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Section 1 - Introduction and summary

tc "Section 1 - Introduction and summary...................#"
1 Summary

tc "1 Summary..............................................#"
The EARN (European Academic Research Network) Executive, in pursuance of the requirement for EARN to move to use the ISO (International Standards Organisation) protocols, initiated a study to recommend a transition strategy.

A group, set up to study transition strategies, recommends that:

- A network aligning with the CCITT Recommendation X.25 (1984) should be provided. This should initially include the international EARN nodes. (See section 2).

- For an interim period, the IBM NJE protocol should operate over the X.25 network. (See section 3).

- For an interim period, DECNET, Coloured Book, and possible other non ISO protocols should be permitted to use the X.25 infrastructure. (See section 4).

- ISO protocols should operate over the X.25 network as soon as suitable implementations become available. (See section 5).

- The transition of national components of EARN should be encouraged and this should take place under national direction and in conjunction with any national academic network activities. (See section 6).

- Non ISO protocols should be phased out as and when suitable ISO products are available and providing a suitable service. (See section 7).

Tactical details of the migration are outlined in subsequent sections together with areas requiring further study.

2 The transition to use ISO protocols 

tc "2 The transition to use ISO protocols..................#"
EARN has agreed to migrate its network to use ISO protocols as a result of a request form CEPT (the advisory committee for the European PTTs). 

It had been hoped to conclude this transition by the end of 1987 to meet the request from CEPT. As a result of the slow development of some of the essential standards and subsequent products this date can not be met. There is now sufficient information to produce a firm proposal for the initial stages of transition including the costs and time scales.

A working group set up by the EARN Executive to study the transition of EARN. Various strategies were developed and a final one was determined and agreed at EARNTECH FIVE held in Crete, 25/26 March. Subsequent refinement has taken place as a result of further discussions and investigations. The EARN Board of Directors has endorsed this strategy. 

The EARN Executive requested a further report to further define the strategy and tactics in full detail. This document is a resultant report. This document was considered at a joint meeting between EARN and RARE experts held in Perugia 14/15 September 1987 after which this final document was produced.

The strategy recommends the setting up a private leased line X.25 network. Although this is contrary to the CEPT request the group concluded that the public networks could not be used as they do not currently provide X.25 (1984), which is required to support the ISO network service. In addition, the early services require the use of X.25 permanent virtual circuits (PVCs) and these are not available on international connections. The use of a private leased lines network does not exclude the possibility of migrating part or all of the service to the public X.25 services at a later date. 

Although other bodies are involved with the elaboration of functional standards, all references in this document refer to those of CEN/CENELEC and CEPT.

3 Public versus private networks

tc "3 Public versus private networks.......................#"
Leaving aside political considerations the main concerns are tariffs and performance.

3.1 Tariffs

tc "3.1 Tariffs............................................#"
Current calculation show that the current EARN traffic would be between 5 and 10 times as expensive if carried on the public X.25 networks. The exact value has not been calculated but the cost will certainly effectively prevent much of the EARN traffic ever being generated and so disadvantaging the community.

The public X.25 networks will continue to attract a volume tariff in the foreseeable future. The tariffs are likely to remain relatively high since X.25 networks are not very profitable. A private X.25 network is cheaper since it does not have the same level of availability (24 hour staffing). In a private network many of the costs are hidden since the operation, maintenance, and management of the network can be undertaken by computing centres at marginal cost. The benefit of a leased line network is that its cost is known and fixed. Thus the exact amount of money needed can be requested from the funding bodies or the users. 

The principle draw back of a volume tariff is the inescapable conclusion that the costs have to be returned to the end user to avoid a given user bankrupting the organisation. The management of such accounting and control mechanisms is difficult and expensive. 

3.2 Performance

tc "3.2 Performance........................................#"
The public packet switched data networks have, for the most part, been used for interactive or transaction purposes when connection times are high and data volumes low. These calls are cheap and do not demand high data rates. In fact the user should not expect more than 2000 bits per second on an international link. This is compensated by the ability to sustain a number of connections but this is of less value for a network passing bulk traffic.

EARN is characterised by bulk traffic which is therefore expensive on a public X.25 network. 

Most of the international lines in the Public X.25 networks are 9.6 K bits per second. It is understood that these links will be upgraded to 64K digital ones as these become available. The effect of this is difficult to estimate. The expectation is that public networks should be able to provide the performance required at some future date. A private network with about the same number of international leased lines as EARN should be able to provide a performance similar to the current EARN network. This is supported by observation of some existing private networks.

There are some indications that private networks, such as EARN, may have more freedom to exist in the future with the further liberalisation of the European PTTs.

3 The benefits of the use of ISO protocols

tc "3 The benifits of the use of ISO protocols.............#"
Ideally the world should be served by a single set of communication protocols. In this way services could be provided to all regardless of the various systems used and constrained only by management and not technical considerations. This is particularly important in the academic community with the wide variety of equipment and wide range of serviced required.

Currently the academic community use a wide variety of communications protocols and this is proving an impediment to the increasing demand for academic collaborations.

The community is now faced with many gateways between the various sub networks which cause loss of quality of service, such as loss of some service or loss of some aspects of a service. The many gateway systems require considerable resources to develop them and maintain them.

Within Europe there is now widespread acceptance of the ISO protocol standards and confidence that manufacturers will provide these as fully supported products both on existing and future systems.

When EARN was set up the ISO protocols were not well defined and furthermore implementations were not expected for some years. Moreover, a large variety of protocols were in use within Europe which gave no indication of the possible directions of development.

The recently set up RARE organisation has brought together the major academic networking interests in Europe and from the discussions and statements made it is clear that there is confidence that services in the near future can and will use ISO protocols and such services will continue for many years.

4 Constraints

tc "4 Constraints..........................................#"
The working group was constrained by the terms of reference determined by the EARN Executive. These are:

- The eventual transition must be to protocols harmonised with the emerging recommendations of RARE (the European academic and research networking organisation).

- The EARN user base must see no loss of quality of service. In particular communications with other networks such as BITNET, DFN, and JANET must be preserved.

- During the transition the user base must not be disrupted.

- The transition must be principally concerned with the international connections. A secondary concern is the effect within countries. This is particularly important with EARN nodes which are not able to migrate due to technical or financial reasons. Connections to sub-networks within an organisation must be considered.

- The migration of all the major machine types must be considered even though some types may not have direct international connections.

- The exploitation of new services, such as ISDN, is not considered. These services not yet sufficiently available to allow consideration of their exploitation by EARN in the near future.

4.1 Harmonisation with RARE recommendations.

tc "4.1 Harmonisation with RARE recommendations............#"
The academic wide area networking in Europe is expected to be based at the lower levels on ISO transport service over an X.25 packet service.

The upper levels are likely to be MOTIS (or its CCITT equivalent X.400 series Recommendations) for mail and FTAM (file transfer and management) for file transfer both using the appropriate ISO session and presentation layers. JTP (job transfer protocol) and VTP (virtual terminal protocol) are not yet stable enough to be considered.

Interactive services will be provided by the CCITT X.3, X.28, and X.29 over X.25 Recommendations although these protocols are not, and are unlikely to become, ISO standards. None the less, these protocols are in widespread use and this is likely to continue for some years.

RARE is expecting to follow the functional standards being elaborated by the CEN/CENELEC CEPT project. Functional standards define the exact stacks of protocols to be used to provide given services. They define the options to be provided and any parameter values required. The use of functional standards ensures that implementations will interwork. 

It is not the task of EARN, and it is beyond the resources of EARN, to develop the products required for a transition. Thus, the task of EARN is to select products already available which conform to the relevant standards and functional standards. The speed of the migration of EARN is, to a large extent, dependent on the emergence of such products.

The connection mode protocols RARE is advocating are well suited to the relatively slow and error prone lines currently in use. There are attractions in following the ARPA TCP/IP protocols in that BITNET, Israel (and possible other countries), and many local area networks are following them. EARN would have difficulty following TCP/IP as part of its transition strategy since they are not part of the ISO set of protocols and one would be faced with a further migration to ISO transport protocol class 4 (TP4) over appropriate lower layers at a future date. Consideration of the use of TP4 based services should be considered when higher speed lines with low error rates are available as well as stable ISO protocols and products in this area.

This document does not consider the RARE and CEN/CENELEC work in detail but further study will be required in the future particularly with the adoption of higher level ISO protocols.

4.2 ISO products

tc "4.2 ISO products.......................................#"
At the lower layer X.25 (1980) is available for all major systems as fully supported products from the manufacturers. In many cases there are alternative products for machines from third parties. Products conforming to X.25 (1984) are available for a small but growing number of systems. The availability of X.25 (1984) is expected to improve as the PTTs start to offer services based on it. In many cases no firm dates have been announced. In principle it is not possible to operate ISO network service without X.25 (1984) since this Recommendation contains essential facilities for the support of the ISO network service. These facilities allow network level gateways. The lack of these facilities may be overcome in a single network but in concatenated networks higher (than network layer) gateways or relays would be needed at some inconvenience. The relevant functional standard is T/31 which is now available. The conformance of products with T/31 has yet to be determined.

Products to support CCITT Recommendations of the X.400 series are becoming available from several major systems. In the case of IBM there is currently an experimental version for use under VM. A supported IBM product under MVS has been announced. DEC now offer a fully supported product. There are a number of third party products available or under development. A major incentive to provide these products is the expected introduction of services by the PTTs and value added suppliers. The performance of X.400 products is not yet well known and will depend not only on the protocols themselves but on the quality of their implementations. The relevant functional standards are A/3211 and A/323 which are available. The conformance of products with the functional standards is not known. X.400 is currently undergoing revision for the CCITT 1988 Recommendations. Opinion suggests that services should be targeted on this version and in the mean time only experimental or pilot services should be offered.

