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Non-Reproducibility with Computational Sciences

Many levels of abstractions
 Reproduce a scientific result
 Find same insight

 Reproduce a computer based experiment
 Run code again and check result
 Good scientific practice

 Bitwise reproduce (repeat) a single experiment
 Run program with identical input data

All levels are present at the same time!
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Reproducibility Contest at SC‘16
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(Follow-up activity to Stodden´s talk at SC‘15)
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What are the Problems Here?

 In Climate Science
 Highly non-linear mathematics
 Simulations over long time periods

 In Computer Science
 Associative property does not hold
 Machines are non-deterministic
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Bitwise Reproducibility

What might harm bitwise reproducibility?
 Processors are exchanged
 Libraries are exchanged
 Compilers are exchanged
 Compiler options are changed
 Domain region is differently partitioned
 Number of compute nodes is changed
 Non-determinism in libraries with e.g. reduction operations
 Non-determinism in programs with e.g. load balancing

This is a non exhaustive list
 The order of items is non-deterministic
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Procedure for Climate Modelling

Example: ICON (icosahedral non-hydrostatic general 
circulation model)
 Requirement

Must deliver bitwise reproducible results for all possible 
domain compositions (strong requirement!)

 In fact: sequential and parallel must be identical
They really compare small data sets
(single core vs. multiple core)
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Benchmarking Problem During Procurement

 Requirements
 Vendor is allowed to use optimal compiler options
 Vendor is not allowed to change the scientific result of the 

climate model programs

 Consequences
 Bitwise reproducibility cannot be guaranteed
 However, result must not be biased
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Example of a Biased Result

Procedure
 Vendors use -O2 and -O3 with vectorization

Results
 Exhibits differences between
 -O2 novec and -O3 vec
 -O3 AVX from run to run

AVX + FMA + dynamic memory management = non-deterministic
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tsim=100d  O2: 10min30sec  -> O3: 8m41sec  => (+17,3%)

RSD 2021, Moscow, Russia 132021-09-27
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tsim=100d O3 -x AVX – 4 runs with identical input
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Some Observations
 Bitwise reproducibility difficult to implement
 Load balancing not possible
 Usage of optimized libraries prohibited
 High compiler optimization impossible

 And still not a reproducible scientific result
(because you will never have the same computer with 
the same libraries, compilers etc.)

 And presumably still not a reproducible computer based 
experiment because of lack of description
(a third party will not be able to reproduce it even on an 
identical environment)
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Some Questions Related to Science in General

Let‘s assume you really can reproduce an HPC based 
program run in a bitwise manner
 Why would you as the program author want to do 

that?
Answer from Max Planck Institute for Meteorology
 Find errors in parallelization

 E.g. races in OpenMP-based implementations

 Understand influences of changes with
 Compilers, libraries, global sums, ...
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Some Questions Related to Science in General

Let‘s assume you really can reproduce an HPC based 
program run in a bitwise manner
 Why would you as the program author want to do 

that?
 Why would someone else want to do that?
 Who would want to pay for doing this if it implies to 

copy e.g. the DKRZ infrastructure?
 Which progress in the history of mankind was based 

on being able to reproduce someone else’s scientific 
result in an identical way?
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A Personal Pre-Final Observation
 More questions than answers
 Different answers from different people

 Exascale will intensify the problems
 Data intensiveness will intensify the problem
 Machine learning will add to the problem
 The production of new scientific results increases 

exponentially

 Science needs to investigate the issue of how to evaluate 
the correctness and validity of its results

 Fortunately, we see for about 5 years more and more 
workshops on this issue
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Some (yet older) References
 Victoria Stodden

https://web.stanford.edu/~vcs/talks/SC15-Nov182015-STODDEN.pdf
 Heise-Newsticker: Open Science

https://www.heise.de/newsticker/meldung/Open-Science-Forscher-brechen-
aus-dem-Elfenbeinturm-aus-3630380.html
 Dagstuhl-Seminar on Reproducibility

http://drops.dagstuhl.de/opus/volltexte/2016/5817/
 Allison Baker et al.: Evaluating Lossy Data Compression

http://www.geosci-model-dev.net/9/4381/2016/
 Miriam Leeser, Panel at SC16: Reproducibility and Repeatability

http://sc16.supercomputing.org/presentation/?id=pan109&sess=sess177
 SC’16: SCC Reproducibility Initiative

http://sc16.supercomputing.org/studentssc/scc-reproducibility-initiative-
winner/
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