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ABSTRACT

Terminal Area Utilisation at Major Airporis

The central purpose of this thesis is to provide a means
of planning the use of aircraft parking positions (stands)
at major airports, to the mutual benefit of airlines and

airport authorities.

The methods used to relute capacity and demand in any
context, depend to & large extent on the time scale being
studied and the detail in which the relationship must be defined.

The terminal area capacity, or number of stands, which must be
provided to satisfy a given {light schedule obviously depends on
the Utilisation which can be achieved on each stand., This,
together with projected flight arrival rates can provide a long
term guide to the total requirement, which can be used by the
airport authority in its long term investment programme.

From an airline point of view, much more detail is required and
the problem is transposed so that it tends to become "What effect
does the availability of X number of gates have on our projected
schedule?"

The flight schedule is ensily translated into a ground timetable
and the minimum stand requirement can be calculated. If this is
more than X, an amendment to the schedule or to X is unavoidszble,
but when the requirement is less than, or equal to X, the answer
to the above question has remained unouantified.

This is due in the main to a lack of knowledge concerning the
effect of unpunctual flight movements on stand requirements.

The thesis attempts to quantify this effect and to ascertain the
optimum allocation policies to be used when converting a scheduled
ground time into an operational stand plan,

Parameters are identified to enable such stand plans to be defined
and compared. The effect of flight disruptions are estimated by
simulation and the effect of different stand plans on the overall
‘operation is estimated.



As a result, airlines have the capacity of estimating the real
effeot of a given number of stunds, :nd the airport authority

can set realistic utilisation turgets lor the areas under its
control.
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INTRODUCTION AND SUMMARY,

This research work is concerned with the utilisation of aireraft parking
positions at major commercial airports, and more particularly with the

manner in which it is achieved.

l.1

1.2

The work was originated by the Chief Engineer of British Airways,
European Division, (the late BEA, which it is hereafter called).
His concern was that flight delays were being caused by Engineering
Division, some of which were attributable to the location of parked
aircraft in relation to the Engineering Control Points.

The brief given to the author was consequently very general, and one
which enabled the study to encompass aspects of airport plamning and
utilisation which are not normally associated with the Aircraft
Maintenance Organisation of an airline. It was simply to study the
problem as a whole and if possible, develop a policy which would
satisfy the operational requirements of airlines and provide a level
of terminal area utilisation acceptable to the Airport Administration.

At first sight, the problem is basically common to any allocation
problem in transport or production control. Arriving elements require
to be assigned to a finite set of locations, using a pre-determined
allocation-value matrix,

The utilisation of a stated length of motorway, rail track and platform,
or air corridor presents similar problems, especially when a minimum
distance between moving entities is required on safety grounds.

Similarly, the flow of items down a production line depends on the
process time at each machine and the items arrival rate at each of
them,

However, there is a subtle difference between these problems and that

of aircraft parking. Although the allocation value in both cases depends
predominantly on the pre-assigned sequence of element departure needs,
only in the aircraft parking case does the value also depend on the
relative position and quantity of servicing or support elements.

Subtle though the difference may be it is of sufficient significance
to warrant an in-depth study of the particular problems at our major
airports. As a result, no further reference is made in this work to
comparable problems and the applicability to them of conclusions
deduced from the specialised study is not researched.



1.3

1.4

1.5

An attempt is made in this paper to relate the operational and
organisational problems of airlines to some theoretical aspects of
gate utilisation. The methods developed and used by the airlines

are studied in general and in the case of five major operators a
detailed report is made. On a much broader front, theory alone is
used to consider different methods of estimating required gate
capacity, and of measuring their eventual usage and the service level
which they provide.

A considerable amount of work has been published on the estimation of
total airport capacity, which includes both runway and terminal areas.

Simulations, models and analytical methods have been devised for this
purpose, but all relate to a total airport project and not to the
operational needs of the user airlines. It is the latters performances
which will determine the success or failure of a given airport,
irrespective of whether the facility as a whole is operating to its
planned capacity or not.

The effectiveness of an airport cannot be judged by traffic volume
alone with little or no reference made to the satisfaction level of its
customers, the airlines.

They must be satisfied that their operation can be efficiently handled
and will not accept a situation under which airport utilisation assumes
more importance than their local interest. Little work has been
undertaken to ascertain how these two interests can best be met, This
project is intended to go some way towards that end.

The basis on which the research was to be built was considered in two

separate forms.

Firstly, a purely airline attitude could be adopted. The research would
then be channelled towards the identification of airline requirements
on the ramp areas, assuming no interference or limitation by the airport
authority. Different types and sizes of airline operation could be
analysed and the results combined to provide an overall demand level.
This could then be compared with the facilities which would otherwise
have been provided using the established methods of forecasting airport
resource requirements,

Alternatively, the resource level could be assumed to fixed and the
research could be directed towards quantifying the service level which
the facility could provide. This could take the form of the facility's

contribution to punctuality performance and its ability to handle
disrupted and delayed flights. An estimate could then be made of



1.5

the maximum number of flight movements which could be processed, to
the satisfaction of both the airlines and the airport authorities.

It is considered that the first method will apply infrequently since
it assumes that capacity can be matched to demand, within the time
span of a schedule change. This is neither physically possible nor
economically viable, and in fact occurs in its true form only when an
airport is being constructed initially. The infrequency of such an
event is evidenced by the continuing third London Airport Saga.

However it is felt that the second approach is too restrictive since
resource levels can be and are altered within existing airports to
provide extra capacity in anticipation of forecasted traffic increases.

The decision was made to concentrate on identifying the best method of
scheduling a given flight programme on to a fixed number of gates and

on estimating the effect on the operation of slightly altering the
capacity of the total available gate area, It is necessary to translate
a flight schedule into parameters which can be related to terminal area
capacity in order to ascertain the probable service level. It is then
the airlines prerogative to accept this level or to press for minor
capacity or schedule changes,

A timetable of ground times can be obtained from any integrated flight
schedule very simply. This can be converted into a series of timetables
for each gate, with the individual plans depending on the allocation
policy being applied and the number of available gates. The effect of
these last two factors on the airlines' operational performance begs

measurement.,

The problem as a whole is far too complex and interactive to give any
hope of an analytical solution. Simulation offers possibilities provided
it can be designed realistically and with sufficient flexibility so that
it can apply to any airline at any airport, irrespective of small
differences in local operating procedures.

It is claimed that considerable success has been achieved in this
direction by developing the simulation GATESIM, described in detail in
later chapters. Parameters which quantify the effectiveness of a gate
plan are evaluated by GATESIM and enable comparisons to be made between
gate plans constructed under different policies from the same flight
schedule and vice-versa,



1.7 In summary, therefore, the project is divided into three main

components. These are:

i) The design, programming and testing of the simulation
GATESIM,

41) Collation and analysis of results obtained from GATESIM,

4ii1) Study of operating procedures of major airlines with
particular reference to gate allocation and aircraft
turnround control.



CHAPTER 2

SCHEDULE CONSTRUCTION.

2.1 Outline of Activities.
% Long Term Planning (more than five years ahead).

2.3 Medium Term Planning (between two and five years ahead).
2.4 Short Term Planning.
2D Scope of this Project.



2.1 Qutline of Activities
An outline of the activities in planning an airline schedule

could be:

MARKET RESEARCH

COMMERCIAL PLANNING ——————-—]

EQUIPMENT REQUIREMENTS

{“-————-—- SCHEDULE PLANNING*—————————]

MAINTENANCE PLANNING STATIONS PLANNING

| |

MAINTENANCE PERFORMANCE STATIONS PERFORMANCE

2.2 Long Term Planni more than five years ahead
2.2.1 Market Research indicates the demand for a service on a
currently unserved area or for any alteration to present
services between airport pairs. It predicts the nature,
density and frequency of occurence of such demand, indi-
cating the optimum timings of any new flights.

2.2.2 The Equipment Requirement function is study of the spec-
trum of aircraft which may be available, considering the
data produced by Market Research and the existing fleet
configuration, leading to recommendations as to type and
quantity of aircraft required to fulfil the programme.

2.,2.3 Commercial Planning produces projected timetables, trying
to provide for any traffic demand peaks while keeping a
high aircraft utilisation. No attempt is made to formu-
late a pattern of sequential flights to be performed by
one aircraft (an "integration"), except on a purely experi-
mental basis,

2.2.4 Where new routes or frequency alterations on existing
routes are involved, the procedure for obtaining or amend-

ing the route licence is initiated.



2.2.5

Where large changes of type and number of aircraft are
contemplated, stations and maintenance planners work with
commercial planners to ensure that the aircraft can be
handled.

2.3 Medium Term Planning (between two and five years ahead)

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

The long-term planning of routes and aircraft comes under
close scrutiny in Schedule Planning to comply with the
limitations imposed by:

(1) traffic demand
(ii) aircraft performance
(iii) station facilities
(iv) maintenance requirements
(v) air traffic control and noise restrictions

Aircraft integrations are produced, and these are used by
station and maintenance planners to calculate the manpower
and facilities required for the day-to-day operation of
the schedule.

When considering the turnrounds at the major airport of an
airline (e.g. Heathrow for BEA), there are normally more
than one aircraft which could operate on a specific depart-
ure, the availability of an aircraft being defined by a
minimum turnround period. The choice of a specific aircraft
is defined by the policy under which the schedule is being
constructed. Two such policies are listed in 2.5.4 and
2.3.5.

"Last in, first out" (LIFO).

This policy specifies that, of the aircraft available for
a given departure, the one last to arrive (i.e. with the
shortest ground time) is selected. This results in a
series of short turnrounds and a few very long ones. This
is useful to highlight aircraft time which is available
for extra non-scheduled flights, charters and maintenance.

"First in, first out" (FIFO).
This specifies that the aircraft selected for a departure
is the one with the longest ground time. This minimises



the number of very short turnrounds but also eliminates
most of the very long ones. '

2.3.6 Both FIFO and LIFO policies produce integrations or
cycles to which one aircraft will be allocated. The
airoraft is not defined, except by type, but the routing
is.

2.3.7 Examples of aircraft integrations may be represented in
bar chart form, thus:

Cycle 1 LHR ORY—— LHR GVA LER TRN
Cycle 2 LHR STO LER ATH LHR
Cycle 3  LHR———LBG —— LHR ROM LER ORY

In these bar charts, horizontal displacement represents
passage of time.

2.4 Short Term Planning
2.4.1 The final form of the integrations is settled by constant

liaison between maintenance, station and schedule planners.

2.4.2 The actual operational performance is, of course, the
measure of success, and includes such factors as:
(1) profitability
(i1) safety
(iii) schedule reliability
(iv) punctuality
These are each fed back to the planning activities.

2.5 Sco t ect
2.5.1 This study is applicable to the Schedule Planning, Stations
Planning and Station Performance activitiea.

2.5.2 At the schedule planning stage, the computer simulation
helps to determine the station facilities to cater for

projected schedules.

2.5.3 Stand requirements and gate utilisation are estimated by



the simulation for the use of station planners.

2.5.4 The study of four domestic airlines in the USA, together
with BEA, highlights the different methods used in the
day-to-day operation of a large airport.



Chapter 3

3.1
3.2
33
3.4
3.5
3.6
3.7

3.8

Concept of & Gate Timetable

Basic Theory of a Gate Timetable

Significant Factors in the Preparation of a Gate Timetable
Advantages Gained by Use of a Gate Timetable

Requirements for Practical Operation of a Gate Timetable
Disadvantages of Using a Gate Timetable

Gate Timetable Reliability

Alternative to a Gate Timetable

Reasons for Using Alternative Illethods
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31

3.2

Bagic Theory of a Gate Timetable
When the aircraft integration plans, as defined in Chapter 2,

are finalised, each flight movement has a scheduled ground

time associated with it. These ground times can be integrated

so that each available gate, (i.e. passenger loading poaition),

has a plan of occupancy. ihen performed for every flight, this

plan is called a gate timetable and can be represented in bar

chart form as follows:

Je141

Examples of Gate Timetables

Gate 1. a d a d a d a d a d
A [ W) L ) R
Gate 2. a d & d = da d a d
~/ & _/ = K/ B
Gate 3. & d s d a d a d a A ot
Mol R/ R/ K/ C

a - arrival of aircraft

d - departure of aircraft

The solid lines indicate occupancies of gate areas.

3.1.2 The arrival of an aircraft need not be synonymous with a

Si
Je2.1

flight arrival. The aircraft could have been towed to
the gate from a non-operational parking area. Similarly,
the departure times on a gate timetable need not always
reflect flight departures.

ic Factors in the Preparation of a Gate Timetable

Separation Time is defined as the time interval between
a scheduled departure and the next scheduled arrival on
the same gate. Furthermore, a separation time is, by
definition, associated with the previous occupancy, as
indicated schematically by the arrows in the chart of
3.1.1. Thus if occupancies A, B, and C are last to
occupy Gates 1, 2 and 3 respectively, the last signifi-
cant separation times are those which end at the arrival
of A, Band C in turn.

3.2.2 Minimum Occupancy Time refers to the situation when an

aircraft, for gate utilisation reasons is planned to be
moved from its arrival gate to a parking area or another
gate before its next departure. It does not apply when
the whole of an aircraft's scheduled ground time between

11



flights is spent on one gate.

An aircraft must be positioned on a gate, after a
towing movement, at least X minutes before its scheduled
departure. In the case of a tow-off, the fowing move-
ment cannot commence until Y minutes have elapsed since
its arrival. X and Y are set by the individual airline,

but reasonable values are 45 and 30 respectively.

3.2.3 Gate Restrictions
Some gates may be unsuitable for certain types of

aircraft in operation, due possibly to length or ground
manoeuvrability. A gate which can accommodate any air-
craft is spoken of as being "homogeneous".

3.2.4 Different Policies in Cate Timetable Formulation
(1) Aircraft may be positioned on gates according

to their type, i.e. the available gates may be
classified into groups, each of which accommodates
only one type of aircraft.

(ii) The timetable may be prepared with high theoretical
utilisation the prime concern.

(iii) The timetable may be planned with theoretical
utilisation less than the optimum, by increasing
the minimum separation time. This requires more
gates than (ii) in theory, but in practice could
have better reliability. This concept is further
discussed in 3.6,

(iv) The restriction of (i) could be applied to (ii).
(v) Similarly, the restriction of (i) could be applied
to (iii).

3.2.5 In the airlines studied, policy (i) above was accepted as
good theoretically, but, in practice was impossible to
adhere to because the number of gates available to the
airlines was insufficient for its implementation,

3.3 Advantages Gained by Use of a Gate Timetable
3.3.1 The feasibility of accommodating & projected schedule

from a given number of gates can be seen.



3.3.2 Utilisation of gate areas is planned and consequently
local control centres may be set up within the gate
complex, each having a known degree of congestion, and

staffed accordingly.

3.3.3 Facilities and staff with necessary technical skills
can be positioned according to the aircraft types

planned for each area.

3.%3.4 Airline ramp persomnel, (i.e. those working within the
aircraft parking area) know the flights and turnround
times which must be catered for within their area.

3.3.5 The division of the total unskilled ramp labour force
into separate entities, as is usually done with engineers,
may foster healthy inter-area rivalry, and tend to reduce
the apathy which is sometimes apparent when a large labour

force is controlled from one location.

3.3.6 Staff meal breaks can be realistically planned according
to the distribution of movements in each area.

3.3.7 Passengers have a higher degree of convenience in that:

(i) regular passengers or commuters know the gate of
their departure;

(ii) gate allocation may be publicised earlier
(iii) check-in may be transferred to the gate areas

3.3.8 It can be ascertained immediately whether any extra
service can be accommodated on a gate, and if not, what
alteration to the flight time is necessary.

3.4 Requirements for Practical Operation of a Gate Timetable
3.4.1 Aircraft scheduled integrations must be adhered to as

clogely as possible.

3.4.2 Good estimates of arrival, departure and return to service-
ability must exist.

3.4.3 The movement of aircraft in the gate area must be under
the complete control of a ramp controller and his

13



3e4.4

3.4.5

3.4.6

3.4.7

3.4.8

authority should not be subject to over-ruling by the
maintenance department, except obviously where danger

is possible.

The aircraft integrations are formulated with the assump-
tion that all flights operate on time. However, in the
event of late arrivals occurring in practice, the planned
integrations are altered to minimise the delay, creating
turnrounds which are not provisioned for in the gate time-
table, It is essential that any such changes are made as
soon as reliable arrival estimates are available, allowing
alterations to the gate timetable to be made. Delaying
the decision to alter an integration until the actual
arrival of the late flight can cause unnecessary large
disruptions to the gate plan.

Unserviceability discovered after landing is a factor that
must be accepted in practice, so aircraft changes will

~ occur at this stage. Then it is necessary to perform an

aircraft reallocation, and amend the gate timetable.

At some airports, the operational control of the gate areas
rests with the airport authority, while at others each

major airline leases specific gates and has complete control

over them. The latter is essential for the operation of a
gate timetable so that any alteration to the planned avail-
ability of gates is made by the airline concerned, and is
not affected either by other airlines' gate problems or by
the inopportune closure of a gate, for maintenance work,

by the airport authority.

The airline must be able to contact an arriving aircraft's
crew between touch-down and arrival on the gate. Frefer-
ably the gate number should be transmitted at this stage,
but if that is required to be done earlier, at least the
facility for altering the gate and informing the crew
should exist.

Good communication must exist between the ramp controller
and the personnel working within the gate area.

14



3.5 Disadvantages of Using a Gate Timetable

3.5.1

3.5.2

3453

An aircraft positioned on a gate for departure may be found
to be unserviceable, making it necessary to seek an aircraft
change. If the snag rectification time is such that the
presence of the "sick" aircraft on the gate would cause un-
acceptable disruptions to subsequent gate occupancies, the
aircraft must be towed to a non-operational parking area.

'This increases the off-service time.

Estimates of times of arrival, departure and return to service-
ability are not 100% accurate, and this may result in a gate
being still occupied after the actual arrival of the next occupy-
ing aircraft. This could lead to gate changes affecting passeng-

ers already assembled at the original gate areas.

Owing to the fact that staff are positioned according to the
planned occupancies, a deviation from the plan may necessitate
temporary transfer of persomnnel. Thus flexibility of manpower

and good communications must exist.

5.6 Gate Timetable Reliability
This is defined as the percentage of flight departures which leave

from the gate specified by the original gate timetable. The reliability

is dependent on:

(1)
(i1)

(1id)
(iv)

(v)

gate separation time.

distribution of actual arrival times around the scheduled arrival
times.

unserviceability.

departure delays which occur on the station and are independent
of arrival time of the aircraft. These are referred to as
"station delays".

alterations to aircraft integration plans create turnrounds for
which no provision is made in a gate timetable. These are ref-
erred to as "unscheduled turnrounds" and their occurrence can
affect the reliability.

3.7 Alternative to & Gate Timetable
The concept of a gate timetable is accepted by all five airlines
studied, but not operated by one of them (BEA) and is only in limited

operation with another (Western Air Lines, Inc.)

19



3.7.1

3.7.2

BEA has a ramp controller who allocates gates according to
the existing conditions of gates, aircraft etc.,
There is no continuity from day to day so far as concerns

specific flights on specific gatles.

Western has a similar controller who formulates a gate time-
table at the start of each day's operation. Here there is

a greater element of continuity than with 0EA, and it is also
more flexible than a rigid pre-plan. However, it is only
because the number of departures does not exceed about 80 or
90 per day that it does not become too large a task to perform
daily. |

3.8 Reasons for Using Alternative Methods

J.8.1

3.8.2

34843

In Western's case, the operation is sufficiently small to per-
mit a plan to be drawn up daily. This can result in the best
utilisation since small local disturbances (e.g. gate mainten-

ance) or any extra flights can be catered for.

BEA has a Ground Operations Planning section which prepares

gate timetables, but, to date, has found them impossible to
implement. The reasons given by the airline for this failure
are based mainly on the fact that BEA has a radial type of
operation, London (Heathrow) Airport being the hub, with most
aircraft performing only two flight sectors between departure
and subsequent return to London. Consequently any disruption
experienced early in a day, has reactionary effects later in the
same day. This effect is not so marked with an airline with
longer sector times, but it is the author's view that BEA's
failure is not explained simply by reference to its route struc-
ture.

It is necessary to study not only the differences in route
structure, but also punctuality, schedule reliability and oper-
ating methods (especially relating to changes of the planned
integrations) between airlines before it can be categorically
stated that airlines with hub-and-spoke type operations

(e.g. BEA) cannot, in practice operate a gate timetable at the
hub, but those which have more evenly distributed flight move-
ments throughout their route networks, can.

16



3.9 Use of simulation to validate gate timetables.

3.9.1

3.9.2

Gate timetables are seen to provide a method of ascertaining
the number of gate positions required to accommodate a given
flight schedule assuming 100% punctuality. In the medium
and long term planning stages as defined in 2.2 and 2.3 this
is probably sufficient to allow airport capacity requirements
to be estimated.

However, in the short term stage, (2.4) and for operational
station planning, flight disruptions must be considered.

The total resource level likely to be required for a given
arrival rate can be estimated by the Erlang Method, but this
provides only a global resource level. Individual allocations
of flights to gates cannot be produced by this approach.

Simulation provides a realistic way of ascertaining the
effect of flight disruptions on a gate plan, In addition it
should be possible to identify which if any, of the gate
policies described in 3.2.4 produces the most effective plan
in terms of operational feasability. This is more fully
discussed in chapter 7.

Alternatively, the simulation may be designed to create a
gate plan having first ascertained the likely arrival and
departure punctuality distributions which a given schedule
will produce. This approach suffers from three main faults,

namely: -

i) Logic must be provided to emable the simulation to
create the gate plan, This assumes that the optimum
policy from 3.2.4 can be identified. Gate plana
produced under these different policies can vary
dramatically, even assuming constant resource
availability. There is no reason to believe that
their operational use will have no effect on
punctuality, or the same effect.

ii) In order to produce realistic estimates of punctuality
probabilities by flight number, the simulation must
be capable of performing aircraft changes. Thus
although a good forecast of the required separation
time between a departure and the following gate arrival
may be obtainable, the occupancies themselves need not
be those shown on the original flight schedule.

17



3942

5.943

3.9.4

1ii) No facility would exist to estimate the reliability
of the final plan because of ii).

It is considered that because of the lack of knowledge in
this field of Air Transport the primary function of this
project simulation is to define if possible, the optimum
policy to be used in comstructing a gate timetable. This
policy should maximise its reliability and minimise any
adverse effect on punctuality which its implementation may
cause,

This approach allows the gate plan to form part of input
data, which can also include details of flight disruptions
to be used in generating delays and aircraft changes,

The effect of operating different gate plans under the
same input delay data can be measured. Similarly, by
altering the delay data, the ability of each plan to
withstand differing punctuality characteristics can be
estimated.

Chapter 4 considers the input data required for such a
simulation and one way in which the flight and gate plans
can be represented. A method of defining aircraft changes
is also considered.

Chapter 5 describes the program procedures which were
written to amend the schedule details after the occurrence
of aircraft or gate changes, The details of the simulation
are shown in chapter 6.
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4.1 Input of Schedule in Cycle Form
4.1.1 An aircraft cycle or integration has been defined as the

sequential flights which, it is planned, will be performed

by one aircraft. The integration may be calculated on a
daily basis with no planned correlation between the last
arrival of each aircraft at any one station and the first
departures of the following day. Conversely, the integrations
may be constructed showing the complete planned routings of

each aircraft for a whole season's operation.

4.,1.2 In this simulation, the integrations are considered to be on
a daily basis. This has been done for the following reasons:-
(i) The integration for a complete season is not available

for BEA.

(ii) The computer core store required would be excessive.
For BEA, one day's information is held in two 100 x 8
arrays. l'or a period of 30 days, the array would be
100 x 8 x 30 in size.

(iii) The data preparation time would be excessive.
(iv) The program run time would be too long to be acceptable.
(v) It would be necessary to record all details of time-

controlled maintenance items.

4.1.,3 The scheduled movement times are stored in the computer as two-
dimensional arrays. Only the movements at the station under
study are required. Any intermediate stops between departure

from this station and return to it are not required as input.

4,1.4 The arrival times are stored in an array named TA. Each row
contains, in chronological order, the planned arrival times of
one aircraft. The departure times are similarly stored in array
TD.

4.1.,5 Thus, taking the arrays together, one row represents the inte-
gration for that specific aircraft at the station under scrutiny.
Aircraft A, arriving at time TA(A,B) departs on its next outbound
flight at TD(A,B), which in turn arrives back at time TA(A,B+1),
to depart again at TD(A,B+1), provided the elements TD(4,B),
TA(A,B+1), TD(A,B+1) have significance as actual movements.



4.1.6 The elements in the arrays have significance unless their
values are O (zero) or 3000. This limitation is necessary
because each cycle may have a different number of segments,
causing the rows to have differing numbers of significant
elements, 'the following code was adopted:

(1) TA(A,1) (the first arrival of aircraft A) is set to
zero if the aircraft has a departure from the station
as its first flight.

(ii) Having made a departure at time TD(A,B), the aircraft
A may not return to the station on the same day. This
is shown by setting TA(A,B+1) and subsequent elements
in row A of TA array to zero, and all subsequent elements
in row A of TD array after TD(A,B) to 3000.

(iii) Having made an arrival at time TA(A,B), the aircraft A
may not depart from the station again on the same day.
This is shown by setting TD(A,B) and all subsequent
elements in row A of TD array to 3000. All subsequent
elements in row A of TA array after TA(A,B) are set to

zZero.

4,2 Flight Numbers

4.2.1 Flight numbers are stored in exactly the same way, and using
the same code, as the flight arrival and departure times.
ARRNO and DEPNO are the array names. Hence:-
(i) an arrival at time TA(A,B) has flight number ARRNO(A,B);
(i1) a departure at time TD(A,B) has flight number DEPNO(A,B);

assuming that the elements have significant values.

4,3 Gate Timetable
4.3.1 The planned movements for each gate area are stored in a similar

manner to flight movements. The activity times (either arrival
or departure on a gate) are held in the arrays GTA and GTD, each
row holding information about one specific gate.

4.5.2 All gate movements are included, and, for example in the GTA
array, the value of an element does not indicate whether the
arrival is from an inbound flight or is derived from the towing

of an aircraft to the gate in preparation for an outbound service.

4.3.3 The times are stored in such a way that a departure at time
GTD(A,B) is followed by an arrival at time GTA(A,B) which in
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turn departs at GTD(4,B+1). Laci. gate may have a differing
number of occupancies so, as with the TA and TD arrays, the
number of significant elements in GTA and GTD arrays may vary
from row to row. llence a code similar to that in 4.1.6 is
adopted. It is as follows:

(1) If the first movement on gate A (say) is a departure
then this time is stored in GTD(A,1) and the next arr-
ival in GTA(A,1). However, if the gate is empty over-
night and the first movement is an arrival, then GID(4,1)
is set to zero and GTA(A,1) is set to the arrival time.

(ii) If the last movement on gate A is an arrival at time
GTA(A,B), then all elements from GTA(A,B+1) to the end
of row A are set to 3000, and all elements in GTD array
from GTD(A,B+1) to the end of row A are set to zero.

(iii) If the last movement on gate A is a departure at time
GTD(A,B), then all elements in GTD from GTD(A,B+1) to
the end of row A are set to zero and all elements in GTA
from GTA(A,B) to the end of row A are set to 3000.

4.4 Gate limetable Flight lumbers

4.4.1

4.4.2

Gate timetable flight numbers are stored in exactly the same

way, and using the same code as the gate activity times, with

one extra significant number. If a gate movement is the commence-
ment or termination of an aircraft towing movement, then this

movement is given the flight number 2000.

'he array names are GARRNO and GDEPNO.

\ssuming that neither GARRNO(A,B) nor GDEPNO(A,B) has the value

2000, then:=-
Flight number GARRNO(A,B) arrives on gate number A at time
GTA(A,B) and departs from the same gate on flight number
GDEPNO(A,B) at time GTD(A,B).

4.5 Cross-reference to Link Flight with Gate iumber

4.5.1

At this stage, there is no quick way of connecting an outbound
flight DEPNO(A,B), (say) at time TD(A,B) with its departure gate.
1t is necessary to search the complete GDEPNO array until the
flight number given by GDEPNO(I,J) equals DEPNO(A,B). A similar
search is required to ascertain the arrival gate of an inbound
flight.
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4.5.2

4.5.3

4.5.4

4.5.5

To accelerate this process, two arrays GARR and GDEP have
been declared, These have the same dimensions as the arrays
TA and TD anil are given values such that for airecraft A,

i) GARR(A,B) contains the gate number of flight ARRNO(A,B)
scheduled at TA(A,B).

ii) GDEP(A,B) contains the gate number of flight DEPNO(A,B)
scheduled at T(A,B).

If aircraft A (say), departs from the same gate as it arrived
on, then GARR(A,B) = GDEP(A,B), however if the ground time is
sufficiently large, it may be removed to a parking area before
departure from a different gate, when GARR(A,B) ¥ GDEP(A,B).

If aircraft A has a departure as its first movement of the day
and is towed on to its gate then GARR(A,1) is given the value
2000 while GDEP(A,1) contains the departure gate number, If
the aircraft is already on Gate A at the start of the day, then
GARR(A,1) is given the value of the aircraft cycle number.
Similarly, if the last movement of aircraft A is an arrival,
flight number ARRNO(A,B) after which it is towed off the gate,
then GDEP(A,B) is set to 2000,

The non-significant elements of GARR and GDEP are given the
values O and 3000 respectively in accordance with the code for
TA and TD detailed in 4,1,.6.

4,6 Croes Reference to Link Gate Occupancy with Aireraft Cycle Number,

4‘6‘1

4.6.,2

The identification of an aircraft cycle number when studying
a gate arrival requires a search through the ARENO array
until the equality GARRNO(A,B) = ARRNO(I,J) is satisfied when
the value of I gives the cycle number of the gate arrival.
Similarly, for a gate departure the search is for GDEPNO(A,B)
= DEPNO(I,J).

As in 4.,5.2, to accelerate this process, two arrays ARRG and
DEFG were declared, serving a similar purpose to GARR and GDEP
foregoing.

Thus:

i) ARBG(A,B) contains the aircraft cycle number of in-
bound movement GARRNO(&,B) at time GTA(A,B) on Gate A.

ii) DEPG(A,B) contains the aircraft cycle number of out-
bound movement GDEPNO(A,B) at time GTD(A,B) from Gate A.
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4.6.2

4.6.3

If gate A is empty at the start of the simulated day, then
DEPG(A,1) is set to zero, and ARRG(A,1) is set to the value
of the aircraft cycle number forming the first occupancy.

The non-significant elements of DEPG and ARRG are given the
values of O and 3000 respectively in accordance with the code
for GTD and GTA detailed in 4.3.
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4.7

"Clean-rmm" Simulation.

This is defined as simulation into which no disturbances are injected.

4.7.1

4.7.2

4.73

4.7.4

At this stage it is possible to simulate, either manually or
on a computer, the arrival and departure of aircraft. The link
between arriving and departing flights has been made by TA, TD,
ARENO and DEPNO arrays. The gate occupancies are known by the
arrays GTA, GTD, GARRNO and GDEPNO.

The link between a flight movement and a gate is given by arrays
GARR and GDEP,

The link between a gate occupancy and a cycle number is given
by arrays ARRG and DEPG.

It is seen that there is a 100% arrival and departure on-time
performance. This is not realistic but, nevertheless, certain
important results are produced, as follows:

1) the gate timetable analysis,
i1)  the distribution of movements on an hourly basis,
iii) the frequency of tows and the number of tractors
needed.

"Grubby-run" Simulation.

This is defined, in this context, as the simulation into which delays
to aircraft movements are injected, but in which no action is taken to
reduce the disruption, It was used primarily to test the sampling

procedures and to select input delay distributions for use in the main

simulation,

4,8,1 Originating departures have actual departure times formed by
sampling from a distribution,

4.8,2 Actual arrival times are built up from a distribution of the
deviations from planned flight times, used in conjunction with
immediately previous departures from the same station.

4.8.3 Non-originating actual departure times are computed as follows:

1) If the scheduled departure time minus the actual arrival
time is less than the minimum turnround time, then:
actual departure time = actual arrival time + minimum
ground time + sample of station delay.
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4.9

4.8.3

4.8.4

4.8.5

4,8.6

4.8.7

ii) If the actual ground time is greater than the minimum,
then:

actual departure time = scheduled departure time +
sample of station delay.

No deviation from the aircraft integrations or the gate
timetable is permitted and flights due to arrive on a gate
which is occupied by a delayed departure must wait for
the gate to become vacant.

Clearly a facility must be provided whereby a flight can
have its gate altered during the simulation.

It is 8till assumed that, having been allocated to a

cycle, an aircraft will remain on the same cycle until

its completion. In practice, even assuming 100%
serviceability, this is not the case. When a flight crew
estimates a late arrival which would cause an inherent
delay to its next planned departure, them an aircraft
change is sought, which would reduce and possibly eliminate
the projected delay.

Any change to the integrations requires the gate timetable
to be correspondingly altered.

"Dirty-run" Simulation.

This is defined as the stage of the simulation when flights are
delayed as in 4.8, and also the facility to alter aireraft
integrations and gate timetables is incorporated.

A;Q.l

4.9.2

In this project, aircraft changes have been classified
into four categories, These are called:

i) DIRECT SWAP
1i) NIGHT-STOP DIRECT SWAP
1ii) INDIRECT SWAP
iv) NIGHT-STOP INDIRECT SWAP
These are now described in turn.
DIRECT SWAP.

This is defined as a change sequence which involves only two
aireraft and which eliminates the projected delay. The aircraft
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involved are not required to return to their original cycles,
with the result that there are two unscheduled turnrounds.

This can be represented schematically by:

C:gcle A al dl a2 d2 33 d3 bE X

Cycle B a4 ,///><; d4 a5 ds ab

a - represents an arrival

b - represents a departure
Horizontal displacement represents the passage of time.
In the original aircraft allocation, it is specified that the
flights to be performed by aircraft A and B should be:
al, d1, a2, d2, a3, d3
and a4, d4, a5, d5 and ab respectively.
By using a DIRECT SWAP these have been changed to:
al, d1, a2, d4, a5, d5, ab
and a4, d2, a3, d3 respectively.
Both d2 and d4 have turnrounds equalling or exceeding the min-

imum required for an on-time departure.

4.9.3 NIGHT-STOP DIRECT SWAP (N/S DIRECT SWAP)

This change sequence is similar to 4.9.2 with the added lim-
itation that at least one of the aircraft is restricted, (i.e.
it must be returned to its original cycle.) There are therefore
four unscheduled turnrounds associated with an N/S DIRECT SWAP.
Referring to the figure in 4.9.2, it is necessary for aircraft
A and B to return to their original cycles. This can be done
by planning for aircraft A to depart at d3, having arrived at
ab and aircraft B to depart at d5 having arrived at a3. This
change is referred to as the secondary reallocation whereas the
change a2 - d4 and a4 - d2 is referred to as the initial one.

The initial reallocation can by definition, in this type of
swap, always be performed with no inherent delay; however, the
secondary one may involve a projected delay. Referring to the
above example, it would appear that d5 could depart on time but
d3 may involve a delay.

ihus when N/S DIRECT SWAPs are being considered, the most im-
portant feature is the possible secondary reallocation delay.

4.9.4 INDIRECT SWAP
This change sequence involves a total of at least two aircraft,

none of which must be returned to its original cycle. Thus there
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is no secondary reallocation. The initial reallocation need
not eliminate the original projected delay. When only two air-
craft are involved, there is always an inherent delay; other-
wise the change would have been classed as a DIRECT SWAP., For

more than two aircraft involved, consider the following:

Cycle A al d1 ad ds -
Cycle B a2 d2 a6 dé a7 a7
Cycle C 4 BA‘ d3 aj a1 alo
Cycle D a4 \ d4 a8 dB all

Horizontal displacement represents the passage of time.
Let a represent arrivals, and d represent departures, and with
subscripts let them represent the flight times.
In this case, the change involves four unscheduled turnrounds,
where:
d2 - al » Ml but dl - a2 < M1
d3 - a2 > M but dl - a3 < M1l

d4 - a3 2 M1
For no initial delay, d1 - a4 » Mi;
otherwise d1 - a4 £ Mi,

In the above M1 is the minimum turnround time for no inherent

delay.

4.9.5 NIGHT-STOP INDIRECT SWAP (N/S INDIRECT SWAP)

This change sequence is similar to 4.9.4 with the added limit~
ation that at least one of the aircraft must return to its origin-
al cycle. When a total of X aircraft are involved and of these
Y are restricted there will be X+Y+1 unscheduled turnrounds, when
Y<X. If Y =X the number will be X + Y.

Referring to the figure in 4.9.4, assume that cycles A and D
are restricted with the result that the flights at d5 and d8 must
be operated by the original aircraft. This is possible by perform-
ing a secondary reallocation as follows:

aircraft arriving at a5 departs at d8.
" . % ab " " d5.
» " " a8 . " dé.
This secondary change may result in an inherent delay, in
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addition to the possible delay in the initial reallocation.
Thus, when considering N/S INDIRECT SWAPS, there could be up
to Y + @ inherent delays, Y again being the number of restrict-
ed aircraft involved in the swap.

4.9,6 There are frequently several aircraft change sequences which
could be applied to reduce a given delay. The selection of
a specific swap is done on the basis of maximum reduction (or
elimination) of the projected delay followed by minimum number
of unscheduled turnrounds per reallocation sequence. This is
done by the procedure ACCHANGE and is described in 5.1.

4.9.7 Gate changes are necessary when unscheduled turnrounds, caused
by aircraft changes, occur and also when the gate initially
planned for an inbound aircraft will not be vacant to permit
its scheduled occupancy. Since a gate timetable and a set of
aircraft cycles can be similarly represented in bar chart form,
both an aircraft and a gate change involve the manipulation of
the "bars" associated with the swap sequence so that the new
bar chart thus formed represents the new cycles. ‘lhus any pro-
cedures developed for performing aircraft changes can equally
well be used to perform simple gate changes where no aircraflt re-
allocation occurs as well, i.e. where there are no unscheduled
turnrounds. Let such a procedure be named ACCHANGE.

A call to this procedure using data representing the aircraft
integrations will result in search for an aircraft change to re-
duce a projected delay. Conversely, if the procedure is called
using gate timetable data, then the same logic will result in a
search for a gate change to reduce the time for which an inbound
aircraft would have to wait for its gate to become vacant.

However, when an aircraft change has been made, an immediate
call to ACCHANGE for a gate alteration does not suffice since
there are now ground times in the aircraft integrations which do
not correspond with the appropriate occupancies in the gate time-
table data. This discrepancy must be eliminated before ACCHANGE
is called., This process is performed by the procedure ALLCHANGE
as described in 5.3.

4.9.8 The change sequences listed in 4.9.2 to 4.9.5 were described in
terms of aircraft changes. The significance of each type as a



gate change is now considered.

4.9.8.1 Direct Swap.

Gate 1 dl al d a a3 a3 d5
_Gate 2 a2 a2 d =a a4 a4 dé =

d - represents the departure of an aircraft from a gate.

a - represents the arrival of an aircraft onto a gate.

4.9.8.2

4.9.8.3

This type of change if accepted, results in all the
occupancies originally on Gate 1 from al onwards to
be moved to Gate 2. Similarly all movements originally

on Gate 2 from a2 onwards are now planned for Gate 1.
N/S Direct Swap.

In the above diagram if the occupancy a3?-d5 could not
be accommodated on gate 2 because of gate/aircraft
limitations, it is necessary to perform a secondary
allocation such that:

a3 follows d4 on gate 1
a4 follows d3 on gate 2.

Occupancies after d5 and d6 remain on their original
gates,

Indirect Swap.

This change involves a total of at least two gates

on one of which at least, a gate hold will be
experienced because of interfering occupancies. None
of the gates have aircraft type limitations so
secondary changes are not required.

Referring to the chart in 4.9.4, cycle A, B, C and D
should be regarded as gates A, B, C and D. The
jdentifiers a( ) represent the end of occupancies
while d( ) represent their start time,

Thus after INDIRECT SWAP, the gate plan becomes

gate A

occupancies al, d2-a6, d6-a7, d7.
occupancies a2, d3-a9, d9-alO.
gate C - occupancies a3, d4-a8, d8-all.
gate D - occupancies a4, dl-a5, d5.

gate B
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4,9.8.4 N/S Indirect Swap.

This is similar to the above with the added
condition that certain occupancies are limited
to certain gates because of gate/aircraft
restrictions, This results in a secondary set
of gate changes as described in 4.9.5 under
aircraft reallocation.

4,10 Towing Movements.

4,10,1 In this simulation, towing is performed purely in the
interest of gate utilisation, i.e. to avoid having long
gate occupancies. Such long occupancies can be reduced
by setting up an overspill area which can be used to park
aireraft but which cannot cater for passengers. It is
simply an off-line non-operational parking area with
reasonable access to the operational gate areas.

4,10,2 A gate timetable shows the planned occurrence of movements
between this area and the gate areas. In practice, the
towing of an aircraft between these areas is affected by
the maintenance state of the aircraft and by the availability
of towing vehicles. When engineering personnel are working
on an aircraft positioned on a gate, they are unwilling
to stop to permit the aircraft to be towed to the parking
area. The simulation does not permit such a tow to be
cancelled for this reason and it will accept the reduction
in ground time available to the engineers. However, tows
can be cancelled when it is seen from arrival estimates that
there will be insufficient time to move the aireraft,
repogition it and make an on-time departure. The gate
timetable is altered in compliance with the new planned
occupancies.

4.,10,3 Within BEA, there are two sources of information relating
to towing movements. One is the towing crew supervisor who
records the time of hitch-up and completion of each tow

providing accurate tow duration times. The second source is the



controller of rump movements who records the time at which

he requested the tow and again the completion time. However,
the tow is often called for earlier than necessary in an
attempt to provide the towing supervisor with a work programme.
Thus the tow commencement may occur some considerable time
after the initial request either because of the above reason
or simply because of a tug shortage. It is therefore more
realistic to form a distribution of actual towing times and

to limit the number of tugs available, rather than to use the
"Pime requested - time completed" distribution with no formal
limitations on the number of tugs in use at any one time. The
delays caused by tug shortage can be estimated. When a request
for a tow is made, the simulation checks for a free tug and
sets the tow to commence five minutes later. If no tug is
free, then the tug availability check is repeated every minute

until one is free, five minutes after which the tow commerices.

4.10.4 Tug shortage can affect the gate timetable and punctuality in
two ways. Firstly, it can delay the arrival of an aircraft
on a gate, after a tow from an external parking area, thus
delaying the outbound flight. Secondly, an aircraft waiting
on a stand to be towed out, can cause an aircraft inbound to
that same gate to hold for the gate to clear, possibly affect-
ing its outbound punctuality. The length of any delay to the
start of a tow is recorded and output in histogram form. Such
a delay need not necessarily incur a flight delay since the
towing time is sampled from a distribution and the actual tow
time is frequently less than the length used as a standard
when formulating the gate timetable. Any departure delay
caused by the late arrival of a towed aircraft at a gate,
whether due to tug shortage or large towing time, is recorded
and output in a separate histogram.

4,11 Overnight Station Maintenance Inputs

4,11.,1 The wisdom of a policy of performing overnight minor mainten-
ance at stations apart from the main maintenance base of an
airline such as BEA is not discussed or questioned in this pro-
ject. However, having accepted the policy, certain limitations
to aircraft changes can be incurred. Those aircraft requiring
such maintenance must remain allocated to the "maintenance

feed" flight unless its maintenance check can be deferred and
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another aircraft substituted for the maintenance staff to
work on., This decision can be reached only by those who
monitor and record such figures as the number of elapsed
and flying hours since previous checks, number of landings,
component lives, etc. These figures are not recorded or
updated in this model for reasons of program complexity
and size. It is felt it would therefore be imprudent to
allow any deviation from the overnight maintenance plan.
Assuming cycle A (say) terminates at an outstation for
maintenance on a specific day, then the program will always
ensure that the initially allocated aircraft will perform

' that last sector. It may not have performed all of the
earlier flights in its initial cycle, but will certainly

be returned for the "feeder" sector.

4,11,2 Similarly it is possible to ensure that a specific aircraft
will return to the station Leing studied on a particular
flight. Of the carriers studied, the latter condition is
of less importance to BEA than to American, Delta, United
or Western, because at Heathrow no mandatory time interval
overnight maintenance is planned. The maintenance performed
is based on the defect state of the aircraft as found through-
out the day's flying. Therefore it is impossible to specify,
one night, the precise maintenance requirements for the next,
Thié led to the decision that for BEA, no restrictions, for
servieing reasons, would be placed on aircraft with flights
terminating at Heathrow.

4.11.5 Conversely, with the other carriers studied, considerable
mandatory maintenance is in fact carried out at main stations.
Consequently, when simulating these stations, it is imperative
that specific aircraft remain mated with specific flights, and

the simulation is capable of ensuring this.

4.11.4 The input data indicates those cycles for which the last
sectors are maintenance feeds. It is assumed by the program
that the aircraft allocated to the first sector of such a
cycle must perform the last sector and will accordingly allow
no changes to be made to the last. Row I of the arrays YA and

TD represents one cycle for which an aircraft is required. The

33



simulation assumes that aircraft I is planned to perform
it and consequently, need not know that aircraft I does,
in fact, have the registration G-ARPA.
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5.1 "Procedure" ACCHANGE
5.1.1 Object of ACCHANGE

This procedure is utilised when a disruption which adversely
affects punctuality has occurred. It is not called directly
from the simulation but via thie procedures ALLCHANGE or GATE-
ALTER, which set up the input parameters for ACCHANGE and are
described in 5.3 and 5.2 respectively. The disruption may
take the form of a late arriving aircraft, which would result
in a departure delay to the next outbound flight, making it
desirable to perform an aircraft change. Alternatively, an
early arrival could find its planned gate not yet vacant, nec-
essitating a gate change. A station delay could similarly re-
quire a gate change and if large, also an aircraft change. It
was seen in Chapter 4, that a gate timetable and aircraft integ-
rations can be represented in similar ways by use of the arrays
GTA with GTD and TA with TD respectively, and that a gate change,
which involves no unscheduled turnrcunds, is analogous to an
aircraft change.

ACCHANGE calls other procedures which list possible changes,
classifies them into one of the four types described in 4.9.2
to 4.9.5, and selects the specific change sequence which, it de-
cides is least disruptive using the logic described in 5.1.3.
It then compares the effect of this suggested change with the
projected effect of the original disruption and selects the
better. If any changes from the plan are decided upon, ACCHANGE
calls procedures to implement them and assigns values to output

parameters reflecting these alterations from plan.

5.1.2 The Formal Parameters of ACCHANIGE are:
TA,TD,ARRNO, DEPNO,GARR,GDEP,A,B,M1,AC,X1,Y1,STA, NS, NOCHANGE,
TIMETABLE.

5.1.2.1 Input Parameters
TA,TD,ARRNO,DEPNO,GARR and GDEP are integer arrays for
which the integers X1 and Y1 define the number of col-

umns and rows in each array.
" 5.1.2.1.1 When ACCHANGE is called to perform an aircraft change,

these arrays contain details of the aircraft integra-

tions:-
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5¢1.2.1.2

j.e. TA and TD contain flight arrival and depart-

ure times respectively,

ARRNO and DEPNO contain flight arrival and

departure service numbers respectively,

GARR and GDEP contain details of the gates

planned for each movement.
It is emphasised that, as formal parameters of a
procedure, these arrays do not necessarily contain
the same values as do their namesakes described in
Chapter 4. When an aircraft change is being sought,
the values given to the formal parametric arrays
above, will be copied from their namesakes which are
declared as global to the whole simulation. Even so,
only those elements of the global arrays which could
be of interest to ACCHANGE are copied. This process
is performed by the procedure ALLCHANGE which is des-
cribed in 5.3.

when ACCHANGE is called to perform a gate change,
these formal parametric arrays contain details of
the gate timetable:-
i.e. TA and TD contain gate departure and arrival
times respectively,
ARRNO and DEPNO contain gate departure and
arrival flight numbers respectively,
GARR and GDEP contain details of the cycle
number of the aircraft which is performing
each occupancy.
The values given to these parameters are obtained
from the global arrays GTD,GTA,GDEPNO,GARRNO,DEPG
and ARRG respectively. The contents and signific-

ance of these arrays are given in Chapter 4.

It can be seen, therefore, that irrespective of wheth-
er the change being sought concerns gates or aircraft,
the values of the arrays in the formal parameter list
are such that they represent in bar chart form, the
following diagram:

37



B 2 3 4

7A(C,D) ™(C,D) TA(C,D+2) ™(C,D+2)
ARRNO(C,D) DEPNO(C,D) ARRNO(C,D+2)  DEPNO(C,D+2)
GARR(C,D)  GDEP(C,D) GARR(C,D+2) GDEP(C,D+2)

where C and D represent any value within the array
bounds, and where "bar" 1 signifies either:

i) a flight is due to arrive at time TA(C,D)
on service number ARRNO(C,D) at gate
GARR(C,D).,

or ii) an aircraft belonging to cycle GARR(C,D)
is due to leave Gate C at TA(C,D) on service
number ARRNO(C,D).

Similarly "bar" 4 signifies either:

i) a flight with number DEPNO(C,D+2) is planned
to depart at T(C,D+2) from gate GDEP(C,D+2),
operated by the aircraft on cycle C.

or ii) an occupancy of Gate C which is planned to
commence at TD(C,D+2) with the arrival of
flight number DEPNO(C,D+2), operated by
the aircraft from cycle GDEP(C,D+2),

The input parameter M1 is an integer and is given a
value corresponding to the minimum turnround time of
an aircraft or the minimum separation time between
gate occupancies, dependent on the type of change being
sought by ACCHANGE.

The input parameters A and B are integers, having values
defining the initial disruption which necessitated the
calling of ACCHANGE. i.e. TD(A,B) - TA(A,B) < M1.

STA is an integer parameter which contains the value
which TA(A,B) would have had,if no deviation from plan
had occurred.

AC is a one~dimensional array with Y1 columns, such that
AC(I), say, refers to row I of the arrays TA, TD, etc.
The values of the elements of AC are such that AC(I) = 1
if row I of TA and TD arrays refem to an aircraft cycle
or to a gate which is restricted and which should

not form part of a DIRECT or INDIRECT type swap., If
row I is not limited, AC(I) is set to zero.
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5.1.2.2

When considering a gate change, it is attempted to
keep as many departures as possible on the originally
planned gates. This is done because the original gate
for the departure may have already been posted on the
display board and some passengers may already have con-
gregated at this gate. An alteration of an arrival
gate does not result in this problem. Any deviation
from the plan should be of short duration, and the
original gate allocation should be returned to as soon
as possible. This specifies that gate changes should
preferably be of type N/S DIRECT or N/S INDIRECT. This
is in contrast to aircraft changes where if possible,
the new allocation is adhered to, and the preferred
changes are of type DIRECT and INDIRECT. By setting
the value of all elements of the array AC to 1 when
considering a gate change, ACCHANGE classifies all poss-

ible changes into the category N/S DIRECT or N/S INDIRECT

which is as required for gate changes. For aircraft
changes, AC(I) is set to 1 only when aircraft cycle I is
a "maintenance feed" cycle, so that all types of changes

are possible.

TIMETADLE is a procedure which was used during program

development to print intermediate values of array elements.

It is not necessary for the execution of ACCHANGE.

Output Parameters
NS and NOCHANGE are Boolean quantities to which ACCHANGE

assigns the value 'true' or 'false' dependant on the type

of change, if any, chosen by the procedure. When it is
decided to accept the original delay and not perform any
changes, NOCHALGE is given the value 'true' and NS the
value 'false'. When a change is decided upon, NOCHANGE
takes the value''false' and if the selected change is of
type N/S DIRECT or N/S INDIRECT, then NS takes the value
'true'. Otherwise NS is set to 'false'.

The arrays TA,TD,ARRNO,DEPNO,GARR and GDEP, on exit
from the procedure, have been altered to incorporate the
selected change.
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5.1.3 Logic used by ACCHANGE
The steps taken by ACCHANGE are summariged below:

1. Disruption is identified.

2. Possible swaps are compiled.

3. These swaps are categorised.

4. DIRECT SWAPS are considered first and if more than one
exist the best is chosen.

5. The INDIRECT SWAPS are studied and if any exist eliminat-
ing the projected delay, the best is chosen from these.

6. When all INDIRECT SWAPS involve a delay, the categories
N/S DIRECT and N/S INDIRECT are searched for changes
which, though more involved, will eliminate the delay.

If such swaps exist, the best is selected, with N/S
DIRECT swaps being preferred to N/S INDIRECT ones.

7. When all possible changes involve a delay, the best is
selected on the basis of average delay per delayed flight,
total number of delayed aircraft and the number of aircraft
involved in the swap.

8. The necessary changes are made to TA,TD,ARRNO,DEPNO,GARR
and GDEP to incorporate the selected change.

9, NS and NOCHANGE are assigned their significant values.
Separate procedures have been developed to select the best
change within each swap category. These are described in 5.12,
5.13, 5.14, and 5.15. Similarly other procedures compare the
punctuality performance of one category with that of another
and select the best. These are described in 5.16, 5.17, and
5.18. Sections 5.10 and 5.11 describe the procedures which are
used to manipulate the input arrays in accordance with the
selected change.
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he? Prooedure GATEALTER
5¢2¢1 Objeot of GATEALTER

This procedure is called from ALLCHANGE or from the main
block of the simulation. Its flunction is to eliminate or
reduce projected gate holds by rearranging gate occupancies.

He2e1e1 Section 4.9 refers to the similarity between gate
timetables and aircraft integrations and shows how
aircraft and gate changes are similarly def'ined.
Section 5.1 describes the procedure ACCHANGE and how
its formal parameters can be used to represent either
type of timetable. However, it is important to
realise that when studying a gate reallocation
problem, ACCHANGE amends only the gate timetable
arrays and does not update the flight integration
arrays GARR and GDiP. Apart from calling ACCHANGE,
this is the function of GATEALTER, Section 5.3
considers the corollary where ALLCHANGE performs
similar transactions when considering aircraft

changes.

5¢2¢1¢2 The formal parameters of ACCHANGE include six arrays
which describe the timetable to be studied and two
integer values identifiying the specific movements
which are apparently incompatible. These parameters
must be assigned values by GATEALTER, The gate
timetable arrays in particular may be offered to
ACCHANGE in either global form i.e all gates may be
considered homogenous, or else in local férm, iee
the gate timetable is subdivided into gate areas
and each occupancy is restricted to the gates within its
originally planned area.

In the former case, the parameters of ACCHANGE can
be the globally declared gate timetable ones
(GARRNO, GDEPNO etc) while the latter approach
requires local arrays to be derived from their
global counterparts, dependant on the area to which
the unacceptable occupancy belongs.
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5e242

HeZe1e2 (continued)
It was decided to treat all gates as being homogenous
so there is no necessity for local arrays to be
declared in GATHALTER, The reasons underlying this

decision are discussed in section 8.7,

Formal Parameters of GATEALTER

These are GDEPNO, GARRNO, DEPG, ARRG, GTD, GTA, ARRNO, DEPNO,
GARR, GDEP, A, B, SEP, ICOL, IMAX, ACCHANGE, TIMETABLE, of
which A, B, SiP, ICOL and IMAX are integer variables, ACCHANGE

and TIMETABLE are procedures and the remainder are integer arrays.
5¢2e2¢1 Input Parameters
All are input parameters with the following significance:
GDEPNO, GARRNO)

GID , GrA ) described in Chapter 4. The same variable
DEPG, ARRG )

represent a gate timetable in the manner

names are used.

ARRNO, DEPNO ) represent aircraft integrations as
GARR, GDZP ) described in Chapter 4. The same variable

names are used.

IMAX contains the total number of gates
available for use, i.e the number of rows

in the gate arrays.

ICOL contains the number of columns in the

gate arrays.

SEP is the planned minimum separation time

between succesive gate occupancies.

A and B are integer variables and identif'y the
occupancies which are incompatible by
ref'erring to row and column numbers
of the gate arrays.

The incompatible movements are:
gate departure at time GTD (A,B)
gate arrival at time GT4A (4,B)

TIMETABLE is a procedure used during program testing
and is not required for the execution of
GATEALTER,

ACCHANGE is the procedure described in section 5.1.
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5¢2.2,2 Output Parameters.

None of the parameters is used solely to transfer
data to the calling point of the program, The
results of the procedure are evidenced by the
alterations made to the gate and aircraft
integration arrays.

5¢2+3 Logic Used by GATEALTER.

i) Input parameters of GATEALTER identify two gate move-
ments which are incompatible. These values and the
gate timetable arrays form the first eight formal
parameters of the procedure ACCHANGE which is called
by GATEALTER. If no gate reallocations are possible,

a marker is set indicating that no further action is
necessary from GATEALTER and that the simulation must
accept for the present, that a gate hold is unavoidable
for at least one occupancy. Program control returns to
the point from which the procedure was called.

The following activities apply when gate changes have
been made,

1i) Bach gate movement is studied in turn and the cycle
number of the operating aircraft is ascertained by
reference to the arrays ARRG and DEPG. The value is
stored in ROW,.

1ii) The element of the aircraft integration arrays, which
refera to the flight forming the gate movement, is
identified by ascertaining the value of its column index
COL such that
GDEPNO (I,J) =  DEPNO (ROW,COL)
where GDEPNO(I,J) is the gate departure being studied
DEPNO 1is part of the aircraft integrations
ROW  is evaluated as in ii)
CcoL is increased in steps of one from the value
one until the above equality exists,
The same procedure applies to gate arrivals.

iv) Care is taken to ensure that a gate movement caused by
a tow-off or a tow-on is not studied in this manner since
the equality will never be satisfied. This is so because
towing movements are represented on the gate plan as

having dummy flight numbers which will not appear in the
aircraft cycles.
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v)

vi)

The array GARR or GDEP, whichever applies is updated by

the statement
GARR(ROW,COL) or GDEP(ROW,COL): = I

This statement will alter the element value only if the

flight identified by ROW and COL has had its gate changed.

Otherwise, the element will have the same value before
and after assignment,

Activities ii) to v) are repeated for each gate
movement,

It would appear wasteful to process every gate movement when in

most cases the result will be to overwrite the value of an

element in GARR or GDEP with its own value.

methods achieve speed of execution at the expense of a higher

core storage requirement. Backing store was considered but
results in a greater time penalty than does the adopted method
due to the large number of tranafers involved, The alternative
methods include:

a)

b)

Copying the globally declared gate arrays into locally
declared ones for presentation to ACCHANGE, The two can
then be compared to isolate gate changes, This implies
a further six arrays equal in size to the global ones,

However, altermative

Altering ACCHANGE to include an additional output parametric

array which could contain a series of pairs of numbers such

that:

i) one number of each pair identifies, on the amended
timetable, a gate which has been altered.

ii) The second number indicates the column number which
refers to the new occupancy.

Since the array size must be defined before it is possible
to ascertain the number of significant entries, it must be
set to the maximum possible. Though highly unlikely to
occur, it would be necessary to set the size such that
each gate movement is allocated two elements.
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It can be seen that both alternatives involve a high penalty
of extra core requirement which is undesirable in view of its
already large usage. In addition, although not essential,
the adopted method offers a good opportunity to ensure the
integrity of the cross reference system.

5¢3 "Procedure' ALLCHANGE

5e3.1

5.3.2

Object of ALLCHANGE.

This procedure is called directly from the simulation when

it is discovered that an inbound aircraft is estimated to
arrive so late as to cause a delay to its planned outbound
sector. ALLCHANGE selects aircraft which could be used in

a change sequence, and using them, calls procedure ACCHANGE

to select the most suitable change.

If no alteration to the integrations can be found to improve
the situation, a gate change may still be necessary, GATEALTER
is called for this purpose.

However, when an aircraft change is required, there now exist
turnrounds which are not catered for in the gate timetable,
ALLCHANGE studies these umnscheduled ground times in sequence
and, unless the aircraft in question is already on the ground,
it leaves the outbound flight on its original gate and transfers
the new inbound flight to this gate, if it will be vacant in
time. Otherwise a further gate change for the complete
occupancy is required, When one of the aircraft involved is
already on a gate, the associated outbound flight is transferred
to this gate. If this causes the following occupancy on the
same gate to be affected, then a gate change for that occupancy
is carried out, This process of altering the gate timetable
to suit the new aircraft integrations is repeated for each
unscheduled turnround.

The Formal Parameters of ALLCHANGE are:

X1, A and AC,

ALLCHANGE is declared inside the block where the arrays TA,

™, ete., are declared, Thus any use of these array names
refers to the global variables and not to formal parameters

as was the case with ACCHANGE. An array XX (say) could be
declared as a formal parameter, but since ALLCHANGE is always
used in the same context, operating on data representing the
same type of situation, the array TA (say) will always occur in

the XX position when the procedure is called. There is therefore

no requirement for a long list of formal parameters as exists in
ACCHANGE., 45
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5¢3.2.1 Input Parameters.
Xl and A are integer quantities which contain
respectively the number of columns in the TA and
T arrays, and the row number of the originally
disturbed cycle. AC is an integer array which has
the same significance and values as the globally
declared array NSAC (see 6.9.15).

5e3e2,2 Output Parameters.

There are no specific output parameters as such,

due to all operations being performed on global
variables,

Logic of ALLCHANGE.

In this section, unless otherwise stated, the identifiers
TA, TD, ARRNO, DEPNO, GARR, GDEP, GTA, GTD, GARRNO, GDEPNO,
DEPG and ARRG refer to the globally declared arrays as
described in Chapter 4 and not to the formal parameters of

procedures.

5¢3¢3s1 The arrays IN, OUT, FLIN, FLOUT, GIN and GOUT are
declared to have Y1 rows and X1 columns with the
exception of IN which has row numbers from O (zero)

to X1.

Initially all the elements in IN, FLIN and

GIN are set to zero, while all elements in OUT, FLOUT
and GOUT are set to 3000, These arrays correspond
to the arrays TA, TD, ARRNO, DEPNO, GARR and GDEP
respectively, and the values which their elements
assume are derived from their global counterparts.

These newly declared arrays, when assigned values,

are then used as the first six parameters of procedure
ACCHANGE., This is done so that those aircraft which
cannot possibly be used in a swap are not even
considered by ACCHANGE. Such aircraft could include
one which in practice:-

(1)

or (i1)

or (1ii)

has departed from the station not to

return on the same day,

is allocated to a departure, for which
everything is prepared with the passenger
aboard,

is allocated to a departure which if altered

would incur a separate delay, due to the proximity
of departure time, even though the passengers

were not aboard.
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5.3.5.1

5e3.3.2

The number of rows of the TA and TD arrays which
ACCHANGE must study is significantly reduced. When
an aircraft is considered eligible for inclusion

in the ACCHANGE parameters, it is not necessary to
include details of its activities previous to its
preceding activity time. This results in the arrays
IN,0UT,etc., having fewer significant columns than
their global counterparts, again speeding the
execution of ACCHANGE., In addition, arrays TA and TD
are not updated to include arrival and departure
delays because their elements are compared with
actual activity times when computing punctuality.
ACCHANGE must be presented with actual, or at worst,
estimates of actual, times, so that a realistic change
sequence may be found., This realism can be provided
by use of arrays IN and OUT, but not by TA and TD.

Assignment of values to elements of arrays IN,0UT, FLIN,
FLOUT, GIN and GOUT.
Row 1 of these arrays contains details of the aircraft
cycle for which a change is sought, this being defined
by integers A and B such that, when Ml is the minimum
turnround time,

TD(A,B)-(TA(A,B)+DELAY) <M1,

IN(1,1) is given the value of the actual or estimated
arrival time on a gate.

0UT(1,1) is given the value of TD(A,B)
FLIN(1,1) » » » w»  w aAppNO(A,B)
FLoor(1,1) "~ " n m " DEPNO(A,B)

eIN(1,1) n » " " " GARR (A,B)
cour(1,1) » » m " GDEP(A,B)

The remainder of the rows of the global arrays
oceurring after column B, is copied into row 1 of
their corresponding local arrays with ascending columm
number, Thus each local array has its first row
identical with part of the corresponding row of the
relevant global array, with the exception of IN(1,1)
which does not equal TA(A,B).
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A similar process is used to form the subsequent rows
of the local arrays, in which will be listed details

of aircraft which could conceivably form part of an
aireraft change sequence, Least disruption is caused
if there is an aircraft which has completed its planned
flights for the day and is available as a standby.

Thus ALLCHANGE first searches for such an aircraft

and if successful ascertains the values of I and J
(say) which specify the last arrival, flight number
ARRNO(I,J) which was operated by that aircraft.

IN(2,1) is now given the value of the time when aircraft
I, having been positioned on a gate, could become
available for allocation to a flight. When the aircraft
is already on a gate, it is given the value of clock-
time, otherwise the towing time average is used to
estimate an arrival time which is given to IN(2.1).

The remainder of this row of array IN, and the complete
row of OUT, FLIN,FLOUT,GIN and GOUT are given values in
an exactly similar manner as described for the aireraft
number A above. Each unallocated aircraft is treated
in this way, with the row number of the local arrays
being updated by one each time., When even only one
such aircraft is found, there is no attempt to include
an allocated aircraft in the arrays at this stage.

However, when there are no unallocated aircraft available,
the fleet must be re-studied and possible participants

in a swap sequence extracted and listed in the local
arrays exactly as above. It is only the first element

of any significant row of the array IN which is not
copied from the corresponding global array. At the
simulation time when the change is being sought, it is
the position relative to the gate area and the next
activity time which determines the value of IN(I,1).

Considering the aircraft belonging to cycle C of TA array,
the different values given to IN(I,I) are shown below:
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5e3e342

POSITION NEXT ACTIVITY VALUE T0 IN(I,1)
minutes

FLYING DE-BRIEF TIME OF DEBRIEF + 20
FLYING LANDING ESTIMATE OF LANDING TIME
ON GATE TOW TO PARKING AREA SIMULATION TIME

ON GROUND ARRIVAL BY TUG ON GATE ESTIMATE OF ARRIVAL TIME
ON GROUND ARRIVAL BY TUG IN PARKING CLOCKTIME + AVERAGE TOW-

AREA TIME FROM PARK TO GATE
IN PARK AREA DEPARTURE TO A GATE BY TUG CLOCKTIME + AVERAGE TOW-
TIME + 5
ON GATE DEPARTURE ON FLIGHT ATRCRAFT CONSIDERED ONLY

IF CLOCKTIME + 45 < DEP-
ARTURE TIME. IN THAT CASE
IN(I,1) = CLOCKTIME.

The zero column of array IN, i.e. IN(I,0), is,

in each row, allocated the value of the row number
of TA to which the aircraft now in row I of IN
belongs originally.

5.3.3.3 Aircraft Changes.
The locally declared arrays, IN,O0UT,FLIN,FLOUT,GIN
and GOUT form the first six parameters of ACCHANGE.
Thus on exit from this procedure, these local arrays
contain unscheduled turnrounds if a change sequence
has in fact been selected by ACCHANGE. ALLCHANGE
studies every tumround in the local arrays and
identifies the unscheduled ones by comparing them to
those originally planned and still recorded in the
global arrays.

The arrival FLIN(A,B), say, was originally planned

to be operated by the aircraft on the integration
represented in row IN(A,0) of the global arrays,

provided B has the value 1. The flight numbers in

row I of ARRNO, where I = IN(A,0) are studied until

a value of J is found such that FLIN(A,1) = ARRNO(I,J).

An unscheduled turnround exists if FLOUT(A,1) # DEPNO(I,J).
Similarly, secondary changes are identified by ascertaining
for a given arrival, FLIN(A,B) say, the values of I

and J for which FLIN(A,B)=ARRNO(I,J) but FLOUT(A,B)£DEPNO(A,B)
In this case, the value of IN(A,0) does not provide the
value of I,
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5.3.3¢3

5¢3.3.4

The identification of unscheduled turnrounds does
not permit any immediate alteration to the gate
timetable since such occupancies do not exist on

the gate plan. However, the elements of the arrays
GIN and COUT were re-arranged quring the execution
of ACCHANGE in precisely the same manner as were the
other integration arrays IN,OUT,FLIN and FLOUT.
Consequently the gate number originally planned for
flight FLIN(I,J) say, is held in the element GIN(I,J)
irrespective of whether FLIN(I,J) is involved in an
unscheduled turnround or not. The cross reference
between flight departures and originally planned gate
numbers is similarly safeguarded by ACCHANGE,

When studying an unscheduled turnround, ALLCHANGE is
interested in only two aircraft, viz. the one performing
the turnround and the one which should have operated

the tumround's departure. The type of change sequence
is of no interest to ALLCHANGE; these two aircraft must
be identified irrespective of the type of reallocation,
be it NSINDIRECT or DIRECT. It is the location of

these two aircraft relative to their original gate
occupancies which determines the action to be taken

by ALLCHANGE.

Changes to the Gate Timetable caused by Unscheduled
Tumrounds.

As stated in 5.3.1, ALLCHANGE attempts to leave
departures on their originally planned gates and to
alter only arrival gates to accommodate unscheduled
turnrounds. This indicates that the values held in
the local array GIN be amended in preference to those
held in GOUT, Having identified an unscheduled
turnround as described in paragraph 5.3.3, the rigid
application of this policy whereby the arrival gate
is altered, could result in the following activities:-
i) Ascertain the original gate occupancy which
contains the departure of the unscheduled
turnround.
ii) Alter the details of the arrival movement of
this occupancy to those of the unscheduled
turnrounds arrival,
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5e3e3.4 1ii) Identify the element in array GIN which
refers to this arrival and alter its
value to that of the new gate.

