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ABSTRACT

When using the Instrument Landing System (ILS) all aircraft must
follow a single straight line approach path before landing. The
Microwave Landing System (MLS) will allow use of differing approach
paths and they need not be on a straight line.

The objective of this research is to find out whether the intro-
duction of MLS with its multiple approach path capability can bring
an increase in runway landing capacity compared with conventional ILS.

A model is developed which is capable of computing the ultimate
landing runway capacity, under ILS and MLS conditions, when aircraft
population characteristics and Air Traffic Control separation rules
are given. This model can be applied in situations when only a hori-
zontal separation between aircraft approaching a runway is allowed,
as well as when both vertical and horizontal separations are possible.
It is assumed that the system is free of errors, that is that aircraft
arrive at specified points along the prescribed flight path precisely
when the controllers intend for them to arrive at these points.
Although in the real world there is no such thing as an error-free
system,the assumption ié adequate for a qualitative comparison of MLS
ﬁith ILS.

Results'suggest that an increase in runway landing capacity,
caused by introducing the MLS multiple approach paths, is to be éxpected
only when an aircraft population consists of aircraft with significantly
differing approach speeds and particularly in situations when vertical
separation can be applied. Vertical Separatioh caﬁ'only be applied if

one of the types of aircraft in the mix has a very steep descent angle




(i.e. 7.5 degrees) such as an STOL vehicle. When approaching aircraft
are separated only horizontally, examples considered in this research
show a modest capacity increase of 10 to 15 percent. When both verti-
cal and horizontal separations are applied, capacity improvement can
be greater depending on the proportion of steep descent aircraft in
the mix.

It was also found that the angles of entry to the extended runway
centerline have a significant effect on landing capacity, and they

should be optimized.
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1. Introduction

Improved navigational aids for approach and landing at airports
have been under development for many years. One such aid is the Micro-
wave Landing System (MLS) which provides multiple flight paths to the
runway rather than a single path defined by the current Instrument
Landing System (ILS).

There are a number of advantages cited for the MLS. Among these
are (1) curved path approaches can reduce flight over noise sensitive
areas, (2) the‘system is iess sensitive to interference from terrain
and man made objects, (3) since the system extends much Ffarther from
the runway than the current ILS, aircraft have precise guidance over
their intended flight paths for a longer period of time before landing,
and (4) flexibility in flight paths might increase the landing capacity
of a runway.

This research deals with item 4, landing capacity. Models for
capacity are developed to reflect the multipath capability of MLS. The
models are then applied to hypothetical situations, and the capacities
obtainable with MLS and ILS are compared to determine if there are any
significant differences.

In this research it is assumed that both the ILS and MLS are free
of any errors; that is, that aircraft arri§e at points in space when
the controllers intend them to be there (e.g., at‘the entry gate to
ILS). Therefore, no buffer is added to interarrival times. It is
recognized, however, that in the real WOrl& there is no such thing as
an error free system; | |

The objective of this research is, then, to comparé in a qualita-

tive manner the ILS and MLS systems to see if thete is a significant
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difference in their respective capacities, and if so under what condi-
tions.

The term capacity as used in this research refers to the maximum
number of landings that a runway can accept when there is a continuous
demand for service and a certain specified set of conditions (i.e., air-
craft mix, air traffic control (ATC) rules, etc.). These conditions
can significantly effect runway landing capacity.

This research focuses on one of the factors that influence capacity:
flight path geometry, particularly that geometry which ensures maximum
landing capacity for a specified set of the other‘factors that influence
capacity, i.e., aircraft population and mix, length of common approach

path, ATC rules.

1.1, Characteristics of ILS

The existing ILS is essentially a straight line in three-dimensional
space (see Tig. l*). This line ends on the runway. Aircraft follow the
line and land on the runway. There are three pieces of information that
the pilot obtains about the position of his aircraft; with respect to
the line leading to the runway and the distance from threshold:

1. position of the aircraft with respect to the alignment of the
rﬁnway;“ namely, whether the aircraft is left or right of the
centerline of the runwayj

2. position of tﬁe aircraft with respect to the required height
above the runway, referred to as the glide pathj namely,

whether the aircraft is above or below the glide path;

* ‘ .
“All figures are placed in Chaprer 7.



1
R
i
i
i
1

5

3. distance of the aircraft from the runway threshold. Distance
information is provided by markers (two or three): one at
the beginning of the ILS approach and the other (or two others)
nearer to the runway threshold.

With the current ILS (see Fig. 1), landing aircraft follow each othér
on a common path, ET (E being the "entry gate" and T the runway thresh-
0ld). Normally there are two markers installed on the common approach
path, except for ILS Category II (or lower) weather conditions when a

third marker is added. The marker furthest from the runway (about 5 nm)

~is the "outer marker" (OM); the marker generally closest to the runway

(about 0.6 nm) is the "middle marker" (MM); and the sometimes used

third marker (about 0.2 nm) is known as the "inner marker" (IM).

1.2. Characteristics of MLS

The MLS provides glide path information up to about 15 degrees
elevation and alignment information as much as 130 degrees relative to

the runwéy (65 degrees each side of the Fénter line of the runway). In
lieu of markers, continuous information on distance to the runway will
be incorporated into the MLS. The MLS is shown in Fig. 2.

MLS gives information on the position of the aircraft relative to
the runway in three-dimensional space. The ‘area of coverage can be
described as a quasi-pyramid with the runway threshold as the apex (see
Fig. 3). The three-dimensional information is continuous and provides
‘'a means of describing different péths for aircraft to fﬁllow in the
space covered by MLS.  However, even if the iﬁformation 6n the position

of aircraft is accurate and the equipment is available to program any

type of trajectory inside the pyramid, all described paths'cannot



be followed by an aircraft. Several assumptions need then to be made
about possikle restrictions on the types of trajectories, as follows.

1. It is assumed that aircraft need to fly along the prolongation
of the centerline éf the runway before landing (Ei=l,2,3 to

- T , Tig. 3). Ei is the "entry gate" for this straight por-
tion of the final approach for aircraft of type i .

2, 1t is assumed that there are some restrictions to the curved
paths because of the minimum turning radius of an aircraft.

3. It is assumed that there are restrictions to the maximum angle
of descent,

4, Tt i; assumed that there are sufficient exit taxiways on the
run@ay so that runway occupancy time is always less than the
threshold interarrival time which ensures the ATC-required
separation of aircraft in the air.

These restrictions, together with air traffic control (AIC) separa-

tion rules, limit the number of usefully considered approach paths.
As section 2.2 indicates, within these limits rather simple flight paths
are chosen, these representing the most desirable paths from the stand-

point of runway capacity.

1.3. Existing ATC Separation Rules

According to ATC rules, aircraft can be separated vertically and
horizontally. Horizontal separation can be expressed in time or dis—
‘tance. It is here assumed that radar coverage is available, aﬁd there—
fore sepafations are in terms of distance rather than time. Iwo air-
craft approaching the runway should, then, never to closer-to each

other than the minimum horizontal distance prescribed by ATC.




Another important safety regulation, one that (wpuld influence thé
capacity of a runway, is that two aircraft can not be on the runway at
the same time; the first aircraft has to clear the rnnway before the
second crosses the threshold. (It is assumed that runway occupancy
time is always less than that threshold interarrival time, which ensures
the ATC required separation of airborne aircraft; therefore, runway

occupancy time is not a constraint.)

1.4. Runway Landing Capacity Model Basic Structure

Basic landing capacity models using the current ILS were developed
by Dr. Richard Harris of Mitre Corporationl and refined and expanded by
Peat, Marwick, Mitchell and Co.2 The landing capacity of a runway is
defined as that maximum number of landing operations that can take place
on a runway in a unit of time (usually one hour) during which aircraft
continually wish to land. This concept of capacity is often referred
to as "ultimate" or "saturation" capacity. The maximum number of land-
ing operations on the runway depends on a number of conditions, as
follows:

1. minimum separation rules specified by AIC;

2. aircraft mix (i.e., the proportion of different typés»of aixr-

craft using a runway in a given period of time);

3. location and type of exit taxiways (i.e., if there are an in-
sufficient number of taxiways, the runway occupanéy time
rather than air separation might be critical);

4, geometry of the approach paths associated with the runway
(i.e., multiple paths are available with MLS).

To,compute capacity, each of these conditions must be specified.



Runway landis: capacity is actually the capacity of a system, con-
sisting of a runway and the airspace adjacent to the runway. The rur-
way is that part of the system where the flow of all aircraft opera-
tions converge; consequently, the landing capacity can also be defined
as that number of operations in unit time which pass through a point
which all aircraft have to pass. In this analysis this point is taken
as the runway threshold. To find the capacity it is then necessary to
determine tij , it being defined as follows: tij = interarrival time
at the threshold between aircraft type i (lead aircraft) and aircraft
type j (trailing aircraft); tij should then be such that:

a. aircraft i and aircraft j will not occupy the runway at
the same time (i.e., when j passes the threshold i should
have cleared the runway);

b. in the air, aircraft i and aircraft j are never closer

than the minimum separation specified by ATC rules, then,

... = min( t,., t..) where
ij aij’rij

atij = dinterarrival time at the threshold, dictated by ATC
minimum separation rules for airborne ajircraft,
rti = dinterarrival time at the threshold, dictated by ATC

runway occupancy rule: only one aircraft can occupy

the runway during any interval time.

Existing models of capacity assume independence, that is, the type of
trailing aircraft j is not dependent on the type of leading aircraft
i . The proportion of aircraft in the mix over the unit of tlme belng

considered (usually one hour) has, however, to be preserved. This



implies the following:

pij = pipj , where
pij = probability of the sequence ij ,
Py ,
= proportions of aircraft i and j in the mix.
Pi
When tij and pij are found for all i and j , the expected

interarrival time at the threshold can be computed as:

t = I t,.p,. o
ij 1jPiJ

The capacity, assuming independence in the sequence of aircraft but _
with the restriction that the aircraft mix will remain constant during
the unit of time selected ( P = 1, where Py = proportion of aircraft

of type k ), is

1
A= =
: t
where A = landing capacity
| T = expected interarrival time between aircraft over the

runway threshold.

1.5, Factors Affecting Runway Landing Capacity

If it is desired to maximize A , it is necessary to minimize t

(i.e., min ;-tijpij)' If sequencing is not applied to the stream of
: 1] .

the landing aircraft, with given Py all Pij‘ are fixed. Conse-




quently, the term that requires analysis is tij .

As noted, it is assumed that air separation rather than the runway
occupancy rule is critical in all landing cases, so that tij = atij .
Two more assumptions are made in the following analysis.

1. All aircraft have uniform velocities when they are on the final

approach to the runway.

’

2. All aircraft of the same type use the same path for approach to
the runway.
These two assumptions are critical to anm analysis of capacity. Consider

simple case, on'y two aircraft types, "fast" and "slow." We see immedi-

ately that there are four interarrival times:

thg = interarrival time between "fast" followed by "slow"
% tSF = " llslow" 1" "fast"
i € = " MEag ! o Meagt"
; FF ,
{ tss = " "giow" " s iow"
Cases t and t are simplér than the other two, because the land-

FF SS

ing trajectory is the same for both aircrafﬁ and the distance between
the two aircraft measured along the trajectory is constant. The dis-
? o tance has, however, to be such that during the entire approach the two
aircraft never come closer to each other, measured on a straight line

in the horizontal plane, than the minimum specified by ATC rules.

The situation for tFS and top ~is more complex. First, the
two aircraft might not have a common trajectory, in which case the
separation can not be measured along the trajectory but rather by

horizontal, vertical or diagonal separation. Second, if part of the

trajectory'is common to both aircraft (see aircraft 1 and 3 in Fig.‘S),




the distance between them measured on the common path is not constant;
it depends on the relative speeds of the two aircraft. The distance
and corresponding time will increase for v, < v, (aircraft type i

j

followed by aircraft j) and decrease for v, > v, .

As noted, there are capacity models available for computation of
ultimate capacity. These models are, however, primarily applicable
to a single trajectory corresponding tc current ILS procedures. The
structure of these models was briefly described in paragraph 1.4. The
method for computing tij in these models is shown in Fig. 4.1’2 This
figure represents a time-space diagram in the horizontal plane. Time
is the abscissa and distance is the ordinate.

Several remarks concerning the procedure for computation of t:ij
are in order to develop a better understanding of the assumptions.

Figure 4 shows that all aircraft are fed into the entry gate (E)
from the same path, an extension of the current single ILS alignment
path which is, in turn, an extension of the center of the runway. An
imbortant point is that the state of the system is considered only when
t >0 (i.e., on;y for that time after the instant, t =0 , when the
leading aircraft passes through the entry gate).

In the case of sequence FS (fast foliowed by slow), shown in
Fig. 4a, it can be seen that the horizontal distance between the two
aircraft, d(t), is equal to the ATC>minimum required horizoﬂtal sepa-
ration, ¢ , when f = (0 ‘and increases thereafter. It can also be
seen that the horizontal separation constraint;d(t) >¢§ , is violated
prior to t =0 . (See dotted lines in Fig. 4.)

There are three‘possible explanations how one unUld have a slow

aircraft only = & behind a fast aircraft when the fast aireraft is at
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the entry gate, E .

The first is to have the approach path unchanged in the horizontal
projection and assume that the velocities of an individual aircraft are
not uniform during the approach., Velocities of the two aircraft should
be at least equal (vS 2 VF) for t <0 . As it is not likely that v

F

will be smaller when t < 0 than when t > 0 , Vg has to be increased

until it at least equals Ve (see ¥ig. 5). This increase in speed is
not very practical, especially in the case where two approach speeds
are very different.

The sequence FS is of particular interest since the interarrival
time, tFS , 1is critical from a capacity point of view since the time
gap between F and S opens as they approach the runway along the
common path (see Fig. 4a). In addition, if it is assumed that aniin—
crease in speed of the slow aircraft (vS) is possible, the problem of
the two aircraft being separated exactly § when t = 0 remains only
partially solved; i.e., it is still assumed that both aircraft are on
the straight line (a prolomgation of the runway cénterline) when t <0
and are coming from infinity on this line, continually separated by at

least § . This assumption does not of course fully consider the real

world since one of the following events must have occurred before

1. Aircraft F has oveéééken aircraft S (observed in the hori-~
zontal projection) on the straight line, indicating that ver-
tical separat@on was imposed (the fast aircraft went either
under or above the slow).

2, Aircraft S joins the straight line path (observed iﬁ the

horizontal projection) after aircraft F has passed through
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the point ES , this point being where the slow aircraft joins
the common path.

A second possibility is that two aircraft can be separated verti-
cally in the approach air space before t = 0 , Fig. 6 shows how this
separation might look using distances which are appropriaté to current
ATE rules and procedures. It is assumed that when t = 0 , vertical
separation is imposed in such a way that the slow aircraft is above the
fast and both are flying level, Two conditions are necessary to ensure
the vertical separation shown in Fig. 6.

1. hz2y

where h is vertical distance between the two aircraft and ¥
is the minimum permissible vertical separation. At present
ATC rules specify ¥ as 1,000 ft (305 m).

2. The fast aircraft should be able to perform straight level
approach at an altitude equal to threshold elevation plus  H ,
a distance of 2 EdC (see Fig. 5), before intercepting the
glide path at the entry gate, E .

In Fig. 7 another possible vertical separation for aircraft approaching
the entry gate, E , - is shown, when the fast aircraft is at E , and
the slow one is a distance of § behind and ¥ below the fast. Two
conditions are necessary to ensure this vertical separation.

1. (H - X)/sin 6 has to be greéter than the distance necessary
for the slow aircraft to stabilize on the glide path. If this
condition is not satisfied, the resulting problem could theo- |
retigally be solved By the slow aircraft climbing to intercept
the glide’path after t =0 . The slow airéraft climbs—--or

- climbs and levels--until it intercepts the glide path (see

Fig. 7).

3o S e S e

Doy



BRI i lon sl L RIS SRS i T A B R . A LInIAS L e R

12

2. The second condition is similar to the second condition of
the previous vertical éeparation case (a slow aircraft above
a fast); but it is far more difficult to satisfy: the slow
aircraft is required to perform straight level approach at an
altitude equal to threshold elevation plﬁs H-Y%, fora
distance of 2 EdC - § before reaching point F . Consider-
ing. the values of H (shown in Fig. 6) this condition is al-
most impossible to satisfy since X is 1,000 ft, i.e., slow
aircraft would be required to fly level at a height above the
terrain of only 500 to 1500 ft which is not acceptable (see
Fig. 7).

The third possibility of having the slow aircraft only ¢ behind
the fast one, when the fast one is at E , is briefly discussed below.

Does, for example, a path leading to E exist, such that, if the
slow aircraft is behind the fast on this path separated by distance §
(measured along the path) when the fast passes E (t = 0) , the distance
between the two aircraft (measured as a straight line in the horizontal
plane) is never (when t < 0 and when ¢ > 05 less than § ? (See
Fig. 8a.)

To satisfy the condition d(t) 2§ , d(t) being the distance be-
tween the slow and fast aircraft measured along a straight horizontal
line, for all values of t , it is also necessary to satisfy this con-
dition;when t =0 . Obviously, this condition cin only bé satisfied

’ if the path bf the slow aircraft to E is on a straight line leading
to E for at leastblength § before E is reached. This implies
that at the momenf when t = 0 the slow aircraft should be somewhere

on the ciréle of radius § which has its center at E (see Fig. 8b).

L T R R I S TR S R T e U e e e g T
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However, stricﬁly speaking, tﬁough the slow aircréft ié on this circle
when t =0 , the distance that the slow aircraft has to fly along the
path to E does not equal § 3 in fact, this distance is more than &,
with the exception of position 1 (see Fig. 8b) for the following reason.
The distance that the slow aircraft must fly to reach E is greater
than & because of a change in heading which is required for positions
2, 3, and 4. This change can only be made on a curved path; so the
sum of the straight and curved path will always be greater than the
radius of the circle. However, even if the slow aircraft is at point 1
when t =0 , it will violate the condition d(t) 2§ when ¢t = -At
(see Fig. 4). So we can conclude that strictly speaking the.path we
were looking for does not exist.

In spite of the shortcomings which have been discussed in this
section, existing runway capacity models can be used to find potential
sources for an increase in landing runway capacity. ¥ig. 4 allows us
to examine interarrival times, t y -t s, t and t , and at-

FS SF FF Ss

tempt to decrease them, as a way of decreasing mean interarrival time,

t , and consequently increasing landing capacity, A . For ease of

computation, wv can be expressed as Vg = qu , 0 fusgl.

G-
From Fig. 4
5
tap = —
SF- VF
§
t.oo= —
FF vF

»
S8 ; uVF
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Possible ways to decrease tij are then as follows.
Z. The most efficient would be to decrease § , thus simultane-
ously decreasing all tij's .
2., Increase both Vg and K thus ensuring a higher velocity
of aircraft stream at the runway threshold which results in a
higher flow.

3. Increase U only, keeping v_ constant, (This can be achieved

F
by requesting slow aircraft to maintain cruise speed as long as
possible.)

4, Decrease Y , the common part of final approach.

The implementation of MﬁS could reduce &8 (case 1) and Yy (case 4).

In summary, then, this research is concerned with whether the ap-
proaches along the curved paths described by MLS will improve the land-
ing capacity of a runway, and, if the answer to this queétion is posi-
tive, what is the value of this increase over that capacity obtained
with ILS?

The folloWing analysis of capacity will begin with the assumptiom
that vertical separation within the operating area of MLS is not per-
mitted, i.e., horiéontal separation is crucial. The situations governed
by this assumption are examined in Chapters 2 and 3. The assumption
that vertical separation may be permitted (either horizontal or verti-

cal separation could therefore be employed) governs the situations

examined in Chapters 4 and 5.
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2. Analysis of Udpacity with Horizontal Separation Only

2.1. Introduction

In this chapter the influence of multiple flight approach paths on
the landing capacity of a runway is analyzed. It is assumed that all
approaching aircraft are on the same horizontal plane, that is, no
vertical separation exists.

The procedure for the current ILS is shown in Fig. 9. All aircraft
landing in IFR have to pass through a poiﬁt E (entry gate), located
distance Yy (common approach path length) from the landing threshold,
T , along the extended runway centerline, and remain on the centerline
until they reach the threshold. As shown in Fig. 10, with MLS theve is
no need for aircraft to use a common approach path of length Y . Sim-
ilarly, all aircraft do not need to pass through the common entry gate,
E . Multiple paths are possible.  Each path intersects the prolonga-
tion of the runway centerline at Ei , and, as noted in Chapter 1,
Section 1.5, this path is used only by aircraft of type 1 . Each
intersection of the runway centerline, Ei s 1s located Yi from the
runway. threshold. Tach intersection, Ei , can be considered as the
entry gate for type i -aircraft.

The objective of the analysis is to develop é model to describe
multiplé rather than common entry path geometry. The model should rep-
resent the two épproach path situations (ILS and MLS) shown in Figs. 9
and 10 and determine the ultimate capacities of the two (under given
Qonditions). The model should also be able to determine a geometry
(i.e., set of approach paths) which maximizes ultimate capacity for
either the ILS or MLS’situation. Once the maximum ultimate capacity

for each of the two situations has been determined the effect of MLS on
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runway landing capacity can be obtained by comparing the two capacities..

Analysis of the effect of geometry on the ultimate capacity, either
with ILS or MLS, will concentrate on an aircraft pair consisting of two
aircraft types, a fast aircraft, F , and a slow aircraft, S . Whén
analyses of cases involving more than two aircraft types in a popula-
tion are necessary they can be treated in pairs. These pairs in all
cases consist of fast and slow aircraft. This approach of breaking
down an aircraft population in couples and dealing with four general

tow 5 tew » and t (i.e., t_. =

case interarrival times, tFF s S o ss FS

interarrival time at threshold for a fast aircraft followed by a slow
one, etec.) will bevused throughout the analysis since any of the inter-
arrival times, tij ,» can be represented by one of these four times.
From Fig. 4 we can draw some rough conclusions about aircraft

operations with ILS. In conventional ILS all aircraft pass through an
entry gate, E , and travel on a common approach path through a dis-
tance - of Y to the runway threshold. As Fig. 4a illustrates, in the
case of a slow aircraft following a fast one, the interarrival time

over the threshold, ¢t , increases as Y is increased. Similarly,

FS

in the case of MLS for a situation involving a fast aircraft followed

by a slow, Y s, the common path for the two aircraft should be con=

FS

sidered rather than the single common path, Y , where

Ypg = min(Yg, Yo) .

A new assumption is therefore introduced; it will be used in fur- .

ther analysis; it is

et Sacat o £R g o oo
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This assumption requires that an aircraft with a higher approach
speed will need at least as long a final straight approach along the
extended runway centerline as an aircraft with a lower approach speed.

That is,

i.e., the common approach path is equal to the length of the final
straight approach for slower aircraft.

Therefore, if YS <Y o, th is decreased. However, even if

YS =0 (i.e., that a slow aircraft does not need any portion of straight

level wing approach before landing) the interarrival time, ¢t re-

FS ?
mains equal to 6/vS (see Fig. 4a).

Fig. &4 also illustrates that if Y 1is reduced the only possible

reduction in interarrival times that can be made is a reduction of tFS .

The other three times, ¢ , t

FF and t

T 5 ° will remain unchanged.

Intuitively, it can be expected that an increase in landing capac-

ity will be small if a decrease in t is the only reduction of inter-

FS
1 arrival time possible. TFor example, consider the case where an aircraft

population is equally divided between fast and slow aircraft, that is,

Py = 0.5 and PS = 0.5. If the sequence of the arrivals is considered

as random, then the fraction of slow aircraft following fast aircraft

will be 0.25, which is the result of Pp X Pg - Seventy-five percent

of the arrivals will constitute pairs of aircraft with interarrival

F¥ SE SS

times, t s  t , and ¢t . These times cannot be changed. There-

fore, a significant reduction in the mean interarrival time, t , and

consequently, an increase in landing capacity, A , cannot be expected.
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This conclusion will be examined in detail in the following sections- of
this chapter.

As noted in Chapter 1, Section 1.5, in order to decrease tFS a
slow aircraft must be brought as close as possible to the threshold
when a fast one is over the threshold. Minimum horizontal separation
rules must not, however, be violated.

The following examination of the effect of MLS on runway capacity
will involve analysis of changes of interarrival times over the thresh-
old, tigl. The first step in this analysis is to see how these changes

respond to certain variables,

The variables that affect tij are as follows:

Ve = velocity of the fast aircraft

vy = velocity of the slow aircraft

Moo= vl

YF = length of the approach on extended runway centerline

of the fast aircraft
Y. = length of the approach on extended runway centerline
of the slow aircraft
¢ = minimum horizontal separation required between the two
aircraft measured in the horizontal plane.
If the values for all of these variables are given, then the effect

on capacity of various possible aircraft paths, herein referred to as

trajectories, is necessarily the subject of the following analysis.
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- - 2.2, Types of Trajectories to-Be Considered .

The following assumptions and examples will indicate that family
of trajectories that will be considered in the later analysis of capac-
ity.

It is assumed that there are no obstacles in the approach area,
nor are there any constraints due to noise; therefore, there are no §
restrictions as to the type of approach paths.

The case of a fast aircraft followed by a slow aircraft will be
initially considered since, as noted in Section 2.1, this is the criti-
cal sequernce.

Assume that a turning radius of an aircraft isjzero, that is, its
heading can be changed instantaneously. Further, assume that a fast

aircraft is at E the entry gate for slow aircraft, where t =0

g *
(as shown in Fig. 11). A useful question is: where should the slow
aircraft be to ensure that the interarrival time tFS is as small as
possible? Obviously, the two aircraft should be separated at a minimum
distance of ¢ (i.e., the slow aircraft should be somewhere on the
circle of radius ¢ with center in ES), but the condition of minimum

separation has to be maintained until and after the moment the fast

aircraft reaches ES" Assuming that a slow aircraft is always flying

toward ES , Fig. 11 shows that to maintain a minimum separation, § ,

its location at t = 0 has to be somewhere on the portion of the circle

marked with a heavy line (e.g., point A). For any position of a slow ;

aircraft on- the 1ight line portion of the ciicle,the condition d(t) 2 ¢
will not be satisfied for t > 0 , where d(t) is equal to the hori~

zontal distance between two aircraft. The conclusion is, then, that a

slow aircraft should approach the poiﬁt ES anywhere from the heavy
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line portion of the circlej in other words, from the right side of the
line, perpendicular to the extended runway centerline passing through

the point ES .

Consider a slow aircraft at point M and a fast one at E (when

S
t = 0), as shown in Fig, 12, What kind of a path should the slow air-

craft follow between M and ES ? 1If a slow aircraft must reach ES

as quickly as possible, the desirable path is the étraight line MES .

On the other hand, if it is necessary for some reason to increase the

time that the slow aircraft takes to reach ES » a curved path between

M and ES is one alternative. Another alternative is to require the

slow aircraft at t =0 , to be at a position, N , this position
being further away than M on the same straight line; and then to have

the slow aircraft continue on the straight line to E Consequently,

S .

it can be concluded that straight line entries to ES are at least as

good as any other family of trajectories. The straight line entries

because of their simplicity will be exclusively used in further analy-

sis. < A general straight line approach path configuration is shown in

Fig. 13.
Before proceeding with analysis of this configuration it is neces-
sary to establish arbitrarily that the index of aircraft type increases
¥

with approach speed, i.e., if i > j then v, 2 v where i and j

are indices of aircraft types. As noted in Section 2.1, that YF > YS s

it follows that 'Yl < Y2 eae S Yn , - where the subscript 1 refers to

that aircraft type which needs the shortest straight-line part of the
final approach, i.e., that aircraft type that can intersect the exten-
sion of th¢ runway centerline closest to the runway threshold.

A useful question, then, in terms of understanding the character—

i
3

LN e s e e Rt e e
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istics of the family of trajectories that is being considered is, what

should be the angles o, , a, , *°** o_ ?

1 2 n

It has been shown earlier in this section that !ai| < 900 for
any i , ai being positive when measured couiterclockwise from the
extended runway centerline and negative when measured clockwise.

All approaches are assumed to be in a horizontal plane. Therefore,

to assure that the two approach paths will not intersect, the following

conditions must be met:

°‘i<°‘j for all i and j such that i >3 , ai>0 and aj>0
0y > aj for all i and j such that i > j , a, < 0 and aj < 0,

These conditions state that {f 1 and j are a pair of aircraft

such that v, > v, , then when both ai and dj are positive, ui

h|
has to be less than aj . However, if di and uj are both negative,
then ai must be greater than uj (i.e., the absolute value of ai
is smaller than that of dj).

