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N.I,0, PROGRAIS 9

1) EROGRANS

59/A

86

86/ A

86/B

87
88
89

9
92
95
SN
N/ A
9L/B
9h/C

\O
i

O A

R

Thermometer corrections for deep-sea reversing thermometers

Bartlett's method for fitting an exponential functional
relationship (95 confidence 1imiﬁs)

Bartlett's method for fitting an exmwonential functlonal

relationship (7004 confidence limits)

Bartlett's method for fitting an exponential functional
() ih
. . hY
relationship (Compares two slopes)

Gravity anomalies

Atlas Costs

Analysis of shipborne wave records
Tables of the Integral of Associated legendrs Polynomials
Matthews Revision (2, Gulf Stream)
General spectral analysis

Least sguares polynomial fitting
Preparation of Biological Station File
Accessing Blologlcal Station File
Initialising Biological Station File
Updating Master Biologlcnl Stavion File

Deternination of position from Decce coordinates (BALLARII)
(Individusl positions)

Determination of position from Decca coordinates (BALLHRIN)
(Teble of positions)

Decoding Flessey Current lebter tapes
Decoding Plessey Current Meter tapes of temperature and depth
£ o & i l’.

Decoding Bergsun meter tapes of temperature, current spsed and
direction.

analysis

pectral analysls with correction for pre-whitening
Analysis of pitch, roll, heave buoy data

Graph vlotting

General Spectral analysis

* These programs are available in compilaed form on magnetic tape,
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N.I,0. PROGRAM 59/A

Title
Langg 1856
Machine
Puarpose

-
o o .

Tunutbs

Program

e

Job desord

Thermometer currections for desp~sea reversing thermometers,
EHA
ATLAS T

This program is identlical in purpese and method to NIO 59 vritten
in CHIF 3/L for Mercury. One additional data terminator is
required,

Q) Program.

1) Job desoription and daia.

COMPTILER EMA

S0C2 NIO PROGRAK 59/A THERMOMETER CORRECTIONS 6/4/1967
(or date of appropriate version)
MATI 250
AUXTILIARY (2, )
DUMPS O

Then follows the rest of the program, ending with
CLOSE

o

ntion and data

JOB
Job Number, Job Title
NPT

O 8002 FIO PROGRAM 59/A THERMOMETER CORRBCTIONS 6/1,/1967

SELF =1 (or date of appropriate version)
OUTFUT

[Bither tape or linoprinter output may be btained,
52 1lines, or 1 block of paper tape
required., Output O must be ursec'ij

STORE 20/70 BLOCKS

COMPUTING q INSTRUCTIONS where ¢ = (1500 + 170n) where
n nunber of thermometers.

Up *to
per thermometer will be

il

DATA

Then follow the parameters and data exastly as for NIO 59,
After each / another set of data may follow, The last set of
data should end with / in the usual wav followed by > oun a
newline, (This replaces the —> on a lercury input data tape,
The use of > instead of / as a final data terminator does not
follow the usual N,I1,0. convention but means that date prepared
for NIO 59 can bhe run with 59/'A with o minimun of alteraticm).

Sutput As for NIO 59, A fault in the data will couse the words
FPAULY T DATLA,  SPURIOUS CHARACTER IS
followed by the faulty character, to be output, The program
ikl thown zton,
Restrictions

Lethod

«
(o)
plostoninedasiont

Prograsgers

Turbor of velucs of T, T, t or Iy < 50,

Arout £2 + L/- per thermometer,

Exactly as for NIO 59,

James Crease and Brian Hinde
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N.I.0. PROGRAN 86

Title

s

Languag

M nl ne

Purpose

uOb 60 scription

Bartlett!'s method for fitting an exponential functional
relationship.

ERA
ATLAS 1

To compube the best values of a and b in the relation

v o= given a set of points (x, y) by using BARTIETT!'S

metinod to $it a straight line of the form log y = log a

b log x. The 954 confidence limits for the slepe, b, are
O

0) Progran

1) Job description and data

Begins i~

COMPILER EHA

S002 NIO PROGRAM 86 BARTIETTS STRATGHT LINE FIT 26/7/1966
or date of appropriate version

T
L

?’da+a

cmer e

v be lineprinter or five
Tlocks or (10D + 10B)
the nuwber of sets of

The output ls on chamnel O and me
v seven track tape, (1 + 50
lines will be reguired where B is

data,

The store reguived fer compilation is & blocks

o
The store reguired for execution is 20 blocks
The corpubing instructions = 1020 + 2nB where n is the
average nutber of points per set of data,

The data shoulid begin:-
DATA
DATA TITLE

One line of title

1 4 data code number, which must be an integer
o

S Ep=]

2) The number of data points in the data (i)

. i3 b i A Ja ]
3) A dnbeger L avproximately equal to N/3 (sec lethod

L) Tae N points, both co~ordinastes being positive,

X4 14
Xa Y
JIN K b

[N

n escending order of x.
Then may follow snother set of date beglmning with 1),
the data code nunber,

The 1ast set of data should end with / on a new line,

T ] SO
NIO PROCRAM 86 CUTPUT

The data title

For each set of data:
1)

2)  The number of data points, N

F-]

he data code munber
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Falillures

Restrictions

Method

Program 86 p.2
3) The equation of the lirein the form

log y = loga + b logx

L) The 95% confidence limits of b

5) Two points at the extremesof the fitted line to
aid plotting, (x4, ¥4) and (x2, y2)

The output ends with the words

END OF DATA

Any faulbts in the data, such as spurious characters, are
indicated by

FAULT IN DATA, CODZ NUMBER

followed by the code number of the faulty set of data.

If a fault, such as trying to take the square root of a

negative number, should occur during execution the program
will output

DATA CODE NUMBER

followed by the actual number,

FAULT NUMBER

and a fault number according to the following list:
33 BSquare root of a negative number

3, Exponent overflow

35 Logarithim of a negative number

36 Division by zero

After detection of such a fault the program goes on to
the next set of data.

If the confidence limits are imaginary the words IMAGINARY
CONFIDENCE LIMITS will be output.

The confidence limits will not be calculated if N=3.

(5,3) >0
L £ N < 500
/3-1) £ L < (N/3+1) and I must be integer,

The N data points are divided into three groups, the two
end groups having the same mumber, L, of points chosen to be
as near /3 as possible. The three groups must be non-
overlapping in the x~direction, and if two or more different
values of y oceur for the same values of x either side of

a division, suibable adjustment must be made to the y
values,

e.g. (386, 10)] (386, 12) (386, 14)
should be altered to
(386, 12) | (386, 12) (386, 12)
Loge x and logg y are then calculated and hereafter are
represented by x_and y. _The means of each of the two
end groups (%, y;) and (¥, 75 ) are first evaluated.
The line Jjoining these points gives the value of slope
b= (5?:3 "§1 )/(5{‘3 "3’;1 )
The functional relation is then a line with this slope
passing through the grand mean (x, y)
_ G-uE)

and log ¥y = log a + b log x.

a
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Notes

Programmeq

Progran 86 p.3

The confidence limits of the slope are provided by the
solutions B4, B2 of the gquadratic eguation:

T L (xamxe)® (0-p)% = #% (0,26 C " C )/ (1-3)

where t is the value of the t statistic for the 95%
confidence interval for the (N-3) degrees of freedom
available within the groups,

where
N L N-L N
2 \ 2 2/ \ 2
X RNTEMIEATCEt SN
23 i 1 N=-Li4+}
Cﬁﬁ is similarly defined
- I L N-L N-L

3 3 |
.- 53 0+ (Y () ) ) e

1
N )

+ g}i; Xg j;i y%)/iL
N=T#1 N=L+}

The confidence limits are then expressed as

+ (By - b)
- (b ~ p2)

where B¢ > B2

Finally two peints cn the line are evaluated

(™, aebx1) and (7N, aebxmv
The method is described fully in
"Statistical Methods in Research and Production",
edited by 0,L. Davies, pub, by Oliver & Boyd (1958)
P15

and

Bartiett, M,S, "Fitting a straight line when both
variables are subject to error", Bilometrics,
Vol, 5, No. 3 (1949) p. 207,

BRIAN HINDE
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N,I,0, PROGRALL

86/A

Title

Language

Machine

Purpose

Program

Bartlett!s method for fitting an exponential functional
relationship,

EMA
ATLAS T

This program is identical to NIO 86, fitting the curve
y = ax” to sets of values of x and y. However, the
70 conf'idence limits for b are found instead of the
95% limits,

Q) Progran

1) Job description and data

Begins:—~
COMPILER EMA

S002 NIO PROGRAM 86/A BARTLETTS STRAIGHT LINE FIT 20/3/1967
[or date of appropriate version]

and ends
CLOSE

ok,

Job description and data

Outggg

Failures

Restrictions

Method

Programmer

Exactly as for NIO 86,

NIO PROGRAM 86/A OUTPUT
The data title,

For each set of data:

1) The data code number,

2) The number of data points, N,

3) The equation of the line in the form
log & = log a + b log xa

L) The 7% confidence limits of b,

5) Two points at the extremes of the fitted line to aid
plotting, (Xﬂ, YK) and (Xz, YZ)s

The output ends with the words
D OF DATA

As for NIO 86

(x, y) >0,

e

3 < Data code number < 10°%,

L < N £ 500 for full execution; N = 3 will result in the
confidence limits not being caloculated,

(/3 -1) s L < (/3 +1); L must be integer; N > (2L + 1),
As for NIO 86, except that the values of the t statistic
for the XY, confidence interval for the (N - 3) degrees of
freedon have been substituted in place of the 95% values,

Brian Hinde



W.1.0, PROGRAM 86/B

Title Bartlett's method for fitting an
exponential functlonal relotlonship.

ann@L age EMA

e

This program is similar to NIO 86, fitting
the curve y = ax” to sebs of values of x
and v, but also compares the values of b
obtoined from two diferent sets of values
of x and y.

Inputs ) Program
1) Job description and data (1)
2) Data (2)

Program Beging:~
COMPTIIER BuMA

S002 NIO PROGRAM 8 /B SLOPE COMPARISON 13/9/419

hY
\or date of aporonriste Vt;uloﬂ}

and ends

CLOSE
Job description The output is on chanuel 7 and may be

lineprinter or five or uovon traclk tape.
(1 + B/15) blocks or (177 + 6 B) lines will
be recuired where B is the number of pairs
of sets of data.

The store requirved for compilation is &0 blocks
The store required Tor execution is 27 blocks
The computing instructions =10 + 3nd where n
is the average nuuber of points per set of data,

The sets of data to be commared must be input
on streams 1 and 2, each stream contalining the
seme muiber of sets of dato in corresponding
OTCer .,

.

Following the appropriate heading, the data beglus:~

DATA TTTLE
One line of title

) L data code number, wialch must be an inte

. P, - - LI [N 'y\‘ LI KR

) The number of data points (N = M) dn @

3) In 1uuegmv L or L', aporoximately equal to
\/J or N /) (see Liethod of M, I.0. 663

P~

L) The W or ¢ points, both co-ordinates
7 - s
being positive, in ascending order of x,
Cefe X v
4
x Na
2 2
o 9000000
X.. ;
v Tw

Then may follow another set of data beginning
with 1), the data code number,

The last set of data should end with / on a new
line,



ggﬁgut

Failures

Regtrictions

b ip e

Program 86/B p.2.

NIO 86/B OUTPUT

The data title on input stream 1

The data title on input stream 2

The two dats code numbers

The values of b and b’

The number of degrees of freedom (W + N7 - 6)
The value of the t statistic (see ie thod)

The output ends with the words

END O DATA

Any faults in the datea, such as spurious
characters are indicated by

FAUDLT IN DATA, CODE HNULELR

followed by the code number of the data being
read and that of the last set to be read on
the other input streamn,

If either IT or M’ is less than L, an error
nessage will be printed and the program will

proceed to the next sets of data.

(X, y} > 0
3 < Data Code nunmber < 13

Y s N s 5, L

i
H

VS
=
i
B

£

1 2

@3 -1) < Ls @/3 +1); must be integer;
e (2L 4+ 1)

(/3 -~ 1) € I < (/3 + 1): L' must be inbeger:

After evaluating the +two slopes b and b’ {szes

L) /\ £ .
Method of N,I.0., 86/, t is calculated according
to the following formula:

Tt = (\}2 “;_“£g+§i>(‘bmbl\'

™ bl a3

where + has (W + N/ - 6) degrees of freedom,

where
2 2 2 2
S, =8~ — 2B 4+ B s
D v xy X
and
P 1 |

o s N I . 2
Py TN z ( A1> + 3 (x x2> + 3 L&"AMS).J

&

N 2 E ot .
meking s_° the pooled within-group variance of x
. N Z )2 \ o e .
where % (x - x )% is the sum of the scuared
. s 17, iy . ‘
deviations Trom the meon of the first group

of observations in the Tirst group only, and
50 Ol

(x - x ) (y - §1> + X (X - 52) (y -5 )

f2-E) G-F) |



N.9

Notes

puesehegneton)

Programmers

Program 86/B p.3.

The significance of the difference of slopes
can then be looked up in a table of the
t-distribution.

The method is described in

"Quantitative Zoology', by Simpson, Roe and

rontin, pub, by Harcourt, Brace and Company
vin,

iy Pe237.

Catherine lchwen and Brian Hinde
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N,I.,0, PROGRAM 87

Title

Language
Miachine

Purpose

Inputs

Program

Gravity anomalies
EMA

ATLAS 1

To compute the asnomaly in the earth's gravitational
field dlong a profile perpendicular to parallel horizontal
prismg of infinite lateral extent and srecified density.

1) Program
2) Job description and dats,

(Cepitals denote actual punching)
COMPILER EMA

S002 NIO PROGRAM 87 GRAVITY AICMALIES 7/9/1966 (or date

of appropriate version)
HATN 1010

AUXTILIARY (0,0)
DUIPS O

Then follows the program, ending with
ey

dob description and data

JOB

Job number, Job Title

INPUT

O 5002 NIO FROGRAM 87 GRAVITY ANOMALIES 7/9/1966 (or other
date as en program tape

SELF = 1

OUTPUT

O FIVE-HOLE PUNCH m BLOCKS

STORE 15/60 BLOCKS

COMPUTING t INSTRUCTIONS

The number of blecks of output

m =1 4+ O005 BN
wiiere B is the number of sets of data, and N is the number
of points at which thc cnomaly is to be csleulated.
The computing instructions t = 500 + O¢1 (Nn¢)

where n’ i8 the number of points of data,

Then follows the data:-
DATA
DATA TITLE

Title of the first set of data {one line only)
A’ B? ¢! 7’ O {or 1) where the anomaly is to be calculated at
points on 2 = 2’/ at interval B’ in x between
A’ and C?(B’ must be positive), O or
1 is dnserted according to whether +the
units of x and z are nautical miles (O)
or kilometres (1)

D = Density of first prism (grma/cc)



N.S

Output

Restrictions

Cost

Method

e e T

Progran 87 p.2

Xoy Zoy X145 Z4y wsee Xy Zpns Ko, Zo = co~ordinates of the
corners of the first prism listed in
clockwise direction round the prism.
Note that the co-ordinates of the first

corner are repeated at the end of the
list,

The remaining prisms are also listed, starting with their
density, and the final prism is terminated with

A A >

The next set of data then follows, begimning with

DATA TITIE
The last set of dats should be terminated with

/

A B/
For each set of data:
The data title;
The x co-ordinate at the points at which the anomaly is to be
calculated and the anomely in milligals, printed in two

columns.
The output ends with the words "END OF DATAM,

No prism mey have more thon 277 corners, and the number
of anomelies to be computed € 200,

1) If the date contains any spurious character the words
YRAULT T7 DATAY are output, The program then proceeds
to the next set of data,

2) If any prism contains more than 2°C corners, "K > 200
is output and the program proceeds to the next set of
data.

3) If the initial oco-ordinates of a prism are not repeated

at the end of the list of points, the words "ERROR IN
PRISM" followed by the prism number will be outputb,
If the error was in the first prism the program will
proceed to the next set of data; if the error is in
the second or subsequent prism the anomalies so far
computed will be output,

About 15/- per set of data

The method employed is that described in Talwani, M,,
J.L. Worzel and }, Landismen, 1959 ~ Rapid gravity
computations for two-dimensional bodies, with application
to the Mendocino submerine fracture zone, J. Geophys,

Res, €, L9-59,

Let ABCDETPF .... be a given polygon with n sides and
let P be the point at which the atitraction due to +this
polygzon has to be determined. Imagine P to be the origin
of an xz system of co-ordinates, where the polygon also
lies in the xz plane. Let z be positive downwards and

x positive to the right.

Let R be any point on AB and let @ be the angle the line
PR mekes with the x axls, measured clockwise,

The verticael and horizontal components of grevitational
attraction due to the polygon, at the origin, are

2Gp‘f 7z 408

and  2Gp %‘X d@ respectively
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Programmer

Program 87 p,3
where G is the universal gravitational constant
(667 x 10 %)
and p is the volume density of the body.

