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A. TestPlan
B. Real World Workload Source Captures

C. Test Workloads
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A: Test Plan - Steps
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s 1 oesipion 1 Reerence

Synthetic SQL Workload

Select & Define Workloads Real World GPS Nav Portal

PM-N
Run Direct Attached Tests NVMe U.2-H
NVMe U.2-|

PM-N
Run Fabric/Remote Tests NVMe U.2-H
NVMe U.2-1

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

SNIA SSS PTS v2.0.1
TestMyWorkload.com Demo #7
SNIA RWSW PTS v1.0.7

SQL DIRTH - RND 8K RWé65

GPS Nav Auto DIRTH — 9 1O Stream
Replay - Native & Scaled

Individual Streams — Steady State

RoCE on 100 Gb/s Ethernet
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e e 1 Desrpton | Capaciyy

Single 16 GB

PM-N NVDIMM-N NVDIMM-N Module

2.5” U.2x4
NVMe U.2-H U.2x4 SSD SFF 8639
3200 GB

2.5” U.2x4
NVMe U.2-I U.2x4 SSD SFF 8639
2000 GB
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A: Test Plan - Platforms
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PM—-N - Direct

NVMe U.2-H
NVMe U.2-|

PM-N - Remote

Fabric

Test Software

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

Smart Modular
Supermicro XI| DRI

Calypso RTP 5
Supermicro X10 DRI

Smart Modular
Supermicro XI| DRI

Mellanox
100Gb/s

Calypso CTS

Ubuntu; DDR4 [6GB RAM; 24 Core 2.1
GHz CPU

CentOS 7x; DDR4 32GB RAM; Dual 24
Core Intel E5 2660 v4 2.0 GHz CPU; PCle
Gen 3

Ubuntu; DDR4 16GB RAM; 24 Core 2.1
GHz CPU

Linux Open Source RoCE
ConnectX-4 VPI 100Gb/s
ConnectX-5 EN 100Gb/s

CTS 6.5
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SSIREe e Synthetic Benchmarks SNIA RWSW PTS v1.0.7
SIS U e Real World Workloads TestMyWorkload.com
2,000 Outlet Retail Web Portal Workload
PM Summit 2018 24 hr/5 min resolution Drive0 Block IO TestMyWorkload.com/demo_5
Varied Activity/QD — Coarser Grain

GPS Navigation Portal Workload
PM Summit 2019 30 min/| sec resolution Drive0 Block IO
Homogenous Activity — Finer Grain

TestMyWorkload.com/demo_7

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.
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Retail Web Portal

Block 10 Drive0

Fewer 10 Streams (6)

30.5% RND 64K W
28.9% SEQ 0.5KW
16.4% RND 8K W
14.2% SEQ 8K R
5.6% SEQ 64K R
4.4% RND 8KW

e o o o o o

QD (Users)
Higher Range 1-306

Coarser Grain (5 min)
More Activities & Spikes
Lower IOPS Range
Larger Block Sizes
Read & Write 10s

180,000

160,000

140,000

120,000

100,000

10s

80,000

60,000

40,000

20,000
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Real World Retail Web Portal - Block 10: 6 10 Streams 24h 5m

I 4.4%: RND 8K W

I 5.6%: SEQ 64K R

I 14.2%: SEQ 8K R

I 16.4%: RND 8K R

— 28.9%: SEQ 0.5k W mm— 30.5%: RND 64K R Qp (Users) e 10PS
10000
306 300
181 184
g - 1000
- 100
- 10
w
Q.
e
1
0.1
- 0.01
- 0.001
0 2 am Early Boot Morning Daily Closing
Back Up Morning Storm Hours Transactions Hours
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GPS Nav Porta| Real World GPS NAV SQL - Block 10: 9 10 Stream 30m 1s
I 2.8%: SEQ 1.5K W I 2.9%: RND 28K W e 3%: RND 1IKW I 5.1%: RND 4K W
: I 6. : | . : .. | . : ] . H
° Block IO Dl’lveo 285;6 Si?;(K\x[V :.15D7% SEQ 0.5K W " :I.((’SPZS% SEQ 16K W 19.9%: RND 16K W
1,000,000 1,000
+  More IO Streams (9) 10g o (1% _ 9 910 g, 88?9 9, 7 99% 9 5
28.0% SEQ 4K W Queue
19.9% RND 16K W
16.2% SEQ 16K W 100,000

15.7% SEQ 0.5K W
6.5% SEQ1KW
5.1% RND 4K W
3.0% RND 1K W 10,000 %
2.9% RND 28K W

- 100

2.8% SEQ 1.5K W 2
S e . 2
QD (Users) «?
Lower Range 1-14 - . oo o by
| ot et MMMMMW|mwwwmwmmwwmwwWM'WMMMMMMMM :
+  Higher IOPS Range 10 ’ i il
+  Smaller Block Sizes
+  All Write 10s ! 0

0 2 3 5 7 8 10 12 13 15 17 18 20 22 23 25 27 28
Time (Min)

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.



