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development of its graduate training program, the School recognized that men and women engaged in
research should be as free as possible of the administrative duties iwvolved in sponsored research. In 1959,
therefore, the Research Laboratories for the Engineering Sciences {RLES) was established and assigned the
administrative responsibility for such research within the School.
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I. INTRODUCTION

Contained in this report are the results of a study on the evalua-
‘tion and reduction of noise impact to a community due to aircraft land-
ing ansl takeoff operations. This work is a continuation of the methods
and results of a previous study done by the same authors (under NASA
Grant NSG-1509, reference 1). For completeness some repetition of the
earlier work is included.

The previous work considered only a single aircraft using a single
approach/landing trajectory. Models of population distribution, air-
craft noise signature, and aircraft flight path were developed, and a
suitable annoyance model adopted. A performance index to be minimized
was formed from the annoyance model and constraints. The current study
has examined the case of multiple aircraft, flying on several trajector-
ies, for either the case of approach/landings or for takeoffs. A su-
perior, more realistic model of the flight path has also been developed.
As in the earlier work, the annoyance criterion used is the noise impact
index (NII). The algorithm developed has been applied to Patrick Henry
International Airport.

Discussions‘of the various models, the performance index, optimiza-

tion methods, and results appear in the following sections.
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II. PROBLEM FORMULATION

OVERVIEW

| The problem considered is that of determining the '"best" set of
aircraft landing and/or takeoff paths from any airport which minimizes
the noise impact on the surrounding commvnity. There are five major
aspects of this problem which must be modelled: (1) aircraft noise
signatures, (2) population distributions, (3) a cost function or per-
formance index, (4) the aircraft flight paths, and (5) constraints on
the aircraft (based upon aircraft dynamics), passenger comfort, safety,
and maximum noise exposure for any population group. In addition, a
flight path optimization scheme must be adopted. A modular concept has
been employed so that any section of the problem may be modified with
relative ease. The following sections describe each of these in detail.

A. Aircraft Noise Signatures

An aircraft noise signature gives a description of the noise ema-
nating from an aircraft. Many such representations are available. The
one adopted here is a simple model to facilitate computation; however,
it can be replac 4 with more complex and accurate models. One such
model is availéble through the use of the Aircraft Noise Source and
Contour Estimation computer programs (see references 2, 3). The air-
craft noise signature used in this study is obtained using data from
reference 4. Here the effective perceived noise level (EPNdB) is given
as a function of slant range to the closest point of approach for a
variety of aircraft. A typical plot of the slant range variation for
two different aircraft is shown in Figure 1. These data were fit using

standard least squares techniques to yield an expression for EPNdB given

by
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EPNAB = 115 - 22.5 x (SLant range in ft.,
500

This equation is used for calculation of the maximum noise level at each

location for a flyover. A typical footprint for a straight-in approach
along a 3-degree glide slrre is shown in Figure 2. For other aircraft,
similar experimental datas must be sought in *the literature.

B. Population Distribution Model

To model the distribution of population, a map of the community is
overlaid with a grid and the population in each grid section is deter-
mined. The population distribution within each section is assumed to be
uniform. Several grid geometries were examined (see Figure 3). The
geometries include: (1) rectangular sections of equal size, (2) rec-
tangular sections whose dimensions increase with distance from the
airport runway, and (8) concentric circles divided by several radial
lines. The second scheme was chosen since it requires fewer rectangular
sections than the first and is somewhat easier to implement than the
third. Computer time required for determining the optimum trajectory
varies directly with the number of grid sections. This results in the
desire to minimize the number of blocks in the grid. Furthermore, since
the noise levels decrease with distance from the aircraft and the air-
craft has higher altitude when farther from the runway, the need for
high resolution of the population density diminishes with distance from
the airport. Grid blocks with larger area may then be used when farther
away from the airport.

Within a grid section, the population is determined by use of the

SITE II system (reference 5), available on the CDC 7600 computer at the
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NASA-Langley facility. This system requires as input the latitudr and
longitude of a reference point and the coordinates of the corners of
each rectangular section., Although SITE II allows for simple retrieval
of 1970 census data, there is some question about its resolutior capa-
bilities for small grid sections. In addition, in rapidly growing areas
the population data may lag the actual population. The SITE II program
is capable of producing detailed census information as shown in Figure
4; however, for the present analysis only the population information is
used, as indicated.

C. Flight Path Model

There are two ways in which the trajectory of the aircraft may be
determined. In one, a discrete time integration of the equations of
motion (with control deflections) yields point by point spatial coor-
dinates and orientation. Although this allows the flexibility of ex-
plicitly including control constraints as well as dynamic constraints
(e.g. maximum roll angle), it requires that a considerable number of
states of the system be stored in the optimization routine (i.e. each
point of the trajectory in discrete form). In the multi-aircraft,
multi-trajectory problem investigated here, such storage requirements
are prohibitive,

Thus, another method was adopted which uses only the functional
form of the trajectory to describe the flight path. Two possibilities
have been investigated: (1) a truncated Fourier series representation
and (2) a scheme of line segments joined by smooth arcs.

The Fourier series has the advantage of being able to represent any

smooth function over a finite range reasonably well when the series is
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truncated after a few terms, However, it is not able to represent
functions with slope discontinuities without introducing "waviness" into
the approximation, A large number of terms are needed to reduce this
effect., The line segment representation does not have either of these
features; however, it can approximate very well unstions which describe
the types of paths aircraft customarily fly.

The first metho?} begins by generating a starting path which goes
from the initial trajectory point to the desired runway, ending up with
the proper heading, i.e., the aircraft velocity vector is aligned with
the runway. This starting trajectory is generated using the following
equation: (see Figure 5)

X - X

V() = Ing(x-x) + (y,-yp)] exp [- € (;;—:—-5; Nty
For the vertical motion a simple three-degree descent path was assumed.

Next, the first five Fourier sine harmonics are used to introduce
deviations from the starting path. The coordinate system is scaled so
that each of the sine functions contributes zero deviation at the end
points. Therefore, if the starting path satisfies the boundary condi-
tions, then the path with the deviations will also. An exponentially
decaying factox is used to eliminate heading deviations at the final
point.

With the deviations, the equations for the path become

( i1 ()1} [ e (x)
y={Z a, sin [in (=— 1 - exp (—=——)] +y (x
i=1 1 g~ %o G s
N X - X X = X¢
z= {2 B, sin [in (z——)]} [1 - exp ( )] + oz (%)
i=1 f 0 2 ot
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where the a; and Bi are the unknowns to be determined.

The second flight path model represents the trajectory as a chain

of line segments extending from the initial to the final point. Each

corner between two segments is 'smoothed" with a circular arc whose
radius is large enough to insure that the aircraft can perform the turn
(see Figure 6). The unknown variables to be determined are the coor-
dinates of the line segment intersections (corner points). For the
starting trajectory, the corner points lie equally spaced along a line
through each pair of initial and final points. The number of line
segments and hence, the number of corner points, per trajectory is
determined before the optimization begins. This number is generally
small (3 to 5) so that the pilot is not overburdened with required
maneuvers.

Both models of the flight path have the advantage of requiring only
a small number of parameters to describe the trajectory. This reduces
the optimization preblem from a variational one to an ordinary one, but
care must be taken to see that the various constraints in the problem
are met.

D. Constraints

The use of a functional form of the flight path for the trajectory
requires the reformulation of constraints into parameters which can be
used in the optimization. This Zs accomplished by translating the
steady state solutions of the lateral and longitudinal perturbation
equations into geometric constraints. For a detailed derivation of
these, see the final report for 1979, Appendix A of reference 1. The
constrgints are incorporated by determining maximum curvature and slope

parameters as a function of aerodynamic and physical constraints.
11
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Similar expressions are given in the appendix (referred to above) for

constraints on aileron, rudder, and elevator deflections, flight path

angle and pitch rate limits.

In addition to the aircraft constraints, there are passenger com-

fort considerations (e.g. max bank angle), maximum noise exposure

levels, and a minimum separation distance between multiple trajectories.

All of the constraints are listed below:

I. Aircraft Dynamic Constraint:
2
d—-} C; + C,C,
Lateral |—3%2 | ¢ “7 min (6r,, &r,, 6r,)
1+ (33)
where vuvg = average velocity of aircraft, Cl’ CZ’ 03
are constants for a given aircraft, and the 6r's depend upon
maximum bank angle and maximum rudder and aileron deflections
for a given aircraft.
, . dz
Longitudinal: tan y < == < tan Yy
c dx d
max max
where Yo and Y4 are the maximum climb and descent
max max ’
angles,
IT. Passenger Comfort Constraint:

) 3/2
[1+ (&) v
dx N avg
a2 T Cyp
dx

where ¢, = 1.9 for 90% passenger satisfaction, 4.5 for 80%

satisfaction, g = acceleration due to gravity, and Vavg =

average velocity of aircraft during the turn.

13
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I1I. Threshold Noise Constraint

Nu populated area may receive noise in excess of 95 dB more
than N percentage of times per day, where N is a fixed percentage
of the number of flights per day. N is made as small as possible
for any given case.
IV. Minimum Separation Constraint

A minimum distance of 800 meters (% mile) must be maintained
betveen any two trajectories at all points (except very close to
the runway, where all trajectories must converge).

E. Cost Function

A large number of criteria have been proposed to evaluate noise
annoyance (e.g., EPNdB, NNI, sleep interference index, speech interfer-
ence index, etc.). The recent trend in noise assessment work is toward
a universal measure -- the noise impact index (NII). This measure is a
weighted day-night. model which accounts for population density. It is
described in deiail in reference 6. Briefly, the total population
exposed to each incremental average day-night model sound level is
multiplied by the weighting function for that level. The weighting
factor W(Ldn), multiplied by the population exposed to that Ldn’ is
summed and normalized by the total population giving the Noise Impact

Index for the area:

2 P(Ldn)W(Ldn)

L
NIT = 98

% P(Ldn)
dn
A plot of W(Ldn) appears in Figure 7.

14
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The cost function or performance index for the optimization pro-
cedure is taken to be the NII plus penalties for violating constraints.
Basically, the optimization procedure is set up to "drive'" the aircraft
trajectories to the path which will minimize the NII and at the same
time, not violate any constraints. As an example, the constraint of
flight path angle not exceeding a maximum descent angle, Yq» nor a
maximum climb angle, Yoo is written as

tan Yo < |4z < tan Y4

dx

Each is converted to a penalty which is added to the NII in the form

Cost = NII + KIPI + K2P2
P1 = {max[0, (tan Y - dz/dx )]}?
P2 = {max[0, ( dz/dx - tan yd)]]2 Kl’ K2 = constants

As is seen, for values of the flight path angle within the allowable
range, no penalty is added; however, for values outside this range, the
penalty and thus, the increase in cost, is great. Other penalty terms

are added in a like manner.

16




ITI. OPTIMIZATION

The optimum set of trajectories is determined by calculating values
‘of the unknowns (the a and B; in the Fourier series model, the corner
points in the line segment model) which minimize the total cost (NII
plus penalties). Two optimization algorithms have been examined: the
m:thod of steepest descent and the Davidon-Fletcher-Powell method. An
example of steepest descent is given below. Basically, the method
computes the gradient of the cost function, C, with respect to the
unknown parameters and then searches along the negative gradient direc~
tion for values of the parameters which reduce the cost.

In Figure 8, the point L1 represents the set of parameters which
corresponds to the starting trajectory. The arrow points in the direc-
tion of the negative gradient of C (i.e., the direction of decreasing
NII). Searching along this direction will yield a new point L2 which
corresponds to a new trajectory with lower NII. The process of comput-
ing gradients and searching continues until the cost converges to within
a specified tolerance. In this example, the sequence begins at Ll and
converges to L*, where the NII is an absolute (or global) mirimum.

Consider, however, the case where the starting trajectory is char-
acterized by the point Ql' The optimization process will converge to
the point Q%, which is a relative (or local) minimum. The trajectory
characterized by Q% does give a lower NII than the starting path at Ql’
but the NII at Q* is still higher than that at L*.

