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HDF Mission

Mission:

To ensure the sustainable development of HDF (Hierarchical Data Format)
technologies and the ongoing accessibility of HDF-stored information.

One Goal:

To ensure long-term availability and support for HDF technologies, and by
extension, long-term accessibility of information stored using HDF technologies.




HDF5 Philosophy

A single platform with multiple uses
* One general data model

* One general format

*  One library

« Adaptable for almost any kind of data

* Works on almost any architecture

* Supports compression and chunking

» Supports parallel 110

- Ability to interact well with other technologies (3 party filters, APIs etc)

* Attention to past, present, future compatibility



Conventions — Domain Data Types

HDF — Computer Science Data Types




HDF — Smart Containers for

Earth Science Information

Remote Access:
REST
HSNETVOL
OPeNDAP

DOI
ODBC Query &b/

SWMR @&/ _—

Digital Watermark &b/ ™

Hadoop Connector &b/

Bindings:
C/C++
FORTRAN
Python
Java

.NET

—
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File Format e
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@ Userblock

N
Qj Journal

GB Plugable Filter Pipeline for Compression, Encryption, etc.

HDF5 Container: Capabilities
and Future Directions.



NEON HDF5 file structure
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Eddy-covariance Data



Open Navigation Surface (BAG — IHO) FOF

Tracking List

X y | z ?

142 (132 |-12.2| HA
59 [232]-2.32| HA
91 |314 |-54.2 DS
15 | 152 |-1.23] HA

Hydrographer's Mods

a &|AF283cB2019DA2
< S Q
2| X Yhen, E| 98341FBE123A82
e Ao U] 182031A12D12EA
= ¢ —
w 1 Wh —=|SeqID: 1

e: at? o
2| W &|User: CAPT. J.D.Hyde

httos://www.iho.int/mtqg docs/com wq/HSSC/HSSC3/Draft S-102 Ed1.0.0.pdf




Sorted Pulse Format (Lidar etc.)
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I Kea — Land Cover (Images and Pixel Attributes) FF o
The HDF Group
Problem: How to have large attribute tables of data alongside raster data
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HDFS5 is like ...

random access;
subsetting

hierarchical;

collecl;tltorcnjs of standard
| relatec exchange format;
information

heterogeneous
information

self-describing;
extensible types;
rich metadata

high-performance;
compact;
scalable




HDF5 Communlty
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] Justification (ASDF) F o
The HDF Group

Efficiency — Data storage is cheap but operations on the data are quickly
becoming the limiting factor. More efficient and performant data processing and
analysis tools are badly needed.

Data Organization — Different types of data are needed for a variety of tasks. This
results in ad hoc data organizations and formats that are hard to maintain,
integrate, reproduce, and exchange.

Data Exchange - \We need to exchange complex data sets.

Reproducibility — Oftentimes not existent and should be strongly encouraged.
Mining, Visualization and Analysis of Data — As data volumnes growand data
become more complex, new techniques to query and visualize large datasets are
needed.

Understanding and Trusting Data — Detailed documentation standardized for
specific domain data types is required for data understanding, trust and reuse.



Useful resources and tutorials for new users

HDF Group Tutorials https://www.hdfgroup.org/HDFE5/Tutor/

NEON Tutorials http://neondataskills.org/HDF5/

HDF5 is for lovers tutorial https://vimeo.com/63260833

HDF5 is for lovers GitHub https://github.com/scopatz/hdf5-is-for-lovers



Maybe a Third Party’s Got Your Back?

4\ MathWorks

Documentation

< AllProducts

<MATLAB

< Data Import and Export
< Standard File Formats
< Scientific Data

NetCDF Files

HDF5 Files
High-Level Functions

Low-Level Functions

B 0% (hs1—Woifom Lar. x
& C fi Bht
« Ssari O HDFS A Specica

WOLFRAM

(Hapax! - o
<\ HDFS Files - MATLAB & S x
& C A [) www.mathworks.com/help/matlab/hdfs-fileshtml ¢ @ EJ @8 1 &
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Documentation ~

Q

Close

reference wolfram.com,
] Home | Resd the Do,

Products & Services  Technologies _ Solutions HDF5 Overview

guage/ref/format/HDF5.html
B Commn Lisp Hyper.

