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The British Telecom KiloStream service
— reflections following the first two

years of operation
M. E. Gibson, C.Eng, M.LE.R.E

Summary It is now more than two years since British Telecom introduced its KiloStream service. This article
examines some of the operational problems which have been encountered during this period and the work which
has ensued in consequence, as well as outlining the function of KiloStream equipment. Also opportunity is taken
to look forward to new developments and, in particular, the use of currently planned Automatic Cross-connect
Equipment (ACE) including improvements in remote testing which this equipment will allow.

The employment of KiloStream in a typical customer's network is discussed, emphasizing the need to achieve
successful overall communications between terminal and computer.

Introduction

Articles'** have been written and a
wealth of other information pro-
vided which deseribe, primarily
from a technical stance, the Kilo-
Stream service In terms of the dedi-
cated digital data equipment from
which it is derived. The main pur-
pose of this article is to examine the
way KiloStream is seitling in as a
new service in terms of some of the
problems it has to cope with in the
real-world telecommunications
environment, to refer to some of the
important developments which are
taking place and to give some
information on the ways in which
KiloStream circuits are being put to
use. However, to give the reader
some background against which to
view these aspects, the significant
component parts of the current
KiloStream network are described
briefly.

The KiloStream service was
opened in January 1983, providing
service initially via a mere four
multiplex sites. Since then the net-
work has grown steadily with cur-
rently some 4000 to 5000 Kilo-
Stream circuits in use or in the
course of provision, supported by
approximately 400 multiplex sites.
This growth is expected to continue
well into the foreseeable future with
expansion within the network to
approximately 750 multiplex sites
by 1987, depending upon the
growth strategy adopted.

The current
KiloStream network
— a brief description

The basic component parts of the
KiloStream network are shown in
figure 1. The equipment was
developed by Marconi Communi-
cation Systems Ltd {(MCSL) in con-
junction with British Telecom (BT).
MCSL also produced the equip-
ment for the majority of the supply
contracts.

As shown in figure 1, the trans-
mission paths on the high-speed
side of the multiplex are at
2048kbit/s, The multiplex signal at
2048kbit/s conforms to CCITT
Recommendation G732, This gives
32 64kbit/s timeslots, 31 of which
may be used for data communica-
tions with the remaining timeslot,
designated Timeslot 0, used for
framing, alarm and general house-
keeping purposes. On the low-
speed side of the multiplex, digital
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distribution to the customer is nor-
mally made via physical pair type
cable which has been provided for
telephony, Digital channels of
12800bitfs or 64kbit/s are provided
for the data signals. The particular
form of signal used for this purpose
has been devised so that a satisfac-
tory transmission path will be given
without any departures from nor-
mal telephone distribution network
planning rules,

The interface with the data-
processing terminal equipment at
the customers’ premises conforms
to the CCITT X21 Recommenda-
tion, and within this offers a V series
compatible format (X2 1bis) so that
existing type terminals may be
served by the network.

User data transmission rates

range from 2400bit/s through to
64kbitfs. With the exception of
64kbitfs, all other rates are struc-
tured in a 6+2 envelope for trans-
mission across the network. This is
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accomplished in the network ter-
minating unit by adding to every &
bits of user's data a framing bit and
status bit, The status bit signifies
whether the envelope contains
user's data or signalling informa-
tion, and in the latter state may be
used to control the switching of test
loops on circuits for maintenance
purposes. The framing bit is, of
course, required to establish the
posiion of an integral 6+2
envelope within the received bit
stream.

Multiplex equipments are located
either at multiplex sites, from which
customers are served, or cross-
connect sites which are an essential
element in the flexible routeing of
circuits by virtue of the manual
jumpering facility which they offer.

Alarm conditions may arise on
equipment at multiplex sites, cross-
connect sites, network terminating
units at customers' premises, or on
transmission plant which is used to
interconnect these equipments.
The multiplex site acts as a primary
collection point and passes alarm
conditions, in a concentrated form,
along the network to the cross-
connect site for processing and for
onward transmission to the appro-
priate X Streamn Service Centre

(XSC), of which there are two, one
in London and the other in Man-
chester. Additionally alarms are
displayed locally.

