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Abstract

The CMS experiment produces a large amount of data that must be stored and analyzed by
physicists. The CMS Core Software team works mainly on CMSSW, which is a complex
framework designed for data processing, simulation, and analysis of data collected by the CMS
detector at CERN. It comprises over 600 packages, including external and data packages.
CMSSW IBs are built twice a day at 11:00 and 23:00, and software releases are done on an
almost bi-weekly basis. It is crucial to monitor the version of the packages used in each build and
to have the capability to compare them across different IBs and releases. The goal of this project
is to create an interactive web application that allows users to display the packages information
based on their selection criteria (such as package name, platform, architecture, etc.) and to
compare the packages in different IBs/releases. Having this information presented in a
user-friendly manner would significantly aid both users and release managers of the CMSSW
framework.
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List of Abbreviations

API: Application Programming Interface

CERN: European Council for Nuclear Research

CI: Continuous Integration

CMS: Compact Muon Solenoid

CMSSDT: CMS Software Development Tools

CMSSW: CMS Offline Software

IBs: Integration Builds

JS: JavaScript

JSON: JavaScript Object Notation

pip: Preferred Installer Program

PyPI: Python Package Index

URL: Unified Resource Locator
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Introduction
The CMS experiment produces a large amount of data that must be stored and analyzed

by physicists. The CMS Core Software team works mainly on CMSSW, which is a complex
framework designed for data processing, simulation, and analysis of data collected by the CMS
detector at CERN. CMSSW is mainly written in C++ and Python and is open-source and hosted
on GitHub [1]. It comprises over 600 packages, including external and data packages. CMSSW
IBs are built twice a day at 11:00 and 23:00, and software releases are done on an almost
bi-weekly basis. It is crucial to monitor the version of the packages used in each build and to
have the capability to compare them across different IBs and releases.

Project Objectives
The goal of this project is to create an interactive web application that allows users to

display the packages information based on their selection criteria (such as package name,
platform, architecture, etc.) and to compare different IBs/releases. The current process already
extracts a significant amount of useful information from the build process. This project involves
evaluating the current methodology, extracting the desired information and developing a web
page to display it. Having this information presented in a user-friendly manner would
significantly aid both users and release managers of the CMSSW framework.

Requirements and Methodology
There are two main requirements in our project, namely, to extract and parse the

IBs/Releases information and display them in a user-friendly manner that includes searching,
filtering, and comparing them. The extraction of data can be broken down into two tasks: parsing
the IBs/Releases folders and extracting the package details for each IB/Release. We used the
Python programming language to execute the folder parsing task, and the Shell/Bash language to
execute the data extraction task. As for the interactive web application, we used the React JS
library [2]. React allows developers to build fast and dynamic websites with the ability to
integrate them with external packages. To integrate the backend Python script with the React
project, we created a Flask web server to handle all API requests to the backend. Flask [3] is a
web application framework used to handle server requests to a Python backend. Table 1
showcases the project's main requirements. Table 2 details all the different types of languages
and tools used in this project and their usage to fulfill the project's requirements.
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Table 1: The project's main requirements

No. Requirement

1 The user should be able to view each IB’s information (flavors, build dates,
architectures, and packages).

2 The user should be able to view each release’s information (architectures, and
packages).

3 The user should be able to display the name and version of all the packages used in each
IB/Release.

4 The user should be able to click on the package name and be redirected to another page
with more information.

5 The user should be able to search for specific packages and their versions (including
wildcards) on the website and view the IBs or Releases that use that package and

version.

6 The user should be able to compare the package name and version of two IBs/Releases.

Table 2: The different types of languages and tools used in the project and their usage

Type Name Usage

Backend Python Handling all backend requests and connections to ElasticSearch.

Flask Handling API requests.

Shell/Bash Extracting the data from the CMSSW folders.

ElasticSearch Indexing all IBs/Releases data for faster searching and filtering.

Frontend React JS The user interface of the website.

Material UI JavaScript package that provides user-friendly UI components.
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Implementation
The backend of our project consists of Python functions running on a Flask server. For

every new IB, a new folder containing structured data is automatically created by the existing
infrastructure. The folder and its subfolders are then parsed to extract the data of the IB, and its
packages as shown in the parse_IB_folder_name() function in Figure 1. The parent folder’s
name is structured as follows:

CMSSW_version_flavor_X_date-time

Note that if the flavor part is just 'X', we replace it with the 'DEFAULT' keyword.

Figure 1: IBs folder parsing function

After parsing the folders and extracting each field, we traverse through the subdirectories to find
the CMSSW IBs JSON file that contains all the packages used in the specific IB along with all
its information as shown in the find_cmssw_ib_file() function in Figure 2. After we locate the
JSON file, we extract all the packages and their information as shown in the extract_packages()
function in Figure 3. We then create a dictionary containing the IB information with a unique ID
for each IB as follows:

CMSSW_version_flavor_date-time_architecture
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Figure 2: Finding the CMSSW IBs JSON file to locate the packages information

Figure 3: Package information extraction from the JSON file

All the previously mentioned functions are called in the extract_parse_index_IBs_folders()
function shown in Figure 4, where the user is required to provide a valid path to find all the IBs
folders after which the data is to be indexed.
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Figure 4: IBs folders parsing, extracting, data dictionary creation, and indexing

