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SYNOPSIS 

A computer model of the rutile ilmenite and zircon industry was developed jointly by Associated Minerals 
Consolidated and Consolidated Gold Fields for exploring marketing strategies and maldna predictions over a 
ten-year period. The industry is ?cscribed brieHy and the reas,ons for modelling !I and ~OOSIIl& a determinis!lc 
approach explained. The economic structure of the model and Its level of compleXity are dIscussed. The necessity 
and techniques for convenient input and clear output, the team composition and the method of work are discussed. 

The reasons for the choice of FORTRAN, large computers, remote batch terminals and the vjlp] importance of 
fast turn-round ace discussed. 

Costs in staff lime and computing are given, with an assessment of the reasons for the S\&CCeSs of the model. 
The model is used on a regular basis to aid management deci!i<ms. 

INTRODUCTION 

Computer models of the ecollomics of a whole industry, in 
regular use as an aid to management, are still quite rare. 
This paper describes 000 of them, how it was constructed. 
and indicates the scale of cost involved. Some of the people 
concerned had experience of tbree previous models of varying 
degrees of complexity, including an earlier model of the 
mineral sands industry. constructed at the London office of 
Consolidated Gold Fields, Limited, with the aid of leading 
practitioners in this field. 

Use of this model was discontinued because there was no 
one in Associated Minerals Consolidated. the operating 
company in Australia, with the necessary time and immediate 
need to keep it updated. When, however, that company 
appointed a marketing manager, he and the operations 
resl!t1rch consultant at Consolidated Gold Fields of Australia, 
Limited, generated the interest which launched the current 
model. This direct involvement of the man most concerned 
with tllC use of the model has been the key to its success. 

Naturally, in view of the planning and forecasting: fuoctiow 
of the model, the examplos of the output have beeD adjusted 
where necessary so as not to give away too much infonnation. 

The mineral sands industry is young and fast-growing, with 
complicated alternatives in the use of raw materials. It was 
modelled because of the requirements of the marketing 
manager, and the need for Gold Fields in LandoD to keep the 
industry under review. The problem, which was too complex 
10 handle manually. seemed tractable on a computer. A 
simulatio n model was chosen containing some 200 relation
ship3 and 2 500 items of data. It has ronvenicllt arrangementg 
for entry of the data and specification of printed and 
graphical output, It starts from known values and then 
progresses from mouth to month for 10 years. During this 
process, it covers production. demand, sales and stock levels, 
and, to some extent, prices for rutile, ilrneoite. beneficiated 
i1menite and zircon. It generales capacity increases, production 
cutbackS, delayed demand responses to price levels, etc. 

H was developed over a period of about a year by a team 
of six, who devoted a total of 17 man-months to it. 
Excluding that of the marketing manager and his assistant, 
the biggest individual contribution was three man-months. 
Computing costs for tWs development work on the bureau 
Univac J J08 machines were £1 685. 

The program was written in FORTRAN a nd designed to 
facilita te frequent changes to the structure of the model. 

BRIEF DESCRIPTION OF THE 
MIN ERAL SANDS INDUSTRY 

A brief description of the industry is needed to put the rest 
of the paper in context 
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Rutile (about 95 per cent TiOJ. ilmenite (iron tilaruurn 
oxide with the equivalent of about 55 per cent Ti02) and 
zircon (zirconium silicate) are minerals found together in 
varying proportions as heavy sands mixed with ordinary 
silica on beacbes in various parts of the world. Other deposits 
o r these minerals are seldom economic, Australia is by far 
the largest producer in the world of these minerals. The sands 
are usually mined by a suction dredge and the beavy minerals 
separated from the silica in spirals. They are then dried and 
separated by magnetic and electrostatic means. Known 
rutile (high TiO~ content) rese£Vcs are !inUted, whereas 
ilmerute is plentiful. Tbere is currently no shortage of zircon. 

Too main u.ses for rutile and ilmenite are for the manu· 
facture of titanium pigment, weldiug rod coatings and the 
production of titanium metal. In some of the uses rutile is 
preferred, whereas in others the more plentiful ilmenite is 
acceptable. However, it is proving possible to beneficiate 
iJmenite to remove some or most of the iron, so making it a 
feasible competitor for tbe end uses normally demanding 
rutile. Pigment plants are designed from the start either to 
run on rutile (or rough1y equivalent benefidated ilmenite) or 
ilmenite with no possibility at any stage of switching from 
either one to the other, O1.loride process (rutile-consuming) 
plants arc newer io concept but are givine; more operating 
problems than the sulphate (ilmenite-consuming) plants, 
which, however, have a major efHuent problem. 

