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Managers need quality information fo r effective decision making. This de­
mand, at the present time, is being fulfilled by the increased use of computers 
via information systems, decision support systems and management infor­
mation systems. The idea of incorporating inleUigence into computers to aid 
decision-makers has been evolving for over two decades. In recent years, signifi­
cant progress is reported on applications to business and sciences. In engineer­
ing functions, the Artificial Intelligence approach that seems to have great 
potential is the application of Knowledge Based Systems. 

T he primary objective o f this paper is to identify domains in mining engineer­
ing where application of knowledge based systems could be beneficial. In­
corporatio n of the expertise required during the analysis and interpretation 
stages of an engineering design problem through knowledge based systems 
is rerognized as an area of significant benefit. To this end, the components 
of knowledge based systems for mine ventilation and strata control design 
are described. The potential applications and limitations of knowledge based 

systems are outlined, 

Introduction 

Correc t deci sions are the key to success in 

any enterpr ise. Scope of deci sions varies 

wi th t he eche lons of management hierarchy. 

The decis i ons of top ma nagement are 
strategic, relat i ng to the long-term future 

of t he organizat ion. In a minera l 

organi zation, t hese deal wi t h such issues 

as t he acqui s iti on of a new mi neral 

property or t he di ve r s ificati on of the 

bUS iness to exploit additional market s . At 

the opera t ional level, a mana ger is 

concerned with dec iS ions pertaining t o day­

to - day even t ual H ies rela t ed to production 

activiti es and other short-term needs . In 

e i ther case, t he pre requ i s i t e i s the t ime ly 

availability and use of information. The 

difficulty i nvol ved in dec i sion-making 

depends on the situationa l aspect. In many 

cases, the deci s ions to be made under gi ven 

condit ions are fa i r ly s tra ight-forward and 

standard. This may be due to experience 

gai ned from deci s ion-making in s imilar 

situation s in the past. In f act, many 

dec is ions i n operations ma nagemen t are 

either repetit i ve or routine. 

However . there are seve ra 1 s HUll t ions. 

particul ar ly at the hi gher management 

level s , in wh i ch t he deci s ion-ma king 

procedure does not fit a s t andard mold , the 

avai l able info rmat ion is uncerta i n or there 

are no clear guidelines as to how to make 

the decisions. Thes e sem i struc t ur ed and 

unstructured decision problems , de f ined 

herea fter as comp 1 ex prob 1 ems, r equ i re the 

incorporat ion o f judgement and exper ience 

in t he decision-making proces s . Several 
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probl ems in engineering design can fall in 

t he l atter category . 

Mine engineering design is a complex 

problem involving s ubproblems which can be 

st r uc t ured , semi structured or unstructured . 

Structured des i gn prob lems can be handl ed 

with sta nda rd al gorithmic approaches. The 

so lution of semi- and un s tructured 

prob l ems, however, has posed gr eat 

di ffi cu l t i es , in some 

the problem itself . 

cases, in defin i ng 

From the early 

s ixties, the us e of computers and 

mat hematical l og i c to aid managers in 

dec i sion-making has taken severa 1 

a lgorithmi c and heu risti c approac hes. The 

ea rl iest information systems (IS) were 

concerned wi t h producing histori ca l reports 

wi th l itt l e informat ion pertain i ng t o 

current and/or future operations. Mos t of 

these IS were accounting and payroll 

sys t ems . These were fo ll owed by 

ru di me ntary management informa t i on sys tems 

(MIS) which focu sed on summarizing data 

from past operations and provi ding limited 

dec isi on-oriented in f ormation t o managers . 

Over time , the rol~ of MIS has increased to 

a poin t where today there are sys tems fo r 

prov id i ng mana ge r s with the latest 

in f ormation . Devel opments in data base 

technology, parti cu larly data base 

management syst em s (DBMS) and relational 

data base schemes . and deci s i on 

systems (DSS) have been key 

continua l evolution of MI5. 
In recent yea rs. advancements 

fie 1 d of Artific ial Jnte 11 i gence 

pa rticul a rl y Knowledge Based Sys tems 

support 

in t he 

in the 

(AI) , 

(KB5) , 
have mad e significant cont ributions in 

bringing novel computer-oriented approaches 

t o the solution of complex problems. KBS 

can inco rpora te aspec t s of reasoni ng under 

uncertain ty i n situations wh er e information 

is i ncomplete or unrel i abl e . KBS have 

i ncorpora ted f onna 1 i zed approaches such as 
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f uzzy log i c and 

schemes t o quan tify 

sof t ' know ledge. 

Gayesian probabil ity 

i ncomplete ' art ist ic/ 

The KBS approach has 

perm itted the knowl edge of ' experts' to be 

captured i n computer or i ented symbo l ic 

programs and bear upon the problems of 

users in many di verse il l-structured 

domains . Exampl es of highly publi c iz ed 

areas of appl ica tions of KBS incl ude 

medic i ne (MYCIN) ,' mineral e xpl oration 

(PROSPECTOR),2 chemical structure 

identif ication (DENDRAL)3 and structural 

engineeri ng (SACON ) .4 

The f low of i nformat ion in a t ypical IS 

and MI S framework with an expert system 

interface is s hown in Figure 1. The data 

coll ected f rom the sys t em and vi a sensors 

are fi t'st sifted t o f it t er ou t unwanted 

'noi se .' Th e filtered dat a a re stored in 

da ta bases and is also availa ble on1 ine. 

