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ABSTRACT

A prototype production rule program, DECAIDS, for the
support of decisions on cdmputer resources was constructed
using the Stanford University EMYCIN production rule system.
The DECAIDS'progran demonstrates the use of a production rule
system to support a‘relatively unstructured management
problem. A discussion of knowledge based systems, predicate
calculus and production rules is included. A tutorial
section discusses the user information needed for development

of a backward-chaining, goal-seeking knowledge base system.
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I. INTRODUCTION

Production rule systems provide a means for encoding
"expert" knowledge about some domain of information and offer
techniques for using this knowledge to provide answers for
questions in the domain. A prototype production rule program,
DECAIDS (Decision aids), was developed using current
Artificial Intelligence (AI) methodology in an effort to
organize decision aiding characteristics relating to computer
resource allocation alternatives. The purpose of this
program is to provide recommendations during an interactive
consultation session. During this session, specific informa-
tion is requested from the consultation system user concerning
his organization's task, technology, environment, and struc-
ture characteristics. This information is then used to
invoke system production rules which are used to produce
the recommendations.

While the primary subjects of this paper are the pro-
duction rule system and a sample categorization of managerial
decisioh aids, it is noteworthy to mention that several other
areas of study are involved. These include inferential
analysis, organizational theory, predicate calculus, and
decision aid characteristics. The last section in this
thesis is a tutorial containing instructions for the use of
the EMYCIN inference engine and procedures for designing

and implementing a database (referred to as a knowledge base).
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While some AI systems do attempt to model the human
thought process, this paper has adopted the EMYCIN inference
engine developed from Stanford University's MYCIN research
program. This program, EMYCIN, permits problems to be
solved using goal-directed, backward-chaining production
rules. Backward-chaining is a tree traversal method. It
is accomplished by searching through a tree from a goal,
bottom leaf, state toward some initial, root node, §¢ate.

The concept of ''spaces' may also be used here to further
explain that the shape of the state space determines whether
forward or backward-chaining is utilized; fanning in from
some goal state to an initial state represents backward-
chaining [Winston, 1977].

The important thing in AI is that a software program
produces 'behavior" similar to that which a human can produce,
understand, and recognize. Generally, the problems posed to
AI are not those for which a specific algorithm can be
written. For instance, a manager probably could not explain,
algorithmically, how he arrived at a particular decision.

He uses a myriad of facts, procedures, and experiences to
tell him what to do during certain circumstances and these
factors are used to produce a decision. EMYCIN was developed
with the assumption that a human would use the same data that
the program used but not in the same manner. The program
provides a method to weigh conflicting information, calcu-
lating how much information is sufficient to achieve a

recommendation, and identifying those cases where insufficient

ey
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information is available to arrive at an acceptable decision.
This is what a human does when making a decision. The Al
program must therefore parallel these human processes as
closely as possible in order to produce an acceptable

result [Scott, 1979].

The EMYCIN program is written in INTERLISP. This computer
language provides an excellent basis for an AI system since
the information in the knowledge base is grouped into lists,
at the tree nodes, and these lists are appropriately manipu-
lated by INTERLISP functions. This thesis provides the
background materials and concepts required to design,
implement, and operate an Artificial Intelligence knowledge

based system.




II. BACKGROUND

The first domain in which computers have successfully
demonstrated expert performance is mathematical problem
solving. The speed with which computers can solve arith-
metic problems is well known. The ability of the user to
adequately prepare the program for a particular problem is
the major limiting factor in computer performance. Pro-
duction rule systems will be discussed as a method of
preparation, or representation, of data used in Artificial
Intelligence programs,

Artificial Intelligence (AI) is a relatively unexplored

area of computer science. Simply stated, AI is the study

of ideas which enable a computer to perform in a manner

that resembles intelligent behavior. The ability to acquire
and apply knowledge, to manipulate and communicate ideas,
and the ability to reason are all parts of this intelligent
behavior. A concise definition of intelligence is diffi-
cult to state because of the wide range of information-

processing and information-representation concepts involved.

The primary goals of AI are to make computers more useful
and to comprehend the principles which make intelligence

possible [Winston, 1977, p. 1].

A. ARTIFICIAL INTELLIGENCE SYSTEMS
The field of Artificial Intelligence is concerned with

producing systems which operate in five basic areas. These
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represent basic human activities and therefore the supporting
systems are referred to as Artificial Intelligence [Nilsonm,
1978, p. 1-13]. The fi:st of these areas is intelligent
information retrieval.

Information retrieval, from database systems, is not a
new problem to computer science. However, when the asso-
ciated system is designed to produce inferences or deductions
dependent upon the information in the database, the program
takes on apparent intelligence. Use of natural language
(i.e., English) methods to produce deductions and storage
of large amounts of generally known information are the
primary design considerations facing the system designer.

Expert information, in the form of rules, inference
statements, is interpreted to produce values for parameters,
which are the program's ultimate output. The domain of
computer resource allocation based upon organizational
structure is an example of an intelligent information
retrieval system contained in this paper. Theorem proving,
disease diagnosis, mechanical cdntrols (robots), and auto-
mated programming are some other applications for Al
[Nilsson, 1971].

One of the problems encountered in AI is the requirement
for categorizing into a manageable form vast amounts of data.
A system may be provided with sensory equipment which collects
input data. However, unless there is sufficient information
for the system, for example a robot, to test against, the

interpretation of the input data may be incomplete.
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The AI program, unlike conventional computer programs

which are highly formatted, will possess a large knowledge
base of facts from which the attainment of goals is sought.
The amount of information required to accomplish a given
task is an area of major emphasis to AI researchers. For
example, the difficulty in programming robots to process
sufficient information and to perform even simple jobs lies
in the total number of possible combinations of situations
which may be encountered and therefore required to be stored
in the knowledge base. Accordingly, the system must have a
method for selecting from among the knowledge base facts to
make appropriate inferences.

This paper will explain a prototype decision support
program, DECAIDS, and explain the necessary background and

user information needed to use or expand the program.

B. ARTIFICIAL INTELLIGENCE LANGUAGES

As the study of AI has expanded, several programming
problems have led to the search for new and more powerful
methods for representing knowledge. Paramount among these
difficulties has been the inability of existing languages
to deal adequately with list processing and symbol manipu-
lation. This fact has led to the development of several
new programming languages, such as COMIT, IPL, LISP,
INTERLISP, and SAIL to name just a few [Bobrow and Rafael,
1974].

11
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This paper deals with INTERLISP as used by the EMYCIN/
DECAIDS program., The EMYCIN system was used to provide the
inference engine (inference manipulation) for the prototype
managerial decision aiding program DECAIDS. INTERLISP is
a relatively easy language to learn and use because it is

constructed of a simple syntax. It requires no previous

knowledge of high-level languages such as FORTRAN or PL/1.
There are about forty common functions in INTERLISP,
Approximately one-half of these are highly mnemonic arith-
metic operations. The remaining functions perform the other
operations required for successful list processing and symbol
manipulation [Winston, 1977].

The basic structure of INTERLISP is the symbolic-expression
(S-expression) which is called a list of elements. These
elements may be numbers or function names. This format
of s-expressions can be readily adapted to the n-tuple
concept described in the predicate calculus section of this
paper. The fbllowing example has three elements. (The
parentheses are required of all references to INTERLISP.)

[Teitelman, 1974, p. 53].
(PLUS 3.14 2.71)

In this example, PLUS is the addition function standing
before the two arguments, 3.14 and 2.71, which are to be
acted upon. This example also demonstrates the prefix

notation which is used in INTERLISP (i.e., the function

always precedes the arguments).

12
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C. KNOWLEDGE BASE

The knowledge base, for an Artificial Intelligence pro-
gram, is the data base supplied by an "expert" and operated
on by a production system. This database is composed of
an ordered string or strings of replacement rules. Design-
ing and implementing a knowledge base requires the answers
to some general problem-solving questions:

What kinds of data are required? (specific
facts or ideas); how should the knowledge be
represented? [Should the system query the
user or vice versa? (EMYCIN takes the first
direction toward deriving inferences.)]

How much knowledge is required to cover the
subject? (Specific, scientific subjects lend
themselves far more readily to quantification
than do more subjective domains.) And what
is the required information?

Finally, a knowledge base must be modeled and the tree
of subject-entities (contexts) arranged so that the questions
asked about the domain are contextually sensible, that is,
have some direction. It serves little purpose for the
program to ask questions that have no direction. The
knowledge base's context tree must provide this understand-
ing to the consultation-recommendation session. The questions
asked during the consultation must be asked in a logical
orde; to fill in the knowledge base. This can be partially

accomplished by arranging the queries in an order that makes

13
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the session flow in a smooth manner. When the entire context
tree has been traversed, inferences are produced via the
system's production rules.

The EMYCIN system developed at Stanford University
provides a framework for building consultation programs in
any quantifiable field. The domain independent components
of production rule systems and backward-chaining mechanisms
manipulate the information in the knowledge base. More
specifically, EMYCIN/DECAIDS uses an evolving knowledge
base composed of declared parameters and rules for
concluding goals.

The knowledge base contained in DECAIDS is designed
to support a prototype managerial decision aiding tool.
While the recommendations rendered by DECAIDS are straight-
forward, it must be remembered that the primary goal of
this research was to demonstrate a capability of designing
and implementing a decision support system based on AI,
While previous AI research programs have been directed
toward more structured applications, the current research
investigates an area which is relatively unstructured and
very subjective. Previous applications, for example,
the subject of blood chemistry, will produce many specific
statements and rules relative to the chemical conditions
affecting a person's health.

The system designer must know, and model, exactly what
goal his system is to achieve before he attempts to write

production rules. This requirement must be kept in mind

14
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so that the knowledge base will be property supported by

the elemenfs of the knowledge base. The knowledge base
contains two types of elements. These Qlements are rules
and parameters which are used by the EMYCIN inference engine
to support the search for a recommendation.

Each of these elements is described by a list of its
respective properties. The definition and instructions
concerning these properties are contained in Section VII.

The rules are the sentences, (If condition...then action)
statements, which imply the value(s) of parameters. The
parameters are the nouns used in the sentences. One or more
of these parameters will be identified as the root parameter(s)
in the root context. The remainder of the parameters are

used to help define, find a value for, this root parameter(s).
The rules are the statements which ask for the needed values
and produce the recommendations. These questions may be asked
either explicitly from the system user or implicitly from the
system itself.

The specific syntax for the rules and parameters are
explained and demonstrated in following sections of this
paper. The current knowledge base consists of forty-one

rules and twenty-three parameters.

15
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III. PREDICATE CALCULUS

The predicate calculus is a system of logic in which it
is possible to express complex logical statements as well as
mathematical and natural language statements. The system
has rules of inference that permit valid logical deductions
of new statements to be made from a set of given ones. The

most often used rule of inference is that of modus ponens.

The inference rules produce welli-formed-formulas from given
ones. Predicate calculus' generality and logical power are
important vehicles for performing deduction [Nilsson, 1978].
Al production systems are based on the formulas of the
predicate calculus. A production is a rule consisting of a
situation-recognition element and an action element. Thus Q
a production is a situation-action pair in which the left, !
recognition, element is a list of conditions to ascertain or
test and the right, action, element consists of a list of
things to do or conclude. A list may contain only a single
element. When productions are used in deductive systems,
the situations that trigger a production, or rule, are
specified combinations of facts. The actions are restricted
to being assertions of new facts deduced directly from the k
triggering combinations. The productions may be called |

premise-conclusion pairs rather than situation-action

pairs. The action of triggering premises and conclusions

is based upon the use of predicates and predicate logic.
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Production rules a}e spoken of as "firing" which refers to
the action taken by predicate functions [Waterman, 1976].

A programming language, using the predicate calculus
logic, and specified by some syntax, is used to make asser-
tions about some domain of interest -- to provide state
descriptions about which some conclusions will be made
[Winston, 1977, p. 257]. The class of expressions referred
to as well formed-formulas (WFF) is the basis for the asser-
tion clauses of a particular language. The WFF's are used
as the contents of a knowledge base and are permitted values
of true or false. Techniques for manipulating WFF's permit
an Al program to reason about a domain and ultimately make
or reach a conclusion [Nilsson, 1979]. The method of opera-
tion is that WFF's are applied, modify a knowledge base and
eventually meet some termination conditions.

The well-formed-formula (WFF) is given meaning by
interpreting it (the WFF) as concluding some statement about
a domain of discourse. For example, the domain of interest
in this research is the set of statements concerning a
decision support system. Conclusions drawn from this domain
involve relationships among statements in the set of WFF's,

The WFF's have values of true or false derived from the
use of predicates (words or functions which direct some
action be taken) whose values in turn may be true or false.
The predicates perform the action of mapping elements of
the domain (elements in the knowledge base) onto other

elements of the domain (actually a local consultation or

17




session database).. The WFF's are driven by the predicates of
a language, the elements in the domain, and the relationships

between the elements.

P LA ol Tl e Vi i %

Each WFF can be assigned a value of true or false and

these values are used to obtain a final concluding value.

§ The values for a WFF are referred to as certainty factors.
Certainty factors are based on probabilistic reasoning and

represent a rule weight assigned by a system designer or by

R ———————

an expert from whom knowledge base information has been

obtained. The WFF (premise) which evaluates successfully

provides a value between -1 and 1. Those rules with true 4
premises have their actions evaluated and a conclusion is

made with a certainty equal to the premise value times the

; ' certainty factor [Davis, 1977].

A. LOGICALLY FOLLOWS AS A PROOF

The concept which allows a recommendation or conclusion
to be produced is the idea of a WFF being a logical
q consequence of a given set of WFF's., This is formally

stated as the theorem of modus ponens which is: If a state-

ment, A, is valid and A implies a statement, B, then B is
valid. The premises of the production rules are the WFF's

of the domain of discourse. These premises or WFF's may

B further be divided into clauses representing multiple con-

ditions with each clause being evaluated for its true value

[Nilsson, 1978].
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The implication of the preceding is that a 'goal" in
the EMYCIN system is the determination of the value of some
parameter. This parameter's value is derived as a result of
the inferences of the WFF's, Each rule may-have one or more
clauses in its premise with the clauses of one rule joined
by an "AND" function. All conditions in a single premise
3 must be true in order to fire the right-hand-side of a rule.
The list of rules is a set of conditions joined by a

logical "OR" function. As such, any or all of the rules may

E : succeed and give the subject parameter a value. Which value
1 to present to the consultation system user is a combination

= of certainty factors, probabilistic reasoning, and expert

| judgmental knowledge [Scott, 1979].
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IV. AND/OR TREES

The concept of a tree-structured logic diagram is
utilized in Artificial Infelligence applications to depict
a graph of nodes representing state descriptions which are
parameter values. A tree is referred to as a context (or a
context tree depending upon the éize of the domain of dis-
course) and state descriptions are the parameters of the
context. Parameters in turn may have sub-goals used to find
out or trace their values. These sub-goals are additional
parameters used in other rules. Values are determined by
traversing the free and applying rules.

The tree traversal method used in DECAIDS is called
"backward chaining” and is described as beginning a search
at some goal state and proceeding to some initial state. To
be more specific, the hierarchial structure of tree nodes, or
state descriptions, where a node may have more than one
parent, is properly called a graph. This may be the case
with multiple rules applying to a specific situation. In
the case of multiple rules, a control strategy must be
implemented to select and execute rules in a logical manner.
This control strategy must have some system for selecting
relevant rules -- some special knowledge of the problem to
be solved or how the program works. The control strategy
used in EMYCIN and DECAIDS is the listing of sets of rules

into groups pertinent to only certain states or declared

20




i o Kol B VEBRIA . e

T —

R

o

parameters. This grouping serves to focus the tree traversal
towards the desired initial state from some goal state.

The backward-chaining traversal method is used with AND/
OR trees. The name "AND/OR" is derived from the fact that
the clauses in the action part of any rule are considered to
be operated upon by an "and-ing" function. Separate rules
in a knowledge base are considered to be operated upon by
an "or-ing" function. The junctions of the rules clauses
and the rules make up the nodes of the AND/OR tree.

AND/OR treeé facilitate control strategies in decomposable
production systems such as DECAIDS. An explanation of a
decomposable system follows: A rule application only affects
that component of the global knowledge (accessible to all
rules) used to state the rule's premise. The decomposition
of the knowledge base is represented by an atom, one parameter,
at a time being affected (modified, added, or deleted). A
primary benefit of the decomposable system is that redundant
paths are not searched.

An example of the decomposition of a production system
is a rewriting rule such as B implies Cj which produces a
étring of all Cj's from some arbitrary string of capital
letters. The objective is to establish the sequence of
rewriting rules which produces the string of all Cj's. Each
step in the sequence is a decomposed part of the system. The
premise clause of a system's rules form the AND nodes and

junctions of multiple rules form the OR nodes in a tree.

21
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Those rules whose preconditions, or premise clauses, evaluate
to true provide the path to a desired state [Nilsson, 1978,
p. 1-52]. This structure of the AND/OR tree is used in
DECAIDS to select relevant rules and to calculate the final
strength of each rule. These strengths or weights are

referred to as certainty factors. ﬂ

A. CERTAINTY FACTORS

Certainty factors provide a methodology for quantitatively
supporting the reasoning of production rules. A numerical
value is assigned to each rule conclusion when that rule
is added to the knowledge base. This is done by the rule
writer. The value assigned is not considered to be a
probability But more of some '"expert's'" judgmental reasoning,
and values are permitted to range from minus one to plus one. ﬁ
The certainty factors are passed along an AND/OR tree in the ‘

following manner [Davis, 1977, p. 22].

$ i

The "and" function is a minimization function affecting :

i

production rules which contain one or multiple preconditions
or clauses. Minimization is effected by the fact that the
conclusion of a single production rule can never be stronger
than the weakest piece of information.

The "or" function is a maximization function. Accord-
ingly, the certainty factors of multiple rules reinforce
(or detract from) one another. From any "or'" function the
cumulative certainty factor is the algebraic sum associated

with rules leading to that node. The final conclusion's

22
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certainty factor is again the algebraic sum of the rule
certainty factors leading to the root node. If a certainty
factor falls below .2, an arbitrary threshold for EMYCIN/
DECAIDS, the conclusion is not utilized and the situation
is considered as having no rule to conclude about it

[Winston, 1977, p. 245].
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V. PRODUCTION SYSTEMS

As with conventional computer programs, Artificial
Intelligence programs are characterized by data, operationms,
and a control strategy. An AI program is more specifically
seen to have a global database, a production system of rules
to accomplish operations, and a control strategy to determine
which rules to apply and in what order [Nilsson, 1978].

A production rule program contains a set of rules.

This program (DECAIDS) is the set of rules which is defined
by some production system architecture (EMYCIN) referred to
as a production system. Each of these rules has one or more
preconditions to be verified. Upon verification of these
preconditions (or premise clauses), the rule's conclusion
statement will be executed. Information in a knowledge base
may be modified, deleted, or added by the action of a rule
[Waterman, 1976, p. 3].

In affecting parameter values, rules are considered to
be modularized pieces of coding and distinct pieces of infor-
mation. Each is a separate '"chunk" of knowledge used in the
program [Davis, 1977, p. 7]. In performing operations on a
knowledge base, rules are controlled by a rule monitor and a
rule interpreter. A rule monitor is a subroutine designed
to affect the desired control strategy while a rule inter-
preter is a subroutine called by the monitor to execute

rules and, thereby, determine the values of parameters.

24
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These functions will be explained in detail later in
this section.
When individual rules modify the knowledge base, no
extensive changes to program code are necessary because
each rule is modularized. However, it must be noted that
while the rules and parameters may be added or deleted
without requiring any changes in the knowledge base, their
additions or deletions may affect the logic required to
present a complete path of question-asking reasoning to a
root node. Due care must be exercised not to disturb
the backward-chaining path used to reach a logical conclusion.
In using a production system to address a problem, three
areas must be addressed: problem states, the rules, and
termination conditions. Problem states are the total number
of alternative solutions possible to achieve a goal. This
may also be referred to as the problem space. These alter-
natives must be formulated into some standard computer pro-
gramming data structure for program use. Lists have been
used by Artificial Intelligence programmers as the most
appropriate data structure. Accordingly, LISP and INTERLISP
are currently the most often used languages for AI applica- ]
tions. State descriptions serve the purpose of describing :

rule preconditions. The approach to a problem in an AI

program is through a sequence of state descriptions and rule it

applications which modify a knowledge base to arrive at some

termination condition. The rule monitor is responsible for

J—
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recognizing the termination state or condition as specified

by the system designer.

The control strategy has the responsibilities of

: selecting rules, accounting for problem states (parameter

values), and accounting for rule usage. There are two basic
control strategies: irrevocable and tentative. The 3

irrevocable method applies a rule with no reconsideration

4 - of its effect on a knowledge base. An example of a tenta-
tive system is the backward-chaining used in DECAIDS. |

Reconsideration of a rule's effect is seen as the continual

computation of certainty factors along a traversal of the

aloal - i YL it g b

fé ' AND/OR tree. Control strategies may further be explained by
describing two types of production systems, condition-

driven and action-driven [Nilsson, 1978, p. 1-22].°
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A. TYPES OF PRODUCTION SYSTEMS
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In general there are two types of production systems:

condition-driven and action-driven. The method of inter-

o e

s mie 2o ad ey

action with the knowledge base is the deciding factor between
the two. In a condition-driven system, the conditions of

the premises are compared to the database and the rules

whose conditions match the database are chosen to have their
Right-Hand-Side (RHS) executed. The action-driven system

interacts with the knowledge base by first checking the RHS's.

This procedure parallels a logical implication with its "1

and 2 imply 3" statements. The system attempts to prove that

3 is true by checking for 3 in the database and, if this is
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false, then proving that 1 and 2 are true -- therefore 3 is
true -- and adding 3 to the database [Waterman, 1976, p. 3].
A conflict set, in a condition-driven system, is the
collection of all rules whose Left-Hand-Sides (LHS) have
proven true. Selection of the appropriate rule to execute
is an action called conflict resolution. The most often
used technique is rule ordering where each rule is previously
assigned some priority value and the rule with the highest
value is executed.
EMYCIN and DECAIDS are primarily action-driven systems.
A premise is presented tO«thé system to be evaluated either
true or false. The premise may be proved true by the user
providing an answer to a question or through deductive
inference. The method for proving the premise is to examine
the actions of rules to find one which would make the premise
true. All clauses of the premise must prove true. The

following is an example of an action-driven problem solution:

DATABASE: A F

RULES: . A§B§g§C
D §F
Ag§gJd
B

F
L
G
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The goal is to ‘prove H true. The system first checks the

Skl PG A ol

1 database to find H. If this fails, which it does here, the

system tries to deduct that H is true by using the rules

that contain H on the RHS's. The first relevant rule is 7.
% ; G is next sought in the database since if G is in the data-
| base then H is true. Therefore, rules containing G must
now be tried. Rules 2 and 3 apply and these may be assumed
to be rule ordered. D and F must be proven and this is
accomplished via proving A true in the database, B and C are
true from 5 and 4, and, finally, D and F are true, G is true ;
and H is true. As the rules are executed, the newly proved »
elements are added to the database [Waterman, 1976, p. 6].
This simple example of an action-driven system should be

kept in mind when the reader begins to write rules, complete

the knowledge base, about a specific domain of information.
More specifically, the source of a value for a parameter

should be considered -- from the user or from a knowledge

ik Sl i i 21l
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base search.

B. THE EMYCIN INFERENCE ENGINE
Researchers in Artificial Intelligence have recently

attempted the solution of some real-world problems. Infec-

tious blood diseases, pulmonary functions, aircraft wing

structural analysis, and decision aiding systems are a few

of the subjects considered relevant for AI applications. In

each of these areas, large amounts of task-specific knowledge
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must be collected to build a knowledge base. This information
is only available from "experts' making assertions about a
particular subject or through research. However, an Arti-
ficial Intelligence program must provide the desired utility
before it will draw an interest. It must also be provided
with a method of maintaining an evolving body of information.
The use of production rules aid these two AI design criteria
[Davis, 1977].

