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AN OPERATIONAL EVALUATION
OF THE IBM 650 COMPUTER
FOR AIR TRAFFIC CONTROL

SUMMARY

This report describes an operationel evaluation of an IBM 650
computer instelled in the Indianapolis Air Route Traffic Control Center. The
computer was used to prepare flight progress strips for the controller's
display boards.

Flight plans recelved by the Air Route Traffic Control Center were
encoded on punched cards and these cards were used as input to the 650 com-
puter. By use of a stored progrem, the computer analyzed each flight plan;
determined which fixes the flight would pass over, or near; computed the esti-
meted time of passing these fixes, and organized the data for printing on
flight progress strips in the proper formet. The output of the computer, in
the form of punched cards, was used in a LO7 accouhting machine to print
flight progress strips.

The aversge time for processing flight plans by the computer where
the route of flight was via alrways was T.39 seconds. The average processing
time for direct-route flight plans was 17.32 seconds. The averasge total time
from receipt of a flight plan at the Center until the flight strips were dis-
played in front of the controllers on the control boards averaged 4 minutes
21l seconds. As operated in the Indianapolls Center area, the processing rate
wes 81.6 flight plans or 311.3 flight progress strips per hour. However, the
theoretical maximum processing rate of the system could be 6.6 Flight plans
per minute or 396 flight plens per hour. A comparison of processing flight
strips manually is included in the report.

In general, the reliability of the system and the asccuracy of the
Processed dsete were excellent. The type size of the data cn the flight pro-
gress strips was too small for best use on the flight progress boards.

The IBM 650 computer system which was used in the Indienapolis
Alr Route Traffic Control Center from February to December,1957, did not have
adequate storage capsclity for eny further expanslon of data processing. It
since hes been replaced by an IBM 650/RAMAC system which is to be evaluated
also.

INTRODUCTION

This report describes an operationel eveluastion of the IBM 650
computer installed in the Air Route Traffic Control (ARTC) Center,
Indisnapolis, Ind. This computer was instelled in November 1356, and placed
in operational use from February to December, 1957. It since has been
replaced with e lerger computer having more storage csapacity, the IBM
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650/RAMAC. The FAA Technical Development Center (TDC) conducted an
evaluation of this computer aystem based on deta gethered during the periocd
from September 5 to November 5, 1957.

EQUIPMEINT
The IBM 650 computer system included the following equipment:
1. IBM 826 typewriter card-punch units, 4 each.
2. IBM 650 console unit.
3. IBM 655 power unit.
4. IBM 533 resd-punch unit.
5. IBM 407 accounting mschine.

. The 826 typevwriter card-punch units, shown in Fig. 1, were used
to encode flight plen deta on IBM 80-column punched cards. Flight plans
were recelved from alrcreft operators via volce lnterphone clreuits, and
assistant controllers typed the flight plan data on the 826 typewriter
card-punch units. The typewrlter unit provided a written record on & sheet
of peper for visusl checking by the operator et the same time the card was
being punched. The date also were typedon the top edge of the card for
easy checking of the informstion punched in columns on the card.

The 650 cdnsole, illustreted in Fig. 2, iz e medium-size, digitel
computer including e calculating unit, control unlt, and megnetic memory
drum. The program of inetructions for processing flight plan date was
stored cn the drum. When a fllght plen wes inserted Inte the computer, a
detalled step-by-step progrem wes followed to determine the fixes over or
neer vhich the flight would peas; the time of peasing these fixes waa
computed; end the flight plan deta for printing on the strips was organized.
A complete description of thi progremming for the IBM 650 computer is
contained in another report.” The 655 power unit supplied power for the
650 console end the 533 unit.

The 533 read-punch unit, illustreted in Fig. 3, is an :anut/output
equipment connected directly to the 650 console. The flight plan cards
received from the 826 typewriter card-punch units were fed into the input
hopper of the 533 umit, and output from the 650 computer was provided on
punched cards in the output hopper. One IEM 80-column card was punched out

1G11vert B. Herwell, Charles E. Dowling, Jr., end Fred 8. McKnight,
"Programming the IBM 650 Computer for Preperetion of Flight Progress Strips
in CAA Alr Route Treffic Control Centers,” Technical Development Report
No. 346, Mareh 1958.
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on this unit for each fix required in the Indianapolas Center area. These
output cards contalned all of the necessary information for printing of the
flight progress strips on the 407 printer.

The 407 accounting machine printer, shown in Fig. 4, is capable of
printing 150 lines, or 50 flight progress strips, per minute. Perforated
paper was used with eppropriaste blocks of informetion on the strips enclosed
in preprinted lines. The output strips were cut, inserted into strip holders,
and delivered to the flight progress boards by runners.

DATA PROCESSING REQUIREMENTS

To determine the size of the job to be done in processing flight
plans at the Indiesnapolis Center, a detailed analysis was made of flight plans
filed with the Center for the months of September and October, 1957. The
everage number of fix postings prepered daily was 4,289. On the pesk day,
6,274 stripe were prepared and on the lightest day, 2,490. During September,
four days of relatively heavy traffic under IFR weather conditlons were se-
lected for more detailed analysis of the types of flight plans processed.

