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Some observations - Challenges

We are

• a mix of people with broad expertise in multiple domains

• dealing with complex problems (simultaneously)

• developing quite a lot of software

• a team people with undefinite and limited contracts (most of us)

• developing analysis tools beyond our stay here

• potentially moving to industry where certain standards are a must

4



Some experience – Solution and Results

Since 2015, STEAM introduced good coding style. This allowed us to

• develop a hierarchical co-simulation framework (4 official releases)

• cover the accelerator needs and support multiple studies (LHC, HL-LHC,FCC)*

• present results at several conferences and publish several papers

5*For a more detailed summary please see Arjan’s presentation at the TE Technical Meeting.



Gains vs. costs

time

costs

(effort)
gains

(code quality,

reduced technical debt,

knowledge sharing,)
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The concepts to be presented are based on the common sense and we’ve been doing some of them.

The goal of this presentation is to structure these concepts and provide a common work strategy.



Costs in the Software Industry

7One of the motivations for the reliability and availability studies in PE.



Costs in Research

8
Source: L. Breitwieser, From Cortex3D to BioDynaMo The Birth of a New Platform 

for Large-Scale Reproducible Biological Simulations
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// When I wrote this, only God and I understood what I was doing

// Now, God only knows

-anonymous



The Temple of Clean Code

9 July 2015, Clean code development workshop, jointly with MPE-MS

13 Aug 2015, Object oriented programming workshop, jointly with MPE-MS 10

https://wikis.cern.ch/display/MPESC/2015-07-09+Minutes+from+workshop+about+clean+code+development
https://indico.cern.ch/event/402868/


DatabaseRow row = Database.getRow();

int a = row.column1;

int b = row.column2;

double c = b / a;

data.add(new Measurement(t, c));



Naming covention (Oracle style for Java)AbCd

STEAM naming and documentation conventions:

https://espace.cern.ch/steam/_layouts/15/start.aspx#/SitePages/Naming%20conventions.aspx

Dictionary for a description of terms used in the code: see SIGMA

Magnet glossary for naming unification

12

• Name variables meaningfully and in unified way – exampleDescriptiveName

• Choose function names that self describe themselves – exampleFunction()

• Use only well know acronyms – Qps, Lhc, avoid less known – Dqamcnmb,

https://espace.cern.ch/steam/_layouts/15/start.aspx#/SitePages/Naming%20conventions.aspx
https://espace.cern.ch/steam/Shared%20Documents/Tools/SIGMA/Documentation/Dictionary.docx?Web=1
https://espace.cern.ch/steam/_layouts/15/WopiFrame.aspx?sourcedoc=/steam/Shared%20Documents/Tools/STEAM%20framework/Documentation/160218_MagnetGlossary.docx&action=default&DefaultItemOpen=1


DatabaseRow row = Database.getRow();

int current = row.column1;

int b = row.column2;

double c = b / current;

data.add(new Measurement(t, c));
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DatabaseRow row = Database.getRow();

int current = row.column1;

int voltage = row.column2;

double c = voltage / current;

data.add(new Measurement(t, c));
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DatabaseRow row = Database.getRow();

int current = row.column1;

int voltage = row.column2;

double resistance = voltage / current;

data.add(new Measurement(time, resistance));
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double varianceEnExp = Math.variance(tauEnExp);

double sigmaEnExp = Math.sqrt(varianceEnExp);
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double varianceEnExp = Math.variance(tauEnExp);

double sigmaEnExp = Math.sqrt(varianceEnExp);

double varianceEnLog = Math.variance(tauEnLog);

double sigmaEnLog = Math.sqrt(varianceEnLog);
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double varianceEnExp = Math.variance(tauEnExp);

double sigmaEnExp = Math.sqrt(varianceEnExp);

double varianceEnLog = Math.variance(tauEnLog);

double sigmaEnLog = Math.sqrt(varianceEnLog);

double varianceDer = Math.variance(tauDer);

double sigmaDer = Math.sqrt(varianceDer);
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Use of functions (divide et impera)

