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HF Introduction to HDF5

* |Introduce you to HDF5
 HDF5 data model
 HDF5 programming model
 Examples
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WHAT IS HDF5?
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HF What is HDF5?

« HDF5 == Hierarchical Data Format version 5

o

* Open file format _‘
» Designed for high volume or complex data

* Open source software
* Works with data in the format

* A data model
« Structures for data organization and specification
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Rationale behind HDF5

wiofeld
Ss01)

©

HDF5 Tutorial

HDF5 is designed for

Big Data - high volume and/or
complex heterogeneous data

Every size and type of system
(portable, shareable)

Flexible, efficient storage and
/O

Enabling applications to evolve
in their use of HDF5 and to
accommodate new models

Supporting long-term data
preservation
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HDF5 DATA MODEL




HF HDF5 Data Model

Link

Dataset W\

R
Group ~ Datatype

Attribute (‘)‘-(‘) Dataspace

File

a.k.a. HDF5 Abstract Data Model
a.k.a. HDFS Logical Data Model
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HF HDF5 Dataset

Integer 32bit LE

Rank Dimensions

Specifications for single data Multi-dimensional array of
element and array dimensions identically typed data elements

« HDF5 datasets organize and contain “raw data values.”
* HDF5 datatype describes individual data elements.

* HDF5 dataspace describes the logical layout of the data elements.
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HF HDF5 Dataspace

* Describes the logical layout of the elements in an HDF5
dataset

 NULL
* NO elements
e Scalar
* single element
« Simple array (most common)

* multiple elements organized in a
rectangular array
* rank = number of dimensions
» dimension sizes = number of elements in each dimension
« maximum number of elements in each dimension
« may be fixed or unlimited
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HF HDF5 Dataspace

Two roles:
Dataspace contains spatial information

 Rank and dimensions
* Permanent part of dataset —
definition e
Rank =2

Dimensions = 4x6

Partial I/0: Dataspace describes application’s data buffer
and data elements participating in 1/O

Rank=1
I | | | | Dimension = 10
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D o HDF5 Datatype

 Describe individual data elements in an HDF5 dataset

« Wide range of datatypes supported
* Integer
* Float
« Enum

* Array

« User-defined (e.g., 13-bit integer)
« Variable length types (e.g., strings)
« Compound (similar to C structs)

* Many more ...
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HF HDF5 Dataset

N\
i

Datatype: 32-bit Integer

Dataspace: Rank =2
Dimensions =5 x 3
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l-u: HDF5 Dataset with Compound Datatype

< 3 —>
A
Y R
int16 ' char int32 2x3x2 array of float32
Compound N/ /
Datatype: }

Dataspace: Rank =2
Dimensions =5 x 3
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FOF

How data is stored?

Contiguous
(default)

Chunked

Chunked &

Compressed

10/16/18

Buffer in memory

HDF5 Tutorial

-

-

Data in the file

Data elements
stored physically
adjacent to each
other

Better access time
for subsets;
extendible

Improves storage
efficiency,
transmission speed
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D o HDF5 Attributes

« Typically contain user metadata
 Have a nhame and a value
 Attributes “"decorate” HDF5 objects

* Value is described by a datatype and a dataspace

Analogous to a dataset, but do not support
partial /O operations; nor can they be compressed or
extended
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|-u: HDF5 Groups and Links

HDFS5 groups
and links /
organize e
data objects.