This thesis includes an example of an interactive
decision aiding program (DECAIDS), designed to assist the
middle/top-level manager or commander in making decisions
concerning acquisition and use of automation within his
organization, and when given certain organizational charac-
teristics, to determine an appropriate organizational
structure. Additiona;ly, the method of data acquisition
which provides for a system creditability and maintains an
evolving knowledge base will-be explained. The "Essential"
MYCIN (EMYCIN) inference, production rule, engine is the
programming vehicle used to accomplish deductions and pro-
duce conclusions in DECAIDS. (The name MYCIN was given to the
production rule program which was first concerned with infec-
tious blood diseases beéause many medicines ended with the
suffix "-mycin.'" EMYCIN is an extension of the original
system to other domains. The term "inference engine'" refers
to the concept of EMYCIN being a soft machine which produces
inferences.) [Scott, 1979]. The inference engine modules are

depicted in Figure V-1.
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Inference Engine Modules
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The advice sought from the system is provided by the

interactive consultation session. Three other system
utility programs exist for extending the knowledge base
(the acquisition program), for providing reasons for a
conclusion (the explanation program), and for answering
natural language questions about the knowledge basé (the
question-answering program). The question-answering program
requires an extensive library of domain definitions and is
currently not in use in EMYCIN. These modules occupy a
total of 130K of nonshared code, are written in INTERLISP,
and run fast enough for real-time interaction [Davis, 1977].
The DECAIDS domain specific knowledge consists of less
than 50 production rules. Each rule contains, as mentioned,
a premise and an action. The premise is a Boolean combination
of predicate functions on associztive triples with each
premise clause containing a predicate function, an object
(context), and an attribute (parameter) value. An example of

a clause in English is:

"If: The structure of organization is line,"
and in INTERLISP syntax is,
"($AND (SAME CNTXT STRUCTURE LINE))"

The '"'then'" part of the rule is the conclusion statement.
Appendix E contains a listing of the standard predicate
functions used in premise and conclusion statements. The

premises are evaluated in INTERLISP to test for their
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validity and the conclusion action performed if "true" is
the premise value. ' Known conditions are saved in the
"session database'" by a rule adding that condition [Davis,
1977]. .

1. Rule Invocation Procedures

Rules are called in a backward-chaining manner which
produces a depth-first search of an AND/OR tree, e.g., this
search proceeds down the branches of a tree first rather
than across. When given a goal to achieve, the system
retrieves the list of rules whose conclusions bear on the
goal -- the right-hand-sides are scanned and the goal sought
for in the knowledge base by the monitor subroutine. The
INTERLISP function "EVAL" is the rule interpreter for
evaluating the premise of a rule. (In INTERLISP, an '"s-
expression'" is an atom or may be a list; '"s'" is an abbreviation
for "symbolic." An EVAL function in INTERLISP returﬁs the
value, TRUE or NIL, of an evaluated s-expression.) [Winston,
1977, p. 266]. No additional work is required. Rules whose
premises are evaluated false are bypassed and those for which
an answer cannot be determined have sub-goals created for
them and a rule search recurs.

These sub-goals take the form of "find the value of the
parameter' of the premise. '"By setting up the generalized
goal of collecting all evidence about a parameter; the program
exhausts each subject as it is encountered and tends to group

together all questions about a topic. This presents a more
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orderly approach to the problem.'" [Davis, 1977, p. 9].

If after trying all relevant rules about a sub-goal, the
certainty factor associated is still between -.2 and .2,
then the sub-goal is still considered as unknown. ﬁThis
may happen if no rule were applicable, the applicable rules
were too weak, fhe effects of several rules were offsetting,
or if there were no rulés for the sub-goal at all." [Davis,

1977, p. 10]. EMYCIN provides the pattern matching capa-

bilities and INTERLISP provides the evaluating functions --
the user or system writer, who completes the knowledge base,
must furnish all concluding rules. If no value can be
deduced, then the user may be asked for a value. A value
may be an alphabetic value. A "?'" will present a list of
acceptable values to the user during a consultation.

In some cases, the user is assumed to always have
the answer to certain questions for which there should be
no need to spend time searching. Name, rank and social
security number are examples of such information. In this
case, where the user is immediately expected to provide a
parameter value, the answer to a question, that parameter is
declared with a property called LABDATA. This LABDATA
property will have a value of true declared and the user
will be prompted with a plain language text question request-
ing the subject parameter's value. This plain language text

question is maintained in a parameter property called PROMPT
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and the acceptable or permitted values for a parameter are
kept in a property called EXPECT.

In the interest of efficiency, rules are '"previewed"
for clauses whose values are already known and would thus
make the entire premise false. There would then be no need
to evaluate this rule. When running a consultation with the
highest level fau;t trace turned on (FT4), a rule found
false during this preview will receive the following message:
"Rule #, Failed in Preview Due to Clause #." The Boolean
logic for this situation is False and True = False.

The "previewing' facility is accomplished with a data
structure called a template used with each predicate func-
tion. Each template has the basic form of (function-context-
parameter value) and uses internal flags to determine if a
parameter has been previously used with this function and
whether it is trﬁe or false in this clause.

The last action seen during rule invocation is the
use of antecedent style or definitional rules. If a conclu-
sion is made which matches the premise, these antecedent
rules are invoked with a certainty factor of 1.0. After
desired parameter values have been determined, an antecedent
rule is used to produce the system's output, i.e., once the
parameters describing the context ORGANIZATION are known, then
an inference can be made with a definitional rule recommending
the organization should use a particular type of computer

installation (Davis, 1977].
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C. DATA ACQUISITION

Since any domain of information can be expected to 4
change, a capability to add and delete pieces of knowledge 5
must be provided. The updating of an evolving knowledge

base is necessary to give the subject system acceptability

and recognized competence [Williams, 1978, p. 3]. The
_ addition of knowledge to a system is accomplished by the
| system writer or user producing the production rules using
F the INTERLISP syntax described later. EMYCIN and DECAIDS

scan new rules provided by the expert to find key words

which indicate the appropriate predicate functions and a
template, function-context-parameter-value tuple, to be
retrieved. Values provided for the parameters must be a
member of the parameter's EXPECT property, the list of per-

mitted or expected values for that parameter. Upon comple-

tion of the parse of the rule, the new rule is added to the

A appropriate list of relevant rules of the same rule group

OFEAL i, L R

[Davis, 1977, p. 25].

When adding new rules, direct contradictions should be

avoided. While the certainty factor computations will

A T S gy

provide a resolution, the strength of the consultation
recommendation will be weakened by contradicting rules.

New values and parameters must also be updated throughout

T T —

§ the information structure of the system. While new rules
1 1 - may be added without regard for deleting old ones (only the

true, relevant rules will be executed), parameter values

o b S
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must be kept abreast of current technology. Finally, the
additions of not just a single rule but the addition of an
entire concept must be carefully planned when being added

to a knowledge base. A single rule is easily expressed and
added to the program. However, a set of rules, stated in
the backward-chaining, goal-directed, manner is not a normal
human method of expression. Due care must be exercised in
writing a logical ordering of rules to achieve a complex
concept or goal. Written first in the system writer's
natural language (i.e., English) the question asked of the
user (or implicitly of the system) will be the rule concluding
the parameter values.

This is an example of the modeling process used to write
production ruleé and fill a knowledge base.

1. A system designer has been tasked to accept ideas
from an organizational theorist and information analyst and
to produce production rules leading to a recommendation
concerning computer resource utilization.

2. It has been decided that STRUCTURE, the name of an
organization, may have one of two possible organizational
types: LINE or MATRIX. STRUCTURE, LINE and MATRIX will be
used by the system designer as parameters in the knowledge
base. LINE and MATRIX are values for the parameter STRUCTURE.

3. It has further been decided that if STRUCTURE has
the value of LINE, then the organization is recommended to use
a large computer, graphic display, and batch processing

capabilities.
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4, Accordingly, the system designer decides to declare

SIZE (of the computer), TYPE (of display), and MODE (of

processing) as parameters with values of large or small,

printer or graphic, and interactive or batch, respectively.

5. The system designer next verbalizes a premise:

If the structure is line

1 - (and, next he verbalizes an action)
Then strongly suggest a large computer be used

(cf. .8)

TR T ey

strongly suggest graphic terminals be used

(cf .8)

strongly suggest batch processing be used
(cf .8)
6. Finally, the rule is written in INTERLISP syntax:
($AND (SAME CNTXT STRUCTURE LINE))
(DO-ALL (CONCLUDES CNTXT SIZE LARGE TALLY 800))
(CONCLUDE CNTXT TYPE GRAPHIC TALLY 800))

(CONCLUDE CNTXT MODE BATCH TALLY 800))

7. The phrase "TALLY 800" is the required certainty

factor syntax.

D. BASIC SEARCH METHOD OF EMYCIN/DECAIDS

; Searching in EMYCIN/DECAIDS is entirely a goal-directed,l
backward-chaining process. Each '"goal" is to determine the
value of some parameter. The chaining starts with the

parameter which the system builder specifies as the goal

R T
S—

; of the consultation. This is the value or values in the
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GOALS property of the root context type. This GOALS
property is actually a list of parameters and each one is
traced in turn.

To trace or determine the value of a context parameter,
the control structure accomplishes the following:

-- If the parameter's LABDATA property is "T,' then the
value is requested of the consultation system user. If
the user responds UNKNOWN or enters a certainty factor (cf)
less than 1.0, and if there exist rules that conclude the
parameter, then these rules are tried. Once all rules have
been tried, the system knows as much as it ever will about
that parameter. If the parameter does not have a "T" value
for the LABDATA property, the rules are tried first. After
all have been tried, and still nothing is "known" about the
value or the parameter has a PROMPT, the user will be asked
the question (text) in the PROMPT property for which certain
answers (values in the EXPECT property) are allowed. Here
"known' means a cf greater than .2 for non-yes/no answers
and a2 cf greater than .2 or less than -.2 for yes/no parameters.
When all of this has been accomplished, the system knows as
much as it ever will about that parameter.

The previously described apparatus is called the FINDOUT
mechanism and is written in INTERLISP. The process of trying
a set of rules is called the EMYCIN MONITOR mechanism and
works as follows:

The system starts with the first rule in the list. The

UP-DATED-BY property of a parameter is the list of rules
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that can be used to conclude about the parameter. This

UP-DATED-BY property is compiled by the GETRULES, rulewriting, 1

| program. The UP-DATED-BY property is the list that is used 7

8 by the MONITOR mechanism when the MONITOR is used to find

out a parameter value, :
Each clause in a rule's premise is evaluated. If a

clause mentions a parameter which has not yet been traced, !

o I A T RN AR

then the FINDOUT mechanism is used to trace it, This is

1 : where the backward-chaining is demonstrated. The system

| now suspends what it is doing and sets up a sub-goal, i.e.,

to find out the parameter that is needed in the rule currently
being processed. The backward-chaining drives the consulta-
tion: It is what causes all questions to be asked with the
exception of the PROMPT's of the parameters in the MAINPROPS
preperty of the contexts.

; » -- If the clause that is being evaluated fails, then

the rule is discarded and the system MONITOR mechanism pursues

the next rule in the list., If the rule succeeds, then the
next clause of the premise is evaluated. When there are no
more clauses to be évaluated, execution of the ACTION clause
occurs.,

-- If the value of the parameter is known with certainty
(cf = 1) then the system seeks no further, and goes on to the
next rule having executed the action. The entire process
continues until each rule in the list has been tried.

The only exception to backward-chaining is in ANTECEDENT

rules, These are rules that are tried as soon as all the

e

-
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parameters in the PREMISE are traced as opposed to the rest

of the rules which are tried in order to find out the value

of the parameter in their ACTIONs. On the property list of
a parameter the ANTECEDENT-IN property is a list of ante-
cedent rulesvto be tried when the parameter has been traced.

Once the parameters have been traced, the rule is executed --

often in an output type statement [Scott, 1979].

E. PARAMETER TRACING IN A CONTEXT TREE é
EMYCIN/DECAIDS performs the following actions in order
to trace the value of a parameter, called "PARM" in this
example, in a context, called "CNTXT." The rules in the
parameter's UP-DATED-BY property are tried one by one. The
rules are listed in the UP-DATED-BY property by the GETRULES
subprogram. When tryihg a rule, called "RULE," its SUBJECT

called "GROUP," in this example, is compared to the context
type of "CNTXT," called "TYPE.'" "GROUP" is the value of

RULE's subject property and is a member of the list called

ALLNAMES -- the name of the list for rule groups. "TYPE"
is the value of '"CNTXT's'" PROPTYPE property. This value is
"PROP-VAL" for all contexts.

The CONTEXT property of a rule group is the list of
context types to which RULE can apply. By convention, a
rule may reference parameters of the context to which it
applies and parameters of descendent contexts. It may
not reference parameters of contexts lower in the tree --

nearer the root. Therefore, if a rule is relevant to CNTXT,
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one of two conditions may apply. The RULE may apply
directly to CNTXT, and in this case, the CONTEXT property

of GROUP must contain TYPE and the RULETYPES property of

TYPE must contain GROUP. The other possibility is that RULE
applies to a descendent of CNTXT. TYPE's OFFSPRING property
is the list of context types that may be below CNTXT in the
tree. The system examines each of the OFFSPRINGs of TYPE
(and succeeding OFFSPRING) to try to find a descendent con-
text type to which RULE can apply. If any such lower context
is found, then the RULE is relevant. Relevant descendents

of CNTXT are collected and RULE is applied to each of these

contexts [Scott, 1979].

F. INTERPRETING THE PRODUCTION RULE PROGRAM

The interpretation of a production rule system is com-
paratively simple. The procedure involves a search through
the knowledge base for a production that matches the pro-
duction in the consultation data-base. DECAIDS moves back
and forth searching for the relevant production and execu-
ting the rules which are true. The action of searching for
a rule is made a little easier through the easqiof pattern
matching in LISP and INTERLISP. LISP has no organic pattern
matching capabilities but can be easily pr;grammed for this
task. The basic LISP function which facilitates this in-
terpreting is called COND. COND is the LISP branching
function or conditional function. The COND function is

followed by a list of premise clauses to be tested. The

g Ly
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pattern matching occurs at this time with the systemn,

checking in accordance with the GETRULES '"used-by' property,
looking for key, or matching, expressions. More specifically,
a function is DEFINE'd in LISP which examines the elements ]
of the rules in the knowledge base and the consultation data-
base. ("DEFINE" is a LISP function which permits a

function declaration. If a match is made, a recursive call
is made on the remainder of the rules to be matched. If ]
NIL is returned, then the next clause is examined [Winston,

1977]. l
:
;

G. PROS AND CONS OF PRODUCTION SYSTEMS
There are several advantages and some disadvantages in
using the production rule architecture. Production rules

represent a form of code modularization. Each production

rule is a self-contained, modular piece of code independent :
of other rules in execution. The advantages of modular
coding are well known. Such a technique greatly aids the

task of managing very large and/or evolving database.

Parsing new rules to be added to the appropriate internal
lists, relevant to a goal, is made easier. The production
rules are a succinct form of knowledge representation. Each
is easily written and retrieved. Unlike other high-level
languages, no changes in previous coding need be made in
order to add new rules. No other rule must be altered to
ensure that the new one will be called and executed i

[Winston, 1977]. The use of the RULE GROUP and PROPGROUP
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properties and the key word search of the function-parameter
templates ensures that only relevant rules are executed
[Scott, 1979].

A disadvantage in the use of production rules is the
difficulty in expressing series of rules to convey a complex
concept. The modularized, "if-then'" coding does require
some practice in the area of '"backward-thinking." The rule
writer must be cautious of the goal-directed invocation of

rules in preparing the rules [Winston, 1977, p. 151].
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VI. DECAIDS KNOWLEDGE BASE

A. BACKGROUND

The birth of decision making as a discipline can be
traced to early operational analysis techniques employed
during World War II [Williams, 1978, p. 4]. More recently
there has been considerable debate between behavioral
scientists and technically-minded analysts concerning just
what decision making is. Behavioral scientists believe
that decision making remains the province of organizational
behavior and theory. This point of view differs drastically
from that of the more technically-minded analysts who
believe that this discipline is better founded in quantita-
tive methods such as operations research and management
science. The differences between these viewpoints clearly
point to the fact that 'decision making theory'" remains
relatively unformulated [Williams, 1978, p. 4].

The capabilities of automatic data processing techniques
in operational and management tasks (accpunting routines,
record keeping, operations control, etc.) are well known.
The use of these techniques by mid- and high-level managers
beyond these '"bookkeeping' areas is not yet significant.
There are two major reasons for this lack of use by manage-
ment to assist in decision making. One is the inability to
adequately transfer new technologies from the research/

academic areas to the manager. However, the primary reason




for the manager's point of view may be the lack of a model

which describes the organization status or situation.

B. MODEL DEVELOPMENT

The prototype program (DECAIDS), as described in this
paper, represents an attempt to identify the key parameters
affecting organizational managers and the decisions which
they must make. More specifically, this decision support
program, DECAIDS, attempts to 'quantify'" these parameters
in order to deduce recommendations concerning appropriate

computer system capabilities., These recommendations are

based upon organizational characteristics described by the

user.

The DECAIDS knowledge base was developed from the final
technical report prepared for the Office of Naval Research
by Spector, Hayes, and Crain. This report evaluates the
effects of computer-based decision aids on organization
structure. It was chosen as the basis for DECAIDS because
it specifically addresses the subjects of decision aids and
organizational structure. The knowledge base is not con-
sidered comprehensive; rather it is a skeleton which can
be further expanded by subsequent research.

The current knowledge base (Figure VI-1) has ORGANIZA-
TION as the root context. This context is defined by the
organization's structure and environment. The following
sections of this chapter describe the current system

parameters and the ultimate recommendations which are
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reached during the interactive consultative session(s).
During the following discussions, DECAIDS program parameters
are indicated in capital letters.

1. Formal and Informal Qgggnization Structure

"Organization structure is concerned with the role
and personal arrangements within an organization that
specify authority, coordination, and communication rela-
tionships. These arrangements link functions and physical
factors to manpower requirements and availability.'" [Spector,
1978, p. 31]. Simply stated, this organizational structure
relates to the internal systeﬁ of functioning groups --
the processes by which the organization operations are or
should be accomplished. The organizational structure can
be further subdivided into the formal and informal structures.

The formal structure (FORMAL) involves the official
patterns of authority and the location of respbnsibility 2
and accountability within the organization. Public and
private sector usage has resulted in the identification of
four basic formal structures. These four categories define
the different lines of command and control, advisory, and
functional relationships. The four basic formal structures
used in DECAIDS are: 1line, line and staff (called staff),
functional, and project manager (called matrix) [Spector,
1978, p. 3-2].

Line structure emphasizes direct chains of authority

and unity of command while the line and staff includes an
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informational and/or advisory staff to assist/guide line
or operational personnel. A functional structure organizes
personnel by functional activity or type of task, such as
supply, planning, or communications functions [Spector,
1978, p. 3-2]. Finally the project manager (matrix) structure
organizes specialists from specialized organizational units
to work together with other specialists. "For example,
chemical, mechanical, industrié;, and electronic engineers
may work together in a team with physicists, accountants,
human engineers, and other professionals to develop a new
product." [Tosi, 1976, p. 471]. In this structure, the
individuals work to achieve the interdepartmental goals.
The informal structure (INFORMAL) describes the
system of transactions, dynamic and interpersonal, which
occur within an organization. These informal processes,
patterns, and relationships develop quite naturally as
organizational personnel interact to handle the problems
and requirements of their roles in their own particular
styles. While the organization's formal structure estab-
lishes the division of labor within the organization, the
informal structure identifies the reality of organizational
behavior and performance based upon the individuals involved.
Spector et al. (1978) identified five informal
structures. These five informal structures which have been
used in DECAIDS are: centralized, consultative, transac-

tional, partially-delegated, and decentralized. A centralized
‘ .
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structure employs a focused flow of authority to a single
source at the top of the hierarchy. Consultative-type
informal structures maximize patterns of central control,
but encourage vertical, upward communication of advice/
guidance from the professional staff. Open communication,
deliberation, and negotiation, not only vertically among
hierarchial levels but laterally among levels is highly
encouraged by transactional structures. This type structure
does not preclude the ultimate decision remaining with the
high levels of the hierarchy. Another form of informal
structure promoting management by negotiation is the
partially-delegated structure. This system distributes
authority among the professional staff while increasing the
need for coordination of effort. Under this arrangement,
staff personnel have authority to develop action alterna-
tives with top management retaining the right to approve,
reject, or modify these options. Finally, the decentralized
structure uses a high degree of delegation and dispersal

of decision making authority to lower levels of the higher
hierarchy.

Formal and informal structures represent the
theoretical and realistic arrangement of organizations,
respectively. Formal structure defines a set of decision
methods and procedures designed by management in order to
optimize the performance of the organization. The formal

structure that is chosen reflects the past management
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experience and is based upon the expected personnel
configurations. The informal structure defines the actual
decision methods and dynamic problem-solving processes that
are used to motivate organizational performance.

In reality, these informal structures may exist in

é a myriad of combinations and variations., DECAIDS uses them

| individually and independent of one another. This program

; also offers the user the additional choices of declaring

% both formal and/or informal as not known (notavailable).

If this option is used, the program contains production rules

which will return suggested configurations for formal and

informal structures.

2. Environment

The other parameter affecting organizations is the

environment in which the organization must operate. There
are’ three basic factors which make up this environment.

They may be described as: the mission to be accomplished,

RSk 300k 7

the personnel required to perform the mission, and the

technology available to perform the mission. :

The model defines the mission in terms of problem
definition (PROBDEF) and stress level (STRESS). The user

is asked to define the task in terms of problem definition,

N either clearly defined or ambiguous. Mission stress is

defined as high, low, or unknown.

il

Personnel environment is divided into two categories

concerning the leader and staff., The system currently
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contains only two parameters related to the leader. These

are the leader's style (STYLE) and his level of training
(LEADER-TRAINING). Leader style is defined as either
relation-oriented or task-oriented. Relation-oriented refers .
to the leader who gives "little direction to his staff,
encourages them to actively participate in setting decision-
making parameters, and values the development of personnel
responsibility, decentralized informal organization structures
provide maximum performance.'" [Spector, 1978, p. 4-20].
Conversely, task-oriented leaders are defined as those who
prefer far more centralization or consultative structure

and are less concerned with the development of individual
responsibility in the decision-making policy. Leader-

training relates the level of training in the use of the

computerized technical aids which the mission leader
currently possesses and is defined as either skilled, :
unskilled, or unknown.

The staff environment is currently defined by only
one parameter, staff-training (STFFTRG). This parameter
relates to the staff's level of training in computerized
technical aids and is either skilled, unskilled, or unknown.

The available technology relates to three parameters:
computer system status (SYSSTAT), the technical knowledge

level required to pefform the mission, and the purpose of

the system's use (METHODS). The first parameter, computer
system status, refers to the implementation or operational

status of the organization's computer assets. The only
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alternatives currently offered are: yes, an operational

system is in existence, or no, there is none in operation.
The alternatives allowed for knowledge level are skilled or
unskilled. The other parameter used to define technological
environment deals with the use of the system. The current
accepted responses are inventory aids or analytical aids.
Inventory aids refer to the more administrative type uses.
Analytical aids are those which concern more scientific
applications.

3. DECAIDS Prqgram Goals

The program which has been developed is currently
designed to support three goal parameters. These goals are
decision aid characteristics (DECAIDS), formal structure
(FORSTRUC), and informal structure (UNSTRUC). Successful
inference of the first parameter, DECAIDS, is the primary
goal of the current program. The interactive session
between the program and user is aimed at deducing the most
appropriate decision aid characteristics based upon the ‘
invoked program production rules which in fact reflect the
user's decision making environment.

DECAIDS is composed of four parameters that define

various characteristics of computer decision aids (Figure

VI-2). The current definition includes the recommended type
of computer system (TYPSYS), output devices (OUTPUT),
computer installation arrangement (INSTALL), and the best

training/assistance alternatives for successful implementation
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(TRG). The current type sysiems recommended are real-time ]
and non real-time. - The output devices are either individual
terminals or large screen displays. The possible installa-
tions are divisional and pyramidal. Divisional installation
places authority in each division for independent systems
while pyramidal installation places authority at the top of
one super-system above all divisions. The final parameter

reflects the training needed or assistance required by the

organization in order to implement a computer based decision
aiding systenm.

The two other goal parameters, referring to formal
and informal organization structure, are invoked when the
user responds that either or both of these structures are
not available. When this answer is indicated, production
rules for FORSTRUC and/or UNKSTRUC result in the recommenda-
tions for the use of either line and/or centralized structures

are made.
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VII. TUTORIAL

A. OBJECTIVES

The EMYCIN system was designed and implemented by a
research group at Stanford University, Palo Alto, California.
It contains the essential components needed to create and
support an interactive consultation program. These essential
components are the consultation program, predicate functions
and their translations, the explanation subprogram, and the
question-answering subprogram. (This last feature is currently
not functioning in EMYCIN.) The subject domains of the program
range from human blood disease diagnosis to structural analy-
sis [Scott, 1979]. The domain of the prototype program
developed in this paper is decision support system charac-
teristics and is named "DECAIDS." In order to implement
this domain, a knowledge base was created and fitted into
the EMYCIN format.