• use of functions –

• code reuse and readability

• one function does one operation

• code testing

• object-oriented programming/modelling

• structured problem representation

• encapsulation

• inheritance

f(x) 
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double varianceEnExp = Math.variance(tauEnExp);

double sigmaEnExp = Math.sqrt(varianceEnExp);

double varianceEnLog = Math.variance(tauEnLog);

double sigmaEnLog = Math.sqrt(varianceEnLog);

double varianceDer = Math.variance(tauDer);

double sigmaDer = Math.sqrt(varianceDer);

double calculateSigma(double[] tau) {

double variance = Math.variance(tau);

return Math.sqrt(variance);

}
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double sigmaEnExp = calculateSigma(tauEnExp);

double sigmaEnLog = calculateSigma(tauEnLog);

double sigmaDer = calculateSigma(tauDer);

double calculateSigma(double[] tau) {

double variance = Math.variance(tau);

return Math.sqrt(variance);

}
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Problem representation – pseudo code

• Pseudo code is a technology independent code sceleton

• Uses words to describe intuitively the problem

• Very helpful at the initial stage for short reviews with other people

22

For each signal from signalValues

multiply signal by SCALAR

assign signal to 

modifiedSignalValues

end for



Problem representation – diagrams

• With graphical diagrams we can map our problem observe relations, 

hierarchy and flow of data.

• Both pseudo code and graphical diagrams is already a solid documentation.

23



private double[] readFile(String filePath) {

FileReader.openFile(filePath);

double[] signalValues = FileReader.readDoubles();

FileReader.closeFile();

return signalValues;

}

What if a file does not exist?!
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Exception handling

• Input/Output statements has to be covered with try…catch statements

• Never an easy fix of logic mistake in an algorithm

25

try {

/* perform operation that might 

throw exception */

} catch ( /* expected exception */ ) {

/* perform exceptional operation-

come back from error state */

}

try {

performSimulation(5);

} catch (Exception e1) {

try {

performSimulation(4);

} catch (Exception e2) {

try {

performSimulation(3);

} catch (Exception e3) {

try {

performSimulation(2);

} catch (Exception e4) {

}

}

}

}



What if file does not exist?

private double[] readFile(String filePath) {

try {

FileReader.openFile(filePath);

} catch(FileNotFoundException exception) {

logError(“File doesn’t exist!”, exception);

FileUtils.createNewFile();

}

double[] signalValues = FileReader.readDoubles();

FileReader.closeFile();

return signalValues;

}

}

This situation is expected to happen so we can prepare countermeasures.

This exception is handled!
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Handling exceptional situations

• Example of bad usage

try {

performSimulation(5);

} catch (Exception e1) {

try {

performSimulation(4);

} catch (Exception e2) {

try {

performSimulation(3);

} catch (Exception e3) {

try {

performSimulation(2);

} catch (Exception e4) {

}

}

}

}
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private void readProcessAndPlotData() {

/* Open and read file with voltage signal */

FileReader.openFile(INPUT_FILE_PATH);

double[] voltageValues= FileReader.readDoubles();

FileReader.closeFile();

/* Divide voltage by constant current to get resistance. */

int[] resistanceValues = new int[voltageValues.length];

for (int i = 0; i < voltageValues.length; i++) {

resistanceValues[i] = voltageValues[i] / CURRENT;

}

/* Plot resistance on the chart. */

Chart chart = ChartUtils.createChart();

chart.setValues(resistanceValues);

chart.display();

}

Is it a clean code?
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Architecture

• Acquire/Calculate -> Analyse -> Present/Store

• If at least two of those steps are present, they should be clearly separated

29

Acquisition 
Layer

Analysis Layer

Presentation 
Layer



private void readAndPlotData() {

/* Open and read file with voltage signal */

FileReader.openFile(INPUT_FILE_PATH);

double[] voltageValues= FileReader.readDoubles();

FileReader.closeFile();

/* Divide voltageby constant current to get resistance. */

int[] resistanceValues= new int[voltageValues.length];

for (int i = 0; i < voltageValues.length; i++) {

resistanceValues[i] = voltageValues[i] / CURRENT;

