WORKEPRESENIED

® Design and Implementation of the CM5
Parallel /0 Extension for HDF

® I/O Access Improvement of the CM5
Extension

® Design of HDF Support for the Network of
Workstations (HDF/NOW)




Information"AndrAcknowledgments

eParallel HDF Work
» http://hdf.ncsa.uiuc.edu/parallel_hdf.html

®PANDA (Array I/O research)
» http:/bunny.cs.uiuc.edu/CADR/arrays.htmi

oHDF Information Center
» http://hdf.ncsa.uiuc.edu/
eParallel HDF is funded by:
» NASA Information Systems Technology for EOSDIS (94-MTPE-02)
» Grand Challenge Cosmology Consortium (NSF/ASC-9318185)
» NCSA Software Development Group
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What ISt IDES

oA multi-object file format for sharing scientific data
between different computing systems

eSystems supported: UNIX, MacOS, Windows NT,Windows
‘95

®API languages: C, FORTRAN

oOriginal design:
» Sequential computers
» Single memory space

» Single processor
» Data objects are wholly in single file
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Original HDEDesIgn

eSequential machine

eSingle control flow

eObjects are wholly in single file
eSequential I/0
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Beasons OrOnginaltHDEDesign

eMachines in the 80’s are mainly sequential computers

®HDF was designed and first implemented on UNIX systems
which originated in sequential systems

eParallel computers then were niche machines, not
accessible to the mass

eMultiprocessors machines provides single memory and
single filesystem
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Advance O ParallelfComputers

eParallel computers can provide more computing power
than vector processors

eAdvance in both hardware and software makes paraliel
computers feasible for the mass
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HDE Supportforbifferent

KindsiorParallelfComputers

eShared memory, single filesystem
(e.g., Cray, SGI Power Challenge)--Yes

eDistributed memory, single filesystem
(e.g., CM5)--CM5 parallel I/0O extension

eDistributed memory, distributed filesystem
(e.g., IBM SP-2)--Work in progress

University of lllinois at Urbana-Champaign



Sharedimemory

Singlefilesystem

M
Processor Processor Processor Processor

NS

1/0 System

y

Data
Array

Filesystem

University of lllinois at Urbana-Champaign



Distrbuted i memory.
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Distrbuted i memory.
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ChISDIskiConfiguration

eMassive Processor Nodes (PN) provides parallel
processing

ePartition Manager (PM) provides the front-end for the PN’s
via the CM Network

elLocal disks on PM supports sequential I/O filesystem

eScalable Disk Array (SDA) supports parallel I/0 filesystem
via the CM Network
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CISTDIsks Configuration

Local |—a——-m PM
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o
o

PM--Partition Manager
SDA--Scalable Disk Array
P--Processor Node
M--Processor Memory




SeguentiaiftHDEN/OrEorrCIVIS

®HDF file accesses performed on the Partition Manager (PM)
via sequential I/0 system

eData must be passed between the PM and the Processor
Nodes (PN) over the CM Network

eThe PM becomes the bottleneck and slows down the PN’s

ol/O speed (3 MB/Sec) and filesystem capacity is limited by
the resources of the PM
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seguential’HDEV/ O Path's

data
Local | ——— PM
Disk
CM Network

PM--Partition Manager
SDA--Scalable Disk Array
P--Processor Node P|P|P|P|P
M--Processor Memory MIM|M[M|M

File sizes: 2 Gbytes on local disks
I/0 Rates: 2 Mbytes/sec for local disks
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CIIS EXtensiontBequUirements

eEfficient Parallel /0
ePartition configuration independent
eData file exchangeable with sequential machines
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CISEXtensionibesign

elMetadata of a data array (e.g., dimensions, data type) is
stored in the HDF file as before

eData part of the array is stored as an External Element
which is stored in an external file residing in the Scalable
Disk Array (SDA)

oCMS5 CMFS library provides direct parallel I/0 access from
the PN’s to the SDA

®SDA files are in Cardinal mode for sequential access
compatibility
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CN5 Parallel HDE/OrPaths

| l External Element

Local | <—» PM
Disk

Y

CM Network data

PM--Partition Manager i i i 1 i - - -
SDA--Scalable Disk Array

P--Processor Node P|P|P|P|P SDA | | SDA || SDA
M--Processor Memory MIMIM(M M

File sizes: 75 Gbytes on SDA
I/0 Rates: 25 Mbytes/sec on SDA with cardinal mode
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l/OFACCESS Improvement

ol the G5 Extension

®Accessing a 256x256x256 array of floating point in
dedicated mode, repeated 30 times

oHDF Parallel /0 measured speeds

Read Write
» Minimum 23 MB/Sec 12 MB/Sec
» Maximum 61 MB/Sec 29 MB/Sec
» Average 50 MB/Sec 24 MB/Sec

elmprovement over the sequential access
» Read is 25 times faster
» Write is 10 times faster
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Architeciurer @i NOW
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HIDE/NOWY.

Objectives

@A standard self-described data format for NOW
eEfficient parallel I/0

eMachine independent data representation

oHDF features such as data compression

eData file exchangeable with sequential machines
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HIDE/NOWY.

System Overview
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HIDE/NOWY.

pesigniissues

eMemory layout of data objects

eDisk file layout of data objects

elMoving data objects between memory and disk files
oSPMD programming model
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pistributed HDETile

Main Associate Associate Associate
HDF File HDF File HDF File HDF File
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File layout
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pistributed HDETile

® One Main HDF File (MHF) with multiple Associate HDF Files (AHF’s)
® Main HDF file contains disk file layout of data objects
® Each Associate HDF File contains chunks of object data

Main Associate Associate Associate
HDF File HDF File HDF File HDF File
Object MetaData: Chunk Data Chunk Data Chunk Data
File layout
Attributes
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Advantages of;

pistributed HDETile

eSelf described disk file layout

eBigger overall file size as files may reside on distributed
filesystems

eEach file can make use of all HDF features, e,g.,
compression

eoFlexible storage (e.g., MHF on disk and AHF’s on CD-ROM)
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ParalielfHDET O
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ParalielfHDET O

® One Main HDF Process (MHP) with multiple Associate HDF Processes
(AHP)

® MHP accesses the Main file for overall bookkeeping

® AHP accesses the Associate file for parallel data I/O

Assoc
HDF
Process

Main Assoc Assoc
HDF file HDF file HDF file

N~ ~N— N~
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Advantagesiol

ParallelrHDET/©

eParallel I/0
eParallel data compression if desired
eCollective I/O if desired
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HIDE/NOWY.

System

eMultiple compute processes issue data objects requests to
MHP

oMHP coordinates I/0 requests between compute processes
and AHP’s

®AHP’s provide object data access for the compute
processes
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Advantages of;

HDF/NOW Design

eParallel /O

eSelf described distributed file layout

eParallel data compression and other HDF features
e®Asynchronous I/O access by compute processes
eDistributed filesystem provides more disk resources
oFlexible storage (e.g., MHF on disk and AHF’s on CD-ROM)
eCollective /0O if desired
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HIDE/NOWY.

ImplementationrPian

eProgramming environment:
» C,
» MPI (an emerging standard)
eWorkstations networked

» Sun
» SGI
» HP
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HIDE/NOWY.

ImplementationrPian

elmplement in the HDF group NOW (Suns, SGI's and HP’s)
using MPI

oField Tests by HDF users

elnvestigate incorporating parallel I/O systems (e.g. MPI-IO,
PPFS)

elnvestigate collective I/0 support
elmplement in SP-2 system
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