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1	Executive Summary

This paper summarises the initial study carried out in respect of the problems quoted in ITU-D Study Group 2, Topic 3.  The initial study is restricted to the most critical issues of Topic 3, due to lack of resources needed for compilation and analysis of data essential for the study.



1.1	Traffic Administration-Market Scenario

The task of obtaining data of acceptable quality is extremely difficult as a majority of users of digital switches do not measure and analyse traffic data on a regular basis. This is attributable to shortcomings discussed in this paper.  In the rare instances where measurements have been carried out the data available is not representative of the diurnal /seasonal volume of traffic flows and hence the samples are not of acceptable quality.



1.2	Sample Data/ Acknowledgements  

This study was carried out with the sample of data provided by Mr. Subahs Bajracahriya, Nepal Telecommunication Corporation. The Corporation extended by the latter to provide the data – (though not of adequate size and representative of the network but) - of minimal quality to enable study of the critical issues of the question is  much esteemed and appreciated.  The latter was kind enough to reformat the (raw) data output from the switch manually to a spread sheet layout shown at the under-mentioned 

http://www2.itu.or.th/kk/neax99/USRGrpdata&EntityDescrptns.xls

The effort and time involved to carry out the task manually is extremely laborious and often cannot be appreciated unless one has prior experience. His continued support and those of others who may find this study of interest to them are solicited to complete the study.



1.3	Analysis of Data and Presentation of Results of analysis

In order to derive information essential for the study, it was necessary to develop the software to analyse the data. Due to aforementioned resource constraints, these applications had to be developed by the author. Hence the analysis is restricted to that needed to derive the minimal information essential for illustration of the applications of traffic data particularly in the context of emerging market competition.

It is not feasible to present the details of the analysed data in this paper as most of results are presented in active graphical format-see para. 1.5. Hence the presentation includes only the minimal requirements to illustrate the concepts and the structure /nomenclature of the results by the type of information. For more detailed information the reader is requested to visit the web site of the ITU Regional Office quoted in paragraph 6.



1.4	Problems  Encountered, Suggestions  for Improvements , Results of Analysis,  and Recommendations

The problems encountered from the perspective of the users of traffic administration of the switch and suggestions for improvements are discussed in paragraphs 2, 3, 4.  The results of analysis, inferences, conclusions and recommendations are given in paragraphs 6 and 7.

The main aim of the analysis is to generate results, self-revealing of information that will serve the needs of decision making.  These results of analysis and inference/opinions are grouped by that essential for marketing and diagnosis of degraded network performance. It should be noted that the results of latter also influence the customer behaviour and should be taken into consideration when making a decision on service products and pricing. Considering the limitation of the sample of the data analysed for the time being, in-depth statistical analysis of the data has been avoided  

The inference opinion of the analysed results and recommendations are summarised in paragraph in this paper. These are based the results of analysis of the sample of data available for the study. The sample does not provide data of the traffic relations of each key� traffic stream and its composition by volume/quality to each destination. Hence the study is by no means exhaustive and therefore the opinions expressed and the results of analysis provided are incomplete.  The aim of the results is to invoke response from the users of digital switches to complete the study



1.5	Active Graphical Views 

Most of the results are displayed using active graphical views -of observation clusters grouped by time of  the day- supported with macros embedded to demonstrate the influence variation of parameters.  The views illustrate the relevance of results for network management and marketing applications. These cannot be demonstrated on hard copy and readers are requested to visit the web site mentioned in paragraph 6 for demonstration of these results.



1.6		 Marketing Information

The information provided -due to limitations in the data available in the sample- for the time being is confined to the needs to overcome the critical inefficiencies encountered by network These inefficiencies mainly arise from the use of �non adaptive demand insensitive pricing practises that have an adverse impact on the processing capacity of switches and the mean diurnal utilisation of network capacity that has zero shelf value.

Accordingly, to begin with the analysis of the data has been confined to derive the under-mentioned information to illustrate the inefficiencies mentioned above:

usage minutes per subscriber per day and its diurnal distributions by time of the day grouped according to the applicable tariff;

the distributions of traffic, conversation time and answered calls by time of the day for each important traffic relation proper to each �traffic stream showing its variations and capacity utilisation.

