
TECHNICAL D3JELCPIG'NT REPORT NO. 346 

FRCC-HSHXG TJD IBM 650 cowwm FOR 

I N  CAA AIR ROUTE TRAFFIC  COTFRaL CZIVTERiS 
PliFFARATION @F FLIGHT PFOGAESS STRIPS 

FOR LIMITED DISTRIEUTION 

by 

Gllbert B. H a n e l l  
C h a r l e s  E. Dowllng,Jr. 

Fred S. McKnlght 

Navlgatlon Alds Evaluatlon  Dlvlslon 

C I V I L  AERONAFlTICS ADMINISTRATION 
T E C h T I C a  DEVELOPbEEPT C E N T B  

INDIANKPOLIS, I X : 3 I m A  



PROGRAMMING TIIE IRM 650 COIQIJTER 
FOR PEE1~1RWI3N OF FLIGYT FROGSESS STIiLPS I N  

CkA AIR ROUTE W E T C  CONITOL CENTWS 

S W M Y  

E m s  r e p c r t   d e s c r l k s   t h e  development and preparatlon Of a 
de ta l led  program fo r  an i3M 650 D l g l t s l  Computer to   process   f l lght-plan 

Route Traf f ic  CorArol Center. 
mfoarn;at.tlon and prodwe  f l lgh t   p rogress   s t r ips  f o r  t he   Ind~anapo l l s  A u  

A descr ipt lon 1s glven of t h e   t m e s  and quant l t les   o f   f l igh t   P lans  
whlch must be  processed,  the  piogrm  loglc  used  for  processing  both alrwaY 
and d l rec t   rou te   o f f -anway  f l lgh t   p lans ,  and the   spec la l  techniques needed 
for   lnput  and outpLt of the  data .  

INTRODUCTICN 

recelved from pl lots   are   processed and posted on fllght progress S t r l P S  
for   the  control ler ' s   d lsplay  boar& A f h g h t   p r o g r e s s   s t r l p  1 s  prepared 
for  each fix over  vhlch a f l l g h t  w l l l  pass .  Manual handwrltlng of these 
s t r l p s  1s a tune-consmlng  vorkload, and durmg busy per lods,   ass ls tsnt  

tlme to   a s s l s t   t he   con t ro l l e r   o the r   du t i e s .  Machlne preparatlon of these 
control lers   f requent ly   are  so occupled w1;h t h l s   t a s k   t h a t   t h e y   h a v e   l l t t l e  

strlps  appears  very  deslrable and several  equpments  have been or   a re   be l% 
evaluated  for  thls  purpose.  

I n  A n -  Route Trafflc  Control  Centers (M-TCC), f l l gh t   p l ans  

I n  December 1955, the  Electronlc-Accountmg Machme D ~ v i s l o n  of 
t h e  International Busmess Machlne (IBM) Corp. proposed  that a Model 650 

The C lv l l  Aerona7Jtlcs Ahnlstrat lon(C4A)  Off lce  of Federal Alrways sub- 
Computer be used to   p rocess   f l igh t   p lans  and prepare  the  f lx-post ing  s t r ips .  

Indlanapolls  In  conJunctlon n t h  other computer  development rorB being   earned  
sequently  leased an IBM 650 Computer for   eva lua tmn  In   the  ARTC Center at  

on by t h e  CAA Technlcal Development Center(TDC) . 
Ths  report  describes the  preparat lon of t he   de t a l l ed  program 

ARTC Center  wlth  the assistance of IBM Corp. personnel. A subsequent 
f o r  the  computer  by airways operat lons  speclal ls ts   of  'TDC m d  the   Ind lmapol i s  

repor t  ml1 be Issued  coverlng  the  evaluatlon of t h e  computer. 

THE PROBLEM 

Indlanapohs Area. 

the  Unlted  States   ass lgned  respoaslbl l l ty   for   control  of instrument f l l g h t  
rule(1FR) alr t r a f f i c  The Indlanapolls  control  area IS shown I n  Flg. 1. 
Thls area  1 s  approxlmately 350 nautlcdl  mlles  long  east-to-west and 250 

The Indlanapolls ARTC Center 1 s  one of 26 C M  ARTC Centers I n  
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n a u t l c a l   m l e s  wlde north-to-south  There  are more than 100 airways 
deslgnated  wlthln  the  Indlanapo31s  area, n t h  a t o t a l   l e n g t h  of  more than 
11,000 mlles .   In  many cases  anways  ovzrlap each o ther   for  some distance. 
There  are 32 pr lnc lpa l  navlgattlonal. a d s  drf lnlng  these  a lmays,  and f l i g h t s  
are   posted  a t  38 f lxes  on t5e  control  boards. In   addl t lon  t o  these  prlmary 

VOR rad la l s ,  whxh  a re  used In  contlo; aud may be used by p l l o t s   t o   d e f l n e  
f lxes ,   there  are  about L O  secondary  rad20 f lxes ,  such as ln te rsec t lons  Of 

t h e n   r o u t e  of f l l g h t .  M a y  of  the  navlgatlonal a d s  and flxes  are  comon 
t o  more than one anway due t o  crosmngs or  ;unstlons  of  routes. P t e  
control a-ea 1s sub6:dlvlded in to  16 sectors,  wlYn one con-broiler and one 
ass l s tmt   cont ro l l f r   normal ly  assigned GO eech  sector. 

Types of F l l a t s .  

are2  are n a  deslgnated airways. The rsmalnmg 35 per  cent  of  the flights 

dl rec t   rou tes  Appnroxlmately one-haif of t h e  flights In the  Indlanapolls 
are f rom p a n t - t o - p o m t   v l a   d n e c t   r o u t e s  o r  v la  a combmation of alrway and 

a rea   o r lg lnz t e   w~th~n   t he   a r ea ,   w l th   t he   o the r   ha l f   en t e r lng   t he   a r ea  from 
adJacent  control  areas.  

Appproxmately 65 per  cent of the  f l lghts   through  the Ind-Lanapol.12 

Fllght-Plan Composltlon. 

of m f o m t l o n  
Fllght  plans  f l led  wlth  the  Center  Include  the  following  I tems 

1 

2 .  

3.  

4. 

5. 

6. 

7 .  

a. 

F l lgh t   l den t l ty .  

Type of amcraf t  ( a d  number lr more than one a l r c r a f t   a r e  m a 
f l l g h t )  . 
Pornt of departure. 

Route  of f l l g h t .  

Destlnatlon. 

Proposed t u n e  of departure for f l lgh ts   depar t ing  from wlthln  the 
area  or  estlmzted  t lme  over  the  lost  f l x  I n  an adpcen t   a r ea   fo r  
f l lgh ts   en te r lng   the   a rea .  

Al t i tude ,  

Alrspeed. 

Item 4, the   route   of   f l lght ,  may speclfy one or more deslgnated  alrways, or 

If d l r e c t  routes are  f l lecl ,   the  f lxcs  speclfled by t h e   p l l o t  must be withln 
it may spec i fy   rad lo   f ixes   wl th   d l rec t   rou te   o f  flight between these   f lxes .  

200 mlles of each  other. 

des lg la tor .  Thls designator 1s used on t h e  .f l%ght  progress  str lps and 
Rad10  flxes  normally are  asslgned a three- le t te r   a lphabet lea l  
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a l s o  I n  t ransmss lon  of fllght plans vxa 
plans  are  recelvrd  over  voxe  xterpnone 
a r e  recelved v l a  t e l e t n e w r l t e r .  