Overall demand for pig:ment (much the biagest end use) 
is growing at about five per cent per annum. Bearing in mind 
that there is little appareDI scope for increasiDg rutile produc;.. 
tion, that there i9 little beneficiated ilmenite produced 
commercially and that the sulphate plants have elHuent 
problems and higher inherent costs than chloride plants, 
forecasting for this industry is difficult. 

Zircon is used mainly for producing foundry moulding: 
sands, refrac!ori~ for lining steel fumaces, and ceramics. 
ID its foundry use it is subject to fierce competition. 
Historically, zircon. treated as a by-product. has not had its 
production matched 10 demand. leading to fluctuating prices 
and stocb. 

A.M.C., with about 27 per cent of the total. is the world's 
largest rutile producer. The total number of producers is 
small (less than 20). 

REASONS FOR BUILDING A MODEL 

A model of the industry was required by tbe marketing 
manager of A.M.C., to allow him to piece together and 
experiment with his picture of the industry. Also a model was 
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required by C.G.F. as an aid to making economic forecasts 
and strategic plans. The industry is young, fast-growing and 
subject to considerable technological change, with much 
room for different views on whether, when and how quickly 
these changes will OCt;ur. It was thought that sorting out the 
complex interaction of assumptions could be handled quite 
easily by means of a convenient and flexible computer model. 

The likely scale and cost of the model seemed within reason. 
Experience suggested that keeping the data up to date could 
be the biggest obstacle because of the sheer volume of 
numbers to be handled. Given tbe relatively small number of 
producers and end-uses, it was thought that enough detail 
to be convincing could be incorporated without making the 
project too unwieldy. 

It was decided initially to revise the earlier model. In 
practice this developed into the production of a completely 
new one, drawing on experience gained in the previous work. 

SELECTING THE TYPE OF MODEL 

The model is a deterministic simulation; in other words, there 
is no random element in the data and no optimization is 
involved. There is merely an attempt to predict the behaviour 
on a particular set of assumptions. 

This choicc perhaps needs justification. The future of the 
mineral sands industry has many uncertainties, hence the 
desire for a flexible framework for trying out assumptions. 
We considered it clearly useful to portray the environment 
in which our companies operated. But to attempt to optimize 
A.M.C. or C.G.F.'s broad strategy in any sophisticated 
mathematical way seemed in this environment a much more 
doubtful exercise which we were unwilling to take on. 

Any random element was rejected because the problem 
would have been unmanageably large and too expensive. 
If there had been one page and not 28 pages of algebra 
describing the model, it might have been different. Also, to 
the extent that we were trying to establish broad behaviour 
patterns, cycles, sequences of events and complicated chains 
of cause and effect over time, if we had built a stochastie 
model (incorporating random elements) producing grey, 
smudgy sets of graphs, we could well have obscured the 
picture rather than clarified it. 

Thorough sensitivity testing to find out the importance of 
the various categories of data and the effects of changes in 
them seemed the better approach, so we went for the 
deterministic model. The only danger is that in a busy world, 
one never seems to do quite as much sensitivity testing as one 
would like. 

OUTLINE DESCRIPTION OF THE MODEL 

The titanium model has been designed to forecast supply and 
demand and the resulting pressures on prices for ilmenite, 
rutile (including beneficiated iImenite) and zircon. The model 
starts from a base of historical supply and demand information 
and forecasts new values month by month over a number of 
years. In doing this it uses appropriate trend information 
and available data on industry production plans and predicts 
likely industry reaction to any mis-matching of supply and 
demand for the various materials. 

The model considers the following sources of production 
and main end-users: 

(i) Rutile producers - with ilmenite and zircon as possible 
co-products. 

(ii) Ilmenite producers - with rutile and zircon as possible 
co-products. 
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(iii) Beneficiators - whose product is treated as though 
it were rutile, that is, for all purposes except production. 
'Rutile' means rutile plus beneficiated ilmenite in the 
followlng narrative. 

(iv) Pigment producers - using either ilmenite or rutile 
(including beneficiated ilmenite) as feed. 

Demand is assessed from the feed requirements of the 
beneficiators and pigment producers, eombined with estimates 
of demand over a range of end uses by country, or country
groups. Titaniferous and zircon demand are, of course, 
treated separately. 

In forecasting its way into the future, month by month, 
the calculations are performed strictly in the order described 
below. 

It is most important to appreciate that, throughout the 
whole of the model, wherever an implied numeric value 
(for example, 'excessive' level of producer stocks) is mentioned, 
the user is able to insert his own values for any run of the 
model. He may also alter the value part way through the run. 
It is primarily this feature wbich gives the model the 
flexibility which is essential to its use. 

