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What is What is ““The HDF GroupThe HDF Group””

• HDF implemented 1988 at NCSA, to manage
science data among supercomputers and
workstations

• HDF5 implemented in 1998
• Hundreds of different apps of HDF5
• Millions of users of HDF/HDF5
• Spinoff in 2006

• “The HDF Group,” a non profit company
• Mission: sustain HDF and serve HDF users
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HDF5 isHDF5 is

1. File format for managing any kind of data1. File format for managing any kind of data

2. Software to manage data in the format2. Software to manage data in the format

• Suited especially to large or complex data
• Designed to be efficient, flexible, extendable
• Runs on every size and type of system
• Open format and software
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An HDF5 file is a containerAn HDF5 file is a container……

lat | lon | temp
----|-----|-----
 12 |  23 |  3.1
 15 |  24 |  4.2
 17 |  21 |  3.6

palet
te

palet
te

……into whichinto which
you can putyou can put
your datayour data
objects.objects.
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Structures to organize objects in filesStructures to organize objects in files

palettepalette

Raster imageRaster image

3-D array3-D array

2-D array2-D arrayRaster imageRaster image

lat | lat | lonlon | temp | temp
----|-----|---------|-----|-----
 12 |  23 |  3.1 12 |  23 |  3.1
 15 |  24 |  4.2 15 |  24 |  4.2
 17 |  21 |  3.6 17 |  21 |  3.6

TableTable

““//””    (root)(root)

““/foo/foo””

“Groups”

“Datasets”
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HDF5 data modelHDF5 data model

• Groups – structure among objects
• Datasets – data arrays

• Rich set of datatype options
• Flexible, efficient I/O

• Attributes, for metadata

Everything else is built essentiallyEverything else is built essentially
from these parts.from these parts.
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Storage and I/O optionsStorage and I/O options

• Application can select storage and I/O
methods most appropriate to type of data,
access patterns, file system, etc.

• E.g. structures for efficient access
• Built-in – indexes, etc.
• Optional – compression, chunking, etc.
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HDF5 SoftwareHDF5 Software

Tools & ApplicationsTools & Applications

HDF FileHDF File

HDF I/O LibraryHDF I/O Library
C, C++, Fortran, Java, other languagesC, C++, Fortran, Java, other languages

Domain-specific apps (e.g. Domain-specific apps (e.g. NeXusNeXus))
Problem-specific appsProblem-specific apps
COTS and other toolsCOTS and other tools
Data management utilitiesData management utilities

Filters and I/O drivers for speed, real-Filters and I/O drivers for speed, real-
time processing, compression, etc.time processing, compression, etc.

Examples of howExamples of how
HDF5 is usedHDF5 is used

Understanding Global WarmingUnderstanding Global Warming
----

NASANASA
Earth Observing SystemEarth Observing System

Data & Information SystemData & Information System
(EOSDIS)(EOSDIS)
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NASA Earth Observing System (EOS)NASA Earth Observing System (EOS)
Aqua (6/01)

Aura
TES HRDLS

MLS OMI

                 Terra
    CERES MISR

MODIS MOPITT

      Aqua
CERES   MODIS

AMSR
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General HDF-EOS5 File StructureGeneral HDF-EOS5 File Structure

S
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EOSDIS data requirementsEOSDIS data requirements

• Volume
• 3 terabytes/day = 15 petabytes in 14 years

• Complexity
• dozens of instruments and scores of datasets

• Accessibility
• search, subset, re-organize
• software quality and evolution

• Usability
• 2 million users
• tools, portability, standardization
• user support
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What THG does for EOSDISWhat THG does for EOSDIS

• Maintain/develop HDF formats, I/O libraries
• Help data producers/users/vendors through

consulting, documentation, tutorials,
workshops

• Tools for viewing, editing and managing data

BioinformaticsBioinformatics

----

Managing genomic dataManaging genomic data

caacaagccaaaactcgtacaacaacaagccaaaactcgtacaa
CgagatatctcttggaaaaactCgagatatctcttggaaaaact
gctcacaatattgacgtacaaggctcacaatattgacgtacaag
gttgttcatgaaactttcggtagttgttcatgaaactttcggta
AcaatcgttgacattgcgacctAcaatcgttgacattgcgacct
aatacagcccagcaagcagaataatacagcccagcaagcagaat
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DNA sequencing workflowsDNA sequencing workflows

• Diverse formats
• Highly redundant data
• Repeated file processing
• Disconnected programs
• Non-scalable storage
• Lack of persistence
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Multiple levels and relationshipsMultiple levels and relationships

Contig Summaries

Discrepancies

Contig Qualities

Coverage Depth

ReadRead
qualityquality

Aligned bases

ContigContig

Reads

Percent match

SNP ScoreSNP Score

TraceTrace
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HDF5 as binary format forHDF5 as binary format for
bioinformaticsbioinformatics
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HDF5 as a containerHDF5 as a container
““NARA TWR collectionNARA TWR collection””

Store all information in a National Archives
collection having to do with the Torpedo Weapons

Retriever
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TWR TWR –– Torpedo Weapons Retriever Torpedo Weapons Retriever
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Files received from NARAFiles received from NARA
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HDF5 Example: TWR collectionHDF5 Example: TWR collection
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HDF5 Example: TWR collectionHDF5 Example: TWR collection
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HDF5 Example: TWR collectionHDF5 Example: TWR collection
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HDF5 Example: TWR collectionHDF5 Example: TWR collection
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HDF5 Example: TWR collectionHDF5 Example: TWR collection
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HDF5 Example: TWR collectionHDF5 Example: TWR collection
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HDF5 Example: TWR collectionHDF5 Example: TWR collection
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HDF5 Example: TWR collectionHDF5 Example: TWR collection

