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EN ROUTE AIR TRAFFIC FLOW SIMULATION
By MANUEL MEDEIROS

Transportation Systems Center

I. INTRODUCTION

This report covers the conception, design, development,
and initial implementation of an advanced simulation technique
applied to a study of national air traffic flow and its control
by En Route Air Route Traffic Control Centers (ARTCC). The
program was constructed at TSC under PPA FAl7 (FY 70), and has
also been submitted as a term project* by the author. It is
intended to be the first step in gaining an insight into the
nature of the national flow control problem and into the utility

and limitations of digital simulation for that end.

A flexible digital computer implemented simulation has
been developed which provides a family of model configurations
and simulated environments for the U.S. air traffic system,
restricted to positive controlled high altitude airspace.
Exploitation, validation, and verification of this simulation
model are just beginning. This report describes the purpose,
design, development, and initial implementation of the simula-
tion and presents future plans. Detailed information on the

design and program structure is presented in the Appendices.

II. DESCRIPTION OF GENERAL PROBLEM

It has been well documented and publicized that the air
traffic has been increasing at greater than expected rates.
In 1968, peak airborne aircraft at one instance of time reached
12,800. By 1980, 22,200 peak airborne are projectedl?nd by 1995

54,400 are possible to be in the air at peak times. Benefits

*Term Project for MIT Graduate Course on Systems Simulation.



from centralized air traffic control monitoring during peak
traffic periods and abnormal airspace or terminal restrictions
have been demonstrated by the new Central Flow Control Facility
at Washington, D.C. This facility manually poles the nation's

20 En Route ARTCC's hourly. When abnormal flight delays or
equipment outages are reported, the facility initiates remedial
action. As the future air traffic increases, one sees a greater
need for centralized monitoring and flow control, coordinating
the smooth operation of the 20 En Route ARTCC's, minimizing
delays, and providing desired service and safety. To determine
specific future facility automation and procedural requirements
for centralized flow management, a deeper understanding and
insight into the total air traffic flow system is needed. An
in-depth understanding of the total system is extremely difficult,
if not impossible, for human inductive reasoning alone to achieve,
pecause of the autonomous nature of each ARTCC's operation, the
localized weather effects, the terminal acceptance and departure
rates, the localized controller work loads, and the inter and

intra Center (ARTCC) route, airspace, and flight restrictions.

The following questions may be asked: Can digital computer
simulation techniques aid in understanding this flow system? Can
simulation resolve those factors which significantly affect the
air traffic flow from those factors which just add "noise" to
the system? Can the air traffic system be successfully modeled?
Can the model be verified to a useful level of confidence? What
part can simulation play in determining the requirements for a

future automated Central Flow Control Facility?

This program was constructed to explore the possibility
that a digital computer gimulation could provide considerable
insight into a future national air traffic system having a
centralized flow management operation, coordinating the opera-
tions of the ARTCC's.



III. PREVIOUS RELATED WORK

There is only a limited amount of related literature in
the area of air traffic flow modeling. Back in December 1963,
Arad,(4) then working for the FAA, reported on the complexity
of total air traffic in controlled airspace as it relates to
the controller work loading. Arad developed an analytical
model, employing a weighted series of terms to describe the
control position workload. Model validation was planned but
not reported. This approach to control position workload
determination could be .useful in computing ARTCC capacity levels
in an en route flow model. 1In fact, it has been recently learned
that work at FAA has been initiated which uses Arad's model
along with actual flight schedules in modeling a multi-ARTCC
traffic flow situation. Additipnal information concerning this

new work is being sought.

The Mitre Corp. has developed a terminal reservation
system for 5 high density airports. The resulting reservation
1ists are used by a flow control model to meter the traffic into
the N.Y. metroplex terminal area, based on hourly acceptance
rates and current numbers of aircraft in hold patterns, waiting
to land. This flow control model is not designed to consider
en route loads but advises aircraft which hold reservations for
a N.Y. landing (up to six hours later), of expected delays at
the destination or of cancellation. This system, in effect,
meters the traffic nation wide with regard to their landing
times at the N.Y. terminal. This work and Arad's are the two

closest efforts (documented) in the area.

IVv. SIMULATION APPROACH RATIONAL

The starting point for a simulation is to model today's
air traffic system. It is most important, if high confidence

in a simulated model is to be developed, that the model be



verified with the actual system. This is only possible if one
is modeling the current or past system, (assuming that adequate
comparative data can be obtained on the actual air traffic
operations). If a successful model of today's air traffic
system is developed, it is reasonable to expect that this model
can be upgraded to future increased traffic loads, making
provisions for automated communication functions, controller work-
load changes due to automated supporting function, and antici-
pated procedural changes. While upgrading the model one can
develop a better understanding of the future system performance
and through experimental design iterations (of the simulation
model), it is possible to evaluate the system sensitive factors
and the requirements for automating centralized flow management

operations.

