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Introduction 

Although severa! sources have .recently appeared on the subject of knowledge engineering, there 
i.s no clear consensos as to how the software developer should go about that task. In fact, with 
only a handful of exceptions, (for an excellent discussion, see Hoffman, 1987) most of that 

.. ___ whjch ___ ]1_aE ____ l_?~en :¡>ul?_lis]l~d ___ cle_sC!'-l:>es __ litt!_e_more th~ __ ageneral theory. or sorne skeletal, non­
specific tnethodology. As more and ·more software engineéri, programmers;- · áñd · ánalysiS; 
especially those coming from MIS or DP backgrounds, become involved in the development 
of knowledge based systéms, the demand for specific descriptions of actual projects will grow. 

This article seeks to address that demand. It is intended to briefly chronical the development 
of a knowledge based prototype at NCR Advanced Systems Development. Sorne of the details of 
the application are slightly fictionalized in order to avoid identifying particular individuals involved in 
the process and to protect proprietary interests. The overall scope and intent of the project is 
however clearly stated as are the knowledge engineering procedures undertaken to automate 
the process. E'qllanations of significant decisions and developments in the project life cycle are 
includecL 

Tne article picks up at a point in the project life cycle where the need for a knowledge based 
system has been identified, and the problem has been initially investigated. -Basics as to manage­
ment expectations, user requirements, and system development constraints have been deter­
mined. An 'expert" has been identified and a feasibility prototype has been commissióned. 
The circumstances suggesting the need for a system are described. 
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Basic Background of tbe Problem 

NCR customers are provided with toll-free telephone access to both hardware and software 
support. Tbis support is provided on a nationwide bases. All calls, regardless of their origin in the 
U.S., are frrst channel::d through a central communication office. Clerical telephone and CRT 
operators answer each call, obtain vital customer and product information, construct a descrip­
tion of the problem that the customer is having, and ultimately pass the 'incident" on to an 
intennediary analyst. This intermediary analyst acts as an expediter and problem classifier. He 
scaus the· incident report to classify the problem as hardware related, OS related, application 
related, etc. and if ap¡ropriate, passes the incident on to more specialized analysts who re- establi$h 
contact with the customer and solve the problem. Part of this intennediary analyst's job is to 
recognize obvious hardware problems, confirm the problem by recontacting the customer, and 
dispatch a field. engineer to repair whatever is wrong. This procedure allows a relatively fast 
tum arcund response ·to obvious hardware problems and also prevents the wasteful involvement 
of more speci!lliWd ana.'ysts. 

Automation Task 

The intennedi~ analyst and the abilities he possesses obviously represen! a valuable asset. 
His skills help provide customers with timely resolutions to their problems while conserving 
highly specialized resoo:rces in order that their expertise can be more advantageously employed 
to solve more difficul: or subtle hardware or software problems. The intermediary analyst 
can personally resolve ¡:¡ many as 11% of the total daily incidents. Beca use of bis prowess for clas­
si..fying problem descrip:ions and expediting problem resolutions, bis 'expertise' became the object 
of our ana!ysis. Our gJal was to build a system wh:ich would assist clerical personnel in clas­
sifylng prob!em desc:riptions in a manner that was functionally equivalent to the expert. 
Upon completion of <. successful prototype, the syst~m would then be transparently interfaced 
.intv the existing datáJase system used by the clerical telephone and CRT operators who 
an-;wer thc customero initial c..cJls. lmplementing the system as such, the customer would be 
betler served. By virtm of ilie fact that the system would provide them with the knowledge to 
3ccurately assess the =tomer's pmblem, the clerical perso=el could either flx it or immediately 
dispatch a field engineec if needed. 

wtting Started 

As with many soiware engineering projects and particularly with knowledge based systems, 
somelimes getting stared can be a problem. Upon initial inspection, the problem domain might 
appear chaotic or seeTI: overwhdmingly complicated. A laxge part of the knowkdge engineer's 
job is to fmd ordcr in such seemingly disordered de.::Sion mak:ing processes. The knowledge 
engineer CMD.ot acqui:re nor functionally represen! the know1.e:dge an expert without first obtain­
ing a predictive understanding of what the expert does when óey exercise their expertise. 
Behavior analytic meuods are extremely effective to this end. (Rolandi, 1986). 

"Predictive understanding" is meant lo include answers to questions such as: 

Exactly what decisions does the expert make? 

What are the decision outcomes? 

Wnich outcomes require greatcr refiection, exploration, or interaction than others? 

What resourcés or inp:1ts are required in orde1 to make a decision? 

What conditions are rresent when a particular outcome is decided? 
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At what point after exposure to decision influcntial inputs is a decision made? 

