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1. Introdaction '

In the past yesrs we have bsen witnessing a graduvally lncress-
ing apriieation of mabhematicel machines in various spheres of
husen ackivity. Among them the most important are the computers,
wiich enable us, on the basis of a progran established beforshand,
o solve at a very high speed even such problems s: have been
_practically insolvable with the application of the former alds.
The purpose of thisz article is to inform the reader aboul ths
spplication of one of these machines, the computer "URAL IV, in
twe frequently occuring tesks in geodesy and to describe in out-
line the programming progess. The asctual progrem was made up {or
. the neads of bhs WOTK / Vyziwany Ustav Geodesie Topsgrafie a Xap-
tografic -- Resesreh Institute of Geodssy, Topography and Carto-
graphy_/ in Prague.

2, Characteristics of the WURAL IY Compuber

The "URAL I¥ computer is 2 universsl electronie muchine
designed for the solution of various problems of a seisntifice
teshnical character. The workers of the sclentific-research
ipatitute of the Ministry of Precision Yachinery of the USSR,

1
OFFICIAL USE ONLY




OFPIOIAL US

'J’)
et
f':')
-;':a-
f"‘~1

1Bl Be Lo RAREYEV had in mind twe basic criteris
ﬁ‘i gt of sll, ‘that the machine be sufficiently

and :cwwi'* for most e:wwn’a problens, &nd Py i:m:w that

; : gud application be as aeﬁxﬂ o as possible. The
hoir work 48 & compuber which procasses &,m-: AT RS

o & speed of 100 operations pev minube, and conglsty of
srd over 3000 germaniuw diodas, The individusl construge
8, bv:\?b ala¢ ’tmﬁif; and noh-eleclronie, are aryan in

yshom and ars sasily replammlm The uss of the mectdnsg
iibhated by eq vk omend Low manaal contrel shd obgem of

sl UIHmances wntch is of great imporisnge oY Lhe rems dng
the prc:;:’mm} of eprvors Trom the lastraction networis S,w"“"
lurly, even the proper OULp silation of the constructisn network Ls
f ?"tzh",z.“ raedlitabed by bhe fact wLhat the lastruchion system of ta.;e
TH eomouber insludes in addivion %o the elementary ard fikie
nﬁ‘ 'sal ppersbions & K‘t&.m-r of spacial operabions {there are 30
basle inshructions) whiech nake it vossible to male wp Programs of
mmle ’ia,}'—» ,mﬁfma:,;m w*‘%h & rich },agiM} sLrushurs.

1] wine congists of Lhe folloning main psrist
wrabicnal wits, performing all arithsmetical and

z’hé fi“%r ,snmm.a v, which oo ordinates the performance of
the iodividasl bioeks of the machine,
3 ry undbal : :

{a) epmmtiamam memory on 2 magnebic dram with a eapacity
of 102, coxplebs WOTAs)

=b} st tiapy memoey on & megnetic Laps, serving for pre-
sorving the conterts m any g‘a;‘i: of the mwmm snal mEmOry (€.

e The gmns

<

the growp of partlsl ¥ esulbe arvived ab dwiz:asa the compu %{3 oy or
& part of the lnst rumicn net W”:‘% Vs

() perforated tape mercyy {(standard wrmmmd wovis £ilm)
whick i the sarrier of the ipitiat and - togebher wibh the

printing unit - slso of the final informationg

Le The control table, which makes i% possible for the
oparator setively Lo intﬂrmm during the compubatlion and manwally
£o insert informstion into the machine,

5, The outer equipment c"‘.}nﬁidtiﬂp of the exit of the
infermeblon (a*"u pancher and print ap} and of the taps punching
and conbrel with the entrance .ma%:,a (keyboard, sntrance pu nelier,

5 eoith fcl uﬂit, serving sise for making coples of the vwa%«-
forated %;-;qgrf»r»;_‘;h.,

2
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metheds which have been prastically iraccessible up to now because
of the grest number of numerical cperstions involved. From the
abovs it follows that it is necaesaary to chooss such a method 58
would have s simple logiesl structure and in which it is not sube
grantial whether the simplicity can be obtainsd et the price of an
inereased number of slsmentary arithmetical opersilons. This con-
dition is fulfilled especially by several nunerical methods of
caloulation {e.g. mumerical integration) which are frecuently used
in programming. Another favorabls faet {s that such & mebhod is
very easy to program cyclically (muitiple repetiticn of a part or of
the entirae calonlation zceording to the same progran with various

snbrance valuss), which in the application of the compui has a
great economic mesning. Thersby not only the time necsssary for

the compilation of the program, but even the length of the instruc-
tions iz considerably reduced.

