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Introduction

This report contains a collection
Mark I between July 1960 and September
N,I,0, Internal Report I, and all the
of that report apply here,

All the programs except 14 and 22
Elimination and Predicuion Scheme (s&@

N2

of programns written for DEUCE
1961, It is a continuation of
general comments at the bepinning

are connected with the N,I.0, Tide
M.T,0, Tubernal Report Wi).

Program 23 is also available in a slightly modified form which works on

Deuvce Mark IT A,
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N,T.0, PROGRAM 13

Title

Purpose
LELEORE

Order of

Tide Frodicotlion Haimonde Constlituonts,
Deuce bhasic,

To obtain modifiad hermeonic components from those calculated
by N,L,0, Program 3,

[ iad

Cards Progrexn {(cards 0-112 and cons tants cards;see Parameters),

- + .
basic matrices, exbtreme 5 card, S” harmonics, S° harmonics,

Parameter Cards (1) Rasic matrices, Two ets of these constants are
avail

(

able, for N = 556 (cards 0-275) and N = 8520
(cardo 0=~ ?77) n standard Scheme B binary form, For
their cq!cuLatl on see I,0, Programs 33 and 16,

’)

(2) Bxtrene w card,
Columns 18-21 gz L s sign in column 17
-4
-26 7 _ 4+ ¢y 22
40
26~31 c 27

¢ must be punched even if it is zero,

) 4 - . o« -
Data k1) S harmonics, This is the output from N,I.0. Program 3,
—— o . -~ “ 7
with series 8 az data, See lote \1)°
+ . fan . + '
(2) 8" harmonics., As (1) but with series 37 as data,
End Card None .
Operation (1) Read the program with the initial input key,
(2) Run in the parameter cerds and data.
When one caleulation is complete the program hoots,
After clearing the hooter coperation (2) may be repealed.
Output (1) 63 cards,
Coluns 17-19 1 4 sign in column 17
20‘“’26 X. ; du
i
283l Yi; 28
36~42 Ass 36
MhE s B
,
\2) 1 card,
Columns 17-26 as sign in column 7.
L., Y., A, and « are given to 3D,
if¥ v i
B, is given to 2D, and -180° < 3. < + 180°,
i e
fereneters (1) TIf enother I is used, and there are ¢ values of u
- 4 ’
instead of 82, then (program) card i row 9« rust be
altered from 81 F  to (g-1) P .
17 = 17
(2) There sre 12 Y"constants numbered 0-11, to be
inserted betwesn cam?‘ 108 and 109 of the nvo oI,
These exist complete for I¥ = 8520 and 1T = 8856,
(1) Cards 0-8 {tracks 15/10-15/42). 10 82 (or q) values of u

are punched consecutively, in as 5 order of magnitude

except that u = 0 is last, az b1~wrv int@gers x P in the
¢ field, !

1i> Cards 9-11 (Lr<ck 15/13) contaln several constants which
aust be copled from the cards for one of the above valuss
off ¥, In addition, the following parameters are necessary:—




w P on card 9, row i«
¢ 47

R , Yy
T 47 75 T

w P a4

w_ P 9, Ja
s 47

w P 16, T
S 47 :

w P 10, i
5 47

w F 10 5
“6 a7 ’ o

y P 10, S5«
7 17 ’

w P 10 7«
8 17 ? !

3418 a9
(10%2%5/1) P on card 44, row 64,
i

Tracks are punched in triads, the first value being punched
on row 2« of the first card. Ths Y9 row of the first card
for track a/b contains
P +b.P 4+ a,P
15 i7 21
Restrictions (1) n
1

L960; that is, N <€ 9920.
w; € 32, i = 0(1)8, There nust be 9 groups.

VA

5) The basic matrices may vary in size but may occupy not
more than 82 tracks in all,
An 1 x J matric occuples (13 + &) m,C., and a new matrix
starts on a fresh track,

(W) 1< qgx 96,

Failures (1) L, 1-31xz, Wrong natrix parameter card, This occurs if
the first basic matrix card has been forgotten,
(2) There are many other failures but they all indicate
machine failure, The whole program should be restarted,
Time About 1€ ninutes.,

Method The celculation is in two stapges (see Note (2)).

(1) Two sets of harmonic components are available, calculated by
N.L.0, Program 3 for the two half-years, The size of DEUCE
rakes this division necessary, and it may also be necessary
to scale the original data z ., r = -n (1) + n, by the _
subtraction of a comstant c.” This constant, and the/values
of %, (which were not used by N,I,0. Program 3) are required

see parameter card (2)).

