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Plesse ensure that
every member of your
mthematics staff has
an opportunity to read
this Newsletter,

The views expressed
in the articles in
this Newsletter are
not necessarily those
of the Education
Department, Hong Kong.

Cover : The figures in
the grid on the cover
ere designed in the
same manner. What's
special about them?
What should the figure
represented by the
question-mark look
like? Here are the
answers : The figures
are all symmetric, the
right sides being the
integers 1, 2, 3, eto.
end the left sides
their mirror images.
The question-mark
represents .
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FOREWORD

This fifth issue of the School Mathematics Newsletter (SMN)
brings you a variety of ideas, articles and news on Mathematics and
Computer Studies. These include features on special topics of the two
subjects, student homework assignment, teaching experience, in-service
teacher training, current trends in mathematics teaching, views on
computer literacy, criticism on BASIC, etc.,, together with puzzles, games,
cartoons and news on new publications. 1 hope you find this issue
informative besides enjoyable.

The new cover design and new layout are intended to make
the SMN more inviting and eye-catching. I would like to hear your
comments and suggestions on both the layout and the content.

May I take this opportunity to thank all those who have
contributed to this issue of the SMN,

S. B. Teng
Principal Inspector (Mathematics)
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L BOX =8 ,
L ACB = a - 8 ,
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( cos p - cosa )® + ( sin B - sin a)®

H

cos® B + cos® a -~ 2 cos a * cos B + sin? B + sin? a -
2 sina * s8in B

# 2 -2 ( cosa * cos P+ sina * sin B )

% aa0B o P BR9E G H

OA® 4+ OR® - aB?
cos {( a - B ] = 555 0B

1 +1-24+2{cosa - cos B +s8ing * sinp )
2 1 -1
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cos a * cos B + 8ina . 8in B
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In-service Training for
Mathematics Teachers

F. K. Siu
Northcote College of Education

Mathematice plays an important role in the school currioculum. All
schools are responsible for providing students with a sound mathematics
education so that they can cope with life in this growing complex
sociely. To weet this demand, we meed well qualified and competent
mathematics teachers. But mathematics teaching is a demanding job.
Mathematics teachers shculd no* regard themselves solely as imparters of
mathematical skills. They should also instil into their students the
appreciation of and respect for the intellectusl richness and innate
beauty of mathematice. Modern science and technology develop so rapidly
that they greatly influence the school curriculum. We witness the changep
of mathematics curriculum in the past two decades and we also envisage
more changes in the future. This will make mathematics teaching an even
more demanding task. In order to offer better mathematics education to
the younger generation, mathematics teachers need to maintain and improve
their professicral competence.

In-service iraining (or retraining as some people prefer) is a very
general term. A teacher who is aware of the need to up-keep bis professional
competence will plan his self-devised in-service program. For instance, he
reads regularly professional Jjournals and references. He participates in
conferencen and job-related functiong organized by professional associations.
(The H.K. hesociation of Science and Mathematics Education and the H.X.
Professional Union of Teachers are at present the only local professional
apgociations that orgavize such activities fopr mathematics teachers.) He
alsc frequently discusses with his colleagues teaching methods and new
teaching trends. The mathematica panel of a school can also provide some
sort of schocl based ir-service training. The panel chaimmar takes up
the responeibility for offoring guidance to his junior colleagues. Through
frequent meetings mathematics teachers can learn from each other's
experisence.
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However, in-service training frequently refers to the more formal
courses organized by institutions such as the School of Bducation of
the two universities, the Mathematics Section, Advisory Inspectorate of
the Education Department and the colleges of education. These
institutions will be responsible for initiating, planning, implementing
and evaluating the in-service programs. It is our intent to include all
the afore-mentioned aspects, but only concentrate on the more formal
aspects of in-servics training in the following discussion.

Aime of In-Service Treining Courses for Mathematics Teachers

It is fairly obvious that any in-service program for mathematios
teachers should aim at maintaining and improving their professional
competénce. However it must be made clear that the ultimate bemeficiaries
of in-service training of teachers must be the students. Thus, although
the following aims of in-service training are teacher orienfed, they are
geared towards the improvement on students® learning.

1. To provide teachers with oprortunities, means, facilities and materials
for improving their professional conpetence.
We trust every mathematics teacher has the urge to improve hig
competence. However, hecause of the heavy work locad he is
shouldering he may not be so self-motivated to read up Jjournals
and references regularly. Courses organized by institutioné with
experienced supervisors are thus welcomed, |

2. To assist teachers in developing creative instruction.
Teachers whe already poscess some teaching experience would always
like to improve their teaching approach. Creative instructions can
help students learn the subject in a more meaningful way.

3. To assist teachers in developing new teaching techniques.
Thie is particularly importart with modern innovations in education
technology. fThe use of such modern technology in the classroom can
be learnt in the in-service training program.
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Pl et W MGVELUD PIODLION SOLVing ability ot their students.
Students in Hong Kong, though en&uy a reputation for their mastery of
mathematical ekills, are in lack of ability in problem solving. This
is inevitable because of the examination pressure. Teachers need to
learn a way to help their students to get over this deficiency.

5 To provide a means of developing the mathematics curriculum for the
individual use in the teachers' ow schools,
Teachers need to learn how to Tesponse to ourriculum changes and
design their own curriculum to meet the special needs of their students.
Although the Education Department supply schools with teaching
syllabuses, individual schools have their own needs and mathematios
teachers will take up the regponsinility in designing their own
mathematics curriculum.

€. To help teschers to let students into appreciation of the ocultural
aspect of mathematics,
Owing to the tight schedule for completing syllabuses for external
examinations, mathematics teachers usually ignore the oultural agpect
of the subject. (Or would it be that teachers themselves are not
aware of it ?) To make the learning of mathematics more meaningful,
teachers need to refresh (or start learning ?) mathematics from &
global view and to understand the subject through its cultural
development.

7. To help teachers expand their perception of mathematics.
learning mathematics is an endless task. One can see a simple topic
from a variety of angles. A teacher with a broad view of mathematics
can, in one wgy or ancther, help his students understand the subject
better, It is vital that teachers should "live up" with mathematics
and expand their perception of it,

Bhy In-Service Training ig Necessary

Pre-service training cannot 8upply all the expertise that g teacher
needs, not even for a begiming teacher. Thus in~service training is
neceasary right from the start and ig vitally important for teachers who
have taught for several years.
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4s a group, teachers are concerned with providing the best possible
education for their students. In-gervice training can play an important
role in maintaining and improving their professional competence, thus
benefiting their students. A good in-gservice program alsc helps to
develop self-confidence in the teacher by erabling kim to put up better
and more effective performance in the classrocom. An additional benefit
of in-service training courses is that teachers of various schools can
come together. They can exchange ideas, information and experience in
mathematios and mathematics teaching. This teacher-to~teacher contact

through in-service training courses enables teachers to discover better

ways to teach.

What Courses can be Offered in In-Service Treining 7

The following are some suggested courses for in-service training for

mathematices teachers @

T

The use of electronic calculators in teaching mathematical concepts.
With the development of electronic technology, the price of an
electronic calculator has fallen rapidly in recent Years. Nowadsys
almost all secondary students possess a hand-held calculator. However
for most of them the calculator is merely a super-convenient substitute
for the old four-figure tables, while in fact it can be used as an aid
to learn mathematics, There are lots of ways to help students develop
mathematical concepts through the use of a calculator. (1)

2. Mathematics laboratory approach.
Mathematics laboratory in which students are allowed to play with
concrete materials to discover mathematicel ideas has been a recent
development of mathematics teaching. (2)

3. THistoxry of mathematics.

The cultural aspect of mathematics can best be reflected through the
developmert of mathematical ideas. Moreover, teachers may get ideas
on teaching strategy if they know something about the past development
of the topic they are teaching. (3)
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Ge GULT L wwdlbil GEVeLupuelii,.
The need of developing currimmlum far cchoolet individual use
become more prominent. Teachers need an overview of curriculum
changes in the past decades so that they can design a better

curriculum for their own students. (4, 5)

5. Remedial mathenatica.
With the introduction of mass education in Hong Kong there is an
urgent need for remedial teaching. Teachers have to consider
alternatives and solutions for teaching weasker studenis in

mathematics.

6. Teaching in mixed-abilitfy classes.
There is & growing tendency of putting students with different
ability in the same class. How tc cope with problems arising

from this situstion becomes an urgent problem for teachers. (6)

7. Develop the abilify of problem solving in students.
Problem solving has beer laid down as the main theme of mathematics
teaching in the 80's (7). What problem solﬂdxggis'and how students
can develop such ability should be discussed in depth (8, 9).

There are many other topios that can be included in in-service
training courses. Readers ave referred to Appendix 3 of (10).
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ilibrium

Robert Shin
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Let a rigid body be put on a horizontal or an inclined plane (if
inclined, it is assumed that friction is large enough to prevent slipping
to occur)., We want to consider the problem of its equilibrium. Equilibrium
requiresy of courses as Mr. Newton told us as long ago as his Principia
Mathematica of 1686, and Signor Galileo even earlier, that the forces
acting on it should nullify the effects of each other. This proclamation,
though sound (to the point of being trivial were it not for the illustrious
names that go with it), is not of much use in deciding whether a given body,
say a cone or & chairy will stand up if left to itself. What is needed ias
a criterion that relatee equilibrium to its shape., Messra. Humphrey and
Topping (A Shorter Intermediate Mechanics) and othere, whose names are
sufficiently well-known among A Level candidates to justify quoting
from their workss have come up with a simple test :

When a body is placed with its base in contact with a plane (rough enough
to prevent slipping if inclined), it will be in equilibrium if the vertical
line through its centre of grevity meets the plane within the area of the base.

Here 'if' is & loose abbreviation of 'if, and only if', a practice
not uncommon among engineerm, and '‘base' means, according to the Oxford
English Dictionarys 'the bottom of any object, considered as its support,
or that on which it reats'. This theorem, though seemingly obvious, and
widely accepted, im not all that simple. Consider a man atanding at ease
on level grounds with feet apart. The plumbk line through his c.g. passes -
midway between his feet; and if they are construed to be his support or
base the thecrem will predict that he cannot maintain his stance, though
in actuality his is one of stability and comfort. Similarly, a table rests
on four legss and if the union of these four sets of points of ‘contact is
its bases the line through the c.g. willagain fall outside it. For this
theorem to applys the base of an cbject must be something more than 'that
on which it rests'. The idea may be sharpened using the notion of a convex
set.

1. CONVEX SEIS

Definition A set E of points is convex iff for every pair of
points A and B of B, the straight-line segment AB joining them lies inside
or on the boundary of E; i.e. iff AB € E,

All straight lines(of infinite extent) are convex. For a line
is determined by any two of 1ts points, so that if A and B are any two
points of a line Ly the line L’ ﬂontalnlng them is no other than L,y and
by definition the segment ABSL's L. We shall take as an axiom that all
segments of straight lines are coavex. All triangles (i.e. the set of points
on or inside the three sides) are also convex, though the demonstration will
require a little effort.
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also uonvnx.

Proof Let A and B be any two points of the intersection M M
Memn
of a family /il of convex sets M, These points are in every M€ 2 , and
therefore by convexity the segment AB & M for every M, so that
AB c n M’ q.e do
Menm

With every set ® it is therefore possible to findy by considering

the intersection of all the convex sets containing E, a smallest convex aeg

2 E. (Convex sets contaxnmg E certainly exist; e.g. the entim space K
or R® are convex.,) If B¥ ¥, £ ¥ & as well. 1If E is convexs E = E.

Examples :

1. The smallest convex set { A, B}A containing two points A and
B is the segment AB. For by definition AB & {A, BY" and the convexity
of AB gives {Ay B}" € AB, because {A, B} is minimal.