Flx-Postlng  Strsps 

t e l e type -a l t e r .  Most f l l g h t  
c l r c u l t s ,  howevcr, some plans 

T 'yp lca l  hrndwlt ten  Plx-post lcz   s t r lps   for  one f l l gh t   a r e  shown 
In  FIE. 2. I n  a i idl t lon  to   the basx rlight-plan  lnformatlon whlch 1s 
repeated on a11 s t r lps ,   the   f lx   des lgue tor  and estlmated  tlme  over  the f lx  
?Is0 are entered on e-ch s t r l p .  'Jien p:-eparlr,g these   s t r l p s  f o r  alrway 
flldts, the  8ss;stant  controller must detznnlne  the  f lxes over whlch the 

coilpute the  estlmated tmme the  f l l g h t  w l l l  pdss over the f l x  based on the 
f31&ht, w l i i  pass and pregere a s t r l p  f o r  tarh of these  f lxes .  He also must 

estlmdted ground s=e?d and the  rmleage between f lxes  

For   direct-route   f i lghts ,  It frequenkly IS necessa ry   t o   r e f e r   t o  

w l l l  pass so th t  a 'ostmg nay  be prcpm-ed for   these fixes.  On these 
il 1,irge p l o t t m g  map t o  determine  the  prlmary  flxes  ncar whlch thc  flight 

post lngs,   the   dlrect lon and dlstance from the   f lx ,   as  well as the  tlme che 
F1lgh-b w l l l  pass  thz flx, must be entered 

Voiume . 
aree 1s 3.8. On an average day approxmately L1300 postlngs  are  prepared 
durln,: a 24-hour  perlod,  whereas on a peak  day moye than 6,000 flx-postlng 
s t r l p s  me prepared. It 1 s  estlrnaced t h a t  about 600 f l x  postmgs  are  
prepared  durlng  the  peak  hour 

The average number of f l x  pos t lnzs   per   f l lgh t  I n  the  Indlma,3olls 

IBM 650 COMPIJTEI3 

Equlpment. 

d l g l t a l  computer. To acqmlnt   the   read- r   mth   the  various componcnts of  the  
computer  system, a brief descrlptlon of the  equipment used at the  Indlollapolis 
ARTC Center fol lows.  The equpment  Includes. 

4 - 826 Typewriter Punch-Cxd Unl t s  

1 - 533 Input-Output  Card Head/Punch Unst. 

1 - 650 Computer Consoie 

1 - 655 Power Supply. 

The IBM 650 Compdter 1 s  a r e l a t lve ly  hlgh-speed,  meal-m-slzed 

1 - 407 HI&-Sped  Prlnter. 

punch-card unlt. A s  lnformatlon IS typed on the   e l ec t r l c   t ypc rc l t e r  ILL 
p lum  l anbuge ,  a card 1 s  punched simultaneously. If the  operator maks 
en error,  he may automat1cdlly  dJpllcatc  the punched card up to   t h -   po ln t  
at whlch the  error  occurred It is esscnt;d,  of course, that a l l  Infor- 
matlon is Inser ted  correct ly  111 the  proper card columns. 

The 826 unlt, F13 3, lncludos an e l e c t r l c  typewriter and a 
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lnformatlon  Into  the computer f rom pmched  cards and d s l l v e r s   I t s  ouput 
m e  533 Input-output un;t of the  system, F1g 4, resds 

I n  punched-card form The 533 un l t  IS capable  of  readmg a mxlmum of 200 
Input  cards  per  mmute  into  the cgmputer, and of punching  output  cards  at 
a max~mum oi 100 cards  per  mlnutc.  Wlrlng  panels  ulthln  the 533 unit per- 
m l t  rearranzemat  of the  data  read  fro4  lnput  cards f o r  most convcnlcnt 
lnser t lon  I n t o  the  computer Input arca. Ssmllarly,  output  wlrlng  pmels 
permlt  reorganlzat1on of data  from the  computzr oJtput area to   sny   des l red  
format on thE output  cards. 

The  650 computer console,  Flg. 5, Includes a mgrletlc  storag: 
drum, p rogrm con t ro l  r eg l s t e r s ,   cdcu la tmg   un l t s ,  and a control  console. 
Wlth E dEtalled  prograa of lns t ruc t lons   lnser ted  In to  the   mch lne ,   va r~ous  
data-proccsslng  steps and mzthcmatlcal  computatlons  can bf perfomed at  hlgh 
speed. Power 1s supplled from t h e  655 pover mlt t o  both  the 650 and 533 
Unl t s .  

The 437 cccomnng machme, F1a. 6, IS a medlum-speed p r l n t e r  
capable of p r ln t lng  150 l lncs   pe r  mlnute from punched-cerd  inputs. The 
format or' the   p r ln t lng  from the  punched cards IS controlled by a wlrlng 
panel.  In  this  appllcattlon  each  Input  card 1s read  three  t jmes,  so t h a t  
f l l g h t  plan lnformatmn may be pr lnted on t h e   f l l g h t  $ro,srcss s t r lp ;  111 

per  rnlnute . th ree  l lnes .  Thus, zpprox;mateljr 50 f h g h t   p r o g r e s s   s t r l p s  c a  be pr ln ted  

D%tn Flow. 

Fl lght   plans  f l led  wlth  the  Indxnapol ls   Center  arc copled  by an assistant 
cont ro l le r  on an 826 typewriter Sunch-card  machme. The punched card 1s 
hand-carr led  to   the 533 Input-output  unlt and placed  ln   the  Input  hopper, 
where t h e   m f o r m t i o n  1 s  read  Into  the 650 computcr unlt and processed. 
For each f l x  requiring n postlny  strlp,   thi:  650 computer unlt  causes a 

t h e  punched cards from the  output of the  j33 uni t  and places them In  t h e  
output  card t o  be punchcd by t h e  533 umt. The computer operator removes 

Input  hopper  of  the 407 pr ln te r ,  where the   f l lgh t   p rogress   s t r lps   a re  
printed on a per fo ra t ed   ro i l  of paper   After   pr lnt lng,   the   s t r lps   are  

control  boards In the  Cfntcr 
separated and Inserted I n  s t r lp   ho lders ,  and hand-carrled  to  thc  proper 

Flgure 7 shows how a flight pian 1s processed  through  the  system. 

The equlpmfnts  descrlbfd above are  general-yulposc,  "off-the- 
shelf" Items and were not  speciflcally  dfslgned fge a l r  t r e f f l c   c o n t r o l  
purposes. 

PROGRAM LOGIC 

Requlrements. 

mcny f l lgh t   p lans   as   poss ib le  and prepare most of t h e   f l l g h t  progress s t r l p s  
A system r q u l r e m e l t  specified tha t   t he  computer proccss  as 



needed by the  Indlanapolls ARTC 
processmg zaslss were r e q u r e d  

1 To determine the   f lxes  

5 

Center To acconpl7.sh t h l s ,   t h r e e  data- 

whlch rcqul re   pos t lnc   s t r ips  

2.  To com2ae  the  eshmrted  tmc  of  the  f l lght  over  each of these 

dlrect lon,  and thc  estlmatcd 'clme of passlng  each f l x  
fixes, o r  la the  'ase of dl rec t - route  flights, t o  determine  distance, 

3 To orgaclz? and p rmt   ou t  a l l  f11ght-plul  mformatlon I n  the  proper 
format on the  postlng  str-ips. 

Task 3 1s a re la t lve ly   s lmple   t ask  of  organlz3ng  certain  ltems of f l l g h t -  
plan  lnformztlon €or prlntlne;  In  the  format  dcslred. Tasks 1 and 2 a re  more 
d l f f x u l t  and w l l l  be descrlbcd  In more d e t x l  

wLth the  1,1tervenmg ml!.c.ajes wcre con -erted t o  tzbular  form  and s tored on 
I n   t h e  r u s t  apgrcach t o  a wrl t ten  progrm, a l l  f lxes  on airways 

t h e  dru! 0s the   conputer   to  becoLe a l n t q r a l   p a r t  o f  I ts  nleruory. It Was 
found t h a t  L. t o t a l  of 72 airwbys  wlth the l r   a s soe la t ed   f l r e s  and rnllecges 
were requlred as a p a r t  of the  conputer ' s  memory, I f  a l l  airways designated 
a t   t ha t   tme   In   t he   Ind lanepo l l s  area wer? consldered. 

the  storage  requn-ements  could  not be ne t  by the  mcgnetlc drum  aSSOCl2ted 
wlth  the 650 CompJter. Considerable dupllcatlon was eiridcnt.  Frequently, 
the same f l x  was found on a number of 21rways. I n  olle case, 13 di f fe ren t  
airways  pass  over  the same r&lo  navlgct lonal  a d .  Slnce e x h  of these 
f lxes  must be  repeated I n  nemory for  each  of  these  alrways,  thls  dupllcatlon 

polnt   type  of   f l lght  was consldfred,  one-half of t h e  firm storace  area 
was expensive I n  trrms of general   s torage  Eefore  the  dlrect   or   polnt- to-  

had been used  for  the  alrvay-tyle of f l l g h t  plans. AI'ter further  study, 

computer rmght be used t o  develop  the  mlleages needed f o r   r l t h e r  dlrway 
it appeared  that If a sultable  coosdmate  system  could oe selected,   the  

or   dlrect   f l lght ; ,   thus   e l lmmating  the need to   s tore   ml leages   In   the  
alrway tables, 

Coordlnate  System 

cocrdlnate  system f o r  t h e  Indianapolis area  lpcludmg  those  portlons of 
adJaCent  control  areas  wlthln 200 mlles of the  Indlanapolls  arza boundary, 
In  order to   Include a l l  f lxes   whxh  mght  be speclf icd on dlrect-route  
f h g h t   p l a n s .  