A small number of FTAM products exist mainly as experimental implementations or following the MAP (Manufacturing Applications Protocol) recommendations. The performance of FTAM has yet to be established. FTAM is not expected to be widely available for some time. The relevant functional standards are being elaborated.

At a future date JTP (job transfer protocol) and VTP (virtual terminal protocol) will be available but the standards for these are currently unstable. The relevant functional standards are not yet being elaborated. 

The CCITT Recommendations X.3, X.28, and X.29 are not ISO protocols but they are expected to provide an interactive service for the foreseeable future. Products to support these Recommendations are available for all major systems. These mainly provide services for line mode terminals. Some products are available for providing screen mode services over X.29 but currently there are no standards in this area. The relevant functional standards are Y/11 and Y/12 which are available. 

As yet, products do not necessarily conform to the CEN/CENELEC CEPT functional standards as these have only been in place for a short time or are still to be finalised. However there is expectation that products will conform.

Conformance test centres are to be set up which will guarantee that products will interwork. EARN should acquire certified products where possible.

4.3 Maintenance of quality of service

tc "4.3 Maintenance of quality of service..................#"
EARN currently provides file transfer, job transfer, mail, and messaging services. Network management is provided on a pragmatic basis in that the management tools have been produced by EARN and BITNET themselves.

EARN provides added value services which currently include the NETSERV information services, directory services, the LISTSERV mail distribution system, and RELAY the interactive real time conferencing system.

The RARE recommended protocols will probably provide file transfer, mail, and interactive services. Job transfer and better interactive service will be provided at a later date. Note that job transfer services may be provided using FTAM but with limited functionality.

Some study is being undertaken in RARE into services similar to NETSERV.

There is, therefore, a mismatch between the services provided in the two cases.

The NETSERV information service could be provided easily. It could be via gateways or directly using X.400 or FTAM. There are development projects within DFN to provide such facilities. The content of NETSERV will need some enhancement to reflect the new styles of networking in EARN.

X.400 currently has no distribution list services but the 1988 revision will. It would not be difficult to modify LISTSERV to provide these services to X.400 and RFC822 services.

Directory services are not all that successful although the current service could be used via X.400. CCITT is defining directory services but these are not likely to be available for a some time.

The EARN message service will be lost. This service is popular and its loss is serious. To some extent its loss can be ameliorated by the use of interactive services or mail. It would be possible to develop a protocol to carry the EARN messaging service across X.25 but such a move would require resources and be counter to the objectives of a transition. Further study is required to assess the impact of this loss. Further study is needed to determine if and how an alternative service could be provided. RELAY is based on this service.

It is inevitable that the user interfaces may be different. This is not serious as long as the services are more or less as easy to use.

Ideally the user interfaces should not change or should only be extended to avoid confusing the users.

Temporary note -  I am not so sure. Some of the user interfaces are not very good and would benefit from a decent burial. Also I would like to see some conformance with user interfaces which do exist e.g. X.28- but I am biased.

User interfaces depend on the particular implementations. There is no intention in this exercise to recommend any move to common user interfaces. If this is to happen it should be as a result of further standardisation activities of standards bodies or at least of RARE. In many cases ISO applications will be provided via existing user interfaces possibly with some extensions.

EARN may have to use software and maybe hardware provided from a variety of sources on a particular machine. This strategy is preferable to waiting for systems from particular sources which could delay a transition.

It is vital that at no time should the network be divided into two or more unconnected parts either logically or physically. Thus gateways or relays are needed between different network systems to preserve interworking.  

4.4 Disruption during transition.

tc "4.4 Disruption during transition.......................#"
During transition there will inevitable be a measure of disruption as network methods and user interfaces change. This must not adversely effect the users even though there may be some inconvenience. Careful testing of new equipment and software is essential before it is brought into use.

4.5 The systems to migrate.

tc "4.5 The systems to migrate.............................#"
The initial migration will concern the international nodes or a subset of them.

All the international nodes are machines operating under the IBM VM/CMS or MVS systems. These use RSCS(revision 1), RSCS(revision 2), or JES2. The services NETSERV, RELAY and LISTSERV operate under VM/CMS.

The initial stages of migration will therefore only concern IBM VM and IBM MVS machines.

The migration of EARN within a country is expected to be the responsibility of the management in that country in order to take account of any national plans. In some cases countries will expect to receive some assistance from EARN to aid their migration.

It is important to consider how systems other than VM/CMS and MVS ones can migrate either instep with the international part of the network or at some other time. The DEC VMS systems are of greatest interest as these constitute over 40% of the EARN nodes. 

Section 2 -  X.25 infrastructure

tc "Section 2 -  X.25 infrastructure.......................#"
1 Transition strategy and tactics

tc "1 Transition strategy and tactics......................#"
A network aligning with the CCITT recommendations 1984 is required as only this type of network can support the ISO network service. This is because the network service access point (NSAP) address is carried in the 40 digit extended address of the X.25 call request packet. During the early stages of transition the network service would not be required but using a network based on the 1980 recommendations would then require a further transition to the 1984 recommendations at some inconvenience.

1.1 CCITT X.25 (1984) Recommendation

tc "1.1 CCITT X.25 (1984) Recommendations..................#"
An X.25 infrastructure will be developed. Initially this will connect a few international nodes with good network experience. The remaining international nodes will be connected at a later date. Countries may wish to connect their own X.25 network to the EARN infrastructure. These connections require further study on a case by case basis as requests are received.

Systems connected to the X.25 infrastructure should conform with the functional standard T/31 where ISO applications are supported.

The lines for the infrastructure will be provided in three ways:

- The provision of new lines. This will be used when new lines are installed specifically for transition or when lines are being re-routed for financial reasons or when lines are being re-routed for traffic reasons. 

- Conversion of existing lines. This will be the usual transition route.

- Split the bandwidth of an existing line and use one channel to preserve the existing service and the other for an X.25 service. Dual channel modems will be required and the split of bandwidth between the channels will depend of traffic levels. This scheme will be useful where the international node is unable to run the relevant X.25 and NJE protocols but requires X.25 services to other nodes operating other types of service. This would be regarded as an interim provision. 

1.2 Location of switches

tc "1.2 Location of switches...............................#"
EARN will requires a number of switches to provide the X.25 backbone.

The factors affecting the number and location of switches are:

- The number of switches should be a minimum as they are expensive and require maintenance and manning.

- Switches should be located so as to reduce line costs. Lines crossing several countries are usually more expensive.

- Switches should be located so as to maximise performance.

- Switches should be located where there is already good X.25 expertise.

An analysis of the EARN traffic and line tariffs was undertaken by IBM (annex 5). As a result of this study a minimal line cost topology was developed and is in the 'Financing of EARN during Year 1988' 30 April 1987 as 'Fig 3' (annex 4). This suggests that a network based on 4 interconnected 'stars' at Rutherford Laboratory, Montpellier, CERN, and Stockholm would provide near minimal line costs. Such a configuration would also be suitable for an X.25 network with switches of about eight line capacity at these sites. A small number of changes would be needed to the topology in 'Fig 3'. A fairly substantial reconfiguration involving about 9 lines is needed to move from the current leased line network to the proposed one.

Initially the four sites would be connected in a square which will provide a certain amount of resilience in the event of line failure. If and when traffic levels rise wider band connection could be made and/or cross connections between the corners of the square as traffic dictated.

Some of the reconfiguration will be undertaken as a result of currently developing plans for the EARN RSCS network and hence the reconfiguration as a result of transition is small and results in reduced costs.

It will be convenient if new lines were to operate with X.25 from installation thus providing a good fall back position during the changes.

As some national parts of EARN migrate and possible become part of the EARN address space a different switch topology may develop due to the provision of local switches which could be used for local and international EARN. This is any area for further study.

It is recommended that:

* four 8 line switches be purchased and installed at Rutherford Laboratory, Montpellier, CERN, and Stockholm.

* new lines between Stockholm - Rutherford and Rutherford - Montpellier be installed and an X.25 service commenced.

* the Stockholm - Geneva and Geneva - Montpellier lines be converted to X.25 as confidence builds.

* existing RSCS lines will be converted to X.25 as convenient.

* when possible new lines will use X.25.

Areas for further study:

* the development of X.25 services within countries. 
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1.3 Switch specification

tc "1.3 Switch specification...............................#"
The requirements for an X.25 switch are:

- Must provide X.25 (1984).

- Must provide both switched and permanent virtual circuits.

- Must provide for up to 20 DCE interfaces. 

- Must provide for up to 500 virtual circuits.

- DCE interfaces must operate up to 64K bits per second.

- Must provide management facilities.

- Must be capable of supporting the EARN address scheme (X.121).

- Must be capable of 800 packets per second.

- Must be supported in the EARN countries where they will be installed.

1.4 Switch suppliers

tc "1.4 Switch suppliers...................................#"
There are a large number of X.25 switch suppliers most of which expect to develop X.25 (1984) products. A survey in the UK suggested that that there are a number of possible products meeting the EARN requirement (see annex 1). IBM can provide a switching service based on 3725 equipment together with an MVS system for management.

It is essential that the network is provided with a management service and this implies (with the current state of standards) that the switches are provided by a single supplier.

The IBM product, X.25 SNA interconnect (XI), can provide an X.25 network. It has the attraction that some of the equipment required already exists. Currently, of the projected switch sites, only Rutherford and Montpellier have IBM 3725 equipment and thus equipment would be needed at Stockholm and CERN. The purchase of equipment for these sites would incur a high cost, in fact higher than the cost of four switches from an alternative manufacturer. Alternatively a different topology could be considered which would probably incur higher line costs and may have performance implications. Due to the relatively small number of IBM 3725s at the international sites it would not be possible to set up such a network without substantial reconfiguration. The provision of an MVS system to manage the network would not be a problem since this function only requires a fraction of a machine. If existing equipment were to be used then this equipment would in most cases be providing other services and would be more liable to failure or interruption for reasons connected with the local service. It is unclear how prepared sites would be for their equipment to be managed from elsewhere. If new equipment were to be purchased for all the switch sites this would be expensive compared with switches from other sources.  