Fix postings during these four days were between 5,110 and 5,851. Analysis
of these days indicated that peak periods of traffic occurred between 1000
end 1300 EST. Duraing this 3-hour peak pericd on these four deys, a total of
12 hours, the data analysis indicated the following:

Flight Plen Retes
Total number of flights 1,349

operated in the IND area
in the 12-hour period

Average number of flights per hour 112
Meximum number of flights per hour 149
Minimum number of flights per hour 88

Type of Flight Plans by Route

Number of flights via airways 1,080 (80.1 per cent)
Number of flights via direct routes 208 (15.4 per cent)
Number of flights via combination 61 (4.5 per cent)

airway snd direct routes
Type of Flight Plans by Operator
Number of eir carrler flights 704 (52.2 per cent)
Number of military flights 457  (33.9 per cent)

Number of civil itinerant flights 188 (13.9 per cent)
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&n enalysis elso was made of more than 15,000 flight progress
gtrips used by the Indianspolis Center for more than h,OOO flights to deter-
kine the aversge number of fix postings required per fiight. This analysis
showed the following:

Average number of strips for 3.88 strips
flights via alrways

Average number of strips for 3.9% strips
flights via direct routes

Aversge number of strips for 2.26 strips
flights vlia comblnatlon airway
and direct routes

Applylng the latter averages to the proportien of flights
opereting vla the varilous types of routes, it wes determined that an over-
all average of 3.815 £light progress strips were required per flight plen.

An, analysls of 106 flight plens wes made to determine the
distribution of flight strips required per flight plan, with the frequency
of oceurrence. These data are shown in Table I.

TABLE I
FLIGHT STRIP DISTRIBUTION PER FLIGHT PLAN

Number of Strips per Flight Number of Flight Flans
(Frequency of Occurrence)

11
28

32
18

=1 h\wn Fwe o
N O

Thus, 28 flightiplans required two flight progress strips, 32 flights
required three flight: progress strips, and so forth. This distribution
follows the Polsson rsndom oacurrence rste.

A further analysis of the 1,349 flights operating during the
3=hour pemk perlods on the four relstively busy deys indiceting the
following rates of entry of flights into the Indimnspolis area, i1s shown in
Table II. The actual rate and the predicted rendom rate ere based on the
Poigson distrihution.
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TABLE II

RATE OF FLIGHT ENTRY

Humber of Flights Actusl Frequency of Polsson
Entering the Area Occurrence - Number Distribution -
in 8 Given Minute’ of Times Number of Times
0 171 111
1 231 207
2 127 194
3 82 121
N 41 X
5 29 21
6 13 7
T 9 1
8 T 1
9 6 1
13 1
1h 2
18 1

For exesmple, 127 times, during the T20-minute, pericd anslyzed, two
flights entered ithe Indisnepelis erea during the same minute. Twenty-nine
times, during this same periocd, five flights entered the ares during the same
minute and, on one occasion, 18 flights entered the area during the seame min-
ute. As can be seen, the demand rate for processing flight!plans is random
and follows approximately a Polisson distribution. The everage entry rate was
1.875 flights per minute Quring these 12 peak hours.

The peak demand rate for flight progress strips cccurred in the
Charleston sector which since has been divided into two sectors. An analysis
of a 360-minute period is given in Table III.

TABLE III

PEAK DEMAND RATE FOR FLIGHT PROGRESS STRIPS

Number of Strips Required per Minute Based on Frequency of
Rate of Plights Entering the Cherleston Area Occurrence-Number of Times
0 137
1 117
2 T0
3 30
b 1
5 b
6 1
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Thus, no etrips were required for new flights entering the sector
for 137 individual minute periods during the 360 minutes analyzed. One
strip per minute was needed for 117 minutes of the 360, two stiips per min-
ute for 70 minutes of the 360, end so forth. This distributiom sgain is
Poisson, and evereged 1.05 strips per minute, or 63 strips per hour for
this sector.

PROCESSING RATES

Time studies of the various steps in processing the flight plan
data in the Indianapolis Center by use of the IBM 650 computer were made by
observers using stop watches and Esterline-Apgus recorders. For comparison,
messurements elso were mede in the Indianepolis Center of the time regquired
for processing flight plans manually, wlth assistant controllers preparing
strips by hend. At the time these dats were taken; asssistant contrellers
prepared flight progress stripe on the backside of Pittsburgh-type boards.
Measurements also were made of a simulated centralized flight data posi-
tion (FLIDAP) operation. The results of these messurements follow.

IBM 650 Computer System.

