
TECEINICAL DEVELOPHENT REPOET NO. 340 

A GXERAL-PUN?OSE COMPUTER IN THE 
FEASIBILITY OF USING 

CENTRAL ALTIT2DE RES!BVATIO?J FACILITY 

FOR LIMITED  DISTRIBCTION 

by 

Gllbert  B Harwell 
Charles E.  Duwlmg,Jr.  

Jane E S p e a r s  

N a v l g a t l o n  Aids Evaluation Dlvlsion 

F e b r u a r y  1958 

' L ,  j CIVIL AERONAUTICS  ADMINISTRATION 
TECHNICAL DEVELOPbEiT CENTER 

INDIANAPOLIS, INDIANA 



A GENERL-PLK”’SE COMPIjTE% I N  TKE 
FEXSIBILITY OF USING 

CENTRAL ALTITUDE ;IESEHVATION  FACILITY 

S‘JMMARY 

Thls report  describes a study t o  determine  the  feaslbll l ty of 
usmg a general-purpose computer a t  the  Central  Altitude  Reservation 

d l g l t a l  computer mth   la rge   s torage  capablll t les  could >e programed  to 
Facility a t  Kansas Cny ,  Mlspourl It 1s concluded t h s t  a medlum-slze 

prxess  alrspace  reservatlon  reGuests,   dezect  confllctlons between mmslons, 
an5  suggest  changes  In  altltude o r  tlme  of  the  mlsslons to   reso lve  con- 
f l xLs .  It 1s not  consldered  feaslble  to program exlsting  types of com- 
puters   to   resolve  confl le t lsns  by suggesting changes  of route It 1 s  

the  Central  Altltude  Reservatlon  Faclllty and t a e  Kansas Clty A l r  Route 
a lso concluded tha t  It 1s no t   p rac t i ca l   t o  use a slngle  conputer  for  both 

I r c 2 f i C  Csntrol  Center. n 

INTRODUCTION 

On Septemker 30, 1957, the CPA Offlce  of Alr Trafflc  Control 

operatlons of tbe  Central  Altltude  Reservatlon  Faclllty (CARF) t o  deter-  
(OATC) requested  that  the  Technlcal De-wlopment Center (TDC) study  the 

mine the   f eas lb l l l t y  of  performmg some of  the CARF Pmctlons  wlth a 
corputer  Smce a computer already was planned  for  the Kansas Clty A l r  
Route Trafflc  Control  Center (PRTCC), speclf lc   Interest  was expressed In 
the   posslbl i i ty   of  programming t h l s  computer t o  handle  both  operatlons, 
or  deterrmmng  the s l z e  and type of computer  egulpment appopr l a t e  for  
both  operatlons 

personnel made a study of t he  CARF operatlon, and developed  flow  dlagrams 
for  computer processmg Thls report  2s based on that  study 

Durlng October, November, and p s r t  of December, 1957, TDC 

DESCRIPTION  OF PRESENT CAFiF OPERATION 

Certain  hlgh-al t l tude  mli tary  a l rcraf t   mlsslons  obtam 
alrspace  reservations  In advance from the  CAA t o   e l m m a t e  unwanted 

approvals of these  alrspace reservations may be made from several  hours 
changes In   f l lgh t   p lans   a f te r  the start of a mlsslon Requests and 

t o  several  days p r l o r   t o   t h e  proposed  depnrture  tlme The CARF at  Kansas 
City was es tab l l shed   to  mlnlmlze the  coordlnatlon of  these  a l rspace  reser-  
vatlons.  Prevlously,  each ARTC Center was responslble   for   a l l   coordlnat lon 
requlred by  mlsslons  origlnatmg I n  Its area At present,  CARF IS respon- 
slble  for  approvmg and coordmatlng changes In   f l lgh t   p lans  o f  ml l l ta ry  
mlsslons In  the  Unlted  States and over  adJacent  oceanlc  areas above 14,000 
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fee t   a l t l tude   eas t  of  the  100th  merldlan, and above 24,000 f ee t   a l t i t ude  
west of thls  merldlan.  Thls  fac.cll_ty  recelves  proposed  flight glans of 
ml l l ta ry  mlss1ons, detects  and rrsoives conflicts beiween  such missions, 
and forwards  approved  alrspace  reservatlons  to  the  approprlate alr bases 
and rzlr t r a f f l c   con t ro l  (ATC) f a c l l l t l e s .  

alrspace  reservatJon  request  to  the ARTC Center where the  departwe pomt  
Normally, the  mil l tar?   unl t   or iglnat lng  the mlsslon  submlts I ts  

1s locatcd.  These requests  are  generally mde a t  ?.east two d q s  before 
the  schzdded  departure After coordlnatlon between the  mlsslon  officer 
and the ARTC Cmter  wmIe  the  f l lght wlll or igmate ,   the  MTC Center  edlts 
the  requfst  and forwards It t o  CMF Y'la Scnedule B tz le type.  

oil a plast lc   overlay on top  of  charts of the  Unlted  States All route 
stgments,  altltudcs,  control times, and refuelme  areas  m e  Included I n  the 
plot   Ccnfl lc ts  between mlsslons are  detected durlnG the plott:.nn p o c e s s  
a1.d usually are  resolved by arrsnglng f o r  a change i n  a l t l tude,   route ,   or  
depdi-ture tlmc When a number of rns s lom are proposed a t   t h e  sane t-me, 
the  Iesolutlon  plocess can become complex and tlme-consuming, frequcntly 
requirmg  several   dlscusslons between CAHF and  one or  more mlsslon  offlcers 

t h e   f h g h t   a r e a  is unimportant. When a conf l lc t   a r l ses  involving such 
Certaln  mlsslons,  such  as  navlgatlon  tralnmg,  are  of  such a nature   that  

mlss;ons, i red5 where such f l l gh t s  may operate at  the  tlme  requestcd  In 
f l l gh t s ,  CAFiIRp may be  asked t o  sugg,.:st, by re ference   to  l ts  p lo t s  of other 

other rnlsslons, arrival at a cer ta ,n   gomt   a t  an  exact  tlme 1 s  Important 
but  the  route 1s not  mportant I n  these  casss CAFiF may suggest  al ternate 
roLttlngs 

