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Storage for the world’s most powerful supercomputer

:_f(OAK RIDGE

National Laboratory

Summit System

o 4608 nodes, each with:
» 2 IBM Power9 processors
* 6 Nvidia Tesla V100 GPUs
» 608 GB of fast memory
e 1.6 TB of NVMe memory

e 200 petaflops peak
performance for modeling
and simulation

* 3.3 ExaOps peak
performance for data
analytics and Al

e Spectrum Scale V5

e 77 Elastic Storage Servers
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2.5 TB/sec

Throughput to storage
architecture

250 PB
HDD storage capacity

https://www.olcf.ornl.gov/summit/

Real,
Accelerated
Science

LSDALTON

Ty YR
A
"‘“ :‘4"-?7*
b ' ]
NUCCOR NWCHEM OMCPACK
RAPTOR SPECFEM XGC




Elastic
Storage
Server

Integrated Solution
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IBM Elastic Storage Server (ESS)

Integrated scale-out data management for file and object data

Optimal building block for high-performance, scalable,

reliable enterprise Spectrum Scale storage
» Faster data access with choice to scale-up or out
» Easy to deploy clusters with unified system GUI
« Simplified storage administration Exctmm
e Current releases of Spectrum Scale V5

One solution for all your Spectrum Scale data needs
* Single repository of data with unified file and object support
 Anywhere access with multi-protocol support:
NFS 4.0, SMB, OpenStack Swift, Cinder, and Manila
o Ideal for Big Data Analytics with full Hadoop transparency

Ready for business critical data
» Disaster recovery with synchronous or asynchronous replication
» Ensure reliability and fast rebuild times using Spectrum Scale RAID’s
dispersed data and erasure code
* Five 99999s of availability
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ESS i1s IBM's delivery vehicle for Spectrum Scale RAID

* Petabyte-scale: standard, inexpensive disk drives Elastic Storage Server
e Erasure Code software implemented in Spectrum Scale
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» Petabyte-scale: faster rebuild times .
e More disks are involved during rebuild Ein

* Approx. 3.5 times faster than RAID-5 [ o | il
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 Petabyte-scale: minimal impact of rebuild on system

performance
* Rebuild is done by many disks
* Rebuilds can be deferred with sufficient protection

 Petabyte-scale: fault tolerance

« Endto end checksum reduces / eliminates file system JBODs
checks
° MUCh lOﬂger mean-time-to-data-loss (MTTDL) YouTube: IBM Spectrum Scale RAID for petabyte storage:

https://www.youtube.com/watch?v=2g5rx4gPé6yU
Charts:
https://www.usenix.org/legacy/events/lisall/tech/slides/deenadhayalan.pdf
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Coming Soon to the ESS - Spectrum Scale RAID FAQ

Table 4. ESS support matrix

ESS Endian ESS IBM Spectrum Scale
software level BE, LE hardware models software leve RHEL OS New ESS Solution HVV, sw Llfecycle/Support info
5311 BE, LE 5146, 5147, 5148 501 RHEL 74 . .
S will be published soon
5.3.1.0 BE, LE 5146, 5147, 5148 5.0.1 RHEL 74
5.3.0.1 BE, LE 5146, 5147, 5148 5.0.0 RHEL 7.3
522 BE, LE 5146, 5147, 5148 423 RHEL 7.3
5.2.1 BE, LE 5146, 5147, 5148 423 RHEL 7.3
5.2 BE, LE 5146, 5147, 5148 423 RHEL 7.3
Table 5. ESS component levels
5.1.1 BE, LE 5146, 5147, 5148 423 RHEL 7.2 B
5.1 BE, LE 5146, 5147, 5148 423 RHEL 7.2 Spectrum Kernel Network
— — — ESS Scale RHEL OS |update OFED Firmware |IPR Systemd [manager
502 BE 5146, 5147, 5148 422 RHEL 7.2 5311 |5012 |RedHat |3100- |MLNX_OFED_LINUX- |SV860_138 | 18518200 |219- 1.60-
R — (PPCBE Enterprise| 693351  |4.3-1.0.1.1 (FW860.42) 42617 4.11|12.el7_4
5.0.1 BE 5146, 5147, 5148 422 RHEL 7.2 and Linus 7.4
5.0.0 BE 5146, 5147, 5148 422 RHEL 7.2 PPCLE) OFEDL: (Packaged to
support CX2):
- — MLNX_OFED_LINUX-
4.6.0 BE 5146 421 RHEL 7.2 414150
452 BE 5146 421 RHEL 7.1 5301 [500-1 |Red Hat |3.100- |MLNX_OFED_LINUX- Sv860_138 |17518300 |219- 1.8.0-
— (PPCBE  |(GNR | Enterprise|514.441 |4.1-416.1 (FW860.42) 42.17_4.10{ 11.e17_4
451 BE 5146 421 RHEL 7.1 S ) |Limor73
450 BE 5146 421 RHEL 7.1 PPCLE)
— 523 42310 |RedHat [3.100- |MLNX_OFED_LINUX- |SV860_138 | 17518300 |219- 1.8.0-
4.0.6 BE 5146 420 RHEL 7.1 (PPCBE Enterprise|514.51.1 |4.1-416.1 (FW860.42) 42el7 4111217 4
ANEK nc C144 AN DUt 71 ;T-’dCLE Linux 7.3
)
512 4232 |RedHat [3.100- |MLNX OFED_LINUX- |SV860_103 | 15511800 |219- Not
(PPCBE Enterprise[327.553  [4.0-2003 (FW860.30) 30,1739 |applicable

