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EDITORIAL CHANGES

On March 1, 1992, Gésta Lindberg and
Gdran Norrman retired from their respec-
tive posts as publisher and editor of Erics-
son Review. The new publisher is Bo Hed-
fors, senior vice president in Telefonaktie-
bolaget L M Ericsson and Director of Cor-
porate Systems and Technology. Per-Olof
Thyselius has been appointed as the new
editor.

Gosta Lindberg succeeded Dr Christian
Jacobaeus as publisher of Ericsson Re-
view in 1979, following his appointment as
Technical Director of Telefonaktiebolaget
L M Ericsson. Gdsta Lindberg has taken
an active part in making Ericsson Review
anobjective and informative technical jour-
nal and has been a valuable support to the
successive editors during his 13 years as
publisher.

Gdran Norrman leaves his position as ed-
itor of Ericsson Review with this issue.
When he succeeded Gdsta Neovius, in
1986, he had a long and successful ser-
vice to the company behind him. His bro-
ad technical knowledge and interest in
technology has been very valuable in his
editorial work, which has been much ap-
preciated by the publisher and manage-
ment, and not least by the readers.

From the editor's desk

This, the first issue of Ericsson Review af-
ter my appointment as editor, is also the
first issue to be published in English only.
Subscribers who have previously received
the French, Spanish or Swedish editions
will from now on receive only the English
edition. When the Board of Ericsson Revi-
ew recently decided to stop publishing the
non-English editions, their prime motive
was the awkward delay between the first
and last editions — even considering that
Ericsson Review has never had the ambi-
tion to be a technical news magazine.
Another basis for the decision was, of cour-
ce, our firm belief that the majority of our
French, Spanish and Swedish readers are
familiar with English.

To avoid the situation of our English read-
ers receiving the firstissue of Ericsson Re-
view 1992 prior to the last 1991 issue, we
have chosen to publish a double-issue:
1-2, 1992,

Ericsson Review was first published in
1923, and as early as 1924 it became a
five-language magazine. Since the dis-
continuance of the German edition, it has
been issued in four languages. The ambi-
tion from the start was to pyblish a techni-
cal magazine to spread knowledge of
Ericsson products and Ericsson technolo-
gy to our customers' technical staffs and
to the technical staffs within our own world-
wide organisation. This objective has nev-
er been changed. The major content of
Ericsson Review has always beendescrip-
tions of our different systems and products
and outlines of our technical objectives.
Occasionally, the magazine has also con-
tained news from Ericsson's business op-
erations, large telecom exhibitions and
conferences.

Scientific material from our applied re-
search activities had once an exclusive
outlet in the form of Ericsson Technics.
This magazine was integrated with Erics-
son Review in 1978. Unfortunately, it turn-
ed out that scientific material met with dif-
ficulties in competing for space in Ericsson
Review. The readers are the only ones
who can change this situation, and we will
certainly appreciate it if they inform us of
their views on Ericsson Review and its
contents.

During my 38 years of working with differ-
ent parts of Ericsson, | have myself been
a regular reader of Ericsson Review. Tak-
ing office as editor | will do my best to
create a readable and informative maga-
zine in the years to come.

PER-OLOF THYSELIUS
Editor 1992—
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Frame Relay - for Faster and More
Efficient Data Communications

KAJSA LUNDFALL
Ericsson Business Communications

data communication systems
computer networks

packet switching

protocols

Fig. 1
Traditional centralised multi-user system

The environment is primarily designed for mod-

erate transmission speed

Kajsa Lundfall

Today, workstations and personal computers have become everyday tools. This fact
has radically changed the conditions for data communications networking. The
processing power has moved from computer centres to users’ desks. The
communications pattern is also different: it is no longer a matter of exchanging
transactions of the question/answer type, but of transferring large volumes of data in
the form of “bursts”. At the same time, technological improvements in the transport
networks have resulted in better data transmission quality. This, in turn, reduces the
need for error-correcting functions in the communication protocols; instead, efforts
focus on the ever-growing need for higher transmission speed. Efficient handling of
the new situation requires new protocols and new communications systems.

The author describes the way technological advances and a growing market demand
contribute to the development of new communications protocols such as Frame
Relay. The article compares Frame Relay to packet switching (X.25) and describes

how Frame Relay works.

In the last few years we have been wit-
nessing how developments in the data pro-
cessing and data communication fields
have changed the use of computers in
many companies. Due to the low cost of
personal computers and workstations,
practically every desk is equipped with
these tools today. The typical information
system is no longer a centralised multi-
user system, but a decentralised system
made up of interacting Local Area Net-
works (LAN). These inter-networks (com-
posed of various LANs) place new de-
mands on the Wide Area Networks (WAN).

Centralised systems

The core of a typical transaction-oriented
system is a central host computer which

N L

Concentrator
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serves a large number of terminal users
connected via concentrators and commu-
nication processors, Fig. 1. All exchange
of information between a terminal and its
environment takes place via the host com-
puter, which also accommodates all pro-
cessing power. Most of today's applica-
tions and communication networks have
been designed for operation in this envi-
ronment.

The typical transaction is a text string (a
question) which is sent to the host comput-
er, and a full screen (an answer) which is
sent from the host computer to the termi-
nal. Very little graphics — if any at all — is
used, and the amount of information trans-
ferred is small. Moderate transmission
speed canbe used, even when the require-
ments for short response time are strin-
gent.

Distributed systems

The present development in computer
technology is creating a new computer en-
vironment ~ based on Local Area Net-
works and distributed, interacting applica-
tions — which supplements the traditional
host computer configuration. LANs use
simple protocols and provide high trans-
mission speed for data communications
over short distances. Gone is the centrali-
sed arrangement, with a master-slave re-
lationship between computer and terminal,
in which all information must pass through
a mainframe,

Local Area Networks and personal com-
puters have developed along parallel lines.



Fig. 2

Distributed computer environment based on Lo-
cal Area Networks using internal transmission
speeds of several Mbit/s. This places exacting
demands on the datacom network, which is re-
quired to provide cost-effective LAN-to-LAN
communications

Fig. 3

The transfer time varies with the link transmis-
sion speed, which in turn is dependent on the
type of file translerred. When programs or files
containing graphics are to be transferred, a link
transmission speed of 64 kbit/s will result in un-
satisfactory response time

Fig. 4

A client-server application makes efficient use of
the combined processing power provided by the
host computer and the personal computer/work-
station. This makes exacting demands on the
network

[

O

Server

Interconnect

Server
Type of file 64 kbit/'s 2 Mbit/s
2 text pages 13s 1100s
1 page of spreadsheet 6s 15s
1 drawing page 155 12s
Large program file 1 min 2s

The design of protocols for Local Area Net-
works has been based on the demand for
these networks to be capable of handling
short response times and transferring
large amounts of data (file transfers, etc).
This has been achieved by building LANs
with internal cabling for data transmission
at high speeds. The Wide Area Networks,
on the other hand, use the existing trans-
mission infrastructure, which is primarily
designed for telephone traffic.

Increasingly, applications in the LAN envi-
ronment are introducing more graphics,
which accentuates the need for large file
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information transfer at high speed. An LAN
can manage transmission speeds of 4, 10
or 16 Mbit/s, or even more. The transfer
time is short even for large information vol-
umes, and databases, program libraries
and advanced l/O devices serving the en-
tire network have become a reality. In a
typical LAN, data is processed on the
user's own personal computer or worksta-
tion. The user connects himself to the net-
work only to print out files or to transfer files
or programs to a server or retrieve them
from that server. Information is transferred
in the form of short bursts at a relatively
low frequency.

The need for communications outside the
local environment requires a distributed in-
frastructure, as exemplified in Fig. 2. But
LAN-to-LAN traffic in Wide Area Networks
is notaltogether uncomplicated. Both tech-
nology and economy make the transmis-
sion speed on the links between local en-
vironments a restricting factor. Fig. 3 illus-
trates the differences in transfer time for
different file types transferred on a link at
9.6 kbit/s, 64 kbit/s and 2 Mbit/s.

New architectures

The processing power offered by today's
PCs and workstations is sufficient for most
applications. Databases, program librar-
ies and many other applications are char-
acterised by the need for common re-
sources for storing information or for tell-
ing users where a certain type of infor-
mation can be accessed. In LANSs, these
common resources are available in serv-
ers. In most PC networks, however, serv-
ers have so far been used only as an ex-
tra hard disk for storage and printout of da-
ta. All processing of data has taken place
in the local workstation. In order to make
more efficient use of the processing power

ERICSSON REVIEW No. 1-2, 1982



Fig.5

The X.25 protocol places the users’ data in pack-
ets, which are sent one after the other on the
line. In this way, maximum use is made of the ca-
pacity of the cor Each ct ion is vir-
tual, which means that several sessions can use
the same physical line simultaneously

Packet, virtual channel 1

- Packet, virtual channel 2

Fig. 6

X.25 switching permits maximum utilisation of
the capacity of the connection, all of which is
available for use by the party who needs it for
the moment

provided by the server, a new type of ap-
plication has emerged in which the server
and the workstation share the processing
work. This new way of designing applica-
tions is called the client-server model,
Fig. 4.

Inthe future, the client-server concept may
permit use of the network as an external
data bus between workstation and server,
a configuration which will place very high
demands on fast and safe information
transfer in the network.

The client-server model does not require
that the user knows where the requested
information is stored. It may be in a serv-
er in his own LAN or in another LAN that
forms part of the network. The location of
datais transparentto the user: he address-
es the service he wants to use, leaving it
to the network to keep track of where it is
executed. These conditions set the re-
quirements for LAN-to-LAN traffic that
characterise future development of long-
distance networks.

Improved transport networks

The ongoing modernisation of public tele-
com networks replaces analog transmis-

Bandwidth
l\ Network node
MUX
=
Time
Bandwidth
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sion to a great extent with more robust di-
gital technology, including extensive use
of fibre optic cables that are immune to in-
terference. The result is significantly de-
creased error rate and a dramatic reduc-
tion in the leasing cost of digital
connections for transmission speeds of 64
kbit/s and upwards.

Planning for higher
transmission speed

The Local Area Networks have the capa-
city required to meet the need for high-
speed connections with very short delay,
which is the result of increased worksta-
tion processing power and larger informa-
tion volume in each transfer. The digitali-
sation of public networks makes it possible
to meet this need in Wide Area Networks
too. However, a traffic pattern characteri-
sed by short information bursts and high
transmission speed means poor utilisation
of point-to point connections between two
Local Area Networks. Communication pro-
tocols which permit interleaving of traffic
from a large number of users over a sing-
le communication line, are a prerequisite
for cost-effective handling in Wide Area
Networks.

X.25

Sofar, X.25, or packet switching, has been
the leading established communications
protocol capable of interleaving data from
many users over a single line. Packet
switching is used both for public services
and in private networks in order to ensure
satisfactory economic utilisation of net-
work trunks, Fig. 5.

X.25 is an effective method for meeting
intermittent data communication needs,
andtoday’s X.25 networks have worldwide
coverage. X.25 does not stipulate pre-al-
location of a specific portion of the bit flow
to a specific connection between two us-
ers. As opposed to time division multiplex-
ing, this means that the whole bit flow is
available to the user who has data to send
atthe moment, Fig. 6. This also means that
several so-called “virtual connections” are
set up in parallel over the same physical
link. Each of these connections is allocat-
ed a logical channel: a unique identity in-
dicated in the data packet header.

Two types of connection are defined in
X.25: Permanent Virtual Connections



Fig.7
A company's data network should be designed
so as to permit both existing and future applica-
tions to use the same physical network

Box 1
Standardisation of Frame Relay

Frame Relay as a communications standard was
first proposed by CCITT in the late 80’s and then
presented in Recommendation 1.122, Atthattime,
the US standardisation body ANSI had also be-
gan to take an interest in this field, but the result
of both bodies’ work was rather long in coming.
Northern Telecom, DEC, CISCO, and Stratacom
therefore took the matter in their own hands, sub-
mitting at the end of 1990 a proposal for a stan-
dard based on the existing — but still incomplete —
proposals drawn up by CCITT and ANSI. This pro-
posal also contained a “Local Management Inter-
face”, LMI, which describes the exchange of in-
formation on link status between the DTEs and
the network. To complete the work and force the
pace of standardisation, Frame Relay Forum was
established in January, 1991.

More than 70 companies including Ericsson are
now members of Frame Relay Forum, which does
not do any standardisation work of its own but sub-
mits proposals to existing standardisation bodies
such as CCITT, ANSI and ETSI. The formation of
Frame Relay Forum speeded up the standardisa-
tion work, and the CCITT and ANSI standards
have now reached an appreciable degree of de-
velopment, including the specification of LMI func-
tionality.

CCITT's recommendations include 1.223 (which
describes the service), Q.922 (describing the
frame) and Q.933 (signalling). ANSI's versions of
these standards, which are basically equivalent to
those specified by CCITT, are called T1.606 (the
service), T1,618 (frame) and T1.617 (signalling).

Fig. 8
The Frame Relay standard specifies an interface
between a user and a Frame Relay network

: Existing
= Applications

Y

Corporate

Future
Applications

Sarver

data network

(PVC) and Virtual Connections (VC). The
Permanent Virtual Connection is anetwork
path which is predefined by the network
operator. The procedure for setting up a
Virtual Connection includes indication of
the address by means of a Network Ter-
minal Number, which is unigue to each set
of equipment connected. No network op-
erator is involved in this set-up procedure,
which results in the establishment of a net-
work path that remains connected until the
sender or receiver orders its release.

The X.25 protocol is based on the store-
and-forward principle. Packets entering
the network are stored in a buffer and
passed on in the order of their arrival. The
transfer over each individual link is moni-
tored separately, and an error results inin-
itiation of retransmission on the link. In this
way, correct data transfer is possible even
in networks with heavily disturbed connec-
tions. There is one disadvantage, howev-
er; the protocol handling requires much
processing power, which causes delay
and limits the available transfer speed. To-
day, a typical X.25 network cannot effi-
ciently utilise link speeds above 64 kbit/s.
But the development towards higher trans-
mission speed is evident in the X.25 net-
works, too, and follows the development
of microprocessor capacity.

Due to their limited transmission speed,
X.25 networks have not been considered
effective enough for the interconnection of
LANs in a wide-area environment. Point-

to-point connections have been preferred
when high transmission speed has been
the prime requirement. Although point-to-
point configurations provide the required
transmission speed, they are not usually
cost-effective. The reason for this is that
LAN interconnect applications generate
data in the form of bursts; that is, they util-
ise the available capacity for very short pe-
riods only. In fact, the connections are pas-
sive most of the time, resulting in a low de-
gree of utilisation.

Network solutions of today and
tomorrow

The new and the traditional, centralised
datacom environments usually coexist in
a company's organisation. Today, many
companies therefore have a datacom en-
vironment made up of separate infrastruc-
tures. A uniform communications environ-
ment must be able to meet the needs of
both LAN-to-LAN connections and of the
large number of terminals connected to
host computers, Fig. 7.

Frame Relay — a new
alternative in data
communications

The purpose of introducing Frame Relay
isto meet the new requirements, and main-
ly those resulting from the development of
LAN-to-LAN communications. The stan-
dard defines a simplified packet switching
service which meets the need for a simple

ERICSSON REVIEW No. 1-2, 1992



Fig. 9
A typical Frame Relay network with DTEs, net-
work nodes and public Frame Relay services

Fig. 10

Frame Relay networks use permanent virtual
connections, which means that a physical con-
nection can provide | logical ch Is for
simultaneous use
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Frame Relay DTE
with interface to

Gateway,
router, etc

data transmission protocol focusing on
high speed and requiring a minimum of
error-correcting and flow-controlling func-
tions.

The standard, which is described in both
CCITT and ANSI recommendations, de-
fines signal and data transmission at link
level, OSl level 2, in the interface between
user equipment and network, Fig. 8. (Cf.
X.25, which comprises the first three OSI
levels and uses a frame at level 2 for the
transmission of a packet at level 3.) The
standardisation work is briefly described in
Box1. '

How Frame Relay works

A Frame Relay network is made up of net-
work nodes and user equipment, DTE:s
(Date Terminal Equipment) connected to
the network. The DTE, e.g., a personal
computer, a gateway, a router or a host
computer, is provided with the interface
defined for Frame Relay, Fig. 9.

The sending DTE transmits frames to the
network. Each of these frames contains an

Frame Relay network
nodes forming a private
Frame Relay network

identification code (Data Link Connection
Identifier, DLCI). All network nodes along
the path to the final destination contain in-
formation indicating the outgoing channel
to which a frame with a specific identifica-
tion code is to be sent. The path between
the sending and receiving DTEs has been
predefined by the network operator, This
type of connection — a Permanent Virtual
Connection—is so far the only one defined
inthe standard. Virtual connections are not
included in today's Frame Relay function,
but future versions of the protocol are ex-
pected to allow such connections too.

