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Converged Architecture for HPC and Big Data
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Intel’'s Scalable System Framework
A Configurable Design Path Customizable for a Wide Range of HPC & Big Data Workloads

Small Clusters Through Supercomputers

Compute and Data-Centric Computing

Compute : Memory/Storage

Fabric Software Standards-Based Programmability

On-Premise and Cloud-Based

Intel Silicon
Photonics

Intel® Xeon® Processors Intel® True Scale Fabric Intel® SSDs Intel® Software Tools
Intel® Xeon Phi™ Intel® Omni-Path Architecture Intel® Lustre-based Solutions HPC Scalable Software Stack
Coprocessors Intel® Ethernet Intel® Silicon Photonics Technology Intel® Cluster Ready Program

Intel® Xeon Phi™ Processors
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Another huge leap in CPU Performance

Parallel performance Intef's HPC Scalable

System Framework

72 cores; 2 VPU/core; 6 DDR4 channels with 384GB capacity
>3 Teraflop/s per socket?

Integrated memory

s 16GB; 5X bandwidth vs DDR?
inside 3 configurable modes (memory, cache, hybrid)

XEON PHI" Integrated fabric

2 Intel Omni-Path Fabric Ports (more configuration options)

Market adoption

FEXtreWe I >50 systems providers expected?
ara e >100 PFLOPS customer system compute commits to-date3
perfOrmance >Software development kits shipping Q4’15

>Standard IA Software Programming Model and Tools

! Source: Intel internal information.  ?Projected result based on internal Intel analysis of STREAM benchmark using a Knights Landing processor with 16GB of ultra high- . .
bandwidth versus DDR4 memory only with all channels populated. 2Over 3 Terailops of peak theoretical double-precision performance is preliminary and based on current |n|:e|' l =

expectations of cores, clock frequency and floating point operations per cycle. FLOPS = cores x clock frequency x floating-point operations per second per cycle.



Intel’'s HPC Scalable System Framework

Parallel compute technology
Intel Xeon

Intel Xeon Phi (KNL)
(eliminate offloading)

New memory/storage technologies
3D XPoint Technology
Next Gen NVRAM

Compute : Memory/Storage

Fabric = Software

New fabric technology Powerful Parallel File System

Omni-Path Arch ntl Sifcon Intel Enterprise Lustre*
(KNL integration and w/ Phi Support today
Intel Silicon Photonics) Hadoop Adapters

Intel Manager for Lustre*
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Multidisciplinary Approach to HPC Performance

Faster Applications
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Intel moves Lustre forward

Figure 12: Top Storage Management Software Provided by Surveyed HPC Sites
N=246 mentions
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Source: Intersect360 Research, 2013

HPC User Site Census: Middleware — April 2014. Lustre is a registered trademark of Seagate

*Other names and brands may be claimed as the property of others.
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Intel® Solutions for Lustre* Roadmap

Q3’15 Q4’15 Q1’16 Q2’16 H2'16 H1’17

1 1 1
: : ! l l
Enterp rise Enterprise Edition Enterprise Edition Enterprise Edition Enterprise Edition Enterprise Edition Enterprise Edition
2.3 2.4 3.0 3.1 4.0