Now it can be shown that

B
]1 %00 = /ﬂ aytand tanp; 46 = Zs
AR A tandi ~ tenb

where BA produced meets the x axis at § at an angle ¢4 and
PQ = ay

ov The verticalgravigy anomaly Gj due to polygon J is
"
GJ = 2G—p ) Zi
’r"“"‘"
1=9
The progrem thus computes the anomaly due to each prism (i.e,

polygonwith infinite y dimension) and sumsthen over all
prisms giring a tobal Gy where N = C/-A7 + 1,
Ao

For-the general case:

Zi=ai singi cos¢4:?i— jp1tbangi logg cosei(tanai—tan¢i)
cosVip\tands, ~tand;)

1 1

z24 $3 = tan ' ziey — 23

X4

where Gi = ban

e v

Xi+1 - Xi

and By = X2y ok By Xy Xy

By 7 Zi4y

When P is not the origin, xj is replaced by (x3 - X)

where Xis the x co-ordinate of P, etc,

The program takes appropriate action in the following
cases, gilving the cor.eoct grevity anomalies:

1) Xy = O

2) Kipy = O

3) 23 = 234y

4) %y = X5,

5) 64 = 6i+1 (when Zi =0)
6) x; = z5 = O (when Z; = O)

7) %y, = 53,, = O (vhen Z; = 0)

BRIAN HINDE (This program is based on a flow diagram
prepared by F.J. Vine and published in
his Cambridge Ph.D. dissertation, August 1965)
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N.I.0, PROGRAM

88

Title
Language
Machine
Purpose
Inputs
Progpam

ot

Job description

Atlas Costs
BEMA
ATLAS 1

To evaluate the cost of each job run on Atlas 1 in
pounds, shillings and pence,

Q) Program
1) Job description and data

COMPILER EMA

S002 NIO PROGRAM 88 ATLAS COSTS 23/9/1966
Then follows the progrem ending with
CLOSE

ERZ

and data

JOB

Job No,, Job title

INPUT

O 8002 NTO PROGRAM 88 ATLAS COSTS 23/9/1966
SELF = 1

OUTPUT

O FIVE-HOLE PUNCH n BLOCKS

STORE 15/60 BLOCKS

COMPUTING 1000 INSTRUCTIONS

where n = 1/40 the total number of jobs run,
Then follows the data:—

1) DATA

2) DATA TITLE

3) ATTAS COSTS followed by the two dates covering the

current [ftlas dinvoilce,

4) TFach set of data (one for each job run)
consisting of the following:-

a) Job number

b) Run number

the link
u) The day and month on which the Jjob was run, The

nurbers are separated by a full stop
e) The total number of instructions used

f) The number of instructions used in compilation

g) The requested number of biockf for compilation’
store

h) The requested nurmber of blocks for execution store

i) The number of tape decks used

The number of tape block transfers used
k) Total number of blocks input

1) Total number of %locks of tapz oubput

m) Muaber of records of line printer output

n) MNumber of cards punched

¢, Data link number, of O if the job was not run over
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Output

Cost

Method

Programmer

Program 88 p,.2

0) Level of job:~ E = express
norinal

priority

ok

et
=
oo

The data ends with > on a new line followed by xm=Z

The output is headed with the data title, aund with the
following heading on the next line:-
JOB RUIN D/L DATE IS &£ 8 a

The appropriate information is printed in the various
columns followed by the cost of the run,

If a spurious character is found in the data, the progran
prints "FAULT IN DATA, P = "fellowed by the spurious
character,

Anproximately £1., 14, 0O, for 20-30 sets of data, £1 of
this is the fixed data link charge, For a normal run
by post this job would cost sbout 11/6.

The program computes the following formula

‘: (CS_+ AN + A3M) 4 420 M-W pence + input/output charges

263 -

where C = number of instruction interrupts obeyed during
compilation

S = number of store blocks requested for compilaticn

A = nurber of insbruction interrupts obeyed during
execution

N = number of store blocks requested for execution

J = number of magnetic tape block transfers during
execution

M = number of magnstic tape decks loaded,

If a job is run at express rate the program computes the
input/output charges as follows:— 1/= per block of cards
or tape input + 2/- per block of tape output + 2d, per card
output +§ﬁ;per line of line printer output, TFor a
priority or normal job the charges are 1/6 per block of
cerds or tape input + L4/~ per block of tape output + 2d,
per card output + 14 per 1line of line printer output.

For a normal jcb the formula cost + input cost + output
cost are simply added, Iff the job is run at express rate
the complete cost is [£1 + 3/2 (formula + input + output)].
For a prioity Job the cost is (g2 = 4/% (formula + input +
cutput) ],

The program evaluates the relevant formula for each run in
pounds, shillings and pence, /Any fraction of a penny is
rounded upwards, If the cost is less than £1 then there
is a fixed charge of £1,

Eileen Squire
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Title
Language
liachine

Purpose

Invuts

[rosiene iy

Program

Annlysis of shipborne wave records
EMA
ATLAS 1

Given values of the hilghest and second highest crests,

the lowest and second lowest troughs, the number of zero
crossings and the number of crests in a short record from
the N,I.0, shipborne wave recorder, to compubte the spectral
width parameter and the significant wave height and also
the predicted maximun height in s period of three hours,

0O) Program

1) Job description and data

COMPILER EMA

S002 NIO PROGRAM 8S SBWR ANALYSIS 15/12/1966
Then follows the program ending with

CLOSE

X7,

Job deseription end datae

JOB

Job Ko., Job Title

INPUT

O 8072 WIO FROGRAM 89 SBR ANALYSIS 15/12/ 1966
SELF = 1

OUTPUT

O LINEPRINTER k LINES

STORE 20/€0 BLOCKS

COMPUTING (5CO + 2%) IIISTRUCTIONS

where k = 3 tines the number of lines of data.

Then follows the data:~
1) DATA
2) DAT.: TITIE

3) The name of the ship from which the records were
taken and the year of recording.

4) Three parameters consisting of the depth (d) in feet
af the instrument below the sea surface, followed by

the year and month (in figures) in which the records
were baken,

5) Each line of data consists of the following:-
a) The day of tihe month
b) The time at which the record started (e.g. 210)
¢) The length of reeord in minutes (U)

d) The height in feet of the highest erest above the
mean water level (&)

e) The height in fect of the second highest crest
above the mean water level (B)

f) The height in feet of the lowest trough below the
mean water level (C)

g) The height in feet of the second lowest trough below
the mesn water level (D)
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Outgut

Cost

Program 89 p.2.

h) The number of zero erossings in the record (ZNZ)
i) The number of crests éabave and below the mean water
level) in the record Nc)

A change af month is indicated on the data tape by £4>
after the last day's data, The data ends with 4
the last line of data followed by wm=Z in the usual way,

If data 13 not available or the record not measurable, one
of the following options can be tekeni—

a) Record Missing:— Insert Y after the day and tine
(i.e., in the length of record colummn)

b) Record Faulty:~ Insert F
¢) Waves too small to measure:— Insert C (for calm)
The output is headed with tihe name of the ship on one page,

and the month and year at the top of the next page., Each
page is then headed with

DATE TIME TZ 1 H2 E HY/ H2/ H31 HS2 HS HiX(3 HRS) DURATION
The program then computes the following, and prints the
answers in the appropriate columnsg-

a) the day of the month

b) the time at which the record started

c) the wave period in seconds, correct to two dscimal
plaoces (TZ)

d) the helght, in feet, currect to one decimal place, of the
highest crest plus the lowest trough (H,)

e) the height, in feet, correct to one docimal place, of the
second highest crest plus the second lowest trough (H,)

f) the spectral-width parameter (E) to three decimal places
g) H; corrected to allow for instrumental response (H1’)
h) H, corrected to allow for instrumental response (Hz’)

1) and j) the mean height of the highest one-third of the
waves each sorrect to cne decimel place caloulated from
H,’ and H,’ respectively (Hs, and Hs,)

k) the average of Hs, and Hs, %0 give Hs, The program
conputes the average of the numbers contained in the
nachine stere and nct those printed under Hs, and Hs,.

1) the most prcbable height of the highest wave which would

ocour in a period of three hours, correct to one decimal
place (;Imax(5 hrs.>)

the duration of the record in ninutes,

If no measurements were available, the words

"RECORD FAULTY" or
"RECORD MISSING"

will be printed on the right-hand side of the page against
the appropriate date and time,

If the record was too small to measure, the word "CALM"
will be printed in the TZ column,

Approximately £3, 10s. 0d, for a uonth's data,
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Method The zero~crossing period is given by
Tz = 120U/[21\TZ] seconds
then Hy = A + C
H, =B + D

and these are corrected for instrumental and hydrodynamic
factors using the formulae

Hgl = k Hz . .
083 [1 + (8.8;1)‘"2]’/ 2 exp (2+581/8)

where 4 = 2r and g = 32+174 ft, sec, -
Ty

where k

il

The spectrol-width parsmeter

]

E =[1 ~ (Tg)?
A Y2
...Z/

- ~ T
where T, = 60U/1y seconds,

The values of significant wave height as determined fron
H ' and H,' are

2 H'
Hs1 = .j., __1 —~a
(20)2 (1 + 028987 ~ Qo270 2)

14

and Hs, = 2 1,

(20)% (1 - 0211671 ~ 0+103072)
where € = logg (NZ)

The average significant wave helght is then given by
Hs = H51 + Hs,
2

The prediction of Hmaac(}hrs.) is done by computing

\\
= fos, (120 1,)

and then

= V2 (DW0OD6361y* =~ 0073968y + Oe330575y°
2 + 0316548y + O+566L05) Hs

The coefficients in this equabtion were derived from a least
squares it of the points contained in a table by Longuet-

Higgins (J, lar, Res, 11, 259) relating the most probable
value of & ox in a given interval to the square root of the

Hmax(} hrs,)

number of waves in the interval, TFor 10 < I, < 100,000
the maximum residual is less than O-05%,

Pro granmer Brian Hinde
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N.I.0, PROGRAM SO

Title
Language

Machine

Purpose

Input

Tape

Qutput

Restrictions

Ceos:

e

0
i

Egﬁhod

Tables of the Integral of Associated Legendre Polynomials

EMA
ATTAS 4
Vo moor
To compute tables of the integral Pn PS dz for

1
integer n, m, s, r up to a given integer N,

Q) Job description, program, data

JOB

5002 Job number, data 1lin't number LEGENDRE POLYNOMIALS
OUTFUT

C LINE PRINTER £ LINES

STORE 15/60 BLOCKS

COMPUTING i INSTRUCTIONS

COMPILER EMA

MAIN 40

AUXILIARY (0,0)

DULPS O

>> NIO PROGRAM 9O date
>> DATA IS FOR DEGREE N

Then follows the program, ending
CLOSE

Then follows the data, the single integer N which represents
the highest value of n required in the tables,

and the tape ends with

837,

o
4, the number of lines of output, = 1-2\*(N/2 + 1) - (W/2)2
/2 + 2)}

or if paper tape is recuired as output, number of blocks is

(1 + &/70)
i, the number of instructions, = 3500 approx,

This is a table of values of the integral as a function of
n, m, 8, r with an additional column when (m+r) is odd
giving the integral/ll,

Values are given for N> n > my n 2 5 > r. If n=s, then
ner, TVhen (n+mes+r) is odd, the integral is zero and is
not given,

N < 23

If this restriction is to be waived, then the X directive and
main store specification must be increased to (2N + L),

About £5 for degree 10
The method used is to evaluate the integral using a single

series expression found by J, CREASE (see N.1.0, Internal
Report £.28),
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Attention has been paid to the programming of the expression
to retain integer arithmetic as far as possible and hence
keep the maximum accuracy. Double length arithmetic has
been used in summing the terms of the series,

The program and strategy adopted are not particularly suitable

for adaption as a routine to find individual values of the
integral,

J. Crease
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Title Revision of Matthews Tables (2, Gulf Stream)

Language ELA

Machine LTS I
Purpose This program was written and used for the same

project as NIO Program 70, i.e, to investigate
Matthews Tables,

In this instance the program was used with hydro-
granhic data for the GUIT Strean within the
latitudes 33 to 44 °N, longitudes 50 to 76 °W

Ve

Inputs ) Program and program constants
EIRENE { . - .
1) Job description and data (including parameters

and titles).

Program and program constants

Tape 1 consists of the progren; it starts

COMPITER EMA

S002 1910 PROCR.M 91 MATTIIUS REVISION (2) 8/12/1966
MATI &0

AUXTLIARY (0, 2)

DULPS O

Then follows the progren, ending with

ACROSS 1/1

s

. -~ 4 -
pe 2 contalins the 101 program constants (or basic
data) in floating point decimal, as a table i
starts with

1) 98062
and ends with
CLOSE

St A

Job description and deta

IS lod
This starts

o

Cy
i
[5e

Job numboer, dota link nusber and job title

THPUT

2 LINES
STORE 20/60 BLOCKS
COMPUTING ¢ INSTRUCTIONS

where & = 200 + 200 (no, of stations)
and g = 1000 + 400 {no. of stations)
Both £ and q are estimates for deep stations and
both mey be considerably reduced for shallow stations,

i

M.9
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The Jjob description is followed by
DI\ Jr

and the parameters m and as (as in NIO Programs
58 and 70) where a, are the standard pressures
and intervals for I = 2(1)m~1,

Then comes the data, starting with one line of

data title which usually contoins the ship and
station number, geogrophical position and date.
Then on a new line follows the nearest integer

ralue of latitude. The values of depth, teamperature
and salinity {ollow as described in NIO Program 58,
Tollowed by > .

Wew sebs of data follow, starting with the data title
and ending with > ,

The final set of data is followed by
EID OF DATA

Qutput

he output for ernch sta

tatlon title

) results at true d epths i,e. observed depths

) results interpolated from a) to standard true
denths; +this is heoded "standerd depths
oorrehted”

i results interpolated fron b) %o standard echo-

soundlng depths; this is headed "standard

epths uncorrected™,

ts of 1—

ct
L
o]

i/

O

;.x

I

w

e
C/l

Sections a), b) and ¢) are on sceparate pages on
the line printer output.

At erch depth a latthews-type correction is
calculated so tha

echo-gounding depth + correcticn o true depnth
In output sections a) and b) (which are the same as
in NIO Program 7‘) the output is in terms of true

)

depth and correction, so tha

true depth (as listed) - correction (a: 1sted)
gcho-sounding depth

Tn section ¢) the echo-sounding dGenth (as lisH ted) +
correction (as listed) = true depth

In section a) the output consigts of :-

sample number

depth, metres

correction

pressure, db

sound velocity, metres/sccond
sounding velocity, metres/second
potential temperature, °C
potential density, i.e. %
In sections b) and ¢) the output consists of :-

depth, metres
correction
interpolation ervor
sound velocity, neire: 5/ second
interpolation err
sounding velocity, metres/seoon‘
interpolation error
See program descriptions for IO Programs 58 and 70

1.9 for detalls of oubput and method,

i o
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About 7/6 per station

Basically as for NIO Program 58, Note that when
depths are input they are immediately converted

to pressure (db) and wvorking is done in terms of
pressure,

‘his program has been compiled onto maznetic tape
and moy be used from there, the whole of input &
constituting the program,

When the magne*ic tape version is used the store
recuired is 23/25 blocks and computing instructions

g = 22 + 40O (no. of stations),

James Crease
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Title

o 2 o——

Language

Machine

PnE————

Purpose

Inputs
SN aa s

Progran

. S

Ganersl speobrel analysis
EMA

ATLAS 1

To compute the auto— and cross-covariances, and auto- and
cross—spectra of up to 99 time series. Facilities include
error detection and logging, selection of series, selection
of pairs for cross—correlation, pre-whitening, correations
for the amplitude and phase response of the resording
systen, onmilssion of parts of the computations not required
and plotting of avto-spectra,

a) Using paper tape program:-—

O% Progran
1) Job description and first data tape
2) to 14) Data tapes.

b) Using magnetic tape compiled progran:—

0O) Job description
1) to 14) Data tapes,

Long sets of data may be split up into convenient lengths and
input as several consecutive documents, Every document ends
wilth sk 7 o sdor C.

COMPILER EMA

S001 NIO PROGRAM 92 GENERAT, SPECTRAL ANALYSIS 10/3/1967
(or date of appropriate version

MAIN p
AUXTLIARY (O, q)
DUIPS O

CHAPTER 1

~ Rearranges auto-spectra in auxiliary store ready
for plotting.,

CLOSE

CHAPTER 2
- Rends covariacce dala ready for Fourier dransformatiocn,

CLOSE

TROCRAMIE -~
>> GRAPH PLOTTING

CHAPTER 1
~ Plots auto-spectra.

CLOSE

PROGRAILE =5
>> CENERAL SPECTRAL ANALYSTS
CHAPTER 1

- Computes auto- and cross--covariances.
CLOSE
CHAPTER 2

-~ Computes auto- and cross-~spectra,
CLOSE
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CHAPTER O
~ Reads, sorts and selects data,
CLOSE

A

The directives at the head of each chapter should be set

as follows (they'will only need alteration for very large
- A %

Jjobs )~

CH.1 X220+ 1)
702 KB+ 1)
CH,2 X > KL + 1)
Y o> KO+ 1)
B2 KK -1)2
PRQM")““
CHo D, E, X, Y > (M + 1)
PR.~5
CHa X2 KL+ 1), 8(2L + 1), 1CC0

Y2 K3 + 1)
Ly C, U, V, W, I2K
B> KE-1)/2

CH,2 Y 2 KL o+ 1)
Z > K21 + 1)
B2z K(K-1)/2
F, ¢G> KO+ 1)
U, V2K

CH,O A 2R
= WK - 1)/2
> O R

> Vi K

=

- ™
E

where L = aumber of covariance lags, M = number of

frequencies, K = nuwiber of series scelected for analysis and
i s

R = total number of series read in,

The MATH store requirveneat (p) should be set to be greator
than the meximm number of maln varutables regquired in any
o0 the slz chapters, (Note that X ~-> 4000 allocates
1) storage locations) (Renermber to ellcw 8 for index
stores i programme ~& and 4 in programme -5), The
AUFTLIARY store requirenent (g) should be sot to a value
creater than (DY + KZ(L + M o+ 2)] or [D/ + NK]y whichever
s *the greater, where D/ = (K/2)(4 + K + 11) and where N
S

2l

che nuanber of terms per series,

ope

et

Wnen using the progran with several sets of data, the

& } ; . . 3 .
avxiliary directive should be set to the largest required
value,
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Job description

INPUT: Up to 14 data documents may be listed, If a data
tape 1s split into parts, they must be input on consecutive
documents, numbered in the correct order,

OUTPUT: The amount of output depends on the setting of
parameters ¥, K, L, M, P, V/ and H’ (see "data" below),
Numerical results appear on output O and auto-~spectral
graphs on output 1, Even if no graphs are required,
output 1 MIST be specified as a nominal 50 lines, On
output O allow

B[ 200
+L(1 + int, pt.(K - 1)/7) for auto-covariances
+ 2L(1 + int, pt.(KP(K - 1)/14) for cross-covariances
+ M(1 + dnt, pt.(XK ~ 1}/7) for suto-spechra
+ (1 + 6)(KP(K - 1)/2) for cross~spectral lines,

where B = number of sets of data and P = the fraction of
the total options required, e.g, P = 8/15 for 8 out of
15 posaible pairs,

On outpat 1 (if required) allow
BK(50 + 211) lines for graph plotting.