The first stage is merely to assemble the harmonic components
for the whole year, We call these

¢« yand £ foruzo
where u takes the values specified in 11,I.0. Program 3., For
both N = 8520 and N = 8856 there are 82 values of u,
including u = 0, Note that ¢, is effectively the mean over
the whole year,

The second stage is to reduce the nuwiber of harmonic
components «_ and §. to the 63 velues corresponding to known
~ua &
tidal componénts. The basic matrices (see Parameter card (1)
b
do this, by the method of Least Sguarcs, snd the finsl rezult
is a table of 63 components

where A, =
i i
and ¢i = arc tan Yi/ X

for i = 0 (1) 62.
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The following syr

The naranctors reo:

tbous refer to W,I,0. Prosranm 3.

nr

Hoaed o= 8}
v o= 1428 or LR60

\
n o=
=
}u: /’
T - N . . [P S . N4
The volues of 7 a2 on the original mnuwrber of terms;

2
s
as v in M,L.0, Prosram 33, and

the veluss of 8 are >
ards exist for the two cases

paranetsy cards and
already considered,

A more comprehensive account of the theory is given in the
AL i)
N.I.0, Tide Tlinination Schenme description.
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Data, (1) =a

N.I.0, PROGRAM 14

Title Conversion of Lorvan C to latitude and Longitude.
Code Peuce basic,

Purpose Given oblique co~ordinates of = geographical position, the program
- - Lo
finds its Tatitude (Forth) and ?onﬁltude (West) from a table of
the co~ordinste intersections with the deqrees of latitude,

Order of Cards Program {(cards O- 71) paraneter card (1) basic data,
parameter card \3) &qxa.

Parameter Cards (1) columns 17-20 ()
21-2k  h(J)
25-28 f5§3}
29~32 (1)
33-36  h(1D)
37-L0 Lo (1)
(2) columns 17-20 s or-ﬁm (degrees)
3 ’
2128 J or U } .
0 0 Integers
O3 T r M
20364 Ty o7 M

(5) colunns 17-20 n Y
21-24 ¢ | degrees
0528 [

8ic data, This is in two main groups, the J-data and the
ti~-data., The two groups are punched in exactly the same way,
so only the J-data group is described.

The J-data is divided into N(J) groups, (N = (T) for the
rest of this section),each group oorrebbondlng to a degree of

longitude £, 3 J = O(ﬁ)”~1 where always £, = “ﬁ+ + 1, Each
of these N groups is preceded by a parameber card (2), The

data within a group is punched two values to a card, in degrees.
and minutes to 3D (latitude h) in the order which ensures that
JO > J - where V is the numbem of terms in the group.

The layout is:=
columns 17-19 A

2024 A. (minutes %o 3D)

25~27 A (deﬂrees)

28~3%2 A (mlnuteu to 3D)

(degrees)

£ there is an odd number of values of A in a group,
colunns 25-32 on the last card may be left blank,

The order of cards is thus

parameter card (1)

parameter card (2) for group j ) . _ Y
J-data for group J ¥ J = 0(1)”(J> L

parameter card (2) for group m ) o= O(1)N(M)-1
M-data for group m 7 ’

(2) Production data.

columns 17-2L X
2h-32 Y

Both X and Y are punched to 1D,

End Card None,
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Operation (1) Read the program with the initial input key, It stops
on 1, 2-12,
(2) Run in the basic data, with the appropriate parameter cards.
The program 1s still on 1, 2-12.
(3) cive a single shot. The program reads the basic data and
stops on 7, 7-13.
(&) Run in parameter card (3}, followed by the production data.
The program punches the results, hoots and stops on
1, 3-3., A single shot clears the hooter and causes the
program to return to 7, 7-13, Operation (4) may then be
repeated,
Output columns 17-19 A (degrees)
20-2L A (minutes to 3D)
25-27 & (degrees)
28-32 < (minutes to 3D)
Parameters None,
Restrictions 1) 1 < n <1024,
2) ¢+ €2 43P ~¢, where € is small, See Method,
N(3)-1 1)1
(3) > v, < 102k, Y v < 102k,
, J / n
o o
(4) (8*\) < 20 in 2ll basic data,
Failures Nomne,
Time 15 values/minute, + initial data input + program.

(1 or 2 minutes )

Method Definitions

system, and we require the latitude A and longitude 7 of P It 1
known that

The basic data consist
minutes) against J and

(1)

1

number of groups of J-data.

. . . . , _— N
nw(J) = interval in Jdy  That is, h = Ji - Ji+ (see Note (1)).
1
¢ () = longitude conunected with the first group of J-data,
[¢]
m 32 3 N

The corresponding terms for the l-data are H(M), h(ii) and 55(%)1

In a typical group, for example a J=group

4 = number of valueg of J=data,
Jo = first value of J,

Jv . = last value of J,

Also

n

= number of palrs of terms in the production data.
a, £ = values of longitude (in degrees) between which a given
point P is expected to lie,
, ¥ = Loran C co—ordinates of P,
longitude of P,
= latitude of P,

> e bd
1

We are given a point P with co-ordinates X, Y in the TLoran C
Pa 3
¢+ €24 20— €, where ¢ is small and ¢ =8 + 1 (in degreas

:

s of tables of latitude (by now converted to
latitude against M for each required degrs:

a.

of longitude, For any specified longitude the latitude
corresponding to X may be obtained by direct interpolation in the
table with argument J, Similarly the latitude corresponding to ¥
nay be ovtained from the li-tables, The arguments J and i correspond
to the two sets of reference lines in the Loran C co-ordinate system,

.

We now consider the interpolation in detail, It falls
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into 2 stages.

(1) Direct interpolation,
(2) Inverse interpolation,

Stage (1)

We first select a longitude 4. say. This determines the group
of J-data to be used, From This group we select 4 consecutive
argunent values J, , J., J. , J. so that

Aoy 17 Td® ez

J.
i

A"

X >J,
141

Lagrange L-point interpolation is adequate provided I82Al € 20,
so we find the latitude Aj corresponding to X by the formula

M, = A,y WA+ A (@A, A
A (@a o+ a (@ +a (Dr,  + 4 (0r
where Ai corresponds to J, and so on,

and g = 107, ~X

10p

o

In general, if ¢ and B are properly selected,

The A are the usual Lagrange coefficients, and we assume
q grang »

that enough basic data 1s given to avoid end of table

complications,

This procedure is repeated for < . <. and ¢, giving
& Va2 ?
J=17  J+ J+a
L values in all,

Then the whole calculation is repeated for ¥, using the li-data,
for the same 4 values of longitude,.

Stage (2)

We have now two tables, of A, and Am respectively, both with
4il
the same argument; namely

£, (=< ) AL A
J—1 me-1 J—1 o1
2, (=< ) A A
J m J m
5, =< ) A, A
J+1 1 o | J+1 M- 1
<, =) AL A
J+z G+2 J+2 M2

We reguire p, in order to calculate ¥ and A, where

5 = 60l .- p) (1)
o (p) (A% 2)0.) (2)
and A = A, + pAA, + B AL+ BTAL) 4 eevsesse (2
3 + P 3 + 2\p St J - LA g
Both 4 and A are in minutes,  Similar relations hold with J

replaced by m, and p may be obtained to sufficient accuracy
from the recursion

Py, =2+ b Bz(pi)
where a = (/\m - Aj)/y,
= (a2 A~ 0P - LA
b= (8% o+ 00 - 0P = LR/,

1

and vy A)\'i - AA’IL a
L% i
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Differences above the second are negligible, B (p) is the
Bessel interpolation coefficiont, Sybstitutiof in (1) and (2)
gives & and A, which may then be converted back to degrees and
minutes,

Notes (1) This is a special purpose program, but 1t may work (with or
without small modifications) fors-

(i) ":{’ '6’5 ‘% q,y 1'3 - d :rl' 1a

gt
i) East longitudes and/or South latitudes,

(

(iii

f..h

Latitude and longitude interchanged.
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Title

Gode

mn

Purpose

Order of

Beverse Series,

To reverse a serics bterm by berm.

Cards  Program {cards 0"37}/ paremctoer card, data.

G e g

Parameter Card  Columns 17-20 -nj; sign in columu 17,

Data
rate

End Card

Operation

Cutput

er s g

&

8 signed lL~digit numbsrs per card in the o~field,

None.,

7N P e g

(1) Read the program with the initial input key.

(2) Run in the parameter card, followed by the data.

When the resulits have been punched the program hoots and
stops on 2, 1-1, L single shot clears the hooter.
Operation (2) may then be repeated,.

8 signed L--digit numbers per card in the «-field. The number
of cards punched must be a muitiple of L, and any card (or part
of a card) occurys

with zeros,

Parameterq Nene,

Restrictions 1 € n € 7520,
Pailures  None,
Time - About 1/500 minutes,

Method

s

lotes

A series R ds converted into a series R

2
where
R1 = XO’ X17 ng Bo0cewdI00BOCD Xl’l‘“?,, ;Z:‘iﬁ""‘l
R‘Z = X11~1’ Xl’l“‘z, se0cedc0a6000 XZJ X13 :X:(‘

(1) This program iz used to prepare data for I1,I1.0. Programs
13 and 23; +that is, the Tide Eliminstion Scheme,
2) x must be at the begiming of a card,
(2) g g
4]

+after the true end of the results is filled
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Title
Code

Purpose

Matrix tapc to cards conversion,
Deuce basic,

To convert a decimal metrix, given on tape in Mercury code, to

standard Scheme B binary form on cards.

Order of input Program (cards 0-25), paraweter card, data tape,

Parameter osnrd Columns 17-20

Data

End card

Operation

OuEBut

m
242l n
25-28 D
29-32 k
33-36 d

An m x n matrix, punched row by row, to & decimal places,
Decimal points are ignored, Each element is preceded by

FS CR Lr CR
and followed by
Sp Sps
except that the last element in a row is followed by
Sp Sp ILF.

The elements must be single length and in fixed point form,
Tape in this form can be produced by the Mercury Autocode
function ¢$8, (See ote (1)

None,

(1) Read the rrogran with the initial input key, Tt =hops
on 3, 1:»-']6.

§2) Run in the parameter card.

3% Stimulate the tape reader,

(L) Cive a single shot, Vhen one matrix is converted, the
program stops on 3, 16 and onerntions (2), (3} and {4}
may be renented,

(1) Scheme B parameter card.
Y row: um.P
o 17
X row: n.,P
« 17

0 wrow: p.P

« 17

1 row: k,P

« 17

(2) Scheme B binary matrix,
The matrix is punched row by row in the ¢~field, to p
binary places, each row starting on the Y row of a fresh
card, The last of the n elements in & row is followed by
the row sum, shifted down k binary places.

