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Do you think you’ll ever live in a world where air traffic is completely managed globally by a system of autonomous processes? The system consists of processes executing on banks of redundant, fail-safe machines and communicating with one another across the Internet of the future. There are processes on the ground and in the air, many of them on mobile devices. It’s a very dynamic event-driven architecture. The system controls all movement of your aircraft from the time it leaves the gate until it arrives at the gate.  There are humans in the loop, but most of the time their role is just to watch the system.  What odds would you give of it happening in your lifetime — worldwide?
Okay, you’d bet against it – I hear you! You’re asking a lot of questions:
1. What is it?

2. Why would you want it?

3. Does the technology exist anyway?

4. How could it possibly happen?

What is it? An autonomous event-driven air traffic management system spanning the world. 
Such a system would fuse a multitude of event sources from all regional air traffic management systems, commercial and private aviation, all major airline and airport operations, other transportation systems, and related event sources from weather, travel demographics and predictions, security, public health, and so on. 
 Event communications would be based on the future Internet or upon a private global event-driven infrastructure.  Cost would probably dictate using the Internet – if it was secure enough! Certainly the underlying event communication architecture will be highly dynamic involving not only event sources on the ground but also possibly millions of mobile event sources including devices on board aircraft, satellites and mobile networks. Some of the processes would use highly specialized technologies, e.g., aircraft to aircraft separation. Principles of CEP would be employed in abstracting vast amounts of diverse event inputs and producing the information needed by modeling, prediction and decision-making processes. Principles like complex event pattern detection and abstraction, and the use of event processing networks (EPNs) would be critical in getting the right information to the right processes at the right time.
Why would you want it?  “After the worst summer of airline delays on record, President Bush ordered transportation officials to work with airline executives to reduce delays in the nation’s overcrowded airspaces, beginning in New York.” – New York Times, Sept 27 2007.
The pressures on our air space have been mounting for a long time. Air travel is ballooning again, a vibrant economy means more and more air freight, and then there’s the private aviation lobby – all those would-be pilots who are tired of the grid lock down below. Add in the microjet air limousine industry which is taking off now, and proposed “flying cars”.  Oh yes, guess who said this: "Mark my word: A combination airplane and motorcar is coming. You may smile. But it will come..."
 You can buy a flying car today — http://www.moller.com/.  
As a result the world’s air space is crowded. No, that’s wrong. Its way over-crowded right now!  USA air traffic is projected to double in ten years. Not only that, there are pressures from above too.  The contribution of aviation to global warming and the overall decay of our environment has become a concern. Aircraft need to be operated much more efficiently than at present.
Now add in the inescapable fact that airspace management systems have been outdated and overloaded for years; they are the airlines’ perpetual excuse for poor operational planning.  The FAA is about to embark on its third attempt to replace its 1960’s technology with a future air traffic management system — called NextGen (http://www.jpdo.gov/library/NextGen_v2.0.pdf). But it has failed to complete such projects before, and congressional reports voice doubts about the funding, estimated at $22 billion through 2025.

So, with all these pressures you might be well advised to worry about the future safety of air travel. If something doesn’t change, it is only a matter of time before accident rates begin to climb. And we haven’t talked about the aging population of present human controllers, their work loads, and the replacements that aren’t being trained.
A global autonomous event-driven ATM system with human-in-the-loop is one approach to meeting the projected requirements for increased air travel, optimizing the use of airspace, operating airlines and airports more efficiently, and keeping the airspace safe, worldwide. And it would cost a lot less to run than the present system does now.

Does the technology exist now?  It might not be as far off as the FAA’s NextGen is.  A number of individual airlines, both in the USA and Europe, are embarking on proof of concept studies on the feasibility of putting their own operations on an event-driven, service-oriented infrastructure (i.e., ED-SOA). 
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Figure 1: event-driven operations management  of an airline
They are using currently available commercial CEP technology based on event-driven SOAs.  Figure 1 shows a small selection of the input and output requirements for these new operations management systems. There are event feeds into the system from FAA systems, airport operations, their own aircraft, reservation systems, weather, and so on. You can imagine that the architecture is a communications network spread across the USA, possibly around the world, utilizing GPS and satellites. These event feeds are processed by a distributed system of cooperating rules engines (i.e., an EPN). The system is organized hierarchically, with local, regional and global rules engines. Likely, there will be a rules engine aboard each aircraft. It will apply event pattern processing to local events from the aircraft’s own systems before directing abstracted information to regional rules engines (e.g., positional events to one regional engine, weather data to another).  
The system has corporate knowledge in its databases, shown in figure 1 as “state”.  Rules of operation, constraints, and event patterns of significance are distributed throughout the system.  Access to state information needs to be distributed too because it continually influences the outcome of applying rules and event patterns. Patterns, constraints and rules are always kept as close as possible to those event sources they apply to. Different constraints apply throughout the system. Booking agents have them, gate agents have them and aircraft maintenance is governed by them too.  
The system output will result from applying a number of different technologies to the events that are processed through the system.  A lot of the outputs result from simulation and decision analysis to optimize operations in the face of conflicts, competition for resources, and continuous re-planning. For example, suppose an aircraft is delayed half-an-hour before entering service after maintenance. The entire effect of this delay on the airline’s schedule is predicted by an operations flow simulator.  The predictions are communicated as events to other processes in the system.  Passengers are re-booked as needed before they ever get off their current flight — and they’re informed. 
The system will continually factor in the weather, a critical factor in this kind of operational planning system.  If weather is predicted to threaten an area, then aircraft and crew schedules are adjusted ahead of time to minimize disruptions. Weather event feeds will be a mix of continuous local and regional forecasts, and on-demand longer term national weather trends.   Long term resource planning, perhaps involving operations simulation with historical and current data, should evolve to a much more sophisticated level with this kind of system. 