HPC, Commercial, 2.2

Technical Computing, and T S s s R T P PP FoLL :
Analytics ©+ OpenZFSin * Manager Support for * Robinhood PE 2.5.5 : « FE Lustre 2.7 Baseline : *  OpenZFS ZIL support {1+ File-based replication :
: Monitoring Mode v Multiple MDT i+ RHEL 6.7 Server/Client i« Striped MDT directories i1« Expanded OpenZFS i+ Layout enhancement
. * Hadoop adapterand :: « RHEL 7 Client Support Support i« ZFS performance s support in Manager © 1« Progressive file layout
: scheduler connectors i + SLES 12 Client Support :: + SLES 11 SP P enhancements 1+ Support for Omni Path + Dataon MDT
* DKMS support D | Server/Client Support : + Client metadata s networking 1« DNE Il completion
+ DSS cache support : I e g " performance ii : « U shared key network
: « IOPS heat maps : | | : » OpenZFS Snapshots o 1 encryption
: +  True Scale support 1 1 + SELinux & Kerberos o I - Directory-based Quotas
: + Xeon Phi Client : : +  RHEL 7 (server + client) 1 I s
«  RHEL 6.6 support I I + SLES 12 (server + client) 1 1
* SLES 11 sp3 support 1 1 B I :
1 1 .
HPC, Commercial, 1.1.1 1.2 2.0
Technical Computing, and P T S SSS PSSR SRS Tt e PP PPN :
Analytics delivered on : « FE Lustre 2.5.90 .« IPSec over-the-wire encryption . » Enhanced DR Automation :
. ¢« GovCloud support i1« Disaster recovery 11« Password and Security Enhancements
Cloud Services : « Encrypted EBS volumes i1+ Supportability enhancements R ERRRRREAEEEREEE B R RRRCEEEERREREREE
* Placement groups added to R ARRAAAL [ (A | I i : :
: templates : 1 1 I I I
: + Client mount cmd. in console : : 1 1 1
--------------------- LR R R R R R 1 1
Community Lustre 2.7 2.8 29
software coupled with Intel JETPTTSTP. PSR UR TR STT LI PSPPSRSO, PSSRSO L, | I
support i« Job tracking with changelogs i « DNE phase lib : : :
: » Dynamic Lnet config development *  Multiple modify RPCs I I
« Lfs setstripte to specify OSTs + UID/GID mapping 1 1
¢« LFSCK 3 MDT-MDT consistency verification * NRS delay 1 1

U UID/GID mapping feature (preview)

ed as the property of others.

Key: Product placement not representative of final launch date within the specified quarter. For more details refer to ILU and i@r Fioadmap



Intel’'s HPC Scalable System Framework

Parallel compute technology
Intel Xeon

Intel Xeon Phi (KNL)
(eliminate offloading)

New memory/storage technologies
3D XPoint Technology
Next Gen NVRAM

Compute : Memory/Storage

Fabric = Software

New fabric technology Powerful Parallel File System

Omni-Path Arch ntl Sifcon Intel Enterprise Lustre*
(KNL integration and w/ Phi Support today
Intel Silicon Photonics) Hadoop Adapters

Intel Manager for Lustre*
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A High Performance Fabric

Better scaling vs InfiniBand* -
48 port switch chip — lower switch costs System Framework

I nte|® gzz) Ihigher svyitch MEI messag;e rate2
o lower switch fabric latency
Omni-

Configurable / Resilient / Flexible
Path J

b Job prioritization (Traffic Flow Optimization)
Fa rl C No-compromise resiliency (Packet Integrity Protection, Dynamic Lane Scaling)
Open source fabric management suite, OFA-compliant software

: Market adoption
I_II\IPeCXtS >100 OEM designs?

. >100ku nodes under contract/bid?
Generatio

1Source: Intel internal information. Delgawm count based on OEM and HPC storage vendors who are planning to offer either Intel-branded or custom switch products, along with the total number of OEM platforms that are currently planned to

support custom and/or standard Intel® adapters. Design win count as of July 1, 2015 and subject to change without notice based on vendor product plans. 2Based on Prairie River switch silicon maximum MPI messaging rate (48-port chip),

compared to Mellanox CS750 Feca tid ellanox SB7700/SB7790 Edge switch product briefs (36-port chip) posted on www.mellanox.com as of July 1, 2015. 3Latency reductions based on Mellanox CS7500 Director Switch and Mellanox
y t

