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hocpp: c++ library which wraps the hdfb library
@ uses c++ class objects to wrap pointers and hid’s,
we avoid new, delete and close ()
@ maps native c++ datatypes to hdfb datatypes
making use of c++ fraits, create () and get () methods
@ maps native std c++ containers to hdf5 dataspaces
making use of c++ fraits, create () and get () methods
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hocpp: c++ library which wraps the hdfb library “e
@ uses c++ class objects to wrap poinfers and hid’s,
we avoid new, delete and close ()

@ maps native c++ datatypes to hdfb datatypes
making use of c++ fraits, create () and get () methods

@ maps native std c++ containers to hdf5 dataspaces
making use of c++ fraits, create () and get () methods

pninexus: c++ library which adds DESY/NeXus functionality @
@ XML builder: create_from_string(...),create_from_ file(...),..
@ NeXus specifiC: create_file(...),get_objects(...), ..
@ maps non-std c++ dataspaces and datatypes to hdfo
dataspaces and datatypes with c++ traits
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h5cpp: c++ library which wraps the hdf5 library st < =
@ uses c++ class objects to wrap poinfers and hid’s,

we avoid new, delete and close ()

@ maps native c++ datatypes to hdfb datatypes
making use of c++ fraits, create () and get () methods

@ maps native std c++ containers to hdf5 dataspaces
making use of c++ fraits, create () and get () methods

. . , . oo (3%
pninexus: c++ library which adds DESY/NeXus functionality @
@ XML builder: create_from_string(...),create_from_ file(...),..

@ NeXus SpeCifiC: create_file(...),get_objects(...),..

@ maps non-std c++ dataspaces and datatypes to hdfo
dataspaces and datatypes with c++ traits

python-pninexus: simple boost python bindings

@ maps numpy objects to hdfs datatypes and dataspaces
with c++ traits
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NeXus format and HDFS

e NeXus is a set of rules how data must be organized
within a particular format in order to become a valid file.
NeXus International Advisory Committee at https://www.nexusformat.org

e Every NeXus file written by us is also a valid HDF5 file!

Hierarchical Data Format vo: file format that supports large, complex, heterogeneous
data

Layer 3: application
definitions

Layer 2: base classes

Layer 1: nxgroup, nxfield,

nxattribute, nxlink,
types

@ scalar and multidimensional data within a single file
@ data within the file in a tree like manager

@ additional attributes can be attached to objects in a file
storing metadata which might be required for later analysis
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https://www.hdfgroup.org
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Ofther facilities and also outside science
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h5cc, pniio + pnicore = hbcpp + pninexus

c++ wrapping libraries of hdfs and their python bindings

python-pni  (1.3.4)| python-pninexus
(20.0) (3.1.0)

pnicore (1.0.0) (1.1.1)

(1.3.2)

pniio (1.1.1) ‘

\| | EUROPEAN

v %\ | SPALLATION

SOURCE

2016 2018 2021 2023
Eugen Wintersberger (DESY), Martin Shetty (ESS), Jan Kotanski (DESY), Matthew D Jones (STFC/ESS), Alfonso Mukai (ESS),
Jonas Nilsson (ESS), Sebastian Koenig (NC), Yuelong Yu (DESY), Andrew Marshall (UK), Shiv Upadhyay (WA), ...
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Installation from sources

@ libh&5cpp from github
git clone https://github.com/ess-dmsc/h5cpp.git
cd h5cpp && mkdir build && cd build
cmake —DCMAKEilNSTALLiPREFIX:/Opt/h5cpp -DCMAKE_BUILD_ TYPE=Release
\
-DH5CPP_CONAN=DISABLE -DHS5CPP_DISABLE_TESTS=True \
-DH5S5CPP_WITH_BOOST=False ../

