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ABSTRACT

Results from continued research on selected parameters to minimize community
annoyance from alrport nolse are reported, TFirst, a review of the initial
work on this problem is presented. Then the resecarch focus is expanded by
considering multiobjective optimization approaches for this problem. A
multiobjective optimization algorxdthm review from the open literature is
presented. This is followed by the multiobjective mathematical formulation
fer the problem of interest. A discussion of the appropriate solution al-
gorithm for the multiobjective formulation is conducted,

Alternate formulations and associated solution algorithms are discussed
and evaluated for this airport noise problem. Selected solution algorithms

that have been Implemented are then used to produce computaticnal results

for example alrports. These computations involved finding the optimal operating

scenario for a moderate size airport and a series of sensitivity analyses

for a smaller examp'e airport.
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SUEDEA—

CONTINUED RESEARCH ON SEL'“iTED PARAMETERS TO MINIMIZE

COMMUNTTY ANNOYANC' FROM AIRPORT NOISE

L. INTRODUCTION

This report describes the continued research on selected control param-
eters for minimizing community annoyange with airport noise. This resecarch
provides a wwans of assessing the relative importunce of problem parameters
and their impact Iin terms of annoyance on communities subjected to alyport
noise,

The sceond section of this report briefly reviews the work performed
on this problem during the initial one year's investigation. Sectlon three
provides a literaturc review for Multiobjective Optimization techniques.
Alternate solutlon algorithms and formulations are discussed in the fourth
secetion of this report. Computational Results for a moderate size airport
ara reportad upon in scction five once the mathematical formulation is made
avallable. The concluding section of this report presents a series of

sensitivity analyses conducted during the course of this study.

2, INITIAL STUDY ON SELECTED PARAMETERS TO MINIMIZE COMMUNITY ANNOYANCE
FRCM AIRPORT NOILSE

The initial research on the ailrport noise problem first concerns itself
with the development of mathematical models that functionally represent the
problem of interest, These models may be classified as corresponding to
nonlinear integer mathematical programming problems. The objective functinn
in every case rcp?esents the minimization of a noise annoyance measure repre-
sented as a function of airport activity. The controls (decision variables)
manipulated to achieve this objective were aircraft fleet mix composition

for the airport along with runway assignment as a function of the time of
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day. Considered as constraints were:

1. The demand for {light sewvices
7. The fleet mix composition f£lexibility
3. A limitation on dally flighte
4, Regtrictions on the use of specified runways as a
function of type of aireraft and/or time of day
The constraints as formulated were lincar in terms of the decision
variables,
The solution algorithms investigated as methods to obtain solutions for
the mathematical models developed were separable programming, velaxation
and partitioning procedures, With relaxation and partitioning one solves
speedal structured probless, for which efficient solution procedures exist,
in an diterative fashion. Separable programming involves successive linear
approximation to obtain solutions to the nonlinear problem of interest.
These solution algorithms were applied upon several applications and optimal
({.e., minimum annoyancé) operating scenarios were obtained. Tt was deter-
mined that the relaxation technique that involved the solution of succes-

sive linear programs was the most efficient algorithm for the type of ailr-

port problems faced.

3. MULTIPLE OBJECTIVE FUNGTIONS

It 1s recognized that working singularily towards the objective of
minimizing annoyance from airport noise can degrade other potential goals
such as fuel consumption and aircraft time delay. Because of this the

additional objectives of fuel consumption and time delay of aircraft are

now considered.
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3,1 MULTIPLE OBJECTIVE TUNCTION TORI'“LATION

There ave various types of air torminal time delay. Reference (11)
identifies four types of such delays., Namely they were ddentified as
holding, path-stretching, early descent/speed control and procedural routing.
The delay of interest in this research is that of procedural routing.
Probably the most cormon type of procedural routing is designed to comply
with local noise abatement policy. It has been shown in (11) that the ad=
ditional fuel consumption due to procedural routing is a linear function of
the assoclated time delay. Time delay can be determined for any airveraft
knowing its speed and the trajectory sclected as well as the minimum time

path. Notation:

the time delay for the igh type aircraft arriving from

u B

1d] direction d and utilizing trajectory j.

vikdj the time delay for the iEh type aircraft of stageleugth
k departing for direction d and utilizing trajectory j.

eidj the additional fuel consumption for the igh type air-
craft arviving from direction d and using trajectory j.

fikdj the additional fuel consumption for the i££ type alrcraft
of stagelength k departing for direction d and utilizing
trajectory j.

T the total amount of time delay allowable.

¥ the maximum amount of additional fuel consumption allowed,

ND the number of directions considered.

xikdjz number of departures of type i aircraft with stagelength
k going in direction d vtilizing trajectory j during period
2’ .

Yidjx number of type i arrivals from direction d utilizing tra-

jectory j during period R.

The alternative objective of minimizing the total time delay may be for-
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ulated as

NI NJ ND NL NK

g 5 % % % (v, .. X +ou oy
iml isl d=l 251 kel ikdj “ikdjR 1dj  1djR

Y @ 0, (3~1)

The objective of minimizing the total amount of additional fuel consumed

may be represented by

NI NJ ND NL NK

£ L B I % (f X Toe, . Y, L
{51 o1 d=l el kel  Tkdi Tikdig 1dj 14§80, (3.2)

The additional constraints considered were,

0, <T (3.3)
< F | (3.4)
Constraint (3.3) restricts the amount of time delay allowed where as
(3.4) specifies an upper limit on the additional fuel which may ve cpnsumed,

To complete the multiple objective formulation equations the original
model (Appendix A) would be changed to account for the extra dimension
(direction) on the decision variables.

A multiobjectrive solution algorithm has of yet not been implemented
since the noise objective function was of primary concern to the users of
this research. An alternative to a multiobjective solution algorithm would
be to treat the objectives of time delay and additional fuel consumption
with constraint equations (3.3) and (3.4) and then perform extensive
sensitivity analyses by varying the right-hand-side of these equations. A

fuel minimization computer run was accomplished and the results reported
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on in Appendix E,

3.2 LITERATURE REVIEW

The consideration of the alternative objective functions of minimizing
fuel consumption and minimizing passenger and or freight delay leads one to
consider the potential of vector optimization solution procedures. The
following literature review is meant to provide background material for the
consgideration of multiple objective optimization.

Hwang (12) has classified multiple objective decision methods (MODM)
into four categories based on the availability of preference information

from a decision maker. They are
]

1) no articulation of preference information

2)  "a priord" articulation of preference information

3) progressive articulation of preference information
(iterative methods)

4)  "a posterilori'" articulation of preference information

(generating techniques)

The last three categories are of primary interest and will be discussed

in greater detail.

3.2.1 "A Pricri" Articule.tou of Preference Information

These methods depend on the oxdering or prioritizing of the objectives
of interest. This helps to reduce the size c¢f the solution set which must
be considered. The primary difference between the various methods that
belong to this MODM categoxry is in the nature of the preference information
required. Several classes of methods that belong to this category are now

discussed.
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Utdlity Function Method

This method is based upon obtaining cardinal information from the
decision maker in the form of specific objective preference levels. A
satisfactory solution can be obtained if the proper utility function is
available and is used in conjunction with the decision makexr's preferences.
The prime difficulties in using such methods are the specification of the
appropriate utility function and the computational burden that increases

exponentially with the number of objectives considered.

Goal Programming

Goal programming methods seek to minimize the absolute deviations of
the objectives from predetermined targets or goals. Originally proposed
by Charnes and Cooper (3) many different approaches have been developed.
Lee (13), Ignizio (12) and Cohen (4) describe many such methods.

The various approaches differ in the formulation of the surrogate
objective functiwan., Advantages cf Goal Programming is that it is relatively
efficient computationally and requires less effort by the decilsion maker
in specifying preference information. The major disadvantage of Goal Pro-
gramming is that any solution determined is a function of the goals set
by the decision maker. Unless the decision maker is careful in establish-

ing a priority structure one can arrive at an infeasible or dominated

solution.

Electre Method

The Electre Method, proposed by Roy (18) is based upon an 'out~-
ranking' relationship for non-inferior solutions. A partial ordering of
the solutions is obtained based upon two conditions; a concordance con-

dition and a discordance condition. The function of the concordance con-

ditfon is to indicate a tolerance for errors in comparing candidate solu-

—6-
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tions, The discovdance condition is :-ed to indicate which solutions nced

to be compared.