In structured dec i s ion s i tuat ions . the data 

are f ed to algorithmic model s , the outpu t 

from which i s made available to the 

decision-maker in the f orm of infonnation 

reports . In case of semj- and unstructured 

deci s ; on prob 1 ems whi ch defy a programmed 

approac h, the exper t system can provide t he 
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ex peri en t i a l and j udgemen ta 1 knowl edge 

req uired. As shown in Figure l, t he expert 

system f unction s i n c lose i nteract ion with 

c lassi cal MI5 and as such it i s an 

i ntegra ted part of MI5 - a broad epithet 

encompassing all systems aiding ma nagement 

i n dec ision -making . 5 

The objective of th is pa pe r is to present 

the pr inc i pl es of the knowledge based 

paradi gm and to ou t l ine i ts usefulness as a 

decis ion support aid for solvi ng mineral 

engi neering des ign probl ems . Thi s 

discussio n wi l l al so focus on two 

fu nct iona ll y important areas of mi ne 

engineeri ng design: mi ne vent i l at i on 

system des i gn and mi ne s tra ta contra 1 

des ign. 

Knowledge based systems 

Knowledge based sys t ems are sophi st i cated , 

i nterac tive computer programs whi ch use 

hi gh quality, s pec ial ized kn owledge in some 

narrow probl em domai n to so lve complex 

problems in tha t domain . KBS have been 

referred to with a var iety of names such as 

exper t systems , intelli gent as sistants , 

epistemolog ical sys tems and des ign and 

anal ys is systems . The two terms mo st 

popular in common usage, often used 

synonymously, are KBS and expert systems. 

This is unfor t unate because some systems 

whic h are advan ced as expert systems do not 

ha ve the essential el emen ts to be 

consi dered as such . St ri ct l y speaking. the 

te rm expert sys tem i mplies that a 

predominant part of the kn ow l edge i n t he 

sys t em has been acquired from expert 

pract itioner( s) in the chosen fi e ld. As a 

res ult of t hei r unique exper i ences. experts 

so l ve complex prob l ems i n reasonabl e 

(min imal) t i me us i ng crea t ive approaches 

and rules of thumb . As such , a strict or 

st raight-forward mathemati ca l algorithm 

cannot be an expert system . Further , with 

KBS , there ;s no impl i ca t i on of t he 

presence of expert knowledge. The 

know l edge could be gather ed from dispara t e 

sources in t he publi c doma in. Ex pe rt 

knowledge can be viewed as a pa r t i cu lar 

instance o f to t al know ledge (both expe r t 

and other) , Expert systems , t herefore, are 

a speci al breed of KBS wh er e an expert( s ) ' s 

knowledge takes prom i nence ove r the pu bl i c 

domai n knowl edge . The mo re encompassing 

te rm KBS will be used i n this paper . 

KBS features 

There are fou r import ant aspects of KBS 

wh ich need t o be emphas ized: (i) they are 

knowledge intens i ve, i. e . it is t he 

fundamental hypo t hesi s in Artifi cial 

Intelligence , t he parent fi eld of KBS, that 

t he prob lem solv i ng powe r of a program 

comes f rom t he quality and quant i ty of 

knowledge it possesses relevant t o the 

problem; ( ii ) the in ference or rea soning 

mechani sms are human-like, i.e . t he 

reason i ng strategi es adopted by t he program 

reflec t t he reasoni ng s tyle of the humans; 

( ii;) the doma in of app l ication i s na r row; 

t his requi rement is a con sequence of the 

high level s of performance expected of the 

program ; expert i se is deemed to come with 

great dept h of knowledge i n some 

special i zed a rea rather tha n general 

knowledge of several di ffere nt fields; (iv) 

KBS are ab l e to expl a in their line of 

reasoning to t he use r, i , e . they can gi ve 

jus t ifi cations as t o 'why ' 

1 i ne of reasoning was or i s 

a part i cu lar 

be ing pur sued 

over another and explanati ons as to how it 

arrived at a ce rtain conclU Sion. Clearly, 

problems requi ring significant i nfus ion of 

common sense and genera l knowledge for 

solut ion ar e not suitab le fo r KBS 

applicati ons . 
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KNOWLEDGE 
BASE 

I FACTS I 
RULES 

1 
INFERENCE 

ENGINE 

I INTERPRETER I 
SCHEOULEA 

I USER INTERFACE I 
FIOURE 2. Anatomy of a knowledge based system 

KBS components 

There are t wo main par t s to any KBS - t he 

know l edge base and t he i nf erence eng ine 

(Fi gure 2) . In addition , there are 

peri pheral features designed to facil i tate 

interaction wi th end- users (user 

interf ace), exp lanation of al i ne of 

reasoni ng (justif ier ) , e t c . The knowledge 

bas e consi sts of two di fferen t ki nds of 

domai n specif i c knowledge: (i) declarat i ve 

knowledge wh ich includes fac ts re l a ted t o 

t he doma i n and the s pec i fic problem, and 

( i i ) procedu ra7 know7 edge which contain s 

r ul es (or procedures) and heu r ist i cs whi ch 

gene rate alterna te paths of reasoni ng . The 

facts and ru l es cons t itute a body of 

information that i s widely sha red. pub lic ly 

avai l able and general ly agreed upo n by 

practit i oners i n the fi e l d. The 

heu ri stics , on the othe r hand, are pri vate, 

experientia ll y gained ru les of thumb ( rul es 

of pl ausi bl e reasoni ng, ru l es of good 

guess i ng, etc . ) . The pr imary ro l e of 

heu ris tics i s to aid in limit ing t he searc h 

fo r sol utions to a problem. Thi s is 

pro babl y t he mos t powerful fea ture of KBS . 