A further advantage of using IBM switching equipment is where countries have substantial amounts of IBM equipment and wish to be part of the EARN managed X.25 infrastructure then this could be easy and cheap to do. On the other hand countries with little IBM equipment and wishing to be part of the EARN managed X.25 infrastructure would find it expensive compared with the purchase of alternative switches.

The UK switch survey suggests that the TelePAC switch provides the cheapest suitable equipment. The company claim to provide X.25 (1984). Six UK universities and Rutherford now have such switches. The TelePAC switch is based on M68000 processors. It can be expanded up to 32 lines, can switch 1162 packets per second, support 1500 channels, and support lines up to 153K bits per second. It can be mounted in conventional 19inch racks and has no moving parts.

Details of the TelePAC switch are in annex 2. This is not an endorsement of this particular switch but is evidence that at least one suitable switch exists.

If equipment were purchased specifically for the network based on the requirement for up to 8 lines at 4 sites then such switches would cost about 10,000UKL each excluding management equipment.

It is recommended that:

* the EARN X.25 infrastructure be based on dedicated equipment unrelated to equipment used for other purposes.

*  EARN should evaluate suitable switches.

1.5 X.25 address scheme

tc "1.5 X.25 address scheme................................#"
EARN must define an X.25 DTE address structure. A number of considerations are relevant:

- The scheme must allow the DTE numbers to be allocated as automatically as possible.

- The leading digit of the DTE must be non zero. The UK has had considerable problems as they have a number of leading zeros in their DTE numbers which has led to ambiguities.

- It is impossible to define an address scheme which harmonises with all the existing networks. To do so would prevent EARN freely allocating numbers or prevent the other networks freely allocating numbers and this is unacceptable.

The CCITT X.121 Recommendation defines a DTE numbering scheme and is the only standard in this area.

X.121 states that an address is of the form:

+-----------+------------+----------------------------------+

|P          | DNIC       | NTN                              |

|up to 1    | 4          | up to 10                         |

|digit      | digits     | digits                           |

+-----------+------------+----------------------------------+

P is the international prefix. As yet its use requires further study by CCITT but it is expected to differentiate between various address formats. From X.121 it is far from clear how the digit is used and the points of question are:

- It is unclear whether the digit is used by the originating DTE in order to control the construction of the DTE number or prefixed to the DTE number and used by the DCE equipment. (Temporary note - I subscribe to the former view).

- As far as is known no PTT uses the prefix as part of the called DTE which is passed to the DCE.

- To avoid ambiguity with a DNIC the prefix may only be 0, 8, or 9. 

DNIC is the Data Network identification code. This consists of a 3 digit country code (see below for the European codes or see X.121 for a complete list) plus a further digit to identify the network within the country.

NTN is the National Terminal Number. This is allocated by the network operator. Common use indicated that the NTN should be 8 digits followed by a optional 2 digit subaddress which is not policed by the network. Several administrations split the 8 digit number into an area code (identical or similar to the telephone area codes) plus digits to differentiate between equipment in the area. 

Temporary note - HEP have proposed an address scheme for their community which:

- Addresses should be the same address that they have (or would have?) from the PTT. 

- If an address is preceded by 9 (that is, the P digit is 9) then the call would go via private networks, otherwise it would go by the public networks.

- It is unclear what happens when a single public DTE number is used to a gateway to a number of machines which may be directly on a private network.

- From X.121 is is unclear whether this is a legitimate use of the P digit. X.121 suggests that the P digit may only be processed by the DTE and may not form part of the DTE number as put in the call set up packet.

- If possible there would be advantage in aligning the EARN address scheme with the HEP one.

Without prejudice to further discussions with HEP and other communities EARN should adopt X.121. 

It is considered that the P digit only has local significance.

An attempt could be made to select the fourth digit of the DNIC so as to make the EARN address orthogonal to those of the PTTs. There is no guarantee that this can be achieved or maintained. There could be merit in selecting the digit so that EARN is orthogonal to other private networks with which EARN may wish to connect. For the time being the recommendation is to make the digit 0.

The X.121 DNICs for Europe are:

Austria        232

Belgium        206

Denmark        238

Eire           272

Finland        244

France         208

Germany        262

Greece         202

Israel         425

Italy          222

Ivory Coast    612

Luxemburg      270

Netherlands    204

Norway         242

Portugal       268

Spain          214

Sweden         240

Switzerland    228

The 8 digit part of the Network Terminal Number defines the data terminal equipment within the country. Countries are responsible for selecting the national number scheme but it is suggested that the first 4 digits should define the site and be based on the public telephone area codes. The subsequent 4 digits should define the DTE within a site. Many public X.25 follow a similar scheme.

The final and optional 2 digits which are termed the subaddress will not be policed by the network. No specific use has been specified for these digits.

It is essential that the DTE numbers are registered centrally in order to maintain the consistency of the network and to provide directory facilities. This should be undertaken by a network management centre. 

The recommended scheme will provide a firm base for almost unlimited growth both in the countries connected and within the countries and sites.

It is recommended:

* EARN uses a number scheme based on CCITT Recommendation X.121.

* DTE number should be-

+------------+----------------------------------------------------+

| DNIC       | NTN                                                |

| 4          +-----------------+---------------+------------------+

| digits     |4 digit site code|4 digit machine|2 digit subaddress|

+------------+-----------------+---------------+------------------+

* The fourth digit of the DNIC should be selected by the country but 0 is recommended.

* It is recommended that the '4 digit site code' should be selected by the country and that it is based on telephone area codes. 

* It is recommended that the '4 digit machine' should be selected by the site but a country may wish to impose further recommendations.

* The optional '2 digit subaddress' will not be policed by the network and the use to which these digits are put is not defined.

* The DTE numbers shall be registered with a network management centre.

1.6 Management centre

tc "1,6 Management centre..................................#"
The X.25 infrastructure will require management to:

- equipment selection, purchase and installation 

- to configure the switches and other equipment

- allocate DTE numbers

- to monitor performance

- to respond to faults

- forward planning.

Initially this will require a modest amount of effort at one central site and a small amount of effort at each switch site. The effort required will increase with the extension of the X.25 network into some national parts of EARN. None the less each country will have the responsibility of managing its part of the network in conjunction with the international management. Further study is needed to provide a more accurate estimate but the total should not be dissimilar to that absorbed by a comparable RSCS network.

It is advisable to locate the centre at a site which already has expertise with network management. This should reduce the costs involved and ensure a high standard of management.

It is recommended that:

* a network management centre is established to undertake the management of the X.25 infrastructure.

1.7 X.25 within a country

tc "1.7 X.25 within a country..............................#"
It is essential that EARN maintains its connections with the existing user base. It is desirable that EARN has connections to other existing and emerging academic networks. 

The decision as to whether EARN within a country will operate over the public X.25 network, use leased lines for X.25, or use some other technology will be a local decision depending on national academic plans.

Countries may wish to share the EARN DTE address scheme. In this case the country may join the EARN X.25 management structure which would (with current standards) almost certainly require them to use the same switches as the international part of EARN. If a country uses alternative switches then they will have to totally manage their network and a suitable management interface will be required to ensure that service is maintained between the networks and that the number scheme remains consistent.

Where countries have entirely separate networks gateways and relays will be required at network or higher levels which are considered in section 8. In this case there may be restrictions on the traffic which can pass between the networks.

It is recommended that:

* Countries migrate their national parts of EARN to use ISO protocols in conjunction with their national academic plans.

* Each country should study and decide how they will connect to the EARN X.25 infrastructure.

Section 3 - Use of the IBM Network Job Entry protocol

tc "Section 3 - Use of the IBM Network Job Entry protocol..#"
1 Network job entry (NJE)

tc "1 Network job entry (NJE)..............................#"  

The network products of IBM will normally be based on the SNA (system network architecture) products. Products within this architecture allow the IBM NJE protocol to operate over X.25. This scheme demands the use of X.25 permanent virtual circuits. Currently the PTT X.25 networks do not provide such circuits on international links. In addition several national PTT networks do not provide them.

Temporary note - Recent announcements by IBM indicate that NJE can operate over switched virtual circuits. This announcement has yet to be studied.

The use of the IBM NJE over X.25 products will allow the current EARN traffic generated in the existing nodes to cross the X.25 network with out change to node software or user interfaces. That is, apart from the changes in the nodes directly connected to the X.25 network.

It is possible to operate a number of proprietary IBM protocols over the X.25 infrastructure such as LU 6.2 or IBM 3270. If these protocols are introduced, which patently have no current ISO equivalent, the removal of IBM proprietary protocols will be made more difficult. 

It is recommended:

* NJE is provided over the X.25 network as an interim protocol.

* NJE is phased out as suitable ISO protocol products are developed, introduced, and proved to provide a satisfactory service.

* IBM products implementing proprietary protocols apart from NJE should not be allowed to use the X.25 infrastructure.

2 Management

tc "2 Management...........................................#"
It would be possible to consider the NJE over SNA service as a single SNA network and take advantage of the management. This is not recommended as:

- A single SNA management point would have to define and control the addressing and this would be unacceptable to sites as it would limit there ability to control their machines.

- The machines may have to operate the same releases of network software.

- The management of the SNA names and addresses would take considerable effort.

It is recommended:

* Either SNA extended addressing (ENA) or multiple SNA networks interconnected with SNA network interconnect (SNI) are used.

3 Software and hardware required

tc "3 Software and hardware required.......................#"
All the international EARN nodes operate under the IBM VM or MVS operating systems and these are the only systems capable of operating NJE over X.25.