SB7700/SB7790 Edge switch p n www.Mellanox.com as of July 1 2015 compared to Intel® OPA switch port-to-port latency of 100-110ns that was measured data that was calculated from difference between back to back
osu_latency test and osu_late itch hop. 10ns variation due to “near” "'and “far” ports on an Eldorado Forest switch. All tests performed using Intel ® Xeon® E5-2697v3, Turbo Mode enabled. Up to 60% latency reduction is based

on a 1024-node cluster in a full bisectional bandwidth (FBB) Fat-Tree configuration (3-tier, 5 total switch hops), using a 48-port switch for Intel Omni-Path cluster and 36-port switch ASIC for either Mellanox or Intel® True Scale clusters. Results have
been estimated or simulated using internal Intel analysis or architecture simulation or modelmg, and provided to you for informational purposes. Any differences in your system hardware, software or configuration may affect your actual performance
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Intel® Omni-Path Architecture:
Changing the Fabric Landscape

L ‘ Next Generation
Optimizing

Performance

Density
P Next Intel® Xeon Phi™ processc
ower (Knights Hill)

e Cost

CPU-Fabric ‘ Next Intel® Xeon® processor
Integration

‘ Intel® Xeon Phi™ processor (Knights
Landing)

ulti-chip package integration
Next Intel® Xeon® processor

Discrete PCle HFI

PS Intel® Xeon® processor E5-2600

v3
Discrete PCle HFI

Time
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Intel® Omni-Path: Key to Intel's Next Gen Architecture

Combines with advances in memory hierarchy to keep data closer to compute
—> better data-intensive app performance and energy efficiency

compute compute
Processor
>,
& Caches Caches .
§ Enough Capaluty to
| Support Loca
o : ces.‘?.QY.P---g """ v Application Storage
= o <ter 5_5},}9--9-" ....... pp g
> 15 MO 5
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= Node Local Memory B ute node Local Processing Node
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— B - Interconnect Fabric
= /O Node SSD Storage Faster Checkpointing
5 o node icker Recove
2 es onKQ,V ---------- Quicker very
2 Interconnect Fabric Jata MOYZZ- Better App Performance
s TR emote O
oL . Interconnect Fabric
2 Remote _
2 | storage Parallel File System Parallel File System
(Hard Drive Storage) (SSDs & Hard Drive Storage)




Aurora | Built on a Powerful Foundation

Breakthrough technologies that deliver massive benefits

Compute Interconnect File System

3d Generation. *
Intel® Xeon Phi™ insie

XEON PHI'

3

Intel® Lustre*

> neraiigj
Intel® Omni-Pat
Architecture

>20X faster
>500 TB/s bi-section bandwidth

>12X memory bandwidtht >2.5 PB/s aggregate node link >5X capacityt
bandwidth
>30PB/s aggregate >150PB file system capacity

in-package memory bandwidth

Software

>3 X fastert

>1 TB/s file system throughput

>1 7/ X performanc
FLOPS per node

Integrated Intel® Omni-Path

Architecture
Processor code name: Knights Hill

Source: Argonne National Laboratory and Intel.

T Comparison to ANL'’s largest current system, MIRA.
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Tying it all together:
The Intel® Fabric Product Roadmap Vision

Intel's HPC Scalable

|2014 |2015 ] |2016 | FUTURE System Framework
~J ~ &

Intel® Omni-Path Fabric
(First Generation) Future
Intel® Omni-Path
B e

\%

Forecast and Estimations, in Planning & Targets

The FABRIC is fundamental to meeting the growing needs of the
datacenter
Intel is extending fabric capabilities, performance, scalability

Potential future options, subject to change without notice.
All timeframes, features, products and dates are preliminary forecasts and subject to change without further notification.




