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CHAPTER 1

INTRODUCTION

This thesis describes the application of the general purpose inference system ADVISE to the creation
of an expert system, PLANT/cd, that predicts damage to corn due to the Black Cutworm. ADVISE is a
general purpose meta-expert system that allows the incorporation of a wide spectrum of domain areas and
problem soiving strategies. It has been developed by a group effort in expert system design and research.
The ADVISE project is headed by Prof. Michalski and Dr. Baskin. Researchers currently working on
various aspects of ADVISE are: Mark Seyler, Kent Spackman, Lance Rodewald, Carl Ubrik, Bob Reinke,
and myself. Black Cutworm damage prediction is just one of the possible domains for ADVISE. ADVISE
also has been used to build an expert system to diagnose soybean diseases, called PLANT /ds [Michalski et
al. 1982}, [Michalski et al. 1983¢c|. For a general overview of ADVISE, see [Michalski et al. 19832} znd
[Baskin & Michalski 1981], and for a technical description see [Michalski et al. 1983b]. ADVISE was
designed to be an adaptable expert system and this thesis is a case study in applying ADVISE to a

particular domain.

Black Cutworm {BCW) damage occurs to a farming area on infrequent occasions because it is a
sporadic pest. Although some felds consistently bave cutworm problems, on the average only about 10%
of the fields having damage in one year will be damaged in the next year. In any given year 2 to 10% of
the Midwest corn acreage receives damage exceeding the economic injury level. A predictive expert
gystem that identifies damage fields before planting would allow farmers to take action before planting
and scout felds more effectively after planting. It is estimated that such an expert system copld save one

million dollars per year in the state of [llinois and five million dollars in the entire corn belt,

This thesis will first deseribe in general terms the ADVISE meta-expert system. It will then describe
the cutworm damage problem and the implementation of PLANT fed using ADVISE. It will be shown

that this implementation brings up the issue concerning the connection of surface models and deep



models' (described in more detail in Section 3.5.) The following chapters provide detailed descriptions of
the control scheme used for PLANT /cd, the implementation of the PLANT/cd knowledge base, some
validating experiments, and 2 description of a small expert system, PLANT /cdp, implemented in
EMYCIN that predicted fields that could be damaged. Finally, a summary section provides a discussion of
the strengths and weaknesses of ADVISE as learned from its application to the specific problem of Black
Cutworm damage prediction, and of the strengths and weaknesses of the PLANT/cd implementation.

The next section describes briefly the concept of expert systems.

1.1. A Brief Review of Expert Systems

An expert system is a computer program that exhibits high performance in a specific problem
domain due to a large amount of formally encoded knowtledge an& the ability to conduct formal reasoning
on this knowledge. An expert system is designed‘to do various tasks that an expert would typically
perform: diagnose, interpret, consult, classify, identify, search through a space of possible solutions,

explain, tutor, and analyze.

In expert systems, domain knowledge is often represented as a set of production rules. These rules

take the form of:

IF <condition> THEN <action>

where

<condition> is a two valued or variable valued logic expression
which must be satisfied to a certain preset degree, and

<action> is 2 set of actions to be performed if the <condition>
part of the rule is satisfied.

The set of such rules that characterize a given application area is termed the knowledge base. The

knowledge base is one of the major components of an expert system.

~

Another major component is the inference mechanism by which the knowledge base is used to

perform given tasks. An implementation of a method is called the inference procedure. Often the

t A deep model involves a precise, algorithmic formulation. A surface model involves a shallow, approximate, “rule of thumb*
formulation.



inference procedure is divided into two parts:
® a rule evaluator/ezecutor that applies and evaluates a single rule, and
. a control scheme that decides about the order in which rules are applied.

In many expert systems, some form of probable or plausible reasoning is used in the inference procedure to

handle uncertainties. Data is often represented as value/confidence pairs.

In addition, an expert system includes the memory needed to store intermediate results of rules

when they are actuated or fired, Some architectures term this component the blackboard.

A favorite starting point for expert system architecture is to organize these three components, i.e,,
knowledge base, rule evaluator, and blackboard, as a production system. Such a production system
organization works by performing recognize-act cycles. In each cycle, the control scheme decides which
rules to evaluate and, if any fire, executes their right-hand sides. For more details on production systems
see [Nilsson 1980| , [Davis & King 1976] and [Michie 1980]. Not all expert systems work as pure
production systems. Some, and PLANT/cd is one example, are more like Markov algorithms in that the

productions are ordered.

There is another way to view the architecture of an expert sz;stem that turns out to be equivalent
in many respects to the view of an expert system as a production system. In this view, the expert
knowledge is in the form of a network. The control scheme becomes a network traverser/updater. This is
the view incorporated in PROSPECTOR [Duda et al. 1978]. For more detailed overviews of expert

systems, see [Gevarter 1982], [Michie 1980}, and [Stefik et al. 1982].
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CHAPTER 2

THE ADVISE SYSTEM: A GENERAL OVERVIEW

2.1. Novel Features of ADVISE

ADVISE has been designed to provide the knowledge engineer with an expert system workbench. It

contains a number of features not commoualy found in existing expert systems. These leatures include:

facilities for representing knowledge in three different forms: 3 network form, a rule form, and a

relational data base form,
* use of a very general and flexible representation for inference rules,
. freedom to choose and apply a host of inference control strategies,
° inductive learning capabilities,
. freedom to choose and apply several rule evaluation schemes, B

. separation of control of flow specification (strategic information from non-procedural information

{tactical information),
. modular design,
. common virtual memory representation [or data,
. emphasis on simplilying man-machine interaction, and

. implementation of the system in Pascal (a popular language widely available on many computer

systems).

Many of these features will be discussed in the next section. As this list shows, there is an emphasis
in ADVISE on user and developer Bexibility aad convenience, The user interface has been designed to be
[riendly and is designed around a touch panel interfaced with a plasma display terminal. The user

interface also supports a variety of other terminals as well. Figure 3 shows some views of the plasma



display terminal.

There is the design goal of getting ADVISE oul to the public. This is a major reason why Pascal was
chosen as the implementation language. Good versions of Pascal are available on many microcomputer
systems. There are two methods to support microcomputers. One method is hand tailoring ADVISE to the
microcomputer environment. The other more attractive option is automatic tailoring. A tool for A;DVISE

to do automatic tatloring is being developed.

There is a goal of a clean design in ADVISE. In many expert systems the tactical and strutegic
knowledge are intertwined. This causes problems in explaining the reasoning of the inference process to
the user. ADVISE is being designed to avoid this problem by maintaining a separation between control or
mets-knowledge, and factual knowledge of the domain. The goal of a clean design is also supported by a
common represeatation for data at the lowest level of ADVISE. ADVISE was designed as a set of
modules serving as elementary blocks for constructingkinference systems. This modular design makes

ADVISE flexible and elegant.

2.2. A First Look at the ADVISE Architecture

Figure 1 shows a conceptual level diagram of ADVISE. (For more detailed information see
[Michalski et al. 1983a] and [Baskin & Michalski 1981].) The four major components of the ADVISE

system are:

. Control Block and User [nterface
e . Knowledge Base
e  Query Block

. Kanowledge Acquisition Block

Each of these components supports a network structure, a rule base, and data base knowledge

representations. These components are described in the following sections.
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Figure 1. A conceptual level block diagram of ADVISE.



2.2.1. Control Block and User Interface

This component handles three distinct modes of operation. Each mode is listed below with a brief

summary of its function.

Query mode. In this mode the system can select questions to ask the user. The system then accepts
the user's answers and conducts an inference process which involves the knowledge base and
information provided by the user. This allows the system to compute advice with an associated

strength of supporting evidence.

Knowledge ascquisition mode. This mode coordinates the process of encoding expert derived rules into
the knowledge base and the interactive invocation of the separate inductive learning programs. This
mode handles specific components designed to define expert rules, refine the rules manually, induce
rules from examples, and correct or improve ru‘les with machine aid. This mode‘allow‘s the system
to test rules in interactive mode on individual cases, as well as in batch mode on a collection of

cases,

Ezplanation mode. This mode paraphrases decision rules into English. This enables the user to
understand the organization and operation of the system in both query and knowledge acquisition
modes. This mode allows the user to interrogate the contents of the knowledge base to determine

the steps which led to given advice.

2.2.2. Knowledge Base

The knowledge base consists of three parts, each using a different form of knowledge representation.

Each part is briefly described below:

Network base. The network -base contains network structures representing gemeral domain
knowledge concerning the interrelationship among various conceptual units. The network

organization is a form of-the logic net formalism described in [Baskin 1980].



. Rule base. The rule base contains rules in the basic form:

CONDITION 1> CONCLUSION : a,8

where

CONDITION is a formal expression in GVL, variable-valued logic system [Michalski 1980a],

[Michaiski & Chilausky 1980b], [Chilausky 1979|, [Michalski et al. 1982, [Michalski et al. 1983¢|
which involves elementary conditional statements (called selectars), linked by various logic
operators (including quantifiers). (See Section 3.4.)

CONCLUSION defines the decision or action which is to be taken when the CONDITION is
satisfied by a given situation.

a is the strength of evidence which supports CONCLUSION when the CONDITION is completely
satisfied (0 € a < 1).

B is the strength of evidence which supports the negation of CONCLUSION when the
CONDITION is not satisfied (0 € 8 < 1).

The rule above is read: CONDITION implies CONCLUSION with forward strength a and backward

strength 3. This rule is equivalent to the following group of rules:

CONDITION > CONCLUSION «
not CONCLUSION 1> not CONDITION a
CONCLUSION > CONDITION 32
not CONDITION 2> not CONCLUSION §

By providing both a and # for each rule it is possible to use rules for inference in both directions. Below

is 2 rule that illustrates the syptax of GVLIZ

RAIN-RULE

0.8 [BACKGROUND-NOISE = RAIN-LIKE]
[FORECAST(TODAY,TV23-WEATHERMAN) = RAIN|

b

0.2 [NATURAL-LIGHT = LITTLE. MODERATE]
(ILIGHTNING = YES] => [THUNDER = YES|)
(ISEASON = SPRING:0.5 OR SUMMER OR FALL:0.5|

‘ => [BIRD-NOISE = NONE|) >

[RAINING = YES| (0.9,0.5)
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The condition of this rule consists of what is termed a linear module. The linear module above is in the
form: qC, + q,C, The first term that is added above indicates the significant evidence for it raining

outside, and the second term is the confirmatory evidence.

