SULTAN - SUbsciber Line Test Access Network

Telstra’s Customer Line Testing System

Produced by Graeme Shaw, Telstra Corporation   August 1997

Telstra's customer line testing system is described.  Dating from the mid 1970's, it has expanded and evolved continuously and with accelerating pace in order to accommodate user requirements and increasingly sophisticated switching and computer technology.

This document is based on, and updates a previous version dated March 1992.  It has been written in anticipation of the completion of the SULTAN Re-architecture project, scheduled for early 1999.
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1.
INTRODUCTION

The SULTAN system has been designed and built to control the testing of customer telephone lines in the Australian Public Switched Telephone Network (PSTN).  SULTAN also supports the testing of a subset of Integrated Switched Digital Network (ISDN) lines, namely those built into PSTN nodes as part of the network switch.  These are the Basic Rate Access ISDN lines.

Testing is performed by several types of Telstra user, usually remotely from the customer line and connected to it via a testing network.  Until the introduction of SULTAN in the early 1980's, line testing was performed only by technical personnel using test desks, hardwired electrical devices which presented analogue line test results either as tones or as voltmeter readings.  The electrical measurements made on a telephone line with a test desk often gave an unclear indication of the presence and location of a fault, resulting in many fault repair staff being incorrectly despatched.  Test desks had direct access to lines in only the local exchange area, necessitating the involvement of one local and at least one remote Tester in testing more distant lines.

With the emergence of data processing and exchange control computer systems in Telstra, it was recognised that a software controlled line testing system would offer significant advantages over the analogue system, including more accurate fault diagnosis, improved operator efficiency, the possibility of integration with related customer information systems, and much greater flexibility for the addition of new features and design changes. Thus, the Subscribers Line Test Access Network (SULTAN) system was conceived in the mid 1970's and implemented in the early 1980’s.  SULTAN minicomputers were installed at sites in Brisbane, Sydney, Melbourne, Hobart, Adelaide and Perth, each site serving both metropolitan and country customers. The trend in the 1990’s has been to utilise networking and more powerful computers to reduce the number of sites and network nodes, centralising computer hardware in Melbourne.

2.
SYSTEM EVOLUTION

The minicomputers chosen originally for SULTAN were DEC PDP-11 machines running the RSX operating system.  Application software was written in the assembler language, MACRO-11.  Over the life of the SULTAN project the computer hardware and software have been replaced in several stages with more modern equivalents as necessary and as the ongoing program of maintenance and new design work permitted.

During the mid 1980's Pascal replaced assembler in the predecessor of the SCC.  By 1987, the limited capacity and downgrading of manufacturer support for the PDP-11 necessitated a minicomputer change.  The DEC MicroVAX series, running the VMS operating system was the chosen replacement for the TCC. Pascal code was ported across to the MicroVAX with appropriate changes for operating system and language compiler differences.

The volume and complexity of application software steadily increased as a result of the expanding range of test devices with which SULTAN was required to interface and facilities which it was expected to provide.  It became apparent that the SULTAN software needed to be restructured so that each user and test technology type would be handled distinctly from others.  Additionally, object-oriented techniques through the use of the C++ programming language were adopted as a future standard to improve code maintainability. In order to overcome the hardware restrictiveness of a proprietary operating system, UNIX was chosen.

Beginning in 1990, an attempt was made to redevelop a part of the application software in C++.  The target platform was the DEC Alpha, a RISC machine, running DEC UNIX.  The redevelopment, low in priority and taking almost three years to complete, was unable to keep pace with SULTAN functionality and network architecture changes which had occurred in the meantime.  It served as a useful prototype, but was rendered obsolete and never implemented.

Due to a pressing works programme, it was not until 1996 that a proposal to completely re-architecture SULTAN was approved and development commenced.  This project necessitated full involvement of the development team.  Apart from a handful of essential functionality changes, enhancements to production software would cease until completion of the Re-architecture.  The C++ / UNIX / Alpha environment was confirmed.  The Re-Architecture was implemented in several stages, progressively introducing the XCC, SCC and ICC, whilst retiring the old platforms.

Although SULTAN has not changed in concept from the original design, its functionality has been hugely expanded.  The most prominent example of this is the variety of test devices and line tests now handled by SULTAN.  Each of the increasing number of exchange and line types in the PSTN must be interfaced separately.  Most of these are intelligent, providing their own line testing capability.