Wolfram Language & System

HDF5 Files

Hierarchical Data Format, Version 5

R2015¢

High-level access functions make it easy to read a data set from an HDF? file or
wiite a variable from the MATLAB® workspace into an HDF file. Low-level functions|
provide direct access to the more than 300 functions in the HDF library. To create o
write to nonnumeric datasets or atfributes, you must use the low-level functions.

High-Level Functions
Easily view, read, and write HDFS5 files

Low-Level Functions

Interact directly with HDFS library f e S
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HOFS bindings for LabVIEW.

© HDFS bindings for LabVIEW
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€ & C f [ wwwexelisviscom/docs/HDF5
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datases and aftibutes (or metadata).
contained in a dynamicaly loadable module (OLM),

1DLs HDFS routines all begin with the prefix "H5 " or "H5"

HDF5 (.h5)

Import and Export support the HFS format,
The Wolfram Language reads and writes HDFS images as data amays.

Compound data structures are ignored by mport

» Background

+ Import and Export

Import[*ffe.h5"] imports an HOFS i, returning the names of the datasets stored
Export ["flehs", expr] exports 3 numeric array ta HOFS.

Import["fe.hS"] returns  lstof strings representng the names of all datasets cor

Export [
armays (e,

1o}, ("Datasets”, ("datasett”,
}os separate datasets

“| Programming Model

metadata

Code Examples

Reading an Image

SUBDIRECTORY=[ "ex. .

ile_id = HSF_OPEN(file)
aset within the file.

within thitnl/inages group.

111 creates an HoS fif

; the inag:
; This is locat
<

Import ['7le.6S", clom] imports the specified element from an HDFS file.

Import[*1ehs",

11 imports a subelemen. . o

The Hierarchical Data Format (HDF) version § file format was designed for scientific data consisting of a hierarchy of
is a product of the National Center for Supercompuing Appiications (NCSA)
which supplis the underlying C-anguage fbrary. IDL provides access to ths lirary via a set of procedures and funcions

Hierarchical Data Format fles are organized in a hierarchical stucture. The two primary structures are:

“The HDFS group — a grouping structure containing instances of Zero of more groups or datasets, together with supporting

The HOF5 dataset — a multidimensional array of data elements, together with supporting metadata.

HOF aitibutes are small named datasets tha are attached to primary datassts, groups, or named datatypes.

“The folloving example opens up the hdfs_test. hs fle and reads in a sample image. It is assumed that the user already
knows the dataset name, eithe from using hsdusp, of the HSG_GET_MEMBER_NAME function.

Version | 8.5

More IDL Reference

Structures

G Routines
HDF Overvien
HDF-EOS Routines
HDF-E0S Overview
HDFS Overview

H Routines.
Routines

J Routines

K Routines,

L Routines
Routines.

NelCDF Overvien

O Routines

Obsolte Routines and -

« Safari & HDFS APl Specificati... [[] Home | Read the Do... [EJ Common Lisp Hyper.. » (] Other bookmarks

[AD: NEON] -

NEONWORK WITH ~ DATATUTORIALS ~ ABOUT  DATAWORKSHOPS R & PYTHON CHEATSHEETS

DATA NEON WEBSITE

[Ad: Articles by tag: HDF5 feature..]
Photo Credit: Colin Williams N
1
Articles by tag: HDF5
The Hierarchical Data Format version 5 (HDF5), is an
NEON EDUCATION open file format that supports large, complex,

heterogensous data. Below, you will find a set of

Devoted fo open data activities that focus on teaching key concepts

and open source in surrounding:
science and
cduesten 1. What the HDF file format is
2. The potential benefits of using HDF5 to store your

Activities By data.

