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“O
ptim

al”
if

no
other

requests
com

e

�

C
om

plete
anlysis

is
open,

even
for

greedy
alg.

[V
vedenskaya-et-al.,

M
itzenm

acher
96]
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D
elay

D
istrib

ution
for

M
atching
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S
cheduling
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�

M
axim
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delay

close
to
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delay
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softrealtim
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applications
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V
irtualization:

H
andling

Inhom
og

enous
D

isks

W
hatw

e
w

ant

1.
A

dd
disks

ofdifferentsize
increm

entally

2.
Tolerate

disk
failures,i.e.,rem

ove
disks

3.
C

om
plete

use
ofdisk

capacities

4.
G

ood
load

balancing
w

ith
respectto

m
axim

althroughput

5.
Low

reconfiguration
costs

S
im

plification:
Ignore

disk
speeds.

W
e

(falsely)
assum

e
thatcapacity

and

bandw
idth

grow
proportionally.

(A
lternative:

ignore
capacity

thatcannotbe

sustained
under

fullload)
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Volum
es

physical blocks

...
...

logical blocks

D
’ volum

es
balanced
(nonrandom

)
m

apping

random
perm

utation

M
ap

physicalblocks
to

� �
i
�

volum
es

use
random

perm
utation

3 � ����43� �� � �
��




volum
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��

M
ap

volum
es

system
atically

to
disks

no.
volum

es
on

a
disk

is
proportionalto

its
capacity
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A
d

ding
a

D
isk

physical blocks

...
...

logical blocks

D
’ volum

es
balanced
(nonrandom

)
m

apping

random
perm

utation

M
ove

volum
es

from
disks

w
ith

highestload

d

m
oves

only
data

for
new

disk
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Tolerating
C

om
ponent

F
ailures

physical blocks

...
...logical blocks

D
’ volum

es
balanced
(nonrandom

)
m

apping

perm
utation

random

random
perm

utation

P
artition

system
into

tw
o

virtualservers

j

and	
w

ith
aboutthe

sam
e

disk
capacity.

O
ne

copy
to

each
virtualserver.

A
nything

m
ay

fail

thatdoes
notaffectboth

servers

M
ove

affected
volum

es
to

existing
disks

(virtualspares),

greedily,to
leastloaded

ones

use
alldisks

in
parallelfor

m
igration
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F
eistel

P
erm

utations
k

,l
,�

,and3
are

hash
functions

easily
invertible!

+ h+ i + + fg
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S
om

e
O

pen
P

rob
lem

s
of

T
heoretical

Interest
�

P
erform

ance
guarentees

for
any

reasonable
asynchronous

R
D

A

scheduler,e.g.
expected

delay
as

a
function

ofarrivalrate.

�

V
erification

�

W
hatcan

adaptive
data

m
igration

do
for

us?

–
O

ptim
ize

for
capacity

and
throughput,i.e.,putfrequently

needed
data

on
fastdisks

–
S

ave
energy,e.g.,M

assive
A

rrays
ofIdle

D
isks

�

C
om

m
unication

in
dynam

ically
changing

storage
area

netw
orks

–
N

etw
ork

reconfiguration

–
P

lanning
for

data
m

igration

–
Locality

versus
load

balancing

S
om

e
orthogonal(?)

issues
igored

here:
C

aching,���


