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SUMMARY

In previous publications the so-called serial/matrix technique has been
developed for the response analysis of systems defined by time~invariant
ordinary differential equations. Qne paper describes how an explicit formu-
lation for the output fﬁnction may be easily obtained when the input function
is deterministic. A second gives the output autocorrelation function and out-

put mean square value when the input is a stationary random process.

This paper gives computer programmes in ALGOL which implement these
ideas. The programmes are described primarily from the point of view of the
user with illustrative examples to demonstrate the use of prepared data sheets
but sufficient information 1s inecluded to enable users to de%elop the pro-

grammes further if required.

*Replaces R.A.E. Technical Report 69140 - A.R.C. 31816
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INTRODUCTION

In previous papers methods were developed to simplify the response
analysis of time-invariant linear systems when subjected to determinlsﬁic1’2
or random 1nputs3. It was pointed out that although they could be employed
in relatively small scale desk-type calculations these methods would be

particularly useful when programmed for a digital computer.

The major part of this programming work hag now been done, the pro-
grammes having been written in ALGOL, .As at present constituted they are
explicitly for the Elliott 503 computer but require only minor modifications
of input and output instructions in order to be usable on any moderately
sized computer with an ALGOL compiler., They could also be used, with small
modifications indicated herein, on a large multipurpose computer such as

ATLAS which includes an Elliott 503 ALGOL compiler in its range.

This paper describes the programmes and the way in which they are to
be used together with illustrative examples, Everything relating to the
deterministic input programme is discussed in Part I. The extension to
random i1nputs is dealt with in Part II, but, to minimize repetition, reference

is made to sections of Part I. The paper 1s meant to be used in conjunction

with Refs.2 and 3.

PART I - DETERMINISTIC INPUT FUNCTIONS

2 BACKGROUND INFORMATION AND THE SCOPE OF PROGRAMME I

Many problems in engineering are formulated as a set of time-invariant
linear ordinary differential equations. Usually, such equations are solved
by the use of Laplace transform teéﬂhiques and at some stage in the process
a transfer function relating the required response variable and the input
variable is obtained. Engineers working on control systems may build up a
composite transfer function for a complicated system from the known transfer
functions of simple elements. The next stage in the conventional application
of Laplace transforms is to transform the input, express the resulting func-
tion for the transformed response variable in partial fraction form and then
perform the inverse transformation. The serial/matrix method described in
Ref.2, eliminates this tedious last stage. Once the factorised transfer
function is specified, together with the input function, an explicit formula-
tion of the output response may be obtained by precise matrix operations
without having to resort to partial fraction expansions and inverse

transformations.



The construction and mode of operation of the programme written to
perform these operations together with detailed instructions for its use are
deseribed in this first part of the paper. The programme may be described as
a basic programme with its étarting point at the transfer function stage.

Extensions are env1saged4 which will increase its usefulness but these have

not yet been programmed.

We agssume then that the problem is formulated in the form of a system
transfer function and deterministic input function of time which belongs to
a large class of functions to be deseribed shortly. The numerator and
denominator of the transfer function have each to be factorised into linear
or quadratic factors, thus avoiding the use of complex roots. (This factorisa-
tion may be done as convenient depending upon the programmes available but for
the testing work on the programme we have been using the programme TRIPLE
LENGTH BAIRSTOW-QUADRATIC FACTORS OF A POLYNCMIAL written by Wilkinson for
Deuce; Ref. 494 (RPO4 T/1).) To each factor there corresponds a physically
realisable filter and the overall transfer function is represented by a
sequence of these filters. The input function is in effect passed through

each of these elementary filters in turn.

The elementary filters which have to be allowed for in the programme

are:

. 2 2
conatant gain K, 8, s +k, s +2ns +m withn <n

and

1/s, 1/(s + k), 1/(32 + 2ns + mz) withn<m .

The input function is assumed to be any linear combination of functions

of the following types: .

(1) generalised functions, w(t), «a. , uh(t) (uy(t) is & umt
impulse),

(11) unit step function u (t), t, t2, t3,

(111) e 2F, g2 (2.70%

(iv) sin wt, cos wt,

(v} e~8%5in wt, e %% o0s wt,
(The parameter 'a' is, of course, generally not the same in both groups (1ii)
and (v).)



There May be more than one group of each of the last three types, dif-
fering in their values of a and/or w®w, but if any one member of a group
occurs in the input it is assumed that the other member(s) also occur(s) but

with zero multiplying coefficients., The input function is then of the form
%, (t) = & x(t)

where a 1is row vector of coefficients and .E(t) is a column vector of
functions making up the ainput function set., Now, with each of the six pos-
sible types of factor occurring in the system transfer function, and for the
particular input function vector x(t), can be associated a so-called,

response matrix.

The analogue of passing an input function through the elementary filters
in turn becomes that of successive multiplications of the input coefficient
vector a by the response matrices agsociated with the various filters. The
programme is therefore concerned praimarily with classification of the input
function, the congtruction of the response matrices of appropriate order and

the successive matrix multiplications,

3 MODE OF OPERATION

This section contains a brief discussion of the major processes in the
programme. It is primarily for the programmer wishing to extend the programme
in some way or to alter it so that it can be run on a computer other than the

Elliott 503. .

The programme contains identifiable chapters labelled by the transfer
functions of the elementary filters s, 1/(s + k) etc. Since the programme
was too large to be rum whole on the Ellioctt 503 computer at Westcott it was
split into two parts. The first tape contains the input chapter, the 1/(s + k)
and 1/(32 + 2ns + m2) chapters; the second tape contains the s, s +k,

32 + 2ns + m2 and 1/s chapters together with a chapter for the output of
results. The output tape from the first part of the programme i1s used as

the input data tape for the second part.

The two parts of the programme are shown separately in Appendix A sections
(b) and (c¢) and their corresponding flow diagrams in Fig.l, The alterations
which would be required in order to run the programme whole on a larger computer

are discussed in section 3.h.



3.1 Input chapter

The input chapter i1s that shown in the first column of Appendix A
section (b). In addition to putting in input function and transfer function
data 1t serves to set up the input coefficient vector and to determine the
order of the final coefficient vector. The input coefficient vector is aug-
mented by the addition of zero elements so as to be of the same order. By
this device all the response matrices can be set up as square matrices of

order q[12] x g[12].

In accordance with the normal structure of an ALGOL programme, various
procedures used in the programme are also stored in this chapter. The most
important of these are 'mxprod', 'convert', 'testc' and 'normalise'. The

purpose of these will be explained as we come to them in this discussion.

For nomenclature, the array 'b' 1s used to store the values of a and
w occurring in the components of the input function vector; arrays 'c' and
'e' represent input and output coefficient vectors respectively and array 'd'

1s used to represent the response matrix,

3.2 Response matraces

The six types of response matrix, corresponding to the gix possible
types of filter in the transfer function, are contained in quite distinct
chapters of the programme. During execution a particular chapter is not
entered if its corresponding type of filter is not present in the transfer
function (as indicated by the value of y[i]). These chapters are all very
similar in structure so we shall discuss, as a typical one, the
1/(32 + 2ns + m2) chapter, This is shown in the farst half of the third

i

column of Appendix A section (a) following the heading:
comment 1/(52 + 2ns + m2) Response Section; .
See also the second half of the first column of the flow diagram, {Fig.1).

The various processes involved are as follows. Firstly, all the elements
of response matrix 'd' are set to zerc by use of the procedure 'set zero'. The
elements of the response matrix corresponding to the 'standard! input functions
uh(t)’ coe 3 £ are set up. If any one of these functions is absent (i.e, has
a zero coefficient) the corresponding elements in the response matrix are left
as zeros., The remaining functions are dealt with similarly, with a block of
elements set up in the appropriate part of the matrix Por each independent pair

of values of a and w,



When the response matrix is complete it 1s multiplied by the input
coef'ficient vector 'e' and the resulting output coefficient vector is
stored in array 'e'. This is done by the procedure 'mxprod(e,c,d)'._ The
elements of the array 'e' are then transferred back to the array 'c' using
the 'convert' procedure and the elements of the array 'c' are made of order
unity by daividaing them all by their average value, using the procedure
*normalise'. The normalising factor then multiplies the content of store
tegt, whaich at the start of the calculation contains the constant gain of

the transfer function.

Tt frequently happens during this sequence of operations that, owing to
1naccuracles in the computation, certain coefficients of the output coefficient
vector appear as small numbers of the order of 10_8 to 10-6 when they should
in fact, be zero. The programme sets any coefficient to zero by means of the

'teste! procedure 1f after normalisation of the vector the coefficient is

less than 5 x 10—6.

A 1/(52 + 2ns + m2) filter wath O < n < m will generate exponential-
trigonometric functions. On output from a filter of this type, the coef-
ficients of such generated functions are stored in the coeefficient vector
directly below those of existing input functions (and thus overwriting zeros
inserted at the input stage). These generated functions are then incorporated
fully into the input function format by modifying the input coefficient
vector 'c' and the array 'b'. That completes the cycle for one such filter

and the complete process 1is repeated for further filters of the same type.

The chapters for other types of filter are basically the same as that
Just described but with minor modifications. The 'numerator! filters s,
8 + k, 52 + 2ns + m2 do not genefate new functaions in the manner described
above so the last stage for 1noorporathg generated functions into the input

vecstor 15 not required.

The 1/(s + k) falter produces exponential-polynomial fuﬁctions. The
processes of setting up the response matrix and for dealing wath the generated
functions differ in some respects from those described above since we allow
for the possibilaty of the failter 1/(s + k) being up to three-fold repeated
and, a8 a consequence, the possibility of an exponential-polynomial input

group with the same parameter 'k' as the filter.

The 1/s Cfalter chapter also differs from the standard case in that
we allow functions of the type t°, with n > 3, to be generated by the

filter. Although, such functions do not fat into the standard input function



format, their introduction at this stage presents no difficulties since this

1/s chapter is the last to be executed before output.

When all these matrix calculations are complete the current coefficient
vector 1s multiplied by the current constant gain to give the final output

coefficient vector.

Should an error occcur at any stage, use is made of the two procedures
'write(string)! and 'outerror'. The first gives a prant-out of the error
indication (discussed in section 4.2), the second reads in any remaining
data for the case that has failed. Any further cases on the data tape can

then be run using the standard Elliott procedure 'restart'.

3.3  Qutput of results

The relevant part of the programme is shown in the third column of

Appendix A section (c¢) and consists of three main parts.

The first gives a printout of the output function in explicit algebraic
form fellowing the programme heading and data title., The second part as
headed:

comment Output to Programme IT (Mean Square Programme);

This section ig relevant only when the input is a random process and is dis-
cussed in Part ITI. When the problem concerns only deterministic input fune-
tiong the parameter SAF has to be set to zero, This 1s done autcomatically
by the use of the data sheet which contains the necessary zero immediately

above the tabulation section,

The third part concerns tabulation of the output function. If no
tabulation is required 'del' should be set to zero and this section is not
entered during execution, Otherwise the tabulation data are read in and
the output function 1s computed for to(h1)tf’ the values of to, h1 and

tf being reassigned for each change of interval of the tabulation,

3.4  Comments on the two=-part programme

Since the existing programme is in two parts an explanation is now
given of how the data is passed from the first half of the programme to the

second. )

By means of the first programme tape, the data title is read in and
reproduced on the output tape but without the right hand string quote (the

? character)., The input function and transfer function data are read in



and the response calculations for the 1/(s + k) and 1/(32 + 2ns + m2)
filters are performed, If these calculations are completed without error
the right hand string quote 1s punched on the output tape, followed by a 1,
the remaining transfer function data, the current input function data and
finally the tabulation data. If an error does occur the appropriate error

indication is punched out followed by a right hand string quote and a zero.

When the output tape from the farst part is read in as input data to
the second part of the programme the programme title is punched out together
with the information between string quotes on the data tape. If no error
occurred in the first part the next character on the tape is a 1; the computer
takes this as an indication that the computation is correct so far, continues
to read in the remaining data and proceeds with the calculation. If, on the
other hand, the next character is a zero the straing already reproduced contains

the error indication and the computer performs no further calculations on that

case.

When several cases are to be dealt waith at the same time they should all
be punched on the same data tape. Part I calculations are performed on all

the cases and then followed by all the Part IT calculations.

It should be possible to run the programme in one piece on an Elliott
503 computer with more than 12K words of storage. The few alterations which
would have to be made to the existing tapes before joining them together are

listed in Appendix A section (d).

If the programme is to be used on a computer which will not accept
Elliott 50% ALGOL (ATLAS is one computer which does have such a compller),
some alterations will have to be made to the programme. The computer
should be one having an on-line teleprinter and two other fast output
dev1ces,@x1the ex1sting programmes these are referred to as punch (3) and

punches (1) and {2) respectively).

Those sections of the programme which are most likely to require
alteration are indicated by a vertical line at the side of the printed pro-
gramme in Appendix A sections (a) and (b). The more obvious alterations are
the switch lists, not required on most compilers, the input and output pro-

cedures and their associated setting procedures.

The existing programme also contains the following Elliott software
procedures - all of which will have to be altered: 'elliot', 'restart',

'location', 'address', 'size' and 'range'. The 'elliot' procedure is used



10

in the boolean procedure 'key(n)'. This allows the uger, if he wishes, to
control various steps in the computation by switching on appropriate key(s)
on the computer console. ‘'restart' has already been mentioned and the
remaining procedures are used in the 'mxprod' procedure. A matrix multipli-
cation procedure could of course, have been written in standard ALGOL but

using the above procedures helps to cut down the operating tame.

Finally, many machines are capable of converting a programme in a
given code to one in a different code, so 1t is possible that the necessary

alterations could be done by the computer.

3.5  Further facilities on the Elliott 503 computer

By runming the programme with key(1) on, the data title of each case
is printed on the teleprinter together with any error indications and the
word "NXDATA' when each case has been completed, This makes it possible to
keep a watch on the progress of the computations. However, it is advisable
to use this facility sparingly since the telepranter operates so slowly

(¢ 10 characters/sec).

If the coefficient vector needs to be examined hefore and after every
filter of the transfer function this can be achieved by rumning the programme
with key(2) on, whereupon the coefficient vectors are all fed to punch (2).
This facility is useful for checking any results obviously incorrect but which

do not throw up any error indications {possibly due to faulty data punching).

k THE USE OF THE PROGRAMME

In this section is contained all the informgtion needed i1n order to be
able to use the programme., It is therefore conCerned primarily with the,
prepafétion of the data sheet, the format of the results produced by the
computer, and possible causes of failure of the programme.

4.1 Preparation of the data sheet and output Format

A copy of a blank data sheet is given in Fig.2. It may be seen to
divide into the three main sections:- transfer function, input function and
tabulation of results.

L.t The title

The first piece of information to be punched on the data tape i1s the
title. Each set of data run on the computer must have a title containing

not more than thirty characters,



()

!

The openilng character of the title must be a £, and the closing character

a ?. The title may not contain any other £ or ? characters.

L.1.2 Transfer function

A1l information relating to the transfer function goes into the appropriate

part of the left hand column,

The first parameter to be entered is the constant gain. There follows a
block of constants y[1] to y[ 6] which dictate the structure of the transfer
function by indicating the number of factors of each of the six types which may
be present (see section 3). If any type is absent, the appropriate yli]

should be set equal to zero,

Taking them in order, y[1] is the number of 1/(s + k) factors present,
This includes reveated factors 1/(s + k)r where 1 1is restricted in the
present programme to be not greater than three. As an example, the transfer
function 1/(s +1) (s + 6.1)2 {s + 3.9)3 would have y[1] entered as 6.

yl2] dis the number of quadratic factors of the form 1/(52 + 208 + mz)
where n <m and m 1s not zero. Repeated factors of this form have not
been allowed for in the programme. y[3] is the number of s factors, i.e.
the index T of s'. yl4] is the number of (s + k) factors present,
including repeated factors (s + k)°, in the same way as y[1] but,
generally speaking, there is no restriction on the value of r, y[5] and
y[ 6] are obtained i1n a similar manner of y[2] and y[3]. All the constants

y[1i] should be written as integers.

The parameters occurring in the transfer function are then entered in
the blocks below, If any y[i] isFero, the corresponding block is left
blank. When entering the values of k corresponding to 1/(s + k) factors,
the k's of nonrepeated factors must precede those of any repeated factor.
The k's of a repeated factor must be entered in consecutive squares. If
there is more than one repeated factor the order in whach they are taken is

immaterial,

On the data sheet (Fig.2) space for only six factors of a given type
has been allowed but extra rows can be added to any block if required.

When the data tape is being prepared, data should be punched in the
order indicated by the dotted line, starting at the title, and ending at
the label A,
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he1.3 The input function

The section on the upper right hand side of the data sheet is for setting

up the input function.

The first block concerning the input functions uh(t) to t3 must
always be completed. If any one of these functions is present in the input
function, the coefficient multiplying it is inserted on the appropriate line

of the block; otherwlse a zero is inserted.

The three blocks which follow cover the other three classes of function
allowed for in the programme. Consider the exponential-pelynomial group
e-at(auo(t) + Bt + Yt2). As mentioned in section 3 the programme does not
allow for functions of higher order in %, such as t3e-at s ete. When all
the exponential terms are grouped so as to comply with this format, the number
p[9] 1s the number of independent groups, i.e. the number of different para-
meters 'a' occurring in the exponential functions. The value of p[9] must
be inserted even if 1t is zero. For each independent 'a' the block of
multiplying coefficients (a,B,y) is inserted and, in the lower block of the
same column, the value of 'a' itself., ZFor each value of 'a', the user has
to insert a zero opposite the corresponding value of '®'. Precisely pl9]
sets of data (a,B,vy) and (a,w) have to be inserted. The sheet does not
allow for p[9] > 3 but the user may add extra blocks if he wishes.

p[10] 15 the number of functions of the type (@ sin wt + B cos wt)
present in the input. When pl10] # O +the blocks in the second column must
be filled in as described for the exponential-polynomial functions. For each

independent 'w', the corresponding 'a' must be written as zero.

p[11] indicates the presence or absence of exponential-trigonometric

functions, and the date sheet is filled in in just the same way as for the

other functions. I

-~

When the data tape is being prepared the punching order is indicated
by the dotted line, starting at the label A and ending at the label C,

h.1.4  The output function and tabulation

The section on the lower right hand side of the data sheet is used for

defining the format of the output functionm.

Firstly, the output function is alwayﬁ produced in explacit algebraic

form immediately following the heading, thus:
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Responae of linear systems Programme T
(title of data).

Output function.

Secondly, should the user require 1t, the output function will be computed

and tabulated at times dictated by the quantities entered in the block headed
' TABULATION® .

The quantities to, t1, t2, ees , are the times at which the tabulation
either starts or finishes, or at which the tabulation interwval hO,1H
changes in magnitude. Thus, 1f the user wanted to tabulate for t = 0(0.1)5
and t = 5(0.2)10 he would enter t, =0, h =04, t =5, h, =0.2, and
t, = 10. In thais case the number of large time intervals, 'del', would be
two.

The programme has a great deal of flexibility, sance the ainput is com-
puted from an explicit formula. The user may, if he washes, start the
computation at time to not equal to zero. Again, by suitable manipulation

of the tabulation blocks he can jump a large time interval without doing any

intermediate calculations.

The number of large time intervals, 'del', is the suffix of the final
value of t., If no tabulation 1s required, 'del' should be set equal to
zero. The user may add extra rows to the tabulation block to allow for more

than 4 large time intervals if required.

The zero following the label € must always be inserted. The signifi-

cance of this zero is mentioned in section 3.3.

The data for the problem should be punched on Elliott 503, 8 hole paper
tape, beginning with a new line, and ending with a new line, each number

being separated from the previous one by a new line,

Should theuser wish to run more than one set of data on the computer,
he should ainclude all the sets of data on one tape allowing, say, three
inches of run-out between each set. It should be borne in mind that a case
consists of all three ingredients: transfer function, input function and
tabulation. The user is advised to give each set of data a dafferent title,

otherwise confusion may occur over the sets of results obtained from the

computer.

4.1.5 Tllustrative example

As an 11lustration of the way in which the data sheet should be filled
in, Iig.3 shows a completed sheet for the following problem, Since it has

no particular physical significance, the response has not been computed.
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Transfer function:

2
0.635,102(s° + 2 x 8.8949s + 10.3265°) (s° = 2 x 4.7884s + 5.26 )s
(s - 0.31401)(s + 5.5A9)2 (s2 + 2 x 3.7372s + 6.21034 )

Input functaion:

3.507 + 6.25t2 - 2.9131e72° 799 | (0.5928t + 0.3160t2)e '+ IOHT
s 5.3857¢ *OBBOt oo (7.06108)
Tebulation:
For t = 3(0.1)5 and 6(0.05)10.5 .

4,2 Tailure cases

As indicated 1n section 2, the programme copes with an extensive, but
bounded range of input functions. Since it 1s possible to produce incorrect
answers by going beyond the zndicated bounds, certain error indications have

been built into the programme, and these will now be briefly discussed.

4.2.4 Transfer function numerator errors

These are caused by the attempt to pass higher order generalised func-
tions through differentiating elements. Details of the two error indications
in this class will be found in Appendix B section {a). Here a typical one

will be considered,

For example, suppose that the problem involved calculating the impulse

response of a system with the following transf'er function

(s + k1) (a + ké) (s + kj) (s + kh) (5 + k5)

(s + ko) s”

and the results tape contained only the programme title, the data title, and

the following error indications:

qk(t) into filter number 6 .

The anput function is u4(t), and the 'filter number' the stage in the com-

putation when the error occurred, which in our example is the sixth falter
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in the chain, (s + k5). (When determining the number of the filter, 1t should
be remembered that the order of computation is the same as that indicated when

setting up the factors of the transfer function on the data sheet.)A

The passing of a uh(t) function through the (s + kB) filter would
cause a u5(t) function to be generated. Thas function lies outside the
limits of the input function (see section 2), and would, therefore, not be

acceptable to the next filter in the chain,

This fault is therefore seen to arise from the conjunction of an untypi-
cal form of transfer function (with the 1/55 term) together wath the order in
which factors are dealt with in the programme., Nevertheless, even this case
could be satisfactorily computed by the device of breaking it up into two

stages

UH(t) ,(5 . k1) (s k2) (s + k3) (s + kh) (s + k5)
2

(s + ko) 5 s

The problem is then run as two separate cases, the input function for the

second one being the output function from the firgt.

h.2,2 Transfer function denominator errors

These errors occur during the passing of an input function through
1/(s + k) or 1/(32 + 2ns + m2) f1lters of the transfer function. Details
of these errors will be found in Appendix B section (b), and zgain we will

discuss a typical one.

For example, suppose the problem involved calculating the response of a

system with the following transfer function:

s(52 + 2ns + m2)

(s + %) (s + k) (s + k)"

=kt

for the input function te 3 s and the results tape contained only the pro-

gramme title, the data title, and the following error indication:

failure case II filter number 3 .

The third filter in the transfer function is the first of the filters
1/(s + k3)’ and the passing of the function 1”3t (which 13 one of the
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t1/(s + k2) filter)through the
function to be generated. This

components of the output vector from thﬁ
filter 1/(s + kzj)2 will cause a toe -
function lies outside the bounds of allowable input functions, and would

therefore not be acceptable to the next filter in the chain,

“k_t 12 i kgt
te 3 1 5t f ] §toe ?
7 (8 + k . 5 + k *

3 3

Although the tBB 3 function is not generated until the second filter of
the type 1/(s + kj), it should be noted that the filter number given in the
error indication will be that of the first filter of this type. Thas also
applies to the failure cases I and IIT (see Appendix B section (b)).

The only method of dealing with the problem would be to remove the
offending filter from the transfer function, and complete the calculation for
this filter by hand using as input function the output function from the

computer for the 'reduced' transfer function.

4..2.3 Discussion of error cases

It must be stressed that these error indications were built into the
programme more as a safeguard than a restriction. Provided that the user
has set up his input function and transfer function correctly on the data
sheet he should have little trouble from errors, since they are unlikely

to occur in most physical problems.
5 DISCUSSION

In a large comprehensive programme such as this there are numerocus
possibilities for error which have to be rooted out. The programme has been
tested 1n several ways both by comparing results with those obtained by other
methods and by a unique self-checking property of the method which will be
discussed shortly.

The following is an example run to produce results which could be
compared with those obtained another way; it also serves to illustrate the
whole computational procedure involved. This example was taken from a paper
by Stelglit25 for no other reason but that it provided a complicated looking

transfer function for which the impulse and step responses were presented.

The itransfer function was:

0.0219137 + 0.0532536 - 2.0155 + 11.93s

58 + 8.82357 5 + 142,65

b 35,3057 4 59.84s% - 56.205 + 23.04

b + 189.833 + 16ﬂ.652 + 89,295 + 23.00

+ 30.525° + 86.428
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The roots of the numerator and denominator polynomials were obtained by the
Deuce programme mentioned in section 2, and are tabulated in Fig.5. Each
complex pair had to be manipulated to give the constants in a gquadratic factor.
The data sheet was then filled in as illustrated in Fig.4 for a unit impulse
input function, tabulation of the response being requested for

t = 0(0.1)4(0.05)9(0.1)10, Since we expected the response function to have

a peak around t = 6.3 sec we arranged for the function to be tabulated

at c¢loser intervals in this region.

F1g.5 shows part of the tabulation and a plot of the response., As far
as can be ascertained from the graph in Ref.5, our results and those of
Stelglitz agree precisely. As a further check the responses to a unit step
were also computed and again they agree with those given in Ref.5. According
to Laplace transform theory, working from the transfer function, the asymp-
totic value of the response at + = o should be 23.04/23.00 or 1.00173913.
The value given by the programme was, in fact, 1.0017391 and this, 1t should

be remenbered, was after several matrix operations.

The self'-checking property of the method mentioned above rélies on
the fact that, 1f numerator and denominator both contain precisely the same
factors, the output function should be adentical with the input function.
This provides an excellent way both of checking the programme for mistakes

and of gaining some idea of the accuracy that is attainable.

An example is provided in Fig.6, which shows a comprehensaive input
function, incorporating nearly every possible type of component function,
into a transfer function with a factor of each type. It can be seen that
the coefficients in the output function dzffer only in the last decimal
place from those of the input function, and that functions generated by the
denominator filters emerge with zero coefficients (as, of course, they

should).

This 1is a good example with very little error arising, Experience
with the programme 1s, as yet, too limited for us to be able to say that
such accuracy will always be attainable, and some recent calculations suggest
that accuracy 1s lost when the denominater constants are small in magnatude
in companison with the other constants in the transfer fumction. It 2s too
early to draw conclusions on this point but 2t may turn out that daffacult
cases will be better dealt with when run on a computer with a longer word
length., Tor example, ATLAS has & word length of 44 BITS (12-13 significant
figures) as opposed to 32 BITS (8-9 significant figures) on the Eiliott 503.

-
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Turming now to the question of economical computer usage, the time
needed to run a case varies, of course, with the computer and its peripheral
equivment but the following are approximate times for the first example quoted

above when run on the Elliott 503 computer at Westcott.

To run on 1st tape of programme - 20 seconds
To compute response with 1st tape - 10 seconds
To run in 2nd tape of programme - 20 seconds
To compute resvonse with 2nd tape - 10 seconds

To vunch out tabulated response (151 points) - 50 seconds

This gives a total of 1 minute 50 seconds. If we allow taime for the
operators to load the tape readers, reset the comouter etc., the total time
could be around 2 minutes 15 seconds. However, if several cases had been
computed in sequence, 40 seconds per case would have been saved by not
having to run in the programme tapes each time, Also, the actual formulation
of the output function 18 obtained in only 20 seconds, the remaining com-
puting time being required for the tabulation of the output which would take
at least as long by any other method.

With regard to further applications, a potential user may have a problem
in which the input funetion is not of the required type. FHe could, however,
use the programme to derive the unit impulse response from the transfer func-

tion and use this 1n a convolution programme,

With regard to extensions of the programme which are envisaged, a great
deal of work is currently being done on methods of analysis of multivariable
systems by the state space approach., It has been shownh that the serial/
matrix technique could be usefully employed in éghnection with this; all
the necessary algebraic formulations have been worked out and 1t 18 1ntended

that they be programmed for computer.

PART 11 - RANDOM INPUT FUNCTIONS

6 INTRODUCTION AND BACKGROUND INFORMATION

The extension of the method to stationary random processes in'linear
systems 1s described in Ref'.3. That paper, in two parts, gives two methods
of obtaining the output autocorrelation function ¢OO(T) of the process when
the input autocorrelation function ¢ii(¢) 18 a linear combination of
certain prescribed autocorrelation functions. Once ¢OO(T) is known the

output mean square value is given by setting T = O.
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The system autocorrelation function method is based upon the equation

¢00(t) = .[ ¢hh(T) ¢ii(t -t)dr .

¢hh(1) is the system autccorrelation function which is derived from the

system unit impulse function h(t} and defined by

oo

Bl T) = f h(t) b(t + ) at .

-0

Since h{t) 1s given analytically as a linear combination of knc.n functions
of t by the deterministic input programme, simple matrix operations lead to

¢hh(r). Further matrix operations may then give ¢Oo(t) by the farst equation
above,

Thas particular method was not programmed in full generality; it was
decided to take 1t only as far as the determination of output mean square

value using the equation

HENOREN EWOEMOR

since ¢ii(-r) = ¢ii(1).

This Mean Square programme is discussed in section 7 and details are to be
found in Appendix C. Tt as a supplementary programme following on from

Programme I and using as input an output tape from that programme.

An allowable input autocorrelation function is any linear combination

of functions of the following types:

(i) generalised function u1(¢),
(1) T, Jopealel ) pop2emal el

-a| ]

(i11) e sin v]7t|, e—a'T[

cos v]t].

The transfer function of the system giving unit ampulse function h{t)
1g restricted to having no faector 1/8, i.e. the pure integration of a

stationary random process 1s not considered.
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The second method (the 'serial! method) 1s guite self contained and the
oprogramme based on 1t makes no use of Programmes I or II. In essence it is
very similar to the deterministic input method. The input autocorrelation
function is wraitten as a linear combination of functions of the types listed
above; an autocorrelation response matrix is defined for each of the filters
in the filter chain representing the transfer function. The output autocorre-
lation function is given by multiplying the input coefficient vector by these

responge matrices 1n turn.

The Autocorrelation function programme implementing this method is dis-

cussed 1n section 8 and detalls are gaven in Appendix D.

7 PROGRAMME IT - MEAN SQUARE PROGRAMME

7.t Mode of operation

A copy of the programme is gaiven in Appendix C and the flow diagram in
Fag.7.

Data specifying the system transfer function i1s used in conjunction
with Programme I to give the system unit impulse response function h(t). The
parameter S.A.F. is set to the value one thus indicating to the computer that
the data has to be prepared for Programme II. The date title, and the analytic
expression for h{t) are printed out at the second punch followed by the input
autocorrelation function which is reproduced directly from the data tape. This
second data tape is then fed in with Programme II to produce the sgystem auto-

correlation function and output mean square.

~

The two procedures key(n) and mxprod are used. With key(1) on, the data
title for each case followed by the word 'NXDATA' upon completion of that case
are printed out on the on-line teleprinter. mxprod is a matrix product proce-

dure as mentioned in section 3.

The coefficient vector of the system autocorrelation function is deter-

mined from the matrix product
c = aAB .

The programme reads in a, the coefficient vector of h(t), and matrix B
is constructed as an assembly of small sub-matrices involving only the compo-
nents of a. The elements of A are then determined from the variasbles con-
tained in the component functions of h(t), i.e. the values of a and ®

in the exponential and exp-trig functions. Having computed ¢ the computer

prints out the system autocorrelation function in a standard format.
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The input autocorrelation function is read in, its coefficlent vector
being denoted by cc. The matrix E is set up, its elements being defined by
the variables in the component functions of the S.A.F. and the input auto-

correlation function. The programme then produces mean square value s by

the calculation
8 = ¢Ecc .
Having prainted out s it goes on to the next case.

7.2 Use of the programme

In this section is contained all the information needed in order to be
able to use the programme. It is concerned with the preparation of the data

sheet and the format of the results produced by the computer.

A copy of a blank data sheet 1s shown in F1g.8 and may be seen to
divide into two main sections headed transfer function and input autocorrela-
tion function. There 1s,in addition, a string of O's and 1's in the upper
right hand corner which are used by the computer in conjunction with the
transfer function data to produce the system autocorrelation function, Thas,
together with the input autocorrelation function, gives the ocutput mean square

value,

The data title and the transfer function data are set up in the manner

described in sections 4.1.1 and 4.1.2.

The first block of the input autocorrelation function section contains
the coefficient of u1(T). A constant must always be inserted here. If
u1(T) 1s not a component term of the input then the coeffacient 1s set to

ZETO.

The two blocks which follow cover the two classes of function allowed

for in the programme. CGConsider the exponential-polynomial grbup

A I e R R S

2 -

(The Trogramme does not allow for functions of higher order an T +than
a
T e

* .) All the exponential terms are grouped so as to comply with

this format, and the number ppt is the number of independent groups, i.e.

the number of different parameters ‘'a' occurring in the exponential functions.
The value of ppl must be inserted even if 1t is zero. For each independent

'a', the block of multiplying coefficients (a,8,Y) is inserted, and in the
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lower block of the same columm, the value of 'a' itself. Precisely ppl sets of
data (@,p,y) and {a) are required. The sheet does not allow for ppl greater
than three but the user may add extra blocks 1f necessary.

pp2 is the number of functions of the type

"al?| (¢ sin w]T] + B cos m]T]) present in the input autocorrelation fumction.

e
When pp2 # O then the blocks in the second column must be filled in as

described for the exponential-polynomial expressions.

When the data tape is being prepared, the punching order is that indi-
cated by the dotted lane, The data should be punched on Elliott 503, 8 hole
paper tape beginning with a new line, and ending with a new line, each number

being separated from the previous one by a new line.

Should the user wish to run more than one set of data on the computer,
he should include all the sets of data on one tape, allowing, say, three

inches of blank tape between each set and giving each set of data a title.
The results tape will contain:

Title: Response of Linear Systems Programme IT.

Data title.

System autocorrelation function in anslysic form.

Value of the mean square response.

Since Programme I is used in the computation, if any errors occur the

error indications will be those discussed in section 4.2.

8 PROGRAMME TIT - AUTQCORRELATION FUNCTION PROGRAMME

-Because of the similarity between this programme and Programre I,
reference will be made to sections 3 and 4 containing the description of

Programme T.

8.1 Mode of operation

This section contains a brief discussion of the major processes in the
programme. The programme is shown in Appendix D and ats corresponding flow

diagram in Fig.9.

The programme contains easily adentifiable chapters correspording to
input, the elementary filters, output and tabulation. The mode of operation
of these chapters is as described for Programme I in section 3, but with the

restrictions that there should be no 1/s filter in the transfer function,
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and that the input function should contain only 2 unit impulse, exponential -
polynomial and exponential - trigonometric functions. The names of some of
the variagbles in this programme daffer from the corresponding varisbles used
in Programme I; however, they should be easily identifiied by comparing the
tists of variasbles in Appendix A section (a) and Appendix D section (a). Pro-

gramme III is 2ll on one tape.

The facality of using the keys on the computer console is available,

and depressing the keys has the same effect as that described in section 3.5.

8.2 Use of the programme

A copy of a blank data sheet is given in Fig.,10. The information
required for the title and transfer function is as described for Programme I
in sections 4.1.1 and 4.1.2, For the input function, the coefficient of
u1(T) must always'be filled in (even if it 1s zero), and the method for
setting up the coefficients of the exponential - polynomial and exponential -
trigonometric functions is also the same as for Programme I (section 4.1.3).
The information required for the output tabulation, is exactly that described

in section 4.71.4.

The failure indications given by the programme are almost identical
with those of Programme I (section 4.2) but, for exactness, they are listed

in Appendix E.
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Appendix A
PROGRAMME I - DETERMINISTIC INPUT FUNCTIONS

(a) List of wvariables and procedures

a, k, w, n, m real variables in I,F, and T.F.