Knowledge represtntatiOQ 

The predominant means of rep resenti ng t he 

vas t amount of prob l em specif i c know ledge 
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i n KB S has been by product ion rules . 

Product i on rules are of the form 

'situati on » act ion ', i. e . they are 

syllogisms of the form 'IF a certain 

situation hol ds THEN ta ke a par ticul ar 

act ion ' . The IF po r t i on of the rule i s 

ca lled the antecedent and the THEN portion , 

the consequent of the rul e . The reasoni ng 

mechanism of KBS (I nference En gine) uses 

these IF .. . TH EN rules to arrive at a 

conc l US ion , establish the va li dity of a 

fa ct, e tc . 

Because of t he inherent l y uncertain 

na t ure of t he sys tem knowl ed"ge , in ma ny 

i nstances the ru l es may not i mply stri ct 

logica l i mp l i cat io n. That i s , each r ule i s 

not deemed to be categori ca 11y true or 

fa lse bu t r ather a quali fied s ta t emen t 

having a cer ta i n amount of 'st r ength ' 

associa t ed with it . The strength val ue 

cou l d have a probability int erpretat ion as 

in PROSPECTOR, or cou l d be an ad hoc 

' ce r tai nty fa ctor ' (-1 t o t l , certa in ly 

fa I se t o complete ly true) measure . as in 

MYCIN. 

Inference engine 

The inference engi ne fs made up of two 

parts: (1) an interp r eter which decides on 

how to apply ru l es to i nf er new knowledge , 

and (ii ) the schedu le r which deci des on the 

order in wh i ch the rules shoul d be appli ed. 

Gen era lly, the interpreter va lidates t he 

re l ev.ant condit ions of ru les and performs 

the ta sks wh i ch t he rul e presc ribes . Th e 

scheduler ma in tai ns cont ro l of an agenda 

and de termi nes which pending ac tion shoul d 

be executed next. There are t wo major ways 

in whi ch in f erence engi nes apply 

s trategies 

conc l usions : 

to arr ive at 
reasoning 

plaus i ble 

(i) Data driven r eason ing/forward 

chain i ng : To lllustrate this type of 
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reasoning, consi der the following three 

r ul es : 
RU LE]: IF A TH EN B 
RULE 2: IF B TH EN C 
RULE3 : IF C THEN D 

when i t is known that A is true at a 

part icular ins t ance . The system sta rt s 

drawing inferences on t his newly as serted 

f ac t. The new fa ct assert ed sati sfi es the 

antecedent of RULE 1. This es ta bli shes fac t 

B. Since t he tru th of B sat i sf ies the 

anteceden t of RUlE2. C is es tab 1 i shed and 

so on. 

(ii) Goa l d1rected reasoni ng/backward 

cha ini ng : Cons ider the fo l l ow i ng set of 

rules in t he knowl edge base. 

RULE]: IF (A and BI THEN C 
RULE2: IF (0 and El THE N A 
RULE3: IF (F and GI TH EN B 

The prob lem to so l ve may be t o f i nd out if 

C is true . To estab l i sh C (the consequent 

of RULEl) , the i nference eng ine t ests if 

the antecedent is true . The antecedent 

i nvol ves t he es tab l i shment of the truth of 

A and B. Two subgoal problems are now set 

up: ( i ) prove t r uth of A and ( i f ) prove 

truth of B. Only when A and B are proven 

true , C 1s true. But proof of A and B 

themselves involve t wo more conjunctive 

sub-goal problems - proof of 0 and E, a nd F 

and G. Therefore . the truth of t he fac t s 

D. E, F and G are checked in t he knowledge 

base . I f t hey expl i c 1tly exist i n the 

knowledge base, t hen C i s established, 

otherwise the inference engine has two 

opti ons: (i ) report that it does not have 

suf fi cient in format i on to establ ish the 

tru t h of C, or (ii) query the user for any 

i nfonnat ion regarding t he truth of 0, E. F 

and G. Thi s is a very common reasoni ng 

process used in medical di ag nos is, or any 

system diagnosis fo r tha t matter, when it 

is des ired to es ta blish if a patient has a 

certa in disea se, i .e. check i f the patient 

has t he symptoms endemic to the disease . 

MVC IN (an exper t sys tem. developed a t 

Stanford Universi ty. for providing 

physi Cians wi th adv i ce on diag nos ing 

bacterial infections) uses backward 

cha in i ng f or its rea son i ng process. The 

adva nt ages 

apparent 

over forward chai ning are very 

in thi s insta nce. I f t he 

inference mec hani sm had s tarted ou t t o 

establi s h C by l ooking into the knowl edge 

base t ryi ng to f ind an antecedent whi ch i s 

tr ue and initiating f orward chaini ng on the 

fact , it could be led i nto bl i nd a l l eys and 

may never rea lize the goa l of es tabl is hing 

C. In a know ledge base with hundreds of 

rules, this could mea n an ineffic i ent and 

un i nte 11 i gent search procedure . even i f C 

were to be es tab l i shed . 

Thi s is no t to impl y t hat backward 

chaining would always yi el d bet te r results. 