3.
GENERAL DESCRIPTION

SULTAN consists of a set of minicomputers running a suite of application software permitting users to request and receive information from the Telstra network of test devices.  Users request line tests and receive test results, test devices perform the line tests, and the minicomputers direct the whole process. Multiple users can be logged into SULTAN, all performing line tests.

Several types of user and test device are supported.  Each user type has its own particular screen or data packet interface to SULTAN, whilst each test device type presents results in its own individual format.  SULTAN converts line test results to a standard format, presented to the user in a manner dependent on, and suitable to the requirements of that user type.

4.
SULTAN ARCHITECTURE

The SULTAN architecture is depicted below in Figure 1.  Descriptions of the SCC, XCC and ICC platforms follow.  User types, line test devices and exchange node enquiry lines will be described in subsequent sections.




Figure 1  SULTAN Architecture

4.1
SCC

The SULTAN Communications Controller (SCC) contains most of the core functionality.  It provides a set of user interfaces, each dependent on user type, and controls each user login session.  It provides a set of test device interfaces, managing the allocation of test devices to users and the communication of line test requests and results.

The SCC has been developed in C++ and runs under the Digital Equipment Corporation (DEC) UNIX operating system on a DEC Alpha platform.

4.2
XCC

When SULTAN was conceived, all PSTN lines in a given Full National (Telephone) Number (FNN) prefix range were physically co-located in the one exchange.  (A prefix is the first few digits of a FNN.)  Test devices were assigned on the basis of prefix range.  Data relating to the entire mapping, or translation,  between FNN and test device was thus relatively low volume and was held on the predecessor of the SCC.

The adoption of digital switching technologies in the PSTN has progressively changed this situation to the point where, for several technologies, there is no relationship between prefix and test device. The consequent increase in volume of translation data and the flexibility required to switch between nodes in order to locate a given FNN necessitated a platform dedicated to translation data.  This platform is the Translation Communications Controller (XCC).

The XCC centralises the user and translation databases.  It acts as a server to the SCC, supplying it upon request with information relating to users or FNN’s.  It is given access to PSTN nodes which hold translation information internally so that it can query them, retrieving the information which it requires in order to complete a FNN translation.  Administration utilities have been provided for maintenance of XCC data.

Following are the main types of enquiries and responses directed to the XCC.

· Validate a userid (user identity) and password.  The XCC indicates whether the combination is valid (it matches a user database entry) or not.

· Accept a request for a specified revertive number (Section 4.2).  The XCC indicates whether the revertive number may be used (it is valid and not already in use) or not.

· Accept a translation request for a specified FNN.  If the FNN or its prefix is in a translation repository, either within the XCC or a PSTN node to which the XCC has access, the XCC returns the test device identity and associated information dependent on the node type, otherwise it indicates an error.

The XCC has been developed in C++ and runs under DEC UNIX on a DEC Alpha platform.  It uses the object-oriented database Object Store to manage its data repository.

4.3
ICC

The Interface Communications Controller (ICC) is a protocol converter.  It converts Internet Protocol (IP) to X.25 and X.25 to IP.  The SCC and XCC use IP, whilst the Telstra network test devices which provide access to customer lines commonly use X.25.  All SCC and XCC communication with test devices is made through the ICC.  If protocol conversion on a given transaction is not required, then the ICC forwards the transaction unchanged.

The ICC, envisaged to be only a relatively short-term requirement for SULTAN, has been developed in Pascal as a modification of a superseded SULTAN platform type.  It runs under the DEC Virtual Memory System (VMS) operating system on a DEC MicroVax.

4.4
Event Logs

Each platform maintains logs of a comprehensive range of significant events.  Some of these logs, recording user access to customer lines, are archived for audit purposes, some aid fault analysis, and others, recording details about the progress of user test sessions, permit the production of detailed performance statistics reports.

5.
USER TYPES

5.1
Machine

Several Telstra information systems require customer line test results.  A general SULTAN machine interface, consisting of a specified set of data packets, has been provided for this requirement.  Several user and system types, following, are currently supported by the machine interface.

5.1.1
Consultant

Consultants are customer-facing staff who perform line tests and record customer telephone problems.  Consultant screens are presented by an interface called Service*Plus, which provides switchable access to SULTAN and other Telstra customer information systems.

A customer reports a complaint about a telephone service by dialling 1100.  A Consultant answers the call and requests SULTAN to perform a line test on the FNN nominated by the customer.  Test results are presented as a simple determination of whether the line is OK busy or faulty.  The Consultant may inform the customer of the result.  If the telephone service was faulty, the Consultant may direct a fault report along with detailed test results to Service*Plus, which maintains a database of customer service records and handles the queuing of fault reports and fault repair requests.

