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The Royal Society motto [. . . ]:
The determination [. . . ] to verify all statements by an appeal

to facts determined by experiment. (Wikipedia)
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I Industry: Siemens Corporate Research
I Academia: Professor at Technical University of Applied Sciences Regensburg
I Favourite reproducibility badge: ICSE 2019

Stefanie Scherzinger
I Industry (earlier): Software developer (IBM, Google)
I Academia: Professor at University of Passau
I Favourite reproducibility badge: BTW 2021
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What to Expect

github.com/lfd/icde2021_tutorial


Long-Term Maintenance in Industry
I Boeing 747 aircraft

I Development started in 1966
I Last machines produced in 2022 will be in service until about 2050

I Bitcoin
I Tor Browser
I Civil Infrastructure Platform Initiative: Linux Kernels

Piggyback Strategy for Research
Put your money on open source tools that are massively employed:
as industry has a strong incentive (and the resources) to maintain them.
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Consensus in Industry

www.cip-project.org
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Play-along docker recipe: https://github.com/lfd/icde2021_tutorial.
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1. Working Example
Working Example I

github.com/lfd/icde2021_tutorial


We measure
I Query runtime
I Throughput
I Latency

We encounter:
I Noise
I Variability
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1. Working Example
Working Example II
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1 void measure_query(char ∗dbfi le , char ∗basepath , char ∗query , int i terat ions ) {
2 / / . . . pre−allocate mm buffer to hold time stamps . . .
3 / / . . . open DB connection , open dbfi le , read in query string . . .
4

5 tstamps[0] = get_tstamp ( ) ; / / Record start timestamp.
6 for ( int count = 1; count < iterat ions ; count++) {
7 rc = sqlite3_exec (db, sql , 0, 0, &err_msg ) ;
8 / / . . . handle potential errors . . .
9

10 tstamps[count ] = get_tstamp ( ) ; / / Record end timestamp.
11 }
12

13 / / . . . write durations from mm buffer to to stdout . . .
14 / / . . . free resources . . .
15 }

latency.c
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1. Working Example
Working Example III
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1 sqpolite> . load . /pplease
2 sqpolite>
3 sqpolite> select pplease(o_comment) from orders limit 3;
4 What was the magic word again?
5 nstructions sleep furiously among
6 foxes . pending accounts at the pending , s i lent asymptot
7 sly f ina l accounts boost , please . careful ly regular
8 sqpolite>
9 sqpolite>

10 sqpolite> select pplease(o_comment) from orders limit 3;
11 nstructions sleep furiously among
12 foxes , please . pending accounts at the pending , s i lent asymptot
13 sly f ina l accounts boost . careful ly regular
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1. Working Example
Working Example IV
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I Artefacts (data, code, SW tools, scripts)
I Build process
I Need to compare both the artefacts and the results.

https://github.com/lfd/icde2021_tutorial
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2. Reproduction 101
Components and Processes
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Various choices for target dimensions:
I Artefacts: bitwise identity, functional identity
I Observables

I physical quantities (time, energy consumption, . . . )
I functional results (bitwise-identical, permutation-identical, . . . )
I stochastic results (numerical noise, . . . )

I Build the toolchain itself (y/n)
I Unspecified dependencies (y/n)
I External sources (y/n)
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2.1 Goals
Target dimensions

github.com/lfd/icde2021_tutorial


Hands-on examples: Building & Comparing
I Binaries (C/C++)

Further Challenges
I Linking
I Libraries
I Tarballs

Tool Support
I Reprotest (pypi.org/project/reprotest/)
I Diffoscope (diffoscope.org/)
I See the accompanying website for further links
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2.2 Building and Comparing Artefacts
Hands-On Example: Building & Comparing Artefacts

pypi.org/project/reprotest/
diffoscope.org/
github.com/lfd/icde2021_tutorial


Create “an island of stability in an ocean of activity”
Be independent of updates to external components, because. . .
I Base system details change (package versions, etc.)
I System runtime configuration (beyond distro and kernel versions) changes
I Github repositories disappear
I Projects move between hosts (Sourceforge, GitHub, . . . )
I External software is no longer maintained, download links disappear
I . . .

