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0 develop, promote, deploy, and support
open and free technologies that facilitate
scientific data exchange, access, analysis

archiving and discovery.




|. HDF Overview
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'HDF5 Library

Object API (C, Fortran 90, Java, C++)

Specify objects and transformation properties

Invoke data movement operations and data transformation

8 1

Library internals

Performs data transformations and other prep for I/O

Configurable transformations (compression, etc.)

8 19

Virtual file 1/0 (C only)

Perform byte-stream 1/O operations (open/close, read/write, seek)

User-implementable (1/O to stdio, network, memory, etc.)

HPE




Object AP

Library internals

Virtua file /O




An HDF File: A Coll

Scientific Data Objects
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_ImIts on object & file size (<2GB)
_Imited number of of objects (<20K)

RIgid data models
/O performance




New Demands

orage .
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eds

— parallel file systems, terabyte storage

o Greater complexity

— compiex data structures

— complex subsetting

« Emphasis on remote & distributed access

HPE




These HDF shortcomings and new
requirements motivated the
development of HDES
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HDF Software

— Utilitiesand-applicationsfor

manipulating, viewing, and

General Applications —analyzing data:

Application
Prggpramm|ng HDFE |/O library.

| nterfaces
— High-level; o] ect-specific API's.

L ow-levd

| nterface — |_ow-level API for I/Otofiles, etc,

Fileor other data source







HDF supportersand users

« NASA Earth Science Data & Info System
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— Open standard exchange format and I/O library /£¥e§

— DOE tri-lab ASCI applications

e Globus (Argonne)
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e Microsoft support for HDF5 on Win 200C

o mallarant + machines + training . =

-affiliated Science teams
— Visualization, datexch fast /O, ...

o Many others. See: T I
— http://ndf.ncsa.uiuc.edu/users.htmi
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tandardization

 To share files, users must organize them simil
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— Ways to organize data in HDF files.
— Metadata
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Name: Geotrack

Dimension
Size: 21

Dimension
Name: Scan
Offset: 1
Increment: 2

Size: 16

42
DataDimension: “Track”

Dimension
Name: Track
Size:
Geodimension: “Geotrack”

Temperature”




Major User #2. ASCI

 ASCI| Data Models and Formats (DMF) Group
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— |large datasets (> a terabyte)
— ASCI data types, especially meshes




VIF. Describing Data is Challenging
Describing Data Is Challenging

Element WPFS Basis Finctions and sparse and Fleld valtie WPES
Inte rp ofation Schemes efnise fields B [ﬁ, r s s]
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ASCI DM F Data Abstract!

Objectives
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mputatlonal mechanlcs

APPLICATION

Mesh APIls
(SNL/LANL)

Fiber Bundle Kernel (LLNL)

Data Structure Layer (LLNL)

HDF5 (NCSA)

MPI 10 (ANL)

— Common API shield apps from model complexities




HDFS objects and structures.
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1le structur e (many obj ects)

File header info
Use bl

Other objects (datasets groups, etc.




Datatypes

e A datatype is

— A classification specifying the interpretation of
ata element

 the operations that can be performed
* how the values of that type are stored
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DF5 Datatypes

e compound types
— Comparable to C structs
— Members can be atomic or compound types
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dataset: array of records

3

N N N
* N N N

Dimensionality: 5x 3

2x3x2 array of float32




Dataspaces

e A dataspace contains informatiabout a
dataset
« Two components
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Dataspaces
Reading Dataset into Memory from File




 Are small pieces of data
e Attached to datasets or groups

e Operations are scaled-down versions of the
dataset operatior

— Not extendible
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Special Storage Options

chunked access time;

compressed

transmission speed

Arrays can be

direction

File B

(D

Dataset “Fred”
o.f) T+ £ |
T - WD ataseraEred
M etadata for Fred

HDF




Dataset components

10O rravy of da
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a Dataset “Fred”

M etadata header

time=324

pressure = 987

» Dataspace \

|\
~ \
\ Attributes
Int16 \
Datatype &
Chunked; compressed

Storageinfo
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HDF5 objects are identified and

located by

‘heir pathnames

/ (root)
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/f




roups & members of groups can be shared

Note: Three pathnames identify the same object
[tom/temp
[dickitemp
/harmy/temp




e User block
 Named datatypes

« Named dataspaces (future)




The HDES Library
and other software
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Featur es

e Support for high performance applications
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['he General Programming Paradigm

Objects are opened or created

' that can be set from the APl can also be ¢
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Datasets and Dataspaces

 Opening a dataset occurs three ways
1. Create a new dataspace with H5Screate simple()
2. Copy an existing dataspace with H5Scopy()

[aset Wit




Atomic Data Types

° ne Horary nas predaetined native aton VIOE
—  H5T NATIVEECHAR —  HS5T NATIVEINT8—

HS5T NATIVE _USHORT HST NATIVE_UINT16

s, ¢ New types can be derived from existing typesH@F




Dataset |/O
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6-bit integer => 32-bit integer)
— dataspace (e . 10x20 2d array => 200 1d array)
— also compressed/uncompressed, etc.

HPE




Selection regiondefine shapes of memory and

file spaces

Region iIn memory can be different shape fron

NN raninonce can |
e \ W J | HlUIIQ \ ] @, § I |

— Nypersiab
— points
— unions of hyperslabs

Also supports parallel 1/0O via MPI-1/O




‘ Slabsin memory. Number o
57 N a3D array. elements must be equal. H@F




eading Dataset into Memory from File

File

Memory

\

/

n

( spaced series /)

{ 5

ol
(00]

-array

N

of cub

HPE




Property Lists

case wWithH5P_DEFAULT.

