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SYNOPSIS 

The Collieries Research Laboratory of the Chamber of Mines of South Africa is developing a coherent system 
of programs to aid in the full spectrum of activities arising in the planning of new as well as operating mining 
enterprises. It is the purpose of this paper to describe the design and application of two subsystems in the complex. 

One of these subsystems is an initial version of a production simulator. This program draws upon a model of a 
mining enterprise and simulates the operational and financial aspects of a set of alternative mine production plans. 

These plans are specified in tenus of proposed sequences of operations. Details such as reserves, production 
rates, resource requirements and so on, are taken from the model. 

Physically, the model takes the form of a cross-referenced data base, maintained by means of a general file 
maintenance system which is another subsystem described. 

The paper concludes with a description and analysis of the first practical application of the two programs. 

INTRODUCTION 

The Collieries Research Laboratory of the Chamber of Mines 
of South Africa is developing a cohcrent system of programs 
to aid in the full spectrum of activities arising in the planning 
of new as well as operating mining enterprises. The purpose 
of this paper is to introduce two of the subsystems that are 
available at the present time. 

A general file maintenance system, intended to cope with 
all our record maintenance needs is described in some detail. 
The system has been operational for approximately a year 
and is already being used or will be used in five different 
projects, including a storage system for borehole data. 

Another subsystem described in the paper has been termed 
production simulator, The development of this system was 
stimulated originally by a request from a South African 
mining group for a computer program to help in the planning 
of production in one of their more difficult mines. For some 
time the possibility of developing an optimization model was 
considered. However, it was eventually decided that at the 
present time such an approach would have limited application 
and appeal, both in respect of the size of problem and the 
types of parameter that can be handled practically. 

Instead, the philosophy was adopted of trying to combine 
to the best advantage the insight and experience of the 
human planner with the speed of a computer in executing 
repetitive simple decisions and calculations. 

This concept quite naturally led to a model of the mine 
containing background information on the one hand and a 
production plan specified in the simplest possible terms on the 
other. The latter directs the machine to draw upon the model 
and simulate the plan in all its relevant aspects. The planner 
now has a tool for accurate investigation of those alternatives 
which his experience tells him are worthwhile. 

GENERAL DESCRIPTION OF PRODUCTION 
P-LAN-N-IN-G SYSTB-M 

The general functional layout of the production planning 
system is shown in Fig. 1. 

All information is kept on the mine data base. This base 
is maintained by means of a general file maintenance system, 
the functions of which are described in some detail later. 
The filing system allows for a multisection/subscction 
sequential file structure. Data definition, input editing and file 
monitoring control records are carried within every section 
of the file. 
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As indicated in Fig. 1, differentiation is made between 
background data, being infonnation applicable to the evalua
tion of all planning alternatives, and plan data that is specific 
to anyone such alternative. The underlying idea obviously is 
to facilitate the investigation of alternatives as much as 
possible. This subdivision of data is, however, not absolute. 
Physically, both categories of information reside on the data 
base and can be updated easily. Trial changes of background 
data for the purpose of sensitivity/risk analyses are executed 
very conveniently. 

Every data base update is accompanied by a change listing 
for checking purposes. When desired, a complete listing can 
be requested. 

A more detailed discussion of the different categories of 
data stored in the base at this stage follows in the next section, 

The production simulator draws on the data base when 
evaluating the various planning alternatives. During the course 
of a simulation, numerous inconsistency messages may arise 
as indicated in Fig. 1. The nonn<'tl output is transmitted to 
the so-called detail output me. This file can be monitored, but it 
would be meaningful only to the personnel controlling the 
data base. 

Management reports are generated from this detail output 
file via one or more report generators. Only a fairly restricted 
version of the latter is in operation at present. 

INFORMATION REQUIRED BY THE 
PRODUCTION SIMULATOR 

The various categories of data required by the present version 
of the production simulator are discussed below. 

It must be remembered that the program is designed to 
handle general entities. The level of detail carried in anyone 
mine model is left entirely to the user. The system will deal 
with omissions of data by default wherever possible. 

Resources 

While all resources are treated in essentially the same 
manner by the machine, for purposes of discussion it is 
convenient to break them down into sub-categories. 
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Fig. 1. Functional layout 0/ production plallning system. 

RESERVE BLOCKS 

The program assumes that the mine has been blocked out 
in accordance with the intended layout. The size of reserve 
block is suited to the level of detail required to achieve the 
objectives of a particular investigation. 

Information recorded with a block includes extractable 
reserve figures for each alternative mining method considered 
feasible, quality parameters and various types ofiuter-resource 
connectors. For example. the latter are used to ensure that a 
certain mining method may not be scbedule(Hnto a patftctilar 
block unless the overlying reserve block is fully extracted. 
Also, the fact that a reserve block is served by a certain 
section of the haulage network, for example, is indicated 
using an inter-resource connector. 

