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LakeFS: Goals E TR s

+ Highly scalability for both storage space & storage bandwidth
- up to 10K clients: more than 150GB/s
- physically, 10K data nodes: more than 10PB capacity storage

+ Fault-tolerance of storage: 99.999%0 availability
- file system metadata availability (metadata cluster)

- file data availability (replication)

+ Intelligent storage administration: Self-*
- configuration, monitor, healing, etc.

Storage System Research Team
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LakeFS: Architecture ETRI e

Lake Client Daemon Lake MDS Daemon Lake DS Daemon
Lake Client Core J Lake MDS Core I Lake DS Core J
Fuse Lib MDS DS MDS DS FS MDS DS FS PROC
User Cint I/F | Cint I/F SRV Cint I/F I1/F Clnt I/F SRV I1/F I/F
EEEEEEEEEER S EEEEEEEEEEEEEEEESR EEEEEEEEEENEEENEEEEEEEEEESR EEEEEEEEEEEEEENENEEEEENEEENEEEEEEEENEN]

Kernel /dev/fuse 2

B

]

FUSE

(Network 1/0 optimized) ext3, xfs
ext3, xfs
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LakeFS: Client ETRI

+ POSIX-compliant APl support
- fentl, lockf (&)
- flock (x)
- mmap (writable shared mmap, 0), open (O_DIRECT, x)

+ Cache consistency
- session-semantics consistency model (lock-free coherency control)
- focusing on large, sequential read intensive workloads

Storage System Research Team
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NVRAMOS 2008 Spring in Jeju
LakeFS: Metadata Server (1) mhhata
+ Metadata storage
- namespace tree/DS pool/disk index/recovery queue/garbage queue
FSTAB > Fileset 1
recovery queue
Fileset 1
Fileset 2 file A metadata
Fileset 2 /dir A | chunk A | | chunk B | fe& l chunk A I l
) > super \_ Tdir B |_ file B &
: E II chunk C I
DS pool garbage queue disk index
disk status H
=] e P D51 DS 2 Disk 1 chunk A | *
— -9 < gchunk 11 gchunk 21 chunk C 1
DS status gchunk 12 gehunk 22 hard|link
- Il - l l gchunk 13 gchunk 23 Disk 2 _@
. .
. .
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LakeFS: Metadata Server (2)

+ DS management
- DS status: disk space utilization,

Electronics and Telecommunications Research Institute

o throughput,
cpu/network/memory utilization

ETRI sz
subdirectory
DS pool
]
DS Disk
DS IP1 Disk ID1

status=ONLINE
last heartbeat=hh.mm.ss
CPU=Intel(R) Pentium(R) 4
Memory=5340/256036 (MB)
Network=500/1024. (MB)

status=GOOD
Space=1234/20000.(MB)
Speed (RX/TX)=50/50 (MBps)
DS=DS_IP1

- heartbeat messaging

DS specific Disk specific

local
path

Space | Speed
used/maxjused/max

|ocal

CPU path

Memory | Network

Speed
used/max|

Space
used/max

new Disk IDs

heartbeat

- Disk ID2]| » » =
period

Garbage chunks

Disk ID1| fileset 1 |gchunk11|gchunk12| s | fileset 1 |gchunk11|gchunk12| “as

Storage System Research Team
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LakeFS: Metadata Server (3) SR

+ File replication
- “*declustered chunk replication”
. files are striped across component chunks on different DS

* Lake File System Check & Recovery Demo ***

Legend: |[INEGFREIN ? : UNKNOWN

File : "Not Selected" i v
DN TN NN TN TN TN - - Huvuuguuuluuugl e
U uuu‘_u@uuuﬁﬁuuuuuuu:}uﬁ uuuuuumumm MuuuTuuuuuuuuu
U_LUUUUU UUUUUUUUUUUUa NUTUNN

UUUUUUUUUUUUUUUUUU.U:UUUU.UUUp“;UUUUUUf

Fileset: "default" NORMAL.

Dirs: 57
Files: 251 (N: 71, D: O, U: 147, C: 33, F: 0, I: 0)
Chunks: 258 (0: @, U: 147)
Replicas: 542 (S: 5, W: 0, B: 6, T: 0, 0: 0, I: 0)

<Click> on a symbol to select a file , <ENTER> to quit|.|

- “real-time & lazy replication modes”
- “intelligent chunk placement policy: NUFA/RR/UC/UL”

Storage System Research Team
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LakeFS: Metadata Server (4) ETRIs

+ Recovery
- file system integrity check: check and classify each file status upon DS failure
DS failed
DS1 DS2 DS3 DS4 DS5 DS6 DS7 DS8 DS9

i
|

3
i
)

|
]

L

Re-Replication

Virtual Hot Spare  Failed DS restarted
DS1 DS2 DS3 DS4 DS5 DS7 DS8 DS9 DS10

i
El

Replica Resync

I

example: 5 DS, 700GB each, 1DS Virtual Hot Spare
total recovery time = 1.5hours (132MBps recovery rate) Storage System Research Team
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LakeFS: Data Server

+ Data storage & management
- store multiple fixed sized chunks into regular files of the local file system

subdirectory
Fileset 1 Fileset 2

chunk 1 chunk 1
chunk 2 chunk 2
chunk 3 chunk 3

L] -

. .