3,2.2 Iterative Methods

Al)l of these methods basically utilize two steps in obtaidning solutions,

First a technique is employed to generate a solution, Secondly, methods
are used to elicit the deeisilon makers reaction to the gilven solution and
then use this reaction to modify the problem by a modificd priority

structure., Two such methods arc now reviewed,

Surrogate Worth Trade-off Method (SWT)

This method proposed by Haines, Hall and Freedman (10) consists of
(1) generation of candidate (nondominated) solutions which are used te
form trade-off functions and (2) the search ior a preferrad solution usiug
a surrogate worth function, The trade—-off function is formed from the rel~-
ative trade-offs of marginal increases or decrcases from any two objective
functions. The surrogate worth function is the decision maker's assessment
of how much one prefers trading one objective for another. The trade-off
functions are generated for any two objectives assuming that all remaining
objectives are fixed. This means it provides limited information to the

decision maker about the nondominated solution set.

Step Transform Evaluation Method (STEM)
The use of Linear Programming (LP) with Multiple Objective Functions
Step Method has been proposed by Benayoun and others (1), This method

involves,

1) construction of a pay-off table after optimizing

with p objective functions separately
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2) solving an LP w.ich 45 "ncarest” in the MINIMAX
case to an didea! solution,
3) specifying a trade~off reiavionship by the decision

maker.

Other interactive methods are described by Geoffrion {9), Zionts and

Wallinius (20),

3.2.3 Generating Technlques

Generating Techniques involve the generation of the nondominated solu-
tion set. 'These methods seck to develop an exact or approximate repre~
sentation of the entire solution set, Because of this they are computa-
tionally intensive and feasible only for problems with a small number of
objectives.

The Parametric method proposed by Gal and Nedoma (8) and Zadeh (19)
and the Epsilon-Constraint method due to Marglin (14) are examples of
Generating Techniques that have been applied to multiple objective decision
problems.

Another anproach sometimes used is to relegate all objectives
except the one considered most important to constraint cquation status.

The problem is first solved with the single selected objective function.
Post optimality analysis is then employed by varying the right-hand-sides
of the constraints that originally corresponded to alternate objective
functions. Thus, an entire family of solutions may be generated as a
function of the alternate objective functions, It is this approach that
is presently being implemented to deal with the alternate objectives of

additional fuel minimization and passenger/freight delay.
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In order to sclecet a solution o -ategy for a given multi-
objective problem st 15 neeccsary to :ompare the effcetiveness of potential
solution techniques for the specific problem of interest. Normally onc
would cvaluate ecandidace solution algorithms on the basls of criteria such

ag

1) computational burden
2) quantification of tradeoffs

3) availability of decision making information

Such research has been initiated and will continue over the coming year.

4,  ALTERNATIVE FORMULATIONS AND SCLUTION ALGORITHMS

The research into the design and development of efficient solution
algorithms for minimizing community annoyance from airport roisc has been
continued, The reason for this is that the simplest and most esfficient
solution algorithm possible is desirable, However, such an algorithm
should produce superior results for the problem of interest.

The solution algowithm implemented for the airport noilse problem
(sce Appendix B for a description) does not guarantee a global optimum,
However it does appear capable of always generating very good solutions
for the airports studied so far, In some instances the use of the selected
solution algorithm would be quite costly and time consuming. Because of
this several alternatives to the implemented solution algorithm are pro-
posed, discussed and limited computational experience reported,

For airports with a large fleet of many different servicing aircraft
that utilize many different departure and arrival trajectories the number

of decision variables and constraint equations may become prohibatively
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large. In such cases a simplified p oblem may be solved, The simpli-
fication 15 that the distinction betr :en aircraft types is dropped and all
operations are for a "typical' aireralt, The corresponding mathematical
model 15 of the same form as the original model (sce Appendix A) except
that the type of aircraft designation is removed. Thercfore the decision
variables are
xjg = number of departures utilizing trajectory j
durding time period &.
Y32 = pumber of arrivals utilizing trajectory ]
during time period &.
For compatison purposes an airport with the following characteristics would
have 2510 decision variables for the original model whereas it would in-
volve only 60 variables with the simplified model.
14 different types of alrceraft
l§ " trajectories

" time periods
" departure stage lengths

ﬂ:‘l\

The use of this simplified model would become even more attractive if it
imperative to consider nonlinear constraints or problems with more than
two time periods. Tor example if constraint (A.3) were to be considered
for an actual airpost exerclse we could not use the original solution
algorithm since it relies on all constraints being linrar. Another advan;
tage associated with this simplified model is that nonlinear optimization
solution algorithms might be successfully applied if the number of vari-
ables and constraints were not excessive.

During recent years the parametric transformation technique known
as the Augmented Lagrangian (ALAG) Penalty Function Technique has gained

recognition as one of the most effective type of methods for solving con-

...10 -
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trained minimization problems. In th: opinion of many xesearchers in chis
field, the ALAG penalty function tectinique is the best method available for
solving problems with nonlinear constraints in the absence of special strue-
(2). The disadvantage of the method are negligible and the advantages are
strong, especially the lack of numerical difficulties and the ease of using
the unconstrained minimization routine. The method has global convergence
at an ultimately superlinear rate, the computational effort per minimizatiou
falls off rapidly, initial starting point need not be feasible and the func-
tion is defined for all values of the parameters (2 ).

The ALAG penalty function technique 4s a balance between the clagsical
penalty function technique and the Lagrangian primal-dual method which are
both parametric transformation techniques. The design of this method was
motivated by efforts to overcome the numerical instability of the penalty
function technique near the solution (12), (18) and attempts to eliminate
the "duality gap" in nor~onvex programming (6). This ALAG penalty function
nonlinear optimizing algorithm has been implemented to obtailn solutions for
the simplified model described previously. The documentation for this im-
plemented solution algorithm is presented in Appendix C, Computational
results for this algorithm are presented in Appendix D.

Another alternative solution algorithm would be to utilize a linearized
version of the nonlinear objective function., This would amount to stopping
after step 1 of the solution algorithm reported upon in the first yrars
report (see Appendix B). The advantage of this approach is that one is
solving Linear Programming problems for which very effilcient solution tech-
niques exist. The main disadvantage is that the surrogate objective func-

tion 1is just a linearized representation of the nonlinear objective func-

tion. Computational results, thus far, indicate that this surrogate objective

-11-
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function d¢ an effective substitute 1or the nonlinear objective function.
That is, it doesn't require near the computational effort and jroduces
solutions nearly as good as the nonlinear algorithm,

Another useful formulation of the community response objective func-
tion would involve the goal of minimizing the maximum annoyance experienced
by any population segment within the airport vicinity. The motivation for
such a goal is that the annoyance due to airport noise is shared in a some~-
what uniform manner by the effected population segments.

Several possibilities that have been congidered are minimize the max-

imum,

1., noise impact index contribution from the various
population segments

2. noise exposure forecast (NEF) or day-night level
(Ldn) for the population segments

3. population weighted NET or population weighted

Ldn

The formulation of such goals can be accomplished by letting

it

n the number of population segments

i

RI response index for population segment k.

then

minimize {maximum[RI_, RI

1 9r t ot RIn]}

which may be written as

~12—~
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minimize A
subject to: Z Z.RIk k: 1,2 ..., n f

where Z = maximum (RIl, RIZ’ NN RIn]

An objective function utilizing a population weighted NEF has been for-

. -

mulated z.d run for the example alrport number two described in (7). The

computational results are presented In Tables F10 and Tll of Appendix F,

5.  APPLTICATION AIRPORT FOR SOLUTION PROCEDURE

This section presents an example, medium sized airport to which

the suggested solution procedure has been applied. The analysis contained

herein is limited to commercial airline traffic for the particular

airport of interest. A series of tables and figures are first presented
defining parameter values needed in constructing the appropriate mathe~ é
matical formulation. The profiles utilized are the standard oncs described ]

previously in (7). The computational results obtained from application of ‘

the solution algorithm to this example airport are displayed in Table 5.7. 1
TABLE 5.1 .
Demand for Incoming Flights
Runway
Tracks Day 7 Night
(15)24 6 1
(13)12 R 90 10
(14)30 L 98 11

-13-
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TAB: 1, 5,2

Take-off Fiight Demands

Day Night
Runway Stage stage
Tracks
1 2 3 4 1 2 3 4
(6) 6 2 2 0 0 |1 0 0 0
(11,12) 24 2 2 o0 0 |1 0 o0 0
(1,2,3,4,5) 12R 46 25 8 6 6 2 0 2
(7,8,9,10)  30L 60 32 10 8 7 2 1 2
TABLE 5.3
Available Aircraft for Arrivals
Type Day Night
DC-9-32 79 9
727-200 90 10
DC~8-55 23 3
-1011 12 1
TABLE 5.4
Available Aircraft for Departures
Type: Day Night
DC-9~32 79 9
727-200 90 10
DC~8~55 23 3
L-1011 12 1
—14—
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FIGU.Y 5.1

Ground Tracks fuvr Example Airport

Airport
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Population of Areas in ticinity of Example Alrport

Area

WOV Wi

coTeadt R 4

Pop

20078
16176
8022
8732
11887
12317

4987
5822

7053
19680
3494
3579
5596
9406
96
8918
5339
9475
532
8874
3799
3996
453
1250
1570
4109
5833
6908
10716
11813
2399
15610
10661

TABL!

