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Chapter 1: Introduction

Chapter 1

Intr oduction

1.1  Background

The acrogm IMiS stands foinfrastructue for Multimedia in Seamless NetwarkgiS

Kernel is a long-term research project where the goal is to understand what derands ne
generation multimedia applications pose upon the underlying infrastructurearlato
infrastructure should meet these requirements. On a national basisyithin the project

will help develop high-level competence within strategic areas of information technology,
as well as enrich cooperative efforts between research organizations and ifichestry.
current actors within IMiS Krnel are Ericsson, NR, UNINETT and IFI UiBurther
details about the project can be found on its WWW pages [1].

The IMiS-Kernel project is defined as a three-year project. It is comprised ofagk W
Packages (WP1-6). This purpose of this report is to describe the first-geanvhich has
been carried out within IMiS-&rnel's Work Package 1\(VP1).

1.2 WP1 Goals and Activities

The overall goal within WP1 is to understand angleit the demands that xtegeneration
multimedia applications pose upon the underlying infrastructure amdhese demands
influence on the design of the applicationgthi the projecs three year span, the broad
actwvity plan defined for WP1 includes agties aimed to:

1. analyze aspects of seamlessness in communication services and applications;

2. investigate application-level requirements for achieving seamlessness within a se-
lect (set of) communication-based work-context(s);

3. determine the characteristics of a service/application which satisfies these require-
ments;

4. design, develop and prototype the technical foundation of this service/application;

5. create and, when possible, evaluate prototype applications built upon this founda-
tion, within well-defined pilot environment(s); and,

6. create both conceptual and technical results &érehitectures, component designs
etc.) which can be published within the academic literature, as well as promoted for
further development, productification and spin-offs within the industry.

As its primary goal in thérstyear WP1 was to focus its ek upon the first three aciiy

areas described abm that is, taselectandcharacterizea communication service/appli-
cation suited to wrk context demands from IMiS &titas.The purpose in choosing Det
Norske \eritas (DnV) as a casegamnization vas grounded in thea€t that the ongoing

IMiS Veritas project [2] had already established concrete results concerning functional

Norsk Regnesentral 1



Chapter 1: Introduction

requirements forarious mobile wrk contets — contets in which the need for seamless
applications and netwk services isery great.

In addition, the service/application to be selected and charactergzequired to e
the capacity of (ultimately) beingin in the IMiS Kernel experimental network, in order
to demonstrate the aaintages gined through use of the ahced, infrastructural features
being deeloped and implemented withitlP2?.

Given these criteriaWP1's application selection and characterizatiarkwcan be per-
ceived as heing been carried out within the cortdlustrated in figure 1.

Communication situation

Work Package 1

¥ (WP1)

requirements- -

>
Experimental Work Package 2
Computer Network (WP2)

Figurel: Context for application selection and characterization

1.3 Seamlessness

Possibilities and requirements within the area of personal asiddss communication
are &olving at an unprecedented patéobile worlers and mobile decesare central

forces which currently propel the industBome trends which characterize this rapwt e
lution are:

* an increase in the volume of mobile workers;
e anincrease in both the volume and diversity of mobile devices; and,

* a “breakdown” in the traditional association of a person with a specific number,
device and/or network.
Some may be contend that the need for seamlessness arises from the requirements inherent
to supporting these trends. That is, there is a clear need tevemmpaobile vorkers with
applications which pnade “seamless” access to the dataytreqjuire, rgardless of the

1) Most of the work aimed to develop the experimental network is being carried out in IMiS-Kernel's Work
Package 2
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Chapter 1: Introduction

kind of device they happen to hae available. This n& generation of applications must be
explicitly designed for and/or adapély tuned to the capabilities of thevitee and gail-
able infrastructure, in order thabvk can be performedfettively.

Within the contgt of computer netarking, there is still no international agreement upon
the xact meaning of the term ‘seamless’. The usage of the term is thereforeesiten v
loose, and highly subject to the coxiten which it is applied; it has geral definitions,
depending upon which perspeetithat is used. In this report, we will emphasize the con-
cept of seamlessness as defined from thesugemt of viev. Thus, we will emplg the
definition put forvard within the IMiS pre-project [3]:

The ultimate goal for the user is that the “system” will recognize the user wherever she
logs on, on any network, with any equipment, at any time, with the applications in a
given state and have them adapt in the best possible way given these surrounding condi-
tions.

1.4  Focus and Outline of the Report

This report describes the first-yeannk carried out within WP1. The focus of the report
deals with the results of an analysis conducted in order to help ground the term ‘seamless-
ness’ — to attain a more concrete understanding of the nature of seamlessnagsty a v

of contets.

In Chapter 2, WP#¥ initial work process is described. Theregftartain contetual di-
mensions of seamlessness are identified and described. Chapter 4 continuesxvith an e
amination of a range of services and applications, and analyzes them with respect to the
contectual dimensions which ka been described. Based upon the analyses performed,
the report concludes with the mattion for DP1$ recommendation of a specific applica-

tion framevork — a framevork to be used as the foundation for applicatiorettgment

and eperimentation for continuedmk within the IMiS-Kernel project.
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Chapter 2

Initial Work Process

The purpose of this chapter is to briefly describe the inittploeatory work carried out
by the DP1.0 project team. It intends to help clarify the process which has led to the results
described in this report.

From the projecs outset, the DP1.0 aaty within the IMiS-Kernel project \as subject
to initial project specifications and goals. As its primary goal in the first P&dr.0 vas

to identify the characteristics of an application fameistication, (possible) delopment
and further use within the IMiSd¢nel projecs second year evk. If possible within the
first project yearDP1.0 vas to @en go sodr as to specify the application.

2.1  Characteristics Required of the Application

As part of the initial project specifications for DP1.0, certain characteristics were required
of the application. These included that the application should:

a) focus upon establishing a communication service which meets demands within the
IMiS-Veritas project [2];

b) support cooperative work for some given work situation; and,

) enable testing of mechanisms for achieving seamlessness, as provided by DP2.0.

From DP2.0, some of the characteristics required of the application were that it should:

d) enable experimentation with Qo0S; in particular, experimentation with bandwidth
reservation and bandwidth management (e.g., IPv6, RSVP, etc.);

e) enable experimentation with technology for achieving mobility (e.g., MobilelP);

f) allow for experimentation with heterogeneous networks, systems and terminals;

g) handle and operate with multiple media types; and,

h) transmit audio and/or video streams, in order to generate a high volume of network
traffic.

In characterizing the application, itas judged adhntageous to consider the features of
existing, in-house prototypes on equal footing with those of applicationgemen the
market. When selection of the applicatioaswltimately to be made, one of the primary
considerations &as a need to kia access to the applicatiesrsource code. Wout the
source code, it auld be dificult to meet some of the requirements from DP2.0.

It was also recognized that both access tdkaod/led@ ofthe source code could pide

an even better early position for the projecbrRhis reason, in-house prototypes in which
there gisted ongoing or planned agty were to enjg special &vor during the consider-
ation process.

Norsk Regnesentral 5



Chapter 2: Initial Work Process

Given these initial conditions, DP1.0 started out ibskwith eforts to further articulate

the criteria, and to seek priorities amongst the requirements listed. abdus led to an
initial focus upon points (a) and (b) alepthat is, to bgin consideringvhat kind of system
could support cooperative work within one of the mobile work settings identified during
the IMiS-Veritas effort.

2.2  Assistance-on-Demand Study

ThelMiS-Veritas project had spent time studying and describing a setré&fsituations
and contets encountered by certain members of Dnkiobile vorkforce. Some of the
problems and requirements of the mobilerkers include:

» the need t@ontact co-workers “there-and-then”, for information exchange or prob-
lem solving;

» the need techedule meetings with co-workers and customers from the field;

* the need t@roduce and transmit documents;

» the need toetrieve information from DnV’s shared files and intranet (perhaps also
from personal/private files), and
- collate it with data from the field, then

- re-distribute the coordinated information to geographically-distributed co-
workers and/or synchronize it with DnV’s central resources.

Within DP1.0, discussion of these studies led to the suggestion of pursukagranation

into the characteristics of a possible Assistance-on-Demand (AoD) system fof iV

idea was to consider the characteristics of a system which coul@tipra single applica-

tion interface to the fundamental set of applications and services used kg dat of

DnV’s Inspection and Consulting personnel. The fundamental set of applications and ser-
vices used by the mobileorkforce studied within IMiS-¥ritas include:

» Companion: a shared electronic database / archiving system, including:
- information about customers
- incoming / outgoing correspondence with customers (including copies of email)
- courses and course information (e.g., course participants and their status);

» Microsoft Outlook: a system for coordinating email, contact information, (shared)
agendas, etc.;

« Nauticus: DnV’s system for storage and access to all documentation concerning a
ship’s life-cycle, including text files, Microsoft Word documents, images, photos,
CAD drawings, digitalized video, references to analog video, etc.

» (remote) access fmersonal / private files

* (remote) access BNV’s intranet and shared files
Some time \as spent by the DP1.0 group looking into théedént kinds of architectural
features which wuld be required by this AoD system, and consideringthese features
addressed some of the characteristics required of the IMiBeKapplication. Soon, the

focus was narraved davn to xamining whether and moNR’s LAVA technology [15] for
video streaming could be used within an AoD architecture.

6 Norsk Regnesentral



Chapter 2: Initial Work Process

After some discussions and deliberations along these lidegseah this direction were
terminated. The decision to terminate this angle of approastoased upon the folling
reasons:

* it was judged that video streaming for mobilerkers at DnV vas not a primary
concern for Dny

» the AoD architecture was still extremely young in its conception and formation, with
most parts only vaguely defined;

» at that time, the future level-of-activity for the LAVA technology was uncertain;
and,

* it was judged that insufficient progress was being made toward the goal of applica-
tion characterization.

2.3  Examining Seamlessness

Having terminated one line of pursuit, it decided to directfefts tovard one of the

other requirements for application characterization. The requirement selected for focus
was point (c), from section 2.1; that is: “the application should enable testing of mecha-
nisms for achiging seamlessness”. The decisioasiwherefore to conduct a study which
would help ground the term ‘seamlessness’ — to attain a more concrete understanding of
the nature of seamlessness iragety of contgts.

The approach desed vas to @amine one rgion within the “space” of seamlessness. The
region was dvided into a set ofontextual dimensions

* bandwidth

e connectivity

» centralized vs. de-centralized (architecture / data)

» terminal type

* homogeneous vs. heterogeneous environment, and

» real-time demands.
These contdual dimensions were adopted frononk carried out in the IMiS-&titas
projectl. There, obseations and studies were made of théedént kinds of situatedavk
carried out by certain members of Ds\fhobile vorkforce. It vas determined that the

contextual dimensions listed afe reflect some of the fundamental, yatiable aspects
of the mobile wrkers’ electronic evironments.

With these contdual dimensions in hand, theamination of seamlessness proceeded
using a selected, yet basic set of applications and services. Each application / sexvice w
independently>aamined with respect to each of the dimensions. The results of this study
are presented and discussed in chapter 4.

1) Further clarifications of each of these dimensions are found in chapter 3.

Norsk Regnesentral 7
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Chapter 3

Contextual Dimensions of Seamlessness

In the preious chaptercertain dimensions of seamlessness were mentioned. These were:

* bandwidth
* connectivity
» centralized vs. de-centralized (data)
» terminal type
* homogeneous vs. heterogeneous environment, and
* real-time demands.
Here, these diérent dimensions are callemntextual dimensions since thg reflect

some of the fundamental, yednable contetual aspects of mobile avkers’ electronic
ernvironments.