The objectives of the tutorial follow:

1. Introduce the computer-naive user to the EMYCIN
system and the DECAIDS program,

2. Provide users with the required background and
documentation in order to further develop DECAIDS or
develop a unique program of their own.

3. Demonstrate the basic features of a knowledge base

system through the use of a very simple prototype system.
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4. Introduce the INTERLISP programming language and

provide users with sufficient information concerning its

syntax and functions for use with the DECAIDS program.
; S. Produce an interactive system which will provide
3* : managers with recommended decision aid characteristics based
>! upon their individual organization structure and environment.
! The first and second objectives are related and will
provide users with the more basic concepts involved in
producing a working system., It is assumed the user does not

possess a background in computer science and every effort

|

i

1
f! will be made to explain these concepts in an understandable
manner. §

This tutorial is intended to provide an introduction to

the use of INTERLISP. The documentation contained in the

tutorial and Appendices F and G is intended to furnish users

with sufficient knowledge of INTERLISP so that they can work
with the DECAIDS progranm,

Finally, the use of the prototype DECAIDS program

demonstrates knowledge base features and provides the

!
~§ basis for the fifth objective. It is anticipated that the
! DECAIDS program will be greatly expanded and improved by

future users.

8 . B. KNOWLEDGE BASE SYSTEMS

The building blocks of the knowledge base are contexts,

parameters, goal-parameters, and production rules. The first

step in the creation of a knowledge base is the creation of




!
§

the tree structure which represents the subject domain.

(Figure VI-1 provides the logical tree structure or knowledge

base of the DECAIDS program.) The selection of the subject

creates the root-context for the context tree. The root

context will have one or more goal-parameters which represent

the ultimate '"recommendations'" to be inferred from production

rules. The various branches of the context tree are repre-
sented by parameters used to describe the subject domain of
the tree. The ultimate objective is to write a set of
production rules which relate parameters with appropriate
goal-parameters. Goal-parameters can be defined as those
parameters which are concluded from the production rules.
This objective is accomplished by writing questions about
the system parameters in natural language (i.e., English).
The responses to these questions will constitute the infor-
mation contained in the knowledge base.

The system parameters must be declared next. Section C

of this chapter and Appendix D contain definition and examples

of the various parameter properties. These properties must
be provided by the system designer when the parameters are
declared (entered on the computer system).

The knowledge base system production rules are written

in the following format:
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1£: parameter, = value 1 and
parameter, = valuez and
parameter = valuell
Then: goal-paraneterl = goal-valuel (cf), and

goal-paranetern = goal-valuen (cf).

Each value for the goal-parameters will have its own certainty
factor (cf) assigned. A certainty factor is a relative weight
based upon probabilistic reasoning by the expert who provides
the knowledge base. In EMYCIN/DECAIDS, these certainty factors
range from -1.0 to 1.0 in increments of 0.1.

The successful construction of a knowledge base depends
greatly on the fact that conditional statements are related
to all of the declared parameters. These conditional state-
ments are actually a set of backward-chaining rules which
eventually conclude the declared ‘goal-parameter(s). For
example, one of the DECAIDS program current goal-parameters
is "DECAIDS." Therefore, production rules must eventually

assign "DECAIDS" some value, i.e.,

If: Parameter X is Value Y

Then: Conclude "DECAIDS" equals (recommendation).

The value of parameter X is provided to the program during
the interactive session. The recommendations for this

particular goal-.parameter (DECAIDS) consist of the four
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parameters called TYPSYS, OUTPUT, INSTALL, and TRG. These
parameters are more thoroughly explained in the preceding
chapter.

The successful implementation of this type system depends
upon providing a chain of reasoning that will "find" parameter
values which lead to the '"selection'" of desired goal-parameter
values. This can be accomplished by first writing the con-
ditional statements related to parameters that will conclude
the goal-parameters in English, From this format these rules
can easily be transposed into the INTERLISP language. The
EMYCIN monitor selects the order in which conditional state-
ments will be processed. The system designer can control the
direction of the interactive session by ordering the parameters
(of the context's MAINPROPS property) in a manner which makes
the session flow easily. This is accomplished because the
system asks its questions (PROMPTS) in the same order that
these MAINPROPS are listed.

C. SYSTEM PROPERTIES

The following properties are used in the EMYCIN/DECAIDS
program, They are used to implement system additions after
the appropriate production rules have been written.

1. Contexts

The knowledge base is centered around the "object-

attributed-value'" triples. The object portion of this triple
is the context. A context is some entity made up of related

Each system that is constructed must have at

parameters.
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least one context (or root) which is the subject for that

system,

E | In DECAIDS, the context is "ORGANIZATION.'" The

; | relative simplicity of the current DECAIDS knowledge base

- lends itself to the use of this single context. In more
complex subject domains, it may become necessary to organize
system attributes into multiple contexts. For example,

EMYCIN uses PERSON (the root context), CULTURES (the results

3 of infectious cultures), and ORGANISMS (the types of organisms
obtained from cultures and treated which is to be prescribed)
[Davis, 1977]. System designers must decide a priori, based

upon system complexity, how parameters are to be organized

into contexts. It is noteworthy to mention that with proper

organization, even relatively large systems can be frequently
organized under one context. However, if multiple contexts

are used, they must be arranged in a context tree which

allows the production rules to refer to parameters of more

1 than one related context. This is accomplished with the |
context properties ASSOCWITH and OFFSPRING. These properties

are lists of ancestors and descendent context types, respec- ;

R | s L s ol e i

tively.

Contexts are declared in a manner similar to that

? . used to declare parameters. (This is true because contexts
are also parameters.) These specific procedures are dis-
§ : cussed in the following section.

The primary properties which must be declared for

contexts are: MAINPROPS, TRANS, PROPTYPE, TYPE, RULETYPE,




and GOALS. Other properties, included as Appendix D, are

necessary for describing systems which are more complex

than DECAIDS. These names are system names and are explained

as follows.

MAINPROPS - These are the main parameters which
describe a context. These parameters are declared as a list
and are used to ''trace" or define the context. The consul-
1 tation session includes an interactive phase where these
MAINPROPS are asked of the user. User responses will invoke
the appropriate production rules to produce the consultation
recommendations. The order in which these parameters are
i : listed in the property of MAINPROPS assists in providing a
: more logical or '"coherent" consultation for the user.

TRANS - This property is the literal translation of

the context (or parameter). This definition describes how

that context will be translated in the program. In DECAIDS,

T

the TRANS of the context ORGANIZATION is '"'the organization."

R I 88, i s .

PROPTYPE - This property is used by the system to

identify to which context a particular parameter belongs.

DECAIDS contains one PROPTYPE for ORGANIZATION, PROP-ORG.
TYPE - This property is the name used to identify
contexts. For example, successive consultations involving
the context ORGANIZATION will be titled "ORGANIZATION 1,
ORGANIZATION 2, ORGANIZATION. . .".
RULETYPE - This is a list of the rules which must be

searched in order to find a particular parameter. ORGANIZATION
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currently has only one ruletype, ORGRULES, which contains
all rules to determine the goal-parameters. This name was
chosen to stand for "organization rules."

GOALS - This is a list of goal-parameters which are
applicable to the context. More than one goal is allowable.
This allows for the more complex systems to be represented
by single contexts. Current goal-parameters for ORGANIZATION
are DECAIDS, UNKSTRUC, and FORSTRUC.

2. Parameters

Parameters are defined as attributes which describe
a given context. In the knowledge base, ''object-attribute-
value'" triple, parameters are the attributes. These attri-
butes may be thought of as questions to be asked (of the user
or the system) that describe the context. For example, the
system designer will ask the following type of questions,

"Is the 'parameter' of the 'context' a 'value'?" The values
correspond to appropriate answers to the designer's questions.
These are pre-specified (if appropriate) by declaring them

in the EXPECT property of the particular parameter and are
explained later in this section.

The use of parameters in production rules has been
discussed. Parameters are contained in the various lists
with names of the form PROP-type. This form indicates a
prompt which the user will answer. These lists are further
collected into either PROPGROUPS or AUXPROPGROUPS. PROP-
GROUPS initially contain the reserved work PROP-VAL, which




is the PROPTYPE for contexts, and eventually contain each
parameter group declared in the context's PROPTYPE property.
(Keep in mind that contexts are declared in the same manner
as parameters.) AUXPROPGROUPS are lists of auxiliary
parameters which serve varying purposes. The most useful of
these purposes is defining a RULEGROUP. A RULEGROUP will

be explained in the following section.

The most frequently used parameter properties in
the DECAIDS system are: TRANS, PROMPT, EXPECT, REPROMPT, and
LABDATA.

TRANS - This is the literal translation of the
parameter. TRANS is declared in the same manner as contexts.
PROMPT - This property is the natural language

text question which is asked of the user concerning each
_parameter. Care should be taken when composing prompts

so that the consultation dialogue makes sense to the user.
(The context's MAINPROPS property can be used to assist in
making the consultation flow smoothly and logically.
Parameter PROMPTS are asked in the same order the parameters
are listed in the MAINPROPS.)

EXPECT - These are the accepted or "expected"
responses to the PROMPTS. The specific values may be
supplied by either the system designer or user. In order
to specify that anything is an appropriate answer, the word
"ANY'" should be entered as the EXPECT value of that parameter.
If a parameter has a PROMPT, it must also have an EXPECT

value.
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REPROMPT - These are additional natural language
text statements which are used to further explain the
question asked by parameter PROMPTs. They are of great value
to the designer and user because they can remove ambiguity
concerning PROMPT meanings. They automatically list the
accepted responses which the system will recognize. This
property is invoked when the user responds with a question
mark when asked a parameter PROMPT,

LABDATA - This property is a system key that indi-
cates that the user will provide a value for that parameter.
This is done by entering "T" as the value for LABDATA.

An example of these various properties is provided

for the following DECAIDS parameter:

FORMAL: (Parameter name)
TRANS : (The organization's structure)
PROMPT : (The formal structure of the organization

can be defined as either line, staff,
matrix, functional, or not available. If
further explanation of these terms is need-
ed, type a question mark. What is the
organization's formal structure?"

EXPECT: (Line, Staff, Functional, Matrix, Not
Available)
LABDATA: T

REPROMPT: (Line-emphasizes direct chains of authority
and unity of command. Staff-includes an
informational and advisory staff to assist
and guide operational personnel. Functional-
arranges personnel by functional activity
such as logistics, communications, etc.
Matrix-draws personnel from across depart-
mental lines.)

64

P —




w

3 'Rulegrougs

All rules must be assigned to groups called rule-
groups prior to being declared (entered on the system).
If no rulegroup is defined, the rules will not compile.
Rulegroups are determined by the type(s) of contexts to which
a rule may apply. Generally, a rule is applicable to the
lowest context in the tree whose parameters appear in its
PREMISE or ACTION. The group for the rule must be in the
RULETYPES property of the applicable context type(s). In
most cases, the RUL%TYPES property will be a list of a single
group. All rulegroups are members of the parameter group
called ALLNAMES. The use of ALLNAMES is covered in the
GETPARMS section of this chapter. Before entering rules,
it is necessary to define and initialize all rulegroups which
are named "typeRULES." The procedure for accomplishing this
is to type "SET(typeRULES NIL)'" and then define the group
by the GETPARMS routine. (The word type in lower case
letters refers to the specific type used. In DECAIDS, the
rulegroup is called ORGRULES. This stands for organization
rules.)

Rulegroups have the following properties:
! CONTEXT - This is the 1list to which rules of this
type apply.

SVAL - This property tells how to translate the
reserved word "CNTXT" in rules of this type.

CTRANS - This is a phase in English (a translation)

describing what context types the rules apply to. This
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translation fills in the blank in the EMYCIN system phrase,
"this rule applies to __." This explanation precedes
actual rules when rules are actually printed by the
PRINTRULES routine. The use of this routine is explained

in this next section of this chapter.

D. GETTING STARTED
1. Accessing the ARPANET

The DECAIDS system currently resides on a computer

at the Information Sciences Institute of the University of

Southern California. Access to the system may be accomplished

through the ARPANET. The different uses and further back-
ground material on the ARPANET are not contained in this
paper. The specific procedures used to access the DECAIDS
program on the ARPANET are contained in Appendices F and G.
2. GETPARMS
The EMYCIN program contains a routine, GETPARMS,

which is used to declare all contexts, parameters, and rule

groups. After logging onto the ARPANET and entering the

EMYCIN executive file, EMYCIN.EXE, (as discussed in Appendix F)

the procedures outlined in Appendix G are used to enter,
edit, or delete parameters.

The most frequently used parameter properties used
in DECAIDS are: TRANS, EXPECT, PROMPT, LABDATA, and
REPROMPT, as discussed previously. The most important of

these properties is PROMPT as it '"prompts" the natural

language question which will be asked of the user concerning
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a particular parameter. The PROMPT should be written in

such a manner as to present a logical dialogue to the user.
The LABDATA property is a system key which indicates that
the appropriate value of a parameter must be obtained
from the user.

3. GETRULES

The GETRULES routine is used to declare system rules
after the various parameters have been entered. These system
rules are written to arrive at a final goal and thereby
conclude the value of a parameter. Appendix G contains the
specific procedures to be followed when using GETRULES.

Rules are entered in two parts, PREMISE and
ACTION. Following the final parentheses in the ACTION
clause, the rule is checked for syntactic validity and an
error message is returned if an error is detected. If the
subject of the rule cannot be deduced, the user is asked to
confirm the rule group. The proper response is "Y" (yes)
if the offered rulegroup is correct or the rule group is
entered.

There is a useful feature that may be used in con-
junction with either GETRULES or GETPARMS. If, during the
course of entering rules or parameters, the user discovers
the necessity of returning to the other routine, he may do
so by typing "RULES" (in GETPARMS) or "PARAMETER" (in
GETRULES). This facilitates writing a set of parameters

and then calling GETRULES to declare the relevant rules.
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The recommended format for entering rules is the
INTERLISP syntax. A "terse" English form is available but
requires much more typing. Additionally, in preparing the
rules via the INTERLISP syntax, the concept of writing a
set of rules to produce backward-chaining (which drives the
direction of a consultation) becomes more apparent. Most
of the premise clauses will be calls to the predicate
functions SAME, NOTSAME, or KNOWN. These can be written as:

INTERLISP: terse meaning:

(SAME CNTXT parm value) parm = value

or

(NOTSAME CNTXT parm value) parm X value
The following example is from DECAIDS:

(SAME CNTXT STRESS LOW) STRESS = LOW
Similarly, the numeric predicates can be entered as:

INTERLISP:

GREATERP* (VAL1l CNTXT parm) number)

Terse meaning:

parm value = number
No numeric predicate functions are currently used in DECAIDS.

ACTION statements will contain functions that con-
clude about one or more of the context-parameter-value
triples. A certainty factor (cf) for the triple is specified

in the rule's ACTION. This certainty factor will be modified
by the certainty of the rule's PREMISE. The function '"$AND"
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'sets the reserved word TALLY to the certainty of the

PREMISE, defined to be the minimum of the values returned
by evaluating the PREMISE clauses (only SAME and THOUGHTNOT
return numbers). The conclusion may be written as:

(CONCLUDE CNTXT parm value TALLY cf)
parm = value (cf)

The following example is from DECAIDS:

(CONCLUDE CNTXT TYPSYS REAL-TIME TALLY 800)

type system = real-time with a certainty of 0.8
The certainty factors are actually written in the range
-1000 to 1000. This range represents the -1 to 1 mentioned
earlier, The system writer should use the numbers in the
preceding range in a call to CONCLUDE or other ACTION
functions.

The function DO-ALL is used to conclude about the
several parameters which comprise any multi-valued parameter,
such as DECAIDS. Once a goal-parameter has been traced,
the rule calling for PRINTCONCLUSIONS will be evaluated true
and an output statement will be generated. (See rule 001 in
Appendix A.)

4. Declaring the Treeroot and the RULEGROUP Type

Once it has been decided what the system objective is,
the context tree is designed and filled in. It is necessary
to make the following system declaration. From the EMYCIN.
EXE, (not GETPARMS or GETRULES) the '"SET" command is used

to define the context tree root in the following format:
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_SET( TREEROOT rootcontxt)
_SETQ(ROOTTYPE (GETP 'rootcontext'TYPE)).

An example of the procedure using a DECAIDS example follows: I

_SET(TREEROOT ORGANIZATION) 3
_SETQ(ROOTTYPE (GETP 'ORGANIZATION'TYPE)).

The "_'" is the EMYCIN.EXE prompt. Upper or lower case letters
may be used to set the rootcontext name. This function

should be perfurmed along with "SETting' the RULEGROUP:
_SET(ruletype) ;
In DECAIDS:
_SET(ORGRULES) .

The preceding examples contain capital letters because
capitals were used throughout the DECAIDS program.
In order to save items such as the treeroot and
rulegroup declarations, it is necessary to edit the
CHANGESCOMS files. This file is a list delineating what
should be stored on the CHANGES current program file. With
the command "MF CHANGES,'" the editions, additions and ]
deletions to GETPARMS and GETRULES are saved. However, the
following procedure must be used to save the treeroot and
rulegroup. (The "_" is the EMYCIN prompt and the "*" is the

INTERLISP prompt.) The following is an example from DECAIDS:
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_EV CHANGESSCOMS (This command edits the
variables that follow.)
*(-1 TREEROOT) ("-1" means insert the

following before the first
element in the 1list.)

*SET (TREEROOT ORGANIZATION)
*SETQ(ROOTTYPE (GETP 'ORGANIZATION'TYPE))

*SET (ORGRULES)

*0K (This exits the editor and
the file must be saved with
MF CHANGES.)

5. Saving Changes to Rules and Parameters and Deleting
Changes

Each update, addition, deletion, or edit to the

system knowledge base is referred to as a CHANGE. Each CHANGE
requires ;he complete recopying of the entire program. The
command used to save these changes is "MF CHANGES." A new
file is created when the user enters the system each time.
This file is comprised of all previous information that has
been entered plus the new entries to the knowledge base.
Accordingly, there is no need to keep multiple copies of
the previous CHANGES after creating a file of new CHANGES.
These '"o0ld" copies may be deleted by using the command,
"DEL CHANGES.. (number to be deleted)." If no number is
specified, the lowest number version (or oldest) will be
deleted. (During the login procedures, the entire file
status is presented to the user. The CHANGES file will
indicate exactly what number the user currently has in use.)

Occasional naming conflicts have occurred with the operating
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systems, TENEX and TOPS-20, resulting in unwanted change
deletions. It is therefore recommended that the user

maintain at least two or three changes as '"insurance"

against losing everything that has been entered.

6. Loading CHANGES

In order to run a consultation, it is necessary to
concatenate the knowledge base with EMYCIN.EXE. This is done
by the following command, '"LOADEM CHANGES." The file which
is currently in use has this command included in the executive
login procedures and therefore does not have to be entered by
the user.

7. Displaying Parameters

The following PRINTPARMS command should be used to
display all, or part of the parameters entered in the know-

ledge base:
'"_PRINTPARMS (parm sort.by.group linelength file)

where parms may be a list of parameters, a list of parameter
groups, a single parameter group, or NIL meaning all param-
eters. The term "sort.by.group'" is T or NIL. T means that
an alphabetical index is printed first, showing which group
each parameter belongs in. NIL indicates that the parameters
are listed in alphabetical order regardless of the group to
which they belong. Linelength is the length of the line to
be used, i.e., 72, 78, or 80 spaces. File is the name of

the file in which to write the information. If T is used,
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the parameters will be written to the terminal. The
PRINTPARMS command may be used within the DRIBBLE command
(which is explained in Section 9 of this chapter) to write
the parameters into a separate file. An example of this

command follows:
_?RINTPARMS(NIL T I TV

8. Displaying Rules

The procedure for displaying knowledge base rules is

similar to the PRINTPARMS command. The cocmmand is:
_(PRINTRULES rules mode).

In this command, rules is a list of rules, a rule group,
and mode indicates how the rules are to be printed. Mode

includes these options:

- both in English and INTERLISP

B

E - in English

L - in INTERLISP
J

- for justification which permits inclusion
of author's name,.

9. Creating a File in the EMYCIN.EXE

In order to create a file of the knowledge base

contents, the following sequence of commands is used:

T
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_DRIBBLE(filename) where the filename is of the user's
choice and DRIBBLE opens a type-
script for the filename.

_PRINTPARMS (or PRINTRULES)

_DRIBBLE The last DRIBBLE command closes the file.

10. Running a Consultation

Appendix F contains the specific procedures that
are required to run a consultation. This section contains
supplementary information that is not found in that appendix.

The following special options are available when
running a consultation, "FT 1, 2, 3, 4, or carriage return
"(no options)." FT stands for fault trace. The numbers that
follow FT indicate the level of the ''trace" desired with 1
being the lowest and 4 being the highest degree of fault,
or rule, tracing. Fault trace 4 (FT4) will present each
rule number as it is being sought, indicate that the
FINDOUT routine is tracing the appropriate parameter, and
complete with the FINISHED routine when a rule has been
completely traced. Once the rule is evaluated as true, this
is indicated by a message '"RULE (#) SUCCEEDED."

At the other end of the scale, FT 1 will show those
rules which have succeeded and then display their ACTION
statements.

The user can request the following special features
by entering one or more of the following options with spaces

and ending with a carriage return:




T

I - requests instructions to be printed.

OLD - consider a previously-saved case (number(s)
will be requested). ‘

SAVE - create and save file(s) for cases discussed
in this consultation.

NOPR - do not print out old questions and answers
when running old cases.

SUMMARY - summarize old session data, rather than
printing out each question and answer.

UPDATE - wupdate o0ld session with new information

TER - enter terse mode.

TAB - tabular entry made.

TS - write out a typescript file of consultation.
N - (2 number) reconsider previously saved case n
QA - enter the question/answer module immediately

skipping the consultation (currently turned
off in EMYCIN). The terms '"case'" and
"patient'" remain from the original EMYCIN
system referring to a medical consultation.

The following instructions are printed if the user
responds "Y' when asked if instructions are desired:

Please answer the following questions, terminating
each response with RETURN (CR). To correct typing errors,
use the DELETE key to delete characters, (ctrl)W to
delete a word and (ctrl)L to delete the whole line.

If you are not certain of your answer, you may modify
the response by inserting a certainty factor (a number from
1 to 10) in parentheses after your response. Absolute
certainty (10) is assumed for every unmodified answer. It
is likely that some of the following questions cannot be
answered with certainty. You may change an answer to a
previous question in two ways. If the program is waiting
for a response from you (that is, has typed ''**"), enter
CHANGE followed by the number(s) of the question(s) whose
answers will be altered. You may also change a previous

e
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answer at any time (even when the program is not waiting
for a response from you) by typing (ctrl)F (Fix), which
will cause the program to interrupt its compilation and
ask what you want to change. If the response to (ctrl)F
is not immediate, try typing the RETURN key in addition.)
Try to avoid going back because the process requires
reconsidering the case from the beginning and therefore
may be slow. Note that you may also enter UNK (for
unknown). If you do not know the answer to a question,
? if you wish to see a more precise definition of the
question or some examples of recognized responses, ??

if you want to see all recognized responses, the word
RULE if you would like to see the decision rule which
has generated the questions being asked, the word WHY

if you would like to see a more detailed explanation of
the question, or the letters QA if you would like to
interrupt the consultation in order to ask questions
regarding the decision made so far in the consultation.
If you are ever puzzled about what options are available
to you during a consultation, enter the word HELP and a -
list of options will be listed for you.

Sample response (user input follows '"'*#*')
Does the patient have a risk factor
for tuberculosis?
**?
One or more of the following are considered
risk factors for TB: A) Positive PPD (5TU),
B) History of close contact with a person
having active TB, C) Household member with
a past history of active TB, D) Chest x-ray
showing apical scarring, E) Granulomas
seen on biopsy of any organ tissue.
Expected responses are: YES NO
Enter HELP for user options.
** YES

SUMMARY :
(Type ctrl-0 to abort printout)
UNK - answer not known
 § - rephrases the question and gives examples
of recognized responses

?? - prints a list of all recognized responses
RULE - prints the current decision rule
QA - program enters question-answer mode

CHANGE - go back and re-request answer to question
number # performance. Your comments will be
forwarded to those in charge of the MYCIN
program,

WHY - gives high-level explanation of the current
reasoning chain that provoked this question.

