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Datacenter Real World Workloads

& Advanced Storage Architectures
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The “Holy Grail”

* Real World Workloads have long
been called the “Holy Grail” of
Computing & Storage

» Advanced Software and Storage
Design, Performance and
Validation Depends on your Real
World Workload

* Real World Workloads are very
different from Synthetic Lab
workloads and change
depending on where the
workload is captured



Real World Workloads are Important for SDC
Enabling Emerging Technologies

Machine Learning

3D Animations

Web Portals

Cloud Storage
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What Are Real World Workloads?
Constantly Changing IO Streams and QDs

SDC

Real World Retail Web Portal - 24 Hr SQL Workload: DriveODrivel
3.9%: RND BK W e 4,1%: RND 4K R e 5.3%: SEQ 64K W 5.7%: RND 4K W 11.9%: SEQ 8KR
14.2%: RNDBK R W 24%: SEQ 0.5K W 26.1%: RND 64K R Qap + lOPS

200,000

IO Streams Change as they 180,000 ' W sy, e - Real World Workloads are

Traverse the 10 Stack: Dynamic & Unique:
160,000

140,000 @ RNDB4K R

pictions __ SERMope

@ SEQO0.5K W
& RNDBKR
0 SEQBKR
@ RND 4K W

05-10 |inl\7anﬂger 120,000

Cecht g File System

Mana g!f -

KERNEL MopE

_".‘"‘.
' Violume Manager
pisk Class Driver DRIVERS
Miniport Driver

100,000

80,000

@ SEQB4KW
@ SEQ64KR

5 » 60,000
R ST Y

DRIVERS

£ RND 4K R
40,000 o RND BK'W

20,000
|

D C Late Evening
0 Back-up Retail Activity Activity Activity 0

100 ZU0 301 401 501 bBULI 702 ¥8U4 YU 1,007 1,108 1,208 1,308 1,409
10s are Affected at Each Layer of Abstraction Shifted Time (Min) Dynamically Changing 10 Streams & QDs

Total 10s
Selected
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Comparing
Real World Workloads



Comparing Real World Workloads

1. Retail Web Portal: Drive0/Drive1

200,000

180,000

160,000

140,000

120,000
o

=]

100,000

80,000

60,000

40,000

20,000

9 10 Streams = 71%
66:34 RW Mix
Retail Store Events

Real World Retail Web Portal - 24 Hr SQL Workload: DriveODrivel
3.9%:RNDBKW  mmmm4.1%: RND4KR 5.3%: SEQ 64K W i 5.7%: RND 4K W 11.9%: SEQ 8KR
=14.2%: RND BKR W 24%:SEQO0.5KW ™ 26.1%: RND64KR —— QD © lOPS
-_— - 10,000
244
1159

100 200 301 401 501 601 702 804 906 1,007 1,108 1,208 1,308 1,409
shifted Time (Min)

Ave QD = 22
MedianQD = 19
Max QD = 306

2. GPS Nav Portal: Drive C
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Real World GPS Nav Portal - 24 Hr SQL Workload: Drive C

= 1 3%: RND 8K W 1.7%: SEQ 1K W : RND 128b R = 3.4%: SEQ 16K W
4.1%: SEQ0.5K W —4.6%: RND 16K W - 5.7%: RND 4K W - 6.3%: SEQ 4K W
= 70%: SEQ 128b R ——QD (Users) < 10PS

274

SN N VU FORY IO

0

420 560 700 840 980 1,120 1,260 1,400
24-Hr SQL Server (Min)

9 10 Streams = 86% Ave QD =
67:33 RW Mix Median QD =
SEQ 128b R = 70% IOs Max QD =
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SDC

3. GPS Nav Portal: Drive 0
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,, 12,000
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8,000
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9 10 Streams = 78%
96% Write
SEQ 0.5K W Spikes

- 2.6%: SEQ 1.5K W

Real World GPS Nav Portal - 24 Hr SQL Workload: Drive 0
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Analysis of
Real World Workloads



Free Capture & Analysis Tools at TestMyWorkload.com SDC

TestMyWorkload Download Demo HowTo Use What [tMeans FAQ Support &login | & SignUp