During 1985 the manual cross-
connect sites are to be progressively
replaced by Automatic Cross-
Connect sites (ACE) of which more
will be said later,

Some operational
considerations

To be provided economically the
KiloStream systern must share pro-
vision owverheads with, and thus
use, 2048kbit/s digital transmission
plant that is being installed primarily
for telephony. This plant has been
designed on the basis that a voice-
band signal currently requires
64kbit/s of digital capacity for its
transmission, to commercial stan-
dards, across the network after cod-
ing through the standard A-law
p.c.m  multiplexing process. A
2048kbitfs digital path therefore,
when terminated by a standard
p.c.m multiplex, will present on its
low-speed side an analogue voice-
band channel which typically will be
capable of supporting a 9600bit/s
signal from a data modem.
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In KiloStream, standard p.c.m
multiplexes are replaced by the digi-
tal multiplex shown in figure 1. In
this case the 64kbit/s digital capacity
is not subject to the analogue-to-
digital conversion process through
a p.c.m multiplex, and is fully avail-
able to be exploited directly for digi-
tal data transmission. On the basis
of the equivalent voiceband capa-
city, the user therefore sees at least
a fivefold increase in potential data
throughput and it is this factor
above others which marks the sig-
nificant technological step which
KiloStream has brought. However,
it is worthwhile analysing what this
increase in efficiency to the user
means in network performance
requirements. In very general terms
each line transmission bit transmit-
ted within the telephone digital
iransmission systemn may be con-
verted to a user's data bit in the
KiloStrearn network terminating
unit. As a typical telephony trans-
mission system from  which
2048khbit/s paths are derived oper-
ates at 140Mbit/s, this in effect
means that user's data is being
resolved in this system at intervals
of less than 1/100th of a micro-
second, and that therefore an
impairment in the transmission path



or associated equipment of nominal
duration down to this value could
result in a data transmission error.
This would have been less likely to
happen in the case where a p.e.m
multiplex was used with a similar
digital transmission path, as the
voice coding process would have
made the user's data signal, which
is significantly lower-speed in any
event, relatively insensitive to the
very short transmission impair-
ments.

Although this example is impre-
clse in the detailed mechanism of
overall data transmisslon through
the KiloStream network, it does
serve to emphasize the highly inten-
sive manner in which digital bearer
systemns are being exploited by the
service, and in consequence the
need to ensure that line plant meets
the exacting criteria necessary to
support a service of this nature,

Requirements for
digital transmission
plant

The KiloStream network is pro-

————— ———— —
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vided on an overlay principle in that
the faciliies it provides are dedi-
cated to KiloStream traffic. This has
meant that there has been, and con-
tinues to be, a significant element of
advance provision of KiloStream
equipment and interconnecting
2048kbit/s digital paths related to
planned network size at a particular
time, rather than to the inevitably
lesser demand in terms of actual
user circuits at that stage. In some
cases, making the 2048kbit/s digital
paths available by the required
dates has necessitated routeings
being established which were
longer than purely geographical
considerations would have dic-
tated, due to the relatively limited
penetration of digital plapt at that
time.

The intensive use of this plant by
KiloStream had been anticipated,
and commensurate preparation
made in advance of opening the
service. However real experience of
actual use by customers proved
invaluable and brought to light
other problems, which were, of
course, on occasions exacerbated
by the greater route lengths in use at

KiloSzream mietwork

H04fknit's digital path

the time. In consequence, a
thorough examination was urgently
undertaken of all line and radio sys-
tems, and their associated transmis-
sion equipment to identify any
shortcomings which might have a
bearing on the performance of the
KiloStream circuits routed owver
them. This exercise has been exten-
sive and has led to investigations
into potential problem areas which
would not necessarily have become
sources of trouble in the presence of
the more robust digital voiceband
signals. This has been a valuable
learning area and has given a better
understanding of interference
mechanisms and their correction,
particularly in the context of high-
speed digital data signals.