The purpose of this chapter is to yide further clarifications for each of these catual
dimensions, prior to the presentation of the studies of seamlessness found in chapter 4.

3.1 Bandwidth

This dimension of seamlessness refers quite simply to the amount of bandaititbla
during use of the service/application. In the stwdyiation along this dimension has been
loosely characterized as being eithew/lbandwidth”, “medium bandwidth” or “high
bandwidth”. The interpretations of thesefeliénce classes can beery) roughly con-
ceived of as:

* “low bandwidth”: bandwidth commonly available over a GSM or modem-type con-
nection (ca. 9600 - 56000 bits/sec)

* “medium bandwidth”: the range of bandwidth available over a 2x64 kbps (kilobits
per second) ISDN connection, up to that commonly available on a moderately load-
ed 10BaseT Ethernet connection (ca. 128 kbps - 1++ megabits per second)

* “high bandwidth”: the range of bandwidth available over a moderately loaded
100BaseT Ethernet connection, up to that commonly available on a moderately
loaded 622 Mbit/s ATM connection (ca. 10 - 200++ Mbit/s).

3.2  Connectivity

This dimension of seamlessness ranges from “No connection / (connaestaddthen)”
to “Constantly connected”. The former of these conditions represents situations in which

Norsk Regnesentral 9



Chapter 3: Contextual Dimensions of Seamlessness

the user may be emplimg portable equipment which, foxample, he occasionally con-
nects to the internet. The use of the connection at that time may be teerg¢taasmit
and/or synchronize information. The latter condition, “constantly connected”, refers to a
situation in which the usexequipment is connected such that no hard applicatiioines

occur (i.e., crashes) due to loss of connedtion

Between thesexéremes are conditions in which the usgperiences “poor or partial
connection” with the systems supporting the service/applicatimned&mple, poor or
partial connections can sometimes xperienced when connections are established
through GSM, infrared and other kinds of wireless ffnks

3.3 Centralized vs. Decentralized
(Architecture / Data)

For each service/applicatioxamined in chapter 4, this dimension of seamlessness in-
tends to focus upon either the centralized vs. decentralized nature of that service/applica-
tion’s architecture, the nature of its data storage model, or both. Exactly which of these is
addressed per service/application is made clear in the respdisttussions.

The catgories established for this dimension are:

+ centralized
* partial / proxy / hybrid, and
* de-centralized.

In some cases, these headings may be modified to more closely fit the nature of the service/
application.

3.4 Terminal Type

Here, we hee chosen to focus this dimension of seamlessnessaigodad typesof
terminals rather than specifierminal pofiles To look into and kamine seamlessness
with respect to specific terminal profile®wd result in a dgree of combinatorics and
compl«ity that is probably unmanageable, and certaialyffom serving the principal
aim of this studysStill, we must bexlicit about some of the characteristics of what we
call “standard terminal types”.

By “standard types of terminals”, we mean the basic kinds of computing terminals upon
which todays services and applications can be elygdio The terminal types considered
in this study are:

1) Note: equipment may be considered “constantly connected” in cases where a wireless link is providing
an extremely stable connection.

2) For example, very-high frequency radio (ca. 2.4 GHz) as employed by products such as BreezeNET,
WaveLAN, etc.

10 Norsk Regnesentral



Chapter 3: Contextual Dimensions of Seamlessness

e Palmtops / PDAs

* Laptops

» Desktops (e.g., PC, UNIX workstations), and
» Borrowed desktops.

When acquired, these terminals are usually configured with some “standard” equipment
and deices. Navadays, the laptops and desktops are often configured with @&sdri
microphones, speaks and soundcards. Some of the desktopsvare enfigured with

video cameras and video processors, as well.

These terminals can also be configured with ¢there specialized equipment andide
es (e.g., scanners). Here, we assume that such specializext @dee not part of a standard
configuration.

When it comes to communication links, what we mean by “standard terminal types” must
also be clarified. It must be madepécit that although palmtops and laptops are portable
terminals, it is here assumed that these terminal typesdnailable — either as internal

or external deices — the necessary equipment to become “connectedmd then”.

For the palmtops, it is assumed that a standard connection is made using a modem

and a telephone, theeby achiezing a “low bandwidth” connection. It is of course
technically possible for palmtops to acleemedium- and high-bandwidth conneity;
alternatves include use of an Ethernet card and a (high-speed) Ethernet connection, as
well as through aery-high frequeng radio link (e.g., BreezeNE WaveLAN). In the

context of this studyhowever, these latter kinds of connections aotassumed to be the
standard kind of ay in which palmtops achie connectiity — it is simply not the \ay

most users will be connecting their equipment today

Like the palmtops, it is assumed that the laptops can be connected via modem and phone.
In addition, it is also assumed that the laptops can also be connected via Etherest-or av
high frequeng radio link. Thus, for the laptops the bandwidtaikable to the machine

can range artwhere from lav to high.

For the desktops, it is assumed that a standard connection is made using an Ethernet, ISDN
and/or A'M link, thereby constituting a “constantly connected” computing terminal of-
fering relatvely steady medium- to high-bandwidth connati

In this study we also include a terminal type called “bevenl desktop”. This type is
included since itdctually represents a computing and communicatigimamment often
faced by members of Dn¥’'mobile vorkforce. When it comes to addressing seamless-
ness, the interesting situation about using another pems@chine is that orgetights as

a guest user — rights which are specified and controlled aniety of diferent parts of
the total computing efronment — can ha an @erwhelming impact upon whether or
not one is able to usefully empla specific service or application.

Norsk Regnesentral 11
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3.5 Homogeneous vs. Heterogeneous Platform /
Environment

In general, this dimension of seamlessness ultimately intends to focus upogrédetde
which the diferent parts of a gen service/application — as well as the underlying sys-
tems and infrastructure which support it — acenpatiblewith one anotheere, the
combined term ‘platforms/@ironments’ refers to the entire set of systems, subsystems,
protocols, transmission media, etc. whitipportthe application layer — essentialtiie
platform/ewvironment is gerythingbut the application layer

As an aspect of seamlessness, compatibility must be considered both in terms of perfor-
mance and functionali?y Here, a perfectlycompatiblé set of (interoperating) systems
and subsystems is meant to denote a set of systems and subsystems in which:

« the set of functions provided by the various (sub)systems provides complete cover-
age of the functional requirements across all elements of all (sub)systems, and

» the performance of the various (sub)systems is within the lower bounds required
across all elements of all (sub)systems.

A set of perfectly compatible systems and subsystems should beazbasmnteroperat-
ing flawlessly with respect to specifications angectations.

At this point, it is important to remember that compatibility and compliance aréifw
ferent conditions. A (sub)system cemmplyto a given set of standards by ensuring that:

* the mandatory aspects of the standards are implemented and satisfied, and that
» the implementation does not violate any mandatory aspect of any of the standards.

As long as it satisfies thesedwonditions, an implementation is free to include wreate
other functionality it wishes, while still being classified as being compliant to ke gi

set of standards ofF mary aspects of (sub)systems, this freedom includes the performance
of its implementation. In otheravds,the overall performance of a standards-compli-

ant implementation can be ery good or extemely poor as long as any pedrmance
characteristics which ae explicitly mandatory in the standard$ are satisfied.

Theoretically perfect compatibility can be achesd within electronic conis in which
the interoperating platformsf@nonments hee either homogeneous or heterogeneous im-
plementations. Realisticallyhe platforms/arironments we emplooften consist of:

* heterogeneous components, which are
e more-or-less compliant to soregolvingset of standards, and thereby
« compatible to varying degrees.

Returning to the dimension of seamlessness concerning homogeneous vs. heterogeneous
platforms/emironments: we find that though féifent (sub)system implementations may
complyto some gien set of standards, man- if not most — such (sub)systems are not
perfectly compatible. One (sub)system implementatiter®f certain range of function-

ality, while another dérs a similar — though not whollyerlapping — range of func-
tionality. In addition, significant diérences in (sub)system performance can alsb.e

3) In some cases, performance can be viewed as a functional parameter.
4) Timeout values are one kind of performance characteristic which may be subject to standardization.

12 Norsk Regnesentral
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Consequentlyis it precisely these conditions which lead tdedénces in service/appli-
cation behaior when emplged across heterogeneous platformd@fenments. This is the
area of focus addressed by this dimension of seamlessness.

3.6 Real-time Demands

Most everyone vould prefer to hae a service or application perform and operatasits f
as possible, all of the time. This is not the intended point of “real-time demands” in this
study

This dimension of seamlessness concerns theeddo which a specific service/applica-
tion has an implicit requirement that it operate and perform in real-time. Person-to-person
conferencing and video-streaming axarmples of applications which share this nature.

Both of these applications are similar in that once a stregmdt® be played/displayed

for a recipient, that the recipient mos#ik prefers that the stream continue to be played/
displayed without disturbingagys and pauses. Thedapplications are ddrent, hovever,

in that for video-streaming, the user may be willing — perhegs eequired — to tolerate

the fact that the stream cannot be played/displayed as soon as desired. Such a situation is
not tolerable in a person-to-person conferenceottldrsimply break den the attempt to

carry out natural dialogue.

Other services/applications, such as email amésnare clearly dieérent when it comes

to real-time demandsoFthese applications, there is less of a demand for quick, smooth
delivery of the data —ayps and pauses during dataily does not radically deade the
quality of the uses experience.

Other issues related to real-time can be directly or indirectlyamtie¢o the user as well.

For instance, in services/applications such as video-streaming, VW@l and nes,

there is alvays a greater or lesser temporal distinction between the time at which the
content is created and the time at which the content is absorbed byarrecei

For each service/applicatioxamined in chapter 4, the discussion under “real-time de-
mands” will emphasize and elaborate more upeal-time elated, end-user needs and
expectations for that service/application.

Norsk Regnesentral 13
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Chapter 4

Sewices, Applications and Seamlessness

In this chaptera range of services and applications ai@rened with respect to some
different contgtual dimensions of seamlessness, as described in section 2.3 and chapter
3. The services and application@mined here are:

e emall
* news
» World Wide Web
» conferencing
* video-streaming, and
» database management systems.
For each service/application, a reference model for the underlying, supporting architecture

is provided. Following each reference model, the results of each study and a short discus-
sion are preided.

Within eat aspect of this studyhe emphasis is upon the end-usézat$ eperienced
when trying to use the servjae to employ the applicatiokVhere relgant, some mention

Is also gven to hav different architectural configurations may limit or enable the capacity
to achi@e more seamless befar of the service/application.

4.1 E-mail

This section discusses seamlessness and electronic neithait which is perhaps the
most traditional and popular data net service today

4.1.1 Reference model

The generic reference model for e-mail is calledTM®(Message-Orientedett Inter-
change System), and is part of the OSI reference model (ISO 10021)[7].

The classic model consists ofdvwentities, the Messageansfer Agent (MA), and the
Message User Agent (MA). The MTA provides the intelligence needed to veames-
sages between recipients. The Mid responsible for formatting messages and transfer
to the MTA.

Often, two additional components are added to theA\lifie Message Store (MS) and the
(mail) Gatevay. The MS is an intermediate data structure for holding messages, and tra-
ditionally resides on a (mail) seawv The Gateray is responsible for cearsion of mes-
sages between proprietary e-mail systems.x@amgple of MA'IS is gven in figure 2.