Source Workload GPS Nav Portal - TestMyWorkload.com/Demo_7

SNIA

SISTENT MEMORY

S B SUMMIT

JANUARY 24,2019 | SANTA CLARA, CA

GPS Nav Portal
Source Capture

 TestMyWorkload.com
Demo No. 7

. Block 10 — Drive0

30 min Duration
1 sec Resolution

. 14 Processes
176 10 Streams

* 910 Streams
89%o0f Total I0s

* 2 Process IDs (PIDs):
mysgqld.exe
sqlservr.exe

+ QD Range: 1-14

(ath \\\PhysicalDrive0

-

-——

~
Metrc: | FTotuerey %

Quantity of 10s

N
/

SEQ4KW I RND 16K W

300

200

175

150

125

100

0

Model: Windows Server 2008-0

Values: | Absolute §

SEQ 16K W

Read: 0.0 GiB

Streams | Range Hits | Descriptions = Processes Playback

L I Ll ’ " il ‘ | |
.i‘l dﬂ,\n-f\)b"w’.ﬂh{ WA v,qi’ll.ul.h&d" U

Volume: 53 GB 10s: 73,975
Threshold: | 3% ¥ Resolution: | 1sec §
Workload Streams (by frequency)
SEQO.5KW MERND4KW [ SEQ 1K W RND 8KW - 10PS
A

silaiedd @1 mysqld.exe 68.9%

System 17.9%

¥/ sqlservr.exe 12.4%

Selected 2 of 14 processes

/

Ll

15:56:00

15:58:00

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

16:00:00

16:02:00

16:04:00

WAL

Total 10s of 176 streams: 59,937
Selected 9 streams: 53,163 (89%) E

HJNI |

Written: 0.8 GiB

] 0.000001

% Max QD
325) Processes for [E3]
Clear/Select all [ Sort by name
¥ mysqld.exe 68.9% 50,998
) System 17.9% 13,255
sqlservr.exe 12.4% 9,173
Selected 2 of 14 processes
250| Apply Selection ~ Cancel
225 ‘;:;‘l xJ
200 | ¥ SEQ4KW 24.8% 14,852
4 RND 16K W 17.7% 10,599
3 |@ SEQ 16K W 14.4% 8,634
150|¥ SEQO.5KW  13.9% 8,344
v SEQ1KW 5.8% 3,461
'*| @ RND 4K W 45% 2,704
100|# RND 1K W 265% 1,586
4 RND 28KW 2.54% 1,522
75
L‘K/ SEQ15KW  244% 1461
otal |10s of 176 streams: 59,937
elected 9 streams: 53,163 (89%) E
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C: Test Workloads 5 PM M\/” f

Demand Intensity Response Time Histogram

Synthetic SQL — DIRTH Fixed 2 10 Stream Composite with a QD Range 1-1024 i?clﬁoisf 4P:asg:'gbl
Fixed Synthetic Workload Run the Fixed Workload to Steady State www.snia.org/ptstt

Apply Thread Count/Queue Depth Loop (T32Q32 - TIQI)

GPS Nav Portal: 9 10 Stream — 30min / |sec capture

GPS Nav — Auto DIRTH Fixed 9 10 Stream Composite with a QD Range [-1024 -Rr\‘j;tsr:'/{/\’;/_?gk:°;‘;‘;’e“:£:"?g Na°;e763
Fixed Real World Workload Run the Fixed Workload to Steady State v snin org/rwset P

Apply Thread Count/Queue Depth Loop (T32Q32 - TIQI)

_ . Replay the Sequence of IO Stream Combinations & QDs from
Replay Native the Original GPS Nav Portal Workload Capture
Dynamic Real World Workload The GPS Nav Portal has a Native QD Range |-14

RWSW PTS 1.0.7, Section 7 page 39
www.snia.org/rwsw#

Run the GPS Nav Replay Native IO Stream Combinations
Scale the Native QDs by x2, x4, x8, x16, x32

Replay — Scaled

RWSW PTS 1.0.7, Section 7 page 39
WWw.snia.org/rwsw#

Dynamic Real World Workload Native QD Range |-14 is Multiplied by the Scaling Factor
Individual Streams Run the 9 10 Individual Streams of the GPS Nav Portal RWSW PTS 1.0.7, Section 9 page 54
Fixed Real World Workload Workload to Steady State and Report www.snia.org/rwsw#

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.
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« DIRTH - Demand Intensity Synthetic SQL Workload: RND 8K 65:35 RW - QD 1 to 1024
Response Time Histogram
[ 35%: RND 8K W N 65%: RND 8K R ———QD (Users) * |OPS
* 210 Streams: RND 8K RW65 200,000,000 10000000
IOPS
+ Fixed & Constant Synthetic B0 00 N s e, R TR TR
Workload . v A A AL  °%.% 1000000
160,000,000
Queue Depth
e 210 Streams 140,000,000 N 1-1024 k - 100000
. 0, (7]
65% RND 8K R § 120,000,000 | 10000 8
* 35% RND 8KW -
100,000,000
. Outstanding 10 (OIO) Loop 50,000,000 e
T32Q32 - T1Q1
60,000,000 ~ 100
« QD (Users)
Range 1-1024 40,000,000
10

20,000,000

0

0 1,161 2,368 3,464 4,675 5879 6,980 8,188 9,281 10,495 11,699 12,798 14,006

Time (Min)
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Auto DIRTH -9 10 Stream
GPS Nav Portal