The network node routes to the right des-
tinations the frames sent from a DTE. The
network node reads the identification code
of the incoming frame and sends the frame
(without changing it) on the outgoing chan-
nel indicated in the node's routing table.
This outgoing channel can either be a con-
nection to another network node (in which
case the procedure described above is re-
peated) or a connection directly to the ter-
minating DTE. However, the way the
frames are handled internally in the net-
work is not defined in the standard.

As in X.25 switching, the use of several
identification codes permits several par-
allel sessions in different directions to co-
exist on one physical connection, Fig. 10.
In this way, a DTE can communicate si-
multaneously with different destinations
over the same physical connection to the
network. This is necessary if the DTE is a
communications port in an LAN, but itis al-
so an attractive solution in cases where the
DTE is a personal computer or workstation
that uses several simultaneously active
windows.

Handling is simple because the protocol
does not include any error-correcting
mechanism. Speeds of several Mbit/s can
be used without requiring unreasonable
processing capacity for link handiing.
Today's version of the standard stipulates
a maximum link transmission speed of



Fig. 11
The frame format used for Frame Relay

Fig. 12

The address field of the frame used for Frame
Relay consists of a DLCI and contral /check in-
formation for flow handling

C/R C d/Resp i bit

EA Extended Address bits

FECN Forward Explicit Congestion Notification bit
BEGN B d Explicit Congesti ication bit
DE Discard Eligibility bit

1 byte 2 byte Variable length 2 byte 1 byte
Flag DLCI FCS Flag
Check performed ,’ T Check performed
ﬁ—:yaF::n;r‘\ng;elay——q r's kY r-——gyaFrrEmeHelay—b
o | [_TcPAPor other LANprotocol | | OO

| |
1 ST
[ |

2 Mbit/s, but considerably higher speeds
can be expected.

Frame Structure

The frame format used for Frame Relay is
based on LAPD (Link Access Protocol D),
which has been specified by CCITT
(Q.922) and ANSI (T1.618). The frame,
Fig. 11, is used to carry both user data and
identification code (DLCI). The header of
the LAPD frame consists of two byte and
contains — in addition to the 10-bit DLCI —
information bits for flow control (BECN,
FECN and a DE bit; see below).

The length of the information field in the
LAPD frame is adjustable to a maximum
value defined for the service concerned.
The length is normally set to a value at
which the information from the application
— a TCP/IP packet, an SDLC frame, an
X.25 packet, etc — can be carried without
having to be split.

The frame ends in a Frame Checking Se-
quence, FCS, which is used to check that
the frame has been transferred correctly.
As opposed to X.25, where an erroneous
FCS triggers a retransmission procedure
over the link, the network cannot guaran-
tee that all frames will reach their destina-
tion. Frames indicated as erroneous by the
FCS are discarded, but this does not nec-
essarily mean that the user loses any data.
Checking to ensure that the DTE-to-DTE
transmission has been error-free is usual-
ly a mandatory function in the higher-lev-
el protocol used for information transfer in
the application concerned. If an error oc-
curs, data must be retransmitted through
the entire network, and this obviously
takes longer time than retransmission on-
ly over the link on which the error occurred.
An approximate limit where Frame Relay
is effective is a Bit Error Ratio (BER) of no
more than 1/1,000,000 on individual links.
This means that modern, digital transport
networks are well suited for the simplified
protocol, but if the chain contains an ana-
log link, a short delay time for each link
must be weighed against the expected fre-
quency of end-to-end retransmission.

Flow control and handling of overload
situations

The handling of an overload situation in a
Frame Relay network demands less of the
switching equipment than handling the sa-
me situation in an X.25 network. In the lat-
ter case, the flow is controlled by the net-
work node sending confirmation messa-
ges in the backward direction to the DTE,
to the effect that sending may go on. If no
message is forthcoming, the DTE will stop
sending new packets until it has received
a confirmation. This rule ensures a con-
trolled and stable system, at the cost of de-
layed transfer.

ERICSSON REVIEW No. 1-2, 1992



Fig. 13

Applications which use sophisticated graphics
and therefore generate very large files are be-
coming more and more frequent. Yransfar
through the k requires a transmi

speed of several Mbit/s to obtain a reasonable re-
sponse time. Local ks are well adapted to
this requirement, but in wide area network trans-
fer there may be inconveniences, since these
networks did not initially have the infrastructure
required for high transmission speeds.

In pace with the digitalisation of the wide area
networks, new communication protocols are now
evolving, the development of them being to a
large extent driven by the demand for efficient
LAN-to-LAN communication. Frame Relay is one
example of this trend

ERICSSON REVIEW No. 1-2, 1992

Frame Relay is based on the opposite prin-
ciple: the network node sends signals to
the DTE only in overload situations. This
means simplified handling, and no delays
will occur as long as the traffic is undis-
turbed. A Frame Relay network reacts to
overload in two steps:

1 When the node registers a tendency to-
wards overload, the network requests
the DTE to reduce its data flow by send-
ing a Forward/Backward Explicit Con-
gestion Notification (FECN/BECN) con-
sisting of the check bits of the frame
header, Fig. 12. The network takes no
action but leaves it to the DTE to decide
on the best way of controlling its data
flow.

2 If overload occurs, the network will dis-
card frames.

The standard does not say how the net-
work will define the concept “tendency to-
wards overload". To exemplify, the node
can count the number of frames queued
for access to outgoing lines, or check the
CPU load, and then send an FECN/BECN
signal when a preset limit value is exceed-
ed.

As has been mentioned already, adiscard-
ed frame in the network will not result in
loss of information. The higher-level user
application protocol checks that the termi-
nating DTE sends a confirmation of data
having arrived. If no such confirmation is
received, retransmission through the en-
tire network will be initiated, resulting in un-
desired delays, i.e. longer response time.

Transferring the flow control to the DTE
clearly involves a risk, since most of
today's frame-relay-compatible DTEs can-
not handle FECN and BECN signals. So-
me suppliers of equipment capable of han-
dling FECN/BECN signals recommend us-
ers to switch off the function in order to
avoid falling behind when competing for
transport capacity with equipment without
that function.

For the simplified flow handling to function
properly, each connection from a DTE is
allocated a Committed Information Rate,
CIR. This rate is affiliated to the virtual con-
nection through the network, and the rate
value determines how much data the DTE
can send on this connection during a giv-
en period of time.

The standard does not give a strict defini-
tion of how to use the CIR value. It could,
for example, be chosen so that each PVC
would be guaranteed access to a given bit
flow, which would basically be the same
as using a leased line. A 2 Mbit/s connec-
tion would then be able to carry 32 PVCs
of 64 kbit/s each. However, a more ration-
al use will be ensured by starting from the
stochastic traffic characteristics and inter-
preting CIR as a stochastic value of the av-
erage amount of datathata PVC is expect-
ed to carry during a given period of inte-
gration. Since the traffic is in the form of
bursts, there is little probability of all sourc-
es sending at the same time. In other
words, we can allow a PVC to momentar-
ily utilise a relatively large portion of the
available transmission capacity, provided
the stipulated average value is kept. At an
integration time of, say, 0.5 s, a CIR value
of 256 kbit/s for a PVC will mean that the
DTE can use this PVC for sending one or
more bursts of altogether 128 kbit during
each 500 ms interval.

Assigning CIR values will facilitate calcu-
lation of the traffic flow through the net-
work. When the CIR value is exceeded,
the Discard Eligibility bit in the frame head-
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Fig. 14

Handling an overload situation in a Frame Relay
network. Each Virtual Connection through the
network is assigned a Committed Information
Rate (CIR). The CIR value is generated by the
network and indicates that the DTE on this con-
nection is capable of sending a given amount
(Committed Burst Size, Bc) of data during a giv-
en period of time (Tc), CIR=Bc/Tc. Provided the
network is not overloaded, the DTE is allowed to
send a somewhat larger amount of data (Excess
Burst Size, Be) on the connection. But if an over-
load situation occurs, this extra amount will be
cancelled and any frames above the CIR value
discarded. If the DTE exceeds the maximum per-
missible quota (Bc + Be) for a given connection,
the network will always discard the excess num-
ber of frames

er (DE, Fig. 12) should be set to 1. If this
is not done in the DTE, it will be done by
the access node of the network. If over-
load occurs, queued frames whose DE bit
is set will be discarded before other, un-
marked frames. The DTE is allowed to ex-
ceed the assigned CIR by apredetermined
value, the Excess Burst Size. If larger
amounts of data are being transmitted, all
excess frames will be discarded, regard-
less of the load situation in the network,
Fig. 14.

An overload situation may remain in the
network even after all frames with set DE
bits have been discarded. In order to fur-
ther organise the continued discarding, it
is also possible to establish an order of pri-
ority for the different virtual connections.
This is up to the manufacturer or operator
to decide, since the Frame Relay recom-
mendation does not define any priorities.

Supervision of the interface

Supervisory frames with reserved DLCI
addresses are used for two purposes: for
supervision and for exchange of informa-
tion between the network and the DTEs.

Bits

Bc+Be -

Exess Burst
Size (Be)

Committed _
Burst Size (Bc)

Access Rate

———————————— -(]

The link status and the information indica-
ting active or inactive link are transferred
in these frames. Indication of the status of
permanent virtual connections and execu-
tion of changes in the DLCls used are
other functions of these information
frames.

Implementation of Frame
Relay

Frame Relay can be implemented in diffe-
rent ways:

* As part of a private packet switching net-
work that also supports other types of
communication, such as X.25 and SNA.

« As a virtual private network consisting of
an operator network section dedicated to
use by a specific customer, a company
or an organisation.

= As a public Frame Relay service provid-
ed by the PTT or some other operator.

+ As a hybrid solution: a private network
covering the primary geographical area
of a company, and peripheral units con-
nected via public Frame Relay services.

>_ Discard All Frames
(>Bc+Be)

Frames Eligible
- for Discard

Send Frames as
> Received from
User

To Committed Rate

——Pp Time
TO+Tc

Measurement Interval
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Frame Relay in ERIPAX

Ericsson's packet switching system ERIPAX is
continuosly improved to meet the emerging de-
mands for an enhanced packet switching service.
Frame Relay services is currently added to
ERIPAX functionality.

The implementation of Frame Relay in ERIPAX
conforms to applicable international standards but
also includes additional services of value to the
user. To follow and influence the Frame Relay
standardisation process, Ericcson has been a
member of the Frame Ralay Forum since its
founding in 1991.

Frame Relay will be offered as an integrated soft-
ware function in the ERIPAX node, allowing pack-
et switching and Frame Relay services to co-ex-
istin the node. Packet-switched services, such as
X.25 and SNA/SDLC, may use Frame Relay as a
bearer service within the network and — without
any additional investments — benefit by the high-
er speed and capacity of the Frame Relay service.
If so required, certain parts of a network can be
restricted for use of one of the services only.

Frame Relay services in ERIPAX will be described

by Gtiran Ingemarsson and Bo Karlander in an ar-
ticle in the next issue of Ericsson Review.
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A study of the 1000 largest companies in
the USA, made by the Yankee Group and
published in Data Communications Inter-
national, January 1992, shows that 64 %
of these companies were planning to in-
stall communications systems based on
Frame Relay technology within the next
two to five years. Western Europe is prob-
ably some years behind the development
in the US, where deregulation has played
an important role and where LANs are in
more frequent use than in Europe.

Advantages of Frame Relay

Frame Relay is basically a simplified im-
plementation of the X.25 protocol, aimed
at facilitating a marked increase of the
transmission speed on network links and
DTE lines. The advantages of the X.25 pro-
tocol remain unchanged, i.e. efficient traf-
fic interleaving and the possibility of esta-
blishing several connections over the
same physical channel. The consequen-
ces of the removal of the error-correcting
function and the greatly simplified flow
control on individual network links are
more than compensated for by the im-
proved transmission quality obtained by
extensive digitalisation of the public trans-
mission facilities.

Frame Relay is therefore a logical conse-
quence of the technological development
— in two respects. Firstly, in terms of the
new needs emerging in the increasingly
advanced computer environment. Sec-
ondly, in terms of faster and cheaper trans-
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mission (characterised by a lower level of
sensitivity to interference), which is the re-
sult of improved digital technology and
whichis probably also enhanced by the on-
going deregulation of public telecom oper-
ations.

Another important factor is the ease with
which Frame Relay can be introduced in
today's data communications environ-
ment. A PC, a workstation or a server be-
comes a Frame Relay DTE after adding
software of low complexity. Frame Relay,
just as X.25, is a specification of the inter-
face between the DTE and the network,
and many of the functions offered today by
the X.25 networks (such as alternative
routing and charging) can be directly ap-
plied when implementing Frame Relay
functionality in an X.25 node.

No network-to-network interface is speci-
fied in the present version of the standard,
but the standardisation work is in progress.
The result of this work is likely to further
strengthen the position of Frame Relay as
an attractive public and private service.

Effective LAN-to-LAN communication is
the driving force behind the introduction of
Frame Relay, but once the Frame Relay
networks have been implemented it will be
possible to offer better solutions to other
datacom needs too. Therefore, itis not sur-
prising that Frame Relay has been widely
accepted, both by operators and by sup-
pliers of equipment for corporate datacom
networks.



Computerised System for Quality
Inspection in Optical-Fibre Cable

Production

Géran Nilsson and Solweig Viklund

In order to meet the market's increasingly stringent quality requirements — those
specified in SS-ISO 9001, for example — Ericsson Cables AB in Hudiksvall, Sweden,
has developed a computerised system for quality inspection in optical-fibre cable
production. The system, called Dehlfi, has been in operation at the Hudiksvall factory
since 1988; another version has been used at Ericsson Cables’ Spanish factory since
its inauguration in July, 1991.

The authors describe the system's design, functions and field of application.

Optioal cables Quality is a concept of vital importance to
:Ezﬁif :,'gﬁfm Ericsson Cables. For a product to be im-
inspection proved and optimised, its characteristics

must be known. Knowledge of a product's
quality is largely a matter of information —
in design, sales and administration — and
this information must be easy to under-
stand and make use of.

statistical process control

A considerable number of parameters are
needed in the design and manufacture of
optical fibre and cable. Large amounts of
measurement data have to be presented
in an attractive and comprehensible way —
even to our customers. To achieve our
quality objectives we must have a system

that can receive, store, process and
present the necessary information. That is
why Ericsson Cables has developed a
computerised system called Dehlfi (Data-
base at Ericsson Hudiksvall for optical Fi-
bre and cable).

Some requirements have been given top

priority in the development of the system:

— data must admit of being automatically
entered and stored in the database

- the database must be user-friendly and
easy to modify

— the database must allow the use of com-
plex relations

— printouts — especially those in the form
of customer documents —must be of high
quality.

The manufacture of fibre and cable is de-

scribed in References 1 and 2.

System description
Database

The core of Dehlfi is @ minicomputer. It is
an HP 9000/835S, with RISC architecture

Fig. 1
Workplaces, terminals and test stations in the
Dehlfi system
Fibre store —"_@__,—- ECA'Sundbyberg
Pc
.':L:':n:]tm Bar code reader
| s Bar code reader Label printer
) -
Administrative
department
;Lhr::ﬂtot?st OTDR Production planning
Spectral attenuation —
Geometry
Dispersion
Fibre store Intermediate testing
= database of secondary coating
DEHLFI and cabling
Fibre drawing Minicomputer
Terminal
Label printer l_
Cabling
System Terminal
development Bar code reader
Terminal
Matrix printer
Laser printer R
Technical
?;'?n’i?aj Quatity vostrel i g
i Laser printer
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GORAN NILSSON
SOLWEIG VIKLUND
Ericsson Cables AB

Fig. 2

Example of test station equipment
Printer HP Thinkjet
Computer HP 9000/332

Diskette drive HP 9122
Testinstrument  OTDR
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(Reduced Instruction Set Computing), ca-
pable of performing 14 million instructions
per second (14 MIPS). It has an 8 Mbyte
primary memory and uses two hard disks
of 571 and 670 Mbyte respectively. Two
magnetic tape stations are provided for
backup copying.

The HP machine uses a UNIX operating
system. The database is developed in HP
Allbase/4GL, which is a special database
language, and has ISAM data files (Index
Sequential Access Method). A number of
external routines are written in the two pro-
gramming languages C and Pascal.

Fibre-optic network

A star-shaped network connects the mini-
computer to terminals, test stations and ot-
her equipment, Fig. 1. Cable designers,
system developers at the technical de-
partment and operators at the manufactu-
ring and quality inspection departments
can access the system via this network. In
1991, 12test stations, 10terminals and va-
rious PCs and printers were connected to
the network.