There are problems i n wh ich t he current 

system know ledge is used to i nfer more 

i nt eresting knowle dge which leads the 

sys tem closer to the goa l . Fo rward 

chain i ng i s ideally su ited for such 

probl ems. There are also s ituat ions where 

even a combination of forward and backward 

chai ning might be necessa ry. The choi ce , 

however. is cri ti ca 1 . 

Strict deli nea ti on between t he knowl edge 

base and inference engine is a desi rab le 

feature . If t he two are i ntennixed, doma in 

knowl edge gets spread out through the 

inference engi ne and it become s less c lear 

what ought to be changed to improve t he 

sys t em at a l ater date. The resu lt 1S an 

i nflexi ble system . If all tne tas k 

specific knowl edge has been kept in the 

know l edge base, then it i s poss ibl e t o 

remove the cu r rent knowl edge ba se and 'plug 

i n' anot he r. The expli cit div is i on t hus 

offers a degree of domain indepe nde nce. It 

does not mean, however , that t he know ledge 
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ba se and infe re nce engi ne are to tally 

i ndependent. Knowledge ba se content ;s 

strongly inf l uenced by the control paradigm 

used in t he inference engi ne. 

User int~rrace 
The use r in ter face is basically a l anguage 

processor wh i ch permits th e end-user t o 

comm unicate with the KBS i n a problem/ta sk 

ja r gon , usually some restricted vari ant of 

Eng l ish . Typical ly , the user i nter face 

parses and i nterprets user ques t ions, 

commands an d volunteered info rmation. 

Conversel y , 

i nformat ion 

the in t erface format s 

generated by KBS, includ i ng 

expl anations and answe r s to questions, 

justifications for i ts 

requests for i nformat ion. 6 
behavio r and 

KBS versus conventiona1 programs 

The ut il ity of KBS and its superiority over 

conven t ; ana 1 computer programs ar e not 

obvious. A frequently asked question i s : 

What i s the diff erence between a KB S an d a 

normal prog ram? Co ns i der the IF . . • THE N 

s tatements vers us the IF . .. THEN rules . The 

differenc e is analogous t o the di fference 

between sequent i al and di rect access of 

i nformati on f r om disks (as far as program 

execution is concerned) . In conventi ona l 

compu ter prog rams , the IF ... THEN s t atement s 

ar e execu ted in a preset sequence and the 

execut 10n i s ent i re ly contro l f l ow 

KBS, on the other hand, it 

of t he system I s cur rent 

determines it s fut ure 

de pendent. In 

; s the s ta te 

knowledge which 

course of execut ion . The system ' s current 

knowledge accesses the re levant IF ... THEN 

ru les and chooses from t hem the most 

appropriate one. The ref ore, in KBS, the 

executi on i s totally knowledge dependent . 

A further diffe rence emanating from the 

above argumen t ;s that i n a KBS the cont rol 

of exec ution i s i n the hands of t he user, 
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i . e . what qu es tion wi ll be as ke d next, or 

wha t pi ece of infonnation wil l be necessary 

next is en t i re ly dependen t on what response 

i s given to the present quest io n. 

Moreover, explanations and justifications 

can be requested of the system at any ti me. 

These exp l anat i ons and justifications are 

more powerful and context dependen t t han 

information obtained by invoking HELP me nu s 

i n conventiona l computer programs . 

The knowledge base in a KBS is or ga ni zed 

i n a way t hat separates the knowledge abo ut 

t he problem doma i n f rom t he sys tem' s other 

know ledge , vi z. genera l knowledge about how 

t o so lve prob 1 ems i n the doma i n the 

i nference engine. Th i s aspect hi gh lights 

one more importan t di fference between KBS 

and conventi ona l computer programs, viz . 

addit i onal knowledge in t he fo rm of 

I F . .. THEN ru 1 es can be added to the 

knowledge base of a KBS without any adve rse 

side effects in te rms of system 

fun ctioning. Add ing an addi tional pi ece of 

code t o a conventiona l compu ter program 

might prompt a major restructuring of the 

program. 

Developments of knowl edge based systems 

i n wfdely differen t fie l ds have shown that 

t he sa me inference engi ne can be used i n 

di ffere nt appl ication areas (e .g. EMYCIN) . 

The popularity of the rule based knowl edge 

representati on approach has al so 

contri buted to t he deve 1 opment of I canned I 

r easoni ng strategies . The refore , "a grad ual 

shift towards a formalized means of 

deve l oping these i nference engines has 

evo l ved. These inference engines 

i nterfaced wi th othe r periphera l components 

are being mar ket ed under the name of 

I exper t syst em she 11 s ' . The in ferenc l ng 

scheme in these she l l s is bui lt by ass uming 

a certain knowledge re pr esentati on scheme . 

Therefore , one can concl ude t hat some of 
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the aspects of KBS deve l opment are being 
a lgorithmized . However , development of the 
doma in dependent knowled ge base remains the 
key ac t iv ity invo lvi ng the most time and 
effort. 

KBS for engineering design 

Hi the rto the dominant appl ication area of 

KBS has been in diagnosti c fie l ds , i .e. 
weighing and cl assify i ng complex patterns 
of evidence t o eva luate a si tuation t hat i s 
either abnormal (a s in diseas es and faults) 
or deve lopabl e i n new ways (as in mineral 
prospec t ing ) . Bu t diagnos is is j ust one of 
the tasks t hat requi res expert i se . There 
are other tasks which are equally dema ndi ng 
of expertise. ? These inclu de : 

( i) INTER PRETATION : analysi s of data 
t o determine i ts meani ng and 
impl i ca t ions . Diagnosis can be 
considered as a major component of 
interpretat ion. But use of t he 

term diagnOS is has been reserved 
exclusively for evaluating 
ma 1 adi es/abnorma 1 i ties from 
avai la bl e symptomatic data . 