How ronsistently do these conditions predict a given out come? 

and ultimately: 

Given the particulars of a specific case, will the outcome ptedi.ctions of the KE team be consistent 
with that of the expert? 

. . . 
Although basics obviously would precede more s¡;iecifics, no other particular· sequ~~ · .zs 
implied by the above Jisting. Answers to these quesüons need to be obtained as the queiti<>llS 
themsel:ves arise, regardless of wb.en they arise in the ktiowledge engineering proeess. The speiillics 
of how these questions were answered are descn'bed .. 

What decisions were bein!l; made by fue expert'? 

In order to answer thls question, tb.e knowledge engineering teattt needed to define the ¡;~ 
of the overall decision making process. Initial intetviews witb. the expert wete arrangéd and con~ 
ducted. Because behavioral analysis is an empirical prccess, desctiptive quantitative data was 
sought. Since preliminary analysis of the process had identüied !:he incidel:lt reports as a 
necessary component of !he expert's decision making, a large sample set of incident :reports 
was obtained for analysis. In order to identir¡ the characteristícs of a "typical" deéision, an inexpen­
sive tape recording system was put intó place that allowed recordings of tbe tónversations between 
customers and the expert. As mentioried earlier, tbese conversations occúiTed when the expert 
recontacted customers after having read their incident reports. The expert was asked to mention 
tb.e incident number on the recording so that the team could later correlate that 
eJ¡pert/ customer interaction with a copy of tb.e incident re port. A series of taped interac­
tions were ti:msctibed and coordinated witb. their respective incident reports. Thus a 
wealtb. of data tb.at realistically depicted the · creation, classification, and resolution of a large 
set of 01..ses was compiled. 

What were the decisíon oÜkomes'r 

Perusing the body of data, tb.e team was able to clearly identify decision outcomes. For 
tbe purposes of our automation task, there were basically !:hree outcome categories: obvious 
hardware, obvious software or application, and otb.er. "Otb.er" essentially included everything 
(regardless of whetb.er it was ultimately determined to be hardware or software related) that 
was not identified in or inferable from tb.e incident reports. Given the team's objective to auto­
mate recognition of only obvious hardware cases, tb.e focus of our analysis shifted to that data 
only. 

Whicb. outcomes required more interaction than others? 

Using all the cases in our library tb.at tb.e expert identified as obvious hardware problems, tb.e 
team compiled statistics on tb.e number of conversational interactions between expert and cus­
tomer. It was discovered that all of these interactions were characteristically· · short with a "typical" 
interaction involving only two exchanges of information. Upon inspection and classification 
of those interactions, it was determined tb.at in 80% of the cases, the interactions served ouly to 
confirm the problem description as recorded on tb.e incident report by tb.e clerical telephone 
operator. .This meant that whatever was necessary to make an immediate hardware decision was, 
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in most cases, contained in the problem description. Given that we had apparently Jocated the 
decisive input for 80% of the obvious hardware cases, the problem descriptions became our next 
focus of analysis. 

What resoun:es or inputs were required to make a decision? 

~though the team was convinced of the preeminent influence of the· problem desaiption on 
the dedsion making process, we needed to be certain that there were no other more subtle forces 
at work. The expert was observed .in his work environment under his typical work conditíons. 
He was asked to report the point at which he felt that he had made a decision for a num.ber of 
cases. He was also asked to state what caused him to come to this decision. As expected, he 
reported information in the problem description alone. Additionally, he reported that bis decision 
was often already máde befo.-e he reestablished eontact with the customer. 

The expert was then asked to decide cases without access te the incident reporl In other 
words, a knowiedge engineer held the incident report reading aloud only the infonnation the expert 
requested. In all cases, a decision was made based on the problem description alone. In 
retrospect, this may seem like overkill. The incident reports however contain severa! sources of 
information that could well have contributed to the expert's decision outcome. The team needed to 
isoiate only those sources that were in fact decisive. 

Wbat oonditlnns are present wben a particular outcome is decided? 

V.'bat informatiou ,.,..,;s extracted from the problem descriptions that accurately pointed to an 
obvious hardware classífication? In order to address this question, the team began an in depth 
analysis of al! of the problem descriptions that were identified as representative of obvious 
hardware decisions. Having previously been entered into a commercial database system, the 
problem descriptions were electronically available. A 'C" program was written to parse the . 
problem descriptions into a simple list of al! words contained therein. The UNIX sort utility 
was employed to produce reports that alphabetized and listed al! of the problem description 
words and additionally provided an indication of their relative frequencies. From these reports, the 
team was able to immediately identjfy a list of words that predicted obvious hardware decisions. 
The list that emerged was a list of perípheral hardware devkes. Additionally, there emerged a list 
of words thal wheri associated with a particUlar device, inevitably resulted in a hardware deci­
sion. Some of the descriptórs had a "heuristic' effect. That is, the expert's decision could be 
predicted given 1 be pre.'>ence of certain descriptors regardless of the device that was implicated. 
This meant that there are attributes for al! instances of computer hardware that if instantiated 
with a particular valúe, reliably predict bardware malfunction. These. more global predictors 
emerged as a function of writing a number of problem descriptions on small pieces of paper and 
affixing them to a blackboard for analysis. Acting out a kind of "categorical impera­
tive", the team arranged the problem descriptions · into clusters by device type. The device 
type clnsters were then subcategorized into problem descriptions with similarities. Not only did 
this exercise reveal patterns across hardware devices, it also discemed patterns of de\1ce specific 
problems. 