https://www.ibm.com/support/knowledgecenter/en/SSYSP8/gnrfag.html
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IBM Elastic Storage Server

Mol

A — Speed —— < —— capacity ——)
Model GS1S Model GL1S:
24 SSD

1 Enclosures, 9U Model GL6S:
82 NL-SAS, 2 SSD 6 Enclosures, 28U
502 NL-SAS, 2 SSD

14 G B Model GH24S:
S X 2 2U24 Enclosure SSD .
/ Model GH14S: 4 5U84 Enclosure HDD Model GL4S:
1 2U24 Enclosure SSD R 4 Enclosures, 20U
334 NL-SAS, 48 SSD
Model GS2S 4 5U84 Enclosure HDD 334 NL-SAS, 2 SSD
48 SSD 334 NL-SAS, 24 SSD
6 GB/s
Model GL2S:

2 Enclosures, 12U
166 NL-SAS, 2 SSD

26 GB/s

Model GS4S

- o

40 GB/s

36 GB/s
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IBM

Elastic Storage Server: Hybrid Models

ESS Hybrid Models: GH14 and GH24

e Prov
ESS

e Com

e Use

© IBM Corporation 2018

ide combination of flash and HDD storage tiers in one
building block
bine All Flash performance with GL4S capacity

cases:

Single system for both metadata services and high density

Use the Flash for Burst Buffer storage and have Spectrum Scale
migrate data to high density spinning disk

Use Scale to automatically manage data location between flash and
disk based upon heat maps and policy

Handle multiple kinds of workloads such as video and analytics in the
same environment

Model GH24S:
2 2U24 Enclosure SSD

Model GH14S:
P 4 5U84 Enclosure HDD
1 2U24 Enclosure SSD 334 NL-SAS, 48 SSD

4 5U84 Enclosure HDD
334 NL-SAS, 24 SSD

38 GB/s* 40 GB/s*

*Estimated Performance



IBM Elastic Storage Server 5.3.2 — GA on Nov 9, 2018

Improved storage capacity and economy

« New ESS GLxC models use denser enclosures to
deliver up to 26% more capacity in 17% less rack
space*

Capacity upgrade without disrupting operations

 Capacity upgrades can be performed without
application disruption

- Software automatically rebalances data across all
drives

High performance connectivity

- Optional integrated 100Gb Mellanox Ethernet switch R I

provides a lower cost high performance interconnect 2 210 2.1PB 210
alternative to Infiniband 4 432 4.22 PB 432
Leverage the latest IBM Spectrum Scale releases 6 634 6.34 PB 634

= Data Management Edition, new Data Access Edition * Model GL6C compared to GL6S; varies by model

© IBM Corporation 2018



ESS GLxC: improved storage capacity and economy

e ESS GLXC models
The latest Seagate and helium drives

» Leveraging the CORAL supercomputer

The highest storage density

o Approximately 24% more per ESS

Faster drive access speeds™

More drive enclosure connections

Technical insights:

e Uses 5 SAS cards per P8 Power data server
e Thus max of 2 network interface cards (NIC)

modular design

© IBM Corporation 2018

%

OAK RIDGE

National Laboratory

summil

In asingle 42U Rack

>8PB of storage
>789TB per Rack Unit

Ultra-dense storage

* Benchmarks in process for publishing at SC18




Non-disruptive upgrades

Simple expansion of Storage Capacity Non Disruptive Upgrades
From To
« Spectrum Scale will automatically rebalance GS1S GS2S
data in the background GS2S GS4S
« System automatically puts the new capacity GL1S GL2S
to use GL2S GL4S
* No need to Archive & Restore data GLAS GL6S

e No System disruption®

Model GS1S Install additional Model GS2S
With 24 SSDs drawer with 24 SSDs With 48 SSDs

= =
e
=

Example

@

*Requires space available in the rack
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High performance connectivity

ESS networking options are now expanded:
= 100Gb Ethernet switch (Mellanox)

= High performance industry standard interconnect
as an alternative to Infiniband

= Integrated, cabled and tested in the IBM racked ESS solution
= Optional unracked delivery for customer provided rack.