Al0:10] integer stores data title

bl1:x[12], 1:2] real holds a and w values,
bl1,1] 2 a, bli,2] = w

co[ 1:8] real holds first 8 input coefficients

cg real constant gain of T.F., later used
for normalising factor

count integer number of factors dealt with

c[1:1, 1:q(12]] real input coefficient vector

af1-qf42], 1:q[12]] real response matrix

e[1:1, 1:4[12]] real output coefficient vector

del integer number of large tabulation
intervals

P11y 1]] real holds k's of 1/{(s + k) rfactors

r21[1:y[2]] real holds n's of 1/(52 + 2ns +m2)
factors

rz22(1:y(2]] real holds m's of 1/(32 + 2na + m2)

. factors

ol 1:yl4]] real holds k's of (s + k) factors

£51[1:3]51] real holds n's of (52 + 2ns + m2)
factors

£52[4:3051] real holds m's of (52 + 208 + m2)
factors

iA integer congtant used in storing data
title

ny[ 0] integer not significant, always zero

nyl 1] integer number of factors of each
1/(s + ¥)© type (i.e.

nyl 2] integer value of index n),

ete, integer excluding n = 1

pl1] integer value 1 if UA(t) present in
input, otherwise O

P[z] integer value 1 if uj(t) present in

input, otherwise O
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pl 3]
pl 4]
pl 5]

plé]
o[ 7]
pl8]
p[9]
pl10]
pl14]

ql 9]
gl 10]
gl 11]

ql 12]

ri

R1

e
RZ

r{9]
r[ 10]
r[11]

r[*42]

SAF

y(1]
yl2]
y[3]

integer
integer
integer
integer
integer
integer
integer

integer

integer

1nteger

integer

integer

integer

-
integer

integer

integer

integer

integer

integer

integer

integer

integer

integer
integer

integer

25

value 1 if uz(t) present 1n input,
otherwise O

value 1 af u1(t) present in input,
otherwise 0

value 1 if uo(t) present in input,
otherwise O

value 1 1f t present in input, otherwise O
value 1 if t2 present in input, otherwise O
value 1 af t3 present in input, otherwise O
number of exp-poly functions in input

nurber of trig. functions in znput

number of exp-trig. functions in input

position of last coefficient of exp-poly
functions in input vector

posttion of last coefficient of trig. func-
tions in input vector

position of last coefficient of exp-trig.
functions in input vector

length of final coefficient vector

used in 1/(s + k) chapter when input func-
tion is passed through repeated

factors

position of last a, w values in exp-poly
fns in b array

position of last a, w values in trig. fns
in b array '

position of last a, w values in exp-trig.
fns in b array

length of final b array

value 1 1f data present for Programme IT,

otherwise O

number of 1/(s + k) factors
2
number of 1/(s” + 2ns + m2) factors

number of s factors
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yi4] 1nteger number of (s + k) factors

y[ 5] integer number of (52 + 2ng + m2) factors

y[6] integer number of 1/s factors

vyl integer total number of factors in 1/(s + k)n terms
yy2 integer number of terms of the type 1/(s + k)n

Varisbles in 1/(s + k) chapter

ak integer position of exp-poly input function with para-
meter k for a single 1/(s + k) factor
{otherwise zero)

akn integer position of exp-poly input function with para-
meter k for a repeated 1/(s + k) factor

(otherwise zero)

at real ~auxiliary variable

g integer position of 1st coefficient of generated exp-
poly function

n2 integer value of pl[10] + p[11]

m? integer used 1n computation of 1/(s + k)" term; deter-

mines the current factor

z[1:3] real coefficients of generated exp-poly functions when

transferring to correct vosition in input

2
Variagbles in 1/(52 + 2ng + m ) chapter

x real m2 - n

o 1
x2 real {(m~ - n2)2

Variables in 'output to Tape 2' section

co real } stores to read data into computer and reproduce

coe real on output tape

2 2
Variable in (s~ + 2ng + m ) chapter

*x3 real m2 - n?
Variable in 1/s block
extra integer for functions in input of type tn, n> 3,

extra is index n minus 3

Varigbles in tabulation block

B2 integer number of time increments in one large time

interval
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fn
h

me
R4

to
tf
.t

List of procedures

real

real

integer

integer

real
real

real

key(n)
wrzte(string)
af tp(n) then

if ty(n) then

readr(n,B)

set{n)

outerror

mxprod(4,B,C)
setzero
teste

convert

normalise

a7

value of function at time £

time increment

count variable

used in tabulation of first value of function

1nitial time value in one large time interval
final time value in one large time interval

carrent value of time

takes logical value TRUE or FALSE 1f the key on the com-

puter console of value n is switched on.

prints straing on output device, and on teleprinter af

key(1) on. String i1s a set of characters between the

£7? string gquotes.
equivalent to: 1f pln] # O then

equivalent to: if yln] # O then

reads 1n values of the real array B[i] for 1 taking

values from 1 to n.

used in the section of programme which determines the

1/(s + kK)* terms by testing values of k.

reads in SAF data (if any) and tabulation data (if any).

If key(1) on, prints NXDATA on teleprinter and then

restarts the programme. TUses real variable coe to read

in the real numbers.

performs matrix operation A: =B x C

sets all elements of R.M. to zero.

tests coefficients of 18t 8 fns in the input, and sets

corresponding p to zero or 1 as required.

converts elements of e array to correspording elements

in

array.

normalises input coefficient vector; nn used to accumu-

late coefficients and find the mean; normalising factor

accunulated in cg.
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(d) Alterations needed to produce programme on single tape

Alterations to tape 1.
(a) Remove 'Tape 1' from the title of the programme.
{b) Tnsert the variable 'extra' in the first integer declaration.

(c) The last but one instruction in the 'outerror' procedure should

read:
print £ £ 12 r 102 2 3

instead of

print £ £u l?0£L£ 1r10°°

(a4}  Before the first call of the procedure 'instring' insert the

following:
extra := 0
print £ £1 L4 ? Response of Linear Systems Programme I £ 12 ? 2
(e) The line reading:
print £ 1q °?, sameline, outstring (a,in)
should be replaced by:
outstring (A,i4)

(£} The assazgnment of the variable g¢[12] should now read:
al12] i= o111 + 3:(y[1] - gyt o+ yy2) + 2%yl2] 4 €] ;

Alterations to tape 2.

s

(g) The calls of 'wrate' should be altered. For example, replace

write (£ wi(t) into filter number ?) :

by

write (£ ub(t) into °)

Having made these alterations the complete programme is obtained by
Joining the part of the first tape from the.title up to, but not including,
the comment "Output of data for input to Tape ITI" to that section of the
second tape from, and including, the title comment s Response Chapter to the

end.



Response of Linear Systems Programme 1 Tape 1

E.Huntley L,J.Harxlewoed,

begin integer array pl[1:11),q,r(9:12]),y[1:6],A[0: 10],nyl0:20]);

integer h,i, j,r1,R1,yy1,yy2, dll.count SAF,1A, real og;

boolsan procedure key{n),

nluo n; integer n,

begin elliot(7,0,0,0,3,3,n),
key1=n40

3

end;
procedurs write(string);
string string,

begin print ££177,string,f€a?fiiter nunberfa??,sameline,leadzero(£?),count;

if xey(1) then print punch(3),££1??,etring,e5a?filter numbarfa??,
sameline, leadzero(£?),count

snd;

boolean proocsdure tp(n);

value n; integer n;

tp1=plnlto;

boolean procedurs ty(n),

¥alus n; integer n;

ty:=y[nlio,

procedurs readr(n,B);

value n; integer n, array B,

bagin intesger i;
for i1=1 step 1 untal n do read B[i]

end;
procedure set(n);
valus n; integer n;
bogin j:=j+1; ny(4lr=n
ond,
procedure cuterror;
begin integer i,j,n; real coe;
read SAF;
if BAFED then
b. in read coe,i,j;

F

begin for 1:=1 step 1 until n do read coe
end

Af deldo then
begin for i:=1 step * until 2¢del+1 do read coe
and;
ir k.y(‘l) then print punch(3),S€12PNXDATA?;
Erint EEul?OEIr‘m??;
restart
end;
pregedurs mxprod(A,B,C);
array A,B,C;
begin integer as,asb,ac,ra2,rb2, j,istop,]1,lstop,n,matart,sa, real sum;
ant=address{A); sai=size{Altaa-1,
ab:=address{B), ac::=address{C);
ra2i=range(A,2); rb2:=range{B,2);
if as=ab or sa=ac or range(C,2) ¥ ra2
or rangs(C,1) ¥ rb2 or range(A, 1) ¥ range(B, 1)
then
begin write(Emxprod srror?),
outerror
and;
Jor mar-as step ra3 until sa do
begin jstopi=as+ra2-1; mstarti=ac-1;
for ji=mn step 1 until jstop do
in micnotartizmatart+?;
latopi=abirb2-1; sum:=0,
Tor 1i=ab step 1 until l1stop do
bogin sum:=gum+location(1)*location(n);
elliott(3,0,re2,0,2,4,m);

end;
location(j)i=sun
and,
abt=ab+rbd
snd
snd mxprod;
oount:=1A1=0;
instring(A,iA);

iAz=0,
Erint ££1q?7,sameline,outstring(A,iA);
if key(2) then
begin iA:=0;
print punch(2),£2r10147?,outstring(A,iA),ETape 17
end,

if key(1) then

a— L

begin iA: ~o,
print punch{3),281?77,outatring(A,iA)
ond;

road og,y{11,y[2],y(3],¥[413,y[5]),7(8];
gin array £1[1:y[1]],£27, 1220 1:¥{2)), 140 12y[4]], 151, 152[ 1:¥[5]],ccl 118],

1f ty(1) then readr(y[1),£1),

if ty(2) then then

m md.r(y[ﬁ] 121), ‘
readr({y(2],122)

ond;
if ty(4) then readr(yl4],14);
ix ty(5> ‘then

begin readr(y(5],151),
readr(y[5],152)
and;
Jt-ny[O]!"y‘yU'yyz:'O
if ty(1) then
begin if y[11>71 then
bogin if y{1]1=2 and abs(£1[1]-21[2])<y-6 then set(2),
11' y[11>2 then
begin for 1:=3 step 1 until y[1] de
b.;i af abs(L1[LT-21{1-1]1)<-6 and
ab-(n[x-ﬂ-n[i-z]k,-s thon set(3) else
Af abs(L1[i-1]~£1[i-2])<y-€ ai and ny[j143 then
‘set(2) olae
if aba(T1[i1-11[1-1])¢p=6 and izy[1] then set(2)

end
snd;
y2:=3;
if yy2¢0 then
bagin ri1:=1, Ri:=ny[1),
for it=1 step 1 until yy2 do yyli=yyteny[i]
ond
8lse R1:=y[1]
end;
readr(8,cc);
read pf91,p(W01,p[11);
al9):=8+3*p[9]; r(9)t=p[w],
al10]1=qi9k2+p[ 10]; rl101:=r[9}+pl10],
al 11)z=q(10)+2¢p[ 113; r{111z=r{ WI+p[N1);
ql12]:=ql 11 }+3%(y[1]-yy Hyy2)+2ey[2];
ri121i=r[111+y[ 1])=yrreyy2+yl[2],
begin array e,cf1:1,1:q(12]),d[1:q012], 13901211, b0 1:7(12], 1:2);
proceduro setzero,
begin integer 1,5,
for it=1 step 1 until q[12] do
begin for j:=1 atep 1 until q[12] do dli,jli=0
end
end loa-ro,

procedure testc,
begin integer i;

for i:=1 step 1 until 8§ do
hogin 1f aba(c(1, 1]) 5y=6 then plil:=0 elme pli)i=?

snd
and tostc,
Procedurs convert,
began integer i;
for i1=1 step 1 until ql[12] do
end convert;
progcedure normslise,
begin integer 1,j, real nn;
nni=0,
for i:=1 step 1 until ql12] do nn:znn+abalcl1,i]),
nn:=nn/q[ 12];
if key(2} then print punch(2),££14??,
for it=1 » _tgg 1 until q[i2) do
E_O_Lh! ef1,11t=c[1,21/nn;
i:t koy(2) then print punch(2),c[1,il

cl[1,1T1=ef 1,1]

ond;
cgi=eg*nn;
if key(2) then print punch(2),£12??,cg
ond normalise;
Ior 1:=71 atep 1 until 8 do c[1,ils=ce[il,
if q[11]>8 then
bugm for £:=9 | step 1 until qf11] do read cl™,i];
tor i1=1 step 1 until r[11] do read bli,1],bli,2]

d'
af 1 r(121>r[11] then
gin Tor i:= =r[11361 step 1 until r[12] do bli,1):=bl1,2]:z0
end,
if qf121>q[11] then

begin for iz=ql 111+ step 1 until q{12] do c[t,i):=0
and;
normalige,
tesic,

App.A(b} Programme 1, Tape 1

App.A(b)

comment 1/(s+k) Respense chapter,

if ty(1) then
begin real k,s,w,dl; lrrq sl 1:3];
integer h,i,j,01,n2,r3,R2,g,ak,akn; switch ssi=L3,14;
r2:=pki=akni=0] R2:=y[1]-yyis1;
for hr=1 gtep } until y[1] do
begin counts=c l.lnt-n,
k1=11(B);
if h>R§ then
bogin ®1t=pi+1, dlg+ni=1,g+n1}:=1/m1

begin d[1,213=1; d[1,3]13=-x,
a01,41:=k12; d[1,g]:_—kt3

2}
d02,31:=1; d[3,4]1:=-x, alz,gl:=xt2

)]
[3,41:=1, al3,gl:=k

g
e -3

p{4) then dl4,gli=1,
p(3) ‘then
d[5 §):=1/k; dI5,gl1=-al5,5]
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t==1/k12; d[6,68):=1/k; dl6,gl:=d[6,3]
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bogin d[7,51:=2/k13; d[7,6):=-2/k12,
dl7,713=1/k; d[T,z}.-—d[? 5]
ond;
1f tp(d* then
gin d[a 5Jt=-6 kt4, 4[8,8]1:=6/kt3;
d[8,71t=-2/k12; d[8,81:=1/k; 4(8,g):~~d[8,5]
ond;
it h>R3 then goto L3;
if tpt ) then
in _:l__ it=1 atep 1 until p[9] do
bogin at=bli,1]; jt=6+3+i,
if abs(k-—n)(n‘-a then
begin if lba(c[‘l,yz]))”-s then
bogin write(€failure case I?);
outerror

..n

Fgl

=
af y[11=yy1 then
begin 1f nb.(c[1,_1+1])>n-8 then
begin write(£failure case 1I7);
outerror
end,
if ny{r1]=3 then
bogin write{E€failure case III?);
outerror
end,

skni=j
end

olse aks=j,
dli, 7#+11:=1; alj+1,5+2):=.5

begin dlj, j12=dl)+1, j+111=d[ j+2, j42):=1/(k~a);
dlj,gle=-alj, 3); dlj+1,33:==1/(k-u)12;
dlj+1,gle==d[ 5+1,3], d[3+2,3il:=2/(k-a)13,
dl }+2,3+1):=-2/(k-a)12, dlj+2,g):=-d[}+2,3]

begin for i:=1 step 1 until pl10] do
begin wi=blr{9]+:1,2), ji=q[9]422i-1; d1:3k12+wl2;
dlj, 1=l 341, j+11:=k/d 1, d[j+1,g)i=-k/41,
dij,gle=d[+1, j11=wsd1; dlj, 5+1]11=-w/d1
ond

g

end,
i! tp(‘!ﬂ) then
bej in for 1:= =1 stop 1 until p[11] de
bwgin 'Y b[r[10]+1.1]. wi=b{r[ 10+4,2],
j1= [W0]+2%i~1; d1:=(k-a)T2+wt2,
dlj, j1z=dl§+1, H115=(k-a)sa1;
dlj+1,gle==dl 3, j1, d(j+1,):=dj,a):=w/a1;
dl 4y, j+11:==al j+1, j)

F

o,



App.A(b){cont'd)

L3t mxprod(e,c,d); commont 1/{et2+2ns+ut2) Reaponse chapter; mxprod{e,c,d);
convert; convert;
norealise; if ty(2) then normalise;
testc; begin real a,w,n,m,x1,x2,21,22,d1, integer h,a : tenta,
begin pwitch ess:=LS; for hz= 1 step 1 un;il y[2] do"'—“'— wiededi 1f abs(n)>y=6 then
Af h € y[11-yy1 then begin n:=f21(h]; m:=122[h], x1+=mt2-n12; countizcoffit+1; bogin p[111:=p[111+1, {1 ]t= [W]+29p[11];
begin 1f ak$o then if ahs{m)<g=6 or aba(x1)<y~6 or x1<0 then r{111s=r[10]+p[11],
begin ¢l 1,aklt=c[1,ak]+el1,g], begin write(€failure case IV?), b{r[11],1)t=n; b{r[11],2}:=x2
cl1,gl:=0, ak:=0, gotoll4 outerror _._‘!
end i &nd, alss
elae t=sqrt (x1); begin =zTi=cl1,g]; 22:=cl1,2+1); c[1,g)lt=c[1,g+111=0;
began z[11:=cl1,el; z[2]:= 2[3] =0, sstzaroc, it p{ 1110 then
cl1,g):=0; goto L5 gr=ql 11141, b_cz_ig for it=1 ste ep 1 until 2+p[11] do
end if tp(1) then begin j1=g+2-1; ol1,301=c[1,5-31
end; bogin df1,3]:=1, d[1,4)1=-2%n; end;
Lf yy240 end y{1]-yy H+R1=h then dl1,g):z-n*{nt2-3ux1)/x2; d[1,g+111=¥m12~x1 for 11=7 gtep 1 untid p[11] do
begm if h&y[ﬂ then end; bogan jr=r[11+2-1,
begin ri:=riel; R1r=Rtny[r1}, u tp(2) then bli, 172=blj-1,11; blj,2)s=blj-1,2)
r2;=r2+1; R2:1=R2+ny{r2] Begin d[2,47:=1, dl2,gli=(nt2-x1/x2, u[a.tnh:—z-n snd
2n_d= end; end,
if akn¥0 then i! tp(3) then Ji=8+3*p[9]+2%p[10]+1,
begin c[1 ukn]:=c[1,-kn]+e[1,h]. begin di3,gli=~n/x2; d[3,g+11:=1 el1,31t=x1; el1,j+1)1=22;
cl 1,axn+ 1}zl 1,akn+1)4c[1,g+1], and; p(10):=p{101+1; ql10):=q[9]+2+p[10],
cl1,g):=cl1,g+11:=0; if tp(a) ther dl4,gl:=1/x2; r(10)2=r[9)+p[10];
akn:=0; goto L4 if tp(5) then ql 11)z=2qL10+2+p[111; r[11T1=r[10)+pl 11];
end; begin ¢[5,5]:=1/m12; dIS,gli=—-n/x2/012; blrf10],113=0; blrl10],2]:=x3
for i:=1 step 1 until 3 do d[5,¢+1] =-d[5,5] ond
begin =(i ..ctl,gu 11; ol1,gri-11:=0 end, ornd
end; if tp(6) then and;
goto 15 begin d[s 5)i=-2¢n/mtd, d4[6,615=1/m!2,
snd; d[s.zh-(nrz-xn/xz/mu; d[6,g+1]1:=~d[6,5] gomment Cutput of data for input to tape 2;
Ecto 14, end;
L5: begin m2:=p[ Wl+pl{11], 1f tp(7) then print ££ul? €177, count;
1f n240 then begin d{7,5]1=2%(3sn12~x1),/mr6; d[7,61:=-44n/mt4; print acaled(8),og;
begin for i:=1 step 1 untal 2Mm3 do ar7,713=1m12; d[T.g]-_-zarno(ntZ 30x1)/%2/mt 63 print y[31,y[4],y(5],5[6],
begin j:=gtd-1; ol1,31i5el1, 1~3] d[?,g+1]:=~d[7'5] af ty(4) then
end, and; begin for 1:=1 step 1 until yf4] do print scaled{(B),f4fi)
for ii1=1 step 1 until m2 do Af tp(8) then snd;
begin Ji=r[11]+2-1, begin d[8,5]1=-24*n%(n12-x1)/mt8, d[8,8):=6+(I*n12-x1)/mt6, i ty(5) then
bl3,1):=bl3-1,11; blj,2]:=bl3-1,2] d[8,7]1:=-6*n/mt4, d[B,81:=1/m12, Begin for i:=1 step 1 until y[8] do print sealed(8),151[1];
ond d[8,g)i=6*(nt4-gnt2ext+x112) /x2/nrB; f°r it=1 atep 1 until y[5] do print scaled(B),153[i]
ond; d(8,g+115=-d[8,5) end,
for i:=1 step 7 until 3 do and, for i3=1 step 1 until § do print scaled(8),e[1,il,
begin ji=8+3+p[91+1; cl1,l:=z[i] if tp(9) then prant pl9],pl10],pl11];
send; begin for i:=1 atep 1 until p[9] do af q(111>8 then
pIB):i=pl9)+1; [91:=8+3%p[8]; rl8l:=plal; bBegin ar=bli, 11; di:=(a-n)*2ex1, J1=g+3+i; ;".!K_. Zor 1='9__,_2 unt:1 ql11] do print scaled(8),cl1,il;
blp(91, 11:=k; blpl[9],2]:=0, d[J.J]i—d[J+1,j+1] =d[ j+2, §+212=1/d1; “"‘ i:=1 step 1 until r{11] do print scaled(8),bfi,1],b[1,2]
for 1:=10 atep 1 unt1l 11 do dli,edi=C(a~n)/x2/d1; dLj,g+11t=~dl 4, il; and,
b_O&i_ qliTr=qli-1Te2#pl1], r[i]::r[z 11+pli] dal3+1,31t=2%(a-n)/d 112} read SAF;
ond dl3+1,g12=({a-n)12=x1"/x3/d112; print SAF;
snd af§+1,g+112=-40 31, §1; if SAFEG then
snd; d[ §+2, 313 =2#{ 3% (arn) 1 2~x1)/d113; bogin real co;
I4r  end d[ j+2, 3+ 1]:=4*(a-n)/d112, Tead co,i,),
ond; dl j+2,g22=2%{a-n)*( (a=n)12-3%x1)/x2/d11 3, print co,i,j;
hs=4*(i+1);

dl j+2,g+112==d[ j+2,]

a

1Z tp(10) then

in for i:= 1at21untilp[10]do

_Lin wi=blr[91+i,2]; dis={nt2+xT-wid)t2+4snt2*w12;

Ji=q[9]+2%i1-1,
dl i, 3l1=d[ j+1, 3+ 11e=(n124x1-w12) /41;
dl +1,g+113=-dl J,3);
d[j+1, j1s=dl },g+1]:=2mow/d1,
dl j, 3411t =—dlj+1,3);
dlJgli=swe (nt2«x Hw?2) /x2/d1,
dlj+1,glt=-n*(nt24x 1+w12)/x2,d1

b_o-gin n:-b[r[ 10741,11; wi=b[rl103+:,4);
if abs{a-n)<y-6 and sba(x1-wt2)¢l-6 then
begin write(€failure case V?);

if h¥0 then

begin for i:=1 step 1 until h do
bogin read eo;
print oo
d
end
ong;
d del;
print del;
if del$D then

for i3=1 gtep 1 until 2*del+1 do

begin read ce;
print ce

print ££1r1077;
if key(1) then print punch(3),EL12?NXDATA?;

roatart

ocuterror
end; ond
iz [10142v1-7; ond
d1:=((a~n)12+x t=wt2 )1 244+ (a=n) 120wt 2;
dlj, 312=al§+1, 341115 ({nn)t24x1-12)/d 1} .
dlj+1,e+1]1=-dl3,01;
dlj+1, j12=d[ J,e+ 11 =-2*(a=n)*w/dT,
dl j, j+112=-al§+1,3i);
dlj,g):=w* ((a-n)12-x1+w12)/x2/d1,
dlj+1,glr=la=n)e((n-n)T24x1+wt2) k2 /a1
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Responss of Linsar Systems Programme I Tape 2 E.Huntley L.J Hazlewood;

begin integer array pL1:11],q,r[9:12],¥[31:6],A[0120]),

intn‘!r hyi,Jeextra,del,count,SAF,1A, real cf;

boolean progedurs key(n);

yalue n; integer n;

begin »11i0t(7,0,0,0,2,3,n);
k.y::n*O

and;

procedurs write(string);

string string;

begin print €£17?,string,£5077 ,aanwline, lendzero(£?),count;
1if key(1) then prant punch(3), £€177,8tring,2E877,
nn.lino.luduro(ﬁ?).eomt

and;

boolesn pregsdures tpin);

valus n, integer n;

tpt=plnliv;

boolsan procedure ty(n);

yalue n, integer n;

tyt=yinlio;

procedurs outerror;

begin integer i,j,n; real coe;

gin for i3=1 step 1 until n do read cos

begin for 11=1 step 7 until 2=del+1 do
snd;

af koyﬂ) then print punch(3),££12?NXDATA?,
grint ££12r10??'

restart

co®

ond;
procedurs mxprod{A,B,C*;
Array A,B,C;
begin integer aa,ab,sc,rad,rb2, §, jstop,1,latop,n,netart,ss; roal sum;
ans=addroms{A), sat=siEs(A}+an-1;
abi=address(BV; ac:=rddress(C),
ra2:=range{A,3), rb2:=range(B,2);
1f aa=ab or sacpc or range(c,2)  ra2
or n.nco(c 1 & ThZ | or range(A,1) £ range(B,1)
thon
b_t‘_ig write(fmxprod error?);
outerror
end;
for am:=as step raZ until sa do
b-gin Jltopl—ll+rlz-1. uhrt!-no-‘t.
for ji=am step 1 until jstop do
bog nx-murt:-mtartﬂ'
lltop‘l—lb-l-rbz-‘l' sums ~0;
for 1i=rb step 1 until lstop do
bogn sum: Ssun+locatign(1)*location(m),
elliott(3,0,ra2,0,2,4,0);

snd;
lomtion( izeum
sng;
abi=abtrb2
end
snd mxprod;

sxtrat=1A:=0,
wnetring(A,iA);
print £E€14?7R
1A3=0;
outstring(A,iA);
if key{2) then
bogin 1A:=0;
prant punch(2},fer 1014?77 ,0utatring{A,iA),cTape 2?

of Linear Systems Programme I€1277,

I ]
=2
S

H

kay(1) then

begin iA:=0;

praint punch(3),2g1?7,0utstring(A,iA)

|

=

end;

raad h,

if h=0 then

begin if key(1) then print punch(3),2R12PNXDATA?,
print £€12r1077,
restart

ond,

read count,cg,¥[3],y{4),y(5].y[6]);
begin array f4[1:y[4]),451,252{ 1:y[51],ccl1:8];
_i.! tyl4) then
bogan for i1=1 atep 1 until y[4] do read f4[i]
ond,
1f ty(5" then
I:n‘in Ior it=1 step 1 until y[3] do read £51[il;
Tor i1=1 step 1 unt1l y[5) do read f52{1)

and;
for it=1 step 1 until 8 do read celil;
m" pl8l,pl10],p[11];
q[9]“‘3+3'P[9]| r[9]: =P[9]J
ql10]:= {8)+2+p[10]; r[101:=ri8)+pl10];
ql 11)s=al103+2%p[ 111, r[11]e=r[10]+p[11];
ql12)1= [11)+y(8]}
begin erray e,ol1:1,1:ql 1211,d[7:q012], 12907211, bl 12r[11], 122];
Erocodu nturo,
began nto&o_r i3,
for it=1 step 1 until gq[12] do
begin;for 31=1 step 1 until gl 12] do dft,j):=0
and
snd uro;
grocod g taste;
intoggr 1;

for 1:=1 gtep 1 until 8 do
begin if abe{c[1,i1)<5y~6 then plil:=0 elme plil:i=1
end

end testc,

procedurs convert,
begin integsr 1i;
for i:=T step 1 until q[12] do e{1,i):7e[1,1]
ond convert;
procedure nortmlise,
begin integer i, j; real nn,
nn3=g;
for i:=1 step 1 until q[12] do nn:=nn+abs{c[1,i1),
‘ant=nn/ql 12].
if key(2) then print punch{2),££1477;
for 1:=1 atep 1 until q[12] do
begin e[ 1,17:=cf1, T,i)/nn;
1f key(2) then print punch(2),c[1,%]
and,
cg:=cg*nn,
1f key(2) then print punch(2),£812??,cg
end nomlite,
for ii=1 step ) until 8 do cl1,i)r=ccl1];
af q[11]>8 then
begin for 11=9 step 1 wnt:l q[11] do read el%,i];
for i:=1 step 1 until r{17] do read b{i,1],b{i,2]
snd;
af q[lZ])q[ﬁ] then
Begin for :ll—q[11]+1 step 1 until q[12] do of1,i)i=0
ond,
normalise;
testo;

App.Alc) Programme 1, Tape 2

comment & Response chapteX;

Lt ty(3) them
begin r«.l a.v. integer h} %1
Tor 1atglmtly[3]g
bog:ln setzora, counti=count+¥;
if tp(1) then
b-g:l.n r.rito(ﬁu‘l(t) into filter number?);
outerror
end;
_13:_- it=2 atep 1 until & do
in if tp{i) then dli,i-113=1
end;
if tp(7) then a[7,6]:=2,
if tp(8) then ‘then di8,7]:=3,
it tp(9} than
bagin for it=1 step 1 until p[9] do
begin j1=6+3+i; at=bli,11;
dl3, 31z —d[j+1.j+1]:—d[3+2.j+2]:‘-n.
d{j+1, j1:=d[ 3,412=1, d[$+2, §+1]2=2
end
and
i_ t ¢10) then
begin for 11=1 step 1 until p([ 10]) do
[ 1n,w:=b[r[9]+1,2], j:-.q[9]+2'1-1.
dl§+1,411=1; al§+1,jli=-w; dL},j+1]t=w
end
end,
Eg Pt i p [11
begin for ii1=T1 step 1 until pl[11] do
bhogin a:=blr[ 10]+i, 11, v:=b[r[10]+1 2}
Ji=~[10]+2%2-1;
dl4, y)z=dl3+1, j+111=-a,
dlar1,43:=1; Al jlam—w; aly, jeili=w
end
end;
mxprod(e,c,d);
convert,
normlise;
tantc
end

and;

comment (s+k) Response chapter;

if ty(4) the
Exi_ real k,a,w; integer |h,1,3;
for for hiz1 step T until yl4] do
begin k:=f4[h]; counti=count+1,
setzerc;
Af tp{1) then
b_exj.ﬂ rrito(.i‘u“t) inte filter number?),
outerror
end,
for it=2 gtep 1 until 6 do
begin it tp(i) then
begin 'dl1,3-11:=1, ¢l1,il1=k
end
end,
1f tp(7) themn
begin d[7,6}:=2, d[7,7]):=k
&nd,
if tp(8) then
begin ¢08,713=3, d[8,8]:=k
end;
if tp(9) them
bogin for ii= i1=1 step 1 unti}l p[9] do
bogi ll-b[!l. 11; j:=8+3*£.
403, 115203+, 112 =d $2, $211=K=n;
dlj,42:=1; diF+1,311=1; d[3+2,5+1]1:=2
nd
and;
it tp(10) then
begin for i:=1 step I il p[10] do
begin v--b[r[9]+i 2]. J1=q[97+2%1-1;
H,J]"d[ji-1,j+1]:-k.
[b+1 41:=1, d(j,3+111=w; dlj+1, iz
end
end;
1T tp(11) then
begin for ikl step 1 until pl11] do
begin p:=bEr[10}+i,1], wi=blrl 10)+1,2];
J!Eq[m]*z‘i'h
dll, j1z=dl §+1, j+1)t=k-a,
dalii+1,838=1; alj,j+11i=w, alf+1,3)1=-w
end
snd,
mxprod{e,o,d);
convert;
normalise;
tostec
end
snd;

App.Alc)
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App.Afc)(cont’'d] |
comment (st2+2ns+m?2) Response chapter; 1f tp(10) then AL tp(11) then
— began for 1:=1 step 1 until p[10] do gin for 11=1 step 1 until p{11] do
if ty(5) then begin wi=b[r[9]+1,2]; j:=q[2]+p¥i-1, begin ji=q[10]+2*i-1;
begin real x3,n,m,s,w, integer h,i,J; aly, 7+21:-=1/w, d[p+1,3¢1k=d[;,57:=1/w Print punch(2),c[7,3],001,5+1]
for hr=1 step 1 until y[5] do end ond v
begin n1=151[h]); ms=£52[h]; end; end;
sstzero; af tp(11)} then ) af tp(9) then
x3t=mt2-n12, count:=count+1; gin for Ti=1 step 1 unt1l pf11] do| gin for it=1 ste ep 1 until p[9] do print punch(2),bli,1]
Aif tp(1) then begin a:=plr{10]%1,1], wi=blr[flolei,21, ond;
bogin write(fud(t) into filter number?); 3:=ql101+2931-1, diz= 12+wld, if f tp( I then -
outerror dEg, 3+ 11 e=dl j+1, j+21:=-a/d)l, d[j+1,5]11=n/d1, bngn: for 1:=1 ste, ap 1 until p[11] do
ond, di 3,51 =d[g+1, 3+ 11:=w/d1; ML, 342]t=-w/d1 gri punch(2),blr[10]+1, 1] bl{rf10}i,2]
if tp(2) then ond;
bog n write{€u3(t) into filter ber?); end, road cgyi,j;
outerror mxprod(e,c,d); prant punch(2),cg,i,j;
ond, convert, hi=4#{i+j),
for i:=3 step T until € do normaliee; Af hip them
begin 1f tp{i) then teste, bogin for ii=1 atep 71 until h do
begin d[1,1-2]3=1; dl1,i-1]:=2%n, d[i,ils=mr2 it p[81=0 mnd extra:o and (pl91+pL100+p( 11])40 then begin read cg;
and begin for 1:=1 step 7 untal 3*p[9]+2[(p[101+p[11]) do print punch(2),cg
snd; begin J:=B+l snd
Af tp(7) then el,31:=ci1,3+1], cl1,3+1)x=0 end;
began d(7,5):=2; <[7,6)1=4*n, d[7,7]:=ml2 end print punch(2),££1r107?
end; end, ond;
Af tp(8) then 1f (extraz0 and p[8l{n) or extrai then
begin d[8,61:=6; d[8,71t=6*n; alg,8li=mt2 begin extrat-extra+1; coment Tabulation of output function;
ond; for 2t=9 step 1 until 11 do qlal:=qfi)+1
if tp(9) then end read del;
begin for i:=1 step 1 until p[9] do end af del¥C then
begin az=bli, 1], j:=6+3%1; | end, begin real to,t,tf,h1,fn,a,w; integer i,j,h,n2,R4,B2,
a{;,31:=d{+1,41:=1, a[j,431=2*n-a, for 1°=1 atep 1 untal gql12] do el1,1]r=eg*cl,3]; road to; RA=0;
dl 3, 313=dl j+1, 3+ 1]13=dl 3+2, j42]11=(a-n) 12+x3; for hi=1 step T until del do
dl 1, j1:=2*(n=1); d[3+2,3):=2; comment ODutput function standard print out, begin gwitch ssss :=L6,L7;
df 32, j+1)124*{n=-a) read hl,tf,
end praint EElzu?Output Functionfl??; Aif h=1 then print £813?Tebulated Output Function?;
ond; for 13=1 step 1 until 5 do print 2£12s37?timefs10?functronta6?interval=? ,sameline,hl,22177;
if tp(10) then bog:.n zf tp(l) than if R4=0 then
gin for 1:=1 step 1 until pl[10] go print of1,11,saneline,E8a27u?, londrero(£?),51,8(1)?, begin RA:=1; ti=to; fn:=0;
bogin w-—h[r[9]+1 2); 13 —q[9]+2‘i 1; af :=4 then print ££17?? gotec LE
alj, J¥t=dl 341, j+ 1112t 2-wt2, end, and;
d[;,jﬂ]z:z--n, d[J+1,j]:=-2‘I*n, for 13126 gtop 1 until 8 do LTt B2i=entier(aba({tI-to)/h1+5,-5);
dlj,41:=w, dl3+1,3]1:=1;{ dl3+1,41:=2*n bogin if tp(1) then for m3:=1 step 1 until B2 do
end prant c[1,1],8aneline,£86827t17, leadzero(£?),0-5 begin ti=to+hlem2;
&nd, end, Ini=0;
1f tp(11) then if extrato then 7 if tp(5) then fnz=c{1,5]; -
gin for 1 131=1 gte ep 1 until pl11] do began for 1:=9 step 1 until extra+8§ do if tp(6) then y fnz=fm+el, G]tt,
began a:=blr[10]+1,1], ':=b[r[10]+1,2], bogin 1f abs(c[1 11)>y-6 then af tp(?) then fni= tn+o[1,7]*t13;
y=ql 102211, praint c[1,i],sa-nalme,i-:isz?tt?,leadzaro(ﬁ?).1-5 if tp(8) then tn::fn-!—c[hs]*l:!.'i;
dl 3,31t d[3+1,J+1].—(n-n)12+x3-'lt2, and if extrak0 then
a[y+1, 3]:=2»we(a-0); dl), +1]:=-d[3+1,3], end, bogin for 1:=1 step 1 until extra do .
d{3,4)=w; d[j+1,3]1:=1,] d[3+1,4):52%n-g if tp(9" then fn:':tn+c[1 B+i]*tt(3+1) -
end l bogin for 11=1 step 1 until pl9] do end;
ond; t begin )1=6+3+i+extra; if tp(9) then
mxprod{e,c,d), print £€12?exp(=at)*(u(t),t,t12)£s2?a=?,2ameline,bli,1]; begin for i:=1 step 1 until pi?] do
convert; ' print cl1,31,el1,3+1],c01,3+2] begin ai=hli, 1], j:=8+3*1+ou:trl,
normalise; end fn==tn+exp(-n*t)*(c[1..]]+c[1 J+1)*t+el1, j+2)*t12)
testo ond, end
end if tp(i0) then snd;
and, bogin for 12=1 step 1 until p[10] do if tp(10) then
begin jt=ql@)e2%i-1, Kin for 11=1 atep 1 util pl10] do
comment 1/s Response chapter; print £2127sinwt,coswt£s2?w=?,sameline,blr[(9]+1,2], bag n wiz=h{r[9]+i,2]; ji= [93+2%i-1;
praint el1,31,001,3+1] tns=tn+ol1, J]*sin(wet)rel1, j+1]*con(w*t)
if ty(6) then end end
bogin real a,w,d1, integer h,i,J, and; &nd,
for hi=1 gtep 1 unt1l yI[6] do ig tp(11) then if tp(11) then
beg n setgero; count:=count+t, begin for i:= T3=1 step 1 until pf11} do begin for it=1 step 1 until pl{11] do
for i:=1 atep 1 until 5 do began j:=ql10]+2*1-1, begin as=b[r[10]+1,1], 17, wi=blr[10)+1,2);
begin a1f tp(1) then dli,1+1]:=1 print €£12?exp(-at)*(amﬂt.coﬂ"t)hz?r?. 2= [10]+2'i-
ond; sameline, blr[ 10141, 1],£€62%w=7, b[r[101+1,2); fn::fn-raxp(-n"t)'(o[‘I,J]'lm(v'tko[‘l,J+'l]*con("t))
if tp(6) then d[6,7]:=1/2; print ¢[1,3],¢01,3+1] and
it tp(7) then d[7,8]s=1/3, ond end,
if tp(8' then d[8&,91:=1/4, end; print t,sameline,£La6??,In;
Aif extrain then if R4=1 then
begin for 1:=1 step 1 unt:.l extra|do gomment Cutput to Programme II (Mpan 5vuare Programme), begin Rd:=2; goto L7
1in J1=8+i, d[j, j+'l].—1’(4+1) end
and read SAF; ond;
end; 1f BAFEO then tot=tt
if tp(9) then begin if key(1) then print punch(3),EE1?SAF DATA?; end
bogin for 1:=1 step 1 unt1l pl[8] do 1A1=20, ond,
begin n.—b[:. 13; jg-6+3*:.+axtrg; print punch(2),££1q?? outstring(A,14),€€u172,
d[J,J+1]:=d[j+1,_j+2]:=d[;|+2.,143]::—1/5, print punch(2}),pl[9],p{11]; print ££12r10?%;
aly,811=1/a; dij+1,3+112=~1/a12; if tp(9) then if koy(1) then print punch{3),££127NXDATA?;
dl§+1,5):=1 at2, ¢l)42,5+2]2=-2/a12, began for 1171 step Y untal p{9) do restart
df 142, 3+1]:=-2 at3, dl+2,5]:=2/a13 bogin j:“6+3'1+oxtra, ond @
snd prant punch(2),c(1,31,el1,3+13,c01, j+2] end
end; end end,
snd,
o
i L]
App.Alc) Programme 1} Tape 2{cont'd)
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Error indication