For output on 7-track paper tape (5-track should not be used)
the formulae are

B{1.0
+ $0C5 LK for auto-covarianses
+ D005 LKP(K - 1) for cross-—covariances
+ D205 MK for subo~spectra
+ 001 MKP(K - 1) for cross—spesira)] blocks on
output O and
BK[2 + 2/25] blocks on output 1 for graph riotting.

The auto~ and cross-—spectral outputs will be doubled if
pre-whitening is used,

STORE:  The store required for execution is
B! + L0 + ¢ Maxinun of
T4 (K 4 2),
EEED + 2) « M+ 1),
4(1 + 1),

[K(KL + 2K + 6) + Haxioum of k(L = 1>)
8(2L + 1), 1000],

KK + L + 3) + 21 + 5),
R(2 + 100) + K(X + 100)} /512

J

.
+ {Maximum of
D! 4+ MK,

D’ 4+ K3(L + U + 2)} /512

where D’ = X/2[4M + K + 11]

and B/ = Number of input streams used,

The store required for compilation is 85 blocks,
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COMPUTING:  fThse murher of cullputing instruotions used will
be less than

Pooo + BRL (4 + PZK)i
_ ) i

-

+1‘B(ﬂ333 + 1OMK)*§ if' graph plotting is required,
- i

Tf H' =4, 8 or 12 (spectra only) the first formula becomes:
[x000 + 10BK2L]

Data Each set of data begins with a number of parameters outlining
‘ the user's requirements, TLong data tapes may be split into
. shorter lengths and input as several documents, in which case
the parameters appear only once, If desired, the parameters
may be on a separate document, but their docunent number must
be one less than that of the data to which they refer, Data
input numbers Pegin at 1 and must be consecutive, A typical
arrangenent might be:-

INTUT O Job description (prog, on nage tape ) } Probably on

INFUT 1 Paraneters for 1st set of data one tape.,
INPUT 2 48t set of data

INFPUT 3 Paraneters and 2nd set of data

T7PUT & Paraneters for 3rd set of data

INPUT 5 st part of 3rd set of data

INFUT 6 2nd part of 3rd set of data,

There are three data terminators as follows:=
>> HEnd of document and this set of data,
)) End of document, but not end of this set of data,
// End of last document,

The terminators must be punched following a correctly

terninated term in series R and they may not appear before
the # in the peranmeters [see (22) belowl,

Thus, in the above example the terminators would be:

meuT O R
INFUT 4 )) 4,
NPT 2 >> sl
eUe 3 >> sesea
INPUT 4 ) RETA
oeUr 5 ) i
nwuT 6 // 37,

It follows that if there is only one datae document it will
end with // w2, Covariance data and parameters MUST

be on one document only [H! =L, 8, 12 ~ see (2) below],

The parameters which precede each set of data are ag follows:=

Restrictions

1) DATA TITLE

One line of title

N,9
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Restrictions

2) in integer (H!) having values between 1 and
15, this being the total of up to four
integers chosen from the following:

1 if auto~covariances are required
2 if cross-covariances are reguired
L if auto-spectra are required

8 if cross—-spectra are required

[e.g. 9:~ auto-covariances and cross—specitra
only will be output.] Note that if

0 = 4,8,12 the program will expect to
read covariance data [see (24) belowl.

3) An integer (i) equal to the number of Omit when
docunents to we used for this set of data, H = 4,8,12

) fn integer (L) equal to the nunber of
covariance lags required or read in,

5) An integer (M) equal to the number of Onit when
frequencies reqguired for spectral analysis, H' = 1,2,3

6) An integer (R) equal to the total nusber of  Omit when
series to be read in, H' = L,8,12

7) An integer (K) equal to the number of series
to be selected for analysis, (When
H' = 4,8,12 K must be set equal to the
Botal nuaber of series %o be read in.

8) X integers, being the mubers of the series Omit when
to be selectel for covariance and/or HY = 4.,8,12
spectral analysis, [N,3, The first series
i5 1 and the last is RJ], The muibers nay be
in any order.

The series will now be referred to as
losssraseli o Input and outovub, e,g. If

series 2,5,4 have been selected from
1,2,3,4,5 they will vow be numbered 1,3,2

9) MAn integer (P) egueld to the murber of cross- COmit
covariancs and/cf crogs—spaohral palrs Hf = ﬁ,@ 5
required, P = -1 nay be used to signify
that all possible combinations are
regrired, MN.B, The cdeliniticn of P given
here ls NOT the same as that in the Job
Ceseription section above,

12w 2%

10) P pairs of integers, being the nuibers of Omit when
the series to bhe cross-—correlated and/or P =0, ~
crossw—spectrally analysed, Tho pairs mey
be in any order but, withian each pair, the
lower series number rmust be punched first,

11) K numbers, being the numbers required to Omit when
convert the data into physical units H =154,8,12
(ench number being a ratio of physical/
digital units),

12) ¥ numbers, being the variances of the Only when
series in physicel units, = 4,8,12

1.9
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13) ¥ nanmbers, being the time lags of each

%)

15)

16

17

18

22

)

)

)

~_’

series relative to series 1 expressed as
decimal fractions of the time between
successive readings of the same series,
Thus the first number will normally be
ZEero,

€80 4 series, sampled at equal intervals:-

O 025 050 0O+75

An integer (I) = 4 if the amplitude and
rhase response of the recording system was
the same at all frequencies,

= O otherwise,

(M + 1)K values of amplitude and phase
response at each frequency, starting at
zero, for each of the K series, i1l.e, for
series j a unit input to the recording
system at frequency s/2LE cycles/time
unit has a response

o d \
1T
a? exp/lmgﬁ.}, ¢ in degrees,
s T\T80 /

The values should be arranged thus:~

1 1 2 ¢2 K K
aQ(pO C'O Oocoaoonoooaaooaiw\,c)

T 1

&.1 Qb,}.»‘oooeooopucnoaooacvlvonooo

2D LBIODENNEAD OV BILCL QORI PADN

1 .7 XK K
aM ¢

BP0 9N OLAEB RO AN B, P
M MM

The sampling interval (£) between
sucecessive terms of the same series,
The units of E will govern the units of
the resul’ant speciral frequencies (see
Method of programme =5),
The pre-whitening fastor (F) (see HNethod),.
If pre-whitening is not required,

set F = 0,

An integer (V/) = 1 if plots of the
auto-spectra are required,

= O otherise,

in integer (8) = O if the auto-spectral
graphs are all to ocoupy the uaxinum
available page width (see lethod of
programme -k )

= 1 if the y ordinates are to be
scaled by a factor U’ Lsee (2?) below]

A scaling factor (U’) for auto-spectral
graphs (see Method), If U’/ =1 the

y scale will run from O to 118 energy
units,

Restrictions

Omit when

H' = 1,2,3

Omit when

HI = 1?2’3}

I=1"

Omit when

HI = 1’2’3}8,
9,10, 11

Omit when

v/ =9,

H! = '};2,3;}8;’/9?
10,1

Omit when

V! = O, S o= O’

Hl = 1’2?3’8,
9,130,114
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Restrictions

21) An integer (Q'); plotting of auto-spectra Omit when
will begin at a freguency of Q'/2IE cycles/ V/ = O,
time unit, H! =1,2,3,8,9,
16,11

22) An asterisk (*) after the last parameter
has been correctly terminated, This is
usgsed by the program to check that the
correct number of parameters have been
punched, The data terminators (>>, )
and //) may not appear before this point
in a data tape, A data tape containing
only parameters will therefore end with

b

))

LR A
(eog, INPUT 1 in the example above),

Then follows:~

23) The R series of data points, the first Omit when
term of each series first, followed by the H! = L4;8,12
second and so on,

2)4) The (L + 1)K normalised auto-covariances of Only when
the K series, the values with zero lag HY = 4,8,12
first for each series, followed by the
values for one term lag and so on,

25) The P{2L + 1) normalised cross-—covariances Only when
of the K series, taken in pairs in the H' = 8,12
strict orders

R12, R13, wqoaaoqoaoohaago.,RjE{’
RZE, th) ﬁv'ﬁéo---ooo'aooawRZK,
R31+, 0900@!‘40...0»0‘00‘thOR(:{{“ 1)1{\’

Only those pairs should be included that
have been specified in 9) and 10) above,
For each pair ths covariances should run in
the'order T(”L}, Y(“L + 1)anaar(g))acnr<L)'

i.e, AYL the covarianoces for R12 are

punchéd, Iollowed by those Tor R13 and so on,
This arrangement is different from that
specifiied for the auto-covariances,
Output (For complete details, refer to the descriptions of
programmes -4 and -5).

The output will include some, or all, of the following items,
tepending on the values of H’, F and V/, The series will be
referred to as mumbers 1 to X in the order in which they were
read in, not in the order in which they were selected,

Output stream O:~

Data title,
Means of each digital series 1 to R.
Murber of terms in cach series (H! # 1,8,12),

The time lags of each series (H? £ 4,8,12),
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The means of each series, in digital and physical units
(H' £ 4,8,12),

The variances of each series, in digital and physical units

(H £ 4,8,12),

The lagged normalised auto-covariances of each of the
selected series (H! odd),

The cross—covariances of each series, in digital and physical
units (H' = 2,3,6,7,10,11,14,15).

The lagged normalised cross—covariances for each of the
selected pairs of series (H’ = 2,3,6,7,10,11,14,15),

The frequency increment between successive spectral estimates

(I £ 1,2,3),

The auto-spectra of each of the selected series, in physical
units (H/ = 4,5,6,7,12,13,14,15),

The cross—spectra of each of the seleocted pairs of series as
follows: (H’ » 8),

o~ and gquad~spectra in physical units.

Intensity, phase (in degrees) and coherence,

When F £ O, the auto-spectra, co-spectra, quad-spectra and
intensity corrected for the pre-whitening will also be output

provided the reciprocal of the attenuation factor due to
pre-whitening is not greater than 101%,

Output strean 1:~

The auto-spectra of series 1,2,..,.+.K with the y-axis aoross
the page, The x~axis scale is always

4 inch = 1 freguency increment,

The y-axis scale is obtained by multiplying the "Scale on
y=axis = " by the factor given two lines earlier, e.g, given
the following output:-

'Y scale must be multiplied by 0-25 to give energy/cycle/
time unit per inch"

and
"Scale on y-axis = 10-000 units/inch"

the y-scale would be 2-5 energy unjﬁb/cyclq/time unit
per inch

or O inch = 1 enerzy unit/cycle/time unit,

Thus, if the sampling interval was 2 seconds and the number
of lags (L) was 25 then ‘

x~scale: %cinch = O«O1 cycles/second

y-scale: Os4 inch = 1 energy unit/cycle/second,

In order %o identify the graphs with the appropriate
numerical output, each graph is headed with an output
number,  This nurber corresponds to that given immediately
after the data title on the numerical output and bears no
relation to output or inpubt stream numbers,

Faults, such as non~numeric characters, in the data
paraneters will be detected and the words
FAULT IN PARAMETERS ON INPUT

printed followed by the input stream number et fault, This
message will also appear if the asterisk between parameters
and data has been omitted or punched in the wrong position,
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or if a parameter has been added or omitted,
Non-numeric characters in data will be logged with the words
ERROR 1IN DATA

followed by the faulty term nurmber and series number, Errors
in any of the R series will be recorded and at this stage the
series will be referred to by the numbers 1 to R, Letters
and other printing characters will all be detected, but a
single space wiil not. This means that two adjacent numbers
may be read as one number resulting finally in there being
one too Tew terms in the last serics, This will be logged
with the words

SERIES HAVE DIFFERENT NUMBERS OF TERMS,

Single >, ) or / will be logged as errors btut >>, )) or //
will be read as data terminators,

If the total nuuber of incorrect terns exceeds LR the logging
will cease and the program will go on to the next set of data
(icev it will gearch this and succecding documents for a >>),
This will alsc happen if the total. number of individual
faulty characters exceeds 100, On 5~track tape a spurious
letter shift would cause all the succeeding characters to be
in error, including the terminators, For %nis reason 1t is
gol practice to preceds the terninators with a short length
of runout (figure shifts), On 7-+track tape, // would not be
recognised following a2 spurlouvs lower case character; all
‘serminators should therefore follioy runout (upper cases).

The first, or only, error in covariance data, such as an
incorrect number of terms input, will be logged with the words

ERROR IN COVARIANCE DATA ON INFUT
followed by the input strean number that is fauity,
If a set of data conbains any errors at all, even in the
series not used, the program will not carry out any

computations bubt will proceed to reading the next set of data,

MO OIS T -
Integers:

A
,\')
5

A
—
=

1 < H <15
1<K <99
IS N Ao v’}

-1 <P KK~ 1)/2
O <Q’ <N
1 <R € 500

K«

K*(M + 1) < 10,00

Non~integers:--

-~ < F <1

U’ >0

Mazimum number of data documents = 1l

In estimate of cost (in £) may be made by multiplying the
execution store required by the total number of computing

instructions estimated and dividing by 60,000,

The method of calculating covaricnces and specirs is fully
degerdbed in the deseription of H,1,0, programe =53  the
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Program 92 p,10

nethod cf plotting the graphs is fully described in the
description of N.I,0, prograrmme -k,

The program I.irst reads in all the parameters, The value

of B’ determines whether a jump is made to chapter 2 for

reading covariance parameters and data; otherwise all

reading is done in cheptor O, The selection of series is

cerricd out by setting main varishles A 1 to AR equal to the
.

numbers of the serles to be retained or te ~100, These
variebles are thon _tem‘:e(‘l as dota is read in, The selection
of paiis s ocarried out by setting auxiliary variables
(21 + 6)K o K/2 (W + K + 11) -1 equal to 1 for a pair
regnived or ~170 for a pairy not reguired. The first

iary veriablic corresponds to pa:x_r ('l 2) the second to
(1,3) axd so on to (1,K) then (2,3) etc, %o (K - 1,K).

Data is read into main variables X 1 to X 1OOR and then
selected according to the values A‘l to AR into Y1 to Y']ODK

before being transferred to the auwxililary variable store,

Uhen a terminating che acter 1s detected, a test of the

subsequent character is made, If a correct double character
torminator has been fouad the approprionbte action will be
'»;:“,Len otherwise an ervor will be logged., )) couses an

i meduue selection of the next data document and reading
conimes where it left off, > and // cause the last set
of data in X to he sorited and traa-ferred, The means of the
riginal R series are caloulabed and pre~whitening is
carvied out if required, Affter various essential indices
relevant to graph plotting have been preserved a jump is
made to programme ~5,

Errors are logged in two ways, Jadividual non-numeric
characters are counbted in S and terms containing one or wmore
faults are counted in T, An error message 1s only priated
for each wrong term, not for every wrong character,

Logging of errors ceascs when T > 4R or 3§ > 130, The
program then searches the data document for a terminator,

Counts are kept of input stroam number (B! + 'I) input
number (O and document muber in any one sel of data (A),)
57 is used to keep track of whare rea ding ceases when an
BITOL OGNS, Z! = w’lO during the reading of pawametows,
Z¢° = O during the reading of data if it is the only or last
document in a set of data a, and Z7 = -20 during the reading
of other data,

Chapter 2 is similar to chapber O except that there is no
zelection of series, the data being read into main variables

E b - L3 . L
XO o} XKZ (L + 1)4 and then transferred to the auxiliary

store in one operation,

Chapter 1 is entered only if graph plotting is required,
The auto~ and cross—spectral estimates are transferrved to
the main store Z and the aubo-spectral estimates picked out
and stored in wain store X after scaling by U’ , The
mayimum value of ordinate is found and is this exceeds 118,
all the values are multiplied by 118/ nax, value; U’ is
adjusted similarly, Certain indices are ﬁreserved the

x and y scales are printed and programme -4 is entered once
f’o“ each series 1scooesg0ka

This program uses N,I.0, programme -4 (Graph plottings
‘Qrogt-a.rmer, Margaret I ’Lmr*“ose\ and N.T.0, programme —5
(General speciral analysic; programmers: James Crease and
Frian Hindo)

i

Brian Hinde,
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N.I.0, PROGRAM 93

Title

Language

Machine

Purpose

Inputs

Program

Job description

Least squares polynomial fitting
EMA

ATTAS T

To fit polynomials y = f(x) having degrees up to
k to a set of n points, not necessarily of equal
weighte

Og Program

1 Job description and data

Begins e

COMPILER EMA -

S002 NIO PROGRAM 93 TEAST SQUARES FITTING 4L/3/1967
(or date of appropriate version)

and ends

gl 7,

and. data

The output i1s on channel O and maey be line printer
or five or seven track tape., (/60 + ¥/120 (k& + 5))
blocks for each set of data plus 2 blocks, or

(10 + N + k/g (k + 5)) lines will be required for
each set of data if all possible oubput printing is
required, (N is the number of points and k is the
maximum degree required),

The store required for compilation is 65 blocks,

The maximum store required for exeoution is 30 blocks,
The computing instructions = 1500 + 2Bkn where B is
the number of sets of data, and n is the average
number of points per set,

The data should begins—

DATA

DATA TITLE

One line of title,

An integer, n, the number of points,

An integer, k, the maximum degree required,

An integer, ¢, = O if the x co~ordinates are in arithmetic
progression, 1 otherwise,

An integer, 4,

O if the points are to be equally weighted,
1 otherwise,

il

An integer, e, = O for printing of standard and orthogonal data,
= 3 for omission of orthogonal data
= 6 for finsl polynomial only,

[To secure the printing of residuals at degree k, add 1
to the above values of e, If 2 is added instead, both
residuals and predicted values are printed, e =L or5
will be the most usual requirement.]]