In general, these activities can be applied to every
unscheduled turnround encountered in a swap sequence
and will correctly alter gate occupancies provided
the simulation has ensured that none of the aircraft
involved in the change exhibit any of the following
properties:- :

a) already positioned on a gate,

b) planned for a double occupancy turnround
(1.e. tow-off and tow-on),

¢) not allocated to a departure.

Clearly these conditions must be allowed for and
although the initial concept of altering arrival gates
in preference to departure ones is valid, it must be
amplified considerably. This is best illustrated by
the examples in 5.3.3.5 and 5.3.3.6.

Before proceeding with the more elaborate methods
required to alter original occupancies to comply with
those incurred by unscheduled turnrounds, it is
necessary to highlight an additional amendment necessary
to maintain the integrity of the cross reference arrays
ARRG and DEPG. On each disturbed cycle, after the
initial reallocation, there may remain turnrounds
which have not been altered in themselves but which
are now being operated under a new cycle number,
Consequently, on the gate timetable, even though these
turnrounds are represented by original occupancies in
terms of flight numbers, the elements of the arrays
ARRG and DEPG referring to them contain the value of
the original cycle numbers, These must be altered to
the new values., The procedure INTERSWOP has been
developed for this purpose and is described in section
5.4, It is called after the identification of the two
aircraft involved in the unscheduled turnround.
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5e3.3.5

Consider only "direct awops", i.e. only two
aircraft involved.

Original integration represented by

cycle If Al Bl

cycle I2

A2 D2

I1 and I2 are the row numbers in the global
arrays.

The re-allocation results in the cycles

Al D2

LOCAL AR RATC
row Cl cross
referred to I1.

cycle I2 A2 Dl row C2 cross

referred to I2.

eycle I1

After exit from procedure ACCHANGE, only the local
arrays show the amended integrations in rows C1 and
C2. Rows Il and I2 in the global arrays remain
unchanged.

The amendments to the gate timetables depend on the
relative position of CLOCKTIME to the times of Al and
A2 and also the types of occupancies originally planned
for the scheduled turnrounds, Since ALLCHANGE is only
called at air-debrief time, the arrival time of Al must
occur later than the current value of CLOCKTIME, For
the swap to be accepted by ACCHANGE, the time of A2
must precede that of Al,

Hence a direct swap can be represented by one of the
following situations. The diagrams all refer to gate
timetable occupancies as originally planned.

i) cufcm'm € A2 <11
Al D1

gate G1

e Do gate G2
CLOCKTIME

Neither aircraft has arrived so it is acceptable
to replace A2 with Al and vice-versa. This is
done in the sequence:-
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i)

ii)

a) Local arrays are scanned to idemtify
unplanned turnrounds. Since they are
studied in ascending row order, Al-D2
is always processed before A2-D1.

b) Departure gate of D2 is identified as is
the element in the gate timetable arrays
referring to A2, These values are over-
written by those referring to Al. Thus
details of Al now appear twice in the gate
plan and those of A2 not at all,

¢) The tumround A2-D1 is next identified as
is the departure gate of DI1.

d) As in b), the elements referring to the
original Al, i.e, on gate Gl are identified
and overwritten with details of A2,

The possible interference of the new occupancies
with preceding ones is not investigated at this

stage.
A2 € CLOCKTIME < Al.
£, ,DP1 gate Gl
L;_ .  gate G2
A2 i D2’
CLOCKTIME

Aircraft as on cycle I2 has already commenced its
occupancy A2-D2, Both aircraft are planned to

have single occupancy turnrounds. Tumround A2-D1

must be accommodated on gate G2, and if poassible,
Al-D2 should be planned to succeed it. This is
unlikely unless D27” D1 and the delay on Al is
such that Al> D1, These comparisons need not be
made provided the facility for performing gate
changes exists before exit from ALLCHANGE. This
is available.
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ii)

iii)

iv)

The sequence of activities is as follows:

a)

v

e)
a)

e)
£)

g)

h)

i)

Local arrays are scanned and the umscheduled
turnround A1-D2 is identified.

Arrival Al is seen to be operated by an
aircraft which is not occupying a gate.
Further scanning of the local arrays
identifies unplammed turnround A2-D1,
Arrival A2 is seen to be operated by an
aircraft already positioned at its gate.
Departure D2 is overwritten by departure Dl1.
The occupancy Al-D1 on gate Gl is deleted
from the gate timetable,

Further scanning of the local arrays re-
identifies turnround A1-D2.

Gate G1 is identified but the absence of
arrival Al on it indicates that a new gate
for A1-D2 must be found.

Gate G2 is chosen and the occupancy Al-D2
is inserted after A2-D1, Interference
between the two is not considered at this
point.

A2 and A1 £ CLOCKTIME,

This situation camnot exist since ALLCHANGE is
called only at the point of air-debrief of the
aireraft, i.e. before Al has arrived. Section
6.7 refers.

CLOCKTIME £ A2 < Al, and the turnround A2-D2

has a double occupancy.

Gate G1
Al bl

A2 o Gate G2

Tov , Gate G3.

CLOCKTIME D2

1
I
I
i
|
I
I
1
¥
'

Neither aircraft has arrived so all three
arrival gates may be amended if necessary,
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5¢3.3.5

iv)

v)

The turmnround ending with departure D2 has a
double occupancy and is retained as such even
though operated by a different aircraft. The
time of arrival Al may result in insufficient
time for such a tow, in which case the gate
timetable can be amended before exit from
ALLCHANGE, The intention is simply to replace
A2 with Al and vice-versa as in case i) above.
This is done as follows:

a) Local arrays are scanned, identifying
turnround Al1-D2 as being unplanned.

b) D2 is seen to have been part of turnround
A2-D2 which is identified as having had
a split occupancy.

c) Details of A2 are overwritten by details
of Al. Tow is allowed to remain,

d) The occupancy TOW-ON - D2 is cross referred
to its new aircraft,

e) Further scaming of the local arrays
identifies the turnround A2-D1,

f) Details of Al on gate Gl are overwritten
by those of arrival A2,

A2 £ CLOCK!TI!EI < Al, and turnround A2-D2 has
i a double occupancy.
) D1
1
i

I ' Gate G1

s Gate G2

} 0 P2 Gate 63
CLOCKTIME

The originally delayed aireraft has not arrived
but the substituted one may be in one of the
following positions:-

1. on arrival gate G2 (as illustrated),

2.~ under tow from gate G2 to its parking area,
3.« positioned in the parking area,

4. under tow from parking area to gate G3,

5. positioned on departure gate G3.
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5¢34345

v)

Condition 1 and Condition 5 above.

a)

b)

c)

Unscheduled turnround Al-D2 is identified

but not processed since the operating
aircraft is not in position.

A2-D1 is identified and processed because

the operating aircraft is already positioned
on a gate.

As in ii) above, the occupancy Al-D1 is

deleted from the gate timetable.

It is now necessary to ascertain whether condition
1l or 5 applies. The planned arrival gate for A2
is identified as G2 and if unoccupied condition

5 applies, If G2 is occupied condition 1 only
applies if the last arrival on G2 had the value

A2,

Otherwise 5 applies again.

If 1 applies:-

d)

e)

f)

The tow off is overwrittem with details

of departure D1.

Turnround Al-D2 is studied.

The original arrival for D2 is identified

as A2, as is the occupancy commencing in A2,
It is known that A2-D2 is split, but the
occupancy identified, though commencing with
A2 does not terminate with a tow. It is
therefore deduced that this occupancy has
been altered and cannot be overwritten again.
A new gate must be found for Al which is
allowed to retain the tow originally planned
for aireraft C2, For ease of programming
Al-tow off is inserted after A2-D1 in the
knowledge that if the tow is possible, this
occupancy will probably be repositioned to
gate G1 where a known vacancy exists. If the
ground time precludes a tow then the turnround
A1-D2 will be re-planned as a single occupancy
on gate G3.
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5 .3.3.5

v)

If condition 5 applies:-

g)

h)
i)
3)

k)

Gate G3 is identified as being the gate
occupied by the aircraft now on turnround
A2-D1.

D2 is overwritten with D1.

Turnround Al-D2 is studied.

As in step f) above, A2-D2 is known to be a
split occupancy turnround but the A2 tow off
segment is found to be intact on gate G2,
This, together with the knowledge that aireraft
C2 is on a gate, indicates that this occupancy
has peen completed and therefore cannot be
amended as in condition 1.

Gate G3 is identified as the original planned
departure gate for D2 so Al1-D2 is inserted
after tow on - D1, The physical possibility
is not checked at this stage. Al-D2 is
inserted as one occupancy and not as Al- tow-
D2 as adopted for example iv) and condition 1
of this example.

In this example there is no chance of Al
arriving in sufficient time to permit a

towing movement before departure, since Al
must occur after the current simulation time
which itself, in this instance, exceeds the
time of tow on of the original aireraft for
D2.

Conditions 2,3 and 4.

These are similar to condition 5 in that the
occupancy A2-tow off has occurred and is therefore
not amendable, The part of the split occupancy
on gate G5 has not commenced, so the logic used

in example i) above can be utilised with minor
amendments: -

a)

b)

The gate number G3 is held in the array
GOUT only.

If the aircraft is being towed to a
parking area, it must be deleted from
the set TOCPARK and added to TOGATE,

and have its gate arrival time estimated.
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5030305 V) c)

If the aircraft is already parked

awaiting a tow to its gate, then the
time of the tow planned start is updated

to CLOCKTIME + 5,

Under all three conditions, the result is that
details of Al overwrite, those of the tow on to
gate G3 and the occupancy Al-D1 on gate Gl is

amended to tow-on - D1,

5¢3+.3.6 Indirect Swaps,
Many more permutations exist when considering indirect
swaps and as most of the logic is contained in the above
examples, it is not proposed to describe gate changes
following an indirect swap in any detail, The reader
is referred to the following worked example.
Initial Integrations Global Arrays | Logal Arrays (after
ACCHANGE)
. d No.
RTaEL < Row No. Turnround Row No. ZTurnround
Rt 244 11 Al-D1 1 Al-D3
' N
l‘f, Riae 6 A2-D2 6 A2-D1
a3 < »p3
LI e vyt P o TN 8 A3-D3 8 A3-D4
/\\.
. “*,; et 5  A-D4 |1 A4-D2
CLOCKTIME

An - flight arrival
Dn - flight departure.

Assume the original gate timetable be as follows:-

A p1
—
a2 b2
5 5
it o TOW

D4

-

Gate G1
Gate G2

Gate G3

Gate G4
Gate G5
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5¢3+3.6 The amendments to the gate timetable would be performed

in the sequence:

1) The tow of aireraft 15 from gate G4 is cancelled.

2) Occupancy A2-D2 is removed from the timetable.

3) The tow-off from gate G4 is replaced by details
of departure D2,

4) Arrival A3 is overwritten with details of arrival Al,

5) Arrival Al, details of which are still held on
gate G1, is overwritten by Arrival A2,

6) An occupancy A3-tow off is inserted on gate G4
after occupancy A4-D2,

If A4-D4 had been planned as a single occupancy on G4,
then A3-D4 would have been allocated to G4 in the same
manner,

503437 1In all cases, the elements of the local arrays GIN and
GPUT and of global arrays ARRG and DEPG referring to
altered occupancies are updated at the time of the
occupancy alteration, As described in 5.3.3.4 and 5.4,
other elements of ARRG and DEPG referring to unaltered
tumrounds are amended by calling procedure INTERSWOP
after the identification of each unscheduled turnround,

5¢3.3.8 After all unscheduled turnrounds have been processed in
turn, the gate timetable is fully compatable with the
new integrations, but may be practically non feasible
due to interference between amended occupancies and
original ones, It would be very restrictive to consider
gate changes for the new occupancies only since a less
disruptive alteration may be possible by reallocating
the gates of unchanged occupancies., This requires the
gate timetable arrays to be studied in conjunction with
the global integration arrays rather than the local ones.
Before the gates are studied, the global arrays are
updated to reflect the aircraft changes by overwriting
the relevant rows with values from the local arrays.

Any gate occupancy, which on the basis of estimated
movement times is found to be the cause of a possible

gate hold in excess of the input maximum, is submitted

to procedure GATEALTER., As indicated above, the occupancies
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5.3¢3.8 whose gates are altered by this procedure call, need
not be those involved in the aireraft change sequence.
GATEALTER is described in section 5.2.

Aireraft turnround times are not studied at this stage
of the program so impractical tows cannot be cancelled.
This is more effectively done from the simulation proper
when the best estimates of arrival times are available.
Section 6.7.8 refers.

5.4 Procedure INTERSWOP,

5.4.1

5.4.2

Object.

Aircraft changes of type DIRECT and INDIRECT permit disruption

to the original aircraft integrations only at the time of initial
re-allocation. By definition, no secondary changes are possible.
Consequently the turnrounds and associated gate occupancies which
occur after the initial changes belong to new cycle numbers although
they themselves remain unaltered. Turnrounds exhibiting the same
property can be found in swop types NSDIRECT and NS INDIRECT between
the initial and secondary re-allocations and after the secondary
ones.

Although such occupancies figure in the arrays GTD, GTA, GDEPNO
and GARRNO, the relevant elements of ARRG and DEPG contain the
cycle number to which the tumrounds originally belonged. The
function of INTERSWOP is to identify in a given row of the local
arrays any such turnrounds, to locate the corresponding occupancy
in the gate timetable arrays and to update the value held in the
located elements of ARRG and DEPG,.

Formal Parameters.

These are four integer variables, C,E,I and J, none of which is
altered during the execution of the procedure but which are used
to identify the integrations and tumrounds to be studied,

5.4.2,1 INTERSWOP is declared within the procedure ALLCHANGE
and as such can reference any variable name declared
within ALLCHANGE and also those declared in the block
containing ALLCHANGE. i.e. Any variable which can be
accessed from within ALLCHANGE can also be referenced
from INTERSWOP by using the same variable name without
it being included as a formal parameter,
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5.4.2.2

504-203

C,E,I and J are assigned values by ALLCHANGE such
that the first two identify in the local arrays the
unscheduled turnround represented by FLIN(C,E)-FLOUT(C,E)
which is being studied by ALLCHANGE, The second two
parameters refer to integrations as held in the global
arrays and are assigned values such that FLOUT(C,E) =
DEPNO(I,J). Thus if no further unscheduled tumrounds
exist in row C, the new integration as defined in row
C from colum E + 1 onwards will coincide with the
original integration as listed in row I of the global
arrays from column J + 1 onwards,

By comparing these two rows, unaltered turnrounds are
identified. The gate occupancy is located by first
ascertaining the planned gate from arrays GIN and GOUT
and by searching this row number of the arrays GARRNO
and GDEPNO until the correct gate arrival or departure
movement is discovered. The cycle numbers are then
updated.

Since unscheduled turnrounds are processed by ALLCHANGE
itself, no action is taken on them by INTERSWOP since
the occupancy will not appear in the timetable, In
addition, since INTERSWOP is called after the discovery
of every re-allocation, there is no point in this

procedure amending the cycle numbers of unaltered turnrounds

which occur after a secondary change if it was called
originally because ALICHANGE was considering an initial
re-allocation. This updating will be done by a
subsequent call to INTERSWOP when the secondary phase is
being studied in its own right.

OQutput Parameters.

There are no specific output parameters since the
procedure's activities are directed towards amending the
gate timetable arrays ARRG and DEPG which are globally
declared.
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Sele3

Example on the use of INTERSWOP,
Diagram and array contents are shown below.

If INTERSWOP is called to study row 5 of the local array,
parameters C and I would have values 5 and 12 respectively. By
comparing row 5 of the local arrays with row 12 of the global
ones, the turnround A5-D5 is found to be scheduled, This is
located in the gate timetable and the appropriate elements of
ARRG and DEPG would be altered to show that the cycle number
of the operating aircraft had changed from 12 to 30, However,
the next turnround in row 5, A6=D2, is seen to be unscheduled
and of no direct interest to INTERSWOP. Similarly, A3-DJ is
not studied and program control returns to ALLCHANGE, After
completing the processing of A7-D4, A6-D2 will be the next
unscheduled occupancy identified by ALLCHANGE. INTERSWOP will
be re-called and A3-D3 processed at this stage.

Consider the change sequence:-

Al Dl A2 D2 A3 D3
cycle 10 (say)

\ e

“ /
-~ N
cycle 12 (say) 54' A . D4 A5 D5 161' b \DG

”~

-y
cycle 30 (say) _______3‘_7, < D7

The entries in the global and local arrays representing the
before and after change situation may be:

Global Local
Row No. Turnrounds Row No. Turnrounds
10 Al-D1, A2-D2, A3-D3 1 Al-D7
12 A4-D4, A5-D5, A6-D6 3 (say) A4-D1, A2-D6
30 AT-DT 5 " A7-D4, A5-D5, A6-D2,
A3-D3,

This would ensure that the aircraft initially allocated to
cycle 12, returned to it in time for flight D6.
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5.5+ Procedures ARRONGATE and DEPONGATE.
These procedures perform similar functions and so are more easily
considered together,

5.5.1 Object of ARRONGATE and DEPONGATE.
During the processing of an unscheduled turnround as listed in
the local flight arrays, ALLCHANGE identifies gate occupancies
in which either the gate arrival or the gate departure movement
forms one part of the unscheduled turnround., As described in
section 5.3, it is necessary to overwrite the details of either
the gate occupancy start or of its finish, dependent on the
conditions at the time of the aircraft change.

5¢5¢1s1 Procedure ARRONGATE overwrites the details of a
gate departure with those relating to the flight
departure of the unscheduled turnround under scrutiny.
The planned arrival on the gate remains unaltered.

5¢5.142 Procedure DEPONGATE overwrites the details of a gate
arrival with those relating to the flight arrival of
the unscheduled turnround under scrutiny by ALLCHANGE.
The departure from the gate remains unaltered,

5¢5¢2 Formal parameters of ARRONGATE and DEPONGATE.
Both procedures are declared within ALLCHANGE and as such enjoy
the same reference facilities to ALLCHANGE.variables as is
described for INTERSWOP in section 5.4. Thus the formal parameters
merely identify the elements in the global and local arrays to
be referenced,

5.5.2.1 Formal parameters of ARRONGATE,
These are X, I, J, A and B all being of integer type
with the following significances:-
1) A and B identify the unscheduled tumround being

processed by ALLCHANGE. viz. FLIN(A,B) - FLOUT(A,B).

ii) I and J identify a planned gate occupancy such
that GARRNO(I,J-1)= FLIN(A,B).

i1i) X contains the estimated movement time of FLOUT(A,B).

5¢5¢2.2 Formal parameters of DEPONGATE.
These are X, Y, I, J, A and B, all being of type integer
with the following significancies:-
i) A and B identify the unscheduled turnround being
processed by ALLCHANGE. viz. FLIN(A,B) - FLOUT(A,B).
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5.50242

ii) I and J identify a planned gate occupancy
such that GDEPNO (I,J) = FLOUT(A,B).

iii) X and Y contain estimates of the movement
of times on gate number I of the aircraft
performing the unscheduled turnround,

54543 Amendments made by ARRONGATE and DEPONGATE.

5.53.1

5.5.3.2

ARRONGATE alters the following elements in the gate
timetable arrays:-
i) GDEPNO(I,J) is given the value of FLOUT(A,B).
ii) 6Tp(I,J) is assigned the value of X, the
estimate of the gate clearing time.
1ii) DEPG(I,J) is given the value of IN(A,0), in
which the global array is the row number
containing FLOUT(A,B). i.e. the new cycle number,
iv) The gate number of FLOUT(A,B) is altered from its
original value to that of I by the statement
GoUT(A,B):=I,

The movement which commences the occupancy remains as
planned, but if it is a tow on, the value held in ARRG(I,J-1)
would refer to the pre-change aircraft cycle number. It is
therefore necessary under this circumstance to alter its
value to that of IN(A,D), the new cycle number of the planned
aireraft. If FLOUT(A,B) has the value 3000, indicating that
the aircraft is unallocated after flight FLIN(A,B), then
GDEPNO(I,J ) is given the value 2000 to ensure that the
aircraft may be towed f the gate if required, The reason
for this is described in section 6,.8.8.

DEPONGATE performs similar transactions to the movement
which commences the occupancy. These are:
1) GARRNO(I,J) is assigned the value of FLIN(A,B).
i1) 6TD(I,J) and GTA(I,J-1) are given the values of
the estimates of the aireraft departure and arrival
times on the gate.
111)  ARRG(I,J-1) is given the value of IN(A,0).
iv) The new gate number of FLIN(A,B) is altered
from its original value to that of I by the
assignment GIN(A,B):=I.
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5.5¢342 Although the movement which ends the gate occupancy
remains as planned, the value of DEPG(I,J), which
contains the cycle number of the operating aircraft,
will refer to the original integrations if the
movement is a tow-off, It is therefore necessary
in this case to emsure that DEPG(I,J) is assigned
the value of IN(A,0).

In addition, if FLIN(A,B)=0, aireraft I has a
departure as its first movement. Since its gate
has been altered, its arrival to its new gate must
be by means of a tow-on, either from its old gate
or from its parking area, Under this condition,
the value of GARRNO(I,J-1) is altered to 2000 to
indicate a tow-on.

5.5.4 After exit from ARRONGATE or DEPONGATE, the gate occupancy
identified by ALLCHANGE is in accord with the unscheduled
turnround being studied,



5.6

5.6.1

'Procedure' DIRECTSWOP

Object of DIRECTSWOP

This procedure compares two pairs of numbers and gives
values to output parameters according to the relationship
of these four numbers. In the context of this simulation,
each pair represents one arrival and one departure time.
DIRECTSWOP ascertains if the departure times are separated
from their respective arrival times by at least M1 (say),
where M1 is given a value before entry to the procedure.

Row 2, by 4

-5 ascending value

FIG.1.

The procedure primarily compares T1 with T4 and T2 with
T3, It can be seen that rows 1 and 2 could represent either
part of a gate timetable or else part of an aircraft fleet
integration.

5¢6.1.1 Part of a Gate Timetable
T1 and T3 represent flight departure times and T2
and T4 are flight arrival times. By comparing T4
with T1 the possibility of positioning arrival T4
on the same gate as departure T1 is being studied.
Similarly T2 and T3 are tested for the feasibility
of moving arrival T2 on to the same gate as T13.

5.6.1.2 Part of an Aircraft Fleet Integration
In this case, T1 and T3 represent flight arrivals,
while T2 and T4 represent departures. The comparison
of T4 and T1 now tests the possibility of the aircraft
arriving at T1 departing again at T4. Similarly, the
reallocation of the departure at T2 to the same cycle
as the arrival at T3 is studied by comparing T2 and T3.
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5.6.2 Formal Parameters of JIRECTSWOP
~ Thess &re T ,72,73,T4,M1 ,INDEX,A1,A2,M,L,X.
All are 'integer' quantities with the exception o' Al &nd A2

which are of type 'Boolean'.
The input parameters are T1,T2,T3,T4,M1,M,L and X.

5.6I2.1

Significance of the Input Farameters

™,72,T3 and T4 are as described in 5.6.1.

L and M contain the row and column number respectively,
of the arrays from which T1,T2,T3 and T4 were obtained
prior to entry into the procedure.

M1 is given a value dependent on the context in
which the procedure is called. When a gate change
is being investigated, it is given the value of the
minimum permissable separation time between successive
aircraft occupancies on a gate. When considering an
aireraft change, it is given the value of the minimum
turnround time, the value always being expressed in
minutes.

X is given the value O (zero) or 1 prior to entering
the procedure, indicating, when X = O, that the change
being studied forms part of the initial reallocation
and, when X = 1, that the change is part of the second-
ary reallocation. In the former case, T2 always has a
significant value so that for T3 and T4 to be of any
use, the value of T4 must be such that T4> T2, Other-
wise, even though the relationship T2-T3 > M1 holds,
the other turnround given by (T4-T1) will be as short
or shorter than (T2-T1) and no advantage will be gained.
However, if this specific call to DIRECTSWOP is being
made as part of a secondary reallocation, then T2 need
not have a significant value, (i.e. it may be 3000).
The comparison T4 > T2 does not now apply, and by giving
X the value O it is indicated to the procedure that T2
should be replaced with T1, so that the requirement
for T4 becomes T4 > T1.

5.642,2 Significance of the Output Parameters

INDEX is an integer and can have value 1,2 or 3.
A1 and A2 are Boolean quantities.

The following combinations of values can exist:

67



(1)

(ii)

(4ii)

(iv)

INDEX =1 )
Al = false ) indicates that: T2-T3 » M1 and T4-T1 7 Mi
A2 = false )
i.e. the swap defined by T1,T2,T3 and T4 can be
performed with no delay incurred.

INDEX =2 ) T2-T73 % M1 and T4-T1 & Mi
Al
A2

falase ) or

false ) T4~T1 < M1 and T2-T37% N1

i.e. the swap defined by T1,T2,T3 and T4 involves
a delay to one cycle.

INDEX = 3 )
Al = false ) T4 { T2 when T2 has a significant value.
A2 = true ) or T4 £ T1 when T2 has not a significant
value.
i.e. T3 and T4 occur too early to be of use and so
the next elements in the same row of the arrays
should be studied.

IDEX =3 ) T2< T3

A = true ) or

A2 = false ) T3 = 0 and T4 = 3000

i.e. T3 and T4 relate to a turnround which either

occurs too late in the day to be of any use or
else to one which does not have significant
values. Thus the row of the array containing
T3 and T4 is of no value and the next row should
be studied, since the elements occurring earlier
in the same row have already been considered.
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5e7

'Procedure' LISTSWOP.

5 l?.l

5.7.2

Object of LISTSWOP,.

For a given disruption to an aircraft or gate timetable this
procedure lists possible changes to the relevant plan which
could reduce any inherent delays. It utilises the procedure
DIRECTSWOP and, dependent on the values of the output
parametere from it, either stores details of the comparison
or else rejects it as being inapplicable, DIRECTSWOP is
re-entered until all the significant elements in the arrays
TA and TD or GTD and GTA have been studied.

Formal Parameters of LISTSWOP,

These are ARR,DEP,CAUSEl,CAUSE2,CAUSE?,CAUSE4, PROB1, PROB2,
POSS2, FIRSTDELAY,M1,X,Y,DIRECTSWOP,

5.7.2.1 Input Parameters.
DIRECTSWOP is a procedure used by LISTSWOP.
The arrays ARR and DEP form input as integer arrays
and contain the values of either TA and TD arrays
or GTD and GTA respectively, dependent on whether an
aircraft or a gate change is being studied.

CAUSE1l,CAUSE2,CAUSE3,CAUSE4 and M1 are input in
integer form and have been given values before
entry to LISTSWOP such that the inequality

ARR(CAUSE1,CAUSE2)-DEP(CAUSE3, CAUSE4)> M1

is not true, where M1 has the same significance as
in 5.6.

X and Y contain the number of columns and rows
respectively in ARR and DEP arrays.

5¢7¢2.2 The output parameters are the integer arrays PROBI1,
PROB2,P0SS2 and the integer FIRSTDELAY.

FIRSTDELAY is given the value of
M1-(DEP(CAUSE3, CAUSE4 )-ARR(CAUSE1, CAUSE2) ).

i.e. It contains the minimum delay which the entity,
identified by CAUSE3, will incur if its
activity is to be subsequent to the activity
of the entity identified by CAUSEl.

The array PROB1 contains details of the cycle changes
which fall into the category DIRECT SWAP and N/S
DIRECT SWAP.
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5.7.203

Cycle A

Cycle B

The arrays PROB2 and P0OSS2 contain details of the
possible cycle changes in the category INDIRECT SWAP
and N/S INDIRECT SWAP.

In all cases, all the details concerning one change
sequence are stored in one row of the arrays, which
initially had all its elements set to zero. Thus
when X rows of PROB! have non-zero elements, there is
a total of X possible DIRECT or N/S DIRECT SWAPs.
Similarly Y rows in POSS2 containing some non=-zero
terms, indicate that there are Y INDIRECT or N/S INDIRECT
SWAPs possible. There is no link between entries in
the PROB1 array and the other two arrays. However,
row Y (aay) of PROBZ refers to the same change sequence
as does the corresponding row in P0SS2., Row Y of PROBR2
contains a non-zero element only if the INDIRECT SWAP
defined in row Y of P05S2 can be performed with no
agssociated delays; otherwise the elements in that row

remain set at zero.

Consider the change sequence which is possible between
cycles A and B below:

T T2

INITIALLY DISTURBED CYCLE
3 T4

SUBSTITUTE CYCLE

The values of T1,72,T3 and T4 were presented to
procedure DIRECTSWOP and the output parameters, INDEX,
Al and A2 were found to have the values 1,'false' and
'false' respectively, indicating the feasibility of a
DIRECT SWAP. T3,T4 and associated flight numbers are
recorded by setting the first element of the first
non-zero row of PROB1 (row X aay) to the value of the
array row to which T3 and T4 belong. The second element
of the same row of PROB1 is given the column index
which identifies T3 and T4 in their respective arrays.
i.e. the values would be such that, .

T2 = ARR(PROB1(X,1),PROBI(X,2))
73 = DEP(PROB1(X,1),PROB1(X,2))

70



5.7.2.4 Consider the change sequence which results in an
INDIRECT SWAP as follows.
Assume that there is a total of five aircraft
found to be involved in the swap and that this is
the Xth INDIRECT or N/S INDIRECT SWAP to be found.

Cycle A TA1 D1 TD1-TA1 < M1
Cycle B TA2 e TD2-TA1 3 M1

Cycle C D3 TD3-TA2 % M1

TA?

/\
D /TM TD4 TD4-TA3 > Mi
TAS / \ D5 TD5-TA4 2 M1

TD1-TAS 2 M1

Cycle

=

Cycle

The parameters T1 and T2 of procedure DIRECTSWOP are first
given the values TA1 and TD1. The arrays ARR and DEF are now
searched for two elements ARR(i,j) and DEP(i,j) such that, when
their values are given to the parameters T3 and T4 of DIRECTSWOP,
the value of the output parameter INDEX equals one or two. When
T3 and T4 take the values TA:Z and TD2, INKDEX assumes the value
two, indicating that cycle B could form part of an 1NDIRECT or
N/S INDIRECT SWAP. ''he values of i and j are stored in the
array POSS52 so that

TA2 = ARR(P0SS2(X,1),P0s52(X,2))
TD2 = DEP(POSS2(X,1),P0s52(%,2)).

The parameters T1 and T2 are now given the values TA2 and TD1
since they are separated by less than M1 minutes. A further
search of ARR and DEP is required to find a reallocation which
could eliminate this projected delay. The values of elements
ARR(i,j) and DEP(i,j) are given to parameters T3 and 4 and
eventually cycle C is studied and found to further reduce the
delay. This is noted by storing the values of i and j in 03552
array such that

TA3 = ARR(PO5S2(X,3),P0S52(X,4))
7D3 = DEP(P0SS2(X,3),P0SS2(X,4)).
The values of T1 and T2 are reset to TA3 and TD1 respectively

and a further search is made to further reduce the delay still
inherent at T2. This is found when the values of the parameter
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T3 and T4 are TA4 and D4, but the delay is still only reduced,
not eliminated. The contribution made by cycle D is stored as
above, such that ' '

TA4 = ARR(POSS2(X,5),P0SS2(X,6))

TD4 = ARR(POsS2(X,5),P0Ss2(X,7)).

Oince the delay is still not eliminated, the search of ARR
and DEP continues until cycle E is found in which TAY and TD5
are such that the delay could be eliminated by one further swap
since

TD5-TA4 7 M1 and TDI1-TAS 7 Mi.

This final change is called the TERMINATING SWAP and the
indices i,Jj of TAS5 and TD5 in ARR and DEP are stored in the
PROB2 array such that

TAS = ARR(PROB2(X,1),PROB2(X,2))
TD5 = DEP(PROB2(X,1),PROB2(X,2)).

This swap being now complete, X is updated by one, and a

further separate change sequence, which commences with a cycle
number differing from B, is sought. When none exists, an exit
is made from LISTSWOP.

In the case described above, had cycle E not existed, then
the sequence would have stopped at cycle D and row X in PROB2
would have remained zero, indicating that the delay had only

been reduced,



5.8 '"Procedure' SEPARATEDRS.
5.8.1 Object of SEPARATEDRS.

This procedure studies the possible swaps which the procedure
LISTSWOP has stored in array PROB1l, i.,e. those swaps involving
a total of only two aircraft, and separates them into the

two types of changes known as DIRECT SWAPS and N/S DIRECT
SWAPS, both of which are described in 4.9.

The numbers of the cycles which are restricted form part of
the input and any swap which involves any of these cycles is
classed as a N/S DIRECT SWAP.

5.8,2 Formal Parameters of SEPARATEDRS.

These are AC,PROB1,NIGHTPROB1,A,P0,X1 of which the first three
are each integer arrays and the last three are each integers,

5¢842.1 Input Parameters,

These are AC,PROB1,A and X1.

On entry, PROB1 is identical to the array of the
same name which was set up by procedure LISTSWOP
and which contains details of possible DIRECT or
N/S DIRECT SWAPS.

The integer array AC is one dimensional and its
elements are given the value O or 1. AC(i) refers
to cycle number i in the arrays TA and TD or GTA and
GTD. AC(1) set to one indicates that cycle 1 is a
reatricted one and therefore cannot form part of a
DIRECT or INDIRECT SWAP. The values of the elements
in AC are provided by data cards,

The integer A contains the value of the initially
disturbed cycle, while the integer X1 containe the
number of cycles which were available for LISTSWOP
to study.

548.2.,2 Output Parameters.

PROB1 is amended so that only DIRECT SWAPS remain
in it and the integer array NIGHTPROB1, of the same
dimensions, contain details of the swaps, originally
in PROB1, which are found to be of type N/S DIRECT.

If the cycle A is such that AC(A) = 1 then all
elements in PROB1 are copied, to similar positions in
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NIGHTFROB1 and the PROB!1 elements set to zero.

If AC(A) = O then the first element of each row
of PROB1, i.e. PROB1(P,1), is individually studied.

1f AC(PROB1(P,1)) = 1 then row P of PROB1 is
copied into the first row of NIGHTPROB1 which has
zero values.

Then, in PROB1, each row from row P to the penult-
imate one is overwritten by the following row. The
last one is set to zero. This process is repeated
for each non-zero-valued row in PROB1. The number of

N/S DIRECT SWAPS is stored in PO.
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5.9

'Procedure' INDSEPARATE

5.9.1

5.9.2

Object of INDSEPARATE

This procedure studies the possible swaps which the
procedure LISTSWOP has stored in arrays PROB2 and POSS52,
i.e. those which either involve more than two aircraft or
else do not eliminate the delay, and separates them into
the types known as INDIRECT SWAPS and N/S INDIRECT SWAPS.
Using the same logic as in SEPARATEDRS, any swap which in-
volves a restricted cycle is classed as a 1i/S INDIRECT SWAP.

Formal Parameters of INDSEPARATE
These are AC,PROB2,P03S2,HTPR,NTPS,A,P0,X1, of which the
first five are integer arrays and the last three integers.

5.9.2.1 Input Parameteré
On entry, PROB2 and P0SS2 are identical in value
to the arrays of the same name set up by procedure
LISTSWOP and which contain details of possible
indirect or N/S INDIRECT SWAPS.
The array AC, and integers A and X1 have the same

significance as in 5.8.

5.9.2.2 Output Parameters

FRODZ2 and POSS2 are amended so that only INDIRECT
SWAPS remain stored in them, while the arrays NTFR
and NTPS, of the same respective size, are given
details of the N/S INDIRECT SWAPS, which are deleted
from the two former arrays. This is done in a way
similar to that in SEPARATEDRS, with the addition
that there are possibly more than two cycles in each
change sequence.

PO contains the number of N/S INDIRECT SWAPS stored

in NTPS and NTPR.
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5.10

'Procedure' REARRANGE

5.10.1

5.10.2

Object of REARRANGE

This procedure rearranges the elements of two rows of
two arrays as defined by input parameters. Consider the
two arrays ARRNO and DEPNO which contain flight numbers
with each row corresponding to one integrated aircraft
cycle. Aircraft arriving on flights ARRNO(I,J) and
ARRNO(A,B) are plamned to depart on flights DEPNO(I,J)
and DEPNO(A,B) respectively. An aircraft change may
require this to be altered so that the aircraft operating
ARRNO(I,J) is required to depart on DEPNO(A,B) and that
on ARRNO(A,B) to depart on DEPNO(I,J). This is represented
in these two arrays by switching the values of DEPNO(I,J)
with DEPNO(A,B), and ARRNO(I,J+1) with ARRNO(A,B+1). Air-
craft number I is now scheduled to depart on the original
cycle number A. If aircraft I is to complete cycle A and
aircraft A is to complete the original cycle I then the above
switching sequence is repeated by increasing J and B by 1
until the array limit is reached. However, when restricted
cycles are involved the aircraft must be returned to their
original cycles for specific flights. In this case the
switch repetition is halted when these flights are encountered,
thus leaving the original aircraft allocation for the remain-

ing sector(s).

Formal Parameters of REARRANGE
These are TA,TD,A,C,B1,D1,F1,G1,X1 and Y1, of which TA and

TD are integer arrays, the remainder being integers.

5.10.2.1 Input Parameters
X1 and Y1 contain the number of rows and columns
respectively in TA and TD.
The other integers define elements of the two
rows A and C of TA and TD which are to be rearranged.
The significance of the parameters can be seen by

considering the following diagram:
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Row C TL(C » D1 )

p(c,D1) a(C,G1) 7(C,61)

Row o TA(4,B1) >< ™(a,B1) ... 7A(4,F1) A TD(A,F1)

horizontal displacement represents the passage of time

5.10,2.2

Consider the case when TA and TD represent
flight arrival and departure times respectively,
in cycle form.

It is seen in the diagram that, due to a
cycle change, the aircraft arriving at TA(C,D1)
is now departing at TD(A,B1). It continues on
this cycle until arrival at TA(A,F1) when it
reverts to its original cycle to depart at TD(C,G1).
This is represented in the TD array by transferring
the value of the elements TD(A,B1) to TD(A,F1-1)
inclusive into positions ™(Cc,D1) to TD(C,D1+F1—B1-1)
inclusive. The original values of the elements
from TD(C,G1) to TD(C,Y1) are preserved on entry
to REARRANGE and are now re-located into positions
™(C,D1+F1-B1) to TD(C,Y1). The original values
of ™(c,D1) to TD(C,G1-1) are transferred to row A.

Similarly: the original values of TA(A,B1+1)

to TA(4,F1) are re-located into the
relevant positions in row C,

and: the original values of TA(C,D1+1)
to TA(C,G1) are re-located into the
relevant positions in row A.

If aircraft C and A were to remain on their new
cycles, i,e. with the secondary reallocation shown
above omitted, then G1 and F1 would be set to the
value of Y1 before entry, resulting in every element
of rows A and C which refers to events occurring
after TA(C,D1) and TA(A,B1) being switched from one
row to the other.

Output Parameters

TA and TD arrays, now containing two modified
rows, form the only output.
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511 _‘'Proc ’ ;
5.11.1 Object of MULTICHAN

Certain swap sequences involve more than two rows of
the arrays in which case the procedure REARRANGE must be
called several times, operating on two rows at a time.
In this case MULTICHAN sets up the input parameters for
REARRANGE according to the INDIRECT or N/S INDIRECT swap
which is to be performed.

Consider the indirect swap, represented by the diagram:

Row 1 A 3

Row 2 C D

Row 3 -8 F
Row 4 G H

where A,C,E,G are arrival times
B,D,F,H are departure times
In this case, the sequence of calling REARRANGE decided
upon by MULTICHAN would be
i, from B and D onwards, swap rows 1 and 2.
ii. from B and H onwards, swap rows 4 and the new values
in row 2.
iii, from F and B onwards, swap row 3 with the new values
in row 4.

The intermediate values held in these rows would be,

after sy o8 D

C B

after (ii) LR
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5.11.2

after (iii) ALy

which is as required.

Formal Parameters of MULTICHAN

These are TA,TD,A,B,PS,PR,ARRNO,DEPNO,GARR,GDEP,P,NM1,
DELAY,X1,Y1 and REARRANGE of which A,B,P,M!,DELAY,X1 and
Y1 are integers, the remainder being integer arrays.
REARRANGE is the procedure described in 5.10.

5.11.2.1 Input Parameters
The arrays TA,TD,ARRNO,DEPKO,GARR and GDEP
contain details of either integrated aircraft
cycles and associated planned gates or else
of a gate timetable and associated identification
of aircraft.
(&) In the former case:
(1) TA and TD contain flight times in
cycle form.
(ii) ARRNC and DEPNO contain flight numbers
in cycle form.
(iii) GARR and GDEP provide the cross-reference
to link the flights defined by (i) and
(ii) with the planned gate.
(b) In the latter case:
(iv) TA and TD contain aircraft movement
times in the form of a gate timetable.
(v) ARRNO and DEPNO contain flight numbers
in the form of a gate timetable.
(vi) GARR and GDEP provide the cross-reference
to link a gate occupancy as defined by
(v) and (vi) with a specific aircraft.
The arrays PS5 and PR contain details of an
INDIRECT SWAP or of the initial reallocation which
forms part of a /S INDIRECT SWAP. They are
analogous to POSS52 and PROB2 respectively as used
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Se11.2.2

in LISTSWOP. The integer P identifies the row
of PS and PR defining the swap to be performed
by IULTICHAN. Any change in TA and TD must be
accompanied by a similar change in ARRNO,DEPNO
and in GARR,GDEP.

M1,X1 and Y1 have the same significance as with
REARRANGE in 5.10.

OQutput Parameters

The arrays TA,TD,ARRNO,DEPNO,GARR and GDEP
have been rearranged so that in their new form
they incorporate the change which was defined
by row P of PS and FR.

The integer DELAY contains the value of any
delay which may be inherent to the reallocation.
It has the value zero when PR(P,1) is greater
than zero.
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5.12 ‘'Procedure' OKDIRECT
5.12.1 Object of OKDIRECT

This procedure studies the changes of type DIRECT SWAP
and selects the best on the basis of ground time. For

each change sequence the following is performed:

1.

2.
3.

4.

5.

Let T1 and T2 be the length of the two unscheduled
turnrounds.

Let M1 be the minimum turnround time.

The swaps giving unscheduled turnround times each
equalling or exceeding (Mi+10) minutes, are separated
from those which have at least one in the range

M€ T &NM+O0.

If any such long turnround swaps exist, the one
selected is that with the maximum (T1+12).

When no such swaps exist, the one selected is that
with the maximum (T1+T2), in which case one or both
turnrounds lie in the range M1 & T € M1+10.

When this fails to isolate one swap, the one selected
is that which was first found by LISTSWOP.

5.12.2 Formal Parameters of OKDIRECT
These are PROB1,ALPHA,A,B,TA,TD,M1 and X1, of which
PROB1,TA and TD are integer arrays, while ALPHA,A,B,M! and

X1 are integers.

5.12.2.1 Input Parameters

A and B identify the initially disrupted move-
ment in the arrays TA and TD which contain details
of aircraft integrations or of a gate timetable.
Correspondingly, M1 contains the value of either
the minimum turnround time of an aircraft or else
the minimum separation time between gate occupancies.
X1 has the value of the Number of rows in TA and TD.
The array PROB1 contains details of possible DIRECT
SWAPS, as produced by LISTSWOP and amended by
SEPARATEDRS .

5.12,2,2 Output Parameters

ALPHA is assigned a value such that row number
ALPHA in PROB1 identifies the change sequence which
has been selected by OKDIRECT as being the best
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available, Therefore the aircraft on the
flight arriving at TA(A,B) now departs at
TD(PROB1 (ALPHA,1) ,PROB1 (ALPHA,2)) and the
one on the arrival at TA(PROB1 (ALPHA,1),
PROB1 (ALPHA,2)) now departs at TD(A,B).
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513 _‘'Procedure' INDIRECT
Object of INDIRECT

This procedure studies all the changes of type
INDIRECT SWAP and selects the best on the basis of
punctuality and/or ground time:

5.13.1

5.13.2

1.

2.

3.

8.

Let the total number of aircraft (including the
initially disturbed one) involved in a swap
sequence be N, There are now N turnrounds of
length ™ ,T72,73...T(N).

Swaps which eliminate the original delay are
separated and studied first.

Of these swaps, the ones with T1,T2...T(N) all
equalling or exceeding (M1+10) minutes are further
separated, M1 contains the value of the minimum
turnround time.

Of these swaps, the one with (T1+T2+...T(N))/N

a maximum is chosen.

If all of the swaps which eliminate the delay

have at least one turnround in the range M1¢ T$(M1+10)

then the swap with the highest value of (T1+T2+...T(N))/N

is selected.

When no swaps which can eliminate the delay exist,
the one with the minimum delay is selected.

When several swaps incur the same minimum delay,
the one involving the fewest number of cycles is
chosen.

If this still fails to isolate one change sequence,
then the one which was first found by LISTSWOP is

chosen.

Formal Parameters of INDIRECT
These are P0SS2,PROB2,TA,TD,A,B,M1,EVEP,DEL,X of which
the first four are integer arrays, the remainder being

integers.

5.13.2.1 Input Parameters

TA,TD,A,B and M1 have the same significance
as their namesakes in procedure OKDIRECT., X
contains the number of rows in TA and TD. PO0SS2
and FROB2 contain details of possible INDIRECT
SWAPS as produced by LISTSWOP and amended by
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501302.2

INDSEPARATE,

Output Parameters
Using the logic described in 5.13.1,
INDIRECT selects a specific change sequence
and stores in EVEP the row number of POSS2
which relates to this particular change sequence.
The value of any delay inherent to this swap
is stored in DEL., This of course has the value
zero if PROB2(ALPHA,1) is greater than zero.
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5.14 'Procedure' NSDIRECT.
5¢14.1 Object of NSDIRECT.

This procedure studies all the change sequences of type
N/S DIRECT SWAP which were initially found by LISTSWOP
and then amended by SEPARATEDRS. The latter procedure
provides NSDIRECT with details of the initial reallocations
in all the N/S DIRECT SWAPS. The secondary reallocations
are not defined and must be formulated by NSDIRECT. Any
delays incurred in this secondary phase are recorded
together with details of the swap, if in fact it is
possible to return to the original allocation at all,

even by accepting = delay. However, when both cycles

are restricted, it is permissible to omit the requirement
for a secondary reallocation provided that at least one
of the initially disrupted twnrounds is the last planned
movement of that cycle. Some of the listed changes are
thus rejected because of the failure to be able to perform
the necessary secondary reallocations. Of the remaining
changes, the best is selected on the basis of the lengths
of the four turnrounds involved,

The priorities used are as follows:

l. Any changes which do not require a secondary
reallocation are input to procedure OKDIRECT
which selects the best,

2. Let the unscheduled turnrounds be of length
T1, T2, T3, and T4,

3« Swaps which have no reactionary delays are
separated.

4. Of these the ones which have T1, T2, T3 and T4
all equalling or exceeding M1+10 minutes are
further separated.

5. If any of these longer-turnround swaps exist,
the one with the largest (T1+T2+73474) is
selected and has its details assigned to output
parameters.

6. If no such changes occur, but there are some
non-delay ones listed, the one selected is again
that with maximum (T1+T2473+74).

7. If all swaps involve a secondary delay, the one
vwhich has the minimum delay is selected.
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8. If more than one swap involves the same delay,
then the one occurring first in the input listing
parameters is selected.

5.14.2 Formal Parameters of NSDIRECT
These are TA,TD,PROB1,NIGHTPROB1,AC,A,B,BESTL,BESTHN,
BESTB4,BESTM2 ,DELNS, PO, M1 ,X1,Y1,0KDIRECT ,DIRECTSWOP.

5.14.2,1 Input Parameters

The integer arrays TA and TD contain in
cycle form the details of a gate timetable
or of aircraft integrations.

The integer array NIGHTPROB1 contains
details of the initial reallocations of the
possible 1i/S DIRECT SWAPS as found by LISTSWOP
and amended by SEPARATEDRS.

The integers A,B,M1 and X1 have the same
significance as their namesakes in OKDIRECT,
section 5.12.

“he integer Y1 contains the number of columns
in TA and TD arrays.

DIRECTSWOF and OKDIRECT are the procedures
described in 5.6 and 5.12 respectively.

The integer PO contains the number of H/S
DIRECT SWAPS listed in NIGHTPROB1 on entry to

the procedure.

5.14.2.2 Output Parameters
Using the selection procedure listed in
5.14.1 the best swap is selected and is defined
by assigning values to the output integers
BESTL, BESTM, BESTB4 and BESTM2 such that it can
be represented by:
Cycle A TA(A,B)  T0(4,B) TA(A, BESTB4) D (A, BESTB4)

L AL B L

Cycle BESTL S '
TA(BESTL, BESTM) TD(EESTL,BESTM) TA(BESTL,BESTM2) TD(BESTL,BESTMZ)

Any delay inherent in the secondary reallocation
is stored in the output integer parameter DELNS.
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1f T™(4,B) or TD(BESTL,BESTM) represent the
last movement on their respective cycles and
both of the cycles are restricted, thus eliminating
the necessity for return to the original cycles,
DELNS is set to zero and BESTB4,BESTM2 both assigned
the value of Yi. When no such swaps exist and it
is impossible to perform the necessary secondary
changes on the remainder, DELNS is given the value
100,000 which would ensure that no swaps of type
N/S DIRECT would be finally selected by ACCHANGE.
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5.15 Procedure NSINDIRECT.

5.15.1

5¢15.2

This procedure studies the possible change sequences which

were identified by LISTSWOP and subsequently classified as being
of type N/S INDIRECT by the procedure INDSEPARATE, On entry to
NSINDIRECT, the possible initial re-allocations are known but
the secondary ones are undefined, It is the function of this
procedure to identify them and to select the least disruptive
total change sequence.

Output parameters are set to identify the selected alteratioms.

Formal Parameters.

These are: TA,TD, ARRNO, DEPNO, GARR, GDEP, M1, AC, NTPS, NTPR,
BESTI, INDICES, BESTAVDLY, X1, Y1, MULTICHAN, LISTSWOP,
REARRANGE and DIRECT SWOP.

The last four parameters are procedures called from within
NSINDIRECT but which are not local to the procedure block.
They are described in sections 5.6., 5.7, 5.10 and 5.11.

The parameters M1, BESTI, BESTAVDLY, X and Y1l are integers,
the remainder being integer arrays.

5.15.2,1 Input parameters,
The parameters TA, TD, ARRNO, DEPNO, GARR and GDEP are
integer arrays which represent either aircraft integrations
or a gate timetable, In the former case, they are given
the same values and have the same significance as their
globally declared namesakes, described in section 4.
When representing a gate timetable, they assume the
values and significance of the global arrays GTD, GTA,
GDEPNO, GARRNO, DEPG and ARRG respectively. These are
also discussed in section 4.

The integers M1, X1 and Y1 together with the integer
array AC have the same significance as their namesakes
described in section 5.14.2 under procedure NSDIRECT,.

The integer arrays NTPS and NTPR contain details of the
possible initial re-allocations, The reader is referred
to section 5.7 where the procedure LISTSWOP is described.
Each significant row of NTPS and NTPR (which correspond
to the LISTSWOP formal parameters POSS2 and PROB2)
defines one sequence of initial changes in which at
least one cycle is restricted.
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5¢15.2.2 Output Parameters.

The integer BESTI is assigned the value of the row
number, which in the arrays NTPS and NTPR, describes
the initial change sequence chosen by NSINDIRECT as
being the least disruptive. In order to reach this
decision, the required secondary re-allocation needs
identification and is defined in the array INDICES
as described below.

The integer BESTAVDLY is assigned the value of the
mean delay per disrupted departure (in the case of
aircraft changes). It is not the mean delay per
delayed aircraft,

5¢15.2.3 Definition of the secondary re-allocation.
The elements of the array INDICES are assigned values
which refer to the state of the parametric integration
arrays after the selected initial changes have been
performed, The secondary changes are not defined in
precisely the same manner as that employed during the
formulation of the arrays NTPS and NTPR. Rather than
an identification of the swap itself, INDICES defines
the order in which computed parameters should be
presented to REARRANGE such that the end result will be
the desired new integrations.

The elements are grouped so that the odd ones refer to

row numbers of the parameter integration arrays and the

subsequent even numbered elements refer to the column

number of the same row.

i.e. P is odd.
INDICES (P) and INDICES(P+1) identify two movements -
ARRNO(INDICES(P), INDICES(P+1)) and DEPNO (INDICES(P)

INDICES(P+1)).

In addition, commencing with the first element (i.e. P=1),

the parameters for each successive call to REARRANGE are

grouped into blocks of four elements,

i,e. P=1-4 defines the parameters for the first call.
P=5~9 defines the parameters for the second call,

ete.
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5¢15.2.3 The integration arrays described in the input parameters
are altered during the execution of NSINDIRECT, but are
restored to their input value before exit from the
procedure,

The manner in which the complete change sequence will
be occasioned (by ACCHANGE) is by referring to NTPS,
NTFR, BESTI and INDICES as follows:-

i) Call MULTICHAN to perform initial changes
as defined by row BESTI of NTPS and NTFR.
i1) Call REARRANGE to replace row number INDICES(P)
of the integration arrays, from column
INDICES(P+1) with row number INDICES(P+2)
from colummn INDICES(P+3), and vice-versa.
iii) 1Increase P by 4 and repeat from ii) until
no significant elements of INDICES remain.

Non significant elements have the value zero.

5.15.3 Logic used by NSINDIRECT,
As stated in 5.15.1, the initial re-allocations are defined on
entry to the procedure, but the secondary ones are not. Thus,
the first task of NSINDIRECT is to ascertain for each change
sequence those cycles which must be terminated with its
originally planned movement. It is not essential to perform
the mirror image of the initial re-allocation since not all
disturbed cycles need be restricted ones, Consider the
following example:

/\: f N\
Lot i g Ef %5
—e] M— B 3 —_—
initial secondary
re-allocation re-allocation.

Let this bar chart represent aircraft cycles with the arrivals
being denoted by A, E, I, C, G and K. The departures are B, F,
J, D, H, L. If the aircraft originally scheduled for flights

A, B, Cand D is on the only restricted cycle, then the secondary



5.15.3 re-allocation shown is acceptable. The mirror image of the

initial change would result in the turnrounds C~H, G-L and

K-D. This is clearly more disruptive and is less likely to

be found possible in practice without incurring avoidable
delays. If however, all cylces were restricted, it is necessary
to attempt such a change. In addition, it may be possible to
delay the secondary changes until turnroumds 1, 2 and 3.

It is therefore apparent that for a givem initial change,

it is reasomable to expect more than one secondary re-
allocation. NSINDIRECT therefore lists all of them and
selects the optimum on the basis of minimum cycle disruption.
Having done so, the procedure may now contain several initial
swaps with the corresponding secondary ones defined. The
final combination is selected using the following guides:-

i) Select sequence with minimum average incurred delay
per departure.

ii) If two or more combinations have the same average
delay, select the one involving the fewest number
of aircraft.

ii1) If several remain, select from them the one first
processed by NSINDIRECT.
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516 _'Procedure' FIRSTNSDIR
5.16.1 Object of FIRSTNSDIR

This procedure is entered after a decision has been made
by ACCHANGE that, of the possible change sequences, the
best is of type N/S DIRECT SWAP. The effect of this change
is now compared to the effect of allowing the original
allocetion to remain, The choice is made on the basis of
minimum inherent delay, or, when the projected delays are

identical, on minimum disruption to the integrations.

5.16,2 Formal Farameters of FIRSTNSDIR
These are TA,TD,ARRNO,DEPNO,GARR,GDEP,A, B, BESTL, BESTM,
BESTE4, BESTM2 ,DELNS ,M1 ,FIRSTDELAY,X1,Y1,NS , NOCHANGE , REARRANGE .

5¢16.2.1 Input Parameters

REARRANGE is the procedure described in 5.10.

TA,TD,ARRNO,DEPNO,GARR and GDEP are integer
arrays, while M1,X1 and Y1 are integers, all with
the same significances as their namesakes in
MULTICHAN in 5.11.

The integer FIRSTDELAY contains the delay which
would be incurred if no changes were made to the
cycles.

The integer DELIS contains the value of the delay
inherent in the /S DIRECT SWAP which is defined
by the integers A,B,BESTL,BESTM,BESTB4 and BESTM2

as shown below:

Row A TA(A,B) TD(A,B) TA(A,BESTB4) TD(A, BESTB4)

il g6 S

A ( BESTL, BESTM) Tttt PA(BESTL,BESTM2) TD(BESTL, BESTMN2)
TD( BESTL, BESTM)

INITIAL REALLOCATION SECONDARY REALLOCATION
The delay DELNS will be incurred in total
during the secondary reallocation phase.

5.16,2.2 Output Parameters
If DELNS is less than FIRSTDELAY, the N/S DIRECT
SWAP is selected and the necessary changes are made,
using REAKRANGE, to TA,TD, and ARENO,DEPNO and GARR,
GDEP.
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The Boolean quantities NS and NOCHANGE are
given the values 'true' and 'false' indicating
that a restricted cycle has been altered and
that a change has taken place.

Otherwise the above arrays remain untouched,
and NS and NOCHANGE are given the values 'false'
and 'true' indicating that no cycles have been
altered and more specifically that the restricted

ones remain intact.
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517 _'Procedure' INDFIRST

5.17.1

5.17.2

Object of INDFIRST

This procedure is similar to FIRSTNSDIR with the
exception that the change sequence selected by ACCHANGE
is of type INDIRECT SWAP. The comparison to be made
here is therefore between the delay inherent to this
reallocation and the projected delay if no changes were

made at all,

Formal Parameters of INDFIRST
These are TA,TD,ARRNO,DEPNO,GARR,GDEP,A,B, NTPS,NTPR,
POORP,M1 ,FIRSTDELAY,DEL,X1,Y1 ,NOCHANGE, MULT ICHAN , REARRANGE,

5.17.2.1 Input Parameters

The integer arrays TA,TD,ARRNO,DEPNO,GARR,
GDEP, have the same significance as in FIRSTNSDIR,
as have the integers A,B,M1,X1, and Y1 and
FIRSTDELAY.

MULTICHAN and REARRANGE are the procedures
described in 5,10 and 5.11.

The integer arrays NTPS and NTPR contain
details of all INDIRECT SWAPS as found by LISTSWOP
and amended by INDSEPARATE. They are analogous
to POSS2 and PROB2 in LISTSWOP.

The integer POORP contains the row number of
NTPS and NTPR which defines the change sequence
being studied here.

DEL contains the value of the delay inherent
to the INDIRECT SWAP defined by row POORP.

5.17.2.2 Output Parameters

If FIRSTDELAY is less than or equal to DEL,
no change is made to the integrations and the
delay on cycle A is accepted. The Boolean
quantity NOCHANGE is given the value 'true' to
signify this.

However, if DEL is less than FIRSTDELAY, the
cycles are altered in accordance with row POORP
of NTPS and NTPR, using procedure MULTICHAN,
NOCHANGE is given the value 'false' indicating,
on exit, that changes have occurred.
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5.18 'Procedure' NSINDFIRST
5.18.1 Object of NSINDFIRST
This procedure is similar to INDFIRST and FIRSTNSDIR
in deciding whether the reallocation, chosen by ACCHANGE
as being the best one, is used in preference to accepting
the original delay and making no changes at all. In this
case the reallocation chosen is of type N/S INDIRECT SWAP

and is one which cannot be performed without an inherent

delay.

5.18,2 Formal Parameters of NSINDFIRST
These are TA,TD,AxKNO,DEPNO,GARR,GDEP,NTPS,NTFR,A,B,
M1 ,FIRSTDELAY , BESTI, INDICES ,NSAVDLY ,X1,Y1,NS, NOCHANGE,
REARRANGE,MULTICHAN.

5.18.2.,1 Input Parameters
The integer arrays TA,TD,ARRNO,DEPNO,GARR,
GDEP have the same significance as in FIRSTNSDIR
and INDFIRST, as have the integers A,B,M1,X1,Y1
and FIRSTDELAY.
{ULTICHAN and RBARRANGE are the procedures
described in 5.10 and 5.11.
The integer arrays NTPS and NTFR contain
details of the initial reallocations of all the
N/S INDIRECT SWAPS as found by LISTSWOP and amended
by INDSEPARATE. The integer BESTI contains the
row number of NTPS and NTPR which defines the
change sequence selected by ACCHANGE for study here.
The array INDICES contains details of the second-
ary reallocation necessary to complete the change
sequence. This array is a copy of the array of
the same name which is produced by the NSINDIRECT
procedure, described in 5.15.
The integer NSAVDLY contains the mean delay
per delayed flight incurred by this N/S INDIRECT
SWAP.

5.18.2.2 Output Parameters
If FIRSTDELAY is less than or equal to NSAVDLY,
no change is made to the integrations and the
delay on cycle A is accepted. The Boolean quantities
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NS and NOCHANGE are given the value 'false' and
'true' respectively to signify this decision,
However, when NSAVDLY is less than FIRSTDELAY,
the cycles are altered in accordance with row
number BESTI of NTPS and NTPR and with INDICES,
utilising the procedures REARRANGE and MULTICHAN.
NS and NOCHANGE are assigned the values 'true'
and 'false' respectively, indicating that cycle
changes have occurred and that restricted cycles

are involved.
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5.19

'Procedure' ANALYSE,

5.19.1

5.19.2

Object of ANALYSE,

This procedure performs an analysis on a gate timetable
producing histograms of gate occupancy and separation
times, both for the individual gates and for the station
as a whole. In the program GATESIM, ANALYSE is called
before the start of the simulation to provide an analysis
of the planned gate timetable.

Formal Parameters of ANALYSE,
These are GTD,GTA,X,GMT,HISTOGRAM,ADDTO, WRITEDOWN .
5¢19.2.1 Input Parameters.

GTD and GTA are integer arrays which contain
details of the gate timetable to be analysed.
The significance of the value of the elements
in GTD and GTA is described in 4.%.l.

The number of rows in these arrays, i.e. the
number of gates being studied, is contained in
the integer X.

HISTOGRAM,ADDTO and WRITEDOWN are procedures
which were provided by ICL as part of the SIMON
simulation package. The declaration, manipulation
and printing of histograms and related statistics
are performed by these procedures which are more
fully described in section 6,10.2.

GMT is a procedure which converts an integer
representing a time in minutes to two integers
representing that time in hours and minutes.

5.19.2,2 Output from ANALYSE.

The only output of ANALYSE is done on the line
printer using WRITEDOWN and no output parameters
are required,

For each gate area the following is printed:
i) gate number

ii) number of occupancies considered

iii) average gate occupancy time in minutes
iv) average gate separation time in minutes.

97



(v) variance and standard deviation of the
distribution of the gate separation times
(vi) variance and standard deviation of the
digtribution of the gate occupancy times
A summary is provided showing the frequency
of occurrence in specific time bands, of occupancy
times and separation times.
Finally the mean, variance and standard devia-
tion of the station occupancy and station separa-

tion time distributions are printed.

519.3 Details of the analysis
It is possible to calculate factors (ii) to (vi) in
5.19.2.2 for the twenty-four hour period commencing at mid-
night at the start of the day to be studied, or for any
selected time span during the day. This time span may be
taken to be identical for each gate or to vary from gate
to gate. The difference between using the constant time

span and the variable one is as follows:

5¢19.3.1 Using the constant time span
Consider the following chart representing the

occupancies of three gates:

' |
Gate 1 ! d a d a d a d a |
' |
| I
Cate 2 | a d a d a - O d
|
| 1
a o d a d a d a
Gate 3 : ¥
| a - represents an arrival :
Start of time span b - represents a departure End of time span
™ T2

On Gate 1, there are five occupancies and only
four separation times during the time span. The
lengths of the first and last occupancies and
thus of the mean occupancy, are determined purely
by the choice of T1 and T2 and in this example
would result in a high mean occupancy time and a
high standard deviation, reducing the significance
of the mean as a useful parameter.

Conversely, in Gate 2, the same time span includes
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5.19.3.2

five vacancies, of which only 3 are separation
times by definition, and four occupancies. In
this case the mean separation time has its sig-
nificance reduced.

In Gate 3, there are five vacancies, only
four of which are true separation times. In
addition, the occurrence of the last arrival
so close to T2 will reduce the value of the
mean occupancy to below the value which is rep-
resentative of the period containing most activ-

ities.

Using the variable time span

The start of the time period can be chosen so
that it coincides with the arrival of an aircraft
on the gate being considered; and the end, so
that it coincides with the arrival of another air-
craft. Thus, each occupancy has a separation time
associated with it, there being the same number
of vacancies as occupancies.

ANALYSE utilises this method and selects as
the starting point, the arrival of the first air-
craft with an occupancy time of less than ninety-
one minutes. This is done in an attempt to elimin-
ate the effect of aircraft arriving in the early
morning and remaining on the gate for several hours
before departure. The end of the time span is taken
to be the arrival of the last aircraft on the gate,
thus eliminating the long evening occupancies
exemplified in Gate 1 above.
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CHAPTER 6

Introduction to Simulation Program GATESIM

6.1 The Simon Package.

6.2 Concept of entities, attributes in Simon.
6.3 Listing by attributes.
6.4 Listing by sets.

6.5 Simulation time.

6.6 Entities used in GATESIM,
6.7 Sets used in GATESIM.

6.8 Initial conditions.

6.9 Input data.

6.10 Output of results.

6+11 Control variables.
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6,1 The Simon Package.

Many languages or "packages" have been developed to simplify the
programming of specialised simulations. The majority tend to be
designed for use with particular machines and compilers, CSL,
for example, is a Fortran based language which is processed by

a translator program before being compiled normally.

The Simon package, however, consists of a series of procedures,
written in basic Algol, which can be incorporated into any Algol
program, It was selected for this project for two main reasons:-

i) Program testing was performed on an ICL 1900 machine but
the complete simulation was run on a CDC one., The Simon
procedures were acceptable to the compilers of both
installations.

ii) The procedures can be amended to suit particular program
requirements., Only those used by the program need be compiled
in to it, thus minimising program size.

6.2 Any model formulated using SIMON consists of a number of individual
components or ENTITIES the state of which can be recorded in two ways:-

i) Bach entity may have several properties or ATTRIBUTES
associated with it, each attribute being represented by
a number designated by the programmer. For example,
AIRCRAFT1 could be an entity with attributes such as:
flying, on a gate, unserviceable, fuelled, etc. Each
attribute is declared to be an integer and is assigned
an integer value chosen by the programmer.

ii) Alternatively, those entities, all of which are in a
particular state, may be listed under the state name,
This state name is called a SET. Once again the set name
is declared as being of type integer.

i) and ii) may be summarised as follows:
Consider four entities, A,B,C and D, each capable of existing in
any or all of the four states w,x,y,z.

Using i), the states would be listed under each entity as below:

ENTITY A B c D
W w
x x x
STATES
y y
z z

Alternatively, using ii), the entities may be listed by the state:
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STATES W X y [

ENTITIES
D D

Both these methods are used in GATESIM.

A number of entities with the same set of attributes may be
defined collectively as a GROUPENTITY. Individual entities may
8till be referred to and processed as a single entity.

In SIMON, a group entity is represented by a two-dimensional
integer array, each row representing a single entity and each
column an attribute, common to all entities. Element O (zero)
of each row is reserved for a value assigned by the groupentity

declaration procedure.

6.3 Listing by Attributes
A fleet of 20 aircraft, each with four attributes (e.g. flying,

loaded, serviceable, fuelled) could be represented by the array
declaration:-
"INTEGER' 'ARRAY' AIRCRAFT(1:20,0:4)
In this array the entity states are stored as integer values,
which are set by the programmer. Let us assume that the programmer
requires that:
column 1 refers to the operation being carried out by the aircraft.

colum 2 " " ® payload state of the aircraft.
column 3 " " " maintenance state of the aircraft.
column 4 " " " fuel state of the aircraft.

The following words have been declared as integers and given the
values as shown:
for use in column no. 1: FLYING=1 TAXYING=2 OFFSERVICE=3
PREPARING=4
i et ol "  no, 2: LOADED=1 EMPTY=2 LOADING=3
AT S " no. 3: SERVICEABLE=1 SNAGGED=2
s "  no. 4: FUELLED=1 FUELLING=2 DEFUELLING=3
Assignment statements can now be made describing the state of an
entity = aircraft number I:-
AIRCRAFT(I,1) :=PREPARING
AIRCRAFT(I,2):=LOADING
AIRCRAFT(I,3) :=SNAGGED
AIRCRAFT(I,4):=FUELLING
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These statements indicate that aircraft I is
(1) Dveing prepared for a flight
(i1) being loaded
(iii) at present unserviceable
(iv) is being refuelled.
At the beginning of a program the initial states of the entities
are set up by statements such as A and are subsequently altered as
necessary during execution.

6.4 Listing by Sets
The other way of listing entity states is by forming sets. For

example, a set called IN AIR which has been declared as an integer,
could be established to contain the names of all entities which are
at present flying. Thus using attributes also, any aircraft in this
set should have the value of element AIRCRAFT(I,1) set to 1, as
defined above. By using this method, the number of entities in a
particular state may be found without examining the attributes of
each entity.

In SIMON, a set is formed by declaring an integer variable and then
defining this variable as the name of a set by means of the SIMON
procedure SET. For example:-

'"INTEGER' INAIR;

SET(INAIR);
ensures that INAIR is the name of a set to which entities may be
added.