= Mellanox's multi-rate Open Ethernet products enable users to benefit
from a far more scalable, lower latency, and virtualized fabric

© IBM Corporation 2018




ESS is part of IBM Power Accelerated Computing Platform

Accelerated compute
configurations for High
Performance Computing (HPC and
Artificial Intelligence (AI) / Deep
Learning (DL)

* Provides ability to create you own
installation based on the IBM
CORAL installation — the world’s
most powerful and smartest
supercomputer




CORAL-based Power/ESS Configuration example

o Simplified configuration of scale-out infrastructure
e Support for HPC and AI workloads
» Software preloaded and fully rack integrated in IBM manufacturing

Storage Compute Management | Switches Rack
Elastic AC922 (2 or 4 GPU) L922+ Mellanox One to four
8335-GTG Management Server 42U Racks
Storage (542)
Server
Optional Air Cooled Only 100Gb If you really
Same Processors as in InfiniBand need more,
CORAL Servers 40Gb Ethernet let us know!
10Gb Ethernet
1Gb Ethernet

© IBM Corporation 2018



Power Accelerated Computing Platform
Sample Building Block View

Switches

© IBM Corporation 2018

Configurable with Elastic Storage Server
and Network Switches

Includes Login and Management Servers
Assembled in IBM factory for each client

Delivered ready to “plug in” to power

15



IBM AI Architecture from Experimentation to Expansion

o o ope . .
Experimentation Stabilization & Production
Single Tenant Secure Multitenant
Existing
Organization
. Existing Infrastructure
Organization
Infrastructure Master & Failover Master i =1 Login Nodes
— Nodes IBM Power Systems EIII]II- i I— EIBM Power Systems
Scientist’s LC921 & LCY22 ==y ~=*-—-7[~-~'LC921 & LCI22
works'gatlons High-Speed
! High-Speed Network
E Network Subsystem
i Subsystem
1
1
: dn R B 2=
1 IBM I T [T - (I |\
(TR (ITTTEY (TTTTR Elastic e Elastic
mm____ - g I TR TR Storage E L E P =l sorege
m (MY (TR (TR Server I [ - — Server
o - - Jinn___- | [T (Ess) MIMNNEY WM THENS [E— T (Ess)
IBM  Internal E——— A C T = | "
SPO;Ner SAS IBM Power Systems AC922 = = ]
X(S:;zrrzls drlves’ & Training & Inference Cluster
NVM’s IBM Power Systems AC922, LC921 & LC922

I1BM PowerAI Enterprise

Red Hat Enterprise Linux (RHEL)

IBM Power System & x86 Servers

IBM Spectrum Scale / IBM Elastic Storage Server (ESS)

3 S8IINIBS

One software stack from experimentation to expansion
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Often Asked: Hadoop Transparency Connector diagram

| ]
I [}
I ]
I ]
! L
i m HDFS Client HOFS Client | | !
i PRy Big Big 2 i
i | HOP ' 5 wor | WoP | D 2‘““ 3““’ H DFS I
! Edge Mg Mgt Mgmt Mg PP PP pare iy
| | Services Servic Services | Services| Services Services :
[ Ambari I
i pectrum Spectrum
: Scale gm E“ . i Scale
i S i J J 5 : A o i H { il
L
i Operating System (RHEL T.2) Operating System (RHEL 7.2 Operating System (RHEL 7.2) T tem
i 1 i
| 1 I
! g Data
| LA
| Ed Worker Nod i 1| [ Storag
: ge Node(s) Master Node(s) orker Node(s) ol Nodé(s o
| L
| L
i I
R e o et et S o e Il i i s b
i
'/ Campus k!
: Network )
i . {EN, public) |,
| ’ y
i
I
’

