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1.	Abstract


ETSI has continuously believed that development of conformity assessment standards is a useful part of protocol standardization.  In creating the technical committee MTS and later, the PEX competence centre, ETSI has had the objective to increase the technical quality of its standards, and to introduce formal methods in the standardization process, where relevant.  The ETSI PEX have demonstrated through their work that careful use of formal methodologies produces higher quality standards, produces them faster, and makes them easier to implement.  Based on the experience of the PEX, ETSI has made some high level internal recommendations on future standardization processes.  Also based on the practical experience of the PEX are some specific ETSI recommendations to the GSC meeting.





2.	ETSI’s historical commitment to using formal methodologies


Late in 1992, ETSI made a decision to establish a competence centre for protocol testing, and in 1993, recruited three staff members as experts in protocol testing.  The ETSI PEX competence centre was born.  ETSI, then and now, develops a number of its standards using paid experts seconded from ETSI member companies, organised in Special Task Forces, based in the ETSI Headquarters.  This approach is followed when there is a special urgency to prepare the standard, special expertise is needed to develop the standard, or a particular co-ordination and management of the standards development process is required.





The vast majority of ETSI’s protocol test specifications were developed in this way, using the TTCN defined in ISO/IEC 9646-3.  The ETSI PEX were recruited to ensure a certain level of quality and conformity in following the ISO/IEC 9646 conformance testing methodology.  This role has gradually been expanded to cover other formal methodologies such as SDL and ASN.1, and PEX assistance has been requested and received by many of ETSI’s standardization committees.  The PEX competence centre has been increased in size, and the expertise of the PEX developed, so that today they, and the methodologies they support, are seen as an integral part of ETSI’s standardization process for protocols.





3.	Methods for Testing and Specification (MTS) - ETSI’s think-tank for testing and specification methodologies


ETSI members have long recognised the importance of having standards which result in products which interwork.  They recognise the usefulness of formal methods in creating such standards.  Even before the PEX competence centre was created, ETSI had a separate technical committee dealing with these issues: MTS.





MTS works with other ETSI standards committees, anticipating their need to use formal methodologies, and together with the PEX, assisting them in their introduction.  MTS actively co-operates with other international bodies who work in the same field, such as ITU-T SG.10, ISO/IEC JTC1 (for ISO/IEC 9646), Eurescom etc.  It encourages co-operation among software tool vendors, to ensure interoperability of the tools which ETSI and its members use.





MTS has produced a number of guides and reports on the use of formal methods in ETSI.  While these are aimed at ETSI members, in a European domain, they are all published and can be of equal use in other standards bodies and other regions.  MTS documents tend to be practical and pragmatic, advising on the use of already standardised methodologies.  The most general, easiest to read of the MTS publications is their book “Making Better Standards - Practical ways to greater efficiency and success,”  which was presented to GSC 3. The following documents in particular are also of value outside of ETSI:





ETS 300 406	Protocol and profile conformance testing specifications; Standardization methodology�ETR 212	Implementation Conformance Statement (ICS) proforma style guide�ETR 141	The TTCN Style Guide�ETR 304	The future in ETSI of quality standards making, validation and testing�ETR 184	Overview of validation techniques for European Telecommunication Standards 	containing SDL





MTS has published, with the permission of ISO/IEC, the final draft of the second edition of ISO/IEC 9646-3 as TR 101 101, in order to make it publicly available as soon as possible.  MTS, with input from the PEX, are currently working on an updated TTCN style guide, guidelines on the use of SDL within ETSI, and a handbook on Computer Aided Test Generation (CATG), taking into account lessons learned from ETSI experience in this domain.





4.	Formal methodologies really work - the PEX experience


There is a recognition in ETSI that poor technical quality is expensive for ETSI members.  It lengthens approval procedures of standards, it results in costly, difficult validation of standards.  Products based on a poor standard are slow to develop, because the standard is being debugged as it is being implemented.  Worse still, often both standard and product are debugged by the end customer.





Formal methodologies in standardization do improve the technical quality of a standard.  Their use encourages preciseness in the definition of requirements, they allow earlier simulation and validation, therefore leading to earlier detection of errors.  They can prevent ambiguity, if formal methodologies are strictly followed.  However, for some applications, such as physical layer electrical or radio standards, formal methodologies cannot easily be used.  Also, humans want human-readable standards.  Therefore standards can consist of combinations of text, tables, figures, and formal descriptions, but all of these shall be consistent.





The use of formal methodologies increases the technical quality of standards.  They also shorten the overall development time of products based on standards (i.e. the total time of standardization plus implementation) - standardization time might increase, but implementation time decreases.  Their use therefore reduces the production cost of such products.  These are facts.  The ETSI PEX competence centre has proven these facts on a number of occasions.





