�Appendix C



CPDLC SARPS VALIDATION REPORT

1	Introduction

1.1	Scope

Since the start of the development of the CPDLC SARPs, there have been a number of validation programs that have been established due to the efforts of a number of organizations and states.  The purpose of this appendix is to report on the results of those programs that have reported their CPDLC-related results so far, and to draw conclusions on the level of validation of the CPDLC SARPs which has been achieved.

1.2	Background

The CPDLC SARPs were placed under configuration control at the 5th meeting of WG3 (Brisbane, February 1996), and since that time a detailed change record has been included in the configuration sheet which is part of the SARPs document.  The change history is as follows:

Version�Date�Comment��1.0�October 1995�Banff Proposed SARPs.��1.1�February 1996�Input to ATNP/WG3 at Brisbane��2.0�February 1996�Output Brisbane SARPs.��2.1�April 1996�Input to ATNP/WG3 at Brussels..��2.2�May 1996�Output Brussels/Toulouse SARPs.��2.3�June 1996�Output of Vancouver SG2/Input to Munich WG3.��3.0�June 1996�Output of ATNP/WG3 at Munich.�Baseline version submitted to ICAO.��4.0�October 1996�Output from ATNP/WG3 at Alexandria, �(Red-lined 3.0 submitted to ICAO)��IV 1.0�November 1996�Output from ATNP/2, incorporating all accepted changes up to 14 November 1996��IV 1.1�March 1997�Input to ATNP/3 at Phuket��IV 1.2�March 1997�Output from ATNP/WGW at Phuket��Table 1:  Change History



�2	High Level Validation Objectives

The following are the high level validation objectives for all Air/Ground SARPs.

VO�Description��SVO 1�To determine which System Level Requirements are satisfied by the functional descriptions in combination with the user requirements and recommended practices of the SARPs.��SVO 2�To determine if the applications specifications are mutually consistent.��FVO 1�To determine if the functional descriptions in the SARPs are compatible with the technical requirements.��FVO 2�To determine if the user requirements and recommended practices are compatible with the technical requirements.��FVO 3�To determine if the SARPs are complete.��FVO 4�To determine if the SARPs are unambiguous.��FVO 5�To determine if the SARPs are consistent.��FVO 6�To determine if there are requirements in the SARPs which would have no effect if removed.��FVO 7�To determine if provision has been made to ensure that the SARPs are implementation independent.��TVO 1�To determine if the protocol description supports the end to end services.��TVO 2�To determine if the protocol description has any unacceptable behaviour.��TVO 3�To determine if the abstract service interface parameters are mapped appropriately to PDU fields and/or communication service interface parameters, and vice versa.��TVO 4�To determine if protocol errors in the peer application entity are correctly handled.��TVO 5�To determine if the SARPs are consistent with the upper layer architecture to the extent that this is a requirement, e.g. use of the Dialogue service, application of the control function.��TVO 6�To determine if the APDUs are correctly specified.��TVO 7�To determine if provision for QOS management has been addressed.��TVO 8�To determine if provision for future migration has been addressed.��TVO 9�To determine if efficiency requirements have been addressed, e.g. minimizing size of data transfer, appropriate maintenance of dialogue.��TVO 10�To determine that the functionality described in the SARPs is implementable.��TVO 11�To determine that independent implementations built in accordance with the SARPs will be able to interoperate.��Table 2:  Validation Objectives�

3	Validation Means

The following generic means of validation have been identified, and are used in the table in section 4.

Two or more independently developing interoperating implementations validated by two or more states/organizations.

Two or more independently developing interoperating implementations validated by one state/organization.

One implementation validated by more than one state/organization.

One implementation validated by one state/organization.

Partial implementation validated by one or more state/organization.

Simulation, analysis using tools e.g. ASN.1 compiler, modeling tools.

Analysis and inspection.�4	Application Functionality Validation Achieved by States and Organizations

The following table summaries the validation activities that have completed to date.  The letters in the table correspond to the validation means given in section 3.  Each table entry contains all validations means that apply.  Expected validation levels and dates are indicated where applicable in parentheses.