HOW # - explain HOW the system will achieve a goal

referred to by number # in a previous explanation.
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EXPLAIN - provides a more detailed explanation of a
previous answer given by a WHY command.

FORGET - resets the explanation of the reasoning
chain back to the lowest level, as if you
never used the WHY/EXPLAIN commands.

STOP - halts the program, saving the current case
on a disk file, retrievable at a later date.

HELP - prints this list. [Scott, 1979].

Once the user has answered the system queries con-

cerning instructions and options, the consultation will

begin. When a goal-parameter is found, the conclusion rule,

Gk e ok

currently called PRINTCONCLUSIONS, will be triggered and the
consultation ended. An example consultation is contained
in Appendix C. Fault trace 4 (FT 4) was selected for this
sample consultation.

11. INTERLISP EDITOR

Chapter Nine of the INTERLISP Reference Manual fully
describes the editor used with the DECAIDS program [Teitelman,
1974]. The editor is entered from the EMYCIN.EXE by typing
"E" and may be reached from GETPARMS or GETRULES in order
to change parameters or rules. The following is a short
list of the most often used editor commands:

n - (n is a positive integer) move to the
nth element of the list where the element

is a parenthetical expression.

- print the current expression, used with !
GETPARMS or GETRULES. ]

- move to the nth element from the end.

insert X after the current element.
- insert X before the current expression.

- delete the current expression.
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s X - replace the current expression with X.

0K - ends editing.

The "MF CHANGES'" command is used to save all the.editing which
has been done.

12. Miscellaneous DECAIDS Notes

The following notes are included as information that
applies to the DECAIDS program.

The INTERLISP compiler compiles upper and lower case
letters differently. Either may be used to fill a knowledge
base. For example, "DECAIDS" will compile differently than
""decaids" and subsequent use in rules will result in an error
message stating that there are not rules to conclude one or
the other. Because of this problem, DECAIDS was entered on
the machine in all capital letters.

The system permits a consultation user to respond
with "unknown" to a request for information which is not
known to the user. This "UNK" means that the certainty factor
for the rule should be set to less than .2, the system's
arbitrary limit for acceptable knowledge about a parameter.
Therefore, if the system writer desires to provide some other
certainty factor about an unknown condition, he must offer a
substitute response for "UNK" in the expect values.
"NOTAVAILABLE" was the choice used in DECAIDS.

Rule 035 is the print statement for the goal-
parameter UNKSTRUC. If UNKSTRUC was not known, then a

recommendation was made about the informal organization
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structure to be recommended. If UNKSTRUC was known, no
output was necessary. To "turn off" the output, even though
UNKSTRUC had been traced, the HEADER in the PRINTCONCLUSIONS
function (Appendix E) was left at NIL.

In rule 034, a parameter in the rule PREMISE is also
used in the ACTION. In the parameter's USED-BY property (a
system property not used by the designer) the note
SREFMARK 34 appears. This means that the parameter is in
the PREMISE and ACTION of rule 034 and is a system flag to
prevent various search and circularity.problems.

The parameter property REPROMPT is used to locate
the text presented to the consultation user if and when he
responds with a "?" for an expected parameter value. The
system designer includes further explanation of expected
values or the parameter definition in the REPROMPT.

The "WHY'" response to a question rather than an
allowed expected value produces an explanation of the
current reasoning chain that provoked the current question.
For the fWHYﬁ question to work, the system writer must
previously have used the LISP SET command to set the value
of FINDBESTPARM. This value is used to an EMYCIN to provide
text to explain the reasoning chain.

If intermediate values are desired to be known,
not necessarily those of the goal-parameters, the :-ystem

writer need only write a rule to "PRINTCONCLUSION" for

that parameter.




VIII. CONCLUSION

It was the purpose of this thesis to demonstrate the
implementation of a particular domain of information with
the Artificial Intelligence system known as EMYCIN. The
demonstration illustrates that even semi-structured and
subjective domains can be studied using AI technology.

The domain chosen for this paper was that of managerial
decision aiding. This particular subject contains many
intuitive thought processes. The uncertainties and impre-
ciseness of intuition lends itself to one of the goals of
Artificial Intelligence which is the capability of producing
relevant, acceptable assertions in the light of incomplete
and uncertain information.

Recommendations are offered concerning possible exten-
sion of the current, single context knowledge base to a
multiple context tree. Also, the motivations for further Al
work are established and a summary of the research conducted
and accomplishments are presented. The motivations mentioned

represent the current interest for continuing Artificial

Intelligence research and development.

A. EXTENDING THE DECAIDS CONTEXT TREE

The current domain of information is described by a
single context and related parameters. It is intended to
be a prototype domain for a decision aiding support system

and an example of how to structure a knowledge base. It is
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expected that the knowledge base will be extended to include
a more complex context tree supporting a far more thorough
treatise of the decision aiding support process. The
following information is directed toward the individual who
will extend the current knowledge base.

Prior to doing any coding or entering of any rules or
parameters, it is strongly advised (cf 1.0) that the system
goal(s) be explicitly defined. This means not only deciding
that the system is to provide some form of advice but, more
specifically, to write out the natural (i.e., English)
language questions which will be used to trace parameter
values. Entering rules and parameters into the DECAIDS
knowledge base 1s not unlike any other high-level-language
coding where a flowchart of operations and data manipulation
are appropriate. A system designer is reminded that the
primary emphasis for extending a knowledge base is a con-
sistent line of questions to be asked in order to trace
parameter values. Eliminating or ignoring the requirement
to specify the questions to be asked can only lead to
confusion.

When to define a context or multiple contexts may present
the system designer with some confusion. It is recommended
that the designer review the notes on backward-chaining and
the concept of inferences. This information (Chapter VII)
will provide the necessary background for constructing
rules which terminate in the determination of values for

parameters.

81




e e AR e el s e

Most often a single context will suffice for a small to
medium size knowledge base. However, to fully describe the
management decision aidihg characteristics about some subject
(i.e., electronic warfare, major procurement systems, etc.)
may require a more complete context tree. The subjects
that become contexts are those that cover areas of informa-
tion which will always, or nearly always, be used to define
the value of the root, goal-parameters. The infectious blood
disease domain of MYCIN, for example, is described by the

following contexts:

PATIENT
CULTURE
ORGANISM

Each of these contexts has multiple parameters leading to
the goal-parameter(s) values. The management domain might

include contexts such as:

DECISION

|

TECHNOLOGY ENV IRONMENT TASK STRUCTURE

ADMINISTRATIVE TACTICAL

or:

DECISION

ELECTRONIC WARFARE  ASW  AIRBORNE
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The selection of contexts is strictly the systems designer's
choice. The system is best kept as uncomplicated as the

subject will permit. Rules and parameters will be grouped I
by the RULEGROUP and PROPGROUP properties, respectively,
and selected by the rule interpreter/monitor for use in the

program. The designer's responsibility is to design a logical

set of backward-chaining rules, to define all rules and

parameters, and to structure the context tree.

B. ARTIFICIAL INTELLIGENCE MOTIVATIONS

The following example and the motivation descriptions
for AI work are offered to stimulate further developments
in the field.

Artificial Intelligence programs may be described as

containing powerful search algorithms (control strategies)

|

operating upon data bases in order to efficiently produce

B S RS T

relevant logical inferences. This description mentions

algorithms, necessary to all computer work, and the use of

)

data but the energy required to accurately represent data in
a "real world" manner must also be emphasized [Sacerdoti,
1979]. Thus the two key issues in AI work are control and

data representation.

Representation and control become important when going
j beyond toy systems and proceeding into more useful programs.
A chess game is used as an example. The game can be

] described as the use of a database consisting of a number

1 i of legal moves. This description may describe the game but
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does not tell one how to build a better chess program or how
to play better chess.
Therefore, two major motivations are established for

Artificial Intelligence work. First, analogous to building

a better chess program, there is the engineering motivation
to make computers more useful by making them "smarter'" --
endowing them with common sense, giving them access to a
full sensory world, and enabling them to understand humans
on the human's terms. Secondly, analogous to playing better
chess, there is the scientific motivation to study the
nature of knowledge and the mechanisms of intelligent
behavior independent of their embodiment in man or machine.
As with any computing device or concept, Artificial Intelli-

gence work is designed to extend man's capabilities permitting

him to perform more and, hopefully, better accomplishments.

C. STUDY AREAS

Of the time expended to complete this thesis, the major

portion (approximately three and one half months) was occu-

pied by learning the EMYCIN system and the supportive concepts
and programs. This included a study of predicate calculus
as it applies to Artificial Intelligence, the study of pro-

duction rules, the use of backward-chaining in a goal-seeking

ot S

3 ' system, an overview of the LISP programming language and its
functions, and the use of the ARPANET system which permitted

the transfer of the EMYCIN file from Stanford University

to the University of Southern California. The transfer of

84




R i DM Rl e
|
|
1

S —————

-

the file, and the resulting, successful portability was °

facilitated by both schools using DEC-1090 computers with

the TOPS-20 operating system. Additionally, familiarity

with user features of the TENEX operating system, the HERMES
automatic message handling system, the Experimental Editor
(XED), and debugging procedures used with the INTERLISf
programming language were also required to complete this

thesis. antinued work in AI, in particular the DECAIDS program
using the ARPANET, will require a review of the areas of study
listed.

In order to successfully complete an AI project, such as
DECAIDS, additional time must be scheduled for deriving the
data to be used in a knowledge base. Coincident to the
previous list of study areas was the effort required to éollect
the requifed expert knowledge. The modeling of a management
system required approximately one and one half month's time.
The management modeling process‘continued into what was
informally referred to as the use of the EMYCIN "production
rule language."

The lack of user oriented documentation concerning the
use of the EMYCIN production rule language caused some delays
in completing the knowledge base and producing a running
program. While an "EMYCIN,.DOC" documentation file has been
prepared by the Stanford AI group, it has been written more
as a set of very complete notes for the Stanford group
rather than as a set of user oriented instructions. Problems

in getting the DECAIDS program on-line were resolved by

85




B Lt e E SR AR AR L L

Ly gt

T TS

T sG-S o il o

ARPANET messages, telephone calls, and personal visits to
the Stanford group and by reference to the INTERLISP
manual. This interaction between NPS and Stanford did assist
the efforts of the AI people at Stanford in extending the
user information contained in the documentation for EMYCIN.
Acknowledgement for a vast amount-of information and
selfless assistance in sharing her knowledge of production
rules and their application to AI is given to Miss Carlisle
Scott of the Stanford University Computer Science Department.
Recognition is alsc given to Dr. E. Fiegenbaum (Chairman of
the Computer Science Department at Stanford University) for
his assistance, and to Dr. Nils J. Nilsson (Stanford Research
International, Menlo Park, California) for permission to

use material from his forthcoming book; Artificial Intelligence --

A Framework.

86




APPENDIX A
DECAIDS PRODUCTION RULES

RULEOO1

LThis rule is definitionalr aprlies to ORGANIZATION» and is tried
when information is received about THE DECISION1]

If: An attempt has been made to deduce THE DECISION
Then! Disrlay THE LDECISION

PREMISE: ($AND (ONCEKNOWN CNTXT DECAIDS T))
ACTION:! (FRINTCONCLUSIONS CNTXT LECAIDS T)

CORGRULES/antecedent]

RULE002

£This rule arerlics to ORGANIZATIONs and is tried in order to find out
about THE DECISION]

Ift 1) THE TYPE OF SYSTEM RECOMMENDED TO BE USED is knowny
2) THETYPE OF OUTPUT DEVICE TO BE USED is kriowny
3) THE RECOMMENDED INSTALLATION TO BE USED is krniowns and
4) THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is
known
Then! It is definite (1.0) that the following is one of THE
DECISION: USE THE FOLLOWING TYFE SYSTEM <tupsus: THE
OUTPUT SHOULD BE DISPLAYED ON <outrut> THE MANNER OF
INSTALLATION SHOULD RE <install:> AND THE RECOMMENDATION
FOR TRAINING AND ASSISTANCE IS <trdg> .

PREMISE: ($AND (KNOWN CNTXT TYFSYS)
(KNOWN CNTXT OUTFUT)
(KNOWN CNTXT INSTALL)
(KNOWN CNTXT TRG))
ACTION: (CONCLUDETEXT CNTXT DECAIDS (TEXT NIL
‘USE THE FOLLOWING TYFE SYSTEM®
(VAL1 CNTXT TYPSYS)

*THE OUTFUT SHOULD BE DISFLAYED ON*
(VAL1 CNTXT OUTFUT)

*THE MANNER OF INSTALLATION SHOULD KE*
(VAL1 CNTXT INSTALL)

‘AND THE RECOMMENDATION FOR TRAINING AND ASSISTANCE IS*
(VAL1 CNTXT TRG)
")

TALLY 1000)
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RULEO0O3

CThis rule aprlies to ORGANIZATION» and is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED TO BRE USED» THETYFE OF
QUTPUT DEVICE TO BE USEDs THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED1

IRRU——————————

If! THE ORGANIZATION’S STRUCTURE is centralized
Then! 1) There is strondly sudgestive evidence (.,8) that THE TYFE
OF SYSTEM RECOMMENDED TO RE USED is real-time»
2) There is strondly suddestive evidence (,8) that THETYFE
OF OUTPUT DEVICE TO BE USED is individual-terminals:s
3) There is strondly suddestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is pyramidals and 3 :
4) There is strondly sudgdestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE 7O EE ACQUIRED is do-
not-hire-specialists

FREMISE: ($AND (SAME CNTXT INFORMAL CENTRALIZED))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SPECIALISTS TALLY
800))

CORGRULES]

RULEQO4

CThis rule arrlies to ORGANIZATIONy and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO BRE USED» THETYFE OF
OUTPUT DEVICE TO BE USEDy THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENIED TRAINING OR ASSISTANCE TO BRE ACQUIRED]

If! THE LEADER’S LEVEL OF TRAINING is skilled
Then! 1) There is strondly suddestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENDED TO BE USED is real-timer
2) Hire-sprecialists»
3) There is strondly suddestive eviderice (.8) that THETYFE
OF OUTPUT DEVICE TO BE USED is individual-terminals:
4) There is strondly suddestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is pyramidals and
S) There is strongly suddestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is do-
not-hire-srecialists

iRt i
O s

A Gl o R

ii PREMISE: ($AND (SAME CNTXT LEADER-TRAINING SKILLED))
% ACTION: (DO-ALL (CONCLUDE CNTXT TYFPSYS REAL-TIME TALLY 800)

HIRE-SFECIALISTS

(CONCLUDE CNTXT OQUTFUT INDIVIDUAL~TERMINALS TALLY
800)

(CONCLUDE CNTXT INSTALL FPYRAMIDAL TALLY 800)

(CONCLUDE CNTXT TRG DO-NOT-HIRE-SFECIALISTS TALLY
800))

CORGRULES]

e
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RULEGOS

CThis rule arplies to ORGANIZATIONs and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO BE USEDs THETYPE OF
OUTPUT DEVICE TO BE USED» THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED1]

If! THE LEADER’S LEVEL OF TRAINING is known
Then! 1) There is sudgdestive evidence (.5) that THE TYPE OF SYSTEM
RECOMMENDED TO BE USED is real-time:»
2) There is sudgestive evidence (.5) that THETYPE OF OUTFUT
DEVICE TO BE USED is individual-terwsinals:s
5. There is sugdestive evidence (.5) that THE RECOMMENDED
INSTALLATION TO BE USED is unavailabler and
4) There is suddestive evidernce (.4) that THE RECOMMENLED
TRAINING OR ASSISTANCE TO EBE ACQUIRED is hire-specialists

PREMISE: ($AND (KNOWN CNTXT LEADER-TRAINING UNSKILLED))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 500)
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY
500)
(CONCLUDE CNTXT INSTALL UNAVAILAELE TALLY S500)
(CONCLUDE CNTXT TRG HIRE-SFECIALISTS TALLY 600))

CORGRULES]

RULEOOS

CLThis rule arrlies to ORGANIZATIONy and is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED' TO BE USEDs THETYFE OF

OUTFUT DEVICE TO BE USEDs, THE RECOMMENDED INSTALLATION TO EE
USEL or THE RECGMMENDED TRAINING OR ASSISTANCE TO EE ACQUIREDI]

If: THE STAFF’S LEVEL OF TECHNICAL TRAINING is kriown
Then: 1) There is suddestive evidence (.5) that THE TYPE OF SYSTEM
RECOMMENDED TO BE USED is real-timer
2) There is suddestive evidence (.5) that THETYPE OF OQUTFUT
DEVICE TO EE USED is individual-terminals:e
3) There is strondly sugdestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is ryramidal, and
4) There is strondly sudgdestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is do-
not-hire-specialists

PREMISE: ($AND (KNOWN CNTXT STFFTRG SKILLED))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL~TIME TALLY 500)
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY
500)
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SFECIALISTS TALLY
800))

CORGRULES]
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RULEOO?7

LThis rule arpplies to ORGANIZATION» and is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED TO BE USED» THETYFPE OF

OUTPUT DEVICE TO RE USEDs THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRELD]

If! THE STAFF'’S LEVEL OF TECHNICAL TRAINING is wunskilled
Then! 1) There is strondly suddestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENDED TO BE USED is real-timer
2) There is strondly suddestive evidernce (.8) that THETYFE
OF OQUTPUT DEVICE TO BRE USED is individual-terwinals:
3) There is strondly susdestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is divisional, and
4) There is strondly suddestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is nire-
srecialists

PREMISE: ($AND (SAME CNTXT STFFTRG UNSKILLED))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800)
(CONCLUDE CNTXT TRG HIRE-SFECIALISTS TALLY 800))

CORGRULES]

RULE00S

CThis rule arrlies to ORGANIZATIONy and is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED TO BE USEDs THETYFE OF
OUTFUT DEVICE TO RE USEDy THE RECOMMENDED INSTALLATION TO LE
USED' or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIREN]

If! THE LEVEL OF THE TASK’S STRESS is high
Then: 1) There is strondly suddestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENDED TO BRE USED is real-time:r
2) There is strondly sudgdestive evidence (.8) that THETYFE
OF OQUTFUT DEVICE TC EE USED is individual-terminals:
3) There is strondluy suddestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO EE USED is pyramidals» ancd
4) There is strondly suddestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO EE ACQUIREID is do-
not-hire-srecialists

PREMISE: ($AND (SAME CNTXT STRESS HIGH)) :
ACTION: (DO-ALL (CONCLUDE CNTXT TYPSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SFECIALISTS TALLY
800))

CORGRULES]
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RULEQO?

LThis rule arplies to  ORGANIZATIONr» and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO BE USED» THETYFE OF
OUTPUT DEVICE TO BE USEDy THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED)]

If:! THE LEVEL OF THE TASK‘’S STRESS is low
Then: 1) There is suddestive evidence (.5) that THE TYPE OF SYSTEM
RECOMMENDED TO BE USED is real-timer

2) There is suddestive evidence (.5) that THETYPE OF OUTPUT

DEVICE TO BE USED is individuasl-terminals:

3) There is suddestive evidence (.5) that THE RECOMMENLDED
INSTALLATION TO BE USED is divisionalr and

4) There is sudgdestive eviderce (.5) that THE RECOMMENDED
TRAINING OR ASSISTANCE TO EE ACQUIRED is do-not-hire-
specialists

PREMISE: ($AND (SAME CNTXT STRESS LOW))
ACTION: (DO~ALL (CONCLUDE CNTXT TYFPSYS REAL-TIME TALLY S00)
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY
S500)
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 500)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SPECIALISTS TALLY
S00))

CORGRULES]

RULEO13

LThis rule arplies to ORGANIZATIONy 3nd is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO RE USEDs THETYPE OF
OUTFUT DEVICE TQ BE USELDs THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED]

If¢ THE TASK DEFINITION is clearly-defined
Then: 1) There is strondly sugdestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENIED TO EE USED is real~timer
2) There is strondly suddestive evidence (.8) that THETYFE
OF OQUTPUT DEVICE TO BE USED is individual-terminals:
3) There is strondly sugdestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is pyramidal» and
4) There is strondly suddestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is do-
not-hire-specialists

PREMISE: ($AND (SAME CNTXT FROEDEF CLEARLY-DEFINED))
ACTION: (DO-ALL (CONCLUDE CNTXT TYPSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT QUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SPECIALISTS TALLY

800))
CORGRULES]
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RULEO14

CThis rule arrlies to ORGANIZATIONs, and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO BE USED, THETYFE OF
QUTFUT DEVICE TO EBE USEDs» THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED]

If! THE TASK DEFINITION is ambiduous
3 Then?: 1) There is sugdestive evidence (.5) that THE TYPE OF SYSTEM

RECOMMENDED TO BE USED is real-times

2) There is suddestive evidence (.5) that THETYPE OF OUTPUT
DEVICE TO RE USED is individual-terminalsy

3) There is suddgestive evidence (.5) that THE RECOMMENLED
INSTALLATION TO BE USED is divisional, and

4) There is suddgestive evidence (.5) that THE RECOMMENDELD
TRAINING OR ASSISTANCE TO BE ACQUIRED is do—-not-hire-
specialists

PREMISE: ($AND (SAME CNTXT FROEBDEF AMRIGUOUS))
ACTION: (DO-ALL (CONCLUDE CNTXT TYPSYS REAL-TIME TALLY S500)
(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY
S00)
(CONCLULE CNTXT INSTALL DIVISIONAL TALLY $500)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SPECIALISTS TALLY
S500))

CORGRULES]

RULEO1S

CThis rule arrlies to ORGANIZATION» and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDEDI TO RE USEDs THETYPE OF
OUTFUT DEVICE TU BE USEDy THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACRUIRED]

If: THE ORGANIZATION’S STRUCTURE is centralized e
Then! 1) There is strondly sugdestive evidence (.8) that THE TYPE
OF SYSTEM RECOMMENDED TO BE USED is real-timey
2) There is strondly sugdestive evidence (.8) that THETYFE
OF OUTPUT DEVICE TO KE USED is individual-terminals:
3) There is strondly suddestive evidence (.8) that THE
RECOMMENDEDR INSTALLATION TO RE USED is syramidalr and
4) There is strondgly sugdestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BRE ACQUIRED is do-
not-hire-srecialists

PREMISE: ($AND (SAME CNTXT INFORMAL CENTRALIZED))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OQUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SFECIALISTS TALLY
800)) 3

CORGRULES] q




00 e N e e N Rt

in e -

R e T

o

RULEO18

CThis rule arrlies to ORGANIZATIONs and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO RE USED» THETYFE OF
QUTPUT DEVICE TO BE USEDy THE RECOMMENDED INSTALLATION TO ERE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIREDN]

If: THE ORGANIZATION-S STRUCTURE is consultative

Y i

" Then! 1) There is strondgly sugsestive evidence (.8) that THE TYFE

OF SYSTEM RECOMMENDED TO ERE USEID is real-time»
2) There is strondly suddestive evidence (.8) that THETYFE

OF OUTPUT DEVICE TO EE USED is individual-terminals.
3) There is strongly suddestive evidence (.8) that THE

RECOMMENDED INSTALLATION TO BE USED is divisional, and
4) There is suddestive evidence (.95) that THE RECOMMENDED

TRAINING OR ASSISTANCE TO RE ACQUIRED is do-not—-hire-
specialists

FPREMISE: ($AND (SAME CNTXT INFORMAL CONSULTATIVE))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT QUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SFECIALISTS TALLY
500))

CORGRULES1

RULEO1?