Parameters None,
Restrictions 1) 31738 [x| < 1207 x 10°, where x is any element,
regarded as an integer,
(2) 1<m<x32
(3%‘1$n<31
(L) 0<ps< 31
(5) 0< %< 31
(6) o<ax<o9
(7) (0 €p-32<31ifr0sdcs3
(1 <p-3a<32if L <4 <9
Failures (1) 3, L~16x with hooter. d = 10,
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(2) 2, 9-2hx. Non~nuneric character read, Move the tape
back to the beginning of the number and give
a single shot, The program will try to read
the number agalin,

Tinme This is effectively Reading + Punching time,
liethod The following symbols are used:-
AL O o
m = number of rows,
n = number of columns,
p = mamber of binary places in the output.
k

= row sum shift, If the true row sum is S5, then
o-kg i3 punched, ‘
d = number of decimal places in the input,

The program first reads the complete matrix and then punches it,
preceded by a parameter card,

Notes (1) 1If the decimal matrix is regarded as being punched column
by column, for listing purposes, this program will produce
the transpose on cards,



N.T.0, PROCGRAM 17

Title Tape to cards conversion for L-digit integers,
Code Deuce basic,

o

Purpose To transfer decimal integers from tape to cards, punching 8
signed L-digit integers per card,

Order of input Program (cards O—AO), parameter card, data tape.

Parameter card Columns 17-20 n,

Data n signed decimal integers of not more than 4 digits, punched
on paper tepe in the standard Mercury code, (See Note (1)).

End card None,

Operation (1) Read the program with the initial input key. It stops
on 2, 1~13x.,
(2) Run in the parameter card.
(3) Stimulate the tape reader,
(4) Give a single shot. When one run is complete operations
(2), (3) and (&) may be repeated.

Outout (1) n signed L-digit integers, punched 8 %o a card in the
a~field, The number of cards punched must be a multiple
of L, and any card (or part of a card) occurringafter the
true end of the results is filled with zeros,

(2) Sum: Columns 18-36 % ; sign in column 17,
where 2 1s the sum of the n terms,

Parameters None .

Restrictions 1 € n € 7h24,

Failures (1) 1, 6-6x with hooter, =n > 7k2k, Clear the hooter and

give a single shot, The program returns to 2, 1-13x and
a new parameter card may be read,

(2) 2, 9-2hx, Nor--mumeric character read. Move the tape
back to the beginning of the number and give a single shotb.
The program will try to read the number again,

(3) 4, 7-24.) Sum check failure, This is a machine fault,
and the whole program should be read in again.

Time About %6 seconds,

Method The program reads the data in groups of 32 numbers (the last
group may contain less), calculates the sum and writes them on
to the drum, It then reads the track down again, recalculates
the sum and checks that it is the same as before, If it is
not Failure (3) is shown, If all is well the current sum is
added to the sum of all the previously read numbers, In this
way the whole tape is read,

The n numbers are then punched as described in Output, followed
by a single card containing the sum,

Notes (1) This program is sultable for use with the output from
NIO Program 25,
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N.I.,0, PROGRAN 18

Title Prepare harmonic constants,
Gode Deuce basic,

Purpose  To prepare counstrats Lo be used to modifly the harmonic
components of a specified year so that they will applg to another

specified year, {See N.I,0, Tide Elimination Scheme

Order of cards Program (cards 0«97), parameter card, data. Note that
there may be no data,

Paraneter card Columns 17~21

5 3 sigo in column 17
22-26  h 22
27=31  p ; 27
32-36 N ; 32
37 - or blank,

s, h, p, N are given to 2D and are in degrees, Column 37
contains - (punching in the X row/ if there is no data to
follow, otherwise it must be lef't blank,

Data Columns 17-19 i s sign in column 17
2026 Xi(BD) ; 20
2831, Yi(BD) ; 28
36-L2 Ai(3D) ; 36
W48 ¢, (2D) ; L

for i = 0(1)62, This will generally be the first 63 cards of
N,I.0, Program 13 output,

End card None,

Operation (1) Read the program with the initial input key,
(2) Run in the paramcter card and data (if anfg. The
progran alternately reads a card and punches a card, and
when 63 cards have been punched it hoots and stops on
1, 1=1, A single shot clears the hooter, Operation (2)
may then be repeated,

Output Columns 17-18 1 ;s sign in column 17
19-25  H,(3D) ; 19
26~30 gi(ZD) ; 26
31-36  £.(5D) ; 31
3744 u,(2D) ; 37
L2-l6 vi(zn) ; 42

for i = 0(1)62, The angles (that is, g, u and V) are in degrees
and lie between 0° and 360°,

Parameters None,

Restrictions (1) -999¢99° < s, h, p, N < + 999+99°,

Failures None.

Time About 5 minutes,

Method For each i, we have fi’ v, and Vi defined separately in terms «f

s, hy pand N, A 1ist of the definitions is available,
(See Note (ﬂ)).

If there are no harmonic components, that is, there is no data,
then

rii =0, gy =0y 4 Vi for i = 0{1)62,
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If data is available, then
3

Hi = Ai/ri, g, = ¢i +u, Vi for i = 0(1)62

As usual, we_have

2 2 . o)
A, = X, + Y, . = arc tan Y,/X., for i = 0(1)62
N - R i 2 ¢1 i/ i’ (1)
K
where ?i and Yi ara defined in N,I.0, Program 13,
Notes (1) A list of the £, u, and V definitions may be found int=

£,T, Doodson,  The JAnalysis of Tidal Observatlons,
Phil, Trans, Roy. Soc. Series A 227 p.27h,



N.T,0, PROGRAM 1Y

Title Pitch and roll buoy azimuth correction,
Code Deuce bhasic,
Purpose To obtain true pitch and roll components from the observatlons

taken with variable axes,

Order of cards

Progran (oards OMSB), ¢ pervameter card, b data,
P parameter card, P data, R parameter card, R duata.

