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MODIFICATIONS TO THE SERIES E RECOMMENDATIONS

1 Fascicle 11.2

1.1 The following new Recommendations and Supplement did not appear in Fascicle 1.2 of the Red Book,
and are new Recommendations developed during the 1985-1988 Study Period:

Recommendations .

E.118 E.184

E.133 E214

E.152 E.215

E.165 _ E.216

E.166 E.301

E.167 E.330

E.170"1 ‘ Supplement No. 7
E.172

1.2 The following Recommendations in Fascicle 11.2 of the Red Book were revised, in many cases extensively,

during the 1985-1988 Study Period:

Recommendations
E.100 E.160
E.110 E.161
E.112 E.163
E.115 ' ‘ E.164.
E.116 ' E.171
E.121 E.180
E.123 ‘ E.182°
E.141
1.3 The text of the following Recommendation and Supplement no longer appears in the Blue Book; however
a reference to this text contained in Fascicle I1.2 of the Red Book, is given in the current edition:
E.125 Supplement No. 5
2 Fascicle 11.3
2.1 The following Recommendations and Supplement did not appear in Fascicle 11.3 of the Red Book, and are

new Recommendations developed during the 1985-1988 Study Period:

Recommendations

E.412 E710
E.428 E.711
E.503 E.713
E.504 E.720 -
E.507 E.721 °

 E.508 E.855
E.524 E.862
E.525 E.880
E.700 ' Supplément No. 6
E.701

D This Recommendation has been totally modified from the equivalently numbered Recommendation contained in the
Red Book.
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2.2 The following Recommendations which appeared in Fascicle 11.3 of the Red Book were revised, in many
cases extensively, during the 1985-1988 Study Period:

Recommendations
E.410 ' E.550
E.411 E.600
E.413 (formerly numbered E.412) E.800 (formerly Rec. G.106)

E.414 (formerly numbered E.413)

E.420
E.424 E.810 (formerly Rec. G.107)
E.500 ' E.830 (formerly Rec. G.108)
E.501 E.845 (formerly Rec. G.180)
E.502 E.850 (formerly Rec. G.181)
E.506

2.3 The following Supplements which appeared in Fascicle 11.3 of the Red Book, have been deleted from the
Blue Book: ’

Supplements
No. 6%

No. 8 (updated and converted to Rec. 301, Fascicle 11.2)

NOTES
1 The Questions entrusted to each Study Group for the Study Period 1989-1992 can be found in
Contribution No. 1 to that Study Group.
2 In this fascicle, the expression “Administration” is used for shortness to indicate both a telecommunication

Administration and a recognized private operating agency.

2} This material has been superseded by information contained in Recommendations E.411 and Q.297.
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PART I

Recommendations E.401 to E.428

INTERNATIONAL TELEPHONE NETWORK MANAGEMENT
AND CHECKING OF SERVICE QUALITY
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SECTION 1

INTERNATIONAL SERVICE STATISTICS

Recommendation E.401

STATISTICS FOR THE INTERNATIONAL TELEPHONE SERVICE
(NUMBER OF CIRCUITS IN OPERATION AND VOLUME OF TRAFFIC)

(Statistics exchanged by Administrations)

Administrations exchange each year, in February, statistics showing the number of circuits used and the
volume of traffic monitored in the preceding year, as well as estimates of the number of circuits which will be
required three years and five years later. These statistics shall be drawn up in the form indicated below.

A copy of the statistics shall be sent to the CCITT Secretariat for information.

Column 1

Columns 2 and 3

Columns 4 and 5

Column 6

Column 7

ANNEX A

(to Recommendation E.401)

How to fill in the table on international telephone traffic statistics

Designation of the connection by giving the name of the outgoing exchange first and then the
name of the incoming exchange. Two-way connections will be shown in alphabetical order.

Number of circuits in operation as on 31 December of the year of the statistics.
The number will be shown in column 2 when it refers to outgoing circuits and in column 3
when it refers to both-way circuits.

Number of circuits which would have been required during the year of the statistics.
Method of operation.

The following abbreviations will be used:

A for automatic,
SA for semiautomatic,
M for manual,

A + SA for automatic and semiautomatic.
Destination of traffic.
Each relation will be shown in this column on a separate line.