LThis rule aprlies to ORGANIZATIONs and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO RE USEDy THETYFE OF
OUTFUT DEVICE TO BE USEDy THE RECOMMENDED INSTALLATION TO EE

USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BRE ACQUIRED]

If!{ THE ORGANIZATION’S STRUCTURE is rpartially-delegated
Then! 1) There is strondly suddestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENDED TO EE USED is real-times
2) There is strongly suddestive evidence (.8) that THETYFE
OF OUTFUT DEVICE TO BE USED is individual-terminalse
3) There is strongly suddestive eviderce (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is divisionalr arnd
4) There is sudgdestive evidence (.5) that THE RECOMMENUEN
TRAINING OR ASSISTANCE TO RE ACQUIRED is hire-srecialists

FREMISE: ($AND (SAME CNTXT INFORMAL FARTIALLY-DELEGATED))
ACTION: (DO~ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT QUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800)
“« (CONCLUDE CNTXT TRG HIRE-SPECIALISTS TALLY S00))

CORGRULES]
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RULEO16

CThis rule arrlies to ORGANIZATIONys and is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED TO BE USED» THETYPE OF
OUTPUT DEVICE TO RE USED» THE RECOMMENDED INSTALLATION TO EBE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIREN]

If! THE ORGANIZATION’S STRUCTURE is line
Then! 1) There is suddestive evidence (.5) that THE TYPE OF SYSTEM
RECOMMENDED TO EBE USED is real-timer
2) There is suddestive evidence (.5) that THETYPE OF OQUTFUT
DEVICE TO EE USED is individual-terminalsy
3) There is suddestive evidence (.S) that THE RECOMMENDED
INSTALLATION TO BE USED is rpyramidals and
4) There is sudgdestive evidence (.3) that THE RECOMMENDELD
TRAINING OR ASSISTANCE TO EE ACQUIRED is hire-srecialists

PREMISE: ($AND (SAME CNTXT FORMAL LINE))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY S500)
(CONCLUDE CNTXT QUTFUT INDIVIDUAL-TERMINALS TALLY
500)
(CONCLUDE CNTXT INSTALL FYRAMIDAL TALLY S00)
(CONCLUDE CNTXT TRG HIRE-SFECIALISTS TALLY S00))

CORGRULES]

RULEO17

CThis rule arrlies to ORGANIZATIONs and is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED TO EE USEDs THETYFE OF
OUTFUT DEVICE TO BE USEDs THE RECOMMENLED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED]

Ift THE ORGANIZATION‘S STRUCTURE is THE FORMAL COMFOSITION OF THE
ORGANIZATION’S STRUCTURE
Then! 1) There is strondly suddestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENLED TO EE USELD is real-time:
2) There is strondly sudgestive evidence (.8) that THETYFE
OF OUTPUT DEVICE TO BE USED is individual-terminals»
3) There is strondly suddestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is ryramidalr and
4) There is strondly suddestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO RE ACQUIRED is do-
not-hire-specialists

PREMISE: ($AND (SAME CNTXT FORMAL STAFF))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OQUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL FYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SPECIALISTS TALLY
800))

CORGRULES]
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RULEO22

EThis rule aprlies to ORGANIZATION» and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO BE USEDs THETYFE OF
QUTFUT DEVICE TO BE USEDy THE RECOMMENDED INSTALLATION TO ERE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRELJ

If! THE ORGANIZATION’S STRUCTURE is decentralized
Then! 1) There is strondgly suddgestive evidence (.8) that THE TYFPE
OF SYSTEM RECOMMENDED TO BE USED is real-time:»

2) There is strongls suddestive evidence (.8) that THETYFE
OF QUTFUT DEVICE TO BE USED is individual-terninals»

3) There is strongly suddestive eviderce (.8) that THE
RECOMMENDED INSTALLATION TO EE USED is divisional, and

4) There is strondly sudgdgestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO EE ACQUIRED is hire-
srecialists

FREMISE: ($AND (SAHME CNTXT INFORMAL DECENTRALIZED))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)

(CONCLUDE CNTXT QUTFUT INDIVIDUAL-TERMINALS TALLY
800)

(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800)
(CONCLUDE CNTXT TRG HIRE-SPECIALISTS TALLY 800))

CORGRULES]

RULEO23

LThis rule arrlies to ORGANIZATIONy arnd is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED TO BE USEDs THETYFE OF
OUTFUT DEVICE TO BE USEDs THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIREDJ

If! THE LEADER’S STYLE OF OFERATION is task-oriented
Then: 1) There is strondly susgdgestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENDED TO BE USED is real-time»
2) There is strondly sudgdestive evidence (.8) that THETYFE
OF OUTFPUT DEVICE TO RE USED is individual-terminalss
3) There is strondgly suddestive eviderce (.8) that THE
RECOMMENDED INSTALLATION TO EE USED is syramidal, and
4) There is suddestive evidence (.35) that THE RECOMMENDED
TRAINING OR ASSISTANCE TO BE ACQUIRED is wunavailable

PREMISE: ($AND (SAME CNTXT STYLE TASK~-ORIENTED))
ACTION! (DO-ALL (CONCLUDE CNTXT TYPFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OQUTFUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 500))

CORGRULES]
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RULEO24

tThis rule amrrlies to ORGANIZATION» and is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED TO BE USEDr THETYFE OF
QUTPUT DREVICE TO BE USED», THE RECOMMENDED INSTALLATION TO BE
USED or THE RECOMMENDED TRAINING OR ASSISTQNCE TO BE ACQUIRED]

If: THE INDIVIDUAL’S TECHNICAL TRAINING IN DECISION ANALYSIS is
hisgh -
Then! 1) There is strongly suddestive evidence (.8} that THE TYPE
OF SYSTEM RECOMMENDED TO BE USED is real-time:
2) There is strongly suddestive evidence (.8) that THETYPE
OF OUTPUT DEVICE TO BE USED is individual-terminalsy
3) There is strondly sugdestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is pyramidalr and
4) There is strondlus suddestive evidence (.8) that THE
RECOMMENDEDR TRAINING OR ASSISTANCE TO BE ACQUIRED is
train-existind-staff

PREMISE: ($AND (SAME CNTXT TRAINING HIGH))
ACTION? (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OUTPUT INDIVIDUAL-TERMINALS TALLY

800)
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG TRAIN-EXISTING-STAFF TALLY 800))

CORGRULES]

RULEO2S

= e o s o e

LThis rule aprlies to ORGANIZATIONs and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO BE USEDy THETYFE OF
OUTFUT DEVICE TO BE USEDy» THE RECOMMENDED INSTALLATION TO BRE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED]

If? THE INDIVIDUAL'S TECHNICAL TRAINING IN DECISION ANALYSIS is

low
Then! 1) There is strondly sudgestive evidence (.8) that THE TYPE

OF SYSTEM RECOMMENDED TO BE USED is non-real-time»

2) There is strondly susgsdgestive evidence (.8) that THETYFE
OF OQUTPUT DEVICE TO BE USED is large-screen-disslayvse

3) There is strondly susgdestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is divisionals and

4) There is strondly suggestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BRE ACQUIRED is hire-
srecialists

PREMISE! (8AND (SAME CNTXT TRAINING LOW))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS NON-REAL-TIME TALLY 800)
(CONCLUDE CNTXT OUTPUT LARGE-SCREEN-DISPLAYS TALLY
800)
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800)
(CONCLUDE CNTXT TRG HIRE-SPECIALISTS TALLY 800))

CORGRULES]
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RULEQ24

CThis rule arrlies ﬁo ORGANIZATIONs and is tried in order to firnd out
about THE TYPE OF SYSTEM RECOMMENDED TO BE USED» THETYFE OF
OUTPUT DEVICE TO BE USEDs THE RECOMMENDED INSTALLATION TO EBE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TC BE ACQUIRED]

SRS K S R e AT B
.

If: THE TECHNOLOGICAL METHODS AVAILABLE is analwtical-sids

el

Then: 1) ?hcro is strondly suddestive evidence (.8) that THE TYPE

OF SYSTEM RECOMMENDED TO BE USED is real-time»

2) There is strondly suddestive evidence (.8) that THETYFE
OF OUTPUT DEVICE TO BE USED is individual-terminalss

3) There is suddestive evidence (.5) that THE RECOMMENDED
INSTALLATION TO BE USED is ryramidals, and 4

4) There is strondly suddestive evidence (.8) that THE 4
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is :
unavailable

PREMISE: ($AND (SAME CNTXT METHODS ANALYTICAL-AIDS))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT QUTFUT INDIVIDUAL-TERMINALS TALLY
800)

(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 500)
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 800))

CORGRULES1]

oo

RULEQ27

B

A LThis rule arrlies to ORGANIZATION» and is tried in order to find out
i about THE TYPE OF SYSTEM RECOMMENDED TO BE USED» ‘THETYFE OF

: OUTPUT DEVICE TO BE USEDy THE RECOMMENDED INSTALLATION TO ERE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIREL]

g - oo o S e e

8 o

If: THE TECHNOLOGICAL METHODS AVAILABLE is inventoruy-~aids

Then: 1) There is sudgdestive evidence (.5) that THE TYFE OF SYSTEM

: RECOMMENDED TO BE USED is real-timer

1 2) There is sugdestive evidence (.,5) that THETYPE OF OUTFUT
DEVICE TO BE USED is individual-terminals»

3) There is suddestive evidence (.5) that THE RECOMMENDED |
INSTALLATION TO EBE USED is syramidaley and i

4) There is suddestive evidence (.5) that THE RECOMMENDED
TRAINING OR ASSISTANCE TO BE ACQUIRED is unavailable

PREMISE:! ($AND (SAME CNTXT METHODS INVENTORY-AIDS))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 500)

(CONCLUDE CNTXT OUTFUT INDIVIDUAL-TERMINALS TALLY |

S00) .

(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY S00) i

(CONCLUDE CNTXT TRG UNAYAILABLE TALLY 500)) i

A A

CORGRULES]
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RULEO28

CThis rule aprlies to ORGANIZATION» and is tried in order to find out
about THE TYPE OF SYSTEM RECOMMENDED TO BE USEDs THETYPE OF
OUTPUT DEVICE TO RE USED» THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED]

If! The technological knowledde-level is skilled
Then! 1) There is suddestive evidence (.5) that THE TYPE OF SYSTEM
RECOMMENDED TO BE USED is unavailables
2) There is suddestive evidence (.S5) that THETYPE OF OUTFUT
DEVICE TO BE USED is unavailable»
3) There is suddestive evidence (.5) that THE RECOMMENLEL
INSTALLATION TO BE USED is unavailabler and
4) There is strondluy susgdestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is do-
not-hire-srecialists

PREMISE! ($AND (SAME CNTXT KNOWLEDGE-LEVEL SKILLED))
ACTION: (DO-ALL (CONCLUDE CNTXT TYPSYS UNAVAILABLE TALLY S00)
(CONCLUDE CNTXT OUTPUT UNAVAILAERLE TALLY S00)
(CONCLUDE CNTXT INSTALL UNAVAILABLE TALLY 500)
(CONCLUDE CNTXT TRG DO-NOT-HIRE-SPECIALISTS TALLY
800))

CORGRULES]

RULEO29

CThis rule arrlies to ORGANIZATIONs and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO BE USED» THETYFE OF
OUTPUT DEVICE TO BE USEDy THE RECOMMENDED INSTALLATION TO BE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BRE ACQUIREL]

If: The technolodgical knowleddge-level is unskilled
Then! 1) There is strondly suddestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENDED TO BE USED is unavailablers
2) There is strondly suddestive evidence (.8) that THETYPE
OF OUTFPUT DEVICE TO BE USED is unavailable:»
3) There is strondly suddestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO EBE USED is unavailable» and
4) There is strondly suddestive evidence (.8) that TNE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is hire-
srecialists

PREMISE: ($AND (SAME CNTXT KNOWLEDGE-LEVEL UNSKILLED))

ACTION? (DO-ALL (CONCLUDE CNTXT TYPSYS UNAVAILABLE TALLY 800)
(CONCLUDE CNTXT OUTFUT UNAVAILAELE TALLY 800)
(CONCLUDE CNTXT INSTALL UNAVAILABLE TALLY 800)
(CONCLUDE CNTXT TRG HIRE-SFECIALISTS TALLY 800))

CORGRULES]
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RULEO030

LThis rule arrlies to ORGANIZATION, and is tried in order to find out
about THE TYFPE OF SYSTEM RECOMMENDED TO RE USED» THETYPE OF
OUTPUT DEVICE TO BE USED» THE RECOMMENDED INSTALLATION TO BE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED]

If: THE ORGANIZATION’S STRUCTURE is line
Then! 1) There is strondly suddestive evidence (.8) that THE TYPE
OF SYSTEM RECOMMENDED TO BE USED is real-time»
2) There is strondgly sugdestive evidence (.8) that THETYPE

OF OUTPUT DEVICE TO BE USED is unavailable»r
3) There is strondly susdsestive eviderce (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is rwramidal, and
4) There is strondly sugdestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO EE ACQUIRED is

unavailable

PREMISE: ($AND (SAME CNTXT FORMAL LINE))

ACTION: (DO-ALL (CONCLUDE CNTXT TYPSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OQUTFUT UNAVAILABLE TALLY 800)
(CONCLUDE CNTXT INSTALL PYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 800))

CORGRULES]

RULEO31

CThis rule arrlies to ORGANIZATIONs and is tried in order to find owut
about THE TYPE OF SYSTEM RECOMMENDED TO BE USEDs THETYFE OF
OUTPUT DEVICE TO BE USEDs THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED]

If! THE ORGANIZATION’S STRUCTURE is functional
Then! 1) There is strondly suddestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENDED TO BE USED is non-real-time-s
2) There is strondly sugdgestive evidence (.8) that THETYFE
OF OUTPUT DEVICE TO BE USED is unavailables
3) There is strondly susddestive evidence (.8) that THE
RECOMMENLDIIED INSTALLATION TO BE USED is divisionaly and
4) There is strondly suddestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is
unavailable

PREMISE: ($AND (SAME CNTXT FORMAL FUNCTIONAL))
ACTION: (DO-ALL (CONCLUDE CNTXT TYFSYS NON-REAL-TIME TALLY 800)

(CONCLUDE CNTXT OUTFUT UNAVAILABLE TALLY 800)
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800)
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 800))

CORGRULES]
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RULEO32

CThis rule amrlies to ORGANIZATIONr and is tried in order to find out
about THE TYFE OF SYSTEM RECOMMENDED TO BE USED'y THETYFE OF
OUTPUT DEVICE TO BE USEDs» THE RECOMMENDED INSTALLATION TO BE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED]

If: THE ORGANIZATION’S STRUCTURE is matrix
Then! 1) There is strondly suddestive evidence (.8) that THE TYPE
OF SYSTEM RECOMMENDED TO EE USED is non-real-time:»
2) There is strondly suddestive evidence (.8) that THETYPE
OF OUTPUT DEVICE TO BE USED is uynavailabler»
3) There is strongly sudgdestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO EE USED is divisional: and
4) There is strongly suddestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED is
unavailable

PREMISE: ($AND (SAME CNTXT FORMAL MATRIX)) 3

ACTION: (DO-ALL (CONCLUDE CNTXT TYPSYS NOM-REAL-TIME TALLY 800)
(CONCLUDE CNTXT QUTFUT UNAVAILABLE TALLY 800)
(CONCLUDE CNTXT INSTALL DIVISIONAL TALLY 800)
(CONCLUDE CNTXT TRG UNAVAILABLE TALLY 800))

CORGRULES]

RULEO33

CThis rule arrlies to ORGANIZATIONy» and is tried in order to find out
abtout the recommended informal structurel

If! THE ORGANIZATION’S STRUCTURE is notavailable
Then! There is strondly sudgdestive evidence (.8) that the

recommended informal structure is centralized

FREMISE: ($AND (SAME CNTXT INFORMAL NOTAVAILARLE))
ACTION! (CONCLUDE CNTXT UNKSTRUC CENTRALIZED TALLY 800)

CORGRULES]

RULEO34

CThis rule aprlies to ORGANIZATIONs, and is tried in order to find out
about the recommended informal structurel

If! The recommended informal structure is known

Then! It is definite (1.0) that the following is the recommended
informal structure! THE
RECOMMENDED INFORMAL STRUCTURE TO USE IS <unkstruc>

PREMISE! (SAND (KNOWN CNTXT UNKSTRUC))
ACTION: (CONCLUDETEXT CNTXT UNKSTRUC (TEXT NIL °
*THE
RECOMMENDED INFORMAL STRUCTURE TO USE IS*
(VAL1 CNTXT UNKSTRUC))
TALLY 1000)
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RULEO3S

CThis rule is definitionaly arrlies to ORGANIZATIONs and is tried

when information is received about the recommended informal
structurel

If! An attemept has been made to deduce the recommended informal
structure >
Then! Disrlay the recommended inmformal structure

PREMISE: ($AND (ONCEKNOWN CNTXT UNKSTRUC t))
ACTION: (PRINTCONCLUSIONS CNTXT UNKSTRUC)

CORGRULES/antecedent]

RULEO36

CThis rule arrplies to ORGANIZATIONy and is tried in order to find out

about THE TYFE OF SYSTEM RECOMMENDED TO BE USEDy THETYFE OF
OUTPUT DEVICE TO BE USED» THE RECOMMENDED INSTALLATION TO EE
USED or THE RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIREL]

If: THE IMPLEMENTATION/CONSTRUCTION STATUS OF THE SYSTEM
Then! 1) There is strondgly suddestive evidence (.8) that THE TYFE
OF SYSTEM RECOMMENDED TO BE USED is real-time:
2) There is strondly suddestive evidence (.8) that THETYFE
OF OUTFUT DEVICE TO BE USED is individual-termirnalsy
3) There is strondly suddestive evidence (.8) that THE
RECOMMENDED INSTALLATION TO BE USED is ruramidal, and

4) There is strondly suddestive evidence (.8) that THE
RECOMMENDED TRAINING OR ASSISTANCE TO BE ACQUIRED 1s

train-existing-staff

PREMISE: ($AND (SAME CNTXT SYSSTAT YES))
ACTION?: (DO-ALL (CONCLUDE CNTXT TYFSYS REAL-TIME TALLY 800)
(CONCLUDE CNTXT OUTPUT INDIVIDUAL-TERMINALS TALLY
800)
(CONCLUDE CNTXT INSTALL FPYRAMIDAL TALLY 800)
(CONCLUDE CNTXT TRG train-existins-staff TALLY 800))

CORGRULLES]

RULEO39

CThis rule arplies to ORGANIZATIONs and is tried in order to fird out

about THE RECOMMENDED FORMAL STRUCTURE]
If! THE ORGANIZATION’S STRUCTURE is notavailable

Then! There is strondly suddestive evidence (.8) that THE
RECOMMENDED FORMAL STRUCTURE is line

FREMISE: ($AND (SAME CNTXT FORMAL NOTAVAILABLE))
ACTION: (CONCLUDE CNTXT FORSTRUC LINE TALLY 800)
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CORGRULES]

RULEO40

. CThis rule aerlies to ORGANIZATIONv:and is tried in order to find out
3 about THE RECOMMENDED FORMAL STRUCTURE]
4
g G If: THE RECOMMENDED FORMAL STRUCTURE is known

i Then! It is definite (1,0) that the following is THE RECODMMENDED
? i FORMAL STRUCTURE: THE RECOMMENDED FORMAL STRUCTURE TO USE
? | IS <forstruc>

g ! PREMISE:! ($AND (KNOWN CNTXT FORSTRUC))

1 | ACTION: (CONCLUDETEXT CNTXT FORSTRUC (TEXT NIL

% *THE RECOMMENDED FORMAL STRUCTURE TO USE IS®
: (VAL1 CNTXT FORSTRUC))

i o

1 TALLY 1000)

i | CORGRULES] f
- . RULEOA41 i
-.‘ ! [ —— ]
3 L LThis rule is definitionaly arplies to ORGANIZATIONs and is tried :
f when information is received about THE RECOMMENDED FORMAL 3
3 STRUCTURE] 4

If! An attemert has been made to deduce THE RECOMMENDED FORMAL ;
STRUCTURE 1

i Then! Disrlay THE RECOMMENDED FORMAL STRUCTURE
PREMISE: ($AND (ONCEKNOWN CNTXT FORSTRUC t))
ACTION! (PRINTCONCLUSIONS CNTXT FORSTRUC)

! CORGRULES/antecedent]

NIL
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APPENDIX B
DECAIDS PARAMETER LISTING

DECAIDS ORG METHODS ORG STRESS ORG
ENVIRONMENT ORG ORGANIZATION VAL STYLE ORG
FORMAL ORG ORGRULES ALLNAMES SYSSTAT ORG
FORSTRUC ORG QUTPUT ORG TRAINING ORG
INFORMAL ORG PROBDEF ORG TRG ORG

- INSTALL ORG FROBTYPE ORG TYPSYS ORG
KNOWLEDGE-LEVEL. ORG STAFF ORG UNKSTRUC ORG
LEADER-TRAINING ORG STFFTRG ORG

PROP-0RG
DECAIDS

ANTECEDENT-IN! (RULEOO1)
UFDATED-BY-THE-WAY: (RULEOQO1)
UPDATED-RY: (RULEOO2)

TRANS: (THE DECISION)
LEGALVALS: TEXT

MULTIVALUED: T

ENVIRONMENT

TRANS? (%‘’s ENVIRONMENT)
PROMFT: (WILL YOU COMMENT ON THE LEADER-TRAINING OR THE

STAFF-TRAINING OF THE ENVIRONMENT OF THE ORGANIZATION?)

EXPECT: (LEADER-TRAINING STAFF-TRAINING)
LABDATA? T

FORMAL

USED-BY! (Rules 39 32 31 30 17 16)
TRANS! (THE ORGANIZATION’S STRUCTURE)
PROMPT! (THE FORMAL STRUCTURE OF THE ORGANIZATION CAN BE DEFINED AS
EITHER LINE, STAFFr MATRIXs FUNCTIONAL» OR
NOTAVAILABLE. IF FURTHER EXFLANATION OF THESE TERMS IS
NEEDED, TYFE A QUESTION MARK. WHAT IS THE
! ORGANIZATION’S FORMAL STRUCTURE?T)
EXPECT: (LINE STAFF FUNCTIONAL MATRIX NOTAVAILABLE)
LABDATA: T
REFROMPT! (LINE - EMPHASIZES DIRECT CHAINS OF AUTHORITY ANI' UNITY OF
COMMAND STAFF - INCLUDES AN INFORMATIONAL AND
ADVISORY STAFF TO ASSIST AND GUIDE OPERATIONNL
PERSONNEL FUNCTIONAL - ARRANGES FERSONNEL ®Y
FUNCTIONAL ACTIVITY SUCH AS LOGISTICS.»
COMMUNICATIONS» ETC. MATRIX - DRAWS FERSONNIL FROM
ACROSS DEFARTMENTAL LINES)

FORSTRUC

UPDATED-BRY! (Rules 39 SREFMARK 40)
USED-BY:! (RULEO040)

CONTAINED-IN: (RULEO40)

ANTECEDENT-IN? (RULEOA41)
UPDATED-BY-THE-WAY: (RULEOA41)

TRANS:! (THE RECOMMENDED FORMAI. STRUCTURE)
EXPECT: (LINE STAFF FUNCTIONAL MATRIX)
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INFORMAL

USED-BRY! (Rules 33 22 21 19 18 1S 3)

TRANS: (THE ORGANIZATION‘’S STRUCTURE)

PROMFT! (THE INFORMAL STRUCTURE OF THE ORGANIZATION REFERS TO THE
MANNER IN WHICH COMMUNICATION IS ACCOMFLISHED. I3 THE
INFORMAL STRUCTURE REST DESCRIBED AS CENTRALIZLTI,

i CONSULTATIVE» TRANSACTIONAL» PARTIALLY-DELEGATED -

i DECENTRALIZED'y OR NOTAVAILARLE 7 IF FURTHER EXFLANATION

i IS NEEDED» TYFE A QUESTIOMN MARK.)