There are two principle approaches to simulating the air
traffic flow system. One is Arad's approach, analytical modeling,
the other is discrete event modeling, (a third approach is
possible by combining the two). One could write a book advocating
either approach for numerous different reasons. The discrete
event simulation was chosen because this approach provides the
most flexibility; it is easier to visualize, and it can be
modularly designed. The work was to be performed in conjunction
with a graduate course term project with access to a new inter-
active simulation language currently being developed at MIT.

This language, known as SIMPL, is a superset of PL/1 (i.e., it
will also accept straight PL/1 program code). The language
currently is implemented only on the MULTICS time sharing

computer system (Project MAC) at MIT.

Because of the on-line real time computer (MULTICS),
whole families of air traffic flow models could be simulated if a
master model (basic framework) were designed with interactive

dynamic model structuring. In other words, it should be possible



to model sectors, Centers, national flow system, or any combina-
tions thereof through an interactive, man/computer, structuring
of the models.

There are a number of other features considered and
designed into the model and simulation approach. The model
handles data internally in a manner which is conducive to
graphical display of maps (weather, centers, and terminals)
and the traffic flow. A micro level of simulation was selected
with individual aircraft being separately identifiable, as
well as the controlling centers and sectors. Some effects of
weather would be included in the simulated environment. A
final consideration is that no role playing would be included
in the simulation (i.e., a human being acting for a modeled
element). This is necessary in order to permit a fast time

simulation within realistic run times and available facilities.

V. DESCRIPTION OF SYSTEM TO BE MODELED

The nation wide air traffic system to be modeled is

composed of the following:

(1) High altitude positive control airspace - this is
the zone where 100% of the aircraft are IFR and
must be cleared and controlled by the ARTCC's.

(2) The 20 ARTCC's across the nation - these centers
are further subdivided into sectors.

(3) Aircraft - terminals (airports - airspace - and
communication facilities.

(4) Traffic restrictions due to: weather, overloads,
center to center rate specifications, terminal
acceptance/departure rates, control procedures,
standards and operating practices.

(5) Principle objectives in handling traffic flow:

safety, minimize delays and convenience.



(6) Flight loads dependent on flight schedules, route
selections, and non-controllable factors (weather,
terminal rates saturated, route and center satura-

tion).

VI. DESCRIPTION OF DEVELOPED SIMULATION MODEL

Because of the complexity of the final model's structure
and the many options for initializing and altering the model
during run time it is best to describe a conceptualized picture
of the modeled elements. The model has an internal picture of
the airspace being modeled. It also maintains the pictures of
the weather (at any point in time) and the terminals and has
provisions for pictures of route structure and winds aloft by
altitude. The pictures are resolved into grids of 100 lines
along the east-west direction and 50 lines along the north-
south direction. In the picture of the airspace, the centers
and/or sectors have been identified by number codes. When
these pictures are superimposed, a total view of the current
ground and airborne environment is presented - minus the air-
craft. Each aircraft can be considered a little model airplane,
originating at a terminal, flying through the grid and landing
at a destination terminal. The aircraft's movement through the
airspace is controlled by clearance from the local Center or
sector. The Center considers weather en route, other Center
restrictions, and weather at terminals, in clearing aircraft.
The Centers command a flight speed, vector, and next fix point
for each aircraft with each clearance. The aircraft then fly
the vector to the next fix and call the Center (which juris-
diction includes the new aircraft position) for the next leg
clearance. The controllers can hold aircraft when necessary,
can reroute around thunderstorms, can send aircraft to nearest
alternate terminals when original destination is weathered

in beyond its capability and the fuel reserves are less than



expected landing delays. Communication times between aircraft
and Centers are currently used in determining loads on the
Centers and numbers of communication channels available at

each Center are used to modulate these communication loads.
This selection of communications as a first measure of Center
loading is based on the belief that communications take the
major percentage of the current controllers time. 1In a later
version of the model it is planned to adjust the communication
time durations as a function of the controller's work load,
complexity of his traffic picture, and weather in his zone,
thus feeding this variability into the total flow picture. One
can now visualize the aircraft at various stages of their
flight, dotting across the picture of airspace, center/sector
boundaries, weather, and terminals. Based on run time reports
typed on the computer console, one sees a peak loading con-
dition develop at Center #2 (hypothetical example). The
simulation operator can interrupt the simulation run, set the
pictures, aircraft, and all necessary details back to a pre-
viously noted time. He then can adjust the controller procedures,
operating ranges or even geographical boundaries of the Centers/
sectors and can restart the simulation. At the same point in
time as the observed peak loading occurred, he can interrupt
the simulation and compare the new report. If the alteration
did not produce the desired results he can repeat the setback,
adjust and restart operations. This in effect is the basic
functional picture of the developed simulation. This iterative
capability should be most useful in tuning up the model to best
represent the actual traffic flow and in developing an under-
standing of the important-most sensitive aspects of the total
air traffic flow and control system. One more feature of the
simulation should be noted in this descriptive section. Because
their geographical shapes probably play a significant role in

sector and Center loading, the model has been designed with



complete geographical freedom. To illustrate this point, a
twenty-center national system, a three-center zonal flow system,
a single Center-sectorized system or any such collection of
controlling region divisions can all be modeled with no repro-
gramming. These geographical patterns and their related
procedural pattern can be created readily at the start of a

new simulation run. Once a desired configuration is created

it can be saved and used as a starting point as often as desired.

