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PREFACE

This report 1s one of a series describing the contractual
and in-house research program undertaken by tne Aerospace Medical
Research Laboratory under Project/Task 723104, Measurement of
Noise and Vibration Environments of Air Force Jperations, to
develop a procedure for predicting the community noise exposure
resulcing from aircraft operaticns. The companion reports are
listed as references 1, 2, 3, 4, and 5. The Air Force Weapons
Laboratory provided funding to support development of this program.

This report describes 4 computer program to calculate the
communlty nolse exposure as determined by the Noise Exposure
Forecast (NEF) methodolcgy. Studies by the United States Environ-
mental Protection.Agency have meanwhile led to the speciiication
of another community noise exposure measure: the Day/Night
Average Level (DNL). Since the two types of descriptors are
essentially similar, the computer program may be adapted to this
new unit when the need arises without the need to redevelop the
computational algorithms.

The author wilshes to acknowledge the assistance of Richard D.
Horonjeff in developing the mathematical model for flight opera-~
tions implemented in the program and in preparing Section IV of
this manual. R. Rao Kandukuri's help and perseverance in debugging
and checking out the program was 1lndespensible. Myles A. Simpson
provided valuable editorial comments from the point of view of a
user only moderately familiar with data processing.
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SECTION I

INTRODUCTION TO THE NEFUSAF PROGRAM

This manuel describes a set of FORTRAN programs which make up
the NEFUSAF pacikage. The purpose of this package 1s to calculate
Noise Exposure Forecast (NEF) values around military air bases.

The purpose of this manual is to teach the user how to use the
NEFUSAF package and how to avail himself of its manv features. The
programs were written in the FORTRAN IV language in conformity to
USAF Standard R&D-28-AFWL (AFWL Computer Programming Standards).
Further programmer oriented dccumentation as well as a technical
discussion of the Noise Exposure Forecast crncept and its computer
implementation may be found in the other vorumes of this technical
report.

It has been attempted to write this manual for a user with
a minimal knowledge of computing. In crder to successfully com-
municate the special considerations of output other than on the
line printer, more computer knowledge on the part of the user had
to be assumed in Section II than in the rest of the manual. In
order to make Figure II.1 accessible to users unschooled in
language theory, we have included a short discussion of BNF in
Section II.

Basic input to the prougram is via punched cards. All cards
have an alphabetic code in column:s 1-6. The code is always left-
Justified in this fileld. The possibility exists that all re-
quired data of a partlcular type does not fit onto one card. In
that case a nonblank character should be placed in the field of
columns 79-80, and one may continue on the next card. This con-
tinuation card 1s the only one which has no entry in its first 6
columns.

g —— L~ FIFETE S
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Input cards wihiich are recognizable by the program fall in
three categories. The first type of card regulates the operation
of the program and performsg on request certain control functions;
these are the control cards. There are two types of data cards,
sequence dependent and sequence independent. The sequence depen-
den cards describe the aircraft operations. Seguence dependency
as defined here implies that sequences of this type of card nmust
be in a particular order, irrespective of the presence of other
types of cards which may be interspersed. The seqnence indepen-
dent data cards contain noise and performance data of the air-
craft. They are sequence 1lndependent in that they can appear
anywhere without destroying the sequence of sequence-dependent’
cards in between which they are inserted. There is, of course,
still a logical sequence dependence for these cards, since the

information on them must be available to the computer at the time
it 1s needed.

Since the input to the program 1s very complex and the exe-
cution of the program qulte time consuming, the program may be run
in two modes at the option of the user. He may use the program
to check his data deck without performing any calculations, or he
may execute the program to obtain NEF values. These two modes
are called '"noproc' and 'proces' throughout this manual. The names
of the mode being identical with the 6-letter keyword which appears
in the control card setting the mode. If no specific mode is
given, the program assumes 'nooroc' and screens data :Jor errors
only.

The program goes through three phases during a »un. The first
phase 13 the 1nitialization. During this phase the program will
perform certaln initlalization functions such as generating a data
base of noise and performance data, ete. The user may build his
data base during this phase and set certain options. Since no
caleculations are performed, only sequence-independent data cards
and control cards not dealing with grid manipulations are allowed.
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During the second phase, the program will process data cards in
either 'noproc' or 'proces' mode until it encounters an END card.
The END card signals the end of the data input and calls certain
"cleanup" routines befcre stopping the program execution. During
this phase, files which are open are closed, end of information

records written where aporopriate, etec.

The program calculates NEF values at selected ground observer
locations. These ground observer positions are located on a square
grid with a 1000-foot spacing between nearest neighbors. These
NEF values can be obtained from the computer in printed form, in
binary form, or compatible with the California Computer Products,
Inc. (CALCOMP) GPCP contouring program. Section VII of this manual
is devoted to the interface between NEFUSAF and GPCP, hut for
a full dfscussion of the capabilities of the contouring program,
one should consult the appropriate CALCOMP manuals. The bilnary
output 1s only of use to the NEFUSAF program itself when one wants
to preserve a particular grid configuration for later use during
the run. The printed listing is in the form of a map to the scale

of 1:24000 (1" = 2000') and may be printed with or without suppres-
sion of empty grid points.

In what 1s to follow, we will present a more detalled dis-
cussion of the output of NEFUSAF followed by a discussion of the
three types of input data. In the discussion of input cards, we will
present 1n the text each card with a typical card 1image followed
by its -zorresvonding line printer message. A final section deals
with restarting a run which has for one reason or another failed.
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SECTION II

QUTPUT, INPUT AND MODE

1. DATA ORGANIZATION

Data can be entered in the program in two ways: cards and
binary tapes. Information can be output as blnary tape, printed
grids or GPCP-compatible filles.

The binary tape storage 1s semli-permanent, iIn the sense that
it can be kept for later use even 1f 1in a different run. It
s of limited usefulness, however, and it 1s primarily intended
as Intermediate storage of results. A binary dump of a grid is
also provided when an error 1is encountered by the program. In
that case the blnary flle can be used to restart the program at
a later time when the error nas been corrected.

The printed grid 1= a listing of NEF values at all grid points.
It may be kert for reference with plotted grids or it may be used
to hand-plot NEF contours. The "normal" output of the prozram
would be the GPCP-compatible output. This rutput consists of a
formatted tape (unit 11) and a set of punched cards (unit 8).

The input prepared by the user 1s on cards. These are in
the form of data cards and control cards. All cards have a 6
character alphabetic keyword. Continuation cards have a blank
keyword and a non-blank character must be present in column 79
or 80 of the card preceding it. Only the combliiation of such a
continuation symbol and a blank keyword is recognized as a valid
continuation.
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Input cards can be separated in 3 types:

1. Seqguence independent control cards
2. Jey uence independent data cards
3. Sequence dependent cards

This section 1s concerned with the most hasic cuntrol functions:
how to obtain the printed output and set the proegram mode. A
general discussion of card sequences is also given. For didactic
purposes it 1s advantageocus to discuss the output before the
input and then present the remaining control functions. The rea-
son 1is that the engineer ususally has a clear idea of what kind
of output 1s desirable. Once the output opbtions and their use
are explained the input funetions follow quite naturally. Starting
with the input, although at first sight‘the logical approach, tends
to be confusing rather than helpful.

Control cards associated with data input and some further
functions are described in Section III. Sequence independent
data are discussed in Section IV, while sequence dependent data
cards are discussed in Secticn V where they are npresented in an
example of an alr base. The sequence dependence is developed as
a corollary of the normal description of air base operations.

The section "Input" of this section gives a formal definition of
the allowable card sequences.

Data cards communicating roise and performance data as well
as navigational data are acceptable at any time and are sequence
independent in the sense that their presence does not affect the
sequence prescribed for sequence dependent cards. The user should
be aware that sequence dependency in this manual refers solely to
whether a card of one kind may follow a card of another type. It
does not refer to the requirement that all necessary data must be
entered before it is called upon during calculations.
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2. FILES USED BY NEFUSAF

A word should be said about file assignments. The program
reads cards from unit 5. Unit 6 is assumed to be a printer and
contains a listing of all cards encountered as well as other mes-

sages. This file is called the "Chronicle" and 1s discussed be-
low.

Unit 8 is assumed to be a card punch and is reserved for the
GPCP interface. Tape unit 11 ccntains GPCP data and 1s part of the
GPCP interface. During a GPCP run the GPCP program will assume
that the data written by NEFUSAF on tape unit 11 1s again on tape
11. This enables one to combine a NEFUSAF and a GPCP run in the
same Job when the standard (positive) options are specified (see
Section VII). The nonstandard plotting options (more than 3
cards punched) cannot be run in the same job!

Files avallable to the user for additional printouts or binary
storage are in the range 12-99. Not more than 10 units can be
used during a run. The program will no‘ permit binary and for-
matted dumps tc take place on the same logical unit number. Since
it serves no purpose and makes tapes unreadable within the sccpe

of the FORTRaAN language, one should not attempt to circumvent this
protection feature.

Although as 1s explained later, binary files should never
be equivalenced to each other, all printed dumps may be written
on the same printer. Since the program prints a separator iden-
tifying each printout by unit number and dump number, one can
always find the correct dump back. This printer shoulda be logil-
cally different from the printer used for the Chronicle to pre-
serve the integrity of the Chronicle.

The logical units which must be assigned as 2 minimum during
the running of NEFUSAF are 3, 4, 5, 6.% If a PLOT card appears

¥For certain types of run, unit 4 may not be required. See Section
II1.3.d.
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anywhere in the deck, units 8 and 11 should also be assigned. If
a PROCES card appears, unit 10 shouli be assigned and all units

{ referred to on NEFUSAF 1/0 control cards. Tabie II.1 shows the
function of all external files.

TABLE II.1l

EXTERNAL FILES REFERENCED BY NEFUSAF

- Unit Purpose Device Mode When Needed
f 3 Scratch Space Disk Binary Always
y Data Base Disk Binary Always except if

NODATA card is
present during

initialization
f 5 Control Card Input Ca:d Rezder BCD Always
N
; 6 Diagnostics Printer BCD Always
("Chronicle™)
;
3 3 GPCP Control Cards Card Punch BCD If PLOT card is
] present
10 De fault Binary Tape Binary If PROCES card
F
1 Dump is present
3 11 GPCP Data Cards Tape o7 BCD If PLOT card 1is
Punch present
A 12-99 User asslgnable Tape Binary 1If used during
é Printer BCD 'proces' mode
7 .
:
. i
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3. OUTPUT ON UNIT 6: "CHRONICLE"

E This unit contains a listing of messages indicating what hap-
pened to the data as the data cards were read in. This listing

{ also contains any diagnostics which the program may have occasion
to generate; as such the name Chronicle 1s appropriate.

: The Chrornicle file 1is formatted to print 84 columns wide

which includes a margin of 10 columns. The reason for this 1is two-
fold: (1) the messages generated do not require the full width

of "standard" 14 inch paner; (2) since the Chronicle will, most
likely, be kept in the user's flle of the pvarticular airbase, a
printout the same size as all cther documents will be easier to
file 1In the same place.

The Chronicle contailns a running account of the processing

L taking place. There are several general types of entries which

are recorded 1In this file. A flrst use of the Chrecnicle is 12
listing of all control cards as they are encountered in the input.
This listing 1s generally not in card-image format. Rather, appro-
priate descriptive text is used to augment the data on the cards,

i making the entry more easlly readable and more meaningful in
checklng the content of the card. An entry in the Chronicle due

1 to reading a card is always preceded by the identifier "+++" in

i the margin.

; A further use of the Chronilicle ic to provide a place to re-
, cord certaln information generated during the course of the run.
There are essentiallyv three levels of Information. The first
level cor.ists of messages provided "for the record." If the

4 program, ‘or instance, calculates a new altiltude versus

distance curve during the course of the run, this new curve will
be entered in the Chronicle.
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The second level of information is provided by the WARNING

message. Warnings are signified by a message preceded by a

warnlng banner across the Chronicle page. A summary of warnings

1s printed at the end of the Chronicle 1lirting for each airfield.
A warning is issued at any time when the program detects the

exlistence of a condition where the probabllity of an error is con-

siderably greater than usual. 1li 1s also used to Inform the user

of the fact that the program has taken a different action than
the user had specified because a user command was invalid. The
first kind of warning 1is given, for examrle;, when the user changes
the location of a navigational wid; the second type of warning

would occur 1f the user should attempt a birnary dump on the line
printer.

The third level i1s the ERRui megsage. An error occurs when

the program detects a condition whieh will lead to erroneous re-

3ults or where further processing becomes impossible. Errors are

signified by a message preceded by 2an error banner across the

Chronicle page. A summary of errors i1s printed the end of the

Chronicle 1listing of each airfield. An error would be issued

when attempting to process data desecr.bhing runup operations without
speclfying where the runup pad is located. When

an error occurs,
the program switches to the NOGO mode.

and no further processing
talkes place for this airfield (see also Section II.T).

In subsequent sections we will present the NEFUSLF control
and data cards and their Chronicle entries. We willl present a
typical card for each type and follow 1t with the Chronilcle
entry which it produces. All dlagnostics which each card may
generate are also shown as part of the discussion. The Chronlcle
text for each diagnostic 1s shown ia this manual in the same for-
mat as it appcars on the printer during a run, except that the
values of any alphanumeric field are iudicated by the star (%)
symbol if they are arbitrary.
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b, OUTPUT OF NEF VAILUES

gtk Ul it aliaen ol ks i Xl e e

After a (cumulative) grid has been computed we must be able
to get the data out of the machine. There are three basic ways

t to communicate the status of the grid to the outside world:

E
a. Printed Grid DMPGRD cr PRINT Control Card
bt Magnetic Tape (binary) DMPGRD Control Card
c, GPCP compatible PLOT Control Card

T

a. Printed Grid Dump
( DMPGR 1 I

Oper- | ynitt
otion

00 nnjon

KR RIRE R K KRR N R LEX LE TR (RRR R RN

|EERRRER! RRRERRRI RREREER (RERIIBERI B!
2222222222222 2§22222222§22222222§22222222|22222222)22222222§22222222§2222222 202222222 232 2

5 1 Siunyupsensyan; unnnnn THNUREN YRS NADUY
% 1

E +++ DUMP GRID TO UNIT 15 PRINTABLE SAVED DUMP *** ON UNIT 1S

One way to obtain a plcture of the status of the grid is to

get a printed listing. For a printed listing ths characters

; FRNT must appear in columns 71-74 of the DMPGRD card. The
' listing obtalned is 1n a very special format: rather than being

merely a listing of the numbers, the "print dump" can be made into
a map.

—

The spacing on the printer 1s such that tiie decimal points
[ of all numbers have 1/2-inch separation along the print line (for
0.1" character width), and a 1/2-inch separation is maintained
k between sucessive llnes (for 6 lines per inch printer spacing).
This corresponds therefore to a 1" = 2000' scale map of the grid.

The resulting printout allows 5 character. per grid point.
Fach page will contaln 25 points in the ¥-direction (across the
width of the page) and ¢0 in the Y-direction (down the length of
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the page). Tnis fits comfortably on standard 11 X 14 inch com-
puter paper. The printout 1is then such that a strip from the top
to the bottom of the grid 1is printed on five successlve pages;

this is followed by the next strip to the right, etec., (Figure
I1.1)

TR R TR R e T

E Page 1 Page 6 Page 11 Page 16

ro

Page

Page 3

FIGURE II.1 ORDER OF PAGES IN GRID DUMP

If reasonable care 1s exercised in splicing the printout

N together to keep the distance of the decimal points of rows and
; columns to a 1/2-inch between successive sheets, the resulting

; "digital map" may be used to plot NEF contours by hand. This
requines interpolation between neighboring points. In this way,
a first estimate can quite easily be obtained. More accurate
contouring can be done by hand, but this becomes quite rapidly
time consuming. For computer nlotting see Section VII, "Noise
Exposure Forecast Contours."

The printed grid is useful when there is interest in NEF
gradients on the ground or when one is interested in NEF values
Q at locations other than the contours which a computer may have
plotted. Another use is in planning studies where the influence
of a procedural change on the expcsure of a limlted area on the
ground 13 to be evaluated. In that case one can compare the
printout sheets obtained from several runs which contaln the aresas
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F of interest. Contours can then be machine plotted for only those

cases which seem most promising after a preliminary inspection of
the printed values.

sk

NOTE: Grid points for which no NEF value was computed will

ey

appear as =88 on the map when a DMPGRD card is used to
obtain a printed dump.

The UNIT field specifies the logical unit onto which the

‘ grid dump is written. It is the responsibility cf the user to

see to 1t that the logical unit selected is assipgned to a physical
device, and that it 1is capable of receiving the desired fcrm of
E output. Since the program is machine independent and written in

FORTKRAN IV, the program cannot check 1if a device has been assigned
to a loglcal unift.

i R s N i i B bt s R

Table 1I.2 shows which UNIT specifications are legal and
which fixups are taken if an illegal unit is specified.
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TABLE II.Z2

PRINTED GRID UNIT ASSIGNMENT

UNIT Dump Is Warning
Specified Written To Unit Issued
‘ank 6 NO
0 6 NO
1-5 6 YES
o# & NO
ifi= 1810 6 YES
12-99 as assigned*# NO

>99 6 YES

# Sirice Unit 6 is a file specially formatted
to 84 columns maximum width, a dump there
will be printed on 35 pages rather than on
20 pages of 125 columns. These pages are 15
grid values in X wide, except for the last 5
pages which contain only 10 columns.

#¥#For up to 10 16gical units referenced, the
program will maintain status information. If
the unit chosen was used previously for a bi-
nary dump, however, a WARNING i1s issued and
the dump is printed on Unit 6.

13
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An alternative way of producing a printed listing of NEF
valite 1s by l1lncsertlng a PRINT card.

(FETT | o
Oper-
ation | Unitf

ooooopooooooopoooOOOOpOOOOOOOpGODOOOOROOCO000POGOOS00NO0000000000Q0O00[I0

opne
NN NBURBRIUBEUNINKSRHIANP DRNUBBNAPNGAQBUH OGN HONI X INPRNN PN R usId s 2 yupsunnfnn
L IRR)

IRRR R AR R R R R R R R R R R R R R R IR RRR R RRRRRERIIRRRRRERI IRERIIRRRI IR
222222p22222 2R2222222R2222222R2222222R2222222022222222Q2222222Q2222222p222R 22222

0000
REXL
1in

+++ DUMP GRID TO UNIT 25 PRINTABLE SAVED DUMP *** ON UNIT 2S SPECIAL FORMAT

The PRINT card is used to produce printed grids the same way
a DMPGRD card with the PRNT optlon does, except that empty grid
points do not print as ~-88.0 but are suprressed entirely. Since
the format used to print thils map must be computed for each indi-
vidual 1line of print, this method is more tlme consuming than the
DMPGRD dump. The chronicle message for this type of dump has the
extra identification "SPECIAL FORMAT".

It 1s recommended that dumps be written on units other than
6 if a map is to be spliced together from a printout, slnce the
84 character width of the Chronicle causes 35 instead of 20 pages
to be printed. If the dump appears in the Chronicle, 1t will
follow Immediately after the message:
+++ DUMP GRID TO UNIT & PRINTABLE

or

+++ DUMP GRID TO UNIT & PRINTABLE THIS DUMP IS PRINTED IN SPECIAL FORMAT

14
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b. Magnetic Tape Dump (binary)

|

(OPQ'-_
atlon Unitf

==

00000j00000000/00000000§00000000CJ0000000000000000j00000000/00000000{00000300j000M0000{08
tiatshrssunnudnenunnnaisnanasmuununsngEdaauaspassn ey nnaeussueenhandsnn o
i 1 1

(AR R R R RN R AR IRRRR R R RRARR  RRRRRRR \REERRRRI\RRR 1RRRIIN
2222222222122 22222222222?222222222222222222222222221?2222222222222222?22 22227322

+++ DUMP GRID TO UNIT 1% SAVED DUMP *** ON UNIT 1%

2 v I P i
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If it is desirable to save the current status of the grid for
later use by the computer,

;v

it can be stored on an external medium
such as magnetilc tape or any other avallable serial storage medilum.

; Columns 71-74 of the DMPGPD card should be left blank. The Iinfor-

mation written on such an external medium 1s not useful for

pur- ]
poses other than use by NEFUSAF.

Again, the logical unit on which
[ one writes a dump must be assigned by the user to the desired de-
L vice and be capable of receiving binary data.
as follows:

Unit assignment 1s

TABLE II.3

BINARY DUMP UNIT ASSIGNMENT

[}

L UNIT Dump 1s Warning

E Specified Written to Unit Issued

Blank 10 NOC

1 1-9 10 YES

]

3 10 10 NO

L 11 10 YES
12-99 as assigned? NC

@ >99 10 YES

] *For the first 10 loglcal unlts referenced, the program

] will maintaln status informatlon. If the unit chosen was

used previously for a printed dump, however, a WARNING 1is

issued and the dump 1s written on logical unit 10.
15
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A binary dump 1s primarily useful wi.»n 1t 1s desirable to
preserve the current status of a grid for further processing at
a later time. This 1s further discussed in Sectic. TII.Z.

when the conlrol cards for this purpose have been introduced.

¢c. Messages

If a DMPGRD card references o flle which has not yet been
referenced, the program will print the messape:

PROGRAM CATALOGED FILE AND SAVED DUMP 1 ON UNIT ***

indicating that the flle status indicator has been set by the pro-

gram. In the 'nooroc' and 'nogo' mode, the word SAVED 1s re-

placed by RESERVED. A maximum of 10 external files may be refe-
renced by NEPUSAF. If more than 10 files are referenced, the mes-
sage:

FILE CATALOG FULL

1s printed. 1In that case a binary dump will cause an erior and

a duamp to unit 10, and a formatted dump 1s diverted tc¢ the Chronicle
after a warninsz.

Unit 10 serves NEFUSAF as a "safety device." If it 1is de-

sirable to preserve the status of the grid in blnary form and other

avenues are hnot clearly avallable to the program,

the program will
write to unit 10.

It is recommended that unit 10 always be as-

signed when the program is in the 'proces' mode since the

program will ¢n occasion initiate a dump to unit 10 "on its own."

The user may wiite on unit 10, but carnnot read this information

back during the gsame run in which it was wrilitten. This is done as

a protection since the dump number on unit 10 is nct a priori known.