© IBM Corporation 2018

o -



Spectrum Scale, ESS Use Cases and References

EMBEDDED IN TOMORROW

s CYPRESS \/lewpo.nte ::: Lab7 Reﬂiﬂf

. . . https://www.youtube.com/watch?v=ID8CiPQYRTI . . .
Chip Design - Cypress SemiConductor: Finance - Viewpointe: Real time analytics — Red Bull Racing:

https://www.youtube.com/watch?v=Kn90TkMvkfw https://www.youtube.com/watch?v=5gJcOfin0sg&t=52s https://www.youtube.com/watch?v=r_DD65KnY08

https://www.youtube.com/watch?v=TfYDeP1F-CY | §
(@ . o NUANCE > o8
O &17 S l d ra Speech and Imaging - Nuance Communications: l‘ﬁ"le r{.E‘dES'BEﬂ .ﬂ

Aoia mll iy 1290 https://www.youtube.com/watch?v=Cq7daARviak STADIUM

™

Denwver.CO COHHFCH

)

SuperComputing 2017: . H S me
https://www.voztube.cgm/wgtch?v=vaPkUlVDh4 Healthcare - SIDRA: https://www.youtube.com/watch?v=BdoU5naRiyo hﬂe::;clsxﬁcga?&zﬁctomn/(\jvvia’t‘é;l?av'ltgI\fltaar;:;l\TY.s
https://www.youtube.com/watch?v=BdoU5naRiyo&t=8s https://www.youtube.com/watch?v=n3sdQypcxok
https://www.youtube.com/results?search_guery=ibm+atlanta+falcons+stadium
https://www.ibm.com/events/think/watch/replay/114049526/

« Banking and Financial Services - fraud prevention, *  Smarter cities — Video surveillance
check truncation, regulatory compliance » Defense / Military — flight recording, threat
» Insurance - Policies & underwriting assessment
* Media and Entertainment - radio and television, *  Public / Government — Law enforcement, recording of
Remote DVR events, personnel cameras, satellite Image archival
*  Petroleum — Seismic data ingest and analytics  Telecom - Call Detail Records
Smarter cities — Video surveillance » Life Sciences and Pharmaceuticals — Genomics 'SB,,'\ictmm
*  Automotive — Crash test recording, autonomous * Hospitals — Medical images
driving, etc. .

© IBM Corporation 2018




Just one more thing....




ESS Roadmap Outlook for 2019

« 1019
— 14TB HDD

o After That
— Faster Infiniband (HDR and NDR)
— Newer levels of Spectrum Scale, RHEL

— “Capacity model” enhancements
» Partial population of enclosures

— "Performance model" enhancements (NVMe)

® \BM Corporation 2018



Getting started

Next steps you can do today!

* Schedule remote Proof of Technology Lab
* Three global IBM labs with deep expertise

* Try Spectrum Scale on Amazon Web Services
Quickstart

» Experience Spectrum Scale virtual machine
demonstration
e Download & run on your system for PoC

d Free IntrOductory IBM Education course on ESS and |bmComlsystemslstoragelspectrumlscale/
Spectrum Scale RAID (30 minutes):

https://www.onlinedigitallearning.com/course/view.php?id=2173

(Log on with your IBM ID) Store Everywhere. Run Anywhere.

© IBM Corporation 2018 21



Thank You

John Sing jmsing@us.ibm.com
WW Offering Evangelist
IBM Spectrum Scale, Elastic Storage Server
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Supplement
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IBM Spectrum Scale on AWS

Bring Your Own License

Easily deploy a high availability scalable cluster filesystem on AWS infrastructure
» For Scale customers: exploit AWS elasticity for your workload

» For AWS customers: an HPC-capable file system

Purchase and deployment

* Deploy through AWS Marketplace (same experience as any other AWS offering)

e IBM-provided Cloud Formation script

deploys a cluster of EC2 instances (Amazon virtual servers),
deploys Spectrum Scale across the cluster
mounts the Scale filesystem across the instances

e IBM Spectrum Scale Support from IBM through normal channels
e AWS infrastructure support from Amazon. If in doubt, call IBM first.

Native AWS cloud experience

o Cluster expansion and limited contraction

e Shutdown and restart of cluster without removing any Amazon storage volume resource
e Collection of AWS cluster management debug info

© IBM Corporation 2018



IBM Spectrum Scale Data Access Edition

e Simpler and more predictable cost
structure preferred by most clients
— Per-terabyte pricing replaces existing per-
socket pricing
— Much simpler to understand and plan

* Replaces IBM Spectrum Scale
Standard Edition
— Same functionality as Standard Edition

— Existing Standard Edition customers may
continue to use current per-socket pricing