(ii) PLANNING: creating programs of 
action to achieve goal s . 

( i i 1) DESIGN: constructing or creat ing a 
system or objec t tha t satisfi es 
certai n st ipulated requi rements . 

(iv) PREDICTI ON: forecasting the future 
from a model of the present or past 
(or both) ; forecasti ng t he values 
at loca tions where there 1s no data 
f rom da ta at known locat ions. 

In engineering dis ciplines, t he role of 
des ign is important. The vi ew of design 
here ;s different from that s ta ted above. 

In an eng i neering des ign problem. t hel'e are 
st rong underpinnings of both planning and 
interpretation. Diagnosis also plays an 
important par t in the design process but it 
i s not the object i ve per se . The overall 

des ign process can be viewed as consisting 
of the foll owing three maj or components: 

( i) ANALYSIS COMPONENT: th is inc 7udes 
t he planning and in terpre ta t ion 
t asks and invol ves the i deal izat i on 
of the given problem situat ion to 
make it ame nabl e to eng ineering 
ana lYS i s . 

( i i ) SOLUT ION COMPONENT: this i nvo l ves 

t he use of major al gor i t hmic 
programs to operate on the 
id ealized model and provide 
results . 

( iii ) INTERPRETATI ON COMPONENT: th is 
involves diagnosiS and 
interpretat ion of the model resu lts 
to check t he validity of the 
idea l ized mode 7 and hypothesize 
I'e finements ( i f needed) before 
going back to the analys is s tep for 
anothe r i teration, i f necessary. 

The solution component is a structured 
prob lem and its computerization and 
automati on in m101 ng eng i nee ring have 
reached a high level of maturity. 
Exce llent computer programs are availabl e 
for the so luti on of, for examp le, fin ite 
element mode l s of m; ne structures . network 
mode l s of mine ventilat ion systems and 
inf l uence funct i on mode ls for subs idence 
pred icti on. The compl exity of these 
programs has grown to such an extent that, 
user's manual s notwithstand ing, i t takes 
months to use t he program opt ions . Even If 
one learns how t o run the program , t he use r 
i s ill-prepared for the ta sks of analyzing 

a physical problem in terms of the model 
and interpreting the model output in terms 
of the overa ll design objectives and 
constra i nts . This is because t he ana lys i s 
and interpre tation components are not 
s tructured and require ex perience and 
expertise, At the same time , there are 
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recognized ' experts ' (albeit few i n number ) 

who perform the ana lysis and inte rpretation 

t asks with relative ease and with great 

compe te nce. 
'Advances in computer hardware and 

software have been incorpo rated in recent 

computer appl icat ion packages to alleviate 

some of these problems . Prog rams have been 

made interactive and user- fr iendl y . 

Interfaces with graphics devices have been 

established to aid i nterpretation of da ta 

and resul ts. These approac hes , however, 

have not addressed the rea l problem. The 

'experts' perform better tha n others 

large l y because of their greater knowledge 

acqu i red through exposure to differen t 

ki nds of problem scenarios and exper ie nce 

ga i ned therefrom. The requiremen t is to 

transf er the accumul ated analysis and 

inte rpretation experti se of exper ienced 

people to other, less experienced users . 

For example, geostatistical techn iques 

have been used f or years in ore reserve 

es timation. Much of the methodology has 

been forma lized and prograrraned in the last 

two decades. Th e first step in any 

geos ta tist ical study i s the determination 

of the fo rm of the spat ial variabil ity 

fun ction (the variogram). The choice of 

the fo rm of this funct i on is hi ghly 

judgementa l and depends heavily on the 

knowledge of the geology of the area. 

Similarly , the interpretation of the 

results from a geostat i s ti cal i nvestigation 

i s also dependent on experience gained with 

t he appl ications of t hi s and other 

techni ques in specific depos its . Without 

t hi s expert analys i s and interpretat i on, 

the geos t atisti ca l exerci se may not provide 

val id infonnation to dec i sion makers . The 

tappi ng of this expertise and its 

inco rporat ion in the knowl edge base are 

cr uc i al. To achi eve this goal, the KBS 

approach seems viable. 

"' 

Incorporat ion of exper t i se i n programs 

via KI3 S is not new . As men t ioned earlier , 

there has been great s uccess in such 

efforts in f i e lds such as medical 
diagnos is. But a s ign i f icant limitati on of 

such KBS is t hat they t end to be based 

sole l y on rules of experience gleaned f rom 

' exper t s '. Since the so lu t ion component i s 

a majo r stage i n eng ineeri ng des i gn , in 

addi tion to exper ien t i a l know l edge , the 

ca pabil ity to model the behavior of the 

system under cons iderat ion is al so 

necessary. Thi s kind of system would take 

adva ntage of the synergis tic e ff i ciency 

afforded by usi ng expe r t rules of 
experience and a l gorit hm ic programs ( to 
provide infonnation needed by a rule, e .g. 

pressure drop in a part icular branch of a 

vent il ation network ) . The integrati on of 

al gorithmic programs with expert systems 

for analysi s and interpretation wo ul d, 

step in the refore, represent a major 

enhanc i ng deS ign capabi l ity. A generic 

knowledge based sys tem anatomy is 

illustrated i n Fi gure 3 . 