The statement

ADDLAST(AIRCRAFT1 ,INAIR) ;
would result in the entity called AIRCRAFT1 being added to the set
called INAIR, in such a way that, if the set is considered to be in
the nature of a queue, AIRCRAFT1 is now in the last position. A
member is withdrawn from a set by a statement such as
DELETE(AIRCRAFT1,INAIR).

6.5 Advance of Simulation Time
6.5.1 Having set up a model by defining and declaring the entities,

attributes and sets required, the way in which the model
changes with time must be considered. At any time, two classes
of entities may exist; those which will change autonomously as
a result of the passing of time, and those which will change
only as a result of changes in other entities. The former are
referred to as time dependent entities and the latter as time
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6.6

6.5.2

605-3

6.5.4

independent entities. BEach time dependent entity has, at any
time, & value associated with it, and this is the time at
which that entity will change state. This timevalue may be
assigned a number which is either input and not altered by

the program or else allocated by the program itself dependent
upon prevailing conditions in the model. Simulation time thus
advances in discrete jumps from one timevalue of an entity to
the next earliest timevalue. At each of these "“clocktimes",
the associated time dependent entity has its state altered.
This alteration may cause state changes in other entities which
in turn may affect yet further ones. Thus before the clocktime
is advanced to the next activity time as defined by the time-
values, tests must be carried out, the results of which determine
any further state-changes at this clocktime.

In Simon, all time-dependent entities must be listed in a set.
This is not done automatically, and the normal listing procedures
must be used to add each time dependent entity to this set. The
time value of the entity is assigned using the procedure SETTIME
as provided. The number to which it is set,must be an integer
quantity and is usually obtained by internal .computation, usiﬁg
input data as a base. The first activity is found by searching
the time set and advancing the clocktime to the earliest time-
value, This is done by the procedure SCAN.

The facility of sampling cumulative percentage probability
distributions is provided. This is done by selecting a probabil-
ity value at random by means of a random number generator
(provided in semi-compiled form on cards), by finding the corres-
ponding time from the distribution and interpolating linearly
where necessary.

Input and output are carried out by the usual Algol procedures.
However, the additional facility of forming and outputting
histograms in tabular form is available. These procedures output
the mean, variance and standard deviation of the histogram values.

In GATESIM, three GROUPENTITIES are declared, one representing the
aircraft, one the gates available for use and the other the towing
vehicles available for inter gate and gate-parking area movements.
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6.6.1 The aircraft are represented by the array AIRCRAFT which is
defined as having AC rows (starting at 1) and 2 columns
(columns O and 1). AC is an integer, the value for which
forms part of the input data and represents the number of
aircraft which in one day will pass through the station
being simulated. There are only two attributes associated
with each entity. These are represented by the integers
ATLER and AWAY, and are given the values 1 and 2 respectively.
Only one of these attributes can be applicable at any one
time, so the array AIRCRAFT need only have two columns, the
gero column being required by SIMON for internal documentation.

6.6.2 The available gates are represented by the array PARK which
is declared as having ST rows (starting at 1) and 2 colums
(columns O and 1). ST is an integer, the value for which
forms part of the input data and represents the number of
gates available to the airline at the station being simulated.
Once again there are only two attributes, namely FULL and
EMPTY, of which only one can apply to a particular gate at a
specific time. Thus the array PARK, as with AIRCRAFT need
have only two columns. FULL and EMPTY are assigned the values
1 and 2 respectively.

6.6.3 The towing vehicles are represented by the array TUG which
has NMAX rows (starting at 1) and 2 columns (columns O and 1),
NMAX is an integer which is assigned a value by the input
data and which represents the total number of tugs which can
be in use at any one time. Again there are only two attributes
represented by the integers BUSY and FREE, which are assigned
the values 1 and 2 respectively.

6.6.4 The attributes related to the towing vehicles and the gates
describe their states sufficiently well for the simulation,
but much greater detail is required when considering the aircraft.
The attributes ATLHR and AWAY merely provide a broad classifica~
tion. The detail required by the simulation is provided by
the other listing device described in 6.4, namely by sets.

6.7 Sets Used in GATESIM
6.7.1 With one exception, the sets relate to the states of the aircraft.

This exception is celled TOWING and refers to the tractors.
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The maximum number of tugs required at any one time forms part
of the output and this necessitates a constant check being made
of the number of towing vehicles in use. When a tractor
represented by TUG(I,0), say, commences a tow, it is added to
the set TOWING, from which it is deleted at the end of the tow.
Thus the size of TOWING gives the number of tugs in use and this
is much easier to evaluate than searching the attributes of each
vehicle.

6.7.2 It is essential in SIMON that a set be declared to which are
added all the entities which have a timevalue associated with
them, the activities of which control the advance of simulation
time. In GATESIM, this set is called TIMESET. The only time
dependent entities are those in the array AIRCRAFT and each
entity from AIRCRAFT(1,0) to AIRCRAFT(AC,0) must be added to
TIMESET individually by the procedure ADDLAST. The inclusion
of an entity in this set neither indicates the associated time
value nor the activities to be performed at that time, but
merely that the entity is time dependent. The time value is set
by the procedure SETTIME which takes the form

SETTIME(AIRCRAFT(I,0),500);
The activities to be performed at time 500 will be dependent on
the entity state at 500, this, in GATESIM, being defined by the
membership of the entity in other sets, independent of TIMESET.

6.7.3 Nine sets (to which only the entities represented by the array
AIRCRAFT can be added,) are defined and these govern the next
activities to be performed by its members. The names of the
sets are:

(i) FLYOUT
(ii) FLYIN
(i1i) oATEC
(iv) CGATE
(v) ToOCP
(vi) TOGATE
(vii) HOLDING
(viii) ERESTA
(ix) ERESTD
A specific entity can of course, be a member of only one of
these sets at any given time.
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6.7.4

6‘7.5

6.7.6

6.7.7

There are in addition other four sets, namely ONGATE, INCPARK,
AWAYLHR and NOTALLOC which are used to provide additional
information about the entities of the array AIRCRAFT, but which
are not informative as regards the next activity to be performed
by their members.

The statements SCAN(TIMESET,MEMBER,LEASTIME);

and CLOCKTIME:=LEASTIME;

cause a search of all entities in the set TIMESET for
the one which has the lowest timevalue associated with it. This
entity can, in subsequent references, be identified by the use
of the integer MEMBER and the timevalue associated with it is
stored in LEASTIME. The second of the above two statements
advances the simulation time to the value of LEASTIME.

Each of the sets (i) to (ix) listed in 6.7.3 is searched until
the one which contains the entity MEMBER, identified by the

SCAN procedure, is located. The following nine sections describe
the significance of an entity's membership in one of these sets.

Significance of Membership in set FLYOUT

The members of this set are aircraft which are positioned on
a departure gate and have been committed to a flight departure.
The precise departure time has been computed during a previous
activity, (section 6.7.15) but this time is not used by the
simulation prior to arriving at it. Instead, if a reference to
the impending departure time is necessary, an estimate of that
time is used. This estimate is based on either the previous
arrival time of the aircraft or the scheduled departure time
dependent upon the length of the turnround time. The evaluation
of this estimate is described in section 6.7.8 when considering
the set FLYIN and also in 6.8 where initial conditions are
discussed.

When the procedure SCAN identifies an entity which is found
to belong to the set FLYOUT, the simulation time is advanced to
its timevalue and the following procedures are followed:

(1) The row number in the TD array to which this entity

refere, is identified by the procedure MEMNUM and the
value stored in the integer I.

(1) The column number J in the TD array which together with

the integer I above define the impending departure is
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(1i1)

(iv)
(v)

(vii)
(viii)
(ix)

(x)

(xi)

(xii)
(xiii)
(xiv)
(xv)

(xvi)

(xvii)

ascertained by evaluating the element ACINDICES (I). This
array is described in section 6.8. The impending departure
has a flight number given by DEPNO(I,J) and is due to leave
from gate number GDEP(I,J). NUM is given the value of
GDEP(I,J).

The one attribute of MEMBER is set to AWAY by the statement
AIRCRAFT(I,1):= AWAY,

MEMBER is deleted from the set FLYCUT.

MEMBER is deleted from the set ONGATE.

MEMBER is added to the set AWAYIHR,

The element of the array GTD referring to this departure

is given the value of the simulation time,

The attribute of the entity PARK(NUM,0) is set to EMPTY by
the statement PARK(NUM,1):=EMPTY.

The current value of the simulation time is added to the
histogram GONE which is described in seection 6.10.2.7.

The punctuality of the flight is ascertained by comparing
simulation time to TD(I,J). The TA and TD arrays are never
updated to include late or early movements, and so always
contain the scheduled movement time.

The punctuality figure, which is negative for an early
movement and positive for a delay, is added to the histogram
DEPHIS described in section 6,10.2.5.

Details of simulation time, flight number, departure gate
number, punctuality and aircraft type can be printed.

If the aircraft does not return to the station on the same
day, it is deleted from TIMESET and the following (xiv) to
(xvi) are omitted,

The entity is added to the set ERESTA.

An estimate of the time of air debrief is made and the time
value of the entity reset to this.

The estimated time of arrival of the aircraft is computed
and the return arrival flight is identified on the gate
timetable. The time of this flight is updated only on the
gate plan,

The TIMESET is now checked for any further activities, and
if it is empty the simulation is ended. Otherwise the clock
time is reset and further activities occur dependent on the
set to which the newly identified entity belongs.
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6.7.8 8ignificance of Membership in set FLYIN.
The members of this set are aircraft which have completed
the air-debrief and whose arrival times have been computed.
These times can be used by GATESIM if necessary due to the
accuracy with which, in practice, they can be estimated at the
time of air-debrief.
When the procedure SCAN identifies the entity with the lowest
timevalue, it is identified by the integer MEMBER which, if it
is found to belong to the set FLYIN, causes the following
procedures to be followed:
(1) The current value of the simulation time is added to
the histogram COME which is described in 6.10.2.8,

(ii) The row number in the TA array to which this emtity
refers, is identified by the procedure MEMNUM and
stored in the integer I.

(i11) The column number J, in the TA array which together
with the integer I above identifies the arrival as being
£1ight number ARRNO(I,J) to gate GARR(I,J) is evaluated.

(iv) The attribute of the entity is set to ATLHR.

(v) The planned arrival gate, number NUM, is given by GARR(I,J).

(vi) The entity is deleted from the sets FLYIN and AWAYLHR.

(vii) The punctuality of the arrival is evaluated.

(viii) 1If gate NUM is vacant then activities (ix) to (xvii) are
performed, otherwise activities (xviii) to (xxii) are
carried out. In each case, (xxiii) and (xxiv) are
implemented.

(1x) The punctuality of the arrival is added to the histogranm

ARRHIS which is described in 6.10.2. 4,

(x) The element of the array GTA referring to this arrival

is given the value of the simulation time.

(xi) The attribute of the entity PARK(NUM,0) is set to FULL.

(xi1) The entity AIRCRAFT(I,0) is added to the set ONGATE.

(xiii) The next movement is ascertained by comparing the value
of the element of the array GDEPNO which refers to
AIRCRAFT(I,0)'s present occupancy, to the value of the
aircrafts next departure as given by the apprepriate
element in the array DEPNO.

(xiv) If these have the same value, then the aircraft is
scheduled to remain on the gate for departure DEPNO(I,J)
and the aircraft is added to the set ERESTD,

The ground time available to the aircraft before its
next scheduled departure is studied and if this is greater 109



than the minimum turnround time then the timevalue of

the entity is set to TD(I,J)-10. This represents the

time when the actual departure time will be computed.

In addition, the timevalue of PARK(NUM,0) is set to

™(1,J) which at this stage is the best estimate of the

actual departure time. However, if the twrnround time
is below the minimum required, the timevalue of the
aircraft is set to CLOCKTIME+M{-10 and of the gate to

CLOCKTIME+M1 where M1 is the minimum turaround time in

minutes.

(xv) 1If DEPNO(I,J) and GDEPNO(NUM,COL+1) have different
values, then aircraft(I,0) is scheduled either to
remain on the gate and perform no further departure or
else to be towed to a parking area to return for a
later departure.

(2) In the former case, the aircraft emtity is deleted
from TIMESET, and added to set NOTALLOC. The
timevalue of the gate is set to szere.

(b) If a tow is scheduled, the aircraft emtity is
added to the set GATEC and its timewvalue, together
with that of the gate, is set to the wvalue of the
simulation time plus the preparation time necessary
for a tow.

If the aircraft has no further scheduled departures,
it is added to the set NOTALLOC.
(xvi) The value of GTINDEX(NUM) is incremented by one.
(xvii) The time of the impending gate departure as held in the
gate entity timevalue is used to update the relevant
element of array GTD. The next activity obeyed is (xxii).

Activities (xviii) to (xxi) are performed only if the gate
is found to be full on arrival.

(xviii) The estimated delay time before emtering this gate is
computed by comparing the simulation time to the relevant
entry in array GTD.

The maximum acceptable hold time is held in the integer HOLD.
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(xix) 1If the delay time is not acceptable, the procedure
GATEALTER is called, and the new gate number stored in
NUM. This could well be the same gate if all other
changes involved a greater delay tham that for the
original gate.
The boolean array DIVERT is one dimemsional haviag the
total number of gates at its only dimemsion. By setting
DIVERT(NUM) to the value 'true', it is indicated that
the aircraft now planned for gate NUM is involved in a
delay attributable to gate shortage.

Aotivity (xx) is omitted if (xix) was executed.

(xx) The time at which the delay commenced is stored in the
array element HOLDSTART(NUN).
(xxi) The aircraft entity is added to the set HOLDING and has
its time value incremented by 1 minmute.
(xxii) If no entries remain in TIMESET the simulation ceases,
otherwise TINESET is scanned to identify the entify with
the next lowest time value.

6.7.9 Significance of Nembership in set CGATE.
Each member of this set is an aircraft positioned in a non-
operational parking area, awaiting tow to a gate for flight
departure. The planned time of the tow start is set during the
activities carried out in 6.7.11, or else forms part of the
initial conditions described in 6.8.
When it is discovered by SCAN that the entity with the lowest
timevalue is a pember of the set CGATE the following activities
are performed:
(1) The row number of the arrays TD,DEPNO and GDEP to which
this entity refers is stored in the integer I.
(11) The column number J of the arrays TD,DEPNO and GDEP,
such that the impending departure of aircraft I has the
flight number given by DEPNO(I,J), is evaluated.
(1141) The plamned departure gate number is stored in NUM.
(iv) A search is made to ascertain if any towing vehicles are
available and, if none are, this information can be printed
and the aircraft entity has its timevalue set to CLOCKTIME+S.
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No alterations are made to the contents of any set and
no activities are performed. The activities (v) to (xvii)
are omitted and the next instruction is number (xviii)
below.

(v) 1If there is a vehicle available then the activities (vi)
to (xvii) are executed.

(vi) The curremt value of the simulation time is added to the
histogram TRACTORS which is described in 6.10.2,10,

(vii) The attribute of the entity TUG(N,0), where N is the
vehicle number (ranging between 1 and NMAX), is set to
BUSY.

(viii) The simulation time is recorded in the array element
TOWSTART(N) .

(ix) PFor use at other activity points in the simulatiom, it
is recorded that the vehicle number N is towing aircraft
number I. This is done by using the array TOW(1:AC) and
by the statement TOW(I):=N.

(x) The entity AIRCRAFT(I,0) is deleted from the sets CGATE
and INCPARK.

(x1) AIRCRAPT(I,0) is added to the set TOGATE,

(xii) The vehicle given by TUG(N,0) is added to the set TOWING.

(xi1i) The timevalue of the aircraft is set to the value of
(clocktime + a sample taken from the distribution of
towing times).

(xiv) A test is now carried out to ascertain if the gate
occupancy which this aircraft will form is in fact the
one which was planned to be consecutive to the previous
movement on the gate. Consider the gate represented by
the following bar chart:

DT A1 D2 A2 3 A3
A1,A2,A3 represent planned arrivals
D1,D2,D3 represent planned departures
Let A2 be the arrival of the aircraft under tow being
considered here.
If D1 was the last departure from the gate, the next
occupancy, as far as the arrays GTA,GTD,GARRNO,GDEPNO,
ARRG and DEPG are concerned, will commemce with the
arrival A1. However if flight A1 has a large inbound
delay, then A2 could occur before the arrival of Al in
which case the gate timetable arrays must be amended.
Hence the above test is carried out and any necessary chaniea
made.



(xv) 1If the planned departure gate is occupied at the start
of the tow, a check is made to ensure that it will be
vacant to accept the towed aircraft after a tow time
again assumed to have the value of AVIOW. If it will
not be free, the procedure GATEALTER is called to
perform a gate change.

(xvi) The element in the GTA array which refers to this entity's

arrival is set to the value of CLOCKTIME+AVTOW, since
in practice the estimates of the time takem for a tow
are not accurate. This is because the vehicles are under
the Airport Ground Movement Control which is independent
of the airline and which has responsibility for all
movements within the taxiways. It would therefore be
unwise to allow the simulation to use the actual arrival
time which it computed previously. (Item (xiii) above).

(xvii) The value of CLOCKTIME, the aircraft number, the planned
departure flight number, the planned departure gate and
the punctuality of the start of the towing movement can
be primnted.

(xviii) The set TIMESET is re-scanned to idemntify the emtity
with the lowest timevalue.

6.7.10 Significance of Membership in the set GATEC

Each member of this set is an aircraft pesitioned con an

operational gate awaiting a tow to a parking area. Membership

of GATEC does not indicate whether the aircraft is scheduled to

return later in the day to a gate for a departure. The earliest

time at which the tow can start is the summation of the time of

arrival of the aircraft at the gate plus the minimum occupancy

time.

When it is discovered by SCAN that the entity with the lowest

time value is a member of GATEC, the following activities are

performed:

(1) The row number of the arrays TA,ARRNO and GARR which

refers to the previous inbound flight of this emtity,
is stored in the integer I.

(11) fThe column number J of the same arrays, which defined
the immediately prior arrival of aircraft number I as
being ARRNO(I,J), is evaluated.

(iii) The gate being occupied by the entity is stored in NUM.
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(iv) If there is a further occupancy planned for this gate
or if this aircraft is scheduled for a subsequent flight
the next activity performed is (viii).

(v) As explained in 6.8.7, the last occupancies on each gate
are represented on GDEPNO as all requiring a tow to a
parking area. This was dome to indicate the possible
vacant time after the last arrival on each gate.

(vi) If the aircraft emtity is the last planned occupancy of
its gate but there are still some flight arrivals
outstanding at the station, then the time value of the
entity is incremented by 5 minutes and the entity is not
deleted from GATEC. Thus the imminent flight arrivals
can consider that gate NUM will be available at the new
timevalue for an umschedule occupancy.

(vii) If flight arrivals have been completed, the tow is
cancelled and the aircraft entity is deleted from the
sets GATEC and TIMESET.

(viii) A search is made to ascertain if any towing vehicles are
available and if none are, the entity has its timevalue
set to CLOCKTIME+5. No alterations are made to the contents
of any sets, and the next instruction performed is (xviii)
below. If there is a tractor available, the activities
continue with (ix) below.

(ix) The allocation of a tractor to the tow is recorded in the
histogram TRACTORS.

(x) The element of the GTD array referring to this entity's
occupancy is given the value of CLOCKTIME.

(x1) The starting time of the tow is recorded in the array
TOWSTART by the statement TOWSTART(N):=CLOCKTIME where
N is tractor number being used.

(xi1) The tractor number N being used by aircraft number I, is
recorded in the array TOW by the statement TOW(I):«N.

(xiii) The attribute of TUG(N,0) is set to BUSY.

(xiv) The aireraft is deleted from the sets GATEC and ONGATE
and added to the set TOCP.

(xv) The attribute of the entity PARK(NUM,0) is set to EMPTY.

(xvi) The emtity TUG(N,0) is added to the set TOWING.

(xvii) The timevalue of the aircraft is set to the value of
CLOCKTIME+ a sample taken from the distribution of
towing times.
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6.7.11

(xwiii)

If no members remain in the set TIMESET, the simulation
ceases, otherwise a further call to procedure SCAN is made.

Significance of Membership in set TOCP

Each member of this set is an entity representing an aircraft
which is in the process of being towed from a gate position to
a parking area. The time of arrival at its parking position was
determined at the start of the tow by the activity described in

6.7.10'

When it is discovered by SCAN that the entity with the lowest
timevalue is a member of TOCP, the following activities are
performed:

(1)
(i1)

(1i1)
(iv)
(v)

(vi)

(vii)
(viii)

(x)

(x1)

The row number of the arrays TA,TD, etc., to which this
entity refers is stored in the integer I.

The column number J of the arrays TA,TD, ete., such that
the immediately preceding arrival of the aireraft I had
the flight number ARRNO(I,J), is evaluated.

The gate number from which the aircraft departed is stored
in the integer NUM.

The pumber of the towing vehicle is given by the value of
ToW(I) and is stored in N.

The time taken for the tow is evaluated by deducting the
value of the element TOWSTART(N) from the current simulation
time and is stored in the integer TOWT.

The value of TOWT is added to the histogram TOWHIS to
compile a distribution of the occurrence of tows of which
the durations lie within certain ranges. These bands
start at 15 minutes and increase in increments of 5
minutes to the last finite range of 60 - 65 minutes.

The attribute of the entity TUG(N,0) is set to FREE.

The aircraft is deleted from the set TOCP and the towing
vehicle is deleted from the set TOWING.

The aircraft is added to the set INCPARK.

If the aircraft is not scheduled to perform any further
flights that day, it is deleted from the set TIMESET and
added to the set NOTALLOC.

If it has a later flight to perform it is added to the
set CGATE and has its timevalue set to the value of
T(I,J)-TOWASK where TD(I,J) is its next scheduled
departure time and TOWASK contains a value set by the
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input data to be the minimum time between the start
of a tow and the scheduled departure time. A check

is made to ensure that this timevalue is greater than
the current simulation time since, if the tow from the
gate took an inordinately long time, the reverse
situation could exist. In this case the timevalue is
set to the value of CLOCKTIME, i.e. the aircraft has
its return tow started immediately.

(xii) The value of CLOCKTIME, the aircraft number, the gate
number from which the tow commenced and its arrival in
the parking area can be recorded on the line printer.

(xiii) If no members remain in the set TIMESET, the simulation
ceases, otherwise a further call to procedure SCAN to
identify the entity with the next lowest timevalue is
made, and the relevant activities performed.

6.7.12 Significance of Membership in the set TOGATE
Bach member of the set TOGATE is an entity representing an
aircraft which is in the process of being towed to a gate
position from a parking area, and for which the next activity
ghould be its arrival on the gate planned for its next flight
departure. The timevalue of each entity in TOGATE is the time
at which it will arrive on its gate if it is found to be wvacant.
This time is set during the activities described in 6.7.9.
When the procedure SCAN identifies the entity with the loweat
timevalue as belonging to TOGATE, the following activities are
performed:
(1) The row number of the arrays TA,TD,etc., to which this
entity refers is evaluated by the procedure MEMNUM and
stored in the integer I.

(41) The column number J of the arrays TD,DEPNO and GDEP,
such that the impending departure of aireraft I has the
flight number DEPNO(I,J), is evaluated.

(441) The gate number to which the aircraft is being towed is
given by the value of GDEP(I,J) and is stored in NUM.

(iv) The tractor number performing the tow is stored in N.

(v) 1If the attribute of the entity PARK(NUM,0) has a value
equal to that of EMPTY, the instructions (vi) to (xvi)
are obeyed. Otherwise a jump is made to instruction
(xvii) below.
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(vi)

(vii)
(viii)
(1x)
(x)

(xi)

(xii)
(xiid)

(xiv)

(xv)

(xvii)

The value of the element of the GTA which refers to

this arrival on gate NUM, is updated by setting it to
the current value of the simulation time.

The time taken to perform the tow is evaluated and

added to the distribution TOWHIS.

The attribute of entity PARK(NUM,0) is set to the

value of FULL,.

The aircraft is deleted from the set TOGATE and added

to the set ONGATE.

The entity TUG(N,0) is deleted from the set TOWING, and
its attribute is given the value of FREE,

If the aircraft is not scheduled to depart on a flight
until after midnight, it is deleted from the set TIMESET.
The current value of the simulation time, the aircraft
and gate numbers, and the fact that no further departures
will be made by this aircraft can be listed on the line
printer. The next instruction obeyed is (xviii) below.
The aircraft is added to the set ERESTD,

The aircraft must arrive at least M1+15 minutes before
the scheduled departure time, for the first estimate of
the actual departure time to be on schedule. For every
minute less than Ml+15 of available gate time, the
estimate of departure time is increased by one minute
beyond the scheduled time. For example, if the aircraft
arrives 30 minutes before scheduled departure time, and
if M1 has the value of %0, the estimate of the actual
departure time will be (STD+15).

The timevalue of the aircraft is set to the value of the
estimate of the time of departure minus 10 minutes,

The element in the GTD array which refers to this
departure is set to the estimated time of departura.

The next activity performed is (xviii) below.

Instruction (xvii) is obeyed only when the gate is found
to be occupied on arrival,

If the estimated time when the gate will be free is

found to be less than 45 minutes before the aircraft's
STD, the procedure GATEALTER is called to find a new gate
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for this occupancy. If this is not possible, the

aircraft must wait for the original gate to be

vacated and the following are performed; otherwise

only instruction (xviii) is followed.

(a) The time when the gate hold commenced is
recorded by the assignment HOLDSTART(NUM) :=CLOCKTIME.

(b) The fact that the holding aircraft is umder tow
and is not an inbound operational flight is
indicated by setting the element INBOUND(I) to
'false'.

(¢) The aircraft is deleted from the set TOGATE and
added to the set HOLDING.

(d) The timevalue of the aircraft is increased by
1 minute.

(e) The imteger MAXHOLD which records the number of aircraft
which hold for a gate throughout the 24 hour period
is increased by 1.

(xviii) If there are no members in the set TIMESET, the simulation
is ended, otherwise, the procedure SCAN is recalled and
further activities performed dependent on the set to
which the selected entity belongs.

6.7.13 Significance of Membership in the set ERESTD

Each member of this set is an entity representing an aircraft

which is positioned on a gate, and is committed to a flight

departure. The timevalue of each entity has beem allocated during
the activities performed when the aircraft arrived on the gate and
corresponds to a time 10 minutes before the first estimate of the
actual departure time. It is this estimate which, if required,
the simulation has been using when considering other gate or
aircraft changes. In practice, the engineering pre-departure
check has been completed at this stage and a good estimate of the
actual departure time can be made.

When the procedure SCAN identifies the entity with the lowest

timevalue as being a member of ERESTD, the simulation time is

advanced to the timevalue of the selected entity and the following
activities performed:
(1) The row number of the arrays TD,DEPNO and GDEP to which
this entity refers is evaluated by the procedure MEMNUM
and stored in the integer I.
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(i1) The column number J of the arrays TD,DEPNO and GDEP,
such that the impending departure of aircraft I is
given by DEPNO(I,J), is evaluated.

(1i1) The gate on which the aireraft is positiomed is given
by the value of GDEP(I,J) and is stored in the integer
NUM.

(iv) The time of departure is computed by adding the current
value of the simulation time to a random sample taken
from the distribution FORATD. The formation of this
distribution is described in 6. 9,3.

(v) The element of the array GTD referring to this
departure is set to this computed value.

(vi) The timevalues of the entities AIRCRAFT(I,0) and
PARK(NUM,0) are also set to the actual departure time.

(vii) The entity AIRCRAFT(I,0) is deleted from the set ERESTD
and added to the set FLYOUT.

(viii) The procedure SCAN is recalled to identify the emtity
with the lowest timevalue and further activities,
dependent upon the set to which the selected entity
belongs, are initiated.

6.7.14 Significance of Membership in the set ERESTA

Each member of this set is an entity representing an aircraft

which is away from the station and which has its timevalue set

to the value of the estimate of its arrival time back at the
station, minus twenty minutes. In practice, the estimated
arrival time of an inbound flight is made when it has departed
from its last stopping point, and, much more accurately, when
it is within range of the approach control radar of its
destination. This normally occurs about twenty minutes before
landing. At this point, some airlines, including BEA, require
the flight crew to contact the airline on a private radio
frequency to report its latest estimate of arrival. Other
airlines, however, monitor the approach control frequency and
the estimate of the arrival time is made by ground staff.

Irrespective of the method, a good estimate is available about

twenty minutes before arrival. This time is called the

"air debrief time".

When the timevalue of an entity belonging to ERESTA is reached

an attempt is made to simmlate the activities which would be

performed by the airlinme ground staff on receipt of the final
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estimate of an aircraft's arrival time, It is necessary to
test whether the planned gate for the arrival will be vacant
and whether the arrival time will allow sufficient ground
time for its subsequent departure, if any. Thus, when it is
discovered by SCAN that the entity with the lowest timevalue
is a member of the set ERESTA, the following activities are
pexrformed:

i) The current value of the simulation time is added to
the histogram DEBRIEF which is described in 6.10,2.9.

i1) The row number of the arrays TA, ARRNO and GARR to
which this entity refers is evaluated by the procedure
MEMNUM and stored in the integer I.

iii) The columm number J of the arrays TA, ARRNO and GARR
such that the impending arrival of aircraft I has the
flight number given by ARRNO(I,J), is evalumated.

iv) The plamned arrival gate is given by GARR(I,J) and is
stored in the integer NUM.

v) The actual time of arrival is computed by adding a
random sample of the distribution FORATA to the
ocurrent value of the simulation time,

vi) The simulation time, the flight number, the fact that
it has been air-debriefed, its planned arrival gate
and its arrival time can be listed on the line printer.

vii) The aircraft is deleted from the set ERESTA and added
to the set FLYIN,

viii) The timevalue of the entity AIRCRAFT(I,0) is set to
the computed time of arrival,

ix) s in 6.7.9, instruction (xiv), a test is carried
out to emsure that the gate occupancy which this
aircraft will form is in fact the one which was
planned to be consecutive to the previous movement
on the gate. If it is not, then changes are made to
the arrays GTA,GTD,GARRNO,CDEPNO,ARRG and DEPG so
that, if the last movement on the gate is given by
flight number GDEPNO(NUM,N), then the impending
arrival has its actual arrival time, ites flight
number, and its aircraft cycle number stored in
column N of the arrays GTA,GARRNO and ARRG respectively.
FPor example, if the impending arrival is planned to
remain on its arrival gate for the rest of the day,
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(x)

(xi)

then the other arrival, scheduled to precede the one
of aircraft I, would find its gate occupied with no
prospect of its being vacated. Thus a gate change
would be necessary. By altering the arrays at this
stage, this situation can be foreseen and a tow
planned to allow the gate to be free for the late
arriving aircraft. Even though this isclated example
were not applicable, the changes are necessary to

keep intact the cross references between the gate
timetable arrays and the aircraft integrations,

The element of the GTA array referring to the
impending arrival is updated to contain the value of
the actual arrival time as opposed to the estimate.

If the planned arrival gate is at this stage occupied
and is estimated to remain so until after the arrival
time, a gate hold will not be accepted. This was
decided because the actual arrival time is known, but
the departure time for the aircraft on the gate is only
an estimate and an early gate change, even an unnecessary
one, causes little inconvenience. On the other hand, a
late one, which could possibly be required when the
actual departure time becomes apparent, causes
considerable disruption.

If the inbound aircraft is scheduled to remain on the
arrival gate until a later departure, and if the
available ground time is not less than the minimum
turnround time, then the procedure GATEALTER is called
to perform a gate change for this occupancy. If the
available ground time is not sufficient to allow an on-
time departure, the procedure ALLCHANGE is called to
perform an aircraft change and to make the necessary
incurred gate changes.

However, if the aircraft is scheduled to be towed to a
parking area, and to be returned later to a gate for a
departure, a check is made to ensure that there is
sufficient time to perform this towing sequence. If
there is, GATEALTER is called to change the gate for
the arrival, the departure gate being left alome. If
the available time is not sufficient, the arrival is

transferred to the planned departure gate and the arrays
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xii)

xiii)

GTA, GARRNO and GARR altered accordingly. If this
arrival cannot be accommodated on the departure gate
because of the previous occupancy, GATEALTER is
called to change the gate for the complete ground
time,

Finally, if the aireraft is scheduled to be towed to
a parking area and is not scheduled to return to a
gate during the simulation period, the occupancy
formed by the arriving aircraft has its gate changed
by the procedure GATEALTER.

After the instruction (xi), the next one obeyed is
number (xv) below.

Instructions (xii) to (xiv) apply only when the arrival
gate is estimated to be vacant for the inbound airecraft.
Only one of these three instructions will be obeyed for
any one arrival.

If the aircraft is planned to operate a departure from
ite arrival gate, a check is made to emsure that the
available ground time is not less than the minimum
turnround time. If it is, aireraft changes are
performed by the procedure ALLCHANGE. Otherwise, no
changes are made,

The next instruction obeyed is (xv) below,

If the aircraft is planned to be towed to a parking
area where it is to remain for the remainder of the
day, a check is made to ascertain whether the arrival
immediately following this tow is confronted with an
occupied gate or not. If the gate will still be
occupied, and if the later occupancy is terminated
with a flight departure, then the occupancy formed by
the aircraft being studied in this section has its gate
altered by procedure GATEALTER., This is in accordance
with the policy of preference being given to departing
flights insofaras adherence to the original gate plan
is concerned., If the later occupancy is not terminated
with a flight departure, any alteration to the gate plan
is postponed until the time of air-debrief of the later

arriving flight.
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The next instruction obeyed is (xv) below.

(xiv) If the aircraft is due to be towed to a parking area
before return to a gate for a departure, a check is
performed to ascertain if there is sufficient ground
time available to perform the towing sequemce. If
there is, no changes are made to either the gate
timetable or the airoraft integrations. If the available
time is insufficient the arrival is transferred to the
departure gate so that in the arrays GTA and GARRNO, the
start of the occupancy which terminates with the
departure DEPNO(I,J) represents a flight arrival and
not a tow-on as planned. A test is now made to ensure
that the arrival can be accommodated on its new gate.

If not, the procedure GATEALTER is called to perform a
gate change for the complete occupancy.

(xv) The procedure SCAN is called to idemntify the entity with
the lowest timevalue and, dependent on the set to which
this entity belongs, further activities are initiated.

6.7.15 SIGNIFICANCE OF MEMBERSHIP IN THE SET HOLDING
Each member of this set is an entity representing an aircrafti
which is on the ground waiting for its planned gate to become
vacant. The aircraft could be under tow in which case its
previous activity would have been its departure from a parking
area described in 6.7.9. Otherwise, its previous activity
would have been a landing, when the activities specified in
section 6.7.8.were carried out. In both case the projected
holding time for its gate was considered acceptable.

When it is discovered by the procedure SCAN that the entity
with the lowest timevalue is a member of the set HOLDING, the
following activities are performed:

(i) The row number of the arrays TA,TD,ARRNO,DEPNO,GARR and
GDEP, to which the aircraft which is holding for its
gate refers, is evaluate by procedure MEMNUM and stored
in the integer I.

(ii) The column number J of the above arrays, such that the
next departure of the aircraft I is defined by DEPNO(I,J),
is evaluafed. 1 2 3



iii)

iv)

vi)

vii)

If the value of the Boolean array element
INBOUND(I) is found to be "true" then the
aircraft has just landed on an inbound flight.
The gate number NUM is given by the value of
the array element GARR(I,J). The current
value of the simulation time and tl}e flight
number can be printed.

If INBOUND(I) is found to have the value "false",
then the aircraft has been towed from a parking
area for a departure, so the gate number NUM is
given by the value of GDEP(I,J). The current
value of the simulation time and the aircraft
number I can be printed.

If the gate number NUM is still occupied, i.e.
PARK(NUM,1) = FULL, then this information can be
printed on the line printer and the timevalue of
the entity is increased by one minute., In
addition, if this aircraft is operating an inbound
flight and was diverted from its originally
planned gate to this gate, number NUM, on landing,
the Boolean array element DIVERT (NUM) would have
been set to the value "true" during the activities
described in section 6,7.8. In this case, the time
at which the hold commenced was not recorded. This
is done now with the statement HOLDSTART(NUM) =
CLOCKTIME, The value of DIVERT(NUM) is reset to
"false", indicating, when the next check for the
gate availability is made, that the aircraft
waiting entry has had the time when it started the
holding period already recorded.

The next activity performed is number (xxv) below.

Only when the attribute of the entity PARK(NUM,O)
is found to equal the value of EMPTY are the
instructions (vii) onwards obeyed.

The attribute of the entity PARK(NUM,0) is set to
the value of FULL.
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(viii) The element of the array GTA which refers to the
arrival of aireraft 1 on to gate NUM is set to
the current value of the simulation time.

(ix) The entity AIRCRAFT(I,0) is deleted from the set
HOLDING and added to the set ONGATE.

(x) If the Boolean array element DIVERT(NUM) has the
value true' then this aircraft has been diverted
to gate NUM immediately on landing and has not
held for a gate. The value is altered to 'false'
and the next instruction obeyed is number (xii)
below.

(xi) The number of minutes for which the aircraft
waited is computed, the value added to the
histogram GATEQ and also listed on the line

printer.

(xii) If the Boolean array element INBOUND(I) has the
value 'false' the next instruction obeyed is
(xvii) below; otherwise the aircraft is operating
an inbound flight and instructions (xiii) to (xvi)
are followed.

(xiii) The deviation of the actual arrival time from the
scheduled one is computed, and added to the histogram
ARRHIS.

(xiv) If the aircraft is planned to remain on the arrival
gate until a later flight departure, it is added
to the set ERESTD. If the available ground time
is greater than the minimum turnround time,
timevalues of the entities AIRCRAFT(I,0) and
PARK(NUM,0) are set to the values of TD(I,J)-10
and TD(I,J) respectively. Otherwise the timevalues
are CLOCKTIME + (M1-10) and CLOCKTIME + M1
respectively.
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(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xx)

(xxi)

(xxii)

(xxiii)

If the aircraft is planned to remain on the gate
until the end of the simulation, it is added to
the set NOTALLOC and deleted from TIMESET. The
timevalue of PARK(NUM,0) is set to zero.

If the aircraft is due to be towed to a parking
area, the entity AIRCRAFT(I,O0) is added to the
set GATEC and has its timevalue set to the value
of CLOCKTIME + M1. The timevalue of the entity
PARK(NUM,0) is set to the same value.

The next instruction obeyed is (xxiv) below, the
statements (xvii) to (xxiii) applying only to
aircraft arriving under tow.

The entity AIRCRAFT(I,0) is added to the set ERESTD.

The estimate of departure time is computed in an
identical way to that in section 6.7.12, item
(xiii).

The timevalue of the aircraft is set to this
estimate minus 10 minutes.

The timevalue of the entity PARK(NUM,0) is set to
the departure time estimate.

The towing vehicle number N is given by the value
of the array element TOW(I).

The attribute of the entity TUG(N,0) is given the
value of FREE, and the entity itself is deleted
from the set TOWING.

The elapsed time between the start of the tow and
final positioning on the gate is calculated and

added to the histogram TOWHIS.
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(xxiv) The element of the GTD array which refers to the
departure of this aircraft from the gate is given
the value of the timevalue of the entity PARK(NUM,0).
If no such departure is planned, the element
assumes the value zero because of the instruction

(xv) above.

(xxv) If there are no members remaining in TIMESET, the
gsimulation ceases; otherwise the procedure SCAN is
called to identify the entity with the lowest
timevalue and dependent on the set to which the
entity belongs, further activities are initiated.
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6.8 Initial Conditions,

648,1

6.8.2

6.8.3

6.8.4

Before the start of the simulation, it is necessary to add
each time dependent entity to the set TIMESET and to allocate
each one a timevalue. By studying the first element of each
row of the arrays TA, GARR, GDEP and DEPG, the first activity
of each of these entities is ascertained, and the entity is
added to the set which will cause the relevant activity to be
implemented when the associated timevalue is reached. By
referring to the codes described in sections 4.1 to 4.6, the
initial conditions can be set up as follows, I being the
aireraft number in the range 1 to AC where AC contains the
value of the total number of aircraft using,on one day, the
station being simulated.

If TA(I,1)> O, the entity AIRCRAFT(I,0) has a landing on an
inbound flight as its first activity. This is reflected by:

i) setting the attribute of tHe entity to the value of
AVAY,
ii) adding the entity to the sets AWAYLHR and ERESTA.
iii) setting the timevalue of the entity to the value
TA(1,1)-20,

If GARR(I,1)=GDEP(I,1), the entity AIRCRAFT (I,0) is positioned
on a gate from which a scheduled departure is planned to be made.
This is reflected by:

i) setting the attribute of the entity to the value of ATLHR.
i1) adding the entity to the sets ONGATE and ERESTD.
11i) setting the timevalue of the entity to the value of
™(1,1)-10,

If neither of the above two conditions apply, the aircraft has
a departure as its first flight movement, but has not commenced
the gate occupancy which will be terminated by that departure,
At the start of the simulated period, it may be positioned on
a gate, even its departure gate, or else in a parking area.

In either case, the equality GARR(I,1)=2000 indicates that the
aircrafts first departure is preceded by a tow on to its gate.
It is therefore necessary to ascertain its initial location so
that its first tow can be defined as either a tow-off a gate or
else a tow from a parking area to its departure gate. This is
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6.8.,4 done as follows:

Consider gate number NUM, If this gate is not occupied at the
start of the simulation, DEPG (NUM,1) will have zero value.

Even though the above aircraft (I) has its tow-on and subsequent
flight departure as the first occupancy of gate NUM, the value
of DEPG(NUM,1) will still be zero. However, if the gate is
occupied at time nought, DEPG(NUM,1) will contain the cycle
number of the occupying aircraft. Its departure may be formed
by a flight or a tow-off.

When the above aircraft (I) is being considered and

TA(I,1)=0 and GARR(I,1) # GDEP(I,1),
its location is ascertained by testing the equality DEPG(NUM,1) = I
where NUM is varied from 1 to the maximum number of gates.

The airceraft is located on gate NUM if the equality is satisfied,
and its initial conditions are set as:

i) The entity AIRCRAFT(I,0) is added to the sets ONGATE
and GATEC.

ii) GARR(I,1) is assigned the value of the gate being
occupied. This could not be done by the input data
because the aircraft may be positioned on its planned
first departure gate in which case the equality
GARR(I,1) = GDEP(I,1) would have been satisfied and
the activities described in section 6.8.% would have
been obeyed.

iii) The timevalue of the entity is set to the value of
GTD(NUM,1).
iv) The attribute of the entity is given the value of ATIHR.

If the equality is not satisfied, the aircraft must initially be
in the parking area, requiring the following assignments:

i) The entity AIRCRAFT(I,O0) is added to the sets INCPARK
and CGATE,
i1) The entity's timevalue is set to the value of TD(I,1)-
TOWASK.,
iii) The attribute of the entity is given the value of ATLHR.
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6.8.5

6.8.6

6.8.7

For each value of I, the entity ATRCRAFT(I,0) is added
to the set TIMESET. The drray elements INBOUND(I) and
ACINDICES(I) are set to "true" and 1 respectively. The
function of both these arrays are described in 6.8.7.

The entities representing the gate positions must also
have their initial states set.

If GTD(NUM,1)=0, the gate is initially empty and the
attribute of the entity PARK(NUM,0) is set to the value
of EMPTY. Otherwise the attribute is assigned the value
of FULL. The array elements GTINDEX(NUM) and DIVERT(NUM)
are given the values 1 and 'false' respectively. The
significance of both these arrays are described in the
following section.

When the procedure SCAN identifies AIRCRAFT(I,0) as
having the lowest timevalue, the integer I defines in
the integration arrays the row number and hence the
flights to which the aircraft is allocated. The specific
flight number and time is not identifiable from this.
It is not possible to compare the entity's timevalue
with the times in the TA and TD arrays to ascertain the
relevant movements, since the arrays contain only
scheduled flight times. It is necessary to maintain

a record, for each aircraft cycle, of the colummn number,
J (say) which will identify the next planned flight
movement as being either ARRNO(I,J) or DEPNO(I,J).

This record is held in the one dimensional array
ACINDICES(1:4C) where AC is the number of aircraft
cycles. The value of ACINDICES(I) commences at 1 and
is incremented by 1 after each flight departure. A
flight arrival causes no change in its value,

Similarly, the identification of a gate number NUM does
not specify the next planned movement om the gate. The
one dimensional array G'!‘IED!I(I:S‘!) where ST is the
total number of gates, maintains precisely the same
record as ACINDICES above. The value of GTINDEX(I)
copmences at value 1 and is incremented by 1 after
each gate arrival. A gate departure does not alter
its value,
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6.8.7

6.8.8

|
The Béolean arrays INBOUND and DIVERT both relate to
conditions applying when gate holds are encountered.

The array INBOUND is one dimensional with the same
nunber of rows as the TA array. When an aircraft is
positioned in the parking area, its next gate is
automatically a flight departure one, given by the
relevant element in the GDEP array. However, when the
aircraft is in the set HOLDING, it may be under tow or
forming a flight arrival. In the latter case the
arrival gate is held in the GARR array, while in the
former, the GDEP array provides the correct value. If
the value of INBOUND(I) is 'false', the movement is a
tow-on to gate given by GDEP(I,J).

The array DIVERT is one dimensional with the same number
of rows as the gate plan arrayas. The set HOLDING is
primarily intended to list aircraft actually undergoing
a gate hold, the duration of which is finally recorded in
the histogram GATEQ, However, it is also utilised when
a gate arrival, either under tow or on a flight, experiences
a late gate change when following the procedures under
TOGATE and FLYIN, as described in 6.7.12 and 6,7.8
respectively. If the new gate, NUM, is empty it is
esgsential that a zero length gate hold is not entered
into GATEQ. Under such conditions, DIVERT(NUM) is set to
"true' immediately the new gate is identified thue
allowing a false entry in GATEQ to be avoided.

The initial positions of aircraft are seen to be derived
from the integration and gate plan arrays, according to
the conventions outlined in 4.1 to 4.6. The progress
throughout the simulation is recorded by the above four
arrays. However, the gate plan arrays as represented
above, will undoubtedly contain some occupancies which
continue into the next operating day. Such gates are
regarded by the simulation as unavailable after the

last scheduled arrival unless a tow-off can be arranged.

The simplest way of creating one is at the initial
condition stage. If GARENO(I,J) is the last gate

arrival and GDEPNO(I,J) is assigned on input as one
of the insignificant values, this is altered to the
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6.8.8

value 2000, implying a tow. However, when the tow time
arrives and no further occupancy has been re-scheduled
on to the gate, the tow is cancelled and re-timed to
occur five minutes later. The process is continued
until all planned movements have occurred, The tow is
then cancelled completely.

6.9 Input Data,

The simulation program reads data from two sources:-

1)

11)

6.9.1

An allocated disc file called TODISC which contains
control data, aireraft integrations and the gate
plan.

A pack of data cards containing data on the number
of days to be simulated, the starting value for the
random number gemerator, and the delay distributions
to be used,

Disc file TODISC.

6.9.1,1 Since the simulation is performed on a daily
basis with no link up between days, it is
necessary to re-set the initial conditions
after each period. This is donme by 'rewinding'
the file and re-reading the data. In additionm,
the calculation of the gate timetable
reliability requires the initial gate plan
to be compared with the achieved one. Since
this is done at the completion of a simulated
period, it is less wasteful of core store to
re-input the initial plan from TODISC into
now redundant arrays, say DEPG and ARRG, than
to maintain separate reference arrays whose
only function is the retention of input data.
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6.9.1.2 The disc may be a permanent one or may be named and
have data allocated to it by a small program which
precedes the main simulation run, The latter was
chosen after advice relating to possible unauthorised
use of the simulation and its supplied data. The file
set up program does not warrant description; suffice to
say that it names a scratch disc area, reads data from
cards and transfers them to the named area.

6.9.1.3 There are three types of input data cards. viz:

i) A series of nine integer values all of which

are mandatory. These are described in 6.9.1.4.

ii) A set of integer values, the number of which is
given by one of the values of the type i) card,
Type ii) cards are described in 6.9.1.5.

i1i) A set of integer variables which represent the
aircraft and gate timetables. The number of
elements in each plan and their distribution
within the integration arrays are determined by
reference to values input as type i) and type ii)
data above. Type iii) cards are described in 6,9.1.6.

6.9.1.4 The nine mandatory integer values are assigned to global
variables when read by the simulation., They are read and
must be input in the following order:-

Sequence Number Global
of Integer Value Variable

in Card Deck, Name. Significance.

1 NMAX Maximum number of towing vehicles available
to the simulation.

2 AC Number of aireraft cycles being input, i.e.
first dimension of arrays TA, TD, etc.

o COL Second dimension of arrays TA, TD, etec.

4 ACTYPE Number of different types of aireraft.

5 ST Number of gates on gate plan, i.e, first
dimension of arrays GTD, GTA, etc.

6 STCOL Second dimension of arrays GTD, GTA, etc.

7 GTTYPE Number of different types of gates.

8 SSS Size of a one dimensional array used
by SIMON procedures only.

9 NSNO Number of maintenance restricted aireraft.
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6 .9. 1.5

Type ji) data cards are read into three arrays called
COLUMN, GATES and NSAC with dimensions (1:ACTYPE, 1:2),
(1:GTTYPE, 1:2) and (1:AC) respectively., The variable

array bounds refer to the global identifiers described

i!l 6.9.1.4.

The array NSAC is used to identify the cycle numbers of

the aircraft schedule which are maintenance restricted.

This is done by setting NSAC(I) to zero for non restricted

cycles and to 1 for restricted ones., Every element of
the array is set to zero before any data is read. The

number of restricted cycles having been input and stored

in the identifier NSNO. The row numbers in the
integration arrays corresponding to these restricted
cycles are read into J say, permitting the assignment
NSAC(J) :=1 to be made. The row numbers need not be
in ascending order.

The remaining arrays COLUMN and GATES are two dimensional

and are assigned values by varying the row index more
slowly than the column one, i.,e, the data can be
regarded as being in pairs each of which is assigned
to two array elements in the same row of COLUMN or
GATES, These arrays have precisely the same function
with the former referring to the sircraft integration
arrays and the latter to the gate timetable arrays.
In the following section the function of the array
COLUMN is described.

The integer ACTYPE contains the value of the number of
aircraft types which form the schedule, but cannot
identify the range of cycles planned for each one.
This is the function of the first column of each row
of array COLUMN, For example,
i) let ACTYPE have the value 4,
ii) one aircraft type is planned to operate eycles
1 to COLUMN (1,1) inclusive.
11i) second aircraft type is allocated cycle numbers
COLUMN(1,)) + 1 to COLUMN (2,1) inclusive,
iv) third aircraft type is allocated cycle numbers
COLUMN(2,1)+1 to COLUMN(3,1) inclusive,
v) last aircraft type is allocated cycle numbers
COLUMN(3,1)+1 to COLUMN(4,1) inclusive.
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6.9.1.5

While this information is used by the simulation to
ascertain the range of aircraft cycles which may be

included in a search for an aircraft change, the values
held in column two of arrays COLUMN and GATES, are
used only to control the input of the aircraft and
gate schedules. The value held in COLUMN(1,2), say,
gives the number of column elements in the integration
arrays for which data will be input provided the cycle
number does not exceed COLUMN(1,1). Similarly, the
value of COLUMN(I,2) is the number of values to be
read into one row of the integration arrays provided
the cycle number lies between the values of COLUMN
(1-1,1)+1 and COLUMN(I,1) inclusive.

It is seen that within an aircraft type, the same number
of column values must be provided per cycle, even though
in some cases this may result in the non-significant
values O and 3000 being required on input, Between
types the number of values can be varied. This was
adopted after noting that long range aircraft such as
the Douglas DCE8H operated by United rarely perform

more than one turnround at any one station within
twenty four hours. The Boeing 737 on the other hand
was planned to perform up to 5 tumrounds per day at
O'Hare, Since all aircraft cycles are contained in the
arrays TA, TD, ARRNO, DEPNO, GARR and @EP it follows
that there are more non significant elements in the
array rows referring to DC8H aircraft than to those

of the Boeing 737. The inclusion of the second column
in the arrays COLUMN permits a reduction in the number
of non significant data values for the DCSH.

However, it must be ensured that every element of the
integration arrays has an assigned value., This is done
before data input by allocating the value zero to all
elements in TA, ARRNO and GARR, and the value 3000

to those in TD, DEPNO and GDEP,
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6.9.2

6.9.1.6 Type iii) data cards consist of values to be assigned

Set
Number

2
2

3

to the aircraft integration and gate plan arrays, and
are provided in 6 sets of records in the following

order:

Read into Arrays Order of Reading for Row I.
TA and TD m(1,3), ™(1,7), J=1 to Jyx
ARENO and DEPNO ARmvO(I,J), DEPNO(I,J), " "
GARR and GDEP GARR(I,J), GDEP(I,J), " "

The value of Jyay for row I is ascertained by referring to the

values

4
5
6

held in array COLUMN,
GIT and GTA ¢10(1,7), GTA(I,J), J=1 to Jyy
GDEPNO and GARRNO  GDEPNO(I,J),GARRNO(I,J), ™ "
DEPG and ARRG pEPG(I,T), ARRE(I,J), " "

The value of JMAX for cate number I is ascertained by referring
to arrny GATES.

Data cards read directly by the simulation program,

There are three types of data cards required,

i)

11)

3i1)

The first card contains one integer field giving the
number of days to be simulated using one set of delay
distributions,

The second card contains one integer field containing
the starting value for the random number generator.
The third set of cards contains data representing
cumulative probability distributions from which
random samples are extracted during the simulation.
Three types of distributions are required each being
defined by 21 values. The first identifies the data,
and is in the range 0-10, This is followed by ten
pairs of numbers T and P, say, where P is the
probability that an event will occur before time T
has elapsed, The distributions are read into arrays
called TOWTIME, FORATA and FORATD, The formation of
these distributions is discussed in section 6.9.3
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6.9.3

Formation of distributions TOWTIME, FORATA and FORATD.

The Simon sampling procedure SAMPLE requires that all input
distributions are -held in cumulative form. This enables
empirical distributions to be used, but has the disadvantage
that theoretical ones must be converted into actual values

and probabilities. It is not possible using SAMPLE, to input
the parameters only of a normal distribution, say. If however,
this presented any great problem in terms of data preparation
time, a small procedure could be written to convert the
parameters into the cumulative values required by SAMPIE,

This was not found to be necessary in GATESIM.

6.9.3.1 Distribution TOWTIME.

This distribution represents the elapsed time between
the start and finish of an aircraft towing movement
between a gate area and a non-operational parking one.
The data was obtained from records maintained by station
staff of BEA at London Heathrow. The mean time of 141
tows was found to be 26.4 minutes which compares well
with the 30 minutes assumed by station staff.

The same distribution was used when simulating United

at O'Hare, for three main reasons.

i) The absolute value of the mean tow time is of
little relevance provided it is close to that
used by the ramp planner when allocating the
tugs. It is the distribution about this mean
which is significant. In the main, the tow
time is dependant on taxiway and ramp congestion
which is considered comparable at Heathrow and
O'Hare.

ii) When the results of the simulation of two airlines
with totally different schedules are compared, it
is advisable to reduce the number of variables by
as much as posasible.

iii) The times recorded at 0'Hare were not those of
tow start and tow finish. The times when tugs
were allocated to a tow and after it, when they
were available for further duties, were recorded.
This introduced other factors such as meal breaks
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649.3.1

6-9.3.2

iii) and non-towing activities which were undertaken
when no immediate tows were required. Using the
raw data there was no way to eliminate their
distorting effect.

The cumulative distribution TOWTIME is shown in Figure 1

of Appendix 6.

Distribution FORATA.

This distribution is used to ascertain the actual flight

arrival time after allowance has been made for the

previous departure delay from the same station, if
applicable. It represents the change in delay between
departure and subsequent arrival. It was derived from
basic flight punctuality data of over 600 departure

and arrival pairs.

It would be expected that difference in delay is dependant

on the size of departure delay, the sector lengths, and

on outstation turn round time. However, for the sake of
simplicity, it is desirable that one distribution be
sampled to obtain all arrival times.

Histograms of the change in delay were available for 3

different departure delay sizes, viz, no delay or early,

one to nine minutes delay, and 10 minutes or more delay.

An attempt was made to identify a theoretical

distribution from which these 3 could have been derived.

This was unsuccessful at the 5% significance level.

Bearing in mind the design aims of the simulation which

require that the delay generation procedures are

simplified as much as realistically possible, it was
considered that if necessary, a maximum of two
distributions representing the change in delay data
could be accepted. This would permit a simple "either
or" condition to apply and would not seriously affect

the run time. Any larger number of distributions require

more complex subroutines to identify their applicability,
and would affect programme execution time.

An attempt was therefore made to define two such

distributions. When the departure delay was 10 minutes

or more, the change in delay was found to be acceptably
described by a normal distribution with a mean of =2
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6.9.3.2 and a standard deviation of 14.4 minutes. Unfortunately,
when the departure delay was less than 10 minutes, an
equally suitable distribution could not be identified,

again at the 5% significance level.

It was decided therefore in the interest of simplicity,
to ignore the departure delay size and form one empirical
distribution representing the delay change. This is '
shown in cumulative form in figure 2 of appendix 6.

No similar data was available for United's operation so
the same distribution was used when simulating UAL.

This again reduces the number of variables when comparing
the results from GATESIM of two different airlines and
schedules,

6.9.3.3 Distribution FORATD.

This distribution represents the turnround delays at the
station being simmlated. For each gate plan simulated

12 such distributions were used to compare the gate
performance under differing punctuality conditionms,

The comparison is more easily performed when there is
some formal relationship between the distributions. This
is best provided by theoretical ones.

The normal distribution was chosen and the 12 distributions
formed by varying the mean three times and the variance
four. The variance was chosen such that the ratio mean:

variance was constant for the different means.

FORATD is sampled in GATESIM at time ETD-10 minutes where
ETD is either the scheduled departure time or the
earliest departure time based on arrival delay plus
minimum turnround time. Hence a 100% punctual station
performance requires that FORATD has a mean of 10
minutes, and zero variance.

It was decided therefore that the first four FORATD
distributions should have a mean of 10 and standard
deviations of 2, 5, I0 and 15 minutes. The mean was
increased to 12 and to 14 to obtain the remaining eight
distributions.

Bach distribution was converted into cumulative form as
required by the Simon procedures.
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6,10 Output of Results.
This includes:

i) Histogram of deviation between actual and scheduled flight
arrival times.
1i1)  Histogram of deviation between actual and scheduled flight
departure times.
4ii)  Histogram showing the size and number of gate holds.
iv) Histogram showing the time taken to tow airc{aft between
gate and parking areas. '
‘r) The peak number of towing vehicles required.
vi) The gate timetable reliability as a percentage.
vii)  The turnround reliability as a percentage.

The procedure ANALYSE described in section 5,19 studies the gate
timetable planned occupancies and separation times,resulting in the
evaluation of parameters which can be used to compare different plans,

In addition to this it is advisable to know the daily profile of specified
events, e.g. The planned frequency of occurrence throughout the day

of flight arrivals, departures, allocation of rowing vehicles ete., This
was ascertained during "Clean runs" by amending certain histogram handling
SIMON procedures as described in section 6,10.2,.

It would appear that considerable emphasis would be placed on the difference
between the planned profiles and the achieved ones, This is not the case
as small actual variations from schedule can result in large scale
frequency alterations and vice-versa due to the choice of size and location
of the bandwidths within a day. It is very difficult to quantify the

cause of such shifts especially when comparing schedules of different
airlines. Equally, their effect on the allocation of resources is not
readily measurable. The airlines rely on their punctuality as = quantitative
yardstick of performance, Certainly the thought of amending resource levels
on the basis of a crude estimate of demand movement is inconceivable when
the prime object of the operation is to achieve on time performance, It

is the schedule feasibility rather than the resources, which require study,
provided that the available airport resources are sufficient to satisfy

the plan. The use of such histogram outputs was considered to be
questionable if not misleading and was therefore not produced during the
simulation of delay fraught operations,
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6.10.1 The initial intention was to print these results on completion
of each simulation run which was planned to represent thirty
passes of one day's operation. However, as described more fully
in chapter 11 y the limitation imposed by computer time
availability demanded the maximum results from each job submission.
This was achieved by simulating as meny days as poassible
commensurate with the time limit set by the job category, and by
printing the results on a daily basis. This of course required
further manual collation but significantly reduced the number
of job submissions required. The maximum number of passes under
one set of delay distributions forms part of the input data cards
and when this was achieved during a run, the next sequence of
passes using a new set of delay distributions was commenced. Full
use of the maximum job time was obtained.

6.10,2 Output Histograms.
Eight histograms are compiled during the program execution, For
each one, a one-dimensional integer array is declared globally
and the histogram is referred to by using the array name without
use of subscripts. All histogram handling is done by procedures
provided in the SIMON package, though small modifications have
been performed on them.

6.10:2:1 Originally the procedure HISTOGRAM(A,B,C) where A
was the globally declared array with indices 0 to
16, B and C being integer values, set up a histogram
with ten band widths, all of equal size, plus one
undefined band beyond each of the upper and lower
defined band limits, The value of B gave the lower
limit and that of C the band width,

The element A(O) referred to the band below the lower limit

A1) " " " first defined band width
A(2) " " " gecond defined band width

A(10) referred to the highest defined band width
a(11) " " " band above the upper limit
A(15) was given the value of C

1(16) " " n " " B

A(12), A(13) and 1(14) were used to record

values necessary for the calculation of the
histogram mean and variance. 1 4 1



6.10,2,1  The procedure call ADDTO(A,D) resulted in the
element A(I) being increased by 1, where A(I)
referred to the band width within the range of
which the value of D lay. Therefore, in this form,
the procedures HISTOGRAM and ADDTO can be used to
summarise the frequency of a quantity falling within
certain limits, The departure delays for example
can be so classified.

6.10.2.2 However, only 10 discrete and 2 undefined band widths
exist and it was required in the simulation to produce,
in addition, a summary of the occurrence of certain
movements throughout the day., This could be done by
adding the value of the simulation time at which the
activity occurred to a histogram with a band width
of 60 minutes extending from O to 1440, i.e. 24x%60,
This resulted in changing the original SIMON procedures
HISTOGRAM and WRITEDOWN which print out the histogram.
Instead of declaring the integer array to be of size
0 : 16, the upper limit was changed to the value of
a new fomal parameter MAX introduced into HISTOGRAM,
The band width is now stored in A(MAX-1) and the
lower limit in A(MAX). Then A(MAX-2), A(MAX-3) and
L(M&I—4) are used to record the same information as
did A(14), A(13) and A(12) respectively. WRITEDOWN
was modified to permit the printing of the extra
values. Both ADDTO and WRITEDOWN required the addition
of the new parameter MAX,

6.10.2.3 Histogram TOWHIS.
TOWHIS is an integer array of size O : 16 and it
compiles a histogram giving the distribution of actual
times in minutes required to perform tows from the gate
area to a parking area. The lower limit is 15 minutes
and the band width is 5 minutes.
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6.10.2.4

6.10.2.5

6.10.2.6

6.10,2.7

6.10.2.8

6010-2v9

Histogram ARRHIS.

ARRHIS is an integer array of size O : 16 and it
represents a histogram giving the distribution of
the deviation of the actual flight arrival times
from the scheduled ones. It does not provide
separate information regarding the time of day at
which the deviations occurred; only one distribution
for the complete day is provided. The lower limit
is -5 minutes, i.e. 5 minutes early, and the band
width is 10 minutes.

Histogram DEPHIS,

DEPHIS is similar to ARRHIS in that it is ueed to
represent punctuality figures, this time for departing
flights. The lower limit is 10, i.e. 10 minutes late
and the band width is again 10 minutes.

Histogram GATEQ.

GATEQ is similarly an integer array of size 0 : 16
and it represents a histogram giving the distribution
of the length of time for which individual aircraft
are required to wait for the planned gate to become
vacant, There need not be any entries in this
histogram. The lower limit is 5 minutes and the band
width is 5 minutes,

Histogram GONE.

GONE is an integer array of size O : 28 and it represents
a histogram giving the frequency of occurrence of actual
flight departures for each hour of the day.

Histogram COME,

COME is an integer array of size 0 : 28 representing
& histogram which gives the frequency of occurrence
of actual flight arrivals for each hour of the day.

Histogram DEBRIEF.

DEBRIEF is an integer array of size 0:28 representing

& histogram giving the frequency of occurrence of the
contact made between the aircrew and ground staff

prior to a flight arrival, The time of this "air-debrief™
is set at twenty minutes before the estimated arrival
time, but since the actual arrival time is determined
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6,10,2.9 by the simulation during the "air-debrief" activities,
and need not equal the estimnte, the addition of a
debrief occurrence to DEBRIEF, need not be followed
in exactly 20 minutes time by an addition to COME.

6.10,2.10 Histogram TRACTORS.
TRACTORS is an integer array of size 0:28 representing
a histogram giving the frequency of occurrence of the
commencement of towing activities between gates and
a parking area, irrespective of direction.

6410,2,11 The lower limit and band-width for GONE, COME, DEBRIEF
and TRACTORS are both 60 minutes.

6,10,3 The maximum number of towing vehicles available to the simulation
forms part of the input, and can become a limiting factor in gate
changes and gate timetable reliability. However, since the main
exercise of the program as it was used in this work, was to
estimate the relisbility of a given plan, this restriction was
not in fact evoked. A large number of vehicles were specified
as being available and the number in use at any one moment was
monitored, The maximum number was printed and used as one of
the comparison parameters between gate plans,

Gate timetable reliability was defined in section 3.6. as

being the percentage of flight departures which were operated

from their planned movement gate. On completion of one pass of

a day's operation, the arrays CDEPNO and GARRNO contain the gate
movements as they were performed. The file TODISC contains the
operation as it was envisaged. This file is rewound and the
initial gate timetable flight numbers are read into the now
redundant arrays GDEP and GARR. If no gate changes have been
made, the arrays GDEPNO and DEPG would be identical, By comparing
the two arrays the number of flight departures which operated from
gates not designated to them can be ascertained.

6.10,4 The turnround reliability is calculated in a similar manner by
reading the planned aircraft integrations flight numbers from
the file TODISC into the redundant arrays TA and TD, The achieved
performance is recorded in the arrays ARRNO and DEPNO. An
unscheduled turnround exists if TA(I,J) = ARRNO(A,B) and TD(I,J) £
DEPNO(A,B). By considering all significant elements of the arrays
and hence all turnrounds, the number of unscheduled ones is

computed,
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6 .1005

It is emphasised that the above two reliabilities reflect the
end result of one day's operation. They do not imply that the
turmrounds or gate departures ascertained as having adhered to
the plan, remained in that state throughout the pass. They may
well have been altered before reverting back to their original
state., For this reason a running total of aircraft and gate
changes is not made during the simulation passes. The more
leborious methods described above were preferred even though
they may not reflect the true number of flights requiring
decisions by operations staff. This was not the design aim

of the program,

6.11 Additional global identifiers have their values assigned within the
program and are not altered during execution. These are:

6.11.1

6.11.2

6.11'3

6 .11.*

6.11.5

6411.6

6.11-7

ATIHR, AWAY, BUSY, FREE, FULL, EMPTY,
TUGMAX, HOLD, TOWASK, AVTOW, Ml.

ATIHR and AWAY represent attributes of the entity AIRCRAFT(I,0).
They are assigned the values 1 and 2 respectively.

BUSY and FREE represent attributes of the entity TUG(N,0) and
are given values 1 and 2 respectively.

FULL and EMPTY represent attributes of the entity PARK(NUM,0)
and are given the values 1 and 2 respectively.

TUGMAX is given the initial value zero. It is updated during
the simulation and, on exit, contains the value of the maximum
number of towing vehicles in use at any one time.

The integer HOID represents the minimum planned separation time
in minutes between gate occupancies. It is used during the
simulation when testing if any action is necessary to avoid a
possible gate hold. It is not normally used as a parameter for
procedure GATEALTER.

TOWASK is an integer identifier and represents the number of
minutes between a flight departure and the first request for a
towing vehicle if the operating aircraft is positioned on a non-
operational parking area.

AVTOW is an integer identifier and contains the value of the mean
time in minutes recuired to complete a tow between a gate area

and a parking area.

Ml contains the value of the minimum time in minutes required to
perform a flight turnround.
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APPENDIX 6

FIGURE 1 Cumulative frequency distribution of towing
times., TOWTIME.

FIGURE 2 Difference in delay between departure and
return arrival,
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7 THE DESIGN LOGIC AND ASSUMPTIONS

Tel

7.2

Many simulations have been devised to study specific agpects of
airline operations, some of which are discussed in chapter 17.

In the design stage, it is essential that the aspect of particular
interest be constantly referred to so that unnecessary complications
may be avoided. It is important that the simulation concerns itself
with the main problem area and does not become bogged down in
peripheral details which have little or no effect on the end result.
On the other hand, care must be taken to ensure that the design does
not reflect the pre-conceived ideas of the designer to such an extent
that their validity cannot be disproved by the model. A balance must
be achieved between creating a monolithic simulation and a simple but
unrealistic one. In the former case it becomes increasingly difficult
to isolate the cause from the effect while in the latter, the logic
may be such that the results must coincide with the beliefs and
expectations of the designer.

In the arena of airline operations, so many conditions must exist
before a flight departure can be performed that it would appear
necessary to generate all of them in a simulation. A departure would
be registered only when all such activities were complefe. Included
in these are:-

i) Aircraft must be allocated to flight.

ii) Fuelling operation must be complete.

iii) Full complement of flying and cabin staff are required.

iv) Engineer must satisfactorily complete pre-departure check.

v) Passengers and baggage must be aboard.

vi) Doors must be closed.
vii) Permission to commence taxying must be received from Ground

Traffic Control.