When r e c e l v d   a l  CARF, the  alrspace  reservatlun  request 1 s  plot ted 

Mlsslon p r l o r l t y  normally 1s the  prlmary  conslderatlon In 
confl lc t   resolut lon.  Eowdver, where confllctlons can  be s a t i s f a c t o r l l y  
resolved only by changes I n  rouw,  e hlgher  prlorlty  mlsslon is sometimes 
changed when It c o n f l x t s   w l t h  a mlsslon of  iowcr p r lo r l ty ,  If by so dome, 
fewer charges  are  requlred and the  comnands are  agreeable 

approved reservatlons  are  recelved. These  changes usually  affect  ro'ate, 
Occaslonally,  last-mlnute  requests  for changes to   prevlously 

refueling area,  or  departure t n e .  CARF makes an effor t   to   coordlnate  
these changes  and issues re-nsed  clearances  provlded  the  requests  are 
made four hours I n  advance of departure  tlme 

After  confllctlons have  been resolved, a mlsslon-approval 
message 1s composed and transmltted by te le type   to   the   o r lgmat lng  ARE 
Ccntcr and a l l  other  Centers  conccrnd I n  any case, a l l  AETC Centeis 
mvolved  are  advised a t   l e a s t  12  hours  before  the  proposed  departure  tlme 

The CARF Annual S t a t l s t l c d  Report  covering  the  period from 
Auaust 1956 t o  August 1957 shows tha t  a t o t a l  of 3,090 al t l tude  reserva-  

August 1956, when 54 al t l tude  reservat ions were recorded. The avernge 
t l o n s  were processed. The peak a c t l v l t y  day for  thls  perlod  occurred  In 
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of monthly  peak days was 24 alt l tude  reservations,   whlle  the  dally 
hverage of reservatlons durlng th? week varied from 2.6 on Sundays t o  
13 .5 on Wednusdcys 

PR9POSED APPLICNICN OF COMPUTER TO CARF OPERATION 

Based on prevlous  experience In p r o g r m l n g   t h e  IDM 6jJ W C  
and thc  Unlv~c Model 1 computers, It appwd-s t lx-t   el ther machlne, o r  
slmllsl nachlncs,  could ne used t o  do p w t  of the CA3F problem  For the 
pnwpose of  shovlng f cas lb l l l t y ,  one of  tbese comGuters, the IBM 650 W C ,  

b t  esslgned t o   t h e  IBM 6 j o  RfX&C and how this can  be accompllshej. 
VE.S sc;ected The following analysls mdlca tes  how much OP t he  problem a n  

It r:ns ncccssery  to  determlne certaln messace c h n r a c t e r l s t x s  Allcljrsls 
In  order  to  estlmate  storage  requrements and processing t m e ,  

of  Llt i tnde  rcscrvdtlon  requests ;or thc  month of July 195'1 lndlcrt?d  an 
avereze of 9 mlsslons per day composed of 30 route segments each Thc 
nunber of ,lphLi-numerlc-l characters  req-ured  for  ldcntiflcatlon of 
mlsslons, ce l l s ,  and flights a lso  was determned from th ls  sample 

Input. 

computar. The first two caras would contam. 
Punched cards would be  used to  enter  lnformatlon  Into  the 

1. The mlsslon  ldentlfler 
2 The c e l l   l d e n t l f l c r  

4 The date and tlme  of  takeoff 
3 .  The f l i gh t   l den t l f l e r  

5 The p r l c r l t y  of thc mlsslon 
6 The v o l d  t m e  of  the  rnlssion 
7 The elapsed tunc t o  lzndlng f o r  each c e l l  

The next  several  cards would contam  a l t l tude  and r o u t e  
mformatlon as follows: 

1. Flxes designated by longitude and Eatltude. 
2.  Elapsed  tlmes Irom on? f i x   t o   t h e   n e x t  
3 The a l t l t ude  between f lxes  

Assum~ng an average  of 30 f lxes   per  m1sslon, an addl t lonal  8 lnput  cards 
would be rcqulred for   thls   lnformatlon 

The punched cards r?ould be read  Into  the computer  and the 
lnformztion  stored I n  temporary  storage locations The iongltude and 
l a t l t ude  of the   f lxes  would be  converted from degrees and u n u t e s  t o  

ver tea  from  rnlnutcs t o  declmdl  eyulvalrnts xn hours The hcadlng  between 
degrees Ln decmal  form The elapsed t m e  betveen  flxes would be  con- 

f lxes  would be calculated and stored Hence, the machlne would have stored 
consecutively (1) f lx ,  ( 2 )  a l t l t ude  2nd tune, and ( 3 )  hcadmg to  ncxt  
f l x  Thls sales would be repeated  In  the samz order  for each f l x  
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Confllct  Detectlon 

mlsslon  that 1 s  already  In permanent storage for the  same day would be 
broLght In to  high-speed storage A com?arlson by t m e  f lrst  would be made 
t o   d e t c n i n e  whethm the  mlsslons  confllct  and a t  what hours  the  confllct  
e u s t s  If the two mlsslons are  not In  the a r r  wlthm two hours  of t he  
same tlroe, the  next  mlsslon w l l l  be bl-ouLht Into  hlgh-speed  storage from 
tne  i<AWC and I ts  tlme of takeoff m d  landmt: compared wlth  th&t of  the 
new proposed  rnl~slon When both m[11sslons are  I n  t he  elr wlthln two hours 
of the  s&rc tlm:, It is posslble thGt the two missions may conf l lc t  and a 
t l m d  starch would then be made between the  route semncnts of both  mlsslons 

