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PROGRAMMING THE IBM 650 COMPUTER
FOR PEREPARATION OF FLIGHT PROGRESG STRIPS IN
ChAlA ATR ROUTE TRAFFIC CONTROL CENTERS

SUMMARY

This repert describes the development and preparation of a
detailed program for an IUM 650 Digitel Computer to process flight-plan
informaticn and produce flight progress strips for the Indiangpolis Air
Route Traffic Conlrol Center.

A description 15 given ¢f the types and quantities of flight plans
which must be processed, the program logic used for processing both airway
and direct route off-zirway flight plans, and the special technigques needed
for input and cutpiut of the data.

INTRCDUCTICN

In Z1r Route Traffic Control Centers {ARTCC), flight plens
received from prlots are processed and posted on flight progress strips
for the contreoller's display board A flight progress strip 15 prepared
for each fix over which a flight will pass. Manual handwriting of these
strips 1s a time-consuming workload, and during busy periods, assistsnt
controllers frequently are so occupiled with this task that they have lattle
time to assist the controller .n other duties. Machine preparation of these
strips appears very desirable and several eguipments have been or are belng
evaluated for this purpose.

In December 1955, the Electronic-Accounting Machine Division of
the Internationsl Business Machine (IBM) Corp. proposed that a Model 650
Ceomputer be used to process flight plans and prepare the fix-posting strips.
The Cival Aeronautics Administration(CAA) Office of Federal Airways sub-
sequently leased an IBM €50 Computer for evaluation 1n the ARTC Center at
Indianapolis 1n conjunction with other computer development %$ork belmg carried
on by the CAA Techniecazl Development Center(TDC).

Thas report describes the preparation of the detailed program
for the ccmputer by airways cperations specialists of TCC end the Indianspolis
ARTC Center with the assistance of IBM Corp. persconnel. A subsequent
repert will be issued covering the evalustion of the computer.

THE PROBLEM

Indianapolils Area.

The Indianapolis ARTC Center 1s one of 25 CAA ARTC Centers an
the United States assigned respoasibility for control of instrument flight
rule(IFR) alr traffic The Indianapolis ccntrol ares 1s shown 1n Fig. 1.
This area 1s approxamately 350 nautical miles long east-to-west and 250
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neutical miles wide north-to-scuth There are more than 100 alrways
designated within the Indisnapolas srea, with a total length of more than
11,000 miles. In many cases sirvays overlap each other for scme distance.
There are 32 principal novigstional zids defining these airwsys, and flights
are posted at 38 fixes on the control boards. In addition to lhese primary
fixes, there are about 1.0 secondary radic fixes, such as intersections cf
VOR radials, which are used in control and may be used by pilots to define
their route of flight. Many of the navigaiional alds and f1Xes are cOmmon
to more than one airway due to crossings or junctions of routes. The
contrel acea 1s subdivided into 16 secters, with one conircller and cone
assistant controller normally assigned oo esch sector.

Tyoes of Flaghts.

Approximately 65 per cent of the flights through the Indianapol:is
aree are via designated airways. The remeining 35 per cent of the flights
are from point-to-peoint via diiect routes or via a combinatlon of airway and
direct routes  Approximately cne-half of the flights in the Indianapolis
area originzte wilhin the area, with the cther bhalf enteraing the area from
adjacent control sreas.

Flaght-Plan Composition.

Flight plans fialed with the Center include the following items

of informction

1 Flight i1dentaity.

2. Type of aircraft (end number 1l more than one aircraft are .n a
flight).

3. Pount of departure.

L. Route of flight.

5. Destination.

5. Proposed time of deperture for flights departing from within the
arca or estimated time over the last fax in an adjacent area for
flights entering the area.

T. Altitude,

B. Airspeed.

Item 4, the route of flight, may specify one or more designated airvays, or
it may specify radio fixes with direct route of flight between these fixes.
If darect routes are filed, the fixcs specified by the pilot must be within
200 mles of each other.

Radio fixes normally are assigned a three-letter alphabetical
designator. This designator 1s used on the . flaght progress strips and
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also an transmission of flight plans via teletypewriter., Most flight
plans are received over volce interpnone eircuits, howevcr, some plans
are received via teletypewriter.

Fix-Posting Str.ps

Typacal hendwritten Fix-posting straips for one flight are shown
in Fig. 2. In addation to the bas_c filight-plan infermetion which is
repeated on =11 strips, the fix desiguetor and estimated time over the fax
rlsc are entered on ecch strip. Vhen preparing these strips for airrway
Tlights, the assistant controller must determne the fixes cver which the
f31ght wiil pgss and prepere a styrip for carh of these fixes. He alsc must
corpute the estimsted time the flight will pass over the fix based on the
estimated ground srpead and the mileage between fixes

For direct-route flipghts, 1t frequenkly i1s necessary to refer to
& large plotting map to determine the primary fixes ncar which the flight
w1ll pass so that a postirg may be prepared for these fixes., On these
postings, the direction and distance Trom the fax, as well as the bime the
flaght will pass the fix, must be entered

Volume.

The averege number of fix postings per flight ain the Indisnapcolis
arez. 15 3.8. On an average day approxinately hj3OO postings are prepared
durinz a 2bk-hour period, whereas on a pesk day more than 6,000 fix-posting
strips are prepared. It 1s estimated that about 600 fix postings are
prepared during the peak hour

IEM 650 COMPUTER

Equipment.

The IBM 650 Computer 1s & relatively high-speed, medium-sized
digatal computer. To acquaint the resdor with the various componcnts of the
computer system, a2 brief description of the equipment used at the Indianapolils
ARTC Center follows. The equipment includes,

4 - 826 Typewriter Punch-Card Units

1 - 533 Input-Output Card Reod/Punch Unit.

-
L

650 Computer Console

=
1

655 Power Supply.

(-]
1

407 High-Specd Prainter.

The 826 unit, Fag 3, includes an clectric typewriter and s
runch-card unit. As information 1s typed on the electric typewriter au
plaan langucge, a card i1s punched simultancously. If the coperator makes
en error, he may automatically duplicatc the punched card up to thz point
at which the corror occurred It s esscntiel, of course, that all infor-
mation is inserted correctly in the proper carsd columns.



L

The 533 input-output uait of the system, Fig b, reads
information into the cemputer from panched cards and delivers 2ts ouput
in punched-card form The 933 unit 1s cepable of reading a meximum of 200
input cards per minute into the computer, and of puach.pg oubput cards at
g maximum ol 100 cards per minutc, Wiraing panels within the 533 unit per-
mit rearranzemcnt of the data read from input cards for most convenient
insertion into the computer input arca. Similarly, output wiring panels
permat reorgenigation of deta from the computar ocatput arca to any desired
Tormat on the output cards.

The 650 computer conscle, Fig. 5, includes a magnetic storagc
drum, program control registers, calculoting umits, and & control console.
Waith e detalled progrem of instructions inserted into the machine, varaous
dota-processing steps and methemalical computations can be performed at high
speed., Powcr i1s supplicd from the 655 power unit to both the 650 and 533
units.

The LO7 zcecunting machine, Fiz. 6, 15 a medium-speed printer
capable of printing 150 lincs per minute from punched-card Inputs. The
format of the printing from the punched cards 1s controlled by & wiring
panel, In this epplication each input card 1s read three times, so that
flight plan information may be printed on the flight progress strips in
three lines. Thus, epproximetely 50 flight progress strips can be printed
per minute,

sta Flow.