The detailed program description is too long and complex
to contain in this text, so it is assembled in the Appendices for
those interested in the programming aspects. In addition,
since the operation of this program involves considerable user
interface, (with quéestion and answer sessions dependent on
previous answers), a "Users Guide" is required. This guide is
currently being prepared; but sample inputs, of the guestion/
answer type, and sample outputs are annotated in the Appendices.
The outputs are of several types, the aircraft tracing by the
teletype, the Teletype ARTCC PROGRESS REPORT, the interrupted
"frozen" status of the airborne aircraft, and a sample piece

of the Centers Map, (the airspace picture).

VII. SIMULATION MODEL DESIGN TRADEOFFS

A principle concern in digital simulation is the tradeoff
between simulated run time and actual run time. If the modeler
gets sidetracked in minute model preciseness, programming
numerous subelements and numerous computational steps into the
model, the actual computer run time for an air traffic simula-
tion could take longer than the real world flight times. For
the purposes which this model is intended, it is unrealistic
to expect the users to take advantage of the run time editing
and restart features if turn around times are greater than the
real world flight times. As a consequence, a scale factor

has been built into the simulation model. This scale factor



is applied to the speed values of the aircraft, in effect
shrinking the size of the simulated airspace when speed is
increased. Through a combination of scale factor, adjustments
in frequency of calls to the Centers and utilization of smaller
portions of the internal airspace picture (i.e., a reduced
picture size, not a truncation of the airspace model), it
should be possible to tailor the simulation run time to the
users desire, (decreasing the computation resolution while
speeding up the computer run time* for equivalent simulated
time increments). In effect, the user is given. a broad range
of micro levels to model within. Questions like "Is it
necessary to divide a Center into 100 fix points (grid squares)
to get representative behavior or can a 10 points model give
reasonable results?", can also be explored using the above

mentioned adjustments.

A second major concern in the design tradeoffs is the
balance between straight forward programming and programming
modularity. Programming is like giving instructions. It is
ecasiest to instruct for the specific job to be done. But, if
other jobs of a similar scope are anticipated, it is well worth
the additional time to instruct for performing the family of
jobs. This extra scope of programming has been employed by
dividing the simulation model into subtasks and then chaining
together the subtasks to perform the computation/simulated task.
This is like teaching a person several separate duties and then
naming those in the order desired to be performed. When one has
different jobs to be done (within the framework of the taught
duties) a simple reordered list can produce the job results.

One manifestation of this in the model is the operational

*I+ must be noted that computer run times for this model are
dependent on the computer size, speed, and core; whether time
shared, what percentage of the cpu time is available if time
shared, and how much tracing (output) is activated.
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attributes of the Centers (or Sectors). By naming the pro-
cedures for takeoff, landing and en route clearances and
assigning them to a given Center, that Center will exhibit
those functional results. If one wants to add a new procedure
to the model, it is not necessary to reprogram the entire
simulation. Just program the procedure, give it a name
(actually a number) and add it to the simulation, thereafter
references to the new procedure implements it in the Centers
operational attributes. This modularity feature is expected
to facilitate tuning up the model's resemblence to the real
world, by permitting quick and easy changes to the heart of

the model - the Center/Sector procedures.

VIII. CURRENT SIMULATION STATUS

The En Route Air Traffic Flow Simulation Model is
completely programmed, successfully compiled, and fully imple-
mented on the MIT MULTICS Time Sharing Computer system. Most
of the features designed into the model have been tested for
run time "bugs". Current effort is being focused on some
minor errors in the console report generation routines. The
evaluation of aircraft flow has begun using a multi-center
control network and observing the models start-up character-
istics. The built-in aircraft trace feature is being used to
track the aircraft through the system of Centers, along with
the information of the total system status, written on the
disc files when the simulation is interrupted. The console-
progress report is providing some data even though it is faulty.
Samples of the simulations inputs and outputs are shown in the

Appendices.