'&en a new proposed  mlsslon 1 s  entersd,   the f lrst  approved 

Each of t he  segments  of an  approved mlsslon would be compared 
x t h  thc   s cpen t s   o f   t he  proposed I l lght ,   wl th  whrch a t m e   c o n f l l c t  1s 
fould,  t o  dctermlnc  whether  they are l n  the  sme  &eographlc21 area If 

rq-sslon would be brought ~ n t o  hlgh-speed  storage from the FUZMAC If eny 
thL;. are not I n  t he  erne arca, no f u r t h x  chcck 1s necessary and the next 

s e ~ i c n t  sf thc approved f l l g h t  1 s  I n  the sane geographlcd area r s  a 

ari? no cltitLde  conlllct-ons,  the  next  mlsslon would be  checked If the  
scslcnt of  the proposed f l q h t ,  an a l t l t ude  cornperlsox 1s made. If there  

would be solved as slmultcneous  equat~ons  to  deternune i f  the  f l lghz  paths  
s l t l tule   conpanson  revEdis  a posslble  confllct ,   the flight paths  lnvolved 

the computer wlll s tore   the   locs t lon  of thc confliction and contmue  to  
I n t e r s a t  o r  pass close enough t o   c r e a t e  c c o n f l l c t   I f   t h e r e  1 s  E confl lc t ,  

the  next  mlsslon I f  theL-e are no confl lc t lons  the machlnz -n11 GO d l rec t ly  
t o  thc. next mlss1o3 

Confllct  Hesolutlon. 

computer to   rcso lve   cosf l lc t s  r equ l r lng  a change of route It does  appear 
posslblc   for   the computer t o  suggest  solutlons  to conflicts on the   bes l s  
of a l t l t u d e  and tlmc  changes To do t h l s  It would be  of conslder2ble 
a s sx tance  If the  route segments of the  or lglnal   request  were coded t o  

mxn of  a change would be allowed. Howe-;er, for th l s   s tudy  It has  been 
lnd lcaw whether an al t lzude znd/or tlne change would be accepted and how 

assumed t h z t   t h i s  codlng IS not  provlded 

For the  present,  It does  not  appear  feaslble t o  program the 

4,000 f ee t  mieht  be  consldered  Therefore, when a confl lc t lon 1 s  found, 
a change of   a l t l tude  wlthln  these lmi t s  would be  tested  In  determlnlng 

prccedmg and fol lomng segments t o  detel-mme  whether t h l s  chmgc would 
a posslble  solutlon,  the  proposed L1tltud.e would be  checmd  wlth  the 

be x c e s s n r y   t o  check a posslble   a l t l tude chcnge agamst  a i l  othe;  mlsslons 
a r fcc t  refucllng o r  landmgs  planned I n  the  ne,:t scgment. Also, i t  would 

opera tmg  a t   thc  same tlme In t he  sane area After a posslble  solutlon 
1s dctcrmlned, lt would be s tored   for   l a te r  punch-out as  an  output  messege. 

It has  been assumed tha t   a l t l t ude  revisions of plus o r  mmus 

Whether an al t l tude  revls lon would 5 0 l V f  the   confl l - t  o r  not, a 
tlmi. chaxge a l s o  would be tes ted  I n  a mmner smllzr t o   t h m  used for t he  
c l t l t u d e  change. I t  1s proposed t o  test tlme  changes up t o  4 hours, o r  
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multiples of 12 hours These tlme  changes would requlre   re tes t lng of 
of the  mlsslon 's   sepents   for   possible   confl lc ts  The f l r s t   p o s s l b l e  
tlme  solutlon found would be s tored   to  be l a t e r  punched as par t  of the 
output message 

I f  a prevlously approved  mlsslon o f  lower pr lor l ty   conf lzc ts  
n t h  the proposed  nlss;on,  then  the  lcwer  prlorlty  mlsslon would be t e s t ed  
by the method ouzllned above 

output 
There would be two types of computer output  messages, one If no 

confllct   has been  found, and one lf a confllct   has been detected The 

conplete  route of f l l gk ' t  It appears  also  that  It woul& be poss lb le   to  
f l r s t   t y p e  message would conzaln  the  ldentlflcatlcln  of  the  mlsslon and the 

comgue  the  tune of p a s l n g  and the  dlstance and d l rec t lon  from normal 
radlo  flxes  posted on A F T  Center  contlol  boards  as  addltlonal  lteins  for 
outgut to   s lmpl l fy  posting In M T C  Centers T3ese  carcis wovld be sent 
through a card-to-tape  converter, and  any speclal  messages  added before 
teletypewriter wansmlsslon to   the  Centers  and bases  couerned. 

the  xlentlf;cation  of  the  proposed  mlsslon and the  locat lon,   t lme,   a l t l -  
tude and Identlficatlon of t he   ce l l s  and missions wlth whlch It 1s I n  con- 

confl lc t lon would be  included  In t h l s  o1Ycput Coordlnatlon  of  posslble 
f h c t  SuEgested a l t l t ude  and tlme  changes whlch would resolve  the 

the  CAFF control ler  From thls  mformatlon It a l so  would be  posslble  for 
conf l ic t  solutions wltb  the  mlsslon commanders mvolved would be l e f t   t o  

the   cont ro l le r   to   p lo t   the  problem area  In  the  event  that  a route change 
1 s  the  only  acceptable  solutlon. The orlglnal  mlsslon  lnformatlon plus  
the  suggested chdnges t o  resolve  the  confllct  would  be stored pendlng 
thls  coordlnatlon  actlon.  After  an  acceptable change i n  flight plan  has 
been agreed  to,  the method of resolutlon  declded upon must be put  Into 
the  coaputer 

