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The largest scale systems come in two flavors:

= Internet Services - Public Clouds

= High Performance Computing - Private Clouds
Have similar scales: 1000s to 10000s nodes

= But software was independently developed
s NIH is strong in both, but commonality is too

Lets look at issues in the storage stack
e Data
« Metadata
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Experiment: Replace Cl(_)lldFS with HPC FS

~1,700 lines of code

D%QOOOOG@OGG

Server

www.pdl.cmu.edu  Garth Gibson,
May 26, 2010



Once Tuned Performance Equivalent
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» Expose PVFS layout
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Flip it around: HPC apps on Cloud Store

« HPC app wants to use HDFS formatted cluster
= Uses single checkpoint file for fault tolerance
= Adaptive mesh refinement: small strided writes
= 0(100,000) concurrent writes of 47,001 B each
« HDFS files are single writer, immutable ?
= Apply indirection: HDFS as object store for PLFS lib




PLFS Converts N-1 to N-N




PLFS decous concurrency & wins big

« HPC apps on HPC HW and HPC PFS: 10-100X
= Gone into production at Los Alamos
= Included in DOE Exascale SW stack
= Supported by LANL, EMC, CMU

 Exploit decoupling to enable HDFS as substrate
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Il PVFS-write
Il PLFS/HDFS1-write
[ PLFS/HDFS3-write
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PLFS/HDFS vs PVFS for HPC N-1 Apps

« Develop PLFS 10Store backend & API for HDFS

« Compare to PVFS on 64 node HW (no RAID)
= Use 47001B, 48KB, 1MB strided writes
« It works, has batching benefits, less perfect balance
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How to la erHDFS on external NAS?

« External RAID as object server (NetApp) [left]

= SAN-based local disk model

« HDFS as a NAS wire protocol (Isilon) [right]

HDFS 1mplementat10n entlrely in NAS box
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Simplif away one file system (HDFS

el o

» Replace HDFS w/ PFS (mount PFS path)[left]
= Scaling of PFS mount limits scaling

e Client library (RainFS) for rep control [right]
s Client-based synchronous mirroring
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HDFS DataNode code in the way

el Ao

« Comparing — 50 VMs/nodes, 1GE, 5 PanFS
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Metadata_
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Scalable Metadata Rare in HPC

« Closest metadata scalable PFS is PVFS (OrangeFS)
= Distribution unit is entire directory
= Apply Giga+ directory rehashing to PVFS: SkyFS

* Binary split directories, EC cache of server address
+ Depends on PVFS atomic rename across servers
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Reimplement to use Global Object Name

el Ao -

Key Value
<0,h1> 1, “home”, struct stat

e« Don’t use PFS dirs -
e Merge dirs & inodes e . (ot
into LevelDB table

= Scalable creation apple \ fasntpesryhe g prpE—
. large file pointer (> 4KB)
rate for oB files

<1,h2> 2, *foo”, struct stat
<1,h3> 3, “bar’, struct stat
<2,h4> 4, “apple”, hard link

<2,h5> 5, “book”, struct stat,
inline small file (<4KB)
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Merged Dirs for Local FS: TableFS

e Surprisingly good

 Beats best localFS
by up to 10X
= Rand update inodes
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What about CloudFS metadata

 Start w/ client lib: ShardFS

= Federated DataNodes
Replicated namespace

a

a

O

a

Sharded files

Zookeeper for (slow)
namespace transaction

proj data user
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5
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proj data user
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f2

Optimistic file ops, on failure try blocking on locks
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Throughput of metadata operations in ShardFS
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First step to distributed ‘table for HDFS

Client

[ FiI‘St I'ep res ent File system (uri=»namenode + path)
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Next steps for Scalable HDFS

» LevelDB is local out-of-core table
= Move to global table: Hbase, etc
= Or, stay with LevelDB, implement splitting in NN
- Like Giga+TableFS
= How much benefit in app specific load balancing?
+ Giga+ trick is to only split if load balancing needed
- Hbase and friends split on growth at all times
o Fault tolerance for MDS in PFS is simple failover
= Primary manages backup-of-logs
= Quorum consensus replicated db manages roles

= Move “all” of MDS processing into replicated db?
- Primary benefit would be fast failover
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