Provide support for the unusual cases when
— Creating files
— Opening files




Property Lists

e Dataset creation properties include
— Compression
— Extendibilit

data) lal
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Property Lists

 Example: Creating a dataset with ~deflate"
compression




Order of operations
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eading Dataset into Memory from File

File

Memory

\
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n

( spaced series /)
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nto iViem

Reading Dataset |

—2D-arraywith-selected rectangle ——————— Memory —————

H COpY Of File Do Ce e e —
Selection = Dataset Xfer Prp List =

— A4
Memory Dataspace @ Memory Datatype
Ol tr ~ e § 07 | o —
Selection

3D array with sefected untonof cubes




e ODbtain the location identifier where the
group Is to be created

e Create the group

7_N 7_V_N L~

— Absolute or relative name can
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A few other features




e Allows you to combine two or more HDF5
files In memory

e Similar to mounting files in UNIX.

ructure and metad
@, A A CALLU/

LIS | Vo Y

opear as though they exist in anot




Stepsto Mount a File

e Open the HDF5 files
e Choose the "mount point"” in the first file

e Call H5Fmount to mount the second file In
ne first one.







“File” Handle

VFEL: Virtual File 1/O Layer
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HDF5 tools

Current

ndf5ls - lists contents of HDF5 file
nsdumper - higher level view
NdfS] hdf4 converter

e Future

—
oinary, G




Java applications

e HDF APIs
— Basis for tools that access HDF




Java for remote access

WP-ESIP: DODS project

Computational Grids (Globus/GASS)

The SDB: Web-based Server-side Data Bro




Performance tuning
Fortran and C++ API

Thread-safe HDF5

Object model




HDF5 Abstract Data M odée




Ile (logical view)

oh with an entry point (root group)




Example of an HDFS5 File

.l—\.
Datatype

Dataset path : /B /C/D/IG




UM L Notation

UML Distilled
Applying the Standard Object Modeling Language

by Martin Fowler

Booch Jacobson Rumbaugh Object Technology Series




UM L Notation

Class




UM L Notation

A Sssoclatior

Describes connection between object instances, should be a verb.

Object A has object B associated with it.

Class A » Class B

MultlpI|C|ty of Assoc:|at|on

Class A
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UM L Notation

Aqggregation

“a part of” relationship

 0O)plects B ana C amartor ol QITLT T A




Class A




« Named Dataspace

« Named Datatype

— Dataspace Class
— Datatype Class




 Storage property List




Ile Class File, Group Class and Root Lin
Association Diagram

File Class . Group Class

Ao =+ A1

d|

Vi
File Propel st Class Root L ink Class




Fileand Group !

open/close
Iterate

[ IR get_link value
HE_Eren get/set_comment
-~ = — i U .\ | 8
get_access prp
mount/unmount
reopen




roup Class and Associated Classes

HDF5 object 4: HDF5 object




Link Class

Root Link Class Non-Root Link Class
A

Soft Link Hard Link




link/unlink

oY gg'll:g

move (rename)




Named_Object Class

Named_Object Class

>

Group Class

Named Dataspace Class

Named_Object Class
” X

0...1

1

1

n_*

1 *

n_*

U

I

Soft Link Class

Hard Link Class

Usear Defined Attribute

O3 * Not implemented yet




Dataset Class and associated Classes

Datatype Dataspace




Dataset Class

— Dataset Class

user defined attribute

create

- open/close

(VWdEdalida%=Ya
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extend

get_space/type/property




ribute Class and associated Classes

Attribute Class

L 2 XS
0..* 0..*

vl vl

Datatype Class Dataspace Class




name

create

open/close

)
v

T N TNy | e
Write/read

get_space/type/property




Property List Class and Subclasses

| Property List

File Property List Dataset Property List
A A

Creation PList | | Access PList Storage PList | |Transfer PList

HPE




Transient Dataspace Class




Dataspace Class

Dataspace Class

rank

current_size

mf\\l: LY f\:qf\
MaXimum size
R

Create/create smple

O‘)vl LA 4 ] vsa LI — 4 BN

IS simple

¥V -V -\ Wi

copy

extent class

A\ AN B\ 2 Iy |

extent_copy

A ~L—~
Set_extent_simple

set extent none

get:si mpl g_extent_npoi nts/ndims/di




[ ransient Dataspace Class

Dataspace Class

+tmenaen

~ CA +1
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P

sel ect:none

Set and modify selection

sdlect hyperdab

STIS o/ R/ 10 E—

offset_simple




Datatype Class and Subclasses

Datatype Class
A

Variable Leng




Datatype Class




Atomic Datatype Class and Subclasses

\ lJIIIIl

\ l)llll[

0...*

. ink Class




Predefined Atomic Datatype Cl

Predefined Atomic Datatype Class
A

Object Reference Region Reference




Examples of Predefined Atomic Datatype

Predefined Atomic Datatype

H5T | EEE F64LE  Eight-byte little-endian, |EEE floating-point
H5T STD Ul6BE Two-byte big-endian, unsigned integer
One-byte null-terminated string of eight-bit

characters
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Enumeration Datatype Class

Enumeration Datatype

%

v 1.*

I \L.L/

GREEN

( string, value of type Datatype )

0O
v
1
2
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e HDF Information Center

— http://ndf.ncsa.uiuc.edu/

« HDF Help email address
— hdfhelp@ncsa.uiuc.edu

— hdfnews@ncsa.uiuc.edu