If a confl lc t  1s detected,  the  output message would contaln 

I n  those  Instmces when CARF 1s requested t o  suggest an 
operatlonal  area  for a t r amlng   f l l gh t ,  a short  routme  could be  developed 
whlch would analyze a l l  stored  data and  produce a tabular  output of 
a c t ~ v l t y   I n  deslgnated  areas  under CARF JurlsdlCtlOn These data can  be 
as general ,   or  speclflc,  as requlred  to  asslst thls  plannmg  functlon and 
should  not  requlre any f l l g h t s   t o  be p lo t ted  I n  order   to   provlde  thls  
servlce.  

Coordmate System 
The coordmate  system  proposed is  a modlfled  rectanguldr  system 

usmg longitude and la t l tude  Correct lons  are   appl led  to   the  s lope 
(headlng)  based on the  latltude  of  the  area  belng  processed For example, 
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the  slope  of a path between two polnts 1 s  

x2 - x1 

where 
x l  and y2 q u a 1  l a t l t u & s  of pomts  1 dnd 2 . 
xland x2 equal longitudes of polnts 1 and 2 

The slope  wlth a correctlon appLled 1 s  

60 y2 - Yl 
mc = -- - 

a x2 - x1 

where 
a eqlals  average number of  mlles  per  degree  of  iongltude  betxeen  polnts 
1 and 2, besed 011 60 mlles per  degree  1ahtcd.e 

This  average e. czn be computed from the formula 

a1  + a2 
a =  

2 

whe; e 
al  equals 60 cos (latitude of pomt  1) 
a2  equals 60 cos ( l a t l t u3e  of  point 2 )  

A cosine tab le   for  each  dee;ree from 00 t o  90° would be stored  for 
re ference   in   th l s  computatlon 

wlth  posltlons and courses determined by reference  to   char ts ,  a se r l e s  of 
measurenents were made usmg USAT J e t  Navlgatlon  Charts (Lambert Conformal 
Ccnlc  ProJectLon) between 2 5 O  and 7b0, nor th   l a t l tude .  

To determlne how accurately  these  calculatlons would compare 

were drawn, located, and  measured by reference  to  these  charts l'he l l n e  
lengths,   locatlons and lntersect lons were then computed and compared 
uslng  the above slopes m and mc. Close agreement was obtamed a t   t h e  
lower lattltudes,  wlth  the  errors  Increasing  further  north  Errors in the  
l ine   l ength  dld not exceed 2 . 5  mlles  per 100 up t o  75O north A t  890 t he  
e r ror  1 s  7 mlles  per 100 

Many comblr,atlons of  l l n e  segments, l m e   l e n g t h s  and lnterseet lons 

several  posslble  coordlnate  systems which should  be  consldered. The  two 
most promlsmi;  appear t o  be polar and spherical   proJectlons.  There was 
not  sufflclent  t lme  to  evaluate o r  compare these;however, It 1 s  believed 
that development of a speclal   routme for the  polar  area would not  be a 
serious problem 

If the  polar  reglon  north  of 7So 1s of concern, there   are  
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POSSIBILITY OF JOINT CARF/ARTCC  USE  OF SAME COMPUTER 

There a re  two  ways m whxh a computer  mlght be used Jo ln t ly  
by CA3F and the Kansas Clty ARTC Center One  way would be to   ass lgn   the  
computer durlng  cer tam hours o r  one shlf t  of t he  day, for  example, the 
normal l l gh t   t r a f f l c   pe r lods  I n  ear ly  mornmg, t o  CARF, and use It for  
ARTC Center  problems t h e   r e s t  of t he  day  Another way would be t o  have 
both CARF and AFiTC Center progzam routlnes In the computer, and swltch 
the  Input arid output from one t o  the  otner 1n accoxlance  wlth some p r l o r l t y  
schedule. 

t o  CARF f o r  16 hours or more each Cay Thls  mpllec.  that  the  memry  of 
the   mchne ,   dea l lng   v l th   the   p rev lous ly  approved f i l g h t  plans,  would 
hwe   t o   be   p lo t t ed  at the end o f  each CARF machlne perlod t o  m k e  the 
record  agallable  as a reference  ilurlng  the remaxnder  of the day Plo t t lng  

manL7ali-T, wlthout  uslng  the computer. Also, t he  computer would not  be 
the-e   dsia  would requlre  almost  as much  manpower as p lo t t lng   tbe   da ta  

la te   revls lons  except  dur1ng t i e  hours  asslgned t o  CARP machine processlng. 
ava l i ab le   t o   a s s l s t  In detectlng o r  resolving any conf l lc t s  resulting from 

Smce  almost  the same manpower would be requlred and CARF's s e r v ~ c e  would 
not be  mproved, It would be  of l l t t l e  value  to   use a shlft-shared com- 
puter .  Consequently, t h l s  mode of operatlon 1s not recommended. 