Topic 3. What HDFS5 files look like.
4. How to work with HDF5 files in the R
LiDAR (6) programming language - step by step including
R programming (22) sample code
Data Visualization (3) 5. How to create HDF5 files.

Spatial Data & GIS (5)

Examples using the Python programming language to
Hyperspectral Remote come.

Sensing (8)
Hierarchical Data
Formats (HDF5) (10)
Data Workshops (6)
. . Plotting Spectral Profiles derived from Hyperspectral
View ALL Activi Remote Sensing Data in HDF5 Format in?
Last modified: Aug 8, 2015 Time: 1.0 - 1.5 Hours , Related
Activities by Tag rhafs, raster, rgdal, plyr,
Extract a single pixel's worth of spectra from a a hyperspectral
dataset stored in HDF5 format in R. Visualize the spectral
profile
0 Twitter N oo
8 Youtube R: Introduction to HDF5 Files in R
o Github Last modified: May 20, 2015 Time: 1.0 - 1.5 Hours , Related.

rhafs,
Learn how to build a HDF file in R from scratch! Add groups,
datasets and attributes. Read data out from the file




Community Tools

) Search - HDF5 - GitHub x
< C | @ GitHub, Inc. [US] https://github.com/search?utf8=v &q=HDF5&type=
O Features Business Explore Marketplace Pricing HDF5
Repositories 855 Code Commits 144K Issues 20K Wikis 2K Users 7
855 repository results Sort: Best match ~
Langy
Pyth
live-clones/hdf5 ecC * 27 c
Live clone of C++
icket.hdfgroup.or L Jupy
.git.
Shell
Updated 19 hours ago s
R
2 Fortr:
jsharpe/hdf5 @C++ * 34
HDFS C++ wrapper Vatia
HTMI
Updated on Nov 25, 2015
soumagne/hdf5 ecC *8
Workspace clone of HDF5 bitbucket
Updated on Mar 28
gonum/hdf5 ®Go *13
hdf§ is a wrapper for the HDF5 library
Updated 17 days ago
ready-steady/hdf5 @ Go * 11

& (&} ‘0 | [ host-ip-address:8787/auth-sign-in

OStudio

Sign in to RStudio
Username:
rstudio

Password:

rstudio

) Stay signed in

Eddy-covariance calculation for R: Base

package

DO
Documentation for package ‘eddy4R.base’
version 0.0.32
= DESCRIPTION file
Help Pages
Conv Conversion Factors

Determining mean, external, intemal and

def aqryari.seSq total variance, and squared standard emror

Composing azimuth angle from cartesian
def.az cart vector data
defbase.ec Base state for eddy-covariance calculation
def.bin Binning data

Decomposing azimuth angles to cartesian
defcartaz o

6 File  Edit e View Plots  Session Build Debug Profile Tools Help smetzger | = @
Fl-| & - A Go to file/function - [2- Addins - & 0-NEONInc-DEFAULT ~
3] flow.turb.tow.neon.r 5 — 7 Environment  History  Git =0
a1 [Csourceonsave | @ # ~| i —#Run 3% _+source =~ = oiff  “/commic & @ # | @ master » (&
1- * * * * ~ | Staged Staws a Path
; #' @ritle workflow template implementation for processin(jj © fow/flow.pack/flow.pack.R
4 % @author
5 #' Stefan Metzger \email{eddy4R.info@gmail.com} \cr
6 #' David Durden \email{eddy4R.info@gmail.com}
7
8 #' @description Files Plots Packages Help Viewer ]
9 #' Workflow. Template implementation for processing NEON
© ) ! . v . <! Blinsan | @ updste | B Packea: eddy 2
11 * [0 ] 4 Name Description Versi
11O (Undtled) ¢ RSeript 2] 7] eddy4R.base Eddy-covariance calculation for R 0.0.32 @ =
- — v o Base package
Console eddy/Github/NEON-FIU-algorithm /NEONInc/0-NEONInc-DEFAUL = B
[7] eddy4R erf Eddy-covariance calculation for R 005
R version 3.3.2 (2016-18-31) -- "Sincere pumpkin Patch” il Environmental response function
Copyright (C) 2016 The R Foundation for Statistical Computing [[] eddyaR.gagc Eddy-covariance calculation for R 0.0.13
Platform: x86_64-pc-linux-gnu (64-bit) Quality assurance and quality
L control
R is free software and comes with ABSOLUTELY NO WARRANTY. [] eddyaRturb Eddy-covariance calculation for R 0.0.13

