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What Are Real World Workloads?

|0 Streams that Occur During Application Use

Real World Workloads Real World Retail Web Portal - 24 Hr SQL Workload: DriveODrivel
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Real World Workloads are
Constantly Changing
Combinations of
10 Streams & QDs

I Cumulative Workload
RND 64K R 18.5% 842,361 ‘

SEQOBKW 17.0% 775,127
RND 8K R 10.0% 456,175
SEQBKR 8.4% 382,972
RND 4K W 4.0% 182,251
SEQ BAK W 3.7% 169,571
SEQB4K R 3.4% 155,798
RND 4K R 2.92% 132,777
RND 8K W 2.78% 126,550
] SEQ4KR 2.20% 100,300
Total |10s of 5,086 sireams: 4,551,062
RW mix: 66% R : 34% W

Selected 9 streams: 3,223,582 (71%) E

Changing Combinations of
Thousands of 10 Streams
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| World Workload

Servers

Al Infolicon RN Glotid Compy
rmriciatl inrelligence
Real Woi

Load Balance ‘g

Dataceiiter

5G Edge Servers

Genetics/Genomics

Machine Learning
3D Animations

Web Portals
Cloud Storage

Big Data n
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How & Where to Capture Workloads
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10 Profile (IPF) capture tools
monitor storage server 10s at the
File System, Block 10 or Virtual
Layer

10 traffic to all logical storage
recognized by the OS is captured,

including Direct Attached, Remote,
Fabric and/or Virtual Storage

IO Profile captures save IO
Stream metrics in tables of
statistics — no actual or personal

— data is saved
Fil // Virtual
. EnTerpnse e D L Storage .

. . Fib
i Bl S —
ys em

IO )
o [ o (Oprfier o
Enterprise File

Define profiling parameters:

Duration: 5 [ min 3|
BIOC k Temporal resolution: 10/ |Lus 3
Spatial resolution: 1} [.% al
IO Capture level
file system

mixed
== B
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1. 10 Profile v 10 Trace

Secure - No personal data
Step Data - Tables of IO Statistics
Granularity — uS, S, Min, Hr, Days

7. Storage Optimization

Qualification — Storage Benchmark Performance
Validation — Load Balance, Bottleneck Check
Evaluation - Infrastructure Storage Selection

O Profile
2. Edge Transmission Real World 6. Replay Training

Portability — Small file size Loop — Al Training Loops
Real Time Telemetry — Streaming Steps Workloads Validate ~ Continuous Data Check
Phone Home — Automated Delivery Infer — Optimized Performance

5. Workload Curation

Parse — Time Ranges, PIDs, Storage LUNs
Filter — PIDs, Performance, LBA Ranges
Label - Structured Data, Applications

3. Continuous Monitoring
View — Database of Continuous I10s
Replay - Real Time or Historic Playback
Monitor — Multiple Nodes/Servers/Drives

4. Key Performance Indicators
10 Streams — 1O Stream Combinations & QDs
Metrics — PIDs, Performance, 10 Bursts, IO Sequentiality
Spikes — TRIMs, Bursts, QDs, Boot Storms n
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/ Input LSTM Hldd Slgm Id
Layer
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Capture — Edge Data 1O Input Layer
Curate — Key Performance Indicators
Script — Create Replay Script

Replay — Replay Test
Queue — Multiple Test List
Loop — Repeat Replay Test

Apply — Run LSTM RNN Al Algorithms
Simulate — Optimize Performance Gains
Validate - Continuous Delivery & Integration

Monitor with Real Time Telemetry .
7

© 2020 SNIA Persistent Memory Summit. All Rights Reserved.



