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What are Real World Datacenter Workloads?

Flash Memory Summit

> Real World Workloads are a collection of 10
Streams that occur on a deployed server at a
specific software stack level over a given
period of time

> Real World Workloads are a constantly
changing combination of many, many 10
Streams and Queue Depths

> 1O Streams are generated by
Applications, Operating System activities,
software abstractions, User activities and
more

> 10 Streams change as they traverse the
Software and Hardware Stack
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Why are Real World Workloads Important?

> Workload Composition — |0 Stream ﬂ

Content

> Interoperability — Standard Replay Scripts -

> Load Balancing - |10 Traffic & Perforn

> Software Optimization — Validate SW
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Viewing a Datacenter Real World Workload:
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asn memory Summ“ B 28.9%: SEQ 0.5K W = 30.5%: RND 64K R Users (QD) * 10Ps
180,000 10000
306 300
Users
160,000 181 184 ! 2 169
206 e 8 o - 1000
N 7 20 ¥ i
e\
140,000 .” oo
. o.’ PO @ ° - 100
o L4 L4 \ [ ] °® °
120,000 T DU R .
f I0s & IOPS|. . ANyt VA (]
¢ ”M” ® S e K .
° oty ® . 10
100,000 L r 4 w
° :g' 1)
) > °
o . . |0 Streams *e o
= 80,000 . ©
60,000
0.1
40,000
0.01
20,000
0 0.001
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New SNIA Spec for Datacenter Real World Workloads

i
SNIA.

Advancing storage &
information technology

Real World Storage Workload (RWSW)
Performance Test Specification for
Datacenter Storage

Version 1.0.7

ABSTRACT: This document describes a Real-World Slora?'e Workload (RWSW) 10 capture,
characterization, methodology, test suite and reporting format. 1t is intended to provide standardized
analysis of in-situ target server application sho'{ﬁe performance and standardized comparison and
wlsr%vcatm of Datacenter storage when using Reference 10 Capture Workloads as the test stimuli in
tests.

This document has been released and approved by the SNIA. The SNIA believes that the ideas,
ies and i ibed in this P the SNIA goals and are
i i istributi Suggestions for revisions should be directed to

for P
http://www.snia.org/feedback/.

SNIA Technical Position
May 25, 2018

SNIA Technical Position
RWSW PTS Spec

10 Capture Process

10 Stream Analysis
Datacenter Storage
Standard RWSW Tests

https://www.snia.org/rwsw
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Free Capture Tools & Demos at TestMyWorkload.com

TestMyWorkload Download Demo How ToUse What It Means FAQ Support

-
&

Join Our Co?hmunitﬁ Help
b Understand Your &

Real Mlorl?Workloads!

www.TestMyWorkload.com

>

www.TestMyWorkload.com —
SSSI reference site for Real
World Workload captures and
free cross platform 10 Capture
tools

Free Capture Tools include:

. Blk-Trace, Perfmon,
D-trace, |IOProfiler

Free IOProfiler Capture tools
at www.TestMyWorkload.com:

R Windows, Linux, MacOS

. Free visualization of
captured workloads

. Free export of 10 data for
use in 3d party software



m SSSI Reference Captures No. 3,4 & 6

Flash Memory Summit

TestMyWorkload wy captures Downlo

> Example 3:

I e— 24 Hr Retail
Web Portal
SNIA SSSI
' = Reference 10 Captures:
Exlmeple #3 Example 3. 24-Hr Retail Web Portal
SNIA SSS! Ref, Windows Server 2012R2 .
10Capture Drive 0 & Drive 1 > Exam ple 4'
Block IO Level Captures
amdens | L SNIA Green
SNIA SSS| Ref, Example 4. SNIA Green Storage TWG Workload
DE i Linux OS - Block IO Level Storage TWG
10 capture of Synthetic Test Workload
-
Workload
SNIA SSSI Ref. Example 6. 24-Hr GPS Navigation Portal
10 capture | _| Windows Server 2012R2
File System & Block 10 Level

> Example 6:
24 Hr GPS
Navigation
Portal

www.testmyworkload.com/info/demo



IO Stream Map, Processes, Cumulative Workload

Flash Memory Summit

@

Example #1

You

Example #2

Example #3
SNIA SSS! Ret.
10 Capture

Example #4
SNIA SSSI Ref.

