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Tutorial Overview

• Overview of SPEC and SPEC HPG (40 min)

• How to get, setup and run the SPEC benchmarks  (90 min)

• Break     (10 AM)                                                                  (30 min)                                        

• How to interpret and compare SPEC benchmark results (40 min)

• Conclusion and Wrap-Up (10 min)

Tutorial website: 
http://pages.iu.edu/~lijunj/sc19/
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ORNL RSA token

Get RSA token from Veronica & Swen, it’s needed to 
access Summit for the hands-on session.  
(ID is required)

Please return the RSA tokens when you leave.
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Overview of SPEC and the 
SPEC High Performance Group
Swen Boehm, Mayara Gimenes, Robert Henschel, 
Veronica G. Vergara Larrea, Junjie Li, Sandra Wienke

https://www.spec.org/hpg/publications

http://pages.iu.edu/~lijunj/pearc/

https://www.spec.org/hpg/publications
http://pages.iu.edu/~lijunj/pearc/


Contents

• Why SPEC benchmark?

• Intro to SPEC and SPEC HPG

• The SPEC Benchmark Philosophy

• SPEC HPG Benchmarks
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Why SPEC benchmark? 

• Let’s take a quick look at a published SPEC result: 
https://www.spec.org/mpi2007/results/res2017q4/
mpi2007-20171011-00580.html

More details will be discussed in later sections.  
q How much information do you see by reading other 

benchmark results? 

• Benchmark reports contain critical details for reproducibility.  
• Published SPEC results are peer-reviewed.
• All benchmarks are based on real applications.
• Rich database of published results.

• You will discover more details in this tutorial  

SC19 SPEC Tutorial - Part A: Overview

https://www.spec.org/mpi2007/results/res2017q4/mpi2007-20171011-00580.html


Contents

• Why SPEC benchmark?

• Intro to SPEC and SPEC HPG

• The SPEC Benchmark Philosophy

• SPEC HPG Benchmarks

SC19 SPEC Tutorial - Part A: Overview



Standards Performance Evaluation Corporation (SPEC)

• SPEC is a non-profit corporation formed in 1988 to establish, maintain and endorse 
standardized benchmarks and tools to evaluate performance and energy efficiency 
for the newest generation of computing systems.

• Composed of four groups
• Graphics and Workstation Performance Group (GWPG)
• High Performance Group (HPG)
• Open Systems Group (OSG)
• Research Group (RG)

• https://www.spec.org

• https://www.spec.org/hpg/
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Largest & Oldest Group
• Cloud
• CPU
• Java
• Power
• Virtual Machine
• File Server
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HPC benchmarks
• MPI
• OpenMP
• Accelerator

- OpenCL
- OpenACC
- OpenMP 4.5
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SPEC Members
132 member organizations as of July-2019, including:
- 95 companies
- 37 academic institutions 
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HPG develops benchmarks for high-performance computing 
systems, using real world applications.

• 30 member organizations as of July-2019
• 10 companies
• 20 academic 

SPEC High Performance Group (HPG)
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SPEC Benchmark Philosophy

• The result of a SPEC benchmark suite is always a SPEC score.
• Higher is better
• Some benchmarks also have a power score, in addition to a performance score

• This score is always in relation to a reference machine.
• Each benchmark has its own reference machine
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SPEC Benchmark Philosophy cont’d

• SPEC (HPG) benchmarks are full applications.

• Including all the overhead of a real application

• SPEC harness ensures correctness of results.

• To detect “overly aggressive optimization”

• To guard against tampering

• Each benchmark suite has a set of run rules.

SC19 SPEC Tutorial - Part A: Overview



SPEC Benchmark Philosophy cont’d

• Hierarchy within benchmark suites
• Benchmark suite i.e. SPEC MPI2007
• Dataset size ->     i.e. Large 
• Component ->   i.e. 104.milc
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SPEC Benchmark Philosophy cont’d

• Benchmarks support “Base” and “Peak” configuration
• These yield separate SPEC scores.

• Base runs
• The same compiler switches for all components
• The same parallelism

• “Peak” runs allow for more freedom of optimization.
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SPEC Power

• SPEC provides a standard methodology to measure and 
report power usage which can be incorporated into a 
SPEC benchmark.