For both VM and MVS the software stack is: 

          +-------------------------+

          | RSCS V2    or   JES     |---- to national EARN nodes

          +-------------------------+

          |   VTAM                  |       

          +-------------------------+

                      |                                   

          +-------------------------+

          |           NCP           |                 

          |          NPSI           |

          +-------------------------+

                       |

                     X.25

The software products required are:

ACF/NCP V4 5668-754 

ACF/SSP V3          

X.25/NPSI 5668-981  

ACF/VTAM 5664-280   

The hardware required is an IBM 370 computer or similar with an IBM 3720/3725 communications adapter or IBM 4361 or 9370 with integrated communications adapter.

The availability of the hardware and software on international sites is:

Site     Sys   VTAM   NCP  NPSI RSCS2 JES2  3720  3725  3705  4705

FINHUTC  VM                                             Y(1)

FRMOP11  VM    Y                      Y           Y     Y

DBNGMD21 MVS   Y      Y    Y          Y           Y  

DEARN    VM    Y                Y(2)                    Y 

EBOUBO11 VM    Y      Y    Y                      Y

CEARN    VM                                             Y

EARNET   VM    Y                                  Y

IRLEARN  VM                                  Y

CIEARN   VM    Y(2)                               Y

HEARN    VM    Y(2)                               Y

UKACRL   VM    Y(2)   Y(2) Y(2) Y(2)              Y     Y     Y

SEARN    VM    Not known

BEARN    VM    Not known

PTEARN   VM    Not Known

AEARN    VM    Not Known

TREARN   VM    Not known

GREARN   VM    Not known

TAUNIVM  VM    Not known

NORUNIT  VM    Not known

DKEARN   VM    Not known   

(1) Equipment on loan from IBM.

(2) Software expected before the end of 1987.

Section 4 - Use of other non ISO. 

tc "Section 4 - Use of other non ISO protocols.............#"
There are large user communities within Europe who use DECNET, Coloured Book, and other protocols. These communities are unable to move to ISO protocols in the near future. They use a mixture of leased line and public networks. 

In the interests of reducing the overall costs to the academic community and the provision of greater connectivity there is merit in allowing such protocols be be used over the EARN X.25 infrastructure.

Such services would have to be provided by connections from the EARN switches to relevant machines or to national X.25 services to which the machines connect. The exact mechanisms will have to be studied within each country. Note that such provisions may require further connections into the proposed switches or for switches to be provided within the relevant countries. The financing of this equipment requires study.

It is likely that there will be a demand for gateways or relays between the various gateways. The provision of these requires further study.

The use of these protocols should be phased out as soon as suitable ISO alternatives become available.

The protocols of most interest are:

- The UK and Ireland both use Coloured Book protocols and until they migrate to use ISO protocols they wish to maintain a Coloured Book service between the countries. There are a number of other European sites using these protocols.

- SPAN (the space physics and astronomy network) and some high energy physicists use DECNET. If EARN were to carry this traffic then it would prevent the development of new separate networks and would allow the current international DECNET networks to amalgamate with EARN should this be thought desirable. Such a development could reduce aggregate costs significantly.

There may be other interim protocols of international interest which could be considered. The increase in the number of protocols should be discouraged to avoid problems in phasing them out.

It is recommended:

* EARN should allow the use of popular high level protocols over the X.25 infrastructure for an interim period.

* The provision of gateways between the various protocols should be studied.

* Discussions should be held with interested parties such as SPAN, HEP SG5, Coloured Book community. 

* The use of such facilities should be studied within each country wishing to make use of them.

* The use of such protocols should be phased out as suitable ISO protocols protocol products become available.

Section 5 - Use of ISO high level protocols

tc "Section 5 - Use of ISO high level protocols............#"
1 ISO services

tc "1 ISO services.........................................#"
In general the high level protocols require an underlying X.25 network as far medium speed wide area networks, such as EARN, are concerned. At the start of transition the EARN X.25 network will only connect to a small number of machines. Thus the provision of ISO protocols on these machines will attract little use initially. However, such services should be mounted as soon as convenient to gain experience and to encourage the use of ISO protocols. 

In addition to the ISO services, converting gateways and relays  will be needed to maintain connectivity between users. These are considered in section 8

2 CCITT X.400 series Recommendations

tc "2 CCITT X.400 series Recommendstions...................#"
The first ISO high level protocol to be introduced is likely to be X.400 the message handling or mail protocol. This protocols is now well developed and there are several implementations now in existence.

Current products are based on the 1984 version. The 1988 version is expected to have various changes which suggest that it would be unwise to provide a service based on the earlier version as this would entail a transition to the later one at some inconvenience. 

EARN is now concluding a study of the IBM Heidelberg X.400 system developed by the IBM European Network Centre. The conclusion of the study is that the system is capable of providing a service of the type required by the academic community. It is close to the CEN/CENELEC functional standard and indications are that it will interwork with other implementations. The group understands that the system is being modifies to operate over the IBM X.25 supported products and will therefore be able to coexist with the NJE product. It currently uses an IBM Series/1 computer to provide the X.25 packet service. The system has the useful facility of allowing part of the user agent to be remote and across an NJE or other suitable network. This will allow X.400 to be available rather more widely than the EARN X.25 infrastructure. There are a number of other X.400 products such as EAN, for use with VAX computers, and DEC's own X.25 product. As these products do not operate on the international nodes their use becomes of interest as the EARN X.25 network expands into countries or connects to other X.25 networks.

The product stack for an IBM VM system is:

          +-------------+

          |Heidelberg   |

          |X.400        |

          +-------------+

          |   OTSS      |

          +-------------+-----------+

          |   OSNS      |  RSCS V2  |---- to national EARN nodes

          +-------------+-----------+

          |   VTAM                  |       

          +-------------------------+

                      |                                   

          +-------------------------+

          |           NCP           |                 

          |          NPSI           |

          +-------------------------+

                       |

                     X.25

It is recommended:

* The Heidelberg X.400 system based on the OTSS and OSNS products is provided on the EARN international VM nodes.

* X.400 services should be provided to other EARN VM nodes over RSCS as required.

3 CCITT X.3, X.28, and X.29 Recommendations

tc "3 CCITT X.3, X.28, and X.29 Recommendations............#"
X.3, X.28, and X.29 provide interactive services. They are not and are unlikely to become ISO standards. They are popular and implementations are widely available. If offered this will provide a new type of service for EARN. 

Although the basic protocol is matched to simple terminals it has been found possible to provide more complex services such as IBM 3270 albeit at a slow speed using protocols over X.29. For example, the Rutherford 'async 3270' and the UK 'simple screen mode protocol'.

No extra equipment or expense is involved in the provision of this service by EARN although countries or sites may wish to provide PADs (packet assembly disassembly facility) to aid access.

Systems providing the protocols should conform to functional standards Y/11 and Y/12.

It is recommended:

* CCITT X.3, X.28, and X.29 should be allowed to use the X.25 infrastructure. 

4 FTAM, VTP, and JTP

tc "4 FTAM, VTP, and JTP...................................#"
The ISO protocols FTAM (file transfer and manipulation), VTP (Virtual terminal protocol), and JTP (job transfer protocol) are not as well developed as other protocols.

FTAM implementations should be available in a year or so and pilot implementations are now in existence. If these implementations are used then services may be disrupted as the products developed and possible change to align with the functional standards being elaborated.

VTP and JTP standards are unstable and implementations are unlikely in the foreseeable future. EARN is particularly interested in VTP developments since many services now require full screen services as provided on local terminals by IBM 3270 and DEC VT200 equipment.

It is recommended:

* FTAM is not promoted until suitable stable products are available.

* EARN should monitors the development of the VTP and JTP standards and subsequent products and promotes them at a suitable future date.

Section 6 - National components of EARN. 

tc "Section 6 - National components of EARN................#" 

1 Types on national components.

tc "1 Types of national components.........................#"
There are three cases to be considered:

- Where a non ISO network already exists.

- Where a country has an ISO network.

- Where a country has an ISO network which is part of EARN.  

2 Existing non ISO networks.

tc "2 Existing non ISO networks............................#"
Currently all networks fall into this category. Initially EARN will only provide ISO protocols at and below network layer.

A variety of converting relays and gateways will be required. Many of these exist or are under development. The products required will change as EARN and the national networks develop. The availability of such products is examined in section 8.

In the initial stages of transition, that is with IBM NJE protocols over X.25, all the current relays (there are no gateways in the strict meaning of the term) will continue to operate unchanged. Thus user will perceive no change in the perception of the service.

The application relays depend on the use of high level addresses such as those found in X.400 and RFC822. In both of these areas agreements are required. There is some progress in this area within RARE.

3 ISO networks.

tc "3 ISO networks.........................................#"
On the assumption that EARN and the national network will be running compatible products, that is conforming to relevant functional standards, then there will be network level relays between the networks. In the mean time it is difficult to make any further statements as plans for such networks are only now emerging and certainly there are no definitive statements.

The use of network level gateways requires the use of NSAP (Network Service Access Point) addresses and these are an area of study.

EARN will need to study how it will connect to such networks as their details emerge.

4 EARN within a country.

tc "EARN within a country..................................#"
In a number of cases countries may wish to share the EARN X.25 DTE number plan in which case they will be part of EARN as regards the services offered at the X.25 level. If they use the same switch manufacturer then the network management will be able to be common. If different switch manufacturers are selected then it is unlikely that the management will be common and suitable pragmatic management arrangements will have to be developed to maintain the service between the networks in each case. There will clearly be advantages with respect to reliability and availability if the management is common but the political and financial consequences require study.

Although in this case the X.25 network would be common the higher level protocols may be different although this would be undesirable. None the less if it is the case converting relays or gateways may be needed.

It is recommended that:

* further study is required within each country to determine what developments should take place. 

