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An Olivetti P 101 electronic desk-top computer was used for test com-
putations, investigations of accuracy in problems of survey calculations. The
aim was primarily to establish what an accuracy could be achieved within the
limits of the computer capacity, entering numbers of a given size and sharp-
ness. In course of the test computations also the time required for the compu-
tation was recorded.

The type of survey computations suiting a P 101 is determined by the
number and the size of stores for both arithmetric operations and numbers.
The range of problems fit to the computer is somewhat extended by the use
of the magnetic card, as in this way computation of a problem can be divided.
The multi-card program often necessitates repeated entering of variables or
of part-results. This may be considered unfavourable, but use of the mentioned
possibilities makes nearly all survey computations accessible to the P 101.

For the computations, such programs are suitable which consist of as
few instructions as possible and have the least time demand possible; this is
also true to the av:ilable collections of programs. Such programs are called
optimum programs. Of course the extent of the program has to he increased
if thereby the accuracy of the solution or the permissible range of numbers
entered can be usefully increased. This is why basically different programs can
be found in different collections of programs for a certain problem, though
each is an optimum program for the respective task. '

Investigations invariably concerned that program alternative which
involved the practically widest range of values for the sake of accuracy and
utility.

In order to generalize and simplify programs of survey computations
the problems involving angle or direction input or output are formulated so as
to enter or get these values in the system of 400 grades of arc. Therefore the
values of degree-minute-second of arc are turned by special programs into
grades and vice versa before or after the computations. The conversion and
reversion operation could be incorporated into the program of the problem,
though at a loss of generalitv. besides, the computer capacity is rather low,
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so that in many cases a single-magnetic-card computation would become a
two-card or multi-card program, making the computation cumbersome and
lengthy. Conditions and accuracy of the separate conversion and reversion
operations will be discussed below.

1. Conversion of degree-minuie-second of are inio grades
Numbers entered in: degrees — minutes — seconds of are.
Qutput: grades
Relationship between decimal numbers and accuracy is shown in Table I.

Table I
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Number of decimals

Accuracy 1 el | 0017 | 10m 10—

Number of cards: 1.
Entering of varicbles: single
Number of instructions: 31
Time requirement:
a) entering the data: 10 seconds,
b) computation: 3 sec. (Running time does not depend on the number
of decimals.)

2. Conversion of grades into degree-minute-second of arc

Numbers entered: grades

Output: degrees—minutes—seconds of arc

Relationship between number of decimals and accuracy is shown in Table I1.
Number of cards: 1

Entering of variables: single

Number of instructions: 27

Table 11
Number of decimals ’ 3 6 7 8 9 10
Number of decimals of the |
grade value j 4 5 6 1 8 9; 10
Accuracy [ R 0.1 0.017 | 10-3" | 10—’ | 10-%"
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Time requirement:
a) entering the data: 8 sec.
b) computation: 6 sec. (Running time does not depend on the number

of decimals.)

Note: Accuracy of the angle values in Table II is obtained only by round-
ing up.
Further investigations were extended to programmed computations of
the following survey problems.

3

8. Computation of bearing and distance

o
tel

Scheme of the problem is shown in Fig. 1
Numbers entered: vy, xy, ¥y, %

Ouiput: t),. ;.

Fig. 1

Relationship beiween number of decimals and accuracy: Table 111
Number of cards: 1

Entering of variables: single

Number of instructions: 107

Table II1
Number of decimals 7 8 9 10
Maximum distance or co-ordinate
[m] 108 | 108 104 102
Accuracy of bearing 1 ! 0,17 0,017 10~387
Accuracy of distance [mm] 103 10—+ 10-3 10—¢
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Time requirement:
a) eantering of data: 23 sec.
b) computation of the distance: 3 sec.
c¢) computation of bearing: 35 sec. as an average.
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Running time of computation of bearing depends:
a) on the angle data (Fig. 2),
b) on the number of decimals (Fig. 3).

4. Compuiation of co-ordinates of the polar peint

Scheme of the problem: Fig. 4
Numbers entered: vy, xx, Orr, Sre: tkp
Output: yp, xp
Accuracy: Table IV
Number of cards: 1
Entering of variables: single
Number of instructions: 72
Time requirement:
a) entering of data: 35 sec,
b) computation: 12 sec. as an average.
Time requirement depends on:
a) bearing data,
b) number of decimal places (Fig. 5).
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*y
Fig. 4
Table IV
Number of decimals ; 4 5 6 \ - a
Maximum number of integers in ‘ ?
the co-ordinate and in the | ’
distance ! 7 6 5 E 4 i 3
H ] -
Accuracy dm | cm ! mm . 10—*m i 10-%m
time
[sec] A
204 /8 decimals
s /7demm0!s
2 decimals
decimals
decimals

0° 40° 20° 30° £40° 50° 60° 7‘10" 80° 90° a‘irecﬁ'on angle
Fig. 5
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3. Area computation from co-ordinates

Numbers entered: y,, X5, Vo, - . -

Output: area (T)

Accuracy: the output is exempt of neglect if twice the number of decimal
places of the co-ordinates are entered.

Number of cards: 1

Entering of variables: single

Number of instructions: 48

Time requirement:
a) entering of data: 14 see. for each pair of co-ordinates,

b) computation: 7 sec. (Running time is independent of the number
of decimal places.)