In the example given, the traffic routed over the Ziirich-Kebenhavn circuits is destined for
Denmark (terminal), Sweden, Norway and Finland (transit). In this case, the data for each
destination will be shown in columns, 8, 9, 10 and 11. The total traffic figure, however,
should not be omitted. These data will be bracketed together. If the connection handles traffic
only to the country in which the incoming exchange is situated, only the word “terminal” will
appear in column 7.

Fascicle I1.3 — Rec. E.401 3



Columns 8 and 9

Column 10

Column 11

Columns 12 and 13

Busy-hour traffic, expressed in erlangs. (See Recommendation E.600.)

The traffic measured during the busiest month of the year of the statistics is given in
column 9. For two-way circuit groups the total amount of incoming and outgoing traffic
should be given. In column 8 the month of the year during which the traffic was measured
should be indicated in roman numerals.

Busy hour (UTC).
This refers to the busy hour as defined in Recommendation E.600.

Annual increase, in %. Each Administration should insert in this column the annual traffic
increase rate with respect to the previous year.

Columns 12 and 13 should show the estimated number of circuits required to route traffic in
three and five years’ time, respectively. For example, if the statistics relating to 1982 are
drawn up in February 1983, column 12 will give the estimated number of circuits required
in 1986 and column 13 those required in 1988.

International telephone traffic statistics

Year: coiiireirreeiec et
Number of Number of B h Estimated
circuits circuits usy-ﬂﬁour Start number
in service required Method | pegyina- traffic of [ Amual | o circyits
Circuits Of‘ tion of busy- | traffic Observations
o soth. | © Both oEera- traffic hour | '™ In | In
t- - - - ion crea
golijng “?;y go?r:g \3:‘ Month | Erlangs (UTC) > three | five
y years | years
1 2 3 4 S 6 7 8 9 10 11 12 13 14
{ Examples)
Terminal X 8 10.00 15%
Ziirich- Sweden #) X 4 10.15 12%
Kobenhavn 24 - 20 - SA
Norway X 2 09.45 13% ayOverflow
traffic on
Finland X | 10.30 % Ziirich-
Stockholm
Total X 15 10.00 14% 28 32 | connection
Ziirich- .
2 — _ .
Steatboim | 12 I SA | Terminal | I1X | 55 | 1015 | 12%, | 13 | 15
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SECTION 2
INTERNATIONAL NETWORK MANAGEMENT

Recommendation E.410

INTERNATIONAL NETWORK MANAGEMENT — GENERAL INFORMATION

1 Introduction

The demand for international telephone service continues to increase substantially. This increasing demand
has been met by advances in both technology and operational techniques. The growth of traffic has also required
the development of larger transmission systems and exchanges to provide the capacity to meet the required grade
of service. With the continued growth of the international automatic service, direct supervision and control over
traffic has decreased since operators are no longer involved in establishing most calls.

In addition to the above, the introduction of larger digital transmission and switching systems, along with
common channel signalling, has resulted in an international telephone network which is highly interconnected and
interactive, and which has become increasingly vulnerable to overload and congestion. This overload and
congestion can occur with little or no advance warning.

A number of events may arise which can have a serious effect on the international telephone service.
Among these events are:

— failures of international or national transmission systems;

— failures of international or national exchanges;

— planned outages of transmission systems and exchanges;

— abnormal increases in traffic demand. The events which give rise to such traffic demand may be
foreseen (e.g., national or religious holidays, international sporting events) or unforeseen (e.g., natural
disasters, political crises);

— focussed overloads, and in particular, mass-calling;

— difficulties in meeting the requirements of international traffic resulting (for example) from delays in
the provision of additional circuits or equipment;

— congestion in connected networks.

These events can lead to congestion which, if uncontrolled, may spread and thus seriously degrade the
service in other parts of the international network. Considerable benefits can be derived for the international
network as a whole if prompt action is taken to control the effect on service of such events.

In addition, as the telephone network migrates toward ISDN, interworking with other networks will
develop. With interworking, failure or congestion in one network, or in the interface between networks, can have
an adverse impact on the performance of the connected network(s).

