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The use o f operations research techniq ues and computer models has become 
entr.enched in the mining industry, particularly in the area of mine planning. 

The paper considers three major areas where increasing efforts are likely 
to be directed in the future: the integration of multiple disciplines in a single 
model.; the decentralization of computing capacity within a structured network; 
and the incorporation of sophisticated techn ique~ such as compu ter aided 

design and artiticial intelligence. 

Introduction 
During the last few years operations research methods 
and computer models have become widely accepted tools 
and almost standard procedures to tackle techno-econo
mic questionti in the mining industry. 'Computers in mine 
planning and operations' was not only one o f the main 
topics a t the last (13th) World Mining Congress held at 
Stockholm/ Sweden in June 1987, but in addition a great 
number of papers given on the other subjects, if not the 
majority, dealt with computer and O. R. methods. Corn· 
puters and quantitative methods are playing an impor
tant role in both mine planning and operation, and com
paring this situation with the first attempts of computing 
in the mining industry back. in the early 1960s the pro
blems can be regarded as being quite considerable. 

Looking at the picture methodologically, however, this 
progress turns out to be not really so marked: Stochastic 
s imulation has been the bread-and-butter method since 
the very beginn ing of computerized problem solving in 
the mining business, and still is except for very rare 
examples of successful applications of graph-theory, linear 
and dynamic programming, ·etc. These (simulation) 
models grew bigger and became more complicated as time 
passed (and the easy-to-handle tasks such as 'optimizing' 
transport systems were studied sufficiently), a long with 
the increase in storage capacity and computational speed 
of the main frames, from the methodological point of 
view, however, there was very little new development or 
breakthrough. 

Only very recently have attempts been made to intro
duce new concepts to problem solving in mining, which 
trend in my opinion is overdue. There are three different 
aspects, which deserve even more attention in the future, 
namely: 

• reflecting the com plex. multidimensi.onal structure of 
mining problems by combining different 0. R. tech
niques within one model; 

• providing decentralized capacity locally which is simul
taneously an integral part of a structured network; 

• incorporating CAD/CAWCIM techniques and ele-
ments of Artificial intelligence. 

These emerging ideas inevitably affect the organizational 
structure of the mine and/or the company; hence it is 
worthwhile to think about where these developments are 
head ing or where (hey should lead. 

Reflecting the complex, multidimensional 
structure of mining problems within one 

model 
It is commonplace to state that mining is a complex and 
multidimensional process, but in effect many of the com
puterized models used 10 represent this mining process 
are linear in nature or only two- or three-dimensional, 
and mostly cover only one or a few o f the different 
aspects. Many typical mining problems and their respec
tive models could be used as examples to clarify this state
ment; long-term production scheduling is just one of 
them. 

Regardless whether it is open pit or underground 
mining, long·term production scheduling always means 
answering the question: Which part o f the deposit should 
be mined at what period of time in order to reach the 
economical target as soon as possible? Clearly, scheduling 
takes into account geological and technical consideration 
and at the same tim e pays attention to probabilities -
a complex problem. even when considering a very small 
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and simple example. Obviously, there are at least two 
dimensions, space and time, to be taken into account 
when modelling a production schedule. 

Let the deposit under study consist of only 6 blocks 
or units, formed by geological conditions, and assume 
that two of them have to be mined jointly at any given 
point in time to reach the required daily production. There 
arc many options for sequencing the mining operations: 
Starting with block A and B one may continue with C 
and D or with E and F or with C and E or with C and 
F, etc., and the start itself could be A and C instead of 
A and B or the choice could be A and D, etc. There is 
not a single chain to follow but a tree of possible sequences 
with each branch creating new paths from which the op
timum has to be selected. 

It is apparent that a model simulating only one linear 
sequence at a time through this two-dimensional network 
will need additional criteria for deciding about the next 
block to be mined at any node. The most rigid measure 
to limit the number of branches to a manageable amount, 
which has been applied quite frequently in the past, I is 
to let the planning engineer establish this mining sequence 
by means of his knowledge and experience or by his in
tuition - thus leaving the bulk-load of the problem to 
him and restricting the computer to calculating the con
sequences of this pre-set decision. 