Functional groups of “shall” statements�ATNP/WG3/SG2�Eurocontrol�FAA�ICCAIA�NAV CANADA�Summary��CDA CPDLC Initiator- air�g�g,d,c (, a May 1997)�g,d (a May 1997)�g�f,g,e,d (, a July97)�f, c,g,d(, a May 1997)��CDA CPDLC Initiator - ground�g�g,d, c (, a May 1997)�g,d,f (a.May 1997)�g�f,g,e,d (, a July 97)�f,e,c,g,d(, a May 1997)��CDA CPDLC Receiver -air�g�g,d,c (, a May 1997)�g,d (a May 1997)�g�f,g,e,d (, a July 97)�f,e,c,g,d(, a May 1997)��CDA CPDLC Receiver -ground�g�g,d,c (, a May 1997)�g,f,d (a,May 1997)�g�f,g,e,d (, a July 97)�f,e,c,g,d(, a May1997)��NDA CPDLC Initiator- air�g�g,d (, a May 1997)�g,d (a May 1997)�g�f,g,e,d (, a July 97)�f,e,g,d(, a May 1997)��NDA CPDLC Initiator - ground�g�g,d (, a May 1997)�g,d,f (a,May 1997)�g�f,g,e,d (d, a July 97)�f,e,g,d(, a May 1997)��NDA CPDLC Receiver -air�g�g,d(, a May 1997)�g,d (a May 1997)�g�f,g,e,d (, a July97)�f,e,g,d(, a May 1997)��NDA CPDLC Receiver -ground�g�g,d(, a May 1997)�g,d(a May 1997)�g�f,g,e,d (, a July 97)�f,e,g,d(, a May 1997)��CPDLC message processing - air�g�g,d,c (, a May 1997)�g,d(a May 1997)�g�f,g,e,d (, a July 97)�f,e,g,c,d (, a May 1997)��CPDLC message processing - ground�g�g,d,c (, a May 1997)�g,f,d(a May 1997)�g�f,g,e,d (, a July 97)�f,e,g,c,d (, a May 1997)��CPDLC End processing-ground�g�g,d,c (, a May1997)�g,f,d(a May1997)�g�f,g,e,d (, a July97)�f,e,g,c,d (, a May1997)��CPDLC End processing-air�g�g,d,c (, a May 1997)�g,f,d (a May 1997)�g�f,g,e,d (, a July 97)�f,e,g,c,d (, a May 1997)��DSC-air�g�g,d(, a May 1997)�g,d (a May 1997)�g�f,g,e,d (a July 97)�f,e,g,d(, a May 1997)��DSC not supported-ground�g�g,dd Feb 1997, a May 1997)�g,f,d (a May1997)�g�f,g,e,d (, a July 97)�f,e,g,d(, a May 1997)��DSC supported - ground�g�g,d, a May1997)�g,d (a May 1997)�g�f,g,e,d (, a July 97)�f,e,g,d(, a May1997)��DSC End processing - air�g�g,d(, a May 1997)�g,d (a May 1997)�g�f,g,e,d (, a July97)�f,e,g,d(, a May 1997)��DSC End processing - ground�g�g,d(, a May 1997)�g,d (a May1997)�g�f,g,e,d (, a July 97)�f,e,g,d(, a May 1997)��Forward Initiator - ground�g�g�g,d (a May 1997)�g�f,g�f,g,d)��Forward Receiver - User supported - ground�g�g�g,d (a May 1997)�g�f,g�f,g,d��Forward Receiver - User not supported - ground�g�g�g,d (a May 1997)�g�f,g,e,d(, a July 97)�f,e,g,d (a May 1997)��Abort - ground�g�g,d(, a May 1997)�f,g (a May1997)�g�f,g,e,d (, a July97)�f,e,g,d(, a May 1997)��Abort - air�g�g,d(, a May 1997)�f,g (a May 1997)�g�f,g,e,d (, a July97)�f,e,g,d(, a May 1997)��Miscellaneous�g�g�f,g ( a May 1997)�g�f,g,e,d (, aJuly 97)�f,e,g,d(a May 1997)��Table 3:  Validation Activities Summary

Note 1:  Miscellaneous shall groupings includ any rquirements not considered in any other groupingws, e.g., version number requirements.

