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Legal Disclaimers 

Intel technologies features and benefits depend on system configuration and may require enabled hardware, software or service  activation. Performance varies depending on system 

configuration. No computer system can be absolutely secure. Check with your system manufacturer or retailer or learn more at [in tel.com].  

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Perfo rmance tests, such as SYSmark and MobileMark, are 

measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult 

other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performa nce of that product when combined with other products.  

All information provided here is subject to change without notice. Contact your Intel representative to obtain the latest Int el product specifications and roadmaps.  

Results have been estimated or simulated using internal Intel analysis or architecture simulation or modeling, and provided t o you for informational purposes. Any differences in your 

system hardware, software or configuration may affect your actual performance.  

Ëêðáè ðáßäêëèëãåáïĊ âáÝðñîáï Ýêà Þáêáâåðï àáìáêà ëê ïõïðáé ßëêâåãñîÝðåëê Ýêà éÝõ îáíñåîá áêÝÞèáà äÝîàóÝîá# ïëâðóÝîá ëî ïáîòåße activation. Performance varies depending on system 

configuration. No computer system can be absolutely secure. Check with your system manufacturer or retailer or learn more at  https://www -ssl.intel.com/content/www/us/en/high -

performance -computing/path -to-aurora.html . 

Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or con figuration will affect actual performance. Consult other 

sources of information to evaluate performance as you consider your purchase.   For more complete information about performance a nd benchmark results, visit 

http://www.intel.com/performance .   

Intel, the Intel logo, Xeon, Intel Xeon Phi, Intel Optane and 3D XPoint are trademarks or registered trademarks of Intel Corp oration or its subsidiaries in the United States or other 

countries.  

*Other names and brands may be claimed as the property of others.  

© 2015 Intel Corporation. All rights reserved.  
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      HPC is Foundational to Insight 
Aerospace       Biology     Brain Modeling      Chemistry/Chemical Engineering       Climate       Computer Aided Engineering       Cosmology       Cybersecurity       Defense   

Pharmacology      Particle Physics      Metallurgy Manufacturing / Design       Life Sciences        Government Lab        Geosciences / Oil & Gas        Genomics      Fluid Dynamics 
    

1Source: IDC HPC and ROI Study Update (September 2015) 
2Source: IDC 2015 Q1 World Wide x86 Sever Tracker vs IDC 2015 Q1 World Wide HPC Sever Tracker 
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Business 
Innovation  

A New 
Science 

Paradigm 

Fundamental 
Discovery 

High ROI:  
$515 

Average Return Per $1 of HPC 
Investment 1 

Advancing 
Science 

And Our Understanding  
of the Universe  

Data-Driven 
Analytics  

Joins Theory, Experimentation, and 
Computational Science  
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Growing Challenges in HPC  

ČÖäá ÙÝèèïč 
System Bottlenecks  

 

Memory | I/O | Storage  
 Energy Efficient Performance  

Space | Resiliency |  
Unoptimized Software  

Divergent 
Infrastructure  

Barriers to  
Extending Usage  

Resources Split Among 
Modeling and Simulation | Big 

Data Analytics | Machine 
Learning | Visualization  

HPC 
Optimized  

Democratization at Every 
Scale | Cloud Access | 

Exploration of New Parallel 
Programming Models  

Big 
Data hpc 

Machine  learning 

visualization 
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A Holistic Architectural Approach is Required  

Compute  

Memory 

Fabric 

Storage  

P
E

R
F

O
R

M
A

N
C

E
  
 I
  
 C

A
P

A
B

IL
IT

Y
 

TIME 

System 
Software 

 
Innovative Technologies  

 

Tighter Integration  
Application  

Modernized Code  

Community 

ISV 

Proprietary 

System 

Memory  

Cores 

Graphics  

Fabric  

FPGA 

I/O  
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Intel® Scalable System Framework  
A Holistic Design Solution for All HPC Needs 