Download new White Paper by Calypso Systems:
Real World Storage Workload: Retail Web Portal SQL

Workload & Comparison Testing to Datacenter Storage WWW.TeStMyWOrkload.com

10 Profiler: Prompt . - C OfflClaI SNIA SSSI Real

_ . /forld Worki®ac World Workload Capture
JOprofiler. cuwso IR e o copcure view and ansf SR Tools and Reference

Workloads

Define profiling parameters:

Duration: 5 min

* Free |0 Capture Tools for
Windows, Linux, Mac

Temporal resolution: 10 us =
Spatial resolution: 1| % =

eTQUICHNIE + block device |

e system » Reference SSS TWG and
Download User Workload Captures

» White Papers, Tutorials,
Windows FAQ
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IO Stream Map, Workload Description, PIDs SDGC

Retail Web Portal Drive0ODrive1 9 Streams  71% 66:34 RW 5,086 Streams Mixed Applications Retail Store Operation Events

Retail Web Portal
24 Hour DriveODrive1

i i Cal L] L o AUl el llGS e B0 B S
\W\PhysicalDrive0 Virtual HD 214 GB 4,326,159 68%R:32% W 1429 GiB 206GiB

nMemc: Frequency + Values:| Absolute § Threshold:| 3% & Resolution:| 5 min & Streams | Range Hits | Descriptions | Processes | Playback

Workload 5 by fi J Streams at 18:37:48
orkload Streams (by frequency) |OPS: 650

RND 64K R I SEQOSKW RND 8K R SEQ8KR RND 4K W SEQ 64KR - 10PS ~ Max QD: 300 -+~ Max QD

RND 64K R: 82,235
160k sqlservr.exe: 82,103

System: 128 5. a
3‘ wiwp.exe: 4 *

r 1 SLO.5KW: 4,412 Clear/Select all Sort by name

£ RND 64K R 18.5% 842,361 _ _ i L D 4412

\ WY N .

@ SEQO.5KW 17.0% 775,127 | : . 4 P
] f an g W N JYL LAUT { L AL UYL Y LA ) inetinfo.exe 2.0% 92,797

@ RND 8K R 10.0% 456,175 (| - ] et o g

. ] XCOpY.exe 0.7% 30,498
@ SEQBKR B.4% 382972 || ) | eopyexe ore 204
@ RND 4K'W 4.0% 182,251

@ SEQEB4KW 3.7% 189,571

) sqlservrexe 79.5% 3,617,412

4
[
[
[
P

) System 13.2% 599,012

'l ) svchostexe 22% 100,035
|
|

) Isass.exe 0.5% 20,798
) rundll32.exe 02% 10,130
) iexplore exe 0.1% 6,464

) LogonUl.exe 0.1% 3,045

Quantity of 10s
yadaq 2na3n

) csrss.exe 0.0%

@ SEQB4KR 3.4% 155,798

) Farexe 0.0%

) winlogon.exe 0.0%

@ RND 4K R 2.92% 132,777 1 | SQLCMD.EXE
2 RND BK'W 2.78% 126,550

0.0%
) dilhost.exe 0.0%
) explorer.exe 0.0%
) faskhostexe 0.0%

\ 20k ) comd.exe

Total I0s of 5,086 streams: 4,551,062 : o

Selected 9 streams: 3,223,582 (71%) £ i 0 S 0 Selected 39 of 5 proc

02:00:00 04:00:00 06:00:00 08:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:00:00 20:00:00 22:00:00 00:00:00 Apply Selection

E 1
Cumulative Workload 2am Early am Boot Storm Daily Activity Evening Activity Closing Hrs | ProcessIDs 36 PIDs

5,086 |0 Streams: 4,551,062 10s Back-up Low Utilization High OIO Mixed I0s Mixed 10s RND/SEQ 8K RW sqiservr.exe  79.5% 3,617,412

910 Streams: 71% 3.223.58210s | SEQ 64K RW RND 4K W SEQO0.5KW || RND/SEQ8KRW || RND/SEQ 8K RW SEQ 0.5K W | system 132% 599,012
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1. 10s: 10 Stream Threshold & ART/MRT