Finally, a block in which a particular mining method is 
not expected to reach standard performance (discussed in the 
sequel) on account, for instance, of bad roof conditions, 
would carry modifying information pertaining to production 
rates, other resource requirements or costs incurred. By 
default, all modifying factors, if not given, are taken as unity. 
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SERVICE NETWORKS 

An arbitrary number of service networks, including haulage, 
ventilation, electric power, and so on, may be defined. The 
amount of detail in anyone model would depend again on 
the user's objectives. These network definitions have essen
tially the form of a string of resource blocks tied together by a 
set of cOllllectors. If applicable, for purposes of installation, 
the length of each section is recorded. The alternative types of 
haulage, for example, that may be considered for installation 
in a section, must be entered. 

LABOUR, EQUIPMENT AND STORES 

Labour, equipment and consumable stores items also take 
the form of resource blocks. An arbitrarily detailed breakdown 
into various categories, for example, in order to facilitate the 
planning of cost centre expenditure, is feasible. 

Operation definitions 

In this second major category of information all types of 
activity that can be scheduled or exist in the mine are defined. 
Their performance and resource requirements under standard 
conditions are required. 

Each operation is considered to have a preparation period 
for which a preparation time must be stated. This is followed 
by the productive period described in terms of its production 
rate whlch, depending on the type of operation, may, for 
example, be a mining rate in tons per month, a rate of tunnel 
advance in metres per month or a haulage installation rate 
in metres per month. 

These figures are supplemented by standard labour, 
equipment and stores requirements expressed in terms of the 
resource categories defined earlier. Requirements may be 
stated per unit time or per unit production quantity, whichever 
is applicable. 

It must be remembered that when a particular mining 
method is scheduled into a reserve block the operation 
standards may be changed by modifying factors relating only 
to that particular block. 

Each operation definition may contain a set of conditions 
that must be satisfied by the receiving resource block before 
the operation can be scheduled into the block. Similarly, the 
state of this and surrounding blocks, after having been 
subjected to the operation, may be defined. 

Unit costs 

Operations may draw on cost items directly or via their 
specific resource requirements which then, in turn, are 
associated with certain costs per unit of resource. The latter 
method is preferred because it allows a cost change to be 
effected per resource item. In this way it is very easy to 
propagate such a change through a model. 

Any cost breakdown is feasible. The amount of detail 
depends again on the purpose of the model. 

Costs can be inflated automatically and discontinuous 
adjustments of selected cost categories at specified instants 
in time may also be made. 

CapitaUtems 

Capital items may be included, if it is desired to carry 
the complete financial aspects of a model. The system keeps 
track of the book value and depreciation for an arbitrary 
number of items, which may be activated at specific points 
in time. This is to simulate, for example, the effects of 
equipment acquisition in the course of a simulation run. 

Regular cashftows 

This category of information is included to enable the user 
to round off the financial aspects of his model. Regular 



casbtlows are used, for instance, to account for periodic or 
single repayments on equipment. In genernl, any kind of 
expenditure that cannot be related to individuaJ operations 
may be treated in this way. The facility exists for making these 
fl ows dependellt on global quantities like total tonnage mined 
or sold, for instance. 

Cashftows may be activated and de-activated as required 
in the course of a simulation rUIl. 

Product description:; 
This section becomes significant for a multi-product mine. 

Each product must be defined and its acceptable quality 
parameter ranges must be stated. 

Crolomer descriptioll3 
Customers are defined in terms of their requirements by 

type and quantity rauge of product. Revenues may take the 
form of a fixcd unit price plus contributions proportional to 
various quality parameters. The customer composition may 
be subjected to arbitrary changes during the course of a 
planning exercise. 

SOME DETAILS OF THE FILE 
MAINTENANCE SYSTEM 

The file maintenance system has been designed to cope with 
most data-handling requirements envisaged. As sllch, none of 
its features bears any reference to its application in the 
production simulatioo system. For this reason, the present 
section has been written in general terms. 

FUllction! of the system 

The functions of the system are three-fold. First, it converts 
original data baving a wide range of possible forms into a 
compact sequentiaUy-organized format on disc or tape. 
Input is from cards or any other unit record medium. 

The data wiU coosist of items of various types such as 
codes, names, numerical values, and so on. In the process of 
being converted to interll3.l fonn, the data may be rc-ordered, 
edited or translated via a table of equivalences. Separate 
data items are handled individually. Tho input and the 
internal forms are largely independent of one another. 

The second function of the system is to maintain aod 
update the conte,us of the internal tiles. In this it acts 
as a normal sequential update system accepting corrections 
from cards for the purpose of deleting, replacing and adding 
records or changing selected data items in a record. During 
this operation it merges, subject to control, the input file and 
the old master to produce a new master. 

The third function is to act as a monitor of the internally
stored fiies, producing printed reports for the user. This 
actiOn is approximately the reverse of the first function. 
Internal data items can be re-ordered. edited in a variety of 
ways, or translated via aD equivalence table, before being 
printed. In addition, the overall appearance of the report, 
such as explanatory text, line and page control, and so on, 
is under flexible control. 

