
Baseline 1 5/0 Wait State 3 5/15 Baseline 4 5/0
Wait State 2 5/10 Baseline 3 5/0 Wait State 10 5/50

41,7744 |-+

34,8120

20,8872

13,9248

468

Time (Minutes)




iijJ Cross Stimulus Recovery Test :
FIushMemorySumml’r Throughput ART & MRT vs. Time




[[TWJ Composite Block Size Workload Test:
fsh Memory st CBWT Demand Variation Plot
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[[D Open Source Availability

Flosh Memory Summit  The work has been made open-source on Github and is readily available to all
performance testers.

®Watch 0

https://github.com/Alan-ADATA/SSS-PTS-TEST
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Conclusion

e Full compliance with SNIA PTS specifications
Auto-generation of complete test reports

e  (Graphical interface instead of command line interface
» Excellence in database management

 Available as an open resource on GitHub
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Thank You!

Questions & Follow-up:
shing lee@adata.com
www.adata.com