RND 64K R
B :

Value

I SEQ 0.5K W

Response Time

214GB

threshold:| 3% %

rkload Streams (b

RND BKR

SEQ 8K R

|O Stream Map, LBA Range Hits, Metrics

4,326,159

142.9 GiB

SEQ 64K R -+ IOPS

2. MB/s: Amount Transferred; Ave/Max QD

21468 4,326,159 142.9 GiB
shold:| 3% & Panes:  Strean
'orkload Streams (by transferred amount)

SEQ 64K R -4 Throughput

Workload Data Analytics:
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3.

LBA Range (%)

SDC

10 Stream & LBA Range: 10 Sequentiality

7 42,784,185 1,156.7 GiB 2820 G
Threshald: Streams | Range Hits | Descriptions

10% *

Workload Streams (by frequency)

RND 4k W Il RND 4K R SEQ 64K R SEQ 128K R =% IOPS

16:00:00 16:10:00 16:20:00 16:30:00 16:40:00

LBA Range Hits (by frequency)
SEQG4KR

SEQ 128K R

View by |Os or MBs; |0 Streams & Threshold;
Response Times; QDs; 10 Bursts & Sequentiality



Workload Descriptions, PIDs, IO Streams, Metrics DC

4. Workload Descriptions 5. Process IDs 6. 10 Streams & Metrics

Workload Streams {by frequency)

Workloa
SEQEKR MERND4KW MESEQBIKR <1

RND BKR R ERND4KW S

kload Streams (by frequency) =
10 Streams at 18:42:48

RND 64K R I SEQO.SKW RND BK R SEQ 8K R RND 4K W SEQ64KR - IOPS ~ |OPS: 708

SEQ R

RND 4K W
SEQ 64K R
RND BK

RND 4K R
RND 18K R

"
)
-
]
>
=
T
]
:.

Workload Data Analytics:
Cumulative, Event, Time Point, Range Workloads;
Process IDs (PIDs); IO Stream Combinations & Metrics
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RND 4K R

- TRIM/sec

Bl RND 8K R

TRIMs, 10 Burst, IO Sequentiality, Compression, Dedupe

8. 10 Burst & Sequentiality

Workload Streams (by frequency) W.\PhysicalDrive0 Windows Server 2008-0 0.0 GiB

SEQ 4K R RND 12K R RND 20K R -8 IOPS Threshold: s | Range Hits | Descriptions

10 Streams at 03:01:55
~ [OP5: 33,935
Quantit
Avg RT: 1.9 ms
Max RT: 25.9 ms
~ Avg QD: 64.6
~ Max QD: 191
Disk Utilization:
~ TRIM/
~ TRIM M
TRIM Ay
TRIM M
RND 4
= RND

Workload Streams (by frequency)

RND 4k W [l SEQ 4K W RND 16K W

RND 1K W RND BK W
B SEQ 0.5K W SEQ 8K W =% IOPS

Avg Response Time

RND 0.5K W

12

10 Streams at 37" 399.900
~ IOPS: 10,000
RT:

5- 4,986 MB/s
RT: 2,681 ms
iT: 14,094 ms
17,049
1 4,769
3,899
2,517

=
h
2
k-]
2
o
£y
=1
3
B
g 3
8

03:00:30 03:00:45 03 RMD 12k

Workload Data Analytics:
TRIMs, TRIM MB/s, TRIM ART/MRT;

\1\PhysicalDriveo

Amount transferred ¥ v, st eshold:| 3% Panes:

SDC

9. Compression & Duplication

Virtual HD 4,326,159 142.5GiB 20.66GiB

Streams Range Hits Descriptions Processes

Workload Streams (by transferred amount)

RND 64K R Ml SEQ 512K R
Compressibility

SEQ 64K R =4 Throughput

|O Bursts & Sequentiality; Compression & Duplication
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Optane-FsDaxMmap2M 107 GB

