
High Performance Computing 
Systems

 Benchmarks

Doug Shook via Roger Chamberlain



2

What is High Performance?
 Based on performance, of course

–Many possible interpretations of performance....

 What can we use as indicators of performance?

 How do we go about measuring performance?

 Can we distinguish between HPC systems and non-HPC 
systems?
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Benchmarks
 Used to assess performance of a machine

 Useful because they are “platform agnostic”
–Or are they?

 Drawbacks?
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Types of Benchmarks
 Real program

 Kernel

 Synthetic

 I/O

 Database

 Parallel
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Whetstone
 First benchmark to gain wide usage

 Remove compiler optimization from the picture

 Results reported in MWIPS

 Doug's Laptop: guesses?
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Dhrystone
 Only uses integer programming

– Why?

 Design tries to mimic “real programs”

 Still in use today

 Doug's Laptop: Guesses?
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NAS Parallel Benchmarks
 Developed by NASA in 1991

 Test suite – 8 different benchmarks
– Kernel (5)
– Computational Fluid Dynamics applications (3)
– More have been added since

 Designed for highly parallel systems (supercomputers)
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NAS
 Kernel
–Integer sort
–Embarassingly Parallel
–Multi-grid
–Conjugate Gradient
–Fast Fourier Transform
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NAS – CFD Benchmarks
 All three solve a system of non-linear PDEs, only             
     difference is the method used:

– Block Tridiagonal
– Scalar Pentadiagonal
– Successive over-relaxation (Gauss-Sidel)

 These were included because the field of CFD is an area of      
    particular interest to NASA (and others)
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NAS – Problems
 Two major issues:

– “Pencil and paper”
– Problem size

 Successive releases fixed these problems
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LINPACK
 Perhaps the most important benchmark today
–Not originally intended for benchmarking...

 Became increasingly successful because of its scalability

 Relies on LU decomposition:
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LINPACK - Details
 Sucessful due to its fairly simple procedure

– Gaussian elimination
– How many operations?

 Has been shown to provide performance at or near a       
    computer's limits

 HPLinpack allows for this benchmark to be executed on   
    parallel systems
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LINPACK
 Pros:

– Provides a single metric
– Highly scalable
– (relatively) Simple Algorithm

 Cons?
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TOP500 – Supercomputer Rankings
 Since HPC is a constantly developing field, what is           
   considered the “best” HPC changes frequently

– This has implications over time....

 Enter TOP500:
– Started in 1993
– Also provides information about theoretical 
performance, power consumption, number of cores, etc.
– List is recompiled twice a year
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TOP500 – The top 5 (Nov. 2016)
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TOP500 – The top 5 (Jun. 1993)



17

TOP500
 In the last 20 years the fastest super computer has         
    increased by an astonishing factor
 More astonishing: this growth conforms to expectations
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TOP500 – Country Breakdown
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TOP500 – Number of cores
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The Future of Benchmarking
 LINPACK is becoming less adequate

 Traversed edges per second (TEPS)
– Edge refers to....
– Traversal refers to....
– Tracked by Graph500

• Results?
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GRAPH 500
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What is High Performance?
 Answer: It depends
–Generically...
–Specifically...
 
 Many factors go into performance

 Performance is constantly being measured (benchmarks)


 So what do you think?
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