Even this limited list illustrates how the generation of an aircraft
departure time can escalate into a major simulation exercise.. Under
certain design aims this may be necessary and the relationship among
the above activities may be important. The study may be concerned
with the number of timesthe engineer declares the aircraft to be
unserviceable after all passengers and baggage are aboard.
Alternatively, the frequency of refuelling delays resulting in an
additional delay due to Ground Traffic Control problems may be required.
However, if the study were intended to investigate the effect of a late
departure on runway queuing time, a simpler approach is justified. It
would be acceptable to create a delay from an empirical or theoretical
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distribution of delays and to concentrate the bulk of the simulation
on the progress of the aircraft after it has left the gate.

It is fitting to redefine the aime of the simulation program GATESIM
and to consider the areas requiring least attention and those
requiring considerable effort. The design aim can be stated as
follows:

i) To estimate the disruption to a gate timetable which should
be expected from operating a given flight programme into
which delays can be injected.

iji) For a given flight programme to estimate the expected change
in gate timetable disruptions and flight delays due to
different methods of formulating the gate plan.

4ii) To identify, if possible, the type of philosophy to be used
in constructing a gate plan when the intention is to achieve
maximum gate reliability with limited gate resources.

This immediately provides certain requirements from the programs

i) A gate timetable must form part of the input data.
i) The definition for a "disruption to a gate timetable" is
necessary.
441) Parameters which may be used to measure the method of gate
timetable construction must be defined.
iv) The ability to inject flight delays must be available.
v) The allocation of gates must be permitted to affect, if
necessary, the flight punctuality performance.

These are individually considered in sections 7.4 to 7.8.

The representation of gate timetables in array form was described in
section 4, It is emphasised that every flight movement must have a
corresponding gate movement, whereas the reverse need not apply. The
latter condition may occur in two ways:

i) a gate movement may be a tow off or on.

ii) a gate may be regarded as an overflow one and not scheduled to
accommodate any occupancies, It is still represented in the gate
arrays but its occupancy activity times are given insignificant
values (0O or 3000). It is not necessary that these hypothetical
zero occupancies have corresponding zero flight movements.

A gate timetable can suffer disruption in several ways, each of which

affect its validity to some extemt. Some of these deviations are
independent of the gate plan while others may be the direct result of
attempting to use it. Comsider the following examples: 150



i) A flight arrivel is late and its scheduled gate is available
ii) A flight arrival is early and its scheduled gate is available
14i) A flight departure is late from its planned gate, but the gate
will be free for the next scheduled occupancy.
iv) As (i) except arrival is by means of a tow-on.
v) As (ii) except arrival is by means of a tow-on.
vi) As (iii) except departure is by means of a tow-off.
In all of these cases, the timetable has been disturbed only insofar
as the activity times are concerned. This may result in operational
problems for the airlines but cannot in any way be the result of poor
gate timetable planning. Thus the analysis of these unscheduled
movements should be related to the flight schedule, station delays and
en-route performance. However, an arrival delay may result in an
aircraft substitution in which case the planned gate occupancies must
be altered to accommodate the unscheduled turnrounds. Aircraft and
gate changes are discussed in section 4.9.
This type of disturbance can negate some of the advantages of using a
gate plan as listed in 3.3 and the availability of gates can have an
effect on the degree to which the airline successfully absorbs the
aircraft changes. In this type of situation it is desirable to be
able to differentiate between a gate timetable which can react to such
amendments with the minimum of change to itself in the manner consistent
with the operator's gate change policy and one which must suffer a large
rescheduling due to its inherent rigidity and may result in gate
occupancies inconsistent with the airline's policy.
7.5.1 It was seen in section 3.3 that one of the advantages of using
a gate plan lay in the ability to allocate resources to gate
areas each of which has a pre-determined activity level. The
gate area activity is governed in the main by scheduled departure
times modified by the length of the turnround. It would appear
therefore that the alteration of a departure would have a
measurable effect upon the allocation of resources within a gate
area and that an unscheduled arrival coupled to a planned gate
departure would have a smaller effect. The one exception to
this is when the unscheduled turnround is of such short duration
that extra resources are required. The policy of United, American
and Delta reflects practical agreement with this, in that each
airline directs its ramp controllers to adhere as closely as

possible to the departure gate allocations.
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7.5.2 The ability of a gate timetable to absorb unscheduled arrivals
so that the integrity of the departure plan is unaffected, seems
to be a measure of the operational efficiency of the plan.
However, even this is not independent of the aircraft
integrations. An aircraft change may involve an aircraft
already on its planned arrival gate and not provided with
sufficient ground time to permit a tow to its new departure's
planned gate. This is not a shortcoming of the gate plan but
will be regarded as one if the gate reliability is defined as
the percentage of departures which leave from their planned gate.
This disadvantage however will be present with the same
probability of occurence provided that the comparison of gate
timetables is limited to when they have been compiled from the
same flight integrations. The examples (i) to (vi) above will
not adversely affect the gate reliability when defined in this
manner. Having adopted this principle, the simulation must be
designed to retain the departure schedule wherever possible
without jeopardising punctuality which is, of course, the final

assessment of station performance.

7.6 Having adopted a criterion of performance, it is necessary to measure

the quantity and utilisation of the resources required to achieve it.
The quantity is simply the number of gates which are available, but
the utilisation is much more difficult to define. It was not quantified
by any of the airlines studied by the author. A brief description of
operating policies and facilities of these airlines is necessary at this
stage together with an outline of two methods of constructing a gate
timetable, each of which is used by the described airlines.
7.6.1 GATE POLICY "LAST OUT - FIRST IN" (LOFI)
This policy states that the gate which is to be allocated to an
arriving aircraft is that one which was most recently vacated.
It results in some gates being very highly utilised while others
exhibit low use. LOFI has the merit of highlighting spare gate
capacity by concentrating it in a limited number of gates and is
used to a considerable extent Wy long term planners when
considering total station gate capacity.
7.6.1.1 Provided maximum use is made of towing vehicles, the
minimum quantity of gates needed for a given schedule
is ascertained by applying this policy. It is apparent
also that a LOFI timetable is unique for one flight
schedule and one set of gate restrictions. It is,
however, not normally used operationally.
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7.6.2 Gate Policy "First Out - Pirst In" (FOFI).

This is the corollary to LOFI in that the gate allocated to an
arriving airoraft is that one which had been vacant for the
longest period, This results in the gates having similar
occupancy profiles. Unlike LOFI, the gate timetable conmstructed
under FOFI is dependent on the number of gates available for
use, as well as the flight schedule and gate restrictionms.
Consequently, any schedule for which a IOFI plan has ascertained
a minimum of N gates, can be contained in X gates (where X 2 N)
under the FOFI poliey. The problem remains of comparing the
utilisations when using N or X gates, both under FOFI conditions.
This is discussed in 7.6.8 to 7.6.12.

7.6.3 American Airlines at La Guardia Airport, New York.

La Guardia is owned by the New York Port Authority from whom
the airlines lease terminal areas. The concourses, holding
lounges, gate areas etc., are the responsibility of the
airlines who have complete operational econtrol over them,

The American facility consists of one main concourse with 10
gates, and an eleventh gate leased from United Airlines at

the base of the neighbouring concourse. A more detailed account
of the American carriers' operations is given in chapter 1J.

Before a schedule is approved, it is studied by the schedules
department, independent of La Guardia personnel, to ensure that
it can be accommodated within the station capacity and the gate
restrictions., A gate timetable is constructed using the IOFI
principle (see 7.2.) and the additional constraint, that where
possible, the minimum separation time between arriving and
departing aircraft on the same gate is 15 minutes. This
results in the minimum gate requirement for the schedule.
However, there appeared to be little quantitative analysis as
to whether it would be feasible operationally and no parameters
were defined whose evaluation could aid the planners in making
this decision. The concept of gate reliability was certainly
not entertained at this stage.

La Guardia ramp personnel have the responsibility of creating
the operational gate timetable for a given schedule and they
apply much more detailed guidelines which are discussed in
13.103.
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7.6.3 The gate timetable for swmer 1969 had a station average
time of 35.3 minutes which compares well with a gate
minimum average separation time of 25.2 minutes and a
maximum of 43.0 minutes. This excludes gate 4 which
is intentionally und¢ r-utilised, and achieves a mean gate
separation time of 66.0 minutes. The above figures are
based on anslysis using the variable time span method as
described in 5.19.3.2 under procedure ANALYSE.

7.6.4 TUnited Airlines at Chicago O'Hare Airport.

As at New York, the airlines using O'Hare Airport lease
terminal areas from the airport authority and have complete
control over their own concourses and gates., This is of
special significance at O'Hare where United, in 1969, operated
equipment ranging from Caravelles to Super DC8's and were able
to design jetways and parking positions capable of handling
such diverse aircraft types. This advantage is underlined
with the advent of Boeing 747's, TriStars and DC1O's.

As with American airlines, before a new schedule is approved,
it is checked to ensure that O'Hare (together with all other
stations) has sufficient zate areas., United employ an
interesting ruse in that their scheduling departmemt assume
that only 18 gates are available to accommodate the schedule.
This number was apparently arrived at by trial and error, and
is obviously dependent on the flight movement profile of the
airline. United have demonstrated by their successful operation
at 0'Hare that this method is satisfactory for them. However,
it should not be applied carte blanche to other airlines with
a different type of operation. It is interesting to note

that the formulation of a gate timetable using a IOFI policy
(see 7.2.) applied to UAL's operation results in 18 gates
being required. This may be coincidental since no conscious
effort is made by UAL to apply the philosophy. Whereas
American used a 'Pseudo' IOFI policy to ascertain if their
operation could be contained within the total number of gates
available, UAL use a similar policy in an attempt to accommodate
their operation in less than the maximum number., An unanswered
question was whether United in fact 'padded out' their
operational gate plan into umnnecessary extra gates when in

fact a FOFI policy on the reduced number of gates may have

been able to produce a departure reliability similar to that
achieved with 21 gates.
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7.6.4 The gate timetable for summer 1969 had a station mean
separation time of 45.0 minutes distributed in the range
22.8 to 105.5 minutes over the gates. This implies that
the gate occupancies are less evenly distributed than with
American.

7.6.5 Delta Airlines at Atlanta Airport.

Delta leases two concourses, each with twelve gates from the
airport authority and again has complete operational control
over its gates. This is imperative for Delta not because of
the diversity of fleet as with UAL (though this problem does
exist) but because of the highly peaked nature of the flight
movement profile. During 1969, approximately 63% of Delta's
passengers at Atlanta made on-line commections, so a high
degree of bunching of feeder flights from a trumk route
arrival or departure is desirable. Katurally, this results
in very poor gate utilisation.Mean separation time is 93.6
minutes while the gate means vary from 58.6 to 171,9 minutes.

As with UAL and AA, Delta tests each projected schedule for
compatability with the Atlanta gate resources, but due to the
nature of their operation and the large amount of comnecting
passengers, the effect of the gate timetable on flight
punctuality, though still quantitatively not measured, is
reasonably assumed to be less than with a2 more even flight
movement distribution. This is based on the assumption that
the traffic peaks are separated sufficiently so that the
reactionary effect of a disruption on the gate timetable is
considerably reduced. The main consideration in compiling
the timetable is simply to ascertain if the gates can accommodate
the largest ground activity period or not. If the gates are
sufficient in number, the flights are arranged so that from
historical data, comnecting passengers have the shortest
distance to travel between aircraft. No attempt to increase
gate utilisation or even to measure it,is considered.

7.6.6 Western Airlines at Los Angeles.

As described in section 13.4, Western do not operate one

formalised gate timetable for a given daily schedule. The

ramp persomel create a new timetable every day after aircraft

have been allocated to the schedule. However, a representative
gate plan for summer 1969 had a station mean separation time

of 85.7 minutes, with the gate means varying from 56.7 to 119.6
minutes, excluding gate 57. 155
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7.6.8

T.6.9

7.6.10

United Airlines at Los Angeles Airport.

United's operation at Los Angeles is planned in a similar

manner to that at O'Hare. There are 13 operational gates but

the author was not able to ascertain the number of gates which
the schedule planners assumed were available when testing the
viability of a new schedule. However, the summer 1969 schedule
had a IOFI requirement of 12 gates so it seems reasonable to draw
a comparison with O'Hare and assume that this is the figure

which is used.

The operational timetable for summer 1969 had a mean station
separation time of 37.4 minutes and is distributed among the
gates in the range 21.4 to 65.1 minutes,

It is seen that none of the airlines operated or planned under
true FOFI or IOFI policies respectively, but some indications were
noticed of a tendancy towards them. This is to be expected since
both are extreme examples. Nevertheless, it is generally agreed
within the airlines that a FOFI policy amended, where necessary,
to conform with the operating procedures and facility restrictions
of a given carrier and airport, will produce a more practical
operating plan than will a IOFI policy. This is based on their
experience and on man's apparent love of symmetry. It is a claim
which begs quantitative justification and is further discussed

in section 9.3.

It would appear reasonable to base a description of a gate timetable
on its proximity to either of these two extremes. This should prove
useful when comparing planned gate timetables of different airlines
or different stations since the flight profile differences are
manifested in the LOFI (say) timetables and the planned ones.
Theoretically, they should be self cancelling, so that the
individual performance indices should reflect the variation in

gate utilisation caused by facility restrictions and operating
policy without the normally ever present excuse of incomparable
arrival and departure patterns.

While this is acceptable in theory, provided such an index can be
evaluated, its practical value is in considerable doubt., There is
little evidence of airlines comparing different stations when their
real purpose is to attain the best performance from each one.
Consequently, any comparison tends to be limited to the estimated
effects of different timetables at the same airport. In this

situation, there is scant reason to introduce a parameter designed
to eliminate the differences between flight profiles when the 156



7.6.10 profile itself remains constant. On the other hand, it may
be argued that having evaluated the optimum range of the
gate measurement index once, it can be applied to all stations
with equal confidence, thus simplifying the timetable design
for each of them.

7.6.11 It is suggested that the effort required to design and evaluate
this index, if in fact it is mathematically describable, would
far outweigh ite usefulness, for the following reasons:-

i) The comstruction (or demolition) rate of gates
together with their cost precludes the possibility
of facilities being tailored to suit short term
changes in flying programmes. This implies that
meximum utilisation cannot be maintained over a
number of schedule changes. The assumption that
commercial demand takes preference over gate usage
has naturally been made,

ii) Only at selected airports is high gate utilisation
a necessity.

14i) The likely performance of a gate timetable cannot
be readily estimated due to the necessity to relate
it to the estimate for the base IOFI plan (say).
It is unlikely that this would be done by station
staff.,

iv) Similarly headquarter staff in general are not
concerned with the details of a station's gate
plan reliability; they are more interested in a
"go or no-go" situation. For this purpose, a much
simpler and broader parameter is necessary. This
is provided by gate and station mean separation and
occupancy times. In addition the variance of the
distribution of the individual separation times
provides a rough guide as to how evenly occupancies
are spread amongst the gates. A plan constructed
under a LOFI based policy is expected to have a higher
separation time variance than that constructed using
a FOFI policy, provided the distribution relates to the
complete gate area and not to individual gates. When
gates are treated separately, a large variance of gate
means and of gate variances will normally be exhibited
by a I0OFI plan, when compared to the FOFI one.
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7.6.12 It appears therefore that these statistics provide a basic,
relatively simple method of analysing a gate plan., It remains
to be seen whether timetable reliabilities can be related to
them., This is one of the main functions of the simulation.
The statistics are dependent on the compilation method of the
plan, but unlike the above "performance index", are also
dependent on the flight profile. It is necessary therefore to
establish any relationship between them and the reliability of
gate departures by using one set of flight movements and
several gate plans, before proceeding to investigate the effect
of different flight profiles. This is further discussed in
chapter 10,

The procedure ANALYSE, described in section 5.19 provides an
analysis of the gate timetable, while the simulation itself,

at the end of each day's operation, calculates the achieved gate
timetable reliability.

Having stated that the analysis of a gate timetable and the estimation
of its reliability when subjected to operational delays are among the
prime objectives of the simulation, it is necessary to design a realistic
method of injecting the flight disruptions. The conditions under which
a gate change will be requested must be listed together with the timing
of the request. In practice, reviewing the feasibility of both the
gate plan and the flight integrations is a continuous process but the
incidence of an aircraft's actual movement or the receipt of a new
estimate of one, causes the reviewto be intensified. It is these
triggering activities which must be isolated. This is best discussed
by considering two broad divisions of gate plan disruptioms, vis

i) no aireraft integration changes are involved, ii) aireraft changes
are required.,

7.7«1 No Aircraft Changes.
The events which normally result in a gate change being
contemplated are as follows:

i) An inbound flight provides an accurate estimate
of its landing time and is found to precede the
latest departure estimate of the aircraft occupying
the planned arrival gate.

ii) A flight departure is delayed so that it will affect
an incoming aircraft which has already provided an
accurate estimate of its arrival time.

iii) Similar to i) except the aircraft is to be towed on to
its gate, the event time being the scheduled towing
vehicle allocation time. 1



7.7.1 4v) Similar to iii) except that the following occupancy
is formed by an aircraft tow-on prior to its flight
departure. The towing operation will have commenced.

v) An inbound aircraft provides an accurate estimated
arrival time before the preceding occupancy on its
planned gate has commenced, If the estimate indicates
that the arriving aireraft will require the gate
before its plammed predecessor, this occupancy replaces
the original one and vice versa, This will result
in the separation time, if any, between the two
occupancies being checked, with a view to changing
the gate of the second occupancy. If the arrival
estimate was such that the occupancies should occur
in the planned order, but interference between the
two is inevitable, condition i) above applies.

vi) An inbound aircraft provides its arrival estimate
and is found to provide insufficient time for its
planned double occupancy (i.e. tow off then tow on
for next departurel This requires the tow to be
cancelled and a gate, preferé.bly the plamned departure
one to be allocated to the new occupancy. The arrival
estimate, when viewed in the context of forming part
of a single occupancy, may now result in condition i)
or v) above applying.

vii) The arrival estimate of a flight may indicate that
though its planned gate will be vacant at its arrival
time, the following occupancy will be affected. If
the inbound aircraft is planned to operate a subsequent
departure, the decision regarding the later occupancy
is normally deferred until the final estimate of its
arrival time is available. However, if the original
flight is the aircraft's last sector of the day,
consideration should be given to changing its gate
providing the later occupancy terminates with a flight
departure. This is consistent with maintaining the
integrity of the gate departure plan.

viii) On arrival, the plamed gate is found to be occupied
caused by the arrival being earlier than estimated or
the departure later. Based on the most recent departure
estimate, it must be decided whether a new gate is to
be allocated or a gate hold accepted.
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It can be seen that gate decisions are primarily made at four
definable points in time:-
a) On receipt of accurate arrival estimate, i.e. when
aircraft is in airport control area and in contact
with airport control tower.
b) Actual arrival time.
¢) Time of allocation of a towing vehicle before
positioning an aircraft on to a gate from a parking
area,
d) On receipt of estimate of actual flight departure
time.
GATE CHANGES CAUSED BY AIRCRAFT RE-ALLOCATIONS.
The adoption of a gate timetable as a practical tool requires
that all unscheduled turnrounds be absorbed into an updated
version of the timetable immediately the new occupancies are
known. As stated in section 3.3 , one of the advantages of
operating a gate plan is achieved when staff are allocated to
particular gate areas having had regard to the number and
distribution of flight movements planned for that area.
Consequently any deviation from this profile, if not broadcast
in advance, would cause more disruption than that experienced
if no gate plan existed. In the latter case, resources
(manpower and facilities) would have been supplied from one
large source whose size was dependent on total airline
movements and not on those from small groups of gates, In
addition, no detail preparation for specific turnrounds
would be commenced until the gates were firmly allocated.
Since, by using a gate plan, this preparation continues on
the assumption that flights will operate from their normal
positions, it is essential to infomm everyone concerned of
even the smallest change irrespective of its proximity in
time. This assumes greater importance as the number of
aircraft and occupancies involved in an aireraft change
sequence increases, since unscheduled turnrounds may be
incurred several hours after the causal late arrival (say)
has completed its new turnround. Hence if a gate timetable
is to be regarded as a practical method of allocating resources,
it must be demonstrated that a rapid amendment is possible
immediately following the creation of unplammed occupancies.
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This can be done and is discussed in more detail with respect
to American and United Airlines in sections 13.1 and 13.2,
As in section 7. 7.1, it is necessary to identify the events
which would normally result in an aircraft change being
requested. These include:-

1)

ii)

iii)

On arrival, possibly after an in-flight interrogation
of the aircrew, the aircraft is found to be
unserviceable and unable to operate its next
flight.
During the pre-departure check the aircraft
is found to be unserviceable and must be
withdrawn from the service for which it is
being prepared.
At any of the following activities it may be
apparent that the estimated arrival time of
the aircraft will cause a delay to its next
departure, even assuming that the minimum
turnround time can be achieved.
a) Departure from same station on the

departure prior to the one in which

there is an inevitable delay.
b) On receipt of departure time from

station en route to station under

study.
c) On receipt of estimated arrival time

at station under study, direct from the

airceraft en route to the station.
Naturally the decision to request an aircraft change
will depend on the credibility of the arrival estimate.
It would be taken at activity time a) only if the
departure delay was considerable and the elapsed time
until the aircraft's return was small, Conversely, a
small projected arrival delay received under condition
¢) may result in a change being sought immediately.
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TeT.3

A summary of the preceding two sections is given in the
table below. If possible it would be desirable for any
simulation of a gate timetable to be capable of making the
stated decisions at the event time's shown.

Decisions or Activities Required.

Event Time
1 A/C Departure
from home station

2 Departure from
Outstation

3 Receipt of Arrival
Estimate from A/C
inbound to home
station.

4 Aircraft Arrival at
home station.

a)

b)

c)

a)

b)

c)

d)

a)

b)

Estimate arrival time of return
flight if applicable.

Estimate arrival time at
outstation.

Consider an integration change
for aircraft if it is scheduled
to return to home station with
an excegsive estimated arrival
delay

As above, except estimate of
arrival time at home station

can be made more accurately.
Consider an aircraft change if
estimated arrival delay would
incur a departure delay to next
flight.

Consider a gate change if planmed
arrival gate is forecast to be
occupied at ETA.

If on arrival A/C is scheduled

to be towed to a parking area
before its next departure,
consider the cancelling of tow
if ETA causes sufficient reduction
of ground time,

Consider an aircraft change if
the aircraft captain, having stated
his ETA, indicates a malfunction
which will render aircraft U/S

on arrival,

Consider a gate change if planned
gate has not been vacated,
Consider cancellation of tow to
parking area if arrival delay is
sufficiently large.
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10

Event Time
Aircraft arrived at

home station + 10

minutes.

ETD = 10 minutes,

Time of planned
start of tow from
gate to parking area.

Time of start of
planned tow from

parking area to
gate.

Arrival of aircraft
in gate vicinity
when under tow.

Outstation events,

Decisions or Activities Required

a)

b)
a)

b)

a)

b)

b)

c)

a)

b)

c)

Consider possibility of an
aircraft change if engineer
declares aircraft U/S after
discussion with ecaptain.
Estimate departure time (ETD).
Ascertain if airceraft is
serviceable on completion of
pre-departure inspection.
Estimate departure time more
accurately.

If towing vehicle is available,
estimate time of arrival of
aircraft in the parking area.

If towing vehicle is not available,

estimate time when tow can
commence.
of gate or aircraft change due
to this delay.

If tow can commence, estimate
time of arrival on the gate.
If tow can commence, consider
a gate change if the planned
gate is forecast as being full
at estimated gate arrival time.
If tow cannot start consider
aircraft change if delay will
affect departure.

If gate is occupied, consider
a late gate change.

If gate hold or change incurs

a delay consider aircraft change

to reduce possible departure
delay.
Estimate departure time.

As for home station as far as

estimating departure time, aircraft

serviceability state an arrival

time at next station.

Details of

gafe availability are unnecessary.

Consider possibility
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T.7.4

The necessity and indeed the feasibility of incorporating the
above event times and decisions into a simulation are discussed
in the following sections. The paragraph numbers refer to
event numbers above.

1l Aireraft departure from home station.

a)

b)

c)

This is an essential activity since the retumrn
arrival estimate can be made by home station staff
independently of the aircraft crew and outstation
personnel. At such an early stage in the flight plan
of the aircraft there is no merit in making a
sophisticated computation in an attempt to forecast
the arrival time accurately. In practice, the
estimate is obtained by adding the departure delay
to the scheduled arrival time, thus assuming
scheduled flight durations and outstation ground
times. This has been adopted for the simulation.

The provision of the estimated arrival time at the
aircraft's destination, while of interest to the
outstation, has no direct effect on the home station's
gate timetable reliability. The activities at the
outstations are important only in so far as they
contribute to a delay or early arrival back at the
home station. This return arrival time can be
obtained in the simulation by sampling from a
theoretical or empirical distribution which is
compiled to reflect the total of the flight and
outstation delays. Any refinement of this involving
the outstation ground times requires the complete
aircraft integrations for all stations to form

part of the input data. It is considered that the
additional data preparation, together with the increased
core store and run time requirements of the simulation,
could not be justifiable within the scope of this
project.

At departure time, an aircraft change can be considered
for the aircraft's next home station turnround but the
usual practice is limited to identifying the turmround
as being unlikely to remain as planned. The change
sequence is not implemented at this stage because of
the uncertainty with which the availability of other
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c) substitute aircraft can be ascertained, It was
decided that the simulation would not be permitted
to perform a re-allocation and that the idemntification
of future arrivals as probable sources of disruption
was unnecessary. The latter restriction was based
on an analysis of why the arrivals were earmarked in
practice. It was purely to provide extra time in
which the estimates of aircraft movements could be
collated and matched with the operational requirements
when the time for a decision regarding a change
became imminent. The simulation, of course, stores
this data as it proceeds and can reference all of it
at the appropriate time. It does not need reminding
once the parameters have been set.

Aircraft departure from line station,

a) Since the simulation has no knowledge of outstation
movements (see 1(b) above), no estimate of arrival
times can be made based on the aircraft's departure
time from an outstation. Event 2(a) is therefore
superfluous.

Receipt of arrival estimate from aircraft inbound to home

station.

Every airline studied provided the means whereby accurate

estimates of arrival times were available between 10 and 30

minutes before arrival. The methods varied between airlines

- some have company radio frequencies which permit the air

ecrew to provide their own estimates, while others monitored

air traffic control frequencies. This is more fully
discussed in chapters 13 to 15 where individual airline
procedures are described, In the simulation there is
plainly a need for this facility. The difficulty comes in
deciding the point in time when the estimate should be made.

This is important since from this time onwards, the

simulation will be permitted to reference the estimate,

which in practice, is sufficiently accurate to be regarded
as the actual arrival time.
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However, if the simulation, having created the estimate,
is permitted to base decisions on it, knowing that the
actual arrival time is identical, care must be taken to
ensure that the estimate is not made earlier than the
point when such an accurate one could be made in practice.
Having stated in 1(a) above that the first estimate of
arrival is obtained by carrying forward a home station
departure delay to its next arrival, it appears reasonable
to decide on the actual arrival time at ETA - mean debrief
interval, The latter is defined as the mean time between
receipt of final arrival estimate and the actual arrival.
This is satisfactory provided that large scale arrival
delays are not generated at the debrief time. It implies
that large scale outstation and in-flight delays are not
simulated., The program will accept these delays if
presented with them, will perform gate changes and produce
an estimate of the achievable gate reliability. However,
the simulation, under these circumstances, would have
factual arrival times available to it when in practice only
estimates would apply. Gates and aircraft changes would
be affected.
The restriction on the size of delay to be injected at
ETA - debrief interval is acceptable and within the design
aims of this simulation for the following reasons:
i) Stations which warrant a study of this magnitude
are predominantly main base ones, where stacking
of incoming aircraft is common. In this situation,
even a large stacking delay can be accurately
forecast at its commencement and it is acceptable
that after the aircraft debrief time, the simulation
can regard the latest estimate of arrival time as
being the actusl. The debrief time will always
precede or coincide with the joining of a landing
queue.
i1) It is the 'home' station which is under study and it
is unreasonable to expect that all outstations and
aireraft serviceability will improve or worsen this
performance to a marked extent within the time span
of one schedule change. It is more reasonsble to

assume that they will maintain their current level.
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i)

iii)

a)

The factor which may exhibit considerable variation
is the terminal delay (stacking) which was shown to
be simulated adequately under the ETA - debrief
interval method,
A high percentage ( 81% for BEA, 47 % for UAL at
O'Hare) of the aircraft forming turnrounds at the
main base visit the station at least twice in the
same day. Reactionary arrival and departure delays
thus contribute substantially to the overall
punctuality and emphasise the practicality of
"delay out - delay in" philosophy as an original
estimate.

It is essential that an aircraft change be considered

at the time of receipt of final arrival estimate. If

the scheduled departure time minus the estimated arrival

time is less than the minimum turnround time, an aircraft

change is requested by calling procedure ALLCHANGE,

A gate change is considered at the same time having

established that one of the following applies:

i) Gate is full and is forecast to remain so

until after the arrival time of the incoming
aircraft. No allowance is made for a possible
gate hold period because the gate vacation time
is only an estimate and cammot be relied upon
to be correct. This is discussed under paragraph
6(b) below.

ii) If incoming aircraft was plammed for a double
occupancy, but the available ground time does
not permit the towing sequence, the arrival
occupancy is cancelled and the departure one
altered to include both flight movements. A
further gate change for the complete occupancy
may be necessary if interference with the
previous one is apparent,

1ii) Arrival gate is empty but incoming occupancy will
interfere with following one. A gate change for
the first occupancy is considered only when it
is planned to terminate with a tow off, while
the subsequent one terminates with a flight
departure. This maintains the policy of

retaining departure gate integrity whenever
possible.
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c)

a)

The cancellation of a tow due to the reduction in
available ground times is partially covered by 3(b)ii)
above. If the arrival delay is sufficiently large,

it may be necessary in addition, to request an aircraft
change.

Some airlines, including BEA, carry out a technical
debrief of the aircrew immediately after the final
arrival estimate has been made. The purpose of this
is to give ground engineers extra time in which to
assemble spares, equipment etc., which may be required
following the captain's technical description of a
snag. If the snag is serious emough, the debriefing
engineer may request an aireraft change, but in many
cases, it is not possible to obtain a sufficiently
detailed description of the symptoms to allow positive
identification of the required rectification action.
In this case, the engineer will warn the aircraft
integration controllers that a change may be sought
when more information is obtained after the aircrafts
arrival, The controller thus has more time in which
to plan a possible change sequence, but under no
circumstances would he broadcast them until the request
had been confirmed. Ramp activities would continue
unaffected. In a simulation there is obviously no
need to create this extra "think" time but a requirement
may still exist for the ability to create a serious
snag which in reality, would undoubtedly render the
aircraft unserviceable. Although the frequency of
occurrence is not available it could easily have been
compiled, at least for BEA, Realistic data about the
length of time for which the aireraft remained
unserviceable is virtually impossible to obtain from
any of the airlines studied. To be of any value, a
distribution of aircraft unserviceability time must
be available.

Surprisingly, it is not. Figures are quoted by the
airlines but further study proves them not suitable
for the purpose of this simulation. Nor can they be
corrected with any degree of accuracy. This is

further discussed in 7.7.5 under the heading
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d)

"Aircraft Unserviceability". It was decided that

at air debrief time the simulation would not be

at liberty to declare an aircraft unworthy to perfom
a departure because of in-flight defects rendering
the aircraft unserviceable.

4 Aircraft arrival at home station.

a)

If the planned arrival gate is found to be occupied,
the simulation will allow the aireraft to wait
provided the gate will be available within a

- prescribed maximum period., This varies between

airlines but 10 minutes is an acceptable figure.
Otherwise a gate change will be requested. There
may of course be no alternative in which case a
longer hold is inevitable. As will be seen in

6(b) below, the actual departure time of a flight

is ascertained at either STD - 10 minutes or ATA + 20
minutes whichever is the later. Up to this time,

the simulation may reference only the estimated
departure time which is STD or ATA + 30 minutes,

Thus if the incoming aircraft is debriefed during
this period, its gate may be left unchanged on the
basis of the departing aircraft adhering to its
estimate, On arrival however, and finding the gate
8till occupied, the simulation is permitted to
reference the actual departure time when calculating
the hold time. This is acceptable, since in practice,
although the actual departure time may not be exactly

.- known, an accurate estimate is kmown.

The cancellation of a planned towing movement is not
considered by the simulation at flight arrival time.

‘Section 3(e) described how the tow could be cancelled

on receipt of the final arrival estimate. Since this
estimate coincides with the actual arrival time, a
second check on the feasability of a tow is umnecessary.

, 5 Might arrival time at home station + 10 minutes.

This event time was considered because it allows the ground
ongiﬁeeru time to assess any defects experienced by the flight
crew on the preceding sectors (and possibly reported on the
air debrief)., This does not imply that the engineer can
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identify a defect within 10 minutes, but merely allows
him some time to decide if he requires longer than the
planned turnround time for further investigation.

a)

b)

The engineer can and does withdraw an aircraft

from service because of the nature of a defect
discussed with the flight crew. Ae in 3(d) above
where the same problem arose, but at air-debrief

time, it was feasible to collect data which would
allow a probability of "aircraft withdrawal" to be
input to the simulation, The difficulty of

deciding the length of time for which the aircraft

is to remain unserviceable is again encountered,
Suffice it to state here that because of the
observations made in 7.7.5, it was decided not to
include aircraft unserviceability data in the
simulation.

Any estimate of departure time made at ATA + 10
minutes is in practice merely an estimate of when

the aircraft will technically be in a fit state to
fly. There has not been sufficient time since
arrival to provide an intelligent estimate of how

the fuelling, loading, passenger handling, etec.,

are proceeding, The removal of the possibility of
aircraft unserviceability allows the simulation to
proceed further with the turnround until the time
when a more realistic estimate of operational delays
can be made. However, before that time is reached,
the simulation may require to reference the aircraft's
departure time, so a crude estimate must be previously
available. This can easily be provided at the actual
arrival time. If the available ground time is greater
than the minimum required, then ETD is made to coincide
with STD. If the turnround time is below the minimum,
then ETD = ATA + minimum turnround time. This
coincides with observed practices.
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6

Activities at ETD - 10 minutes,

a) The exclusion of aircraft serviceability data precludes
the possibility of an aircraft delay due to technical
failure during the pre-departure check,

b) The departure time can be estimated with a good degree
of accuracy at this stage. The distribution of time
periods between ETD and ATD can be formed empirically
and sampled by the simulation to obtain the final
estimate., It would appear that the available accurate
data on departure delays could be corrected to allow
for minimum tumround times. This would summarise
the actual effect of aircraft unserviceability and
operational station delays, but would present problems
of analysis when simulating different airlines and/or
several stations, A much neater method is to use
theoretical distributions to generate the delay.

These can be accurately defined and cannot be regarded
as a product of one airline's or station's method of
working. The results of the simulation in terms of
punctuality and gate reliability can then claim to

be the estimated effect of operating under a defined
distribution of station delays. It is easier to show
the effect of varying the mean station delay at a
constant value of mean/variance, or the effect of
inereasing the variance at conlstant mean. This method
is ad0p_ted for creating departure delays.

Time of planned start of tow from gate to parking area. It

is possible for a gate timetable to be limited by the number

of towing vehicles available to move the aircraft between
gates and non-operational parking areas. This need not be
caused simply by a shortage of tugs, but where the two areas
are divided by "live" taxiways or runways, the number of
tows being performed at one time may be restiricted by

the airport authority. The facility has been provided in

the simulation whereby such a maximum number may be input.

a) If a towing vehicle is available, at the plamned start
time, the tow commences immedistely. The actual
arrival time in the parking area is caleculated by
sampling from a distribution of the time taken to
perform the tow. This may be either emperical or

171



a)

b)

theoretical. Since in this study the effect of
altering the tow time distribution was not being
undertaken, an empirical distribution was used.
During the towing period, it is possible that an
aircraft change may be originated by a different
aircraft and the simulation selects the aireraft
under tow as being a necessary participant. The
estimated time of arrival in the parking area need
not be referenced since it is possible to halt the
tow and return the aircraft to a new or the original
gate. This is done by airlines via radio contact
and can be reproduced in the simulation. Thus at
the departure from the gate, the actual tow finish
time can be allocated to the aircraft, knowing that
no advantage in possessing this data is given to
the simulation,

In theory, if no towing vehicle is available at the
planned start time of a tow, a survey should be made

to ascertain the earliest start time and whether this
provides a sufficient period in which to remove and
return the aircraft for an on-time departure. In
reality however, the ground times of aircraft with
double occupancies are not so critical that they

cannot withstand a delay to their tow. This is
necessary because of the uncertainty with which some
airlines can state the towing time, due possibly to
tows having to cross taxiways and runways. The
simlation would unnecessarily be made more complicated
by allowing the cancellation not only because the gate
timetable would require amendment, but because estimates
of when each active tow is due to end must be made,

It would not be permissible to reference the computed
actual finish time as described in 7(a) purely beczuse
of the scatter of towing times which can be experienced.
It was decided to accept a delay to the tow and to have
the simulation check every 5 minutes if a tug has become
available. If the aim of running the simulation had
been to ascertain the effect of limiting the number of
towing vehicles it might well be better to permit tow
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b)

Time

a)

cancellation under these circumstances, and to
measure the effect of tug shortages by the difference
in gate timetable reliability.

of planned start of tow from parking area to gate. .

Ground Traffic Control at most airports co-ordinate
the movement of towed aircraft as well as taxying

ones and normally give preference to the latter.
Consequently, it is difficult for a tug driver to
provide his company with an accurate estimate of

the tow duration time. The normal procedure is to
accept this restriction and make a crude estimate

by assuming a mean journey time, without even
consulting the driver. Whereas in 7(a), the simulation
did not need to reference the finish time of the tow,
it may be required todo so in this case, since the
aircraft is approaching and not leaving the gate.

The actual arrival time is computed by sampling from
the distribution of tow times, but an estimate is also
made assuming the mean duration., The simulation is
permitted to refer only to the estimate until the
actual time occurs,

Since the towing vehicle can be contacted by radio,

its gate destination can be altered between time of
vehicle dispatch and start of the tow. In the extreme,
the gate could be changed during the journey, but this
is rarely resorted to. The facility to request a gate
change before the tow commences, must be included in

the simulation. The gate departure time which is referred

to may only be an estimate, if the start time of the tow
is more than 10 minutes before the first estimate of
the aircraft's departure time. It is therefore possible
for the simulation not to request a gate change, only to
experience a departure delay from the gate and be forced
to request a late gate change (see 9(a) ).
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8 ¢) If the tow cannot be started because of a shortage
or limitation on towing vehicles, it is conceivable
that an aircraft change would be considered. It was
never experienced during observation and is considered
unlikely to occur for the following reason. The
imminence of a shortage would most probably manifest
itself before any acute embarrassment such as this
were encountered. As a result care would be taken
on positioning the aircraft initially, so that it
would be possible to taxy it to its gate. Alternmatively,
although a shortage of towing vehicles may exist, it is
likely that a push-out tug, not equipped with radio,
would be capable of re-positioning the aircraft within
the parking area to facilitate engine start and taxying.
It was decided therefore, as in 7(b) that it was not
necessary to over complicate the simulation by allowing
a request for an aircraft change at this stage. As
above, a check is made every 5 minutes to ascertain
the availability of wvehicles.

9 Arrival of aircraft in vicinity of gate when under tow.

a) During the tow, if the planned gate is seen to be

experiencing unexpected delayed departure, the tow
can be re-directed to a new gate, if available, with
little increase in the journmey time, It was considered
unnecessary to force the simulation to recheck the
gate availability on a regular basis, Instead, if the
gate is full on arrival and the maximum holding time
would be exceeded without a gate change, then the
procedure GATE ALTER can be called and if successful
the aireraft is positioned on the new gate one minute
later than it would have been on the old. This does
not exactly simulate real conditions, but bearing in
mind the infrequency of the event, and the ability of
the controllers to change the gate whenever the delay
is apparent, it is considered to be acceptable,
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9 b) If a gate hold is accepted, and combined with a
long tow time, the possibility of an aircraft change
would seem to be reasonable, However, for this
condition to exist, there must remain less than the

minimum gate time before departure. An aircraft change

requested at this time would undoubtedly incur its
own delay because of the time to arrange the change
and to prepare the substitute aircraft. Since the
simulation is not designed to generate these delays,
a false on-time departure may occur if it were
allowed to call ALL CHANGE. The initial delay is
accepted.

¢) If the gate is vacant, an estimate of the flight
departure time nust be made after positioning the
aircraft. This can be regarded as an identical
situation to that described for activities 4 and 5
above where the arrival was formed by a flight
movement and not a tow. The simulation estimates
the departure as occurring at STD or ATA + minimum
ground time whichever is later,

10 Outstation Events.

It is unnecessary to simulate any of these activities
provided that the actual flight arrival time at the home
station is obtained from data which includes the effect
of delays and aircraft unserviceability at the outstation.
A distribution has been compiled which shows the deviation
between the planned sum of flight times and outstation
ground times and that actually achieved. This is sampled
at the air debrief time to obtain the actual arrival time.
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7-705 .

Aireraft Unserviceability.

In the previous section, reference was made to events at
which it would be desirable to allow the simulation to
declare an aircraft to be unserviceable for technical
reasons, It was stated that probability distributions could
be formed which would enable a "go" or no go" decision to
be made, Two fundamental difficulties are encountered when
it is necessary to quantify the time during which the aircraft
remains unserviceable. One concerns the collection of data
while the other involves the design of the simulation and
the manner in which departure times are calculated.

7.7.5.1. Collection of Data.

All the airlines studied make an attempt to record

 the distribution of aircraft unserviceability
durations and use it as a measure of aircraft
reliability and of maintenance performance. The
method of compiling the data does not, and probably
cannot, take into account the desireability of
making the aircraft serviceable, or the reduction
in down time which could be achieved by extra
engineering resources, If a spare serviceable
aircraft is available and can be substituted for
the U/S one, several factors may prevail which
result in rectification work being delayed.
Engineering facilities may be committed to existing
turnrounds each of which receive a higher priority

than that accorded to what has become an unserviceable

but spare aircraft. A routine maintenance check may

be imminent, in which case the defect will be rectified

when sufficient labour is available to commence the

check. Maintenance controllers may take the opportunity

to have cleared other non safety defects at the same

time thus apparently increasing the gravity of the

original fault. It may be possible to clear a certain

defect in a short time if more than one mechanic was

allocated to the task. However, when the aircraft may
not be required for some time, & conscious decision to

lengthen the elapsed maintenance time may be taken
to conserve manpower,
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TeT.5.1.

7.7.5 I2.

The above situations usually apply when the

aircraft has been withdrawn from service, but

other anomalies appear when it remains allocated

to its departure with other ground handling activities
proceeding as normal. A departure delay may be
incurred by cargo loading (say) and is larger than
that which would have been caused by maintenance
demands. The delay is attributed in this case

to cargo handling and the aircraft unserviceability
may go unrecorded. If the engineer lmows that he can
complete his rectification within the cargo delay,

he would probably not report the aircraft as being
unserviceable, and would class his action as part

of the pre-departure check. Naturally this does not
imply any contravention of legal requirements of
Certificates of Compliance etc., all of which are
scrupulously adhered to.

It can be seen that operational priorities affect
the recording of unserviceability purely because the
data can only reflect the time between the aircraft
being declared unserviceable and being certified as
fit for further service. The small periods tend to
be overlooked because of masking effects of other
delays and long turnrounds, while the more serious
cases may be magnified because of other defect
rectification or the lack of pressure on maintenance

for a serviceable aircraft as soon as possible,

Effect on Simulation Design.

The philosophy used throughout GATESIM has been to
introduce complex subroutines only when the design
aim requires them, and to simplify as much as possible
those facets of airline operations whose detailed
effects are of no direct interest to this study or
lend themselves to analysis, if necessary, outside

the simulation. This is best illustrated by comparing
the complex subroutines which were designed to perfomm
aireraft and gate changes, with the methods adopted for
delay generation. The end result of the latter, i.e.
the actual departure or arrival time, is of prime
importance to the simulation, but it is not of any
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TeT+5+2. interest in this project to ascertain the departmental
allocation of blame for the delay. Unserviceability
however does affect the gate timetable in that a U/S
aireraft may occupy an operational gate area during
rectification., The difficulty of obtaining realistic
data was described in the preceding section, but
assuming its availability, it would be necessary to
alter the method of departure time generation if it
were to be included as a parameter,

It has been shown that a departure can occur only
after the occurrence of certain activities. One of
these is the successful completion of the aircraft
repairs or checks. The diagram below shows six other
activities:

i) scheduled departure time has been reached.
ii) freight holds have been unloaded as necessary
iii) freight holds have been loaded as necessary
iv) passengers and crew have disembarked as necessary
v) passengers and crew have embarked as necessary
vi) permission from ground control to commence
push back,
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Te7.5.2.

It is apparent from the above network that not only

is serviceability data reguired, but also probability
distributions concerning the activity times for
unloading and loading the payload and its overheads

and for obtaining permission to commence the departure
when ready. This requires that either individual
theoretical distributions are used or else the airlines
delay data is capable of being broken down into
component causal distributions. The interactive effects
of the different causes render the latter approach
unrealistic. The use of theoretical distributions

is possible but suffers from two drawbacks:-

i) Bach departure activity would involve at least
four calls to a sampling procedure and regular
checks (every minute after the scheduled
departure time has been reached) to ascertain
if all pre-departure activities had been completed.
Only then would the flight movement be permitted.
This in itself implies that each aircraft has
at best four more attributes each of which must
be altered once during a simulated turnround.
When simulating an operation such as United's
at O'Hare where the 200 or so departures may have
a mean deley per departure of 10 minutes, the
above task could result in 3000 extra activities
per simulated day.

ii) Considerable testing would be required to ensure
that the theoretical distributions were such that
realistic delay rates were obtained. This is
doubly difficult when simulating an airline which
has not in practice operated the gate timetable
being simulated. While the simulation can easily
identify any delayed departure whose earlier arrival
on the gate experienced a gate hold, it would require
considerably more programming to trace any later
reactionary delays. Probably the simplest and best
way of ensuring realism of the distributions would
be to simulate the operation using a hypothetical
gate timetable in which each gate has only one
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7.7.5.2. 1i) occupancy. In this way no delays could be
attributed to the gate plan. The original
objection of extra proving runs remain,

T7.7.6. Effect of Excluding Aircraft Serviceability from the Simulation.,
TeTebele Aircraft changes are the result of the non availability
of the planned aircraft at time of departure and

normally are caused by one of two factors:-

i) planned aircraft was late in arriving on the
preceding flight
ii) on arrival aircraft was declared to be unserviceable.

Obviously the exclusion of serviceability data precludes
the simulation from requesting aircraft changes by
reason of ii) above. This implies that the schedule
reliability will be higher than that actually achieved,
It is difficult to estimate with a given degree of
confidence the increase which would be expected but

the following paragraph provides a very crude method.

Assume that during the operating day of 12 hours the
mean recorded (!) unserviceability time be one hour
and that one standby aircraft was available. The
maximum number of departures which could avail themselves
of the standby is 12, If 100 flights were planned, a
first estimate of the increase in schedule reliability
as reported from the simulation would be 12%., The two
most obvious assumptions in this are that the flights
are distributed evenly throughout the day and that the
spare aircraft requires no further preparation for
departure after it has been declared serviceable.

TeTe6e2s The effect of the apparent increase in the schedule
reliability on a gate timetable is even more obscure
since it depends also on the maintenance policies
employed by each airline. American and United regard
their gate plans as of prime importance because of
the shortage of gates at some airports and do virtually
no rectification work to standby aircraft while still
positioned on the gate. BEA however, prefer to remove
the aircraft from the gate only when specialised equipment
or men are required or when the estimated rectification
time will prevent the aireraft from fulfilling its

intended standby role for the remsinder of the operating
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T.7.6.2,

A comparison of the operating methods of the five
major airlines studied is given in Chapter 15,
Suffice it to state here that of the carriers who
successfully operate gate timetables, none permit
rectification action to interfere with planned
occupancies unless of course the aircraft is
immobilised. No attempt is made in this project
to financially justify the removal of a defective
aircraft to enable the achievement of a higher
gate timetable reliability. It is considered that
each airline has adopted turmmround maintenance
practices most suited to their operation and
organisation and that it would be naive to suggest
these be altered overnight to ensure a more
successful gate timetable. Any such alteration
will be achieved after long and careful study of
individual operations which is outside the scope
of this project. It is simply the gate timetable
which is being researched here and the factors in
its construction which affect its reliability.

Consequently, although absolute measures of simulated
performance are of value, they must only be estimates,
and much more importance is placed on their relative

values, It is these trends which will be analysed
to isolate the significant parameters of a gate
plan.

The inclusion of unserviceability data would not
only lead to an even more complex simulation, but
would result in it becoming a one airline, one

airport study. It is seen that although the adopted
design neither analyses nor generates wmserviceability

as an aircraft attribute, it does not ignore it

entirely. Departure delays were shown to be incurred

by combining an arrival delay with a station delay
which was defined at ETD-10 minutes. This last
minute delay has unserviceability as one of its
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7.706 .2.

constituents. In reality, it is possible that the
aireraft operating the gate occupancy departure

may differ from that operating the arrival activity
and that this was caused by an engineering originated
aireraft change. The simulation will not record
this, but will nevertheless experience the associated
delay. In this way the effect of operational
disruptions can be estimated and are not blurred

by individual maintenance practices,

In summary, the simulation assumes that standby
aireraft may be used to minimise delays, that the
generated delays include the alleviating effect of
spare aircraft, and that any substituted spare
departs from the planned gate without being recorded

as an unscheduled turnround.
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BI

LIMITATIONS IMPOSED BY THE DESIGN OF THE SIMULATION,

This chapter is intended to record the factors of an airline operation which
this simulation was neither designed nor intended to study and therefore not
capable of analysing, It is important to realise the limitations of any
planning tool and to define its method of working. The latter has been
done in previous chapters in which some of the limitations also are inferred.

These are set out below.

8.1

8.2

Outstation movements are not simulated, so the effect on main base
punctuality of performance improvements at individual outstations
cannot be estimated, The first estimate of arrival time back at
the main base is based on the acheduled "absence" time together
with the actual departure time and does not take into account the
length of tumround at intervening points. In addition, the actual
arrival time is obtained at ETA -~ 20 minutes by sampling from a
single distribution which is of course independent both of the
original departure delay and the outstation turnround times. It

is therefore unwise to simulate large scale outstation delays
because the simulation will ascertain the actual arrival time at
ETA-20 minutes which could in fact be ATA - one or two hours.

It is clearly unrealistic to permit actual knowledge of the arrival
time so far in advance. The limit of credibility has not been
established since in this study only one distribution was used for

this purpose.

Departure delays are generated by combining any arrival delay with a
minimum ground time and a sample from a probability distribution at
time ETD-10 minutes. No aircraft changes are requested after the
actual departure time has been fixed so it is not possible to estimate
the number of airoraft changes which resulted in passengers and cargo
being offloaded. This of course is one of the results of including
delays caused by unserviceability in the single departure data
distribution.

As with the in-flight delays, it is unwise to simulate large scale
departure delays because the simulation is not capable of creating
flight cancellations which would be one probable alleviating course
of action in reality.
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8.2 While cancellations would be of undoubted interest to a simulation

8.3

studying the reliability of aircraft integrations, they are of less
significance when the objective is the evaluation of a gate timetable.
They normally occur in a high delay rate situation in which the

gate timetable has little credibility irrespective of its initial
design., Since this simulation will adhere to the original gate plan
as closely as possible, always ensuring that each turnround is
allocated to a gate, it is wasteful to use it in an attempt to study
an operation which in practice will degenerate into a "first come,
first parked" situation. The maximum delay rate has not been
ascertained since the maximum recorded in this study was approximately
5 minutes per departure. Even this figure represents a poor performance

for an average day.

Although as many days as required can be simulated in one run of the
program, each day is independent and assumes that aircraft are
positioned on the correct loading gate each morning. This results
in no reactionary delays being experienced by aireraft whose first
movements of the day at the main station are arrivals. With an
airline like BEA whose operation is so concentrated at London
Heathrow, with the majority of the fleet night stopping there, the
effect is minimal, This is aided by the fact that most aircraft
away from London overnight have sufficient ground time to recoup
earlier delays. It is therefore acceptable to regard these aircraft
as having no reactionary delays and to generate their actual arrival
time by sampling from the in-flight and outstation delay distribution.

BOAC's operation exhibits different characteristics because of the

length of time for which aireraft may be away from London. Reactionary
arrival delays in this context have little meaning since the original
departure delay from London has no bearing on the eventual return
punctuality. However, in its present form the simulation would ascertain
the actual arrival time at STA-20 minutes since in most cases there will
be no earlier departure time in the same day by which an ETA may be
calculated. This means that the distribution to be sampled must generate
the complete arrival delay. Clearly this must in the case of long haul
operations, contain some lnrge delays when the problems referred to in
8.1 are experienced. It would be necessary in this case to have two
distributions, a sample from one providing a first estimate of ETA-20
minutes, while the second one which would be of limited mean and
dispersion, could provide the actual arrival time.
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8.3 It would therefore be inadvisable to simulate an operation which

8.4

has a preponderance of long haul incoming flights, without modifying
the method of creating arrival delays.

The only facilities which the simulation permits to affect the

operation are towing vehicles and gates. The availability of loaders,
engineers, cleaners and even passengers are not considered in their

own right. As with serviceability, the effects of these latter resources
are included in the departure punctuality distributiomns. This is not
completely satisfactory since random samples from this distribution

may result in departure times being set which involve more minimum
length turnrounds with a given time period than the resources can

accept in practice. The simulation however will not generate a further
delay while awaiting capacity. It can be argued that this type of delay
is in fact included in the distribution and that it will be experienced
by a different departure. While this is true, the simulation will tend
to reduce the significance of departure bunching since it does not
recognise it as such. However, it is considered unwise to impose limits
on, for example, minimum turnround frequencies since apart from gates
and towing vehicles, the resources required to perform a turnround are
independent of the type of gate timetable, if any, being used. Conversely,
the number of free gates and towing vehicles at any one time is directly
related to the gate timetable and this is reflected by the ability of
the simulation to create gate and aircraft changes, together with gate
holds when a shortage of either resource is experienced.

Airlines vary considerably in their attitudes to gate holds and to

the latest time at which a gate change should be initiated. It is
assumed here that the aircraft is told of its plammed gate ten to
twenty minutes before arrival. Some airlines ensure that the planned
gate is either empty or within a few minutes of being so, before
allocating it to the incoming flight. If any dubiety exists about the
actual time of vacancy of the gate, an alternative is given to the
arrival. This can result in poor gate timetable reliability but has
the merit of almost completely eliminating late gate changes. At the
other extreme, some airlines will accept at gate allocation time, a
planned hold of up to 10 minutes, but retain the authority to alter the
gate after the aircraft arrives.
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8.5 In this simulation a more moderate approach has been used. At the
time of air debrief, the actual arrival time is available and if this
precedes the most recent estimate of the gate availability time a gate
change is initiated. Otherwise the planned gate remains. When the
departing aircraft belongs to set FLYOUT i.e., its actual departure time
is available for reference, gate holds will not be experienced by the
arriving aireraft. Alternatively, if the departing aircraft belongs to
set ERESTD, its departure time has not been computed and the gate
availability time is the first and crude estimate of it. Consequently,
gate changes which are unnecessary may be originated at air debrief
time, while an apparently acceptable arrival time may require a late
change, This is realistic in most situations except where a large a
station departure delay is experienced. Normally this is maintenance
oriented and its incipience is known before ETD-10 minutes. The
simulation has no such prior knowledge and bases its decision on the
ETD. This will tend to increase the number of simulated gate holds
and late gate changes. It is felt that this is compensated by the fact
that GATESIM has great confidence in its own information and decisions,
snd when both departure and arrival times are known, it will not create
n gate change even though the separation time is exactly zero. Under
thease actual conditions, the tendancy would be for a gate change to be
requested.

1t is nacessary to emphasise that late gate changes and holds both require
the nirline to have the facility to contact the aircraft after it has
landead.

8.6 As deseribed in section 6.9.1l.4., the input data are arranged such
that integrated cycles fall into N sections where N is the number of
alrcraft types. This was done to ensure that type changes could not
occur, This is more limiting than in reality where such changes are
permitted under controlled conditions to alleviate the effect of a
temporary shortage of one aircraft type. These controlled conditions
include information on aireraft performance, facilities at destination,
passengers and freight on the relevant flights, ete. None of this is
avallable to the simulation and without these limiting factors the
gimulation could if permitted, create a large number of type substitutions
using its rules of minimising delays and timetable disruptions. This is
considered more serious than the policy adopted. It is apparent that the
frequency of type substitution cannot be measured by GATESIM,
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8.7 Since gate changes are represented in exsctly the same way as aireraft
changes, both being processed by the procedure ACCHANGE, it is apparent
that gate type changes are permissable. It is possible to identify in
the input data, those gates which are identical. As with aireraft changes,
ACCEANGE may be presented with locally declared arrays which represent
those gates identical to that for which a change is being sought. In
this case, no gate type changes would be possible. Conversely, the global
arrays representing all gates may be presented to the procedure in
which event, a gate change will be chosen according to the logic of
ACCHANGE and irrespective of the gate type. It is possible that a
Viscount may be repositioned to a Boeing 747 gate and vice versa.
Obviously, the most realistic approach would be to input a link of
"aircraft type to acceptable gate types" thus limiting the number of
feasible gate changes., This requires considerable programming effort.

It is necessary to recall the design aim which stated that the methods
of gate timetable construction should be studied. The relevant
parameters included separation times, occupancy times, number of
departures per gate, etc. If no gate type changes are permitted,

then each set of identical gates may be regarded as having individual
timetables each with their own set of descriptive parameters. The
timetable reliability is however, a summary over all the gate types
and it would be impossible to isolate which set(s) of gates most
affected its value. The approach suggested above as being the nearest
to reality, in which aireraft and gate types are linked suffers from
similar ecriticism, though less intense.

Both approaches enforce limiting factors on the simulation and tend
to reduce its applicability as a policy tool and transform it into
‘a poor example of a "one airline one asirport" simulation., This was
not its purpose and is one which could be much better satisfied by
a simple simulation in which gates are allocated to flights as they
arrive, with limited attention being paid to a gate timetable.

As implied above, it was decided to regard all gates as being identical
and capable of accommodating every aircraft type. This is the broadest
possible approach and one which allows the results to be applied to
more limiting conditions. An operational timetable can be broken

down into several independent and non-interchangeable units and have
the optimum gate construction policies applied separately to each.
Difficulty can arise where some gates are partially interchangeable,
e.g. a B707 gate cannot accommodate a B747 but the reverse is not
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8.7

8.8

8.9

possible. While the theoretical sclution may be complex, the
practical answer is that no airline would permit a small aircraft
to jeopordise the unloading/loading of a "jumbo". In effect, the
smaller aircraft would either cause a series of gate changes within
its owvn gate area or else accept a hold in the normal manner.

It is seen that gate type changes are even more circumstantial than
aireraft type changes and that by regarding all gates as identical,
the operational effect of non interchangeability can be estimated.
Partially interchangeable gates must be regarded as an unplanned
alleviating factor, which while easing a specific parking problem,
will reduce the gate timetable reliability.

The simulation involves many complex procedures as described in
Chapter 5, and is consequently expensive to run, requiring large

core store and high run times. These are shown in more detail in
Chapterll. It is the aircraft and gate change procedures which are
the cause of this, resulting in run times being more dependent on

the number of such alterations rather than on the number of departures
as such. It is therefore unwise to regard this simulation as a general
multi-purpose planning tool which can be amended and expanded to
permit the study of other aspects of an airline's operation. While

it is possible that the actual simulation part of the program could
provide the basis for a more general approach, it is doubtful if

the gate and aircraft change procedures would be required in such
depth as this project demanded.

The input to the program was shown to include a formulated gate plan.
It is important to realise that the simulation merely alters this
plan as dictated by the operational conditions, and monitors such
modifications. It does not attempt to forecast the number of gates
required to provide a given level of departure reliability. The
flight schedule will be operated from the stated number of gates and
the success will be measured in terms of punctuality, gate timetable
reliability and gate holds and not by the number of times extra
gates had to be used,
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CHAPTER 9.

SIMULATION OF THE OPERATION OF UNITED AIRLINES AT O'HARE AIRPORT, CHICAGO.
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9 SIMULATION OF THE OPERATION OF UNITFD AIRLINES AT O'HARE AIRPORT, CHICAGO.

9.1

9.2

It was decided to use UAL's flight schedule for summer 1969 as the
first input to the simulation for several reasons which included the
following:

i) During a six week resident study at O'Hare, it was apparent
that UAL attached considerable importance to the operation of
a pre-planned gate timetable,

ii) Data was available to enable the gate timetable reliability
to be obtained for a period of one month.

:li.i) Over 200 departures were operated from 21 gates which were
under the exclusive control of the airline.

iv) The use of standby aircraft was kept to a minimum and aireraft
integration changes were almost exclusively of type DIRECT or
INDIRECT., This resulted in the secondary aircraft reallocations
and the associated reactionary gate changes being kept to a
minimum, The gate changes which did occur were therefore a
good reflection on the gate timetable parameters and the flight
schedule and were less affected by the aircraft maintenance
cycles. This provides a good basis on which to test the
simulation and compare the results of different gate plans.

Although the schedule was operated from 21 gate areas, two adjacent

small areas were nommally combined and used as one parking point,

giving an operational total of 20 gates, UAL's schedule planning staff
assumed that only 18 gates were available, and regarded the two extra
gates as providing an operation buffer, There was no statistical basis
for this, nor was there any attempt to forecast the effect on punctuality
etc., if the 18 gate plan had been implemented. The simulation provides
an opportunity to investigate this and to quantify the advantages, if
any, which the two extra gates provide,

9+.2.1 The operational gate timetable was constructed by the same
staff as would implement it, so the emphasis in the planning
stage relied more on practical experience than on theoretical
plans such as LOFI or FOFI. This is offered an ideal opportunity
for further comparison.

9.2.2 At the time of the study, UAL operated DC8s, Boeing 720s, 727s,
7378 and Caravelles, and parking limitations did exist for the
four engine aircraft on some gates. With these exceptions the
gates were considered to be completely interchangeable and no
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9.2.,2 attempt was made to park the aircraft according to type.
However, airlines with a more diverse range of aircraft
each requiring different ground equipment, may elect to
design individual gates for each type. Less radical is to
create sets of "one type" gates separated by multi-type
gates which act as overflow areas for the adjacent gates.

9.3 UAL's operation was simulated under five different gate plans, one
of which was the operational one (called UAL1). The other four were:

UAL2 - It was attempted to create four types of non interchangeable
gates which would be planned to accommodate only the following
aircraft

gate type 1 all small 4 engined aircraft, i.e. B720, DC8

gate type 2 all large 4 engined aircraft, i.e. DCB series
61 and 62

gate type 3 all variants of the B727

gate type 4 BT737 and Caravelle,

It was found that the operation could not be contained in

20 gates, but required 26, This incura a large capital
expenditure penalty, but also exhibits much less congestion
on at least some of the gates. The object of simulating this
programme was to ascertain the effect of the extra six gates.

UAL3 - This is a compromise between fully interchangeable gates and non
interchangeable ones as described in 9,2.2, Six types of gates
were defined, four of which were as in UAL2. The other two were
not fully interchangeable but had the following flexibility:

gate type 5 B737, Caravelles, B727
gate type 6 DC8, B720, B727.

This gate plan was accommodated on 20 gates but the distribution
of occupancies on each gate differed from the operational plan
UALl.

Although in UAL2 and 3, sets of non interchangeable gates have
been created, reference is made to section 8.7 where the
advisability of maintaining such a usage policy during the
simlation was discussed, After initial set up of the plan,

the gates are considered to be fully interchangeable with the
gate departure reliability and punctuality performance being
measured against timetable parameters such as separation times,
occupancies per gate etc and not against the number of gate types.
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9.3 UAL4 - This plan was formulated by adopting the IOFI method of

UALS -

9.3.1

9.3.2

9e343

occupancy scheduling, It is interesting to note that the number
of gates required was 18 - the same number as the UAL planners
assumed were available during the schedule evaluation stage.

All gates were taken to be fully interchangeable.

This plan was formulated by adopting the FOFI method over
20 gates, The occupancies are evenly distributed throughout
the gates which are again takenm to be fully interchangeable.

The above five plans have been constructed umder differing
policies, each of which can be applied to any other airport
operation, While the parameters which describe each plan
cannot identify the policy under which each was generated,
they may be used to compare the plans, provided each were
based on the same aircraft integrations. They reflect

the result of applying one policy as opposed to another.

The following table illustrated how the mean and standard
deviation of the gate separation times vary,

Separation Time Data.
Bea  Iolioy Gatee ' i) Dev. Dispersicn
45.0 40,7 0.90
70.3 T4.7 1.06
43.1 43.0 1.00
36.7 42.8 1.17
46,7 32.1 0.69

UAL 1 Operational

UAL 2 Non interchangeable

UAL 3 Partially interchangeable
UAL 4 Interchangeable, LOFI
UAL 5 Interchangeable, FOFI

SHE I XY

Table 1.

The separation time data were calculated using the gate variable
time span method as described in sections 3.2 and 6,19,

In appendix 9, the gate timetables are shown in bar chart form
in figures 1 to 5, while tables 1 to 5 provide analysis summaries
of each gate within timetables as output by procedure ANALYSE.
Table 6 shows the distribution of gate occupancy and separation
times in band widths of ten minutes, while table 7 gives the
same separation time data in steps of one minute, These results
are summarised in figures 6 to 9 and 35, 36,

Primary attention should be paid to plans UALl, UAL3 and UALS
since these require the same resource levels., It is seen from

figures 6 and 8 that the distribution of their separation times
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94343

varies considerably and that the operational timetable UALl
tends towards a compromise between the other two. As expected
UAL5, which is constructed under the FOFI principle, exhibits
few short separation times with only 1.4% of the total being
less than 20 minutes. The operational timetable however has
17.2% of its separation times less than 20 minutes. The figure
for UAL3 increases to 21,3% indicating the higher number of
occupancies which are required on some stands due to the pre-
clusion of certain aircraft types on others. At the other end
of the scale, UAL5 demonstrates that only 11,1% of separation
times have the luxury of being over 70 minutes in length
whereas UALL has 15.2% and UAL3 has 16.8%, This is considered
to be less significant than the distribution properties up to
this point since in this case all three plans have approximately
the same numbers of separation times up to 1 hour in length.
This value is considered to be more than sufficient to cater
for normal operational disturbances, and separation times

in excess of it are expected to be relevant only when related
to a IOFI policy.

This is because, under LOFI, the apparent excessive separation
times are not in fact realised and are hence necessary in the
plan because of the need to accommodate occupancies displaced
from their planned gate after a small disturbance occurs in
conjunction with a very small separation time.

From figures 6 and 8 it would appear reasonable to expect

the least gate change requests under UALS5, but to be uncertain

of the relative merits of UALl and UAL3. If the operation
exhibited small numbers of large delays (in excess of 40 minutes),
it is probable that UALl would be disrupted less frequently.

The occurrence of larger delays would reduce the confidence of
this claim and possibly even reverse it.

In section 7.5 it was stated that the effectiveness of a gate
timetable would be measured by computing the percentage of
departures which left from their planned gates. This can be
totally different from the number of times a gate change is
requested. It is feasible that a timetable which has a high
minimum separation time of 20 minutes (say) and has occupancies
evenly distributed throughout the gates (i.e. FOFI), may require
most gate changes to be of type INDIRECT SWOP, i.e. several gates
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9.3.3

9.3.4

are involved. Conversely, a LOFI type plan with its inherent
large scatter of separation times, may be more capable of
providing an alternative gate without disruption to other
occupancies. However, because under LOFI, a significantly
larger number of short separation times exists, the frequency
of the demands for a gate change may well be so much higher
that the product of number of requests and departuresdisrupted
per request may negate the advantage of having simple individual
gate changes.

Hence, by comparing the distributions of separation times,
obtained from different gate plans relating to the same flight
schedule, the plan most likely to provide the least number of
gate change requests may be estimated, but it is not possible
to assume that this plan will also exhibit the best timetable
departure reliability.

The adoption of a IOFI schedule as in UAL4 results in a
reduction in the number of required gate areas even though
other gates may be less well utilised than under FOFI., As
seen from figures 4 and 5, the LOFI plan has 11 gates with at
least 12 occupancies, whereas the FOFI plan has only four,
Both plans have only one gate on which less than 9 turnrounds
are planned and it is the one from the LOFI plan which has the
poorer utilisation (55.2 to 49.6 minutes mean separation).
This is a somewhat unfair comparison and could be improved by
comparing a FOFI 18 gate plan with UAL4, or else UALS (FOFI 20
gates) with UAL4 in which two apparently spare gates are planned.

This was considered but rejected for the following reasons:-

i) The spare gates would in reality be used as on-line
servicing positions and would not be available for
flight turnrounds as intended.

i1) In the U.K., gate areas are controlled by the airport
authorities who would be reluctant to accept overflow
gates as an operational necessity when operating
under IOFI. Pressure would probably be brought to
bear on the airline either to utilise the gates or
relinquish them. This situation does not apply to
the same extent in U,.S.A.
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9.3.4

94345

9,3.6

111) It has been assumed in i) and ii) above that the high
frequency of small separation times requires the
extra two spare gates to accommodate displaced
occupancies. While this may be true to maintain a
certain level of gate departure reliability, the effect
on the following of withdrawing the two spare gates
cannot be estimated:

a) amount by which GTR will be reduced
b) effect on number and length of gate holds
c) effect on punctuality.