The initial value of x [only if o = O]
The common difference [only if ¢ = o]
For each pointi~-

The x co-ordinate [omit if o = O]

The y co-ordinate

The weight [omit if 4 = O]
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Output

Restrictions

Cost

Vethod

Notes

Programmer

Program 93 pe2e

[1f ¢ = O, the data points must be arranged
in ascending order of x to match the x values
generated in the computer],

Each new set of data begins with:~

DATA TITLE

and the last set is followed by the sequence
DATA TITLE

ED OF DATA

/

and then

*ERY,

IO TROGRAM 93 OUTPUT
The data title,

The polynomial coefficients for all polynomials
and orthogonal polynomials up to degree k followed
by the divisor, Dj (see Hethod),

The residual at each point for the kth degree
polynonial and the y value predicted from the
polynomial at each point.

The component of the sum of squares of the
residuals after fitting each polynomial, the
coefficients, oj (see Mothod) and the value and
position of the maximum residual are next printed,

The sum of squares of residuals at degree k is
printed followed by a check value (see Method) found
by direct evaluation of the standard polynomials,
Finally, the mean square (i.e, the sum of squares

of residuals divided by the nwber of degrees of
freedom) is printed,

The residual at any other degree m (m < k) can e

found by adding to the sum of squares of residuals

the components at degrees (m + 1), (I + 2)nooseke

If this and the maximum residual at degree m are

acceptable, the coefficients at degree m can be used,

n < 520

k<12

For n = 150, k = 12, cost is under £4,0s8,04,

The method used is fully described in

"Forsythe, G.E., Jo Sooe Indust, Appl, Maths 5, No, 2, June 1957"

and the results are printed in both standard and orthogonal
formse~

var (03) =.¢® for each « up to k,

The estimate of ®% is made on the assumption that
var (yi) = o /s

This program is based on the R.A.E. program 109/A
written by J.H, Cadwsll,

Brian Hinde,



N,I,0, PROGRAMS 94, 9L/A, 94/B and 94/C

Title Biological Station File
Language ENA
Machine ATTAS T
ose The four programs constitute a complete system for preparing,

maintaining and accessing a magnetic tape file of biological
station data,

Outline of the system

Biological station and sample data is held on two 1" wide
magnetic tapes, One of these tapes is a master £ile and the
other is used for temporary storage prior to updating the
master, It is also desirable to keep a further copy of the
master tape in case of accident, The tape is divided into
about 50 blocks and each block can hold details of twenty
samples and their associated station data, Each block,
therefore, normally holds only one station but if there are
more than twenty samples then more blocks may be used, The
layout of the data within each block is as follows (each
block is divided into 512 words each of which can hold one
number or four characters):

Word O Station number

1 Marsden square number
2 Marsden square letter
%3:  Latitude (degrees)

L:  Tatitude (minutes)

5z N or S

6: Longitude (degrees)
7:  Longitude (minutes)
8+ WorkE

9: Year
10 Month number
11z Date

12 Time Zone
13 Sunrise time

1les Sunset time

15: Moonrise time

16:  Moonset time

17: Age of moon in days

Sounding (in metres)

E or M (sounding estimated or neasured ) B
20 Cruise number

21-71: Unused at present; available for other station data

-
9]

®

-
J\D

12 Sample number
73~75:  Gear used (12 characters)
76~77: Depth range proposed (in metres) #*
78-79:  DMethod of measuring depth (8 characters)
80-81:  Actual depth range (in metres) *

82: € if the reading in word 81 is the upper limit

of net closure #*

83 Speed of towing (in metres/second) i
84~35: Fishing times in local +time %
86: Length of tow (in nautical miles) 2
87: Volume of water filtered (in metres * » 100) *

u

88: Displacement volume (in c,c.s) %
89: S or H (for shot or haul) 2
903 Hotes (12 oharaoters) %

The seguence of words 72~93 may then be repeated up to
nineteen further times beginning with word 94 and ending with
word 511, #* denotes a word which may be filled with an
asterisk if no data is available, Blocks containing no data
will have -100 in word O and if any of the twenty groups of
words available for sample data are not used there will be a
100 in the first word (i.e, word 72 or 9% or 116 etc.).



Programs 94~9L/C p,2

Operation of the system

Program 94/B is first used to initialise both magnetic tapes
to be used (i,e, the master tape and the update tape), This
places -1C0 in the first word of each block and zero elsewhere,

The data to be entered on the file is then typed onto

special station data forms (white) and at the same time a
7-track paper tape is prepared, Each form must have a block
number on it to tell the program where the data is to be
stored on the update tape, Program 94 is then used to

"copy" the data from paper tape to the update magnetic tape,
A directory giving a list of blocks written to and the station
nurbers in each will be output as will a complete print-out of
each station on yellow station data forms, These are then
checked against the original hand-written sheets and new forms
(and paper tape) prepared for any that contain errors,
Program 94 is then used again to overwrite data that was in
exrTor,

When the user is satisfied about the accuracy of his data,
program 94/C is used to update the master file,  All newly
acquired data is copied from the update tape to exactly the
same position on the master tape., Both tapes now contain the
same information but further additions or alterations should
always be made first to the updabe tape and only ocopied to the
master tape when the user is quite satisfied that the data is
free from errors and in the correct block,

To access the file (i.e, to obtain a print-out of all or
selected stations or to search the file for data fulfilling
certain requirements) program 94/A is used, A "Request for
Access" form is filled in and at the same time a paper tape
produced, The program can then be used to search either
magnetic tape and output:

a) a list of station numbers satisfying the required
criteria, or

b) all the station data and a selection (or all) of the
sample date satisfying the required criteria, and/or

c) a histogram, by days or months, of the stations (or
stations containing samples) satisfying the reguired
criteria, (Not available until late 1967.)

The various conditions that can be specified are:
Certain station numbers only (either singly or in blocks);
Stations in a given geographicsl area only;
Stations within a certain period each year;
Samples taken within certain local times;

Samples taken within o given number of hours either side
of sunrise, sunset, moonrise or moonset;

Samples talken within a certein range of depths;
Samples talken with certain gear,
The output will normally be printed on yellow station data

forms but lists of station nunbers or histograms will be on
plain paper,

Format of input docunents

Programs 9% and 94/A are held in a compiled form on a magnetic
tape, programs 94/B and 94/C being on paper tape, Below is
an example of a complete run including writing 50 stations to
the update tape and copying them to the master tape, both
tapes having been initialised, The access program is for a
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print-out of up to 27 stations satisfying certain criteria
regerding the times of samples. We assume that the magnetic
tapes are allocated as follows:

OCEANS IOL  ~ Master file
OCEATS L2132 -~ Update tape

STOADR IS169 - Compiled NIO 94 141/4/1967 on File
nurber OC33%,

STOAD2 L8169 - Compiled MIO 94/A 2/5/1967 on file
nurber O0Z23,

Initialising vape Iiklly, (Similarly for tape I0132)

JOB

Job No,, % D/T. HINDE 96 # INITTALISING MASTER TAPE

INPUT

O 8002 NIO PROGRAM 94/B BIO ST FIIE THITIALISATION 2/5/1967
OUTPUT

O SEVEN~-HOLE PUNCH 41 BLOCK (for monitoring information only)
STORE 15/60 BLOCKS

COMPUTING 5000 INSTRUCTIONS

EXECUTION 8 MINUTES

TAPE

O OCEMTS IOLLLFWRITE PERNIT

sk 7,

Input O:= Program 94/B 2/5/1967

Preparation of data on update tape 10132,
Input Oi=

JOB

Job o, , "RITIIG STNS 57r{~5"5) TO T/APE
WE

1 5002 BIOLOGICAL STATIONS 50 -5250 10/8/1967
OUTPUT

0O SEVET-HOLE PUNCH 26 BLOCKS

STORTE 20//30 BLOCKS

COIFUTING 4000 TV3TRUCTIONS

SXAECUTION 3 MINUTES

TAFPE

O OCEANS TOM32%WRITE TERIIT

TAPE 99 SLOADZ TS169RITE I.HIBIT
COMPITER LOAD

0033/NI0 9 11/L4/1967

w7 (o x%%C)

Input 1:-

DATA

S002 BIOLOGICAL STATIONS 5001-5050 40/8/1967
(Data)

s 7



N.9

Programners:

Programs 94=-94/C p.k

c) Updating master file on LOM:,
Input O:- Program 94/C 23/5/1967
Input 1:-
JOB
Job No,, = D/I, HINDE 98+UPDATTNG MASTER FILE
INFUT
O S002 IO PROGRAM 9L/C BIO STN FILE MASTER UPDATE 23/5/1967
SELF = 1
OUTPUT
O SEVEN-HOLE PUNCH 1 BLOCK
STORE 15/60 BLOCKS
COMPUTING 2500 INSTRUCTIONS
EXECUTION 4 MINUTES
TAPE
0O OCEANS ILOM32#WRITE INHIBIT
L PR
1 OCEANS IOLLWRITE PERMIT
DATA
1

s g7,

d) Accessing master file on IOkhh.,

Input O:-

JOB

Job No,, %D/L HINDE 99%*ACCESSING MASTER FILE
IwrPuT

1 S002 SORT ON LOCAL TIMES 17/8/1967

OUTTUT

G SEVEN-HOLE FUNCH 12 BLOCKS

STORE 20/30 BLOCKS

COMPUTTNG 5200 INSTRUCTIONS
EXECUTION 2 MINUTES

TATE

O OCEANS IOLLLWRITE INHIBIT

TLPE 99 SLOAD2 LST1694WRITE L IIIBIT
COMPILER LOAD

Q023 /NI0 9h/A 2/5/1967

sl (or #wxC)

Input 11

DAT/.

S002 SORT ON LOCAL TIMES 47/8/1967
(Data)

e 7

Margaret Ringrose and Brian Hinde
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N,I.,0, PROGRANM

Machine

i A

Purpose

Inputs

Pro graim

Job description

o
Preparation of Biocloglcal Station File,

EMA

ATLAS 1

te from paper tape a magnetic tape file of
data,

a) Program on papes tape:
Q) Program
1) Job descrintion and daba
b) Program on magnetic tape:
3) Job tescription

1) Data

e T A
RA
COLPTIIER EMA

8002 NIO PROGRAN 94 BIO STN FITE PREDALAIION 11/L/1967
(or date of appropriate version)

MATN 4?35
UXILIARY (D, O)
DuMPs O
Then follows the program consisting of two chapters ending with
CLOSE

ook Bk Z

The store recuired for coupilation is 65 blocks

The store required for execution is 20 blocks

The number of computing instructions = (1270 + 50N) where N
is the number of stations to be w 1t'en to magnetic tape
he execution time is [ (1000 + 50M)/250 + 60] seconds [plus

an additional 60 seconds if program is on megnetic tapelo

The output specification should be for (1 + N/2) blocks of
seven~tracl: tape, the oubput being on channel O

One magnetic tape is required (anart from that used to hold
the compiled Dfo;ram) an& this should be numbered O

The data IJSu be punched with the aid of

o special form, a
copy of ~hich is attached ('Station Data')

Block mumn‘?: An intepger Lﬂ the range 1 to 5000 specifying

VAT ——

the position on the magnetic tape that the data is to occupy.

"t

Station number: An integer in the range 1 to 99999,

Morsden sauare: An integer specifiyi the square nuumber
followed by the letter a, b, o or d specifying the quadrant
in the sguare,

Iatitnde and longitude: Degrees specified as an integer and
minutes specified with one decimal place, Latitude is then
followed by N or 3 and longitude by W or E,

Date: Year, lonth and Day, e,g. 1965 12 29,

Time zone: DPositive or negative nuibers in the range =120

to +12+0 with one decimal place {e,g, G.M.T, will be
represented by O or 0-0],
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e, sunset, moonrise, moonset: Four-digit integers
giving Tlocal tlnes (é e 1935) If any time is not
avallable put 9939 in that columm,

s

Age of moon: An integer in the range O to 28 representing

the sou in metres, followed

1 Tor "measvrad®, If no sounding
. N e
Pat 4(013 7)oin this column,

et

is ave

Crudse »

A pozitive interser in the range 1 to 999,

Next ffollows the data for cach

mple talen at the station
as Tollows:~

Sample number: An integer in the ransze 1 to 99,

Gear used: 12 characters representing the gear used. /Any
alphanumeric character may be LseC Lus the special
characters / : ' [ ] « ? ) I e g %

? o+ - & , L, and 'space'. Letters may be in upper
or lower case and may be underlined if required, The
sequence of characters must normally agree exactly with
the standard N,I.,0, abbreviations for gear but other
sequences may be used if required, Only the first ten
characters will be used by prosram 94/A to search for
particular gear, so the last two positions may be used

for information such as whether a depth telemeter was atibached

or not, If all the character positions are not required,
the remaining ones should be filled with full stops. The
first character must never be a space.

_proposed: Two integers giving the proposed renge of
_ in metres, the deeper reading first, If either
value is not awall ble dngert "# in the appropriatb
coluwmn instead,

llethod: & chare

measuie

1 o
sear us

be iuserted in
12,1

ters representing the method used to
asracter set is as Tor
availla ble an asterisk may
ha fljst character position.

e O
‘;
©
o
pad
,‘T‘

Depths act : Two integers giving the actual range of
deptns in metres, the decper reading first, If elther
value is not available insert &'t oin the appropriate

column instead, The depths arc followed by a "C' if the
SbCODd reading is the upper limit of net closure or else
by '

Speed. in metres/second at which the towing was carried out,
printed in the format x,y. Insert " if speed is unknown,

: ‘ Two four-digit 1nte zors glving the times of
storting and finishing fishing in local time, If either

is not available insert " 13 the appropriate coluum
i "

Length of Tow in navtical miles in the format x,yy. Insert
Wyt if the value 1s not known,

Llltcwed The volume of water filtered in units of
res? - IWW} in the format xx.yy. If the volume has not

bcop meosl red insert .M.

Dism. The displacement volume in cubic centimetres

in the format xx,yy. If the volume is not available insert
iton

W

%{H: An 8% or "H" gcecording to whether the readings recorded

" on this line refer to a shot or haul, If a shot, then the
next llne must have the same sample nuiber and must contain
YHY din the S/H column, Insert "s" if sample was not one of
a pair,
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Notes: A seguence of 12 characters chosen from the set

T 1isted under 'gear used', The first character must not
be a space, If all twelve character positions are not
required, the remaining ones should be filled with full
stops or swaces., If no notes are reauired an asterisk
followed by eleven spaces, full stops or a tab to the end
of the line may be used,

Each sheet of data must end with >> on a newline except the
last sheet which should end with // on a newline. / and >
mist not appear elsewhere in numerical data, Up to twenty
lines of sample data may be included on one station sheet.
If more <than twenty lires are reguired, continue on a new
sheet, specifying the same station number and data, but

the next adjocent block nuuber and sample number,

A1L items on any one line must be separated by at least
two consecutive spaces,

e.z. a lotibude must be punched as
52AE16 244144

a sounding as

23LO4ANAA

and a Marsden scuare as
E584ahs

Apart from this any convenient formatting may be used and babs
may be set in any position provided there is no backsnacing
past a position previously reached by a teb. It is suggested
that errors are deleted by using { (crossed nerentheses) and
then continuing on the next aveilable line,

Output A Ttape directory will be printed giving the station number
corregponding to each block number on the tape, This will
be output before anything is written on the magnetic tape.

If the deta cowntains no errors, the words LND OF STATION
will be printed immediately before the date in corc store
is written to tape. Detected faults include

TOO MUCH DATA - More than wwenty lines of
sample data,

FAULT T DATA ~ Spurious characters in numeric
data.

NO UERMI

JOR FOUND  ~ Causes the job to be abandoned.