IX. PLANNED WORK

During the month of January the simulation should be

substantially ridden of bugs and run through a broad spectrum

-10-



of air traffic flow problems. At the end of January an
evaluation will be made of the simulation's performance and

the intuitive flow patterns of air traffic under similar condi-
tions. A decision must then be made whether to convert the
model to another machine because the MULTICS System will not

be available beyond January 31. If the simulation proves
useful as a tool to gain understanding of the national air
traffic flow phenomena, the recommended decision is that the
model and simulation technique be converted and implemented

on the Graphics Time Sharing Computer System of the Computer

Technology Division of the Transportation Systems Center.

The simulation has been designed to be readily compatible
with graphical techniques to display the airspace, weather,
center and terminal maps, and the aircraft transiting this air-
space. It is felt that graphical input and output techniques
can greatly enhance the information gained from viewing the
traffic patterns, overloads, and aircraft route variations as
they are developing. The graphical input devices can facilitate
inputs such as center boundary changes, route changes, and

weather changes.*

In order to develop a satisfactory model of today's air
traffic system, the program should be expanded to include the
following:

The incorporation of all high altitude en route way-
points on the map provided for them.

Aircraft departures according to prestored airline
schedules, plus random delays.

Storage of planned flight routes (as a series of

way-points and ETA's at the way-points).

*The current weather simulation takes the weather conditions
present on the weather map and uniformly moves the weather over
the country (airspace-map) at a preset rate. There is no weather
predictive capability.

-11-



High altitude wind patterns.
Improved movement, size and intensity of weather
patterns.

. Input of historical weather data (movement, patterns
and type). |

. Interactive input of aircraft emergencies.
Random variation in aircraft speed.
Interactive input of changes in terminal operations

capacity.

As discussed earlier, once a satisfactory model of today's
air traffic system has been developed, it should be possible
to increase traffic loads, simulate automatic communication of
flight data, simulate the controller work loads and his in-.
creased capacity (an assumption at this time) due to automation
of some of his functions and tasks and then study the resultant
flow patterns for problems, sensitivity and saturation condi-
tions. It then should be possible, assuming existence of
adequate communications between ARTCC computers and a Central
Flow Control Facility, to test out control algorithms and
procedures representative of an automated Central Flow Manage-
ment System. The simulated Flow Management System can be fed
different quantities, qualities and timeliness of aircraft
positional or planned positional data, and various measures of
center and sector loads which are to be used in the Flow Control
decisions. This approach may shed considerable light on the
automation and other requirements for a Central Flow Management

Facility under future traffic environments.

-12-
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APPENDIX A

SAMPLE INPUTS AND OUTPUTS

I. MODEL CONFIGURATION RESTRUCTURING

When execution of the simulation begins, a series of
guestions is asked and, depending on the answers, other groups
of questions will be asked or skipped over. The following
illustrates one sequence of gquestions and the responses. The
answers have been annotated to clerify their purpose. "I

indicates operator.

A. Center Mapping.- In this model, the Center can be

sectorized by assigning unique numbers to the sectors
and then considering the sum of the sectors as the

Center.

"n'ewr or 'o'ld Aatn hase?

Nwe— T have chosen to start a new model configuration.

Map input=renter nirhar?

le—  #71 will be my first ARTCC Center.

five hix, hri,bly, tlv of a rectaneular nortion

50 10N 1 GNe——7 specify the bottom left x-coordinate, the
bottom right %, ete. - thus claiming an area under
Conter #1 (Picture a blank grid 100 by 50 which 18
being filled with the Center I.D. numbers in the
elaimed areas).

Map Input=-Center nimher?

? «———#2 Center

five hix,hrx, "1v,tly of a ractareilar nortion
T 9 1 50e————1Its area of jurisdiction

Map input-"enter numaber?
3 #———H#3 Center




five hlx,hrx,bly,tly of A

rectanrsular portion

LH RN 20 30
Map input-fenter nunher?

I} @———— #4 Center
Cive hlx,brx,bly,tly of a

80 05 35 LA

Map input=Center numher?
I, «———— f##4 Center

cive B1x,hrx, 1y, tly of a

reactancular portion Note! The com-
- . | posite area
becomes Center
#4, It 1s thus
rectansular portion ) possible to shape

75 87 30 K0

Map input-fonter numher?
fe—— My last area for

Cive hix,hrx, hly, tly of a

any Center con-
figuration down
to the single s8g.
area unit.

this Center Map

rectancular portion

G0 75 25 D
Man Tnput=-Center nunber?
N ¢—————-A 2ero answer to

any of the questions terminates that

" bloek of questions

B. Weather Mapping.

Note: Severity weather codes indicate:

1 = Rain (usually delays arrivals and departures

to a small degree, 10 minutes)

2 = Fog (delays arrivals/departures at terminals,

30 minutes)

3 = Thunder Storms (delays arrivals/departures

at terminals, 1 1/2 hours, and all airborne

flights will be routed around them)