16
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A dump initiated by & DMPGRD card with the unit field un-
specified will cause the dump to be written on unit 10. Dumps on
unit 10 cannot be read back during the same run that they were
written. If the user has no need for the information dumped durilng
the remainder of the job, the use of a blank DMPGRD card will avoid
using more tapes than strictly necessary.

From our previous discussion it is clear that there 1is a
fundamental difference between a binary and printed dump. 1In fact
the program will not allow the user to mix both types of output on
one logical unit. The program will keep a record of the first 10
legal logical units accessed. This record contains formatted/
binary status information, the current position of the tape (for
binary) and the total number of dumps on this logical unit. If
more than 10 units are referenred, this status record cannot be
kept and an error wlll result.

The two formats of writing data are incompatible. The com-
puter can read a binary tape, but formatted data cannot under any
circumstance be rezd. On some computer systems it 1s possible to
equivalence two logical units. This should never be done for any
binary files referenced by NEFUSAF. When a dump 1s written the
program maintains a count of the dumps to this unlit. It is
possible to access any one of these during a run provided it was
written on a legal unit (12-99). If, for instance, 6 dumps were
written onto tape 14, one may then proceed to read dump 4 and
after some further processing write a new dump on unit 14, What
happens in such a sequence of events? The program will rewind
the tape, space over the first 3 dumps and read the fourth one,
When a new dump 1is to be written, the progrom will space over the
next two dumps before writing. If unit 14 was equivalenced with
another unit, the dump counts in NEFUSAF would be erroneous. The
wrong file could have been read and information beyond the 6th

17
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3 physical dump would be overwritten. In any event the termination i
F' procedure will endfille and rewind each logical unit used for
i output. The already endfiled and rewound file would then be
E endfliled again at 1ts loadpoint and all informatlon lost.

NEFUSAF writes an encoded header on each dump taken. An

] end-of-information record 1s also present at the end of each

é binary file which was terminated by NEFUSAF. An attempt to mix

: binary and formatted data will therefore make the tape unreadsble
to NEFUSAF. Since NEFUSAF 1s written entirely in FORTRAN IV, the
3 resulting error message may be a system error rather than an
NEFUSAF message. The action will be dependent on the FORTRAN

implementation. NEFUSAF will, in the absence of any system error, .
print the message:

i ILLEGAL TAPE HEADER

followed by a dump of the information read by the program. The
unit will remain inaccessible for the remainder of the airfileld
conslidered. When a new alrfield 1s started, the flle status will
usually* be changed to "input only". Any attempt to get by the

bad header will, however, result 1n the 1llegal tape header error
L as before.

T

This message may also appear after a DMPGRD statement if the
unit to be wrltten on was previously used for input only.

¥If an 1llegal header appears 1in a file on which the program has

already written, the file remains blocked throughout the remainder
of the run.

18
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5. GPCP-COMPATIBLE OUTPUT

T T o I 7 r.t| I 7 r.u| L | 1
| ;
Mtscellaneous Parameters | ; :J
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Program NEFUSAF computes an array of NEF values. Contours of
equal NEF can be obtalned by interpolation between the values of
this grid. This may be done by hand but 1s more efficiently done
by computer. The program can prcduce ocutput in such a format
that CALCOMP's contouring program GPCP can read the data cards and

T Y TR T ST,

controcl cards required to produce contours through GPCP. The

process of generating contours with GPCP 1s fully discussed in
H
. Section VII.

The cutput from NEFUSAF which wlll later be used by GPCP will
1 mostly appear on logical unit 11 with some output on logical unit ;
E 8, which 1s assumed to be a card punch. The punched cards and the *
E tape from the device assigned to logical unit 11 should be kept

together since the combination of these is required for a success-

ful plot. Combining cards of one run with a tape from another run
may lead to serlous errors.

The file written on unit 11 is formatted to correspond with
the normal GPCP input format. Although each record is in card-
image format, it 1s recommended that this file be not punched in

A cards since each PLOT card may produce up to 11000 records on
1 unit 11.

Bl AL Bl L i,

Furthermore, the deck generated on the punch cannot simply be
combined with the tape 11 cards to produce a correct deck of input
cards for CPCP. The user wishing to use cards only, is advised to
study the CALCOMP manual to find out how the decks should be com-
bined and which cards should be repunched.

o

il b Sl R 0 o G35 el N el sl

19




X A

F LA S e e
P e ]

il SEL S

TR R

R TR i e FeTT = YT ST T bt Racare Loty 2o

6. INPUT

Input acceptable to NEFUSAF consists of sequences of punched
cards possibly complemented by one or more binary tapes. Since
the cards must somehow convey the complete picture of aircraft
operations at an air base, our first task i1s to develop the partl-
cular sequences of cards which will describe an air base.

In the normal course of computing NEF contours there are many
different types of information which must be entered. Clearly one
needs operational information and runway layout, but in addition many
other functions may be required. One can for instance, specify noise
and performance data, or the program may be directed to write a dump

or create a file of records from which one can plot a set of contours.

The data entered into the computer may convenlently be viewed
as statements in a language designed to describe air base operations.
This language 1s very concilse, and its syntax rules are very
rigorously defined, a feature it has in common with all computer
oriented languages. 7“he following section will develop the syntax
rules for this language by means of the normal techniques used in
language theory.

a. Backus-Naur Form

The concept of a language is useful: 1t implies that there
exist certain fixed syntz~iic rules which must be followed. Fur-
thermore, these syntactic rules can be quite succlnectly and unam-
biguously stated by the methods commonly used in the description
of formal languages. A language used to describe a language is
called a mecalanguage. In a Latin course for example, English
could be used as the metalanpguage in which to describe the Latin
language. It is not necessary that the metalanguage be different
from the language which 1t descrihes: the Romans taught their

PPPEIVE WP INCORLER SR oo
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children Latin using Latin as the metalanguage. A very sultable
metalanguage for our discussion here is what is commonly known as
"Bz~kus-Naur Form" (or BNF).

i
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A metavariable 1s designated by enclosing 1t 1n square brackets
"<" and "-" to distinguish it from a word of the language. (When
the metalanguage uses a different zlphabet than the language being
described,thils problem does not occur.) A metavariable 1s defined
by placing 1t to the left of the metalinguistic symbol "::=",
which has the meaning of "is defined as." The portion to the right
of the "::=" constitutes the definition of the metavariable being
defined. Every metavariable which occurs in the definition of
another metavariable, must in turn be defir 1. This process must
therefore be repeated until all me‘avariables can be described in ;
terms of terminal symbols elther by substitution or by deduction.

T AT T T
et et oot e, St

Each definition as described above is called a "rule" or
"production." A production may ccmprise any number of "alternates)"
; which are separated by "!" (which reads "OR"). Each alternate may
: have any number of "components" which can be metavariables or
: letters of the alphabet. The symbol "A", which reads "null," is
a valid one and denotes an empty component. A production may be
recursive, 1.e., the metavarlable being defined may appear 1in its
own definition. This paradox 1s resolved by the requirement that
any recursive definition shall have at least one alternate which
does not contailn the metavariabl: being defined.

A Tw.-—r T R T AT TP M
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With the rules set forth atove,one can now unambiguously
state which card sequences are syntactically correct in terms of

the NEFUSAF language. The productions defined for the language
are given in Figure II.2.

o

One must not confuse syntactic and grammatical correctness !
with the correctness of the statement itself. It i1s always pos- :
b sible to write grammatically correct nonsense. The NEFUSAF
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<NEFUSAF-PKG> ::= <GENERAL-PKG>|<VALID-PKG>|<NEFUSAP-PKG><GENERAL-PKG>|
<NEFYSAF-PKG><VALID-PKG>

<VALID-PKG> i:= <AIRFLD><EXEC=-PKG>
<EXEC-PKG> fim <EXEC-COMMAND>|<EXEC-PKG><EXEC-COMMAND>

<EXEC-COMMAND>::= <GRID-PKG>|<RUN-PKG>|<PLIGHT-PXC>|<SID-PKG>|
<GENERAL-PXG>

<GENERAL-PKG> ::= <INTLZE-PKG>|<GENERAL-COMMANDS>|
<GENERAL-PKG><INTLZE-PKG>|
<GENERAL-PKG><GFNERAL-COMMANDS>

<GENERAL-COMMANOS> ::= <GENERAL-UCOMMAND>|<GENERAL-COMMAND><GENERAL-COMMANDS>

<GENERAL-COMMAND> ::= <UNITS>|<PROCES>|<RESET>|<NOPROC> |
<WIDTH>| <NODATA>|<END>

<INTLZE-PKG> ::= <INTLZE-BRAN€H>|<INTLZE-PKG><INTLZE-5RANCH;
<INTLZE-BRANCH> ::= <PROFILE-PKG>|<RUN-COMMANDS>|<SIDS>
<PROFILE-PKG> ::= <PROFILE>|<PROFILE-PKG><PROFILE>

<PROFILE> ;2= <ALTUDE>|<DEPNL>|<EPNDB>|<LALTUD>|<LDEPNL>|
<LEPNDR>{<XALTUD>|<XDEPNL>|<XEPNDE>

<RUN-PKG> Iim <RUN-COMMANDS>}<RUN-COMMANDS><RUNUP>|
<RUN-PXG><RUN-COMMANDS>| <RUN-PKG><RUNUP>

<RUN-COMMANDS>: := <RUN-COMMAND>|<RUN-COMMANDS><RUN-COMMAND>

<RUN-CCMMAND> ::= <RNPPAD>|<RUDSCR>|<PNLT>|<XRUDSC>|<LRUDSC>|
<XPNLT>[<LPNLI>|A

<FLIGHT-PKG> ::= <RWY-FTK>|<RWY-FTR><FLIGHTS>|
<FLIGHT-PKG><RWY-FTK>|<FLIGHT-PKG><FLIGHTS>

<PLIGHTS> s:= <FLIGHT>|<FLIGHTS><FLIGHT>

<RWY-FTK> rr= CRUNWAY>| <RUNWAY><FLTTRY>| <RWY-FTK><RUNWAY>|
<RWY-FTK><FLTTRK: | A

<GRID=-PKG> Jim <GHID-COMMAHDS>|<GRID-PKG>iGRID-COMMANDS>

<GRID-COMMANDS> ::= <ADDGRD>|<CLRGRD>|<OMPGRD>|<LODGRD> |
<PLOT> | <PRINT>

<5ID-PKG> ti= <SIDS>|<SIDS><DEFART>|<SID-PKG><SIDS>|
<SID-PKG><DEPART >

<SIDS> tim <SID>|<SIDS»<SID>

<SID> ro= <NAVAID>|<LNAVAI>|<XNAVAL>|<CNAVAI>|A

Note: 1In the above each metavariable whose name 1s identical
w2th an NEFUSAF mnemonic represents the card with
keyword. Thus no prcductions <FLIGHT> ::= FLIGHT appear.

Filgure ITI.2. BNF~Rules for NEFUSAF Cards
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routines can check grammatical correctness but only rarely can

semantlics be analyzed. It 1s the responsibliity of the user to

see to 1t that the information in the 1nput data correctly reflects
the desired air base operation.

b. Organization of the Input

Program NEFUSAF reads the input cards through what amounts to

a mnemonlc recognizer and syntactic analyzer. The mnemonlc recog-

nlzer performs a lexicographical scan to see 1f the OPERATION field
of each card is a legal word of the language. A syntactic check
i1s made to see 1f the appearance of th.s keyword at this time con-
forms to the rules of Figure II.2. 4in out-of-sequence card will
result in an ERROR condition. All recognizable mnemonics result
in a subroutine call to a routine to check and execute what amounts
to the semantics (meaning) of the statement. Since this subroutine

call - at least during the PROCES mo’e - results in the execution
of the instruction Implled by the

card, the language is interpre-
tive.

Although the rules described in Figure II.2 are the complete
definition of the syntax rules, there 1s still considerable work
to be done in discussing the semantics of the statements and,
in all fairness, a good deal more should be said about the NEFUSAF
syntax using Engiish as the metalanguage. The remainder of this
chapter 1is concerned with the Mode of the program. The next chapter
deals with further sequence independent control cards; nolse and
performance data are discussed in Sectlon IV and sequence dependent

cards, which describe the aircraft operations, are discussed in
Section V.

7. THE MODE OF THE PROGRAM

As was developed in the previous section, the input to the

program can be considered as statements in a language designed to

describe air base operations. The computer will read these
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statements and from this formal descriptlon it can ccmpute the
Noise Exposure Forecast values associated with the description.

Although 1t 1s impossible for the computer to check the se-
mantics of the statements exhaustively (since that would require
the computer to know what was required before the data was entered),
1t 1s possible to check the syntax of the statements using the com-
puter. In addition, a certain amount of semantic checklng can be
performed by the machine since 1t is occasionally possible to
detect conflicting or nonsensical meanings in a statement of the
language. The NEFUSAF modules have been written in such a
fashion that one may check cne's entire deck for syntax errors and
to some extent for content. It 1s clear that thils process does
not eliminate the need to carefully check the data before processing.

On the first pass through NEFUSAF, one can detect all syntac-
tical errors. More than one pass may be necessary to find all
detectable semantic errors. If part of a statement I found to
contain ronsensical data, this part must be corrected before the
rest of the statement can be analyzed because the semantics are
highly contextual. In practice this means that the program can
detect on the first pass all errors except those which occur in
a departure vrocedure (Section V7). If errors occur in a procedure,

it may be necessary to make several passes before all errors are
found.

The program provides diagnostics in the form of Warnings and
Errors. Errors willl stoup processing of NEF values, whereas
Warnings will allow further processing. Since a warning means
that the program has found a condition where the likelihood of a
semantic or grammatical error is very high, warnings may often
turn out to be errors in preparing the data, therefore: NO DECK
SHOULD EVER BE USED TO GENERATE NEF-VALUES UNLESS ALL ERRORS HAVE
BEEN CORRECTED AND ALL WARNINGS ARE 'ULLY UNDERSTOOD.
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The program can therefore be run in two different modes: one
checks the data decks for errors ('noproc') and one computes NEF
values ('proces'). Further a 'nogo' mode is set by the program i
| after an error has occurred. The 'nogo' mode is not selectable i

by the user. The default mode of the program is 'noproc'. This
4 may at first seem surprising, but is based on the fact that the
program will be used more frequently for checking data than for
E actual processing of air base operations. Furthermore, since
g the checking can be done gulte lnexpensively but processing 1s
generally quite time consuming, the user 1s protected from unin-

tentlonally processing data and using large amounts of computer
time.

T T TN T T
ki

During the 'noproc'ess mode the data cards are checked as ]
explained above. The action implied by the card may or may not
be taken, or it may be incomplete. The following rule holds:
All operations involving the NEF grid are suspended during 'noproc'

e

!
5 !
1 rnode. j
: |
E Sequence Independent The grid manipulation cards (ADDGRD, |
? Control Cards CLRGRD, DMPGRD, PRINT and LODGRD) will :

print thelr message but no assoclated
; operations wlll be performed. The

i, A el

program will, however, list most mes-
sages as if the action was performed.
The Dump messages do not, however, have
the key word SAVED, indicating there-
fore, that the dump was not taken.

beastonl i bl

i ok

I

] The CLRGRD card does not have any ef-

S

fect during 'noproc' mode and the last
é grid will remain unchanged in the ma-
chine. The CLRGRD will not result in
the message ***GRID CLEARED¥*%*, The

PLOT card will produce a runway layout

a0
* ol
o i L, it L il il

only, irrespective of the option se-
4 lected (See Section VII).
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NOTE: Since dumps referenced during the

'noproc' mode are not read or

written, it is not necessary to assign
tape drives (or disk space) for such
runs. Errors may ocecur during the
'proces' mode if the data on the tape
1s found to be inconsistent with the
data cards. There 1is no way to check
for this error during 'noproc' mode.

Sequence Independent

Sequence independent data cards are
Data Cards

brocessed exactly the same way during
'noproc?, 'proces', or 'nogo' mode.

Sequence Dependent

These cards will be processed up to
Data Cards

the point where NEF values would be
calculated. Specifically all data
are checked for completeness, and

all associated files for plotting
are created.

The processing mode is
card PROCES.
That means

selectable by means of the control
Processing of the data wlll start immediately.
that if the program was originally in the 'noproce!

mode and a PROCES card is encountered, the program will start pro-

cessing without checking if any of the previous cards should have

caused any changes in the valueg of the NEF Grid.
has occurred in the current alr field,

If an error
the 'proces' mode will be
deferred until -he next AIRFLD card 1is encountered.

The logical place for a PROCES card is generally only the
very first card of the deck

card. The only time a PROCES car

» or immediately preceding an AIRFLD
d should be used elsewhere isg
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during a restart from an error, in which case it is immediately
followed by a LODGRD card. All other uses of the PROCES card
should be very carefully considered before attempting them.

If decks of 'proces'sable cards and decks of 'noproc'essable
cards are combined in a single run, errors witn the file manipu-
lation routines are very likely to occur. It 1is preferable to
have the PROCES decks first and then the data tn be checked pre-
ceeded by a NOPROC control card. It 1is further recommended that
the bilnary files referenced by the two data decks be on different
logical unius.

At the termination of a run the program will print a listing
of all files, and how many physical dumps were written to them.
This number indicates the real number of dumps written on the
volume. The number given as logical dumps indicates the total num-
ber of references during 'proces' and ‘noproc' modes. A write
reference during 'proces' mode to a unit which has been write-
referenced during the 'noproc' or 'nogo' mode will, for binary
writes, be written on unit 10. The attempt to read this dump
will result in an error. 1t is very difficult to restart this
type of error since many cards must be changed in the deck to
bring the desired results about. It 1s therefore recommended to
follow the procedure described above and not to mix 'noproc'
decks in with 'proces' decks. An example of a termlnation listing
is shown in Figure I1I.3.

If an error has occurred, the program goes Into the 'nogo'
mode. The grid values become inaccessible to the user, and to
the user the program is essentially in the 'noproc' mode. The
PROCES and NOPROC cards will be ricognlized, but thelr effect
will not take place until a new AIRFLD card 1s encountered, in-
dicating the start of a new airfield.
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Messages resulting from the PRCGCES and NOPROC cards are:
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+++ ENTER NON—-PROCESSING MODE
INPUT DATA WILL BE CHECKED BUT NO COMPUTATIONS PERFORMED
+++ ENTER PROCESSING MODE
CONTOUR COMPUTATIONS WILL BE PERFORMED
+++ ENTER PROCESSING MODE DEFERRED DUE TO PREVIOUS ERROR
INPUT DATA WILL BE CHECKED BUT NO COMPUTATIONS PERFORMED
+++ ENTER NON—PROCESSING MODE DEFERRED DUE TO PREVIOUS ERROR
INPUT DATA WILL BE CHECKED BUT NO COMPUTATIONS PERFORMED
TERMINATION PROCEDURE PAGE 1
FILES REFERENCED DURING THIS RUN
LOGICAL LMNIT 10 CONTAINS 3 LDUMPS(PRYSICAL)
LOGICAL UNTT 20 CONTAINS 0 FORMATTED DUMPS
LOGICAL ULMIT 16 CONTAINS 14 DUMPS(PHYSICAL) 14 (LOGTIAL)
fHE GPCP INTERFACE HAS HEFN EMDFILED ON UNIT 1) |
| IS

Flgure IT.3, Typical Termination Procedure Listing
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SECTION III

SEQUENCE INDEPENDENT CONTROL CARDS

1. DEFINITION OF SEQUENCE INDEPENDENCE

NEFUSAF can recognize certain control functions which govern
detalls of the operation of the program. These functlons deal
wlth the mode of the program as discussed in the previous section,
some further optilons such as the use of metric ur. :'s,and I/0
functions of NEFUSAF. Cards pertaining to such cont -0l funectilons
are legal at any time during the executlcen of the program: they
will always be recognized and if they appear in a sequence of
sequence dependent cards, the sequence dependency 1s unaffected
by thelr presence. In other words, if the rules of NEFUSAF specl-
fy that a card of type B must follow a card of type A, then the
card of type B may follow after any number of sequence independent
cards as long as the first one was preceded by a card of type A.*

The cards in thic group are distinct from the (also sequence
independent) nolse and performance data cards, and from those cards
which are senuence 1independent 1in the sense that they willl always
be recognlzed, but which hy thelr presence form the end of one
sequence and the beglnning of a new one.

Two cards have already been discussed to some extent: PROCES
and NOPROC. These cards control the mode of the program. Six
cards govern the I/0 functions: ADDGRD, CLRGRD, DMPGRD, LODGRD,
PLOT ar.d PRINT. The remaining cards govern miscellaneous func-
tions: END, NODATA, RESET, UNITS, WIDTH.

#4011 grid manipulations have meaning only when an alrfield i3 ini-
tialized. Therefore an AIRFLD card must have been encountered

before any ADDGRD, CLRGRD, DMPGRD, LODGRD, PLOT or PRINT card
or an error will result.
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; { 2. OPERATIONS ON THE ENTIRE GRID: ADDGRD, CLRGRD, DMPGRD, 3
' | LODGRD, PRINT

These five control cards govern operations on the grid other 3
than plotting (which 1is discussed in Section VII).

ADDGRD - add the values of a previously dumped grid to the |

; current grid ]
P i
i CLRGRD - set the grid to zero (-88 NEF) i
DMPGRD - write a dump to an external :ile %

LODGRD - restore 3 grid to the value of a previous dump i

H

PRINT - write a formatted dump on an external file and suppress !

empty points
. The simplest operation is the clearing of the grid. :

a. The CLRGRD Card

; = [ I
: Oper-
. ation

4 0000000000000 000000000000000ﬂ000000000000000 00000000]0000000000000000400002000}00
3 trresshiesnwnanduunnunpnnunsvnsanunusrnafpanoansdoananansfeasanndouassoeagnnindsnn e i
4 (R R R AR R R IR R R R R IR R R R R R IR R R R R IR R R R IR RN R IR RN IRRERERRIIRRRIIRRRIIR

22222q2222222 2222222222222222)22222222)2222221 222222222222222q2222222 222022212122

+++ CLEAR GRTD *** GRID CLEARED ***

T
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When the grid is cleared, it 1s set to a zero value. The
NEF sum i. logarithmic and since minus infinity cannot be used
in a computer, the logical zero of the program is set to -88 NEF.
The program in the 'noproc' mode ignores all references t¢ the
grid. The CLRGRD card is therefore ignored when the program is
in this mode. The value will not be reset until a CLRGRD, or

LODGRD card appears after a PROCES card, or until an AIRFLD card
is encountered.