Figure 7 shows how a flicht plan 1s processed through the system.
Flight plans filed with the Indiznapclis Center arce copiled by an assistant
controller on an 826 typewriter punch-cerd machine. The punched card as
hand-carried to the 533 input-output unit and pleced in the input hopper,
where the information 1s read intc the 650 computer unit and processed.
For each fix requiring a posting strip, the 650 computer unit causes an
cutput card to be punched by the 533 uart. The computer operator removes
the punched cards from the output of the 533 unit and ploces them in the
input hopper of the 407 printer, where the flight progress strips are
rrinted on a perforated roll of paper  After printing, the strips are
separated and inserted in strip holders, znd hand-carried to the proper
control boards in the Center

The eguapments described gbove are general-purpcsce, "off-the-
shelf” 1tems and were not specifically designed fme air traffic control
DUrposes.

PROGRAM LOGIC

Regquirements.
A systen requirement specified that the computer proccss as
meny flight plans as possible and prepare most of the flight progress strips
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needed by the Indianapolis ARTC Center To aeccoriplish this, three data-
Processing tasks were regulired

1 To determine the fixes which require posting strips

2. To compuave the estimeted timc of the flight over each of these
fixes, or 1n the case of direct-route flights, to determine distance,
dairection, and the estimat.d time of passing cach fix

3 To orgasize and print out all flight-plan information in the proper
format on the posting strips.

Task 3 1s a relatively simple task of organizing ccrtain i1tems of flight-
plaa raformetion for printing in the format desired. Tasks 1 and 2 are more
daffrcult and will be described in more detail

In the first aprroach to a writlen program, all fixes on airways
with the 1ntervening milcages were conserted to tebular Torm and stored on
the drum of the corputer to becore a1 intuegral part of i1ts memory. It was
found that o total of 72 airways with their associated faixes and milezges
were required as a part of the computer's memory, 1f all sirways desagneted
at that time in the Indiancpolis area were considered.

After these alrways tables were cormpleted, it was cbvious thet
the storage requirements could not be net by the megnetic drum asscciated
with the 650 Compater. Considerable duplication was evident. Frequently,
the same fix was found on a number of zarways. In one case, 13 different
airweys pass over the same radio navigetional aid. Since each of these
fixes must be repeated 1n remory for each of these airways, thas duplacation
was expensive in terms of general storage  Before the direct or point-ta-
point type of flight was considered, one-half of the drim storape area
had been used for the airway-type of flight plans. After fvrther study,
1t appeared that 1f a suitable coordinate system could oe selected, the
computer might be used to develop the mileages needed for either dlrway
or direct flaghts, thus eliminating the need to store mileages in the
alrwvay tables,

Cocrdainate System

After a study of wvarious methods, 1t was decided to set up a
cocrdinate system for the Indianapolis area ineluding these porticns of
adjacent control aceas wilhan 200 miles of the Indianepolis arza boundacy,
in order to 1nclude 211 fixes which might be specified on direct-route
flight plans.

N rectangular coordinate system, Fig. 8, was used with a point
of origin 40 nautical miles south-southwest of Shreveport, La. The coor-
dinate grid extends 700 nautical miles to the east and 650 nautical miles
to the nosth, with the northern cdge of this graid extendang into Canada
and the eastern boundary touching the east coast of the Uaited States. The
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bagic grid 18 one nautical mle on a sade. It was saperimposed on a Lambert
Conformal Chart with the y-axis porellel to the meridian nesrest the center
of the Indianapolis control ares,

Fech radio fax wathin the Indianapolis area was assigned a unlque
x-value of three digibts. This three-digit group 1s used to identify the
fi1x 1n some deda-processing steps waich will be deseribzd. 8Slight adjust-
ments wcre made as necessary to insure a dascrete x-value for each faz In
addition to 1ts x-value, esch frx hes & y~velue, which 15 not necessarily
unique for each fix. Aall fixes outside bub withain 200 miles of the
Indiannpolis area also have an x- and y-value on the coordinate grid  These
fixes outsade the Infdignapclis srea do not have unigque vaiues of x. Both
Xx- and y-values are positive for all fixcs.

Stored Tables.

In addition to the coordinate system, study indicated that 1t
would be des.rable to have several files, or tables, of refcrence data
stored in the computer for processing of flight-plan inforuetion. Duc to
the limited amount of storage, 1t was not always possible to set vp these
fi1les 1n the most straightfomr.ed mconce Longer and more involved data-
processing steps are reguirea to overcome the limitations in storage.

A description of each table used follows-

1. Aarway/Fix Teble. This table 1s an addresseble file of airways in
the Indianapolis ares. FRach zairway listed is foliowed Ly 2 list of succes-
sive fixes on the sirway as i1dentified by the unique x-value assighed to
each fix. The fixes are listed in order starting with the first fix in
the Indianapclis area, and ending with the last fix in the area. East/West
airways are filed with the Tixee ir order from west to easi, or in in-
creasing values of x. North/South airways are filed with fixes in order
from couth to nerth  Table I, part of the actual table stored on the drum,
shows how several asirways are stored For example, Amber & airvay 1s coded
as 1 006 000 000 and is stored in the first word in the table in drum
location 1050. The next word in the table, drum location 1051, gives the
unique x-values of the first three fixes on Amber 6, that 1s, 419, 42k,
and 423 starting right to left. In the next word, drum logation 1052, the
next three fixes are listed as 426, .68, and 484. Drum location 1053 has
the last two fixes of importance to the Indianapolis areo whlch are 519
and 532. With thig technique, all of the fixes on airways in the Indianapolis
arca may be packed into e relatively emall smount of storage. Drum loca-
tions 1050 to 12L9 are used for the Alrway/Fix Table when en airway 15
speeified in the route of flight, the computer performs a look-up operation
on the first four digits of the Alrway/le Table to locate the airway.

When the carway 1s located, the list of fixes is transferred into a
temporary storage location for Turther processing

2. Indisnapolis Ares le/Coordlnate Table. This table 1s an
addressable file of all faxes in the Indianapolis area. It includes both
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reporting points). The table begins with the fix in the Indianspolis area
having the iowest value of x (286) and continues through the fix hev.ng the
highest valuc of x (690). Eeck ten-digit word in this table contains the
x-velue of tne fix ¢s the first tmiee digits (from 1cft to right) wath the
y-valae in tne next theee digits. In the scventn dig1t position, an eight
18 entered 1f this i1s & primary fix which reguires a posting on the fiight
Profress boards, or a nine 1s entered 1f this 1s a secoadary fix -/hich 1s
not posted., The final threce-digit group 1s used as an address to 2 word on
the drum vhere the alphabetical three-letter designator for that fix is
stored.

Table IT 1s & part ¢f the actual table stored on the drum. Fer
cxamplc, ossume thot 1t has becen determined from the Alrway/le Teble that
345 15 one of the intcrmediate fixes to be posted on airway V1Z2. Starting
at drum locaticn 1350, a table look-up operation progresses through the
lisl of fixes beginning wath 286 until fix 345 in druam Zoceation 1353 1s
reached  The z-valuc {345) 1n the ccordinate system 15 followed by the
yv-value (531) of the fix. This 1s followed by e contrel digut 8 and a
three-digat group 274. By adding 1000 co the last three-digit group
the drum cddress (Location 1274) 1s obtaincd wherz the three-letter desig-
nator of this fix 1s stored. Thz Indianapol:s arca Fix/Coord:inate Table
1s stored in drum locations 1350 through 1483.