F '
i

Whcnever the data is faulty (except due to the omission of a
terminator; the program will abandon the ocurrent station and
proceed to the next, The last station to be written will be
logeed with the words LMD OF DALL, Vhenever a fault of any
kind ocecurs. nothing will bhe wriltten onto the magnetic tape
in the current block,

After the tape dirscbtory is ; , bthe magnetic tape
will be rewound to the position of the first station and all

the data written during the present Job will be output, This
should be listed on yellow station data forms reedy for checking.
The form should be inserted in the typewriter with the upper
culde mark, 0, located in the printing position, Tabs should

be set up in character positions 79, 88 and 98, After each
station the tyvewritcr will ston and walt for the operator

to change the paper., The last station will be follovied by

the words END OF Divh,

N.9



Restrictions

Cost

Notes

Programmer

N.9

Program 94 pll,

Maximum number of blocks to be written = 1720

Maximum nurber of lines of sample data

i

27 per page
Data restrictions are covered in the 'Data' sectlon above,
Approximately 5/~ per block of aagnctic tape written,

i.e, 5/= per station when the number of samples per
station is less than 21,

Before this program is run, the magnetic tape to be used

must have been initialised using IT.1.0. program 9/B,

Brian Hinde
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N.I,0, PROGRAM 9OL/A

Title

Language

Machine

Purpose

Inputs

Program

Job description

Data

Accessing Biological Station File
EMA
ATLAS T

To search for and print out selected items from
the file of bilologloal station data,

a) Program on paper tape:-

0) Program
1)  Job description and data

b) Program on magnetic tape:~

O) Job description
1) Data

COMPILER EMA

SCO2 NIO PROGRAM 94/A BIO STATTON FILE ACCESS 2/5/1967
(or date of appropriate version

MAIN 1000
AUXILIARY (O, O)
Duips O

Then follows the program, consisting of three chapters,
ending with

CLOSE

EEEA

The store required for compilation is 65 blocks,

The store required for execution is 20 blocks,

The number of computing instructions = (1500 + 5CN)
where N 1s the number of stations currently on the
file,

The exeoution time is [(1500 + 50N)/250 + 60] seconds
[plus an additional 60 seconds if program is on
magnetio tape].

The output specification should be for (41 + N'/2)
blocks of seven~track tape, the oubput being on
channel C, where N' is the estimate of the number

of stations that will be oubput, If a list of station
nurbers only is required, allow (1 + N'/200) blocks.
Allow 2 blocks if a histogram is required,

One magnetic tape is required {(apart from that used
to hold the compiled program) and this should be
numbered O,

The data must be punched with the aid of a special

form, a copy of which is attached, ('Request for Access
to Bilological Station File‘).

The form consists of fourteen options and these are
selected as required by typing a 1 in the appropriate
box, Options not required should have a O (zero) typed
in the box. The options 3 to 11 are conjunctive; that
is to say, the station will only be selected for printing
if all the marked options are satisfied,

1) a) Type '1! if individual stations are required
for printing or selectlon according to options
3 to 11.
b) An integer, the number of stations required,

o) The station numbers required,
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3)

)

c)

Program 94/A p,2,

Type '1' if blocks of stations are
required for printing or selection
according to options 3 to 11,

An integer, the number of blocks of
stations required,

The stations required,
€afe 5O to BORO

will cause the eleven stations numbered
5210 to 5020 on the file to be extracted
for printing or further selection, It

is not necessary for all the stations in a
requested block to be present on the file,
I the whole file is to be printed or
searched, one block of stations extending
over all the rcecorded stations, as indiocated
in the latest tape directory output by
program 94, should be requested,

Type '4' if stations within a certain
geographical area are required, The
Jlimits should be inclusive and if the
latitudes are both S ar both N, or the
longitudes are both W or both E then the
numerically lower value should be typed
first in b) and ¢) below, A longitude
range going from W to Eoor E to W will
be taken as being via O, If a range
straddling 180° is required it must be
mede the subject of two separaté requests,

%he required latitude limits in the form
€.8e ”

52945,518 to 10°40,2'N

%he riquired longitude 1limits in the form
€58

10°00W 1o 15°30,5'E

Type '4! if stations within a esrtain
period each year are required, The
limits should be inclusive,

The date limits in the form (eﬂg,)
Month Day Month Day
8 1 9 30

If the second date is earlier than the
first, the period will cover all days
between the first date and December 31st
and between January 1st and the second
date inclusive,

Type '1' if samples taken only within a
certain local time range are regquired, The
limits should be inclusive,

The local time limits in the form (e.,ga)
0721 to 1932

If the second time is earlier than the
first, the period will cover all samples
taken between the first time and 2400 hours
and between Q001 hours and the second

time inclusive,



Progran 94/A DPe3.

6) to 9) a) Type "' if samples taken only within
a certain time range of sunrise, sunset,
moonrise or moonset are required,

D) The +time ranges in the form (cegs)
~0230 to + 0300 hours

(meaning -2% hours +o +3 hours;

Note that -2 to +3 hours would be
interpreted as meaning -2 minutes to +3
minutes)).

10) a) Type 4! if samples taken only within
a certain depth range are required, The
limits should be inclusive with the deeper
value first,

b) The depth range in the form (e.z.)
0O to LBO metres,

11) a) Type '4! if samples taken with
particular gear are required,

b) An integer giving the number of types
of gear (41 to 6) to be listed under c)
below,

) 12 characters representing the gear used,
The codes must correspond exactly to those
used in entering gear data during preparation
of the file, Only the first ten characters
will be used to search for particular gear,
so that TKMTCDB,,...B will be treated exactly
as If 1t were TXITCDBeasos

12)  Type 'M! if station numbers rather than complete
stotion and sample data are required,

13)  Type '1' if a 12 month histogram is required of
stations satisfying the stipulated conditions,
- Tten 4 must be zero if a histogram is required,

14.)  Type '1' 4f a histogram by days is required
of stations satisfying the stipulated conditions,
The range of days (meximum 93) must be in L) ebove,

Only one ‘request for access! form may be input
on any run, All items on any one line must be
separated by at least two consecutive spaces,

Tab may be used providing there is no back-spacing
past a position previously reachsd by a tab,

Qutput The output will normally consist of the station and
sample details in the format described in program 9.
A 1ist of station numbers, if requested, will have the
numbers printed one to a line, Histograms will be printed
with their x-axis down the page and the scales clearly
indicated, Errors in the request form will be indiocated
by the words 'FAULT IN SPECIFICATLION' followed by a value
of the index K to show where the fault cccurred, X will
always equal the item number where the fault occurred
except when the fault is one of format (e.g. only one
space between the two depths in item 10) when the item
nurber may equal (K=1), Bach sheet of output will be
followed by a stop code to allow the operator to change
the paper in the typewriter,

N,9
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Restrictions

Cost

Proggammer

Program 94/A Db,

Any parameter oubside the normally aocepted
range (e.g. a station number that does not yet

exist, or a date of 32nd May) will be accepted but
no false information will be produced,

Approximately 56/~ plus 1/6 per station output
plus N/z/= where Il is the number of stations
currently held on the file. e.g, To search a
file of BCO stations and output 20 would cost

about £12,128, if all the stations had to be
examined,

Margaret Ringrose



NATTIONAL INSTITUTE OF OCEANOGRAPHY

Request for Access to Biological Station Fiie

Merk required options with 1, all others with O,

PR —

1) Read selected individual stations from file ‘

Total number of statlions required:

List of stations reguired:

2) Read selected blocks nf stations from file %M ?
Number of blocks requilred:
List of stations required:
to
to
to

to

3) Sort and read all stations within the following area 1

Latitudes . ! to . !

Longitudes . ' to '

.

h) Sort and read all statinns within the following

period each year |

Month Day Month Day

to

5) Sort and read all samples within the following

local time

4]

to



Sort and read all samples within the following periods

it s s s,

6) over sunrise § - to  + hours

7) over sunset § - to + hours

8) over moonrise T - to + hours

$) over moonset f;“”””f - to - + hours

H i

1C) Sort and read all samples within the following

e

depth range :

to metres (deepest first)

R
11) Sort and read all samples using the fellowing gear ]

Total number ef gear required:

Gear:

- ¢ e e e -
i

s s 1 i S 2 N i
|

\ i
¥

B 3
i :
4 - - - RN
i |
: :
- e s -

I

12) Print station numbers only | 3

13) Prin' histogram by months mmj (Item 4 must be C)

-4 P b 2 2 {«w—-- ORI § - '
14) Print histogram by days % : (Max. &3 days in A

ebove)

SIBNEA it ewroeeoseoooaannaanss

Date

9 0 O 5 8 6 8 OO O LB B O SO G DO O O A B PO
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N,I.0, PROGRAM 9L/B

Title

Language
Machine

Purpose
Inputs

Program

Job description

Restrictions

Method

Cost

Programmer

Initialising Biological Station File
EMA
ATTAS T

To initialise an Ampex 1" magnetic tape prior
to using it for storing blologicel station data,

Job deseription
C) Progran
COMPILER EMA

S002 NIO FROGRAM 94/B B4O STATION FILE INITIALISATION 2/5/1967
(or date of appropriate version)

MAIN 512

AUXILIARY (O,0)

DUMPS O

Then follows the program, consisting of one chapter, ending
with
CLOSE

Hexesk 7,

The store required for compilation is 60 blocks,
The store required for execution is 15 blocks,

The numle r of computing instructions used is 5300,
The execublon time is 8 minutes,

Mo output is generated bubt one magnetic tape is
required and this must be numbered O,

If the tape is not long enough to hold 5000 blocks of data,
the words END TAFE plus a post-morten will be outputb.

The program writes ~1C0 into the first word of blocks
1 o 5000 inclusive and zero into all other words,

£610s,04,

Margaret Ringrose



,I,0, PROGRAM 94/C

Language
Mgghine

Purpose

zgguts

Progran

Job description

Restrictions

GCost

yotes

Pro grammer

Updating Master Blological Station File
EMA
ATTAS T

To update from magnetic tape a master magnetic
tape file of biologlcal station data,

Q) Program
1) Job description end data

COMPILER EMA

S002 NIO PROGRAM 94/C BIO STATION FILE MASTER UPDATE 23/5/1967
(or date of appropriate version)

MATN 512
AUXILIARY (O, O)
DUMPS O

Then foliows the program, consisting of one chapter,
ending with

CLOSE

sk Z

The store required for compilation is &2 blocks,
The store required for execution is 15 blocks,
The number of computing instructions used is 200 + 5 N
vhere N is the number of new blocks %o be added +to
the file,
The execution time is I minutes,
he output specification on channel O should be for
50 lines or 1 block of paper tape,
Two magnetic tapes are required as follows:-

Tape O3
Tape 1:

Tape ocontaining new data,
Haster tape file to be updated,

The data consists of onme positive integer (I), the
block number on each tape file at which updating is
to begin,

The output consists of one line as follows:-

MASTER TAPE UPDATED FROM BLOCK x 0 BLOCK y INCIUSIVE
where x = L and v = (T + NN = 1),

The data on magnetioc tape O need not be on consecutive
bloclis but there must not be more than 10 blocks not
used between any two blocks filled with data, ALL
unused blocks must have ~J00 in their first word,

Approxinately £3, Os, Od, for 5O stations,
Both magnetic tapes used by this program must have
been initialised by N.I.0, program 94/B before they

were first used,

Margaret Ringrose



W,I,0. PROGRAM 95

Title Determination of position from Decca coordinates
(BALIARIN) ,

Language EMA

Machine ATLAS 1

Purpose To compute the geographical position from the two

Decca readings of a Decca chain having a common
master and two slaves,

Inputs O) Progran
1) Job description and data

Program The program starts
COMPILER EMA

S002 NIO 95 POSITICN FROM DECCA COORDINATES (BALLARIN),
26/7/1967 (or date of apvropriaie version)

and ends
CLOSE

B4

Job description and data

In the job description, the number of Lines of output
= (number of Decca pairs for which position is required
+ number of captions + 400) s

the store required = 15/70 blocks,
the number of computing instructions = 700 + 8 (nuber
of positions to be computed) + 8 (nunber of Decca chains),

The Jjob description is followed by
DATA
1) DATA TITLE
2) one line of general description of the data

3) geographical position of master station in degrees
and minutes (with decimals), N and W are +ve,
S and E are -ve

1) geoyraphical position of first slave
5) geographical position of second slave

6) reciprocal of comparison frequency wavelength (mester -
slave 1) in metres

7) re ciprocal of comparison frequency wavelength (naster ~
slave 2) in metres™1

8) / (solidus)

9) DATA TITIE

10) one line of specific comment on the data to follow
11) Decca readings of first slave

12) Decca readings of second slave

Ttems 41) and 12) may be repeated as often as required,
i.e, any number of pairs of Ueecca readings may be input,

A new specifie comment meay be introduced by repeating
items 8) and 9),

A new Decca chain may be introduced by following item
12) by * (asterisk) and returning to item 1), The last
set of data should be followed by > and =wuZ,

N.9
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Output

Method

Note

Programior

Program 95 p.2

General data title
Specific data title
Headed columms as follows:e

slave 1 coordinates

slave 2 "

geographical position, i.e, latitude and
longitude

error — should be zero

If a second geogravhical position appears on the same line
this meang that the two hyperbolae defined by the p'LlI‘ of’
Decca readings have a second intersection within 2 radian
(about 170 mLes) of the master, The choice between the
two positions then depends on the user's knowledge of
approximate position.

This is as described by BALLARIN ifn "The Intermational
Hydrographic Review" vol, XXVII, 2, p.31-50, It involves
transferring coordinates on a spheroid to coordinates

on a sphere, The spheroid used is HAYFORD!S,

The comuon station of the three must be the master,

JAIES CREASE
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N,I.0, PROGRAM 95/A

Title
Language
Ma.chine
Purpose

Inputs

Program

Determination of position from Decca coordinates (BALLARIN).
EMA
ATTAS 1

To compithe & tablc of geocra~iio~l positions from the Decea
readings of a Decca chain having a common master and two
slaves,

0) Program

1) Job description and data
The program starts

COMPILER ¥

5002 NTO 95/A POSITION FROM DECCA COORDINATES (BALLARIN)
21/3/67 (or date of appropriate version)

and ends

CLOSE

sl

Job description and data

i

In the job description, the number of lines of wutput

= (muber of Decca pairs for which vosition is required
+ number of captions + 1C0), '
the store required = 15/70 dlocks,

the number of computing instructions = 700 + 8 (number of
positions to be computed) + 8 (number of Decca chains);

for long jobs the second ternm can be reduced to be 4 (number
of positions to be computed).

The Jjob description is followed by
DATA
1) DATA TITLE
2) one line of general description of the data

3) geographiocal position of master sbation in degrees and
minutes (with Gecimals). N and W are +ve, S and E are
~Ve

) geographical position ef first slave
5) geographical position of second slave

6) reciprocal of eompar%son frequency wavelength (master -
slave 1) in netres =

7) reciproecal of compar%son frequency wavelength (master -
slave 2) in metres

8) / (solidus)
9) DATA TITLE
10) one line of specifie eorment on the data to follow

11) First Decca reading (in lene numbers) of first pair,
followed ¥y the inerement (+ve or -ve) for successive
readings, followed by the number of increments, Lane
numbers are nunmerieal starting from O at master (i.e. the
zone letters must be converted to lane numbers).

12) Second Decca reading (in lane nurbers) of second pair,
followed by the increment (+ve or ~ve) for successive
readings, followed bty the number of increments., Lane
numbers are numerical starting from O at master (i.e, the
zone letters mast be converted to lane numbers).

Ttems 41) and 12) nay be repeated as often as required,
i.e, any number of pairs of Decca readings may be input,
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Method

Note

Programmer

Progran 95/A p.2

A new specific comment may be introduced by repeating
items 8) and 9),

A new Decca chain may be introduced by following item 12)
by * (asterisk) and returning to item 1), The last set of
data should be followed by > and w#%Z,

General data title
Specific data title
Headed colums as follows:i—

slave 1 coordinates

slave 2 "

geographical position, i,e, latitude and longitude
error -~ should be zero

If a secoud geogrophical position appears on the same line
this means that the two hyperbolae defined by the pair of
Decca readings have a second intersection within % radian
(about 1700 miles) of the master. The choice hetween the
two positions then depends on the user's knowledge of
approximate position,

This is as described by BALLARIN in "The International
Hydrographic Review" vol, XXVII, 2, p,31-50, It involves
transferring coordinates on a spheroid to coordinates on a
sphere, The spheroid used is HAYFORD!'S,

The common station of the three must be the master,

James Crease



N,I.0. PROGRAM 96

Title Deooding Plessey Current Meter tapes,

Language EMA

Machine ATTAS T

Purpose To convert data from a pseudo~binary form produced

on 8~track paper tape by the Plessey magnetic tape/
paper tape translator inte R.C.D. suitable as dinpub
for Atlas. Conversion factors are applied, errors
are flagged and the subsequent results are outpub

graphically,
Inputs Og Program
1 Job description and parameters, O~track data,
terminator
Programn COLPILER ENA

3002 NIO FROGRAM 96 CURRENT METER DECODING 7/ 7/ 1967
(or date of appropriate version)

MAIN 110

MXITIARY (0,0)

DUMPS ©

Then followsthe program ending with

Kk

Job description and data (3 tapes)

Tape 1 JOB
(7~track)
Job No,, Job Title
INFUT
O S002 NIO PROGRAM 96 CURRENT METER DECODING 7/7/1967
SELEF = 1
OUTPUT
O LINEFRINTER n LINES
OUTPUT 41 TAYE x/LINEPRINTER n LINES
OCEANS ILOL4O2% VRITE PERMIT Output tape title
STORE 25/60 BLOCKS
COMUTING m THSTRUCTIONS
vhere n = number of samples to be decoded

X

11

starting block on the output tape

il

and m 1000 + 8 n instructions
Then follows the parameters and datai~
DATA

DATA TITIE

One line of title

N.9



Program 96 P.2.
An integer (A) the meter nunber.
B, C, the calibration constants for speed and
direction (see Method ).