The mentioned basic condition of the selection of the math-
ematical method had to be respected also in the selection of the
method for the solution of both of the maln geodetle problens,

The formmlation of the problem: Assums bthat on the surface
of & rotary ellipsoid of giver parameters there are given two points
Py (P 1,7 1) and Pp {CP 2,0 2). These two points are connected
by a gecdetic curve of & length s whose azimuths in the berminal
points will be mark6d€§fl, andiﬂfza Goneidering the cuantitises

1s 33 15C1, 8 (or P 12)? 1,9 2, 7} 25) as knewn and determining
the quantities §F2, 3 2, 2, (orefy o<, 8) wa solve the first

(or the second) geodetic problea (Illustration 2).
S’
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of the time needed for one cziculation. This circumstanse is
egpecially signiticant with lonz curves,

3.2 Solution of the Swcond Main CGsodebic Problem

In selecting a method for the solution of the second main
geodebie problem, we looked for one which could use the prepsred
program for the solution of the first main geodetic problem whilch
was given by the requirameni for'a program 83 short and aimple as
posaible. In the following paragraphs we present the basic idea
of the method snd & list of the formulas used, :

From the given coordinates (1,2 1,) and (P 5,7 2) of the
points Py and Py we determine the approximate values &' andtf1! by
mezng of the simplified formulas of the mean width method shers we
keep in progress only the merbara of the first order., If we denots
(see Illustration 2)

: ’ ¥ . .
Ao == o, % Bl by By, g 5 (o -+ @) (38)

Nowe.4)
N A
oMby Neowg 435, tmg BR s

cosx  ging 0 % !

The mentioned approximation may be made only for such Jat c?: and
Az in which the above mentioned progresses converge, In the Pro=
gram it le thersafore taken lnto account that for such a ddstance
of ths terminal points in which ths convergence would become too
slow, the machine does not compute according to the formuls (3),
but rather determines the exlit valuesz s' snd®{ it by means of solv-
ing the spherical triangls Py, Po, SP on & substlitube sphere of &
redius B = 6370 km. With the approximate exit values, the machine
works exactly (d.e. with h = 125 ke or h = ef for o' 125.km)
according to the program for the solution of the first miin go0~
detic problem snd detemines in addition to the azimuith also the
cocrdinates of the polnt FPal, which generally is not identical with
-the point Pp, The following part of the program computss the cor-
rectionsf) & and [y= by waich 1t is necessary to rectify the exit
values &3 and &' so that the point Po be moved to the point P2
Deriving the forules for these corvrections, we determine first
the lsngth a and the azimuth 42' of the geodotic eurve connesting
the points Pa' and Pp. To deterinine then is nothing other than to
use the program for the solution of the formula (3) in which instesd
of coordinates of the point P} we use the coordinates of the point
P3' and consequently obtain instead of valuss s! and "( 1! the values
a and A2'. If we mark the reduced length m (or m') of the geodetic

7
OFFICIAL USE ONLY




OFFICIAL USE ONLY

curve & (or s') where (v. /L/)

o & N a
¥y o= 8 {i - ﬁM.ﬁv 120 (ﬂN‘}Q} (“' )

P y‘,j .
Py "i‘ A8 Dy == all + Ad-, . (4b)

we oblniv z to I1llustration 3 the followlng approximste
p’.‘x.ana F¢ .
o = aty + 90° — Ay {5)
. . 3 . O3 , . GOB @
Ar o simw + (- coso)? Ag e 00 W
- 2m’ 75
" P
\ 59 konst. o
A -~

