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Replication crisis

From Wikipadia, the Irée encyclopedia

The erisis [or replicability crisis or rep ility erisis) is, a5 of 2020, an ongoing methodological criais n
which it has been found that many ara dilficult or 1o replicate or reproduce. The repication crisis
attects the soclal and most 'mTh.=Mhumwmm:m|phmm:mlnlm
Mzmnﬂ‘]aapmmagwmammmdmammnﬂha crisis an body of

A the field of metasciance (]

Because the reproduciblity of expanmantal resuits 15 an assental par of he sclentific msthod, 8] the Inabilny 1o replicaie the
studies of athers h grave ¢ for many fields of science in which significant theories are grounded on
unreproducible experimental wor. The ion crisis has bean wiidely inthe field of and in
medicine, where a number of efiorts have been made to re-investigate classic results, 1o determine both the reliability of the
rasults and, I found 1o be unreliatie, 1he reasons for the tasure of replicaton. 7181
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Geoffrey Chang

From Wikipedia, the free encyclopedia

Geoffrey Chang is a professor at the University of California, San Diego's Skaggs School of Pharmacy
and Pharmaceutical Sciences and Department of Pharmacology, School of Medicine. His laboratory
focuses on the structural biclogy of integral membrane proteins, particularty exploring X-ray
crystallography techniques for solving the tertiary structures of membrane proteins that are notoriously
resistant to crystallization, The laboratory has specialized in structures of multidrug resistance
transportar proteins in bactaria, In 2001, while a faculty member of Tha Scripps Research Insfitute,
Chang was awarded a Backman Young Investigators Award,[1] designed to support researchers early in
their academic careers, for his work on the structural biclogy of multidrug rssislmce,m Chang
announced a move from Scripps to neighboring UG San Diego in 2012131

Wmmmmmmmmﬂ.mm m
which led to the discovery of a critical bug in the Chang group's custom software toels.? Since that
time, hawever, Chang has published other papers in the field of structural biology, /18] and has been
awarded a EUREKA grant, "for exceptionally innovative research projects that could have an
extracrdinarily significant impact on many areas of science," from the National Institutes of Health.[7]
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COMMENTARY

Five retracted structure reports: Inverted or incorrect?

BRIAN W. MATTHEWS

Institute of Molecular Biology, Howard Hughes Medical Institute, and Department of Physics, University of Oregon,
Eugene, Oregon 97403, USA

B.W. Matthews, Protein Science, 2007


https://doi.org/10.1110/ps.072888607

Chemical physics: how many phases for supercooled water?

PHYSICS TODAY

HOME BROWSE™ IMFO~ RESOURCES~ JOBS

DOI:10.1063/PT.6.1.20180822a

22 Aug 2018 in Research & Technology

The war over supercooled water

How a hidden Mrueled a seven-year dispute between two of condensed matter's top theorists.
methadological choics

Ashley G. Smart

A.G. Smart, Physics Today, 2018
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https://physicstoday.scitation.org/do/10.1063/PT.6.1.20180822a/full/

The trinity of reproducibility

Experimental reproducibility:
Re-do an experiment and get sufficiently close results.

Statistical reproducibility:
Re-do a study with a different sample and get sufficiently close results.

Computational reproducibility:
Re-do a computation (data analysis, simulation, ...) and get identical results.
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Causes of the reproducibility crisis

Experimental reproducibility: well understood
Re-do an experiment and get sufficiently close results.

Statistical reproducibility: incomplete understanding of statistical methods
Re-do a study with a different sample and get sufficiently close results.

Computational reproducibility: lack of rigor in documenting computations
Re-do a computation (data analysis, simulation, ...) and get identical results.
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Reproducibility vs. replicability

Reproducibility

Technical

Done right?
Straightforward.
Simple answer: yes/no

Verification

Replicability
@ Scientific
@ The right thing to do?
@ Difficult to judge.
@ Complex answer: if... maybe...
@ Validation

In scientific computing:

Same software
Same parameters
Same data

Identical result?

@ New software
@ Same parameters
@ Same data (or not)

@ Equivalent result?
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Scientific method: replicability / validation

Reproducibility is a verification criterion that accelerates validation



Why reproducibility matters in scientific computing

@ Know for sure what has been computed.
@ Ability to verify the computation.

@ Safe reuse for other applications.

Particularity of computation: determinism

Except for parallel computing, a deal with the devil: trade speed against loss of control.
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Robustness

Scientific methods should not be sensitive to technical details.