I n   t h e  f i rs t  scheme the computer probably w o u X  not  be  avallable 

the  corpGtmg  tune  requlred t o  solve both CARF and AFiTC Center  problems. 
I n  a rzchlne  havlng  the  storage and speed of the IBM 650 RAtrlAC, It 1s 
estlmaced  that 5 mlnutes 1s requulred t o   < e s t  a proposed  mlsslcn  havmg 
30 route  scrn-o-nts  agam.,t a slmliar  already  stored msslon. Assuming 5 

r q u l r e d   t o  make a conflrct  search. An addltlonal  three  mlnutes wlll be 
stored  mlsslcns  as  an  average  dally  condltlon,  then 25  mlnutes w111 be 

w 1 3 1  requlre  approxlmately two mlnutes. To enter a misslon,  check It 
required for Input  and output and fma l   s to rage  Each conf l ic t  resolution 

punch the  output, w l l l  require  about 30 mlnutes. If It 1s assumed t h a t  
agalnst 5 already approved  m1sslons,  resolve one c o n f h c t  and s tore  and 

would be Interrupted,  the  nmber and length o f  mterruptions  depenhng 
the  real   tune ilRTC Center  problems are  glven  prlorlty,   the CARF process 

upon the  exls t lng  t raff lc   condl t lons  In   the ARE Center  area and t he  
extent of machme tlme  requlred  for  processmg ARTC Center  problems. 
DuL-lng heavy t ra f f lc   per lods ,   par t icu lar ly  If the computer also  does con- 

capture  the computer to   the  exclusion o f  CARF for  an hour o r  more at  a 
f l l c t   s ea rch   fo r   t he  ARTC Center, It IS l l k e l y   t h a t  the ARTC Center would 

t m e  

On a p r l o r l t y  time-shared basls,  It i s  necessaI-1 to   consider  

Questions arise as t o  whether a f a s t e r  program  mlght  be devlsed 
f o r  both CARF and AXTC Center t o  conserve computer tlme, o r  whether a 
machme faster   than  the IBM 650 RliMAC mlght be bet ter   sul ted  for   both Jobs. 
The study  has  not advanced far enough to   l nd lca t e  whether these tlme e s t l -  
mates  can o r  csnnot  be  mproved,  although It should  be assumed tha t   t hey  
probably  can. On the   other  hand, It seems l o g l c a l   t o  assume that l'c 
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w ~ l l  become lncreaslngiy  d2slrable  to program the   mchlne  LO do more 7dOi-k 

for boch a c t i v l t l e s  th& h-s  been assumed here, cnd t h l s   d e s l r e  would tend 
t o   o f f s e t  srvu,,s t h s t  mq,ht  be made I n  pLo&ram tune. 

In   t he   t lme   a l lo t t ed   fo r   i h l s  study,  the Id-a of usm& a faster   machue 
w i s  not  explored  except t o  deterrmne that  the  cost  of  ty,?lc;l machlnes 1s 
ap$ioxlnately  fou-  tlmes as mxh  as   the II3M 650 HAMAC. It IS, thzrerore,  
more economical t o  yrovlde  mdapadent mehum s u e  com9uters for  both C L F 3  
and the Kansas Clty  Center  than  to  use one l z r z e r  compvtzr for  both 
f a c l l l t l e s .  

The next sizes of lar,er and f a s t e r  computers a rc  quulte e,rpens?ve. 

In the  avaliable  study  tune, It vas  concluded tha t   there  hould 
not be mou& machine tlme t o  do both CMF a d  I11'pc Center  problems Jazis- 

rn&*.C . !actoL*?ly on one medlan-slze  tene;al  purpose-computer,  such  as  the IBM 650 

SIZE AND TYPE OF kL!lCHITZS I E Q U I A X D  

To d e t e n l n e   t h e   s l z e  and .yge of electronic d i z l t a l  compdter 
i-equlred t o  perform  the  conflict  search and l lmlted  confl lc t  resolution, 
it is necessary to  conslder  the  mount of mformatlon whlch must be s tared 
m the  computer ;Id the  nuxber of m1as10ns -ihich must be processed  per  day. 

Based on the  presenL  opeL-ztmk practices, the computer must be 

that  the  average number of  mlsslons  per  day 1s 9, end the  max1mu.x number 
l a r ze  enoq,h t o   s t o r e  a l l  f h g h t s   f o r  a 12 day perlod. For example, assume 

of  rnlsslons  occurrmz on any  one day 1s 5:'.  Assume fur ther   tha t   there  

requirement  for a2proved mss lons  vrould be  approxlmately V20,;:O characters. 
a rc  11 average  days and one m a x i m u m  day every 12  days. Then, the  storage 

I n  addltlon,.about 240,000 characters  are needed t o   d e f l n e   r e s t x c t e d  
(or prohlbl ted)   areas ,  60,000 characters   for   refuel lng  arezs ,  120,000 
characters   for  coded flight plan  routes whlch a re  used  repeatedly,  md 
15,000 characters   for   tables .  Under these  assumptlons  the  total  stora;e 
requirement v.111 be  about 855,753 characters.  Thls 1 s  about 20 per  cent 
of the  storage  avallable i n  t h e  I B M  650 M4ACAc. It 1s vlsuallzed 'chat t he  

1 i l s c  face,  the coded flight plans on 2 d lsc   faces ,   the   t ab les  on 1 dlsc  
res t r ic ted   a reas  would be stored on 4 disc  faces,   the  refuellng  areas on 

on 12  dlsc  faces,  thereby u s u g  21  of the  avallable 120 dlsc  faces.  The 
face,  the computer  program mscructlons on 1 6 1 s ~  face, 2nd the  mlsslons 

sto;a&e capaclty of each dlsc  facd l a  60,000 Characters 

confl lc t   resolut lon were developed for   the  IBM 650 RIJ4P-C. It was found 
t h a t  approxlmately  flve  mlnutes would be  requlred LO checK completely one 
ne:r mlsslon against one u s s l o n   i n   s t o r a g e  and two mnutes   to   reso lve  by 
change  of a l t l t ude  each  confllci found Also It t akes   app roxmte ly  
th ree   mnu tes   t o   en t e r  and process i new mlssLon for  storage =nd t o  punch 
the  output. Thus, If there  were 5 msslons  In   s torage 2nd a ilew f l l s h t  