}

/* Plot resistance on the chart. */

Chart chart = ChartUtils.createChart();

chart.setValues(resistanceValues);

chart.display();

}
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private void readAndPlotData() {

double[] voltageValues= readFile(INPUT_FILE_PATH);

/* Divide voltage by constant current to get resistance. */

int[] resistanceValues= new int[voltageValues.length];

for (int i = 0; i < voltageValues.length; i++) {

resistanceValues[i] = voltageValues[i] / CURRENT;

}

/* Plot values on the chart. */

Chart chart = ChartUtils.createChart();

chart.setValues(resistanceValues);

chart.display();

}

private double[] readFile(String filePath) {

FileReader.openFile(filePath);

double[] signalValues = FileReader.readDoubles();

FileReader.closeFile();

return signalValues;

}
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private void readAndPlotData() {

double[] voltageValues= readFile(INPUT_FILE_PATH);

double[] resistanceValues= calculateResistance(voltageValues, CURRENT);

/* Plot values on the chart. */

Chart chart = ChartUtils.createChart();

chart.setValues(resistanceValues);

chart.display();

}

private double[] readFile(String filePath) {

FileReader.openFile(filePath);

double[] signalValues = FileReader.readDoubles();

FileReader.closeFile();

return signalValues;

}

private double[] calculateResistance(double[] voltageValues, int current) {

double[] resistanceValues= new int[voltageValues.length];

for (int i = 0; i < voltageValues.length; i++) {

resistanceValues[i] = voltageValues[i] / current ;

}

return resistanceValues;

}
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private void readAndPlotData() {

double[] voltageValues= readFile(INPUT_FILE_PATH);

double[] resistanceValues= calculateResistance(voltageValues, CURRENT);

plotValues(resistanceValues);

}

private double[] readFile(String filePath) {

FileReader.openFile(filePath);

double[] signalValues = FileReader.readDoubles();

FileReader.closeFile();

return signalValues;

}

private double[] calculateResistance(double[] voltageValues, int current) {

double[] resistanceValues= new int[voltageValues.length];

for (int i = 0; i < voltageValues.length; i++) {

resistanceValues[i] = voltageValues[i] / current ;

}

return resistanceValues;

}

private void plotValues(double[] signalValues) {

Chart chart = ChartUtils.createChart();

chart.setValues(signalValues);

chart.display();

}
TE-MPE-PE Clean code workshop - R. Heil, M. Koza, K. Krol



public double calculateResistance(double circuitVoltage, double circuitCurrent) {

return circuitVoltage / circuitCurrent;

}
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Code testing

• Benefit from tested project in case of changes

• Understand code better reading existing tests

• Early find possible problems

• Crucial models with external dependencies should be tested

• Requirements -> Code –> Tests

• Our code is as good as tests demonstrating its correctness





http://www.agilemodeling.com/essays/executableSpecifications.htm
35



public double calculateResistance(double circuitVoltage, double circuitCurrent) {

return circuitVoltage / circuitCurrent;

}
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public double calculateResistance(double circuitVoltage, double circuitCurrent) {

return circuitVoltage / circuitCurrent;

}

@Test

public void testCalculateResistance() {

assertEquals(5, calculateResistance(10, 2));

}
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public double calculateResistance(double circuitVoltage, double circuitCurrent) {

return circuitVoltage / circuitCurrent;

}

@Test

public void testCalculateResistance() {

assertEquals(5, calculateResistance(10, 2));

}

@Test(expected = ArithmeticException.class)

public void testCalculateResistanceWithException() {

calculateResistance(10, 0);

}
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Parametrization

• Single parameters as inputs for main function

• Paths, configuration settings, references as .json, .csv file

• NO HARDCODED PARAMETERS IN CODE!

39

/* Uncomment if you want to calculate resistance from voltage measured at 07Jun2015. */

FileReader.openFile(“voltage07Jun2015.csv”);

/* Uncomment if you want to calculate resistance from voltage measured at 17Jun2015. */

// FileReader.openFile(“voltage17Jun2015.csv”);

/* Uncomment if you want to calculate resistance from voltage measured at 01Aug2014. 