The machinz now works so that the approximate vnxhesﬁﬂr i and

e b 85

a8' are rectifisd by the cﬂrrefﬁLan3£&€Kzﬁviﬁﬁﬁ and with the reo-
t4fied velnzs ths first geodstic problem is computed {vith a atep
either tdentical or reduced}. As the experimental caleulations
showsd, 1% ila possible to cbiain by this singls repelition with

not bot leng curves (1300 km) the accuracy mentioned in Payagraph 5.
Tn cass the tewmiinal point of the curve computed with the raotaxied

dats failis to coincide, with the required accuracy, with the point

&
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P, the program is arrenped so that the machine will compute new
correctionsf(? and fy s' and the computation will be repeated.
When the machine performs correctly, after the second repstition
the teminal polnts coincide, even with long curves. The machine
proceeds then similarly as in the firat geodetic problem; i.s,, it
elther stops or passes to the next problem.

Note: It would be possible, of course, by making the formulas
(36), (4a) and {5) more 2ccurste, to achleve the eoincidence by &
single repetition, but this is not prastical frem the viewpoint of
programming, espeeially if we teke inte congideration thst problems
invelving extremely long eurves oceur only sporsdizally.

2,3 Schematie Outline of ﬁhe« Progyam for
Solving Both Main Gecdetic Problems

The formules given in the parvagraph 3.1 and 3.2 are the
basis of a common progran for the solution of both of the geodelic
problems. The logical shrecture of the progrem is presented in the
sehematic [1lustrailon Le -

Comments on ths individusl blocks: /[ in Yilustreiion 4/

3 -- the entrance cuantiticss are wanched in groups of 10
problems into the indlvidual parts {zones) of the perforsted tape.
The operational memory, whoss capaeity is limited, receives only
one gsone and only after the svlubion of ail the problens contained
in it 4z the next zone fntroduced.

Lpb -~ the program le sulbeble for solution on Krassovsky's,
Hayferd's or Beasel's ellipsoid. The gelection of the eliipsoid
conshents is done by the machine autometicelly aceording to & num-
her code which denotes the smolected ellipsoid. Thile syrbol, togsther
with the sign which furnirshes the mechine with ihs information whet-
noy the First or the second geodeties problem shonld be computzd, are
punched in each zone togethar with the ertrance valuss, In addition
Lo the mentioned ellipscids, the pregram may bs used for gomputations
on any cther rotary ellipsoid whose paramstera nzturally must be '
ingeried inbo the operational meroI¥e.

9 - if 1% were nesesasry to study the course of the.curve
on the ellipsoid (e.g. Zor cartographic pﬁ;:'pases)f, it is possible
to supplement ths program so that the & A4 &KX valnes ere prinved
at the end, either of each or any chosen inbegraling step.

10,37 = marks the switehes on the control table which can
be manually set inbe two positions, The Ky switch comes into use
in testing stoppsge-fres performance of the machine and in locslizing
a possible shoppage., The obther switch, Ko, enables us to stop the
eomprbation of the respactive problem. ’

14,15 «~ after pressing the respective bar the computabtion
procesds sccording to the gchematic ploture.

9
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I1lustration 4. Legend

1. Tedtial Slarting of the Machine

2, Intreduction of Instrnetions into the COperationsl Memory
with Control

s ITmtroduction of the Fn“rr*rme Values from the Ay zone into the
{}pﬂmtmml Mewory with Gontrol ’

ke  Selection of Ellipscid

5.  Denision whzther the First or the Second Maln Ceodstiic

: Froblenm =~%J"u1<1 be Solived

b "f”.%tion of the Tn’wgmlinf: Step

7. Fefinement of the Integrating Step

5, Selection of Arguments for the Formuias {3}

9, Seiution of the Punge-Kutt Formulss

16, K1 :

1le OCheek whether the Problem for a eertaln Length of 3top has
been Completed

12, FRepetition of the Caloulation and Compariscn of the Results
cttained by reposhed f;}aj.crula‘*:mv

13. Printing of Resulis

4.  When Dizsgresment - STOP 1

15. Cpeck whether required Accuracy has heen Cvlained

16. Calevlatlon of one Problem completed - STOP | 7

caparation for Refinexeat of the Integrating Step fov the
Fs.mi, Gecdetic ﬂoi siem

19. Check whether all Froblaws in one Zone have bheen Completed

20, Chock whether the Ca.wu.;.a, tion should be Repested

Selection of Entrance Values ;f.‘r;z-" next Problenm

22, Chssk whether Problems from &ll Zones have been Completed

23. STOP b

2h.  BEnd of Computatlon STOP 3 .

Yy
P )
23

¥
B
f

25, Check whether the ~wcura:) ¢l the (,,) Formilas is Sufficlent
26, Computation of {3) Formules, Detevmination of ay a st
or A, a3 .

27+ Enher °:1\,a1 Tz sngle Solutlion

28, Decision whether & a snd &g should be compuiad

29, Gomputation of ‘€a as and Computation of Rectified Values
ay & 8
30e Seldetion of the Integrating Step

: 11
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The campil& son of the rough schematic picture pepresents

the Iiv?? stage of the prﬂvramm@myg The next stage includes 1ts

L0 d”ta&l%d scnematic pieture, which is the basls for
*@tsibutiﬁm of uh@ in=yrvetian networl, The detailed
pioturw of cur problem conbains over 200 elemenbary blocks;

metion network con«zqta of geme 900 one-address instructions.

be Froblems

e control probls *inh wers ussd to test the
the nrogram iz m» solution of both main geadelic
o ourve of the folldwing param@terh

’Pa = 48"50’11.,0(}{}0” {6}
76"17’*‘»’#‘) (}0‘ ¥

ﬁili L@@Q? o be E?W“ﬁ*é ﬂ;uh “he neﬂults v@aeivna BROCT
the described method on the compuier.

hol Jolublen of the Flyst Gecdetio Problem

Resulits of the gecond va%““u&timﬁ (h = h, = 125 km)
o= ARCEOLLO00,

= TERLEE0,001 (51

2,307,

o flﬁ;ﬁhlum the second computation, the maahgme pro@“w“
Yo the oo m:um&tlwn of the pext probisa
' have beep proved sz final {ues peragn

srg of the el approximations

5.}‘

sa}}
y glven in the

525 662

T

I
!
¢
i

|

- -
t MQU%” !

]

1L .
(h = 125 km) | »a,em;;' | — 0,001, |

e At I (i 1

E .
— 0,006, E 0,001,

|

|

e W2 R RSV ST

o~ G,Oﬁ}?."
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4a?2 Solution of the Second Maln Geodetie Problem

Hesulis of bne first ecomputation:

2 ¥ypoiet druzhé hlgvat geoa&&tiaké flohy
v y&eaky preafho vypodtu: '
< 5 831 094,46 m gy = 48"64,’75,5558"
fxl 2 m3°46’10,”62," A= T6°08'22,268," (B
oy’ == 111°41'30,84%,"
'_Re*su‘} t of the second computation
# = ERITONI0OmM @ = 48°50'10,005,”
== 53°47'20,395,” Ay = TEPLRA0,004," (10} -
ay == 111°6Y'9% 312&

Sincs after the second compubatlon the terminal pointe had
not ecoinelded within the limite of an expscted accuracy, the
machine once more corrected the s' and 9 L' quantities znd arrived
at the following fimal resuligy

§ = § 847 870,60 m p = AE°50YEL, 600,
= 58°47'20,808," 1, = TECIS'39,989,7 (1l
ay == 111°BL'26,507,”

g

The arrcore of the individuszl appmnmationa are giwn in

Table 3a _ .
Iabf.‘? :}o Co
e, B3 B
I | 16876 15w | 100,33Y,7 | $58,48%" .
MI'[ - ~ ), 08, m  ~ 1,005, - - 0,008,
YEL. —6, 0L, m | - 0,000, — 0,001,

k.3 Demonstration of the Prin‘s:.ing of the Resul‘ta

The are data \‘?‘7 A’ q’ )} are inserted ints the machine and

prigted by it in are und its to a scale of (2 '?”)‘“-’-
- a® 1 . . h .
o o= Eg"’ a 2;-. (1.).4}