Example #5

Example #6
SNIA SSSI Ref.

Profile Details ‘ Drive0 ‘ Drivel

Sample Capture: Corporate Portal During 24 hours

View with plan: Free

Pro

10 Capture

10 Capture

Path:\\.\PhysicalDrive0

Metric:| Frequency v

[0 RND 64K R
A

I SEQ 0.5K W

150k

125k

100k

75k

Quantity of 10s

50k

03:00:00

06:00:00

Model: Virtual HD Volume: 214 GB 105: 4,326,159

Streams threshold:| 3% %

Values:| Absolute % |
Workload Streams (by frequency)

RND 8KR [/ SEQ8KR WM RND4KW [ SEQ 64K R
B

-+ IOPS

09:00:00 15:00:00 18:00:00 21:00:00

Read: 142.9 GiB

800

300

00:00:00

Sdol

Panes:| Streams Range Hits | Descriptions | Processes |

Processes fol

Written: 20.6 GiB

Clear/Select all [ Sort by name

sqlservr.exe 79.9% 3,456,063
System 13.5% 584,528
99,524
92,756
¢ w3| ¥ RNDG4KR 19.5% 841,495 || 40446
¥ Ngad @ SEQO.SKW 17.9% 775,072|| 20,742
¥ xspl @ RND8KR 10.5% 454,786 || 10708
® 8,707
Ul @ seQskR 8.8% 381,168||
®/ iex{|— 5,600
—|® RND4aKW 4.1% 179,391
Log|— 2,960
- v
2 we Lf SEQ64KR 3.5% 152,723|
@ cord O RND KW 2.91% 125,959 e
@ rarf| O RND4KR 2.74% 118,560 451
¥ winl| Total I0s of 5,038 streams: 4,326,159 431
@ SQll Selected 6 streams: 2,784,635 (64%) E F 246
¥ diihosFexe T 213

Selected 36 of 36 processes

Apply Selection  Cancel

Example No. 3:
IO Stream Map
and Process IDs

Cumulative
Workload:

6 10 Streams of
5,038 10 Streams
64% of 10s
2,784,635 10s of
4,326,159 10s

Export 10
Stream Steps to
csv file
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Analytics: IOPS or MB/s, Latency, Queue Depth

Path:\\.\PhysicalDriveo

Model: Virtual HD

Volume: 214 GB

105: 4,326,159

Metric:

Read: 142.9 GiB

Frequency 4] Values: Absolute?|  Streamsthreshold:[ 3% )| 129
Workload Streams (by frel ;g{’%
I RND 64K R Il SEQ 0.5K W RND 8KR [ SEQ8KR MHRN 494 SEQ 64K R
Response Time
150k 2%
A | 1.5%
1%
125k | osx% E
02:40:25 0%
* SEQ 0.5K W: 51 Qs
sqlservr.exe: 51
100k « RND 4K W: 71
System: 70
sqlservr.exe: 1
~ IOPS: 0.6

RT (avg/max): 0.77/8.5

Quantity of 10s
<
=

20:00:00

04:00:00 08:00:00 12:00:00 16:00:00

Written: 20.6 GiB.

-+ 10PS

800 10k
700
1k
600
500
100
400 Q
a
10
300
200
1
100
0 0.1
00:00:00

les:| Streams = Range Hits Descriptions Processes

(sw) awi) asuodsay

Path:\\.\PhysicalDriveo

Model: Virtual HD

Volume: 214 GB

105: 4,326,159

Read: 142.9 GiB

Written: 20.6 GiB.