3. Fix/Drum Address Toble This ig & teble of 8ll fixes withain the
Indisaspolis area waith the «ddress of the drum locaticn cn the Indisnapolis
cres Fix/Coordinate Table where the x- and y-values are stored. It 1s
used pramarily in processing divect-route flight plans

Table IIT 18 2 pertron of the corplete teble stored on the drum.
The firs. six dagits 1m the word comprise the colputer code for the alphe-
beticel three-lictteor i1dentifier for the fix, The next four digats are
the address of the derum location on the Iadianspolis ares Fix/Coordinate
Tebl: where the x- aad y-values of the fix are stored. For example, 1f
the fix HUF for Terre Hautc, Indiana, .5 specified in o direct-route fiight
plan, a table locx-up operation on the first six disits would be made until
68 84 66 was found. The next four digits (1358) in the word are tae drum
address on the Indianspclis ares le/Coordlnate Teble where the x- and y-
values of this fix are sloced. The le/Drum Address Table 1s stored in
drum locations 1250 through 1346 on the drum.

L. Fixes Outside Area/Coordinate Taple., TLis table 1s a2 list of all
Trzeg outside the Indianapolis arca within 200 miles of its boundary, with
thels x- and y-coordinate values. These Fixes may be specified in flight
plans defining the route of direct off -airway flights, and thcy are also
used as entry fixes for marway flights. Table IV 1s a part of this table
The first four digits of each word reprcsent e discrete identifier for the
fax followed by three digits for the x-valus and three digits for the y-value.
The fixes specafied in the flight plan consist of three alphabetical
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characters, vhich in the 650 computer codc reguire s1x digits. Since therc
ere only fou.-digit spaces available in the word to i1dentily the {1x, a
diserate four-dicit number was obtoined by souaring the six-digit numerical
code for the fiv, ond using the sixth throagh the ninth digits in thas
number. PBy inopcction of the squaies of 2Ll the aumbers for a’l the fires
wnder 2cnsids ravion, it was determin-~d thet there weore duplicates 1T the
lest four dipgits were used This 2lso was true for digits 8 through 11 cad
T through 10. By aszng digits six through azne, o discrete four-digat num-
ber could be assigued to each Ti1x  For exomple, Vendal.a, I1l., 1s identi-
ficd oy hree letters s VLA, The machine code for lhesc three alpha-
betical characters 1s 63 73 01 This number sguared 15 735067384321 111
druats except 7884 are discarded  In Table IV the Vendalia f1x identified
by the nunber 7384 1s stored i1n deum Jocation 1684  The x- end y-cocrdinzles
are 260 ond 513, respectuively. Tne Fixes Ovtside Area/Coordlnate Table 1s
stored in dsum locations 13500 through 1720,

Determining Faixes 2nd Computing Estimstes.

i. Mfarway Flaghts. A samplificd flow chert for processing airway
Tlights 1s shown in Fig. 2. Firs., = table look-up operatlion i1s per-
formed cn the AlrWdy/FlX Table. Vhen the airwey is located, lthe x-value
of 21l fixes which lie on the scgment of cirway specified in the flight
Plan cre stored temporarily on the drum in locations 0950-59.

A table lock-up opereticn 1s then perforiied for each of these
fixes on the Indianzpolis area Flh/Coordlnate Table. w5 eech x-value 1s
located, the y-value of thc fix 1s read out of the table. X-values then
arc stored temporarily in drum locabtions 1030-39 end y-values in loceations
1040-49. The ihree-letter identifier for the i1x, which also must be
printed on the strip, i1s deraved by going to the drum address specified
as the last thrce digats of the words on the Indianapolis area le/Coordlnatc
Teble. The six-dagit identifiers for the [ixes are temporarily stored in
dram locations 1020-29,

From the x- and y-values, the mileage between the fizes 1s
caleulated by use of right angle traiangle forrmlas, that Ls

D = (;(b - xajg.;. (Yb - -Va)2 (l)

where D = distence between Fix a and Fix b
Xar ¥Ye = the x- and y-cocrdinate values of Fix a
Xps ¥y = the x- and y-coordinate values of Fix b.
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The est.mated ground speed panckad con the flight-plan input
card 15 used tc corpute the estimeted elapsed time between fixes by the
formula

To 60 ( o) (2)
3

where T = time in minates
D = dastance -n nautical mles, «nd
ground speed in knots.

w
]

If the aircraft is in Tlight, the estimated time over the fia
will be computed by adding the elepsed time to the time over the preceding
fix If the aircraft i1s a proposed deperture from within the area, only
the elapsed time between fixes is computed for output.

When there 1s a turn or bend on en sirway, and therc 35 20 redio
fix associaled with the turn, a fi1x 21s entered in the airway table for the
turn These fixes are not pranted as ocutpnt fix postings, but merely serve
to derive the actual mleage via & dog-ieg airway

The control digits eighl or nine 1n the seventh digit position
of the word in the Iadianapclis arez le/Coordlnate Table indicate which
fixes are to be peosted After 2ll informa*tion for cne fix peosting is
developed, a card i1s punched out 12 1he 533 output for that fix posting
The computer processes edch fix in turn end cavses o card to be punched out
for each required posting on an alrway.

Since many alccraft will proceed over segments of several airways
while going throcugh the Indianspolils area, 1t aiso 1s necessary to have a
program routine which i1soletes only those fixes requiring postiacg for a
glven alrway segnent On the flight-plen input card the Fixes where &
flight will enter and lesve an airwey are puached i1n as part cf the fiight-
plan route by the 826 cperator The direction of flight aiong each airway
also 18 anserted by digits added to the flight-plan card. From thas infor-
mation the computer cen determine where to start and stop processing fixes
for a given airway.

2 Direct-Route Flights. Several processing steps are involved in
handizmg dairect—route flights  These include

& Determine all pessible fixes in the Indianapolis area which
are on, or adjacent to, the r~ute of fiight

b. Compute the perpendicular distance from these fixes to the
route of flight. Reject all fixes more than 3% miles away

¢ Determine the direction the flight will pass {rom each fix
which 15 within 35 miles of the route of flipght.
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(1) Detecrmine hoad_ng of flight p.th
(2} Deteraine direction of perpendrcular line from the fix to
the fiight prth

d Deoterrine the cstimoted time the fl.ghl w.l1l poes ench fix
which 15 w_than 35 mlzs or the roate of flight
(1) Compute the distecce from the preceding fax specified in
the flrght plon to the .nterssotion of the perpendicular
line from the adjecens faix ~1th the {laght path.
{2) Compute elcopsed time using zstimated ground speed

a Print owt 4 fix-posting strip for ecch f1ix which 1s within
35 mrles ol the rcouce 1ndiceting the diiection, distence, =na
eskimeted time the flaight 11 prss irom the fix

The {echniques uzed are described in mose detz2il in the following p: rafgrophs

The faxcs filed in the flight plen to defaine ¢ darect rouave of
fizsht are used weth the stored tebles to decernine which Tixes ragLar.
posting lor direct-route fi:ghts For exampls, assume that o flight plan
speeiiizs o route of flight .s Peoriz, I11, (PIA) directoso Indicrnepolis (IND)
First the six-digit corputer code 1dentaty for PIA (77 69 61}, 15 squared
and the discrete Tovr-digit code 8397 1s octoined A toplc look-up opcration
on the first four di.its ol the words stored in the Fixes Outside Area/
Coordinate Teble 15 perlorued The x-(235) ~nd y-(615) coordintts velues
of PIA are found with this cperal:ion =nd tonporarily stored.

