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On Monday Novenber 16, 1992 the nation’s first nulti-services
all-digital telephone network was | aunched. The phrase "Gol den
Splice" was coined on that day to recall the first transconti nental
rail systemin 1869, which was conpleted with the pounding of the
i nfanous gol den spike. But unlike the rail system the tel ephone
systenis "tracks" have been in place for years. Wth today’s
technol ogy, the informati on sent across the wires i s changing. The
transition is from analog signals to digital, using technol ogy
called I'SDN. This paper will discuss the beginnings of ISDN and
how the world will benefit by comrunicating in binary nunbers.

VWhat is | SDN?

| SDN, which stands for integrated services digital network,
is a system of digitizing phone networks which has been in the
wor ks for over a decade. This systemallows audi o, video, and text
data to be transmtted simultaneously across the world using
end-to-end digital connectivity.

The origi nal tel ephone systemused anal og signals to transmt
a signal across telephone wres. The voice was carried by
nodul ating an electric current with a waveformfrom a m crophone.
The receiving end would then vibrate a speaker coil for the sound
to travel back to the ear through the air. Mst tel ephones today
still use this nethod.

Conmputers, however, are digital machines. Al information
stored on themis represented by a bit, representing a zero or a
one. Miltiple bits are used to represent characters, which then
can represent words, nunbers, prograns, etc.
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Figur e 1 analog versus digital communications

The anal og signals are just varying voltages sent across the
wires over tinme. The digital signals are represented as a positive
or negative vol tage changi ng over tine.

The nodem was certainly a big breakthrough in conputer
technology. It allowed conputers to communicate with each other
by converting their digital comrunications into an anal og format
to travel through the public phone network. But thereis alimt
to the amobunt of information that a common anal og tel ephone |ine
can hold. Currently, it is about 56 kbps.

ISDN allows multiple digital channels to be operated
si mul t aneously through the sane regular phone jack in a hone or
of fice. The change cones about when the telephone conpany’s
swi tches are upgraded to handle digital calls. Therefore, the same
Wi ring can be used, but a different signal is transmtted across
the |ine.

Previously, it was necessary to have a phone |line for each
device you wi shed to use sinmultaneously. For exanple, one I|ine
each for the phone, fax, conputer, and live video conference.
Transferring a file to soneone while talking on the phone, and
seeing their live picture on a video screen would require several
expensi ve phone |ines.

Using nultiplexing (a nethod of conbining separate data
si gnal s toget her on one channel such that they may be decoded again
at the destination), it is possible to conbine many different
digital data sources and have the information routed to the proper
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destination. Since the line is digital, it is easier to keep the
noi se and interference out while conbining these signals.
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Figur e 2 multiple devices connected to a single phone line

| SDN technically refers to a specific set of services provided
through a limted and standardized set of interfaces. Thi s
architecture provides a nunber of integrated services currently
provi ded by separate networks.

| SDN adds capabilities not found in standard phone servi ce.
The main feature is that instead of the phone conpany sending a
ring voltage signal to ring the bell in your phone, it sends a
di gital package that tells whois calling (if available), what type
of call it is (data/voice), and what nunber was dialed (if nmultiple
nunbers are used for a single line). |SDN phone equipnent is then
capabl e of nmaking intelligent decisions on howto answer the call.
In the case of a data call, baud rate and protocol information is
al so sent, nmeking the connection instantaneous.

Hi story of | SDN:
A standards novenent was started by the International
Tel ephone and Tel egraph Consultative Comrmittee (CCITT), a United

Nat i ons organi zati on t hat coordi nat es i nt er nati onal
t el ecommuni cati ons. US representation to this commttee is
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housed in the Departnent of State. The prinmary objective of CCTT
S to standardize telecommunications gl obal | y. Oi gi nal
recommendations of ISDN were in CCITT Recomrendation |.120(1984)
whi ch described sone initial guidelines for inplenenting | SDN.!

CCITT Recommendation 1.120 (1984)

Principles.

- Support of voice and non-voice applications using alimited set of standardized facilities
- Support for switched and non-switched applications

- Reliance on 64-kbps connections

- Intelligence in the network

- Layered protocol architecture

- Variety of configurations

Evolution of | SDN:

- Evolution from existing telephone networks
- Trangition of one or more decades

- Use of existing networks

- Interim user-network arrangements

- Connections at other than 64 kbps

Figure3 CCITT ISDN Recommendations

Local phone networks, especially the regional Bell operating
conpani es, have long hailed the system but they have been
criticized in recent years for being slowto inplenment | SDN. One
good reason for the delay is the fact that the two nmgjor swtch-
makers, Northern Telecom and AT&T selected different ways to
i nplenment the CCITT standards. These standards didn't always
i nteroperate. D ck Notebaert, president of Aneritech Services,
conpared this situation to that of earlier 19th century
rail roadi ng. "People had different gauges, different tracks...
not hi ng worked wel|."2

1 Stallings, William. ISDN: An Introduction. Collier Macmillan Canada, Inc. 1989.

2 |bata, David. "New information highway to the future." Chicago Tribune. Pg. 17.
November 17, 1992.