The q, of the first term, 0.8, indicates that the two conjoined selectors that follow,

[BACKGROUND-NOISE = RAIN-LIKE| and [FORECAST(TODAY, TV23-WEATHERMAN = RAIN|
are the major pieces of evidence for it raining outside. Furthermore, these pieces of evi.dence have to
occur together. [Note that in the second selector of the first term, a function appears:
FORECAST{TODAY,TV23-WEATHERMAN). This function could be implemented as a table,

algorithmically, or as a rule group.

The second term lends support to the conclusion that it is raining, but its weighting, 0.2, is not high
enough to fire the rule if the significant evidence in the first term is not present. This term consists of a
selector conjoined with two implicative statements. An implicative statement enables one to encode the
fact that some conditions must occur for other conditions to lend evidence to the conclusion. Thus for the
first implicative statement, if the presence of lightning to be eflective there must also be thucder. This
encodes the heuristic that lightning from a long distance with no thunder is not evidence for it raining
locally. The first selector of the second implicative statement, [SEASON = SPRING:0.5 OR SUMMER
OR FALL:0.5| contains internal disjunction among three domain elements of SEASON. Two of these
domain elements, SPRING and FALL, are weighted so that if the selector is satisfied with one of these

domain elements, the selector will return a weeker truth value than if the season was Summer.

The forward strength of evidence for this rule is 0.9, and the backward strength of evidence is 0.5.
The backward strength is used when we know it is raining outside and we want to infer what the

associated conditions are.

The following computer-derived rule from PLANT/ds illustrates the use of ezternal disjunction:

-
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PLANT_STAND = LESS_THAN_NORMAL)|
PRECIPITATION = NORMAL OR ABOVE_NORMAL]
TEMPERATURE = BELOW_NORMAL OR NORMAL]|
PLANT_HEIGHT = ABNORMALY]

CONDITION_OF _LEAVES = ABNORMAL)|
LEAF_MALFORMATION = ABSENT]
CONDITION_OF _STEM = ABNORMAL|

v

TIME_OF_OCCURRENCE = APRIL OR MAY OR JUNE OR JULY OR AUGUST)|
PLANT_STAND = LESS_THAN_NORMAL|

DAMAGED_AREA = GROUPS_OF _PLANTS_IN_] LOW _AREAS]|
PLANT_HEIGHT = ABNORMAL]|

CONDITION_OF_LEAVES = ABNORMAL|

CONDITION_OF_STEM = ABNORMAL|

EXTERNAL_DECAY_OF _STEM = ABSENT OR WATERY_AND_SOFT] ::>

[SOYBEAN_DISEASE = PHYTOPHTHORA_ROT];

. Relationa! data base. This base contains relational tables which represent any factual information,

e.g., examples of experts’ past decisions.

2.2.3. Query Block

* This compotient supports queries which are executed by direct retrieval from the knowledge base.

This component also supports queries that require inference.

' Query block using direct retrieval. This type of query displays the contents of the knowledge base,

the network base, the rule base, and the relational data base.

. Query block uzing inference, Computing the most plausible advice for a specific situation is a major
function of this system. Queries involving deductive and/or inductive inference are supported for

each form of knowledge stored in the knowledge base.

Queries using inference for the network involve path finding within the network, e.g., climbing the
generalization tree. lnference over the network also occurs whenever hierarchal information in the

network is used to answer questions about relationships between concepts.

The most important method of providing advice is by doing inference with rules. For a given
situation, rules are evaluated by using a method of propagating uncertainties called an evaluation scheme.

The control scheme decides which rule to choose for evaluation. ADVISE offers a host of problem solving
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strategies. Local problem solving within a rule is defined by a choice of an evaluation scheme (of which
several are defined), and particular global problem solving bebavior in and among groups of rules is
governed by a chosen contro!l scheme (of which several are also defined). In ADVISE, there is contigual
development in local and global problem solving strategies. A key issue to tackle is the the separation of
strategic and tactical knowledge in rule base systems. It is felt that there is no adequate strategy
specification language, and research into a proper language is under way. We also hope to design a global

problem solving language to specify control schemes.

Various arithmetic or other transformations of the data items as well as the traditional relational
table operations such as project, select, and join are used in queries on the relational data base. Queries

are posed in a modified relational algebra using certain constructs from GVI.,x [Schubert 1977].

2.2.4. Knowledge Acqulisition Block

The system design includes knowledge acquisition for each type of knowledge stored in the

knowledge base.

. Knowledge acquisition by direct representation. The knowledge acquisition block supports knowledge

acquisition by direct representation of knowledge provided by human experts.

. Knowledge acquisition using inference. Reducing the burden on human experts was intended when
including machine based inference as part of the knowledge acquisition process. By defining
inference procedures over each component of the knowledge base, the system can now help human

experts present a complete, concise, and error free knowledge base.

2.3. A Technlcal View of ADVISE

Figure 2 is the technical level block diagram of ADVISE that will be discussed in this section. The
following section will discuss the current implementation of ADVISE on a VAX-780 under Berkeley Unix.
The curreat implementation does not include all the modules pictured in Figure 2. For a detailed

description of the implementation see [Michalski et al. 1983b].
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The ADVISE System

TERMINAL I

i DISPLAY MODULE

CONTROL B8LOCK
RULE BASE NETWORK BASE RELATIONAL TABLE
RULE INFERENCE NETWORK INFERENCE QUERY AND INFERENCE TESTER
PARSER CONTROL PARSER CONTROL (QUIN)
* forvard chaining 7 PARAPHRASE
*backward chaining
‘utility maxisizacion INFERENCE
* approximste bayesian OPERATIONS
PARAPHRASE «discriminace
cluscar
[-asal
warsel
RULE EVALUATOR e
—— et
PARAPHRASE
SPECIAL
PUNCTION
EVALUATION
TUPLE MANAGER

[

DISK STORAGE OF KNOWLEDCE BASE

Figure 2. A technical level block diagram of ADVISE,
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The DISPLAY module.