Fixed & Constant Workload

Same 9 10 Streams for
each Test Step

22.2% RND 16K W
20.2% SEQ 4K W
15.5% SEQ 0.5K W
14.2% SEQ 16K W
12.9% RND 4K W
5.9% SEQ 1KW
3.7% RND 1K W
2.7% RND 0.5K W
2.7% SEQ 1.5KW

Outstanding 10 Loop
T32Q32-T1Q1

QD (Users)
Range 1-1024

Real World GPS NAV SQL DIRTH - DriveC 9 10 Stream 30m

[ 2.7%: SEQ 1.5K W [ 2.7%: RND 0.5K W [ 3.7%: RND 1IKW
I 12.9%: RND 4K W I 14.2%: SEQ 16K W I 15.5%: SEQ 0.5K W

[ 5.9%: SEQ 1K W
I 20.2%: SEQ 4K W

6,000,000 100,000
IOPS - - - -
5‘""'0'- I 2’0 P g T W g pp T W ppaar ™ -
o - - °
5,000,000 : - © S e =
- - Fd F} « 10,000
1‘;2; i Queue Depth o 1024 —ee e
512
4,000,000  Wage M 1-1024
1,000
5 ¢
,000,000
= o
100
2,000,000
10
1,000,000

21

41 61 81 101 121 141

Time (Min)

161 181 202 222

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.
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*  Replay IO Streams &
QD for each Test Step

* Dynamic Sequence of IO
Streams & QD

e 9]0 Streams

28.0% SEQ 4KW
19.9% RND 16K W
16.2% SEQ 16K W
15.7% SEQ 0.5K W
6.5% SEQ 1K W
5.1% RND 4K W
3.0% RND 1K W
2.9% RND 28K W
2.8% SEQ 1.5KW

+ QD (Users)
Range 1-14

* Replay Original Capture
10 Streams & QD for each
Test Step

Real World GPS NAV SQL - Block 10: 9 10 Stream 30m 1s

[ 2.8%: SEQ 1.5K W I 2.9%: RND 28K W [ 3%: RND 1K W

1,000,000 14, 1,000

8 .9 Queue ;7 8.8°9 . °% 5, 7 19,99, 5,9 g9

100,000

- 100

10,000

10s

1,000 - 10

IOPS

TR TR WA

10 | i

0 2 3 5 7 8 10 12 13 15 17 18 20 22 23 25 27 28
Time (Min)

MMWWWWWMWMI
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Replay Test — Play the \.\PhysicalDrive0 Windows Server 2008-0 53GB 73,975 0.0 GiB 0.8 GiB
S S f IO Metric: | Frequency Values: | Absolute Threshold: | 3% % Resolution: | 1sec ¢ Streams | Range Hits | Descriptions Processes Playback
ame equence o Workload Streams (by frequency)
stream & QDs from the SEQ 4K W Ml RND 16K W SEQ 16K W SEQ 0.5K W RND 4K W SEQ 1K W RND 8K W & IOPS = Max QD
- - A
Original Capture
. - W J Queue g ; 4§ .
Dynamically changing B8 Depths i B AR
10 & QD combinations
Different 10 Streams 1’
for each test step [ 1oPs
1800 1s Test Steps ‘
(30m Dur x 1s Res)
10 Stream & QD
= Combinations =
15:56:00 15:58:00 16:00:00 16:02:00 16:04:00 16:06:00 16:08:0 00 16:16:00 16:18:00 16:20:00 16:22:00 16:24:00
10 Streams at 15:55:47 10 Streams at 16:00:47 10 Streams at 16:05:47 10 Streams at 16:10:47 10 Streams at 16:15:47 10 Streams at 16:20:48 10 Streams at 16:25:48
« SEQ 4KW: 4 © SEQ 4KW: 8 « SEQ 4KW: 8 « SEQ 4KW: 10 « SEQ 4K'W: 23 © SEQ 4KW: 7 « SEQ4KW: 3
* RND 16K W: 5 * RND 16K W: 3 * RND 16K W: 4 * RND 16K W: 9 * RND 16K W: 3 * RND 16K W: 1 * RND 16K W: 3
« SEQ 0.5K W: 10 SEQ 16K W: 1 SEQ 16K W: 2 SEQ 16K W: 5 « SEQ 0.5KW: 9 SEQ 16K W: 1 ~ |OPS: 9.0
« RND 4K W: 8 © SEQ0.5KW: 1 + SEQ 0.5K W: 10 « SEQ 0.5KW: 2 * RND 4K W: 3 « SEQ 0.5K W: 2
~ |OPS: 45 * RND 4K W: 5 * RND 4K W: 3 * RND 4K W: 2 * SEQ 1IKW: 5 * RND 4K W: 9
RND 8K W: 3 * SEQ 1IKW: 2 * SEQ 1IKW: 1 RND 8K W: 1 * SEQ 1IKW: 1
~ |OPS: 31 RND 8K W: 2 RND 8K W: 1 ~ |OPS: 55 RND 8K W: 4
~ |IOPS: 45 ~ IOPS: 35 ~ IOPS: 30

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.
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A. DIRTH: Synthetic SQL v Real World GPS Nav

B. Real World: GPS Nav DIRTH v Replay

C. Replay: Scaled QD x1, x2, x4, x8, x16, x32

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.