It is possible to develop a model based on the distribution of conversation time to study the influence of market controls on customer behaviour.  Such a model could be used to optimise revenues through application of adaptive pricing techniques.

The sample of data provides information only for one exchange.  It does not provide information on traffic relations. Hence the information in respect of item (b) is computed only in respect of the traffic streams to illustrate its application.



1.7		 Network Management Information

The sample data provides information of only one exchange. Further it does not provide information on traffic relations.  Hence in order to illustrate the applications of data for network management the results are grouped by traffic streams showing the:

indicators of quality the traffic stream as the call request progresses from source to destination during the processing of the call - using performance ratios bid to seizure, answer to seizure, busy to seizure and no answer to seizure;

call completion of terminating traffic at the destination exchanges;

the variation of traffic bids and means holding time of each traffic stream by the time of the day to demonstrate the loading of the call processing capacity of the switch; 

In the case of the sample, data has been provided only for one exchange - hence the indicators have computed for the exchange for which the data is available.



2	Traffic Data Output of digital Switches - Typical (unfriendly) Formats

Typical formats of Traffic Data output by digital switches are given at url

http://www2.itu.or.th/kk/neax99/Annx1format.tif

http://www2.itu.or.th/kk/neax99/Annx2format.tif

Annex 1 shows a typical unfriendly format that according to users of the switch is not conducive for the generation of information needs for meeting market expectations. The format does not indicate the names of traffic objects and their entities - that varies in accordance with the scheduling of the monitoring of traffic objects.  Hence with each output it is essential to identify the entity by name and associated object prior to sorting the data. This involves considerable effort and time as automated tools are not available to reformat/sort the data.

The format shown at Annex 2 is an improved version, yet sorting the data for deriving information from the output is time consuming as there are no tools available to automate the activity.



3	Difficulties encountered in analysing data Defeating Realisation of aims ITU-T 500-E the perspective of the users of traffic administration systems 

A sample of traffic data of reasonable size and quality conforming to the guidelines given in ITU-T 502-E will be quite voluminous.  Analysis of such data in the formats mentioned in paragraph 2 unsupported by automated means requires a colossal effort that is strenuous beyond limits of tolerable endurance.  These difficulties according to most users of switches defeats the realisation of the aims of the ITU Recommendations and renders the investment on traffic administration systems made by the user of the switch unproductive.

The difficulties encountered by most operators using these digital switches are summarised below.

Firstly the most critical shortcoming is that mentioned above, i.e. the unfriendly format of the raw traffic data output by digital switches. This dominant factor is dissuading the users of the switch to use the traffic administration system productively to respond timely and cost effectively to market expectations.

The next problem is the interpretation of data/results for network management and other applications.

To help those encountering such a difficulty, the analogy of the application test tone for monitoring/identification of transmission network performance between two nodes is compared with that of the bid/call attempt as it progresses from origination to destination switch.

This is illustrated at the URL http://www2.itu.or.th/kk/neax99/IInterprnBidSzraAnswrs.ppt  This concept is further demonstrated in the analysis of the sample data provided.

The third problem is the non availability of convenient computer-aided means for automating analysis of traffic data to provide results that are self revealing of information needs for network management, and other applications.

Some of the feasible options to overcome these impediments are discussed in paragraph 4.



4	Measures to overcome inefficiencies of Traffic administration systems

The inefficiencies referred to above may be overcome by providing

a vendor independent standard format for outputting data from the switch;

user dependent interface for transportation of the standard format to a general purpose database of user’s choice;

�a data model representative of traffic objects of the network and their relations.

These requirements are discussed below.



4.1	Data Output from Digital Switches - A Vendor Independent Standard Format 

To overcome shortcoming of unfriendly formats of data output provided by digital switches, it is essential to develop a vendor independent standard format. Such format should conveniently facilitate transformation of data electronically to a general-purpose database.