A min ing knowledge based system must have 

as a mini mum the fo ll owing features whi ch 

al so permit identi f icat ion of programs 

which are not legitimate KBS . 

( f) A knowledge representat i on 

fo nma li sm and a knowledge base. 

The knowl edg e shou ld not be mere 

INPUT INTERFACE I 

1 I 

KNOWLEDGE ALGORITHMIC 
USER BASE DESIGN 
lNTER AND 
FACE ANALYSIS 

INFERENCE PROGRAMS 
ENGINE 

I 
OUTPUT INTERFACE 

FIGURE 3. Anatomy ofa knowledge based system for engin. 
eering design 
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numeri c data but must include 
symboli c data as well. 

( i i) An inference engine whi ch 
manipula tes the knowledge to arrive 
at concl us ions. The inference 
should not be an algorithm. If the 
probl em has an algori t hmic solution 

it i s not necessary to build a KBS 
for it . 

( ii i) An expl anation faci l i ty capabl e of 
provid i ng explanations ( in terms of 

the system knowledge) as to how the 
system arrived at a cert ai n 
concl usi on or resul t and 
just i fi ca t i ons as to ' why ' a 
certain pi ece of information is 
being reques ted. 

( i v) A user i nterface that fa cilitates 
commu ni ca t ion between the user and 
the KBS in a subset of Engli sh. 

(v) Input and output interfaces between 
design and ana lysis programs and 
the KBS. 

Mine ventilation system design 
Al t hough the importa nce of mine ventilation 
has been recogni zed from the ear lies t days 
of minera l extrac t i on, ventila t ion planning 
i s . even today , more commonly conSi dered an 
art rather than a sc ience. 

Ventilation system de sign ;s an 

engineering design problem whose so lution 
requires the steps of perception, 
idea l izati on, mode li ng . interpretation, 
feedback and cont ro l. 8 Dur i ng the ana lys is 

phase, since ventilation system design is a 
part of the overa 11 mi ne des i gn, 
cons ideration must be given to the 
interrelationships whi ch exi s t be tween the 
mine infrastructure and mine venti lation 
system . The adequacy of the input data and 
their reliabilities are also of paramount 
importance. In the interpreta t ion phase. 
an objective analys is of the output is 

necessary. Th i s step may identify weak 
area s in the definit ion of the problem in 
which case redef inition of the problem may 
be in order . The so lut ion may have 
undesirab l e elements or maybe infeas i bl e t o 
impl ement, leadi ng to questions on t he 
design or the data. Also, the solutions , 
when properly analyzed and interpreted, can 
lead to a better defini tion of the problem, 
or superior alterna ti ves to t he problem. 
The design process can be vi sualized as an 
iterative process leading to improved 
perception, idealization , definit ion and 
sol ut ion of t he problem. 

The appli ca t ion of digital computers to 
solve the press ure quantity prob l em 
assoc iated with mine venti la tion systems 
began to ma ke an impact only two decades 
ago . It i s important to s tress that the 
sol ut ion of t he pressure qua nt ity probl em 
is only one step 
process outlined 

important ana lysfs 

in the to ta l planning 
before. There are 
steps prior t o this 

' so lution' s tage and even mo re important 
interpreta t ion steps after t he 'solution' 
s tage. Cons i derable experfence and 

expertise are needed in mine ventilation 
systems and mi ning engineering to arrive at 
good ventilation designs. Many benefi ts of 
computer-aided ana lysis are not real ized in 
practice as this expertise i s not readily 
ava ilable. Therefore, integration of KBS 
reasoning wfth mathemati ca l models seems 
desi rable. The essential elements of such 
a sys tem are shown in Figure 4. 

There are three major el ements in the 
integrated sys tem: (i) the KBS and its 
input-output interfaces to the design and 
analys is programs (OAP) ; (ii) t he des ign 
and analys i s programs. consi sting of a 
ventilation data base and ventilat ion 
programs. and (f 1 1) the actua 1 mi ne system 
which is operated on by natural (mine 
locat i on, seam characteristfcs, methane. 
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FIGUR E 4. A logic flow diagram of a knowledge based system for planning mine ventilation systems 

etc . ) an d cultural f actors (equipment 
cha racteristi cs , fa n opera t ion, etc.) 
result i ng i n dust . gas, heat and humi dity , 
et c . and f rom wh i ch data can be collected 
on a real t ime basi s . The KBS el ement is 
t he prime mover of t he whole system. 

In the analys i s step, deci s i ons have to 
be made regarding some of the foll owi ng 
fa ctors : 

176 

(i) What i s t he prob lem to be 
addressed? Is i t dust generat ion? 
Is i t lack of requ i s i t e ai r 
quantit i es? Is it t he excessive 
l i beration of methane? Is it a 
combi nat i on of the above? 

(i i ) Interrela tion shi ps of t he probl em 
wi th ot her mine design as pects , 
e . g. ground control , mi ning method 

and extract ion, hyd rology , 
regula t ions, etc . have to be 
ident i fied. 