The arc ma‘mﬁng syat@m was s»leeted because we may express
an angle by means of it much mora aceurately then by mesns of angle,
the number of digita being same in both cases. The nacessity to
intreducs 2 scals is caused by the construction regquirsment #ith
regard to numerical extent of the processed q,’antities. The scale

of the leagth data expressed in mtar& is 107, J.t. holds true that
. &
a= 107 ' (13}

. 13
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The progrom is prepsred o thet before the prinbing of the
rasutts of sny solublion the eatrance gusnbities used in the problem
will be pristed as welle

2he actasl Pigwres obtained in the solubion of the prehlem

gndsr 4.1 (first main geodetic ;g}m‘bm,m) are given in Tilustbration 5

Fa

1

o
L
he

1
1

o

o RE B
~ AL
[ TN

,,,
e
Fm
o 4

. . {1d&}
O00C00 P 00
84 79T 062
“{:;‘;iZZsr{)?}@
310717056
2311975314 (e
564797082
1 521314982
1049 4L & 2T 0
’ {15a}
OO0 8o d00
56 4TS FT 062
[ o I
/
1385 6% 5636
1107170458
L e s . (1861
f}:g‘) {‘-;}2@

pe ]
Q’\
P
o3
W
w5
<
£
i

B S
TLiuztravalll Je

{iha) and {15s) ars the snbrance quantities, {1yb)

o arvived ab comprdbing with The step h = 250 km, {15b)

: s appived ab compubing with the step h = 125 kn. The
sagusacs of the data in the individaal groups of four s TP, ol , 2 s
s, Toe deeimsl polnt is placed befers the first figure from the left.
Tf we ward to obbain the resulis in the conventisnal form, ws have Lo
mrltiply the printed quantities by the inverted value of the seale.

ih
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The sngnlar data are thus rendeved as aro values and the lengih data
are given in meters. If we wani to express the aengular dats in deg-
pezn, the primbed guantities will be simply me'tiplied by 360°, It
folicws that '

et AD o | » N 2° 1
¥ . SH0° = e RGO e e L BE0° s o
e° 2m 3680 2x 3607 == « (16)
2x
and similarly
p . B .
§. }01 e e ,E(.‘ =2 8 . ‘,!7)

w0

5. Conclusion

: The program for the sslntion of voth main geodetic problems
maices it possible to ealeunlate these on any rotary ellipsold
entirely sutomatically. Curves up to 10,000 wm msy be computed with
the following accur&ey: :

The firet geodetic problemt the error in the geographical
coordinates and the szimuth of the terminal point will not excsed
0,00%", practically regardless of the lengbh of the turvs.

the second geodetic problem: the error {n the ilength of the
curve is ieas than 10 o snd likewise is not dependent on the length
of the carve. The reagon is the inacouracy of Lhe approximation of
the points Py and Pp! indspendent of the distsnce between the polnts
Py and Pp. The error in azimuths originates from the same reason
 and changes with the length of the curve, For esach problem iis

mewimum can be established from the relation 0.003" = R # 5. For
s> B the error is tho same as in the first geodetic problen.
Gertain values of she maximun animith error are given in the follow-
ing table:

Tyrle We

A 5 )
" 5000 | Rood

T
Al

e . 100 0 00 1000 2000

s | 0101 0,008 0,018 ) 0,010 | 0,004 | 0,008
: . | |

The speed of the computetion depends on the lsngth of the
cupve. Fopr information, let us menbtion that the computatien of
the second maln geodstic problem for a distance of 1000 km takas
spprozimately 4 minutes. The compubation of the first geodebic
problem is somswhal shorter —- for the szame distance it tekes sboub
% minutsg, .

The correctness of the pregram has been proven by solving
several control problems on various ellipsoids for curves of various
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iengtha, The resulta of thess problems agres with the resulis of
mechanlical computation with sn accuracy which ie generally higher
than that mantloned above, .

10,132 . “EED-