make install -j4 && cd ../../

@ libpninexus from github
git clone https://github.com/pni-libraries/libpninexus.git
cd libpninexus && mkdir build && cd build
cmake -DCMAKE_INSTALIL_PREFIX=/opt/pninexus \
-Dh5cpp_DIR=/opt/h5cpp/lib/cmake/h5cpp-0.6 \
-DPNINEXUS_CONAN=DISABLE -DCMAKE_BUILD TYPE=Release ../

make install -j4

@ python-pninexus from github
git clone https://github.com/pni-libraries/python-pninexus.git
H5CPP_LOCAL_PATH=/opt/h5cpp PNINEXUS LOCAL_PATH=/opt/pninexus \

python3 setup.py install
details instructions on their github Cl or documentation
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https://github.com/ess-dmsc/h5cpp.git
https://github.com/pni-libraries/libpninexus.git
https://github.com/pni-libraries/python-pninexus.git

Debian packages from our HDRI repository

@ add the HDRI repository
curl -s http://repos.pni-hdri.de/debian_repo.pub.gpg | gpg \
——import —--no-default-keyring \
--keyring gnupg-ring:/etc/apt/trusted.gpg.d/debian-hdri-repo.gpg
chmod 644 /etc/apt/trusted.gpg.d/debian-hdri-repo.gpg
cd /etc/apt/sources.list.d
wget http://repos.pni-hdri.de/bookworm-pni-hdri.list

apt—get update
@ install hbcpp
apt—-get install 1ibh5cpp0.6.0 libh5cpp0.6.0-dev \
1libh5cpp0.6.0-doc libh5cpp0.6.0-dbg

@ install pninexus
apt-get install libpninexus3.1.0 libpninexus3.1.0-dev \

libpninexus3.1.0-doc libpninexus3.1l.0-dbg
@ install python-pninexus

apt—-get install python3-pninexus

Also for buster, bullseye debian and focal, jammy, lunar ubuntu.
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Using hocpp with cmake

minimal CMakelists.txt file

# project name
project(h5cpp_create_dataset)

# cmake required version
cmake_minimum_required(VERSION 3.13...3.28)
# we use c++17 standard

set (CMAKE_CXX_STANDARD 17)

# find hS5cpp
find_package (HS5CPP REQUIRED)

# define executable and its content

add_executable(hScpp_create_dataset hScpp_create_dataset.cpp)

# link h5cpp::hScpp and std::filesystem
target_link_libraries(hS5cpp_create_dataset PRIVATE hScpp::h5cpp stdc++fs)

from https://gitlab.desy.de/h5cpp-pninexus-examples/h5cpp_create_dataset.git
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https://gitlab.desy.de/h5cpp-pninexus-examples/h5cpp_create_dataset.git

Create a dataset with hbcpp: tree structure

#include <h5cpp/hdf5.hpp>

int main()

{

using namespace hdf5;

/1 create a file
file::File f = file::create("myscan_@@123.nxs", file::AccessFlags::Truncate);

// create an entry group
node: :Group root_group = f.root();

// create a root group attribute
root_group.attributes.create<std::string>("default").write("entry”);

// cxeate an entry group
node: :Group entry_group = root_group.create_group("entry”);

entry_group.create_dataset("title”,
datatype::get<std::stxing>(),
dataspace::Scalar()).write("My scan”);

// create entry group attributes
entry_group.attributes.create<std::string>("NX_class™).write("NXentry");
entry_group.attributes.create<std::string>("default").write("data");

// create an data group
node: :Group data_group = entry_group.create_group(“data");

// create a data group attributes
data_group.attributes.create<std::string>("NX_class").write("Nxdata");
data_group.attributes.create<std::string>("signal”).write("counter");
data_group.attributes.create<std::string>("axes").write("x");
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Create a dataset with hbcpp: write data

// create a counter dataset

using int_type = std::vector<int>;

int_type counter_data {@, 1, 2, 4, 6, 5, 1, @};

node::Dataset cdataset = data_group.create_dataset("counter"”,
datatype::get<int_type>(),
dataspace::create(counter_data));