I
PERSISTENT MEMORY

£ EASUMMIT

JANUARY 23,2020 | SANTA CLARA, CA

SNIA

Comparing Workload 10 Stream Maps

1. Retail Web Portal: 2. GPS Nav Portal: 3. GPS Nav Portal:
DriveO File System/Boot;Drive 1 Storage Drive C - File System/Boot Drive 0 - Storage
Real World Retail Web Portal - 24 Hr SQL Workload: DriveODrivel Real World GPS Nav Portal - 24 Hr SQL Workload: Drive C Real World GPS Nav Portal - 24 Hr SQL Workload: Drive 0
A Eﬁiﬁ%‘? E&,,"M;:E:"f‘:‘"" ;%'?".2323 —c AN E%%“ﬁ::l‘ﬁ EE%%’;:’\» =£’J‘?&'€s‘lw 1545 RND 16K W
200,000 06 300 i T 10,000 100,000 (3¢ 168 | 10,000 20,000
| 259 274
180,000 | 124 m.l = gl-,l‘,”m W = g e m 90,000 'ﬁl 120 101 119 116 T | w w g 132819 18,000 %
. s = __’“_”u'r AR zz“ “ el L 1,000 [ B | d
160,000 | et S . 1 80,000 | =5 1,000 16,000
. ¥ 9 8 12 8 9 8 1
140,000 | - o — : 70,000 | — 14,000
) "»’:’. . :v . . - 100 . f’ ‘-.l,‘,y‘#";b'; .‘;-vi.q,
,, 120000 | : ) i e e, . 1 60,000 wv L “. %-;,.- ..,,-a-* _-,, h;, 100 12,000 100
e .- sl o ® ¢ ?-Y"""' -\"&‘:; Kok g g g
100,000 | — S LI 50,000 LY 5 10,000 3 s
80,000 | . .'._ — ) 40,000 | 8,000 10
G000 “1 30000 | 6000 |
40,000 | ) '\ '-‘,,.:"’.".:‘1-_'.'_'4.,.'.‘" { 0 20,000 | 8,000 ittt s 1
20,000 | - 10,000 2,000
0 L J. 1 L.n.._l_ 0 0 0 0
0 100 200 301 401 501 601 702 906 1,007 1,108 1,208 1,308 1,409 0 140 280 420 560 700 840 980 1,120 1,260 1,400 L] 140 280 420 560 700 840 980 1120 1260 1400
Shifted ‘nm (Min) 24-Hr SQL Server (Min) Shifted Time (Min)
9 /5,038 10 Streams = 71% Ave QD = 22 9 /7,169 10 Streams = 86% Ave QD = 114 9 /1,033 10 Streams = 78% Ave QD = 15
66:34 RW — Mixed 10 Streams MedionQD = 19 67:33 RW - SEQ 128b Dominant Median QD= 115 96% W — Uniform Mix IO Streams Median QD = 8
Retail Store Events Max QD = 306 SEQ 128b R = 70% 10Os Max QD = 368 SEQ 0.5K W — 12K IOPS Spikes Max QD = 368

Key Performance Indicators include:

IO Stream Consistency IO/RT Spikes IOPS / Throughput 10 Bursts/Clusters 10 Ranges RT Quality of Service
Transfer Sizes RW Mixes QD Ranges TRIMs LBA Ranges Dedupe Ratio
Labels Metadata Process IDs Encryption Compression Ratio n
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Reference Workloads

0O Min / IO Step Main
Median / Resolution Drives Block Access
Max QD & Duration Sizes

Application General Description Streams

Synthetic DB/OLTP
Synthetic Database 65% R RND 8K 65% R 2 Range: 1-1024 60s/360 step/6 hr 1 8K 100% RND

Performance Saturation over DI Range

2,000 Outlet Retail Web Portal; 64K. 0.5K
Retail Web Portal 64% R WinServer 2012R; SQL Server; 5,088 1-23-306 300s/288 step/24 hr 2 T 68% RND
Retail Activities 8K, 4K

GPS Navigation Portal; 4K 05K
GPS Nav Portal 96% W 53 GB SAS HDD; Win 2008; NTFS; 1,033 5-8-368 1205/720 step/24 hr 1 e 49% RND
SQL Server; GPS Activity 16K, 1K

Datacenter VDI Storage; 4K: 39K
DC VDI Storage 75% R 6 Fiber Channel SSDs; 1,223 47 - 62-79 300s/158 steps/13 hr 6 > 37% RND
28 GB total; Aggregated single capture 128K; 8K

VOD Edge Server Storage; 4K, 64K
VOD Edge Server 60% R Single 500GB SCSI SSD; 1,754 1-3-42 3s/34,364 step/24 hr 1 g ' 48% RND
Windows OS 128K, 8K

Note: Reference Real World Workloads are posted at www.TestMyWorkload.com

© 2020 SNIA Persistent Memory Summit. All Rights Reserved.