© IBM Corporation 2018



Licensing Options Summary

Spectrum Scale

Pricing metric

Multi protocol scalable file service with simultaneous access to a

Standard Edition

Data Access Edition

Data Management Edition

Per socket
Server, client, FPO

Per “usable” TB
Per Disk Option with ESS

Per “usable” TB
Per Disk Option with ESS

common set of data » ®
Facilitate data access with a global namespace, massively scalable file °

system, quotas and snapshots, data integrity & availability and filesets .
Simplify management with GUI ° ]
Improved efficiency with QoS and Compression 2] )
Create optimized tiered storage pools based on performance, ° °
locality, or cost

Simplify data management with Information Lifecycle Management °

(ILM) tools that include policy based data placement and migration ®
Enable worldwide data access using AFM asynchronous replication ] ®
Asynchronous multi site Disaster Recovery ®
Hybrid cloud (TCT) [ ]
Protect data with native encryption and secure erase, NIST compliant

and FIPS certified. ®
File Audit Logging [
Watch Folder (iNotify) ®

© IBM Corporation 2018



Free! Introduction to IBM Elastic Storage Server

Mol
1]
I
by

(11
.

and Spectrum Scale RAID

https://www.onlinedigitallearning.com/course/view.php?id=2173 (Log on with your IBM ID)

My Enrollments > My courses >

DLO8003G

za Navigation

Introducing the Elastic Storage Server

My Enrollments

* My courses
DLOS003G 4 Basic | @ 30Minutes | @ Self-paced
= Support
" The IEM Elastic Storage Server is a big data storage system that
combines Power servers, storage enclosures, and disks along 1
; with IBM Spectrum Scale and IBM Spectrum Scale RAID =
Self Completion . " A : - : —
@ P technolagy, providing analytic and technical computing storage —
d data services for elasti ade worl is
You have already completed this and data services for elastic storage workloads.
course

&8 Course Completion Status =
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IBM ESS Entry Model GL1S

An entry ESS:
2U for ESS 5148-21L ESS Mgmt Server
9U for the ESS GL1S

5148-2L — 2U ESS Data Server #1

5148-2L — 2U ESS Data Server #1

5147-084 - 5U84 ESS Storage

© IBM Corporation 2018

GL1S Model (9U)
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IBM ESS Hybrid Models GH14 and GH24

Hybrid ESS:
2U24 for All Flash SSD drawer
5U84 for HDD drawers

2
B147-024 57
Model GH24S: 2k 2
2 2U24 Enclosure SSD Tlralizs 5 BMT-024 o
Model GH14S: 4 5U84 Enclosure HDD 4 24
§ 2uan Encosure 550 334 NL-SAS, 24 5SD oy o
nclosure = -
334 NL-SAS, 24 SSD 514 7-054 iﬁ B147-054 .zﬁ
2u 2u

14 14

15 18

B147-054 17 B147-054 1

I 15

=] 15

14 G

Bl4g-22L B Bl4g-22L 1

12 2

Bl4g-22L T Bl4g-22L 1

u u

4 o

B147-034 d B147-034 =

i ¢

b =

= 5

4 4

B147-034 3 B147-034 3

z 2

1 1

38 GB/s* 40 GB/s*

stimated Performance
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Spectrum Scale User Group

 The Spectrum Scale User Group is free to join and open to all using, interested in using
or integrating Spectrum Scale. Check out the links below for upcoming meetings.

« Inaddition to the User Group hosting their own meetings, IBM will host Spectrum Scale
User Group meetings at most IBM Systems Technical Universities in 2018.

o Join the User Group activities to meet your peers and get access to experts from
partners and IBM. Check out the Presentations link, free download of excellent

material.
« Web page: http://www.spectrumscale.org/
 Presentations: http://www.spectrumscale.org/presentations/
* Mailing list: http://www.spectrumscale.org/join/

Contact: http://www.spectrumscale.org/committee/

YouTube channel for Spectrum Scale User Group:
https://www.youtube.com/watch?v=iX440e__VHE&list=PLrdepxEIEyCp1TqZ2z3WfGOgq090Y01xY

IBM Spectrum

http://www.spectrumscaleug.org/category/posts-meetings/
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Big Data and Analytics Enhancements

e Spectrum Scale Certification with HortonWorks Data Platform 2.6

e Certified on both Power8 and x86 platforms mmm

« Certified with Ambari 2.5 for rapid deployment HORTONWORKS

* Hortonworks names IBM “Global Partner of the Year 2017”
« Integration with Spectrum Conductor for Spark

e  Much more information:

* YouTube: Hadoop / Hortonworks on Spectrum Scale:
https://www.youtube.com/watch?v=8pZuiNvgfWk

« Evaluator Group Analyst report: ° 1D.Zeaman @jd zeeman -Jan 15 . N

#Hortonworks presenting #1BM with "Global Partner of the Year” award at their

https://www.youtube.com/watch?v=Yp8m4A6IpgA 2018 Partner Kick-Off mesting! 1BM earned the distinction based on our jeint