2. The smallest convex sest containing three noncollinear points
Ay By C is the set of points on or inaside & ABC. :

Proof A convex set E that contains Ay B, C will have to contain
the segments AB; BC, CA and hence their union (i.e. the sides of & ABC).
Let P be any point inside the triangle. Produce AP to meet BC at Q.
Because E is convexy P€AQ S E. This being true of any point P, &ABC € E,
This and the convexity of triangles give{ A, B,C}" € AABC € E. The last
inequality holding for any E, it holds in particular for E = {4, By C}"
and this establishes the result..

3. For n coplanar points P, » Fu 3 «oe9 Pas {Py 3 Pay eves Po)" is
the set of points on or inside the polygon P, P,...P, s provided that this
polygon is convex. If e.g. P, ie inside the polygomn P,P,...P,_,

~N »
P"p2’ ey P"} ={P., Pz' esey Pn_,}l\.

Proof Induce on n. A convex set E containing P, s Pyy cvey
Pa.y P, " contains the polygon P Pz... P,.,and AP, , P, P, (inductive
hypotheain) and therefore also thexr uniony which is the polygon
P,Py...P,_, P, (supposing that P is outside polygon F, P, ... Pn.;). Etc.

2. A NECESSARY CONDITION FOR EQUILIBRIUM

Theorem Let a rigid body be put on & horizontal or an inclined
plane (it being assumed that, if the plane is inclined, the friction
between it and the body is large enough to prevent slipping; no glue,
however, is applied). Let E be the set of pointes where the body makes
contact with the plane. A necessary condition for the equilibrium of the
body is that the vertical line through its c¢.g. should pass through
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Proof Let E={P,y P,y ...s Pn}. Resolve the contact force at
P; in two compenentsy X; parallel to or alung the plane and Y¥; normal to
the plauns.

et e+ o et o e ek o o e vt

Because the body is not glued to the plane, the forces ¥: all point upwards
(see figure) and the revsultsnt of any two of themy may Y; and ¥; , is a
like parallel force whose point of application may be taken to bé some point
PU of the segment P;PJ. Similarlys the resultant of ¥; + Y; and Y, acts
at some point P;.. of Pié P, » ete. Proceeding thuss it may be seen that

the resultant Y, + ¥,+ ... + ¥, of the ¥-forces must act at some point
P {2e0ecep of Eo

1f we assume that each particle of the body in contact with the
plane tenda to move in the same direction, the frictional forces X; are all
like parallei forceg and their resultant must, by the same argument 5 act
at some point Q of E.

There are now three forces acting on the body : its weight W acting
through the c.g.» and the resultanis %, ¢« X, ¢ ... + X, and V) + Y4 008X
For equilibrimm, these forces must be concurrent, which implies that Q = P,
and that the line of ection of ¥ passes through this peint.

seslt

Technical complications arise if E im infinite; these may be left
to the reader to ponder over &t his leisure.

The condition stated in th>» theorem is also sufficient if we
assume that the piane is stalionary and the body ie left o itself (not
given any acceleration sideways, for axample). For then equilibrium may
be broken only by the body's turning about an edge {because of some Y
being too large): but as socy s& the body ie iifted off the plane the
normal force Y; vanishes and the weight's righting moment will restore
it back to position. Thus the ferces Y will automatically adjust
themselves to bring about equilibrium.



3. STABILITY

A sequel %o the theorem of the last section is to conaider the
type of equilibrium the body will be in, whether stables unstable or
neutral. We are tolds by Nelkon and otiser avthorss that the equilibrium
is stable or unsiahble according as the vertical iine through the c.g. atill
or no longer passes through the base when the Dody is slightly displaced,
and that equilibrium is poutral if the line always goes through the bose
irrespective of the amplitude of the displacement .

As explained serliers the base of a body is ‘that on which it
rests' ; and tnat changes with the orieptation of the body in reiation to
those on which it rests. My base when I am sitting on a chairy as I am
nowy is quite different to my base when I am lying on bed, though in the
second case people, following anotiaer convention, would still call my base
my back. When a chair is displaced siightly, it will make contact with
the ground in only two legs (which therefore become the new base). The
vertical line through the c.g.s however, will still pass through &, where
E is the set of points of contact before displacement (i.e. the bottoms of
the four legs of the chair, or the points of the ground they are in contact
with —— it does not mstter which). If E is taken to be the ‘base' of the chair,
the criterion predicts, correctly, stable equilibrium. . It need not apply:s
howevers in other situations.

CoRe ] C.g

4

}

Consider & hollow or solid hemisphere resting on a horizontal
plane. Any displacement, however slight, will brimg the line through the
c.g. outside the base {be thie the oid or new base)y though the hemisphere
will return to its undisturbed position if released and is therefore in stable
equilibrium. Thes criteriony despite its being almost 'obvious'; is actuvally
fallacious.

3
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"It is of vital importance that future generations have not
only an understanding of basic mathematical operations but
also the ability to apply them in a practical context."

1. INTRCDUCTION

THESE words are perhaps the driving force behind the formation
and work of the Spode Group, which is & group of mathematics
teachers from schools, colleges and universities in the U.K.

We are all familiar with students who can "turn the handle"

and produce the solution to a tightly posed mathematical

problem, but who are totally lost when presented with essentially
the same problem in a practical context. This has led to a
realisation of the need to involve school children in the process
of mathematical modelling and the increasing attention to
applications over the past few years. It is of no use merely

to know the techniques; students must also be able to apply them
to solve real “roblems.

Over the past 4 years one of the authors (D.B.), while
at Cranfield Institute of Technology, ran short courses on
mathematical modelling for teachers. The aim of these 2 or 3
day courses was to introduce the teachers to the process of
modelling. Mathematical modelling is not something that is
easily taught, and expertise is gained almost exclusively by
actually “doing some modelling'. So the teachers were usually
thrown in at the deep end with only a statement of the practical
situation, and left to come up with a model, find & solution and
then validate the model using some data relevant to the problem.
Actually by carrying out this process the various activities in
mathematical modelling can be experienced and better understood.
The courses were very successful on the whole, and the teachers
returned to the classroom with both a better appreciation that
mathematics i& a useful discipline and an insight into how
mathematicse is used in a practical context. It soon became
apparent, however, that there was a tremendous shortage of suitable
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materind in published form, both for use on in-service courses and
to introduce mathematical modelling to. the wider school audience.
Thue the Spode Group was formed.

& group of ten teachers was fipanced by the Schools
Council, and met for a weskend at Spode Conference Centre,
Staffordshire, in Sepltember, 1980, under the directorship
of one of ve (B,3.), to rrite & series of case studies for use in
their classroms and for distribution ns videly as possible to
interceted teschers. The grour has pet aevera’ times since then,
and thie artcle decariber the work of the prour during 1980 and

Rt ]
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2. THE FIRST PROJECT

Tha first project of the Spode Group wes to produce
material for use in the upper school - probably the easisst group
to whick to introduce these ideas. It was decided to write case
studies each with & clear problem statement, together with some
possible approaches for finding a solution. The format of each
tese study is =ssentially the same :

(i) problem statement;
(ii} teaching notes;
(iii) possible solution.

The problem statement is & clear description of a problem
of practical non-mathematical origin, and the task is to find an
anAawer to the problem posed. This will usually involve mathematical
modelling, and often will not be unique ~ there will be different
ways of solving the problem depending, perhaps, on the assumptions
mads. The group felt that a teacher may need some background or
supporting information when using the material. The "Teaching Notes"
rrovide this back-up, by giving recommendations on what extra
information and hints might be needed by the children and advice on
how the lesson might be structured. When solving practical problems
there are often different approaches that can be made; and it is not
usually possible te define solutions es right or wrong - some approaches
sre better than others, but any wor' that helps to answer the problem
porad is acceptable. Each case study hus a possible solution to the
proules, but this in no way uesns to impiy that it is the best cr only
sojution - 1t merely indicates the approsch likely to be teken by the
pupils, wund ore which the “eacher hos available if little progress
hae been made.

The case studies have been written in such a way that they
can be used in fwo distinctive modes. The first is to encourage the
children to experience applying mathematice to practical prohlems and
for them actually to do some mathematical modelling. The idea is that
the problem statemont should be duplicated snd distributed to the
ciess, nnd the children cncouraged Lo work on the problem in small
groups. Bach group should be given ample time to meke as much
vrogress ap posaible on ite own, with the teacher giving help only
shen & group is andkking no headway whatsoever. This method of teach-
iug i probably different from what the ciass and the teascher are used to.



It proves to be very challenging, but the rewards for the class

and the teacher are grest. However, it wes realised that the case
studies could and probably would be used in a rather.different way -
a8 a completed mathematical model which would motivate particular
mathematical topicse

By using problems set in the real world, the relevance of
mathematics can at leasi be made apparent, although we very much
encourage the use of the first mode of presentation. Three books of
case studies have been produced.' 3 The first two volumes are aimed
mainly at pupils in the upper hali of a secondary school, ard use the
8kills of O- and A-level mathematics. The third volume is aimed at
children who are on & CSE course in mathematics. The experience of
using these case studies with CSE classes has been very successful.
Children with no interest in mathematics have seen the subject come
alive when it has been used to solve real problems.

3. AN EXAMPLE OF A CASE STUDY FROM VOLUME I

In this section we reprint a sample case study from the
first of the three volumes mentioned. This example illustrates
the main features of each case study. '

Stock control

(a) Problem statement

Many large organisations reed a definite policy for
controlling levels of stock. If stock levels are too high, money
is being tied up unnecessarily; if levels are kept very low, there
is a danger of being out of stock for a period of time. Without any
management, a graph of stock level against time would look something
like Fig. 1.
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Fig., 1

The following data refer to a particular item used by the
National Coal Board :

(1} ordering cost (i.e. the cost of the administrative process)
£1.50 per order; :
(ii) annual holding cost of an item in store (which refers either
to the loss of interest which could be made on the capital used;
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or interest charges being paid on borrowed capital) is
assessed at 18 per cent of the goods' price;

(iii) the current price per item is £24;

(iv) the average usage level of the item is 26 per month.

Determine an optimal ordering policy; that is, how many items should
be ordered and how often in order to minimise the costs?

(b) Teaching notes

The main difficulty in this problem lies in producing a
formula, equation (4), for the total annual costs. Bright pupils
might be able tc get to (4) or an equivalent formula without help,
but for the majority guidance will be vital. On the other hand,
most pupile should be able to achieve a solution to the problem
once equation (4} has been reached.

It is strongly suggested that small group activity should
be encouraged on this problem at all stages. In section (d), a
number of extensions are proposed. The first deals with the equivalent
general problem, using algebraic symbols rather than actual values;
whilst the second deals with the problem of discounts.

(c) Possible solution

The stock level situation illustrated in Fig. 1 in section
(a) has a certain degree of randomness; but we can start by assuming
a constant demand, as illustrated in Fig. 2.

)

stock
level

Fig. 2

S0 we have the situation where several different orders
(size Q,) are placed at times T,. We can further simplify the analysis
by assuming a constant order size Q and reorder time T, and that orders
are placed just as stocks run out with instant delivery ! This is

illustrated in Fig. 3.

N

4 !
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level i ! X .
qQ J ] .
i L time
T
Fig, 3

2



The next key stage is to introduce the variable for the
order quantity, say x, and iet

y = total annual costs
= annual ordering costs -
+ arnual holding costs &)

Clearly y :5 a function of x, and the mathematical problem requires
finding the value of x which minimises y. The next stage though
is to determine the functional form of y.

(i) Annual ordering costs
Since the order size is x, and the total usage is

26 x 12 = 312 per year, the average number of orders per year is
312/x, and so the annusl ordering cosis are

-é . 21% = £ 458 '
£5 - - i (2)

(ii) Annual holding costs

Looking at the "idealised" stock graph above, we see that
the stock level is repeatedly dropping from x to O linearly, so that
the "average" stock held throughout the year is ¥% x.. The cost of
holding one item in stock for 1 year = 0.18 x £24 = £4.32 and s0 the
annual average holding costs are .