Metric:| Amount transferred ¥ Frequency Streams :[ 3% & Panes:| Streams Range Hits Descriptions Processes
id Streams (by transferred amount)

[ RND 64K R I SEQ 512K R SEQ 64KR -4 Throughput - Queue Depth
9l 45 1k
B 02:0020
o « RND 64K R: 40.4 MB o
sqlservr.exe: 646
System: 1
7 SEQ 64K R: 8,425.6 MB 35 100
sqlservr.exe: 134,808
System: 1
2 o ~ Throughput: 32 MB/s 30
bt ~ QD (avg/max): 1.2/76 =]
g Ay T s 10 p
5 | s§&  f
b = <
H ] °
< <€ o
—t ]
F ok 03 3
£ L 5, F
2 e
E
< * AJ 15
2 10
0.1
1k 5
0 A_J e A - - 0 0.01
03:00:00 06:00:00 09:00:00 12:00:00 15:00:00 18:00:00 21:00:00 00:00:00

A 10 Stream Map by Frequency - IO Rate in IOPS
IOPS, Ave/Max Response Times, 3% Threshold

B 10 stream Map by Amount Transferred — Throughput in MB/s
MB/s, Ave/Max Queue Depth
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Analytics: Compression & Duplication Ratios

Path: \|\PhysicalDriveo

Metric:| Amount transferred %

Model: Virtual HD Volume: 214 GB 105: 4,326,159

Values:| Absolute %|  Streamsthreshold:| 3% %

A RND 64K R

Amount Transferred (MB)

03:00:00

Workload Streams (by transferred amount)

M SEQ 512K R SEQ 64KR -+ Throughput
mpressibility
9k
8k
10:16:23
+ RND 64K R: 11.2 MB
2 System: 176
w3wp.exe: 3
SEQ 64K R: 0.5 MB
6k System: 8

~ Throughput: 0.5 MB/s
~ CR (avg/max): 3.1/62

12:00:00

06:00:00 09:00:00 15:00:00 18:00:00

Read: 142.9 GiB

21:00:00

Written: 20.6 GiB

45

40

0
00:00:00

Panes:| Streams = Range Hits Descriptions

(s/gaw) andybnoayy

Processes

250

200

150

100

oney Aujiqissaidwo)

Path:\\.\PhysicalDriveo

Metric:| Amount transferred ¥

Model: Virtual HD Volume: 214 GB 105: 4,326,159 Read: 142.9 GiB

Values:| Absolute ¥ |  Streams threshold:| 3% %]

Workload Streams (by transferred amount)

RND 64K R Il SEQ 512K R
~+- Duplication

SEQ64KR -4 Throughput

3k

Amount Transferred (MB)

R

09:26:16

* RND 64K R: 4.3 MB
System: 64
sqlservr.exe: 3
w3wp.exe: 1

* SEQ 512K R: 0.5 MB
System: 1

SEQ 64K R: 0.3 MB

System: 4

~ Throughput: 0.3 MB/s

~ Duplication: 28 % [

I 1)

N A I
12:00:00 15:00:00

a y LA

03:00:00 06:00:00 09:00:00 18:00:00 21:00:00

Written: 20.6 GiB.

0
00:00:00

(s/aw) ndyBnoayy

60

40

Panes:| Streams = Range Hits Descriptions Processes

(%) uonesidng

A Compression Ratio: How much more compressible is data
CR of 3.1 means data can be compressed 3.1 Times MORE

B Duplication Ratio — How many duplicative blocks are written

DR of 28% means that 28% of written blocks are duplicates

10



Flash Memory Summit

Analytics: Disk Utilization & 10 Sequentiality

Path: drive-66304 Model: unknown-model

Volume: 1,442 GB 10s:341,407  Read:9.7GiB  Written: 10.3 GiB

Metric: Values: Threshold: i \ Streamsl Range Hits Descriptions‘ Processes
| Frequency 4| | Absolute 4| (3% 4 [1sec 4| Playback
Workload Streams (by frequency)