In summary, the system perfonns all tasks at the first level 
of supervision of a sequentially-organized data base, that is, 
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accepts external data, reorganizes it according to data base 
management requirements, maintains it, and finally produces 
status reports on the data base files. 

Data organization concepts 

The data base serviced by the system can be divided into 
sections. Sections are logically independent data collections 
which always stay together physically on file. As far as the 
file maintenance system is concerned, there is no relation 
between data items in different sections. 

Within each section an arbitrary number of logical record 
formats, referred to as subtypes, may be defined. 

Suitable grouping of related records is achieved by control~ 
ling the position of individual data items as well as the 
subtype identifier within the overall record sort key. The 
precise ordering will depend on the individual section, 
following as far as possible the principle of 'like next to like'. 
With a sequential file this ideal is attainable only for items 
at the high-order end of the sort key. 

Vie control record concept 

The flexibility of the system in regard to differential 
handling of input, internal storage and printing of reports 
is achieved by the use of control records. The format of 
these control records is similar to a subroutine call in a 
high-level language, consisting of a function name and a 
parameter list. These records are maintained on file, so that 
in fact the data are kept together with instructions for their 

disposal. The system processes the control instructions, 
acting as a compiler, after which it handles the data operating 
as an update system structured by the information contained 
in the control records. This information is at two levels. 

At one level, the overall data structure must be described. 
This implies information about the fields comprising the sort 
key and the definition of the vm:ious subtypes within each 
section. Such information as the position of the update 
control symbol and the length of the internal record as well 
as controls for page and line sequencing of the report are 
also included in this category. 

At the other level, instructions must be given for identifying 
and transforming each data item at both the input and 
monitor stages. 

Thus, a complete description of the data to be handled, in 
its input, internal and monitored forms, is contained in the 
control records. As typical examples, a page of control records 
and a group of data monitored under control of the former 
are displayed in Figs. 2 and 3, respectively. 

Keyword-driven retrieval 

Each record type and data item within the record may be 
identified by means of keywords. The latter are carried again 
in the relevant control records and made available during the 
translation phase. They will be referenced by a keyword-driven 
retrieval package, which is presently under development. 
This facility has not been utilized in the production simulator. 
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FUNCTIONS OF THE PRODUCTION 
SIMULATOR 

This section should be read with referenco to the functional 
flow chart in Fig. 4. 

Checking and structuring 0/ background data 

\Vben a simulation is started, tho system draws on the data 
base and structures the necessary background information 
in its memory for convenient accessibility during the run. 
This is conveyed by box 'A' in the flow chart. In tbe course 
o f reading in the various dala categories described earlier. 
extensive checks are made by lbe machine. 

I.oconsisteocies are pointed out to the user by means of 
IneSlIages wbere appropriate. This is indicated by the circles 
marked 'M' in the flow chart. In case of an inconsistency, 
the system will attempt to carry on by making some default 
assumption if this is at all possible. This philosophy has been 
followed threughout. 

FIg. 4. Functional flowchart ofproducllon simulator. 

Readfng and checkfng 0/ plans 

Next, each plan (any number of alternative plans may reside 
On the data base) is read in turn, chocked and. p~pared for 
simulation as indicated by boxes 'B' and ·C'. 

Scheduling 0/ plolls 

In erder to facilitate specification of plans, the user need 
not be concerned with time scheduling ef the activities. The 
system computes durations by looking up block reserves and 
production rates. It is assumed, of course, if a certain operation 
is scheduled into a resource, that the latter must be exhausted. 
If this is net so then the machine-computed durations may 
be ovcrridden. Interrelations betWeell operations may be 
expressed in· terms- -of precedence .couditiells .. F-Ot: .example,_ 
it may be slated lhat a given mining eperation should not 
start befere a certain stretcb of haulage has been installed, or 
a particular preparn.tion activity must be scbcduJed to finish 
before a certain production operation starts. 

The compLete schedule is produced in box 'D' and for
warded to the simulation proper. 

Control of simulation timing 

In the ceurse of a simulation run the model performance is 
re-evaluated at regular time intervals. The length of the basic 
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period is cbosen by lhe user and depends on the level of 
dctail centained in the model. As indicated by boxes 'E' and 
' F', each time period is considered in turn until a plan has 
been eXhausted. At this point the system returns to box 'C' 
and picks up the next planning alternative, and so on, until 
all plans have been simulated. 

Pla1/ updating of background information 

The first function performed in every period is the execution 
of so-called plan update commands as indicated by box 'G'. 
These form part of the user's plan and allow him to add, 
delete, replace or a lter, temporarily, ceriain categories of 
background information. These changes are effective only for 
the present pJan and are not propagated into the data base. 
At present it is possible to 'plan update' cost items, capital 
items, regular cash"fiows and tile custemer structure. For 
exampLe, the user may want to specify that he expects a 
discontinuous change in salary structure three years hence 
on tep ef the automatic percentage increase allowed for by 
the system. Similarly, he may want te convey that a certain 
customer contract becomes eITective at the end of. say, the 
second yeat of the present plan. 