Test R17.1-8512. ipmctl - KB 2Drive 9 Stream 6s (28 min)Auto Replay NativeQD by MAX QD - Profile #5 Web Portal 2,000 Store Retail Chain 24 hr - Drive0 Drive1 Cumulative Workload (9

Time = 10PS = e TP = - : : = -
701,534 3,318 MB/s

1 500 000

-—
= =
m =

=
5 o
=] >
S 4
n T2
"‘ =
g 8
3 =
m =]
— s
3 bl
w »
g 2
a o

]

00:16 00:18

Workload Data Analytics:
Write Amplification Factor (WAF);
5 9s QoS Response Times; Total PB Written (TPBW)
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NVMe U.2 SSD
Optimization Using Real World Workloads



NVMe U.2 SSD: Replay Test of Retail Web Portal Workload

Replay Test: Retail Web Portal - U.2-H v U.2-M v U.2-S

LI10Ps

LART

#59s QoS

Real World Replay: U.2-H > U.2-M > U.2-S

Response Time (mSec)

| U.2-H

Til IOPS= oTP= AvgRT =

00:29:40 213894 1,01IMB/s 0033ms 110ms  264ms =4.14%

600 000

400 000

200000

0
00.00.00 000200 000400 000500 0

(WIN-C255D607N82_20161602_0000.xml)

= = [ ] L

0105% 10,490 mW

Time: 00:13:59
I0PS: 165,741

# TP: 3,299 MB/s
Avg RT: 1.05 ms
59s:11.2 ms
Max RT: 11.8 ms
CPUSys: 114 %

» |0 Wait: 0.0107 %
Power: 12,719 mW

» Temp.: 48 °C
RW Mix: 50.2%R : 49.8% W
Tot. RW: 12.8%R : 87.2% W
Fills: 0.34

0.0 # 010175 L1400 00500 001200 0020:00

—

00

002400

4°C  530%R:947%W  218%R:782% W

0.87

ART

Q02800

it

S.00

9 Stream 65 (28 min)Auto Replay NativeQD by MAX QD - Profile #5 Web Portal 2,000 Store Retail Chain 24 hr - Drive0 Drive1 Cumulative Workload (9 streams) - Step=6sec

(?2s5W) 2w Isuodsay

Test R118.5-8393. KB 2Drive 9 Stream 65 (28 min)Auto Replay NativeQD by MAX QD - Profile #5 Web Portal 2,000 Store Retail Chain 24 hr - Drive0 Drive1 Cumulative Workload (9 streams) - Step=6sec

= §59s= = =

00:29:48 59835 282MBis 0.117ms 164ms

300 000

200 000

100 000

(WIN-C255D607N82_20161602_0000.xml)

.
16.6 ms 367 %

Time: 00:14:03
10PS: 89,354
«TP: 1,776 MB/s
Avg RT: 1.95 ms
5950 13.7 ms
Max RT: 14.1 ms
CPU Sys: 10.7 %
10 Wait: 0.0054 %
Power: 11,434 mW
« Temp.: 41 °C
RW Mix: 50.3% R : 49.7% W
Tot. RW: 16.1% R : 83.9% W
Fills: 0.104

0026%  16643mW  37°C

530%R:94.7% W

00:04-00 _00:06:00 _00:0& * 010: 175 }:14:00 00:16:00 _ 00:18:00 _ 00:20:00

| U.2-S8 |

00:29:16 50,904

41MB/ls  0137ms  8.40ms

300 000
200 000
100 000

0
00:00:00  00:02:00 00:04:00  00:06:00

= Max RT = =

(WIN-C255D607N82_20161602_0000.xml)

973 ms 148 % 0.0104 % 10,920 mW 68°C
Time: 00:14:00
10PS: 88,440
* TP: 1,470 MB/s
Avg RT: 1.62 ms
595:19.1 ms
Max RT: 23.1 ms
CPUSys: 241 %
= 10 Wait: 0.0070 %
Power: 13,603 mW
s Temp.: 72 °C
RW Mix: 38.5% R : 61.5% W |
Tot. RW: 18.2% R : 8LBXW
Fills: 0.079
00:08| * 010: 144 D:14:00  00:16:00  00:18:00

