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AugerPrime changes to the detector

๏The AugerPrime upgrade modifies the 
individual station of the surface 
detector 
๏ Additional Scintillator detector 
๏ Additional Radio detector (Salla antennas) 
๏ Small PMT to extend the dynamic range 
๏ New electronics 
๏ Digitizer speed from 40MHz to 120 MHz 
๏ Additional channels 

๏This invalidated some assumptions 
made in the software design 
๏ Number of PMTs changed 
๏ Signal binning changed 

๏Also: migration to C++11/14
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Lessons learned

๏Change is inevitable 
๏ Detector additions and upgrades 
๏ Changes in compilers and systems 

๏The Offline Framework was 
sufficiently flexible and robust to 
accommodate all the required 
changes 

๏A comprehensive testing 
infrastructure was essential to ensure 
the correctness of the changes 

๏Try to consider the needs of the end-
user early on in the design
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20 years of Offline
Lessons learned

A clean design
is essential

Clean, orthogonal
interfaces

Accept the full power of C++
for the interface design Strict criteria for

central structures

Simpler user code
Be tolerant about user
code (within reason)

User code easy to read

Anticipate change Compilers improve

Be prepared to fix
non-conformant code

Libraries evolve

Hardware and operating
systems change

The experiment evolves

Your algorithms improve

Avoid constants
"This will never

change" is a trap
light-weight

analysis tools
without full set of packages

Might need special data format

Easy to install

Aim for reduced
resource use

Testing is a must

Keep a test-bed for online and
offline environments

Unit tests for developers

Validation tests

Regression happens

Changes do interfere and break
code in unexpected places

I/O is non-trivialRoot

C++ inspection limited

Configuration
 formats

XML is 
complicated

others

Paraquet

XCDF

protocol
 buffers

boost

Release and installation
management

Not too many
external packages

But minimize
re-implementation

Prepare
installation

tools

Consider
package

managers

C++: Conan

Python: pip/conda

Auger uses Ape
(internal)
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