Performance Comparison

Applications

PM Aware Apps Traditional Apps

PM Driver

Memory Bus

PM

DCPMM NVDIMM-N
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SSD Driver
PCl Bus

Optane
SSD NVMe SSD

XL SLC Flash TLC NAND
NVMe SSD NVMe SSD
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Test Sample Pool:
Intel Optane SSD, DapuStor XL SLC Flash SSD,
Huawei TLC NVMe SSD,
Intel Optane DCPMM, SMART Modular NVDIMM-N
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NVMe SSD ?

Persistent Memory '

Test Phase Description Workloads

3
DCPMM NVDIMM-N XL SLC Flash 3D X Pt TLC 3D NAND
4 RND/SEQ R: 64b,128b,256b,512b IOPS/ART Faster SEQ R Slower SEQ R
SNIA PM PTS ~ Draft
Syn’rhe’ric RND/SEQ W: 64b,128b,256b,512b IOPS/ART Slower RND W Faster RND W
IOPS: RND R/W: 0.5K — 1024K IOPS 191 RND 4K R IOPS 1st RND 4K W IOPS 279 RND 4K RW IOPS
ComerCase SNIA SSD PTS ° v2.0.1 , - )
Benchmark Bandwidth: SEQ 128K R/W MB/s 219 SEQ 128K R 219 SEQ 128K W 1 SEQ 128K R/W
XL Flash ¢ 4K R Latency Latency: RND/SEQ R/W: 0.5K, 2K, 4K ART (uS) 214 RND 4K R LAT 15 RND 4K R LAT 319 RND 4K R LAT
Workload Blk Sizes Access RW Mix IOPS ART 1OPS ART IOPS ART IOPS ART
DB
o 8K RND 65% R 2 2 1 1 1 1 2 2
. DC VDI 4K; 32K
Synthetic Fixed 1O Streams over Storage Josk gk | SZRSEQ 75% R 1 2 2 1 % 1 1 %
Demand Intensity Range of Demand T
7 : Retail Web o 68%RND | 66%R 1 2 2 1 2 1 1 2
(DIRTH) Intensity (QDs) 8K, 4K
GPS 4K, 0.5K
Nt eIk | SIBSEQ | 96z W 2 2 1 1 1 1 2 2
4K, 64K,
VODEdge | joac gk | S2ASEQ 60% R 2 2 1 1 1 1 2 2
DC VDI 4K; 32K
Storage ek gk | SZASEQ 75% R 1 2 2 1 2 2 1 1
Real World7 Sequence of |O Streams | Retail web | 3¢ G | eomrnD | ssmr 2 2 1 1 2 2 1 1
Workload & QDs from the Original o
4K, 0.5K
Replay IO Capture Nav eIk | SiEsEQ | 9enw 2 2 1 1 2 2 ] :
4K, 64K,
VOD Edge | jac sk | 52%SEQ 60% R 2 2 1 1 1 1 2 2