Norsk Regnesentral 15



Chapter 4: Services, Applications and Seamlessness

Sender Recever
MS MTA MS
MTA - S MTA
(Gatavay)

MUA = Message User Agent

MTA = Message mansfer Agent
MS = Message Store

Figure2: E-mail reference model

This study is primarily concerned with Internet mail, where:

* sendmailis usually the implementation of MTA,

* SMTP (Simple Mail Transfer Protocol) [11] is the communication protocol between
all the entities — especially the MTAs — and

* POP (Post Office Protocol) [10] or IMAP (Internet Message Access Protocol) [5] is
used when retrieving message information from the MS to the MUA.

Traditionally, Internet mail messagesveaconsisted of & only, and in a format as spec-
ified in RFC 822 [6]. Nevadays, hwever, non-textual mail attachments are possible, and
MIME (Multipurpose Internet Mail Extensions) [4], [9] is the standard for supporting this.

Other e-mail systems, such as X.400, are only occasionally considered and discussed here;
that is, thg are mentioned only when theffer genuinely diferent functionality For the
interested readekovett andSkogsetH8] supplies a good introduction to X.400.

4.1.2 E-mail and aspects of seamlessness

The purpose of this section is to pide a short study of e-mail and seamlessness along
the contgtual dimensions gen in chapter 3.
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Table 1: E-mail and BANDWIDTH

Low Bandwidth

Medium

High Bandwidth

Generally few problems
with text only messages;
handling large MIME
attachments increases
complexity and, with it,
the chances of encounter-
ing new problems.

Lack of adaptivity in mes-
sage-retrieving:

plus first 10 lines is poss
ble in IMAP.
(Ono support fonmot down-

rather, the functionality i

technologically possibl
(IMAP).

Ulittle support for down;
loading of message parts;
note: retrieval of header

loading attachments; or

not implemented yet, but

No problems.

D

No problems.

Table 2: E-mail and CONNECTIVITY

No connection (i.e.,
connected“now and then”)

Poor / partially connected

Constantly connected

Synchronization problems
with leave-mail-on-server
functionality can be expe-
rienced; requires special
configuration in IMAP to
maintain consistency.

Practical use can be dis-
turbed.

No problems.

E-mail andCENTRALIZED VSDE-CENTRALIZED

For each administrate domain, the e-mail reference model has a centralized intermediate
mail storage (MS). Hoever, when an MW accesses the mail servthe messages are
usually transferred and stored locally on the end-siseachine (though tlgecan be left

on serer, as gplained abwe under connedtity), which means that the data storage is in

fact de-centralized.
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Globally speaking, the e-mail architecture €liviost other netark service architectures)

is highly de-centralized; logicallyt can be seen to consist of all thdefiént administra-

tive domains. The main technical problem with e-mail is the transformation between dif-
ferent message formats within the Gedgs. An g@ample is cowerting from an gternal
message format, such as RFC-822, to a proprietary internal solution e.g. X.4@deko
such transformation is usually transparent to the uségss the camersion is incomplete
(e.g., due to incompatibility problems between the formats). This is further elaborated
belov under homogeneous vs. heterogeneous platforms.

Table 3: E-mail and TERMINAL TYPE

Except for “Borraved desktop” belw, all cases presume theigence of the required
applications (MW\) with MIME support.

Palmtop Laptop Borrowed desktop | Desktop
Should be OK. OK. Cannot succeed at | OK.
S all unless required
upport for conver- licati (or
sion of MIME applications are

can be put) in

attachments is
place, and remote

required on the

mail server, as this
should not be han-
dled by the client
application.

Memory size can
limit downloading.

access (e.g. telnet)
to mail server and
local host is pro-
vided.

Also, applications
(or “plug-ins”) for
MIME support
required for han-
dling attachments.

Mail via web access
is not supported
by most mail serv-
ers, although tech-
nically possible
(e.g. through
accounts such as
hotmail)

E-mail andHOMOGENEOUS VHHETEROGENEOUPLATFORMS

Regarding the homogeneous vs. heterogeneous platforms issue, this is lifted from the
platform/ewironment leel up to the application layefhus when discussing e-mail in
this contat below, the platform is assumed to be the sareéthe applications mayavy.

Generally MUAs exist for almost gery possible erironment. Interoperability between
users with diferent clients within the same administvatdomain is usually uncomplicat-
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ed. A mail serer is usually able to support madifferent MUAs, as most clients com-
municate using SMTP and POP/IMAP

However, the case of a single user alternating betwederdiit MUAS, or changing from

an old client to a e one is made ditult by proprietary local message storage formats.
The main problem concerns old messagesei@vay in mail folders, as these are ar-
chived in a non-standardized manner

As mentioned aba, compatibility between ddrent domains may sometimes not be
achievable, @en when the same hardwe platforms are in use. This can occur when the
two sets of functions supported by the internal mail architecturesstig diferent. One
example is the X.400 recaar-notification, which is sent to the sender once the message
is retrieved by the recger from the Message Store. Such functionality simply doesist

in Internet mail.

A final problem &perienced by users is platform-dependent MIME support between the
sender and recesr MUA. For instance, receing a Microsoft Vérd document attachment

on a UNIX mail client is cumbersome. More thagtamg else, havever, this “problem”

has to do with proprietary document formats, coupled withabethat Microsoft \Wwrd

is not supported on UNIX.

E-mail and REAL-TIME

E-mail has no true real-time demands, since the communication form is asynchronous by
nature. Havever, the user has sonegpectationsabout maximum delay in message deli

ery, based on paskperience with the service. The delry time will vary depending on

the global netwrk load, lut an upper limit is usually assumeabrfnstance, a message

sent from Nonay to USA is &pected to reach the recipient within minutes, rather than
hours.

4.1.3 Discussion

Electronic mail is probably the most widely emy#d and used data neik service in

the world today The reasons are simple. The communication form is asynchronaus, b
still very fast. It consumes little bandwidth, apart from attachments. It has no real-time
demands. It wrks on gery platform and terminal type. It is usually found to be easy to
use, &en for the nuice.

Often, the main problems with e-maiMeato do with poorly-connected sessions, where
there is a danger of losing mail because of inconsigteeiwveen the mail seevand the
local mail storage. Also, MIME attachments can bédlilt to handle, especially on a
borronved desktop, since the necessary support musidialze.

All'in all, this study seems to indicate that e-mail isaict already aery seamless service,
and only maginal improvements can be accomplishedr Enis reason, electronic mail is
not an immediately interesting candidate application feeldping and testing meand
experimental mechanisms for achiiey (even greater) seamlessness.
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4.2 News

This section discusses seamlessness andrenhavs, which is another traditional and
quite popular data netwk service.

4.2.1 Reference model

The generic reference model fomreeis a traditional client/seev model, which consists

of two entities, the Ne@s Serer (NS) and the Nes Client (NC). The NS prades the
storage of a collection of ms groups and corresponding articles (which are either local
or common with other mes serers), and the intelligence needed towlNCs to connect
and access mss groups according to senpoligy. The NC is responsible for dmloading

and presenting the articles to the uarformatting and transferring wearticles by the
user to the NS, and maintaining local subscription information.

Often, diferent nevs serers are connected, and progegarticles and establishment of
new nens groups between themse$s The bestxample of such a system is USENET
news. Such a global system has a distiélol model, as seen in figure 3. In USENEWs1e
NNTP (Network News Transfer Protocol) [13] is byaf the most common communication
protocol between all the entitiestabitionally USENET articles ha consisted of te
only, and in a format as specified by RFC 1036 [12] and its successor [1e e-niail,
however, inclusion of non-tetual nevs attachments (e.g., HTML) is possible, though not
encouraged since there is no standard for supporting this.

% News Serer

News Serer

\ News Serer

Figure3: News reference model

4.2.2 News and aspects of seamlessness

The purpose of this section is to piade a short study of mes and seamlessness along the
contextual dimensions gen in chapter 3. Generallyavs has maysimilarities to e-mail,
but there are also some féifences.
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Table 4: News and BANDWIDTH

Low Bandwidth

Medium

High Bandwidth

Generally few problems
(text only articles), except
for binary groups, and
when handling HTML
attachments.

Lack of adaptivity in arti-
cle-retrieving from server:

loading of headers

Oonly support for downr

No problems.

No problems.

Table 5: News and CONNECTIVITY

No connection (i.e.,
connected“now and then”)

Poor / partially connected

Constantly connected

Requires intermediate
local storage of news
groups and articles.

Practical use can be dis-
turbed.

No problems.

News andCENTRALIZED VSDE-CENTRALIZED

As explained abwe, the global nes reference model has a distiibd and de-centralized
data storage. There is no single, centralized storagewsfaréicles. Instead a cppf the
same article isépt on all Nevs Serers connected to USENETwe. With the increasing
use of the service, this places a more and monreyHeaden on the seers in terms of
storage and propagon capacity

Locally speaking, the only information stored in theMseClients is a (set of) resource
file(s), (e.g., newsr ¢ on UNIX hosts), containing which ws groups the user subscribes

to, and which articles the user has read. There are usually separate resource files for each
News Serer accessed by the client, which might be confusing if the user chooses to sub-
scribe to the same ws group on dierent serers.

22
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Table 6: News and TERMINAL TYPE

Except for “Borraved desktop”, all cases presume thistence of the required applica-
tions (e.g., a Nas Client).

Palmtop Laptop Borrowed desktop | Desktop
Should be OK, OK Can succeed if OK
though to our required applica-
knowledge, no tions are (or can be
such client is avail- put) in place.
able yet. Proper user-specific

behavior also

requires that the

user’s resource
file(s) are also avail-
able.

If local resource
files need to be
updated, remote
access (e.g. telnet)
to news server and
local host is
required.

News via web
access is not sup-
ported by most
news servers,
although proprie-
tary solutions exist.

News and HOMOGENEOUS VS. HETEROGENEOUS PLATFORMS

As with e-mail, the focus of the homogeneous vs. heterogeneous platforms issue is lifted
from the platform/evironment leel up to the application layer

Generally News Clients gist for almost gery possible erironment. Interoperability be-
tween users with deérent clients is usually uncomplicated, since all seand most
clients communicate using NNTP

Problems can arise in cases wherevarguser alternates betweerfaliént Nevs Clients,

or changes from an old client to axnnene; these problems usually arise from the propri-
etary resource file formats empém by diferent clients. A user is normally not able to
switch directly from one client, e.g. Xrn, to anothelg. Netscape Mes, since the local
subscription information is maintained infdifent, non-standardizedays.
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News and REAL-TIME

News has really no real-time demands, since the communication form is asynchronous by
nature. Lile e-mail, hwvever, the user has sonepectationsabout maximum delay in
article propagtion. The propaafion time will vary depending on the global netrtk load.

Due to the distribted architecture of mes, replies to an article from users close tovasne
sener might also arvie earlier in time than the original article itself, when the original
article is posted by a usarther avay. Behaior of this can be sonmhat confusing to
unexperienced n@s users (and perhapgea irritating to the xperienced ones). Generally
speaking, the real-timexpectations are ger for nevs than for e-mail.

4.2.3 Discussion

Network news is a widely used data nedvk service, which has marsimilarities to e-
mail. The communication form is asynchronous,dtill reasonablydst. It consumes little
bandwidth, though the increasing use of HTML attachments cdiglct &iat dimension.
It has no real-time demands. lorks on almost\ery platform and terminal type. e
is fairly easy to useven for the nvice user

Few problem areas ka been reealed by the studyrhe most important ones are con-
cerned with semr storage and propation capacityand updating of local resource files
during remotely connected sessions (especially on aveedrdesktop).