Treatment bf capital items 

Box 'H' computes the depreciation ef capital items included 
in the model. At this stage the system starts writing 
onto the detail output file for subsequent analysis by one of 
the report generators, as indicated by the flowchart. 

HOl/dlfng of primary operations 

User-specified operations are referred to as primary. These 
comprise all activities initiated through definite decisions on 
the part ef the mine planning tcam. Normally the various 
productien operations fall into this category. However, 
depending on the amount of detai l to be simulated, 
preparatien operations such as various types of development 
as well as inslallation of all types of services, particularly 
haulage, may be included. 

As a first step, in box 'I', the machine accesses both reserve 
block and operation definition informatien for each scheduled 
primary activity, in turn. The state of the block is checked 
to ensure that the intended operatien can in fact take place 
in it. IT not, an appropriate messaae is written, but then the 
correct state is assumed in order to be able to carry on. 

Next, the quantity produced during the period under 
consideration is computed. It must be remembered that while 
this nomlally represents a tonnaaeofbroken material, it could, 
for instance, also refer 10 a length of tunnel driven or haulage 
installed. 

At the finish of a primary operation. the affected reserve 
block. state indicator is switched according to information 
in the rolevant operation definitien. In the case of a haulage 
installatien, for example, data defining the type of haulage 
installed are transferred into the haulage block. 

Treatment of secondary activities 

Service activities that are uniquely implied by the scheduled 
p-rimaty'opemtionsareTeferredto"as 'Ieoondar),; For--examplC", 
n13.teriaJ being transported from a certain reserve block to 
the surface nonnally follows a unique patb along the 
haulage network. Hence, all sections of haulage along this 
path can be activated to carry the required tonnage without 
invelving any decision by the planning team. The system i! 
designed to switch the required segments into operation 
automatically as secondary activities by means of the program 
section denoted by box 'J'. The contribution of the various 
primary operations to the total load carried by the secondary 
activities are recorded individually on the detail output file. 



If a service network cannot be activated uniquely by a 
primary operation, for example in the event of outbye forks, 
decisioos on the loading path have to be taken by the user 
and must be provided via the plan. 

In tracing an appropriate path, the system checks whether 
the service blocks encountered are in fact in the appropriate 
state. Messages indicate the existence of blockages, but 
continuity will be assumed in order to continue the simulation. 

Treatment of products 

Eaeh rtSCrvc block has associated with it one or more 
product distributions. These defioe the products, in terms of 
quantity a nd quality, that will be obtained from a unit quamity 
of reserve after the tatter ha~ been processed in the bene
ficiation plant. The simplifying assumption made here is that 
J'JlAterials from different sources will not influence each other 
significantly when passing through the heneficiation process. 

In box 'K' the fe.serve blocks being mined in the present 
period are looked at in turn, and detail output is wlitten. 
All products identified by originating reserve block arc stored 
in' bunkers' fOf later testing and distribution to customers. 

Resource requirements 

Next, in box ' L', the resoW'CC requirements of an primary 
and secoodary activilies busy during the present period, are 
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determined. As pointed out earlier the amount o r detail in 
this area is completely contro lled by the user. The In.1.chine 
selects the information from the relevant operation definitions, 
modifies it, if necessary. by data in the reserve blocks and 
relates it to time or quantity RS the case may be. 

Derivation of costs 

After appropriate inflation. in box 'M', the costs of all 
activated resources are delennined and recorded. Alternatively. 
operations may be defined directly in terms of cost rathc¥ 
than resource requirements. Again lhe user bas to select the 
mechanism he prefers in a particular set of circumstances. 
An urbitrary mixture is permissible within each operation 
defined in the model. For example, one might decide to work 
in terms of physical labour requirements in order to keep 
track of individual labour categories. This has the advantage 
that a change in wage structure would affect fewer items on 
dIe data base. On the other hand, the consumption of certain 
stores may be available only as gross cost figures, there being 
no point in attempting a more detailed breakdown when 
viewed in relation to the overaU accuracy of the model. 

Prodllct checking 

Box 'N' serves to check all products with regard 10 the various 
defined parameters. In practice, onc often has 10 deal with 
empirical relationships of the form that a particular -area of 
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AVU1J.DI LNY l!'! 1 . 06}41 +02 tIII I~. 
~VULUlILl'l'r If( 1.6'ZTC"()1 wm. 
AVUU,SILI'lY BY 1 . 2}J1E+OO UIIl!!. 