The network is made up of fibre-optic mo-
dems and fibre-optic multimode cables,
and designed according to EIA’s standard
RS 232 (CCITT V24/v28).

The units of a test station are interconnect-
ed via the instrument bus HP-IB (Hewlett-
Packard Interface Bus), by other instru-
ment manufacturers called GPIB (General
Purpose Interface Bus). This is a standar-
dised, general-purpose bus which con-
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nects one or more test instruments to a
control unit, thus forming a computer-con-
trolled test system.

The communication routines are written in
HP Basic, and data is transferred in the
form of text sequences in ASCIl code
(American National Standard Code for In-
formation Interchange). This is not the fast-
est communication protocol available, but
the transfer time is insignificant in compar-
ison with the test time.

Test stations

A test station is equipped with a test instru-
ment; forexample, an OTDR (Optical Time
Domain Reflectometer) and the associat-
ed computer HP 8000/332, a printer and a
plotter, Fig. 2. Each test station has a spe-
cific test program in HP Basic. The menu-
controlled test program instructs the oper-
ator and reads the instrument. A test
station may either communicate directly
with the database or operate in stand-
alone mode.

User interfaces

The Dehlfi system has menu-based user
interfaces. Each operator category has a
separate, tailor-made set of menus, and
each operator has a unique password.
Personal computers have Windows user
interfaces, Fig. 3.

The introduction of Dehlfi meant consider-
able saving of labour, for one thing be-
cause the system eliminates the time-con-
suming and monotonous manual record-
ing of test data at terminals.
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Box 1

Code39, the first alphanumeric bar-code ever to
be designed, is now the most frequent code in in-
dustrial applications. The code consists of 44 dis-
crete, unigue patterns. Each pattern is made up
of @ elements: 6 narrow and 3 wide; hence the
name Code 3 of 9. Each sequence starts and ends
with an asterisk, “*"

An enhanced version, Extended Code39, has
been introduced to permit coding of all 128 char-
acters in the ASCII table. Here, $, %, / and + are
combined with other characters to form a com-
plete ASCII table. Example: "a” is coded as "+A".

Fig. 3
Windows' Spanish user interface

Data flow

Traceability is important when producing
optical fibre and cable. The Dehlfi system
provides an efficient tracing function: itcan
determine to which cables the fibres drawn
from a given preform belong and, in the
opposite direction, the original preforms
used for a given cable, Fig. 4.

Preforms

Preforms delivered to the factory are re-
gistered on receipt, i.e. each preform is gi-
ven a unigue identification number — a pre-
formid. This number, together with data on
manufacture, supplier and type of fibre, is
stored in the database. The number will
then form part of the fibre identity.

Fibre drawing

When the fibre is drawn, a drawing record
is prepared which contains run data and
machine data. The finished fibre is then
subjected to a strength test, and the fibre
lengths obtained are registered in the da-
tabase, which generates a unique identifi-
cation number, afiberid, for each fibre. The
fiberid is printed — both in plain text and in
bar-code — on a label printer and stuck on
the fibre drum. All registration of preforms
and fibres is done by staff serving at the
drawing towers.

Fibre testing

The registration of the fibre is followed by

quality inspection (primary testing) at four

different test stations in the test room:

— Attenuation test, OTDR

— Spectral attenuation and mode field test,
FOA (Fibre Optical Analyser)

— Dispersion test, CD3 (Chromatic Disper-
sion)

— Geometrical test, i.e. testing of the geo-
metrical characteristics of the fibre.

The operator carries out the tests as
prompted by the test program. Test data
can be stored in three ways:

— Automatically in the database

— On diskettes

— In the form of printouts only.

A check is made to ascertain that the fibre
has been registered, and then the testdata
is stored in the database. Storage on dis-
kettes is primarily a backup routine to safe-
guard the system against faults, such as
breaks in the communication between
database and test station. A program rou-
tine is provided which automatically reads
test data from diskettes to the database.

The system automatically compares the
primary test results of each fibre with spec-

= Aplicaciones Windows
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Fig.5
96-fibre ribbon cable

Fig. 4
Dehlfi data flow

ERICSSON REVIEW No. 1-2, 1992

ified values. Approved fibres are put in
stock.

Purchased fibre

Purchased fibre is accompanied by testda-
ta stored on diskettes, whose contents are
read to the database via a PC. At the sa-
me time, a cross-reference register is pre-
pared which shows the supplier's and
Ericsson’s fiberids. A label showing fiberid,
length and storage-location is printed on
the label printerand stuck on the fibre drum.

All labels — Ericsson's as well as those of
the fibre suppliers — have bar-code infor-
mation which facilitates handling and min-
imises the risk of mistakes.

Code39 is the standard bar-code (symbol-
ogy), and Extended Code39 is also used
where required. See Box 1.

Ribbons

Ribbons are manufactured for use in rib-
bon cable. The ribbons are placed in the
cable core, with up to four ribbons in each
slot, which gives 96 fibres per cable, Fig. 5.
In the manufacturing phase, each ribbon
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is given a unique identification number—a
ribbonid. The quality of a ribbon is inspect-
ed by comparing its test data with the data
of each fibre in the ribbon.

Storage management

The Dehlfi system also handles the stora-
ge of fibres. The database indicates the
physical storage-location of each fibre. It
only takes a couple of minutes to produce
an inventory report showing the current
quantity of each type of fibre. This infor-
mation is sent once a week to the produc-
tion planning department. The financial de-
partment also receives weekly reports on
storage transactions, i.e. the amount of fi-
bres received and withdrawn.

Secondary coating, stranding and
jacketing

Fibres are withdrawn from store for se-
condary coating and stranding. For each
cable, the fibres selected in the database
tally exactly with the customer's specifica-
tion. For this purpose, the system uses a
search routine which selects fibres with the
required properties and indicates their
physical storage-location.

Preform
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Fig. 6
Cable attenuation test at Ericsson’s Fibroco fac-
tory in Spain

After the secondary coating has been ap-
plied, the fibre is subjected to quality in-
spection (secondary testing). This test is
carried out according to the same routines
as those applied in the primary OTDR test.
The test data is usually stored directly in
the database.

Terminals at the stranding lines register
the fibre contents of each cable, and the
cable is given a unique identification num-
ber — a cableid. The cable line operators
also handle the registration of cables. To
facilitate work and minimise the risk of in-
correct registration, all terminals have a
bar code reader and a bar-code menu.

Stranding is followed by intermediate test-
ing, jacketing and delivery inspection.
Intermediate testing comprises attenua-
tion measurements of all fibres in the
cable. The test data is stored in the data-
base. The values obtained in these tests
and in secondary attenuation tests are
checked against the primary attenuation
values. The program issues a warning if
the difference exceeds the tolerances
specified.

Delivery inspection

A cable which has passed the delivery in-
spection is ready for delivery. A delivery
record for the customer is printed on a la-
ser printer.

The delivery record documents the optical
and physical parameters of the cable, Fig.
7. Since a cable may contain hundreds of
fibres, the delivery record will take up at
least two size-A4 pages. The first page
contains statistical data, and the subse-
quent pages give test data of each individ-
ual fibre.

The layout of the delivery record will vary,
depending on the customer's require-

MW e
e

ments and on the type of cable delivered.
Torationalise handling, customers may re-
ceive cable parameters stored on diskette.

Statistics

Two main system requirements were de-
fined when Dehlfi was put into service in
April, 1988: Automatic transfer of test da-
ta from test stations to the database, and
printout of complete delivery records. Du-
ring the subsequent development of the
Dehilfi system, a large number of quality in-
spection parameters have been added,
and the possibilities of using these para-
meters in quality work have also increa-
sed.

Three program categories are available for
the processing of data extracted from the
database:

— Search, processing and presentation
Complete reports for recurrent follow-up
are prepared

— Search and processing
Data is prepared for presentation by
means of a special graphics
program, e.g. Graph-in-the-Box

— Search
Routines which only locate predeter-
mined data for processing and presen-
tation later on by means of statistics soft-
ware, e.g. Minitab.

Minitab is a software package for ad-
vanced statistical processing. EQFOS
(Ericsson Quality, Design and Statistical
Analysis of Experiments) is one of its us-
ers. Graph-in-the-Box is a very handy
graphics program which also contains so-
me statistics functions.

The software packages developed by
Ericsson Cable's own specialists include
one for collecting fibre data during a pre-
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Fig.7
Example of delivery record
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VK 1523-402033C

ERICSSON CABLES RECORD OPTICAL CABLE
ed Date | Order no
HL/ECB/T/VK Hargit Dahlberq 17 Dec 91 | 29595-080
[ Checked Manufacture no: KBno:
S40E00700 7779

Cable......: GNLWLV 24x%10/125 EM

Fibre......: OVD/Q
Cable id...: 9035007
Drum no....: 3483

Length ordered..: 4000
tested...: 3978
shipped..: 3973

Customer........:

order..: KI 199-6755

spec no:
i | sPECIFIED VALUES TEST VALUES i
3 [ "mean [ min | max |
Mode field diam PII 9.4 * 0.8 pm 9.2 9.6
| p |Cladding diam 125 + 3 um 124 126
g I |Concentricity error <£1.0 pm 0.32
‘I: : Cladding non circ <2 % 0.90 |
A| E |Cut-off wavelength 1.10 - 1,28 pnm 1.18 i
H Sec coating diam nom 2.4 mm 2.40 2.40 |
- |
g Sheath 1 nom min
Pl Diameter [mm] 10.3 10.3
> : Thickness [mm] 1.00 0.75 1.01
(3| & Sheath 2 |
: E Diameter [mm] 15,1 | 16.8
Thickness [mm] 1.50 1.13 1.40
0 ATTENUATION mean max
P
g 1300 nm [dB/km] 0.40 0.50 0.34 0.33 0335
c
A 1550 nm [dB/km] 0.30 0.40 0.19 0.18 0.20
L |
3 DISPERSION min max
R
g Zero disp [nm] 1295 1322 1315 1310 1319
E
R
T| Slope [ps/(nm* -km)] I 0.095 0.088 0.087 0.089
I |
: 1570 nm [ps/(nm-km)] | 19 18.2
date:17 Dec 91
CABLE ID: 9035007 no of fibres: 24
ATTENUATION DISPERSION
tube:no col 1300 1550 zero disp slope 1570
[dB/km] [dB/knm] [nm] [ps/ [ps/
(nm2 km) ] (nm km) ]
:01 blu 00.34 00.19 1316 0.088 17-5
:02 org 00.34 00.20 1317 0.088 17.4
103 gre 00.35 00.19 1319 0.087 17.2
:04 bro 00.34 00.19 1317 0.088 17.5
2 :05 blu 00.35 00.20 1314 0.088 AT =B
:06 org 00.34 00.19 1313 0.088 17.8
107 gre 00.34 00.20 1315 0.088 17.6
:08 bro 00.34 00.19 1316 0.088 17.5
3 :09 blu 00.35 00.20 1316 0.088 17.5
:10 org 00.34 00.19 1316 0.088 17.6
:11 gre 00.35 00.20 1315 0.088 17.6
212 bro 00.35 00.20 1316 0.088 175
4 :13 blu 00.34 00.19 1316 0.088 17.6
114 org 00.34 00.19 1314 0.088 17.7
115  gre 00.33 00.18 1316 0.088 17.5
116 bro 00.34 00.20 1314 0.088 17.8
B blu 00.34 00.19 1319 0.087 11+2
:18 org 00.34 00.19 1315 0.088 17.7
119 gre 00.35 00.19 1312 0.089 17.9
:20 bro 00.35 00.20 1310 0.089 18.2
6 :21- blu 00.34 00.19 1314 0.088 379
$d2. org 00.34 00.19 1312 0.089 18.0
t23 gre 00.34 00.19 1315 0.088 17.6
124 bro 00.35 00.19 1310 0.089 18.1

.....endofreport.......
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Fig.9
Installing the Dehifi system at Ericsson's Fibroco
factory in Spain

Fig. 8

Example of printout for monitoring fibre produc-
tion. The program was developed by Ericsson
Cable's own software specialists

ATTENUATION at 1310 nm
Week xx - yy, supplier AA.

File name......: er2
Date.....-.....: 92-03-03
Mean value..... wmaw 5 i

Standard deviation.: 0.007
Number of values...: 1732

class part (%]
0 % __35 % ?u % ?5 % ﬂoo %
1 <0.30 s 0.0
2 0.30~ 0.32¢ 0.0
3 0,32~ 0.34: T LT
4 0.34- 0.36: 26.3
5 0.36~ 0.38: 1.4
6 0.38- 0.40: 0.5
7 0.40~ 0.42: 0.0
8 0.42- 0.44: 0.0
9 0.44- 0.46: 0.0
10 0.46- 0.48: 0.0
11 0,48~ 0D.50: 0.0
12 > 050 : 0.0
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determined period, for presenting certain
statistical information, and for showing (by
means of histograms) how the data is dis-
tributed, Fig. 8. Quarterly reporting of fibre
statistics is one application of this soft-
ware.

A production report shows the output of the
fibre manufacture at Ericsson Cable's own
factories, both for defined periods of the
year and on a per-year-basis. The figures
show the approved amount of fibre, ex-
pressed either in number of metres or as
a percentage of the total length of drawn
fibre. Report items include the number of
drawn preforms, the relation between ac-
tual and theoretical results, and the length
of approved or rejected fibre.

Expected future development

Flexibility
Today, 30 peripheral units (terminals, test
stations, etc) can be connected to the mi-
ni-computer of the Dehlfi system. Since the
system would be useful to more technical,
production and inspection staff, an exten-
sion is being planned according to two
main options:

— Extension of the present star-shaped
network by adding serial ports on the
mini-computer. This will permit connec-
tion of 80 users
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— Installation of an LAN (Local Area Net-
work). The advantage of this option is
twofold: a larger number of users can be
connected, and the LAN can be connect-
ed to the existing PC network.

Both options require extension of the pri-
mary memory to 16 Mbyte.

A result of the in-house development of the
software is high flexibility. Programs in the
database and in the test stations can eas-
ily be modified in step with the introduction
of changes to design and production pro-
cedures.

International application

The Dehifi system is available in three
languages: English, Spanish and Swe-
dish. In addition to the Swedish Hudiksvall
factory, the system has been in operation
at Ericsson’s new Fibroco factory in Spain
since that factory was inaugurated in July,
1991. The English version is used when
guiding visitors from abroad and as a plat-
form for translations into other languages
(only Spanish, so far).

All further Dehlfi development work is done
at Hudiksvall. The English and Spanish
versions are updated in parallel with the
development of the Swedish software. Our
objective is to be able to provide three mu-
tually compatible versions.
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Human Factors — A Key to Improved

Quality

Thomas Backstrém and Nigel Claridge

Telecom services are being developed rapidly, and introduced at an alarming pace.
Both end-users and telecom network operators will soon experience how these
services and other emerging possibilities place new and greater demands on their
communication with the telecom system. Technical solutions must take human issues
into account — technology is used by people in their daily lives. As the number of
services offered increases, it will become more and more important to provide
efficient interaction between the individual and the technology.

Internationally, the art of creating an integrated man-machine system is known as
Human Factors Engineering, or Human Factors for short.

The authors describe what Human Factors is, Ericsson's corporate policy within the
area, and the process required to create good and usable products from the human

viewpoint.

human factors
telecommunication services
standardisation

Fig. 1

In a changing world, where telecommunications
is becoming a part of everyday life of the individ-
ual, variations in culture, traditions and language
place demands on the design of telecom prod-
ucts and services. Human Factors increases the
degree of usability and acceptability by making
products simple and easy to use

Ericsson manufactures and supplies prod-
ucts within a wide variety of areas — from
specialised and complex products, such
as information systems used in fighter air-
craft, to public and private telephone ex-
changes and consumer products such as
telephone sets. Each product has its own
set of specific design requirements and
conditions, based on the characteristics
and limitations of the intended users.

Although there are few similarities
between the design specifications for the
cockpit of a modern fighter and those for
a desk-top telephone set, all products — ir-
respective of the level of technology — have
one basic demand in common: they must
be designed so as to perform well in the

environment for which they are intended.
Clearly, a fighter cockpit or air traffic con-
trol centre requires significantly more de-
velopment resources than a simpler prod-
uct, but how many of us have been
frustrated, if not injured, when using a can
opener. After several unsuccessful at-
tempts we have probably thrown it away.
To avoid these problems, the way a prod-
uct will be used — and by whom — must be
thoroughly analysed and the results inte-
grated early into relevant product specifi-
cations.