« Redpaper: Hortonworks Data Platform with IBM Spectrum Scale: Reference Guide for puceess e Aonment serors TN sl semare (g, DR M ower
Building an Integrated Solution
https://www.redbooks.ibm.com/Redbooks.nsf/RedbookAbstracts/redp5448.htmI?0p
en

» Hortonworks Data Platform (HDP) Solution Brief: Hortonworks Data Platform on
IBM Power Systems for Financial Service
https://www-01.ibm.com/common/ssi/cgi-bin/ssialias?htmlfid=POS03163USEN

* Newest deliverable, published November 22, 2017: Reference Architecture for
HortonWorks / Hadoop Data Platform on Power, ESS and Spectrum Scale
 https://www.ibm.com/common/ssi/cgi-bin/ssialias?htmlfid=POL03281USEN&

Hadoop / Hortonworks on Spectrum Scale / ESS
https://hortonworks.com/partner/ibm/

servers, #5pectrumScale and #ElasticStorageServer,

© IBM Corporation 2018




Hadoop and Hortonworks Data Platform on Power /

Spectrum Scale / ESS Information

Hortonworks Data Platform on Power — Solution Brief
e https://www-01.ibm.com/common/ssi/cgi-bin/ssialias?htmlfid=POS03160USEN& ﬁm;ﬂ
¥

Reference Architecture: HORTONWORKS® Spectrum Scale
e https://www-01.ibm.com/common/ssi/cgi-bin/ssialias?htmlfid=POL03270USEN& ESS

Redpaper: IBM Spectrum Scale Big Data and Analytics Solution: http://www.redbooks.ibm.com/redpapers/pdfs/redp5397.pdf

Redpaper: Hortonworks Data Platform with Spectrum Scale - Reference Guide for Building an Integrated Solution (July 2017):
* http://www.redbooks.ibm.com/abstracts/redp5448.html?0pen and http://www.redbooks.ibm.com/redpapers/pdfs/redp5448.pdf

e Spectrum Scale 4.2.3 Big Data and Analytics manual:
https://www.ibm.com/support/knowledgecenter/en/STXKQY 4.2.3/com.ibm.spectrum.scale.v4r23.doc/bllxx library prodoc.htm

e Certification testing complete Hortonworks Data Platform on Power / Spectrum Scale / ESS

IBM Developerworks information about HDFS transparency:

* https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/General%20Parallel%20File%20System%20%28
GPFS%29/page/2nd%20g8eneration%20HDFS%20Transparency%20Protocol

Deploying Spectrum Scale Hadoop using Ambari:

e https://developer.ibm.com/storage/2017/06/27/deploying-ibm-spectrum-scale-file-system-using-apache-ambari-framework-
hadoop-clusters/

¢ Reference Architecture for HortonWorks / Hadoop Data Platform on Power, ESS and Spectrum Scale
e https://www.ibm.com/common/ssi/cgi-bin/ssialias?htmlfid=POL03281USEN&
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Spectrum Scale Genomics and Healthcare

Reference Architectures and Blueprints

REDP5210
O Resbooks

IBM Reference Architecture

for Genomics
Speed, Scale, Smarts

Frank Lee, Ph.D.

© IBM Corporation 2018

¢@ Redbooks

ibmucom/-vobooks

IBM Spectrum Scale Best Practices
for Genomics Medicine Workloads

Joanna Wong
Kevin Gildea

Kumaran Rajaram L g o e

Luis Bolinches
Monica Lemay
Piyush Chaudhary

Sandesp R Pati T—

UIf Troppens

In partnership with
IBM Academy of Technology

http://www.redbooks.ibm.com/Redbooks.nsf/RedpieceAbstracts/redp5479.html

Spectrum Scale
ESS

A reference architecture for high
performance analytics in
healthc:

and life science

e provade 3 full v of e biolopical i, brlunson, s ewemrtal
s of each e Howrvrs, data foe 3 g pasest s waniBy captand.