Parameter cards (1) ¢ parameter card.

Data (1)

)

Coluwans 17-20 N

21~2L4 h

25-28 10°¢ ;  sign in column 25
29~32  10°B ; 29
33~36 Y ; 33

(2) P parameter card,
Columns 17-20 n
(3) » parameter card,

Columns 17-20 n

¢ data: 8 signed L-digit numbers per card in the o-field,
¢ is given to the nearest degree,
W
P data: 8 positive L-~digit nuwmbers per card in the o«—~field,
R data: 8 positive L-digit numbers per card in the o-field,

End card Ione,

Operation (1) Read the progran with the initial input key.,
(2) Run in the parameter cards and data, The program punches

Output (1)

(2)

Parameters

Restrictions

P* and stops on &, 8-21,
Give a single shot, The progranm punches R*, hoots and
stops on 8, 3~3,

) A single shot clears the hooter, Operations (2), (3) and

(&) may then be repeated.

Pr*, (r = 0(1)n~1), punched as 8 signed L-digit numbers
(see Note g}%) per card in the g-field,
Rr* (r = o1 n~1), punched like Pr*. In each case the

nuniber of cards punched must be a multiple of L, and any
card (or part of & card) occurring after the true end of the
results is filled with zeros,

None .

(1) 2 <N <480,
(2) e | <360, w=0(1)n-1,

23) 1 < h <36k (see Note (1)),
L) 1 € n < 33%28,
(5) 0% PR S 999, r= o(1)n-1.
(6) fPr*l, [Rr*! < 9999 (see Note (2)).
§7) lyl < 9999.
8) «l, 18] <2.
Failures  None,
Time About /100 minutes,
wethod For r = 0(1)n~1 we define
Pr, R, = observaotions of pitch and roll respectively.,
P ¥ R * = trus values of pitch and roll.

r? Ty
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Not§§

17

.

0
through ¢_ .
L

To obtain P * znd Rr* from Pr and Rr the axes must be rotated

i

Thus Pr* Y + aQPr - ?) cos ¢r - ﬁ(Rr - §) sin ¢r

i

S D . ﬁ a ! -3 s
Rr Y + a(ir °) sin b+ ﬁ(Rr R) co ¢r

where «, [/, ¥ are constants depending partly on the Iinstruments
uged and partly on the limitations of DEUCE, and P, R are means
defined in the usual way.

To obtain ¢r’ we define

T = nunber of values of ¢,
h = interval between consecutive values of ¢, assuning

the interval between consecutive values of P (or Rr)
to be unity,

Thus ¢r is given for v = ()(h)l\’h---?‘;.J and intermediate values are
found “from

¢T =ﬁ(1 - p>¢kh + P¢k

h + h?
where np = r - k¥h and k is a positive integer.
To ensure that
¥h € r <kh + h,
it is best to choose N so that
n € hN.

If r >¥a value for ¢r is found by extrapoclation, but it may
not be reliable,

. 94 -
(1) The division subroutine used to calculate /h is very slow for
small h, It may be speeded up as follows:-

1220 Set 2° so that ?/h has 3 s.f. (integer)
6 . Shift up (27-s) places.
At present s = 17. Time = 2S1O-§ﬁlseconds
h 2'"/n Time (secs)
1 134072 131 = 2+2 mins
50 2621 oLy 26
100 131072 13
150 87381 09
200 655+36 07
300 5L36°90 Oelp
364 360°09 0L

(2) 1r Pr* and Rr* are reouired for input to RAE17L (correlation)

then they must glso satisfy

<P * R *<
0 < P_*, R *< 999,

(3) Pr* and Rr* have a maximum error of X051 in units of the last

decimal place,



N.I,0, PROGRAN 20

Title Scale data.,
Code Deuce basic,

Purpose To scale L-digit signed integers,
g &

Order of cards Program (cards Om}h), parameter card, data,

Parameter card Columns 17-20 =n
21-2 10%a ; sign in column 21

25-28 ¢ 25
If a =1, colums 21-2L must be left blank.
If ¢ = 0, columns 25~28 may be left blank,
Data 8 signed L~digit numbers in the «~field,

End card None,

Operation (1) Read the program with the initial imput key. It stops
on 1, 2-12,
(2) Run in the parameter card, followed by the data,
(3) Give a single shot. When a run is complete the progran
hoots and returns to 1, 2-12, The hooter may then be
cleared and operations (2) and (3) repeated,

Qutput 8 signed 4-digit integers in the «~field, The number of cards
Sutput g
punched must be a multiple of L, and any card (or part of a

card) occurringafter the true end of the results is filled with
ZBTOS o

Parameters None,

Restrictions (1) 0 < n < 758,
(2) =9999 € 10%a < 9998, unless a = 1.
(3) -9999 < ¢ < 9998.
(&) lax. + of < 9999, for all i.

Failures None.

Time About /8 seconds,
Method Given the n integers X5 1= O(1>n-1, the program computes

ax;, + 0, 1= o(1)n-1,

where a and ¢ are constants,

N,2
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N.I,0, PROGRAM 21

Title Separate two series,
Gode Deuce basic,

Purpose  To separate two series of L-digit numbers punched alternately,
possibly oritting terms at the beginning and/or at the end.