To overcome identified problems
an exhaustive programme of
refurbishment of line and radio sys-
tems has been undertaken and is
nearing completion; as a result a
very significant iImprovement in the
performance of the plant and
equipment concermned has been
achieved, together with the Kilo-
Stream circuits routed through it.

-1 s e

Toe eries-

mufthhes

shtes, afc L=t

-

|
|
connge, [ | opas ACE
|
|
|
[
|

tarming
H2h o

b m

T o uie -ﬁCE‘l/_

XA ot

rakA-conrmsct site i
| To prass
et 2048 I Ganfec,
= maultigiax
Contral keite | e, o,
g | Ifig 11
i
Local I
tarrninal 1

| Lo il gy OREAEE

-

Packed switchid ssreice

Trardi_r:r of pocketleed clrcuii
provssion and mainienanca
infarmation between BCE and ACS

ElloStraam tia clruics

I
|
|
|
I
i
|

l} ol ACER

—— e e e e

Fig. 2. Basic control of ACE

(B600bA s}




16 Communication & Broadeasting  Volume 10 Number 1

Automatic

Cross-Connect
Equipment (ACE)
Since the introduction of service,
the first major network facility to be
added to KiloStream will be ACE
which will be progressively installed
throughout this year. ACE will
replace the manual cross-connect
equipment shown in figure 1 and
will confer a number of important
benefits, notably a saving in cost
and accommaodation requirements,
simplified circuit provision proce-
dures and Improved maintenance
faciliies. When the current installa-
tion programme is complete, there
will be approximately 50 ACE sites
throughout the KiloStream net-
waorl,

Switching of circuit crosspoints in
ACE will be controlled from termi-
nals on a Bemote Control Equip-
ment (RCE) situated in each X
Stream Service Centre (XSC). To
give the reguired reliability, the
network will thus contain two
RCEs; there will be continuous
updating between them so that in

T e S e S ey R |

the event of a faillure either may
take control of the overall network.
The significant control elements of
the network are shown in dia-
grammatic form in figure 2.

Communications between an
RCE and on-board ACE controllers
are provided through a closed user
group in the Packet Switching Sys-
tern {P55). Hence each RCE and
ACE will have an ¥25 pachet port
and address. In addition to carrving
clreulit provision messages, the
packet switched system will also
carry maintenance messages be-
tween an ACE alarm concentrator
and RCE, where the messages will
be processed for display and
follow-up action. Remote access to
a circuit for test purposes may then
be obtained using the Remote
fccess Testing Equipment System
(RATES) together with RCE
facilities. Figure 3 is an outline dia-
gram which shows the inter—l
relationship of equipments to give
remote testing facilities.

The Video Display Terminal
(VDT) controls access to timeslots
within ACE in the normal way via

P55. The selected timeslot associ-
ated with the circuit to be tested
may be connected to a test access
timeslot in a non-intrusive way for
monitoring purposes, or it may be
split for testing. The test access
timeslot is connected to a test multi-
plex via a dedicated 2048kbit/s
port. The low-speed channels from
the multiplex are connected to
RATES, which is accessed from the
VDT via a host processor and the
Public Switched Telephone Net-
work (P5STN). Certain circuit pro-
tocol requirements are observed in
establishing the PSTN connection,
after which the VDT may control a
range of tests on the intercepted cir-
cuit through RATES via the associ-
ated IEEE controller and Tester
294,

The ACE/RCE system has been
developed by Marconi in conjunc-
tion with BT. Marconi Is also manu-
facturing the ACE equipment and is
responsible for provision of applica-
tions software for the DEC Wax
11/750 computer, which forms the
basis of an RCE.
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base and into individual ACE con-
troller memordes, before change-
over from the manual cross-
connact sites can occur,