A [ SEQ128KR MERND 12KR M RND 16KR - IOPS
- Disk Utilization

1750 100
1500 10 Streams at 16:00:23
~ |OPS: 5,760
80 - .
1250 ~ Disk Utilization: 84 %
g + SEQ 128K R: 519
«»
3 -  RND 12K R: 428
"-6 1000 2 + RND 16K R: 166
> 8 e RND 104K R:
£ s RND 128K R:
g 70 5 RND 112K R:
3 ¥ RND 100K R:
a RND 120K R:
500 “© RND 116K R:
RND 124K R:
RND 108K R: 9
250
0 20
16:00:00 16:00:10 16:00:20 16:00:30 16:00:40

SdOI

16:00:50

Path: W\PhysicalDrive0 Model: 222 Volume: 372 GB 10s: 42,784,185 Read: 1,156.7 GiB Written: 282.0 GiB
Metric: Values: Threshold: Resolution: [ streams | Range Hits | Descriptions |
| Frequency %) | Absolute ¥ | I 10% #,I (5sec ¥ Playback
Workload Streams (by frequency)

WU RND 4KW I RND 4K R SEQ64KR [1] SEQ 128KR - IOPS B

1,000k 200k
«
g 750k 150k
-
: ]
g 500k Lok 5
£
o
5
o 250k 50k

0 0
15:50:00  16:00:00  16:10:00  16:20:00  16:30:00  16:40:00
LBA Range Hits (by frequency)
[ ] SEQ 64K R SEQ 128K R
100
16:32:35
SEQ 64K R: 47,083 hits
g in 72:+1% of drive space
@ Processes/hits:
-] - HDTunePro_CHT.exe: 47,083
£ so o . = - - pu—
L3
3
o talls EX FPEE M 1 P . o]

15:50:00 16:00:00 16:10:00 16:20:00 16:30:00 16:40:00

A Disk Utilization: 10s and Disk IO Idle Times
Disk Utilization of 84% = 16% Disk 1O Idle

B 10 sequentiality - Adjacent LBA Range Hits
Diagonal LBA Range Hit lines indicate Sequential 10s

11



Flash Memory Summit

Temporal Granularity: 10 Capture Step Resolution

Path: \.\PhysicalDrive0 Model: Windows Server 2008-0 Volume:53GB  10s:24 Read:0.0GiB  Written: 0.0 GiB
Metric: Threshold: Resolution: Streams | Range Hits Processes
[_Fi v (3% %) l 100 ps ¥ Playback
requency v v s ¥ v 100 ps [ ybacl
Workload Streams (200 us H
[0 RND 4K W [l SEQ 4K W RND 16kW MERND1KW W 900uS 0.5K W RND 28K W
M SEQO.5KW Wl SEQ8KW % IOPS Avg Resp(‘ 1ms
| 2ms
12 5ms 12k 8
10 ms Reset zoom
A 20 ms &
N 50 ms Lok
100 ms 4
200 ms
500 ms
0.8 1sec 8
: 7
« 2
e 3
- 3
° o ®
>
gos 10 Streams at 37" 399,900 3 =]
[ ~ 10PS: 10,000 3
] Avg RT: 0.36 ms 3
* RND 8K W: 1 08 @
0.4 System: 1 4k
0.6
0.4
02 2%
0 I 0 0.2
37°399.0

Path: W\PhysicalDrive0  Model: Windows Server 2008-0 ATA Device

Metric: Values:
( Frequency %) [ Absolute ¥ |

JU RND 4K W [l RND 16K W
M SEQ 1.5KW Bl SEQ IKW

45k
o | B

35k

30k

~
o
=

Quantity of 10s
w
S
S

15k

10k

Sk

Resolution:
1 mis

Threshold:
(2% %)

Workload Stream;

SEQ 16KW [l SEQ 0.5K W
SEQ 64K W -e- IOPS

10 Streams at 10:25:17|
~ I0PS: 389
Avg RT: 0.72 ms
« RND 4K W: 665
« RND 16K W: 369
SEQ 16K W: 198
* SEQ 0.5K W: 152
« RND 0.5K W: 154
« RND 1K W: 123
SEQ 4K W: 122
 SEQ 1.5K W: 57
* SEQ 1K W: 29
SEQ 64K W: 17
RND 0.5K R: 3