Section 7 - The phasing out of non ISO protocols.

tc "Section 7 - The phasing out of non ISO protocols.......#"
The fist target is to provide an international X.25 infrastructure and to encourage the development of an X.25 network within each country. For financial and political reasons whether this takes place and by when cannot be stated. Therefore, in practical terms the discussion is centred on the phasing out of non ISO protocols on the international X.25 infrastructure.

With an X.25 network it is not possible to police the higher level protocols used and therefore the phasing out of non ISO protocols can only be by removing their use within a country and/or by providing suitable converting relays and gateways between the national networks and the international part of EARN.

The principle protocol to be phased out is NJE which would include the use of RFC822 over NJE. The prerequisites for this are an X.400 to RFC822 relay and an FTAM to NJE relay or gateway. Since EARN currently uses these protocols exclusively and some countries are likely to take some time to be in a position to phase them out it is likely that there early removal will be difficult. Relays exist between NJE and Blue Book file transfer and DFN file transfer. These protocols are expected to have gateways or relays to FTAM which will remove the need for relays to NJE.

It is understood that DEC intend to migrate DECNET to ISO protocols. The details of this move are not entirely clear as there are some services within DECNET which currently have no ISO counterpart. 

The UK is planning to phase out the use of Coloured Book protocols in favour of ISO ones. Any use of these protocols within EARN is therefore expected to cease with their removal from JANET. 

Section 8 - Gateways and relays.

tc "Section 8 - Gateways and relays........................#"
1 The need for relays and gateways.

tc "1 The need for relays and gateways.....................#"
A number of converting relays and gateways will be required in order to preserve the current connectivity and to enable EARN to reach a larger population.

2 Converting relay between NJE and NJE over X.25.

tc "2 Converting relay between NJE and NJE over X.25.......#"
A converting relay is required between IBM NJE over bi-synch and IBM NJE over X.25. This relay is essential for connecting the current EARN network to the proposed X.25 infrastructure and is provided as a supported product from IBM.

3 Converting relay between RFC822 and X.400.

tc "3 Converting relay between RFC822 and X.400............#"
X.400 is expected to be the first ISO high level protocol be be used over the EARN X.25 infrastructure. 

DFN is promoting the production of an RFC822 to X.400 relay which is being undertaken by Softlab GmbH. It is hoped that EARN will be able to use this product which will be an important and essential for providing a gateway between the RFC822 and X.400 communities. The product will operate operate under the IBM VM operating system and therefore further hardware should not be required. The product is scheduled for completion by the end of 1987. 

The relay between RFC822 and X.400 is expected to be in accordance with RFC987. This raises difficulties as the address scheme of EARN is unsuitable as it is not based on domain concepts. It is possible to modify the EARN RFC822 address scheme to be changed to provide a domain address scheme which would be easy to relay. Details of this scheme is in section 14.

A relay exists between Grey Book mail and X.400 which operates on a VAX. Such a product will be required if EARN moves to X.400 before the Coloured Book community. This product has been developed by the Computer Science Department of University College London.

It is recommended that:

* a gateway be provided between X.400 and RFC822.

* the availability and functional specification of the DFN promoted product should be studied. * the availability and functional specification of the Grey Book to RFC822 product should be studied.

* the EARN RFC822 address scheme is modified to a domain scheme. It is recommended that pressure is brought to bear on all EARN sites to provide mail and to adopt the proposed address scheme. 

4 Converting relay between IBM NJE and FTAM

tc "4 Converting relay between IBM NJE and FTAM............#"
A converting relay between NJE and FTAM is not a difficult proposition but due to the simple nature of NJE and the complex nature of FTAM the gateway will be awkward and along the lines of the current JANET to EARN file transfer relay as there are similarities between Blue Book and FTAM. In particular address problems will in general demand that such information is carried in the body of the NJE file. In addition certain types of file will be difficult to deal with.

With current state of development of FTAM a relay is not an urgent consideration.

It is recommended that:

* the provision of an IBM NJE to FTAM relay should be studied.

5 Converting gateway between IBM NJE and FTAM.

tc "5 Converting gateway between IBM NJE and FTAM..........#"
Since the IBM NJE protocol is based on relay principles a gateway between IBM NJE and FTAM would at first sight seem to have no advantages. However, because of the existence of the GIFT project such a development may be useful.

It may be possible to utilise the GIFT system which currently provides a converting gateway between Blue Book, CERN, and DECNET file transfers. This product is an international collaboration initiated by the high energy physics community. This would need extending with FTAM, which is planned, and NJE which is not. Further study and possible development is required.

It is recommended that:

* the provision of an IBM NJE to FTAM gateway based on GIFT should be studied.

6 JTP and VTP gateways and relays.

tc "6 JTP and VTP gateways and relays......................#"
JTP and VTP are insufficiently well developed to currently demand any action. a

It is recommended that:

* no action be taken with respect to gateways and relays associated with JTP and VTP.

7 X.3, X.28, and X.29.

tc "7 X.3, X.28, and X.29."
No explicit gateways are required. It is normally possible to use the PAD and packet mode DTE within a node to form a crude but effective gateway.

It is expected that facilities will be developed to allow the protocols to gateway through a network level gateway. This depends on certain extensions to X.28 expected in the 1988 Recommendations to allow the extended address to be specified.

It is recommended that:

* no action be taken.

8 Converting relay between IBM NJE and Blue Book FTP

tc "8 Converting relay between IBM NJE and Blue Book FTP...#"
A suitable relay exists at Rutherford Laboratory and no further action is required.

It is recommended that:

* no action be taken.

9 Relay or gateway between DECNET and other protocols.

tc "9 Relay or gateway between DECNET and other protocols..#"
The extent to which the EARN X.25 infrastructure will carry DECNET traffic is not known. It must be remembered that DECNET provides process to process communication and that any file transfer facilities are provided by operating system facilities, such as a copy command. JNET may operate over DECNET by one JNET process making a connection to a remote one. The two most satisfactory solutions would either be DECNET on an IBM machine or NJE over X.25 on DEC machines together with suitable relay software, these do not exist and could be substantial projects. 

There are two further options for a file transfer gateway both of which have awkward address mechanisms:

- The GIFT project could be extended to include an NJE facility and this could probably be based on JNET. This would allow a user on a DEC machine attached to DECNET to use the COPY command to transmit a file to the GIFT machine which would then use JNET to pass it using the existing EARN protocol.

- JNET can operate over DECNET. This would allow NJE to be carried across X.25. This could be relayed to NJE over bi-synch and so over the current EARN network or eventually to a relay providing NJE over X.25. This requires no software development. The scheme will be suitable for mail. Each DEC site will have to install the JNET software.

For DEC mail the only possibilitiy is the CERN MINT system.

It is recommended that:

* the need for a relay or gateway between DECNET and other protocols should be studied when further information on the use of the EARN X.25 infrastructure by DECNET is known.

10 UNIX and UUCP

tc "10 UNIX and UUCP.......................................#"
UNIX systems on EARN have an implimentation of NJE and it would seem unlikely that this could be enhanced to emulate the IBM NJE over X.25. This is a similar position to DEC machines with JNET with the exception that there is no possibility of operating NJE over other low level protocols.

UUCP is the principle file transfer and mail system for UNIX systems and in the main it operates over dial up connections. There appear to be a number of ways of getting between EARN and UUCP which require further study.

It is recommended that:

* the position of UNIX systems within the transition of EARN is further studied.

11 Network level gateways.

tc "11 Network level gateways..............................#"
Network level gateways will be required between the EARN X.25 infrastructure and some national or public networks. These will be required as these networks adopt X.25 (1984). As yet there is no indication of where such products will come from.

It is recommended that:

* sources of network level gateways should be studied.

12 Other gateways and relays.

tc "12 Other gateways and relays...........................#"
This document is not an exhaustive survey of the gateways and relays which may be required.

It is recommended that:

* the need for gateways and relays not mentioned above be studied by each country.

Section 9 - Required products for nodes.

tc "Section 9 - Required products for nodes."
1 Required products for nodes.

tc "5 Required products for nodes..........................#"
This section surveys some of the ISO products which are available. It is not definitive and further details can found from the various suppliers.

2 Nodes operating with IBM VM.

tc "2 Nodes operating with IBM VM..........................#"
There are a number of products which are of interest from various sources.

The IBM SNA(ISO) products provide services up to and including session level. X.400 has now been announced. As yet FTAM has not been announced. IBM supports X.25 (1980) and has not yet announced support for X.25 (1984). X.3, X.28, and X.29 (1980) PAD and packet mode DTE support is provided but no support for the (1984) version has been announced. It is believed that the 1980 products will interwork with DCE equipment supporting 1984. The provision of 1984 will only become important as the higher level ISO services are introduced and as the need to traverse network gateways develop.

The Heidelberg X.400 system provides support for X.25 (1980) via a Series/1 front end for VM systems. There is no information on the support of X.25 (1984). There is confidence that the Heidelberg system will be developed to operate over the SNA(ISO) products.

There are several other product sets which are mainly aimed at the support of national network services although operating over X.25. Examples of these are the Rutherford Laboratory and Salford University products which support Coloured Book protocols. Indications are that these systems could connect to the EARN X.25 network if required. These systems are likely to be phased out as networks move to use ISO protocols and manufacturer supported products.

Salford university has developed a version of FTAM which operates over a Series/1 front end and indications are that this could coexist with the Heidelberg X.400 system. It may also be possible to develop it to operate over the IBM X.25 product which could give some early services with this protocols. This requires further study.

Note that only IBM computers and systems can offer NJE over X.25 which will limit the penetration of this method of working within countries.

3 Nodes operating with IBM MVS.

tc "3 Nodes operating with IBM MVS.........................#"
As with VM the IBM SNA(ISO) products offer a service up to and including session level. X.400 has been announced for use within DISSOS.