3.5

Areca

34

Pop

879
2127
1161
2591
7447
4294
3585
4401
8060
6075
13940
9578
10334
6659
17991
17268
6714
3048
8144
13093
5193
5359
21192
13785
5640
16827
17408
7977
15239
10034
36311
10852

Y«
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Population Areas in the ' weinity of Example Airport

FIG RE 5
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Types of Adrcrifts Considered

Alrcraft Type

Number of Stagelengths#

DC~-9-32
B727-200
DC=8-53

1L-1011

% The stage length of a departing alreraft is a measure of the distance

to the next destination.

2(500-1000 nautical miles), 3(1000-1500 nautical miles) and 4 (1500~

2500 nautdcal miles)

.,*‘?ﬁ“iﬁ‘m‘u\ . U

Stage lengths 1(0-~500 nautical miles),

~18=
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COMPUTATIONAL RESULTS FOR A'»LICATION AIRPORT (DEPARTURES) {

L NIT 0,17723

Number of Adreraft Stage Track Time Period
‘ Operations [ D=9 [727 ] De=8 | L=1011] Length | Number Day Night
]
46 X 1 5 X
n 10 X 2 5 X
! 8 X 3 5 X
| 6 X 4 5 X
15 X 2 5 X
4 X 1 5 X
. 2 ; X 2 5 X
' 2 X 4 5 X
} 5 . X 1 5 X
2 X 1 6 X
| 2 X 2 6 X
| 60 X 1 8 X
,‘ 9 X 2 8 X |
, 10 X 3 8 X |
? 11 X 2 8 X 1
; 8 X 4 8 X
| 12 X 2 8 X
7 X 1 8 X i
2 X 2 8 X |
1 X 3 8 X |
1 X 4 8 X |
' 1 X 4 8 X
2 X 1 12 X ;
| 2 X 2 12 X :
, 1 X 1 12 X ,
x |
|
) |
{
X
)

-19_
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| TA:1E 5,7 (continued)
COMPUTATIONAL RESULTS FOR APPLICATION AIRPORT (ARRIVALS)
NI 0.17723
i NUmbCT of __Afreraft Stage Track Time  Period
& Operations pe-y 1727 0C-8 [L-1011 Length Number Day Night
73 X 13 X
‘ 4 X 13 X
| 13 X 13 X
8 X 13 X
2 X 13 X
86 X 14 X
12 X 14 X
10 X 14 X
1 X 14 X
6 X 15 X
, 1 X 15 X
f
)
)
'!
f
l
,
I
l
f
-0
i.
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6.,  SENSITIVITY ANALYSES
It should be resognized that the minimization solution to the noise
problem under study is optimal only with respect to the speeific model being

used to represent the real problem, and such a solution beecomes a reliable

guide for action only after it has been verified as performing well for other

reasonable representations of the problem as well., TFurthermore, the model
parameters (particularly the right-band-side of constraint equations) are
set as a result of operating policy and these decislons should be reviewed
after sceing thelr consequences on what can be achieved.

For these reasons alone it is important to perform sensitivity analyses
to investigate the effect on the optimal solution of the various problem
parameters taking on a range of possible values. At times there will be
some parameters that can be assigned any reasonable value without affecting
the optimality of the problem of interest. However, theroe are usually other
parameters which 1f perturbed in value would yield new optimal solutions.
This is particularly sericus if the change in a problem parameter results
in a substantial change in the value of the objective function. Therefore,
the basic goal of the on-godng sensitivity analyses is to ddentify those
particularly sensitive parameters, so that special. care may be exercised in
estimating them and in selecting solution algorithms that perform well for
the most likely values of such parameters,

The sensitivity analyses conducted as a continuation of research into

the noise problem are:

1. var? . ..ns dn the demand fFor £light services
2. Fleet mix composition changes
3. Changes in operations by time period

4, Variations in objective function formulation

-21~
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Thesr sensitivity analyses considere: and conducted for a particular aiv-
port are reported vn in Appendix ¥, rthese results are cummavized dn Tables
6.1 and 6.2,

For comparison purposes the results from Tables E2-BE5 should be grouped
together. Thesc Tables display the results for variations in demand for
flight services. It is found that in a vast majority of the cases that

northwest (NW) through casterly (B) flights are assigned track 9

casterly through southwesterly (Sw) " " " "4

southwest through northwesterly " " " "l
This is one indication that the assignhment of alrcraft to tracks is some-
what insensitive to varlations in demand for flight services.

Tables E6-EY results may also be grouped together for comparison pur-
puses. These Tables corresponded to the use of only one type of alrcraft
for all commercial service. These cases display more variation in assign-
ment, however, somewhat general observations can be made,

For departures

NWw  through E flights are assigned track 9

E 1" S‘q 1] H 1"t 11} A

S‘J 11} th 1" it 3] L] l
For approaches

N

-

J  through E flights are assigned track 9

E "o8w " " " tracks 4 and 7

iven though greater variation is displaved in the results from Tables X6~
E9 (due entirely to variations in approach assignments) it is sonjectured
that the assignments for this example are relatively insensitive to the

type of alrcraft considered. The reason for this is that there are a great

22~
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SIDMARY OF SENSITIITY ANALYSES RESULTS

TAD & 6.1

FOR APPROACHES

T

, e
V
o FROM_TABLE . |

’ Tracks E2 E3 B4 ES EG E7 EB L9 E10 w
| 1 (day) 54
‘ 1 (night) 89 |

2 (day) 54 11 24 |
i 2 (night) 11 22
| 3 (day) 55 54 53 61 54 24 30
. 3 (night) 89 69 83 78 67 89 89
| 4 (day) 37 35 36 28 9 38
| 4 (night) |
: 5 (day)
E 5 ({night)
A 6 (day) 3
? 6 (night) g
? 7 (day) 3 2 38 8 | 14 35 ]
; 7 (nipght)
| 8 (day)
’ 8 (night)
| 9 (day) 8 8 8 9 8 8 8 8 8

9 (night) 11 31 17 11 11 11 11 11 2
]

Eatries in Table are percentage use
for cach period.
23~
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4
3
TAB' L 6.2
SUMMARY OF SENSITI. ETY ANALYSES RESULTS
FOR DEPARTURES
< FROM TABLE
f Tracks B2 E3 E4 L5 E6 L7 L8 E9 E10
1 (day) 21 21 21 21 15
1 (night
, 2 (day) 13
| 2 (naght)
| + 3 (day) 8 22 18 20 6
| '3 (night)
; 14 (day) 56 57 61 54 56 56 56 56 56
i 4 (night) 50 50 50 50 50 50 50 50
5 (day)
| 5 (night)
6 (day) 2.5 2
) 6 (night)
; 7 (day)
g 7  (night)
| 8 (day) 2.5 2
| 8 (night)
9 (day) 23 16 21 22 23 23 23 23 23
9 (night) 50 50 50 50 50 50 50 50

Entries in Ta “e are percentage usc
' for cach perioa,

-24-
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many alternative solutions that give just as good or nearly as good an ob-
jective function value as the optimaliy selected solution,
Even though the results seem to indicate that the optimal solution to
the airport noise problem is insensitive to the variations considered, for
the one example airport, this should not lead one to conclude this would be
: true of all airports or all poseible variations. The primary reason for
the insensitivity displayed in the reported results is that the capacity
constraints for the appreoach and departure trajectories were never binding
in any of the cases consildered. For a larger busier airport chese capacity

| constraints might be ninding for somc flight service scenarios and one

\ would expect greater variability in sensitivicy analyses. If an annoyance

metric were available that accounted for human annoyance as a function of the

: time frequency of flights and this metric was utilized to obtain noise

? optimal flight schedules then one would expect greater variation in sensi~

E tivity analyses. Tables E6 through E9 provide the corresponding computa-

' tional results.

