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3.1 M
o

tivatio
n

K
inds of system

s w
e

are
dealing w

ith are

B
asic term

in
o

lo
g

y
•

R
esources

•
R

ealtim
e

•
Q

uality of S
ervice

W
hatand how

 m
uch of it do w

e need, and how
 do w

e 
describe that?

N
etw

ork
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ork

M
em

ory
C

P
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eceiving

A
pplication

S
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S
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M
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P

U S
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A
pplication
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C
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oftw
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Local:
•

H
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•
Interactive

D
V

D
•

C
om

puter based
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D
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•
C
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•

V
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and
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IP
-T

elephony
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M
o
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 fo
r
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A
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o
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p
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n
s

-
Q
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Q
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o
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h

as d
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t
im

p
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n
s
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t
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•
O
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 /R
esource scheduling

•
F

ile system
organization

•
C

om
pression

•
C

om
m

unication
system
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•
M

edia synchronization
•

U
ser Interface

•
and m
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3.2
C

h
aracteristics

o
f R

eal-
T

im
e / M

u
ltim

ed
ia S

ystem
s

R
eal-tim

e S
ystem

:
“A

 system
 in

w
hich the correctness

of a
com

putation 
depends not only

on
obtaining the

rightresult,but
also

upon providing the resulton tim
e.”

R
eal-tim

e
P

ro
cess:

“A
process w

hich delivers the results
ofthe 

processing
in a

given
tim

e-span.”

R
eal-tim

e ap
p

licatio
n

s
-

exam
p

les
•

C
o

n
tro

lo
f

tem
p

eratu
re

in
 a

ch
em

icalp
lan

t
-

driven by interrupts from
 external devices

-
these interrupts occur

atirregular
and 

unpredictable intervals
•

E
xam

p
le:

C
o

n
tro

lo
f a

flig
h

t sim
u

lato
r

-
execution

atperiodic intervals
-

scheduled by a tim
er service w

hich the 
application requests from

 the
O

S
C

o
m

m
o

n
ch

aracteristics:
-

internaland
external events that occur 

periodically or spontaneous
-

correctness
also

depends
on

m
eeting

tim
e

constraints
!
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D
ead

lin
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in
R

ealtim
e

S
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A
 d

ead
lin

e
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resen
ts th

e latest accep
tab

le
tim

e to
 

fin
ish

 an
o

p
eratio

n
, e.g

., fo
r th

e p
resen

tatio
n

o
f a

p
ro

cessin
g

 resu
lt

Tim
e

Start process
D

eadline to finish process

hardsoft
?

•
H

ard
d

ead
lin

es:
•

should never be violated
•

result presented too late (after deadline) has no
value for the user

•
violation m

eans severe
(potentially catastrophic) 

system
failure

•
E

xam
ple:N

uclear
pow

er plant

•  S
o

ft
d

ead
lin

es:
•

deadlines are not m
issed by m

uch
• in

som
e cases the deadline m

ay be m
issed,but 

not too m
any deadlines are m

issed
•

presented resultstill has som
e value for the user

•
E

xam
ple:train/airplane arrival /departure
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R
ealtim

e
S

ystem
 -

R
eq

u
irem

en
ts

P
rim

ary g
o

al:
•

determ
inistic behaviour according

to
specification

•
results

in a
variety

ofrequirem
ents

M
an

d
ato

ry req
u

irem
en

ts:
•

P
redictable

(fast)
handling

of tim
e-critical events

•
A

dequate schedulability

•
S

tability under overload conditions

D
esirab

le req
u

irem
en

ts:
•

M
ulti-tasking capabilities

•
S

hort interrupt latency
•

F
ast context sw

itching

•
C

ontrolofm
em

ory m
anagem

ent
•

P
roper scheduling

•
F

ine-granularity
oftim

er services

•
R

ich setofinterprocess com
m

unication
and

synchronisation m
echanism

s
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M
u

ltim
ed

ia S
ystem

s

A
 new

 application area for real-tim
e system

s
w

ith 
special characteristics:

•
T

ypically
soft real-tim

e and
not(that)

critical
•

R
equirem

ents m
ay often be adapted

to
ensure

proper handling, e.g., scaling
of data

stream
s to 

available bit rates

C
h

aracteristics
•

P
eriodic processing

•
Large bandw

idth
•

E
nd-to-end guarantees

•
F

ault-tolerance

•
F

airness
•

S
tandardization
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3.3
Q

o
S

-
D

efin
itio

n

Q
u

ality
o

f S
ervice

=
„w

ell-defined
and

controllable behavior
of a 

system
according

to quantitatively m
easurable 

param
eters“

L
ayer m

o
d

el

U
ser

A
pplication

M
M

 S
ystem

F
ile S

ystem
Local P

rocessing
Transport S

ystem

D
ifferent service objects:
•

M
edia /S

tream
s

•
T

asks
•

M
em

ory areas
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Q
o

S
-

L
ayer

M
o

d
el

E
xam

p
les:

b
o

th
q

u
alitative / q

u
an

titative
d

escrip
tio

n

P
ercep

tio
n

 Q
o

S
•

T
olerable S

ynchronisation D
rift

•
V

isual P
erceptability

A
p

p
licatio

n
 Q

o
S

•
M

edia P
aram

eters
•

M
edia (T

ransm
ission)

C
haracteristics

S
ystem

Q
o

S
•

C
P

U
 R

ate /U
sage

•
A

vailable M
em

ory 
C

o
m

m
u

n
icatio

n
 Q

o
S

•
P

acket S
ize

/ R
ate

•
B

andw
idth

•
E

nd-to-E
nd

D
elay

D
evice Q

o
S

•
S

eek
/D

ata
T

ransfer R
ate

•
S

am
ple R

ate / R
esolution
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Q
o

S
P

aram
eters –

E
xam

p
le: T

ran
sp

o
rt S

ystem

C
om

m
on param

eters concerning the
T

ransport S
ystem

are:•
T

hroughput
•

D
elay

/Jitter
•

Loss
/R

eliability

Loss / R
eliability

D
elay

T
hroughput

B
ut also:

•
S

ecurity
•

C
ost

•
S

tability (R
esilience)
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Q
o

S
P

aram
eter E

xam
p

le

D
elay•

M
axim

um
 end-to-end

delay for transm
ission

of
one

packet
•

D
elay jitter

=
m

axim
um

 variance
oftransm

ission 
tim

es

T
h

ro
u

g
h

p
u

t
•

M
axim

um
 long-term

rate =
 m

axim
um

 am
ountof

data units transm
itted

per tim
e interval 

(e.g. ,packets or bytes
per second)

•
M

axim
um

 burst size
•

M
axim

um
 packetsize

L
o

ss•
S

ensitivity class:ignore
/indicate

/correct 
losses

•
Loss

rate =
m

axim
um

 num
ber

oflosses
per tim

e
interval

•
Loss size

=
m

axim
um

 num
ber

ofconsecutively
lostpackets
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S
ervice C

lasses

G
u

aran
teed

S
ervice

•
V

alues or intervals
ofQ

oS
 param

eters
-

determ
inistic

(atany
tim

e)
-

statistical(consider
a tim

e
interval or a

certain 
propability)

Q
oS

m
in

<
= P

 <
=

Q
oS

m
ax

P
red

ictab
le

S
ervice

•
consider history

-
from

 the very beginning
ofcalculation

-
in a

shifting
tim

e
w

indow
•

“if itw
as

like thatin
the

last ...,you can rely
on ...”