To establish such a format it is essential that data output has information of the identity of each exchange, switch, names of traffic objects, their entities, observation time and date specified for each record by group of records as applicable. This would enable that the information of raw data output to be conveniently sorted re-formatted consistent with the information to be generated.  The format at Annex 2 closely conforms with this requirement



4.2	User Interface- Format  for Transportation of Data to General purpose  Database 

The format referred to above, if available, could be used to transform the data to a user-dependent interphase with a format conducive for transportation to a general purpose database of user’s choice.  This should be based on a well-defined data model, a suitable structure for which is outlined below.



4.3	Data model 

It is not possible in this paper to deal with the details of the data model.  However, a generic structure for the data model that is independent of the vendor design/architecture of the switch and representative of all traffic objects and their relations are summarised below.

The basic objects of the model proposed grouped by operator network, its exchanges, pay load carrying  circuit groups, traffic relations and common control trunks are given below. 

4.3.1	Operator Network

4.3.1.1.Exchange

4.3.1.2.Switch- an exchange may have one or more switch makes

4.3.1.3.Switch type -a given make of switch installed at a given location may have one or more types/models

4.3.2.	Pay load carrying circuit group types  

4.3.2.1.	Outgoing Circuit Groups: OGCG - A switch may have one or more OGCG groups

4.3.2.2.	Incoming Circuit Groups :  INCCG - A switch may have one or more INCCG groups

4.3.2.3.	Both way Circuit Groups: BWCG - A switch may have one or more BWCG groups

4.3.2.4.	Subscriber lines SL served by the switch. 

4.3.3.	Aggregate of �Traffic Relations  by Traffic Stream

4.3.3.1.	Originating Outgoing :	OROG – aggregate of originating outgoing traffic relations to all destinations carried by the OGCG

4.3.3.2.	Originating Internal/Intra-office: INT - aggregate of originating internal traffic relations from all subscribers of the switch terminating  in the switch 

4.3.3.3.	Terminating Incoming: 	INCT - aggregate of incoming traffic relations from all sources external to the switch and terminating within the switch

4.3.3.4.	Transit :	TRNS - aggregate of incoming traffic relations from all sources external to the exchange and transiting via the exchange to other destinations



4.3.4.	Common Control Trunks (CCT) Shared by

		(i)	the exchange and other exchanges- A CCT may be shared by the exchange and 				one or more other exchanges

		(ii)	the switches: - A CCT may be shared by one or more switches

		(iii)	the type of circuit group: A CCT may be shared by one or more circuit groups

		(iv)	the traffic relation-A CCT may be shared by one or more traffic relations

		(v)	type of service- A CCT may be shared by one or more services subscriber groups 			of switch- A CCT may be shared by all subscribers or one or more subscriber 				group or class



5	Analysis of Traffic Data

The analysis focuses the needs for: study of the item (b) and (c) of Q3/2, Doc. 2/269-E.  These refer to:

diagnosis of causes of impairment of network performances due to 	defective/congested network resources or adverse subscriber behaviour and;

service product development and pricing of services for revenues generation and 	meeting market expectations

Application of traffic data for planning is not covered in this paper, as sample data provided is not adequate for the purpose.  The procedure outlines aims to develop an algorithm to support the automation of analysis of traffic data for network management and marketing applications.



5.1	Analysis of Data –for Network Management  applications

The call completion ratio is the most important performance indicator that provides vital information for network management.  The ratio for traffic from any sources to any given destination is influenced by the call completion at the destination, as it cannot be any better than that at the destination of the terminating switch. This information is provided by the call completion of the steams INT and INCT quoted at item 4.3

Further, the results of call completion of the streams INT and INCT show the impact of the quality of the outside plant served by the switch and that of the behaviour of subscribers, in particular that is adverse to quality network performance.

Another indicator that readily reveals the quality of any traffic stream is its mean holding time as compared with the conversation time.

The above indicators may be used to set up threshold values to facilitate detection of degraded network performance for network management applications.