A program running in 'proces' mode will upon entering the
'nogo' mode write a dump on unit 10. Dumps on unit 10 are inac-
cessible to the user during the job. During a later run the same
physical volume may be mounted on a different logical unit and
be read from that unit. (See Section VIII, Restarting NEFUSAF.)
A similar protection feature is invoked when a CLRGRD card is en-
countered during a 'proces' run. If the then current grid status
was not preserved in any form, a dump on unit 10 will be taken.
The corresponding message 1s In both cases:

CURRENT GRID STATUS INACCESSIBLE SAVED DUMP *** ON UNIT 10

b. The Fille Catalos

Before proceeding with the ¢ards, which enable the user to
take dumps and read them back, we must discuss the way in which
the program logic is set up to handle external files. The FORTRAN
IV language 1s rather limited in its I/0 capabilities. Although
it can write an ENDFILE, no provision is made for recognizing an
endfile condition; generally the operating system will abort jobs
attempting to read past an end of file. FORTRAN is also not
capable of sensing device status and related matters. In order
to have at least some control over what external references a
user generates,the program will keep information on up to 10 ex-
ternal user-accessible files.
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For the first 10 files referenced, the program will maintain
a tormatting status indicator, a count of the total number of
dumps written to the unit, and in the case of binary files, the
current position of the read/write head in the file. It 1s neces-
sary to check that no formatted dumps be written to the same de-
vice on which binary information is stored since FORTRAN requires
that for binary reads the length of the record read correspond
exactly to the record on the storage device. Mixing both kinds
of output would therefore make the tape unrzadable to FORTRAN
programs.

When a refererice to an external file is made, the program will,
when 1t first recognizes the file, print the message:

PROGRAM CATALOGED FILE AND

followed by any message which may be appropriate. If more than
10 files in the range 12-99 are referenced, an error

FILE CATALOG FULL

will be issued.

If the program has designated a unit as binary (due to a re-
ference on a DMPGRD, a LODGRD or an ADDGRD card), any subsequent
printable dumps attempted on this unit will be diverted to the
Chronicle file. If the vrorran has first referenced a file wilth
formatted data, any subsequent binary dumps will be written onto
logical unit 10. Any reference on a LODGRC or ADDGRD card to a
unit with formatted data will result in an error. The messages
can be summarized by:

MODE CONFLICT UNIT IS BINARY .. DUMPED TO UNIT &

MODE CONFLICT UNIT IS PRINTFAILE .. DUMPED TO UNIT 10
SAVED DUMP *** ON UNIT 10

PROGRAM CANNOT READ PRINTFILE BACK
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A dump cannot be wrltten to a logical unit with a number of 100
or larger since FORTRAN cannot handle loglcal unit numbers higher
than 99. Also all logical units from 1 through 11 are reserved
Since they may be used internally by the program or are used by
GPCP. Table IT.1 lists all NEFUSAF files and their functions.

If an attempt 1s mude by the user to write onto any file
other than in the user assignable class, a message appears to
indicate the unit chosen by the program:

MANIPULATION WITH ILLEGAL FILE SAVED DUMP *** ON UNIT 10

MANIPULATION WITH ILLEGAL FILE

The last message appears when the dump 1s written in the Chronicle.
Since the program skips to the top of the next page and starts
printing the dump no further message 1s given. The message may
also appear 1f a read reference 1s made to a dump number less

than 1.

We have seen earlier that during 'nogo'! or 'noproc' mode, no
calculatilons are performed and no dumps are written. The general
philosophy ¢f the program 1s, however, to give the user all pos-
sible information about his data in the 'noproc' mode. This
means that dump counts will be printed as if the corresponding
dumps had been written. MNo actual file references take place,
however, so that any deck can be checked without the need to have
any tapes mounted, except for unit 11 when PLOT cards are present
(see Section II.7 and Section VII).

Tf the user comblnes decks to be run in 'proces' mode with
those run in 'noproc' mode, there exists the decided possibllity
that the dump counts no loneser reflect the actual status of the
file. Therefore all files wrlte-accessed during 'noproc' or
'nopn' mode are inaccessible to subsequent DMPGRD control cards
which reference them in 'proces' mode. If an attenpt 1s made to

38
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do this, the follcwing message 1s displayed in the Chronicle:

UNIT ** CONTAINS *** LOGICAL BUT ONLY *** PHYSICAL DUMPS
SAVED DUMP *** ON UNIT 10

The only exception occurs when restarting a jJob after an error.
This 1s explained in Section VIII.

Further discussion of DMFGRD may be found in Section II.4.

¢. The ADDGRD and LODGRD ca:ds

/ LODGR 1

Oper-
aton | Unit¥ | Dumpf

000000§00000000/00000000{000000040000000000000000/600000000000000000000000p000{0000(80

IEENERI AR R REAT R RIRRIE PP -F RN B R MR EIER B P EXRHGER Y LK R R RAE L NN N NN R R LERE B ]

(R RRRE (RERRRER RERRARE IRRRRRRE (RRRRERE (RERRRRRIRRRARRR! RERRRERRIARRRRER] RER IREE! (K]
/ ADDGRI 1

Oper-

ation Uni¥ | Dumpf

00000000000000/00000000 MNOUUFUUUUOMUOOMMU 000c0000000000000000000 UUUFUU%"
tssasahvsnnsudsnnuennapunannnspasussravenaauoupoaannusupsonnwnoRuesnaashnnurrnnne
[RE R AR IR R R R AR R R R IR R R AR R R RN IRERERERI IRRRIIRRE! IR
2222220222222222222222222222222222222 212222222 202222222222221%22

b2222222022202222)22

A dump on a user acslignable file can be read during the same

run in which it was written. The cards shown above direct the

reading of the fourth dump on unit 16.

When che f'irst read re-
ference

13 made to a unit on which che program has not written

during this run, ths warninge message:

NO KNOWN DUMPS ON THIS UNIT

wlll a; ~2ar Just before the file recognition message. Once the

read reference has been established, the program will recognize
the tape as an '"INPUT ONLY' file.
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The use of binary flles allows one to add a previous grigd to
the current one or to restore the grid to a previous condition.
The ADDGRD card will cause the binary dump to be added, the
LODGRD card clears the grid before adding the dump. For example,
one may have calculated and plotted all flight operations,
cleared the grid and calculated and plotted all runups. To make
a composite map of runups and flight operations in addition to
the individual plots, one can use external files. One can write the
"flight" grid on an external file before clearing the grid. After
the plotting of the runups, one simply adds the external "flight"
grid to the "runup" grid to get the composite.

The user can write more than one dump on any legal unit
(see Table II.1) and retrieve it by giving the unit number and
dump number. The following few paragraphs outline how one may
use thils feature, which errors may occur and a few cautionary
statements regarding the input/output operations as they relate
to the FORTRAN IV language.

If at the time that the request to read 1s made, the program
has written fewer dumps than the number requested, an error wilil
be printed:

ONLY *** DUMPS ON UNIT **

and the request willl be ilenored. When a dump number higher than
physically present on an 'innut onlv' tape 1s requested, the pro-
gram will encounter the NEFUSAT end-of-information record on that

unit. The error messare will pead:

ONLY *** DUMPS ON UNIT ** , THE FOLLOWING
DUMP WAS WRITTEN AS END *** ON UNIT ** BY PROGRAM NEFUSAF ON **/e%/ee

FROM AIRFIELD ®**ee¢ (contents of dump label) %ees
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The program must recognize a valld header on each dump. If the
header 1s not legal, the invalid header 1s written in the Chron-
icle:

ILLEGAL TAPE HEADER **** (contents of header) e**e**

and further access to the file is inhibited until the next AIRFLD
card. At that time the status becomes 'input only'. Each sub-

sequent attempt to get beyond the 1llegal label will cause an
error.*

It is possible to write on a tape even 1f 1ts first reference
was a read operatlon., This 1is true under any clrcumstance: a
read operation followed by a dump will cause the program to skip
over all previcusly dumped information and write an additional
dump. If the initlal status of a file was 'input only' and a dump
is attempted on this file, the program will locate the end-of-
information record and proceed writing. The flle status changes

from 'input only' to "input and output' as evidenced by the messuage:

UNIT ** NOW WRITE ACCESSIBLE.

It should be emphasized that tapes which were written during
a run, which terminated due to the operating system action, may
not have this end-of-information record and therefore such tapes
cannot be read beyond the last dump since ANSI FORTRAN IV cannot

*If an unexpected end of information record occurs on a tape on
which the program has already written, the unit remains blocked
during the rest of the run. Thls error can only occur i1f the
tape was not positioned at the load point when the Job was

started, or 1if logical unlts were equlvalenced to the same
physical device.
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recognize a tapemark. One should therefore never attempt to add
to a tape which was not processed by the NEFUSAF Termination

Procedure.* See Section VIII on how such tapes may be salvaged.

When it 1s desired to extend an already existing file (ob-
tained from a previous run), the logical unit to which it will be
associated could be referenced first in an ACDGRD or LODGRD card.
If this 1s not done the first DMPGRD card will cause the previous
information to be overwritten. If the file has been referenced
in the read mode first, the program will first locate the end record
of the last dump written before writing the next dump. When in
the contemplated run the first reference is a write, rather than
a read, a dummy read reference must be established. This is done
by inserting as many ADDGRD cards as are necessary to establish a
reference to all tapes which will be augmented. These should
preferably be put immediately following the airfield title card,
and they must be followed by a CLRGRD to delete the dummy grid
which was generated. (If the run which follows starts with a
LODGRD to restore a grid which will be updated during this run,
the CLRGRD card should of course, be omitted.) Alternatively,
one can save time by going into 'noproc' mode, performing the dummy
references which now do not transfer information and go back to
the 'proces' mode. This way only the "handshake" 1s performed but
no data is transferred, therety leaving the grid as 1t was before,
The two methods are shown below:

¥This rule is somewhat stricter than necessary. Tapes on which
the last operation performed during 'proces' mode was r:ad will
have a valid end-ur-information label and ould be augmented
exactly as any legal tape.
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AIRFLD

ADDGRD

CLRGRD

Airfield title card

(Use as many LODGRD or ADDGRD cards as are
required)

(Optional, see text)

Further cards required for this run

Alternatively one can use:

NOPRGC

ADDGRD

PROCES

Any sequence of cards

(As many as required to establish all refe-
rences)

Further cards

In this alternative no information 1s transferred but only a

reference 1s established hetween the program and the files.
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+++

NOTE: On many computers it 1is possible to position a tape
at the end of the flle rather than at the start.
Since NEFUSAF does not u=e the tapemark but a sepa-
rate FORTRAN-readable record to indicate the end-
of-information, this record would then not be
erased and remain readable to the program resulting
in errors when the flles written beyond it cannot
be found by the NERUSAF logice. (Experience has
shown that backspacing binary tapes 1s generally
quite unsatlsfactory.)

A LODGRD card is cntirely equivalent with a CLRGRD followed
by an ADDGRD, except when a PROCES card immediately ovrecedes a
LODGRT, which 1s considered as a restart from a previous dump.
This 1s described in Section VIII.

When the proeram runs In the 'noproc' or 'nogo' mode, the
program will prini messages indicating the control card direc-
tives but no processing is done. During the 'proces' mode the
program will print the contents of the header label on the dump
to ldentify the dump bheing read. Any file positioning done by the
program wlll also be printed. Thls includes the number of dumps
sklpped over, 1f the tape was rewound, and, 1f the program has
the information to calculate the file position. The full mes-
sage will then be:

ADD DUMP *** FROM UNIT ** SKIPPED *** DUMPS AFTER REWIND
DUMP WAS WRITTZN AS DUMP *** ON UNIT ** BY PROGRAM NEFUSAF ON
*e/20 /2% CROM AIRFIELD meccccace--

d. The DMPGRD Card

The DMPGRD card has been discussed in Section ITI. 4.

e. The PRINT Card

The PRINT card has heen discussed in Section II.MN.
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3. MISCELLANEOULS CARDS

8. Terminaticn: END :

/| 7
Keyword

0000000 0/00000000/0000000 00000000000*000 00
nuovoacaiuan N RN INBNoUBERN RN RN NN

IRERRRER (RERRA R IRAREERE 'RRERRRRIIRRR TRRE 1N

P U P T

000000j00000000C0000000J000000000000000

BRI IRERELEET LEREEE RIR R EE R R RR R

IRRRRR| RERRERR IRRERRRRIIRRRRRRRIIRRRREE
2922220222222202222222202222222R2222222022222222222222222222222022222222022222222022

i - .

e et e oo 0 S el N

The END card forms the last card in a data deck. It causes
the termination of the current airfield much the same as the i
AIRFLD card does. In addition, the ©.’D card causes the proper ]
end-of-informaticn records to be written on all user files. In
the case of the plot file for GFCP, all appropriate control cards
to terminate a GPCP run will be written on units 8 and 11 if any
PLOT cards were encountered during the run.

’rw i Ll et oo B e i e Ll i e e et i R e e s L i

All binary files with 'input only' status are rewound. All
3 files open for "read and write" receive an end-of-information re-
. cord readable by the program before being rewound. This record
is always written if the tape was write accessible and refer.nced
during 'proces' mode. Even if an old end record was present, it
will be overwritten with a rnew one. The entire file status cata-
log 1s printed in the Chronicle. 1If desired, one can tear this

bt i st Ll iid Sl

sectlion off the maln listing and keep 1t with the reels of tape

for later reference.

Only one error can occur duc¢ to reading an END card. This
happens when the END card is encountered before an AIRFLD card
was read. In this unlikely event the messare will be:

END CARD ENCOUNTERED DURING INITIALIZATION

As in all cases where an error occurs, the nroegram will terminate

abnormally during initlalization.
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b. Data Input Scale: UNITS

3 ' 4

ikl et - i o

Keyword

T

00 0/0000000800000000J00000000/000000006{000000000000000000000000000006080 0009& 0

RN DR R RIRIET ERTRIRIRIE HR: o R R R R:R AR RERE FENBENEY I NENY EELEE NN YYD T Y IR L lll

LARRERIIRRRRRA] ll'llllllllll!llllllllllllllllllllllllllllllllllllllllllllllplllll

A~
K
£ DS
[+
a

: ++4

+++

Caniian itk ik

i

LIARRARER IRRRRRRE IRERRRRR IRRRRRRR/ IRRERERR/IAREERER IRERRRER IRRRRRER IRRE IRRE 1B

: Type
00 0000000Q00000300J00000C0%00000000j00000000J0000000RO0000000J0C00000C00 0J000 000
IBERE R IR EETRLY CE AR BIR! R RN RN E I RREE R LERIE NN THSRT UL MININANGROMBNINR I INIESN "
IRRR]

2222 22222222232222222242222222222222222{22222222)222222224222222222222222 222ﬁ222 22

UNITS SPECIFICATION = 'ENGLISH'

UNITS SPECIFICATIOM - 'METRIC'

The program will by default process all input and output in
English units (feet, inches). It is possible, however, to pro-
cess metric data by using a UNITS card coded METRIC. Although
the program internally uses English units, input data will be
converted from metrlc to English units and on output the inter-
nal representation will be converted to metric.

By using UNITS cards with METRIC and ENGLISH at the appropri-
ate places 1n the deck, 1t 1s possible to combine data cards of
elther type 1n one deck. One may for instance, use ALTUDE card
coded In English units and process a runway layout in metric
units, which is convenlent when preparing contour maps for areas
other than the USA. When the metric option 1is used, the text
"1l inch = #¥#*¥* WEET" {35 omitted from the legend on any ccntour

map.
If the specification on a units card 1s unrecognizable or

altogether missing, the propram will print the "units" specified i
followed by the error message:
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INVALID UNITS SPECIFICATION -~ EXECUTION TERMINATED

The units become undefined at this point making further pro-

cessing meaningless. The carc input file 1s positioned lmmediately

after the END card in the deck. Usual end of job processing by

the Termlnation Procedure takes place.

1
¢. Plotter Paver Slze: WIDTH i
( |
Keyword| Size ]
]
00 00‘000000000000000000000000 goooooojooo0oce 0000MMMMMMMMMMHMO%000000 j
LR A R I RO BN RIS E RN NI R U R RUH I B U TR BT R IR IR DR R EIR TR IR YRR N N 1] wuBHRTNs I sy qnn :
LRR AR IR IR R IRRRRRRR EERE RN (EEERERE IRRRRRER/IIRRREREE (RRRERRE! IREI IFEE I 3
2222220222222202222222 422222222 2222222222222 02222228 §222222220222222220222222 202 2 i
i
+++ SET PLOTTER PAPER WIDTH TO 11.0 INCH i
i

If the user does not c¢pecify otherwlse, the program will as-

sume 28 inches of usable plotter paver width. This reflects the
use of a 30 inch drum leaving an inch of border for anaotation, ;
etc. The rlctter size nuy, however, be set to a different i
value, 3
A
3
The size on the WIDTH card 1s handled differently than all E

other distances communicated to the program. When the UNITS op-
tion 1z Engllish, the paper width should be in inches; i1f the g
metric option 1s selected the paper width should be in centimeters. i

In that case the message printed would be:

+++ SET PLOTTER PAPER WIDTH TO === CM (**.* INCH) g
Irrespective of the units selected, the Legend written in the |
Chronlcle for a PLOT card will always give the naper size to the ’
nearest Inch. ;
i
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The paper size must be 8 inches or more to be acceptable,

e R e bl S e b
. R, s Sl

otherwise one of the following warnings is issued:

PAPER SIZE TOO SMALL.» SIZE LEFT AT **.* INCH

PAPER SIZE TOO SMALL. SIZE LEFT AT ®**** CM (**.* INCH)

d. ZJetting and Suppressing an external data base

In order to ailow the user to start each airfield with the
unmodified data base of the 1nitialization procedure, each AIRFLD
card will cause the data base to be reset to its initilalization
value. This 1is accomplished by writing the data base on unit
4 when the first AIRFLD card is found and reading this file btack
at any time a new AIRFLD carua is encountered. The user may per-
form this also at his own discretion by means of the RESET card.

a

Keyword
00 0 0/000000000000000 uuuunuoﬂuonuuuuqoonuuuuouuuuuuuuuunuouuu uuuuuuounnquuu 00
NIRRT R R AIRT DRINIRIR R RIR/ PR R IR ED HEEEEERE AN R N ORI ORI EY N IR Y NN R U E I EEE L)
IR RN R RN IR AR R RN IRRRR RN R RR RN RRRRRRR/INERRRER! RRRRRRRLEER (RER IF'

22 22212222222 2222222|2222222222222222222222222222222222222222 2222222#222222222

+++ RESET DATA BASE 70 INITITALIZATION VALUES

At times 1t 1s undesirable to have the program reset the data
base automatically at the start of an airfield. In that case
the control card NCDATA will suppress this feature.

/

Keyword
nuuuukouuunouuuuuuuuuuuuuuouunuoouuuuuonmmua"uuuuolaun 0000000j000qooo0o0jeo 3
131 E P s s NN BUBERN NN NNDNBN M UDRUNE T HAB R GUEERITRANINY nunNaw LA LI LR VR EERE LY
AR RERERRE (RERRERN (RRERNSE (RERRNEN IRERRARE (RRRRRAR! RRRRRRE (RNNURER! INNE [REN (K

2222220222222222222222 22222222222222122222222q222222222222222 22222222222 222232

+++ INHIBIT AUTOMATIC RESET OF DATA BASE
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The inhiblt feature is removed as soon as a RESET 1is en-~
countered. If the NODATA card occurs in the initialization,
the program will not write a file on unit 4, thereby limiting
the amount of scratch disk space. The word PERMANENTLY is
then appended to the usual NODATA message and subsequent RESET
cards will cause a NEFUSAF error. A RESET card always causes
an error if used during the initialization procedure.
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SECTION IV

SEQUENCE-INDEPENDENT DATA CARDS

Sequence-independent data cards are those cards which contain
nolse, performance, or NAVAID information to be used by the pro-
gram. These cards are sequence Iinderendent in the sense of
Figure II.2., That 1is, their presence will not disturb the sequence
of sequence-dependent data cards even 1f Interspersed wit . the
sequence-dependent cards. The only restriction is that the se-
quence-independent data must have appeared somewhere ahead of
the sequence-dependent card:s (FLIGHT and RUNUP) which will use
the information contalned on the sequence-independent cards.

In order to perform the NEF calculations, the program requires

noise and performance characteristics for all aircraft involved

in the computations. Rather than supply the program with this
information each time an aircraft is "flown" or "runup," perti-
nent iInformation is numbered and then filed in a data 1ibrary.
Thereafter, the data may be recalled by number when it is re-
quired by the program. This section describes the procedures to

be used in manipulating the contents of the data library.

The library may be thought of as belng divided into two
sections:

*data related to ailrcraft in flight
*data related to aircraft esround runups

Shown belcow are the seven dats sets which comprise the library:
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Flight Data Runup Data
Takeoff Descriptors Runup Descriptors
Landing Descriptors PNLT Profiles

l1titude Profiles
Delta~EPNL Profiles

EPNL Profiles

Two data sets are assoclated with engine ground runups (Runup De-
seriptors and PNLT Profiles), and five data sets are associated
with aircraft in flight (Takeoff Descriptors, Landing Descriptors,
Altitude Profiles, Delta-EPNL Profiles, and EPNL Profiles).

The contents of the library may be modified or interrogated by
means of appropriate control cards. These control cards allow each
of the seven data sets to be manipulated as follows:

cadd a new entry
*delete an existing entry

*1ist all entries

Combining these three manipulating functions with the seven data
sets recults in a total of twenty-one keyword operators associated

with management of the llbrary. These keywords are summarized in
Tabie IV.1.

Whenri running the program, it 1s necessary only that the data
be entered in the library before it 1s required by a FLIGHT card
or a RUNUP card. Alsc, the order in which the various data sets
are updated 1s compietely at the discretion of the user. However,
experlence has shown that it is desirable to perform all library
Japdating, before processing the first airfield. Thus, all data
cards dealing with updatine the library may be collected in a
cingle deck and placed before the data cards for the first airfield.
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TODSCR
XTODSC

LTODbSC

LNDSCR

XLNDSEC

LLNDSC

ALTUDLE

XALTUD

LALTUD

DEFHL,

XDEFRL

LDEFNL

EFNDI

XEPNLB

LEPNDB

RUDSECR

XRUDCC

LRUDSC

PNLT

XPNLT

LPNLT

TABLE 1V.1

LIBRARY MANAGEMENT KEYWORDS

Add the accompanying entry to the TAKEOFP DNESCRIPTOX data set.