PRICE PRESSURES 

The model has bcen designed to indicate the pressures 
exerted on the various mineral prices, and not to forecast 
prices directly. Price forecasts are madc but only so that, 
where necessary, the price elasticity of demand can be assessed. 
In this context, the change in plice is related to the increase 
in price pressure. A static or falling pressure does not change 
price. Other pricing models have been tried. 

(a) llmenite 

Excessive producer stocks are the measure of downward 
price pressure. Price may not fall below a minimum value. 

I1menite is regarded as A-preferencc, that is, of good 
qnality and from a reliable source, or B-preference. Upwards 
pressure is measured by the demand for A-preference material 
that has to be satisfied from B-prcference sources. A maximum 
price has been nominated. 

(b) Rutile (including beneficiated ilmenite) 

As with iImenite, downwards pressure is measured by 
excessive producer stocks, and a minimum price has been 
included. 

Upwards pressure is measured firstly by abnormally low 
consumer stocks, and increased by the contents of a 'leaking 
tank' of unsatisfied demand, that is, a summation is made 
of all past demands whieh could not be satisfied from 
production or stocks - the 'tank'. 

However, to overhang the market with the whole of this 
unsatisfied demand would be unrealistic, and so a rate of loss 
of pent-up demand is applied - the 'leak'. A maximum price 
has been included. 

(c) Zircon 

All zircon demand has been classified as either price-flexible 
or price-inflexible demand, and price-flexible demand can be 
satisfied only from standard grade sand. Any unsatisfied 
demand from this price-flexible area is taken as being lost 
pennanently to alternative materials. 

Downwards pressure is exerted by excessive producer 
stocks, with a minimum price level. Upwards pressure is 
exerted by the immediate erosion of unsatisfied demand as 
deseribed above, and for this reason is not a continuing 
pressure as it is for other minerals. It exists only for the month 
in which the demand was unsatisfied. A maximum price has 
been included. 

, 



MINERAL PRODUcnON 

(a) lImenite producers (approximalely 20) 
The producers of A-preference material are modelled 

individually. B-prcference material is available as and when 
required and individual producers are not recorded. Dummy 
A-preference producers have been included (with zero 
production) to permit the handling of future new producers. 

Included with each producer are esti.mates of tbe probable 
sizes o f capacity cllpansions, each producer being rated on 
his likelihood to expand and the time when this could first 
be done. Production rates correspond to the full, current 
capacities expressed in tons per annum of ilmcnite. 

1be decision to expand the nex.t available producer is based 
on the level of total producer stocks related to the smoothed 
sales level. 

(b) Rutile producers (12 to 1') are modelled individually. 
Any of them may have an initial capacity rising to a 'final' 
capacity with a nominated period between the two. Any 
producer may be specified as operating, typically, fit less than 
full current capacity. 

Production rates Me varied up or down if producer plus 
consumer stocks of ruti le (including benertciated ilmenite, of 
course) are excessively high or low. The model makes no 
other automatic changes to rutile producers. Expected future 
producers must bc described in the input data. 

(c) BellejiciaIors (20, including potential p'oducers) arc also 
modelled as individual plants. Initially, plants arc brought 
on-line at specified times. Beyond Et stipulated date, additional 
production will b~ introduced from a list of potential 
producers if producer stocks of rutile and/or benefidated 
ilmenite a re low and the excess of demand over supply is 
great eno ugh. Poten tial producers are introduced in this way. 
one at a time, up to the maximum number stipulated. 'Ibc 
source of ilmenite feed may be eitheT from A- or B-preference 
material, as stipulated for each. 

As with !Utile producers, beneficiators may be described 
using initial and Onat capacitlcs modified by individual 
o perating ratios. World slocks affect beneficiators in cllact1y 
tbe same way as rutile producers a re. Thereafter the remainder 
of the pigment plants listed (that is, potential producers) are 
forecast to be brOtlght into production, one at a time, 

(0 when p,odu"" stooks of pigment "e low, 

(ii) when the ellCC$S of demand over supply is above a stated 
level, and 

(Hi) if the plant uses the chloride route (rutile feed), producer 
plus consumer stocks of rutile are at least equal to one 
month's feed for the new plant. 

Should the forecast date fol' introduction of tbe selected 
plant be beyond the latest possible date specified for its 
iauoouction (for example, a sulphate p lant), it will be 
ignored, and a similar attempt will be made to introduce the 
ne1<t potential plant. 

(d) Pigment producers' demand for ilmenite is assessed from 
the above information for both A- and B-preference ilmeoite. 
A shortage of A-preference material does nOl restrict pigment 
production, but an excess of producer stocks of pigment will. 