Note 2:  NAV CANADA ASN.1 compiled using BER, not PER.

�5	Summary of Activities Supporting Validation

5.1	ATNP/WG3/SG2

In its work in developing the CPDLC SARPs, members of ATNP/WG3/SG2 have reviewed every line of the SARPs on numerous occasions.  The sub-group has also reviewed the document on a page-by-page basis when working in session.

5.2	Eurocontrol

Eurocontrol developed a set of tools to support the analysis of "requirements" ("shalls" and "shoulds") in the SARPs. These were used to extract the requirements of the CPDLC SARPs for analysis.  A number of technical and editorial improvements were made to the SARPs text as a direct result of these activities.

Eurocontrol developed an Application Programming Interface (API) specification for the CPDLC SARPs.  This API was defined in the "C" programming language in a format compatible with that adopted by the X/Open organisation for the Transport Service Interface.  The interface definitions were then test compiled.  As part of this specification work, a number of defects in the SARPs were detected and notified to the SARPs editor for corrections to be applied.

Eurocontrol has devloped  the Trials End System (TES) prototype applications to assist in the validation of SARPs for the ATN. The TES prototypes have been developed by a European industry consortium that have independently analyzed the SARPs, produced functional and design specifications based on the SARPs and implemented the software realisations.  The TES prototype is being used to test the functionality of SARPs, and interoperability with independently developed implementations.of 

Eurocontrol has completed the TES prototypes for CPDLC and will use them for interoperability testing, to achieve further levels of validation.  These interworking tests will be carried out between difference instances of the TES software, and also with other States and organisations who have SARPs conformant implementations available for interworking tests.

The Preliminary Eurocontrol Test of Air-ground data Link (PETAL) project has applied a number of the CPDLC messages in a pre-operational environment involving the aircrew of an Airbus Industrie A-320 aircraft communicating over a (pre-ATN) VHF data link with the Maastricht Upper Area Control Centre's air traffic controllers.  This activity has demonstrated the effectiveness of a number of the CPDLC messages and associated procedures.

The PHARE - PATN project is a collaborative program between Eurocontrol  and several reasearch centers of European states that has started working on devoping a SARPs compliant CPDLC implementation.  This work has generated defects against the CPDLC SARPs.

5.3	FAA

The FAA, through industry, reviewed the entire CPDLC SARPs.  CSC has also completed an analysis of the entire SARPs, using a CASE tool to generate data flow diagrams.  CSC has also successfully compiled the version 4.0 ASN.1.  Several defects were raised from the inspection and modeling exercise.

The FAA has tasked industry to develop an implementation for each of the air - ground applications.  The implementations will include the complete functionality and will be used for validation of the SARPs through interoperability testing.  The implementation will be based on the post ATNP/2 Version of the SARPs including changes based on published defect reports.

The FAA implementations will include both ground and airborne versions of the application.  Testing will be conducted over an ATN SARPs compliant implementation of the upper layer and internet communication services.  While not required for the technical validation of the SARPs, the FAA will ultimately intregrate the airborne version of the application into a test aircraft and conduct flight tests at the William J. Hughes Technical Center in Atlantic City, New Jersey.

The implementation of CPDLC is complete.  The schedule is set to allow interoperability testing with other organizations’ implementations in theMay time frame.

5.4        CCAIA

Aircraft manufacturers with FANS-1 and FANS-A development experience reviewed the SARPs. Defects in the SARPs plus differences between ATN and FANS-1 and FANS-A were identified and communicated informally with the editor.

Industry in cooperation with international organizations started several projects in 1996, e.g. Prototype Aeronautical Telecommuncations Network (Pro-ATN) and European pre-Operational  data Link Applicationa (EOLIA), to develop pre-operational software based on the version of the SARPs output from ATNP/2.  During the development of functional secifications, several defects were identified in the SARPs.