In principle, there is little difference
between the Human Factors methods ap-
plied when designing a cockpit and those
applied in the design of a telephone set.
The variation lies in the number and com-
plexity of relevant factors, resulting in
cockpit design being significantly more dif-
ficult and more extensive.

Historical background

The need for new specialist knowledge
arose because both users and manufac-
turers became more and more specialised
in their activities, and because demands
for safety and efficiency increased. This
knowledge identified demands to be in-
cluded in product design — demands that
were based on the users’ (operators') cog-
nitive and physical limitations and the work
situation. It also formulated these de-
mands so that they were understood and
usable by the systems engineer.

The need for Human Factors knowledge
was accentuated during the Second World
War. Technical developments advanced
to such a degree that individuals operat-
ing systems and vehicles experienced se-
rious difficulties and were exposed to per-
sonal danger. It became necessary to
design control systems and to present in-
formation in a way that permitted efficient
operation, yet avoided overstressing the
individual and eliminated the risk of acci-
dents.

This development has continued, and Hu-
man Factors knowledge is now applied not
only to complex and sophisticated prod-
ucts but also to a wide range of everyday
products, such as cars, computers, tools
and machinery and consumables. Aids for
the elderly and the handicapped is another
area where Human Factors knowledge is
applied.
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Box 1

Definition of Human Factors

Human Factors is defined as “The study of the re-
lation between man and his occupation, equip-
ment and environment, and particularly the appli-
cation of anatomical, physiological and
psychological knowledge to problems arising
therefrom”,

Therefore, “Human Factors in Information Tech-
nology” (IT) Is considered to be the study of, and
application of Human Factors knowledge to, all
aspects of the relation between the human, the
machine and the environment which directly infiu-
ence the safe, efficient, acceptable and satistying
usage of the IT system.

Box 2

HUMAN FACTORS
ENGINEERING
Ericsson’s Policy

Purpose To ensure high Human Factors'
quality in all Ericsson products
Policy Human Factors Engineering

should be applied to all product de-
sign, thus making the products
protessional also from the indivi-
dual user's and handler's point of
view
Responsibility Business Area and/or Local Com-
pany management is responsible
for the issuance of application ru-
les for Human Factors Engineer-
ing. Corporate Systems and
Technology is responsible for
coordination activities
Guiding Principles
- Products and systems to be used in similar user
environments should be given uniform ergono-
mic or Human Factors properties
— In product design work, great attention should
be paid to the concepts “user-friendliness" and
“suitability for purpose”
~ Qur professional knowledge in Human Factors
Engineering should be utilised in our marketing
~ Qualified application of Human Factors Engi-
neering should be emphasised as important
quality improvements
— Existing standards in the Human Factors field
must be followed and measures must be taken
to further develop such standards
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What is Human Factors

As defined in Box 1, Human Factors is an
interdisciplinary science. The terms Hu-
man Factors and Ergonomics are often
used synonymously when defining both
the applied area of research and the met-
hod used to create products. In Scandi-
navia, the term Ergonomics has been
strongly identified with the physical design
of products and workplaces, i.e. associa-
ted with man's physical characteristics re-
levant in this context: anthropometry,
stress, vision and hearing. The term Hu-
man Factors is used to encompass these
aspects — and also the cognitive aspects
—inthe design process, such as man's abi-
lity to process, interpret and act upon in-
formation. Cognitive issues have grown in
importance as information technology has
broken into more and more areas of ap-
plication.

The changing world of
Telecommunications

As a result of increased competition
through deregulation, network operators’
cost situation has become strained at the
same time as subscriber demand for ser-
vice has increased. Subscribers have be-
come increasingly dependent on the tele-
com services they use. Individuals and
companies are emphasising the need for
mobility; yet demanding access to the sa-
me functions and services irrespective of
location. Many of these demands are now
fulfiled by both public and private ex-
changes and by fixed and mobile services.

Common to all these changes is the de-
mand for simplified methods of handling
an increased range of complex services.
Services must be easy to learn and easy
to use for end-users, subscribers and net-
work operator service staff. Handling pro-
cedures for a given service should be the
same irrespective of the application, which
means that efficient, uniform handling
characteristics will become one of the most
important competitive edges in the future.
This applies both to products which are
part of the network and to products used
by subscribers when utilising network ser-
vices. Efficient handling characteristics
are a result of products that are well adapt-
ed to user requirements and the intended
task.

There are further advantages to be gained
through the application of Human Factors.
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Variations in culture, tradition and lan-
guage are taken into account, which re-
sults in products becoming accessible to
a wider range of end-users. The applica-
tion of Human Factors will reduce training
time, lead to more reliable data input and
higher productivity, and ensure that prod-
ucts will be better adapted to the environ-
ments in which they will be used. Faced
with the trend (noticeable in many coun-
tries) of increased supplier responsibility
for product safety, the need to design
good, safe products supported by usabil-
ity testing becomes paramount. Human
Factors input in product development will
become more and more essential.

Ericsson’s Policy

Ericsson’s goal as regards Human Factors
is that all Ericsson products should meet
user requirements for comfort and safety,
and at the same time promote user and
system performance efficiency. The Erics-
son view of Human Factors is summarised
in a corporate policy which has been ap-
proved by the Corporate Executive Com-
mittee, Box 2. The policy emphasises the
need for all Ericsson products to have a
professional design with regard to user re-
quirements. It also expresses the need for
co-ordination in these issues between the
different corporate units.

A principal criteria put into practice is that
specifications about usability and function-
ality are integrated, at an early stage, into
the development process of completely
new or existing products.

The Technical Committee for
Human Factors

Ericsson Technology Council (ETC) coor-
dinates the follow-up of technical devel-
opments in general, and also the provision
of new technology within Ericsson. This
taskis performed via a number of research
centres, application labs and a series of
specialised technical committees. The
Technical Committee for Human Factors
(TUHF) is one of these committees.

TUHF's task is to strengthen Ericsson's
competence within the area of Human
Factors and to ensure a uniform corporate
profile.

TUHF, through a network of contacts, both
within Ericsson and with external institu-
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1 Use the user's model

2 Introduce through axperience

3 Design the product to be user-centred

4 Allow the user to observe and control the

system

5 Log activities during testing

& Ensure consistency and uniformity

7 Provide immediate feedback

8 Avoid the unexpected

9 Validate entered data where possible
10 Provide selected help information

Fig.3
Ten fundamental principles to keep the user
friendly! (British Telecom, 1990)

Fig. 2

The main elements in the computer system

It is important to view the system not merely as a
set of technological items, but as the totality of
people at work with equipment in a working envi-
ronment. The challenge is to provide sufficient
flexibility and variety of interfaces to suit the
wide range of users and task situations

tions, organisations and specialists, re-
ceives vital input for its development pro-
gramme and in this way ensures increased
Human Factors knowledge about new tech-
nology and market demands. Ericsson
cooperates with Nomos Management AB,
which provides access to current special-
ist knowledge in the Human Factors area.

Human Factors and Industrial Design have
many areas of mutual interest. Although
Industrial Design tends to work with the
physical characteristics of products, em-
phasising aesthetic values, more and
more work is being done on the graphical
design of user interfaces, notably the de-
sign of symbols, pictograms and icons.
TUHF, therefore, works in close coopera-
tion with The Technical Committee for De-
sign.*

International Cooperation

Cooperation has been established with
British Telecom’s Human Factors Division
in England. The purpose of this coopera-
tion is — through exchange of knowledge
and experience — to strengthen Human
Factors know-how in both companies and
to ensure that Ericsson products fulfil Bri-
tish Telecom's usability requirements. Ital-
so aims at developing a broader base for

Work environment

(user characteristics)

Task

Software
(computer capabilities)

usability testing, involving end-users from
several markets.

Working with Human Factors

The user, the task, the system and the soft-
ware are the main elements which, toget-
her with procedures and decision rules,
form an efficient system, Fig. 2. The user
interface, where a given task is to be per-
formed, is the common boundary between
the user and the technical system. The pri-
mary goal of Human Factors is to specify
and design the interface so that the user
will be given the best possible environment
to carry out his task safely and efficiently
(Box 3).

The general approach is the same when
designing all types of interfaces, although
methods and the amount of input data in
the different project phases may vary. Like
all other development work, Human Fac-
tors is an iterative process. The design
principles presented in Fig. 3 should be fol-
lowed throughout the development of user
interfaces.

Start with the users

The end-user determines how a system is
used in day-to-day operation and, hence,
the design of the interface. The initial sta-
geis to identify the users and describe their
knowledge, skills and experience. It is im-
portant to note the differences and extre-
mes here, and design the interface accor-
dingly. More complex products and
systems require an understanding of the
way users process information, interpret
displays and make decisions. Faulty as-
sumptions about user needs can have a
negative effect on usability. If the interfa-
ce is not designed to meet user require-
ments, it is unlikely that the product will be
used efficiently, if at all.

Identify the task to be performed

A task analysis is made to describe user
tasks in detail and to collect information
about working environments. This provi-
des fundamental information about user
needs. Several task analysis methods are
available for making the process of col-
lecting and abstracting information about
users more systematic. They range from
“macro” methods — the whole system is
analysed in terms of organizational, soci-
al and environmental issues — to “micro”
methods, through which sub-tasks are re-
duced into small cognitive units.
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Box 3

User interfaces

User interfaces can be defined as the boundary

between the user and the system and where

some task is performed. Interfaces can be

— dialogues with computers and other products

- presentation of information on a display and/or
other medium

— entry of data/commands from keyboard or other
input device

~ physical design of products and workplaces

~ sight and sound characteristics

— procedures, rules and routines

—icons, symbols and pictograms

- systems for marking cables and connectors

~ instructions, manuals and training material

Fig. 4

Two generations of Ericsson mobile

telephones

Mabile telephony will be a major part of future
telecom services. Human Factors will play an in-
tegral role in designing services based on user
requirements and interfaces with regard to cog-
nitive and physical issues
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Examples of task factors are

— ease

— complexity

— novelty

— time limits

— whether tasks are repetitive, overlap-
ping, monitoring

— what skills a task requires

— whether a task is performed by a group
or by an individual.

Define evaluation criteria

When usability testing is integrated into the

design cycle, it should be quantitatively

specified in advance. Performance goals

for usability should be measurable. Key

factors in usability testing are

— learnability — or ease of learning — is the
time and effort required to reach a pre-
defined level of user performance

— performance — or ease of use — is the
number of tasks accomplished by expe-
rienced users, the speed of task execu-
tion and the number of mistakes made

— flexibility, the extent to which users can
adapt a system to new ways of interac-
tion as they become more experienced

— attitude, subjective assessment engen-
dered in users by the system and the in-
terface.

Test and evaluate

Testing and evaluation should be carried
out with users early in the design process
to ensure that products and interfaces are
designed to meet user needs and require-
ments.

The conceptual design of an interface may
start with the creation of sketches of the in-
terface which demonstrate surface fea-
tures. These can be tested for appropriate-
ness; for example, the design of a
metaphor or symbol can be checked with
respect to how well it is understood by us-
ers.

As design develops it will be transformed
through simple models and simulations to
prototypes, full-scale models and, eventu-
ally, the final product (implementation).

There are many computer-based design
tools which permit quick and easy evalua-
tion of user-interface options. Application
of these tools is essential if interface de-
sign is to be cost-effective. Well conduct-
ed trials ensure that the design matches
the users’ mental model of the system and
the tasks.

23

Trials should be conducted in environ-
ments which are as realistic as possible;
preferably the real situation. Itis important
to establish whether the product is really
usable or not. The principle rule is to de-
sign iteratively, with many cycles of “de-
sign —test with users — redesign”. The aim
is not to produce one correct solution which
is subsequently not changed, but an evolv-
ing system which — with each iteration —is
further tailored to users’ needs.

Experience gained from evaluating the
products, especially in the real situation,
will provide input when planning future
generations of the product, or completely
new products. “Future-proofness” is of key
importance, and interface design guide-
lines provide a consistent approach to
product and system uppgrades.

Variation in the development process
The development process is seldom sim-
ple and regular. The process rarely starts
from square one, i.e. the development of
a completely new product or system.
There is invariably some form of history
from existing products which must be tak-
en into account. This means that Human
Factors efforts in each phase will vary from
product to product.

When a new product is created, based on
new technology, it is important to identify
user attitudes and requirements so that the
product is used, understood and accepted
by users once the novelty value wears off.

When combining products from several
vendors into a new and unique configura-
tion, qualities such as homogeneity and
continuity in use are important. In general,
the primary Human Factors consideration
is consistency of operation of all compo-
nents rather than optimisation of a single
component.

Manufacturers sometimes buy products
from another vendor. Human Factors ef-
fort will depend on several factors, such as
the quantity purchased, the importance of
the product to the corporate strategy, and
the ease with which usability can be im-
proved.

There is a golden opportunity to improve
usability when redesigning an existing
product: by obtaining usability data from
the users of the existing product. Features
and functions that have been well received
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Fig. 5

Advanced Human Factors design — JAS cockpit
The cockpit of JAS 39 is designed to provide the
pilot with maximum support during flying, navi-
gation and tactical applications. Displayed infor-
mation is either presented automatically or can
be selected by the pilot.

The display in the centre is an electronic map
providing navigational information. Human Fac-
tors specified the quantity of information pre-
sented and designed and tested symbols. Sim-
plicity is the key. All information must be easily
understood under the most difficult conditions
possible

may be retained, while the redesign effort
focuses on solutions to problems that us-
ers have identified as being the most seri-
ous.

Standardisation

Current standardisation activities in the
area of Human Factors are directed main-
ly towards the user interface and softwa-
re. A number of relatively similar de-facto
standards for information display (CUA,
OPEN LOOK, Motif, Apple) are used by
manufacturers when they design their ap-
plications. This illustrates the difficulties in
establishing a uniform standard during
rapid technical developments. A user in-
terface standard must be verified in a wi-
de range of applications before it can be
generally accepted. During this time, fur-
ther developments occur and the condi-
tions change. No quick breakthrough re-
sulting in one particular standard domina-
ting over the others is therefore expected.

Inthe telecommunications area, where the
large network operators have a significant
influence in the standardisation bodies,
standards for completely new services are
being worked out. The European Telecom-
munications Standards Institute (ETSI)
has twelve committees, one of which deals
with Human Factors. Issuesdealt with con-
cern usability in telecommunications, such
as Universal Personal Telephony (UPT)
and video telephony. The procedures,
symbols and icons used in these applica-
tions are studied. Other issues concern
telecommunications for people with spe-
cial needs, including the handicapped; the
objective being to ascertain that public
telephone services are available to these
groups. ETSI also produces manuals,
handbooks and check-lists for the design
of services and products.

Current Human Factors
projects

Telecom services

The total number of telecom services is ex-
panding rapidly and each user is going to
be confronted with many more services
than today. Services are going to be broad
in nature and not, as today, mainly of
telephony character. Thus, the demand for
simple, intuitive and reliable use of ser-
vices will become more and more impor-
tant. There must be a significant degree of
uniformity between closely related ser-

vices, and a clear and consistent differen-
ce between different groups of services so
that users understand the distinctions. To
achieve this is no easy task, especially
when cultural variations in the interpreta-
tion of concepts and use of telephony must
be considered.

Human Factors is intensively engaged in
designing new services for public, private
and mobile telephony. Examples of current
activities are

— Development of system-independent
methods of specifying and describing
services based on user perspectives of
the services. (The design of services in
current networks is determined by the
way in which the telecom system is con-
structed)

— Studies of the use of current services
with detailed analysis of motivation and
justification for each service

— Evaluation of prototypes of new servic-
es within different user groups

—Test and evaluation of symbols and
icons for services.

Presentation of information in
advanced vehicles

One of the most stressful workplaces
imaginable is the cockpit of a modern
fighter aircraft. Pilots must interpret situa-
tions quickly and accurately and act ac-
cordingly. They are often exposed to a
combination of mental and physical stress,
typically g-forces. To support the decision-
making process, the pilot receives infor-
mation — from several different sources —
which is continuously adapted and comb-
ined in a suitable way before being pre-
sented. The visual display unit is the most
efficient and suitable means of presenting
this information.

Ericsson has designed the information
system for the Swedish Airforce's new
fighter, JAS 39 Gripen (Fig. 5). The cock-
pit of JAS has been the subject of Human
Factors effort in four major areas: presen-
tation of information, design of controls,
workstation design and environmental ad-
aptation. The pilots’ physical characteris-
tics, capabilities and limitations have been
analysed in detail, as have the type and
amount of information they need. Tests
with mock-ups and various forms of proto-
types have been used to increase knowl-
edge. The establishment of the final de-
sign of the cockpit, with information
systems and controls, has been based on
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Fig. 6

Cellular network configurations

It is essential to see information about all or part
of a cellular network in order to manage it effi-
ciently. TMOS User Interface Design Standards
(TUIDS) have been applied to interface design
and have specified rules for the selection and
use of colour, for example
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results from simulation and full-scale trials.
Only then has the system been installed in
its correct environment.