B
est

E
ffo

rt
S

ervice
•

no quarantees given
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Q
o

S
 In

tervals (1)

P
aram

eter values resultin

•
acceptable regions

•
inacceptable regions 

ofQ
oS

in one-dim
ensional intervals

•
B

elow
 required Q

oS
 level-

no useful service
•

A
bove required Q

oS
 level-

unnecessary (useless)
resource consum

ption
/ cost

desired Q
oS

required Q
oS

increasing
Q

oS
 quality

application’s needs:

Q
oS

 too bad
Q

oS
 too good

acceptable Q
oS
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Q
o

S
 In

tervals
(2)

A
lso: m

ultidim
ensionalintervals

m
in. Q

oS
-F

ram
e-R

ate.

m
ax. Q

oS
-F

ram
e-R

ate.

m
in. Q

oS
-

A
ccepta

ble

R
egion

m
ax. Q

oS
R

esolution
R

esolution

640x480

F
ram

e R
ate

10

30200
80x40

R
esolution (P

ixel) 
U

naccepta
ble R

egion
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3.4
R

eso
u

rces

C
lassificatio

n
B

y fu
n

ctio
n

ality
•

active resources 
-

actively fulfilla
certain task

-
e.g., processor,netw

ork adapter

•
passive resources

-
provide

“space”
-

e.g., m
em

ory,frequency spectrum
, file

system

B
y availab

ility fo
r co

n
cu

rren
t u

sag
e

•
exclusive

•
shared

B
y o

ccu
ren

ce
•

single
•

m
ultiple

C
o

m
m

o
n

p
aram

eter:
•

“C
apacity“ -

allow
s

quantitative
description
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R
eso

u
rces

-
A

vailab
ility

S
tartin

g
p

o
in

t:
•

scarce,but sufficient resources

r
e

q
u

i
r

e
m

e
n

t s

hardw
are

in year X

abundant
resources

insufficient
resources

1980
1990

2000

interactive
video

high-quality
audio

netw
ork

file access
resources

sufficient but
scarce resources

“W
in

d
o

w
 o

f S
ca

rcity”
[A

nderson et al., 1990]

G
o

al
•

P
rovide

bestservice
at the low

est possible cost

C
o

n
clu

sio
n

•
W

e need resource m
anagem

ent in all com
ponents 

of a
m

ultim
edia

system
!
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R
elatio

n
sh

ip
 B

etw
een

 Q
o

S
an

d
 R

eso
u

rces

M
o

d
el

R
esource w

ith

certain capacity

P
rocessing, using a

Q
oS

before
Q

oS
after

processing
processing

D
ata in

D
ata out
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A
rch

itectu
re

R
esource

S
cheduler

R
esource 

M
anager

C
O

N
T

R
O

L

D
A

TA

R
esource

M
onitor

R
esource S

pecific
Inform

ation

R
eservation

D
ata

base

3. Q
uality

of S
ervice (Q

oS
)

3-20
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

3.5
P

ro
vid

in
g

 Q
o

S
 

R
eso

u
rce

M
an

ag
em

en
t P

h
ases

user’s Q
oS

requirem
ents

resource
reservation

Q
oS

 guarantees
to user

adm
ission control

p
h

a
s

e
 

1
 

(
S

e
t

u
p

)
:

data arrival
on stream

s
Q

oS
 enforcem

ent by resource scheduling
shaping, loss handling, adaptation

phase 2 (D
at

a processing):

rejection

negotiation

calculation

of Q
oS

guarantees
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3.5.1
Q

o
S

 P
ro

visio
n

in
g

 –
S

etu
p

P
h

ase

D
efinition ofrequired param

eters

• 
im

plicitly or explicitly by application or user
D

istribution and
N

egotiation
T

ranslation betw
een

differentlayers 

• 
especially if they use

differentsem
antics

/ 
notations

T
ransform

ation
• 

Q
oS

 param
eter

=
>

R
esource requirem

ents

A
llocation

and
coordination

ofresources
• 

along path(s) from
 source(s) to sink(s)

user’s Q
oS

requirem
ents

resource
reservation

Q
oS

 guarantees
to user

adm
ission control

phase 1 (S
etup):

rejection

negotiation

calculation

of Q
oS

guarantees
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Q
o

S
 C

alcu
latio

n
 an

d
 N

eg
o

tiatio
n

M
o

d
el

U
ser (C

aller)
U

ser (C
allee)

S
ystem

 (C
aller)

S
ystem

 (C
allee)

A
pplication (C

aller)
A

pplication (C
allee)