In this example, it is easily seen that if the starting point lies
in Region I, convergence to the global minimum at L* is assured (like-

wise for Region II and the convergence to the local minimum at Q*). The

17
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only way to insure that the point L* is found is to execute the opti-
mization algorithm a number of times with different starting points, as
indicated by the open circles in Figure 8. There is the possibility
that the cost function has a "sharp" global minimum, such as at the
point R%*. In such a case, it is likely that none of the starting points
chosen would result in convergence to R*, From a practical point of
view, though, it is not important that the true global minimum at R¥* is
not found. The range of parameters defining the sharp "well" at R¥* is
so narrow that a pilot could not deviate from the optimal path charac-
terized by R% without greatly increasing the NII. Simply stated, the
only optimal path of interest is one whose resulting NII is not overly
sensitive to slight variations in the path.

The steepest descent algorithm has the disadvantage of giving slow
convergence near the optimal set of unknown parameters; however, signif-
icant reduction in the cost (NII) does occur during the first few itera-
tions. A superior algorithm is the Davidon-Fletcher-Powell method,
which gives good convergence near the optimum. This method has been
employed in this study with satisfactory results. A detailed descrip-
tion of both optimization methods appears in reference 7.

A. The Optimization Algorithm

A computer code has been developed which implements either of the
optimization methods described above. Figure 9 shows a flow chart for
this code. Initial data (population map, aircraft constraints, initial
and final aircraft positions, etc.) are required for each configuration
of trajectories and aircraft at a given airport. An initial set of

trajectories is either supplied by the user, or a default set is gen-

19
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Figure 9. TFlow Chart of the Flight Path Optimization Algorithm
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erated by the program. The optimization then begins, with successive
values of the cost being compared after each iteration. When the dif-
ference between successive values is less than a defined stopping cri-
terion, the process terminates.

The code has been written in modular form so that any of the vari-
ous models (population distribution, cost function, etc.) may be up-
graded or modified easily without making major changes in the code. As
an example, the noise impact in each population section requires the
computation of an integral. While this integral is usually approxi-
mated, a more accurate calculation can be made with the simple addition
of a2 subroutine to the program.

Appendix A ~cntuins the FORTRAN code as written for a CDC Cyber 172
machine.

B. Results

All of the cases discussed here involve the Patrick Henry Interna-
tional Airport in Hampton, Virginia. The SITE II program was used to
generate the population data for each block as shown in Figure 10. The
three entry points referred to, Swing, Franklin, and Cape Charles, are
the check points indicated on the ILS approach plate (figure 11).

Reduction in the NII at Patrick Henry Airport is limited by the
population distribution. As indicated in Figure 12, most of the people
are located in blocks near the runway. During takeoffs and landings,
these people will be affected by aircraft noise regardless of the tra-
jectories flown.

(1) The Swing and Franklin entry points are used simultaneously for

approach/landings. With the Fourier series model of the flight path,

21
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Population Grid Scheme at Patrick-Henry Airport
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Figure 10.

Population Grid at Patrick-Henry Airport (Partial)
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the results obtained are shown in Figure 12, Details appear in Table I.
As is easily seen, there is an unnecessary amount of waviness in the
trajectories far from the runway. This is caused by the fact that the
Fourier series is truncated after five terms. More terms could be
included but more computation time would be required. Thus, the line
segment model of the flight path has been adopted and is used in all the
following cases.

(2) A single trajectory, with one Boeing 707 flying, is determined
using the line segment model. The results are shown in Figures 13a and
b. Both the Swing and Franklin stations have been used as entry points.
There are three segments in each trajectory, requiring only three turn-
ing maneuvers from the pilot. This is clearly more realistic than the
type of path produced by the Fourier series model. A comparison of the
results of the two models shows that the line segment scheme yields
slightly higher NII values (3-5% higher than in the Fourier series
representation); however, the NII is reduced, compared to existing
approach paths, by 4-6%.

(3) Multiple aircraft on multiple trajectories are investigated.
Figures 14, 15 and 16 show the results for two, three, and four segments
per trajectory. The reduction in NII ranges from 4 to 5%. Details
appear in Table II.

(4) The multiple aircraft, multiple trajectory case is repeated
(with three segments per trajectory) using Gaussian quadrature to eval-
uate the integral in the NII computation; a 6% reduction is seen.

Figure 17 shows the difference that results when this integration is
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Single Aircraft (Landing)

Figure 13a
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Figure 13b Single Aircraft (Landing)
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Table II Line Segment Representation of

(II) Line segment representation of flight path

(A) Balanced distribution of aircraft on each trajectory*

Flight Path

Number { Number Corner Points (x,¥)
of of segments | Annoyance Flaur
entry |on each Swing entry Franklin entry | Cape Charles REMARK Ntﬁgef‘
points | trajectory traejetory trajectory entyy trajectory b
('25g00. 9600) Single A/C,
1 4 0,8395 g:igﬁgz: igg;; single trajectory 13a
(800, 0)
2-22662. -5;23) single A/C,
~18032, =3568) single trajectory 13b
0.8355 (-8928, ~-3356) :
(~800, 0
(-25600, 9600) (-26666,-5333) Existing approach.
1.458 {~16115, 0) (-16115, 0) It violates the
(-800, 0) (~800, 0) threshold noise &
trajectories sepa~
2 ration constraints |[léda
(~25600, 9600) (~25555, =5333) Optimal trajectories
2 1,401 {~10195, 7082) (~11870, =~4671) {with 2 segments/
(~800, 0) (-800, 0) traj.) 14b
(~25600, 9600) (-26666, -5333) Optimal trajectories
3 1.395 (-17339, 6371) (-17975, ~3555) (with 3 segments/
' (-8785, 5563) (~8969, ~3320) traj) using centroid
(~800, 0) (-800, 0) approximation in
NII calculation, 15
(~25600, 9600) (~26666, =5333) Optimal trajectoxies
3 1.311 (-17339, 6408) (~18052, ~3542) using Gaussion
' (-10031, 5752) (~10197, ~3898) quadrature (3 seg-~
(~800, Q) (~800, 0) ments/traj.) 17
(~25600, 9600) (~26666, ~5333) Optimal trajectories
(~19400, 7200) (~20274, ~3917) (with 4 segments/
4 1.395 (~13181, 4861) (~13708, -2718) traj.) 16
(~6641, 4503) (~6585, =-2510)
(~800, 0) (-800, 0)
(-25600, 9600) (~26666, ~5333) | (30000 -2417) All three entry
3 Laga | (-17333, 6400) | (-18045, -3552) | (20813, -1611) points used,
3 ‘ (-8911, 3419) | (-9806, -2249) | (11626, -805 ) Optimal trajec-
(-800, 0) (-800, 0) | (2440, 0) tories (with 3
segments/traj.) 19a
(~25600, 9600) (~26666, ~5333) (30000, -2417) Existing approach 19b
2 1,262 (~-16115, 0) (-16115, 0) (16220, ~1208)
{~800, 0) (-800, 0) (2440, 0)
*Atrcrafe distribution on each trajectory is:
B707 B727
day time 2 2
night time 2 2
AL PAGE 15
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performed as compared to the customary approximation.* Details appear
in Table II.

(5) The aircraft mix on the Swing and Franklin trajectories is
altered to be unbalanced (details in Table III). Figures 18a and b show
that between the two cases of unbalanced aircraft distribution, the
resulting change in the trajectories is slight and the change in NII is
only 0.07%. This may point to the existence of optimal "corridors"
which are independent of the aircraft distribution.

(6) All three entry points are used simultaneously for multiple
aircraft, as shown in Figure 19. The important result hexe is that the
optimum trajectory from Cape Charles is found to pass over “he water, as
should be expected. Details appear in Table II.

(7) Some preliminary work has been done on the takeoff problem.
For each takeoff trajectory, the end of the runway becomes the initial
point, and the final point (approximately 30 km away) may be placed
anywhere. Two final points in the region northwest of the airport and
two in the southwest region were chosen. Optimal paths were computed
for the different pair combinations (three segments per trajectory).
These are shown in Figures 20, 21, and 22 with details given in Table
IV. The pair giving the lowest NII is shown in Figure 21. (NII =
1.425),

(8) To help guarantee that the optimal set of trajectories is found
by the searching algorithm, a method called "selective search" has been

devised. Figure 23 shows a simple version of it. Basically, a number

“Referred to as the centroid approximation, since the Ldn in a given

population block is calculated at the centroid of the block and
assumed constant over the entire block.
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of trajectories are evaluated as candidates for the starting set input

to the algorithm. The process consists of choosing several segments in

different regions of the near-terminal area and evaluating the NII for
various combinations of them. The set of trajectories with the lowest
NII is taken as the starting set for the optimization routine. This
way, it is more likely that the optimal set will be found. Such a
selective search corresponds loosely with the choosing of different
starting points in the example given earlier (figure 8).

CONCLUSION

A method has been formulated which optimizes aircraft paths during
approach or takeoff. Multiple aircraft flying on several trajectories
can be considered. Models have been developed using available data
where possible for the population distribution, aircraft noise signa-
tures, noise impact, constraints, and flight path. An algorithm which
uses either the steepest descent method or the Davidon-Fletcher-Powell
method for optimization has been implemented and tested. The algorithm
can

1) Evaluate the noise impact of existing flight paths,

2) Evaluate the noise impact of proposed flight paths, and

3) Optimize the flight paths to minimize the noise impact, sub-

ject to constraints.

The method has been applied to the Patrick Henry International
Airport area. Existing paths have been evaluated for noise impact and
optimal paths were determined using either two or three of the terminal
area entry points. Approximately 4.5% improvement in NII was achieved

over that of the paths presently used. The population is concentrated
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near the end of the runway, though, and it is felt that even more im-

provement in the NII could be achieved at other airports.
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PRUGRAN MANIP 137472 18 FIN 4o70433

OO0 OO0 OO ODOCO0OOODOOO0

on

xPR:GQAH BANIP (INFUTSLUTPUTaTAPES=INPUT»TAPEOSQUTPUT S TAPET,TAPES T
AP

CInRON NlRLJpNHAPoNSthll(!nbl;'ﬂ(lub)nlll‘vt’16-OlaSPOS!‘(!.IOO»I
11020(3),2F(3))NPOSITS(D)

CONMOB /NI1/ NDTIT(3)sNNTOT(IIsNDT2743)sNNT2T(3)

CUNMON /OYNARIC/ RADIUS)PREITLsPWEIT2,NSARP

COMMON /THRESH/ ALMAX) FLITMAK)TREITLoTWEIT2)NPLANE

COMMUN /CRCSS/ XBEGINs XFINAL)YOIS,)CWEITI,CwELT2

CORRON /PRINT/ SXCENTR(3,)3)»SYCENTRII,3DaSATL(354)sSYTR(304)pSXT2Y
13,4),5YT24304)»SANGLELD) D)

DIMENSION XQ€3)» XFU3)s YO(3)s YF(3)s XNOW(30sd)s DELTAX(1S)

C000000000000000000000000000000000000000080800000000000000000000000000

NTRAJ » NUMBER OF FLIGHT TRAJECYORIES

NMAP » NUMBER OF POPULATION POINTS UN MAP

NSEG o NUMBER DF LINE SEGMENTS ON EACH TRAJECTORY

MAXLY = MARIWUM ITERATION SeV

DELH = PERTURBATION (MEVERS) IN XpY DIRECTICNS AV CORNER

POINTS FOR GRADIENT CALCULATION

STCPCHG o STOP CRITERION FOR SUCCESSIVE COST CHANGE

XPORTH)YPORT » ALRPCRY LOCATION (METERS)

XKOsYOsl0aXFoYFo2F o STARTING AND FINAL POINTS OF TRAJECTORIES

NDTUToANTOTSNDT27sNNT2T s KNOe OF DAV/NIGHT 8707/8727 FLIGHTS

THRESHULD NOISE/SEPARATING CONSTRALINTS

PHELTY»TWLIT»CWELT » WEIGHTING ON PENALTY OF OYNANIC/

THRESHULO/CROSSOVER AND SEPARATION PENALTIES

XKINs XMAX, YMIN) YNAX ®» BOUNDARIES OF THE AREA WHERE THRESHOLO .

CONSTRAINT 15 IMPOSED [}

XBEGINsXFINAL o BOUNDARIES OF AREA WHERE SEPARATING D

CONSTRAINT IS IMPOSED .

ALRAX)RATIG o MAXe ALLOWED A=LEVEL NOISE AND PERCENTAGE OF .