Telecommunications Management

and Operation Support-TMOS

TMOS is a family of systems whose diffe-

rent products together offer operative sup-

port for the whole telephone network and

its services. Based on TMOS, Ericsson

has developed a series of products:

NMAS Network Management System for
the switched telecommunications
network

SMAS Service Management System for
intelligent networks

CMAS Cellular Management System for
mobile telephone networks
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FMAS Facility Management System for
transport networks

BMAS Business Management System for
Centrex and Virtual Private Net-
works

In a family of systems, characteristics and
configurations should be based on a uni-
form basic structure, partly to illustrate the
relationship but mainly so that users rec-
ognise situations and procedures. This is
of particular importance for the user inter-
face. TMOS is based on workstation tech-
nology that provides products with power-
ful graphical user interfaces, Fig. 6. In
order to create a homogeneous interface,
Ericsson has developed a standard for
TMOS “look and feel"— TMOS User Inter-
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Fig. 7

User interface for PBX attendant

workstations

Human Factors has been involved in the analysis
and simulation of new PBX workstations. This
figure illustrates a normal traffic situation. In-
coming calls are presented in the left-hand field;
outgoing calls in the right-hand field. The arrow
in the centre indicates voice contact. The display
is void of redundant information making the re-
quired information easy to find and select

Fig. 8

User interface for PBX attendant

workstations

This figure illustrates a situation in which the at-
tendant can obtain information about the re-
quired extension using any one or a combination
of several search profiles available in the directo-
ry. Directory support is located in the lower part
of the display
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face Design Standards, TUIDS. TUIDS

consists of two equally important paris:

~ Part 1, which describes the method of in-
tegrating Human Factors into the spec-
ification and design process

~ Part 2, which provides general and spe-
cific rules for the design of TMOS user
interfaces

When designing interfaces, trade-offs
between conflicting demands must be
made. TUIDS provides information which
eases this situation. It is designed to work
together with commercially available user
interface style guides, where all interface
details are described (windows, window
frames, buttons, menus, etc). TUIDS spec-
ifies how these elements should be used,
combined and grouped to create an effi-
cientinterface. The style guide selected for
TMOS is Open Look.

Work is under way to present a corporate
standard for designing user interfaces. Al-
though developed for the TMOS applica-
tion, TUIDS will be adapted to form the
back-bone of this standard.

PBX attendant workstations
Technical developments have changed
the application of Human Factors in the de-

| 1200pm 020312 |

sign of attendant workstations: the em-
phasis has shifted from physical issues to
cognitive ones. Prime requirements in the
development of Ericsson Business Com-
munications’ future workstation forMD 110
were increased user efficiency, availabili-
ty and flexibility. The functionality within
the PBX has become more complex and
more sophisticated, accentuating the need
for easy and logical access to the different
features.

If basic and frequent tasks are awkward to
perform and less frequent tasks difficult to
remember, then system credibility will be
low — as will user efficiency. Simplicity is
therefore essential, especially for the more
sophisticated functionality available; for
example, the integration of support
systems with basic call-handling proce-
dures.

The task of designing the user interface
was complicated by the fact that the prod-
uct was to be sold worldwide. This meant
taking different business cultures and tra-
ditions —and different languages —into ac-
count in the design, and having the results
tested and evaluated not only by special-
ists in the team but also by experienced
PBX attendants on both sides of the Atlan-
tic. The participation of users in the pro-
cess of designing, simulating and devel-
oping the user interface has had a
productive impact on the design work.

The user interface specification was the
guiding factor for hardware design. Once
it had been established what information
was to be presented and how the PBX at-
tendant handled this information, hard-
ware issues such as display technology
and size, and keyboard layouts, could be
specified.

One specific area has been the design and
test of symbols and pictograms for PBX at-
tendant workstations. Symbols and picto-
grams are interpreted differently in differ-
ent countries and also by individuals within
a country. This is a challenge to the Hu-
man Factors specialist, since the user
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Fig. 9
User interface for desk-top telephone sets
The advent of the display in desk-top telephones
has solved many Human Factors problems and,
at the same time, has created new ones. Initially,
the type and quantity of information displayed
was specified and the way in which users ac-
cessed the various functions and features were
identified.
Fig 9a illustrates the “Idle Mode"” with informa-
tion such as time and date, subscribers’ exten-
sion number and subscriber name. The third row
is reserved for menu selection only. A maximum
of four alternatives are presented, each corre-
sponding to a menu key located directly under-
neath.
Figure 9b the “Message Mode”. The
user is informed that there are messages and
can either call a person direct, leaf through other
or delete

L) L)
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interface must work efficiently and be
understood irrespective of whether it is
used by a Russian or an Australian oper-
ator.

Design of desk-top telephone sets
The desk-top telephone set has always
been the subject for Human Factors ap-
plication. Traditionally, Human Factors
has addressed the physical issues, such
as numeric keyboard layout, keytop
shape and size, receiver weight, size and
balance.

With the advent of digital phones, the em-
phasis has shifted from these physical is-
sues over to the analysis of procedures re-
quired to obtain the wide variety of
functions and features now available.

The procedures required to obtain these
features/functions have been none too
user-friendly. The everyday user has had
to enter long unfamiliar codes, such as
*21* number #, in order to use the simple
“follow-me” feature. The net result of these
awkward codes was that many of the fea-
tures/functions offered were not used be-
cause procedures were long and difficult
to remember.

The situation was partly remedied by in-
creasing the number of programmable
keys on the telephone set. Instead of the
complicated codes, the user only needed
to press one key. This was convenient for
the user but resulted in telephone sets with
a vast number of keys, which was not par-
ticularly cost-efficient. The advent of the
display in the telephone set eased many
of the Human Factors problems men-
tioned. The aim was to minimise the use
of long codes and reduce the number of
keys. But the display created new prob-
lems. Human Factors work addressed

user-interface design, in particular the type
and quantity of information displayed and
the way in which the user accessed the
various features/functions available. On
the basis of this analysis, then and only
then, could the size of the display be es-
tablished.

Figs 9a and 9b illustrate the information
content in the telephone display. The ex-
emplified display is made up of three rows
with 40 characters in each row.

The analysis of the user interface is fol-
lowed by a visualisation process where
end users participate in the simulation and
evaluation of traffic situations. User partic-
ipation and feedback is an integral part of
this design and development work.

Summary

In all development work there is a desire
to improve user efficiency and technical
performance and to rationalise production.
In addition, products and systems are in-
creasingly being combined into new, even
more sophisticated and complex crea-
tions.

For a market-orientated technical corpora-
tion like Ericsson, the usability of its prod-
ucts is an important part of the company’s
business and marketing strategy. It is vital
that products and systems are designed
so thatthey meet customers' requirements
and expectations.

The Human Factors work contributes ac-
tively to the usability, acceptability and
learnability of Ericsson products and
systems, and to the application of the
company's Human Factors policy within
the scope of the Ericsson Human Factors
programme.



Cell-voltage Equalisers
Series BMP 160

Johan Frandfors

In telecom installations, batteries are used to guarantee uninterrupted service in the
event of a power outage. The dimensioning of battery capacity is based on estimates
of the frequency and duration of outages and other disturbances. The condition of the
batteries is also an essential parameter. Inadequate charge of individual battery cells
will reduce the time electronic equipment can be powered by batteries. In 1982,
Ericsson Components AB introduced cell-voltage equalisers as a means of securing

full charge of all cells in a battery.

The authar describes Ericsson Components’ new cell-voltage equalisers
BMP 160 003, BMP 160 004 and BMP 160 005 and how they can be employed to
secure proper charging and increase battery service life.

equalisers
cells (electric)
power supplies 1o apparatus

Fig. 1

Cell-voltage equaliser BMP 160 005/1, connected

to a battery cell

The principle of cell-voltage
equalisers

A 48 V battery contains 23 or 24 cells con-
nected in series. Each cell is subjected to
a self-discharge process, the intensity of
which depends on manufacturing toleran-
ces and the battery's age. Float-charging
of the battery, in narmal operation, is one
way to compensate for this self-discharge.
If no cell-voltage equalisers are used, all
batiery cells are supplied with the same
floating current, which means that for so-
me of the cells the floating current is lower
than the self-discharge current and, as a

consequence, that these cells will be dis-
charged. Other cells are supplied with a
current in excess of their need and are
overcharged. To improve the condition of
the first-mentioned cells, the battery must
be subjected to equalising charge at re-
gular intervals, with a current that is capa-
ble of recharging those cells which have
not been compensated for their self-dis-
charge. Other cells will inevitably be over-
charged, which has a negative effect on
their service life.

The cell-voltage equaliser is a current/volt-
age regulator (Fig. 2), which is connected
across each single battery cell. The recti-
fier that feeds the battery is set at an out-
put voltage equal to the nominal cell float-
ing voltage multiplied by the number of
series-connected cells in the chain. If all
the cells were identical, all of them would
have the nominal voltage and, as appears
from Fig. 3, an additional current of 200
mA would pass through the shunt regula-
tor in each cell-voltage equaliser. If a cell
has a voltage below the nominal value, the
cell-voltage equaliser will reduce the cur-
rent through the shunt regulator, and the
corresponding higher current will pass
through the cell. Ifthe cell voltage exceeds
the nominal value, the equaliser will in-
crease the current through the shunt reg-
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Fig. 2

The battery floating current is regulated in each
individual cell and is not affected by the condi-
tion of other cells

Fig. 3
Current |, through shunt regulator for celi-volt-
age equaliser BMP 160

BMP 160 004, 223 V

—_—

BMP 160 003, 225 V

BMP 160 005, 6.75 V
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ulator and so reduce the current through
the cell. In this way, each individual cell will
have a current whose value is determined
by the deviation of the cell voltage from the
nominal value. This means that, in a fully
charged battery, each individual cell will be
supplied with the floating current needed
to compensate for its self-discharge.

Cell-voltage equaliser BMP 160

Fig. 1 shows a BMP 160 cell-voltage equa-
liser connected to a battery cell. The equa-
liser weighs 40 g and its dimensions are
30x23x9 (HxWxD). It is connected direct-
ly to the cell poles by means of one red and
one blue 270 mm cable provided with a
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blade-type contact. BMP 160 comes in
three mechanically identical designs which
are in different colours: BMP 160 003/1 for
2.25Vis red, BMP 160 004/1 for2.23 Vis
blue, and BMP 160 005/1 for 6.75 V is
black. The equalisers for2.25V and 2.23 V
are intended for individual cells; the one
for 6.75 V is intended for three-cell batter-
ies. The design is simple and rugged. The
regulating capacity, 0—-350mA, is sufficient
for batteries with a nominal floating current
of upto 200 mA. If greater capacity is need-
ed, several equalisers can be connected
in parallel across the cell.

Technical data of the three versions are
given in Box 1.

Control circuit Control circuit Control circuit
It Jd A
17 - 1 1
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350 —
300 —
250 +
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Fig. 4, below left
Cell voltages measured in a large-size battery
without cell-voltage equalisers (ICE)

Fig. 5, below right

Cell voltages measured in the same battery when
it has been provided with cell-voitage equalisers
for a short period

Box 1

CELL-VOLTAGE EQUALISER BMP 160 — TECHNICAL DATA
Dimensions 30238 mm
Weight 40g
Connection 6 mm blade
Connecting cable 270 mm

Max voltage without destruction 29V
Temperature range 01to +55°C
Mode! BMP 160 004/1
Trimming level 2.23 +0.007
Colour Blue

Shunt current at

trimming level 200 mA

Experiences of cell-voltage
equalisers
Backup time

Fig. 4 shows the distribution of cell-volta-
ge values measured in a large-size batte-
ry which has been used in a plant, under
observance of normal maintenance routi-
nes but without cell-voltage equalisers.
Fig. 5 shows the corresponding values
when the battery has been provided with
cell-voltage equalisers for a short period.
The distribution between the cells has de-
creased from the order of +200 mV to
about £20 mV; that is, by a factor of 10.
This means a marked improvement of the
condition of the battery.

The proper charging of a battery cell can
only be checked through several hours of
loading tests and voltage measurements.
The fact that the voltage across a cell in
normal float-charging is close to the nom-
inal voltage does not guarantee a satisfac-
{ory condition of this cell. Nor is the oppo-
site self-evident: if the voltage across a cell
in a battery without equaliser is up to 50
mV below the nominal voltage, this does
not necessarily mean that the cell is in a
bad condition. The latter, on the other
hand, is an indication that the cell may
have a higher self-discharge than other
cells inthe battery and that the floating cur-
rent therefore has not been sufficient to
keep the cell fully charged. If the worst

(1.2"%0.9"%0.4%)

(1.4 0z)

(32 to 131F)

BMP 160 003/1 BMP 160 005/
2.25+10.007 6.75 +0.015
Red Black

200 mA 150 mA

comes to the worst, the charging of such
a cell may be only 50-60 % of the capac-
ity of a fully loaded one. In an eight-hour
test, the battery capacity would drop to the
lower voltage limit after less than five
hours. This means a 50 % reduction of the
battery backup time in spite of the fact that
all the cells are fully capable of function-
ing.

Economy

The above example may seem somewhat
drastic, but low cell voltages caused by in-
sufficient float-charging occasionally ap-
pear even in relatively new batteries. The
empty circles in Fig. 6 show the cell volt-
ages in a 48 V, 3,000 Ah battery that has
been in operation for four years. The val-
ues for about one third of the cells are 35
mV ormore below the nominal voltage. Un-
fortunately, this battery was not tested with
respect to capacity when the voltages
were measured, and its real condition is
therefore not known. However, plant man-
agement considered boost charging nec-
essary in order to restore the condition of
the battery but decided to choose the al-
ternative solution: cell-voltage equalisers.

Fig. 6 shows the voltages measured be-
fore the cell-voltage equalisers were in-
stalled and the corresponding values after
six weeks. An eight-hour discharging test,
in conformity with US standards, was
made after another three months. The bat-
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v v
2.40 } 2.40 4

- & 8
- - * -
- - -
-
227 — 2 —* 2.27
R e — e ee 224 S
- -w
- . . - = - 3 -
219 1+— = 219
- -
L
. LA L]

2.08 == 8 — = T T == 208 T

0 10 20 30 40 50 60 0 10

Cell number

30 40

Cell number

ERICSSON REVIEW No. 1-2, 1992



Fig. 6

Cell voltages measured in a 3,000 Ah battery af-
ter four years’ operation without cell-voltage eq-
ualisers, and six weeks after equalisers have
been installed. The cells in the diagram are ar-
ranged according to the values recorded in the
first measurement

L] Initial reading
[ ] Reading after 6 weeks
Fig. 7

Capacity test of the battery shown in Fig. 4, three
months after installation of cell-voltage equalis-
ers
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tery voltage was measured every fifteen
minutes; the results are shown in Fig. 7.
As is evident from the power drawn from
the battery — 104 % of the nominal eight-
hour capacity — it had been restored to per-
fect condition.

Inabattery without cell-voltage equalisers,
the balance between the cells is restored
through periodic equalising charges.
Since the battery backup time in practice
is determined by that battery cell which is
in the worst state of charge, the battery will
not—in the intervals between the addition-
alcharges—meetthe backup-time require-
ments calculated on the basis of nominal
battery data. Correct dimensioning, there-
fore, requires that a battery without cell-
voltage equalisers should have somewhat
greater capacity than a battery provided
with such equalisers. It is difficult to quan-
tify the need for overcapacity: it depends
very much on the maintenance of batter-
ies at each specific plant. But a plausible
estimate is that the cost price of batteries
with cell-voltage equalisers is roughly the
same as that of batteries without equalis-
ers. The two alternatives — greater battery
capacity or automatic control — are in all
probability equally good. On the other
hand, cell-voltage equalisers make the

s
ra

21 1

S IS [ o R |
0202319 8 15

—r—1—— Cell number
7222 1 8

battery more resistant to insufficient main-
tenance and in this way help to assure that
it is in good condition when its capacity is
needed.

This means that battery maintenance can
be made easier. Experience has shown
that the number of voltage readings canbe
halved, and substantial reductions of costs
have been demonstrated in many cases.
Relatively large cost savings can also be
made when new batteries are installed and
when battery cells have to be exchanged.

When a new battery is installed, it is nor-
mally cycled three or four times, in order
for all its cells to be in the same condition.
In this procedure, which takes three to four
days, the battery is measured each hour.
Ithas turned out, though, that a battery pro-
vided with cell-voltage equalisers seldom
requires this cycling and measurement
procedure. Such a battery is in perfect con-
dition after six weeks of normal float-charg-
ing. When the equipment to be powered is
installed and tested, the battery is well bal-
anced and in good condition.