In early 1991, an industry-wi de effort began to establish a
specific inplementation for ISDN in the U S Menbers of the
i ndustry agreed to create National ISDN 1 so service users would
not have to know the brand of switch they are connected to i n order
to buy equi pnent and software conpatible with it.

TRIP *92 and N SDN\-1:

In Novenber 1992, the Corporation for Open Systens
International (COS) and the North Anmerican | SDN Users’ Forum (NI UF)
joined forces to create a trade show, called Transcontinental | SDN
Project 1992 (TRIP "92) - the first multicarrier | SDN event in the
U.S. This exposition, held in Reston, Virginia, featured exhibits
of | SDN products and services as well as the "CGolden Splice" event
whi ch mar ked the comrencenent of transcontinental |SDN service.:3

The main purpose of TRIP '92 was for tel ephone conpanies and
vendors to prove that standardi zed | SDN service is available, and
that there are applications to support it. It was also the true
test of the N SDN-1 agreenment to inplenent specific existing
standards to ensure interoperability anong carriers. Many vendors
showed their products operating in situations such as
vi deoconf er enci ng.

Nl SDN-1 was created to address 3 nmjor areas:*
st andar di zi ng equi pnent and services
st andar di zi ng t el ephone conpany procedures for operation
st andar di zi ng conmuni cation anong central offices

However, there still mght be problenms agreeing on this
st andar d. In fact, many of the states west of the M ssissippi
River will not be able to get N SDN-1 specifications. Bot h

Sout hwestern Bell Corp. and U S. West Inc. said that they do not
plan to deploy NISDN-1 software in their central office swtches.
They claim that this wll cause inconpatibilities with their

3 Johnson, Johna T. "ISDN Goes Nationwide, but Will Users Want 1t?* Data
Communications. November 1992.

4"National ISDN Network Launches New Erain Compatibility." Communications Daily.
November 17, 1992.



existing |SDN networKks. This creates problens for many |arge
corporations in the U.S. who wi sh to connect their regional offices
wi th I SDN t echnol ogy. s

Specifics of | SDN:

Wth | SDN, voice and data are carried by bearer channels (B
channel ) occupying a bandw dth of 64 kbps each. A delta channel
(D channel) handles signalling at 16 kbps or 64 kbps. H channels
are provided for user information at higher bit rates.

There are three types of | SDN service: Basic Rate | SDN (BRI),
Primary Rate | SDN (PRI), and Broadband | SDN ( B-1 SDN)

BRI : consists of two 64 kbps B channels and one 16 kbps D channel
for a total of 144 kbps. The basic service is intended to neet the
needs of nost individual users. NISDN-1 focused primarily on maki ng
basi ¢ services depl oyed i medi atel y.

PRI: intended for wusers wth greater capacity requirenents.
Typically the channel structure is 23 B channels plus one 64 kbps
D channel for a total of 1.544 WNops. H channels can also be

i npl ement ed: HO=384 kbps, H11=1536 kbps, H12=1920 kbps. N SDN- 2
wi |l address this protocol in depth during 1993.

B-1SDN. still in devel opnent and will support as nuch as 150 Mops,
but will be dependent on a conplete optical fiber network. This
could be a nedium for future high definition television (HDTV)
proj ects.

To access the BRI service, it is necessary for the custoner
to subscribe to an | SDN phone i ne. Resi dential custonmers w |
al so need to use a device called a Network Term nator 1 (NT1). The
NT1l performnms the multiplexing and converts the 2-wire teleco |ine
to the 4 wre | SDN signal

5 Sweeney, Terry. "Two Bells Frustrate National 1ISDN Effort." Communications Week.
November 23, 1992
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Figure4 ISDN Basic Rate Interface

Many busi ness custoners have phone systens that are already
digital. In this case, connecting to ISDN Iines may or may nhot
requi re additional hardware, depending on the system

Many computer workstations are now being shipped with | SDN
capabilities. These units connect directly to the NT1l, and wll
i ntegrate voice/data conmmunications through the system software.
But nost conputers require a Term nal Adapter (TA). This unit
converts |ISDN to the serial (RS-232) interface on nost conputers.
But serial connections are usually limted to 19.2 Kbps, therefore
the TA does not utilize the entire | SDN bandw dt h.

