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Background

 MIT Extensible Air Network Simulation
development started at the beginning of
2001

- Developed as a tool to evaluate ideas related to
CDM, scheduling, disruption recovery, and other
related fields

* Recently improvements include better GDP
model, improved Pareto Frontier generation,
manual AOC module



Overview

* MEANS Is an event—based simulation
* Tracks aircraft through several states

- Emphasis on ground—based effects

* Arrival and departure rates at airports are
constrained

- This produces delays which propagate
throughout the system

* Used In past 1-day simulations; can be
extended to work with longer runs



Flight States

City 1 City 2
Departure_’ Aithome ——h Arrival i Departure| .
Queue Queue | Queue
A | | l A
' | Taxi—In E
Gate —®| Taxi—Out Turn Time P Taxi—Out

Leg 1 Leg 2



Data Sources

Schedule

— ASQP database
— CODAS ETMS database

Airport Capacities
— FAA Benchmark Report
— Theoretical Generation
Airborne, Taxi, Ground Times
— Historical Data (ASQP)

Weather
— CODAS WeAather datahase



Schedule

« ASQP data

- Useful because it has tail numbers
- Not complete

e« ETMS data

- Complete, but aggregate only

 ASQP data Is used as a base, and "padded"
with made—up flights to match the totals In
the ETMS data



Capacities

* Capacities can be given in multiple ways

- Exact arrival and departure rate, from historical
iInformation

- Pareto Frontier, from theoretical calculations or
fits to historical data

* The operating point on the Pareto Frontier is chosen
automatically based on anticipated demand

* One of several Pareto Frontiers for a given airport
can be selected based on weather and wind direction

* Pareto Frontier capacities are the principal
focus



Implementation

 Modular design allows easy replacement of
one component without changes to
remainder of simulation

e Written in C++

- Each component’s interface specified in virtual
base class

- Example "trivial" component of each type
provided

e Runs on standard Linux or Unix workstation
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Ground Delay Programs

e GDP central to accurate model

- Baseline GDP implemented with simplified
Ration—by—-Schedule algorithm with compression

- Airline "agents" cancel and reschedule flights

- GDP initiated automatically when predicted
capacity falls short by specified amount

* Results for test days look good compared to
historical data from ASQP



Results Avallable

* Detailed results for every flight are produced
 Distilled statistics also available

- Delay percentages/averages
- Cancellations, expected missed connections
- Direct delay cost to airlines in dollars

* Visualization tools allow examination of bank
structure and tracking of delayed flights



Sample Results — GDP at Boston
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Results — Peak Day at Phoenix

July 30, 1999 at PHX — Comparison of Simulation and Historical Data
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Results — What If

 What if we cancelled 20% of the flights?

Sept enber 17, 1999

Total Systemm de Del ay: 412223
Total Cancelled Flights: O

carrier delay(m n)

AA 29485
UA 28215
DL 25251
NW 21957

city del ay(m n)

LAX 54944
DFW 45049
M A 32586
VEP 26974
DTW 21407
CVG 19833
ORD 18700
SEA 17125

STL 16851

A ——~ e~

Septenber 17, 1999 m nus 20%

Tot al
Tot al

Systemni de Del ay: 181008
Cancel led Flights: O

carrier delay(m n)

DL
NW
UA
AA

city
M A
VBP
DFW
DTW
CVG
SEA
STL
ORD
SFO

14528
13889
12190
11121

del ay(m n)
15803
14323
12617
10762
10414
9157
7757
7274
7184
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Visualization Example

Time of Day: 08:35 EST

Showing only AA.
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Graphical Interface

File Help |
— File Selecti
— Input
schedule. 19330730, dat - i
I Create New Schedule Month: 2 = I
pad. 199907 hourly .dat ~| Create New Padding I Type: .. Total 4 Percentage
weather.193930730.dat -I Arrivals: 00 %
Output Fle: |#tmpsschedule.out Departures: o %
—E ti —Output ————————————————
it MEANS_I | Identifier: |emer_name
romning means —I -5 datasets/schedule. 19990730, dat —P datasets/pad. 199907 hourly | % T R
.dat W datasets/weather.19990730.dat -0 ftmp/schedule.out
Initialized airports _| Generate cancel I
Sorting flights. .. done
Marking legs done

Schedule: :initialize finished
Initialized schedule
Beginning of time is 2700

Initialized weather —Aifing

Initialized airspace

Initialized taxiways ‘ Display Airline in Blue - DL — ”
Initialized towers i

Initialized GIP — Aight/City

Initialized padding flights

Initialized glrlings 3 Show Only Flights Passing Through These Airports:
Furning simulation | BOS EWR

Starting GDP at EWR running from 25200 to 39600, BAR 42, demand 36 I

GDP at EWR includes 132 flights

Airlines have been assigned to slots — General

Slot 0 at 25200 ) could not he filled :

51t 1 at 25285 () could not be Eilled i Use Smaller Aircraft lcon

5lot 2 at 25371 () could not he filled ¥ Display Late Flights in Red

5lot 3 at 25457 () could not he filled 4

Display OMLY Late Flights
not running — Y 2
- Visualization [
Geographical Animation i fon £l

my:[EE)“s" 4 Dep - Arr Plot Queue |

Count Delay by Carrier | Count Delay by Airport |

- Previous command-line interface still available
when desired



Present Work

e Continuing development of remote—module
Interface

- Allows other sites to provide a module for
MEANS without needing to release source code

- Can also be used to let a human operate certain
components as the simulation runs

- Planned support for multiple protocols to
maximize support



Present Work Cont'd

e Generation of Pareto Frontiers

- Data in Benchmark Report is incomplete;
doesn’t allow for consideration of hypothetical
futures

- Development in progress of new program to
theoretically calculate Pareto frontiers from
known arrival/departure interaction

* Looking at effect of maximum time that arrivals can
be held on shape of frontier



Future Work

» Stochastic Modelling Framework

- Develop framework to run MEANS repeatedly as
a Monte Carlo simulation and collect results from
each run

- Develop tools to extract probability distributions
of interesting parameters from these data

* Passenger model
* Improved AOC model