General  program routmes  for  the  confllct   search and h a l t e d  
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hem, emered  coLiflscts  wlth e-ch 07 them, It would take  &bout 38 
mxuLes t o  dui t he  ilew f l lLht  m t o  che computer, do a conplete  confllct 

an the  srme d&y, a d   t o  pulizh ouc -&e l e su l t an t  m,-ssaLe. It 1s reasonable 
s e E - c h  md con:?Ict resolution  rrlth  each of ;he f lge  fllLh';s  xhlch d e  

t o  -ssme, h~ 72ve:-, th-t It -.nil not be necessary t o  mY"1:e 2 complete con- 
fh-- seirch u c l  c o n f l x t   r e s o L t 1 o n   - n t h  each of the   i rve  mlssions a l r e d y  
s'~ox-7. For exnp le ,  2: one mss lon  does imof conf l lc t  111 o ~ e r - d l  p;Lsclon 

does not  co,lfilct when z.n zlLitude  comparxon 1s matie, a foul-th  does not 
c m ? ,  (t s e c o d  does Lot confllcr. Tmen r geo;"&.x checl- IS mzde, a chird 

col1fllzt when  Lhe 2oute se@uents x2 cclculazed, and the  flf'ch ages  confllct;  
t h m ,  OEPJ 20 mrutes   (approxmetely)  vould be  requlred  to  pLocess  the new 
m;ss;on. 

i s  Ylex?ore difficult 1.0 >red.xt u l t m a t e  macixne capaclty. Table I cdn 
The nmber 0: assumptions vhjihlch can be made 1 s  unllmlted and It 

be use? t o   p r e d l c t   t h z   t m e   r c q v u e d   t o   p r o c e s s  a new msslon. Ac:oss 

On che le% s d e  1s t h e   s e q u e n t ~ a l  order of new mss lons  to 5e entcred 
&e top  c-e the number of unsslons bssumd t o  be I n   s i o r s ~ e   f o r  any one clay. 

one t o  five mimtes   fo r   t he   tme   r equrcd   fo r   con rhc t   de t ecz lon   a r e  made. 
fo: ihac dcy. Time 1s shosm for upuG/oLtpdt z d  assaLptlms ranLln-; from 

These de t ec t lon   tmes  vary depending upon where m the  search It 1s deter- 
mined t h a t  a confl lc t  does not   exis t .  Each confkc t   reso lu t lon  by  change 
of  altitude  ;equlres two mmutes of machine tlme  per  rmsslon  In  storage. 
Erch  confllct   resolutloo by change of  mlsslon  deprture  tune  requlres f:cm 
two t o   f l v e  rmAmtes of machlne t l m ?  per   msslon  In   s torage Thus, It can 
be  seen tha t   t he  Tenth mission fox- a p e r t x u l a r  day requlres 3 mnutes   for  
mput/outpLt, 31 mmutes  for conflict detectlon and 6 mmutes to   reso lve  
3 assumed coafLct lons  by a l t l t ude  change.  Thls 1 s  a t o t a l  tlme of 40 
mlnutes. I n  E s i m l a r  case,  resolutlon  of 2 conflictions by altitude 

t o t d  ilme of  from 56 t o  83 mnutes  to  completely process the   t en th  mlsslon. 
changes and 1 confl ic t lon by time change requlres 22 t o  49 mlnutes, o r  a 

Refer rmg  to   the   t zb le ,  If mlsslons Nos 1 t h o u g h  10 for  one  day a re  
recelved, It would t a r e  a t o t a l  of 3, 4, 5, 8, 13, 18, 19, 26, 31 an2 40 
mxutes,  or 2 hours, 47 mnutes  to  psocess  these  mlsslons.  

As another example, assume there   a re  25 rmsslons  already  In 
s torage  for  a particular day.  Mlsslons Nos. 26 through 35 ( t o c a l  of 10) 
would tace  aboct 30 hours,  or more than one  &ay, t o  process. 

It should  be renembered, however, t h a t   t h e  msmum number whlch 

pleteiy  deternune  the  usefulness of t he  computer, smce   t he  work 1s not 
can  be  processed  under  certain  condxtlons  In any  one  day does  not com- 

t lme-cr l t lca l .  Those days  wlth  only a few stored  mlsslons  requlre very 

t o  balance  the  tlme  requlred on heevf days. 
l l t t l e   t u n e   t o   g r o c e s s  an addltlonzl new mlsslon.  These  llght days tend 
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EFFECT OF COMPUTER ON PRESETTI CARF OPERATIONS 

The appllcatlon of a conputer t o  CAW would requlre  chmges 
13 some of  t he   p re sen t   p rac txes  and procedures i f  e l l  of the  benefl ts  
the computer offers   are  t o  be  realiqed. A few of the more Slgnlficant 
changes are  explamed In the   foi lo-nng  paragaphs.  