The above conditions enable us to use any possible combination of
paths and compute tij s Where i canbe F or S and j can be F

or S, thereby preventing any two paths to intersect before they merge

on the extended runway centerline.

o AR acntad e e L e

If the case of only two aircraft types, fast and slbw, is consid-
ered, then the necessary geometry of approach paths -is shown in Fig. 14.

This geometry requires that the following conditions have to be satisfied.

0°
0 < Qg < 90

-90° < <
90 aF as .
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At the beginning of this section an assumption, "zero turning

radii," was introduced. If this assumption were not made the geometry
of the approach paths would follow that shown in Fig. 15, rather than
that shown in Fig. 14, We will now determine whether the geometry shown
in Fig. 14 is a close enough approximation of the geometry shown in

Fig. 15.

For the purpose of this determination, even for very unusual con-
ditions (high approach speed, high angle of interception of extended
runway centerline, and low rate of change of heading) the straight line
paths shown in Fig. 14 give a good approximation of the circular arc
paths shown in Fig. 15. For example, if the approach speed of an air-
craft is 160 kts and thé rate of change of heading is 3° per second,
the difference in the length of the approach path measured along the
straight line paths and the ciigular arc is 0.09 nm, .f the angle of
interception o = 60° , and only 0.02 nm if the angle of intexception
o = 30° . These differences in the length of the approach paths are
for the purposes of this study négligible.

The conclusion, then, is that the geometry of approach paths that

should be considered in further analysis of capacity is that shown in

Fig. 14 for the case of two aircraft types, or that shown in Fig. 13

for the more general case.

2.3. Objective of the Horizontal Separation Model

Consider the case of the two aircraft shown in Fig. 16. The thresh-

old interarrival time,
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where tij is increasing with initial separation ijﬁo . Initial sepa-
“ .

ration ijdo .1s the distance between two aircraft i and j at the

time t = 0 (leading aircraft i enters the common path on the extended

runway centerline), measured along the trajectory of trailing aircraft j.

If for the given situation (aircraft types i and j and a given ap-

b

proach path geometry) cne wants to minimize tij , then the problem

could be stated as follows:

~
min _.d
ij o
Yi.
subject to d, . (t) 2 6., for t < —
1] 1] v,
i
where
dij(t) = distance between aircraft i and j measured on a
straight line in the horizontal plane
sij = minimum horizontal separation for aircraft i fol-

lowed by aircraft j , given by ATC rules.

Condition t £ ;;1- states that the ATC horizontal separation, 6ij , is
i

required only while both-aircraft_ i and j are airborne. This condi-
tion can be released after leading aircraft, 1 , crosses the runway
Y s
threshold, at t = ;rl-. However, the overall objective function of
1 .
the horizontal separation model is much more complex; it can be stated

as follows:

min t = I t..pi.
© §y 373
v L Yi' ‘
subject to d, . (t) 268,, , for t<-=L, forall i and j .
ij ij v ,
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In this situation the geometry is not given, as it was in the pre-
vious very simple example. The problem becomes, then, one of finding a
geometry which for a given aircraft population and given ATC rules will
provide the highgst landing capacity.

The next step is to study how the distance between two successively

landing aircraft changes with time.

2.4, Equations for Distance between Two Aircraft in a Plane

If the selected geometry of approach paths is that shown in Fig. 14,
and if two types of aircraft, fast F and slow S , are considered,
there are four possible approach sequences to be studied: FF , SS ,

FS and SF (where FS refers to fast followed by sloﬁ, etc.). It
has been noted in Section 2.3 that for the sequence of any two aircraft
ij , t =0 1is the instant in time when the leading aircraft, i ,
enters the first point of the common path on thé extended runway center-—
line.

- A1l four sequences mentioned above are shown in Fig. 17 at the
point when t = 0 . As can be seen, for the sequence SF there are
two cases: at the point when t = 0 and the aircraft S is 1t Es s

aircraft F could already be on the extended runway centerline, i.e.,

aircraft F could have passed through point E (case a) or it could

F

still be on that part of the approach path leading towards E (case b).

F

A

The important point here is that in all cases ijdo is the dis-

tance between two aircraft when t =0 , measured along the path of

the trailing aircraft, j . k ;
The next step is to analyze interarrival times by studying the

distance between two aircraft measured along a straight line in a
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horizontal plane, as a function of time. This distance will be denoted
by dij(t) and will be studied for the four sequences mentioned above.
However, as Fig. 17 illustrates, cases 1 and 2 (SS and FF sequences)

represent essentially similar casesj they will therefore be studied as

one case.,

2.4.1., The case of fast aircraft followed by a fast aircraft, or slow

aircraft followed by a slow aircraft

From Fig. 18 it can be seen that the function d(t) , the horizon-
tal distance between two aircraft, is a piecewise function of t .
Therefore,

1. for t <0 (neither of the two aircraft is on the extended

centerline yet)

ar) = () = 30;

d

2, for 0 < t< (only the leading aircraft is on the extended

v

runway centerline)

a®(t)

il

2dz(t)= {vt + (30 - vt)cos u}z + {(dO - vt)sin a}2

= 2v2t2(l - cos Q) - 2d0vt(1 - cos q) + di : (l)x
3. for t> ;2— (both aircraft are on the extended runway
centerline)
d(t) = 3d(t) = do .

s

Only equations which are referred to later are enumerated.
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2.4,2, The case of fast aircraft followed by slow aircraft

From Fig. 19 it can be seen that the function dFS(t) , the hori-

zontal distance between two aircraft (fast followed by slow), is also

a piecewise function of t .. Therefore, |
1, for t< - %—- (neither of the two aircraft is on the extended

F
runway centerline vyet)

2 2
dpg(t) = 1dpg ()

1l

X . ,
(- P 2
{(ggd, - uvytlcos ag - B + (vgt + B)cos aF}

~ . . 2
+ {(Fsdo - qut)51n G + (th>+ R)sin aF}

2 2,2
t VF{U -2 cos(OLS - aF) + 1}

+ tva(B{(l - cos aF) - u(cos(OLS - 0_) - cos as)}

F

2

~ A
+ pgdoleos(og - ap) - ui) + L &

+ ZBFSdO{cos(us - 0.) - cos as} + 2R7(1 - cos aF) ;

F

(2)
B FSdo
2. For - o <.t < === (only the leading aircraft is on the
F F
: extended runway centerline)
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2
2955 ()

2
dpg ()

~

L. A
[(FSdo - qut)cos og + th]2 + [(FsdO - vat)sin o

2
S]

22,2
=t VF(u - 2ucos Og + 1)

+ tZFSdovF(cos og - u)

~2

+ FSdo 3 (3)

FSao

3. For t > ” (both aircraft are on the extended runway
F
centerline)
dpg(t) = 3dpg(®)

= FSdo + vF(l -t . : (4)

2,4,3. The case of slow aircraft followed by fast aircraft

Here two cases can be distinguished:
a. at t =0 trailing aircraft is already on the extended
runway centerline, as shown in Fig. 20a (SFdO < B)s
b. at t =0 trailing aircraft is not yet on the extended
runway centerline, as shown in Fig. 20b (SFd0 > B).
In both cases, dSF(t) is the horizontal distance between the two

aircraft and is a piecewise function of t ., The two cases will be

treated separately.
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Case a. (See Fig. 20a, SFEO < B )

d -8
1. For ¢t < §E;f%-—— (neither of the two aircraft is on the
F

extended runway centerline yet)

]

2 2
dSF(t) ldSF(t)

30 - B)cos op + 8]2

[th(ucos Oy = COS uF) +

S SF

. ; N R 2
+ [th(u51n ag = sin aF) + (SFdo - B)sin aF]

2.2, 2
=t VF[U = 2ucos(ag - aF) + 1]

+ CZVF(B[(I - cos aF) - u(cos(ocS - aF) - cos as)]

A A2
+ SFdo[ucos(aS - aF) - 1]) + SFdo

P

- ZBSFdO(l - cos dF) + 282(1 - cos aF) . (5)

< t <0 (only the trailing aircraft is on the

extended runway centerline)

at(v = ,ai

1l

~ L2 . 2
[th(ucos o - 1) + SFdo] +,[vat sin aS] , %

‘tzvz(U2~2chsm‘b 1) + t2v 3 (1-jicoso,) +
" Vi levste “Tr 810 o8

N

2

d” .
N (e

(6)
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3. For t > 0 (both aircraft are on the extended runway

centerline)

dgp(t) 3955 ()

~

SFdo - VF(l - wt . @)

~

Case b, (See Fig. 20b do >R .)

> SF
1. Por t <0 (neither of the two aircraft is on the extended

runway centerline yet)

2 2
dgp(t) = 145 (0)

o 2
- cos aF) + (SFdo - B)cos a_ + B]

[th(uCos o .

S

. . A 2
+ [th(USln ag - sin aF) + (SFdo - B)sin aF]

it

2 2, 2
t vF[u - 2ucos(as - aF) + 1] +

+ tZVF(B[(l - cos aF) - u(cos(OLS - aF) - cos as)]

~ : A2
+ gpd, [Meos(ag - o) - 1]) + -y
- 2BSFd°(1,- cos aF) + 2B°(1 ~ cos aF) . | (8)

Note that this 1dSF(t) is the same as in the previous

1 case a.




A

A
d
2, For 0 < t<

V¥

2
295p(t)

2 .
dgp (0D

+ [-th sin o

spds ~ B

30 ;

(only the leading aircraft is on the

extended runway centerline)

[th(u - cos aF) + (SFdO - B)cos dF + 8]2

~ . 2
+ (SFdo - B)sin aF]

F

_ .22 2
=t vF[p - 2ucos Op + 1]

+t 2vF[SFdo(l = peos o) = (1 - cos o) (1 + W]
+ 82 - 2 3 B(1 = cos o) + 282(1 - cos 0O.) 9
SF o SF o F | A
SFdo -8
3. For t > ~—DF— (both aircraft are on the extended
F
runway centerline) i
dgp() = 5dgp(e) :
= gpdy —vp@ =W ot . (10) :
3
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2.5, Initial Separation

This section will describe procédures for determining those optimal
initial separations which satisfy model requirements.

Initial separation here refers to that distance between two runway
approaching aircraft, measured along the trajectory of the trailing
aircraft, that exists when the first aircraft intersects the common ap-~
proach path (see Fig. 16).

Section 2.3 notes that the threshold interarrival time is an in-
creasing function of initial separation. This section also notes that
the objective of the model is to minimize initial separation subject to
constraints imposed by ATC rules on the required horizontal distance
between two approaching aircraft.

As noted in Section 2.4 the horizontal distance between. two air-
craft is a function of many variables rather than simply a function of

time. The function could be written as follows.

N

= o o
d,.(t) dij(vi’vj’Yi’Yj’ i j’t’ijdo) .

i 3

rather than variables, so

However, v, , V. , Y and 7Y, can be considered as fixed parameters
J

N

dij (t) = dij (ui)u’j’t’ijdo) ad

Tolmaximize the capacity for a given geometry (i.e., 0y » aj s Yy

and Y, are fixed) one wants ijdo to be as short as possible but still

such that the ATC rule, dij(t) 2 ﬁij , is not violated for any

Y. . ~
t < ;ilt. For this condition and for ijdo to be minimized, the two air-
n .

craft have to be separated exactly Gij when they are closest to each

other.
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Using a partial derivative of dij with respect to t , the

moment of minimal separation t* can be obtained, as follows.

Bdi. * N
N = 0 -»> t = ¢(ai ,OLJ. ,ij dO) .

* . ,
At the t  moment the two aircraft should be separated by horizon-

tal separation Gij y L.,

d; 5(8) ’ - 85

The initial separation ijdo is then found:

> -1
3% = f (ai)dj ’613) .

Note that 6ij can also be taken for a parameter with a fixed

value; initial separation could then be writtens:

A

P §
ij o - g (ai ,aj) .

As moted, the threshold interarrival time, tij , . 1s a function

N
of initial separatiron, ijdo 3 this function will vary depending on
the particular pair of aircraft types to be considered, so that

f(ai,uj) for 1 = j (two aircraft of same type)

t = fﬁﬂ(a(’mi) for i » j (fast followed by slow)

fSF(ml,uj) for L « j (slow followed by fast) .

!

L e oaea o ke

:
£
£
%
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The functions tij are included in the objective function of the model,

which is

" min % tij Pij (pij are given)

Yi’

s.t. d,.(t) >8,. for t < =L
1] 1] V.

i
for all i and j .

The -objective function, by becomes very complex for the fol-

tijpij ’
lowing reasons.
a. Summation Ztijpij has nz members, when n represents
number of aircraft types in airport population.
b. Members are nonlinear functions of ui and uj .

c. Each member belongs to one of the three types of functions

mentioned above

f(dri,dj) for l‘= ]
fFS(ai’aj). for i > j

< 3 o
fSF(ui,uj) for 1 <3 .

However, function £ can take two different forms, function fFS four

and function fS even five different forms, depending on the values

F

- of input parameters Vi vj > Yi ’ Yj and Gij , . as well as on
the values of variables 'ui and aj themselves. The several possible
forms of the three functions are the result of the fact that 5ij(t) R

being a piecewise function of t , could have a global minimum in more
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than one of its segments. For example, the two aircraft could be mini-
mally separated with neither being on the extended runway centerline,
or minimal separation could occur when the first aircraft has already
entered the extended runway centerline, or, when both aircrafc are on
the extended runway centerline.

Because, as noted, the objective function is complex and because
the constraints are non-linear, it was found necessary to compute initial
separations and, consequently, interarrival times and runway landing

capacity for fixed oy and o This computation involves the devel-

g

opment of computer programs capable of determining capacities for dif-

ferent discrete values of these intercept angles.

2.5.1. The case of fast aircraft followed by a fast aircraft, or

slow aircraft followed by a slow aircraft

This case is shown in Fig. 18 and distance equations are given in
Section 2.4.1.

From equations for ld(t) , 2d(t) and 3d(t) it can be seen that
the min d(t), i.e., the minimum separation between two aircraft, will
occur for 0 < t < ao/v , i.e., the minimum will be somewhere on the
segment 2d(t) of function d(t) . Range (0, go/v) for variable ¢t
represents that time when the leading aircraft is already on the extended

runway centerline and when the trailing aircraft is still approaching it.

From equation (1) and for

32d2(t)
- . = 0
Bt ’

the time when minimum separation occurs can be found by
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At that time when they are minimally separated the two aircraft have

to be separated distance § ,

LW, o= 8,
t=t2

*

i.e., if t, is substituted for t  in equation {1) and the distance

is § , the following result is obtained:

A £

dog = .
‘/E(l+cos )

Subscript 02 indicates that the initial separation is compiited for the

case when min d(t) occurs on the second segment, 2d(t) , of func-
tion d(t) .

The graph of function d(t) is shown in Fig. 21. As can be seen,
the initial gap (horizontal separation) between the two airgraft begins
to close when t > 0 and reaches its minimum, which is équal to § ,
when ¢t = t; . The two aircraft are, therefore, always sepsrated more
than is required, except at thé noment t; . . It is possible, however,
for the first aircraft to land (e.g., very short Y ) before t = t2
(see Fig. 22); in this case, the separation of the two aircraft should
be distance & " at the moment when the first aircraft lands, if the
conditions d;,(t) 2 ;. is tobe satisfied for that period when both

J

aircraft are airborne, i.e.,
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A

N

[= 9
nN
~
rt
~
it

O
.

Therefore, from (1) the frllowing quadratic equation is obtained

.
Az ~
A d05 + B do5 + C = 0

where
A =1

B

1

-2 v( - cos a)

c

It

2 Y2 (1 - cos a) - 62 .

Consequently, the necessary initial separation is

dos = . ' .

>

Finally, the necessary initial separation, d0 , for two aircraft

of the same type, depending on which of the two cases shown in Fig. 21

A

and Fig. 22 one deals with, must be either ‘&02 or dOS .

Subroutines SDOFF - and - SDOSS - of the program compute values for

N

A .
FFdo and SSdo . These subroutines are given in Appendix B.2.

2.5.2. The case of fast aircraft followed by slow aircraft
The above case is shown in Fig. 19, its distance equations are.
given in Sectiim 2.4.2. From these distance equations it can be seen

that the first two segments of the functions dFS(t) , ldFS(t) and

2dFs(t) are square roots of a parabola and, being distances, they are
positive square roots of a parabola. The third segment of dFS(t)-—

3dFS(t)--is a linear increasing function of t . It can be shown
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furtﬁer that the slope of 2dFS(t) for t = FSdo/uvF is always greater

than the slope of 3dFS

function dFS(t) could resemble any of the various shapes shown in

(t) . A conclusion can therefore be drawn: the &

Tig. 23a; the following table lists all of the possible shapes of this

function.

ldFS(t) , 2dFS(t) 1vmin,dFs(t) at point
a c A
a d A
a e C
b c B
b e C

Whichever of the above forms of the function dFS(t) is encoun-
tered the same approach is taken, that is, when the two aircraft are
separated by a minimum distance, that distance should be equal to the
minimum horizontal separation required by ATC rules. This minimum
separation condition is therefore used to find the necessary initial
separation.

However,vthere is another casé to be considered in addition to
those shown in the above table: the case presented in Fig. 23b. If
the minimum distance between two aircraft occurs during the second
segment of dFS(t) , i.e., at 2dFS(t) , and if the leading aircraft
lands before the gap between two aircraft reaches its minimum, iﬁe.,

.YS ‘ .

e
=i
7

N
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then, as the argument in Section 2.5.1 suggests, the minimum horizontal

separation GF should be imposed when ¢t = YS/vF . In short, the

S
function dFS(t) reaches its minimum at the upper limit of its domain.
Following are solutions of initial separation derived for the cases

when min dFS(t) appears in one of the four points, A, B, C, or D

shown in Fig. 23.

. mi i < -
Case A: min dFS(t) at segment dFS(t) , i.e., for t B/vF

1

From equation (2) and for

:

91dps(E) - . ;
ot T d
%
the time when the minimum separation appears, FStl , can be found:
- - - - - - o
o FSdo[cos(qS aF) u] + R{(L - cos aF) u[cos(us uF) cos S]}
FS'1

{ye - ZUCos(mS QF) + 1} . | %

Using the condition that the minimal distance between two aircraft is

exactly equal to the minimum required by ATC rules, i.e.,

* ~ °FS§
rst1

from equation (2) the following is found

" 2 A -
ps1® psdor t ws1® wsdor s < 0o
. where }
o 2
[cos(ag =ap) = 1]
A=1-~ — s

FS1

2 . . .
- Zucos(as - qF).+ 1
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Fs1B

28{[cos(ocS - aF) - cos as]

[cos(aS-OCF) - B][(1 - cos ay) - u(cos(as—aF) - coso) ]

2
no - chos(as-uﬁ) + 1

and

2
ps1C = B {2(1 - cos aF)

[(1 = cos agp) - ulcos(ag-ay) - cos as)]z 9

2
w - ZUCos(aS -uF) + 1

The necessary initial separation for the A case is therefore,

. Bt A

FSl FSl FSl

F501 ZFSlA

Case B:  min dFS(t) at the limit of segments ldFS(t) and 2dFS(t) ,

i.e., for t = —B/vF

From equations (2) or (3) and for

19O = v, T 25O gy, T s

the following is found

WA Fs4d04 + FS4B F84d04 + rs4® = 0

where

SR e R e T

ok st b

P AR GRS PRI T T 10 T R T R S Bt T s T L a e T e, R



B =

C

£Sh - 2B(cos O = W

2 2 2
87 (4° - 2 Y cos Og + 1) - SFS .

FS4

The necessary initial separation for Case B is therefore,

~ B+/B- c

1. FS4 bEsal
FS 04
2
:_@_ FSdO
: i.e. <t <
Case C: min dFS( ) at segment 2 FS(t) , i.e., for Ve £ < v

From equation (3) and for

3 s ) _ o
ot
*
the time when minimum separation appears, FSt2 , can be found:
Fol FSdo(COS g - H) .
F5 2 (uz - 2Ycos OLS + 1) Ve

Using again the same condition as in Case A, i.e.,

(t) -6
t=_ Fs

FS 2

2FS

and equation (3), it is found that the necessary initial separation for

Case C is:

SO A AR A R e M S

ek R dirin i s
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>
(o]

rsdo2 — y

Case D: min dFS(t) at the segment ,d..(t) but when ¢t = YS/VF R

i.e., when leading aircraft is landing.

From equation (3) and for

2% t=Yg /vy T Om
it follows that
A oed® + B _d. 4 C = 0
FS57 FS5705 FS5™ FS5705 ‘ FS5
where
pssh = 1
pss® T 2 Vg (eos a5 - W)
rsC = yé (uz - 2 | cos GS,+.1) - Gés .

The necessary initial separation for -Case D is therefore,

, /// 2
" ~ pss® T Fs5° - 4 pesC

2

The above solutions to cases A, B, C, and D illustrate how to compute
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o~ ~ A ~

FSdOl , FSd02 , FSd04 and rs%os ° The question now is which of

these four values represents FSdo .

The rule governing this choice will be as follows:

”~ ~
= min d

FSdo k FSok ?
such that
dFs(t) 2 5FS for all t and
dps (€) N R Ops -
FS

~

Algorithm for FSd is given in Appendix A.,1 . Subroutine SDOFS

o
~
which computes d0 is given in Appendix B.2.

FS

2.5.3. The case of slow aircraft followed by fast aircraft

This case is shown in Figs. 20a and 20b, and corresponding dis-
tance equations are given in Section 2.4.3. From the distance equa-
tioné it cén be seen that the first two segments of dSF(t) , 1dSF(t)
and 2GSF(t) are positive square roots of a parabola and that the

third s&gment, (t) , 1is an increasing linear function of t .

BdSF , v
As noted in Section 2,4.3, this SF (slow followed by fast) se-
quence consists df cases a and b ; they will be treated here sep-

arately.

~

Case a: .d < B (See Fig. 20a and Fig. 24a.)

From equation (6) and for
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*
the time of minimum separation on second segment, SFt2 ,» 1s found to
be
N
C SFdo (1 - pcos as) ’
SF2 (uz ~ 2ucos og + 1)vF

It can be seen that SFt: > 0 ; the second segment of dSF(t) is
therefore a decreasing function of t over its entire range (see Fig.
24a).

On the other hand, the third segment of dSF(t) is a,decre;sing
linear function of t . It can also be shown that the slope of 2dSF(t)
when t =0 (t =0 being the limit between 2dSF(t) and 3dSF(t)) is
steeper than the slope of ,d..(t) . '

3 SF

The above characteristics of the function dSF(t) can then be

(t)

said to support the following conclusion: the shape of function dSF
could correspond to one of the alternatives shown in Fig. 24a.

The following table lists all of the possible shapes of function

dSF(t) , see also Fig. 24a.

Wep(®  pdg () ‘“::;ii(:’
a d A
b d D
c d ‘D

Using, then, the argument developed in Section 2.5.2, the solutions
for initial separations are derived for the cases when min dSF(t)

occeurs at points A or D (Fig. 24a).
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\'/

. . g . > <
Case A: min dSF(t) at segment 1dSF(t) , i.e., for t .

From equation (5) and for

2

9,d..(t)

LSE. 0 .

ot

« .
The time when the minimum separation appears, SFtl , 1is then found to
be
t* . SFdo[pcos(aS- aF) - 1] + B[ - cos aF) - p(cos(as—aF) - cos as)]

SF1

2
{pe - 2ucos(as - aF) + 1}VF

Further, from condition

A N %sF
SF°1
and from equation (5), the following is found
A d 4+ . B.d_ + ..C = 0
SF1™ SF 01 SF1™ SF 01 SFl
where
2
[u cos(aS - aF) - 1]
spih =t T 3
o= chos(us - aF) +1
[ucos (OLS—DLF) -11[¢ l—-cosa‘F)-—u(cog (o_t_s—aF) —‘cosas) 1 )
sF1t = —28{(l—cosaF) + -

2
ue - Zucos(as - th) + 1
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1 —.cosaF) - u(cos(as—aF) - cosas) 2

sp1C = BZ{Z(l—COSGF) - §

2
u -2ucos(as—ocF)+l

The necessary initial separation for Case A is therefore,

3
-~ sp® Yt //splB -4 gp® s C

o>

SF 01
2 gph

Case D: min dSF(t) at the upper limit of the range of segment 3dSF(t),
Y
i.e., for t = ty = S (the time when leading aircraft is
WV
landing)

From equation (7) and for

¢ t* Ys
t = = = e———
5 SF'3 WV
and using the condition
3355 (8 im & Ssr
5 SF 3

it follows that the necessary initial separation for case D is:

N N

Yg
srfos = spdos = St G -wW

T A R AT 5T
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‘Case b. SFd0 > B (See Fig. 20b and Fig. 24b, c, and d.)

The only general conclqsion about function dSF(t) is that in
case b the third segment, 3dSF(t) » 1s a decreasing linear function
of t .

The possible alternatives for the shape of dSF(t) and the loca-
tions of the min dSF(t) are shown in Figs. 24b, c and d; these alter-

natives are presented in the following table.

ldSF(t) ZdSF(t) | 3dSF(t:) min dSF(t) Fig.
at point

a e forg A 24h
b e g D "
¢ e g D "
c e £ C "
d e £ C "
d e g D "
a h g A 24¢
b h 8 D "
d h g D "
a o £ A 24d
a i g D "
d i f B "
d i g D "

Comparing equations (5) and (7) or (8) and (10) it can be seen
that they are identical, but the ranges of functions are different., -

(t)

However, the initial separations found for the cases when min dSF

ot it A

od £ A R T L et g
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occurs at points A or D are the same, for both the & and b cases.
Therefore, only the initial separations for the situations when min dSF(t)

occurs at points B or C have to be found.

Case B: min dSF(t) at the limit of segments 1dSF(t) and 2dSF(t) ,

i.e., when t =0

From equations (8) and (9) and for

B [eg = 2sr® | = s
the following is found
A @, + . Bod, + C = 0
SF4~ SF 04 SF4~ SF 04 SF4~ ’
where
spe =1
SF4B = =2 B(1 - cos aF)
spuC = 262(1 - cos ag) - GéF ‘

The necessary initial separation for case B is therefore,

2
~ - spd t /;FAB - 4 gpC

|d =
SF 04 2
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d -B
. SF o
Case C: min dSF(t) at segment 2dSF(t) » 1.e., when 0 < t < —-:ag—-

From equation (9) and for

2
9,dgp(t)

at

*
the time when minimum separation appears, SFtZ , can be found, as

follows

s gpdo (1 - mcos ap) = B(1 - cos o ) (1 + y) ’

uz - Zﬁcos.aF + 1

SF 2 2
(W =2y cos O + 1) Ve
" Therefore from equation (9) and for
_ 6
298 & T sr
SF 2
the following is found
A ;2 + B ; + C = 0
SF2" s¥ 02 SF2" SF 02 S¥F2 ’
where
2
(1 - ycos o)
A= 1- £
SF2 uz - 2lcos aF +1
(1 - ncos al) (1 - cos,aF)(l,+'u)
B = =28{(1 = cos a.) -
SF2 08 O
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(1 - cos aF)z(l + u)z
} - & .
2 SF

B = 2 u cos dF + 1

sp2C = 62{2(1 - cos aF) -

The necessary initial separation for case C is therefore,

2
A Tgp® v YgpB v hgph gpC |

srdo2 = . A

SF2

The above solutions to cases A, B, C,
Ya) ) A A

how to compute SFdOl’ SFd02 , SFd04 and SFd05 . The question now

and D 1llustrate

~
srd
The rule governing this choice will be as follows,

is which of these four wvalues represents

>

d = min d

SF o k SF ok °?
such that
> 6
dSF(t) 2 Ogp for all t
and
= 8
dg(t) I SF°
SF

”~
The algorithm to find SFdo is shown in a flowchart in Appendix A.Z2.

Subroutine SDOSF which computes d0 is given in Appendix B.2.

SF

2.6. Equations for Interarrival Time at Threshold

When all initial separations for the four sequences (FF, SS, FS
and SF) are found, the threshold interarrival times for the same se-

quences should be computed.