Note: a pair of co-ordinates entered erroneously can be corrected in the course
of computation.

6. Intersection by imterior angles

Scheme of the problem: Fig. 6
Numbers entered: o, B, vi, Xy, Yo Xy
Outpui: cotg o, cotgf., yp., xp
Aecuracy: Table V

Number of cards: 1

Entering of variables: single

Number of instructions: 94
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Table V
Number of decimals 3 6 7 8 9 % 10
[
Decimals after calculation of :
cotg values 4 5 6 ! 7 8 : 9
Maximum distance [m] of
determining points Coo1o8 108 10t 103 102 10
Accuracy [m] . 100 1 10-@ 10—+ 10-% | 19-%
[sec] !
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0° 10° 20°30°40°50°60 T0°B°80° angle

Fig. 7

Time requirement:
a) entering of data: 32 sec.
b) computation: 75 sec in average.
Running time: computation of the cotg-s of the angles depends on the angle

data (Fig. 7).

7. Intersection by bearings

Scheme of the problem: Fig. 8

Entering of variables: 6,p, Osps Y1 Tps Yoy Xy
Output: tg d,p, tg Osp, ¥p, Xp

Accuracy: Table VI

Table V1
Number of decimals 5 6 7 8 9 10
Number of decimals in com- | !
putation of tg values 10 10 0 10 10 10
Maximum distance [m] of !
determinant points 106 108 10t 103 102 10
Accuracy [m] 10 10—t 10—2 10— | 10-7 10-°

3 Periodica Polytechnica Civil XVI/1—2
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Number of cards: 1
Entering of variables: single
Number of instructions: 88
Time requirement:
a) entering of data: 32 sec.
b} running time: 54 see. in

average.
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Computation time of tg values is a function of:
a) the angle data (Fig. 9) and,
b) the number of decimal places (Fig. 10).

8. Sizes of rectangular staking out

Scheme of the problem: Fig. 11

Numbers entered: y,, Xy, Vo, Xoy Yy Xy

Output: by, lygs Yoo Xy
Aceuracy: Table VII
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Number of cards: 1
Entering of variables: single
Number of instructions: 96
Time requirement:
a) entering of data: 25 sec.
b) running time: 15 sec. (independent both of decimal places and of
stake spacing).
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Fig. 11.
Table VII
Number of decimals i 4 3 6 | 7 8
?
Maximum distance [m] of ; i
points 5000 2000 800 } 200 50
Maximum number of integers | 7 6 S | 4 ‘ 3
Accuracy ’ dm . em mm ) 10—%m [ 10—%m
9. Three-point resection
Scheme of the problem: Fig. 12
Numbers entered : o, 3, ¥y, %15 Yos Ko, ¥3s X3
Output: yp, xp
Accuracy: Table VIII
Table VIIT
Number of decimals 3 6 7 8
Maximum distance [m] of points 5.10° 5.10¢ 5.108 5.10%
Accuracy . 10m dm mm 10—5m
! i

3*
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Number of cards: 2
Entering of variables: single
Number of instructions: 179
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Fig. 12

0° 0° 20° 30° 40° 50° §0° 70° 80° 90° angle

Time requirement:
a) entering of variables: 31 sec.
b) running time: 41 sec. in average.
Running time for the cotg depends on angle values (Fig. 13).

10. Traverse oriented at both emnds with distribution
of angle misclosures

Scheme of the problem: Fig. 14

Numbers entered : 0, (53, /’")7_,,\, :31’ . ‘8,;, /33, bialoy oo e lneYas XA ¥R, XB

Qutput: misclosure of angles (d¢), 05, ¢an . . ., ,,, projections of polygon-sides
(dyys Axqy Ay oy Ay, oo, Ayp, Axy), preliminary co-ordinates ( (vy), (%) . .,
(¥n)» (%) ), projection misclosures (dy, dx) sum of polygon-sides [¢],
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final co-ordinates (y;, &y, + « +» Vs %)-
Accuracy: Table IX
Number of cards: 2
Entering of variables: multiple entering of variables and of part-results
Number of instructions: 227

1?_ ?_ e

Bty
Fig. 14
Table IX
7
Number of decimals i 5 6 7 r 8
| 1
i !
Maximum number of integers in ‘t
co-ordinates 6 5 ! 4 ! 3
‘
Accuracy | dm cm mm ’ mim
? ]

Time requirement:
a) entering of data: for each point 40 sec.
b) computation: for each point 1 minute 20 sec. in average.

Running time: increase of the number of decimal places demands 3 sec. more
time for each point.

Notice that the time data given with the output types represent the
neat running time. For mass computations the preassessed times have to be
increased by a given basic time and repetition times, for faulty computations.

The P 101 lends itself to solve a much wider range of problems than out-
lined here. Rather than to aim at completeness, our accuracy analyses affect-
ed various program types listed by Roupp [1] and the most frequent prob-
lems. Analysis of all survey problems suiting a P 101 computer still demands
considerable amount of work.
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Summary

Results of accuracy investigations of ten computation problems most frequent in geod-
esy are discussed.

In Tables I to IX accuracy data are given as a function of the entered number of dec-
imal places as well as other conditions to obtain the required aceuracy.

The recorded time requirement for each problem is indicated together with factors of
the running time. Functional relations are shown in diagrams.
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