5.1.2
ATS
Automatic Test System (ATS) provides the ability for non-business customers to instigate a third party line test and record a fault if appropriate, without the need to speak to a Consultant.  ATS is an Interactive Voice Response (IVR) system which, by means of voice directions, guides the customer through a simple procedure to test the service on a third party telephone line.  ATS is used to take the overflow from calls to 1100.

5.1.3
Autocat  (This inerface is now not used)
Autocat is a service activation and de-activation tool.  It creates new customer services, allocating lines, setting service options and where necessary, passing customer line information to other Telstra network equipment.  It removes the services of departing customers.  Autocat interacts with SULTAN in order to perform a line test to prove each new customer service.

5.1.4
FAST
Field Access SULTAN Test (FAST) provides the ability for field staff to perform line tests from a telephone instrument, usually at a customer premise.  It is an IVR system similar to ATS, making use of more sophisticated SULTAN line testing than does ATS.

5.1.5
T&DS

Test and Diagnostic System (T&DS) provides extended interpretation of line test results.  To do this, it combines information gathered from the SULTAN to Service*Plus interface with other customer or network information such as exchange alarms.

5.1.6 VoicePortal

Voice Portal – Service Edge Application Server (VP-SEAS) is a replacement of the ATS to SULTAN interface. It provides an interactive voice response platform (IVR) to customers calling about service difficulties. eBS are supporting that project by providing an interface to a number of Telstra’s core systems, one of which is SULTAN. The application server managed by eBS that will be interfacing with SULTAN is VP-SEAS.

5.1.7 TestBot

Test Robot (TestBot) provides the means of automating the Line Testing and Order Clearing of Service Activation Orders in AXIS. To provide this functionality, the robot architecture is be employed. TestBot is presented with an order from AXIS, it then tests the line via SULTAN.  How TestBot processes the order depends on the result of the SULTAN test and the TestBot options selected.

5.1.8 DayROLF

Daytime Retest Of Line Faults (DayROLF) provides a mechanism to confirm a fault still exists before assigning a job to a fault repairman. This can in some circumstances prevent unnecessary truck rolls. DayROLF is also used in times of bad weather where many faults are related to the flooding of the same cable. When that cable has been repaired DayROLF can be used to confirm that all services have been restored. This cuts down on the amount of manual line testing otherwise required.

5.2
Tester

Customer faults reported to Service*Plus are dealt with by Testers, experienced technical staff who investigate and diagnose line faults.  For each selected fault report, a Tester requests appropriate SULTAN line tests.  The diagnosis is recorded on the Service*Plus fault report for the attention of fault repair staff.  Testers use personal computers running the DRIFT terminal emulator package to perform the switching between SULTAN and Service*Plus.

Of all user types, Testers have available the most comprehensive set of SULTAN line tests and screen displays.  Results are generally presented as electrical measurements made by a test device, along with those calculated by SULTAN.  There are three modes in which results may be presented:

· single - a set of text readings

· block - a decay curve of twenty readings taken over a period of one second

· continuous - a bar graph whose length may change up to five times per second, simulating an analogue meter display.

Testers are given direct access to a customer telephone line via a revertive number.  SULTAN sets up a PSTN connection on one of an allocated set of FNN’s from customer to Tester (the revertive direction).  The revertive connection is necessary for the Tester to perform several types of line test or to speak to the customer, should this be necessary.

5.3
CLIQ

Customer Line Insulation Quality (CLIQ) is a SULTAN network maintenance feature which provides a line testing facility for authorised workstations and personal computers (PC’s).  CLIQ provides the interface to the remainder of SULTAN, which controls all line testing activities.  CLIQ users employ high volume testing for regular sweeps of the entire PSTN, for checking the installation of new exchange lines, and for local preventative maintenance.  Such testing can identify fault conditions at an early stage, enabling corrective action to be taken before faults become evident to customers.

A CLIQ user submits a request for a batch of any number of line tests, indicating the preferred time and date for each test and, if required, the test device which should perform the test.  The batch can be any size, from a single line test, which may be performed immediately, up to thousands of line tests, which will generally be performed in an overnight off-peak run.  A report containing the results for each line tested in each batch run is sent by CLIQ to the workstation which submitted the request.

A CLIQ test is given lower priority than a Consultant or Tester test, and may if necessary be terminated by SULTAN to free a test device.  The actual time at which a given CLIQ test is run depends on the system load at the nominated preferred time.

