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Distributed Multimedia Networking

Objectives:

Identify suitable network resources and connection
configuration so as to satisfy user’s Quality of

Presentation
>Trade—off Analysis between Network

Technology and Desired Quality of Service |

Intelligent scheduling and switching of multimedia
data streams ——> Synchronization Protocols




Class of Service Selection

Due to the diverse nature of distributed multimedia
applications, different protocols will be required for
different types of traffic and control data

User selection of a protocol profile that will provide
a suitable service for each traffic type

Extension of class of service selection to encompass
more user oriented functions (to provide the required
flexibility in the area of error control)

Set of options :
error detection and indication
error detection and correction
error detection, correction, and indication
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l Admission Control .

e This is a subjective policy matter

e Continuing sessions have precedence

e QoP of both new and continuing clients may
be adjusted




Network Resource Allocatien‘

Support multimedia traffic:

e Switch bandwidth can be bottleneck of

current systems
e Multimedia systems: concurrent streams

e Need to manage admission control and
bandwidth allocation of multimedia streams

should take advantage of multimedia
characteristics - C >ClP N) |
should aﬂapt to changing demands

should be fair among clients

Should be eflicient C Q“"‘“ ﬁ W :

e Periodic application of bandwidth allocation

is done




‘Switch Capacity Allocation for a VPI

Our Approach to Synchronous Retrieval of
Multimedia Data:

e Divide the total switch capacity among
logical sub-channels, with a sub-channel for

each connection, and

e Design an switch controller that has

intelligence to make allocation decisions




l QoP Quantization»'

e Percentage of tolerable data loss is bi-level

.— recommended values: (soft QoP)

— required values: (hard QoP)

e Procedures for specified levels of decrease

— Allowable transformations

— Effect on bandwidth




ISWitCh Bandwidth Allocationl

Scheme I: Fairness Policy

e choose bandwidths to make QoP values as
close to each other as possible

J; = Proportion of stream data dropped
(assigned by system)

g; = Quality of presentation parameter
(requested by client).

In this study g; is the reliability parameter.




'Switch Bandwidth Allocation'

Scheme I (cont.):

Formulate the bandwidth allocation policy as a
nonlinear program:

Minimize i Z(Jp — J,)?

p,q=1 p<q
mn

Subject To ZJZ'SZ' =R-C

=1
O<Ji<1—qi; izl,...,n

e If all J;s are equal, objective function is zero,
and constraints are satisfied.

o If J;s are not equal, they are still driven close
to each other.

e The above NLP may not have a solution.




l QoP Quantization I

e Percentage of tolerable data loss is bi-level

— recommended values: (soft QoP)

— required values: (hard QoP)
e Procedures for specified levels of decrease

— Allowable transformations

— Effect on bandwidth




|Switch Bandwidth Allocation.

Scheme I (cont.):

If (A) has no'solution, and QoP values are soft,
there is a solution between these two feasibility

regions:

Zn:e]z'si .: R-C
=1

O< Jz < 1_Qmax; ’Z;:].,...,TL
((infeasible))

Zjisi =R-C
— ((alwaysfeasible))
O<JZ < 1; Z.Z].,..‘,TL

g = %, for all clients.

If QoP values are hard, we may still be able to fit
a proportion of the clients.




lScheme I: Procedure'

N : set of new clients; C : set of continuing clients

1. If N may fit without droppage, allocate s;.
2. If N does not fit, then
2.1 Solve NLP (N, QoPy)
2.2 If no solution, solve NLP(N UC, QoPxruc)

2.3 If no solution, reduce QoP in C to their
minimum values, and admit partial clients from

N, if possible

Note: Extractable slack is given by:

E = Z(CLZ — qisi), for 1 € C.




lSwitch Bandwidth Allocation.

