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Requirements extension Software refactoring

The Run Control (RC) system steers the data acquisition by starting and stopping processes and by carrying all data-taking
elements through well- defined states in a coherent way. Given the size and complexity of the TDAQ system (2000+ PCs,
50000+ applications, 9000+ network ports,...), errors and failures are bound to happen and must be dealt with: in ATLAS this
task is carried out by an expert system.

The RC and expert system components were tightly coupled in the first implementation of the software, with the consequence
that their separation of duties became increasingly unclear with the additions of features during operations in Run 1.

Therefore these two components were completely redesigned, using a distributed run control tree and a separate central expert
system application, the Central Hint and Information Processor (CHIP).

In a large, heterogeneous system such as the ATLAS TDAQ, it is essential to be able to verify the correct functioning of hardware

and software components. Therefore, a TDAQ functional testing framework existed and was used already throughout Run 1.

Additional requirements were identified with the experience gained during data taking:

* “Experts shall be able to define the order in which tests should be executed for a component; the sequence may dynamically
change based on the result of completed tests”

* “Experts shall be able to define the order with which inter-related components shall be tested; the test sequence may change
depending on the result obtained for the components.”

* “Experts shall be able to define what should be done upon failure of a test or a component to further diagnose the issue or

recover.” Applications in the ATLAS TDAQ system are organized in a tree-like
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The ATLAS experiment at the Large Hadron Collider (LHC) operated very successfully in the years 2008 to 2013, identified as I:
Run 1. It achieved an overall data taking efficiency of 94%, largely constrained by the irreducible dead-time introduced to accommodate the limitations of the detector read-out electronics. Out of the
6% dead-time only about 15% could be attributed to the central trigger and DAQ system, and
out of these, a negligible fraction was due to the Control and Configuration sub-system. Despite these achievements, and in order to improve the efficiency of the whole DAQ system in Run 2 (2015-
2018), the first long LHC shutdown (2013-2014) was used to carry out a complete revision of the control and configuration software. The goals were three-fold: properly accommodate additional
requirements that could not be seamlessly included during steady operation of the system; re-factor software that had been repeatedly modified to include new features, thus becoming less
maintainable; seize the opportunity of modernizing software written at the beginning of the years 2000, thus profiting from the rapid evolution in IT technologies. This upgrade was carried out retaining
the important constraint of minimally impacting the mode of operation of the system and public APIs, in order to maximize the acceptance of the changes by the large user community.
This poster illustrates, using a few selected examples, how the work was approached and which new technologies were introduced
into the ATLAS DAQ system, and how they were performing in course of Run 2. Despite these being specific to this system, many solutions can be considered and adapted to different distributed DAQ
systems.
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Conclusions and Qutlook

The Control and Configuration software has contributed to the physics results obtained by the ATLAS experiment during Run 1 by ensuring smooth and efficient data taking. It was completely revised during 2013-2014 in order to accommodate additional requirements, improve

maintainability and profit from advances in IT technologies: all this was done applying minimal changes to APIs, such that the large amount of client code would not need significant adaptations. The Control and Configuration software has proved to be stable and well performing
LHC Run 2 (2015 - 2018) and is prepared to face the new challenges that will arise in Run 3 operations, after further modernization in different components foreseen during Long Shutdown 2. This experience has also demonstrated that the overall modular architecture of the

control and configuration system is flexible and supports partial upgrades, as well as step-wise modernization of its components: this is fundamental for a system that is foreseen to run for the next 20 to 30 years and that will undergo several more upgrade iterations.