// set units attribute

cdataset.attributes.create<std::string>("units").write("counts");

// write to counter dataset
cdataset.write(counter_data);

/f create a motor dataset

using float_type = std::vector<double>;

float_type x data {2.@1, 2.98, 4.01, 4.99, 6.0, 7.1, 8.2, 9.1};

node: :Dataset xdataset = data_group.create_dataset("x",
datatype::get<float_type>(),
dataspace::create(x_data));

// set units attribute

xdataset.attributes.create<std::string>("units").write("mm");

/f write to x dataset
xdataset.write(x_data);
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Create a dataset with hbcpp: view in NeXpy

Jud NeXpy v0.14.8 - ox
File Edit Data View Window Script Help
NeXus Data -
Compiling: e My scan
. . - data 6l .
mkdir build counter
. X
cd build title 5. R
cmake ../ . .
make H
T3
g
]
. 3,
Executing: 92 °
14 L] L]
./hbcpp_create_dataset
04 e L]
2 3 4 5 6 7 8 9
View in NeX - n
iew in NeApy: B oo |
default plot OO +FHBrE® x=4.417y=4.231
units Jupyter QtConsole 5.4.0
Python 3.11.2 (main, Mar 13 2023, 12:18:29) [GCC 12.2.@]
title Type 'copyright', 'credits' or 'license’ for more information

IPython 8.5.@ -- An enhanced Interactive Python. Type '?' for help.
In [1]:

myscan_00123:NXroot @default = "entry"

n Kotanski (DESY F

h&cpp and pninexus libraries @ DESY FS Sep 20, 2023



Append data with hdcpp

const long long unsigned int xdim = 1@24;
const long long unsigned int nframe = 133;

std: :vector<unsigned short int> mca_data(xdim);

// define our chunk size
property::DatasetCreationList dcpl;
depl.layout(property::DatasetlLayout: :Chunked);
dcpl.chunk ({1, xdim});

// compression filter
filter::Deflate filter(2u);
filter(dcpl);

// create a dataset
using hdf5::dataspace::Simple;
node: :Dataset dataset =
data_group.create_dataset("mca", datatype::get<unsigned short int>(),
Simple({@, xdim}, {Simple::unlimited, Simple::unlimited}),
dcpl);

// define hyperslab of the chunk size
dataspace: :Hyperslab framespace{{®@, @}, {1, xdim}};

for (long long unsigned int 1 = @; i I= nframe; i++) {
/1 generate test data
std::generate(mca_data.begin(), mca_data.end(), std::rand);

/7 extend dataset, update hyperslab offset, write data
dataset.extent(@, 1);

framespace.offset({i, @});

dataset.write(mca_data, framespace);

}
3 //from https://gitlab.desy.de/hScpp-pninexus-examples/hScpp_append_dataset.git
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Append data with hdcpp: default plot

Silx viewer

d

File Options Views Help

o ] .Jmyscan_00125.nxs::/
Name Description  Type Shape
~ & entry @ "My scan" NXentry
~ & data NXdata
® mca @ Compre... uintl6 133 %1024
+ title @ "My scan" string  scalar

800

X: 629.4398 ¥: 129.6408 Data: 60894

v @®HDF5 |@®NXdata |

h&cpp and pnine:
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1000

65535

60000

40000

20000

Dims: 1024x133
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Options Views Help

@ "My scan" NXentry

Append data with hdcpp: chunked dataset

Silx viewer

fmyscan_00125.nxs::fentry/data/mca

Basename
Name
Local

Physical

HDFS type
dtype
shape
chunks

Position

0

4

HDF5 Dataset

Path info
mca
lentry/datajmca
Jmyscan_00125.nxs::fentry/data/mca
fmyscan_00125.nxs::fentry/data/mca