Scheme 1I:

Disadvantages of the NLP approach::

e Making J;s close to each other may be
inappropriate, and penalize clients with high
QoP requirements

e Large number of situations may not admit a

solution

e O(n?) may be expensive
Multi-Tiered Scheme:

e Bundle media traffic with similar QoP into a

single tier
e Form search spaces for each tier

e Impose proportional penalties for each tier




lScheme 11: Implementation'

Case structure is same as Scheme I. However
instead of forming NLPs, we form QoP intervals
for each tier:

[Ckl,l], T [akn 1]

Final QoP values are determined by bisection.

k
Z ISy = size(N') — avail(T™)

=1
0<Jp\1-ap, p=1---F

Complexity: O(klog (—1;‘15”&)), or O(n), where ¢ is
the tolerance level to terminate bisections.
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'QoP—Based VP Establishment I

Mulimedia server 3

Multimedia server 1

Multimedia server 2




]Network Resource Allocation.

Support multimedia traflic:

e Switch bandwidth can be bottleneck of

current systems
e Multimedia systems: concurrent streams

e Need to manage admission control and
bandwidth allocation of multimedia streams

— should take advantage of multimedia
characteristics

— should adapt to changing demands

— should be fair among clients

— should be efficient

e Periodic application of bandwidth allocation
is done
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/ l End-to-End Synchronization*' \

Objective is to schedule the transmission
for synchronized retrieval of multimedia
data elements by optimizing some objective

function

Mechanism:

— Network bandwidth is statically
partitioned into multiple channels with
capacities that may be unequal. This
allows different types of media to be

retrieved at different rates.

— The users’ requested multimedia data is
retrieved based on their deadlines

*IEFEE Journal on Selected Areas in

pu.
\)
3

\\f’ommunications, September, 1996. j

1

3 Distributed Multimedia Systems Laboratory
Z

o
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l Scheduling for Synchronization'

e A multimedia stream consists of smaller units
that are significant to the play-out process.
These allow fine-grained synchronization and

are referred to as Synchronization Interval
Units (SIUs)

e Availability of SIUs at the client should be
timely

— late SIUs: jitter or data loss

— early SIUs: buffer overflow and data loss

e Timely delivery of SIUs may be posed as
scheduling problem:

— schedule n SIUs over m channels in order

/

to optimize an objective function.

o
g
N

iwg%
) /1“

Distributed Multimedia Systems Laboratory
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I Temproal Synchronization Models I

Video 1 p
fin
MO -
Text 1
Audio 1
(a) OCPN
SIU1 SIU2 sIU3 Video 1
@& OO0 B O b,
Init : In
WE O OO o O

Audio 1

(”)

Text 1
(b) Transmitter XOCPN at the server site

Connection-setup Interstream-synchronize

Siut SlU2 SlU3 Slu4 SlUSs

Fo@of O e s+ vieor

(® O+
‘l@l"‘ * " Audio 1

OO+
pinit@ ﬂ\\ OO

Video 1 -+ + OO~
OO+

Audio 1 - - - {

Setup connection for next object Connection-release

(c) Receiver XOCPN at the client site

IEEE Network, vol. 8, pp. 52-61, January/February 1994.
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f lMultimedia Scheduling Objectives \I

Various Objective Functions for
Optimization of Scheduling of Multimedia

Frames Include the Following:

e Minimize the completion time (makespan),
Cma:c

e Minimize the number of late SIUs (XU;)
e Minimize the number of early SIUs

e Minimize early and late SIUs

e Minimize total weighted tardiness, » ;. 7}

e Minimize maximum lateness,

Lmaa: — man{Lj}
e Minimize average lateness, avg{L,}

e Minimize total weighted tardiness, } . w;T}

N\ /

3 Distributed Multimedia Systems Laboratory
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' Complexity of SIU Scheduling'

e Determination of 2-Channel C,,,,. 1s NP-hard.
has been shown in previous work by relating

to Uniform Parallel Processor scheduling

problem (Garey and Johnson, 1979).

o C,ax reduces to ZU; (Lageweg, 1982, CACM)

Therefore scheduling problems under our
consideration are all NP-hard. Since efficient
polynomial time solutions for such scheduling
problems are not known, we look for efficient
heuristic solutions for SIU scheduling.

