ALGOL survey program
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ALGOL survey program (Asp) is one of many programs now in existence for survey analysis.
It differs from most of the others in that the user’s requirements are specified as part of the
program, not as part of the data. This has the advantage of giving the user the power of a compiler
to assist him, but the disadvantages that the user must know something of programming, and that
the program has to be re-compiled for every new set of requirements.
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The Department of Social and Preventive Medicine at
Manchester University has, for many years, been involved in
survey work, offering advice and assistance to research workers
wishing to process their survey data. Such workers often collect
large quantities of complex data, often coded in a complex
fashion, which would be best processed on a computer, but
lack the time and programming knowledge necessary to under-
take the task of writing a complete program themselves.
Furthermore if they were to do it themselves it would be largely
wasted effort sincé the bulk of the programming can be done
once and for all. A program has been available (Department
of Social and Preventive Medicine, 1969) for some time, which
could most easily be described as being an enriched version of
the programming language Atlas Autocode (Brooker, Rohl
and Clark, 1966), in that all the facilities of Atlas Autocode are
available as well as the additional facilities for survey analysis.
This program was written in a mixture of Atlas Autocode and
Atlas Machine code and as such was, at the time, available only
on the Atlas computer (though a version is now available on the
ICL 1906 computer). It was felt that an ALGOL system,
incorporating similar facilities, might have a wider use and
might be more machine independent, or at least easier to
transfer between machines.

Desirable features
Desirable features for any system for tabulating survey data
are:

1. Data checking facilities so that data incorrectly coded, or
recorded, may be rejected from the analysis and listed, in
order that spurious results are not generated;

2. Facilities for producing both frequency tables and tables
that have as their entry item the value of a variable, or any
function of variables;

3. A variety of printing modes so that the work of calculating
percentages, or the x? statistic, by hand does not have to
be done after the computer output has been received;

4. The capacity to deal easily with tables of more than two
dimensions;

5. The ability to store data for use on more than one occasion
without having to read cards many times, and also to store
tables for subsequent updating;

6. Automatic layout of tables, complete with automatic
splitting whenever a table is too wide for the page;

7. Facilities for naming variables, and categories within
variables, so that the tabular output is directly meaningful
to the user.

Types of survey analysis program
Survey analysis programs in general fall into three main groups:

1. Programs such as the BMD series (Dixon, 1967) which are
self-contained, where the user specifies requirements by
means of special data cards which precede the survey data.
The main disadvantage of this type of system is that theo
specification of requirements is in such a heavily coded forms
as not to be at all meaningful without constant reference tOO
a manual. Q

A further disadvantage of BMD in particular seems to be
that it might be necessary to use several programs of the3
series to perform an analysis. However the programs are=
compatlble in that the way of spemfymg requm:mentsU
remains the same throughout the series; 5

2. Special computer languages designed solely for survey,{l
or other statistical, analysis, such as MVC (Colin, 19643
Singh, 1968) or ASCOP (Cooper, 1967; 1969). These acceptO
instructions in a fairly English-like form, but require thc:D
user to learn a special language (which is not usable for3
more general purposes), and may not be easily transferablei
from one computer to another. This is specially true o
MVC with its own compiler, as distinct from ASCOP, thats
depends on an interpreter written in FORTRAN;

3. Systems that are an enrichment of an already available,2-
general purpose, language. The main advantage of such a_
system is that it provides all the facilities of the generaL
purpose language if required, yet the more difficult part\
of the programmlng task has been done. Transfer betweenw
computers is also relatively easy. \‘

The user is required to learn some programming, but onlyc_
relatively simple operations are usually needed, and thes
language may be useful to know for other purposes.
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ALGOL survey program (Asp) is of this third type. It doesJ>
require the user to write some ALGOL, but while the fulE
power of ALGOL is available for those capable of using it)s
successful analyses may be made with a much more llmltecl.';lJ
repertoire, merely working from examples rather than from an
ALGOL textbook.

Whereas the ‘Special Compiler’ facility of Atlas allowed the
Atlas Autocode program to be treated as if it were itself a
compiler, a rather different approach has been used for the
ALGOL version, so as to be independent of differences between
operating systems.

This approach consists of a fixed ALGOL program, in which
four procedures are missing. The user specifies his requirements
by writing these four procedures, which are then combined with
the fixed program before compilation.

The advantages of this approach have to be paid for because
the program has to be re-compiled for every job, since the
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ALGOL program is not complete until the user’s procedures
have been supplied.

So as to avoid having to compile, every time, too many facili-
ties that will not be used, three versions of the program have
been devised. These are called Miniasp, Midiasp and Maxiasp.