A. DIRTH: synthetic SQL v Real World GPS - 10Ps
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Syn SQL DIRTH - RND 8K RW65
Fixed Synthetic - 2 10 Streams

Synthetic SQL DIRTH

RND8KR 65.0% 65.0
RND 8KW 35.0% 35.0

GPS Nav Auto DIRTH -
Fixed Real World - 9 |10 Streams

SEQ 4K W 24.8% 28.0
RND 16KW 17.7% 19.9
SEQ16KW 14.4% 16.2
SEQO0.5KW 13.9% 15.7
SEQ 1K W 5.8% 6.5
RND 4K W 4.5% 5.1
RND 1K W 2.65% 2.98
RND 28KW  2.54% 2.86
SEQ1.5KW  2.44% 2.75

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

1,200,000

1,000,000

800,000

I0PS

600,000

400,000

200,000

Synthetic SQL v Real World GPS Nav DIRTH: IOPS

CIRND 8K RW65 DIRTH B GPS Nav Auto DIRTH
Higher is Better
1,052,928
715,393
|213,178|
|136,589|
PM-N NVMe U.2-H NVMe U.2 -1
16 GB 3200 GB 2000 GB
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A. DIRTH: Syn. SQL - iops, ART, QoS (5 9s RT - 99.999%) 2 HSUMMlT
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Syn SQL DIRTH — RND 8K RW65

Fixed Synthetic - 2 10 Streams Synthetic SQL DIRTH - RND 8K RW65: 10PS, ART, QoS

N ART [H59s RT QoS < 10PS
QD (Users) Range 1-1024

10000 100,000,000

Synthetic SQL DIRTH 1000 — 10,000,000

RND8KR 65.0% 65.0 . O 1,000,000
RND8KW 35.0% 35.0 & 100 >
-E— 100,000
T ‘ —— 2
E 10 10,000 &
10PS 1,052,928 § -
ART 0.015 mS 8 1,000
w
Qos 0.090 m$ g !
100
L uan v | 0.090
0.1
IOPS 213,178 72,077 10
ART 0.300 mS 0.890 mS 0.015 .
QoS 11.140 mS 29.940 mS 0.01 1
PM-N NVMe U.2-H NVMe U.2 - |
16 GB 3200 GB 2000 GB
18
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SEQ 4K'W 24.8% 28.0
RND 16KW 17.7% 19.9
SEQ 16KW 14.4% 16.2
SEQ 0.5KW 13.9% 15.7
SEQ 1IKW 5.8% 6.5
RND 4K W 4.5% 5.1
RND 1K'W 2.65% 2.98
RND 28KW  2.54% 2.86
SEQ 1.5KW 2.44% 2.75
v
10PS 715,393
ART 0.011 mS
QoS 0.100 mS
L uaw a2l
I0PS 135,589 20,832
ART 0.230 mS 1.540 mS
QoS 5.550 mS 28.450 mS

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

Response Time (mSec)

1000

100

10

0.1

0.01

0.001

GPS Nav Auto DIRTH - 9 10 Stream: I0PS, ART, QoS

N ART B QoS < 10PS
100,000,000
10,000,000
28.450
<o 1,000,000
100,000
wv
10,000 &
0.100 1,000
100
0.011
10
1
PM-N NVMe U.2-H NVMe U.2 -1
16 GB 3200 GB 2000 GB
19



B. GPS Nav: Auto DIRTH v Replay - iops
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GPS Nav Replay — Replay Native & Scaled

AO GPS Nav Replay
Replay Native QD Range 1-14

Replay Scaled QD x32

GPS Nav Auto DIRTH: 9 10 Streams

I
(@]

SEQ 4K W 24.8% 28.0
RND 16KW 17.7% 19.9
SEQ 16KW 14.4% 16.2
SEQO0.5KW 13.9% 15.7
SEQ 1K W 5.8% 6.5
RND 4K W 4.5% 5.1
RND 1K W 2.65% 2.98
RND 28KW  2.54% 2.86
SEQ1.5KW 2.44% 2.75

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

10PS

Real World GPS Nav v Replay Native/Scaled: DIRTH IOPS

[ GPS Nav Auto DIRTH M Replay Native [ Replay Scaledx32

50,000,000

5,000,000

500,000

50,000

5,000

Higher is Better

PM-N NVMe U.2-H NVMe U.2 -1
16 GB 3200 GB 2000 GB

20
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GPS Nav Replay — Scaled QD Replay Scaled QD - PM-N
SSART m=Qos ~-10PS

A0 GPS Nav Replay 10000000 1,000,000
Replay Native QD Range 1-14

900,000
Replay Scaled: Native QD x2-x32 1000000

800,000

g
8

‘g‘ 700,000
v
ScaledQDx1  Scaled QD x32 E 600,000
o 10000
IoPS 381,988 822,347 £ Q
= 500,000
ART 9.0ms 130 ms o 416,305 (=]
a R
Qos 100 ms 330 ms g 1000 220.0 280.0 330.0 400,000
g 150.0 ’ 100. 130.
£ 100 a3 60. 300,000
* Lowest Response Times at QDx1 ) 200,000
. . 10
+ Highest IOPS Spike at QDx32 100,000
* Response Times Increase Linearly 1 (]