To fetch each package’s information from different package managers, namely, Yum,
PyPI, and pip, we created a Shell/Bash script. These package managers provide a central
repository to search for packages by keywords and filters. The logic behind the script lies within
the package name. If the package’s name starts with “py” or “py3-”, that means it is a Python
package and we need to use either the pip or the PyPI commands to fetch its information as
shown in the get_pip_info() and get_pypi_info() functions in Figure 5. Otherwise, we use the
generic Yum command to fetch the desired data as shown in the get_yum_info() function in
Figure 6.
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Figure 5: Bash/Shell script to fetch the Python packages information

For Releases, a similar approach was taken except that the folder path structure for
releases is different and thus a different function called parse_releases_path() is created as
shown in Figure 7. After extracting the release name, release cycle, architecture, and flavor, we
extract the packages from the JSON files. Next, we create a dictionary with all the extracted
information for each release with a unique ID for each release as follows, where release name is
a concatenated field of both the release cycle and flavor:

CMSSW_releaseName_architecture
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Figure 6: Bash/Shell script to fetch the packages information using Yum

To create a smooth user experience when searching the website’s contents, we indexed all
the IBs and Releases data on ElasticSearch [4]. ElasticSearch is an open-source tool that
provides data indexing and searching APIs. The first step to achieve our goal of data indexing
was to create an account on ElasticSearch that comes with a deployment and a cloud ID. We then
created a new API key to be able to access our cloud instance in our backend code.

For IBs, after creating a dictionary of the parsed data, we send it to ElasticSearch to be
indexed with the following unique ID for each IB:

CMSSW_version_flavor_date-time_architecture

We also add a timestamp field of the current time and append it to each IB’s dictionary before
sending it to ElasticSearch. The timestamp field is used by ElasticSearch to create dashboards
and discover patterns in the data. Figure 8 shows the process_and_index_releases_directory()
function that is called to parse the folders, extract the fields and packages, and index the data on
ElasticSearch.
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Figure 7: Releases directory path parsing
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Figure 8: Releases folders parsing, extracting, data dictionary creation, and indexing
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For the frontend of the project that was created using React JS, and as seen in Figure 9,
the Homepage of the website provides a menu with tabs for both IBs and Releases where users
can view them in reverse chronological order. Both data are fetched from ElasticSearch using the
all_ibs_index() and all_releases_index() functions shown in Figure 10. The Homepage also
contains a search field that searches the indexed data on ElasticSearch for IBs or releases that use
packages with specific versions. This will make it easier for users to find the desired data without
having to traverse through multiple pages or directories.

Figure 9: The website’s homepage

For the IBs tab, as shown in Figure 11, it consists of a table of IB names and
architectures. The IB names are created by concatenating the IB's version, build date, and flavor
and are displayed in a reverse chronological order. The choice of reversing the order of data was
made to make sure that the newer and more relevant data is easier for the user to access. There is
also the "Show Packages" button that, when clicked, redirects the user to view and search all the
packages and their version that are used in that specific IB as shown in Figure 12. Once a user
clicks on the "More Info" button, they are redirected to another page to view that specific
package's description, URL, license, and summary as shown in Figure 13.

For the Releases tab, shown in Figure 14 it is created in a similar fashion to IBs except
that the release name consists of the release cycle and flavor only. Both the IBs and Releases tabs
contain a search by name and a filter by architecture fields to make the user's experience smooth
and easy.
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Figure 10: Fetch all IBs and Releases data from ElasticSearch

The third tab in the homepage is the compare tab where users choose IBs and/or Releases
from a dropdown menu then compare the versions of the packages used in both choices. It is
shown in Figure 15. This feature makes it easier for the users to view and compare two IBs or
Releases or a mix of both on one page.

For the search field in the Homepage, the user can search for IBs or Releases that use
packages with a specific version in the following format:

packageName1:packageVersion1 AND packageName2:packageVersion2 AND
packageNamei:packageVersioni

The format also allows for wildcards to expand the search results. Depending on which checkbox
is checked, the search button would then make a POST API request to either the
search_ibs_index() or search_releases_index() functions in the backend as shown in Figure 16.
Afterwards, the user can view the search results on a separate page as shown in Figure 17.

For both IBs and Releases, the “Show Packages” button redirects the user to a page that
displays all the packages used in that specific IB or Release sorted alphabetically as shown in
Figure 12.
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The results of this project were presented in two meetings with the CMS Core Software group.
The CMSSW contributors agreed on the format presented and their comments were incorporated
in the final result.

Figure 11: IBs list

Figure 12: List of packages and their versions
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Figure 13: Package information

Figure 14: Releases list
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Figure 15: Compare IBs/Releases
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Figure 16: ElasticSearch queries for IBs and Releases for specific packages and versions
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Figure 17: Search results

Conclusion
This project focused on creating a dynamic and user-friendly webpage for CMSSW IBs

and Releases. The project’s goal and objectives were fulfilled by creating a website that provides
that user with features such as searching, filtering, viewing information and comparing. The user
interface was created using React JS due to its dynamic nature while the backend was created
using Python, Flask, and Shell/Bash. Other tools such as ElasticSearch for data indexing and
faster searching were used.

The project’s frontend and backend repositories are open-sourced and available on
GitHub [5][6]. The CMS Core Software group will work on deploying this project live at
https://cmssdt.cern.ch/pkginfo to make it easier for users to access the webpage.
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