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ABSTRACT

Much research has been done and much has been said about
technology in education and the so-called paperless environment
of the future and the merits and pitfalls thereof. However, this
paper only endeavours to give the reader an overview of the
possible data delivery technologies that are already available and
that will be available in future to deliver interactive data to the
off-campus student. The total suite of Internet application
protocols, is a well-known data delivery technology.

As off-campus students, or so-called remote students, are
typically serious users of interactive data delivery systems, we can
classify them as Small Office/Home Office (SOHO) Intermet
subscribers. It is foreseen that remote students will reach the
same growth levels as the looming e-commerce industry, and as
such they are serious contenders for bandwidth.

The emphasis of connectivity to the Internet has seriously
shifted from fixed geographical connections, to roaming
connections, offering total freedom of movement on a home,
neighbourhood, metropolitan or global scale. Such roaming is an
ideal situation for any person but it must be remembered that
freedom of any kind often has a high price tag attached to i,
especially since radio frequency spectra available for roaming,
are a shared and limited resource.

Thus it is envisaged that geographically fixed-point data
delivery services will endure for several decades to come in some
or other form, be it copper loops or optical fibre.

Several options for delivering interactive educational data to
off-campus (or remote) students, are investigated.
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1 INTRODUCTION

There is a new breed of leamers or students that is bound to study
off-campus, at home or at work, due to some or other limitation in
their environment.

These limitations can be one or more of financial constraints,
students that must eam a living whilst working, students from
geographically isolated regions, social structures, war in progress,
imprisonment or several other factors, too many to mention.

These off-campus students can be referred to as “virtual’ students
as they will study at a “virtual campus’ of a real institute that co-
ordinates their studies and award their certificates, diplomas or
degrees. However, in order not to confuse these students for non-
existing students, we will call them ‘remote’ students rather than
‘virtual’ students.

Traditionally, these students were labelled correspondence
students as the only means of contact with their teachers or lecturers
were by means of correspondence (or snail-mail as it became known
lately). The tun around time of this mode of communication is far too

slow to be of an interactive nature and thus the student is largely left
on an island on which he must survive all by himself.

The next step was to assist the student by making with telephonic
contact with his’her lecturer possible. Well, besides that the lecturers’
telephone is engaged for most of the day, this mode of
communication is limited to the spoken word and no graphic content
is possible. Although it is an interactive communication, it is on a one-
to-one basis and not all students can gain regular access to their
lecturers during office hours and the teaching staff’s resources is
stretched to the limit and no new high-level work is possible.

Later, we received the mixed blessing of the fax machine, which
gave us a way of communicating graphically. But it is not all students
that have access to a fax machine and especially not to separate fax
machine and telephone lines so that interactive conversation can take
place whilst graphical ideas is transmitted via the fax machine. This
essentially placed the fax machine in the non-interactive category.

Still later, we received the possibility of video conferencing and
this also enabled interactive teaching to take place between teaching
professionals and remote students. This differs from telephonic- and
fax support in that it is a one-to-many medium. However, the use of
video conferencing is still rather prohibitively expensive and students
have to attend a centre with video conferencing facilities installed.

Today, we have personal computers, running standard window-
based software, at a large percentage of remote students. Much of
their study material is interactive and is technology based, e.g. CD-
ROMs, stiffies etc. It is actually rare nowadays to pick up a textbook
or ‘how to’ book about any technological subject without finding a
CD or other data media inside the back cover. However, these media
are not interactive between the remote student and his instite of
leaming.

The Internet offered a welcome altemative to all the previously
mentioned modes of communication. It can be interactive, it can be
used in a one-to-many mode, it can transmit text, graphic, voice and
video material in real-time! It can be of enormous benefit to a remote
student.

However, just as all computers were not made equal, so are the
technologies used to access the Intemet all different. Some
technologies offer profound benefits in some areas whilst suffering
severe drawbacks in other areas.

We will endeavour to give a un-down of available Internet access
technologies and their pro’s and con’s as seen from the educational
sector of the market.