(e) Demand f or rUlile for pigment production is also estimated 
at this stage, but the forecast of production of pigment from 
this source would be lowered by a shortage of feed, aDd must 
wait until tbe whole rutile demand has been forecast. 
Excessive producer stocks of pigment restrict production 
ex.actlyas in (b) above. 

(f) To tal A-preference ilmenite production is the summation 
of the output ftom the A-preference producers, plus 
A-preference co-product output from rutile producers. 
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(g) Total fUtile production includes not only that from 
sources (b) and (c) above, but also co-product rutile from 
A-preference ilmenite producers. 

(h) Zircon production is tlte total of the co-prodllct output 
of the ruWe producers and the A-preference ilmenite 
producers plus a stipulated quantity representing production 
from the (unmodelled) B-preference producers. 

PIOMENT P RODUCflON 

Future demand for pigment is estimated (see section 
4 (a) below) und used to forecast increases in pigm.ent 
production. This, in turn, is used to forecast demand for 
rutile and iln)CDite. 

Pigment producers (39 plus po/ential prmlllcers) 
Individual producers are identified and may have specified 

initial and [mal capacitics together with au operating ratio, 
as for other producers. Production is cut back if total 
producer stocks become excessive. 

Each producer is identified as requiring A-preference 
ilmerute, B-prererenre ilmcnite or rut ile as feed. Only a 
specified number of the full l ist of plants is aUowed on-line 
before a stipulated date. 

DEMAND 

Gross Dational products, total steel production a nd the 
expected growth rates of these two indicators are required 
to be available for stipulated countries. Demands are then 
forecast by country (eight) and end-use, using initial levels of 
demand, and applying the growth in GNP 10 that demand 
via an appropriate factor. Steel production has been used in 
lieu of GNP in onc case. A factor re8ecting overall variation 
in world economic activity is also available. 

(a) Demands for titanium dioxide arc forecast for country by 
cnd-use (nine), aggregated ov()r four country groups and then, 
if applicable. price 'plasticities' are applied by country group 
and end use. Price 'plasticity' mearu that the average price 
over a specified time. starting a designated number o f months 
before, is calculated and tllen used to illcrcase or decrease 
demand if the result lies outside a particular null range of 
prices. This reflects our view that demand reacts ouly 
gradually to price changes. Total demands are then 
aggregated: 

(i) A· Preference ilmenile 
This is the summation of demand for A-preference 
ilmenite for pigment production, 'other' uses and feed 
requirements of appropriate beneficiators. 

(ii) B-Pre!erence i1menjte is the B-preference ihnenite ffl]uired 
for pigment production, plus dema..lld from ferro 
titanium manufacture and 'other' uses pIns feed 
requirements for any beneficiators using B-preference 
ilmenite. 

(iii) Rutile 
This is the ru tile required for titanium metal, welding 
rods and 'other' rutile demand. p lus the rutile required 
for pigment production. 

(iv) Demand/or Ti0 2 fro1l1 pigment production 
]be remnining end uses for various types of pigment 
are not flexed witb miocral prices and are used only 
indirectly in that tbcy help establish the required pigment 
production capacitiC'!. (See Pigment Production). 

(b) Demandfor zircon is forecast by country and end use (four). 
The use as n refractory in Japan only is related to steel 
production, aU othec growths being related to GNP. 

• 



For each country-group, that proportion of the demand 
for foundry sand which is price-flexible is aggregated as 
flexible demand. 

The demand for use in zirconium metal is estimated from 
forecasts of .nudear reactor fabrication. This, plus the total 
demand for non-sand and the remaining requirement for sand, 
is the forecast of price-inflexible demand for zircon. 

STOCK, SALES AND UNSATISFIED DEMAND 

'Sales' are defined as satisfied demand and 'offtake' as 
sales plus any increase in consumer stock. Neither sales nor 
stock are allocated to individual producers. 

(a) Pipeline stocks are calculated for each mineral, but not for 
pigment and are directly related to, and vary with, the 
smoothed current level of appropriate sales. Pipeline stocks 
are not available for use in meeting demand except that, for 
zircon, the pipeline for flexible demand is run down in order 
to satisfy inflexible demand, if required. 

(b) Consumer stocks are calculated for A-preference ilmenite, 
B-preference ilmenite and rutile, with desirable levels being 
nominated in each case. 

(c) Producer stocks are calculated for each mineral; zircon 
stocks are available to meet either flexible or inflexible demand. 
Producer stocks are run down before consumer stocks. 

(d) Sales of individual materials 

(0 A-Preference ilmenite 
Sales, off takes and the various stock levels are 
calculated. Any unsatisfied demand must be satisfied 
from B-preference material. 

CH) B-Preference ilmenife 
Sales and offtake are calculated, both including the 
transfer of demand from A-preference to B-preference 
supply. 