Table E10 describes the results obtained when the objective function
was changed from the one originally given in equation (El) to that of mini-
mizing the maximum (minimax) annoyance for the various population segments
ceasidered. The use of such an objective formulation should result in a
dispersion of annoyance more uniformly to the population areas surrounding
the airport. The solution of a population weighted NEF minimax objective

function is given in Table ElLl.
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}, APPENDIX A

AIRPORT NOISE MINIMIZATION MODEL

Reference (7)
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A.1 Notation

CONSTANTS

R ¥ T VP

A~ B B >

R

NA
ND
NI

NJ

ig

1

i

i}

e o o

area deiignation

type o! aircraft designation

ground track designation

stage length designation

time period designation

total affected population

runway
number
number
number
number
number
number
number

number

number

of
of
of
of
of
of
of

of

areas
runways for departure aircraft
types of aircraft

different ground tracks

stage lengths

time periods

rUunways

runways for arriving alrcraft

limitation on number of operations that use greund

track d

limitation
limitation
limitation
limitation

population

on number of operations in time period P

on number of operations for runway r

on number of operations with stage length s
on number of airport operations per day

in area A

set of ground tracks associated with runway R

community response index critical value for area A

number of type i aircraft available for take-offs

during time period &

~20-~
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NY

Ny

18

sadp

= number of typ: & aircraft available for landing

during time p 'riod &

?

= number of type t atreraft with stage leagth s with

ground track d that are required during time period p

NOISE PARAMETERS

EPNL

EPNL

EPNL

11A

ikJA

VARIABLES

X

v .“’f-* M;Jigﬁ

1k

132

a effective perceived noise level
= effective perceived noise level for arriving aircraft
of type i corresponding to ground track j experienced

in area A

effective verceived noise level for departing alreraft

I

of type 1 with stage length k corresponding to ground

track J experienced in area A

i

A~Welghted sound pressure level

= day-night level

= gquivalent sound level

= nolse exposure forecast

= community response index for area A

= walghting factor as a f[unction of community response

index for arca A

= number of departures of type i aireraft with stage
length k utilizing trajectory j during penilod &
= number of arrivals of type i ailrcraft utilizing

trajentory j during period %

Y

L TP e S

1

|
1
K

k]




T e s~

NA NI NK NJ EPNLiigA
' minimize [ ¥ (PA/P)CIO) o, {r ¢ % (U0 ——gp—=— -8.8)
A=l Vo qm] kel j=l
EPNLi A

< "'808 .

(hikjl + 16'67x1ka) + 10 »m—iai-—m )
+ ) faaed .

(Yijl l6.b7Yij2)) 1}] (A1)

This is the form of the objective function used in solving the example

problems reported on in Section IV,

A.2 Constraints
Alrport authorities sceking to reduce noise and still service passenger

demand for thedr alrports may impose various related operating constrants.

A.2,1 TFli-ut Limitations

For any given airport flight limitations may be imposed for many different
reasons and consist of many different constraints on aircraft operations. The
flight limitations of primary interest in this research are thosc operational
constraints that may be impesed in an attempt to dimprove the noise enviroment
around an existing airport. The operational flight constraints formulated in

this research are:

1. The annoyance as measured by a specified community
response index may not exceed critical values for
specified communities in the airport vicinity.

2. The number of certain types of aircraft that may
operate into and out of a given «irport cannot ex-
ceed some upper limit.

3. The number of certain types of operations such as the

take-offs of long stage length aircraft may be limited.

-31-
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4. Certain runways iay only be used during certain
periods or a lii-itation on the number of operations
per perilod for uny given runway may be specified.

Certain trajectories that correspond to specelfied

o

ground tracks may only be used during certain periods
or a limitation on the number of operations per period
for any given ground track may be speeified.

6. The total number of operations per time period may be

constrained.

These {light limitations are now formulated mathematically:
1. The annoyance as measurad by some community response index

for a given area, A, must not excced some critical value, \7A

RI, <V, A=1, ..., NA (A.2)

For example if NEF is selected as the community response index.
then (3.3) would appear as a function of the decision variables
as

NI NK NJ

10 log,o & ) £ antilog (({EPNL

N o F 10 log lO(Xikjl + 16.67Xikj2)

ik]j

~8.8) + EPNL + 10 loglo(Y + 16.67Y*j2) - 88)/10) 2V

1iA ij1
A:l, ¢y sy NA (A‘3)

2. The number of aivceraft type t allowed to operate in and out of a

given airport is limited to Nt operations per day

- h* "m R ,‘ & b - A IR SN J T Sy L N e PPN N




NK NJ ML NI L )
S E B X0+ B Y, &N t=1, .., N Ak
ksl 3=l ge1  tkik A E R P (

3.  The number of take-offs with stage length s is limited to NS

operations per day

NI NJ ML
5L I X, ., <N s=1, .., NK (A.5)
=] 41 gel 83T

4, The number of operations for runway r is limited to Nr per day

NT NK NL NI NL
b X b I X + ¥ L I ¢ <N,
f=1 kel 4eR, 4=l Hedd ey jer, gm1 138 =,
r = l, AR RIS ] NR (A’())
5 The number of operatlons corresponding to ground track d is
limited to Nd per day
NI NL
EEEX ot b 5oy ey 4T b W (A.7)
ik i=l &=1
6. The total aumber of operations in time period p must not exceed
N
P
NI NK NJ NI NJ

[}

¥ . L X,. 4+ L % Y,. <N p

_ < 1, ..., NI (A.8)
1=1 kel j=1 N3P 4oy 4oy HP TP

A.2.2 Adrcraft Availability
Only a limited number of the various types of airecraft servicing an
airport will be available during each time period for either landing or

departure. This may be expressed analytically as

s f.“ o Py . N T TU T i T PR
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NJ
L Mg ERL N f21. .., NI} 251, .0, NL (A9
N S, dEl L, NogeE ., N (A.10)
kel el ikje

A.2.3 Passenger - Alrcraft Demand

Passenger demand may be established for any given airport. Then
passenger demand may be translated into alrcraft demand. Such demands may
take the form of requiring at least Ntsdp type t aireraft operations of

stage length s, utilizing ground track d during time period p.

Xesdp = Mradp te=1, ..., NI; 521, .\., NK; (A.11)

d=1, v., NJ; p=1, ..., NL

This is one of tha simplest ways in which passenger demand may be accounted

for. More claborate demand relationships could be dexived and utilized if

desired,

Collectively Equations (A.2) through (A.1l) define a mathematical model
for this tesecarch., This model may be classified as a nonlinear integer

mathematical programming model. Solution techniques for such a model are

discussed in Section IV and Appendix B,
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APPENDIX B

Origdinal Solution Algorithm

Reference (7)
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see Appendix A for the ob) ctive function form used.

Step 1
A |
ninimize 27 = § (PA/")(ZL())(SA - 1) (B.1)
A=l

subject to all lincar constraints where,

EPNL,
NI ONK NS ( ¥~im - 8.8)
ot ] ‘\ R ”
LA 321 {10 (Rypgp + 10:67%yy50)
e o
10 (Yygp + 16,675, )5 (8.
letting,
Gyﬁigiiﬁjﬁim - 8.8) Iwguj
“iija " 10 10 and dg 010 ~p - 8.8)
NI NK N
yS, = 85 ¢ % {c + 16.67X,, .,)
AT ey gy K TNRISH 1kj2
dygp (g 16675, ))) (8.3)

This will provide & feasible solution to the problem but in no sense
guarantees an optimum. Instead of the function given in Equation (4.1),

the objective function should be

NA
minimize Z° = § (P /) (10) (Log, (5,) = 1) (B.4)
A=1 1
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However the surrogate objective fune’ con has provided very good sotutions
to the oripincl problem for the few «nample problems solved.

The reason for such a surrogate objective function is that it is linecar
in the decision variables and subjeet to linear constraints, hence corresponds
to a linecar programming problem. With sophisticated computer implementation,
linear programming solution techniques ave capable of solving very large
problems. For example, problems involving several thousand linear constraint
equations and tens of thousunds of variables are within the realm of possibilicy
for the very efficdent lincar programming solution algorithms implemented on
modern computers, However it should also be pointed out that to produce
solutions to such large problems requires extensive efforts in data preparation,
manipulation of the linear programming computer code, and interpretation of

computational results.