An integer (W) the number of units in the dead space + 1023,

U, a constant to be added to the calibrated speed,

Runout
stk 'P
Runout
sk >{:E

Runout
2nd Tape The 8-tracl: data to be decoded, ending with at least
(8—track> 7 blank charnciers,

The data is assumed to be in the form of 4 numbers
between merkers, each consisting of two characters,
The values of these characters are:-

Bit Position

2
3 b
L 8
parity 5 parity
512 6 16
0 7 9
marker 8 not used
3rd fape Runout
(7-track) wEEZ
Runout
Output Output stream O:-

Data title

lieter number, calibration constants, and number of units
in dead space,

For each set of

]
-
o}
©
£
‘.J.
]
o1}
[}

ke ter on the data tape, if not the same as that
read from tile parameters,
Tine count,

Rev, counter reading and speed of current in cn/sec
unless previous reading was Laulty.

Direction in degrees.

Should the rev, counter hsave passed over the dead space
between the present reading and the preceding one, a D
is printed to denote this,

The speed and direction are then plotted against time,
+ being used to denote speed and * to denote direction,
The output ends with the words "END OF DATA™,

Output stream 1:-
lMeter number,
For cach set of readings:

Line count, speed and direction.

N.9



Restrictions

Failures

Cost

ﬁetho@

Programuer

e e e

No9

Prosran 96 p.3,

NMumber of characters between norkers must ot exceed 100,

1) If the number of characters between marlers on the
8~-track tape does not equal 8, a negative line count
will be output on both streams and the words:-

"NUMBER OF CHARACTERS BETVEEN IARKERS = n”

will be output on output stream 7, where n = the
number of characters,

Fie

On the next correct line of ocutput no speed will be
printed as this is derived from differencing the
present and preceding rev, count,

2) If a parity error occurs on the 8~track input tape,
a P is output in the corresponding column of
results on output stream O,

Whenever either of the above faults occursspaces

are output on stream 1,

A qda -~ .

About 1zd per set of readings (meter nuiber, speed and

direction).
The S~track data is read in binary using Aflas Routine 811,
until the first marker is encountered, (1) The character
is then tested for parity errors, and if correct, 128 is
subtracted from it, and the next 8 characters are read, each
of which is tested for the presence of a marker code or parity
ervor, If the eighthcharacter is not a marker, the data is
read until a marker is encountered, and a fault line is output,
as is the case if & marker occurs before the eighth character,

Using the original marker and the next 7 characters, the
binary values are then wnalred, the Tirst being multiplied
by 32 and added to the second, so that 4 "B.C.D. values
now remain,

The first value is cowmpared with the meter number read in,
and only printed out if it differs, The second value is
ignored, as it is a dummy reading, The fourth value is
subtracted from the preceding fourth value, (unless the
preceding value was in error, in which case the present
value is stored) the result is multiplied by a calibration
factor (B) and a constant (U) is added, to give the speed
in em/sec, Should the result of +the differencing be negative,
s constant (W) is added to the previous value, and the
differencing is repeated. (This constant conmsists of 1023
plus the number of units necessary to allow for the dead
space,) The original value is then stored until the process
is repeated on the next set of readings,

The third value is multiplied by a comstant (C) to give the
direction of the current,

The resul®ts are then output on both streams, with graphs
plotted on output stream O, TFor this the maximum speed is
taken to be 270 cw/sec (with other versions of the program
thizs value may aiffer), and anything faster than this is taken
to be 20 cn/sec for plotting purposes only. If both speed
and direction should be the same, the speed will be plotted
first, with the direction plotted in the next space. The
method is then repeated from (1), using the original ninth
character (marker§ as the first character until the program
encounters 7 consecutive blank characters on the data tape,
when the job is terminated,

Margaret Ringrose

o
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N.I,0, FROGRAM

Lenguage

Inputs

OL’ UD'LL u

Decoding Plessey meter tapes of tempersture and
depth,

AT T A
dulis

To conveirt data from a pseudo-binary form produced
on B-track paper tove by the Mlessey magnetic
tape/paper tape ranslator into B,C.D, sulta’l»

L
as dnput for Atlaes, Conversiocn factors are applied,
errors are flagged and the subsecuent resulto are

oubtput graphically,

The same as FPROGRALL 96 except the
and the data parameters vary sligh
no output 1,

rogramn heading
1y, and there is

D
t
The program heading is
S002 MIO PROGRAM 96/A PIESSEY METER DECODING 10/1%/1967
The deta parvameters are:—

An integer, A, the meter number

B, €, the calibration constant for temperature and
dep ch (see method of Program 96)

B, ¥, the maximum values to which graphs of temperature
and depth are to be scaled,

C,‘\ (J}

&

bul

jw)

a title

o

P
ol

lMeter number, celibration constants, the maximun
values to which graph of te chaleh are
sceled.

For sach selt of readinss:i-

Meter nudber on the data tape if difierent from thai

read from the paramebter A,
Tine count

Temmerature

Depth

The temperature and depth cre plotled agninst time
+ denoting temperﬁuvrw and * denoting depth

l"“

Theoutput ends with

TEND OF DATAY
As for Program 96.
Lass than 1zd ver line.

The 8-track data is read in binary using Atlas
Routine 814, until the first narker is encountered
(1) The character is then tested for parity errors,
if correct 128 is subtrected from it and the mext
eight characters are read, each of which are tested
for the pisence of a marker code or a parity error,
it acter 1s not a marker, the data is
read until a marker is encountered and a fault Line
is output as is the case if a marker occurs belore
the eighth character,




Program 96/A p.2.

Using the originel marker and the next seven
oharqcters the binary values are then paired, the
first being multiplied by 32 and added to the second,
so that L B.C.D, values now remain,

The first value is compared with the meter number
read in and printed out if it differs, The second
value is multiplied by a calibration factor (B) to
give temperature, The third value is nultiplied by
a calibration factor (C) to give depth, and the
fourth value is ignored as it is a QUAPy reading,

The results are tme“ oa put, together with graphs of
temperature and depth against uineu The moximum Limits
of the groph for tem,eLctlre and depth are (3) and (1)

]

L
respectively, and aly value larger than the limit is
talen to og uwl the 1imit Tor plotting purposes,

The method is repected from (1) using the original
pinth character (marme Y as the first charscter until

the program encounters 7 consecutive blank characters
on the data tape, Vhen the tape is terminated.

rgaret Ringrose



N,I1,0, FROGRA

96/3B

Title Decoding Bergen weter topes of teuperature,
urrent speed and direction,

and ATL/S T MACH

Language E CODE.

ATLAS T

Purpose To convert datn from a pseudo-binary formn
rro¢u00ﬂ orn 7~track tape by a modiiied Plessey
tope/paper tepe tronslator into a
code sultable as innut ﬁor Atlas, Conversion
are opplied, crrors are and the
SUbr‘uU@nU results are tout 0rana10q¢ly and
to compuber-comprtible megnetic tape,
Inputs D) Program
1) Job de escription, poarancters and date
Progron COMFITER ELIA

$ER DECODING 27/11/1967
o dote of eppropriste version)

Then follows the progran ending with

L3

el '7

Job description and doto

ER DECODING 27/11/1967

TER (407 + n) LIIES

1 (1 + 1/50) BLOCKS
7 (Output tape title)

STORE “ﬁ/( BLOCES

(1500 + 17m) INSTRUCTIOLS

vhere n = nunber of s~1 to be decoded
K=

» the output tape

N s N 4 . . : 4 '
Ln dlnteger (Ag tlhie weter v an integer \T) the
neter nuiber tolerance

B, C, H ﬁhe olibration constants for speed, direction

a4
re (see liethod) (cw/sec. per Liglt{
igit respectively).

5)

ligit and °C per d

noints to be plotited on the
speed. scale (°C and oms/sec.).
¥, the nuwmber of units in the dead space + 1023
U, V constents to be added to the colibrated speed
and direculon.(cms/sec, and degrees)u



Program 96/B p.2,
A '4' or '-!' depending on vhether successive speed
readings are normslly incressing or decreasing.

P33 P

Runout

fo ate ot

#x4B (1f data to follow on same ﬁape)

wx4F (4if deta to follow on a separate tape )
Pseudo~binary data, ending with at least 12 blanlk
characters and no bterminator.

The data is assuisd to be in the form of blocks
of 6 two-character nuwibers whose values are:

18t character Bit position 2nd character
e yalue volue
52 1 1
on 2 2
128 3 L
256 L. 8
Parity 5 Parity
912 6 16
T 7 &

The recording seguence is:

Channel 4 Meter nuber
fi 2 Temperature

ot umed
ot used

TN

" 5 Direction
i 6 Speed

Output stream 2 (Eormally 1inopriﬂter):—

Rev, counter reading

Speed of current in or/sec. unless the previous
reading was foulty

Direction in degrees

Tenperature in °C,

Should the rev. counter have passed over the dead
space between the present reading and the preceding
one, a D is printed to denote this.

The speed, direction and tewuperature are then
plotted agoinst time, + being used to denote
specd, * to denote direction and o to denote
temperature, The output ends with the words
"EID OF DATAY,

- :

P .4 A

e S a N
Output strean 1 (Formnlly wmaznetic tape):-

tenperature

ber of blocks < 13,2000 for correct graph
layoutb,

m o
L < 2,



Propran 96/F p.3.

Failures 1) If the nwber of characters in a block is

not equal to 12, a negative line count will

XS -

be output on voth streans and

TWRONG NUMBER OF CIURACTERS I BLOCK

will be outnput on strenin
line of output no speed will be printed as
this is derived from differencing adjacent
rov. counts.

N
-~

I a parity error occurs in the data, a P
is output in the corresponding column of
results oa output stream O,

Whenever either of the above foaulls occurs,

spaces are outpult on streamn 1. The magnetic
tope may later be corrected using NIO program 98,

Cost fbout 15d per block of readings.

lethod The logic of the uuoodlng art of the program is
Llluobr@cea below; (N charncter = 1 row on
the tape, 1 resn Olnﬁ on the tape, 1 block =

12 rows on the t ape,
caecking for pullt’ and cocodlng)

RELD FIRST READING
STORE SbCOT‘ CHARACTIR

\4_/

M

T;h in ”BER e

y N

,
,
t N
YES / N\ 170
N

7,  On the next correct

as uscd below includes

yd
READ REST OF BLOCK RILD ¥ RACTER A1
= STORE ALT CHARACTIRS ——. COVRINE T PREVIOUS O
7 ! S 0 FORY L. iDW READING,
ié Mg/ \\_\ LJ.EO.LU—J j LST C~‘r\—{'\ ‘\/T,u.u.
! : . R.\.‘:.L».D
READ 1 ™. ;
7N TS T
METER
- : \\
:‘LJJS . ‘Jl - \\
2 NO
i \\
PROCESS PREVICUS AN
BLOCK PRINT ERROR
| \i,,
i i , * .
S s SE/RCH PREVIOUS TEM
; CH/RACTTRS I\.
* TO
IS
L L (/ "\‘ 1io
e a———s \ -~ mrs a w———— - L8 5 s s e 1 7 B R s @ 4 . o o el v b e~ g T -

Lo ochieck 1s made for bhlanis characters nnd 12 conseoutive blanks
indicate the end of the data,



Notes

Progrem 96/B Peli.

The calibratiorsare applied as follows:-
Speed oms/sec. = B(N - M ) + U

- ‘ 1 2

vhere M4 and Nz are succeceding rev., counter
fODdlthp I8 Ny = M < T o constant (W) is
d ¥4o This constant consists of 1023
plus the nusber of units necessory bo allow
for the dead space,

[EA

Directlon, d¢

Teuperature

vhere Iip and I‘Tf’m are the binary recsdings of

direction and temperature.

m

The results are then oxtpub on both streams and
a line count is added to facilitate later
editing. Graphs are plotied on ocutput O, For
these the maximumm speed is talen to be F cms/sec.,
the maximum direction to be 360° and the maximum
temperature B °C, /[ny values sbove the maximum
are plotted as maximum values. If any two (or
*%rmﬂ) readings require to be plotted in the sane
character position the order OL printing will be
speed (in its correct position! followed by
direction, then temperature,

The program uscs the Atlas mechine code routine RE11,

» Polethorpe.
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Title Spectral analysis

Language EMA

Machine ATLAS 1

Purpose To compute the variances, normalised auto-coveriances

and auto-spectra of 1-7 time series; also, for two

or more series, to compute the normalised cross-—
covariances, co- and quad-~spectra, phase lags, intensities
and coherences for the series btaken in pairs., All
possible combinstions of series will be used,

Compatibility The programme needs a chapter O to read in the data or,
alternatively, it can be added to an existing program,
Output routines are included but the output is also
available in the auxiliary sbore for further use if
required,

Structure of wrogramme

The pro gravne consists of chapters 1 and 2 with the
heading

PROGRAMITE ~1

CHAPTER 1

The prograrme ends with
CLOSE

There are several lines of explanatory comment
preceding the heading in some versions of the programie,

Parameters to be setlé§fore entry

K, the numbers of series to be used,

L, the number of covariance lags required,

My the number of freguencies required,

N, the number of termg/series,

B, the sampling interval between successive terms of
the same series,

D' (3 K (21 + 6)), the starting location of the series
in the awxiliary store,

The auxiliary store should contain in locations O to
(K = 1) the K neans of the series,

The conversion factors from digital to physical units
(see Method) should be in K to (2K - 1),

The tinme lags of each series relative to the first,
in decimal froctions of the time bebtween successive
terms of the saue series should be in 3X to (¥ - 1)
(the first number will normelly be zero),

The amplitude response factors(af) at each froguency and
for each series arranged sequerntiaily for each of

(11 + 1) frequenciss should be im 4K to ({il + 5)K ~1)
(sec lethod)

t, Eacy 3 x -
The phase facbtors of cach serles(ﬁs) arranged sequentially
for ench of (i + 1) frequencies should be in ((i + 5)K)
to ({21 + 6)K ~1),

In D' onwards there should be the NK terms of the
K serics arranged sequentially (i,e. the first term of
cach series followed by the sccond term of each series),



N9
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Indices and variables used by the progremne

L, 7, L, 4, U, P, 9, R, 5, .
I, g, k', L', M+, mr, P, Q', R', 37,
oo™ i T
A, B,‘C, D, E, G,‘ﬂ, u, v, v, X, Y, 4,
1 1 W

At BY, CY, D', XY,
Entry Entry is at label 8), the first instruction in chapter 1.
Store and computing instructions.

Tue stors recuired for compilation = 65 blocks

The store recuired for execution will be 15 + main
store 1eqa1rod + auxiliary store required (sce below)

Wﬁe computing inssructions used will he less than
- Fey e N

1807 for cqnp**waxon and (3200 + K*NL/B2) fo

cf each sct of date.

Difierent versions of thuprogr wewill be needed for
varying date requirements. The directives (and hence
the botal main store reguirement, should be altered as
feulows:

(hapter 1: XX (I + 1), 8 (2L + 1), and 1270

Yz KX (L 5
Chapter 2: ¥ KX (L + 1)

7> ¥K (i + 1)

U, V> K

F, 62K (M+1)

The total suxiliary store should be greater than

(To + Mo+ 2) K& or D' 4 NK, whichover is the
D! mast bo at least K (2m + 6).

greater;

&

: X o o . N foomfe s

150 + Lo+ M+ 25 (IWTPT X/2) + (1 + 6) (KK - 1)/2)
lines are reguired for cach set of data, The oubpat is
an Tollovg e

Number of ternms in each series.

Mme lags (decinma successive
cerms of ths

r 1. PR

X, the noans

> . e et ey Ty -5 oy g

Y, *he means <cuavested to phvsicel uaits,

Vx’ the variances of the series.

V_', the varisnces converted to physical units,
¥, the lagsed normalised auto-covariance
by the value r) for r = Q(x)ug vhers
number of lags specified.

v V.7, the un-normalised cross-covariances at zero
xy? xy . :
lag, fivstly in computing units and secondly
in physical units.

N the lagged normalised cross—covariances for each
pair of series (precedcd by the value r) for

e o

"‘L'\‘} >.§ .

The freguency increment between successive spectral
estimntan, ia aycles/time unit

bl

-

anteo-
"

{precedod by 8, 7

in (physisel unite)?/cycle/time unit
where s = *I‘_‘S('i)ﬁi\v.

4

xx?
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Cross=—spectra for cnch poir of series, preceded by s
and consisting of i~

- i o . . 5 2
EXT, E_ ™, so~ and guad-spectra (in physical units /cygla/
Y77 tine unit).