The time spent by perscnnel in performing verious tesks for
processing flight plens with the 650 computer eystem was recorded over a
period of several dsys. These times then were averaged and are shown in
Table IV,

The average time required by the 650 computer unit to process a
flight plan was determined by processing a sample of 1,732 flight plans.
These flight plens were typlcel of those hendled by the Center and hed &
distribution by type of route, operator, and so forth, corresponding to the
detelled enalysis of flight plans on the four days in September 1957
referred to previously. The slrway flights required en average processing
time of T.39 seconds; the direct route flights, 17.32 seconds; and the
comblnation airway/direct route flights, 11.39 seconds.

The personnel ccmplement assigned on sn IFR day for the computer
system processing wes 11 men, having duties listed in Table I. From this
table, it can be seen that one computer operator required an average of 4
seconds per flight plan for his handling. This included inserting the input
card in the 533 unit; depressing several aswlitches to start the computing
cycle, the processing time in the 650 computer unit, the removal of output
cards from the 533 unit; and the insertion of these cards in the 407 printer
and depressing bubton switches to start operation of this machine. Singe
only one man was assigned to this poslition, the maximm capaclity of the
system was one flight plan each 4l seconds or 1.36 flight plans per minute
(5.19 flight strips), or 81.6 flight plans per hour {311.3 flight strips).
Thus, with the entire operation conducted by 11 men, an averasge of 7.4 flight
plans or 28.3 fiight strips per hour were produced per masn using the 650
computer system. By assigning two men to the operation of the computer and
printer, thet 1s, one man assigned to the computer console and the other to
the printer, 1t would have been possible to cut the handling time in haelf
and double the rate of ocutput.
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TABLE IV
PROCESSING TIMES - IBM 650 COMPUTER SYSTEM
Operation Average Time per Flight Plan
(seconds}

826 Operators (4 men assigned)

1. Copying flight plan on 826 Lo
punch~card unit.

2, Completlng and checking punched 12
card for use in the computer.

Rurners {3 men assigned)}
3. Delay ti11l picked up by rumner. 5
Runner's time to computer input unit. 10

Computer Operator (1 man assigned)

4. Insertion of cards in 533 input unit. 10
Including delgys.

5. 650 computer processing time. 9

6. Handling of output cards from 533 20

output unit to 407 printer inecluding delsys.
T. 40T printing time. 5
Strip Sorters and Stuffers (3 men assigned)

8. Removsl of strips from printer, sorting 90
and inserting in holders.

Runners (same 3 runnmers as above)

9. Delivery by runner to D board, including &0
return of runner to computer room.

Total time required per flight plen - 4 minutes 21 seconds

The ultimate limiting factor in the system was the processing time
of the 650 computer and its associated 533 input/output unit, provided that
sufficlient perzonnel were added to all of the operations to operate up to
thie level. In the Indianspolis area, since the averasge flight plan reguired
9.08 seconds of computer processing time and 3.815 stripe, the theoretical
maximm flight plan processing rate would be aspproximately 6.6 flight plsas
per minute (25.18 strips per minute), or 396 flight plans per hour (1,510
strips per hour). To operate at this rate, it is estimated that the following
personnel listed in Table V would be required:
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TABLE V

PERSONNEL REQUIREMENTS FOR THEORETLICAL MAXIMUM
FLIGHT PLAN PROCESSING RATE

Operation Minimum Numbeyr of Persgonnel Required
826 operators 10
Runners 8
533/650 operator 1
LOT operator 1
Sorters and stuffers J1
Total 31

Thirty-cne personnel in this maximmm capacity operstipn would have produced
en output of 48.7 strips per hour per mean.

The actual number of flight plans processed manually and by the
IBM 650 computer during the peak 3-hour periods of the 4 tusy days mentioned
Previously is shown in Tabile VI.
TABLE VI

FLIGHT PLANS PROCESSED PER HQUR

Hours EST 10-11 1112 12-13 Total
September 5, 1957 IBM 650 62 ST & 183
Manual 51 3% 39 124
September 10, 1957 IBM 650 55 58 5T 170
Manual 84 62 50 196
September 11, 1957 IBM 650 57 54 52 163
Menual €0 3k Lk 138
September 12, 1957 IBM 650 36 35 59 130
Manusl 113 Th 58 245

Total flight plans processed on IBM 650 - 646
Total flight plens processed manuelly - 703

The average number of flight plans processed by the IBM 650
computer during the 12 hours (Table YI) was 53.8 flight plans per hour, with
a maximam of 64 per hour. During these four days, the IBM 650 computer sys-
tem was staeffed W%with 11 men. During the above perlods, no speclal efforts
were made to process all possible ¥light plans with the IBM equipment.
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The flight plans which were proceesed manuzlly were analyzed, and
it was determined thet 296 (23.7 per cent) of the TO3 flight plans could not
have been processed by the computer. The reasons for this were:

1. The route of flight was excessive in length. The IBM 650 computer
as programmed was capable of accepting on one input card sa departure fix, a
meximum of four en route fixes, and the destination fix. A speciel operation
could be performed when receiving a long route of flight that would permit the
computer to process the flight plan for the Indianepclis aree with the addi-
tional route printed on the strips. To accomplish this, the IBM £26 type-
writer card-punch operator could ccpy the first portion of the flight plan
normally on the first eard; then, by the use of & shlft key, he could insert
a second card on which could be typed up to 25 additional letters or numbers
for extended routes. The second card would be fed only into the IBM LOT
printer with the output cards from the IBM 650 computer and the additional
route information would be printed on the flight progress strips. However,
if more than five fixes were used to define the rowte of flight inside the
Indianapolis area, this second card printing could not be used. Of the
flight plans that could not be processed by the computer, T.35 per cent were
in the last category.