Such as: compiler versions, operating systems, numerical discretization schemes, ...

Robustness checks test replicability, not reproducibility.
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230 A. M. Toriwe [Nov. 12,

ON COMPUTABLE NUMBERS, WITH AN APPLICATION TO
THE ENTSCHEIDUNGSPROBLEM

By A. M. Tvrixe.

[Received 28 May, 1036, —Rem 12 November, 1036.]

Proceedings of the London Mathematical Society 42, 230 (1937)



What's a computation?

Input

100111100001001100110101101100
001010011101010111110001001101
010111101100011110111011110001
001100001110111000100100000111
110101100111001110100000100110
110111100111000011111101101111
111001001011110001100110000101
011100001000010001011110000010
110101110011101111001010100111
111000101110011001101101001001
011001010100101011000001001100
110100111001011111100001011101
011110111110001111011110101101
000001110110011001010101011100
100010110001100000111001100010
000000111011100100100101010111
000010000001100001000010110110
101111101111000111100101110101
100101010100001001110100010001
011110011010100101111011110101
100011000110110001011101100110
110100000100000011011000001101
100000011100100111101101011011
010110010001000101110111001010
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Output

000000111011001010000100111011
110000110111011101111110101010
000110010101111100101110110100
001110110011010110000101011010
111101111100000100010111010111
111010001000010010111100111001
111001100101000111101000011100
101111110000011011011011110001
100100110111101111000101010100
111110011010111011010011011100
111011100011110101011111000100
010111011010100100011110100011
001111000001111110001011100111
101101100000100011100111110011
001101000010011000110011000011
101011110111101010000011010001
010111100101010010011100011011
001010101100101000001010000110
100000101001110011010000011100
001110011000111111111000001100
100100010100000110001011010000
010110010111101001000010100010
101011110001001001010010111000
011000100000010000000011100111

Computer by Creative Stall from the Noun Project
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Chaos!

Konrad Hinsen (CBM/SOLEIL)

Input

100111100001001100110101101100
001010011101010111110001001101
010111101100011110111011110001
001100001110111000100100000111
110101100101001110100000100110
110111100111000011111101101111
111001001011110001100110000101
011100001000010001011110000010
110101110011101111001010100111
111000101110011001101101001001
011001010100101011000001001100
110100111001011111100001011101
011110111110001111011110101101
000001110110011001010101011100
100010110001100000111001100010
000000111011100100100101010111
000010000001100001000010110110
101111101111000111100101110101
100101010100001001110100010001
011110011010100101111011110101

100011000110110001011101100110
110100000100000011011000001101
100000011100100111101101011011
010110010001000101110111001010

110011011001111000000100101010
111111070001000001100110001010
110001110100001111001100010111
1100001011000101171700001010000
001101100100110111010001000110
000011100001101110000111001000
000111000001000001000111110100
100010010011001000010011011101
000111110000101001110100010111
000100010010010001011111010011
001000000011110001000101110111
010000010000111000010010111011
001000110001001001101000111100
100100111110000001011100100011
111000000010000110010001000010
001011100001001010011011011101
010010000001001100010011010010
000010001000000111101000000010
011000000111000010011100010100
001010000110111001001001101000
100011010100110000001001010011
010000010010100711000010000000
0010101011000007111000000101000
000110100001100000110010111011
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What's a computation?

Input

100111100001001100110101101100
001010011101010111110001001101
010111101100011110111011110001
001100001110111000100100000111
110101100111001110100000100110
110111100111000011111101101111
111001001011110001100110000101
011100001000010001011110000010
110101110011101111001010100111
111000101110011001101101001001
011001010100101011000001001100
110100111001011111100001011101
011110111110001111011110101101
000001110110011001010101011100
100010110001100000111001100010
000000111011100100100101010111
000010000001100001000010110110
101111101111000111100101110101
100101010100001001110100010001
011110011010100101111011110101
100011000110110001011101100110
110100000100000011011000001101
100000011100100111101101011011
010110010001000101110111001010

Konrad Hinsen (CBM/SOLEIL)

Output

000000111011001010000100111011
110000110111011101111110101010
000110010101111100101110110100
001110110011010110000101011010
111101111100000100010111010111
111010001000010010111100111001
111001100101000111101000011100
101111110000011011011011110001
100100110111101111000101010100
111110011010111011010011011100
111011100011110101011111000100
010111011010100100011110100011
001111000001111110001011100111
101101100000100011100111110011
001101000010011000110011000011
101011110111101010000011010001
010111100101010010011100011011
001010101100101000001010000110
100000101001110011010000011100
001110011000111111111000001100
100100010100000110001011010000
010110010111101001000010100010
101011110001001001010010111000
011000100000010000000011100111
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What's a computation?