A /

=t

8_57&:;2 Distributed Multimedia Systems Laboratory
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Cmae Heuristic (A)

e Sort SIUs in the order of their non-decreasing

playout deadlines

e Schedule SIUs by ECT (earliest completion
time) strategy. Thus we select channel j such

that

= L — + A
=g min (L oo A,

We wish to minimize L + —j; + A;; among all

channels.
e Scheduled retrieval time of SIU 7 is L;

e Arrival time in display memory is
A, = Lj -+ 5—; -+ Aij

[
X
&

Py,
2

’)

Distributed Multimedia Systems Laboratory



lEUi Heuristic (B)I

e Sort SIUs in the order of their non-decreasing

playout deadlines

e Schedule to reach at their deadline

e Scheduled retrieval time,
Ty = max{Lj,( i — )}

Cj

e Arrival time at display 1s
i = max{(Lj + %), dz} -+ Aij

Distributed Multimedia Systems Laboratory
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IZUZ- Heuristic (C)'

Sort SIUs by increasing playout deadlines
Schedule at the deadlines
Find maximum lateness

Advance schedule by a proportion of
maximum lateness, L,,,..

/

Pj}ic
3
Suo

Distributed Multimedia Systems Laboratory



|ZUZ~ Heuristic (D)'

e Same as Heuristic (B), with the following

differences.
e Postpone the scheduling of an SIU if it is late.

e Append the late SIUs to the end of any

schedule.

Distributed Multimedia Systems Laboratory
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We perform a quality-based evaluation. The

relevant quality parameters are:

cause inter-stream and intra-stream

synchronization failures.

e Percentage of data data loss due to buffer

overflow. This is a reliability parameter.

‘Evaluation of Proposed Heuristics'

e Percentage of deadline miss. Deadline misses

N

$ Distributed Multimedia Systems Laboratory
o
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lFilter: Effect of droppage'

lagainst transmission rates'

Packet | Unfilter | Dropp. | Filtered | Reduc.
Trans Ratio Trans. | in
Rate Rate Rate

Size (Mb/s)

512 4.45 0.07 4.29 0.036

1024 9.14 0.04 8.34 0.0875

1408 0.13 11.25 0.06

5

.

11.97

I

v,

Distributed Multimedia Systems Laboratory




Simulation Environment

” Multimedia Objects Parameters

Object Number Mean SIU Range of Variations in kbytes
Size
of 51Us Savg (Truncated Normal Distributions)
(kbytes)
Video SIUs 2500 1 05<s;, <15
2 1.0 €5, 3.0
Audio SIUs 2500 0.268 constant
“ . ATM Network Environment I
Delay Characteristics
ATM Cell Jitter Variance 10 psec 15 psec
Destination Buffer
Buffer Size 3 - Saug 4 - Squg 5+ Saug
Channel Capacity
Channels Case 1 Case 2 Case 3 Case 4
Mbps Mbps Mbps Mbps
2 Channels ( 0.6 1.0 1.0 1.0
C, 0.6 0.6 1.0 1.5
Gy 0.4 0.6 1.0 1.5
3 Channels G, 0.4 0.4 0.6 1.0
Cs 0.4 0.6 0.4 0.6

Distributed Multimedia Systems Laboratory
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\SIU Scheduling Simulation Results'

e Heuristic for makespan minization has almost
no deadline misses, but large memory

overflows

e Heuristic for in-time scheduling has more

deadline misses, and less memory overflow

e Other trends:

— larger memories reduce buffer overflow,
but do not seem to affect the level of

deadline misses

— higher random delays (6) cause more
deadline misses and more buffer overflow



lBehaVior of Algorithms'

e Makespan minimization heuristic schedules

whenever a channel becomes available. As a
result deadlines misses are few. Since early
SIUs need to be buffered in memory, there are

large memory overflows.

In-time scheduling heuristic schedules SIUs
~ close to the deadlines. Early SIUs miss few
deadlines, but need to stay in memory for

longer time, until they are consumed.
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