Managing Flight Test DataManaging Flight Test Data
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Flight testFlight test
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Flight test data requirementsFlight test data requirements

• Fast data acquisition from 1000s of sources
• Wide variety of data types
• Active archive
• Standard storage for data/software exchange
• Specialized software tools, libraries
• COTS accessibility
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What we do for BoeingWhat we do for Boeing

• Create software for apps (“HDF packet”)
• Tune I/O library and format
• Port to specific platforms
• Add features to I/O library and format
• Train/consult to optimize use of HDF5

HDF5 and DatabasesHDF5 and Databases
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Hybrid: side-by-sideHybrid: side-by-side

ApplicationApplication

SQL q
ue

ry

SQL q
ue

ry

Que
ry 

res
ult

s

Que
ry 

res
ult

s

RDBMSRDBMS

HDF5HDF5

RelationalRelational
tablestables

IndexesIndexes

RDBMS used for
SQL queries;
points to objects
in HDF5 files

Direct access thru
HDF5 API for
scientific analysis

Analysis

Analysis
Analysis results

Analysis results

RelationalRelational
tablestables

IndexesIndexes
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Hybrid: side-by-sideHybrid: side-by-side

VISION
“Proud of our past, with a Vision for Tomorrow”

Aberdeen Test Center
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Scripted Scenarios 
Test Environment

High Speed Network

Analyst’s
 Workstation

Internet

Integrated 
Information Systems

Operational Environment

Single Information
Stream From Concept

to Combat

VISION
Knowledge Management Systems

*Adapted from “VISION” by Dr. Samuel F Harley, US Army Aberdeen Test Center.
www.dtic.mil/ndia/2003NET3/harley.ppt May 22 2007 NCSA PSP Meeting 38

/ (root)

ChannelData
Labeled

ChannelDataEMETA RMETA Res_Obj

Instrumentatio
n  Specific

.

.

.

ORIGINAL_FILE_NAM
E

Instrumentation  Specific
.
.
.

RES_UUID
CONFIG_UUI

D
INV_ID
AST_ID
CTR_ID
PRJ_ID

RES_TYPE
Res_Start_Time
Res_Stop_Time

BlobfileBytes
.
.
.

Steer Angle (e.g. – Alias from config file)

OFFSET
_SEC

MIN
AVG
MAX

NUMPTS

VALUE

Thumbnail_G
IF (bytes)

.

.

.

13 (ID from EUDB)

Tax.
params

.

.

.

Attributes

Data Sets

Groups

Legend

.

.

.

Hardlink

Saturday, August 18, 2007

Misc_Images

PASSED
VALIDATION

CHECKS

FAILED
VALIDATION

CHECKS

Name/
Reaso

n

Name/
Reaso

n

Modifications

THUMBNAI
L GPS MAP

IMAGE
(bytes)

WIDE GPS
MAP

IMAGE
(bytes)

ZOOMED
GPS MAP
IMAGE
(bytes)

Date/What 
Changed

.

.

.

.

.

Thumbnail_G
IF All Data

(bytes)

OFFSET_SE
C Removed

Data

MIN
AVG
MAX

NUMPTS

VALUE
Removed

Data

Purged
Channels

Same As
ChannelDat

a

Date/What 
Changed

.

.

Verifications

Extracted
Features

Name/
Value

Configuration

ConfigFileUsed
(string)

Versions

Validation_Messages

Histogram

Wed Oct 27 12:30:02 EDT 2004

BinDataArra
y

Thumbnail_G
IF

Min,Ma
x,Num
Bins,Me
an,10%,
90%,St
dDev

.

.

.

Mime

Wed Oct 28 15:45:00 EDT 2004

MimeType
Extension

Orig inalFileNa
me

Data (bytes)

.

.

.

BinDataArra
y Removed

Data

Thumbnail_G
IF Removed

Data

Inventory_Item

INV_NOTE
S

Project

PRJ_NOTES
PRJ_NAME

PRJ_TC_NUMB
ER

TestCenter

CTR_Abbreviati
on

CTR_FullName
CTR_HomePage

Typical VISION Enterprise HDF5 File LayoutTypical VISION Enterprise HDF5 File Layout
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EngineeringEngineering
Units DatabaseUnits Database

AndAnd
HDF-5 FileHDF-5 File

SystemSystem

Project

Test Center conducting

the test

Type of test

What is being tested -

System and Test Item

Who is conducting

the test

High Level Metadata (ILH)

Resource ID

Resource ID

Extracted 

Feature

Tag

Value

Resource ID

Run Time 

Metadata

Tag

Value

Resource ID

Extensions

Start time

Stop time

Resource ID

Comments

Comment

Resource ID

Channel ID

Channel 

Taxonomy

Test Domain

Alias

Category

Base Modifier Label

Base Modifier Value

Engineering Units

Channel ID

Entended Definition

Modifier Label

Modifier Value

0

00

1

1

N

N

N

N

1
N

0
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Test Item 1
Test Item 2

Test Item 1

Test Item 1
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Test Item 1

Test Item 1

Test Item 1
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Test Item 1
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Test Item 1

Test Item 1

Thank youThank you