Pricing & Availability:

More than 56% (115 mllion lines) of the regional Bell
operating conpanies will have | SDN network access by late 1994.¢s
In Chicago, Aneritech officials say that 37% of the market, 1.2
mllion lines, will be ISDN by year-end 1992, and the entire
metropolitan area of 4.5 mllion lines, by April 1993. Mbst of the
5 state Anmeritech service region and major U. S. cities should be
wired for |1 SDN by 1994.

Bel | core has set up a national |SDNinformation clearing house
hotline at 800-992-4736 for information about |SDN availability.

6"One Servicefor All." Computerworld. November 9, 1992.
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Many conpanies are using |SDN where service is not yet
avai l able. This is possible by using other digital comunications
met hods at the local level. A common nethod is to use a T1 |ine,
or a fractional Tl line to connect the conputing facility to a
switch that does provide |SDN access. A T1 line nultiplexes
twenty-four 64 kbps channels together over a single |ine. A
fractional T1 line is sinply a chosen portion of the full T1
circuit.

Pricing still seens to be the | east standardi zed part of | SDN.
I nstal |l ati on charges generally run from $200- $400 for BRI service.
Mont hly charges are often in the $15-$45 range, plus usage charges.
NT1 prices are $200-$300, and TAs are $600-$1200. Eventual |y,
pricing is expected to be only slightly nore than standard anal og
servi ce.

O her digital services:

Switched 56: Unlike ISDN, this service is already offered by
nost carriers. It creates a virtual network over existing public
phone lines with a 56 Kbps data rate. This service is cheap, but
slow, therefore, it isideal for intermttent data swappi ng between
WANS.

SMDS (Switched Milti-negabit Data Services): Using a
connectionl ess networking plan, each SMDS packet has its own
address and does not require a virtual circuit. Proposed speeds

are from1.5 Mips to 45 Mips using a fixed-1length packet of 53 KB
Many regional carriers are beginning to offer this service for
| ocal traffic.

ATM (Asynchronous Transfer Mbde): Using the same 53 KB
packets as SMDS, ATM uses virtual circuits to transfer data at
speeds of 34 Mops to nmultiple gigabits per second. The CCITT has
deci ded on ATM as the transport standard for broadband | SDN when
it becones available. ATMis expected to be fully supported by the
phone networks in 1995 or 1996.

Appl i cations of | SDN:
Busi nesses have the potential to be the biggest winners in the

future of | SDN services. It will be cost effective for conpanies
to replace nunerous existing analog lines with fewer [SDN |ines
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that can handle nultiple applications sinmultaneously. But for the
average residential user, there are also many benefits.

Ohe of the nost talked about |[|SDN applications is
vi deoconferencing. Previously, systens cost well over $100, 000.
Now t he concept of personal, desktop vi deoconferencing is avail able
usi ng common personal conputers and workstations. One channel is
used for voice, and the other channel is used for the display of
nmovi ng vi deo pictures. The price for videoconferencing is dropping
so quickly, that it is expected to be affordabl e to nost busi nesses
by | ate 1993.

Along simlar lines, is a shared electronic chalk board.
Users can talk in a conference arrangenent and also illustrate
witten ideas to renote |ocations. Slide presentations could also
be given in this manner.

Everyone appreciates the sinple fact that is it possible to
have the single phone jack do nore than one task. The nobdem no
| onger needs to tie up the phone |ine. It is even possible to
t roubl eshoot conputers renotely by sinultaneously talking to the
conputer operator and logging into that systemrenotely with the
sanme | SDN |ine. But there are certainly far nore exciting uses
for this technol ogy.

| SDN i n educati on:

John Mayo, AT&T Bell Laboratories president stated that, "The

new t el econmuni cations technology that will inpact education the
nost over the next five years, will be ISDN."7 The classroomw ||
no |onger have physical boundaries. | deas of collaborative

| earning to gain outside expertise will be easier to inplenent over
t he exi sting tel ephone lines. Students will be able to comuni cate
wi th schools across the city, or across the world.

The  nost exciting possibilities involve the video
capabilities. Videoconferences can be used for instruction videos,
or transmtting a school play. Students can see far away | ands for
the first time, or speak with a pen-pal hal fway around the worl d.

7" Appaachian State University, Southern Bell and AT& T Unvell and Demonstrate |SDN-
driven Distance Network." Business Wire. October 6, 1992.
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Exposing children to conputers and networking at an early age
seens to be the trend. | SDN all ows the students’ conputers to
access nore resources and will teach themhowto coll aborate during
their learning process. The current generation of children wll
certainly be expected to use the conputer as a powerful tool nuch
i ke the cal culator and typewiter were used.