CllU/lUO. M.OCI tJIlGM}t !lOt' 
CflAlIIING. l!LOClI: 'l'JlJYII17D troT 
CHAIIIII!\l . BJ.ooJ: 1'IIlD1J2).1. ~ 
ClJHJlIIIG . m.oc:;: ffi l DlI2} 60! 
OH.llJlIJI(! . IILOCK mlllU15A !roT 
CHAlIIll!O . BLOCK mlIlU15 IIOf 
AVA lLAll!Llff IlY 3 . 300Il'Jk.Ol 
AVAl LUIILIU BY 1.1l~lB+02 
AVAlLA.BILl'l'Y BY 1.200Qij+OO 

3'l'J.'l']!:. 
00'1'l'E . 
9'l'ATIl . 
S'JJ.'lZ. 
sun: . 
S'I'A'lE. 

THIS . S 

TIn s. S 

OF BLOCK DOe:> ~In' ALLOII 'l'HIS . :I 

or BLOC!( DO!#J Iin' ALWII "IlS. S 

~~!~~ .. lILOC1!: 1'HlllU2)A !roT II ~!RIllI 3'1A'I'J!. 
ffilllU2} IIOf III RlQUlRIllI ::n'J!Hl. ' .}OOOF ... Ol tlll'lfS. 

7.099011+01 UJU'lS . 
1.OOH1N·OO UlIIT9. 

Fig . .s. Example of diagnostic nlf:S$ages produced by the simulator. 
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a mine must contribute onLy a certain fraction of the total 
output in order to achieve a satisfactory product. This type 
of test is available. MessaBes are written where necessary. 
The products are left in the bunkers in compounded form for 
dis tribution. 

7'realmellf of customers 

BQ:o: '0', in handling the product-to-customer distribution, 
is an exception to the general rule in that the system here 
does make decisions. However, being a typical linear 
programming problem, these decisions are simple and are 
best haodled by machine. 

The user can stiU have full control over the dis tribution 
of products by manipulaling customer priorities. The machine 
uses 'pseudo-prices' derived from these priorities, rather than 
actual prices. The final revenue figures are, of course, actual. 

Compuration of regular cash/lows 

Finally, in box 'P', the regular cashflows to be dispatched 
in the present period, are computed and writtcn onto the detail 
output file. As mentioned previously, cashOows may depend 
on other quantities in the system that have arisen in the 
course of this period. 

Once this step is compLeted the system proceeds to the 
next time interval. 

SOME TECHNICAL DETAILS AND 
ILLUSTRATIONS OF OUTPUT PROM 
THE SIMULATOR 

The main problem arising in the design of this type of 
system is that there arc very few dear-cut objectives with 
which to work. Although it would be preferable to design 
in terms of general concepts, to be able to cope with as 
many unforeseen demands on the modeL as possible, it is 
necessary to remain sufficiently close to the mining environ
ment so as not to necessitate a major training effort on the 
part of the user. In view of these points, the system has 
gone through a large number of design cycles. 

Special attenlion has been paid to program modularity 
and flexibility of data structures in order to cater for the 
expected high frequency of changes. 

The file maintenance system is, of course, well suited to 
handle changes in the structure of the data base. The addition 
of a new field requires the changing of only one or two 
control records. 

The same philosophy has been employed in building data 
structures in memory. Their construction, including default 
insertion, is contro tLed by data definitions tables that are 
very easily changed or extended. Program references to any 
field are strictly symbolic throughout the system. 

PIVll T~R PUlf 1.971/2 - 1.'115/ 6 PUN 1. .JULY, 1971 

FLllf SIMULAt i ON OUTPUt. 

1.972 0,0005'1' LWIJOOVYl. 
COS'l' PUN'rl.2S 
OOS')' l'LAN'HZS 
oaST l'LANT1.2S 
OOST 1'LJ.H'l'2 
cos'! l'UIt!Z 
COM PUNro! 
COM FIXED 
COST FIXIID 

""" = 005'1' YIH/l 
oaST FlUID 
COSt FIXEn 
005'1' FIXED 
OOS T ]'I"XED 
oaST FIXED 
wm:: COMIXl. 
00liK OOMIX2 
Bmo: DIaOARDl. 
1l1.lJOC Dl3C.UUl2 
1MIX FIKIl: 

- "'OR lMIX MlbW 
:BUNK S!"ONEl. 
1lUJlI( S'NNE2 

""" "'" lMIK YAS'rBl 
JWNK ilASfE2 
OUPll AMOOR 
CUPD BNNNCl. 
COPD BlOOIC~ 
OOl'll CIlJCORl. 
0111'1) FLOCO 

'''''' """" CUP» .;1I .... aGlIl 
CI1P» ~S1 
CUl'D HVRCUR 
CUl'D PMlNE 
CUllIl SNACLGl. 
cum UNACMDl. 
CU1'1) 'o'NACFIl. 
CU1'1) XDlSOARl). 
CUl'\) XD I 3GAIUl 
CUPD yMtlHB 
CIIPll YSfOHlI 
OUP» ZVAS'l'I!; 
CUP» ZV.lSTJ! 
CSOP AMOOR 
CSOP mnUIOl 
OSOP ClSCOR1 
OSOP FLOOO 
OSOP HSARl. 