In a mixed fleet operation which includes the new generation
airoraft (e.g. B747, DC10), it is probable that the large
aircraft will be limited to a few specially modified gate
areas, It would be totally unrealistic to modify all gates
purely to achieve full interchangeability of occupancies.
"Type parking"™ has been accepted for these aircraft purely
on account of their size. However, there exists other
factors which suggest that this method may be beneficially
extended so that aircraft of different types which have
similar external dimensions may be segregated. These resolve
around the term "aircraft availability" as used in the
maintenance concept of "Reliability and Maintainability".
This is outlined in the following paragraph.

Aircraft Availability can be defined as the probability that
the aircraft will be serviceable at any time due to the
combined effects of its own reliability and of the maintenance
actions which are possible within a specified time period.
The reliability component is a function of design, maintemance
philosophy, etc and does not relate directly to the position
of the aircraft on the ramp. Maintainability, on the other
hand, which is the second component of availability, can be
affected by the aircraft's location. Maintainability is

the probability that when maintenance action is initiated
under certain conditions, a faulty item will be restored to
service within a specified time, As an example of this, a
typical operating goal for the new "airbus" type aircraft

is that 98% of defects should be rectified within 45 minutes
after two year's experience of the aircraft type. For this
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9.3.6

figure to be achieved a fast reaction time by station
maintenance staff must be achieved. This can be further
broken down into:

1) engineers must be specialists on particular type
of aircraft and/or systems and not merely very
competent on several types.

ii) information such as aircraft manuals, aireraft
defect history etc, must be readily available.

iii) spares must be readily available.
iv) tools and ground equipment must be to hand.

Although these conditions are best achieved by type parking,
no airline operating several types is known to have fully
implemented it because of the large number of gates required.
Compromises have been reached and in BEA for example, type
control has been set up as far as their maintenance personnel
are concerned. Four technical control areas each provide
specialists cover for one aircraft type, namely Trident 1,
Trident 2, Trident 3 and Vanguards.

Because of the relatively smaller number of tumrounds of
Viscount and BAC 1-11 aircraft, one control accepts responsibility
for them and has the associated skilled mechanics. This
arrangement satisfies condition i) above and goes some way

towards ii), but makes no attempt to satisfy iii)and iv).

It is claimed that conditions ii), iii) and iv) above would be
achieved by implementing type parking and that the engineering
content of station delays would be reduced., The simulation
GATESIM is not capable of verifying this because techmical
delays are not isolated from the total departure delay.
However, the reliability of the gate timetable can be
investigated and the hypothesis that extra gates increases

the flexibility of the gate plan may be tested., It is
necessary to use the same delay distributions as were

applied to the other timetables for the following reasons:

a) alteration to the distributions would prejudge the effect
of the conditions i) to iv) above on engineering delays

b) any increase (or decrease) in the gate departure
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9.3.6 b) reliability can be positively attributed to the plan
itself only if other variables remain constant

¢) punctuality and gate holds can also be used as a measure
of comparison between gate plans provided the method
of injecting the delays and the input delay data is
unchanged .

As a result of the above, UAL2 was constructed and was found
to require 26 gates as described in 9,3 under UAL?2. It is
seen that each gate is not limited to only one type of
aircraft since it was felt that with six basic types, some
with very small activity levels, such a restriction is over-
severe. Each type of gate is permitted to accommodate two
aircraft types. The mean station separation time rises to
70,3 minutes while the relative dispersion of individual
separation times is comparable with that of UALl, 3 and 4.

It is expected therefore that UAL2 will achieve the highest
gate departure reliability and exhibit the lowest number of
gate holda. The effect of the latter on departure punctuality
should be beneficial but will be manifested only if gate holds
were found to be a contributary factor towards delays in the
other plans.

9.4 Simulation of gate plans UALl, 3 and 5.

The results of simulating the above plans are summarised in tables 8
to 12. Each plan was tested under 12 different main station delay
distributions. The distribution which was used to generate arrival
delays was kept constant, as was that of the gate to parking area
towing times. The departure delay distributions were normal ones with
mean and standard deviations as shown in tables 8-12 .

It was intended that each plan and delay distribution combination
would be simulated over a period of thirty-one delays. This was
achieved initially, but a reduction in computer time allocation by
the University of London Computer Centre to all external Universities,
resulted in this being reduced accordingly. The number of days
simulated is also shown. Basic sampling theory has been applied to
the estimates of the gate reliability to obtain the upper and lower
11:1# values. These are shown in table 12.
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9.4.1

9.4.2

Variation of Gate Timetable Reliability (GTR) with
Mean Station Separation Time (MSST).

Figures 10 to 12 illustrate how the GTR is related to MSST
when the latter ranges from 43 to 47 minutes. This is too
small a range to permit extrapolation to any extemt, but the
general trend of increasing GTR with increasing MSST is to
be expected. The actual values of MSST are not significant,
but it should be noted that an increase of just under 4
minutes in MSST can result in a decrease of up to 8% in GTR.
For United at O'Hare this results in 17 extra departures
leaving from the wrong gate per day.

The a.ppa;;rently small MSST range of only 3.6 minutes rep:;eaenta
about 800 gate minutes separation time for the station or 40
for each gate, and is achieved only by considerable alterations
to the distribution of separation times as evidenced by

figures 8 and 9.

The highest MSST of 46.7 minutes (UAL5) is achieved by
allowing 44.9% of the separations to be in the mange 30-59
minutes, whereas the lowest of 43.1 minutes has only 24.1%

in the same range, The difference in MSST would be greater
but for the fact that although UAI5 exhibits a large reduction
in the number of short separation (20 minutes), a reduction
in the number of long ones (60 minutes) has a counteracting
effect.

In summary, although the range of MSST appears to be very
limited, the difference between a value of 43.1 and 46.7
minutes can be significant in terms of achievable GTR. It
is impossible to ascertain the effect on GTR of a similar
difference in MSST when the absolute values of MSST are
significantly different from 43-47, but it is reasonable
to assert that as the absolute values increase, the effect
of a four minute difference will decrease, Similarly, a
decrease in the absolute values should result in a 4 minute
change having a greater effect.

Variation of GTR with the Relative Dispersion of Separation Times.

Figures 13 to 15 show how the departure reliability increases
when the relative dispersion of the separation times decreases.
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9.4.3

Although only three points are used on each graph, it is
considered important that the correlation between GTR and
the relative dispersion is consistently better than between
GTR and mean separation time, It appears that United's
operation at O'Hare is such that the highest gate plan
reliability is achieved by maximising the mean separation
time within the constraint of maintaining the minimum
relative dispersion of separation times,

As implied in 9.3.3%, the small number of long separation
times in UALS5 has not reduced its flexibility but probably
enhanced it.

This does not imply that long separation times are detrimental
to timetable reliability, but clearly indicates that they do
not ensure gate flexibility when they are achieved at the
expenses of increasing the number of short separations.

The ability of a long gate vacancy to absorb an additional
occupancy, with the minimum of disruption, apparently does
not compensate for the increased number of requests for gate
changes occasioned by the higher number of closely packed
turnrounds. This is to be expected since it is necessary
for the long vacancies to occur in the same time band as the
small ones for any alleviating effect to be possible. With
UALS, none of the three short separation times (20 minutes)

lie within the span of any of the twenty long ones (70 minutes).

In the case of UAL3, the short and long separation times are
distributed such that of 31 short ones which occur in 7 one-
hour bands, only 14 can be accommodated on substitute gates
with no other gate disruptions. This results in 17 turnrounds
which have the highest probability of incurring gate changes,
not having an available alternative gate.

Effect of gate timetables on departure punctuality.

This is of prime importance since many of the advantages
accruing from the use of a gate plan are rendered void if its
adoption is accompanied by worsening punctuality. It must be
remembered that this simulation does not forecast the effect
of introducing any gate plan where none existed before, but
it can be wed to compare punctuality performances under
different timetables provided they are the only parameters
which have been altered. Table 9 shows the following for
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9.4.3

9.4.4

plans UALl, 3 and 5, each operated under 12 input delay
distributions:

i) mean delay per departure
ii) standard deviation of distribution of delsy per
departure
1ii) percentage of departures with a delay in excess of
9 minutes.

The table, together with figures 16, 17 and 18 illustrate how
little the mean delay per departure varies between the plans.
The relative dispersion of the delay distribution alters
slightly more but the maximum variation from 4.90 to 4,34
occuring as it does when the mean delay is only 0.6 minutes
per departure, is not considered to be significant. The
percentage of departures delayed in excess of 9 minutes is
used only as an illustration of the effect of these delay
distributions.

It appears that little or no change in punctuality performance
should accompany the introduction of a new gate plan even though
its characteristics vary widely from the previous one. This is
again qualified by stating that although the distribution of
separation times may differ significantly, the mean station
separation times should not be widely apart. This may be

over restrictive but is a necessary qualification with the
results available from UALl, 3 and 5.

Effect of gate timetables on duration and frequency of gate holds.
The occurrence of a gate hold has a threefold effect, namely:

i) It is irksome to passengers who are forced to wait
disembarking while probably within sight of the
terminal building where, in many cases, a vacant
gate will be visible. The last impressior of the
flight is therefore one of delay and may reduce the
degree of satisfaction built up over the period from
check-in to touch-down.

i11) The airport authority is unlikely to welcome the
extra congestion caused by the waiting aircraft.
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9.4.5

iii) The available ground time of the aircraft is reduced
and to ensure an on time subsequent departure, the
airline may be forced to provide extra staff during

the reduced occupancy.

It is clear that gate holds are undesirable even though the
departure punctuality and schedule reliability is umaffected.
This was seen to be the case with UALl, 3 and 5 above,
although the availability of extra staff was not restricted,
as described in section 8.4. However, table 10 illustrates
that both the frequency and duration of gate holds vary
considerably between the plans.

Figures 19 to 21 illustrate how the frequency of gate holds
decreases with increasing MSST., Similarly, figures 22 to 24
show how the total ground time lost due to gate holds decreases
in the same way. It is interesting to consider these results
in conjunction with figures 10 to 12 where GTR is plotted
against MSST, The low frequency of gate holds achieved by
UALS coincides with the highest GTR. Although it is false to
assume from this that a decrease in gate holds will result in
better gate departure reliability, it is reasonable to claim
that of two plans being studied, it is likely that the one
which exhibits the lowest GTR also has the highest incidence
of gate holds, provided of course that the same conditions
apply in each case. It must be emphasised that a high number
of gate holds is not the cause of low GTR, but is another
manifestation of the inflexibility of that particular plan.

Effect of altering gate-hold policy within a given gate
timetable.

In the simulation, a gate hold is permitted only if the
estimated holding time is less than a pre-set maximum, unless
of course there are no other gates available. The number of
holds can thus be altered by varying this value, Since the
only alternative to a hold is a gate change, the achieved GTR
must decrease with a decreasing frequency of holds. The
corollary to this is not necessarily true because the increased
number of holds is obtained by permitting longer holds.
Although figures 16 to 18 showed that departure punctuality
was unaffected by a change in gate plan and the associated
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9.4.6

change in the holding characteristics, this only applied
when the intended maximum hold was 10 minutes. An increase
in this value will inevitably affect punctuality and eventually
schedule reliability. The gate hold will foree an arriving
aircraft to occupy its planned gate and if no late aireraft
changes are permitted, will ensure that the departure also
will be from the correct gate. The larger the gate hold, the
more probable becomes a late departure which not only may
interfere with the next occupancy but could create aireraft
changes on return to the station. The hypothesis that an
increase in the number of holds will permit a higher gate
departure reliability is thus considered to be invalid.

The relationship which the frequency and duration of gate
holds has with the achieved departure punctuality performance
is shown in figures 25 to 30. The departure punctuality is
expressed as mean delay length per departure. For plans UALl,
5 and 5, the number of holds and the minutes held per 100
departures are linearly related to the mean delay. The slope
of the line, together with the Y axis intercept, reflects the
ability of the plan to absorb disruptions which are not
sufficiently severe to create a gate change. For a given
departure delay rate, UALS requires the least number of gate
holds within the range of delays shown though the growth rate
of holds is higher than for UAL3.

Effect of departure punctuality on GTR within a given gate
timetable.

Figures 31 to 34 show GTR plotted against departure punctuality
expressed as the percentage of flights departing less than

10 minutes late. The relationship is seen to be linear with
correlation coefficients of 0,92, 0,965 and 0.92 for gate

plans UALl, 3 and 5 respectively. In each graph 12 points

are plotted representing the 12 separate delay generation
distributions input to the simulation.

From the graphs alone it is not possible to compare the three
timetables ability to withstand off scheduled movements., It
is possible that an operation which caused 30% (say) of

‘departures to be delayed 10 or more minutes under UALl would

result in 40% being delayed a similar time under UAILS.
Were this true, a gate timetable reliability of 8% or so
would be achieved under UALl while 88% could be expected
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9.4,6 under UALS5, but at the penalty of poorer punctuality.
Fortunately, in section 9.4.3, it was shown that for a
constant level of originating disruptions, the achieved
punctuality is not altered from plan to plan within the
stated limits of UALl, 3 and 5. Consequently it is possible
to claim that in the above example, UALS5 should achieve 91%
GTR with no increase in departure delays.

However it is the author's view that such a precise application
of figures 31 to 34 is 2 misuse of the intentions of the graphs.
Their main purpose is to indicate the wvulnerability of a given
gate plan to changes in punctuality performance. It is the
gradient of the line, rather than the Y axis intercept, which

is important. These indicate that UALS is least responsive

to increases in small delays, while UALl is the most vulnerable _
to them, though this differs only slightly from UAL3, :

9.5 The results of the simulation of UALl, 3 and 5 can be summarised as
follows:

i) GTR increases with mean station separation time, but appears
to be more closely related to the relative dispersion of the
separation times. The highest value of GTR should be achieved
when the relative dispersion is at its lowest value consistent
with as high a value of MSST as possible.

i1)  Within the stated ranges of generated delays and of gate plans,
the departure punctuality is wmaffected by the type of gate
plan in use,

111) Gate holds tend to d ecrease with increasing MSST and with
decreasing relative dispension of separation times.

iv) An increase in the departure delay rate is accompanied by
an increase in frequency and duration of gate holds irrespective
of the gate plan being used.

v) Gate holds do not appear to have significant effect on
punctuality.

vi)  The expected value of GTR under a defined plan can be related
directly to departure punctuality expressed as the percentage
of flights departing within 10 minutes.
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9,6 Simulation of plans UAL2 and UAL4,

The main object in running the simulation under plans UAL2 and UAL4

was to ascertain whether the general trends and relationships illustrated
in the previous two sections could be applied to an operation where the
level of gate remources was considerably altered. In UAL2, 26 gate
areas are required and a very high value of 70,3 minutes for MSST is
obtained. UAL4 on the other hand requires only 18 gates which are
naturally more congested than in UAL2, this being reflected in the

MSST having a value of 3.7 minutes,

9.,6.1 Parameters of UAL2 and UAL4,

The distribution of occupancy times of the two plans differ

only very slightly from each other and from plans UALl, 3

and 5, as evidenced by figures 7 and 35, That of the

separation times however, vary considerably as shown by

figures 6, 8 and 36, UAL4 has a massive 44.9% of its

occupancies separated by less than 20 minutes while only °
16.8% have one hour or more between the preceding ome.

The former is by far the largest and the latter the smallest

of all the five plans.

The LOFI policy, under which UAL4 is constructed, is designed
to achieve this high figure of small separation times, but

the theory is meant to provide also 2 maximum mumber of long
gseparation times, This appears to be contradicted by UAL4
until it is remembered that only 18 gates are being used.

The policy has in fact been so successful that two infinitely
long separation times exist! By excluding these two gates,
some long separation times, which under LOFI are intended to
support the highly congested gates have been eliminated. The
timetable reliability is expected to be considerably lower than
the other plans, but may in fact be higher than that achievable
under the 20 gate LOFI plan, The latter possibility exists
because UAL4 may be so tightly packed that gate holds and not
gate changes predominate., If this is so, a decrease in
departure punctuality should be observed when compared with
other plans which had the same components of initial disturbance.
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9.6.2

Despite the elimination of two gates, the low MSST value

of 36.7 minutes is coupled with the highest relative dispersion
figure of 1.17. The results from UALl, 3 and 5 suggest that
these figures above will cause a decrease in GTR if item 1)

in section 9.5 can be applied to the reduced resource facility
unless item v) in the same section is found to be invalid.

The distribution of separation times of UAL2 as shown in
figures 6 and 36 is vastly different from the other plans,
having a mean of 70.3 minutes and a standard deviation of
74.7. In general, UAL2 exhibits a smaller number of
separation times in each bandwidth up to the range 60-69
minutes, with the biggest decrease occurring in the range
20-29 minutes. TFrom 70 minutes upwards, the pattern is reversed,
culminating in UAL2 having 21.4% of its separations more than
100 minutes. This should result in a large increase in the
achievable GTR together with a decrease in the number of gate
holds.,

Variation of GTR with MSST and relative dispersion of
separation times,

In section 9.5, item i) claimed that although a linear relation-
ship was established for UALl, 3 and 5 between GTR and MSST,

it was more probable that the relative dispersion had a greater
degree of control over the achievable value of GTR., For a
constant resource level, and for a given flight schedule,

there are distinet limits between which both these gate
variables may alter. However, when the number of available
gates is changes, and the flight schedule is kept constant,
these limits may be exceeded.

This occurs in both UAL2 and UAL4, being much more pronounced
in the fomer case. UAL2 was based on an arbitrary allocation
of aircraft types to specific gate types and viewed as one
complete timetable, bears no resemblance to LOFI, FOFI or a
quantitative combination of the two. The creation of aireraft
type gates could easily have extended to permit only one
aircraft type on each gate, in which case more than 26 gates
would have been required and the value of MSST would be further
increased.
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9.6.2 It is considered that a set of relationships developed under
& limited resource condition cannot be expected to apply when
the resource can be increased by an indefinite amount.

Consequently, although the broad principle of increasing GTR
with increasing MSST is still thought to apply, extrapolation
of figures 10 to 12 are not erpected to give a reasonable
estimate of UAL2'sGTR. The relative dispersion of separation
time exhibited by UAL4 does not appear to be greatly different
from that of the other plans, but again, because of the great
increase in MSST, the standard deviation is sufficiently high
to expect evem the GTR - relative dispersion dependancy to
break down. In summary UAL2 ie expected to achieve the
highest GTR value of all the plans, but to attain it in a
manner inconsistent with extrapolation of figures 10 to 12

or 13 to 15.

UAL4 on the other hand differs by only two gates from plans

UALl, 3 and 5, and has an MSST value of only 6.4 minutes

below UAL3. Although this is achieved by large scale alterations
to the distribution of separation times, the difference in MSST
value is sufficiently small to expect that UAL4's reliability
will approximate more closely than UAL2 to the pattem defined
by plans UAL 1, 3 and 5,

In the following table, the simulated GTR values for UAL2 and 4
are compared with the values obtained by extrapolation of graphs
10-12 and 13-15.

dnput Distrib. UAL2 - 26 Gates UAL4- 18 Gates LOFL
MSST R.D. MSST R.D.

f'cast f'cast simul ftcast fTcast simul

!ﬂ__.:.ﬁ GIRX GmZ% CTRRE GMRE CmRE OMRE

10 100 94.5 97.1 87.9 93.2 97.6
10 5 100 93.6 9.7 85.9 91.9 96 .3
10 10 100 87.7 93.9 5.0 85.0 88,5
10 15 100 83.1 91.4 T1e2 80,1 83.2
12 2,2 100 92.6 9.3 83.8 90.7 9.1
12 5.5 100 91.3 %.8 80,4 9.0 93.6
12 11.0 100 85.7 92,7 T6.1 83.4 86,7
12 16 .4 100 80.9 89.3 T70.5 T8.4 79.9
14 2.4 100 91.7 %.2 81.0 89.5 96.0
14 5.9 100 90.6 9.5 81.9 88.6 91.3
14 11.8 100 83.4 91.3 72.9 80.8 81.5
14 17.6 100 78.2 88,2 68,6 76.1 T6.2

208



9,6.2

The reliability of UAL2 as forecast, using MSST as the sole
criterion, bears no resemblance to that actually obtained in
the simulation., In fact, the achieved GTR is lower than that
obtained under UALS for all input delay distributions with the
exception of the most severe (mean = 14, s.d. = 17.6).

This implies that either a linear dependancy is not applicable
in the higher values of MSST, or else that MSST is the wrong
parameter from which GTR should be estimated. The relative
dispersion plot provides a better estimate of the reliability
but is seen to be consistantly below the achieved figure.

This is again considered to be because of the large differences

in MSST and standard deviation.

It is concluded that it is totally unrealistic to permit

extrapolation of figures 10 to 12 or 13 to 15. It would appear

that at the high levels of GTR achieved by UAL2 and 5, the
percentage of occupancies below 20 minutes in lemgth could
best explain the reduction in GTR from UALS to 2. There is
always going to be a residual level of gate change requests
whenever these short separations exist and independent of
their distribution above 20 minutes,

The result of UAL4 corroborates the evidence supplied by
UAL2 that MSST should not be the sole basis for estimating
GTR. The MSST estimates for GTR are seen to be comsistantly
below the actual values. However, in this case, if the two
eliminated gates are regarded as two separation times of

24 hours each in length, the value of MSST for the plan
increases to 49,7 minutes. This is unrealistic but if the
gates are regarded as having separation times which coincide
with the main operating period of the day, namely 0700 to
2100 hrs, the MSST is found to have a corrected value of
44.1 minutes. With this correction, the MSST based estimate
is considerably higher than that achieved, which is just as
unacceptable as the reverse.

The estimate of UAL4, based on relative dispersion, is much
more realistic and although slightly below the achieved value,
an explanation can be offered. It hinges on the frequency and
duration of gate holds showing an increase over other plans

as discussed in section 9.6.4. Because of the shortage of
gates, holds are forced to be accepted when a gate change
would be prepared.
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9.6.4

9.6.5

oy
Effect of gate timetable on departure punctuality.

Table 9 shows how the departure punctuality expressed as
mean delay per departure, is constant at the levels shown
in figures 16-18. This indicates that despite an increase
in gate numbers in UAL2, an improvement should not be
expected in punctuality and that justification of capital
expenditure for such expansion should be sought in other
areas, such as GTR and gate hold improvements,

Effect of gate timetables on frequency and duration of
gate holds,

From figures 19 to 24, it is expected that both the duration
and frequency of gate holds should have low values under UAL2
and high ones for UAL4. From table 10 it is seen that UAL4
does incur more disruptions due to gate holds, but neither the
frequency nor the total time lost is as high as figures 19 to
24 would indicate. It should be noted that the mean hold has
not altered to any extent which supports the claim that
departure punctuality is unaffected. UAL2 does not behave

as expected, exhibiting a poorer performance than both UALL
and 5., This emphasises the view that MSST is the wrong basis
on which to base any quantitative estimate of gate performance.

Relationship between departure punctuality and gate hold
frequency and duration.

The variation of gate hold frequency is shown in figures 37
and 39, while the total number of minutes held per 100
departures is shown in figures 38 and 40,

The frequency of holds in UAL2 achieve a linear correlation
coefficient of 0,75 with the departure punctuality and a
gradient of only 0,028, Since the frequemcy at zero delay
rate reflects the imherent ability of the plan to absord
small arrival disruptions, the value of 0,64 for UAL2
compares very favourably with 1.75 for UAL4 and 1,01 for
UAL3, but poorly with UALl and 5 which have intercepts of
0,21 and zero respectively. With the exception of UAlL4,
these intercepts appear to be directly dependent on the number
of separation times less than 10 minutes in length. The
exception of UAL4 can be explained by the high percemtage
(44.4) of separations in the range 10 - 19 minutes,
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Figure 39 (UAL4) is seen to exhibit considerable scatter
with a correlation coefficient of only 0.46. This must be
considered in conjunction with the absolute values of the
gate hold frequencies and the high degree of congestion
on some gates.

Despite the above comments comparing gate performsnce as
measured by gate holds, the maximum is only 2.2 per 100
departures, or around five holds per day for United at
O'Hare. In other words, five arrivals and five departures
deviate from the schedule sufficiently to have a calculated
overlap of less than ten minutes, estimated at the commencement
of the hold. Since the creation of an arrival delay is
independent of the size of the preceding separation time on
its planned gate, and a departure delay is similarly
independent of the following one, the occurrence of a gate
hold is dependent on a random combination of two unscheduled
movements coinciding with a specific range of planned
separation times,

In UAL4, 44.9% of separation times are less than twenty
minutes, and if by chance the movements forming these
separations have been allocated large departure delays,
coupled poasibly with early arrivals, gate holds become
highly probable. If, however, these movements are allocated
very small schedule deviations, few gate holds should occur.
Thus it is expected that a large scatter in frequency of
gate holds should be apparent from day to day of the
simulation. The achievement of the steady state condition
obviously requires more passes when such a preponderance of
small separation times exist. Unfortunately, this was not
possible due to the limited computer time available. It is
considered therefore that the large scatter of results
obtained for UAL4 is explained by the particular vulnerability
of certain gates to off-schedule movements and by the failure
to counter this effect by increasing the number of days
simulated. It is felt that the same reasons can be applied
to the scatter apparent in figure 40,
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9.6.,6 Effect of departure punctuality on GTR within a given gate
timetable.

Figures 41 and 42 plot the variation of % GTR with departure
punctuality expressed as the percentage of flights which depart
less than ten minutes late. Linear correlation coefficiemts
of 0.9 and 0.99 are obtained for UAL2 and UAL4 respectively.
As stated in 9.4.6, it is the gradient of the correlation lines
which is important, and the values are found to be 0,21 and
0.51 for UAL2 and 4 respectively. These indicate that one of
the advantages gained from increasing the number of gates to

26 is that the timetable reliability will be considerably

less affected by changes in the number of small departure
delays.

The value assigned to this attribute is of course dependent

on the operational cost which a gate change involves, and

the degree to which the departure punctuality varies from

day to day. It is probable that if a given operation is
basically unpunctual, extensive facilities and procedures

will exist for easy implementation of gate and aireraft changes.
In this case, it is less important to have a gate plan with

a low dependancy on changes in levels of departure punctuality
than to operate one whose dependancy is higher, but whose GTR
at the mean delay rate is inherently better.

Conversely, if an operation has proved to be consistantly
punctual, an occasional bad day will create sufficient unusual
problems without having the additional ome of a gate plan whose
GTR is seriously effected by this change in punctuality. Thus
in this case, it would be prudent to operate a plan with a low
vulnerability to delay rate changes.

9.7 From the preceding three sections it is apparent that the relationships
developed from the results of simulating UALl, 3 and 5 are restricted
in their sphere of applicability. Clearly the value of MSST and the
relative dispersion of separation times have an effect on the
achievable value of GTR, but a linear relationship certainly camnnot
apply unless within a very small range of MSST or R.D.

This is not the severe limitation which it appears at first sight,
when the conditions under which an airline will apply the dependancy

are considered. It has been emphasised throughout this project that
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9,7 the simulation should not be regarded as capable of estimating the
absolute value of achievable GTR, but does provide an acceptable
method for comparing gate plans., Only in exceptional circumstances
will airlines alter the number of gates which are available to them,
and these will usually occur as part of a general development plan
linked to long term expansion rather than to the short term schedule
change requirements. It is suggested therefore that constant resource
level conditions will apply in the majority of occasions when the
adoption of a new gate plan is contemplated, In addition, if the
concept of GIR is to be used as a selection parameter for the new
plan, the airline will, in most cases, have monitored the actual
values and should be able to create a datum point, suitable to their
operation, from which by the relative performance of other timetables
as estimated by the simulation, can be plotted. In this context it
is worth repeating that large differences in gate plans and associated
separation time distributions do not appear to create large differences
in either MSST or relative dispersion of separation times.

As a result of this, it is suggested that in most applications of
this research work, the range of MSST and R.D. of separation times,
will probably be of the same magnitude as that exhibited by UALl, 3
and 5, in which case it can be accepted that:-

1) GTR tends to increase with increasing MSST,
41) GTR tends to increase with a reduction in the amount of
scatter of separation times,
iii) The relative dispersion has a greater effect on GTR than
does the MSST value.
iv) The highest intrinsic reliability will be achieved by a

gate timetable which is constructed as closely as operationally
possible to the FOFI policy.

Although the duration and frequency of gate holds vary according to
the gate plan in use, the achieved departure punctuality does not
seem to be affected by a change in them. As stated previously, this
is based on the simulation's assumption that extra resources will

be available, if required, to ensure that a minimum duration turnround
can be performed.
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9.7 Under a FOFI policy, the shortest separation times occur during the
most congested gate periods and since gate holds have an increasing
probability of occurrence as the separation time is reduced, gate
holds are more likely to occur during these busy periods. There is
unlikely to be a group of staff consistantly under-employed during
these periods, so the occurrence of a gate hold will incur a penalty
in terms of either additional staff, as assumed by the simulation,
or else by incurring a departure delay. This may cause a further
disruption to the gate and even the aircraft integrations, It is
therefore desirable that a low level of gate holds accompany an
inherently high value of GTR.

Figures 43-45 show how the frequency of gate holds varies with the
MSST, figures 46-48 shows its relationship with the relative dispersion
of separation times, while figures 49-51 illustrates the dependancy
on the percentage of occupancies which have separation times of less
than ten minutes. Each of these graphs exhibit discontinuities which
can be attributed in the main to UAL2 in figures 43-48, and to UAL4
in figures 49-51. In the latter case, frequency of gate holds

gained from the simulation is considerably higher than that suggested
by the trends of results from UALl, 2, 3 and 5. This can be partly
explained by the large difference in the number of separation times
in the range 10-19 minutes.

There is nothing magical about the choice of the value ten in the
statement "% of separation times less than ten minutes in duration".
It is used simply because ten minutes was the selected bandwidth of
the output distribution. If in fact the frequency of holds can be
related to such a percentage, the value of the separation time from
which it is calculated is expected to vary with the punctuality
distributions. For example, if the mean delay length is only two
minutes as opposed to twenty two, it is reasonable to postulate that
in the former case, the frequency of holds would be independent of
the number of separations in the range 20-25 minutes, but that the
latter delay condition would show some degree of depemndency.

Table 7 shows a detailed analysis of the separation times in plans
UAL1-5. Discontinuities are apparent at ten, twenty and twenty-five
minutes, this being especially noticeable in UAL4. Against each
separation time is shown the percentage of separations less than

214



9.7 or equal to the stated value. For each integer value from zero to
twenty nine minutes, the frequency of gate holds was plotted against
the respective percentage for each gate plan in an attempt to ascertain:-

i) 1s the frequency of gate holds dependent on the percentage
of total separation times below a certain value?

44) If this dependancy is ascertained, does the critical value
change with an alteration in flight punctuality?

No correlation could be justified for any value up to nireminutes,

but the discontinuity at ten minutes allowed a good correlation at
that value., In all cases this continued up to the maximum shown of
twenty nine, but since cumulative percentages were used, this is
considered to be the result of the high correlation at the tem minutes
value.

Table 11 in appendix 9 shows the results of the attempted linear
correlations over the complete range of separation times., Figures

52 to 54 show gate hold frequency plotted against the percentage of
separation times less than eleven minutes and the respective correlation
coefficients.

The conclusion to question i) above is therefore most emphatically
affirmative with the critical value of separation time being eleven
minutes. It would appear from the results that this value is independent
of the punctuality performances since the same critical value applies
when the mean delay ranges from one to fifteen minutes per delayed
departure. Only in the two most severely delayed cases did the critical
value show signe of increasing. While this is to be expected, the most
significant increase in correlation was still obtained by changing the
limit from ten to eleven minutes, so it is considered that this wvalue
contributes most to the dependancy.

It is seen from figures 52 to 54 that the intercept on the Y-axis increases
with increasing mean deparfure delay, indicating that even when all
occupancies are separated from each other by more than the critical

value, a residual level of gate holds will occur, and that this level

is dependent on the flight punctuality. Probably more surprising is

the relative gradients of the lines.

It appears from figure 54 that by increasing the size of the mean
departure delay a significant reduction can be made in the frequency
of gate holds provided the percentage of separation times below the
critical value is in the range 15-20%, This apparent anomally has
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9,7 two contributory causes to which are attached different degrees of
importance dependent on the type' of operation being considered, If it
is predominantly hub and spoke, like BEA's an increase in departure
delays will cause an increased probability of an arrival delay and of
an aircraft change.

If the operation is not so heavily "hub and spoke" orientated, arrivals
will be affected to a lesser extent than above, and aircraft changes
will not be so frequent, but the estimated lemgth of gate holds will
be increased sufficiently to warrant a gate change. Thus it would
appear that in both cases a decrease in gate holds may be obtained

at the expense of a lower value for GTR., This is not inconsistent
with section 9.4.4 where it was stated that of two timetables, the one
with the lower GTR is likely to have the higher frequency of holds,
since in this context it is not timetables which are being compared,
but the performance within one timetable.
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AFPFENDIX 9

Analysis of Gate Plan UAL 1
" L] " L J m 2
n n n " UAL 3
" o o " TUAL 4
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Gate Plan Occupancy and Separation Time Summaries.

Distribution of Separation Times.

Gate Timetable Reliabilities,

Departure Punctualities,

Gate Holds.

Linear Correlation of Gate Holds with separation time parameters.
Limits of GTR.

Gate Plan UAL 1
" " UAL 2
" ® TUAL 3
" " mL ‘
n n U‘L 5

Cumulative Distribution of Separation Times UAL 1-5,

Cumulative Distribution of Occupancy Times UAL 1-5.

Histogram of Separation Times UAL 1, % and 5.

Histogram of Occupancy Times UAL 1, % and 5,

Variation of GTR with Mean Station Separation Time UAL 1, 3% and 5.

Variation of GTR with Relative Dispersion of Separation Times UAL 1,

3 and 5,

Mean Delay Rate variation against MSST, UAL 1, 3 and 5,
Frequency of gate holds against MSST, UAL 1, 3 and 5.

Total Time Held against MSST, UAL 1, 3 and 5,

Gate hold frequency against mean departure delay, UAL 1, 3 and 5,
Total Time Held against mean departure delay UAL 1, 3 and 5.

GTR against departure delay rate.

Histogram of Occupancy Times UAL 2, 4.

Histogram of Separation Times UAL 2, 4,

Gate hold frequency against mean departure delay UAL 2, 4.

Total Time Held against mean departure delay UAL 2, 4,

GTR against departure delay rate UAL 2, 4,

Frequency of gate holds against MSST, UAL 1-5.

Frequency of gate holds against Relative Dispersion of Separation
Times UAL 1-5.

Frequency of gate holdsagainst % of Separation Times less than 10
minutes,

Frequency of gate holds against % of Separation Times less thanll
minutes.
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TABLE 1 GATE PLAN UAL 1,
GATE | ZIME SPAN | WO OF SEPARATION TIMES |  OCCUPANCY TIMES _
CUPANCIES MEAN STAND,DEV, | WEAN  STAND,DEV.
1 0750-2212 o | 31.3 16,6 . 47.1 546
2 0001-2246 13 49.4 51.5 55 .6 13.8
3 0118-2318 12 57.5 56.4 52.5 14,0
4 0110-2315 13 48,6 52.5 53.3 9.5
6 0715-2206 9 34.9 17.5 64,1 46 .8
T 0600-2104 8 53.3 39.8 59.8 18.4
8 1119-2355 7 3643 20.9 TLT 5.4
9 0803-2219 10 42,4 23.8 43,2 5«6
10 0720-2154 11 37.2 25.5 42,3 8.9
11 0740-2214 12 26.6 8.0 46,3 9.4
12 0715-2239 9 53.0 18.3 49.7 19.0
14 1208-23%5 5 T9.4 65.0 58.0 15.4
16 0558-2338 11 51.4 41,1 45,0 11.3
17 0008-2000 10 50.4 27.5 68.8 546
18 08042100 9 337 17.4 5246 23.1
19 0620-2328 12 39.8 24.5 45.9 11.6
20 0905-2350 6 69.7 30.4 T7.8 24,2
Total: 203 45,04 40,72 52.87 27 .04

218



TABLE 2 GATE PLAN UAL 2.

GATE TIME SPAN NO OF SEPARATION TIMES OCCUPANCY S
CUPANCTES [ WNEAN STAND.DEV. | WEIY. STATD.DEV.
2 0115-2055 10 61.0 59+4 57.0 15,0
3 0605-2100 T T0.6 40,2 573 11.4
4 0001~-2135 8 5746 58.8 104.1 103.5
5 0600-2318 5 151.6 105.8 56,0 Te3
6 0008-2334 8 101.4 122,0 74 .4 68.8
7 0615-2128 15 16,5 10.3 44 .4 8.7
8 1153-2355 5 74.8 353 69.6 46 .6
9 0558-2234 9 64.3 32.8 46.3 11.9
10 0805-2350 8 63.0 313 55.1 21.2
11 0715-2328 10 45.7 3445 51.6 23.8
12 0620-2135 9 49.8 16.9 51.9 13.9
13 0715-2246 9 45.0 34.6 58.4 16,3
U 0801-1947 9 38.0 21.9 40.4 10,0
15 0912-2105 5 98.8 63.1 43.8 5.2
16 08042202 6 84.2 48,2 555 23.3
17 0610-1918 6 86.3 32.8 45,0 TeT
18 0715-2104 6 TT.5 43.1 60,7 17.4
19 0117-2335 3 387.0 256.0 59.0 7.8
21 0620-2154 9 59.8 24 .8 44.0 9.6
23 0813-2335 8 71.9 28,9 43.4 9.7
25 0907-2206 6 91.3 337 3845 4.8
26 0720-2214 - 119.7 87.4 103.8 111.2
Total: 201 70.27 74.66 54 067 36024
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TABLE 3 GATE PLAN UAL 3.

GATE | ZIDME SPAN | No OF TION TIMES oY 1
OCCUPARCIES MEAN  STAND,DEV, MEAN STAND,DEV,
1 0715-2104 8 T1.5 43.1 60,7 17.4
3 0110-2315 12 58.8 52.1 51.6 12,2
4 0605-2318 12 33.0 18.7 53.1 12,6
5 0001-2100 11 46,7 60.5 67.7 42.2
7 0615-2334 13 17.1 12.3 62.8 56.0
8 0757-2355 12 32.8 23.1 47.0 10.3
9 0558-2234 12 33.5 14,0 49.5 12,8
10 0008-2328 15 42,8 59.0 50.5 16.7
11 0805-2350 10 48,2 32.0 46.3 6.8
12 0610-2128 12 24.9 22,2 51. 22,0
13 1100-2246 8 41.9 21,1 46.4 22.9
14 0921-23%35 11 32.2 20.5 45 .5 12.2
15 0525-2338 12 40,5 21.1 50.6 22.0
16 0740-2219 9 45.3 25.9 52.3 11.8
17 0806-2154 7 38.0 22.1 80.3 88,6
18 0715-2206 10 49,6 5.7 39.5 7.6
19 0720-2239 10 39.0 29,5 52.9 23.9
20 1021-2214 8 39.4 24.0 49.7 8,2
Totalss 207 43,09 43,01 52.37 28.64
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TABLE 4 GATE PLAN UAL 4.

GATE TIME SPAN NO. OF SEPARATION TIMES OCCUPANCY TIMES
OCCUPANCIES MEAN _ STAND,DEV, MEAN __ STAND.DEV.
1 0715-2334 10 50.4 34.1 47.5 15.1
2 0017-2335 16 38.1 53.5 49.3 12.0
3 0615-2338 11 45.8 333 49.0 17.2
4 0605-2205 12 30,0 19.2 50.0 14.7
5 0001-2036 13 27.8 22,2 672 80.9
6 0110-2315 13 39.6 53.9 62.3 22.0
8 0758-2234 12 30.0 15,0 43.0 546
9 0008-2110 13 38.1 54.5 59.0 29.2
10 0118-2212 13 46.9 56.7 49,5 22,2
11 0525-2328 14 26.8 34.9 50.6 21.1
12 0610-2214 12 30.8 26.5 49.6 10,5
13 0715-2154 11 333 24.7 4646 Te2
15 0740-2355 11 37.0 26.5 51.6 11.4
16 0755-2350 12 31.6 17.9 48,0 8.8
17 0806-2219 8 5542 TT.8 51.4 14 .4
18 0921-2206 1 23.1 14.7 46.5 12,0
Total: 214 36471 42,77 51.11 26.21
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TABLE

GATE PLAN UAL 5.

GATE | TIME SPAN| NO. OF SEPARATION TIMES |  OCCUPANCY TIMES |
OCCUPANCIES MEAN STAND,DEV, | NEAN  STAND,DEV. |
1 0715-2338 9 54.3 27.9 54.9 10.8
2 0001-2239 15 45.7 49.5 44.8 10.8
3 0008-2100 12 54.9 52.5 49.4 23.1
5 0905-2334 9 47.6 20.7 49.0 9.0
6 0906-23%5 9 44.7 23.7 51.9 13.4
7 0600-2128 11 36.2 16,2 48,2 10.4
a8 0720-2%18 11 42.8 21.8 44.5 11.4
9 0525-2234 9 60.4 2340 539 14.1
11 0757=-2135 9 36.0 12,8 54.9 36 .8
12 0805-2246 9 43,2 15.5 54.7 20.9
13 0110-2328 13 55.1 50.8 47.8 11.4
14 0115-2206 11 59.5 57«4 54.2 17.4
15 0620-2214 10 42.2 15.4 53.2 18,1
16 0801-2154 8 49.6 21.3 54.5 21.6
17 0801-2335 10 44,7 17.5 48,7 12,6
18 0806-2355 9 5843 26.3 47.1 Te5
19 0813-2350 10 47.8 18,1 45,9 12.7
20 0803-2219 9 49.2 22,9 45.9 1.1
Total: 207 46 T3 32.05 49.82 m.%
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TABLE 6

GATE PLAN OCCUPANCY

AND SEPARATION TIME SUMMARY,

—— e ————————

GATE PIAN TAL 1 UAL 2 UAL3 TAL & UAL 5 BEA) BEA2
SEP!S oce's SEP'S occ's SEP'S oce's SEP'S oce's SEP'S occ's SEP'S occ's SEPS occ's
TINE S°ANS wo. % ®. % |¥o. % w. % [wo. % w. # | . £ ¥NO. 4| w., % w. %|vw. % w, %|w. % ¥. %
0-0 Minutes g 39 = = 0 &S =~ = |32 58 - = 1 08 e m - - - - - - = 3. O s ow
10-19 . o A PR C RS TR IB6 = = |32 185 e =] B MA . % Yk e e W EY e wi] 6% 426 - e
20-29 " A -, s lari0s - < |87 P24 = =140 38T "~ = 62 WO i =] 30 6.9 & ST WB o = e
20-39 . 27 13.3 41 20.2 |21 10.4 42 20,9 | 20 9.7 44 21.3| 17 7.9 47 22.0| 42 20.3 46 22.2| 20 13.8 25 15.9| 9 6.1 21 14,2
4042 . 21 103 T4 36.5 |17 85 ™ %.8|15 7.2 78 37| 17 7.9 80 34| 27 13.0 T %7.2| 24 16.6 59 40.1| 10 6.8 59 39.9
E0-59 » 13 6.4 43 20.2 |11 55 42 209|315 7.2 43 20.8] 8 3.7 43 20.1| A4 1.6 43 20.8] 16 11,0 19 13.1| 9 6.1 19 12.8
£0-£9 " 20 9.9 24 11.8 (13 65 21 10,4 |11 5.3 21 10.1| 6 2.8 24 1L.2 26 12.6 22 10.6| 19 13,1 9 6.2| T 4.7 10 6.8
70=79 " 10 40 30 49115 80 9 45| 7 B4 10 48| W -5 W 4T T I 10 4.8] 11 7.6 5 3.4 4 2.7 5 34
280-£9 . 2 i3s 2 o0l B8 2 20] 9 43 "z a0} 6 28 2 03 F AN =R 1.0/ 10 6.9 T 48| 4 2.7 T 4.7
90-99 . T T s T ss f 205 ] 4 18 1 03] 3 T4 IO SRR EY 05| 12 83 3 21| - = 2 1.4
100 " 15 64 6 39143 224 10 SO0 72 8 39|10 47 T 33| 8 39 6 2.9| 13 9.0 20 13.8| 18 12,2 25 16.9
TOTALS: 203 203 201 201 207 207 214 . 214 207 207 145 U5 us Us
SEP'S - Separation Times, Actual Numbers and % of Total.
0CC'S = Occupation Times. - . " - “
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TABLE 7

DISTRIBUTION OF SEPARATION TIMES IN BANDWIDTHS OF ONE MINUTE

SEP.

TIME DAL 1 UAL 2 UAL UAL 4 UAL 5
MINUTES ( B _C _Ck| K _C _C% _3__?:"'13 XL ek ek
1 0 1 0.5 0 § 2,0 j | 4 1.9 - - - - - -
2 0 1 0,5 0 4 2,0 0 4 1.9 - - - - - -
3 0 3 05 0 4 2.0 1l 5 2.4 - - - B - -
4 1 2. 3010 4 20 1T 6" 9 = = = - e o
5 1l 3 1.5 2 6 3.0 2 8 3¢9 - - - - - -
6 1 & 20 F YRSy B RS W e e IREEE
T 1 5 2aD 1 8 4.0 1 .510 "V d.B - -~ - - - -
8 2 i { b P 1 9 4.5 2 12 5.8 - - - - - -
9 1 8 3.9 0 9 4.5 0 12 508 1 1 005 = s -
10 4 12 5.9 1 10 5.0 6 18 8.7 39 40 18,7 - - -
45 2 14 6.9 0 10 5.0 2 20 9.7 9 49 22,9 - - -
12 0 14 6.9 0 10 5.0 0 20 9.7 T 56 26,2 - ha -
13 1 15 T.4 0 10 5.0 2 22 10.6 6 62 29,0 - - -
14 1l 16 Te9 1 11 5eD 2 24 11.6 5 67 31.3 - B -
15 j 10 8 2 123 8 19 9.4 16 40 19.3 13 80 37.4 2 2 1.0
16 3 30 14.8 2 21 105 0 40 19.3 2 8 88 0 2 1.0
& af o S L 0 21 10.5 0 40 19.3 4 87 40,6 (4] 2 1.0
18 3 34 16.8 0 21 10.5 2 42 20,3 5 92 43,0 1 5 T
19 3 55 AT2 © - 21 10,5 2 44 21,3 4 9 44.9 0 3 1.4
20 12 2T 23.4 10 31 15.4 14 58 28.0 6 102 47.6 ] 8 3.9
21 5 52 25,6 4 % 174 | 4 62 3001 4 106 49.5] 5 15 6.5
22 6 58 28, 3 36 X9 T ' 69 73:4 1 107 50.0 & X SueR
23 2 60 29,6 2 38 19.0 4 T BHS 1 108 50,5 4 21 130.X
24 7 67T B.0 5 43 214 6 79 38.2 i 109 51.0 4 25 12.)
25 15 B %94 |12 55 27.4 19 98 47.3 I3 122 57,01 21 6 g2
26 3 83 40.9 1 56 27.B 4 102 49.3 4 126 58.9 5 51 24.6
27 2 BE 4154 0 1 56 27.8 3 1056 50,7 3 129 60,3 5 56 27.0
28 4 B8 43.4 4 60 29.8 4 109 52.6 3 132 61.6 5 61 29,4
29 3 91 44.8 2 62 30.8 2 111 5%.6 4 136 63.6 4 65 31.4
PLAN
TOTALS 203 201 207 214 207

N
c
c%

= number of separation times in given bandwidth.
cunulative number of separation times up to stated value.
cumulative percentage of separation times up to stated value.
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TABLE 8 GATE TINETABLE RELIABILITY OBTAINED BY SIMULATION.
INPUT DELAY GATE TIMETABLE RELIABILITY %
|__DISTRIBUTION,

MEAN STD . DEV., UAL 1 UAL 2 UAL 3 UAL 4 UAL 5.
10 2 %08 97.1 %ol 9706 9901
10 5 9.1 96,7 9.3 9.3 98.9
10 10 91.8 93.9 89.2 88,5 9.9
10 15 85.3 91.4 86,0 83,2 93.6
12 2.2 5.1 9% .5 93.9 9.1 99.5
12 5¢5 94.7 95 .8 92.5 93.6 99.1
12 11.0 87.8 92,7 87.8 86,7 93.9
12 16 .4 83.5 89.3 83.1 79.9 89.8
14 2.4 %3 95.2 92.5 % .0 98.9
14 5.9 93.4 94.5 91.7 91.3 97.1
14 11.8 85.3 91,3 86,2 81.5 93.0
14 17.6 81.0 88,2 T9.5 762 85.4

MSST Minutes 45.0 T70.3 43,1 36.7 46,7
STD.DEF. of Sep.tilles 4007 74.7 43.0 42.8 32.1
Relative Dispersion 0,90 1.06 1.00 1.17 0.69
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TABLE 9 DEPARTURE PUNCTUALITY OBTAINED BY SIMULATION.

INFUT DISTRIB'S. UAL 1 UAL 2 UAL 3 TAL 4 TAL 5
“MEAN S.D. MEAN S.D. %>10| MBEAN S.D. %=>10 | MEAN S.D, #»10 | MEAN S.D, %>10 | MEAN S.D. ®>1
DELAY LATE DELAY LATE DELAY LATE DELAY LATE DELAY LATE
10 z 0,6 2,94 1.0 0.6 2.57 1.1 0.6 12.56 1.1 0.6 2.59 2 s | 0.6 2.60 1.2
10 5 1.8 4,18 6.5 : 5t 4,07 6.0 1.7 408 6.6 1.8 4.23 6.3 1.8 4,12 6.2
10 10 4.1 7.% 19.4 4.0 6.81 18.8 430 6-% 18.8 4.1 7.% 19.9 4.1 5.% 19.2
10 15 6.0 9.49 28.0 6.2 9.68 27.9 6.0 9.49 28,3 6.0 9,50 28,2 6.1 9.62 28,6
12 262 2.5 Bl 1.7 2o 2.84 1.2 2.4 3.01 Xal 2.4 2.94 1.4 2ad 2.92 1.4
12 Bed 3.4 4.70 10,3 3.4 4,66 10.9 S AT AL 2 7% 4,69 11.1 e3> 4,63 10.6
12 11,0 SeT 792 274 Bed T.66 14.9 Bel 7.52 24.6 54 7.76 26.0 922 TH9 B85S
12 16 4 8.1 10.T2  33.8 8,1 10.84 733.8 8.1 10,71 34.5 8.3 10,95 34.5 T:9 10,72 %53.3
4 2.4 4,3 2,86 1.5 4,2 2:91 ° 1.3 w7 G B 7 GRS Yy 4.3 3.10 1.8 4.3 3408 1.5
14 5«9 4.7 5.55 16,8 4.8 5.47 17.0 46 5,235 15.2 4.6 5.62 16,8 4,8 6,11 Yo,
14 11.8 T3 93T 4.7 6.9 8.92 32,7 6.8 8,99 32,1 7.1 9.16.  35.7 Tel 9.11 34,3
14 17.6 9.1 12,27 38.7 9.2 12,18 38,1 9.8 12,92 40.5 9.6 12.84 40.4 9.5 12.81 40,1
F o]
Do S.D. - Standard Deviation of Delay Distribution.
o



TABLE 10 GATE HOLDS OBTAINED BY SIMULATION.
INPUT DISTRIB'S. AL 1 UAL 2 UAL 3 UAL 4 UAL 5
MEAN S.D, MEAN 10SS FREQ., | MEAN 10SS FREQ. | MEAN 10SS FREQ. | MEAN 10SS  FREQ. | MEAN LOSS  FREQ,
10 2 Je3 0.64 0.19 4.9 2.88 0,58 5.2 4,24 0,82 34 4.05 1.20 3.8 0.45 0,12
10 5 3.3 1‘66 0051 408 3.% 0067 5.3 7.% 1.33 400 6-92 1-74 3.4 1.21 0.%
10 10 & Wy 4 2.87 0.78 4.0 2:95 0,73 5e2 6:39 123 5.2 10,09 1.9%4 5.2 2.63 0,51
10 15 5¢3 3.68 0.69 5.3 4.43 0.83 5.6 8.7T2 1,55 3.8 Ts5L 1.97 4,1 2.00.  0.73
12 242 2,08 0.6 0.% Tl 4,97 0.69 4,5 e 1,20 3.6 8.24 2,32 Jel 0.69 0,22
12 55 4.1 2.48 0,60 6.8 5.04 0.74 5.0 6,99 1.40 4.2 9,68 2,32 4.7 1.5 0,28
12 uto 500 3045 0069 505 4.46 0.81 5.4 7.0 1¢29 3.5 6.8)- 1-94 4‘.8 2051 0052
12 16.4 4,7 431 0.9 5.6 4,79 0,86 545 8.15 1.48 4,9 13.8 2.82 5¢5 4,67 0,85
14 2.4 4.1 2.87 0,69 6.3 5.40 0.86 DaT 7.08 1.25 4.5 12,08 2,69 30 0.63 0.21
14 5.9 4.4 5.09 1,16 4.8 3.91 0.81 Tel 1131 155 D« 1P RLITY 2552 39 2,16 0.55
14 11.8 4.3 4,63 1,07 6.8 6.32 0,93 4.5 T7.65 1.70 54 9.68 1,81 b ) 25T 0.2
14 17.6 55 750 1.% 5.9 #3090 07T 6.3 10,90 1.73 6.0 15,22 2. 21 5¢3 T.04 1.33
:3 EKEY - MEAN - Mean length of hold, in minutes,
—3 FREQ - Number of holds per 100 departures.

I0SS - Number of minutes held per 100 departures, i.e. loss of available ground time

per 100 departures.




CORRELATION OF GATE HOLD REQUENCY WITH NUMBER OF SEPARATION TIMES £ X MINUTES,

TABLE 11.
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TABLE 12

Confidence Limits GTR
T

Input Distrib. UALL UAL2 UAL3 UAL4 ‘ UALS

Mean S.D. G'I'B.L M‘RU GTBL GTRU G‘I‘RL GTEU G‘I'RL GTB‘U GTRL G'I'R.U
10 2 9%.2 97.4 9.6 97.6 94.3 9.9 97.1 98.1 98.7 99.5
10 5 95.6 9.6 %2 97.2 93.7 94.9 BHd 9. 98.5 99.3
10 10 90.6 94.0 Ge3 94,5 88.1 90,3 86.8 90,2 %.2 97.6
10 15 83.7 86.9 0.4 92.4 84.9 87.1 8l.2 85,2 92.7 94.5
12 219 93.9 96.3 9.7 9.9 93.3 94.5 9.4 97.8 99.0 99.6
12 5.48 93.T 95.7 %B.2 9%6.4 91,5 93.5 91.7 9.5 98.8 99.4
12 10,95 8.6 90,0 91.6 93.8 86.3 89,3 84.3 89.1 92.2 95.5
12 16 .35 8l.1 85.9 87.9 90.7 81,6 84,6 Tt.T 82.1 87.9 91.7
15 2,36 94.1 9.5 94.1 9.3 91.7 93.3 94.6 97.4 98.0 99,8
15 5.91 90.7 96.1 93.5 9.5 0.7 92.7 89.1 93.5 %3 98.9
15 11.8 83.0 87.6 | 90.1 9.5 | 84.4 88,0 | 79.3 83.7 | 91.0 9.0

Let S = standard deviation of sample.
Let N = number of days in sample.
Let ™ = estimate of standard deviation of distribution of sample means,

¥N-1
e .;"A
and GTR;, = GTR - tO

then?y =

——— A
GTRy = GTR + tO°

Where t is obtained from the Student-t distribution with -1 degrees of
freedom and at the 0,05 level of significance.
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10.4
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10.7

CHAPTER 10,

SIMULATION OF OPERATION OF BEA AT LONDON HEATHROW ATRPORT.

BEA as a choice.

Comparison of BEA and UAL gate plans,

Conditions of simulation for BEA.

Variation of % GTR between BEAl and 2,

Effect of gate timetable on gate holds.

Rsla;!bknhip between departure punctuality and gate holds.
Effect of departure punctuality on % GTR.

251



10 SIMULATION OF THE OPERATION OF BRITISH EUROPEAN AIRWAYS AT LONDON HEATHROW AIRPORT.

10.1 A summary of the methods currently practised by BEA is given in chapter
14, but it is necessary to state here that gate timetables are not in
operational use at Heathrow although they are used extensively in the
resource planning stage. The reasons for this and the alternmative are
also given in chapter 14. Simulation of a BEA gate plan was under-
taken with the following in mind:-

10.1.1 The operational timetable used by United appears to be
less congested than either FOFI or a LOFI timetable
constructed from BEA's schedule. Nevertheless, within
BEA, attempts to implement such a plan were singularly
unsuccessful, It is considered that this failure can be
attributed to one or more of the following:-

i) The flight schedules, although resulting in
gate plans, comparable to UAL,may be compiled
from totally different aircraft integrations.

11) The flight punctuality exhibited by BEA may
be poorer than UAL,

1i1) BEA's flight punctuality may be achieved at
the expense of creating a large number of
unscheduled turnrounds, i.e. the aireraft
cycles lacked operational integrity.

iv) The methods used by the airline may not be
suited to the use of a gate plan.

With the exception of iv), each of the above can be investigated

by simulation and by comparing the results to those obtained
for United.

10.1.2 In chapter 9, it was shown that relationships developed from
plans UALl, 3 and 5 did not always apply when the gate
resource level was altered as in plans UAL 2 and UAL 4,

However, it was the mean and relative dispersion of the
separation times and not the number of gates that were used
to describe these relationships. It can be argued that the
discontinuities were not caused by a change in resource
level, per se, but that the same discontinuities would be
achieved under constant resource condition provided the mean
and relative dispersion could still reach the extreme values
as obtained from UAL 2 and 4. Although this argument appears
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10.1.2 to be of academic interest alone, it is worth recording that
the simulation camnot prove either hypothesis correct.
However, if the aircraft integrations are altered such that
a gate timetable can be comstructed with descriptors within
the bounds of those applicable to UAL 1, 3 and 5, and if the
results are consistent with the established relationship, it
can be claimed that it is not the overall resource level which
controls the timetable reliability. By inference, it could be
claimed that the above discontinuities are caused by the
extreme values of gate plan descriptors, as opposed to a change
in resource level.

The simulation of BEA's operation is an opportunity to assess
such a condition since the aircraft integrations are different
from United's, and the total number of gates differ but the
gate plan parameters are of the same magnitude as those of
UAL 1, 3 and 5.

10.1.3 It was emphasised in 9,7 that this simulation provides a
reasonable method of comparing gate plans but that it should
not be regarded as being capable of forecasting the operational
result of ome plan, in isolation. It was claimed that most
airlines with an operation sufficiently large to warrant a gate
timetable, do in fact operate one. The simulation can then
be used to investigate the effect of a different one provided
that both the old and the new are simulated. BEA is the
exception, having no operational gate plan, so the expected
actual values of GTR can only be estimated as follows:-

i) Using United's data, the achieved GTR is compared

to the simulated one, under the same punctuality
conditions if possible and the difference explsined.

1i) If similar arguments apply to BEA's case, a corresponding
"correction" can be made to the result of BEA's
simulated GTR.,

1i1) If additional restraints apply solely to BEA, extra
correction must be made.

Obviously these correction factors tend to be based on qualitative
Judgement and require intimate knowledge of the operation to
which they are being applied. BEA has been used as the example,
but the same approach is required for any airline which cannot
supply historical information about its current gate timetable.
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10,2

Two gate plans were prepared to accommodate BEA's summer 1969 operation.
BEA]l was constructed under the FOFI principle using 24 gates, while BEA2
required 23 gates under the IOFI policy. In section 10, the two plans
are compared in a manner similar to that adopted for United in section

9, but

the absolute values of GTR which can be expected after the

introduction of either of the gate plans is not discussed until echapter
17. Table 10,1 below shows the main descriptors of the two plans

while table 3 in appendix 10 at the end of the chapter shows the
distribution of separation and occupancy times.

Elan

BEAL
BEA2

10.2.1

10.2.2

Policy No. of Gates Separation Times Occupancy Times
FOFI 24 59.2 36.9 59.5 34.1
LOFI 23 46.7 T1.6 62.7 37.9

Table 10.1

The gate timetables are shown in bar chart form in figures 1

and 2 of appendix 10, while tables 1 and 2 provide the analysis
summaries as output by procedure ANALYSE, Figures % and 4 show
the cumulative frequency distributions of separation and occupancy
times of both plana. The same information is given in histogram
form in figures 5 and 6,

Since BEA's operation comprises domestic and intemational services,
it is necessary to separate the two types of passengers. At
Heathrow, their are two main concourses or piers, one serving
domestic passengers and the other linked directly to passport
control and customs etc, It is obviously highly desireable to
position the aircraft according to the type of flight being
operated. When a tumround involves a domestic arrival and
international departure, or vice-versa, and insufficient time
exists to reposition the aircraft, the departure is given

priority.

In BEAl and BEA2 two types of gates were created, in line with
this policy. It was found that the total number of gates
required could be reduced by one if one gate was permitted to
have a mixed type of operation. This was accepted because of
the ease with which the gate nearest the terminal building on
the domestic pier can be connected to the passport control area.
As with United's plans, the gate types are separated only at
the planning stage, but during the simulation, are regarded as
homogeneous,
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10.,2.5 BEAl is a FOFI type gate plan, exhibiting a mean station
separation time of 59.2 minutes and a standard deviation of
%6.9. This is considerably higher than the 46,7 minutes NSST
of UAL 5, the corresponding FOFI plan for United. The relative
dispersion value of 0,62 also indicates a less diverse range of
separation times than UAL 5.

If these descriptors are used to estimate a value for GTR under
BEAl, it must first be shown that the operating conditions are
similar to those for the United plans, Flight punctuality and
its reactionary effect together with gate hold procedures must
be comparable. When these apply, a given input delay distribution
would be expected to result in BEALl achieving a higher value of
GTR than UAL 5. It is suggested that a more realistic method of
estimation of GTR is provided by comparing the percentage of
separation times which are less than a given value. Since BEAl
has only 9% less than 21 minutes, 6.9% less than 16, and 2%
less than 11, it would be expected on this basis that UAL 5
would achieve a better GTR value.

10.2.4 BEA2, being a LOFI policy plan, has a lower MSST value than BEAl,
and a larger value of relative dispersion. Similarly the number
of short separation times is considerably higher, with 27.7%
being less than 1] minutes, It is reasonable to expect that
like United, the LOFI policy will result in a poor gate timetable
reliability. 46,7 minutes is the value of MSST for both UAL 5
and BEA2 while the relative dispersions are 0,69 and 1.53
respectively.

10.2.5 When gate plans are compiled from different schedules the most
realistic and useful comparison is considered to be that of the
respective LOFI plans. This is so because the LOFI policy is
independent of the number of available gates, only the minimum
number are used. FOFI on the other hand can be expanded into
any number of gates, UAL 5 for example has 2 more than the
ninimum, but BEAl has only one more. Consequently, there should
be relatively more slack in UAL 5 than in BEAl, if the LOFI
plans are used as the basis, BEA2 is compared with UAL 4 in
table 10.2 below.
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10.2.,5 Table 10,2.

ESST rel,dispersion % of geparation times < X minutes

minutes n 16 21 26
BEA2 46.7 1,53 27.6 43.2 53.4 58.8
UAL4 36.7 1.17 18.7 37.4 47.6 57.0

It must be repeated that UAL 4 was restricted to a minimum
separation time of 10 minutes in an attempt to reduce the effect
of BEA's policy of scheduling only in multiples of 5 minutes.
From table 10,2 it would seem reasonable to expect BEA2 to
exhibit the lower value of GTR. Unfortunately there is omne
feature on BEA2 not applicable to UAL4, As seen from table 2
in appendix 10, one gate has been ignored by procedure ANALYSE
because only one occupancy occurs generated by a departure at
07.50 hours. Thus for the remainder of the day, the gate can
be regarded as an overflow one to reduce the effect of the large
number of short separation times. If the gate had been included
in the analysis, the relative dispersion would have had an even
higher value, suggesting a relatively worse performance if
compared to UAL 4, In practice, the effect of this gate is
expected to reduce the difference between the two plans and may
even permit BEA2 to show a better reliability.

10,3 As stated above it is necessary to ascertain if the same conditions
apply to a simulation of BEA's schedule as did to Uniteds.

10,3.1 Gate holds are controlled by the simulation programme and
were not altered to adhere more closely to BEA's current
methods,

10,5.2 The distribution of departures throughout the day varies
considerably between BEA and UAL, but more significantly,
64% of BEA's turnrounds at IHR are formed by aireraft which
have performed at least one earlier departure from the same
station on the same day. The comparable figure at O'Hare
for UAL is 35%, This suggests that large delays at the main
station will have a greater reactionary effect at LHR than
at O'Hare, If the schedule is umable to absorb this, it will
be reflected in poorer departure punctuality.

The departure punctuality performances for BEAl and BEA2 are
shown in table 5 of appendix 10, while those of the United
plans are listed in table 9 of appendix 9., It is considered
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10,5.2 that the percentage of departures having a delay in excess of
ten minutes is the most realistic parameter with which to
compare the performances., BEAl and BEA2 do not produce
identical results, but neither plan is consistantly better
over the complete range of input distributions. The differences
are considered to be due in the main to the fact that BEAl,
especially, was simulated over too few daily cycles and the
steady state condition was not achieved. This also applies
to BEAZ when the mean of the input distribution was fourteen
minutes, Although there appears to be a tendancy for the
BEA plans to be slightly less punctual than the United ones,
this is not borne out by the sampling analysis shown in
appendix 10, It is seen that all seven plans have punctuality
rates which may be considered to have been drawn from the same
population, for a given input distribution.

This merely means that any increase in reactionary delays
experienced by the BEA schedule is not significantly manifest
in the end product, i.e. the delay rate. It may well involve
an increase in aircraft changes. Nevertheless, aireraft
changes are requested under the ssme circumstances as for
United., Since a gate timetable is basically the flight
integrations presented in a different format, the flexibility
of a schedule must be reflected in the gate plan and its
parameters. For example, if integration changes are frequently
required in order to reduce the delay rates, these changes must
themselves generate only small if any delays. This implies
that aireraft ground times coincide to a large extent and as
far as the gate plan is concerned, the unscheduled occupancies
can most probably be accommodated by switching the arrival
gates, thus involving no penalty in terms of GTR.

It is therefore considered that even though an increase in
unscheduled turnrounds could be shown, this in itself should

not be taken as a reason for lowering the expected value of

GTR, provided the departure punctuality rate is not considerably
poorer than that achieved by other flight schedules under the
same input disturbances. Conversely, if the departure delay
rate is poorer, despite an increase in aircraft changes, it

can fairly be claimed that a lower value of GTR should apply.
This does not appear to be the case with BEA.
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10.4

10.3.3 As far as the simulation is concerned, it appears that BEA's
operation is treated in exactly the same manner as United's
and that the delay rates produced for both operators are
comparable, This does not imply that their operational
procedures or priorities are similarly comparable.

Variation of GTR between BEAl and BEA2,

Table 4 shows the recorded values of GTR for both plans under twelve
input delay distributions. BEA2 is seen to be consistantly less
reliable as would be expected from the results of United's simulation.
Although their relative performances comply with figures 10 to 15

in appendix 9, in which GTR is plotted against MSST and relative
dispersion of separation times, the absolute values bear little
resemblance to the results of extrapolating the graphs. Omnly in

the case of figures 14 and 15 at the two high delay rates in each
graph, does a reasonable amount of agreement appear in BEAl's case
above, The high relative dispersion value of 1.53 in BEA2 does not
produce as large a reduction in GTR as the graphs suggest, Similarly,
if the percentage of separation times of x minutes or less is used as
the basis of comparison, the difference in GTR is again smaller than
would be expected. Figures 7, 8 and 9 in appendix 10 show GTR plotted
against this percentage for all seven gate plans.

Although there is obviously no linear correlation between the variables,

& definite trend of decreasing GTR with increasing frequemcy of short
turnrounds is apparent up to an X axis value of around 15%., This is
important since the points within this range result from FOFI or pseudo
FOFI gate plans while the seemingly inconsistent points higher in the
scale represent LOFI plans, The BEAl plan does not exhibit an extra-
ordinary discontinuity while the BEA2 one is in accord with the
inconsistency of UAL4.

In sections 9.5.3 and 9.6.1, one of the design aims of a IOFI plan was

stated to be the creation of some very long separation times which would

be utilised as overflow gates without disturbing other occupancies,
While the number of demands for a gate change may well be high, the
total disruption would be minimised. BEA2 and UAL4 have shown that
this is precisely what occurs, but that the frequency of demands is
80 high that the resultant GTR is lower than the true FOFI plan,
If these plans had been FOFI ones but retained the same values for
MSST, relative dispersion and percentage of separations less than
eleven minutes, the expected GTR would be very low and may well be
estimated by extrapolation of the first half of the curves shown in
figures 7, 8 and 9.
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10.5 BEffect of gate timetable on frequency and duration of gate holds.
The frequency of gate holds and the total loss in ground time caused by
them are shown in table 6 of appemdix 10, BEA2 is seen to have the
consistently poorer performance as expected from the comparison trends
jdentified using United's plans,

Using United data, the frequency of gate holds was plotted against:-

i) MSST in figures 43-45 of appendix 9.
41) Relative dispersion of separation times in figures 46-48,
iii) % of separation times less than 11 minutes as shown in
figures 52-54,

The results of BEAl and BEA2 are added to this data, producing figures
10 to 18 of appendix 10, The scatter of points is such that there is
no merit in identifying those generated by the same input delay
distributions. It is considered sufficient to show the mean of the
input distributions. The BEA results are seem to be not inconsistent
with the others but the figures should still only be allocated the
following interpretations:-

i) The frequency of gate holds tends to decrease with increasing
MSST and decreasing relative dispersion of gate separation
times,

4i) The alteration of a schedule does not affect the above basic
tendancy.