PM DAX FS & Mmap; Intel PM RTP - x6 256GB Interleaved DCPMM SMART NVDIMM N RTP - x1 16GB NVDIMM N; Infel 3D X Pt 750GB Optane AIC NVMe SSD, DapuStor 1600GB AIC XL SLC Flash NVMe SSD, Huawei TLC V3 3200GB NVMe SSD;
®XL Flash Pre Production — no Synthetic or Real World tests; “SNIA PM PTS Draft 0. 3; 5 SNIA PTS v2.0. 1; 7 SNIA RWSW PTS v1.0. 7; Ordinal Rank: DCPMM v NVDIMM-N & 3D X Pt v TLC NVMe; Reference Workloads posted at www.TestMyWorkload.com n
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SEQ READ - IOPS & ART: DCPMM v NVDIMM-N SEQ WRITE - IOPS & ART: DCPMM v NVDIMM-N
O DCPMM IOPS I NVDIMM-N IOPS CDCPMM ART A NVDIMM-N IOPS
CIDCPMM IOPS ENVDIMM-NIOPS  © DCPMMART A NVDIMM-N ART
40,000,000 1000
40,000,000 ) 1000 Higher IOPS Better
Higher IOPS Better Lower ART Better
Lower ART Better
35,000,000 35,000,000
100 31,727,431 100
BINER 00090 (57,607,374
30,000,000 157,806,804 27,857,648 /602, ? _
0 g 10 i
25,000,000 @ 25,000,000 4
I M
g 20,000,000 17.925.179 N E E 20,000,000 1 E
= 16,759,794 e 16,751,708 3 = 16,164,378 16,735,220 2
S 2
15,000,000 a 15,000,000
0.12|C) H] 0.1 A
0.04 0.07|0 0.8 - [o.05]&o.05] [0.06] Q) e «
10,000,000 @ 0.03] 0.04 10,000,000 =
0.01 0.01
5,000,000 5,000,000
0 0.001 0 0.001
SEQ64bR SEQ128bR SEQ 256b R SEQ512bR SEQ 64bW SEQ128b W SEQ 256b W SEQ512bW
Workload Workload
ORDINAL RANK RND é4b R RND 128b R RND 256b R RND 512b R ORDINAL RANK RND é4b W RND 128b W RND 256b W RND 512b W
|IOPS - DCPMM 1 1 1 1 IOPS - DCPMM 1 1 1 1
IOPS - NVDIMM-N 2 2 2 2 IOPS -NVDIMM-N 2 2 2 2
ART - DCPMM 2 2 2 2 ART - DCPMM 1 2 2 2
ART - NVDIMM-N 1 1 1 1 ART - NVDIMM-N 1 1 1 1

© 2020 SNIA Persistent Memory Summit. All Rights Reserved.



PM RND R/W Benchmark - smai Biock Comer Case: DCPMM v NVDIMM-N
RND R/RND W: 64b, 128b, 256b, 512b
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RND READ - IOPS & ART: DCPMM v NVDIMM-N RND WRITE - IOPS & ART: DCPMM v NVDIMM-N
[ DCPMM IOPS I NVDIMM-N IOPS O DCPMM ART ANVDIMM-N ART O DCPMM 10PS ENVDIMM-N IOPS O DCPMM ART ANVDIMM-N ART
25,000,000 1000 25,000,000 1000
Higher IOPS Better Higher IOPS Better
Lower ART Better Lower ART Better
20,000,000 18,687,932 100 20,000,000 100
18,035,195 18,009,414
720355
3 g
7] Wi
15,000,000 10 = 15,000,000 10 .E.
]
v £ v £
- o =
S s S o
- n
c
10,000,000 1 §- 10,000,000 1 a-
I
& &
5,000,000 0.1 5,000,000 0.1
1] 0.01 1] 0.01
RND 64b R RND 128bR RND 256b R RND 512bR RND 64b W RND 128b W RND 256b W RND 512b W
Workload Workload
ORDINAL RANK RND 64b R RND 128b R RND 256b R RND 512b R ORDINAL RANK RND 64b W RND 128b W RND 256b W RND 512b W
IOPS - DCPMM 2 1 1 1 IOPS - DCPMM 2 2 2 2
IOPS - NVDIMM-N 1 2 2 2 10PS -NVDIMM-N 1 1 1 1
ART - DCPMM 2 2 2 2 ART - DCPMM 2 2 2 2
ART - NVDIMM-N 1 1 1 1 ART - NVDIMM-N 1 1 1 1

© 2020 SNIA Persistent Memory Summit. All Rights Reserved.




SSD PTS: IOPS/TP - TLC NVMe SSD v XL SLC Flash v 3D X Pt Optane

RND 4K I0PS (Mixed BS/RW Loop) & SEQ 128K Bandwidth

r
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IOPS - RND 4K R/W Throughput - SEQ 128K R/W
H RND 4K Write B RND 4K Read B SEQ 128K Write B SEQ 128K Read
1,000,000 5,000
Higher IOPS are Better Higher TP is Better
900,000 4,500
817,605
800,000 4,000
700,00 s (3259
W
@
600,000 §_ 3,000
b4 =
o 500,000 3 2,500
400,000 é 2,000
o
-]
300,000 1,500
200,000 1,000
100,000 500
0 0
TLC NVMe 55D XL Flash SLC 3IDXPt
XL Flash SLC Huawei DapuStor INTEL
Dapustor 3200 GB 1600 GB 750 GB
1600 GB
ORDINAL RANK RND 4K W RND 4K R ORDINAL RANK SEQ 128K W SEQ 128K R
I0PS IOPS MB/s MB/s
TLC NVMe SSD 2 2 TLC NVMe SSD 1 1
XL Flash SLC SSD 3 1 XL Flash SLC SSD 3 2
3D X Pt Optane SSD 1 3 3D X Pt Optane SSD 2 3