If the capacity of a cell in an installed bat-

tery has been considerably reduced, due
to premature ageing or some kind of dam-

Capacity 104%

rd

Hours of

é" discharge
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Fig. 8
Measurement of cell voltages in batteries in-
stalled vertically

age, the faulty cell or the entire battery
must be exchanged. In most cases, a new
cell has much lower self-discharge than
the ordinary battery cells. Replacement of
individual cells in a battery therefore caus-
es balance problems and is not recom-
mended in industry standards. In a battery
provided with cell-voltage equalisers, the
imbalances between the cells are auto-
matically compensated for, which means
that individual cells can be replaced with-
out any risk of complications.

An interesting alternative, when replacing
a cell in a battery without cell-voltage equa-
liser, is to provide only the new cell with an

equaliser. This is one way of avoiding both
overcharge of the new cell and voltage
drops in other cells in the series-connect-
ed floating-current chain. But if a battery
cell needs to be replaced, it is likely that
other cells too are in a bad condition and
that the battery backup time has been re-
duced to a value well under what was pro-
jected. If an assessment of the battery's
condition indicates that satisfactory back-
up time can be achieved by providing all
the cells with equalisers, then this solution
is often preferable to scrapping the battery.
When it is eventually scrapped, after hav-
ing served its time, the cell-voltage equal-
isers can be shifted on to the new battery.

ERICSSON REVIEW No. 1-2, 1982



References

1 B.W.B Battery Systems Inc. ICE MANU-
AL Rev 3.0 1991.1

2 Bjérk, D.: Maintenance of Batteries. IN-
TELEC-86.1

3 Andersson, H. and Bergvik, S.: Sealed
Lead-Acid Batteries for Small Telecom-
munications plants. Ericsson Review
601 (1983):4, 5 222-225,

4 Bjdrk, D.: Operation and Maintenance of
Power Supply Equipment. Ericsson Re-
view 64 (1987):1, s 9-15.

ERICSSON REVIEW No. 1-2, 1992

Thermal run-away

Placing batteries in cramped spaces in-
volves a risk of thermal run-away. When
the temperature in a battery rises, the self-
discharge process is intensified, which will
raise the floating current. The power ge-
neration in the battery increases and cau-
ses the temperature to rise further. The
cells in the centre of a battery as arule can-
not carry off heat to the same extent as the
outer cells and will therefore have a higher
temperature. The cell voltage rises with in-
creased temperature, which means that
the hottest cells account for a greater por-
tion of the total power generated in the bat-
tery. The temperature in these cells rises
even more. If a cell cannot carry off enough
heat, the process will get out of control,
causing the electrolyte to boil away and
destroying the overheated cell. The plant
will no longer have any standby power.

If the battery is provided with cell-voltage
equalisers, even a slight voltage increase
leads to a substantial reduction of the cur-
rent through the cell. The feedback is neg-
ative. The risk of thermal run-away — and
thus a potential source of trouble — has
been eliminated.

Valve-regulated batteries —in
theory and in practice

Cell-voltage equalisers have been suc-
cessfully used in valve-regulated batteries
also. However, some experts — basing
their arguments on theoretical models of
the chemical processes involved — claim
that cell-voltage equalisers should not be
used in this type of battery. If low cell vol-
tages are caused by sulphationin the cells,
the increase of the floating current achie-
ved by means of cell-voltage equalisers
clearly has a positive effect. If, on the ot-
her hand, the low cell voltages are due to
the fact that cells have dried out, and that
a recombination process is going on, then
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increased floating current will have a ne-
gative effect. Correspondingly, high cell
voltages may indicate that the recombina-
tion process is incomplete, in which case
the floating current should be kept at a high
value.

In the operational data of valve-regulated
batteries that Ericsson Components AB
has access 1o, there are no indications that
cell-voltage equalisers have any negative
effects, even though batteries from differ-
ent manufacturers might possibly have dif-
ferent characteristics in this respect.

Summary

In a power supply system, the battery is
that component which has the shortest life
and needs most maintenance. This not-
too-glamorous maintenance also requires
that the applicable instructions are follow-
ed in every detail.

When the primary power supply fails, the
proper functioning of a fully charged bat-
tery suddenly becomes vitally important.
The cell-voltage equaliser has been devel-
oped to assure that the battery is always
in the best possible condition and to re-
duce the consequences of temporary de-
viations from stipulated maintenance rou-
tines.

The costs of cell-voltage equalisers are
compensated for by cost savings. Firstly,
maintenance routines can be simplified,
and, secondly, a battery with cell-voltage
equalisers need not be cycled when it is
installed. In a longer perspective, the bat-
tery economy will be improved thanks to
ideal float-charging conditions, which in-
crease the life of the battery cells, and
thanks to the possibility of replacing dam-
aged or prematurely aged battery cells
without having to include any additional
maintenance measures.



In Search of Managed Objects

Walter Widl and Kidane Woldegiorgis

Management of the telecommunication network across standardised interfaces
requires that the necessary resources — in the form of Managed Objects — should also
be standardised. A methodology for describing tools and processes is needed to
define the Managed Objects that represent the manageable resources of the

telecommunication network.

The derivation of the Managed Objects for the transport network is the main focus of

this article.

telecommunication networks

telecommunication network management

standardisation

Introduction

Efficient management of new and existing
telecommunication networks is one of the
main concerns of administrations, manu-
facturers and standardisation bodies. In-
tensive studies during the last few years
seem to have finally resulted in workable
tools for the description of networks and
their management, as appears from the re-
lations between CCITT's TMN Recom-

are laid out in Recommendation M.3010.
M.3020 identifies the management ser-
vices that represent the management
tasks and describes the methodology to be
used in the specification of the interfaces.
M.3400 contains the list of TMN manage-
ment functions for the different TMN func-
tional areas. Two recommendations that
provide information models are in the final
process of approval. M.3100 provides a
generic network information model, and
G.744 is the information model for SDH-
based transport networks.

Figs. 1 and 2 show an overview of the
methodology and the processes involved
in deriving the Managed Objects. Fig. 1
shows the associated tasks, which —in a
broad sense — are seen as the functional
and information modelling processes.

A number of TMN Management Services
are defined by CCITT. “Management of
transport networks” is an example of such

Fig. 3 ; : - ; . :
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R for app 1992 3 # B s "
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Fig. 1
Development of transport network Managed Ob-
jects

Fig. 2

Development process for transport network Man-
aged Objects

HNE Network Element

Termination Connection Point

cP Connection Point

MO Managed Object

nections are identified, along with the cor-
responding Termination Points (Connec-
tion Points and Termination Connection
Points).? In this process, Manageable Re-
sources in the vicinity of the Termination
Points are derived.
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In the information modelling, the Resourc-
es are combined into Managed Objecis.
This article demonstrates these process-
es for the Termination Point and cross-
connection aspects of the transport net-
waork.

Network

Management

Functional

Network Information Model

Network Management

Select
TMN Management Service
(Management of Transport Networks)

Management Layer

[
I
|
|

Select TMN }
|
|
|

ERICSSON REVIEW No. 1-2, 1992




36

Fig. 4
The telecommur ication r
ered to be divided into

k can be

a the physical transmission network

b the logical transport network

c the intelligent services network

d the telecommunication management
network (TMN)

DE Digital Exchange

SDXC Synchronous digital cross-connect equipment

LS Line System

T Terminal

AN Access Node

TN Transit Node

SSP Service Switching Point

SCP Service Control Point

FN Feature Node

u User

ws Workstation

os Operating System

Q Interface between the Transmission Manage-

ment Network and the Managed Objects

In a follow-up article, the derivation of Man-
aged Objects for other aspects will be pre-
sented. No attempt is made in this article
to define the Managed Objects in detail,
since the standards referred to give com-
plete definitions of the objects in question.

A layered view of the
telecommunication network

Basically, networks and their management
are described according to the principle of
dividing complex problems into less com-
plex ones, which can be solved independ-
ently of each other. Partial solutions can
contribute in an iterative manner to the so-
lution of a complex problem.

If these principles are followed, the tele-

communication process can be allocated

to various networks, Fig. 4,

— the physical transmission network

— the logical transport network

— the intelligent services network (IN)

—the telecommunications management
network (TMN).

In addition to the telecommunication func-
tions, each of the networks also contains
functions for network management. Man-
ageable Resources are represented by

d

& Service
Network

b Transport
Network

Transmission
Network

Managed Objects in the Information Mod-
el.

The Transmission Network, Fig. 4a, con-
tains the physical means of transfer of in-
formation, i.e. telecommunications equip-
ment and connecting transmission media:
typically, switching matrices of switches
and cross-connect systems, modems,
muldexes, line systems and cables. The
transmission network contains various
transmission network layers, as specified
in Recommendations G.702 and G.707,
for example.® Typical physical manage-
ment resources that are part of the trans-
mission network are: signal level detec-
tors, error counters and error information
storage.

The Transport network, Fig. 4b, performs
logical functions related to transmission,
such as network configuration and protec-
tion switching, and ensures reliable trans-
fer of information between service users,
regardless of the information content. The
transport network contains various Trans-
port Network Layers, each of which carries
a distinct characteristic signal, i.e. a signal
with a particular data rate and format.?
Manageable Resources are the function-
al representations of the physical resourc-
es implemented in the transmission net-
work.

The Service network, Fig. 4c, performs
functions related to switching and signal-
ling. The purpose of the intelligent Service
Network is 1o offer users a particular ser-
vice. The user initiates a service via a Ser-
vice Switching Point (SSP) using signal-
ling system No. 7 or D-channels of the
ISDN system. The service also needs data
from a Feature Node (FN). The process is
controlled by the database of the Service
Control Point (SCP).? Typical Manageable
Resources are concerned with traffic man-
agement, customer services and many
other management functions related to
switching and signalling.

The Telecommunications Management
Network (TMN), Fig. 4d, connects the net-
work operators and administrators — via
workstations (WS), operation systems
(OS) and standardised Q-interfaces — to
Managed Objects which represent the re-
sources in the various networks.* For the
management of TMN, typical resources
are concerned with communication
checks and protocol conversions.
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Fig.5
Transport Processing Functions, Transport En-
tities and Reference Points

TRP Transport Reference Point
F t Pri i

T g F or Transport
Entity

S Management Reference Point

. Input to F

O Output from F
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Telecommunication network functions and
resources appear in all the networks
shown in Fig. 4. Each network can consist
of several layers, each of which can be
managed individually by a Manager-Agent
Process.” The resources and their proper-
ties are represented in a standardised way
as Managed Objects in databases.

Management methodology

Network management reguires the selec-
tion of a TMN Management Service — i.e.
a distinct task for an operator — which in-
volves several TMN Management Layers
— i.e. the area of application of the task,
Fig. 2. The task requires a functional ana-
lysis leading to Resources that are suita-
ble for management. The Resources are
described in the functional modelling pro-
cess.

The information modelling process is
based on the management tasks and or-
ganisation of the management provider.
The selection of a particular TMN Manage-
ment Service and related TMN Manage-
ment Layers leads to the selection of TMN
Management Service Components and
TMN Management Functions. TMN Man-
agement Functions are performed on
Managed Objects.

The information modelling process speci-
fies which Managed Objects are needed
to perform the desired management tasks.
The functional modelling process leads to
the Manageable Recources offered by the
network. Harmonisation of these require-
ments normally leads to iterative process-
es.

The Information Model contains all data re-
lated to the Managed Objects, their rela-
tionships and naming structure, as seen
across a particular management interface
between the managing and managed
systems. In the Information Model, when
completed, all required Managed Obijects
appear in a standardised form.

The process of deriving transport network

Managed Objects consists of functional
modelling and information modelling. In

—e 1
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these analyses, a given physical transmis-
sion network supports a transport network.
Each transport network contains layers de-
fined by a characteristic signal.? Connec-
tions and Connection Points carrying the
characteristic signal are determined for
each transport network layer. This process
leads to a detailed specification of man-
agement aspects of the Network Elements
forming the transport network (Network
Element View). Each transport network
layer can be partitioned into various geo-
graphical and administrative regions,
which offers various degrees of detail in
the network views.

The management of Trails and Connec-
tions is based on Resources in the vicinity
of the end points of Trails and Connec-
tions. The anomaly detectors and control-
lable devices in the telecom equipment are
represented in the Functional Model as
properties and Resources; these in turn
correspond to transport network Managed
Obijects in the Information Model. The fol-
lowing chapters go into more detail con-
cerning functional modelling and informa-
tion modelling for transport network-relat-
ed TMN Management Services.

Functional modelling

The physical implementation of digital te-

lecommunication networks comprises

equipment such as

— switching matrices

— modems and muldexes

— line, radio and satellite systems

— transmission media for line systems and
interfaces belonging to the transmission
network.

Functions performed by the above-men-

tioned equipment include

— cross connection and switching

— multiplexing and demultiplexing

—signal conversion between physical
transmission media and interface cables

— signal transmission via physical media.

The functions of a telecommunication net-
work can be modelled with the aid of the

TRP
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Fig. 6
Functional Model illustrating the use of Trans-

port Functions
A Connection can be a Link Connection, a Sub-
Network Connection or a Matrix connection

A Client-to-server adaptation
T Trail Termination

c Connection

LC Link Connection

AP Access Point

CcP Connection Point

TCP Termination Connection Point

Fig7
Simplified Functional Model illustrating the use
of Transport Functions

Generic Transport Network Architecture.*

The basic elements of this model are

— Transport Entities, such as Link Connec-
tion (LC), Sub-Network Connection
(SNC) and Trail. Transport Entities
transfer information transparently

— Transport Processing Functions, such
as Adaptation (A) and Trail Termination
(T). Transport Processing Functions
process the transferred information

— Transport Reference Points, such as
Connection Points (CP), Termination
Connection Points (TCP) and Access
Points (AP).

Some of the Transport Processing Func-
tions and Transport Entities are defined as
follows:

—The Transport Entity “Trail" is respon-
sible for the transfer of characteristic in-
formation (signals with specified data
rates and formats) between the Access
Points to a layer (AP). A Trail contains
near-end and far-end Trail Terminations
and one or several Network Connec-
tions

— The Transport Entity “Network Connec-
tion" is responsible for the transfer of in-
formation between Termination Connec-

Client
layer
4
Server
layer
pe
network
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Fig. 8
Levels of abstraction in a Layered Network; ex-
ample

C) Subnetwork

SNC Sub-Network Connection

D Node with cross connection (Matrix)
s LC = Link Connection
= CP = Connection Point
2 TCP = Termination Connection Point

tion Points (TCP). A Network Connection
contains either Link Connections (LC) or
Sub-Network Connections (SNC), or
both

— The Transport Entity “Connection” is re-
sponsible for the transter of information
between Connection Points (CP). A
Connection can be a Sub-Network Con-
nection or a Link Connection

— The Sub-Network Connection transfers
information transparently across a sub-
network. The connectivity of a Sub-Net-
work Connection can be controlled by a
management process

— The Link Connection transfers informa-
tion transparently across a link between
two subnetworks. The connectivity of a
Link Connection cannot be changed by
a management process.

Fig. 5 shows that Transport Functions, i.e.
Transport Processing Functions and
Transport Entities, are separated by one
Transport Reference Point. In addition, a
management reference point S is provid-
ed for management information to and
from each Transport Function. The in-
put/output concept is related to Transport
Functions and should not be interpreted as
indicating signal directions. “Input” repre-
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sents the input, “output” the output part of
the function.

The use of the Transport Functions is illus-
trated in Fig. 6.* Fig. 7 is a simplified ver-
sion of Fig. 6 and does not show the Ac-
cess Paints (AP) explicitly.

The Functional Model can be used to mod-
el the telecommunication network to the
desired degree of detail. For example, Net-
work Elements and parts of Network Ele-
ments can be represented. Fig. 8 shows
Sub-Network Connections and Link Con-
nections which belong to the same trans-
port layer, and which in turn can be parti-
tioned into subnetworks showing various
degrees of detail.

The NET 1 level shows SNC1s, LCis,
CP1s and TCP1s, i.e. the greatest degree
of detail. The NET 2 level — less detailed
—shows SNC2s, LC2s, CP2s and TCP2s.
In this way various degrees of deiail (lev-
els of abstraction) can be chosen, depend-
ing on the purpose of the Functional Mod-
el. The network connection in the NET 4
level is that of a single SNC4 between two
TCPs. From a management point of view,
NET 1 provides the details required at the

Transport Layer

Network Connection = Subnetwork Connection 4

TCP 4

1CP 4

TCP 3
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Fig. 9
Combination of layering and partitioning; exam-
ple

L Local network

R Regional network
DXC Digital cross connect
Fig. 10

PDH-based Transport Network Layered Model
(CEPT hierarchy)

local level, NET 2 at the district, NET 3 at
the regional and NET 4 at the national lev-
el.