CLIQ line test requests are prepared off-line with the aid of the CLIQ PC interface and customer information from the Network Provisioning and Maintenance System (NPAMS).  The smallest group of FNN’s extracted from NPAMS and presented to CLIQ is usually a Distribution Area (DA), corresponding to the telephone lines emanating from a street pillar.  Line test results are presented in a tabular form for inspection at any stage during the testing of a batch of FNN’s. 

CLIQ application software resides in both the SCC and in each authorised workstation and PC.  Authorisation provides security for remote SULTAN access.

6.
SWITCHING TECHNOLOGY TEST DEVICES

In order to conduct line tests SULTAN makes use of the line test devices installed within the exchanges and network devices of which the PSTN and ISDN are comprised.  Test commands and results to and from these devices are converted and filtered by the SCC so that the individual characteristics of each are transparent to users, who see only a standard SULTAN test.

6.1
Analogue

The Microprocessor Robot Tester (MRT), custom designed by Telstra, is the original SULTAN test device.  It was designed for the initial implementation of SULTAN to meet the full set of line testing requirements, and largely still does so.  The MRT is installed in older analogue exchange types, such as crossbar, which do not have an embedded line testing capability, and in other exchange types whose line testing capability is inadequate for SULTAN's requirements.  Contracts for manufacture of MRT’s have been held by several companies.

The MRT is a rack-mounted assembly of printed circuit boards capable of directly accessing and testing customer telephone lines.  Controlled internally by the Motorola 6802 microprocessor, the MRT incorporates circuitry to interface with the SCC and the exchange, apply tests to a line and measure the resulting electrical values.  A set of MRT commands, each corresponding to a specific line test, permits the SCC to control the MRT.

MRT’s are of two types: dedicated X.25 and dialup. A dedicated X.25 MRT is connected to its controlling SCC via an ICC and through the AUSTPAC Public Data Network.  A dialup MRT is accessed by an SCC establishing a call to it via an ICC and on through the PSTN.  Dedicated X.25 MRT’s are used to cover high density metropolitan areas and lower density country areas serviced by AUSTPAC.  Dialup MRT’s are used to reach beyond urban areas to rural areas where the local exchanges are too small to justify dedicated data links.  Only one dialup MRT may be accessed from an ICC asynchronous port.

In order to test a telephone line, the MRT must establish a metallic connection to that line.  It does this through an interface to the exchange switching equipment.  An MRT is usually installed so that it has access to all lines switched by the local exchange in which it resides.  Since an MRT can perform only one line test at a time, several MRT’s may be provided in an exchange to enable the planned level of testing service to be achieved.

The use of MRT’s is rapidly declining as analogue exchanges are replaced by digital.  It is likely that SULTAN will not need to support MRT testing beyond the year 2000.

6.2
PGS

  Customer telephone services were once provided exclusively by an individual pair of copper wires running from the local exchange to each customer premise.  Today, an increasing number of systems, known as Pair Gain Systems (PGS), provide the individual pairs of copper wires for each customer from units that are remote from the local exchange.  Groups of customer lines run from the exchange into an exchange unit (EU), which multiplexes the lines into a single communications link.  The link may comprise media other than copper cable.  The link runs to a remote unit (RU), from which each individual customer line reappears.  The EU function is presently being integrated with the exchange equipment, so that in future the exchange will provide direct multiplexed customer services over the bearer paths to the RU.

6.2.1
 RIM

The Remote Integrated Multiplexer (RIM) is a large PGS capable of providing up to 480 basic telephone services.  It is at present the only type of PGS tested by SULTAN.  The RIM supports a range of switched, non switched, analogue and digital facilities and can be used across a range of link media including optical fibre, coaxial cable and copper pairs.  Its capacity enables it to be used to replace complete telephone exchanges in country areas.  The embedded RIM test device, the Customer Test Unit (CTU), has been designed to specifications giving it full SULTAN testing capability.  A RIM is connected to either an AXE or a System 12 exchange.

6.3
AXE

AXE exchanges, as supplied by the manufacturer, have an internal analogue line testing capability which is inadequate for SULTAN’s requirements.  Telstra therefore specifies the installation of two test devices in most AXE exchanges, namely a SULTAN MRT and an Ericsson Microprocessor Test Unit (MTU).  These devices reside in both the AXE node and each AXE Remote Switching Stage (RSS) connected to the node.  The MRT can test analogue services only.  The MTU can test analogue and ISDN services.  It responds to its own unique set of (man-machine) commands and protocol (MTP).