0 ==
10:00:00

10:05:00 10:10:00

10:15:00

10:20:00

ol
10:25:00

Volume: 53 GB

10:30:00

105:2,963,758 Read: 9.8 GiB  Written: 34.6 GiB

| Streams | Range Hits Processes

Playback

10:35:00

RND 1K W
Time

SEQ 4K W

1750

Reset zoom

1500

1250

1000

750

500

250

10:40:00

SdOI

400

200

100

20

(sw) 2wy asuodsay

A Fine Grain: 100 uS; 1 min Capture; Single I10s
10 Bursts, Disk Utilization, 10 Specificity

B Coarse Grain: 1 Min; 24 hr Capture; 100’s of 10s

Long Term workload characterization

12



* LBA Range Hit Map: Spatial Locality of Reference

Flash Menﬁry Summit

Path: \|.\PhysicalDriveo

Metric:| Amount transferred 4 Values:| Absolute §|  Streams threshold:| 3% %]

Workload Streams (by transferred amount)
I RND 64K R M SEQ512KR [/ SEQ64KR -4 Throughput

Model: Virtual HD Volume: 214 GB 105: 4,326,159 Read: 142.9 GiB Written: 20.6 GiB

Panes:| Streams | Range Hits Descriptions = Processes

2 o 60
: 3
-]
2 7.5k ]
™ c
) 40 @
b 5
£ sk
I B
= 20 3
2
E 2.5k ®
g 2z
] R e
£ o0 A 0
< 03:00:00 06:00:00 09:00:00 12:00:00 15:00:00 18:00:00 21:00:00 00:00:00
a LBA Range Hits (by transferred amount)
© RNDG4KR @ SEQ 64K R

TOU

75

in 82:+1% of drive space
 Processes/hits:

- sqlservr.exe: 5

LBA Range (%)
g

03:00:00 06:00:00 09:00:00 12:00:00 15:00:00 18:00:00 21:00:00  00:00:00

Path: \\.\PhysicalDrive0 Model: Virtual HD Volume: 214 GB 105: 4,326,159 Read: 142.9 GiB Written: 20.6 GiB

Metric:| Frequency B Values:| Absolute % Streams threshold:[ 3% % Panes:| Streams | Range Hits Descriptions Processes

Workload Streams (by frequency)
I RND 64K R MM SEQO0.5KW ' RND8KR [ SEQ8KR MHRND4KW [ SEQ64KR -+ IOPS

150k 750
«
Q
‘s 100k 500 5
z 2
2 “
£ S0k 250
3
o

o AN M IR
03:00:00 06:00:00 09:00:00 12:00:00 15:00:00 18:00:00 21:00:00 00:00:00

LBA Range Hits (by frequency)

© SEQ64K R

B © RND64KR @

18:47:49
« RND 64K R: 580 hits
n 52+1% of drive space
Processes/hits:

- sqlservr.exe: 580

LBA Range (%)
g

®

03:00:00 06:00:00 09:00:00 12:00:00 15:00:00 18:00:00 21:00:00  00:00:00

A LBA Hit Range — by Transferred Amount (MB/s)
10 Hits selected by Size (Amount Transferred)

B LBA Hit Range - by Frequency (IOPS)
10 Hits selected by 10 Rate (Frequency)

13



Defining Workload Segments

i

Profile Details

TestMyWorkload

Driveo

\\-\PhysicalDriveo

Metric

Frequency

D

A SQL Server Backup Tir ims (by frequency) for sqlservr.exe

SEQ64KR

My Captures

Download Demo How ToUse What it Means

Sample Capture: Corporate Portal During 24 hours

Virtual HD

Streams threshold:

83.9% 134,809

O RND4KR 1.67% 2,683
O RND24KR 120% 1,933
O SEQ6OKR 117% 1,882
O sEQ40KR 110% 1,772

Total 10s of 69 streams: 160,620
Selected 1 stream: 134,809 (84%)