. L ]

file

- version management for chunk integrity

pre-
version

post-
version

data

+ Parallel chunk replication

Storage System Research Team
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+ Monitoring

LakeFS: Self-* Utilities

- DS & MDS status information

Data Server RACK CPU%

129.254.202.141 1 11 14M 16 366 13M [ONLINE] ; n op ¢
DiskID Total Used Free Read Write Status GETATTR: 3114 40
02901368 666 626 3243K 14M [GO0OD] SETATTR: 308 5

Total 666G 626G 3243K 14M CREAT: 621 s B
129.254.202.143 1 65 181 16 13M  19M [ONLINE] MKNOD : 0 0
DiskID Total Used Free Read Write Status MKDIR: 56 0
leecb24a 666G 652G 6014K 124 [GOOD] SYMLINK: c] 0
Total 666G 626 6014K 12M LINK: <] 0]
129,.254.202.146 1 41 13M 16 aM M [ONLINE] UNLINK: 188 3
DiskID Total Used Free Read Write 5t RMDIR: ] ]
2c7el7b2 666 626 4463K  19M [GOOD RENAME : 336 5
Total 666 626 4463K  19M READLINK: ] 0
129.254.202.148 1 21 14M 16 6M 17M [ONLINE] READDIR: 0 0
DiskID Total Used Free Read Write Status GETXATTR: 1447 20
169fd4b3 666G 626 6541K 18M [GOOD] SETXATTR: 4805 25
Total 666 626 6541K  18M LISTXATTR: 0 0
129,254.202.152 1 38 14M 16 1M 25M [ONLINE] REMOVEXATTR: 0 0

DiskID Total Used Free Read Write Status ALLOCCHUNK: 654 s
521fb389 666G 62G 2336K 22M [GOOD] TRUNCATE: c] 0
Total 666G 626G 2336K 22M STATFS: 8 8
[root@fmd binl# [ GETFSETATTR: 8 0
SETFSETATTR: 0 0
(a) DS and disk status TOTAL: 11537 117

Free Net X RX Status

[root@fmd4 binl# ./1fs lsmds

[ront@fmA hinls [

+ Customizable event handler
- the first step to intelligent administration

Storage System Research Team
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LakeFS: 1/0 Optimization SR

+ Pipeline effect while 1/0
- optimization for large sequential read intensive workloads

Sequential access Sequential access Sequential access
eppl  @pp2  @pp3 eppl @pp2  app3 appl  app2  app3
r file 1/0 context file 1/0 context r file 1/0 context
(VE (VE (VE
Client r session 1/0 context r sessio O conte t r session 1/0 context
(LakeFS Client) (LakeFS Client) (LakeFS Client)

r

Network

Data Server Increased read-ahead, write-back efficiency

Increased disk scheduling efficiency

T 1/0 context

Storage System Research Team
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LakeFS: Performance (1) ETRI s

+ Metadata operation performance

4000

3500

3000

2500

2000

mLAKE

ENFS{mdsl)
1500 -

1000 -

200 -

0 i
mkdir rmdir create delete stat access chmod readdir
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LakeFS: Performance (2) E TR S

+ Read/write performance
- single client & single DS

write operation read operation

@ LTI

l 120
al

| 100

300
| 350-400
250 AR 300-350 80
‘ W m100-120
200 S 80-100
‘ 200-250 60
15 N 150-200 JER
100-150 40 40-6C
100 n50-100 B 20-4C
& u0-53 20 u0-20
64
a
. 1/0 Size (KB)
N n;]l d. il t
S o ™
1 'Q’ G’\' ma@

File Size (MB) °

Storage System Research Team



NVRAMOS 2008 Spring in Jeju

Electronics and Telecommunications Research Institute

LakeFS: Performance (3) ETRI s

+ Aggregate 10 performance

I/0 performance
600
500
o 300 ~— = WRITE(LAKE)
2 200 ~
= 100 Sl BREAD(LAKE)
S
Jlo 0
%0 1
6
7 8 9 1011121314
20
Client

Storage System Research Team
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LakeFS: SSD Deployment

+ Metadata repository
- try to increase metadata operation performance
- simulation
. Seagate Barracuda 7200(320G) vs. Mtron MSD-SATAG6025(SATA, 32G, 2.57)
. file size(250 Bytes), # of files : 8 million files

Operation HDD SSD # of HDD ratio # of SSD SSD HDD
Create/Write | 2715 | 2631 e | (NTFS)
Sequential | 6250 | 6027 1 B 38 56

Read 10 103 49 37
Random 20 115 50 32
Read 40 | 125 46

(1 Thread)

Random
Read

(20 Thread)

- excellence in case of both small files and random read operations, but

Storage System Research Team
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Summary ETR s

+ LakeFS
- a storage system for the GLORY platform
- very large scalable distributed file system focusing on fault tolerant internet services
- LakeFS V1.2 released!

+ Ongoing jobs (this year)
- clustering of file system metadata
- intelligent storage management

Storage System Research Team
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LakeFS: Market Positioning ETR| e

HPC 1 Searcl

Lustre
Panas
2

Google FS

Parallel File System

Parallel Read/Write

Performance

H/W based (SD)
Mostly Kernel

Very High
MPI/10, POSIX

UNIX semantic, Parallel
1/0 semantic
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