Delete the accompanyinyg named entrv(s) from the TAKEOFF DE-
SCHRIITOR data cet,

Listl all current enirizs In the TAKZCOFY DESCRIPTOR data set.

Add the accompanying entry to the LANDING DESTCRIPTOR data set.

Delete the accompanying named entry(s) from the LANDING DE-
SCRIPTOR data set.

List all current entries in the LANDING DESCRIPTOR data set.

Add tlie accompanying entry to the ALTITUDE PROFILE data set.

Delete the accompanying named entry(s) from the ALT1TUDE PRC-
FILE data set.

List all current cnuvries in the ALTITUDE FROFILE data set.

Add the accompanying entry to the DELTA-LPNIL PROFILE data set,

Delete the accompanying named entry(s) trom the DELTA-SFNL
PROFILE data set.

List all current entries in the DELTA-EVNL FROFILE data set.

Add the accompanyinis erntry to the LPHNDD PROFILE data set.

Delete the accompanying named entry(s) from the EPNDR PROFILIE
data set.

List 211 current ¢ntries in the EPNDE FROFILE data set.

Add the accompanying untry Lo the RUNUD DLIECRIPTOR data set,

Delwte the aceomprarny b numed ontryis) from the RUNUP DESCRIP-
TOR data set,

List «ll current eriries in the RUNUP DESCRTITOR data set.

Add the accompunyln;s entry to he FHLT TROFILE data set.

Delete the accompanying named entry(s) frcm the PNLT PROFILE
dati sct.

List all) current entrles {n the PNLT PROKFILE data setb.

b7
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This technique has the desirable property that ailrcraft perfor-
mance data 1is physically kept separate from airfield operations
data, both in the data card deck as well as 1n the Chronicle

listing.
Obviously special cases will arise where - i rmince data
must be modified in the midst of processing =zn =3-f:_.1d. 1In

1 such cases, the library management functions may be inserted any-
where in the deck ahead of where the information 1s needed.

Once changes have been made, all subsequent FLIGHT and RUNUP

cards will use the updated version of the library (Section III.3.d)

A When entering data into the library, it will be noted that

1 distance parameters are called for in certain data sets. These

: distances may be given elther in me%tric units (meters) or in

i English units (feet). Unless directed otherwise, the program will
S assume distarices to be specified In feet. If 1t is desirable tc
use metric units, this must be communicated to the program via

the UNITS specification card. (Section III.3.b) It should be
noted that a change in the units specification applies to all

; input and output for performance data as well as airfield cpera-
tions data until changed by yet another UNITS card. For the sake

AR e U o i e L S

of consistency (and %o avoid potential errors) it is strongly
. suggested that the units be ccnsistent throughout the entire
3 performance data package.

During the course of entering data into the library, the
program performs a number c¢f checks on the input data. If any
errors are found, the program will print a warning message
following the listing of the data. Only error-free data 1s en-
tered into the library, therefore a warning message implies that
the entry was not made in the library. Normal processing by the
prcgram does contlnue, however, and only when such data 1is actually
required by a FLIGHT or RUNUP card does the omission become
a NEFUSAF error.
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As entries are made in a data set, the program will continue
to file these entries until all available space has been exhausted.
When no further space is avallable, the program will print the

following warning message along with the Chronicle listing of
the attempted data entry:

RO R YT

TABLE FULL

AT TS

Under most circustances, there is ample room to store the perfor-
mance data which will be required to process a single airfield.
If this warning occurs, check the performance data and remove
from the card deck those entries which will not be used in per-
forming the calculations for the airfield being processed.

. Lol

A single card format is used for all library manipulations.
In fact, this format is used for all NEFUSAF cards except AIRFLD.

X The card layout is shown below.
((eyword Data Data D.oto Text |+
Field Field | Field Field Field
| 2 8 |
3 UUUUOUFUUOUDUD 0000000 0000000000000000000000dPUOU0000%0QEUHUUHODEOUUUORUOPGDGEH
4 (VRN Y LRI RVRURPATERT] PRIRIATIAIORAIY SRIRLRIFINIRIR) IRISINIIRISINE GRITINSRINTRVR" DRITAM AT AN FRIRTMURLESEIEY, SLTA LIS ERRE: RNV RARL RO NL )
] [RRRREII

[RRRERE AR RN R (AR R AR N R R ERR IR R BRI R
] 2222220 2222222222 222p222222 2R 2202222 02 c iR iR Pl
s JIVIZIPIIIINIIBIINIILIAMININIGINIZIIINGPIZILGI333IBIIP IS SIPITIIIIPIIIIZIIYNY

)

FIGURE TV.1 DATA CARD FORMAT

] The first six columns form the keyword field which contains the

: appropriate keyword (or operation code) for the library function
‘ to be performed. The keywords which are less than six characters
g in length must be left justified in the keyword field, otherwise

they will not be recogniized by the program.




m RPCTITE N FTTICS Y SRR e o, W T T D P T T R T D T T I Y N T R R TR TR IR T 7 TSR T, Ll e bt TEAEE T T AT et S T R e .

Columns 7 through 70 are divided i1nmivo eight, 8-column data
flelds. These flelds are used to enter numeric data. When inte~
gers (numbers without decimal points) are entered, they must be
right justifled in the appropriate field. If numbers contailn
E decimal points, they may be placed anywhere within the filecld,
although rilght justifying these numbers will Improve the appear-
ance of the data card.

b i, e R o 0] S i e S S AT -MJ

Columns 71 - 78 form a text fleld. This field is used for
speclfylng alphanumeric data such as names of alrcraft. Any
( Hollerith character 1s legal here.

Columns 79 and 80 form a «ontinuation field. Any nonblank
characters 1n these columns will direct the program to look for
% additlonal data cards if there is 1nsufflcient room on the flrst
data card to complete the entry. In the remainder of this dis-
cussion, we will use an asterisk (*) 1in column 80 as a con-
tinuation character, but this cholce 1s arbitrary.

4 1. FLIGHT DATA

Before discussing the detalls of each of the "flight" data
sets, 1t is useful to present a reneral overview of the functilonal
relationships between the FLIGHT card used durlng computations
and the five "fllght" data sets. This 1s most easily 1llustrated
by tracing through the sequence of data set references once a
FLIGHT card has been encountered by the program.

The FLIGHT card contains a two-word numeric name (alrcraft
number and misslon number) to specify the type of aircraft to be
flown. The preceding FLTTRK card willl have specified whether
the flight is a takeoff or a landing. With this information
elther the takeoff descriptor or the landing descriptor data set

Eaia ity oot

3 is searched for an entry with the corresponding aircraft/mission
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numbers. Once the correct entry has been located, the parameter ?z
i

list associated with that entry will contain the numeric names of
1) the altitude profile, 2) the delta-EPNL profile, 3) and the
EPNdB profile(s) to be used in the computations. Each of these i
three data sets are then searched using the aforementioned nu-

meric names to obtain the profile information necessary to per-

form the computations. Only when the FLIGHT card is encountered

is the search performed to verify the presence of each of the needed
entries in the various data sets.

a. EPNdB Profile Data Set

The purpose of the EPNdB profile 1s to define the aircraft

noise exposure level as a function of the slant distance between

the observer and the flight path. This profile is constructed

by specifying the Effective Perceived Noise Level (EPNL) at a
number of fixed distances

. These distances encompass a range of
200 feet to 25,000 feet.

Filgure IV.2 shows a typical profile.
Note that the distance 1s plotted on a logarithmic scale. The
22 fixed distances increase in a fashion such that each distance
1s 1.259 times as great as the previous one. A complete tabu-
lation of the distances 1s shown in the figure.

To completely describe the noise propagation cnaracteristics,
two profiles are necessary. One profile i1s used when both the
noise source and the observer are on the ground, and is referred
to as the "ground-to-ground" profile. The other profile 1s used

when the noilse source i1s in the air and the observer is on the

ground, and 1s referred to as the "air-to-ground" profile. These
two profiles together form one complete entry in the data set.

1% Entering An EPNAB Profile

The KReyword to be used for entering an EPNdB

profile 1s EPNDB, which 1s left justified in the keyword
fleld of the data card.

the program will print:

Upon recognizing this keyword,




o T Tk T BTN P | 1 P U R ST A7 T T T R TR

w

IHOIT4d NI 1dVIONIV Y04 3T7140¥d INd3 40 NOILVILSNTTI "Z-Al 33NOId

(1983) Jerie9q0 04 yiod 1yBj|d Houdijy woy eBuoy jup|g

0000z 000’0l 000¥ 0002 0001l 00/ ooy 00Z
T _ T T T _ T T 0L
: 6°28 v°€L 00052
f S°¥8 LYL 00602
m ¥°98 0°9L 00091
._ 588 6°LL 00SZ1 g ™
b 1706 0°08 00001 &
£°26 0°z8 0008 e
8°¥6 8°¥8 00€9 3
6°96 0°88 000S -
! 0°66 8°16 000% e
| 010l ¥°66 0S1E 06 o
t 0°£0l 0°86 00SZ s .
m 6°¥01 £°001 0002 2
i 9°901 ¥°Z01 0091 z
£°801 L°v0l 0szl o
6°601 2°901 0001 °
il 8°/01 008 ool §
f 6Tl £°601 0£9 s
. L'¥ll Z 11l 00§ <
ﬂ £°Sll L7zl 0o¥ 5
w 8°9ll 0°vll SIE m
, 8° /il €511 052 Z
: g'8ll v oLl 00¢ ol s
F
w 9-0-y 9-0-9H eduns|g
TNd3
0zl




ST ARV

TR A PR

il

+++

e o e i A TSR I (T Gt Bl
nnnnnn m g T o

FLIGHT NOISE LEVEL PROFILE (E£PNL)

Thls is the first of exactly six data cards which will

be required. A typical set of data cards is shown in
Figure IV.3.

Data fleld one contains the numeric name of the
profile., The number may be any nonzero, positive inte-
ger (no decimal point) and must be right Jjustified in the
data field. If a negative number is used, the program
will automatically convert it to positive. If zero is
used, the following warning message will be printed:

ILLEGAL NAME

The number may be up to 8 digits long, but must be right
Justified in the data field. The name must be unique
among all entries in this data set. If it is not unique,
the old profile of the same name will be lost.

Data field twou contains a "1" in column 22. This
is a propagation code which ldentifies the next 22 data
fields to be the EPNL values making up the "ground-to-
ground" profile.

Data flields three through eight contain the first
six of these EPHL values. Two additional continuation
cards containineg eight EPNL values each, are necessary
to coaplete the first profile. Each continuation card
must have the keyword field left blank and column 80 of
all three cards must have an asterisk (*).
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The next three continuation cards contain the "air-
to-ground" profile. The data format, essentially the
same as for the first three cards, 1ls as follows:

The keyword fileld of the first card is left blank, and -
data field one must contaln the exact same numeric name .
] as appeared with the "ground-to-ground" profile. Data |
field two must contain a "2" in column 22. This 1s a

i propagation code which identifles the next 22 data flelds
' to the EPNL values making up the "alr-to-ground" profile. 1
If the numeric names do not agree, or the wrong propa-
gation code appears, the following warning message will ;
be printed. |

INVALID NAME AND/OR PROPAGATION CODE NAME = **#*% p_C. = #sse»

T

Data fields three through eight contain the first six

of the EPNL values. The two additional continuation cards
contain the remaining sixteen EPNL values. The first two

, cards in this set must have an asterisk (#) in column 80.

! The last card does not have an asterisk (*) in column 80.

The program perforns a few simple checks for the
completeness of the data. Specifically, it checks to
see that the first data card 1s followed by exactly five
E continuation cards and that the keyword fleld of each
continuation is left blank. If a keyword 1s encountered i
on one of the cards the program assumes that one or ]
| more data cards were inadvertently omitied, and the fol-
lowing warning message will be printed:

>

: MISSING CONTINUATION CARD

If the program encounters a card without an asterisk(#*)
in column 80 (other than on the sixth card) the program /

t
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will assume that it prematurely encountered the sixth
data card and will print the following warning message:

MISSING CONTINUATION CODE OR MISSING DATA !

If either of these two conditions should occur, the 1
program will cease to iInterpret any further cards as
belonging to the EPNAB profile. The EPNL values them-
selves have only two important restrictions. First,

T N T LTI, T TR M T

the value (which may appear with or without a decimal
point) 1s restricted to plus or minus 200 dB. 1If the

T T TR

value 1s outside of thls range the comment:

*OUT OF RANGE™*

¥

T T Y

will be printed next to each offending number and the
ke following warning message will also be printed:

NOISE LEVEL DATA OUT OF RANGE

Second, 1t 1s loglical that the nolse exposure should

decrease as the distance between the alrcraft and the
cbserver increases. Therefore, consecutlve entries in
each of the two profiles must be decreasing in value.
If this is not the case, the following warning message
will be printcd and the offending profile will be iden-
tified by its provagation code (1 or 2):

NOISE LEYELS NON-DECREASING FOR PRPGTN CODE = %=

2) Deletiny EPNAR profiles

i Sl by
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The keyword to bte used 1s XEPNDB. Upon recognizing
this kevword the progsram will print the following:

i

++4+ EXPUNGE FLIGHYT NOISE LEVEL PROFILES
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The profiles to be (deleted -.re referenced by their
numeric name. Datra field one contains fthe numeric
name of the first profile to be deleted, data fileld
two contains the name of the second, and so. Eight nu-
meric names will fit on one card. If more than eight
profiles are to be deleted, continuation cards may be
added. There is no limit to the number of continuation
cards which may be used. However, each continuation
card must have the keyword field left blank and an
asterisk (*) must appear in column 80 of the preceding
card. The last continuation card shculd not have an
asterisk (*) in column 80. The data set is searched
for each of the srecified numerlc names. If the name
is found, the proufile number 1s printed. If the name

is not found, the profile number 1s printed along with
the phrase:

*NOT FOUND®*

3) Listing the EFHNAB Profiles

A complete listing of all entries in the EPNdB pro-
file data set may be obta.ed by using LEPNDB 1n the
keyword field of the card. Upon recognizing this key-
word the program wiil print the followingz:

LIST ALL FLIGHT NOISE LEVEL PROFILES

No further data 1s required on this card.

A complete 1listing of all profiles in the data
ot will be printed. Also’if any FLIGHT card refe-
vnced an aircraft whose EPNAB profile was not in the
data set, this profile number will be llsted with an
asterisk (*) printed next to it.
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At the end of the listing, the vrogram will print
the total number of entries in the data set. This num-
ber includes the active entries which were explicitly
entered, as well as thouse which were missin# when called
upon by a FLIGHT card. In addition, the number of

free librarv entrie: remaining is printed.

b. Altitude Profile Data et

The altitude profile depicts the helght ¢f the aircraft
above ground level versus the flighttrack distance from the air-

field. All profiles (whether for takeoffs cr landings) are conceived

to start at the runwav threshold and head awav from that runwayv.
The profile i{: constructed by defining a seaquence of (track dis-
tance, altitude) coordinate nairs. The program assumes the air-
craft to fly along the straight line sepments connecting the se-
quence of points. Fipure IV.4 shows a simple altitude nrofie.
The program makes no distinction between profiles used for take-
offs and those used for landiners. Onlv the operational mode
(takeoff or landing) of the aircraft which uses the nrofile de-
termines whether the profile wili ultimacelv be alipned to head
down the runway for a takeoff or =pnroaching a‘rcraft. The first
coordinate point (which has a track distance of zerc) will be

aligned with the takeoff threshold for takeoffs and with the landing
threshold for landings.

1) Entering an Altitude Profile

The kevword to be used for entering an altitude
profile is ALTUDE, which is placed in the keyword
field of the data card. Upon recognizineg this kevword
the program will print the following:

ALTITUDE PROFILE
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Coordinate Sequence

Track
Distance Altltude

0 0

4000 0
10000 50
200000 7500

Takeoff
Threshold

Coordinate Soquonco

Track
Distance Altltude

0 50
25000 1350
150000 14500

)

> 7500

\:-——_-_ B T ——,

Landing Threshold

TYPICAL LANDING

FIGURE IV~4. ILLUSTRATION OF ALTITUDE PRGCFILE
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Figure IV.5 shows a typical set of data cards.

3 Data field one contains the numeric name of the profile.

’ This number may be any nonzero, positive integer (no deci-
mal point) and must be right justified in the data fileld. :
If a nesgative number 1is used, the program will automatically

convert 1t to positive. 1If zero 1s used, the followilng

warning message will be printed:

1
i
.i
i
3
1
:
i
3

i

ILLEGAL NAME

s

The number may be un to 8 digits long but must be right
Justified in the data field. The name must be unique
among all entries 1in this data set. If it 1s not unique,
the old profile of the same name will be lost.

Ty

TR
H

Data field two 1s not used. Therefore, leave this
fleld blank. Startine with data field three, the coordi-
nates are entered. Data [ields three and four contain the
{ first coordinate pair (track distance and altitude respec-
tively). [ucceeding coordinate palrs are entered in data
fields five and six, and seven and eight. If more than
three coordinates are to he =ntered, continuation cards
nav be used. Each contlnuation card must have the key-
word fileld left blank ani an asterisk (*) must appear in
columin 20 of the preceding; card. The last continuation

card should not have an asterisk (*) in column 80. Four

T

coordinate paire may be entered on each continuation card,

TR

starting with data field one. The coordinates may be in
elther feet or in meters. llowever, be certaln that the

L

correct UNITS specification is in effect.
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There are only three restrictions on the coordinates.
First, the track distance of the first coordinate must

be zero. If it 1s not, the following warning message will
be printed:

INITIAL TRACK DIST NOT ZERO

Second, all track distances must be positive numbers (with
or without decimal points) and must be ascending in value.
If they are not, the following warning mecssage will be
printed:

TRACK DISTANCE(S) NOT POSITIVE OR NOT ASCENDING

Third, the number of coordinate pairs must be at least
two, but not more than ten. If the number of pairs

does not fall in this range, the following warning mes-
sage will be printed:

NUMBER OF COORDINATES RESTRICTED 2 TO 10
There are no restrictions on the altitude values. They

inay be positive, negative or zero.

2) Deleting Altitude Profiles

The keyword to be used 1s XALTUD. Upcn recognizing
this keyword the program will print the following:

EXPUNGE ALTITUDE PROFILES

The profiles to be deleted are referenced by thelr
numeric name. Data fleld one contains the numeric name
of the first profile to be deleted, data field two con-
ttains the name of the second, and so on. Eight numeriec

62
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names will fit on one card. If mcre than eight profiles
are to be deleted, continuation cards may he added.
However, each continuation card must have the keyword
field left blank and an asterisk (*) must aopear in co-
lumn 80 of the preceding card. The last continuation
card does not have an asterisk (¥) in column 80. The

data set 1s searched for each of the specified numeric :
names. If the name 1s found, the profile number is

printed. If the name 1is not found, the profile number is

printed along with the phrase:

*NOT FOUND*

3) Listing the Altitude Profiles

A complete 1iréinm of all entries in the alti-
tude profile data set may be obtalned by using LALTUD in
the keyvword field of the gard. Uopon recognizing this
kevyword the prorram wiil print the fellowing:

LIST ALL FLIGHT ALTITUDE PROFILEY

Ho further data is required on this card.

A complete tisting ot the parameters for all entries
in the data set w!ll be nrinted. In addition, 1f any
FLIGHT caprd relcrenced an alreraft whose altitude profile
was not in the Jdata set, this profile number will be

1i.ted with an astoelck (*) printed next to it.

At the 2nd of the listing, the program will print
the total number of entrles in the data set. This number
includes the active entries which were exrlicitly entered,
as well as thoose whiech were missdine when called uvpon by
2 FLIGHT card. iIn additien, the number of free library

entries remaining 15 printed.

63
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C. Delta-EPNL Profile Data Set

The purpose of the Delta~EPNL profile 1s to introduce changes
in the aircraft noise output as it proceeds through the course of
its flight. Frequently an offset, or delta must be added to the
nolse exposure level specified in the EPNdB proflle to account for
engine power an’ speed changes. All profiles (whether for takeoffs
or landings) are conceived to start at the runway threshold and to
head away from the airfield. The profille 1s constructed by defining
i a sequence of (track distance, offset) coordinate pairs. This

PR T T

sequence of coordinates is uced by the program to determine the
offset level at any point along the flighttrack. Figure IV.6
shows an illustratior of a simple Delta-EPNL profile. The pro-
gram ma.es no distinctlon between profiles used for takeoffs and
those used for landings. Only the flight descriptcr (takeoff or
landing) which uses the profile determines whether the profile is

T AP

e

L used for a takeoff or for a landing, and the two are not mutually
exclus.ve. Although takeoff adjustments are generally numerically
different from landing adjustments, the program does not attach

a takeoff or landing label to a profile. The first coordinate point
(which has a track distance of zero) will be aligned with the take-

off threshold fcr takeoffs ana wich the landing threshold for
landings.

S T T T

i1y Entering Delta-EPNL

ik

The keyword to bhe used for entering an altitude
profile is DEPNIL whiech is pnlaced in the six column key-
word fleld of the data card. Upon recognizing thils key-
word the program will ovrint the following:

+++ POWER LEVEL PROFILE
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Coordinate Sequence
Track
Distance Delta
| 0 5.0 .
4000 0.0 ,?‘
10000 0.0 g 2
175000 -5.0 _§
14 i
" 0 @
| "8 VGC\L c®
/ 0"5‘0“ i
|
: B |
E 5()@‘ :
é 00> o -V
3 Takeoff TYPICAL TAKEOFF ;
i Threshold |
Coordinate Seguence
Track
Distance Delta
: 0 5.0 :
; 10000 5.0 |
11000 0.0 !
150000 0.0 i
Landing Threshold i
f
3 w f
\ - 15
“oc\( . /
pisto” TYPICAL LANDING
FIGURE IV-6. ILLUSTRATIOM OF DELTA -EPNL PROFILE
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Figure IV.7 shows a typical set of data cards.
Data field one contains the numeric name of the profile.
This number may be any nonzero, positive integer (no
decimal point) and must be right Justified in the duca
field. If a negative number 1s used, the program will
automatically convert it to positive. If zero is used,
the following warning message wili be printed:

ILLEGAL NAME

The number may be up to 8 digits long but must be right
Justified 1n the data fileld. The name must be unlque
among all entries in this data set. If it 1s not unique,
the old profile of the same name willl be lost,

Data field two 1s n2t used. Therefore, leave this
fleld blank. Starting with data field three, the coordi-
nates are entered. Data flelds three and four contain
the first coordinate pair (track distance and offset
respectively). Succeeding coordinate pairs are entered
in data flelds five and six, and seven and eight. 1If
more than three coordlnates are to be entered, continu-
ation cards may be used. Each continuation card must
have the keyword field left blank and an asterisk (%)
must appear in column 80 of the preceding card. The
last continuation card should not have an asterisk (%)
in column 80. Four coordinate pairs may be entered on
each contlnuatlon card, starting with data fileld one.