You are welcome to redistribute it under certain conditions.
Type ‘license()' or ‘licence()’ for distribution details.

R _is a collaborative proiect with manv_contributors.

Turbulent flux
[£] ReddyProc Data processing and plotting 0.8-2
o utilities of (half Jhourly =




HDF Tools

Supporting the entire data life cycle

etaiata g Product T Mapper OPeNDAP HDFView (HDF-EOS plugin)|| |DL/ENVI, MATLAB,
Metadat'a ) Designer Handlers HDFCompass Panoply, IDV, Ferret,
C‘;:‘;Z”;;? " HSServer: HDF-EOS Dumper Python, User support
ISO, HDF-EQS, ACDD, nclSO, THREDDS
CF
1

—

Product Distribution

Generation

Mission

Planning and
Design

Repurposing

Metadata / Data
HDF4, HPF5 & HDF- AL mentzftion Climate-Forecast (CF)
EOS Libraries g Conventions Product
IDL netCDF AP| (Re-)Designer
HDF4 to HDF5 HDF-EOS

Library /Tools




HDFView

HDFView (Java)

Tool for viewing and editing local HDF files

Modify content of dataset AND add, delete or oo

Recent Fies | /HDFVi _tesths

. " " Clear Text
! s ——
I I IO I y a rl u es hdfs._tesths @ Iceberg at jimages/ [hdfS_test.hS in /Applications/HDFTools/HDFView2.9/samples] @

Fvoes e RAIARIRQ

(0,0)

¢ @arrays
[} 1D string
8 20 float array
20 intarray
20 im8x9
830 intarray
D int
2 ArrayOfStructures
& vdata with mixed types
> @ datatypes.
¢ @ images
@& 3D THG
@& Iceberg
@& hst_lagoon_detail.jpg
[ iceberg_palette
@& pixel interlace
@& plane interlace
annras.hdf
@ Raster Image #0
@ Raster Image #1

@ plane interlace at /images/ [hdfS_test.hs in /Appl... @ X
image sl@lQ
©0.0)

plane interlace (3654, 4)

8-bit unsigned integer, 3 x 149 x 227 =

Number of attrbutes = 5 =

= H

IMAGE. E = 0255 A
Log Info_| Metadata

https://www.hdfgroup.org/products/java/hdfview/index.html




HDF Compass

HDF Compass (Python) https://www.hdfgroup.org/projects/compass/index.html

View datasets, attributes and groups, local and remote (No edit capability)

Simple image, line and contour plots

Cross-platform

Name
3D THG 11 3DTHG
L4 Iceberg
¥¥ hst_lagoon_detail.jpg pixel interlace
1.4 iceberg_palette
@ ¥¥ pixel interlace
U 1.4 plane interlace
b Z: 4 at
HDF5 Dataset i\
< ¥ ) Ay inein: ol
plane interlace
Shape
(8,72, 144) 8 s a7
HDF5 Truecolor Image o F i
Type 50 a9 a9
1-byte unsigned integer HoFs petas = % 52 2 o
hape 54 54 53
) 54 54 53
56 56 55
Type 56 56 55
1-byte unsigned o b
58 s8
58 58 6 2
58 58
58 58 6
58 58
58 57
57 57
57 56
56 56
56 56
57 56
57 57
£ 7
56
56