All interaction with the user goes through the DISPLAY module. This module provides the user
with 3 good means of man-machine interaction via a touch panel. It logically splits the screen into
windows which can have touch-sensitive areas and graphics. Several views of the ORION plasma
panel termipal with a touch panel that is used with the display module is shown in Figure 3. The
DISPLAY module also supports conventional cursor addressable terminals.

The CONTROL block..

This dispatches the major functions of ADVISE: parsing rules or networks using the parser modules,
running a coansultation using the rule base or network base modules, relational table query and
inference using the QUIN module, and testing parts of ADVISE using the TESTER module. This
module is not implemented in the current version of ADVISE.

The RULE PARSER module.

This module parses an extended form of GVL, It parses these rules into a parse tree that is
represented by a network built by the TUPLE MANAGER module. Curfently the RULE PARSER
runs in batch mode and is not connected to the CONTROL MODULE or the DISPLAY module.
The RULE BASE INFERENCE CONTROL module.

This module implements a set of schemes (also referred to as comtrol schemes) that use rules to
conduct inference. One inference scheme is a backward chaining (with limited forward chaining)
control scheme that is used to implement PLANT/cd. Another inference scheme uses utility
maximization for variable selection and is used for single-layered rule networks. This inference
scheme is for PLANT /ds which diagnoses soybean diseases [Michalski et al. 1982}, [Michalski et al.
1983¢|. This inference scheme is tailored for machine-derived rules generated by a progrém such as
AQ11 [Michalski & Larson 1978|. Finally, ancther inference scheme is being built that implements
an approximate Bayesian inference mechanism,

The NETWORK PARSER.

This module is used to parse networks. [t is currently not implemented.
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copnras B

o g

Filgure 3. Three views of the ORION plasma panel terminal. The upper view
shows what the terminal looks like. The lower left picture is a side view and the
infrared emitters that make up the touch panel can be seen. The lower right
picture illustrates the user interacting with a fouch target which is produced using

the DISPLAY module.
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The NETWORK BASE INFERENCE CONTROL module.

This module is used to carry on inference on networks. This module is currently not implemented.

The RELATIONAL TABLE QUERY AND INFERENCE module (QUIN).

This module is used to do queries and inference on relational tables. QUIN [Schubert 1977,
[Spackman 1983] calls a host of data analysis and learning modules such as AQI11 [Michalski &
Larson 1978|, ESEL [Michalski & Larson 1978], CLUSTER [Stepp 1980], PROMISE [Baim 1982],

[Baim 1983], and CONVART [Davis 1981].

The TESTER module.
This module is used to manipulate the tuple network directly. It is also used to exercise other

modules in the system.

The PARAPHRASE modules.

These modules are responsible for explaining to the user how rule and network inference is being
used during a consultation. Another type of PARAPHRASE module is used to ‘“‘unparse” a rule
from is parse tree form to the human readable form. Thig module is also used to explain the
evaluation of particular rules to the user. Currently the rule and network inference PARAPHRASE
modules are not implemented, and only a prelir.nin:uy version of the rule evaluator PARAPHRASE

module exists.

The RULE EVALUATOR module.

This module is responsible for evaluating the premise part of a rule and asserting its consequent if it
fires. It evaluates and asserts rule parts under a variety of semantics for logical connectives in a

multi-valued logic interpretation.
The SPECIAL FUNCTION EVALUATION (TRAP) module.
This module, also known as the TRAP module, is used to evaluate special functions called TRAP

functions that are called within rules. These functions can do such things as special displays, or

start up sensors, run models or simulations, etc. Preseatly, there is one version of this module for

PLANT/cd.
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(12) The TUPLE MANAGER module.
The basic structure for storing information in ADVISE is the tuple. (Information is also stored in
Pascal local variables, but this type of data is particular to the local environment and is not meant
to be preserved.) A tuple is a list of memory addresses of nodes. The list length can vary from tuple
to tuple (provided it is not greater than some predefined maximum). A sode is like a LISP atom and
consists of a print name and memory address and has a list of tuples. The node itsell is
conceptualized to be the head element of each of the tuples on the list of tuples a node has., Tuples
are accessed much like LISP property lists are; by contezt. The TUPLE MANAGER is the piece of
softwate that manages a virtual memory for tuples. The TUPLE MANAGER is based on the work
in [Baskin 1980]. Figure 4 contains some examples of tuples and illustrates how they can be used to

‘represent a semantic network.
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Example of Tuple Represeatation

HEAD NODE_~NODE THAT REPRESENT3 RELATION A TUPLE
HOUSE |( (HAS_ROON] LIVING _ROOM DINING ROOM KITCHEN BEDROCH)))