00:22:00

00:24:00

00:26:00

20.8% R :70.2% W

0.35

QoS

00:28:00

1
00:30:00

(2esw) 2w asuodsay

530%R:947% W

00:20:00

00:22:00

00:24:00

00:26:00

00:28:00

R108 7.8343 KB ONrive § Stream 65 (28 min)Auto Replay NativeQD by MAX QD - Profile #5 Web Portal 2,000 Store Retail Chain 24 hr - Drive0 Drive1 Cumulative Workload (9 streams) - Step=6sec

(o9sw) swi| ssuodsay




Individual Streams: RND 4K R\W vs SEQ 0.5K W SDC

NVMe U.2 SSD: Individual Streams RND 4K RW v SEQ 0.5K W

Synthetic Benchmark:

RND 4K R/W: U.2-S > U.2-H " U2-H HU2-M mU.2-S

Real World Replay:
SEQ 0.5K W: U.2-H > U.2-S

Retail Web Portal
9 10 Stream Workload

' Retail Web Portal — 73:27 RW
RND 64K R 26.1%
SEQ 0.5KW 24.0%
RND 8K R 14.2%
SEQ 8K R 11.9%
RND 4K W 5.7%
SEQ 64KW 5.3%
SEQ 4K R 4.8%
RND 4K R 4.1%
RND 8KW 3.9%

SEQO0.5KW RND 4K W RND 4K R
24% 5.7% 4.1%




Persistent Memory

Optimization Using Real World Workloads



PM Optimization — PM Aware App: DRAM v DCPMM SDC

_ pomlatons

e Byte Load/Store Read/Write

(Cache Line) A able Block 10

Optimization —=3

I [ |

Write Read Byte Block
Dominant Dominant (Cache Line) 10

DRAM DCPMM
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PM WAF Optimization - WAF by 10 Streams; Endurance TPBW/Year SDe

All Data Plot

Optane-FsDaxMmap2M 107 GB

Test R17.1-8512. ipmctl - KB 2Drive 9 Stream 6s (28 min)Auto Replay NativeQD by MAX QD - Profile #5 Web Portal 2,000 Store Retail Chain 24 hr - Drive0 Drive1 Cumulative Workload (9 streams) - Step=6sec (WIN-
C255D607NB2_20161602_0000.xml)

Time = = ®TP= = = : = ® = . = . = - WAF=  TPBWIY
00:42 701,534  3318MB/s  0.0055ms 0.20 ms 0.85 ms 0.194 % 0% 5.30% R : 94.7% W 27.6% R : 72.4% W ; - 3.19 =292

60 000 Time: 00:14 WAF = TPBWI1Y

IOPS: 456,537
* TP: 3,300 MB/s .19 = 20
Avg RT: 0.0166 ms
50000 5 9s: 0.30 ms
Max RT: 2.57 ms
CPU Sys: 0.33 %
* |OWait: 0%
40 000  RW Mix: 4.90% R : 95.1% W
o Tot. RW: 14 4% R : 85.6% W
Fills: 19.0
« 010: 16
30 000 WAF: 3.44
TPBW/1Y: 305 ’

20 000 gl:?hg;.é;-,&;? WAF: 3.44 w'mr
- oreRio g TPEW/1Y: 305

4.6%: SEQ 0.5K 0:100
3.1%: RND 4K 100:0
10 000 0.97%: RND 8K 100:0 h
0.48%: SEQ 64K 0:100
0.48%: RND 64K 100:0

0.18%: 5EQ 64K 100:0
0.18%: SEQ 8K 100:0

Throughput (MB/s)
101084 uonexyldy alm
UM Saigeiad

00:20 00:25

Compare Plots Playback Controls
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19 September 23-26, 2019
Santa Clara, CA

Questions?

Thank Youl!

Eden Kim, CEO Calypso Systems, Inc.
Chair - SNIA Solid State Storage Technical Working Group
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mailto:edenkim@calypsotesters.com
http://www.testmyworkload.com/

Please take a moment
to rate this session.

Your feedback matters to us.
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