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6.1
M

ed
ia S

erver A
rch

itectu
re

M
ed

ia server
•

A
 special type of data / file server

•
H

igh-volum
e data transfer

•
R

eal-tim
e access

•
Large files (objects, data units)

P
u

ll m
o

d
el

•
T

he client controls the data delivery

•
S

uitable for editing of content over netw
orks

P
u

sh
 m

o
d

el
•

A
lso know

n as “data pum
p“

•
T

he server controls data delivery
•

S
uitable for broadcasting data over netw

orks
B

asic m
o

d
els: p

u
ll &

 p
u

sh
•

M
ainly an application point of view

 how
 to interact 

w
ith m

edia data
•

M
ixtures possible: application sends “play list” to 

server
•

S
am

e server internals apply to both m
odels (i.e., 

not treated separately in the rest of this chapter)
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M
ed

ia S
erver A

rch
itectu

re C
o

m
p

o
n

en
ts (1)

•
N

etw
o

rk attach
m

en
t

-
typically a netw

ork adapter
•

C
o

n
ten

t d
irecto

ry
-

responsible for verifying if content is available 
on the m

edia server, and
-

if the requesting client is allow
ed to access the 

data
•

M
em

o
ry m

an
ag

em
en

t
-

caching for large am
ounts of data and 

perform
ance im

provem
ent

•
F

ile system
-

handles the organization of the content on the 
server

-
this includes assignm

ent of sufficient storage 
space during the upload phase 

•
S

to
rag

e m
an

ag
em

en
t

-
abstraction of driver

-
responsible for disk scheduling policies and 
layout of files

•
D

isk co
n

tro
ller

-
handles access to data on the storage device

-
head m

ovem
ent speed, I/O

 bandw
idth, the 

largest and sm
allest units that can be read at a 

tim
e, and the granularity of addressing, (e.g., 

R
A

ID
)
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M
ed

ia S
erver A

rch
itectu

re C
o

m
p
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S
calin

g
 o

f M
ed

ia S
erver -

C
lu

ster o
f S

erver (1)

M
o

tivatio
n

•
G

row
th of system

s im
plies replication of m

ultiple 
com

ponents

A
p

p
ro

ach
•

O
ptim

ization of each com
ponent

•
D

istributed onto probably heterogeneous 
com

ponents
•

C
ooperation betw

een distributed com
ponents

Issu
es to

 b
e so

lved
E

xam
p

le:
C

ontent directory m
ust alw

ays be consistent

•
Internal content directory, once per m

edia server
•

E
xternal content directory
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S
calin

g
 o

f M
ed

ia S
erver -

C
lu

ster o
f S

erver (2)
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6.2 S
to

rag
e D

evices an
d

 D
isk 

L
ayo

u
t

T
ap

e
•

C
annot provide m

ultiple stream
s in parallel

•
R

andom
 access is slow

D
isk
•

A
ccess tim

es:
-

S
eek tim

e typically 8 m
s m

agnetic vs. 150 m
s 

optical disk

•
C

LV
 vs. C

A
V

:
-

M
agnetic disks usually have constant rotational 

speed
•

constant angular velocity, C
A

V

•
m

ore space on outside tracks
-

O
ptical disks have varying rotational speed
•

constant linear velocity, C
LV

•
sam

e storage capacity on inner and outer 
tracks

•
C

apacity vs. cost: O
ptical cheaper than m

agnetic

•
T

ype of persistence (R
ew

ritable, W
rite-once, R

ead-
only, e.g.,C

D
-R

O
M

)
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D
isk L

ayo
u

t (1)

D
eterm

in
es

•
the w

ay in w
hich content is addressed

•
how

 m
uch storage space on the m

edia is actually 
addressable and usable

•
the density of stored content on the m

edia
M

u
ltip

le track vs. sin
g

le track (C
D

)
•

changes on single track data are expensive
T

racks an
d

 secto
rs

•
access restricted to the unit of a sector

•
unused space of a sector is w

asted
Z

o
n

e b
it reco

rd
in

g
•

m
otivation: a sector at an outer radius has the sam

e 
(sector) data am

ount, but m
ore raw

 capacity
•

constant angular velocity
•

i.e. sam
e access tim

e to inner/outer tracks

•
different read/w

rite throughputs
•

C
an be used to place 
-

m
ore popular m

edia (m
ovies) on an outer track

-
less popular on an inner track
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D
isk L

ayo
u

t (2)
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P
lacem

en
t o

f F
iles at S

to
rag

e D
evice L

evel (1)

F
ile organization. A

 file is a sequence of bytes w
ith a 

special “end of file” sym
bol.