To enable automation of analysis of the data for reasons clarified above, a possible approach to analyse the data is quoted below;

	(a)	sort the data output of each exchange by make/type of switch and by each traffic relation proper to each traffic stream (orog, inct, int, and trn) ordered by day and time of measurement see the references to sorted out data is shown at the urls given in paragraph 6;

	(b)	next sort for each traffic relation proper to each traffic stream bids; seizures; busy; no-answer grouped by time of the day for each �traffic relation ordered by traffic �volume or bids to the destination;

	(c)	compute for each traffic relation in the order of their importance the performance indicator ratios under mentioned to enable identification of locations/zones of congestion;

(i) Seizure to calls (ii) Answers to Seizures (iii) Busy to Seizures (iv) No answer to Seizures and (vi) traffic volume of each relation 

	(d)	compute the mean holding time for each traffic stream: note most switches are typically dimensioned for 90 seconds mean holding time. Th mean holding time varies with call completion ratios and hence reveals information of loading of the switch these results are shown at references shown at URLs given in paragraph 6;

	(e)	degradation of the mean holding time below 90 seconds begins to overload the processing capacity of the switch.  This overloading of the switch may be used to set up exception threshold value to identify traffic relations of poor quality and the causes for their poor performance;

	(f)	use the algorithm of the chart of figure A -1E -420 of Annex A to ITU-T/420-E to identify exchanges with performance below exception threshold. 



5.2	Analysis of Data- Optimising Revenues and Market Expectations

It is not possible to control network performance solely through enforcement of network controls. The consumer behaviour adverse to quality network performance, needs to be regulated by providing appropriate incentives penalties.  This requires use of adaptive techniques involving demand sensitive pricing and discounts for bulk wholesale and retail sales�.

Most other sectors such as electrical energy supply business use dynamic/spot pricing techniques to influence the behaviour of the consumer to counteract inefficiencies caused by diurnal variations of the load.

The situation of the telecom network is no different.  This section focuses the use of traffic data to overcome in particular inefficiencies arising from lack of recognition that: 

telecom network capacity has no shelf value

average capacity utilisation is low due to ad-hoc pricing insensitive to �demand and capacity utilisation.



5.2.1	Performance Indicators for Marketing Applications

Two important indicators, which may be derived from traffic data, are

Mean usage minutes per subscriber per day 

Distribution mean usage by peak and off peak tariffs by international, long distance, local services

Distribution of conversation time in sec or metered units clustered by time of the day in respect of international, long distance, local services

The sample data studied does not provide information of traffic data by international, long distance and local call services.  Hence, the analysis shows the application of the concept in respect of traffic streams for which the data is provided in the sample.



5.2.2	Analysis of Traffic Data for Marketing applications - A Feasible Approach 

The following procedure outlines a feasible approach to derive the latent information of the traffic data essential for marketing applications.  In this instance data is available only for one exchange. Hence, it is not possible to illustrate fully the model proposed.  In practice results of several exchanges normalised by a unit size of subscriber population (say 1000 subscriber) should be used to allow for variations in subscriber populations served by different exchanges.  As the consumer behaviour may vary according to the density of the network, it is best to use exchanges of comparable size in the sample.

The approach outlined is based on the use of clusters of observations grouped by time of the day to detect influence of market controls on customer behaviour. 

Use the data item 5.1 (c)

Next analyses/plot variations of traffic and answers clustered by time of the day for each traffic relation grouped according to their order of importance.

Examine these clusters of traffic/answers to estimate the mean conversation time and their deviations to identify pricing and other relevant factors relating to customer expectations influencing demand.

Based on information gathered from market surveys changes these factors in the first instance using a reasonable judgement so as to enhance capacity utilisation and revenue generation.

Repeat procedure (a) to (c) to monitor market response and estimate factor elasticity of the demand and also the revision essential to realise the expected outputs.

Repeat process to �track target value expected.



6	Sample of data analysed and Results of Analysis

The samples of data used in the study provided by Nepal Telcom Corporation is given at the URL

http://www2.itu.or.th/kk/neax99/USRGrpdata&EntityDescrptns.xls



6.1	Network Management Applications 

The sample of data provides information only in respect of one exchange. Further, no data on traffic relations is provided in the sample.  Hence, the analysis referred to in paragraph 5.2 is computed for the incoming traffic streams and are given at the under-mentioned URLs:

	(a)		http://www2.itu.or.th/kk/neax99/USERGRPINT1.xls

	(b)		http://www2.itu.or.th/kk/neax99/USRGRPINCT1.xls

	(c) 		http://www2.itu.or.th/kk/neax99/USrgrpOROG1.xls

A hard copy of the index pages of the above sites and copy specimen results are attached hereto for illustration of the format of presentation of information are given at Annexes A, B, C, D, and E.  The Annexes A, B, and C provide the links to the pages containing the analysed data.  The annexes D and E illustrate specimen results with explanatory notes.