Cause of error indication

Method of correction

ul{t) into filter number x

A uh(t) function has been passed through:

(a} s, generating uB(t) function,

{b) s + k, generating u5(t) function,

{c) s 4 2ns + o , generating u6(t)
function.

These are unacceptable to the next failter

of the chain,

u3(t) into filter number x

A ujét) funotlgn hag been passed through
an s + 2ns +m fTilter, thus generating
a u5(t) function. This function is
unacceptable to the next filter of the

chain.

Break transfer func-
t1on up into two
stages, and run as
shown 1n the example

in section 4.2.1.

(®)
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Error indication

Gause of error indication

Method of correction

Failure case II filter

nuib er x

Failure case III filter

number x

Pailure case I filter number x

A tZe-kt

through:

function has been passed

{a) 1/(s + k), generating tBe_kt,
() 1/(s + k)2, generating ekt

() /(s + k)B, generating e K,

-kt function has been passed through

A te
(a) 1/(s + k)z, generating tBe_kt, or,

(b) 1/(s + k)3, generating ghekT,

kt

s 0r,

An e function has been passed

through a 1/(s + k)5 filter, generating
tje-kt

Re-run wathout filter,
and calculate the response

of that failter by hand.

x refers to the first
filter of the type (see
section 4.2.2.)

Failure case IV filter

2
In a) 1/(32 + 2ns + ™ ) filter, then

Re-factorise the

nunber x erther: (52 + 2ns + mz) factor and
(a) n2 = m2, repeat the calculation.s
(b) n’ > om , or,
(c) m = Q.

Failure case V filter number x

{a) An e-at(51n wt, cos wt) has been

2
passed through a 1/(s2 + 2ns + m ) fal-

2 2
and W =m -~ 1n , or
2 2\r
(b) A 1/(s" +2ns + m")" has been

used in the transfer function.

ter where a = n,

Re-run without filter, ard
calculate the response of
that filter by hand. In
{b), x refers to the
necond falter of the type.

{4, (2]

o i
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AEBendix C

PROGRAMME TI - MEAN SQUARE PROGRAMME

{(a) List of variables

Section deraving system autocorrelation function (S.A.F.)

2m)
:m]
1m)
)

+m)

Al1:m,
a[1;1,
B[1:m,
bi1:1,
c[1-1,

. . . §

[ 1:p1]
r2[1-1, 4:p2]
r2[2:2, 1.p2]

k,X,x,n,nt,w,wt,d

pl
p2
7[0:10]

ZZ

real
real
real
real

real

real

real

real

real

integer

integer

integer

integer

integer

matrix A of Ref.3, part I

coefficients of input vector

matrix B of Ref.3, part I

used to store matrix preduct ad

used to store matrix product aAB (i.e.
coefficients of S.A.F.)

holds a's of exp-poly functions in I.V.
and S,A.F,

holds a's of exp-trig functions in I.V.
and S.A.F.

holds w's of exp-trig functions in I.V.
and S.A.T.

store coefficients when setting up A and
B matrices {also used in setting up E
matrix)

number of coefficients in input vector (I.V.)
nunber of exp-poly functions in I.V,
number of exp-trig functions in I.V.
svores data title

constant used in storing data tatle

—

Mean square evaluation section.

bb[1:1, 1:mm]
ce[1:mm, 1:1]

coe

E[1:mm, 1:mm]
££4[1:pp1]
£r2{1:1, 1:pp2]
£r2[2:2, 1:pp2]
im

PP

ppt

real

real

real
real
real
real
real
integer

integer

integer

used to store matrix product cE

holds coefficients of input autocorrelatzon
function (I.A.F.)

coefficient of u1(T) in L.A.F.

matrix F of Ref,3, part I

holds a's of exp-poly functions in I.A.F.
holds a's of exp-trig functions in I,A.F.
holds w's of exp-trig functions in I.A.F.
number of coefficients in I,A.F.

value 1 if uq(T) present in I.A.F.,
otherwise zero

number of exp-poly functions in I.A.F.
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pp2
5[1:1: 1:1]

integer

real

real

Appendix C

number of exp-trig functions in I,A.F.
used to store matrix product cEcc (i.e.

mean square value)

used to store coefficients while setting

up E matrix

(L

1

o

o

(al

fu,
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Respones of Linear Systems Programme II E,Huntley L.J,Hazlewood;

begin integer p1,p2,pp,pp1,pp2,mm,m,xx,h,1,j,r; integer arpay zlos10]);

boolean progedurs key(n)i
valuo n; integer ni
bo‘:l.n ®11i0t(7,0,0,0,2,3,n);
keyt=nk0
and;
procedurs mxprod(A,B,C),
Array A,B,;
begin integer as,ab,ac,ral,rbl, j, istop,]1,1lstop,m,netart,sa; resl sum;
anzzaddress(A); satzsize(A)+an~1;
abt=addreas(B), act=address{C);
ra2r=range{A,2); rb3i=range(B,2";
for mai=as atop rad until sa do
begin jstopi=as+rad-1; mstarti=ac-1;
lor jicam step 1 until jstop do
begin mi-matarti=matart+1;
1stopi=abirbd~1; sumi=0;
Jor 1li=ab step 1 until lstop do
begin sumi=sum+looation(1)*location(m);
olliott(3,0,ral,0,3,4,m);

and;
looation( j)1=sunm
and;
abt=ab+rhd
snd -
snd mxprod,
281=0;
instring(Zz,xs);

print 2£147Response of Linear Eystems Programme IIf1377;
ex:=0;
outstring(Z,ax);
12 key(1) then
bo‘in u:-o-
pPrint punch(3),8812?,outatring(Z, xz)
end;
read pt,p3,
m1=3%p +i*p3;

comment Systsm Autocorrelation Funotion Sectiom;
begin real k,K,X,n,nl,w,w1,d,v,c08;
array A,B[1im, 1:m],n,b,0l1:1,%1m],21[12p1]1,12[ 1:3, 1:p2];
for i1=1 step 1 until m do read a(?,i);
it it piko then
begin for 111 step t until pl do resd f1(i]
and;
it pzho then
Begin for 13=1 step 1 until p3 do read f201,1],12[2,1]
snd;

commsnt formation of matrix B;

Tor i1=1 step 1 M a do

EI for Ji=1 step 1 untu m do B[i,j)i1=0
ond

if p 140 then
begin for it=1 step 1 until p1 do
begin J1=3%i-3;
Bli,11:=al1,1);
Bl 4, J+11t=Bl J+1, J1s=al1, j+1],
BL3, 3+211=B[ 3+2, 51t=a[1, }+2];
Bl j+1,j+1]1=2+%a[ 1, }+2]

bl‘i.n_!_ t=1 step 1 until p27do ~ " T
begin J1=3*p1+3%i-1;
B, 3+ 11e=B[ 3+1, J12=al1, 51;

comment System Autooorrelation FPunotion Etandard Print Out;
print 221s4?systenm Autocorrelation Punotionfl??,
Af p1é0 then
begin for 13=1 gtep 1 until p1 deo
begin j1=3*i-1;
for hi=1 step 1 until 3 do
begin it llu(o[1 _Q+h-1])>..—8 then
grint 221??.5[7 F+h=-1],sameline 2€s2%exp(-kITI }*ITi1?,
leadzero(2?),h=1,2€847k=?, freepoint(B),£1[1]
snd
end
sud;
if p2¢0 ¢t g
begin for i:=1 step 1 until pl do
begin j1=3%pi+dei-1;
if abs{o[1,3]13>p~8 then
Eint £2177,0( 1, j1,sameline,22a2?exp(-n| Tl }sin(wlT| }2ue?n=?,
1£2[1,1],22047w=?,12[2,1]);
12 abe(ol1,3+11)>y-8 then
print 22177,0(1,j+1),sameline,2223%exp(~nlTl Joos(wlT| }2ad4?n=7?,
201,1),2¢ad4Pw=7,22(2,1]

snd

and;

pEint £21377;

comment End of System Autcoorrelation Punction Section;

read coe,ppl,ppd;
if abs(coe)>y~6 then ppi=1 slss pp1=0;
mmi =pp+3*pp 1+2‘pp2°

comment Mean Square Bection;
begin array E[ 1:a, Timu],bbl 111, 1:mm]), 00l t1em, 121],
s(1:1,131), 2010 v4pp1), 2131 112, 11pp2);
if ppko then ocl?, 1]1=coe,
Aif madpp then
begin for 1:=pp+1 step 1 until mm do read ooli,1]);
and;
if pp140 then

i

begin IL i3=1 step 1 until pp? do read ££1{i)
end;

if pp2k0 then
begin for 11=1 atep 1 unti) pp2 do read ££2(1,1],113(%2,1)
[:H

2

comment formmtion of matrix E;
if p1k0 then
begin tor hi=1 step 1 until p1 do
begin ki=f1[h]; 1:=3%h-2;
Af ppé0 then
begin .l[i 1J1s1;
l[i+1 111=E{1+2,1]1=0

F

loxt b4

it pp¥0 then
gin for riat step 1 until ppl do
begin Ki= fﬂtr], jl-pp-rsﬂr-za a1=Kek;
Bli,jh=2/9;
E(1, }#1)1=B[1+1, j1s=2/d73;
El1,3+2)1=B[4+7,3+1):=B[1+2,]1:=4/413;
Bli+1, 3+2]11=E[i+2, 5+ 1)1=13/d14,
E[i+3, j+211=48/at5 .
snd
and;
if pp2i0 then
begin for r;=1 step 1 until pp2 do
begin K1=113[1,r]; wi=t12(2,r];
o S Jt=pp+3*pp H2er=1, Ar=(k+K)13+v1d,
Ri1, j11=3%v/d;
El1, 3+ 1]11=2+(k+K)/d;

BLj+1, 3+ ]i=al, 34113 Bli+1,3]a=dsve(k+K)/d13;
Bl j, J1t=>-al1, 341} Bli+1, 3+1]1=2+( (k+K)t2-v12) /412,
snd Bl1+3, J11=4+v*(Is(k+K}12-v12)/d13,
ond; Bl1+2, + 1]13=4*(k+E)*{ (k+K)t2=33v13)/d1 3
and
comment formation of matrix A; ond
if p1&D then and
begin for hi=1 step 1 until p1 do [TH
in ksi=£1[hl; u:a-h-z; if p2&0 then
Jor r:=1 step 1 until h do begin for hi=1 atep 1 until pd do
begin Ki=£1[r]; di=K+k; Ji=3er-2; in ni=ral1,h]; wisfa[4,h], ir=3epi+d+h-1,
Ali, 3)1=1/4; iz pp*o then
Al1+1,5)1=1/d12; Mi_n R[1, 111=0;
Al1+3,5)t=Al1+1,5+11s=8/013; Ef4+1,1]11=1
Al1+2, 3+1]3=6/d74; snd;
Al1+2, 3+2]1 =24 /d15; iz pplko
if hér then Begin for ror :-:-1 step 1 until ppl do
EL"“. A[i,_1+1]:-1/dt2' m Es=£21(r]; jl"ppr‘.!‘r-2' di={K+n)t2e+wtl,
Ali, +2]:1=2/d13; E(1, jli=a»w/d;
Alis1, 3+2]1=6,d74 E[4+1,311=2*(n+K)/d3
angd Ell, H1)1=4*w*(n+K)/213;
snd Bl141, 3+111=2#((n+K)12-wt2) /d12;
end E[1, }+3] 1 =4*ws(3*(n+K)12-wt2)/d13;
end; E[i+1, $21124% (0+K)*( (n+K M1 2-Fowl2) /A3
if p2k0 then sad
begin for his1 step 1 untu pa do og;
in n1=13{1,h); wi=f2[2,h]; 11=3%p 42%h=1; if pp2io t
A2 piko thon h_oL fo. r:-‘l atep 1 until pp2 do
gin for ri=1 step 1 until p1 do begin K:=£12[1,r], ﬂ-:!ﬂ[z *1; J1=pp+3%pp H3er-1;
b_oy_ ki=21[rl] x1 xt=k+n; d:-xmwtz, Ji=3*r-2; di=(n+K)ITa+(wev)12; x:=(n+n)ta+(v-v)rn;
AL, §)1=w/d; E[i, J1t=(n+K)/x~(n+K)/4,
All, +1]):=2vwex/d12; Bli+1, 3+ 1)2=(ntK) /X (nbK) /d;
Ali, }+2]1=3vwe (3oxt2-wt2)/d13; Bli+1,jJ1=(wiv)/a=(w—v)/x,
AlLi+41,311=x/d; E[i, #+1]1=(wv)/de{w=v)/x
Ali+1, }+1]1=(x12-w12)/ 018} ond s
—_————— Al B R xt B 3ewt D) /dt S and
end #nd
-.Ld-i ond;
for ri1=1 step 1 until h do mrprod{bb, o, B}
begin j1=3%p Wi*r-1; mxprod(s,bb,a0);
f r=h then print sameline,fMean Square=?,s[1,1),8£12r1077;
begin xi=wi@nt; di=q*x; comwent End of Mean Gquare Section;
AlL,3)s=2wtR/d/n;
Ali+1, 3111w/ d; Af key(1) then print punch(3),2217NXDATA?;
Ali+1, J+101=(x+nt2)/d/n restart
ond snd
alse
begin nit=r3[1,r); wii=13(2,r); and;
x3=(n+n 1)12+(ww1'13; di=(n+nl)tEe(w-w1)1d;
Al1, 31t=((n+n 1)/~ (n+n 1) /x)*,5;
Aliet, JTe=((wrw1 ) /20 (w—w1 }/d)*.5;
AlL, 3+ 1)1=({wrwl)/x=(w—w1)/d)* 5;
AL+ 1, #11=({nen D/ (nen 1) /x)*.5
snd
snd
end
and;

Ior 11=1 step 7 until m=1 do

begin for ji=1 step 1 until m~i do Al[i,i+jl3=A[i+§,1)
and;

mxprod(b,m,A);

mxprod(o,b,b);

App.C(b) Programme 2
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PROGRAMME IIT - AUTOCORRELATION FUNCTION PROGRAMME

(a) TLast of variables and procedures

&,v,k,m,n

Bili:r3]

p2[1:r3]
cg

cnt

coe
pl1:a3, 1:43]
del

8[1:1, 1:qj]

exq

exYr

a3

real

real

real

real
integer
real
real
integer

real

integer

integer

real

integer

integer

1integer

integer

integer

integer

integer

integer

integer

variables in L.F. and T.F.