This is not to say that such 'simulating' models would 
all be too simple, as the consequences may be very dif
ferent. For example, the complex issues range from tech
nical questions like machinery requirements, utilization 
and energy consumption through mining problems like 
recovery, dilution and subsidence; thcn there is organ
izing and scheduling all the different operations in a mine 
which are influcnced by or necessary for the proccss of 
winning the mineral, such as ventilation, development 
work, haulage and transportation; finally, an cconomic 
evaluation of this mine-plan has to be established. Such 
a computer model, if designed to cover all thesc aspects 
properly, is in itself a complex system and it will be ex
tremely helpful for the planning engineer. On the other 
hand, there is no doubt that it is still linear in its underly
ing principles and hence does not reflect the multidimen
sionality of the problem of long-term planning. 

This expression 'multidimensionality' is justified, 
because there are more dimensions than just this second 
one created by branching the sequences of the blocks to 
form the decision tree. The quantity of material to be ex
tracted from each of the blocks accessible for mining may 
be considered as a third dimension of planning, which 
will influence the sequence in which the blocks may be 
mined; for there are layers of sequencing problems which 
have to be looked at three-dimensionally. And thcre are 
still further aspects which may be considered as additional 
planning dimensions, such as quality characteristics and 
requirements of both the deposit (ore grade, chemical and 
physical properties, recovery, dilution etc. as a function 
of the mining method applied, and so on), and the con
celltrator/beneficiation plant - it is needless to mention 
all of them in detail here. 

I t is most unlikely that there will ever be a model which 
completciy reflects this multidimensional complexity of 
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production planning in such a general way that it can 
be applied 10 any situation in any given mine. It is possi
ble, however, at least to move a little towards this direc
tion of complex multidimensionality, and there are some 
new attempts which reach for this target by combining 
different O. R. tcchniques within one model. Examples 
for both open pit2

•3 and underground operations4
•
5 are 

available in different mining branches. 
Typically, some sort of (stochastic) simulation is ap

plied to model the development of the mine as time pro
gresses. Embedded in this simultation procedure are in
teracting algorithms to cope with the different problem 
dimensions mentioned above. A decision tree may be used 
to represent the many possible sequences of working the 
blocks, with branching-and-bounding techniques applied 
for determining the best way through the network, and 
linear programming used for generating the branches at 
the nodes and coping with the quality restrictions, while 
network techniques can handle the problem of ensuring 
the timeliness of all auxiliary work. All these questions 
are treated in one and the same model simultaneously, 
as opposcd to th'ose numerous and successful attempts 
in the past which concentrated on only one of these 
aspects. Hence these newer models can be regardcd as 
reflecting the true nature of a typical mining problem. 

No wonder that such models are very complex and com
plicated themselves, and therefore require large main
frame computers. This apparently is one of the reasons 
why they have not been used too frequently in the past. 
The tremendous growth of storage capacity in the modern 
computer and its calculating speed, in combination with 
the decreasing cost! capacity ratio makes these modelling 
tasks manageable. There is no doubt in my opinion that 
they can and should be developed and used to tackle 
mining problems of different types above and beyond 
long-term production planning. 

To develop and apply such complicated, multidimen
sional models necessitates, however, a well-trained and 
experienced staff with expert knowledge of these O.R. 
techniques, computational procedures and mining itself. 
People of this profile are not too frequent in the mining 
industry - another reason besides the requirement of an 
accessible mainframe why development, implementation 
and utilization of models of this type should be central
ized. Other facts which reinforce this suggestion are the 
costs involved in developing and maintaining models of 
this complexity, and the comparatively low frequency of 
utilization which is to be expected - say a longterm pro
duction planning algorithm twice or three times a year 
per mine at the most. 