Native QD x1 Native QD x2 Native QD x4 Native QDx8  Native QD x16 Native QD x32

21
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GPS NaV Replay _ Scaled QD Replay Scaled QD - NVMe U.2-H
BN ART QoS -<-10PS
A0 GPS Nav Replay 100000
Replay Native QD Range 1-14 150,000
155,085 [153,811] [153,811] %%

O O
- 1000 150,000
A
4 oo
IOPS 125,598 155,085 £ 100 110,000 {
ART 0.025 mS 0.090 m$ e e
@ 10 90,000
Qos 0.670 mS 1.680 mS § 1680 1980 2.570 3.170
2 d
e 0.670 1139 - 0.72 70,000
* Lowest Response Times at QDx1 . 50,000
» Highest IOPS at QDx4, Decrease at QDx8 01 0.02 30,000
* Response Times begin to Spike at QDx8 0.01 10,000

Native QD x1 Native QD x2 Native QD x4 Native QD x8 Native QD x16  Native QD x32

22
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C. Replay: NVMe U.2-l - 10PSs, ART, QoS (5 9s RT - 99.999%)
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GPS Nav Replay — Scaled QD

AO

GPS Nav Replay

Replay Native QD Range 1-14

Replay Scaled: Native QD x2-x32

QD x1 QD x2

10PS 8,703 9,934
ART 0.68 mS 1.24 mS
QoS 12.34 mS 15.21 mS

* Lowest Response Times at QDx1
» Highest IOPS at QDx2, Decrease at QDx4

* Response Times Increase Linearly

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

Response Time (mSec)

100000

10000

1000

100

-

0.1

BN ART

Replay Scaled QD - NVMe U.2-I
=mQoS

Native QD x1

15.21

Native QD x2

23.57

Native QD x4

27.07

i

Native QD x8

11.2

Native QD x16  Native QD x32

14,000

12,000

10,000

10PS

23
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GPS Nav - Individual Streams GPS Nav Individual Streams - IOPS: PM-N
9 10 Streams to Steady State 51PM-N 16 GB
Higher is Better
2,500,000
SEQ 4K W 28.0% 2,071,564
RND 16K W 19.9% 2,000,000 I

SEQ 16KW  16.2%
SEQO0.5KW  15.7%
SEQ 1IKW 6.5% 1,500,000
RND 4K W 5.1%
RND 1K' W 2.98%

10PS

1,000,000
RND 28KW  2.86%
SEQ1.5KW  2.75%
500,000
« PM-N IOPS are Higher than
at smaller transfer sizes ’_‘
0
* Weighted 10 Stream Mix IOPSSEQ IOPSRND IOPSSEQ IOPSSEQ IOPSSEQ IOPSRND IOPSRND IOPSRND  IOPS SEQ
determines workload performance 4KiB W 16KiB W 16KiBW  0.5KiBW 1KiBW 4KiB W 1KiB W 28KIBW  1.5KiBW
24

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.



D. Ind Streams: U.2-H v U.2-1 -9 10 streams
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GPS Nav -

Individual Streams
9 10 Streams to Steady State

SEQ4KW 28.0%
RND 16KW  19.9%
SEQ 16KW  16.2%
SEQO0.5KW  15.7%
SEQ 1IKW 6.5%
RND 4K W 5.1%
RND 1K' W 2.98%
RND 28KW  2.86%
SEQ1.5KW  2.75%

* NVMe U.2-H IOPS are Higher than
NVMe U.2-1 IOPS at all transfer sizes

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

600,000
500,000
400,000

(7]

& 300,000
200,000

100,000

GPS Nav Individual Streams - IOPS: NVMe U.2-H & NVMe U.2-|

CJNVMe U.2-H
| Plot Area
I -

IOPSSEQ IOPSRND IOPS SEQ
4KiB W 16KiB W 16KiB W

383,419

1,778

IOPS SEQ
0.5KiB W

| 2,060

10PS SEQ
1KiB W

E NVMe U.2-
323,180
182,661
64,867
45,867
IOPSRND  IOPS RND
4KiB W 1KiB W

Higher is Better

m
s3] | fz

10PS RND
28KiB W

I0PS SEQ
1.5KiB W
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Part 3: Direct v Fabric 2 W SUMMIT
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1. Direct Attached v Remote Fabric

2. Direct PM v Remote PM

A. Synthetic SQL DIRTH
B. Real World Auto DIRTH
C. Individual Streams WSAT

3. Direct NVMe v NVMe-oF

A. Synthetic SQL DIRTH
B. Real World Auto DIRTH
C. Individual Streams WSAT

26
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1. Direct v Fabric: Architectures - pas v NMve-oF
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SR SUMMIT

