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Low-level Storage Infrastructure

Parallel data path with decoupled metadata path
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Metadata 1 + 2 +3

1 Namespace 2 Smal 3 largeFile
Indexing File Storage Block Indexing

Metadata Representation
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Single metadata server
HDFS, Lustre 1.x

Statically partitioned metadata servers
PVES, Feaerated HDFS, NFS vA4.1

Many existing metadata service don't scale
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Our Goal
is To Have Really
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OurGoal [1
i 1. Pathname ook
Is Tn “a“e neallv /m/?m‘a/g /?mr/gzson 8/705505:7[8//1)/

2. Client-side caching
represented by Inaexrs
3. Replicated state
represented by Sharafs
ella ata 4. Experimental results
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Hierarchical permission checking
In order to resolve (EXZM, need to test 2, B0, 23, B9

1) Permissions to lookup names under an intermediate directory
2) The existence of the name
3) The name represents a directory

A set of recursive tests starting from the root
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2 Gategories of Ops

“Dir lookup state mutation ops”

I chmod on dirs

rename on dirs |
chown on dirs

“Non-contlicting ops”

mknod/create
unlink
rename on files
chmod/chown on files
utime/utimes

EmbeddedFleData OtherMetadata

PaentDirld ~ ObjName ~ Objd ~ ObSee  ObjMode  Usedd  Goupld — Times
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BOTTLENECKS

Naive Implementation fy e

1 lookup RPC to server for each intermediate dir 2. Hot spot
f vy ) ) servers holding
d/ D/ U/.. o Server 0 names at the top
Client el of the tree
it / b/c J
Other Server 2
‘ Clients \ [ Server 1
Client
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Outline

1. Pathname lookup

important limitation on scalability

_ 2 2. Client-side caching

represented by Indexrs

3. Replicated state
represented by Sharafs

4. Experimental results
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Design Clioice #T Foliie

Lease and cache dir lookup states at clients 1. Pathname lookup
Block mutation ops until all leases have expire important fimitation on scalabiliy

d
_ 2 2. Client-side caching

Cache-Entry Expiration-time [ Cache-ld  Max-expiration-time represented by Indexrs
client-side cache table server-side cache table 3 Re p | |C a‘[ed St ate

) represented by Sharafs
Fewer repeated RPCs & simple 4. Experimental results
Server states
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Distributes namespace on a per-alir partition basic
Path resolution conducted by clients with an consistent lease-based lookup cache

\ A1
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Outline

1. Pathname lookup

important limitation on scalability

2. Client-side caching

represented by Indexrs

3. Replicated state
represented by Sharafs

4. Experimental results
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DesignClioice#2 e

Replicates dir lookup states to all servers & 1. Pathname lookup

broaacasts mutation ops to all servers importantlimitation on scalabilly
mhkdir ). Client-side caching

At s A represented by IndexrS
3. Replicated state

C . ] represented by Sharafs
Principally a better decision it Wl 4 Experimental results
fclient >> #server
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Distributes namespace on a per-file basic (sharding)
All metadata servers can accept new files and perform path resolution

’——————————\ —_—_——————————
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* dlir lookup state mutation op

path resolution
mknod
unlink/getattr
mkdir*
rmdir*/readdir
chmod/chown on file
chmod*/chown™ on dir
utime on file/dir

#path_lookups + —

0 ~ #path_depth 0
i 1 1
1 1

fIfrt #imetadata_servers

1+ #partitions #metadata_servers
1 1

1 #imetadata_server
il 1 1
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U st Tavar G it ol
Balanced tree

1280 files per leaf dlir \ el

Jiles distributed unevenly, creating static hot spots \j oUt=10

-
-
-
I
pd

Uniform/ziptian stat’s |EEEEE UUUUUUUUUUU
random getattrs on files, creating dynamic hot spots - < >
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op/s ('eationPhase  Unijform Stars  Zipfian Stat’s

M IndexFS = ShardFS M IndexFS = ShardFS M IndexFS = ShardFS
__________________ , 15,502
metadata footprint
Vi g
nnisalii i " Spitng :

load variance

Balanced Tree  Zipfian Tree Balanced Tree  Zipfian Tree Balanced Tree  Zipfian Tree
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LG [t

Strong scaling

fixed namespace and fixed fs ops

- M dmodJa AL i ;
\/\/ea k Sca | | ng 3 I_opEn_/i/l I : open /a/a

fixed dir structure and fixed dir lookup state mutation ops I I '% ‘\n
with scaling number of files and scaling number of other fs aps © © © 9 9 g

!

T IR TGN ENT 7-oc) 1055 trace with 1.9V dirs & 11.4M fies
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>
number of metadata SErVers ., ¢ ouo ecing =20

® Parallel Data Lab - http://www.pdl.cmu.edu/



IndexFS: Scaling File System Metadata Performance with Stateless Caching and Bulk
Insertion. Kai Ren, Qing Znheng, Swapnil Patil and Garth Gibson. SC 2014

TableFS: Enhancing metadata efficiency in local file systems. Kai Ren and Garth Gibson.
USENIX ATC 2013

Scale and Concurrency in GIGA+: File System Directories with Millions of Files. Swapnil
Patil and Garth Gibson. FAST 2009

YCSB++: Benchmarking and Performance Debugging Advanced Features in Scalable Table
Stores. Swapnil Patil, Milo Polte, Kai Ren, Wittawat Tantisiriroj, Lin Xiao, Julio Lopez, Garth
Gibson, Adam Fuchs, Billie Rinaldi. SoCC 2011
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BACKUP SLIDES



Target Namespace

BIIA dirs are small (less than 128 entries)

Large dirs are really huge

XD dirs are of depth 16 or more

Median file size smaller then (I8 for many fs'es
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M Readdir = Remove

W Mknod mOpen m Chmod m Rename  Mkdir

LinkedIn OpenCloud Yahoo! PROD Yahoo! R&D
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shardFS/IndexFsS Overview

namespace indexing

small file storage

Application

block operation

Metadata Client
(ShardFS/IndexFS Client)

\
AY

1
metadata operations i

I
I
I

\"4

Metadata Server

(ShardFS/IndexFS Server)

- =1

\
L

etadata stora

2
I Metadata Server

=
S D FS large file block indexing

E DFS internal operations
(a storage )
N DFS
i Data Server

ShardFS or IndexFS
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Log-structured and indexed data structure
mkdir TableFS [ATC13] IndexFS [SC14]

L T N —

Key-Value Store

e R LT KL LR AR LALIR (ORI DAY LR TRERCRL IR SLERTTON TR L L LA KR ULV TR PR TLALTR LT RLTRLR D (LA CLAPLTR CLALELTLR LL RLELR (DTR TR TTR LRI LT I
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= dir indlex + object attributes + file data for small files

PaentDirld ~ ObjName ~ Objd ~ ObSee  ObjMode  Userd EmbeddedFieDatla  OtherMetadata

PaentDirld ~ ObjName ~ Objd ~ ObSee  ObjMode  Userd EmbeddedFieDatla  OtherMetadata

Sorted

PaentDirld ~ ObjName ~ Objd ~ ObSze  ObjMode  Userld FmbeddedFieDatla  OtherMetadata

PaentDirld ~ ObjName ~ Objd ~ ObSee  ObjMode  Userld FmbeddedFieDatla  OtherMetadata
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