(iii) Rufile 
As noted previously, the contents of a leaking tank of 
unsatisfied demand are calculated, and any supply used 
to satisfy this demand is included under sales and offtake. 
An attempt is made to satisfy the leaking tank only after 
new demand and any pipeline needs have been met. 
The new contents of the leaking tank are recorded. The 
'leak' is applied at the start of the calculations for the 
'next' month. 

(iv) Zircon 
Price inflexible demand is met before attempting to 
satisfy the price flexible demand. Sales and offtake are 
calculated. Any unsatisfied flexible demand is noted, 
and the base demands adjusted to reflect the loss of 
this to competitive materials. 

(v) Pigment 
Sales and producer stocks are calculated. 

INPUT AND OUTPUT FACILITIES 
FOR A USABLE MODEL 

At the start the assumption was made that unless it was 
possible to perform and digest several runs of the model 
within a day at most, the model would not be used. The 
input card layouts and the graphical output were therefore 
designed with some care. 

The great bulk of the data represents 'arrays' containing 
the values of similar characteristics of a set of producers or 
demand areas, etc. Each card has the array name and a sequence 
number on it, together with seven data values. If the data 
are in 'two dimensions', for example, demand by end use 
and country, there is never any need to put data from more 
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than one row on the &'1me card. This process is extended to 
allow 'three-dimensional' arrays to be filled in and checked 
easily. The cards are arranged to be read in exact alphabetical 
order and the program checks that all the information is 
there and in the right sequence. It also converts from annual 
to monthly rates on input and back again on output where 
required. 

It is also necessary to allow values to be changed at any 
point in the simulation. This can be done allowing a single 
value or an array to be multiplied, divided, added to or 
replaced by another value at any time by a card like this: 

"'ALTER 197106 CAPPGF 15 "'1.25 
which would increase the capacity of pigment producer No. 15 
in June, 1971, by 25 per cent. 

Similarly, 
~PRINT 197106 197312 6 AZ 

would tabulate the annual demand rate for zircon by country 
group every six months from June, 1971, to December, 1973. 

*PRlNT cards can be put in any order; *ALTER cards 
must be only in date order; explanatory comment cards can 
be put in anywhere in the card deck; successive sets of data 
can be run in one computer run. 

Any values can be tabulated by the · PRINT facility but 
the principal form of output is a set of graphs produced on 
the ordinary line printer (Appendix 3). The horizontal scale 
of the graph adjusts itself to suit the range of values and always 
gives round numbers on the grid lines. The program is 
deliberately written to make it simple to add more graphs or 
to re-arrange their contents. 

THE LEVEL OF COMPLEXITY 

One of the greatest problems is to know where to draw the 
Jine at adding complexities to a model. Too many make it 
unmanageable and with too few, it will he dismissed as 
unrealistic. 

The description of the model occupies 28 pages of algebra 
plus a dictionary of terms of the same size (samples of these 
are shown as Appendices 1 and 2). The algebra covers some 
200 relationships, mostly conditional and mostly covering an 
identical set of operations on a whole array of producers or 
countries. There are about 2 500 items of initial data. 

Experience with three previous models suggested that this 
model was sufficiently detailed for its purpose, but still 
intelligible. It could handle the practical infolluation and 
estimates available and provide practical predictions based on 
that information. It was aL~o accepted by the market manager. 

Cost estimates for producers were not included and no 
attempt was made to allocate sales and stocks to individual 
producers or to represent the long-term contract position 
between pigment producers and their SUppliers. 

One simplification from a computer point of view was to 
treat all 'normal' levels of sales used to arrive at such 
estimates as maximum 'normal' pl'Oducer stock levels, etc., 
as expollentially-smoothcd values rather than averages over 
time. This saved programming, a lot of space in the computer 
and tedious filling"in of historical values beforc the start. It 
also seems convincing as a representation of behaviour. 

HOW THE MODEL WAS DEVELOPED 

Since the prime user and therefore definer of the model was 
based in Australia and the people with the previous modelling 
experience were in London, we clearly had a logistics 
problem. This enforced the always desirable discipline of 
precise and clear documentation to avoid misunderstandings 
at a range of 12 000 miles. 

I 
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The definition of the model took place in London in 
one week of February, 1970. A.M.C.'s marketing manager was 
'helped' to define his model by a team consisting ofGG.F.A.'s 
O.R. consultant, two of Gold Fields' London commodity 
forecasting team, an industrial metallurgist responsible for 
demand forecasting, a commodity analyst/statistician, both 
of them with previous modelling experience, and the author 
who was then running the London computing and forecasting 
activities. 