Using the expression for tij given in section 2.3,
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and the definitibn of .Yij from Section 2.1,

Yij = min(TYi an) s

The interarrival times at the threshold for the four above sequénces

will be
¢ - ‘FFdo
FF vF
~
¢ - ‘SSdo
SS . VS
A
Ys*tpsdy s
tes = T, T W,
S F
NS +’SFdo YS
¢ 5 T~ T W
F S

Subroutine SDOT given in Appendix B,2 computes the values of
interarrival times. |

In the case when there are more than two aircraft types in a
population, the matrix of the interarrival times shovld be computed in

such a way that the aircraft population is considered pair by pair;

each pair always consists of a fast and a slow aircraft.

pam b b e e
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2.7. Model for Arrival Ruriway Capacity When Aircraft Mix Consists of

Two Aircraft Types

As noted in Section 2,5, it was decided to compute capacity for

the discrete values of angles O . The model will then consist of the

following steps:

6'

The

Generate angles 0, and a. ;

S F
" A A A
Compute initial separation FFdo , SSd0 , SFdo and FSdo ;
Compute interarrival times at threshold ¢t teg s Loy

FF °

and th H

Compute mean interarrival times t ;

t = 2t; PiPs = EppPePp * opPsPp t tpsPpPg T tggPgPs
Compute landing capacity .
A= %: ;
t
Go to 1.

restrictions for model input parameters as well as the ranges

for variables 0, and O_, are given in Fig. 25,

S F

Program computing capacity for the case of only two aircraft types,

CAPSF, is given 1in Appendix B.3.

For

the following input:

aircraft approach velocities: v, and v

F S
necessary straight approach lengths: YF and YS
proportion of aircraft types in the mix: Py and pS

matrix of horizontal sepa:ation rules: Gij.= {6FF’6FS’GSF’6SS}’
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the following cutput is obtained:
-- matrix of capacities A(as,aF)

~- matrices of initial separations SFao(as,aF)
Fsao (ag,0p)
FFao (ag,0p)
ssgo (@gs0p)

-- matrices of indices showing the shape of function di (t) and

3

location of minimum separation (see Appendix A)
INDXSF (o s ,ocF)
INDXFS (0g ,01.)
INDXFF (0g ,0lr,)
INDXSS (o S ,an) .

An example of this output is given in Appendix C.1,

2.8. Model for Arrival Runway Capacity When Aircraft Mix Consists

of Three or Four Aircraft Types

A procedure similar to that discussed in Section 2.7 is used to
compute capacity for these two cases, a difference being that instead
of presérvingrthe values of capacity for all combinations of angles
~ generated, the highest N values for capacity are stored’during the
computation and then printed, together with the values of the angles
which provide those N maximum capacitiés. For the purpose of com-
_parison the lowest N values are preserved and prihted aé well.

The procedure to deterﬁine N maximum and N minimum‘capacities

: *
for the case of three aircraft consists of the following steps.

* K3
Note that the case when a population consists of four aircraft types is
not illustrated, since this case is essentially similar to that fol-
lowing three aircraft.
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1 2 and a3 .

Group the aircraft types in couples, i.e.,

Generate angles @ o

1 and 2
l and 3
2 and 3,

and treat each of these couples as a pair of slow and fast,
S and F .
For each of the couples compute initial separations, thus ob-

taining a matrix of initial separationms,

~

From the matrix of initial separation, ijdé , compute the

matrix of threshold interarrival times, tij .

Compute mean interarrival time,

t = I t..p.,p. -

Compute landing capacity,

If the capacity found‘belongs to the set of N highest or

N. lowest capacity vélues,‘store it along With the cbrréspond—
ing angles. If the capacity does not belong to either of these
sets, storage is unnecessary.

Go to 1.

The restrictions for model input parameters and the ranges of

T R AR B ST L e T R S B e
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variables o, are given in Figs. 26 and 27, for the populations of
three and four aircraft types.

Programs computing capacities for the two populations, CAP3 and
CAP4 , are given in Appendices B.4 and B.5.

Por the following input,

-- aircraft velocities vy fori=1,2,3 or i=1,2,3,4
- —- necessary straight
approach lengths Yi " "
—— proportion of aircraft
types in the mix Py " "
~~ matrix of horizontal
separation rules d., fori =1, 2,3 or i=1, 2, 3, 4

1]
and j =1, 2, 3 or j =1, 2, 3, 4,

the following output is obtained:
- N maximum values of capacity A and corresponding angles o
for i=1,2,3, or i=1, 2, 3, 4
- N minimum values of capacity A and corresponding angles
o@i for 1=1,2,3 or i=1,2, 3, 4.

An example of output from program CAP4 is given in Appendix C.3.

Value N is arbitrarily set at 40,

R MY S e S

TR R T R T
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3. Application of Capacity Models with Horizontal Separation Only

3.1. Input Data

Data for inputs into the models were obtained from: . several ref-

2’3’4, particularly those ccncerned

erences given in the reference list

with approach speeds and the minimum length of straight final approach;

consultation with airlines and aircraft manufacturers; and approach

speed studies at the TRACON facility at the Oakland International Airport.
A review of these three data sources indicated that the following

tabled inputs will usefully demonstrate the application of the proposed

models,

Alrcraft Classification

Aircraft Type Description Approach Velocity
i v, (kts)
i
1 Propeller Driven 1 100
2 Propeller Driven 2 120
3 Nonheavy Jet 140
4 Heavy Jet 150

Minimum Length of Straight Final Approach (Y)

Aircraft Type Yi
i {om)
1 2
2 2
3 . 4
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Minimum horizontal separation rules for aircraft i followed by aircraft j

a, 81j = 5 nm when the leading aircraft is aircraft type 4 (i = 4)
and trailing aircraft is either type 1, 2, or 3 (j = 1, 2, 3)
6ij = 4 nm when the leading aircraft is aircraft type 4 (i = 4)
and trailing aircraft is aircraft type 4 (j = 4)
Gij = 3 nm when the leading aircraft is either aircraft type 1,
2,0r3 (=1, 2, 3)
b. 6ij = . 3 nm for all aircraft types
C. aij = 2 nm for all aircraft types

Aircraft Mix

percentage of aircraft type i in mix

Aircraft Type

i a b c d e £ g

1 36 20 10
2 30 20 10
3 80 60 40 20 20 40 60
4 20 40 60 80 20 20 20

Using ILS, all aircraft have to pass through a common entry gate; -
therefore, the length of approach along the extended runway centerline
is. the same for all aircraft types; that is, Yi =Y =6 nm (6 nm is
assumed to be the average distance from the entry gate to the runway
threshold). |

Using MLS, each aircraft of type i enters the extended runway

centerline at its own entry gate, Ei , at distance Yi from the

runway threshold (see the table on the previous page).

For both ILS and MLS, the angles of entry to the common approach

L T R e R L Dt e s Lt L TR it e DA R s o4 e o e
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path are optimized to provide maximum capacities, These capacities are
then compared.

As stated in Chapter 1, this comparison is made assuming that both
systems are free of errors: aircraft precisely maintain assigned flight
paths and arrive at points in space precisely when they are expected to

be there.

3.2. Analysis of Results

The first case involves aircraft mixes that contain only two air-
craft types (mixes a, b, ¢ and d), namely, heavy and nonheavy jet air-
planes. The results are shown in Fig. 28, and the output tables for
Points A and B are given in Appendices C.1 and C.2.

The curves in Fig, 28 correspond to the optimum values of the
angles of intersection of the entry path with the final approach path,

o, and g For point A, o. = 10° and a, = -10° (see table CAPSF,

F S F

Appendix C.2). The analysis also shows that o, and o, can vary

S F

considerably and yet provide about the same capacity as long as the
geometry of the flight paths is similar.
There are several points that can be made about the angles Og

and uF which are important when landing capacity is considered (see
Fig. 29). One is the value of the relative angle aR (the angle

between the two paths before they enter the extended runway centerline).

This relative angle is important when the two aircraft have a common

entry gate, as in ILS (Fig. 29¢ and d) or when they have different

entry gates, as in MLS (Fig. 29a and b). The optimum range of Qs

R b
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The greater is U the smaller is Op From table CAPSF, in Appendix

g = 140 kts and when Ve = 150 kts, i.e.,

for a high value of 1§ , the optimum range for aR is 10-40° .

Another point about path configuration is how well centered O

deﬁends on the ratio of approach speeds of two aircraft, u =

C.2, it can be secen that when v

R
is relative to the extended centerline of the runway. The configurations

in which the approach paths are more or less symmetrical relative to . the
extended runway centerline, as shown in Figs. 29a and 29c, result in

larger capacities than those when @, dis not symmetrical with the ex-

R
tended runway centerline (Figs. 29b and d). This point can be seen in
the CAPSF table, Appendix C.2. (The optimal range of angles for oy

and 0. is circled in that table.)

Returning to Fig, 28, it can be seen that there is no essential
difference in landing capacity between MLS and ILS when the mix consists
of aircraft types with similar approach speeds. There is a slight in-
crease in capacity as the proportion of faster aircraft in the mix is
increased, when the minimum separation rules for all aircraft types are
§=2nm and &= 3 nm . This slight increase is to be expected be-
cause the average speed of the stream of ailrcraft increases. When,
however, the current & = 3, 4, 5 nm, separation rules are applied;
the‘capacity decreases as the proportion of fast aircraft increases.
This decrease occurs for the following reasons: because the fast air-
craft are also the heaviest, therefore, when a heavy aircraft is fol-
lowed by a light one the ?air must be minimally separated a distance
of 5 nm; the minimum separation must be 4 nm when a heavy aircraft is
followed by another heavy aircraft. In short, the averagé spacing

between approaching aircraft increases when the minimum separation rule
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§ = 3, 4, 5 om is applied, and this has more influence on the capacity
than the mentioned increase of average speed of the aircraft stream.

Fig. 30 shows the importance of optimizing entfy angles. (The
CAPSF tables in Appendices C.l1 and C.2 should be consulted for a more
detailed treatment of this subject.) Note that the figure's curves were
plotted not only for the optimal angles of *10° (see also Fig. 28 but
also for values of 0. and ap of +40° , $60° , and #80° . De-
creases in landing capacity of 4%, 11%Z and 21% were found relative to
the optimal configuration. Similar results could be shown for cases
when the minimum separation rules are 6§ = 2 nm or 6 = 3, 4, or 5 nm.
This implies (compare Fig. 28 and Fig. 30) that under the assumptions
of the model énd for the aircraft types considered, runway landing
capacity is more sensitive to changes in entry angles than to other
parameters, such as, for example, the proportion of fast and slow air-
craft, or the length of the common approach along the extended runway
centerline. As shown in Fig. 28, shortening of the common approach
length from 6 nm to 4 nm does not result in any significant increase cf
landing capacity even for the optimal angles of entry, because the dif-
ference in approach speed of the two aircraft is relatively small.

A second case which demonstrates the application of the model
involves four aircraft types in a mix (mixes e, f and g from Section
3.1). The results are shown in Fig, 31. (Example output for point C in
Fig. 31 is given in Appendix C.3.) From this figure it can be seeﬁ that
the use of MLS increases landing capacity, and for the given example the
increase’is ébout 6=10% when minimum horizontal separation ig § = 3, 4,
5 nm, 7-11% when & = 3 nm, and 10-16% when & = 2 nm.

Note that the increase of capacity is greater when the aircraft
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mix consists of approximately half fast and half slow aircraft (e.g.,

Py =Py = .3, Py =P, = .2) than in the case when one type of air-
craft prevails (e.g., Py =Py = A, Py = .6, P, = .2 which is a mix
with 80% of fast aircraft). This point agrees with the conclusion made
earlier in this section that the increase of capacity obtainable with MLS
is.rather small when a population counsists of aircraft types with simi-
lar approach speeds. This point also agrees with the discussion of ex-
pected capacity increase given in Section 2.1,

The capacity increase obtained in the second case (four aircraft
types) is significantly greater than that obtained in the first (two air-
craft types), for two reasons: first, the differences between the veloc-
ities of the aircraft types are much greater in the second case than in
the first; second, the decrease of the common path length is greater
in the second case (on the average), and particularly because the slow
aircraft types enter the entended runway centerline only 2 nm from the
runway threshold.

As the model computes capacity for discrete values of angles ai ,
it should be noted again (as in the case when there are two aircraft
types in the mix) that, for all practical purposes, a group of solu-
tions (rather than a single solution) ensure maximum capacity, This
can be seen from the output example for CAP4, Appendix C.3.

Some of the solutions are presented graphically in Fig. 32; all
result in about the same capacity. Differences between solutions are
the result of: slight changes in some of the entry angles; an inter-
change of the given trajectories for two similar aircraft types; ot
a combination of both. It should, however, also be noted that- the

flight path configurations shown on Fng 32 are not radically different,

sy R L e

§
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If entry angles radically different from those shown on Fig. 32 are
used, the capacity could be reduced by as much as 20% (see the Minimum
Capacity table in Appendix C.3).

Some additional examples indicate that furthe: decrease of the
length of coﬁmon straight approach (e.g., Y, < 1 om, Y, = 2 nm, Yy =
3 nm and Yy = 4 nm) will not bring any significant increase in runway

landing capacity (see Fig. 31).
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4, Analysis of Capacity Models with Horizontal and Vertical Separation

4,1, Introduction

Chapters 2 and 3 have considered a landing capacity model which is
governed by the assumption that in accordance with current.ATC rules only
horizontal separation between aircraft is allowed during approach.

In this (and the next) chapter, runway landing capacity will be
analyzed. It will be here assumed that horizontal and vertical separa-
tion between alrcraft approaching a runway is possible. Landing capac~
ity will be computed using, for each particular aircraft pair, the more
efficient of the two possible aircraft separations.

Some preparatory remarks should be made before proceeding, First,
no two-segment approach paths will be considered. Second, as the fea-
sible angles of descent under IFR conditions vary from 2.5° to 8-100,
this span of about 7° does not allow for more than two "useful" paths
in the vertical plane, useful referring to those paths which provide
vertical separations that are more suitable from a capacity point of
view than the corresponding horizontal ones; consequently, there is no
point in dividing all aircraft types into more than two categories,
these categories being determined by the descent angle capabilities of
the aircraft type. |

These two categories will be: (1) aircraft capable of performing
steep descent (STOL aircraft) and (2) the remaining aircraft population
(CTOt aircraft). Second category aircraft are assumed to be in the
same horizontal plane and are separated by horizontal separation rules.
If a verﬁicél separation of only 1000 ft (305 m)‘were applied (for
descent angles of 2.5% or 3°) the resulting horizontal spacings are

either greater than the prescribed minimum given by the horizontal



63

separation rules or are infeasible because of wake vortex separations.
The argument in chapters 2 and 3 will apply to the situation when both
groups of aircraft appear in the mix., Vertical separation will be ex~-
amined only for the cases when at least one of the two consecutive land-

ings is performed by an aircraft with steep descent capability.

4,2, Vertical Separation

If a pair of aircraft land one after the other and one of them is
capable of performing steep descent, it is assumed that two distinct
approach paths in the vertical plane are followed. (This situation is
presented in Fig. 33.) These paths are denoted as higher approach, H ,
and lower approach, L . Similar notations_will be used for all air-
craft utilizing these paths. It is assumed further than the aircraft

using the higher path will have lower approach speeds than those using ,

the lower path, i.e.,

This ascsumption implies that if only horizontal separation is
employed, the aircraft pair landing sequence low followed by high (LH)
will be critical from a capacity point of view because it actually rep-
resents the fast followed by slow aircraft sequence (FS). This sequence
is shown in Fig. 34 at the moment when the ianding aircraft, L , crosses
the threshold. If the vertical separation, ¥ , between the two air-
craft produces H%* , the horizontal spacing between the two aircraft
at that moment--which is less than the spacing required under ATC hori-

zontal separation rules, some gains in capacity can be expected. How~

ever, to assure that a vertical separation between the two aircraft of
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at least ¥ 1is continually preserved before the leading aircraft, L,
lands, the following condition has to be satisfied:

» > -
vy, sin GH z2 v, sin 6L ,

i.e., the vertical component of the speed of aircraft H has to be
equal to or higher than that of aircraft L . 1If this condition is
satisfied, the vertical gap between the two aircraft continually closes
during approach until it reaches ¥ , the minimum required vertical
separation, when the leading aircraft lands.

This condition can also be:
N vL sin eL
sin BH

This variation of the condition suggests, since angles BL and

is three times as big as angle

H

0., are small, that if the angle GH

0 then v, has to be greater than one third of v, . This is an

L’ H L
approximation, but it shows that when GH is large enough the condi-

tion is always satisfied.

An exact solution for the minimum speed of an aircraft on the

o (o]

upper approach path, when v, = 150 kts, O, =37 and GH =7.5",

L L
is that Yy 2 60 kts. This condition will be satisfied because the
aircraft capable of steep descent have expected minimum approach speeds
of 70 to 80 kts. | | |

When the necessary vertical separation condition is satisfied the

separation between the two aircraft in sequence LH , at the moment

when leading aircraft lands, will be
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X
HRX ~ tan GH

When BH = 7.5° . 2X has the following values.

X Hﬁx
(ft) (m) (om)
1000 305 1.25
1500 457 1.87

2000 610 2,50

The table indicates that vertical separation causes some capacity
improvement, since the horizontal spacings of vertically separated air-
craft are shorter than the minimum required horizontal separations,
except when Gij = 2nmm and X = 2000 ft (610 m).

The sequence under consideration has been LH , an aircraft on a
lower path followed by an aircraft on a higher one. However, there are
three other possible same pair sequences: HH , HL , and LL .

Sequence HH will require a vertical separation X when the lead-
ing aircraft lands, at wbich moment (see Fig. 34) tﬁe horizontal spacing
will be Hkx .

For sequence HL , ‘orizontal separation will be such' that when
the leading aircraft, H , lands, the trailing aircraft, which has,

as noted, a higher approach speed, will be distance § from the thresh-

old.

Sequence LL requires horizontal separation only. The model de-~ -
scribed in Chapter 2 will be used to compute threshold interarrival

time as it relates to horizontal separation.
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The requirements for each of the above four approach sequences
suggest that the threshold interarrival times for a pair of aircraft

using different descent paths are

? H™X
I t = t = ————
| ?
1 ‘ LH HH VH
§

t = ———
| HL v

tLL = to be found using the model for horizontal

% separation only.

The next section will describe how these interarrival times can be

combined and runway landing capacity will be .computed.

4.3. Model for Arrival Runway Capacity

The following description of this simple model will consider four
differing aircraft types using the same runway. The types are denoted-
as 1, 2, 3 and 4; speeds ascend from type 1, the slowest, to type 4,

L the fastest. Only type 1 aircraft are capable of performing steep

descent, i.e., they are type H ; all other types are type L (see

Section 4{2.); The following model: parameters are

v, = aircraft approach speed i =1, 2, 3, 4,
Yi = min straight final approach
lengths i = 1,2, 3, 4
P; = proportion of aircraft type, i =1, 2, 3, 4
} Gij - min horizontal separation matrix i =1, 2, 3, 4y § = 1,2,3,4;
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angle of descent 8. > 8 = 0 = @

minimum vertical separation,

find runway capacity when aircraft type 1 use a steeper angle

of descent than the other types, and when vertical separation between

aircraft type 1 and the others is applied, the following steps should

be made.

1.

Check whether the necessary condition for vertical separation

(given in Section 4.2) is satisfied, i.e.,

vL sin GL

>
H sin BH
in this case it should read:

> V4
1 sin 61

sin 64

2 2 8 =6_=6 .
and v, 2 Vg2V, and 2 3 4
If the condition is satisfied vertical separation can be

applied.

Form the matrix of interarrival times, as follows.

Trailing aircraft

1 2 3 4

L t1,0 f1,2 f1,3 f14

2,1 .
Leading L,L

aircraft 3,1

4 t
' byl




1,1

1,2

1,3

1,4

LL
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is computed as the mean interarrival time when the population
consists of three aircraft types; computation involves use
of a model which assumes horizontal separation only (Program
CAP3). All the input values of this model are the same as
detailed earlier in this section, except that the proportion
of aircraft in the mix is modified in such a way that

L p! = 1, where p! are new proportions and the

. i i

i=2,3,4 ‘

relation between pé s pé , - and pa is the same as it was

between p2 , and p4 ,» namely,

P3

Py
)

P.
i=2,3,4

It should be noted that when obtaining tLL the optimal

horizontal path geometry for aircraft types 2, 3 and 4 will

be fourd.

Find the mean threshold interarrival -time, ¢t .

Tt eyt et
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L t,.p,, + I t..p.. + ¢t L p..
1 I i=2,4 34 LL jap 4
j=1,4 j=1 i=2,4

4. Compute runway landing capacity, which is

>
]
ot} =
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5. Application of Capacity Model with Horizontal and Vertical
Separation

5.1. Input Dataz

The second of the two examples given in Chapter 3 will be here
modified so that the influence of vertical separation on capacity can
be determined.

The example's classification of aircraft types is the same as
that given in Section 3.1, page 55, excepting that type 1 aircraft are
considered capable of performing steep descent. A corresponding set

of descending angles are assumed as follows.

A/C type ; Angle of descent
i ei
1 7.5°
2. 3°
3 3°
4 3°

Another exception is that if type 1 aircraft perform a descent
where Gl = 7.5° they will have lower approach speeds, so that vy =
80 kts when vertical separation is applied. Speeds for aircraft types
2, 3, and 4 are the same as those listed in Section 3.1, page 55.

The remaining inputs for the capacity model with horizontal and
vertical separation are as follows;

-- Minimum lengths of straight final approach for all four ai{—

craft typés are the same as those given in Section 3.1, page 55.

~— Minimum horizontal separation rules are as given in Section

3.1; page 56.
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-~ Minimum vertical separation rules are assumed to be the same
as given in Section 4.2: x = 1000, 1500 and 2000 ft (305, 457
and 610 m).

~— Aircraft mixes used in this example are the mixes e , f and
g given in Section 3.1, page 56.

In summary, modification of the selected example involves the fol-
lowing assumptions: an aircraft type 1 performs descent at a 7.5° angle
with an approach speed of 80 kts; type 1 aircraft are separated ver-
tically; type 1 aircraft are also separated from other aircraft types
by vertical separation; a vertical separation between any two aircraft
types can be either 1000, 1500 or 2000 ft. Aircraft types 2, 3 and 4
are separated horizontally.

Using the model described in Section 4.3, the results plotted in
Figs. 35, 36 and 37 were obtained. Note that in these figures, plots
for only horizontal separation are actually those given earlier in

Fig. 31.

5.2. Analysis cf Results

In Section 4.2, it was noted that for a steep angle of descent,
BH = 7.50; minimum vertical separations of ¥ are 1000, 1500 and
2000 £t (305, 457 and 610 m); horizontal spacings between two aircraft
are 1.25, 1.87 and 2.50 nm, respectively, at that moment when the lead-
ing aircraft lands and trailing aircraft is on a steep descent path.
These spacings are much shorter than the horizontal spacings between
two aircraft at the moment when the leading aircraft lands if current

ATC horizontal separation rules are applied.  Consequently, significant

improvements in landing capacity should be expected. An exception is
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the case when required horizontal separation is only two nautical miles
and vertical separation is either 1500 or 2000 ft; this exception
applies particularly when vertical separation of 2000 ft is required

and when GH = 7.50; the resulting horizontal spacing, % , equals

H™Y
2.5 om; this horizontal spacing is larger than that required by mini~
mum horizontal separation rules; therefore, the use of vertical separa-
tion in this case would decrease rather than increase capacity. The
greatest improvement should be expected in the case when minimal hori-
zontal separations are in their high range, e.g., 3, 4. 5 nm separation.

Figs. 35, 36, and 37 shows runway landing capacities for ILS and
MLS procedures, the latter involving the use of: only horizontal sepa-
ration, and horizontal and vertical separation. Input values for these
cdpacities are those listed in the previous section

The single difference in the capacities shown in Figs. 35, 36,
and 37 is a result of differing minimum horizontal separation rules.

The minimum horizontal separation rules used in computation of the
capacities shown in Fig. 35 require that & = 3, 4, or 5 nm. As this
figure indicates, MLS procedures can produce a capacity increase of as
much as 40 to 50% when compared under the same aircraft mixkconditions
with ILS procadures.

Fig. 36 shows the capacities obtained when the horizontal separa-
tion rules require that ¢ = 3 nm. The increase in capacity when MLS
rather than ILS procedures are used can be as much as 30 to 40%.

The capacities shown in Figs. 35 and 36 indicate that when any of
the three vertical separations (X = 1000, 1500, or 2000 ft) are applied
higher capacity increases, compared with'capacities obtainable when

MLS procedures with only horizontal separations are applied, are
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obtained. However, when the horizontal separation rules are from a
capacity point of view improvéd, i.e., minimum horizontal separations
are shorter, the additional gain in cépacity, if any, is, as noted,
smaller, see for example Fig. 37. This figure shows that a vertical
separation of 1500 ft produces about the same result as a horizontal
separation of 2 nm, i.e., the increase in capacity obtainable in both
MLS cases {(with and without vertical separation) is about 15%, when
compared with the capacity obtainable with ILS. The figure also shows
that a vertical separation of 1000 ft produces a capacity improvement
of 30%, when compared with that obtainable with ILS., In contrast, the
figure shows that if type 1 aircraft are separated vertically, from
themselves and from other aircraft, by 2000 ft, rather than horizontally,
by 2 mm, the effect of vertical separation on the capacity is negative.

Note that the highest obtainable increase in landing capacity when
using MI.S procedures occurs when the aircraft population consists of
roughly equal divisions of fast and slow aircraft. (This point is dis-
cussed in Section 3.2.)

In Section 4.3 it was noted that when the capacity model (which
responds to bpth horizontal and vertical separation rules) is applied,
it produces optimal horizontal path geometry for aircraft types 2, 3,
and 4. Further, in Section 3.2 it was noted that when horizontal sepa-
ration rules are applied (to either MLS or ILS procedures) more than
one optimal configuration results. Fig. 38 iliustrates ome of these
approach paths gonfigurations; this configuration maximizes landing
capacity and produces the results shown in Figs. 35, 36 and 37. The

‘paths are as follows. |

~~ Aircraft type 1 approaches on a glide slope of 7.50, performing

~"§t‘?""ﬁ‘"‘”é""2‘ar:»mz Cn T i B
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either a straight (as shown in Fig. 38) or curved approach.
Aircraft types 2, 3 and 4 all approach on a 3° glide slope.
Aircraft type 4 approach directly along the extended runway
centerline.

Aircraft type 3 intercept the extended runway centerline from
its left side, at an angle of 200, 4 nm from the threshold.
Aircraft type 4 intercept the extended runway centerline from

its right side, at an angle of 300, 2 nm from the threshold.
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6. Conclusions

MLS allows the use of multiple approach path geometry in the final
stage of approach, whereas ILS requires use of a common approach path.
This research has considered runway landing capacity increases obtain-
able when MLS rather than ILS procedures are employed. Conclusions
are as follows.

1. The approach path configuration shown in Fig. 13 is at least
as suitable from a capacity point of wiew as any other possible
configuration, when only horizontal separation is allowed (sec
Section 2.2).

2, The angles of entry, ai , to the extended runway centerline
have a significant effect on landing capacity; they should
be optimized (see Section 3.2).

3. When only horizontal separation is allowed and when an air-
craft population consists of aircraft with similar approach
speeds, MLS procedures (differing final straight approach
path) do not produce any improvement in landing capacity,
when compared with capacities obtainable with ILS procedures
(a common final approach path). (See Section 3.3.)

4. When only horizontal separation is allowed and an aircraft
population consists of aircraft with considerably differing

approsch speeds, and for mixes of roughly half fast and half

slow aircraft landing capacity improvements of 10-157 can be

5

expected, when MLS rather than ILS procedures are employed
(see Section 3.2).

5. If both vertical and horizontal separations are allowed during

the approach phase, depehding highly on the aircraft mix and
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the applied minimum vertical separation rules, very significant
improvements in landing capacity, as much as 507%, can be achieved,
when MLS rather than ILS procedures are employed (see Section

5.2). These improvements are due to the vertical separation.
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8. Glossary
Subscripts

i - ‘aircraft type. This subscript can take numerical values
1, 2, ..., n, where 1 is the aircraft with the lowest
approach speed. It can also take values F or S,
denoting fast or slow aircraft in the éase of only two
aircraft types:in the population.

ij - aircraft palr, consisting of two aircraft lénding one
after the other. 1 is the leading aircraft type; j
is the trailing aircraft type. j can ﬁake all values

that i takes (see the preceding paragraph).

Capital Letters

E - .entry gate, point at which aircraft joins final straight :;
approach path before landing. |

Ei , "= entry gate, for aircraft of type i in the case of muitiple
approach paths.

T = runway  threshold.