After  these  alrways  tables wcre completed, it was cbvlous th;.t 

After a study  of various methods, It was declded t o  set up a 

A rectangular  coordmattc system, Flg. 8, was used mth a polnt  
of or lg ln  40 nafltlcal  miles  south-southwest of Shreveport, La. The coor- 

to   the   no l th ,   wl th   thc   nor thern  rdge o f  t h l s  grid extending l n t o  Canada 
dmate  g r l d  extends 700 naut lcal  rules t o   t h e   e a s t  and 659 nautlcal   miles 

snd  thc  eastern boundary  touching  the  east  coast of t h e  Unlted S ta t e s .  The 
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baslc   gr ld  l a  one naut?cal. mlle on a ad,.. It wns sJperlmposed on a Lambert 
Conformal Chart  wlth  the y - a x ~ s  p z r s l l c l   t o   t h c  merld2an nearest   the   center  
of the  Indlanapolls  control  area.  

Eech r ad lo   f l x   mthm  the   I ?d lu l apo l l s   a1ea  was asslgned a unlque 
x-value of tn ree  diG1 ts. Thi s t h ree -d lg l t  g o u p  1s used t o  l den t l fy   t he  
f l x  I n  some dck-processmg s te ls  d n c h  wlll be descrlbd.. Slight adjust-  
ments were made as   necessary   to   xsure  a d l sc re t e  x-vzlue f o r  each f lz I n  

unlque fo r  each Tlx.  xll f lxes   outs lde but wlthln 200 rnlles of  the 
add l t lon   t o  I ts  x-value, each f lx   hcs  a y-value, whlch IS not necessar l ly  

Indiannpolis  area a l so  have m x- and y-value on the  coordmate  gr ld  These 
f lxes  outs lde  tne  Inalmapolls   area do not  have  unlqde  values of x. Both 
x- and y-values   are   posl t lve for a l l  f lx rs .  

Stored  Tables. 

would be des,r&le t o  havc seve ra l   f l l e s ,  or tab les ,  of reference  data  

the   l l n l t ed   moun t  of storage, It was not   a lmys   poss lb le   to  sei; up these 
s to red   l n   t he  computer fo r  p?ocess;ng of f1 :g t -p lan   mformt lon .  DIE t o  

f l l e s   I n   t h e  most stralghtfwrr.ad DIL'IWSB Longer  and more Involved  data- 
proccssmg  steps  are required t o  overcome the  i lmitat lons  In   s torage.  

I n  addltlon to   the  coordinate  system, study  malcatted  that It 

A descr lpt lon of each table  used  follows, 

the   Indxnapol l s   a rea .  Each alrw2.y l l s t e d  is foliowed by a h s t  of succes- 
1. Alrway/Flx Table.  This tcble 1s an addresszble f l l e  of alrways  In 

slve f lxes  on the  alrway as lden t l f l ed  by the  unlque  x-value  asslgned  to 

the  Indlanapolls  area,  and endlng wlth t h e   l a s t  f l x  In   the  area.  East/West 
fdeh  f lx .  The fixes a r e   l u t e d   I n   o l d e r   s t a r t m g   w l t h   t h e   f l r s t   f i x   I n  

a l rways  are   f l led n t h  the fixes in order frmm west to  east ,  o r  l n  ln- 
creaslng  values of x. North/South  alrw2ys  are  flied  wlth  flxes l n  order 
from bouth to  north  Table I, p%-t of the   ac tua l   t ab le   s tored  on t h c  drum, 
shows how several  alrways  are  stored For example, Amber 6 a u m y  1 s  coded 
as 1 0 0 6  000 000 and i s  s tored ln the  f irst  word In the   t ab l e  I n  drum 
loca t lon  1053. The next word i n   t h e   t a b l e ,  drum loca t lon  1051, g lves  t h e  
unque  x-values  of  the f lrst  three  flxes on Amber 6, tkt IS, 419, 424, 
and 423 s t a r t m a  r%&t to l e f t .   I n   t h e   n e x t  word, drum locattlon  1052, t h e  
next   th ree   f lxes   a re   l l s ted  as 426, and 484. D m  locatlon  1053  has 
t h e   l a s t  two f lxes  of mportance t o  the  Indlanapol ls  area which a re  519 
and 532. Wlth t h l s  technique, a l l  of the   f ixes  on alrways In  the  Indlanapolls 
a rca  I2ay be  packed ln to  a r e l a t l v c l y  E m a l l  amount of storage.  Drum loca- 
t l o n s  1050 t o  1249 are  used f o r  the  Alrway/Flx  Table ;Then an a:rwsy 15 

on t h e  flrst four   d lg l t s  of t h e  Airway/Flx Table t o  locate  the  alrway. 
spcc l f led   In   the   rou te  of f l l gh t ,   t he  computer performs a look-up  operatlon 

When the  arcray 1s located,  the l l s t  of f lxes  1s t ransfer red   In to  a 
temporary  storage  locattlon for ru the r   p rocess lng  

addressable   f l l e  of a l l   f l x e s  In the  Indlanapolis  area.  It mcludes  both 
2. Indlanapolls  fuez  Fn/Coordmatc  Table. Thls t a b l e  1s an 



-nunary flxes (comnulsory  reportln:,  po1ni.s) and secodary  f lxes   (on-reqdest  

havlng  the  lowest  valoe of x (286) and continues through  the f i x  heving t h e  
repor t -ng   pomts) .  The tab le   begus   wl th   the  f i x  I n  the   Ind lmapol l s   a rea  

highest v d u e  of x ( 6 9 0 ) .  E E C ~  t en-d lg l t  word l n   t h l s   t a b l e   c o n t a l n s   t h e  
x-vLlue of tr.e flx E S  t h e   f l r s t  taieee d l L l t s  (from l c l t  to r l g h t )   a l t h   t h e  
y - v a h e  In t n e   n c x t   t h x e  d q p t s .  In   thz  ssventu d1Lj t poslt lon,   an  elght 

procrsss  boards, o r  a nlne 1s enter& If t h l s  1 s  a secondary f l x  *rhlch 1s 
1s cnterdd If t h i s  1s i. 2rlma-y f l x  which requwes a postlng on t h e   f l l g h t  

not  posted, D.e fmal tl l rcz-dlgl t  grou? 1 s  used as a? addrtss  t o  e word on 
the  drum where t h e   a l p h a b c t x a l   t h r e e - l e t t e r   d e s l g a t o r  f o r  t h a t  f1x 1s 
stored.. 