•
C

ontiguous (sequential) placem
ent: stored in the 

order in w
hich it w

ill be read
-

like on a tape
-

few
er seek operations during playback, i.e., 

good for “continuous” access
-

less flexibility, problem
atic w

hen data needs to 
be changed.

1st file

1st file

2n
d

 file

2n
d

 file

3rd
 file

3rd
 file

contiguous placem
ent:

non-contiguous placem
ent:
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P
lacem

en
t

o
f F

iles at
S

to
rag

e D
evice

L
evel (2)

•
N

on-contiguous placem
ent, i.e. scatter blocks 

across disk:

-
avoids external fragm

entation (“holes” betw
een 

contiguous files)
-

sam
e data can be used for several stream

s via 
references

-
long seek operations during playback
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6.3
D

isk C
o

n
tro

ller an
d

 R
A

ID

R
ed

u
n

d
an

t A
rray o

f In
exp

en
sive D

isks
M

o
tivatio

n
•

disks becom
e m

ore and m
ore inexpensive

•
better to provide a set of disks instead of one large 
disk

•
i.e. for “striping“

G
o

als: to
 en

h
an

ce sto
rag

e size A
N

D
•

prim
arily: fault tolerance (availability, stability)

-
by redundancy

-
related to (as low

 as possible) additional 
expenses

•
secondarily: perform

ance
-

by data striping 
•

by distributing data transparently over 
m

ultiple disks and m
aking them

 appear as a 
single fast disk

-
fast read and w

rite
-

for sm
all and large am

ounts of data
R

A
ID

 an
d

 m
u

ltim
ed

ia
•

R
A

ID
 can help to im

prove m
ultim

edia data delivery 
from

 servers
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R
ed

u
n

d
an

t A
rray o

f In
exp

en
sive D

isks

G
ran

u
larity o

f d
ata in

terleavin
g

•
fine grained

-
sm

all units to be interleaved
-

any I/O
 request (regardless of data unit size) 

involves all disks

•
coarse grained

-
larger units of data to be interleaved

-
a sm

all file (total data request) m
ay involve only 

som
e disks

M
eth

o
d

 an
d

 p
attern

 o
f p

lacin
g

 red
u

n
d

an
t d

ata
•

C
om

puting redundancy data: m
ost often parity, 

som
etim

es H
am

m
ing or R

eed-S
olom

on codes

•
D

istribution/placem
ent

-
either concentrate redundancy on som

e disks
-

or distribute it uniform
ly

R
eferen

ce
E

.g., C
hen at al: R

A
ID

: H
igh-P

erform
ance, R

eliable 
S

econdary S
torage, A

C
M

 C
om

puting S
urveys, V

ol. 26, 
N

o. 2, June 1994
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N
o

n
-R

ed
u

n
d

an
t (R

A
ID

 L
evel 0) (1)

G
o

al an
d

 U
sag

e
•

to enhance pure I/O
 perform

ance
•

M
ainly for use in supercom

puters
A

p
p

ro
ach

•
data striping am

ong a set of e.g. 4 disks
•

A
 b

lo
ck o

f d
ata is sp

lit, different parts of it are 
stored on different devices

•
4 disks of 1 G

B
 provide in total a capacity of 4 G

B

•
Im

plem
entation

-
i.e., S

C
S

I allow
s for up to 8 daisy-chained 

controllers and up to 56 logical units
P

erfo
rm

an
ce

•
read

-
very good but m

irrored disks m
ay be better (if 

appropriate schedules are used)

•
w

rite
-

best of all R
A

ID
 perform

ances (no need to 
update any redundant data)
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N
o

n
-R

ed
u

n
d

an
t (R

A
ID

 L
evel 0) (2)
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M
irro

red
 (R

A
ID

 L
evel 1) (1)