Use of KiloStream

As in the Datel service, which in
many ways KiloStream is supplant-
ing, the major usage of circuits by
customers is for some form of com-
puter communications. Such appli-
cations may be for direct communi-
cation between computers or, more
commonly, to give temote access
from a terminal to a computer, The
higher speed facilities are popular
as they allow very efficient use of a
basic KiloStream circuit through
derivation of a number of channels
from a customer-located multiplex.
i i ; While some applications may
Fig. 4. Manual cross-connection sife require only a few circuits, many
customers operate data networks of

R

Circuit and plant
database

In operating and administering
KiloStream there are a number of
tasks which BT has to perform in
support of the service; order handl-
ing and circuit provision fall into this
category. From the opening of ser-
vice these activities have been con-
trolled by computer, such that a
request for service has been
immediately translated into equip-
ment and plant availability and the
request processed on that basis.
This has necessitated details of the
expanding network, In terms of
nodes and plant, being filed in a
database. The database is also used
for providing circuit  routeing
through the network to link serving
multiplex sites, including allocation
of timeslots. Monitoring of the
database also provides waluable
statistics regarding progress of work
in hand, and other management
information.

With the availability of ACE, this
type of information will be required
in the RCE database to enable it to
route and switch circuits. In imple-
menting the ACE programme, one
of the important considerations is
the provision of this network infor-
mation as it exists at the time of
bringing a particular ACE into ser-
vice. This data must be written in

precise terms into the RCE data- Fig 5. 192-port ACE installation at Cambridge
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considerable size. These have often
been built over a perind of time and
are therefore likely to comprise
speech-type private clrcults and
Datel circuits, as well as KiloStream
circuits, with perhaps a natural
progression in time towards the lat-
ter.

Figure 6 shows a data network
typical of many in use today, in
which KiloStream predominates as
the data transmission medium.

It is important to appreciate that
in an overall network the data
transmission link provides but a
component part, albeit a vital part,
of the terminal-to-computer com-
munications channel. This is illus-
trated in the diagram where a ter-
minal and computer are shown
obtaining access to data transmis-
sion facilities via a cluster controller
and front-end processor (FEP)
respectively. These two devices not
only provide the terminal and com-
puter interfaces, but also provide
the overall communications con-
trol. In exercising the latter, data
from the computer or terminal are
structured in the FEP/Cluster con-
troller into blocks for storage and
onward transmission over the
KiloStream circuit. Should a data
error occur in the transmission link
the receiving FEP/Cluster controller
will detect this and call for retrans-
mission of the stored black, [t is evi-
dent, therefore, that the communi-
cations control should be optimized
in the knowledge of the typical error
characteristics of the transmission
link. As there is scope for progres-
sive optimization as experence of
error characteristics of transmission
media is gained, at this time there is
probably margin for further optim-
izafion and, in consequence, a
more efficient overall data through-
put for the relatively newly intro-
duced KiloStream service. Al-
though BT has an important role
to play in this work, ultimately the
communications control arrange-
rment lies in the hands of the data
processing equipment designer.

Figure 6 also illustrates the use of
different KiloStream transmission
speeds within a user's network. The
cluster contraller is connected to a
5port (K5] multiplex via a
0600bitfs KiloStream efrcult and
controls access from a terminal to it.
The multiplex passes the aggregate
signal over a 64kbit/s KiloStream
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Fig. 6. Use of KiloStream in a typical customer’s network

circuit to the FEP via complemen-
tary muliplex equipment. Further
GBidkbit/s circuits interconnect the
main and standby computers for
high-speed transmission, primarily
for file updating and loading.
Although not shown in the diagram,
the standby computer could well
have some direct circuits from
nodal points within the network to

give added standby coverage.

Conclusions

In concluding this aricle there are a
number of important areas that
should be emphasized. Foremost is
the introduction of KiloStream itself
and the technological step which
has accompanied it, bringing with it
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a high level of bearer transmission
network performance which has to
be achieved to exploit fully the
potential of the service. In this
respect reference has been made to
the strides by BT to keep apace with
the new service, firstly in getting to
grips with novel problems that have
arisen and secondly in mounting an
energetic drive to solve them. There

is still some way to go — but a great
distance has been covered and
there is confidence that our aspira-
tions will be met.