FLIGHTS ALLOWED TO VIOLATE THAY LEVEL .
.
L]
.
L]
L]

® o0 0o o000 e tscas

YOIS o LEAST SEPARATING DISTANCE BETWEEN TRAJECYORIES ALONG Y
1F ONLY RESULT OF INITIAL CONDITION IS NEEOEOD,
SET MAX1VsG

00 000000000000000000000000000000000000000000000000000000000000800000
NPLANE = 9

000 000000000000000000000000000000000000000000000000000000000000000000
. .
. INPUT ALL THE INFORFATION .
. .
0000000000000 0000000000000000000000000000000000000000000000 V000000008

READ (7,0) ICNTINU)NSAMP

READ (7o) NTRAJ)NMAPINSEG)MAXIT

READ (7)) XPORT,YPORT

KEAD (T)%) CELH)STCFCHG

D0 3v 1 » LoNTRAJ
READ (709) XOCI),YO(E)r20(1)
READ (To®) XFULYoYF(L))2F(T)
READ (70%) NDTOZ(1)sNNTOTCL)SNDT2T4T)INNTRT (L)

0000000 0000000000000000000000000000000000000808000000000000 0000000000

80/04/240 10420.39

1010
1020
lOJO
1050
1060
1070

1080
1050
1100
1110

1120

ORIGINAL PAg, |g
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PRUGRAN PANIP TR FIN 6740400 80704724, 10420.)9

C » o 1500

[ CALCULATE INITIAL CORNER POINTS o« 199

(1) [ + 1400

2 0000000000000 00000000000000¢00000)00000000000000000000000000000000000 l::o

0

MPLANE o NPLAKEONDTOT(I)ISNNTOT(S)IONDT2TLE)ONNT2T(L) 1620

Xniisl) » XOUL1) 1640

[1] YH(EsL) » YOUI) 1630

KM{LaNSEGeL) o XF(I) 1660

YA{IANSEGL) s YF(I) 1670

XRCTaNSEGe2) o (XPORT#XFIIN)/2, 1680

YHCLONSEGO2) » (YPORTOYFLL))/ 2, 1690

10 IF (ICNTINUGEQeL) GO 1O 20 1700

DO A0 J o 2,NSEG 1710

XMELpd) & KOC(I)O(FLOATLI=2) /FLOAT(NSEG))OIXF(L)=X0(L)) 1720

YECEpd) o YO(D)O(FLOAT{J=L}/FLOAYIRSEG) IO (YFIL)=YOLI)) 1730

10 CONTINUVE 1740

7 60 10 17%0

20 READ (7,9) (XMUIod)aYNELsJ)ado2)NSEG) 1760

30  CONYINUE 1770

D3 4 1 = JoNMAP 1700

0D 40 J & &0 1790

0 ARRAY(IsJ) & Qs 1000

40  CONTINUE 1810

READ (70%) ({ARRAY(I»J)pJsis9)rle),NRAP) 1020

KEAD (To0) PWEITL,PWELT2oKADIUS 1030

READ (709) XMINsXNAXpYMIN)YHAX 1840

[1] READ (7,9) ALMAXH)RAVIO»TWEIT1,TWELT2 1850

READ (7,9) XBEGIN)XFINAL)YOIS)CWEITIACWELT2 1860

DO 50 T o 1,NHAP 1870

ARRAY(I)t) = Go 1800

IF (XMINGLEwARRAY(I»1)eANOsARRAY(1s1)alEaXMAKoANDs YNINGLESARRAY (1290

9 é £02) oAND GARRAY(152) oL EeYMAKOANDoARRAY ()3 ) eNEsOs) ARRAY(1,6) = liggg
[ ]

5d CONTINLE 1920

FLITMAK » NPLANE®RATIO 1930

4 1940

9 C 0000000000300000000000000000000800000000000000000000000000000000000se 1950

[ » 1960

C . PRINTV INFORMATION INPUT ¢ 1970

C o 1980

C 5000000000000500000000000000000000000000000000snscsssiorssassestssvse 1990

100 [4 2000

WRITE (059010) MAKITONTRAJ,NSEG) NMAP, XPORT,YPURT,DELHI STOPCHG 2010

WRITE (699020) XMINSXMAX YMINSYMAN)ALMAXKSFLITRAS 2020

WRITE (659030} XBEGIN,)XFINAL,YDIS 2030

00 7¢ L » 1sNTRAJ 2040

105 WRETE (659040) Iox001)aYOUI)»Z0UL)aXFUL)2YFLLD2ZFLI) 2050

NSEGL » NSEGel 2060

DO 6L J » L)NSEGL 2070

WRLIE (659050) JaXxM(IpJddaYH(L,sd} 2000

11 CONTINUGE 2090

110 WRETE (6p9060) NDTOT(I)sNDT2TULL))NRTOTLI)aNNT2TL(I) 2100

70 CUNVINUE 2110

N o 29(NSEG=1)oNTRAJ 2120

DO 80 1 o JHNTRAJ 2130

NSEGY & NSEG-] 2140

50




OF POOR QUALITY
PROGRAN RANIP 1371712 IS FTN 4,.7044) 00/04/24, 10420439
193 D3 50 J = L)NSEGL 21%¢0
D0 6y Kk » 1,2 2160
L oo {i=1)020(NSEG=L]0(Jm])02eK 2ir0
IF (KekEGel) XNOW(LsL) « XM({]sdel) 2180
IF (KokQe2) XNORiLal) o YN{Isde}) 2190
120 CONTINUVE 2200
00 892 3 = leN 2210
OELTARCL) » DELH 2220
92 CUNTINUE 2230
¢ 2240
125 C 00000000000000000000000000000000s0s0000008000000000000000000000000000 2250
€ o 2260
¥ € o START uPTIAIZATION ¢ 2270
i (Y v 2200
} 130 g P00 000000 R 0000000000000 000000000000000000000000000000000000000 Zgzg
CALL SNEWTOUN (MAXIT)STOPCHG)Ns RNOWSOELTAX) 2310
: sTee 2320
< 2330
G310 FIRMAT (JH3p4Xp 2 HMAXINUM JTERATION SETS »320/755%020HNUNBER OF TRA2240
135 145CTICRERST pILp/a %X ) 3GHNUMBER OF SEGMENTS ON EACH TRAJECTORY) »13,2390
: 2/95%X)4uHNUNBER OF PUGPULATION POINTS ON THE PMAPY 513»/95X»39HAIRPORZ300
§ 37 KUNWAY LUCATILN Xo¥ [N PETERSS oF8ola3CKaFCals/sXs3THPERTURD TR23T0
SAJECYORIES IN Y DIRECTIONS »Fi0a5503H MEVERS FORSLX,;2LHCALCULATING2340
5 GRADIENTSs/p5Xp20HEX]T CRITVERION FOR CAEWTONI oFT745,/} 2390
149 6U20 FORMAT {5X,37HFCR BLCCKS WITH X=COORDINATE BETWEEN »F8e1s5H AND »F2400
J8els20H YCLORDINATE BeTwEEN »FB8e1s5H AND 2F5e1s9H AND WITHa/»7Xs352410
2HPOPULATION NGT EQUAL TD ZERD SHOULD RECEIVE NOISE OVER »Fésls26H 2420
IA~LEVEL DB NOT PORE THAN »Féelel2H TIMES A DAY,/) 2430
6130 FORMAT (5X»)4DHWITHIN THE AREA DF X=COORDINATES BETWEEN,FbolpBH AND244O
g 14% 1 #FBalabdHy THE SEPARATING DISTANCE BETWEEN TRAJECT,5HORIES,/»2Xs12650
2BHSHOULD B& AT LEASTFoelpTH METERSS//23%)3IHINFORMATIUN OF EACH T2460
3RAJECTICRYSS//) 2470
G069 FIRMAT (1OXs A5HFLIGHTPATH NOUI »34p /922K 3HINITEAL XoYs2)1X,23HC002480
IKOINATES IN METERSS p3(F841p3X)p/s)2Xo L IHFINAL XpYp2p1Xp)23HCOORDIK2450
150 2ATES BN METERSS »3(FO8als3X)pfad2Xs AKINITIAL CORMER,318H POINT POSI2500
E STLONSS »/p24%) JOHCORNER NOwpOXalHXp9Xs1HYs /) 2510
i U590 FURMAT (38Rallo6XrFEels3KsFbel) 2520
90¢0 FURMAT (1CXs L4HAIRCRAFY YYPE'DﬁX:QHG?C?l5!!#”3727'l'lblo7HDAVYlHilZ53°
: lTl;IZ:TlrlZpIpIQX;VHNIGHUI‘HE;?I:IZJ7K:l!pll) 2540
E 155 2550
420008 CM STLRAGE USED 10408 SECONDS
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SUBROUTINE COST 137412 18 FIN 4070485 80/04/240 10420435

SUSRUULTINE COSY (16PAD»TOTALIANLIE,PN LTY'CLDS"'N&GS“’ 2360
COMMON NTRAJINMAP)NSEGHXAL 0))YNLD) ’n‘ﬁ’lv(’76!9.05'05l“’l1°°0’2570
15,2043))2F{3))NPOSITS(I)
CURMON /NLEZ NOTUT(3)INNTOT (), N0737‘3’)NN727‘3’ 2990
A 5 COMMON /OYNARIC/ RAOLUS)PWELTLoPWELIY2)NSA 2000
i CONMON /THKESH/ ‘LHAIDFL“”AKI'H:!YI"Ufl'?oN?tANE 2610
i COmPUN /PRINT/ SXCEN?&(3D3)!$YC&N‘“')!3’)5!'](304’15'71(IoillSK'ZIZGZO
33,8)p5YV2(5,4)0SANGLE(D, ) 26
DIMENSIUN DIS(I)s ANGLE(I)3)s LOCALESTE,8)s POSIVII21C0»2), ICEN'RZQ‘O
) 10 é%g;lil YCENTREII)) XTLU35480) YTL(398)p XT2(3p4)s YT2(Ds4)» N’US!Y:::g
¥
ReAl LOCAL 2670
THRESH » O, 2600
CLOSE » THRESH 2690
'Y PNALTY o CLOSE 2700
ANEL » PNALTY 2710
PI » ATAN(Llad®4, 2720
¢ 2730
¢ IR GNOSHINOINCOINNOERDOONOSORNNCOOOORRBOR00000000000R0R0000C000000KO00TS ZNO
1] (3 o 2750
C o FIRST CALCULATE PARAMETERS AT CORNER POINTS o 2760
[ 2 27170 ;
g NIy Iy Y Yy vl Z;gg
2% U0 50 1 = 1,NTRAJ 2000
OU 1V J & 2,N5EG 2010
11201sJ) » Qo 2820
YVIGI,d) o YT2(1n V) 2030
XT2(5ed) » YTL{1sd) 2840
v XT3¢1pd) & XT2(1pJ) 2050
ANGLE(Isd=1) » XT1(Isd) 28¢0
YCLNTR(Ipd=1) o ANGLE(L)id=]) 2870
XCENTR(Lpd=1) = YCENTR(I,J=1} 2880
") CONTINGE 2890
EH] GIS(l) » 0 2900
KTL41s0) o XALT2 ) 2910
X1201,3) = XK(L,L) 2920
YI1(1,1) = YM(Is1) 2930
YT2(ied) = YM{1s}) 2940
LH] 00 40 J o 2,)NSEG 2950
Ao SORTU(XR{I)Jod)=XMlLlpd))oo2elYP(l;d=l)eYN{L)])))002) 2960
B oo SORYE(XMUL,)S)=KNB(Sadel))oe2e (YA (1) J)=YH{I)Jel})e02) 2970
C o SUKTU{XMILpd=b)mkhilpJed) ) o02e(YR(1pd=0)=YN{IsdeL))002) Zg:ﬂ
¢ 2940
6’ g SRR ONNN0APISRRO00RR00NCONON0IPRPNOEENO0R0BCTR000RAN0NSS0C0RCN0TS ;ggg
. .
C . DU THE Twuy SEGHMENTS FORM A STRAJGHT LINES o 3020
€ o ¢ 3030
c G000 0000CRR0RCRSOORIRBOsCEEIROEUNRIIRORINRETOOROEDEIEPROECOCOQOIOIRRNTOTS 30‘0
50 [ 3090
IF (AdS(AeB=CleGTelse) GO TO 20 3060
SEG @ SORV((NTZ(1pJd=1)=XN(LlsoJ))ee24¢YT2(1sJd=10=YN{1sJ))0e2) 3070
XT340sd) o XN(Isd) 3080
XT2CLad) = XH{Isd) 3050
59 YUIGEad) = YM{IsJ) 3100
1 YI2(1pJ) » YH(IJ) 3110
YCERTR(IoU=1) o G 3120
3
"
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P

