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Scientific Data in MATLAB

Scientific data formats
§ HDF5, HDF4, HDF-EOS2
§ NetCDF (with OPeNDAP) 
§ FITS, CDF, BIL, BIP, BSQ

Image file formats
§ TIFF, JPEG, PNG, JPEG2000, HDR,

and more

Vector data file formats
§ ESRI Shapefiles, KML, GPS

and more

Raster data file formats
§ GeoTIFF, NITF, USGS and SDTS DEM, 

NIMA DTED, and more

Web Map Service (WMS)
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HDF5 in MATLAB

Two HDF5 interfaces
§ High-level (HL) :  Ease-of-use, less control
§ Low-level (LL) :  Wraps HDF5 C library, more control
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HDF5 in MATLAB

~330 low-level functions

7 high-level functions
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What We’ve Been Up To

HDF5 Interface: Cloud-enabled
– S3 and Azure:  Read/Write
– Hadoop:  Read-only
– Enabled for all HL and LL functions

MAT-file v7.3 save/load:  Cloud-enabled

Upgrade to HDF5 1.10.7
Support for Single-Writer/Multiple-Reader 

and Virtual Datasets

Upgrade to HDF5 1.10.8
Writing datasets using Dynamically 

Loaded Filters

Chunked & Compressed

Improves
storage efficiency,
transmission speed
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Refresher:  Cloud Data Access

§ Wrote in-house HDF5 VFD
§ Use in-house provider architecture
§ Callbacks to HDF5 library

§ S3 and Azure:  Read/Write
§ Hadoop:  Read only
§ Support in High and low-level interfaces

including SWMR, VDS, Filter Plugins

>> h5create("s3://h5test/myfile.h5","/ds1",[200 Inf],"ChunkSize",[20 20],"Deflate",9)
>> h5write("wasbs://h5test/myfile.h5","/ds1",rand(200,500),[1 1],[200 500])
>> h5read("hdfs://h5test/myfile.h5","/ds1")

MWVFD MWProvider
Connectors
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Refresher:  SWMR and VDS

§ SWMR
§ VDS
§ Fine-tuning the MDC
§ Partial Edge Chunk
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New:  Writing Datasets with Dynamically Loaded Filters

Now have full round-trip write/read for DLFs!

h5create("myfile.h5","/dset1",[100 200],...
"ChunkSize",[20 40],"CustomFilterID",307,...
"CustomFilterParameters",6);

h5write("myfile.h5","/dset1",rand(100,200));

Example:  BZIP2 filter
Filter ID = 307
Filter params = 6 (compression level)

High-Level Interface

New Name-Value pairs in h5create:
CustomFilterID® Registered filter ID
CustomFilterParameters® Optional filter data

https://portal.hdfgroup.org/display/support/Filters
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New:  Writing Datasets with DLFs

Low-level interface
H5P.set_filter(plistId,filterId,flags,cdValues)

% create the file and dataspace, set the chunking
fileId = H5F.create("myfile.h5","H5F_ACC_TRUNC","H5P_DEFAULT","H5P_DEFAULT");
spaceId = H5S.create_simple(2,[200 100],[]);
dcplId = H5P.create("H5P_DATASET_CREATE");
H5P.set_chunk(dcplId,[40 20]);

% set BZIP2 filter (registered ID = 307), verify filter is available
H5P.set_filter(dcplId,307,"H5Z_FLAG_OPTIONAL",6); 
avail = H5Z.filter_avail(307)

% create the dataset and write the data
dsetId = H5D.create(fileId,"dset1","H5T_STD_I32LE",spaceId,"H5P_DEFAULT",dcplId,"H5P_DEFAULT");
H5D.write(dsetId,"H5ML_DEFAULT","H5S_ALL","H5S_ALL","H5P_DEFAULT",data);

H5P.set_filter
H5P.get_filter
H5P.modify_filter
H5P.remove_filter
H5P.get_filter_by_id
H5P.get_nfilters
H5P.all_filters_avail

H5Z.get_filter_info
H5Z.filter_availSame example: BZIP2 filter

Filter ID = 307
cdValues = 6 (compression level)
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Reading Datasets with DLFs