Fllgbt-Plan Format, Edltmg, and Coordinate System. 

mll l tary would prefer   to   f l le   f l lght   plans  with  f lxes   or   turnin?,   polnts  
spec l f l rd   In   l a t l tude  and longltude. The input/stora&e  phllosophy  developed 
In this study was dlrected toward satisfying  thls  preference. The f l l gh t -  
plan f o m t  would deflne  route segments approxlmazely 300 miles   o r   l ess  In 
len;<i t i l th end pomts  designated by l a t l t u d e  and longitude. It 1s belleved 
tha t   t he   f l xes   In   t he  apsroved  output messages t o   t h e  ARE Centers con- 
c e n e d  could  be  translated by the computer t o   t h e   t h r e e - l e t t e r  flx deSlg- 
nators.  Thls w o d d  ellrmnate  the  present  obJection AW has to   recelvlng 
fliat plans   f i l ed   In   l a t l tude  and lont l tude.  

D u l q  the  study of the  CARF operation It was indlcated  that   the  

A change In   the  method of f1ling  misslon  requests 1s under 
conslderation.  Thls new scheme  would make it unnecessary  for  the l n i t l d  
request t o  pass  through  the ARE Center In  whlch area  the  mlsslon mll  
orlgmate.  Rather,  the  misslon would be f l l e d  n t h  the  agency's  head- 
quarters such as Strateglc  lur Com.nd (SAC) a t  Omaha,  Nebraska. SAC 
would screen  the  request and forward It t o  CARF. Further  coordlnatlon on 

proposed pl-ocedure would work very well wlth  the computer. Requests and 
thls   request  would be  conducted between CARF and SAC headquarters. Thls 

when approved, the  nachme  could  convert   the  fhght plan t o  the  ATC 
coordlnatlon between CARF and SAC could  use  longltude and la t l tude ,  and 

coordlnate system based on three- le t ter   f lx   deslgnators .  

Dlsplay  Requirements. 

would be i n  reduclng  the Trorkload of prepwsng plotting displays.  Rather 
tE.an p lo t t lng  all incormng requests as presently IS done, the  computer 
could  store all of  this  mformatlon LII i ts  memory. Such a phllosophy 1s 
dependent upon extreme  machme r e l i e b l l l t y  and assumes t h s t  temporary 
outages, when they  occur,  are  not of major  consequence.  These  assumptlons 
appear  Justlfled. The costs  of machlne ren td ,   d l scussed   la te r ,   inc lude  
a wntenance  englneer  on contlnuous  duty. The p robab l l l t y   o f   f a l lwe  1 s  

tLme, at l e a s t   t o   t h e  extent  that  stored  missions can  be read  out, 
low In  the f lrst  place and t h e   a b l l l t y   t o   r e p a i r  the   nachmery   in  a short 

approaches 100 per  cent.  As an ultimate backup, coples  of  approved 
missions  could  be  kept on f l l e  and plo t ted  manuslly, If  required. It should 
be noted t h a t  CARF 1s not  Involved mth   " r ea l "   t une  problems. Most of 
the  t lme  the computer would be worhng  on reservations 2 t o  10 days xn 
advance.  Unless  advantage 1s taken of computer memory t o  reduce  the 
amount of  manpower UOW expended I n   p l o t t m g  rmsslons,  the computer would 
be of l i t t l e   t m e   o r  economx  advantage. 

The most s lgnlf lcant  change t h e  computer could make at  CARF 
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As hes  been  mdlc&ted,  the computer  program could  suggest 

ma,or;ty of conflictions are  resolved  In   thls  manner today When 1% 1s 
chages  i n  altitude or tlme of t’ne rns s lon   t o  ellrmnate  confllctlons. The 

necessa-y to resolve a confllcs by chanLes 111 routlng, It would be  neces- 
s a y  for C.%W persomel  to p l o t   c e r t a n  segnents of two or  mclre ~ l l s s l o n s  
manually. The computer outpJt  message uould corlzam the  complete  confllct 
situatt;on, such t h a t   p l o t t m g  should not be very  tlme consluiilnz. A t  a 

p lo t  lnfclrmatlon s tored  In   the machme.  3kch a devxe  1 s  not  under 
k t e r   d a t e  it raEy be poss1bl.e t o  provl3e c h s p i a y  vh-hlch vlll autom8tlcally 

development a t   t h l s   t u n e  

E s s l m t e  of CAW Cap?clty and Servlce  Capablllty. 

lncreased  capaclty vAth no mcrezse In  rnarrpo-Jer At the   I r e sen t   t r a f f l c  
level,  the  conputer  should  allow some re?uctlocs  In manpower, as lndlceted 
i z t e r  IA thls re?ort .  

TI.e appl lcatmn of a c o q n t e r  should dlocr CA?F to  operate  wlth 

a re   no t   f i l ed  r.t l e a s t  two days pr lor  to tne  schedules  departu-e  tlme,  nor 
A t  the  present  tlme, CAFF does  not  conslder  fllhht p1w.S whlch 

wlll ;t eccept   rens lonq   to  f;l,ht p l a l s  Whlch are  not received a t   l e a s t  

on C P K F  capaclty  but e l so  conslder  the  cowdlnatlon  tule  wlth M T C  Centers 
four  hours  prlor t o  depdrture  tune. These r e s t r l c t lons   a r e  based  not  only 

and 0th-r agencies Involved. i h t h  a computer, It m y  be  posslbie,   sl thout 

by depending on the  computer t o  do the  plotting and confllctlon  search 
Inc rzzsed   s t a f f lm ,   t o  recelu‘e and nodlfy f l&t plens on shorter  notlce 

work, thereby releasing nore  personnel  tlme  for  coordlnatlon. 

The MULC machme has more storage  zvallabie t h a  thls study 
proposes t o  use Eowever, m?_y  other functions, such as Stat-tlstlcLl 
analysis, could  be  accompllsned a lso .  