Temporary note - what do we know about X.3, X.28, and X.29 also X.25 (1984)?

A version of the Rutherford Coloured Book protocols operate under VMS. 

4 DEC VAX VMS systems.

tc "4 DEC VAX VMS systems..................................#"
DEC provides X.25(1984) in the current release of PSI. X.400 is now on field test. FTAM will be available this year but this will be a version conforming to MAP requirements. DEC provides support for X.3, X.28, and X.29 (1984) for PAD and packet mode DTE. There is also a PAD available from St. Andrew's University for the (1980) Recommendations. A version of X.400 is available from Queens University Canada or from Sydney Corporation which has achieved some popularity in the European academic community. This is known as EAN.

The DEC product structure is:

+------------+ +------------+ +------------+                

|  X.400     | |   FTAM     | | PSI PAD    |                

+------------+ +------------+ +------------+                

       |              |              |

+---------------------------+        |

|           OSAC            |        | 

+---------------------------+        |

              |                      |

+---------------------------+        |

|           VOTS            |        |

+---------------------------+        |

              |                      |               

+--------------------------------+------------------------+

|                         PSI    | Packet mode DTE        |

|                                +------------------------+

|                                                         |

+---------------------------------------------------------+

                             |

                           X.25

The hardware required is:

VAX (not micro VAX) with KMS11 or DMF11

or

Micro VAX with KMV11

5 Other systems.

tc "5 Other systems........................................#"
Most, it not all, other systems now have X.25 (1980) support and have plans to provide (1984) versions as well as ISO higher level protocols. Details of these products are of less interest and are not included here.

6 Packet assembly disassembly facilities (PADs).

tc "6 Packet assembly disassembly facilities (PADs)........#"
Many PAD manufacturers are expecting to support the 1984 Recommendations and although migration does not depend on such equipment there will be no difficulty obtaining PADs. PADs supporting the 1980 Recommendations will normally interwork with packet mode DTEs supporting the 1988 ones and vice versa (see Y/11 and Y/12).

7 Screen mode services.

tc "7 Screen mode services.................................#"
A number of schemes have been developed for supporting IBM 3270 and DEC VT200 over X.29 connections. Async 3270 has been produced at Rutherford and allows special terminals, IBM PCs, or VT200 (connected to a VAX) to operate as 3270 terminals. The UK has develop Simple Screen Mode Protocol which also operates over X.29. This allows a range of terminals to connect to special boxes and emulate a wide range of screen mode terminals. The protocol has also been implemented on an IBM PC. This protocol allows the emulation of many types of screen mode terminal.

The extent of the requirement for screen mode services is not known. The effect of such services on the performance of the network is not known.

Section 10 - Time scales.

tc "Section 10 - Time scales...............................#"
All the products required to implement the X.25 backbone are available. It is assumed that before a decision to proceed is agreed that the topology, switch locations, and switch supplier will have been decided. The principle events with respect to a start date when decisions have been agreed and finance is available are:

- Decision to proceed                             0  

- Order switches                                  0

- Order line between Rutherford and Montpellier   0 (1)             

- Order line between Rutherford and Stockholm     0 (1)(2)

- Experiment between Rutherford and Montpellier   3 (3)

- Service between Rutherford, Montpellier and

  Stockholm                                       6

- Conversion of CERN/Stockholm and CERN/

  Montpellier to X.25                             8 (4)

- Conversion of international sites and topology

  changes                                         6 onwards

- X.400 on some international sites               6 onwards

- Provision of RFC822/X.400 gateway               6

- Migration of national EARNs                     6 onwards

- Provision of FTAM, JTP, and VTP                 As available

(1) There is a spare pair of IBM modems from the Rutherford/Dublin link. Rutherford is prepared to loan EARN modems. Eventually modems will be recovered from the redundant lines. Thus no modem purchases are envisaged unless speeds greater than 9.6K are required.   

(2) The Stockholm line is dependent on the provision of VTAM, NCP, NPSI, and RSCS V2 at Stockholm.

(3) Rutherford is prepared to loan EARN switch capacity if the delivery of switches is delayed beyond the delivery of the lines. 

(4) The conversion of the CERN/Stockholm and CERN/Montpellier line depends on the provision of VTAM, NCP, NPSI, and RSCS V2 and suitable hardware at CERN.

The transition of some international nodes are likely to be delayed by lack of suitable hardware and software. The transition of national parts of EARN will be dependent on local circumstances. 

The X.400 system to be used initially will be from Heidelberg but this decision must be reviewed as other systems become available.

X.3, X.28, and X.29 will be provided as and when nodes wish to provide them either as PADs or packet mode DTEs.

Section 11 - Alignment with functional standards.

tc "Section 11 - Alignment with functional standards.......#"
The aim of functional standards is to ensure that implementations will interwork. CEN/CENELEC and CEPT are producing a range of functional standards which will meet all the requirements of EARN. The functional standards of interest are:

- T/31. This concerns transport service over X.25 and will support X.400 and FTAM. This work is complete.

- Y/11 Y/12. This concerns the CCITT recommendations X.3, X.28, and X.29 

for PADs and packet mode DTEs.

- A/312. This concerns the use of X.400 in a private mail domain. The work is complete. There are a number of related functional standards concerned with the use of X.400 in public networks and for various gateway functions.

- A/111 to A/123. These functional standards are for FTAM and the work is just started. RARE will be having a strong input into this activity.

Only the basic version of VTP is complete but this provides little or no further functionality that X.3, X.28, and X.29 provide. The more advanced version is far from stable. Thus no functional standards in this area expected for some time. There is some pressure for a functional standard for ISO 6429 over ISO session from the European commission but this will be unlikely to provide the screen mode services users would like.

Currently no products conform with the functional standards. This situation will change as manufacturers and customers become familiar with them. EARN should attempt to procure conformant products.

In the short term non conformant systems may have to used but EARN should take all possible steps to ensure that the systems migrate to conform.

It is recommended that:

* EARN attempts to use products which conform with the relevant functional standards and brings pressure to bear on suppliers for such products. 

Section 12 - Costs.

tc "Section 12 - Costs.....................................#"
Detailed costs depend on the exact equipment required and the discounts that suppliers will give.

The funding sources are a matter for the EARN Board of Directors.

1 Switches.

tc "1 Switches.............................................#"
A survey of manufacturers suggests that suitable switches can be obtained for 10,000 UKL making 40,000 UKL in total. See annex 1 and 2.

2 Line costs.

tc "2 Line costs...........................................#"
The eventual line charges should be less than the current ones as the topology expected is near optimal from the studies carried out by IBM and D. Lord (annex 4 and the 'financing of EARN in 1988'). Each line relocated will incur an installation charge estimated at 2,000 UKL. There will be an overlap of lines which depends on the overlap time and is estimated at 3,000 UKL. 

3 Hardware and software costs.

tc "3 Hardware and software costs..........................#"
It is not possible to estimate the cost of IBM hardware and software as these depend on local discounts.

4 National costs.

tc "4 National costs.......................................#"
It is expected that any costs incurred beyond the X.25 international infrastructure (the four switches), some line costs, and possible some costs associated with the international nodes will be met nationally. These costs may include national X.25 switches, further hardware and software on national node, and any line costs. 

5 Management.

tc "5 Management...........................................#"
As with the current EARN network manpower will be required for the management of the X.25 infrastructure. It is reasonable for this to be met centrally. If the management also looks after national parts of EARN then a contribution would be expected from that country. Some effort would be needed during the setting up of the infrastructure estimated at two man months. Running effort would be about one man month a year assuming that the international infrastructure remained fairly static and that the equipment and lines were not unduly unreliable.

Section 13 - Network level addressing

tc "Section 13 - Network level addressing..................#"
The ISO network service is defined in IS 8348. The network layer is above the X.25 packet layer and below transport layer. It provides an end to end service across a concatenated set of X.25 networks. This is achieved by the use of a 'network service access point' (NSAP) address which defines the remote entity. The NSAP address can be regarded as a global address. In the case of an X.25 network the NSAP address is carried in the 'extended address' which is an 'optional user facility' in the CCITT X.25 (1984) recommendations.

EARN expects to be connected to other X.25 networks with different address schemes and must decide what NSAP address scheme to use.

The NSAP address is 40 decimal digits or binary fields. Since it is more convenient to 'name' entities a name registration mechanism will be needed to define the mapping. Users on other networks will have to have access to the mappings as well as EARN having access to theirs' if entities are to be known universally by names rather than the 40 decimal digits which may also be more liable to change.

EARN will not only have to deal with its own NSAP addresses but also those of other networks to enable such traffic to be directed to the correct gateways. The difficulty, or otherwise, of this will depend on the schemes chosen by the networks and currently only JANET has proposed a scheme.

The OSI NSAP addressing scheme defines a number of allocation schemes for a set of hierarchical nested registration bodies. An NSAP address starts with an initial domain part (ISP) followed by a domain specific part (DSP). The ISP is further divided into an authority and format identifier (AFI) and initial domain identifier (IDI). There are AFIs for various PTT network types (X.121, PSTN, Telex, ISDN, etc) and for ISO network independent schemes. The network independent schemes are the ISO-DCC scheme, which names national registration authorities, and the ISO-6523-ICD scheme, which names international organisations and authorities.

The network independent schemes are preferred as they are not tied to any particular network type and are thus potentially more stable. Note that this type of scheme has been adopted by JANET.

It is unclear whether EARN should regard itself as an international organisation and come under the ISO-6523-ICD scheme or a set of national organisations and be registered with or alongside other national networks. There appear to be three options:

- Like the UK, each national academic community will seek registration and that EARN will use such registrations in collaboration with the community. Thus EARN would seek no independent registrations. On a particular entity there may be ambiguity as to which route specific traffic should follow, for example, EARN or the public network. 