UARY 24,2019 | SANTA CLARA, CA

> Fabric enables remote access

+ This test used RDMA/RoCE on
100GbE

+ Also can use FC, IB, TCP/IP

> Fabric always adds latency
+ But not always noticeable

+ Effect depends on workload and
media latency

+ RDMA improves network efficiency,
reduces fabric latency

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

Calypso CTS 6.5

Linux block device

| 100GbE NIC

NVMe transport

NVMe-oF initiator

Initiator server

Target server

100GbE NIC

NVMe-oF target

NVMe driver

NVDIMM-N as storage
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Syn SQL DIRTH - Fixed RND 8K RW65 Direct PM-N v Remote PM-N: Syn DIRTH
QD (Users) Range 1-1024 BN ART QoS ~>-10PS
100 1,200,000
Synthetic SQL DIRTH 1,052,928 1,036,834
RND8KR 65.0% 65.0 o - 1,000,000
RND8KW 35.0% 35.0 °
§ 800,000
£,
g .
IOPS 1,052,928 1,036,834 = 0.200 600,000 G
i 0.090
ART 0.015 mS 0.060 mS £ 01
-3
QoS 0.090 mS 0.200 mS 8 400,000
0.01
+ PM-N IOPS are Higher than 200,000
RPM-N IOPS
0.001 0
* PM-N RTs are Lower than Direct PM-N Remote PM-N
RPM-N RTs 16 GB 16 GB
28
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B. PM \Y RPM GPS Nav. DIRTH - 10PS, ART, QoS (5 9s RT — 99.999%)
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SNIA

GPS Nav Auto DIRTH - Fixed 9 10 Streams

SEQ 4K W 24.8% 28.0
RND 16KW 17.7% 19.9
SEQ16KW 14.4% 16.2
SEQ0.5KW 13.9% 15.7
SEQ 1K W 5.8% 6.5
RND 4K W 4.5% 5.1
RND 1K' W 2.65% 2.98
RND 28KW  2.54% 2.86
SEQ1.5KW 2.44% 2.75

Direct Remote

I0PS 715,393 795,438
ART 0.011 mS 0.080 mS
QoS 0.100 mS 0.400 mS

 PM-N IOPS are Lower than RPM-N

* PM-N RTs are Lower than RPM-N

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

100000

Response Time (mSec)

10000

1000

100

10

0.1

0.01

0.001

Direct PM-N v Remote PM-N: GPS Nav DIRTH

ENART BN QoS ~>-10PS
1,000,000
900,000
795,438
— oo
o 700,000
600,000
(7]
500,000 &
0.400 400,000
300,000
200,000
100,000
0
Direct PM-N Remote PM-N
16 GB 256 GB
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C. PM v RPM: Individual Streams - 1ops
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GPS Nav - Individual Streams
9 10 Streams to Steady State

SEQ 4KW 28.0%
RND 16KW  19.9%
SEQ 16KW  16.2%
SEQ0.5KW  15.7%
SEQ 1IKW 6.5%
RND 4K W 5.1%
RND 1K'W 2.98%
RND 28KW  2.86%
SEQ1.5KW  2.75%

* RPM-N IOPS are Higher than
PM-N IOPS at transfer sizes < 4K

* Weighted 10 Stream Mix
determines workload performance

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

GPS Nav Individual Streams - IOPS: PM-N v RPM-N

CJPM-N 16 GB B RPM-N 16 GB
Higher is Better
2,500,000
2,071,564
2,000,000 |—|1’938’415 1,856,098
1,500,000
7] 1,252,284 BnERes 1,256,007 1,256,920
& oo
- 1257, 1,024,152
1,000,000
[471,840]
500,000
0 ‘
IOPSSEQ IOPSRND IOPSSEQ IOPSSEQ IOPSSEQ IOPSRND IOPSRND IOPSRND  IOPS SEQ
4KIBW  16KIBW  16KIBW 0.5KiBW  1KiBW 4KiB W 1KIBW  28KIBW  1.5KiBW



C. PM V RPM Individual Streams — Average Response Times
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GPS Nav -

Individual Streams
9 10 Streams to Steady State

SEQ4KW 28.0%
RND 16KW  19.9%
SEQ 16KW  16.2%
SEQO0.5KW  15.7%
SEQ 1IKW 6.5%
RND 4K W 5.1%
RND 1K' W 2.98%
RND 28KW  2.86%
SEQ1.5KW  2.75%

* RPM-N RTs are Lower than
PM-N RTs at transfer sizes < 4K,
the same at 4K and higher > 4K

* Weighted 10 Stream Mix
determines workload performance

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

0.7

e
o

Response Time (mSec)
o o
w »

e
N

0.1

0

1

ART SEQ
4KiB W

GPS Nav Individual Streams ART: PM-N v RPM-N

1PM-N 16 GB
028

ART RND ART SEQ

16KiB W 16KiB W

ART SEQ
0.5KiB W

ART SEQ
1KiB W

B RPM-N 16 GB
0.11
ARTRND  ARTRND
4KiB W 1KiB W

Lower is Better

ART RND
28KiB W

ART SEQ
1.5KiB W
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A. NVMe v NVMe-oF - U.2-H: synthetic DIRTH
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Syn SQL DIRTH - Fixed RND 8K RW65
QD (Users) Range 1-1024

