
L
F
S
:
L
o
g
-S
tru
c
tu
re
d
F
ile
sy
ste
m

M
otivation
:

�

R
A
M

is
ch
ea
p
,
so
m
o
st
O
S
es
h
ave
a
la
rg
e
d
isk
cach
e
in
R
A
M

�

T
h
is
large
ca
ch
e
ab
sorb
s
m
ost
d
isk
read
s

�

B
u
t
d
isk
w
rites
m
u
st
g
o
th
rou
gh
to
d
isk
ev
en
tu
ally

�

C
on
seq
u
en
ce:
th
e
d
isk
w
ill
see
m
o
stly
w
rites

L
F
S
ex
p
loits
th
e
cach
e-d
riven
sh
ift
in
read
/w
rite
ra
tio
b
y

elim
in
atin
g
seek
s
on
m
a
n
y
w
rites.
It
w
rites
d
ata
in
b
ig,
con
secu
tive

ch
u
n
k
s.

1

L
F
S
|

U
se
s
o
f
lo
g
s

In
gen
eral,
w
h
y
a
re
lo
g
s
u
sed
?
R
eca
ll
fro
m
C
h
ap
ter
8
:

�

S
ta
b
ility
:
as
b
ack
u
p
cop
y
for
p
rim
ary
sto
ra
g
e

�

A
r
c
h
iv
in
g
:
to
m
ain
tain
co
m
p
lete
record
o
f
ev
ery
op
eration

�

R
e
c
o
v
e
r
y
:
to
g
o
b
ack
to
a
con
sisten
t
state
on
cra
sh
es

L
F
S
a
d
d
s:

�

P
e
r
fo
r
m
a
n
c
e
:
to
m
ak
e
w
rite
op
eration
s
seq
u
en
tial,
an
d
h
en
ce

faster

2

L
F
S
|

O
v
e
rv
ie
w

A
ssu
m
e
(for
n
ow
)
th
a
t
d
isk
size
is
in
�
n
ite.
T
o
create
a
�
le:

�

W
rite
to
th
e
en
d
o
f
th
e
log,
lik
e
a
tap
e

�

W
rite
th
e
in
o
d
e
m
a
p
to
th
e
lo
g

�

O
n
e
b
ig
seq
u
en
tial
w
rite
)

ju
st
on
e
seek
.

In
con
trast,
to
u
p
d
ate
a
�
le
in
U
n
ix
F
F
S
:

�

C
reate
�
le
d
a
ta

�

U
p
d
ate
in
o
d
e
tab
le
an
d
p
a
ren
t
d
irecto
ry

�

L
ots
of
ran
d
om
-a
ccess
u
p
d
a
tes
)

lo
ts
of
seek
s!

3

L
F
S
|

F
re
e
S
p
a
c
e
M
a
n
a
g
e
m
e
n
t

D
isk
size
is
n
ot
in
�
n
ite!
W
e
n
eed
to
p
erio
d
ically
clean
u
p
b
lo
ck
s

th
at
h
ave
b
een
d
eleted
,
o
r
su
p
ersed
ed
b
y
n
ew
d
ata.

�

D
iv
id
e
d
isk
in
to
\seg
m
en
ts"

�

P
erio
d
ically
p
erfo
rm
s
e
g
m
e
n
t
c
le
a
n
in
g
(sto
p
-an
d
-cop
y

garb
age
collectio
n
):

{
R
ead
a
few
seg
m
en
ts
in
to
m
em
o
ry

{
Id
en
tify
liv
e
d
ata
(d
ata
w
h
ich
h
ave
n
o
t
b
een
d
eleted
or

su
p
ersed
ed
)

{
W
rite
live
d
a
ta
b
a
ck
to
d
isk
in
a
n
ew
p
la
ce,
in
few
er

segm
en
ts

�

T
o
sp
eed
clean
in
g
,
m
ain
tain
a
se
g
m
e
n
t
su
m
m
a
r
y
b
lo
c
k
in

each
segm
en
t,
so
w
e
ca
n
q
u
ick
ly
id
en
tify
th
e
�
les
th
e
seg
m
en
t

con
tain
s,
an
d
�
n
d
seg
m
en
t
u
tilization
a
n
d
a
ge

4



L
F
S
|

C
le
a
n
in
g
P
o
lic
ie
s

�

W

h
e
n
to
e
x
e
c
u
te
?
W
h
en
on
ly
a
few
ten
s
of
segm
en
ts
are
free

�

H
o
w

lo
n
g
to
e
x
e
c
u
te
?
U
n
til
50{100
segm
en
ts
are
free

�

W

h
ic
h
se
g
m
e
n
ts
to
c
le
a
n
?
B
en
e�
t/
co
st
ra
tio
:

free
sp
ace
gen
erated
�

age
of
d
ata

co
st

=
(1
�

u

)
�

age

1
+
u

�

H
o
w

to
g
r
o
u
p
b
lo
c
k
s
?
S
ort
b
y
age
|

h
op
e
th
at
b
lo
ck
s

w
ritten
n
ear
th
e
sa
m
e
tim
e
w
ill
b
e
rea
d
n
ear
th
e
sa
m
e
tim
e

5

L
F
S
|

R
e
c
o
v
e
ry

�

P
erio
d
ica
lly
w
rite
a
c
h
e
c
k
p
o
in
t
w
h
ich
con
ta
in
s:

{
P
oin
ters
to
b
lo
ck
s
in
th
e
in
o
d
e
m
ap
a
n
d
segm
en
t
u
sage
tab
le

{
P
oin
t
to
th
e
la
st
segm
en
t
w
ritten
(en
d
of
th
e
log)

{
C
h
eck
p
o
in
t
tim
e
(la
st)

T
w
o
ch
eck
p
oin
t
region
s
on
d
isk
.
S
w
itch
b
etw
een
th
em
to
m
ake

ch
eck
p
oin
tin
g
atom
ic.

�

T
o
recover,
rea
d
ch
eck
p
o
in
t
an
d
r
o
ll
fo
r
w
a
r
d
,
i.e.,
rep
lay
an
y

ch
an
ges
th
at
o
ccu
rred
a
fter
th
e
ch
eck
p
oin
t.
U
p
d
ate
in
o
d
e
m
ap
s

accord
in
gly

�

H
ow
to
p
reven
t
d
irectories
from
h
av
in
g
in
con
sisten
t
state?
U
se

d
ir
e
c
to
r
y
o
p
e
r
a
tio
n
lo
g
to
rep
lay
d
irecto
ry
op
eration
s

6

R
e
p
lic
a
tio
n
a
n
d
C
o
n
siste
n
c
y

W
e
often
h
ave
to
k
eep
m
u
ltip
le
co
p
ies
o
f
d
ata
a
t
d
i�
eren
t
sites

w
ith
in
a
sy
stem
.
F
o
r
ex
am
p
le:

�

L
1
an
d
L
2
p
ro
cesso
r
cach
es:
rep
licatin
g
R
A
M

d
ata
on
ch
ip

�

D
isk
cach
es:
rep
lica
tin
g
d
isk
d
ata
in
m
em
ory

�

N
etw
ork
cach
es:
rep
lica
tin
g
n
etw
ork
ed
d
ata
on
th
e
lo
cal

m
ach
in
e

�

R
A
ID
:
rep
lica
tin
g
d
isk
d
ata
on
o
th
er
d
isk
s

W
h
y
?

�

P
e
r
fo
r
m
a
n
c
e
.
C
h
eap
,
b
ig
m
em
o
ry
a
n
d
n
etw
o
rk
s
are
u
su
ally

slow
,
so
w
e
u
se
ca
ch
es

�

R
e
lia
b
ility
.
S
torag
e
d
ev
ices
can
fail

�

C
o
n
n
e
c
tiv
ity
.
Y
o
u
ca
n
't
alw
ay
s
b
e
con
n
ected
to
a
n
etw
o
rk

7

R
e
p
lic
a
tio
n
:
C
h
a
lle
n
g
e
s

M
ain
tain
in
g
con
sisten
t
rep
licas
is
tou
g
h
!
W
h
y
?

�

D
ata
ch
an
ge
ov
er
tim
e

�

H
ard
to
keep
o
f
tra
ck
w
h
o
h
a
s
th
e
\
co
rrect"
co
p
y
of
d
ata

�

H
ard
to
m
a
n
age
sy
n
ch
ron
izin
g
b
etw
een
rep
licas

:
:
:esp
ecially
if
availab
ility
is
in
term
itten
t
(a
s
in
C
o
d
a
)
o
r
u
p
d
a
tes

are
tran
saction
al
(as
in
d
atab
a
ses)8



W
a
y
s
to
P
ro
v
id
e
R
e
p
lic
a
tio
n

�

R
e
p
lic
a
te
d
sta
te
m
a
c
h
in
e
s:
ev
ery
server
receives
th
e
sam
e

in
p
u
ts
an
d
h
an
d
les
th
e
in
p
u
ts
in
th
e
sam
e
w
ay.
T
h
is
is
tou
gh

b
ecau
se:

{
In
p
u
ts
m
u
st
b
e
ex
actly
th
e
sa
m
e,
a
n
d
in
ex
actly
th
e
sam
e

o
rd
er

{
D
a
ta
rep
licas
ca
n
d
rift
ap
art

{
S
ta
te
m
a
ch
in
es
n
eed
to
b
e
a
b
so
lu
tely
id
en
tical

�

S
in
g
le
sta
te
m
a
c
h
in
e
:
a
m
a
ste
r
serv
er
p
erio
d
ically
sen
d
s
a

cop
y
of
th
e
en
tire
d
a
ta
set
to
every
s
la
v
e

sen
d
s
ch
an
ged
d
a
ta
)

{
O
ften
:
p
a
rtitio
n
th
e
d
a
ta
b
a
se
in
to
sm
all
region
s
(e.g.,
�
les,

ta
b
les,
o
r
row
s)
w
h
ich
ca
n
b
e
u
p
d
a
ted
in
d
ep
en
d
en
tly

{
A
ssign
d
i�
eren
t
m
asters
fo
r
d
i�
eren
t
p
artition
s

9

O
th
e
r
R
e
p
lic
a
tio
n
T
e
c
h
n
iq
u
e
s

�

V
o
tin
g
:
ask
m
u
ltip
le
servers,
an
d
th
e
m
ost
com
m
on
an
sw
er

w
in
s

�

B
a
c
k
u
p
:
keep
an
ex
tra
cop
y
to
b
e
sw
a
p
p
ed
in
if
th
e
origin
al

cop
y
b
ecom
es
u
n
ava
ila
b
le

�

In
c
r
e
m
e
n
ta
l
b
a
c
k
u
p
:
on
ly
b
ack
u
p
c
h
a
n
g
e
s,
n
ot
th
e
w
h
ole

d
ata
set.

1
0

C
o
d
a

M
otivation
:

T
y
p
ical
n
etw
ork
�
lesy
stem
s
like
N
F
S
a
n
d
A
F
S
(w
e
u
se
th
e

latter
at
M
IT
)
d
o
n
't
h
an
d
le
th
e
case
w
h
ere
a
rem
ote
server

h
as
failed
or
is
u
n
availab
le.

C
o
d
a
u
ses
cach
in
g
(rep
lication
)
to
im
p
rove
availa
b
ility,

an
d
,
in
p
articu
lar,
to
su
p
p
ort
d
isc
o
n
n
e
c
te
d
o
p
e
r
a
tio
n
.

1
1

C
o
d
a
|

D
e
sig
n
O
v
e
rv
ie
w

�

U
se
c
a
llb
a
c
k
s
fo
r
ca
ch
e
coh
eren
ce

�

H
oard
critical
d
ata
to
im
p
rove
d
isco
n
n
ected
o
p
era
tio
n
(cf.

ty
p
ical
cach
in
g
,
b
ased
en
tirely
on
p
rev
iou
s
access
p
attern
)

�

O
n
recon
n
ectio
n
,
sy
n
ch
ron
ize
sta
te
w
ith
serv
er,
n
o
tify
in
g
u
ser

if
th
ere
is
a
co
n
sisten
cy
p
ro
b
lem

K
ey
p
rin
cip
les:

�

K
eep
fu
n
ction
ality
on
clien
ts,
n
o
t
serv
ers.
S
im
ila
r
in
sp
irit
to

N
F
S
's
stateless
ap
p
roa
ch
,
alth
ou
g
h
w
e
n
eed
so
m
e
state
on
th
e

serv
er
to
h
an
d
le
callb
ack
s

�

O
p
tim
istic
rep
lica
co
n
trol

1
2



Coda | Caching and Callbacks

Coda uses callbacks to maintain cache coherence.

� Client loads whole �le into local cache on open (if it's not there

already)

� Client keeps server informed as to which �les are in its cache

� Server contract: \I will tell you immediately when your copy of

a �le is no longer valid, i.e., on callback break"

13

Coda | Optimistic vs. Pessimistic Replica Control

� Pessimistic: Before changing a �le, make sure every other

client knows that you're writing it

{ Advantage: prevents conicts

� Optimistic: Let anyone write anytime, and try to resolve

conicts when they occur

{ Advantage: can write even when disconnected

Coda uses optimistic replica control, since allowing disconnected

operation is an important goal.
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Coda | States

Hoarding

Emulation Reintegration

logical reconnection

physical
reconnection

disconnection

� Hoarding: The usual \connected" state. Maintains the cache,

trying to keep �les in the hoard pro�le cached

� Emulating: The usual \disconnected" state. Serves �les from

the cache, does security checks locally, and logs changes for

reintegration

� Reintegration: Synchronizes with the server, bailing out if

there are any conicts.
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Coda | Hoarding

Which �les should be hoarded on the local machine?

� Any �le currently or recently in use (dynamic priorities)

� The hoard pro�le contains a list of �les to hoard, and their

priorities

� When connected, do a hoard walk every 10 minutes to

re-establish equlibrium by replacing low-priority �les with

higher-priority ones from the server
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