It is quite evident, therefore, that these large, complex 
computer models do indeed provide the tools for method
ological progress and will be most welcome and helpful 
in improving the mining engineer's problem-solving capa
city; but they are not at all the right tool for the equally 
or even more important task of providing computing 
capacity to the engineers at the mine site. 
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Providing decentralized computing capacity as 
an integral part of a structured network 

In the past, one big disadvantage of applying computer 
and O.R. techniques for problem solving in the mining 
industry has been the fact that the models were frequently 
not available at the mine site itself. Quite considerable 
effort had to be expended and much time was lost in talk
ing to the specialists and experts at the company's com
puter centre, trying to make them understand the pro
blem, getting them interested and imolved in selecting 
or developing a suitable solution program and applying 
this to solve the problem. Sometimes, the whole procedU1e 
was repeated ·a second time, the other way around: Try
ing to understand the solution and believe in it, and con
vincing mine management to give it a practical chance 
of being tested. This procedure has caused frustration and 
many misunderstandings which lead to unsuccessful ap
plications, thus blocking further experiments, and possible 
attempts have never been started owing to these real or 
anticipated difficulties. 

With the availability of comparatively inexpensive. 
powerful small computers like the PCs these problems 
do not necessarily exist for the time being and for the 
future. Computing capacity can and should be locally 
available for any mining engineer right on the spot, en
abling him to do his job more efficiently, and in my opi
nion they have to become routine tools on the mine
captain's and foremen's level too. To maximize the benefit 
which can be expected from this immediate accessibility 
of computing capacity. some conditions have to be met. 
however. 

Since all mining engineers cannot be expected to become 
computer experts, it is most important that all models 
and procedures implemented on the pes are as easy to 
handle and as easy to understand as possible. All a general 
rule all these models should be self-explanatory and menu
driven in a dialogue mode. In the past perhaps not enough 
attention has been paid to this aspect of simplifying the 
use of computer procedures, but in the future this will 
be as mandatory for the success of any model as the degree 
of sophistication of the algorithm itself. 

Similarly, it will be most important to have all the 
models and algorithms which are intended for routine ap
plication constructed and programmed in such a way that 
they can really be executed on a PC. It is my firm belief 
that only immediate availability of computing procedures 
at the very point where they are needed and at the very 
moment of demand will ensure their acceptance and really 
assist the engineering and management staff of the mine 
in their day-ta-day job. This means they have to be run 
on a small desk-top or personal computer. Many if not 
most of the models developed in the past have to be strip
ped and down loaded to a PC. This task, in my view, is 
equally as urgent as the development of new models and 
techniques, at least in terms of getting the majority of 
mining problems solved in due course. If properly used, 
this availability of local computing capacity can contribute 
quite a lot towards the routine application of O.R. tech
niques and models to mining problems. There are, how
ever, some potential problems, which have to be recog-

nized in order to avoid pitfalls. 
First of aU it has to be ensured that all the individ ual 

locally implemented computing capacities and facilities 
are compatible. As the mining process is a hierarchically 
structured, multidimensional interacting procedure. there 
should be an equally interacting system of computer hard
ware and software for mine planning and operation. This 
means. that the results of one special computerized model. 
say to solve the production scheduling problem, should 
at the same time establish the input in fo rmation for sub
sequent planning procedures, such as say machinery utili
zation and allocation. the scheduling of the stripping 
operations in open pits or of the development work in 
underground mines. 

Furthermore, it has to be ensured that all necessary data 
for any model are immediately available regardless where 
and when they have been collected and stored. A tremen
dous amount of data is needed to plan, operate and con
trol a mine, and it is impossible to store aU these data 
for each of the local pes lieparately - not to mention 
the costs, updating and maintenance difficulties. The only 
way therefore is to establish one o r a limited number o f 
large, comprehensive databases and provide access fo r 
any user of the locally distributed computer facilities. 
perhaps with some limitations corresponding to his duties 
in order to secure confidentiality. In any case, this infor
mation storage and retrieval problem again necessitates 
a structured network of interacting computer hardware 
and software. 

It should be mentioned here too that this network will 
also be indispensible when thinking about e lM (Com
puter Integrated Manufacturing, or Computer Integrated 
Mining in our case) to ensure the constant now of infor
matiou which enables their mutual utilization for plan
ning. scheduling, process control and automation and im
mediate reaction to any new situation. Finally, this hard
ware and software network seems to be advisable in a 
hierarchically structured form in order to provide ade
quate computing capacity to any potential user in the most 
economical way: in most cases a comparatively small PC 
will be sufficient to handle the problems of the engjnee~s 
at the face, hence a big machine would be uneconomical 
at this level. 11 does happen sometimes. however, that 
more storage capacit y and! or computing speed is neces
sary to tackle a certain complicated problem, and in this 
case it should be possible to use the PC as an intelligent 
terminal of a somewhat larger computer on a higher level, 
say at the company planning department's office. 