An AXE exchange holds its own translation data detailing whether the test device for a given FNN is located in that node or in one of its RSS nodes.  The XCC contains one set of AXE translation data matching FNN to AXE node, but SULTAN must query the node in order to locate the test device.  Such queries are made by the XCC via an X.25 Node Enquiry Line (NEL).

The XCC logs in to the AXE node and, using AXE man-machine commands, submits its queries via a nominated data communications port to the node.  On completion of the node enquiry a test device has been identified.  If it is an MRT it is accessed directly by the SCC over AUSTPAC.  If it is an MTU it is accessed over the same data communication path as used for the node enquiry. Each established XCC to AXE node enquiry connection is held open continuously and used in subsequent user sessions in order to avoid login delays.

6.4
SYSTEM 12

System 12 exchanges, as supplied by the manufacturer, provide SULTAN-compatible line testing facilities.  The System 12 test device is the Line Test Access Unit (LTAU).  It tests all services, PSTN and ISDN.

The method of accessing a LTAU is similar to that of an AXE MTU, requiring a node enquiry using System 12 man-machine commands, followed by access to the LTAU identified for line testing.  The LTAU does not provide the graphical displays of the MRT; however the range of tests is wider, offering scope for expansion of the range of SULTAN tests on System 12 exchanges.

6.5
ISDN

The ISDN has its own inbuilt line testing capability.  PSTN test devices access and test the line right up to the Customer Premises Equipment (CPE).  ISDN lines can be tested from the exchange to the Network Termination Unit (NT1), which connects directly to the CPE, but no further.  The NT1 is always connected to either an AXE or System 12 exchange, with or without an intervening RIM.  The test device for an ISDN line depends on the intervening PSTN technology type, CTU for RIM, MTU for AXE, and LTAU for System 12.

7.
TRANSLATION DATA

Network maintenance and new installation activities frequently change the configuration of parts of the physical network, impacting on mappings of FNN to test device.  Additionally, the list of SULTAN users is subject to change.  The XCC data must accurately reflect those mappings and users.  An interface is provided for SULTAN administrators to add, modify and delete XCC data items, both translation and user, so that the XCC database can be kept accurate.

All user data is maintained manually, as is all translation data, with the exception of RIM, on which FNN’s are regularly moved to different nodes.  RIM data is held and maintained locally on each of the several thousand RIM nodes in the PSTN.  In order to avoid an otherwise lengthy translation process for each RIM FNN, the XCC uploads and holds data from each RIM node.  The data is refreshed once every 24 hours.

8.
SYSTEM DIMENSIONING

SULTAN testing throughout Australia is currently supported by nine SCC’s, two XCC’s and nine ICC’s, distributed across two sites located in Melbourne.  This configuration was selected to give sufficient processing and port capacity, leaving a measure of redundancy in case of failure of a platform.

At present, SULTAN performs around ten million line tests per month.  About 95% of these tests are requested by CLIQ users.

Up to two thousand logged-in users can be supported.

9.
LINE TESTS

SULTAN uses a selected subset of the comprehensive set of line tests provided by all test device types.  Each test device type has its own set of tests, many of which are common to other types, but some of which are not.  Some SULTAN line tests are therefore applicable only to a specific PSTN or ISDN technology.  Should the need arise, the SCC software can be changed to include any of the tests available.

In addition to various voltages, resistances and capacitances on the wires from the exchange to the telephone instrument, most test devices can measure the insulation resistance of the line sheath and can accurately determine the position of a break in the line.  Tests on the telephone instrument include checking for the presence of dial tone, timing of dial pulses, monitoring a sample of customer conversation and ring and speak with the customer.  The line state is continuously checked to detect whether the handset of the telephone has been lifted or restored (line busy or idle), since line state affects the accuracy of, or ability to perform some types of test.

The MRT supports Tester requirements by returning test results in one of three ways: as a data packet containing a single snapshot of readings, as a data packet containing twenty readings taken over a period of one second, and as a continuous series of data packets, each containing a single reading, sent at a rate of five per second until receipt of a stop command.

10.
USER SESSION

A Tester session will be used as an example because it invokes most of the SULTAN functionality.  The sessions of other user types may differ in detail but basic operation does not vary.

A Tester may request a new login session by entering userid and a password.  The Telstra Domain Name Server (DNS) selects the IP address of an SCC on a round-robin basis.  This SCC requests userid and password validation from the XCC, which responds appropriately.  The SCC creates a new user session and returns a screen prompt to the Tester.

