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Problem domains
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the mission

\\

to provide a system for storing and retrieving
huge amounts of data, distributed among a
large number of heterogeneous server nodes,
under a single virtual filesystem tree with a variety
of sftandard access methods.”

16 Sep. 2000

Michael Ernst, Patrick Fuhrmnann, Martin Gasthuber, Rainer Mankel




pnfs problem statement

"...oeparatfing storage data flow from file system
conftrol flow effectively moves the bottleneck away
from the single endpoint of an NFS server and
distributes it across the bisectional bandwidth of the
stforage network between the cluster nodes and
stforage devices.”

pnfs problem statement
Garth Gibson et al., July 2004




dCache in one slide
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Tape migration

Disk <-> Tape migration behaves
similar to [ rite-bal k [0 all hel
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Some Numbers

1 ~]10PB in total
1 ~1200 DS ( ~300 hosts )

~ 10K Cores (~800 hosts)

- SL6 (RHELS)
 handful RHEL/

~ 400 TB per day (~90% read)

—

—
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Job distribution by runtime

lob Distrib0 tion bl 0 all time

gooo

gooo

gooo

gooo

gooo

1 0 mber ol lobs

gooo

gooo

oog

i ntimel hol rs




File Popularity
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The Nobel Prize in Physics

2013

Photo: A. Mahmoud
Frangois Englert

Prize share: 1/2

The Nobel Prize in Physics 2013 was awarded jointly to Frangois
Englert and Peter W. Higgs "for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN's Large Hadron Collider"

Photo: A. Mahmoud
Peter W. Higgs

Prize share: 1/2
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Operational experience

o performs well as long as it running

. Hard to get under control when fails
' mostly to understand 'WHY?"
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We have to

&‘make this 1~ fit into the hole
made_:. for this

using nothing but this




Observed problems

* Dual stack DS (IPv4 + IPv6)

- Multi-hnomed DS (more than one IPv4 address)
DS behind firewall

o Unstable DS (Host, Disk, Network errors)

- Weak clients (VMS)

. Distributed nature (rule #1)

1 Spec violation (infinite state recovery)

© DS blacklisting

o Stale kernel threads




Conclusion

1 We see us as a clear winners of pNFS
1 enables us to expose our storage system to standard clients

' No other commercial/opensource servers with
comparable installations in production

' Most of the problems we was able 1o solve

- A new community get a posix-like access to shared
sforage

' RHELS (SL6) our main platform for next 4 yeas
1 |[Pv6 slowly become a redlity




Future plans

- Delegations
1 petter experience for inferactive users
1 FlexFiles

- Mirroring (especially on write)
' error reporting

1 Locks




1205:00 120700 e S

e & & + x

min max mean std _deviation

*v4_LAYOUTRETURN 0000ms 0001ms 0.000ms 0.000 ms
v4 ACCESS 0000 ms 0068ms 0.001 ms 0.004 ms
v4_CLOSE 0000 ms 0024ms  0.003 ms 0.008 ms
v4_CREATE_SESSION 0.000 ms 0.000 ms
v4 DESTROY_SESSION 0.000 ms 0.000 ms
v4 EXCHANGE _ID 0.000 ms 0.000 ms
v4_GETATTR 0000 ms 0067ms 0.002 ms 0.003 ms
vd LAYOUTGET 0023 ms  0024ms  0.024 ms 0.001 ms
vd LOOKUP 0000ms 0002ms 0001 ms 0.001 ms
vd_OPEN 0001 ms 0062ms 0003 ms 0.001 ms
v4 READ 0.000 ms 0.000 ms
vd REMOVE 0.000 ms 0.000 ms

@® v4_RENAME 0003ms 00083ms 0.003ms 0.000 ms
@ v4 SETATTH 0001 mg 0002ms 0.002 ms 0.000 ms
vd WRITE 0.000 ms 0.000 ms




EVENTS OVER TIME

oom Cut | @ GrdFTP (200977) @ Deap (841625 @ NFSw4.1 (20) @ Hitp (B5002) @ Xrootd (10010} count per 30m | (S17704 hits)

READ V5. WRITE
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TRANSFERED BYTES

sw b | & Zoom 0wt | @ GdFTP (200076) @ Deap (541691} @ NFSv4.1 (200 @ Hittp B5001)
1878

B Wites (121187) @ FReads (796560 transfer_skze total per 30m | (917706 hits)
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Xrootd (10010) transfer_size total per 30m | (917688 hits)

08:00 12200
02-08 02-08

e @ & % =

1 ow.BSTB (total)

total
57.49TB
873.51TB
20.16GB
71.74TB
4.08TB
27.34TB
ara.51TB




Slides with Problems
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Dual stack DS
Client doesn't support [Pv6

Client takes first enfry in multipath list

Put |

I

Pv4 addresses before |

RI-

ELS client updated o pic

PvO

K first IPv4 address



1 Dual Home DS

- Client takes first enfry in multipath list

1 Discover interface which will be used and
out it as a first in multipath list



1 DSes behind firewall

- Implemented extra export option nopnfs
- always returns NFSERR_LAYOUTUNAVAILABLE
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Host crash

DISK errors
Network

Yes, yes.....

proxy-lO




Clients in a VM

1 Client with limited resources

- Client can't digest requested data

' Hrm...Session limits per client?

' Physical host




Distributed Nature

 Network glitches
All client (ALLI fall-back to [O through MDS
Inferactive users unhappy

—

—

* And my phone rings

—

dedicated low-latency MDS for interactive users

—

dedicated high-throughput MDS for cluster nodes




Infinite state recovery

© Client and server can't agree

' Infinite state recovery [0op

' added special command on MDS fo forget
the client

' client tries reboot recovery




DS blacklisting

1 client blacklists DS

- All access To that DS use proxy-io

' added special command on MDS o
generate new device Id




Spec is complicated

. Every fime | read find something new

' Every tfime | re-read | understand differently

1 fanks for Connectathons and Bakeathons
to get it right
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