*/

// FileReader.openFile(“voltage01Aug2014.csv”);

[kkrol@cwe-513-vml248]$ ./dataAnalysis voltage07Jun2015.csv

Analysis output: SUCCESS

[kkrol@cwe-513-vml248]$ ./dataAnalysis voltage17Jun2015.csv

Analysis output: SUCCESS

[kkrol@cwe-513-vml248]$ ./dataAnalysis voltage01Aug2014.csv

Analysis output: FAILURE



Code versioning – http://gitlab.cern.ch

• Management of changes made to documents

• Facilitates cooperation between developers

• Unified storage for changes, simple look into the history, everything in one 

place

• Version code/input text-based files at every stage at every project

• Do it on daily basis

V1.txt

V2.txt

V3_A.txt

40



Pair programming

• At every stage of every project within group as well as with our software team

• Very helpful in code merging

• Two developers, one keyboard

• One writes code

• One thinks about further steps, 

looks from wide perspective, 

finds conceptual problems

41



Code review

• Well structured code (naming conventions) with graphical representation is

very helpful

• Supports knowledge sharing among team members

• Often times we were inviting experts from TE-MPE-MS

For a code review, a developer should

• provide a code in good shape

(naming convention, tests)

• indicate main areas to be reviewed

• indicate deadline

42



Best Practices for Scientific Computing 

43

http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001745

Citation: Wilson G, Aruliah DA, Brown CT, Chue Hong NP, Davis M, Guy RT, et al. (2014) Best Practices for 

Scientific Computing. PLoS Biology 12(1): e1001745. https://doi.org/10.1371/journal.pbio.1001745

http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001745
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SCRUM methodology

Source: Introduction to Agile Project Management, On-line course, Stanford Continuing Studies

1. Sprint planning

2. Sprint execution

3. Sprint summary

46

Priorities!!!



Agile Approach Promises Cost Reduction

5/16/2019 47
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Motivation

• We have experience using some of the tools

• We (people in general) can be divided into two groups:

Those who do backups and those who will do backups

49
Source: https://www.quora.com/I-work-really-very-hard-for-CSIR-life-science-but-still-

my-paper-was-not-so-good-What-should-I-have-to-do-so-I-can-crack-it

It’s Me
(Me how)
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We need YOU to create 

our section website!

• Our core product are analyses covering the accelerator needs 

(papers, posters, presentations, internal notes, design reports, …)

• Great platform to share our activities internally and externally!

Section website (http://cern.ch/te-mpe-pe)

https://twiki.cern.ch/twiki/bin/view/TEMPEPE/CodingConvention

https://twiki.cern.ch/twiki/bin/edit/TEMPEPE/WebHome
http://cern.ch/te-mpe-pe
https://twiki.cern.ch/twiki/bin/view/TEMPEPE/CodingConvention


Sharepoint* (cern.ch/steam)

51

*NB: CERN is in the process of Mexit

http://cern.ch/steam


CERNBox (cernbox.cern.ch)

• Use of google drive, onedrive, dropbox, etc. is discouraged

• 1 TB per user (also personal files) / project

• Multiplatform (Android, iOS, Windows, OS, linux)

• Synchronises across multiple locations

• Stores 10 latest versions of a file

52

Multiple users in our section: Arjan, Bernhard, Matthieu, Michał, Christoph,

Per, Zinur, Akrivi, Lorenzo, Marco, ...

http://cernbox.cern.ch/


Overleaf (http://overleaf.com)

53

• A platform for cooperative writing of papers + paper repository! 

• No more hand written corrections, multiple versions of files:

Nature_paper_MM.pdf, Nature_paper_MM_v1.pdf,…

http://overleaf.com/


Overleaf (http://overleaf.com) + ShareLaTeX

54

• A platform for cooperative writing of papers + paper repository! 