Data info
INTEGER
Native uint16
133 % 1024 =136192
1x1024=1024

Compression info

HDF5 1D Name Options
1 "deflate" 2

@ HDF5 ‘ B curve  Mimage B Raw

h&cpp and pninexus |
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Using pninexus with cmake

minimal CMakelists.txt file

# project name
project(pninexus_from_xml)

# cmake required version
cmake_minimum_required(VERSION 3.13...3.20)
# we use c++17 standaxrd

set (CMAKE_CXX_STANDARD 17)

# find h5cpp and pninexus
find_package(H5CPP REQUIRED)
find_package(PNINEXUS REQUIRED)

# define executable and its content

add_executable (pninexus_from_xml pninexus_from_xml.cpp)

# link h5cpp::h5cpp pninexus and std::filesystem
target_link_libraries(pninexus_from_xml PRIVATE h5cpp::h5cpp pninexus stdc++fs)

from https://gitlab.desy.de/h5cpp-pninexus-examples/pninexus_from_xml.git
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NeXus from xml: xml configuration

#include <hScpp/hdfs.hpp>
#include <pni/nexus.hpp>

int main()

{
using namespace hdfs;
using namespace pni;

const long long unsigned int xdim = 256;
const long long unsigned int ydim = 512;
const long long unsigned int nframe = 133;

/ NeXus configuration

std: :ostringstream xmlenf;

xmlcnf << “<attribute name=\"default\" type=\"string\">entry</attribute>"
<< "<gToup name=\"entTy\" type=\"NXentIy\">"

<< " <attribute name=\"default\" type=\"string\">data</attribute>"

<< " <field name=\"title\" type=\"string\">My scan</field>"

<< " <group name=\"instrument\" type=\"NXinstrument\">"

< " <group name=\"lambda\" type=\"NXdetector\">"

<< " <field name=\"data\" type=\"uint32\">"

<< " <dimensions rank=\"3\">"

<< " <dim value=\"@\" index=\"1\" />"

<< " <dim value=\"" << xdim << "\" index=\"2\" />"

<< " <dim value: << ydim << "\" index=\"3\" />"

e </dimensions>"

<< " <strategy compression=\"true\" rate=\"2\" shuffle=\"false\" />"
<< " </field>"

<< " </group>"

<< " </group>"

<< " <group name=\"data\" type=\"NXdata\">"

<< " <attribute name=\"signal\" type=\"string\">lambda</attribute>"

<< " <link name=\"lambda\" target=\"/entry/instrument/lambda/data\" />"
<< " </group>"

<< "</gTroup>";

h&cpp and pnine:



NeXus from xml: create a file and write data

/f create a file
file::File f =
nexus::create_file("myscan_00245.nxs", file::AccessFlags::Truncate);

/I create metadata from the xml string
nexus::xml::create_from_string(f.root(), xmlcnf.str());
node::Dataset dataset =

node::get_dataset(f.root(), "/entry/instrument/lambda/data");

/f detector image buffer
std::vector<unsigned short int> det_data(xdim * ydim);

/¢ hyperslab of the chunk size
dataspace: :Hyperslab framespace{{@, @, @}, {1, xdim, ydim}};

for (long long unsigned int 1 = @; 1 I= nframe; i++) {
/I generate test data
std::generate(det_data.begin(), det_data.end(), std::rand);

/I extend dataset, update hyperslab offset, write data
dataset.extent (@, 1);

framespace.offset({i, @, @});

dataset.write(det_data, framespace);
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om xml: root attributes

d Silx viewer o x
File Options Views Help

[s] 5 Imyscan_00245.nxs:/

Name Description  Type Shape Link
myscan_00245.nxs NXroot HDF5 File
@ entry ® "Myscan" NXentry Path info
- & data NXdata
@ lambda @ Compre... uint32 133 x 256 x 512 Soft| | |Basename
~ &0 instrument NXinstrument Name !
~ & lambda NXdetector
® data @ Compre... uint32 133 %256 x 512 kel /myscan_00245.nxsz/
o title @ "My scan" string scalar Physical -Imyscan_00245.nxs::/
Attributes