2 QF Pocal PAGE Is
4
S QUALITY
¥
- SUBROUTINE COST 73/172 18 FIN 4070483 80/04/24¢ 10020439
4
XCEnTRUIpJ=1) & YCENTR(])J=1) 3130
- ALONGL * o 3140
‘ 8 ANGLE(Isd=1) o PI 3190
i GO0 70 30 3160
20 Ao SCGRTCIXA(I d=3)=XM(Lyad))o020(YR{TsJ=1)=YNITsJ))002) 3170
§ 5 SORTCOXP(IoJI<AN(I)Je1)) 0024 (YRLLsd)=YN{LpJel1))002) 3180
C o SORTCIXMIIpJml)aXN(Lodel))002¢(YNITpJol)mYN{LsJed))002) 3190
s 65 BETA » AACDS(AsByC) 3200
ALONG2 » RADIUS/VAN(BETA/ 24} 3210
PNALTY o PNALTY4PWEITIO((AKAKLI{Oer (ALONG2=A))) 0024 (ANAXL(0.s (43220
! 1 LONG2=B)))e92) 3230
IF (JoNEe2) PNALTY o PNALTYSPWEITI®(ANAXL(Oes (ALONGLOALONG2=A)3240
70 1 yee2) 32%0
¢ 3260
g VBB SR000 00000000 CRNCRORRROCCRRRR0RRRR0SPRO0RRR0NCR0RR0C000C0CCCOTIRIRIVITS ::73
. . 8
C o CALCULATE TANGENTIAL POINTS) CENTER OF RADIUS R AT J=TH CORNER o 3260
’ 1) C e . 3300
g V0000 2000000000000 0000800 3000000000000 00002000000000000000000000000000 3!l°
3320
| XTUCIpd) = XW(LsJ)oALONG2O (XA (T d=1)eXM(TsJ)) /A 3330
YTAClsd) ® YM(Ioi)eALONG2O(YN(Epd=2)=YN(IyJ))/A 3340
» 80 XT2(1sd) ® XN(IpJ)oALONG2O(XM(LsJod)aXN(Tod))/B 3350
{ o YTZ(ad) ® YM(IoJ)+ALCNG2O (YN IToJed)=YH(I,d))/8 3360
' SEG v SORTU(XT2(1sJdolieXTL(lsd))o620(YT2(L,dol)=YT1(I,J))002) 3370
. DISHZ = ALONG2*COS(B5TA/20) 3380
¢ DISCZ = RADIUS/SIN(BETA/2,) 3390
| 85 X ® (XTUCIad)exT12€00 40072, 3400
~ Y s (YTIUIs0)eYT20¢1040) /20 3410
XCENTR(Ipd=1) « XM(IpJ)4DISC20(X=XMC1aJ))/0ISMH2 3420
1 YOENTR(Ipdml) o YM(L1pJ)eDISC20{Y=YM(I,J))/DISH2 3430
. ALONG) o ALONG2 3440
z %W O » SORT((XTL(Iod)=XT2(5sd))0020(YTI(I,J)=YT2(1,J))002) 3450
ANGLE(LoJ~1} » AACOS(RADILS,RADIUS,O) 3460
SEG o SEGOANGLE(IsJ=l)eRADIUS 3470
: 3u OIS(I) = DISC(I)eSEG 3480
; 40 CONTINLE 3490
E 9 A s SORTU(XMIISNSEG)=XM(IoNSEGEL))®®20(YM(I)NSEG)= vn«x.nsecoxp»os;gg
! 1 e2) 35
. a,- SART((XM(IPNSEGHL)= xn(x.us:coz)»oozotvr(x,usscoxn-vn(x.usecoaszg
: ) 1 2))ee2) 35
E ® ¢ SORT(XF( Lo NSEGI=XM(I)NSEG2) ) 0024 (YN(I)NSEG)=YN(I)NSEG+2) 193540
: 100 1 *2) 3550
' ® 3 ANG o AACOS(ABAC)

3560
PNALYY ® PNALTY4PWEITLO(ANAXLI(Gar (40D« ¢ALONGL=A))¢®2)+PWEIT20(ANIST0
L AXLICen(243D0579899=ANG))002) 3500

; OISCI) » DIS(ID#SQRT((XTZ(I,NSEGI=XM(L,NSEGHL) 10024 (YT2(I,NSEG) 3500
108 3 YMUisNSEGel))ee2) 3600
;4 50 CGNTINUE 3610
? ¢ ‘3620
: C 0000 00RO PROROOEPRBRODOERDPRISROCRRORRERNRRNRROO0ENNNERNRBORRGOROOCRNSINROYS 3630
[ C . v 3640
F , 110 C o RETURN IF DYNARIC CONSTRAINT NOT SATISFIED . 3650
: ] ¢ . . 3660
i P 3 c '.'l..Q'.E."........'.l.'....‘................‘.’..........'.....'.' ;::g

‘ ¢
IF (PNALTY.EQe0e} 6O TO 60 3690

!E
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115

120

12%

135

140

139

155

165

170

SUBROUTINE COST

OO0

OO0

73/172 %S FIN 4074485 80/04/240 10:20.39
TOTAL o PNALTY 3700
RETURN 3710
3720
0000000003000 0000000u000000E0N0R0RRR0RRNC0N0CRRRQRCRCORRRRORRRORTORCRYOCOTSRY 3;:3

o 374
. TAKE SAMPLES ALONG THE TRAJECTORY o 3750
. o 3760
0000000000000 00000C0000 0000000000 CRPROCRRRRRRER00CIRRRIRR00ROCOIPRRITSINY ’;73
378

60 DD J2u § o 1,NTRAJ 3790
DELZPH o (ZO(I)=2F(1))/085¢1) 3800
K] 3010
POSET(Isdal) = XM(Is)) 3820
POSIT(Is2s2) » YH(LH1) 3830
POSLT(Lalns3) = 20(1) 3640
D0 Jud J » 2)NSEG 3850
DELX o (XT2(¢1sJ=2)=XTY(1aJ))/NSAMP 3860
DELY & (YT2(LpJd=1)=YTL(1)Jd))/NSANP 3070
DO 7¢ L = 1,NSAMP 3800
POSIT(LoKelsl) & POSEIT(1oKoA)=DELX 3890
POSIT(L)Ke1p2) » POSIT(I»K»2)=CELY 3900
PUSITYIsk43s3) o PUSIT(IpKp3)=DELZPNOSCRT(DELXOS24DELY®®2) 3910
K o Kel 3929
1L CONTINUE 3930
LF (ANGLE(IsJ=1)eEQeP1) GO TO 1CO 3940
3930
0060000000008 0000000000000000000000000000R0CR000000C0CRC0OC0C0CORROR0COT0D 39:0
s 3970
. SAMPLE THE CORRECT ARC ON THE J=1 YH CIRCLE o 3960
. o 3990
0000000000000 0000000000 0000000000000 RNRNRRR0R0RRRRERSORIRIRRIRIMS “oeo
4010
ALFAL & ATAN2C(YTL(IpJd)oYCENTR(TI2I=1)) o (XTL{SsJ)=XCENTR(]1,J=1)4020
1 )) 4030
IPLUS o ) 4040
AA o ALFALEANGLE(TI,)=1) /4, 4050
Xé2 » XCENTR. Lo d=1)¢RADIUS®COS (AA) 4060
Y2z » YCENIR L) J=3 ) oRADIUSOSIN(AA) 4070
ADIS ® SQRT((X22=XM{I1pJ))oe2¢(Y22-YN(1pJ)ine2) 40860
BOES @ SORTU(XTIALpJ)eXMtTpJs)ee24(YTI(Tsd)=YNITpJ))0e2) 469
IF (BD1SeGToADIS) IPLUS » =] 4100
11 =0 4110
A s ANGLE(L» =)} 4120
89 A s A=y 17653292%2 4130
If (AeLEsDs) GO T0 90 4140
Il s 1]e} «1%0
AA » ALFAL+IPLUS®]1I®,1745320252 4160
FOSITCIaKe1pLl) o XCENTR(I»Je2)ekADIUS*COS(=AA) 6370
POSIT(laKels2) » YCENTR(IsJ=1)=RADIUS®SIN(=AA) 4180
0 = RADIUS*. 1745329252 . 4190
POSITCIsK*1p3) « POSEIT(L,Ky)3)=DELZPMOD 4200
K s K¢l 4210
GO 10 8¢ 4220
S0 POSLIT(EsKelpld s XT2(1sd) 4230
POSLIT(IskeLs2) = YT2(1)»J) 4240
D o RADIUS®(ANGLE(1,)J=1)=FLOAT(I])®C.1T742329252) 42%0
FCSLIT(1oKe1p3) = POSITCI,Ky3)=DELIPVOD 4260
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80/04/244 1042035

POOR QUATITY
SUBROUTINE COSY 734472 TS FIN 4070485

Koo Kel 4270
1174 CONTINUE 4200
DELA & (XY2(IsNSEG)=XMUIsNSEGY))/NIANP 4260
175 DELY ® (YVR(INNSEG)=YM(1sNSEGeL))}/NSANP 4300
DO 1iv L & 1,NSAMP 4310
POSEV(IsKelsd) = POSIT(IoKsd)=DELX 4320
POSITULIaK*Lp2) » POSITUIsK2)=DELY 4330
POSIT( aKeLs3) o POSIV(I,K)3)=DELZPPOSORT(DELXOO24DELYOO2) 4340
180 K o Ke} 4350
110 CONTINUE $360
NPOSITIL) = K 4370
120 CONTINUE 4380
LF (NTRAJOEQ.1) GO YO 270 4390
135 DO A3u 1 = 1,NMAP 4400
00 436 J » 4,8 4410
PO 130 Kk » 3,¢ 4420
LOCAL(IsK) = Qo 4430
ARRAY(LI,J) o LOCAL(I,K) 4440
199 130 CUNTINUE 4490
00 2ut L = 1,NTRAJ 44560
00 140 K = 1,AMAP 4470
LOCAL(K»Z) = 0o 4460
LOCAL(K)1) » LGCAL(K,2) 4490
195 )4y CONTINVE 4500
[4 4510
C 006000 io0netnnnnsrneesssen)osseesenestssssnerersetternsettoesessesesesss ::gg

C .
C o CALCULATE AMNOYANCE LEVEL o 4540
290 C . ANY BLOCK WITH 2ERQ POPULATIOM IS BYPASSED o 4550
C o IN #LOCAL®: COLY = HIGHEST TO? NOISE o 4560
C o COL2 = HIGHEST 727 NOISE o 4570
C o 4580
C 5600ecnceesecesennosssencssssssetecescssssscscacsssresssssvsscessccee 4390
295 c 4600
NPCSITI = NPGSIT(I) 4610
U0 160 J ® 1,NPDSITI 4620
00 160 K = 1,NMAP 4630
IF (ARRAY(K»3)eEQe0s) GO TO 160 4640
210 RANGE ® SQRT((POSIT(I»Jal)=ARRAY(Kp1))002¢(PDSIT(LyJpR)=ARRAY (4650
Ko2))ee24POSIT(IpJp3)ea2) 4660
ALTUT & 129e=254%AL06G10(34261%RANGE/2004) 4670
ALT27 & 1140=2245%AL0G10(34281¢RANGE/S5004) 4680
1F (AL707.LECLOCAL(K,)1)) GD TO 150 4690
215 LOCAL(KsL1} » ALT707 4700
150 IF (ALT274LE.LOCAL(KS2)) GO TO 369 4710
LUCAL(K,2) = ALT27 4720
160 CONTINLE 4730
DG 194 K s JoNMAP 4740
220 C . 4750
C 000000t eourroreansesesss 00000e00eessessneneencssineneetesenetsestenre :;gg

