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Features of HDF5



Key features of HDF5

• Hierarchical data format = like a file system


• Metadata + data together 


• Cross-platform: Linux, Windows, Mac


• Multi-language: Fortran, C, C++, Java, Python, Julia, etc..; thread-safe


• Architectures (official): x86, amd64, ppc64; (community): arm64


• Open-source: BSD 3-clause license



• Used official tool to 
view file “HDFView”


• MCEq stores all data 
in one file


• File is opened/closed 
many times


• Only data requested 
by program flow is 
read from disk

Example MCEq database layout



• Element to organize 
hierarchy


• Contains groups and 
datasets


• Can have many 
“properties”

HDF group



• Is like a “datatype”


• Can be a primitive 
array of floats, into, 
etc


• Can have many 
“properties”

HDF dataset



• Is like a “datatype”


• Can be a primitive 
array of floats, into, 
etc


• Can have many 
“properties”

HDF dataset



• Is like a “datatype”


• Can be a primitive 
array of floats, into, 
etc


• Can have many 
“properties”


• Customization 
options (Filters) for 
read/write

HDF dataset



• The HDF library can read parts of dataset 
defined by:


• Ranges


• Sequence of points


• Block selections


• Periodic selections, etc...


• One can think of a method to read 
particles only at the coordinates of 
detectors, for example...

Reading and writing to parts of a dataset



Multi-file and nested structures

No obvious 
limitation



• Splitting I/O into multiple files 
can be handled by the low-
level driver


• Split (subset of Multi) can 
write metadata and data into 
separate files


• MPI driver for control and 
comms


• Fine-grained control over 
interaction with file system

Low-level file drivers



Very easy to use in user applications



Summary
• HDF5 is a widely adopted, high-performance, open-source file format.


• The features to organize structured data and meta data should be well suited 
for CORSIKA8.


• In my experience it is smooth to interact with. Speed is good and optimization 
is possible, but quite technical job.


• Binaries can be bundled with CORSIKA.


• It is very easy to read and write with standard options. In my experience 
multi-TB single files were handled without issues.


• No experience with MPI, multi-file, etc. —> no explicit recommendation