Step 2
Obtain a truncated Taylor series expansion about the solution point

from Step 1, say §%

us) = 2+ val(g) (8 - 8% (8.5)

Now minimize (4.5) subject to the original linear constraints. This
vorresponds to solving another linear programming problem. Denote the
solution to this linear program (4.5) as §}. Since u(8) is constructed from
the gradient of ZN at 8%, an ilmproved solution point can be secured only

if u(gl) < u(8*). This will not guarantee that ZN(§}) < ZN(§ﬁ) unless §}
is in the immediate neighborhood of §%. However, given u(§}) < u($*®) there
nust exigt a point, say §?, on the line segment between S% and §} such

..rN 2 .rN K8 2
that 27°(87) < Z2°(8%). To determine $ one solves

“a‘aﬂ“ﬁ/‘luh» . N o
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minimize Zh(gﬁ + a(g} - 5%
o

ZN(§2) = z“(g# * y(g; -~ §%)) = minimize zNggﬁ + anl - §%))
’ 0<asgl

s s

Set 8% cqual to §} and repeat Step 2 as many times as required to obtain
the stopping condition, u(g}) > u(S*), At this point no further improvement

is possible,
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APPENDIX C

COMPUTER PROGRAM: ALAG 1 DOCUMENTATION
LANGUAGE: FORTRAN

TECHNICAL REFERENCES: (6), (17)
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ALAG 1

1. PURPOSE: To minimize a function F (X) = £ (X, +.., X))
subject to both equality and inequality constraints.
Derivatives of all functions must be supplied in .a
user subroutine entitled ALAGB (see item 5). An
initial estimate of the solution (not necessarily
feasible) must be specified. This computer program

; is developed from algorithm of section .

2.  USE: CALL ALAGL (N,M,K,Y,EPS, AKMIN, DFN, MAXFN, IPRL,

ST e

IPR2, IW, MODE)

| N An INTEGER set to the number of variables
n (N> 2),
7 M An INTEGER set to the total number of

constraints m (M > 1),
’ K An INTEGER set to the total number of
equality constraints k.
X A REAL array of N elements in which the initial

estimate of the solution must be set. ALAGI

T

[ returns the solution x in X.

EPS A REAL array of N elements, in which the
tolerances for the unconstrained minimizations
must be set. EPS (I) should be set so that

EPS (I)/X (I) = AKMIN, roughly speaking.

-40 -
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AKMIN

DFN

MAXFN

IPRIL

IPR2

IV

MODE

A REAL number in which the relative error
tolerance required in the constraint residuals
must be set. ALAGI will exist when max{lci(x)l/
scaling factor for o;)} < AKMIN for the active
constraints {1}.

A REAL number in which the likely reduction in
F(E) must be set. This is done in the same
way as for QNWTA - see the QNWTA description.
An INTEGER in which the maximum number of calls
of ALAGB on any one unconstrained minimization
must be set.

An INTEGER controlling the frequency of printing

from ALAGL. Printing occurs every IPRL iterations,

except for detalls of increases to the 4 which
are always printed. WNo printing at all occurs
(except for error diagnostics) if IPRL = 0.

An INTEGER controlling the frequency of printing
from QNWTA. IPR2 should be set as described in
the QNWTA documentation.

An INTEGER giving the amount of storage avallable
on COMMON/ALAGL/W(.). Set to 2500 unless wishing
to change the restrictions (see Section 5).

An INTEGER controlling the mode of operation of
ALAGL. If any positive definite estimate if

available of the hessian matrix of the penalty

41~
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function, sei |MODE| = 2 or 3, otherwise set

|MODE| = 1 (see QNWTA description). If
estimates of the gy and Oi parameters are
available (sce item 8) set MODE < , otherwise
set: MODE > 0. A normal setting for a one-off

Job with no information available is MGDE = L.

3. LABELED COMMON AREAS:

Certain labeled COMMON areas must be declared and set on entry to ALAGL,

COMMON/ALGAGE/ G (150)

COMMON/ALAGF/GC (25, 50)

COMMON/ALAGG/T(150)

ot AR 4 ks A

Set scale factors (>0) for the constraints in
c(l), €(2), ....,c(M). Choose the magnitude of
these scale factors to give an indication of

the constraints evaluated about the dnditial ap-
proximation x. If any constraints are violated
by an amount greater in modulus than that which
is set, then the setting is increased accordingly.
These scale factors are transferred to CQH+1),
C(M+2),.....,C(EM) by ALAGL.

Set the derivatives of any linear constraints on
entry rather than in ALAGB., This is the most
¢fficient and the numbers are not disturbed. The
manner of setting is described in item 4.

If MODE < 0 is used, then set the parameters
01,02,..., @m in T(1), T(2),...,T() and the
parameters 0y90ys +ersO in TOHL),TOH2),...,T(2M)
The meaning of these parameters may be found in

section of this report.

40
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COMMON/ALAGL/G2P(325)  If |MODE| = . or 3 set the estimated hessian
matrix of the penalty function in G2P(1l),...,
G2P(N* (N+1)/2). The manner of sctting is that
described in QNWTA under the heading MODE.

Local storage for ALAGL is through labeled COMMON areas. These

have been set on the assumption that N < 25 and M < 50. If it is desired

to remove edither or both of these restrictions, then 1t is necessary to

increase the storage available in some or all of these areas. This can

be done by defining the named COMMON areas in the users MAIN with the

increased storage settings, in which case the extra storage will be

effective throughout the whole program. The complete list of labeled

COMMON used by ALAGL and the corresponding values of N and M are as follows.

COMMON/ALAGC/F,M,X,IS,MK,NU independent of N and M
" D/G(50) 2N
" E/C(150) M
L F/GC(25,50) N, M
" G/T(150) M
" H/GP (50) p (0 = max(M,N))
" L(G2P(325) Ne (N+1)/2
" J/V(50) i
" K/WW(150) 3u
" L/W(2500) Uz
" M/2Z(100) 2y
" N/LT(100) 2M
43—
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This iterative alg rithm terminates normally when
the following convergence condition is met:

max {|e, (x)|/scaling factor for ¢;} ¢ AKMIN for

i an element of the set of active constraint indices,
A diagnostic message for abnormal termination is
printed when the program is unable to achiecve the
requested aceuracy. This may be due to (i) a
mistake in programming ALAGB, (ii) there is no

feasible point (in which case ¢, - = and ¢, - gongtant

1
# 0), (iii) EPS has been set too large relative to

AKMIN, (iv) the problem is too ill-conditioned.

OTHER ROUTINES: ALAGL requires the use of ALAGB, ALAGZ, BQDMA,

MULDA, MULDB, MULDE, and QNWTA

| ALAGB: TUSER SUBROUTINE The user must define a subroutine hcaded by

SUBROUTINE ALAGB(N,M,X)
REAL X(1)
COMMON/ALAGC/F
COMMON/ALAGD/G(50)
COMMON/ALAGE/C (150)

COMMON/ALAGF/GC(25,50)

This subroutine takes the vector X and sets

(L) FG) dn Fy (2) e (),een, ¢ (R) dn C(1),...,CQ0;

3 (3) o/, o X dn 6D, ..., 600);
axl,...,arlaxn

: (4) (dc,/ / Y|x in GC(L,1),...

i axl"",ac

i 9¥n

GC (N,I) for I = 1,...,M.




ALAGZ:  This subroutine evaluates thie augmented function comprised
of the original objective function and penalty terms that is to be
optimized.
SUBROUTINE ALAGZ (N, X, PHI, GPHI)
N and X as previously defined.
PHI is the value of the augmented function evaluated at X.
GPHI is the gradient of the augmented function evaluated at X.
BQDMA: The purpose of BQDMA is to find the values that minimize a
quadratic of n variables subject to upper and lower bounds on some or
all of the wvariables subject to upper and lower bounds on some or
all of the variables.

The quadratic is defined by

Q) = 1/2 x* ax - %
Subject to:
BL, < X, 2 BU i=1,...N

“UBROUTINE BQDMA (N,A,IA,B,BL,BU,X,Q,LT,K,G)

N an INTEGER which must be set by the user to the number

of variables,
A a RFAL, two dimensional array, each dimension at least
N; the elements in the upper triangle A(I,J) I<J<N must

be set by the user to the corresponding A,, in (1), and

i3
will remain untouched by the subroutine. Elements
A(I,J) N>I>J are used as working space.

IA st INTEGER giving the first dimension of A in the
statement which assigns space to A.