Order of cards Program {(cards O—Bh), parameter card, data.

Parameter card Columns 17-20 n

21-24 s
25-28 ¢
Data 8 signed L-digit numbers per card in the g-field. (Series x)

End card None,

Operation (1) Read the program with the initial input key. It stops

on 3, 16-1,

(2) Run in the parameter card, followed by the data. The
program punches Series y and stops on 1, 4-21,

(3) Give a single shot., The program punches Series z, hoots
and stops on L, 7-7.

() Give a single shot. The program returns to 3, 16~1 and
the hooter is cleared. Operations (2), (3) and () may
then be repeated,

Output 1) yp, (p = 0(1)=1) punched as 8 signed L-digit numbers per
card in the g-field,
(2) 2,5 (p = 0(1)1-1) punched in the same way as ¥,. In each
&

case the number of cards punched must be a multiple of 4,
and any card (or part of a card) occurring after the truc
end of the results is filled with zeros.

Parameters None o
Restrictions (1) n <€ 5056,
(2) N = 2(n-t-s) > 0 and integral.
Failures None,
Time About n/6 seconds,
Method We are given a series of n terms X, T = O(1)n—1, of which in

general alternate terms belong to Series y and the rest belong to
Series z., There may be terms at the beginning and/or end of
Series x which belong to neither Series y nor Series z,

number of terms in Series x.

nurber of unwanted terms at the beginning of Series x.
number of unwanted terms at the end of Series x,
nuber of terms in Series y (and in Series z).

2w 3
[T I |

Clearly N = %(n—t~s), where t and s must be chosen so that N is
an integer,

and 2 are defined b
yp v P ¥

= X
yp s+p’

zp = XS+P+1’ where p = 0(1)i-1.
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N,L,0, PROGRAM 22

Title Cross band spectra.,
Code Deuce basic,

Purpose  To condense and combine two related sets of data.

Order of cards Program (O~76), parameter card, data series 1, data
series 2, group cards(in the required order), end card,

Paraneter cards (1) Parameter card.

Y row: data layowt, A one in each digit (or sign)
« position except the last digit of a number,
and zeros everywhere else, (See Data)
Columns 17-20 1.

(2) Group card(s).

Columns 17-20 N
21-2L.  r
25-28 s
Data 2 single length signed integers per card in the g~field. The

signs must be overpunched and the first nusber may begin in any
of columns 18 to 47, It must not begin in column 17.

End card Columns 17-20 zeros,

Operation (1) Read the program with the initial input key. It stops
on 1,9"‘120

EZ% Give a single shot,

3) Run in the parameter card, followed by Series 1 and then
Series 2.

(L) Run in the group card(s) followed by the end card.

When the end card has been read the program punches resulis
as follows:-

Output (1), After punching the program stops on {P’],4,11~1m

vtout (2), " " n " L LR U S R T
Output (3), " " " i " " [P1],1,11—1¢
Cutput (4)e " o " " " [P1],6,11-1,
output (5) U L t " " i 1,9-12,

In the first L cases a single shot enables the next set of
output to be punched, After Output (5) operations (2) - ()
uay be repeated,

Outputs (2), (3) and (&) are punched continuously, and in
outputs (1) and (5) the punch pauses between each card,

Output There are 5 sets of oubput,
(1) Columns 18-22 ¥ ;5 sign in column 18
26-30 ¢ ; 26
34.-38 s, or zero ; 3h.,

Note that # = 1(1)r, and that s is replaced by zero in a1l
except the first of the r groups of N terms,

(5) Columns 18-24 sarctan Y; sign in column 18,
This is given in radians to 5D,

(2), (3), (&) Columns 17 b1 : sign in column 17

18-2L4 a 18
25 b2 H 25
26~3%32 a 26

2
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Columns %3 b3 ; sign in column 33
3.-2:.0 a_ ; 3L
41 “b4 ; L4
Lo-L8 a L2
A
where o flonting poilnt roxber cy is veprescnted by
bl
o] = . 10 9
1 L

where a, is given to 6D and bi is an integer (see Note (2)).
The actual numbers punched are
(2) ZAP, ZBP, zap, Zﬁp,
o~° ~9vn -9, ¢ G
(3) 1 e, 1077 L1077 B, 107708 .

v Elps

L) TT . 407%rr? 107°212 ,
(2) P’ P

The seme plugboard will list outputs (1) - (5).