Small Letter¢

d(t) - distance between two aircraft measured on a straight line

in horizontal plane. This distance is a function of time.

dij(t) - distance d(t), for a pair of consecutively landing air-
craft (i is the leading aircraft type and j is the
,trailing aircraft type).

,1dij(t) = first segment of~funct10g dij(t).

2dij(t)» -  $econd segment4of function dij(c)‘



3935 (®)

Y

1i%

>

4
ij om

120

third segmentvof function dij(t)' |
initial separation between aircfaft i and j. This is
the separation between the two airgraft at time, t = 0
(the moment when leading aircraft i reaches the begin-
niﬁg of the common straight approach path), measured
along the path of trailing aircraft.
initial separation between aircraft i and j computed
under thé condition that the minimum of function dij(t)
is located as indicated by subscript m
m=1 min dij(t) occurs at the first segment of the
function. ijﬁ is found from

01

1914 () . = 9y
t=45%1

-m =2 - min dij(t) occurs at the second segment of the

function. ..8 is found from
ij 02

zdij(t) = aij

m= 3 min dij(t) occurs at the third segment of the

function. ..a is found from
ij 03 :

3444 (t) . 853
t=ij t3

m=4 min dij(t) occurs at the limit between the first
and second segmeqt of the function. ijd04 is

found from ; '

1935 (®) = dy® =0

i3
“i1% i3t
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t..
1]

atij

rtij

a

i3
i

i

. time at which d

T T
Wk Mo¥ =%
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m= 5 min dij(t) occurs at the upper limit of the domain

of the function for t =‘ijt5 (i.e., leading air-
cfaft i 1lands) ideS is found, therefore, from
d,.(t = 4.,
”()i g
BT

proportion of aircraft type i in the population.
probability of the pair ij aircraft occurring in the
vehicle stream, i.e., aircraft type j. landing after air-
craft type 1.

time

Note: t = O indicates for any pair of conmsecutively land-
ing aircfaft the time when leading aircraft reaches the

first point on the common straight approach path (on the

~extended runway centerline).

interarrival time at the runway threshold (time separation
over the threshold) between leading aircraft of type i

and trailing aircraft of type j.

~ time separation over the threshold dictated by the minimum

éeparation rules in the air.

time separationrover’thebthreshold dictated by the runway
oécupancy time.

expected interérrival time at the thféshold.

1;ij(t)>feaChes minimum.

time at- which 2dij(t')'—-rre‘aéhes minimym.

time at which 3dij(t) reaches minimum.



122

1* — .
ijtl ~ time at wh1ch» ldij(tz reaches minlmum, computed for
ij% = 13901 -

*
.t2 - time at which .d,,h(t) reaches minimum, computed for
ij’l 17ij
etc. ijd0 = ijd02 .
x .

..t5 - time at which .d,,(t) reaches minimum, computed for
ij~3 371j

‘ijdo = 15%s *
in general

k* , .
ijt - time at which dij(t> reaches minimum, computed for
d d
~ijoo  ij ok °

ijt4 - time limit between the first and the second segment

(1dij(t) and 2dij(t)) of function dij(t) .
ijt5 - time at which first of two aircraft in an aircraft pair

lands

oo Ju
ij \A

ijt6 - time limit between the second and the third segment

V(Zdij(t) and 3dij(t)) of function dij(t) .
v, - approach speed of aircraft of type i.

Greek Letters

ai' - angle of ehtry of the aircraft of type 1 to the extended
runway centerline measured relative to that line. Positive
anti-clockwise, negative clockwise.

Sa = - relative angle of entry for two aircraft of different types
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13
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4 = lai - aj' i#j
e.g.’
% = % - O‘Fl

difference in the necessary lengths of straight final
approaches along the extended runway centerline for

fast (F) and slow (8) aircraft

B o= Yp =Yg
length of the straight common final approach along the
extended runway centerline, for ILS case.
neéessary length of straight final approach for aircraft
type 1i.
length of the common straight finai‘approach for aircraft

type i and type j, for MLS case

iy = minyysy,)
miﬁimumbhorizontal separation between éircfaft type 1
followed by aircraft type j, required by ATC rules.
angle of descent in the final approach of aircraft of
type. i. |
runway lénding capacity.
raﬁio of approach speeds of slow (S):and fast (F) air-
crate.

v .

vy

minimum vertical separation between two consecutively

- landing aircraft.
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A. Flow Charts



A.1 Algorithm for FSdo
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ZdFS

.

e
rst2

)

rs% = rsdo1
INDX = 1020
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Fst1

o
195 (psty )

>

rsdo2
2020

ERROR
INDX = 1001
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<o
(9]

rsts

A - el

rsdo = rsdoz
INDX = 2110
5% = rsos
INDX = 5110 Py
d_.(_.t7 )
2°Fs'Fs "1
rso = w502
INDX = 2120

A A
5% N d = d
195 (pgtp) > 6 FSo FS 05
' INDX = 5120
ERROR
— = INDX = 1002
rsdo1 '
rsdo = rsdo1

INDX = 1030
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rsd04

4
sl

4
rst2

ERROR
INDX = 1005

ERROR

INDX = 1004
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Notes

1.

It can be shown by geometrical proofs that all of the exits from

the algorithm shown as "ERROR" cannot occur, if the input values of |

the variables and parameters ére'corréct§ However, such exits aré
preserved in the programs to facilitate loéééion of eventual errors
in programming or errors ip-the input data. |
Index "INDXf describgs>tﬁe'shapeiqf}the function‘ dpg(t)  and shows
the range.of this funciion where minimum separation between the two
aircraft occurs., The key to values of "INDX" is given in the two

following figures.
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A.,2 Algorithm for SFdo
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YES

do(t3"
2%r(srt2 )

I*
dsplst

1°SF )

~

SFdOB

SFdo -

~ ~

srd% = sr%3 INDX = 3121

INDX = 3112

3%
sFt1 )

19s8¢




s¥%o = srdo1
INDX = 1123

stz 70

1%
2dSF(SFt2 )

ZdSF

(s5t2

1*)‘> éu

1
sFt3

L:

1+

3dSF<SFt3 )

d .1*
39srsrts )

>
sF

N L
sF®2
_ s¥dor ~ B
JsF4 - VF
NO s '

ERROR
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ERROR
INDX = 1001

1*
sFt3

it

3ds?$SF

¥es |

1%
£y )

A

A

se% = srlo1

ERROR

A

srdo ™ SF

ERROR

A

d

INDX = 1122

01
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ERROR

INDX = 1009

ERROR

INDX = 1010

L 2k
sFt1

=
395 (sp*3 )

srdo ™ srdo2

INDX = 2112

_ ERROR

2% ; <oNo

¢ ) INDX « 1011

3%sp

sFt3

>

sifo = srdoz

2%
3955 (gpts ) > Ogy

\INDX = 2122

ERROR

CINDX = 1012
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2455

£y B
srd ™ spd03
INDX = 3113

- ,A
sr% “spd2

INDX = 2112

ERROR
INDX = 1017

ERROR

2%

195 Csety )
INDX = 1018

AR
1‘sr(srtl)’ 65F

L ~
SFdo " sdeZ
INDX = 2122

2%
sFta

m
:a"sr(sl’t,3 )

ERROR




1*»
SF'2,
¢ o SPd01 "B
SF™4 YF
1* YES ¢ In
2 7 sE% sPt3
—
3%sp{spts )

a ~
se% " sr%1
INDX = 1123

ERROR

INDX = 1027

.
29r(spts )

1%
sFt3

doaloet®y

_3%F

39%r'spts
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ERROR

sk% = sro1

INDX = 1121

ERROR

INDX = 1028

pL
(gpts

)2 GSF
NO

ERROR

INDX. = 1029

INDX = 1024

ERROR

INDX = 1025

.4‘
SF™3

, 4
1%plsrts ) -

ERROR

INDX = 1026

si% = spdos

INDX = 4113

”»

-
srdo ™ sr01

INDX = 1122



- -~

sr% " sr%0

INDX = 3123

ERROR

INDX = 1030

1%
sF%3

in
dspsr®s

3%sr )

. 1=
splspta ) > 6

srd% ~ srim

INDX = 1123

ERROR
INDX = 1031

SF.

NO

I
1958 spt1 )

1*
st

pL
srt2

1
sF2

_si% " B

JU
sF%2 st

YES

ERROR .

INDX = 1032

ERROR
INDX = 1037

ERROR

INDX = 1036

ERROR -

INDX = 1035

Ll ~

sr% ° sr%:2

INDX = 2122
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2k
sFt3

i
395k {srt3

~
SF 02

i
sEt2

ERROR

INDX = 1033

o
1%sptspt )

L2*
S

INDX = 1034
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sFt1
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s7% = srd03
INDX = 3011
3%
197 (spty
A A
sr% = spd03
INDX = 3021
= srd01

1021




]_*
sFt1

INDX = 1038

ERROR

1%
sFt2

1%
(spt2

ZdSF

INDX = 1122

ERROR

INDX = 1039

~

= srd01

ERROR

INDX = 1040
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Notes:

1. 2', 2" and 2" are exactly the

indices as follows:

same as 2 but with changed error

2"'

2 2! 2"
1001 1005 1013 1020
1002 1006 1014 1021
1003 1007 1015 1022
1004 1008 1016 1023

2. See note 1, Appendix A.l, page 136.

3. See note 2, Appendix A.1l, page 136.
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B. Program Listing



B.1l. List of Variables
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" A1l Subroutines

COAS : cos ?S

COAF © cos aF

COASAF ~ cos @ g - dF)
AMAS:” | »11'2 - 2u'cos &S E+ 1
AMAF u? - 2ucos a + 1

AMASAF 112 - Zﬁcos(ds - dF) + 1

AT H
VS Vg
GAMAF Y,
GAMAS  Yg
BETA B
IAFAR otF in degrees
IASAR as in degrees
DOSF s
; SF o
~ d
DOFs FS“o
- A
‘cl .
DOSS. SSdO
A
DOFF s
INDXFS INDEX for dpg (6
INDXSF ~ INDEX for dg (t)
INDXSS INDEX for dgc(t)
INDXFF  INDEX for d_.(t)
B v tep
;TFS -  ?35 =

Ss
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TFF t

“FF
DELTSS §SS
DELTFF §FF
DELTSF SSF
DELTFS §

FS

S g
" "Subroutine SDOSF

>

- DOSF1 srlo1
DOSF2 <902
A
DOSF3 : SF 03; ;
DOSF4 d04§ ;
vist ¥
SFt1
v2s1 £2*
: SF 1
3*
V3s1 spta
| (4%
vasl sFt1
182 e
v ‘sFt2
V282 ¢2*
- SF2
. 3x
V3s2 szt |
Dy281 1 SF(SF 1 "
'DV3Sl_ 1 SF(SF l
bvis2. 2 SF(SF 2
bv3s2 2 SF(SF 2 "
DVIS3 5 SF(SF 3, 2
D253 5 SF(

Subroutines have names of variables which they compute with letter S
as the first letter, e.g., SDOSF is subroutine which computes DOSF.
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DV4S3 ( )

SF3
(1)) computed using

3%y
DoDO3 29sF Fd03

“'Subroutine ‘DOFS

DOFS1 FSfOl
DOFS2 ..,
DOFS4 rs%0s
DOFS5 Fsdo5
T1S1 S
S Fst1
251 “ 2::
128 - wsh1
. A
| T4S1 rst1
551 e2F
I Fst1
T152 e2*
8 rst2
7252 £2*
FS 2
4*
1452 rst2
prasl 19ps{xs 1 b
HE3SL 1 FS(FS 1 "
DT1S82 9¢ FS( t, )
CAPSF
DOOSF SFdo (matrix)
DOQFS FSQO (matrix)
DOOSS: ss9 (vector)
”DOOFF - 1% (vegtqr)
. INXSF INDEX for déf(t)
 INXFS INDEX for dp ()
~ INXSS  INDEX for dg.(t)

CINKFF INDEX for dp ()
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‘CAP3 (Similar is for CAP4)

VKT v, approach speed in knots (vector)

GAMA 4 (vector)

P Py (vector)

PP pij (matrix)

DELTA ij (matrix)

TT tij (matrlx)

IALF1 %y |

IALF2 0y values producing optimal N “configurations
IALF3 Qg |

CAPAC optimal N capacities

CAPMIN the lowest N capacities

IALFML Qg

TALFM2 dz values producing the lowest N capacities

IALFM3 04



B.2. Subroutines



100

105

115

120

125

130

135

140

145

SUBROUT INE SDOSF
DIMENSION DELTA(5,5)
COMMON  /SSFFS/

1COAS ¢ COAF , COASAF, AMAS , AMAF , AMASAF 4 AMT 5 VE y GAMAS y GAMAF , B

ETA,DELTA,

21AFAR,IASAR,OOSF,DOFS,DOSS,DOFE,INDXSF,INDXFS,INDXSS,INDXFF,

3TSFsTFS,TSS, TFF
4y DELTSS,,DELTFFDELTSF,DELTFS
COMMON. /SF/

2DOSF1,DOSF2,DOSF3,D0OSF4,V151,V251,V3S1,V4S1,V1S2,V252,V352,

3Dv2s1,0V3sl,DV1i52,0V352,DV1S3,4DVv253,0v453,00003

CALL SDOSF3 .
PT12=(DOSF3~BETA)/VF

IF (PT12) 700,700,100

CONT INUE :
CALL SV3s2 ‘
IF (V3S2-PT12) 200,200,105
CONTINUE

CALL SV3s1

IF (V3S1) 115,115,110
CONTINUE X

INDXSF=3111

DOSF=DOSF3

GO TO 995

CONT INUE

CALL SDV3s1 «

IF (DV351-DELTYSF) 125,125,120
CONTINUE . ,
INDXSF=3121

DOSF=DOSF 3

GO TO 995

CONTINUE

CALL SDOSF1

CALL SV1S1 ‘

O IF {V151) 135,135,130

CONTINUE

INDXSF=1 .

DOSE=0.
"GO 'TO 995

CONTINUE

CALL S8sVis2
PT12=(DOSF1-BETA)/VF

IF (V1S2-PT12) 1554155,140
CONTINUE

CALL SDV1S3

iF (DVIS3~DELTSF) 1504150,145
CONTINUE

INDXSF=1121

DOSF=DOSF1

[}

LST



159
155
160
165

170

175

180

185

GO TO 995
CONTINUE
INDXSF=2

"DOSF=0e

GO Y0 995"
CONTINUE

IF (V152) 185,185,160

CONTINUE.
CALL SDV1S2

IF (DVIS2-DELTSF) 180,180,165

CONTINUE ,

CALL SDV1S3 e L
[F (DV1S3-DELTSF) 175,175,170
CONTINUE ‘
INDXSF=1122

DOSF=DOSF1

GO TO 995

CONTINUE

INDXSF=3

DOSF=0.

GO TO 995

CONTINUE -

INDXSF=4

DOSF=0.

GO0 TO 995

‘CONTINUE

INDXSF=50

. DOSF=0.,

200
293

205

210

215

220

GC TO 995

CUONTINUE

IF (V352) 400,400,203
CONTINUE o

CALL SDV3s2

1F (DV3S2-DELTSF) 300,300, 205

"CONTINUE

CALL SVv3S1
IF (V3s1) 215,215 210
CONTINUE

“INDXSF=3112

DOSF=DDSF3

GO TQ 995

CONTINUE -

CALL SDv3sl

1F (DV3S1=DELTSF) 125,125'220
CONTINUE :

INDXSF=3122

DOSF=DOSF 3

GO 70 995

86T



300

305

-CONTINUE
- CALL SDOSF2

CALL Sv2s2
PT12=(DOSF2-BETA)/VF

IF (V2S2-PT12) 310,310,3¢5
CONTINUE

INDXSF=9

-DOSF=0.

310
3195

320
325

330

335

340'

345

350

355

- 360
200

GU TO 995
CONTINUE

~1F (Vv2s52) 315 315,320
SCONTINUE

INDXSF=10

DOSF=0e

GG TO 995

CONTINUE

CALL SV2S1

IF (V2S1) 340,340,325
CONTINUE

CALL SDV2S3

IF (DVZSB-DELTSF) 335,335,330

CONTINUE
INDXSF= 2112
DOSF=DOSF2 .
GO TO 995
CONTINUE
INDXSF=11
DOSF=0.
GO-T0O 995
CONTINUE
CALL sSbvasi
IF (DV251~ DELTSF) 360,360,345
CONTINUE
CALL SDV2S3.
i (Dv2Ss3- DELTSF) 355,355,350
CONTINUE
INDXSF=2122
DOSF=DQsSF2
GO T4 995
CONTINUE
INDXSF=12
DOSF=0C%

GO TO 995
CONTINUVUE

GO0 TO 125

CONTINUE
CALL SV3S1,
IF (V3S1) 60C,5600,405
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405
41C
415
5420

a2s

590
777 CaLL SDOsF1

505
_CALL SDOSF4&
‘CALL SV4S1

510

CONTINUE

CALL SDODO3

IF (DODD3-DELTSF) 415,415,410
CONTINUE

INDXSF=3113

-DOSF=DOSF3

GO TO 99%

CONTINUE

CALL SDOSF2 .

CALL Ssv2s2 . .
PT12=(DOSF2~BETA)/VF

IF (V252-PT12) 4257425,420
CONTINUE

INDXSF=17

DOSF=0.

GO TO::995

CONTINUE -
IF (v2s2) sco.soo 320

CONTINUE

CALL 5Vvis1 ‘
IF (V1S1) 540, 540 505
CONTINUE

IF {v451): 510'510 515
CONTINUE
INDXSF=24
DOSF=0,

- GO TO 995

515
s20

- 530
. 535

540

CONTINUE ,
IF (V4S1) 525,525,520
CONTINUE ,
INDXSF=25

DOSF=0.

. GO TO 995
525

CONTINUE
CALL SDV4S3
IF (DV4S3-DELTSF) 530.530,535
CONTINUE |
INDXSF=26"
DOSF=0.
GO TC 995
CONTINUE
INDXSF=4113
DOSF=DOSF4
GC TO 995
CONTINUE
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560
570

615

620

625

630

635

650

CALL SV1S2
PT12={DOSF1-BETA) /VF
IF (V1S2-PT12) 560,560,140
CONTINUE

IF (V1S2) 570,570,160
CONTINUE -
INDXSF=1123
DOSF=DOSF 1

GO TO 995

CONTINUE

CALL SDV3S1

IF {DV3S1-DELTSF) 610,61C,605
CONTINUE
INDXSF=3123
DOSF=DOSF3

GO TO 995

CONTINUE

CALL SDOSF1

CALL SV1S1

IF (V1Si) 620, 520 615
CONT INUE

"INDXSF=30

DOSF=Co.
GO TO 995
CONTINUE

CALL SV1S2 ;

1F (V1S2) 625,625,640
CONTINUE

CALL SDV1S3

IF (DV1S3~-DELTSF) 635,635,630

CONTINUE
INDXSF=1123
DOSF=DOSF 1

- GQ TO 995 i

CONTINUE

INDXSF=31

DOSF=0,

GO TO 995

CONTINUE
PT12=(D0SF1-BETA)/VF

1F (VISZ“PTIZ) 650,650,645

CONTINUE
INDXSF=32
DQSF=0e.

GO . TO 995
CONTINUE
CALL SDGOSF2
CALL Sv2s2

191



555

IF {(V2352) 655,655,660
CONTINUE
INDXSF=33

 DOSF=0.

660

GO TO 995

CONTINUE

- PT12=(D0OSF2=-BETA) /VF

665
670
675
680
685
690

693

IF (Vv252~PT12) 6704670, 665'
CONTINUE

INDXSF=34

DOSF=0.

GO T0O 995

CONTINUE .

CALL ‘5v2s1

IF (V251) 6804680,675
CONTINUVE

INDXSF=35

DOSF=00e

G0 TO 995

CONTINUE
CALL 5DvV251

1F (DV2S1-DELTSF) 685,685,690

CONTINUE
INDXSF=36
DOSF=Ce

GO TO 995
CONTINUE

"CALL SDV2S3
IF - (DVas3- DCLTSF) 693'593,696

CONTINUE
INDXSF=37
DOSF=0.

- GD TO 995

696

CONTINUE
INDXSF=2122

" DOSF=DOSF2

700

‘GC TO 995

CONTINUE
CALL SV3S1

 PT12={DOSF3-BETA)/VF

705

:710

~IF (V3S1-PT12) 710, 710'705

CONTINUE
INDXSF=3011
DOSF=DDSF3
GO TO 995

CONT INUE

CALL SDV351
IF (OV3S1-DELTSF) 720,720,715
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726
725

800

805

810

820

825

830

CONTINUE
INDXSF=3021
DOSF=DOSF3
GO 70 995
CONTINUE

CCALL S5DOSF1

PT12=(DOSF1~BETA)/VF
IF {PT12) 725,725,800
CONTINUE

INDXSF=1021
DOSF=DOSF 1

GO TO 995

CONTINUE

CALL SVIS1 -

IF (V1S1) 810 810,805
CONTINUE

INDXSF=38

DOSF=0+

GO TC 995

CONTINUE

CALL Svis2 :

IF (V1S2) B15,815,820
CONTINUE

INDXSF=1123 ‘
DOSF=DOSF1

GO TO 995 -

CONTINUE
PT12=(DOSF1-BETA)/VF
IF (V152-PT12) 830,830,825
CONTINUE

INDXSF=1121
DUSF=DGOSF 1

GO TO 995

CONTINUE

. CALL SDvV1sz2

835
840

845

IF (DV1S2~DELTSF) 340,840,835
CONTINUE

INDXSF=1122

DOSF=DOSF1

GO TO 995

CONTINUE

CALL SDOSF2

CALL svasz” ;

IF (v2s2) 845,845,850
CONTINUE

INDXSF=39

DOQSF=0e

GG TO 995"
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850

855
360

995

10
100

'20

30

40

CONTiNU:
PT12=(DOSF2-BETA)/VF

IF (v252-PT12) 860 860,855
CONTINUE

- INDXSF=40

DOSF=0.

GO TO 995
CONTINUE
INDXSF=2122
DOSF=DCSF2
GO TC 995
CONTINUE
RETURN

END

SUBRCUTINE SDUSF1

DIMENSION DELTA{S5,+5)

COMMON /SSFES/

1COAS,COAF  COASAF, AMAS,, AMAF 4 AMASAF 4 AMT ,VF ¢ GAMASy GAMAF , BETA,DELTA,
2TAFAR,IASAR ; D0SF s DOFS;D0OSS y DOFF 5 INDXSFE o INDXFS 5 INDXSS y INDXFF ,
3TSF TFS,TS5S,TFF

4, DELTSS,DELTFF, DELTSF ,DELTFS

COMMON /SF/
2D0S5F1 ,D0SF2,D0SF3,D0SF4,V151,V251,V351,V451,V1S2,V252,V352,
30V2S1,DV3S14DVIS2,DV3S2,D0V1iS3,D0V253,0V453,00003
ASF1=14={1e~AMI¥COASAF ) %724 JAMASAF ‘
BSF1==2¢%BETA (] ¢~COAF+{ AMI*COASAF~14)%{1e~-COAF-AMI¥%
1(COASAF-COAS) ) JAMASAF )
C1SF1=BETAXX24%(2+%(1+=COAF)~(1+~COAF-AMI%{COASAF=COAS) ) *%2/
1AMASAF)

CSF1=C1SF1=DELTSF %42

DETSF1=BSF1%%2~84 ¢ XASF1%CSF 1

IF (DETSF1) 10,20,30

CONTINUE _

PRINT 100,1ASAR,1AFAR,DETSF1

FORMAT (/7 ,%SUBROUTINE SDOSF1,DETERMINANT NEGATIVE ¥,3X,
1XALFAS =¢,13 3X.%ALFAF =%, 13, 3Xe XDETSF1l =%,F10e¢5/)

GO TO 40°

CONTINUE

DOSF 1=-BSF1/ (2« #ASF1)

GO TO 40

CONTINUE
DO1SF1=(=BSF1-SQRT(DETSF1))/(2
DO2SF1=(-BSF1 +SART(DETSF1))1/(2 s
DOSF1=D0O2SF1

CONTINUE

RETURN

*
(!l
-111‘&
fur
o
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CEND

SUSROUTINE SDOSF2
DIMENSION DELTA(S5,5)
COMMON /SSFFS/
1COAS,COAF4COASAF ,AMAS yAMAF, AMASAr,AQI,VF,GAMAS,GAMAF,BETA,DELTA,
21AFAR TASAR, OGSr,DDFS,DO'S DOFF 3 INDXSF o INDXFS, INDXSS, INDXFF,
3TSF TFS,TSS,TFF
OELTSJ’DFLTFF DELTSF,DELTFS
COMMON /SF/
2DOSF1,0GSF2,DOSF3 DOSF4 ,V1S5S1,V251,V351,V4S51,V152,V252,Vv3S2,
3DV2S1,DV3Si,yD VISZ,DVBSZ1DV1b3,DV2a3yDV433,DODO3
ASF2=1e={} s=AMINCODAF I ¥4 2 ¢/ AMAF
BSF2==2 e %BETA%(1e~COAF—={1e—AMINRCOAF ) (1e~COAFI*{1++AM]I)/AMAF)
ClSF2=BETAXN2 4 %(2 ¥ {1 e~COAF )= (12=COAF ) ¥ E2e% (1o +AM] ) *¥24 FAMAF)
. CSF2=C1SF2~DELTSF¥:* i
DETSF2=8SF2%%2=4,ASF2*CSF2
s I (DETSF2) 10,20,30
10 CONTINUE
: PRINT 10041ASAR, IAFAR,DETSF2
10T FORMAYT (/7 fSUBROUTINE 5DOSF2, DFTERMINANT NEGATIVE %,3X,
L 1#ALFAS “*713 3X,“ALFAF =%y 13, TX,*DETSFZ =% ,F10e5/)
GU TO 40
20 CCNTINUE
DUSF2==BSF2/(2+%ASF2)
GO TO 40
30 CONTINUE
D01 SF2=(~BSF2~ SQRT(DETSFE))
DO2SF2=(~BSF2+SQRT{DETSF2))
DOSF2=D02SF2
40 CONTINUE
RETURN '
END

NN

SUBROUTINE SDOSF3

DIMENSION DELTA(5,5)

COMMON /SSFFS/

1CDAS 4 COAF yCOASAF y AMAS s AMAF, AMASAF,AMX,VF GAMAS, GAMAF 4 BETA, DELTA,
“21AFAR, 1ASAR,DOSF, DGFS,DOSS,DOFF,INDXSF INDXFS INDXSS,INDXFF,
3TSF, TFS,TSS'TFF

Q,DELTSSyDELTFF DELTSF,DELTFS

COMMON - /7S¥F/ §
2D0SF1,D0OSF2,D0SF3,D0SF4, VISI,VZSI,V3Sl,V4$1,V152,V252qv352,
3DV251,DVBSX,OV152'0V3SZyDVlS3,DV2$3,DV453,DODDB

DOSF 3= DELTSF*(lc—AMX)%GAMAS/AMI

RETURN
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END

"SUBROUTINE SDOSF4
DIMENSION DELTA(S5,5)
- COMMON /SSFFS/
1COAS,COAF , COASAF,; AMAS s AMAF y AMASAF 4 AMT 4 VF yGAMAS y GAMAF ,BETA,DELTA,
,‘zzAFAR,IASAR,DOSF,DOFs DOSS 4 DOFF, rNaxSF,INDXFs,INoxss,INDxFF,
3TSF 4 TFS ¢TSS, TFF
4 4DELTSSDELTFF,DELTSF,DELTFS '
COMMON /SF/
 2D0OSF1,DOSF2,D05F3,D05F4,V151, v251,v351,v451,v152,v252,v352.
32§giliov3sx,ov1a2 DV352,DV1$3 DV2S3,D0V4S3,00D03
BSF4==2 s 4BETAN{1 ¢~COAF)
C1SF4=2%BETA%¥2e%( 1e~CUAF)
CSFA=C1SF4-DELTSF®%2
DETSF4=BSF4%%2~4 ¢ *ASF4%#CSF4
IF (DETSF4) 10,20,30
10 CONTINUE :
~PRINT 100,IASAR,IAFAR,DETSF4
100 FORMAT {//,%SUBROUTINE SDOSF4,DETERMINANT NEGATIVE %*,3X,
1FALFAS =33 13 ,3X ¢ XALFAF =%, [3y3X,%DETSF4 =%4F10e5/)
GO TO 40 :
20 CONTINUE
DOSF4~—8$F4/(2 HASF4)
. GO TO 40 _
30 CONTINUE ‘
DO1SF4=(-BSF4~SORT(DETSF4) )/{2*ASF4)
DO2SF4=(~BSF4+SQRTI(DETSFA) ) /{24 %ASF4)
DOSF4=DO2SF4 -
40 CONTINUE
RETURN
END