HDF5_Version "1.10.8"

NX_class "NXroot"

default "entry"

file_name "myscan_00245.nxs"

file_time "2023-09-14T11:51:06.151887+0200"

file_update_tir "2023-09-14T11:51:06.151978+0200"

T 5 ®HDF5 | @NXdata(2D) @ NXdata (3D)
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File Options Views Help

NeXus from xml: default plot

Silx viewer

Jmyscan_00245.nxs::]

® "Myscan" string scalar

Axes selection: | £ Dim1-Dim2 - | Image index (Dim0): |

Type Shape Link
NXroot & | ag 5| 2
c 7 @ty =
NXentry ‘7"{" X G G B
Nxdata
uint32 133 %256 x 512 Soft
Nxinstrument
NXdetector
uint32 133 % 256 x 512
o
c
s
3
2
©
E
a
y @HDF5 Xdata (2D) | @ NXdata (3D)

h&cpp and pnine:
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NeXus from xml: chunked dataset

FY Silx viewer —ox
File Options Views Help
o a1 myscan_00245.nxs::/entry/data/lambda
Name Description  Type Shape Link
- myscan_00245.nxs NXroot HDF5 Dataset
- W entry ® "Myscan" NXentry Pathinfo
~ % data Nxdata
lambda Comp: uint32 133 x256 x 512 Soft. | skt bk
~ & instrument NXinstrument Name [entry/data/lambda
- & lambda Nxdetector
Local 00245.nxs:/entry/data/lambd
®data  © Compre... uint32 133 % 256 x 512 ocal myscan rsjentryjdatalambda
- title © "Myscan string scalar Physical myscan_00245.nxs:/entryfinstrument/lambdajdata
Data info
HDFStype  INTEGER
dtype Native uint32
shape 133 x 256 x 512 = 17432576
chunks 1% 256 x 512 =131072
Compression info
Position HDF5ID Name Options
o 1 "deflate” 2 |
< 0
. | ®HDF5 | ECuve [Mimage (ICube  BERaw  Image stack
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python bindings: xml configuration

import numpy

from pninexus import h5cpp
from pninexus import nexus

xml_config = """
<attribute name="default" type="string">entry</attribute>
<group name="entry" type="NXentry">
<attribute name="default" type="string">data</attribute>
<field name="title" type="string">My scan</field>
<group name="instrument"” type="NXinstrument">
<group name="mythen" type="NXdetector">
<field name="data" type="uintl6">
<dimensions rank="2">
<dim value="@" index="1" />
<dim value="17" index="2" />
</dimensions>
<strategy compression="true" rate="2" shuffle="false" />
</field>
</group>
</group>
<group name="data" type="NXdata">
<attribute name="signal" type="string">mythen</attribute>
<link name="mythen" target="/entry/instrument/mythen/data" />
</group>
</group>

an Kotanski  (DESY FS-EC
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python bindings: white chunks directly

# create nexus file

mfile = nexus.create_file("myscan_e8@678.nxs", h5cpp.file.AccessFlags.TRUNCATE)
root = mfile.root()

# create nexus file structure
nexus.create_from_string(root, xml_config)

# get dataset directly
dataset = root.get_dataset(hScpp.Path("/entry/instrument/mythen/data"))

# get datasets by group types (optional)
datasets = nexus.get_objects(root,

nexus.Path.from _string(":NXentry/:NXinstrument/:NXdetector/data"))
if datasets:

dataset = datasets[@]

# compressed detector frames
framel = numpy.array(
[24184, 49677, 4609, 12288, 49156, 6832, 65478, 44127,
151, 4@58@, 42322, 55254, 14696, 2563, 1664@], dtype="uintl6")
frame2 = numpy.array(
[24184, 24675, 128, 1606, 25608, 32866, 26176, 2054, 24932, @,
20993, 7424], dtype="uintls")
frames = [framel, frame2]