B a REAL array of at least N elements. The user must set

b(I). B is not overwritten by BQDMA.
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ALAGZ:  This subroutine evaluates the augmented function comprised of
the original objective function and penalty terms that is to be optimized.
SUBROUTINE ALAGZ (N, X, PHI, GPHI)
N and X as previously defined.
PHI is the value of the augmented function evaluated at X,
GPHI ds the gradient of the augmented function evaluated at X.
BQDMA: The purpose of BQDMA is to find the values that minimize a
quadratic of n variables subject to upper and lower bounds on some or
all of the variables.
The quadratic is defined by
Q) = 1/2 x° Ax - %
Subject to:

BL, < X,

L L BU

L5 L= 1,...,N

i
SUBROUTINE BQDMA (N, A,IA,B,BL,BU,X,Q,LT,K,G)
N an INTEGER which must be set by the user to the number
of variables.
A a REAL, two dimensional array, each dimensilon at least
N: the elements in the upper triangle A(I,J) I<J<N must

be set by the user to the corresponding A,, in (1), and

ij
will remain untouched by the subroutine. Elements
A(L,J) N>I>J are used as working space.

IA an INTEGER giving the first dimension of A in the
statement which assigns space to A,

B a REAL array of at least N elements. The user must set

B(I). B is not overwritten by BQDMA.
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BL

BU

X

LT

whe &

a REA? array of at l.ast N elements. The user must
set LL(I) to the lower bound on the *th variable.

If the bound is non-existent, set it to a very small
number like ~1E75. BL is not overwritten by BQDMA.
a REAL array of at least N elements. The user must
set BU(I) to the upper bound on the ICh variable.

If the bound is non-~existent, set it to a very large
number. BU is not overwritten by BQDMA.

a REAL array of at least N clements. BQDMA returns
the solution in X(I).

a REAL variable in which BQDMA returns the solution
value of the quadratic.

an INTEGER array of at least N elements, set by
BQDMA to a permutation of the integers 1,2,...,N
(see K and G below)

an INTEGER set by BQDMA to the number of free

variables at the solution (those not on their bounds).

These are the variables LT(1), LT(2),...,LT(K).

a REAL array of at least 3N elements. G(1l),....,G(N)

are set by BQDMA to the gradient evaluated at the
solution point. G is indirectly addressed so that
G(I) contains the gradient with respect ot the LT(I)

variable, whence G(1),...,G(K) will be found Lo be

zero, G(N +1),...,G(3*N) are used by BQDMA as working

space.
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2.

MULDA 1s a subroutine for use in problems which involve the
addition or subtraction of rank one matrices o gg? to positive
definite or semi~definite symmetric matrices A stored in factored
form A = LDLT, such that the resulting N xN matrix

A=A + 02z t
is also known to be positive definite or semi-definite. Note that L 4is

lower triangular with 244 =1, and D is diagonal with di > 0,
SUBROUTINE MULDA (A, N, &, . ¥, 1R, MK , EPS)

A A REAL one dimensional array of N&(N+1)/2 clements
in which the matrix AELDLT must be gilven in factored
form. The order in which elemunts of 1. and D axe

s ' 0 9
stored b dl’kz:l.,&:}l’...’NNl,dz,”Bz""’R'NZ’.‘. o0

d dN' The factors of the matrix

N~l’2N,N—l’

X = A+ g ngm will overwrite those of A on exit.

N An INTEGER (N>1) which must be set to the dimension
of the problem.

Z A REAL one dimensional array of N elements in which
the vector z must be set. The arxray Z is overwritten
by the routine,

SIG A REAL variable in which the scalar ¢ must be set.
SIG is not restricted to +., but if SIG<0 then it
must be known from other considerativi. Lt A is

positive definite or semi~definite, apart from the

effects of round-off error.

48~
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W

IR

MK

EPS

o :/& ik & e 0

A REAL array of N eliuents, If SIG>0 then W is

not used, and the name of any one dimensional array

can be inserted in the calling sequence. If

SIG>0 then W s used as work space, In addition for
SIG>0 it may be possible to save time by setting in

W the vector v defined by Lvez, The ways in which

this can occur are described under MK below.

An INTEGER to be se. that |IR| 4s the wank of A.

If the rank of R is oxpected to be different from that
of A, set TR<0. On exit from MULDA, IR(>0) will
contain the rank of R.

An INTEGER to be set only when SIG<0, as follows.

If the vector v defined by Lvez has not been calculated
previously, set MK=0. If MULDA has been used previously
to caleulate A 7z, then ¥ 4s a by-product of this
caleulation and is stored in the W parameter of MULDE.
In this case transfer v to the W parameter of MULDA

and set MK=1l. If z has been calculated as z = Au for
some arbitrary vector u using MULDD, then agailn v is

a by-product of the calculation and is available in the
W parameter of MULDD. In this case (or any other in
which Vv is known) set Vv in the W parameter of MULDA

and set MK=2,

A REAL variable to be set only when SIG<0 and ;_is

expected to have the same rank as A. In certain ill-

49—




TR S,

S TR e T e T e T

e B R T

conditioned cases a wm=zero dlagonal clement

of 5 might become so small as to be indeterminate.
Two courses of action are possible. One i3 to
introduce a small perturbation in order that R

keeps the same rank as A, This 1s the normal course
of action and is achieved by setting EPS equal to
the relative machine preeigion €. The other course
of action is to let the rank of R be one less than
the rank of A, This is achieved by setting EPS

equal zero.

MULDB - factorizes a positive definite symmetrie matrix given in

A. This matrix is then used in MULDA.

SUBROUTINE MULDB (A, N, TR)

A

N

IR

o R o s o

Must contain the elements of A in the order

,a

B SR I R s R e Y R S R V1

that is as successive columns of its lower triangle).
One exit A will be overwritten by the factors L and D
in the form described in MULDA,

Order of the matrix A,

An INTEGER set by MULDB to the rank of the factori-
zation. If the factorization has been performed
successfully IR=N will be set. If IR<N then the
factorization has failled because A is not positive

definite (possibly due to round-off error). In this

cage the factors of a positive semi-definite matrix

~50-
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of rank IR will be feund in A. However the

MULDE

A

N

W

IR

FUNCT

N

X

e C "
S Bherili - R X S

given that the gradient vector can be calculated,

results of this caleulation are unpredictable,
and MULDB should not be used in an attempt to

factorize positive semi-definite matrices.

calculates the vector z% = A'l‘Z where A 45 Iin factored form

SUBROUTINE MULDE (A, N, Z, W, IR)

Must be set in factored form.

Order of the matrix A,

A REAL array of N clements to be set to the vector Z.

=

On exit Z contains the vector z% = A — z.
A REAL array of N elements which is set by MULDE
to be vector v defined by Lvez. If this vector is
not of interest, replace W by Z in the calling

sequence to obviate the nced to supply extra storage.

An INTEGER which must be set to the rank of A.

ONTWA finds the minimum of a function F(;bof several variables

This routine is based

upun a quasi-Newton method described by Fletcher in (F8).
SUBROUTINE QNWTA (FUNCT, N, X, F, G, H, W, DFN, EPS, MODE, MAXFN,

TIPRINT, IEXIT)

An IDENTIFIER of the users subroutine.

An Integer to be set to the number of variables (N > 2).
A REAL ARRAY of N elements in which the current estimate

of solution i1s stored. An inditial approximation

~51—
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¥

H

W

DFN

must be set in X on entry to ONWTA and the best
estimate obtained will be returned on exit.

A REAL number in which the best value of F(x)
corresponding to X above will be returned.

A REAL ARRAY of N eclements in which the gradient
vector correapnviiong to X above will be returned.
Notota be set on entry,

A REAL ARRAY of N#(N+1)/2 elements in which an
estimate of the hessian matrix is stored. The
matrix is represented in the product form LDL
where L is a lower triangular matrix with unit
diagonals and D is a diagonal matrix. The lower
triangle of L is stored by columns in H excepting
that the unit diagonal clements are replaced by
the corresponding elements of D. The setting of

H on entry is controlled by the parameter MODE,

A REAL ARRAY of 3%N clements used as working space,
A REAL number which must be set so as to give QNWTA
an estimate of the likely reduction to be obtained in
F (x). DFN is used only on the first iteration so
an order of magnitude estimate will suffice. The
information can be provided in different ways
dgpendiug upon the sign of DFN which should be set

in one of the following ways:
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EPS

MODE
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T e

DFN>Q the se!ting of DFN itself will Lo
taken as the likely reduction to bLe
obtained in F(?),

DFN=0 4t will be assumed thot an estimate of
the minimum value of F(¥) has been sect
in argument F, and the likely reduction
in F(g) will be computed accoxding to
the initial function value.