Synthetic SQL DIRTH
RND 8KR  65.0%

65.0

RND 8K W  35.0%

35.0

NVMe NVMe-oF

IOPS 213,178 290,050
ART 0.30 mS 0.44 mS
QoS 11.14 mS 12.46 mS

* NVMe U.2-H IOPS are Lower than
NVMe-oF U.2-H

* NVMe U.2-H RTs are Lower than
NVMe-oF U.2-H

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

100000

10000

1000

100

Response Time (mSec)

e
H

0.01

0.001

NVMe U.2-H v NVMe-oF U.2-H: Syn DIRTH

BN ART

11.14

NVMe U.2-H
3200 GB

QoS ->-10PS

NVMe-oF U.2-H
3200 GB

350,000

300,000

250,000

200,000

10PS

150,000

100,000

50,000

32



A. NVMe v NVMe-oF - U.2-I: synthetic DIRTH
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Syn SQL DIRTH - Fixed RND 8K RW65
QD (Users) Range 1-1024

Synthetic SQL DIRTH
RND 8KR  65.0%

65.0

RND 8K W  35.0%

35.0

NVMe NVMe-oF

I0PS 72,077 97,509
ART 0.89 mS 2.62 mS
QoS 25.94 mS 49.22 mS

* NVMe U.2-1 IOPS are Lower than
NVMe-oF U.2-l

* NVMe U.2-l RTs are Lower than
NVMe-oF U.2-l

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

100000

10000

1000

100

Response Time (mSec)
- s

e
-

0.01

0.001

NVMe U.2-1 v NVMe-oF U.2-l: Syn DIRTH

BN ART

72,077

NVMe U.2-1
2000 GB

~-10PS

49.22

NVMe-oF U.2-1
2000 GB

120,000

100,000

80,000

10PS

60,000

40,000

20,000

33



PERSISTENT MEMORY

B. NVMe v NVMe-0F — U.2-H: Auto DIRTH Z PEASUMMIT
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GPS Nav Auto DIRTH - Fixed 9 10 Streams NVMe U.2-H v NVMe-oF U.2-H: Auto DIRTH

= ART Qo5 ~-10Ps

SEQ4KW  24.8% 28.0 1000000 160,000
RND16KW 17.7% 19.9
SEQ16KW 14.4% 16.2 100000 136,589 140,000
SEQO0.5KW 13.9% 15.7
SEQ 1K W 58% 6.5 10000 120,000
RND 4K W 45% 5.1 2.
& 1000
RND1KW  2.65% 2.98 E 100,000
RND28KW  2.54% 2.86 g 100 -
9 = 80,000 &
SEQ1.5KW  2.44% 2.75 0 555 2.25 o
c
[~}
NVMe NVMe-oF g . 60,000
IOPS 136,589 125,052 &
40,000
ART 0.23 mS 0.26 mS 0.1
QoS 5.55mS 7.25 mS 0.00 20,000
* NVMe U.2-H IOPS are Higher than 0.001 0
NVMe-oF U.2-H NVMe U.2-H NVMe-oF U.2-H
3200 GB 3200 GB
* NVMe U.2-H RTs are Lower than
NVMe-oF U.2-H 34
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B. NVMe v NVMe-0F — U.2-i: Auto DIRTH Z PEASUMMIT
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GPS Nav Auto DIRTH - Fixed 9 10 Streams NVMe U.2-1 v NVMe-oF U.2-I: Auto DIRTH

= ART Qs -lops

SEQ4KW  24.8% 28.0 16000000 25,000
RND 16K W 17.7% 19.9
SEQ16KW 14.4% 16.2 1000000 20,484
SEQO0.5KW 13.9% 15.7 100000 A 0 20,000
SEQ 1K W 58% 6.5
RND4AKW  45% 5.1 - 0
RND1IKW  2.65% 2.98 é 1000 15,000
RND28KW 2.54% 2.86 - »
SEQLSKW  2.44% 275 | 28.45 28.00 &
2 10 10,000
IOPS 20,832 20,484 =
ART 1.54 mS 1.56 mS 0.1 5,000
QoS 28.45 mS 28.00 mS 0.01
0.001 0
* NVMe U.2-] IOPS are substantially NVMe U.2-1 NVMe-oF U.2-I
the same as NVMe-oF U.2-l 2000 GB 2000 GB
* NVMe U.2-1 RTs are substantially
the same NVMe-oF U.2-l RTs 35
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C. NVMe v NVMe-oF — U.2-H: ind. streams - 10PS

GPS Nav Ind Streams - IOPS: NVMe U.2-H v NVMe-oF U.2-H
CINVMe U.2-H 3200GB B NVMe-oF U.2-H 3200GB

GPS Nav - Individual Streams
9 10 Streams to Steady State

800,000
T

Higher is Better

SEQ4KW  28.0% 0000
7 g
RND 16K W  19.9%
SEQ16KW  16.2%
600,000
SEQO0.5KW 15.7%
SEQ 1K W 6.5% s00,000 [5935615
RND 4K W 5.1% [
RND1KW  2.98% £ 100,000 383,419
RND 28K W  2.86% = T
SEQ1.5KW  2.75% 300,000 331,338
(255,615
- NVMe U.2-H IOPS are Higher than 200,000 238,742
NVMe-oF U.2-H at most transfer sizes
100,000
« NVMe-oF U.2-H SEQ 4K W IOPS are
Higher than NVMe U.2-H 0 _

© 2019 SNIA Persistent Memory Summit. All Rights Reserved.