Table I1 1s a p a r t  of the  actual   table   s tored on t h e  drwn. For 
exmplc, assume t h a t  It has  bem  deternuned from t h e  Alrway/Flx Tcble   tha t  
345 1 s  one of the   mtirm?dlate  f lxes t s  be post td  on alrway Vl2. S t a r t m g  
at  d r m   l o c a t l o n  1350, a t a b l e  look-u? operatlon  progresses  throdgh  the 

r e x h z d  The x-value (315) In the  coordznate sysLem 1s foiLowed by the 
115% 0: f x c s  beglnnlng with 286 u n t i l   f l x  345 In  drm iocct lon 1353 1s 

y-vahe (531) of t h e  f l x .  Thls 1s foLlowe3 by e cont ro l   d lgr t  5 and a 
t h ree -c lg l t  group 274. Ey addmg 1000 GO the  last t h r ~ e - d ~ g l t  group 
the  drum d d r e s s  (Location l27h) IS obtalncd where the   t h ree - l e t t e r   des lg -  
nator  of t h l s   f l x  IS stored. 1%- Indlana2olls arca Flx/Coordlnate  Table 
1 s  stored ln drum iocat lons 1350 through 1403. 

I n d l a m p l l s  arca wl th   t he   dd res s  o f  the  d rum iocat lon on the  Indmnapoils  
i r e 5  F’ix/Coordlna+,e Tablt. where the  x- and y-values are  stored. It 1s 
uwd p r m a n l y  In  processing d l r ec t - rou te   f l l yh t  plans 

3 .  F~X/DFIUU Address TTble Thls I S  a t cb l e  o€ a l l   f l xes   w l th ln   t he  

Table I11 1s n portlon of the  eompletc t t b l e  stored on the drum. 

b c t l w 1   t h r e e - i c t t c r   l d e n t l f l e r  for t he  f l x .  The next four d l g l t s  a rc  
The f l r s b  s lx  d l 3 l t s  ln the  word comprise the  collputer code for the  alphd- 

the  addxss of t h r  d-um iocat lon on t h e   I d l a n e p u l l s  area Flx/Coordmate 
Ta31.: where the  x- aA1d 7-values of the  f l x  are  stored. For example, lf 
t h e  f lx  HUF for Terre  Hauts,  Indlann, 1s speclfled  In c direct-route fL&t 
plan, a t a b 3  loon-up operattlon on the  flrst s1x dislts would be made u n t l l  
65 84 66 was found. The next four  d l g l t s  (1358) i n   t h -  word a r e   t n c  drum 
addrcss on t h e  Indlanapoils area Flx/Coordmltc  Table where the  x-  and y- 
Values of t h l s  flx are sto;ed. Thc F l x / D ~ m  Address  Table i s  s tored   In  
drum locations 1250 through 1346 on the  drurn. 

flXeS Outslde  the  Indlanapolls  mcd.  wlthln 200 rules  of I ts  boundary, n t h  
L .  Flxes Outslcle Area/Coordlnate T a o l e .  T h s  t a b l e  1s a l l s t  of a l l  

tht.1- X -  and y-coordinate values. Thrse flxzs may oc specified In  flight 
plans  drf lnlng  the  route  of dl rec t   o f f -a l rway  f l lgh ts ,  m d  thcy  are  a h 0  
used Zs ent ry  f l X f . 5  f o r  rilrway fllghts. Tablo IV 1 s  a p a r t  of this t z b l e  
The flrst fou r   d lg l t s  of each word reprcsent e. dlacrete l d e n t l f l e r  for t h e  

The f lxes   spfclf led  In  t h e   f l l g h t  plan  consis t  of th ree  alphabet ical  
f l X  followcd by three  d lg l t s   fo r  the  x-value and three  d l g l t s  f o r  the  y-value 
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characters,  whlch In the  650 computer codc r t y u i x  S I X  d l g l t s .   S x c e   t h e r t  
&re o5ty f o 1 ~ - d i ~ l t  spaces avs l lab le  I n  the  word t o  l d e l t l f y   t h e  f lx ,  a 
dlscrz te   foar -3 lg l t  nunher was obtnlntid  5y so_uarsl?g the  si::-d;glt numerical 
codt f o r  t h e  fix, end using the s d t h  throagh  the  nmth  dl;lt;  I n  t h l s  
nuubcr. By lnJt)cct~.o:l  of t h e  squares of 2.l.i the  .iunbers for  a'l t h e  f ixes  
u d c r  consld<  ratlon, it vas determm-d the t   there   wxe   dLlp l lca tes  If the  
l a s t   f o u r   d l e l t a  were used Thls e l s o  was t r u e   f o r   d l g l t s  8 throhgh 11 c d  
i: through 10. By ~ s ~ n : .   d l g l t s  s1x through  nmc, a d r s c r e t e   f o u r - d l p t  n'm- 
bel- could be asslylcd t o  each Elx For ex.mple, VEndalLd, Ill., 1 s  Ident i -  

b e t l c a l  chzracters 1 s  6 j  73 61 Ths nrunber squared 1s 735061884321 All 
f l z d  oy x h r w   l e t c e r s  is W. The nachllle codc for   these  three alpha- 

d ls l t s   exre& 78& are  discarded In Table I V  the  Vanddla flx l den t l f i ed  
by t h e  nunber 7884 1s stored 111 dam Iocattlon 16& The x- and y-coordlnates 
w e  260  2nd 513, respect,vely. The Flxes 0Ltsld.c. Area/Coordlnate Tablc 1 s  
stored 111 d i u  locmlons lj00  through 1720. 

DetemmmT Flxes and Computmg Es txmtes .  

flights 1 s  shown ~n Fig. 9 .  Firs:, LI t a b l e  look-up o p c r a ~ ~ o n  rs per- 
forrxd 03 the  Alrwdy/Flx Taulc.  ;+%en t h e  airw,-y 1s locdted,  the x--ralue 

plan - e  s tored temporarily on the  drum In  ;ocdtlons 0950-59. 
of all flxes whch l i e  on the  segment of alrway specif led I n  t h e   f l l g h t  

1. hrway Fl lghts .  A slmpliflcd flow chc,r t   for  processing alrwzy 

f lxes  on the  Indlnnapol?;  area  Flx/Coordlnste T&5!e. AS eech x-value 1s 
located,   thc  y-value of t hc  flx 1 s  read oll t  of the  tabl- .  X-values then 
are  stored  tcmporarlly In drun locat lons 1030-23 2nd y-values m locattlo'ls 

F- ln ted  on the  s t r l p ,  1 s  derived by golng t o   t h e  drum address s p e c i f r d  
1040-49. The i h r e e - l e t t e r   l d e n t l f l e r   f o r  the  Tlx, which also must be 

as t h e   l a s t   t h r c e   6 l g l t s  o f  the  words on thc  Indumapolls  =ea Fix/Coordlnatc 
T a b l e .  Thc sl-x-d?Lglt l d e n t l f l e r s  f o r  the  llxes are  tem.porarliy s tored m 
drm locat lons 1020-29. 

A t ab le  look-up operation IS then  perfomled  ?or  each of  these 

From th2 x- end y-values,  the  mileage  between  the  flxes 1 s  
calculated by use of r l gh t  angle  t r l a n d e  f o r d a s ,  t h a t  1s 

- 

D =  (xb - xa12+ (Yb - Ya)> 
.~ 

where D = dlstence between FI:: a and Flx b 

+,, yb = t h e  x- and y-coordlnate values of Flx b.  
x&, y, = t h e  x- and y-coordinate values of Flx a 
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card 1 s  used t o  corrpute the  estlmdted  elapsed  time between f lxes  by the 
formula 

The est-mated erounll speed packed  cn the   fhght -p lan   Input  

where T = tune in mlndtes 
D = dlstzlice In nau t i ca l   mles ,  dnd 
S = ground speed in  knots. 

If t h e   a n c r a f t  LS sn fhght ,   the   es t imated  t ime  over   the f n  
w l l l  be  computed by addlng  the  elapsed  tune  to  the time over  the  precedlng 

the  elapsed tm.e betveen  flxes 1s compuled for  odtpLt. 
flx I f   t h e   a l r c r a f t  1 s  a proposed d e y r t u - e  from wlthln  the  area,   only 

f lx   assoclated  wlth  the  turn,  a f i x  I S  entereti ;n the  alrway  tah1e  for  the 
When there  1 s  a tu rn   o r  bend on en  alrway, and t h w e  1 s  30 r d l o  

tu rn  These f lxes   a r e  not prlnted  as  outpll t   f lx  postlngs,  buz merely  serve 
to   der lve   the   ac tua l   mleage   v la  a dog-leg  alrway 

The cont ro l   d ig l t s   e lgh t  o r  nme I n  the  seventh  dlgl t   posl t lon 
of t h e  word In  the  Indmnapolis  arez  Flx/Coordmate  Table  lndlcate  whxh 

d.-ve?oped, a card 1s punched oLt 13 the  533 0dtp- t   for   that  f l x  posting 
f lxes   a re   to   be   pos ted   Af te r   a l l  lnformaL,lon f o r  one f lx   pos t ing  IS 

The computer processes edch f l x  i n  turq and czuses  card  to  be punched out 
for  each requlred  postmg on an  hlrway. 