Goal: Build self-contained, complete environments
Be ready to build your stuff even when you trapped on an island
without internet access, or 20 years after all the repositories have gone.
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3. Building Docker Reproduction Images
Oceans and Islands
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Docker Container

Public Git
Repository PatchesBinaries

Build
Recipe

Compiled
QueriesDispatcherEvaluation

Tarball

Measurement A
(x86)

Results A

Charts A

Measurement B
(ARM)

Results B

Charts B

A −→ B, B integrates A
A =⇒ B, B is produced by A

Temporal flow

Wolfgang Mauerer, Ralf Ramsauer, Edson Ramiro Lucas Filho, Daniel Lohmann, Stefanie Scherzinger:
Silentium! Run-Analyse-Eradicate the Noise out of the DB/OS Stack. BTW 2021.
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3. Building Docker Reproduction Images
Illustration
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3. Building Docker Reproduction Images
Hans-On Example: Automated Repr. Build

github.com/lfd/icde2021_tutorial


Docker container Target platform

Measurement
package

Copy

.csv

Copy

Build
artefacts Run

experiments

Generate
graphs+paper
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3.1 Self-Contained Execution Packages
Building Execution Packages
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3.1 Self-Contained Execution Packages
Hands-On Example: Execution
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https://github.com/sqlite/sqlite

https://github.com/lfd/sqlite

Reproduction base

Relevant for upstream

Research-only

Custom project…

https://github.com/lfd/icde2021_tutorial

pplease extension
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4.1 Standing on the Shoulders of Giants
Artefacts extended by Research
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Hands-On Example: Patch Stacks
I Presenting thoughts versus presenting results
I Rebasing, squashing, rewriting and all of that
I Self-documenting patches
I Trail of responsibility/lineage and provenance
I Upstream, integrate, externalise?
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4.2 Making History
Creating Proper Histories I
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Steps
I Choosing a license
I Specifying a license
I SPDX
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4.3 Licensing Considerations
Licensing Consideration I
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Proprietary, closed-source components
Just don’t!! Try not to use them.
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4.3 Licensing Considerations
Licensing Consideration II
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We have solved two problems:
I Our build is reproducible.
I Our results are reproducible.

Two more to go:
I We need to write a paper.
I We need to make our artefacts available.
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4.3 Licensing Considerations
Summary
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Determining the Weight of a Petabyte of Cat Images
Wolfgang Mauerer

Technical University of Applied Science Regensburg
Siemens AG, Corporate Research
Regensburg/Munich, Germany
wolfgang.mauerer@othr.de

Stefanie Scherzinger
University of Passau
Passau, Germany
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ABSTRACT
We address the question of how to measure the weight of a petabyte
worth of random noise in metric units. Quisque consectetuer. In
suscipit mauris a dolor pellentesque consectetuer. Mauris convallis
neque non erat. In lacinia. Pellentesque leo eros, sagittis quis, fer-
mentum quis, tincidunt ut, sapien. Maecenas sem. Curabitur eros
odio, interdum eu, feugiat eu, porta ac, nisl. Curabitur nunc. Etiam
fermentum convallis velit. Pellentesque laoreet lacus. Quisque sed
elit. Nam quis tellus. Aliquam tellus arcu, adipiscing non, tincidunt
eleifend, adipiscing quis, augue. Vivamus elementum placerat enim.
Suspendisse ut tortor. Integer faucibus adipiscing felis. Aenean con-
sectetuer mattis lectus. Morbi malesuada faucibus dolor. Nam lacus.
Etiam arcu libero, malesuada vitae, aliquam vitae, blandit tristique,
nisl.