I-low consistently did these conditions predict a gil'en óutcome? 

1'hes~ word lists so reliably predicted á hardware decision that the t~~ declded to experí­
_ment With á very prímitive naturallanguáge interface. Thís interface was designed to simply sean 
the probtem descriptions first · for words that identified a specific hardware device. Secondly, (if 
the first pass fáiled), it scanned the text for altematíve words that reliably predicted or indicated the 
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involvement of a specific hardware device. And lastly, the program scanned the problem 
description for particular words that when as.~ociated with a kno•Nn hardware device always 
indicated a field engineer was needed. It was hoped that this system would automatically flag al! 
clear cut hardware cases and leave other possible hardware cases to be interactively examined by 
the system while the telephone operator extracted system prompted input requests írom the custo­
mer by,phone. 

As it turned out, the immediate identification of 'clear cut hardware cases', whether by 
expert or machine, was totally dependent upon a clearly stated and iniormative . problem 
description. For problem descriptions that included or identified a hardware device or a 
part or component of a hardware device, and a predictive descriptor of that device or part, this 
system worked ama.zingly well. Initially we were worried about false positives where the prob­
lem descriptions contained the important keywords but not in the way that reliably implicated 
a known problem with a known device; As it turned out, this was not really a problem. This 
scheme's weakness was that it had to rely on the problem descriptions without benefit of subse­
quent interaction and unfortunately, ·only a relatively small number of the free form problem 
descriptions contained the information needed to make a decision. For the most part, they were 
too general ('system inop') or not actually descriptions of computer problems at all. For example, 
many problem déscriptions were really assessments of the urgency of the solution ("check.s won't 
print. need ASAP'), or statements referring to the emotional state of the customer ("prob­
lem with system, customer sounded frustrated"). In cases such as these, the expert would typi­
eally recontact the customer by phone to obtain a more specific description of ilieir problem. 

Although the simple parser scheme accurately identified all obvious hardware problems 
which had problem descriptions including a device, a device par!, and a device or device part 
descriptor, we abandoned the scheme because it simply was too limited }n its range. In other 
words, the percentage of the hardware cases that it would automatically flag was not sign.ificant 
although those cases so flagged were accurately identified. As an alternative, a menu system 
was implemented in a commercially available inference engine running on an NCR Tower 32. 

Our experimentation with the parser was most productive however: by the tim;:, wc had 
decided to abandon the interface, we had exhaustively identified all hardware devices and their 
component parts that if dcscribed by a member of a limited set of descriptors, reliably .indicated 
that a_ ftel.d e_ngineer was needed. We sought to obtain a measure of the consistency of these 
predictors with the d~cision.S of the expert.- -- - - - - - - --

Using a set of incident reports that the expert had never before seen, the expert was asked 
to classify the problem ás being related to hardware, software, or other. The incident reports 
were obtained from a hi.Story file that included a description of the ultimate solution to the 
problem. Thus, the team could ídentify which incidents ·involved actual hardware issues and 
which did not. By the way, with a large number of cases, this sort of exercise will typically reveal 
some degree of inconsistency in the performance of the expert. That is, cases with identical prob­
lem descriptions would occasionally be reacted to differently by the expert. This is im portJ.Dt to 
note but is only problematic when the administration of the e¡;-pert's expertise becomes 
unpredictable. Small inconsistencies are to be e~ected but true unpredictability would signify the 
absence of expertise. 

The outcome of this exercise was to further reinforce our íaith in the reliability of the key­
word predictors. There was essentially a one-to•one corresponden ce between · our predictions of 
what the expert would do given a certain problem description and what he actually would do. 
Needless to say, this was encouraging. 