The Tester now enters the FNN to be tested.  The SCC requests the XCC to perform a FNN to test device translation.  This process varies in complexity according to the location of the test device within the PSTN / ISDN.  If the FNN belongs to an analogue line tested by an MRT then the FNN prefix resides in an XCC database and its translation record provides the identity of one or more MRT’s capable of accessing the line.  (RIM data, which contains complete FNN’s, not simply FNN prefixes, must be inspected first to determine whether the FNN belongs to a RIM line.)

Translation is most complex when it applies to a FNN belonging to an ISDN line connected via a RIM to an AXE node (Figure 2).  XCC data contains the node enquiry access details.  The XCC must make a complex node enquiry and match one of the ISDN FNN’s in its RIM data in order to complete translation.  The result is that the SCC can connect directly to both the MTU in the AXE and the CTU in the RIM which services the FNN.  These test devices access the AXE to RIM connection and the RIM to NT1 connection respectively.  Different line tests are revelant to each of these connections, ISDN-specific tests being directed by the SCC to the AXE MTU, and physical line tests to the RIM CTU.  The SCC can now retrieve and display to the Tester information about these connections.




Figure 2  AXE - RIM - ISDN customer access

The line test device or devices identified to perform the line testing are seized for exclusive use by the Tester.  Assume that the Tester selects a line test which is directed to a CTU.  In the direction SCC to CTU, the ICC converts all data from IP to X.25.  In the opposite direction, it converts X.25 to IP.  The SCC sends the Tester’s revertive number, obtained from the XCC, to the CTU, which establishes a revertive call to the Tester.  The SCC returns a screen prompt to the Tester, who selects a line test.

The line test identity is passed through the SCC to the CTU, which returns a data packet of results to the SCC, which in turn performs any calculations required to identify line conditions, and sends a data packet containing a response screen to the Tester.  If the response requires more than one data packet, then the ICC buffers the packets, sending a complete set of results to the Tester.

If the Tester now requests a further line test on the same FNN line, the test is performed by the presently seized test device.  If the Tester requests access to a different FNN, the seized test device is released and the process of identifying and seizing a test device appropriate to the new FNN begins.  If the Tester logs out, then the SCC session is closed.

11.
APPLICATION SOFTWARE

SULTAN application software in the SCC and XCC was designed using an object-oriented approach.  The design was translated into code using the object-oriented language facilities provided by C++.  SCC and XCC software modules run as UNIX processes, each responsible for a well-defined area of functionality.  ICC software is comprised of modules which retain the structured design and coding approach employed in previous SULTAN implementations.  ICC modules run as VMS processes.  SCC and XCC inter-process communication is based on Remote Procedure Calls (RPC’s), whilst ICC inter-process communication is based on VMS Queued Input/Output (QIO) facilites.

All three platforms employ real-time and state-driven techniques in order to give the system multi-user capability. Each process is prioritised for the operating system scheduler.  A user session is marked as being in a particular state, usually corresponding to its most recently performed operation.  Whilst an external action such as a line test is proceeding, the initiating user session is suspended and another session activated.  Completion of the action generates an interrupt, enabling the suspended session to be re-activated.

12.
THE FUTURE

Pressures from several sources influence the facilities provided by SULTAN, including

· Telstra business needs

· SULTAN user needs

· government legislation - for example, privacy legislation requires that auditable records of all voice monitoring of customer lines are kept.

· The Australian Communications Authority (ACA) and the Australian Competition and Consumer Commission (ACCC) - the Australian telecommunications arbiters - impose some conditions such as the requirement that FNN’s must be portable across telecommunications carriers upon customer request

SULTAN began its operational life providing access to one type of user and one type of test device, namely Testers and MRT’s.  Support for the range of user and test device types now available has been added progressively as business needs dictate and the PSTN grows and evolves.  Because SULTAN must provide a line testing capability for each PSTN technology type, it is likely that additional such support will be an ongoing requirement.

The increasing number of telecommunications carriers in the deregulated Australian market may have some affect on SULTAN facilities.  Additionally, the total volume of line tests performed is likely to continue increasing as a consequence of both PSTN expansion and additional network maintenance activity.

It is possible that user access to SULTAN may in time be exclusively via a machine interface, with all screen presentation functionality removed to the client application.  SULTAN would thus be treated as a dedicated network test device element manager.  

In conclusion, it is hoped that the present architecture and software design will ensure that SULTAN can be readily enhanced to cope with future demands, whilst maintaining essential functionality.
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