Date: 3/13/09
Configuration: Standard 3

lat | lon | temp
S — -
12| 23| 3.1
15| 24| 4.2
17| 21| 3.6
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Every HDFS file
has a root group

SimOut
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'Y= HDFView: Example of HDF5 file

File Window Tools Help

2ld 9als

Recent Files | /Users/epourmal/Files/DAACs-presentation/GDNBO-SVDNB_npp_d20170222_t1444318_e1450121_b27584_c20170223212551194790_noaa_ops.h5 ‘ - \ Clear Text

GDNBO-SVDNB_npp_d2017032
¢ @ All_Data
o () VIRS-DNB-GEO_All
¢ ‘@ VIIRS-DNB-SDR_AIl
i ModeGran
8 ModeScan
& NumberofBadChec
& NumberOfDiscarde
8 NumberOfMissingPk
& NumberoOfScans
f# PadBytel
@ QF1_VIIRSDNBSDR
) QF2_SCAN_SDR
% QF3_SCAN_RDR
& Radiance
¢ ‘@ Data_Products
o (24 VIIRS-DNB-GEO
o 24 VIIRS-DNB-SDR

B Radiance at /All_Data/VIIRS-DNB-SDR_All/_[G Radiance at /All_Data/VIIRS-DNB-SDR_All/ [GDNBO-SVDNB_npp_d20170222 t1444318 e1450121 b27... [ [
fit]
Table
mage | fif]| |l | R Q)

(0,0

0 -1.5E-9 0.001478.../0.001478...
1 -1.5E-9 0.001404.../0.001404...
2 -1.5E-9 0.001383...0.001423...
3 -1.5E-9 0.001402.../0.001456...
4 -1.5E-9 0.001356...[0.001357...
5 -1.5E-9 0.001422.../0.001403...
6 -1.5E-9 0.001354...0.001444...
7
8
9
10

-1.5E-9 0.001434.../0.001433...
-1.5E-9 0.001440...[0.001439...
-1.5E-9 0.001362...[0.001434...
-1.5E-9 0.001407.../0.001442...
11 -1.5E-9 0.001369...[0.001353...
12 -1.5E-9 0.001391...[0.001445...
13 -1.5E-9 0.001357...10.001397...
14 -1.5E-9 0.001353.../0.001374...
15 -1.5E-9 0.001452.../0.001457...
16 -1.5E-9 0.001437...0.001506...
17 -1.5E-9 0.001400.../0.001402...
18 -1.5E-9 0.001412.../0.001378...
19 -1.5E-9 0.001436.../0.001383...
20 -1.5E-9 0.001355.../0.001319...
21 -1.5E-9 0.001347.../0.001363...
22 -1.5E-9 0.001390...[0.001334...
23 -1.5E-9 0.001361...[0.001395...
24 -1.5E-9 0.001326.../0.001327...

1ara

Aaniaor

VIIRS-DNB-GEO (3840, 6) B
Group size = 5
Number of attributes = 6
Instrument_Short_Name = VIIRS -

| Log Info LMetadata |

F5 Tutorial




HDFS SOFTWARE




L HDF5 Home Page

HDF5 home page: http://hdfgroup.org/HDFS/
L atest release: HDF5 1.8.21, HDF5 1.10.4

HDF5 source code:

 Written in C, and includes optional C++, Fortran, Java
APls, and High-Level APIs

« Contains command-line utilities (h5dump, hbrepack,
hodiff, ..) and compile scripts

HDF5 pre-built binaries:

« When possible, include C, C++, F90, and High-Level
libraries. Check ./lib/libhdf5.settings file.

« Built with and require the SZIP and ZLIB external
libraries

10/16/18 HDF5 Tutorial 22
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H' Y= HDF5 Software Layers and Storage

Tools
netCDF-4 H5py HDFview

i Java Interface

HDF5 Data Model Objects|| Tunable Properties
Groups, Datasets, Attributes, ... Chunk Size, I/O Driver, ...

Chunked
Storage

Version
Compatibility

Datatype

Internals )
Conversion

HDF5 Library

Virtual File
|/O Drivers I I I I
HDF5 File File on
Format F|Ie - Split - Parallel ? Other
J Files 0
Filesystem
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'Y= Useful Tools For New Users

h5dump:
Tool to “dump” or display contents of HDF5 files

h5cec, hbSc++, hbSfc:
Scripts to compile applications

HDFView:

Java browser to view HDF5 files
https://portal.ndfgroup.org/display/support/Download+HDFView

HDF5 Examples (C, Fortran, Java, Python, Matlab)
https://portal.ndfgroup.org/display/HDF5/HDF5
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HDF5 PROGRAMMING MODEL
AND API




|-u: General Programming Paradigm

* Object is opened or created
* Object is accessed, possibly many times
* Object is closed

* Properties of object are optionally defined
v’ Creation properties (e.g., use chunking storage)
v'Access properties (e.g., parallel I/O)
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D o Order of Operations

* An order is imposed on operations by
argument dependencies

For Example:

A file must be opened before a dataset
-because-

the dataset open call requires a file handle

as an argument.