Cgh.32 . -—%—x = £2.16x (3)

Combining (2) and (3) gives the total annual costs in £ or

y =28 4 26 | SO
X

We now require to find the value of x which minimises y. There are
a number of possible ways te proceed; for example

(i) c¢rew a graph of the funciion;
(ii) use a numerical procedure on a computer;
(iii) use calculus to find the minimum.

We will take the thirs methofd as this can easily be extended for
more general problems.

Since y is & continuous function of x, its minimum will
occur ‘when dy/dx = 0, d2y/dx® > 0. Now, from (4)

e SRR , (5)

and dy/dx = O when x2 = 468/2.16, i.e. x = 1.7. Also
a2 y/dx2 = 936/x3‘) O for x = 14.7, and so we do indeed have a
minimum.



So taking the nearest whole number solution, we suggest
an order quantity of 15 items. With this order quantity, the number
of orders per year is given by

—2--1;2 2 21

and so an order must be placed every 52/21 weeks, i.e. about twice
every month,

(d) Related problems

(i) Generalisation

Although we have solved a specific problem, clearly the
same problem will occur many times for the NCB, and for many other
industries as well. Consequently it will be advantageous to have
the solution to the general problem where

(i) ordering costs = fa;
(ii) annual holding costs per item = b times the cost of
one item;
(iii) cost of item = £c;
(iv) average usage = 4 items per year.

Again let x denote the number of items in one order, and y the
annual total costs. Then

y = annual ordering costs
+ annual holding costs

a:a.-(-i-ﬁ'b.C.%,

X

since there will be d/x orders per year, and the average stock
held is x/2. Thus the functional form is

V=28 bex (6)

Now for a minimum we require dy/dx = O and dzy/dx2 > 0. From (6),

dy =_ ad be
ax 2 v

and dy/dx = O when %2 = 2 ad/bc. Also

93?1 = ng > O for positive x.
dx



Hence the optimum order quantity is given by
X = (Zad/bc)” (7)
(this quantity is known as the "Economic Order Quantity"). Note

that we can now use (7) to soclve the original problem, as well as
others. For the original problem

a= 1.5, b=0,18, c¢c=24, d= 312
and (7) will, of course, again give x & 1th.7.
(ii) Discounts
In many cases it will be possible to obtain discounts for
larger order sizes. For example, returning to the original problem,
suppose the cost price per item, when the order is x, is given by
£24 if x < 20,

c= | £20 if 20gx < 50,
£16 if x > 50.

What now is the economic order quantity ?

Although we can still tackle the problem algebraically,
it is probably most constructive to use a graphical approach. The
total costs are now given by

/ ﬁéé + 2.16x if x < 20,
x

y = 438 + 1.80x if 20 £ x < 50,

\ ﬁéé + 1U4x if 50 < x
x

This function can be illustrated on the graph (Fig. 4).

From Fig. 4 we can deduce that the optimal order quantity is now 20,
rather than the previous value 15. An analytic approach would be to
evaluate the costs at

(1) the BOQ formula (7);
(i1) all points of discontinuity of the price.

The optimal solution will then occur at the position of global minimum,
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4. THE SECOND PROJECT

The original aims of the Spode Group were to produce
examples which (i) show the relevance of mathematics to practical
problems, and (ii) provide applications that can be taught in schools.
It was our intentinn that the case studies would be used to give
children the experience of mathematical modelling, but we soon became
aware of their wider use for motivating mathematical techniques. Also
the cese studies which we initially developed only used a small proportion
of the present mathematics syllabus; however, because it was diversity
of applications we were scarching for and not a diversity of techniques.

The second major project undertaken by the Spode Group was

to write a source book containing solved problems of practical importance,
which illustrate the practical vses of the major topics in A-level

mathematice. The solutions to the oroblems rely on well-known models

80 that the mathematjcel modslling process is not emphasised here. The
aims were to cover cs much of the A-level syllabus as possible, presenting
problems from the real world which show the relevance of A-level
mathematice. It is cf interest to note that despite much time and

effort being spent in researching for problems for this book, there were
many parts of the present A-level syllabus for which it seemed virtually
impossible to find cenvincing epplicatiors. On the other hand, there

were many areas where a vast amount of motivational material existed.

The authors of this article are the editors of this book and this project

was supported jointly by the Schools Council and the Institute of
Mathematics and its Applications.



5, THE FUTURE

The teaching of mathematics is a never ending iteration,
as teachers seek to motivate themselves and their pupils. The
Spode Group is attempting to impress on the educational world that
teachers and pupils must see the relevance of the mathematical techniques
that they are learning. It is producing material that illustrates
the links between real problems and rathematics, showing that
mathematics can be used to solve problems of practical importance
and that this can be done in the classroom. Further, if the case
studies of the first project are used according to the original
intentions, then both teachers and pupils will have experienced
the excitement of taking a real problem, formulating it as a
mathematical problem and thus solving it: in other words the
rewards of mathematical modellinz. The membership of the group has
not been static. Altogether we have now involved nineteen teachers
in the writing of these case studies and examples. It is of interest
to note that all but one of the original members are still active
writers for the Group.

The aims of the Group have also not remained static.
Although our next major project is to provide material for the 16=19,
again with emphasis on the practical nature of mathematics, we plan
to follow this by our most ambitious project to date, which involves
writing a full series of books (probably two parallel series in fact)
for the new 16+ examination, which is due to replace O-level and
CSE sometime in the future. The emphasis will be again on providing
a course which shows fully the practical nature and relevance of
mathematics but we also realise that many topice cannot be fully
Justified in the syllabus on relevance alone. So we will be seeking
to write a course which will iilustrate the (i) relevance, (ii) beauty,
(iii) intriguing nature and (iv) creative nature of mathematics,
although emphasis will undoubtedly be put on (i).

Enquiries regarding the work of the Spode Group, and offers
of help both in writing and testing material, are very much welcomed
and should in the first instance be addressed to: Professor David
Burghes, FIMA, School of Education, University of Exeter, St. Luke's,
Exeter, Devon.

We very much hope that our efforts will eventually provide
a positive redirection of school mathematics. Although up to now we
have been writing very much for our own benefit, we hope that in the
next stage we will provide material that will meet the needs and
aspirations of pupils, teachers and employers alike.
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Computer Scdies in Hong Kong

Mathematics Section
Advisory inspactorate, E.D.

Background

The use of computers and the number of computer related activities
have increased dramatically in recent years. Computer Studies has already
been introduced into the school curriculum in many countries. In Hong
Kong, the 1978 White Paper on the Development of Senior Secondary and
Tertiary Education stated that it is the government's aim to provide a
broader curriculum in Forms IV and V so that students, as well as studying
languages, acience and social subjects, may take at least one practical
or technical subject. In line with this proposal, the Education
Department decided to include a new subject, Computer Studies, in
the secondary school curriculum. The Computer Studies teaching syllabus
was approved by the Curriculum Development Committee in 1981. In order
to test the practicability of the syllabus, the Education Department
has organized a pilot scheme involving 30 schools (5 government and 25
aided schools) in the public sector, starting from September 1982.

Objectives of the Subject

The objectives of the subject Computer Studies are to enable
students to understand the functions, uses and limitations of computers,
to provide an opportunity for the-study of the modern methods of
information processing, aul to encourage an understanding of the
implications of computers in the modernm world and to prepare atudents for
further studies in computer science.

Selection of Pilot Schools

When the secondary schools learned of the pilot scheme, a large
number of them expressed interest in joining the scheme. The main
criteria for the selection of pilot-scheme schools are the enthusiasm
and interest shown by the school and the academic qualification of the
teaching staff who will eventually teach the subject. Through regular
contact with schools, the Education Department is able to identify the
schools which are likely to benefit from and to contribute to the scheme.

Provision of Fquipment

A total of 82,770,000 was approved for the pilot scheme expenditure.
The breakdown of the sum was as follows @

Non~-recurrent Recurrent
$2, 384,000 $386, 000

Through formal tendering procedures and with detailed evaluation
a contract was made with Onflo Interrational Ltd. in 1982.

Each pilot school was provided with the following equipment :

9 A-800 microcomputer with 48K RAM and microsoft
BASIC ROM

9 JVC  colour television/monitor

10 A-810 disc drive

1 A-410 cassette recorder

2 A-850 interface

2 Epson MX-80 III printer
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Action by Hgﬂgﬁﬁuhg‘ExaminatioqgvAuthurity

The Computer Studies Examination Syllabus was prepared by HKEA
and was approved in December, 1981. Detsils of it can be found in
Hong Kong Certificate of Education Examination Regulations and Syllabuses
1984, published by HKEA. A sample examination paper was alsc circulated
to all secondary schools for reference purpose. -Examination for this
subject at Certificate of kducation level will be provided by HKEA. It
is estimated that about 4,000 students will be sitting for the first
examination in May, 1984,

Non Pilot Schools

In principle, permission to start this subject is granted to
schools if the applying schoole give assurance that adequate equipment
will be provided from the schools' own rescurces. Most of these schools
intend to enter candidates for the 1984 examination in Computer Studies.

The model of microcomputer used in these schools varies from
school to school. The equipment configuration recommended preferably
consists of :

1 system for 10 students (1 system = 1 CPU + 1 Monitor)
+ 1 disc drive

1 cassette recorder
1 printer

In addition, one system and one printer
are required for the teacher.

Implementation

1. Time Allocation

Four periods per week is recommended for this two-year course,
Both classroom teaching and practical work are to be scheduled in the
lessons.

2. Textbook

Textbooks written for the syllabus are still being prepared by
publishers. So far, the book most popularly used by schools is 'Computer
Programming in BASIC' by Peter Bishop, published by Thomas Nelson & Sons
Ltd.

3. Selection of students
Schoole can exercise their own discretion in the selection of

students for the course, but are advised to give consideration not only
to attainment but also to interest, inclination and aptitude.



e belerence notes 1or teachers

Téaéhing»notes are still being prepared by the Curriculum
Osvelopment Team and distributed monthly to the pilot schools.

Training Courses and Supporting Services

1. In-gervice courses for teachers

Ag esrly as 1977, ccurses involving the use of computers were
vrpanized for methema.ics teachers in secondary schools. These courses
included six basic courses on tapiecs like general introduction of computer
zpp.icetion in education, programming in FORTRAN, BASIC, etc. Four of these
ccurset. were repeated during the years. There were also three intermediate
courses on programming end one advanced coursc on machine language. Most of
these courses wers held ai the Mathemrtics Taaching Centre but & mumber of
them, thanks tc the kind co-cperstiosn of the Chinese University of Hong Kong
mnd/or the Hong Kong Polytecunic, were hald at the Computer Services Centre
of the University or at the Pelytechnis.

From July to December, 1932, four more courses on basic
programning, electronic data processing and machine familiarization were
organized to assist teachers of the pilot schools to implement the syllabus
and to familiarize them with the equipment.

More intensive in-service courses will continue to be conducted.
<. Reference materials

The Mathematics Section has prepared & list of reference books
and a list of audio-visual aids currertly available on loan from the
Visual Education Section, Education Department for reference by teachers
concerned.

3+ Professional organization

The Hong Kong Association for Computer Education (HKACE) was
formed by a group of enthusiastic teachers with the objective of promoting
cosiputer education in Hong Kong. All the teachers teaching this subject
in the pilot schools a~e members of the Associution. Regular monthly meetings
are held during which teachers can exchange views, experiences and notes
on the subject.

%. Advisory services
Mathematics inspe ctors have regularly been visiting the

pilot and non pilot scheols so as to obtain feedbacks and give advice
where necesaary. m
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How to Begin Execution in the
Middie of a Mukiiple Statement
Joseph Shin

An obvious advantage of writing multiple statement is the save
of mewory space. However, the use of multiple statements suffers from
not being able to exeecute in the middle of a line. This article intends
to demonstrate how one can pass execution to the middle of a multiple
statement. To make my presentation precises I shall use TRS-80 Level II
BASIC with 16K RAM as my sample model.