Miniasp

The Miniasp program contains facilities for reading data from
cards, checking for faults and inconsistencies in the data,
forming frequency tables in any number of dimensions, and
printing these tables either as frequencies or as percentages (if
percentages are requested, the frequencies are printed also
unless the user deliberately suppresses them).

Midiasp

The Midiasp program contains all the facilities of Miniasp, but
additionally allows frequency tables to be printed as a y value
for each cell together with a total x2; and also allows the con-
struction and printing of mean tables, standard deviation tables,
and expression tables where the means, standard deviations,
and expressions may be formed from any functions of any of
the variables, tabulated by ‘any of the variables.

A feature of the output of a table of means and standard
deviations is that each cell of the table contains the three
values—frequency, mean and standard deviation (see Fig. 1).
This is much handier, for eventual use of such a table, than
three separate tables: one for the frequencies, one for the means
and one for the standard deviations.

Maxiasp
The Maxiasp program contains all the facilities of Midiasp,

EXAMPLE

FREQUENCY TABLE NUMBER 1

MEAN TABLE NUMBER 2

STANDARD DEVIATION TABLE NUMBER 3

cvil ,

1 2 3 4 TOTAL

MEAN

) STANCDEV

cviel

0 17 7 S 1 30
4455 379 577 S5e71 4062

Q¢53 0e48 0456 Lo 0e82
1 22 15 1¢ 5 52
6012 443 6e9( 6e66 S5e84
Qe 46 Ok 0elt8 Ce87 107
2 12 20 19 13 64
6029 4473 6496 741 623
Qeb7 057 Q.52 Ce53 1019

3 10 15 23 11 59
4069 3455 S5e4C 6407 4994
Qe58 057 0e39 Geb1l 1404
4 5 9 19 18 51
4487 3463 5468 6ele 5439
Oe48 0¢54 0¢39 Qel4 100
-5 0 2 13 lé 31
* 4,91 6431 6490 6452
» 0+23 0453 0466 0477
TOTAL 66 68 89 64 287
MEAN Sebk 4e17 6e12 6460 5061
STANCDEV 0+92 Qe72 0.78 Ce77 120

STANDARD DEVIATION WITHIN GRBUPS = Ce51
DEGREES OF FREEDOM = 264

Fig. 1. Example of output of a table of frequencies, means and

standard deviations
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with the addition of facilities to allow data, or tables, to be
stored on magnetic tape (or disc) for re-use in a further run,

Programming

Asp was originally written for the ICL Atlas computer using
Atlas ALGOL, with the addition of code procedures for read-
ing individual characters and for using magnetic tapes. It has
now been transferred, with little trouble, to an ICL 1903A.

There are three features of the programming that are, perhaps,
sufficiently unusual to be worth explaining in some detail.

The first is the device that allows the user to specify tables of
any number of dimensions, without violating the ALGOL rule
that a procedure can have only a fixed number of parameters.
This is done by means of a function, 7, using itself as its own
parameter. Thus 7(2,0) indicates a one-dimensional table
based on variable number 2, whereas T(3, T(1, T'(5, 0)))
indicates a three-dimensional table based on variables 3, 1 and
5. The principle of this is similar to that given by Hill (1971).

The second feature is the use of ALGOL block structure to
give ‘default’ versions of the procedures that the user is expec-
ted to supply. The user’s procedures are declared and usedU
within an inner block. However, procedures with the same 5
names but with dummy bodies also exist in an outer block. If
the user declares his procedures, these get used, but if a par- o 9
ticular procedure is not required the user can simply ignore it =
and the rules of ALGOL automatlcally call for the outer )
block dummy version, so the program is still complete.

The third feature is that the user’s procedure tabulatzons,
which is used for each data card read to update the tables, is 5
also used initially, before reading the data for the first subject, g
to set up arrays of pointers for later use both in forming tables §
and in printing them out. It might be thought that machine & o
code would be needed for this purpose, but, in fact, it was c
found possible to do it entirely in ALGOL, thus preserving 3 8
machine 1ndependence 3

Even the size of these arrays is not known until the user’s S
procedures have been examined, and since the arrays need to'S S
exist in the same block as the user’s procedures a special device &
is necessary, which is based on the following idea:

begin integer H, J;
J:=0;
for H:= —1,0do
begin array A[0:J];
if H < 0 then carry out all operations needed to determine
the required upper bound and set J to this value, while _
avoiding all operations that actually use 4
else
do the real job using 4 which will now have the required
upper bound
end
end

sdpy wol
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Categorised variables
Raw variables will be read from cards, derived variables may be
formed from these, and tables will be formed from these
variables. Such variables are held in an integer array called CV,
whose upper bound is specified by the user. CV stands for
Categorised Variables—the word Categorised being intended
to indicate integer type. The user, therefore, refers to the vari-
ables in the form CV [subscript]. The name CV is not at choice.
At present, tabular output is in terms of this CV notation, and
the marginal scales are purely numerical. It is hoped that a
later version will allow the user to specify names, both for
scales, and for individual categories within any scale, so as to
make the output more directly intelligible.