:~"",!,' LlITJODS 5 , 9051l"B+03 
SOROAPl.l 2,6009E+04 
SOROHPLl 2 .8899E+03 
SOR01PLl 1 . 4Blll'!+04 
I'KlRC.lPI.2 3 . 191.2E+03 
OORCIlPL2 l,H6ll+03 
9ORCU'L2 ' .4~B+{I3 
SJ!;l(lIA'rU8 8 .U6?E+03 
S"EXBBIlEV 2 . 5495E+03 
S!JCB(lWR 3 . 0}·17B+03 
SJ!;XCAPUf l. ,1535E+04 
3ElOn~ Z. Z840B+-O} 
Sl!XCCLOG J. . 2627E+04 
~EXOOkn 2 ,0609E+02 
SEXDDVltH a , 9818E+03 
SEX01~~ 3 . 0453E+02 

0 .0 1. 2348E+Ol 3 . H70E+OO 
0 .0 l, "51E+Ol 3 ,701.5E+OO 
0,0 0.0 0,0 
0.0 0.0 0.0 
2 . 6500B+Ol. 0.0 0.0 
2.B026B+01 0.0 0 . 0 
2.1.157E+Ol 0 .0 0 . 0 
0 .0 0,0 0 .0 
0.0 0 .0 0 .0 
0.0 0,0 0.0 

0 ,0 0.0 
0 .0 0.0 

0.0 
0 .0 
0 .0 
2 , 6628E+01. 
2 , 8688E+01. 

1. 234I3!+Ol 
1.321.e!+Ol 
1.234e!tOl. 
0 .0 
0.0 

F{g. 6. Example 0/ de/of! Olflput. 
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3,4470:8+00 
3 ,6679E+OO 
' , 4470E+OO 
0.0 
0.0 

; 



In memory tbe data are carried in the form of multiple 
tree structures. In general, a tree node consists of sorted, 
constant entry length, subtables. These table entries may 
contain an arbitrary number of data items as well as branches 
to lower-level nodes. Retrieval of data is normally achieved 
by means of multiple binary searches and/or linear scans 
progressing through a number of nodes determined by the 
type of information required. 

Figure 5 serves as an illustration of the types of messages 
produced by the system. Already well over a hundred different 
inconsistency conditions are. being identified. These messages 
are intended for the personnel in control of the data base and 
simulation runs. Because they refer to generalized entities, 
they may sound somewhat cryptic to the uninitiated. It should 
be noted that the general approach has been to signal the 
inconsistency, and where appropriate to give an indication 
of the default action taken by the machine. 

A page of detail output is shown in Fig. 6. This would 
normally be monitored only for model debugging purposes. 
Again it is intended only for control personnel. Each record 
carries the maximum identifying information available at the 
time when it is written by the simulator which will facilitate 
selection, sorting and analysis during report generation. 

As already mentioned, only a provisional report generator 
has been implemented at this stage. Figure 7 contains two 
typical tables produced by it. It is noteworthy that all 

FIVE nAR PLlli 71/12 - 75/'16 ~ II 

headings as well as the background templates for the tables 
are carried in the data base. These, together with other 
descriptive information, are put into the detail output file 
during the data structuring phase of the simulator. This 
philosophy has been extended in the design of more 
sophisticated report generators that are being implemented 
at present. 

CONCLUSIONS 

The system is now largely operationaL The data base for 
the mine mentioned in the introduction has been set up by 
the group's planning personneL This mine operates approxi
mately thirty production sections. Its current five-year plan has 
been simulated successfully. Certain sensitivity analyses, 
particularly with regard to expected products, have been 
executed. Some planning alternatives, investigating the 
customer structure of the mine, have been run. 

Because the system is written in fairly general terms, 
experience had to be gained as to how best to represent certain 
aspects of the operation of the mine. The group's planning 
personnel are presently streamlining and extending the data 
base in order to run extensive 'life of mine' planning exercises. 

The present model contains a considerable amount of 
detail. It is the intention to switch to a much coarser 
representation when simulating further than five years ahead. 