. SUBROUTINE SV1S1

DIMENSION DELTA(S5,5)

COMMQON /SSFFS/

1CCAS,y COAF , COASAF, AMAS, AMAF , AMASAF ,AMI 3 VF , GAMAS, GAMAF 4BETA,DELTA,
2IAFAR IASAR, DOSF,DOFS,DOSS,DOFF, INDXSF XNDXFS,INDXSS,INDXFF,
3TSF,TFS’TSS TFEF

4 D:LTSS,DELTFF DELTSF,DELTFS

CUMMON Z/SF/ )

2005F1,DOSF2, DGSFB DOSF4,V1S1,Vv2Se, V3$1,V4SI,VXSZ V2$2 V3S2,
3DVv2S1,DV3Sl, DVISZ'DV35270V153,DVZS3 DV4s53,D0003

V3SI°°(DUSF1 {AMI*COASAF~1 o)+BETA*(1.-COAF—AMI*(COASAF-COAS))’
1/ (AMASAF%VF} o
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RETURN
END

SUBROUTINE Sv2sS1 =

DIMENSION DELTA(5,45) _
" COMMON /SSFFS/
'1COAS, COAF , COASAF 4 AMAS , AMAF y AMASAF y AMI ,VF , GAMAS, GAMAF, BETA 1DELTA,
ZIAFAR'IASAR DOJF,DOFS DDSS,DDFF ZNDXSF INDXFS,INDXSS, XNDXFF,
3TSFyTFESLTSS,TFF

Gy DELTQS'DELTFF DELTSF,DELTFS

COMMON /SE/

2D0OSF1,D0SF2,DAUSF3, DOSFQ,VISl,VZSI,V351yV4Sl,VISZ VZSZ,VBSZ'
BDVZSX'DVBSI DV1S24D0V382,DV1IS3,DV253,D0V453,00003

v2st ~(DOSF2’(AM{*COASAF 1e)+BETA%X(14~COAF-AMIX{COASAF~-COAS)))
1/ CAMASAFHEVF)

RETURN

SEND

- SUBROUTINE SV3S1

DIMENSION DELTA(545)

COMMON /S5SFFS/ ‘

1COAS,COAF yCOASAT 3 AMAS y AMAF , AMASAF, A“I,VF,GAMAS,GAMAF BETA,DELTA,
?IAFAR,!ASAR DOSF, DOFS'DOSS,DOFF,INDXSF,lNOXFS,INDXSS,INDXFF,
3TSF 3 TFS, TSS, TFF

4 s DELTSS yDELTFF ,DELTSF ,DELTFS
) COMMON /SF/

2D0S5F 1 ,D05F2,D0SF3,D0S5F4 ,V151,V251,V3S1,V451,V1S2,V252,V352,
30v2S1,0V3S1,0V152,D0V3S52,0V1S53,D0Vv253,DVv453,D0D03
VBSI‘—(DOSFB*(AMIKCOAaAF-l.)+BETA*(l.-COAF-AMI*(CDASAF-COAS)))
1/ AMASAFR:VF)

RETURN '

END

SUBROUTINE SV4S1
DIMENSION DELTA(5,5)
COMMON /SSFFS/
1C0AS,COAF yCOASAF y AMAS, AMAF , AMASAF y AMI , VF  GAMASy GAMAF , BETA ,DELTA,
21 AFAR, IASARy DOSF, DOFSyD0OSS | DAFF , INDXSF,[NDXFS.INDXSS,INDXFF,
3TSF, TES, 1SS, TFF _
4 DELTSS DELTFF yDELTSF,DELTFS
-~ COMMON /SF/ :
2DOUSF 1 ,D0SF2,D0SF3 ,DOSF4,V151,V?51,v351,v451,v152,v252 v3s2,
3Dvas1,ov351 DV152,DV352,DV1S3,DV253,DV453,D0003
v431=~(DDSF4»(A~1*c0ASAF 1.)+BETA*(1.-COAF-AMI*(COASAF-CGAS)))
1/ { AMASAF®VF)
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RETURN
END

SUBROUTINE SV1S2

DIMENSION DELTA(S5,5)

COMMON /SSFFS/

1COAS  COAF 5 COA SAF y AMAS y AMAF y AMASAF ; AMT y VF , GAMAS y GAMAF , BETA,DELTA,
2T1AFAR, IASAR, DOSFyDOFS,D0S5 ,DOFF, XNDXSr,INDXFS,INDXSS,INDXFF,
3TSF,TFS, TS5, TFF

4y DELTSS -DELTFF ,DELTSF,DELTFS

COMMON /SF/ .

2DOSF1 DOSFZ.DOSFB,DDSFa,VISI,VZSI V3S1,V4S1 v1s¢,v252 v3s2,
3DV2S1,0V3S1,0V182,DV3S2,0V1S3,0V253,0V453,00003
V352=(DOSF1*(1.—AMI*COAF)-BETA*(1.-COAF)*(l.+AMI))/(AMAF*VF)
RETURN :

END

SUBROUTINE SV2S2

DIMENSION DELTA{5,5)

 COMMON /SSFFS/ : ,

 1COAS,COAF y COASAF y AMAS y AMAF 4 AMASAF y AMT ,VF 4 GAMASy GAMAF 4 BETA ,DELTA,
21AFAR, IASAR,DOSF (DOFS,D0SSDOFF ¢ INDXSF, INDXFS yINDXSS o INDXFF
3TSF,TFS,TSS, TFF

4 yDELTSS DELTFF ,DELTSF,DELTFS

" COMMON 7SE7

2D0SF1,DOSF2, 005F3,Dosra,v1sx,v9sx,v351,v4s:.v1sz,vasz v3s2,
~3Dv2s1,D0V3S1,DV1S2,DV3S2,0V1S3,DV2S3,DV4S53,00003

V2S2=(DOSF2% (1+~AMIKXCOAR )~ BETA*(l.—COAF)*[l.+AMI))/(AMAF*VF)
RETURN

END

SUBROUT INE SV3S2

DIMENSION DELTA(S,5)

COMMON /SSFFS/

1COAS yCOAF ,COASAF y AMAS  AMAF  AMASAF yAM1 4 VF, GAMAS, GAMAF ,BETA,DELTA,
2IAFAR, IASAR, DOSF 4 DOFS,D0SS DOFF, INDXSF, INDXFS,INDXSS,INDXFF,
3TSF e TFS TS5, TFF
%,DELTSS +DELTFF,DELTSF DELTFS

COMMON /SF7

2D0SF 1,00SF2,D0SF3,DOSF4,V1S1,V2S1,V3S1,V451,V152,V252,V3S2,
30V2S1,0V3S1,0V152,DV352,DV153,0v253,0Vv453,00003

V352={DOSF3% (1 e=AMI¥COAF ) =BETA*{1e~COAF) ¥{1e+AMI) )/ {AMAF%VF)

RETURN

END
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SUBROUTINE SDV2S1
DIMENSION DELTA(S,3)
COMMON  /SSFFS/

1COASy COAF ¢ COASAF ) AMAS, AVAF,AMASAF,AMI,VF,oAMAS'GAMAF BETADELTA,
2IAFAR,IASAQyDOSF DG S,DOSS,DGFF,INDXSC,INDXF ,KNDXSS'INDXFF,

BTSF 4 TESyTSS, TFF

4y DELTS&,U“LTFF DELTSF, DELTFS
COMMDN ’SE/
2D0OSF1,DOSF2,DGHEF3,D0SF4 , VlSlyVZSl V3$11V4SIyVlSZ.VZSZ'V3SZ'
30V251,4DV3S1,4,D0V1S2,DV352,4,0V1535D V933 4OV453,00003

ASF1= 1.-(1.*AVImCOASAF)¥*2-/AMASAF
BSFl==2¢%BETA%(1e—COAF+{AMI*CUOASAF~14)%{1s~COAF-AMI*

1 (COASAF~COAS) ) /AMASAF)

LISZIE?CTA**Z e¥(2e%{1e=COAF)~- (lo—COAF—AMl*(CDASAP-COAS))**2/
1AMASA

A=DOSF2%¥%2 ¢ WASF1+DOSF2%BSF14C1SF 1

IF (A) 10,204,420

10 CONTINUE

100

29

PRINT 100:I1ASAR, IAFAR,A

FORMAT (//,*SUBROUTINE SDV2S1 ySQe RUOTE ARGUMENT NEGATIVE *%,3X,
LEALFAS =¥, 13,3X ¥ALFAF =%, 13,3X,%SQRTeARGes =%,F1045/)

GO TO 4¢C ,

CONT INUE

DV2S1=SQRT(A)

40 CONTINUE

RETURN
END

 SUBROUTINE SDV3S1
DIMENSION OELTALS,5)

- COMMON /SSFFSZ

1COAS; COAF y CCASAF ) AMAS s AMAF s AMASAF ¢ AM1 4 VF 3 GAMASy GAMAF ,BETA,DELTA, .

3TS5F, TFS,TSS,TFF

21 AFAR, IASAR,D0S5F,DCFS,DOSS DOFF,XNDXSF,INDXFS,INDXSS INDXFF,

10

4,DELTSS DELTFF, DELTSF,DELTFS

COMMON /SF/
2DOSF 1 008F2,DOSF3,DOSF4,VISI,VZSI'V351,V4SI,V152 V2$2,V352,
30V2$1,DV3$1,DV152,DV352 DVISB,DV2$3,DV453'DODO3

ASF 1= 1.“(10—AMI*COASAF)* 2./AMASAF

BSFI==2 %BETAX(1 +=COAF+(AMI¥CUOASAF~1¢ ) ¥ {1e~COAF-AMI*

1 (COASAF—-COAS ) ) /AMASAF)

CiSFi= BETA**Zor(Z *(X.—COAF)-(I-—COAF—AMI (COASAF*COAS))#*zl
1 AMASAF)

A=D0SF3%%2«*ASF1+DOSF3xBSF1+C15F1

1€ {A) 16420,20

CONTINUE
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100

20

40

PRINT 100, 1ASAR, IAFAR,A

FORMAT (//,%SUBROUTINE SOV3S1i ySQe ROUTE ARGUMENT NEGATIVE *,3X,
1RALFAS =%, 133X, ¥ALFAF =%,13,3X,%SQRT+ARGs =%4F10+5/)

GO 1O 40 . ’ —

CONTINUE

Dv3si= SORT(A)

CONTINUE

RETURN

END

SUBROUTINE 5DV1S2

DIMENSION DELTA(5,57

COMMON  /GSFFS5/

1COAS,COAF , COASAF  AMAS , AMAF , AMASAF ,AMTyVF ,GAMAS, GAMAF ,BETA,DELTA,
2IAFAR, IASAR,DOSF,DOFS,D0SSyDOFF 3 INDXSFyINDXFSy INDXSS,y INDXFF,
3TSF, TFS TSS+TEF :
4y DELTSS,DCLTFF DELTSF, DFLTFS

CDMMDN /S¥/
2005F1,B0SF2:,00SF34yD0OSF4,V]1S1,V251,V3S1,V451,V1S2,V252,V3S2,
3DVZS1, DV3SI7DV1$2 Dv3s2, DV1§3 DV2S370V4$4,DODD3

ASF2= 1-—(1-—AMI’COAF)**2-/AMAF

BSE25=2 X BETAR{ 1 o=COAF~{1+=AMIKCOAF ) {1, ~COAFIR{1e+AM]IY/AMAF)
C15F2=BETA**2.*(2.*(1c—COAF)—(I.—COAF)**Ze*(1-+AMI)**2./AMAF)
A=DOSF1HL2 4 ¥ASF2+DOSF 1 %BSF2+C1SF1 "

ITF (A)Y 10420,20

10 CONTINUE

100

PRINT 1004IASAR, IAFARA :

FORMAT (//,*SUBROUTINE SDV1IS2,5Q. ROUTE ARGUMENT NEGATIVE #*,3X,
1*ALFA¢’—* Iq,3X,MALFAF =3 L34 3X 1 %¥SART e ARGe =%,F10.5/)

-GO0 TO 40

20 CONTINUE

DV1S8S2=SQRT(A}

40 CONTINUE

RETURN
END

SUBROUTINE SDOV3sS2

DIMENSION DELTA{5,5)

COMMON /SSFFS/

1COAS,COAF y COASAF, AMAS,AMAF AMASAF ,AMI,VFyGAMAS, GAMAF ,BETA,DELTA,
2IAFAR,IASAR DOSF, DOrS,DOSS,DOFF INvXSF INDXFS INDXSS,INDXFF,
3TSF,TFSyT5S,TFF

4y DCLTSSyDELTFr,QELTSF DELTFS

CDMMUN /SEYL

2DDSF 1 4yDOSF2,00SF3,D0SF4, VlS’,VZSlyVBSl,V451 V1sS2,Vv282,Vv352,
5D0V2S1,DV3St, DVISZ DV352,DV1S3,DV2S3,0V453, DOD03
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(1 .~AMISCOAF )X%2, /AMAF
o FBETA%{ 1 o=COAF=(1e=AMIFCOAF )% (1e—COAF )% {1«+AMI } FAMAF)
ETANN2 o % {2 4% (1 e~COAF ) =( 1e—COAF)ME 2,5 { 1 o +AMI ) %5%2 o FAMAF )
. A=DOSF3%%2.%ASF2+D0SF3%ESF2+C1SF2

IF (A) 10,20420 .
10 CONTINUE '

PRINT 1004I1ASAR,IAFAR,A :
100 FORMAT. {//,*SUBROUTINE SDV352,5Q. ROUTE ARGUMENT NEGATIVE ,3X,

1XALFAS =%, 13,3X,%ALFAF =%,13,3X,%SORT«ARGe =%,F10+5/)

GO TO 42 ‘
20 CONTINUE

DV3S2=SQRT(A)
4C CONTINUE ~

RETURN

END

ASF2=1 e~
BSF2=—2e%
S C15F2=8

SUBROUTINE SDV1S3

DIMENSION DELTA{S,5)

COMMON /SSFFS/ ,

1COAS, COAF , COASAF  AMAS ; AMAF y AMASAF ,AMI,VF ,GAMAS , GAMAF ,BETA,DELTA,
21 AFAR,; IASARDOSF,DOFS,D0SS,D0FF, INDXSF, INDXFS, INDXSS, INDXFF,
3TSF,TFS, 78S, TFF

44y DELTSS ,DELTFF ,DELTSF,DELTFS

COMMON /SE/ '
2DOSF1,D0SF2,DOSF3,D05F4,V151,V251,V351,V451,V152,V252,Vv3S2,
3D0V2S1.DV3S51,0V152,DV352,DV1S3,DV2S3,DV453,00003
DV1IS3=BETA+(DCSF1-BETA)RAMI-VF¥(1s~AMI)*(GAMAS/ (AMI%¥VF )~
1(D0SF1-BETA)/VF)

RETURN

END .

SUBROUTINE SDV2S3
DIMENSION DELTA(S,5)

COMMON /SSFFS/

1CUAS s CCAF , COASAF, AMAS y AMAF y AMASAF , AMT,VF  GAMAS , GAMAF ,BETA , DELTA,
2IAFAR, IASAR,DOSF 4DOFS,D0SS ¢DOFF 4 INDXSFy INDXFS 4 INDXSS, INDXFF,
3TSF, TFS5,TSS, TFF
4yDELTSS,DELTFF,DELTSF,DELTFS

COMMON /SE/ ) .
2DOSF1,D0SF2,DGSF3,D05F4,V1S1,V2S1,V3S1,V4S51,V1S2,V252,V352,
3DV251,DV3S1,DV1S2,0V352,0V1S3,0V253,0V453,00003
DV2S3=BETA+(DOSF2~BETA) ¥AMI=VFR (1 ¢“AMI ) *{ GAMAS/ {AMIXVF )~

1 {D0SF2-BETA)/VF)

RETURN

CEND

TLT



SUBROUT INE SDV4S3
DIMENSION DELTA(5,5)

COMMON /SSFFS/
1COASyCOAF , COASAFy AMAS , AMAF, AWASAF AMI yVF 3 GAMAS,) GAMAF,BETA,DELTA,

ZIAFAR.IASAR,DOSF DOFS,DDSS,DDFF,INDXSF,INDXFS,INDXSS INDXFF,
3TSFyTFESyTSS,TFF
4y DcLTSSyDELTFF,DELTSF DELTFS

CONMO\ /SFE/
200SF1,00s7F 2,DOSF3,DDSF4,V1$1,V2319V3SI'V4SI,VISZ,V252 V352,
30Vv2sS1,DV3S1,DV1S52,0V352,DV1S3,0V253,DV4S53,00D03

Dv4s3= BETA+(DOSF4~3ETA)“AMK-VF¥(Io—AMI)*(GAMAS/(AMI*VF)-
1({DOSF4-BETA)/VF) -

RETURN

END

SUBROUTINE SDODO3
DIMENSION DELTA(S,5)
_ COMMON /SSFFS/
1COAS ,COAF y COASAF , AMAS y AMAF AMASAF ;AT 4 VF y GAMAS y GAMAF ,BETA,DELTA,
2IAFAR, IASAR, DOSF 4 DOFS D055 ¢DOFF 4 INDXSF y INDXFS o INDXSS 4 INDXFF 4
3TSF,TFS,TSS, TFF
4,DELTSS ¢ DELTFF ,DELTSF 4 DELTFS
COMMON /SF/
2DOSF1,D0S5F2,D0SF3,D0SF4,V1S1,V2S1 ,V3IS1,V4S1,V152,V252,V3S52,
3DV2S1,4DV3S1,DV1iS2,DV3S2,0V1S3,DV253,0V4S3,00003
DODO3=DOSF3X%H2 =2, *DO SF SKBETAN(1 e =COAF ) +2 & *BETA**an*(I.-COAF)
RETURN
END

SUBROUTINE 3DOFS

DIMENSION DELTA{5,5)

COMMON /SSFFS/

1COAS y COAF , COASAF ; AMAS ,AMAF y AMASAF, AWI,VF,GAMAS,GAMAF,BETA DELTA,
2I1AFAR, IASAR, DOSF,DOFS;DOSS y DOFF, INOXSEy INDXFS , INDXSSy INDXEF,
3TSF 4 TFS,TSS, TFF
4,0ELTSS,DELTFF, DELTSF yDELTFS
- COMMON J/FS/

1D0FS1 4DOFS2,D0FS4,DOFSS5,T1S1,T2S1,T451,T152,T252,T452, 07251,07152
2,T551,07T5S1 .

T12==RETA/VF

CALL SDOFS1

CALL STI1S1 -

IF (T1S1-T12) 10C,10C,120

- 100 CONTINUE

LT



105

120
125

130

140

145
150

200
205

210

215

CALL ST1S2 '

IF (T1S2-T12) 105,105,110
CONTINUE

DOFS=DOFS1

INDXFS=1010

GG 'TO 995

CONTINUE ,

CALL SDT1S52 .

TF (DT1S2-DELTFS) 120,120,115
CONTINUE ,

DOFS=DGFS1

INDXFS=1020

GO TO 995

CONTINUE
CALL SDOFS2

- CALL -5T252

IF (TZSZ*TIZ‘ 300,300,125
CONTINUE i .
IF (T252) 13041304200
CONTINUE - '
CALL S5T72s1
IF (v251-T12) 11091 *0+ 135
CONTINUE
DOF5=D0FS2
INDXFS=20190 -
GG TO0 995
CONT INUE
CALL -5DT2S1
{F (DT2S51~ DELTFS) 150,150,145
CGNTINUE
DOFS=00FS2-
INDXFS=2020

GO TGO 99% -
‘CONTINUE
"DOFS=0e

INDXFS=1

GO 7O €95 .

CONT INUE

TB5=GAMAS/VF

IF (T2S2-75) 295,205 249
CONTINUE"

CALL S5T2S1

IF {T251-T12) 215,215, 210
CONTINUE:

DOFS=DOFS2 .

INDXFS=2110

GO TG 995

CONTINUE -
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CALL 5DT2S1
o IF (DY2S1-DELTFS) 225,225,220
220 CONTINUE
g DOFS=DOFS2
INDXFS=2120
GO TO 995
225 CONTINUE
DOFS=Ce
INDXFS=2
GD TO 995
240 CONTINUE
 CALL SDOFS5
CALL STSs1
: IF (T5S1-T12) 250,250,245
245 CONTINUE '
DOFS=DOFSS
INDXFS=5110
_ GO TO 995
250 CONTINUE
- CALL SDTSS1
IF (DT5S1=-DELTFS) 260, 260,235
255 CONTINUE
DOFS=DOFSS
INDXFS=5120
GO TO 995
26C CONTINUE
. CALL SDOFS1
DOFS=DOFS1
INDXFS=1030
) GO TO 995
360 CONTINUE
"~ CALL SDOFS4
CALL ST4S1
CALL ST4S2
CIF (T4S1-T12) 320,320,305
305 CONTINUE ,
IF (T4S2-T12) 310,310,315
310 CONTINUE ~ .
~ DOFS=DOFS4
INDXFS=4000
v GO TO 995
315 CONTINUE
DOFS=04
INOXFS=3
GO TO 995
320 CONTINUE
IF (TaS2-T12} 325,325 330
325 CONTINUE

LT



DOFS=0.
INDXFS=4
, GO TO 995

330 CONTINUE
DOFS=0.
INDXFS=5
GO TO 995

995 CONTINUE
REZETURN
END

SUBROUTINE SDOFS1
DIMENSION DELTA(S,5)
COMMON /SSFFS/
1CCAS,COAF s COASAF y AMAS , AMAF , AMASAF , AMI ,VF , GAMAS y GAMAF ,BRETA,DELTA,
21AFAR, TASAR,DOSF;DOFS,D0SS ; DOFF o INDXSF, [NDXFSy INDXSSy INDXFF,
3TSF4TFS,TSSyTF © ;
4,DELTSS,DELTFF ,DELTSF,DELTFS
. COMMON /FS/
1DGF S1,D0FS2,00FS4,DOFS5,T151,T251,T451,T152,T252,7452,0T251,0T1S2
2,7T551,DT551
AFS1=1.~{COASAF=AMI }¥%2/AMASAF
BFS1=2.%BETA%{ { COASAF=COAS)—{COASAF~AMI)*{ (1+-COAF)—AMI*
1 (COASAF~COAS) ) FAMASAF)
CIFS1=BETA®%2%(2eX{1e=COAF)=( (1e~COAF)~AMI%(COASAF=COAS))%%2/
1 AMASAF) !
CFS1=CiFS1~-DELTFSX%p
DETFS1=RFS1%%2=~4 ¢ %AFS1%CFS1
. IFf (DETFS1) 10520,30
10 CONTINUE .
PRINT 100, IASAR, IAFAR,DETFS1 -
100 FORMAT (//,%SUBRGUT INE SDOFS1,DETERMINANT NEGATIVE #,3X,*ALFAS =%
1913, 3X,¥ALFAF =%, I3,aX,*DCTF51 =%, F10e5/)
GG TO a0 _
20 CONTINUE
DOFS1=~BFS1/(2+%AFS1)
| GO TO 40
30 CONTINUE o
DO1FS1=(~BFS1-SQRT(DETFS1)
DO2FS1=(-B8FS1+SQRT(DETFS1)
DOFS 1=DD2FS1
40 CONTINUE :
CRETURN . . ' N
END .

}/7{2.*%AFS1)
}/{2+%AFS1)

GLT

SUBROUTINE SDOFS2




D!MFNSIDN DELTA(S5,5)
COMMON /SSFFS/

: ICDAS,COAF,COASAF,AMAS,AMAF,AMASAF'AMI,VF GAMAS y GAMAF ¢ BETA,DELTA,y -
21 AFAR, IASAR,DOSF,DOFS,D0SS, DOrF,INDXSF,INDXFS,INDXSS,INDXrF,
3TSF,TFS TSS,TFF

s DELTSS,DELTFF+DELYTSF,DELTFS
LOhMON /FS/

" 1DOFS1, DOFSZ,DOFS&,DOFSS TIS ,TZSI,T@SI,TXSZ,TZSZ,T4SZ,DTZ$1,DTISZ
2,T5511DT551

10
1¢0

2§
40

1¢
100

20

A=1.-~{COAS=-AMI) %2 /AMAS i o
IF (A) 10,10,20
CONTINUE

PRINT 100,IASAR, [AFAR,A » .
FDRMAT(//?*SUBROUTINE SDOFSL _ .Qe ROUTE ARGUMENT NEGATIVE #*,3X,
1RALFAS =413 ,3XyXALFAF =%,13,3Xy*SARTeARGe =%yF10e5/) .- . B
G3Q TO 40

CONTINUE :

DOFS2=DELTFS/SQRT{A) ‘

CONTINUE , e R v SO
RETURN TR

END

SUBROUTINE SDOFSa

DIMENSION DELTA(5,5)

COMMON /SSFFS/

1 COAS , COAF , COASAF 4 AMAS ) AMAF y AMASAF 4 AMI 4 VF y GAMAS , GAMAF ,BETA,DELTA,
21AFAR, IASAR ¢ DOSF 3 DOFSDOSS yDOFF XNDXSF,INDXFS,INDXSS,INDXFF,
BTSF,TFS,TSS TFF S
,DELTSS DELTFF 4 DELTSF,DELTFS

COMNON JF 57

1D0FS1,D0FS2,D0F 544 DOFS5,T151,T251,T451,T152,T252,T452,D0T251,0T1s2
2,T551,07551

AFS4=1, ;

BFS4=~2 ¥BETA%({COAS=AMI )

C1FS4=BETAX#2%AMAS

" CFS4=C1FS4~DELTFS%*%2

DETFS3=BF S4%%2~4 ¢ *AFS4%CFS4

"IF (DETFS4) 10,20,30

CONTINUE

PRINT 100,IASAR,IAFAR,DETFS4

FORMATA(//,%SUBROUTINE SDOFS4,DETERMINANT NEGATIVE *,3X,%ALFAS =%,
113,3X,*ALFAF =*,X3,3X,"FDETFS4 =*9F10.S/’ :
GO0 TO 40 RN = : _

CONTINUE ; : :
DOFS#‘-BFSQ/(zo*AFS4) - Lo T T

GO TO 40

30 CONTINUE

9LT



DO1FS4=({~BFS4=SQRT(DETFS4) )}/ (2%AFS4)
DO2FS4={~BFS4+SART(DETFS4) ) /(2. %AFS4)
. DOFS4=D02FS4
40 CONTINUE
RETURN
END

SUBROUTINE SDOFSS -
DIMENSION DELTA{5,5)
COMMON -/ SSFFS/
1COBAS,COAF 3 COASAF ysNAS,AMAF,AMASAF,AWI VF ¢y GAMAS y GAMAF ,BETA,DELTA,
21AFARy IASAR,DCSF 4 DOFS, DOSS DOFF, {ND,(SF;[NDXFS INDXSS, INDXFF,
3TSF,TFS, TSS,OFF
4.4 DE LTSS'DELYF:,D:LTSF PELTFS
COMMON /FS/
1DDFSI,DOF52’DDF34'DOFSS Ti1S1 T251g745197152'T252pT452 DTZSI,DT 32
AFSS5= 10
BFSE=GAMAS*{CCAS-AMI}*2.
CIFSS5=GAMASK®2%AMAS
CFSS5=C1FSS~-DELTFS%*2
DETFSS=BFSS%XX2=4 ¢ %CFS35
IF (DETFSS) 10,420,430
10 CONTINUE
PRINT 100, IASAR,IAFAR DETFSS .
100 FORMAT (//;*SUBROUTINF SDOFSSyDETERMINANT NEGATIVE %4 3X,*ALFAS =%
191393 Xy*ALFAF =%,13,3XyXDETFSS =%4F10e57)
GO TO 40
20 CONTINUE |
DOFSS=-8FS5/2 «
GO TO 49
30 CONTINUE }
DOFSS={~BFSS+SQRT({DETFSS5)}1/2.
40 CONTINUE - o
RETURN
END

SUBROUTINE ST1351

DIMENSION DELTA(5,5)

COMMON /SSFFS/

1COAS,COAF yCOASAF, AVAS,AMAF,AMASAF,AMI'VF'GAMAS'GAMAF,B’TA,DELTA'
ZIAFAR'IASAR,DOSF,DGrSyODSS,DOFF INDXSF 4, INDXFS ,INDXSS, INDXFF,
3TSF 3y TEFS3TSS,,TFF
4o D:LTSS DELTFr.DFLTSr,DELTFS