[+ .
C o IN #sLOCALP:  COL 3=% = NO, OF DCCURANCES HIGHER THAN ALMAX . 4780
C e DUE TO TRAJe MUPBERS 1=3 RESPECTVIVELY s €790
225 C e COL 6=8 « TOTAL VIDLATING NOISE = ALMAX FOR TRAJ. o 4800
C e l=3 ReSPECTIVELY i o 4810
C e ¢ 4020
c S0000ROIDEEPI 000 0000000000800 000000000000000000C000RC0C00CPRRRRRRCRBRTSD ‘sso

55
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(21

23

2%

245

25

25%

209

205

2rs

SUBRJUTINE CO5TY 137172 1§ FIN 470485 80/04/24 10.20.35
¢ 4840
I1F (ARRAY(K»3)e€Qede) GO TO 190 4850
1F (ARRAY{Ksb)oNEs)) GO TO 190 4860
1F (LOCAL(Ks1)alEoALNAX) GO YO 17D 4870
LOCAL(RsT02) = NOTCTLIDONNTOT(I) 4080
LGCALGRpTe5) o (LOCAL(K,L)=ALPAXIO(NDTUT(TICNNTOT (L)) 4890
L LF (LOCALIX»2)olEeAlPAX) GO TO 100 6900
LOCALUIKsI#Z) o LOCALU(KsZ*200NDT27L{E)eNNTRT()) 4910
%?glt(ﬂploi) . LOCAL‘K'105)0(LOCAL\“n()'llﬂll)‘(“b127(llONN727:920
1 930
314 IF (LDCAL(K,I42)eLlZoFLITMAX) GO TO 160 4940
THKESH o THRESHOTWELTIO(AFAXL(Oes (LOCALIK, J42)=FLLITNAX)}082)¢74950
1 WELT2¢(AMAXL{O04s LOCAL(KPJ¢5))002) 4969
1§50 CONTINUE 4970
2C0  CONTINUE 4960
DO 240 1 = 1)NTRAJ 4990
PEOPLe = Qo 5000
DO 21U K s 1oNNAP 5010
IF (ARRAY(K»3)9EQeBe) GO VO 210 5020

ODOoOOOOO0

OOOOONOnO

ARRAY{Kyé4) » ARRAY (Ko@) oNOTOUT(L) 930409 (LOCAL(K)1)/204)¢NNTOT(I)®5030
1 10,20(1eoL0CALIK,)1)/104)4NDT2T(IIOL0o00(LOCAL(Ka2)/100)oNNT2TIT)5040

2 SiUete(le4LUCALIKIZ2)/104) 5050
PEOPLE ®» PEOPLE+ARRAY(K)3) 5060
210 CONTINUE 5070
5060
00000000000 000 000000000000 00000000000 000000000000000000000000000000F ggzg
. L]
. CHECK THRESHOLO NOJSE CONSTRAINTS ¢ 5110
. o 5120
0000000 00rR00I00Ne s stitinirecsntenernencieteeeisonenetessosensosses ;l!g
14
00 224 K ® 1sRMAP 5150
IF (ARRAY(K»3)eEQede) GO TO 220 2160
AVN » LUGOALOGIO(ARRAY(Ks &) /NPLANE) 5170
ARRAY(K»&) » AVN 5180
IF (AVNoLTe206s0RsARRAY(Kp3)eEQeVe) GO TO 220 5190
ARRAY(K»S) o 3436E=06810,9%(1030AVN)/(¢2910+90(s030AVN)+1.43E=445200
b 1de®0(406¢AVN)) 5210
ARRAY(Ksb) » ARRAY(K»3)¢ARRAY(Ks5)/PECPLE 5220
ANI] = ANTI®ARRAY(K,3) 5230
220 CONTINUE 5240
8250
000 R 0000 000000000000000020000080000000000000000000000000000000000000 ;igg
. .
. CcCK FUK THRESHOLO NOISE VIOLATIOUN AV £ACH BLOCK OUE o 5200
. 70 CuMBLINATION EFFECT OF MULYIPLE FLYOVER o 3290
. ¢ 5300
0000000000000 00rtce teresIneceesrneendecnsnintenetesoensonctereoe ;;;g
DI 26C 1 » LoNNAP " %330
IF (ARRAY(I,6)eNEele) GO TO 26y 5340
VIULA = O, 5350
D0 230 J = 1,NTRAJ 5360
VIOLA » VIOLACLCCALLI,Je2) 5370
230 CONTINUE 5380
LF (VIOLAGLESFLITMAX) GO TO 260 3360
00 24v J = 1pNTRAJ 5400
56
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ORIG
OF INAL PAGE Ig

OOR QUALITY
SUBROUYINE cOsY T3/4712 1§ FIN 4o7¢4082 90/04/240 10623435
IF (LOCAL(Z2J*2)oGToFLITRAX) 5410
2640 CONTIME 5420
SUM e 0. 5430
00 250 J = 1,NTRAY 5440
2% SUM ® SUMILOCAL(I»J¢S) 5650 .
250 CONT INUE 946
THRESH YNRESN’YUEITI‘(AHAKI(0-1(VIDL‘-FLITHAX)"‘Z"'HEXV!“!H’Q?O
1 AXL(veaSUM)Es2) 5480
260  CONYINLE 5690
299 (4 9500
c GO0 00 0000000000000 0000000000R 00000000000 R0R0000CR0RRR00I0C0RRRRI0RRORROS :;}8
[
C o CHECK ScPARATING CUNSTRAINTS 9530
C o 5540
300 2 00000000 0000000000000000000000000000000000000000000000000000000000000 g::g
IF (NTRAJeNEol) CALL CROSOVR (NPOSIT,POSIT,CLOSE) 5570
G 10U 3z2¢ 9580
27C DU 283 1 » 1,NMAP 5590
395 WO 20C J e 12 5600
LICALUIsd) = Qo 5610
289 CLNT INUe 5620
DU 240 1 = 1)K 5630
DO 290 J e 2shMAP 5640
30 1F CAKKAT{Jp2)eEQeUe) GO TO 290 5650
RANGE & SQRT(U(POSIT(lrlsd)=ARRAY(JU)1))#82¢0(POSIT(Lr1,2)~ARRAY(J,5600
L2208 IT(LaTs3)002) 5670
ALTST7 & 129,=25.¢ALCGLU(34281¢RANGE/20C0.) 5680
ALI20 = 11%54=22457AL0GLIUCI2B19RANGE/5C00) 5690
3ls LGCAL(JaLl) » AMAXL(ALTOTHLOCALLJN1)) 5700
LOCAL(Jsc) » APAXI(ALTZ27,L0CAL(d,2)) 5710
290 COMTANUE 5720
PELPLE = O 5730
DU 303 1 s 1,NHAP 5740
32 1F (ARRAY(I»3)eEQ.0,) GO TO 2302 5750
ARKAY(Loh) o ARRAY(I,4)eNOTCT(L)®LG99(LOCALIL,1)/104)0NNTOT(1) 05760
3 10 (iotLlOCALIINL)/Lue) ONDT27(1)020.92(LOCALIT22)/1C)¢NNT27(1)5770
2 #10e®%(Lo+L0OCAL(L1»2)7104) 5780
PEQPLe & PEOPLECARRAY(I,3) 5790
325 300 CONTINUE 5800
09 3.0 1 = 1,hMbP 5810
IF (ARKAY(I93)e€Qsue) GO TO 340 5820
AVN » Lue®ALOGIO(ARRAY(I»4)/NPLANE) 5830
ARRAY(Ls4) = AUN 5840
330 LF (AVNeLTe5%:) GO VO 3iu 5850
ARRAY(1,Y) » 3,36E=6010e0¢(s1030AVN)/(02%1Ce%¢(,03¢AVN)¢LedIE~495860
L i0e%*(,CL®AVN)) 5870
ARKAY(125) » ARRAY([s3)%ARRAY(I»5)/PEOPLE 5800
ANII s ANIIOARRAY(1»5) 5890
335 310 CONTINVE 5900
320 TOTAL » ARII#PNALTY®THRESHeCLCSE 5910
1F (IGRADeEGei) RETLRN 5920
00 350 1 o 1,NTRAS 3930
SXTatisd) » XTUt1sid) 5940
34y SXTcllsl) o XT2(1s1) 5950
SYT1(ls2) « YVL(In1) 9960
SYT2(l,3) » Y201, 1) 5970

57

e
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SUBRIUTINE COST

345
350
3¢
355
340
3%
369

450008 CM STORAGE LSED

137172 75

00 33v J » 2)NSEG
SKCENTR{Lpd=1) o XCENTR(I)J=))
SYCENTR(Sad=l) » YCENTR(I)J=])
SXTL{1sJd) & XT2(10d)
SYTallod) » YTLLINJ)
SkT2(1sd) » XT2¢1,5J)
SYT2€Lpd) o YT2(Lsd)
SANGLE(I»d=1) & ANGLE(IsJ=1)
CONTINUE
NPOSLTSHL) » NPOSIT(E)
LPUSY » NPOSITSII)
00 34v J = },I1POSY
SPOSIT(Irdad) o POSITULININL)
SPUSITUINJa2) » POSIT(10dr2)
SPOSIT(LsJr3) » POSIT(LINJ,3)
CONTINUE
CONTINUE
RETURN
END

10132 SECONOS

58

FIN 4070485

80/04/24,

5980
3990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
63140
6150
6160

10.20,39




el

{

SUBROUTIME COSTL

11p2C03)»F(3)oNPOSITS ()

10
i

15
410008 CM STORAGE USED

13/1

12 15

FIN 4,70485

SUBROUTINE COST) (IGRADpNsFsXoANLI»PNALTY,CLOSES THRESH) 170
COnNUN h!ﬂAJpNHAPoN‘EG:XH(3nbloVH(3:6):ARRLV|576)9':SPDS!T(!lXOO;!b}B%

DIMENSION XINs L)
D0 4C 1 = LaNTRAJ
N5EGL & NSEG~1

00 1v J

® JH)NSEGL

00 L0 K » 1,2

L s ([=L)020(NSEG=1)0(J=))®2¢K
IF (Ke€Qol) XH(Isdel) ® X(Ly})
LF (KeEQe2) YMIIsJed) » X(Lod)

CONTINUE

CALL CUSY (IGRADIFoANII)PNALTY)CLOSE, THRESH)

RETURN
END

el87 SECONDS

59

00/04/240 10.20439

6200
6210
6220
6230
6240
6250
6260
6270
6260
6290
6300
6310




-

OOR QUALITY

ﬁi—-{

LQ

FUNCTION AACOS 13/172 15 FIN 40704085

FUNCTIUN AACOS (Ar#»C)

o X 5 (A062¢8602-C002)/(2,0408)
IF CABS(X)el¥eleld) GO YO AC
WRITE (6,9010) XypAsB,C

5 STaP

10 IF (XeGTale) X » 1,

IF (XelTemle) X & =3,

b AACOS » ACOS(X)

o ¢ RETURN
1
9019 FORMAT (29H TROUBLE IN AACCS» XpAsBsC » »4(1PELG9,3X))
END
410Iv8 CM STLRAGLE USED #0895 SECONDS

60

00/04/240 10620439

6320
6330
6340
6350
6360
6370
6380
6390
6400
6410
6420
6430
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SUBKIVUTINE MONITY 737472 VS FIN 4e70405

SUBROUTENE NOKIT (IToXoNs FoANTIoPNALTY)CLOSEN THRESH) 6440

CUNMGON NIRAJ;NBAPoNSEG'lﬁ(!o&lo'ﬂ(356!5‘RRAY(51619)pS'DSl"lnlOO;!bQ’O
11920030 2F(3)pNFOSITS{D) 6460
CONMMON /PRINT/ SXCENII(3.3)05VCEN'R(313)0Sl‘l(3iﬁ)p$'71(3.6).3!7216470