3% $

21468

- 10PS

IPF Portal FAQ Support

4,326,159

M
% | [ %
¥ RND64KR 19.5% 841,495| | ¥ §EQ 64K R g3.0% 13ig0] | | @ SEQO.SKW 22.7% 429,780 | | @ RND 64K R 35.8% 318,184 | | @ SEQO.SKW  83.9% 167
¥ SEQO.SKW 17.9% 775,072 K # RND 64K R 14.9% 283,247 ¥ RNDSKR 18.3% 162,171 | ¥ RNDSKR 5.5¢ 1
¥ RNDSKR 10.5% 454,786 ¥ SEQSKR 10.2% 193,473 ¥ SEQS8KR 11.6% 102,630 | ¥ SEQ1KW 5.0¢ 10
" SEQSKR 8.8% 381,168 ¥ RNDB8KR 9.5% 180,015 ¥ SEQO.SKW 3.18 27,852 | ¥ SEQSKR 3.0¢ 6
| ¥ RND4KW 4.1 179,391 6 40K ¥ RND4KW 4.99 92,792 |
Total 10s of 4,326,159 Total 10s of 69 streams: 160,620 Total 10s of 1,896,620 Total 10s of 888,499 Total 10s of 199
Selected 2,784,635 (64%) Selected 1 <1+ 134,309/(8a%%) Selected 1,251,852 (66%) Selected 610,837 (69%) Selected 194 (97%)

View with plan: Free Pro
142.9 GiB 20.6Gig
Panes:| Streams Range Hits | Descriptions | Processes
3§
Sort by name
@ sqlservrexe 79.9 3,456,063

D
SEQO.5KW  83.9% 167
RND 8K R 5.5% 11
¥ SEQ1KW 5.0% 10
¥ SEQ8KR 3.0% 6
O RNDO.SKW  1.01% 2
Total I0s of 8 streams: 199
Selected 4 streams: 194 (97%)

> A:

SQL Server Back up — 83.9% SEQ 64K R;

1 of 69 |0 Streams

> D: 24 hr sqlserver.exe — 79.9% of Total 10s, 4 of 194 10 Streams

14
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Creating a Workload & Script

Profile Details Profile Analysis  Script | Drived | Drivet

© Settings

120k

100k

Quantity of 10s
g

60k

40k

20k

Path: \\\PhysicalDrive0 Model: Virtual HD Volume: 214 GB 10s: 4,326,159 Read: 142.9 GiB
Metric: | Frequency % Threshold: [ 3% | Resolution: [ 5min %)
Workload Streams (by frequency)
W RND 64K R Il SEQ 0.5K W RND8KR [ SEQSKR WERND4KW WSEQ64KR - IOPS -+ Max QD
60k sqlservr.exe: 02:00:19 04:55:39 08:01:00 10:51:29 13:90:46 16:32:14 18:42:48
140k

Writien: 20.6 GIB

| Streams Range Hits | Descriptions ~ Processes

01:00:00  02: :00 05:00:00 06:00:00 07:00:00 08:00:00 09:00:00 10:( :00  15:00:00