( iii) Since an engi neer i ng probl em is 
ra re ly amena ble t o engineering 
analys i s as i s , t he problem has t o 
be i dea l i zed with simpli fyi ng 
assumpt i ons. A maj or deci sion has 
to be made regardi ng the relevan t 
assumptions t o make so as not to 
sac r i fic e t he purpose of the 
ana lys i s . An appropr iate model 
\'I i' l have t o be hypothes i zed , 

(iv ) An appropri ate design and analys i s 
progr am will have to be selected 
comme ns urate with the avai lability 
and qual ity of the input dat a and 
desi red accuracy of results. The 
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data ne cessary for th e model ha ve 

to be deve l oped . 

Fo l l owing t he dna lys i s s t ep, the se lected 

OAP i s executed and after t hi s sol ut i on 

s ta ge, interpretat io n of the outpu t 

follows . In the interpretation s tage the 

model results have t o be interpreted and 

any di screpanc ies d iagnosed i n t e rms of the 

overa ll des i gn objectives. Among the 

qu es t i ons ar i s ing at this s tage are the 

f oll ow ing: 

(i) Are the mode l results r ea l i st ic? 

Is the hypothes i zed model a va l id 

idea li za t ion of the problem 

s H ua t i on? 

( ii) What do the flow di rections, ai r 

qua nt i ty. du s t and methane 

concentra t i on va 1 ues mea n and 

i mply ? Wha t are the fan operating 

conditions ? Are they real i s tic? 

(iii) How se nsiti ve is the solut ion? Are 

the conditions critical in any 

branch of the networ k? [f so, what 

cou l d be the poss i bl e reasons? 

( iv) What are the refinements whic h can 

be mad e to t he current ana lysis? 

I>lhat other model alternat ives can 

we choose f rom? 

{v} Wh i ch one of t he avai la bl e opti ons 

should be chosen? 

Mo s t of the know l edge involved i n answering 

t hese ques ti on s and making these decis ions 

i s experience dependent. Thi s knowledge 

can be acqu i red (!'Om publi c domain sources 

a nd from experienced mine vent il ation 

practi t ioners, and incorporated in t he KBS 

for venti la t ion syst ems . An in tegration of 

KBS and traditi ona l a l gorithmi c programs 

yie lds a super ior decis i on support sys tem 

for mine ventilation system des i gn . 

Development of such 

w; th t he current 

t echnology . S 

a system i s possible 

state of system 

Mine strata control design 

Mine strata control design is another 

important area where an integrated approach 

seems t o hol d promi se. An outl i ne of a 

typ i ca l s t rata contro l des i gn approach i s 

shown i n Figure 5. As can be seen, t he 

overall des i gn philosophy i s still the 

same , i.e . it f its t he s t andard 'a na lysis 

~- solution - - i nterpre t at ion ' mo ld . 

The obj ect i ve in a strata con tro l design 

program is usually the se l ect ion of the 

loca tion and sub sequent des ign 

(const ruction) of access a nd service 

openi ngs and s tructures. To achieve thi s 

obj ect i ve. t hree types of i nforma t i on are 

essent ial: (i) knowledge of t he materi al 

proper ti es of the different roc k st rata i n 

the area -- these incl ude t he compress i ve . 

tensi l e and shea r strengt hs . RQD, RMR, 

etc. , (ii ) kn owledge of the i nw s itu stress 

regime in the area , and (iii) knowledge of 

the location and 

geolog ical features 

e t c . i n the area. 

co l l ected duri ng the 

cored bor eholes 

meas urements . 

frequ ency of major 

like fold s , f aults , 

Host of th i s data i s 

explorat i on s tage f rom 

and geo physical 

The above information is often not 

adequate to charac terize t he behav ior of 

the var i ous r ock stra ta complete l y . An 
app ropr ia te materia l behavior has to be 

hypot hesized. Moreover, once some form of 

material behavio r is as sumed, an 
approp r iate analysis t oo l has to be 

selected. These two aspects f orm t he cor e 

of the ANALYSTS stage ;n strata cont r ol 

desi gn. In this s tage questions such as 

t he following must be answered: (i ) Shoul d 

t he design be based on empir ical fo nnul ae 

or should a mo re r igorous anal ySi s ( such as 

Fi nite El ement Method - FEM ) be adopted? 

(ii) How should t he material behavior be 

characteri zed? What failure criterion is 

most appropr i ate? What are t he loadi ng and 
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PREMINING INVESTIGATIONS 

'GEOTECHNICAL: Mechanical properties of 
rock, joint properties, permeability, creep and 

r-----~ dynamic response, In·slb.! stresses, moisture, 
stratigraphic sequence etc. 
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I 
ANALYSIS TOOL 

Calculation of stresses, strains, pillar, 
entry sizes and associated safety factors 

Evaluation of dosign with respect to other 
constraints· vlmtllaUon, sUbsidenoe, etc. and 

satisfactoriness 
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DESIGN RECOMMENDATIONS 

Enumeration of different plausiblo alternatives, 
guldelil'llls to Impl9mB11tation 

IMPLEMENTATION 

, Iilstallation 
, Monitoring 
• Maintenance 

FIGURE 5. An outline of the design approach for strata control in mines 
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boundary condi t ions? What wil l be t he 

granula r ity of t he ana lysis? ( ii i ) From t he 

quantity and qual ity o f t he i nput da ta 

ava ilable . which des ign and anal ys i s 

program woul d be mos t suitabl e? Most of 

t he reason i ng i n th i s stage i s 

nona l gor ithmic and req ui res consi der abl e 

experience and expertise. 