2. Successive fixes flled in a direct-route flight plan were too far
apart. This group amounted to 6.9 per cent. The program for the IBM 650
computer would eccept suecessive direct-route fixes not more than 223 miles
apart. Proper flight-plen filing would have eliminated mest of these since
fixes defining the route of flight should not be more than 200 mles apart.

3. The point of entry was an excessive distance from an entry fix
(2.15 per cent). If an estimate from an sdjacent CGenter was specified as more
than 15 miles from a recognized entry fix outside the Center's area, the com-
puter would not accept the flight. An example of this would be a flight plan
on an eastbound flight from the 8t. Louls Center estimated to pass 20 miles
north of Vandalia en route to Terre Haute,

4. Secondary fixes specified in the route of flight which were not
included ou the airway tables in the program (7 per cent). Available drum
storage space dad not permat storage of all minor secondary fikxes or Inter-
sections which were used cecasionally.

5. Departure points within the Center area vwhich were not programmed
(0.3 per cent). These were normally smaller off-airway airports.

Flight plans that could have been processed by the IBM 650 computer
system, but were processed manually, included:

1. Flight plans requiring only one strip (3.3 9 per cent).

2. Flight plans requiring only two strips (12.64 per cent).
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3. Flight plans filed by the pilot in the air (6.9 per cent).

4., A mlscellenecus group (46.7 per cent) including time-critical
flight plens requlring three or more strips, approval requests,
and flight plens filed on interphone lines not connected to the
826 operators.

There were only eight military mission flights encountered during
the pesk periods snalyzed. This amounted to 0.59 per cent of the traffle.
Of these eight military missions, only two flights, or 0.15 per cent of the
total traffic, required strip preparation upon receipt. The other six
flights were mission departures within the Indienapolis area, end stiips
had been prepered previously for these flights during periods of low
activity.

From the traffic enalyzed, the IBM 650 computer could have
Processed 92.33 per cent of the flight plans received In the Indianepolis
ARTC Center areea.

Manual Preparation on Center Boards.

For purposes of comparison, the activitles of assistant controllers
processing flight plans on the Pittsburgh-type (two-side operation) flight
progress boards In the Indianepolis Center were measured during perlods of
heavy IFR traffic. Date were recorded during 24 one-hour periods. Sixty-
one per cent of the assistant controllers' time was devoted to receiving
flight plans, preparation of flight strips, and reloading strip helders.

On the average, 46 seconds was required to prepere each strip during IFR
weather. Thus, one assistant could prepare 47.7 strips per hour on the
basls of spending 61 per cent of his time on this task.,

FLIDAP (Flight Data Position) Operationm.

Tests slso were conducted on & simulated FLIDAP operetlon.
Experienced assistaent controllers were given flight plans surally, and
mensurements were made of the time for processing the flight plan and
producing the strips required et the Center.

The average tlme for preperation of each flight progress strip
with this mode of operaticn was 36 seconds. Multiplying this by the average
3.815 strips required per flight plen, an everage of 2 minutes 12 seconds
would be required per flight plan. Assuming thst an assistant at a FLIDAP
positicn could work productively 90 per cent of the totel time avallable,
one man could produce 90 strips per hour, or process 23.6 flight plans per
hour, However, runners also would be required to distribumte flight strips
from the FLIDAP positions. Based on experlience with the IBM 650 equipment,
it 1 estimated that a runner could deliver stripe end stuff blank, returned
holders at the rate of approximately 54 flight plans per hour or 203 strips
Per hour. The actual productivity of flight strips per maen with the FLIDAP
system would be spproximately 60 strips per hour.
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CAPACITY

Both the IBM 650 and manual {Pittsburgh boards) systems deseribed
above have a maximun capacity. Thetretically, the FLIDAP system has no max-
imum capacity provided no limitetion existes in adding more operating positions
and personnel.

In the case of the IBM 650 operation, the capacity of the system
is limited, as shown under processing rates, tc¢ spproximately 400 flight plans
Per hour with the computer programming used and the envirommental zonditiens
existing in the Indisnapolis area.