4 = Snow and Ice (essentially closes the

terminals for 5 hours)

teather input-Cive severity(1,2,2 or It)

T« 1 chose to develop Thunderstorms

Rive hlx,hrx,hly,tly portion of rectansular shane

FERE 7T 30a———1In a Line running north/south 8 squares tall

and 1 wide

Weather input-Cive severity(1,2,3 or I)

’«———1 want fog at a



five hlx,brx,hly, tly portion of rectangular shape

TE L5 73 73 «——Terminal Located at coordinates 49, 23/

The current model will move this weather one &g in a n.e.
divection every simulated hour. (For normal scale this is
26 mph frontal speed)

Umrather input=Give severity(1,2,3 or ly)
fe— Zero terminates block

C. Terminal Mapping.

Give new terminal location X Vv

97 I 7e— Coordinates of a terminal
Cive new ternlnal location x vy

85 3]e—Another terminal

five new terminal location X v

73 3fe—Ete.

rive new terminal location X v

55 40

Cive neu terminal location X V¥

50 24

Cive new terminal location x Vv

68 30

five nevw terainal location X ¥

hh 23

Cive new terminal location X Vv

0 N<e——Zeros terminate this block

D. Center-to-Center Rate Restrictions.

Hanlover restriction input-Cive center imposinT restrictinn

N t———Center #4 will impoce a

five centar receiving restriction and the min time (sec) between

ajrcratt(mit)

5 200 «——200 Second (3.3 minute - or 33 miles in trail)
pestriction on Center #&°

Handover restriction input-Cive center imposine restriction,

Ne— —— Terminate block

E. Center (or Sector) Procedural Specifications.- The

choice in "operation number" refers to a program
module currently in the simulation. These modules
can be expanded by adding new modules which function

to control the aircraft in the modules own way.

A-3



(See paragraph VII of text.) With each modular
operation it may be desired to set controlling para-
meters and, therefore, a second question requesting

these parameters is possible.

There is an automatic (default) procedural specifica-
tion list given any Center or Sector not specifically
defined in this question block.

It is noted that the user must know what each numbered

procedure does functionally.

Procedure Input-Cive center nunher for new operatine structure
J=—— GSet procedures for Center #3
rive takeoff operatlion number(l or 2)
=1 chose the terminal operation which is weather
dependent
five t1s capahility(n,1,2,3 or5),call in time and delny time to
‘next call(sec)
3 91 2le—I have selected the full ile facilities, call-in time
i8 comm time, ete.
Give landine operation number(only 3 currently)
3@———0nly one Llanding procedure ig available (it is very
sophisticated, rerouting to alternate airports within
" fuel levels)
rive 11s capability (0,1,2,3 or 5) and call in tine(sec)
3 25
Cfive enroute operation number(only b currently)
fe———A4gain - one selection
cive call in time and delay to next call(sec)
5L N0<e— Comm time and next clearance request time
Procedure input-Give center number €or new operatinm structure
le——— Terminate block :

A current weakness is that the terminal operations
are applied uniformly through the Centers Area and
are not assignable to specific airports - (A model

change is not difficult)



F. Major Model Parameters.- Nominal values are assigned

these parameters unless they are edited as shown

below:

No you want to change ramalning paraneters?'y! or 'n
y4—— Yes let's edit

Fdijt vMmich?'s'eale, 'a'vailable centor corrnication channels
or 't'ino hase

se———>T"The scale factor

Cive nevt scale factor.

1.0n-li<e—and set 1t to 0.0001

No you want to chanee retiainine paranaters?'y! or 'n'
ye——o——1 would lrke to edit something else

Fdit which?'s'cale, 'a'vailable center carninntion channels

or 't'ine base

t «————Specifically the time base (time starts with zero hours

unless otherwise set)

rive time Hase in hours

G0N0 le—gotarting time will be named 6 o'clock

No vou want to chanse remairineg paraieters?'y! or 'n'

v e——— More editing wanted

FAlt which?'s'cale, 'a'vailahle center coyriunication channels

or 't'ine hase
"= Lets set the number of communication channels

Cive center numher and nurmhar of coinunication chonnrlg

T f e —Tor Center #6 to five avatlable at one time

rive center numher _and numher of coympication ghannels

N Ne—  No more channel editing

Ny yeu vrant to _chanee ramalnine par-~inters?'y! or
"= _No more parameter changes

n

G. Another chance.- To correct a previous typing error

or input a change of mind about either the maps oOr

parameters.

No wou vant to clhanre Mans or narnn@ters?'y' or n
ha— 1'm through editing

H. Traffic Generator.
No vou vant to chanse the traffic oenerator?'y’ bt

Ne— ——No change



The built-in generator has a four-hour cycle, and

produces a nationwide traffic load with a distribution

like:
200
175 b
GENERATED 150 |-
A/C PER 125
HALF HOUR 100 E
75 |
50 |
25 |
[ [ L J

Traffic loads can be set for 4, 8, 12, 16, 20 and
24-hour cycles and numbers of aircraft per half hour

are set for the select cycle time.