The above considerations have led to the development of “international network management”, which
encompasses all the activities necessary to reduce the effect on service of any situation affecting unfavourably the
international telephone network, and in the future, the ISDN.

Note — Much of the guidance on international network management may be applicable in national
networks.
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2 Definition of international network management

international network management is the function of supervising the international network and taking
action when necessary to control the flow of traffic.

Network management requires real-time monitoring and measurement of current network status and
performance, and the ability to take prompt action to control the flow of traffic.

3 Objective of network management

The objective of network management is to enable as many calls as possible to be successfully completed.
This objective is met by maximizing the use of all available equipment and facilities in any situation through the
application of the principles given below.

4 Principles of international network management

4.1 Utilize all available circuits

There are periods when, due to changing traffic patterns, the demand for service cannot be met by the
available circuits in the normal routing. At the same time, many circuits to other locations may be idle due to
differences in calling patterns caused by time zones, local calling habits, or busy season variations. After
negotiation and agreement amongst the Administrations affected, some or all of the unusually heavy traffic can be
redirected to this idle capacity for completion.

4.2 Keep all available circuits filled with traffic which has a high probability of resulting in effective calls

The telephone network is generally circuit-limited; therefore the number of simultaneous effective calls is
strongly influenced by the number of available circuits. However, ineffective calls can occupy circuit capacity
which would otherwise be available for effective calls. Therefore identifying those call attempts which are likely to
be ineffective because of a situation in the network (e.g., a failure), and reducing them as close to their source as
possible, will allow circuit capacity to be available for call attempts which have a higher probability of being
effective.

4.3 When all available circuits are in use, give priority to calls requiring a minimum number of circuits to form a
connection )

When telephone networks are designed using automatic alternate routing of calls, efficient operation
occurs when traffic loads are at or below engineered values. However, as traffic loads increase above the
engineered value, the ability of the network to carry effective calls decreases since an increased number of calls
require two or more circuits to form a connection. Such calls increase the possibility of one multi-link call
blocking several potential calls.

Thus automatic alternate routing should be restricted to give preference to direct routed traffic during
periods of abnormally high demand.

44 Inhibit switching congestion and prevent its spread

A large increase in switching attempts can result in switching congestion when the switching capacity of an
exchange is exceeded. If the switching congestion is left uncontrolled, it can spread to connected exchanges or
networks and cause a further degradation of network performance. Controls should be applied which inhibit
switching congestion by removing attempts from the congested exchange which have a low chance of resulting in
a succesful call.

Note — Network management assumes that the network is adequately engineered to meet the normal
levels of traffic, the requirement for which is described in Recommendations E.171, E.510, E.520, E.522, E.540
and E.541.
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5 Benefits derived from international network management

Among the benefits to be derived from international network management are:
5.1 Increased revenue which is derived from an increase in successful calls.

5.2 Improved service to the customer. This can lead, in turn, to:
— improved customer relations;
— stimulation of customer calling rate;

— increased customer acceptance of new services.

53 More efficient use of the network. This can result in:
— an increased return on the capital invested in the network;

— an improvement in the ratio of effective to ineffective calls.

5.4 Greater awareness of the actual status and performance of the network. Such awareness can lead to:
— a basis by which network management and maintenance priorities can be established;
— improved network planning information;
— improved information on which future capital investment in the network can be decided;

— improved public relations.

5.5 Protection of revenue and important services, particularly during severe network situations.

6 Network management functions

Network management encompasses all of the activities necessary to identify conditions which may
adversely affect network performance and service to the customer, and the application of network controls to
minimize their impact. This includes the following functions:

a) monitoring the status and performance of the network on a real-time basis, which includes collecting
and analyzing relevant data;

b) detecting abnormal network conditions;
¢) investigating and identifying the reasons for abnormal network conditions;
d) initiating corrective action and/or control;

e) cooperating and coordinating actions with other network management centres, both domestic and
international, on matters concerned with international network management and service restoration;

f) cooperating and coordinating with other work areas (e.g., maintenance, operator services or planning)
on matters which affect service;

g) issuing reports of abnormal network situations, actions taken and results obtained to higher authority
and other involved departments and Administrations, as required;

h) providing advance planning for known or predictable network situations.