In the case of the manual, Pittsburgh-board-type operation, it is
difficult to determire the maximmm capacity since it 1s affected by several
factors. Normally a sector 1s staffed by one assistant controller on the
back side of the board. It has been shown that the processing rete as well
as the capeeity of this one man in the Indienapolis Center is approximately
12.4 flight plens per hour, or L7.7 strips per hour based on spending 61 per
cent of his available time on these duties. With 13 sectors operating, 13
assistants could process about 161 flight plans per hour (620 strips per hour)
for the Center. During peak periods, it ic the practice to assign more than
one assistant to & sector to keep up with the workload. Imie to physical
limitations In working space and interphcne equipment, however, 1t is not
possible to carry this to the point of umlimited expapsion. Askamibg that-one
addltlonel asslstant could be assigned per sector, the practical operating
capacity of the manual system would be improved considerably.

LEAD TIMES

One other aspect of the processing rates of flight plan data is
the lead time required for Tiling flight plans to insure that the flight
strips will reech the control toards at the proper time. Air traffic flow
is random in nature, and various studies have indiceted that in general it
follows a Polsson distribution. ¥Flight plans are filed with ARTC Centers at
varyilng intervals prior to the departure of aircraft, althouwgh it is reguested
practice that they be filed not less than 30 minutes prior to departure.
Since flight plens arrive at the ARTC Center &t random intervals, some
gqueuelng will occur in the processing. Time measurements of the processing
of data using the IBM 650 system show thaet an average flight plan requires an
over-all handling time of approximstely U4 minutes from the time .fhe flight
Plan is received at the Center to the time of delivery of flight strips te
the control board. If a number of flight plans are received at sbout the
same time, the processing will begin to back up, and it becomes necessary
then for the flight plans to be filed early enough to wait their turn for
processing and still reach the flight progress boards in time for use by the
controller. !

By addition of operating persconnel, the probebility of delays can
be reduced to & small value for all of the manual operaticns in the system.
The limting factor then becomes the computer processing time.
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Tables VII and VIII were developed to permit e comparison of the
IEM 650 system and the FLIDAP system at certain probability levels of delay,
and to Ilndieate the persomnel requirements.

Several assumptions were made in these comparison charts:

l. Based on discussions with, and previous studies by, the Franklin
Institute Laboratories, a Polsson distributlon was assumed for the time of
filing of flight plens.

2. Based on previous studies mode by Bell Telephone Laboratories of
service times on telephone messages, it wes assumed that no large errors
would be introduced by use of the same number of strips for each flight
plan.

3. It was assumed that each flight-plan recelving cperator could
answer any call as 1t comes in; thet is, sny interphone line could be
answered by any freecoperetor.

4. One operator would be used on the IBM 533/650 unit, and one
operator on the IBM 40T printer.

5. The mmber of runners, typlsis, and strip stuffers could be
supplied ss necessary.

A timing chart indicating the practical capacaty for the IBM 650
computer system was set up as follows:

1. The basic process time. This is the length of time spent in
processing a fllght. This time cannot be cut down by the addition of
personnel.

2. The return time. This is the length of time required for a man
to return to a starting point once his duty is completed.

3. The service time. This 13 the total of process time and return
time, and is the length of time used in the caleuwlaticn of delays. Delays
were determined from appropriate delay curves using service times listed
below.
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TABLE VII

IBM/650 COMPUTER TIMING

Frocess Time Return Time Service Time
(sec.} {gec, ! {gec.)
Type 52 0 52
Run 10 10 20
Conmpute 1c 0 10
Praint 5 10 15
Edit and Staff 90 G 90
Deliver Ls 35 &0
Totel 212 35 2L7

A timing chart was consiructed in a gimilar manner for the FLIDAP
system. Assuming 3.815 strips per flight, 36 seconds to prepare a gtrip, and
an efficiency of 90 per cent, 23.6 flights per hour can be prepared by one
FLIDAP cperator. Thie gives a procees time of 152.7 seconds. Thus the
timing chert becomes:

TABLE VII}

FLIDAF TIMING

Operation Processe Time Return Time Service Time
{gec,) {sec.} {sec.}
Strip Writing 152.6 0 152.6
Delivery 45 15 60
Total 197.6 15 212.6

It is assumed that, during pericds of low activity, the delivery
men will stuff the strip holders. The came time has been assumed for delivery
of strips from the FLIDAP and from the IBM 650 system:

The total IBM 650 process time 1s 212 ececcnds againsi 197.6 seconds
for the FLIDAP system. In the IBM 650 computer system depicted, a practical
capeelty is shown. The printer requires 15 seconds, and is a one-man opera-
tion; eventually, it becomes the bottleneck in the operation, if it is assumed
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that only one printer is used. For example, even though the service time
of the Individuel typists is much larger than thet of the printer operstor,
the delays of the typists can be reduced by edding more 826 machines and
more operators. This does not mean that the individusl process time 1s
reduced, but thie time remmins the same, namely, 52 seconds. Additional
men also can be added to the FLIDAP system; as required.