4i1) The variation of gate holds with the percentage of separation
times less than a specified length is considered to be
valuable when studying one flight schedule but the same
relationship need not necessarily apply to an altered schedule.

These interpretations can be illustrated by reference to BEA2, Although
the frequency of gate holds appears to be high for an MSST value of

46,7 minutes, it is of the correct order and can be accepted as conforming
%0 1) and ii) above. The plots shown in figures 52 to 54 of appendix

9, indicate a gate hold frequency per 100 departures of around 1.6

minimum to about 3.5 maximum should be expected for BEA2 if the same
relationship can be applied. Obviously it camnot since these figures

are too high by a factor of between 2 and 9., It is considered that

one underlying reason for this lies in the considerable difference

in the type of flight schedules operated by BEA and UAL.

BEA's operation was seen to be predominantly "hub and spoke" resulting
in arrivals being very dependent on prior conditions at the same
station for their punctuality. This high element of reactionary delays
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10,5 tends to reduce the probability of an early arrival coinciding
with a late departure, and creating a gate hold situation., This
is emphasised by the fact that United's arrival punctuality is
marginally better than BEA's, although the departure performances
were seen to be similar,

In addition, the variable time span method of analysing gate timetables
limits itself to the busy periods of each gate, and can ignore
significant time spans with no plammed occupancies. This is of
course the intention of the procedure ANALYSE and the utilisation

of the 24 hour day is not of interest to it. However, when referring
to the percentage of separation times smaller then a specific sige,
the total number of occupancies in the time span is important,

With BEA, the time spans tend to be smsller than United's reflecting
its smaller numbers of early morning and late at night turnrounds.
In the United plans these tend not to produce short separation

times and merely have the effect of decreasing the above percentage.
This effect is not present with BEA so it is unrealistic to compare
the percentage values and to use them as an estimate of gate hold
frequency. For example, the mean time spen studied per gate ranges
from 966 to 1044 minutes for the United plans, but is only 717 and
704 minutes for BEAl and BEA2 respectively. Taking the mean United
span to be 1000 minutes, a difference of almost 300 minutes per gate
exists between the two airlines, Now the mean gate time per aircraft
(1.0. separation plus occupancy time)is 110 minutes for BEA2 .

This means that the MSST value for BEA2 would not be altered by the
addition of three mean occupancy and separation times to each gate,
but that the total time span now studied would be comparable with
Uniteds.

This results in an extra sixty nine separation times in BEA2, and
reduces the percentage of separation times less than eleven minutes
in length from 27.6 to 18,9. Although in the right direction, this
reduction still does not allow the recorded gate hold data for BEA2,
to agree with that plotted for United in figures 52 to 54 of appendix
9. 4 further reduction would appear necessary,

There appears to be no justification for this until it is noted that
a reduction in MSST for BEA2 would result in a better fit of the data
relating MSST with GTR and with the frequency of gate holds. This
reduction can be brought about in theory by notionally utilising the
time periods made available by equalising the analysed spans of BEA2
and the United plans with occupancies having a smaller than mean, total
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10.5

10.6

gate time, This could reduce the above percentage figure to around
17%. Even this however is not sufficient to make the BEA gate hold
data agree with figures 52 to 54.

It is seen from the above that the concept of using the percentage of
small separation times as a yardstick for gate hold performance is
fraught with difficulty when different flight schedules are being
compared and is in fact not considered to be relevant under these
circumstances,

Relationship between departure punctuality and gate hold frequency
and duration,

Figures 19 and 21 show the frequency of gate holds plotted against
mean delay per departure for BEAl and BEA2 respectively. The
variation of the loss in available ground time due to gate holds
with the mean delay is shown in figures 20 and 22, BEAl is seen not
only to be less likely to incur gate holds at low delay rates but
also to improve its relative performance with BEA2 as the delay rate
increases. This is inconsistent with UAL4 and 5 the United LOFI

end FOFI plans respectively, where the plan with the larger number
of gate holds at the zero delay condition (UAL4) is less affected
by a change in punctuality. It is considered that this is caused
by the "hub and spoke" operation of BEA, discussed previously.
Although reactionary delays experienced in this type of schedule
tend to reduce the number of gate hold situations, the reduction
decreases as the mean departure delay increases. This is reasoned
below:-

hi) An arrival delay of a retuming aircraft is composed of
three elements:- a) original departure delay

b) reduction or increase in flight time
¢) reduction or increase of ground time
at outstation,

11) When the original delay is small, and the outstation arrival
delay is similarly small, there is not normally sufficient
operational pressure to warrant the use of substantially
increased resources to reduce the ground time for an on~time
outstation departure. The flight therefore retains an element
of reactionary delay which offsets at least partially any
reduction in return flight time. Thus early arrivals back at
the main station tend to be reduced and the number of gate
holds are smll.
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10,6 1ii) When the original departure is large, the extra outstation

10,7

resources are justifiable and a quick tumround ecan be achieved,
Thus the delay on return to main station can be considerably
less than the original departure delay. However, since the '
departure delays were generated by conditions at the main
station, these are still liable to apply when the reduced

delay arrival returns. Its chances of incurring a gate hold

are therefore increased. This condition obviously does not
apply to reactionary delays 'n 2 temporarily disrupted situation
such a8 early morning fog, a situation which the simulation

does not attempt to reproduce.

It is submitted that these points are borne out in figure 21 where
it is seen that the points above a mean delay rate of five minutes
if taken in isolation would provide a correlation line less steep
than that shown. This suggests that if the reactionary delay factor
were not present, the comparison of BEAl with BEA2 would provide a
greater resemblance to that of UAL4 and UALS.

Effect of departure punctuality on GTR within a given gate timetable.

Figures 23 and 24 shown % GTR plotted against departure punctuality
expressed as the percentage of flights which depart less than ten
minutes late. The reader is referred to the comments in 9.4.6.

and 9,6.6 where similar plots for the United plans were discussed.

It is seen from figures 23 and 24 that as with the United schedule,
the IOFI plan, BEA2 is such that its reliability is more wvulnerable
to changes in delay rates than is the FOFI plan,
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APPENDIX 10

TABLE 1 Analysis of gate plan BEA1

Analysis of gate plan BEA2

Distribution of separation and occupancy times,BEA1 and 2
Gate Timetable Reliabilities

Departure punctuality BEA1 and 2

Gate holds obtained by simulation

95% Confidence limits of GTR

N wN

FIGURE 1 Gate plan BEA1
2 Gate plan BEA2
2 Cunulative distributicn of separation times BEA1 and 2
4 Cumulative distribution of occupancy times BEA1 and 2
5 Histogram of separation times BEA1 and 2
6 Histogram of occupancy times BEA1 and 2
7 Variation of GTR with % of separation times 11 minutes
8 Variation of GTR with % of separation times 11 minutes
9 Variation of GTR with % of separation times 11 minutes
10 Variation of gate hold frequency with MSST
11 Variation of gate hold frequency with MSST
12 Variation of gate hold frequency with MSST
13 Variation of gate hold frequency with relative
dispersion of separation times
14 Variation of gate hold frequency with relative
dispersion of separation times
15 Veriation of gate hold frequency with relative
dispersion of separation times
16 Variation of pate hold frequency with % separations
11 minutes
17 Variation of gate hold frequency with % separations
11 minutes
18 Variation of gate hold frequency with % separations
11 minutes
19 Variation of gate hold frequency with departure
punctuality BEA1
20 Variation of total time held with departure
punctuality BEA1
21 Variation of gate hold frequency with departure
punctuality BEA2
22 Variation of total time held with departure
punctuality BEA2 =
23 Variation of GTR with departure punctuality BEA1
24 Variation of GTR with departure punctuality BEA2

Sampling Analysis of Jepariuwre delay rates
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TABLE | GATE PLAN BEA 1
GATE TIME SPAN NO OF | SEPARATION TIMES OCCUPANCY TIMES

OCCUPANCIES MEAN  STAND DEV MEAN  STAND DEV

1 1120-2010 5 58.0 20.1 48.0 18.6

2 0700-1920 7 47.1 20.5 52.9 27.6

3 1240-1925 4 36.3 7.4 65.0 52.3

4 0825-2010 4 70.0 45.6 | 106.3 87.8

5 0815-2105 7 46.4 39.3 63.6 28.0

6 1655-1910 2 37.5 2.5 30.0 0.0

7 0845-2135 6 58.3 35.9 70.0 30.4

8 0840-2335 7 80.0 50,2 47.9 20.3

9 0805-2055 7 | 55.0 25.1 55.0 25.3

10 0515-2030 8 62.5 24.1 | 51.9 17.5

11 0940-1925 5 55.0 28.3 62.0 30.4

12 0720-1950 6 | 53.3 17.0 1.7 40.2

13 0810-2015 7 | 44.3 25.3 59.3 42.8

14 0740-2100 9 | 41.7 2343 47.2 22.9

15 0745-2135 | 7 64.3 24.1 5443 11.5

16 0810-2155 | 7 | 69.3 25.1 48.6 5.2

17 0740-2210 | 7 L 67.9 35.8 56.4 23.3

18 0810-2045 | 6 67.5 24.3 58.3 17.7

19 0845-1935 | 5 41.0 16.2 | 89.0 50.6

20 0850-2210 | 6 75.8 343 { 57,5 18.7

21 0835-2005 | 6 | 55.8 14.0 | 59.2 27.9
i 23 0910-2315 | 7 | 60.0 19.6 | 60.7 32,8 |
| 24 0925-2040 | 3 | 136.7 129.7 | 88.3 41.9 |
} H ' i I
l s ‘ |
| TOTALS 145 59.2 3649 5945 4.1 |
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TABLE 2 GATE PLAN BEA 2
b 4
| GATE TIME SPAN | NO OF o Q B o
e : OCCUPANCIZS MEAN  STAND DEV MEAN  STAND D&V
1

1 1100-1910 5 40.0 18.2 58.0 19.6
2 0845-2010 6 46.7 60.8 67.5 42.5
3 0840-1925 3 170.0 51,2 45.0 0.0
4 0825-2135 6 74,2 83.6 57.5 34,1
5 0740-2215 6 44,2 54,6 |101.7 78.5
6 1120-23%5 6 50.8 36,7 T1.7 45,2
7 0815-1920 5 60.0 69.5 73.0 40.1
9 0515-2015 11 29,5 31.0 52,3 16.6
10 0810-2210 8 33.8 30,9 T71.3 32.8
11 0630-1925 7 43,6 36,6 67.1 2%,7
12 0700-2210 12 21.3 15.3 54,6 22.5
13 07%0~1905 11 18,2 12.5 45.0 8.8
14 0745-1950 8 23.1 18.7 67.5 57.7

15 ONLY ONE OCCUBANCY, NRGLECT THIS GATE
16 0830-2030 6 65.0 48.6 7¢ 55.0 27.8
17 0810-2045 4 116.3 78.5 72.5 30.5
18 0925-2315 7 30,7 24.4 87.9 41.8
19 0910-2040 1 645.0 & 45.0 Ve
20 0845-2135 11 24.1 22,8 45.9 12,2
21 08%5=2220 5 83.0 109.4 82.0 50.1
22 0840-2155 6 56.7 36,7 75.8 33.7
23 0740-1920 8 24.4 19.8 63.1 39.4
TOTALS 148 46.7 71.6 62.7 37.9
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TABLE 3 GATE PLAN OCCUPANCY AVWD SEPARATION TIME SUMMARY

BEA 1 BEA 2 ]

TIME
INTERVALS | SEPARATION TIMES | OCCUPANCY TIMES |SEPARATION TIMES OCCUPANCY TIMES !
f §
(Minutes) | Number % | Number % |[Number % ! Number % |
0- 9 - S g2 e =
10"'1.9 10 609 = - 63 42 05 duns i
20-29 10 6.9 | - = |23 15.5! - -
30-39 20 138 ].23 15.91 9 6:11 2 14,2
40-49 24 16,6 | 59 40,7{ 10 6.8, 59 39.9
50-59 16 11.0 | 19 3.1} 9 6.1 19 12.8
| 60-69 19 13.11 9 6.2 7 4.7] 10 6.8
| 7079 11 76| 5 3.4 4 291 5 3.4 |
| 80-89 10 6.9, 17 4.8 4 291 % 4.7
L 90-99 12 8.2 .3 2.1 0 0.0f 2 1.4
i 100 13 9.0 | 20 13.8| 18 12.2{ 25 16.8 |
| | : :
r ! | |
{  TOTALS | 145 1145 |148 | 148 |
if ; l_ |

Unlike most American airlines, it is BEA's practice to schedule their
movements on a multiple of five minutes from the hour. The occupancy
and separation times are therefore also multiples of five.

The following is the analysis of separation times up to twenty five
minutes:

Separation time Frequency
_minutes BEA 1 BEA 2
0 0 0
5 0 1
10 3 40
15 7 23
20 3 15
25 T 8
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TABLE 4 - GATE TIMETABLE RELIABILITY OBTAINED BY SIMULATION

INPUT DELAY
DISTRIBUTION GATE TIMETABLE RELIABILITY % NO. OF DAYS SIMULATED
MEAN STD, DEV. BEA 1 BEA 2 BEA 1 BEA 2
10 2 98.1 96.9 31 20
10 5 97.6 95.2 31 20
10 10 95.4 91.3 21 29
10 15 92.4 87.5 12 31
12 2.2 97.8 96.3 12 20
12 5.5 96.4 95.1 12 20
12 11,0 95.5 89.0 12 19
12 16.4 90.9 81.7 12 12
14 2.4 97.4 95.0 12 12
14 549 96.1 92.0 12 12
14 11.8 92.5 86.8 12 12
14 17.6 87.7 80.2 12 17

TABLE 5 - DEPARTURE PUNCTUALITY OBTATNED BY SIMULATION

INPUT DELAY
DISTRIBUTION BEA 1 .

MEAN STD. DEV. MEAN STD. %> 10 MEAN ST™. %210
DELAY  DEV. LATE DELAY  DEV. LATE

PER DEP PER DEP
10 2 0.8 3.2 1.9 0.7 32 1.8
10 5 1.9 4.5 7.6 2.0 4.4 8.2
10 10 4.2 7.3 19.6 4.4 T.4 20.6
10 15 6.5 10.2  29.6 6.0 9.5 28,2
12 2.2 2.6 3.6 2.8 2.6 3.5 2.5
12 5.5 3.4 5.1  10.8 3.6 8.0 - 123
12 11.0 5.3 17 " 25.2 5.5 7.8  26.2
12 16.4 8.5 11.2  35.6 8.0 10.7  33.8
14 2.4 4.5 3.4 2.6 4.5 3.6 2.9
14 5.9 4.7 6.1 19.2 5.0 5.7 17.9
14 11.8 7.0 9.0  33.5 7.3 9.2  34.6
14 17.6 9.4 12.5  39.8 9.5 12.6  40.9

3
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D S AINED BY SIMULATION

INPUT DELAY

DISTRIBUTIONS BEA 1 BEA 2

MEAN STD DEV MEAN  10SS  FR®Q MEAN  10SS  FREQ
10 2 19.0 0.39  0.02 3.8  0.72 0.19
10 5 135 0.55 0.004 | 3.9 2.33 0.60
10 10 4.8 0.72 0.15 2.9  2.59 0.9
10 15 4.4 1.63  0.3T e 63T 1.10
12 2.2 3.3 0.52  0.16 18- Fp6.  o.4
12 6.5 1.0 0.16 0.16 2.1 1.73  0.82
12 11.0 27 1.0 0.7 1.9 . BT 1.36
12 16.4 BA (5.8 0.9 7.2 10.26  1.42
14 2.4 0 0 0 1.0  0.42 0.42
14 5.9 2.5 0.26 0.11 3.9 2,25 0,58
14 11.8 4.7  1.73  0.37 ALT X BB | 1,36
14 17.6 5.3 331 0.63 | 4.78  7.07 148

Key:- MEAN ==

10sS -

FREQUENCY -

mean length of hold in minutes

number of minutes hold per 100 departures,
i e loss of available ground time per 100 departures

number of holds per 100 departures
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TABLE 7
ﬁf Confidence Limits of % GTR

Input Distributions BEA 1 BEA 2
Mean S.D. G G GT GT
" TRy o Ry
10 2 975 98,7 96.2 97.6
10 5 97.1 98.1 93.9 96 .5
10 10 94.3 9% .5 90.2 92.4
10 15 90.7 9.1 86,2 88,8
12 2.19 9.6 99.0 95.5 97.1
12 5.48 9.9 97.9 9.1 9.1
12 10.95 93.7 97.3 87.4 90.6
12 16.35 89.2 92.6 T1.5 85.9
15 2,36 9%.4 98.4 93.9 9%.1
15 5.91 95 .0 97.2 90.3 93.7
15 11.8 91.2 93.8 84.4 89,2
15 17.6 8.0 89.4 783 82.1

See Appendix 9, Table 12 for method of calculation.

275



e
w
@
: )
V)
3 w
e i 18R ; g || m_n LN
4. 3 13 i . w_ P |1 o e L
s : P I A O
Y L P S RS2 5 B T O U O O A A S S r
| i : | b
1N 1194 1 [P [ 3 (o et Wor Io=r| S0P My o5 | R NN, (e e o m.|
= ek .l..:m et m_..i.lm S .J.l:n — ol 3l I:! e =
W . 1 wi lm m m._l = = * mw T 1
RS RS wrwr mim b ERpELEL LELE:
_ 3 R ﬂ.m,_ : _mm U A v el 2
S 4 T - G ooy Db 1 Y T R e R
H ' IR ;riﬂ__m o € Ly =
A 1 __,m.. m_|"n 1] “M sl w—-., ] -2 =
A :%_...hrﬂualr _ TR
- AL x ml w_. H ! |
(| I I L B 3 o e
BELEE- F i B e ae S rEREEErayECHE
- 1% % e ER AR E L B BT
s inafa frontag ) I AR v ) g L | : : : AR R 4
_ ) Tl T : : . L B Pt : 0 et 28 { W0 B (81
I 1 ;”..u 7 m_l.w._mﬁr_..ww.wm SEEIR o B R i w _ s_l Ghits
B PR | CT RS nr‘J e “T__,w,!“&_«_.l e
& 1A _ T m_"m.n__._.. mw.qm....._".qm_;.._.._»mnm_.._m
B AT LI | e el BT £ R 4)@ = m__w-.ﬁ. il
AR N FS # DS R T Eiai SR RD B L0 St it A o
mﬁ'flmiﬁ!llw— rtnr. . m,|\|| r~ m.w Il.l\ mlu .l.|._. u..qlm wi 11 “l_. i m . i m._ i 2 1 mﬂ _.u.b...< == .. t ..... m . m o
ey P e A et A= 3] i I a_|mr P BE NP AL ED. L G O 2 2 8w
) =gl ie Slelra Tt ,_ ! 5L o (Y T T (R 5 T B O I B : -
' — i b ||m 4, - “n - ” dﬂ u. & mﬂ : . _ o m = T v
D m i H b SR BE H =y B R LR ;
. L 3 ] 2EEE Siols _ i
w;r: CEEE = TRE | st = ﬂ“..m e % | i - 4 I
-”..n. 3 i = - a - . = .t i
' - o -
u.i. .a o= o
"R ) g .....n_lw. I S g Ve s I S e .II e Lu.._.h.. IS DA ot il o SEREE
a. . - -

Sl Ll s e el s B © kS

[ et
—

o

™M
-

216



-

GATE PLAN BEAZ

_ IEESE EE i miEn P U = [ O ) S O O
2 ﬁ .. ﬂh. o w - et m ||..1|y|..:. = gl ; .‘llm i I | S |
8 5 N B e 1 AT , m_ 1 P

{
|

(159

=N
0
3
Ly

»
"Guﬂ[

4
\540p
|
4
CIKT
B

eais ™t
]

17

FiGune 2

‘l'__

'l

e e

M_ssgi Ve, o0 |
N GhHA
i
w2y
L
|
——

"

“T ¥

| i
[y poine
il Ils.u
weo | sieo
fa Y
i
1_ak
i
4
|
1
£
i

"

o
4

[

Y
230
|
|
I
=4

1
T
iy

W
£a%o

1

Bk |

'—"r-‘-ﬂ
3
A

H
M
i—'&

|

_ IR
3 3 I .
4 = 7 = o
bl RS TN _.1141.1..]. - uﬁ
‘M 1.1. 1 T L
i ,«.f ! J17%
SN NS 1 = A
a2 o P —
; s g e L el gl . LIRS : i B B
Lgr R _ﬂ 5 23 . é fea Vi
= T RS {1 L W T o - t ‘ : ' i
+ ST ) S W i S e o B — - ——— T e ] =
T.wmlu_ I .mw i 2l | T == w_“ i > _ : ’ : mn
o i i sy B T : -l : ¥
P g -8 | gl grii®li OLozs i JENSE T R 1O P R B
o o nu L %:w 1 gl
= “u | wll gr | BB PRI gy Bl
L A _ﬂ..c+| [ T ——rr— :.u ——a e ‘ﬂ i
! 3_ i g i e i ml 1 - o
e I =l i m._ 817 .
B d TR N S S PR AR E
.M e - . V%2 ar 2 5 ] E ....O ’
IM —b “I.m_.q-._ — \_r|1 3= € -f H e L !
A Rl Sl & —s
Sy S0 R 8 S WA D Sl D I S 0, S ) 4 S
: & : : 2
T T e
H S R R s s
urnt.ml. i i ; el .ﬂ[ == . s = z
~H— N : B e o _
: “ i i . : R !
g = . i e AN (0 TR I [ S| ) s -
— o e i o i Wi Bl i i : <t
s : : T : b : s m
= |I. - = =" = = q = S - i = lm|a| A L T L U mll : u
el i=slah s fdea ot bkt Pee e " i -1 :
-3 z — = 1 LS i ' -'

1
2
3
4
5
8
7
8
)
10
11k
12
13
14
15
16
17
18
19
20

271



Boinmae
i
RaREe

| )
' A |
100 |

0
o

40

CUMULATIVEZ OF TOTAL SEPARATION TIMES

20

CUMULATIVE DISTRIBUTION OF

| SEPARATION TIME VALUES.
|
|
BEAI
| g
| /
54
IS
ff/

figure 3

20 40, [Lrep; @b TRegT
| IsernAnqu TIME (MINUTES)

g



_._hl VERT R
| |
|
|
I -
|
—
|
|

190 

P

|
BRE SIS
{

il
NCY 'r'mﬁ ' (MINUTE

O :

=0

u_m i i

m _ |

= = .
Sk G s < Ml S _

.
60

IVE DIST
ojc.cupl

|

|

|

i
ti ] e
:QMJL

AT
OCCUPANCY

LB £ 508l fav Ik el g AN R ERER
ra e E ar B T Siew e G BEET | ERt W SR T 3 U T A R
B SEsE S St *r : N =S .,Aﬁi..i d A I ﬁ. i 1173 [ u =EE
G M
4




FEU R D | | i | |
By | msmlsuﬂtorﬂs OF| OCCUPANCY |
. R AND | SEPARATION| TIMES. !
BESNER | | ' ; .
ERRRREL _ : | |
I4Idi i_‘ ‘ f I:“ ! : | ! I . | | . ! . { I [ l 1
HERERE A = l——-‘BEM ] ! 5
P! ' I | |
| ! L3 1A | ) T | | |
EEYEHAY 111 I BEAZ | |
. Iil : \ I ‘ | . |
PR T T AESRRRAREN
RanaraEENqHEES R EREN |
8 o ' i
mELE '

OF TOTAL SEPARATION TIMES =

i ELA" | | L |

RO RN EE A ' - > SEPARATION

| O: ' . 1210 4p 60 81;0 1QO TIME (MINUTES)
aof | |

———BEA]
ot b e BEAZ2

'30'#7 ' ¥

%/ OF TOTAL (OCCUPANCY TIMES
ET G g o uas : | ]
EFE :
__.i

g

>OCCUPANCY
100  TIME (MINUTES]

o

N

O
sy A B

O
ot L5

O

(0]

@)

LN Li;w_l RERINESEH 4 s E E | 280



" VARIATION OF %GTR WITH % OF SEPARATION
TIMES LESS THAN {{ MINUTES.

~2
@4hRLy

3_

O
un

#

[

figure' ./
70
0] 5 10 15 20 25 30
‘ 7, OF SEPARATION TIMES <{ 1 MINUTES.

TOORY

figure 8

15 20 25 30

TR N
| Y or separation Times <! minuTes

- | | 281



VARIATION OF % GTR WITH %o OF SEPARATION
| TIMES LESS THAN 11 MINUTES.

O < 10 15 20 25 30

°/c OF SEPARATION TIMES <11 MINUTES




|
|
|

|
|
|
|

BEEepsl

e
|
|
{
b

%4 e 'I

|
|
]

HOLD' FREQUENCY! [ ||

N MS$SST

VALES
+10
A

figure

GATE|

i
WITH GATE PPLA

. VARIATION

i ﬂ_n...pll i &

:
]
ca

1
wl
&=

MINUTES)

|

70

|
e
f¥Ssdaas I8

mum: .E«nuaooﬁkha.ﬂor

(o

80 MSST (

tigure-11

~60

80 mssT(MINUTES)

70

MSST ( MINUTES )

80

283

S

380 E vd3d 00 _.\\ua.ﬁ._




16

RELATIVE DISPERSION

1

UENC
ATION

5

F GATE HOLD FR
ERSION | OF SEPA

0.8

TIVvE DI
{

I VARIATION

rEERELA

1.

1.2

1.0

TIVE DIS?ERSION

o

16

RELATIVE DISPERSION

284

1.4

RS

12

.0

1

PR ESE . e R 5
© s3dnlyYvd3g 00 v'\ SQIOH _

_ 53¥N1¥v430 001/ SAIOH




H H VAF?IAT;I!ON_ F GATE HOLD FFLEQUENC% WITH ]
%6 OF | SEPARAT|ON TIMES LESS | THAN 1E A,Tmurs*s -
} 01 0 W ) B

e e e T._..__..w. - -t

<
@
Jigure 16

jurt)es “wi
WAL

i
|

P uhY-4
o

_HOLDs /100 DEPART

5

%, Lsss,P'r

i
HAﬁ 1 1 INUTES

|

I

r

_f_

(00 DEPARTURES =~

o s A 21 A

HOLDS

20 o8 11 80

%o Ltssf THAN 17 minuTES

o
SN
o

20 25 117130
| %o/ LESS \ THAN n MINUTES

SEAMEE )7




s prasssamsi T R e
ENENEEERES] BESHSERENSBEASE MUK 55 45 0 TS s v

T
%

o H ||
ke

LD

1

1

BEAL
Fﬁl o

. PUNCTUALITY.

i
|

{R"I'E HOLD
|
5.':4’51’..5"i, iR
*cau DELAY
|
 TOTAL

RTUR
i
| 1 I
l
M
B
@
u_l
]
N OF T
ARTURE . BUNC!

f
I+

|
A
!
|
|
g

GATE _PLAN

I
'ii

t
P
|
|

l

.l
o

-t

|

|

i
Addu

DU SEUER P

.l-l.l.lT_.

. : [,FPE




| R

!

PARTURE PuU NCTUALITY

| 1
51 A ' | | . |
-;ﬁ' wxjmm'b otr—~ GATE HOLD FREOUENCY IWITH |
| DE |
i |

I

BAHEE CORR. COEF+0.88
a8 _ ,; !
unlont 800 AL | HiH
H p kL | figure 21
D2 4 6 8 10 |
L | MEAN DEUAY/ DEPARTURE (MINUTES)

j:v,puamnou OF TOTAL TIME HELD 4

j10""' WITH DEPARTURE PUNCTUAL_ITY

(6)

(MINUTES )

TOTAL TIME HELD/ |OO DEPARTURES

I
1
|
|
]

T i LT A
|
i
|

CORR, COEF=0.88

&

. | |

1

RS |
il |
| 1 |.

| |
| B

1

| £l . ) O |

| ,f‘l_gﬁ-lre aa
[

|

no

LA
C ot

no i

|
|
4 6 8 10 1e

;?|. T e '- | MEAN negm/nammune (MINUTES)

L L L e




g

}IW

-

s ——

lGTR |

5603584 SR J

VAR+!ATIC!N O{ °/oGTR WITH DEPARTJRE PUNQC

ITHIN A cuvsw GAWE TIMEFABUE

TUALWY !

1..
i |

ﬂgure 23

|
PHS BRGNS
1
|
|

bt} e 1.
|

50 [1|11160 70 810 90 100*

‘ _ ‘%oamm‘unes LFSS THAN |O MINUYES | LATE
1

ﬁgure 24

|

|

| |
1N

| Al T80 90 100
i | 9 DEF{ARTURES LFSS THAN /O MINpTES iL(\TE

=

| . _ .
i ' { 1
1 O i 0 Lo A Ll TR 1%, T R Y 1

288



SAMPLING ANALYSIS

Comparison of departure delay rates for gate plans
BEAl, 2, UAL 1-5

It is considered that it is sufficient to base the comparison
on the mean delay per departure. -

It is first assumed for a given input delay condition that the
departure delay distribution from each gate plan belong to the
same population.

Let this have mean 59 minutes delay per departure with
3;, the estimate of its standard deviation.

Dp was given the value of the mean delay for all the plans.
6;. was calculated from the formula

K
= Nrjl _Z-‘R:ﬁ: where
N = number of departures in each sample
S = standard deviation of each gate plan
K = number of gate plans
Let f)m = mean delay per departure of gate plan
(023 = standard deviation of sample mean delay

The significance ratio i = 5. provides an estimate of the
deviation of the sample mean from the stated population mean.
I
N %
Hence significance ratio (5.R) = JN 3%—5*
£

A
Now 0’5 = o'p

By applying this ratio to the normal distribution it is possible
to evaluate the probsbility (P) thet such a deviation or larger
can exist between semple mean from population mean. This is
given below. =
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BEAI BEA 2 UAL | UAL 2 UAL 3 UAL L UAL S
Input Distriv's . |§, & |se e |se e |se P |skR P [shR P [sR PSR P
10 2 65 2,80 | 2,98 476 | 4080 L9k | 4099 92| 4099 92| 4099 92| L099 .&02 099 .92
10 5 1,81 526 | <118 490 | 4199 o84 | <013 99| o1k B9 | Sk o8I | <097 W92 | L0153 &3O
10 10 Lel3 7407 | o0UE 96| o076 o9k | <024 .98 202 92| .102 .92 015 .99 | 024 .98
10 15 611 9469 | 139 89| 4063 95| 051 .96 | 051 96| <063 95| 045 &T7 o006 .99
12 2.2 2okl 2497 | «186 85| o240 LBL| J031 498 | ¢262 479 | 4075 9% | 042 T7 262 .79
12 545 3040  LaT76 0 1,0 «188 .85 0 1.0 0 1.00 0 1,00 | <066 94 | o117 20
12 11,0 5,36  7.87 | 4026 97| <078 JOU| 4193 «85| 4032 98| 1hk <89 016 <98 | .08, 9
12 16.4 8.1k 1136 | 110 91| 4035 &97| 4013 99| <016 .98 | <016 <98 | .OLI 96 | 073 o9
kN 2l 5e35  3eh9 | «149 <88 | 149 88| 063 95| 4192 85| 406k 95| <OB5 97 | «050 .96
1, 5¢9 575 6424 | 4028 .98| 139 89| 012 99| .032 98| 7 OF 076 % | 027 498
L, 11.8 7006  9.51 | 4022 .98 | 4087 .93 | <063 95| 063 95| 4106 91| 013 99 | 0L .99
1, 17.6 Ol 13,09 | <011 .99 | 4019 .98 | o098 92| L06L 95| <095 92| <039 <I7 .018 .98

06¢

Tt can be seen that for each input distribution no significant differences are found between the sample

means and the population mean.

Reference: Applied General Statistics

Croxton & Cowden




11.1
11.2
11.3
11.4

CHAPTER 11.

STABILITY OF THE SIMULATION.

Requirement of steady state.

Rate of achievement of stability.

Simulation of a number of inter-dependent days.
Run time of GATESIM.
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11.

STABILITY OF THE SIMULATION.

It has been shown that GATESIM was designed to evaluate certain features

of a gate timetable under controlled delay conditions, over a period of

one operating day, or cycle.

11.1

11.2

11.3

It is necessary to repeat these cycles in the simulation until a
pteady state result is obtained.

Thirty one cycles were performed initially using small input delays
and stability was obtained after about ten. This was expected to

increase with the delay rate,

Tables 1 to 7 show the cumulative results of N cycles for each of
the seven simulated plans. Tables 8 to 14 show for each value of
N, the 9% confidence limits on the cumulative mean.

It is seen that for a given number of cycles, those limits widen

as the mean and the relative dispersion of the input distributions

are increased. Because of a shortage of computer time, it was
necessary to reduce the number of cycles in later runs. Unfortunately

this corresponded to the higher delay rate conditions.

The rate of achievement of stability is also dependent on the timetable
being simulated. UAL 1 and 5 appear to take longest, while UAL 4 seems
to have stabilised quickly but with the widest limits.

It must be emphasised that N cycles of GATESIM are used to produce one
value of % GTR under a given generated delay situstion. This is not
to be regarded as a simulation of N separate operating days each with
their own simulated value of punctuality and timetable reliability.

Thirty one cycles are not equivalent to a month's airline operation.

The latter, though possibly having the same punctuality summary as

the stable result of simulating one day, will have suffered considerable
variation in delay rates from day to day. The timetable reliability
will show a corresponding degree of scatter,

It is therefore not theoretically correct to compare the mean % GTR
obtained by observation over a period with that obtained from the
simulation, after a similar number of cycles, Ideally, to compare

4 weeks performance with the simulation, it would be necessary to
create 28 sets of delay distributions which could generate comparable
punctuality rates for each day. After obtaining a stable value of
GTR for each day, the actual or adjusted values, together with their
scatter, could be compared to actuals.
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11,4 The run time of GATESIM obviously depends on the number of cycles to

be performed, together with the number of gate and aircraft changes

generated,

11.4.1

The University of London Computer Centre, where GATESIM
was run on a CDC 6600 machine, applies the following
formula to estimate the machine usage of each program.
It is an expression of the processor time, memory
storage and peripheral equipment usage required for

Jjob execution.

Usage Units = -Ig‘)—o g(c +.§) (1+-i%) +-2—é-6(R+I.-|JSB)}

Where = Central Processor Time in Seconds
= Peripheral Time in Seconds
Memory in Units of 1000 words

= Number of cards read

= Number of lines printed

= Number of cards punched.

0 = d Q
I

11.4.2 Several input distributions were simulated during one
program execution, so it is not possible to show the
run time in Central Processor seconds for each delay
and gate plan combination.

However the variation is seen in Table 11.1 below.
The CP time, required to perform one pass through
one day's operation is shown.

Gate Plan | Input Distribution || % GTR CP Seconds

! Mean S.D. E | per pass.

UAL 5 14 17.6 f 85.4 E 334 ‘

TAL 5 ¥ <] T2 99.1 | 24.6 !

UAL 4 MU | Ans g6.2 Lo 446 i

UAL 4 10 2 |~ ok 23.s |

UAL 3 10 2 | % ]l 25.0 '

UAL 2 10 2 97.1 | 27.6

| UAL 1 10 2 %6.8 | 29.4

. BEA 1 10 2 98.1 | 14.7

| BEA 2 10 15 92.4 | :a
TABLE 11,1
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Applied General Statisties
Croxton and Cowden,

Introduction to Statistical Method
Ehrenfeld and Littamer.

Statistical Inference
Van Nostrand,

UAL 2
UAL 3
UAL 4
UAL 5
BER 1
BEA 2

294



G6¢

meiE 1
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19 o3 185 lon2 1.0z 193.0 1520 #5.4 1,73 (946 1.98 |93.9 234 865 5.29 [€2.8 &5 | 5.3 1.5¢ |94 63| &3 2,92 8.2 &0
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u %.6 0.979%.8 1.05| 958 158910 33463 125 5.7 128|924 191|889 27 | B 248 | Fub 1L
& . %.9 099 | %9 1.6 T 1.63 [ 9.0 3.22 | %4 12| BT 124 [R5 186|893 3.0 | B4 2.39 | 4T L
16 %.9 100 | 971 119 | 93.6 1.63 | 9.8 321 [ 9%.4 118 [ %5.8 139 | 2.7 1.9 |83 2.9 | .3 241 | %S5 L6
17 97.0 1.00 | 97.0 1.5 93.6 1.58 | 9.7 3.8 | 9%.3 1.4 | 9%6.0 1.44 89.5 2.9 | H.1 2,40
18 9.0 100 | 96.8 1.42 | 93.6 1.55 | 9.8 318 | %4 117 | %.0 1.4 89.6 2.8 | 1 2.3
19 971 132 | 9.8 138 9.8 1.6 | 91,0 3.5 | %4 LM | 5.9 147 89,3 3.01 | %.2 2.27
20 9%.1 1.0 | 9%6.8 1.36 9.8 1,63 9.9 3.09| %.5 1.15| %.9 145 09,3 2.9 | .2 2.22
2 1 108 | 968 134 | 93.9 1.61 | 91.0 3.02 | %.4 1.8 | B.9 1.42
22 91 109 | %8 133 | 9.9 159 | 91 3.05 | %.5 117 | 6.8 148
5 97.1 1,07 | %.8 1.30 | 93.9 1.56 | 911 2.98 | %6.5 1.22 | %5.8 1.6
24 7.2 132 | %6.7 154 | 93.9 154 [ 913 2,98 | %4 154 | 95,9 1.49
* 97.3 1.23 | 9%.7 155 | 93.9 156 | 913 2.93 | %.4 1.52 ] %5.8 148
% 91.3 1,20 | 9.7 1.54 | 4.0 170 | 9.2 2,90 | %.5 1.52
27 97.3 1.23 | %.7 1.51| 4.0 1.67 |13 2.5 | %.5 1.5
3 9.3 1.20 | %6.7 1.49 | 9.0 1.6¢ | 91,3 2,80 | %.5 150
29 97,2 131 | %6.7 1.46 | %4.0 1.62 [ 914 2.79| %.3 157
30 97.1 133 | %6.7 145 93.8 LT3 | 9l.4 275 | %4 155
n 97,1 130 | %.7 1.46| 9.9 170 %.3 1.52

c.oC
C.54

1.60

1.55
1.76
1.67
1.88

2.10 |

2,03
1.9%

175

X Lo

4 2.7
g8 2.66
B3.2 2.63
R®,2 254
B8.2 Z2.50
82.5 2.55
88,3 .53
88,2 2.42
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- GATE PLAN WAL 3
Input zean 10 10 10 10 12 12 12 12 u u 1% u
Distrid, o 2 5 10 ‘15 2.19 5.48 10.95 6.5 2.3 5,91 12.8 17.5
; | 1]  § b1 ) § s . | D .| 5D X D X 5D * b1 N s X D X n ¥ =
£ OTR after 5 days rum o4 1.09|95.8 0435|678 424|068 095|938 208|924 1.78] 04 272|640 325|925 163|916 331) 8.2 255 €7 213
6 %.8 1.31 | 9.6 0.61| 88.9 458 | 86.0 211|958 183|918 1.80| 0.2 252 843 2,99 927 1.53 | 913 3.07| .8 251 XS5 1%
7T 9%.0 1.7 i 95,8 0,80 | 88,1 4.68 | 85.9 1.5 | 93.9 1,75 | 91.8 1.67 | 90.2 2.% | 83.8 2,95 | 2.9 1.52 | 91.5 2.8 | 5.7 2.30 i =C.4 1.2
8 a6 1.57 935.9 0.7T7| 88.1 4.33 85,3 2.09| 93.6 1,92 | 91.6 1.60 | 89,7 2.535| 83.6 2.80| 92.5 1.7T9 01,6 2.64 | 85.6 2.62 | BC.O 2.07
9 94,3 1.78 | 93.4 1.44 | 88,3 4.09 85.9 2.2 03,5 1,80 | 91.5 1,56 ; 89.4 2.54 B3,6 2,62 | 92,3 1.82 | 91.5 2.47 | 65.5 2.0% | T2.5 2.42
10 0.6 1.5 | 9.5 1.39]| 8.7 42| es.2 .03 | 93.6 17| 905 147|897 257 €2.9 3.40| 92.0 1.91 | 018 2.43 | F5.0 250 | 9.2 2.46
4 S .5 1.8 | 99.6 1.33 | 8.9 3.9%5 | 85.2 2,87 | 93.6 1.64 | 91.2 1,67 ! 89.4 268 | B2.9 3.2%| 92,1 1,85 | 91,7 2.33 | £§5.4 2.B1 7.5 2.49
12 94,7 .89 | 95.8 1.41 | 89.2 3.92 85.5 2,90 | 93.4 1.74 | 91.6 2.16 | 89,8 3.17 5.4 3.49) 92,3 1,87 | 91.T 2.22 | 85.3 2.70 |
13 9.7 1.81 | 93.7 1.37 | €8.8 4,01 | 5.0 3.25 ! o%.4 1,67| 91,5 2.11 | 83.8 3,03 | 87.4 3,34 | 92,3 1,79 | 91.7 2.13 | 85.5 2.68 i
1 2.9 1.83|95.8 1.37| 85.0 3.09| 8.2 3.6 936 17| a7 2.20 ! 886 3.4 | €33 323 3 L7299 2. | B8 2.5
15 94,9 1.81 | 93.9 1.45 | €9.2 3.83 | :.1 5.23 | 9%.7 1.79| 91.9 2.31 , 88,2 3.27 g3.0 =.70| o2.4 1,75 | 91.8 2,08 86,2 3.16
16 6.9 1.75 | 9.0 1.41| 89.2 3.70 | 5.1 2.4 | 93.8 1.2 917 243|881 3a8| €m0 309 %4 1.68| 00T 2.05
17 95.1 1.5 54,0 1,38 | 88.9 3.68 | 85.4 3.01 | 93.8 1,78 91,9 2.48 ; BB,0 3.1C 83.3 3.22 | 92,5 1.68 Q1.7 1.99
18 .5 1.91| 9.1 1.34| 9.0 3.59| 5.4 2.9 | 9.9 10| 2.1 2.60| 678 38| 833 3.3 | 2.4 17| 96 L5 1
19 9%5.2 1.89 | %4.2 1,39 | 88,9 5.56 | 5.5 2.85 E 9,0 1.85| 92.0 2.57 | 87.8 5,00 | 83,2 3,07 92.4 1.7T2 | 9.5 1,92 !
20 %.2 1.5 | 94.3 1.49| 8.9 3.46 | 5.9 3.38 | 94.0 1.80| 92.2 2.66 83,1 3.05| %25 1.72| 9.7 2.0 |
21 95.2 1.81 | 9.4 1.54 | 89.0 3.44 | 5.9 3,30 | 94,0 1.7 | %2.2 2.59 '
22 9.1 1.84 | 94.4 151 | 89.0 3.37| e5.8 323 | 9.0 12| %2 253
2 .3 1.97| 9.3 1.53| 9.0 3.29| 85.6 3.27.] 94.0 1.69| 92.4 2.5
24 .1 2.02 | 94.2 1.59 | m9.0 3.23| 5.8 331 | 93.9 1.68| 925 2.62
% %.1 1.9 | 9.2 157 89.0 3.9 85.9 3.28| 9.0 1.65| 92.5 2.57
% .1 1.5 | 94.2 1.54 | 88.9 3.8 65.9 3.22 | a0 1.62] 625 2.53
27 9%5.3 2.05| 94.2 151|630 3,36 | 85.9 3.17 ‘l 93.9 1.60| 92.7 2.60
28 9%5,1 2,20 | 94.2 1.48 | 89.2 3.17 85,0 3.15 | 93.9 1.60) 92.5 2.79
29 %.0 2.9| 9.3 1.46 | 89,2 31| 8.0 311 ! 93.8 1.59| 525 2.1
30 9.1 2.6 | 54.3 150 | 89.2 3.06 | 86.1 3.07| 93.9 1.65| 9.6 2.72
n %.1 2.5 | 9.3 1.8 | 89.2 3.01| 86.0 3.06 | 93.9 1.62| 9.5 2.68
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Stab of sizulation ts of T
CATE FIAN TAL 4,
Input mean 10 10 10 10 12 12 12 14
Distrib, D 2 5 10 15 2.19 5.48 10.95 16,35 2.% 5.91 11.8 17.6
L] L)) ] ] | s X o X sp X so X o | s L s X sD L s X sD
€ OTR after 5 days rm | 98.2 1.23 (9.9 1.78 [88.5 2.94 |83.1 3.55 |%.7 2.22 [95.8 2,33 B7.0 3.66 |78.6 4.09 (%5.9 1,58 |93.1 2.94 [Bl.4 3,06 |T5.9 2.9
3 t %84 1.5 |96.7 1.66 |88.9 2.78 |82.2 3.89 |9%5.4 2.54 |93.8 2.08 [86.5 3.54 [78.4 .68 [96.0 142 |92.5 2.9 (8,9 2.9 (76.3 2.8
7 97.9 1.80 |96.9 1.58 |89.0 2.57 |82.1 3.58 |%5.8 2,60 [93.6 2.01 |85.0 3.46 [78.5 3.3 (9.2 144 |90.9 3.10 |81.1 339 |TE.B  2.89
8 97.8 1.56 |97.0 1.48 [es.8 2.48 [e2.7 3.7 [96.1 2.52 |94.0 2,22 [86.1 3,21 |79.1 3.55 [%.9 1.54 [91.9 2.88 [8l.4 3,27 (76.3 3.03
9 97.6 1.57 |%6.9 1.38 |88.6 2.3 |82.2 3,77 |%.2 2,37 [94.1 201 (8.4 3.6 |79.3 336 [%.7 159 [91.8 2.72 813 3.07 |76.9 3.39
10 97.8 1.61 |9%.5 1.9 [e8.5 2.2 |[B2.5 3.67 |9%6.1 2.25 [93.6 2,53 [86.7 3.7 |79.8 3.54 (9.0 1.83 (913 2.9 [B1.5 2.9 |76.2 3.78
11 g97.5 1.80 [9%.6 1.8 83.0 3.86 79.6 3.39
12 97.4 1,72 |%.2 2.13 83.2 3.8 79.9 3.3
13 97.5 1.68 |9%6.2 2.04 82.9 3.83
U 97.4 1.62 |9%.3 1.9 3.1 5.7
15 97.6 1.65 |9%.2 1,93 83,0 3.60 ;
16 97.7 1.63 |9%.2 1.87 o | B302 3,56
17 97.6 1.60 |9%.3 1.83
18 97.7  1.57
19 7.7  1.56
20 97.7 1.51
21 97.8 1.50
22 7.7 1.50
23 97.7 1.46
24 97.7 1.43
F] 97.6 1.44
2% 97.6  1.44
27 97.6 1.42
28 97.6 1.40
29 97.6 1.38
o % 97.6 1,37
n 9T 1.9
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Stability of simulation results of £ GIR
TE M DA
Input mean 10 10 10 10 12 12 12 2 u 14 14 4
Distrib, 2 ! ] 10 15 2.19 5.48 10.% 16.% 2.% 5.91 11.8 17.6
" 5D X = | sD X ) L sD X sD K sD X sD X sD x o) n sD X o)

£ CTR after 5 days rm 8.4 2.03 |99.0 o0.7¢ [9%6.0 1.2 [93.3 o0.61 |99.2 o0.91 [985 0,74 [91.5 2,20 |8°.0 2.64 |98.3 1.62 [97.5 251 ad,1  1.14 [B5.1 5.63

6 9.6 1.935 |99.2 o0.78 [%6.2 1.74 [93.6 1.03 [99.3 o0.88 [98.2 0.93 [90.9 2.38 [89.9 J.24 |98.6 1.60 o7,6 2.26 |93.6 1.7 |B4.8 4.8

7 0.7 1.71 |99.1 o0.72 |9%6.4 1.7 [95.7 0.9 [99.1 0.4 [98.3 0.90 [91.5 2.65 |%0.4 3.22 |98.6 1.47 |97.7 2.07 92.7 2.80 |B5.7 4.T5

& 9.9 1.69 |99.2 o0.68 |9%6.6 1.69 |%4.0 1.20 [99.2 0.93 [98.1 0.9 [91.8 2,66 [90.2 3.06 [98.6 1.36 |97.5 1.9%6 |94 3.29 86,5 2.%

9 9.0 1.63 |os.8 1.21 [%.2 2.05 |93.3 2,19 |99.2 o0.e7 [98.3 1.11 [92.4 2,97 |89.9 3.03 |98.8 1.3 |97.7 1.90 |e3,2 3.3 |85.5 4.64

10 99.0 1.5¢ |96.7 1.17 |9%.1 1.9 |93.2 2.0 |9%9.2 0.82 [96.4 1.07 [92.7 2.99 |89.7 2.89 [98.9 1.34 |97.7 1.79 g93.1 2.98 |85.3 4.4

1 9.0 1.46 |98.8 1.2 [%.0 1.8 |®:.1 2,06 |91 0.8 |98.6 1,12 [02.9 2.99 |%0.0 2.91 |99.0 131 |97.1 2.62 |93.0 2.83 [85.9 4.3

12 99.0 1.30 |ee.9 1.12 [%6.4 2.12 |92.9 2.01 |:9.2 0.8 |%.6 1.08 |93.1 2.85 |89.8 2.89 (969 1.33 5.8 4.2¢

13 99.1 1.36 |os.e 1.0 |%6.2 2.10 [92.9 1.93 [99.1 0.88 |%8.5 1.05 [93.6 3.20 ! 65.6 4.1

14 99,0 1.74 |98.8 1.06 [%.3 2.04 |93.1 1.91 |99.1 0.85 [98.6 1.08 |93.9 3.40 H5.6 3.5

5 99.0 1.31 {%8.9 1,07 |%.2 2,05 |93.3 2,03 [99.1 0.5 |[%.7 1,10 |93.8 3.33 BS.6 3.5

16 69.1 1.29 [99.0 1.07 |95.5 1.99 ;935 2.71 |°%.2 0.8 [98.9 111 |93.9 3.2 - B.4  3.76

17 99.2 1.27 |99.0 1.06 [%.5 1.95 [93.4 2.17 [99.2 0.8 [99.9 1.11 |95.9 3.17

18 90,2 1.24 {92.1 1,06 |%.5 1.87 [93.3 2.21 [99.3 0.84 |98.9 1.1l

19 99.2 1.21 |99.1 1.04 [96.5 1.82 [93.3 2.14 |99.3 0.82 |99.0 1l.11

20 99,2 1,18 [99.1 1.01 |9%.5 1.80 |93.2 2,15 {99.2 0.80 |99.0 1..G8

21 99,2 1.15 |99.1 0.98 [9.,5 1,76 [93.3 2.15 {99.3 0.80 }99.0 1,05

22 99,2 1.13 [99.1 1.00 [9%.5 1.75 |93.4 2.15 |93 0.80 [99.0 1.05

23 93.2 1.11 [99.1 0.9 [95.6 1.82 |93.4 2.10 |93 0.78 |99.0 1,02

24 99,2 1,12 |%9,1 0,94 (9.6 1.79 [93.5 2,11 [99.2 0.8 |99.0 1.0

% 99,2 1.11 |99.1 0,93 |%.7 1.79 |¥.5 2.21 |99.3 0.05 |99.0 0.98

2% 99,1 1,09 |92.1 0,92 |%6.7 1.76 |93.6 2.16 {97.2 0.84 |99.0 0.%

2 99.1 1,09 [99,1 0.9 [9%6.8 1.74 |93.8 2.25 |99.2 0.82 |99.0 0.9

8 99,1 1.12 (98,9 1.18 [9%6.9 1.82 |93.7 2.26 |99.2 0.8 |9.1 O0.%4

29 99,1 1,10 [98.9 1.17 (9.8 1.85 [93.8 2.29 (99,2 0.84 |99.1 0.92

30 99,1 1.10 |98.9 1,17 [%.8 1.82 |93.7 2.29 [99.2 0,84 |92.1 0.91

31 9.1 1,09 |98.9 1,16 9.9 1.80 |93.6 2.37 [99.3 0.84 |99.1 0.89
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! of tion ta of $GTR
L]
: GATE PIAN BEA 1
Iaput mean 10 10 10 10 12 12 12 12 U 14 14 14
Distrib. = 2 5 10 2.19 5.48 10.95 16.35 2.% 5.91 11.8 17.6
: g -8 X s X ] D ] ) [ SD X ) [ = X sD X = K 7 e
€ TR after § days run 9.1 0.86 | 987 0.92 | %.0 2.58 |92.7 2.87|9%.2 oM 975 2.73|9%.8 2.% | %.0 1.61 [98.2 1.23| 973 1.08| 95 2.35 | 8.6 3.0
6 9.9 0.87|98.6 0.6 |54 2.75 [92.1 2.95 | %.9 1.6 | 97.5 2.44 | %6.1 2.9 | 0.5 1.8 [97.6 1.81 | 97.0 1.24 | 92.1 2.58 86.9 2.7
7 ! 98.7 0.8 | 9.4 0.9 |5.2 2,53 |92.2 2.72 | 971 1.67 | %.9 2.68 | 5.9 2.0 | 20,1 2.04 [97.8 1.70 | 9%6.6 1.48 | 92.4 2.44 8.3 2.19
8 ; 98.6 1.02|93.3 0.9 |65 2.46 |27 2.85 | 97.2 154 | 97.0 2.49 | 5.5 2.76 | 90.5 2,31 [O7.9 1.61 | %6.7 1.39 92,3 2.26 | 87.2 2.60
AR 9.3 1.2 |98 1.03 |%.2 251 %2 3.02)| 9.1 1.45 | %.9 233 | %5.9 2.79| 9.1 2.7 |97.8 151 | %.3 1.87 | 92.2 2.5 | B7.5 257
10 : 9.4 1.0 | 98.2 0.9 | 5.3 2,42 |22 2.5 | 7.4 164 | %66 2,43 | 5.9 2.63 [ 9.2 2,60 |97.7 148 | %63 177 | 923 2.0 87.6 2.44
1 9.3 1.09 %1 o097 |%.3 231 |R3 272|976 175 | 9%.5 232 |%5.9 25091 250 [97.5 150 | %1 2.79 | %5 191 | 7.4 2.0
12 8.0 1.48|97.9 1.0 | 4.8 2.73 | %24 263|978 1,80 | %.4 2.24 | 5.5 2.69| 9.9 2.50 [97.4 1.49 ) %.1 1.70 | .5 292 87.7 2.57
13 97.9 1.46 | 97.8 1.1 | %4.8 2.62
14 97.8 1.41 | 97.6 1.32 | 5.0 2.56
15 98,0 1.47 | 97.6 1.27 | 94.9 2.47
16 97.9 1.46 | 7.6 1.23 | 5.1 2.5
17 7.8 1.44 | 97.6 1.19 | 5.1 2.43
18 98,0 1.49 | 97.5 1.22 | 5.2 2.42
19 97.8 1.62 | 97.6 1.22 | 5.2 2,38
20 97.8 1.57 | 97,5 1.19 | 5.3 2.37
21 97.9 1.61 | 97.5 1.21 | B.4 2.36
22 97.9 1.58 | 97.4 1.19
23 97.9 1.54 | 97.4 1.20
24 8.0 1.52 | 975 1.29
25 98,1 1.54 | 97.6 1.%
2% %8.1 1.55 | 97.7 1.3
21 98,0 1.64 | 97.6 1.41
28 98.0 1.61 | 97.6 1.40
29 9.1 1.59 | 97.6 1.38 A
0 98.1 1.60 | 97.7 1.37
3 98.1 1.57 | 97.6 1.%
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Stablity of simulation results of ¥ OTR
GATE FLAN BEA 2.
Inpat mean 10 10 10 10 12 12 12 12 14 u 14 u
Distrib, 0 2 ] 10 15 2,19 5.48 10,95 16.% 2.3% 5.91 11,8 17.6
n s M s X sl m sp X s ¥ ) M sD n sp| w D X £ X F- n s
£ 0TR after 5 days mm 9%.8 1.54 | .1 2.25 | 9.8 2,80 | 84.2 4.20 | 9%6.8 0.97 | 4.4 35,01 | 88,3 2,32 | 85.2 S5.77| 5.6 2,05 | 0.3 2,79 | 5.9 4.65 | 80.3 4.43
gl ' 97.0 1.45 | $.2 2,04 | 20,8 2,59 | 85.4 4.69 | 97.1 1,18 | M.7 2.76 | 89.2 3.02 | 85,3 5.17 | 6.3 1.96 | 90.5 2.18 | 86.2 4.72 | BO0 4.05
ey 97.2 1.48 | 94,9 2,04 | 90,5 2.49 | 86.1 4.66 | 6.8 1.3 | %4.5 2.54 | 89.2 2.76 | 83.8 6.19 | $.4 1.80 | 91.2 2.T5 | 5.7 4.05 | BC.2  3.T5
8 97.0 1.56 | 94,9 1.84 | 90,5 2,32 | 86.6 4.54 | 96.8 1,27 | 4.5 2.% | 89.0 2.59 | 835 5.79 | %.5 1.70 | 91.8 3.02 | 86.0 3.8 | .8 J.N
9 %,7 1.64 | 5.3 2,03| %0.2 2,33 | 85,7 5.10.| %6.7 1.27 | H.4 2.21 | 887 255|821 6.82| %3 1.71 | 9.8 2,83 | 86,6 4.01 | 804 Z.E3
‘10 %6.6 1.50 | 9%5.1 1.97 | 90.2 2.20| 6.0 4.92 | %64 1.45 | M8 2,37 | 88,5 2,54 | Bl.4 6.88 | B4 1.65 | 92.1 2.77 | 86.8 3.84 | BO.5 .61
1 %.5 1,53|9%5.6 2.38]| 9.0 2,17 )|8.2 4.60|9%.4 1,77 | %5.0 2,30 | 88,8 2.68 | Bl.4 653 | %5.2 1.70 | 92.0 2.63 | B7.0 3.69 | &C.E  3.45
12 9%6.5 1.46 | 5.5 2.27| 90.0 2.08 | 86.2 4.48 | %.4 133 | M.6 2.47 | 82,2 3.41 | 8L.T 6.29 | %5.0 1.69 | 2.0 2.52 | 86.8 3.61 | 7.9 4.12
13 %.6 1.47 | 5.5 2.18| 90.2 2.06 | 86.7 4.57 | 9%.1 1.63 | 4.7 2.37 | 88,5 3.48 79.8 3.9
14 %.9 1.67 | %.6 2.19| 9.1 1.98 | 85.8 4.42 | %6.2 1.59 | ¥.6 2.29 | 88.7 3.43 80.1 4.05
15 ! %.8 1.62 | B5.5 2.16 | 89.9 2.05 | 86.8 4.26 | 96.2 1.54 | 54.7 2.26 | 88.8 3.32 8.1 3.9
16 %.,9 1.59 | 5.5 2.09| 90,2 2.29 | B87.2 4.41 | %.3 1.55 ; 4.8 2.24 | 88.6 3.29 80.2 %.TT
17 9.9 1.54 | 95.1 2.74 | 90.4 2.30 | 87.3 4.29 | 6.4 1.55 | 5.0 2.29 | 88.9 3.3 0.2 3.65
18 9.9 1.49 | 95.1 2.67 | 0.1 2.5%| 87.5 4.21 | %6.5 1.55 | %5.0 2.23 | 89.0 3.30
19 9.8 1.47 | 5.0 259 | 9.1 2.46 | 87.6 4.11 | %55 1.52 | 5.0 2.18 | 89.0 3,21
20 6.9 1.49 | B5.2 2.61 | 90.1 2.40 | 87.7 4.06 | %6.3 1.71 | Bl 2.4
21 90.3 2.54 | B7.7 3.97
22 90.5 2.67 | 67.6 3.88
2 90,6 2.66 | 87,5 3.81 "
24 90,6 2,60 | €7.3 3.9
-] 90.8 2,73 | 87.2 3.84
% : 91,1 2,89 | 87.3 3.80
27 y 91.2 2.99| 87.3 3T
28 91.2 2.94 | 87.3 3.68
29 91,5 2.91 | B7.4 3.65
30 7.4 3.60
n : 87,5 3.56
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GATR PIAN UALL

&% Confidence Linits on Mean = & X

Input mean 10 10 10 10 12 12 12 12 1 14 14 14
Distrid, = 2 5 10 15 219 5.48 10,95 16,35 2%  5.91 1.8  17.6
After 5 days na 1.6 0.6 2.4 2.5 1.9 2.6 9.4 6.2 2.0 3.3 5.2 5.4
6 1.5 0.7 2.0 2.3 1.9 2.8 T.0 5.0 1.6 5.0 4.0 4.8
7 1.7 0.6 1.6 1.9 1.5 2.3 5.8 4.2 1.8 4.2 3.3 3.8
8 1.4 0.7 1.5 1.7 1.6 2.0 4.8 3.6 1.5 3.5 2.5 3.2
9 1.2 0.9 1.3 1.5 1.7 1.9 45 3.1 3% 3.1 2.5 3.0
10 1.2 0.8 1.1 1:3 1.5 1.8 4.0 2.9 1.2 2.7 2.2 3.0
n 1.0 0.7 13 1.3 1.4 1.6 3.8 2.9 2.7
12 0.9 0.7 1.5 1.3 1.5 1.4 3.6 2.6 2.7
13 0.9 0.7 16 1.5 1.4 1.3 3.3 2.6 2.5
1 o.e 0.7 1.5 1.4 1.3 1.2 3.0 2.4 2.4
15 0.7 0.7 1.4 1.5 1.3 1.2 2.8 2.3
16 0.7 0.7 1.5 1.5 1.3 1.2 2.6
17 0.7 0.7 1.4 1.5 1.3 1.2 2.5
18 0.7 0.7 1.4 1.8 1.3 1.1 2.3
19 0.6 0.7 1.3 1.7 1.3 1.0 2.3
20 0.6 0.7 1.2 1.6 1.2 1.0 2.2
21 0.6 0.7 1.2
22 0.6 0.6 1.4
2 0.6 0.6 1.3
2 o, 0.6 1.3
ol o.: 0.6 1.4 X" VALUES
% 0.5 0.6 1.3
z1 0.5 0.6 1.3
28 0.5 0.6 1.3
29 0.6 0.5 1.3
2 0.6 0.5 1.2
n 0.6 0.5 1.2
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%% Confidence Limits on Mean = © X

Inpat mean 10 10 10 16 12 12 12 12 1 4 14 1}
Distrib, 0 2 5 10 15 2,19 5.48 10, 16.% 2.% 5.91 1.8 17.6
After 5 days run 1.2 1.9 1.8 4.0 1.7 2.0 2.5 !;.4 3.9 3.7 1.2 3.7
6 0.9 1.6 1.5 4.5 1.4 1.5 2.2 2.5 2.9 2.7 1.0 b 1% §
7 0.7 1.3 1.2 3.9 1.2 1.8 2.5 2.5 2.4 2.3 1.6 2.6
8 0.6 1.1 1.0 3.3 1.3 1.0 1.8 2.0 2.0 1.9 1.4 2.3
9 0.6 1.0 1.1 2.8 1.2 0.9 1.5 2.7 2.0 1.6 1.4 2.0
10 0.5 0.9 1.3 2.8 1.1 .9 1.6 2.4 2.1 1.5 1.3 1.9
11 0.5 0.8 1.2 2.6 1.0 0.8 1.4 2.2 1.9 1.3 1.5 1.8
12 0.5 0.7 1.3 2.4 0.9 0.8 1.4 2.0 1.7 1.3 1.4 1.6
13 0.6 0.7 1.0 2.2 0.8 0.9 1.5 1.8 1.5 1.1 1.3
14 0.6 0.6 0.9 2.0 0.7 0.8 h 1 3 1.6 1.5 1.1 1.2
15 0.6 0.7 0.9 1.8 0.7 0.7 1.1 1T 1.4 1.0
15 0.6 0.7 0.9 1.8 0.6 0.8 1.1 1.6 1.3 1.0
17 0.5 0.6 0.8 1.7 0.6 0.8 1.5 1.3
18 0.5 0.7 0.8 1.6 0.6 0.7 1.5 3.2
19 0.6 0.7 0.8 1.6 0.6 0.7 1.5 1.1
20 0.5 0.7 0.8 1.5 0.6 0.7 1.4 1.1
23 0.5 0.6 0.8 1.4 0.5 0.7
22 0.5 0.6 0.7 1.4 0.5 0.7
23 0.5 0.6 0.7 1.3 0.5 0.6
24 0.5 0.7 0.7 1.3 0.7 0.6
% 0.5 0.7 0.7 1.2 0.6 0.6
26 0.5 0.6 0.7 1.2 0.6 X = VALUE 5
Fa ) 0.5 0.6 0.7 1.1 0.6
28 0.5 0.6 0.6 1.1 0.6
29 0.5 0.6 0.6 1.1 0.6
30 0.5 0.6 0.7 1.0 0.6
3 0.5 0.5 0.6 0.6
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b S A GTR
: GATE PLAN UAL 3
5% Confidence Limits on esn = & X
Input Dean 10 10 10 10 12 12 12 12 u b7 71 71
Distrid, = 2 5 10 15 2.9 S48 1095 %.% 23 591 1.8 176
After 5 days run 1.5 0.6 5.9 1.3 2.8 2.5 3.8 4.5 2.3 4.6 3.5 3.0
6 1.5 0.7 S ¢ 2.1 21 2.9 3.4 1.8 3.5 2.9 2.3
7 1.4 0.8 41 2.0 1.8 1.7 2.3 2.9 1.5 1.8 2.3 1.8
8 1.4 0.7 %0 L1G 1.7 1.4 2.3 2.5 1.6 2.4 1.9 1.9
9 1.5 1.2 3.3 1.8 1.5 1.3 2.1 2. 1.5 2.0 3.7 2.0
10 1.5 1.0 33 23 1.9 1.1 1.9 2.6 1.4 1.8 1.9 1.9
1 3% 0.9 28 2.0 1.2 1.2 1.9 2.3 1.3 1.6 2.0 1.8
5 12 1.3 0.9 2.6 1.9 1.2 1.4 2.1 2.3 1.2 1.5 1.8
13 1.1 0.9 25 2.0 1.1 1.3 1.9 21 T3 1.3 1.7
14 1.1 0.8 2.3 1.9 1.3 1.3 1.8 1.9 1.0 1.3 1.8
15 1.0 0.8 2.2 1.7 1.0 1.3 1.9 1.9 1.0 1.2 1.8
16 1.0 0.8 2.0 1.6 1.0 1.3 1.7 1.8 0.9 1A
17 1.0 0.7 2.0 2.6 0.9 1.3 1.6 1.7 0.9 o1
18 1.0 0.7 1.8 15 0.9 1.3 1.6 1.6 0.9 1.0
15 0.9 0.7 1.8 1.4 0.9 1.3 1.5 1.5 0.9 1.0
20 0.9 0.7 1.7 1.6 0.9 1.3 1.5 0.8 1.0
21 0.8 0.7 1.6 1.5 0.8 1.2
, 22 0.8 0.7 1.5 1.5 0.8 11
| Fs ] 0.9 0.7 1.5 1.4 0,7 1.1
2% 0.9 0.7 134 1 0.7 1.1
i = 0.8 0.7 1.3 1.4 0.7 1.1
' % 0.8 0.6 , T, M T 0.7 1.0
27 0.8 0.6 5.3 1.3 0.6 1.0 X-VALUES
8 0.9 0.6 1.3 1.2 0.6 1.1 e
i 29 0.8 0.6 1.2 1.2 0.6 B L
30 0.8 0.6 1.2 1.2 0.6 1.0
10 0.8 0.6 Sl 0.6 1.0

A A 8
X‘t“ WHERE Q"m

S® Sample stacdard deviation

N = Sa=ple size
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%% Confidence Linita on Mean = & X

Input poan 10 10 10 10 2 12 12 12 14 14 24 1
Distrib. o 2 5 10 15 2.19 548 1095 %35 2% 5.9 18 16
After 5 days rm 1.7 2.5 4.1 4.9 33 3.2 5.1 5.7 2.2 4.1 4.2 4.2

6 1.3 1.9 3.2 4.5 2.9 2.4 4.1 4.2 1.6 3.4 3.4 3.3

7 1.6 1.6 2.6 3.6 2.6 2.0 3.5 34 1.4 3.1 3.4 2.9

8 1.4 1.3 2.2 3.3 2.3 2.0 2.9 3.2 1.4 2.6 2.9 2.7

9 1.3 1.1 1.9 3.1 1.9 1.7 2.6 2.7 1.3 2.2 2.5 2.8

10 1.2 1.5 1.7 2.8 1.7 1.9 2.4 2.7 1ok 2.2 2.2 2.9

1 1.3 1.3 2.7 24

12 o 1.4 2.5 2.2

13 AT 1.3 2.4

" 1.0 1.2 2.2

15 0.9 1.1 2.1

16 0.9 1.0 2.0

17 0.8 1.0

18 0.8

19 0.8

20 0.7

21 0.7

2 0.7

2 0.6 =

24 0.6 u@’

% 0.6

2 0.6

21 0.6

2 0.6

29 0.5

30 0.5

n 0.5
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TABIE 12

5% Confidence Linmits on ¥ean = » X

Input pean 10 10 10 10 12 12 12 12 7 14 14 14
Distrib,. ] 2 5 10 15 2.19 5.48 10.95 16.% 2.3% 5.91 11.8 17.6
ifter 5 days m 2.8 1.0 2.7 0.8 1.3 1.0 2.9 3.7 2.2 3.5 1.6 5.0
6 2.2 0.9 2.0 1.2 1.0 1.1 2.7 3.6 1.8 2.5 2.0 5.2
7 1.8 0.7 17 0.9 0.9 0.9 .7 3.2 1.5 23 2.8 4.8
8 1.5 0.6 1.5 1.1 0.8 0.9 2.4 2.7 1.2 1.8 2.9 4.4
9 1.3 1.0 1.7 1.8 0.7 0.9 2.4 235 el 1.5 2.6 3.8
10 1.2 0.9 1.5 1.6 0.6 0.8 2.3 2.2 1.0 1.3 2.2 3.3
11 1.0 0.8 1.3 1.4 0.6 0.8 2.1 2.3 0.9 1.8 2.0 3.1
12 0.9 0.7 T4 1.3 0.6 0.7 1.9 1.9 0.9 2.8
13 0.9 0.7 1.3 1.2 0.6 0.7 2.0 2.6
U 0.8 0.6 1.2 1.1 0.5 0.6 2.0 2.4
15 0.8 0.6 3.2 1.2 0.5 0.6 1.9 2.2
16 0.7 0.6 Tai 1.2 0.5 0.6 1.8 2.1
17 0.7 0.6 1.0 1.2 0.5 0.6 s U
18 0.6 0.5 1.0 ) P 0.4 0.6
19 0.6 0.5 0.9 1.1 0.4 0.5
20 0.6 0.5 0.9 1.0 0.4 0.5
21 0.5 0.5 0.8 1.0 0.4 0.5
22 0.5 0.5 0.8 1.0 0.4 0.5
23 0.5 0.4 0.8 0.9 0.3 0.5
24 0.5 0.4 0.8 0.9 0.4 0.4
> 0.5 0.4 0.8 0.9 0.4 0.4
F3 0.4 0.4 0.7 0.9 0.3 0.4
27 0.4 0.4 0.7 0.9 0.3 0.4
28 0.4 0.5 0.7 0.9 0.3 0.4
29 0.4 0.5 0.7 0.9 0.3 0.4 X- VALUES
30 0.4 0.4 0.7 0.9 0.3 0.3
1 0.4 0.4 0.7 0.9 0.3 0.3

S=

N=

Sarple standard deviation

Sample size
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5% Confidence Limits on Mean = © X
Input sean 10 10 10 .10 2 12 12 12 14 T4 14 1%
Distrid, - 2 5 10 15 2.19 5.48 10,95 16.% 2.36 5.91 11,8 17.6
After 5 days run 1.2 1.3 3.6 4.0 1.0 3.8 3.8 2.2 1.7 1.5 3.3 4.2
6 1.0 1.0 3.2 b 1.9 2.8 3.4 2.2 2.1 1.4 3.0 3.2
T 1.0 1.0 2.5 2.7 1.7 2.7 2.8 2.0 1.7 1.5 2.4 2.8
8 0.9 0.8 2.2 2.5 1.4 2.2 2.5 2.1 1.4 1.2 2.0 2.3
9 0.9 0.8 2.0 2.5 1.2 1.9 2.3 2.2 1.2 1.5 > ¥ ) 2.1
10 0.8 0.7 1.8 2.3 1.2 1.8 2.0 2.0 12 1.3 1.5 1.8
1 0.8 0.7 1.6 1.9 1.2 1.6 1.8 1.8 1.1 13 3.5 1.7
12 1.0 0.7 1.8 1.7 1.2 1.5 1.8 1.7 1.0 1.1 1.3 1.7
13 0.9 c.7 1.6
14 0.8 0.8 1.5
15 0.8 0.7 1.4
16 0.8 0.7 1.4
17 0.8 0.6 1.3
18 0.2 0.6 1.2
19 0.8 0.6 1.2
20 0.8 0.6 1.1
21 0.8 0.6 1.1
= 0.7 0.5
= 0.7 0.5
24 0.7 0.6
25 0.6 0.6
26 0.6 0.6
27 0.7 0.6
28 0.6 0.6
29 o:s 0.5 X* VALUES
3 0.6 0.5
n 0.6 0.5

§= Sasple standard deviation

N = Saaple size
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Inpat mean 10 10 10 10 12 12 12 12 U u 14 "4
Pistrib, s 2 5 10 15 2.9 5.48 10.95 1.3 2.% 5.91 1.8 17.6
After 5 days run 1 3.1 4,0 5.8 1.3 4.2 3.2 8.0 2.8 5.5 6.5 6.1
6 3.7 2.3 3.0 5.4 1.4 3.2 3.5 5.9 2.3 2.5 4.9 4.7
7 1.5 2.0 2.5 4.7 1.4 2.5 2.8 6.2 1.8 2.8 41 3.8
8 1.4 1.6 2.1 4.1 1.1 2.1 2.3 5.2 1.5 2.7 3.4 3.5
9 1.3 1.7 1.9 4.2 1.0 1.8 21 5.6 1.4 2.3 2.3 3.1
10 1.2 1.5 1.7 3.7 1.1 1.8 1.9 5.2 1.2 2.1 2.9 - ]
1n 1.1 1.7 1.5 3.3 1.0 1.5 1.9 4.6 1.2 1.9 2.6 2.4
12 1.0 1.5 1.4 3.0 0.9 1.6 2.3 o2 Al 1.7 2.4 2.7
13 0.9 1.4 1.3 2.9 1.0 1.5 2.2 2.5
14 1.0 1.3 1.2 2.6 1.0 1.4 2.1 2.4
A AN
15 Sl TE e 0 I SR SR V. (ERE 22 | X=2Q wwa Q>
16 0.9 13 1.3 2.4 0.9 1.2 1.8 v Bak N=]
17 0.8 1.5 1.2 2.3 0.8 1.2 1.8 1.9
18 0.8 1.4 1.3 2.2 0.8 11 1.7
19 0.7 1.3 1.2 2.0 0.8 1.1 1.6 Se Sexple stazisxd Zevistion
20 0.7 1.3 1.2 1.9 0.8 1.0 3
21 1.2 1.9 : N+  Sasple sire
2 1.2 1.8
23 1.2 1.7
2% 1.1 1.7
> 1.1 1.6
2% 1.2 1.6
7 12 15 X - VALUES
S 12 1.5 i |
29 5 1.4
0 1.4
31 1.3
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CHAPTER 12,

UNITED AIRLINES, CHICAGO O'HARE AIRPORT.