7 Cooperation and coordination

Effective network management depends on the prompt availability of information indicating when and
where a problem is occurring, and a trained group working in cooperation with all parts of the telecommunica-
tions organization. Just as there is a need for coordination in planning and building the network, there also is a
need for coordination in managing it. The network is such that equipment malfunctions or overloads frequently
produce unacceptable performance at a distance from the physical location of the problem. Therefore, those who
monitor and manage the network, both nationally and internationally, must cooperate to ensure satisfactory
service.

Network management is highly technical in nature, and depends on the skill and creativity of those who
share an understanding of network management philosophy, objectives, terminology, tools and techniques. These
items are specified in Recommendations E.410 through E.414, and provide a basis for the cooperation and
coordination which are a vital part of network management.
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8 Further Recommendations on network management

8.1 Recommendation E.411 provides operational guidance for network management including:
— status and performance parameters;
— expansive and protective traffic controls;
— criteria for application of controls.

8.2 Recommendation E.412 provides information on network management controls:
— traffic to be controlled;
— exchange controls;
— automatic controls;
— status of controls;
— ‘operator controls.

83 Recommendation E.413 provides guidance on planning for events such as:

— peak calling days;

— failures of transmission systems;

— failures of exchanges;

— failures of common channel signalling systems;

— mass-calling situations;

— disasters;

— introduction of new services.
8.4 Recommendation E.414 provides guidance on the functional elements of a network management organiza-
tion which need to be identified internationally as contact points. These comprise:

— planning and liaison;

— implementation and control;

— development.
8.5 It is emphasized that it is not necessary to meet the full scope of these Recommendations to achieve some
benefit from the application of network management, particularly when getting started. However, the Recommen-
dations do provide detailed information over a wide range of techniques, some of which can be implemented

readily, whilst others may require considerable planning and design effort. Additional information may also be
found in the handbook on Quality of service, network management and maintenance [1].

Reference

[1] CCITT Manual Quality of service, network management and maintenance, ITU, Geneva, 1984.

Recommendation E.411

INTERNATIONAL NETWORK MANAGEMENT — OPERATIONAL GUIDANCE

1 Introduction

Network management requires real-time monitoring of current network status and performance and the
ability to take prompt action to control the flow of traffic when necessary (see Recommendation E.410).
Operational guidance to meet these requirements, including a description of status and performance parameters,
traffic controls and the criteria for their application are included in this Recommendation. It should be noted that
the complete range of parameters and traffic controls are not necessary for the introduction of a limited network
management capability, however a comprehensive selection will bring substantial benefit (see Recommenda-
tion E.410, § 5). In addition, some guidance on beginning network management is provided, along with
information on developing a network management centre and the use of common channel signalling for network
management purposes.
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2 Information requirements

2.1 Network management requires information of where and why difficulties are occurring or are likely to
occur in the network. This information is essential to identify the source and effect of a difficulty at the earliest
possible time, and will form the basis for any network management action which is taken.
22 The information relating to current difficulties can be obtained from:

a) real-time surveillance of the status and performance of the network;

b) information from telephone operators as to where they are experiencing difficulties; or where they are
receiving customer complaints of difficulties;

¢) transmission system failure and planned outage reports (these reports need not relate only to the
network local to one Administration, but should reflect the whole international network);

d) international or national exchange failures and planned outage reports;

e) news media reports detailing unforeseen events which stimulate traffic (for example, natural disasters).

2.3 The information relating to difficulties which are likely to occur in the future will be obtained from:
a) reports of future planned outages of transmission systems;
b) reports of future planned outages of international or national exchanges;
¢) knowledge of special events (for example, international sporting events, political elections);
d) knowledge of national holidays and festivals (e.g., Christmas Day, New Year’s Day);
e) an analysis of past network performance. |

24 The system availability information point, defined in Recommendation M.721, will provide a ready source
for much of the information indicated above.

3 Network status and performance data

34 In order to identify where and when difficulties are occurring in the network, or are likely to occur, data
will be required which will indicate the status and measure the performance of the network. Such data will require
real-time collection and processing, and may require the use of thresholds (see § 5.1).