EXPECT: (CENTRALIZED CONSULTATIVE TRANSACTIONAL FARTIALLY- :

DELEGATED DECENTRALIZED NOTAVAILABLE) :

il e Pt ek i
‘

i LABDATA: T
! REFROMPT?! (CENTRALIZED - USES A FOCUSED FLOW OF AUTHORITY TN A
- | SINGLE SOURCE AT THE TOF OF THE HIERARCHY

'3 | CONSUL.TATIVE - MAXIMIZES FATTERNS OF CENTRAL COHTROL
BUT ENCOURAGES VERTICASL AND UFWARD COMMUNICATION OF
ADVICE AND GUIDANCE FROM A FROFESSIONAL STarF
TRANSACTIONAL ~ STRESSES OFEN COMMUNICATION- !
DELIBERATIONs AND NEGOTIATION, ROTH LATERALLY WITHIN 3
LEVELS AND VERTICALLY AMONG LEVELS. AUTHORITY MAY
STILL REMAIN AT/WITH TOF MANAGEMENT FARTIALLY-
DELEGATED - DISTRIBRUTES AUTHORITY AMONG FROFECTIMAL

} STAFF WHILE INCREASING THE MNEED FOR CO-ORDINGTIGH OF

. EFFORT. THE STAFF MAY FOSSESS AUTHORITY TO S\ ILOF

ACTION ALTERMATIVES RUT TOF MANAGEMENT STILL BFLCTAING

THE RIGHT TO REJECT AND MODRIFY DECENTRALIZED -

DELEGATES AND DNISFERSES FULL DECISION-MAKING FOWER

i TO STAFF AT LOWER ILEVELS OF THE HIERARCHY)

INSTALL
USED-RBY! (RULE002)
CONTAINED-IN: (RULEOQO2)
UPDATED-EY: (Rules 36 32 31 30 29 28 27 26 25 24 23 22 21 20 1?9 18
17 16 15 14 13 9 8 7 6 § 4 3)
TRANS: (THE RECOMMENDEDR INSTALLATION TO RE USEL)
EXPECT: (PYRAMIDAL DIVISIONAL UNAVAILABRLE)

REFPROMFT: (A divisional installation rlaces authority in each
division for inderendent sustems while ruramidal
installations rlace suthorituat the tor of ore

suyrer-system above a3ll divisions.)
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FRoM 00RY

KNOWLEDGE-LEVEL

USED-BY! (Rules 29 28)

TRANS: (the techriolodical krnowleddge-level) &

PROMPT: (IN REGARDS TO THE TECHNOLOGICAL TRAINING REQUIRED TC
ACCOMFLISH THE TASKy IS THE LEVEL OF TECHNICAL TRAINING
CONSIDERED TO BE SKILLEDr» UNSKILLED, OR UNKNOWN?)

EXPECT: (SKILLED UNSKILLEI)

LABDATA: T

D T

oo 5 3 R

i : LEADER-TRAINING

USED-BY! (Rules S 4)

TRANS: (THE LEADER’S LEVEL OF TRAINING)

PROMPT: (Is the task leader’s technical trainind considered tu be
skilledr unskilledy or unkriown?)

EXPECT! (SKILLED UNSKILLED)

LABDATA! T

e r:
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METHODS

USED-BY! (Rules 27 26)

TRANS! (THE TECHNOLOGICAL METHONS AVAILAEBLE)

PROMFT: (ARE THE TECHNOLOGTYCAL METHODS USED ANALYTICAL-AILS,
INVENTORY-AIDS, OR UNKNOUN?)

EXPECT! (ANALYTICAL-AIDS INVENTORY-AIDS)

LABDATA: T

REFROMFT: (Inventory aids refer to administrative uses and

analytical aids are thase which concern scientific
aprplications.)

OUTPUT
USED-RY?! (RULE0O0O2)
CONTAINED-IN:! (RULEO0O2)
UPDATED-BY:! (Rules 36 32 31 30 29 238 27 2% 29 24 23 22 21 20 '? 18
17 16 15 14 13 92 8 7 6 5 4 3)
TRANS: (the tuyre of outrut device to be used)
EXFPECT (INDIVIDUAL-TERMINALS LARGE-SCREEN-DISFLAYS UNAVAIL L)

FROBDEF
USED-EY: (Rules 14 13)
TRANS: (THE TASK DEFINITTION)
PROMPT: (CONCERMING THE FROBLEM FACING THE ORGANIZATION, IG
FROBLEM CLEARLY--UDEFINEDy AMEBIGUOUS, OF UNKNOWN?®
EXPECT: (CLEARLY-DEFINELD AMRIGUOUS)
LABDATA: T

FROBTYFE

TRANS: (THE TYFE OF FROBLEM TO BRE SOLVED)

PROMPT: (THIS FROGRAM IS DESIGNED TO FROVIDE MANACERS AT ALl LIVELS
WITH ADVICE CONCERNING THE USE OF THEIR COMPULITT:
RESOURCES. IN ORDER TO FROVIDE THIS [NFORMATI/M!- THE
USER WILL RE ASKED TO FURNISH DATA COMCERNING:®@ '+
ORGANIZATION, ITS ILEVEL OF TRAINING: THE
ORGANIZATION’S ILEADERy THE ENUVIRONMENT AFFECTIM: THE
DECISION» AND THE TASK FACING THE ORGAMIZATION, UHAT

IS THE TYPE OF FROBLEM WHICH THE ORGANIZATION I/ 787)
EXPECT: ANY

LABDATA: T

TRANS: (THE FORMAL COMPOSITION OF THE ORGANIZATION’S STRUCTURL
PROMFT: (IS THE STAFF’S TECHMNICAL TRAINING SKILLEIs UNSKILLE- OR
UNKNOWN?)

EXPECT! (SKILLED UNSKILLEI)
LABDATA: T

STFFTRG
USED-BY! (Rules 7 6)
TRANS! (THE STAFF’S LEVEL OF TECHNTCAL TRAINING)
FROMPT! (IS THE ORGANIZATION’S STAFF’S LEVEL OF TECHNICAL TRATHING
IN THE USE OF COMPUTERTZED TECHUNTCAL AIDNS CONSIDER T

SKILLEDy UNSKTLLELD'y OR UNKNOWNT)
EXPECT! (SKILLED UNSKILLED
LABDATA: T ;
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STRESS

USED-BY! (Rules 9 8)
TRANS: (THE LEVEL OF THE TASK'S STRESS)

PROMPT: (IS THE STRESS LEVEL CONSIDERED TO BE HIGH» LOW, OR UNKNOWNT)

EXPECT: (HIGH LOW)
LABDATA: T

USED-BY?! (Rules 23 20)

TRANS: (THE LEADER’S STYLE OF OFERATION)

PROMFT?! (IS THE TASK LEAIER’S STYLE REST DESCRIEBED AS

RELATION--ORIENTED, TASK-ORIENTEDy OR UNKNOWN?)

EXPECT: (RELATION-ORIENTED TASK-ORIENTED)

LARDATA: T

REFROMPT?! (relation oriented refers to the leader who dgives iittle
direction to his staffy encouradges the stal!
actively rarticirate in setting decisiorn moil 1o
rarametersy and values the develorment of rov: uiel
responsibilituy., Task oriented leaders are defined
as those who srefer far more cemtralization of

control and are less concerned with the develo-mant

of individual resronsibility in the decisior k. irs

FTOCeSS. )

SYSSTAT

USED-BY! (RULEO03é)

TRANS?: (THE IMFLEMENTATION/CONSTRUCTION S€TATUS OF THE SYSTEnh:
FROMFT: (DOES AN OFERATIONAL SYSTEM CURRENTLY EXIST?)

EXPECT: (YES NO)

LARDATA: T

TRAINING

- ——— -

USED-RY:! (Rules 25 24)

TRANS: (THE INDIVIDUAL’S TECHNICAL TRAINING IN DECISION ANALYZIS)

PROMPT?: (IS THE TASK LEADER’S LEVEL OF TECHNICAL TRAINING COM3TOERED
TO BE HIGH» LOWs OR UNKNOWN?)

EXPECT: (HIGH LOW)

TRG
USED-BY: (RULEO0O2)
CONTAINED-IN: (RULEOO2)
UPDATED-BY: (Rules 36 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18
17 16 15 14 13 9 8 7 6 § 4 3)
TRANS: (THE RECOMMENDED TRAINING OR ASSISTANCE TO KE ACQUIREI
EXFECT:! (HIRE-SFECIALISTS DO-NOT-HIRE-SFECIALISTS TRAIN-EXIGTING -
STAFF UNAVAILARLE)

TYPSYS

USED-BY! (RULE002)

CONTAINEN-IN: (RULEOO2)

UPDATED-DY: (Rules 36 32 31 30 29 28 27 26 25 24 23 22 21 20 1? 18
17 16 15 14 13 9 8 7 6 § 4 3)

TRANG: (THE TYFE OF SYSTEM RECOMMENDED TO RE USED)

EXFECT! (RECAL-TIME NON-REAL-TIME UNAVAILABLE)
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UNKSTRUC
UPDATED-BY! (Rules 33 SREFMARK 34)
USED-BY: (RULEO034)
CONTAINEUD-IN! (RULEO34)
ANTECEDENT-IN? (RULEO3S)
, UPDATED-BY-THE-WAY! (RULEO33)
: i TRANS: (the recommerded informal structure)
4 i EXPECT! (CENTRALIZED DECENTRALI:EDI' CONSULTATIVE TRANSACTIONAL
F ’ PARTIALLY-DELEGATED)

R N R R

“LPROF-VAL
“XFROF-VAL

ORGANIZATION
TRANS! (THE ORGANIZATION)
. MAINFROFS: (PRORTYFE FORMAL IMFORMAL STFFTRG LEARER-TRAIMIMG 2TYLE
3 FROEIEF KNCWLEDGE~LEVEL STRESS SYSSTAT METHOUS
E FPROPTYFE: FROF-0RG
TYFE: ORGANIZATION-
RULETYFES: (ORGRULES)
GOALS! (DECAIDS UNKSTRUC FORSTRUC)

“LALLNAMES
“XALLNAMES
ALLLNAMES
ORGRULES .
‘ CONTEXT ¢ (ORGANIZATION) j
; SVAL ¢ (ORGANIZATION)
{ CTRANS: ORGANIZATION :
1 NIL
- °-
| &8
.} §e
| &5
N | « i
| 3
- &
‘ i & A
- )
- 2 ¥
- ¢
-
3 i
i E
|
;
|
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XX NO

1)

X*ok

-~

Xk
3)

x%
4)

XX
5)

XX
6)

*x
7)

*X

*%x CLEARLY-DEFINELD

8) IN REGARIS TO THE TECHNOLOGICAL TRAINING REQUIRED TO ACCOMML_ISH
THE TASK, IS THE LEVEL OF TECHMNICAL TRAINING CONSIDEREL Q0 ERE
SKILLEDy UNSKILLED» OR UNKNOWN?

%% SKILLED

:; ﬁ?G;HE STRESS LEVEL CONSIDERED TO ERE HIGH: LOW» OR UNKNOWM™

10) DOES AN OFERATIONAL SYSTEM CURRENTLY EXTIST?

X% NO

11) ARE THE TECHNOLOGICAL METHONS USED ANALYTICAL-AIDS, INVENTORY-

==C1] Findout! DECAIDS of ORGANIZATION-2
Trying RULEOO2/0RCANTZATION=2;

-=C2] Findout: TYPSYS of ORGANIZATION-2
RULEQ36 failed {in rreview) due to clause 1
RULEO32 failed {in preview) due to clauce 1
RULEO31 failed (in preview) due to clouse 1

APPENDIX C
SAMPLE CONSULTATION

REGIN) ‘

Srecial options (ture ? for hels)!?
XX FT 4

Instructions? (Y or N)

----- ORGANIZATION=-2~=~=====

THIS FROGRAM IS DESIGNED TO PROVIDE MANAGERS AT ALL LEVELS WITH
ADVICE CONCERNING THE WSE OF THETR COMPUTER RESQURCES. T
ORDER TO FROVIDE THIS INFORMATIOM, THE DSFR WILL RE ASKED T0O
FURNISH DATA CONCERNING: HIS ORGANIZATION» ITS LEVEL OF
TRAININGy THE ORGANIZATION’'S LEANER. THE ENUIRONMENT AFFSC TTNG
THE DECISIONs AND THE TASK FACING THE ORGANIZATION. WHaAY 13
THE TYFE OF FROBLEM WHICH THE ORGANIZATION FACES?

THESIS

THE FORMAL STRUCTURE OF THE ORGAMIZATINN CAN RE DEFINED AT
EITHER LINE, STAFF» MATRIX» FUNCTIONAL, OR NOTAVAILARLE. T
FURTHER EXFLANATION OF THESE TERMS IS NEEDETD: TYFE A4 QUETTTOM
MARK. WHAT IS THE ORGANIZATION’S FORMAL. STRUCTURE?
NOTAVAILARLE

THE INFORMAL STRUCTURE OF THE ORGANIZATION REFERS TO THE MAMMER
IN WHICH COMMUNICATION IS ACCOMFLISHED ., T[S THE INFORMAL
STRUCTURE BEST DESCRIBED AS CENTRALIZEI» CONSULTATIVE.
TRANSACTIONAL» FARTIALLY-DELEGATED: DECENTRALIZEDs OR
NOTAVAILABLE? IF FURTHER EXPLANATION IS5 NEEDEI, TYFE A QUESTION
MARK .

NOTAVAILARLE

IS THE ORGANTZATTION’S STAFF’S LEVEL. OF TECHNICAL TRAINING IN
THE USE OF COMFUTERIZED TECHNICAL AIDlS CONSIDERED SKILLEID-
UNSKILLEDy QR UNKNOWN?

SKILLED

Is the task leader’s techrmical traiming considered to be
skilled, unskilled, or unknown?

SKILLED

IS THE TASK LEADER’S STYLE EREST DESCRIEREDI AS RELATION-
ORIENTEDy TASK-0ORIENTED, OR UNKNOWNT?

RELATION-ORIENTED .

CONCERNING THE PRORLEM FACING THE ORGANIZATIONy IS THE FROKLEM
CLEARLY~DEFINEDy AMEIGUOUS s OR UNKNOWN?

AINSy OR UNKNOWN?
ANALYTICAL-ATIDS

g
8
2
.~
g
-
g
“
g
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RULEO30O failed {in rpreview) due to clause 1
RULEO2? failed {in sreview) due to clause 1
Truing RULEO28/0RGANIZATION-2} RULEQ028 succeeded.
Conclude! TYFSYS of ORGANIZATION-2 is UNAVAILABLE (.3)
Conclude! QUTPUT of ORGANIZATION-2 is UNAVAILARLE (.5)
Conclude! INSTALL of ORGANIZATION-2 is UMAVAILARLE (.S)
Conclude: TRG of ORGANIZATION-2 is 00-NOT-HIRE-SPECIALISTS (.8)
RULEO27 failed {in rreview) due to clause 1
Trueing RULEQ26/0RGANIZATINN-2: RULEQ26 succeeced.
Conclude?! TYFSYS of ORGANIZATION-2 is REAL-TIME (.8)
Coriclude! OQUTPUT of ORGANIZATION-2 is INDIVIDUAL-TERMINALS (.8)
Conclude: INSTALL of ORGANTIZATION-2 is PYRAMIDAL (¢(.5)
Conclude! TRG of ORGANIZATION-2 is UNAVAILABLE (.8)
Treing RULEO2S/0RGANIZATION-2:
--Cno rules to conclude TRAINING of ORGANIZATION-21
12) IS THE TASK LEADER’S LEVEL OF TECHNICAL TRAINING CONSIDERED TO
BE HIGH» LOWs OR UNKNOWNT
X%k HIGH
RULEO2S failed due to clause 1
Treing RULEO24/0RGANIZATION-2: RULEQ24 succeecded.
Coriclude! TYFSYS of ORGANIZATION-2 ig REAL-TIME (.94)
5, Conclude! OQUTFPUT of ORGANIZATION-2 is INDIVIDUAL-TERMINALS (.94}
Conclude! INSTALL of ORGANIZATION-2 ie¢ FYRAMIDAL (.9)
Conclude! TRG of ORCGANIZATION-2 is TRAIN-EXISTING-STAFF (.8)
RULEO23 failed {in rreview) due to clause 1
RULEQ22 failed {in preview) due to clause 1
RULEO21 failed {in rreview) due to clause 1
Trying RULEO20/0RGANIZATION-2¢ RULEQ20Q succeeded.
Conclude! TYPSYS of ORGANIZATINON-2 is NON-REAL-TIME (.8)
Conclude! OQUTFUT of ORGANIZATION-2 is LARGE-SCREEN-DISFLAYS (.8
Conclude! INSTALL of ORGANIZATION-2 is DIVISIONAL (.8)
E Conclude! TRG of ORGANIZATION-2 is TRAIN-EXISTING-STAFF (.98
P RULEOL1? failed {in rreview} due to clause
; RULEO18 failed {in rreview} due to clause
RULEO17 failed {in preview) due to clause
RULEO146 failed {in ereview} due to clause
RULEO1S failed {in Ffreview) due to clause
RULEO14 failed {in preview) due to clause 1
Trying RULEO13/0RGANIZATTION-~27 RULEO13 succeeded.
Conclude:! TYFSYS of ORGANIZATINN-2 is REAL-TIME (.%92)
Conclude! OUTFUT of ORGANIZATINON-2 is INDIVIDUAL-TERMINALS (.9292)
Conclude! INSTALL of ORGANIZATION-2 is FYRAMIDAL (.98)
Conclude: TRG of ORGANIZATION-2 is DO-NOT-HIRE-SFECIALISTS (.94
RULEOO? failed {in rreview) due to clause 1
Truing RULEOOB/0RGANIZATION=-2: RUILLEQO8 succeeded.
Conclude: TYFSYS of ORGANIZATION-2 is REANM.-TIME (.,998)
Conclude! OUTPUT of ORGANIZATION-2 is INDTUINUAL-TERMINALS (.998)
Conclude! TINSTALL of ORGANIZATION-=-2 is FYRAMIDAL (.996)
Conclude! TRG of ORGANIZATION-2 is DO-NOT-HIRE-SFECIALISTS (,992)
RULEOO?7 failed {in rpreview) due to clause 1
Truind RULEOQO/ORGANTIZATION-2F RULEOO& succeeded.
Corclude: TYFSYS of ORGANIZATION-2 is REAL-TIME (.999)
Conclude! OUTFUT of ORGANIZATION-2 is INDIVIDUAL-TERMINALS (.999)
Conclude! INSTALL of DROANIZATION=2 is PYRAMIDAL (.999)
Conclude! TRG of ORGANIZATION-2 i1 NO-NOT-HIRE-SFECIALISTS (.998)
Tryind RULEOOS/NRGANTZATION-2F RULEOOS succeedead.
Conclude! TYPSYS of ORGANIZATION-2 is REAL-TIME (.,999)
Conclude! OUTPUT of ORGANIZATION-2 is TNDIVIDUAL-TERMINALS (.999)
Cornclude?! INSTALL of ORGANTZATION-~2 is UNAVAILABRLE (¢.79)
Conclude! TRG of ORGANIZATTON-2 is HIRE-SPFECIALISTS (46)
Truing RULEOO4A/ORGANIZATION-27 RULEOOA succeeded.
Conclude! TYPSYS of ORGANIZATION-~2 is REAL-TIME (,999)
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Conclude! OUTPUT of ORGANIZATION-2 is INDIVIDUAL-TERMIMALS (.999)
Conclude! INSTALL of ORGANIZATION-2 is FPYRAMIDAL (.999)
Conclude:! TRG of ORGANIZATION=-2 is DO-NOT-HIRE-SFECIALICTS (.9299)
RULEQO3 failed {in epreview) due to clause 1

-=C2] Finished! TYPSYS of ORGANIZATTON~-2

-=C2] Findout: OQUTFUT of ORGANIZATION-2

-=[2] Finished! OUTFUT of ORGANIZATION-2

-=[2] Findout: INSTALL of ORGANIZATICN-2

-=L2]) Finished:! INSTALL of ORGANIZATION-2

=-=[2] Findout: TRG of ORGANIZATION~-2

=-=C2] Finished: TRG of ORGANIZATION-2
RULEQO2 succeeded.
Conclude:! DECAIDS of CRGANIZATION-2 is TEXT NIL
USE THE FOLLOWING TYFE SYSTEM REAL-TIME
THE OUTFUT SHOULD BRE DISFLAYED ON INDIVIDUAL-TERMINALS
THE MANNER OF INSTALLATION SHOULD RE PYRAMIDAL
AND THE RECOMMEMDATICN FOR TRAINING AND ASSISTANCE IS
DO-NOT-HIRE-SFECIALISTS + (1.0)

-=C1] Finished!: DECAINS of ORCAMTZATION-2
antecedent RULEQOOL succeeded.
Conclusions?! THE NECISION are as fnllows:

USE THE FOLLOWING TYFE SYSTEM REAL-TIME THE QUTHIT SHOULD BE

DISFLAYED ON IMDIVINUAL-TERMINALS THE MAMNEN OF
INSTALLATION SHOULD TE FPYRAMIDAL ANMD THE RECSIMENDATION
FOR TRAINING AND ASSISTANCE IS DO-NOT-HIRE -SFLCIALISTS

--[1] Findout! UNKSTRUC of ORGANIZATION-2
Truing RULEO33/0RGANIZATION-27 RULEO33 succeeded.
Conclude! UNKSTRUC of ORGANIZATION-2 is CENTRALIZED (.9
Truing RULEO3A/0RGANTIZATION-2F RULEQ34 succeeded.
antecede?gsRULEO35 succeeded.

RECOMMENDED INFORMAL STRUCTURE TO USE IS CENTRALIZED.

Conclude! UNKSTRUC of ORGANIZATION-2 is TEXT NIL
THE
RECOMMENDED INFORMAL STRUCTURE TO USE IS CENTRALIZED 1.0
=-=C1] Finished! UNKSTRUC of ORGANIZATION-2
-=C1] Findout:! FORSTRUC of NORGANIZATION-2
Trying RULEO3?/0RGANIZATION-2; RULLEQO3? succeeded.,
Conclude! FORSTRUC of ORCANTZATION-2 is LINE (.8)
Trying RULEO4O/0RGANTZATION=-25 RULEO40 succeederd.
antecedent RULEO41 succeeded.
; THE RECCOMMENDED FORMAL STRUCTURE TOQ USE IS LINL .

Corclude! FORSTRUC of ORGANIZATION-2 is TEXT NIL
THE RECOMMENDED FORMAL STRUCTURE TO USE IS LINE (1.0)
==C1] Finished! FORSTRUC of ORGANIZATION-2
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APPENDIX D
ADDITIONAL EMYCIN/DECAIDS PARAMETER PROPERTIES

Definingd Contexts

MAINPROPS - a list of parameters to "trace® when a3 context of this ture is
created. Generalluy these are labdatz rarameters whose vazlues will
always be needed in a2 consultation (see FARAMETERS.DOC for 2
definition of ®labdata®), The user will be asked for the value of 3
each of these parameters as soon as a context is created. This {3
often serves to rresent 3 more coherent dialod than would arrear
if each parameter were reauested when it was first needed in a | 3

: rule. It is also rossible to have rnon-labdata rarameters for !

mainrrors if there is alwavs somethir:i wou want to deduce about a | 3
new context. The doal rarameter(s) of 3 sustem will be found in

the MAINFPROPS list of the maim (or root) conmtext ture: its
Pplacement here is what dets the consultation started.
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FROFTYPE - an atom FROFP-ture which lists all =arameters which sertain

to this tyre of contexts e.d.y the FROFTYPE of FERSON ir HYCIN

is PROP-PTy which contains such earaveters as NAMEr, AGE. SEX-. etc.
- When arrlving a ruler the system uses this rrorerty to tell which
1 context in the tree a rarticular earameter belonds to.

LR

TYPE - an atom used to form the context identifier (by arrending 2
numeral) for contexts of this turer e.d.r in MYCIN the TYFE of
FOSCUL (rpositive culture) is CULTURE-~.

RULETYPES - 3 list of all rule tures aselicable to this contert (see
RULES.DNOC)y e.d.r RULETYFES of POSCUL is the list (CULRULES
FOSCULRULES) .

SYN - 3 temrlate used for tramslating contexts of this tupe in
questions or rules. The SYN prorerty is 3 list of entries
({parms> <form>), where <“rarms> is 2 list of one or more
parameters of the contextr and <form:* is 3 simele list of words
including the elements of <“rarms>, The rarameters must asrear in
the same order in both <rarms> and <formsiy and thew must 211 be
labdata. The atom X is used like a rarameter in <parms: and :
i <form> to rerresent the rarent conte:t. 14
E The suystem scams the SYN erorerty until it finds an entry '
for which it kriows the values of all rarameters in “rarms>$ values
which were not suprlied by the user will not be used. Once an
| element of SYN has been selectedy 3 translation will be | 4
- constructed by rerlacind each rarameter in <form> with that |4
ﬁ paramoter’s valuei X will be rerlace by the translation (using the §

- : SYN prorerty) of the rarent context. =Zrarms> and <form™ maws he ‘
punctuated with semicolons denotind *rlaces to stor" if the {4
translation is unambiduous so far.e E.d.y the element From the SYN
prorerty of an ordanism ((IDENT 7 %) (the IDENT ¢ from %)) will
result in °*the Klebsiella' if there are no other ordanisms whose

‘. IDENT is Klebsiellar and *the Klebsiella from the blood culture*
i if there is.