T
¥ RND 64K R 19.5% 841,495 ¥ RND4KW 65.8% 750l |¥ SEQ 1KW 69.4% 7,126¥| | ¥ SEQ8KR 45.6% 18,222 ¥ SEQ4KR 44.2% 25,397
¥ SEQO0.5KW 17.9% 775,072 | |[) RND 4K R 167% 2,683 ||® SEQ8KW 8.8% 10§ (¥ RND8KW 11.7% 1,205 ||¥ RND8KR 18.8% 7,529 ||# RND8KR 16.8% 7,165 ||« RND4KR 32.2% 18,493
¥ RND 8KR 10.5% 454,786 | |() RND 24K R 1.20% 1,933 [|@ SEQ4KW 6.1% 7§||¥ RND4KW 32% 330 ||¥ SEQO.5KW 142% 5662 ||¥ SEQO.5KW 16.3% 6,960 | (¥ SEQO.5KW 11.2% 6,426
¥ SEQ8KR 8.8% 381,168 (|[) SEQB0KR 1.17% 1,882 [[¥ RND 0.5KW 4.4% 58[|C) SEQ1.5KW 221% 227 [|O RND64KR 2.32% 929 ||« RND4KW 42% 1,798 || RND4KW 2.10% 1,204
@ RND 4K W 4.1% 179,391 ||() SEQ40KR 110% 1,772 (|© RND KW 1.75% 2 |[O RND 16K W 1.97% 202 [|© RND4KR 210% 841 ||O RND8KW 296% 1,262 ||C) RND8KW 1.83% 1,052
¥ SEQ64KR 3.5% 152,723 ||(J RND 32KR 0.88% 1421 (|0 RND35KW 1.75% 2 ||0 SEQ4KW 1.14% 117 [|O RND 8KW 1.94% 774 (|0 RND4KR 240% 1,026 |0 RND64KR 0.55% 316
() RND 8KW 2.91% 125,959 ||O SEQ32KR 0.84% 1,342 [|) RND 64K W 1.75% 2 [|© RND24KW 0.97% 100 ||C) RND4KW 1.83% 732 |0 SEQ1KW 1.08% 461 | (O SEQ1KW 0.47% 270
0 RND4KR 2.74% 118,560 || RND 8KR 0.82% 1,313 (|0 RND3KW 0.88% 1 || RND32KW 0.93% 95 [|© RND 16KR 1.20% 478 | (O SEQ4KR 1.03% 438 | (O RND8KR 0.37% 21
Total I0s of 5,038 streams: 4,326,159 Total |0s of 69 streams: 160,620 Total IOs of 18 streams: 114, Total |0s of 165 streams: 10,268 Total IOs of 429 streams: 39,969 Total |0s of 880 streams: 42,695 Total I0s of 694 streams: 57,460
Selected 6 streams: 2,784,635 (64%) E | | Selected 1 stream: 134,809 (84%) Selected 4 streams: 97 (85%) | | Selected 3 streams: 8,661 (84%) Selected 3 streams: 31,413 (79%) Selected 4 streams: 33,138 (78%) Selected 3 streams: 50,316 (88%)

700

600

400

300

200

0
200 23:00:00  00:00:00

Sdol

Playback

-200

-400

-600

-800

-1000

yidaq anand

Filter & Select the 10 Stream Workload
> List I0s and Metrics for each Capture Step

> Selected points illustrate changing IO Streams & QDs
for each Step of the Capture

15



Flash Memory Summit

Tests from RWSW PTS

24-Hr Retail Web Portal: Self-Test v Replay-Native
Difference From Group Mean
<o Samung Seagae Mow  ——Sandk —— Seagaie ASHOO seTest

24-Hr Retail Web Portal: Ind. Streams WSAT
Drive0 sqlservr.exe
HSeagateSASHDD  WMicon  WSandisk  USeagateSSD 4 Samsung

CaLvpso

50,000 .
] £ om0 an N -
30,000 o -
DT i
- . =
BT 1 RCTRR S e
10,000 [2.843) L ——
o P / sandisk
sEQsx — L '/ Wicson
R s RNDBKW. —— T seagate sas oo
2% saxne —
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24-Hr Retall Web Portal: Multi-WSAT I0PS
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. Replay-Native - reproduces each

capture step combination of 10
Streams, Queue Depths and Idle
Times for storage comparison to the
original 10 Capture server storage

. Individual Streams-WSAT - tests

each individual 10 Stream as a
separate Steady State measurement

. Multi-WSAT — applies fixed 6 10

Stream composite workload for each
test step to Steady State

. DIRTH (Demand Intensity Response

time Histogram) - applies fixed 6 10
Stream composite workload across a
range of 1 to 1,024 Users to measure
IOPS & Response Time saturation
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Questions?

Thank You!

Eden Kim

CEO, Calypso Systems, Inc.
Chair SNIA SSS Technical Working Group

edenkim@calypsotesters.com
www. TestMyWorkload.com