Subsequently, the description was turned into algebra, 
defining terms in a dictionary, copying the technique used by 
Professor B. M. L. Beale in the original 1965 model. This 
algebra was sent to Australia for vetting while some program
ming was started in May, 

Suggested revisions to the algebra arrived in London in 
July, and the remaining programming was completed in 
August, followed by debugging while the demand data were 
being prepared. The other preliminary data arrived from 
Australia in September and after sufficient testing to 
convince us that there were no major programming bugs left, 
a tape containing the program and data was sent to 
Australia in November. We got the model working and 
adjusted it to a reasonably convincing state in 2t weeks before 
making a brief presentation to management. While doing this, 
an up-to-date detailed log of every computer run was kept. 

Subsequently, there have been minor changes to algebra, 
the data have been refined, docwnentation improved. and 
sensitivity testing carried out. By June, 1971, London manage
ment had made substantial use of the model and A.M.C.'s 
marketing manager was satisfied with it. 

COMPUTING ASPECTS 

The program is run on compatible bureau Univac 1108 
computers in London and Sydney. The 1108 is a large, fast 
computer obeying about one million instructions per second, 
with several magnetic drums and tapes. In both countries the 
machines are accessed remotely using a card readerjline 
printer terminal, linked via private telephone line. Gold 
Fields in London has its own terminal whereas in Australia 
the computer in Sydney was reached through a Brisbane 
bureau. Both the UGC. machine in London and the 
Compunet machine in Sydney have batch-operating systems 
allowing only one user program to be in action at a time, 
although input from cards and output for printi.ng can be 
stored on drums for many terminals simultaneously. Turn
round nnder these conditions is very rapid, ranging from a 
few seconds at best to two hours at worst. 

Univac FORTRAN V is used as the programming language. 
Having chosen FORTRAN, it was not necessary to stick to 
A.S.A. standard FORTRAN IV as there was no intention of 
using any other machines and the extra facilities were 
considered useful. 

DYNAMO, GPSS or one of the other simulation languages 
was not used although they remove the most laborious part 
of the program, namely, the housekeeping and input/outpnt 
operations. As, however, we thought that they did not do 
exactly what was wanted, we stuck to FORTRAN -we could 
have been wrong. 

The way in which a problem is programmed should bear a 
close relation to how the program is to be used. We believed 
that no nm would take more than one minute (cost £8) and 
thought that this was an over-estimate. There was, therefore, 
no need to sacrifice user convenience in order to cut the run 
time. Convenient input and easily selected output were the 
first priorities, and the algebraic sections were isolated so that 
they could be changed simply and quickly. 

The algebra is performed in separate subroutines for prices, 
demand, sales and stock. Input and tabulated output are 
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performed by general routines which work from a single list 
of the names of all the arrays used in the algebra together 
with their characteristics. These characteristics are their 
dimensions, the name of the input variables containing the 
number of items in the array for this run, whether the item is 
supplied at an annual rate, and therefore, requires conversion 
and so on. This means that if a change to the algebra is required, 
all that is necessary is a change to the relevant subroutine, and 
to the one COMMON area and to the list of arrays ifnew input 
is required by the change. In practice tins system works well; 
for example, it was possible single-handed to work out some 
new algebra for the pricing routines, punch the necessary 
program changes, get the program working and make three 
separate runs using different values in less than three 
hours. 

Another result of this approach has been a simple routine 
working from the list allowing the computer to generate some 
of its own input documentation. 

Tabulated output is produced as the simulation progresses 
from month to month, but values for subsequent graphing are 
written to a magnetic drum on each cycle and read in agaio 
for plotting at the end of the simulation. The graph routines 
are fairly generalized; many have been used before. There is 
a list in the main routine corresponding to the items stored 
in each cycle. To put, say, the second, fourth and fifth items 
on to the third graph, one merely enters the number 3 in the 
corresponding positions in the list. This makes it easy to 
rearrange the layouts. As mentioned before, the graphs are 
self-scaliog on the horizontal axis and biased to include zero 
on the scale, unless this compresses it too much. 

The program amounts to about 1 900 FORTRAN cards, of 
which only some 30 per cent are concerned directly with the 
logic and arithmetic ofthc model. There are 22 subroutines and 
the program occupies some 35 000 thirty-six bit words of 
memory. This could be reduced fairly easily by about 20 per 
cent at some cost in running time. A 120-month run 
producing graphical output takes only about 16 seconds in 
the central computer, at a cost of £2.2 plus input/output 
charges, not applicable on the Gold Fields' terminal, 
amounting to another £1. 

COSTS AND BENEFITS 

The direct computing cost for central processor time and 
storage on a drum up to the point at which thc program was 
sent to Australia, that is, after preliminary testing and 
adjustment on full data, was £375. Obviously, some 
departmental overheads representing a small proportion of 
running and manning our six-year-old terminal should be 
added. Total direct computing cost in London and Australia 
to the end of July, 1971, was only £1 685. Clearly these costs 
have been swamped by those of staff time and travel. 