At this point in the knowledge engineering process, we had answered most of the questions 
one needs to answer to arrive at a predictive understanding of the expert's decision making 
behavior. We had discerned that the truly obvious hardware decisions would not be made by the 
expert unless he had first identified one or more of a limited number of devices or device parts, 
and one or more of a limited number of descriptors of those devices. Their presence essentially was 
an assertion of fact and as such, could be succinctly represented: 

- ().4 ,_ 



Device 

printer 
terminal 
tape drive 

Component or Part 

ribbon 
key 
door 

Descriptor 

tangled 
jammed 
broken 

The determination was dmen in prototypical implementations by the backward chaining rule: 

if a hardware device is identified 
or a part, component, or attribute of a hardware device is 

i<L-ntified 
and a significan! descriptor of that device or component is 

present 
then there is an obvious hardware problem and a field 

e.ngineer is called for. 

The p:,xpose of the menu system was to effectively construct an instance of sorne fact which 
was recognized as constituti.ng an obvious hardware decision by our expert and represented in the 
knowledge base. 

Of course not all hardware decisions were representable as constructable facts. As 
mentioned earlier, sorne problem descriptions do not contain the necessary information for an 
munediate classification. 1n such cases, the expert would telephone the customer and ask 
them to elaborate on their problem. This interaction would continue until such time as the expcrt 
had classified the problem as hardware or knew that it should be passed on to one of the an;;lysts. 
His interaction with the customers not only provided him the means to formulate and test as mcny 
hypotheses r...s needed to classify the problem, it occasionally provided an opportuníty to solve sorne 
of the customers' problems. This is because the expe;t responded to enes in the follow up custouer 
interactions that could in di cate any of a number · of more subtle kinds of problems. The ability to 
make these sorts of discriminations was sought for the system as well. 

T'his aspect of the KE process entailed a sligh! 1y dll-'ferent approach. W e had already obtained 
an accurate assessment of the scope of the domain, that is, the range of things about which somethir1g 
had to be known. We had also discerned the critical components (as well as an effective way to func­
tionally represent them) of the more common sense, obvious hardware problems. These types of 
problems essentially entailed a one-to-one mapping from something contained in a probbc> d~ócr;.¡:­
tion to sorne actionable fact contained in the knowledge base. But what of less specific problem 
descriptions or subsequenl conversational interactions? What'was it about these "inputs" that served 
as a basis for action? Another way of asking this question is, "What does the expert have to otherwise 
know in orc\er to respond to the cues he detects in conversation with the customers?" 

What knowledge is subsumed by the assertion of given facts? 

The expert was asked to role play a number of follow up scenarios as if he had been given 
in.cident rtoports containing very non-specific problem descriptions. It was soon discovered that, given 
a particular topic of discussiou, (either a class of de·.~ce or a class of problem indicators), he wouL:! 
seek to determine answers to only certain kinds of questions. For example, if sorne unspecified thing 
was wrong with the customer's printer, the expe.rt would typically ask the model number of the 
printer. His subsec¡uent conclasions or line of questioning were totally conti..r>gení upon the response 
of the customer. Thls is becausc: knowing only one fact (the model nu.mber) actually implied know­
ing a great number of facts. It was almost as if upon !earning a model number, ;he e:c-pert "loaded in 
to memorf as man)' as ftfty other pieces of information that are associated with thlit fact. Regardless 
of the psychological mechanism · actually entailed in this process, the ana!ogy strved the interest of the 
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project we!L 

General rules of inference that functionally conformed to the interactions of the expert were 
encoded in the knowiedge base. Externa! files were employed however to tabularly contain the large 
number of facts abont printers, terminals, modems, etc.. These facts were then "loaded in" as a sort 
of frame of reference when called into play by the infeu:nce mechanism. What this netted was the 
ability to, make very refined and specific decisions based u pon relativeiy sparse inputs. Knowing what 
he knew about a wide :range of hard~- objects, the expert was capable of responding to a number 
of rather súbtle cues that, l:o Jilin;-·ifnplicated certain kinds of problems or certain kinds of. problem 
solutions. By determining a substantial subset of what that knowledge entailed, we were able to real­
istically emulate his problem solving behavior even with more obscure problems. 

This ability has proven to be quite impressive. First of all, the representation scheme is 
straightforward, easy to maintain, and capable of providing logical branches to a vast number of prob­
lems. lt also provides a means to appropriately react to and solve a number of problems that it dis­
cerns. It is this ability that seems to convey the impression of "intelligence' when the prototype is 
demonstrated. Reactions to this latest prototype have been quite favorable with viewers often being 
impressed at the range of what the system "knows'. 

Summary 

The knowledge engineering process employed to construct a working prototype of a 
knowledge based classification system has been described. The approach taken was explora­
tional and experimental in nature. Quantitative techniques borrowed from behavior analysis 
were advantageously employed. The proeess entailed the construction of severa! prototypical 
implementations before the current knowledge representation scheme was adopted. The events 
described represent about 7.5 mancmonths of data collection, data analysis, and prototype· pro­
gramming. n is hoped that the speciíic methods and procedures described will be helpful to 
other software engineers involved in the development of knowledge based systems. 
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