NODES THAT ARE IN RELATION TO
(KITCHEN ((HRS_DOOR_WITH DINING_RooM ))) HEAD NODE

{LIVING_ROOM ((HAS_COLOR RED) THIS 15 A CONVENIENT WAY
(MAS_FURNITURE SOFA TRBLE CHAIR)|g—wTO REPRESENT TUPLES
(HRS_DOOR_WITK DINING_ROOM))) THAT HAVE THE SAME

HEAD NODE

{STERED ((MAS_COLOR WOOD_GRAIN)
(MRS _SIZE LRRGE))})

{RED (()))
(WCOD_GRAIH (()))

THESE TUPLES CON3IST OF
(DINING_ROOM (()))

NODES THAT HAVE NQ ATTRIBUTES
{BEDROON (()))
(LARGE (O)))
(SOFR (()))
(TRBLE (1))

’ Diagram of Network
{CHAIR (())) G Made by ke Erampis Tupies
(HAS_ROOM (()))
(HAS_DOCR_MNITH (()))}
(HAS_COLOR (1))
(MRS _FURNITURE (()))
(HRS_SIZE (()))

)
NS P TRt

L in bAmrs e the nedes sfter the Peed node in & tusle wnd Fvoresemt the
TRISTION BEtunen the Padd nade et P reRt of the Peas (0 the tuple.

QIR i ¢11imm1 e rens nades wd redrs St than the Friosion nears.

Figure 4. This figure shows an exemplary use of tuples for 2 semantic net with
labeled arcs.




18

CHAPTER 3

THE BLACK CUTWORM DAMAGE KNOWLEDGE BASE

3.1. The Problem Domaln

The Black Cutworm {BCW) is a sporadic corn pest that in any given year damages 2 to 10 of the
Midwest corn acreage above the economic injury level. It damages corn by cutting it around the base of
the stalk. The following is a summary of how experts view the process in which a cutworm population

damages 1 field. A process graph is provided in Figure 5. This graph is a perspective graph of the damage

process. The horizontal azis represents the number of Centigrade degree-days (CDD)!, which is a measure
of time in terms of the total heat input to the system. As can be seen on the graph, later months provide
much more heat than the early ones. The vertical azis represents the level of the cutworm population and
the corn population. Population level of the corn represents the number of live corn plants and is
unrelated to corn height. For [llinois, there are typically three generations of cutworms. Usually, the first
generation does the corn damage. In this area (Central and Northern [llinois), Black Cutworms do not
ovcrwin'tcr. The depth azis represents the different groups involved in the damage play. They are corn,
eggs, and the seven instars of the Black Cutworm. Instars are larvae between molts. First instar larvae are
between the hatch stage and the first molt. There are seven instars in the life of a Black Cutworm. Each
instar represents successively more mature Black Cutworm larvae. The reader is referred to [Sherrod et

al. 1979] for more details of Black Cutworm damage in [llinois.

!Degree-day is defined as follows:

‘ T(a) - if T >ﬂ
01 = | Fledde Fley= { a7 z'i:;s;s

to

where T (o) is the tempersture as a function of time, and F is the threshold temperature at which both corn and cutworm
development commence and is assumed to be 10.5° C. A Ceatigrade degree-day is based on the Cestigrade scale,



18

i

Black Cutworm Damage Process Graph
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Figure 6. This perspective graph depicts the damage process. Damage occurs
when there are larvae in the third instar or older and com that is at a leaf stage
less than 6. ; }

The Black Cutworm season begins in Illinois when Black Cutworm moths are blown in from the
south. This typically occurs around the middle of April. Egg carrying female moths lay a fixed number
of eggs during the season. The number of eggs laid in the ficld is a function of how attractive the feld is

to the moths. It is believed that the predominate predictor of feld attractiveness is weediness of the field.

During the period of egg laying, the Ecld will develop an egg population, the dispersion of which is
through time. This is repte:enied by the curve labeled “Egg Laying” in Figure 5. This population will
develop into a larval population that could evehtually cause damage to the corm crop. The larval

population in Figure 5 is represented by the curves labeled *‘1st Instar” through “7th Instar.”
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Not all the larvae will survive. If food sources are taken away (e.g., by tillage), then this will reshape
the original larval population. This reshaping will affect both the amplitude and width of the population
curve. This is called lgrval survival. The larval survival period, showan in Figure 5, is between the

emergence of the first instar larvae and corn emergence,

Damage begins during corn emergence. The corn damageability is a function of both corn maturity
and larval maturity. The more mature the larvae, the more damage they can do. If the cora is planted
early in the season, the first {as well as the rest of the BCW population) will be unable to cause any
damage to the corn. The period of damage lasts until the youngest of the BCW population reaches the
pupation stage or the corn is too big for the cutworms. Corn is mature enough by the seventh leaf

emérgence. Thus, the damage period in figure 5 is between the first and sixth leaf stage.