DFN<O a multiple |DFN| of the modulus of the
initlal function value will be taken as
an estimate of the likely reductdion,

A REAL ARRAY of N elements to be scet on encry to

the accuracy required in each element of X.

An INTEGER which controls the setting of the initial
estimate of the hessian matrix in the parametey H.
The following settings of MODE are permitted.

MODE=1 An estimate corresponding to a unit
matrix is set.in H by QNWTA.

MODE=2 QNWTA assumes that the hessilan matrix
itself has been set in H by columns of
its lower triangle, and the conversion
to LDLT form is carried out by QNWTA.
The hessian matrix must be positive definite.

MODE=3 QNWTA assumes that the hessian matrix has

been set in H in product form. This is

-53—
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MAXEN

IMPRINT

IEXIT

I TP

convenioent when using the H matrix
from one problem as an initial
estimate for another, in which case
the contents of H are passed on
unchanged.
An INTEGER set to the maximum number of calls of
FUNCT permitted.
An INTEGER controlling printing. Printing occurs
every |IPRINT| iterations and also on exit, in the form
Iteration No, No of calls of FUNCT, IEXIT (on
exit only).
Function value
X)) ,X2), ..., XN 8 to a line
G(L),G(2),...,G(N) 8 to a line
The values of X and G can be suppressed on inter-
mediate iteratior:» Ly setting TPRINT<O., All
intermediate printing can be suppressed by setting
IPRINT=MAXFN-+L1., All printing can be suppressed by
setting TPRINT=0.
An INTEGER giving the reason for exit from QNWTA.
This will be set by QNWTA as follows:
IEXIT=0 (MODE=2 only). The estimate of the
hessian matrix is not positive definite.
IEXIT=1 The normal exit in which |DX(1)|<EPS(I)
for all I=1,2,...N, where DX(I) is the

change in X on an iterationm.
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Z IEXIT=2 GTngu. Not pussible without rounding
? error., Probable cause is that EPS is |
; set too small for computer word length.
f IEXIT=3 FUNCT called MAXFN times.
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APPENDIX D

COMPUTATIONAL RESULTS TFOR ALAGL ALGORTTHM

56~

)

e A i o s i .




T T

fd e

COMPUTATIUNAL RESULTS FOR ALAGL OPT'IZATION ALGORITHM

NII = 0.15270

MBSERE  lareival  oepareure | 727737 | Tengch amber | oy | vighe

] X X 2 x
3 * X 3 X

1 X X 3 x
10 X % 3 X

5 X 3 X
2 X 5 X

4 X X 7

1Z X X 7 X

1 X X 7 X
1 X 9 X

1 X 9 X
4 X X 9 X

], X X 9 X
1 X % ] 2 X
4 X 2 3 X

{0 X 2 3 X

1 X X 2 3 X
2 X % | 5 | %

Z X X ! 7 X

13 X X | 2 7 X

1 X x | 3 A X

2 X | X 1 9 X

5 X X 2 9 | X

;
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Sensitivity Analyses For Example Alrport
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The mathematical model employed 'or nearly all the sensitivity analyses

is presented below. The only result: that were not derived through the use

of this model are those in Tables EL( and Ell. These results are for a
"minimax" objective function described in section four.
The mathematical model for this second example problem is
31

minimize Aﬁl (PA/P)(lO)(loglo(SA) - 1) (E.1)

subject to:

NI
B P Rt Xy 23 (£.2)
NI

S Gon ¥ o) 23 (E.3)

A
—

L Basnn * Xygep F Xyg0) 2?2 (E.4)
|
NI }
o Ki410 * X6+ X)) 26 (E.5)
e
NI |
S‘ » r D ;
L Raaan F Ryasy t Xgppy * Xyppy) 211 (E.6) .}
1
|
NI |
B Rz T Xiasy F Rt Xia71) 5 s (E.7) ;
NI |
I Kyye1 + Xip99) > 2 (E.8)
i=1
NT
I Ciagy ¥ Xig01) 24 (£.9)
-59—
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PN W

NI

X + % )

oy 13817 1301

NI
bX
o1 Kyago T ¥yogy ¥ Kyggo + X

NI

X + X )
qemp 1182 1192

NI

121 (g9 * Ygop  Yya)

Niar * Yys1 Y01

Eo (g + Yigp)

S“ L k4
SR FEP IR FPTILIR FPYY

(ygo + Yigo)

DR R E)

EoYay1

1272
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(E.10)

(B.11)

(E.12)

(E,13)

(E.14)

(E.15)

(E.16)

(E.17)

(E.18)

(E.19)

(E.20)
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T e T

NJ
Y,
IS
NK NJ
¥t
k=l jel
NK NJ
Pl
=1 j=1
NK NJ
DI
kel 3=l

NK  NJ
‘l

b ¥
k=1 j=1
NI

Y
g=1 HE

Xokj1

fors1

Sky2

s
i=1 k=l

g =

Xikie = P4y

3

HES
wy
| g

! Pss
e

1’ .ll’ N;J;

1, ..., NJ

(E.21)

(£.22)

(E.23)

(E.24)

1. 25)

(E,26)

Table E1 details the sensitivity analyses conducted for the application

airport whose mathematical model was just presented,
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Right Hand
Side of Constraint

E2
E3
E4
BES
E6
&7

£9

BLO
Tll
E12
El3
Bl4
E1l5
E16
E17
AR
B9
B20
E21
22
E23
524
125
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TAB] .. Fl

Pemand Viriations

Case 1

5%
5%
3%
10%
16%
8%
3%
G
5%

36%
24%
5

20%
48

18%
bty

% Designate changed values,

Case 2

s
gwbmw}—-c\rot.»:;w
=
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o~
*

14

Q%

4%
11
28

%

10%
32

6%
4%
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TABLE 2

COMPUTATTONAL RESULTS FOR DEMAND INCASE FOR DAY FLIGHTS

NIT = 0,15026
Number of Aircraft | Stage Track | Time  Poried
Operations Areival Departure | 727 737 | Length |Number | Day Night
i1 X X ) X ]
5 X 9 = ’
25 X X 3 |W®
Z4- X 4 | %
! x X 3 P
1 = X 9 ><
1 X s 3
5 X X 1 2 X
3 X X 1 d X
3 X 2 2 bl
A ® X 2 9 X
/0 X K 1 4 X
2 X X 2 3 X
/6 X X 2 4 X
+ 3 k X 3 3 N
8 X X | 3 4 %
) X X 3 9 x
1 X, X 1 9 Y,
i - X X |z | 4 %
‘s .
—-63~
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The various cases correspond to the :llowing variations,

Case 1 -~ Demand increase for slay flights

Case 2 = " " "night "

Case 3 ~ Uniform decrecase in demand

Case 4 = All flights arc conducted during the day

The computational results are compiled in Tables E2 through E5.

Another type of sensitivity analysis conducted for the given application
was variations in the type of aircraft employed for all operations. The

speclfic cases considercd were:

Cave 5 - all operations were by 737 afrcraft

Case 6 - " " teen oo " with SAM
Caﬁe 7 - " " 1] 1] 727 1! .

Case 8 - " " " " " " with SAM

Tables E6 through E9 provide the corresponding computational results.