Signal transport in real networks leads to
a combination of layering and partitioning,
Fig. 9. A 2 Mbit/s signal passes through
digital cross connects (DXC) located in a
local network, is transmitted via a 140
Mbit/s line between the cross connects
and via an STM-1 system between the lo-
cal networks, and then passes again
through DXCs in a local region. Three of
the DXCs use the 2 Mbit/s and one of them
the 140 Mbit/s switching level. The exam-

34
140 l
Path
Layer
f;%:l [ 2, 8, 34, 140 Mbil's ]
Transmission
————————————————————— —I————-——————~———-- Media
Physical Layer
Media [ 2, 8, 34, 140, 565 Mbius ]
Layer

R
I
/ Layer
A ] \
N N
g—v—u—// =1
: + ' ! L — : I 40 Mbi
. + + + + + 1 it's
: / Layer
DXC DXC DXC DXC
/ i =11 W
# =] o B
/ g N N
\‘ ; STM-1
Layer

ple shows that all Reference Points and
Transport Processing Functions involved
in the transport of information can be iden-
tified as belonging to a certain layer of the
transport network and a certain level of ab-
straction.

In CCITT draft Recommendation G.snaft,

the transport network is divided into three

layers, which in turn can be divided into
sublayers. The layers are as follows:

— The Circuit Layer network is concerned
with the transfer of information between
users, in direct support of telecommuni-
cation services. This circuit definition is
specifically used to describe network ar-
chitecture and differs from CCITT circuit
definitions used for other purposes

—The Path Layer network supports the
Circuit Layer network and may consist of
various sublayers

— The Transmission Media Layer network
supports the Path Layer network and
consists of a function for transfer of in-
formation between two nodes and a
function concerned with the physical me-
dia.

The concepts introduced above are appli-
cable to transport networks based on PDH
and SDH.

Plesiochronous Digital Hierarchy

(PDH)

In this article, the following PDH charac-

teristic signal types are considered:

DSn Binary digital signals with data
rates and framing according to the
order n in Rec. G.702. (Signals
generated and processed in termi-
nal equipment)

Dn Digital signals with data rates and
pulse masks according to Rec.
G.703. (Signals transmitted via
standardised interfaces).

ERICSSON REVIEW No. 1-2, 1992



Fig. 11
Functional Model of PDH multiplexer

DSt Framed 2 Mbit's signal
D1 HDB-3 coded 2 Mbit's signal

Client-to-server Adaptation
Trail Termination

In PDH, the following transport network

layers are defined:
— The Path Layer network consists of sub

layers for various data rates (e.g. DSn =

2, 8, 34 and 140 Mbit/s sublayers)

— The Transmission Media Layer network
consists of a Signal Layer (e.g. Dn = 2,

8, 34, and 140 Mbit/s) and a media-de

pendent Physical Media Layer (for the
transmission of non-standardised 2, 8,

34, 140 and 565 Mbit/s line signals).

The use of the Functional Model will be il
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PPT Plesiochronous Trail Terminations
for the DSn Trails required for over-
g head insertion and extraction
SLA Signal Layer Adaptation for the
client-server relationships DSn-
1/Dn required for line coding/de-
coding
Signal Layer Trail Terminations for
the Dn Trails required for line code
checking

PPl  Plesiochronous Physical Interfac-

es required for the adaptation of

: signals to cables, and vice versa.

- SLT

lustrated by a number of examples based

on the Transport Network Layered model
for PDH, Fig. 10. The lines between the
blocks represent different alternatives for
transporting information. The Physical Me-
dia Layer belonging to the transport net-
work represents the physical media ap-

pearing in the transmission network.

Plesiochronous digital networks contain
the following Transport Processing Func-

tions:

PPA Plesiochronous Path Adaptation
for the client-server relationships

DSn-1/DSn required for multiplex
ing/demultiplexing and framing

Fig. 11 shows in detail the unidirectional
signal transport of 30x64 kbit/s circuits
between a multiplexer and a demultiplex-
er. The lower part of the figure shows the
physical representation in the transmis-
sion network; the upper part the function-
al representation in various layers of the
transport network. The send terminal con-
tains the multiplexing function, generates
the 2 Mbit/s framed signal, and contains
functions for signal conversion to HDB-3
coding and for connection of the interface
cable. The receive terminal contains the
- corresponding functions. The Transport
Functions appear in various transport

64 kbit's Circuit Trails

Circuit
Layer

Path
Layer

Signal
Layer

Physical
Layer

Transport
Network

Send Terminal a

Receive Terminal b

= MUX 0.064/2

Transmission
Network

[ 1]

DEMUX 2/0.064

ERICSSON REVIEW No. 1-2, 1932
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Table 1

Functions in the PDH transmission system,

shown in Fig. 11

HDB-3 High-Density Binary Code
Table 2

Relationship between Fi

Model

Fig. 12

Functional Model of PDH

Framed 2 Mbit's signal
HDB-3 coded 2 Mbit's signal

Ds1
D1
PHT

v

Circuit
Layer

Physi-
cal
Layer

| and Information

Layer Transport Send side Receive side
Function
Physical 1 No function No function
Layer PPI
2 Adaptation to Adaptation to equipment
PPI transmission media
Signal 3 No function Loss of signal check
Layer SLT
4 Binary to HDB-3 HDB-3 to binary
SLA code conversion code conversion
HDB-3 violation check
Path 5 2 Mbit/s overhead 2 Mbit's frame alignment
Layer PPT insertion 2 Mbit's overhead
extraction
B 0,064/2 Mbit/s 2/0,064 Mbit/s
PPA multiplexing demultiplexing
2 Mbit's frame
generation
Functional Model, Managed Objects in Information
see Fig. 6 Model, see Fig. 18
Transport Trail Trail (Managed Obiject)
Function Connection Connection (Managed Object)
Transport End point of trail AP Trail Termination Point TTP
Reference (Managed Object)
Points End point of a connection CP Connection Termination Point CTP
or network connection TCP {Managed Object)
Relationships One-to-one relationship One-to-one relationship
between between AP and CP between TTP and CTP
Transport expressed by connectivity
Reference pointers
Points
and related One-to-one relationship One-to-one relationship
Managed between CP/TCP and CP between CTP and CTP
Obijects expressed by connectivity pointers
One-to-n relationship One-to-n relationship

between AP in a server
layer and CP in a
client layer

between TTP in a server layer
and CTP in a client layer
expressed by naming

Physical Media Trail

Client-to-server Adaptation

Trail Termination

and line sy

30 % 64 kbit/s Circuit Trails

D1-Trail

Transmission
Network

MUX 0.064/2

Line Terminal

Line Terminal

— DEMUX 2/0.064 oLl

l—
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Fig. 13
Functional Model of PDH multiplexer (64x2 Mbit/s
to 140 Mbit's)

layers, Table 1. Each function is charac-
terised by a number, which appears in ta-
bles and figures in a consistent way. (The
same number is used for the send and re-
ceive parts).

The example in Fig. 12 is based on the ex-
ample in Fig. 11 and shows the connec-
tion of the terminals via a line system con-
sisting of line terminals and one regener-
ator. Thirty 64 kbit/s Circuit Trails are trans-
mitted via a DS1 Trail which consists of
Trail Terminations, two Sub-Network Con-
nections (TCP-CP) and one Link Connec-
tion (CP-CP) in the Path Layer network.

These Sub-Network and Link Connections
are served by three D1 Trails in the Signal
Layer network. The D1 Trail in the middle
consists of Trail Terminations and two Link
Connections.

The D1 Trail is served by two Physical
Trails, i.e. two cable sections separated by
a regenerator in the physical layer.
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Fig. 13 shows the Functional Model of a
digital multiplexer converting 64x2 Mbit/s
signals into one 140 Mbit/s signal. Termi-
nal a is connected to a digital multiplexer
a, and the multiplexer is connected to a
140 Mbit/s line terminal a. Similarly, the
corresponding b-side contains line termi-
nal b, digital multiplexer b and terminal b.
The multiplexers and line terminals con-
tain resources for management. Transport
Functions 1 to 4 are explained in Table 1
and functions 10 to 19 in Table 3.

Synchronous Digital Hierarchy (SDH)

The functions of SDH systems, as defined
in CCITT Recommendations G.781, 782
and 783 for digital multiplexers and for dig-
ital cross connects, are much more com-
plicated than PDH systems that conform
to existing Series G Recommendations (-
Blue Book). This is compensated by the in-
creased flexibility and manageability of
SDH systems, however. Ample overhead
information, the corresponding resources
and management interfaces suitable for

r
DS1 Conneclion

Physical
Media
Trail

x 54

Path
Layer

Signal
Layer

DS4 Trail

Physical

1 Media
O | Trail

Terminal a

ERICSSON REVIEW No. 1-2, 1992
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Table 3

PDH Functions, Resources and Managed Objects
LOS Loss Of Signal

LOF Loss Of Frame

BER Bit Error Ratio

AlS Alarm Indication Signal

RAI Remote Alarm Indication

R Resource

MO Managed Object

Fig. 14

SDH-based Transport Network Layered Model

No Transport Function MO  Transport Function R MO
(sending) (receiving)
1 No function - Mo function - -_
PPI
2 Adaptation to - Adaptation to - -
PP| transmission media equipment
3 No function - Loss of signal check LOS
SLT D1TTP
4 Binary to HDB-3 - HDB-3 to binary code - SINK
SLA conversion conversion
HDB-3 violation check BER
5 2 Mbit's overhead = 2 Mbit/s frame LOF, AlS, BER
PPT insertion alignment
2 Mbit/s overhead RAI
extraction DS1TTP
] 0.064/2 Mbit/s — 2/0.064 Mbit/s - SINK
PPA multiplexing demultiplexing
10 No function 4 Mo function - -
PPI
1 Adaptation - Adaptation to - -
PPI to cable equipment
12 No function ~ Loss of signal check LOS
SLT D4TTP
13 Binary to CMI - CMi to binary - SINK
SLA code conversion code conversion
CMI code violation BER
check
14 140 Mbit/s de- 140 Mbit's frame LOF, AIS, BER
PPT framing alignment
140 Mbit/s overhead - 140 Mbit/s overhead RAI
insertion extraction DS4TTP
15 34/140 Mbit's - 140/34 Mbit's - SINK
PPA multiplexing demultiplexing
16 34 Mbit/s deframing 34 Mbit/s frame LOF, AlS, BER
PPT alignment
34 Mbit's overhead - 34 Mbit's overhead RAI
insertion extraction DS3TTP
17 8/34 Mbit's - 34/8 Mbit's - SINK
PPA multiplexing demultiplexing
18 B Mbit/s deframing B Mbit/s frame LOF, AIS, BER
PPT alignment
B Mbit's overhead ~ B MBit/s overhead RAI
insertion extraction DS2TTP
19 2/8 Mbit/s ~ 8/2 Mbit/s = SINK
PPA multiplexing demultiplexing

[ Multiplexer Section J

[ Regenerator Section ]

Transmission
Media
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Fig. 15

SDH Transport Functions and Signals

Fig. 16
Functional Model of SDH multiplexer (63x2 Mbit/s
to 155 Mbit/s)

TMN will permit SDH-based telecommuni-
cation networks to be monitored and con-
trolled. Fig. 14 shows the Transport Net-
work Layered Model based on the SDH
multiplexing rules, and Fig. 15 shows the
Transport Functions (as defined in G.783)
and related signals.?

Fig. 16 shows the Layered Functional
Model of a synchronous digital multiplex-
er converting 63x2 Mbit/s framed signals
— connected via pair cables — into one 155
Mbit/s signal fransmitted via a fibre-optical
cable. The figure shows the way in which
the functional blocks (as defined in G.783)

[poH | SDH
DS1 Connaction | e = PR L SRR M R . DSiConnection |
L e
!
1
i e e ]
| o
:
I D et & it i il — —— ——— =
I
i it L e Sl O S N L | Multiplexer
| Section Section Trail
) LA
|
3 T e e e e
i | T _Regenerator
o1 Trad i w‘ gD — Section Trail
i Laver (155 Mbiv's)
> Pl |
L] Bt e SR Bl e i i T
Physical m | 1 Pysicsl
Media | x63 1 Physical Media
Trail ) i rat::'a Trail
!

Pair cable
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of a synchronous digital multiplexer are
matched to the transport functions defined
in G.snal. Transport Functions 20 to 29
are described in Table 4.

SDH networks contain the following Trans-

port Functions (one direction):

Pl Physical Interface, required for
adapting signals for transmission

HPT Higher-order Path Termination,

adds higher-order path overhead

Higher-order Path Connection, al-

lows flexible assignment between

higher-order VC and STM-N

SA  Section Adaptation, processes
pointer to indicate phase between
higher-order VCs and STM-N, and
assembles complete STM-N

HPC

over cables and vice versa. Plcon- MSP Multiplex Section Protection, pro-
tains the transport functions PPI, vides switching to another line
SLT and SLA system for protection
LPA Lower-order Path Adaptation, MST Multiplex Section Termination,
maps the payload into the contain- adds/extracts rows 5 to 9 of the
er Section overhead
LPT Lower-order Path Termination, RST Regenerator Section Termination,
adds VC Path overhead adds/extracts rows 1 to 3 of the
Wi LPC Lower-order Path Connection, al- Section overhead
al . . 4
SDH funcliane; Fssoumes:and ilinaged Obfacts lows flexlble_ assignment between  SPI  Synchronous Phys;cal_ Inter_faca.
.y ik ARG Lok lower- and higher-order VCs converts to/from in-station or inter-
FEBE Far End Block Error HPA Higher-order Path Adaptation, pro- station signals.
fohe [ Eoc Homoe Pl cesses pointer to indicate phase
e Loas of Pointer between lower- and higher-order = Networks with digital cross-connection
0s Loss of Signal : : . .
MMPT MisMatch, Path Trace VCs, assembles complete higher-  equipment can be modelled in a similar
MMSK  MisMatch besween Sent and Received order VC way. As shown in Fig. 17, N incoming and
K-
0O0F Out Of Frame
LTUMF Loss of TU Multiframe
SF Signal Fail
sD Signal Degrade
R rce
MO Managed Object
Send terminal Receive terminal
No Transport Function (sending) R MO Transport Function (receiving) R MO
29 2 Mbit/s mapping into - 2 Mbit's demapping from AIS, FAL, LOS
LPA _virtual container VC12 vC12 TTP virtual cantainer VC12 Path AIS VCi12 TTP
SOURCE SINK
28 VC12 lower order - VC12 lower order
LPT  POH insertion POH extraction MMPT, MMSL, BE
27 VC12/VC4 multiplexing VC4/VC12 demultiplexing LOP(TU),
HPA  TU12 Pointer processing = TU12 pointer processing TU Path AIS
VC4 TTP Point. just.ev VC4 TTP
SOURCE FERF, FEBE SINK
26 V(C4 Higher order VC4 Higher order MMPT, MMSL
HPT  POH insertion POH extraction AU Path AIS
LT UMF, BE
25 VC4/STM-1 multiplexing STM-1/VC4 demultiplexing LOP (AU)
SA AU4 Pointer processing AU4 Pointer processing AU Path AIS
E Point. just. ev
MSP___Line protection switching MS TTP Line protection switching MMSRK MS TTP
SOURCE SINK
24 MSOH insertion, - MSOH extraction SF, SD, BER(B2)
MST  rows 5-9 FERF(MS), MS AIS
23 No function ~ - No function B -
22 RSOH insertion, = RS TTP RSOH extraction LSF, OOF EVENTS RS TTP
RST  rows 1-3 SOURCE BER(B1) SINK
21 Adaptation to TRANSMIT OSPI TTP Adaptation to LOS OSPI TTP
SPI  ftransmission media FAIL SOURCE equipment SINK
TRANSMIT
DEGRADE
20 No function - - No function - -
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Fig. 17

Functional model of digital cross

connect

Digital cross connect between 155 Mbit's sig-
nals, switching of VC4 signals

M outgoing 155 Mbit/s signals are
switched in a digital cross connect which
connects VC4 signals.

The examples show that every detail of a
network — such as cables, line terminals,
regenerators, distribution frames, multi-
plexers and cross connects — can be mod-
elled. The model shows the Connection
Points which might be required for perfor-
mance, alarm and configuration manage-
ment. The degree of detail shown in the
model depends on its purpose, e.g. wheth-
er itis intended to model the management
of Network Elements or the management
of Networks.