I, intensity,
¢, phase (in degrees).

y?, coherence,

On exit from the programwrethe auxiliary store contains:-

means in locations Ooroeass (K =1)
conversion factors in locations Koossesees(2K ~13,
standard deviations in locations ZKO.....,(SK —1),

time lags in locations 51{,,..,..&1.1.1{ -1),
covariances in locations D! ssenoee (D +(EK(I+1)-1))
in the form

Rj'{(O) s¢avead '{{"! (O>nco»o 0 ‘RQK(‘:))" s aa oRfﬁ{(O)

R4 (L) eernesBry (L) erees Ryg(D)osnn o Rye(L)s

and auto, co~ and quad-spectra in (Dl+KK(L+1>)Qvaooe
erenes (D4 (BR(T411+2)~1)) in the form

S11(O> C12(0>o.aoaaao---ononoc-noc"ifé(o)
Qfgg@) Szggog Czﬁgggaaoovvoaaoocﬁ{(o)
%43(0) p3(0) 83300

Q«iﬁ(@)aanaaec-o-.ooc---oaaooo-aano%§<o>
811(q> CfIZ(“l)a‘on.aovecooaoéooon’oc‘.d&t

GO VDO BN BOCONNYOE

QO 0O 60800 &0 v 900 doEETIYBUTCODS I AR

L Y
H 0600 0B uBLOLOOBOOUDSIOOD O oocooo-SIC[{(I;{)

Restrictions 1 < K <7y
1sM<L N2
N < 10,000
Method Let the first series of data X, be Xo, X1, X2, X3 aee Xyimq 3

and the second series of data vy be
Yoy Vi, S/'ag 4. Mexs yN“"" etc,

Let ¥, G, etc,, be the respective conversion factors
from compnﬁgwg to physical units, and if the nean

X =1 > xs for each series of N terms has been caleulated,

N o7
i=0
then X¥ = FX
N-1
Variances v o= 1 B Cox 1?
e X e i
-1 i
i=0
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Lagged Normalised ~uto-covariances:

st

N1
— --~.1 _.1 —
v () =| () ¥ ETREY
XX i b's ) i+r 71
1=0
Cross—-covariances: ;
N-1
V. = 1 > x. " y.!
Xy ﬁ":;l- ’ 1 1
) =
V =767V
xy Xy
Lagged Normalised orogs--covariances:
' } 1&{;8:"‘ 1\:&'*1{‘___1
- [ B
=1 (M-r- vV x, ty.!
| (2T-r-1) o V}gjy ﬁ > s’ T4
1=
Positive lags:— ; T3]
, r SRR Bl N
v LY = (Her-d WV V. \ x, 'y, !
vt Xy | // i i+r
i=0

Fregquency dincrement between successive spectral estimates is

[AN
gt

O+5/TR cycles/tine unit (e.g., o/ses,)

le€., 0+5/1 ecycles/time interval (E).

Auto~-spectra: I,
AN
EXX(S) = M.[’Vx' > c,bxx(r) cos <I‘i_g>
=)

R

where / means the suam with the first and last terms

halved, and ([)XX<Y‘> = \Ifxx(r) cos?® (’g_rﬁ)

Cross=spectra:

Co--spectra: 1,

T —— A - |
Exy(s) = ATFGVViVy j;. & ¢yx(r) + ¢Xy(r) ioos <3iﬂ>
wheze q’)yx(r) = \;'Em(r) cos? <‘-2-71>

and ¢ (r) is similarly dofincd,
Xy
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uad-speoctra:

e S }":‘_,_\ ”
1 W - 3 '\/-MW ’ ..1_ . e 3 ;ﬂ
Ey 5) = LIPQ v Z’ " qbyx(r) @Xy(r)bsm =
r=0
Pho Gross-spectrum is then defined as E_ + iB ¥

Intensity: I =

Phase lag: ¢ = tan Xy

Corrections for

233 between series

s PN

N

L there exicsts a time lag xT between corresponding terms of
series n and serics 1 {n being an integer with values from 2 to 7
inclusive, and x being a decimal hoving values between O and 1 inclusive)y
then the cross«sgeotral estimates EX“(S) and. Exv”(s) are modified as
s b
follows to F_ (a) and ¥ '(s) where e
0y Xy
o \ TSX a5 . TEX
¥ {s) =& _(s) cos wwmx - B *#s) sin (wimé
oy xy L J Xy L

!
\

Y

)

s) = - o TSXY in [T8%
and ny (s) = Exy (s) oos < = > EXy(s) sin < = >

then the co§putations o§ intensity, phase lag and ccherence proceed
using F_ (s) and F_ *(s) in place of B (s) and E e
& T, ( 2y G place of B (s) ()

Corrections for amplitude and phase response of recording systen

If thz recording systen of series x has a response to unit input
at frequency s/2LE cycles/time unit of

and series y has a response

s 00 ;
¥ Irly (6 in degrees)
2l exp (180m)

then the auto-spsctral estimate, B (s), will be divided by (5X>2,
the o§oss~§peotral estimates, EXV(§§ and E *(s), will be div%ﬁed
by (as) (a?) and the phase lag, ¢, will bex¥epl&ced by d + (QS - @Z)n

5

EES&?&QQEE& James COrease and Brian Hinde
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Title Spectral analysis with correction for pre-whitening.
Language ol

liaching ATTAS 1

Purpose To compute the variances, normalised autc~covariances

and auto-spectra of 1~7 pre-whitened time series; also,
for two or more series, to compute the normalised
cross~covariances, co- and gquad-spectra, phase lags,
intensities and cohsrences for the series taken in pairs,
All possible combinetions of series will be used,

Compatibility Theprogrammeneets a chapter O to read in the data or,
alternatively, it can be added to an existing program,
Output routines are included but the output 1s also
availlable in the auxiliary store for further use if
regulred,

Structure of pr

B

Ths progeartie oonsists of chapter 1 and 2 with the heading
PROGRAIDE -2

CHAPTER 1

The programme ends with

CLOSE

There are several lines of explanatory comment preceding
the heading in some versions of the programme.,

Parameters to be set before entry

K, the numbers of series to be used.

L, the nuwaber of covariance lags recuired,

M, the number of frequencies required,

N, the number of terms/series.

E, the sampling interval between successive terms of' the
same series,

D! (3%(21 + 6)) the starting location of® the series in

the anxiliary stox
o
o

Y/, the pre-whitening factor (see lethod),
The auxiliary store should contain in locations O to
(K~1> the K means of the series,

The conversion factors from digital to physical units
(see Hethod) should be in XK to (ZK - 1),

The time logs of each series relative to the first, in
decinal fractions of the time between successive terns

of the sane series should be in 3K to (4X -%1) (the first
nurber will normelly be zero),

. " ey :X: -y .
The amplitude response factors (ﬁc> zt each frequency onl for
. - . s .
each series arranged sequentially for each of (1)
frequencics should be in 4K to ((1+5)K~1) (see Hothod),

The phase factors of cach serics (OX) arranged gequenticlly for
cach of (i1} frequencies should be®in ((I5)K) to
((2246)K - 1),

In D/ onwards there should be the (=1)K terms of the series
arranged seguentially (i.e, the first term of each series
followed by the second term of each series, after pre~whitening),



Prograomme ~2 pe2,

Indices and variables used by the nrogrampe

I, Jd, ¥, L, U, ¥ P, 9, R, S,
', J', &/, L’, M, W, P, Q7, RY, B,
A, B, C,D,E, G, H, U, V, W, X, Y, Z,
Al'g B', C’, D” XI, Y', Z',
Entry Entry is at label 8), the first instruction in chapter 1,

Store and computing instructions

The store required for compilation = 65 blocks,

e store reguired for execution will be 15 + main
store required + auxiliary store required (see below).

The computing instructions used will be less than 1800
for compilation and (3200 + K®NI/8C) for execution of
each set of data,

Different versions of theprogramewill be needed for

varying data requirements, The directives (and hence
the total malin store re qplremenﬁ) should be altered as
follows:

Chepter 1: X » X(Ia1), 8(2I41) and 1000,
Y > KK(Tad)

Chapter 2: T 2 KK(I+ 1}
7z KK{e1)
U, V> K

>
PGz K1)

-

The total auxiliary store should be greater than

D/ 4+ (L4¥+2) IK or D’ + IT, whichever is the greater;
D’ must be at least K(2L+6),

O

Dutput 1504 Le2ir2L (TP 1/2) & (2i0+6) (&{&~11 )/2) Lines
ars required for each set oftdata, The output is as
follows:~

Number of terms in each series,

Times lasms { “ractions of time batween successive

i I3
terms of Lhe swme series
7

X, the means of the series,
X', the means couverted to physical units,

Vi, the variances of the series,

VX', the variances converted to physical units,

@xx’ the lagged normelised autﬂn govariances (preoeded
. by the value r) for r = O{1)L, where I is the muber of
lags svecified,
- val’ the un~normalised cross—covariances at zero
J “ lag, firstly in computing units and secondly
jﬂihmlMLUM$m
ny, the langed normalised cross-—covariances for each pair

of series (preceded by the value r) for r = -L{(1)L,

The frequency increment between successive spectral
estimates, in cycles/time unit,

N9
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Exx’ Elxx’ auto-spectra, in (physical units) 2/eycle/
time unit (preoede& by s, where s = 3(1)M)
first for the pre—wh¢tened data and then
after correcting for the pre-whitening factor,

Cross-spectra for each pair of series, preceded by & and
consisting of :-

E_,® % B, B *,06- and quad-spectra (in physical
xyT Ay J Y7 units?/cycle/time unit ) both
uncorrected and corrected,

I, uncorrected intensity,
" / 2
¢, phase (in degrees).

2
y", coherence,

The corrected values will not be printed for any frequency
where the reciprocal of the aktermation factor due to

. . . 0
pre~whitening is greater than 10

On exit from theprogrammethe auxiliary store oontqln“°~

means in locations O ,,Q..(Kwﬁ)

conversion factors in locations K «.,e\(’ﬂ*lz,

standard deviations in LocationsZK , ... (3~ 1§

time lags in locatlions X ..,01Hx1),
covariances in locabions D' ,ao.éD T (Tat )=1))
in the form

R1‘1\O)aqovaonnaRK-} }/..Ddl.POgRl ( )ouoooc-oomﬁi((})

06000 DONISUIDODBIAENTINYDO N0 000 CENSROSIB DG IO

R«]-ﬁ(-‘-’)oaaao»&oo . "lrL)QCQ‘G!QGGR';E%:(L>OD.BOGQ:(‘iRi&::"g

and uncorrected auvto, co~ and guad-specitra in (D/+KK(L+1)) ...
,.,.a.(D’+(KB(L* L2‘~1\) in the form

Y800 07 G

ER N A I R ]
DOL OO d oG ‘lusﬂ

ﬁwouua«bé_,_\\k/}

B 4 E AP IID PR Y ST I ORI NI Y ND
C2P VeV I UBOOADOIECT BVPOR GBI ODO OB

@ ®
nr

Syl M
'?'ﬂo:ﬂu'oﬂaso’occccscoaQPQHGInGQD‘*:&x\‘

RP"~”1ct1ons 1T < Ks77
. .-u-o-a;c_v:ﬂm-— .
1 <ML g2
N < 10,000
Method Let the first series of data x, be Xo, X1, Xz, X3 .0e¥ ,,

and the secrcond series of data y be yos Y15 Y23 I3 eoe

e Vipqs® ete,

TLet F, G, etc., be the respective conversion factors
xrom oomnutlug to physical vnits and 1f pre-whitening
has been carried out using

X, =X, + 06 x,
i i i+

9 and the means have been calculated
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N2
1 T
X = s \) x. for each series of N terms
Neq / i
iz
then X/ = FX
Variances: N-2
= “:l“ x 12
Ve = i3 7 i
1=0
where x.’ = x,
i

-~ X, then V_’ = F?V
3 x

Lageged Normalissd auto-covariances:

N2,
i~ ""1 "'1
¥ r) =| (H-~r-2)v_| -
Xx (=) ( ) b i 71
_ ] -
Cross—covariances
N-2
1 Y
V. == Y> x. ! y.!
xyx N-2 /[ i Iy
I=
V_ ' =76cV
xy xy
Lagzed normallised cross—covariances
Negative lags:~
N2
r Y
¥ (x) =] (8-r-2) VT A
Xy { ¢ ) % y iy Ui
=0
Positive lags:-
«é{; (.,,‘\ - %M‘(I,Tm«n,__pi\»‘/ﬂi\‘:m;r. " \\ ’ % ! I
oo R A § e ) Vo 5 / 5 y‘_&-‘xf.

Procvency increment between suncessive

5/UE cycles/time unit (e.g., o/sec.)

lee,, O5/L cycles/time interval (#)

Auto-spectra:

P

Exx(s) AWV \> o (r) cos (L%#>

I‘:—‘O

o

where > means the sum with the first and last
/' terms halved,

end ¢_(x) = ¢_(r) cos @"}

! X(s) = Exx(s) //[} + 0% % 20 cos <E§>”W

#
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Cross—specvtra:
Co~spectra:
L ‘II
~ TRV zsT)
Exy(s) = ;TPGVV%y&. j{: [: ({r) + ¢ (r) oos < o
=0

. N 2 [Tx
where @yx(r; _.¢yx(r) cos (2L>

and ¢X (r) is similarly defined,

(s) = & (s) //31 + €% 4+ 2C cos (%%)—}

Quad-spectra:

II

Ekwﬁ(s) = hEFGMV#jy B {:(é (r) - ¢ (r) !s <%sw>

;L"

I"‘

1 + C% + 2C cos (%%)W
— /

|
i
!

B Hs) =5, 06 |

The crosa-spectrum is then defined as E__ + iE__*

Xy Xy
Intens iJGy e T = 'fE-‘"-azm“':(""”"‘"’“'ﬁf?
T Xy b
-1 -
Phase lag: ¢ = tan e

If ¢ is positive series x leads series y in
time,

Coherence: y? = T

JC}"Vy

Corrections for time lags beltween sevies

S o 0

IT there exists a time lag o between correspor Ol“m torms of
seriss 1 and seriss 1 (n beine sn fintezer with volues Trom 2 to 7
Taclusive, and x beling a dscimat hoving valioes bebween O and
lnclaslmﬁ\ then the cross spectral esuhmrues E_M(S) and & &(s) are
modified as follows to va\s) and Fy “(s) where s =

hataY

F_(s) =E _(s) cos ("SL J( ) sin <?%§>

Xy Xy
nd PP (s) = ~ B ¥(s) cos (E5) = 5 (s) sin (T
I Ty VT T By VB0 L) Txy ' L)

Thenthe computations of intensity, phase lag and coherence proceed

using P (s) and ¥ - *(s) in place of E, <u) and E_ (s),

Y

Correctlowg for anplitude and pha 158 _response of recording system

If the recording system of series x has a response to unit
input at freguency s/2LE cycles/time unit of

x im0s
LA
o’ exp 1“q )
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and series y has a response
-
az exp (%%%ﬁ* (6 in degrees)

?h%nzthe auto~spectral estimate, EXX(S), will be divided by
\&;) , the orossispectral estinates, E_ (s) and T W%(s), will
be"divided by §as) (az) and the phase 1%g, ¢, will'be replaced

X
byqu(es~eS.

Progirammers  Jomes Crease and Brien Hinde

N.9 .
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Title fnalysis of plteh, roll, heave buoy data

Language BMA

Machine Atlas T

Purpose To compute the angular hermonics and directional spectrum

from tne auto, co- and quad-spectra between pitch, roll
and heave,

Compatibility The progremme is cesigned for use with progranmes -1 or
~2 and can thus be used as an addition to N.I,0, programs
67, 7% or ©2, It can be used on its cun if a reading
chapter ias added,

structure of progromue

- AR p—

The prograrme consists of a chapter 1 only with the

The nuuber of main variables required = 5300

The nurber of auxiliary veriables required = G/+40{M+1)+1
where M is an integer to be set to represent the highest
f?equenc‘ reqguired (bno, 50 for frecuoncies Q(Wﬂj1) Qshe s}j
and C 1s to be set before entry also,

Parameters to be set before cnl

i as described above

¢’ = Startinf location in the auxilicry store of the aulo,

co- and quad-spectra betueen heave {series 1 el
\

{series 2) and roll (series 3.

,‘_
5]

The series should be arrenged as follows:
511(0) C12(0) ¢ 13(0)
212(0) $22(0) C25(C)
Q13(0) Q23(0) 855(C)
S44{1) ete, to
S55() in C/+9(M+1)~1
Then should follow the doubly intesrated acceleration
spectrum
B11(0) vvr wee evs Eqq(11) onding at C/+10(+1)

A1l the spectral estinates should be in comparable
. 2 .
physical units (eco, co~gpectra in deg /Q/se, and doubliy
. . ma B2 F
1nt@grated neceleration spectra in £4%/c¢/sec),

Indices and varishles used by th

I, K, ¥, u, s,

2 ™ 4 i T T el T, vy

U D s CS CI 3 D’ .H’ G‘; H, U, Vﬂ .[;, .[, 1

Entry Entry is at label 1), the first insbructlon in Chapter 1,

Svore and cor

s LR, S A N

The main store required for complilation = 60



Output

Restrictions

e

od
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The main store recuired for execution = 15 + C'/512
my

The number of computing instructions is less than 70D
for compilation and less than 57 for execution.

The oubtput is sultable for lineprinter or seven~track

paper tape and requires (420 4 108) lines or 2 + int.
part [ 174 ] blocks,

for sach value of S from 1 to M is given the values of
a4, 22, 03, 4a, D1, ba, bz, ba and C (see lethod

Jor each value of $ the angulor distribution of cnergy
(normalised) is glvan at 15° intervals where the angles
are tie direetions of provpagetion of energy.

The directlonal spectium of enersgy is given at 15°
intervals ard at each value of 32 where the angles are

o

the directions of arrival of energy.

,;

s 170
The various auto, co- and quad-spectra are conbined as
follows:

o1 = ~Q12/S14

az = (u>2“b;3)/<022*‘ 5)
by = ~Q1z/Sq4

bz = 2025/ (S22+355)

ot each freguency o (corresponding 4o values of S)
v 2 2
Then Ci:+[a.; + by
A

N
2 2
Oo=4 [m&a + ba
~

v

81 = C/(1-C1)

, e e
Sa= [ 14302 1414C2 + C2% V2 (4= )
\ N //
and C 3 9 4D 2 >l/f_~
N o8 Gﬁ
Then as = C{C-1)(C-2) fia > %
bs (ol (GEJ(EET P
where § = tanﬁ1 b1/a1
and ag = 0(C-1)(c~2)(C~3) cos b §
ba (Ce1)(C2)(Co3)(CH) sin 4k @

ey

The angular d istribution is then evaluated:-
o
- ?'
Ga(¢) = 11 050 4+ W (a_ cos ¢ + b gin Q) }
P n v n ) !
i W ) |
1

where = Q8889
= Q6222
= Q%3

= O 144k

for ¢ EX o
fOf‘ q) = OO} ﬂBOy jOO €I 60 CERTOOI A 3&‘5

inally the dilrsctional spectrum is evalnated:—

F(ey9) = B(o) Ge(d7)
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where E(o) is the energy of the doubly integrated heave
and vhere
b/ = ¢ + 180°

Notes It wil be noticed that the values of Cyz2, Ci3z ond

P

Q23 at all frequencies and all the velues of energy

at froguency © are not used in the caloulation,

They need not, therefore, be input to the auxiliary

store. They are referred to only for compatibility
with N.T.0. programies -1 and -2,

BRIAN HIKDE




N.I.0, PROGRAI

.