2 TO BE WIRE D OR NOT TO BE WIRED

This heading seems like a choice from the world of international
spies, whilst it is actually a real choice to be made by users of the
Internet in coming years.

There are primarily two modes in which data can be conveyed:

¢ guided (in a cable or fibre) or

o unguided (by electromagnetic radiation or emission). [1]

To be free to roam from a fixed geographical point-of-presence of
a data communications network, the only choice is unguided media.



21 TOBE WIRE D: GUIDED ACCESS

We differentiate between wired communications networks on the
grounds of the geographical span of the wiring and switching

equipment installation, which can be:
¢ local to a single building or at most a single campus, called a
Local Area Network (LAN),

e bounded by a single neighbourhood or at most the city
council boundaries, known as a Metropolitan Area Network
(MAN) and

e unbounded by any geographical (or maybe even political)

boundaries, known as a Wide Area Network (WAN).{1]

In this paper we are dealing with off-campus students and with the
Internet as the data delivery network of choice. Thus, we are mostly
concemned with WAN data users or at most with MAN data users (if
the educational institution resides in the same metropolitan area as the
student). (LAN data users would reside on the campus.)

When dealing with WAN users in South Africa (for that matter
with the majority of WAN users in the United States), they all have
one thing in common. They are all currently connected to the Internet
(or their data network of choice) via their analogue telephone line with
the aid of a MODEM (MOdulator/DEModulator [1]).

22 NOT TO BE WIRED: UNGUIDED ACCESS

There are several different solutions to unguided access to the
IntemetThlsmchldes but is not limited to [2]
cellular technologies, either GSM-900 or GSM-1800
DECT radio-loop technology, offering essentially the same
services as ISDN (defined later)
e the new intemational standard for unified roaming data
access, called UMTS and
o  Satellite technology in the downlink (towards the client
premises) but still utilising a telephonic up-link.
Running down the list, we can summarise the radio-based access
technologies as follows:
Cellular technologies:
Cellular technologies were primarily engineered for speech
applications. It is inherently unstable i high load
conditions. This is experienced as little blips & squeaks or
even total loss of the call. The human ear can often
compensate quite effectively for some lost speech packets.
Data applications are more susceptible to damaged data
packets. Although cellular data access is commercially
available, it is not reliable and is very expensive as it is
charged at normal voice rates per minute of online activity.
1800-band GSM can offer double rate (32kbps) Internet
access, compared to some 16kbps of GSM-800.
Cellular access technologies are thus not considered viable
for delivery of interactive education.
DECT radio loop-access:
DECT radio-loop access is used primarily in sparsely
populated rural areas in South Affica. In Europe, DECT
radio-loop access is used for totally other reasons such as
mobility and a superior cordless telephone system in big
corporate companies.
DECT radio-loops offers the same sophisticated access as
ISDN at 64kbps, but on 1 channel only. As Internet access
is a dial-up application with DECT and DECT rates are
similar to ISDN, it is more expensive than land-line POTS
access to run per unit time. Rural users of this technology
are thus helped to obtain connectivity, but at a premium.
UMTS:
UMTS is currently under development by the global
telecommunication community. South Aftica forms part of
the global telecommunication community. As such, South
Affica has attended all the European Telecommunications

Standards Institute (ETSI) meetings held thus far. The
biggest and most problematic issue for ETSI is to get the
co-operation of all countries in agreeing to one dedicated
frequency spectrum allocation to make UMTS a truly
globetrotting technology, accessible from all countries.
South Aftica is still in the process of consulting with all
current frequency spectrum users, such as the military, to
shift their equipment frequencies to accommodate the
UMTS bands. In many instances, this means total renewal
of all communications equipment of that sector — which is
virtuaily impossible in the short term.

The date set by SATRA (South African
Telecommunications Regulations Authority) for all sectors
to vacate the required frequency spectrums is the year 2008.
We will thus not consider UMTS to be a viable contending
technology for the next five years.

