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Package manager 
Tool that handles package 
installation, removal, and updates

Compiler
Translates source code to 
generate an executable program 
(e.g. gfortran used to compile 
NONMEM, which is written in 
Fortran)

Dependency
Software package needed by 
another software package

Compile time dependencies 
Dependencies when compiling a
program

Run time dependencies 
Dependencies when executing 
your script/program. The versions 
of these may di�er from compile 
time dependencies, potentially 
causing conflicts

Direct dependencies 
Dependencies explicitly called by 
your script/program

Indirect/transitive dependencies
Dependencies of direct 
dependencies, and their 
dependencies etc.

Terminology

The main weakness of containers is management of the compile 

time dependencies, i.e. all software needed to build the 

containers. This means that it can be di�cult to reproduce the 

container itself. With the advent of the nix and guix functional 

package managers [9,10] complete solutions to the problem of 

reproducible computations exist. These will also take care of 

transitive compile time dependencies and should also be able to 

make NONMEM runs exactly reproducible for each version. 

Tier 3: Fully reproducible systems

· Use guix or nix to capture the full

  dependency tree

· Does not support all software

  currently

 

Highlights

Containers [7,8] are isolated systems that can run inside of 

another system. After building a container the computations can 

be run inside it with the versions of all software being frozen. The 

container file can then be given to someone attempting to 

reproduce the computations. This approach requires more setup 

than the previous tier but also captures more of the complex 

relationship between dependencies. Using a container manager 

like Docker can be used to build and share containers. 

Tier 2: Containers

· Use to capture dependencies 

  outside of script

· Limit the number of dependencies

  in each container

· Use Docker for container 

  management 

· Record how container was built

 

Highlights

· Script your workflows

· Record your dependencies

· Use a package manager

· Limit the number of dependencies

· Decide dependency strategy 

  early 

 

HighlightsTo make reproducibility possible in practice the computations 

need to be scripted. The dependencies of the script should be 

recorded and included, with full lists with versions of all 

dependencies. The package managers of the programming 

languages could be used to simplify this, for example pip/

requirements.txt for Python and renv/lock-files in R. Limiting the 

number of dependencies can also be useful. We also recommend 

deciding whether to freeze your dependencies at the start or 

rerunning the project at the end and then recording the 

dependency versions.                            
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Figure 2. Iceberg representation of dependency hierarchy

For a computation to be reproducible it needs to 

generate exactly the same or similar results given 

the same inputs and methods. Reviews of the 

current situation have painted a grim picture of 

the state of reproducibility, showing that a range 

from 0% to 26% of studies could be reproduced 

[1,2,3,4]. Previously, attempts have been made to 

formalize what is needed to reach higher levels of 

reproducibility [5], and we would like to highlight 

one abstraction: the five pillars of reproducible 

computations [6]. This abstraction is founded in a 

fully scripted workflow, control over the

dependencies, documentation and persistent 

sharing of code and data. Reproducibility of 

computations is a hard problem, but there 

currently exist solutions that can solve the 

problem. We propose some solutions with 

di�erent levels of e�ort, as reproducibility is a 

scale (i.e. doing something is better than nothing). 

From the proposed solutions, it follows that 

reproducibility is something that is important to 

keep in mind in the beginning of a project and 

follow throughout, since doing so later in the 

process can be hard, if not impossible.
Figure 1. The five pillars of reproducibility (recreated from [6])
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