Small Clusters Through Supercomputers  

Compute and Data-Centric Computing  

Standards-Based Programmability  

On-Premise and Cloud-Based 

Intel® Xeon® Processors 

Ëêðáèü Úáëê Òäåø Òîëßáïïëîï 

Ëêðáèü Úáëê Òäåø Coprocessors  

Intel® Server Boards and Platforms  

Intel® Solutions for Lustre*  

Ëêðáèü ÑìðÝêáø Öáßäêëèëãõ 

0Æ ÚÒëåêðø Öáßäêëèëãõ 

Intel® SSDs 

Intel® Omni-Path Architecture  

Intel® True Scale Fabric 

Intel® Ethernet  

Intel® Silicon Photonics  

HPC System Software Stack  

Intel® Software Tools  

Intel® Cluster Ready Program  

Intel Supported SDVis  

Compute Memory/Storage  

Fabric Software 

Intel Silicon 
Photonics  



Accelerating Discovery and Innovation: BENEFITS 

Fast, Cost-Effective  
Data Movement 

Industry-Leading  
Compute Performance  

Fast, Reliable 
Access to Data 

Ease of Deployment  
and Management 

Intel® Scalable System Framework  

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause the 
results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For more information go to http://www.intel.com/performance Intel does not control or audit third-party 
benchmark data or the web sites referenced in this document. You should visit the referenced web site and confirm whether referenced data are accurate.    1Full details available at: http://www.intel.com/content/www/us/en/benchmarks/server/xeon-e5-2600-v3/xeon-e5-2600-v3-summary.html    2Over 3 Teraflops of peak 
theoretical double-precision performance is preliminary and based on current expectations of cores, clock frequency and floating point operations per cycle.     3Tests performed by Intel on Intel® Xeon® Processor E5-2697v3 dual-socket servers with 2133 MHz DDR4 memory. Intel® Turbo Boost Technology enabled and 
Intel® Hyper-Threading Technology disabled.  Intel OPA: Open MPI 1.10.0 with PSM2.  Pre-production Intel Corporation Device 24f0 M Series 100 HFI ASIC, Series 100 Edge Switch M 48 port. IOU Non-posted Prefetch disabled in BIOS. EDR: Open MPI 1.8-mellanox released with hpcx-v1.3.336-icc-
MLNX_OFED_LINUX-3.0-1.0.1-redhat6.6-x86_64.tbz. Mellanox EDR ConnectX-4 Single Port Rev 3 MCX455A HCA. Mellanox SB7700 - 36 Port EDR Infiniband switch. 17% claim:  HPCC 1.4.3 Random order ring latency. 16 nodes, 28 MPI ranks per node.  7% message rate claim:  Ohio State Micro Benchmarks v. 4.4.1. 
osu_mbw_mr 28 MPI ranks per node, 8 byte message. osu_mbw_mr modified to use maximum rank pair communication time instead of average rank pair communication time.     4Reduction in up to 50% fewer switches claim based on a 1024-node full bisectional bandwidth (FBB) Fat-Tree configuration, using a 48-port 
switch for Intel® Omni-Path cluster and 36-port switch ASIC for either Mellanox or Intel® True Scale clusters.    5Projected result  based on internal Intel analysis of STREAM benchmark using a Knights Landing processor with 16GB of ultra high-bandwidth versus DDR4 memory with all channels populated. 6Performance 
difference based on comparison between 3D ̄ ˁˠ˚˟˥˿ Technology and other industry NAND.    7Density difference based on comparison between 3D ̄ ˁˠ˚˟˥˿ Technology and other industry DRAM    8Source: Evans North American Development Survey 2015 http://www.evansdata.com/ 

Compute  Memory/Storage  

Fabric Software 

5x the Bandwidth vs DDR45 

Up to 1,000x  Faster than NAND6 

Create Faster Åëàá+ ÈÝïðáî 

Up to 10x  More Dense than  

Conventional Memory7 

 Up To 50% Reduction  
in Edges Switches4 

Up to 17%  Lower  MPI  

Latency at Scale vs. EDR3  

Up to 7% Higher  MPI  

Message Rate at Scale vs. EDR3 

>3 TeraFLOPs Per Socket2 

Balanced  Compute  

Worlds Most Energy  
Efficient  Server1 

Simplifying  deploying and  

managing HPC systems 

Öäá ËêàñïðîõĊï Öëì Tools,  
 Libraries and Compilers 8 

The Speed of Lustre*   
with the  Support of Intel  

Current and Future Technologies  

Breakthrough Performance  

Common Infrastructure  
Across Emerging Workloads  

Broad Vendor Availability  

Standards -Based  
Programmability  
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How It Works  