* Objects can be closed in any order.
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HF The General HDF5 AP

* C, Fortran, Java, C++, and .NET bindings
 IDL, MATLAB, Python (H5Py, PyTables)
* C routines begin with prefix H5?

7 I1s a character corresponding to the type of object the
function acts on

Example Functions:

HS5D : Dataset interface e.g., H5Dread hSdread f

HSF : File interface e.g., H5Fopen hS&dopen f
H5S : dataSpace interface e.g., H5Sclose hbSsclose f
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HF The HDF5 AP

* For flexibility, the API is extensive /7 Vi
/ 500+ funCt|OnS ////I/ ¢  Cybertool 34

\,/

* This can be daunting... but there is hope l
v' A few functions can do a lot
v Start simple
v Build up knowledge as more features are needed
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|'u: Basic Functions

-15Fcreate (H5Fopen) create (open) File
H5Screate simple/H5Screate create dataSpace
H5Dcreate (H5Dopen) create (open) Dataset

H5Dread, H5Dwrite access Dataset

H5Dclose close Dataset

H5Sclose close dataSpace

H5Fclose close File
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I-D: Other Common Functions

DataSpaces: 15Sselect _hyperslab (Partial 1/0)
-H5Sselect _elements (Partial 1/0O)
H5Dget space

Groups: H5Gcreate, H5Gopen, H5Gclose

Attributes: HS5Acreate, H5Aopen name,
H5Aclose, H5Aread, H5Awrite

Property lists: HSPcreate, H5Pclose
H5Pset chunk, H5Pset deflate
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H' = How to compile HDF5 applications

Autotools build
Wrappers contain compiler/linker flags

« h5cec — HDF5 C compiler command
« h5fc — HDF5 F90 compiler command
« H5¢c++ — HDF5 C++ compiler command

* To complle:
Bh5cc hbS5prog.c
@Bh5fc h5prog.£90
Bh5c++ hS5prog.cpp

10/16/18 HDF5 Tutorial KV www.hdfgroup.org




FORTRAN EXAMPLES




HF Content of file.h5

4x6 array of
integers
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HF h5dump of file.h5

$ h5dump file.h5
HDF5 "file.h5" {
GROUP "/" {
DATASET "A" {
DATATYPE H5T STD I32LE
DATASPACE SIMPLE { (6, 4 ) / (6, 4 ) }

DATA {
(0,0): 1, 7, 13, 19,
(1,0): 2, 8, 14, 20,
(2,0): 3, 9, 15, 21,
(3,0): 4, 10, 16, 22,
(4,0): 5, 11, 17, 23,
(5,0): 6, 12, 18, 24
}
}
GROUP "B" {
}
}
}
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|-u: Fortran Examples Demo 1

e Create afile file.h5
h5 crtfile.f90

* Create afile file.h5 and a group /B in it
h5 crtgrp.f90

* Open the file and create a dataset /A
h5 crtdat.ft90

* Open the file and dataset and write data to the
dataset

h5 rdwt.f90
» Create a table (compound dataset)
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HF Notes on h5dump output

* Objects are list in alphabetical order
» Creation order can be tracked (later)

» Datatype is shown as H5T_STD I32LE instead
of HST _NATIVE INTEGER

e h5dump shows “self-described” type

 Data is shown transformed

* Discussed in detail in the next topic "HDF5
Fortran Interface”
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FT The HDF Group

Thank You!
Questions?
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