Parameters None,
Restrictions (1) 0 <n < 1024
(2) 0 <N g 32
(3) I <n
54) 0 <m < 84
(5) 1 < 2u°N < 10'®, where x 15 aly'of A, B, q, B
and !Al < (sen Pote (2))
Failures (1) 1, b=5 n > 1024 Give a single shot to read a new
parameter card,
(2) 7, 6-6 11> 32
(3) 7, -7 % >=n
(L) 7,88 =n>a
If any of (2) (3) or (L) occur, give a single shot to
read a new group card,
(5) 13 3":)
(6) 1, Lk
ﬁallures (5) and (6) mean that the progran has been
asked to store data on the drum in a non existent wuc
(> 8191)., They should never occur, but if they do,
a nachine fault is indicated, and the program should
be restarted.
A1l these failures are accompanied by the hooter,
(7) Overflow, This may occur in Outputs (2) (3), (4) i
Restriction (5) is violated, (See Note (2))
Time About ( R + .fg) minutes, assuming n % i, + time o reset card
Aible bbru obe. between groups,
Method number of data cards in each series,

number of terms in a group.

munber of groups.

number of (consecutive) times the group of N terms is to be
repeated,

5. the label of the first term of the first group specified,

BB =5

nuon

P
punched on one card,
Similarly ¢y ﬂ are the terms of Series 2,

A, Bp’ p = 0(4)n-1 are the terms of Series 1. Ap and BP are

For each group the program computes

ZAP, ZBP, de, Zﬁp
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Notes

- >
P P b P
where all the sw:s o~re tolten over T terms, and
s ok
/ 2
T = (A" + B )"
P ¥ P

and ip = (g ? 4 ﬂ“2>ﬁ;

The program also computes archon vy,

where Y =

The first group starts a

(1)
(2)

Z(Apﬁp - dep)

/5 /
/ ”(A?“P * Bpﬁp)’

e,

b

p=20

This program supersedes N,I1.0. Progran 2,

(D

' . N £ =N
Restriction (5!
The punch subroutine (T 26) re@3.1ir*es that
point number c c, =a.10 =

let |a] s u, [B] {
n terms, Then for thi

5

TA < NM, 10 °3Aq < 10 TNm?

te

T < M2, 10 °2I% < 107 w,2u”
and similerly for the corvespondlnv terns
The restriction c. > 10 °is necessarily

(except when c, = O) since 4, B, «, £ are

The restriction c, < 10'°
M2 < 10'° and 2me® < 10'°
= %32 the safe limit is ¥ < 22 x 108,

is satisfied if

unreassonable as for single length working

M o< 2311 < 2¢1l x 10°,

are satisfied,

22

where

floating

any one group

o]

“

in B, «, and @,
satisfied

511 integers.
both

If we assume
This is not

we already reguls
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Title

Code

Purgosq

Order of

Tide Trediction.

Deuce basic,

To predict tidal heights, and to calculate the
resifunls if observed heights are oveilable,

caxrds

Parameter cards

Data

End card

Operation

Progran (cards 0—61) harmonlc components, range card,
S parameter card, S 5 s* parameter card, s*

(1) Range caxrd,

Columns 17-26 a
27-36 b
37-L6 ¢

(See restrictions and note (1)).

(2) s” parameter card,
Columns 17~20 n + 1.

(3) 8" parameter card.

Columns 17-20 n +

(1) Harmonic components, There are 64 cards, which are
gither the complete MW,I.0. Trosra: 13 output

£
AL

or the complete N,I,0, Program 24 output (63 cards)
ollowed by a hand punched card containing e (See Note Q“‘

Columns 17-19 1 ; sign in column 17
5

20-26 Xi 20
28~3L Yi ; 28

for cards 0-62, and

Columns 17~26 < sign in column 17

for card 63,

(2) S_; ZO, Z~1, sveee 4 punched consecutively as 8 signed
L-digit integers per cafd in the «-field, (See Note (3)).,
(3) S+; ZO, Z1, cosse Z+n punched consecutively as 8 signed

L-digit integers per card in the «-field. (See Note (3)).

None .
(1)
(2)

(3)

(&)

(5)

Read the program with the initial input key. It stops
on 7, 8-12,

Give a single shot., Run in the harmonic components

(64 cards) followed by the range card. When %, has bec
calculated and stored for the required range the prograu:
stops on 3, 16-1,

Run in the S” parameter card, followed by S . T, and %
are punched for r = =¢ (b) - a and the progran stops on
3, 16-1,

Run in the % paraneter card, followed by st T and
2 are punched for » = a + b (b) c, lNote that *ﬁe las

8 columns on the last card punched contain rubbish,
(See Wote (1)). The program hoots and stops on 1, 6-2,
Give a single shot to clear the hooter and return the



Output

Parameters

Restrictions (1) o

24
progran to 7, 8-1c. Cperations (2) to (5) nay then
be repeated,

8 signed L-digit integers per card in the o-field, T  and Zr

are punched alternately for r = =¢ (b) —a and r = a + b (b) c.
During output:-

before operation (3) set column 11 switch to 9, and
before operation (4) set column 11 switch to 1,

Failures

Time

Method

Notes

None,
>a 2 0,

(2) /4 must be an integer, where bm = ¢ = a + b,
(3) & <m < 1216,

(L) 1 s n <448,

(5) 0 < v, €180°, all i (v, in degrees ).,

Eég 0s s 2" = 32767,

7) a« =0,

Q

(1) 1, 7-7, with hooter, This means /L is not an integer.
Clear the hooter, give a single shot and run in a
correct range card,

(2) If m is not an integer, the program goes into a loop.
Correct the range card, and restart the whole program
(the last programn card may be used),

About (7+7m + 0°034N) seconds, where N = 2n,

The notation corresponds with the N,I.0, Tide Prediction
Scheme, For any r,

Zr = the observed tidal height,
Zr = the calculated tidal height,
and
T =7 =~ ,
r T r