The KiloStream network ni.un-
agement and maintenance facilities
have been briefly described and the
benefits they will bring, particularly
ACE with its associated operational
databases. As KiloStream spreads it

will play an increasingly important
role in customer networks and
some insight into this has also been
given.

Turning to the future there are a
number of things which have to be
done. An immediate requirement is
to give access economically to users
in parts of the country that currently
are not served by KiloStream. This
will mean the use of customer loop
extenders to increase the size of a
multiplex catchment area, also the
use of low-cost flexible multiplexes
which, through a wvarety of
methods, will allow additional
catchment areas to be established.
Accompanying this will be the need
to establish additional network
nodes so that KiloStream traffic
may be loaded more efficiently on
to  cross-network  fransmission
plant. ,

In the market place the need for
new KiloStream-based products
and facilites 1s continually under
surveillance. In a sense the open-
endedness of KiloStream makes
this relatively easy, as the system
has been designed on the basis of
upwards compatibility. This means
that the elements used in the early
network should continue to be used
and to be built upon as a core as
new facilities are added. Thus the
system takes on the role of digital
transport and can endure beyond
the foreseeable future to camy ser-
vices not yet conceived.
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RESUME

I v a maintemant plus de deux ans que
British Telecom a introduit son service
KiloStreamn, Cet aricle examine certains
des problémes opérationnels qui ont &té
repcontrés durant cette pérode et les
travaux qui ont été faits en conséquence; i
donne aussi les grandes lignes de la fonction
de ["équipement KiloStream, Les nouveaux
développements qui seront mis en oeuvre
dans l'avenir sont également examinés,
notarmment lemploi de 'équipernent de
sgus-répartiion  automatique  {Automatic
Cross-connect Equipment ou ACE)l v
compris des améliorations des essais & dis-
tance qui seront possibles avec cet dquipse-
ment,

L'emploi de KiloStream dans un réseau
d'abonné typique est examing; ['aricle
souligne la nécessité de l'obtention de
bonnes communications générales entre la
terminal et 1'ordinateur,

RESUMEN
Hace ya mas de 2 anes que la British Tele-
com infrodujo su servicio del KiloStream.
Este articulo examina algunos de los prob-
lemas operacionales que se han encon-
trado durante este periodo v la obra que ha
resultado a raiz de esto, lo mismo que un
bosquejo de la funcién del equipo del Kilo-
Stream. Se aprovecha tambidn la opor-
tunkdad para considerar log nuevos desar-
roflos del future v, particularmente, el em-
pleo de equipos interconectados auto-
maticos (ACE) planeados actualmente,
incluso los perfeccionamientos de pruebas
adistancia que puede permilic este equipo.
Se discute el emplen del KiloStream en
una red de abonados, dando énfasis a la
necesidad de kegrar comunicaciones com-
pletas de éxito entre terminal v compata-
daora.

ZUSAMMENFASSUNG

Ez sind nun mehr als awel Jahren ver-
strichen, seitdem British Telecom seinen
KiloStream-Dhenst  einfiihrte, Dieser
Aufsatz  erdriert einige der wéhrend
dieser  Zelt  aufgetretenen  Betriehs-
probleme sowie die sich daraus erge-
benden Arbeiten und umschreibt auch die
Funktion der KiloStream-Gerdte. Gleich-
zeitig wird die Gelegenheit genutst,
neuen Entwickiungen entgegen zu sehen,
insbesondere dem Einsatz der gegenwirlg
geplanten  Automatic  Cross-Connect
Anlagen [ACE] - automatische Quer-
vermittiungsanlagen — sowie verbesserte
Fermpritfung, die durch diese Anlagen
ermoglicht wird.

Dy Einsatz des KiloStream-Systems In
einem typischen Kundennetz wird be-
sprochen, wobel die Nobwendigheit betont
wird, erfolgreiche Gesamthommunika-
fion zwischen Endgerdt und Computer
zu sichern.