holds a's of exp-poly and exp-trig input
functions

holds v's of exp-trig input functions
constant gain of T.F., later used for
n;rmallsing factor

number of factors dealt with

holds coefficient of uﬂ(T) on input
response matrix

number of large tabulation intervals

output coefficient vector

number of locations required in the coefficient
vectors to accommodate the coefficients of the
generated functions

number of locations required in the b1 and
b2 arrays to accommodate the a's and v's

of the generated functions

input coeffacient vector

not signifaicant, always zero

nurber of factors of each 1/(s + k)n type
(i.e. value of the index n), excluding

n = 1

value 1 if UB(T) present in anput, other-
Wwlse Zero )

value 1 if u1(T) present in input, other-
wise zero

number of exp-poly functions in input

number of exp-trig functions in input
position of last coefficient of exp-poly
function in input vector

position of last coefficient of exp-trig
functions ain input vector

length of final coefficient wvector



34 Appendix D

rri
rr2 integer used in 1/(s + k) chapter when input func-
RR1 tion is passed through repeated factors
RR2
r integer position of the last a, v values in exp-
poly functions in the bl and b2 arrays
r2 integer position of the last a, v values in exp-
trig functions 1n the bl and b2 arrays
r3 integer length of final b1 and b2 arrays
t1[1:y{1]] real holds k's of 1/(s + k) factors
t24[1:y[21] ° real holds n's of 1/(32 + 2ns +‘m2) factors
t22[1:y[2]] real holds m's of 1/(32 + 2ns + m2) factors
thf1:y[4]] real holds k's of (s + k) factors
t51[1:y{5]] real . holds n's of (52 + 2ns + m?) factors
t52{1:35]1] real holds m's of (52 + 2ns + m2) factors
y[1] integer number of 1/(s + k) factors
y[2] integer number of 1/(52 + 2ns + m2) factors
y[3] integer number of & factors
yl&] integer number of (s + k) factors
y[5] integer number of (52 + 2ns + m2) factors
yyl integer total number of factors in 1/(s + )"
terms
yy2 integer total number of terms of the type
1/(s + k)n '
zZZ integer constant used in storing data title
z[0:10] integer stores data tatle
Variables in 1/(s + k) chapter
ak integer position of exp-poly input function with

parameter k for a single 1/(s + k) factor
(otherwise zero)

akn integer position of exp-poly input function with
parameter k for a repeated 1/(s + k) fac-
tor (otherwise zero)

d real auxiliary wvariable

m1 1nteger used in computation of 1/(s + k)° terms,
determines the current factor

X integer position of first coefficient of generated

exp-poly function
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Variables in 14(52 +2ns +m ) chapter

c

a

£1,f2,£3,fh
gl,82,83,84

X

el,e2,e3,el }

w1
x2

2 2.2 2 2
real {2 + m")" - ha" n
real a2 + m2 - 2n2
real { auxiliary variasbles
integer position of first coefficient of generated
exp-trig functlon
2 2%
real (n~ - n")?
2 z
real m -n

Variables 1in (52 + 2ns + m2) chapter

c,d
x2

real auxaliary varlables

2 2
real m -n

Variables in tabulation block

B1
B2

fn
h1

me
to
tf
t

List of procedures

key{n)
readr (n,B)

outerror {string)

set(n)

integer used in tabulation of first value of function

integer number of time increments in one large time
interval

real value of function at time ¢

real time increment

integer count variable

real anrtial time value in one large time interval

real final tame value an one large time interval

real current value of tame

takes logical value TRUE or FALSE if' the key on the com-
puter console of value n 1s switched on

reads in values of the real array B[i] for 2 taking
values from 1 to n

prints the string on the output device, and on the tele-
printer if key(1) 18 on. 3tring 1s a set of characters
between the £7 string quotes. Reads in tabulation data
(2f any). If key(1) on prints NXDATA on the teleprinter
and then restarts the programme. Uses real variable co
to read in the real numbers

Used in the section of the programme which determaines the
1/{s + k)" terms by testing values of X
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mxprod {4,B,C)
Setzero

testg

convert

normalilse

Appendix D

performs matrix operation A:= B x C

sets all elements of R.M. to zero

tests coefficients of UB(T) and u1(T) and sets the
corresponding p and pp to zero or 1 as required
converts elements of the e array to corresponding
elements in the g array

normailises the input coefficient vector; ave used to
accunulate coefficients, and find the mean; normalising

factor accumulated in cg

L

13

(i

{ma

(]
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Response of Linsar Systems Prograsme II1  E.Huntley L.J.Hazlewcod;

begin integer h,i,3,%2,p1,p2,91,9%,43,r1,rd,r3 »8Xq, 0XT, ¥¥ 1, ¥¥2,rr1,r72,RR1,RR2, p, pp, ont,del;

integer srray y[1:5],ny(0:20],2[0:10); real cg,a,v,k,m,n,co0e;
boglean procedurs key(n);
n;uo n; aintsger n, .
begin elliot(7,0,0,0,2,3,n);
keyi=nkQ
and;
procedure resdr{n,2‘;
¥alus n; integer n; array B,
begin integer 1,
for i:=1 satep 1 until n do resd B(i]
snd;
progedure outerror(string);
string string;
begin integer i; real co;

print £€177,atring,EEs?filter number£s??,semeline,leadzerc(£?),ont;

it key(1) then print punch(3),2£177,string,¥Ee?iilter numberta??,
saneline, loadzero(£?),cnt;
read del;
if delt0 then
begin for i:=1 step 1 until 2+del+l do reed co
end,
if koy(1) then print punch(3*,E€1Z?NXDATA?,
print ££12r1077;
restart
snd;
procedure set(n);
yalue n; integer n;
bagin j:=j+1, ny[jls=
snd;
progedurs mxprod(A,B,C);
array A,B,C;
begin integer as,ah,ec,re2,rb2,j, jstop,l,18t0p,n,matart,sn; real sum;
saz=rddroms{A); sai=sige{A)s+as=1;
ab:=pddressa{B); act=address{C);
ra2t=range(A,2); rb2i=range(B,2);
for aai-na gtep ra2 until sa do
begin jstop:=pa+ra2-1; mstarti=nc~1;
for jiz=nm ptep 1 until jstop do
begin mi=mgterti=metart+T,
1stopt=abtrb2-1; sumi=0;
for lt=ab step 1 until lstop do
begin sumi=gumlocation{l)*location{m);
elliott(3,0,ra2,0,2,4,m);

ond;
lmtion(J):—m
snd;
abi=aberb2
end
and mxprod;
cnti=-zx:=0;
instring(Z,sx),
print £€£14?Response of Linear Systems Programme IIIS1277;
s£1=0}
outstring(Z,zx);

if key(1) then
begin z=:=0;
print punch(3 ,££1??,ocutstring(Z,zz)
ond;
md Wr’t11]![2]r,[3]|?(4]ly[5]s cgi=cgt2;
“2’0,
1f key(2) then print punch{2),£8r 101477 ,0utstring(Z,zx);

begin array t1[1:y011],121,t2201:y[2]],t40 1:y[43],t51,t52( 1:7[5]],
if y[1140 then readr(y[11,t1);
if yE2lko thon
bog:ln rudr(y[Z] t21); readr(y[2],t22)
end;
2f y[4}40 then rndr(y['l] td),
it y[5M0 then
begin nndr(y[ﬁ] t51); readr(y(8],t52)
end;
n![018=33=n'2:=yly1:=0;
if y[1)40 then
begin if y(13>1 then
in if y[1]=2 and aba(ti{1]-t1{2)<p~6 then set(2);
é_f_ y[1]>2 then ‘then
begin for 11=3 gtep 1 until yf1] do
1
{

F

FI
Ei

began 1f abs(t1[i)-t1[i-11)<y-6 and
aba{t1[1=13-t1[1-2])<y-6 then set(3) slse
af wba(t1fi-1]-t1{i-21)<y~8 and ny[j]#3 then
sot{2) olse
if aba(t1(1]-t1[1-11)<y-6 and i=y[1] then set(2)
end

1

Pigisy
[1]

then RA1:=y(1] plse
:=1, RR13=I13'[1].
for i:=1 mtep T until yy2 do yyl:=yyl+nylil

F:
'51“
g3 I¥

nd

and;
oxgt=3*(y[1]-yy eyy2)+2+y[2],
exri=y[ 1]-yy Wyy2+y[2];
read coe,pl,p2,
glic243%pl; n2:mql+2*p2; 3i=q2+exqg;
rit=pl; r2:=ril+p2, rdt=ra+exr;
begin array e,g[1:1,1:q31,D{1:93, 1:43],b1,b2[1:r3],
procedure setzero;
begin integer i,3;
for 23:=1 step 1 1 g3 du
beg:m for jr=1 ntl until q3 do D[1,jl1=0
end
ond setzero;
procedure convert;
begin integer i;
for 11=1 step 1 until q3 do gl l1,1}1=e[1,i]
end cunvaert,
procedure testg;
bogin if abe(g[1,1]1)<5,-6 then p:=0 slse p:=1,
1f aba(gl1,2))<5,~6 then pp:=0 slse pp3=1
end testy;
procedure normilise;
begin real ave; integer i;
ave:=0;
for 1221 step 1 until 43 do ave:=ave+abe(g(1,11),
avel=pve/q3,
if key(2) then print punch(2),££14?7?;
for 1:=1 step 1 until g3 do
begin gl1, 1].-z[‘l il/ave;
. 1f key(2) then print punch(2),g[1,1]
ond;
cgI=cg*ave,
1f key (2} them print punch (2),£21277,cg
snd hormlise,
gl1,11:=0, gi1,2):=coe;
1f q2>2 then
bogin for i:=3 atep 1 until g2 do read gl1,1]
ond;
af 1f exgko then
bogin for 1:=r2+1 step 1 until q3 do g(1,:]:=0

and;
af if r240 then

begin for 1:=1 Btep 1 until r2 do read bi[1i3,b2[i]
end,

af 1f exrko then

begln for ii=r2+1 s tep 1 until r3 do bi[a]:=b2[il:=D
ond, -

normalise;

teatg,

App.D(b) Programme 3

App.D(b)

comment 1 (s+k)} Response chapter;

11 y[1]40 then

rr2i=aks=akn:=0, RRZr=yl[1l-yy 11,

for hi=1

1 until y[11 do

begin rell d, 131:0;3:- h,mi,x,ak,nkn; switch s:=L2,L3,
-z—-E

begin k:=t1{nl,
i

>
o
=3

T
g

7eg
:
g

cnt+1,
maz then
in m'l--n‘l+1'
if m1=1 or m1=2 then
begin D(x,xJt=.5/k12, Dlx,x+1):=,5/k
nn

]
-

-2 then
n D[x+1 ,x]z=.25/k13;
D[x+1 CX+1]12=,25/k12, Dix+1,x+2]1=,25/k

;

N

l

1:=0; setzerc; x1=q2+1

-

40 then

in DE1,2):=1, D[1,x]:1=.5%k
end,

NI»-.
et B |3

le

ppkD then bI2,x}1=,5/k;
H>RRZ then goto 12;
p1¥0 then

s(k-n)(n-ﬁ _1_:12;_:

n if abe(gl1,1+21)>p-6 then
outerror(sfailure case I7};

if b>y[1]-yy1 then

begin 1f sbs(gl1,j+11)>4~8 then
outerror{€failure case II?)};
1f ny[rr1)=3 then
outerror{£failure case III?),
akni=)

end

slse aki=j;

Dl je212=.5/ktZ, D[j,Ji+1)3=.5/k;
Dig+1,318=.25/kt3;

Dl j+1, J+171=,26/k12; Bl H1,3+2]11=.25/k

it

end
else
begin di=k¥2-at2,
bly, 3):=Dl3+1, 1+ 11:=D[ 3+3, j+2]:=1/d;
bl §,x}:=~pl3, 31%ask;
Dl j+1,3)s==2%a/at2,
- D[j+2,_]+1]2=2‘D[J+1,J]:
DL 3+, x =0kt 240t 2) /{kedt2),
DL j+2, j]:=2%(k12+3%at2)/d13,
D[ j+2,x]:=-2%a*{3+k12+a12)/(k*dt 3"
snd
end
end;
af ch:) then
began for 1:=1 ptep 71 until p2 do
begin n:"lﬂ[rh-:.], vizb2[rW1]; Ji=qle2si-1;
di=(kT2+vt24nt2}T2-4¢k124a12,
DL 3, 312=DL j+1, 3+ 11:=(kt2+vt2=at2)/q,
Dl 3, 3+1)t==2%awv/d, DI3+1,jli=-Dl3, j+1);
DLF,x)iove(kt24vi24at2)/(k*d);
D[ j+1,x]5==a*{kt 2-v12-a12)/(k*d)
end
and;
L2: ;pirod(e,g,D);
conypert;
norpalise,
teske;
begin array 2{1:3], switch ss:=l4;

1f h<yi1]-yy1 then
begin if ak#0 then
begin gl 1,ak):=¢g[1,akl+l1,x],
gl1,x):=0, ak:=0; goto L3