Introduction

% GTR as recorded at O'Hare.

Effect on % GTR of United's extra flights.
Effect of aircraft unserviceability.

Other effects.

Range of acceptable simulated values for GTR.
Comparison of punctuality, simulated-actual.
Realism of the simulated value of GTR.
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12 UNITED AIRLINES, CHIGAGO O'HARE AIRPORT,

12.1

12,2

12,3

During the summer of 1969, the author spent six weeks at O0'Hare
Airport studying United's operational methods and compiling data
describing their performance. The latter is discussed in this
chapter and is compared with the results obtained from simulating
their schedule of summer '69 under gate plan UALl., The organisation
and methods used by United are not discussed until chapter 13 when
those of American, Western and Delta are also presented.

The basic plan used by United was represented by UALl, but minor
planned alterations were required due to the scheduling of extra
flights. This of course was not done in the simulation., Gate
timetable reliability as defined in this project was not normally
calculated by UAL, but interest was expressed in the concept. A
monitor was instigated and the results of thirty days operation
are shown in figure 1 of appendix 12, The mean % GTR is seen to
be 73% with a standard deviation of 8.6. Although it has been
emphasised throughout this work that it is the relative simulated
performance of different gate timetables which is of prime importance,
a check on the reliability of UALl compared to that of the actual
plan is worthwhile.

Effect on % GTR of United's extra flights.

The frequency of planned extra flights per day and the % GTR were
recorded over the same time period. On average, four extras were
operated per day and were planned such that a gate was available
preferably involving no change to the original gate allocations.
Obviously the distribution of separation and occupancy times were
alightly affected, but this was not recorded.

During the day's operation, the number of departure gate changes
vhich were caused either as a direct result of such occupancies,

or as a reactionary effect due to they themselves experiencing

a gate change, was recorded. Some occupancies resulted in up to
five departure gate changes while others were absorbed into the
plan with no side effects whatsoever, The mean was one gate change
per extra occupancy. Assuming four extras per day, and two hundred
departures per day, their absence should have increased the % GTR
by approximately 2 percentage points.,
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12.4 Effect of Aircraft Unserviceability.

12.5

This was discussed in chapter 8, and it was shown that the aircraft

unserviceability results in unscheduled turmnrounds and associated

gate changes. There was insufficient time to obtain accurate data
concerning this, but a reasonable estimate is that the elimination
of unserviceability induced aircraft changes could increase the

% GTR by 5-10% provided the punctuality rates remained unchanged.

The simulation of UALL took neither of the above two conditions
into account. Provided all other factors are adequately reproduced

in GATESIM, and comparable delay rates apply, a difference of
7-12% should exist between the recorded and simulated values,
Unfortunately, the other factors cannot be claimed as being
simulated exactly, and their effect on GTR cannot be quantified.
The following are listed as examples.

1)

ii)

iii)

iv)

The gates at O'Hare are not fully interchangeable as assumed
by GATESIH. During congested gate occupancy periods this
may force gate holds and increase the value of GTR even
though the opposite may be desired.

The state of congestion in the taxiways may produce large
variations in the time between touch down and positioned
at the gate, This could lead the ramp controller into
creating gate changes which, under more stable conditions,

would have been avoided. This was not programmed.

An unusually large number of connecting passengers between

specific flights may be best processed by positioning the
operating aircraft as closely together as possible.

The schedule may be such that the desired gate for a given

occupancy is not available on a planned basis because of

a higher priority flight requiring it. However, when
flight delays are such that the gate can accommodate both
occupancies, a gate change may be preferable to the planned
departure from the less desireable position.
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12.6 From the above it is apparent that even under comparable delay
rate conditions, it is not possible to statistically calculate,
at a stated confidence level, a range of % GTR which must be
achieved by the simulation before the hypothesis that the
gimulation is realistic can be accepted. It is however submitted
that the largest deviation from reality is the omission of
unserviceability data.

12,7 Comparison of punctuality verformance.

Table 1 in appendix 12 shows the actual departure punctuality as
recorded during May, 1969 together with the results obtained from
the simulation. The twelve input distributions which were used

to generate each set of delays are also shown.

The Kolmogorov-Smirnoff test was used to ascertain if any of the
gimulated delay rates could belong to the same population as the
observed ones., This hypothesis was rejected in each case even

at the 0,001 significance level. It is therefore invalid to claim
that the simulation reproduced United's punctuality performance.

It is seen from table 2 of appendix 12 that the maximum deviation
of the cumulative relative frequency has its smallest values under
the two most severe input delay conditions. This deviation is
caused in the main by the simulation generating too many delays in
the range 10-20 minutes at the expense of those over one hour, It
is clear that either the distributions themselves could not generate
the observed delay rates, or else the simulation succeeded in
performing aircraft changes which reduced the effect of the
estimated long delays.

12,7.1 1t is clearly possible to identify input distributions
which react with GATESIM'S logic and limitations in such
a way as to produce departure punctuality figures which
statistically compare well with observed results, for
any airline's operation. This is desireable provided no
attempt is made to use delay distributions to overcome
limitations of the simulation design purely in the interest
of realistic punctuality. It is more acceptable to have
discrepancies in the punctuality figures and to be able
to compensate for them, than to assume that realistic ones
are the product of an equally realistic total simulation,

The reasons for the difference must be identified and
explained.
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12.7.1 If too much emphasis is placed on punctuality alone, the
input distributions, whether theoretical or empirical, may
result in the simulation reflecting at least part of the
individual airline's operating procedures, The decision
tables may then be presented with weighted data in a manner
inconsistent with their design conditions. Comparison of
different airlines becomes even more difficult for two main

reasons,

If the input distributions are tailored to suit one carrier's
operation, it is not reasonable to assume that the same data
will generate equal realism with another carrier even though
the flight schedules may be comparable. Conversely, if a
second set of data is designed, comparison is still dubious
because the originating disruptions to the flight schedule
differ.

The constancy of initial disturbances is important to
GATESIM, since it is the relative response of different gate
timetables to them, that is being investigated.

12,7.2 Although statistical tests indicate that the actual and the
simulated departure delay distributions are highly unlikely
to originate from the same population, reference isagain
made to table 2.

Under the most severe delay conditions, when the input
distribution had a mean of 14 minutes and a standard deviation
of 17.6 the delay rates up to 30 minutes are seen to be at
least comparable. An insufficient number of longer delays

are generated.

If all arrivals operated on time, and no aircraft changes
were performed, the above input distribution is expected to
produce a departure punctuality of the order of that shown
in table 3, In the same table is shown the estimated effect
of including the arrival delay pattern, without aircraft
changes,

It is seen that aircraft changes have resulted in the
following:

i) The simulation performed 91.7% of departures within
30 minutes of STD compared with the estimated 85%.
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12.7.2

12.7.3

ii) Only 8.3% of departures had delays in the range
30-59 minutes compared with the estimated 14%.

iii) No delays over one hour were recorded, whereas
about 1% could be expected to be of this magnitude.

It is evident that although the above input distribution

could not generate delays of the magnitude experienced by
United, its expected maximum delays did not occur because
of the alleviating role of aircraft changes.

This effect will become mom pronounced as the size of the
initial disturbances is increased. The problems outlined
in 12.7.1 may well be encountered under such conditions.

These apart, it is not considered prudent to generate long

delays because of the manner in which they occur in practice,

as outlined below.

The simulation sssumes all departures have the same priority
and performs aircraft changes to achieve the best total

punctuality performance for the Station. This includes

involving a departure of a through flight in an aircraft
change possibly before the arrival with the same flight

number has been performed.

In practice, the decision to change aircraft like this or
to accept a delayed departure is dependent on many factors,
including:

i) new passengers boarding the flight
i) later connecting flights to ultimate destination.
ii1) passengers boarding the flight at later transit
stations,

This data is not available to the simulation, so it was
decided to request aireraft changes whenever the estimated
delay warranted.

Thus large departure delays to through flights, which in
some cases are accepted by the airline, will be reduced by
the simulation's implementation of an aireraft change.

In addition the availability and scheduling of flight and
cabin crew may require that an inbound crew operate a
specific departure., Their late arrival will cause a
delayed departure which GATESIM again would attempt to
reduce,
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12.7.3

12.7.4

The ideal situation would be to generate these longer delays
but to make only some of them reduceable by aireraft changes.
However this is not possible under the_édOpted program
structure. Alternatively it would be necessary to make the
input distribution skew to allow for the built-in alleviating
effect. This suffers from two main drawbacks,

Firstly, the large delays eventually accepted by the
simulation would be the end result of a change sequence,
probably of type INDIRECT or NSINDIRECT, involving a
considerable number of aircraft. In reality, they tend not
to be the result of aireraft changes but the alternative to
them,

Secondly, it would be highly unlikely in an aircraft change
of type INDIRECT, that only one large delay is caused. It
is more probable that other small additional delays will
be caused. The effect of these on the gate timetable
reliability, topether with the extra unscheduled turnrounds
cannot be quantified.

It is considered more reasonable to accept the simulation

as capable of reproducing small delays well, and to regard
the results in this context. An allowance can be estimated
for the effect of long delays caused by very late arrivals
or aircraft unserviceability which the airline, in its
wisdom, decides to accept by retaining the original aircraft
allocation.

This is considered below.
Effect of long delayed turnrounds on % GTR.

Such turnrounds have merely been displaced in time,since
the forecasted departure delay is caused either by a very
late arrival or unserviceability. In the latter case,
under a gate timetable controlled situation, the aireraft
would be positioned on a gate area only after defect
rectification, unless its presence through the maintenance
process did not seriously affect the gate plan.

Since a delay is involved, it is reasonable to assume that
all efforts will be made to perform a minimum gate occupancy.
Assume this to be 30 minutes, with a five minute additional
separation time.
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12.7.5 The use of the Erlang Loss Formula for the estimation of
the required number of gates is discussed in reference 1
from which figure 2 was taken., The non dimensional number,
the Erlang is calculated as follows:-

rate of arrival of aireraft
rate of service of aircraft

Erlang number =

where rate of arrival = average number of aircraft arriving
per hour.
rate of service = reciprocal of gate occupancy time

in hours.

The reference shows that the formula is best used when the
rate of arrival is calculated over a period of eight hours,
The conventional use of this method is to celculate the
Erlang number for a given operation, and to read from
figure 2 or equivalent, the required number of gates.

The application in this work is the reverse.

12,7.6 Table 4 shows rate of arrival which can be serviced at the
99% confidence level, by a stated number of gates, e.g.
ten gates would be required to satisfy an average arrival
rate of 7.4 aircraft per hour, assuming a service time of
35 minutes.

Figure 3 shows, in bandwidths of five minutes, the number
of gates in UALlwhich are free for at least thirty five
minutes. i.e, In each band the number of time displaced
occupancies which can commence simultaneously and which
can be absorbed into the timetable as originally planned,
is shown,

Figure 3 is analysed below.

No. of 5 minute bands with 2 X gates available.

X=0 X=1 X=2 X=3 X=4 X=5 X=6 X=7 X=8 X=9 X=10
0700=1500 96 94 60 32 21 19 16 13 11 3 1
1500-~2300 9% 93 72 48 26 25 20 14 11 7 3
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12.707

12.7.8

If the displaced occupancy have an arrival rate equivalent
to a steady state of 0.9 aireraft per hour, from table 2,
it is seen that only 3 gates are required. However, the
probability that 5 gates will be available without gate
changes is obtained from table 12.1 above.

in period 0700-1500 = ‘%% = 0,33
in period 1500-2300 “ -%% = 0.5

Thus during the first period 33% of the displaced occupancy
should find a gate available on arrival, assuming that the
other occupancies are all on schedule. However, if the plan
contains twenty gates, evenly utilised, there is only a 5%
chance that the displaced occupancies will be accommodated
on their originally planned gate. Hence only about 2% of
them will not effect the value of GTR. 31% of them will
have one wrong departure gate per arrival, If it is assumed
that any gate changes will be of type DIRECT SWOP, 67% of
the arrivals will incur two wrong departure gates,

If for example, the rate of 0.9 arrivals per hour were
maintained for 16 hours, approximately 14 occupancies are
involved. From the above,

2% will not affect GTR = ,28 aircraft = 0
31% will incur one wrong gate each = 5 wrong gates
67% will incur two wrong gates each = 18 wrong gates.

Thus approximately 23 wrong gate departures would be caused
by these 14 displaced occupancies., This would decrease the
value of JGTR by about 10 points.

Obviously this is a very general approach and has the merit
of being simple but is suffers from the following shortcomings:-

i) The arrival rates is likely to be small, though
significant peaks may occur. These are liable to
be large compared to those shown as acceptable in

the reference.

ii) The co-incidence of these peaks with the peaks or
troughs in gate availability shown in figure 3 is
not taken into account.

iii) The histogram of gate availability assumed on-achedule
movements of all other occupancies, 3 17



12.7.8 iv) Accuracy of Erlang method decreases with reducing
value of Erlang number.

12.7.9 These disadvantages can be circumvented in specific cases
as follows. As an example, assume that an arrival rate of
1.7 pertained to the time period 0900-1200 hours only.

The number of arrivals = 5
Bk (> 3 eates available) = %—"} (from figure3)

31% will incur one wrong gate =>> 2 wrong gate departures
67% will incur two wrong gates 5> 6 wrong gate departures.

This will reduce the #GTR by about 2.8 points,
12,7.10 It is considered highly unlikely that:-

i) The arrival rate of such displaced occupancies
will ever exceed 1.7 aircraft per hour consistent
with the remainder of the simulations limitations
being satisfied.

ii) This arrival rate will be maintained for more
than three hours at one time.

iii) The incidence of such three hour bands will ever
exceed two.

12.7.11 It is concluded that the effect of exeluding these long
delay turnrounds from the simulation was to falsely increase
the estimated value of % GTR by up to 5 points.

12,8 The accuracy of the simulated value of > GTR is seen to vary
according to the realism of the punctuality performance,

Excluding the effect of through flights, the following estimates
are considered reasonable:-

i) When no corrections for displaced occupancy are necessary
to provide delay rate comparability with the operation
being simulated, GATESIM is expected to produce a value for
% GTR which 7-12 points toohigh.

ii) When such corrections are required, the difference can be
expected to rise to up to 17 points,
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APPENDIX 12,

TABLE 1

FIGURE 1

Reference 1.

Departure punctuality UAL 1.

Departure punctuality UAL 1, in cumulative form.

Effect of station delays, with 100% arrival punctuality.
Gate requirement using Erlang number,

% GTR as recorded at O'Hare.
Erlang numbers,
Availability of gates in UAL 1,

Use of the Erlang Loss Formula for calculation of
required number of operational stands.

R.E, Knowler,
Ministry of Aviation.
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TABLE 1

DEPARTURE PUNCTUALITY AS RECORDED AT O'HARE COMPARED TO SIMULATION
PUNCTUALITY FOR UAL 1

| |

:[%4:10 | #<20 | %<30  #<60| %<9 #<120| %<180 | %GR

{ late | late late | late late late late

' = - 4 — =

| |
ACTUAL | 66.7 | 79.3 | 88.5 | 92.5 | 97.7 | 9.1 | 99.6 73.0
|

SIMULATION: | |
Input Distrib. ‘ 1
mean  S.D. | |
10 2 99.0 | 99.7 | 100 100 | 100 | 100 100 9.8
10 5 93.5 {99.4 | 99.9 | 100 | 100 | 100 100 %.1 |
10 10 | 80.6 [96.7 | 98.4 100 | 100 100 100 91.8 |
10 15 72,0 |88.9 | 9%.3 | 100 | 100 | 100 100 85.3
12 2.2 | 98.2 | 99.3 {99.9 100 | 100 | 100 100 9.1
12 545 89.7 |99.4 |99.8 | 100 | 100 100 100 94.7
12 11.0 72.6 |93.4 |99.5 | 100 | 100 100 100 | 87.8
12 16.4 66.2 |B4.4 | 94.2 | 99.5 | 100 100 100 83.5
¥ 2.4 98.5 (99.7 199.9 100 | 100 | 100 100 | %.3
14 5.9 83.2 [97.9 |99.8 = 100 100 100 100 93.4
14 11.8 65.3 {88.5 [97.4 100 | 100 100 100 | 8543
14 17.6 61.3 |80.3 |91.7 1200 | 100 100 | 100 | 81.0
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TABLE 2

COMPARISON OF DEPARTURE PUNCTUALITY BETWEEN THE SIMULATION AND ACTUAL

PERFORMANCE USING UAL 1

<10 <20 <30 < 60 <%0 ¢120 €180
Mean S.D late late late late late late 1late
10 2 3243 20.4 11.5 T.5 2.3 0.9 0.4
10 5 26.8 20.1 11.4 7.5 2.3 0.9 0.4
10 10 13.9 17.4 9.9 7.5 2.3 0.9 0.4
10 15 5¢3 27.0 7.8 75 2.3 0.9 0.4
12 2.2 31,5 20.0 11.4 Te5 2.3 0.9 0.4
12 545 23.0 20,1 11.3 T.5 2.3 0.9 0.4
12 11.0 5.9 14,1 11.0 7.5 2.3 0.9 0.4
2 R ~ 0.5 19.2 5T 7.0 2.3 0.9 0.4
14 2.4 31.8 20.4 11.4 TS5 2.3 0.9 0.4
14 5.9 16.5 18.6 11.3. T.5 2D 0.9 0.4
14 11.8 - 1.4 9.2 8.9 7.5 2.3 0.9 0.4
14 17.6 - 5.4 1.0 3.2 75 2.3 0.9 0.4

Punctuality limits are expressed in minutes , the difference in cumulative

% is shown.

A positive value indicates that the simulation has generated insufficient

delays in the range shown.
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TABLE 3

Departure punctuality assuming no aircraft changes.

% of total departures

Delay size No arrival delays with arrival delays of
mean = 3, 8,d = 13 .OB

<10 minutes 63.3 5546
€20 minutes 81.8 T2.2
<30 minutes 93.1 85.3
< 60 minutes 99.9 99.2
120 minutes 100 99.9

Estimates based on station delays belonging to distribution with mean = 14 minutes
standard deviation = 17.6, and in flight delays having a mean of % minutes and a
standard deviation of 13,08,
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TABLE 4

No. of Gates Maximum Supportable Maximum Average
Erlang Number _Arrival rate
2 0.1 0.2
3 0.5 0.9
4 1.0 1.7
5 1.5 2.7
6 2.0 3.4
7 2.5 4.3
8 361 5¢3
9 37 6.3
10 4.3 T.4
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13.1
13.2
13.3
13.4

CHAPTER 13

STUDY OF FOUR MAJOR AIRLINES IN THE UNITED STATES.

American Airlines
United Airlines
Delta Airlines
Western Airlines
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13.

STUDY OF FOUR MAJOR AIRLINES IN THE UNITED STATES.

The study tour was financed by the Robert Blackburn Memorial Scholarship

and was undertaken during the spring and summer of 1969, The main aims

were to ascertain the practical feasibility of a gate timetable,to record
performance data and to identify operating procedures which are significantly
different from those used at Heathrow and which were generated, at leaat in

part, by the adoption of a gate plan,

Each airline is described in turn.

13.1 American Airlines,

13,1.1 American Airlines is a domestic carrier with its head office

13.1.2

in New York and Maintenance Base in Tulsa, Oklahoma, It
operates from all three New York airports, namely

John F. Kennedy, La Guardia and Newark, but only La Guardia

was studied in detail, It was chosen because only short
and medium haul flights with B727 and BAC 1-11 aircraft
served it at the time. This resulted in La Guardia being
the closest approximation in American Airlines to the hub
of a "hub and spoke" type operation,

La Guardia Airport.

La Guardia is owned by the New York Port Authority from
whom the airlines lease terminal areas. The concourse,
holding lounges, and gate areas are under the complete
control of the tenant airline which is free to develop
the area to suit its own requirements. Similarly, it is
free to determine an acceptable utilisation figure for
its gates and to use this as a constraint on its schedule
construction. Obviously an exceptionally low figure will
cause the Authority to review the allocation especially
if another airline is seeking extra facilities. This
situation has not arisen due to high rentals, and any
temporary spare capacity is usually sub-let to another
carrier without the Authority's intervention,
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13.1.2

13.1.3

The American facility, sketched overleaf in figure 13.1,
consists of one main conecourse having ten gates and an
eleventh gate at the base of the neighbouring concourse,
leased from United in the manner described above,

It can be seen that the manoeuvering area between the two
concourses is very limited and interference can occur between
aircraft of competing airlines and indeed between American
aireraft., Aircraft at all gates are parked using their own
power but require a tug on departure. This is especially
critical on gates 10 and 11 since the aircraft must be
positioned opposite gates 8/9 before the engines can be
started, in order to avoid possible jet blast damage to

the terminal building. Movements to or from gates 8-11

are thus impossible while such an operation is in progress.

The movement of aircraft in the alleyway formed by the two
concourses is not controlled by the Airport Ground Controller.
His responsibilities only apply to operational taxiways,

and gates such as 2, 3 and 4 where a push-out could interfere
with taxying aircraft. Consequently it is the airlines'
responsibility to ensure that their occupancies are plammned to
produce the minimum chance of interference between positioning
aircraft.

However, this has not been extended to include, in this case,
United's movements, and a race type situation was often
apparent, Minor aircraft collisions have occurred, emphasising
the need for a co-ordinated control system.

Gate restrictions do exist in that the B727-100 cannot use
gates 4 or 11 while the larger B727-200 cannot use gates 4,
8, 9, 10 or 11.

La Guardia as a constraint on schedule construction.

When constructing a new flight schedule, the limited number of
gates at La Guardia provides a positive constraint in that no
more than eleven occupancies are scheduled at any one time.

It is attempted to have a minimum gate separation time of
fifteen minutes, assuming 100% punctuality. The availability
of an off-line parking area permits more than eleven aircraft
to be accepted but this facility is normally utilised at the
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13.1.3 schedule construction stage only when an overnight or a
maintenance turnround is being considered., No attempt is
made by the schedulers to provide an operational gate plan,

Before a schedule is agreed, the station management must be
satisfied that the total resources can satisfy the demand.
This includes manpower as well as gate areas. To achieve
this, the station forms its gate timetable by applying the
following restrictions which were not necessarily imposed in
total by the schedule department. These are:-

1, CGate restrictions in terms of aircraft type must
be adhered to.

2. Originating departures must be positioned on their
gates at least thirty minutes before STD.

3., A minimum of forty five minutes should elapse between
successive departures on the same gate, This allows
the holding lounge to be available for passenger
processing, without the aircraft being in position,

4, Twenty five minutes must exist between the arrival
of a terminating aircraft and the arrival of the
following turnround on the same gate. Since the
minimum turnround time was twenty minutes for a
through flight, this condition permitted a terminating
flight to be scheduled between two departures which had
the minimum separation period stated in 3 above, This
would be planned only in exceptional situations,

5 No minimum separation time between departing and
arriving flights was stipulated.

6. Long turnrounds may be removed to the parking areas
provided they are not through flights and provided
conditions 2 and 3 above can be satisfied,

T. Congestion in the alleyway is reduced as much as
possible,

8, The Chicago bound "Commuter Jets" are scheduled from
the same gate wherever possible.

The plan is formulated manually in bar chart form and then
transposed to the "LGA Ramp Control Log" which is the working
document for station staff, and shown in figure 13.2 overleaf.
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13.1.4 Gate Timetable, April, 1969.

13.1.5

The operational timetable is shown in figure 1 and its
analysis is given in table 1, both in appendix 13. The
mean station separation time is seen to be 35.4 minutes
with a relative dispersion of 0.81. Both these values are
lower than any of the plans simulated, This is caused in
part by the ban on night flights, resulting in a first
departure at 0700 hours, an no long separation times early
in the morning. Although not a FOFI plan, the gates, excepting
number four, appear to be reasonably evenly utilised. The
number of occupancies per gate varies only from eleven to
thirteen while the percentage time occupied ranges from
50.5 to 69.4.

Passenger Handling.

Bach gate has an adjoining passenger lounge where all
passenger check-in is done. "Skycaps", i.e. baggage agents,
check in the bags of confirmed space passengers at the
terminal building kerbside but no boarding passes are issued
there. Standby passengers must carry their bags to the
forward lounge.

Gate information is displayed on manually operated boards behind

the reservation desks in the main building. Although announcements

of the imminent departure of a flight are made over the public
address system, the opening of a gate area for check-in is not.
Departing passengers proceed to the gate shown on the departure
board, allowing processing to commence before the arrival of
their aircraft.

This eliminates the mad rush to a gate, all too often observed
and experienced, at airports where the display of the gate
number is witheld until the last moment and is accompanied by
a loudspeaker announcement, Early publication does of course
imply the planned occupancy sequence provided by a gate
timetable.

Unfortunately, a late gate change does involve the transfer
of processed passengers to the new lounge, but no occurrence
of this was recorded during my three week study.
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13.,1.6 Ramp Control Tower.

Ramp Control is responsible for monitoring the progress of
inbound flights, the allocation of gates, the co-ordination
of ramp activities, and for informing downline stations of
a La Guardia departure.

The Control is exercised from a tower positioned between
gates 6 and 7 on the roof of the concourse from which an
excellent view of the American gates is available, Four
ataff are accommodated there comprising:-

1) Ramp Manager, responsible for co-ordinating the

complete activity of the station.

11) An arrival agent responsible for preparing estimates
of arriving flights and recording their delays, etc.

141) A departure agent responsible for informing downline
stations of flight details, including initial arrival
estimates. He also records departure punctuality.

iv) & ramp planner, who, acting on arrival and departure
estimates from his two colleagues, confirms or
amends the planned gate allocation.

Incoming Flights.

All airports serving La Guardia directly, have a telephone
link to the ramp tower and use it to inform the arrival agent
of flight departure times and initial arrival estimates.
These are confirmed by a teletype message providing more
information including the flight control points en route.

As each of these control points is passed, revised arrival
estimates are made until the flight is within 40-60 miles of
La Guardia when it is picked up on & monitor of the FAA
approach frequency. The accuracy of arrival estimates made
before radio contact is +5 to -10 minutes at the gate. No
conversation is conducted between the arrival agent and

the aireraft.

These estimates permit the ramp planner to judge whether the
planned gate will be available or not. If a change is not
envisaged, no further action is required by him. The station
staff are aware of the gate from the pre-printed schedule,

as is the air traffic controller, Only the occurrence of a
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13.1.6

13.1.7

gate change prompts him to inform all departments. Where
possible this is done at least one hour before the next
scheduled departure of the aircraft or before the flight
arrival, whichever is earlier. Maximum advance warning is
essential since American rely on air traffic controllers
to inform the aircraft. Their workload and that of the air
crew do not permit a constant monitoring of the gate situation
and they cannot guarantee an immediate response to a gate
change signal. Thus changes are sometimes incurred, which
could have been avoided if the aircraft were allocated its
gate by American personnel after arrival,

Departing Flights.

The ramp tower is not concerned with flight plans, crew
briefings, etc., its sole object being to clear the gate on
schedule in preparation for the next arrival. The ramp
manager has direct links to personnel of all departments and
by this means identifies potential delay areas and co-ordinates
their activities.

The departure agent informs the downline station of departure
time and estimated arrival time.

Flight Dispetch Centre.

American's system wide operation is controlled and monitored
by three dispatch centres, each with regiomal responsibilities.
These are located at New York (JFK), Chicago (ORD), and Los
Angeles (LAX). Their responsibilities include:-

1) Production and verification of all flight plans.
ii) Production of weather information for flight crew.
11i) Adrcraft cycle changes and type changes.
iv) Cancellation of services.

13.1.7.1 Flight plans are formulated by an IBM system
(FLIPLN) using raw meterological data supplied
by the Federal Weather Bureau, Print outs
include: -

fuel used at specified points of the flight
total fuel burn off

total fuel bill

altitude recommendation

time of climb, cruise and descent.
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15.1.7.1

13.1.7.2

13.1.7.3

Three such plans are produced for each flight from
which the captain makes his selection,unless none
are acceptable in which case further altermatives
may be produced. The flight plan must be signed by
a dispatch officer before any flight is released.

The dispatch centre deals directly with flight crew
at JKF, ORD and IAX but are also responsible for
distributing weather information to all statioms in
their area.

Aircraft and type changes may only be made on the
authority of the relevant dispatch centre persomnel.
They alone are in possession of all parts relating
to crew availability, passenger load factors, runway
limitations, etc, They do not, however, control the
maintenance function. Thus having chosen the best
operational change sequence, they must have this
confirmed by MOC (see below).

13.1.8 Maintenance Operations Centre (M.0.C.)

M.0.C, is situated at the maintenance base in Tulsa, Oklahoma,
It is responsible for the planning and recording of all
aircraft maintenance, Consequently, it controls the aircraft

routings or cycles, but does not have operational responsibilities
towards reducing delays by initiating aircraft changes.

M.0.C. has three sections described as follows:-

13.1.8.1

13.1.8.2

Long term planning section, advance programmes,

1) Maintenance workload generated by the
next schedule change is eatimated.
11) System and aircraft reliability is
monitored.
4ii) Maintenance performance at each station
is monitored.
iv) Maintenance targets are set for stations.

Medium term planning section.

i) Maintenance is planned on monthly and
weekly time scales, using aircraft
registrations.
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13.1.9

13.1.8.2 ii)

iii)

Aircraft hours are updated once per week
and aircraft whose flying must be restricted
to a given number of hours per week until
their next schedule check, are identified.
Special checks and component changes are
scheduled ,again on a weekly and monthly
basis.

13.1.8,3 Immediate operational requirements section.

i)
11)

114)

iv)

v)

vi)

vii)

Records are maintained of all aircraft
unserviceability.

Outstanding defects on each aircraft are
monitored.

Aircraft are allocated to cycles such
that they will be positioned at a
maintenance station for a planned check.
Individual aircraft cumulative flying
hours and landings are updated once per
day on the completion of their cycle.
The following days flying hours are
estimated,

Each maintenance station is informed daily
of its overnight workload and the target
time for the maintenance aircraft's
serviceability the following day.
Constant liaison with the medium term
group is essential,

From the above it is apparent that MOC must have the authority
to accept or reject a request for a specific aircraft change.
Having accepted one, MOC permit the aircraft to remain on their
new cycles, thus retaining turnround reliability,

Aircraft Changes.

The two major causes of aircraft changes, viz. unserviceability
and late arrivals ,are treated in a similar way.

1301.901 meﬂicnbility.

1)

ii)

Station foreman informs ramp manager

and estimates time of aircraft serviceability.

Ramp manager discusses position with Dispatch
Centre who decide whether to accept delay,
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15.1.9.1

13.1.9.2

13,2 United Airlines.

ii) cancel the service, or request an aircraft
change.

§ii) Irrespective of Dispatch's decision, MOC
is informed of unserviceability.

iv) If a change is preferred, MOC are asked
to confirm it,

v) The decision is referred back to the ramp

manager who co-ordinates any necessary
station action.

It is important to note that the foreman is not
involved in the aircraft change decision. His
duty is to report the unserviceability and to make
a technical assessment of its probable duration.
Dependant on this and on whether a change is con~
firmed, the ramp manager will instruct him either
to complete the rectification while positioned at
the gate or to have the aircraft removed to an
off-line area.

late arrival.

The procedure is very similar to the above with
the following exceptions:

i) Neither the station foremen nor MOC are
involved unless an airecraft change is
decided upon.

i1) Either the ramp manager or dispatch may
originate the discussion between them
regarding cancellation, change, etc.

13,2.1 United Airlines is the largest domestic operator in the United
States, with its headquarters near Chicago and its maintenance

base in San Francisco. On 27th April, 1969 it had 337 passenger

or quick change aireraft in service.

It was studied mainly because of its size.

Six weeks were spent

at O'Hare Airport, Chicago, while one week was spent at Los

Angeles.

O'Hare was chosen purely on account of the size of United's
operation there, and the Los Angeles study was intended to
ascertain if the same procedures and controls were used at

a smaller, but still important station.
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13.,2.2 O'Hare Airport.

All three airports at Chicago are run by the Chicago City
Council, and O'Hare was converted from a military airfield
with money raised by the US Domestic airlines themselves.

As a result of this the airport authority operates with the
absolute minimum of interference with the airlines, preferring
to let them get on with the job of carrying passengers and
freight whilst they, for their part, maintain and develop

the facilities to ensure smooth running of the airport.

The airport authority is not responsible for air traffic
control, approach control or ground movement control which
is in the hands of the FAA and operated essentially from the
Control Tower.

They are responsible for the maintenance and upkeep of
runways, taxiways, roads, buildings and joint user installations
such as the hydrant refuelling system.

The airlines rent concourses and tarmac areas from the authority,
and are completely responsible for any alterations or additions
they may make in their area, and for the control of all activities
in that area.

This means in practice that ATC Ground Movements Control will
direct an incoming aircraft to a company's tarmac area and

then hand over to the company's ramp controller who will direct
the pilot to the gate position which has been pre-planned for
this service.

The airport authority is not concermed how long an aircraft
is at a gate position, nor how many aircraft a company can
get on to any one gate or group of gates (for example, Ozark
airlines were getting 4 aircraft on to two gate positions by
double parking).

The authority is responsible for cleaning, lighting, building
maintenance, runway and tarmesc cleaning and maintenance (tarmsc
cleaning is done for the airlines who are free to do it them-

selves or get someone else to do it), snow removal, policing
and general administrations.

The United facility consists of a Y shaped concourse with 21
gate positions, and is sketched overleaf in figures 15.3 and

13.4.
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13.2.3

13.2.4

Los Angeles Airport.

The airport is run by Los Angeles City Authority on a basis
very similar to that at O'Hare. The airlines lease gate

and terminal areas from the authority, and the above comments
in 13.2.2 apply equally well to Los Angeles.

The United facility consists of one satellite complex with
nine gates and one concourse with four gates. Each gate is
equipped with air jetties. The layout is sketched overleaf
in figure 13.5.

Airport gate capacity as a constraint on schedule construction,.

When constructing a new schedule, the availability of gates
is a positive constraint, as was seen to be the case with
American.

Although twenty one gates are available at 0'Hare, the
schedule planners ensure that a projected schedule requires
only eighteen of them together with a minimum separation
time of fifteen minutes, The other three gates are designed
to be an allowance for extra flights and flight delays.

At the plamning stage, no reduction in gate capacity at
Los Angeles was assumed, though a minimum separation time
of fifteen minutes was adhered to.

The only reason offered by UAL staff for this difference
between the two stations was one of experience, It had been
found that the scale of operation at O'Hare demanded this
special approach which was not warranted at L.A.

It should be noted that United did not stipulate a minimum
time between departures as did American.

A minimum gate occupancy time for originating departures and
for terminating arrivals did exist, depending on aircraft
type.

Gate restrictions in terms of aircraft type were present at
both airports and were considered at schedule construction

stage, not as individual gates, but as a total resource
limitation.
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13.2.5 Formulation of the operational gate timetable.

1302 -6

13.2.7

This is the responsibility of station staff and in particular
the ramp planner, whose duties are more fully explained in
section 13,2.8.2.

UAL operate an annual fixed shift pattern, with staff
allocated to one of three eight hour shifts. Since each one
handles the same flights every day it is in their interest
to ensure that the gate timetable for their duty tour is
planned in accordance with the way in which they feel best
suited to implement. Consequently, the gate plan is created
in three sections by the ramp planner on each shift. The
gate allocation of occupancies close to the shift change
point are agreed between the two planners.

The gate utilisation is therefore planned by the operational
staff whose success is measured, in part, by that of their
own plan. In this context it was felt unnecessary to provide
detailed guidelines for its construction.

Minimum occupancy times are of course provided together with
any policy decision such as the desire to have all Honolulu
flights (say) departing from a specific gate.

Los Angeles and O'Hare both operate in this manner.
Gate Timetables.

The operational plan at O'Hare is UALl, discussed in previous
chapters. 218 scheduled departures were operated from 21
gates in summer 1969.

The Los Angeles timetable ie shown in figure 2 of Appendix
13 and analysed in table 2., The mean station separation
time is seen to be 37.4 minutes, with a relative dispersion
of 0,88 . The number of occupancies per gate using the
variable time span figures, ranges from seven to thirteen.

126 scheduled departures were operated from 13 gates during
summer 1969,

Passenger handling, both airports.

This is similar to American at La Guardia in that all passenger
check-in is done at the gate. A "Skycap" service is operated
but supplemented by baggage check-in facilities in the terminal
building itself.
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13.2.7

13.2.8

Flight and gate information is displayed on an electronic
board in the main terminals, and on TV monitors situated
throughout the concourses and satellite building in the case
of Los Angeles,

Operations Plamning Centre, both stationms.

The Operations Planning Centre is responsible for the
co-ordination of all turnround activities, In charge is

the "Co-ordinator", whose main duties are supervisory and as
an arbitrator when a conflict of departmental interests
jeopordises a tumround.

Neither stations have Planning Centres which command a view
of the United gates.

The information displayed in the Planning Centres takes two
forms,

Down one wall of the rooms is a board showing the up to date
planned allocation of gates to flight numbers. Each gate is
represented by one line and the movements by magnetic plaques.
A plumb line connected to a linear clock moves along the board
from 0400 hours on the left to 0359 on the right.

Three closed circult TV screens display the information shown
on the electronic board in the termminal building. This board
is itself updated from the Planning Centre.

Flight and control information is received by teleprinter,
radio and telephone., The FAA approach and ground control
frequencies are monitored. Arrival estimates are provided
by the Flight Dispatch Centres via the telewriter based on
data received from the departing station and the aireraft.
These are updated when the flight is identified on the

FAA monitor,

Information is broadcast from the Planning Centre using
telewriters, radio and telephone, supplemented by strategically
placed TV monitors of the passenger flight information board.

The duties of staff in the Planning Centre are given below.
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13.2.8.1

Maintenance Planner,

Answerable through the General Foreman to the

Shift Line Maintenance Operations Manager, the
Maintenance Plammer is the Maintenance representative
in the Planning Centre, and is responsible for
providing information on aircraft serviceability,

and for advising on the best action to be taken to
minimise the effect of delays for engineering

reasons on the operation out of O'Hare.

Through flights - He is not concerned with any
airceraft which are due to arrive without any prior
indication of technical trouble and which turn round
and continue their flight with the same flight
number, He does not know and is not interested in
the aircraft registration. He knows the aircraft
type and is concerned that any change in gate
position should be such that the turnround can
still be performed from the Maintenance aspect.

In practice the ramp planner kmows this. The
planner would inform the Ramp Foreman of any gate
change and this would be repeated over the closed
circuit television,

Originating and terminating flights - The Planner

is concerned with all originating and terminating
flights and he is given a list of aircraft
registrations about 8 hours beforehand, and this
information is continuously updated. These are
normally the aircraft which are used to make changes
to cover services for aircraft which are delayed for
technical reasons, They also include airecraft which
are due for scheduled minor maintenance at the

Line Maintenance Hangar.

Moving aircraft - Whenever aircraft have to be
moved from the ramp to the hangar or back again the
Maintenance Planner is responsible for arranging
the taxying crew.
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13.2.8.,1 Advance warning of flight snags - When it is
known that an aircraft will arrive with an
uncleared flight snag the Planner makes this
known to the Foreman and obtains a provisional
estimate of any delay to the turnround. The
effect of this on the Station Operation is then
discussed by the Centre as a whole and plans made
to switch aircraft if required. Only when the
effect on the whole operation has been discussed
will Maintenance deliberately plan to do work
which will result in a delay. It may be decided
to do only part of the work or try to put off
the work until the next Station,

Estimatea of serviceability - No maintenance work
beyond the normal turnround tasks is carried out
without an estimated time serviceable being given.
Occasionally, when the ramp engineers have not had
time to investigate, there will be a 30 or 40 minute
confirmation period at the end of which they will
give their estimate.

These are under constant review by the Planner
since he is using them to inform the Centre of
aircraft availability. The impression obtained is
that these estimates are very accurate because they
know that they are being used to plan the whole
operation,

Fuel state - The Maintenance Planner also keeps a
record of the fuel state of OFF SERVICE aircraft
to avoid, as far as possible, the need to off-load
fuel when it goes back into service.

13 02 0802 Ra.llp leer.

Together with a clerk (or two clerks at busy periods)
he is responsible for allocating gates to incoming
aircraft. To do this he is in touch with the Flight
Dispatcher by Telewrite for incoming flight times,
and has to keep his finger on the pulse of the
turnround to anticipate a late departure,
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13.2.8.2

13.2.8.3

His contact on the apron is one of five ramp
supervisors each of whom control one of the
areas marked in figure 13,4, Radio and telephone
links are used.

The clerk is in radio contact with the pilot to
give him the gate number as he is taxying in.

Together, they are responsible for alterations to
the display board. As soon as the moving clock
has passed a flight and it has departed from the
gate the board is altered to revert back to the
original gate plan in readiness for the following
day's operation.

As with all other facets of the Planning Centre,
information about gates is issued by the ramp
planner on an "exception report" basis., When
flights are being allocated their correct gates,
the information display in the terminal is updated
by a Planning Centre clerk without instruction from

the planners,

The clerk includes in the display, the latest flight
arrival estimates which are received by telewriter
from the Dispatch Centre.

Only in the case of a gate change is the ramp
planner required to broadcast his decision.

Passenger Planner.

The passenger planner is the link man in the Planning
Centre between the Planning Centre and on-site
supervisors responsible for non-technical aireraft
preparation, passenger check in and boarding. He
is contacted only when a hitch occurs during a
tumround, Otherwise the Co-ordinator expects an
on time departure.

The passenger planner has the latest listing of
passenger loads on all flights. Details of
connecting passengers are also maintained. Con-
sequently when a cancellation, type substitution
or even a late gate change is being considered,
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13.2.8.3

13 02 0804 '

the passenger planner plays an important role
in the decision meking.

The Co-ordinator.

The Co-ordinator is respomsible to the Station
Manager for the smooth operation of all flights
handled by the Planning Centre.

He is the final decision maker on all operational
aspects of a turnround., This obviously excludes
aircraft technical decisions and the Captains
flight responsibility.

When activities are proceeding to plan, the
Co-ordinator's main function is the silent
supervision generated merely by the presence of
his authority. However, when disruptions occur
he is the inter-departmental arbitrator.

The responsibility for a delay or cancellation is
allocated by him.

Apart from immobilised aircraft, the decision to
rectify an unserviceable aircraft on a gate is his,
having considered the estimated duration of work
and the availability of gates.

Aircraft changes are initiated by him, The
subsequent procedure is very similar to American
in that a "Routing Centre", performing the same
function as M.0.C., exists at United's Head Office
complex. The Co-ordinator suggests the change
sequence to the Centre and expects it to be
accepted unless an aircraft maintenance input
limitation exists. This was found to apply in
only about 5% of requests.
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13.2.9 Routing Centre,

This is situated in the United Head Office complex, some few
miles from O'Hare field. The Centre performs a function similar
to MOC in American but has additional responsibilities which,

in American, are shouldered by the three Flight Dispatch
Centres,

The primary function of the Routing Centre is to control and
co-ordinate the entire UAL network. The activities of Flight
Crews, Traffic staff and Maintenance personnel are integrated
to ensure that the optimum deployment of the aircraft fleet is
obtained,

The secondary function is the co-ordination of maintenance work
such that its distribution amongst the stations results in the
best utilisation of maintenance staff consistent with traffic
demands and aircraft limitations.

For flights over 1000 miles, the Centre also provides a flight
planning service. The station of flight origin prepares the
plan for take off and climb phases, but the cruise, descemt and
landing stages are planned by the Routing Centre.

The above three responsibilities emphasise the system-wide
approach which is adopted by all Routing Centre personnel.

13.2.9.1 Organisation of the Routing Centre.

The Centre is divided into groups, each responsible
for one aircraft fleet, part of a fleet, or two fleets,
dependent on their size,

In charge of each group is the Assistant Planner
whose staff comprises:

i) Route Planner
i) Equipment Planner
iii) Flight Crew Plamner.

Each Assistant Planner reports to the Routing Centre
Planner who has the overall administrative and control
responsibility.

An additional group is controlled by the Line Maintenance
Planner and provides technical guidance to the fleet
Assistant Planners as required.
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13.2.9.2 Responsibilities of personnel.

1., Planner,
He is responsible to the Vice President Operations
for the entire UAL network. He is concerned only
when things go wrong and cannot be corrected
within the sphere of an Assistant Planner, Aircraft
type changes for example require his authority, as

do cancellations.
2, Apsistant Planner,

He is responsible to the planner for the entire
UAL operation of his aircraft fleet(s). He
co-ordinates the activities of the following
three people.

2.1 Route Planner.
He is responsible for allocating aircraft
to cycles which are consistent with the
limitations imposed by scheduled and un-
scheduled maintenance, Aireraft changes
are not normally originated by him, It is
normally the station co-ordinators who
request a specific change and seek his
approval.

Information on scheduled work is passed
to him from the San Francisco Base at
least 100 flight hours before it is required.

2,2 Equipment Planner.
He is responsible for ensuring that the
correct aircraft configuration is available
for a planned service. This may involve
configuration changes on the ramp, He
ensures that staff are available to carry
out the changeover and that the station
concerned is advised.

2.3 Flight Crew Planner.
He is responsible for ensuring the availability
of flight crew. As with the Route and
Equipment Planner, most of the routine work
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2.3 1is done by the stations themselves,
according to his initial plan, changes
to which require his approval.

3¢ Line Maintenance Planner,

He is responsible to the Senior Vice President
Line Maintenance for monitoring all technical
defects and for providing specialist advice to
stations with limited or no Maintenance personnel,

He works closely with the Assistant Planners to
ensure that aircraft with defects are routed,
where necessary, to stations with rectification
capabilities.

13.3 Delta Airlines.

13.3.1

13.3.2

13.3.3

Delta Airlines has its Head Office and Maintenance Base in
Atlanta, Georgia. During June, 1969, it operated 129 jet and
3 piston engined aircraft. The jet equipment included D8s,
Super DC8s, DC9s and Super DC9s. The jet fleet had increased
to 163 by March, 1974.

Atlanta Airport.

Delta leases two concourses from the Airport Authority and,like
United and American, has complete control over their gate areas.

The terminal buildings are sketched in figure 13,6 overleaf,.
Each concourse has three gates along each side and a rotunda
at ite end providing a further six boarding positions. Each
gate area has its own lounge and check-in desks,

Delta leases one additional gate on the neighbouring concourse
but uses it as little as possible.

All aircraft are parked nose-in and require a tractor push-out.
Airport gate capacity as a constraint on schedule construction,

Atlanta is the busiest station on Delta's network and is used
as a transit point by 60-70% of passengers passing through it.
As a result of this, Delta schedule their flights into a number
of limited periods, or "pushes" as they are called.

This reduces the connecting time for passengers but does lead
to a very irregular demand on facilities and staff.
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13.3.3 The operation during June, 1969 was divided into four ma jor
and three minor pushes as follows:

Ma jor Pushes Minor Pushes
No.of No. of
Time Span Departures Time Span Departures
0615-0655 24
1014-1055 26
1125-1245 24
1550-1630 23
1715-1808 19
2015-2110 23
2347-0015 17

Out of a total of 185 scheduled departures, 156 were planned
to occur in these seven time spans.

The main gate limitation at Atlanta is therefore the total
number of gates required during these pushes, The minimum
separation time has no application because of the periods of
relative inactivity which occur between the peaks.,

During schedule construction, there is no need to generate
a possible gate plan, like United, since it is sufficient to
ensure that the peak occupancy demands can be met.

The operational gate timetable is formulated by station staff,
initially in bar chart form. Gate restrictions do exist but
within these, the main consideration is to reduce the distance
between aircraft which are known to have a large number of
transferring passengers. The pattern of connecting passengers
has been built up from historical information.

The final plan is transcribed into diagrammatic form shown
in figure 13.7 overleaf. This is the reference document of
the Ramp Planner.

13.3.4 Gate Timetable, June, 1969,

The operational plan for June, 1969 is shown in figure 3 of
appendix 13 and its analysis in table 3. The mean station
separation time is seen to be 93.6 minutes with a relative
dispersion of 0.75. The mean occupancy time is 47.3 minutes,
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13.3.4 There are nevertheless 17 separation times of less than
15 minutes, and a smell degree of disruption to the gate plan
can be expected on their account. However, 10 of these are
either commenced or terminated by a tow-on or tow-off
respectively. These operations are less likely to create
a gate hold or change situation than a flight movement.

The reliability of the Delta plan should be high and is indeed
essential for the smooth operation of the pushes, The level
of activity preceding and during them is so intense that

even a small number of gate changes upsets the momentum of
station staff.

In fact, Delta's plan can be compared with one created under
the LOFI policy. Both exhibit long separation timea which are
not intended to provide extra capacity for an increase in
scheduled flights., In the case of LOFI, they are designed to
accommodate occupancies which are displaced from highly
utilised gates. In Delta's case, the long occupancies ensure
that gates are available for the pushes. Their use by extra
flights would undoubtedly result in a lack of capacity
during the peaks.

13.3.5 Passenger handling.

This is similar to American and United. Reservation desks
and baggage check-in facilities are positioned in the terminal
building, while all passenger check-in is performed at the
departure gate. 'Skycaps' are also in attendance at the
terminal entrances.

Flight information is provided throughout the terminal building
and concourses by closed circuit TV displays.

13.3.6 Ramp Control Tower.

The ramp tower is situated between the two concourses and,
like that at La Guardia, affords an excellent view of all but
two gates.

13.3.6.1 Only one person, the ramp agent, is positioned
in the tower. His duties are:-

i) monitoring of FAA frequencies in order to
alert station personnel to the imminent
arrival of a flight
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13.3.6.1 ii) allocating aircraft to gates and informing
the flight crew of his decision.
iid) recording arrival and departure punctuality
iv) recording certain flight time parameters
supplied by incoming air crew.

13.3.6.2 The communication systems available to the plammer
are simple but most effective. These are:

i) Radio monitors of final approach and ground
control frequencies.

ii) A transmitter/receiver tuned to the Delta
frequency.

iii) An open line telephone system.

iv) A microphone connected to a loudspeaker
system which covers Delta's total outside
ramp area.

v) A receiving and transmitting point for
'electrowriter' messages.

13.3.6.3 The ramp agent receives estimates of flight arrival
times from the Flight Dispatch Centre and checks the
availability of the planned gate. If a gate change
is required, he broadcasts the new gate on the electro-
writer and also over the loudspeakers.

When a Delta flight is picked up on the final approach
frequency, a call "flight XYZ in range" is made over
the loudspeakers and again on the electrowriter. Gate
numbers are not quoted since the planned gates are

shown on station working documents.

Having landed, the flight crew call up the ramp agent
on the Delta radio frequency, and are allocated a
gate., When stationary, they recall the agent and
give arrival punctuality together with engine hours
and block time of the flight.

It is apparent that the ramp agent has a very high
workload prior to and during the major pushes. It
is felt that it would be an impossible task single
handed, if a gate plan was not available. It was
observed that between 0900-0945 hours, 28 scheduled
arrivals were processed, each generating at least
four activities,

397



13.3.6.3

13.3.6 .4

The ramp agent does not originate aircraft changes

under any circumstances and so never requires

aircraft registrations. Even the recording of engine

and block times is done on a flight number basis.

Gate and ramp personnel, excluding refuellers, are
allocated to ramp areas and not to specific flights,
as they arrive. The loudspeaker and electrowriter
messages give them advance warning of arrivals,

Although very effective, the loudspeaker system can
only be applied when the daily flight schedule
exhibits the peaked nature of Delta's. All broad-
casts can be clearly heard, mainly because they tend
to be made at a time when the ramp is either empty
or at least devoid of noisy departing flights. This
would not be the case at 0'Hare say, with United.

13.3.7 Flight Dispatch Centre.

This office is located off-line in the Head Office building,
and controls all aircraft on the Delta network. It provides

a flight planning service to all departures and creates arrival
estimates for all stationms,

Requests for aircraft changes are made by the Centre either on
the basis of arrival estimates, station delays or unserviceability.

In general, the following policies were applied before initiating

such a request:-

1)
ii)

1i4)

Projected delays up to 30 minutes are accepted.
Projected delay between 30 and 60 minutes are
considered very carefully, especially concerning:

a)
b)

e)

d)

passenger load on departure

connecting load to departure which may be
missed if change results in an on-time
departure

connecting load to departure which is already
in position awaiting boarding

planned continuity of crew through the planned
turnround.

Projected delay of over one hour requires all

substitutions to be considered, and delays will
be accepted on other flights to spread the effect.
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13.3.7 iv) Aircraft on through flights normally require
unserviceability before a2 change is made.

13.3.8 Equipment Control Centre.

This office performs a similar function to M.0.C. with American
and the Routing Centre with United.

It is situated off-line at the Maintenance Base on the perimeter
of Atlanta Airport.

The allocation of aircraft to cycles is controlled on a system-
wide basis and no particular attention is paid to any one station.

The aircraft routers' mein functiomsare to ensure that
mandatory maintenance is performed at pre-determined stations
and that unscheduled work is allocated throughout the system
as efficiently as possible.

Delta, like American and United, do not permit the Centre to
record flight punctuality on a real time basis. As a result,
no aircraft changes due to non-technical delays can be
initiated by the routers.

System-wide unserviceability is recorded and may result in a
cycle change, but even in this case the decision to perform it
rests with Flight Dispatch.

Requests for aircraft changes due to in flight and station
delays are always originated by Flight Control. These normally
take the form of change sequence DIRECT SWAP or INDIRECT SWAP.

13.4 Western Airlines.

13.4.1 Western has its Head Office and Maintenance Base at Los Angeles.
It is basically a regional carrier centred on Los Angeles,
though routes to Hawaii and Alaska are operated.

13.4.2 Los Angeles Airport.

The airport terminal buildings are sketched in figure 13.5.
Western lease 10 gates from the airport authority and have
complete control over them and the satellite building which
services them.

13.4.5 Before approval of a schedule, a gate plan is formulated but
it was not possible to ascertain what restrictions, if any,
were put on separation times etc,

The exercise appeared to consider peak occupancy requirements
alone.
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13.4.4 Operational gate timetable - July, 1969,

13.4.5

13.4.6

Western had 74 scheduled departures daily, of which 25 were
through trips. More than sufficient gates were available
for this operation and as a result Western did not advocate
the use of one gate timetable throughout the schedule period.

A new plan was created each day and could thus accommodate
unscheduled turnrounds on a planned basis, This was only
possible because of the size of the operation.

A typical plan is shown in bar chart form in figure 4 of

appendix 13 and analysed in table 4. The relatively low

gate utilisation is illustrated by the high value of 85.7
minutes for the mean station separation time.

Passenger handling.

This is identical to that described in 12.2.7 for United
Airlines at Los Angeles.

Ramp Control.

Gate planning and allocation is not supported by an
organisation comparable to United's Planning Centre.
However, a ramp agent is positioned in the main terminal
building and has radio, electrowriter and telephone as a
means of communicating with other departments.

The planned allocation of aircraft to cycles is received
between 0100 and 0200 hours each day. A gate plan is then
created and distributed to Station staff. Since the satellite
building is administratively divided into two equal sections,
the agent attempts to schedule the same departures into each
area daily. No attempt however is made to further regularise
the allocation.

Having adopted a gate plan, Western are then very similar to
the other Airlines studied. Gate changes are kept to a
minimum and as much advance warning of them as possible is
given.

When adding the gate information to the passenger information
displays, it is assumed that the planned one will be used unless
an electrowriter message to the contrary has been issued by

the ramp agent.

Incoming aircraft are informed of their gates after landing.,
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13.4.7 Equipment Control Centre.

The Centre is located off-line in the Maintenance Base,
Their function is identical with that of Delta Airlines.
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AMERICAN ATRLINES, IA GUARDIA AIRPORT, APRIL, 1969

TABLE 1

G (CEENR R ol R T T SIS i IBOEEARE ARG
1 | 0615-2316 12 | 326 20,3 52.4 16.6
2 | 0631-2255 12 | 25.2 11.8 56.9 26,0
3 | 0615-2257 11 | 43.0 37.3 48.1 27.6
4 | 0710-1951 7 f 66,0 61.3 42.5 17.0
5 | 0543-2250 13 33,2 26,0 45.9 24,2
6 0615-2248 13 30.7 28,4 45.7 15.4
7 | 0645-2348 13 | 30,7 18,1 48,1 17.3
8 | 0615-2118 12 30,7 18,2 44.6 14.3
9 | 0620-2232 13 31.0 29.4 43.7 13.2
10 | 0645-2400 13 38,1 29.9 41.5 14.3
11 | 0630-2227 11 43.0 27.6 44..0 12,4 |
TOTALS 130 5.4 28.8 46.8 185 |
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TABLE 2.

UNITED AIRLINES GATE PLAN, 10S ANGELES AIRPORT, JUNE, 1969.

|

| | ) \ H ms

L w TIME SPAN chgI; Og'ms !l i-};;‘liﬁfTION T;E? ;J_F?“LMFEPANCY TIL_’_E,

10 0715-2340 13 | 26,7 13.9 | 49.1 18,2

‘ T 0705-2319 13 21.4 12,6 | 53.6 18.6
72 0645-2245 | 1 23.7 19.5 | 63.5 19.4
3 0545-2144 | 13 25.0 12,7 | 48,7 19,0

|4 0815-2103 | 8 38.5 30.4 | 57.5 23,2
5 0605-2210 | 13 32.1 15.5 42.1 15,1
6 0748-2219 | 7 61.0 43.4 | 63.4 22,2
78 0700-2109 8 5349 48,9 | 52.2 22.4
79 0615-2254 9 65.1 65.4 | 45.9 15.6
80 0645-2230 10 36.1 37.7 | 58.4 15.4
81 0757-2205 9 35.6 20.8 | 58.7 23.6

| g2 0650-2245 9 47.2 3.3 | 58.9 23.6

| p3 0715-2344 9 5042 3.1 | 59.7 3540 |

l[ : S|

POTALS: 132 3744 33,0 | 54,0 21.0 |
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DELTA AIRLINES GATE PLAN, ATIANTA ATRPORT, JUNE, 1969.

QATE XO, " v ccggimggms sgéigfrron gigié o;gzzancy gig?s
41 08592256 5 1246 171.9 42,8 ly
42 0905-2308 9 51.8 58.6 41.9 17.0
43 0538-2307 6 120,8 66.2 54,0 9.7
44 05452306 5 133.4 60.7 74.8 6346
45 0521-2320 5 133.3 68.0 | 46.5 6.1
46 0538-2335 6 134.2 T7.4 45.3 6.4
47 09-1-2300 8 65.4 5349 39.5 {5 T |
48 0530-2314 9 70.1 41.7 48,1 13.3
49 0533-2313 7 105.9 57.8 45 .6 12,8
50 0536-2310 8 83.0 63.7 48.8 10.9
51 0530-2306 8 88,8 63.5 43.3 10.1
52 0521-2316 8 88.5 60.8 | 45.9 1.9
61 0531-1933 4 162.8 1254 | - 47.8 12.8
62 0545-2314 6 127.3 63.2 f 47.5 6.0
63 0530-2026 5 120.6 76.3 | 58.6 18.1
64 0525-2326 7 100.6 64.8 h 53.9  10.5
65 0545-2057 7 80.4 73.1 . 49.9 131
66 05%5-2155 7 92.0 54.4 ! 48.0 4.0
67 0735-2300 8 67.9  69.5 | 47.8 30,2
68 0545-2247 10 57.4 43,2 ‘ 4.8 18.8
69 0532-2322 10 68.3 65.4 38.7 14.5
70 0530-2306 8 85.5 70.5 l 46.5 11.8
m 0536-2220 6 118.5 55.6 | 48.8 10.5
"2 0529-2317 9 78.8 68.6 | 39.9 9.1
35 0534-1430 2 197.0 25.5 710 58.0 !

| 174 93.6 70.6 473 17.9 !

TOTALS:
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WESTERN AIRLINES GATE PLAN, 10S ANGELES JULY, 1969.

-

3 ) : vigNd Sl L st

?gnwm 0. Rtk Dk ! ocggéaggxzs Q sggigswzon E;zgf | o§§z£}NCY gigfs
| L = L8V s e TS el e

| 50 0650-2316 | 9 64.9 50.2 | 44,7 6.
| By 0750-2028 | 6 88.8 100.4 | 37.5 8.8
{ 52 0625-2230 } 5 119.6 132.0 T3.4 59,7
5% 0655-2233 | 7 94.7 62.1 39.3 12.8
54 0715-2310 8 68.0 3645 51 .4 19.7
55 0745-2010 i 7 65.1 44,1 41,3 2.9
56 0710-1910 | 7 58,1 19.6 44,7 12.3
57 0555-2005 i 2 382.5 53349 42.5 3.5

58 0740-2004 | 5 102.6 72.1 46,2 ¥
| 59 - 0T15-2155 E 9 56.7 40.5 4.1 10,1
TOTALS: 65 85.7 105.5 | 45.6 20,2
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LOCATION

LA GUARD
(&MERICAN

OYHARE
(OUNITED)

10S ANGELES
(onITED)

ATLANTA
(DELTA)

10S ANGELES

TABLE

PLANNED NUMBER OF DEPARTURES PER GATE

24 HOURS

NO. OF DEFARTURES

120

218

126

185

74

TABLE 6

——

NO. OF GATES

11

21

13

10

PLANNED NUMBER OF DEPARTURES PER GATE

LOCATION

LA GUARDIA
(AMERICAN)

10S ANGELES
(oNITED)

O'HARE
(UNITED)

LOS ANGELES
(WESTERN)

ATIANTA
(pELTA)

0830 - 1900

| NO. OF DEPARTURES

89

135

DEPS/GATE

10.9
10.4
9.7

7.4

ey —

NO. OF GATES

21

10

DEPS/GATE

6.4

4.8

443

% OF DAILY
DEPARTURES

BETWEEN

0830-1900

6647

70.6

62.0

65.0

57.9
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DESCRIPTION OF BRITISH EUROPEAN AIRWAYS AT LONDON HEATHROW AIRPORT

14.1
14.2
14,3
14.4
14,5
14.6
14.7

London Heathrow Airport (LHR).

IHR as a constraint on schedule construction.
Gate timetable summer 1974.

Passenger handling.

Ramp Control.

Airceraft changes.

Maintrol.
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DESCRIPTION OF BRITISH EUROPEAN AIRWAYS AT LONDON HEATHROW AIRPORT.

BBA, or British Airways, Buropean Division as it becomes from 1st April, 1974
is an intra-Buropean Airline based on London Heathrow Airport.

It operates medium to short haul aircraft namely, Viscounts, Tridents,
BAC 1-11's and Vanguards. Its operation is predominantly "hub and spoke"
type out of London.

14.1 London Heathrow Airport (IHR).

Heathrow is operated and controlled on behalf of the British Government
by the British Airports Authority (BAA).