A teble look-up operation then 1s performed oun che first six
digits of the le/Drum Address Tablz whaich lists 21l fixes in the Indinapolis
area, until the code for IND (69 75 &) 1s locsted. The last fouar digits
of thils word g.ve the drun oddress on the Indimaspolis Arca Fix/Coordinate
oble where the x- and y-coordinete values for the IND faix are stored
Going to this drum location (1374), the x-(392) rnd y-(546) coordinet. volues
for IND are obtained. These values zre tenpoiarily stored cn the drum

It then 15 necessary to determine ¢11 of the possible fixes 1n
the Irdicnapolis .re: which are on the routz of flighi, or are wathin 35
riles of the route of fiight, so thet postings may be prepared Tor these
faxes  An inspection of o mop of bthe Indianspolis arec indicated that,
1f 21l fixes withon 35 rmiles of any darect poth throuzh the arec wers
posted, 21l of the necessary nostings for each sector would be obhained.
In meny cases, unwanted postings for some fixes also are obtrined and must
be filtered oat before delivery to the flight progress boords

A toble lock-up operzticn 1s perrosmed on the first three daigits
of the Indianapolis arer le/Coordlnate Table stzrting with thc Jlow value
of x minus 35 ond stopping with the high volue of % plus 35 In this
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exarple, the table lcok-up wodald stars w.th 200 (x-vzlua of PIA mainus 35)
and end wath L1/ (x-velue of IND pluas 35) Relerring to Table II, this will
include 34 fixes begivnang st drum location 1350 through drum locatzon 1333
How.ver, since f1x posting strips are requ.red cnly for those fixes within
35 miles wather side of the Tlipht path, many of the [1xes cbtained from
this vable look-Lp operstion must be elimin ted To eliminete the unwanted
tixes, the following procussing 1s performed  The sicpc aad y-intercept
values of a line thiough the two fixes, PIA and IND, shown zn Fig 11, are
derived by wse of the formulas

(ya - Yb>
B o= — (3)
(xa - K'b)
C = yy - mx, (h)
where i s slope of line through Figes a2 and b
%, end y, = coocrdinetes of Fix &
¥y and ¥ =  coosérnetes of Fix o
C = y-.otercent

Thz perpendicular distance P4 teo 1he routes of flight of a third
fix F 1s detcrmiened by

. (yF - Wy - c) (5)

( .m®+ 1)

where xp and yp = coordinatc velues of Inx F
m = the sigpe of thc routs cf flieht
C = +the y-_ntcorcept of the rovte of flaght
P1 = +1h. perpendicular distancc of Faix F to the route of flisht

By substitutiag thoe x- and y-coordinate values of all of the
fixes cbiained from the taple look-up of fixes with x-values betwecn the
two limts, all {ires whrch will be withain 35 wilcs of the routz of fligh.
can be determivod Those fixes which are beyond 35 miles are rejected.
Those fixes within 35 miles are siored temporarily with the actual distance
the zircraft wzil pass from the fix

The ceontroller alsc reguires the dircetien from s fix that the
flaght w1ll pass at Llhe nearest point A series of logical steps 1s used
to determine thrs direction withain eight points of the compass.

First, the x-coordinate values of Fix a and F_x b on a darect-
route flight are comparced 1o determine 1f the flight 15 eastbound cr
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westbound, remembering thot no two fixes heve the same x-value, thus,

there 1s never a fl.ghit daz aorth or south wath rcspect to the coordincete
system. Wext, the alzebraic s-.gn of the perpendiculer distance Pd is
exemined  IF this velue 1s positive, Fix F laes north of the route of
flaght, if 1t 18 aegative, Fix F 1s scuth of the route of Ilight Frcm the
slope m of the route of flight, the approiimetsz hecding 1in degrees ~long

the route of flight 1s next determined This hezding cogle could bz dever-
mined exactly by use of a tangent cable, however, beccuse of limited stocage
this was not done. It was found thot the approxamcte heading could be
obtrnined with sufficient seccuracy by the following process. The slope of
the route of flight m, 1f less than plus or minus 1, 18 nultiplied by L8

The product 1s the rngle of inclinction with respect to the x-axis within 30
Whan the slope 18 grealer thon plus or minus 1, the reciprocal of the slope
{% 18 multaiplied by 48 This pioduct will give the angle of ineclinetion
with respect to the y--x1s within 30 Rules of logic are used to determine
the actual heading

For excmple, in Fag 12, assumc a floght route from west-to-zast
for which the slope 1s debtermiasd =s plus 1/2. Multiplying this by +8, the
approximate angle of ineclinccioa with the x-2xis 1s determined to be z4©
Tn this case the actusl navigational heading 1s between 45 ang 09, A
heading of 45° would produc: a slope of plus 1 and 90° (the x-oxas) & slope
of zere Biace the angle with respect to the x-axis 1s known, then 1f 24O
15 subtracted from 909, {ihe zpproximate compzss hesding pluas 66° of the
route of flight will bo cobtained.

Simlerly, 1f a west-to-east flight rouie wos determined to
have a slope of minus 1/2, the actuzl herding with respeet 1o the compass
rose 1s southeast, #nd multipiying minus 1/2 by 43, gives minus 24°,
which when subtrzeted from 90° becomes plus 11L° In Fig. 13, 1f en cast-
to-west flight roate hes a slobe of minus 2, 1t 1s known thot the flaght
path 1s headed northwesterly between 315° aad 360° maognetic  Multiplyang
the reciprocal of the slope minus 1/2 by 48 gives minuvs 24°, which 1s the
angle with respect to the y-axis Thus, 360O minus 24° w11 provide the
heading of 3360, whaich 1s within 3° accuracey. Similar logic 1s appl.ed
to ell of the gquadrents, ond the correction znzle 1s appiied to either the
X- O y-aXls &as appropriate.

Since the direction thet the flight will be passing from the fax
ot the nearest point must be written on the flight progress strip, 1t 1s then
necessary to add or subtrzet 500 from ths flight route heeding to obtoain
the direction from the fix For example, i1n Fig. 14, 1f Fax F 15 south of
o west-to-east flight path, Pd i1s negitive, and by subtracting 90° from
the heading of the flight path the direction of the perpendicular line
from the fix to the flight path 1s obtzained. IFf the fix 1s north of a west-
to-cazst flight path, Pd 1s positive, ond 909 15 added to the flaght path
direction. As necessary, values are z2djustcd to lie within the ranpge of
i to 360° Once the dircetion of the perpend.cular line from the Tix to
the flight route 1s obtained i1n degrees, the geogrephical direction to
elght points of the compess 1s obtained from a Degrees/Geographlcal
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Direction Teble, Toble V. The first three digats of the words in this
table represcnt limit values an degrees for a table look-up operation, with
the laest four digits used for lhe coupuler code for the alpbabetical
characters for geogrophic direscticn  For example, in Fig. 14 the darection
of a perpendicular line from Fia I’ to the route of fiisht is 3369, A toble
lock-up ope:ation performed on the first thice dights would step at 33¢
(drum Jaocetion 1007) s1inee this 18 the farst value lasted which 1s egual
to, or grester thaa, the value desired  The geogrephic direction for
hzadings betwewn 2920 and 337° 15 northwesc. The computer code for north-
west 75 86 1s availeble [rom the last four digits of the word in locetion
1007

To detcrmine the milesgs from & fix specified 1n the route of
flarht to the point nearcst a fix ed,accnt to the route of flaght, the
followiag computations are pariormed

Referring to Fig. 15, assumc & direct-route flight from Fix A
to Fix B. TFax F has becn detormined to be wathain 35 miles of this routsz.
A fix-posting strip must be prepaced for Fax F aaxd the time the aircralt
wi1ll pass point E rust be dctermined If & perperndiculer line Lo the flight-
plan route 1s drawn through Fix A to the y-axus, 1ts siopec w.ll be == where
m 1s the slope of lhe flight-plesn route  The intercept of this lanc with
the y ax1s ot point D can ve determined by means of Eguetion (L), end the
pespendicul ey distancc PF then may be determained by usc of Eguatioa (5).
Distance Pp 1s equal to the distance from A to E. A speed computation then
18 made to obtoin the elapsed time oy fiight from A to E  Tais s repeated
for all fixes within 35 miles either side of the route of flicht from A to B

The following steps are uscd to reject uatranted fix pestings. As
indicatced under the previous discussion, 1% 15 necessary to look up il fixes
haviag x-valucs plus or mainus 35 miles from the Fix A and Fax B to insure
proper postings for flights that are i1n & more north-south direction  Re-
ferring to Fig. 16, 1f 2 flight 1s proceedaing from Fix A to Fax B, a posting
would be reguired for F:x F, but not for F:x G, which 1s beforc the origin
of this route segment. To eliminate the posting for Fix G, the following
test is made

The perpendicular distance from Faix G to a perpendiculsr line
through Fix B 15 determined This 1s zompared with the distance from Fax A
to Pix B If the distance from Fix G to the line through Fix B 1s greater
thea the distance from Fix D to Fix B, then Fix ¢ 15 rcjgected and a posting
1s not preparcd. In the progrem, two miles first are subtracted from the
distoince botween Fix A and FPix B to meke this test, to elimipate preparation
of duplicate postings for Fixes A and B. A simplafied flow chart for the
processing of dircet route off-airway flights 15 shown in Fig. 17.

OTHER FACTORS

IEM Punch Cards
There are 80 verticol columns across an IBM punch card. Each
vertical column bas 12 1dentifisble positicns or locations where punches
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may be made These purnch locatioils i1nelud= the 16-digiv positrons O through
S plus two estre positions knom ns the hi_h order, or the 11 end 12 posi-
tions Since 1t 15 not possible to represunt the 20 aliphabet:cel characters
and 10 numerical digils by singl=z punches in only 12 peositionz, two punches
2 used 1n a folumh to deaote en alphabetical choractes witn onc punch
doaoting numersical digius from G throagh 9.

Inprt Cards.

Fig 184 shows a typical auput card used so encode flisht-plan
data. The flizht plan 1s entercd on the caid 2n the order normally used
10r interphone transmissicn. Ccrtein columns of the ca.d wre desigaated
for alphabeizcal deta and others for numerical dsta A unat of nformetion,
such es flaght identity or sn airway, mey inclade both numericel and aipha-
Leticel charcecters One or movse columns on tae cord used for cntering par-
ticular wnats of 1nfo.macion are celled fields. For proper precossing, a
Particuler unat of inYormstion of a flight plan always must be in 1ts proper
field The ficlds of the cerd are described bulow woth their operational use

1. Corumn 1 Arrecraft operator (A, fmeriean Airlines, X,1tinerant,
and so fo:th). Eicher alphabeticol or numericael informetion may
be cntered 1n this field or 1t wmay be loft blank

2. Columns 2 throurh 6: Aircraft Identitication  Either zlphabotical
or nugcrical inforration may be entered or 1t way be left psriially
blank.

3 Columns 7 throuch 9, Type of arrcraft Thrgs field cen handle
bolh alphebetical and numerical information, and may be left
particlily blenk.

4. Columms 10 through 12 Ground Spced. Only rumerical anformation
may be entered and no part of ilhis field may be loft blank.

5. Columas 13 through 15. Point of Departure This 1s an alpha-
beticel fi1edd Tfor the three-lette~ designetor

©. QColumns 16 through 20. Flicht Plen Route - Airways.
Columns 24 through 28  Flight Plun Route - Airways.
Co’umas 32 through 35+ Flight Plan Route - Airwars,
Coilumas Y0 through 44  Flicht Plan Route - Ailiways.
Coiumas 48 threugh 52, Flighs Plan Route - Aiiways.

These cre numerical fields. Alphabeticcl airwey profixes (V, G, A, R, or B)
or suffixes for altermate Victor airways (N, S, EH, W) are autometieally
coded to numeracal in the 533 wiring, since thore are a2 linited anumber of
letters used. For direct-route flights these fields arc left bloank, sad
zcros ore inserted sutomaticzlly through the wiring penel in the 533 wt.
Whcn these cards are being reed by the 533 input, sampling of card columns
15, 24, 32, L0, and 48 dcterrunes tho sbsence or prusence of informetion
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and provadas the nec2ssaly cuvz to transmt zeros into the computer when

those fallds on the coard coe plaak, The aliwey suffix locaticon ney be

blank with an cirwsy in the farst part of these fields  Whea there 15 no
suifix associated with the raicway, 2 zeso —s plezed in the saffix cclumn

by wiring., The auntore tic alphobeticel coding for a.rway prefixes and suffixes
is oeccomplishad by coilurii splittiag This consists of readinz only the digit
posztions of o columa 1an the input cord and disrecarding the high order
peositions With Lhe exzcpoion of N for norih cnd E ior east o8 warwey
suffines, discret: dacits worz eveilable on the card to azcoaplish this
codiai. In the cases of nortn and east, further selection 1s r.de using

the high-ordes pos-tions cad the 5 reoproeseating E 1s chenged to an 8 Vuth
this change, & dascerele simgle diglt 1s evailible for all the alphavetical
choracters in these two arias  This coding is automatic, and the 826 opesstor
enters norm.l 2lphabetienl caswey poefizes aad suffixes.

T Ceolumns 21 through 23 Fix desiguztors of carway junctions or
fixes on darect-route faighis.
Colurms 29 throagh 3%  Fax desiguctors of airwny gunctions ol
fixes on direct-rout: flights
Coilumns 37 througa 39 Fix4 designators of
Tixes on direzi-route fi-ghis
Colurms 45 through 47  TFix desiguastors of airway Juhc.ioas or
Tixes on dirccet-route flights.
Tnesz fields are ~iphabotical, and acy be left blenk,

«w1lrway Junctioas or

8. Colurms 53 through 55 Destinet.oon Thesz ars =lphabetical dota.

9  Colwms 56 through 8: Eutry fix {exit fix of adjzcent control
groe)  Thas field 13 alphobetical cud can be left olang A blauk
field 1ncdicates to the compatcr that the flight plan i1s for a
propoged departure from wathin the control area

10. Columms 59 throush 52+ Estimeted time over entry fax or proposcd
departure time for flights departiag within the arza  This is o
nunerical f1eld and no pert of 1t con bhe 1oft blank.

11. Colurms 63 throush 65: Allitude. This 18 2 numerical ficld and
cannot be left blenk  When the altitude i3 specificd as "on-top-
of-clouds," threz zercos cre punched in this field by the 826
oper.tor The 407 priaster 13 wired Lo przut OTP on the fright
progress strip, however, when the altitude 15 r_ad out as threc
ZCros.

12. Colurms 66 throuch 70 Avrwsy Dircction Code. These column:s er
numerical ond are used to enter a dir-—cizon code for cuch ailrway
(8 for Eest and Northbound, 9 for Wesi or Southbound). “hen there
15 an 21rwey route scgmeat there must be an cirway directioa code.
Columr 66 15 associrted with the fiist airwoy field, columns 16
through 20, colwm 67 with the second airway field, columns 24
through 28, and so forth  Whcn there 1s no airwey cntered for the
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route scgment, thot _s, foo a direcl-route flight, columns 66
through "0 wre lelt olank, Zcros then ore agstomntlcally entered
1n these loections by the war.ng panel on the 533 irput panel

13, Colurms 71 throagh 80  Unmged.

Of the 70 columus used, ¢ coluun designoted 3 cliphabetical moy
be left blank, sinec o specicnl alphobetiecsl desice 1n the 533 read-in unit
villi enter zeros automaticelly into the comprter whem e blank alphabotaecnl
ficld 1s cncounter.d However, o column designoted o8 numesicel must
woraelly cengrin a punich. It wey te Lot oloak only af specisl w.ring of
the 533 input penel has oecen actomplizhed to iascrst zeros whon ¢ blank con-
dicioa 18 encountarcd in that column. The 250 comprier unit wll stop if a
blenk condition 1s cenecuntered in any vord by Jhe crithmotic umat.

IBM 650 Computer.

The I2M 050 Computer basically 13 & numericel machine  The
megnetic drum storege is capable of storing 2,000 10-dagit werds plus an
clgcbrzaz # sign for coch word. By use cf wvwo dipgits, for exomple, 61
for A, 62 for B, and so forth, the compuver i1s ble “o work with =lphebetical
characters. Eorever, aiphebeticol choracters usz ap the generel storzge
garez tme. as Tast es numerical charscters  Thus, the drum storwge unit of
the compuler is capeble of storing 20,000 aurerical digits or 10,000
alphebeticel charactere.

The anput ond cutput arces of vhe computer are restricted to
10 wogeds or 200 disits ecch With a spzer.l alphacetical dcvace on the
233 1nput-output uwait, 1t 1s poss.ble to des.gniie 6 of these 10 words, or
60 digits for alphabelical informoiion.

Raferr.ng wo Fig. 18&, the fiieht plan coded on an inpat card
hns 4O alpvhebeticz] and 30 numoricel charcotors Sance the computer can
rend 10 ouly 30 elphabvetical characters (60 digits when converted to numer-
1eal), the 10 oxtra aiphcbetical cherccters are coded cutomatically co
single nuamerical digits and cacered into thz computer through single dagat
pesitions. This 1s possible sincs the aumber of differcnt lelters used
1n certain coluams of the cord .5 limited to less than 10 23 1n the exemple
of narway prafires. These alphabetlcdl/nhmﬁrlcal CONVersLons fre madce
cutematically by wiring of tkhe 533 input poacl. With the output wiraing
Paacl thesc numibers are converted back to the oppropriate alpbebetical
cheractors

In the basic 2,000 words of storage 1n the computer, 20 words
are uszd for reading into and out of the covpuater. Thls allows 1,98C drum
locations, or words, io store the progrem instructions, the rzference tobles,
and the 1ntermediste results during computabions Certa.n constants also
are stored to initiclize the progrom, thot 1s, rebturn the progrom to normal
belore proceswing ecch subseguent flight plen  Approximately one-palf of
the storage locations ars used for tables, while the other one-half ore used
for program instructions, intermedaste resaits, and constonts
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It 13 recessery to rec-ringe a faight plan considerably, with
the wirang pancl of the 533 iapul, Lo pack all of the deta required 1nio
the 10 words availesble an the 1nput ~re- of the drum. raure 18B 11lustrates
how these flight-plan data zre recrronz:d Js1th uvarelatad .nformation
cnoeraed into various ords The first step 1a compubter processing resiores
the ©71ght pren to a surteble 10vm. This consists of plaecing in successlive
drum locotions the depersiuce poiat, the first cirvay, ithe Tirst Junetion,
the sceond Qrrwey, the second junct.iou, aand last the destinct.on  The
nfomertien teken Teom the inpit cic- alwavs 1s treoted as thovzh a five-
roale segneat flight plen were teing handicod  Zeros are stored in 2reas of
the flight plan when Zess tasa five coute seguence ave cncouanterad.

A fl:ghe plan is processed by routc segtents  For sxarple, af
there ore threc rovte sogments spreified in o flight plen, three iterations
of this porlion of the program cre required. During ecch of these iterot.oms,
& route scgmeat 1s tested to determise vwhether 1t 1s viec airways or direct
This 18 doaes by testing the lecotion coutaining route information for Zceros.
If zeres crc found, the roule segiwerl 18 durzet, =f zeros cre nob found, the
routc Segmeat 1s vla alrweys By checlking 1oute sogments successively, 1t
1s poesille to handle airway Diights, direset flignts, or o combanction of
thes: 1n the same flighu plorn.,

InTormetion in the entry fix (lasl {1x in adjecent coptrol area)
Jocatron eof an input card i1is used to dotermine wacther ¢ flight -s en route
or propased. Vhen there zre zeros 1a this location, the computer recognizes
that the flight will origiacte within the control o A prcpesed deperture
program rodtzace thea 1s followed  The oatput card for the first strip
posting for the point of deparvure is prep.rod by arrcagiag the flight ploa
in the drun readout aren ard by 1wse of & specislly wired aree 1a the 533
output unit The sstamzted deporturce Lime 1s precaded vith = P for proposed

Cutput Coris

The output card shown in Fig. 194 13 the same size as aa input
ecrd  To distanguish butweca the two, daflerent colors 1wrim. lly ore usced
Th~ output cerd hrs 6 columns contazning clphabetical characters and 3k
columis with numerical datue  Five numerical characters (the type of air-
way prefixes) cre converted to niphabecvical charceiers by wiring 1n the
407 nriater

Since the buffer storaze readout area on the drum, Fig 19B, s
laimated to 100 dagics (10 words) and therc ore more thon 100 diglts required
for outout cards, a2 technigue knowm as "gang-punching"” 1s used. The commen
inlormation for cech flight progress sorlp, such as ailrveroft identificotion
end type, 1s fairst reed cuat and punched onto the first outpubt cord for o
flight This farst outprt card 15 used os temporary stor.ge in the 533
uailt. The common informat:on 1s then "geng-punched” 1ato the proper riclds
on coch subsequent cerrd zs the cormputer processcs dota pad punches @ curd
Tor ccch fix poysting requised,
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IBM 407 Praintcr

The 407 aceounting rochine prints - complete line ot a time with
120 type whecls  Ecch wheol has 47 charncters, inceluding all of the levhers
of the . lphavet, the 10 mmerieal characters, and .1 specinl cheracters.
The cherocters are 1/10-inch wide, and a cowplete liane of vype 1s 12 iaches
in leasth. AZ1 the type whells are piopoerly posicioacd before the mechiae
priils - Jine, and orz fall iine 15 printed by one print cormoad. The
Tormet in which data arce printed from the punched cards is controlled by o
V1r_ng poagl, a peper profcorrilag loop, rud the fi1elds ain which zhercectoers
wre puached ir the coerxd. The o-der of reodout of informotion Trom the
outpub cord eon be controlled completely by tha wiring pancl

By proper w.riig of the input penel arnd vse of the paper
Programruang loop for linz-feed conbiol, a siigle output cord 15 read three
timcs Lo prodvce three lines of lype on the [light progress strips Thic
"muitiple-line-cead," cs 1T 25 called, permits data an verlous fields on
the punched cards to be piznted during ecch of three "rerds" for printing
on any of the thiee Jines

Each fix-pesting ovtput card de eleped by the computer has
e meximum of 80 significunt chorecters waich mey be pranteil by the LO7
priater on 2 flight progriss strip  Specaal charccters, vhoch wre the sume
for ezgh strip, cre generat.d by mcens ol the wir_ng pearl in the L07. For
example, when the speed 1s reed from the computer, 1t 15 rounded to wwo
digzts, that 1s, 31 indizetzxs a specd of 305 to 314 miles per hour. To
Priat out the specd as 310 on the strip, o scro 1s gener.wted by proper
wiring of the LO7 printer.