ACM Reference Format:
Wolfgang Mauerer and Stefanie Scherzinger. 2021. Determining the Weight
of a Petabyte of Cat Images. In Proceedings of Super Elastic Petabyte Processing
Conference (SEPP’21). ACM, New York, NY, USA, 2 pages. https://doi.org/10.
1145/nnnnnnn.nnnnnnn

1 INTRODUCTION
Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Ut purus
elit, vestibulum ut, placerat ac, adipiscing vitae, felis.

2 RESULTS
Nam dui ligula, fringilla a, euismod sodales, sollicitudin vel, wisi.
Morbi auctor lorem non justo. Nam lacus libero, pretium at, lobortis
vitae, ultricies et, tellus. Donec aliquet, tortor sed accumsan biben-
dum, erat ligula aliquet magna, vitae ornare odio metus a mi. Morbi
ac orci et nisl hendrerit mollis.

Nulla malesuada porttitor diam. Donec felis erat, congue non,
volutpat at, tincidunt tristique, libero. Vivamus viverra fermentum
felis. Donec nonummy pellentesque ante. Phasellus adipiscing sem-
per elit. Proin fermentum massa ac quam. Sed diam turpis, molestie
vitae, placerat a, molestie nec, leo. Maecenas lacinia. Nam ipsum
ligula, eleifend at, accumsan nec, suscipit a, ipsum. Morbi blandit
ligula feugiat magna.

Permission to make digital or hard copies of all or part of this work for personal or
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for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than ACM
must be honored. Abstracting with credit is permitted. To copy otherwise, or republish,
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fee. Request permissions from permissions@acm.org.
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Figure 1: Scatter plot of measurements that show the in-
fluence of global warming on Mie scattering of polaritons
against storage arrays.

Quisque ullamcorper placerat ipsum. Cras nibh. Morbi vel justo
vitae lacus tincidunt ultrices. Lorem ipsum dolor sit amet, con-
sectetuer adipiscing elit. In hac habitasse platea dictumst. Integer
tempus convallis augue. Etiam facilisis. Nunc elementum fermen-
tum wisi. Aenean placerat. Ut imperdiet, enim sed gravida sollic-
itudin, felis odio placerat quam, ac pulvinar elit purus eget enim.
Nunc vitae tortor. Proin tempus nibh sit amet nisl. Vivamus quis
tortor vitae risus porta vehicula.

Fusce mauris. Vestibulum luctus nibh at lectus. Sed bibendum,
nulla a faucibus semper, leo velit ultricies tellus, ac venenatis arcu
wisi vel nisl. Vestibulum diam. Aliquam pellentesque, augue quis
sagittis posuere, turpis lacus congue quam, in hendrerit risus eros
eget felis. Maecenas eget erat in sapien mattis porttitor. Vestibulum
porttitor. Nulla facilisi. Sed a turpis eu lacus commodo facilisis.
Morbi fringilla, wisi in dignissim interdum, justo lectus sagittis dui,
et vehicula libero dui cursus dui. Mauris tempor ligula sed lacus.
Duis cursus enim ut augue. Cras ac magna. Cras nulla. Nulla egestas.
Curabitur a leo. Quisque egestas wisi eget nunc. Nam feugiat lacus
vel est. Curabitur consectetuer.

Suspendisse vel felis. Ut lorem lorem, interdum eu, tincidunt sit
amet, laoreet vitae, arcu. Aenean faucibus pede eu ante. Praesent
enim elit, rutrum at, molestie non, nonummy vel, nisl. Ut lectus
eros, malesuada sit amet, fermentum eu, sodales cursus, magna.
Donec eu purus. Quisque vehicula, urna sed ultricies auctor, pede
lorem egestas dui, et convallis elit erat sed nulla. Donec luctus.
Curabitur et nunc. Aliquam dolor odio, commodo pretium, ultricies
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Figure 2: Scatter plot of measurements that show the influence of global warming on Mie scattering of polaritons against
storage arrays.

non, pharetra in, velit. Integer arcu est, nonummy in, fermentum
faucibus, egestas vel, odio.