In calculating the delays for systems where consecutive operations
are performed, it is assumed that the bottleneck determines the maximum
pProcessing rate; that is, no delays are added to the system by any of the
other operations if they can keep up with the average incoming rate.
Although some lesser delays are generated ahead of the boltleneck, the rate
5t111 would be governed by the bhottleneck. If the service time of the
Printer operation could be reduced to a velue equel to or less than the
computer service time, the bottleneck would be the computer, and the
theoretical capacity of 396 flight plans per hour could be obtained.

As an example of the use of Teble IX; let us assume an input of
100 flights per hour at a certain facility. What can be expected if a com-
puter 1s installed? With 8 persomnel assigned as the chart shows, 3 flights
out of 100 will receave a delay of more than 2 minutes, wheress e negligible
number of flights, less than 1 in 1,000, will receive a delay greater then
4 minutes. One flight in 100 would receive 162 seconds' delay, and the
average delay per flight would be 30 seconds. With an increase of person-
nel to 14, delays will be negligible, that 1s, less than 1 flight in 1,000
would be delayed more than 2 minutes, 1 flight in 100 would be delayed 47
seconds, and the everage delay per flight would be 5 seconds.

If thas facillity, with an input of 100 flights per hour, installed
& FLIDAP system, using 9 perscnnel as shown in Table X, 15 flights out of
1,000 could expect to be delayed more than 2 minutes, eand less then 1 in
1,000 would be delayed more than 4 minutes. One flaght out of 100 would be
delayed 150 seconds, with an average delay per flight of 15 seconds. With
an increase of persomnel to 12, the delay greater than 2 minutes would be
negligible, with 1 flight in 100 receiving a 55-second delay, snd an
average delsy per Flight of 2 seconds.

The delsys shown in Tables IX and X are in eddition to the
minimum proceesing time. The delays change as they do because men must be
added as integers and not es fractions. In the IBM 650 computer system,
Table IX, 50 flights per hour wouwld require at least 2 typlsts and the rest
of the system remains current. At 100 to 150 flights per hour, typisis would
be added as needed, and men would he added throughout the system to remain
current. To this point, no bottlenecks are allowed after typing. With 200
to 220 flights per hour, the printer becomes a bottleneck. This cannot be
broken by using more men. The average delzy can be expressed by

1 (load)
Del time = = X service time
= = 2 {300 - Toed)
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PRACTICAL CAPACITY OF THE IBM 650 COMPUTER SYSTEM
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For exemple, the eventual bottleneck in the IBM 65C computer
system, which 1s the printer operation, has & service time of 15 seconds,
service time being the total time reguired to process and return before
starting the operation sgesin. This means a maximum capsbility of 24O flights
per hour. If 180 flights per hour came into the system, the load (any num-
ber of flights eoming into the ares per hour) on the printer would be—%%% X

100, or 75 per cent.

Inserting these data into the above eguation, we have

1 50.75 %
Del time = = X 15 = 22. conds
d 2 (1.00 - 0.75 2 > 8e

Thus, if 180 flights per hour enter the system, each flight can expect an
average delay of 22.5 seconds.

It is evident from the gbove equaetion that delays build up rapidly
as the system nears capacity. This equation applies only when the bottleneck
is caused by z single unlt, and not when the bottleneck 13 caused by several
units simmltaneously.

MAINTENANCE

The IBM 650 computer system was operated on an 8-hour-day basis,
5 days a week. One dey each week, after the regular 8-hour operating period,
IBM personnel devoted 2 hours to the computer system for preventive mainte-
nance. Equwipment failures 4id occur, as shown in the meintenance record,
Table XI, for the IBM computer system st the Indianspolis Center for the
months of September and October, 1957.

TABLE XI
MAINTENANCE RECORDS
Time Off

Date Machine Qut Time COut Time In Remarks Durings 5-Day Week
o/h 650 0815 09h5 Coa 30
9/ 3 - 826 0815 1030 Routine check = 45

while 650 out

(only excess time

counted)
9/5 650 0800 1400 6+ 00

9/30

9/28 650 0800 1100 Report to IEM 4 + 00

9/30 0915
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TABLE XI (continued}

MATNTFNANCE RECORDS

Time Off
Date Machine Qut Time Out Time In Remarks During 5-Day Week
10/3 650 - 826 1000 1200 b+ 00
1c/27
10/25 650 1330 1000 Lost time only
10/28  Friday afternoon
10/2T7 650 1300 0830 and Monday morning 3 = 00

Total IBM 650 outage for September and October, 1957 - 19 hours 15 minutes

The IBM computer operated from 0700 EST to 1500 EST each
vweekday. During the period covered by the mesintenance recorded, the com-
puter was scheduled to operate for a total ¢f 352 hours. The percentage
of computer outage was 5.46 per cent, or the IBM computer system operated
at 9%.5h per cent efficiency.

ACCURACY

A high degree of accuracy is extremely important in the
Preparation of flight progress strips. In the manusl preparation of these
strips, a verying amount of the controller's time must be spent in checking
strips for errors such as, transposed numbers (identification, route of
flight, altitude, and so forth), incorrect strip color for direction of
flight, incorrect fix posting or omission, and incorrect time estimates.