Input Output

B I Data

Computer by Creative Stall from the Noun Project
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What's a computation?

Input Output

Program — Data

Environment

Computer by Creative Stall from the Noun Project
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The scientist’s point of view

Input

Data my research
............ Program my colleagues' code
..... Enwronment stuff | don't care about
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What's the result of this program?
data_analysis.py

from datalib import Dataset
points = [(1, 1), (-1, 1), (2, 4)]

data = Dataset()
for x, y in points:
if x> 0:
data.add_value(y)
print(data.average())
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Know your libraries and languages

datalib.py

class Dataset(object):

def init_  (self):
self.values = []

def add value(self, value):
self.values = [value]l

def average(self):
return sum(self.values, 0)/len(self.values)

Surprise! A bug! add_value stores only the last value!
The result of data_analysis.py is thus 4. More precisely: 4 in Python 2 but 4.0 in
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The meaning of bits

Input
Data zeros and ones
Program interpretation of the data

Environment | interpretation of the program
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What's a computation?

Input Output

Program — Data

Environment

Computer by Creative Stall from the Noun Project
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Where does the program come from?

Input

Output

Source code

Environment

Program

Computer by Creative Stall from the Noun Project

Konrad Hinsen (CBM/SOLEIL) Computational reproducibility in theory and practice

19 April 2021

24/38



And where does the environment come from?

Input

Package
N+1

Package
manager

Environment
N

Output

Environment
N+1

Computer by Creative Stall from the Noun Project
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OK, then, where do the packages come from?

Input Output

Package
source for X

Build system |— S . Package X

Build
environment
for X

Computer by Creative Stall from the Noun Project
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In summary...

Input Output

Package  Build environment
source A  for package A

Package  Build environment -
source B~ for package B > > D ata

Package  Build environment
source G for package C

Package manager
Build manager

Computer by Creative Stall from the Noun Project
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Without forgetting...

I n p ut g Package  Build enwonm,eﬁf O utp ut

source A for package.A

Package BuilgAeﬁ'vironmem
source B forpackage B

Packagé. Build environment

P rogra m ‘f'gurﬁe C  for package C

Package
source A

Package manager
BuMtd' manager.......

Package  Build environment -
source B~ for package B > ! > D at a
i ——]

Package  Build environment
source G for package C

Package manager
Build manager

Computer by Creative Stall from the Noun Project
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A different view

A

Source
Source Jobry -
code Library B|| |(Compiler|

—|[Library A Source

code
—>||Library B

> |[Library 1]
—||Library 2

Source l
code

> |[Library A [Program| :
> Input — i

Tables
data
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Figures
Tables




Source

code

Figures
Input Tables
data




Program|

Figures
Input Tables
data




Source
code

Program|

Figures
Input Tables
data




-_Com iler
: Library A

Library B Compiler
R
Library B

Library 2

[Library Al Program|

Library B

Figures
Input Tables
data




Paper plus source, software via Guix or Nix

A

Source
Source Jobry -
code Library B|| |(Compiler|

—|[Library A Source

code
—>||Library B

> |[Library 1]
—||Library 2

Source l
code

> |[Library A [Program| ,
- [beys] (T — [

Tables
data
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Case study: floating-point arithmetic

Standardized in 1985 by the norm IEEE 754
Universally accepted today

°

°

@ Precisely defined deterministic operations

@ No direct access to IEEE 754 in high-level programming languages
°

Compiler writers decide how formulas are translated into IEEE 754 operations

For reproducibility, consider the compiler an integral part of your program!
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The future of reproducibility
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https://www.pinclipart.com/pindetail/hxwxxT_vector-illustration-of-crystal-ball-gazing-with-fortune/

The future of reproducibility

Reproducibility will be guaranteed automatically by the computer.

Technologies for ensuring the integrity of distributed digital information:

@ checksums
@ content-addressed storage

Already used by:
@ Git, Software Heritage
@ Nix, Guix
@ IPFS/IPLD

Remaining challenges:
@ Reconciling interactivity with reproducibility
@ Replicability
@ Verifiability
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