S
ervice U

ser

P
eer-to-P

eer-R
elationship

(C
aller-to-C

allee)

S
ervice P

rovider
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Q
o

S
 N

eg
o

tiatio
n

 (1)

B
ilateral p

eer-to
-p

eer
•

service provider m
ay not m

odify requested Q
oS

 
param

eters
•

only service user
atreceiver side m

ay m
odify

(low
er)

value(s) in the confirm
ation m

essage

S
ervice P

rovider

C
aller

P
eer-to-P

eer

N
egotiation

C
allee

Q
oS

-V
C

hanged

R
esponse

C
onnect 

Q
oS

ave
confirm

Q
oS

ave
req

Q
oS

ave
req

t3
R

esponse
C

onnect 
t4

R
esponse

C
onnect 

t1
R

esponse
C

onnect 
t2

Q
oS

-V
a

lue
R

equested
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Q
o

S
 N

eg
o

tiatio
n

(2)

B
ilateral layer-to

-layer
•

o
n

ly b
etw

een
 ad

jacen
t layers

-
betw

een local service users
and

providers
-

betw
een sender

and
netw

ork

U
n

ilateral
•

n
o

 m
o

d
ificatio

n
o

f
req

u
ested

 Q
o

S
 

p
aram

eters allo
w

ed
, b

u
t

ju
st

accep
t o

r reject
•

receiver m
ay accept Q

oS
 param

eter although 
he cannot m

eet them
-

exam
ple: color T

V
broadcast

H
yb

rid•
u

ses
u

n
ilateral m

o
d

e fo
r

a
certain

b
ilateral

layer-to
-layer n

eg
o

tiatio
n

-
exam

ple:broadcast/m
ulticast 

com
m

unication
=

=
=

>
 heterogeneity

ofreceivers
F

u
rth

er:
•

trilateral fo
r in

fo
rm

atio
n

 exch
an

g
e

•
trilateral fo

r
a

lim
ited

 targ
et valu

e
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A
d

m
issio

n
 C

o
n

tro
l

T
he

system
 checks w

hether requested resources are
and w

illbe available. E
specially im

portant for shared 
resources:

•
C

P
U

•
netw

ork paths
•

buffer space.

A
 sim

p
le ru

le
C

heck w
hether the sum

of the resources already
in use

and new
 request(s) is less or equal to the available 

resource capacity.

M
ore specific: check

for
•

schedulability
•

availability
ofbuffers

(space)
•

bandw
idth

N
o

te:•
strong relationship w

ith P
ricing

/B
illing

•
efficient m

echanism
s

w
illuse

“econom
ic 

feedback” to
prevent users from

 alw
ays 

requesting the m
axim

um
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R
eso

u
rce

R
eservatio

n

F
u

n
d

am
en

tal co
n

cep
t fo

r th
e reliab

le p
ro

visio
n

o
f

Q
o

S
 g

u
aran

tees!

reserved
for
appl. 1

unused
reserved
fo

r
appl. 2

guaranteed
Q

oS
:

t
i

m
e

unused

needs of appl. 1

needs of appl. 2

•
optim

istic
-

results
in S

tatistical Q
o

S

needs of appl. 1

needs of appl. 2

reserved
for
appl. 1
reserved
for
appl. 2

statistical
Q

oS
:

conflict

tim
e

•
M

ay use m
onitoring and react on overload 

conditions (e.g., C
P

U
 load

•
pessim

istic
-

results
in G

u
aran

teed
 Q

o
S
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R
eso

u
rce

R
eservatio

n
A

sp
ects

-
E

xam
p

le

E
xam

p
le

C
om

m
unication

S
ystem

 =
=

=
>

variety
of aspects

R
eservatio

n
 M

o
d

els
•

S
ender-initiated

•
R

eceiver-initiated
•

E
xplicitvs.Im

plicit

•
O

ut-of-B
and vs. In-B

and

R
eservatio

n
 S

tyle
•

S
em

antics
and N

otation
•

H
eterogeneity

and m
ulticast support

R
eservatio

n
P

ro
to

co
ls

•
IP

 V
.5: S

T
-II

•
R

S
V

P
 (R

esource reS
erV

ation P
rotocol)
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3.5.2
Q

o
S

 P
ro

visio
n

in
g

-
D

ata 
P

ro
cessin

g
P

h
ase

M
ain

tain
 reso

u
rce reservatio

n
s

U
se:

•
adequate traffic shaping

(to
ensure characteristics

ofprocessed data)

•
S

cheduling algorithm
s

•
feedback

and adaption of the stream
s

data arrival
on stream

s
Q

oS
 enforcem

ent by resource scheduling
shaping, loss handling, adapta

tion

phase 2 (D
at

a processing):
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S
h

ap
in

g

C
haracteristics

of M
ultim

edia T
raffic:

•
bursty

•
concurrent requests m

ay
cause

problem
s though 

quarantees could be m
et(e.g., buffer overflow

)

B
asic p

rin
cip

le
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S
h

ap
in

g
 –

L
eaky B

u
cket A

lg
o

rith
m

B
u

cket S
ize

•
determ

ines m
axim

um
 capacity till overflow

(drop) and
possible delay

O
th

er A
lg

o
rith

m
s

•
T

oken B
ucket A

lgorithm
•

T
oken B

ucket A
lgorithm

 w
ith Leaky B

ucketR
ate 

C
ontrol

D
ata to be transm

itted (supply)

R
egulation

R
N

D
ata C

ap
a

city

consta
nt

supply

Leaky
B

ucketconstant



3. Q
uality

of S
ervice (Q

oS
)

3-31
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

L
o

ss
H

an
d

lin
g

E
rro

r
D

etectio
n

•
b

y m
ean

s
o

f
red

u
n

d
an

cy
/ch

ecks
/an

alysis

L
o

ss
h

an
d

lin
g

 alg
o

rith
m

s
fall in

to
tw

o
 b

asic 
categ

o
ries:

• R
etran

sm
issio

n
•

G
o-back-N

retransm
ission

•
S

elective retransm
ission

•
U

sing partially
error-free stream

s
• P

reven
tio

n
•

F
orw

ard
E

rror
C

orrection
(F

E
C

)

•
P

riority C
oding

•
S

lack
A

utom
atic

R
epeat R

equest
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A
d

ap
tio

n
 -

F
eed

b
ack C

o
n

tro
l

•
M

onitor the load
ofnetw

ork
and

localend-system
resources

•
If significant changes occur,take appropriate action
to

reduce generated load:
•

E
xplicit com

m
unication

–
receiver tells sender

to
slow

dow
n

•
C

om
pletely

in
netw

ork
on a

hop-by-hop basis
•

B
y feedback from

 congested netw
ork nodes

to 
the sender.

M
onitor/D

ecode
C

ode/S
cale

Less/M
ore

N
etw

ork

V
ariety

ofpossible reactions
• 

e.g., layered transm
ission

•
adaptive degradation

of the
stream

quality
•

...
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3.6
Q

o
S

 A
rch

itectu
res

E
xam

p
les

(co
m

m
u

n
icatio

n
 layer) 

• H
eid

elb
erg

 T
ran

sp
o

rt S
ystem

 (H
eiT

S
)

•
uses

S
T

-II (IP
v5)

• In
tern

et In
teg

rated
S

ervices
•

use existing infrastructure,but deploy dedicated 
handling

of flow
s (stream

s) in the
transfer

system
•

R
esource

R
eservation

P
rotocolR

S
V

P
 to

support heterogenous needs
• D

ifferen
tiated

S
ervice

•
G

ranularity based
on the

T
O

S
 (T

ype O
f S

ervice) 
IP

H
eader F

ield
•

D
efine

service classes, negotiate
service

level 
agreem

ents
and

ensure dedicated treatm
entof 

flow
s that behave as described

• IP
v6•

Q
oS

 support w
as an im

portantdesign criterion 
from

 the beginning

•
D

edicated header fields
to

allow
 classification

/
dedicated treatm

entof flow
s