COMVON /rS/

1DJFSI,DDF52,DOF54 DDFSS.T[SI,TZSI T4S1,T1S2 T2$2,T452,DT2$1,DT182

LLT




,TSSI,DTSSI
TISI”-(DQESI*(COASAF—AMI)+8:TA*((Io-COAF)OAMI*(CDASAF -COAS)}) )7/
- 1{ AMASAFIREVF)

RETURN

END

SUBROUTINE ST2S1
DIMENSION DELTA(S,5)
- COMMON /SSFF3/ N

1COASCOAF 4, COASAF y AMAS s AMAF s AMASAF ,AMI 4 VF 4 GAMAS,y GAMAF ,BETA,,DELTA,
2ULAFAR, IASARsDUSF+DOFS,D0SS+DOFF 4 INDXSF  INDXFS, INDXSS, INDXFF,
3TSF TFS,TSS TFE

‘V'Q,DELTSS DELTFF 4DELTSF DELTFS

COMMON JFS/

éDOFSl 1DOFS2,DOFS4¢DOFS5,T1519T251,T4S147152,7252,T7452,DT2S1,0T1S2
T5S1,0T5S51

1251=2(DOFS2% (COASAF—AM I ) +BETAR( {1 +.~COAF )~AMI*(COASAF~COAS)) )/

1{ AMASAF#%VF)

RETURN

END

SUBROUTINE ST4S1

DIMENSION DELTA{(5,5)

COMMON /SSFFS/

1COASsCOAF 3 COASAF y AMAS y AMAF y AMASAF y AMT , VF y GAMAS, GAMAF , BETA, DELTA,
21AFAR, IASAR,DOSF 4 DOFS, DOSS,DDFF,INDXSr,INDXFS XNDXSS'INDXFF,
3TSFoTFS, TSS,TFF .
4, DELTSSIDELTFF ,DELTSF {DELTFS
 CGMMON JFSS

1DOFS1 ¢DOFS2,D0FS54,D00FS5,T151,7T2S1,T4S14T152,T252,T452,DT251,DT152
2,T551,0T5S1 -
TQS’“—(DOF$4*(COASAF—AMI)+BETA*((1o~CDAF)‘AMI*(COASAF-COAS)))/
[ { AMASAF %R VF)

RETURN

END

SUBROUTINE ST5S1

DIMENSIGON DELTA(5,5)

COMMON /SSFFS/

1COAS,COAF y COASAF 4, AMAS,, AMAF y AMASAF ,AM]I ,VF , GAMAS, GAMAF ;BETA,DELTA,
21 AFAR,TASAR,DOSFDOFS:D0OSS, DOFF,;VDXSF,INDXFS,INDXSS'INDXFF'
3TSF,TFES, TaS,Trr

4y DELTSS DELTFF4DELTSF, DELTFS

CDMMDN /FS/
1D0FS1,DOFS2,D0FS4,DOFS5,3T1S51,T2S514T4S1+4T152,T2524T4S52,072S1,DT1S2

e I LR Y N

8T
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241551407551
T5S1==({DOFSS5¥ (COASAF-AMI)+BETAR( {1 .-CDOAF ) =AM *{ COASAF—COAS) )/
~1T{ AMASAF®VF)
RETURN
END

SUBROUTINE ST1S2

DIMENSION DELTA(5,5)

COMMON /SSFFS/
1COAS, COAF y COASAF ,AMASAMAF y AMASAF 4 AMT, VF ,GAMAS, GAMAF ,BETA,DELTA,
2IAFAR, IASAR, DOSFy DOFS, DOSS,DCrF,INDXSF'INDXFS,INDXSS,INDXFF,
3TSFyTFS, TSSyTFF
44 DELTSS y DELTFF,DELTSF {DELTFS '

COMMON /FS/
1D00FS1+00FS24D0FS44DOFS5,T1S1,T251,T451,T152,T252,T452,DT251,DT1S2
24T551,D0T5S1

T152=~DOFS1%{ COAS— AM1 )/ (AMASHVF)

RETURN

END

SUBROUTINE ST2S2

DIMENSION DELTA{S5,5)

COMMGN /SSFFS/

1COAS , COAF , COASAF , AMAS , AMAF y AMASAF , AMI , VF , GAMAS y GAMAF y BETA,DELTA,
2LAFAR, LAS ARy DOSF s DUFS 30055 yDOFF o INDXSF y INDXE Sy INDXSS 5 I NDXEF ,
3TSFyTFSTS3S, TFF
4,DELTSS,DELTFF 4 DELTSF4DELTFS

COMNON JFS/

100st,DoFsz,ocha,DOFss,7151.Tasx,7451,7152 T252,T452,07251,0T1S2
247551,D75S1

T252=-DOFS2% (COAS-AMI)/ (AMASHVF)

RETURN ‘

END

SUBROUTINE ST&S2

DIMENSION DELTA(5,5)

'COMMON /SSEFS/
1COAS,COAF , COASAF , AMAS y AMAF , AMASAF  AMT ,VF , GAMAS,GAWAF,BETA DELTA,
2 [AFAR, IASAR ;DOSF yDOFS,DO0SS yDOFF ¢ INDXSF g INDXFSy INDXSS y INDXEF
3TSF,TFS,TSS, TFF
4, DELTSS,DELTFF ,DELTSF,DELTFS '

COMMON /FS/

1DOFS1 +D0FS52,D0FS4,DOFS5,T151, T2$1,T4819T152,T252 T4S2,0T2S1,0T182
247551407551

T452=~DOF S4%( COAS=AMI )/ (AMAS®VF)

6LT



RETURN
END

SUBROUTINE SDT2S1
DIMENSION DELTA{(5,5)
COMMON /SSFFS/

1COASyCOAF 3 COASAF, AMAS'AMAF AMASAF y AMI 4 VF  GAMAS ) GAMAF 4BETA,DELTA,

10
120

20
40

2IAFAR,1ASAR, DhSFyDOFS DOSS,DDFF'INDXSF,XNDXFS'INDXSS'INDXFF,
3TSF,TF59TSS;TFF
44 DELTSS,DELTFF DELTSF DELTFS

COMMDN /ES/

1DOFS! DhFSZ'DOFS4,DOFSSyTISIyT2$1,T4sx,TISZ T252,T452,D072S1,DT1S2
2,T5S51,;07T5S51

AFS1l= 1o“(CGASﬂF-AMI)**Z/AWASAF

BFS1= Zo*BETA*f(CUASAF-COAS)—(CDASAF—AMI)*((10‘CDAF)-AMI*(CDASAF—
1COAS}) ) /AMASAF)

CIFSI=BETAX®2%{2. *{IO-COAF)'((IQ‘COAF)‘A“I*(COASAF—COAS)’**2/

1 AMASAF)

A= DOFSZ**a*AFSl+DDFSZ*BFS!+C1F51

I[F (A) 10,2C0,20

CONTINUE

PRINT 1004IASAR,yIAFARyA )

FORMAT (//7+%SUBROUTINE SDT2S1,S50. ROUTE ARGUMENT NEGATIVE %*,3X,
1%ALFAS —*;n310X,*ALFAF =*,13,3X,*SQRT.ARG. =X,F10e5/7)

GO TO 40

CONTINUE

DT251=SART(A)

CONTINUE

RETURN

£ND

SUBROUTINE SDTSS1

DIMENSION DELTA{(S5,5)

COMMON /SSFFS/ )

1COASy COAFy COASAF ) AMAS) AMAF y AMASAF ,AMI yVF 4 GAMAS, GAMAF yBETA,DELTA,

21 AFAR, IASARsDOSF4DOFSsD0SSyDOFF 4 INDXSF, IVDXFS.INDXSS,INDXFP,
3TSF TFSy TSS,TFF

DELTSS DELTFF DELTSF,DELTFS

OMMOV /FS/
I1DDFS1,D0FS2,D0FS4,00FS5,T1S1,7T251,T45S1,T152,7252,7452,07251,D7152
29T5S1,D0T75S1
AFSI‘Io—(COASAF—AMI)**ZlAMASAF 7

BFS1=2.*%BETA%{ (COASAF-COAS)-(COASAF-~ AMI)»((1.‘COAF)-AMI*(COASAF-
1COAS) ) /AMASAF)

ClFSi= BETA*%c*(Z.*(l.°COAF) ~{(1+—COAF)—~-AMI*( COASAF~COAS) ) *%*2/
1 AMASAF)

08T




A=DOFSS%#2¥AFS]1+D0OFSS5*BFS14C1FS1
CIF (A) 10,20,20
10 CCNTINUE
PRINT 100,IASAR,IAFAR,A
10C FORMAT (//,%SUBROUTINE SDTSS1,S0. ROUTE ARGUMENT NEGATIVE *,3X,
1¥ALFAS =%, 13,3X,%ALFAF =%,13,3X,*SART ¢ ARGe =%,F10¢5/)
GO TO 40
20 CONTINUE
DT5S1=SQRT(A)
40 CONTINUE
RETURN
END

SUBROUTINE SDT1S2
DIMENSION DELTA{5,5)
COMMON /SSFFS/ ~
1COASy COAF y COASAF y AMAS , AMAF y AMASAF , AMI ,VF yGAMAS, GAMAF 3 BETA,DEL TA,
2IAFAR, IASAR 4DOSF,DOFS,D0SS DOFF, INDXSF, INDXFS ¢ INDXSSy INDXFF,
3TSF,TFS,TSS,TFF
4 yDELTSS,DELTFF,DELTSF,DELTFS
COMMON /F5/
1D0FS1,DOFS2,DCFS4,D0OFS5,T151,T251,T4S51,T1S2,T252,T452,DT251,0T152
2,T551,DT5S1
A=1s={COAS—AMI ) %¥%2/AMAS
IF (A) 10,200,420 .
10 CONTINUE
PRINT 100,IASAR,IAFAR,A
100 FORMAT(//3%SUBROUTINE SDT1S2,5Q. ROUTE ARGUMENT NEGATIVE #,3X,
IKALFEAS =3, 13, 3X,%ALFAF =%,13,3X,*SQRT c ARGe =%,F1045/)
GO TO 40
20 CONTINUE
DT1S2=DOFS1%SQRT{A)
40 CONTINUE
RETURN
END

SUBRGWUTINE SDESS

DIMENSTION DELTA{(5,45)

COMMON #SSFFSY/

1COAS, COAF 4, CCASAF,, AMAS y AMAF 4 AMASAF yAMI,LVF,GAMAS,) GAMAF4BETA,,DELTA,
2TAFAR, IASAR,DOSF DOFS,D0SS ,DOFF, INDXSF INDXFS INDXSS; INDXFF,
3TSF TFS 'TSSy TFF

DLLTSS DgLTFF +DELTSF, DELTFS

DDSSI:DELTSS/SORT(05+05*CDAS)

'T151=DOSS1/(2 .« AMI¥VF)

TS5=GAMAS/ ( AMT*VF)

18T




» 1= (TISI 75) 107107110
10 CONTINUE
DOSS=DOSS 1
INDXSS=1000
GO YO 200
110 CONTINUE
ASS5=1e-
835522, %GAMASK( 1 +=COAS )
C1SS5=2%GAMASH%2%(1+~COAS)
CSS5=C1SSS-DELTSS3%2
DETSS5=385554%2~4 4 %CS55
DOSS5=(~-BSS5+SARTIDETSSS) ) /2
DDSS=D0SS5
INDXSS=4000
200 CONTINUE.
 RETURN
END

SUSBROUTINE SDOFF
DIMENSION DELTA(5,5)
COMMON /SSFFS/

1COAS ,COAF, COASAF , AMAS yAMAF y AMASAF , AMI, VF  GAMAS, GAMAF ,BETA ,DELTA,
21 AFAR, IASAR, DOSF, DOFS,DOSS 5 OOFF,{NDXSF,XNDXFS,INDXSS,INDXFF,
3TSF,TFS,TSS,TFF

24 ,DELTSS yDELTFF yDELTSF , DELTFS
DOFF 1=DEL TFE/SQRT( o+ 5+ ¢S ¥COAF)
T1S1=DOFF1/(2«%VF)
TS=GAMAF/VF ~
IF {T1S1-T5) 10,110,110

10 CONTINUE

DOFF=DOFF1
INDXFF=1000

GO TO 200

110 CONTINUE

CAFFS5=1.,
BFFS5==2¢XGAMAF ¥ (1 ¢=COAF)
CIFF5=2 X GAMAF#62%( 1. ~COAF)
CFF5=C1FFS=DEL TFF%%2 :
DETEFS=BFF5¥%2~4 ¢ XCFF5
DOFFS=(~BFF5+SQRT(DETFF5) 1/ 2.
DOFF=DOFF 5
INDXFF=4000 -

200 CONTINUE - o

RETURN
END
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SUBROUTINE DOT
DIMENSION DELTA(S5,5)
COMMON /SSFFS/
 1COAS3COAF, COASAF, AMAS y AMAF , AMASAF,, AMI,VF , GAMASy GAMAF ,BETA ,DELTA,
21AFAR, IASAR;DOSF,DOFS,D0SS,DOFF, INDXSF, INDXFS, INDXSS ¢ INDXFF 4
3TSF 4 TFS ¢TSS, TEF , :
4,DELTSS,DELTFF 4DELTSF ,DELTFS
TS5S=DOSS/ {AMI%VF)
TFF=DOFF/VF :
TSF={GAMAS+DOSF)/VF~GAMAS/ ( AMI%VF)
TES={GAMAS#+DOFS) /{AMI%VF ) ~GAMAS/VF
RETURN :
END
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B.3. Program CAPSF (Case with two aircraft types)




(2Xa 1)

a0 000

oOono

OO0

' PROGRAM COMPUTING = CAPSF

PROGRAM CAPSF (INRUT,,0UTPUT)
DIMENSION ISAR{10+19),1FAR{10,19
1DODFS{10,19) 4, INXFS(10,19),00055¢
: 21NXFF110,19) CAPAC{10'19)1
3DELTA(S,45)

COMMCN -/SSFFS/
1COAS s COAF 9 COASAF, AMAS , A MAF AMASAF ; AMI, s VF s GAMAS y GAMAF,BETA,DELTA,

2IAFAR, IASAR,DOSF s DOF S¢D0SS yDOFF ¢ INDXSF, INDXFS, INDXSS, INDXFF,
3TSF,TFS,TSS, TFF
4,0ELTSS, DELTFF,DFL?SF,DELTFS

DO LODOP TO REPEAT THE§WHOLE PROGRAM WITH NEW INPUT DATA

)y o SF{1GC, 9),INXSF( 9).
10),INXSS(10) 4DOOFF{10,19),

9999 CONTINUE

INPUT DATA

PALF=1e¢57077
DALF=0. 17453

[PALF=90
IDALF=10

010 FORMAT(ZFIO.S)

015 FORMAT(4F10.5) ,
READ 3010, VFKT,,VSKT

READ 3010,GAMAF,GAMAS
- READ 3015,DELTSS DELTSF yDELTFS,DELTFF
READ 3010 PF,PS

INITIAL DATA CONVERSION

VS=VSKT/3600
VF=VFKT /73600,
AMI=VS/VF
BETA=GAMAF-GAMAS
PEF=PF%*PF
PSS=PS*PS
PFS=PS*PF
PSF=PS*PF

PRINT INPUT DATA
PRINT 3110+ VFKT

3110 FORMATI{1IHL 10X XVF =%,F7e2/)

PRINT 3120,VSKT

3120 FORMAT(llxg*VSw#*.F7o2/)

-«
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3130
3140
3150
3160

WUWwW
Y
NN
S W e

W
O
QO

1
1

PRINT 3130,AMI
FORMAT(11Xy%MI =%,F1045/)
PRINT 3140, GAMAF
FORMAT(BX ¢ ¥GAMAF =% ,F7,2/)
PRINT 3150,GAMAS -
FORMAT (BX y%GAMAS =% ,FTe2/)
PRINT 3160,BETA |
FORMAT [OX 4 XBETA =% ,F7.2/)
PRINT 3171,0ELTSS ‘
PRINT 3172,DELTSF

PRINT 3173,DELTFS

PRINT 3174,DELTFF

FORMAT(7X y*DELTSS =%,F74¢2/)
FORMAT (7X %DELTSF =% ,F742/)
FORMAT(7X y*DELTFS =%,F742/)
FORMAT(7X ¢ XDELTFF =%,F7.2/)
PRINT 3180,PF

PRINT 319C,PS
FORMAT(11X,%PF =#%,F7.2/)
FORMAT{11 X %¥PS =%,57427)

c .
C ANGLE MATRIX GENERATION
c hbe R

DO 999 I=1,10

Ell=FLOAT(I~1)

AS=PALF-DALF*EI1L
TASAR=TRPALF~-TDALF&{1~1)

DO 998 J4=1,19

2110
2120

2130

IF (1=J) 2120,2110,2120
CONTINUE
AF=AS=0,5%DALF
IAFAR=IASAR-IDALF/2

GO TO 2130

CONT IWUE

EJ1=FLOAT(J-1)
AF=PALF-DALF*EJ1
IAFAR=IPALF—=IDALFH(J-1)
CONTINUE '
[SAR(I yJ)=TASAR
IFAR{I,J)=IAFAR

C
C  PREPARATION FOR SUBRUOUTINES
C

COAS=CO0S{ AS)
CGAF=COS( AF)

COASAF=COS({AS—-AF)

AMAS=AMINKR2,4=2 s FAMINCOASHL .

AMAFSAMINK2 4 =2 o AMTRCOAF+1 4
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C
Cc

998

999

AMASAF=AMI%¥2 ¢=2 ¢ *AMI*COASAF+1.,

C ~MAIN PROGRAM

CALL SOQSF . ..
DOOSFE{14.4)=DOSF
INXSF{I,J)=INDXSF

- CALL SDO?S

DOOFS(1,4)=D0FS
INXFS({[,J)=INDXFS
CALL SDOFF v
DOOFF(1,J)=DAFF = -
INXFF(1,J4)=INDXFF

.CALL sDOSS

DODSS(1)=D0SS:

INXSS({I)Y=INDXSS

CALL DOT '~
TBAR—TCfQPSF+TFS¥PFS+TFF*PFF+TSS*PSS

[ CAP=3600. /TBAR

CAPAC(1,J)=CAP
CONTINUE
CONTINUE

C
C  PRINT TABLES
C

47C0

4711
4710

48G0

4810
43820

4330
4305

®1
‘PRINT 4805, { ISAR{

PRINT 4700

FORMAT (1H1,20X,%CAPSF%*////)
PRINT 4805, (ISAR(I9J), 1= 1,10)
DO 4710 J=1419

[ ANGF=100=10%J

PRINT 4711, 1ANGF 4 {CAPAC(14J)y1=1,1C)
FORMAT{16,4X,10F10¢3/)
CGNTINUE

PRINT 4800

FORMAT (1H1 y20 X, *DOSEX////)
PRINT 4805, (ISAR(I,J) I=1,10}

.00 4810 J= 1.19

I ANGF=100—-10%J

PREIMT 481143 TANGF, (DODSF(I,J),I 110)

CONTINUE

PRINTY 4820 . )

FORMAT(1H1 320X, NDXSF%///7)
('J’ [=1,10)

DO 4830 u= 1 19

"TANGF= 100”10*J

PRINT 4812,IANGFylUINXSF([43)9151,10)
CONTINUE
FORMAT{1CX,1011077)
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4811
4812

4840

4850
4860

4370
4880

4881
4882
4890

49090
4910

4920

FORMATI{I16,4X,10F10,.,5/)
FORMAT{16,4X,10110/)

PRINT 4840

FORMAT(1HL 420X, %DOFS%////)
PRINT: aaos,(ISAR(x,J) I=1,107
DO 4850 J=1,19

IANGF=100-10%J '

PRINT 4811,{ANGF,(DDDF5(:,J),X 1,510)
CONTINUE
PRINT 48690
FORMAT (1H1,2
PRINT 4805,(
DO 4870 J=1,
IAVGF—IOG-IO
PRINT 4812,1
CONTINUE
PRINT 4880
FORMAT(1H] 420X y%D0SS; INDXSS%///7)
PRINT 4805, {ISAR(I 4J)yI=1,10)
PRINT 4881,(D00SS5(1),1=1,10)
FORMAT{10X410F10.5/)

PRINT 48824 {INXSS(I),1=1,10)
FORMAT(10X,10110)

PRINT 4890 ‘
FORMAT (1H1 ,20 X, #DOFFX///7)

PRINT 4B0S5,{ISAR({I,J),1=1,10)

D3 4900 J= 1 19

[ ANGF=100~ 10*J

PRINT. 481143 1ANGF, (DDOOFF{I43)+151410)
CONTINUE

PRINT 4910
FORMAT {1H1 420X, %
PRINT 4805, ([ R
DO 4920 J= 1 19
IANGF=100~IO*J

20X, *INDXES*////)
ISAR{I4J)91=1,10)

19

%

ANGF o { INXFS( Ly} e121,10)

INDXFF%/2/77)
(IyJd)pI=1,410)

CPRINT 4812, TANGFy UINXFF{1,J),1=1,10)

CONTINUE
GO TO 9999
STOP

CEND
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B.4. Program CAP3 (Cése with ,three aircraft types)



nruw“

000 nhn,

¢
C
C

PR

1TALF1(50) 4y IALF2{50)4,IAL~3(50) 4 CAPAC

‘ICOAS COAF s COASAF 3 AMAS yAMAF g AMASAF § AMI 4 VF 3, GAMAS y GAMAF ,BETA,DELTA, -

DO
9999
IN

3010

3111

3112

14110
:3[20

3130

3131

C
LG

3132
314C

IN

OGRAM CDMPUT‘NG CAP3

PRDGRAM CAP3( INPUT,OUTPUT)
DIMENSTON - VKT(S)'GAMA(S),P(S) PP(S,?%a?

-m

ZIALFMI(SO),IALFM2(SO),IALFM3(50)
COMMON /SSFFS¥ '

2TAFAR, 1ASAR, DOSFyDOFS,DOSS, DOFF, INDXSF INDXFS o INDXSS, INDXKFF,

"BTSFHTFS, TSS,TFF

4'DELTSS DELTFF,,DELTSF4DELTFS

LOOP TO REPEAT THE WHOLE PROGRAM WITH NEW INPUT DATA
CONTINUE
PUT DATA

M=3

SNM=40

READ 3010, (VKT(I),I=1,M)
FORMAT(3F10.5)

READ 30109 {GAMA{T) ,I=1,M)

READ 30104(PLI),I=14M)

READ 3010, {{DELTA(T44)yJ=1,M),1= 1,M)
INT INPUT DATA

PRINT 3111

FDRMAT(IHI,IOX,*INPUT DATA*,///)

PRINT 3112,1, VKT(!),I GAMA(T) 4 1,P(T)

FORMAT(IlX,*VKT*,Il 4 = kg FTe2y 3Ky HGAMAS ) [1 9% =%, F702y3X, %P4, 11,
1% =% ,Fhe2/) : : , v
CONTINUE

PRINT 3120

FORMAT{//,11X, *DELTA MATRIX%//)
PRINT 3130 »
FORMAT (20X, % TRATILING A/C*/)
PRINT 3131,(J,J=1,M)
‘FORMAT(IQX'3(II 9X) 9/)
DO 3140 I=1,M

PRINT 3132,1,(DELTA(L,J)yd=14M)
FORMAT (9X 3 1233F10e247)
CONTINUE

ITIAL DATA PREPARATION
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4909

401\.

D3 4010 I=1,M
- DO 4009 J=1,M
PPLL,, =PI )*P{J)
CONTINUE
CONTINUE

DG 4020 N=1,NM

TCAPAC{N)=04

CAPMININ)I=9999.

CTALFIONI=0 )

4020

 nnnnnnnA

P
C.
S c

IALF2(N)=0
TALF3{(N)=0
CONTINUE
PALF=157077

 DALF=0417453

IPALF=90
IDALF=10

“MAtN PROGRAM
CASE A
ANGLES GENERATIGON

DO 2495 1i=1,8

ELI=FLOAT(I1~1) -
A1=PALF—DALF*E11
 IALAR=IPALF-IDALF%{11=1)

I11PLS1=11+1
DO 2490 12=11PLS1,9

TE21=FLOAT{12-1)

 A2=PALF-DALF*E21

IA2AR-IPALF-IDALF¥(IZ-1)

12PLS1=12+1
DO 2485 13=12PLS1,19
© E31=FLOAT(13-1)
- A3=PALF—DALF®E31

IABAR IPALF—IDALF*(I3- )

AIRCRAFT 1 AND 2 h.v

VS=VKT(1) /3600,

L NF=VKT(2)/3600. .
L AMI=VS/VF
GAMAF=GAMA(2)

GAMAS=GAMA{1)
BETA=GAMAF~-GAMAS

DELTSS=DELTA{1,41)

T6T



c
<
€

DELTFF=DELTA(

2,32)
DELTSF=DELTA(1,2)
2,1)

~ DELTPS—DELTA(

AS=Al

AF=A2
~TAFAR=TA2AR

IASAR=IA1AR

COAS=COS{ AS)

COAF=COS( AF) L
COASAF=COS (AS-AF)
AMAS=AMI%%2-2 s XAMI*COAS+1 e

AMAFSAM IR 2=2 ¢ *AMIXCOAF +1

AMASAF=AMI%#2-2 s ¥AMIECOASAF+1.
CALL SDDSF
CALL. SDQOFS.
CALL SDOFF

~CALL SDOSS

CALL DOT

"TT(1,41)=TSS

TTU142)=TSF

S TT(2,1)=TFS
TT{2,2)=TFF

AIRCRAFT 1 ANG 3

VS=VKT{1)/36C0,

‘VE=VKT{3}) /73600

AMI=YS/VF

© GAMAF=GAMA(3)
-GAMAS=GAMA(1)

BETA=GAMAF-GAMAS

" DELTSS=DELTA(1,41
DELTFF=DELTA(3,

)
3)
DELTSF=DELTA{1 ,3)
DELTFS‘DELTA(3,17
AS=AY ;
AF=A3 .-
IAFAR-IABAR

LTASAR=TATAR

COAS=CDS{AS)

COAF=COS{AF)
CCASAF=COS(AS—-AF)
AMAS=AMIN%2 =2 4 *AMI¥COAS+]
AMAF=AMINKR2=-2  *AMIFCOAF+1 o

AMASAF=AM1 %22  XAMT#COASAF+1s

CALL: SDOSF"
CALL SDOFS.

'CALL SDOFF
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C
C
C

C
C

CALL SDOSS

CALL DOT
TT{341)=TFS .

TT(3,3)=TFF

AIRCRAFT 2 pAND 3

”VS‘VKT(Z)/BéOO.
VF=VKT(3)73600.