5 13s4)0SYT24394)» SANGLE(3,3)
DIMENSION X(No1) 6§9°
Ou Av 1 » 1oNTRAJ 6500
NSEGL o NSEG=) 6510
DO 1¢ J » 1)NSEGL 6520
w 0O 4V K » 152 6930
L s (1=L)020(NSEG=1)e(J=1)02¢K 6540
IF (KeEQel) XPM(Isdel) » X(Lol} 6350
IF (KeEQe2) YM(Isdel) » X(Lod) 6560
10 CONTINUE 6570
15 WRETE (609G10) IToFsANILsPNALTYSCLOSESTHRESH 6580
U3 3u I = 1)NTRAJ 659¢
WRITE (609020) [oXM(I»2)rYM(10)) 6600
PIIl o Le/ATAN(Lo)/4e 6610
DU 2v J = 2,NSEG 6620
') WRITE €659030) XM{IsJd)aYHELod)oSXCENTRILsJ=1)sSYCENTRIIsJ=1)»S6630
1 XV2CIpd)aSYTICIod)aSRT20sd)sSYT2(T0J)sSANGLE(S)J=1)0P1]0180. 6640
20 CANTINUE 6650
WRITE (609040 ) XME1oNSEG*I)»YHIISNSEGeL) 6660
NPGSITL = NPOSTTS(L) 6670
2% WRITE (E29050) ((SPOSIT(IsdaK)sKulp3)pJoloRPOSITI) 66080
30 CONTINUE 6690
RETURN 6700
¢ 6716
S01) FURMAT (3H1s9Xp BAHITERATIONS »120/532%,J2HTOTAL COST: »1PEL6492/916720
30 12Ks LTHANNOYANCE (NI1)1 »3PE16492/912X03QHPENALTY ON DYNAMIC CONSTRET730
ZAINTE S 1Pcl€e9s/912Ks34HPENALTY ON SEPARATING CONSTRAINTS ,1PE16.96740
35/pL2Xp 2BHPENALTY ON THKESHOLD NOLISES p1PE16e9,/) 6750
G420 FOKMAT (12X 16HFLIGHT PATH NOt 2815/,14%) LOHCORNER PTeal4XsLOHCENTST60
1tR OF CIRCLESBXs»ISHTANGENTIAL PTSe»33Xs)3HANGLE(DEGREE)2/214X22H(»6770
35 2FBelriHssFEQlrlHl) 6780
9530 FORMAT (34X 4(lH(oFBalplHasFEalplH)e5X)sFBel) 6790
9269 PURMAT (L4XpLH{pFEelslHpsFBalslH)) 6600
935 FUKMAT (3(F8e4lp2X)) 6810
END 6820

41C008 CH STCRAGE USED ¢ 527 SECONDS
61

00/04/240 10420435
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ORIGINAL, A
GE I
OF POOR qUAL iy

SUBRJUTINE RESULT 13/172 78 FIN 0.7048) 00/04/240 10020,5

SUBRUUTINE RESULY (ITaRoNsFoANLL»PNALTY,CLOSEN THRESH) 4030
COMMON NlllJoNHAPnNS:G:XH(!}G"VH(3:6)!&%83'(576:’)0SPDSlY(!DlOOnSblAO
1),2043)»2F(3),)NPOSITS(])

LOPRUN /PRINT/ SlCEN!i(lo!’oSVCEN!l(!oS)nS!!l‘irﬁipSVYI(Ipﬁl:SKTZCGOOO

H] 13060),5Y824304),SANGLELD3)
DIMENDJON X(Ny1) ...0
0J 10 1 & JsNTRAJ 6890
N3EGL ® NSEG=3 6900
D0 10 ¢ » 1,NSEG) 4910
16 00 40 K o 1,2 6920
Los (l=))020(N5cGml)e{lal)o2eK 6930
IF (KeEQel) XH(IpJded) » XiLpd) 6940
IF (KeEQe2) YM(I»Jel) o X(L))) 6950
10 CONTINUE 6960
: 19 WRIVE (0o9C100) LIToFyANLI)PNALTY,)CLOSE) THRESH 6970
i U0 30 I = 1sNTRAJ 6900
& WRITE (659023) Lo XM(Iad)oVYM(IN]) 6990
) PIE ®» Le/ATANCLe} /4o 7000
D0 20 J s 2)NS5EG 7010
- 20 WRITE (6,9030) XM(I,Jd)pYRIIpJ))SHCENTR(ESJ=1)» SYCENTR(J)J=1))»57020
e RT3¢350055Y 0 00s ) SKT2¢N0d ) s SYT2(YsJ o SANGLECLs J=2)oP 110280, 7030
! 29 CONTINUVE 7040
WREITE (6o506k) XM{JpNSEGeL)oYM(IINSEGEL) 7050
WRITE (6»9050) 7060
25 NPUSITI & NPOSITS{I) 7070
g WRITE (025060) ((SPOSIV(IsJaK)pKel,3),Jsl,NPOSITI) 7080
WRITE (Ep9070) (USPOSIT(IadsK)pKe2p2)pJeloyNPOSITE) 7090
: 30 CONTINUE 7100
WRITE (99908N0) ((ARRAY(IsJ)odsks5)slalpNMAP) 7110
30 KETURN 7120
k ) c 7130
9UIC FURMAT (LHL»9X» JIHITERATIUNS »12)/512Xp12HTOTAL COSY® p1PEL6e9,/,17140
12X LTHANNOYANCE (NJL1)8 pAPELGC9» /0 L2Xo SIHPENALTY ON DYNAMIC CONSTRT1S50
2AINT: »LPELGW9s /o 12Xs JGHPENALTY ON SEPARATING CONSTRAINTS ,1PEL16.97160
35 39/p12%92BHPENALTY ON THRESHOLD NOISE! »1PCL6490/) 7170
9U20 FURMAT (12X, JOHFLIGHT PATH NOS pI1p/p14%s LOHCORNER PTep 24Xy J6HCENTTLIED
leR OF CLRCLEPBXp LSHTANGENTIAL PT5ep33XpJ3HANGLECDEGREE)»/:14X»1H(»T190
2F3elolbhas; carlH)) 7200
9030 FORMAT (14X)6({LH(»FCololHrpFBedslH)p5X)pFBed) 7210
4“0 6J40 FIKMAT (14Xs)1H(oFBalalHssFRoalriN)) 7220
GI50 FORMAT (//»32X» 36HFLIGHY TRAJECTORY Ko Yo 25 IN PMETVERS, /o 19Xo1HX,17220
14Xp JHY» i4Xp3HZ0 /) T240
QULY FORMAT (164XsiPELQe3s5XsELLodp5XpELUI S X) 7250
9070 FORMAT (3(FB84102X)) 7260
(1] 96D FORMAT (2¢1PELOL3»1X)) 1270
eNC 7280
r 41u00B8 M STORAGE USED o643 SECONDS
F
62

l’




por— so—— seiewiion pr——— Pm— P L R T —— — S e Sm— —— —— ——

SEa—

10

15

20

2%

30

35

40

45

N

55

SUBROUTINE CROSOVR T3/ T8 FIN 4070408 80/04/240 10420429

OOOOONOO

SUBRDUTINE CRDSCVR (NPOSIT,POSIT,FX)

CUNNON blRngNHAPpNSEG;lH(lpb)oVHl3.6’0!&!"‘576)9)05’03]VlIpl&.ul?llo
L)a2012)p2F 3 ), NPOSETSLI) ”
CUMMON /CRDSS/ NOEGINsXFINALIYDIS,CWELITS,CWEIT2 7ll°
DIMENSION CROSS(T)10)» POSIT(3,10003)s NPOSIV()) 7330
YINTRPAXoX1oY1oX2oY2p X9V XbpYh) & (XaX2)O0(X=X3)O(NaXi)oYL/(X1=X27340
3)/UXamKD )/ (NAo Kb ) o (NmNL)O(XaXI)O(XuKq)OY2/(X2=XD)/(X2=XD)/{X2=X4)4T7350
2(X=oXL)O{ XuN2 )0 (X=X&)OYI/{XI=XL}/(XI=A2Z)/{XI=KQ IO (UKL )P (XaX2)O(X=KT340

33)OY4/(X4=XL I/ (X&=X2 )/ {K4=K3) 1370
FX & 0o 7300
SANFLE » (XBEGIN=XFINAL)/31e 7390
CRO3S(1s1) » XSECIN-SAMPLE 7400
03 10 1 ¢ 2010 7410

CROSS(1,8) » CROSS(1sL=1)=SANPLE 7420

10 CONTINUE , 7430

00 7v I * 1,NTRAY 7440
00 6 J = 1,30 7430
NPL » NPOSIT{I)=) 7460

DO 4u K o 1,NPI 76470
SIGN » (POS!?(IDK;I)*C%USS(I:JDl‘CPDSIY(lpK'lol)-CﬂOSSGXJJ))7#.0
:F (SIGNeGEsved) GO TO 20

K&K 7909
GO YL %0 7510
20 IF (SI16NaG:T4040) GO TO 40 7520
LF (POSITULaKsLl)eNESCROSS(3sJ)) GO TO 30 7530
CRUSSEReI J) o POSITUINKS2) 71540
GO YU 6¢ 7550
k) CROSSt1¢I»J) & POSIT(INK®1,2) 7%¢60
60 1O 60 7570
40 CONTINUE 7560
5y LF (KKeEQol) CRGSStALpd) » YINTRP(CROSS(LoJ)oPOSIT(Is1»1)0sP0ST7590
1 1T080192)9POSIT(I02a8)sPOSIT(L0292)0POSETILs3s8)sPOSITILs302),7600
2 PUSETUL240 )0 POSET(S0402)) 7610
IF (KKehEoLloANDoKKoNEoNPL) CROSS(1¢3sJ) = YINTRP(CROSS(1)J)»P0T620
1 SIT(LoRK=Lpd) s PLSIT(L)KK=1p2)sPOSIT(LIpKKsL)pPOSIT(ToKK)2)pPOSIT630
2 TOLoKK4 Lo 1) POSIT (L RKOL»2) sPOSIT(L)KKe2p1)oPOSIT(19KKe2,2)) T640
LIF (KKoEQoNPL) CRUSS(1+1sJ) = YINTRP(CROSS(1sJ)sPOSITLI)KK=2,17650
1 YoPOSLIT(LoKR= 2:2’tPDSlY(I}KK-lnllnPCSlY(lﬁKK-loZl'POSI!(anKpl?ébO

2 VoPUSETCIIKK2)sPOSITCLsKKeLo1)»POSIT(I)KKeL,2)) 767
63 CONTINUE 7680
70 CONTINUE 7690
71760
000000 0N 0R0RRCRRPRORRRRRREGOIRRRRORRRERRNRERROIRNN0OCEROIROEROIORIOOIROOTRODS ;;gg

. ]

e NOw TEST THE NEARNESS OF GR THE CROSSOVER BETWEEN TRAJECTORJIES o 7730
. TYPICAL VALUE CWEIT]1 o CWEITZ » 0033125 o o T740
o o 7790
S00000000000000000000000000008008 000008000000 0000000000000000 0060000000 ’;gg
NACUL & NTRAJeL 7780
00 130§ o 2)NTRAJ 1790
DG 12v J » 3,NADDL 7800
I# {14GEed) GJ O 320 7810
00 w0 K = 1,15 7820
D154 o CROSS(I,K)=CROSS(JsK) 7830
LF (ARSCOIS1)eGELYDLS) GO TO 80 7840
Fr o FXOCWEITLIO(YD]IS=DIS1)ee2 7850

63

T




SUBRQUTINE CRUSOVR T34 18 FIN 4070485 80/04/24¢ 10420433

bv IF (KeEQe10) GO VO 100 7060
DIsS2 » CROSS(1sXeL)=CROSS{JIKY) 7070
69 IF l(DlSl'DlSZ)-GE.C-) GO v0 100 18800
i » 1090
90 1F (KOLOILoﬁioIOl GG 10 11¢ 7900
Dj5) » ClOSSlloKOIQXl)-CIOSS(JOKOIOIIS 1910
LF (C3520035340LEe00) GO TO 110 7920
(1) LF (ABS(DIS2)eLTeABS(DISI)) DIS2 = OIS) 7930
11 » 114} 71940
6O TQ B 79%0
100 CONTINVE 7960
G0 1O 120 71970
10 v Fh » FXOCWELT200]153002 71980
1a¢ COMT INVE 7990
130  CGNVINULE 6000
RETURN 8010
END 8020
450008 CA STLKAGE USED 40256 SECONDS