6.2	Marketing Information

In view of the limitation of the sample of data mentioned previously the analysis is confined to the analysis of the traffic streams to illustrate the application of the indicators quoted in paragraph 5.2.1.

The results of the analysis are given at the above-mentioned URLs. The results of mean usage per subscriber per day and its distribution by time according to tariffs applicable are given at the URL:

http://www2.itu.or.th/kk/neax99/USRGrpdata&EntityDescrptns.xls

A specimen of the results is shown below for purpose of illustration. The results given at the Url shows that the distribution is stationary with mean around 34 minutes per subscribe per day. 



�

���� Thursday day1��������usage per subscriber per day -minutes����34.00��% usage  at peak load from 10:00 to 11:00 hrs����15.46��% usage at pk tariff  07:00 to 18:00 at price p����80.01��% usage at pk tariff  19:00 to 22:00 at 0.5p����15.51��% usage at pk tariff  23:00 to 06:00 at 0.33p����4.48��������

Further the results show that:

(a)	when the peak tariff is applicable the usage is around 80% of the daily usage.

(b)	the usage during peak hour and that during the adjacent off peak time slot, i.e. at 50% of the 	peak tariff is around 15.5% of the daily average, i.e. about 5.1 minutes. 

(c)	The usage during lowest tariff -33% of the peak tariff is around 4% of the daily average use, i.e. around 1.4 minutes per subscriber. The results also show symptoms of a stimulus of utilisation with long conversation time in the off-peak hours 00:00 to 03:00 with lowest tariff. This is likely attributable to the use of Internet services. However, these changes remain undetected due non-use traffic data to study the market response to new products/tariffs.

The results of answered calls, their duration and distribution indicate that the choice of tariffs – apparently made on an ad hoc basis- is not serving optimally the needs of revenue generation and market expectations. Provisions of customised services products based on bulk and wholesale pricing particularly during off peak time with support billing service are crucial to achieve the aforesaid objective.

A hard copy of the index pages of the above sites and a copy of the specimen results are attached hereto for illustration of the format of presentation of information.  This information is given in the same Annexes A, B, and C referred.  Annexes F and G illustrate specimen results with explanatory notes.

7	Conclusion and Recommendations

The study has shown :

(a) 	the difficulties encountered in acquisition, storage and analysis of data;

(b) 	the need to develop standard format for outputting traffic data from digital 				switches;

		(c)			the need to develop generic data model representative of traffic objects and 						their relations;

		 (d)			develop tools facilitate analysis of data to meet information needs of network 					management and application.

Accordingly, it is recommended that this study is completed to enable development of solutions in respect of items (b) to (d) above and also those of the other issues addressed in Topic 3.





________

� See figure 4/E, 502 of ITU-T 502-E

�   Network controls alone cannot accomplish desired results of Network efficiency. The customer behaviour influences network performances significantly. The adverse impact of customer behaviour could be mitigated considerably through use of techniques such as spot pricing discounts and penalties. Such practice are used by other economic sectors such as the electrical energy supply business.

�  See item 4.33 and see figure 4/E of ITU-T/502-E for definition

� The model provides for facilities needed for unbundling of network elements that may become necessary with increasing market competition

�  See ITU-T/502-E figure 

� Note the sample data provided does not contain  information of traffic relations proper to each traffic stream. Hence, the analysis dose not include performance of traffic relations.

� The traffic volume or bids will indicate the relative importance of the traffic relation.

� Demand sensitive pricing requires the support of very efficient billing systems

� In practice the target values just as much as optimal network dimension are dynamic and will vary according to changes in market expectations.  Thus desired target could only be tracked by using adaptive control techniques to fine tune the performance.   



____________________
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