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FSsFSs for shared disks:for shared disks: a GFS overviewa GFS overview
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GFS is a SAN GFS is a SAN clustercluster file file systemsystem

(2)......

GbE switch

6 IBM x335 (IA-32)
(2x 2.4 ~ 3 Ghz) 

FC switch

FAStT-200 Array

(3,4)

(5,6)

(1)

100 Mb/s
Campus

(firewalled)

IB switch

We thank IBM for part of this equipment, donated under an EquinoWe thank IBM for part of this equipment, donated under an Equinox grantx grant
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What is a SAN CFS?!What is a SAN CFS?!

!! A Storage Area Network is:A Storage Area Network is:
•• An infrastructure to provide access toAn infrastructure to provide access to

–– storage (block devices)

•• A protocol (FC, SCSIA protocol (FC, SCSI--3)3)
–– Initiators (“hosts”, Initiators (“hosts”, HBAsHBAs))
–– Targets (“disks”, Targets (“disks”, LUNsLUNs))
–– Switches, Cabling,…Switches, Cabling,…
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What is a SAN CFS?!What is a SAN CFS?!

!! A Cluster file system is:A Cluster file system is:
•• Different things for different people, but…Different things for different people, but…

•• Industry has its own view:Industry has its own view:
(1)(1) A cluster A cluster [a SAN, a bunch of disk arrays…]
(2)(2) Targets (“disks”) are Targets (“disks”) are shared among hostsamong hosts
(3)(3) “Single view of a “Single view of a filesystemfilesystem” in the cluster” in the cluster

E.gE.g:: PVFS does not check (2)PVFS does not check (2)
GFS, GPFS check allGFS, GPFS check all
LustreLustre… well, we can talk about it… well, we can talk about it
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GFSGFS
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GFS: GFS: architecturearchitecture & VFS & VFS integrationintegration

File Systems POSIX / Linux API

Vnodes

File Objs

Superblocks
Generic

VFS objs ops

Page
Cache

GFS 
Locking

operations

Inter-node locking
(no-lock, client/server, DLM)

V
F
S

Low-Level I/O layer
(Block I/O)

GFS objs
operationsG

F
S

Comms world
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GFS:GFS: SemanticsSemantics & VFS & VFS integrationintegration

!! UNIX singleUNIX single--node equivalent semanticsnode equivalent semantics
•• A read will return the result of the last writeA read will return the result of the last write

!! VFS integrationVFS integration
•• Fully integrated within VFSFully integrated within VFS

–– All major API functions are implemented (inc. All major API functions are implemented (inc. mmap’edmmap’ed
and direct I/O, file locking (mandatory and advisory, and direct I/O, file locking (mandatory and advisory, fcntlfcntl
and POSIX)and POSIX)

•• Fully integrated with the VFS Page CacheFully integrated with the VFS Page Cache
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GFS:GFS: LockingLocking conceptsconcepts (1)(1)

!! Lock objectsLock objects
•• Managed by a Lock ManagerManaged by a Lock Manager
•• Identified by ( Identified by ( <Resource type>, < Resource number><Resource type>, < Resource number> ))

–– EgEg: “type == : “type == inodeinode” and “number == ” and “number == inodeinode number”number”

•• Two states:Two states:
–– Locked or unlockedLocked or unlocked

•• Two intentions:Two intentions:
–– Shared or ExclusiveShared or Exclusive
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GFS:GFS: LockingLocking conceptsconcepts (2)(2)

!! GlocksGlocks
•• Protect important objects (Protect important objects (superblocksuperblock, , inodeinode, …), …)
•• Have an associated vector of operations (Have an associated vector of operations (vopsvops))

–– Operations are different for distinct types of protected objectsOperations are different for distinct types of protected objects, , 
egeg: : vopsvops for “for “inodeinode glockglock” is different from ” is different from vopsvops for “for “superblocksuperblock
glockglock”.”.

•• Have a list of holders (see next slide)Have a list of holders (see next slide)
•• Two stages:Two stages:

–– GlockGlock is held or not is held or not by a node
•• Two states:Two states:

–– Locked (shared or exclusive) or unlockedLocked (shared or exclusive) or unlocked
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GFS:GFS: LockingLocking conceptsconcepts (3)(3)

!! HoldersHolders
•• Record information about an entity (Record information about an entity (pidpid) that wants to/has ) that wants to/has 

managed to lock the managed to lock the glockglock
•• Record the state (shared, exclusive) desired/succeeded for Record the state (shared, exclusive) desired/succeeded for 

the lockthe lock

!! Brief description of the locking protocol:Brief description of the locking protocol:
•• A holder is created, to ask for a shared lockA holder is created, to ask for a shared lock
•• The holder is The holder is enqueuedenqueued, thus locking the , thus locking the glockglock

–– Either we get it immediately (we already had a compatible lock Either we get it immediately (we already had a compatible lock 
on the on the glockglock); or we wait for a call to the LM, and we sooner or ); or we wait for a call to the LM, and we sooner or 
later, get the locklater, get the lock
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GFS:GFS: LockingLocking conceptsconcepts (4)(4)

!! A little bit more descriptive:A little bit more descriptive:
•• The The glockglock is already locked (in this node):is already locked (in this node):

–– if we’re compatible, we’re holders, else we waitif we’re compatible, we’re holders, else we wait

•• The The glockglock is unlocked:is unlocked:
–– If a lock object for this If a lock object for this glockglock does not exist, ask the LM to does not exist, ask the LM to 

be created and granted to us, and we’re holdersbe created and granted to us, and we’re holders
–– If the lock object is still cached in this node:If the lock object is still cached in this node:

•• If unlocked, or still “cache locked” but in a different state, If unlocked, or still “cache locked” but in a different state, 
ask the LM, else we’re immediately holdersask the LM, else we’re immediately holders

•• If other node has to lose it’s (cached) lock so that it can be If other node has to lose it’s (cached) lock so that it can be 
granted us, that node will probably have to perform some granted us, that node will probably have to perform some 
cache flushing…cache flushing…
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GFS:GFS: ClusterwideClusterwide coherencycoherency (1)(1)

!! read()read()
•• Ask for a shared lock on “Ask for a shared lock on “inodeinode glockglock””
•• Perform the read using Perform the read using vfsvfs functions & cachefunctions & cache
•• Release the lockRelease the lock

–– It will stay in the cache, held by this nodeIt will stay in the cache, held by this node

•• Note:Note:
–– If another node asks for an exclusive lock, when we If another node asks for an exclusive lock, when we 

release our lock an invalidation of all data, metadata, and release our lock an invalidation of all data, metadata, and 
the the inodeinode itself will be performed.itself will be performed.
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GFS:GFS: ClusterwideClusterwide coherencycoherency (2)(2)

!! write()write()
•• Ask for an exclusive lock on “Ask for an exclusive lock on “inodeinode glockglock””
•• Perform the write using Perform the write using vfsvfs functions & cachefunctions & cache
•• Release the lockRelease the lock

–– It will stay in the cache, held by this nodeIt will stay in the cache, held by this node

•• Note:Note:
–– If another node asks for a shared or exclusive lock, when If another node asks for a shared or exclusive lock, when 

we release our lock a flush of all data, metadata, and the we release our lock a flush of all data, metadata, and the 
inodeinode itself will be performed, and then invalidated.itself will be performed, and then invalidated.
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GFS:GFS: ClusterwideClusterwide coherencycoherency (3)(3)

!! write() is more complicated than that write() is more complicated than that ☺☺
•• Allocation of metadata Allocation of metadata (indirect blocks, RG bitmaps)(indirect blocks, RG bitmaps)

•• GFS is GFS is journaledjournaled… … 
•• supports quotas…supports quotas…



2nd Kerrighed Summit2nd Kerrighed Summit CITI CITI -- DIDI--FCT/UNLFCT/UNL 1515

AF
S 

 B
XF

M
  C

IF
S 

 D
FS

   
Ec

ho
   

FF
S 

  G
FS

   
G

PF
S 

  H
PF

S 
  

AF
S 

 B
XF

M
  C

IF
S 

 D
FS

   
Ec

ho
   

FF
S 

  G
FS

   
G

PF
S 

  H
PF

S 
  I

nt
er

M
ez

zo
In

te
rM

ez
zo

JF
S 

  K
FS

   
JF

S 
  K

FS
   

Lu
st

re
Lu

st
re

M
FS

   
N

FS
  O

C
FS

   
PV

FS
   

Q
FS

  R
iv

er
M

FS
   

N
FS

  O
C

FS
   

PV
FS

   
Q

FS
  R

iv
er

Sp
ri

te
  T

ig
er

 
Sp

ri
te

  T
ig

er
 U

FS
  W

AF
L 

VF
S 

 X
FS

  Y
FS

  Z
eb

ra
U

FS
  W

AF
L 

VF
S 

 X
FS

  Y
FS

  Z
eb

ra

WhatWhat is is pCFSpCFS
!! My My filesystemfilesystem ☺☺

!! WannaWanna prove a CFSprove a CFS
•• need not be slow in R/W sharing…need not be slow in R/W sharing…
•• … can compete with Parallel file systems … can compete with Parallel file systems 

!! How? Prototype built by modifying GFSHow? Prototype built by modifying GFS
•• pCFSpCFS file = open(… | O_RD… | O_CLST…)file = open(… | O_RD… | O_CLST…)

–– No O_CLST => standard GFS fileNo O_CLST => standard GFS file
•• Uses Uses fcntlfcntl/POSIX locks to define regions of sharing/POSIX locks to define regions of sharing

–– Within regions, locking is “optimistic”Within regions, locking is “optimistic”
•• Data movement also cacheData movement also cache--toto--cache (LAN)cache (LAN)

–– Handle false sharing / Data shipping for performanceHandle false sharing / Data shipping for performance



2nd Kerrighed Summit2nd Kerrighed Summit CITI CITI -- DIDI--FCT/UNLFCT/UNL 1616

AF
S 

 B
XF

M
  C

IF
S 

 D
FS

   
Ec

ho
   

FF
S 

  G
FS

   
G

PF
S 

  H
PF

S 
  

AF
S 

 B
XF

M
  C

IF
S 

 D
FS

   
Ec

ho
   

FF
S 

  G
FS

   
G

PF
S 

  H
PF

S 
  I

nt
er

M
ez

zo
In

te
rM

ez
zo

JF
S 

  K
FS

   
JF

S 
  K

FS
   

Lu
st

re
Lu

st
re

M
FS

   
N

FS
  O

C
FS

   
PV

FS
   

Q
FS

  R
iv

er
M

FS
   

N
FS

  O
C

FS
   

PV
FS

   
Q

FS
  R

iv
er

Sp
ri

te
  T

ig
er

 
Sp

ri
te

  T
ig

er
 U

FS
  W

AF
L 

VF
S 

 X
FS

  Y
FS

  Z
eb

ra
U

FS
  W

AF
L 

VF
S 

 X
FS

  Y
FS

  Z
eb

ra

TheThe EndEnd......

!! Merci…Merci…

!! Questions?Questions?
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