3.2. Deriving the Expert Rules

One of the first things mentioned by experts that were interviewed was that BCW damage is a
relatively rare event. It is therefore difficult to get a large enough data set to cover all the variability in
the input descriptors (variables). Furthermore, the space generated by these descriptors is very large.
What is available are some incomplete data for the years 1976, 1977, and 1978, somewhat better data
for the year 1980, and fair data for the year 1982. Moth fight date, a3 descriptor thought to be very

1

important, is only available for a few stations and oanly for some of the years. Moth fRight data was

extensively collected in 1982, however,

Since BCW damage is a relatively rare event, the people familiar with it have a weak “seat of
the pants™ feel for predicting the amount of damage from what is observable. It was therefore a very
difficult task to obtain what knowledge there was on this subject and express that knowledge in the form
of rules. The best that could be done was to use the simulation programs that one of the experts, Steve
Troester, has written [Troester et al. 1982a,b,c,d|, [Troester et al. 1983]. Troester has implemented a
systems dynamics model which was developed in collaboration with others to simulate the dynamics of

the process, which can be “fine tuned” by trial and error.
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Also available are the results of Jobhn Davis’' masters thesis [Davis 1981]. He ran the 1980 data
through his program, CONVART. His program created new descriptors of time-varying data based on
mathematical transformations of initial descriptors characterizing the field and BCW damage. The output
of CONVART was then used as input to the AQ11 inductive learning program which generated 3 set of
rules that described the data. Unfortunately, the derived rules oanly categorized damage into two classes:
damsoge and no damage. Also his rules are only good for the year 1980, because they were derived from
data cotlected solely in this year. To derive general rules, such descriptors as moth count historv and
weediness history (that extends beyond spring tillage practice) are needed. The above two descriptors are

also key factors in the prediction of extent of damage as well.

Because of the problems with the machine derived rules and with expert opinion, it was decided to
base PLANT/cd on Steve Troester’s work. However, the approach taken by Davis could lead to better
results‘and this has been indicated by the work of Paul Baim [Baim 1982, [Baim 1983]. The major
problem with this approach has been the lack of complete damage data. Perhaps with better data, better

results could be obtained.

3.3. The Implementation within the ADVISE System

In order to build an expert system that allowed easy modification and upgrading of encoded
knowledge and had the eventual capability of explaining its reasoning, a good source of expert knowledge
was needed. The best available source of knowledge was Troester’s deep model of the dynamics of BCW
damage. The attempt to derive a set of rules that predicts extent of damage from expert opinion failed.
Opinion existed, but it was not even across the whole problem domain. For instance, no one seemed to
have good opinion on the synchrony problem {i.e., if a person was given moth flight dates and planting
dates, he would not have a good feel as to how well in synchronization corn development and cutworm
development are), nor a good feel of corn development, cutworm development, or survival. The best
opinion was in the area of ﬁt;ld attractiveness, as well as ezceptional cases like flooding. This was not
surprising since all those involved claimed that ihey really did not understand the whole problem. The

reasons for this lack of understanding have been explicated earlier; primarily because BCW damage is a
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comparatively rare event and not enough knowledge of the subject has been accumulated. Also, because
of synchrony, the total number of situations is vast. This leads to the worst possible situation one could

thiok of: a vast description space, and few examples to flil it.

After realizing that Troester’s deep model was the best source of information, the following
question was faced: '‘How does one take the knowledge contained within the deep model and place this
knowledge in production rules?’ The way that seems best is to b}eak the deep model into subprocesses
and make the subprocesses functions that are invoked in the right-hand side (RHS) of rules. Thus the
coordination of these subprocesses would be handled by the control scheme as well as the logic in the
rules. Figure 6 is a dependency graph that illustrates what these subprocesses are. User inputs to

these subprocesses {denoted by the thin-lined boxes in Figure 8) are:

{1) Moth trap catches for the field or the surrounding area. These are taken on a weekly basis for 11
weeks beginning about the time first moth flight occurs. The model was designed for moderate
infestation and the upper range for moth trap count on a weekly basis is 300. A typical range would

be 0-60 moths. Observation dates range from March 1 to July lst.

{2) A measure of the weediness of the field during the time moth trap catches are being recorded. This
is in the form of an attractiveness rating for the 11 weeks that trap counts are taken. It is ziven as

a number which ranges from 3.0 to 1.0.

(3) The larval age spectrum can also be input to the model. This data, in the form of larval counts in
instar categories, is provided to the model when damage is occurring. These counts range from G-15

per 100 feet-of-row, and an absolute upper value would be 30 per 100 feet-of-row.
(4) Whether fooding in the field occurred.

(5) Location of the field and observation date. The location allows the system to associate a weather
station where temperature data will be taken. The model can be run for several of the states near
Ilinois. They include ladiana, Missouri, and lowa. The observation date is used to build up the

temperature data used by the model {denoted by the doubie-lined box in the figure). It is also used

by the model as a time reference from which projections into the future will be made.
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Black Cutworm Damage
Dependency Network

Inputs Processes

[ Moth trap counts |
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[Field Weediness | 4 g | Cutworm

devel opment
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[Larval age spectrum |

]Flooding {
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[Location and date )| Temperature data
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| Soil Condition | |/ | Damage
estimate

[Corn Planting Date |— b

Corn
development

[ Corn Variety e

Figure 8. A dependency network of the processes that are modeled in
PLANT/ed. The boxes with thin borders represent inputs. The boxes with thick

borders represent subprocesses. The double-lined box entitled “Temperature data
for location'’ represeats a data base used in the model. o
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Soil condition. The model uses the values normal, wet, and dry.

Planting date of the corn. Typical planting dates range from April 15 to June 10. Southern areas

may have dates that are in late March. The absolute range is from March 20 to July I.

Corn variety. This is needed because fullseason and midseason corn have different rates of

development. The model distinguishes between fuflseason and midseason corn.

Below is a short description of the interconnectivity of the dependency network based on the work

of Troester [Troester et al. 1982a,bc,d], [Troester et al. 1983]. Troester himself broke his simulation

programs into several of these subprocesses.