Between 1995 and 1997, a PEX officer participated in the work of an ETSI technical committee to develop the standard for Intelligent Network Application Protocol, Capability Set 2 (INAP CS-2).  The work was also input into ITU-T SG.11.  The approach taken was to use SDL, containing ASN.1, and object oriented modelling techniques, making the SDL part of the standard equally normative with the textual part.  A group of 8 dedicated experts was chosen, with a strong leader, and meeting on average one week each month at ETSI, they developed the SDL model of the standard using software tools provided by ETSI.  This enabled them to simulate and validate the operation of the specification, to demonstrate its operation at ITU-T meetings, and to discover some serious errors in the original requirements.  But perhaps the most notable aspect of this work is the fact that it was completed within 2 years, less than half the expected time.  Work is now about to start on the next phase, INAP CS-3, in which only the SDL part of the standard will be normative, the text will be informative.  The SDL model for INAP CS-2 is now being used for computer aided test case generation in TTCN.





As a result of this success, and in preparation for the next phase of this work, the same PEX officer was chosen to be rapporteur for ITU-T SG.11 Q.4 on defining a unified protocol specification methodology.





ETSI is using formal methods in most of its leading technical areas: GSM (partial SDL, TTCN test suites), TETRA (full SDL model, computer aided test generation in TTCN), DECT (TTCN), ISDN (partial SDL, ASN.1, TTCN), B-ISDN (SDL, UML, TTCN), V5 protocols (partial SDL, TTCN), Network architecture and management (SDL, GDMO, ASN.1).  The PEX have been involved in the validation of specifications, making use of validation task forces similar to the case of INAP CS-2, where a handful of highly motivated members work together under a strong leader to validate a standard. In most of these cases, the PEX competence centre has played an active part, and fed its experiences back to MTS.





5.	Future ETSI plans for using formal methodologies


An ad-hoc group formed by the Board of ETSI has completed an internal report on new working methods at ETSI, entitled “Common ETSI Approach to Standards Development (CEASD).”  In this report, the group looked at the problems facing ETSI and its members today, the direction telecoms business is taking, and the solutions which are being implemented by our members on an internal company level.  





The face of telecoms is changing - it is becoming more and more software oriented.  Networks, with the advent of IN, are becoming increasingly complex distributed systems.  There is greater and greater need for interworking of different technologies, and open interfaces to permit interworking.  In response to these demands, ETSI member companies are already implementing object oriented methods in their internal development processes.  They are using the same high-level languages and formal methodologies in their product development as we are introducing in our standards development.





The CEASD report made a number of recommendations to ETSI.  The objective of these recommendations is to closer align the standardization process with the product development process, to encourage ETSI to use the same methodologies as are currently used in industry, to enable us to develop higher quality standards faster than before, and therefore reduce time to market for implementations of those standards.  The first two of these recommendations in particular could be applied to the whole telecommunications standardization industry.





CEASD Recommendation 1:	Many ETSI members are already applying object oriented methods and methodologies for development of distributed systems internally and make contributions to various de facto standards fora.  ETSI members should start to introduce and use these object oriented methods in the ETSI standards development process as well.





CEASD Recommendation 2:	The three described scenarios on Service Architecture, IN evolution and Networks as an open programming environment indicate that there is a widescale adoption of modern software technologies going on in the telecommunications industry.  In order to keep pace with this development ETSI should accept that the way of producing standards and the format  in which they are delivered must be revised.  Especially ETSI should produce open and transparent interface standards.


Activities are currently ongoing at ETSI to further the work of this ad-hoc group, and to find out how best to implement its recommendations.





6.	Specific recommendations to GSC-4


ETSI has noted the resolutions passed at previous GSC meetings.  ETSI has, in fact, come to similar conclusions internally, and indeed, has gone much further than those resolutions. Contributions to previous GSC meetings have been somewhat theoretical - we believe that now is the time to demonstrate that the recommendations have been used, that they work, and that they point the way to the future.  





Therefore, ETSI would now like to make some specific recommendations to the GSC meeting which are based on our own experience, and which in fact follow ETSI’s current practice.  These are less general than the CEASD recommendations above, which are of course very valid for the GSC participants also.





When using formal methods as part of a standard, the formal description part of the standard, whether in SDL, TTCN, ASN.1, MSCs or another such methodology, should be normative.  There should be consistency between the normative formal description and the normative text.





Validation Task Forces are very useful to validate specifications or testing standards.  These work when a number of participants in the standardization work, who have a commercial interest in the standard, commit resources to quickly validate a standard.  Such task forces work both ways - the standard is developed faster, to a higher quality, so the standards organisation benefits, and the participants are better prepared than their competitors to implement the standard, so their efforts are rewarded.





GSC members should strive for interoperability of products which implement their standards, i.e. that interoperability should be built into standards, and not something to be added later with interoperability testing.  This can be done to varying degrees, with varying complexity, and proportional results, using in the following order:





-	reduction of options in the standard, producing profiles of protocol standards


-	production of Implementation Conformance Statement (ICS) standards


-	use of SDL, ASN.1 and MSCs, as a minimum informally in a standard, preferably to 		model or validate the standard.


-	development of test specifications in TTCN
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