i Parallel Data Lab Research Overview :

Garth A. Gibson
http://www.cs.cmu.edu/Web/Groups/PDL/

Reliable, Parallel Storage Subsystems

 configurable architectures; rapid prototyping

Discovering and Managing Storage Parallelism
» cost-benefit exploitation of application disclosure

Parallel Filesystemsfor Parallel Programs
« application “controls’: hints, cache directives, redundancy

New I nterfacesfor Network-Attached Disks
« scalable, secure, extensible storage systems
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Scotch Parallel Storage Testbeds

Scotch-1 direct-attach testbed
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Scotch-1 decommisioned, Scotch-3 nets being debugged
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Beyond RAID 1-6 Example: Parity Declustering

« Each parity block protectsfewer than N data blocks

e Failure-induced workload balanced over all disks
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Rapid Prototyping and Evaluation for RAID

RAIDFrame: separate policy from mechanism

o Express RAID functionsas Directed Acyclic Graph
« Execute DAGson engine unaware of RAID architecture
« Distributable, portable“RAID N reference model”

RAID Level 5 Parity Logging Example Evaluation:
Small Write DAG Small Write DAG ... Parity Declustering
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RAIDFrame as Research

Automating error recovery

* DAG primitive handlesindividual error
« engine completes or cancels DAG and retriesin new state
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unsuccessful commit, roll back successful commit, roll forward
retry using new method operation is complete

Automatic manipulation of DAGs

« code simple DAGs, merge and optimize automtically
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Work To Be Done

Extensible caching for RAIDframe

e event-driven, composabletriggers, write-deferring policies

Populate RAIDframelibraries
» log-structured, parity-logging, virtual striping, ...

Distribute RAIDframe widely

 hiring support staff; documentation underway

Automatic manipulation of RAIDframe DAGs

e commit point insertion, static & dynamic optimization
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Overcoming Disclosure Bottleneck: Informed Filesystems

Application Fq, Fo, F3, Fy, Fs, ...
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| nfor med Prefetching Prototype Results

Annotated text search, 3D visualization, databasejoin,
speech recognition, computational physics

DEC Alpha (150 MHZz), OSF/1, 12 MB LRU cache
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| nfor med Cache Approach
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Buffer Consumers

Buffer Suppliers
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| nfor med Caching Prototype Results

Re-examine computational physics (Davidson)
« same DEC Alpha, one hp2247 disk

Adapts cachereplacement policy to workload

Computational Physics
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Work To Be Done

Automatic extraction of disclosure

« context-dependent access pattern learning

o compiler extraction for out-of-core scientific codes

Non-homogeneous and networ k devices
* non-uniform prefetch depth to avoid hot spots

|ntegrate with VM management
e prepage predictably accessed memory objects

|ntegrate with parallel file system

« global management of server and client cache space
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Support for I/O-intensive M ulticomputer Apps

Application File Bandwidth (CMS RAID )
A MVS
RAID ParaIIeI Applications
attached 1/0
Scotch PFS
varallel G-Nectar ntel Par agon
PFS
VAX MVS block server J
EES (Zebra) I/O fabric
e
SUN switched LAN
NES 73 Application Performance
uspex
NFS
AFS
Coda
shared media

Efficient, scalablefileaccessin heter ogenous multicomputers
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Scotch Parallel File System Approach

Resour ce management viainfor med prefetching and caching

Optimistic client caching (like entry consistency)

« filesystem synch piggybacked on application synch

PFS semanticsin library - no central mechanism

Per-file redundancy for dynamic, configur able availability
Co-developing PFS API for Scalable 1/0 (with IBM, Intel)
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Networ k Support for Parallel Flows

Switch-style scalable storage transfersin multiple streams
* but networksdeal in individual connections
Networ k support for coordinated routing of multiple streams
« multi-path connections, source routing, load-sensitive
API for negotiating parallel flow service
« enable applicationsto adapt to bandwidth availability

Switched Networks

00000

Paralldl client Par alldl file server
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Work To Be Done

Scotch paralld file system evaluation
o first prototypefighting ATM; second in design
 integrate coordinated routing for parallel flow

| ntegrate network, file system, programming tools
» paralld flow service, SPFS and PVM/Dome/Pyxis

Application evaluation

« computational physics (Hartree-fock)

» seismology (Dip M oveout)

 gspatial, geographic databases (Census maps)

o distribution to Scalable I/O application groups
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StorageArchitecture Trends

Growth in drive-embedded functionality
o disk scheduling, readahead/writebehind, RAID support

Migration to serial, many-ported drive interface
o faster drives, multi-drive bandwidth, drive-to-drivetransfers

Data bytestravel over LANsto real consumer

Wor kstation a poor (costly) server

 designed around caching for
processor-local work

» network bandwidth limited to little
mor e than single disk bandwidth
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* induces extra copying
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Networ k Attached Secure Disks

— [j Attach drives directly to network

— » fewer copiesand appropriate bandwidth
| - » addressability for drive-to-drivetransfer
- External filesystem personality

_ g o “traffic cop” DM A management

Raisedrivefunctional interfacetofile system level
» <file, offset, length > for better readahead, remapping, ...

Integrate driveinto LAN security protocol

o tamper-resistant encryption for authentication check
» user configurable encryption over net or on media
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Work To Be Done
File system
o SPFS/SIO-API strawman; flexible access control; parent FS
Security
* lightweight protocol; infrequent server interaction; bootstrap
Networking

« SCSl-likelocal efficiency; wide-area access interoper ability
Device architecture

» cost-effective drive microarchitecture; encryption interface
Embedded apps - decentralized video

 self-scheduled to deadlines; drive execution model
 target video service for information on demand apps
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Summary: Evolving Parallel Storage Requires ..

Rapid prototyping for RAID: RAIDframe
 flexible, architecture-rich, automated recovery

File system support for storage parallelism
 informed prefetching and caching

Paralldl file systemsfor parallel applications

 highly available, highly scalable, global resour ce management

Networ k-Attached, Secure Disks (NASD)

 diminateworkstation asDM A deviceand raiseinterfacelevd

Industrial interaction and support
 HP, Symbios, IBM, Seagate, DEC, DG, EMC, STK
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Points of L everage

parallel programming tools
distributed filesystems

file system interface g
SIO API effort

RAID subsystems
HSM systems
networ k-attached disks

storage interface
NSIC NASD effort
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