All'in all, the study seems to indicate thatusds in fict already a seamless service, with
only little room for impreements. As with e-mail, the conclusion is that reknens is
not an immediately interesting candidate application feeldping and testing meand
experimental mechanisms for achiieg (even greater) seamlessness.
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4.3  World Wide Web (WWW)

4.3.1 Reference model

The WWW has in principle a simple architecture. It may be perdeas a client and a
sener program which communicate via HTTP (Hypetteansport protocol). The foko-
ing figure shws the WWW architecture in its purest form.

WWW browser A
HTTP queries (e_g_, NetSCape)

and responses

standard
interfaces

WWW server WWW browser B

(e.g., Internet Explorer)
Figure4: Original WWW reference model

The figure shas two clients (WWW brwsers) and a WWW segv In this figure, the
sener contains ypertext documents written in the HTML formal. Upon request from a
client, the sersr transfers an HTML document to the client.

HTML documents can be stored as static elements; altezlyathey can be generated
dynamically depending upon input contained in the request whiglkesifrom the bras-
er. Dynamic generation of HTML documents is often performed using Commow&ate
Interface (CGI) scripts, which arevoked by the seer. Other mechanisms for dynamic
generation of HTML documents alspi# (e.g., CORB-based method wocations).

When an HTML document is returned to the clletite client presents the document for
the userHTML documents may include embedded information which is of a specific data
type (e.g.gi f image fileswav audio files, etc.). Brwsers may empioary number of
plug-ins and helper applications in order to help present the data to the user

The great majority of HTML documents argplertext documents: theinclude links to
other documents. The liekl documents may be stored upon the samerserupon ay
other serer in the WWW

Since the adent of AVA, both small and lgre applications (“applets”) can be stored at
the serer and deliered to the bnwser Some applets are simply for presentation and
viewing, and ofer the user no input channel. gar applets can bed&oped, and delt
ered to the breser through precisely the same mechanismgédrapplets can be highly
comple, and caneen ofer the user full-scale application services.

1) The documents are transferred via the HTTP protocol. HTTP is a protocol implemented at the application
level. It is built upon the TCP protocol.
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Between the seer and the WW\Abrowser there mayxest one or seeral proxies and
caches. The purpose of the caches and proxies are to reduoekriesfic. The web-
browser (or the proxy) compares the cached document to thenketacument and shs
the most recent one. A proxy can bewae as a cache used bysel web-bravsers.
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4.3.2 WWW and aspects of seamlessness

Table 7: WWW and BANDWIDTH

Generally speaking, HTTP dedirs best-ébrt performance. This is due to tret that:
1. HTTP is implemented upon TCP
2. TCP is implemented upon IP
3. the overwhelming majority of the Internet — the network upon which most WWW
traffic is routed —employs a network layer (e.g., IP) in which no performance guar-
antees are provided.

The consequence of this condition is that WWW content cannot be transferifadtan

than the maximum speed of the wesiKink (i.e., nodster than thelowestink along the
routing path between sewvand brwser). This means that for most of the media-types
used in the WWW todayhere are seldom gproblems when medium-to-high bandwidth

Is available. An &ception to this is the transfer of video data (see section 4.5 on video-
streaming, for further details).

HTTP has mechanisms for checking whether the content on thex bas/changed com-
pared to the contents in the cache or préxyese mechanisms help reduce ekvirafic,
since only changed or wedocuments are transferred. These functions helge rak
systems more seamless, since documents can be rapidly displayed at times.

In a lov bandwidth situation, the users magperience long response times anavdo
loading times. Some bnsers &ailable today do not ka ary automatic mechanism for
prioritizing contents. This means that suchwsers do not distinguish f#rent content-
types such asxg images, sounds, etc. &y media stream has the same priotitpugh
they may hae different information &lue.

Other bravsers hae functions which fully block image dmloading oy alternatvely,
postpone image dmloading until the rest of the document has been loaded. These func-
tions help ma& the system more seamless for users. The IMi project group has

not yet seen gnbrowsers which automatically prioritize content-type based upon a func-
tion of the bandwidth and terminal typeeWeliere that such functions will help mak
WWW systems more seamless from a ssperspecte.

Low Bandwidth Medium High Bandwidth

(Little support for adapta-CINo problems except forCJOK, no problems
tion: video
- Some support on

the server

- Some support o
the client

- Depends on th
knowledge of the
user

(OProxy/cache solutions are
often necessary.

[JBased on best-effort.
Flow control done by
TCP

[ONeeds mechanism for pri
oritizing contents

=)

D

14
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Table 8: WWW and CONNECTIVITY

WWW technology vas originally designed for situations with a stable netweondition.
However, some clients hee tried to bypass this assumption. This is done by implementing
mechanisms for &dine browsing. Of-line browsing is done by denloading predefined
documents to a local proxy when connected. Thentlmading is done after predefined
rules. An @ample of such rule is to dmload all ngv soccer resultsvery morning at six
o’clock to the local disk. The user may thenwite results dfline. Still, this mechanism

is not optimal. © get an optimal solution the system shoublkraechanisms for optimal
cost, prioritizing of content-type and change notifications.

No connection (i.e.,
connected“now and then”)

Poor / partially connected

Constantly connected

ONeed mechanisms for of]

line  browsing. Few
browsers have yet th
possibility

[ONeeds mechanisms f
optimal cost reduction

[ONeeds change notifica
tion mechanisms

f{INeeds proxy/cache
[(ODepends on TCP conne
S tions

Or

OWWW is design for this
c- condition

D
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Table 9: WWW and CENTRALIZED VS. DE-CENTRALIZED

WWW is in principle a centralized architecture, from a technical persped@tne docu-
ments are stored on a centralized seflhese documents are accessed from the clients.
In mary situations we &nt not to hee the documents in a centralized servhis due to

for example oganizational issues, netrk trafic reduction, security issues, etc. In these
circumstances the data may be decentralized Gerelit serers. This may be done with
either typerlinks or with mirroring.

Using lyperlinks to decentralize means that the information is storedvenasserers.

An example may be that each branch of agaaization has theirvan web-serer. Each
different branch may then link related documents on tlereliit serers. In this vy the
information on the seers can be perogd as a single information source. The problem
with this solution is to update thgperlinks when documents are changed. Another prob-
lem may be to implement a strgyefor search engines by which to irdéecentralized
web-sites. Most readers of this report wrtwow difficult it may be to narne a search to
reduce the number of hits. Manompanies implement theiwa search engines to inde
just their avn sener. When decentralizing, the search engine musiisdesral serers.
Again, this may lead to the problem of maeshits when searching.

Mirroring a web-site means that a gayf the documents is stored owveral serers. This

is done for instance to reduce the load on popular web-sites. Mirroring may also cause
problems with kperlinks and for search engines as describedeal®ome sites that are
mirrored hae huilt-in logic within the serers to send request to the sarthat fits best.

The serer that fits best may either be the one wittdst load or the one that is geograph-
ically nearest. From a user perspegtihis functionality helps makhe system seamless.

Centralized Partial / proxy / hybrid De-centralized
[(ODesign for centralizedOOMay be solved by hyper-[iIMay be solved by hyper-
data links. links or site mirroring.
Ot may be hard to updatelit may be even harder to
hyperlinks update hyperlinks

[JSearch engines may havelSearch engines may have
problem indexing web- problem indexing web
site sites
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Table 10: WWW and TERMINAL TYPE

When deeloping web-sites, most delopers hae the assumption that the users are using
a desktop computerhis assumption creates certain problems for people using other ter-
minal types. Most of these problems are rooted indbethat the screen qualityattery
capacity and security issues can limit usability

In the PDA (Palmtop) case todayve often need specially-designed HTML-pages. These
HTML pages are designed to bewerl on small monochromewees. Another problem
with PDAs is that may of the WWWclients do not support all the functionality found in
ordinary desktop clients. &t example, WWWclients for PAs currently lack Jaa-sup-
port. Another problem with P&k is that thg have highly restricted storage capacityis
implies that the bnwsers cannot use much space for caching.

Battery use is also a problem for RPand laptops. Especially in situations where the
WWW pages hee information tageted for diferent deices, such as soundwees. This
may reduce the time the Rr laptop may be used before it has to be reygthr

Another issue that may cause problems is use of plug-ins. This is especially truAgor PD
and for borraved PCs. It may be a problem for RDsince support for plug-ins is still
missing. And when support for plug-ins is implemented, it wiktséime years before the
different plug-ins are implemented. In the case of a @ud”C, plug-ins may be a se-
curity issue. If a plug-in is missing at a bavexl PC, it must be installed in order towie

the associated content-type: otherwise, that content-type cannot be presented. The prob-
lem is that both the user and the plug-in must be trusted before the plug-in can be installed.
In mary situations this will not be aleed because of thed$ecurity stratgy.

Palmtop Laptop Borrowed desktop | Desktop
[(ONo Java support[IScreen quality [OPlug-ins may be allOK
yet may be a problem problem
[ONo plug-in sup- OProcessor capaci-
port yet ty usually weaker

[ONeeds specially- than desktops.
designed HTML COPower limitations
pages CErgonomic may

(JOften based upon limit usability
specially designed
clients which do
not support al
functionality

OSmall disk, i.e.
small cache

OOPower limitations

CJErgonomics may
limit usability
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Table 11: WWW and HOMOGENEOUS VS. HETEROGENEOUS PLATFORMS

In the case of WW\Where are f@ problems rgarding homogenous vs. heterogeneous
platforms. Client and seev softvare &ists for most releant platforms. A graing prob-

lem, havever, is that plug-ins are often implemented for only the most popular platforms.
This results in situations in which certain pages’ WWW content cannot Wwedvien a
less-popular platform. Another engarg problem is that of dérent functionality in the
browsers. Here, the problem with homogenous vs. heterogeneous platforms has been lifted
from the operating systemvigl up to the application vel.

Homogeneous Mostly homogeneous Heterogeneous

0OK a OThere exist WWW-cli
ents and servers for mgst
of platforms.
OPlug-ins may be a prob
lem

WWW andREAL-TIME

The most pressing real-time demand for a WWW service is that of minimizing the delay
between a bmser request initiated by the user and presentation of content. When long
delays are xperienced, some users cancel requests rather @gngvWhen a WWW
sener tales too long to ackmdedge a request, an automatic timeout can occur which also
leads to request cancellation.
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4.4  Conferencing

Many associations can be made igael to the terntonfeencing Some of the dimen-
sions of conferencing include:
1. the types of media being shared (e.g., audio, video, data, etc.),
. the architectural design of the applications which enable the conference,
. the properties of the infrastructure supporting communication,
. the types of terminals amongst which the media is being shared,
. whether the streams involved are generated from live or stored sources,
. whether or not the streams involved are being directed to live sinks, and more.

O OB WN

4.4.1 Reference models for sharing data applications

Quite simply there is no single reference model for conferencindhélp articulate the
problem space, the focus here wilgbewith points 1 and 2 ale. Specificallywe will
first focus upon conferences in whichot@r more users €onference partie$) experi-
ence that the are sharing a consistent wieof one given application; this situation is
commonly calledapplication sharing. The lkeyword here is ‘consistent’: at prgiven
time, the semantic content underlying each pamigv of the application is consistent.