Aircraft are then randomly spread within each half

hour to total the desired loading.

An alternate means can be used such as following
exact flight schedule read from a data file, (not

currently implemented).

T. Set Run Time Interrupt.

sept interupt in '?' sec. 'nl ypans no interuntions

M Te—— I want an immediate interrupt to save my new data'
base so that I can restart with this model configuration
another time. (The interrupt writes out the entire data’
base and controlling information on the disc files).

Note! When the run is8 restarted you are asked again to set the
next interrupt



J. Set Time For Next Console ARTCC PROGRESS REPORT.

tonsolnr report in '2' sec, 'N' means rone.

750 €——1 want the veport in 12.5 minutes of simulated time.

K. Aircraft Data Gathering.- A sampling or all of the

aircraft's (each) movements, clearances, delays
and time of takeoff, etc. can be either recorded on
the disc files or printed on the console. (The

answer 100 means every 100th aircraft.)

Necord every '?' and console trace every '?' aircraft?

0 1nGe—DNo disc files required but I want to follow the
step by step progress of every 100th aireraft starting
with #1.

The run now begins - ending the editing sessions.

II. RESTARTING THE SIMULATION

When one restarts the simulation he is asked the same

gquestion as I.a:

"'n'ey or 'o'ld data hase?
ow— 0ld data base to be used

The appropriate files are then read in and the questions from

I.G. on are asked.



III. OQUTPUTS OF SIMULATION

A. On Console.

(1) Aircraft Trace.

a/c going to
50.00, 24.00

ID # unique to the flight

Time in hours
requested takeoff
clearance

Aircraft number 7 activated at 6,007130°R, Adnstipatinn
w=5000, y=2100

Alrcra“t 1,comunication ti1r=419,21991"7 gne,vifth
Corter 5 “Talked 20 second withy

Mreraft 1,c¢211 in 39.9999976 sec,

Mreraft 1,time=G,02379757,x=R800, v=30NN_a1t=17999,27173)

) sneel=, NERANG900 L, vactor=292, h34945

Aircraft 1,cormmunication tine= 19,2979177 ne,o0f th
Nenter 5

Mreraft 1,call in 112.79999°2 snc,

hircraft 1, time=0,  2R2CRGHLL, x=R17L,v=2710,a1t=17"01 _nnnq,

spand=, 2500900900, yvactor=29R, 134945
AMrecraft 1,commnnication time= 19,790090917 gac,vith Nenter
Aircraft 1,ca1l in 110,.779998 sec.
Aircratt 1,time=06,10157531,x=5510,y=258h, alt=]17991 19911,
speed=_NEL090099) vector=298.L64223
Afrecraft 1,communication tire= 23,7999917 sec,rith Ceonter 3
[ Mireraft 1,call In 39,9997988 sec,

5

~was requested to call in in 40 seconds (simulating a
handover from a Terminal Area Control Center to the
En Route Control Center)

—a/c is now under Center #5's control - his current position
is 68.00, 30.00

after the 40-second wait he called in and talked with
Center #5 for 20 seconds getting clearance for the next
leg. - Next call in at 2 minutes later.

note the aircraft current position is now 61.74, 27.92
and so on!



There are other trace messages when restrictions and delays are

encountered - explaining them.

record

The file output

trace is exactly the same as the console but

printing is done off line.

(2) ARTCC PROGRESS REPORTS.- (Note: Not fully
debugged.) (This report printed early in run.)

ARTCC PROCRESS REPORT
Time= 75R.NPNNROe—Time in sec. = should be in hours
Nelays :e-Highlight total sum delays

(round off) ehould read 6.0

Fnroute: 5.9099999%h alreraft delayed 50,13909756 snc. Ava.
Takeoff: 0, aircraft delayed N, sec. Ave.
Landing: 0. aircraft delayed N, sec. avem.

Ave nunmber of alrcraft orieinating Iin centers= na.919q902,
terminatine at centers= (m—Average for 4 Centers
enterline center= 7,7497999h, and leavine center= 0%

Wany atreraft lLeft Centers

Ave no. of aircraf3 vectored to different Anstirations= 0m
o rerouting was required

Ave no. of aircraft rerouted hecause of weather= .7s5nononnn-g
C3 airvcraft rerouted (avg.
for 4 Centers)

Peal values «—Aids in picking Center reporis to view.