G
o

al an
d

 U
sag

e
•

better fault tolerance
•

frequently used for databases (w
hen availability is 

m
ore im

portant than storage efficiency)
A

p
p

ro
ach

•
M

irro
red

d
isks (or shadow

ing)
duplicate data w

ritten to second disk
•

E
very sector on the prim

ary disk is also stored on 
the secondary disk

P
erfo

rm
an

ce
•

read
-

parallel reads can increase the I/O
 

perform
ance, or the disk w

ith shorter queues, 
rotational delay, seek tim

e can be selected

-
if different controllers are used

•
w

rite
-

slow
ed dow

n (w
rite m

ust be done on tw
o 

devices sim
ultaneously)
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M
irro

red
 (R

A
ID

 L
evel 1) (2)

6. M
edia S

erver
6-20

A
G

raduate C
ourse

on 
M

ultim
edia T

echnology
©

 W
olfgang E

ffelsberg, 
R

alf S
teinm

etz

M
em

o
ry-S

tyle E
C

C
 (R

A
ID

 L
evel 2) (1)

G
o

al
•

to enhance fault tolerance
•

to reduce R
A

ID
 level 1 hardw

are costs
A

p
p

ro
ach

•
B

it strip
in

g
 am

o
n

g
 vario

u
s d

isks w
ith

 ad
d

itio
n

al 
erro

r co
rrectio

n
 co

d
es

•
error detection: 

-
S

ingle parity disk

•
but here error correction used is proportional to log 
(num

ber of disks)
E

xam
ple 1: 10 data disks w

ith 4 parity disks
E

xam
ple 2: 23 data disks and 5 parity disks

P
erfo

rm
an

ce
•

m
inim

um
 am

ount of data that m
ust be transferred is 

related to the num
ber of disks (one sector on each 

disk)

•
large am

ount leads to better perform
ance

•
slow

er disk recovery
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M
em

o
ry-S

tyle E
C
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 (R

A
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 L
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B
it-In

terleaved
 P

arity (R
A

ID
 L

evel 3) (1)

G
o

al an
d

 u
se

•
to enhance fault tolerance

•
to reduce R

A
ID

 level 2 hardw
are costs

•
application w

hen

-
high bandw

idth is dem
anded

-
but not a high I/O

 rate
A

p
p

ro
ach

•
B

it strip
in

g
 acro

ss d
isks

•
a single parity disk for any group/array of R

A
ID

 
disks

•
m

akes use of build-in C
R

C
 checks of all disks

P
erfo

rm
an

ce (sim
ilar to

 R
A

ID
 level 2)

•
slow

er disk recovery
•

no interleaved I/O

•
note: disks should be synchronized to reduces seek 
and rotational delays
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B
it-In

terleaved
 P

arity (R
A

ID
 L

evel 3) (2)
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B
lo

ck-In
terleaved

 P
arity (R

A
ID

 L
evel 4) (1)

G
o

al
•

to provide fault tolerance
•

to enhance R
A

ID
 level 3 perform

ance in case of a 
fault

A
p

p
ro

ach
•

S
ecto

r strip
in

g
 acro

ss d
isks

•
parity sectors stored on one disk

P
erfo

rm
an

ce
•

faster disk recovery possible
•

sm
all w

rites
-

only tw
o disks affected (not the entire set)

-
not in parallel (only one w

rite per disk group as 
parity disk is affected)

•
sm

all reads are im
proved

-
from

 one disk only

-
m

ay occur in parallel
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B
lo

ck-In
terleaved

 P
arity (R

A
ID

 L
evel 4) (2)
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B
lo

ck-In
terleaved

 D
istrib

u
ted

 P
arity (R

A
ID

 
L

evel 5) (1)

G
o

al

•
to provide fault tolerance

•
to rem

ove the w
rite bottleneck of R

A
ID

 level 4

A
p

p
ro

ach

•
S

ecto
r strip

in
g

 acro
ss d

isks, p
arity in

fo
rm

atio
n

 
d

istrib
u

ted
 o

ver d
isks

P
erfo

rm
an

ce

•
read and w

rite: allow
 parallel operations

•
sm

all read or w
rite

-
very good: sim

ilar to R
A

ID
 level 1

•
large am

ount of data

-
very good: sim

ilar to R
A

ID
 3 and 4
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B
lo

ck-In
terleaved

 D
istrib

u
ted

 P
arity (R

A
ID

 
L

evel 5) (2)
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P
+Q

 R
ed

u
n

d
an

cy (R
A

ID
 L

evel 6) (1)