First of all, let us examine the internal coding of a BASIC
program such as

1FINPUT"YOUR NAME";AZ:PRINTAS:POKE16631 4252 POKE16632 466:CONT

It is knownthat the coding starts at memory location 17129. A portion of
the contents of memory locations atarting from 17129 is listed below :

17129 24 17130 67 17131 10 17132 0O
17133 137 17134 34 17135 89 17136 79
17137 85 17138 82 17139 3 17140 78
17161 65 171ke 77 17143 69 17144 34
17145 59 17146 65 17147 36 17148 58
17149 178 17150 65 17151 36 17152 58
17153 177 17154 49 17155 Sk 17156 5S4
17157 51 17158 49 17159 44 17160 50
17161 53 17162 S0 17163 S8 17164 177
17165 49 17166 5k 17167 5k 17168 51
17169 S0 17170 L 17171 5S4 17172 Sk
17173 S8 17174 179 17175 0 17176 ©
17177 0

The memory location pair 16631 and 16632 contains the address to
start execution when the computer encounters the command CONT. Since
66256 + 252 = 17148, we know that after the execution of the last command
CONT y control will be passed to address 17148. RUN the program and see
what happens. The output is exactly the same as that of the following
program

1ZINPUT YOUR NAMEM;Ag
2@PRINTAZ : GOTO2@

My first program demonstrates hor one can pass control to the
middle of a multiple statement. The procedure is as follows :

(1) Determine the address you want to branch
to (in this case 17148).

(2) POKE this addreass to the location pair 16631 and
16632 (in this case 252 in 16631 and 66 in 16632).

(3) Pass control to the desired addreas by CONT.

Thank you for reading this article. “
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zvery Student Become

The racent introduction of Computer Studies into local secondary
schools has received much attention. This article reflects
contradictory views of two American educationalists on “Computer
Literacy For Every Student”. it might be an interesting topic for
discussion, and § would be delighted to hear of your opinions.

—- Editor -

Reproducad from NEA Today, by permission of the National Education
Aszaciation.

Julie McGee is project director of
computer curriculum development at

Lyons Township High School, La Grange
Illincis. She holds an M.A. in

Fnglish Literature and has taught
English for 17 years. A member of

NEA s she also serves on the Standing
Committee on Instructional Technology

of the National Council of Teachers of
EHSIiBho

A funny thing happened on the way to my English clags — I got a
computer and discoversd some new ways to teach.

Numerous publications assure us that, like the Russians,y "The
computcre are coming!" And many teachers respond with about the same
enthusiasm they might feel if indeed the Russians were landing on our shores.

Some of my colleagues aesert y "The computer is just another overhead
projector. Everyone said that would change education too." Unfortunately,
Buch of the currently available software uces the computer as a kind of electronic
overhead projectors an unnecessarily expensive way to present instructional
materinl.

But if we limit our sopsideration of the computer to seeing it only
2g 2 presenter of fraditional instruction, we will fail to see its full potential.
Properly wrogrammwed,; the computer can be & highly effective educational tool.

Teacnere need traimiag to understand the various educational functions
that couputers can perform. The aimplest {s drill and practice. Students
comnlete exercimes muck ap they would with 2 workbook s except that they fimd
out imrediately if their answerz are correct or mot. Such a use has its
advantasgzo : the computer is patient » willing to repeat, and uncritical, When
more guelity software beccmes availables the computer wili be able to gear
instruction to meet individual needs.

The computer can, however, do much more. It can stimulate students
to think, to make decisionss and to explore a world beyond the clasgroom.
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For siinpie s ohihough our atudenin may never run for President , they can make
decisions absut camprigning aund lssues and see how these decisions affect the
outaosr of & comphiler-simulated election.

For studerte to use any already programmed material requires very
lichle "eomputer literacy”. About the only skills one needs are those required
to onevabs o typeswriter : the ability to locate keys on & keyboard and to turn
a switch ome Lo fncte one error schools frequently make is to attempt to teach
cveryore how to program the computer.

51¢ills & microsomputer has far greater capabilities than the
preaseuctation ol programred materisls. This article is being writter on
& microcomputer with & word processing program. I can insert, delete,
and rescrangs wuterial by preasing a few keys. My well-used bottle of
white-out is im the trash can. My students compose ca the computer, and
btecauss revisicn dees not requirs recopying an entire paper, they are more
willing to revis:. The resuit in better writing.

Studeuts who want to learr how to program find that the computer
asynthesizea thelr mathematica) aad lungeage ekills. Programming requires
the logical wse of largwape «-.and may evon help us learn how to think.
There im iiitle Joubt Shet compiter ekills will be en asset in tomorrow's
Job market.

Tie timorous argue that comstantly changing technology will make
today's cquipsent and lenguages oveclete in a few ysaras, Yo, they say, let's
valt awhile and see whni develops., This argument zssumes, however, that
knowledge gsived cr ore computer or with one language will not be applicable
to another. That iz rather like erguing that if I learn to drives a Ford,

e

I will have te start &1l over again whern 1 get a Mercedes.

#And while we're waiting for the nex: generation of computers to
arrive s ovr students are learning nothing about a technology that will be
en iwmportant part of their futures. Can we afford to wait?

I think not.

The computers ARE coming. No college catalog I have seen offers
a course in Overhead Projection 101, but the catalogs overflow with computer
offerings. Thr computer will not go away. What teachers must decide is how
chis new technoiogy can be used most effectively. These decisions should
not be left to commercial interests. As teachers, our challenge is to
integrate the microccmputer into a curriculum that meets its objectives while
retaining its humenity.

A. Daniel Peck ie senior professor of
secondary/postsecondary education at

San Francisco State Univeraitys where

te has been deeply involved ia teacher
aducation for 30 years. He founded the
Educaticonal Technology Center at SFSU

37 1960 and raa it until 1975. An NEA
1ife member s he currently supervises
ntulent teachers at the middle and high
gehaol levels.

il



As we move into a world that increasingly depends on the new
electronic technology of computers, an awesome thing is happening in our
schools. It is almost like a new religion — a computer-oriented creed with
its own liturgy, clergy, and adherents whose brand of "born again" fervor
brooks no heretics.

This year computers will be showing up in record numbers in
elementary and seconmdary claserooms acrous America. As the new orthodoxy
sweeps the land and we hear the cry of "computer literacy for everybody ",
few teachers seem to be raising questioning voices. Administrators sing the
computer’s praises and hurry to get on the bandwagon. Parents, toos want
their children to grow up computer-smart,

The computer companies are mounting high-powered school sales
campaignsy armed with studies showing that their products can be used as
educational tools for almost any age group. And achools are buying.
Education dollars seem to be available for computers as for nothing else.
Some 15 percent of the nation's total instructional materials budget for
1982/83 is reportedly destined for computers and their associated programs
(software). Prices are down to the $24000-8$3,000 range for the average
microcomputers and now some of the manufacturers even want to give them away
to schools - if Congress will make such donations tax-deductible.

General purpose microcomputers can be used to teach, given adequate
time and appropriate software. There's the rub. Researchers at Columbia
University's Teachers College recently studied the instructional software
currently available - and found most of it boringy of questionable educational
value s or both.

Too many of the prepackaged programs concentrate on drill and
repetition and fail to encourage students'independent thinking. One goftware
developer charges most publishers with "taking & workbook and giving it to
& programmer; so what you get is an electronic workbook"-— a waste of the
computer's unique capacities as a machine that can think.

Good teachers must spend hours adjusting commercial computer
programs tc their classrcom needs. Some experts suggest that teachers
instead create their own software — somewhat akin to expecting teachers to
write their own textbooks. Training to help teachers use computers has
lagged far behind the purchaging ¢f classroom hardware.

To use this hardware, students must have a high degree of "computer
literacy”. Computer proselytizers readily admit as much but insist
that computer literacy instruction must come first so that the computer can
then help children to become literate in basic academic subjects. This is
like requiring a course in engine design and development before allowing
someone to drive an automcbile,

I'm convinced that 'the financial investment and operaticnal costs
involved make computer-assisted instruction the most outlandishly expensive
means ever conceived to teach the three R's.



i have yat Co be persuaded that eur children aill be anemployable
if they graduate from high school without computer literacy. The technology
L ahenging mo feat tha! coasputer skills taught in today's K-12 classrcoms
eill be largely obsclete by the fime students enter the job market. I expect,
for example s develoypment of a somputer tha®t spesaks our languages which will
make the various computer languages passé.

43 teacherss I think we have a rssponsibiility to our profesasion and
o our atudents teo msk some peinted questiors:

* What hauppens to students® enciel sitdlls when they spend
hours of clesasroom time "interfacing' -- not with other
humanr beings but with a machine?

Does the cost of computors pose new equity problems,
widening the gep betwesen rich and joor school districts?

Aa computer coste go down and teacher salaries go up,
are we heading for s times when officiency-minded school
boards will decide it'a cheaper to provide each student
with & home microcomputer and close the schoola?

Knowizkg the history ef educational inmovations embraced as panaceas
#nd then abandomed, are we sure we want Lo hop on this latest bandwagon?

v ————

Want to reach your
Fellow-teachers?
Write SMIN

Mail entries to
The Editor, Schea! Mathematics Newsletter,
kathematics Sectinn, Education Department,
Lee Gardens, Hysan Avenue, Hong Kong.

Deadline for entries is 15-10-83
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Micros
Gillian Lovegrove
University of Southampton

Reproduced frem iVIA Bulletin, by psnmission of the Institute of Mathematics and
its Applications. ,

Yoo +n uay and Why

INTRODUCTION

It will not surprise you o discover that I have no one single
processor, no one single printer, disc or casseite that I will advise you
to buy, as everyone's needs are different.

There are severa) stages in making a auccessiul choice of micro-
computer:?

(1) defining your system requirements and matching them with
vhat is availiable;

(ii) appreciating what compuier systems can offer and how they
vary; and :

(iii) making a choice from the available equipment.

I will give some ideas on how to define your system requirements;
then I shall cutline some of the different systems and explain some of the
jargon that you will meet in giossy brochures and in conversation with fast-
talking salesmen. Finally 1 will compare some of the more popular computer
systems aveilable today.

MATCHING SYSTEM REQUIREMENTS WITH WHAT IS AVAILABLE

This can be split into various questions.

(i) How lar-e a system do you went?
(ii) What kind of input media?
(iii) What kind of output media?
(iv) Does it matter what processor you choose?
(v) How much internal memory is availabdle?
(vi) What external storage media are therae?
(vii) Wnat kind of software is provided/easily available?

* standard functiona

L S S
sames ncackaged

* programming languages

* monitor/operating system

* word-processing

(viii) How good is the documentetion?
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. SRl At Ut LI GaLead . d o Mmay sound like an endleas
series of questions, some of whiech mly wra ompn "n&wer, some 1 can answer,
end we hope the salesmern can snswer the rest,

(1) How Jarge a sveten o you want?
Should 1% be

a small celf-teaching system : this is likely to be a
single-board computer which is inexpenagive but
probably canact be extended: or

a Gesk-ton cemuuter (personal computer); or

more like a mini-ccmputer system : close to the
classical computers: cr

have ycu more grandicse ideas ° perhaps a network
of computers?

There are other questions you need to ssk. Do you want to be
able to carry it around - dees it psck into a briefcase?

I shall refer mainly to personel computers which are likely
to be of greater interest.

(11} What kind of input media?

This is most likely to be a keyboard - do you want both upper
and lowercase? You may want to collect data from electronic devices -
is there a standard interface? You might want speech recognition - this
is not yet readily available, but soon will be.

(1ii) What kind of output media?

The most common output is via the Visual Display Unit (VDU),
Again there are several questions to ask,
* Will you be happy with a 40-character line of upper-
case characters? This is the moat common output from
micros.

* Will it be sufficient to have a representation of the
characters on an ordinary keyboard, or do you want
special characters or g.raphics symbols, or high reso-
lution graphics where the screen is divided into many
dots allowing greater flexibility?