- AMI=VS/VF
 GAMAF=GAMA(3)

GAMAS=GAMA(2)
BETA=GAMAF-GA

MA
DELTSS=DELTA(2
DELTFF=DELTA{(3,
DELYSF=DELTA(2
DELTFS=DELTAL(3
AS=A2
AF=A3

- T'ASAR=]1AZ2AR

TAFAR=1A3AR

COAS=COS(AS)

COAF=COS{AF)

COASAF=COS (AS—AF)
AMAS=AMI%%2-2 ,*AMI *COAS+1,
AMAF =AM %%2=2 + KAMIXCOAF +1 4

AMASAF=AMI¥%2=-2, *AMI*COASAF+1.V

CALL SDOSF

_CALL SDOFS

CALL SDOFF
CALL SDOSS
CALL DOT

Ti{2y33¥=TSF

<

2410

2420

~:T(3,2) IFS
MEAN INTERARRIVAL TIME AND CAPACITY

TDAR=0,
DO 2420 1=1
D0 2410 J=1
TBAR=TBAR+T
CONTINUE

M
+ M ) ‘ :
Ter,0)%PP(1,9)

CONTINUE
“CAP=3600./TBAR

N=NM
1F (CAP.LT CAPAC(N)) GO TO 2470

DO 2450 Ni=14N
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2440

L2450

2455

1F (CAP-CAPAC(NI)) 2450 245042440
CONTINUE

NN=N1

GO TO 2455

CONTINUE

CONTINUE
NMINNNSN-NN ‘

DO 2460 NOP=1,NMINNN
N2=N-NOP- - -

UN2PI=MZ2+)

CAPAC(NZP

CTALF3(N2P

2460
2470

2472 N
2474
2475

TALF3(NN})=

TALF 1'(N2P
TALF2({N2P

v-v-a—-t-

)
’)
)
)
CONT INUE
CAPAC{NN)=CA
TALFI{NN}=1
TALE2(NNA=1
1

CONTINUE

<N=NM,
IF {CAP. GT.CAPMIN(N)) GO TOQ 2478

DO 2474 Nl=1,N

1 (CAP—CAPM[N(N!)) 24724247442474

NN=N1 -
GO -TO 2475
CONTINUE
CONTINUE
NMI NNN=N-=NN
DO 2476 NOP=1, NMINNN
NZ2=N=-NOP
N2P1=N2+1

TCAPMIN(N2PI)=CAPMININ

2476

- 2478
2485
2490
2495

TALEM2{N2P1)=TALFM2{N

2)
TALFM1I{N2P1)=TALFM1(N2)
2)
TALFM3IN2P1 I=TALFM3{(N2)

CONTINUE
CAPMIN{NN)=CAP

IALFMI{NN)=TALAR
IALEM2(NN)=I1A2AR
IALFM3(NN)=TA3AR
CONTINUE
CONTINUE
CONT INUE
CONTINUE

e ~
C 'MAIN PROGRAM
c . ’

rs
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Y2 lals

L c
c
<

CASE . B ;
ANGLE GENERATION
DO 2595 11=1,9

E11=FLDAT(T1-1)
JA1=PALF=DALF%*E11

TA1AR=I PALF=IDALF¥(11~1)
11PLS1I=I1+1

DO 2590 [2=11,19
E21=FLOAT(12-1)
A2=PALF-DALF*E21

I A2AR=IPALF-IDALF*(12-1)
{2MINI=12-1 -
DO 2585 I3=11PLS1,12MIN1
E31=FLOAT(13-1)
A3=PALF-DALF#E£31 ,
T1A3AR=IPALF—IDALF%(13-1) '

AIRCRAFT ‘1 AND 2
VS=VKT(1)/3600.

VF=VKT{(2)73600.
AMI=VS/VF.

"GAMAF=GAMA{2)

GAMAS=GAMA{1)
BETA=GAMAF~GAMAS |
DELTSS=DELTA(1,1)
DELTFF=DELTAL2,2)

"DELTSF=DELTA{1,42)

DELTFS=DELTA(2,1)

. AS=Al

F=A2
$AFAR=[A2AR

" TASAR=TAlAR

CDAS=COS{AS)
COAF=CQOS{AF) :
COASAF=COS(AS~AF)

‘ ;AMAS—AMI**Z'Zo*ﬂMI*COAS%lo
CAMAF=AMI®*%2=2 o KAMIECOAF+1e
- AMASAF=AM 1 %k2=2 . ¥AM ¥*COASAF #1 e .

CALL SDOSF

LCALL SDOFS
‘CALL SDOFF

CALL SDOSS

- CALL DOT

TTL1,1)=TSS
TT(1,2)=TSF .
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TT{2,1)=TFS
TT{242)=TFF

c :
c AIRCRAFT 1 AND 3 -
c

T VS5=VKT{(1)/73600.
VEF=VKT{3) /73600,
AMI=VS/VF
GAMAF=GAMAL3)
GAMAS=GAMA{l)

 BETA=GAMAF—=GAMAS
DELLTSS=0ELTA(1,1)
DELTFF=DELTA(3,3)

- DELYSF=DELYTA(1,3)

- DELTFS=DELTA(3,1)

AS=A1l '
AF=A3
TAFAR=TA3AR!:
[IASAR=IAL1AR"
COAS=COS(AS)

-COAF=COS{ AF) -
COASAF=CO0S({AS—AF)
AMAS=AMI X% 2«2 ¢ XAMIXCOAS+1 W
CAMAFZAMIAk%2-2 . ¥ AMIXCQAF+1s
AMASAF=AM[%¥%2=2, *AMI#COASAFfi.
- CALL SDOSF
CALL SDOFS.

CALL SDOFF

L CALL SDOSS
CALL DOT

" TTL143)=TSF
TT{3,1)=TFS
TT{3,3)=TFF

(C'~u :
C: AIRCRAFT 2 AND 3

VS=VKT{2)/3600.
VF-VKT(B)/BGOO.
AMI=VS/VF
GAMAF=GAMA(3)
GAMAS=GAMA(2)
BETA=GAMAF—-GAMAS
DELTSS=DELTA{(2,2)
DELTFF=DELTA{(3,3)
DELTSF=DELTA(2,3)
"DELTFS=DELTA(3,2)
AS=A2
AF=A3
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IASARSIA2AR
IAFAR=IA3AR- -

COAS=COS({AS)

COAF=COS/{ AF) )
COASAF=COS{AS~AF).
AMAS=AMI%#%#2=2,%AMI*COAS+1e

AMAF=AMI®*%2=2 o Xk AMI¥*COAF®1le -

'AMASAF-AMI**Z-Z.*AMI*COASAFfIw‘
CALL SDOSF

- CALL SDOFS

CALL SDOFF D
CALL SDOSS R
CALL DOT :
TT{2,3)=TSF
TT(3,2)=TFS

IR oSR S :
v g MEAN INTERARRIVAL TIME .

TBAR=O0e
DO 2520 I=1,M

~-DD 2810 J=14M

2510
2520

255%

U YALF2(N2P1)=TALF2
. 2560

TBAR:= YBAR+TT(I.J)*PP(I Jy_
CONTIWNUE

CONTINUE

CA§a3600o/TBAR

iF (CAP.LT.CAPAC(N)) GD TO 2570
DO 2550 N1=14N

1F JCAP-CAPAC(NI)) 2550,2550 2540
CONTINUE

CNN=N1 ,
.. GO TO 2555
2550

CONTINUE

CONTINUE
NMINNN=N-NN

D0 2560 NOP=1, NMINNN
N2=N-NOP

N2P1=N2+1
CAPAC(N2P1)=CAPAC(N2)
IALFX(NZPI)—IALFI:N%%

N

TALF3(N2P1)=IALF3(N2)

CONTINUE
CAPAC({NN)=CAP

JALET{NN)=TALlAR
~ TALE2(NN)=TA2AR
CTALF3{NN)=TA3AR

2570

CONTINUE
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. 2572

- 2574
2575

~-N2=N-NOP

2576

2578

2585

2590
‘2595

kN =NM :
IF (CAP.GT.CAPMIN(N)) GO ro 2578

DO 2574 N1=1,4N T

1F (CAP-CAPMIN(NX)‘ 2572,2:74,2574
NN=N1

GO0 TO 257S L
CONTINUE , Lo :
CONTINUE : . e 2
NMINNN=N-NN

DG 2576 NOP-I,NHINNN

N2P1=N2+1

CCAPMIN(N2PL )=CAPMIN(N2)

IALFMLI{N2P1)=TALFMLI{(N2)
TALFM2{N2P1)=TALFM2{(N2)

TALFM3(N2P1)=TALFM3(N2)

CONTINUE
CAPMIN(NNI=CAP
TALFMI(NN)=TAL1AR
IALFM2{NN)=TA2AR

- TALFEM3{NN)=TA3AR

CONTINUE
CONTINUE
CONTINUE
CONTINUE

) g PRINTING RESULTS

4050
4100

4151

‘4150
4250

4260

PRINT 4050 !

FORMAT (1H14///4 13X, *MAXTMAL CAPACITY-0PTIMAL ANGLES¥,////)
PRINT 4100

FORMAT (14X ¥ CAPACTTY# y5X g ¥ALFAL1%,SX,¥ALFA2% ,S5X, ¥ALFA3%, ///)
DO 4150 NP=1,NM

‘PRINT 4151,NP, CAPAC(NP),IALF!(NP)'IALFZ(NP).IALFB(NP)

FORMAT{5X, 15’F1°o3,311°)
CONTINUE
PRINT 4250

FORMAT(1H1 4//7 313Xy MINIMAL CAPACXTY THE WORSE ANGLES* I///)~

PRINT 410C
DO 4260 NP=14,NM

PRINT 4151,NP CAPMIN(NP) IALFMI(NP).XALFMZ(NP),IALFM3(NP)"
CONTINUE

_GO TO 9999 _ | .

. 'STOP

END
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B.5. Program CAP4 (Case with four aircraft types)




c : ' ; S
C PROGRAM COMPUTING CAP4
c , ,

PROGRAM CAPA4 { INPUT,0UTPUT)
DIMENSIDON VKT(5),GAMA{5),P{5),PP{5,5),DELTA{S,5),

MIIALFl(SO),IALFZ(SO).IALF3(50) [IALF4(50), CAPAC(50)
ZIALFMI(SO),IALFMZ(SO),IALFMB(SO),IALFMQ(SO)

COMMON /SSFFS/

LCOAS,COAF , COASAF g AMAS y AMAF  AMASAF o AMT 5 VF y GAMAS, GAMAF yBETA ,DELTA,
- PIAFAR, 1ASAR,DOSFsDOFS,D0SS ;DOFF 4 INDXSF,{NDXFS,INDXSS,INDXFF,.
3TSE,TES,TSS, TFF

4,DELYSS,DELTFF,DELTSF,DELTFS

DO LOOP TO REPEAT THE WHOLE PROGRAM WITH NEW INPUT DATA
9999 CONTINUE
INPUT DATA

fhnn nnn f

M=4
‘NM=40
READ 3010, {VKTY
3010 FORMAT{4F10s5)
; READ 3010, (GAM
READ 3C10,(2(1
READ 3010,((DE

c
€ PRINT INPUT DATA
c

PRINT 3111

3111 FORMAT(1H1 10X *INPUT DATA%X,///)
DO 3110 I=1yM "

« . PRINT 3112,1,VKT(1),1 GAMA(I).I (1)

3112 FORMAT {11 X = VKT T14% -# F7e 3X,%9AMA*,[1,* =%, F7.2 IX,,¥PkeI1l,
1% =%4F4e2/)

3110 CONTINUE _
| 'PRINT 3120 e
3120 FORMAT (//,11X,*DELTA MATRIX*//)
PRINT 3130
3130 FORMAT(21X,*TRAILING A/C¥//)
77 PRINT 313145(Jy J=1,M)
3131 FORMAT{18X,4(11,9X)4/)
7" DD 3140 I=i.M
. PRINT 3132,14(DELTA(I4J)yJd=14M)
3132 FORMAT(7X,[242X4{F10s2)4/)
3140 CONTINUE

C
C INITIAL DATA PREPARATION

002



4009

'nnnnnni’

C :
G
€

4010

N

(N

. TALF3(N
: (N
4020 U
DALF=0.1

o

MAIN PROGRAM CASE A

=1 ’:M
DO 400S J=1,M
PRI JI=P(I)*
CGNTINUE
CONTINUE

DO 4020 N=1,NM
CAPAC(N}=0.
CAPMIN{N)=9999.
TALF1{
TALF2

1ALF4
CONTIN
PALF=1,

QL {1}~ s oo =

¢
0
0
o
c
4

N~

77
53
IPALF=90

"IDALF=10

ANGLES G:NERATION

D0 2195 I1=1,7
E11=FLOAT(I1-1)
Al=PALF-DALFX*ELl1l

IALAR=IPALF~ IDALF*(!i 1)

I1PLSI=11+1

DO 2190 12=11PLS1,8
E21=FLOAT(12-1)
A2=PALF-DALF*E21

I2PLS1=12+41

DO 2185 [3=12PLS1,9
E31=sFLOAT(13-1)
A3=PALF-DALF%*E31

IAZAR-IPALF—IDALF*(IZ—I)

IA3AR=IPALF~-IDALFX*(13=-1)

I3PLS1=1I3+1
DO 2180 14=13PLS1,19:
E41=FLOAT(I4~1) '

. A4=PALF-DALF¥E41

IAGAR=TIPALF-IDALF%(14-1)

AIRCRAFT 1 AND 2

L VS=VKTL1)/3600.

- VF=VKT{2) /3600,

10¢



AMI=VS/VF
GAMAF =GAMA(2)
GAMAS=GAMA(1) ;
BETA=GAMAF~GAMAS
DELTSS=DELTA(1,51)
 DELTFF=DELTA(242)
DELTSF=DELTA(1,2)
DELTFS=DELTA(2,1)

AS=A1

AF=A2 o
I AFAR= IA?AR
IASAR=IALAR~
COAS=COS(AS)
COAF=CO03 ( AF)
COASAF=COS{AS=-AF)
AMAS=AM[% %2 - 2.*AMI*CDAS+1.
AMAF=AMIN%2=2 ¢ *"AMI X*COAF+1 . .
AMASAF=ZAMI®%2~2 ¢ *AMI %COASAF+1.
CALL SDOSF
CALL SDOFS
CALL SDOFF
cCaLL SDOSS
CALL DOT.
STT(1,51}=TSS
COTT(1,4,2)=TSF
TTT{241)}=TFS
T YT(2,42)=TFF

AIRCRAFT 1 AND 3 -

VS=VKT(1) /732600,
CVF=VKT{3)/3600,
ANMI=VS/VF
GAMAF=GAMA{3)
GAMAS=GAMA{1l)
BETA=GAMAF-GAMAS
DELTSS=DELTA{1,1)
DELYFF=DELTA(3,3)
DELTSF=DELTA(1,3)
DELTFS=DELTA(3,1)
AF=A3 ;
IAFAR=TA3AR -
TASAR=TALlAR
COAS=COS{AS)
COAF=COS( AF) -
COASAF=COS(AS—-AF)
CAMAS=AMI*X2~2., *AVI*COAS+1.

(4414
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Y of

a0

AMAF=AMI%X%K2~2 ¢ KAMI#COAF +1 .4
AMASAF=AMI%%2=2 ¢ ¥AMI#COASAF +1..
CALL SDOSF
CALL SDOFS,

CALL SDGFF

CALL SDOSS .
CALL DOT 1 :
TT{143)=TSF

TT{3,1)=TFS
fTT(3y3)~TFF

A!RCRAFT 1 AND 4

VS=VKT(1) /3600

VF=VKT(4) /3600,

AMI=VS/VF

GAMAF=GAMA(4) .
GAMAS=GAMA({1)
BETA=GAMAF=GAMAS
DELTSS=DELTA{1,41)
DELYFF=DELTA{4 44)
DELYSF=DELTA(1,4)
DELTFS-DELTA(4 1)

AS=A1 f

AF=A4

IAFAR=TA4AR

IASAR=1A1AR

COAS=CQOS(AS)

COAF=COS(AF)
COASAF=COS(AS-AF)
AMAS=AMI%%2-2 %X AMI*COAS+1
AMAFZAMIN%2=2 o ¥AMI%XCOAF+Lls
AMASAF =AM %%2~2 s XAMIXCOASAF +1e .
{ CALL SDOSF

CALL SDOFS

CALL SDOFF

CALL 5D0SS

CALL DOT

TT{1,4)=TSF
CTT(441)=TFS

TT(4,4)=TFF

TAIRCRAET 2 AND 3

S VS=VKT{2) /3600,
VF=VKT(3) /3600,

AMT=VS/VF

 GAMAF=GAMA(3)

€02



GAMAS=GAMA(2) _

BETA=GAMAF~GAMAS

DELTSS=DELTA{2,2)

 DELTEF=DELTA{3,3)
DELTSF=DELTA(2,3)

DELFS=DELTA{3,2)

AS=A2

. AF=A3

. IASAR=IA2AR ,
IAFAR=TA3AR = —
COAS=COS{AS) :

COAF=COS( AF)

COASAF=COS{AS—AF)’

AMASS AM[%%2=2 ¢ KAMIX*COAS+1 4

AMAF=AMI%%2=2 ¢ KAMI*®COAF+1 ¢

- AMASAF= AMI**2-2-*AN!*COASAF+1-
“CALL SDOSF - ‘

CALL SDOFS
CALL SDOFF
CALL SD0SS.

. CALL DOT

‘TT(2,3)—TSF
TT{342)=TFS

AIRCRAFT 2 AND 4

VS=VKT{2)/7360C.
VF=VKT{4)/73600C,.
AMI=VS/VF
GAMAF=GAMA{4)
GAMAS=GAMA{2)
BETA=GAMAF-GAMAS
DELTSS=DELTA{2,2)
DELTFF=DELTA{4,4)
DELTSF=DELTA(2,44)
DELTFS=DELTA(4,2)
‘AST=AZ

AF=A4
~ITASAR=TAZAR
T1AFAR=TA4AR
COAS=COS{ AS)

. COAF=COS(AF)

COASAF=COS (AS—AF)

'_AMAs-Aux**z-a.vAM1¢c0As+1.‘

AMAFZAMIX%2=-2 ¢ XAMI*COAF #1 4
AMASAF=AMI*¥2=-2 ¢ AN [P*COASAF+1.
CALL SDOSF

CALL SDOFS
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Pt s

CALL SDOFF
CALL SDOSS
CALL DOT

TT(2,4)=TSF
TT{4,2)=TFS

AfRCRAFT 3 AND 4

N e

VS=VKT{(3)/360C.
VF=VKT{4)/3600.

. AMI=VS/VF

GAMAF=GAMA (4 )
GAMAS=GAMA(3)
BEYA=GAMAF~-GAMAS
DELTSS=DELTA(3,43)
DELTFF=DELTA{4 94)
DELTSF=DELTA{3,4)
DELTFS=DELTA(4,3)
AS=A3

AF=A4
TASAR=TA3AR
IAFAR=TA4 AR
CCAS=COS(AS)

- COAF=COS(AF)

COASAF=COS{AS—-AF) =

AMASZAMI#%2=2 4 KAMI #COAS+1e
AMAF=AMI%%2=-2 « KAMI XCOAF +1,
MASAF =AM I#¥2=2 ¢ KAMIXCOASAF +14
CALL SDOSF

'CALL SDGFS

. CALL SDOFF

Q0

. .CALL SDOSS

CALL DOCT
TTL{344)=TSF
TT{4,43)=TFS

o '
- MEAN INTYERARRIVAL TIME

TBAR=0.
-DQ 2120 1=1,M
DO 2110 J=1,M

CTBAR=TBAR+TT{14J)%PP(I,3)

CONTINUE

CONTINUE

CAP=3600.,/T8BAR

N=NM .

IF {CAPLLTL.CARPACIN)) ‘60O TO 2170
DO 2150 Ni=14N~

S0¢C



.-]xF (CAP-CAPAC(NI)) 2130,2130f2!40
2140 CONTINUE

 NN=N1 ; ‘
- GO TO 2155 : e -
2150 CONTINUE R SO
2155 CONTINUE
; NMINNN=N-NN
DO 2160 NDP—l,NMINNN
N2=N-NOP o
N2P1=N2+1
CAPAC(N2P1)=CAPAC(N2)
CAPAC{N2P1 }=CAPAC{N2)
TALF1{N2P1)}=1ALF1(N2)
IALF2(N2P1)=1ALF2{(N2)
IALF3(N2P1)=1ALF3(N2)
TALF4(N2P1)=I1ALF4(N2)
2160 CONTINUE .
~ CAPAC(NN)=CAP
IALF1(NN)=1A1AR
: [ALF2(NN)=[A2AR
- TALF3(NN)=IA3AR
 LALF4(NN)=TA4AR
2170 CONTINUE
U N=NM

 IF (CAP.GTCAPMIN(N)) GO To 2173
DO 2174 NI=1,N
. IF (CAP-CAPMIN(N1)) 2172,2174,2174
2172 NN=N}
T 60 TO 2175 :
2174 CONTINUE . :
2175 CONTINUE e : -
7 NMINNN=N-NN L
DO 2176 NOP*I,NMINNN
N2=N=-NOP :
N2P1=N2+1 .
CAPMIN(N2P1)=CAPMIN(N2)
TALFM1(N2P1)=TALFMLIN2)
. TALFM2{N2P1)=TALFM2(N2)
TALFM3(N2P1)=IALFM3{N2)
C TALFMA{N2P1)=TALFM4(N2)
2176 CONTINUE
" CAPMIN(NN
T ALEML (NN
TALFM2 (NN
I ALFM3 (NN
TALF M4 (NN
CONTINUE
CONTINUE
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zies.CONTINUE'

2190 CONTINUE

2195 CONTINUE

MAIN PROGRAM CASE B

ANGLES GENERATION:

DO 2295 I1=1,8
E11=FLOAT(I1-1)
A1=PALF«DALFXEL11
IALAR=IPALF=IDALF*{11=1)

ST1IPLSI=T1+1

DO 2290 12=11PLS1,9

1 E21=FLOAT{(I2~-1)
-A2=PALF-DALF¥E21

TA2AR=IPALF-IDALF*{12-1)

12PLS1=12+1
D0 2285 13=11,19
= E31=FLOAT(I3-1)
A= PALF-DALF*E31
o S TABAR=IPALF-IDALF*(I3-1)
o T3MINI=I3-1
D0 2280 I4=12PLS1,,I3MIN1

E41=FLOAT(14-1)

- A&G=PALF-DALFXF4]
" TA4AR=IPALF~-1DALF*®{I4-1)

C
C. AIRCRAFT 1  AND 2
¢

1

. DELTFF=DELTA(2

- DELTSF=DELTA(1
| BELTFS=DELTA(2
- AS=A1
AF=A2

VS=VKT(1)/3600. ~ o

VE=VKT(2) 73600
AMI =VS/VF
GAMAF=GAMA(2)

GAMAS=GAMA(1)

BETA=GAMAF~GAM
DELTSS=DELTA(

IAFAR= In2AR -
LTASAR=T1ALAR

COAS=COS(AS)
_COAF=COS(AF) - .=
' COASAF=COS (AS-AF)

L0Z



AIRCRAFT

CAMASSAMIX XD -2 RAMIXCOAS*+1 W
AMAF=AMI%X32=2 4 KAMI*COAF +1,
AMASAF=AMI%*%2=-2*AMI*COASAF+1.,
~CALL SDOSF

CALL SDCFS

~CALL SDOffF

CALL SDOSS

CALL DOT - S R

CTT{1,1)=TSS’
TT(1,2)=TSF
TT(2,1)=TFS
TT(2,2)=TFF

AIRCRAFT 1 AND 3

VS=VKT(1)/3600,
VF=VYKT(3) /3600,

AMI=VS7ZVF

GAMAF=GAMA(3)

GAMAS=GAMA(1)
BETA=GAMAF—GAMAS
DELTSS=DELTA(1,1)

DELTFF=DELTA{3,3)
DELTSF=DELTA(1,3)
 DELTFS=DELTA{3,1)

AS=A1
AF=A3
fAFAR=IA3AR
TASAR=[A1AR
© COAS=CBS(AS)

COAF=COSI( AF) _
COASAF=COS(AS~AF)
AMASZAMI%%2=2  XAMI*COAS+1
AMAF=AMI¥%2=2 4 *AMI%®COAF +1 4
AMASAF=AM [£%2=2 ¢ KAMIXCOASAF +1 4

. CALL SDOSF .

CALL SDOFS
CALL SDOFF
CALL SDOSS
CALL DOT = =
TT{143)=TSF
TT(3,1)=TFS
TT(3,3)=TFF

AND 4 .

73600,

1
VS=VKT{(1)
(4)/360C0.

VF=VKY

80¢
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AMI=VS/VF
GAMAF=GAMA{4)
GAMAS=GAMA(1)
BETA=GAMAF-GAMAS
DELTSS=DELTA(1,1)
DELTFF=DELTA(444)
DELTSF=DELTA(1,4)
DELTFS=DELTA(441)
AS=A1
“AF=A4
“TAFAR=1A4 AR
o TASAR=TA1AR
T COAS=COS({AS)
COAF=COS(AF)
COASAF=COS{(AS~- AF) :
AMAS=AMIK k22— Zo*AM!*COAS*Xo
CAMAF=AMI kK22 ¢ XAMIRXCOAF ¢+1 .

AMASAF= AMI¥X2-2 4% AMI*COASAF+1

CALL SDOSF

CALL SDOFS

CALL SDOFF

CALL SDOSS ‘ | ?
CALL DOT: - e
TT(1,4)=TSF :
TT{441)=TFS

TT(444)=TFF

AIRCRAFT 2 AND 3

VS=VKT{2) /3600,
VF=VKT(3)/3600.
AMI=VS/VF
GAMAF=GAMAL3)
GAMAS=GAMA{2) :
BETA=GAMAF=GAMAS

 DELTSS=DELTA(2,2)

. DELTFF=DELTA{3,3)
DELTSF=DELTAL(2,3)
DELFS=DELTA(3,2)

CAS=A2
AF=A3
‘TASAR=IA2AR
TIAFAR= LA3AR S
COAS=COS(AS)

COAF=COS{AFY) ~ -
COASAF=COSIAS~AF)

AMAS=AMI* %22 ¢ ¥AMI#COAS+1 o
 AMAF=AMI®E2-2 4 ¥AMI*COAF+1,

602



AMASAF= AMI**Z-Z.*AMI*COASAF#I.
CALL SDOSF e R
CALL < SDQFS : -
CALL SDGFF T T
CALL SDOSS . S ek
CALL DOT : '
TT{2,3)=TSF

TT(B,Z) TFS
N

C AIQCRAFT 2 AND . 4
C ;
VS=VKT(2) /3600,
VF=VKT(4)/3600,

AMI=VS/VF
GAMAF=GAMA{4)
GAMAS=GAMA{2)
BETA=GAMAF~GAMAS
DELTSS=DELTA(2,2
 DELTFF=DELTA(4, 4
DELTSF=DELTA(2,
DELTES=DELTA(4,
AS=A2
AF=A4
TASAR=TA2AR
IAFAR= A4 AR
COAS=COS{AS)
COAF=COS{ AF) ,
COASAF=COS(AS—AF) ,
AMAS=AMI%*2=2 s £ AMI XCOASH+1 o~ -
AMAF=AMI%*%2-2 , %AMI%COAF+14¢
CAMASAF=AMI%%2-2 o X*AMIXCOASAF +1 .
CALL SDOSF
CALL SDOFsS
CALL SDOFF
CALL SDOSS
CALL DOT
TT(2,4)=TSF
TT(4,2)=TFS

)
)
41}
2)

o8 (.
C A(RCRAFT 3 AND 4
¢ i

VS=VKT(3) /3600,
VF=VKT(4)/36C0.
AMI=VS/VF
GAMAF=GAMA(4)
GAMAS=GAMA({3) -
BETA=GAMAF-GAMAS
DELTSS=DELTA(3,3)

01e



DELTFF=DELTA{4,4)
 DELTSF=DELTA(3,4)
- DELTFS=DELTA(4,3)

AS=A3

AF=A%

TASAR=IA3AR

1AFAR=IA4AR

COAS=COS(AS)

- COAF=COS{ AF)

COASAF=COS{AS-AF)
CAMASSAMI® %22 ¢ XKAMI XCOAS+1,

AMAFSAMI¥%2~2 s *AMI*COAF+1 4

 AMASAF=AMI¥E2-2 o XAMI¥COASAF +1 4

CALL SDOSF

CALL SDOFS

© CALL SDOFF

CALL SDOSS

CALL DOT

TT{3,4)=TSF

TT(4,3)=TFs

C
- €. MEAN INTEQARRIVAL TIME
C

TBAR=0.,
DO 2220 I=14M
L DO 2210 J=1,M
o TBAR=TBAR+TT(1I )4PP(I,J)
2210 CONTINUE

L2220 CONTINUE )
S CAP=3600./TBAR
N=NM
IF (CAP.LT.CAPAC(N)) R0 TO 2270
DG 2250 Ni=1
IR (CAP= CAPAC(NI)) 2250'2250 2240
2240 CONTINUE
S TONN=NT
: GO TO 2255
. 2250 CONTINUE
2255 CONTINUE
: CNMINNN=N=NN :
DO 2260 NOP—I,NM'NNN
N2=N—=NGP
. N2PI=N2+1
"CAPACIN2P1)=CAPAC(N2)
JALFLIN2P1 )=TALFL1{N2)
o TALF2(N2P1)I=1ALF2(N2)} -
- TALF3(N2P1¥=TALF3{(N2)
1ALF4{N2P1)=TALF4(N2)

T1C



2260

2270

2272
2274

O(H\ﬁ(ﬂﬁ

2275

CONTIN

UE
CAPAC({NN)=CAP
IALF!(NN)=IAIAR
IALF2{NN)=TAZ2AR

CTALF3{NN)I=TA3AR
TALF4(NN)=IA4AR
CONTINUE
N=NM

IF (CAP. GT.CAPMIN(N)) GO . ro 2278

DO 2274 N1=14¢N
IF (CAP—CAPMIN(NL)) 2272.2274 2274

NN=N1
GO-TD 2275
CONTINUE
CONTINUE ’
NMINNN=N=NN !
DO 2276 NOP—I,NMINNN
N2=N-NOP
N2P1=N2+1
CAPMIN(N2P1)=CAPMIN(N2)
IALFMI{N2P1 )=TALFM1{IN2)
TALFM2{N2P1)=TALFM2{N2)
TALFM3{(N2P1)=TALFM3(N2)
TALFM4{N2P1)=TALFM4(N2)

2276 CONTINUE
"CAPMIN{NN)=CAP
TALFMI{NN)=TIAL1AR
IALFM2{NN)=1A2AR

 TALFM3(NN)=TA3AR

i - TALFM&(NN)=TA4AR

2278 CONTINUE
2280 CONTINUE
2235 CONTINUE
2290 CONTINUE
2295 CONTINUE
MAIN PROGRAM CASE C
S ANGL:S GENERATION

. DO 2395 Iil= 1,8

E11=FLOAT(I1~-1)

CAL=PALF-DALFXELL

IALAR=TPALF—-IDALF*({I1-1).