The distance coordinate may be in either feet or
in meters. However, be certain that the correct UNITS
specification is in effect. The offset coordinate is
always In decibels. There are only four restrictions

Lﬂuﬂ.—n—.m ATl i St
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on the coordinates. First, the track distance of the first
coordinate must be zero. If 1t is noi, the following

warning message will be printed:
INITIAL TRACK DIST NOT ZERO

Second, all track distances must be positive numbers (with
or without decimal points) and must be ascending in value.
If they are not, the following warning messzage will be
printed:

TRACK DISTANCE(S) NOT POSITIVE OR NOT ASCENDING

Third, %' numbter of cooridinate palrs must be at least
two, but not more than ten. If the number of
palrs does not fall in thicz range, the following warning

messare will be printed:
NUMBER OF COORDINATES RESTRICTED 2 TO 10

Fourth, the amount of offset may be positive, negative, or
zero ., However, the value (which may appear with or
withont 1 decimil roint) 15 restricted to plus or minus
200 dB. If the value is outcide of this range, the com-
ment

*QUT OF RANGE®*

will be printet nox r¢ each offending coordinate and

the followlingy warning rnessase will also be printea:

REL POWER OUT OF RANGE

8 A e A

TR R
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2) Deleting Delt' -EPNL Profiles

The keyword tec be used 1s XDEPNL. Upon recognizing
this keyword the program will print the following:

EXPUNGE POWER LEVEL PROFILES

Li1ioT

The profiles to e deleted are referenced by theilr
numeric name. Data field one contains the numeric name
of the first profile to be deleted, data field two con-
tains the name ¢f the second, and so on. Elght numeric
names willl fit on one card. If more than eight profiles
are to be deleted, continuation cards may be added.
There 15 no limit to the number of continuation cards
which may be used. However, each continuation card must
have the keyword field left blank and an asterisk {#*)
must appear ‘n column 80 of the preceding card. The
last continuaticn card should not have an asterisk (%)
in column 80. The data set 1s searched for each of the
specified numeric names. If the name is found, the pro-
file number is printed. If the name is not found, the
profile number is printed along with the phrase:

*NOT FOUND*

3) Listing the Delta-EPNL Profiles

A complete listine of all entries in the Delta-EPNL
protf'ile data set .ay be obtained by using LDEPNL in the
keyword field of the card. Upon recognizing this key-
word the prorram will print the following:

AL FLIGHT POWER LEVEL PROFILES

No further data 15 required on this card.

69
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A complete listing of the parameters for all entries
in the data set willl be printed. In addition, if any
‘LIGHT card rererenced an aircraft whose Delta-EPNL pro-
file was not in the data set, thls profile number will
be listed with an asterisk (*) printed next to it.

At the end of the listing, the program will print
the total number of entries in the data set. This num-
ber includes the active entrles which were explicltly
entered, as well as those which were missing when called
upon by a FLIGHT card. In addition, the number of free
library entries remaining is printed.

d. Flight Descriptor (Takeoff and Landing) Data Sets.

The EPNAGB, Altitude and Delta-EPNL profiles are tied teogether
by the flight descrictor. As previously mentloned, there are two
varieties: Takeoff Descripters and Landing Descriptors. Thelr
purpose 1s to specify the noise and performance characteristies
of a particular type of alrcraft on a particular type of mission.
Although the parameter fields on the TODSCR and LNDSCR are layed
out exactly alike a logical separation 1s made between them in or-
der to Improve the error dlapgnostics of the program.

A given mission for a given aircraft wilill obviously have one
specific altitude nrofile associated with 1t. Similarly one Delta-
EPNL proflie 15 necessary tc specify all offsets due to moderate
changes in power setting or changes in speed of the alrcraft. On
the other hand, one may want tc¢ specifyv a completely different
EPNAB profi’e for part of a flight when the power changes are large,
such as the use of an afterburier during only part of the mission.
Fach flipht descriptor is therefore allowed to have up to three
EPNdB profiles associated wlth it. FEach part of such a mission
which has a given EPNAB profile nassociated wilth 1t is called a
"subflight.” Each descriptor must have at least one subflight
specified.
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The following parameters are present on a takeoff or a landinge
descriptor:

* aircraft number

constituting a two-word numeric name
Z * mission number
]

* altitude profile number
* delta-EPNL profile number

+ alrcraft turr radlius

 alphanumeric Ilentifying text
2

1 + EPNAB profile nurber t

cene palr for each subflicht
: * annlicable tracl distance

s

1 1) Fntering a Takeo{ ™ Descriptor or lLanling Descriptor
h All entries In either data set are made cne at a tinme. 3
The keyword to be used 1s either TODSCR or LNDSCR de- 3
resding on whetli-r the flight to be described 1s a takeoff
or a landlng, resvectively. Thils keywerd 1s placed in 3
: the keyword fleld of the data card. Upon recognizing j
] either of these keywords the program will orint the 3
1 ol 16 finE: %

+++ FLIGHT DESCRIPTOR

: A tyricai sevt of dgata cards 1s shown in Figure IV.8.

The first two data filelds of the carrd contain the aircraft

¢
number and mission number respectively (which in combination
are raferred tc a

TR

s the numeric nam2), All fut e refe-

rences to this flight will he made via this nuneric name;

therefcore, the name chosern must be unlque among all entries

in the data set in which 1t 1s eaxtered.

e oS e oo

The aumbers may
be any ncnzero rnhcitive Iinteger, and must be right
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Justified in their respective fields on the data card.

If negative numbers are entered, the program will auto-
matlcally convert them to positive, If either of the

two numbers are zero (or the field is left blank), the
entry will not be made into the library and the following
warning messape will appear:

ILLEGAL AC/MISSION NOS

Data filelds three and four contain the Altitude
Profile and Delta~-EPNL Profile numbers to be associated
with this flight, Top landings, these flelis zrs o e
mallv left blank. By so doing, the program is instructed
to compute, 1) *ts own altitude profile for this air-
cralt tased on a normal glide slope approach to the run-
vway and an assumed 59 foot height over the runway landing
threshold and 2) 1ts own Delta-EPNL Profile with zero
orfset from the LPNAB Profile specified. If the user
desires to override this feature he may specify the numeric
nanes of elther or both of these profiles (whiecih must
then ultimataly be entered in their own respective data
sets). Far takaoffs the program has no means for gene-
ratinge ore g auteomatlcally. Therefore, both profile
numrers must he spacified. By definition they must be

onLers nositive integoars, arnid must be right justirfied

in theip data fleids, Hegatlve numbers will automati-
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“w the rrogram to nositive. If zeros
Cislds are left blank), the following
Tomensara will anpear:
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used when the aircraft i1s flown according to a departure
procedure, and 1s used to generate the flight track when
the alrecraft 13 required to make a turn. Thus, this num-
ber should be a reasonable estimate of the aireraft turn-
ing radius considering the expected performance character-
istics of the aircraft within 10 nautical miles of the
airfield. Tihe turn radius may be any positive number
(with or without a decimal point). If a negative number
1s entered, the program will automatically convert it to
positive, If a zero is entered (or the field is left
blank), the program will if the need arises assume a turn
radlus of 6000 feet (1829 neters). Note that the distance
2y be speclified in either feet or in meters; however

b= certain that the zorrect units specification (English
or metric) is in effect. When a flight track uses a turn
radius smaller than specified on the descriptor card the
tollowing message {s printed:

TRACK TURN RADIUS < #*e*se*e s FT A5 SPECIFIED ON 'FLTDSC' CARD

A flight descriptor must include at leas: one sub-
f£1li,sht, but may include up to three. By definition, a
sut €110t 1s that portion of the total flight over which
the character of the nolse produced by the aircraft re-
mains constant. That is, the nolse propagation from the
alreralf’t can be described by a single EPNL vs. distance
function including any offset being introduced by the
Doita-EPNL functlon., Typical situations where a single
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uf'fice are constant power takeoffs and
landiags. A cal case where two subflights would be
desired 1s an afterburner takeoff. The first subflight
would cover that portion of the flight from the start of
takeoff recll to the point where the afterburner is

secured; the second subflight would start at the point

|..~

where the alterburner 1ls secured and continue to the end
of the flight.
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wilth this subflight 1s entered in the 7th data
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For the firat subflight, the EPNAB profile number ;
and distance parameter are placed in data fields seven %
and elght respectively. The first subflight i1s assumed ) ?
to start at a flight track distance of zero* and contin- i
ues for a distance specified by the distance para- 2
meter. The distance parameter is always a positive non-
zeroc number and specifies the total ground track distance :
traversed by the alrcraft to the end of the subflight. U
The number maj anppear with or without a decimal point.
If 2 negative number 1Is entered, the program‘will
automatically convert it to poslitive. The distance
may be specified In either feet or meters; however, be
certaln that 1) the units are consistent with the turn
radius In data fleld five and 2) that the correct units

>cification is in effect. If only one subflight is
sufficlent tc describe the flight, then be certaln to
select a high enough value for the distance parameter
fosay 200,000 feet) so that the program will not cut
the flight sheort in the vicinity of the alrfield.

The number of the EPNAB vrofile to be associated

field. The actual profile itself 1s entered into its
own data cet separately. The number must be a nonzero
positive inteper, and must be right Jjustified in the
data fleld. If a negative number is entered the pro- ’
cram will autematically convert it to positive.

If the flight 1s to be composed of more than one
subflight, the add*tional data must be entered on a
continuation card. This 1s accomolished by placing
an asterisk (*) in column 80 of the first data card to

tance zero is the (displaced) landing or takeoff
as approoriate.




Indicate *hat a continuation card follows, If the
continuation card is inadvertently 1s omitted, the

following warning messape wlll be printed:

MISSING CONTINUATION CARD

On the continuation card, the keyword field is left
blank, and data fields cne and two are used for the
second subflight and data fields three and four are
used for the third. By definition, the subflights
are sequential; that 1s, where the first one ends,
the second begins, and so on. Thus, the ending
track distance r'or the second subflight must be
nurierically greater than for the first. Likewise,
the third must bLe greater than the second. If the
input data does not .conform to this convention, or
i a track distance of zero is entered, then the
followiny warning message will be printed:

SUBFLIGHT END DIST MUST BE GREATER THAN BEGIN DIST

The program will not recognize any subflight whose
EPNAB profile number is specified as a zero. Further-
more, once a zero LEPNAB profile number has been encoun-
tered, the program will cease to look for additional
subflights. Thus, an EPNdB profile number of zero in
the first subflight will result in no subflighpg;being
defined. On the other hand, an attempt to enter more
than three subflights will overflow the storage capacity
of the library. If either of these two‘conditibns should
occur, the following warning message will be printed:

NUMBER OF SUBFLIGHTS RESTRICTED 1 TO 3

i  DESTAVAILABLE copy
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A text description of the aircraft may also be en-
tered (although 1t 1s not mandatory}. This description
will be printed each time the aircraft is used by the pro-
gram and provides an easy means for idéntirying the alr-
plane. The description is entered in the text field
of the first data card and may be up to eight chafacters
in length (any Hollerith characters are legal). Al-
though the description need only be entered on the first
card, it is recommended that any continuation cards also

carry this description in the text field for precaution-
ary purposes.

n
S~

Deleting a Takeoff Descriptor or Landing Descriptor

The keyword to be used is either XTODSC or XLNDSC
depending on whether takeoff descriptors or landing
descriptors are to be deleted from their respective data
sets. Upon recognizing this keyword the program will
print the followlng:

EXPUNGE FLIGHT DESCRIPTORS

Descriptors are referred to by their numeric names
(aircraft number and mission number). The first two
data fields contain the numeric name of the first de-
scriptor to be deletéa, the second two data flelds con-
tain the numeric name of the second descriptor to be de-
leted, the second two data flelds contain the numeric
name of the second descriptor to be deleted, and so on.
Four numeric names will fit on one card. If more than
four alrecraft are to be deleted, continuation cards may
be added. There 1s no limit to the number of continua-
tion cards which may be used. However, each continua-
tion card must have the keyword field left blank and

77 B BUST AYAILABLE COPRY
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an asterisk (*) must appear in column éo of the pre-
ceding card. The last continuation card should not
have an asterisk (*) iIn column 80. For each of the spe-
cified numeric names the data set is searched. If the
name 1s found, the aircraft number, missidn number, and
text descriptor are printed. If the name is not found,
the specified aircraft number and mission number are

printed, and the phrase:
*NOT FOUND®*

1s printed in place of the text descripter.

3)

3) Listing the Takeoff Descriptors or Landing Descriptors

A complete listing of all entries in the takeoff
descriptor and landing descriptor data sets may be ob-
tained by using LTODSC or LILNDSC in the keyword field
2f the card. No further data is required on this card.

Upon recognizing either keyword the program will print
the following:

LISTIALL FLIGHT DESCRIPTORS

A complete listing of the parameters for all entries
in both data sets will be priﬁted. In addition, 1if any
FLIGHT card referenced an aireraft which was not in the
dat=z set, the alrecraft number and mission number wiil be
listed and an asterisk (*) printed next to the mission
number. Av the end of the listing, the program will
print the total number of entries which were explicitly
entered, as well as those which were missing when called
upon by a PLIGHT card. TIn addition, the number of free
library entries remaining 1is printed.v

'BEST AVAILABLE COPY
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é 2.  GROUND RUNUP DATA g

Before discussing the details of each of the "runup" data
sets, it 1is useful to present a general overview of the functional
relationships between the runup card used to generate the NEF con-
tribution of a given aircraft and the two "runup" data sets.

This is most easily illustrated by tracing through the sequence
of data set references once a RUNUP card has been encountered
by the program. ]

ki mctl

] The RUNUP card contalas a .wo=-word numeric name (aircraft
number and thrust) to specify the type of alrcraft. With this
information the runup descriptor data set is searched for an entry
with the corresponding alrcraft/thrust numbers. Once the correct
entry has been lcrated, th. rarameter list associated with that {
entry will make the numeric name of the PNLT profile to be used :
in t-e computations available. The PNLT data set 1s then searched

using this numeric name to obtain the profile information neces-

28

i sary to perform the computations. Only when the RUNUP card is

-2

encountered is the search performed to verify the presence of each i

E of the needed entries 1n the various data sets. ]
: ]
]

; a. PHLT Profile Data Set !

The purpose of the PNIT profile 1s to define the noise level !
of an alrcrait durini a ground runup operation. The nolse level |
is defined both as a fun=2r'on of the distance from the aircraft and
the a.gle ot orilentation -t the alrcraft with respect to the ob-
server. This is done by -pecifying a number of nolse level versus
distaznce profiles at various anyles about the alrcraft. This is
shown graphically in Firure IV.9. Note that the noise levels i

are only specified for one side of the aircraft. The program as- 1
E sumes that the nolse levels are symmetric about the longitudinal ;
axis of the airplane. Therefore, only angles from 0 to 180 i
degrees are speclfied. 3
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Thus, one entry 1n the PNLT profile data set 1s actu-
ally a collection of several profiles taken at varlous angles.
Each profile is constructed by specifyinp the tone corrected per-
celved noise level (PNLT) at a number of fix.d distances. These
distances encompass a range of 200 feet to 25,000 feet. The 22
] fixed distances lncrease in a fashion such that each distance is b
E 1.259 (the tenth root of ten) times as great as the previous one. 3
A complete tabulatlon of the distances is shown in the figure.

1) Enterinr a PNLT Profile

I P TR TV

The keyword to be used for entering a PNLT pro-
file is FNLT, whiech 1s leftc justified in the six co-
Tumn keyword field of the flrst data card. Upon recog~
: nizing this keyword the program will print the following:

+++ ROUNUP NOISE LEVEL PROFILE (PNLT)

A typical set of data cards is shown iIn Figure IV.10. 1
A set of 3 da'a cards Is required to enter the PNLT pro-
file values for each angle. ©On the first card, the nu-
] meric name of the profile is placed in data field one.

; This number may be any nonzerc, positive integer (no de-
cimal point) and must be right justified in the data

! field. 1If a negative number Is used, the program will :
automatically convert it to positive. If zero is used :

on the first data card, the followlne warning messare
will be printed:

ILLEGAL NAME
The nunber may be up to & aigits long but must be unique

among all entries in this data set. If it 1s not inique,
the old profile of the same name will be lost.
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Data fleld two contains the angle in degrees. It
Is mandatory that the filrst angle entered be zero de=-

grees; thus a zero 1s placed in column 22 of data field
two.

Data filelds three through eight contain the flrst
six PNLT values. The additicnal continuction cards con-
taining elght PNLT values each, are necessary to complete
the first profile. Each continuvation card must have

the keyword field left blank and coiumn 8C of all three
cards must have an asterisk (*).

After the proflle for the first angle has been
entered, the profiles for succeeding angles must be

entered in order of Increasing angle. A set of three data

cards 1s required for each additional angle and the key-
word field on these three cards must be left blank.

The format of the three card set 1ls identical with the
first angle. The numeric name which is entered in data
field one of the first data card in each subsequent set
must be ldentical to the name used in the filrst set

(for zero devrees). If the names do not agree,

the following warning messare will be printed:

NAME DOES NOT MATCH FOP ANGLE = #*s#es

In order to aid the user in locatine where the problem
occurred the messagre prints the anpgle which was read
from the second data fleld of this card. If the problem
1s caused by cards bein: out of order, the angle value
printed may in fact be a PHLT value.

i
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The angle may be any positive number (with or
without a dceimal point) between 0 and 180. If the
number Is nepgative, the program will automatically con-
vert 1t to positive. Data fields three through eight
contaln the first six PNLT values. The two additional
continuation cards contain the remaining sixteen PNLT
values. The PNTT values themselves have only two re-
strictions. First, the value is limited in magnitude
to plus or minus 200 AB. If the value is outside of this
raace thae Il lowine warning messarme will also be printed:

vre

NOISE LEVEL(S) OUT OF RANGE

Second, 1t is losienl that

Lhe nolse levels should de-
eresse o the distance between the aireraft and the ob-
werver inereases.  Therslore, consecutive entries in
2ach 2 the neoafiles must be decreasing in value. If
this i not the case, the following warning message
will oo printed and the offending urofile will be iden-
Dified Ly ita assoclated anple:

' S —

NOISE LEVELS DO NOT DECREASE FOR ANGLE = **%.* DEG

The procranm necforms o fow simple checks for the complete-
ness of Lre dnta. A first eheek s to verify that 1)
Paere e tnres Anta carids for cach angle, 2) that all

cardo et contination code (%) in column 890 with
Theowdert o LT tne Tast sard and 3) that the keyword

ST e ooy Lyt lon s left blank.  IF a zard

with o oaareenlsy (®Y g £oii0ved by a card with a

wemSnley The preesramn assumed Lhat o one or more data
RN ! it ertentlyooemitted, and the following

warnin s ovesoaces ) whizh Tndisates the last angle read,

MISSING DATA. LAST ANGLE = %¢s_s

!
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This error can be caused by inadvertently placing an
asterisk (*) in column 80 of the third card of the last
angle, thus causing the program to expect another pro-
file for that entry.

Once the program encounters a card with column 80
left blank, 1t assumes that this card terminates the
data entry. Clearly this is a critical precblem if co-
lumn 80 is left blank on either of the first two cards
of the three card sequence for a particular angle.

If such 1s the case, the program assumes that either the
continuation code (*) was omitted from this card or that
some data cards are missing. It then prints the follow-

ing warning message

MISSING CONTINUATION CODE OR MISSING DATA. LAST ANGLE = #*=*,

If either of these two error conditions should oc~
cur, the program will cease to interpret any further
cards as belonging to the PNLT profile.

Additional checks involve the angles which have
been specified. If the profiles are not in ascending
order of angle, or if two profiles are specifled wich
the same angle, the following warning message will be
printed:

ANGLES NOT IN ASCENDINC ORDER OR DUPLICATE ANGL':

It 15 possible (but very unlikely) that this message
could be manifested by cards belng out of order.

Profiles for up to 10 angles may comprice one entry.

If more than ten are specified, the listing of the input
data will show only the tirst nine angles and the 1last

At Vol PR RSN




arple (rather than the tenth anpgle) entered, and the

followine warning messare will be printed:

TO0 MANY ANGLES, 10 MAX

2) Deleting PNLT Profiles

The keyword to be used is XPNLT which must be left
Justified In the keywerd field. Upon recognizing this
geyword the program will nrint the following:

+++  EXPUNGE RUNUP NOISE LEVEL PROFILE

Tho proeflles to be deleted are raferenced by their
numeric name. Data fleld one contains the numeric
name oi the first prufile to be deletéed, data field tweo
contains the name of the second, and so on. Eight nu-
3

meric names will rit on one card. If more than eight

profiles are to b deleted, continuatlon cards may be )
added. There 1s nc limit to the number of continuation

e
cards whlch may be used. However, each continuation

4 must have the keyword field left blank ancd an aste-
sisk (%) must appear In column 80 of the preceding card. f
The last contirmiation card should not have an asterisk

‘%) In o2olumn 80. The data set 1s searched for each of
tne specified numeric names. If the name is found, the

profile number is printed. If the name is not found,
the profile nwber is printed along with the phrase: ‘

*NOT FOUND®

- BESTAMAERBEORE py
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3) Listing the PNLT Profiles

A complete 1listing of all entries in the PNLY pro-
file daca set may be obtained by using LPNLT in the
keyword field of the card. Upon recognizing this key-
word the program will print the following:

++4 LIST ALL RUNUP NOISE LEVEL PROFILES

i i
|
i
i
i
{
i

A complete 1listing oi the parameters for all en-
tries in the data set will be printed. 1In addition, if
any RUNUP card referenced aircraft whose PNLT profile
was not Iin the data set, the profile number will be
1:3ted with an asterisk (*) printed next to 1it.