Aescripti center no. peak value

cor1 seslons 2.99999996 8%.9999085 —— communication sessions

a/c origins 5.N00NNANNOO 11,9999090? «—— aircraft originating
in Center's area

a/c termins 0, N, - a/e landing in Center's
area

a/c exits 0.99919998 13.9099197 «——a/c exiting a Center's
control

a/c entered N.99999998 13%.0900N007 o _a/c entering a Center's
control

a/c Ael/TOFF 0, N = takeoff delays

a/c del lande 0, 0 - . landing delays

a/c Adestin che N, N - destination changes

a/c weath=-rarut 5.00000000 2.99909999R—weather rerouting

a/c ctr restr 3.999999096 5. 0999000l —a/c held because of
Center-to-Center
regtrictions



ave Toff Adelv 0, N, - average takeoff delays

ave landr del 0, n, = average landing delays

ave enr Aelay 3.9799990fF 7201.756379 a—average en route delays

Cive the center numher you wish to see proeress(?>21 cives all,'-
=) corcludes 1ist)

23 «———(ive me the reports for all Centers.

fenter 1 Progress report ™)

Aescription value

corl sesions 34,0999997

ale origsins 13.9999197

a/c ternins N,

a/c exits 13,089100197

a/c entered 13.01099097

a/c Ael/TOFF n.

alc del lanAds n, »  Report for Center #1

a/c destin chr .,

a/c veath-rerut n.

a/c ctr restr n.

ayr Toff Aelvy n,

ave landeg Adel n.

ave enr delay 0.

./

Center 2 Prorress report

descrintion valie
com sesions n,

a/ec oricsins N.

a/c termlns n.
a/c exits n.
n/c entered 0. Report for Center #2

a/c Ael/TOFF n, (Thie Center had no terminals
a/c ‘el landp n, > and the transcient aireraft
a/c Aestin chge n, hadn't arrived in this early
a/c veath=-rerut n. start up report.)

a/c ctr restr n
ave Toff dely 0.
ave 1andg del 0.
avg enr Adelay n. Y,

ete., for all Centers

Do you want to 'e'dit model,set an earlier "i'nterupt,

or 'clontinue? You are gtiven the opportunity to
restructure the system




B. On the Disc Files.

(1) Aircraft Trace.- Same output information as

ITT.A.1l.

(2) Aircraft Progress Report.- When the aircraft

finishes its flight a summary of it is recorded

showing the aircrafts I.D., the various delays

encountered the times of takeoff and landing and

the origin and destination points.

(This output file was not activated as yet.)

(3) Interrupted Aircraft Airborne Status File.- When

the simulation is interrupted and all aircraft

motion is frozen this file is written with all

the information required to reactivate the

aircraft. A sample is shown below:

tive information is stored with this data.)

2 lines of data per aireraft - starting with the

atrerafts I.D. #

%5)1006’2000 5933 4467 28,0432736 1 1 119,999998
©28001290 5932,99996 4466.,99994 17999,9999 00632499992
54 9000 3500 1074 2014 3045153653 4 1 119,999998
6,28069955 1073,99998 2013,99996 17999,9999 ,00632499992
18 9000 3500 1360 1110 31,8515622 1 0 119,999998
6,28107076 1359,99999 1109,99998 17999,9992 ,00632499992
19 1000 1000 5690 4285 33,7485045 1 o 119.,999998
6.28159767 5689,99993 4284,99996 17999,999¢ ,00632499992
37 1000 2000 1000 775 35.1655423 1 0 119,999998
6,2r199130 0999,99998 7/4,999994 17999,9995 ,00632499992
20 1000 1000 8650 3870 35,9115445 1 o 119,999998
6,26219848 B649,99985 3869,99996 17999,9999 .00632499992
6 6000 4500 1434 1301 38,7282866 1 0 119,999998
6,28298091 1433,99998 1300.99998 17999,9999 ,00632499992
30 9000 4000 1292 2072 41.6324156 1 0 119,999998
6,28378766 1291,99998 2071.99996 17999,39999 ,00632499992
57 1000 2000 9000 3500 41,8758392 1 1 39.9999996

6 855725 B999,99988 3499,99997 17999,9999 .00632499992

@m 44,7987359 1 1 119,999998
--- 924,999988 17999,9999 ,00632499992

time
flight was
frozen

.... and other meaningful data

A-11

306.565046
110.619653
117.367559
315,004959
369,999995
300.562548
135,011953
114,04 1440
290.619647
369,999995

~destination = current position

Take off time

0., 0.(6.26334619)53,0099993
0. 0. 6.26403290 54,0099990
0, 0, 6.10884851 18,0099997
0. 0., 6,10937547 19,0099998
0, 0, 6.,18754684 37,0099994
0, 0, 6.10997629 20.0099998
0. 0., 6.03298097 6,00999993
0, 0, 6.150u45434 30,0099998
0, 0, 6,28385525 57,0099991

0, 0. 6.26800060 55,0099986

(no descrip-
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APPENDIX B

DETAILED PROGRAM INFORMATION
EN ROUTE AIR TRAFFIC FLOW SIMULATION

The program can be better understood if one can see the
program elements and how they are used or called by the higher
level elements. The following diagram pictures the elements
and their calling hierachy:

MAIN PROGRAM
"EN ROUTE"
(MASTER SIMULATION CONTROL)
wu
3
"ATCEDIT"
o (PRIMARY MODEL
RESTRUCTING)
"CHOOSE TERMINALS"
(ORIGIN AND DESTINATION "
SELECTIONS FOR INTERNAL AIHCRAETS CALLS "CENTER"
TRAFFIC GENERATOR) == (PRINCIPLE SIMULATION (MAIN TRAFFIC CONTROL
SUBMODEL) OPERATIONS)
w
>
5 "DIRECTION"
"WEATHER" (COMPUTES FLIGHT
o (CONTROLS WEATHER = VECTOR FROM CURRENT
" MOVEMENT) AND DESTINATION
CONSOLE OUTPUT" POSITIONS)
(FREEZES MODEL AND
REPORTS ON CENTER
PROGRESS ) CALLS
CALLS
“MOVEMENT" "VTRACK"
(IMPLEMENTS NEXT ==  (INCREMENTS FLIGHT
*CouTpPUT" STATE OF WEATHER) PATH PROGRESS )
(CALCULATES STATISTICS
AND GENERATES REPORTS)
“ETRACK"
) | .| (LOCATES FLIGHT PATH
"INTERUPT" FIXES, I.E., X & Y'S
"FININTRUPT" (IMPLEMENTS MODEL ALONG ROUTE)
(OUTPUTS ALL DATA FREEZE AND RECORDING
ON FILE SYS,) CALLS OF ENTIRE MODEL
STATUS)
"STORMS EN ROUTE"
| (FINDS WEATHER ALONG
NEXT LEG OF ROUTE)
1= "IDIV"
COMPUTATIONAL
UTILITY ROUTINE

B-1
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"choose terminals"”

choose_terminalsiproc(x,yY,ax,dy,cni,En2))
dcl (x,yedxsdysded)fixed, (rnlarn2,£1)£l0nt, torma(31) £ixed ext seatic)
dJecl t float,td fixed}
eni=rn1/2,000; R
rn2=srn2/2,0e0}
1f terms(1)=0 then return}
td=terms(1)%2;
fl=float(terms(4))/28,0e0;
rni=rn1*£1¢0,1e03

rn2=rn2*£1+0,1e04 .

tﬁindunﬂ:ﬂ uniformly/randomly
£ 1=0 then {=23; ; LS

e i Tonan ERd >. pick the origin
x=terms(1)*100; and destination
y=termS(i+4)*100) ,
ie=fixed(Tn2)*2; from the list of

tep:if 4=0 then 4=2) terminals

{f 1>td then i=td)

dx=terms(1)*100;

dy=termas(i+1)*100;
if 4x “sxj4y "=y then return’

1=3+2;
1€ 1>td then i=0;
go to raepi =
anl choose_terminalsy
"storm en route" 7
atorn_enroutesproc{thunder,path_list,vhera))
1cl (thynder,path_1l4st(300),where(2),4v,3v) fixed,
ww(100,50) £ixed ext static)
where(1)=0] =
vhere(2)=0}
thupnder=0; ,
/*thunder encountered vould return 3 in thundert
do 1vw=1 to path_list(1); checks path for
JwEive2; level of weather

if thunder>=vv(path_lilt(!")vpﬁth_lilt(i"’3)|
wwipath_1ist{dv)spath_List(iw?1)123 then go|to st1)

thunder=vww(path_list{4v),path_List(3vel))}
vhere{1)=path_list(Jw)}
where(2)=path_list{jv¢1)}
sti1tend;
return}

end storm_enroutej A

"movement"
movenentiproc(x,¥,zet))
Acl(xsyeZrt) £108t,¥w(100,50) £ixed ext seatice(Lodokslifixedy
count £ixed internal static)
/%this 48 the earlY version,the arguements afe nat)being usal except for t*/
40 1=1 to 99)
do =1 g0 49)
k=100=1}
1 x=1 then wv(k,1+1)=0;
t?iﬁ’n,n,”kﬂ,n,w inerements entire weather
wwlk+10l*1)avvix,ll; map one grid increment
3:: NE (every hour)
ww(1,1)20}
t=3,6e0;
returnl)
end novenment)

||idiv||

taiviproe(ivaluesidvs) returns(fixed)) an integer

icl iyalue fixed,idve fixed,nvalue float,rvalue fixed; divide and
1f 14ve=0 then do;nvaluecivaluajreturn(ivalue)jend;
nvalue=£ioat(:I.value)/flont(Ldva)"0.10-13. gzero check
rvalue=fixed(nvalue)) 14
return(rvalue); utility

ant 14iv) program
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