1T1PLSI=11+1

DO 2390 12211419
 E21=FLOAT(12-1)

[A¥4
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C
c

c
c
c

- CALL SDOSS
- CALL DOT

A2= PALF-DALF*EZI

TA2AR=IPALF-IDALF*{( 12~ 1)
I2MIN1=12~]

DO 2385 I3=I11PLS1,9
E31=FLOAT(13=1)

A3=PALF-DALFX*E31 "
IA3ARSIPALF=~IDALF*{13-1)

I3PLS1=13+1
DO 2380 14=13PLS1,12MIN1

E41=FLOAT(I4~1)

- A4=PALF-DALF%E41
TA4AR=IPALF—IDALF%*(14-1)

AIRCRAFT 1 AND 2

:VS VKT(1)/3600. :
TTVF=VKT(2)/360C. P o
- AMT=VS/VF

- GAMAF=GAMAL{2)
 GAMAS=GAMA(1)
BETA=GAMAF~-GAMA

S
DELTSS=DELTA(1,41)
DELTFF=DELTA(2,2)
DELTSF=DELTA{1,2)
DELTFS=DELTA(2,1)

AS=A1L

AF=A2
IAFAR=IA2AR

- TASAR=TA1AR

COAS=COS(AS)

COAF=COS{ AF) ‘
COASAF=COS(AS-AF)
AMAS=AMI%%2=24 KAMI*COAS+1 4

CAMAF=AMI%52~2 4 ¥ AMI%XCOAF+1.
AMASAF=AMT#X2=2 4 XAMI¥COASAF +1 4

CALL SDQSF

" CALL SDQOFS

CALL SOGFF

TT(151)=TSS
TT(142)=TSF

TTL241)=TFS

TT(2'2)=TFF

AIRCRAFT 1 AND 3

VS-VKT(I)/BéOOc

€1¢
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VF=VKT{3)/£3600e— — —
AMI=VS/VF, N
GAMAF=GAMA(3)
GAMAS=GAMA(1)
BETA=GAMAF~GAMAS
DELTSS=DELTA(1,1
DELTFF=DELTA(3,3

. DELTSF=DELTA{1,3

- DELTFS=DELTA(3,1
"~ AS=A1 . ‘
AF=A3
I AFAR=TA3AR
"IASAR=IA1AR
COAS=COS(AS)
COAF=COS{ AF)
COASAF=COS{AS—AF) ,
AMAS=AMI*%2-2 s XAMIXCOAS+1
AMAF=AMIA%2=2 s XAMT *COAF +1% :
AMASAF=AM X% 2-2 4%k AMI*COASAF+1.
.. CALL SDOSF
*  CALL SDOFS
CALL SDOFF
CALL - SDOSS
CALL DOT
TT(1,3)=TSF
TT{3,1)=TFS
TT{3,3)=TFF

R R '
.C AIRCRAFT 1 AND 4
< \

VS=YKT(1)/3600.
VF=VKT(4) /3600,
AMI=VS/VF
GAMAF=GAMA(4)
GAMAS=GAMA(1)
BETA=GAMAF~GAMAS
DELTSS=DELTA(1,1)
DELTFF=DELTA(4,44)
DELTSF=DELTA{1 44 )
 DELTFS=DELTA(4,1)
AS=A1l
 AF=A4
 IAFAR=IA4AR
- I'ASAR=IA1AR
~ CDAS=COS{AS)
- COAF=COS(AF) " :
COASAF=COS(AS—AF) , ,
AMAS=AMI*%2=2 4 “AMIXCOAS+1»

)
)
)
)
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AMAF=AMI%%2~=2 ¢ XAMIXCOAF+1,
AMASAF= AMI**Z*Z.*AMI*CDASAF+1.
CALL SDOSF
- CALL SDQOFS
CALL SDQOFF
SLLALL SDOSS ‘
CALL -DOT i i L e
S TT{194)=TSF
TT(4,1)=TFS
TT{444)=TFF

AIRCRAFT 2 AND 3

O0nn

VS=VKT(2) /36C0s

_ VF=VKT(3) /3600,
AMI=VS/VF
GAMAF=GAMA{3)
GAMAS=GAMA(2)

- BETA=GAMAF-GAMAS
DELTSS=DELTA(2,2)
DELTFF=DELTA(3,3)
DELTSF=DELTA(2,3)
DELFS=DELTA{3,2)

- AS=A2
AF=A3
IASAR=IA2AR
TAFAR=TIA3AR = - .
CCAS=COS(AS)

COAF =COS{ AF)
COASAF=COS(AS-AF)

AMAS=AMI%%2-2 J#AMI%COAS+1 .
AMAF=AMI%%2=2 s KAMI#*COAF+1o
AMASAF=AM1%#2-2 4 ¥AMI*COASAF +1 4
CALL SDOSF

- CALL SDOFS
CALL SDOFF

. CALL SDOSS

_ CALL DOT
TT{243)=TSF -

CTT(3,2)=TFS

c v
C AIRCQAFT ‘2 AND 4
¢ ‘

VS=VKT(2) /3600,
VF=YKT(4) /3600
AMI=VS/VF
GAMAF=GAMA(4)
 GAMAS=GAMA{2)

S1¢



BETA=GAMAF—~GAMAS

DELTSS=DELTA(242)

DELTFF=DELTA{44)

 DELTSF=DELTA(2,4)
DELTFS=DELTA(4,2)

AS=A2

AF=A4

TASAR=IA2AR

IAFAR=TAGAR .

COAS=COS(AS)

COAF=COS{ AF)
COASAF=COS(AS—AF)
AMAS=AMI %%k 2~2 ¢ kAMIRCOAS+]1 .
AMAF=AMI & %2-2, *A\'I*CDAF+1o
AM‘ASAF:AMI**Z-Z.*AMI*COASAF-&-I.
CALL SDOSF

CALL SDOFS

CALL SDOFF

CALL SDOSS g

CALL DOT | ; -
TY(2,4)=TSF

TT(4,2)=TFS

AIRCRAFT 3 AND 4

VS=VKT(3)/3600.

VE=VKT(4) /3600,

AMI=VS/VF

GAMAF=GAMA({4)
GAMAS=GAMA{3)
BETA=GAMAF-GAMAS
DELTSS=DELTA(3,3)
DELTFF—DELTA(4,4)
. DELTSF=DELTA{3,4)

" DELTFS=DELTA(4,3)

AS=A3

AF=A4

I ASAR=TA3AR

I AFAR=TA4AR

COAS=COS(AS)
COAF=COS{ AF}
_COASAF=COS{AS=AF) :
AMASZAMI®%2-2 ¢ XAMI%XCOAS+], -
AMAF= AMI%%2=2 s XAMI*COAF+14

AMASAF=AMI%*%2=2 ¢ *AMI*COASAF+1 ..

CALL SDOSF
CALL SDOFS
CALL SDOFF

91¢



'CALL SDOSS

CALL 00T

CTTL{344)=TSF
TTL443)=TFS

< ; e
C MEAN INTERARRIVAL TIME

C

2310
2320

2340

2350
2355

2360

TBAR=O0.,

DC 2320 I=t
00 2310 J=1
TBAR=T3AR+T
CONTINUE

oM :
' M '
T aJ)¥PP{I4d)

CONTINUE

CAP=36004./T3AR

N=NM

1F (CAP.LT.CAPAC(N)) GO TO 2370
DO 2350 N1=1,4N

IF {CAP—-CAPAC(N1)) 235042350,2340

CONTINUE

NN=N1

GO, TQ 2355

CONTINUE

CONT INUE

NMINNN=N=-NN

DO 2360 NOP=1,NMINNN

S N2=N-NOP

T N2P1=N2+1
CAPACINZ2P1)=CAPAC{N2)
IALF1(N2P1)=1ALF1{(N2)
IALF2{N2P1)=1IALF2(N2)
TALF3{(N2P1)=TALF3(N2)
IALF4(N2P1 }=1ALF4(N2)
CONTINUE
CAPAC(NN)=CAP

S TALFIONN)Y=TA1AR
TALF2INN)=TA2AR
TACF3I(NN)I=TA3AR
IALF4(NN)=TA4AR
CONTINUE

N=NM

2370

I€ (CAPGT, CAPMIR(N)) GO YO 2378
DO 2374 N1=14N

 IF_ (CAP-CAPMIN(N1)) 2372.2374 2374

2372
2374

2375

NN=N1

G0 TD 2375

CONTINUE

CONTINUE ° L ”_v”wf

NMINNN=N-NN

L1z



aialelsiale

C' .
c

2376

2378
2380
2385

2390
2395

D0 2376 NOP-I'NMINNN
N2=N=-NOP

N2P1=N2+1
CAPMIN(N2P1)=CAPMIN(N2)
TALFML(N2P1)=1ALFM1{N2)
TALFM2(N2P1)=TALFM2{N2)
IALFM3{N2P1)=TALFM3{N2)
TALFM4(N2P1)=TALFM4 (N2)
CONTINUE

CAPMIN{NN)=CAP

IALFMI(NN)=TA1AR
IALFM2({NN)=TIA2AR
IALFM3{NN)=TA3AR
TALFM4{NN)=TA4AR
CONTINUE
CONTINUE
CONTINUE
CONT-INUE

CONTINUE

MAIN PROGRAM CASE O
ANGLES GENERATION

DO 2495 11=1,9
E11=FLOAT(I1-1)

Al1=PALF-DALF*E11}

TATAR=IPALF-IDALF*(I1~-1)

T1PLS1=11+1
DO 2490 [2=12,19

E21=FLOAT(12-1])

A2=PALF-DALF*E21

[A2AR= IPALF-IDALF*(IZ-I);

[2MINL=12-1

DO 2485 {3=11,12MIN1
E31=FLOAT(1I3-1)
A3=PALF-DALF*E31

CTA3AR=IPALE~-IDALF#{ 3=1)
CI3MIN1I=13-1

DO 2480 14=11PLS1,I3MIN1
E41=FLOAT{14-1)

CAL=PALF-DALF*E4]

LAGAR=IPALF-IDALF*{I4~1)

ATRCRAFT 1 AND 2
VS=VKT{1)/3600.

81¢



C
C

| VF=VKT(2)/3600s
AMT=VS/VF )

GAMAF=GAMA(2)

. GAMAS=GAMA(1l)
T BETA=GAMAF-GAMAS
- DELTSS=DELTA(1,41)

DELTYFF=DELTA(2,42)

" DELTSF=DELTA(1,2)

DELTIFS=DELTA(2,41)
AS=Al"

AF=A2

TAFAR=TA2AR
TASAR=TALAR

~ COAS=COS(AS)

COAF=COS{ AF)

COASAF=COS{AS—-AF)
AMAS=AMI%N2=-2 4 HAMTXCOAS+1 s
AMAF=AMI%%2<2 4% AMI%*COAF+1.
AMASAF=AM I%XX2=2 s KAMI*COASAF +1,.
CALL SDOSF

CALL SDOFS

CALL SDOFF

CALL SDOSS

CALL DOY B S R

TT{1,51)=TSS
TY{1,2)=TSF
TT{2,1)=TFS
YTT(252)=TFF

AIRCRAFT 1 AND 3
S C 3

VS=VKT{1) /3600,

VE=VKT{3) /73600,

AMI=VS/VF

- GAMAF=GAMA(3)

GAMAS=GAMA(1l)

- BETA=GAMAF—-GAMAS

DELTSS=DELTA{1 41

)
. DELTFE=DELTA{3,3)
- DELTSF=DELTA(1,3)"
)

DELTFS=DELTA(3,1

AS=A1l

AF=A3
{AFAR=1IA3AR

T TASAR=TA1AR

COAS=COS{AS)
COAF=COS(AF)

‘.CGASAF:COS(AS-AF)

617



AMASZAMI%%2-2 JHAMI%*COAS+1 e
AMAF=AMI%%2-2 XAM] *COAF +1

 AMASAF=AMI#¥2=D¢kAMIXCOASAF+1, -
. CALL SDOSF

‘CALL SDGFS
. CALL SDOFF. .
~ CALL S$DOSS
CALL DOT
TT{..3)=TSF
TT{3,1)=TFS
TT(3,3)=TFF

AIRCRAFT 1 AND & N

VS=VKT(1) /3600
VF=VKT{4)/3600,
AMI=VS/VF ‘
GAMAF=GAMA{4)
‘GAMAS=GAMA(1)
BETA=GAMAF—~GAMA
DELTSS=DELTA{1,
DELTFF=DELTA{4,
- DELTSF=DELTA(1,
DELTFS=DELTA(4,
AS=A1

AF=A4 , «
IAFAR= A4 AR
IASAR=TAL1AR
COAS=COS{AS)
COAF=COS{AF)

S

1)
4)
4)
1)

. ~COASAF =COS (AS-AF)

AMAS=AMI%%2-2 s XAMI%COAS+1
AMAF=AMI¥%2=2 ¢ TAMI*COAF+1,

AMASAF=AMI %% 2=~ 2.*AMI*COASAF+1.

CALL SDOSF
CALL SDOFS
CALL SDOFF
CALL SDOSS.
CALL DOT
TT(1,4)=TSF
TT(441)=TFS
TT{4,4)=TFF

AIRCPAFT 2 AND -3

VS-VKT(Z)/BéOO.
VF=VKT{3)/36CC.
AMI=VS/VF

0ce



GAMAF=GAMA(3)

T GAMAS=GAMAL(2)

BETA=GAMAF~-GAMAS
DELTSS=DELTA(2,2)
DcLTFF-DELTA(B,B)
DELTSF=DELTA{2,3)
DELFS=DELTA{3,2)

AS=A2

AF=A3

- TASAR=IAZAR

TAFAR=TA3AR .
COAS=COS(AS) ‘
COAF=CQOS{ AF)
CODASAF=COS(AS~AF) . - -
AMAS=AMI%k 22, *A«‘v‘I*CDASf!o
AMAFSAMIR%2=2 ¢ KAMIXCOAF+1,
CAMASAF=AMIEX2=2 ¢ RAMIKCOASAF+1.,
- CALL SDOSF

CALL SDOFS

S CALL "SDOFF

CALL SDOSS e
CALL DOT
TT(2,3)=TSF "
TT{3,2)=TFS

AIRCRAFT .2 AND 4

VS=VKT{2) /3600,
VF=VKT{4)/73600.
AMI=VS/VF

T GAMAF=GAMA{(4)

GAMAS=GAMA(2)
BETA=GAMAF-GAMAS
" DELTSS=DELTA(2,2)
m'DELTFF=DELTA(4,4)
L DELTSFEF=DELTA(2,4)
DELTFS= D:LTP(4,2)
~AS=A2 :

AF=A4

IASAR=TAZ2AR

I AFAR=1A4 AR
COAS—COS(AS)
COAF=COS{ AF)

‘COASAF:COS(AS-AF@

AMAS=AMI ¥ %22 o *AMI #COAS+1e
AMAF=AMI%%2=2 4 KAMI%XCOAF+1 4
 AMASAF=AMIT%2=24 X AMI*COASAF 1,
CALL SDOSF

122



S C
C
‘€

<

&

€

_CALL SDOFS

CALL SDOFF

CALL SDOSS

- CALL DOTY

TT(244)=TSF

TT(4,2)=TFS

AIRCRAFT 3 AND &4 -

VS=VKT{3)./36CC.
VF=VKT(4)/3600.

* AMI=VS/VF
GAMAF=GAMA{4)
"GAMAS=GAMA{(3)
BETA=GAMAF~GAMAS

DELTSS=DELTA(3,3)
DELTFF=DELTA(%,4)
DELTSF=DELTA(3,4)
DELTFS=DELTA{4,3)
AS=A3

AFzA4

TASAR=TA3AR. :
IAFAR=I1A4AR —
COAS=COS({AS)
COAF=COS( AF)

- COASAF=COS{AS-AF)

AMAS=AMI %%2-2, *AMI*COAS+1.
AMAFSAMTA¥2<2 4 XAMI4COAF#+1e

AMASAF—AMI**2—2.*AMI*COASAF+1.k

CALL SDOSF
CALL SDOFS
CALL SDOFF

- CALL SDO0OSS

CALL ODOT
TT{344)=TSF
TT{4,3)=TFS

MEAN INTERARRIVAL TIME

2410

2420

TBAR=0. RS

DO 2420 1=1,M

DO 2410 J—l M ‘

TBAR= TBAR*TT(I.J)*PP(I,J)
CONTINUE

CONTINUE

.CAP=3600./TBAR

N=NM

IF {CAPLTLCAPACINY) GO TO 2470

(444



.fDO 2450 Nl 1 N
oo IF  {CAP= CAPAC(NI)) 2450'2450,2440
2440 CONTINUE r
. NN=N1
S GO TO 2455
2450 CONTINUE

2455 CONTINUE LTI SeEeea

NMIN$=N=-1

NMINNN=N:-NN
DO 2460 NOP-I,N%INNN
N2=N-NOP
CAPAC{N2P1)=CAPAC(N2
IALF1{N2P1)=TALF1{N2
TALF2(N2P1)=TALF2(N2

TALF3(N2P1)=IALF3{N2
IALF4{N2P1)=1ALF4 (N2

2460 CONTINUE

CAPAC{NN)=CAP
TALF1(NN)}=TA1AR :
IALFZ{NN)=TA2AR P

, IALF3(NN)=IA3AR
. TALFA(NN)=TA4AR
2470 CONTINUE
CN=NM
IF {CAP.GT.CAPMIN(N)) GO TO 2478

v DO 2474 N1=14N
 IF (CAP-CAPMIN(N1)) 2472,2474,2474
2472 NN=N1
T 60 TO 2475
2474 CONTINUE
2475 CONTINUE

. NMINNN=N-NN ‘

' DO 2476 NOP—I,NMINNN
N2=N=NOP -
N2P1=N2+1

CAPMIN{N2P1)= CAPMIN (N3
TALFM1{N2P1)=TALFM1 (N2
o TALFM2(N2P1 )=T1ALFM2(N2
 IALFM3(N2P1)=T1ALFM3{N2
' TALFM4(N2P1)=TALFMA(N2
2476 CONTINUE
CAPMIN(NN)=CAP
[ALFMI{NN)=IA1AR
IALEM2(NN)=TA2AR —
, IALFM3(NN)=TA3AR
o I ALFMA{NN)=1A4AR
2478 CONTINUE
2480 CONTINUE

]
)
)
)
)

2)
)
)
)
)
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24685 CONTINUE e : .

- C

C
C
C

2490 CONTINUE —
2495 CONTINUE

'PRINTING RESULTS
PRINT 4050

4050 FGRMAT(IHIg///.lBX,*MAXXMAL CAPACITY=0OPTIMAL ANGLES*,/7//)
PRINT 4100

8100 FORMAT(14X,%CAPACITYX,5Xy*ALFALX, 5X,*AL‘A2*,5X,*ALFA3*,

: , )y
4151 FORMAT(5X,15yF10e3,4180)

16X KALEALY Y /7 7)
DO 4150 NP=1,NM
PRINT 4151 ,NP,CAPAC (NP

4150 CONTINUE

PRINT 4250
4250 FORMAT(1H1,/// 913Xy %#MININMAL CAPACITY~THE WORSE ANGLES* ////)
PRINT 4100
DO 4260 NP=1,NM
T PRINT 4151 4NPy CAPMIN(NP),IALFMl(NP)'IALFMZ(NP),IALFWB(NP),
1IALFM4(NP)

4260 CONTINUE

GO TO 9999 Py e e
STOP j ;! S
E N D L T e e e e e

N . - LR ) e Al abeiver o Wo vt g s ceve e te Ay ®ses

TALF1 {NP) ,TALF2{(NP), IALF3(NP), IALF4(NP)
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.C. Example outputs



C.l. Example of CAPSF output (ILS case)




VFE

VS

w1
GAMAF
GAMAS
BETA
DELTSS
DELTSFE
DELTFS
NELTEF

pr

PS.

[ 1}

]

{18

15040
140400

+93333

6400
650
(o)}
3.00
3900
3.CC
3.00
¢6C
40

Lee



-30

-40.

~50
~5C
-70
-82

~3p

. CAPSF

0

35.215
354000
37.384
38.539
39,482

39.950

. #De285
4C.518
 4¢(55§

40,701

A0 4656

40.51%

! a0.285

394350

30.482
334539
37.384°
Qs.oco

3“-'3 &4

,89

: -1
37.996
384705
39.944
404558
J'.062'
41.823

f42.07§
424223

a2.272
42,223
42.074

41.823

a1.462
40.958
' 39.94a
38.705

S[7eem]

35476

70

-1
-I
40054

41.108

42,183
42.718

43,101
43.368
43.526
43.573
434526
43.363

434101

42.718
424133
414108
30,797

33,232
1364392

60

-1
-1
R ¢
a1.608
43.189

434749

34,151
44,432
64,597
44,652
44;597
34a5432
26,151
43,749

43.189

B [3z557]
46,591

39.057
374139

S0
-1
-1
-1
il §
42,730
44,581
444998

454290

454462
45.519
45048562
454290
44,4998
444581
436997
424331
41,409
39.718

37.735 .

40

-1

-1

bl §

-1

-f
43,4322
45¢553
45957
454134
46.!53
46.134
454957
45657
B'[45.227]
 as.623
434427
41.966

- 40,231
38.198

3¢

-1

-1

-1

~1

-

-1
43.954
464061
46.616
45,576
864616
46.435
46.129
45.690
45.079

434853

426365
40.596
384527

-f
-1
=1
-1
-1
-1
-1
44.,3C6
464385
AG;?ZA
46866
4645683
464373
65623C
454313
444075
424571

£24785

33eH93

10

-1
-1
-1
-1
-t
-1
-"‘l
-1
44,493
460530
B
46.770
464459
45.C14
45:394
44,152
{2.643
42.832
387357

o
-1
-1
-I
44,519
484499
86.797
46.483
46.042
454421

244178

42,667

QO‘0374

38777

8¢¢



<49

-52. .

-60
-7¢

-80"

-0

9¢C

4,217283

4.05947

©3.79769
 3.59420

3.43770
3.42857
3.42857
3.82857
3.42857

3.42857
3.42857
3.42857
3.642857
3.82857

3.43770
3.59426
3.797569

84.05947

4.39672

80

-1
34920392

3.79769

3.59420
3.4377C
3.42857
3.42357
3.42857
3.42857
3.42857
3.42857
3.42857

3.642857

3.42857

3.42779)
3459420

3.79759
4,053947

4439672

70

-1

-1
3.63948
3.59420
3.43770
3.42857
3.42857
3;42857

3.42857

3.42857
3.42857
3.42857
3.42857
3,42857

3.43770

2259420
1.79769
4,05947

4439672

6C.

-1

-1

-1
3.51060
3.43770
3.42857
3.42857
3.42857
3.42857
3.42857
3.42857
3.42857
3.42357
3.42357
3.43770
3.59420
3479769
4,05947
4.39672

50

bt §
-1
-1
ol {
342857
3.42857
342857

3.42857

3.42857

3.42857
3.42857

3.42857
3.423857
3.42857
3.43770
3.59425
3.79769
4.Ci5947
4.39672

40

-f
~1
bl |
-1

-1

3.42857
342857
3.42857

342857
3442837

3.62857
3.42857
3.42857
3.42857
3.43770
3.59420
3.79759
4.05947
2.39672

30

-1
-1
-1
-1
i ¢
-1

3.428S57
3.42857

3.42857
3.842857
3.42857
3442857
3442857
3.42357
3.43770
3«5942C

379769

4.05947
4033672

20
-1
-1
-1
-1
-1
-1
-1
3.42887
3.42857
3.42857
3.42857
3.42857
3.42857
3.42857
342770
3.59420
3.79769
4.05947
4,39672

10

-1
-1
-I
-1
b §
-1
-1
-1

362657

3.42857
3442857
3.42857
3.42857
3.42857
3.483770C
3.59420
?-79769
4.05947
2.39672

-1
-1
-

-1

3.42857

342857
342857
3.42857

- 342857

343775
3.59420
3.79769
4.C5947
4.,39672

62T



XIITVAD 900d d0
TV TVNIOKO

SI
(2

90

2112
2112
2112
2112
2112

3112
3112
3111

3111

"3111

3111
3111
3112

3112
2112

2112

2112
L2112

2112

INDXSF
80

2112

2112

2112
;2112
3112
3112
3111

3111

3111
3111
3111
3112
3112

2112

2112
2112

2112
2112

70

2112
2112
2112
3112
3112
3111
3111
2111

3111

3111

2112
TP
2112
2112

2112

z112

2112

60

2112
2112
3112

3112

3111
3111

L 3t11
‘3111
©3111

3112
3112
2112
2112
2112
2112
2112

50

2 A D

3112
3112
3112
3111
3111
3111
3111
3111
3112
3112
2112
2112
2112
2112

2112

40

b B+ B ¢ S <]

3112
312
3i11
3111
3111
3111
3111
3112
3112

21127
2rie
2112 -

2112
2112

311

W
Q

- N DN D D! A

311
3111
3111
3111
311t
3112
3112
2112
2112
2112
2112
2112

20

w oW R

oA

3111
3111
3111
31118

3113

2112

‘3112

2112
2112
2112
2112
2112

in

311
3111
3111
3111
3112
3112

2i12

2112
2t1e
2112
2112

T R B [ BN A

2 2D 0D

D

0€C



£ MG N D
o o o o o

W
L

!
N [
2

]
e .
OO0

1
S
©

&
&

2
2
23

%a,
'

<

%

2%

20

4410360

4,10360
4410350
4410260
44,10360

4.10360
4.,10350

4.10360

4.10366
8410360
4410360
44135360
4,3C360
441032640
',4.10350
4.10360
4.10360
4.12360
6410360

DOFS

30

-1
3.78834
3.78884
3.78334
3.78384
3.7583a
3.78334
3.73384
3.73884
3,73884
3.78882

3.78384 .

JeTRSBG
3.78384
3.7388a
3.73884
3.783384

3.78884

3.73884

70
-1
-1

3.69892
3.56451

3.54451
3.54451
3.54451

3.5%4451

3.54451

2544951
3.54451

3.54451
3.5845¢

3+54451
3548451
34548451
3.54451

3.54451

3.54451

60
-1
-1
~1
3.£9352
3.35458

2.35458

3.35458
3.35458
3.35453
3.35458
3.35458

1 3.35458

3.35453
3.35458
3.35458
3.354583

" 3.35458

3.35458
3.35458

S0

st |
-1
-1
el §
3.69522

~ 320852

3.20852

3.20852 |

3.20352
3.20852
3.26852
2.20852
3.,20852

3.208%2.

490

bl §

-1
-1
~-X

369892
3.12904
3.039293

3.09993
3.09993

3.09993
3.035393
3.02993
3.03993
3.09593
3.09993
3.09993

3.09993

3.09993

-1
3.693%2
3.12904

3.02706
302706
3.02706

3.02706
3.027C%

3.027C6

3.02706
3.02706

© 3402706

3.02766
3.027G6

20

-1
-1
b §
-1
-1
-1
- -1
34653892
3.12904
3.000852

i 320000

3.00C00
3.0000CC

. 303000

3.020CC

1 3+00000

3.00DCCH .
3.00000

3.3C0C0

3.69892
3.12904

3.00052

3.00000
3.00000C

¢)

-1
-1

-1

-1

-1
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C.2. Example of CAPSF output (MLS case)
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C.3. Example of CAP4 output (MLS case)
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