- EARN should seek registrations within each country. This would have the considerable disadvantage that a machine connected to a national network and EARN would have two NSAP addresses. There would be no ambiguity with routing. EARN would have to administer these registrations.

- EARN should seek international registration. There will be ambiguity with machines connected to EARN and other networks. EARN would have to administer the registration.

Current opinion is that the EARN international X.25 infrastructure is likely to develop into an overlay network between national networks which would favour the first option.

If ISO-DCC is followed the format of the NSAP will be:

+----------------------------------+-------------------+

|   DIP                            |     DSP           |

+--------+-------------------------+                   |

| AFI    |      IDI                |                   |

+--------+----------+--------------+-------------------+

|ISO DCC |Country   |Allocated by  |For allocation by  |

| AFI    |identifier|National      |customer           |

| (38)   |ISO 3166  |Administration|                   |

+--------+----------+--------------+-------------------+

The the case of the UK the NSAP will be:

38 826 1100 DSP

where 826 is the UK ISO 3166 code and 1100 has been allocated to JANET by the British Standards Institute.

The format of the DSP has been decided within JANET but each country will have to consider its own schemes or RARE may provide recommendations.

The NSAP should contain the DTE address of the EARN entity or possible the DTE of a local area network the entity is attached to so allowing algorithmic extraction of the DTE address.

It is unclear what facilities suppliers will provide in their products.

It is recommended that:

* that EARN will use the NSAP scheme selected by the national academic communities. 

* failing national schemes EARN will use the ISO-DCC scheme pending national decisions.

* EARN will study the options for the DSP where there are no national schemes.

* manufacturers plans for NSAP addressing should be determined.

Section 14 - Mail addressing.

tc "Section 14 - Mail addressing...........................#"
EARN has connections to several networks providing electronic mail using various protocols and various addressing schemes. Important representatives are ARPA, JANET, UUCP and EARN which use variants of the RFC822 protocol and EAN using a variant of X.400. Further X.400 networks can be expected soon including EARN.

Users require mail exchange between current EARN systems, future EARN X.400 systems and systems accessible via gateways. This involves four protocol/address schemes:

- The native IBM NJE addressing used in EARN

- Internet domain style addressing used in EARN

- X.400 addressing

- Other schemes used in academic networks

1 EARN.

tc "1 EARN.................................................#"
The native IBM NJE-RSCS address scheme used in the IBM systems is the RSCS 'spool tags' or MVS 'destination/subdestination'. It consists of an 8 byte 'user identifier' and an 8 byte 'node identifier'. The RFC822 mail system used within EARN uses these 8 byte pairs as the RFC822 addresses of the form 'user identifier'@'node identifier'. Mail may be generated by the user either by the use of an editor or one of the several mail programs or systems.  

Many sites operate mail user agents, for example the Crosswell mailer. These are also capable of utilising the 8 byte 'user identifier' and 'node identifier' pairs. In addition these systems can (generally) deal with  'internet domain addresses'. The internet domain address scheme is based on a hierarchical mail address. They provide an address scheme for a set of concatenated networks. The scheme is used in a number of networks with which EARN and BITNET have connections. The top level domains have tended to be large organisations in the states, such as EDU or BITNET, whereas in Europe the ISO 3166 two character country codes are favoured. The second and subsequent levels are at the discretion of the organisation 'owning' the top level domain. For example, CAMBRIDGE.AC.GB could be the address of some facility in Cambridge which is within the academic community which is within Great Britain. 

There are conflicts with domain addresses in that an address may be reachable via several routes or no routes. For example, name@VAX1.CAMBRIDGE.AC.GB generated in domain EDU, say, may arrive via:

- The Wisconsin (ARPA to BITNET) and Rutherford (EARN to JANET) gateways.

- The Pisa (ARPA to EARN) and Rutherford (EARN to JANET) gateways.

- The University College London (ARPA to JANET) gateway.

The problem can be overcome by the use of 'source routing'. This requires the user to have knowledge of the route the mail is to take. The use of such routing is discouraged and not universally supported.

In some cases a country may be in several disjoint mail systems and only particular routes will be successful.  For example, name@BONN.GMD.DE may be accessible via EARN but not DFN. The basis of domain names is in RFC 920. RFC997 defines the internet addressing rules.

It would be possible to register the address of all entities centrally but this is unlikely in view of their large number. It is more likely to be done on a per domain basis. 

2 X.400.

tc "2 X.400................................................#"
X.400 addressing is based on OR (Originator/Recipient) names. A name consists of a number of 'attributes'. The registration of OR names or parts of them is unclear. In some countries it is expected that this will be organised by government agencies. The attributes are:

- CountryName. The fairly reasonable assumption is that a given mailbox will reside in a single country. CCITT recommends that this should be the X.121 code or the ISO 3166 two character country code.

- AdministrativeDomainName. A country may have a number of suppliers of public mailbox facilities, such as TELEBOX in Germany, which will each have a unique name. Thus mail can in principle flow between various systems run by the administrations. 

- PrivateDomainName. An organisation, for example JANET, may wish to set up a private mail system.

- Organisation Name. Normally the name of the organisation. For example 'Siemens'.

- Further fields define a OrganizationalUnit and the actual name of a person which do not concern this discussion.

CCITT claim that Country and AdministarationDomainName are mandatory. The implication of this is that PTTs expect mail passing between private mail domains is expected to pass through a public one. Some commentators believe that such an activity is un-enforceable both practically and legally. For example, it does not seem possible to legally differentiate between mail and other data traffic.

ISO regard both PrivateDomainName and Administrativedomainname as optional. This recognises that private mail domains may interconnect directly but still recognising the possibility of public suppliers providing the interconnection between private mail systems if wanted.

An EARN X400 service may take a number of options:

- Ignore other activities and define a scheme most convenient to EARN. For example, define a PrivateDomainName of EARN and allocate an OrganizationName to each site. This strategy will require complex gateways between the EARN X.400 service and other ones. Many users may have different names depending on where mail is coming from which will create considerable confusion. 

- Follow the strategy taken in each country. The principle advantage is that no application level relay would be required to the X.400 academic services provided by any national academic mail service. The disadvantage will be that EARN may have to provide its own relays between its various national components. Fortunately it is highly likely that RARE will recommend the form of names for use within Europe which will remove, hopefully, the need for EARN relays.

It is unclear what name structure will be recommended by RARE. There is some pressure for the country name to be longer than two characters (against CCITT Recommendations). However there is some agreement that the X.121 codes should not be used. It is unclear whether the AdministrativeDomainName will be used and if used which one of the several registered in a country will be used. 

The PrivateDomainName may be allocated on a per site basis in some countries (Germany) while in others the academic community is expected to have a single name for the community and for an OrganizationName to be allocated to a site.

Temporary note- The author has not been reading the latest documents from the relevant RARE working party and the above comments may be out of date.

3 Converting relays between RFC822 and X.400.

tc "3 Converting relays between RFC822 and X.400...........#"
EARN will require a relay between RFC822 and X.400. Recommendations are needed for the address mappings which may be different in different countries but should follow RFC 987.

If EARN were to use domain addressing then it would be possible to follow the recommendations in RFC 987 which defines how an RFC822 to X.400 should operate. It would not be possible for mail based on the EARN 8 byte 'user identifier' and 'node identifiers' to pass through a relay to X.400. It would be possible for X.400 mail to pass through a relay and to sites only accepting the 8 byte form. This would be undesirable in the interests of a consistent address strategy.

The key document for the production of an RFC822 to X.400 gateway is in RFC987. The fields of the X.400 name are mapped to the components of an RFC822 name. The RFC987 assumes that the RFC822 name follows the DARPA domain recommendations. 

Domain addressing with RFC822 (see RFC920) demands that a mail box has a unique name and address. The address has a hierarchical form so that addresses can be selected at a particular level without reference to other parts of the structure while still maintaining uniqueness.

The top level is normally a country code and it is recommended that this is the two character ISO 3166 code. The structure below the country code is at the discretion of the 'owner' of the country code. In general this would take the form of an organisation such as an academic community. At the next level there would be a site name. At the bottom level the name of a machine. However there is considerable flexibility at the lower levels. The name and address are separated by '@' and the domain components by '.'. The most significant part of the address comes last. A typical name and address would be:

P.Bryant@IBM-B.Rutherford.AC.GB

It is unclear what the exact form of RFC822 and X.400 addresses will be within Europe. It is fairly certain that the country code in X.400 and in RFC822 will be the two character ISO 3166 one.

It should be added that the adoption of domain addressing will allow a much more flexible mail service in that it will no longer be necessary for each site to have a record of the universe of mail addresses within EARN.

Some minor developments within the mailer may be needed.

The ISO 3166 European two character codes are:

Austria        AT 

Belgium        BE 

Denmark        DK 

Eire           IE 

Finland        FI 

France         FR 

Germany        DE 

Greece         GR 

Israel         IL 

Italy          IT 

Ivory Coast    CI 

Luxemburg      LU 

Netherlands    NL 

Norway         NO 

Portugal       PT 

Spain          ES 

Sweden         SE 

Switzerland    CH 

The RFC822 mail systems would require rather more extensive tables since they would have to know about each RFC822 to X.400 gateway and which addresses should be sent to it. For example it is likely that all addresses ending in AC.UK would go to a single gateway. In Germany there is expected to be many PrivateDomainNames and mail would be directed to one or more gateways. This situation may become more complex if countries decide on a wide variety of interpretations of the X.400 OR name. This reinforces the urgent need for EARN recommendations for mail addressing and address mapping.

It is likely that nodes will be members of EARN as well as other networks. Ideally the address of an entity should be the same for all the networks connected to. This implies that EARN should make an attempt to use any address scheme decided on within the academic community of a country. This should present few problems as it is expected that RARE will provide recommendations. Thus each country must discuss their X.400 addressing with RARE.