Any computer network, especially if hierarchically 
structured and incorporating computers of very different 
sizes and from different suppliers, creates the problem 
of how to ensure a fun compatibility ori both the hard.
ware and so ftware side without losing the flexibility and 
adaptability of the system which are indispensible for 
keep ing it alive and growing alld always meeting the 
changing needs of the company. In my opinion the best 
way to reach a good compromise between as free and 
dynamic development of the system as possible and as 
frictionless an interaction between all of its necessary com
ponents, will be to establish compulsory interfaces both 
on th e hardware and on the software side. These should 
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be uniform and universal at the same time, so that any 
part of the system may communicate with any other part 
without LOO great a difficulty. TIlis philosophy seems more 
flexible than to establish fixed, rigid regulations, say pro
gramming standards or hardware specifications, to en
sure the possibility of component interaction, as it would 
be impossible to predict all possible conditions, require
ments and needs especially with regard to the future. 

At Ruhrkohle AG, the largest hard-coal producing 
company of the Federal Republic of Germany, such a 
system of standardized interfaces is being developed and 
introduced, with special emphasis on the aspects of pro
cess monitoring, control and automation.6 In this 
system a slightly modified version of the lS0-0SI~ inter
face, adapted to the special mining conditions, will be 
utilized. This approach of adapting existing systems from 
other branches of the industry seems to be more promis
ing than to start a new development from scratch. The 
existence of such hierarchically structured computer net
works outside the mining industry also makes it most like
ly that they will be applicable here, too, and contribute 
to improving the economic situation. 

(a) Open Systems Intcrconncction - Standard No. 8073 of ISO 
(intcrnational Standards Organisation). 

Incorporating CAD/CAM/ClM- and AI 
elements 

When successfully implemented the above-mentioned 
system of computerized, integrated production monitor
ing and control in the framework of a partially automated 
mine could be looked at as being a Computer Integrated 
Mining (CIM) process. It may be questioned to what ex
tent Computer Aided Design (CAD), Computer Aided 
Manufacturing (CAM) and Computer Integrated Manu
facturing (CIM) will be possible in the mining industry 
or will be advisable at all, regarding the cosUbenefit ratio, 
but there is no doubt at all in my mind that at least 
elements of these new emerging techniques will be useful 
for mining applications. Hence they should be incor
porated when developing new computer models and algo
rithms. 

As far as CAD is concerned there are already many 
recent publications claiming successful application of 
these techniques - see, for example, the proceedings of 
the last APCOM symposium or the last World Mining 
Congress. If taken literally, any computer program used 
for planning a mining process or a mine layout is com
puter aided design and has been so from the very begin
ning of computer utilization in solving mining problems; 
in this sense it is just a new phrase for an old approach. 
Perhaps we should be a little bit more hesitant in adopt
ing too quickly such new phraseologies, in order not to 
provoke grandiose expectations which will lead to frustra
tions if there is -not any real substance behind it. 

Taken seriously, there is something new behind CAD, 
which can be extremely helpful for mining application 
as well. The idea is to look at a design problem, say for 
instance the physical and organizational layout of a 
roadway-heading operation, from a special systems-
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analytic point of view. In this approach those components 
of the equipment or elements of the process arc combined 
which optimally fit together and meet the requirements, 
and which. are out of a catalogue or menu in the storage. 
And there is no necessity indeed when designing, for in
stance roadway-heading operations, to determine the op
timum blasting pattern again and again - this calcula
tion can be done once for each set of special conditions 
such as rock behaviour, cross-section of the roadway, ven
tilation and safety requirements etc. and the results stored 
in the computer as a catalogue and hence be available for 
any potential user. The problems of selecting the best 
available roof support, mucking procedure, organiza
tional working pattern etc. can be handled similarly, and 
if a roadway-planning master program is available which 
not only combines these elements according to the selec
tion made by the planning engineer but in addition high
lights the consequences, uncovers incompatibilities and 
to a certain degree assists him to arrive at a good or even 
optimum combination of selected elements, then this may 
be called a real computer assisted design process. And 
obviously this type of CAD can be applied to many dif
ferent tasks in the mining industry, both open pit and 
underground, regardless which mineral to be extracted. 