The work of every essistant controller 1s slightly different.
The controller eutomatlcally places a degree of ccnfidence in his assist-
ant, based largely on his previous performence. A controller's profi-
clency cen be influenced greatly by the amount of assurance he can place
on his assistant’s accuracy.

When using the IBM 650 computer system, if the original input
card is correct, the ocutput will be comparatively error-free. The time
egtimates, flxes, route number, and so forth, need not be of particular
concern to the controller. Normally, the flight plan input data are re-
ceived via the schedule F teletypewriter circuit, and then are typed by
en assistant controller onto an input card. If an error appears in the
received flight plan, the error is carriedamto the Input cards, and on
throughout the computer system.

During these tests, the flight progress strips were printed on
etrips of one color, using only black letters. The operator who sorted
and stuffed strips into their holders placed & red arrow in the control
warning box to denote direction of fiight.
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A sorting process was necessary for direct-route flight progress
strips, since the computer produced a strip for each fix within 35 miles of
the flight route, end all strips were not required for control purposes.

The IBM 650 computer was programmed to calculste direct flights abeam fixes,
with the direction from the fix printed on the strip to the nearest S8-point
compass direction. Therefore, direct-flight progress strips produced by the
IBM 650 computer, as programmed, had no reference to the point where the
Tlight crossed alrways. Thls required interpolation by the controller to
determine & common point of crossing with esirway traffic. The computer could
be programmed to print a flight progress strip for each alrway 1t crosses,
but so many strips would be printed for multiple airways radieting from a
fix that this approach was not comsidered practical.

To compare the accuracy of fix estimstes of strips prepered by the
IBM 650 with those prepered manually, a total of 1,359 flight progress strips,
covering peak periods, were analyzed to indicate the number of minutes the
Center's estimate differs from the aircraft’s actual time over a fix.

Of 950 flight progress strips processed by the IBM 650 computer
system, the original fix time estimates on 489 flight progress strips showed
the original estimate with no revisions. Of these 489 reports, 375 or T6.6
per cent.showed an sctual position report within 3 minutes c¢f the Center's
eztimate.

Of 409 flight progress strips which were prepared manually and
analyzed, 248 showed the original estimate with no revisions. Of these 248
strips, 178 or T1.7 per cent showed an sctuel position report within 3 min-
utes of the Center's estimate. Dsased on original time egtimates, the IBM-
prepared flight progress strips were about 5 per cent more accurate.

LEGIBILITY

The strips produced by the IBM 650 computer were very legible and
neatly printed, although the standard-size type wes too small. When en entire
bay of a flight progress board wes filled wath IBM strips, all of one color,
controllers complained of sn hypnotic effect. A modification to the LO7
printer subsequently was ordered to use three dafferent sizes of print wheels,
In eddition, Courtney and Co. made a study of the printed strips from the
human-factor stendpoint and made certain recommendations for improved reada-
bility. Exemples of these strips are showa in Fig. 5. Samples of strips
produced by the computer end used in control on September 11, 1957, are shown
in Fig. 6. Two of these are of average legibility, while the remaining two
show poor legibility. Figure 7 shows samples of manuelly prepared strips from
the same day's traffic which also were judged to represent average and poor
legibdlity.

ECONOMIC FACTORS

The IBM 650 computer end i1ts associlated parts hed a rental cost of
$6,165 per month based on an 8-hour day, 5 days per week. The power required
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for the IBM 650 computer was 220-volt, 100-ampere, three-phase, while the
IBM 407 printer and the IBM 826 card punches reguired 110-volt; single-phase
service. The IBM 650 computer system required LOO square feet of floor
space. The floor mmust be capable of helding the following welghts:

1. IBM 650 comsole, 1,996 pounds.

2. TIBM 655 power unit, 2,972 pounds.

3. IBM 533 input/output device, 1,295 powmds.
L, IBM 407 eccounting mechine, 2,625 pounds.

Adr conditioning is required for the computer system for operation
in an ambient temperature renge of 50° to 90° F. Each computer component
dissipates heat at the following rate;

1. IBM 407 accounting mechine, 7,500 BTU per hour.
2, IBM 650 consocle unit, 32,800 BTU per hour.

3. IBM 533 input/output device, 1,500 BTU per howur.
4. IBM 655 power unit, 14,000 BTY per hour.

No humidity control was necessary with the standard 650 systen.

The only unexpected reguirement for the computer in the
Indianapolis Center was the shielding necessary because of the radar in-
stalletions in this area. Wire hardware cloth screening was used on the
walle of the room for this purpose.