To further limit the discussion at the outset, the application being sharednsstream-
ing data application. Common conferencingxamples here include shared document
editing, shared spreadsheet (e.g., shanelgdting) vork, etc.
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Centralized Spreading
(multi-point wrapper)

Pseudo-distribted
(master / shee)

SLAVE

counter-

multi-point
MASTER
wrapper

multi-point
wrapper

110

single-user single-user
appl. appl.

Distributed
(multi-user application)

Replicated
(input mixing / serialization)

multi-user
appl.

single-user
appl.

multi-user

I3 appl.
single-user B@
1 appl.

Figure5: Traditional architectural approaches for sharing data applications

Figure 5 depicts some traditional architectural approaches for sharing (non-streaming)
data applications. Here, thesefeliént approaches ¥ been gien the names:

« centralized spreading (multi-point wrapper)

» pseudo-distributed (master / slave)

» replicated (input mixing / serialization)

 distributed (multi-user application)
The goal of all of these approaches is the same: to createptiréeace that the parties in
the conference are sharing a consistew wakthe same application. Some of the mech-
anisms emplged in order to maintain consistgniaclude data transfecontrol protocols
(e.g., for application updating and process synchronization), internal application state in-
formation and reasoning about shared stateser@iit constellations of these kinds of

mechanisms are used for application sharing, depending upon the architectural approach.
These diferent approaches are discussed furthembelo
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4.4.1.1 Centralized spreading

This approach is often used when shadnginstance of single-user application process.
Here, asingle-user applicationis one which is designed to reebnly one input stream,
and deler only one output stream. In the centralized spreading approauchti-goint
wrapper is used between the single-user application and the host(s). The wrapesr serv
two primary purposes for the application:

it serializes multiple channels of incoming input control signals into a single input
stream, and

* it spreads the application output to each of the participatingzhosts

In the centralized spreading approach, both the application state information as well as the
data being operated upon within the application are usually local to the application itself;
the participating hosts do notueindvidual copies of the data nor state. This approach
therefore usually requires copious output from the wrapperder that the participating

hosts can present a consistentwid the application. In contrast, Wever, there is no

need for adanced control protocols between the application and the participating hosts.

4.4.1.2 Pseudo-distributed

This approach much ldas the centralized spreading approach, and is therefore also cen-
tralized to a ery great gtent. One dilerence usually found, ever, is the diference in
the compleity of the multi-point wrapping mechanism.

In the centralized spreading approach, one multi-point wrapper process is required for
ead single-user application process to be shared. In the pseudotdetradpproach, only
onemulti-point MASTER wrapper is needed in order to sharsetof single-user appli-
cation processes amongst participating hostssTReE counterparts designs emplged

in this approach are usually one obtkinds:

» designs in which only one SLAVE counterpart process instance is required (per
participating hostjor the entire sebf applications being shared, or,

« designs in which one SLAVE counterpart process instance is required (per partici-
pating hostfor eachapplication being shared.

Since it a highly centralized approach, the characteristics of the pseudasthstrap-
proach are much l&kthose of the centralized spreading approach. The multi-point
MASTER seres two primary purposes:

* it serializes input control signals directed to the application, and
« it spreads application output to each of the participating fosts

In this approach, both the application state information as well as the data being operated
upon within the application are usually local to the application(s) theassehe partic-

ipating hosts do not ka indvidual copies of the data nor state. & ke approach alse,

this approach usually requires copious output from the multi-point MASTER wrapper
order that the participating hosts can present a consistanof/iihe application. In con-

2) When spreading application output, some wrappers employ IP multicast.
3) Again, some wrappers employ IP multicast when spreading application output.
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trast to the centralized approachweeer, there &ist som&hat adanced control proto-
cols between the multi-point MASTER wrapper and the \AE&Aounterpart(s).

4.4.1.3 Application sharing via replication

This approach has amwety of related forms. The basic characteristicaduer, are that:

» there exists an instance of the shared, single-user application processaapon
participating host

» there exist individual, “replicated” copies of the application state information, as
well as the data being operated upon, within each such application process

» (consistent) application sharing is achieved through centralized serialization and
spreading of the input control signals generated by each application process in-
stance.

Since theresast replicated copies of application state information and data, this approach
requires only the serialized sharing of control informationvéler, the approach often
assumes that the data to be shared has been copied andtdsintadance to the con-
ference parties.

It should also be obserd that independent, post-conference use of replicated data can
possibly lead to inconsistent data conditions at a later time.

4.4.1.4 Distributed approach

This approach also has arniety of related forms. Compared to the three forms mentioned
above, havever, the basic dference is that the application being sharedksgnedas a
multi-user application: it is designed to simultaneously reeeinput from more that one
participating host, as well as to distrib its output to more that one participating host.

Many distributed application designsvolve the use of inglidual instances dflentical
intercommunicating process types upgath of the participating hosts. Other distribd
application designs are/brid in nature: imolving the &ecution of indvidual instances

of identical process types upsameof the participating hosts, while the remaining hosts
are included via processes whiclteliksome form ofIASTER / SLAVE configuration. Br

the sale of simplicity here, we shall refer to all such processpse@s whether the are
truly identical or not.

In distributed approaches for achieg application sharing, there is no aeto design as
to where the application state and application data reside. Application state and data may
be localized to a single peer it may be distribted across all peers.

When application state and data are distell, both of these kinds of information may
require transmission amongst the peers. In order to pesaaronsistent we of the ap-
plication, distriluted designs often require quite adeed control protocols for applica-
tion updating and process synchronization. In order to synchronize state cooreiby
more or the peer processes may need to reason abaun istate, perhapven its peers’
states. The mechanisms for aeimg application synchronization are based upon a com-
bination of the applicatios’control protocol compiity, along with application reasoning
about shared internal state.
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Despite certain compidies in the distribted approach, it is byf the most fieble when
properly implemented. Implementations which minimize and streamline transmission and
“hand-of” of application state and data can Be&ptionally rolist in the &ce of unstable/
unpredictable netark conditions.

4.4.2 Reference models for sharing audio and video

Throughout section 4.4.1, the focus is upon the approaches for sharing non-streaming data
applications. In this section, we wilk@mine some traditional architectural approaches

for engaging in real-timewudio / video confeence$, thereby addressing the points 1, 2,

5 and 6 mentioned in section 4.4. Expligitlye discussion here will concern person-to-
person conferences — conferences in which both audio / video streams are generated by
live sources.

With regard to the discussion of architectural approaches presertteéd snbsection, the
most significant characteristic is that there aredourcedon each end of the conference;
less emphasis will be placed upon thetfthat there arevie sinks in the conference.
Discussion about the aspects of seamlessnesedeives of live streams is &dred in
section 4.4.4. Discussion concerning stream generationstiaret sources is praded in
section 4.5*Video steaming”).

Here, it is assumed that an audio stream is generated by an audio applicationaéeinterf
for usercontrol of the application is pvaled. Appropriate audio giees (e.g., micro-
phone and speaks/headset) are controlled by the application. These same principles ap-
ply for the video stream and its associated application; the vidémedanstead include

a camera and a display screeor. simplicity’s sale, it is assumed that both the audio and
video applications are run upon the same host.

4.4.2.1 Basic functional requirements

In order to achiee person-to-person audio / video conferences, some basic functionality
must be in place; other kinds of functionality may be required, depending upon the total
configuration (i.e., applicatioand infrastructural configuration tak together). These
areas of basic functionality include:

» control protocol transcoding (may be required)

» agreement upon stream format (i.e., “capability negotiation”)

» stream format conversion (may be required)

» stream mixing or switching

« determination of conferencing configuration (may be required)

* master/slave determination (may be required)

Logically, these functional components can be implemented within arbitrary parts of the
infrastructure, the terminals, the audio / video applications,yooflacombination of these

4) Here, the notation ‘audio / video’ should be read as “audio and/or video”. It refers to conferences and
contexts which are audio-only, video-only, or both audio and video. This term is later distinguished from
the term ‘audio-video'.

5) l.e., the user is the focus of stream content, and can additionally act as a dynamic stream controller.
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elements. @ simplify this discussion, leever, we will group these functional compo-
nents into highelevel components, and denote them with terms which intend to reflect
— though neither specify nor restrict — their roles. It must be remembered that the group-
ing and naming used here is simply a matter ofeonience.

The highetlevel components empjed in the folleving discussion are:

» gateways(for control protocol transcoding and/or stream format conversion),

* multipoint controllers, or “MC s” (for capability negotiation, determination of con-
ferencing configuration, and/or master/slave determination); and,

» multipoint processors or “MPs” (for stream mixing and/or switching).

As before, it should be clearly understood that these highelrcomponents can be res-
ident within either common or independenypical elements of the infrastructure, per-
haps &en resident upon the terminal or within the application itself.

At this point, we return to a more thorough discussion of the basic functional components.

Control protocol transcoding: This functional requirement arises whew fparticipating
applications (and/or terminals) emplmcompatible control protocols. In such cases, a
gatevay can be empleed to transcode the control signals, thereby enabling compatible
control signalling between those applications / terminals.

Capability negotiation: This functional requirement may arise when applications can
send and/or rec&® more than one stream format per media type. What must beegsolv
in such cases iactly which audio (and/or video) stream format each participating ap-
plication should send and/or reeei The task of rgotiating and determining the formats
to be sent and rea®d amongst participating applications can be:

- resolved by (some set of) the participating applications, or
- delegated to an MC, to resolve on behalf of the participating applications.

Stream format conversion: This functional requirement arises when there is no single,
common stream format which can be sent and/or accepted by all participating applications.
In such cases, mor more stream formats (for one or more media types) must beyeaiplo
within the conference. In order to complete such transmissab@avays can be empjyed

to corvert one stream format into another

Stream mixing or switching: This functional requirement arises whena&gigg in audio

/ video conferences with three or more parties. Multipoint processors (MPs) argesinplo
for stream mixing or switching in such cases. Asasking definition here, we empto
(parts of) the description of an MPs functionality as cited in [16]:

The MP may process one or more media stream types.

An MP which processes video shall provide either video switching or video mixing.
Video switching is the process of selecting the video that the MP outputs to the termi-
nals from one source to another. The criteria used to make the switch may be deter-
mined through detection of a change in speaker (sensed by the associated audio level) or
through [other] control. Video mixing is the process of formatting more than one video
source into the video stream that the MP outputs to the terminals. An example of video
mixing is combining four source pictures into a two by two array in the video output
picture. The criteria for which sources and how many are mixed is determined by the
MC [or] other controls...
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An MP which processes audio shall prepare N audio outputs from M audio inputs by
switching, mixing, or a combination of these. Audio mixing requires decoding the
input audio to linear signals (e.g., PCM or analog), performing a linear combination of
the signals, and recoding the result to the appropriate audio format. The MP may elim-
inate or attenuate some of the input signals in order to reduce noise and other
unwanted signals. Each audio output may have a different mix of input signals provid-
ing for private conversations.

The MP terminates and sources the media channels.

from “Draft ITU-T Recommendation H.323V2 -
Packed Based Multimedia Communication Systglf], p.31

Determination of conferencing configuration: Here, the term ‘conferencing configura-
tion’ is used to refer to the configuration of the control and media streaming channels
between participating applications (e.g., centralized vs. disdalcontrol, centralized vs.
distributed stream spreading, etc.). This functional requirement arises whenxistse e
more than one configuration by which to establigi@oize these channels. The task of
determining the conferencing configuration amongst participating applications can be:

- resolved by (some set of) the participating applications, or
- delegated to an MC, to resolve on behalf of the participating applications.