Slnce mmy a l r c r a f t  will proceed  over segments of several  alrways 
whlle  gomg  thlodgh  the  Indlanapoils  area, It also 1 s  necessary to have 2 

progran  routme which ~so lz t e s   on iy   t hose   f l xes   r equ l r lng   pos t l i g   fo r  a 
@veri alrway segment On thz   f l igh t -p lm  mpht   card   the  fixes whele a 
f l l g h t  w l l l  enter  and leave  an  alrwoy  are punched In as par t   o f   the   f l igh t -  
plan route by the 826 ogerator The d l rec t lon   of   f l lgh t  a long each alrway 

matlon t h e  computer c m  determine where t o   s t z r t  and stop  processlng  flxes 
a l so  1s lnser ted  by d l g l t s  added t o   t h e   f i l g h t - p l m  card. Fromthls   ln for -  

for  a given  a l rwy.  

handlaag  dlrect-route  f l lghts These Include 
2 Dlrect-Route Fl i@ts.  Several  processmg  steps  are  lnvolved I n  

B Determme a l l   p o s s l b l e   f i x e s  l n  the  Indloslapolls  area whlch 
a r e  on, or   adJacent   to ,   the   r -ute   of   f i lght  

b. Compute the  pcrpendlcular  dlstance from these   f l xes   t o   t he  
route  of f l l g t .   R e J e c t  a11 f lxes  more than 35 mlles away 

c D e t e m n e   t h e   d l r e c t l o n   t h e   f l l g h t  w i l l  pass from each f l x  
whxh 1 s  m t h i n  35 miles of the   rou te  of  flight. 
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exmple,   the  tabble loo:;-t~p wodd S’G& w,th 203 (x-vzlue  of PIA mlnss 35) 
a d  end wlth L l i  ( x - x l u e  of IND p;as 35) IteCerilqg t o  Table 11, t h l s  will 

However, s m c e   f l x   p o s t m k   s t r i p s  ari: reqL.red only f o r  t h o s e   f l x e s   m t h m  
lnc?udP 34 flxss b e g t ~ ~ n g  It d r m   l o c a t l o n  1350 through drum ?ocat-on 73% 

35 milis dt‘ ler   s tde of the  f l lght   path,  many of thz i’lses cbtatned from 
~ h l s  Table ~ o o x - q  operatton must bz elmtn tsd To el?mlnate  the uniwanted 
fi;<es, the  followlnf; proccsslng 1s pe.-foimed The slcpc and j--lnttrcept 
~ m l u e s  of a line Lh:-ou& the  two f lxes ,  PIA and I N D ,  shom In  Flg i?, are  
&ertv& by use of t he  forndlas 

where a; = slope of l m o  throuph F u e s  e and h 
xz and y, = c o o d m c t e s  of Fzx i 
x3 and rD = coor&lnztes of E x  o 
C = y-lnterce?t 

m Lhz pcrpendlcular dlstance Pd to the   rou t -   o f   f l lgh t  of a t h t r d  
f l x  F is cletcrnned  by 

whcre xF an3 yF coorclmatc v d m s  of h x  F 
m = t he  slope of thc  route of f--lght 
C = the  y--rt irccpt  of  thc rout? of f h & h t  
P i  = ih -   pe lpendlculx  d ls tanc?  of Flx F t o   t h e   r o u t e  o f  f i l z h t  

9y subs t l tu t lnb   thc  x- an6 y-coordlnnte  values of all of t he  

i. 

f lxes   cb tn tmd from t h e  t a o l c  l c o k - ~ ~  of flxes w l t h  x-values  between  the 

can  be  determlxd Those f lxes  whlch a x  beyond 35 mlles are rz lected.  
~ L , O  llrnts, a l i  i ~ e s  wh-ch -all be wlthln 15 n l c s  of  the  rout?  of  f1lghb 

Those f lxcs  wlthm 35 mles are  siorcd  tcmgordrily  -nth  the  actdal  dlstance 
thc t i l rcraf t  will pass f rom the f l x  

The cont ro l le r   a l so  regulres t he   d l r ec tmn  from a f t x   t h a t   t h e  

t o  determine th-s  dlrect lon  wtthln eight polnts  of the com7ass. 
f l l g h t  vlll pass a t   t he   nea res t  po1n-L A Series of   loglcai   s tcps  1 s  used 

route  f1:ght a r e  compared t o  3etem.lne t f  t h e   f l l y h t  IS eastbound or  
Fl r s t ,   t he   x -coordxs t e  vzlnes of FLX a and FIX b on a d l r e c t -  
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westbound, rememb-rmg t h a t  no two f ixes  hz.,e t he  sme x-value,  thus, 
there  IS never a fLgh t   d Je   no r th  or south  wlth  r ispcct   to   the  coordindte  

exza1nc.d Ir th,s v z h e  IS poalt lve,   Flx F h e s  north of the  route  of 
system.  Next, t h e   a l 3 e b r a c  s-.gn of  the  perpendlculzr  dlszance Pd IS 

f h g h t ,  if It 1 s  aegl t lve,   Flx F 1s south  of  the  route of Illgbt Frcm t h e  

ths   rou te  Gf f l l g h t  1s next  deterinme2 This hezhng  a g l e  coulcl bz  dezer- 
slope m of the  rouic  of f ?@t ,   t he  approxlmLtt- hedlng   ln   degrees  Llong 

mined exactly by use 0: a tvlgent cab.ble, hoaever,  beccuse of l lmlted sto;age 
thls was not  done. It was found t h - t   t h e  e2pro::lmrte heudlng could be 
o b t a n e d   n t h   s d f f l c l e n t   e c c u r a c y  by the  following  pEocess. The slope of 
t he   rou te   o f   fhgh t  m, I f  less  than  plus o r  mlws l, 1s nu l t ip l l ed  by 48 
The product is t he  i'ngle of nlcl inr t lon  wlth  respect   to   the  x-dxis   wlthln 30 
Whsn the  s lope 1 s  greater  thzn plus or mlnus 1, the   rec lproca l  of the  slope 
- 1s multlplled  by 48 Thls  product w l l l  &lvz  the angle of LnclInztIon 
wlth  respect   to   the  y- ,ns   wrthln 3' Rules  of  lo@c  are  used t o  determlne 
the  aczual  heeding 

1 
m 

For exrmple, In  Flc 12, assume a flr&t route from west-to-zest 
€or whlch the  slope 1 s  dekrmiiizd LS plus  1/2. Mult lpl lpng  thls  by :la, t h e  
approxlrmte  angle of lncl lnci lon  with  the  x-cxis  1s deterrmncd t o  be 2k0 
Tn t h l s   ca se   t he  actuc.1  nmlgat:onzl  hcadlns 1 s  between 4 5 O  and wo. A 
heading of 4 j 0  would proaucs a slope of p lus  1 2nd 90° ( the  x-2x1s) e slope 
of zero S l n c c  t he  angle wlth  respect t o   t h e  x-axls 1s !mown, then lf >bo 

route of flight w l l l  b- obtained. 
1s scbtrscted from 900, t he  cpproxlmate cou~css  headmg  plds 660 of   the 

Sml ln r ly ,  I f  a west- to-east   f l lght  route was d e t e m n e d  t o  
have a slope of mums 1/2, the  actual  herdmg  wlth  respect i o  %he  comp~as 

whxh whzn subtrccted from 900 becomes plus i14' I n  Flg. 13, If zn eas t -  
rose 1s southeast, ?nd mul t lp lpng  minus 1/2 by 49, gives  mnus 24O, 

paLh 1s hzdded northwssterly between 315' a d  360° msgnetlc  Multlplylng 
to-west  f l lght  rodte hcts a slo2c of mmus 2, it 1s known t h c t   t h e   f l l g h t  

t he  rcc1procl-L  of the  slopo mmus 1/2 by 48 glves mnus 24O, whlch IS t h e  
angle wlth r e spec t   t o   t he   y -ax i s  Thus, $0' mmus 2b w l l l  provlde  the 
headmg  of 336O, whch 1 s  wlthln 3' accuracy.  Sinullr  loglc 1s appLed 
t o  dl of the  quadrmts ,  end the  correct lon  anzle  1s app l l ed   t o   e l t he r   t he  
x- or  y-axls as appropriate. 