It has to be admitted, however, that we have not yet 
reached this goal of routinely applying CAD in the mining 
industry. And although a considerable amount of research 
and development is going on already in this direction at 
different places, it seems to me that even more attention 
should be focused on these aspects in order to utilize ful
ly the potential advantages offered by CAD. 

With regard to CAM/CIM there are already some very 
encouraging and promising practical applications in dif
ferent countries,6-8 despite the fact that there are addi
tional problems to overcome with regard to the sensor
and remote-control techniques. I do believe that these 
developments will continue and lead to a very wide field 
of application; although it is not to be expected that we 
arrive at a fully automated minc in the forcseeable future, 
there is ample opportunity for at least a partial automa
tion of mining processes. 

Expert systems as a special aspect of the so-called Ar
tificial Intelligence are apparently of extreme interest as 
a computerized method to solve mining problems; com
paring the few papers on this subject given during the last 
(19th) APCOM symposium at Penn State in 1986 with 
the attention being paid to this topic right now one could 
come to the conclusion that this is the most promising 
new development in the computer application in the 
mineral industry, if not the only onc at all. And indeed 
we may expect quite considerable progress or even a 
breakthrough from this techllique. Very many mining pro
blems if not their majority are very difficult to describe 
in quantitative, exact expressions, figures or functions. 
It is not that difficult, for instance, to describe qualitative
ly all the factors influencing the drillability of the different 
rock types, but we do not have an exact figure or func
tion to quantitatively rank say weathered granite against 
bedded sandstone, and this applies even more especially 
to such complex questions as which type of infrastruc
ture would best fit the given conditions in an underground 
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coal minc. 
Quite obviously, therefore, there is a need for a com

puterized problem-solvin g approach suited lO this type 
of task by arriving at a solution through arguing, reason
ing and concluding rather than by just coun ting and cal
culating, and this is what expert systems are designed ror. 
However, what has been said with regard to CAD seems 
to be valid here again: W e are far from reaching the goal 
o f routine application o f expert systems in the mining in
dustry (as is the case in most other industries as well) , 
and we are well advised not to entertain too many expec
tations ror the near ruture. There is no doubt, ho wever, 
that we should imensively work along these lines to ar
rive at this target as quickly as possible. 

General conclusions 
Obviously there are some more recent developments of 
computer applications to mining problems which at least 
d eserve to be mentioned here: Computer graphics will 
deFInitively play an imp6rtant role in the planning pro
cess and contribute a lot towards speeding it up, cutting 
its costs and at the same time improve its quality; similar
ly, there will be an extensive use of geostatistical methods 
to improve the reliability of databases for all scheduling 
and planning work. It is not necessary, however, to entcr 
into the details o f these developments and some conclu
sions can be drawn already rrom the Wee trends discussed 
above. 

Without any doubt computer and O.R. applications 
to solve mining problems have been very successful in the 
past, and will contin ne to be in the future. To utilize the 
potential advantages which are offered by th e newest 
dcvc10 pmenLS of both computer hardware and science (0 

the best advantage, it is necessary [0 cross the borderline 
of conventional modelling of mining problems and enter 
into new fields. We must now look at modelling the 
mining process as the complex multidimensional dynamic 
system which it is in reality, providing adequate com
puting racilities locally on all hierarchical levels accord
ing to the actual demand and utilizing the most advanced 
techniques like expert systems and CAD/CA M. These 
three trends do not at all conflict with each other but point 
in the same direction. What we should aim at is a system 
of computerized worksta[ions for all\he dirferent engin
eerin g tasks in the mine, interlinked to each other in a 
h ierarch ically structured network, and thus providing to 
any potentia l user exacLly that amount of computing 

capacity and access to Data which he needs to do his job 
in the most effective way, with relatively ~imple and easy
to-use models for the frequent hands-on applications and 
a highly qualified central starf and installation for the 
complex and large-scale decision-support systems, all of 
these working interactively IOgether. 

There is still a long way to go to reach this target, but 
it is a realistic goal - and it is a worthwhile onc. 
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