The BAA retains considerable operational control over the terminals,
concourses and gate areas. Certain major airlines including BEA
have been granted "customary use" of certain facilities, but the
freedom granted them within these areas falls far short of that
gilven to the American based carriers, discussed in the previous
chapter.

During the summer of 1974 BEA plan to operate 134 departures from
18 gates and 7 from off-pier stands.

There is a fundamental difference in the approach of the British

and American authorities regarding control of the terminal areas
as summarised below:-

i) BAA's attitude tends to be that an aireraft accepted for
landing will be provided with an operational parking area,
though not necessarily a pier position. To do this, they
require over-riding control over all parking positions,

i14) The American Authorities tend to be less considerate of non-
scheduled movements. When an aircraft is accepted for
landing, no guarantee of providing a parking position is
given. Airlines who do not have their own gates must previously
make an occupancy agreement with one of those who do.

41i) The BAA will not permit individual airlines to unilaterally
allocate gates to their own flights. They do however allow
certain airlines to request specific gates and in most cases
accede to it,

iv) The maintenance and cleaning of gate areas are under BAA's
control. Consequently, gates may be removed from service at
a time unsuitable for the customary use airline.
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14,2 IHR as a constraint on schedule construction.

14.3

BEA have developed a suite of programmes which evaluates different
aspects of a proposed schedule. One of these is the required gate
capacity. Input data for this module includes:

i) number of available Domesatic gates

ii) number of available International gates
11i) number of available Domestic or International gates
iv) minimum separation time.

The output includes the required number of each gate type throughout
the day and a comparison with the number available.

No delays and hence no aireraft changes are injected into the
programme. Nor is the schedule amended in any way by the programme
in an attempt to provide a match with available capacity. This must
be done by altering the input data on the aircraft integrations.

The internal allocation of flights to gates is not recorded in gate
timetable form.

It is seen that gate capacity is a constraint on schedule development
but only in terms of total gate numbers. No attempt is made to
estimate % GTR, gate holds etc.

Gate Timetable, Summer 1974.

BEA's operation varies considerably from day to day, with many
destinations being served on a less than daily basis., It is therefore
necessary to produce seven gate plans for each schedule.

The timetable for Friday is the most congested and is shown in
figure 1 of appendix 14. Its analysis is shown in table 1.

Separation times are seen to have a station mean of 37.1 minutes and
a relative dispersion of 0.85. This excludes two positions which
have only one planned occupancy each, One of these is a pier gate,
the other an off-pier stand requiring coaching facilities for
passengers,

This pier gate is regarded as spare or standby and BEA consider it
essential to accommodate off-schedule movements from the other 17

pier gates. This philosophy is not unlike that of United, with one
major difference. United reduce the number of available gates only

at the schedule construction stage, but their operational plan utilises
all gates,
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14,3 BEA's gate plan, in terms of mean and relative dispersion of all
separation times, is very similar to American's at La Guardia and
United's at Los Angeles, provided that these two one-occupancy
gates are omitted from the analysis.

14.4 Passenger Handling.

Until December, 1973, all passenger and baggage check in was
performed at desks in the main terminal building.

Gate check-in is being introduced and is due to be complete by
summer 1974. i

Plight information is displayed on two electronic departure boards,
one for international flights, the other for domestics. Loudspeaker
ammouncements are also made,

The departure gate number is not shown until the operating aircraft
has been positioned on it. This means that when it is announced,
most passengers hasten to it and generate a queue either at the
aircraft or the waiting lounge door. Conversely, there is only a
very remote chance that the departure gate will be altered at a
later time. This policy is expected to continue even after all
check-in is done at the gates.

14.5 Ramp Control.

The control and co-ordination of all ramp activities are vested in
the staff of "Terminal Control". This office is located on the
second floor of the terminal building and overlooks the BEA customary
use gatea, The following staff are accommodated there:

i) Servicing Controller and Clerk.
ii) Co-ordinator.
iii) Departure Controller.
iv) Departures Assistant.
v) Arrivals Assistant.
vi) Radio Agent.
vii) Two Gate Controllers.
viii) Handling Controller.
ix) Refuelling Clerk.

14.,5.1 Information Displays,

There are five main information displeys which are summarised
below.

i) Manually updated arrival and departures boards.
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14.5.1

i)

ii)

iii)

iv)

The arrivals board shows in chronological order,
scheduled time of arrival, aireraft registration,
flight number, originating station and next planned
departure time. Estimated delays are not shown.

The departure board shows the scheduled departure
time, destination, flight number, estimated arrival
time of preceding movement if not already on station,
the aircraft registration, and the gate number if
known.

It is seen that the only links between the boards
are formed by aircraft registration and subseguent
or preceding movement times,

Displays from computer system FIND.

Each agent has a Visual Display Unit linked to FIND,
The information is similar to that on the boards
and displayed in a similar manner. However, it is
updated to include the latest arrival or departure
estimates,

Displays from computer system FICO.

Unlike FIND, FICO contains data about all flights
and aireraft on the BEA network. It holds flight
integrations and come key information on aircraft
serviceability. It is more fully described in
section 14.7.

No data is input to FICO from Terminal Control.
Aircraft position chart.

A plan of the BEA facilities, inecluding its off-
line parking areas and maintenance base is wall
mounted between the arrival and departure boards.,

Magnetic plaqueseach bearing one aircraft registration

are used to show the location of each aireraft at
London,

Details of flights of all airlines, which ATC are
holding in the "stack" are maintained by ATC staff.

A closed circuit TV system broadcasts this information

to many areas on the airport, including Terminal
Control for the use of the gate controllers,
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14.5 .2

14.5.3

14.5.4

14.5.5

14.5.6

Communication Devices.
There are four main systems,

i) src open box system linking Terminal Control with
gate areas, check-in desks, engineering control
points, etc.

ii) Direct telephone lines to nominated control points.

iii) Electro writer to BAA ground control, engineering
control points, fuel companies and Maintrol (see 14§).

iv) A company radio frequency for use only es a ground
link to aircraft crew and towing crews,

Servicing Controller.

Responsible through his duty Superintendent to the Fleet
Maintenance Manager, he co-ordinates the station maintensnce
effort.

He has the authority to withdraw an aireraft from service
for technical reasons. He also provides estimates of required
elapsed times for defect rectification.

He has no jurisdiction over other Terminal Control staff, nor

vice-versa, Obviously a very close liaison is necessary.
Co-ordinator, responsible to the Ground Operations Superintendet}t.

He is responsible for all staff except the Servicing Controller
and Clerk .

His duties are similar to his namesake with United, but he is
less omnipotent.

Departure Controller,

He maintains a card record of the progress of each tuinround
and co-ordinates all ramp activity ercluding engineering.
He provides the link between Terminal Control and the pate
areas via the STC system. No radio facility exists for his
use.

Departures Assistant.

He is responsible for updating FIND regarding all departure
details, inciuding punctuality,
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14.5.7 Arrivals Assistant.

He monitors the tape signa2ls sent by ATC which deseribe all
aircraft movements in the Heathrow terminal airspace, From
this he updates the arrival dat= on FIND.

The FIND-FICO interface ensures that the relevant data on
arrivals and departures input as above are automatically
transferred to FICO,

14.5 «8 Radio Aﬁ,'ento

The aircrew of a departure inform him of their start-up

and push back time which he passes to the departures assistant.
This is of particular merit when large scale start-up delays
are necessary due to ATC delays.

14.5.9 Gate Controllers.

This is one of the main functions of Terminal Control.

Since no onerational gate plan is in use, the gate controllers
allocate aireraft to gates on an ad-hoc basis using the up

to date estimates available from FIND and FICO.

The general policy is that departures have a higher priority
than arrivals in that a mixed operation turnround, i.e.
domestic arrival, international departure, will be poasitioned

where possible on an international gate.

A print out from FICO listing movements over any required
time span is available to them on demsnd. This forms their
working document.

They do not inform the aircraft directly of the planned gate,
this being done by ATC who themselves are informed by Ground
Movement Control, BAA. Thus having selected a gate, the BFEA
controller, under normal circumstances, passes it via an
electro-writer to BAA about 10-15 minutes before arrival,
At the same time, FIND is updated by the arrivals assistant.

It must be emphasised that within Terminal Control the
information display boards lend themselves to the interpretation
that an aircraft registration is being allocated a gate, and

not a planned turnround identified by flight numbers.

Due to the method of performing aircraft changes, occasionally
the next outbound sector of an arrival is unknown at the time

of gate allocation. This is considered more fully in 14.6
and 14.7.
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14.,5.10 Handling Controller,

His duty is to allocate and control towing vehicle crewa

under the direction of the gate controllers.
14.,5.11 Refuelling Clerk,

The fuel companies are advised via electro-writer of the
uplift requirement and position of each aircraft,

14,5.12 1t is seen that Temminal Control is the nerve centre for
Heathrow's ramp activities, Although it does not directly
control the movement of passengers, the time of gate
allocation has a direct effect on it.

FIND is used to broadcast the gate decision, but since no
gate timetable exists, all other sections can plan resources
etc., only as far as occupancies which commence within

fifteen minutes or so.
14,6 Aircraft Changes,
These can originate from any of three sources.

i) Terminal Control Co-ordinator.
ii) Servicing Controller.
iii) Maintrol (see 14.7).

14.601 From Co=ordinator,

These normally result from his identification of a planned
turnround which would create a departure delay, due to a

shortage of resources.

This normally co-incides with a late arrival but could be

an on time movement carrying an awkward or very large cargo,
ete.

Aircraft changes are occasionally initiated on account of
the relative position of aircraft on the gates.

14,6,2 From the Servicing Controller.

If technical defects are identified on an aireraft during
ground check, the Servicing Controller has the authority to
remove it from its planned departure, He normally suggests
a substitute aircraft where possible and provides an estimate
of the time of serviceability for the original one.

Similarly, if the technical mescages which precede the aircraft's
flight arrival indicate that it will be unserviceable, he may
instigate the change procedurs immediately., 38 0



14.7

14-6|2

In all cases, requests for airecraft changes are referred

to Maintrol for approval and broadcastine.

Maintrol.

This department is situation at Heathrow and performs a similar

function to M.0.C. (American) and to "Routing Centres" (United).

14.7.1

14.7.2

The planned intesrations minus aireraft registrations,
are produced by FICO once daily about 2300 hours. It is
one of Maintrol's responsibilities to allocate aireraft
to these cycles in accordance with planned maintenance
and aireraft restrictions,

Although FICO displays are available throughout BiA's
offices, only Maintrol are permitted to alter these flight
allocations. This may be requested from Terminal Control

or from Operntions due to a shortage of flight or cabin
crew,

In addition, Maintrol may originate airceraft changes as
a result of:-

i) The latent FICO eotimate indicates 2 lote arrival
providing less than the minimum ground time at
Heathrow.

1i) The ocecurrence of » defect on a previous sector
gince leaving leathrovw nmay preclude the sircraftta
use to certain limited airports, or under certain
weather conditions.

Method of implementing an aircraft ch nge.

Using the FICO input terminals, the fleet controller renoves
the original registrntion from identified flight numbers.
These ne~d not comprise the total planned integration for
that aircraft. The substitute aireraft is inserted, again
to specified flight numbers which need not be all of those
from which the original aircraft was removed,

For example, if an unservicenble aircraft were originally
allocated to three return journeys from Heathrow, the
controller may decide to provide a substitute for the first
round trip, leave the second without an airceraf't, and
retain the original allocation on the third,

This illustrates the low priority which is accorded to the
maintenance of planned turnrounds,
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14.7.3

Maintrol are under management instruction to implement

the minimum number of aireraft changes., These are

recorded by counting the number of times one registration
is overwritten by another. This method encourages aircraft
substitutions for one return journey only, creating
unscheduled turnrounds at each end.
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APPENDIX 14

FIGURE 1 Gate Timetable, BEA Summer 1974.

TABLE 1 Gate Timetable Analysis.
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TABLE 1

GATE TIMETABLE ANALYSIS

BEA, LONDON HEATHROW SUMMER 1974

GATE NO.  TIME SPAN NO. OF SEPARATION TIMES  OCCUPANCY TIMES
OCCUPANCIES MEAN S.D. MEAN S.D.
c14 0325-2015 11 44,1 45.5 46,7 135
C16 0640-2005 11 2243 9.8 50.4 334
c18 0605-2040 12 27.5 20.9 45.4 4.0
20 0730-2035 10 27.0 16,7 51.5 24.2
c22 0505-2010 10 31.5 18.4 59.0 29.8
c24 0640-2235 12 28.8 19.4 50.8 13.1
B15 0640-2250 12 70.8 32.5 50.0 24.8
B17 0645-2240 13 32.3 25.3 41.1 55
B19 0645-2230 9 54,0 56.9 50.6 14.9
B21 0615-2020 9 47.8 25.3 45.6 8.1
B23 0720-2050 9 36.7 34.3 59,5 22.6
B2 0730-1800 7 35.0 T 5540 10.4
B6 0600-2150 1 40.5 22.5 46,8 10,1
B8 0615-2010 12 23.3 9.6 46.3 13,2
B10 0615-1845 8 39.4 16,1 54..4 16.8
A7 0630-1950 8 51.3 36,2 48.8 13.8
B4 0630-1945 7 70,0 5943 43,6 13,3
A9 0605-0650 1 - - 45.0 -
OFF-PIER  1010-1710 4 62,5 41,3 42,5 5.0
OFF-PIER  1300-1625 2 70.0 - 67.5 -
OFF-PIER  1530-1630 1 & - 60.0 -
TOTALS: 37.1 31.6 49.1 17.6
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15.1
15,2
15.3
15.4

CHAPTER 15

COMPARISON OF OPERATING PROCEDURES,

Organisation of Ramp Control,

Display of information in Ramp Control.
Equipment Control or Routing Centres.

Initial daily allocation of aireraft to flights.
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15 COMPARISON OF OPERATING PROCEDURES.
15.1 Organisation of Ramp Control.

United was seen to operate under a centralised planning and control
concept. All main stations have a Plarning Centre where all
information pertinent to a turnround is available.

BEA and American have adopted a similar but less comprehensive
approach in their use of Terminal Control and the Ramp Tower
respectively.

Delta and Western were seen to operate a much simpler system but
for different reasons. Delta's is explained by the peaked nature
of their schedule at Atlanta, while Western's small operation could
not justify a more elaborate system.

It is considered that the most valid comparison is that of United,
American and BEA.

15.1.1 The main difference between the two American carriers is
that American prefer the Ramp Manager to have a good view
over the gate areas. In order to keep the building size
to a minimum, only the Manager, together with the arrivals
and departures agents are accommodated in it. This places
a high degree of reliance on the communications systems to
other sections both for the receipt and dispersal of
turnround information. The problem does not arise to the
8ame extent in United's Planning Centre.

The most important common feature of the two approaches

is that one man is charged with the total responsibility

for all activities on the turnround, This includes the
operational but non-technical aspects of aircraft maintenance.
The technical foremen do not have the authority to withdraw
an aircraft from a flight allocation. Their action is limited
to declaring it unserviceable, The decision to request an
aircraft change or a cancellation rests 8olely on the Ramp
Manager or Co-ordinator, based on the estimates of the
rectification time provided by the foremen.

15.1.2 BEA at Heathrow is fortunate in having accommodation in
Terminal Control which not only affords a reasonable view
of the gate areas, but which is also comparable in size
to United's Planning Centre.
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15.1.2 Apart from the fact that BEA do not operate from a

15.1.3

formalised gate plan, the information available in and
disseminated from the Control is similar to the data
held in the Planning Centres.

The big difference lies in the alloeation of turnround
control and ultimate responsibility.

It was seen how:

i) The Servicing Controller is in charge of all
station maintenance and reports directly to
maintenance management.

i1) Ground Operations Superintendent is responsible
for co-ordinating the non technical aspect of the
turnround.

i1i) Maintrol allocates the aircraft to flights based
on arrival and serviceability estimates.,

No one person has total responsibility and is charged with
ensuring that the optimum decisions for BEA as a whole are
tahno

Obviously the above three officials work very closely together,
but occasions do arise when conflicts of departmental interest
occur., In these cases it is invariably the wish of the
strongest personality which prevails. It is felt that the
inability of BEA to operate a gate timetable is caused in

part by these conflicts.

The decision of BAA to retain ultimate control of all gates,
including customary use ones, provides BEA with a further
complication as far as gate allocation is concerned.

The airline is not permitted to inform incoming airecraft of
their gates directly. No doubt on gate availability can be
present in the gate agent's mind when he supplies the gate
number to the Airport Control Tower. A decision must be
taken by the agent allowing the prescribed time interval
before arrival,

The position with American is slightly different. The FiA
controller allocates gates in accordance with the plan supplied
by the airline. He is contacted by the ramp agent only when

a change is required. As a result, the agent is free to
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15.2

15.1.3 concentrate on arrivals or occupancies which may conflict
with the plan, in the knowledge that other unrelated
movements are being handled correctly.

Display of informatiom in Ramp Control.

This is an area in which the American carriers differ substantially
from BEA, but less so among themselves. Most of the differences lie
in the methods of presentation, some of which are listed below.

i) Closed circuit TV monitors of passenger displays.
i1) Wall charts using magnetic plaques.
1i11) Sophisticated computer systems using individual visual
display umits.
iv) Individuslly maintained manual records.

The method selected obviously depends on the size and type of

operation etec., but each display carries roughly the same type of
information, i.e. flight number, aircraft registration and configuration,
destinations, flight time and gate number.

The presentation media is considered to be of minor importance in relation
to ramp control, It is the manner in which it is amended, controlled and
interpreted which is significant. The physical layout of the display

can emphasise one particular parameter which them will tend to be used

as the key or identifying label for that data record.

15.2.1 The American carriers lay out their information in such a
way that flight numbers become this key, and the other data
form supplementary and descriptive fields. Thus an occupancy
is identified by either two or ome flight number(s).

This encourages staff of all levels to think in terms of
"arrival XYZ operates departure ABC." This preserves the
integrity of the aircraft cycles and consequently of
scheduled turmrounds,

An aircraft change obviously breaks this integrity temporarily,
but only so far as the affected turnrounds are concerned,
Subsequent occupancies of the disrupted aircraft are formed

by the original flight numbers, thus ensuring the minimum
number of unscheduled turnrounds,
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15.2.2 BEA however, use the aircraft registrations as a main
data key, especially in Terminal Control and Maintrol.
The flight numbers tend to become additional data attached
to individual aircraft, except, of course, when the flight
has no allocation.

For example, the departure board display in Terminal Control
is arranged in chronological order with departure flight
number, gate, aircraft registration and estimated arrival
time shown, The latter two parameters jbrovido the only
links from the departure board to the arrival one. The
reverse procedure is similar in that the arrival board does
show for each arrival, its intended departure time together
with aircraft registration.

Terminal Control's main activities were seen to be devoted

to achieving punctual departures. This results in the
departure boards assuming relatively more importance than the
arrivals one, in that the latter is usually consulted first,
and reference is made back to the arrival data. Such a
process requires the aircraft registration and tends to
promote its use as the prime identifier in the Control.

Aircraft changes generate a large number of alterations to
the boards if the change sequence is of type DIRECT or INDIRECT.

15.3 Equipment Control or Routing Centres.

All the airlines studied were seen to have similar methods of allocating
aircraft to cycles such that the maintenance plans are fulfilled.

One important difference exists between the American carriers and

BEA in this respect.

15.3.1 The Routing Centres or Equipment Controls of United, American,
Delta and Western adopt a system wide approach, They have no
special respomsibility for any particular station, and do not
receive estimates of flight punctuality.

They do not initiate aircraft changes for reasons other than
maintenance, and even then infrequently.

They provide a service to all stations in that they approve

or reject a station request for an aircraft change. If granted
the disrupted aircraft always remain on their new cycles to
completion.
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15.3.1 Aes a result, no flight is ever without an aireraft allocation.
This may involve a large delay, but the decision to accept it,
request a further change sequence in the light of further
infomation, or to cancel the service will not be taken by
the Routing Centres.

It cannot be over emphasised that these Centres are concerned
solely with maintenance commitments.

15.3.2 BEA however, permit Maintrol to play a significant and active
role in the operational control of the turnrounds at Heathrow.

Having swapped aircraft on certain departures for any reason,
Maintrol are not under pressure to complete the reallocation
over the remainder of the cycles, Instead, either the

original aircraft to flight allocation is retained for subsequent
departures from Heathrow, or else the original allocations are
removed and the flights left uncovered, Either way, unnecessary
unscheduled turmrounds are caused leading to a total breakdown
of any gate plan.

The results of a detailed study of the schedule reliability
of BEA at LHR are shown in appendix 15.

It is seen that about 50% of the planned turnrounds were not
achieved, and that this could be reduced to about 38% merely
by swapping complete cycles, not just individual flights,

Equally significant, is the fact that at around ETA-15 minutes,
the time when the aircrew are normally given their gate number,
Terminal Control staff did not know the departure allocation
of 6% of the arrivals. In addition, of the arrivals which have
a further departure allocation, almost 5% of these allocations
prove to be wrong.

Thus the gate planners are attempting to achieve good gate
utilisation without knowing the gate requirements of at least
30% of all arrivals.

Prior to the introduction of FICO, aireraft changes were
broadcast from Maintrol via electro-writers. To perform a
complete cycle change, each flight number had to be transmitted
with its new aircraft allocation, This was a long task and
during a trial of it by author, was found to create unacceptable
delays to Terminal Control and Maintrol. Thus only immediately

affected flights were processed to produce the above poor
statistics.
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15.3.2 Since FICO has become operational, fewer flights are left
uncovered and fewer late aircraft changes are performed.
It is considered that the former could be further reduced
by reallocating complete cycles where possible,

It has been shown previously that the Gate Timetable
Reliability need not necessarily be lowered by the occurrence
of unscheduled turnrounds, provided they are known sufficiently
well in advance. This was clearly not happening in 30% of
BEA's turnrounds and appears to be one of the main reasons

why gate plans have proved unworkable.

With the American carriers, a turmround is altered after
BTA-15 has been reached only when severe umserviceability
occurs during the occupancy.

15.4 Initial daily allocation of airecraft to flights.

BEA and the American airlines have adopted different approaches to

this problem. The latter attempt to link the operation of each day
at the planning stage and to implement the plan. BEA on the other

hand produce integrations on a daily basis and try to optimise them
with respect to current aircraft disposition.

The approach of American, United and Delta is described in general
terms in 15.4.1 while that of BEA is given in 15.4.2.

15.4.1 Before the start of a new schedule, the planned flight
integrations for the complete schedule period are calculated,
Overnight layovers and maintenance-check inputs together with
normal daily turnrounds are included. Thus throughout the
network, every flight arrival has a planned subsequent movement,
until the end of the period.

This information is divided into daily integrations and _
circulated to all stations. Because United, American and Delta
in particular show very little variation in flights from day
to day, with the exception of weekends, only one data sheet

is necessary, for each aircraft type. An example is shown

in figure 1 of appendix 15,

Extra flights and charters are operated where possible by
aircraft not allocated to these scheduled integrations, and
are controlled on an ad hoc basis by the creation of additional
cycles,
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15.4.1 This method eliminates the need to allocate specific aircraft

to originating departures from each station. The overnight
stop.overs in particular, are not regarded as inviolate and
can be altered in the same way and with the same constraints
as apply to normal aircraft changes during the day.

One other important advantage exists. The maintenance staff
know the ground time available to them, immediately the
aircraft lands and can plan the amount of work which they
can undertake., This obviously excludes rectification to
critical or mandatory systems,

The reliability of the overnight integrations was ngt measured
but an estimate from United personnel was that in excess of
9% of them was achieved. No evidence was found to suspect
this claim,

The system was observed to operate smoothly but several
reservations about it are required. These are:-

i) No additional information need be supplied to
stations from the Routing Centres when punctuality
and flight reliability is good. Thus no contact
infers no change. This need not always appear to
the stations as being the best decision for them and
they will contact the Routing Centres for unnecessary
confimation.

ii) When large scale delays, diversions, unserviceability
ete. occur the Routing Centres perfomm manual amendments
to the integrations. These require distributions to
affected stations. Thus sophisticated updating and
communications must be provided for this eventuality.

111) When extras are operated by aircraft on separate ad hoc
integrations, the allocation of the total fleet viewed
as a unit, need not be the optimum one, despite the
two separate components being so.

iv) Station pre-printed working documents may contain
several hand written updates each day, even before
the operation has started.



15.4.2 BEA's operation varies considerably from day to day with
many destinations being served by a less than daily frequency.
Although major schedule changes occur but twice a year, a
large number of minor alterations are planned within the
summer and winter operations.

Whereas United can issue their integrations in the form of
figure 1 at each schedule change, BEA would be required to
issue one for each day of the week,

Since BEA's operation is so concentrated at Heathrow, a
minimal number of permutations of turnrounds can be performed
at other stations. It is therefore much simpler for BEA, to
replan integrations than it is for United or American.

This is done by a suite of programmes every night when the
complete flying programme and aircraft availabili-ty for the
next day is known. Only tumrounds at Heathrow are considered.
Those at outstations remain as per the original plan., Extra
flights and aircraft type changes are included.

These optimum integrations are available to Heathrow staff

via FICO during the preceding evening. Aircraft registrations
are not shown nor are the arrivals which are planned to provide
the aircraft for originating morning departures,

The aircraft are allocated by Maintrol who pass them to Terminal
Control early in the morning. This procedure has two main
drawbacks, listed below:

i) Overnight tumrounds have been created without
reference to gate requirements. Domestic departures
may be positioned on international piers, Aireraft
in non-operational areas may be scheduled to depart
some hours before those on gate positions,

In such circumstances Terminal Control may request
aircraft changes. As seen earlier, the cycle changes
are not necessarily completed at the time of request,
and the seed of unnecessary unscheduled turnrounds
later in the day is sown.
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15.4.,2 ii)

At the start of the night shift, the engineers do not
know the first departure time of each airecraft. They
therefore have no guidance as to whether they may
commence a lengthy rectification task without having
to request an aircraft change, when the allocations
become known.

Admittedly, when Maintrol make their aireraft allocationms,
they are aware of the state of the work in progress on
the aircraft. However, they need not know of additional
rectification tasks which have been identified during

the planned work and which the licensed engineer has
decided to postpone because he is unaware of the time
available to him.

In an attempt to overcome this, BEA Maintenance have a
target of 100% serviceability by 0600 hours. This is
plainly restrictive and causes postponement of maintenance
on some late departure aircraft for which both adequate
time and resources exist.

Clearly it would be bemeficial if the overnight turnrounds
were available in time for the oncoming night shift
foremen to stuly, before allocating his resources.



FIGURE 1 Routing Sheet

Report on Reliability of Scheduled turnrounds at IHR.
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t tion and Summa

The object of this study was to quantify the number of aircraft changes,
the number of unscheduled turmrounds caused by such changes, and the
origin of the re-allocation requests., It is also attempted to measure
the frequency of arriving aircraft which do not have outbound flights
allocated to them, or whose outbound sector later proves to be wrong.

The reasons for aircraft changes were ascertained by observation in
Terminal Control over the period 0600 to 2300 hours. This was done for
five periods of three days.

The success of the turnround, as planned when the ramp controller makes
his gate allocation was recorded by analysing his personal work log.
These took the fom of arrival/tow slips for each gate arrival.

UNSCHEDULED TURNROUNDS

The reasons for unscheduled turnrounds have been very broadly classified
as follows:

Reason Classification

l., TUnserviceability
2. Reactionary to unserviceability
3« Maintenance input requirements

(either at base or outstations). ENGINEERING
4. Increased turnround to facilitate
servicing.
5. Crew availability
6. Outstation limitations
T Weather conditions FLIGHT OPERATIONS
8. Type change AND OPS CONTROL

9. Captain's refusal of aireraft
10, Late arrival.

11, Increase in turnround to accommodate
large/extra/late pay-load to permit GROUND OPERATIONS
pier departure

12, Original allocation adhered to on

non-maintenance input cycles. NON_ REQUESTED
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1.

iscussion

SCHEDULED TURNROUND RELIABILITY

From Table 1, it can be seen that Trident I's have the largest percentage
of unscheduled turnrounds, but the difference between I's, II's, 1-1l's
and Vanguards is only around 4%. However, the sige of the I operation
magnifies this small difference considerably.

The Trident II turnrounds are longer than the Trident I, so Trident II's
are often used as substitutions for Trident I's. The reverse is not
the case.

The size of the One-Eleven disruption is higher than anticipated bearing
in mind that London is not the One-Eleven major base. By studying the
One-Bleven schedule, it can be seen that there are no more than three
aircraft at London at the same time. Consequently, any "moving up" of
aircraft causes a large reactionary disruption to the scheduled turn-
rounds,

Vanguards also have a low turnround success rate. This may be explained
by noting the relatively high number in the "non-requested" category.
WVhen an aircraft change is made, the subsequent long turnround at London
usually permits the airecraft to return to its initial allocation thus
causing more unscheduled turnrounds,

In comparison the Viscounts and Comets have an expected high turnround
success,

Table 3 shows the classification of requests for all aircraft over the
three day period. It would appear that more requests originate in
operations than from service control. This is not exactly true, because
type changes were normally made due to unserviceability, but are classed
as aircraft shortage and hence go to operations. Nevertheless, it is
the servicing controller who makes the initial request.

Again from Table 3, 15.8% of the turnrounds are broken with no specific
request having been made from any department for a change. They are
caused purely by aircraft either being left on their original allocation
after the initially disturbed flight or as happens in many cases, the
affected aircraft are not allocated until their return. In the latter
case, the subsequent allocation is not done with the scheduled turnrounds
in mind.



2.

Discussion
ARRIVAL SLIP INFORMATION

It can be seen from Table 6 that for an eleven day period, 6.3% of
arriving flights which were not scheduled to go off service had no
outbound flight planned for them at the time of stand allocation. On
this basis the ramp controller can only allocate a stand on the status
of the incoming flight and does not kmow the stand occupancy time and
subsequent requirements for towing until the aircraft is designated to
an outgoing flight.

The stand allocation takes place after the air debrief is received and
although this, in many cases, makes the stand consideration easier the
decision to tow off stand for maintenance is generally not made until
the aircraft has been inspected on the ground.

Of the inbound flights, which at the time of stand allocation had an
associated outward leg, only 75.6% proved to be the flight actually
operated by that aircraft. Thus, aircraft changes, involving 24.4%
of the turnrounds were made after STA -15 approximately, dependent on
the following:

l. The maintenance state of the arriving aircraft.

2. Amended arrival estimates of turnround aircraft.

3« Alteration to estimates of the serviceability of aircraft
already on the station.

Consideration is given to all these elements and what effect they may
have on the aircraft already positioned on the piers. It can be seen
that one aircraft, already allocated to a service can have as many as
three or four changes to cycle before the final flight is agreed upon.
These changes are then responsible for the figure of 24.4% wrong
outbound legs and we then have the situation of a number of aireraft
positioned on the incorrect piers too late to be towed off.

Increasing the reliability of the information affecting the outbound
sector would result in the ramp controller being able to better
evaluate the situation and be capable of acting more positively on the
information presented to him.
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Conclusions

1,

2.

3.

4.

5.

The ground time of arriving tumround aircraft as planned at the
time of stand allocation was changed for 24.4% of the turnrounds.

6.3% of arriving potential turnround aircraft had no outbound leg
and thus no ground time associated with them, again at time of
stand allocation,

36.8% of the total scheduled tumrounds were not accomplished
because of operational reasons and in the interest of punctuality
("requested” changes).

15,.8% of the total scheduled twrnrounds were not accomplished with
no request for a change ever having been made ("non-requested™
changes) .

The above "non-requested" changes were caused because aircraft,

changed from their original cycle earlier in the day, were not
allocated to remain on their new cycles.

a) Some aircraft remained on their initial cycles,

'b) Some aircraft were removed from their later initially
plamned flights and were re-allocated on an ad-hoc
basis on their arrival.
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-sﬂ

SUMMARY_OF IUMNSCHEDULED TURNINUNDS

1, DY AIRCRAFT TYPE OVER 3 DAY PERTOD

TABIE 3
AVERAGE AVERAGE CLASSIFICATION
AIRCRAFT NO. OF SCHEDULED UNSUCCESSFUL
TURNROUNDS GROUND
FER FZRIOD NUMBER % ENGINEERING  OPERATIONS OPERATIONS HON-REQUESTED
| TRIDENT 1 . 108 62 57.4 13 19 6 24
 TRIDENT 2 22 12 54,5 6 5 0 2
' SUPER 1-11 30 1 53.3 5 9 0 2
VANGUARD 56 31 55.3 12 10 N 1
VISCOUNT 24 5 20.8 3 2 0 0
COMET 7 1 14.3 1 0 0 0
2. RET ON DAILY BASIS
-
JABLE 2 A
AVERAGE UNSUCCESSFUL CLASSIFICATION
DATE NO. OF SCHEDULED
TURNROUNDS GROUND
NUMBER % ENGINEERING  OPERATIONS OPERATIONS NON-REQUESTED
DAY 1 83 49 59 19 19 2 9
DAY 2 . 80 3% 45 8 16 e ! 2%
DAY 3 B4 42 50 13 10 . | 16
%, TOTAL TURIROUNDS - ALL AIRCRAFT TYPES, THREE DAY TOTALS
TABLE 3
TOTAYL SCTEDULE | UNSUCCESSFUL | 'ENGINEERING OPERATIONS | = GROUND OFS, |~ NON-REQUESTED
TURNROUNDS
NUMBER % NUMBER &% WOMBER ¥ RUMBER % FMBER %
247 127  51.6 40 16.2 45 18.2 6 2.4 39 15.8

SATRONE 104



% SUCCESS OF SCHEDULED TURNROUNDS, obtainabdle by eliminating those unscheduled turnrounds in
the classification "non-requested”.

It should be rememberod here that if a flight is scheduled to go off services and actually

‘does 80, the ‘turnround is not included in the following, Thus by eliminating the "non=

requeated” category, the number of turnrounds considered is affected.

TABLE 4
NO "NON-REQUESTED" PLUS
ACTUAL KO "NON-REQUESTED" PROJECTED 30 MIN. DELAY ACCEPT
NO. OF NO. OF SCHED. NO. OF NO. OF SCHED. ¥0. OF ¥O. OF SCHED,
7/ROUNDS T/ROUNDS % | T/ROUNDS 7/ROUNDS % | 7/rRomNDS T/ROUNDS %
4
247 120 48,6 242 151 62,5 242 162 67.0
Broken down 1nto. a daily and fleet type baois the above table becomes:
TABLE 5
{ N0 "NON-REQUESTED"PLUS
ACTUAL NO "NOR-REQUESTED™ ACCEPT FROJECTED %0 MIN,
DATE Afc TYrB DRIAY
no. OF §O. OF SCHED N0, OF NO. OF SCHED N0. OF NO.OF SCHED
T/ ROUNDS 7/ROUNDS % | T/rROUNDS T/ROUNDS % | T/rourms T/ROUNDS %
29,1,70. TRIDERT 1 38 14 36.8 57 19 51.4 38 22 5749
TRIDENT 2 5 3 50,0 6 4 66.7 I 4 66.7
SUPER 1-11 10 8 80.0 10 8 80,0 10 8 80,0
VANGUARD 19 5 26.3 19 ¥ 36.8 19 9 47.4
VISCOURT 8 3 37.5 8 3 37.5 8 5 37.5
COMET 2 1 50.0 2 1 50,0 2 1 50,0
5,2,70, TRIDENT 1 3% 19 55.9 33 24 2.7 33 26 76.5
TRIDENT 2 6 3 50,0 6 5 50,0 6 3 50,0
VANGUARD 19 8 42,1 16 1 68.7 16 11 68,7
VISCOUNT 8 # 100,0 8 8 100,0 8 8  100,0
COMET 3 3 100,0 3 3 100.0 3 5 100,0
10.2,70, TRIDENT 1 % 3 36.1 34 23 67.6 34 27 T9.5
TRIDENT 2 0° 4 40,0 10 5 50,0 10 5 50,0
SUPER 1-12 | 10 3 30,0 10 = 30,0 10 5 30,0
VANGUARD 1 12 CT.7 18 15 835.4 18 15 83.4
VISCOUNT 8 8 100,0 8 8 100,0 8 8 100,0
COMET 2 2 100.0 2 2 100,0 2 2 100.0
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Incoming flights shown ns going off sorvice, and actually doing so, are completely

ARRIVAL SLIP SOMMARY

ignored in all totals below,

TABLE 6
TOTAL K0, OF KO. OF *
DATR ! TURNROUNDS ARRIVALS VITH PERCENTAGE ARRIVALS WHOSE PERCENTAGE
CONSIDERED UNKNOWE OUT=- UNKNOWN SHOWN OUTBOUND WRONG
BOUND IS WRONG
29,1,70 66 8 12,1 16 24.2
30,1,70 80 7 8.8 22 275
31.1,70 62 2 3,2 21 33.8
1.2,70 58 3 5.2 16 27.6
2.2.70 80 3 3.8 17 21,2
3.,2,70 i 3 5.9 17 22.6
4,2,70 76 7 9.2 22 29,0
5+2.70 70 6 8.6 12 17.1
7.2.70 60 3 5.0 12 20,0
8,2.70 59 4 6.8 18 3045
10,2,70 70 2 2.9 12 17.2
TOTAL: 758 48 6.3 185 24.4
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CHAPTER 16

COMPARISON OF PERFORMANCE OF THE FOUR U,S. AIRLINES

16,1 Gate Timetable Reliability.
16,2 Arrival Punctuality.
16.3 Departure Punctuality.
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COMPARISON OF PERFORMANCE OF THE FOUR US AIRLINES,

For the purposes of this project, the airline performances were compared
using arrival and departure punctualities together with the Gate Timetable
Reliabilities.

16,1 Gate Timetable Reliability,

Table 16,1 below shows the mean % GTR as calculated from station
records for a period of 30 days. The separation time mean and
relative dispersion of the relevant gate plan are also listed,

Adrline Airport Separation Times Mean ¥ OTR
Mean Rel.
(m , Dis Pe
American ICGA 5 04 0,82 T4 05
United LAX 37.4 0.88 64,6
United ORD 45,0 0.90 73.0
Western LAX 85.7 1.23 83%.8
DOlta .l.TL 93.6 0'.77 91 .4
TABLE 16.1

The daily variations of GTR are shown in figures 1, 2 of appendix 16,

16.1.1 The mean % GTR values are plotted against MSST and the
relative dispersions in figures 3 and 4 respectively.

Figure 3 illustrates practical agreement with the simulation
resulte, In fact it extends the applicability of the MSST
dependency. It appears that gate plan reliability will improve
with increasing MSST, irrespective of the plan, flight schedule,
punctuality, procedures etc,

16.1.2 Pigure 4 illustrates that a linear relationship does not exist
between % GTR and relative dispersion when considering different
schedules. This does not invalidate the claims made in section
9.7 where the simulation results are analysed.

GATESIM ascertained that for a given flight programme, the gate
plan reliability would be improved by reducing the relative
dispersion of the separation times,

This applies to each of the plans represented in figure 4 but
does not suggest a link between them,
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16,2 Arrival Punctuality.

The arrival data and the % GTR values apply to the same time period
within each station. The former is listed below in tables 16,2 and

16.3.
Airline Airport of Total Arrivals less tha Minutes Late
* LT i1 21 41 81 a2 121
American LGA % 05 58.2 74 =i § 87.4 9300 % 04 9802
Western LAX 12,0 48,0 71.4 88.7 93.6 % -5 9707
United ORD 49,1 83,7 94,0 98,4 99,2 99.5 99.9
TABLE 16,2

ﬁ of Total Arrivals in Band Widths

I(’:li:ﬂt:ﬁ‘ £0 130 1120 2140 4160 61-90 - 91-120
2.

American 5 31.7 15 09 13 ¢3 506 o I 4 1.8

Delta 20,1 38.4 20.0 12.7 4.4 2.6 0.9

Westem 12,0 36.0 23.4 17.3 4.9 2.9 1.2

United 49.1 34.6 1‘0.3 4.4 008 0.3 0.4
TABLE 16,3

The data was not recorded for United at Los Angeles.

16.2,1 It is apparent that significant differences exist in the arrival
performance with United and Western exhibiting the two extreme
values. There is no merit in attempting in this project a
detailed study of the reasons for these differences. They exist,
either by design, chance or inefficiency and their effect on the
gate plan is the only concemrm here,

United at O'Hare has almost 50% of ite flights arriving on time
or early., This means that gate changes and/or gate holds can be
expected more frequently than with the other carriers.

However, from table 16,3 it is seen that in the 1-10 minutes
delay range, the airlines are comparable and United's performance
differs predominantly in the range 11-40 minutes. This implies
that UAL should experience fewer requests for aircraft changes.
It was seen in previous chapters than an aircraft change when
known sufficiently in advance need not generate a gate change.

On balance it is suggested that the value of GTR achieved by
United is slightly lower than would apply if the arrival
punctuality were more in line with the other 3 airlines. 409



16.2.2 The effect of Delta's arrival punctuality on its gate plan
is not considered to be significant because of the high
frequency of long turnround times caused by their peaked
operation. :

16.2.3 Western, in the above sample, has the worst punctuality
performance in each of the delay band widths shown. Some
part of this can be attributed to the difference in size
of their operation. Western do not have the range of
possible aircraft changes that United has, and is consequently
forced to accept more reactionary delays. This will tend %o
produce more gate changes since the larger delays although
forseen camnot be reduced by creating a cycle but not a gate
change.

The delayed turnround is accepted together with any inter-
ference with the next occupancy,

The value of GTR achieved by Western is considered to be
slightly depressed by the airlines poor arrival punctuality.
It should be noted that two opposite punctuality performances
(i.e. UAL and WAL) produce the same effect on GTR.

16,3 Departure Punctuality.

The absolute departure performance was made available only by United at
O'Hare and even then only as a list of actual movement times,

This is the result of a practice by the airlines of measuring departure
punctuality in terms of deviation from the planned turnround time. In
fact it is the station performance which is being monitored since this
device eliminates the reactionary departure delay caused by a late arrival,
Indeed it can highlight a station as being highly efficient in dealing
with late arrivals even though its absolute departure performance may be
abysmal,

American, for example, recorded the total number of departures with a

delay in excess of 5 and 15 minutes merely as two global figures, but

analysed in detail all late departures, irrespective of length, caused
by the planned tumround time being exceeded.

One side effect of this method is that, once again, the integrity of
a turnround is emphasised to ramp personmnel. It is the turnround which
is the complete entity not merely the departure.

Tables 16.4 and 16,5 below show the performances of the four airlines at
La Guardia, O'Hare, Atlanta and Los Angeles. The data was not available
for United at Los Angeles,
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DEVIATION OF GROUND TIME FROM PLAN

% of total departures in each bandwidth is shown.

Actual-plan > 20
Deviation (Mins)  gain
American 2.1
Delta 3e3
Western 1.2
United 1.8

TABIE 16.4
11-20 6-10
gain gain
13.9 15.0
14.5 18.6
17.2 22,0
15.2 21.5

0-5
gain

37.0
3643
31.0
24.5

1-5 6-15

15.6 7.8
12,2 10.0
13.3 10.1
18,2 12.1

CUMULATIVE DEVIATION FROM PLANNED GROUND TIME.

Actual-plan
deviation (Mins) gain

American 2.1
Delta 33
Westemn 1.2
United 1.8

TABLE 16.5

16.0
17.8
18.4
17.0

more 20 morel0 more 5
gain

gain

31.0
36 .4
40.4
8.5

sked or
better

68,0
T2.7
T1.4
63,0

16-%0 316
loss loss loses

4.0
2.7
3e1
343

loss

2.8
1.4
1.6
242

less 6 less 16 less 31

loss

83.6
84.9
84.7
8l1.2

loes

91.4
94.9
9.8
93.3

There is little merit in analysing in detail the above relative
performances because of their high dependancy on the original
However it is clear that no great differences

turnround times,

exist between the airlines.

Consequently, the observations made

loss

P .4
97.6
97.9
% .6

in section 16.2 regarding the effect of punctuality on GTR values

are not altered.

o}

less 61
loas

98,2
99.0
99.5
98,8
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FIGURE 1 Daily variation of % GTR, American, Delta, United,
2 -  Daily variation of % GTR, Western, United.
3 - % GTR variation with MSST,
4 - % GTR variation with Relative Dispersion.
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17.1
17.2
17.3
17.4
17.5

CHAPTER 17,

ESTIMATION OF GTR VALUES,

Method when actual and simulated values are available.
Method when only simulated values are available.

Example of estimating technique using BEA's summer 1974 schedule.

Comparison of BEA's estimated GTR with United.
Feasibility of BEA's summer 1974 plan.,
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17 ESTIMATION OF GTR VALUES.

This chapter deals with the situation where a gate timetable is being introduced
into an operation for the first time. There is no history of the performance
using gate plans under similar conditions and operating restrictions.

The operation of the summer schedule 1974 for BEA at London Heathrow Airport
is used as an example,

17.1 In the case of United Airlines at O'Hare, where the gate plan was
simulated and observed, it was possible to compare the actual GTR
value with that from the simulation, after the effects of un-simulated
conditions had been estimated.

It was seen in previous chapters that under the most severe input delay
conditions, UALl's simulation produced a GTR value of 81%. In chapter

12, it was deduced that this could be 7-17 percentage points too high,

when the unsimulated conditions peculiar to United were applied., This

coincides with the recorded value at O'Hare of 73%.

Vhen a new plan is introduced by United, based on a new flight schedule,
an estimate of the results which would be achieved by subjecting it to
simulation under GATESIM, can be obtained from the graphs of appendix 10.
The relevant corrections can then be applied to obtain the estimate of
the actual performance.

17.2 In BEA's case, the conditions are slightly different in that there is
no way of checking the simulated GTR value and the corrections to it,
against the actual results. It is suggested that the following is a
realistic approach.

17.2.,1 The results of simulating BEAl and BEA2 should be compared
with those of plans UAL 1-5, and any gross differences noted.

17.2.2 The dependancies ascertained for UAL 1-5 and BEAl, 2, should
be applied to the parameters of the new gate plan, BEA3, say.

17.2,3 The corrections which applied to United's operation should
be studied and their application to BEA's operation should
be considered. Any additions or deletions should be made,

17.2.4 These new corrections should be applied to the plan BEA3,
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17.3 The above method is now applied to the summer 1974 gate timetable
for BEA at London Heathrow,

17.3.1 Comparison of BEAl, 2 with UAL 1-5.

17.3.2

The variation of GTR was discussed in section 10.4, It was
shown how the MSST-GTR relationship developed for United

plans did not apply to the absolute BEA1 and 2 results,

However within the BEA plan, it was seen how the GTR values
rose with increasing MSST and with decreasing value of the
relative dispersion of separation times in accordance with
the principle developed for UAL., It is claimed that in
such a complex situation it is reasonable to assert that
the difference in flight schedule is the predominant reason
for the discrepancy in the absolute values. This is an
obvious simplification bearing in mind the discontinuities
produced by UAL 2 and 4, even though these 2 plans do have
a different resource level. In fact the above assertion
must be made if any attempt to estimate a value of GTR for
BEAZ is to be made,

The departure punctuality was seen not to vary to any extent
with a change in gate plans,

The values for MSST and relative dispersions of separation
times for BEAl-3 are repeated in table 17.1 below.

MSST Rel,Disp. Simulated % GTR
(Mins)

BEAY 59.2 0,62 87.7

BEA2 46,7 1.52 80,2

BEA3 37.1 0.85 ?

The most severe input delay condition is stated.
TABLIE 17.1

If a linear relationship between MSST and GTR is assumed,
BEA3 would demonstrate a GTR value of around 74%.

If the relative dispersion is used, again agssuming a linear
relationship, a value of around 85% would be expected.

In section 9.5 it was claimed that the relative dispersion
relationship was more critical than the MSST one. This
referred to a condition when the MSST values under discussion
were of comparable size unlike the above plans BEA1-3.
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17.3‘2

17 .3 .3

It would therefore appear that a value nearer 74% than 84
should apply and that the relative dispersion dependancy
should be discredited in these circumstances. However,
reference is made to table 1 and figure 1 of appendix 14
where BEA% is shown and analysed.

A large amount of scatter in the number of occupancies per
gate is apparent with two positions having only one occupancy,
one with only two and one with four. The two single
occupancy gates are ignored in the analysis and the effect

on the computed scatter of separation times of the other

two gates is less than would be expected. This is because
the long vacant times are not regarded as a separation time.

In fact BEAJ is tending towards a LOFI policy with the
occupancies being concentrated on 10 gates each with 10 or
more occupancies. This policy is not reflected as a high
relative dispersion value because of its success in reducing
the occupancies on some gates to such an extent that their
separation times are ignored.

Consequently, the relative dispersion dependancy need not
be discredited. It is suggested that its influence together
with that of the MSST value would produce a GTR value in the
range T8-80%.

The corrections applied to the simulated results of the United
plans were as follows, The simulated GTR should be reduced
by these wvalues,

Effect of extra flights 2 percentage points
Effect of aircraft unserviceability 5-10 percentage points
Effect of long delayed turnrounds 0-5 percentage points

Total Correction T-17 percentage points

These are now treated in tum and applied to the operation of
BEA3.

i) Extra flights.

It was seen in chapters 12 and 13 that United's policy
was to regard "extras" precisely as their name implies,
i.e. they are additional to the normal schedule and do
not normally interfere with the plamned aircraft

integrations. Hence any disruption to the gate timetable
is caused by interference of imposed occupancies with the



17.3.3 i) original ones and is not the result of unscheduled
occupancies caused by aircraft cycle changes required
by the extra.

BEA is able to operate slightly differently because of
the availability of the computer systems FIND, FICO

and the batch scheduling programmes. The aircraft cycles
are computed daily using the batch programmes and form
the basic data for FIND and FICO which were briefly
discussed in chapter 14. The aircraft cycles, so
obtained, incorporate any extra flights planned for the
next day and are constructed in line with the scheduling
policies of the airline. The changes to the original
plan are not normally significant.

A11 turnrounds are known to station staff in the early
hours of the morning several hours before the start of
the days operation. Thus if a gate plan were in
operation sufficient time would exist to update all gate
information so that in fact, no occupancy should be
regarded as "unscheduled" as understood in the context
of this work,

It is felt that there is no need to make an allowance
similar to that of 2% with United on account of known
extra flights.

ii) Effect of aircraft unserviceability and ecycle changes.

In the case of United the 5-10% correction was an
allowance for effects of unserviceability experienced
during tumrounds and which resulted in airecraft changes
mainly of type DIRECT or INDIRECT swap.

Technical studies within BEA have shown that the inherent
mature serviceability level of the Trident range of
aircraft is comparable with that of the Boeing 727 types.
Consequently it would seem that the 5-10% correction
factor to the GTR value should be applied to BEA3J,

However, the reluctance of BEA to ensure that where
possible aireraft changes are of type DIRECT or INDIRECT,
was Seen to create an atmosphere that the planned
integrations have little validity and can be altered at
a whim,
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17.3.3

i1)

In the sample study summarised in appendix 15, it was
seen that almost 16% of the turnrounds were unscheduled
when in fact the relevant departures could have been
operated using the planned turnrounds. This in itself
need not create a similar number of gate changes provided
that the new turnrounds are known well in advance of
aircraft arrival. The study showed however that over 24%
of all arrivalé not planned to go off service had in

fact at the time of gate allocation, either no departure
allocated to it or else the wrong one. These two figures
are related and the elimination of unnecessary cycle
changes will result in a large reduction in the amount

of wrong data used at gate allocation time.

Of the 16% of turnrounds which were unnecessary, not all
would incur a gate change to the departure if a gate plan
were in use because the turnround may have been available
for reference long before its occurrence. A conservative
estimate is that 5% of departures would be involved in

a gate change on this account. In addition it is
necessary to estimate the effect of the 24% of arrivals
whose cycle is changed after the gate has been selected.

Before any corrections have been applied, the gate plan
was estimated to have a GTR value of about 80%, i.e. 20%
of departures left from the wrong gate. This figure must
be applied to the above 24% in order that a wrong gate
departure is not counted twice. It is deduced that about
19% of arrivals could have gates allocated to them in
accordance with the gate plan but will in fact operate
departures on a substitute cycle, and from the wrong gate
for those departures,

It is emphasised that the introduction of FICO etc., has
reduced the 24% to an estimated average of nearer 12%,
This results in the correction to GTR being nearer 9%
than 19%.

In total, the effect of aircraft changes, in the main

caused by unserviceability and flight operation requirements,
is estimated to require a correction of about 29-34 percentage
points before the introduction of FICO and about 19-24

points after.
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17.3.3 iii) Effect of long delayed tumrounds.

This does not apply to BEA because of the absence of
through flights which normally constitute such
occupancies,

17.5.4 1t is seen that the only significant corrections are those
generated by the exclusion of unserviceability data from the
simulation, together with the method of implementing aircraft
cycle changes. The current factor is about 19-24% points,

The estimated value of GTR from the simulation was seen in
section 17.3.2 to be in the range 78-80%. From the above, the
achievable value for the summer 1974 schedule is estimated to
be 54-61%,

17.4 This value is low when compared to United's performance, but when the

17.5

effect of unnecessary unscheduled turnrounds and unnecessary late aircraft
changes are removed, the GTR value increases into the range 68-T5%.

This coincides with the plots shown in figures 3 and 4 of appendix 16
where actual values of GTR are graphed against MSST and the relative
dispersion of separation times respectively.

Before the introduction of FICO, the same gate plan could have an

expected GTR value of about 44-51%. Since this is an average figure,
considerably lower values could have been expected on a daily basis.

It is not therefore surprising that the concept of a gate was discredited
and never implemented. Even the present achievable level of 54-61% is
considered very low and will cause the merit of the plan to be questioned.

It is submitted, however, that the reason for these low values is not

one of gate plan inadequacy, or the inherent result of operating a hub
and spoke type operation. They are predominantly caused by the method
of implementing aircraft changes and by the attitude of mind that it

is the departure alone, and not the turnround as a complete entity, which
is of paramount importance.

If these methods and attitudes were altered there is no reason why the
gate plan could not become an accepted operational tool as it is with
the American airlines,
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PTER 18

OTHER REIATED SIMULATIONS.

18.1 United Airlines - turnround simulation.
18.2 American Airlines - gate requirement simulation.
18,3 American Airlines - simulation of Central Lounge Concept.
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18 OTHER RELATED SIMULATIONS,

In this chapter, a brief description of simulations developed by United and
American Airlines is given, as far as they concern gate allocation and

utilisation.

18,1 United

Airlines,

In the author's knowledge, the only relevant simulation developed by

United

in connection with gate utilisation was conceived as a method

of ascertaining the basic cause of severe baggage unloading delays
being experienced at O'Hare.

It was

not at all clear which, if any of the following possibilities,

was the culprit:-

i)
ii)
1i1)

iv)

18.1.1

18,1.2

18.1.3

Baggage facilities in the terminal itself.

"Baggage train" congestion at entrance to terminal, airside.
Lack of capacity on the roadways alongside the piers. This
could be a localised problem caused by the gate timetable
scheduling occupancies, such that specific sections of
roadways are over congested at certain times.

Interline baggage in the transfer area.

It is obvious from the above that the majority of the
programme complexities was related to baggage handling
activities associated with each gate occupancy. This
immediately required that any departure delay be generated
by station performances and not randomly selected as in
GATESIM. Conversely although the gate timetable forms part
of input data, its reliability was not being studied, so a
simple gate allocation procedure was adopted.

The simulation can be divided into 3 main sections,

i) arrival time assignment
ii) gate assignment
iii) on gate processing.

The latter is by far the largest. Figures 1-6 of appendix
18 show in flowchart form the activities performed at each
stage.

It is seen that the original gate plan is adhered to as
closely as possible. Gate changes are effected by inserting
the inbound aircraft on to the first gate which meets certain
constraints, which do not include minimum disruption to
departing flights,
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18.1.4 Aircraft changes are not permitted,

18.1.5 Arrival delays are independent of any departure delay at
previous stations,

18.1.6 Departure delays are created by adopting the policy that
the flight may leave only when certain activities have been
performed. Completion of aircraft defect rectification is
one such requirement. Because aircraft changes are not
permitted, the data collection problems described in section

T.7.5 are not encountered to the same extent.
18.1.7 The output includes:-

1) Departure punctuality showing reasons for delays.
ii) Gate holds.
iii) Baggage delivery time from aircraft to passenger
pick up point,
iv) Queuing time of baggage vehicles at points between
aircraft and terminal building.
v) Efficiency of terminal building baggage handling
equipment .

18.1.8 Although a value could be computed for GTR, it would bear
little resemblance to that achieved by GATESIM, because of
the inadequate gate and aircraft change procedures., United
recognise that the programme has severe limitations when
applied to a problem for which it was not designed, they
do not attempt to use it to evaluate gate plans other than
to estimate the effect of a new plan on baggage delivery
performance.

18.2 American Airlines,

Two simulations concerning gates are described. Both are concemed
with ascertaining total gate requirements and make no attempt to
estimate their operational reliability.

18,2,1 The first was developed for use on a real time basis at
the schedule planning stage to ascertain the total gate
requirement. In addition it enables an estimate to be made
of’:

i) Best mix of gate types to service the fleet schedule.
ii) Number of back up gates required to prevent excessive
aircraft delays due to schedule bunching caused by
in-flight or ground congestion.

iii) Any flights which are particularly vulnerable to delays
as a result of gate congestion.
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18.2.2

18,2,3

18.2.4

18.2.5

18.2.6

Flight delays can be injected but no aircraft changes are
invoked to alleviate them. The delays are generated in a

manner not unlike that used in GATESIM, but without any
connection between departure time and arrival back at the

same station. Departure times are ascertained by combining

the actual arrival time with a random sample from a distribution
of deviation from scheduled ground time.

Since the simulation was designed for use by schedule planners
in real time mode, a fast programme execution time was essential.
This affected the method in which these delays were apportioned.
One possibility was to compute the delay to each movement,
before any gate allocation is performed, then to chronologically
sort them before allocating gates on the selected policy
(FOFI,IOFI, etc.). Alternatively, the gate assignment could
have been performed at scheduled arrival time although not
clagsifying the gate as occupied until the actual arrival time.
If, for instance, the FOFI policy was adopted, the latter

method cannot ensure its accurate implementation. However,
American found that the computer time required to perform the
sort necessary under the first alternative was too high. As

a result, the second less accurate approach was adopted.

The input includes:-

i) The flight schedule in chronological order, with no
indication of aircraft cycles.
ii) Minimum separation times.
iii) Total number of available gates.
iv) Adreraft/gate restrictions.
v) Delay distributions.

The output includes:-

i) CGate timetable,
ii) Mix of gate types.
iii) Gate holds and delays caused by them,
iv) Analysis of gate plan.
v) Identification of any flights with recurrent delays.

It is emphasised that the resultant gate plan is not necessarily
the one to be used operationally, but merely demonstrates that
sufficient resources have been provided. No attempt can be made
by this programme to estimate the plan's reliability,
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18.3 The second simulation developed by American was designed to evaluate
the Central Lounge concept, under which several gates are served by
one passenger check in point with one large holding loumge.

18.3.1 Throughout this thesis, the advantages of using a gate
plan as apposed to ad-hoc gate allocation has been extolled.
GATESIM has been ysed to identify the best method of
scheduling occupancies, to estimate GTR values for airlines
already operating a plan, and finally to ascertain if such
a plan could be implemented by those airlines not already
convinced of its feasibility.

18.3.2 In a report describing their simulation of the central
lounge concept, American Airlines re-iterate their conviction
that a gate plan is necessary and practical. Indeed they
advance the theory by claiming that one of the main reasons
for planning on a 15 minute minimum separation time is the
passenger processing time at the gate lounge and that this
could be reduced by separating the lounge and gate plans.

It is considered worthwhile to reproduce their comments as
written in the introduction to the above report. They are:

"For present terminal configurations and operating procedures
it is necessary to set up advance gate assignment schedules

for all flights so as to match lounge requirements with aircraft
operations. This tends to introduce inefficient use of space

for a number of reasons.

iy Passenger assembly procedures in the lounge may tie
up a gate for a longer time than required to turn
the aircraft leading to poor ramp space utilisation.

2, Having to "park" a plane at a gate position longer
than needed to assemble passengers for a flight leads
to poor lounge utilisation.

3. A gate assignment schedule, to be of any use at all,
must be reliably adhered to, which means some "padding"
has to be inserted between gate assignments as
protection against flight schedule variation. This
leads to possibly decreased utilisation of both lounge
and ramp space.
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18.3.3

18.7.4

18.3.5

18.3.6

The primary advantage of a central-lounge teminal concept
is that a lounge schedule is not required. While some sort
of ramp schedule will be necessary for spotting ground
equipment and personnel it is at least free of the need to
consider lounge requirements at a gate. It is therefore
reasonable to hypothesize that the central lounge concept
would require fewer gate positions to service a given flight
schedule,"

The simulation generates delays and early movements in a way
similar to GATESIM and processes the flight activities in
chronological order after delay allocation. No aircraft
changes are permitted. Gates are allocated at arrival time
on a IOFI basis with no reference whatsoever to a gate time-
table. The minimum separation time forms part of the input
data. A series of runs for 3 particular stations were
performed with input values of 5, 10, 15 and 20 minutes.

At two stations, La Guardia and Dallas, it was found that
when the minimum was reduced to 5 minutes, one gate could
be "saved", but no reduction was possible at O'Hare. No
significant difference in punctuality rates was experienced

between the two resource levels,

American concluded from these figures that the Central Lounge
concept reduced the gate requirement and did so by permitting

tighter scheduling on gate areas now not restricted by passenger

check-in requirements. It is suggested by the author, that
this conclusion is based on insufficient evidence and that

the simulation is incapable of providing the additional necessary

information.

The simulation allocated gates with no reference to a gate
plan but used actual movement times, scheduled on to the ramp
in the LOFI manner. Such a method of gate allocation ensures
the most efficient use of the ramp in terms of total gate

utilisation only. It does not take into account the fact that

it is achieved at the expense of GTR and that the advantages
to be gained by operating a gate plan are reduced.

In item 3 of the above quotation from the American Airlines
report, the need for gate timetable reliability is emphasized
yet the effect on it of a reduction in the number of gates by
introducing a central lounge was not quantified.

428



18.3.6

18.3.7

This is of particular importance to an airline already
implementing a gate timetable and reaping its benefits.
When its reliability reduces significantly, these benefits
rapidly disappear and delays are incurred to an extent
greater than if the plan did not exist at all.

For example, GATESIM estimated that a reduction in GTR of

up to 12% could be expected if United operated under 18 gates
instead of 20 at O'Hare. This may or may not be critical
depending on the actual values,

It is therefore submitted that the evaluation of a Central
Lounge concept would have been complete if the results from
American's simulation had been studied in conjunction with
gate timetable reliability estimates as produced by GATESIM.
On its own, however, the former merely becomes another
exercise in occupancy juggling with no consideration being
given to the associated operational problems., As such it is
a valuable tool and can be used to demonstrate the gate
savings which can accrue from reducing gate separation times,

provided a concurrent exercise demonstrates that any associated
movement in the gate timetable reliability will have no effect

on flight punctuality or station resource requirements apart
from gates.
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APPENDIX 18

FLOW CHARTS OF UNITED'S TURNROUND SIMULATION.

FIGURE 1 General QOutline,
2 Input and Qutput.
he Arrival time assignment.
4 Gate assignment,
5 On gate processing.
6 Manpower Availability.
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M. A.PARKER Ph.D- 1972,

ERRATA

Page 22 Secticn L.L.2

Delete line 6 and insert
"GDEFNO (A, B+1) at time GTD (A, B+l)"

PAGE 68 Section ii)
Delete line 3 and replace witl
"A2=false) Th=~TL 2 ¥l and T2-T3 <L ML",
PLGE 69 Section 50? el

Delete line 10 and replace with
“DEP(CAUSE3, CAUSEL) - ARR (CAUSEL, CAUSER2) > 14",

PAGE 70 Last two lines
Replace T2 with T3 and reglace T3 with Th

PAGE 77 Second paragraph

In line 12 delete "TD (T, Y1)" and replace with
"D (C, Di+F ~El+Y1=C1)",

PAGE 82 Section 5.15.2.2
Delete lines 9~12 and replace with "The integer il
BEST.A/D..” is assigned the valuc of the mesn delay B

per delayed airoraf't",

PAGE 91 Item 4.
Delete line 2 and replace with "per del:yud departure".

~iGE 98 Under ¢iagram
Delete "b" and replace with "%,

PAGE 14k Secti:n 6.10.3
In line 18, deleuec "DEFG" and replace with "GDEP",

PAGE 153 Section 763 _
The referensze in line 5- of the second paragraph shwld
mad ?.601-

PAGE 1.5, Top Line

Insert "Scparation” after "station average'.

FAGE 154 Section 7.6

(™
a
w
fol

-J
L]
)
-~
=
"

PAGE 197 Section 8.4

In second line of second paragraph replace "delays?
with "adays",




PAGE 199
PAGE 208

PAGE 258

PAGE 286

PAGE 289

PAGE 317

PAGE 401-405

PAGE 429

LR 2= 5]

Seection 9:4. Cont.

In line 6 of second paragraph, delete "also shown" and
replace with "shown in appendix 11",

Section 9.6.2

In line 5 of second paragraph delete "UALL" and imsert
"UAL2",

Section 10,1,.1
In second line delete "LESS" and replace with "MORE".

Figure 20

On the vertical axis, replace "Holds/100 departures" with
"total time held/100 departures®.

Lin: 12

The left hand side of the equation has been omiticd and
should be &% +to become

L
8,2 s iy 3 2. Sz
~ N=-1 K

Section 12.7.7
In line 2 reoplace "table 2" with "table 4",

Replace pages L'4 and 405 with the attached LOLA and LOSA.
This causes the f-llowing insignificant ch-nges to the texts
on pages 4L0) and 1ii3ie

Page 401 = In last paragrapk replace 15.87 with 15.4%

Page 403 = In item 3, replace 36.8% with 35.0%
- In item 4, replace 15.8% with 15.4%

The following reference should be inserted at the end of the
chapter. _ :

"Report on analysis of Gate Reductions with Central
Lounge cencepts",

Prepared by American Airlines, New York, December 1948,
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SUMURY _OF 'NSCHEDULED TURNR(INDS
1. BY AIRCRAFT TYFE OVER 3 DAY PERIOD
TABLE 1 B
i * UNSUCCESSFUL | CLASSIFICATION ol
NO,OF SCHEDULED 5 7 A R o I et
AIRCRAFT | TURNROUNDS NUMBER % ENGINEERING | CUERATIONS : OPERATIONS REOUESTED
TRIDENT 1 108 62 | 574 | 13 19 6 2l
TRIDENT 2 | 22 12 5h.5 3 5 0 1
i
SUPER 1-11 | 30 16 5 5 9 0 2
VANGUARD 56 31 55.3 12 8 0 11
VISCOUNT 2l 5 20.8 3 2 0 0
COMET 7 i 1 14.3 1 0 ! 0 0
2. TOTAL FLEET ON DAILY BAS1S
TABLE 2
sEr i, A
___UNSUCCESSFUL e CLASSIFICATION _ o ]
NO,OF SCHEDULED GHCUND NChi-
DATE TURNROUNDS NUMBER % ENGINZERING | OPERATICNS |OPERATIQNS | REQUESTED
29.1.70 83 LS 59 19 19 2 9
52 75 ] go 36 L5 8 14 1 13
10,2,70 e i 12 50 13 10 3 16
3. TOPAL TURNROUNDS - ALL AIRCRAY S TYPES, THREE DiY TOTALS
TOTAL SCHEDULE | UNSUCCESSFUL ¢ ENGINEERING OPERATICNS GROUND OFS, | NON-REQUESTED
TURNROUNDS
NUMBER % NRMEER 0§ NUMBER o NUZEFR % | NUMBER %
2L7 127 514 ke 16,2 L3 174 6 2.4 23 15.4
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classification "non-reguestedn,

- 6

, obtalmable by elipinating those unscheduled turnrounds in the

It should be renembered here that if a [iizht is scheduled to go off service and actually does

S0, tha turnround Is not Included in the following.
cated vy, the nunber of turnrocunds considered

Thus by eliminating the non-requested"
is affected.

TABIE 4
: NO "NON-REQUESTED" PLUS
ACTUAL NQ "HCH~REQUESTEDY PROJECTED 20 MIN, DELLY ACCEPT
]
NO, OF NO.CF BCHED/ NO, OF ’ N3, OF SCHED, No, oF HO.CF GCHED,
T /RCUNDS T /oo & | T/ROUNDS ! T/R0UNDS €3 T/RCUNES T/ROUNDS b
247 120 L8.6¢ a2l 152 63.0 2l 163 67.6
Joerme I PR S e et i et —isanirin — ..._J-.-.__..._._. e —
Broken down into a dally and fleet type basis the above table becomes:
TABLE 5
! i ! . NO "NCN=RENUESTED PLUS ACCEPT
DATE IAIC TYPE ACTU/LL. | NO "HQN-ABRUESTED! PROJECTED 30 MIN,DELAY
o - .__.._.—.i ______ e . T e —— — —
NO. OF [N0,OF SciED, ! no, OF |wo,oF ScuEn, No. oF |no,oF schep, |
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[
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|
VANGUARD 19 5 26.3: 19 8 42.1 19 10 52,6
VISCOUNT 8 = 375 8 ! 3 I 37.5 8 3 =5
COMET 2 o Wsaer] sahiel T | 50.0 2 1 50,0
i ! -
5.2.70 |mieme 1 | 34 19 [55.91 32 % |m7! 3 2 %.5
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]
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