At the end of the 1listing, the program will print
1 the total number of entrles in the data set. This num-
] ber includes the actlive entries which were expllcitly

] entered, as well as those which were missing when called
] upon by a FLIGHT card. In addition, the number of free
library entries remaining is printed.

(g

Runup Descriptor

The purpose of the runup descriptor i1s to associate a nolse
level versus dlstance profile ret with a particular aircraft. A

runup desceriptor Is ~omprised of the following five basic para-
meters:

.alrecraft number l
two-word numeric name

.thrust number ]

.PNLT profile numbcr

.PNLT coffset

.alphanumeric text description
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1) Entering a Runup Descriptor

All entries in this data set are made one at a time.
The keyword to be used is RUDSCR. Upon recognizing this
keyword the program will print the following:

+++ RUNUP DESCRIPTOR

Typical data cards are shown in Figure IV,1l.
The first two data fields of the card contain the air-
craft number and thrust number, respectively, which in
combination are referred to as the numeric name. All
future references to this runup will be made via this
numeric name; therefore, the name chosen must be unique
among all entries in the data set. The numbers may be
any nonzero positive integer, and must be right justified
in thelr respective fields on the data card. 1If nega-
tive numbers are entered, the program will automati-
cally convert them to positive.

Data fleld three contains the number of the PNLT pro-
file to be associated with this runup. Only the numeric
name of the profile 1s entered as a part of the runup de-
scriptor. By definition 1t nmust be a nonzero positive
integer, and must be right justified in the data fieid.

A ne;atlve number will automatically be converted to

positive,
[f zeros are entered in any of the first three data

fields (or any are left blank) the entry will not be made

into the libr.ry and the followling warningmessage will
b~ printed:

INVALID AC CLASS, THRUST, OR PNLT PROF
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The fourth data field contains the PNLT offset.
Frequently, several alrcraft wlll produce similar noise
leyel patterns, the only differance being the magniltude
of the level. 1In such cases, a single PNLT prcfile may
suffice for these aircraft. The offset specifies the
value in decibels which willl be acded to the PNLT values
to determine the ultimate noise level of the aircraft.
The number {(with or without a decimal point) may be posi-
tive, negative, or zero, but is limi%ed in range to
plus or minus 200 db. If the value entered on the data

card is outside of this range, the following warning
messa;te will be printed:

T T T

: OFFSET OUT OF RANGE
; A text description of the alrcraft may also be entered
(although 1t 1s not mandatory). This description will
be printed each time the alrcraft 1s used by %the pro-
gram and provides an easy means for identifylng the
airplane. The description 1s entered in the 4ext fleld
| of the data card and may be up to elght characters 1in
length (any Hollerith characters are legal).

2) Deleting a Runup Descriptor

The keyword to be used is XRUDSC. Upon recognizing
thls keyword the program will print the following:

! +++ EXPUNGE RUNUP DESCRIPTORS

Descriptors are referred to by thelr numeric names
(aircraft number and thrust number). The first two data
fields contain the numeric name of the first descriptor
to be deleted, the second two data flelds contaln the
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numeric name of the second descriptor to be deleted, and
so on. Four numeric names will fit on one card. If
more than four aircraft are to be deleted, continuation
cards may be added. There 1s no limit to the number of
continuation cards which may be used. However, each
continuation card must have the keyword fleld left blank
and an asterisk (*) must apoear in column 80 of the pre-
ceding card. The last zontinuation card should not
have an asterisk (*) in column 80. For each of the spe~-
cified numeric names the data set 1s searched. If the
name 1s found, the alrcraft number, thrust number, and
text description are printed. 1If the name 1s not found
the specified aircraft number and thrust number are
crinted, and the phrase:

*NOT FOUND*

is printed in place of the text descriptilon.

3) Listing the Runup Descriptors |

A complete 1listine ¢f 21l entriesin the runup
descriptor data se* may be cbrtalned by using LRUDSC in
the keyword fleld of th.  wrd. Upon recognizing this
keyword the projyran w!. = .t the following:

A complete listins of the narameters ror all entriles in
the data set will be nrinted. TIn additlon, if any runup
card referenced an aircraft which was not in the data set,
the alrcraft number and thrust number will be listed and
an asterisk (®) printed next to the thrust number.
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At the end of the listing, the program will print
the total number of entries In the data set. This num-
ber includes the active entries which were explicitly
entercd, as well as those which were missing when
; calied upon by a RUNUP card. In addition, the number
> of free library entries remaining is printed.

515 NAVIGATIONAL AID DATA

When departure procedures are used in the data such procedures
may reference navaids. Just as any nolse and performance data does
not cause an error unlesg a FLIGHT or RUNUP card calls for the in-
formation, navaild Information will only cause an error if a FLIGHT

card causes the execution cf a procedure which calls for the in-
formation.

b

; a. FRntering a Navaid

‘ The keyword to be used for enteriny a navald is NAVAID. ’

! /NRVATY 296569 599341 ' LAX \

3 00 apepPnaAntg (O000NN0 @O0DEPNDODCONACORDOUNRRGOCOORNOLOROAD00NDN0R00000M00 Of0COO0DD
LA ET BRARS DA NIRRT RD BT (PRI PAT RRRGNCIEY. NN IS IS ISR IR I 1 I LR U S R A PR FR K IR TV A N USRS AN S AU ST R L NS AN VA S TSN AN S A N U ( RUNSERARS (19 3 HFF RENN]

] [ AR IR RN IR R R R R R R R R R R AR ERR AR R IR IRRERE

% 222221722 222222?22222222?2222222222222?22?272222222222222222222?222221222222?222
IVIIIYIIIIIINGIITGT IHNIIIIIIININNIINYINNIGNIGIIINI4IN3I33I3INIINIIIIY I IIN

+++ ENTEPRP NAVAID LAX AT X = 296500, Y = 599340 FT

Tne navaid coordinates .eferred to the map used for entering
airfield peometry (see Section V) are placed in data fields one
and two. The navaid identifying code 1s entered in the first
alpha field (columns 71-~74). It is ‘mportant to recognize that
a blank space 1n this fileld has meaning. If the usual three
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letter codes are used, there is a difference between ' LAX' and
'LAX '. To the program these are distinct entries and one should
take care to consistently left or right Justify the navald codes
on NAVAID cards as well as DEPART cards. Only one navaid can be
entered per card, but continuation cards may be used.

If more navaids are entered than *he program can store,
the program will print the warning:

TABLE FULL

Although it will continue reading and listing cards, they will be
ignored. If a new entry 1s made with the same alphanumeric code
as an existine entry, the program will issue a warning:

A PREVIOUS ENTRY FOR **** HAS BEEN DELETED

The reason for printing a warning rather than a simple message as
is done 1n nolse and performance data 1is that, although modifying
operational parameters during the calculation for an airbase lis

fairly routine, moving navaids around 1s at the very least a sus-
Plcious activity.

Any reference to a navaid must 1nclude a nonblank entry in
columns 71-74. If a blank identi}ication code 1s used, the pro-
gram cannot retrieve the information and the entry is lost. This
is signified by the warning:

NAVAID NAME MISSING

This problem is not limited to entering the data, it applies equally
to deletling data as discussed below In Section b.
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b. Deleting a Navaid

The keyword to be used for deleting a navald entry from the
data set 1s XNAVAI. Upon recoonizing this keyword the program will
print:

EXPUNGE NAVAID

The ccde for the navaid to be deleted 1s placed in the first
alpha field (column 71-74) of the card. Only one navaid may be de-
leted per card. If the program cannot find the entry, the pro-
gram will issue the warning:

ENTRY **** NOT KNOWN

C. Purging the Navaid Data Set

Nolse and performance data 1s keyed to alrcraft and does not
vary from airbase to airbase. Navailds are fixed at a particular
ground location. Although a given navald may be in use for SIDs
of several alr bases, there will In general be different navaids for
different airbases.

If several airbases are run in sequence, and they use the same
navailds then one can keep thelr location in the machine provided
that the geometrical information for all bases 1s scaled from the
same map ccordinate system for all bases. If this 1s not the case

or bases with different navalds are used, the proper navalds with
the proper coordinate must be entered. If the navaid table in the
program 1is full or approaching capaclty, one may wish to delete non-
current navailds. Since often all navalds are to be replaced and

new ones entered and since the XNAVAI card only expunges a single
entry per card, it 1s expedltious to use a new keyword to purge the
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: entire navaid directory. The keywcrd is CNAVAI ard when recog-

4

§ nized by the program it produces the message:

§

; +++ PURGE MAVAID DIRECTORY

E ** ENTRIES DELETED

E 0 ENTRIES(S) 25 CELL(S) AVAILABLE

i

g

1

1 d. Listing the Navald Entriles

A complete listing of all entries in the navaid data set

may be obtalned by using the keyword LNAVAI, Upon regognizing
this keyword, the program will print the following:

3 ++4+ LIST ALL NAVIGATIONAL AIDS

L A complete listing of all navalds in the data set will be

E
listed. This 1listing includes the alphanumeric code and the (x,y)
coordinate palr for each entry. If a FLIGHT card followed a DEFPART
card which referenced a navaid which was not present In the data set
the code characters used on the DEPART card will be 1listed followed
by the words "forced entry" as in:

i SMA FORCED ENTRY

The 1listing of navigational aids may on occasion be initiated
! by the program. Since it 15 not due to a card, the card identifier
] '+++" will not appear in the margin. This listing 1s printed when
' the navald table 1s full as an added diagnostic to expedite de-

leting unnecessary entries.
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SECTION V

SEQUENCE DEPENDENT DATA CARDS

1. CODING AJR 3ASE OPERATIONS

The ccutrol cards and data cards which we have thus far dis-
cussed have been sequence lndependent according to the definition
of sequence dependence given earlier, Alrcraft operations are
communicated through sequence dependent cards, That thls 1is so

should rot be too surprising: one can describe each aircraft
movement as an ordered sequence of events,

Allowable sequences of cards are completely specified in sec-
tion II.4 using a formal metalanguage. The purpose of this
section is to discuss in some depth the semantlics of the sequence
dependent cads. Although tlie cards discussed are given in se-
quential order the order .: sen 1s usually not unique, and shows
merely ai example of the rules of section II.A4,

To show the many dirfferent features of the sequence dependent

cards and some of the precautlions one must take under special con--

ditions the following discusslon centers around a hypothetical
airfield: Falcon Air Force DBase. This example base has some
highlv unusual regulations concernlng runway use, and is equipped
with an unlikely conplement of aircraft in order that most typilcal
situations can be discussed using only one example.

2. OSEQUENCE DIPENDENCE

We first must reconslder the requirements of sequence inde-
pedence before golng further with the discussion of operational

data, For a card to be sequence independent it must have two
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propertles:

1. It must always be recognized without an error
message 1ndilcating that 1t was out of sequence.

2. The insertion of the card at an arbltrary pcint
should not disturb the meaning of any sequence
of sequence dependent cards.

There are three cards whlich one might call pseudo sequence
independent. These three cards (AIRFLD, RUNWAY, RNPPAD) satisfy
the first criterion.* They do not meet the second one, howevci,
Thez2 three cards form the concluslon of one seguence and the
beginning of the next. (There is a similar prcblem with one
control card: all control cards are sequence independent exceyt,

strictly speaking, the END card, since all cards following it¢
will be ignored by the program.)

The sequence cependence of the operational Information is
posslbly best i1llustrated by the followling beottom-up discussion
of the data input. Tiie card which ultima*ely causes the computa-
tlon of the NEF value: 1s the FLIGHT c»:i., Thiz card describes
the type of alrcraft, th» type of mlssion, and the number of oper-
atlons taking place. "here must be a curd whlch precedes
thils card to 1ndlicate where exactly this operation 1s taking

place. In other words the alrcraft flight path must be communi-
ceted.,

The flight path 1s communicated effectively on two different
cards. The altiltude proflle for'the alrcraft 1s part of the per-
formance data package, and 1f not a standard default of the pro-
gram, must be given on an ALTUDE card. Thils card 1s sequence

#Strictly speaking the RUNWAY and RNPPAD cards will only cause no
error 1f at least one AIRFLD card precedes them.
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independent according to the definition, but must obviously be
present somewhere ahead of the point where it is needed. The pro-
Jectlon of the flight path onto the ground plane 1s communicated
on the FLTTRK card which describes the flight track explicitly,

or may be communicated as a departure procedure using a DEFART
card (provided that the operation 1s a takecff)., The only se-
quence dependent card which may be present betwzen a FLTTRK (or
DEPART) card and a FLIGHT card ic another FLIGHT card.

It 15 also clear that o fligrht track must either begir or
end on a runway. Theretore ahead of a FLTTRK or DEPART card there
must be a RUNWAY card to describe the location of the runwey. The
RUNWAY card is the bepinning of a card sequenne of sequencs de-
pendent cards. Since a RUNWAY card must precede all expliclt or
Impllcit definitions of flight tracks one must know which inter-
vening seauence dependent cards are allowed. Since many flight
tracks may originate from a single runway a FLTTRK or DEPART card
must be preceded by a RUNWAY card, or by any number of FLTTRK
cards followed by any number of FLIGHT cards, provided that the
first of these FLTTRK sequences 1s preceded by no other sequence
deper..>nt cards than a RUNWAY card. :in the above one may substi-
tute DEPART for FLTTRK at will.

One may appreclate from the atove description why 1n section
II.6 the BNF metalanguage was Introduced to keep the description
of card sequences tractable. As mentloned before the restrictions
presented abouve aopply only to senquence dependent cards. There is
no exception to the rule that any number of sequence 1ndependent

cards nay te Interspersed anywliere in the deck structure.

One important thing to remember 1s that whenever a RUNWAY card
1s read the previous runway 1s no longer accessible to the program.
Similarly a DEPART or FLTTRK card will replace the information of
the previous flight track and cne must re-enter the pertinent in-

formation when one wants to o back to a previous runway or flight
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track, It 1is most efficient to complete 1ll operations for a

given flight track before golng on to the next, and to complete
all flight tracks before going on to the next runway.

A similar argument can be made for runup operatlons. The
runup itself is described by a RUNUP card which describes the

duration of each runup, the number of runups, the aircraft type

and the power setting. Runups take place at pcsitions on an zir-

field called runup pads which are defined to the program by giving

thelr location on a RNPPAD card. The only sequence dependent

cards allowed between a RNPFPAD and a RUNUP card 1s another RUNUP
card.

Although the noise and performance data are input as sequence
independent infermation one must of course always have entered the
necessary data before a FLIGHT or RUNUP card 1s encountered, If
no information is present the program will issue an error. If the
wrong information 1s presert no dlagnoistic whatsoever 1s provided,

since only the user can decide which information 1s appropriate in
a glven situation.

3. FLIGHT OPERATIONS

a. Starting a New Airbase

A new airfield 1s started when an AIRFLD card 1s encountered.
The program will conclude the previous airbase and start the next

one, If the program is in the 1lnitialization phase the necessary
steps wili be taken to conclude thls phase.
error summary 1is printed.

In elither case an
The AIRFLD card forms the start of a

new sequence which will continue until the next AIRFLD or an END
card 1s encountered.
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b. The Error Summary

At the conclusion of an airfleld the program prints a summary
of error and warning messages. This summary consists of a listing
of the page numhers on which errors and warnings occurred during
this airfield. If noneoccurred in a category the word NONE will
“e printed. The program can keep track of up to 56 pages with
errors and up to 200 pages with warnings. An example of a typical
error summary 1s shown in Figure V.1

ek wdbuadee gl i el dlui o B il B Ll iRl b Ll M LU i e i L www—m—wmw
"
4 i

4 FALCON AIR FORCE BASE = SUNNYVALLEY, CALIFORNIA PAGE 176
N
3 ERROR STATISTICS
FATAL ERRORS = OCCUR ON PAGE(S)
8 78 lbb

WARNING MESSAGES - OCCUR ON PAGE(S)

14 bb 89 la% 17e

il el

e be die oaii

FIGURE V-1. TYPICAL ERROR SUMMARY
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If the program found errors or warnings on more pages than
it could keep track of, the error count beyond the last page
number which could be stored willl be printed as signified by the
following message appended to the listing:

N oA T T T T BT e, >y~ T T 7 P T e

ANL: IN **** MORE INSTANCES AFTER PAGE ****

Errors which occurred during the initialization procedure cause
the program to stop e.ecution with the message:

RO TR TR T

EXECUTION TERMINATED DUE TO INITIALIZATION ERRORS

E‘ c. The AIRFLD Card

FALCON AIR FORCE BASE - SUNNYVALLEYs CALIFORNIA \\\

AIRFLD] 1207650 168400  14.9
Keyword| X Org.| Y Org.| Decl.

Dir.
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+++ NEW AIRFIELD FALCON AIR FORCE BASE = SUNNYVALLEY, CALIFORNIA

EXTERNAL LOCATION OF GRID ORIGIN X = 1207650 Y = 168%00
MAGNETIC DECLINATION 14%.5 DEG TO EAST

OPTIONS PROGRAM WILL ANALYZE INPUT DATA (ENGLISH UNITS)
BUT NO PROCESSING WILL BE DONE
DATA BASE WAS RESET

FILES KNOWN TO PROGRAM
UNIT 10 BINARY WITH 0 DUMPS

i i
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The AIRFLD card is unique in that it actually consists of two
cards, The second card contains any sultable alphanumeric des-
criptor which will be printed as the page heading for all output
of the program.* The AIRFLD card 1s physically two cards and no

continuation character 1is needed in the continuation field of the
first card,

The AIRFLD card will cause the grid to be cleared irrespective
of the mode of the program and will reset the data base to its
initialization values unless this is inhibited by a NODATA card.
The options 1ist gives the cptions in effect when the AIRFLD card
was read. These may, of course, be changed at any time.

The following discusslon uses FALCON AFB as an example. This
airbase 1s fictitious., The alrcraft complement is assumed to be
F-100 fighter aircraft, C-141 cargo aircraft and B-52 bomber air-
craft. Thils heterogeneous group 1s flown following a set of
equally unusual flight paths and departure routes. The only rea-
son 1s to present the cards in the order which one would ordinar-
11y use them for a "real" case, but at the same time show how all
different parameters are used on the cards. Appendix A gives the

chronicle listing of a simple test case to show some of the
features discussed.

1) Grid Origin

The computer grid must be assoclated with the refer-
ence used to input the data which are to follow, One
should therefore decide where to put the grid for which
NEF values will be computed. A first step in the ab-
sence of any contrary Jjudgment 1is to posliton the grid
go that the airfield is in the middle. The grid origin
i5 located at the lower left hand corner of the grid.

¥This descrintor chould be nlaced in columns T7-66.
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It 1s important to realize that the grid must be
alligned with the coordinate system used to scale dis-
tances, Thils would be most conveniently the coordinate
system of the Coast and Geodetic Survey (C.&G.S) map.
When the area for which NEF contours must be computed
i1s defined one can then locate the lower left hand
corner of the square on the C.&G.S. map. The coordinates
of this polnt should be entered in the X-0ORIG, Y-ORIG
fields of the AIRFLD card.

2) Magnetic Declinaticn

The program 1s capable of constructing flight tracks
from departure procedures. These procedures are worded
in terms of magnetic heading. All geometric calculations
in the program are done with respect to the NEF grid. It
1s therefore necessary to specify the magnetic declination
with respect to Y-axis of the grid. The number of degrees
should be entered on the DECL rield, and EAST or WEST
coded in the DIR field.

The magnetic declination speclified must be in the range
0 < DECL < 180 and the word EAST or WEST must be placed i1n

column 71-74. If these conditions are not met the program
will 1ssue the error:

ILLEGAL MAGNETIC DECLINATION ***.* DEG TO *=#*

It 1is allowable not to zpecify a declination. In that case
all headings are in deprees true, but care must then be taken
that no magnetic headin.:- are used for input.

3) Airfield Title

The AIRFLD statement consists of two cards. The
second of these, which must alwaves be present, is used
to communicate an alrfield *1tle. This title will be
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printed on the chronicle pages and separators. Tt is also
written on the GPCP plots and is part of the header infor-
mation written on binary tapes,

b) Allowable Sequences (Functional Relationship)

If we compare NEFUSAF statements to natural language
one may consider a computer run as & book, The initializa-
tion phase forms the preface. Y¥ach ATRFLD starts a new
chapter. Each chapter is divided iato several sections
by RUNWAY and RNPPAD cards. Each FLIGHT card starts a
new paragraph in the zection.

Now that we have located our grid on the map we can
use the coordinates of the map directly to scale off our
further input. The first thing to do i1s to define a run-
way. The major runway at Falcon AFB is (03-21 so we will
start with this.

The RUNWAY Card

2E1654] ieey 2.8 l 03 | \
/0 Land | Glide
s Thres | Thres | Slope Rw#

Noco0on00poono00 goooonoopcoonOOOpOO9INOGOp Gojongn00
[RTREBLEAR R IRL IRURIRVESRIPER L] TR RURTRUBONSRY] PRTSIRARTETE N} SETUARTRSRERSNI] ARNRIFT IRRUNETES I
(RN ANRE R I RER IR RRRRAREI RERRRER] REN IRERRE
202zl R e pa ez

JI333IIIPIFIIVINIINIAIINILLG I3PIIIIINNIY P3N

[RRAI|

IRNERE

O Q444044 A28280 808 A4 Q 048 a0atitg Jaaaa QA asaasadtadadadpanaaaeefiradfasdddd

RUNWAY 03

LENGTH 11000 FT, GLIDE SLOPE 2.85 DEG, HEADING 32 DEG
START(1253650, 21%000) END(12b1550, 221b654%)
DISPLACEMENTS - TAKEOFF 0, LANDING 12258
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The RUNWAY card starts a sequenced group of cards describing
the operations on that runway. To define the rurway we define
its centerline. The begiuning and end of the runway centerline
is carefully measured .from the map and noted. Since the runway

can be operated as either 03 or 21 we must first define the
directionality.

1) Directicnality of Runway Operations

Operation of the runway as 03 impllies that the alr-
craft operating on 1t fliy toward the north, on runway <21l
they would fly toward the south. This 1s therefore the
way 1n which we define the directionality. For runway 03
the south end should be coded in the XSTART, YSTART fields.
The north end wlil then be coded in the XEND, YEND fields.
For runway 21 the opposite applies.