WONOMIC FfiCTorS 

Present CARF Persomel  Cost. 

t o t a l  approxlmateiy $160,000 per  year.  Present  staff-ng during the week 
rpproxmateiy 25 personnel  are  presently employed a t  CAPF, vhose sa l a r l e s  

is03 - 2403 watch,  and  one on the  2400 - 0800 rn&t watch On Sabmdays 
ave;eges s1x control  personnel on the O&lO - 1600 watch, f lve  on the  

and Sundays the  prezeni  sLafflng a-u’eraaes f o u ,  four, and one,  rcspectl-Tely, 

tlme 1s devoted t o   p l o t t l n g  and con:llct detectlon and 50 per   cen t   to  
for   the   th ree   sh l f t s .  CARF personnel  estlmate  $hat 50 per  cent of t h e n  

c o n f l x t   r e s o l u a o n  and cormunlczttlons. 

Based on lnformatlon  recelved  frolQ CARF and  Realon  Three, 

13‘1th a conputer  system  performlng  the  plottmg,  confllct 

load  should  be  ellrnlnated. The need to   comunlcate  w i t h  the  orlglnatln:, 
search, and limlted-confllct   resolution, a substantial pa r t  of t he  work- 

a2ency requesting clea-ance would be unchanged, 2s would be the   ume 
and methods requlred  for  such comunlcations. I t  1 s  estimated  that  ope 
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person wouid be requlred  to  edlt   the  lnformatlon coming Into CARF, punch 
the cards, and run t h e  com9uter Other  personnel would be  requlred for 
coorainatLon 741th the  or lginat lng agency 2nd t he  ARTC Centers  1TmlVed- 

to   p lo t   t he   con f i l c tmg  route   sewents  
:hen 5~ c m f l l c t  can be resolved  only by route change It wouid be neCeSSal3' 

If a computer were ins ta l led ,  It 1c. es tmated   tha t   cont ro l  
persomel  stafflng  could  be  reduced t o  four on the  day s h l f t ,  three on 
the  e7,en:ng sh l f t ,  a d  one on the  midnight-to-elght s h f t  wlth weekend 

be a2proximzely $108,000 p e r   y e a .  
s t a f f lnz  of t h e e ,   t h r e e  and oce. The r e s d t l n g  salary expenditure would 

Vfchme Ccsts. 
Pa Imt 650 U N A C  system would conslst  of t he  folloTqing 

Unit Monthly Rental/First  Shlft 

650 Model 11, Console $2400 "00 

655 Nose1 I, Por:er unit 
( Ih th  Input-Output  Synchronlzers 
1 and 2) 1100.00 

652  Model Bl C%trol  Unlt 975 * 00 

653 Model P3, Storzge Unit 1300 .oo 

355 D l s c  Unlt 

533 Card Reader 

975.00 

550 .00 

No. 13  Alphabetlcal Devlce f o r  533 175 .oo 

No. 1 4  Alphabetlcal Device fo: 655 75 .00 

Hal f -Tme Emmltter for Punch 5 00 

Ten extra   Pi lot   Selectors  20 00 

026 P r i n t l w  Card-Punch 60 .oo 

063 Card-to-Tape  Converter 75 -00 

Total $8310 .oo 
--- 

The above ren ta l   cos t  1s for the  flrst shlf t  only which 1s deflned a s  43 
h o a s  per  week. Each succeedin& 40 hours  per week would cost an addltlonal 
40 per  cent.  Assuming fi l l-perlod  operatlon,  with 8 hours  per weeY f o r  
preventl-ie malnzenance, three  addl t lonal   shlf ts  would be reGuired a t   a l l  

. 
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tlmes. The cost  of  thls   ful l -per lod  servlce would be  approxlmately 
$18,300 per month a r  $220,030 per  year. These costs  lqclude IBM inalntenance 
and continuous duty o f  qual l f led maintenaslee persomel .  

shodd  be less than $500 00 per  year. 

Surmnary of  Cost  Estrmates. 

It 1s estlmated  the  cost of materlals  requred,  such  as  cards, 

ANNUAL COSTS 

PreseDt 
(NO Computer) 

Personnel $l60,~00 $108,000 

ComTuter System 220,000 

AddltmL1al  Elaterlals 500 

Totals 9;160,000 $328,500 

It 1 s  assumel that other   costs  such as   rent ,   landlmes,   heat  and alr 

or   not .  
concktloning  remam  approxlmately t'ne sane  whether  the machme 1 s  used 

Wlth Compter 

__- 

COXCLUSIONS 

It 1s concluded tha t  

1. Much of the  processmg of alrspace  reservatlon  requests by CARF 

longltude  to  descrlbe  the  route of flight,  the  mathematlcal  processes 
1 s  wlthln  present-day computer capabl l l t l es .  By use of l a t i t ude  and 

lnvolved  are relatively slmple. The storage  requlrements  can  be met w l t h  
computers slmllar l n  s u e  t o   t h e  IBM 650 €%MAC. 

2.  Use of a computer is feas ib le  If  I ts  memory 1s used I n   l l e u  of 
manual plotting, ana I ts  computing functlons  are used to   de t ec t   con f l i c t s  
and suggest  resolutlons on t h e   b a s s  of a l t l t u d e  and t m e  changes. 

machlne functlons  wlth available equlpment 
3 .  Confllct  resolutlons  based on changes  of route  are  not  feaslble 

effect  on the  present CARF or Al'C system. 
4. The lntroductlon of a computer should  not  have  revolutlonary 

mLnd CP' does  not  appear  feasible. 
5 .  The use of a s m g l e  computer by both  the Kansas Clty ARTC Center 

computer for  CARF, however, greater  capaclty and be t te r   se rv lce  can  be 
expected  from a sm2ller  CSF complement by uslng a computer. 

6. The savings I n  manpower will not  economlcally ju s t l fy   t he   cos t  of a 
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