G
o

al
•

M
otivation:
-

V
ery large arrays m

ay contain m
ore than one 

disk w
ith failures

•
E

C
C

 is required in order to m
aintain availability

A
p

p
ro

ach
•

E
C

C
 

-
“P

+
Q

 redundancy” based on R
eed-S

olom
on

-
protects against failure of tw

o disks at the sam
e 

tim
e

•
tw

o additional disks

•
otherw

ise sim
ilar to R

A
ID

 level 5
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P
+Q

 R
ed

u
n

d
an

cy (R
A

ID
 L

evel 6) (2)
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6.4 S
to

rag
e M

an
ag

em
en

t an
d

 

D
isk S

ch
ed

u
lin

g

D
isk M

an
ag

em
en

t -
F

ile P
lacem

en
t o

n
 D

isk

G
o

al: to
 red

u
ce read

 an
d

 w
rite tim

es b
y

•
few

er seek operations
•

low
er

rotational delay or latency
•

high actual data transfer rate (can not be im
proved 

by placem
ent)

M
eth

o
d

: sto
re d

ata in
 a sp

ecific p
attern

•
R

egular distance

•
C

om
bine related stream

s
•

Larger block size
-

few
er seek operations

-
sm

aller num
ber of requests

-
but higher loss due to internal fragm

entation 
(last block used only 50%

 on the average)
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In
terleaved

 P
lacem

en
t

In
terleaved

 files
•

Interleaving several stream
s (e.g., channels of 

audio)
•

A
ll n

th
sam

ples of each stream
 are in close physical 

proxim
ity on disk

•
P

roblem
: changing (inserting / deleting) parts of a 

stream
In

terleaved
 vs. n

o
n

-in
terleave an

d
 co

n
tig

u
o

u
s vs. 

n
o

n
-co

n
tig

u
o

u
s/scattered

•
C

ontiguous interleaved placem
ent

•
S

cattered interleaved placem
ent
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6.4.1 T
rad

itio
n

al D
isk S

ch
ed

u
lin

g

D
efin

itio
n

D
isk sch

ed
u

lin
g

determ
ines the order by w

hich 
requests for disk access are serviced.

D
isk service m

o
d

el
R

equests are buffered and can be re-ordered before 
they are served by the disk.

G
en

eral g
o

als o
f sch

ed
u

lin
g

 alg
o

rith
m

s
•

S
hort response tim

e
•

H
igh throughput

•
F

airness (e.g., requests at disk edges should not 
starve)

M
u

ltim
ed

ia G
o

als (in
 g

en
eral)