* Do you need hard copy {printer)? You may think this
is unnecessary, but it is highly desirable for serious
programming. Also bear in mind that the quicker the
printer moves, the more it coste, and do not buy a
faster onc than you need. What kind of a printer do
You want - one with just keyboard characters, one
with the ability to produce characters and graphics
shapes, or do you want typewriter-quality characters
for word-processing? This affects your choice of
printer ar you will see later,
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* What about output in the form of speech? This does
exist, but it is not yet common.

(iv) Does it matter what processor you choose?

There are several different micro-processors and also different
versions of the same processor (like the 280 and %280A), The Appendix
shows some micro-processors and computers that use them. The more recent
processors probably have a fast cycle time, which means the time to
execute a simple instruction is faster. The cycle time is not too
important in comparison with other considerations, since if fast
arithmetic is of major importance to you, you would probably need to
look beyond micro-computers to mini or mainframe computers.

(v) How much internal memory is available?

Find out by how much it can be extended, and how much of it
is actually ''free space" for your own programs, and is not taken up by
egsential system programs.

(vi) Wnat "extermal' storage media are there?

Are there cassettes or disca? I will discuss their reliability
~and compare them.

(vii) Wpat software is provided or is easily available?

BASIC is the main language used on micro-computers. You may
be greatly concerned that certain arithmetic functions should exist with
your BASIC, so check this. Otherwise, these days software for micros
is being produced so fast that it is likely that someone (perhsps other
than the manufacturer) will already have written some software that you
naeed.

You will need to find how fast the BASIC interpreter is.
Are there good error messages? How big a program can you run at any
one time -~ can you find out how much space is left at any time? If you
want to run your BASIC program on another computer you will need to check
that the BASIC language is exactly the same on both machinee (i.e. that
your program is compatible), There are many versions of BASIC,

Games packages
Quite apart from the fun we all get from these, they are often

the first introduction a child has to a computer and it is. important to
have good games packages for this reason if for no other.
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Languages besides BASIC

(a) Assembler

How easy is it to get assembly language programs in
and out of the computer? Sometimes the difficulty
incurred in getting a program in and out of the
computer {ar outweighs the difficulty of writing an
aseembler program.

How good ia the assembler itself and its diagnostics?
How good are the debugging facilities?

(b) PASC/L, FORTRAN, COBOL, COMAL et al,
low big a program cen you compile at any one time?
Can you compile and link sections?

Bo yov meed exlira store/eguipment to run these
largaages?

Monitor/cperating system

A good operating system will give you the advantage of direct,
easy~to-remember instructions for accessing files and compiling and
running programs and it will have a good editor for text files., Is
it important to you to use the same operating system as other people?
CP/M is a widely used operating system, available on 8080 or Z80 based
computer systems,

Word-processing

There are microsystems which specialise in word-processing,
but possibly the micro you choose will also have word-processing
available. Find out how versatile it is and alsoc how much it costs,
as word-processing packages tend to be expensive,

(viii) How good is the documentation?

Make certain that the documentation is good, as the advantages
are not to be underestimated. Many hours can be saved by the existence
of good manusls - we want to be able to use the computer, not be a slave
to it!
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WHAT COMPUTER SYSTEMS CAN OFFER AND HOW THEY VARY

To help'ycu to discover about micro-computer systems 1 will
explain some keywords.

(i) Some well known facts

A bit is a binary digit, either a O or 1.
A byte is 8 bite (normallyl,

An integrated circuit (IC) is a semi-conductor circuit in
micro form (chip).

A printed circuit is a glass fibre board with a circuit pattern
of thin copper conductors to which cther electronic components can be
added.

A circuit board is a printed circuit with these other components.

(ii) Internal memory

Most micros use 2 bytes, i.e. 16 bits to hold memory addresses.
Now 2 116 = 65 536 = 64K where K = 1024, s0 there is an upper limit of
64K different addresses or locations available.

In micro~-computere there are usually two kinds of memory, RAM and
ROM,

RAMs are Random Access Memories into which you can write as well
as read. However, if the power is switched off the contents of the RAM
are lost. There are two types of RAM - static and dynamic. The static
RAM is more expensive, uses more power and therefore gets hotter so there
may be heat dispersal problems. The dynamic RAM however is less expensive
but needs extra chips (at extra cost!) to "refresh" the memory as the
transistor cells cannot hold the information for very long, so there is
actually little to choose between static and dynamic RAMs,

It would be useful to have some instructions or even programs
stored permanently in the internal memory. I1{ the machine is switched off
and later is switched on sgain, it will automatically run this permanently-
stored program (often known as the Monitor program). It may then wait for
you to do something, or it may tell you when the system is entirely loaded.

This memory is called a ROM, i,e. read only memory. We can
only read from this memory and cannot write to it, so that the contents
cannot accidentally be destroyed. 1t is said to be a "non-volatile" store,
as the contents &are permanently stored and will not disappear if the
power is switched off.

Another set of similsr terms are FROM -~ this is a programmable
ROM, and the EPROM - this is an erasable programmsble ROM, It is a
relatively easy job to put a new program into a PROM or EPROM if you
have the right equipment, but this is not generally soc for the personsl
computer user,
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The software in the monitor ROM is called the firmware.
{Ny guesses as to how it got its name!) It may also include a simple
BASIC interpreter.

(1ii) The BUS system

This is the complex electrical network linking the parts
of the computer together. The bus is usually constructed of a number
of parallel conductors.

_ There are single board computers (e.g. Acorn Atom, Sinclair
2%81, Commodore VIC) where the computer system bus is on one printed
circuit board. Generally there is an expansion slot to extend the bus
to allow for an increase in memory.

There are several board computers which probably have a printed
circuit back plane or mother board with these conductors on it. In this
case the memory, processor, input and output circuitry can each be on
wzparate boards which link into the back plane.

Here are some examples of different bus interfaces and some
computers which use them.

5-100  used by the Cromemco 280 (the S100 bus
has its own international standard)

S5-50  used by the RML380%, the MSI6800 and
SWTPc6809

SS-4bs
SS.48
1EEE-488

It is advisable to take great care whilst considering fitting
hoards or systems of the same bus standard. Not all manufacturers
follow the same standard. It is best to check with your dealer.

(iv) External storage

An example of thie is the domestic cassette recorder. This
has the advantage of being cheap. However the rate of transmission is
relatively slow - between 100 and 1000 bits per second, which may mean
it would take about 10 minutes to load a sizeable program. Not only
that, but the quality of the data recording is dubious and the electronics
have to be tolerant of speed variation. Sco at the end of the 10 minutes,
the program may not have loaded correctly! There is also no standard
recording format. The Kansas City standard is very common, and another
is the KIM standard.



Even when you have ensured that the same standard has
heen used, the tape may nct be transferable to another machine, simply
because of head alignment problems. However, if you are always going
to use the tapes on the same machine this may not be a serious problem.

Ag alternative is disc storage. A disc drive is at least
ten times the cost of an averag: cassette recorder, and a disc costs
about three times tha of a cacsette. There :ve flappy discs and hard
giscs (which are much more exprnsive),

Apart from the fact that floppy discs do not like magnetic
fields or extremes of tempeiature. they are quite robust, and are
exchangeabla,

A common size ie the 5% inch disc. The amcunt of information
that can be held on a disc varies from 79K bytes (single density) to
180K bytes (doubtle density.. ome drives have itwo heads and thus both
gides of the disc can be wied iCosble sided); so there could be up to
360K bytes held on a double sided double density disc.

There is also an & inch floppy disc which can hold from 256K
bytes to 1.2 Mbytes (cne megabyte is 101 6 bytesa),

There are slso hard disce which are appearing more frequently
or: the micro-computer systeme., These have a much better rate of tran-
smission of data and are clearly more robust but are more expensive.
The 8 inch Winchester disc can hold up to 26 Mbytes and there are some
5K inch Winchester drives available now. However these discs are fixed,
not exchangeable, so it would be iupossible to transfer information
from one computer sysiem to another via a Winchester disc.

(v) Igput/outout devices
ViU

On certain computers there is an integral screen, but some
computers have a socket for a connection to a TV aerial on the back.

However Germany, UK, France, USA and Japan all have different
standards for TV especially for colour and you may need a UK (PAL) card
to do the conversion which might cost extra.

Alternstively a special monitor screen can be used (a colour
monitor for these computers offering colour). The definition on a
monitor is generally better.



Character penesrgtion

I yeu have 5 linep of 4D chgracters. which is common on
micro-computer VOU's, theu you would nesad 25 x B0 = 1000 memory locations
tor ctore information.

The computar then transfers the contents of these memory
s7cetions straight on to the scrsen., With 8 bits of information you could
nave 248 = 258 4ifferent characters possible. The ASCII system of coding
characters 3= the most common and upes 7 bits (128 charscters). The
other 128 are used to make graphics characters.

There 55 often 8 ROM (cnlled %hLe character generator) which
will interpref the cnde inte actual characters and graphic symbols. There
iz, however, 10 stendsrd znd, for exrmple, the PET and the SORCERER have
different grarhicze symhols,

Tor high resolutirsn grophies, for example Apple II and RML380Z,
the screen is mplit inte = geries of discrete peints. For example for
the Apple 77 there ure 207 u 190 uointe, Since cach point requires three
bite to represent It for solour ard brightness, it needs 18K bytes in

total for scrsen redresentatioii.

Thie is very useful if vou waprt good graphics but it does
reguire meaory, lesvirm lers for “ree wrogramming.

Printers

Hont printers und YDU's are designed to be machine independent
wnd therefore noesd a stancard interface. This is generally the RS232
‘o BS232C) serial interfuce. The rate of transmission over the interface
must be compatible with the computer ¢ for example 110, or 300 or 1200
baud {(about Lits ser sscond’. Arother standard interface is the
Centronics pnreilel interfuce btub it is important to remember that the
interface must »: compatilble.

Matrix printers are very common. The printing is not quite
as clear as that frou an electric typewriter or other printers but it
hus the advantage of being fast and relatively cheap. The image of the
character to be produced is made up of dots from a vertical set of hammer
heads moving across the page. Typically there would be seven vertical
hammer heads gnd there would be five dnts roross the page making up a
character (i.ec. a % % 7 watrix prinﬁer)“

The character "% when magnified would look like this 3

c s oz ok &

e e e £ 8 o



A matrix of 7 x 9 will give good quality characters.

If your computer has a graphics capability, a dot matrix
printer must be used otherwise the special characters cannot be produced
since the characters are special characters (i.e. beyond the normal
ASCII charactera). In fact extra care has to be taken with the PET
computer, which must have a PET-compatible printer to reproduce its
graphics,

‘ If you want to be able to use different line-widths (i.e.
40, 80, 132 characters etc.), make sure that the printer is wide enough
and capable of being programmed or preset to do this.

Another printer is the daisy wheel printer. This produces
good quality printing by means of a wheel with characters on it that
retates at high speed, easch character which is required being struck
by a hammer. This whesl is termed the "daisy wheel' and can be changed very
simply to give different type fa Bles or foents. This is very good
for word-processing applications. The dxsadvantages are that the printer
is slower (about 45 characters per secord) and also more expensive.

All the printers mentioned s¢ far use normal paper and
normal "typewriter" sort of ribbon.

There are also the thermal printers. Think very carefully
before buying one of these. They use heat-sensitive paper : a dot-matrix
heating element moves across the paper and a blue dot appears when the
paper is made hot., The great advantages are that thermalprinters are
guick and quiet, but this has te be weirhed against the cost of the
heat-sensitive paper.

Other input/output

So far we have considered various output devices of a standard
kind. Input devices are typically keyboards, which may only differ from
each other in minor details.

However , it may be necessary to attach to your computer other
external input or output devices. If so you will have to take great care
in choosing the devices, making sure that the interface is an acceptable
oneé.