(J!KII1i'IlUE .is l'l!R RlWISW rM !JU.R PLtN) 
l'RODUC'l'ION D A '1' J. , 

PERIOD 
, 

BROKEN AA~W "'W DlOOJ.JlD 
, 

KILO'l'OR3 BROKER ~KILON'I'ONS SOLD~H.l.UId.GE~ , , , 
IIlWt M.:lN'l'II I ){!'ONS )(l:'QNS ,ro~ K!'ONS , I I I 1EN(j'ffi I , , , , , l KP I 
U971 '.0 , 449.7 440.3 JOJ .• O 117.8 , 83.7 129.~ 89.5 I 49.7 9.5 56.7 31.2 I 75.0 U.O 75.0 1.12.0 , 28.2 , 
I1972 0.0 , 446.8 442.0 302.6 119.4 , 72.1 121.7 95.5 I 57.'{ 9.5 56.7 ;13.6 r 75.0 46.5 75.0 104.1 , 30.9 , , '.0 , 475.5 458. 4 313.~ 120.2 , 66,2 126.6 %.8 I 60.' ,. , 56.7 59.4 1 0.0 127.0 75.0 111.4 , 30.B , , '.0 , 474.0 451.4 310.7 120.3 , 6S.'1 BO.9 ~.;I I 59.8 ", 56.7 64.0 I 0.0 121.4 75.0 l14.2 , 31.l , , ,.0 , 400.6 453.8 3l3.9 l22.9 , 70.4- 126.4 90.2 I S5.7 9.') 59.1 69.3 I 0.0 l24.5 7').0 H4A , 31.4 , 
U973 0.0 , 481.4 451.5 3l5.4 125.5 , 67.6 H7.9 103.l I 55.1 ,., 58.1 70.2 1 0.0 126.0 75.0' l14.4 , 31.6 , , 

'" 
, 491.7 457.1 316.7 124.5 , 71.9 119.3 101.9 I 59."/ '.l 56.6 72.9 I 0.0 128.0 75.0 1.13.6 , 32.5 , , <.0 , 498.7 457.4 321.0 126.2 , 72.3 120.7 104.0 I 59.0 0.' 55.5 77.9 I 0.0 131.5 75.0 ll4.5 , 29.0 , , 9.0 , 507.9 465.0 ~26.6 126.4 , 72.5 124.9 101.9 I 61.4 0.0 67.3 79.9 I 0.0 1:;2.6 75.0 119.1 , 31.6 , 

Il9U 0.0 , 493.5 445.8 315.3 122.0 , 61.5 12}.4 89.0 I 65.2 0.0 71.9 82.5 I 0.0 128.3 75.0 Hl,9 , W., , , 
'" 

, 507.4 459.6 321.6 l:50 ., , 56.5 123.4 103.7 I 63.7 0.0 75.8 84 . • I 0.0 l,3.;I 75.0 H}.3 , 28.8 , , '.0 , 446.~ 403.8 28j.9 110.3 , 28.9 115.< 79.7 I 62.2 0.0 75.5 84.7 I 0.0 lll.2 75.0 9"1.8 , 28.4 , , 9.0 , 446.9 ~ 03. 5 278.6 106.7 , 19.0 135.8 80.9 I 55.' 0.0 72.9 8~.11 0.0 122.0 58.6 96.0 , 27.0 , 
11975 0.0 , 4~7 . 5 ~98,1 275.9 103 •• , 19.0 135.2 73.1 I 59.1 0.0 72.9 78.3 I 0.0 118.3 61.8 95.7 , 26.5 , , 3.0 , 394 . 6 349.8 249.0 91.7 , 19.0 125.8 46.1 I 46.3 0.0 72.9 84.5 I 0.0 102.3 57.0 09.7 , 27.0 , , '.0 , 383.8 338.2 241.0 89.9 , 19.0 114.5 48.6 I 0.1 0.0 73.~ 85.3 I 0.0 ",.5 57.0 B"I.5 , 25.4 , , '.0 , ;;53.1 305.1 211.3 86.2 , U 113.6 46.6 I 31.0 0.0 73.1 87.0 I 0.0 ".0 57.0 69.5 , 26.0 , 
11976 0.0 , 343 , 7 290.9 200.9 62.9 , 0.0 112.6 37.9 I 26.9 0.0 n.s 92.7 I 0.0 78.2 '·'.0 65.7 , 23.9 , , '.0 

, 341.7 288.9 199.3 83.1 , 0.0 111.3 37.2 I 26.9 0.0 73.7 92.7 I 0.0 77.7 57.0 64.6 , 23.2 , , '.0 , 255 .7 215.7 148.9 60.6 , 0.0 12.8 21.6 I 17A 0.0 73.7 70.2 I 0.0 ·44.3 57.0 ~ "I. 7 , 22.3 , 

!"IVE YlUR PLAN~ 71/72 - 75/76 PI.1N U (llEVENUl> AS 1');:ft lIW1IS:Ell 11'n1 !lUll PUN) 
:r I If .i I1 0 I .11. L .D .i , A 

! , , ! , 
Pnl.IOD , :1'1\011:1: ""'~ J:lI'EN_ , REYRlfUR K.ILOR!.ND , E I PENDI 'l' URE KILOR A IID , 

f- DI1URE MONTH I ""~ ""~ ,"WID 
, i 1rnI1E If ON_ 

, , , , 
I 1IM IID ¥Hnll SlOREil ,mu.- SONDRY 

, , , OlUlIlIARY , , , , , lIAGW , 
~1971 '.0 , 60.9 117'.4 lH2.5 1264.8 1&\.4 3??.3 352.3 r nO.6 220.3 26~.6 ",.! 322.0 , 
11972 0.0 , 51.9 ll82.2 1l~.3 1264.0 218.1 "2.0 ~n.~ I ~24.2 225.6 226.' ,., .. ':)26.6 , , '" 