end
else
bogin =[1):=gl1,x1, =z[2):=£[332=u,
gl 1,x)5=0; goto 14
end
ond,




!
A D b 1'. d 1f yy2k0 and y[1]-yy +RR1=h then comment & Reaponse chapter, it p240 then
PP- con begin Af hEy(1] then bogin for 1:=1 step 1 until p3 do
begin rrii=rri+1, RR1+=RRM4ny[rril, Af y[3]k0 then bogin a1=bi[r1+i]; vizbilrieil; jr=, 142%i=1;
rr2'=rr2+1' RR2:=RR2+ny[rr2] gin integer h; di={nt2-x2)-(a12-v12}, c=—4-(m2-x2-..tz-vtz);
ond; ) for hi=1 step 1 until y[3] do Bl 3, §1z=Df 3+1,3+1]1=dt24c,
if aknkQ then | begin enti=cnt+1, setpero, DEd, J+11:saenev*d, D[j+1,312=-Dl3, +#+1);
gan gl 1, akn aknli=gl?,aknl+gl1,x1; if p#0 then outerror{£ud(T) inta?); DLj, 1]2=2%v, D[j+1 1)3=-2n,
g[t,akn+1];-g[1.-kn+1]+z[1.x+1}. Af ppto then D[2,1]:=~T; B[ j,2)t=2eve(2e{nt2-2%n12)~(vt2-3*at2));
gl1,x):=¢l *,x+1]2=0, Al pio thon Dl 3+1,2]:5=-2¢a%(2*(nt2-29n12)=(I*v12-at2))
akni=u; got ah.a begin for 1:=1 step 1 unt1l p? do end
ond; begin a:=h1{i], 3:=3%1; end;
el 11:=¢l1,x], zm-_gu x+1], =l3):=g[1,x+2], DL, 31=DL3+1, 3+ W:=D[ j+3, §+2]3=-a 12, mxprod{e,g,D);
D[1,211=Dl j+1,1):F2%a, convert;
el 1,x1t=gl1,x+1)t=¢gf1,x+2): 70, D[ j+2, j+1]1=4%a, D[3+1,2]):=D[ j+2, j]t=-2 norcalise;
goto 14 ] ond tostg
ond; end, ond
goto L3; [ 1% p240 then and;
142 if p240 then ! gin for i3=1 step 1 untill p2 do for it=1 step 1 until g3 do g(1,1]t=g[1,i]%eg;
began for i1=1 atep 1 until 2+p2 do begin at=bl{r +al, viFb2[r1+i]; jr=ql+2%i-1, cgt=0; -
begin ji=x+d-1; gl1,jlr=gl[1,3-3] Bl 3, j1t=D j+1,3+1f1=v12-a12,
end; D3, j+11s=2%a*v, D[j+1,3d:=-D[§,3+1], comment Output Autocorrelation Punction Standard Print Out,
for i:=1 gtep 1 unti] p2 do D(3,2])1=-24v, D[3}1,2]s=2%a
begin jt=r2+2-1; end rint €£1s4?0utput Autocorrelation Punction?;
b1[31:=b1[3-1]; B2[jl:=b2[J-1] snd; 1f pko then print gft, 1],sameline,€es27u3(T)?;
ond ' mwprud(o.z,b). if ppk0 then print gl1,2)],sameline,fEs2?u1(T)?;
end, convert; if p1#0 then
for ii=1 step 1 unt1l 3 do normalige, begin for 1: 1 atep 1 until pl1 do
_pgm Jt=3*p 14241, g[],J]l-z[i]‘ testg bogi 1=b1[1]); jr=3%i; c::-eg-!-g['! %
ond; end PM ££127exp(~al TI )*(1, I'rl | T 12)2857027 , sameline &, ££177;
pli=pH1, 1t=qW3, rli=ri+l; and; print g[1,_1],g[1,_1+1],g[1,j+2]
q2:= 243, r2:=r2+1, f ond
bi1[p1l:=k, b2[p1l:=0 comment (s+k) Rasponse chapter; end;
end; 21 p2¢g then
13t end if y{4J40 then begin for i:=T step 1 until p2 do
end; . begain integer h; begin az:=bi[rHr]; vish3lrwil; Ji=ql+2¢1-1, cgizogrgll, H11;
for hi=1 atep 1 until yi4} do print ££12%exp(~-al|T|)*{sin(vIT| },con(viT|))Ea27a=2,
cozment 1/(af2+2ns+m?2) Responas chapter; begin enti=ent+1, ki=td[h], setzero sameline,a,£882?v=?,saneline,v,22177;
af pko then outerror(£u3(T)|into?), prant gf1,31,g07,3+1]
y[21£0 then if ppko then ond
K ronl x2,x1,c,d,81,02,03,04, 11,12, £3,14,¢1,82,83,84, gggig D{2,]:=-1; D[2,2):=k1Z shd;
intager hyX; end; print ££12%Maan § uare =?,samsline,cg,
for hi=1 gtep 1 until y[2] do 11 pl1#0 then
begin nt=t21[h]; m:=t22[h]; cntizent+1; x21=mf2-nt2, bogan for i3=1 gtep 1 wmtal|pT do comment Tabulation Eectionm;
if x2<0 or abe(x2)<y~6 or Abs(m)<,—6 or mba(n)<y-6 then begin as=hifil; ji=3+i,
outerror(£failure case IV?); DL, J12=DEi+1, 3+1]:=D[ $+2, $+211=k12-12; read del;
xlr=aqre(x2); D{3,2):=Dl3+1,3]1=2#a, D[ j+2,j+1]1=d*a, l_ del40 then
setzero, Dlj+1,2)e=p[ 5+2, j]2=-2 begin real to,t,tf,hl,fn; integer m2,B1,B2;
x:= 241, end read to; Bl11=0;
af pt0 then send, . print £212?Tabulated Output Autocorrelation Punction?;
begin Df1,x)3=.25/x1, D[1,x+11:=-.25/n Af p240 then for hi=1 step 1 until del do
end, . bogin for 1327 gtep 1 until|p2 do bagin switch sas:=L3,L&;
3f ppt0 then | begin ai=bilri1+1); vi3b2[ri+i], jiz= 1+2wi=1, “resd h1,tf;
begin DIZ,x1:=.25/(x#mt2); D[2,x+1]1=,25/(n%n12) DL, 312=DLj+1, J+1]3=k124v12-a12, print ££12s27time shiftfs6?functionfs6?interval=?,
ond, DL, j+132=2%amv, D[j+1,313=-DlJ, j+11, sameline,h1,2£2177;
3f pHO then 4 DLjs213=-2v; D[341,2]:=2%a if B1=0 then
bogin for 1:=1 atep 1 until p1 do snd begin B13=1; ti=to; fn1=0; goto L5
begin arabil1], J7=3%1; ci=(al2+mr2)12-4sa12én13; end; ond; Paster tasos
D[4, 31:=DLj+1, 3+11:=D[ j+2, +211=1/¢; meprod(e.g,D), 181 Ba:=entier(abs({tf-to} /M1 +By~5);
di=at2+mr2-2%n12; convert; for m2:=7 gtep 1 until B2 do
D[ 3+1, j11=4sa=d/c12, D[y+2, 3+1)1=2eD[)4+1,1], normlise, Begin ti=tothisn2; fnt=0;
Dl 3+2, j1:=4%(d*(S*at4+dsat2¢m1 2-B*aT2+n12-nT4)-B4at 2¢nt2#x2)/ct3, testg 1S: if p140 then
D{ Jyx]t=a*(a12+3*mt2-4#n12)/ (24x1*com?2); snd begin for 111 step 1 mmtil p1 do
Dl J,x+113=as(d=2¢n12)/(2¢n*crml2), end; begin a:=b1[1], j1=3%i,
DL §+1,x11=(c*(a-2*nt2 4d*mt 2% (at2-nt2)*d) /(2%x1¥ct24mt 2), tn:=fn+exp(=a*t)}*(gl1,]+gl1, J+11vt+gl 1, J+2]7%t12)
D[ j+1,x+1)z =((atd=-nt4)*(d-24n12)~4*nT2*n12* (a1 2430t 2-4*nT2))/(2*n*ct2*mT2); corment (sT2+2ns+mf2) Responme chapter; ond
n[3+2.x]:a*(dt(etz-12~ntz-x2)-(uz+3tmz +x2+({G*d12- s-mz'xn)'(-fz-:itma))/(x1*c:3*mf2). end;
D j+2,x+1)1=a*(d*(ar2-1 zgnfgtxzW(;fZ-S‘ntZ‘-nT2"(6"d72-3*!112'12)‘(&'21-3"!72))/(“ ct3*mt2) if y[53ko then if p240 then
end _K_b' n real c,d,x2, integer h, begin for it=1 step 1 until p2 do
snd; for | hi=1 step 1 until y[5] do L bogin et=bi(ri+i); vi=b2[ri+il; ji=qlea*i-1;
1f p240 then ! begin ontizents1; ni=t31[h], m:=t52(n], x2:=mt2-nt2, fn:=fnrexp(-a%t)}*(g[1, jl*sin(v*t)+g[1, $+T1*con(v*t))
;gxn for ir=1 step 1 unt1l p2 do Betrero; and
begi n u-bT[ﬂﬂ]. vi=h2[risil, jizqi+2+1-1, 1f pk0 then outerror{(£u3d(T) pnto?), end,
if abs(nT2-812)<y-6 and abs(x2-vI2)<y-6 thon Lf ppt0 then outorror(fu1(T) 1ato?); Drint ££1527?,mameline,t,t£e527,1n;
outorror(£failure case Ly af pi# then . . if B1=1 then
s=B*n*x1*m12; heg1n for i:=7 step 1 until pi do 1= t
81:=ga((n+a)12+(x1+v)]2). g237g4* ({n-a)12+(x1v)12), bagin a:=b1[1]; J.—aui ci=(at2+mT2)12-4%at2+nt2, + B1:=2; goto 18
g31=ga*{(n+a)12+(x1=-v)12), gdizgd*((n=a)12+(x1-v)12), DI j,313=DL 3+1, 3+132=pl 3+2, 3+2F: =c, end;
flr=(n*(x1vi+x1*(n+a)d}/g1; 122 (n*{x1+v)+x1*(n-a)}/g2; D[j+1.j]3=P4‘lI"(at +nt2=2%nt3); E?:tf
£31=(ne(xT-v+x 1%{n+n))/g3; Tdi=(n*{x1-v)+x1*{n-a))/g4, D[ j+2, 3+ 118=2+Df 3411, 31; DLJ,1]:5-2%a; end
ehi=(n*{n+a)-x1%(x1+v) )/g1, sZi=(-n*(n-a)exT*(x1v))/E2, DL 3+2, j1t=4%(3sar124mt2-2#n12); DLj+1,1]:=2, end;
e3:z(-n*(n+a)+x 1#(x 1=v)) /g3, ed:i-(n*(n-a)-x1*(x1-v)) /g4, D[j,2)1=-2*a*(at2+pent2~4*n12), D[j+2,2)i==12%a, print £212r1077%;
D[ jo§)2=Dl3+1, 3+1]: =11+ L2+ 13+ 14; Blj+1,2]:=2%(3*at2p2emt 2-4*n12) if key(1) then print punch(3),Ee127HXDATA?,
Df 341, jli=e+e2+e3ved, DLj,i+1):=-D[1+1,31; end | Tontart
Dl j,x]:=t 1+ 12-13-14; D[J,x+1]27-01+eZ-03+04; end, ‘ ond
D[ j+1,x1:=e1+e2-e3-04, D[ j+1,x+1):=11-12413=14 | end
end | end; T
' end;
mweprod(e,g,D), |
convert;
normalise;
testg;
p21=p2+1, 2:=q2+2; r2:cr2+1;

]
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App.D(b) Programme 3{cont'd)

t
)
!
bi1[r2])3=n, b2[r2]:=x1 |
!
]
i
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Error indication

Cause of error indication

Method of correction

u3 1) into filter number x

A UB(T) function has been passed through:

(a) s, generating uB(T) function,
(b) s + k, generating UB(T) function,
2 2
(¢c) s + 2ns + m , generating u7(1)
function.
These are unacceptable to the next filter

of the chain,

ul(t) inte filter number x

A u1(T) functlgn has been passed through
an s + 2ns + m  filter, thus generating
a u5(T) funetion. This function is
wacceptable to the next filter of the

chain.

Break transfler func-
tion up into two
stages, and run as
shown in the example
for Programme I in

section L.2.1.

()
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Error indication

Cause of error indication

Methed of correction

Fajilure case I filter number x

A

2 -
|T[ e kil function has been passed

through:

(a)
(v)

1/(s + k), generating ITIje_k]TI
/(s + k)z, generating |T|he—leI or

Failure cage IT filter number x

b4 »
(¢) /(s + k)j, generating |T|5e'kIT|.
A IT]e—kITI function has been passed
through:

(a)
(b)

i

/(s + k)e, generating ,
lTIhe-kITI.

/(s + k)3, generating

Failure case IIT filter number x

An

a 1)(3 + k)5 filter generating IT|36

K[

function has been passed throrgT
T

Re-run without filter,
and calculate the
response of that
filter by hand,

x refers to the

first filter of the
type

Failure case IV filter number x

2 2
Tn a 1/(s” + 2ns + m" ) filter, then either:

(a)
(b)
()
(a)

2

n =m,

2 2

n >m,
m =0, or,

n 0.

If (&) or (b), refac-
torise the

(32 + 2ns + m2) factor
and repsat the calcu-
If (c¢) or (4),

transfer function is

lation.

1nadmissible.

(q)
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: No. Author
v 1 J. F. Koenig
s
2 E. Huntley
3 E, Huntley
- L E. Huntley
| 5 K. Steiglitsz
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Zpup| sado] '] awwoibou

Programme Tape |

factor in tha TF

factors in the TF

Read inand print out the data title
Agcad in the number of eoch type of

Read in the K's, h's and m's of the

Y

functiona

coaffe of the LF

Read in the coeffs of the first 8
Functions in the1F intothe IV

Rsad in the number of EXP, TRIC and
EXPTRIG functions inthe IF

Read 1n the coeffs, a's and w's of these

Set up the IV with the

Are
there ony
if (s+K)factors

Set up the ¢lements of the RM
depending upon the volue of K,and the
types of functions inthe IF Multiply
the RM by the 1Y and store the

resulting vector inthe IY

Programme. Tape 2

g

IRzod m and print out the doto tltlt]

Go to START and
[repeot the programme
for the next set of data

Read in the number of ¢ach type of factor
remawnng in the TF Read m the ks, nsand m's
of these factors inthe TF

Reod inthe coeffs of the first 8 functions inthelF
into the IV Reod n the number of EXP ,TRIG, and
EXPTRIG functionsinthe IF Readin the coeffs,
a's and w's of these functions

Set up the IV with the coeffs of thelF

Incorporate the
generated EXP
function into
the IV

IF
1F
RM
v

there any
1f (5% +Zns+nit)

o

Se¢t up the elements of the R M
depending upon the values of n
and m, and the types of
functions in the I F Multiply
the RM by the |V and store

the resulting vector mthelV

Y

Incorporate the generated
TRIG or EXPTRIG functions
mtothe IY

any morg
1/(5%+ 2ng +m?)

\ iy

Print out the remaining TF dota, and
oll the IF data at thus stoge

Reod in the Mean Squore data and
reproduce it on the output tape

Aead in the tobulotion data and
reproduce it onthe output tape

Y

Go to START and repeat the programme
for the next set of data

e —

Read in the remaining data for this cose

@—J Print out the cause of faslure

Tranafer function
Input function
Response matrix

Lnput vector

Set up the elements of the R W
depending upon the types of
functions inthe IF Muttiply the
RM by the 1V and store the

resulting vector in the Ty

B¢t up the elements of the RM depending
upon the value of X, and the types of
functions inthe IF Multiply the R M
by the IV ond store the resulting
vector mnthe IV

thersany
more (3+k)

there any
(62 +2ne+m7)
factors wn

Set up the elements of the R M depending
upen the vatues of n and m, ond the
types of functions in the IF Multiply
the RM by the IV and store the
resulting vector mthely

Are
there

hre
there a

\s foctnoyra
in the
TF

YES

Set up the elements of the AM depending
upon the types of functionsinthe IF
Multiply the RM by the IV and store the
resuiting vector mthe IV

Incorporate the
generated term
io the IV

Lt

ore /S fattora )y

L

Print out the output funclion

m a standard format

Print out the h(t) response on the second punch
Read 1n the Mean Square daota, and reproduce
1t on the output tape on the second punch

Read in the tobulation intervals, oand
print out the tabuloted output function

Go to START and repeat the programme
for the next set of data

case Print out the cause of failure

Read In the remamming data for ths




RESPONSE OF LINEAR SYSTEMS PROGRAMME I

TRANSFER FUNCTION

P
|
|
|
|
I
|
|

[ CONSTANT GAIN l]

lnunun OF 1/(a+x) FACTORS

LTLF. [I

THE k's, n’'s AND m's NEED NOT BE FILLED 1IN IF THEMWR
)
CORRESPONDING y IS 2ERQ

A TITLE OF UP TO 30 CHARACTERS MUSYT BE INSERTED
BETWEEN £AND 7 CHARACTERS, IN THE BLOCK ABOVE

ALL THE VALUES OF THE INTEGER ARRAY y[i €] MusT
BE FILLED IN A ZERO MUST BE WRITTEN WHEREVER A GIVEN 1
TYPE OF FACTOR IS NOT PRESENT N THE TRANSFER FUNCTION

d INPUT FUNCTION

»

")

VALUES OF w's AND ms IN
{s'+ 2ns +m2) FACTORS

F )

Ny, Na, ,0 m,rs, ’MEEJ

e — s .

NUMBER OF LARGE TIME
INTERVALS - del

A

1, La’
ho

r-—=—1C
IJNSERT A IERD HERE ll O l""

TABULATION

—

NCL nEP ORS
[MCLUDING REPEATED FACT UP T0 5% FACTDRS OF ONE TYPE ARE ALLOWED FOR ON | bpa OF FUNCTION ] COEFFICIENT 1
0 ——
l""'"'“ OF (e Znamt) THIS SHEET, BUT THE USER MAY ADD EXTRA ROWS T A BLOCK u, (0 i
<
FACTORS, FOR n<m TO ALLOW FOR MORE THAN SIX FACTORS IF NECESSARY Uy ()
KUNBER OF § FACTOR
I 3 TAcToRs FACTORS OF THE TYPE 1/(3+K)" (n<3) MUST BE DECLARED 1 Up ()
[uumeen or (a.i)ractons AS 1/(s+K) (s+s), ALL THE FACTORS BEING ALLOWED FOR u, ()
uMBER OF (st . .. .
F (st 2ns o m®) PACTORS N y[\], ANDn"ns BEING WRITTEN IN THE "1/ (s+k) FACTOR Uolt)
NUMBER OF /s FACTORS BLOCK ks OF tION-REPEATED FACTORS MUST PRECEDE t
'
m THOSE OF ANY REPEATED FACTORS t
a VALUES OF ¥'s IN t*
: 1/(3+x) FACTORS ’
X) e e T e IE T |
kl.“ s uk U] ‘
L !
o &M uo(t)rnteBt?) L d lﬂsm {wi)+ Beos (wt) I(ﬂ* fox sin W8+ B cos (Wt
'; Wumser of FuncTions | | —— — R ———— ..._.ﬂ B
> OF THIs TYPE ;
x p(9] | pl10] ]
O
> - B - e r= e
o r ! [
p-J i (L2} 'l B, I’ 1
' VALUES OF r's AND m's IN 5 [ /
n's AND m's
m } , ﬁ(! ‘ o g
X ) + @2 ) FACTORS t, ‘
m i =7} ! Be
{ my, mz, ,m Bz !
m Cal LUTRLE TR, 1E / /
- X; ,’ /
J— (LS f} on
4 ! J §
11 /' [ , BJ — B3
o o ! i
7 Ay
Pyl /s J |
7 13 |
') » ]
Py L4 N r———t--——_——— -t —_——————— — ——
o ‘ = = B
m wy ! w, / wry
2 2 i [ [ B
< e 1 wp / Wy
!
m as | Q3 / as
ti -} - W3 -/ s - C '

THE INTEGER ARRAY p[B, ] DETERMINES HOW MANY OF EACH TYPE
OF FUNCTION ARE PRESENT IN THE INPUT A ZERO MUST BE

WRITTEN WHEREVER A GIVEN TYPE OF FUNCTION 16 NOT PRESENT THE COLUMNS
UNDER EACH TYPE OF FUNCTION NEED NOT BE FILLED IN IF THEIR CORRESPONDING
p 15 TERO ONLY p OF THE =< A {(X) AND o,w BLOCKS NEED BE FILLED IN

SPACES FOR ONLY THREE OF EACH TYPE QOF FUNCTION HAVE BEEN ALL OWED
FOR ON THI5S SHEET, BuT THE USER MAY ADD EXTRA ROWS TO THE APPROPRIATE
BLOCK TO ALLOW FOR MORE THAN THREE OF A GIVEN TYPE IF NECESSARY IN
THE pla] BLOCK, FOR EACH "o ITS CORRESPONDING ‘w” MUST BE WRITTEN AS
2ZERO IN THE p [i0] BLOCK, FOR EACH "w", ITS CORAESPONDING ‘o’ MUST BE
WRITTEN AS ZERO

IF NO TABULATION OF THE OUTPUT FUNCTION IS REQUIRED THEN THE INTEGER del’
MUST BE WRITTEN AS ZERG OTHERWISE “del 15 THE NUMBER OF LARGE TIME
INTERVALS,1e THE SUFFIX OF THE FINAL VALUE OF t
— —— - — INDICATES THE QRDER (N WHICH THE DATA MUST BE PUNCHED

EACH NUMBER MUST BE TEAMINATED BY A NEW LINE
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RESPONSE OF LINEAR SYSTEMS PROGRAMME I
TRANSFER FUNCTION  [Tm¢ [£ TLLUSTRATIVE EXAMPLE 7] INPUT FUNCTION