Reading (since R2015a) just works!   
(As long as filter plugin is installed and HDF5_PLUGIN_PATH is set)

% explore file contents
h5disp("myfile.h5")

HDF5 myfile.h5 
Group '/' 

Dataset 'dset1' 
Size:  100x200
MaxSize:  100x200
Datatype:   H5T_IEEE_F64LE (double)
ChunkSize:  20x40
Filters:  unrecognized filter (HDF5 bzip2 filter; see http://www.hdfgroup.org/services/contributions.html)
FillValue:  0.000000

% read a hyperslab 
data = h5read("myfile.h5","/dset1",[1 1],[8 8],[10 20])

data =
0.4362    0.1035    0.6518    0.4199    0.9746    0.8252    0.6761    0.0730
0.1604    0.9797    0.0477    0.9842    0.0910    0.3018    0.7048    0.4659
0.4122    0.6901    0.4410    0.5075    0.4662    0.1697    0.1581    0.3335
…
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New DLF Topic Page
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DLF Workflow Requirements

Install filter plugin
§ Use prebuilt binaries (i.e., hdf5plugin binaries from THG)
§ Build from source

Set HDF5_PLUGIN_PATH environment variable
§ Windows: System Properties ® Advanced ® Environment Variables
§ Linux and Mac: set from terminal, then start MATLAB from terminal

Linux example using tcsh:
setenv HDF5_PLUGIN_PATH /ellenj/h5dlf/BZIP2-plugin/plugins/lib

Start MATLAB, use getenv to verify path is set:
>> getenv("HDF5_PLUGIN_PATH")

'/ellenj/h5dlf/BZIP2-plugin/plugins/lib'
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Demo – MATLAB Meets HDF5 in the Cloud

GEBCO Gridded Bathymetry Data: https://www.gebco.net/data_and_products/gridded_bathymetry_data/
GEBCO Compilation Group (2020) GEBCO 2020 Grid (doi:10.5285/a29c5465-b138-234d-e053-6c86abc040b9)

s3://…/bathymetry_0.h5

s3://…/bathymetry_1.h5

wasbs://…/bathymetry_VDS.h5

BLOSC

BZIP2

https://www.gebco.net/data_and_products/gridded_bathymetry_data/
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MATLAB and Community Collaborations

The HDF Group
§ Long-standing relationship
§ Monthly meetings – technical and planning
§ Security (CVEs), Performance

Continuing existing and forging new connections!

Neurodata Without Borders
§ Newly formed MatNWB working group
§ Consult and collaborate on projects, features

Earth and Climate Science
§ Under consideration:

– Climate data connectors
– Contributions to open-source community

toolboxes like Climate Data Toolbox
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Future Work and Community Engagement

Highest priority
§ Ship one HDF5 version
§ Improved filter plugin experience (ship prebuilt plugin binaries)
§ VDS and SWMR control in high-level interface
§ Performance 

Community Engagement
§ Continue working with THG 
§ High-energy physics community – provide feedback on DLF, SWMR, VDS and wish-lists
§ Earth/Climate Data Providers – please host more HDF5 data on cloud!
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Wrap-up and Q&A

§ MATLAB current with 1.10 branch – 22a ships with 1.10.8

§ Full roundtrip support for Dynamically Loaded Filters

§ Comprehensive doc pages for SWMR, VDS, DLFs

§ Expanding community involvement

We love hearing feedback – it helps us improve our products!

Reach out with any questions or wish-lists!  

- ellenj@mathworks.com
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Thank You!

§ GEBCO Gridded Bathymetry Data: https://www.gebco.net/data_and_products/gridded_bathymetry_data/
GEBCO Compilation Group (2020) GEBCO 2020 Grid (doi:10.5285/a29c5465-b138-234d-e053-6c86abc040b9)

§ The HDF Group: www.hdfgroup.com

§ HDF5 VDS RFC: https://portal.hdfgroup.org/display/HDF5/RFC+HDF5+Virtual+Dataset

https://www.gebco.net/data_and_products/gridded_bathymetry_data/
http://www.hdfgroup.com/
https://portal.hdfgroup.org/display/HDF5/RFC+HDF5+Virtual+Dataset