2) Admissible Runway Length

The values coded in the XSTART, YSTART, XEND and YEND
flelds are centerline coordinates, defining runway length
as well as orientation. If a runway is longer than 16000
feet (4876m) a diagnostic will be printed in the chronicle:

RUNWAY LENGTH IS GREATER THAN 16000 FT
This 15 a warning to indicate that an unusually long run-

way was encountered, which may indlicate a keypunch error.

3) Displaced Threshold

In many cases there are dlsplaced thresholds, Most
often these occur for landings but they may equally well
occur for takeoffs. (Intersection takeoffs are in this
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category.) For displaced thresholds the amount of dis-
placement should be entered on the aporopriate fields on
the card. On runway 03 the displacement 1in 1225 feet,
leaving 9775 feet of available runway. (The aircraft is
generally assumed at 50 feet AGL over tte threshold for
landing operations.) The displaced threchold for land-
ings 1s shown on a plot as a bvar across the runway. It
should be emphasized that when a displaced threshold i1s
given all landings without exceptlon will use this thres-
hold. {(See page 115, Disrlaced Threshold not Used by All
Aircraft.) Takeoff threshold are implemented similarly,

except that it applies to departures and that no thres-

hold location 1= shown on the map.
The following errors may occur:

TAKEOFF DISPLACEMENT IS ILLEGAL

LANDING DISPLACEMENT IS ILLEGAL

The displacement 1n that case is either larger than the

runway length or it 1s negative,

) Glide Slope

The program has t'e capability of penerating a landing
profile from a glide slope. The program will assume an
aireraft altitude ot 50 feet AGL over the (dlsplaced) land-
ing tr-eshold. 1If no value is glven or the value 0 1s
coded, the program will assume a 3° slope. Legal slopes
are contained in the interval 0.5° < SLOPE < 10°, Any

other value results 1In the error:

ILLEGAL GLICE SLOPE
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If a steeper or shallower approach 1s desired the user
will have to specify such an altitude profile explicitly.
That 1s, he will have to compute the necessary altltude-
distance curve and enter it on an ALTUDE card.

5) Runway Number

The runway numbeir may be entered iIn the RW # fleld
of the card, This information will be printed in the
chronicle. It willl :uiso be put on the runway when a plot
is made which includes a flight track map. On the plot
the four characters c¢f the field will be centered, so that
the left two characters will bte to the left of the runway
centerline, the remaining two to the right. The number
will appear 1in the "clear zone" for the runway. It will
be in a directicn cuch that an alrcraft landing on the
runway willl see it right side up.

6) Runway Width

A1l runways will «lways be plotted as a 250 foot wide
strip, irrespective of the actual width of the runway.
Cince the wildth 12 of no lmportance 1n the NEF calcula-
tion, no provision i; made %o enter this item into the

computer,

7) Inactive Runwuyo

The next step atter deflning a runway and its direc-
tion of operation, ic to define the operations on this
runway. If the runway is closed no operations take plice
and no further cards are required. If the runway 1s used
but the operations on this runway are not considered for

Inclusion in an KEF mup, we mav alse omit any further
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cards, It 1z clear that we could have omitted the RUNWAY
card altogether in these cases. By putting the card in
e will, however, get a complete runway layout on any

Ie
subsedquent plot when we ask for a runway/flight track map.

8) HNon-Empty Secuences After a RUNWAY Card

The RUNWAY card concludes any previous sequence and
Initliates a new one. If the RUNWAY is not inactive a
FLTTRK or a DEPAPY card 1s the next card. A FLTTRK or
DEFART card describes the flight track which airecraft
follow while airbvorne., FEach FLTTRK or DEP&ET card can

be followed bty as many FLIGHT cards as are appropriate

to thiz particular {light track or procedure. When all

"y
-4

LIGHT cards for a particular flight track have been read
the next flight track or procedure for this runway may be
entered. This card i1s then followed by as many FLIGHT
cards as necessary. The process 1is entirely recursive;
any number of legal sequences of FLTTRK, DEPART and FLIGHT

cards constitutes a legal sequence.

Lewls Three Departure Runway 03

Large aircraft generally” use the Lewis Three departure
VI.?7 ). The departure via the Molehill transition is used
ht trainine miscicrns. B-52 and C-141 airecraft will prac-
lee base, The cargo hauling flights
er Transition. The bombing practice
rroceed over lMerry Island. Departure procedures are dis-
+

d the Lewis Three Departure is discussed
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f. The FLTTIRK Card

o oS

/” FUTTRK] 4200q 1800E1 -70 3000[‘ TKDFP3-¢1

Keyword Stepf1 Stepf2 Sfor#3 Stepf 4 Type Text
Radius | Angle | Radlus | Angle
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+++ TAKE=-OFFS FLIGHT TRACK 03-A
PROCEED %2000 FT
TURN LEFT ?0 DEG WITH 18000 FT RADIUS
PROCEED 3goge FT
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1) F-100 T/0 Runway 03

Takeoffs of F-100 aircraft on Runway 03 proceed along
radar vectors. 1In the vicinity of the airport the proce-
dure 1s to keep the aircraft on runway heading untll the
outer marker of Runway ?1. Aircraft then turn to a head-
ing of 320° and proceed outbound for several miles before
teing assigned further headings. The FLTTRK card 1s used
to describe a flight track explicitly.

2) Stralght or Curved Tracks

4 A straight flight track is entered by coding the

E length of the straight line cegment 1n the RADIUS fileld.
1 The ANGLE field is to be left blank. The first segment
I specified must be a straight line sectlon. The error

FLIGHT TRACK DOES NOT START WITH A LINE SEGMENT

i0¢
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wlll be printed in the chironicle if thls is not done.

ik

A curved track requires an entry 1a ANGLE as well as
the RADIUS fleld. The RADIUS fleld describes the radius
of the turn. The ANGLE field describes the angle over
which the turn must be made. Rilghthand turns are coded

by using a positive value for the angie; a lefthand turn
requires a negative entry in ilie ANGLE iield. 1If the

angles speclfied excreds 300 deprees a warning will be

A Rt i

printed:

T

ANGLE SPECIFIED ON FLTTRK CARD IS GREATER THAN 360D DEGREES

;‘ 3) Type of Cperaticn

The flight track on a FLTTRK card is either a takeoff
or a landing. The program must be told which type a given
track is. This is acconpliished by entering in columns 71-
74 the four characters TrOY for a takeoff or LAND for a
landing. To correlate a printout early wlith a flight
track map one may put zome identifier in columns 75-78.

This Identifler will print in the Chronicle Lut 1t will

WO, XRLS e

not appear on any ploil generated Ly the program,

LY Complexity

The program allowe a user tc input up Lo 25 sepments
in a flight track, if nore complex flirht tracks are
F entered the error:

¢
3 TOO MANY SEGMENTS IN FLIGHT TRACK

. TR

will be printed in the chronicle. If this happens one
should carefully check hie {"1iirht track and delete unnec-

essary complexities,
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5) Contlnuation

Up to four segments may be coded on a single card.
The program will scan cards from left to right and stop
on a fleld with both RADIUS and ANGLE equal 0. If a
contiruatlon character 1s present 1t willl be recognized
and the next card read. This will occur whether or not
all four flelds on the previous card were used, The
program willl check {or certaln minimum conditlions to be

satisfled. The fllght track must start with a straight
section or the error

FLIGHT TRACK DOES NOT START WITH A LINE SEGMENT

will be printed. 3imllarly, 1f angles are used they will

generate, 1f their absolute value 1s more than 360 degrees
ANGLE SPECIFIED ON FLTTRK CARD IS GREATER THAN 3b0 DEGREES

The maximum numb.r of flight track entrles is 25. If more
are entered the program will print the error

TOO MANY SEGMENTS IN FLIGHT TRACK

The program will keep readlng contlinuatlion cards and list
entrles even after the storage capaclty 1s exceeded. A

very simllar message miy be gep:rated after a FLIGHT card:

TOO MANY SEGMENTS IN FLIGHT PATH

“hls message means that the lnternal working storage for
the program in whilch the informatlion for all altitude,
delta EPNL proflles and subflights 1s kept 1s exceeded.
The comblned complexity for all Information for this
FLIGHT/FLTTRK comblnation 1s tco large to be handled.
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A continuation card withcout a blank keyword fileld
will result in the error

ILLEGA. CONTINUATION AFTER 'FLTTRK' CARD

g. The FLIGHT card

The FLTTRK card is now followed by the FLIGHT card for
the F-100 operations.

( FLIGHT EE | 23 10 0
Keyword| Aircraft|Mission Day Night
Oper. | Oper.
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+++ F=100 AIRCRAFT NO. = 99 MISSION NO. = 88
OPERATIONS ~ DAY 10.000 s NIGHT .000

The first data fleld contains the aircraft number, the

3 second data fleld the mission number. The card will cause the

, flight descriptor data set to be searched for this particular air-
craft/mission number. Tf the combination 1s found the associated
data are made accessible to the propram and the text descriptor

(F=100) will be printed. If the entry does not exist the program

] wlll instead print

; INVALID

E Data field 3 is not used and should be left blank. Data field 4

; contains the number of daytime cperations of thils type of aircraft
] on the flight track speciflied in the last FLTTRK card. Data fileld
: £ contains similarly the niphttime operatilons.
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The total number of operations specified on the card mist
be larger than zero, Nelther daytime nor nighttime operations may,

cf course, be negative., In any of these events the following warn-
ing appears:

WEIGHTED OPERATIONS ***_#*=** TLLEGAL NO COMPUTATION FOR THIS FLIGHT

The program may 1issue the following mostly self-explanatory warn-
ings and errors:

AIRCRAFT NUMBER SPECIFIED ON THE FLIGHT CARD IS NOT
PRESENT IN THE DIRECTORY

ALTITUDE PROFILE NO. ***** SPECIFIED IN FLIGHT DESCRIPTOR
HAS NOT BEEN ENTERED

POWER LEVEL PROFILE NO. ***** SPECIFIED IN FLIGHT DESCRIPTOR
HAS NOT BEEN ENTERED

INTEGRATED NOISE LEVEL PROFILE NO. ®***** SPECIFIED IN FLIGHT DESCRIPTOR

HAS NOT BEEN ENTERED
AIRCRAFT IS STILL ON THE GROUND AT THE END OF THE RUNWAY

DISTANCE COVERED BY SUBFLIGHTS IS LESS THAN THE
TOTAL FLIGHT TRACK

AIRCRAFT IS NOT AIRBORNE AT THE START OF TURN

In the above the "power level profile" 1is a Delta EPNL profile, the
"integrated noise level profile" an EPNdB profile. 1In the last
error the implication 1s that the turn is the first one 1n the
flight track.
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. h, Some Further Considerations for Flight Operations

1) GCA/ILS Runway 03

T

Approaches to Runway 03 are either Ground Controlled
Approaches or ILS apprcaches. In either event aircraft
will proceed on the 2.85° glide slope from the outer
marker 1ii.nard., The card sequence is:

gooo| q §oooq LAND) \\
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st

3 2) EKunway 21

Cometimes Runway 21 will be used., The card is of
course almost identical to the card for Runway 03, except

that the ends are interchanged. The label is now 21, and

R ————N T T

there 1s no threshcld displacement for landings. Small
fighter aircraft (F-100) will make Intersection takeoffs.
; We will consider those operations which use the full run-
3 way length first., OSince for these aircraft there 1s no

displaced T/0 threshold the T/0 DISPL field 1s left blank
on the card,
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Displaced T/0 Threshold

High performance aircraft wili often make an inter-

Since not all aircraft do

this we have first considered the aircraft which use the

full length of the runway.

The intersection takeoff 1is
equivalent with a displaced takeoff threshold:

of the takeoff roll is not at the physical end of the

runway.

cause all takeoffs to start from that point.

A displaced threshold on a RUNWAY card will

routinely back up into an overrun area before takeoff,
the end of the overrun area becomes effectively the end
of the runway and this point should be coded on the
RUNWAY card since negative thresholds are not allowed.
Since landings will use the normal threshold a landing

displacement equal to the length of the overrun area must

then be 1included.

4

will make intersection takeoffs.
additional RUNWAY card to describe these operations.

)

Displaced Threshola Not Used by All Aircraft

In our current example only some aircraft (F-100)

We therefore need an

only certain types of aircraft use a displaced threshold
the runway with displaced threshold and the runway without

displaced threshold should be considered entirely separate.

the start

If aircraft

When

Although the two RUNWAY cards describe operations on the

same physical runway they are logically distinct to the
program.

We therefore need an additional set of cards to

describe these operations.
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5) TACAN Approach Runway 21

The F-100 alrcraft wlll generally make a TACAN approach
to Runway 21, The 035 radial intersects the runway center
line 5000 feet from threshold. Since the runway magnetic
heading 1s 30° the turn to final is 5°.

The actual path
flown can be described as:

CIGHT s
LTTRK S0e0 6000 S 50000 LAND 1\\
an LI )
00,.00003007,,00000006000C00L 2000000609006, 50C0000000000000000000000000000000000
V23 AN B0 S et 2 a8 R AR A U 3N MR ID 3 i )T I R AN AT 47 4 A4S A6 A7 ARAS O S 52 I LA S8 56 97 TASS 60 bI G2 RICARIEH ST AMEITO NI 127 TEISIN I IO IS 00
|IRERERRRE
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22222,2222222222222222220 2222222222028 00222222222222222222202222422222222222222

) More Complex Al bases

The alrbasc Jdeseribed arove 1s falrly simple. More
complex alrtlelds are, however, baslcally a superposition
of many simple bases. Any airvase can be described by

steps as outlined above, The examples above glve a falrly

complete crogss-section of milltary jet operations as one

would encounter them on real airbases.

In general the type of alrcraft at a base will be more
Lomogerieous, but the number of different flight paths may
be larger, FEach poussiole path can be coded in terms of
the atiove cards, Whether one uses a FLTTRK or DEPART card
It depends entirely on which of the
two methods will most correctly reflect the operations.

15 up to the user.

At times both methods will be entirely equivalent, in

which case the user'c preference 1s the only factor,
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4, GROUND RUNUP OPERATIONS

Ground runups are also described by a sequence of sequence
deperdent cards. The sequence is initiated by a RNPPAD card
follewed by as many RUNUr cards as necessary to describe the
runups at the runup pad given on the RNPPAD card,

To define a runup pad one uses the keyword RNPPAD,

= | B52-2 \

Heading Text
000000h0000900 00000 J00000000J0000000000000000000000000000000000000006 UUUUUUQ?U
1234580y
MR R} (A

WIIZIINPSIS IS 1320 2 21 242510 2 28 29500 32 $334 33 3637 850 a0 31 4245 04 A5 4647 89 39 50 50 52527 "SS5 57 505960 61 B2 W3 CA K550 (7 63ROV 212030976 "7 11
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LALLM 21 R 1222222022 R222222222272222202220220222022022 220200 22
J33333333333333333333332333377M3333332333%33333332333333323323333333323 ERIRK L
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RUNUP P A D BS2-2

X 1256225 FT. Y = 21?800 FT. HEADING = 52.0 DEG.

The first and second data field contain the X and Y coordinate
of the runup pad. The third data field contains the aircraft head-
ing in degrees magnetic assumed for runups on thls pad. The text
field may be used for any identification.

The actual runup time for aircraft is communicated on the RUN-
UP card.
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RUNUPS PER TIME PERIOD
AIRCRAFT CLASS THRUST 0?00-2200 2200-0700
51 B-52 bl 3 1

DURATION OF
EACH RUNUP
600 SEC

The first data fleld contains the alrcraft number and the
seccend fleld the thrust number., 'The Information will be compared
to the data set of runup discriptors and the program will make
If the aircraft/thrust
combinaticn 1s lepal, the program will print the alphanumeric
identitfication,

will print

the necessary informatlion avallable,

if any, 1f the entry dees not exist, the program

INVALID

instead. The first time a particular invalid entry occurs the

program will print the error mess..ge
RUNUP DESCR. FOR THIS COMBIN. MISSING
Other possible errors may he:

MAX. NOISE LEV. PROF. **** MISSING
PAD IN USE MORE THAN 15 HRS/DAY

PAD IN USE MORE THAN 8 HRS/NIGHT
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These last two errors indicate that the total runup time for

all aircraft on this pad hns exceeded the number of seconds in the
daytime or nighttime period.

The number of daytime runups is placed in data field 6, the

number of nighttime runups in data field 7 and the duration per

event in field 8. If aircraft are run up with different run times

it is much b2tter to use continuation cards. When a RUNUP card is

used the program will start calculating NEF values on the first

runup before looking at the second. If a continuation card is

used the program will calculate a cumulative runup time and compute

NEF values only once. If significant changes in thrust settings are

used this is not useful, of ccurse., 1In the above example it i=s

much better to use a continuation card for the runups of 300 and
175 second duration which also take place for thrust entry 61.

The continuation card will have the daytime and nighttime
number of events 1n data fields 2 and 3 respectively. The fourth
data field contains the duration of each event (300 seconds).

The third runup time (175 seconds) can be entered similarly in
fields 6, 7 and 8.
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SECTION VI

DEPARTURE PROCEDURES

1. THE DEPARTURE PROCEDURE CONCEPT

The most powerful method of entering flight track infermation
into the program is through the use of a departure procedure.
The departure procedure as entered on a DEPART czrd 1s logically
equivalent with entering a flight track on a FLTTRK card. The
result is very different, however, since fthe DEPART card does not
generate a flight track at the time of entering, but only
"compiles" the information. The explicit definition by means of
a FLTTRK card will cause all subsequent aircraft referenced in a
FLIGHT card to follow exactly the same ground trac!-. The implicit
definition by means of a DEPART card will cause all subsequent
aircraft referenced in a FLIGHT card to generate the flight track

appropriate to the performance characteristics of each articu-
lar aircraft.

Each aircraft/mission combination has associated with it a
certain altitude profile and a turn radius. When a pilot's in-
structicn 1s to c¢limb to a given altitude ~2nd then turn to a
certain heading,*¥the flight track generated by these instructions
will vary with the performance characteristics of the aircraft
flown. The DEPART card allows the user to specify only the clear-

ance recelved by the nilot. The program will then generate the
corresponding flight track.

*¥The program assumes all headings and radials to be in derrees
magnetic.
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It 1s also possible to include altitude restrictions in such
a procedure. If an aircraft 1is to stay below a certain altitude
until a specific point, this may be included in the description
of the procedure. The program will then modify the altitude
profile speclfied for the non-restricted performance and insert
such portions of level flipht as may be necessary to enforce
the restriction. For this part of the program to work satisfac-
torily, one should not start with an altitude profile which al-
ready has level flight segments in 1t, since the resulting alti-
tude profile is unpredictable.

The increased data entry capabllity 1is offset by a decrease
in dilagnostic =rficiency. As was polinted out earlier, NEFUSAF is
capable of detecting ull syntactle errors in one pass, but re-
quires several passes for semantic errors. Since the DEPART 1is
a highly contextual statement, the diagnostic capability per pass
is limited. That thils 1s so can easily be seen.. If an error oc-
curs, the program cannot check tne remalnder of the procedure
since one cannot lay out the flight track beyond the point where
the error occurred. Similarly, if a warning was 1lssued because
the program found that some choices were nonsensical, the correc-
tion of that problem will change the context in which the remain-

der of the procedure must be Interpreted.

It bears repetition at this point to review the meaning of
ERRCR and WARNING as issued by the program. An error is issued
by the program when the program cannot proceed with the calcula-
tions. As such 1t points to an error in the data input. A
warning 1s 1ssued by the program when the program detects a con-
dition where the likelihood of errors in the input is consider-
ably higher than usual. The program cannot decide whether or not
the data were in error and processing 1s still possible. One
must, however, not forget that the qualification "higher than
usual" implies that it is possible, at any time, to give errone-

ous information to the program which will go undetected! An

SIS



S o

e

o P TR T TG N T AR ST YN e T T T e

T TRTIN TIT RRTE T TTTTIETR TC
!.,“ *

error summary showing no errors and no warnings only conveys

to the user the information that the data cards were syntactically
and semantically correct statements of the NEFUSAF language. No
diagnostic is provided as to whether the data correctly describes
runway layouts, flight paths, noise and performance data or opera-
tions of the air base under study.

The execution of a departure procedure is signified by the
message, FOLLOWS DEPARTURE PROCEDURE, following the alphabetic
descriptor of the aircraft as printed in the Chronicle when a
FLIGHT card is recopgnized. (If an error or warning message was
printed as a result of the FLIGHT card, the message will appear
underneath the last message banner.) This entry is then followed
by the dlagnosties, if a.v, generated during the departure pro-
cedure execution. After completion of the procedure, the alti-
tude/distance curve 1is printed, followed by a listing of maneu-
vers executed. If during the "compilation" of the procedure, an
error was detected which would cause the execution <f the proce-
dure to be erronceous or impossible, the program will only print
the message:

EXECUTION OF PROCEDURE SKIPPED DUE TO PREVIOUS ERROR(S)

This error may also be caused by a missing altitude profile,
which 1s always considered an error, even when no reference to an
altitude 1s made in the wording of the preccedure. One should
note that a missing navaid does not pgive this message. There-
fore, although the "skipped execution" message appears immedi-
ately after certain navaid errors, the reason for the skipping

is never due to missing navaids. Errors due to navalds and their
Chronicle entries are further discussed in Section IV.

Errors may be detected at two different polints. Some errors
will be found when the DEPART card is read, others will not be
found until the subsequent FLIGHT card is read. The errors
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which are deferred to the FLIGHT card are not necessarily unde-~
tectable at an earlier stage. It 1s more convenlent and more
efficient to check the item at a later time, and better diagnos-
tics can then often be provided. An example 1s shown below:

CLIMB TO 1500 FT THEN
TURN TO HEADING 270

PROCEED DIRECT TO NAVAID NNV
RESTRICTIONS
FOR NEXT %6000 FT
STAY BELOW 1000 FT

It is a rather glaring error to enter a restrictlon to 1000
ft. in the second step after first having allowed the alrcraft
to climb to 1500 ft. in the first. Nonetheless, the program will
not detect this errcr until after the FLIGHT card has been read.
At the point where all other 1llegal altitude restrictions will
also he detected, the error message will be generated:

ALT. REST. 100D ¥T ILLEGAL AFTER 25477 FT WHEN A/C IS AT 1687 FT.

indicating that after reaching 1500 ft. the aircraft has turned

to the assigned heading of 270 (during which maneuver 1v gained

an additilonal 187 ft. of altitude). Then, when the next instruc-
tion step was encountered (proceed direct to navaid NNV), the
restriction to 1000 ft. was found which was at that moment clearly
illepgal. The flight track which has been generated thus far will,
however, be plotted if a PLOT card 1ls encountered. The message

following the above error will read:

PROCEDURE ABANDONED AFTER 1 STEP(S)
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indicating that only the first step was executed and 1its flight
track written on an internal file for later plotting. The current

altitude profile and flight trac!: will be printed after this
message.

