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ABSTRACT

On June 17, 1929, Delta started passenger service with a five-passenger, 90-mile-per-hour Travel Air. In 1959, Delta
entered the jet age by beginning the world’s first DC-8 service.

Today Delta is the world’s most flown airline. In 1997, Delta carried 103,295,376 passengers—the first and only
airline to carry over 100 million passengers in a year. The daily operation of a worldwide route system that includes
over 564 aircraft with over 4,900 departures per day is extremely complex. To properly manage such a complex
operation, advanced decision tools such as discrete event simulation are required.

1  WHY IS SIMULATION USEFUL FOR DELTA AIR LINES?

One of the most difficult aspects of airline operations management is that it is highly dynamic. To ensure sustained
profitability of the airline, the aircraft must be utilized to the maximum possible extent. Because of this fact, testing
new procedures or policies is very difficult and costly. In addition, the environment in which Delta operates is
constantly changing. The most obvious example of the changes that affect airline operations is weather. When a
storm moves through a Delta city, flights in and out of that city are possibly delayed. Because a delayed airplane may
be scheduled for five or six more flights that day, the effect of that initial weather delay may be felt far beyond the
city in which the storm occurred.

2  CURRENT SIMULATION APPLICATIONS AT DELTA

Flight Operations

Currently, simulation is being used as an analysis tool in several very different applications at Delta. A large model
was recently completed with the objective of evaluating a Delta flight schedule by simulating a typical day of
operations and identifying dependencies and interactions that could negatively affect the dependability of the
schedule. Schedule dependability is the ability of an airline to adhere to the scheduled departure and arrival times
published in a schedule. To evaluate a schedule, the model executes, or “flies,” an input schedule scenario and
applies system variability based on historical data. The variability introduced to the system is then propagated to
downline segments.
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Figure 1: Model Window Including Domestic Routes Map

The model serves two basic functions. The first use of the model is to evaluate an input schedule. In this case, a
schedule is flown and evaluated by considering various delays based on historical distributions. Multiple replications
of the input schedule scenario generate results describing the overall feasibility and reliability of the schedule. The
second use of the model is as a “what-if” tool to evaluate alternative scenarios on the overall operation.

The model starts with all aircraft in an initial position and state as described by an input data file. The start time of
the model was selected in order to minimize the number of aircraft in flight at model start.

At the start of the model run, time advances as in-flight aircraft continue toward their destinations, based on calcu-
lated actual arrival times. At model start, in-flight aircraft are be placed along their routes based on the interpolation
between scheduled departure and calculated actual arrival times versus current time. The method for calculating
actual arrival is discussed below.

Upon arrival to the destination airport, in-flight aircraft proceed to the runway, land, and taxi to the destination gate.
Taxi time is determined based on a mean time plus a variability distribution. Mean taxi time is a function of airport
and time of day. Upon reaching the gate, statistics are collected for the completed segment, and the aircraft waits for
the next calculated actual departure time. For all airports, a set of generic gate resources is used to model the actual
gates. In the model, an arriving aircraft attempts to seize control of any one of the generic gates upon arrival. If all
gates are occupied, the aircraft proceeds to a holding area, and appropriate statistics are collected. When a gate
becomes available, the aircraft proceeds from the hold area to the gate in order of arrival.



Aircraft at a gate wait for their scheduled departure time. At the scheduled departure time, the amount of lateness that
will delay the departure past the scheduled departure time, if any, is calculated. The actual departure time is the
actual arrival time plus the mean ground time based on departure city and a variability distribution. When the actual
departure time is reached, the aircraft taxis out to the departure runway, again based on a mean taxi time plus a
variability distribution. Upon takeoff, statistics are collected for the segment. Once in flight, the actual arrival time is
calculated based on the actual departure time, the mean flight time for the city pair and aircraft type, and a variability
distribution based on the city pair and the time of day.

Technical Operations

A model was completed to evaluate the arrival of aircraft to the Technical Operations Maintenance Hangars for
scheduled preventive maintenance visits. With a fleet size of over 564 aircraft and over 15 aircraft models, the
scheduling of over 20 maintenance bays in three cities is extremely complex. In addition, the mean time to repair
(MTTR) for an aircraft on a maintenance visit is hardly a constant.
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Figure 2: Technical Operations Center Capacity Planning Model

At Delta, Technical Operations personnel schedule different types of maintenance visits ranging from overnight
checks to month-long heavy maintenance visits. Of course, the length of a visit is variable depending on the aircraft
type and the amount of work required, which is often not known until the visit is started. In addition, the time
between visits depends upon the number of cycles (takeoffs and landings) on an aircraft, the number of hours flown,
and the calendar time since the last visit.

The simulation model uses the five-year visit schedule as an input to evaluate hangar bay and mechanic utilization. In
addition, variability is introduced to the visit times in order to evaluate the feasibility of the schedule. Delta manage-
ment uses the model to play “what-if” games, such as varying the composition of the Delta fleet in order to estimate
the effect on Technical Operations resource utilization.

Airport Landside

A model was completed to determine the number of shuttle buses required to transport airport employees from an
off-site parking lot to the terminal and five concourses at the Atlanta airport. The model considered varying arrival
rates of employees over the 24-hour day and determined the number of busses required to meet a maximum wait time
goal for employees. The model determined that the original number of busses proposed by the transportation
company could be reduced by two without a reduction in service.

3  FURTHER USES OF SIMULATION AT DELTA

Some of the areas where simulation will be the decision tool of choice are listed below. Applications range from
typical capacity analyses of flight simulators and terminal space to complex analyses of alternative procedures to be
used for Irregular Operations (IROPS).



Operations:

Evaluation of alternative flight schedules on fleet utilization

Evaluation of operations cancellation and reroute policies on fleet utilization and customer service

Effect of weather on system performance

Evaluation of paired pilot and F/A crew schedules vs. non-paired schedules

Utilization of flight simulator and training facility resources

Airport Customer Service:

Analysis of aircraft loading and unloading methods for baggage and PAX

Staffing analyses for ticket and gate agents

Support equipment capacity analysis for agents

Technical Operations:

Hangar bay and back shop capacity studies

Evaluation of alternative visit contents vs. yield

Facilities:

Terminal layout evaluation

Flight schedule effect on terminal and gate utilization

Capital equipment capacity requirements

Baggage handling system design

3  WHAT’S NEXT?

Delta is quickly recognizing the value of simulation. Currently, plans for an integrated modeling group are being
considered. This group would integrate current modeling efforts throughout the company into a single, company-
wide modeling department. This would improve the application and use of simulation in many ways: the construction
of models would be more consistent and would therefore be more portable than the various applications. Because
members of the modeling group would be dedicated solely to simulation, their skills would increase, providing a
better product for the company.

Clearly, there are many applications for simulation at Delta Air Lines. Simulation with Arena has an excellent history
at Delta. It is certain that simulation will play an increasingly significant role in management decision making at
Delta in the future.
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