- The most common standard interfaces are the RS232 (as mentioned
above for printers) and IEEE-488, The RS232 gives 8-bit serial
transmission and is the wmost commonly used interface for teletypes,

VDU's and modems (devices for wendlng data over telephone lines, say

from a remote terminal). The 1EEE-488 (or the GPIB, the general purpose
interface bus) gives 16-bit parallel trancmission o* data and is8 a

standard for controlling and taking information from electronic instruments.
Commodore particularly have used it for the PET and PET peripherals like
their discs and printers,

Another interface which is used is the S~100 bue which is also
16-bit parallel but is generally incompatible.
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MORe POPYiR COMPUTER SYSTEMS

There are many points toc be borne in mind when choosing a
computer and s computer system. It would be impossible to say that one
specific system is best. So, instead I shall mention some of the more
populsr micro-computer systems that are found in educational establishments
today. (The percentages quoted came from an informal survey done by
Computer Weekly of micro-computer systems bought by educational
establishmentls.)

The most popular is the PET (50 per cent). It is a desktop
system with a 1 Miz 6502 micro-processor and an integral 9 inch video
display. There is also a good graphics capability and a wide range of
input and output possibdbilities with its IEEE-488 interface. It has
Microsoft BASIC and COMAL and there is also a tremendous range of other
software available either from Commodore or other suppliers. It is good
value for money.

Then there is the RML380Z (26 per cent). This has an S5-50
bus based system with a faster micro-processor (a 4 MHz 2804 micro-
processor). It hae been designed for school and educational use, and a
school buying this computer as its first computer would have the
advantage of a 50 per cent reduction in price! There are plenty of
peripherals, good graphics, and the software available is quite
considerable, and as with most software for micros, the range of programs
is increasing rapidly. However, the RML 380Z is on the expensive sidee.

The Tandy TRS-80 and its "look-alike" the Video Genie between
them have 9 per cent of the educational market. Outside the field of
education the TRS-80 has been the world's largest selling computer,

The TRS-801 is a smaller cheaper version and the TRS-80II offers more
for more money. PBoth have standerd interfaces, floppy discs, cassettes
and good sgoftware.

Close behind them come the Apple II and its "look-alike" the
ITT 2020 with 6 per cent. The Apple is very versatile and has many input/
output ports with standard interfaces (IFEE-488 or RS232). The supporting
sofiware iz generally good and a wide range of languages including Pascal
can be used. Also a Microsoft card can be added enabling a Z80A micro-
processor to be used with the CP/M operating system. The Apple also has
good graphice snd ecolour.

These are 2il of the larger variety of personal computers, but
there are single board computers which are much cheaper, but clearly are
more limited in what they can offer. The one in the limelight (deservedly
50 as good value for money’/ at the moment is the Sinclair ZX81, but
it is worth-while waiting to see what the BBC Micro based on the Acorn Atom
will have to offer. At the moment there iz not much known about its software
capabilities, but it will have far more to offer than the Sinclair ZX81
at a price of around £250.



A1l these computer systems csn he well recommended but there
may well be many other systems that would suit your requirements.

It is worth-while getting in touch with your local User Group
or Computer Club. There is a list of these in Robin Bradbeer's book
referred to in the Bibliography. The User Group can tell you which local
dealers can give you good servicing support. This may also influence
your choice of computer. '

NOTE TO TEACHERS

There are two more points to bear in mind when selecting a
computer system : they are robustness and safety. Look out for connections
that could become loose in time or wires that could easily be touched.
Children will itest a computer system to the extreme, ac these are
important considerations.

CONCLUDING REMARKS

The world of micro-computers has expanded and is continuing to
expand rapidly. As time goes on more possibilities occur and there
are exciting prospects ahead. Some of today's micro~computers will
undoubtedly become obsolete within a few years, but the principles
behind making the correct choice of computer at any time will not change
so quickly. By following the guidelines suggested in this paper you can look
forward to choosing a computer successfully and realising its potential.

I am gratefui to Professor D.W. Barron for his helpful comments
on this paper.

BIBLIOGRAPHY

There are meny books and periodicals on different aspects of
personal computing. I shall refer you to only a few, each of which can
give you a host of further references to suit your particular needs.

The first is "The Personal Computer Handbook" by Robin Bradbeer,
obtainable from Gower Publishing Co. Ltd.

Next are two periodicals, Practical Computing and Personal
Computer World, which in addition to being invaluable sources of information
also have details of many bargsins to be obtained in the second hand
computer market.
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Host Conrmop Micro~-procsssore

. 8080 Cne of the first - now old-fashioned.

480 Based on the 8080 :
uses 8080 instruction set and a lot
more : Z80A is a fast-speed version
with a clock frequency of 4 MHz,
Betit

5800 Also old-fashioned.
6502 Based on the 6800 but is more flexible @
very fast when used with the BASIC
interpreter from Microsoft Ltd : a
4 MHz version exists and is very fast.
{ &08s Bagsed on the 8080 and halfway to a true
; HOBE 1h=bit processor,
i
16=kit { 4900 These are 16-bit micros and the computer
68000 systews vhich incorporate them are
! 28000 rather more expensive - in the region
‘ of £8000 to £10000.
32-bit? Micro mainframe! Watch the computer

maguzines for news of thesel

frora micro-processors and the computers which incorporate them

6502

Acorn Atom
(BBC Micro)
ITT 2020
Commodore PET
Apple 11

Z80A

Sinclair 2X81
Sharp MZ8K,

MZ80R
TRS-80/11
Horizon (North Star)
Z80

Tandy TRS-30/81
Video Genie
Cromemco System 2

HP
Hewlett Packard's own

6309

swresog LN
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How BASIC Causes

Almost Irreversible Brain Damage
and How it Can be Made Safe

Roy Atherton, AFIMA
Bulmershe College of Higher Education

Reproduced from IMA Bulletin, by permission of the Institute of Mathematics and
its Applications.

1. EXAMPLES OF BAD PROGRAMMING STYLE

The first example came to my notice in about 1975 and
contributed to general unease felt about BASIC, although, as a teacher,
I had welcomed it in 1970 because it had three overriding virtues:

(i) simple syntax;
(ii) easy operating environment;

(iii) cheap to implement on small computers.

20 PRINT *TINE(S}*,*HEIGHT (K} *, *VEL (N/S)*, *FUEL (KE) ", "BURN(KG/S) *

. 30 60=1.62\N=26000\0=10000\F=13000\T=1\T1=07S=1

33 P=1125\R=3\V=100\U=100

40 PRINY T1,D,V,F,\INPUT B,D2\B=ABS(B) €
————> 45 FOR 1=5 10 D2 STEP S\R2=1.700000E+06
47 6=60-24D/R2\IF D(1,000000E+07 THEN SONPRINT *T00 FAR OUT"\STOP —
50 V=UeTHG- (BAPETI/ ( (N4 (N-T¥B) ) /2)NT1=TIHT €
60 MM~ (THBIND=D- ((U+V) /ZATINU=VNF=F-BaT
85 K=K+ (B3.23)-9.87854\IF PeB+G#1005250000 THEN 220
70 TF D¢=0 THEN 11ONNEXT X\IF K)2000 THEN 200\IF K31500 THEN 210

75 IF F>=0 THEN 40 i
c—-—~§::i-9o PRINT *OUT OF FUEL AT*3TI\B=0\3=1.000000E-03\GOTO 45

110 PRINT *ON NOON AT ";71;"SECONDS.LANDING VELOCITY*;V €
120 IF V(10 YHEN 160\IF V(20 THEM 170
130 PRINT "ALL CREW KILLED,BLASTED NEW CRATER "jV#1l.78;"KM WIDE"\STOP
160 FRINT "SAFE LAKDING*\STOP

170 PRINT "CREW INJURED ®;INT(I.2#V/17.44);" BONES BROKEN'\STOP €——
200 PRINT *POMER TUBE BURN OUT*iR-1:°LEFT™\R=R~I\IF R=0 THEN 207 €————

205 P=P7(4-RI\GOTO 75
ke—-—%zzzgzor PRINT AL TUBES GONE*\S=1,000000E-03\B=0\GOTO 45 <

210 PRINT "POBER TUBES TOO HOT*\GOTO 75 €
220 7=RND(O}#30\PRINT *BLACK-OUT FOR®; INT(1#D2);“SECS* <€
e 230 D2=I\B=25\B0T0 43

Fig. 1 Moon landing_program

This moon landing simulation (Fig. 1) was written in a local
school for a 4K FDP8 minicomputer using EDUSYSTEM 10 —a primitive
BASIC. The use of multiple-statement lines may have been necessary to
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squeeze it into asmall mwemory., However, it has been unravelled and

the first stage Just cleans up the mis-use of the multiple-statement
facility. It was still a mess. Space does not allow the reproduction

of all stagee hut 1t haa been pregrammed properly without GOTQO statements.

Le us move into higher education for a second example, taken
from a batch of statictical and other programs written by staff in the
Geography Department of the University of Liverpool. The segment shown
in Fig. 2 is taken from KENRANK which helps statistical users. It was
written for a PET microcomputer and there are 79 more, not all as bad.
Generally when the program segments are sequential or use FOR loops
they are much better but there is little evidence of any attempt to
structure the programs properly.

‘— §70 IFR{I+K) y=0THEN 890 »
8§80 L=R(I+M): I3=1341

L5 650 NEXTI:IFI3¢=0THENG30 M
700 Y=X:{3=0

710 FORI=ITOM
720 IFR{T+M} CIXTHENT4O

730 C3=L3+

3 740 NEXT!
750 [FCI=0THENGAC %
160 IFM=NTHENBOO b

770 IFKL=]1THERT90
[::: 780 Ti=T1+(3#{C3~1)/2:60T0640
790 Ti=T1+{C3 3*53)112:60706“;::::3L

800 1FK1=ITHENBZ0 €
{::; 810 T2=T240384C3-1)/2:60T0640 -::::i
820 T2=Y2+(C3 3-C3)/12:60T0640

830 NEXTN €
840 IFTICH0THENBTO
830 IFTZ(OQTHENBTC
860 T=5/(,5¥83):6070880
670 T=5/{SOR(.5#83-T1) ¢50R{.5483-12))
880 SI=SOR{( 2%(5245245)1/(9453)) €rm

Fig. 2 A segment from the program "KENRANK"
The flowlines show the "'spaghetti-like" structure.

Finally let us consider a small program (Fig. 3) taken from
Christine Doerr's book '"Microcomputers and the 3> rte", ¢ It can be
criticised on three points:

(i) the short variable names (C, X, Y, Z, T, G, B) are
unhelpful and unnecessarily abstract; ’

(ii) the spagheiti-like nature of the flow of the control is
difficult to follow. Consider, for example, an attempt
to trace an error in line 90 (Fig. 5);

(iii) even in BASIC the program could be better structured.