, 265,9 H33.~ 1167.B , 0.0 69C.4 372.0 363.4 I 2~1. 5 2~4. 7 270.~ W., 335.2 , 
'.0 , 238.7 1412.6 117~.9 , 0.0 667.9 372.0 3"12.7 12%.1 238.0 27~ .6 ~., 336.4 , , 
,.0 , 269.0 1~29.9 1150.9 , 0.0 504.6 372.0 373.3 I 2~0.2 241.1 276. 7 64.5 ~~0.5 , 

~197"i 0.0 , ~64.0 1438.4- H'I4-. ~ , (lo.S 693.), ~n.·e ~H.;;' 12H.O 243.0 26~.{l 65-.1 339.5· , , ~.O , 260.4 1447,0 1186.6 , 0.0 70~ .? 3·/2.0 370.8 I 24 G.~ 246.1 286 . 9 6"."1 341. 5 , 
'.0 , 280.0 H69·0 1189.0 , 0.0 723.4 ;;72.0 )1;;.6 I 249.6 244.6 288.4 66.3 310.2 , , 
'.0 , 281.5 1409.C l208.2 , 0.0 729.2 3"12.0 388.6 r 25~.6 ~48.5 2%.7 66.9 m:~ 

, 
i1974 0.0 , 259.6 1443.1 1183.5 , 0.0 705.9 372.0 %5.2 I 251.7 2~ 3 .2 284.9 67.5 , 

'" 
, 278.1 1474.9 1196.C , 0.0 733.1 372.0 369.8 I 255,9 244.8 291.4 68.1 336.7 , , 

'.0 , 160.2 l302.2 H42.0 , 0.0 611A 372.0 318.8 I 251.9 . 3,.5 260.6 6C.8 325.' , , 
9.0 , 22·1.1 1369.4 1142.3 , 0.0 75-0.5 299.3 ;;19.6 I 252.6 233.1 273.6 ~., 322.1 , 

i1975 0.0 , 216,5 l355.6 1139.2 , 0.0 n7.8 316.0 311.9 I 251.0 23}.~ 270.6 61.6 320.9 , 
'" 

, 143.1 1234.5 1091.-1 , 0.0 628.9 291.~ ~14.~ 1249.5 223.6 a5.~ 62.2 310.8 , , 
'.0 , 100.2 1191.1 1082.9 , 0.0 593.5 291.3 306.3 I 251 :1 n~.2 237.8 62.9 =., , , 
'.0 , l8.2 1061>.3 1048.1 , 0.0 ')21.8 ~1.5 242.9 1247.6 2D.6 229.2 59.4 298.2 , 

i1976 0.0 , -4."1 1012.2 1016.9 , 0.0 481.2 301.5 229.5 I 2~0.3 200.8 227.9 60.1 2iJ"7.B , 
'.0 , 0.' 1004.9 lOO~ .4 , 0.0 ~ 7"1 .Il '01.5 225 . 6 1 237.3 1'1'>.4 226.7 W., 283.7 , , 
0.0 , -l'I3.0 ·139.3 912.7 , 0.0 272.4 301.5 l65.3 I 221>.1 175.5 187.3 61 . 5 ~62.4 , 

! 

Fig. 7. Example of report generator output. 
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The mode of operation for the annually repeated long-term 
plnllning exercises will be to refine, each year, those areas of 
the model thnt are relevant to the fifth year of the revised 
plan, before re-simulating. 

At present, at least three fur ther applications, two relating 
to coal and onc to gold, are in preparation. Oue of them will 
be eoncerned with the pll\nDing of a new project. 

In providing the user with a system phrased ill terms of 
general concepts rather than specific entities, he has been left 
with the decision regarding the level of detail reqllired in his 
data base to evaluate his plans properly. Naturally, the 
coarser the model the easier it will be to manipulate planning 
altern!ltiv(3. On the other band, it may DOt be possible to 
provide the 'coarse' information without unrealist ic groupiog 
of factors that atreet the plans significantly. This aspect cannot 
be resolved without experience. In fact, it is hoped that tbe 
program itself will be used to help in the investigation of 
certain long established planning practices open to this sort 
of criticism. 

The present simulator is considered to be a prototype only. 
It was clear from the start that this will eventually be an 
ideal on· line applicatioo. It will be much easier to develop 
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planning alternatives in direct interaction with the machine. 
However, it was thought undesirable to load the first 
version with the necessarily greater programming effort 
required for a conversational system. This will , however, be 
inclu ded in the next version which is visualized as providing 
a tool ror planning as well as the control of operations. 

In conclusion, in the light o f reedback through discussions 
with management personnel, it is believed that effort spent 
on this type of system in preference to more specific and 
restricted optimization models will show greater returns and 
enjoy wider applicability in the planning of mining enter
prises. 
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