Product Designer

HDFSJ

HDF5
JSON

)

HDF4
MAP

NcML
(Remote)

OPeNDAP cDL
DMR

Import Options

| Text (CSV) ¥

HDF online
(files, data)

|

Desktop Client

(Easy Install)

\

Restful ServerJ

Data Store

(users, projects, file
structures, metadata)

HDF
JSON

N\

y

HDF5

T

Template

J Python J

MATLAB Export
Options




Product Designer Hub - V0O

>[ Browser

HDF5
Template

Local
Disk

XML
ISO / NcML / WaterML / SensorML / TSML 7

XML
EML

[} senda file x

- ® 54.174.38.12:9000

[E5 HomeTabs HDF Metadata Wikis 1SO TC211 Home Slideshare / Figshare git

Choose Files | No file chosen Send

08158000.xml

08158000.xml.ncml

AMSREL1A.xml

AMSREL1A.xml.h5

AMSREL1A.xml.ncm|

C00618.xml

C00618.xml.h5

C00618.xml.ncml
G1370017354-GES_DISC.echo10.xml
G1370017354-GES_DISC.echo10.xml-1.ncml

G1370017354-GES_DISC.echo10.xml-1.ncml.xml

) You

* | =

» Other Bookmarks




Community Metadata in HDF

® NEON.D10.ARIK.DP1.20100.001.20160305-20160911.xml X

[ ] @ ‘3 NEON.D10.ARIK.DP1.20100.001.20160305-20160911.xml [/U: / ‘mann/Dropb: /NEON.D10.ARIK.DP1.20100.001.20160305-20160911.x...
IDERBRCIVIQLARiK € 02 oo
XPath 2.0 ~ [ ~/ns3:eml/dataset - HIErg {E} /; (& IZ .

/Users/.../[...20160911.xml

ns3:eml dataset < > ‘ >
1 <7xml version="1.0" encoding="UTF-8" standalone="y: Q
2w <ns3:eml xmlns:ns2="eml://ecoinformatics.org/softw
3p <access "allowFirst" t em="https:/. Name Kind
9w gdataset, id-"NEON.DIO.ARIK.DPL.20100.001.20160] 4.0 <oy # contact HDF5 Group
1 <shortName>NEON ARIK Elevation of groundwaf
11 <title>NEON Elevation of groundwater at AR % coverage HDFS Group
12 p <creator 1d="neon_contact"> [12 lines] ¥ creator
25 p <metadataProvider> [12 lines] e
38 <pubDate>2016-09-21</pubDate> 8 dataTable ¢ D &
39 <language>English</language> W dataTable_d1e1196
4 <intellectualRights> [24 lines] # dataTable_d1e1446 Name Kind
65 p <distribution> [4 lines] _ contact W address HDF5 Group
7 <coverage> [11 lines] % dataTable_d1e1697 8 electronicMailAddress HDFS Group
82 <purpose>Sensor based measurement of groun: HDF5 Group % dataTable_d1e2509 # phone HDF5 Group
83 p <maintenance> [7 lines] 9 dataTable_d1e3321 B
91w <contact> 19 items _
92 <organizationName>National Ecological 9 dataTable_d1e3571 Name Value Type  Shape
93 » <ﬂﬁd'"e55> [6 Lines] 20746 % dataTable_d1e4383 address deliveryPoint 1685 38th Street, Suite 100 |S27
1 <phone phor voice">720-746-4844<, city Boulder 1S7 0
101 <electronicMailAddress/> % dataTable_d1e4633|  HOF5 Group administrativeArea co s2 0
13; . <:n11neurl>http://mm.neonsciencerrg< ¥ dataTable_d1e5446 3items g postalCode 80301 85 0
contact> g Y @ Y
te USA S3
104 p <publisher> [12 lines] - .dlstnbutlon ) P b eountry ! 0
17 p <project> [77 lines] ¥ intellectualRights S
195 p <dataTable> [416 1 #¥ maintenance .
612 p <dataTable> [127 . HDFS Attributes
740 » <dataTable> [12 % metadataProvider Name Value ) Type  Shape
868 b <dataTable> [416  project contact urg}anltaltlonName :atlonal Ecological Observatory Network (NEON) |:42:: 0
1285 » <dataTable> [416 ) onlineUrl ttp://www.neonscience.org I 0
ublisher
1702 p <dataTable> [127 e
1830 p. <dataTable> [416 ‘\ﬁl’
2247 » <dataTable> [127 1\ ;
2375 p <dataTable> [416 aiad
2792 p <dataTable> [127 11
- HDF5 Attributes
@ Q- MD_Format @ | Next | Previous | All Incremental Case sensitive Q Ry
M Learn completed U+0074 9:8 & 1 new messagy{




