






System Overview 101 

A second constraint was the need to design the program to accom
modate a large and changing body o.f technical knowledge. It has become clear 
that large amounts of task-specific knowledge are required for high per
formance and that this knowledge base is subject to significant changes 
over time (Buchanan and Lederberg, 1971; Green et al., 1974). Our choice 
of a production rule representation was significantly influenced by such 
features of the knowledge base. 

A third demand was for a system capable of handling an interactive 
dialogue and one that was not a "black box." This meant that it had to be 
capable of supplying coherent explanations of its results, rather than sim
ply pririting a collection of orders to the user. This was perhaps the major 
motivation for the selection of a symbolic reasoning paradigm, rather than 
one that, for example, relied totally on statistics. It meant also that the flow 
of dialogue (the order of questions) should make sense to a physician and 
not be determined by programming considerations. Interactive dialogue 
required, in addition, extensive human-engineering features designed to 
make interaction simple for someone unaccustomed to computers. 

The choice of a medical domain brought with it additional demands 
(Shortliffe et al., 1974). Speed, access, and ease of use gained additional 
emphasis, since a physician's time is typically limited. The program also 
had to fill a need well recognized by the clinicians who would actually use 
the system, since the lure of pure technology is usually insufficient. Finally, 
the program had to be designed with an emphasis on its supportive role 
as a tool for the physician, rather than as a replacement for his or her own 
reasomng process. 

Any implementation selected had to meet all these requirements. Pre
dictably, some have been met more successfully than others, but all have 
been important factors in influencing the system's final design. 

5.3 System Overview 

5.3.1 The Task 

The fundamental task is the selection of therapy for a patient with a bac
terial infection. Consultative advice is often required in the hospital be
cause the attending physician may not be an expert in infectious diseases, 
as, for example, when a cardiology patient develops an infection after heart 
surgery. Time considerations compound the problem. A specimen (of 
blood, urine, etc.) drawn from a patient may show some evidence of bac
terial growth within 12 hours, but 24 to 48 hours (or more) are required 
for positive identification. The physician must therefore often decide, in 
the absence of complete information, whether or not to start treatment 















































124 Production Rules for a Knowledge-Based Consultation Program 

** HOW 1.1 

[i.e. HOW was it determined that the culture was taken from a sterile 
source?] 

{the 1.1 refers to the information in 
the line labeled [1.1 J in Figure 5-11} 

[3.1] RULE001 was used to conclude that there is suggestive evidence 
(.7) that the culture was taken from a sterile source. 

[3.2] RULE022 was used to conclude that there is strongly 
suggestive evidence (.8) that the culture was taken from a 
sterile source. 

** HOW 3.1 
[i.e. HOW was RULE001 used?] 

It has already been established that 
[4.1] the site of the culture is one of: those sites from which the 

sterility of cultures depends upon the method of collection 
[4.2] the method of collection of the culture is one of: the 

recognized methods of collection associated with the site of 
the culture, and 

[4.3] it is not known whether care was taken in collecting the 
culture 

Therefore 
there is strongly suggestive evidence (.8) that the culture was 
taken from a sterile source 
[RULE022] 

{another request from the user} 

FIGURE 5-12 Examples of explanation capabilities-HOW 
questions. 

The system's fundamental approach to explanation is thus to display 
some recap of its internal actions, a trace of its reasoning. The success of 
this technique is predicated on the claim that the system's basic approach 
to the problem is sufficiently intuitive that a summary of those actions is 
at least a reasonable basis from which to start. While it would be difficult 
to prove the claim in any formal sense, there are several factors that suggest 
its plausibility. 

First, we are dealing with a domain in which inference, and decision 
making in the face of uncertainty, is a primary task. The use of production 
rules in an IF/THEN format seems therefore to be a natural way of ex
pressing things about the domain, and the display of such rules should be 
comprehensible. Second, the use of such rules in a backward-chaining 
mode is, we claim, a reasonably intuitive scheme. Modus ponens is a well 
understood and widely (if not explicitly) used mode of inference. Thus the 
general form of the representation and the way it is employed should not 
be unfamiliar to the average user. More specifically, however, consider the 
source of the rules. They have been given to us by human experts who 
were attempting to formalize their own knowledge of the domain. As such, 
they embody accepted patterns of human reasoning, implying that they 
should be relatively easy to understand, especially for those familiar with 
the domain. As such, they will also attack the problem at what has been 
