Information modelling

Managed Object definitions

The execution of a management task (a
TMN Management service) in a certain
area of application (Management Layer)
requires communication between the ma-
naging system (the Operation System)
and the managed system (Networks or
Network Elements) across management
interfaces. The Information Model defines
the types and contents of messages
across the interface which are suitable for
managing a given Managed Object. A Ma-
naged Object is the data representation of
a physical or logical Resource in the ma-
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naged system as seen by the managing
system across the management interface.

In accordance with CCITT Recommenda-
tion X.722 (Guidelines for the definition of
Managed Objects), a Managed Object is
defined by the following characteristics:

— The attributes visible at its boundary. At-
tributes have one or more associated
values

— The management operations that may
be applied to a Managed Object. Oper-
ations can manipulate the value of a
Managed Object attribute (GET, SET,
ADD, REMOVE) or the Managed Object
itself (CREATE, DELETE)

— The nofifications emitted by the Man-
aged Object

— The behaviour exhibited by a Managed
Object in response to management op-
erations

— The Conditional Packages that can be
encapsulated in the Managed Object. A
Conditional Package is a collection of
optional attributes, notifications, opera-
tions and behaviours which are either all
present or all absent in a Managed Ob-
ject.

Managed Objects with similar attributes
and behaviours may be grouped into a
specific object class. An object is charac-
terised by its object class and object in-

XN
FO cable

Multiplexer
Seclion
Layer

Regenerator
Section
Layer

Physical
Media
Layer

xM
FO cable
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Fig. 18

Entity Relationship diagram derived from the
Transport Functions in Fig. 6

TP Trail Termination Point MO
cTP Connection Termination Point MO
n=1 Adaptation i ing multif

n
Q Naming

1
G Connectivity pointer
El Managed Object

Fig. 19
Identification of termination point Managed Ob-
jects

Numbers in parentheses are related to PDH func-

tions in Fig. 13
BID Bidirectional

SOURCE

stance and may possess multiple attribute
types and associated values. An object
class may be a subclass from another ob-
ject class. A subclass inherits attribute
types and behaviours of its superclass, in
addition to possessing its own specific at-
tributes and properties. Each object in-
stance is identified by a unique name.
Such a unique name is composed hierar-
chically and the most common way of or-
ganising a naming hierarchy is through a
containment relationship. The relationship
between Managed Object classes can be
expressed with Entity-Relationship dia-
grams. Inheritance hierarchy diagrams
show the subclassing of Managed Ob-
jects.?

(10-19)

®)
@

BID BID

(D)
®

BID BID

€)
®

@
®

The Managed Objects and their properties
are contained in Network Information Mod-
els. The Generic Network Information
Model defines Managed Objects that are
common to many different technologies.
Specific Network Information Models have
been developed — or are being developed
— for SDH, PDH and ATM networks.

Genericand specific Managed Objects are
listed in a standardised form in Manage-
ment Information Bases (MIB). The pro-
cess of defining “all” new Managed Ob-
jects for the existing telecommunication
networks will take many years, and new
Managed Objects have to be foreseen as
new technologies are introduced.

Use of Fragments

A number of views, referred to as Frag-
ments, are used as a practical means of
dividing the Information Model into well de-
fined parts. These Fragments can be ap-
plied to modelling — according to the rele-
vant purpose —more or less independently
of each other. A Fragment can be illustra-
ted by means of Entity-Relationship dia-
grams.

The following Fragments are derived from
Functional Models:

— Network Fragment

—Managed Element Fragment

— Termination Point Fragment

— Transmission Fragment

— Cross-connection Fragment.

This article focuses on the Termination
Point and Cross-connection Fragments.
These Fragments assemble the Managed
Objects required for the management of
cross connects, muldexes and line
systems, i.e the main components of trans-
mission networks.

The Managed Objects for the three other
Fragments will be described on a technol-
ogy-independent basis in a future article.

Information Model

The functional modelling, which identifies
Manageable Resources, provides the ba-
sis for the information modelling leading to
Managed Objects. The various Informa-
tion Models are introduced with reference
to the relevant Functional Models.

ERICSSON REVIEW No. 1-2, 1992
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Fig. 20

Inheritance Hierarchy for Generic Termination

Points

SINK, SOURCE and BIDIRECTIONAL

TP Termination Point
TTP Trail Termination Point

cTP Connection Termination Point
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The process that leads from the Function-
al Model of the transport network, Fig. 6,
to the corresponding Information Model is
described below. The Functional Model of
the transport network describes Connec-
tion Points that are related to accessible or
non-accessible points in transmission net-
work implementations. It also describes
Transport Functions performed by these
implementations, in which the Resources
required for management are found too.

The Network Element aspect provides a
detailed description of the NEs, while the
Network aspect uses only those details
that are required for network management.
The Functional Model provides an abstract
view of telecommunications equipment,
based on the essential functions that such
equipment must perform. These function-
al components are modelled by Managed
Objects in the Information Model. Man-
aged Objects represent implementation-
independent aspects of equipment and
networks.

Several Resources can be combined into
a Managed Object. The particular Re-
sources combined to form a Managed Ob-
ject can be chosen so that they permit
—the use of appropriate facilities for the
monitoring and controlling of functions
— iterative usage of management informa-
tion leading to subclasses in hierarchies
— the name and the naming structure of
Managed Objects leading to naming
trees.

TERMINATION POINT FRAGMENT

The Termination Point Fragment decribes
Managed Objects which are closely rela-
ted to Resources in the vicinity of end
points of Trails and Connections. These
close relationships are illustrated by com-
paring Fig. 6, showing the Functional Mo-
del, with Fig. 18, showing the Entity Rela-
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tionship diagram of the corresponding In-
formation Model. Table 2 lists Transport
Functions, Transport Reference Points,
and relationships between Transpori Re-
ference Points and related Managed
Objects.

A relationship between Managed Objects

can be expressed either as aManaged Ob-

ject or as an attribute of one or both of the

Managed Objects associated by the rela-

tionship. In Fig. 18 two types of relation-

ship are shown:

— Connectivity Pointer relationship, defin-
ing the one-to-one association between
Termination Points, appears as attrib-
utes in both Termination Points

— Naming (containing) relationship, defin-
ing the association between n Termina-
tion Points inthe client layer and one Ter-
mination Point in the server layer,
appears as an afiribute in the Termina-
tion Point of the server layer.

Fig. 19 illustrates signal transport to and
from functional units in a network. Re-
sources involved in signal receiving lead
to “SINK" type Managed Objects. Re-
sources involved in signal sending lead to
“SOURCE" type Managed Objects. For
signal transmission 2 to 140 Mbit/s across
the PDH multiplexer shown in Fig. 13,
Functions 1-4 lead to “SINK" type and
Functions 10-19 to “SOURCE" type Man-
aged Objects. In the reverse direction,
Functions 10-19 are related to “SINK" and
Functions 1-4 to “SOURCE". Resources
for signal receiving and sending leadto “Bl-
DIRECTIONAL" type Managed Objects.
“SINK" and “SOURCE" characterising
Managed Objects should not be confused
with “in” and “out” characterising Transport
Functions.

Fig. 20 shows the Inheritance Hierarchy of
Termination Points (TP). Bidirectional TPs
inherit the properties from SINK and
SOURCE TPs through a multiple inheri-
tance mechanism. This is valid, in princi-
ple, for all PDH and SDH Inheritance Hier-
archies (but not shown in all the figures).

PDH Information model

Contrary to the SDH case, for which Re-
commendation G.774 specifies the Infor-
mation Model, no CCITT recommendation
for the PDH Information Model exists at
present. The Model described below is ba-
sed on the principles used in the SDH ca-
se.
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64 kbiv's Circuit Trajls ——~——————————
64 kbit's Circuit Connection
DSTTrall m—=—— == i e ]
DS1 Connection ————————————————
D1 Trail —————————~——————————
D1 Conneclion ~————=————=—————~——— d

Fig. 21

Information Model of PDH demultiplexer

All Managed Objects in the figure are of SINK Physical Media Trail

type

€9 Tcr

Fig. 22

Information Model of PDH multiplexer

64x2 Mbit/s signals transmitted via a 140 Mbit/s
signal and vice versa

Managed Object

£
o

ERICSSON REVIEW No. 1-2, 1992



Fig. 23
Inheritance hierarchy for PDH Termination Points

TP Trail Termination Point
cTP Connection Termination Point

Fig. 24
PDH naming tree

TOP
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TTP cTP
T TR RS B e PDH-specific
— PHTTP
- Dsn TTP | DsnCTP
L_{ paTTP L—1 DbnCTP

The choice of transport Managed Objects
isillustrated in Fig. 21, which shows the In-
formation Model of a PDH 2/0.064 Mbit/s
demultiplexer. The figure is based on the
receive side of Fig. 11 and shows how
Managed Objects and their possible loca-
tions are derived from Transport Func-
tions. The Resources in the vicinity of an
end point of a Trail or a Connection can be
assembled into a Managed Object. The
name of the Managed Object is related to
this end point.

Fig. 22, which is based on Fig. 13, shows
the Information Model of a PDH 2/140
Mbit/s multiplexer, multiplexing 64 separ-
ate 2 Mbit/s signals into a 140 Mbit/s sig-
nal and vice versa. The multiplexer is con-
nected to adjacent equipment by means of
interface cables.

PDH NE

However, only those Managed Objects
which are based on Resources are usable
for management. Table 3 lists Functions,
Resources and Managed Objects related
to the examples in Figs. 21 and 22. The ta-
ble takes into account both transmission
directions, whereas the figures are con-
cerned with only one direction.

In PDH equipment, Resources normally
appear only in the receive side, leading to
“SINK" type Managed Objects.

The PDH Information Model can be used
to model, in a general way, all the different
kinds of PDH networks. This leads to the
inheritance hierarchy shown in Fig. 23
and to the Naming Tree shown in Fig. 24.
The inheritance hierarchy consists of a ge-
neric part and a PDH-specific part. Each

DS4ATTP

DS2 TTP DS1TTP

D1CTP DS3 CTP
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Fig. 25

Information Model of SDH multiplexer

63x2 Mbit/s signals are transmitted via a 155
Mbit/s signal

i | Managed Object

Adaptation Function

Trail Termination Function

Fig. 26
Information Model of SDH regenerator

of the managed TPs may be either
SOURCE, SINK or BIDIRECTIONAL.

SDH Information Model

The SDH Information Model is based on
the Functional Model already presented.
Fig. 15 shows the SDH multiplexing struc-
ture with Transport Functions and related
signals. Fig. 25 exemplifies the derivation
of Managed Obijects related to the multi-
plexing of 63x2 Mbit/s signals into an STM-
1 signal. Fig. 26 shows a corresponding
example of an SDH Regenerator. Table 4
lists functions, Resources and those Ma-
naged Objects which are based on Re-
sources for the send and receive parts in-
volved in multiplexing and demultiplexing.
SDH multiplexers offer — in addition to the

multiplexing function — cross-connect
functions, which are treated in detail in the
nextchapter. (See also Table 5.) The com-
parison of SDH and PDH multiplexers cle-
arly shows the increased management ca-
pabilities of the SDH concept.

The SDH Information Model can be used
to represent, in a general way, all the dif-
ferent kinds of SDH networks. The corre-
sponding inheritance hierarchy is shownin
Fig. 27 and the naming tree in Fig. 28.

As a general principle, the containment re-
lationship between TTPs and CTPs (TTP
contains CTP) is used for naming. The as-
sociations between CTPs and TTPs are
either fixed links represented by Connec-

OSPI TTP (SINK)

Multiplexer
Sectlion Layer

___________________ at_or =
Section Layer

=
A

"\ RSCTP (SOURCE)
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SDH Termination Point inheritance hierarchy
* The name of this MO is not included in
Rec G.774

ANSI standard

Fig. 28, below

SDH naming tree
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Table 5
Cross-connect functions, Resources and Man-
aged Objects related to the example in Fig. 25

Fig. 29

Point-to-Point cross connections

In the Information Model (Figs. 29-31)

Cross Connection Pointers pointing from CTP to
CX are not shown

Managed Object

_& To/from TP pointer between a CTP and an XC

tivity pointer b CTPs

To/From TP pointer between a GTP and an XC
+ Cross Connection object pointer

1
B @ MNaming

In the Functional Model (Figs. 29-31)

Assig and
—=—=— Assigned

Functional Model

No Function (sending, receiving) Resource Managed Object *

30 Assignment of VC12s within VC4  Cross-connection VC12 TTP -TU12 CTP
LPC capability VCTU12XC

3 Assignment of VC4s within STM-1  Cross-connection VC4 TTP - AU4 CTP
HPC (STN-N in general case) capability VCAU4XC

* The name of this Managed Object is not included in Rec. G.774

tivity pointers (see Table 2) or flexibility
points represented by Managed Objects
belonging to the cross-connection Frag-
ment (see below).

Cross connection

The cross-connection capability referred
to in Table 5 deals with the possibility (wit-
hin the equipment) of freely assigning VCs
to available VC-n capacity in a higher or-
der Path (LPC) or in a multiplex section
(HPC). The association can either be an
assignment (preparation) or an actual
cross connection.

In the Functional Model (the left side of fig-
ures 29, 30 and 31) cross connectionis the
possible association between a TCP and
a CP or between CPs. It is by controlling
this association that networks can be con-
figured to meet changing demands. Cer-
tain requirements have to be met to make
the control function easier. Examples of
functional requirements are:

— It should be possible only to assign (pre-
pare) across connection without activat-
ing it (Figs. 29 and 30)

— It should be possible to perform point-to-
point and point-to-multipoint (broadcast)
cross connections (Figs. 29 and 31)

— It should be possible to cross-connect
several Termination/Connection Points
as asingle unit without the need to make
individual cross connections (Fig. 30)

— It should be possible to group Termina-
tion/Connection Points for management
purposes like routing, etc.

Figs. 29, 30 and 31 illustrate how the func-
tional requirements listed above are used
to derive both the Functional and Informa-
tion Models.

Fig. 29 shows a point-to-point cross-con-
nection case. The Information Model (the
right side of Fig. 29) consists of:

— A cross-connection Managed Object
class (XC) which models the association
between the Termination Points in-
volved

ERICSSON REVIEW No. 1-2, 1992
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— To/from TP pointers, which are relation-
ship attributes belonging to the XC Man-
aged Object and pointing atthe CTPs (or
GTPs)

— Connectivity pointers, which are rela-
tionship attributes belonging to the CTPs
and indicating which CTP is connected
to which CTP.

In the example, four instances of this Ob-
ject class represent the four point-to-point
cross connections. Three of the four to/-
from TP pointers correspond to the three
activated cross connections. In the fourth
— only assigned — cross connection, the
Connectivity pointers will be NULL to indi-
cate a non-activated state.

Fig. 30 shows cross connections between

different groups of Termination/Connec-

tion Points. In addition to the point-to-point

case, the Information Model! consists of:

— A Group Termination Point Managed
Obiject class (GTP) which represents a
group of CTPs to be cross-connected as
a single unit

—A Cross Connection object pointer,
which is a relationship attribute belong-
ing to the GTP and pointing at the XC
Managed Object

— A“naming", which is arelationship attrib-
ute belonging to the GTP and pointing at
the CTPs that constitute the GTP.

In the example, the three cross-connect-




TOP
Cross :
Connaction Fabric GTP
Multipoint
Cross
Connection
Fig. 32, left

Cross-connect Fragment, Inheritance hierarchy

Fig. 33, right
Cross-connect Fragment, Naming hierarchy

Box 1
Object definitions for cross-
connect Fragment

The Fabric Object class represents the set of log-
ical matrices that are co-ordinated to provide con-
nectivity of a range of characteristic information
types. It manages the establishment and release
of cross connections. It also manages the assign-
ment of Termination Points to TP pools and GTPs

The Group Termination Point Managed Object
class (GTP) represents a group of Termination
Paints that can be treated as a single unit for cross
connection and other administration purposes

"TP pool” represents a set of Termination Points
or GTPs that are equally handled in a number of
management applications, e.g. routing. All the
TPs in a TP pool have the same signal type

The “Multipoint cross-connection” Managed Ob-
ject class (MPXC) represents an assignment re-
lationship between a TP or GTP and the corre-
sponding TPs or GTPs.

Fabric

eyt i

GTP

Multipoint
TP Cross

Cross
Pool Connection Ie b

ed groups require six instances of GTPs
and three instances of XCs. When GTPs
are cross-connected, the nth CTP of one
GTP is cross-connected to the mth CTP of
the other GTP. The assigned (not activat-
ed) group 3 in Fig. 30 will be indicated by
those CTPs (which constitute the GTPs)
and which have NULL Connectivity point-
ers.

Fig. 31 shows a broadcast (point-to-multi-
point) cross-connection case. In addition
to the point-to-point case, the Information
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