Title Graph plotting
Language EMA
Machine ATLAS 4

rurpose To scale and linearly plot a series of points on the line-~
printer or typewriter,

Compatibili The programme is designed for use as an addition to any
existing program, and should normally be the last part of
that program to be executed,

Structure of programne

The programme cousists of a chapber 1 only, with the headings

PROCRAILTE -4
>> GRAPH PLOTTING
>> comnments

CHAPTER 1

The programne ends with

CLOsSE

The nwiber of main vardables reculred > LI +
The number of auxiliary variables requlred » 2T
where I = number of points to be piotteda

Paraneters to be set belore entry

T, number of poinbts to be plotted,

EY, starting location in the cuxiliery store of the numbers
to be plotted.

The nurbers snould be arranged as follows:-—

X-i}) XZ’-} }\—3 fi»a“ﬁaeooa:o'naﬁl
v '
Y‘Ip Y?.g Y3 ecosea0cnvonanall

T =1 if a printout of the sorted data is required
= O if no printout of the sorted data is reguired
3 = 1 if no scaling of poluts along the y-axis is reguired
O if scaling of voints along the y-axis is reguired
if no scaling of points along the x-axis is
£ sealing of points along the x-axis is require

ps. p

N o= 1 if the ~—axis is to go through the 1 value of ¥
the origin is nob within the range of the values of ¥
=0 4L the z-axis 1s to go throvgh the y-origin
N/ = 4 1f the y-axis is to so throush the mininun value of x
1£ the origin is nou within the range of the velues
of x
= O if ths y-axls is to go through the x-origin
B, R, ¥, G, 60, 7, ¢

“is at label ‘]), the first instructlon of chaplber 1

inatrustions

aln store required for compilation = o0 blocks
shore uired for execuhd 25 blocks
tructions requestsd w1l be B0

~
Nay



=
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Qutput The output is suitable for lineprinter or seven~track
paper tape and reguires (53 + I + (A - B)) lines or
(50 + T + (& - B))/50 blocks, where I = nusber of points
to be plotled, A = maximum value of x, and B = minimun value
of X,

Restrictions I <470

Scaling will occur on y-axis, even if none 1s requested if
the difTerence between the maximum and minimum values of y
is greater than 118,

Method The progr(,lnme scales the values along th@ v axis so that
D¥ (A ~ B) < 118, where D = the spacing interval, A = the
naximm value of y, ard B the minimun valae. If all the
values are positive and a displaced origin is not required,
B iz set to equal O, If scaling along the x-axis is
required, D'* (A - B) < 200

G and G’;the scaling intervals are set equal to O - B, so
that if either cr both are negative the corresponding origin
i1s displaced.

The values of y are then scorted into numerical order WOk~
ing from minimm to maximum, The corresponding val ues of

x are puc into the same order as the values of y,. The
process is then repeaced for sorting the values of x into
numerical order,

The scale along the y axis 1s computed by the equation

% = 10/A' where Al is the spacing interval, and printed out,
The scale 1s then compubed for the x~axis by the equation
72! = 6/B! where B’ is the spacing interval,

The gravh is then plotted, The y-axis is marked by a series
of minus signs with O abovs it vhere the y-origin ccours.

If the first point occurs on the y-axis, the axis is printed
up teo that point, the point is plotted, and the axis line
conbinues, The x-axis is moidlred with a vertical line at
the start of ewh new Lline, whather or not there is a point
to be plotted on that L:mw 0 beside the x-axis indlecates
where the x-origin OSCULS a

LD-A-

After each point has been piotted, the number of new linoes
between that value of x and the succeeding value of x is
outpwt, followed by the number of spaces between the value

of v at the x-axis and the value of ¥ to e plotted, If o
values of y occur for the same value of x, vhere is no new
lins,. but only the nuuber of spaces bebween the new value of

v and the preceding one.

s

Prograume o Margarel Ringrose
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N 1.0, PROGRAUMME -5, Change of specifiication

The description of programme -5 should be amended as follows:=—

1) p.1 lines 37-40 inclusive should be deleted., At present they read:

"P,  an integer equal to the nuwber of cross-covariance and/or
cross-spectral pairs required. (= O when H' =1, k, 5)

P = -1 may be used to signify that all possible combinations
are reguired,™

2) p.2 lines 4-9 should be altered to read:

"The cross—covariance and cross-spectra options should be in

((2M + 6)K) to ((B/2) (4 + K + 11) =1), The order in store is
series

152 1,30 eeecccacoavoooss 1,K
2)3 291" geececececocvo e 2,1{

GPocso0v0e POPOOGOBCTEC :K."'Jl), Tx

A 1 in the first location indicates that 1,2 is required; a 2 in the
second location that 1,3 is required, and so on until K(K-1)/2 in the
last location indicates that (K-1), K is required, Tocations at which
the options are not required should be set ecqual to =100,

B, J. Hinde

18th August, 1967

DPG/B/1
N.9
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N.I,0, PROGRAMME -5

™tle

e v —

Language
Machine

Purpose

Gompatibility

General spectral analysis
EMA
ATTAS 4

To compute the covariances, auto— and cross-—spectra for up to
99 time series, Facilities include selection of series for
analysis, pre-whitening, corrections for amplitude and phase
response of the recording system and entry at vacrious points
in the calculations.

The prograrme needs a chapter O to tread in the data or it can
be incorporated into an existing program, Qutput routines
are included but the output is also available in the auxiliary
store for further use if required,

Structure of prograrme

Parameters to

The prograime consists of chapters 1 and 2 with the heading
PROGRAMME ~5
>> GENERAL SPECTRAL ANALYSTS

The programme ends with

CLOSE

b

[

set before entry

X, the number of series to be used,

L, +the number of covariance lags required,

1, the number of frequenciss required (= O vhen H! = 1,2,3),
N, +the number of terms per scries,

E, the sampling interval between successive terms of the
same geries,

D’ (» (®/2)(LM + K + 11)), the starting location of the
series in the auxiliary store,

F, the pre-whitening factor (= O for no pre~whitening),

H? an InYeger having veluves between 1 anl 15, +his being the
total of up o fouwr lantegers chosen from the following:-
1 if auto-covarinaces are reqguired
2 if cross~covariances are required
L if auto-spectra arve required
8 if cross-spectra are reguired

P, an integer equal to The number of cross~covariance and/or
cross~spectral pairs required, (= O vhen H’ = 13435)

P = 1 may be used to signif'y that all possible combinaticns
are required.

The auxiliary store should contain in locations O to (K ~ 1)
the K mecans of the series,

The conversion factors from digital to physical units should
be in X to (2K -~ 1) (Replace by standard deviations in
2K to (3K - 1) when H' = 4,8,12),

The time lags, of each series relative to the first, in
decimal fractions of the time between successive terms of
the same series should be in 3K to (4K = 1)a

The amplitude response factors (af) at each freguency and
for each series arranged sequentiflly for each of the (M + 1)
freguencies should be in 4K to ({(M + 5)K - 1) (omit for

H = 1,2,3),
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The phase factors of each series (Gx arranged sequentially
for each of the (M + 1) frequencies"should be in ((M + 5)K)
to ({24 + 6)K - 1) (Omit when H’ = 1,2,3)
The cross-—covariance and cross—spectra options should be in
((2M + 6)K) to ((K/o)(4M + K+ 41) -~ 1), A 1 in store
indicates that the option is required, The order in store
is SeI‘ieS 1,2 1,390000---::010030131{

2,5 2,2¥-ao»--ooaoovaoacn2,K

OQotocll'oonotonnve(I{ - 1)3K—

Tn D! onwards there should be the N K (or (M - 1)K if
pre-whitened) terms of the K series arranged sequentially
(i.e, the first term of each series followed by the second
term of each series, etc.), if H’ £ 4,8,12,

If H' = 1,8,12 in D’ onwards there should be auto- and cross—
covariances in the order:

Ry (0 Ry (@eeesiB, (0) R p(0)aess By (0)esss R (C)

3
R11(L)Q-o'.tofGOQI00'0‘!‘o»-noooﬂﬂvvneatoloblolqp’oRm{(L/

Indices and variables used by the programme

A11 unprimed indices except O,

A1l primed indices except Q’/, R/, S’ and T/ ,

A1l unprimed special variables,

411 primed special variables except B,F!,G7,U’,V/, W1 aad I/ ,

Entry Entry is at label 8), the first instruction in chapter 1,

Store and computing instructions

The store required for compilation = 65 blocks,

The stere required for execution = 17 + main store + auxiliary
store (see below) .

The computing instructions used will be less than 2000 for

compilation and (3000 + KNL/8O + P? K*NI/80) for execubtion of
each set of data where P = firaction of tetal possible optioas
required {e.g. 8/15 for 8 out of 15 possible cross~covariance
pairs), For i’ = 4,8,12 the formils becomes (3000 + 1082 I.),

rakal

Different versions of tle programme will be needad for varying
data requircments, The directives (and hence the Lotal main
store requiremernt) should be seb as follows:—

Chapter 1: X 2 K(L + 1), 8(2L + 1), 4C00
Y= R¥L o+ 1)
,CLU T, WI > K
> KK -~ 1)/2

> K1+ 1)

> K(K ~ 1)/2
F,6 > KU + 1)
U,V 2 K

A
B
Chapbter 2: Y » K3(L + 1)
2
B

4 main stores are regquired in chapiters 1 and 2 for index
stores,

The total auxiliary store should be greater than
D/ + (L + M + 2)KK or D! + NK, whichever is the greater;

D’ must be at least ((B/2)(4M + K + 11)),
N,9
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Output

and

Programme

200 +
L(1 + INTPT(K ~ 1)/7) lines for auto-covariances
M(1 + INTPT(K ~ 1)/7) lines for auto-spectra

=5 Pa3

2L(1 + INTPT(KP(KP ~ 1)/14) lines for cross—covariances

(M + 6)(®P(EP ~ 1)/2) lines for cross—spectra for e
of data, The spectrazl outputs will be doubled if
whitening has been used, (P = fraction of total p
options required),

ach set
pre-
ossible

Restrictions

The output comsists of ¢~

N, the number of terms in each series,

H! £ 4,8,12

The time lags of each series, HY £ 4,8,12
X, the means of each series, 0! # 14,8,12
X', the means converted to physical units, A 4;8,12
V., the variances of the series. H! £ 4,8,12
V. ', the variances converted to physical units, H! £ A;8,12
wxx’ the lagged normalised auto~covariances for \
r = O(1)L H/  odd
> V/__, the un-normalised cross-covariances at H/ = 2,3,6,7,
o 10,11, 14,15
zero lag, followed by the values in physical A A
units,
%x 5 the lagged normalised cross—covariances for H/ = 2,3,6,7,
J” cach pair of series for r = ~L(1)L, 10,11,14,15
The freguency increment between successive spectral
estimates, ,
E__» the auto-spectra, in physical units, for HY = 47,
s = O(1)il. 12-15
E’XX, the auto-spectra corrected for pre-whitening, H’ = L~7,
12-15
FAO
Cross-spectrae as specified, each consisting of:~ H’ 28
Exy¢ E*xy’ co~ and quad~spectra in physicel units,
B! 128 — . — O
x5 E - corrected co~ and quad~spectra, F AO
I, intensity.
I/, intensity corrected for pre-whitening. FAO

¢, phase (in degrees).
y2, coherence.
The corrected values will not be printed for any

frequency where the reciprocal of the attenuation
factor dvue to pre-whitening is greater than 1010,

On exit from the programme, the auxiliary store
contains:~

means in locations Ovevavas(K = 1)

conversion factors in K....,,,(ZK - 1)

stendard deviations in 2K, sese (3K = 1)

time lags in e saos (4K = 1)

covariances in D/peeee(D? + (KL + 1) ~1))
in the form

Ry (0)eeraihy, (0)sse R (0)snes iR (0)

AR AR E R TR EEREEEEEE AN E SR ENEYEAEENEREFNERES ]

Ryg (D) eoooeRp, (B avenaRy (L) 0 eon By (L)

0! £ 4,8,12
H! £ 4,8,12
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‘Restrictions

Ve thod

Programme ~5 p.k

and auto~, co- and quad-spectra in
(D’ + B2(T + 1))eeeea(® + (KL + M + 2)~1))
in the form

s )
911(b) 64‘2(0)50vc!sﬁcﬁ'?!osaao@ogﬁ}‘{(o)

25(0) 855(0) €y5(0)evaarsiassCy(0)

patsensasencsereasanseaasosccarsonsan
Q1K@3)..,....,..............,OE.SKKQD)
81401 (i) eesearaeennaniiacsannes
.,.a.oq.,......................,SKK(M)

These values will all be corrected for pre~whitening
unless the reciprocal of the attenuation factor is
greater than 10'°,

K < 100

M< L <1000

M =0when H = 1,2 or 3
N s 100,000

-1 <F <1

H <15

-1 P S KK = 1)/2
K2(M + 1) < 40,00

1

A

A

Let the first series of datae be x, [i = O(1)N=1]

and the second series of data be Vis etCe
Let Gx’ G, etc, be the respective conversion factors
from digital to physical units,

Let the mean of any one series be represented by X
digital units and hence Qix in physical units,

Variances:

N~
Vo= 1\ 'x:"z
=0
whers x.! = x. - X,
i 1

uosred nornalised auto-covariances:

— }‘T"‘l’""ll
Y
. () = (Wer1)V ~] ‘> 1 !
b)) | Grer |y
- 1=0

Cross~covariances:

N-1

v, =1 :;ﬁ %! y'

S i 71
i=0
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Lagered normalised croszs-—covariances:

Negative lags:-

: =1 Ner-q
N y
¢ () .»:r(mm-ﬂ VT VT ) x! i
& L * v [ Tl T
1=0
Positive lags:—
_ ~t Ner-d
| (N ’ ’
yfyx(r) ((Nr 1) VT v, % ; i vl
- - =0

Frequency increment between successive spectral estimates is

Ooﬁ/LE cycles/time unit (eoga q/secg)

Auto-spectra:

E}Q{'.(S) = AEVXI

Ings

. (r) cos <}j_%"r>

means the sum with the first and last

5

"

where

~]

terms halved,

= 9 () =4, (o) oos® (iz )

.

If requested, the auto-spectra, corrected for
pre-whitening, is

-
EQX(S) = Exx(s)/ﬂ:1+Fé+2F cos <?§> R

Cross~spectra:

Co-spectra, Exy(s) = AEGXQY 'VX.Yy 11

where fyx(r)

il
S
E
)
H
e
Q
O
ta
N
S h
]
N

and. ¢Xy(r) =¥

!
=
-~

3
A
Q
o]
o]
m
AT

»

i
L4

E;y(s) = Eky(s)/ﬁ:1+F2+2F cos <%%>j]

L
s T T\
Quad-spectra, Exy(s> = AEGQQ' Vi ZiJ -?;ErS:y;x:(:c')~-<;[>Xy(:c')'E

=0 ’
X gin (TsT
()
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VL

Ei}(s) = E;y(s)/(1+F2+2F cos <7§§_>]

The cross—spectrum is defined as (E_+iE® ) or (E/ +iE*!),
oross-op ofined oz (B_+iE2) o (57 +3820).

N r
\/E’;‘i';”;:@;{yr I’ = I/t'HFZ-"QF cos <.,.SL>_1

W/ |

1l

Intensity, T

e

Phase lag, ¢ = tan” ' B

*
VA
B
Xy -
leads series y in time,

Coherence, y = T /\/xx yy>

if ¢ is positive, series x

e

Corrections for time lags between series

If there exists a time lag xE between corresponding terms of
series n and series 1, where x is a decimal fraction having
values between O and ‘1 then the cross-spectral estimates

E (1) and B* (s) are mod:u';‘led as follows to F (s) and r = (s)

‘qere 4

F:xy(s) = Exy(s) cos <'{_r%3_c_> - E;W(S) sin <7T"E“>E>

— g i
and ¥ ¥ (s) B (%) cos </ o_.f'\" };Cy(s> sin <7*ix> o

The computatlions proceed using F (s) and F}";y(s) in place of
(s) and. E (s)

Corrections for amplitude and phase response of recording system

If the recording system of series x has a response to unit
input at s/2LE cycles/time unit of
x AT
o (0%
\ 180/

and series v has a responss

a‘;f exp /iﬂ-‘:/¥> [6 in degrees]

180
then the aubo-spectrel estimates B (%) will be divided by
(ax)z the oross-—-speotral estimat (s) and E;y(s) will be
d_lVld”d by é and the phase lag q’> w:.ll be replaced by

a
X s
¢+ \‘S"-Gg)a

Totes This programme coibines programmes ~1 and -2 and exbends them %o
cover 1arg@r valvues of K,I,M and N, and also includes optional
selootlon of only certain pams of series for cross—correlation,
In addition, the facility to skip certain parts of the programme
1s available,

Programmsrs: James Crease
Brien Hinde

No9