For the London staff, the involvement was some 27 weeks, 
and in the cast of the Australian staff 41 weeks. This gives 
a total of 17 man-months, some proportion of which is 
attributable to the distance problems. 

This kind of model-building, if it is taken at all seriously, 
affects decisions with potential pay-offs measured ccrtainly 
in hundreds of thousands and, in some cases, millions of 
pounds. Unfortunately, there is a big obstacle in the way of 
assigning returns, positive, or negative, to a model; nobody 
knows for certain what management decisions would have 
been taken in its absence. However, London management 
certainly asks what the model shows when reviewing projects 
in the mineral sands industry; A.M.Co's marketing manager 
has said that he likes the model, uses it and considers any 
marketing manager in the 70's who has not got something like 
it, to be without a basic tool of his trade. 



There is also no doubt that views of the industry within 
Gold Fields and A.M.C. have been crystallized and changed 
by the model-building process. This is probably as far as we 
can go at this stage. 

REASONS FOR SUCCESS 

So far the story has been one of success. The main reasons 
are believed to be: 
(1) The target was clear and we knew what we were trying 

to model, for whom and why. 

(2) The model was not made unnecessarily complicated. 

(3) Documentation, both Oil structure and data, was good. 

(4) The means of input and output to the model were 
convenient and flexible. 

(5) It was easy to change the algebra. 

(6) The computers used were powerful and large enough to 
allow everything except convenience to be ignored when 
designing the program. 

(7) Normal computer turn-round was between one and 
thirty minutes. 

(8) Possibly most important of all, every member of the team 
was experienced where it mattered, and worked well 
together. 
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APPENDIX 1 

TITANIUM MODEL MARK Il ALGEBRA - SAMPLE 

Sales and stock 

Sales "'" Satisfied basic demand 

Offtake - Sales + increase in consumers' stock 

(l) Pipeline stocks 

XPPLSA ... XFACPP "'SALES 
m,t m m,t-l 

+ (l-XFACPP )*XPPLSA for m = 1,5 
m m,t-I 

PIPEL "'" MIN(XLEVPP "'XPPLSA ,QTOT ) rn,t m rn,t rn,t for 

+ PIPEL -I- SP -I- SC m - 1,3 
m,t-I m,t-1 m,t-l 

PIPINC = PIPEL - PIPEL 
rn,1 m,t m,t-l 

for m = 1,3 

366 

(2) Desirable levels of consumer stock 

XSALCS = XCSFAC ... SALES 
m,t m m,t-I 

+ (l-XCSFAC )*XSALCS 
m m,t-I 

DCNSTK = DCSFAC ... XSALCS form _ 1,3 
m,t m m,t 

(3) Sales or stocks of individual materials 

SALES = MIN(GDTOT ,QTOT -PIPINC 
l,t 1,t I,t 1,t 

-I-SP -I-SC ) 
1,1-1 1,t-1 

SP = MAX(O, QTOT - PIPINC + SP 
1,1 1,1 I,t I,t-l 

-I- SC - SALES - DCNSTK ) 
1,t-1 1,1 1,1 

If SP > 0, SC = DCNSTK 
I,t l,t I,t 

If SP = 0, SC = QTOT -- PIPINC -I- SP 
1,t I,t I,t 1,\ I,t-l 

-I- SC - SALES 
1 ,t l. t 

OFFrAK = SALES -I- SC - SC 
l,t I,t 1,1 l,t-.. 1 

APPENDIX 2 

DICTIONARY FOR TITAN 2 - SAMPUl 

ACQRr,t 

ACQBh,t 

I = Initial data 

A - Annual rate 
externally 

L London 

S "'" Sydney 

A 

- Production of rutile (unadjusted for TiO, 
content) by producer r in month t 

= As ACQR for beneficiator b. 

ACQTOTm,1 = Crude production in month t of material m 
unadjusted for content. 

Au,g,1 

ACDTOTm,t 

AZu,g,f,t 

ACSALEm,1 

= Demand unmodified by elasticity for end 
use u in country group g for titaniferous 
material. 

~ Apparent demand for material ill in month 
t, Le., DTOT m,! grossed up at standard 
rate from TiO,. 

Demand for zircon by country groups. 

Sales of mineral ill in month t grossed up 
from contained TiO! where relevant. 