Master/slave determination: This functional requirement may — though not necessarily

— arise when the conferencing configuration is such that more than one multipoint con-
troller (MC) becomes wolved in the establishment and/or maintenance of the control and
media streaming channels between participating applications. Depending upon the man-
ner in which the MC functionality is implemented and gnéged with the conferencing
application, the presence ofdwr more MCs in the conferencing coxiteay require that

some form of master/sla determination be carried out amongst the MCs. As one might
expect by the name, the result of such determination is that one MC becomes the “master”
MC, while the others MCs subordinate their control to that master

4.4.2.2 Architectural issues

Some of the basic functionality described\aboonstitutes essential parts of the confer-
ence set-up and establishment phases (e.g., capabgagiaten, determination of con-
ferencing configuration, master/gtadetermination). Some of the other functionality
(e.g., control protocol transcoding, stream formatveogion) concerns signal and data
transformations required in order that the participating applicatiatsage compatible
information.

Conferencing configurations

In this section, the focus is upon tbenfeencing configuation of the “conference-in-
progress” — that is, the configuration of the control and media streaming channels be-
tween the participating applications. Conferencing configuration is one of the primary
architectural characteristics which limits or enables the capacityadogeand deplp
seamless conferencing applications.

The alternatie conferencing configurations depicted in figure 6 are the result of the com-
binations of possible configurations aWled and/or preferred by the media streaming ap-
plication architecture, together with the architecture of the supporting infrastruaiure. F
each of the audio / video control and media streaming channels, the figure illustrates the
two fundamental alternags aailable: centralized spreading vs. distitdd spreadineg
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Figure6: Alternative configurations of control and media streaming channels

All of the centralized spreading modelsolve the use of an MC-l&or MP-like process,
depending upon whether it is the spreading of control or stream information, nesgecti

6) It should be understood that in order to increase efficianaitjcast can be used within either of the
spreading approaches; it is not a technical requirement for multi-point spreading, however.
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The figure ma&s no assertions as to where these MC / MP processes are resigent; the
could be hosted upon a terminal which hosts one of the audio / video application processes
or, alternatvely, upon some other non-terminalvize.

When spreading control information using a distrélal spreading approach, certain MC-
related functionality is required within the terminal and/or audio/video conferencing ap-
plication. The same is true for streams: when spreading streams using atddtaip-
proach, certain MP-related functionality is required within the terminal and/or audio/video
conferencing application.

For a conference including both audio and video media types, it is possible that the con-
ferencing configuration isevry comple. For each rav in figure 6, one of tawfundamental
spreading approaches is possifileis yields 16 basic, alternative cordace configLa-

tions for a confegnce including both audio and video media types.

Other lybrid forms of conference configurations are possible to construct, as depicted in
figure 7. The figure illustrates a configuration in which an MC and an MP are co-located
within some element, and a fully distnled spreading model is joined with a fully cen-
tralized spreading model via that element. Still othydrid forms can ®st: for ekample

forms in which more than one MC / MP izaived in connecting the participating hosts
within the conference.

| ﬂ'i@._,( )
=
& &

Distributed control and Centralized control and
distributed media spreading centralized media spreading

Figure7: Example of a hybrid conference configuration

Audio-video conferencing applications

Most video conferencing applications are datf not limited to handling video only; most
handle audio as well. That is, the application itself handles both the media e
considering the architecture of such applications, it is necessary to attend to the manner
in which each of these media types is treated and managed by the application,

One vital consideration is the format of the media stream(s) sent aneecebgi such
applications. Some emplstream formats in which the audio and video information is
woven together into the same stream. Others gngtieam formats which are audio-only

7) Here, these kinds of applications are denotealid#-video conferencing applications
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and video-onlyUsually the more well-desloped audio-video conferencing applications
can send and rewe a \ariety of media stream formats (e.gvesal types of audio-only
formats, seeral types of video-only formats, certain types of combined audio-video for-
mats, etc.)

It should be noted that when conferencing applications can send ave iieaiiety of
media stream formats, the capabilitygagation phase of conference set-up cavela
very significant impact upon the final conferencing configuration the system settles upon.

4.4.3 Reference models for sharing audio, video and
data

From a logical perspewet, aconference sessioincludes the totality of audio / video
control and media stream channels empptbamongst the participating hosts, along with
all control and data channels used to aghighared data applications within the confer-
ence.

When it comes to assembling the technology required to carry out a confexahdadn
audio, video and data, therest three basic options:

1. use of an audio-only application, a video-only application, and sharing one or more
data applicatiorfsin parallel;

2. use of an audio-video application, while sharing one or more data applications in
parallel;

3. use of an audio-video application and one or more data applicalbo$ which
have been developed from the same underlyormderence framework

Options 1 and 2 stdr the unfortunate consequence that the applicatioo$/ed in the
conference hee little to no knavledge of one another with respect to the conferencing
session. This leads to a situation in which the coordination of the applications within the
session becomes cumbersome for theuemenl, at times, completely impossible to man-
age.

With respect to the third alternative, a conference framework is a set of objects and classes
which realizes a conferencing architecture. This kind of framework and architecture pro-
vides a uniform set of mechanisms and means by which to create applications which “un-
derstand” how to engage in multi-user operation. The purpose and motivation for using
applications created from the same conferencing framework is that all such applications
employ a common set of mechanisms through which they participate, interoperate and
remain coordinated within a conferencing session.

Of course, it wuld be natre to think that all applications will one day be created from one,
unique conference framerk. Still, when a gien conference framrk is based in wide-

ly employed standards, there wilkist a better chance that applicationseleped from
that framevork can interoperate with other standards-based applicati@msywen those
other applications are deloped outside thegn framevork.

8) See figure 5 concerning traditional approaches for sharing data applications.
9) For instance, when a new participant is added to the conference, all of the applications involved must be
independently informed and updated to reflect this new condition.
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In chapter 5, the MEDIRE Application Frameork will be presented [17, 18]. MEDTA
is a conference fram@rk from which “sessionwsare” applications can be doped.

4.4.4 Conferencing and aspects of seamlessness

The purpose of this subsection is to look into some of therelift contgtual dimensions

of seamlessness, as described in chapter 3. The emphasis here is upon the drdtsiser ef
experienced when trying to ackieand carry out conferencing within each these gente
tual foci. Where relant, some mention is alsovgn to haev different architectural con-
figurations may limit or enable the capacity to ashimore seamless conferencing.

In the tables found within this subsection, three types of conferences are designated and
addressed:

* A: real-time, multi-point audio-only conference

» V:real-time, multi-point video-only, or audio-video conferences

« D: real-time, multi-point sharing of a non-streaming data application

In these tables, nothing is assumed about the conferencing architecture and spreading
models, unless notec@icitly.
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Table 12: Conferencing and BANDWIDTH

Low Bandwidth

Medium

High Bandwidth

A:low quality should be
achievable and usable

V: video streaming is
essentially achievable/
unusable, though emerg-
ing compression and data
formats (e.g., MPEG-4) are
beginning to approach the
capacity to support an
“acceptable” level of per-
formance. In contrast to
streaming, frame capture
and exchange could be
possible and of value to
end-users. Adjustment of
frame capture parameters
would be required in this
case, and users may find
benefit in disabling audio-
send during frame trans-
mission.

D: only applications hav-
ing “minimal” levels of
output (e.g., chat) are likely
to be tolerated in this con-
text.

To function satisfactorily
here, all conference types
above would benefit from
use of multicast. Use of a
centralized architecture
here could well result in
unacceptable delays.

A: high quality shouldn’t
be a problem, but it’s likely
that delays will still be
experienced during con-
versation (depends on dis-
tance and connection type)

V: streaming can be
achieved, but frame size,
resolution and /or color
must be limited. Choice of
compression and data for-
mat will also affect perfor-
mance. Start-up delays,
jitter and lack of lip-sync
may well be experienced.

D: Most shared applica-
tions should work satisfac-
torily, though some lack of
synchrony may appear
during use. Use of repli-
cated or distributed archi-
tectures which
interchange limited control
and data packages is an
advantage here.

Again, multicast will
boost performance.

A:no problem.

V: high quality, smooth
streaming should be the
rule (rather than excep-
tion) here, though start-up
delays may still occur.

D: Most shared applica-
tions should work quite
well. Type of application
architecture should not
have a great impact.

Multicast is always a plus.
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Table 13: Conferencing and CONNECTIVITY

No connection (i.e., con-
nected “now and then”)

Poor / partially connected

Constantly connected

A, V, D: conferencing not
possible when not con-
nected. Note that connec-
tions “now and then” will
require the presence of
some kind of “location” /
directory service, in order
that potential conference
participants can be con-
tacted / addressed.

In addition, it is technically
possible to create record-
ings of conference content
which could be played
back at a later time.

A, V, D: depends upon sta-
bility of the connection. If
connection fails/drops too
frequently, it is likely that
conferencing attempts will
be aborted.

A, 'V, D: no negative effect
upon quality of conferenc-
ing.

Conferencing and CENTRALIZED VS. DE-CENTRALIZED

It should be apparent from sections 4.4.1 to 4.4.3 that the simple terms ‘centralized’ and

‘de-centralized’ are not sfigiently specific on theirwn; in fact, the term ‘de-centralized’

has purposefully been discarded from use within this discussion about conferencing. In-

stead, the focus has been upon altereatpproaches for ackiag data application shar-

ing, along with focus upon the basic modelaikable for spreading control and stream

information.

Regarding seamlessness, some discussion of the end-teses eéfperienced as a result

of different conferencing configurations has already beendueo abee.

Norsk Regnesentral

45



Chapter 4: Services, Applications and Seamlessness

Table 14: Conferencing and TERMINAL TYPE

Except for “Borraved desktop” belw, all cases presume theisence of the required
devices and dxiers. A homogeneous compatiblexecution emironment is also assumed
(i.e., a compatiblexcution emironment entails, fonemple, that anshared applications
in use are not &cted by a conferencing cortevhich includes desktops, laptops and

PDAs within the same conference).

Palmtop

Laptop

Borrowed desktop

Desktop

A: should be
usable, presuming
the required audio
devices are avail-
able (e.g., mic,
speaker). The
quality of the audio
devices themselves
can also be the
most significant
factor here.

V: possible, but
screen size and dis-
play clarity may
limit effective use.
D: possible, but
screen size may
limit effective use.

A: should be OK.

V: should be OK,
but display clarity
may limit effective
use.

D: should be OK.

A, 'V, D: cannot suc-
ceed unless
required devices,
drivers and appli-
cations are (or can
be put) in place.

D: security issues
and implementa-
tions may hinder
use of shared appli-
cations, especially
when the architec-
ture employed
requires pre-distri-
bution of data-to-
be-shared, and stor-
age of that data on
the borrowed
machine / environ-
ment)

A,V,D: OK.

Conferencing and HOMOGENEOUS VS. HETEROGENEOUS PLATFORMS
Regardless of platform, conference types A and V cannot wholly succeed unless:
» each sender, or some gateway, is able to produce a stream type which each receiver
can handle

« each sender, or some gateway, can generate control packets which can be understood
by each of the receivers (e.g., signals based upon the same standard).

The shared applications within conference type D cannot wholly succeed unless:
» each sender, or some gateway, can generate control and data packets which can be
understood by each of the receivers.

In cases where the conditions geare only partially satisfied, certain participants may
experience lack of audio and/or video, andkexience unpredictable/unstable beba
of the shared applications.