The tracing of routes for error correction or development
ig very much a 'hit or miss" affair.
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21 PRINT *ADDITION PROBLENS, *
> 36 =0+
40 IF ©35 THEN 190
50 T=1
60 X=INT(RND(TI) #16)
70 Y=INT (RMDUTE)#i0)
80 PRINT X*#*¥*=%; < —
%0 INPUT
100 IF TCS14Y THEN 124 ——y
110 IF T=i THEN G=Get
120 6010 30
124 1214y €
126 IF 153 THEN 160
130 PRINT “NOPE,TRY THAT ONE AGAIN®
150 607G 80 -
160 PRINT “SORRY, THE ANSHER 1S *X+y
e~ 180 €010 30
190 PRINT "G00D, YOU BOT *G*QUT* €l
191 PRINT *OF 5 FORRECT. *
200 INPUT “DO YOU WANT MDRE (1=VES 0=NO}*jB
L 210 IF B=1 THEN C=0:7=0:5<0:6010 30

Fige 3 Arithmetic test program in BASIC
The lines show "flow of control® during execution,

START

I
OUTER REPEAT
100P
]

for loop

i
INNER REPEAT
Loop
Fig. & Route to an error in line 100 of COMAL program

(1) 30, 4o, 50, 60, 70, 80
(2) 30, ko, 190, 210, 20 then as (1)
(3) 30, 4o, 50, 60, 70, 80, 90, 100, 110, 120 then as (2)

(4) 30, to line 100, 124, 126, 160, 180 then as (1)

etc. SGe s b btanaINOeTEN

Fige 5 Possible routes to an error in line 90 of the BASIC program
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10 print *Addition Frobleas.®

20 ropeat

Jo r-SCURE=0

20 ; for PROBLEM=1 TD 9

30 | rFIRST=intirad{i) 210y SELUND=int (rnd{1)e10)
40 1 | SURSFIRST+RECAND: TRY=(

7% repeat

20  TRY=TRY+!

9 | ¢ ] prant FIRST; *+7; SECOND; *=%

100 { input ANS

e, | Lot ANSOSES chon poret “Ka, try again.®
126§ juntil ANS=SUR or TRY=J

150 5 ff YOY=1 Qhen SCORF=SCORE+:

HA0 ¢ =18 AKSYSUR then prist "The answer ic's SUM
150 | uext PRORLER

160§ print "You seored®; SUORES “out of 5.°

170 ¢ print “lyae 6 o finiss o0 | Lo continve.”
186 f-1nput CONTINUD

190 uptil LONTINGE=G

Fig. 6 The arithmetic test program in COMAL
Notes 1. The expression int{(rnd(1;*10) generates a number randomly.
2e The symbol <> means "is not equal tot',

3e The indenting illuminates the structure,

The COMAL program (Fig, 6) performs exactly the same task
and the above criticisms disappear.

1. The long variable names (SCORE, PROBLEM, TRY, FIRST,
SECOND, ANS, SUM, CONTINUL) help the readability and
avoid a level of abstractness.

2e The program reads from top to bottom and each structure
(two "repeats" and one "fert) is clearly identifiable
and properly related to the other two, i.e, nested.
System farced indenting and system~forced lower case
for keywec 'ds also helpe.

3« The program is abovt as well-structured as it can be
because the essential concepts (two repeat loops and one
for loop) were properly identified at the analysis stage.
Debugging or amending would be easy because the flow of
control leading to any point is always from the start of
the. program downwards through each structure o that point
(see Fig, &),

While it is perfecily possible for a highiy disciplined
experienced programmer to write wellw-structured programs in any language
the knowledge of the essential concepts is vital. In practice only a
small minority of programs ars well written and the embodiment of the
concepts (for, repeat, while, ii/then/else, cases, procedures) in a
language would guarantee that user wculd not only write much better
programs but alsc use the ideas at the problem analysis stage,
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ce awbb bbb Ui bAd FRUSLEA ANALYSIS PRUGKAM DESIGN

It is suggested that computers program people., In particular
the syntax of a programming language influences users, The concepts
embodied in the syntax feed back into the problem analysis style and
affect, for better or worse, the way problem-analysis skills develop.
This is not to deny the possibility of a good programming style with
a non-structured or poorly-structured language. An experienced,
well-read or well-taught programmer can discipline himself to do this,
but there are now tens of thousands of people, including many teachers,
who have "picked up" BASIC from books or short courses which take little
account of the softyare developments since about 1968 when Di jkatra
published his paper” "GOTO statement considered harmful". The following
are examples of the way the GOTO/Flowchart concepts have become part
of the analytical equipment of those who produced them,

The first example is taken from a very useful little bookh
about data structures., It is aimed at teachers, A-level or college
students or others interested in computing science and its practices.
Although the book gathers together some good material and presents
it very well, the suggested algorithms leave much to be desired

(see Fige 7)s

This one performs a Pre~order Tree Traversal, and might be used to
convert a mathematical expression into Polish (Pre-fix) notation.

1. Access the root node,
2e Access the eldest child of the currently accessed node.
3e 1f the currently accessed node is a parent node then go to Step 7.

ko If the next eldest twin node of the current node exists, access
it and go to Step 3.

5. If the stack is empty then finish.

6. Unstack a node pointer and if this node's next eldest trin node
exists, access the next eldest twin node and go to Step 3,
otherwise go to Step 5.

7. Stack a pointer to the current node and go to Step 2.

1. Access root node.
Ze repeat
if son exists then
while there is a next eldest sonm stack him

visit the eldest son

else
if stack is empty then stop
unstack node

until 2 <1

Fige 7 Unstructured and structured "tree-traversal" algorithms
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The second exawple is a flowchart taken from Computer
Bircation.? Fig. 8 shows a solution to a queue simulation problem
which seems popular in GCE computer studies courses. I have witnessed
the kinds of difficulties this particular problem can cause in a GCE
ciass wien a flowchart apprcach is adopted, The problem relates to the
simplest type ol queue, for example, television sets arriving in a
ranaosm menner for repair.

™: =0
= time to next arrival

€
T0: = ™
N: = N+ 1

T1: = TO + next arrival intervsl

A 4

A 4

¥

=

ervice time

~
el

Fig, 8 Flowchart for single server with one input stream —Event-based
Thie problem can be solved in a more natural and straight-

torward way by constructing a table of the required data instead of
trying to simulate the actual flow of events.

(1) The arrival time and service time for all jobs are easily
cowputed from given data.

{i1) The time of entry into service is the difficult bit because
it depends on varying conditions.
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Phebes dies eliloy AinLO service time is known the Jjob-completion
(exit from service) time ir ensily computed because the
service time is &lready known,

(iv) When the table of data is completed it is easy to extract
any degired statistics such as average waiting time,

. Adopting this data-oriented approach rather than flow~-charting
and knowing the few é@ssential concepts of structured progremming, it is
fairly easy to devise the elgorithm for stage 2 of the above analysis.
Job number one must be dealt with firat to avoid an attempt to refer to
a non-existent previous job., The rest is €easy.

for JOB =2 10 20
if ARR(JOB)>COMP(JGB ~ 1) then
ENTRY(JOB) = ARR(JOB)

else
ENTRY(JOBj = COMPUJOB - 1)

endif
COMPUOB) = ENTRY{JOB)
+SERVICEJOB)
next JOB

2+ DIFFICULTY OF REVERSING THE BRAIN DAMAGE

I bave been teaching atudent teachers and serving teachers

COMAL since 1980. Some students acquire the necessary concepts easily -
and write readable well-structured programs. One student with an A-level
in computer science preferred to use 380% BASIC to write a Simplex method
program. After many hours and much debugging at the keyboard the program
worked but it had the usual unreadahle spaghetti-like control paths. In
contrast three other students who chose to do the same problem presented
well-structured, readsble programs without any GOTO statements.

About 2 years' experience of BASIC for A-level had caused
the first student to acquire GOTO Flowchart oriented styles of programming
and problem analysis. She was reluctant to learn the more modern
techniques. Her brain was damaged and it proved difficult, although
not impossible, to effect a cure,

Unfortunately, the vast majority of serving teachers cannot
get released to attend substantial computer education courses. And the
small proportion that do Wanage to organise something might well find that
they get more of the same — more BASIC. Clive Sinclair has sold tens of
thousands of ZX80 mschines. The BBC is running a series of programming
lessons by television, There may be & late decision to change to COMAL
or other properly structured BASIC hut the plans were for a cheap machine
with some of the correct structures added to BASIC,

Computer education is only just beginning to get parity of
eateem with such subjects ag knglish, art, hiatory, geography, physical
education in the schools and in most teacher education colleges or
departments there are more sociologists than computer scientists. At
beat there will be only a trickle of teachers adequately prepared for computer
education, and there seems little chance of proper training for the teachers
already providing the courses for CSE or GCE. 1In 1980 about 36,000 children
took formel examinations in computer studies and the trend is sharply
upwards. But there is very little teacher training.
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In these circumstances reform is not easy. It is not easy to
see how the brain damage is going to be reversed,

k., HOW BASIC CAN BE MADE SAFE

There is no secret about what is wrong with BASIC. From the
point of view of program structure and readability it has only FOR loops,
dublous versions of IF/THEN/ELSE and a very half-hearted type of subroutine,
The last two things need to be tidied up and to the last should be added
REPEAT/UNTIL and WHILE lo0ps, CASE statements and long variable names.
B. R. Christensen defined® COMAL as long ago as 1975, He wisely chose to
extend rather than confront BASIC and, after 5 years of testing and develop-
ment, a standard’ was agreed in 1980 by a Danish-based committee,

Current implementations also provide system-forced indenting,
automatic provieion and editing of line numbers, and one implementation
forces keyworde of the language into lower case and other words into
upper case. These are not trivial details. They make a big difference
to users, especially beginners. Some examples will indicate the style
of the extensions although a full exposition of all the forms of all the
structures of COMAL-80 including the use of local variables and parameter

passing is beyond the scope of this paper.

Program 1

Suppose that a foreman wants a worker to dig six post holes.
The computer language style might use the idea of defining one sequence :

"Dig a hole"

and then instruct six repetitions of it.

for POST=1t0 6
print “Dig a hole "
next POST

This illustrates the FOR loop.

1« Note how long variable names (e.g. POST) help understanding.

2e Note how (system-forced) indenting helps understanding.

3« Note how the system differentiates between keywords (lower case)
and other words of the program.

Program 2

Now suppose that the foreman knew only that the posts should
be 15 metres apart and that they should go to the end of a field. He
would say something like, "Dig holes 15 metres apart until you get to
the end of the field “.

DISTANCE = 100
repeat

print “Dig a hole.”

DISTANCE = DISTANCE—15
until DISTANCE < 15
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This is a very natural concept and necessary in a sensible
approach to problem analysis and program design ~— whatever might be the
ultimate details of coding.

Program

Taking things a etage further the foreman might say, "Dig
holes 15 metres apart until you reach the end of the field. If the
ground is soft dig a two-foot hole, otherwise dig a one-foot hole.,"

randomize
DISTANCE = 109
repeat
SOFT = int{rnd(1)*2)
if SOFT == | then
print “Dig a two foot hole™
clse
print “Dig a one foot hole™
endif
DISTANCE = DISTANCE—15
until DISTANCE < 15

With just a small increase in complexity the indenting
becomes even more helpful,

Program 4

A further complication might be the existence of a tree where
a post hole should go. The instruction here is to call for a particular
service: “"TREECHOP".

randomize
DISTANCE = 100
repeat _
TREE = int{rnd(1)*2)
~if TREE = | then exec TREECHOP
SOFT = int{rnd(1)*2)
if SOFT == 1 then
print “Dig a two foot hole™
clse
print “Dig a one foot hole™
endif
DISTANCE = DISTANCE ~ 15
until DISTANCE < 15
proc TREECHOP
print “Cut down tree”
print “Dig out root”
endproc

This program illustrates the simplest form of the procedure
concepte Modules can be written and tested separately and executed by
a simple statement in the main program. Note that the procedure is
properly named and its beginning is properly defined. It cannot be
entered accidentally. The GOSUB concept of BASIC is relatively primitive
and unhelpful, although COMAL has it for purposes of compatibility.
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: Sometimes it is necessary to provide for exit from a loop
before it is properly entered. Just as a FOR loop should be capable
of no iterations.

The WHILE concept provides this.

DISTANCE = 12
while DISTANCE > 14 do

print “Dig a hole.”

DISTANCE = DISTANCE ~ 15§
endwhile

The REPFAT loop would give a wrong result here because the
sequence must be executed at least once.

This is a very general and powerful concept:

while (reason for looping) do
{statements)
endwhile

There is, of course, more to learn about good programming
and problem apalysis but five of the most important concepts have been
illustrated. The reader may observe a unity between three stages of

programming :
(1) Analysis and design.

(2) Graphical representation {structure diagram).8

(3) Progran.

After a sowmewhat pessimistic paper it is gratifying to end
on a note of optimism. There are now three implementations of COMAL
in UK on the Commodore PET, the RC Piccolo and the DDE SPC 1. Other
companies are known to be interested. Teachers in Denmark are the
only ones in the world to have tried both BASIC and COMAL on a
nationwide scale and they have unanimously rejected BASIC,

- In 1980 snd 1981 there was a steady flow of articles and
c¢onference papers about COMAL and Graham Beech's book? uses a problenm
analysis language which is essentially COMAL. This could be an important
bridge between good computer education and the fact of having to use
microcomputers without COMAL for a while. I can also report a steady
flow of enquiries about COMAL,

It is the expressed view of Christensen that COMAL is easier
to use than BASIC: “COMAL programs can be developed in about half the time
and debugged in about one tenth of the time," I agree with the spirit
of this estimate and am happy to go on record predicting that COMAL-80
signals the beginning of the end for BASIC, although, of course, it will
be an unconscionable time dying. ’
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PASTIMES

If you have any favourite puzzles, games, riddles, etc.s please send them
in for use in thie celumn, —- Editor

PUZZLES

1.

What is the miassing number in the sequence?
10y 11,y 12+ 134 25,y 155 164 17« 204 224 244 31, 100,y 10000, and
the curious finsl number, L1123111111111511.

2. There are four 3-cigit numhers which are the sum of the cubes of their
digites. They are, in ascending order of magnitude : 1534 3704.._and
LO?. Can you find out *he third number?

3. What is the next figure in the series?

_=a (]
—— !-n A B’ ' ! ‘ ‘gll
) ol 4 ? Sms” 9 9=y o

4, Where does the "Z" go : above the line or below, and why?
A EF HI KLMN T VWXY
BCD G J OPQRS U

5. If (a) st?nd represents "I understand",

(o) [&ou just me] represents "just between you and me";
what does each of the following represent?
(c) [wheather]
() [_o
Ph.D,
M'AO
|B.A. |

6. Three boxes are labelled "red balls', ''blue balls" and "red and blue balls".
Each label ias incorrect. You may stick your hand into one (and only one)
box and pull out one (and only one) ball. No peeking is permitted. How
can you lakel each box correctly?

GAMES

1. Can you cut a hole in a 8cm x 12cm note card that is big enough for

your whole body to squeeze through without tearing the card?
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2. A pair of scissors is threaded with a cord, as shown below. The
loose ends of the cord may be tied to a doorknob or may be held by
someone. Can you release the scissors without cutting the cord?

RIDDLES

Do you know the answers to the following riddles? Clues such as "My
first ....y My second ...." refer to the ayllables of a word. Syllables
are sometimes punned, and the breaks between them may not be in the
standard places.

l. My first's a trinity.
My second's mobility.
My third'a antithetie,
My fourth's egocentric.
My fifth's your endeavour to put me together : The mastery of
bight —— acute, obtuse, or right.

2. My first is short for tops in sports.
My second small in mass.

My third's an ancient dynasty.
My whole a typed~in task.

ANSWERS WILL BE FOUND on THE Next PAGE. QNN
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PUZE LE.S

1.

b,

5.

The missing number is 121. (The numbers are all representations of
the number 16, expressed in different bases; starting from base 16
to base 1. Thus 121 is 16 expressed in base 3.)

371

The figures represent the lights that are left off on the digital
display of a calculator or watch as the digits O to 7 appear. The ®
next digit, 8, uses all the line segments, E}. So if you left your
answer blank; you're right!

The "&" goes above the line. The pattern : straight letters on tops
curved ones below.

{¢) "a bad spell of weather"
(d) "3 degrees below zero'

Pick a ball from the "'red and blue balls" box. Whichever colour it
iss put the appropriate label on that box. Remove the incorrect "red
and blue balls" label, which must belong to one of the other two boxes.
Since all three labels were incorrect. The '"red and blue balls'" label
must belong to the box still with its original label.

GAMES

1.

Sclution 1 : Cut the card along the dotted line and then the solid
line; as shown below. Spread the paper into & ring that is large
encugh to squeeze through

===
==

!
===
i

Selution 2 : Make a slit along the middle of the card (Fig. 1).
Fold card 2long the slit and cut alternately from both sides

(Fig. 2J. With parrow enough cuts, you can spread the paper into
a ripg that is large encugh to squeeze through.

[ 1
Fige 1 Fig. 2 ”“HHI“““
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2. Pull on the end of the loop that is knotted around the left handle.
As this loop lengthens slide it along the rest of the cord and
thread it through the right scissors handle along the path of the
rest of the cord. Continue lengthening the loop and, when it is
sufficiently larges slip the scissors through it, taking care not
to twist the cord. Pull the acissors and they will come free,

RIDDLES

l. tri-go-no-me-try

d. pro-gram-Ming m




NEW PUBLICATIONS

TEACHING STATISTICS IN SCHOOLS THROUGHOUT THE WORLD

Ed. V. Barnett

a new publication of the

INTERNATIONAL STATISTICAL INSTITUTE
(pp XVI, 250, 1982)

The volume presents a review of the exact nature of statistical education
in approximately 20 different countries. For each country (or group of
countries) considered, an individual with first-hand experience of the
prevailing circumstances has presented a personal description of the
present situation, of the way in which it has developed and of possible
future prospects. The countries covered are from both developed and

developing countries.

The general structure of school education in each country is outlined in
order to clarify understanding of the details of the provisions made for
teaching statistics. The outline includes information on types of
schools, the pupils they cater for, principles of administration of the
educational system, methods  of teacher training, patterns for
examinations, prospects fcr curriculum reform etc. The titles of the

chapters are as follows:

CHAPTER 1 STATISTICAL EDUCATION IN SCHOOLS IN ENGLAND AND WALES
(by V. Barnett)

CHAPTER 2 REPORT ON STOCHASTICS AT HIGH SCHOOLS IN THE FEDERAL REPUBLIC
OF GERMANY
(by H. Dinges)

CHAPTER 3 PROBLEMS. RAISED BY THE TEACHING OF PROBABILITY THEORY AND
STATISTICS IN FRENCH SECONDARY SCROOLS
(by P.L. Hennequin)

CHAPTER &4 PRE-UNIVERSITY STOCHASTICS TEACHING IN HUNGARY
(ber. Nemetz)

CHAPTER 5 THE TEACHING OF STOCHASTICS IN ITALIAN UPPER SECONDARY SCHOOLS
(by A. Zuliani)

CHAPTER 6 STATISTICAL EDUCATION IN SCHOOLS IN SWEDEN
(by A. af Ekenstam)

CHAPTER 7 STATISTICAL EDUCATION AT THE SCHOOL LEVEL IN THE UNITED
STATES AND CANADA
(by R.V. Hogg and J. Swift)
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CHAPTER 8 TEACHING STATISTICS IN SCHOOLS IN AUSTRALIA
(by J.B. Douglas)

CHAPTER 9  SCHOOL-LEVEL STATISTICAL EDUCATION IN NEW ZEALAND
(by J.B. Douglas)

CHAPTER 10 SOME PROBLEMS OF THE TEACHING OF STATISTICS IN DEVELOPING
COUNTRIES - THE NIGERIAN EXAMPLE
(by J.0. Oyelese)

CHAPTER 11 STATISTICAL EDUCATION IN SCHOOLS 1IN UGANDA AND OTHER EAST
AFRICAN STATES '
(by S. Tulya-Muhika)

CHAPTER 12 THE TEACHING OF STATISTICS IN THE SECONDARY SCHOOLS OF SUDAN
(by D.Y. Downham and H. Gattar)

CHAPTER 13 STATISTICAL EDUCATION IN SOUTH AFRICAN SCHOOLS
(by J.M., Juritz)

CHAPTER 14 TEACHING STATISTICS IN SCHOOLS IN ARGENTINA
{(by L.A. Santald)

CHAPTER 15 TEACHING STATISTICS AT SCHOOL LEVEL IN MALAYSIA
(by V. Barnett)

CHAPTER 16 SOME PUBLICATIONS ON TEACHING STATISTICS IN JAPAN
(by V. Barnett)

The volume is intended to be of service not only to those involved in
teaching statistics as a2 separate discipline within schools, but also to
those teachers and educators who are involved with teaching statistics as
part of other disciplines: biclogy, chemistry, mathematics, physics, the
social sciences for example.

Orders for the Volume should be directed to:

The International Statistical Institute
428 Prinses Beatrixlaan
P.0. Box 950
2270 AZ VOORBURG
Netherlands

The price of the volume is US$ 10 or UKE 6.
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Teaching Mathematice apd its Applications

Qincorporating the Journal of Mathematical Modelling for Teachers
spomored by Cranfield Fostitute of Technotogy and the Open University}

Kditor

Professor Dyavid Burghes, FIMA,
(School of Education, University of Exeter, Tel. (6)3(}2) 52221)

Professor Burghes is a protessor of education in the U niversity of Exeter and prior to taking up this post
in October 1981 he directed the Centre for Teaching Services at Cranfield Institute of Technology. There he
mitiated the Journal of Mathematical Modelling for Teachers. The latter Journal has ceased publication and
has been incorporated into the new IMA Journal Teaching Mathematics and its Applications.

This Journal aims to provide mathematics teachers in secondary and tertiary education with interesting
and stimulating material which can be used in their teaching. Articles showing applications of mathematics,
which can be taught, are included as are articles that seek to enhance and improve the teaching of
mathematics.

ASSISTANT EDITORS: Dr. . Berry, FIMA (Open University): Mr. B. Bolt (Schoo! of Education, University of
Exeter): Dr. I. Huntley, FIMA (Paisley College of Technology); and Micheile Drake {Institute of Mathematics and its
Applications}

The tollowing papers are ameng those published in the first volume.

Foreword — His Royal Highness, The Duke of Edinburgh, KG, KT

The Simplitied Mathematics of Tidal Power — Professor Sir Hermann Bondi, KCB, FRS
The Mathematics of Brownian Motion — Professor Sir Sam Edwards, FRS
Convergents to /2 and “Almost Isosceles’™ Right Angled Triangles — P. E. Trier, CBE
Momtoring Petrol Consumption -—— Anne Walton

Applications of Mathematics for Pupils of Low Attainment ~— A. Fitzgerald
Mathematics of Voting Systems — Joho Berry and David Burghes

Mathematics and Rowing — Stewart Townend

Mathemanics -— Applied, Application, Applying - John Hersee

Find the Next Term [ and 11— David Hobbs

Swretching the Circle — Brian Bolt

Faking X-Rays — Susan Pirie

Chinese Mathematics 200 BC to 1400 AD — John Hiscocks

Ist't “Maths” Boring!? —~ Robin Urwick

Degenerate Afline Transformations of the Plane —- Brian Bolt

The Alabama Paradox — Frances Robinson

Some Questions on School Examinations — Sir Harry Pitt, FRS

PRICE — 1982 — IMA Members £6  Non-members £8
1983 —— IMA Members £7  Non-members £9

Chrders can be placed by returning the tear-off skip together with the appropriate remittance.

To: The Secretary and Registrar, The Institute of Mathematics and its Applications,
Maitland House, Warrior Square, Southend-on-Sea, Essex, §S1 2JY.

TEACHING MATHEMATICS AND ITS APPLICATIONS

I enclose ¢ i far {*delere as apprapriate)

*a) 1982 issues of the Journal
*b) 1982 and 1983 issues of the Journal
*¢) 1983 issues of the Journal

Name

Address

Grade (If IMA member) Signature

Al cheques should be made payable 1o the Institute of Mathematics and its Apphications.
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FROM THE EDITOR

I wish to exprass my sincere thanks to those who have
contributed erticies and alas %o Lwse wao heve helped in the
preparation of this issuwe of SMN,.

Grateful acknowledgement is made to the Institute of
Mathematiocs and its Applicsations and to the Nationmal Education
Associstion for their permission to reproduce articles from IMA
Bulletin and NEA Todaye.

Readers are cordially invited to send in articles, puszles,
games, oartoons, etc. for the next issue. Contributions need not be
typed. Write : The BEditer, Scuoocl Kuthematics Newsletter, Mathematics
Section, Edw ation Department, Room 417, Lee Gardens, Hyssn Avemue,
Hong Kong. ‘

For information or verbsl comments and suggestions, please
contact the editor at 5-83RL7Y.
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