5.5	NAV CANADA

Canadian Industry with technical support from NAV CANADA is currently developing an implementation for CPDLC.  This implementation will include both air and ground functionalities.  The first step of development included an analysis of the the SARPs and subsequent writing of functional requirements threads for the new applications using  formal methods.  A customized system simulation tool has been used to model CPDLC to confirm proper operation as specified by the SARPs.  The simulation tool provided the basis for limited system validation (a more exhaustive validation programme is planned to continue throughout 1997). The simulation tool also generates a C code skeleton which is used for the partial prototype system

The full implementation will include complete CPDLC functionality, save ground forwarding user and initiator, by July 1997 and will be used for validation through interoperability testing.�

6	Defect Report Summary

The table below gives a summary of the defect reports raised during the validation program since the ATNP/2 meeting.



CPDLC Defect Report Log





DR ref.�Description�SG2 Resolution�Found in�Fixed in�Status��IV1.0_

CPC-1�Class of Communication  M Indication Explanation�Explanatory comments added�IV1.0�IV1.1�Closed��IV1.0_

CPC-2�User-Abort Reason M Indication Explanation

�Clarifying comments  added�IV1.0�IV1.1�Closed��IV1.0_

CPC-3�QOS Invalid Parameters

�2.3.5 amended for consistency.  Additional Abort reason  provided�IV1.0�IV1.1�Closed��IV1.0_

CPC-4�Editorial Errors�Editorial fixes�IV1.0�IV1.1�Closed��IV1.0_

CPC-5�Consistency with ADSP Manual Fixes�Editorial  amendments made for ADSP consistency�IV1.0�IV1.1�Closed��IV1.0_

CPC-6�Capability to Cancel an NDA without Specifying a New One�ASN.1 changed to allow NULL content  in NDA message�IV1.0�IV1.1�Closed��IV1.0_

CPC-7�Reserved Message Elements�UM178 was inadvertentlt renewed - now a NULL message�IV1.0�IV1.1�Closed��IV1.0_

CPC-8�Redundant/Not Used Message Elements�Redundant messages deleted�IV1.0�IV1.1�Closed��IV1.0_

CPC-9�Consistency with FANS/1 Questions�ADSP have made changes - should  consistency be maintained�IV1.0��Open��IV1.0_

CPC-10�Deleted trackdetailmsg Elements�Redundant ASN.1 messages deleted�IV1.0�IV1.1�Closed��IV1.0_

CPC-11�Revised End Service Processing�ASN.1 amended�IV1.0�IV1.1�Closed��IV1.0_

CPC-12�Unitname/Facility Designation�ASN.1 Definitions modified�IV1.0�IV1.1�Closed��1V1.0_

CPC-13�FANS/1 Errors that Need Correction�ASN.1 modified to allow fix-name to have position appended�IV1.0�IV1.1�Closed��IV1.0_

CPC-14�Lat/Long Redefinition�ASN.1 modified to disallow decimal degrees/minutes to be combined with minutes/seconds�IV1.0�IV1.1�Closed��IV1.0_

CPC-15�Allowing none-2 Altitudes�ASN.1 modified to now allow the option of two levels  where level is specified�IV1.0�IV1.1�Closed��IV1.0_

CPC-16�Non-use of Reserved Message Elements�ASN.1 modified to prevent reserved messages being sent�IV1.0�IV1.1�Closed��IV1.0_

CPC-17�Use of Stand Alone Messages�Error message will be generated if Stand-alone message sent combined�IV1.0�IV1.1�Closed��IV1.0_

CPC-18�Redundant Requirements on NDA Message Element�2.3.7 redundant requirements  eliminated�IV1.0�IV1.1�Closed��IV1.0_

CPC-19�CDA/NDA air-user Abort�2.3.7 amended to cope with air-user abort�IV1.0�IV1.1�Closed��IV1.0_

CPC-20�Invalid messages responses�ASN.1 additional reason included, and 2.3.7 amended �IV1.0�IV1.1�Closed��IV1.0_