0 

Slnce   t he   d l r ec t lon   t hz t   t he   f l l gh t  w i l l  be passlng from t he  f l x  
a t   t h e   n e w e s t  po-Lnt must be  wrrtten on the  f l iGht  progrcss s t r l p ,  1% 1 s  then 
ne-essary t o  zdd o r  subtrcct  900 from th?   f l l yh t   rou te  he,-dlng t o  obt-ln 
the   d i r ec t lon   f romthe   f l x  For exmple, In Flg. 14, I f   F lx  F 1s south of 

the  hezdmg o f  t he   f l l gh t   pa th   t he  direction of the  perpendlculsr   l lne  
n west-to-east  fllght  path, Pd 1s neg-tlve, and by  subtract:ng 90° from 

to-ezs t  fllght path, Pd IS posl t lve,  2nd 90° 1s add?d t o   t h e   f l l g h t   p a t h  
from t h e   f l x   t o   t h e   f i l g h t   p a t h  IS obtzmed. If the f l x  1s north of s west- 

dlrfCtlOn. A s  necessary,  values  ore  ZdJustrd t o  l l e  wlthln  the  range of 
io t o  360° Once the   d l r cc t lon  of the  perpcnd,cular  l lne from t h e   f l x  t o  
t he   f l l gh t   rou te  1 s  obtalned I n  degrees ,   the   geogrcphlcal   d l rect lon  to  

Polnts of t h e  cornpcss 1s obtalned from a Degrees/Geographlcal 



13 

D;rectlon  Table, Table  V. Thc flrst  t h r e e   d i z l t s  of t hc  words I n  t h l s  
t a b l e  represent I l r r L t  va!ues 111 d:gr&s for  a t a % k  l o o k u p  operF~tlon, with 
t h e  lest f0-x d ; g l t s  used for Lhc co,nyuLr-r cod? for   the  a lphabet leal  
c h a a c t e r s   f o r  g t o g r q h l c  d l rzc t lon  For example, In  Fig. 14 the   d l rec t lon  

look-up opelatlon  prrfomcd Gn t h e   f x s t  t h e e  d lg l t s   wodd  s top  at 331 
of a perpend-.cular l i n e  fram FIX F to   thc   rou te  of f l l s h t  1s 3360. A t ab le  

t o ,  or grca t s r  tha,l, t h e   v a l u e   d e s l r d  The yeogrephls dl rec t lon   for  
(druq l o c t t i o n  1007) since t h s  1 s  the flrst m l u e  l l s t e d  whlch 1s o q ~ z l  

h;-adln's be twea  292' and 33" 1 s  nortkdcsc. The computer code for   north-  
west 75 86 1 s  airallable Yrom thc  las t   four   dlg- i ts  of the  word In   loca t ion  
1007 

To detcrmlne  the nlleagz from a f l x  spi 'clfled  In  the  route of 
flight to   the   po ln t   ncarcs t  a .FIX ed,accnt t o  thd rouke of flight, the  
follomng  computatlons  are perTorme3 

Referrlag t o  Flg. 15, dssumc a d l r ec t - rou te   f l l eh t  Prom FLX A 
to   F lx  B. Flx F has becn aet-rmmed t o  be wlthln 35 mlles of t h l s   rou t? .  
A f l x - p o s t m g   s t r l p  must be prLpared  for FIX F ax2 t h e   t l m e   t h e   u r c r a f t  
mll pass point  E xust  be ditcimmed If rl pcrpmdlcular  llne t o  t h e   f l l g h t -  

m 1s the  slope of %he f l lgh t - I lan   rou te  The intercept of t h s  h n e  wlth 
plan  rout€ 1 s  &awn t h r o q h  F l r  A t o  the  y-axrs, Its siope w J 1  be*where 

peApeixilculLr  dlstancc PF then may be  determlned by use of Equaho.1 (5). 
t h c  y axls &t polnt D can ae detnmmed by Tceans o f  Eque-ttlon (4), olld ihe  

Dlstmce PF 1 s  qual t o   t he   d l s t ance  from A t o  E. A speed computac1on then 
1s made to  obtmn  the  elapsed  t lme 0; f h g h t  3 o m  A t o  E T k s  1s repeated 
for a l l  f lxes wlthln 35 ml3i.s el5her   s ide of the   rou ts  of  f l l g h t  from A t o  B 

The following  steps  are used t o   r e p c t  unvanted f l x  postlng;. A s  
mdlcatcd under the  prevlous  dlscusslon, leU 1s necessary to  look up d l  f lxcs  
h a v u g  x-valuzs plus o r  mlnus 35 rull~s from the  Flx A And Flx B t o   l n s u r r  
proper  postmgs ;or f l ichts  t h a t  are In a moore north-south  dlrectlon Re- 
fe r r lng   to   F lg .  16, If 3 f l l g h t  IS proceeding from Flx A t o  Flx E, a postlng 
would be requlred for Fix F, but  not f o r  F:x G, whlch IS beforc   the  or igln 
of t h i s   r o u t e  segment. To e lmmate   the   pos t lng   for   F ix  G, t h e  follorvlng 
t e s t  1s made 

through  Flx B 1s detwmined Thls 1s :ompar-d n t h  the  dls tance from Flx A 
t o  Flx B If the   dls tance from Flx G t o  ihe  l u e  through Flr: 8 1s grea ter  
t h m   t h e   d i s t a n c e  from Fix D t o   F l x  B, then  Flx G 1s rCJeCtt2d and B postlng 
1 s  no t   pepa rcd .   In   t he  prograin, two mlles flrst are subtracted f2om the  
dls tznce betwoen Flx A and Flx B t o  make th i s   t e s t ,   t o   e l lmlna te   p repa ra t lon  
of  duplicate post?ngs  for  Flxes A and B. A slmpllfled f low chart  for the  
processmg of d l rcc t   rou te  off-alrway fllghts 1s shown in   F ig .  17. 

The perpendlcu!ar dlstance from Flx G t o  a perpendrcular  I lne 

OTEER FACTORS 

IBM Punch Cards 

v e r t l c a l  column has 12 lden t l f l sb l e  positions or  locat lons where punches 
These a re  @O v e r t l c c l  columns across  an IBM punch card. Each 



111. 

may 3e m a d e  These pcnch iocat lo1s mc:ude the '-Q-diclL positions 0 throuch 
9 plus two ex t r t   pos l t l ons  :;no-m c.s the hl,h order ,   or   the  11 Lnd 12 posl-  
t ims  Smce  I t  IS not posslble to rcprescnt   the 26 alphabet lcai   characters  
and 10 nunei leai  d l g l t s  by s ; ? g k  punches I n  only  12  poslt lons,  two punches 
- -?  used In  a c o P m  t o  dc.lote  alphabftLca1  characte,. w : t n  o x  punch 

d c l l o t ~ n ~  nwmerLcal d i p u  from 0 throagh 9. 