SSD PTS: Read LAT - TLC NVMe SSD v XL SLC Flash v 3D X Pt Optane

PTS Latency Test - RND/SEQ 4K Read, T1Q1

PERSISTENT MEMORY

S PEASUMMIT

JANUARY 23,2020 | SANTA CLARA, CA

120

100

@ -]
(=] (=]

Average Response Time (uSec)
-

20

Read Latency: RND4KR -T1Q1l
E ART - uSec

TLC NVMe 55D XL Flash SLC S5D
Huawei DapuStor
3200 GB 1600 GB

Lower ART
is Better

3D XPTSSD
Intel
750 GB

Average Response Time (uSec)

120

100

60

40

20

Read Latency: SEQ4KR-T1Q1
E ART - uSec

1350

TLC NVMe 55D XL Flash SLC SSD
Huawei DapuStor
3200 GB 1600 GB

Lower ART
is Better

3D XPT 55D
Intel
750GB
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ORDINAL RANK

TLC NVMe SSD

RND 4K R
Ave RT

3

XL Flash SLC SSD

2

3D X Pt Optane SSD

1

ORDINAL RANK

TLC NVMe SSD

SEQ 4K R
Ave RT

3

XL Flash SLC SSD

2

3D X Pt Optane SSD

1




Synthetic DIRTH - Fixed 10 Stream Combinations over a Range of Demand Intensity
OLTP/DB; DC VDI Storage; Retail Web Portal; GPS Nav Portal; VOD Edge Server
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DIRTH IOPS: DCPMM, NVDIMM-N, Optane SSD, NVMe SSD
Ointel DCPMM PM  EISMART NVDIMM-N PM B Optane 3DXPtSSD M Huawei NVMe SSD

DIRTH ART: DCPMM, NVDIMM-N, Optane SSD, NVMe SSD
Ointel DCPMM PM [ SMART NVDIMM-N PM B Optane 3D X PtSSD B Huawei NVMe SSD

1,600,000 1,000,000.0
Higher IOPS Lower ART
are Better is Better
1,400,000 100,000.0
1,200,000
1,090,629 10,000.0
2
1,000,000 tg
=~ 1,000.0
v
g 800,000 =
2 1000
s
600,000 o
"
[}
e 10.0
400,000
182618 Lo
200,000
0 0.1
Syn DB - RND 8K VDI Storage Retail Web GPS Nav VOD Edge Server Syn DB - RND 8K VDI Storage Retail Web GPS Nav VOD Edge Server
65:35 RW 75:25 RW 66:34 RW 04:96 RW 60:40 RW 65:35 RW 75:25RW 66:34 RW 04:96 RW 60:40 RW
Workload Workload
ORD RANK - IOPS Synthetic DB VDI Storage Retail Web Portal GPS Nav Portal VOD Edge Server ORD RANK - ART Synthetic DB VDI Storage Retail Web Portal GPS Nav Portal VOD Edge Server
DCPMM - PM 2 1 1 2 2 DCPMM - PM 2 2 2 2 2
NVDIMM-N - PM 1 2 2 1 1 NVDIMM-N - PM 1 1 1 1 1
3D XPT NVMe - SSD 1 2 2 1 1 3D XPT NVMe - SSD 1 1 1 1 1
TLC NVMe - SSD 2 1 1 2 2 TLC NVMe - SSD 2 2 2 2 2

© 2020 SNIA Persistent Memory Summit. All Rights Reserved.
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Repaly IOPS: DCPMM, NVDIMM-N, Optane SSD, NVMe SSD

O intel DCPMM PM [ SMART NVDIMM-N PM  H Optane 3D X PtSSD M Huawei NVMe S5D
1,600,000
Higher IOPS
are Better