The simplest SYN is of the form (((rarm)(Parm)))r i.0e» !
there i5 a rarameter of the context whose value itself can stand :
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for the context, e.d.» (((NAME) (NAME))). If there is ro SYN prors
the context identifier (e.d.r, ORGANISM-1) will remain untranslated.

UNIQUE - For use in condJdunction with the SYN pror! it controls whether
the context identifier needs to arrear in the translaetions e.d.
g turical non-uniique rhrase is °*the bhlood culture (CULTURE-2)®,
since it is rossible to have more than one culture from the same
site. If the UNIQUE rrorertu is T» the context identificr is
omitted, e.d.y» the root context ture should have its UNINUE
prorerty T, If UNIQUE is the atom °*?"y this means to omit the
identifier if the first try at translating the context iss in
facty unicues e.d.y ify in the examrle abover CULTURE-2 were the
only blood culture in the corsult them its tramslation would be
simple °the blood culture’, Most context tueses are ‘*rion—-unicue®
and will not have a UNIQUE =rorserty. The prorerty is not
necessarys even on uniaue contextsy i1t exists simely to roduce
excess verbiade where rossible.

If your sustem has no context trees wou need onlw fill in the
Pprorerties listed above for the main (root) context ture, If wou have 2
non-trivial context treer howevers it is also necessary to sursls the
followind rrorerties for non-root tuyres! FROMPTIST (or FROMFTEVER) -
PROMFT2NDy ASSOCUWITHs and OFFSFRING.

FPROMPTEVER - the *epromet® that will be srinted when the first context

of this ture is created. Only context tuyres that will ALWAYS be
created have PROMFTEVERs? if wou have to ask whether there are

any contexts of this tyrey then there should be 3 FROMFTIST instead.
E.desy in MYCIN» there is 3lwaus at least one KNOWNORG urvier everw
FOSCUL (by definition a Ppositive culture is one from which ordanisms
grew)s so KNOWNORG has the FROMPTEVER (The first ordanism isolated
from X will be referred to ss!). L[In FROMFTEVER: FROMFTIGT»

and FROMTP2ND, the X will be filled in by the rarent cortext.l

PROMFTIST - the esromert asking whether contexts of this ture exist.
Unlike FPROMPTEVER» this is a3 real aquestion and requires =2n
answer, E.d.y the PROMFTIST of CURTHER is (Is X currently
receiving therary with any anitmicrobial agent?).

FROMPT2ZND - the prompt asking whether additional contexts of Lhis ture
exist (to bLe used after 3t least ore context of this tuse hasg
been created). Omission of this rrorerty indicates that there is
never more tham one instance of the context under the w=arent
context. E.d.y the FROMFT2ND of KNOWNORG is (Were anw other

ordanisms isolated from X 7).

ASSOCUWITH - a list of ancestor context tuyresr» showindg this conte:xt
tyre’s location in the context tree. E.d, the ASSOCWITH of
KNOWNORG i MYCIN is (POSCUL. FERSON) ardd the the ASSOCWITH of FOSCUL
is (FERSON). This means that a POSCUL context is dircctly below
the patient contexty and that 3 KNOWNORG context is directly below
a FOSCUL.
OFFSPRING - a3 list of descendent context tyepess indicatindg which tures
that can hand directly below a context of this turpe in the context

tree.
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Context tuyres may have other optional eprorerties. If the cqnteut
ture is ever to arpear in 3 ruler it must have a TRANS for translation (see
description of a3 TRANS rrorerty in PARAMETERS.DOC). The X in the TRANS

prorerty of a context ture is filled in bw a translation of the tree

root (main context). If.gou Plan to use the SUMMARY ortions the context
ture will need 3 CNTXTSUMMARY rrorerty as described in FEATURES.SUMMARY .
If rarmaters of the context ture are to be gathered in a block using
the TABR ortion for tabular input, it will need the TARPARMSs TARHEAL,
TERSEHEAD» TABRSTOPS» and LEGALTERM rprorerties as described in
FEATURES . TARULAR~INFUT.
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Prorerties of Farameters

Pelow is @ list of the rrorerties that a parameter can have.

All rarameters need a TRANS. If the value of the rarameter is ever
requested of the user» it rneeds a FROMFT and EXPECT, and if arrlicabler

Numeric rarameters should have a CHECK rrorertyr and possibly 3

LAEDATA.
DEFAULT.
3 :
; TRANS - how to translate the rarsmeter. The TRANS is list? if it contains
! the atom %, the latter will be filled with the translastion of the
(the identitw of

context to which this rarameter belondgs (e.d.
3 X)), Srecial verbs» such as "is®s *has® (3ll those on

] the list TRANSVERES)s as well as the word °*riot® should be rsresent
as lower-case literal atoms for correct translation of the

negdation when the rarameter is used in rules,

: PROMPT - how to ask for the rarameter’s valuei no PROMPT means that it
makes no sense to ask the user for the value. The FROMFT 3 listi

when the auestion is askeds the X in the list is rerlaced by

the translation of the context beind asked abouti for

multivalued rarameters which are not "ASKALL®s the 2tom *(valu)®

is rerlaced by the rarticular value beind gsked abhout.

EXFECT - the set of ledal answers to auestions askindg sbout this rarameter.

3 A null EXPECT is implicitly (YES NO).
The most common form of the EXFECT srrorerty is a list of

the values (atoms). If an elemert of the EXPECT list is itself a
list rather than an atomr it will be a list of one element and
that element is to bhe evaluated to produce 3 list of values.
Usually the code to bhe evaluated will be the name of a list. This
is useful when more than one rFarameter will have the same list of
possible values. The code to be evaluatedr howevery mau be
5 arbitrary Lisp code which rroduces a list. This will be useful if
the list of lestal values. derends or some Frevious answers e.d.r
in MYCIN» valid answers for COLLECT (method of collecting a
culture srecimen) derends on SITE; the form evaluated may

reference CNTXT - the ob.dect for which wou are asking, arnd FARM - %

the rarameter.
A few atomic EXFECT3 are recog¢nized:?

ANY - no restriction of the value
| NUME - the value must be a rnumber
; f POSNUME - the value must be 3 rositive rumber
f g DATE - the value is a date

o b Tt it Sk

LABDATA - To wou find out the value of this rarameters first try asking

. the user. The oridinal meanind was that the parameter 5
was the result of 3 auantitative lab test? this has been dereralized é‘

5
4

je
>

i to be anything that the user is likely to know. If the user does not
dive 3 definite answer to the auestions the sustem will use rules (if
i A
|

E ! j any exist) to deduce the value. For parameters that have no

LABDATA rrorertyy the sustem first trics to conclude the value using
rulesy and only asks if ro value was concluded (and a3 FROMFT exists).
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g DEFAULT - if a numeric-valued rarameterr the default units. This allows

3 the user to dive the answer in a different unity, and the sustem

will corwvert it to the default units. The rules assume that
the value is diven in the default units.

B

CHECK - A form to EVAL to- make sure that the user’s numeric resronse is

*reasonable®. The CKECK prorerty has the form?

(CHECK VALU lower-bound usrer-bound text confirm intesze)
VALU will be bound to the user’s numeric resronse to the auestions
Yoy must surply the lower and uprer bound. Text will be s#rinted
if VALU is not within the indicated range. Confirm car be T or
NIL: if T, the user mayw confirm that the answer is correct:
if NIL» an answer outside the rande is always a mistake. Tnteder
may be T or NIL; if T» *he answer must be an inteder.

MULTIVALUED - the rarameter is multivalued., This means that it camn have
several different correct values at the same time. (E.d.» ALLERGIC
the ratient may be allergic to more than one drud,) This is 5
different form the normal case in which the rarameter is zssumed to ‘
have a3 single correct value, and different values thet arz concluded

rerresent campreting hurotheses as to the true value.

If the value of the MULTIVALUED rrorerty is Ty a scrarate
question will be asked for each value (e.d.» *Is the ratient
allerdic to rpenicillin?®). If the value is the atom ASKAIL-
one question will be asked in which th» user is exrpected to give
all the values (e.d.r °Please list all the antibiotice to which the
patient is allerdic.®).

The TRANS of 3 multivalued earameter is stated in the elural
(e.dsy (the druds to which %X is allergic)). This shrssing is
necessary for srorer translation throudghout the sustem.

: PROPERNOUN - if the value should be caritalized in translation
 f (e.ds» NAME)» then the Parameter should have FROFPERNOUN rrosertg T.

LEGALVALS - Alwavs the list of 3ll legal values for this eparmy but is
omitted if redundant (which it is for most Frarameters). All
multivalued parms have a8 LEGALVALS rrorerty. In addition those
parameters with EXFECTs which are rieces of code also have une.
When a parameter has no LEGALVALS, the ledal values are assumed
to be srecified by the rarameter’s EXFECT srorerts. A
parameter with no EXFECT or LEGALVALS will he treated
as a wes/no rarameteri this affects its trarnslation in many
parts of the system. The LEGALVALS rrorerty maw be of the same forms
as an EXFPECT rrorertys, Two atomic forms are recognized. Tho atom
CNTXT indicates that this rarameter takes other contexts as its value
(esdey in MYCINy» the TREATFOR rrorerty of the ratient is the
list of all the ordanisms in the context tree that should bae
treated). The atom TEXT means that the parameter takes arbitrary
pieces or text as its value, This will probably be the case for
some do0al rparameter - the text will be the sustem’s final araluysis

g or recommendatios.
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CNTXTVAL - To be used when the LEGALVALS is the atom CNTXT., The value
of this rrorerty is 3 list of FROP-VALs (context tureu)
indicating that contexts of the srecified ture(s) can be

v ? values of this rarameter. The value may also be a function of a
context (7).

R
————

- SFECIAL - indicates ambiduous answers to the PROMFT. Usually of form

((<ambigduous resronse’> <reauest for clarification>) ...)
May also be trieples with 3rd element a3 default value in case user
responds UNKNOWN.

XTRASFECIAL - indicates a resronse to a cuestion that actuasllu includes
the values for more than one parameters is usually a list of lists
((<resronselr <erarml valuel: <parm valuell etc.) (Zresraonsel etc.)
meanindg that the resronse diven should be used to conclude the
values for the rarameterss maw also be ((<resronsel’ codel +..)
meaning that the code should be executed when the ressonse
has been divens some entries z2re of the form (<code: -“rarwl sarm2>)
meaning that if the code EVALs with the diven resronscs LYhen 3 new
value will be indicated-- the new value is the value for rml and
the user’s resronse is the value for rarm2 (e.d.» Yes/nHo =zrzaeters
when an answer other than Yes or no is diven)

REFROMFT - more srecific tham oridinal rrompty is eprinted out when the user
enters "?' in resronse to the oidinal erromet,

ey
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APPENDIX E
EMYCIN/DECAIDS PREDICATE FUNCTIONS

Non-Numeric Predicates

In 311 the Ppredicates that use VALU» VALU may be omitted for
ves/no raramters. If esresent, VALU may be an atoms 3 simple listy or a3
list of value-cf rairs. The rredicates SAME and THOUGHTNOT return ruumbers
which will be minimized by $AND to determining the setting of TALLY. The
other rpredicates return true (or 1000) or false (NIL).

DEFINITELCCNTXT»FARM]
Returns true if PARM of CNTXT is known with certainty (cf = 1.0 for
yes/no rparameters» also cf = -1.0).,
Exs (DEFINITE CNTXT IDENT)
The identity of the ordanism is known with certainty

DEFISLCCNTXT s sFARM»VALUJ]
Returns true if PARM of CNTXT is known with certainty to be VALU
(ef = 1,0).
Ex? (DEFIS CNTXT IDENT MYCORACTERIUM-TR)
It is definite that the identitw of the ordarmism is Me: oacterivm-th

DEFNOTLCCNTXT » PARM» VALU] :
Returns true if FARM of CNTXT is defimitelw rnot VALU (cf = -1.9:.

Ex? (DEFNOT CMTXT IDENT VIRUS)
" It is definite that the identity of the ordanism is not Virus

KNOWNLCNTXT»FARM]
Returns true if the value of PARM of CNTXT is known (cf
yes/no rarametersr also cf < =.2).
Ex? (KNOWN CNTXT IDENT)
The identity of the ordanism is krown

MIGHTRBELCNTXTFARMsVALU]
True if PARM of CNTXT might be VALUy 1.e. there is no evidencte z€ainst
it (et > =-.2).
Ex? (MIGHTRE CNTXT ADEQUATE)
There is no evidence that the dose of the drud was not arerorriate

NOTDEFINITZLCNTXTFARM]
Returns true if PARM of CNTXT is nmot knownm with certainty (of 7 1.07
for yes/no parametersy -1.0 = cf < 1.0).
Exe (NOTDEFINITE CNTXT GENUS)
The dgenus of the ordanism is rot known with certainty

NOTDEFISCCNTXT»PARMyVALU]
Returns true if PARM of CNTXT is thought to be VALUy but nol with
certainty (.2 < cf < 1.0).
Ext (NOTDEFIS CNTXT IDENT CRYPTOCOCCUS)
It is susrpected that the identitu of the ordganism is crurlococcus

NOTDEFNOTLCCNTXT FARMyVALU]
Returrns true if PARM of CNTXT is thought not to be VALU, bul not with

certainty (-1,0 < cf < =.2),

PRAOTTOMSTN
COPY PARRAISHED TO DDC
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Ex? (NOTDEFNOT CNTXT IDENT E.COLI)
It is suspected that the identitwy of the ordganism is not E.coli

NOTKNOWNLCCNTXT»PARM] :
Returns true if PARM of CNTXT is not known (cf <= .2}

rarametersy ~-.2 <= cf <= ,2).

Ex? (NOTKNOWN CNTXT -IDENT)
The identity of the ordganism is not known

for ves/no

NOTSAMELCNTXT »PARMyVALU]
The logical comrliment of SAME,»
thought to be VALU (cf <= ,2).
Ex!? (NOTSAME CNTXT SPECSTAIN)
Ordanisms were not seen on the

returns true if PARM of CNTXT is riot

stain-of the culture

ONCEKNOWNCCNTXT » PARM s RETFLG]
Finds the value af FARM af CNTXT. If RETFLG is NILy it mesns "you have

fournd 3@ value for FARM of CNTXT"; returns the seme 3s KNOWN would, If
RETFLG is Tr it means °*find out all sou can about FARM of CNTXT": this
causes tracingsy but ONCEKNOWN will return true even if nothing was found

“Lemycin.doc Fase 89

Intended to be invoked last amond the updated-by rules of FARM.

out.
Ex? (ONCEKNOWN CNTXT SAMERUG)
There is an ordasnisms with rossibly the same identity as this
ordanism

ONCEKNOWNXCCNTXT s FARMS]
Traces PARMS of CNTXT and returns T redardless of the result of this

tracing.

in PARMS, with RETFLG set to T in the calls.
CEx? (ONCEKNOWNX CNTXT (QUOTE (CURTHER FRIORTHER)))
Information has been dgathered about current druds of the ratient

and prior druss of the ratient

SAMECCNTXT »PARMyVALUI]
Checks to see if FARM of CNTXT is VALU returnindg the associated cf.

Alwaws returns 3 rumbers in a ruley $AND will consider the clause °true”
e

if this number dreater than .2.
Ex? (SAME CNTXT SITE RLOOD)
The site of the culture is blood

THOUGHTNOTCCNTXTysFARMyVALU]
Checks to see if FARM of CNTXT is mot VALUr i.e.» there is evidence

adainst it. Always returns 3 numbers in a ruley $AND will consider the
clause ‘true® if this number dreater than .2, The number that is returnec
is the nedative of the cf associated with the trirle (CNTXT FARM VALU):»
s0 the clause will be true if the cf associated with that trirle is less
This is the aldebraic negation of SAME» whereas NOTSAME is

than -.2.
the lodical nedation.,
Ex? (THOUGHTNOT CNTXT IDENT E.COLI)
There is evidence that the identity of the ordanism is not E.coli

This is likq calling ONCEKNOWN repeatedlyr once for each rarameter

Sdato




UNOTKNOWNCCNTXT » PARM» VALU]
Returns true if it is not known whether the value of FARM of CNTXT is
i (or is not) VALU (-.2 <= cf <= ,2),
i Ex? (UNOTKNOWN CNTXT IDENT E.COLI)
It is not known whether the identity of the ordanmism is E.coli

Numeric predicate functions

There are five numeric rredicate functions to be used with rarameters
which take numbers or dates as their values. A rarameter with DATE for it:
EXPECT prorerty accerts a3 date as insuty but intermnally stores bLhe
answer as the number of daus ado (or since the time of the ciiainal
consultation for stored cases). The Liser functions FLUSy DIFFERINCE,
MINUS, TIMES» FQUOTIENT: and EXFT have translations in case Lhew are used
within these numeric predicates., The translations of mnumeric exsressions
can be very wordd, To have an exFrression translated terselw (usindg
arithmetic orerator sumbols instead of text), enclose the exrression in
3 call to the function TRSEXF.

BETWEENXCVALU»LLIM,ULIM]
True if LLIM <= VALU < ULIM
Ex (BETWEENX (VAL1 CNTXT AGE) 10 S0)
The ade of the ratient is between 10 wears and S0 wears

GREATEQXCX»Y1
True if X and Y are numbers and X >= Y,
Ex? (GREATEQX (VAL1 CNTXT NUMF0S) 2)

The number of cultures from this site which were rositive for this

ordanism is dreater than or equal to 2

GREATERFXCX»Y1]

True if X and Y are numbers and X > Y.
Ex? (GREATERPX (VAL1 CNTXT CSFGLUC) 80)

The csf dlucose value is dreater than qo

LESSEQXLCX»Y]
True if X and Y are numbers and X <= Y,
Ex? (LESSEQ% (VAL1 CNTXT CSFGLUC) 80)

The csf dglucose value is less than or eaual to 80

LESSPXCX,Y1
True if X and Y are numbers and X < Y.
Ex? (LESSPX (VAL1 CNTXT CSFGLUC) 80)

The csf glucose value is less than to 80
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Conclusion Functions

; The functions in a rule’s ACTION concludes about one or more
conte:t-rarameter~value trirle. A cf for the trirle is srecified in the
rule‘s ACTION. This cof will be modified by the certainty of the rule’s
PREMISE. $AND sets TALLY to the certainty of the FREMISE, defined to be
the minimum of the values (numbers) returrned by evaluating the FREMISE
clauses (only SAME and THOUGHTNAT return rumbers).

If 3 trirle already existsy this rnew cf is ®combined®” with the cf
associated with that trirle. Otherwiser» the new cf itself i¢ zssociated
. with the new trirle.

CONCLUDECCNTXT »PARM» VALUE » TALLY » NUM1

Concludes that PARM of CNTXT is VALUE. The conclusion made bw this
call will have a3 cf that is TALLY times NUM.

Ex? (CONCLUDRE CNTXT CONTAMIMNAMT YES TALLY 400)
There is weakly suddestive evidence (.4) that the ordaricm is a
contaminant

CONCLUDEXCCNTXT»FARMy TALLY rVALS]
Ferforms multirle CONCLUDE’s for a single CNTXT and FARM. VUallUS is a
list of rp3irs (value cf)i each value is concluded with the correscondins

cf.
Ex? CCONCLUDEX CNTXT IDENT TALLY (QUOTE ((E.COLI 400)
(KLEBSIELLA-FNEUMONIAE 300}
(FROTEUS-MIRARILIS 3203
There is evidence that the iderntity of the ordanism is e.coli {(.4)
klebsiella-rrneumoniae (.3) rroteus—-mirabilis (.3)

CONCLUDETLCCNTXT »SWITCHNUM»CASE» TALLY yPARM» VALUS] |
Tabular rule concluding frni. Concludes that FARM of CNTXT iz ore or :
more of the values in VALUS: according to the valuc of SWITCHMNUM.
. SWITCHNUM is a form to evaluate which must return a3 number. It is
denerally 3 call to VAL1 for some numeric rarameter.
VALUS is 3 list (VAL1 VAL2 ... VALn) of values for FARM.
CASE is 3 list of cases which test SWITCHNUM and surrly cfs for
the values in VALUS that is to be concluded. Fossible cases currently are?
(LT NUM CF1 CF2 .4+ CFn) if SWITCHNUM < NUMs conclude tha' FARM is
VALi with cf CFis
(BT NUM1 NUM2 CF1 CF2 ..+ CFrn) if NUM1 <= SWITCHNUM < NUM2+ comclude

that PARM is VALi with cf CFij
(GE NUM CF1 CF2 ... CFrn) if NUM <= SWITCHNUMs conclude that FARM
is VALL with cf CFis
(U CF1 CF2 +4s¢ CFn) if SWITCHNUM = NILs conclude that FARM is
VALi with cf CFi?¢
Each CFi must be included in each case’ if a3 earticular value doesn’t
arrlyy the corresronding cf can be 0.
Ex? (CONCLUDET CNTXT (VALL CNTXT LENSIGN)

(QUOTE ((RT 2 13 =400 -500)
(BT 13 20 -S500 -400)
(GE 20 400 300)))
TALLY TYPE (QUOTE (RACTERIAL VIRAL)))
The ture of the infection is as fallouws:
If the duration of the neurolodgical sidans is?
a) between 9 daus and 13 dows then! not bacterial (44)r ot viral (.3)%
b) between 13 dAaws and 20 daus then! not bacterial (.S)r not viral (.4):
c) dreater or eaual to 20 daus then! bacterial (46)r viral (.3)5
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CONCLUDETEXTLCNTXTyFARM VALUE » TALLLY » NUM] y
This function calls CONCLUDE for rarameters whose values are arbitrary

rpeices of text. It is a different function because it translates
differentlu,

DO-ALLLCXI NLxX ¥
For multirle conclusions - evaluates each of its arguments (rule
conclusions).
Ex? (DO-ALL (CONCLUDE CNTXT IDENT LISTERIA TALLY 500)
(CONCLUDE CNTXT GENUS CORYNERACTERIUM TALLY SC -
1) There is suddestive eviderce (.3) that the identity _.f the
ordanism is Listeriar and
2) There is suddestive evidence (.5) that the denus of the
ordanism is Corwnebacterium

DONTASKLCNTXTFPARMI

Conclusion function which saws that FARM of CNTXT should rot be asked
(although it may be tracedr if needed).

Ex? (DONTASK CNTXT CONFORM)
Ion’t ask about the dgrowth conformation of the ordanism

NOTRELEVANTTCNTXT»FPARMS»CF ]

A conclusion function that indicates that the value of each of the
rarameters in PARMs is not relevant for CNTXT! we shouldn’t ever ask or
try rules to deduce the value.

Ext (NOTRELEVANT CNTXT (QUOTE (SECONDARY)) 1000)

It is definite (1.0) that the following is irrelevant: the
infection to which the bacteremia is secondary

PRINTCONCLUSIONSCCNTXTyPARMyHEADER]

Disrlaus nicely the value of FARM of CNTXTy or indicates that no
conclusions were made. Intended as 3 simele dgoal rule ACTION. If HEADER
is Ty prefixes values with a simrle header announcing what these are the
values ofi if other non—-NIL values HEAIER is printed? otherwise no header
at 31l is eprinteds and rnothing is mentioned if there are no values.

Special facility for use with TEXT-valued rarms! if PARM has a
prorerty LAREL.ORDER, then TEXT values of ecual cf will be sorted by their
labels, For LABEL.ORDER=T» the lasbels are inteders» and the values will
be sorted in ascendimgd order of labels otherwise the LAREL.ORIER rrorerty
is a list of labels (atoms)y and the values are sorted accaording to the
order of the labels in this list.

Ex? (FRINTCONCLUSIONS CNTXT REGIMEN)
Diseplay the therareutic redimen of the ratient

Auxilliary functions

- - i

$ANDC$$CLAUSES] NLX |

Evaluates each of the rredicates in $$CLAUSES until one failss if all
succeed (i.e, return T or a cf > +2) the minimum cf is returned, else NIL.
All rule rremises and the rredicates of all marrind functions must be

calls to $AND - even if there is only a sindle predicate clause inside
the $AND.
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f $ORC$SCLAUSES] NLX
i Evaluates each of the predicates in $$CLAUSES: returning the c.f. of the
i most highly confirmed clauser unless all fail. Stoes if orme of the clauses
evaluates with certainty (since the maximum 1.0 is the result).
Ex? ($0R (GREATERFX (VAL1 CNTXT WBC) 12.35)
(GREATERPX (VAL1 CNTXT FMNS) 80)
(GREATERFX (VAL1 CNTXT DBANDS) 10))
1) The white count from the -ratient’s rerirheral CRC (in
. . thousands) is greater than 12.5, or
= 2) The rercent of PMN’s in the CEC is dreater than 80s or
b 3) The rercent of rerirheral WBC’s which are immature in the CBC is
dgreater than 10

b S i e i e

e LISTOFCN] Lx
. Simeply EVALs its ardument (which is usually the name of 2 list). Used
as ardument to a3 basic Fpredicate when a choice of values is indicated,

;! Ex? (SAME CNTXT SITE (LISTOF STERILESITES))
- | The site of the culture is one of! those sites that are normally
sterile

ONEQFCX]) NLx
A no-seread auote! returns its ardument list. Used as argument to a
basic predicate when a choice of values is indicated.
4 E (SAME CNTXT SITE (ONEOF URINE SPUTUM))
i; 3 The site of the culture is one of! urine srutum

! QUOTELXJ NLX
E Lise furnction. It is used in action functiomns that recuire a list of
parametersy valuesr etc. (e.dg.» CONCLUDET).