•
continuous throughput (m

ust not be fair)
•

short m
axim

al (not average) response tim
es

•
high throughput

T
yp

ical trad
e-o

ff
•

S
eek &

 rotational delay vs.
•

m
axim

um
response tim

e
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F
irst C

o
m

e F
irst S

erve (F
C

F
S

) D
isk 

S
ch

ed
u

lin
g

P
ro

p
erties

•
Long seek tim

es (since non-optim
al head 

m
ovem

ent occurs)
•

S
hort (individual) response tim

es

24301650424512

124022
...20

40

12

45

42

50

16

451240

424512

504245

165042

301650

243016

order o f arriva l
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S
h

o
rtest S

eek T
im

e F
irst (S

S
T

F
) D

isk 
S

ch
ed

u
lin

g

P
ro

p
erties

•
S

hort seek tim
es

•
Longer m

axim
um

 (individual) response tim
es

•
M

ay lead to starvation

24301650424512

124022
...20

40

12

45

42

50

451240

424540

504245

165045

301650

24301630

order o f a rriva l
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S
C

A
N

 D
isk S

ch
ed

u
lin

g

•
M

ove disk head alw
ays betw

een disk edges (up 
until the end, then dow

n until the end)
•

R
ead next requested block in disk m

ovem
ent 

direction
•

A
 com

prom
ise betw

een optim
ization of seek tim

es 
and response tim

es
•

D
ata in the m

iddle of the disk has better access 
properties

24301650424512

124022
...20

22

40

45

42

50
451240

424512

504512

165012

30161230

24 241612

O rder of arrival

h
ead

 m
o

ves u
p

w
ard

s

h
ead

 m
o

ves
d

o
w

n
w

ard
s

6. M
edia S

erver
6-36

A
G

raduate C
ourse

on 
M

ultim
edia T

echnology
©

 W
olfgang E

ffelsberg, 
R

alf S
teinm

etz

N
-S

tep
-S

C
A

N
 D

isk S
ch

ed
u

lin
g

P
ro

p
erties

•
reduces unfairness for outer and inner tracks

•
longer seek tim

e
•

shorter response tim
e
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C
-S

can
 D

isk S
ch

ed
u

lin
g

P
ro

p
erties

•
M

ove disk head alw
ays betw

een disk edges 
(U

N
Idirectional; up to the end, quickly dow

n, then 
up to the end again)

•
Im

proves fairness (com
pared to S

C
A

N
)

24301650424512

124022
...20

22

40

45

42

50
451240

424512

504512

165012

301612

243016

12

16

order of arrival

h
ead

 m
o

ves u
p

w
ard

s

h
ead

 m
o

ves
u

p
w

ard
s
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6.4.2 D
isk S

ch
ed

u
lin

g
 fo

r C
o

n
tin

u
o

u
s 

M
ed

ia

S
u

itab
ility o

f trad
itio

n
al d

isk sch
ed

u
lin

g
 m

eth
o

d
s

•
E

ffective utilization of the disk arm
? short seek tim

e
•

N
o guaranty for / not optim

ized for deadlines! ->
 not 

suitable for continuous stream
s

S
p

ecific sch
ed

u
lin

g
 m

eth
o

d
s fo

r co
n

tin
u

o
u

s 
stream

s
•

S
erve continuous m

edia, i.e., periodic requests w
ith 

deadlines, plus aperiodic requests from
 other m

edia

•
N

ever m
iss a deadline of a continuous m

edium
 

w
hile serving aperiodic requests

•
A

periodic requests should not starve
•

P
rovide high m

ultiplicity (m
ultiple stream

s) w
ith real-

tim
e access

•
B

alance the trade-off betw
een buffer space and 

efficiency
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D
isk S

ch
ed

u
lin

g
: D

ep
en

d
en

cies

C
o

n
tin

u
o

u
s m

ed
ia d

isk sch
ed

u
lin

g

E
fficien

cy d
ep

en
d

s o
n

 th
e

•
tightness of deadlines

•
disk layout

•
buffer space available 

A
b

ility to
 create a sch

ed
u

le in
 ad

van
ce d

ep
en

d
s o

n
•

buffer space and
•

stream
 length

M
o

st p
ractical case

•
create a schedule on-the-fly (to be considered 

here)
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E
arliest D

ead
lin

e F
irst (E

D
F

) D
isk S

ch
ed

u
lin

g

R
eal-tim

e sch
ed

u
lin

g
 alg

o
rith

m

•
F

irst read the block w
ith nearest deadline

M
ay resu

lt in
•

excessive seek tim
e and

•
poor throughput

...20
22

40

45

42

50

12

16

t3
24

3 3
30

2
16

50

2
42

1
45

2
40

1
12

3
24

3
30

3
50

3
30

2
16

3
50

2
16

3
50

2
42

3
50

2
42

2
40

2
42

1
45

2
40

1
45

2
40

1
22

1
12

2
40

1
22

1
22

req
u

ests w
ith

:

d
ead

lin
e

b
lo

ckn
u

m
b

er

order or arrival
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S
can

-E
D

F
 D

isk S
ch

ed
u

lin
g

 (1)

M
eth

o
d

•
G

roup requests by sim
ilar deadlines

•
R

equests w
ith earlier deadlines are served first

•
A

m
ong all requests w

ith the sam
e deadline, 

requests are served by track location

C
o

m
b

in
es ad

van
tag

es o
f

•
S

C
A

N
 (seek optim

ization) w
ith

•
E

D
F

 (real-tim
e aspects)

W
e in

crease efficien
cy b

y m
o

d
ifyin

g
 d

ead
lin

es.
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S
can

-E
D

F
 D

isk S
ch

ed
u

lin
g

 (2)

P
ro

p
erties

•
apply E

D
F

 betw
een groups

•
for all requests w

ithin a group apply S
C

A
N

...

20

22

40

45

42

12

16

t3
24

3 3
30

2
16

50

2
42

1
45

2
40

1
12

3016

50
16

3
50

2
42

504240
4245

40

45

4022
12

4022

1
22

3,10

2,24

3,50
2,26

5040

3,50

2,02
3,05

2,58

2,60
2,20

2,18

1,23
1,45

2,40

1,22

1,08
2,40

1,22

d
o

w
n

w
ard

s
D

ead
lin

e 1

D
ead

lin
e 2
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S
can

-E
D

F
 D

isk S
ch

ed
u

lin
g

 (3)

M
ap

 S
C

A
N

 to
 E

D
F

 (1)
deadline =

D
i +

 f(N
i );

D
i deadline of request i,

N
i track position of request i

w
ith f() such thatD

i + f(N
i ) >

D
j +

 f(N
j )ifD

i >
D

j

e.g., f(N
i ) =

 N
i /N

m
a

x
–

1
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S
can

-E
D

F
 D

isk S
ch

ed
u

lin
g

: E
xam

p
le

E
xam

p
le

A
t “dow

nw
ards 20” the next deadlines are com

puted, 
assum

e
N

M
ax =

100
•

1 12: dow
nw

ards &
 12 on the w

ay: position20 -
position12 =

 08, i.e. 1,08
•

2 40: dow
nw

ards &
 40 not on the w

ay: =
40; i.e. 2,40
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G
ro

u
p

 S
w

eep
in

g
 S

ch
ed

u
lin

g

•
F

o
rm

 g
ro

u
p

s 
-

w
ith deadlines lying closely together

-
or in a round robin m

anner
•

A
p

p
ly S

C
A

N
 to

 each
 g

ro
u

p
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M
ixed

 D
isk S

ch
ed

u
lin

g
 S

trateg
ies

G
o

al
•

to m
axim

ize transfer efficiency by m
inim

izing seek 
tim

e and latency
•

to serve process requirem
ents w

ith a lim
ited buffer 

space
C

o
m

b
in

es
•

shortest seek tim
e first (S

S
T

F
)

•
buffer underflow

 and overflow
 prevention

•
by keeping buffers filled in a “sim

ilar w
ay”

M
ixed

 S
trateg

y also
 kn

o
w

n
 as “g

reed
y strateg

y”
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6.4.3
D

ata R
ep

licatio
n

 (C
o

n
ten

t an
d

A
ccess D

riven
)

G
o

al
•

to increase the availability in case of disk failures 
(like R

A
ID

)
•

to overcom
e the lim

it of concurrent accesses to 
individual titles caused by lim

its of the throughput of 
the hardw

are
S

tatic R
ep

licatio
n

•
user has choice of access points

•
frequently done in the Internet today

•
content provider keeps copies of the original 
version up to date on servers (proxies) close to the 
user. 

D
yn

am
ic S

eg
m

en
t R

ep
licatio

n
•

read only, segm
ents are replicated

•
S

ince
continuous m

edia data is delivered in linear 
order, a load increase on a specific segm

ent can be 
used as a trigger to replicate this segm

ent and all 
follow

ing segm
ents to other disks.

T
h

resh
o

ld
-B

ased
 D

yn
am

ic R
ep

licatio
n

•
considers entire m

ovies on a video server
•

takes all disks of the system
 into account to 

determ
ine w

hether a m
ovie should be replicated
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6.5 F
ile S

ystem
s, V

id
eo

 F
ile 

S
ervers

F
ile system

 
•

is said to be the m
ost visible part of an operating 

system
T

rad
itio

n
al file system

s
•

M
S

D
O

S
 F

ile A
llocation T

able F
A

T
, B

erkeley U
N

IX
 

F
F

S
, ...

