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SUMMARY


This working paper presents results of a simulation study which was part of the ATN validation activity. The objectives were to evaluate the ATN routing concepts related to the handling of mobiles, and to assess the impact of these concepts on the propagation of routes to mobiles throughout the ground part of the ATN.
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��
Introduction


In 1995 and 1996, Eurocontrol and CENA co-operated on a study of the ISO 10747 Inter-Domain Routing Protocol (IDRP), the routing information exchange protocol to be implemented in Aeronautical Telecommunication Network (ATN) Class 4 and 5 routers. The behaviour and performances of the IDRP in the ground part of the ATN were assessed by means of a computer simulation model (the "IDRP Convergence Model"). The model was developed specifically for this study, with the OPNET modelling and simulation tool. The features implemented in the model are compliant with the specification of the IDRP standard (ISO-OSI 10747, version dated October 18, 1993), and the ATN Internet Standards and Recommended Practices (SARPs) as adopted at the second meeting of the ATN Panel.


Objectives of the Study


The simulation study was carried out in two consecutive stages. The main common objectives of the two stages were to:


[1]	verify that the propagation of routes to mobiles throughout a realistic ground ATN topology converges to a stable state of the routing tables maintained by ground systems, after each routing event that was triggered by the mobility of airborne systems,


[2]	verify that once convergence has been achieved, the routing information is correct,


[3]	verify that routes to the mobiles are propagated to all the required Boundary Intermediate Systems modelled in the ground ATN,


[4]	assess the performances, through well-defined metrics, of IDRP regarding the propagation of routes to mobiles in the ground ATN.


Both steps of the study contributed to the coverage of ATN Internet Validation Objectives endorsed by the Working Group 2 of the ATN Panel.


Performance Indicators of IDRP


The performance metrics utilised in the study were the:


• "Convergence Delay" - the time to reach a stable state after a routing event generated by the mobility of an airborne system,


• "Route Unavailability Period" - the time after a modification of a route to a mobile during which this route is unavailable to at least one router which is required to have it,


• "Route Update Rate" - the rate at which the contents of the routing tables concerning a mobile is effectively updated in the ground ATN routers that are required to have a route to this mobile.


The exact definitions of these performances actually needed to be adapted to the context of each stage of the study. The adaptation concerned the fact that the concept of Home RD for the mobiles was only exercised in the second stage of the study, as explained below.


In addition to these specific performance indicators, the communications load on the ground subnetworks due to the operation of IDRP was measured.


Results of the First Stage of the Study


In the first stage of the study, the simulations were performed on possible topologies for a single ATN Island. Two options of ground topologies for the European Civil Aviation Conference (ECAC) area were studied in this first step. The first option was a centralised topology (cf. the figures � RENV figcentral \* FUSIONFORMAT �1� and � RENV figbcentral \* FUSIONFORMAT �2�), whereas the second option was a more distributed topology (cf. the figures � RENV figdistr \* FUSIONFORMAT �3� and � RENV figbdistr \* FUSIONFORMAT �4�).


The ATN transit routing policies which were simulated were those applicable to "Backbone"- and "Off-Backbone" Transit Routing Domains. In addition to the objectives [1] to [4] mentioned above, the first stage of the study provided quantitative results on the influence of the topology of the Backbone Routing Domain Confederation, and that of the values of the IDRP timers on the performances of IDRP.


The main conclusion of the first stage is that the objectives [1] to [3] were met, provided the IDRP specification that prevents the formation and propagation of routing loops is made more specific. This required modification to the IDRP standard is presented in � RENV refdefect \* FUSIONFORMAT �[Ref. 5]�.


The measured performances showed that the operation of IDRP, with the adoption of the ATN routing hierarchy defined by the concept of ATN Island and the associated ATN transit routing policies, is compatible with realistic performances of the routers, and the operation of the Class 4 Transport Protocol of the ATN. Furthermore, the analysis of the performances led to two recommendations:


Size of the Backbone of an ATN Island	�The backbone should consist of one to three fully connected routers to ensure that the Convergence Delay, Route Unavailability Period, and Route Update Rate are optimal. Only fully connected topologies were studied as it ensures the fastest propagation of the routes within the backbone. Larger backbones become more unstable because of the multiple re-advertisements of every route within the backbone, even with the restriction imposed by the prevention of routing loops.


Value of the minRouteAdvertisementInterval Time	�The minRouteAdvertisementInterval time is the only IDRP timer which has a significant impact on the measured performances. For the type of mobility scenarios that were simulated, and in comparison with values of one minute or more, a value under one minute (typically 30 seconds) lowers the Convergence Delay and Route Unavailability Period without increasing the Route Update Rate and the routing traffic in the same proportions.


These recommendations were taken into account in the second stage of the study.


Results of the Second Stage of the Study


The specific objective of the second stage was to focus on the impact of multiple ATN Islands and Homes on route propagation in the ground part of the ATN, and to verify that this routing hierarchy makes the ATN scaleable. In the second stage, simulations were made on topologies that consisted of several ATN Islands, with different groups of aircraft that have their Home Routing Domain (RD) in the different ATN Islands. The concept of Home RDs for the aircraft is meant to be exercised in the context of multiple ATN Islands, as indicated in the Guidance Material to the Internet SARPs. The differences between the three simulated multi-Islands topologies concerned the way the ATN Islands were connected (cf. the figures � RENV figmifirst \* FUSIONFORMAT �5� through � RENV figmilast \* FUSIONFORMAT �10�)


The conclusion of the second step of the study is that the objectives [1] to [3] are validated in the context of topologies that consist of multiple ATN Islands, when the concept of Home RD is exercised. Furthermore, it was concluded that decomposing the ground part of the ATN into multiple Islands will result in a scaleable architecture. It minimises the number of routers that must get the route to each mobile, and it prevents the concentration of the routing traffic concerning all the mobiles on the same set of ground routers. The measured performances proved to be superior to those that resulted from the first stage of the study which was based on a single ATN Island and a large backbone.


The analysis of the results on the simulated topologies led to the following recommendation regarding the Inter-connection of ATN Islands:


There should be a single direct adjacency between each pair of ATN Islands.


The direct adjacencies minimise the propagation delay of the route to their Home RDs. It also ensures that the route to each mobile system is propagated, on the path to the Home RD of the mobile, at most to the backbone routers of two ATN Islands: the Island in which the mobile has established a connection, and the Island in which the Home RD is located. Multiple adjacencies between two Islands tend to increase the routing traffic, without decreasing the Convergence Delay or the Route Unavailability Period.
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Glossary


ATN	Aeronautical Telecommunication Network


ECAC	European Civil Aviation Conference


IDRP	Inter-Domain Routing Protocol


ISO	International Standards Organisation


RIB	Routing Information Base


RD	Routing Domain


RDC	Routing Domain Confederation


TRD	Transit Routing Domain


�
�



IDRP Large-Scale Simulation Study: Summary of Results	CENA Ref.: NT97556 





� RENV Doc_date \* FUSIONFORMAT �24-Feb-97�	� RENV Doc_revno \* FUSIONFORMAT �Issue 2.0�	�PAGE�6�





� RENV Doc_date \* FUSIONFORMAT �24-Feb-97�	� RENV Doc_revno \* FUSIONFORMAT �Issue 2.0�	A-�PAGE�10�











