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FEASIBILITY OF USING
A GENERAL-FURP0SE COMPUTER IN THE
CENTRAL ALTITUDE RESERVATION FACILITY

SUMMARY

This report describes & study to determine the feasibility of
using a general-purpose computer at the Central Altitude Reservation
Fecility at Kansas City, Misrouri It 23 concluded that a medium-size
dizital computer wath large storage capabilities could be programmed to
Process airspace reservation reguests, detect conflictions between missions,
end suggest changes i1n eltitude or time of the missions to resolve con-
flicus. T 15 not considered fezsible to program exasting types of com-
puters to resclve conflicticns by suggesting changes of route It 13
also concluded that 1t 1s not practical to use a single computer for both
the Central Altitude Reservation Facilaty and tae Ksnsazs City Air Route
Traffic Control Center.

INTRCDUCTION

On September 30, 1957, the CAA Office of Air Traffic Control
(OATC) requested that the Technical Development Center (TDC) study the
operations of the Central Altitude Reservation Facility (CARF) tc deter-
mine the feesibilaty of performing some of the CARF functions with a
corputer Since a computer already was planned for the Kansas City Air
Route Traffic Control Center (ARTCC), specific interest was expressed in
the possibility of programming this computer to handle both cperations,
or determining the size and type of computer equipment appropriate for
both operations

During October, November, and part of December, 1957, TDC
personnel made a study of the CARF operaticn, and developed flow diagrams
for computer processing This report .5 based on that study

DESCRIFTION OF PRESENT CARF OPERATION

Certain high-altitude military eircraft missions obtain
airspace reservations in advance from the CAA to eliminate unwanted
changes 1n flight plans after the start of 2 mission Requests and
approvals of these airspace rescrvations may be made from several hours
t0 several days prior to the proposed departure time The CARF at Kansas
City was established to minimize the coordination cof these airspace reser-
vations. Previously, each ARTC Center was responsible for all coordination
required by missions originating in 1ts area At present, CARF 15 respon-
sible for approving and coordinating changes an flight plans of military
m1ssions in the United States and over adjacent oceanic areas above 14,000
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feet altitude east of the 100th meridian, end above 24,000 feet altitude
west of this meridian. This facil_ty receives proposed flight plans of
military missions, detects and rcsolves conflicts belween such missions,
and forwards approved airspace resexrvations to iLhe appropriete air bases
and air traffic control (ATC) facilities.

Normally, the militery unit originating the mission submits 1ts
airspace reservat.oon reguest to the ARTC Center where the departure point
153 located. These requesls are generally nade at least Two days before
the schediled departure Aftcr coprdianation between the mission officer
end the ARTC Center waere the flight wall criginate, the ARTC Center edits
the request and forwards i1t to CARF vaa Scnedule B taletype.

Whew received ai CARF, the airspace reservatiun request 1s plotted
on a plastic overlay on lop of charts of the United States A1 route
segments, altitudes, control times, and refueling areas are i1ncluded in the
plot Cenflicls between missions sre detected during the plotling orocess
ard usvalily are resolved by arrangsing forr a change in alititude, route, cor
departure time  When a number of missions are proposed at the same t_me,
the 1esolution process can become complex and time-consuming, fregucntly
requiring several discussions between CARF and one or more mission officers
Certain missions, such as nevigation training, ere of such & nature that
the flight area is unimportant. Waen a conflict arises involving such
Flights, CARF may be asked to suggost, by reference to 1ts plots of other
missions, &reds where such flights may cperate at the time requested In
other missions, arraival ai a certa.n point at an exact time 1s i1mpeortant
but the route 1s not important In these cases CARF may suggest alternate
rouwtings

Mission priority normally i1s the primary consideration in
conflict resolution. However, where conflictions can be satisfactorily
resolved only by changes in route, e higher priority misiion 18 somet.mes
changed vhen 1t conflicts with & mission of lower priority, i1f by so doing
Tewer changes are reguired and the commands are agreeable

Occasionally, lest-minute reguests for changes to previously
approved reservations are received. These changes usually affect route,
refueling area, or departure time. CARF makes an effort to coordinate
these changes and 1ssues revised clearances provided the reguests are
made four hours in advance of departure time

After conflictions have been resolved, & mission-approval
message 1s composed and transmitted by teletype te the originating ARTC
Center and ell other Centers concerred  In any case, all ARTC Centels
involved are adviscd at least 12 hours before the proposecd departure time

The CARF Annuzl Statisticsel Report covering the perlod from
August 1956 to August 1957 shows that a total of 3,090 altitude reserva-
tions were processed. The pesk activity day for this period occurred in
August 1956, when 5L altitude reservations were rccorded. The average
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of menthly peak days was 24 altatude reservaticns, while the daaly
aversge of reservations during thz week varied from 2.6 on Sundays to
13 5 on Wednesdeys

PROPQSED APPLICATION OF COMPUTER TC CARF CPERATION

Pased on previous experience in progremming the IBM 650 RAMAC
and the Uaavac Mcdel 1 computers, 1t appears thet either machine, or
similar mechines, could pbe used to do part of the CARF problem  For the
purpose of showing feasibility, one of these computers, the IBM 650 RAMAE,
ves solected The Tollowing anslysis indicates how much of the problem can
be gssigned to the IBM 650 RuMAC and how this can be accomplished

In order tc ectimote storzge reguirements and processing time,
2t wes necessary to determine certain messege characteristies Auclysas
of <ltztude reservation reguests ror the month of July 1957 indicoted an
average of 9 missicns per day composed of 30 route scgments each  The
number of alpha-numericsl cheracters regaired for adentification of
missions, ecells, and flaghls also was determined from this sample

Input.
Punched cards would be used to enter information into the
computay. The first twe cerds would contaan,

The mission identifier

The cell i1dentifier

The flight identifier

The date and time of takeoff

The pricrity of the mission

The wvoid t.ime of the mission

The elapscd time to landang for each cell

— O Fla S -

The next several cards would conlain altitude and route
information as follows:

1. TFixes designated by lengitude znd Zatitude.
2. EFlapsed times [rcom one fax o the next
3 The altitude between fixes

Assuming an average of 30 fixes per mission, an additional 8 input cards
would be required for this 1nformation

The punched cards would be read into the computer and the
information stored in temporary storage locations The longitude and
latitude of the fixes would be converted from degrees and minutes to
degrees in decimal form  The elapscd time between fixes would be con-
verted from minutes to decaimal cguivalents in hours  The heading between
fixes would be caleulated and stored  Hence, the machine would have stored
consecutively (1) fix, (2) eltitude and time, and (3) heading to ncxt
fix This series would be repeated in the same crder for each fix



Conflict Detection

When a new proposed mission 18 entered, the first approved
mission that 1s already in permanent storege for the same day would be
brought into high-speed storage A compariszon by time first would be made
to determine whether the missions conflict and at what hours the conflict
ex1s3ts If the two maissions are not in the axr within two hours of the
same time, the next mission will te brought inte high-speed storage from
tne KAMAC and 1ts time of takeoff and landing comparced with thet of the
new proposed mission When both missions are 1n the eir wathin two hours
of the sarc time, 1t 1s possible thet the two missions may conflict and a
time scarch would then bhe made between the route segments of toth missions

Eoch of the segments of an approved mission would be compared
with the scgments of the proposed flaght, with which a time conflict is
found, {c determine whether they are in the same gecogreaphiccl area If
they are not in the same arca, no fucsthcor check 1s necessary and Lhe next
M ss10a would te brought into high-speed storage from the RAMAC IT any
sernient of the approved flight i1s in the sane geographical arca 23 a
scgnent of' the proposed flisht, an allitude comperison 1s made. If there
are no sltitude conilictrons, the next mission would be checked If the
cltituie comparison reveals a possible gontlict, the flight paths i1avelved
wou_d be solved as simultencous cguations to determane 2T the flight paths
interseet or pass close crough to create a conflict I there 13 = conflict,
the compuber will store the location of the confl.iction and continue to
the next mission If there are no conflicticns the machine will go directly
to the next mission

Conflict Resolution.

For the present, it dees not appear feasible to program the
computer to resolve conflicts regquiring a change of route It docs appear
possible for the computer to suggest sclutions to conflicts on the basis
of altitude and time changes To do this 1t would be of considertble
agsigtance 1f the route segments of the original request were coded to
indicace whether an altitude and/or time change would be accepted and how
muen of 2 change would be allowed. BHowever, for this study 1t has been
assuwmed that this codaing 1is not provided

It has been assumed that altitude revisions of plus or minus
4,000 feet mipht be considered Therefors, when a confliction 1s found,
a2 change of altztude within these limits weuld be tested In determining
a possible solution, the proposed cltitude would be checked with the
prceeeding and follewang scegments to determine whether this change would
erfeet refucling or landings planned in the nest scgment. Alsec, 2t would
be necessary to check a2 possible altitude chenge against all other missions
operating at the same time i1n the szme area  After a possible solution
18 determined, 1t would be stored for later punch-out eas an output messege.

Whether an altitude revision would selve the conflict or not, a
time change zlso would be tested 1n a manner similer to that used for the
cltitude chonge. Ik 1s proposed to test time changes up to L4 hours, or



p

multiples of 12 hours Thesz time changes would require retesting of
of the mission's segments for possible conflicts The farst possible
time scluticn found would be stored to be later punched as part of the
output message

If a previously approved mission of lower priority conflacts
with the proposed misszon, then the leower pricrity mission would be tested
by the method ocutlined above

Output

There would bhe two types of computer output messages, one 1f no
conflict has been found, end one 1f a conflict has been detected  The
first type message would contain the identification of the mission and the
conplete route of flight It appears also that 1t would be possible to
compuce the time of passing and the distance and dairection from normal
radio fixes posted on ARTC Center contiol boards es additional items for
cutput to simplafy posting in ARTC Centers These cards wouvld be sent
through a2 card-to-tape converter, and any special messages added before
teletypewriter transmissicn to the Cernters and bases concerned.

If a conflict 1s detected, the output message would contain
the 1dentification of the proposed missicn and the location, time, alti-
tude and i1dentification of ithe cells and missions with which 1t 15 1n con-
flaict Suggested altitude and time changes which would resolve the
confliction would be included in this output Coordination of possible
confliet sclutions with the mission commanders involved would be left to
the CARY ccntroller From this information 1t also would be possible for
the controller to plot the problem area in the event that a route change
1s the caly acceptable sclution. The original mission information plus
the suggested changes to resolve the conilict would be stored pending
this coordination acticn., After an acceptable change in flight plan has
been agreed to, the method of resolution decided upon must be put into
the computer

In those i1nstances when CARF 1s requested to suggest an
operational area for a training flight, e short routine could be developed
which would analyze all stored data and produce s tabular output cf
activity in designated areas under CARF gurisdicticn  These data can be
as general, or specific, as reguired to ass:ist this planning function and
should not require any flights to be plotted in order to provide this
service.

Coordinate System

The coordinate system proposed is & modified rectanguldr system
using longitude and latitude Corresctions are applied to the slope
(heading) based on the latitude of the area being processed For exemple,
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the slope of a path Tetween two points is
Jz =¥

m = ———

o - X7

(1)

where
¥i and Yo aqual latitudes of points 1 and 2 ,
xy and xp equal longitudes of poinits 1 and 2

The slope with & correction applied 1s

a0 Yo = ¥y
m, = = (2)

a X - ¥y

where
a eqizls average number of miles per degree of longitude betwesn points
1 and 2, besed on 60 miles per degree latitude

This average & can be computed from the formula
21 + a2
2

wheie
a, equals 60 cos (latitude of point 1)
ap equals 60 cos (latitude of point 2)

A coaine table for eack degree from 00 to 90° would be stored for
reference i1n this computation

To determine how accurately these calculaticns would compare
with positions and courses determined by reference to charts, a series of
measurements were made using USAF Jet Navigation Cherts (Lambert Conformal
Ccnic Projection) between 259 and 74°, north latitude.

Many combiraticns of line segments, line lengths and interseetions
vwere drawn, located, and measured by reference to these charts The line
lengths, locations and intersections were then computed and cowmpared
using the above slopes m and m,. Close agreement was obtained at the
lower latitudes, with the errors increasing further north  Errors in the
line length did not exceed 2.5 miles per 100 up to 75° north At 89° the
error 18 T miles per 100

If the polar region north of 75° 1s of concern, there are
several possible coordinate systems which should be consadered. The two
most promising eppear to be poler and spherical projecticns. There was
not sufficient time to evaluate or compare these;however, 1t 1s believed
that development of a special routine for the polar area would not be a
serious problem
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POSSIBILITY OF JOINT CARF/ARTCC USE OF SAME COMPUTER

There are two ways 1n which a computer might be used jointly
by CARF and the Kansas City ARTC Center One way would be to assizn the
computer during certain kours or one shift of the day, for example, the
normal light traffie periods in early merning, to CARF, and use 1% for
LRIC Ceanter problems the rest of the day  Another way would be to have
both CARF end ARTC Center program routines in the computer, and switch
the 1aput and output from one to the otaer i1n accordance with some priority
schedule.

In the first scheme the computer probably wouid not be available
to CARF for 16 hours or more each day This implie: that the memory of
the machine, dealing with the previously approved flilght plans, would
hare to be plotted at the end of each CARF machine pariod to maske the
record available as a reference durang the remainder of the day Plotting
theece dala would require almost as much manpower as plotting the data
manvally, without using the computer. Also, the computer would not be
avallable to assist in detecting or resclving any cenflicts resulting from
late revisions except during the hours assigned to CARY machine processing.
Since almost the same manpower would be required and CiRF's service would
not be umproved, 1t would be of little value to use a shift-shared com-
puter. Consequently, this mode of operation i1s not recommended.

On a priority time-shared basis, 1t 1s necessary to consider
the computing time required to solve both CARF and ARTC Center problems.
In a machine having the storage and speed of the IBM &50 RAMAC, 1t 1s
eztimaced that 5 minutes 1s required to test a proposed missicn having
30 route scgments agein.t a similar already stored missica. Assuming 5
stored missicns as an average daily condition, then 25 minutes will be
rzquired to meke a conflict search. An additional three minutes will be
reguired for input and cutput and final storege Each conflict resclubich
will reguire approximstely two minutes. To enter a mission, check 1t
against 5 already approved missions, resolve one conflict and store and
punch the cutput, will require about 30 minutes. If 1t 13 assumed that
the real time ARTC Center problems are grven priority, the CARF process
would be interrupted, the number and length of interruptions depending
upon che existing traffic conditions in the ARTC Center area and the
extent of machine time required for processing ARTC Center problems.
During heavy traffic periods, particularly if the computer also does con-
flicet search for the ARTC Center, it 1s likely that the ARTC Center would
capture the computer to the exclusicn of CARF for an hour or more at a
time

Questions arise as to whether a faster program might be devised
Tor both CARF and ARTC Center to conserve computer time, or whether a
machine faster than the IBM 650 RAMAC might be better suited for both jobs.
The study has not advanced far enough to indicate whether these time esti-
mates can or cannot be irproved, although 1t should be assumed that they

probably can. On the other hand, 1%t seems logical to assume that 1t
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will bacome i1acreasingly desirable to program the mechine 1o do more work
for boch activities thaa h.s been assumed here, end thas desire would tend
to offset swvin,s thel misht be made in p.opram time.

The next sizes of lar_er and faster computers arc guite expensive.
In ihe time allotted for ihis study, the i1dea of using a faster machine
wes not explored except to determine that the cost of typic:l machines is
approximately four times &5 mach as the IBM (50 RAMAC. It 1s, therefore,
more economical to provide indeneadent medium size computers for both CARF
and the Kansas City Center than to use one laorger computar for both
facilities.

In the available study time, 1t was concluded that there would
not me eaouch machine time to do both CARF and LATC Cenler problens .atis-
lactorily on one mediam-s1ze genecsel purpose-computer, such as the IBM 650
RileC.

SIZE AND TYPE OF MACHINES REQUIALD

To deterrmnes the size and .ype of electronic dizilzl computer
sequired to perform the conflict search and limited conflict resclution,
1t 18 necessary to coasider the smount of informalion which must be stored
in the computer £ad the awnber of missions vhich must be processed per day.

Based on the preseni operating practices, the computer must be
larze enough to store a2l1 flights for a 12 day period. For example, assume
that the averaze number of missions per day i1s 9, zad the maximum number
of missions occurring on any one day i3 S'. Assume furlher that there
are 11 average days and one maximum day every 12 days. Then, the storage
requirement for approved missions would be approximately 420,750 characters.
In additicn, about 210,000 characters are needed to define restricted
(or prohibited) areas, 60,000 characters for -efueling areas, 120,000
characters for coded flight plan routes which are used repeatedly, and
15,000 characters for tables. Under these assumptions the total storagse
requirement vill be about 855,750 characters. This 1s about 20 per cent
of the storare available in the IBM 650 RAMAC. It 1s visualized that the
restricted areas would be stored on 4 disc faces, the refueling areas on
1l dise face, the coded flicht plans on 2 disc faces, the tables on 1 disc
face, the computer program inscructions on 1 disc face, and the missions
on 12 disc faces, thereby using 21 of the available 100 disc faces. The
storage cepacity of each disc facé 18 60,000 characters

General program routines for the conflict search and limited
conflict resolution were developed for the IBM 650 RAMAC. It was Ffound
that approximately five minutes would be reguired 1o check completely one
new mission agzzlnst one mission 1an storase snd two minutes to resolve by
change of aititude each coafliel found Also 1t takes approximately
three minutes to enter and process & new mission for storage «nd to punch
the cutput. Thus, if there were 5 missions in storage and a aew flisht
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bein , enscered coaflicts with ewch of them, 1t would tzike bout 38

m=aubes to .uc the uew fiicht into che computer, do a complete conflict

sec ~¢h and conllict resolution with ezch of Lhe fave flaghts which cre

on the scme 4oy, cad to puuch cuc vhe tesultant message. It 15 reasonzble
£0 <ssame, ho-rever, thot 1t 11l nol be necessary to molle - complele con-
fli_. secrch and conflict resolation =nth each of the five missions alrzsdy
suored. For enemple, -f one massion docs uoh conflict im orer-oll rascion
timz, & second does not conflicuy hen « geog~aphic checl 18 made, a2 chird
does not conll:ct vhen sn zliitude compariscn i1s made, a fourth does not
conflict when ihe coute segments ore ceolculated, and the fifth does conflact;
thea, only 20 mirutes (approximetely) vould be reguired to p.ocess the new
m.3510n.

Th=z number ol assumptions which can be made 1s urdimited and at
1z thercfore difficult 1o predaet wltimate machine capacity. Table I can
be used to predict thz tise regvired to process & nev rission. Acrass
vlze top e.e 1he number of missions assumzd to he 1n siorags for any one day.
On che left s.ide 15 the secuential order of nev riissions Lo be entored
for ithao doy. Time 1s showm for 1&puc/0Ltpat and assu.plions raasins; from
one to five minutes for the time required for conlflict detection are made.
These detection times vary depending upon where in the search it is deter-
mined that a conflict does not exast. Each conflzct resolution by change
of altitude requires two minuvites of machine time per mission in storage.
Each conflict rescolution by change of mission departure time requires from
two to five miautes of machine time per mission 1in storage Thus, 1t can
be seen that lhe tenth mission for a perticular day requires 3 minutes Ior
1nput/oatput, 31 minutes for conflict detection and 6 minutes to resolve
3 assumed coaflict.ions by altitude cheange. This 1s a total time of 40
minutes. In & similar case, resolution of 2 conflictions by altitude
chances and 1 confliction by time change requires 22 to 49 minutes, or a
total Lime of from 56 to 83 minutes to completely process the tenth mission.
Referring to the table, 1f missions Nos 1 through 10 for one day are
received, 1t would tage a totel of 3, 4, 5, &, 13, 18, 19, 26, 31 ani L0
minutes, or 2 hours, 47 minutes to process these missions.

A3 another example, assume there are 25 missions already in
storage for a particular day. Missions Wos. 26 through 35 (tocal of 10)
would tasge abouwt 30 hours, or more than one day, ©o process.

It should be remembered, however, that the maximum number which
can be processed under certain conditions in any one day does not com-
pletely determine the usefulness of the computer, since the work i1s not
time-critical. Those days with only a few stored missions require very
little time to pgrocess an additionzl new mission. These light dzys tend
to balance the time reguired on heavy deys.
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EFFECT OF COMPUTER ON PRESENT CARF OPERATIONS

The application of a comduter to CAPF would require changes
1n some of the present practzces and procedures 1f ell of the benefits
the computer offers are to be realized. A few of the more significant
changes are explained i1n the following paragraphs.

Flizht-Plan Format, Editing, and Joprdinate System.

During the study of the CARF operation 1t was Indicated that the
mrlitary would prefer to file flight plans with fixes or turning points
specified 1n latitude and longitude. The input/storage philosophy developed
in this study was directed toward satisfying this preference. The flight-
plzn fTormet would define route segments approximatvely 300 miles or less 1in
lensth wath end points designated by letitude and longitude. It 18 believed
that the fixes an the approved output messages to the ARTC Centers con-
cerned could be translated by the computer to the three-letter f{uix desig-
netors, This would eliminate the present obgjection ATC has t0 receiving
fiisht plepns filed in latitude end longitude.

A change ain the method of filing mission requests 1s under
consideration. This new scheme would make 1t unnecessary for the initial
request to pass through the ARTC Center 1n vhich area the mission wall
originate. Rather, the mission would be filed wath the agency's head-
guarters such as Strategic Air Command (SAC) at Omeha, Nebraska. SAC
would screen the reguest and forward it to CARF. Further coordination on
this reguest would be conducted between CARF and SAC headquarters. This
proposed procedure would worl: very well with the computer. HReguests and
coordination between CARF and SAC could use longitude and latitude, and
when approved, the machine could convert the flight plan to the ATC
coordinate system based on three-letter fix designators.

Display Requirements.

The most significant change the computer could make at CARF
would be in reducing the *rorkload of prepearing plotting displays. Rather
than plotting all inccming requests as presently is done, the computer
could store all of this information in its memory. Such a philosophy 1s
dependent upon extreme machine relisbilaty and assumes that temporary
cutages, when they occur, are not of major consequence. These assumptions
appear justified. The costs of machine rentsl, discussed later, include
& maintenance engineer on continuous duty. The probability of failure ais
low in the first place and the ability to repair the machinery in a short
t.me, at least to the extent that stored missions can be read out,
approaches 100 per cent. A4s an ultimate backup, bard copies ol approved
nlszsions could be kept on file and plotted manually, 1f required. It should
be noted that CARF 1s not involved wath "real" time problems. Most of
the time the computer would be workihg on reservatlons 2 to 10 days 1n
advance. Unless advantage i1s taken of computer memory to reduce the
amount of manpower now expended in plotting missions, the computer would
be of little time or economic advantage.
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As hes been indicated, the computer program could suggest
chonges in altitude or time of <the rassion to eliminate conflictions. The
ma,ority of conflictions are resolved in this manner today  When iv 15
necessary to resolve a conflict by changes in rouling, 1t would be neces-
sa1y for C/RF personnel to plot certain segments of two or more riisslons
menually. The computer output messase vould contain the complete conflict
situation, such that plotting should not be very time consuminz. AT &
leter date it mey be possible to provide = display which will autometically
plot information stored in the machine. 3uch a device 15 not under
development at this time

Estinste of CaRF Capocity a2nd Service Capability.

The application of a computer should sllow CAPF to operate with
1ncreased capacily w.th no 1ncrecse 1n manpover At the present traffic
level, the computer should zllow some reductlons in manpower, as indicated
lezver in thas rejport.

A% the present time, CARF does nct consider flight plans which
are not filed ot least two days prior to the scheduled departiwre time, nor
will 1t zccept revisions to fiazht plaas which are not recexzved at least
four hours prior to departure tume. These restractions are based not only
on CARF capacity but glso consider the coordination time with ARTC Ceaters
and other agencies involved. With & computer, it may be possible, without
inersased stalfias, to receive and modify f2ight plens on shorter notice
by dependang on the computer to do the plotting and conflicticn search
worlk, thereby releasing more personnel time for coordination.

The RAMAC machine has more storage evailable then this study
proposes to use  However, many other functions, such as statistical
analysis, could be accomplisaed also.

ECONOMIC FACTORS

Present CARF Personael Cost.

Bosed on information received frown CARF and Regaon Three,
cpproxamately 25 personnel are presently employed at CAPF, vhose salaries
total approxamately $160,000 per year. Present staffing during the week
averepes six control personnel on the 080 - 1500 watch, five on the
1500 - 2400 watch, and one on the 2400 - G800 might watch  On Saturdays
and Sundays the presenl s.affing averapes four, four, and one, rospectively,
for the three shifts. CARF personnel ssbtimate that 50 per cent of thear
time 1s devoted to plotting and conllict detection and >0 per cent to
conflict resolucion and communicaticons.

Vith a corputer system performing the plotting, conflict
search, and limited-conflict resolution, a2 substantial part of the work-
load should be eliminated. The need to communicate with the originating
azency requesting clearance would be unchanged, as would be the time
end methods reguired for such communications. It 1s estimated that ore
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person would be reguired to edat the information coming into CARF, punch
the cards, and run the computer Other personnel would be required for
cocrdination with the originating agency and the ARTC Centers involved.
When a conflict can be resolved only by route change 1t would be necessary
to plot the conflicting route segrents

If a computer were installed, 1t 1c estimated that control
persomne) staffing could be reduced to four on the dey shift, three on
the even:ng shift, and one on the midnight-to-eight shift with weekend
staffing of three, three and one. The resulting salary expenditure would
be approximacely $103,000 per year.

Machine Costs.
in IEM 650 RAMAC system would consist of the following

Unit Monthly Rental/First Shirft
650 Model II, Conszole $2400,00

655 Model I, Pover Unit
(Viath Imput-Output Symchronizers

1 and 2) 1100.00
652 Model Bl Corntrol Unit 975.00
€53 Model B3, Storage Unit 1900.00
355 Disec Unit 975,00
533 Card Readen 550.00
No. 13 Alphabetaical Device for 533 175.00
No. 14 Alphsbetical Device foo 655 75.00
Haif-Time Emtter for Punch 5 00
Ten extra Pilot Selectors 20 Q0
026 Printing Card-Punch 60.00
063 Card-to-Tape Converter 75.00

Total  $8310.00

The zbove rental cost 1s for the first shift only which 1s defined as 40
hours per week. Each succeeding 40 hours per week would cost an addational
LO per cent. Assuming full-period operation, with 8 hours per week for
preventive malnsenance, three additionel shifts would be required at all
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times. The cost of this full-periocd service would be approximately
$18,300 per month or $220,000 per year. These costs include IEM maintenance
end continucus duty of qualified maintenapce personael.

It 18 estimeted the cost of materials required, such as cards,
should be less than 3500 00 per year.

Summary of Cost Estimates.

ANNUAL COSTS
Present With Computer
(No Computer)
Perscnnel $160,000 $108,000
Computer System 220,000
Additional Materzals 500
Totals $160,000 $328, 500

It 1s assumed that other costs such as rent, landlines, heat and air
conditioning remain approximately the same whether the machine 1s used
or nct.

CONCLUSIONS
It 15 concluded that

1. Much of the processing of airspace reservation requests by CARF
1s within present-day computer cepabilities. By use of latitude and
longitude to describe the route of flight, the mathematical processes
involved are relatively simple. The storage requirements can be met with
computers similar in size to the IEM 650 RAMAC.

2. Use of a computer 1s feasible 1f 1ts memory 1s used in lieu of
manval plotting, and its computing functions are used to detect confliicts
end suggest resoiutions on the basas of altitude and time changes.

3. Conflict resolutions bzsed on changes of route are not feasible
machine functions with available equipment

L. The introduction of a computer should not have revolutionary
effect on the present CARF or ATC system.

5. The use of a single computer by both the Kansas City ARTC Center
and CARF does not appear feasible.

6. The savings 1n menpower will not economically Jjustify the cost of a
computer for CARF, however, greater capacaity and better service can be
expected from a smaller CARF complement by using a computer.
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