(1)

()

Egg Laying. This is the process of getting an egg population laid in the farmer's field. This is
predicted from the moth trap counts and feld attractiveness. Also influencing this process is flooding

which makes the field very attractive to oviposition.

Cutworm development, This is the process of taking the egg population in the field over time and
developing it into a larval age spectrum. It includes the survival of the cutworm which is influenced
by food supply. (Food supply is derived from the the measure of field weediness.) Cutworm
development is influenced by the temperature, and temperature data from the closest weather
station is used. There can be two inputs to cutworm development; one from the egg laying process

described above or actual larval counts taken from the field can be supplied by the user.

Corn Development. This is the process of the corn developing. This is influenced by the variety
of corn planted, the planting date (possibly estimated), and the temperature data. If the farmer
provides moth trap data (before planting date), then he can vary the planting date of the corn to

minimize his losses if given good encugh estimates of his losses due to BCW damage.

Synchrony. In order to estimate BCW damage, the age spectrum of Black Cutworm larvae has to be
known at different periods of corn development. Synchrony is the process of putting BCW

development in terms of corn development.

Damage Estimate. This is the process of summing the damage done to the field across time and

estimating the total damage done to the field. This takes into account the fact that some of the
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damaged plants will recover. Total amount of damage is influenced by the soil condition,
corn variety, and several other characteristics of the geographic area that the field is in. One
example of such a characteristic is the parasitism rate. This is the mortality rate of the larvae due

to parasites. In Troester’'s work the parasitism rate can vary from state to state,

Troester's programs are broken into two cases. QOne case is when damage is to be predicted in the
(uture and there are no larvae in the field [Troester et al. 1982c,d|. This case uses moth trappings to
predict what the population will be in the future. The other case requires that larval counts be
entered. Of course, the later situation yields a more accurate prediction. Troester was pot certain with

the simulation results in the first case, He has proposed to ‘‘fine tune’’ this case.

Just as Troester's programs distinguish two cases, the rules distinguish the same two cases. A
backward chaining control scheme has been identified as a good control scheme for the type of rules that
has been generated. Troester's simulation programs, originally coded in FORTRAN, have been rewritten
as PASCAL procedures that are callable by rules. The module that they are in is called the TRAP

module. The PLANT /cd TRAP module will be described in Section 5.2.

Below is the English form of an example rule from PLANT/cd:

RULE12

[This rule is tried in order to find out about Black Cutworm development]

If: 1) The degree-day table is known,
2) The observation date < planting date, and
3) The egg population in the field is known.

- Then: Simulate BCW development and assign the results to the
. variable BCWD and display results of the simulation.

This rule is formulated in PLANT /cd as:

-
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RULE12
[DD = KNOWN][OBDATE < PLANTDATE|[FEGGS = KNOWN] ::

(BCWD = TRAP(15,0BDATE,PLANTDATE,FEGGS,DD)|]TRAP(8,0BDATE)
ISTMULATE BCW DEVELOPMENT AND DISPLAY RESULTS

where

DD denotes degree-day table,

OBDATE denotes observation date,
PLANTDATE denotes planting date,

FEGGS denotes the egg population in the field,
QCWD denotes the results of BCW development,

TRAP(15,0BDATE,PLANTDATE,FEGGS,DD) is a function to simulate BCW
development and is used to assign a value to BCWD,

TRAP(9,0BDATE) is a function that displays the results of BCW development and is treated
as a predicate by the ADVISE RULE PARSER, and

15 and 9 indicate what TRAP functions to call. (See below and Section 5.2.)

This rule uses an extension of GVL, to allow functions in the reference of a selector and to replace a

selector. {See next section.} The concatenation of predicates represents conjunction.

These rules make extensive use of functions that allow escapement into Pascal code. These functions
are termed TRAP functions (from the notion of a trap door which allows one to escape) and in this
knowledge base provide a connection between knowledge encoded as rules and knowledge "encoded

algorithmically. The last line of the rule is a comment to help explain the purpose of the rule. Comments

begin with the ‘'!”" character.

In order to provide meaning to the variables used in PLANT /cd, they have to be declared. Below is

an example declaration of the VARIETY variable used in PLANT /cd:
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VARIETY NOMINAL = (FULLSEASON MIDSEASON) «— Defines the domain of the variable.
PROP = PROMPT

WHAT TYPE OF CORN IS BEING PLANTED? + The prompt used to query for the
%% %% value of the variable.

PROP = TRANS

THE CORN VARIETY + What the variable means

%% in English,

PROP = LABDATA +~ This variable is a LABDATA variable.
T (See Section 4.1.)

%%

PROP = NOUNKNOWN : ~— UNKNOWN is not accepted as a
T value for this variable.

%%

In above, the variable VARIETY is defined to be a NOMINAL type variable, which means that the
domain elements of VARIETY, FULLSEASON and MIDSEASON, have no ordering. The keyword
INTERVAL i3 used to indicate a variable that has an ordering among its domain elements. The keyword
STRUCTURED is used to indicate a variable that” has a hierarchical relationship among its domain
elements, but this is not supported by the PLANT/cd control scheme. See [Michalski et al. 1982] and
[Michalski et al. 1983¢| for more details of domain specification. Properties or attributes of a variable are
given by the lines that begin with PROP ==property and the text on the following lines, ending with the
%%%. For instance, the prompt to use when asking for the value of VARIETY is “WHAT TYPE OF
CORN IS BEING PLANTED?"” and this text is plaéed under the PROMPT property of VARIETY.
Some properties are ‘yes-no’’ in nature and the text of these properties is simply “T"". An example of this
is the LABDATA property. It is sufficient to know that the variable VARIETY has the LABDATA

property and so the text of the property is the token ““T*’. For specific syntax used for rule and variable

declarations, see [Michalski et al. 1983bj.