CPC-21�Allowing the user a choice of whether or not to provide a reason for rejecting the request to open a DSC or CPDLC dalogue�2.3.3 amended to prohibit user from giving a reject reason when accepting a dialogue�IV1.0�IV1.1�Closed��IV1.0_

CPC-22�Need for clarification of abort indications�Note inserted.�IV1.0�IV1.1�Closed��

Table 4:  Defect Report Summary

7	Analysis and Conclusions

7.1	SVO 1

As determined by inspection and pre-ATN implementations of CPDLC, all the system level requirements relevant to CPDLC are satisfied by the version IV1.0 of the SARPs. (g, e)

7.2	SVO 2

All of the technical requirements arising from other SARPs have been checked for inclusion in the CPDLC SARPs.  Items of common text have been identified and checked for discrepancies. (g)

Comparison of the tabulated requirements of CPDLC with the other air-ground applications reveals that a consistent approach has been adopted. (g)

Study of the ASIs in each of the application SARPs ensured that they were specified in a consistent manner. (f,g)

Examination and testing of the SARPs shows that requirements placed on CPDLC by CM have been met, and that the use by CPDLC of the upper layer architecture is consistent with its definition. (c,g)

7.3	FVO 1

The technical requirements have been examined to ensure that they provide the intended functionality. (g)

7.4	FVO 2

All of the user requirements and recommendationshave been examined and have been determined to be compatible with the technical requirements. (f,g)  Additionally, some of the User requirements and recommendations have been simulated and prototyped. (e)

The “User Requirements” correspond to the requirements at the ASI boundary, therefore specification of the API ensured that such requirements can be conveyed. (f,g)

7.5	FVO 3

All statement in the section on protocol  were analyzed, modeled, and implemented in prototype formand care was taken not to make any assumptions where there were no “shall” statements.  Having built a model anda prototype, the functions that were intended were achieved - there were no parts of the protocol that were “missing”.  It can be concluded, therefore, that the “shall” statements describing the air-ground and ground-ground protocol are complete. (g,f)

7.6	FVO 4

Specification of the API ensured that the ASI parts of the SARPs are specified unambiguously. (e,f,g)

7.7	FVO 5

Specification of the API ensured that the various ASI primitives and their parameters are specified in a consistent way. (f,g)

The CPDLC model and prototype were built and performed in a manner consistent with the specification. (e,f,g)

7.8	FVO 6

The tabulated requirements indicate that all stated requirement are necessary. (f,g)

7.9	FVO 7

The SARPs enable the development of independent implementations. (c,f,g)

7.10	TVO 1

Prototypes have been developed for CPDLC that verifies end-to-end capabilities.  Extensive testing has shown that the end-to-end services perform as expected. (c,f,g)

7.11	TVO 2

The CPDLC protocol was modelled and implemented completely.  No unacceptable behaviour was detected.. (c,f,)

7.12	TVO 3

Inspection of the text and prototype implementations show that the abstract service interface parameters are mapped appropriately to PDU fields and/or Dialogue Service primitives. (c, g)

7.13	TVO 4

All aspects of CPDLC protocol were implemented in the modeling and prototype development, including error handling. (c,f,g)

7.14	TVO 5

The SARPs invoke the ULCS in a manner correct and consistent with the ULCS SARPs. (c,f,g)

7.15	TVO 6

The APDU definitions have been inspected and prototyped..  The ASN.1 has been successfully compiled (f,g)

7.16	TVO 7

QOS management is not a function of the CPDLC SARPs The provision for QOS management was reflected in the “pass-through” Class of Communication parameter. (g)

7.17	TVO 8

A version number and ASN.1 extensibility markers have been included as an aid to future migration.  This appears to be sufficient to meet the requirement for future migration. (g)

7.18	TVO 9

PER is invoked, and PER-visible constraints have been specified for optimal encoding efficiency. (g)

7.19	TVO 10

Prototypes have shown that the functionality is implementable. (c,g)



7.20	TVO 10

Testing has indicated that independent implementations will interoperate (c, g)
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