By usc of selectors on the 407 printor, numerzcal choracters
may be converted to their criginal alphcoetical form, zeros in the altitude
column may be chenged to OTP, and tho format of the flicht prosress strips
riezy be changcd for proposced departures, snd so forth.

Error Checking

Dota procescing by the compater i1s subject to two kinds of errors.
mechine and homon  Most of the humen errors wall bo essocisted with entry
of informetion on lhe input caid, such os incorract data entries, typing
crrors, or fix information not ossoc.zted with the permonent memory of
the compuser.,

Checking of certein rachinz errcrs 1s automrtic. When 2 unis
of informotion passes from one component of the machine to cnother, esch
character 1s checked for validity  If the check 1s 1nvelid, an error 13
si1gnaled,

Programmed error checks cre steps throushout the program which
dctermine whethoer particulsr types of crrors made by the operators are
entering the wmachine  Thesc crrors ore detected when the computer
cnecounters informabion thet does not fit ¢ specaific pottern established
Tor the progrom
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When errors ore detecced, the mechine 15 sct to gtop
cutomatieaily By iefireace te indcotor lights on the zomputer consolz
end the input card, the type of error can be chocked Dy the consolce
operator

The followin, cheelrs oxe performed by the internzal program o
dctermine 1f ecrrors exist os 1nformgtion enters the computoer.

1. Haves 211 cssenticl .tems ol flight plan been ensercd in the
computay ?

N

Are ecsscrntaasl 1tems i1n their proper column®
3  Is the entry fix filed & velid entry Iix?

M. Is thesc zorrelalion bolween airways specificd snd entr Janetion
2 >
oT dcpartule Fix?

2- On a propeosed deparvurce, .8 the sirport of departure a valid fix?
€., On & d-rect Tlight, 1s the Junction point 2 valid junection point?

£31 of thesz checks except the Tirst cre particl since 1t is pessible for
erroncous dotz to meot the critoeriz esteblashed  For exemple, & flifkt
from 3t. Louis, Mo. (STL) darect te Steteline, Ind (XST) might, with =
typing error, bpc typed as X3M (5t Marks, Ind.) instccd of XST  The com-
buter would recognize ¥XS5M as lopitimate, for 1t 13 a pari ol the computer's
momory. Processing of St. Morks, Ind would be accompliohed and _rronzous
outiput would result. But, should the typanz crror h.ve rcoulted in n
wdentification not 1in memory, the computer would stop and sigarl on crror
Iu the cese of the Zlght-plan input check, all unmits of infornmation cxecept
the 1duntificatien and the typz of a_rcraft =rz exocmined  With the oid of
Progremmed checits and meaual excoimccron of the output before delivery to
the flight progress boards, 1t 1s improbable thet erroncous outpat from
the computer vll reach the control poord
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TABLE I

ATRVAY /FIX TABLE

Alrway Word Stored Drum Location
46 1 00k Q00 Q00 1050
0 Lon W2k Lig 1051
0 L8y 468  L26 1052
0 000 532 519 1053
B3 2 c03 Q00 000 1054
0 000 000  L06 1055
B15 2 015 000 000 1056
0 550 553 569 1057
B34 2 034 000 000 1058
0 000 O 000 345 1059
B39 2 039 000 000 1060
0 657 605 603 1061
Bk 2 Qnn 000 00 1062
0 LD& 396 392 1063
BB1 2 081 000 GO0 1064
0 598 602 605 1065
0 000 595 595 1066
B87 2 087 000 000 1067
0 L83 L72 475 1068
0 505 hogb L84 1069
I8 5 ook 000 Qo0 1070
0 ho3 373 321 1071
0 571 W75 Las 1072
0 000 690 605 1073
VL5 5 0ok 200 000 107h
0 Lp3 320 286 1075
o L5 451  L2g 1076
0 690 653 605 1077
VLI 5 ook 800 000 1078
0 423 371 321 1079
0 475 453 L2s 1080

Continuation of this Airway/Fix Table appears in Drum Locations 1081-1249
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Designator

APX
EVVY
WCR
VCN
SCL
XCR
25T
APX
HUF
OwB
XJP
LAF
8CJ
APY
¥HL
X5M
XhP
XCL
XMC
¥RD
XCX
XML
PG
v
IND
XHO
¥HU
BHL
VX
OEK
FTK
XCs
WM
CLu
MZZ

GID

XBv
SDF

W/CARLISLE

S /CARLISLE
CARLISLE
STATELINE

JASPER

HALEMER
BT. MARK3
APAT.OHA
LOVERDALE
MONTICELLO
RADNOR

X-VoT7 & V128

MITCHELL
PARAGON
MONROVIA

HORTON
HOUSTON

LANESVILLE

CASTLETON
W /XX

HARTSVILLE

Coordainates
= ¥y
286 L50
321 Lo
302 hol
335 L85
336 L90
336 499
3h1 57l
L3 54k
345 531
349 h28
260 470
361 593
366 500
369 567
370 588
371 460
373 bys
37k 536
375 €11
376 592
381 580
38k 483
388 525
391 535
392 Shi
396 570
398 505
ho1 601
405 453
Lo6 59.
Lo7 439
409 £35
h10 565
h12 517
418 590
hig 413
Lo 552
L2 £52
hop 515
423 L52

TABLE IT
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INDIANAPOLIS AREA FIX/COORDIHFTE TABLE

Drum Address
Fix Designstor

(add 1000)
000
266
312
311
302
320
341
00C
27
290
000
277
301
CCo
327
340
315
0Q0
Qc0
339
ou0

332
000

335
276
328
000
252
282
289
000
000
238
257
285
000
269
336
000
303

Dium
Location

1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
13656
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1371
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
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TABLE IT - CON'T

INDIANAPOLIS ~REA FIX/COOﬂDINfTE TABLE

F1x Coordanates Pri. B Drum address Drum
Designator X ¥ Sec. 9 Fix Designator Location
2 (adda 1000)

SHP holy Whbho 9 305 1390
Xlia NABB u2s LT 9 337 1391
Lou 26 450 8 261 1392
EB 3l Loe 8 319 1323
M{E MUNCIE b3k 575 9 264 139%
RUX s 536 9 295 1400
XCO COWAM LLo 568 9 000 14h01
XHI Lyz 365 8 326 1Lo2
WHB W/HJ0 Lhs 52k 9 314 1403
XCP CHAPLIN 451 435 9 000 2400
BWC SW/CWH L52 501 9 307 1405
FFT FRANKFORT L53 453 9 000 1406

Continuation of this Indianapclis area le/Coordlnate Table appears 1n Drum
Locations 1407 - 1483.
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T/BLE IIT

FIX/DRUM ADDRESS TABLE

Computer Code Drum Locat.on
For Fix of Fix
Fix Identaifaer Coordain.tes Drum Locztion
ADX 16487 1463 1250
APE APPLETON 617765 1k55 1251
BHL 625873 1377 1252
BKW £27820 73 1253
CH 636686 1489 1254
CIN 630975 1419 1255
€13 CLATBORNE 637302 1438 1256
eLu £37384 1383 1257
CMiL 63765 11450 1258
CRB 637962 1L26 1259
CcVG 638557 1h11 1260
CWW 6386846 1410 1261
DAY 646188 1422 1262
DWF 658666 1he7 1263
EKN 657275 1h82 1264
EUIT E/UNN 658475 1018 1265
EVV 658585 1351 1266
FFO 6ohHETA 1428 1267
GAY 6761488 1471 1268
GFD 676665 1386 1269
GGX 676787 1415 1270
GFM 67777 1481 1271
HTS 638382 1456 1272
HTW £B6386 1457 1273
HUF 688466 1358 1274
ILN 697375 1434 1275
I4D 69756k 1374 1276
LAF 736166 1361 1277
LBX LIBERTY 736287 1420 1278
ICK 736372 1451 1279
LEX 736587 N7 1280