For conferencing situations, running identical applications on compatible platforms will
always deler the most stable and best performance. Use of standards (£20), i$
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required in order that interoperation offdient conferencing applications onfdrent
platforms will hare ary chance whatseer of success.

Conferencing and REAL-TIME

All conference types are defined to be real-tinoe.8fl conference types, the presence of
delay can lead to lesser or greater disturbances within the conferencing.conte

A considerable amount of literature emphasizes thaiibeace and quality of the audio
channel is the most importaiaictor within a conferencing comteResearch has also been
carried out which demonstrates that the amount of delay tolerated within an audio channel
is quantifiable.

Within type V conferences, it is reported that lack of lip synchronization is also a highly
disturbing problem.

For shared applications within type D conferences, real-time demaaiddeay to a need
for minimal delay between the appearance of synchronized, consisigatforeall par-
ticipants.

4.4.5 Discussion

Research has siva that the most essential ingredient within conferencing is the presence
of a satishctory audio connection; here, the connections mwst $aficient quality in-
cluding medium-to-goodvarage wice quality and a (ery) lowv drop-out frequenc Au-
dio-only conferences can be acl@d using only limited bandwidth, and carried out
amongst most types of terminals.wier, to achige audio conferencing amongst a set

of heterogeneous emmonments, applications and/or terminal types requires the use of
standards and, in some cases, the usatet/gyslo.

Video conferencing requires significantly more bandwidth than audio conferencing; this
is especially true when considering person-to-person conferences agendoha here.
Certain eceptions doast, havever, but mary of these dll outside the use contis we
intend to focus upon in this discussiorrylow quality person-to-person video confer-
encing may be possible upon palmtop terminals, thougin afpe areas of use are limited.

The area of security canvea highly ariable impact upon conferencing. The impact can
be arything from “no impact” to a “full stop” in the &frt to achi®e conferencing.

In regard to architecture, we find that the best architectural approach is:
* to select a standards-based conference framework as the basis for development of
all conferencing applications

* to select a framework which employs distributed spreading models for both control
and stream information

 if possible, select a framework which implements distributed spreading using mul-
ticast technology where appropriate

 if possible, select a framework which implements and treats both audio and video
as primitive data types.

10)The same is true for video and data sharing conferences, as well

Norsk Regnesentral 47



Chapter 4: Services, Applications and Seamlessness

We believe that this architectural approach is the one which enables the capacityve achie
more seamless conferencing in the grease#tty of cases and comts. It is worth paying

the price for more comptecontrol protocols, etc., inxehange for the fiability and
robustness of the applications which cameleped from this approach.

In chapter 5, we will see that these characteristige farmed some of the muéting
criteria in selection of the MEDIPE Application Frameork for further pursuit, study
and deelopment within the IMiS-Ernel project.
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4.5  Video streaming

4.5.1 Reference model

Video streaming applications will iy cover a wide range of applications in the future.
Two emeging applications arBigital Video Broadcasting(DVB) and Mdeo on Demand
(VoD) services. In the home matkthese will ceer the functionality of todag' TV and
Text-TV, in addition to multimedia services. Scenarios and more information on digital
television can be found at theMB web pages [20].

Other applications will be established in professionally-oriented video applications, where
video content is used in production, documentation, researchyiagchnd sureillance.
Hyperlinks will be used to intgate streaming video with other data types, suchxas te
still images, graphics, sound documents, animation, etc.

Video streaming is more than just playing a video on a computer screen: Instead of playing
a film sequence from a file or a CDRI, the data stream comes from a remoteeserv
through a data netwk. The data source is calledieo sewer, which contains a database

of video information, a coding system, and a communication system for sending the video
stream. On the other side thieleo player receves the data stream; it is decoded, then
presented to the user

The original definition of video streaming includes some kindaté control and real
time facility. Video streaming is then either a rigid application (i.e., the applicatoksw
well only when the quality of servic0S) exceeds a certainvel); or, an adaptie one
(i.e., the application can adjust tariations in quality of service).

Transfer of video data without rate control is often call@ piping, asynchronous data
streaming or http-streaming On the receing end, the stream isuffered to a certain
degree, and the video stream is played as long as there is coatitatila. In this situation,
the application behas as a sort of “elastic” applicatiororFfexample, map Java Media
Frameavork (JMF)-based players are founded on the http-streaming paradigm.

The protocols used for video streaming are specially designed for real time demands.
These include RP (Real Tme Protocol) and RCP (Real ime Control Protocol) [21]

and RSP (Real ime Streaming Protocol) [22]. Other related protocols can be found on
the IETF Home Rges [23].

Here we us®PEG as a reference [24], though other streaming formads @.9.Real-

Video, see gerview [27]). It must be noted that although video contents can be coded and
stored in maw different formats, not all of these formats are suited for streamarg. F
example, some formats contain important information atetiéof the stream. When
using such formats, thentire content must be enloaded (e.g., via http-streaming) be-
fore playing is possible. Other formats — such as MPEG — are designed for streaming;
MPEG can also be used as a storing formeB wvill use the MPEG-2 [24] format.

The percaied quality of a video streaming session is influenced \®rakfctors; these
include hardwre, screen size and type feient technologies), the machingernal en-
vironment, operating system, netik issues (bandwidth, jittedelay), coding of the video
stream, etc.
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In the Lava Project [15], a Meo on Demand system including the Elvira videoeeand
the LAVA player was deeloped. Its components are described in [28], while a closer look
at the video seer implementation is gen in [19].

4.5.2 Video streaming and aspects of seamlessness

Table 15: Video streaming and BANDWIDTH

Video streaming is aevy bandwidth-intense application. Bandwidth demands for a full-
screen MPEG-2 video stream reach from 1Mb/s up to ca. 10 Mb/s. While MPEG-1 is
designed for video streams up to 1.5 MB/s, the MPEG-2 definition supports video streams
in a higher bandwidth range, typically 10MB/s. In addition, strong demands on other QoS
parameters (e.g., jitter) must be supported to satisfy thes usariands.

In applications or areas where the high bandwidth demands are not fulfilled, adaptation
technigues are necessapyoxy techniques, pre-loading, and carousel access are some of
the techniques which can be used. Depending upon performance, these mechanisms may
or may not hee a significant ééct upon the uses’percered quality of the video presen-

tation.

In cases where these kinds of mechanisms arevadalale/suficient, other approaches

for application adaptation can be emy@d. These include: seleaipresentation of con-

tent (e.g., audio only), reduction of video quality (e.g., smaller size, less les®reso-

lution, more jitter lower frame-rate), etc. Q@iously, these kinds of adaptation techniques
affect the uses experience of video qualityn more &treme cases, further gimdations

of content presentation might need to be eygadde.g., still images andxtanstead of a
multimedia presentation). As the reader can easily deduce, bandwidth demands are quite
critical when it comes to video streaming.

Low Bandwidth Medium High Bandwidth

(proxy solution with inter: Ostamp-size video (J1-10Mb/s
mediate storage neces- (30 kb/s) (ODigital Video Broadcastt
sary (huge disk capacityineeds good compressioning (DVB) designed for
required). algorithms. this situation.

Omethods for data com-lproxy techniques oftenJMulticast techniques can
pression necessary. required. further improve perfor;

Oaudio-only when band- mance.
width is too low.

50 Norsk Regnesentral



Chapter 4: Services, Applications and Seamlessness

Table 16: Video streaming and CONNECTIVITY

Using the term ‘video streaming’ in the pure sense, it seems useless to discuss other than
a constantly connected system. In this “pure” context, the client must be connected to the
network while playing a multimedia stream. The connection could be achieved through
an internet connection (with enough bandwidth), cable modem, satellite link, etc. For
broadcasting via a satellite link the communication is one-way only (no return channel
from client to server), and thus synchronization is neither possible nor necessary.

It must be pointed out that certain hybrid solutions can be used in order to achieve video
streaming for a partially connected system. In such cases, it is possible to download the
contents of a video stream to the local disk, and then streaptay the contents locally.

In such cases, the end-user might experience that the contents (e.g., a news broadcast) are
not the latest available. In addition, the user may have to wait until some part of the stream

is downloaded. This solution also has a disadvantage in that it requires huge disk capacity.

Carousel methods open up for periodically repeated transmission of multimedia data. This
can be used in a partially connected environment, where the newest version of a periodic
part of a transmission is kept on the client. Using this kind of solution, the user may
experience certain undesirable effects which liken those described above. The user may
also experience an additional delay while waiting for the next video segment to be broad-
cast (i.e., in cases where broadcasts are not downloaded in the background).

No connection (i.e., Poor / partially connected | Constantly connected
connected“now and then”)

Oproxy solutions (implying Omaintenance of video sestiluse of QoS mechanisms
file storage) is the only sion can be a problem. | will yield better quality.
solution; this requiresOproxy solutions and file
huge disk-capacity. storage will be necessary.

174

a. Streaming video locally requires that a video server is locally installed.
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Table 17: Video streaming and CENTRALIZED VS. DE-CENTRALIZED

The question of centralizing/decentralizing a video streaming application is a question of
both system design and data storage. A centralized architecture is simpler to implement.
However, such a solution can create bottlenecks with respect to data transfer, and data
storage. To avoid bottlenecks, a database can be used to organize a distributed scheme.
However, distributed architectures must address and solve potential synchronization prob-
lems, when data are delivered from servers at different locations.

For end-users, the type of architecture and data storage model employed (i.e., centralized
vs. de-centralized) should not affect the user’s perception of the streaming quality.

Centralized Partial / proxy / hybrid De-centralized
OVideo stream usually 0Synchronizing problems
originates from one cen- must be handled when us-
tral source on one central ing several decentralized
server. sources or decentralized
servers.
52
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Table 18: Video streaming and TERMINAL TYPE

Terminal types and profiles are importaattbrs which influence mothe recipient xpe-

riences a streaming document. Not only the terminal characteristics (size, colors, technol-
ogy) are crucial, lt also the processing hardie on the client computéecoding a video
stream requires computervper, and it is of adantage to empiohardware decoders; a
number of such decoders anaidable on special-purpose boards which can be easily
installed within anxsting terminal. Using todag’processor technologsoftware decod-

ers only allev smaller sized video streams in an acceptable quality

Applications should be able to detect and accommodate theragelthe technology
which seres as an inteate to the useCapability ngotiation techniques can help find
an optimal solution for a gen application, dece and connection contie There &ist a
variety of possible daces with diferent terminal characteristicklultimodal systems

can support aariety of interaces, transforming the contents with respect to the terminal
characteristics. fAnsformation routines can be placed in the ngtWe.g., when there is

a need for a w-bandwidth black-and-white representation of the contents for a small
screen).

Multimodality and adaptation techniques are ¥ the main areas which can help guar-
antee user satattion with rgard to the quality of the video streaming application.

Palmtop Laptop Borrowed desktop | Desktop

(streaming not Osome restrictions Cclient must be int Cgraphics card
available with to{ exist due to screen stalled. MPEG card is an
day’s technology.| technology. advantage

Ostill, there exist
some specially de
veloped solution:s
for terminals oOf
this size (e.g.
MPEG-cam).

U7
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Table 19: Video streaming and HOMOGENEOUS VS. HETEROGENEOUS PLATFORMS

In some cases, especially for proprietary systems, the clientasefisvnot @ailable for

all platforms. Havever, by using coding standards (e.g., MPEG) in connection with stan-
dardized formats and protocols, it is possible to implement clients for all platforms in
guestionRealVideo is one @ample of a video streaming system whichwuailable for

mary relevant platforms.