Tel econmut i ng:

Tel ecommuting is a new term used to descri be the nodern way
of working fromhome. There certainly is some notivation to avoid

the daily conmute if all of the work can be done from honme. It
will take managers a while to get used to this idea, and it
certainly does require sone self notivation. But with current

technology, it is possible to have the renpte conputer respond as
if there were expensive network cabl e running the whol e way.

NeXT Conputer, Inc. has started bundling the new rel ease of
their systemsoftware with tools for maintaining I SDN |inks. The
software is perfect for telecormmuting. It allows the hone conputer
to connect to the office via an ISDN line and nount all file
systens and network resources. Any work that could be done on the
of fice conputer can be performed on the hone conputer. Although
NeXT doesn’t have | SDN jacks on the system Hayes Corporation has
engi neered a device that connects the Digital Signal Processor
(DSP) port of the NeXT to an NT1l. This allows the full use of | SDN
bandw dt h, whereas a term nal adapter connected to the serial port
severely limts bandw dth

O her systens can use popul ar protocols such as the Serial
Line Interface Protocol (SLIP) or the Point-to-Point Protocol
(PPP). The bi ggest advantage of using these protocols is actually
being a node of a renbte network. When you want access to
resources not available locally, you can autonmatically connect.
There is no longer the limtation of sinply transferring files
using a nodem and term nal software. The conputer wll actually
think it is connected to ethernet over | SDN. 3

8 Landwehr, John T. "Taking your network home." NeXT Support Bulletin. Summer 1992.
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Figur e 5 Telecommuting with a NeXT workstation

Possi bl e problens with a digital phone network:

One of the first problens that comes to mnd is concerning
security. This is actually not a problem for the user, because
digital transm ssions are easily capable of being encrypted. In
fact, an encryption key of 128 bits or nore woul d prevent even the
| at est superconputers from decodi ng the transm ssion

The concern cones from the National Security Agency. They
are worried about |SDN nmaking wiretapping nore difficult than it
has been in the past. The agency has therefore given guidance to
the conputer industry to secure a back door into encrypted
nmessages. They are al so proposing new |l egislation to the FCC that
woul d make all digital transm ssions capabl e of being nonitored by
el ectroni c surveillance.

The director of the FBI, WIlliam S. Sessions, is quoted as
saying, "Terrorists, violent crimnals, kidnappers, drug cartels
and other crimnal organizations will be able to carry out their
illegal activities using the telecomunications system w thout
detection."?®

Finally, an exanple of the socio-political inplications of
| SDN has been summed up by Leonard R Sussman, who predicted that
technology and globally Ilinked networks would result in the
br eakdown of censorious and suppressive political systens, neaning

°"FBI Fear Phone Advances Will Hamper Wiretapping." LA Times, March 7, 1992.
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that governnments would have a difficult tinme hiding information
from their people because of the rapid methods of transferring
information at a gl obal |evel. 10

The future:

Conmputers are rapidly becom ng connected together to help
people that want to conmmunicate wth each other, regardless of
| ocati on. The trend is definitely toward a digital world.
Conpact Disc players, telephones, conputers, and televisions are
all beginning to use digital technol ogy.

The problem with |ISDN hasn’t been the technology, it's the
politics. The reason |ISDN was so slow to catch on was that the
different tel ephone conpanies’ equipnent didn't work together.
Until recently, it has not been possible to nake an I SDN call from
one telephone service area to another. As a result, users have
been isolated from each other. Wth the advent of the Nationa
| SDN-1 network, standardized | SDN wi Il beconme avail abl e over both
| ocal and | ong-di stance tel ephone networks. Wen NI SDN-2 kicks in
by late 1993, it wll add PRI services capable of 1.5 Mops
transm ssi ons.

Pricing and local availability are now the key issues. In
sone areas, nmaking an ISDN call is the sane price as an anal og
call. But other carriers are nmaking | SDN prohi bitively expensive.
While nost netropolitan areas will be |1SDN capable in severa
nmont hs, wi despread residential use will not come as quickly.

Settling these political issues will affect | SDN s success in
the U S. Many claimthat conpeting technologies are already far
ahead of |ISDN, but they are still facing many standardi zati on and
availability issues that | SDN has al ready begun conqueri ng.

NISDN-1 is only the beginning. It is the first step in
expandi ng the nation’s phone network by nmaking it digital. Next,
it will be a matter of making those zeros and ones travel quicker
as we see and hear information from all over the world,

i nst ant aneousl vy.

10 Syssman, Leonard R. Power, The Press, & The Technology of Freedom, The Coming Age
of ISDN. Freedom House. 1989.
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