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Shared Object Storage Infrastructure
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Data path is parallel but metadata path is not necessarily.
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Reality

Data scales; METADATA is hard to scale,
especially in HPC data centers
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How We Scale the Metadata

[SC14, Tue, 2:30pm, Room 393-94-95]

[NDEXFS Two orders of magnitude faster than

Lustre/PVES

5/4 TC‘hgs Scale another order of magnitude
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Batch Applications

Ly ?

Batch apps are self-coordinated by MPI and workflow engines
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Key Observation
Batch apps DON'T need FS to
communicate

SYNCHRONOUS and SERIALIZED metadata
management is OVERKILL for batch apps
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Introducing BatchFS

Deep batching for high throughput

mknod M remove mknod M chmod

mkdir Emkdir p-===—------=-==-1  chmod ‘mknod

chmod chmod i BatchFS | mkdir mkdir
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BatchFS Philosophy
FromDEI-00 0 PE r-patch synchronization

Fom SETVEr-Side m05f/yd ient-side Drocessing
> CLIENT-FUNDED metadata architecture
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Background

BatcnFS IngexkS

BatchFS is designed as an extension of IndexFS
[SC14, Tue, 2:30pm, Room 393-94-95]
inheriting its metadata representation to enable high-performance metadata processing
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Vietadata Representation

Log-structured and indexed data structure
(LSM Tree) [SSTable/LevelDB]

mkdir
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IndexFS
(k V) V In—mem bUﬁer _______________________1} SQI’\/Q[’S/C“Q[’]J[S
SSTable, SSTable, SSTabIe3

Key-Value Store
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Client-Server Interaction

: : traditional non-batched
‘ File System Client } R e IndexFS Server

lserver metadata storage

SST ST, SST; SST,

Global Namespace

Shared Underlying Storage Infrastructure
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Vietadata Bulk Insertion

: : traditional non-batched
‘ File System Client } i IndexFS Server

localized/batched mkdir/chmod under a subtree server metadata storage
|:> SST4 N B
bulk insertion
I Local Lease-Protected Namespace Global Namespace
Shared Underlying Storage Infrastructure
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Preliminary Results

A prototype of BatchFS as an IndexFS [SC14] feature
metadata bulk insertion (batching)

Fach node has 2 CPUs, 8GM RAM, 1 HDD SATA disk, and one 1Gb Eth port

8+1 Node HDFS Cluster
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Workload

Fach client process creates 1 private
directo [V (6-64 client processes on fixed 8 nodes)

Clients insert empty files into their own
Airectories (intotal 1 miflion * #servers files)
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Experiment Setup #1

8 node

1-8 IndexFsS clients 1-8 IndexFS clients
1 IndexFS Server

1-8 IndexFS clients

HDFS Data Node HDFS Data Node HDFS Data Node

HDFS

Name Node
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Experiment Setup #l

8 node
A

1-8 IndexFsS clients 1-8 IndexFS clients 1-8 IndexFS clients

IndexFS Server

HDFS

Name Node

IndexFS Server

HDFS Data Node HDFS Data Node HDFS Data Node
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Experiment Setup #3

8 node
1-8 IndexFsS clients 1-8 IndexFS clients -
1 IndexFS Server T IndexFS Server

1-8 IndexFS clients

HDFS

Name Node

1 IndexFS Server

HDFS Data Node HDFS Data Node HDFS Data Node
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Experiment Setup #i

8 node

1-8 Batch clients 1-8 Batch clients
1 IndexFS Server

1-8 Batch clients

HDFS Data Node HDFS Data Node HDFS Data Node

HDFS

Name Node
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8x-360x Perf. Improvements

W HDFS Baseline m Single IndexFS Server m Dual IndexFS Servers
o Full IndexFS Servers m Client-Side Bulk Insertion
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Deep Metadata Batch

global namespace

Lazy namespace synchronization

Pre-execute metadata ops at client-side Batch
Client snapshot(...) ~._
mkdir(...) ~<_
chmod(...) o>~y
bulk_insert(...) >
lient-local nam
client-local namespace T

SSt SSt SST SST SST
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Deep Metadata Batch

global namespace

Lazy namespace synchronization

Pre-execute metadata ops at client-side Batch
| Client snapshot(...) ~.__
Lazy semantics enforcement A e R
| 0 LTI - | LA f e chmod(... :
Delayed until synchronization is eventually needed Cmggg i pallhi Client
bulk_insert(...) ">~ >>s
dient-local namespace ll-formatted?
55T permission violations?
ST 1o ST 1 55T 1 BSSIE RS concurrent conflicts?
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Buarczs  INEFS

[PDSW14] [SC14]
Snapshot of a subtree Empty subtree
Concurrent access Exclusive access
Optimistic concurrency control  Protected by server-issued leases
No timeout Lease expires
Snapshot reads w/ access control Empty subtree
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Cliend-Funded wmetadata Processing
Primary MDS Private MDS

____________________________________________

____________________________________________

Global Namespace — pessutbitns Seshbee Snapshot Copy

Unchecked Namespace ey Rt Modified Namespace
Lo Merged Namespace

Server Resources Client Resources
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Cliend-Funded wetadata verification

Primary MDS Private MDS Auxiliary MDS

————————————————————————————————————————————

)
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Snapshot Copy
Modified Namespace  game Unchecked Namespace

Merged Namespace Accepted Namespace
Client Resources
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Server Resources
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Conflict Resolution
Who is responsible? What's the semantics?

A) DB-like, read/write sets, transactional
B) Bayou-like, auto resolution, domain rules
() Coda-like, resolved by human
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Self-probable Metadata

For clients to generate proofs of the correctness
of their namespace mutations

A) operation log (possibly compressed)
B) logic-based proof (proof-carrying-code)
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Conclusion

BarcH7S

At least one RPC per operation
Inefficient metadata representation
Pessimistic concurrency control
Synchronous metadata interface
Dedicated authorization service

XRXXXX
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BatchFS Architecture

Fixed Server Nodes

MDS MDS MDS

Client-Provisioned Metadata Computing Nodes

|
|

|

|

|

Auxiliary W Auxiliary @ Auxiliary @ Auxiliary i
MDS MDS MDS MDS :
:

I

Private Private Private Private
MDS MDS MDS MDS

BatchFS scales with the number of client nodes.
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BACKUP SLIDES



Access & Quota Control
Access enforced by OSD

NO C

U0ta cor

Quo

ta contro

trol for metadata
on data provided by OSD
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shapshot Access Control

Batch Batch Batch Batch Batch Batch Batch Primary
Client Client Client Client Client Client Client MDS

Underlying Parallel File System // Access Ctrl // Quota Mng

ACL-speciflc SSTables

————————————————————————————————————————————————————————————————————————————————————————————————————————————
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Trustworthiness
How to trust auxiliary metaaata servers?

A) just trust these servers
B) trusted VM running the right code
() haraware co-processors such as TPM
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