Table E10 describes the results obtained when the objective function
was changed from the one originally given in equation (E1l) to that of mindi-
mizing the maximum (minimax) annoyance for the various population segments
considered. The use of such an objective formulation should result in a
dispersion of annoyance more uniformly to the population areas surrounding
the airport. The solution of a population weighted NEF minimax objective

functdon is given in Table Ell,
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TABL L3
COMPUTATTONAL RESULTS FOR DEMAND INC :ASE FOR NIGHT FLIGHTS
NII = 0.17961
Number of Airerafe Stage |Track Time Period
Operations Arrival Departure | 727 | 737 | Lenpth Number | Day Night
'y X X 3 ™
15 X 3 x
9 X 3 X
13 X X +
! X X T
3 X X 2
3 X X 2 X
| X X 2 X
3 X X 1 | 3 | *
3 X X Z 3 %
/4 X X 3 3 X
6 X X ] 4 X
10 X X 2 4 X
5 X X | 3 4 | X
. 4 X X | 2 4 X
1 % 2 6 | x
- X 2 8 | X ’
3 X, 2 9 X
3 . % v | 3 o | x
‘ 4 X | 9 X
¥ '3 * ‘
LI R
65~
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TABL

B4

COMPUTATIONAL RESULTS FOR UNIFORM DE: “EASE IN DEMAND

NII » 0,11016

Number uof Alreraft Stage |[Traek Time |, Period
Uperations Arrival Departure | 727 | 737 | Length |Number [ Day Night
Z X X 3 X
2 X X 9 X
N /2 x X 3 © X
2 X X 4 X
/ X X g X
5 X X 3
1 X X 1 9 X
3 X X i 9 X
Z X X 1 3 | x
4 X X 1 4 X
? X X 2 3 x
9 X X Vi 4 X
] X X 3 3 X
4 X X 3 4 X
-2 X X 3 9 X
1 X X 1 9 X
S X X 2 4. X
, H .
v
~66-
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NII = 0.0816

TAB' " E5
COMPUTATIONAL RESULTS FOR ALL DAY FL'©HTS

Number of Alrcrafte Stage [Track Time | Period
Operations Arrival Departurxe | 727 737 | Length [Number | Day Night
6 - X 3 | x
! X X 7 X
4- X X 9 ' X
22 X X 3 X
13 X X 4 x
3 N X 1 9 X
1 X . X 7 A X
1 E X Z 8 X
3 \ x X 2 9 | X
3 X X 1 3 X
¢ x 1 4 | x
3 X 2 3 X
11 X X 7 4 X
2 X X 3 3 X
5 X ¥ 3 4 X
3 X X 3 9 X
* -~
. . ¢
.
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COMPUTATTONAL RI**

* FOR ALAG 1 OP' ¢{MIZATION ALGORITHM

NII =
Number of Aircraft Stage |Track Time  Period
Operations Arrival Departure | 727 737 | Length [Number | Day Night

'

!

o d

s
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NII = 0.09863

TRy

TA LB E6
COMPUTATIONAL RESULTS FOR ALL 737 AL “RATT

5}@?3&3& Arrival Deoparture t;é;‘crﬂ'f;g? . ?ggih ;g\xx':rl\lil:x 'Il;ia[)‘;c ) gi:}li\?.d
20 X al 2 | x L1 |
1 X X 2 X
7 X X 3 X
{4 X X 7 |
3 X X 9
1 X x % X é
3 X X 19 1 X
3 X X | 2 1 X
2 X X | 3 1 X "
6 X X | 4 X
1" X X 2 4. X
5 X X 1 4 X
| 1 X X | 2 4 X
Z X X { 9 X
4 X X 2 2 X
3 X X 3 9 X
1 X ¥ 1 9 X
[
- 69~
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TAB( & B7
COMPUTATTONAL RESULTS FOR ALL 737/8. "1 ATRCRAFT

L]

NII =0,09981

Number of Alrcraft Stage |Track Time . Period
Operations Arrival Departure | 727 | 737 | Lenpth [Number | Day Night
| 1 3 X X 2 X
20 X X 3 .
b X X 3 X
K3 X X 7 X
3 X X 9 X
1 X X ) | >
3 X X l 1 X
l 3 X X 2 1 X
; 2 X X 3 1 X
; pA X X 1 4 X
5 1 X TEEERE
5 X X 3 4 X
' 1 X 2 | 4 X
, 1 2 X X 1 v,
E 4- X X 2 9 X
3 X X 3 g X
1 e X 1 ) X
!
}
)
i ~70-




TABL' E8

«  COMPUTATTIONAL RESULTS FOR ALL 727 AT URAFT

NIT = 0.22500

) Mumber of Adreraft | Stage |[Track | Time . Period
" Operations Arrival Depaxture | 727 | 737 | Lenpth [Number | Day Night
: 11 x X z .
>' 8 X X 3 % i
. S X X 3 X |
: 9 X X 4 X
5 X X 7 X
f 3 X X 9 X
:' A X X ) X
3 E | 1| x
: 5 X X y4 1 X ;
;? A X X { 4- X
16 X X 7 4 b é
1 X X 2 4- X 1
' 2 X X 1 v, X
7 X X Z ) X
1 X X 1 9 X
:
)
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E9

COMPUTATIONAL RESULTS FOR ALL 727/SA’' AIRCRAFT

NII = 0.17922

lNumbor of Alrcraft Stage |Track Time . Period
Operations Arrival Departure | 727 | 737 | Length [Number | Day Night
20 X X 1 X
8 * X 1 x
14 5 X 4 X
3 X X 9 X
1 x X 9 X
3 X X 1 1 X
3 X X 2 1 X
7 X X 3 1 X
b X X 1 4 X
11 X X Z 4 X
5 X X 3 4 P
1 X X 2 4 X
2 X X 1 9
4 X X 2 9 X
3 X X 3 9 x
1 X X 1 9 X
J
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TAB " E1O

COMPUTATIONAL RESULTS FOR MINIMIZE M IMUM ANNOYANCE

e dede £

NITI = 0.15908
Number of Adrcraft Stage |Track Time Period
Operationsg Arrival Departure { 727 737 Length [Number | Day Night
9 X X 2z x
11 X X 3 X
3 X X 3 X
6 X X 3
] X X 6 X
13 X X 7 X
3 X X 9
1 X X 9 X
3 x| x TRERRE
3 X 2 1 X
2 X x 3 3 X
1 X X L 4 X .‘
5 X 1 4 x
11 X X 2 4
5 X X 3 4 X
1 X X 2 4 X
N X % | 9 X
4 X . ' f 2 N, ‘
3 . X P 3 2 X
1 X X 1 9 X
.
~7%=
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TAB' ¢ E1Ll |

Area  Original Objective Fraction Minimax Objective Function
NI1 Contribution NEF NII Contribution NEF
9 9
x10” x 10° |
1 049 8,57 - -
2 .176 11.41 ,295 14 .86
3 .137 10,07 G676 21,16
4 438 15.82 . 567 17,63
5 . 738 23,99 .890 25,061 :
) 1.038 27.05 1,071 27.33
7 145 20,60 498 31.30 1
8 032 12,43 .084 19,25 |
9 .019 4,87 L0061 12,20 ;
10 L7053 19.36 1.062 22,48
11 L5381 20,90 1.004 25.28 k
12 161 20.14 2063 23.98
13 300 31.66 374 33.98
14 362 23.75 147 16.94
15 L 352 17.16 670 21.91
16 378 18.50 697 23,14
17 926 18.98 1.723 2,76
18 , 338 23,58 .527 Luad
19 . 140 39.19 172 41,91
20 - - - - |
21 . 542 24.40 .823 28.04 -
22 1.140 23.62 1.371 25.14 3
23 807 26.67 .520 22,42
24 1.332 35,91 .836 31.18 |
25 416 28,40 209 22,54 j
20 - - - - |
27 - - - - |
28 277 14.24 592 19.59 ?
2 .169 12.92 379 18.52 i
30 L167 22,04 .119 19.49 ;
31 1.054 33.79 .305 22.41 %
|
-2 2 |
NIT  Tot  w 12,979x10 15.968 x 10
76~
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TAB . E12
COMPUTATIONAL RESULTS FOR FUEL MINI'*'ZATION

NIT = 0,17088

Number of Alvceraft Stage |Track Time . Period
Operations Arrival Departure | 727 737 Lenpth {Number | Day Night
2 X X / v ]
7 X X / X
3 bt X / X
| X X 2 P
4 X % 7 x
| | X 2. P
| X X 3 K
| b4 X Ry X
3 X X 5 X
3 X X A X
5 » X 9
| X X g X
/l X X 9 X
3 X X g X
[
~75-
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TABLE E12

“aontinued)

COMPUTATIONAL RESULTS FOR FUEL MINIM: JATION

NII = 0,17088

T .{m I O . P S

Number of Aircraft Stage |Track '"*EﬁIffff?E??Eﬁmm'
Operations JArrival Depavture | 727 | 737 | Leagth [Number | Doy Night
2 X X 1 1 X
l X 2 f X
3 x Al 1 | x
7 X X 2 1 X
| | X X1 3 |1 |x
I X X 2. 4 X
! X X 72 7 | x
1 X X 1 7 | X
1 X X 2 T | x i
1 X X | .3 7 | x
3 X X 8 8 X N
3 X X |11 8 X
7 X X |2 2 X
5 X X |3 8 x
1 X X 8 X
1
|
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