The sol ution s t age , as shown i n Fi gure 5, 

ca n be pur el y a lgo rithmic , t he i nput t o 

whi ch is ge ner at ed i n t he analys is s tage. 

He re use is mad e of algo r ithmi c design and 

anal ysi s pr ograms such as a f i nite element 

ana lys i s program fo r an i deal ized coal 

pil l ar model . The number of pr ograms 

available t o t he user at th is stage i s 

numerous . In the mi n i ng doma i n , fo r 

example , one coul d use AOI NA/BM or BMIN£S 

e t c . These programs genera t e r eams of 

ou tput , usua ll y t he st resse s and s tra i n i n 

each e l ement of the mode l. 

The interpretat ion of the out put 

genera ted by t he sol uti on stage aga i n 

r equi re s cons i der ab 1 e exper t i se. What do 

t he stress and strai n va lues i n t he 

different el ements i mply? Is t here local 

fa ilu re i n a ce r ta in portion of the mine? 

If so, wh at can be sa id of overall 

stabi 1 Hy and t he type of analys i s 

procedure chosen in the ana lys i s stage? 

Wa s it adequa t e? Was it represen t ative? 

Is the des ign sa ti sfactory with respect to 

the des ign i n ot her a reas such as t he 

ve nt lla t ion sys t em? If t here i s some 

expe r imenta l da ta ava i Table, how does the 

model outpu t compare with t he real worl d 

scenari o? Ar e the di screpanci es due t o 

poor ma teri a l behavior i dea lizat i on? I f so 

what changes should be t ri ed out? In thi s 

stage t oo , j ud gementa l knowl edge i s 

necessary to i de ntify t he ove rall adequate 

des i gn . 

Other application areas 
In add lt ion to the t wo applicat ions 

di scussed above, t here are severa l ot her 

areas in mi ni ng engineer ing whi ch can 

benefit from t he KBS approach. The 

potent i al fo r the deve l opment of a KBS f or 

geostatistical s t udi es was a l ready 

ment i oned . KBS use i n the analysis of 

i nvestme nt and r isk a lso fall s in t he same 

category . Other maj or des ign el eme nt s in 

min ing engi neering suc h as electrical, 

dra i nage and hau 1 age sys t erns , and surface 

min i ng rec l ama ti on schemes can also benef i t 

f rom KBS appli cat ions . Ther e also are 

prom i si ng appl icat ions i n t he area of 

diag nos i s , viz. troubleshooting and 

ma i ntenance of mi ni ng mac hi nes and 

equi pment vi a goal di rec ted KBS. 

Deve lopment of t hese systems wi ll a l so be 

of val ue i n computer ass i s t ed t r a i ni ng and 

i nst r uc tion. 

Conclusion 
Th i s pape r has highl i gh t ed the impor tance 

of inco rporati ng exper i en ti al and 

judgemental kn owl edge i n eng ineering design 

prob lems . Thi s iss ue , as it relates t o 

mi ne ventil at Ion and mi ne st rata contro l 

sys t ems , has been out lined. It is 

impera t i ve t hat efforts be made to 

fonnalize th i s ' ar t i s t ic ' in fonnat i on vi a 

knowl edge eng i neer ing so that i t i s wi de ly 

ava ll able . Nonava ilabil ity or diff iculty 

i n accessibil i ty of expert op l nl on and 

input has severe ly throt t l ed des i gn eff or ts 

i n t he past. In l i ght of th i s pauc ity ) t he 

advant ages of mathemat i cal mode l s for 

des i gn ha ve not been ful ly reali zed. The 

benefi ts accru ing f r om the proposed 

app roach a r e : 

(i) Pe rma nent avai l abi l ity of ti mely, 

hi gh qu al i t y and diver se expertise 

f or analysis and interpretation. 

( ii ) Ass i s t ance i n character i zation of 
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the prob l em situa t ion and proper 

cons i de ration of relevant ( and 

critica l) factors . 

(i i i) Avoidance of misinterpretation of 

pro gram ou tput s a nd assistance in 

faste r converge nce of the iterative 

design pr ocess t owards the goa l . 

( i v) Ability to solve prob l ems whe r e 

incompl e t e or unce r t a i n data on ly 

are ava il able . 

(v) Enha nced t r a i ning of new e ng inee r s 

a nd analysts. 

(v i ) Increased product ivity and better 

desig ns . 

It is i mportan t to eva l uate the 

s uitabi li ty of t he prob l em fo r so l ution 

through a KBS appr oach. A common pitfa l l 

ha s bee n th e recasting of algorithmica l 1y 

so l vab l e problems in the KBS maId. In 

looki ng fo r appropri ate prob l ems for KBS 

deve l opme nt ins t ead of seeking pr obl ems 

whi ch requi r e expert ise to so l ve, a cornnon 

error has been to look for e xpe r t s whose 

knowledge can be captured . A better 

approach is to look for eng i neer i ng de s ign 

prob l ems whi ch are demanding of knowl edge 

and expertise . Moreover , i n a ny pro blem 

being co nSidered. it is ess entia l to f i lter 

out the algorit hmic portions and attempt to 

use the KBS a pproac h for t he judgementa l 

and experiential port i ons only . KBS 

tec hno l ogy i s s uccessful onl y when a ppli ed 

in narrow , specia l i zed domains . Extendin g 

t he pr ob l em domain to suc h areas a s overall 

mi ne des ign will in vo l ve l arge commitme nt 

of f unds and efforts without any gua r a ntee 

of success . 
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