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Intel Transforming HPC 

HPC MSS: 84% 
80% of Top 500 

Compute 

Fabrics 

Storage 

Software 

~20% of Top 500 

Source: Top 500.org 

Presenter
Presentation Notes
June 2003: #1 system: Japan Agency for Marine -Earth Science and Technology – NEC Earth Simulator system: 35TF
Nov 2003: The same system was #1 again



Key technical challenges 

Reliability 
And 

Resiliency 

Interconnect 

Memory 

Power 
Management 

Microprocessor  

Parallel 
Software 

Exascale systems will integrated 
multiple technology innovations 

Key HPC system level challenges 
 

• Compute density, efficiency 
• Power efficiency 
• Memory capacity, performance 
• Network performance 
• Reliability 

Presenter
Presentation Notes
The “4 pillars” sometimes discussed excludes S/W and power management.



Exascale 

Goal:  1-ExaFlops (1018)  within 20 MW by 2018 

Solve many yet impossible life changing problems 
Make PFlop HPC computing affordable and ubiquitous 
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Trends to Exascale Performance 

Roughly 10x performance every 4 years. 
Predicts that we’ll hit Exascale performance in 2018-19 

 



Quick status 

At System Level: 
– Today:        10 PF,  12 MW 

–1200 pJ/Op 
– Exaflop: 1000 PF,  20 MW 

–20 pJ/Op 
Needs improvements in all 

system components 
– Processor portion needs to 

reduce to 10 pJ/OP 
– ~60x improvement needed 

for Exascale 
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Can expect  1.5-3X improvement 
per generation 

– Process, uArch 
• Still 2-3X gap to resolve .. 
 
 
 
 
 

Gap 2-3x 

Presenter
Presentation Notes
Peak or Sustained



Intel’s Many Core and Multi-core Engines 

Intel® Xeon® processor: 
• Intel’s Foundation of HPC Performance 

• Suited for full scope of workloads 

• Industry leading performance/watt for serial & 
highly parallel workloads. 

 

Intel® Xeon PhiTM 
Architecture: 
• Optimized for highly parallelized compute 

intensive workloads 

• Common programming model & S/W tools with 
Xeon processors, enabling efficient  app 
readiness and performance tuning 

• Launched on 22nm with up to 61 cores and 
required B/W to provide outstanding 
performance for highly parallel HPC uses 

 

Multi-core Intel® Xeon® Processor at 2 - 3.5 GHz 

Intel® Many Integrated Core (MIC) Architecture at 1-1.33 
GHz 

* Die size not to scale 
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Presenter
Presentation Notes
Some recent press articles have inaccurate said that Intel is competing in the Accelerator Market.
Let me show you why that isnt true.



The “Knights” Family 
(* Project code names, not product names) 

Knights Ferry (KNF) 

1st Intel® Xeon Phi™ 
product 
22nm process 
Up to 61 Intel Architecture 
Cores 
PCIe 

Knights Corner (KNC) 

Knights Landing 
and 
Future Knights 
Products 

Software Development Platform 



Knights Corner is… 

Optimized, Highly Parallel  
Intel Co-Processor 

(connected via PCIe to Intel® Xeon® processor host) 
 

Runs Complete Applications 
IP Addressable 

Open Source Linux OS 
Common Source Code 

Standard models of clustering 
 

Builds on / Advances  
State of the Art in Parallelism  

Intel Developer tools 

1
0 

Presenter
Presentation Notes
KNC is an optimized, highly parallel co-processor .   Unlike traditional GPU accelerators, KNC is more accessible and programmable because it is a fully functional HPC compute node  visible to applications as though it were a computer.




ISCA 2013 

More Than 1 TFLOP/sec (DP) Sustained 

ASCI Red: 1 TeraFlop/sec 
December 1996 

1996 First System 1 TF/s Sustained 
7264 Intel® Pentium® Pro Processors** 

OS: Cougar 
72 Cabinets 

 

Knights Corner: 1 TeraFlop/sec 
November 2011 

2011 First Chip 1 TF/s Sustained 
One 22nm Chip 

OS: Linux* 
One PCI Express* slot 

Source” http://en.wikipedia.org/wiki/ASCI_Red  Photo: Photo: http://www.top500.org/system/details/2758 

** (with 2/3 system built…Full system later upgraded 
to 3.1 TeraFlops/sec with 9298 Intel® Pentium II Xeon processors) 

* Other names and brands may be claimed as the property of others. 
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http://en.wikipedia.org/wiki/File:ASCI-red.jpg
http://en.wikipedia.org/wiki/ASCI_Red


ISCA 2013 

• Reliability Features 
– Parity on L1 caches 
– ECC on L2 caches 
– ECC on Memory 
– CRC on Memory IO 
– Command-Address Parity on Memory IO 