Sed commodo posuere pede. Mauris ut est. Ut quis purus. Sed
ac odio. Sed vehicula hendrerit sem. Duis non odio. Morbi ut dui.
Sed accumsan risus eget odio. In hac habitasse platea dictumst. Pel-
lentesque non elit. Fusce sed justo eu urna porta tincidunt. Mauris
felis odio, sollicitudin sed, volutpat a, ornare ac, erat. Morbi quis
dolor. Donec pellentesque, erat ac sagittis semper, nunc dui lobor-
tis purus, quis congue purus metus ultricies tellus. Proin et quam.
Class aptent taciti sociosqu ad litora torquent per conubia nostra,
per inceptos hymenaeos. Praesent sapien turpis, fermentum vel,
eleifend faucibus, vehicula eu, lacus.

Pellentesque habitant morbi tristique senectus et netus et male-
suada fames ac turpis egestas. Donec odio elit, dictum in, hendrerit
sit amet, egestas sed, leo. Praesent feugiat sapien aliquet odio. In-
teger vitae justo. Aliquam vestibulum fringilla lorem. Sed neque
lectus, consectetuer at, consectetuer sed, eleifend ac, lectus. Nulla
facilisi. Pellentesque eget lectus. Proin eu metus. Sed porttitor. In
hac habitasse platea dictumst. Suspendisse eu lectus. Ut mi mi,
lacinia sit amet, placerat et, mollis vitae, dui. Sed ante tellus, tris-
tique ut, iaculis eu, malesuada ac, dui. Mauris nibh leo, facilisis non,
adipiscing quis, ultrices a, dui.

Morbi luctus, wisi viverra faucibus pretium, nibh est placerat
odio, nec commodo wisi enim eget quam. Quisque libero justo,
consectetuer a, feugiat vitae, porttitor eu, libero. Suspendisse sed
mauris vitae elit sollicitudin malesuada. Maecenas ultricies eros
sit amet ante. Ut venenatis velit. Maecenas sed mi eget dui varius
euismod. Phasellus aliquet volutpat odio. Vestibulum ante ipsum
primis in faucibus orci luctus et ultrices posuere cubilia Curae;
Pellentesque sit amet pede ac sem eleifend consectetuer. Nullam
elementum, urna vel imperdiet sodales, elit ipsum pharetra ligula,
ac pretium ante justo a nulla. Curabitur tristique arcu eu metus.

Vestibulum lectus. Proin mauris. Proin eu nunc eu urna hendrerit
faucibus. Aliquam auctor, pede consequat laoreet varius, eros tellus
scelerisque quam, pellentesque hendrerit ipsum dolor sed augue.
Nulla nec lacus.
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Figure 3: Scatter plot of measurements that show the in-
fluence of global warming on Mie scattering of polaritons
against storage arrays.

3 CONCLUSIONS
Suspendisse vitae elit. Aliquam arcu neque, ornare in, ullamcorper
quis, commodo eu, libero. Fusce sagittis erat at erat tristique mol-
lis. Maecenas sapien libero, molestie et, lobortis in, sodales eget,
dui. Morbi ultrices rutrum lorem. Nam elementum ullamcorper

2
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5. End-to-end Reproduction
End-to-end reproduction I

github.com/lfd/icde2021_tutorial
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5. End-to-end Reproduction
End-to-end Reproduction II

github.com/lfd/icde2021_tutorial


Benefits vs. Costs
I We won’t lie to you: Reproducibility engineering is a lot of work.
I Enablers to reproducibility: Testability & automation
I However, there are clear benefits for your team, just imagine:

I Long-term, automation will save you time.
I You can build your stuff even after your PhD student has graduated.
I You can switch to a new notebook without risking your progress in research.
I You will no longer have to negotiate within the team why s.th. works for you, but only you.
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5. End-to-end Reproduction
What’s in it for you?

github.com/lfd/icde2021_tutorial


I Stefanie Scherzinger’s contribution was supported by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) – 385808805.
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6. Summary
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