# write first direct

for i in range(len(frames)):
dataset.extent(@, 1)
dataset.write_chunk(frames[i], [i, @])
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python bindings: default plof

3 Silx viewer - ox
File Options Views Help

o g fmyscan_00678.nxs::/
Name Description  Type Shape Link
myscan_00678.nxs NXroot T 25 @ v 3 i ow i — v
- & entry @ "My scan" NXentry ‘—‘ b X el L‘ 8 <
~ W data NXdata 8
W mythen @& Compre... uintl6 2 %17 Soft .00 mythen
~ & instrument NXinstrument ’
~ & mythen NXdetector 175
W data @ Compre... uintla 2x17 '
= title @ "My scan" string scalar 150 .
125
1.00
P
0.75
0.50
2
0.25
0.00
o
Q
X: 0.2722533 Y: 0.7945701 Data: 0 Dims: 17x2
i | @HDFS  @NXdata
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python bindings: root attributes

3

File Options Views Help

o ® el

Name

Description

Type

Silx viewer

Shape Link

myscan_00678.nxs NXroot

- & entry
~ W data

® "My scan”

B mythen @ Compre...
~ & instrument
~ & mythen
W data & Compre...

* title

n Kotanski

@ "My scan"

(DESY FS-EC

NXentry
NXdata

uint16
NXinstrument
NXdetector
uint16

string

2x%17 Soft

2x17
scalar

vl

Jmyscan_00678.nxs::/

HDFS5 File
Path info
Basename
Name !
Local fmyscan_00678.nxs::/
Physical /myscan_00678.nxs::/
Attributes
HDF5_Version "1.10.8"
NX_class "NXroot"
default "entry"
file_name "myscan_00678.nxs"
file_time "2023-03-14T14:30:41.080296+0200"

file_update_tir "2023-09-14T14:30:41.080326+0200"

HDF5 | @ Nxdata
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python bindings: dataset details

File Options Views Help
o m el

Name Description  Type

~  myscan_00678.nxs

- & entry

NXroot
@® "My scan" NXentry
NXdata
uint16
NXinstrument,
NXdetector
@ Compre... uintlé
@ "My scan" string

. title

Silx viewer

Jmyscan_00678.nxs: fentry/data/mythen

Basename
Name
Local

Physical

HDFS type
dtype
shape

chunks

Position

0

@HDF5 | [ Curve
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HDF5 Dataset
Path info
mythen
[entry/data/mythen
Jmyscan_00678.nxs::/entry/datafmythen

Jmyscan_00678.nxs::/entryfinstrument/mythen/data

Data info

INTEGER
Native uint16
2x17=34
1x17=17

Compression info
HDF5ID Name  Options
1 "deflate" 2 Available

Mlimage B Raw
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@ The hbcpp and pninexus libraries simplify our work with the
HDEFS library: SWMR, external filters, direct chunk access,
VDS, user datatypes/dataspaces with c++ fraits, . ..

@ They are widely used also outside the science (h5cpp)

@ We test them on: Linux (h5cpp, pninexus),

Windows (hbcpp, pninexus) and MacOS (h5cpp)

@ Open Source Projects:
https://github.com/ess-dmsc/h5cpp.git
https://github.com/pni-libraries/libpninexus.git
https://github.com/pni-libraries/python-pninexus.git

@ Debian/Ubuntu packages are available
in our HDRI repository
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@ The hbcpp and pninexus libraries simplify our work with the
HDEFS library: SWMR, external filters, direct chunk access,
VDS, user datatypes/dataspaces with c++ fraits, ...

@ They are widely used also outside the science (h5cpp)

@ We test them on: Linux (h5cpp, pninexus),
Windows (hScpp, pninexus) and MacOS (h5cpp)

@ Open Source Projects:
https://github.com/ess-dmsc/hb5cpp.git
https://github.com/pni-libraries/libpninexus.git
https://github.com/pni-libraries/python-pninexus. git

@ Debian/Ubuntu packages are available
in our HDRI repository

Thank You !
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