Satellite technologies:

Satellite Internet access is by nature NOT interactive as the
small satellite dishes on homes only provide a downlink.
By employing a normal telephone line (POTS+MODEM
or ISDN or AO/DI) in conjunction with the satellite
downlink, we can obtain an interactive satellite Internet
access link. This will operate at the combined costs of the
satellite access charges and the telephone calls. This is
deemed prohibitive for educational use.

The author’s conclusion about radio access to the Intemnet is that
the technology on offer in South Aftica in the next five years is not
seen as commercially viable alternatives for the educational sector in
delivering interactive leaming material.

3 WIRED PUBLIC SWITCHED TELEPHONE
SYSTEM

Most users of the Internet will have experienced frustration at how
slowly data is downloaded to their PCs.

Several new technologies promise to improve the situation. The
problem is quite often the 'last mile’, the copper wires of the phone line
that connect the computers to the local telephone exchange.

We have seen relatively few advances in the services delivered by
wired telephone installations over many years, although we have seen
huge advancements in the technology underlying the wired telephone
installations. We will proceed to discuss the advancement of services
and underlying technologies of different standard telephone systems.

31 ANALOGUE LEASED LINES AND MODEMS

The analogue leased line is treated here as a special case of the
analogue telephony system (which will be treated in paragraph 3.2).

The maximum data speed obtainable with a single leased line is
obtained by using a commercial 56K modem on both endpoints.

It is an expensive option for the relatively slow speed it offers and
has the added disadvantage that it is a point-to-point connection,
which can only be re-routed by applying for a transfer at the local
Telecommunications Company (TELCO).

When employing two analogue leased lines simultaneously,
speeds of 64kbps can be obtained in both the up- and downstream
directions.

Upstream communications is defined as from the customer
premises (CP) to the local exchange carrier (LEC), whilst
downstream communications is the opposite.

Analogue leased line options are thus not considered as ideal for
delivery of interactive services to the remote/off campus student.

32 THE PLAIN OLD TELEPHONE SERVICE (POTS)

The plain old telephone service, or POTS as it is affectionately
known, is the single telephone service that has undergone the least



improvement in services offered, but the largest improvement in
underlying technology over many years.

As the name indicates, it offers little more than plain telephony
services. The improvement in services has been rather cosmetic such
as touch-tone dialling, call waiting, call transfer etc. as the basic
service remains voice-band transmission only.

In order to enhance the services available for POTS, the modem
was introduced. A modem is a device that is able to convert digital
data to and from analogue signals for transmission over the analogue
channel, in the place of voice.

Three potential uses for amodem immediately comes to mind:

e  a‘dumb’ application such as connecting a remote terminal to

a host computer via the POTS service,

e  toconnect your computer interactively to some or other data
network (which may be the Internet),

e to implement graphical transmissions by devices
incorporating a modem, called facsimile machines or video
conferencing systems.

Undoubtedly there are also other uses for modems, but we always

need a modem to communicate data via the POTS system.

The maximum data rate of modems on analogue (POTS) lines
has almost been reached in the 56K modems currently deployed.

Although 56K modems offer superior performance over the first
modems that were rated at 300bps, it still delivers unsatisfactory rates
for graphical intention applications.

Unknown to many users of 56K (or V.90 to be more correct)
modems is that the downstream and upstream bit rates of these
modems differ by a factor of 1.7:1 (53kbps downstream and 31.2kbps
upstream)[3]. This ratio, as will be shown, is not ideal for typical
SOHO Internet users.

33 INTEGRATED SERVICES DIGITAL NETWORK
(ISDN)

The generation of telephone systems that followed the POTS
system, is the Integrated Services Digital Network (ISDN).

As the name tries to indicate, it offers all the services of the POTS
system, with or without a modem, in an integrated package and by
digital transmission instead of analogue transmission, as is the case
with POTS.

ISDN generally offers two interfaces to the user’s premises, being
Basic Rate Interface (BRI) and Primary Rate Interface (PRI). BRI is
offered for residential or smaller SOHO customers whilst PRI is
destined for the larger SOHO user.