 

 
 

Knights Corner Chip-level Architecture  
• Up to 61 Cores 

 
• High Performance On-Die 

Bidirectional Interconnect 
– Fully Coherent L2 Caches 
– Distributed Global Tag Directory 

 
• Memory 

– 8 Memory Controllers 
– 16 GDDR5 Channels @ 5.5 GT/s 
– Up to 16GB Capacity (4Gb dev) 
– Clamshell Supported 

 
• PCIe Gen2 x16 (EP) 

– Up to 14 GB/s w/ 256B Packets 
– Support for P2P transactions 
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ISCA 2013 

In the #1 System on the Top 500 (June ’13) 

• Developed by Inspur & National University of Defense Technology 
• 32000 IVT CPU’s and 48000 KNC Cards 
• System Peak Performance = 55 PF (33.9 PF delivered) 
• Total Memory = 1.4PB, Total Disk Space = 12.4PB 
• System Power = 17.8 MW 
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Milky Way -2 
3,120,000 Core Supercomputer 

Source:  www.top500.org, June 2013 

http://www.top500.org/
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KNC Results 
FFT* 

QCD* 

Hydro* 

* See Backup slides 24-26 for benchmark and system details 

Intel® Xeon® and Xeon Phi™: both benefit from a common-set of 
manycore-friendly optimizations 



Chip-level Power Distribution 

At chip level core power is even smaller portion (~15%).  
X86 support, OOO, TLBs ~6% of the chip power 
Benefits outweigh the gains from removing them 

Fetch+Decode OOO+speculation Integer Execution

Caches

TLBs

Legacy
Others

45%

40%

Fetch+Decode
OOO+speculation
Integer Execution
Caches
TLBs
Legacy
Others
FP Execution
UncoreFP 

Interconnect  
and memory 
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Next Intel® Xeon Phi™ Processor:   
Knights Landing 

All products, computer systems, dates and figures specified are preliminary based on 
current expectations, and are subject to change without notice. 

Designed using  
Intel’s cutting-edge  

14nm process 
Not bound by “offloading” 

bottlenecks 

Standalone CPU  or  
PCIe coprocessor 

Leadership compute & memory 
bandwidth 

Integrated  
on-package  memory 
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ISCA 2013 

Intel® Advanced Vector Extensions 512 (Intel® AVX-
512) 

• 512-bit SIMD Instructions 
• 8x 64-bit F.P./INT or 16x 32-bit F.P./INT per 512-

bit register 
• 32x 512-bit registers (ZMM0-ZMM31) 
• 8x mask registers 
• First implemented in the future Intel® Xeon Phi™ 

processor and coprocessor known by the code 
name Knights Landing 

• Also supported by some future Intel® Xeon® 
processors 
 

For testing the Intel® Software Development Emulator (Intel® 
SDE) has been extended for Intel AVX-512 and is available at 
http://www.intel.com/software/sde. 
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Memory going forward 
• Significant power consumed in Memory 

– Need to drive 20 pj/bit to 2-3 pJ/bit  

• Balancing BW, capacity and power is hard problem 
 

• More hierarchical memories 
• Progressively more integration 

CPUDie 

Direct Attach Usage 

Logic Die 

Multi-chip Package Usage 

2A 

CPUDie 

Multi-package Usage 

2A 
CPU 

Logic Die 
package 

Memory 
Memory Memory 
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More integration  
Unprecedented Innovations Only Enabled by the Leading Edge Process Technology 

Coming Tomorrow 

SYSTEM LEVEL BENEFITS IN  COST,  POWER,   
DENSITY,  SCALABIL ITY,  &  PERFORMANCE 

Integrated Today 

Math Coprocessor Memory Controller  

Graphics I/O Controller 

In Package Memory 



Remaining questions going forward 

• Math libraries and h/w 
accelerators 
– H/W acceleration 10-100X more 

efficient than general 
programmable cores/GPU’s 

– Usually hard to predict upfront 
which functions if hardened will 
be impactful across many 
applications 

– Basic math libraries are 
probably worth looking at. Need 
a solution for both compute as 
well as data delivery 

• Data parallelism and vector 
processing 
– Vector processing highly efficient (PPA) 
– Still hard to program, create compilers 
– Some problems will never parallelize 
– Several potential directions going 

forward 

• Memory architecture 
– Need high capacity, high bandwidth 
– Certain apps need low latency 
– Need low power 
– Caches vs. scratch pad  

• Network architecture  

  



Summary 

• Intel leading with HPC solutions around Xeon/Xeon-
Phi 

• KNC meeting expectation and showing encouraging 
results 

• Knights Landing and subsequent generations under 
development 

• Key system level questions will require cross-
industry efforts 
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