1,187,552

1,400,000

1,200,000

1,014,482
1,000,000

800,000

10PS

600,000

400,000

140,581

200,000

Response Time (uSec)

1,000,000
Lower ART
is Better
100,000
10,000
1,000
100

10

Replay ART: DCPMM, NVDIMM-N, Optane SSD, NVMe SSD
Cintel DCPMM PM [ SMART NVDIMM-N PM  H Optane 3D XPtSSD  H Huawei NVMe SSD

VDI Storage Retail Web GPS Nav VOD Edge Server VDI Storage Retail Web GPS Nav VOD Edge Server
75:25 RW 66:34 RW 04:96 RW 60:40 RW 75:25 RW 66:34 RW 04:96 RW 60:40 RW
Workload Workload

ORD RANK - IOPS VDI Storage Retail Web Portal GPS Nav Portal VOD Edge Server ORD RANK - ART VDI Storage Retail Web Portal GPS Nav Portal VOD Edge Server
DCPMM - PM 1 2 2 2 DCPMM - PM 2 2 2 2
NVDIMM-N - PM 2 1 1 1 NVDIMM-N - PM 1 1 1 1
3D XPT NVMe - SSD 2 2 2 1 3D XPT NVMe - SSD 2 2 2 1
TLC NVMe - SSD 1 1 1 2 TLC NVMe - SSD 1 1 1 2

© 2020 SNIA Persistent Memory Summit. All Rights Reserved.
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ll. Performance Tuning w/ Real World Workloads

Optimization using Long Short Term Memory (LSTM) and Recurrent Neural Networks
Yafei Yang, CEO — DapuStor
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« SLC 3D NAND flash memory, focusing on low latency

« Lower Latency, tR <5 us; 25-45 uS Round Trip RT

» Proven Flash Technology, more open eco-system for Product bring-up ‘

» More QoS aware design vs traditional TLC NAND Flash PNV
« Compatible packages, porting easily to existing SSD Controller
o -

© 2020 SNIA Persistent Memory Summit. All Rights Reserved.
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NVDIMM-N PM Optane SSD

DCPMM PM XL-Flash SSD TLC 3D NAND SSD

CPU/ NAND
N DRAM Gap - PM MLC/TLC/QLC
EIAE D D E KD E E E

Higher Capacity

© 2020 SNIA Persistent Memory Summit. All Rights Reserved.
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Al Data Plot

XL SLC Flash v TLC NVMe: Mixed Block Sizes e &

| — Test mz.sawsw mple-mixed-write
¥ IOPS < ART ﬂm:;uuo:mm(- IOPS = 5,952 Y TP =44.0MBis « Avg RT=0.168 ms (T Total AvgRT=0165 ms Yo 505 =7 @ MaxRT=237ms @ RW Mix=B44% R 156%W e 0l0=1 &
25000 200
Higher IOPS Better
Lower ART Better 180 6 000
ooon 1<s>4 ¢ |OPS:5,952 AVG RT = 164 uS
140 2 000
g
15000 12 584 120 E . . . .
g ’ 100 i; . DPH412T4T001T6 800 GB NVMe . . ®
Tast R22.8W51 mple-mixed-write
10000 80 E. Time = 00:01:30 (& 10PS = 12,684 ) TP =038 MBIs = Avg RT = 0.078 ms(- Total Avg RT=0.079 ms)s 595 =7 & MaxRT=058ms o RW Mix=849%R:15.1% W #0I0=1 &
ﬂ 20 000
5,952 o XL SLC SSD
5000 40
20 : IOPS:12,584 AVG RT =79 uS
u u 5 000
TLc NVMe SSD XL FIaSh SLC ¢ 00:00 00:00 00:00 00:00 00:00 00:01 00:01 00:01 00:01
« IOPS: 5,953 TLC to 12,584 SLC XL-Flash
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Challenge for Performance Tuning o ) oo
Performance Tradeoff
Bandwidth,
High/Low QD IOPS Consistency 1. High QD IOPS vs low Latency

2. Benchmark pattern vs real workload

3. Reliability vs Performance test case

Low Latency QoS
Challenge
1. Embedded system, making tools to trouble
Real World Reliability shoofing
Workload
Data Pattern 2. E2E system, tuning

scheduler\dram\flash\algorithms

3. Real workload hard to get from the user cases




Predicting 1/O Patterns Using LSTM

* LSTM apphed in VaI'iOllS [ Output Layer ] [ Output Laver (t) ]
applications, such as weather T T

forecast, language modeling
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and speech recognition Hidden Layer

* Storage I/O prediction 1s a time T T
SCTICS prOblem [ Input Layer ] [ Input Layer (t) ]

* Major challenge of using (a) (b)
LSTM for the storage 1/0

prediction is the computation
complexity

{—[ Hidden Layer (t) H

Hidden Layer (t-1) J

LSTM (RNN) time series neural network
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I I]_'lllt Gate . ; f' FDI et (zatel
RD—>QI>E DE—R
|

---J

I;Krr & Whr
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History window Prediction window

Output layer

e MY 1 cell:
Sliding window

Input layer I/O intensity
I/O intensive within 10ms 4 cells:

in future ? 1) I/O address
2) I/O length
3) RW ratio
4) RW interval

History I/O features Current I/O Future
time slot 1. Address time slot
2. Length
3. RW ratio
4. RW inferval

) ;
Hidden layer 4! LSTM layer
128 cells 128 cells
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I/0O Intensity (/0 access per 1ms)

O Prediction Results

FIU 1/0 deduplication trace (SNIA)

Virtual Desktop 1/0 trace (SNIA)
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Real world collected 1/0 trace

200 200
— fleal — Real = Real
=== Prad 75 === Pred 75 | === Pred
150 4 150 4
125 4 125 4
100 100 4
75 4
i
50 1 Y f“l . l [ T
| - i : i 1 4y .
I I
2 - Pl 1’ \
| | i I I
o4 \
0 100 00 00 a0 300 100 20 20 0 500 100 200 B 00 500

Time in millisecond

Time in millisecond

Time in millisecond

The prediction result of storage I/O traces (configuration: history =1K, predict period=1ms)
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Performance Tuning Framework

Host/ Internal
[0]
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LSTM Hardware

Machine Learning
Embedded C Lib

Training
parameters

\ 4

e 2 Cache Policy

Data layout

T—I:E(Ed back———

\ 4

with stream

Pre read

\ 4

Write
cache

Flash Die
Scheduler

GC
Candidat
es

QoS OTF
Mgmt

Flash
Failure
Predict

r

<
Z
v
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I O N
Data float int
Response time ns us
Predict window ms S

Predict performance > 95% ~80%
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XL-Flash w/ Machine Learning JANUARY 232570 | SANTA CLARA. €A

All Data Plot
XL SLC Flash - Machine Learning: Mixed Block Sizes Do o e *
® 10PS © ART ﬁm:nznu:-m,a(- 10PS = 12567) e TP =938 MBls+ Avg RT =0.078 m{ ~ Total Avg RT=0078ms Yo 595 =7 o Max RT=058ms ® AW Mix=B49% R 15.1% W »0I0=1 &
25000 200
HL’g:’err L\ORPTSBii;;err w || s W/o Opﬁmizqi‘ion
20000 160 E :
. IOPS:12,584 AVG RT =79 uS
15,356 ~
15000 120 "E‘
» 12,584 E
8 100 |: DPH412T4T001T6 800 GB NVMe ®
= a Test R22.8-4249_ dapulasl 8128 SEQ simple-mixed-wite
10000 80 E- ‘nmesm-oma(- 10PS = 15,355) TP =112MB/s * Avg RT = 0.085 ms(TatalAvg RT = 0,066 mb 505=7 ®MaxRT=085ms ®RWMix=853%R:147%W eO0I0=1 &
o & w/ ML Optimization
11111 N e e N T e N NP Y _ WL S
5000 40 .
... 1OPS:15356  AVG RT = 66 US
20
1] ]
XL Flash 58D XL Flash SSD
No Optimization ML Optimization

Compare Plots Playback Controls Close

Up to 20% percent improved with Machine Learning
« Smart 10 Tag detection using machine learning
« Smart Cache Design using machine learning
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Thank you

Please visit www.snia.org/pmsummit for presentations
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