• No more hand written corrections, multiple versions of files:

Nature_paper_MM.pdf, Nature_paper_MM_v1.pdf,…

http://overleaf.com/


SWAN (http://swan.cern.ch)

55

• Analyse data without the need to install any software

• Access experiments' and user data in the CERN cloud – PM, CALS, NXCALS

• Share with colleagues

• Notebook = code + output (in one file!)

http://swan.cern.ch/
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STEAM Overview (Bernhard’s view)

57

STEAM is a simulation framework to

study transient effects in SC magnets.

It consists of several pillars:

1. Validated tools

 standalone, co-simulation

2. Model generation API

3. Tool adapter API

4. Meta-Methods

co-simulation, optimization

5. Front-end to interact with APIs

Arjan’s view

https://espace.cern.ch/steam/Shared%20Documents/Project%20Architecture/190206%20STEAM

%20structure.pptx?Web=1



STEAM – Software Stack

git commit build_job

dependencies

build image

fatJar
uploadArchives sonarqube

58

The pipeline automatically executes project build, testing, sharing, and analysis.

This ensures the maintainability of the project (several 10k’s of lines of code).

Project 

versioning

Project 

development

*Strong cooperation with MPE/MS (K. Król, J-C. Garnier)

External

dependencies

Internal

dependencies

Code

analysis

Testing

Frontend

STEAM APIs



STEAM-SIGMA – Unit & Integration Testing

59

Majority of tests are integration tests for the ANSYS UDE validation campaign by Lucas, Lorenzo and Edvard.



STEAM-SIGMA – Code Quality

60

Feature 26.09.18 05.02.19

Bugs 117 0

Vulnerabilities 97 2

Code smells 8.2 k 36

Tech. debt 85 d 3 d

LoC (code+doc) 15 k 15 k

Most frequent issues:

- No documentation

- Coding conventions violated

- Logic errors

- Code duplications

- Missing and failing tests

http://sonar.cern.ch/dashboard?id=ch.cern.steam%3Asteam-sigma

http://sonar.cern.ch/dashboard?id=ch.cern.steam:steam-sigma


STEAM-SIGMA – Documentation

61

Minor updates Documentation of the public API (demo)



LHC Signal Monitoring Project - Software Stack
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write

git clone

read

Integrated

Development

Environment

Interactive

notebooks

git push
Continuous

Integration

Strong cooperation with MPE-MS (Thibaud Buffet)

git clone

git push

Persistent

storage

Static code analysis

Test coverage



LHC Signal Monitoring Project – Python CI
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Arrange  Act  Assert



LHC Signal Monitoring Project – SWAN Dashboard

64



Simplicity is the art of maximizing the work not done

65

• KISS – Keep It Simple, Stupid!

• Recognition and use of design patterns

• Code review with experts (TE-MPE-MS, EN-ACE-EDM)

• Search for canonical, math-based problem representation

• Internal code refactoring

• Static code analysis with sonar qube (code duplications, code smells, complexity)

• Humility in programming (complicated solution is not impressive...)

• http://labviewjournal.com/2013/05/humility-1/

• http://labviewjournal.com/codereviews/Code%20Review%20Presentation.pdf

• https://www.cs.utexas.edu/~EWD/transcriptions/EWD03xx/EWD340.html

http://labviewjournal.com/2013/05/humility-1/
http://labviewjournal.com/codereviews/Code%20Review%20Presentation.pdf
https://www.cs.utexas.edu/~EWD/transcriptions/EWD03xx/EWD340.html


Our Coding decalogue

1. Naming conventions: think twice if the name describes its purpose… and is short

2. Use of functions: break down the problem into small parts and solve one after another

3. Representation: failure at planning is planning a failure

4. Exception handling: a problem one expects and handles is not a problem anymore

5. Architecture: think about layers. For example Acquire → Analyse → Present



Our Coding decalogue

6. Code testing: no more fear while modifying thecode

7. Parametrization: stop commenting bits of code to execute different parts

8. Code versioning: you no longer need script_v1.m, script_v2.m, script_v3a.m

9. Pair programming: two heads are better than one

10. Code reviewing: everyone knows what’s happening around – expertise continuity

Point 10. extremely important while finishing contracts!!!



Be a T-shaped person

68Courtesy: Prof. Peter Fiske, UC Berkeley

Coding Style
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Thank you!
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