Client/Server Architecture

C/Fortran Web
Application Application

Python CMD Line
Applications Tools

Client Software Stack

HDF REST API

Note: Clients don't
need to know
what's going on
inside this box!

HDF Service (hbservor ...)




Web Ul - Display HDF Content in a browser

® O ® /[ 192.168.1.100/8/2param-+ x ||| john
€& - C [} 192.168.1.100/#/?param=tall.ndfgroup.org%23%230$$8b02da38-fcf8-11e5-bec8-0242ac110002%23%23tall.hdfgroup.org$$8b02ealdc-fcfs-11e... 57 o a =

FTThe HDF Group

@Signin  @Signup 2 <

sin2d
& sininvx
sinxy
snp500

- 318 dset1.1.1
- 3% dset1.1.2

Properties:

=] Object Information

Object Type Datasets
Datatype No Datatype
Dimensions 10,10

=] Atrributes

#publicftall/g1/g1.1/dset1.1.1
Row Index 0o =
0 0
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0

1

© ©® N O 0O A W N = O

@ o H~ N O N

© O W o w

@ H»h O b

6
0
6
12
18
24

8

&8 Data |~ Graph &5 Clear

7 v 8 v 9

0 0

8 9
14 16 18
21 24 27
28 32 36
35 40 45
42 48 54
49 56 63
56 64 72
63 72 81

+ Add Filter




Global Fire Emissions Database

GFED HoME UPDATES DATA  FIGURES  ANALYSIS TOOL

. . i e
(i) D A CHART "= n n o . | Q search by location.
-

o

Annual Emissions: North Carolina .t x

0.7

05

0.5

0.4

Teragrams (Tg) carbon

0.3

0.2

0.1

2014 2015 2018

2003 2000 2010 2011 2012

2004 2005 2008

M Agriculture [ Savannah Bl Peat M Forest M Preliminary Estimate

2008 2007 2013

4 ¥ Average Burned Area2014 b

Estimate of carbon emissions by source from 2003 to 2016. (r = 0.49) ] 0.2%05% 1% 2% 5% 10% 20% 50% 100%




Architecture for HSDS
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Object Store

Client: Any user of the service

LB: Load balancer — distributes requests to Service nodes

SN: Service Nodes — processes requests from clients (with help from
Data Nodes)

DN: Data Nodes — responsible for partition of Object Store

Object Store: Base storage service (e.g. AWS S3)



To Find out More:

« H5serv: https://github.com/HDFGroup/h5serv
 Documentation: http://h5serv.readthedocs.io/
« Hb5pyd: https://github.com/HDFGroup/h5pyd
« RESTful HDF5 White Paper:

https://www.hdfgroup.org/pubs/papers/RESTful_HDF5.pdf
* OpenNex: https://nex.nasa.gov/nex/static/htdocs/site/extra/opennex/
« Blog articles:

o https://hdfgroup.org/wp/2015/04/hdf5-for-the-web-hdf-server/

o https://hdfgroup.org/wp/2015/12/serve-protect-web-security-hdf5/




Thank You!
thabermann@hdfgroup.org

Questions?