The paper stock used for flight progress strips for the IBM 407
eccounting machine costs $l.09 per 1,000 strips. The Indianapolis Center
used spproxlmetely 200,000 strips per month in training and operation. The
IBM cards used as input and output cerds for the IBM 826 typewriter end the
IBM 533 read=pmnch. device cost $1.19 per 1,000,

It is believed that the IBM 826 operators should be trained
agslstants. About six weeks' training was required to be an efficlent
IBM 826 operator. IBM furnished schooling to the Center perscnnel free of
charge.,

OTHER FACTORS

Manuslly prepared strips are alweys subject to errors in
accuracy and leglbility. The controller checks and rechecks his strips
constantly for such errors. The manually prepared strips possess. d€finivke
rerognition features. For example, every assistant contreller has indi-
vidual handwriting characteristics which assist the controller in picking
out strips en the same flight posted under other fixes-

The strips prepared by the IBM 650 computer system provided the
controller with correct initiel estimates and accuraiely prepared fix

postings.
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At the time of this evalwation, the Indlanapclis ARTC Center was
cperating wath 13 sectors. Two asgistanl contigllers were required et some
of the A positions dawring heavy IFR iraffic conditions when preparing strips
menually. The average number of assistant conbrollers asgigned on a shift
wvas 16 The IBM computer required 18 assistant controllers to operate the
system at & practical ecapacity of 240 flights per hour. The maximim number
of flights per hour during the peak periods analyzed was 149. In addition to
the assistant contreollers for the IBM system, an assistant controller was re-
required at each or every other sector to work with the controller. Thecse
assistant controllers prepared some strips mennslly for £flight plans filed in
flight and when approval reguests were recelved, but the major portion of
thear time could be spent in axding the confroller in the control of air
traffic.

CONCLUSIONS

The following conclusions were reached as a resuwlt of the evaluaation
of the use of the IBM 650 computer in the Indianapcolis ARTC Center. These
conelusions are based on the envirommentzl conditions existing in the
Indianapolis Center area and on the programming wsed in thisz machine. The
original IBM 650 computer 1nstallation at this Center since has been replaced
with an IBM 650 RAMAC which provides a tremendous increase in storage
capacity.

1. Approximaetely 4 minutes were required for processing the average
flight plan on the IBM 650 system from the time of receipt of the flight plan
at the Center to delivery of the Flight progress strips t¢ the control heoards.

2. The maximum capacity of the IBM 65C system for processing flight
plans was 396 flight plans per hour, or 1,510 straps per hour. To cperate
at this rate would require 31 operaticns persommel, not including Supervisors.

3. With 11 men assigned to the TBM 650 compuber, as was done in the
Indianapolis Center the maximam possible processing rate was 82 flight plans
per hour, or 311 flight strips. Sampling of 4 peak days showed & maximum of
64 flight plans actually processed in one holr.

L. The preparation of fligh% progress strips by the IBM 650 computer
system and manusal processing on the back side of Pattshturgh-type flaght
progress boards indicated that 45 to S0 strips per hour per man could be
produced, whereas the gimulated FLTDAF operaticp couwld produce 60 strips per
men per hour.

5. The principal advantage of the computer-processed strips is the
amproved legibility, and the reducticn ip probable haman errors in manual
preparation of strips.

6. The strips as prepared by the standard IBM 407 accounting machine
with the IBM 650 compuber were unsatisfactory in that the type size was too
smell, and their uniform appearance tended tc produce an hypnctic effect as
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reported by the controllers in the Center. The use of different colors to
denote darection of flight would aid the controllers. This is being
incorporated in the IBM 650 RAMAC computer.

7. The IBM 650 computer system, as programmed, used virtually all of
its possible 2,000 words of storage. Some flight plans could not be
accepted becsuse certaln fixes were not stored in the computer. No con-
fliction search, transmission of flight plans from Center to Center, or
on-line capability, was possible.

RECOMMENDATIONS
l. It is recommended that the IBM 650 computer system as installed
and programmed in the Indianapeolis ARTC Center not be used ln additional
Centers. ©Since increased computer storege is reguired, it 1s recommended
that only computer systems wath conslderably increased capacity be
considered.

2. TFuture systems should be capable of accomplishing ATC functions
such as:

a. Preparing flight progress strips.

b. Storing flight data in the computer.

¢. Modifylng snd updating stored data.

d. Composing and transmitting data to or for an improved display.
e. Forwarding flight data Intre- and inter=-center, and to ADC.

f. Providing flow control information.

g. Providing conflict detection and resolution for either
controller or computer implementation.

h. Providing wind component data for more accurete time estimates.

3. TImproved computer input end output equipment and techuignes
should continue to be investigated teo provide better commnications between
controllers and computers, computers and display, and between computer
systems.

4, It is recommended further that flight progress strips be prepared
by FLIDAP operators 4 to 8 hours per day in computer-equipped facilities
to retain proficiency in the event of a mechanical fallure.



FIG 1 IBM TYPE 826 TYPEWRITER CARD-PUNCH UNIT
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FIG 2 IBM TYPE 650 MAGNETIC DRUM DATA PROCESSING MACHINE
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FIG., 3 IBM TYPE 533 READ-PUNCH UNIT



FIG 4 IBM TYPE 407 ACCOUNTING MACHINE
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