Innovative Technologies  Tighter Integration  
and Co-Design 

Increased System Density  
Reduced System Power Consumption  

Intel® Math  
Kernel Library  

Intel® Compilers 

Compute  Memory/Storage  

Fabric Software  

High Bandwidth  
On-Package Memory 

Ëêðáèü ÑìðÝêáø  
Technology  

HPC System 
Software Stack 

Intel® Parallel Studios  
Software Suite 

Intel® Solutions  
for Lustre* software  

Intel® Silicon  
Photonics  

Intel® True Scale  
Fabric 

Intel® Xeon® 
Processors 

Ëêðáèü Úáëê Òäåø 
Processors 

Ëêðáèü Úáëê Òäåø 
Coprocessors 

Intel® Omni-Path  
Architecture  
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Tighter Component  Integration  

Benefits  

Bandwidth  

Density 

Latency 

Power 

Cost 

Cores 

Graphics 

Fabric 

FPGA 

I/O  

Memory  

Intel® Scalable  
System Framework 
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Tighter System-Level  Integration  
Innovative Memory -Storage Hierarchy  

 *cache, memory or hybrid mode  

Compute  
Node 

Processor 

Memory Bus 

I/O Node 

Remote  
Storage 

Compute 

Today 

Caches 

Local Memory 

Local Storage 

Parallel File System 
 (Hard Drive Storage) 
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Much larger memory capacities 
keep data in local memory  

Local memory is now faster  
& in processor package 

Compute 

Future 

Caches 

Intel® DIMMs based on  
0Æ ÚÒëåêðø Öáßäêëèëãõ 

Burst Buffer Node with  
Ëêðáèü ÑìðÝêáø Öáßäêëèëãõ ÕÕÆï 

Parallel File System  
(Hard Drive Storage) 

On-Package High 
Bandwidth Memory*  

SSD Storage 

Ëêðáèü ÑìðÝêáø Öáßäêëèëãõ 
SSDs I/O Node storage moves  

to compute node  

Some remote data moves  
onto I/O node  

Local 
Memory 

Intel® Scalable  
System Framework 
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What Makes a Great HPC Solution?  

Parallel File System  Switch Fabric  

Login and  
Management Nodes  

 .  .  . 

Actual configurations depend on specific OEM offerings and implementation.  

Intel® Omni-Path Fabric  
1GbE for 
administration  

IBA 

10/40 GbE 

Networking  
Gateways 

Intel® Software Tools  

Intel® Parallel Studio  
Intel® Node Manager 
Intel® Trace Analyzer  

I/O Nodes  

Intel® Networking  

Intel® Omni-Path Fabric  
 Intel® Silicon Photonics  

Burst Buffer  

Intel® Xeon® Processors 
Intel® Omni-Path Fabric  

Ëêðáèü ÑìðÝêáø 
Technology  

Compute Nodes  

Intel® Compute  

Ëêðáèü Úáëê Òäåø Òîëßáïïëîï 
Intel® Xeon® Processors 
Ëêðáèü ÑìðÝêáø Öáßäêëèëãõ 

Intel® Omni-Path Fabric  
 

Intel® Solutions for Lustre*  

Intel® Enterprise Edition for Lustre*  
Intel® Foundation Edition for Lustre*  

Intel® Cloud Edition for Lustre * 

Reference Architecture  

Intel® Cluster Ready 

Intel® Scalable  
System Framework 



Different Systems (Today) 

FORTRAN / C++ Applications  
MPI 

High Performance 

Java* Applications  
Hadoop*  

Simple to Use 

SLURM 
Supports large scale startup  

YARN* 
More resilient of hardware failures  

Lustre*  
Remote Storage 

HDFS*, SPARK* 
Local Storage 

Compute & Memory Focused  
High Performance Components 

Storage Focused  
Standard Server Components 

Server Storage 
SSDs 

Switch 
Fabric 

Infrastructure  

Programming  
Model  

Resource  
Manager 

File System  

Hardware  

Server Storage 
 HDDs 

Switch 
Ethernet  

Infrastructure  

Daniel Reed and Jack Dongarra, Exascale Computing and Big Data in Communications of the ACM journal, July 2015 ( Vol 58, No.7), and Intel analysis 
Other brands and names are the property of their respective owners.  



Emerging Real-Time Workflows  

Small Data + Small 
Compute  

e.g. EDA 

Big Data +  
Small Compute  
e.g. Search, Streaming,  
Data Preconditioning  

 
 
 
 

Small Data +  
Big Compute  

e.g. Mechanical Design, Multi-physics 

D
a

ta
 

Compute  