BRI offers two telephone voice or data (circuit switched) channels
at 64kbps each (slightly faster than POTS and MODEM) as well as
an administrative (packet switched) channel, called the D-channel at a
mere 16kbps.

PRI offers 30 telephone voice or data (circuit switched) channels
at 64kbps each (aggregated this is 36 times faster than a 56K modem
in the downstream direction) as well as an administrative (packet
switched) channel, called the D-channe! at 64kbps.

We have to clearly state the difference between a circuit switched
and packet switched channel:

®  acircuit switched channel guarantees the user a minimum

available bandwidth (and inter alia a guaranteed minimum
throughput) with a minimum delay of information, so as to
be acceptable for voice usage. Circuit switched channels are
usually charged per time unit online, regardless of the
amount of voice or data transferred, whilst

o  a packet switched channel only promises to convey your

information at the soonest opportune moment with no
guarantees of throughput per unit time or of a minimum
delay of your information. This makes packet switched
channels inherently unreliable for real-time usage such as
voice where hick-ups in line speed cannot be tolerated.

Usage of packet switched channels are usually charged per
KiloSegment of data transported, regardless of time online.

When employing ISDN for Intemet usage, the user has to dial up
one or more (two maximum for BRI ISDN) 64kbps circuit switched
channels (roughly one or two times the POTS + MODEM capability)
and pay for time online.[3]

Both POTS and ISDN Intemet connectivity is dial-up only,
meaning that in order to know if there are some e-mails for you, you
have to make a call —you will not receive the e-mails automatically.

Figure 1 shows a histogram of typical South-African SOHO call-
holding times associated with Intemnet sessions. The vertical axis
shows the amount of calls counted (logarithmic) against the duration
of the sessions on the horizontal axis (in seconds).
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Figure 1. SA Distribution of Internet Call Holding Times

The vertical line at the left of figure 1 indicates the length of the
average voice call (=180seconds). 1t is clear from this graph that most
Internet calls violate the 3-minute average call length traditionally
used in calculating the sizes of telephone infrastructure.

For this reason, TELKOM S.A. Ltd has introduced per second
billing for all calls longer than 3 minutes, so they can recover the
additional capital costs associated with infrastructure to sustain longer-
than-average calls.

34 ALWAYS-ON/DYNAMIC ISDN (AO/DI)

AO/DI is an extension to the services of ISDN. It utilises the D-
channel mentioned earlier, to transfer Intemet packets in an always on,
live fashion in packet switched mode.

The importance of this feature in addition to ISDN cannot be
underestimated. It allows the customer to receive e-mail ‘live as they
arrive’ without making a series of fruitless calls until the e-mail arrive.

All Internet data transfers via the Always-On feature of AO/DI, is
billed on the amount of data transferred and not per unit time online.

However, all normal calls that is made through the B-channels of
AO/DI are charged at normal call prices i.e. flat rate for first three
minutes and per-second billing there after.

You only have to dial up additional capacity (in increments of
64kbps) on the B-channel(s) on an as-needed basis.

Some of the circumstances forcing dial-ups, are
receiving huge e-mails,
receiving large e-mail attachments,
clicking on active Internet links within received e-mails,
when the embedded algorithms of the AO/DI software
realise that it may be faster and/or cheaper to download via
the B-channels due to a list of user-configurable
econometrics.

The potential market for AO/DI is expected to include relatively
few domestic customers.

AO/DI will however attract more professionals and small
businesses that wish to have live services, such as e-mail but cannot
afford more professional services such as tie lines or Diginet. These



markets are collectively known as SOHO (Small Office, Home
Office) users.

However, remote students that wish to interact with the Internet
on a ‘live’ basis (using ‘Always-on’) and that only periodically wish
to transfer large amounts of data (using ‘dynamic ISDN’) are very
likely candidates for AO/DI services.