Now Zr exists for r = 0(1)n only, so when r > n, Zr gives a

prediction, Tr is the residual,
We define

62
— o . «+ Yo
Zr = +i§0 {Xi cos (rvi) + Yi sin (r\i) }

where the constants v, are stored within the program,

(1) The N,I.0, Tide Prediction scheme requires T, and I at

3-hourly intervals, from data punched at hourly intervals,
50 here b = 3, The two chief cases are:—

N =885 ; r
N = 8520 , I

~1429 (3) + Lu29
4264 (3) + L2611,

i
i

i}

Inspection of restriction (3) shows that at least two
range cards are nNeCcessary. The nmost satisfactory
arrangenent at present (taking into account the possible
unrelisbility of DEUCE) is to carry out five runs of
about 45 minutes each., The range cards are:=-

(i) a =0, c = 897
(ii) a = 888, c = 1785
(iii) a = 1776, ¢ = 2673
(iv) a = 2664, o = 3561

(v) a = 3552, ¢ = LLL9,
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In 21l cases b = 3, i = 300 and #/4 = 75, Tn the § cas
the runs overlap b/ one whole card, and in the s* case
there 1is still an overlap of one card, but the last two
numbers on the last card of a pack do not agres with the
correct values,

€]

If predicted harmonic componsnts are used, the value of

a may be assumed to be the same as the ¢ Tfor the year v
¢] o]

which the prediction was made,

If N,I.0, Program 23 is to be used purely for prediction,
and no data (Zr) is available, two artificial series S

+
and & must be constructed as follows:-

S8 parameter card: put n = 0, thus implying 1 term

_ only in S
S itself comsists of 1 card, with zeros punched in
columns 17-20,

is treated in exasctly the same way as 3
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N.I,0, PROCRAM 2L
Title Predict harmonic eonatituents.
Code Deuvce bhasic,

e,

Purpose To predict the harmonic components for a specified year B by
nodifying the corresvonding harmonic components for another

year

Order of cards

Parameter card

Data 1)
(2)

A,
Program (cards 0-40), data (1), data (2),
lone,

i, ¥, g for year A (63 cards).

Columns 1710 i : sign in column 17
19-25 H(3D) ; 19
26-30 g(2p) ; 26

i, £, u’, V! for year B (63 cards),

Columns 17-18 1. 3 sign in column 17
31-36 £15D) ; 31
37-41 uf(2p) ; 37
Lo-6 VI(2D) ; L2

Either or both sets of data may be produced by MN,I.0,
Program 18,

H, £’ and i are numbers and g, u’, V’ are in degrees and
satisly

0 < g, u’, V/ <360°

End card None,

Operation (1)
(2)

Read the program with the initial input key.,

Run in Data (1) followed by Data (2). The reader does

not run continuously. When 2ll the data is read, results
are punched and the program hoots and stops on 1, 1-1.

A single shot clears the hooter, and operation (2) nay thev
be repeated,

Output Columns 17-19 1 ; sign in column 17
20-26 x.; 20
28-31. N 28
3602 a3 36
Lh-48 0, vivis

There are 63 cards, for i = C(1)62, which correspond to the
first 63 cards of N,I.0. Program 13 output. See Note (1),

Parameters

Restrictions

Failures

Time

None,

%;% Ta] §’§gé’§g; < 5o
(5) :i:ii < BD‘OO

(1) 1, 2-2x with hooter.
If' this occurs during reading, it means that 1 on the
card just read does not agree with the internal ccunt.
The cards are probably out of order, A single shot
c¢lears the hooter and allows the corrected card Lo be
read, and then the program proceeds normally,

About 5 minutes.
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Hethod

Notes

The notation used is that of N,T,0, Programs 13 and 18,
For any year, N,I.,0, Progrem 13 computes five quantities for
each harmonic, namely
H., ., f., u., V. for i = 0(1)62
17 =i T4r Ui i (1)62.

In some cases hi and g

7. are milssing,

We consider two years A and 3, Usually B will be the year
immediately following A, end we assume that the data for both
years comes Trom the same source,
We require an estimate of x,, ¥., a., 9. for year B from the

4 3 u"lﬁ 19 i o
known values Xi, Yi, A, ¢i for year A, (i = O(1>62), and various
£

constants, X Yi are the amplitudes for specified harmonics,
and

4
- 2 2 724 o - _ o /17
A, = (Xi -+ Yl ) R ©. = arc tan Lo /8
Similar relations hold for X., y., a., ..
i? Y47 T i

Ea

1,1.0, Program 18 provides the absolute constants Hi and &3 for

. - - 4 - ? 7
vear A, but only provides ii’ u, and Vi {now known as T, u’,,
o

!,J-

V’i) for year B as this is all that can be cbtained from the
available data,

The results are computed using

x, = £/ H cos (g. - u’, - V")
1 1 1 1 i
y. = £/.H, sin (g, - u’, -~ V')
yl 10 (gl i l/
a. = ' . H
iR 1T 4

6. =g, -~u’, -V, (~180 < 6, < 180).
i i i i
(1) If the output is to be used in the N.I.0, Tide Prediction
BScheme, 1t must be wmade bo correspond exactly with the
output from {.I.,0, Program 13; that is, a card numbered
63 and containing « +to 3D must be placed at the end of the
o]
output pack,

Columns 17-26 «  ; sign in column 17.