For end-users, the type of platform environment (i.e., homogeneous vs. heterogeneous)
should not affect the user’s perception of the streaming quality.

Homogeneous Mostly homogeneous Heterogeneous
JOK Oavailability of clients| Oavailability of clients
could be a problem. could be a problem.

Video steaming andREAL-TIME

The real time demands manifest themeglmostly in terms of delaye. the time for the
user must it for the video stream to be presented on the screersofme application
technologies (e.g.0D or Nea#VoD, material distribted by carousel) delays up to afe
minutes can arise. In some cases, such detayse accepted; the determiniragfor here
almost alvays depends upon the coxttef use and its associated costs.

Certain other QoS parameters can be eliminated and/oas#disfy managed within the
network and/or application (e.qg., jitter can be eliminated through pragtarimg). Some
such techniques lead to greater detmwever, which can be a point of frustration for the
end-user

Some video streaming applicationsvéaxtremely demanding real-time requirements.
One ample is that of simulators which use streaming technology to create the visual and
auditory surroundings for the user

4.5.3 Discussion

Video streaming is aevy challenging application, as it places high demands upon hard-
ware capabilities and the neirk. Seamlessness is rather hard to aehiand use ofyr

brid solutions is necessary in nyazases. Caching of data, smaller image size, and reduced
guality must be tolerated when the infrastructure is suboptimal.

High bandwidth demands (i.e., >1-10 Mb/s) are necessary for a full-quality video which
compares with TV qualitypemands upon the control of jitter and certain other QoS pa-
rameters are also quite high.Wwver, as demands to delay are notas as harsh uiff-

ering can helpwaid the most seere kinds of quality dgadation. Users arariliar with

the quality of teleision, and usually wn’t tolerate a leel of quality with is significantly

less than that.

To achiee satisactory quality when presenting the video stream, special laaeds/often
necessary (e.g. MPEG decoding cards). This kind of “solution” is not so maicisitte
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goals of seamlessness as it is orthogonal to them: an adespaatdessolution should
not rely upon the use of specialized haadsv Problems with achimg satisactory quality
also occur also when emplag smaller handheld #liees; characteristics such as size,
weight, enagy consumption,\ailability of a netverk, etc. all set a limit for the Vel of
quality which can be attained.

Other problems with achreng seamless video streaming arise since as there is no standard
frameanork for streaming video yet. A number of video applications are optimized for
streaming via CDRM or file, lut not through a netwk. Other &isting solutions can

only delver lov quality video to an end-user using a PC.

In conclusion, demanding real-time and bandwidth requirements, as well as processing
capacity male it difficult to develop seamless video streaming solutions for the end-user
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4.6  Database management systems (DBMS)
4.6.1 Reference model

The folloving figure shws a reference model for DBMS systems. It contains a DBMS
sener and seeral client applications. The servcontains one or more tables which con-

tain data. Seeral applications may then use the data.

client appl. A
DBMS queries
and responses

client appl. B

standard
interfaces

DB server

Figure8: DBMS reference model

The DBMS serer may delier data which is stored atveeal places. The DBMS is then
called a distribted database.
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4.6.2 DBMS and aspects of seamlessness

Table 20: DBMS and BANDWIDTH

Most of the applications of DBMS do not require much bandwidth. Still, there may be
some problems when usinghdoandwidth. Support for adaptation must be implemented

in the clients. One problem is to predict the result of a q&ame queries may return a
huge amount of data. In these circumstances the DMBS system sHeult@thanisms
by which clients can stop/abort the quekynother problem related toobandwidth is

that it may be necessary to lock records or tables for longer periods. This may cause

problems for other users, sinceythreay hae to wait for the client to unlock the record
or table. It is also possible to use proxy or cache solutions when aiming ¢olaerv

bandwidth conditions.

Low Bandwidth

Medium

High Bandwidth

(Little support for adapta
tion

Hard to predict the
result of a query.

longer periods
OProxy/cache solutions a
often necessary

(OLocking of records for

-[ONo problems, except fa
response times

A} %4

re

rCJNo problems

[0Based on best-effort.
Flow control done by
TCP
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Table 21: DBMS and CONNECTIVITY

This dimension is the hardest to slvom a seamlessness perspectDBMS is loilt

around the concept of short transactions. Thavexyeupdate of the database should be
done as one short operation. If that is not possible (records/tables @) )dlok transac-

tion should not be done. The problems appear when DBMS systems slookild/iven
network connection is notvailable or not stable. In these situations the DBMS system
can not lock the records or tables. This can cause the “lost update prolaesul\eTthis
problem we need mechanisms fof-laie use. This means to replicate (part of) the data-
base to the local disk, and synchronize the databases when connected. The system must
then handle conflicts if the same record is updated \®raeusers. No general solution
exists for handling conflicts, since correct resolution depends upon the semantics of the
application. Conflicts must be seld by the users in masituations.

No connection (i.e., Poor / partially connected | Constantly connected
connected“now and then”)

-

[ONeed mechanisms for off{INeed proxy/cache mechtIDBMS is designed fo
line use. anisms this situation

[OMissing mechanism for[ONeed support for long
cost optimization. transactions

Change notification miss-LIConflict resolution may
ing sometimes be required

(0Synchronization mecha-
nisms are necessary.

[(ONeed support for long
transactions

OApproaches for conflict
resolution must be explic-
it and understood by us-
ers; methods and tools are
also required

OConflict resolution re;
quires user knowledge
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Table 22: DBMS and CENTRALIZED VS. DE-CENTRALIZED

Original DBMS system designs were based upon centralized storage of data. Still, it is
often necessary to disttite the data storage. A goal for this disitibn of the database

is to achige seamlessness, such that the storage architecture is completely transparent to
the user; this is done to makhe system morefefient in use. Distribted databases com-
plicate the problems for the other aspects of seamlessness discussed in thisactthpter
especially the bandwidth and the connatstidimension.

Centralized

Partial / proxy / hybrid

De-centralized

[ODBMSs were originally
designed for centralize
storage of data

[OReplication may be nec
d essary.
[OHorizontal or verticdl di-

viding of the database

Depends on use.
[OChecking and updatin
foreign keys may be

t{1Solved by replicating o
dividing the data on se
eral servers

TIHard to update foreig
keys

g1Synchronization/mirror-

a ing/replication

=

=

problem

a. For example, each department in a company can have their own customer database. This is hor-
izontal division of the database, since all of the tables are replicated; still, only the relevant data
are stored in each local database. Vertical division of the database is when tables are divided
amongst several distributed databases. For example, the customer-relevant tables can be stored at
the marketing department, while the employee-relevant tables be stored in the administration de-

partment.

Table 23: DBMS and TERMINAL TYPE

Regarding terminal types, most of the problems rather general for each type. The biggest
challenge is for the P®D(Palmtop). The challenge is to find a solution by which to display
big tables in a usable mannBDAs require specially-designed clients to sollis prob-

lem.

Palmtop

Laptop

Borrowed de

sktop | Desktop

[JHow to presentsIOK
big tables?
(OSpecial designe
clients

o8

ware

[ONeeds client soft

WWW-interface)

OK

(e.0.

DBMS andHOMOGENEOUS VEHETEROGENEOUSPLATFORMS

A database seev can sem clients operating upon t&fent platforms. The most common
approach, in such cases, is that:
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* the server offers a set of standard interfaces towards the client (e.g., ODBC, JDBC,
SQL, etc.), and

» each client architecture employs that interface within its own implementation.

When database clients and sgs/are constructed in this manner (i.e., the client andrserv
arecompatiblg, the uses experience of the application it affected by the homoge-
neous vs. heterogeneous nature of the platforms. What may indezadhef uses expe-
rience of the application is the applicat®niser intedce, its features, the type of con-
nection and/or bandwidth, etc.

DBMS and REAL-TIME

The real-time demands for a DBMS are directly related to the application area in which
the system is to used. It is not hard to imagine applications at each end of the spectrum:
for instance, a DBMS could be designed and eygalas part of a hard-critical, guaran-
teed-response real-time system (e.g., withinvegp@lant). Alternatiely, a DBMS could

be emplged as part of an Bfine request-handling system (e.g., as part of a mechanism
for searching for and retxigng literary references, articles and abstracts within a library).

Like most other services and applications, most users wish that a database system respond
as hst as possible tovery request. As suggested abphavever, the time when the user
actually requires the data caary greatly
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Chapter 5

Characterization and Selection of the
Application

5.1  Reuvisiting the Application Requirements

The initial work process described in chapter 2, fakal by the wrk and results reported
in chapter 4, put the DP1.0 team in svip®sition. From that point, twvmajor alternatvies
were proposed by which to further théoef toward characterization and selection of the
application for iMiS-kernel.

When considering these alterwvas, it wvas judged by the team that both options required
analysis vark which would likely be too ambitious to acle within the projecs prevail-

ing time-constraints.&cing this situation, it as necessary for the DP1.0 team to limit the
focus of their further studies. Itag therefore decided to consider only one of the service/
application types which had beeraenined in chapter 4 — other service/application types
could be pursued latéFhe team thereforeviewed once agin the characteristics required

of the application. As listed in section 2.1, these included that the application should:

a) focus upon establishing a communication service which meets demands within the
IMiS-Veritas project;

b) support cooperative work for some given work situation;

c) enable testing of mechanisms for achieving seamlessness, as provided by DP2.0;

d) enable experimentation with Qo0S; in particular, experimentation with bandwidth
reservation and bandwidth management (e.g., IPv6, RSVP, etc.);

e) enable experimentation with technology for enabling mobility (e.g., MobilelP);
f) allow for experimentation with heterogeneous networks, systems and terminals;
g) handle and operate with multiple media types; and,

h) transmit audio and/or video streams, in order to generate a high volume of network
traffic.

5.2  Focus upon Conferencing and Recommendation
of MEDIATE

In re-considering the needs of the mobitekers at DnVYit was judged that an application
which supported conferencing could be of significant use for those personnel. As men-
tioned in section 2.2, thMiS-Veritas project had identified a need foobile workers to

be able to contact coarkers on-the-spot, for informatiox&ange and problem solving.
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The decision to focus upon conferencing applications also matched well with respect other
project requirements. In addition to meeting points (a) and (b), most conferencing appli-
cations also satisfied points (g) and (h).

The decision to focus upon conferencingsvalso influenced by anothat least equally
significant &ctor At that point in the DP1.0 fefrt, an in-house system ¢ to emege
as a strong candidate for the IMi®ikel application. The MEDIPE Application Frame-
work [17, 18] vas brought to our attention, a system designed amadiageed by DrSteinar
Kristoffersen as part the doctorabkk he was completing at that time.

The MEDIATE Application Frameork includes a conferencing framerk through

which it is possible to delop a \ariety of interoperable, “sessiomare” applications.

The MEDIATE architecture also realizes some of the desirable design characteristics for
conferencing application, such agdstributed spreading model for both control and
stream information (see section 4.4.5).

Other importantdctors also promoted MEDTA as an application candidate. Perhaps
most significant of theseag that we had, in-house, both access to amnglkdge of the
MEDIATE software. This condition created a situation in which requirements (c), (d), (e)
and (f) could also be addressed within the project.

With the requirements for application selection so thoroughly addressed, the DP1.0 team
has thereby recommended that the MECEAApplication Frameork be used as the foun-
dation for application deelopment and»perimentation for continuedark within the
IMiS-Kernel project.
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