M
u

ltim
ed

ia file system
s

•
R

eal T
im

e C
haracteristics

•
F

ile S
ize

•
M

ultiple D
ata S

tream
s

E
xam

p
les o

f m
u

ltim
ed

ia file system
s

•
V

ideo F
ile S

erver (experim
ental, outlined here )

•
F

ellini
•

S
ym

phony

•
IB

M
 M

edia C
harger ...

•
R

eal N
etw

orks ...
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E
xam

p
le: V

id
eo

 F
ile S

erver

D
ata S

tru
ctu

rin
g

 -
D

ata T
yp

es
•

C
ontinuous m

edia data itself (audio, video, ...)
•

M
eta-data (attributes):
-

A
nnotations by the author

-
A

ssociations betw
een related files 

(synchronization)
-

Linking and sharing of data segm
ents:

•
e.g., storing com

m
on parts only once

F
ram

e: B
asic u

n
it o

f vid
eo

S
am

p
le: B

asic u
n

it o
f au

d
io

B
lo

ck: B
asic u

n
it o

f d
isk sto

rag
e

•
H

om
ogeneous block:

-
each block contains exactly one m

edium

-
requires explicit inter-m

edia synchronization
•

H
eterogeneous block:
-

m
ultiple m

edia stored in one block

-
im

plicit inter-m
edia synchronization
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D
ata S

tru
ctu

rin
g

: T
erm

in
o

lo
g

y

S
tran

d
:

•
A

n im
m

utable
sequence of continuous video fram

es 
or audio sam

ples
R

o
p

e:
•

A
 collection

of m
ultiple strands tied together w

ith 
synchronization inform

ation
S

tran
d

s are im
m

u
tab

le:
•

C
opy operations are avoided

•
E

diting on ropes m
anipulates pointers to strands

•
M

any different ropes m
ay share intervals of the 

sam
e m

edia strand
•

R
eference counters, storage reclaim

ed w
hen not 

referenced anym
ore
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O
p

eratio
n

s o
n

 M
u

ltim
ed

ia R
o

p
es: In

terface

E
xam

p
le

R
E

C
O

R
D

 [m
edia] →

[requestID
,m

m
R

opeID
]

•
R

ecord a new
 m

ultim
edia rope consisting of m

edia 
strands

•
P

erform
 adm

ission control to check resource 
availability

P
LA

Y
 [m

m
R

opeID
, interval, m

edia] Æ
 [requestID

]
•

P
layback a m

ultim
edia rope consisting of m

edia 
strands

•
P

erform
 adm

ission control to check resource 
availability

S
T

O
P

 [requestID
]

IN
S

E
R

T
 [baseR

ope, position, m
edia,w

ithR
ope,

w
ithInterval]

R
E

P
LA

C
E

 [baseR
ope, m

edia,baseInterval,w
ithR

ope,
w

ithInterval]

D
E

LE
T

E
 [baseR

ope, m
edia, interval]

(from
 R

angan
and V

in, 1991)
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O
p

eratio
n

s o
n

 M
u

ltim
ed

ia R
o

p
es: E

xam
p

le

M
erg

e au
d

io
 an

d
 vid

eo
 stran

d
s:

•
R

ope1 contains only audio strand
•

R
ope2 contains only video strand

•
R

eplace (non-existing) video com
ponent of R

ope1 
w

ith video com
ponent of R

ope2
R

E
P

LA
C

E
[baseR

ope: R
ope1, m

edia: video,
baseInterval: [start:0, length: l],
w

ithR
ope: R

ope2, w
ith Interval: [start:0, 

Length: l]]
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V
id

eo
 F

ile S
erver: S

ystem
 S

tru
ctu

re

T
w

o
 m

ajo
r co

m
p

o
n

en
ts

•
Low

er level storage m
anager

•
H

igher level rope server

M
u

ltim
ed

ia sto
rag

e m
an

ag
er

•
P

hysical storage of m
edia strands on disk

•
A

dm
ission control

•
M

aintains disk layout

M
u

ltim
ed

ia ro
p

e server
•

P
erform

s operations on m
ultim

edia ropes
•

C
om

m
unicates w

ith storage m
anager via inter-

process com
m

unication m
echanism

s
•

R
eceives status m

essages from
 storage m

anager 
and

•
sends status m

essages to application