BM

https://www-01.ibm.com/common/ssi/cgi-bin/ssialias?htmlfid=TSW03536U

REDP5479



IBM Spectrum Discover



. Data Insight for Analytics,
IBM Spectrum Discover Governance, & Optimization

* Automate cataloging of unstructured data by
capturing metadata as it is created

Enable comprehensive insight by combining
system metadata with custom tags to

Increase storage admin & data consumer
productivity

Leverage extensibility using the API, custom
tags, and policy-based workflows to
orchestrate content inspection & activate
data in AI, ML, & analytics workflows




Metadata is the Key to Data Organization and Insight

© IBM Corporation 2018

<!DOCTYPE "~/ IW3C]
<html ="http://www.w3.o0xg
Three Types of Metadata <head>

<meta
<meta
<meta

Metadata can come Metadata can be custom Metadata can be

from a system (map to various business and derived from
. scientific aspects) analytics
(owner, last modified,

size, type, etc.) (percent confident)




IBM Spectrum Discover Accelerates Customer Value

Analytics Governance Optimization

» Accelerate data » Ensure data is consistent » Decrease storage CAPEX
identification for large- with governance policies by facilitating data
scale analytics movement to colder,
cheaper storage

* Reduce risk buried in
Operationalize tasks to unstructured data stores
reduce the burden of data
preparation

» Increase storage efficiency
legal discovery & by eliminating redundant
Orchestrate ML/DL & regulatory audits data

MapReduce processes Reduce storage OPEX by
improving storage
administrator productivity

e Speed investigations for

Reduce time Mitigate risk Improve
to accuracy and improve storage
and results data quality Utilization

© IBM Corporation 2018




IBM Spectrum Discover Overview

File & Object Storage Data Insight Activation & Optimization

|/"\| IBM Spectrum Discover Large-Scale Analytics
\!'/ - Data discovery

« Dataset identification

IBM Cloud IBM . )

. (| - Data pipeline progression
Object Spectrum Eu.-l c .‘u PIp prog
Storage g3 —

-~ Search Reporting  Dashboard Data Governance
“aa, R - Data inspection
“ay « Simple to deploy « Data classification
Sso {Vldware virfual appliance) - Data clean-up
e Y - Metadata curation

A = Custom metadata tagging Data Optimization

= Archive / tiering
= Policy-Engine = Duplicate data removal
- Action Agent API = Trivial data removal

- Automatic indexing
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Legal notices

Copyright © 2017 by International Business Machines Corporation. All rights reserved.
No part of this document may be reproduced or transmitted in any form without written permission from IBM Corporation.

Product data has been reviewed for accuracy as of the date of initial publication. Product data is subject to change without notice. This document could include technical inaccuracies or
typographical errors. IBM may make improvements and/or changes in the product(s) and/or program(s) described herein at any time without notice. Any statements regarding IBM's future
direction and intent are subject to change or withdrawal without notice, and represent goals and objectives only. References in this document to IBM products, programs, or services does
not imply that IBM intends to make such products, programs or services available in all countries in which IBM operates or does business. Any reference to an IBM Program Product in this
document is not intended to state or imply that only that program product may be used. Any functionally equivalent program, that does not infringe IBM's intellectually property rights, may
be used instead.

THE INFORMATION PROVIDED IN THIS DOCUMENT IS DISTRIBUTED "AS IS" WITHOUT ANY WARRANTY, EITHER OR IMPLIED. IBM LY DISCLAIMS ANY WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT. IBM shall have no responsibility to update this information. IBM products are warranted, if at all,
according to the terms and conditions of the agreements (e.g., IBM Customer Agreement, Statement of Limited Warranty, International Program License Agreement, etc.) under which they
are provided. Information concerning non-IBM products was obtained from the suppliers of those products, their published announcements or other publicly available sources. IBM has
not tested those products in connection with this publication and cannot confirm the accuracy of performance, compatibility or any other claims related to non-IBM products. IBM makes
no representations or warranties, ed or implied, regarding non-IBM products and services.

The provision of the information contained herein is not intended to, and does not, grant any right or license under any IBM patents or copyrights. Inquiries regarding patent or copyright
licenses should be made, in writing, to:

IBM Director of Licensing
IBM Corporation

North Castle Drive
Armonk, NY 1 0504- 785
U.S.A.
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Information and trademarks

IBM, the IBM logo, ibm.com, IBM System Storage, IBM Spectrum Storage, IBM Spectrum Control, IBM Spectrum Protect, IBM Spectrum Archive, IBM Spectrum Virtualize, IBM Spectrum Scale, IBM Spectrum Accelerate, Softlayer, and XIV are
trademarks of International Business Machines Corp., registered in many jurisdictions worldwide. A current list of IBM trademarks is available on the Web at "Copyright and trademark information" at http://www.ibm.com/legal/copytrade.shtml

The following are trademarks or registered trademarks of other companies.

Adobe, the Adobe logo, PostScript, and the PostScript logo are either registered trademarks or trademarks of Adobe Systems Incorporated in the United States, and/or other countries.
IT Infrastructure Library is a Registered Trade Mark of AXELOS Limited.