32 Data may be collected in various ways which include counters in electromechanical exchanges which can
be read manually when required (e.g., during periods of heavy traffic or special events), data output reports from
SPC exchanges, or computerized network management operations systems which can collect and process data
from a large number of exchanges.

33 Network status information includes information on the status of exchanges, circuit groups and common
channel signalling systems. This status information can be provided by one or more types of displays. These may
include printers, video displays, and/or indicators on a display board or network management console. To be
useful, network status indicators should be available as rapidly as possible.

3.3.1 Exchange status information includes the following:
Load measurements — These are provided by attempt counts, usage or occupancy data, data on the
percent of real-time capacity available (or in use), blocking rates, percentage of equipment in use, counts
of second trials, etc.
Congestion measurements — These are provided by measurements of the delay in serving incoming calls,

holding times of equipment, average call processing and set-up time, queue lengths for common control
equipment (or software queues), and counts of equipment time-outs, etc.
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Service availability of exchange equipment — This information will show when major items of equipment

are made busy to traffic. This could highlight a cause of difficulty or give advance warning that difficulties
could arise if demand increases.

Congestion indicators — In addition to the above, indicators can be provided by SPC exchanges which
show the degree of congestion. These indicators can show:

— moderate congestion Level 1;
— serious congestion Level 2;
— unable to process calls Level 3.

Note — While this is desirable, SPC exchanges may not be able to provide a level 3 indicator during
catastrophic failures.

The availability of specific exchange status information will depend on the switching technology employed
by each Administration. Details of exchange measurements are found in Recommendations E.502 and Q.544.
3.3.2  Circuit group status information relates to the following:

— status of all circuit groups available to a destination;

— status of individual circuit sub-groups in a circuit group;

— status of circuits on each circuit group.

Status indicators can be provided to show when the available network is fully utilized by indicating:

— when all circuits in a circuit group are busy;

— when all circuits in a circuit sub-group are busy;

— when all circuit groups available to a destination are busy.

This would indicate that congestion is present or imminent. Status information can be provided to show

the availability of the network for service, by reporting the number or percentage of circuits on each circuit group
that are made busy or are available for traffic.

This information could identify the cause of difficulty or give advance warning that difficulties may arise
as the demand increases.

3.33 Common channel signalling system status provides information that will indicate failure or signalling
congestion within the system. It includes such items as:

— receipt of a transfer prohibited signal (Signalling Systems Nos. 6 and 7),

— initiation of an emergency restart procedure (Signalling System No. 6),

— presence of a signalling terminal buffer overflow condition (Signalling System No. 6),

— signal link unavailability (Signalling System No. 7),

— signal route unavailability (Signalling System No. 7),

— destination inaccessible (Signalling System No. 7).

This information may identify the cause of difficulty or give advance warning that difficulties may arise as
the demand increases.

3.3.3.1 Network management actions may help to reduce congestion in common channel signalling systems by
reducing traffic being offered to common channel signalling circuit groups, or by diverting traffic to conventional
signalling circuit groups.
34 Network performance data should relate to the following:

— traffic performance on each circuit group;

— traffic performance to each destination;

— effectiveness of network management actions.

It may also be desirable to assemble performance data in terms of circuit group and destination

combinations and/or traffic class (for example, operator-dialled, subscriber-dialled, transit). (See Recommenda-
tion E.412, § 2.1)

3.5 Data collection should be based on a system of measurement which is either continuous or of a sufficiently

rapid sampling rate to give the required information. For example, for common control switching equipment, the
sampling rate may need to be as frequent as every second.
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Reports on network status and performance should be provided periodically, for example, on a 3 minute,
5 minute, 15 minute, 30 minute or hourly basis, with the more frequent reports usually being more useful.
However, the more frequent reports may produce erratic data due to the peakedness of traffic, especially on small
circuit groups. Data reports compiled by a network management operations system take on added value in that a
more global view of network performance is provided.

3.6 The network performance data is generally expressed in parameters which help to identify difficulties in
the network. Among these parameters are:

3.6.1 percentage overflow (% OFL)

% OFL indicates the relationship between the total bids offered to a circuit group or destination, in a
specified period of time, and the quantity of bids not finding a free circuit. It will, therefore, give an indication of
the overflow from one circuit group to another, or the bids which fail because all circuit groups to a destination
are busy.