SEE SECTION 4 A TITLE OF UP T( 30 CHARACTERS MUST BE INSERTED

BETWEEN £AND 7 CHARACTERS, IN THE BLOCK ABOVE
SEE SECTION 4

ALL THE VALUES OF THE INTEGER ARRAY y[i. 8] MUsT

Ty

i
i

133HS Vvivd Q3137dW0OD JO 3ITIdNVX3I € 'Old

T T

BE FILLED 1IN A ZERQ MUST BE WRITTEN WHEREVER A GWWEN {

ONSTANT GAIN |-—-‘
rc STANT “ 0 634I02l TYPE OF FACTOR IS NOT PRESENT IN THE TRANSFER FUNCTION

Y THE K's,n's AND m’s NEED NOT BE FILLED IN IF THEIR
l"”"““ OF 1/(s+K) FACTORS 3 (8 corresponomc y 15 zeno A
INCLUDING REPEATED FACTORS UP TO SIK FACTORS OF ONE TYPE ARE ALLOWED FOR ON . h\'PE OF FUNCTION | COEFFICIENT ;
——l
I‘“’"u“ OF i/ (st+2ns ) | B @] THIS SHEET, BUT THE USER MAY ADD EXTRA ROWS TO A BLOCK ug(t) °© nd
£
FACTORS, FOR n=m TO ALLOW FOR MORE THAN SiX FACTORS IF NECESSARY Uy (1) °
[NunaeR oF & FacToms L P FACTORS OF THE TYPE 1/(3+K)"(n<3) MUST BE DECLARED | Uy t) ©
[uumaen or (seijracTons O [y Bl s 1/(s+K) (=+X) ALL THE FACTORS BEING ALLOWED FOR u () o
{ ] 3
NUMBER OF (et 2 +m* ) FACTORS 2 [yB y[1), AND™n ks BEING WRITTEN IN THE 1/ (s+i) FACTOR' Ua (®) 3 507
NUMBER OF fe FACTORS il O Uv®H 4oex ks oF Hon-REPEATED FACTORS MuST PRECEDE t 0
] ? .
I THOSE OF ANY REPEATED FACTORS t 25
YALUES OF K5 IN : B . t* o]
1/(3+K) FACTORS I . |
1 F———————— — - ————————— ]
KKy, Lky (1] Pt |
-0:31401 - M ugt)ent e x12) L lsmn(ml)f Bcos (wt) [c“' {x sin (wi)+e B cos {wt))
5 549 ' NUMBER OF FUNCTIONS 2 - - 0 }——————————» | - B
5 549 OF THIS TYPE
p [3] p (16 p (1)
- BF—{.]-2 913i e
—
lr i Ry O " B|
| X, o ) ,’ —
1 — | .VALUES OF .rs AND ms IN SO [N - = AP B ——
: (a1 4244 + m2 ) FACTORS oy 0 ‘ S
2
L .“l-nh s Ny my, ma, ,I’nlm B, 0-5928 l‘
a3 7372 6 21934 ' % o 31601 !
rd , “'b
7 !
v Oy Bl
J VL : - —" | .
7 / 3 | ]
’/ I3 -4 i
v / ' |
v / ————— — —— ——— e ———— ———— e —
I afl 2 79923 ~= 1o | 9486
/
VALUES OF k's IN | wy O ,’ | / / will 72619
51K} FACTORS II 1 azjf | 304 ‘ 2 / ‘/ 2
KKz, kg J We o] ,j wy / p Wy
el -
/= as / o] / -/ k- i
/ Wy i - —J Wy {  —/ Wy - it C

/ — — ) o — C THE INTEGER ARRAY P[gl ,“J DETERMINES HOW MANY OF EACH TYPE

/ msem A ZERD HERE ]I Q-
,  TABULATION

OF FUNCTION ARE PRESENT IN THE INPUT A ZERO MUST BE

—d

\

-

WRITTEN WHEREVER A GIVEN TYPE OF FUNCTION |6 NOT PRESENT THE COLUMNS

UNDER EACH TYPE OF FUNCTION NEED NOT BE FILLED IN IF THEIR CORRESPONDING

S

|
|
ll VALVES OF s AND ms IN WUMBER OF LARGE TIME P15 ZERD  ONLY "p” OF THE =<, B,(¥) AND o, w BLOCKS NEED BE FILLED W . __ g
| (B K205 0 2) w FACTORS INTERVAL S~ del | SPACES FOR ONLY THREE OF EACH TYPE OF FUNCTION HAVE BEEN ALL OWED
L npng oy(s)  lmima, ey | ‘ E FOR ON THIS SHEET, BUT THE USER MAY ADD EXTRA ROWS TO THE APPROPRIATE
8 8949 1o ?‘?'55 I 3 - BLOCK TO ALLOW FOR MORE THAN THREE OF A GIVEN TYPE IF NECESSARY N
-4-7884 sz/leg ho ol THE p{S] BLOCK, FOR EACH a” (TS CORRESPONDING “w’ MUST BE WRITTEN AS
7 l t 5 ZERO N THE p [iG) BLOCK, FOR EACH "w" TS CORRESPONDING “a’ MUST BE
H /,/ b I WRITTEN AS ZERO
/r;/ / bt S iF ND TABULATION OF THE QUTPUT FUNCTION IS REQUIRED THEN THE INTEGER ‘del’
< - v e 005 MUST BE WRITTEN AS ZERO OTHERWISE "del” 1S THE NUMBER OF LARGE TIME
: ta 10-5 INTERVALS, 1e THE SUFFIX OF THE FINAL YALUE OF t
L—»—{ A ha — — — 4 — |NDICATES THE ORDER IN WHICH THE DATA MUST BE PUNCHED
ta ‘ EACH NUMBER MUST BE TERMINATED BY A NEW LINE




RESPONSE OF LINEAR SYSTEMS PROGRAMME T
TRANSFER FUNCTION [117ee J£ 1MPULSE RESPONSE OF A TRANSFER 7|

SEE RESULTS FROM DEUCE POLYNOMIAL
FACTORISATION PROGRAMME (Fig 5)

\
|
|
|
|
|
|

L CONSTANT GAIN T 0219

-
Y

} FUNCTION BY STEIGLITZ

A TITLE OF UP TO 30 CHARACTERS MUST BE INSERTED
BETWEEN £AND 7 CHARACTERS, IN THE BLOCK ABOVE

ALL THE VALUES OF THE INTEGER ARRAY y[i. 6] Mus¥
BE FILLED IN A ZERO MUST BE WRITTEN WHEREVER A GIVEN
TYPE OF FACTOR IS NOT PRESENT IN THE TRANSFER FUNCTION

THE k's,n's AND m's NEED NOY BE FILLED IN IF THEIR

»

iUy}

INPUT FUNCTION

UNIT iMPULSE , u, (t)

/
4
/L

— i oy

r——<—-{C
lmsem' A ZERO HERE II 0 ]--

o

TABULATION

L —

1 -

THE INTEGER ARRAY p[9, ,11] DETERMINES HOW MANY OF EACH TYPE
OF FUNCTION ARE PRESENT IN THE INPUT A ZERO MUST BE

i
l"u"““ OF 1/(s+K) FACTORS 0 cormesponome y 15 ZERG A
INCLUDING REPEATED FACTORS UP_T0.SIX. FACTORS. OF_ONE. TYPE ARE_ALLOWED_FOR.ON ' l TYPE OF FUNCTION | COEFFICIENT T
F""’R of |f(+2nsemt) 3 2] viss SHEET, BUT THE USER MAY ADD EXTRA ROWS TO A BLOCK u,{8) ° -——t
FACTORS, FOR n<m TO ALLOW FOR MORE THAN SiX FACTORS IF NECESSARY us ) o
W"“" OF s FACTORS o 1) FACTORS OF THE TYPE 1/(s+K)"(n<3) MUST BE DECLARED | Up (t) 0
n Eﬂm OF (3+k)PACTORS | 1& AS 1/(a+k) (s+K), ALL THE FACTORS BEING ALLOWED FOR u ) l
a fumBER OF (st 2 +ut) FACTaRS 3 _JyBIL y[i], AND*W"K's BEING WRITTEN IN THE “}/(s+k) FACTOR" us ) °
A fumser o 1fs racrons O B block ks OF NON-REPEATED FACTORS MUST PRECEDE t o
' 2
| THOSE OF ANY REPEATED FACTORS ! ©
0 VALUES OF Ks IN I . . - L " 0
o) 1(s+K) FACTORS I I
__I [ T T T T R e T T T MR e T T AT ST e e —— J
% kh“?!' Ik‘ [.‘] '—,—” I
- -57937185 | Ot upl)entest2) | ¥ bsin Got)+ Beos (wt) £t G sn (ot)s B cos (wt))
m $-4301403 t NUMBER OF FUNCTIONS n _________ — e e O F—»
r—n-t 7 OF THIS TYPE 0 O B
o 7 S pli0) p b
> B == o e Y e
- f
= tr | 3 ﬂ / I' B, / By [I/
> 1 - ¥ II/ ,’ !
| | VYALVES oF n'e AND m's IN | m ! ” /
n } /(s +2,s + m? ) FACTORS “zl ‘ . ‘ -
I H “ / A Bz / Beo
m L Ny,Ne, o, I'Il Izl m,,.mz, ,mz I‘] Bz | ’.f
A 50a68008 | -83213297 ' P = = - = — |
26989885 [1-4162948 I l : ey 2
L4 oL -
n '63016501 |22942107 > | £ T
O = —t B, - i I i
0 7 3 / B~ - ‘
paiid ! ! ‘
= v re————te——————— - ———— ————— 4
8 ; ; L [ T
- /
’7:' VALUES OF k's IN | i ) / 1’ L / / ) /
o 5+k) FACTORS : ' ay / ‘ ay / / ay /
KiKz, ,kypa] ’_J Wwe / ,f wa / / wy /
¥ 13 251822 |- as N 4 / ol /. c
> ws 1 ]/ - w3/ L
<
LY
r~
m

WRITTEN WHEREVER A GIVEN TYPE OF FUNCTION IS NOT PRESENT THE COLUMNS
UNDER EACH TYPE OF FUNCTION NEED NOT BAE FILLED IN IF THEIR CORRESPONDING

VALUES OF n's AND ms IN NUMBER OF LARGE nn"—“ p" VS ZERO  ONLY "p” OF THE =, B,(¥) AND o,w BLOCKS NEED BE FILLED IN
L (s'+2ns +m2) FACTORS IINTERVALS - _del 3 SPACES FOR ONLY THREE OF EACH TYPE OF FUNCTION WAVE BEEN ALLOWED
NyMg. 0¥ [5) Fma.mz. .my (s] | FOR ON THIS SHEET, BUT THE USER MAY ADD EXTRA ROWS TO THE APPROPRIATE
- —1-9804 204 2'05’, 8301 v e o o' BLOCK TO ALLOW FOR MORE THAN THREE OF A GIVEN TYPE IF NECESSARY IN
-1'993108 |2-)1ip?i4 ho d THE p[3] BLOCK, FOR EACH *a~ ITS CORRESPONDING "W MUST BE WRITTEN AS
—1-4371839 12 0556478 1 4 26RO IN THE p (1G] BLOCK, FOR EACH "w”, ITS CORRESPONDING “a’ MUST BE
A he o5 WRITTEN AS ZERO
V‘/ . I 2 IF NO TABULATION OF THE QUTPUT FUNCTION 15 REQUIRED THEN THE INTEGER ‘del”
i . he dl MUST BE WRITTEN AS ZERC GOTHERWISE "del” 1S THE NUMBER OF LARGE TIME
f ts 10 INTERVALS, 1e. THE SUFFIX OF THE FINAL VALUE OF t
Lo A al’ e v - — |NDICATES THE ORDER IN WHICH THE DATA MUST BE PUNCHED
tq’ J EACH NUMBER MUST BE TERMINATED BY A NE€W LINE

L1




Resylts from the DEUCE polynomiol factorizauion progromme

Numerator
' -3 2518217
| 98042042 * 1 O 536601929
199310798 £ 1 O 698590264
¥ 143718389 £ | | 46975862
v Derominator® -0 579371846
-5 43014026
* -0 506680077 £ | O 66009134
-0 269898855 * | 1 3303401}
-0 630165014 * 1 2 20598800
Results from Frogramme |
Response of Linear Systems Programme 1
Impulse response of a transfer function by Steiglitz
Output function
exp-at)x(u(t) 1, 142> Q= 37937185
3 9767338
00000000
00000000
expl-at)x(uit) t,t12) a=5 4301403
- 27189447
00000000
00000000
eXP(-OLIR(SINWEL,COSWL) 0= 50668008 w= GBOC9134
-5 0906952
~1 3236981
exg(—anx(smm,mswn 0= 26989885 W= | 390340
7789070
-1 5287643
exp-abix{$inwi,coswt) a= &3I0IG501 w= 2 2059680
92167295
- 33046717
Tabulated output. function
time function interval= 10000000
C 00000000 02195952
10000000 00439558
20000000 - 01066167
3000?000 - OIS‘JISSOD
1 I
I
’ | |
9 2000000 - 02310219
10 000000 - 01004626

[N~ Y o

0 & Dyt /\ L 1 i
s \/ 4 [ 8 o
; \/ Time (se.c) \/

Plotied response

Fig5 Results for worked example (section 5)



Input function
T2t uz(t) +420u,(H) + 5-21 U, (B) +6:21 U (Y
+ 2t + 3824443
+ e~5t (625 + 3-25¢ + 0-25¢2)
+ 5 2 sin (I-5t)+ -2 cos (I-5t)
+ ¢~25% (6 33sin (3-9t) + 6:22 cos (3 9¢))

Tronsfer function

(5+32)(5%24+325+18-49)5
(5+32)(5%2+3-25+18:49) s

Output function

Response of linear systems progromme 1
Test Ch 1234.56 S01)
output function
3-2100000 u3(t)
4-2100001 u2(t)
5-2099996 ul(t)

6 2100001 uol)
9996998  t#|
2:9999999  t42
3-9999998 t43

exp(-at)*(u (2),t,t42) 0=-50000000
6-2499999
3-2500000
*24999996

exp(-at) #(u(t)t,t42) a= 32000000
-00000000
00000000
00000000

sinwt, coswt w= 15000000
5-2000002
19999996

exp (-ot)* (sinwt, coswt) a= 2:5000000 w=3.9000000
6-3300000
62200001

exp (Cat)x(sinwi,coswt) a=1-6000000 w=3-9912404

+Q0000000
00000000

Fig. 6 Example for test of accuracy

A

N

0



W

SAF
IAF

H i

(sTA RT ), ‘

- - -

Read in and print out the data title
Reod in the number of exp , and exp trig.
functions in h(t) E :
Read in the coeffs and volues of a and w
of these functions 7 )

l

Form the elements of matrix B from the

coeffs. of the functions of h(t)

r ¥

Form the elements of matrix A from the

values of aand w of the functions of h(t)
{

Perform the motrix product c¢:=axAxB, where

a 15 the coeff vector of h(t), and the resulting vector

¢ 15 the coeff vector of the SAF

!

Print out the SAF

{

Read in the coeff of u (T) of the [AF
Read in the number of exp and exp trig Functlons inthe TAF
Read in the coeffs, and values of a andw for these functions

Form the elements of the motrix E
from the IAF and h(t)

Perform the motrix product S:=cxExcec, where ecis
the coeff. vector of the I AF, and s is the value of
the Mean Square

Y

Print out the value of the Mean Square

Go to START and repeat the programme

for the next set of data

System Autocorrelation Function
Input Autocorrelation Function

Fig7 Flow diagram for programme II



TRANSFER FUNCTION

RESPONSE OF LINEAR SYSTEMS. PROGRAMME II.
MEAN SQUARE PROGRAMME

(USED IN CONJUNCTION WITH PROGRAMME I)

[T &

?] | INSERT THE FOLLOWING DATA..
[m————————- ! (THIS 1S TO PRODUCE THE SYSTEM
I ATITLE OF UP T0 30 CHARACTERS MUST BE INSERTED BE TWEEN AUTOCORRELATION FUNCTION)
| & AND ? CHARACTERS, IN THE BLOCK ABOVE.
(consTanT Gan | P~ AL THE vaLUES OF THE NTEGER ARRAY 4, (g MusTBEFLEOIN. | |A -~ ———=—- o
1 A ZERQ MUST BE WRITTEN WHEREVER A GIVEN TYPE OF FACTOR IS NOT o
::lcl‘:ifﬂ UFRIE/?S- A;?D F::g gﬂég WI] PRESENT IN THE TRANSFER FUNCTION THE SYSTEM AUTOCORRELATION o
— - lNunB?:G‘W - — i =] TR WS, AND e REED NOT BE FILLED W 1F THEIR FUNCTION T§ PRODUCED BY THE ]
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Read in and Printout the data title
Read in the number of each type of
factor in the TF
Read in the &s, n's and m's of the
factors 1n the TF
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Read in the coeff of Ui(t) of the TAF
into the I.V
Read in the mumber of exp, and exp brig
funclions in the T AF
Read in the coe“s,a’s and w's of these functions
Set up the IV. with the coeffs
of the T.AF
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dependnng upon the values of
k, and the types of functions in __..
theIAF Mu“:np's the R.M bj

the I.Y, and store the resultmg
vector in the T V.
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RM by the TV and

store the resultin
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Prinlout the Output Autocorrelabion
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RESPONSE OF LINEAR SYSTEMS. PROGRAMME I

TRANSFER FUNCTION  [EJE 2l | INPUT AUTOCORRELATION

A TITLE OF UP TO 30 CHARACTERS MUST BE INSERTED FUNCTION
BETWEEN £ AND ? CHARACTERS, IN THE BLOCK ABOVE. ' .
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II b THE K's,n’s AND m's NEED NOT BE FILLED IN IF THEIR

NUMBER OF 1/(s +k) FACTORS CORRESPONDING "y’ IS ZERD '

NCLUDING REPEATED FACTORS UP TQ SiX FACTORS OF ONE TYPE ARE ALLOWED FOR ON
t‘UMBER OF 1f(s* + 2ns + m?) THIS SHEET, BUT THE USER MAY ADD EXTRA ROWS TO A BLOCK
FACTORS, FOR n<m TO ALLOW FOR MORE THAN SIX FACTORS IF NECESSARY.
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]
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July 1969 62137432 ¢
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519.252 ¢
ALGOL PROGRAMMES FOR THE RESPRTE ANALYSIS OF LINEAR 517.511

. SYETEMS WITH DETERMINISTIC OR RANDM INFUTS

In previcus publications the so-called gerifal/matrix technique has been
developed for the response analysis of systems detfined by time-invariant
ordinary differential equations, One paper describes how an explicit
formlation for the output function may be easily obtalned when the

input function 1s deterministic, A second gives the output autocorrela-
tion function and output mean ajuare valie when the input is a statlonary
random process.

This paper gives computer programmes in ALGOL which implement these
ideas, The programmes are described primarily from the point of view
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STSTEMS WITH DETERMINTSTIC OR RANDGM IMPUTS

In previous publications the so-called serlal/matrix technique has been
developed far the response analysis of systems defined by timp-invarlant
ordinary differential equations. One paper describes how an explicit
formilation for the cutput function may be easily cbtained when the

input function Is deterministic, A second gives the output autocorrela-
tion function and output mean square value when the input 15 a stationary
ramlom process.

This paper glves computer prograrmes 1n ALGOL which implement these
tfdeas, The programmes are deseribed primarily from the polnt of view
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of the user with 1llustrative examples to demonstrste the use of pre-
pared data sheets but suf ficient information is Included to enable users
to develop the programmes further If required.
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of the user with 1llustratlve examples to demonstrate the use of pre-
pared data sheets but sufficlent information 1s included t0 enable users
to develop the programmes Jurther if required,
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