However, don’t expect event-driven airline operations systems like this to appear over night.  It will be a step by step development process, one small victory at a time. It will take ten years, starting now.  The event processing technology will be improving all the time to meet the challenges along the way. And so will the specialized technologies that are needed.  I’ll make one bet. The event distribution and CEP technologies will be up to the task before the decision analysis, simulation and prediction, on-demand weather forecasting technologies are.
How could world-wide ATM possibly happen?  Ten years from now we will have a somewhat different picture.  Figure 2 shows the evolution of a collaborative system based upon event sharing (shown by red arrows) between the operations management systems of airlines, airports and government ATM systems. Event standards will be advancing to ensure this sharing is possible.  
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Figure 2: steps towards event-driven autonomous airspace management, 2008 - 2030
Note that Figure 2 does not show the external systems that play essential roles, such as weather tracking and prediction. 

By 2018 several individual airlines will have based their operations upon scalable event-driven, service-oriented architectures, applying CEP principles and a multitude of technologies. Let us hope the FAA gets a version of NextGen going. And if some of the major airports have begun to follow the airlines, we might have a picture that looks like the middle years of Figure 2. The individual systems are still evolving and improving.  But in addition there will be real-time event sharing between the FAA’s NextGen as well as the airlines and airports.  
Event sharing between these separate systems should evolve into service sharing. It will progress to a stage where processes in one system will use processes in other systems as services.  The design of the individual operations management systems will present each of them as an ED-SOA to the others. So the collaboration between systems is evolving towards “seamless”. The red arrows in Figure 2 now mean not only “event sharing” but also “service sharing”. 
About 2020 the pieces are beginning to fit together. Hopefully the NextGen requirement calling for “network-enabled information access” will result in the FAA adopting an event-driven, mobile EPN architecture including principles of CEP in the processing and movement of events.  The USA and Europe will be following a similar paths. So it is conceivable that somewhere around 2028 we might see the event-driven integration of air traffic management across the North Atlantic. From thence, around the world, it will happen one piece at a time.
As with any system integration, there will be political issues, especially where funding is concerned. These issues go beyond the scope of this article.
Event Processing Technology.   Applications based on principles of Complex Event Processing (CEP) are coming onto the market today that may well be capable of handling air traffic management on a global scale by the time our society is politically ready to ask for it.  These applications are happening not only in air transportation, but also in related systems, such as on-demand real-time weather modeling and prediction. 

For global ATM to happen, event processing technology has to be taken to a new level. Here are some of the developments that will be needed:

· Standards for event formats and event communication.  Without such standards, at least within air transportation and all the related areas, a global ATM system just won’t take place.
· Event abstraction hierarchies. Layers of decisions imply layers of events. An ATM system is a layered decision system.  
We must define the basic layer of decisions, the next layer of decisions that depend on the basic layer, and so on.  Events will be the carriers of information and decisions made on that information. Therefore, there is a need for standard event abstraction hierarchies – one of the guiding principles of CEP – in the area of air traffic management. An event abstraction hierarchy defines precisely (i.e., mathematically)  how each event at one level depends upon events at other levels. 

Such hierarchies have existed for 40 years in network messaging and hardware. And they are being developed (since 1992) for content distribution in financial trading.  There is no reason – other than money – that we cannot define them as a basis for communications in air traffic management too.
· Scalability and Security.  We have based our ATM vision on the future Internet, as described by Vint Cerf.  This would be the basic infrastructure for the event sharing needed to make a global ATM system work. I think it is a good bet that the Internet will scale to allow this event communication. Security is more of an imponderable. And if it turns out the future Internet cannot be depended upon for ATM, then we will have to use private networks.
Complexity of decision making.  Air traffic management probably has less dimensions of competing decisions than the operations of a single large airline. This is a guess. But if it is true, and if the airlines make progress putting their operational systems on an event processing infrastructure, then the event processing  technology will be mature enough to support a global ATM system.
What the pundits think.  Some pundits think this application of event processing has to happen, and sooner rather than later – 20 years. Especially pundits who are qualified pilots and understand CEP! Other pundits think it will take 50 years.

All pundits agree that they expect the barriers will be political, not technical.

� Henry Ford, 1940.
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