Figure 2, shows how AO/DI may actually prove to be cheaper for
the serious Internet user in the longer term under certain assumptions
[3]
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Figure 2. 'AOIDI Cumulative Cost Contributions

AO/DI also goes a long way to help with the excessively long call
holding times, associated with Internet over POTS and ISDN. This is
shown in figure 3.

Comparison of ISDN on-line time with
AO/DI B-channel time per session
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Figure 3. AO/DI Shorter Total Time-on-line

This relief is brought about by AO/DI's dynamic component
which ensures that Internet calls stay as short as possible, thus tying up
resources in the voice switch for as short as possible.

35 THE xDSL FAMILY

The xDSL family consists of several different options and data
rates. Table 1 illustrates some of the available options [4].

Table 1. Different xDSL Configurations
Name Downstream speed Upstream speed
VDSL 13.26 or 52mbps 6-13 mbps
SDSL 768 kbps 768 kbps
RADSL 8 mbps 768 kbps
ADSLII 8 mbps 768 kbps
ADSL Variable up to 8 mbps 768 kbps
HDSLII 2 mbps 2 mbps
HDSL 2 mbps 2 mbps

* mbps = 10°bps, kbps = 10°bps
“—ADSL = Technology of choice for variable downstream rate

3.6 ASYMMETRIC DIGITAL SUBSCRIBER LINE
(ADSL)

For the more serious remote student, AQ/DIL, although always
connected (‘live’), may be too slow for their needs. These remote
students will typically include professionals that wish to firther their
qualifications. Typical examples will be engineers studying MBA
through a Telematics Leaming Systems® course, nursing staff
studying speciality courses such as obstetrics on a Telematics
Leaming Systems® course etc.

This category of students, already in a paid profession, will be
likely to pay the premium expected for ADSL services.

ADSL services utilise the existing twisted copper cabling installed
between the Local Exchange Carrier (LEC) and the client premises.

It entails two modems, one on the ‘near side’ (nearer to the LEC)
and one on the ‘far side’, that is typically installed on the clients
premises. The latter equipment is referred to as Client Premises
Equipment (CPE). The physical installation is explained in figure 4.
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Figure 4. A Basic ADSL Installation

“n

The CPE for ADSL consists of an active splitter box that supplies:
e one POTS, ISDN or AO/DI line and
e one ADSL line to the customers premises from only one
copper pair (or loop as it is also known).
We assume that this copper pair is installed already. The logical
model that results is shown in figure 5.
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Data service

Single copper loop,
two logical channels

Client A
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ClimtB/ Far-end Near-end
leph ADSL mod ADSL modems
service

Figure 5. ADSL uses single copper loop for two logical channels

The promised bandwidth (or more cormrectly bit rate) of ADSL is
asymmetric and is

e 768x10’bits per second in the upstream direction and

e upto8x10° bits per second in the downstream direction.



This ratio between upstream and downstream bit rates always

seams to be rather lopsided for the lay reader. However, as we shall
show in another part of this paper, this is an ideal ratio for Internet
access.
The way in which ADSL shares the same copper loop between
telephone (circuit switched) and Intemet usage (package switched) is
by means of Frequency Division multiplexing (FDM) as shown in
figure 6.
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Figure 6. Frequency Spectrum Usage of ADSL Technology

4 CHARACTERISTICS OF INTERNET TRAFFIC

As mentioned earlier, most Intemet traffic is interactive, but
asymmefric of nature. Figure 7 serves to illustrate the ratio of
downstream versus upstream Internet traffic as measured from live
Internet sessions of some 5000 SOHO users in the Sandton and
Midrand regions in Gauteng province, South-Africa.

As have already been said, ADSL is an asymmetric digital
subscriber line. This means that the upstream capability of ADSL is
not as large as the downstream capability. This is ideally suited to
normal Internet browsing and Internet usage characteristics.

As has been shown in a recent study by the author, typical Internet
traffic (audio and video streams excluded) have a tendency to lean
towards larger downstream traffic than upstream traffic.

Figure 7 shows the distribution of upstream traffic versus
downstream traffic for some 5000 Interet Clients, surfing the Internet
in South Africa. This graph clearly shows that the total upstream
traffic generated during an Internet session lags the total downstream
traffic by about one decade (a factor of ten).

We thus conclude that asymmetry already exists in Internet traffic
generated by typical Intemet Clients and that ADSL would suit the
data communications needs of such Clients ideally if the downstream
bit rate exceeds the upstream bit rate by a factor of ten.

Table 1 suggests the maximum configuration for ADSL to be
more or less 8x10°bps downstream and 8x10°bps upstream: a ratio of
10:1, the ideal ratio for Internet surfing.
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Figure 7. Upstream vs. Downstream Internet Traffic

5 ADSL vs AODI

The architecture of the AO/DI and ADSL proposals differs
widely in nature, although both proposals have the same issue in

common: to better serve the typical Internet Client and to relieve the
classic voice switch of the additional load of the Internet.

It was shown by the author in []J that ADSL offers a better
alternative than AO/DI for supporting Intemet traffic in public
networks, apart from modelling the behaviour of both systems under
traffic.

6 INTERACTIVE INTERNET TRAFFIC

The effects that normal interactive Intemet traffic can have on an
unknown network type, can not be calculated effectively by any
means other than empirical statistical modelling [3,6].

The author has completed research about the conveyance of
normal interactive Intemet traffic (VoD and RTA excluded) on ISDN
and AO/DL

It was concluded that ISDN has little advantage in speed when
only one B-channel is used. It also costs a lot more than POTS service
(even with only one B-channel in use) so is not a worthwhile
investment in South Afiica.

AO/DI on the other hand, can offer substantial cost savings and
provides ‘live’ e-mail (and other Internet services) as well,

61 TYPICAL INTERNET TRAFFIC
(VoD and RTA excluded)

As is shown in figure 8, Hypertext Transfer Protocol (HTTP)
traffic forms the backbone of Intemet traffic (VoD and RTA excluded)
by far. Packets that could not be classified as belonging to a standard
application protocol were grouped under the OTHER heading,
OTHER protocols constitute about half of the magnitude of HTTP
traffic, whilst the next recognisable application protocol, SMTP
(better known as e-mail) is only about 12% of the magnitude of
HTTP.

62 ADSL AND VIDEO ON DEMAND

However, it is not these standard Internet protocols (of figure 8)
that we should be concemed about when studying ADSL, but
protocols used to convey video-on-demand!

As tertiary educational institutions realise that it becomes possible
to supply a large audience of remote students with live — and
interactive — video feeds, they will surely begin pushing to use the
available technology.
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Figure 8. Relative distribution of standard Internet protocols

Live and interactive video-on-demand feeds will probably
function as follows:

e the lecturer prepares an introductory video, which is
broadcasted to each remote student (at the students own time
& leisure!), and

o the student is allowed to send e-mail (including video clips,
graphs etc.) of work he is unable to grasp or is having trouble
with, to the lecturer within a certain allowed time frame. The
lecturer must be committed to answer this student’s



However, lets look at the TELKOM infrastructure needed:

o Suppose that we have the full 600Mbps = 629x10°ps of a
600Mbps ATM backbone available in a Constant Bit Rate
configuration (CBR) to serve VOD+RTA at 6.6x10°bps.

o This will allow merely 95 clients to simultaneously view
medium quality video-on-demand via a 600Mbps ATM
backbone!

7 CONCLUSION

The real danger of any better public Internet access scheme, such
as ADSL, is the pressure of the public and service providers to use
high-bandwidth real-time services as soon as the better access
schemes become available.

It is necessary to model the effects of VOD + RTA from and to
multiple users, such as remote located students, before feasibility
recommendations can be made to tertiary institutions.

No results have been obtained from ADSL simulations yet.

Work to model ADSL on system level and to model real-time
traffic, suitable to ADSL use, such as VOD+RTA are being
undertaken at Potchefstroom University at the moment.
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