2. THE INSTRUCTION PART OF THE DEPART CARD

/ DEPART

D
i
|

ALT DIST RAD HEAD ALT DIST RAD | NI'|NR
NSTRUCTION RESTRICTION
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See Pigure VI.1 for printout examples.

The first four columns of the card contain the instruction to be
executed. The next three columns contain the (optional) restric-

tion. The DEPART card itself must not contain a restriction only
or the error message:

RESTRICTION PRECEDES FIRST INSTRUCTION
will be printed. Subsequent continuation

or both types of entry. A card which has
be read and ignored. The total numbzr of

cards may contain either
no data coded on it will

allowzhle continuztion
cards varies with the contents of the cards.

given on page 142,

Rules fcr this are

The ALT field 1In the instruction contains the altitude to
which the ailrcraft must climb.
print as:

The entry in the Chronicle will

CLIMB TO it 3 |

The DIST fleld in the JInstructio.. contains the distance to be

flown as measured from the curren. alrcraft position.
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| FALCON AIR FORCE BASE - SUNNYVALLEY, CALIFORNIA PAGE 14
:
3
+++ DEPARTURE PROCEDURE
3 PROCEED FOR 17000 FT  THEN
. TURN TO HEADING 150
E INTERCEPT LLS 078 RAD (INBOUND)
I INTERCEPT FILM 010 RAD (INBOUND)
‘ PROCEED FOR 60000 FT
f LA AR R L RS LN END OF PROCEDURE LE N AR R LR Y
+a+ F-100 AIRCRAFT NO. = a9 MISSTION NO. = 83
, OPERATIONS - DAY  10.000 s NIGHT 0.000
CE0 0020 0NNES NS rENERERRERS WARNTING CETENNONITEAOENNOOLERNENINTS
UNSPECIFIED TURN RADIUS RESET TO  £000 FT
ER40000 22202 ABR0RTLNRERRE 22NN EESRENERRERNRNNERENNENINNEOOOONONEIIREONTS
;- LA AN AR RN R L R E RSN N RN Y W ARNTING [ A AR LR RN RN ERRE NS RENY N
b A/C GONE BEYOND ALTITUDE PROFILE AFTER 3 STEPS
P SO0 E0R20SE0CNENELLERNNIRERERRRR00RR0R0NNE0E0SRNNENRNEINNRNIEEREISEEIENERERERTS
PROFILE GeNERATED -- DISTANCE  ALTITUDE
G 0 FT
bUCD nFT
8000 100 FT
100000 19200 FT
115673 19?00 FT
FLIGHT TRACK =-- MANEUVER DISTANCE HEADING
1 EXECUTED AFTER COMPLETION
; PROCEED 17000 FT 17000 FT 32 DEG
r TURN RIGHT 119 DEG 29419 FT 150 DEG
g PROCEED 54888 FT B¥307 FT 150 DEG
‘ TURN RIGHT 108 DEG 95617 FT 258 DEG
3 PROCEED 134938 FT 108552 FT 258 DEG
s TURN LEFT b8 DEG 1156?73 FT 190 DEG
PROCEED 60300 FT 175673 FT__190 DEG
805 SR W M — B —
|__svoog ] 1 I | 1
» y am— I T o I l 1
y A— ] I —ord T ! T
_‘ ( DEPART 17001 154 |
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| ouooo:monooooMouoou:?EPoououuununuuu 000NDO000C000000{PP000000[0000000000 04000000
P24 SA17 8 2001002 Lo vgRS 10 00T 1 ZIRYVIVTS 26 27 2025 J0B 00 13 04 0536 37 DS a0 41 47 43 4045 dnfR) 4B A3 5D ST 4753 S5 3657 50%) 60 61 6PV 6463 66 C 6869 101 1271 1S 1 1) 1A 00
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FIJURE VI.1 DETARTURE PROCEDURE EXAMPLES
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FALCON AIR FORCE BASE - SUNNYVALLEY. CALIFORNIA PAGE 15

+++ DEPARTURE PROCEDURE

PROCEED FOR 17000 FT  THEN
TURN TO HEADING 150
RESTRICTIONS
FOR 50000 FT
STAY BELOW 7500 FT
INTERCEPT FLM 010 RAD (INBOUND)
t PROCEED DIRECT TO NAVAID FLM

t I ERERE R ER N END OF PROCEDURE IR R E R RN RN ]

ot F-100 AIRCRAFT NO. = qq MISSION NO. = 88
OPERATIONS - DAY  10.000 « NIGHT 0.000
: PROFILE GENERATED -- DISTANCE  ALTi1TUDE
o 0 FT
f 6000 0 FT
< 8000 100 FT
b 42795 7500 FT
] 60000 7500 FT
; 117265 19700 FT
FLIGHT TRACK -- MANEUVER DISTANCE HEADING
; ' EXECUTED AFTER COMPLETION
1 PROCEED 17000 FT 17000 FT 32 DEG
1 TURN RIGHT 119 DEG 29%19 FT 150 DEG
PROCEED 2455% FT 539?73 FT 150 DEG
] TURN RIGHT %0 DEG 581b2 FT 190 DEG
. PROCEED 51619 FT 109780 FT 190 DEG
H1L g P | | 1y | | | L 1 1 \

| ] 1 1 | | 1 ] T
| -0y ] 1 1 1 Fm | l.‘l"‘ \

T 00 151 4 75N B50DI

20000 uouuuuuiuuuuu 00000000(0000000 uuununuqununvn.'uuuu. Jooooozodvoncooogeo

lilll!lll“lll NUBANHIAWUNNR U NGO TNU B GEGUHNRSNY ”uﬂli”l‘lllllﬂlillll“l’ URMURD LR RN LY
11,

SN IRRRERAR IRRIFARER IRRRRRER IRRRRDAR (RRRRERR IRRERERD IRRERRER |RRRRRER (RRR IREE IR
2222242222222042222222322222220222222222222222 202222222 00222222222222222 2222212222022

FIGURE VI.1 CONTINUED
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The corresponding Chronicle entry is:
PROCEED FOR ssxs2x FT

The HEAD field contains an entry indicating the headling onto which
the aircraft must turn. The Chronicle will echo:

TURN TO HEADING #*#*es** FT

The entry in the RAD field (in combination with the navald name
in NI) can print two different messages, depending on the context.
If no heading was specifled, the program assumes that the radial
is to be intercepted. 11 the value 1s positive, the message is:

INTERCEPT #2es¢ sarees RAD

whereas wher the entry is negative, it is assumed that the follow-
ing is intended:

INTERCEPT #»x»sx 2222RAD (INBOUND)

The intercept Instruction will move the aircraft from its current
positicn onto the radial, No motion along the radial will take

place, however. If this declired, it must be specified as the
next Instruction step.

If an entry 15 present in the HEAD field, however, the program

wiill assume that upon reaching the specified radial the turn must
be started:

PROCEED TQ ##»» «xes RAD

One more instruction rematns: no entry in ALT, DIST, RAD, or
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HEAD but only an entry in NI. This has the following meaning:

PROCEED DIRECT TQ NAVAID sees

In that case, the program will find the radial which 1s tangent
to a turn initiated immediately, and having completed the turn
move the aircraft to the navaid along thls radial. All radial
values and headings conform in the Chronicle entries to common

aviation practice of giving leading zercs: a heading of 90 de-~
grees will print as 090.

The error messages for headings and radials are similar. No
radial or heading should ever be larger than 360 degrees:

ILLEGAL ENTRY TURN “ean

ILLEGAL ENTRY sas» e

The navaid identifier must be non-blank for any navaid referenced.
The negative value of a radial is only allowed where it makes
sense: when intercepting a radial. It is not allowed when a
heading is also specified. 1In that case the the "-" sign will
appear in the listing as 1in:

PROCEED TO NNV = 400 RAD
followed, of course, by an i1llepal entry error message.

Since an aircraft must first become airboerne, before a turn-—

to~headinp instruction 1: allowed the following error is self-
explanatory:

ILLEGAL ENTRY TURN s#« AS FIRST INSTRUCTION
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In any event, the very first step must move the aircraft off the

ground. If this 1s not the case, the program will print:

AIRCRAFT REMAINS ON GROUND DURING FFIRST INSTRUCTION

after the listing of maneuvers executed.

Having discussed the indlvidual entries on the card, we now

check the semantics of combining them. The altitude and distance

can appear by themselves on the card with the meaning given earlier.

If both apvear, the event which occurs FIRST will take precedence.

This is evidenced by the noise word "OR" which now appears in the
Chronicle:

CLIMB TO ssss FT OR
PROCEED FOR *%sss*s FT

where the implication 1is whichever comes first. If only these

two entries are coded, the aircraft will be moved the appropriate
distance.

If a heading is also specifled, however, the alrcraft

will be turned onto this heading as evidenced by the noise word
"then":

CLIMB TO se%* FT OR
PROCEED FOR sesser FT THEN
TURN TO HEADING ***

Matters can be complicated cne step further:
CLIMB TO s*** FT OR
PROCEED FOR  ***%** FT OR
PROCEED TO  ****ee** RAD THEN
TURN TO HEADING

Again the lmplication is that of whichever comes first. The
meaning of the followilng 1is not necessarily obvious:
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CLIMB TO sss* FT OR
PROCEED FOR s$se%es FT QR
INTERCEPT *** ¢#* RAD (INBOUND)

e e

e

e T . AP, ST

The program will check which event occurs first:

1. Altitude reached
2. Distance fiown

3. Turn 1lnitiated to intercept the radial

A AT T O T IR A T

If the first two conditiors do not occur before the turn is
started to intercept the radia., the third alternative 1s chosen.
If however, «ither of the first two conditions occurs before the
third, this will take precedence and in that case the radial will
not be intercepted. In the first two alternratives the alrcraft
heading will not change, but 1In the third it will. The resulting
flight paths can therefore be very different! The user 1s advised

,..,ww-.v-‘_rm

to obtain a plot of his flight tracks and to check the maneuvers
executed listing after each flight listing. If i1t 1s deslired that
the first two conditions are checked firsf, and to 1Intercept the
radial after altitude or distance 1s reached, the 1nstruction

3 ; should be split and put on two cards:

T

CLIMB TO ses+ FT QR
PROCEED FOR  *s*®es FT

INTERCEPT s*#e¢ *** RAD (INBOUND)

Contlnuation cards, therefore, allow us to construct proce-
dures of more than cnc step. On occasion there is no difrerence
in the meaning whether cne or two cards are used. Sinc» the blank
line between two steps has the same meaning as a THEN pirrase the
following two entrles are equivalent:

—
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CLIMB TO *ess* FT THEN
TURN TO HEADING ueie

CLIMB TO gewes ET
TURN TO HEADING ele &

In the second case the computer considers the instruction as
a two-step instruction, which takes up more space than the one-
step instruction of the first method. Thils "unecessary" step ic
counted as a step in determining the complexity of the procedure
(page 142).

The errcr messages, which are associated with the instructilon
part of a DEPART card, but which have not yet been dlscussed, are
generated at the time the procedure 1s executed for a particular
aircraft. Cilnce these messages may be Influenced by the presence
of restrictions, we will discuss the restrictions first and then

come hack to the errors.

3. THE RESTRICTION PART OF THE DEPART CARD

The restriction part of a DEPART statement can be used to
introduce altitude restrictions., The restrlction 1s of the type
"at or below" rathner than "at or above." The restrictlon is

interpreted as follows:

RESTRICTIONS
UNTIL °*°** **s RAD
STAY BELOW sees 7

RESTRICTIONS

FOR sseee FT

STAY BELOW sese [T
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RESTRICTIONS

FOR seesxe £T OR
UNTIL ess **s RAD
STAY BELOVW sis'e w NET

The NAVAID code for a restriction is placed in the NR (Navaid
Restriction) field.

The meaning of the "OR" 1is different for restrictions than it
was for instructions. 1t signifies that the restriction is in
effect until either a radial 1s crossed or until a distance has
been flown, whichever is greater. If an error 1s detected in
the restriction, the message will read:

ILLEGAL RESTRICTION -- ALTITUDE
DISTANCE

L ER N ] FT
ssss FT NAVAID = ***  #%s RAD

The message may appear more than once; it 1s issued for each item
in error. The error pertains to the 1tem immediately preceding
the message. A navald can cause this message when either the NR
field is left blank, or the radial is not in the range from 1 to
360. If the navaid name 1is missing, this will be indicated in
the Chronicle message, but if at the same time the radial has

an 1llegal value this willl not result in a second diagnostic
message.

If an altitude 1s speclifled and neither a distance nor a
radial is specified it 1s assumed that the altitude restriction
will stay in effect for all distances. This corresponds to

climbing to a given altitude and then maintalning level flight.
The Chronicle entry reads simply:

RESTRICTIONS
STAY BELOW e FT
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and no furth:r message is generated. At the time an alrcraft per-
forms this procedure error messages may or may not result de-
pendlng on the wording of the procedure and the performance charac-
teristics of the aircraft.’ In any event the altitude profile
printed at the end of the procedure will reflect thils. condition.

It is good practice to check each altitude profile generated from

a procedure which contained restrictions even when no messages

were generated.

The distance in the phrase "FOR **** FT" in a restriction is
counted from the pcsition of the alrcraft just before the instruc-
tion part 1s executed. Or equivalently, distance references for
both instructicns and restrictions are computed from the same point:
the end point of the rrevious procedure step.

An altitude restriction, once in effect, will stay in effect
until 1t 1s satisfied. For example:

PROCEED FOR 5000 M
RESTRICTIONS
FOR 6000 M
STAY BELOW 200 M
PROCEED FOR 2000 M

will have the followlng effect. The alrecraft will move 5 kilo-
meters at or below 700 neters; the aircraft will then move for
another 2 kilometers bu. during the first 1000 meters the 700
meter restriction remains in effect.

This becomes particularly complicated when a radlal 1s refe-
renced. If the aircraft on its current heading will cross the
desired radial, the testriection 1s clear. It it does not cross
the radlial, there are two nossibilities.
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1. The aircraft proceeds away from the radlal. 1In that case the
radial reference 1is deleted. If a distance was also specified,
the distance reference will remain. 1If the aircraft moves
toward the radial at a later time, the radial reference will
not be reinstated. If no distance reference exists, the entire
restriction is deleted:

T TV T T L e T T T

LS

sss s»s RAD DELETED FROM RESTRICTION

or

LR S Y e

3 sses **% DAD DELETED FROM RESTRICTION
*##* FT RESTRICTION RESCINDED

2. The aircraft is not proceeding away from the radial. 1In that
case, the aircraft is either moving parallel to the radial,
or the aircraft is on the "opposite" side of the navaid

vrw""\"."r-v" TR

(Figure VI.2). In that case the message 1s:

sss *#*% RAD NOT INTERSECTED

Neither case will generate an ERROR condition, but the user
should carefully analyze hils Chronicle and satisfy himself that

the restrictions are properly Incorporated in the execution of

the procedure.

We have seen that restrictions are not deleted until satis-
fied. If the following instructlon s read:

PROCEED FOR 1000 FT THEN
TURN TO HEADING 2&0

RESTRICTIONS
UNTIL LAX 060 RAD
STAY BELOW 1500 FT

R TR N SRy

PROCEED FOR 20000 FT
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the program may compute that the aircraft will intersect the 060
radial after 60000 ft. No messape 1s therefore generated for the
first step. After turning it is, however, possible that the
radial is not intersected and the aircraft is not moving away
from the radial (in the sense of the program).

FIGUR!.. VI.2 Aircraft ‘rajectory where radial is not intersected

nor does the alrcraft move away from radial

In that case, the restriction remains in effect and the alr-
craft will remain at an altitude not higher than 1500 ft. This
may or may not cause an ERROR later (e.g., when an instruction
to climbk to a higher altitude is plven). It 1s because of such
sometimes unexpected Interpretations of a procedure that one

should carefully check the flight track and altitude profile
generated.

Sometimes 1t 1s desirable to give a set of altlitude restric-
tions as for instance:
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CLIMB TO 354040 T

RESTRICTIONS

FOR 20000 FT
STAY BELOW 1000 FT
FOR Yoaoaa FT
STAY BELOW 2aaoa FT
FOR 60008 FT
STAY BELOVW 2500 FT

This is communicated to the computer by a DEPART card on which the
first restriction appears on the DEPART card itself and the sub-
sequent two restrictions appear on two continuation cards. The
instruction field of the continuation card is left blank. A
restriction on a continuation card 1is appended to the last instruc-
tion encountered and remains in effect for as many instruction
steps as required to satisfy it. If in the above example, the
DEPART card had no restriction punzhed in it, but three continua-
tion cards were used (one for each restriction), the result would
have been the same. It is recommended that restrictions are en-
tered for increasing altitudes, but it 1s not necessary to dc so.
The three restrictions above could have been entered in any

order.

4. FURTHER ERROR MESSAGES

There are many warning and error messages which may be gene-
rated in the execution of a procedure. Some of these, referring
to navaid references in restrictions, have already been discussed.
The following messages are discussed In about the same order as
they would be generated by the program.

When a navaid is referred to in a prbcedure, it must be
defined to the propgram before a FL GHT card is read. The first
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time a navaid is found to be missing, the error message:
NAVAID *** NOT KNOWN

will be printed. On subsequent execution of the departure after
a different FLIGHT card, the message will not be repeated unless
the first message was:

NAVAID *** NOT KNOWN WILL OVERFLOW IF PRESENT

This message indicates that the navald was not known at the time;
furthermore, the navald directory 1s full and no space can be
found for the item. This means that a navaid not used in the
porcedure must be deieted to make space for the required navaid.
A listing will be printed of all navalds known to the program the
first time that this condition occurs after space has been pro-
viously available in the directory.

The warning:

A/C GONE BEYOND ALTITUDE PROFILE AFTER ** STEPS
indicates that the alrcraft has gone beyond the distance for which
an altitude profile is defined. The program will keep the alr-
craft In level flight. This is the same action as that which
occurs when the total lensth of a FLTTRK 1s mere than specified
on the altitude profile. 1In the cace of the FLTTRK, no message
is generated, however.

If a reference 1is made 1in an instruction of an unknown navaid,

the program will, when 1t reaches that instruction, print the ba-
sic error message:

NAVAID MISSING ***
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This message will repeat for each FLIGHT card where it 1s appro-
priate., If an altitude or a distance was also specified, the

program will continue laying out the flight track. In that case,
the message:

(IT IS IGNORED)

is appended. 1If this option is not open to the program, the word
ESSENTIAL
appears before the
NAVAID MISSING
message and the procedure is terminated.
A warning is printed when a radial is already past when it

appears in the instruction. If no altitude or distance is also

specified, the message is an error, and 1s preceded by the word
ESSENTTIAL:

(ESSENTIAL) *»* =*** RAD ALREADY PAST

A similar warning or error can be 1ssued when the radial is not
intersected by the current heading of the aircraft:

(ESSENTIAL) **»* *** RAD NOT INTERSECTED

The same fixup 1s taken: 1If an altitude or distance is present,
the radlal reference 1is 1ignored, else the procedure 1s terminated.

When an altitude restrictlion 1s issued, the aircraft must be
at an altitude equal to or lower than the restriction. If this
15 not the case, the program will issue the following message,
after which the procedure is terminated:
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ALT. REST. **** FT ILLEGAL AFTER **** FT WHEN A/C IS AT ¢*#¢ 7

This means that elther the aircraft performance data do not
match the procedure or that the procedure 1s incorrectly phrased.
Errors in cnding the cards can also cause thils error, of course.

Any correction will have to be considered on an individual oasis,
and no general rules can be gilven.

A somewhat different varliety of the above problem is expressed
by:

RESTRICTIVE ALTITUDE *** NCT FOUND IN STEP * (MAX ALT = *** FT).

This message mean: that the altitude mentioned in a restriction
cannot be found in the altitude profile. This may happen, for
example, when a navaid reference causes a lower altitude restric-
tion to be exteinded "to infinity." One should carefully check

to see tnat the procedure is worded correctly and that the re-
striction chosen by the program 1s the desired one. The original
altitude profile of the aircraft executing the procedure must, of
course, extend to include all altitudes referenced in the procedure.

ALTITUDE **** CANNOT BE REACHEC

This message may be preceded by the word

ESSENTIAL.

The altlitude in an Instruction cannot be found in the altitude
profile., This may be due to an altitude rectriccvion which 1s in
effect "to infinity" or it may be due to the fact chat the air-
craft pesrformance data as specifled in the altitude proflle do not
extend to high enough altitudes. The altitude profile should be
expanded, the restrlction changed or the procedure rewiorded if

the error condition is ralsed. 1In the case of a warning, one
chould carefully check that the procedure was executed as intended.
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In that case, the phrase
(IT IS IGNORED)

will appear indicating the decision made by the program. This
message 1is also appended after:

A/C IS ALREADY AT ALT. *®*** FT WHEN **** FT INSTRUCTICN IS GIVEN

This indicates that the procedure does not match the performance
characteristics of the aircraft: the climb to altitude instruc-
tion comes too late in tha: procedure. The procedure should be
rephrased or it should not be followed by aircraft which climb

as fast as those causing the message. If an alternative to climb-
ing to the altitude exists, it will he taken.

When a radial iz interccpted, the aircraft may overshoot the
radial if the turn radius is too large to make the turr.. In that
case, the alreraft will ultimately get on ccurse as shown in
Figure VI.3.

o

FIGURE VI.3 Radial Overshoot
The message corresponding to this situation 1is:

A/C TURN RADIUS *** TOO LARGE FOR INTERCEPT OF ®*** v** PADIAL.
A ** DEGREE COURSE ADJUSTMENT IS MADE

ore should carefully check the runway layout plot to see what
happened. Correction of *the problem, if needed, can take the form
of reohrasing the procedure, changing the aircraft performance,
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or using a different procedure for the given type of aircraft/
mission comb