I'he Interconnect
I an d S C a,p e Hardware Cost Estimate

Intel® OPA Intel® OPA
FDR (x8 HFI) ED'E o (x16 HF)
56Gb/s  58Gb/s 100Gb/s 4 ocbrs

Compute / interconnect cost ratio has changed

«Compute price/performance improvements Com
continue unabated

«Current corresponding fabric metrics unable to |
keep pace as a percentage of total cluster Fapri
costs which includes compute and storage

B Fabric B Compute

Challenge: Keeping fabric costs in check to
free up cluster $$$ for increased compute and
storage capability

More Compute = More FLOPS

1 Source: Internal analysis based on a 256-node to 2048-node clusters configured with Mellanox FDR and EDR InfiniBand products. Mellanox component pricing from www.kernelsoftware.com Prices as of August 22, 2015. Compute
node pricing based on Dell PowerEdge R730 server from www.dell.com . Prices as of May 26, 2015. Intel® OPA (x8) Utilizes a 2-1 Oversubscribed Fabric. Analysis Limited Fabric Sizes up to 2K nodes

* Other names and brands may be claimed as the property of others. . |
Intel and the Intel Iogo are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the United States and other countries.
ates, and figures are preliminary and are subject to change without any notice. Copyright © 2015, Intel Corporation.

All products,


http://www.kernelsoftware.com/
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Evolutionary Approach, Revolutionary
Features, End-to-End Solution

High performance, low latency fabric designed to scale - -

Single port 1U Form Factor QSFP-based
from entry to the largest supercomputers x8andx16 HFI || 24and48port | | 192 and 768 port

Adapters Edge Switches Director Switches

Builds on proven industry technologies LI oo | | S T 768-por

(100Gb/s) Efise Director Switch
» Innovative new features and capabilities to improve o i o e
performance, reliability and QoS B ol | | NS i || oo

Highly leverage existing Aries and True Scale fabric - -

OEM custom designs Open Source Third Party Vendors

* Re-use of existing OpenFabrics Alliance* software HFland Switch || Host Software& | | Passive Copper
ASICs Fabric Manager Active Optical

Early market adoption - ool ol
« >100 OEM designst - s |-
« >100ku nodes under contract/bid?!

(1200G8/s total b/w)

()0

This device has not been authorized as required by the rules of the Federal Communications Commission.
This device is not, and may not be, offered for sale or lease, or sold or leased, until authorization is obtained.

1Source: Intel internal information. Design win count based on OEM and HPC storage vendors who are planning to offer either Intel-branded or custom switch products, along with the total number of OEM platforms that are currently planned to support

custom and/or standard Intel® OPA adapters. Design win count as of July 1, 2015 and subject to change without notice based on vendor product plans. 2 Based on Prairie River switch silicon maximum MPI messaging rate (48-port chip), compared to

Mellanox Switch-IB* product (36-port chip) posted on www.mellanox.com as of August 13, 2015. 3 Latency reductions based on Mellanox SB7700/SB7790 Edge switch product briefs posted on www.Mellanox.com as of August 13, 2015 with a stated latency

of 90ns, compared to Intel® OPA switch port-to-port latency of 100-110ns that was measured data that was calculated from difference between back to back osu_latency test and osu_latency test through one switch hop. 10ns variation due to “near” and

“far” ports on an Eldorado Forest switch. All tests performed using Intel ® Xeon® E5-2697v3, Turbo Mode enabled. Up to 33% latency reduction is based on a 1024-node cluster in a full bisectional bandwidth (FBB) Fat-Tree configuration, using a 48-port

switch for Intel Omni-Path cluster (3 switch hops) and 36-port switch ASIC for either Mellanox or Intel® True Scale clusters (5 switch hops). Results have been estimated or simulated using internal Intel analysis or architecture simulation or modeling, and

provided to you for informational purposes. Any differences in your system hardware, software or configuration may affect your actual performance

* Other names and brands may be claimed as the property of others. . |
Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the United States and other countries.

All products, dates, and figures are preliminary and are subject to change without any notice. Copyright © 2015, Intel Corporation.
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New Highly Scalable Open Software Stack

Intel-led industry collaboration underway to create a complete and cohesive HPC system stack

Intel's HPC Scalable
System Framework

An open community effort

Broad range of ecosystem partners
Designing, developing and testing
Open source availability enables differentiation

Cohesive

Software
Benefits the entire HPC ecosystem

Innovative system hardware and software
Simplify configuration, management and use
Accelerate application development

Turnkey to customizable Intel-supported versions
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