Linear Tape-Open, LTO, the LTO Logo, Ultrium, and the Ultrium logo are trademarks of HP, IBM Corp. and Quantum in the U.S. and other countries.

Intel, Intel logo, Intel Inside, Intel Inside logo, Intel Centrino, Intel Centrino logo, Celeron, Intel Xeon, Intel SpeedStep, Itanium, and Pentium are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the United States and
other countries.

Linux is a registered trademark of Linus Torvalds in the United States, other countries, or both.

Microsoft, Windows, Windows NT, and the Windows logo are trademarks of Microsoft Corporation in the United States, other countries, or both.

Java and all Java-based trademarks and logos are trademarks or registered trademarks of Oracle and/or its affiliates.

Cell Broadband Engine is a trademark of Sony Computer Entertainment, Inc. in the United States, other countries, or both and is used under license therefrom.

ITIL is a Registered Trade Mark of AXELOS Limited.

UNIX s a registered trademark of The Open Group in the United States and other countries.

* All other products may be trademarks or registered trademarks of their respective companies.

Notes:

Performance is in Internal Throughput Rate (ITR) ratio based on measurements and projections using standard IBM benchmarks in a controlled environment. The actual throughput that any user will experience will vary depending upon
considerations such as the amount of multiprogramming in the user's job stream, the I/O configuration, the storage configuration, and the workload processed. Therefore, no assurance can be given that an individual user will achieve throughput
improvements equivalent to the performance ratios stated here.

All customer examples cited or described in this presentation are presented as illustrations of the manner in which some customers have used IBM products and the results they may have achieved. Actual environmental costs and performance
characteristics will vary depending on individual customer configurations and conditions.

This publication was produced in the United States. IBM may not offer the products, services or features discussed in this document in other countries, and the information may be subject to change without notice. Consult your local IBM business
contact for information on the product or services available in your area.

All statements regarding IBM's future direction and intent are subject to change or withdrawal without notice, and represent goals and objectives only.

Information about non-IBM products is obtained from the manufacturers of those products or their published announcements. IBM has not tested those products and cannot confirm the performance, compatibility, or any other claims related to
non-IBM products. Questions on the capabilities of non-IBM products should be addressed to the suppliers of those products.

Prices subject to change without notice. Contact your IBM representative or Business Partner for the most current pricing in your geography.

This presentation and the claims outlined in it were reviewed for compliance with US law. Adaptations of these claims for use in other geographies must be reviewed
by the local country counsel for compliance with local laws.
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Special notices

This document was developed for IBM offerings in the United States as of the date of publication. IBM may not make these offerings available in other countries, and the information is
subject to change without notice. Consult your local IBM business contact for information on the IBM offerings available in your area.

Information in this document concerning non-IBM products was obtained from the suppliers of these products or other public sources. Questions on the capabilities of non-IBM products
should be addressed to the suppliers of those products.

IBM may have patents or pending patent applications covering subject matter in this document. The furnishing of this document does not give you any license to these patents. Send
license inquires, in writing, to IBM Director of Licensing, IBM Corporation, New Castle Drive, Armonk, NY 10504-1785 USA.

All statements regarding IBM future direction and intent are subject to change or withdrawal without notice, and represent goals and objectives only.
The information contained in this document has not been submitted to any formal IBM test and is provided "AS IS" with no warranties or guarantees either expressed or implied.

All examples cited or described in this document are presented as illustrations of the mannerin which some IBM products can be used and the results that may be achieved. Actual
environmental costs and performance characteristics will vary depending on individual client configurations and conditions.

IBM Global Financing offerings are provided through IBM Credit Corporation in the United States and other IBM subsidiaries and divisions worldwide to qualified commercial and
government clients. Rates are based on a client's credit rating, financing terms, offering type, equipment type and options, and may vary by country. Other restrictions may apply. Rates
and offerings are subject to change, extension or withdrawal without notice.

IBM is not responsible for printing errors in this document that result in pricing or information inaccuracies.
All prices shown are IBM's United States suggested list prices and are subject to change without notice; reseller prices may vary.
IBM hardware products are manufactured from new parts, or new and serviceable used parts. Regardless, our warranty terms apply.

Any performance data contained in this document was determined in a controlled environment. Actual results may vary significantly and are dependent on many factors including system
hardware configuration and software design and configuration. Some measurements quoted in this document may have been made on development-level systems. There is no guarantee
these measurements will be the same on generally-available systems. Some measurements quoted in this document may have been estimated through extrapolation. Users of this
document should verify the applicable data for their specific environment.
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