Inprt  Cards. 

data .  The f l l z h t  p l m  1 s  entered on the  c&d -n the  order norma!iy used 
F1g 18A shows a typ ica l   put card used ;o encode f L T h t - p l m  

101' lriteyphone t ransmsaon.   Ccr t - ln  :alms o f  t h e  ca,d -re deslgLlatcd 
for  aJ.ph;Lbe;?cal d e t a  and others  f o r  numcr3-cal data  A unl t  of mformLtlon, 

beticel   cfiarcctcrs One or moie ;alms on tL1e cord u,ed ?or x t c r l n g  par- 
such as i l lgh t   ldent l t j r   o r  a n  a l r ray ,  may ;nclude both  numericel and Lpha-  

t l c u l ? z  unts  of lilfoLmaclon w e  c ~ 1 l e . i  fields. For  proper  proc,-ssmg, a 
p a r t l c u l m   u n l t  0: m l o m c t l o n  of a f h g h t   p l a n  always must be 1-1 I ts  proper 
f l e l d  The f l d d s  of the  card  2re  described bclow w,th then   ope r s t rone l   u se  

1. Comm~l 1 A x c r a f t   o l e r a t o r  (A, h e r l c n n  Au-l lnes ,  X, I t m e r a n t ,  

be entered 111 t h l s   f l e l d  or It may be k f t  b lmk  
and so foyth).   Elcher ajlphzbetlc;l or numerlcol  lnformrtlon mdy 

2. Columns 2 throq:h 6: Ai rcraf t   Ider l t l l l cd t lon   Ei ther   z lphab- txa l  

b l m k  . o r  nuncrrcai  mqorrnatlon ma;? bc  elltered  or It may be l e f t  p a r t l a l l y  

3 Columns 7 throrqh 9. Type of H l r c r a f t   T h s   f l e l d  can handle 
both  alphzbdtl-nl and numcrical  InformatLon, and m y  be l e f t  
par -Lld ly   b lmk.  

4.  Columns 10 through 12 Grwmd Spced.  Only numcrlcd  lnformatlon 
may be e n t e r 4  and no pa r t  o f  t h l ;   f l e l d  m y  be l e f t  blznk. 

5 .  C o l m ~ s  13 through 1 5 .  Pomt of Departure Thls 1s an  alpha- 
betlca! field f o r  the  three- ls t te :   desigmtor  

ti. Colmns 16 through 20. Fl l&t   Plzn Route - Alrways . 
Columns  24 through 28 F l l g h t   P l m  Xoute - A n w a y s .  
Co'mms 32 through 35. Fl lght  Plan i3oute - Anwqs. 
C o l m s  'IO through 44 Fllght  Plan iloute - Aliways. 
Coiuxus I t8  thrcugh 5 2 ,  Fllgh,  Plzn  RoutL - Allways. 

Thex  ?.re numerlcal   f ie lds .   Ylphabet lczl   a lmty  przf lxes  (V,  G, A, R, or B) 
or suff lxes   for   a l ternate   Vlctor  a rways  (X, S, E, W) Are automatlcoll:r 
coded to   nune r l ca l   In   t he  533 wlrlng, smce   there   a re  a l l r n t c d  number of 
l e t t e r s   u sed .  For d i rec t - route   r*hghts   these   f le lds   a rc  l e f t  blank, a d  

kacn these  czrds  are  bemg  read b y  the 533 Input,  sanpllng of card columns 
ze los  m e  Inser ted  mtomat~cal ly   through  the wlrlng p m e l  I n  t h e  533 uxt. 

Is, 24, 32, I yO,  and 48 dcterrmnes thL zbsencc o r  prcsrncc of mformztlon r 



7 

8. 

9 

10. 

11. 

12. 











VI+ 

v4s 

Alrway 

A6 

B07 

1 
0 
0 
0 

0 
2 

2 
0 

2 
0 

2 
0 

2 
0 

0 
2 

0 

2 
0 
0 

5 
0 
0 
0 

0 
5 

0 
0 

V4N 5 

0 
0 

20 

TABLE I 

AIIWAY/FIX TABLE 

Word S t o r e d  

006 000 
42 2 
484 

424 
468 

000 532 

003 000 
000 000 

015 000 
550 553 

0 34 000 
000 0 000 

039 
657 

044 
406 

081 
598 
000 

483 
087 

505 

004 
42 3 
5 71 
000 

004 
42 3 
475 
690 

004 
42 3 
475 

000 
605 

000 
396 

000 
602 
595 

000 
472 
496 

000 

475 
373 

690 

200 
321 
451 
653 

800 
371 
453 

000 
L.19 
4 26 
519 

000 
It06 

000 
509 

345 

603 

000 

000 

000 
392 

000 
t o  5 
596 

000 
475 
484 

000 
321 
426 
60 5 

000 
266 
Q6 
60 5 

000 

426 
321 

Drum L o c a t l o n  

1050 
1051 
1052 
1053 

1054 
1055 

1056 

1058 

1057 

1059 

1060 
1061 

1062 
1063 

1064 

1066 
1065 

1.067 

1069 
1068 

1070 
1071 
1072 
1073 

1074 
1075 

1077 
1076 

1078 

1080 
1079 

Contlnuatlon of thls Alrway/Flx Tzble appears in Drum Locations 1081-1249 



F l x  
DeslgnaTor 

kpx 
mt 
WCR ‘q  , / CARLISLE 
VCN 

XCR CMLISLE: 
XST STATFLIE? 
!*X 
HSJF 
OWE 

LAF 
X J P  JA3PEil 

P9X 
SCJ 

XHL HALSMER 
XSM ST. MARK; 
Xfip APKZOlJA 
XCL  CLOVERDALE 
XMC KOXTICELLO 
XRD FJDNOR 

X M L  MITCHELL 

XElV MONROVIA 
XF’G PARAGON 

IND 
XHO HORTON 
XHU HOUSTON 
BRL 
LVX LAITESVILLE 
OKK. 
FIK 
XCS  CASTLETON 

CLU 
Mzz 
m 
GED 
XMX 
XHV HARTSVILLE 
SDF 

SCL S/CARLISLE 

xcx x-v97 & V128 

I w x  NFl/XMX 

Coordinates 

9 
13 
9 
9 
9 
G 
a 
9 

9 
9 
8 
Y 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 

9 
9 
9 
9 
8 
9 
9 
9 

9 
9 

9 
8 
9 
8 

a 

a 

a 

a 

21 

000 
266 
312 
311 

320 
302 

341 
000 
2 74 
290 
000 
277 
301 
GOO 
327 
340 
315 
000 
000 
339 
000 
332 
000 
335 
276 
328 
000 
252 
282 
2 89 
000 
000 
2a0 
257 

000 
285 

269 

000 
303 

336 



22 

TABLE I1 - COIY'T 

INDIANAPOLIS J t E h  FiX/CO@mIN!TE TABLE 

Coordln%tes 

2 
Y 

424 4442 
42 5 477 

X 

42 6 450 
4 34 402 
434 
439 

575 

440 
536 

442 
568 

4h5 
365 

451 
452 

435 
594 

453  453 

524 

Prl. 8 D T ~  Address 
Sec. 9 F1:: Deslgnator 

(add 1000) 
9 
9 

305 

8 
337 
2 81 

8 319 
9 264 
9 
9 

295 

8 
000 
326 

9 
3 000 

314 

9 
9 3w 

000 

Contlnuatlon of t h l s   I n d l m a p o l l s  area FlxjCoordlnatte  Tuble appears Ln D m  
Locattlons 140 7 - 1483. 