Example
The user’s four procedures are called limits, readin, tabulations
and printout. None has any parameters. In a very simple case,
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for which Miniasp would be adequate, they might look as
follows:
procedure /imits;
begin
range (1, 1, 5);
comment this indicates that there is to be a variable called
CV[1] whose values should not be less than 1 nor more
~ than §;
range (2, 1, 13); range (3,0, 4)
end limits;
procedure readin;
begin
cardinput (1, 3);
comment read in a card, and print out the number con-
tained in columns 1, 2 and 3 in a list of serial numbers;
CV[1] := col (6);
comment the variable CV[1] is read from column 6 of the

card;
CV[2] := cols (7, 8);
CV[3] := col (10) —1;

comment since the ALGOL compiler is available, any
expression may be used in defining a variable;

if CV[3] = 8 then CV[3] := O;
comment various such manipulations may be made to
reach the final values of the variables. The check that
CV[3] lies within the range 0-4 will not be made until
exit from this procedure;

if CV[1] = 1 and CV[2] > 9 then inconsistency (1);
comment an inconsistency message, quoting the parameter
1, will be printed if the condition is true;

end readin;

procedure tabulations;

begin

Sfreqtable (1, T(2, 0), true);
comment frequency table number 1 is to tabulate by the
variable CV[2]. The true parameter indicates that all
subjects are to be included;

fregtable (2, T(1, T(3, 0)), CV[2] < 10);
comment frequency table number 2 is to be two-dimen-
sional, tabulating by CV[1] and CV'[3]. Subjects are to be
included in the table only if their CV[2] values are less
than 10;

end tabulations;

procedure printout;

begin

printfreq(1, 1, ‘ABC’, 0);
comment frequency table number 1 is to be printed, on
output channel number 1, with the heading ABC. The
final parameter, 0, indicates that plain frequencies are
required ;

printfreq (2, 1, ‘DEF’, 2);
comment frequency table number 2 is to be printed, also
on output channel number 1, with the heading DEF. The
final parameter, 2, indicates that percentages of column
totals are required—plain frequencies will be printed as
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well;
end printout;

This example has deliberately been kept simple for illustrative
purposes, but it is when complications arise that the system is
seen to its greatest advantage in comparison with some other
survey analysis programs.

If variables are required, which are complicated functions of
the values read from the data, and perhaps conditional on other
variables; or if consistency checks are to be made that call for
involved Boolean constructions, then having the power of the
ALGOL compiler available to do the work, means that the
user can merely write down the desired expressions without
much difficulty.

Timing
It is difficult to make an overall judgment of the efficiency of
the program, in that we regard human time as being important
as well as machine time, but more difficult to measure ade-
quately.

When people compare the efficiency of two computing
methods, they often compare merely the computer time taken,
on the final run, while ignoring not only the human time needed
to prepare the run, but also any computer time taken i1§
‘de-bugging’ runs. a

We shall follow this precedent in quantifying only the comZ.
puter time of a final run, but it is essential to remember thag
this is not the whole story. =

For purposes of comparison we took a survey job that ha@
recently been run on the ICL 1903A using a version of the
XTAB programs (Massey, 1963). It had given a ‘Total Mil§
Time’ figure of 56 seconds. g

To produce the same answers using Midiasp took a ‘Totad
Mill Time’ of 157 seconds. It was found, however, that 4@
seconds were taken in compiling (XTAB does not have t@
re-compile every time), and a further 61 seconds could b%
saved by removing array bound checking, rather surprisinglg
giving a net running time of 56 seconds as used by XTAB;
In general, we think that the value of array bound checking i
such that it should be included, but it is a sobering thought thag
it can more than double the running time. >

There was one feature of the particular job that enabled Asp:
to show to advantage. The data cards had been punched with @
varying number of records per' card—anything from oné
record to four records in a fairly random fashion. To use XTA@
a special run had been necessary first, to form a new and morg
regular data file. The flexibility of Midiasp is such that it wag
found quite easy to use the cards in their original form, eve§
though the possibility of such a set of data cards had not been,
envisaged when Asp was written. >
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Manual £
An Asp Manual, that gives all necessary details of the facilities;
available and how to use them, has been prepared. Copies may
be obtained from the Medical Research Council, Computer
Unit, on request.
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