The conclusion is that RFC822 mail within EARN should adopt domain addressing. This will involve a radical change in EARN mail. It will cause difficulties with sites not operating mail systems. There is therefore an urgent need to encourage all sites to operate mail systems and to use domain addressing as soon as possible. 

The EARN mail systems would have to be adapted to deal with addresses in a given domain some of which are in EARN and some which may not. The Crosswell mailer is capable of this but a study of other mail systems is required.

It is recommended that:

* EARN RFC822 addressing adopts domain addressing with the top level being the ISO 3166 two character code. The rest of the domain structure is for a national decision based on the form that the X.400 OR names take in that country.

* pressure is brought on all sites within EARN to operate mail services and for the above recommendations to be followed.

* a full specification of proposed EARN RFC822 mail service should be drawn up.

* the various mail systems should be studied to determine if any developments are required.

Section 15 - Definitions.

tc "Section 15 - Definitions...............................#"
Product - any protocol implementation rather than the IBM specific meaning of an IBM strategic product. Where necessary it is qualified by terms such as 'experimental', 'pilot', or 'supported.

Relay - a mechanism whereby a file is completely received at some point between a originator and a receiver before being resent towards the receiver. For example, in an IBM NJE network every intermediate node acts a relay.

Converting relay - a relay which undertakes a protocol conversion. For example, the gateway between EARN and JANET relays file transfers and also converts between IBM NJE and Blue Book file transfer.

Gateway - a mechanism through which an end to end connection may be made and which may undertake some address manipulation, authorisation, accounting or similar functions. For example, where two X.25 networks connect a gateway would be required to solve address conflicts between the two networks.

Converting gateway - a gateway where a protocol conversion takes place. For example the GIFT machine provides a converting gateway between Blue Book file transfer, DECNET, and CERNET file transfer. 

Section 16 - References.

tc "Section 17 - References................................#"
The CEN/CENELEC CEPT functional standards are:-

PrENV 41 104   T/31      Transport service over X.25

PrENV 41 201   A/3211    MHS-UA+MTA: PRMD-PRMD (P2+P1)

               A/323     MHS-(Intra-PRMD) (P2+P1*)

               A/325     Mailbox Service Access (P7)

               A/111     Simple File Transfer

               A/112     Positional File Transfer

               A/113     Full File Transfer

               A/122     Positional File Access

               A/13      File Store Management

PrENV 41 901   Y/11 Y/12 X.3, X.28, and X.29

Note- Items with no Prenv numbers are not available but are currently of secondary interest.

ARPA RFC references:

D H Crocker, Standard of the Format of ARPA Internet Text Messages, RFC 822, August 1982. 

J Postel and J Reynolds, Domain Requirements, RFC 920, 

S Kille, Mapping Between X.400 and RFC 822, RFC987, June 1986.

ISO references:

ISO 6429, Information Processing - ISO 7-bit and 8-bit coded character sets - Additional control functions for character-imaging devices. IS: 1983.

ISO 7498, Information Processing Systems - Open Systems Interconnection - Basic Reference Model IS: 1984

ISO 7776, Information Processing Systems - Data Communications - HDLC - Description of the X.25 LAPB compatible DTE single link procedure DIS May 1985.

ISO 8072, Information Processing Systems - Open Systems Interconnection - Transport Service Definition IS: 1986.

ISO 8073, Information Processing Systems - Open Systems Interconnection - Transport Protocol Definition IS: 1986.

ISO 8208, Information Processing Systems - Data Communications - X.25 packet level protocol for DTE DIS March 1985.

ISO 8326, Information Processing Systems - Open Systems Interconnection - Basic Connection Oriented Session Service Definition DIS September 1984

ISO 8327, Information Processing Systems - Open Systems Interconnection - Basic Connection Oriented Session Protocol Definition DIS September 1984.

ISO 8348, Information Processing Systems - Data Communications - Network Service Definition DIS July 1985.

ISO 8571/1, Information Processing Systems - Open Systems Interconnection - File Transfer, Access and Management - Part 1 : General Description DIS July 1986.

ISO 8571/2, Information Processing Systems - Open Systems Interconnection - File Transfer, Access and Management - Part 2 : Virtual Filestore DIS July 1986.

ISO 8571/3, Information Processing Systems - Open Systems Interconnection - File Transfer, Access and Management - Part 3 : File Service Definition DIS July 1986.

ISO 8571/4, Information Processing Systems - Open Systems Interconnection - File Transfer, Access and Management - Part 4 : File Protocol Specification General Description DIS July 1986.

ISO 8648, Information processing Systems - Data Communications - Internal Organisation of the Network Layer DIS February 1986.

ISO 8822, Information Processing Systems - Open Systems Interconnection - Connection Oriented Presentation Service Definition DIS May 1986.

ISO 8823, Information Processing Systems - Open Systems Interconnection - Connection Oriented Presentation Protocol Definition DIS May 1986.

ISO 8824, Information Processing Systems - Open Systems Interconnection - Specification of Abstract Syntax Notation One (ASN.1) 2nd DIS May 1986.

ISO 8825, Information Processing Systems - Open Systems Interconnection - Basic Encoding Rules for Abstract Syntax Notation One (ASN.1) 2nd DIS May 1986.

ISO 8878, Information Processing Systems - Data Communications - Use of X.25 to provide the OSI Connection-oriented Network Service DIS March 1986.

ISO 8880/1, Information Processing Systems - Data Communications - Specification of Protocol to Provide and Support the OSI Network Service - Part 1, General Principles 2nd DP June 1986.

ISO 8880/2, Information Processing Systems - Data Communications - Specification of Protocol to Provide and Support the OSI Network Service - Part 2, Provision and support of the Connection-mode Network Service 2nd DP June 1986.

ISO 8883, Information Processing Systems - Text Communications - Message Oriented Text Interchange System - Message Transfer Sublayer, Message Interchange Service and Message Transfer Protocol Dis 1986.

ISO 9065, Information Processing Systems - Text Communications - Message Oriented Text Interchange System - User Agent Sublayer, Interpersonal Messaging User Agent - Message interchange formats and Protocols. DIS October 1986. 

ISO 9066, Information Processing Systems - Text Communications - Message Oriented Text Interchange System - Reliable Transfer Service and use of Presentation and Session Services DP December 1985.

CCITT Recommendations:

X.3 Packet Assembly/Disassembly Facility (PAD) in a Public Data Network. CCITT Red Book, Volume VIII - Fascicle VIII.2, 1984.

X.25 Interface between Data Terminal Equipment (DTE) and DTA Circuit-Terminating Equipment (DCE) for Terminals Operating in the Packet Mode and Connected to Public Data Networks by Dedicated Circuit. CCITT Red Book, Volume VIII - Fascicle VIII.3, 1984.

X.28 DTE/DCE Interface for a Start-stop Mode Data Terminal Equipment Accessing the Packet Assembly/Disassembly Facility (PAD) in a Public Data Network Situated in the same Country. CCITT Red Book, Volume VIII - Fascicle VIII.3, 1984.

X.29 Procedures for the Exchange of Control Information and User Data between a Packet Assembly/Disassembly (PAD) Facility and a Packet Mode DTE or another PAD. CCITT Red Book, Volume VIII - Fascicle VIII.3, 1984.

X.400 Message handling systems: System model-service elements, CCITT Red Book, Volume VIII - Fascicle VIII.7, 1984.

X.401 Message handling systems basic service elements and optional user facilities. CCITT Red Book, Volume VIII - Fascicle VIII.7, 1984.

X.408 Message handling systems: encoded information type conversion rules. CCITT Red Book, Volume VIII - Fascicle VIII.7, 1984.

X.409 Message handling systems: presentation transfer syntax and notation. CCITT Red Book, Volume VIII - Fascicle VIII.7, 1984.

X.410 Message handling systems: remote operation and reliable transfer server. CCITT Red Book, Volume VIII - Fascicle VIII.7, 1984.

X.411 Message handling systems: message transfer layer. CCITT Red Book, Volume VIII - Fascicle VIII.7, 1984.

X.420 Message handling systems: interpersonal messaging user agent layer. CCITT Red Book, Volume VIII - Fascicle VIII.7, 1984.

List of IBM documents to be supplied:

List Of RARE documents to be supplied:

Other references:

Transition to OSI standards, Report of the UK Academic Community OSI Transition Broup, 1987.

D. Lord, The funding of EARN for 1988.

Section 17 - Abbreviations.

tc "Section 17 - Abbreviations."
BOD            The EARN Board of Directors

CCITT          Comite Consultatif International Telegraphique                               Telephonique

CEN/CENELEC    Comite Europeen de Normalisation/ Comite Europeen de                Normalisation Electrotechnique 

CEPT           Conference Europeenne des Administrations des Postes et                Telecommunications

DTE            Data Terminal Equipment

EARN           European Academic Research Network

FTAM           File Transfer and Management

IBM            International Business Machines

ISO            International Standards Organisation

JTP            Job Transfer Protocol

MHS            Message Handling Service

NSAP           Network Service Access Point

OSI            Open Systems Interconnection

PRMD           Private Mail Domain

PTT            Posts, Telegraphs and Telephones ?

RARE           Reseaux Associes pour la Recherche Europeenne

RFC            Request For Comment

RSCS           Remote Spooling and Communications System

SNA            Systems Network Architecture

VAX

VM/CMS         Virtual Machine/Conversational Monitor System

VTP            Virtual Terminal Protocol

tc "Annex 1 - X.25 switch survey."

tc "Annex 2 - TelePAC switch."

tc "Annex 3 - Transition to OSI Standards. (To follow)."

tc "Annex 4 - The finacing of EARN in 1988."

tc "Annex 5 - IBM EARN traffic survey."
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