AGDTOTm,t = Grossed up demand 

ASCrn,t 
ASPrn,1 

= Grossed up consumer stock 

= Grossed up producer stock 

A 

A 

A 

A 

A 
A 

A 
A 

~ 

I 



APPBNDIX 3 

TEST ResULTS ONLY ~ SAMPLE 01' OtrTPtrr 

. ~03·~----I-------.·,5-----·- · '-- - ----·- '-----·---·---. _____ , _________ , _________ I _________ • ______ ~ --. 

1970. 

20) J ~~ 1 T : 1 T T T \ 
Z0 3 5 •• 1 I I I I I ,Pri<ePr ... ureLT 
l J ~ .I 1 J I I I I t h.Uh + 111.10 • 0 
~ 30 1 ~~ I I 1 I I I r 
~ 3 0 1 5~ I I I I I T 1 I RutUe .. Den ll .. Prod 
2 .J-------O--------~.~----.-- _. ___ ____ __ • _____ ____ , ___ ______ • _ __ ___ ____ • ---------.------___ • ___ __ ____ • J" LT_ T102 

l3 1 0 S~ r I T I I I , TJ.nnueL Nate 
l 3 I 0 ~.~ I I TIT I I I 
2 3 I 15. I I I L I I I 1 1Iu~ .. DI Prod Stoe>. 
2 J I 15U O I 1 I 1 I I I ,Ja l.:rTI.Oa.a 
23 I 15 ' . 0 I I I , I I I I J _____ ~_. _______ .-5 - 0-q _ __ • _ _ _ O ___ _ _ .-_ - ____ _ • _______ • _____ _ • _ _ • ______ ___ , ________ • ____ • ___ _ Rut .. III C ...... 1St ... " 

) ; . q to I I I I IJn1.1'1'10a 0) 
1911 . 

~ ;~:: \ : ::: 1 ~t~;~T1o~1 dO

-:-: 

~ ;. ~ I I , 1 ......... d R.t. 3---------I-----____ • ___ ·_~--•• _· _______ • ______ O-_· _______ • _________ • _________ • _________ • __ .. _____ • 
~ I I 501 I 0 1 J I I 1 Illut~IIICo" .. "'"I'Uon 
J I J 5 ~l I OJ [I r 11a LT T1011 • , 
.) I J S _I I 0 I 1 t ........ ud Rate 
.) 1 5"1 0 J I I 
.) I 5 ~ 10 I I I 
3---.·----.-----·---+·------ ~ . ·---.--·--.---------.-O------~. ____ ~ ____ . ___ ______ . ___ ------.----.-.. -. 
J 1 S. . 0 I 1 
3 J 5 0 ' 01 I 
3 1 I 5 • 01 I 
3 I 1 5" 0 I 
J 1 I S' 10 I J-------.---------. ___ • ___ or ___ • ______ ~ __ • ______ ·O------.-.-----. __ . ___ .. _. ________ . 
j 5 ' 10 
l 450 J 10 
$ 4 S. 1 0 
23 _ !> I 0 I 
2 ~ I ... ·0 1 2 3-·--__ + ____ +_··_··_·_· __ ··_· ___ q -~a __ o _____ • ______ • __ ------. _______ • _ _ __ ._. 

2 ) I ~ S* 0 1 
2.) I 41:1*01 
2 .) I '< .. . 01 
2" I , 5*0 
2 J 1 '<50 " 2--)--·---· ____ ~ ____ • _ ________ • _ __ • _____ .-~ _____ '<05 .. __ ~-----. _________ • _ _ _______ +_. _______ + __ • __ ____ • 

"- J I 1 I 0 4 15 I 1 1 I t 
2" 1 I r 415 I I r I t 
2 " :l f 0 415 I I I 
I :s 1 t 0 '<15 1 I I 
2" I , 0 15 I I 

1911. 
2-··-3--··. _________ .--------.----0----. ________ 5*' ____ • __ • _______ __ • _______ __ • _________ • __________ • 
2 3 I- I 1 0 5 . • I r t I 1 
a 3 J 1 I I 0 15.~ lIt I 
2 3 J I I 1 15.' I I I I 
a 3 I I 1 1 I 5'< U I I 1 I 
23 I I I I I S-I O I I I I 2""l----·--__ .--·-----.. ---.-_____ • __ -S._ .. •• ____ O_. _ _______ _ •• _____ • • ______ • 

2 j I I I I I 5 _1 r 0 1 I 1 
2 3 I I I I I ,.~. I 0 1 I I 
I l I I I I I'~ ' I II I I I 
23 I I I 1 1.5. I 0 I I 

un. a " I I I I I ~ 5 . 01 J I .-- --__ • __ + ________ •• ------__ • • ________ • ___ • ____ •• _________ • _______ t _ _____ • _______ ___ _ ___ 

• 20000 0 ~ooooo 800000 1000000 1200000 hODO OO 1600000 1800DOO 
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