• Normalizes the power usage across the full run of the 
suite
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SPEC Power

Power and 
temperature 

daemon

Power meter

Temperature sensor

System Under Test 
(SUT)
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Benchmark Development Process

• Group effort, with lots of discussions from members

• Final decisions are by vote, even though we strive for consensus

• Find benchmark candidates 

• Port into SPEC framework

• Port codes to additional programming models 

• Define run rules 

• Members meet in person multiple times a year, and online weekly. 
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Result Submission Process

• Perform a valid run

• Supply hardware and software description

• Submit result to SPEC HPG for review (and publication)

• 2 week review process

• Use the published result as you like, respecting the SPEC fair use 

guidelines.    

(you can access the results even if you are not a member)
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The Value of a Curated Result Repository
• Given appropriate hardware…. a published result should be 

reproducible just with the information available in the 
submission.

• Peer reviewed results are so much better than “everyone can 
upload a result”!    

• The value of a benchmark suite lies in public results, their 
correctness and the ability to compare them.
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SPEC CPU – Not an HPG Benchmark!!

• SPEC CPU (2006 and 2017) is the most well known SPEC benchmark.

• Created by the Open Systems Group of SPEC

• HPG uses the same framework, if you are familiar with running SPEC CPU, you 
can run SPEC HPG benchmarks (And the other way around!).
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SPEC OMP2012

• Follow on to SPEC OMP2001

• 14 applications

• Scales up to 512 threads

• Support for power measurement

• Citation:

Matthias S. Müller, John Baron, William C. Brantley, Huiyu Feng, Daniel Hackenberg, Robert Henschel, Gabriele 
Jost, Daniel Molka, Chris Parrott, Joe Robichaux, Pavel Shelepugin, Matthijs van Waveren, Brian Whitney, and 
Kalyan Kumaran. 2012. SPEC OMP2012 -- an application benchmark suite for parallel systems using OpenMP. 
In Proceedings of the 8th international conference on OpenMP in a Heterogeneous World (IWOMP'12), Barbara 
M. Chapman, Federico Massaioli, Matthias S. Müller, and Marco Rorro (Eds.). Springer-Verlag, Berlin, Heidelberg, 
223-236. DOI=http://dx.doi.org/10.1007/978-3-642-30961-8_17
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SPEC OMP2012
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SPEC ACCEL

• SPEC Accel provides a comparative performance measure of 
• Hardware accelerator devices (GPU, Co-processors, etc.) 
• Supporting software tool chains (Compilers, Drivers, etc.)
• Host systems and accelerator interface (CPU, PCIe, etc.)

• Computationally-intensive parallel HPC applications and mini-apps

• Portable across multiple accelerators 

• Three distinct benchmarks
• OpenACC 
• OpenCL 
• OpenMP 4.5  (first OpenMP 4.x benchmark supporting target offload)

• Support for power measurement
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SPEC MPI2007

• Large and medium data set

• 13 applications

• Scales to 2048 MPI processes

• Power not supported

SC19 SPEC Tutorial - Part A: Overview



Result Submissions by Benchmark
• 1300+ published results, include all latest hardware
• Rich database for performance study
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Under Development

SPEC HPC2020
• First hybrid benchmark to address larger heterogeneous systems
• Scale up to 8000 MPI ranks
• Supports MPI, and MPI + multiple node level parallelisms (e.g. OpenMP, 

OpenACC, and possibly others)
• Expect to ship in 2020
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Join and Contribute

• Submit results

• Become a member ($800 for academic member)

• Contribute benchmark components

• Help with benchmark suite development

• Test release candidates
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Thank you!

Contact
SPEC Headquarters: info@spec.org
Swen Boehm: boehms@ornl.gov
Mayara Gimenes: mayara@udel.edu
Robert Henschel: henschel@iu.edu
Veronica G. Vergara Larrea: vergaravg@ornl.gov
Junjie Li: lijunj@iu.edu
Sandra Wienke: wienke@itc.rwth-aachen.de

Questions?
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