64
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SUBRUVTINE CNEWTUN T3/472 18 FIN 4e70485 80/04/240 10429,39
¢ SUBADUTINL OREWTON (MAXET)STCPCHG)NaXNORo CELTAX) .glo .
0040
g 0000000000000 000000000000000000000000RDDNO0EN000NRRsNERslIROIsOORORES :3::
. o 80
H] C THIS UPVINIZIAYION EMPLOYS SELF=SCALING) RESTARTING, o 8070
C . SUASI=NEWION METHOODW » 0000
C . REFEREMCES DoGe LUENBERGER INTROs TO LINEAR AND NONLINEAR o 8090 *
C e PRUGGRAMMING] Pe204) SECeGe5 o 8)00
C o BARITE  MAXIRUM NUMBER CF JTERAVIONS ALLOWED o 811C
0 C o STOPCHGS SYOP IF PERCINTAGE CHANGE IN SUCCESSIVE COSTS IS o 8120
C o LLSS THAN THIS VALUE « 8130
Co Nt  OIMENSION CF THE UNKNOWN X o 8140
C o XNCW)  PRESENY OR INITIAL VALUE OF UNKNCHN X o 8150
[ o 0160 |
%] 2 0000 0000000000000000000000000000000000000000000000RNRNRN00ONIRIOOIS 0{:3 ;
CLRENSIUN XNOW{hsl)y CELTAXIN) 8190
DIBeNSION GNOW(3U»1)p GNEXT(30s1)s PL30»1)» QL20,1), PQLLY) 8200
z ULIRENSIGN C5QULo10p PPER3UL3DDs STUS{ICs3C0)5 5(20,30) 8210 :
26 GIFENSIUN RTEMP(30s0)s PT(1030)s» 0S(103C)» SQ(1,230)» QT{1,30) 9220 ;
DIMENSION S0UCL30,30) 0230 ?
DIMENSIGN D(30,1) 8240 i
T s v 8250
GO 1O 4v 0260
. % (4] U FhUW s FSMALL 270
00 20 1 = )pN 8280
Ahdnilsl) » XTENP(,L) 3290
. v CONTINUE 8300
i IT o |Te} 0310
: 3 aF (LTeLTeMAXLIT) GD TC 4C 8320
] IF (PNALTYoGT60s) Gu TO 30 8330 H
i CALL REDULY (172XNUWphp FRUW)ANTL)PNALTY)CLOSE THRESH) 8340 :
X ReTURN 8350
3u wRITE (6p5010) PNALTY 6360
3% KETUKN 8370
40 CALL CuSTL (Oats FNOWa XNOW» ANEI)PNALTY »CLOSES THRESH) 8380
iF (PNALTYeGTe0s) GO TD 50 8390
; CALL PONLIT (1T, XNOWsN s FNOW) ANSToPNALTY )CLOSE» THRESH) 8400
LF (MAXITSEQeG) STCP 8410
&) 6U TO 69 0420
$) WRITE (Ly%w20) FNALTY 8430
< 8440
. c 000 000300080000 00000000C0000R00R0RORIRNJRRRONRRRRRRSIN0ROINQRRNNIONRORIOTRTS :“:g
i C . [ ] ‘
45 g . STEP L3 SeT 5 » IDENTITY MATRIX AND CALCULATE GRADIENT G . :::g
. L ]
c 00000000 CBRBR0RNERP0ORNNNCRIDRROROORPRNEOINNIRINENOOINDRARONRRSORRISPINOITS .‘90
! [4 8500
: 60 0D 15 1 = JoN 8510
5v CO 70 J o 1,N 8520
S{1yJd) = C, 8530
IF (lekdad) SCIpd) o 1o 8540
% m CONTINUE 8550
] CALL FURAD (MyFMUmoXNOWsGNUWLDELTAX) 8560
5% < 6370
) c 0000000000300 820000000000 800 000000000000 0000800000000000000000000000¢ ’960
C . ¢+ 8990
i 65
_ » J




SUBRJUT INE CNEWTLN 3N 18 FIN 4o04d) 80704/240 10420,33
C o STEP 21 SET D o =S o 8600
C e o 8610
60 g 0000080000000 000000000000000000000000000000080000000000080000008 l.l:
[T}
80 CALL MPLY (NoNo1»SsGNOWS0230)30s1) 0640
GO 9 1 s 3N 0650
0¢Ipd) » =D(1,1} 0660
(1] 90  CONVINUE 0670
4 0680
g I Ry R Y N NN NNy Iy lggg
L4 [ ]
C o dTkP 31 MUST IMPCRYANTv « 8710
1) C» LINE SEARCH ALONG O TO FIND AFA THAT SATVISFIES PO2O o 8720
C IF COST FUNCYIOUN 15 ANALYTICs SLIGHT PODLFICATION IS o 8730
i [ NEEDEU (SIMPLIFICATION)(CPTEIONAL) o 8740
! € o 8750
c 0000000 UENERACINRONIENONNER0S000RR00000000000000000803008080000000 000000 .1°°
(1] [ 770
K ey 0780
: ICC R » Kol 0790
- CALL LINESCH (KoNpENOWsXNOWo D) AFAZ)XTENPs FSHALLAANII)PNALTY)CLOSE, 8800
) LIHRESH)» RETURNS (105 110) 0010
' (1] 400 CALL FORAU (R)FSMALLYXTENPSOREXTHOELYAN) 4820
00 12C [ » 1,N 0830
S(bal) » GNEXT(1s1)=GNOWI],d) 8040 ;
PUIsl) o AFA290(1,1) 8850 )
120 CONTINLE 8860 i
85 CALL TRNSPUS (3Cs10PyPT) 8870 ;
3 CALL PPLY (1oNs)pPTsQsPQy2030s1) aceo
" IF (PU{1r1)eGYeCe) GO TO 140 0890
IF (KebVe&) GO V0 10 4900
FNOW » FIMALL 8910
9 D0 130 } » 1N 8920
XNUWELpL) = XTEMP(IWY) 49319
13¢ CONTINLE 8940
60 1O 1o 8950
149 00 156 | » 1,M 86842
9% ANOWEIod) = XTENPLIND) 6970
150 CONTIANUVE 0980
1V = 17e¢} 8990
PRENY # ADS({FSMALL=FNOW)/FNOW) 9000
1F (PRCNTSGE«STOPCHG) GO TO 370 9010
199 dALTE (6sGU3) PRONTHSTOPCHG 3020
1F (PMALTY4GTelo) GO YO 160 90320
¢ CALL RuSULT (1Y, XNOWa Ny FSHALLSANITpPNALTY,CLOSE) THRESH) :g;g
RETURN 9060
1) 160 WRITE (6p9L1C) PNALTY . 9070
KETURN 9080
179 IF (LialLTaPAXIT) GC TO 190 9090
WRITe (0,9040) 9100
: LF (PNALTYoGTeGe) 6C TO 18C 91319
v CALL RedULT (T oXKOWspNo FSHALL)ANILoPNALTY,CLOSE) THRESH) :{;g
c
RETURN 9140
180 WRITE (0p5010) PNALTY 9150
l RETURN 9160
A
l 66

g = g
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&
SUBRIJUTINE CNEWTUN 13/1712 1§ FFN 4.T¢48% 80/06/24%, 10+20,39
115 16J LF (PNALTYGGTede) GO YO 200 9170
CALL MONIV C(EVoXNOWoNpFSMALL)ANT o PNALTY)CLUSE,) THRESH) 9180
60 TO 210 9150
2C0 wilTE (bnGGZO) PNALTY 9200
§ 210 CONTINUE 9210
; i 120 [+ 9220
& g G000 Q00RO 00P00000SCRCREPOTIOO (00000000 LIOENRINNOSORENSOTO0NIIIE 913(’
» 9240
3 C . STEP &t IF »ITe 15 INVEGER MULTIPLE OF N GU ¥O STEP 1) « 9250
C o 1F NUT» UPDATE § o 9260
y 128 C . 1S #1Te INTEGER MULFIPLE OF N& o 9270
' [ o 9200
H c "0 00,y SO0 00000 RNORPIRONRRNRROROPORNSN0RR000SRORCREORRRNRINNRROCONIITN :;:c
{ 4 ]
! EF (CFLOATCIT)/FLOATUN) ) oNEoFLOAT(IT/N)) GO TO 220 9310
130 FNOW » FSHALL 9320
6J TU &9 9330
( 9340
c GO0 R000000 0000000 R0 RRBPIRNRRNNRIINRRORRORRRRIOINIIROOIRIRROROOIOROGRARAROTSYS 9350
C . o 9360
132 C e UPDATE MATRIX S; GO TO STEP 2 o 9370
) C o s 9380
1 g G00000000000 800000000000 0000000000000C0000RCRRRIRRCRIRIRORORIRQRRRRARTRRRORMRY g::g
220 CALL FMPLY (NaNpLoS»usSQs3003001) 6410
140 CALL TRNSPDS (30s190,0T) 9420
N CALL MPLY (Ns1oNs5S00QT»5QQs3001,30) 9430
g - CALL APLY (NoNshp500,5,5005,3C»30,30) 9440
CALL MPLY (1,NsN)QT55,05,1,30,30) 9450
CALL MPLY (1poNs1sQS5»000805193¢Cs ) 94560
. 145 CALL HMPLY (NsLloNoPaPToPPs30s1r30) 9470
3 00 23u 1 s 1N 9660
00 23y J = XN 9490
3 S(Ead) » (S(1»d)=5005(15d)/Q5Q11)1))*(PQLL,2)/QSQ¢1,2))¢PP(,J)/9500
; 4 PGlisa) 9510
150 230 CONTINUE 952¢
FNGW = FSMALL 9530
00 240 [ = 1N 9540
$ GNUR{Is1) = GNEXT(I,»]) 9550
) 243 CONTINUVE 9560
i 155 c 60 TU 8¢ 9570

9580

Gule FIRMAT (5Xp4JHIN RESULY: DYNAMIC CONSTRAINTS VIOLATION,/»10Xs9HPENG590

LLLTY ®)LPERG9) 9600

= G220 FIRMAT (5xp39HIN MOUNITs DYNAMLIC CONSTRAINTS VlClA!XUN:IJIOIJQNPENAQOLO
150 ALTY #piPELGL9)

9930 FORGAT (2Xp3THPERCENTAGE CNANCE IN SUCCESSIVE COSTS»1PELCe3»23H LEQGSO

1SS THAN STOP CRITERION» JPELO.3 640

G349 FUAMAT (20)29HMAXINUN lTCﬁAlXOh SET REATHED) : 9690

NV 9660

4lvivd CA STCRAGE USED Le246 SECONDS
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SUBRJOUTINE RPLY

[
4
[

5 ¢
[
4
¢

1v

15

41udGB CH STCRAVE

1371

SUBROUTINE PPLY (LaPeNsA»BsCoLDEC,MOEC,)NDEC)

T2 TS

G000 0000000060 00000000030000080000080,00000000000000000000 0000000080000

CALCULATE MATRIX MULTIPLICATION C = AB

0000000000088 00 0000808000000 0 0800000000000 000000000000038000008000000

1]

J5ED

OIMENSLON AVLDEC,MDEC)) BU(MDECSNDEC)s» C(LDEC/INDEC)

D0 I3 1 = 1se
00 IV J » 1N
Cilsd) » 0o
DO iV K » 1,H
Cllad) » CUINJIOALLI,K)®B(KYY)
CONTINUE
R TURN
END

145 SECONDS
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9670
9680
9693
9700
9710
9720
9730
9740
9750
9750
9770
97690
9790
9000
9810
9820
9830
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SUBROUYINE TRNSPOS (MaNsasB)

FTIN 470485

G000 000000000000 0RRRNNNENBPOION0000SCORNPBR00R0000R00000R0C0CRCR0SBRIVSYS

TRANSPOSE CF PATRIX A IS RETURNED IN MATRIX B

V00N SOOERINONNDRNNONEN0R0OPR0RR0RNSONNR00R00000000300000000008000S

OIMENSLION ALMIN)) BINsNM)