IOPSSEQ IOPSRND IOPSSEQ IOPSSEQ IOPSSEQ IOPSRND IOPSRND IOPSRND IOPS SEQ
4KiB W 16KiB W 16KiB W 0.5KiB W 1KiB W 4KiB W 1KiB W 28KiB W 1.5KiB W
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C. NVMe v NVMe-0oF = U.2-H: ind. Streams - ART ZIHHSUMMIT

JANUARY 24,2019 | SANTA CLARA, CA

GPS Nav - Individual Streams GPS Nav Ind Streams - ART: NVMe U.2-H v NVMe-oF U.2-H
9 10 Streams to Steady State [INVMe U.2-H 3200 GB M NVMe-oF U.2-H 3200 GB
AO 3.00
SEQ4KW  28.0%
RND 16K W  19.9% o
SEQ16KW  16.2% 250
SEQO.5KW 15.7% T
SEQ 1K W 6.5% € 200
RND4KW  5.1% 't [1.72]
RNDIKW  2.98% E
RND 28K W  2.86% 3 1.50
SEQ1.5KW  2.75% g
& 1.00
* NVMe U.2-H ART generally are Higher 0.95]
than NVMe-oF U.2-H at larger transfer
. 0.50
sizes _ ! Eﬂ [0.51]
* NVMe U.2-H ART generally are Lower 0.00 I
tr_lan NVMe-OF UZ-H at Sma"er tranSfer ’ ART SEQ ART RND ART SEQ ART SEQ ART SEQ ART RND ART RND ART RND ART SEQ
sizes 4KiB W 16KiB W 16KiBW 0.5KiBW 1KiB W 4KiB W 1KiBW 28KiBW 1.5KiB W
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C. NVMe v NVMe-0F = U.2-I: ind. Streams - 10PS ZIHISUMMIT
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GPS Nav - Individual Streams GPS Nav Ind Streams - IOPS: NVMe U.2-1 v NVMe-oF U.2-I
9 10 Streams to Steady State [INVMe U.2-1 2000 GB B NVMe-oF U.2-1 2000 GB
Higher is Better
450000
SEQ4KW  28.0% 200000 406,340
RND 16K W  19.9% '
SEQ16KW  16.2% 250,000
SEQO0.5KW 15.7%
SEQ 1K W 6.5% 300,000
RND 4K W 5.1%
RND1KW  2.98% g .
RND 28KW  2.86% = 200,000
SEQ1.5KW  2.75%
150,000
* NVMe U.2-1 IOPS are substantially 100,000
similar to NVMe-oF U.2-l IOPS '
45,357
50,000 [26558]  [1778 s5483] Py
’ E‘ﬁﬂ 19,012 1,751 2 019 m 2,379

0
IOPSSEQ IOPSRND IOPSSEQ IOPSSEQ IOPSSEQ |IOPSRND IOPSRND IOPSRND IOPS SEQ
4KiB W 16KiB W 16KiBW  0.5KiBW 1KiB W 4KiB W 1KiB W 28KiBW  1.5KiBW

38
© 2019 SNIA Persistent Memory Summit. All Rights Reserved.



PERSISTENT MEMORY

C. NVMe v NVMe-0F = U.2-I: ind. Streams - ART ZIHHSUMMIT
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GPS Nav - Individual Streams GPS Nav Ind Streams - ART: NVMe U.2-H v NVMe-oF U.2-H
9 10 Streams to Steady State 1 NVMe U.2-| 2000 GB = NVMe-oF U.2- 2000 GB
SEQ4KW  28.0% 72.30]
RND 16K W  19.9% 70 73.19]
SEQ16KW  16.2% |62.18]

50 [63.50]
50 53.98

SEQ0.5KW  15.7%
SEQ 1IKW 6.5%
RND 4K W 5.1%
RND 1K'W 2.98%
RND 28KW  2.86%
SEQ1.5KW  2.75%

30

Response Time (mSec)
8

* NVMe U.2-1 ART are substantially 20
similar to NVMe-oF U.2-1 ART
10 -14.98
- ART are Very High for SEQ 0.5KW s 515) = | sl
and SEQ 1K W for NVMe U.2- and

NVMe-oF U.2-| 0
ARTSEQ ~ARTRND  ARTSEQ  ARTSEQ  ARTSEQ ARTRND ARTRND ARTRND  ARTSEQ

4KiB W 16KiB W 16KiB W 0.5KiB W 1KiB W 4KiB W 1KiB W 28KiBW 1.5KiBW
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A. PM - Faster IOPS & lower RTs by order(s) magnitude over NVMe

B. Synthetic SQL — Higher Demand Intensity, 65% R workload = Higher performance

C. Real World Replay - Lower Demand Intensity & Write workload = Lower performance
D. Scaled Replay — Increases IOPS and Response Times
E. Fabric — Adds Response Time Overhead

F. NVMe-oF — Slower U.2 shows Equivalent Performance for Direct and Fabric NVMe Storage

G. Performance — Affected by Workload, Demand Intensity, Storage Type and Inter connect

40
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edenkim@calypsotesters.com

johnk@mellanox.com
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