Overflows bids (to another circuit group or to circuit busy signal) % 100

% OFL =
Total bids for the circuit group (or all circuit groups to a destination)

3.6.2  bids per circuit per hour (BCH)?"

BCH is an indication of the average number of bids per circuit, in a specified time interval. It will
therefore identify the demand and, when measured at each end of a both-way operated circuit group, will identify
the direction of greater demand.

Bids per hour

BCH = - P - -
Quantity of circuits available for service

It is not necessary to accumulate data for an hour to calculate BCH. However, the calculated BCH must
be adjusted when data accumulation is less than hourly. For example, the bids should be doubled if 1/2 hour data
is used. The result would be BCH for the data collection period.

3.6.3 answer seizure ratio (ASR)

ASR gives the relationship between the number of seizures that result in an answer signal and the total
number of seizures. This is a direct measure of the effectiveness of the service being offered onward from the
point of measurement and is usually expressed as a percentage as follows:

Seizures resulting in answer signal
g Enal o 100

ASR = :
Total seizures

Measurement of ASR may be made on a circuit group or on a destination basis.

D International networks contain one-way and both-way operated circuits, and their traffic flow characteristics are inherently
different. This difference needs to be taken into account when calculating BCH and SCH either by:
i) multiplying the number of one-way circuits by 2 to derive an equivalent number of both-way circuits or;
ii) dividing the number of both-way circuits by 2 to derive an equivalent number of one-way circuits.
When analyzing BCH and SCH data, and when BCH and SCH data are exchanged between Administrations, it is essential
that the method used is understood so that erroneous conclusions may be avoided.
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3.6.4 answer bid ratio (ABR)

ABR gives the relationship between the number of bids that result in an answer signal and the total
number of bids. ABR may be made on a circuit group or on a destination basis.

Bids resulting in answer signal
Total bids

ABR = x 100

ABR is expressed as a percentage and is a direct measure of the effectiveness of traffic onward from the
point of measurement. It is similar to ASR except that it includes bids that do not result in a seizure.

3.6.5 seizures per circuit per hour (SCH)?

SCH is an indication of the average number of times, in a specified time interval, that each circuit group
is seized. When related to the expected values of average call holding times and effective call/seizure rate for the
circuit group, it will give an indication of the effectiveness of the service being offered.

SCH = Seizures per hour

Quantity of circuits available for service

It is not necessary to accumulate data for an hour to compute SCH. (See § 3.6.2 — BCH.)

3.6.6 occupancy

Occupancy can be represented in units (for example, erlangs, hundred-call-seconds (CCS) or as a
percentage. It can be measured as a total for a destination or for a circuit group and as an average per circuit on
a circuit group. Its use for network management purposes is to show usage and to identify unusual traffic levels.

3.6.7 mean holding time per seizure

This is the total holding time divided by the total number of seizures and can be calculated on a circuit
group basis or for switching equipment.

3.6.8  busy-flash seizure ratio (BFSR)

BFSR gives the relationship between the number of seizures that result in a “busy-flash” signal (or its
equivalent) and the total number of seizures. Measurement of BFSR is usually made on a circuit group basis.

Seizures resulting in a “busy-flash”

BFSR = x 100

Total seizures

Note — The source of “busy-flash” signals, or their equivalent, will vary with the signalling system used.
Therefore, the calculated BFSR on individual circuit groups may naturally be different, and as a result, caution

should be used when comparing BFSR among circuit groups. _
e

2 International networks contain one-way and both-way operated circuits, and their traffic flow characteristics are inherently

different. This difference needs to be taken into account when calculating BCH and SCH either by:

i) multiplying the number of one-way circuits by 2 to derive an equivalent number of both-way circuits or;

ii) dividing the number of both-way circuits by 2 to derive an equivalent number of one-way circuits.

When analyzing BCH and SCH data, and when BCH and SCH data are exchanged between Administrations, it is essential

that the method used is understood so that erroneous conclusions may be avoided.
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3.7 The number of parameters possible o