1o
s 1,N

Bldal) » ALLyJ)

b
&
SUBRQUTINE TANSPUS
4
¢
¢
c
5 C.
¢
¢
¢
7 10 00 30 | =
i 0G 10 4
30 CONTINUE
RETURN
) END
416008 Ch STLRAGE USED

4090 SECONDS
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SUBROUTINE FGRAD 737172 1S FIN 4,7¢485 00/04/240 10420439
£
S SUBROUTINE FGRAD (NyFaXsGoDELTAX) 9990
2 . [4 10000
" € soaonerescesconrsennsessncceesosessssossensossssisssscnssevsvecsecses 10010
’ [ +» 10020
H C o CALSULATE GRADIENT OF COST £ WITH RESPECY TO UNKNOWN X o 10030
- [ o 10040
C s0vs00sinvecrcscctsssocncssssasssossnscesnesosserssecsscsvsessecsscesssce 10050
! ¢ 10060
i DEMENSIUN XiNpLdp GU3CsL)s DELTAX{30) 10070
10 0N 10 1 » LN 10080
¥41s4) & XU1s 1)+DELTAXC]) 10090
¥ CALL COSTL (LMo FFoXo ANIX,PNALTY,CLOSEs THRESH) 10100
! Gllsd) o (FF=F)/DELTAX(]) 10110
X(1sl) = XU1) 2)=DELTAXEL) 10120
* ) 10 CONTINUE 10130
RETURN 10140
. END 10150
j 4300UB CM STORAGE USED 137 SECONDS
=
+f
L
k- o
¥
b
70

e e,
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SUBROUTINE GAFA

w
DOOOOOO

1 1]
10

45

410008 CM STCRAGE USED

73/172 %5

SUBROUTINE GAFA (NoF,0AFA»Gs XsD)

DU v I = I,N

XTEMP(Iol) » X(Is1)¢DAFASDL]N])

CONTINUE

’

FTN 4,7¢485

CALL COSTL (1 NsFFoXTEMPoL)ANSI»PNALTY,CLOSESFX)

G o (FF=F)
RETURN
END

/DAFA

o104 SECONDS

71

COCOLOBIBNEODOONNB0O0L0N0N00000R00000RR00R0R0CE000R000000CERDPR0CR0OF00T0D

CALCULATE GRADIENT OF F WITH RESPECY °C AFA

C0000000000000C000000000000000U00000000000RR0C0CRSRRRENERRN000C00O0O00C0Y

DIBENSION X(NpL)s D(30s1)» XTEMP(30»1)

80/04/244 10420439

10160 '
10170
10100
10190
10200
102310
10220
10230
10240
10250
10260
10270
10280
10290
10300
10310




SUBRIDUTINE ERROR 13/372 1§ FIN 670485 00/04/24, 10.20,33

SUBROUTINE ERROK (K) 10320

WRITE (6,10) K 10330

¢ sTOP :03;2

) 10 FORMAT (IXs6HAFTER »11933H TIMES THROUGH LINE SEARCH» STILL,ITH CAIOBGO
INNQT “IND AFA WHICH SATISFLES PK>0) 0370

END 10380

410308 Ch STORAGE USED «£36 SECONDS
72
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SUBRUVTINE LINESCH T3/012 TS FIN 4074405

SUBKOUTINE LINESCH (KsNaFNDWo XNCWsOpAFAZ)XTEMPIFSHALLIANTLSPNALTY 10390
LCLOSE»THRESH) ) RETURNS (MyNN} 10400
DIMENSION x(30s1)» D(30sL)s XTEMP(IO0,1)» XNCWINyL) 10410
DIMENSION X143001)» X2(3051)s X3(30s1)s X&(30s1)s AFA(H)» FX(3) :g:gz
0000800000 000008000000000000000000030008000000000020000000800000000000 :g:;g

L]
CUBIC FIT BY INITIALLY LETVING AFA = O AND DAFA » .01 . ig:gg

L]
C0QCS0000 00008000000 000000000PRRRO0R00R00000R00000RNRRCCRRSIOICLRROONL lg::g
IF (KelTe=1CU) GO TD 6 10500
OMAX = D{l»}) 10510
00 10 I = l»N 10520
IF (DMAXGLT.ABS(D(I»2))) OMAX = ABS(D(I,1)) 10530
10 CONTINUE 10540
IF (UMAXoEWeDe) CALL CHECK (LoNs FNOW» XNOW»DsAFAOIFAFAO)GAFAONAFAL)LO55R
LFAFALIGAFALYUL» VUL, U2) 30560
OAFA » 10¢/DMAX 10570
CAFA s 4ol 10960
AFAG ® 9, 10590
FAFAY = FNOW 10600
CALL GAFA (NsFAFAODSUAFA»GAFAD,XNOW,D) 10610
AFAL & iCue/DPAX 10620
00 20 1 # 1,N 10630
XVEMP(1o1) » XNOW(Is1)eAFAL®D(Is]) 10640
2v  CONTINUE 10650
CALL COST1 (GoNsFAFAL)XTEMPoANL]s PNALTY)CLGSE» THRESH) 10660
30 CALL GAFA (NpFAFAL)DAFASGAFAL) XTENP,D) 10670
1F (ABSU(AFAO~AFAL)/AFAL}oLTea00L) CALL CHECK (2,NsFNOW» XNOWsD)AFALOGCO
Lo FAFALOGAFAC) AFALSFAFALIGAFAL,UL»UUL,UR) 1069¢
UL & GAFAOCGAFAL=3.8(FAFAD=FAFAL)/(AFAU=AFAL) 10700
UUL = ULe#2=GAFADSGAFAL 10710
LF (UULeLEale) U2 o 9, 10720
IF (UU4eGTale) U2 = SQRT(UUL) 10730
IF (GAFAl~GAFAD®2,%U2E3¢0s) CALL CHECK (3sNsFNOWs»XNOWoD» AFAO»FAFALOT4O
aJoGAFACIAFAL,FAFAL)GAFAL,UL,ULLYU2) 10750
AFA2 = AFAL=(AFAL=AFAQ)S(GAFALYU2=UL)/(GAFAL=GAFAD+2,%U2) 10760
DU 4v 1 = LaN 10770
XTEMP(Ial) = XNOW(Is»L)*AFA2eD(I»1) 10760
LIV) CONT INbik 10790
CALL CUSTL (CoNoFSMALLIXTEMP)ANII»PNALTY)CLOSE»THRESH) 10800
IF (SSPMALLGESFNIW) GO TOD 50 10816
CALL CUSTY (2oNsFSMALLyXTEMPAANTII»PNALTY,CLCSES THRESH) 10020
RETURN AN 100830
59 AFAu = AFAL 10040
FAFAU » FAFA} 100850
GAFAU & GAFAl 10869
AFAl & AFAZ 10870
FAFAL = FSHALL 10880
IF (AFA24EQeCe) DAFA & U] 10890
1F (AFA2eNEeQe) DAFA o QoUL*AFA2 10900
G3 TC 39 10910
10920
0000000000000 RCODRBO0C00000CER0RGCORNIIONRRRRDNRREOIRRIRIRROOSIPRIRPORORQORORORONYS 10930
o« 10940
COGGIN AL =i THM TQUACRATIC FIT) o 10950
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SUBROUTINE L INESCH 73/112 %S FTIN 6oTeé8)d
C o o 10900
N 8000000000000 000000000000000000000000000s00vR0000seRcesrsnss LOOTO
4 10980
60 DMAX o Dilsl) 10990
00 7¢ I = 1N 11000
X0(lod) = XNOWLIND) 1i010
IF (OMAXGLToD(Ir1)) OMAX » D(1p)) 11020
Tv  CONTINUE 11030
OAFa & 50¢e/0MAX 11040
Fl = FNOW 11050
SIGN » |, 11060
STEP = i 11070
00 80 § = [N 11080
X2tioh) ™ XHLUIZ2 L) ¢DAFACD(INY) 11090
80 CONTIANL 11100
CALL COSTL (X a b3 pY20ANT1,PNALTY »CLOSEPTHRESH) 11110
9L IF (F2ebtavs vy -u 120 11120
STEP = 2, 11130
0G 100 | » 2:4 11140
K11rd) = Reclol) 11150
K2GLad) » X281p1)e2.0DAFA%D(T»1)®SIGN 11160
160 CONTINUE 11170
Fl » f¢ 11180
CALL COSTL (1oNsF2oX2)ANITPNALTYCLOSE, THRESH) 11190
63 T0 40 11200
L10 LF (STePeNEele) GO TO 130 11210
STEP e 2, 11220
S16h & =), 11230
00 120 [ & 1)\ 112640
Xet1ol) » ANCW (I 1) vDAFACD(],1)¢SIGN 11250
120 CONTINUE 11260
CALL CUSTL (3oNpF2oX20AR11¢PNALTY»CLOSE,) THRESH) 11270
40 TO 9v 11280
130 DO 140 [ s )N 11290
X301sl) = (XQ(EpLl)eX2(1s3))/20s 11300
L40  CONTINUE 11310
CALL COSTL (2oNsFIpX3oANILsPNALTY,CLOSES»THRESH) 11320
AFALL) = (X2(1oL)=XNOW(Llod))/0(201) 11330
AFA(2) o (X2(1,1)=XMOW(L22))/0C20 1) 11348
AFA(3) » (X3(1lal)=XNOW(Le2)D/0(2sd) 11350

LS9 AFA(A) o Gob50L((AFA(R)P02-AFA(3)e02)0FLe(AFA(3)#02-AFA(L)*e2)9F24(11360
AAFACLISO2=AFAL2)992)0F3)/ ((AFACZ)I=AFA(I))ISFLo(AFA(II=AFALL))OFR4(AL23T70

2FALLY=AFAL2))0£3)) 11380
DU 160 § s 1N 11390
X4(1s1) » XNOW(E»21)OAFA(H)D(])p}) 11400
160 CUNTINUE 11610
CALL COSTL (LaNsFapX4pANI1»PNALTY)CLOSE»THRESH) 11420
Frtl) = Fl 11430
Fx(e) » F2 11440
FX(3) » F3 11450
FMIN ® FX(2) 11460
MIN » } 11470
FMAX » FX(a) 11480
HAX o | 11490
0J 4dC [ & 242 11500
LF (FHINGLVSFX(I)) GO TO L7 11510
FHIN & FX{(§) 11520
74
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SUBROUTINE LINESCH 73/072 18 FIN 4o704089

LILICIR
170  IF (FMAXeGTeFX(I)) GO TO 16C
FAAX @ FX(T)
NAX » |
160 COMTINVE
DO 150 I = 3,N
XCONP » KNOW(Is1)4AFA{MIN)IOD(]1,1)
IF (ABS(XCOMP=X4¢I»1))elEslCe) GO TO 200
XTEMP(Jod) o XCOMP
49C  CONTINUE
CALL COSTL (OsNsFSHALLIXTEMPANIZ»PNALTY»CLOSE) THRESH)
RETURN NN
200 AFA(MAX) & AFA(4)
60 TG 15¢
END

i 410008 CM STCRAGE USED 20336 SECONDS
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11530
11540
11550
11560
11570
11960
11590
11600
11610
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SUBROUTINE CHECK 73/1712 VS FIN 4oTe485 00/C4/244 10620038
SUGROUTINE CHECK (JCHECK;NpFNOWs XKOWsDsAFAQ»FAFAO)GAFAC)AFAL)FAFALLLG80
1o GAFAL) UL LUL,U2) 11690
DIMENSLON XNOW(NsL1)» 0(30,1) 11700
WRITe (opd) FNOWsNo (1o XNOW(L»23)90(Lsl)sIndsN) 11710
] IF (ICHeCKoEQel) STOP 11720
WRITE (5920) AFACIFAFAVIGAFAQ)AFALIFAFALIGAFAL 11730
IfF (JCHECKoEQe2) STOP 11740
WRITE (623C) UL,ULL L2 11750
sToe 11760
10 c 117170

16 FORMAT (20Xs44HTHIS 1S SUBROUTINE CHECK WHICH GIVES ALL THE»35H IN11T760
VFORMATION IN SUBRGUTINE LINESCHes/{s30XpTHFNCW ®  LPEL6e92//937Xp411790

SHXNUWP R TXp3HD» 7 /08 i28K0 1203K01PELOT 4K 1PELLLT)) 11800

20 FORMAT (//»20Xp THAFAO o ,APELO«T29K2BHFAFAD 8 »IPEL16e95Xs 8HGAFAQ 11010

15 1o JIPELGe9s/920KpTHAFAL & HLlPELLT»5Xp)BHFAFAL ® JLPEL6e9,5X)BHCAFALLB20
2l ® »1PEL6LG) 11830

30 FIRMAL (//7925Xs5HUL » 2 1E164Gs5Xp6HUUL & pLPELbLe7:5Xs5HU2 = »1PEL611840

149} 11850

«ND 11860

4luv0B (M STORAGE USED +143 SECONDS
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