TEXTCNI Lx

5 Constructs value of TEXT-valued rarms. The first ardument is 3 label

g | (or NIL) which may be used to tag the value for sarting by FRINTCONCLUSIONS.
The remaining ards are arbitrary rule forms to comstruct a2 text rhrase.
Result is a list (TEXT label . rhrase). If there is only ore args the

label is interrreted as 3 TEXT tadr i.e. (TEXT label) is the same as (TEXT
g label (TEXTAG label)).

5
4

TEXTAGLTAG] NL

Quotes a text °tag®y a place holder for 2 string of text which is the
E ! *value’ of a3 conclusion rarameter., TAG should be in PROP-TEXT, and should
it have 3 TRANS which is the strimg in cuestion (at least in current
implementation).

UNITSCUD NLX
Returrs its first ardument. The second ardument is mot seen by the
functiony but is a3 unit and is used for translation.
Ex? (GREATERFX (VAL1 CNTXT AGE) (UNITS 3 YEARS))
The ade of the eatient is dreater than three uvears

g VALCCNTXT»FARM]
: Returns FARM of CNTXT as a list of rairs (value cf)» tracing the
parameter first if it has not been traced vet.

- ki, gl
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VAL1CATMsFPARMI NL
Returns the value af PARM of ATMy without its cf, Onls suitable for
sindle-valued rarameters. ATM is evaluatedr FARM is not.

i e S s A LI

iR RR e A

- VALYEWLCNTXT»PARM]

Returns PARM of CNTXT as 3 list of rairs (value cf) in order of .
decreasing cf. This is the same as returned bw VAL if the rarameter has
already been traced. VALYEW causes-no tracingt it can be interrreted 3s
the sustem’s current information about FARM of CNTXT

: Marring functions

You rrobably wom’t need to use mapring functioms inm anve of wour

rules. The exist to a3llow 3 rule to use rarameters of the conbant
to which the rule is arrliedr as well a3s rarameters of each of 3 swocified
list of contexts.

The functions mas over 3 list $EMAFSET which is wusually & list of
contexts. $SFREEVAR is the name of the iteration varisblef: 14 is nmot
necessary to srecify 3 value for $$FREEVAR, the default FREEUAT w1il be used
if none is sracified. $$FRED is a rredicate which nhas the same form as

ia et s otes 2wl Al Sl

3 rule FREMISFE. Cilauses im $$FRED maw use CNTXT (the context ' which the
rule is beind arrlied) as well as FREEVAR in their context slob.
If $SMAPSET is 3 list of razirs (which it will bhe if the set is Lihe resuylt

of a call to GETALL or GETOFFSFRING)» the CARS flag should be ot to T.
This indicates that each time $3FREEVAR should be sot to the Tafl of the
current element rather than the element itself. Moast aof the functions
return $$ANSET set to their result. For functions whose resull i 3 listy
, COLLECTEDLST is the default for $SAMSETS for those that returrn 3 sindle
{ element, the default is FOUNDVAR., These result variables are «lobelsd the
t result of 2 masrind function in a rule’‘s FREMISE is often wuced in Lhat
rule’s ACTION. ’

A marrind function can be embedding in a call to the LISF function
NOT» and the action and tramslations will be arrrocriatly nedated,

THIS PAGE IS BESYT QUALTYY PRASTIME
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f FINDMAXCSSMAFSETy$SFRED SSTEST» $$FREEVAR » $FANSET »CARGY NL §
Mapring fumction that returns $BANSET set to the element of $EMAFRSET
which had the lardest value of $$TEST out of all those elemenls which
satisfied $$PRED. Global MAXVAL is set to this macimum value of ETEST. : :

Exs . (FINDMAX (GETALL CURTHER)
($AND (KNOWN $FREEDRUG WHENSTART))
(VALL1 $FREEDRUG WHENSTART)
$FREEDRUG NIL T)

You have examined the current druds of the ratient for which the
i time since therary with this drud was started is knowny
and have selected the orne having the maximum vailue for the
time since therasy with this drud was started

4
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FINDMINCSSMAPSET » $$PRED» $STEST » $$FREEVAR, $$ANSET »CARS] NL
Like FINDMAXs but looks for the the smallest value of $$TEST, and sets
global MINVAL.
Ex? (FINDMIN (GETALL FRIORTHER)
($AND (LESSENQX (VAL1 $FREEDRUG WHENSTOP) S5))
(VAL1 SFREEDRUG WHENSTOP)
$FREEDRUG NIL T
You have examined the prior drudgs of the ratient for which the
time since therary '‘with this drug was discontinued is less
than or eaual to 9 daysr and have selected the ore having
the minimum value for the time since therarws with this
drugd was discontinued

FORALLC$$MAFSET »$$FREDy$$FREEVAR»CARS] NL
True if $$FRED is true fo» each element of $$MAFSET. Furction returns
(trivially) true if mar set is empty.
Ex? (FORALL (GETALL POSCUL) ($AND (NOTSAME FREEVAR SFECSTAIN)
(NOTSAME FRECVAR CRYFTO-SEROLOGY)
(NOTSAME FREEVAR COCCI-SERNLOGY)))
For each of the the rositive cultures of the ratient it is true that
1) Ordanisms were rnot seen on the stainm of this cultures
2) The crurtococcal antidgen inm the csf was not sositiver and
3) The csf coccidigides serolody was not rositive

THEREAREL $$MAFSET » $$FRED» $SFREEVAR y $$ANSET»CARS» UFPLES] NL
Collects all the elements of $$MAFPSET for which $$FRED is true.

If DUFLES is Ty it returns a list of durles rairing each element
of $$MAPSET that succeeded with the value (number) returned when
the predicate was arrliedto that element.
Ex? (THEREARE (GETALL KNOWNORG)

($AND (DEFINITE CNTXT IDENT))

NIL COLLECTEDORGS T)

You have examined the ordamisms isolated from rositive cultures
obtained from the ratientr seleclind those for which the
identity of the ordganism is known with certainty

THEREARE ! CNJ] Lx :
Returns true if LST is non-empty. This is like a call to THEREARE with
$$MAFSET Ty but translates better.
Ex? (THEREARE! (GETOFFSFRING CNTXT SMEARORG))
There are ordanisms noted onm smears of this culture

THEREXISTSLC$$MAFSET» $$FRED» $$SFREEVAR » $$ANSET»CARS] NL

Like THEREARE, but Just finds the FIRST element (or CAR of element)
satisfuing $$PREDy and returns that.

Exd _ (THEREXISTS (GETALL CURTHER)
($AND (SAME FREEVAR DNAME (ONEOF AMPICILLIN CAREENICILLIN
PENICILLIN METHICILLIN)Y))
NIL NIL T)
You have examined current druds of the epatientr and have found one

for which the name of this drud is one of! americillin
carbenicillin remicillin methicillin
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Functions used within Marping Functions

GETALLLCTYPE] NL . = ;
Returns a list of all contexts of ture CTYFE. Currently in the form

((entxt 1000).44)r until we det around to being neater. This is often used
in the $$MAFSET slot.

GETOFFSFRINGLCNTXT,»TYPE]

Returns a list of contexts of ture TYPE descendant to CNTXT Currently 3
list ((cntxt 1000) +44).

APPENDCL] Lx

Lisp function., It is used in the $$MAFSET slot when more thaen one
tyre of context is to be examined.

NOTSAMEANSCCNTXT1 +CNTXT2,FPARMI]
FPremise clause which is true if CNTXT1 and CNTXT2 have different values

- -~ e

SAMEANSCCNTXT1»CNTXT2sPARM]

A rremise function that is true if CNTXT1 and CNTXT2 have Lhe same valus
for rarameter FARM.

TRACEDFLCNTXT »FPARM] .

True if PARM has been traced for CNTXT, This is used when Lho
value of a rarameter of one context is to be tramsfered to another context.
To avoid circular reasoning, we srecify that the tardget raramelor must

already be traced for a context to satisfy the eredicate.
Exd (THEREXISTS (AFFEND (GETALL FOSCUL) (GETALL FENDCUL))
($AND (TRACEDF FREEVAR NOSOCOMIAL)
(KNOWN FREEVAR NOSOCOMIAL)
(SAMEANS CNTXT FREEVAR SITE))
NIL FOUNDCUL T)
You have exar.irned rositive cultures obtaired from the rabtient and
pending cultures of the ratientr and have founid one for which
1) All informatior about whether the infection was
acequired while the ratient was hosritalized has
been gatheredr» and
2) It is known whether the infection was aceuired while
the ratient was hosritalized, and
3) The culture under consideration and this culture have ths
same value for the site of the culture

Action Functions used in Rules with Marring Functions

CONCLISTCCNTXT»PARMsGVAL yTALLY]
GVAL is a3 list of durples:-(value cf)., Concludes that FARM of CNTXT is
each of those valuesy modified by TALLY.
Ex? (CONCLIST CNTXT IDENT GRIDVAL 900)
There is strondly suddestive evidence (.9) that each ol the ones
that vou found is the identity of the ordaniswm

CONCLUDEALLLCNTXTS»FARM» VALUSCF1]

Makes the same conclusion for each of a list of contexts.
Ex? (CONCLUDEALL COLLECTENCULS REQTHER YES -1000)
It is definite (1.,0) that the ordanisms isolated from Lhe cultures
that wou selected should rot be considered for theraey
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TRANSDIFPARMCFROM! »FFARM»TO! » TPARM,CFFOSITIVE]

Transfers the value of FFARM of FROM! to TPARM of TO!s modified bw CF.
Either FROM! or TO! may be a list of contexts aor 3 sindle context. FPARM
and TPARM are different rparameters. If POSITIVE is setr it only transfers
values with non-nedative CFs.

Ex? (TRANSDIFPARM COLLECTEDORGS IDENT CNTXT COVERFOR 700)

There is suddestive evidence (.7) that the identity of each of the
ordanisms that wou. selected is the ordanisms (other than
those seen on cultiures or smears) which might be causing
the infection

TRANSLISTCFROM» TO»PARMS»I1]
Transfers to context TO the values of of each of the PARMS of the
contexts in FROM» modifying the cf’s bw I.
E:x? (TRANSLIST (VALYEW CNTXT SAMERUG) CNTXT (QUOTE (IDENT)) 1000)
It is definite (1.0) that these rprorerties - ident - should be
transferred from the ordanisms with rossibly the same
identity as this ordanism to this ordanism

TRANSPARMCFROM! »TO! yFARM»CF] >
Transfers the value of PARM of FROM! to TO!s modified by CF. Either
FROM! or TO! mawy be a list of contexts or 3 sindle context. If FOSITIVE
is sety» only transfers values with non-redative CFs.
Ex? (TRANSFARM FOUNDCUL CNTXT SECONDARY 1000)
It is definite (1.0) that the information that you have dgathered
about the infectiorm to which the bacteremia is secondary
is also relevant to this culture
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APPENDIX F
DECAIDS USER'S PROCEDURES

In order to present the procedures necessary to use the

DECAIDS prototype decision support program, the following quick-

reference material is provided. All TOPS-20 and EMYCIN/
DECAIDS commands must be followed by a carriage return to
enter the user command or response. A sample consultation
is presented in Appendix C.
1. Select the desired ARPANET compatible terminal to
be used.
2. Connect to the local ARPANET TIP,
3. If using dial-up device, upon receiving the carrier
tone, connect the telephone to the terminal's modem,
4. Depress the "RETURN" key once.
5. The following will be printed by the system:
NPS TIP 420#: 2
6. The user next enters
el 116
This will connect the user to the University of Southern
California's Information Sciences Institute System E computer

referred to as ISIE,.

7. The system will respond with:
TRYING ...
OPEN
ISI-SYSTEM-E._ TOPS-20 MONITOR 3A(10S)
]
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The "@" symbol is the TOPS-20 operating system's prompt.
After this symbol, a user may enter his commands or responses.
8. The user next enters:
LOG DECAIDS escape
9. On the same line with the last entry, the user
will be challenged with:
(PASSWORD)
10. The user must respond to (PASSWORD) with:
v ""PASSWORD'" escape.
(The actual password may be obtained from LTCOL R. J. Roland
or Professor Gary Poock.)

11. Again on the same line as above, the user will be

challenged with:
(ACCOUNT)

12. The user's proper response to (ACCOUNT) is to enter
a carriage return.

13. The current TOPS-20 operating system will respond with
accounting data, date, and user file information. This infor-
mation may be viewed or terminated with:

Control 0

14, At the end of the login information the "@" prompt
will be returned by the TOPS-20 operating system. At any
time after logging in has been completed, the user may enter
a:

Control C
in order to return to an "@" prompt and thereby facilitate a

quick log-off with the command:
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LOGO

15. To enter the EMYCIN/DECAIDS éystem, the user must
type:
EMYCIN.EXE
16. The EMYCIN.EXE will respond with:
LOADING CHANGES ...
FILE CREATED (date) and (time)
CHANGESCOMS

(<DECAIDS> CHANGES..current number)
(<DECAIDS> EMYCIN.EXE.8.<DECAIDS>LISP.EXE.80516)

17. The "_" is the EMYCIN prompt symbol after which
DECAIDS commands may be issued.

18. To begin the DECAIDS consultation program, the user
enters:

BEGIN]
The right square bracket must be entered. A short delay
(10 to 30 seconds) may be experienced before the next system
response occurs,

19. The user will next be challenged with:

SPECIAL OPTIONS (TYPE ? for HELP)

20. The user may respond with a carriage return if no
special options, such as fault tracing (i.e., FT 1 or 2 or
3 or 4), are desired or with a "?" if an explanation of
available options is desired.

21, The system will next challenge the user with:

INSTRUCTIONS (Y or N)
22, On the same line a "Y'" response to 21 above will

present a line of instructions on the use of the DECAIDS
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system and an "N" will continue with the DECAIDS consultation
session. '
23. DECAIDS will continue with the consultation by
presenting the user with:
(current date) and (current time)
ORGANIZATION=1

1) THIS PROGRAM IS DESIGNED TO PROVIDE
MANAGERS AT ALL LEVELS WITH ADVICE
CONCERNING THE USE OF THEIR COMPUTER
RESOURCES. IN ORDER TO PROVIDE THIS
INFORMATION, THE USER WILL BE ASKED TO
FURNISH DATA CONCERNING: HIS ORGANI-
ZATION, ITS LEVEL OF TRAINING, THE
ORGANIZATION"S LEADER, THE ENVIRON-
MENT AFFECTING THE DECISION, AND THE
TASK FACING THE ORGANIZATION. WHAT
IS THE TYPE OF PROBLEM WHICH THE
ORGANIZATION FACES?

This is the beginning of the consultation session. This first
question about the type of problem may be answered with any
subject name, for example: electronic warfare. A full
consultation session is presented in Appendix C.

24. The consultation will continue by asking ten
additional questions for the user to answer at the end of
which the user will be presented with the DECAIDS recommen-
dations.

25. After the recommendations are offered, the system
will ask:

Do you wish advice on another patient?
(Based originally on a medical background, the inference

engine continues to ask for '"patients.")
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26. A user response of "Y'" will start another consulta-

tion session with a title of ORGANIZATION-2 and an "N"

response will return the user to the TOPS-20 operation system
and its prompt of:
e
27. To log off the system from the TOPS-20 operating
system the user need only enter:
LOGO carriage feturn
28. The system will respond with:
KILLED JOB (#), USER DECAIDS, ACCOUNT NPS-OTHER-
STUDENTS, TTY 167, AT (date, USED (time)
CLOSED

and the session is closed.
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APPENDIX G
DECAIDS KNOWLEDGE BASE MODIFICATION PROCEDURES

The following procedures are provided as a quick
reference to fill in a new knowledge base or modify an
existing one. The system designer will be required to declare
parameters, define rules, and to save (make a file called
CHANGES) the declarations and definitions. The parameters
declared may be context names, rule group names, or value
parameter names. The EMCYIN system prompts (requests for
values from the designer) for the types of parameters
mentioned above will be summarized in this section and
examples will be provided. A carriage return is to be typed
after each sample command. Entering the EMYCIN file is

accomplished as described in Appendix F.

A. DECLARING PARAMETERS
1. To declare parameters the designer enters the
following command after the EMYCIN prompt of i
GETPARMS
2. The system will respond with:
PARAMETER NAME :

3. If the system designer then responds with the name
of a new parameter, the system will commence prompting for
parameter property values.

4. The first prompt for a property value will be:

PROPGROUP :

b e e S
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5. A response to PROPGROUP of

ALLNAMES: signals the system that the parameter
is to be a rulegroup name

PROP-VAL signals that the parameter is to be a
context name, and

PROP- (name) signals that the parameter is to be a
value parameter in the parameter grouping of (name)

which is of the designer's choosing,.

6. RULE GROUP DECLARATIONS

If the parameter is to be a rule group, then
the next property prompt will be

CONTEXT?
The designer should respond with the context(s)
names to which the rules of the named rule group
will apply, i.e.:

ORGANIZATION
The next property prompt will be:

SVAL:
The designer shall respond with the appropriate
context name, i.e.:

ORGANIZATION
The following prompt will be for:

CTRANS:
The appropriate context name is the correct
designer response, i.e.:

ORGANIZATION
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g. The next prompt will be for:
PROPTYPE:
h. Here, the designer should respond with:
PROP-ALLNAMES
The system will return with a prompt for:

SUBPROPERTY:

A carriage return after '"SUBPROPERTY" will £
return a system response of: ;
PARAMETER NAME:
A carriage return after "PARAMETER NAME" will take
the user out of the GETPARMS subprogram and return
a:
DONE
7. CONTEXT DECLARATIONS
a. If the response to PROPGROUP is PROP-VAL, then the

first prompt for a context parameter will be:

TRANS :

b. The designer response to '"TRANS:" is the
designer's literal interpretation of his intent !
for this context name, i.e.:

(the organization)

¢. The next property prompt is:

MAINPROPS:

d. The designer response may be a carriage return if

e

no MAINPROPS are to be used or a list of param-
eter names, i.e.:

(PROBTYPE TASK STRUCTURE TECHNOLOGY)
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e. The context parameter's next property prompt will
be: :
PROPTYPE:
f. The designer should respond to PROPTYPE with the
value parameter group(s) names to which this
context will apply, i.e.:

PROP-ORG

g. The next property prompt will be:
TYPE:
h. The correct designer response to "TYPE:'" is the
appropriate context name, i.e.:
ORGANIZATION

i. The system will next prompt for a response to:

RULETYPES:
j. Here, the proper response is the rule group(s)

names to which the context will apply, i.e.:

(ORGRULES)

k. The final property prompt seen in context declara-
tions in DECAIDS is:
GOALS:

1. The designer should respond with those goal- ?

parameters for the current context, i.e.:
(DECAIDS FORMAL UNKSTRUC)

m. After prompting for the standard property

values listed above, the system will request:

SUBPROPERTY :




a2

n. If the designer has a need to use additional

s b, %

" | property values, such as LABDATA, then he should
i | respond to "SUBPROPERTY:'" with the name of that
property which he should use, i.e.:
LABDATA
o. The system will then prompt the designer to pro-
vide a value for the subproperty just defined,
j% Ke®.
LABDATA:
P. A proper respunse to "LABDATA:" is:
T
q. When the designer has completed declaring param-
eters, a carriage return should be entered to the

systems request for another subproperty defini-

tion.
r. The system will next return with:

PARAMETER NAME:

b i s <R R @ . 3 :

A carriage return response here will cause a
system response of:

DONE
and return the designer to the EMYCIN.EXE file
with its "_'" prompt.

8. SAVING FILES

i a. The above work is saved in a CHANGES file with the

following command:

MF CHANGES

e e s
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b. The EMYCIN file will return the now current

edition number of the CHANGES file.
9. CHANGING A PROPERTY VALUE
a. Changes to a property value are made by typing the
property name while still in the GETPARMS sub-
program, i.e.:
PARAMETER NAME: STRESS
SUBPROPERTY: TRANS
b. The system will return that subpropertf to the
designer expecting a new value to be entered, i.e.:
TRANS:
c. The designer should enter a new value and a
carriage return, i.e.:

(THE NEW ORGANIZATION) carriage return

d. The system will challenge with .
[NEW VALUE]

e. On the same line as '"[NEW VALUE]," the designer

must respond with: 1

; YES, for "YES" or N, for "NO"

™

f. The system will then continue prompting with: |

. SUBPROPERTY:

B. DEFINING RULES

1. Rules are defined by initiating a call to the
GETRULES subprogram with:
GETRULES)

P R——

2. The system will respond with:
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RULE#, NEW or SUBJECT FOR NEW RULE:

3. To enter a new rule, the designer must respond with:
NEW
To edit an old rule, the designer must respond with the

desired rule number to be edited.

4. After "NEW" is typed by the designer, the system will

respond with:

ANTECEDENT RULE?

5. In most cases the rule will not be an antecedent rule

and the correct response is simply:
N
6. The system next sends:

RULE (number)
PREMISE:

T -For a new rule, the designer should first define a
rule premise and should respond to 6 above with his premise
statement, in the INTERLISP syntax, i.e."

($AND (SAME CNTXT STRESS LOW))

8. The systems response will be either:

a. an error message for syntax or undeclared
parameter,
or

b. RULE (number)
ACTION:

9. In response to the system's request for the ACTION
statement, the designer should enter the rule's appropriate

action statement, i.e.:
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(CONCLUDE CNTXT SIZE LARGE TALLY 900)

The "TALLY 900" is the designer's certainty factor entry.
10. The system may again respond with an error message oOr
return:
SUBJECT OF RULE (number) IS (rule group name)
[CONFIRM[
11. If (rule group) is the correct name to which the
rule belongs, then enter
Y
immediately after [CONFIRM], i.e.:
[CONFIRM] Y

12. If in response to "RULE#, NEW or SUBJECT FOR NEW RULE:,"

the designer enters a rule number, the system will return:
TRANSLATE, DELETE, NO CHANGE, OR NAME
OF PROP TO MODIFY:
13. The designer may now specify the premise or action
statement if he chooses to edit either, i.e.:
TRANSLATE, DELETE, NO CHANGE, OR NAME OR
PROP TO MODIFY: PREMISE
14, The system will respond with the current premise value
and on the next line return:
PREMISE:
awaiting the new value.
15, After the new value has been entered, the system
will challenge with:
[NEW VALUE]:
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a "Y" for "yes" or "N" for "no"! immediately after [NEW
VALUE] is the correct response.
16. A carriage return after RULE#, NEW or...will cause the
system to return:
DONE
17. Rules may now be saved with:
MF CHANGES
18. Debugging of error messages may be facilitated by
reference to the XEROX INTERLISP Manual and via communications
with the AI personnel at Stanford University. (ARPANET
address:
. SCOTTe@@SUMEX-AIM
Carlisle Scott is a programmer with the AI group at Stanford
University who has provided a great deal of assistance in

learning the EMYCIN system.)

C. PRINTING PARAMETERS AND RULES
1. The parameters list is printed out with the follow-
ing command:
PRINTPARMS (NIL T 72 T)
2. The rules may be listed with the following command:
(PRINTRULES rulegroup name 'B)

D. LOGGING OFF FROM THE DECAIDS FULE
1. From the DECAIDS file a CONTROL-C command and no
carriage return will return the system designer or consul-

tation user to the TOPS-20 operating system.
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2. The command:

LOGO

i K. i [

will log the system user off of the computer at ISIE and off

- of the ARPANET TIP.

v% f 3. The system will terminate with:

: KILLED JOB #, USER DECAIDS, ACCOUNT NPF-
OTHER-STUDENTS, TTY 135, at (date time),
USED (time) CLOSED.

~
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