ELPJ E / W  
E m  
F F O  
GAY 
GF3 
GGX 
GPM 
HTS 
HTW 
HUF 
ILN 
IiJD 
LfLF 
LBX LIBERTY 
LCK 
LEX 

Drun Loc-tj oil 

1259 
1251 

1253 
1252 

1255 
1254 

1256 
1257 
12 58 
r2 59 
1260 

1262 
1263 
1264 
1265 
1266 
1267 
1268 
1269 

1271 
1270 

1272 
1273 

1275 
1274 

1276 
1277 
1278 
1279 
12 80 

1261 

Continuatlon of t h l s  F~@um Address Table appears 10 Brun Zozatlons 1281-1346 



FlX 

GSH 
m 
liwa 
FWA 
GPM 
BTP 
NCQ 
csv 
F I B  
BFD 
YAM 
\,;LA 
Mm 
MXG 
UQ 
BLF 
RER 
EIC 
YIP 
SPA 
BBD 
GSO 
m 
PIA 
GEM 
API 
OTM 
PUK 
m 
JOT 
NYG 
XAL 
CE U 
Mm 
Mal 

x 

417 
480 
443 
444 
669 
6e6 
483 
1150 
735 
745 

260 
47 5 
404 
199 
63 4 
681 
428 
522 
604 
655 
693 
543 

204 

235 
331 

124 
316 

267 
254 
312 
816 
3 04 
677 
632 
691 



Flx 

CBL 
DS T 
WN 
BDF 
HOP 
CAH 
vwv 

Itentlty Coordmaten 
Code X Y 

9548 
9575 
9600 
9649 
9656 
9724 
9929 
9999 

Drum 
Locatlon 
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TABLE V 

DEGBEES/GEO~APHICKL DIRECTION TABLE 

Computer CoPe Word 
Dlrectlon Degrees* for Dlrectlon Drum Lozation 

022 
067 
11’3 
157 
202 
247 
292 
337 
359 
999 

0000075 
0007565 
000c065 
0~06265 
0000062 
000e2a6 
COO0086 
0007586 

9999999 
O C G 0 0 7 ~  

1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 

*Equal t o  o r  greater  than the number of depeea on whlch the  table 
lwuk-up 18 mltlated. 



AOEC/INDIANAPOLIS ARTCC TEST AREA 

'.__- I- - - ~  

FIG 1 INDIANAPOLIS CONTROL AREA 















F I G .  8 COGKDINATE SYSTEM 



t 
FLIGHT  PLAY 

READ LY 

PUNCH  FIX  CARD 

F I X E D   D A I A  
TO READ  OUT  MODIFY  FIX 

ESTIMATE  ROUTINE 

BETWEEN  FIXES 

AIR #AY VIA 41RWAY  OR 
DIRECT 

DIRECT 

I \ 
DETERMINE 
FIXES  FROM 
AIRWAY/FIX 

FIX  COORDINATE 
O F   F I X E S   F R O M  

T A B L E  

I 
CALCULATE 

WILEAGE  BETWEEh 
FIXES FROM 

t 

TIME  TO  ESTIMATED 

I R A U S F E R   F I X  
IDENT  ELAPSED  TIME 

AND  ESTIIMATED 
TIME TO PUNCH  OUT 

PUYCH  FIX  CARDS 
F O R   O N E  R O U T E  SECMENT 

1 

THIS  LAST 

BRING Ih 
NEXT  ROUTE 

FIG ? SIMPLIFIED  FLOW  CHART  FOR  AIRWAY  FLIGHT 



AIRWAY 

- 1 , , ( LOOK U P  AIRWAY 
SEGMENT  ON 

f TEMPORARILY 
STORE X VALUES O F  

f 
[DETERMINE DIXECTION \ 

FOR  SCANNING  AIRWAY 
FIXES  FROM  DIRECTION 
CODE  ON  FLIGHT  PLAN 

t 
f FIX  WITH  SUCCESSIVE 

CGMPARE  ENTRY  JUNCTION 

( FIXES ON AIRWAY 
IC DETERMINE S T A R r  POINT + 
( FIX  WITH  SUCCESSIVE 

COMDARE  EXIT  JUNCTION 

( FIXES O N  AIRWAY 
TU  DETERVINE  END  POINT 

F R O M  X V A L U E S   O F  

AIRWAY  OBTAIN X. Y 
DESIRED  FIXES O N  

COORDINATES  AND 

FIX/COORDINATE AND 
FIX  IDENT  FROM 

F I X ~ A D D R E S S  TABLES 
AND STORE  IN 1020-1049 

t 

C A L C U L A T E  
MILEAGES 

B E T W E E h   F I X E S   F R O M  

F I G  10 FLOW  CHART  AIRWAY  PROCESSING - DETERMINING  FIXES  TO 3E POSTED 



Y AXIS 

-, 

C 

Pd 
(YF - MXF - C) 

v M 2  + 1 

F I X  F 

- SEGMENT OS? FLIGHT  PATH --- FLIGHT  PATH  EXTENDED 

C = Y I N T E R C E P T  

0 
X AXIS 

FIG. 11 DETERMINING  FIXES  ADJACENT TO DIRECT ROUTES 



N 

A C T U A L  HEADING 

90' - 24' = 6 6 "  Q 

FIG.  12 DETERMINING  HEADING G F  AIRCRAFT 



N 

HEADING OF  FLIGHT  360 '  - 24' 336' 'L 

F I X  B 

2, - 24' 

F I X  A 

w 

S 

FIG.  13  DETERMINING  HEADING OF AIRCRAFT 



N = 360' 

__ 

s = 180' 

W = 270"- 

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

FLIGHT  HEADING 66' 

F I X  A 

E = 90' 

FIG. 14 DIRECTION  FROM  FIX 



Y AXIS 

\ 
\ 
c 

/ e  

C 

0- 

\ 
L 

\ 
\ SLOPE - 1 

M \ 
\ 
\ 
\ 
\ FIX B 

(XB YB) 

\ 
\ 

FIX F 

.0' FIX A 
/' (X* P y* 1 . /.. 

e. 
: *e# c 

X AXIS 

F I G .  15 COMPUTATION O F  DIRECT-ROUTE MILEAGE 



Y AXIS 

, 

-. 

- 
/ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

FIX F 

. 
\ 
\ 

/ DETERMINED  TO  BE 180 MILES ’ ’ MILEAGE  FROM  FIX G TO  LINE 

MILEAGE  FROM  FIX A TO FIX B 

SUBTRACT 2 MILES = 178  MILES 

THROUGH B DETERMlNED  TO  BE 
210  MILES 210 BEING  GREATER 
THAN  170 NO POSTING IS PREPARED 

AND  DETERMINED  TO  BE WITHIN 
FOR  FIX G FIX F ALSO IS TESTED 

178  MILES  OF  LINE THROUGH B,  
SO POSTING  IS  PREPARED  FOR FIX F 

/ 
FIX G 

/ 
/ 

. 
\ 
\ 

FIX A 
\ MILEAGE  FROM  FIX A TO FIX B 

SUBTRACT 2 MILES = 178  MILES 

210  MILES 210 BEING  GREATER 
THROUGH B DETERMlNED  TO  BE 

THAN  170 NO POSTING IS PREPARED 

AND  DETERMINED  TO  BE WITHIN 
178  MILES  OF  LINE THROUGH B,  

/ DETERMINED  TO  BE 180 MILES ’ ’ MILEAGE  FROM  FIX G TO  LINE 

/ 
FIX G FOR  FIX G FIX F ALSO IS TESTED 

/ SO POSTING  IS  PREPARED  FOR FIX F 
/ 

/ 
/ 

X AXIS 

FIG 16 REJECTING UNWANTED FIXES 



OBTAIN X Y O F   E N T R Y   A N D  
FIXES  DEFINIYG  DIRECT 

R O U T E   S E G M E N T   F R O M  
FIX/COORDINATE  TABLES 

X VALUES  OF   EPITRY  AND 
WITHIN 35 M I L E S   O F  

E X I T   F I X E S   F R O M  

F I X   C O O R D I N A T E   T A B L E  
INDIANAPOLIS  AREA/ 

D E V E L O P  SLOPE AYD 
Y I h T E R C E P T   O F  

DIRECT  ROUTE 
S E G M E N T  

D E T E R M I N E  
HEADIVG O F  

DIRECT  ROUTE 
S E G M E N T  

ESTIMATED  GROUND 
T I M E  USING 

S P E E D  

.<DD E L A P S E D  

F I X  O F  S E G M E N T  

t 
T R A N S F E R   F I X  

DISTAYCE  ELAPSED  AND 
IDEhT  DIRECTION  AND 

ESTIMATED  TIMES 
PUNCH  OUT 

t 

I PUNCH  F IX  CARD 

F I G  17 SIMPLIFIED  FLOW  CHART  FOR  DIRECT-ROUTE  FLIGH' IS  





1 OUTPUT CARD 1 

I 
FIG 19pi OUTPUT CARD 