Continuation of this Fix/Drum Address Table appears 1n Drum Jlocations 1281-1346



Fix

GSH

WA
TWA
GFM
BTP
NeQ
cev
FIB
BED
FaAM
VLA
MGE
MEG
LAQ
BLF
RER
HIC
YTP
SFA
HED
G30

PIA
GHM
APT
OTM™
PUK

JoT
NYG

CEU
MGW
MGW

FIXES OUTSIDE AREA/COORDINATE TAEBLE

Tdentity
Cede

Th79
7500
7532
7532
TO95
765k
7678
TTHL
7763
7768
7798
7884
7565
7969
3047
8097
8103
8163
8168
8273
8277
8332
8330
8395
8411
8537
8603
865k
8781
888
9123
9125
9189
9329
9329

2k

TABLE IV

Coordinates

X

7
L80
43
Lhy
£E6g
686
L83
150
736
T45
204
260
475
Lok
199
&3k
681
u28
520
60L%
655
693
543
235
331
316
124
267
25l
312
816
30k
677
692
691

J

653
696
6214
617
k21
606
192
308
281
676
433
513
195
7250
Log
399
593
76
693
264
532
26
57
ol5
314
674
647
389
689
661
478
546
583
536
550

Drum
Location

1673
1674
1675 VOR
1676 LF
1677
1673
1679
1680
1661
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711 VOR
1712 LF



Iix

CEL
DET

BDF
HOP
CAH

FIXES OUISIDE AREA/COCRDINATE TARLE

Identaty
Code

9548
9575
9600
9649
9656
g7ok
9529
9959

25

TABLE IV

(Cont'a)

Coordinates
z ¥
524 682
545 TOk4
807 513
247 643
337 370
8h2 Leo
516 646
939 299

Drum
Location

1713
1714
1715
1716
1717
1718
1719
1720
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TABLE V
DEGREES /GEOGRAPHICAL DIRECTION TABLE

Computer Code Word

Direction Degreea®* for Direction Drum Location
N 022 0Q0CA75 1000
NE 067 0007565 1001
E 112 000C065 1002
SE 157 0Co5265 1003
S 202 0000082 1004
SW a2l 0008286 1005
W 290 CO00086 1006
W 337 0007566 1007
N 359 000007E 1008

999 9999993 1009

¥Equal to or greater than the number of deprees on which the teble
lock-up 18 1nitiated,
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READ (N
FLIGHT PLAN

TRANSFER
FIXED DATA
TO READ OUT

15
AIRCRAFT
IN FLIGHT OR
PROPOSED

PROPOSED

15
ROUTE SEGMENT
VIA AIRWAY OR
DIRECT

DETERMINE
FIXES FROM
AIRWAY /FIX
TABLE

OBTAIN X ¥ COCRDINATES
OF FIXES FROM
FIX COCRDINATE
TABLE

CALCULATE
MILEAGE BETWEEN
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X Y COORDINATES

COMPUTE TIME
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FROM ESTIMATED

GROUND SPEED

PUNCH FIX CARD
FOR DEPARTURE POSTING

I

MODIFY FIX
ESTIMATE ROUTINE
TO PRINT OUT ONLY e —————

ELAPSED TIMES
BETWEEN FIXES
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TIME TQ ESTIMATED
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FIX

-

IRANSFER FIX
[DENT ELAPSED TIME
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TIME TO PUNCH CUT

PUNGH FIK CARDS
FCR ONE RCUTE SEGMENT

15
THIS LAST
ROUTE SEGMENT

BRING TN
NEXT ROUTE
SEGMENT

FIG 9 SIMPLIFIED FLOW CHART FOR AIARWAY FLIGHT



ROUTE SEGMENT
VIA AIRWAY CR
DIRECT

CALCULATE
MILEAGES
BETWEEN FIXES FROM
LOCK UP AIRWAY X, Y COORDINATES
SEGMENT ON
AIRWAY/FJ.X TABLE l

ALL FIXES IN

A
TEMPORARILY
STCRE X VALUES CF
0950-0959

DETERMINE DIRECTION
FOR SCANNING AIRWAY
FIXES FRCM DIRECTION
CCDE CN FLIGHT PLAN

?

COUMPARE ENTRY JUNCTION
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NT

TC DETERMINE START PCI

3

COMPARE EXIT JTUNCTICN
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FIXES ON AIRWAY

TC DETERMINE END POINT

L g

FROM X VALUES OF
DESIRED FIXES ON
AIRWAY CBTAIN X, Y
COORDINATES AND
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FIG 10 FLOW CHART AIRWAY PROCESSING - DETERMINING FIXES TO 2E POSTED
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FIG. 11 DETERMINING FIXES ADJACENT TO DIRECT ROUTES
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FIG. 12 DETERMINING HEADING CGF AIRCRAFT



HEADING OF FLIGHT 360° - 2.4'? 336°

FIX A

FIG. 13 DETERMINING HEADING OF AIRCRAFT



W = 270°

N = 360°

DIRECTION FROM FIX F
66° - 90° = -24° = 336°

FLIGHT HEADING 66°

FIX A

S = 180°

E =90°

FIG. 14 DIRECTION FROM FIX



X AXIS

FIG, 15 COMPUTATION OF DIRECT-ROUTE MILEAGE
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™~ / EXAMPLE
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FIG 16 REJECTING UNWANTED FIXES



Is

ROUTE SEGMENT
VIA AIRWAY OR
DIRECT

| "

CBTAIN X Y OF ENTRY AND
EXIT FIXES DEFINING DIRECT
ROUTE SEGMENT FROM
FIX/COORDINATE TABLES

l

OBTAIN ALL ADJACENT FIXES
WITHIN 35 MILES OF
X VALUES CF ENTRY AND
EXIT FIXES FROM
INDIANAPOLIS AREA/
FI1X COORDINATE TABLE

l

DEVELOP SLOPE AND

Y INTERCEPT QF

DIRECT ROUTE
SEGMENT

COMPUTE ELAPSED
TIME USING
ESTIMATED GROUND
SPEED

ADD ELAPSED
TIME TO ESTIMATED
TIME OVER ENTRY
FIX OF SEGMENT

TRANSFER FIX
IDENT DIRECTION AND
DISTANCE ELAPSED AND

ESTIMATED TIMES TO
PUNCH OUT

DETERMINE

HEADING OF
DIRECT ROUTE
SEGMENT

PUNCH F.X CARD

[

DETERMINE PERPENDICULAR
DISTANCE FROM ADJACENT
FIX TO DIRECT ROUTE
SEGMENT

Is
FIX MORE
THAN 35 MILES
CFF ROUTE

DETERMINE DIRECTION
OF PERPENDICULAR LINE
FROM ADJACENT FIX TO
DIRECT ROUTE SEGMENT

DETERMINE DISTANCE
FROM ENTRY FIX TC

PERPENDICULAR LINE
FROM ADTACENT FIX

IS
THIS LAST
ADJACENT FIX FOR
THIS ROUTE
SEGMENT,

BRING IN
NEXT RCUTE
SEGMENT

BRING IN
NEXT ADJACENT
FIX GN THIS
ROUTE SEGMENT

FIG 17 SIMPLIFIED FLOW CHART FOR DIRECT-ROUTE FLIGHTS
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