3.4. The Extended GVL, Used In PLANT /ed

This section will present the extensions and subset of VL, that is used in PLANT/ed. A subset of
VL, was used because the rules did not require the full power of VL,. For instance, the PLANT/cd rules
did not use disjunction but this is allowed in VL,. However disjunction and other operators such as

implication and equivalence could have been used if needed. For more complete discussions of VL, see
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[Michalski 1980a|, [Michalski & Chilausky 1980b|, [Chilausky 1979|, [Michalski et al. 1982 and [Michalski
et al. 1983¢]. See [Michalski et al. 1983b]| for a more detailed description of the extended VL , used in

ADVISE. RULE12 of the last section will be the example.

As explained in Section 2.2.2, the left-hand side {(LHS) and the right-hand side (RHS) of RULE12
are formal expressions which involve elementary conditions called sefectors linked by various variable-
valued logic operators. (In the case of PLANT/cd, only conjunction is used.) A selector is a statement
that relates a variable to one or more elements from its domain. Selectors are surrounded by square
brackets. The reference of a selector is the position on the RHS of the relational operator and represents

a subset of the value set of the variable on the left of the relation.

As an extension to VLX, the meta-value KNOWN is allowed as a reference in a selector and the

selector is evaluated to be truc if the value of the variable in the selector is known. Also the meta-value
DEFINED is allowed as a reference in a selector and the selector is evaluated to be frue if the value of 2
variable has been defined. KNOWN is used in the first and third selector of RULEL2. The values of
variables have an attached confidence which reflects the degree of certainty (or belief) that the system or

user has in the value of the variable.

There are implicit variable-valued logic conjunctions between the selectors on the LHS of RULE12.
The LHS and RHS of rules are evaluated/executed by the RULE EVALUATOR module of ADVISE. The
way the variable-valued logic operators are evaluated is selectable from a set of predetermined evaluation
schemes. The evaluation schemes for conjunction include min which is used in PLANT/ed, prod
(product), and ave (average). Rxﬂe execution tries to satisfy the degree of certainty that is asserted for the
RHS. Thus the execution of the RHS causes variables to be assigned values with an associated degree of
certainty. In PLANT/cd, certainty factors are not used to any major extent. The a/F strengths of

evidence mentioned in Section 2.2.2 are also not used.

-

TRAP functions are a type of function that are used in the reference place of a selector in
PLANT /cd. (See Sections 5.1 and 5.2.) An example of this is the selector in the RHS of RULEI12. In the

first selector, TRAP(15,0BDATE,PLANTDATE,FEGGS,DD) is used to provide a value for the variable
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BCWD. Trap functions can also operate at the level of selectors, and when evaluated they provide a
truth value as selectors do. This provides a way to call a function for its side eflects cnly. IN RULEL?,

TRAP(9,0BDATE), is used in this way to display a table.

Finally, VL, has been extended to allow arithmetic expressions as the reference of selectors. An

example of this is RULE23 in Appendix A.

3.5. The Deep and Surface Model Connectlon

As many researchers in the field have realized, knowledge encoded as an alzorithm has a place in
expert systems. The algorithmic representation captures precise causal relationships. This level of
koowledge representation is often called a deep model of some particular domain. [n contrast, the
knowledge represented as a set of inference ruies is called a surfasce model. To quote QPeter Hart [Hart

1982

By surface systems | mean those having no underiying representation of such fundamental concepts as
causality, intent, or basic physical principles; deep systems, by contrast, attempt to represent concepts at
this level. At the extremes, a surface system directly associates input states with actions, whereas a deep
system makes deductions from a compact collection of fundamental principles.

This distinciion is thought to have some validity in explaining how people think. A person usually
first learns the deep model and once that is mastered (his world model is extended to include the problem
being mastered), he develops a surface model for the domain. The surface model can be described as
being shallow since it maps inputs of the domain to outputs without too much intervening cogaition.
Also, the surface model is built from frequently observed situations and is often only an approzimation of
the actual process. This surface model is used for rapid and general evaluation and prediction. Whexi

more precise and detailed information is needed, a person resorts to the deep model.
Deep models have been integrated into several expert systems:
. MYCIN generated therapy selection by an algorithmic process [Clancey 1978].

. TAX ADVISOR, a kndwledgc base for tax advice, used a cash How amalysis program, called

EXECPLAN, for filtering recommendations gehemtesd by rules [Michaelsen 1982].
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. PLANT/cd encodes much of its expert knowledge in the form of simulations which are called from

rules.

These deep models are used as gurus in the sense that they contaia knowledge considered to be correct

and precise. Typically this deep knowledge is implemented as a mathematical simulation model.

There has been little work on how the deep and surface model connection should be done. [t is
instructive to analyze how the three examples above did make the connection. [n MYCIN, a record of the
possible diseases was kept for the therapy selection process. Therapy selection then made a selection of
drugs to yse. The therapy selector used a generate-and-test procedure. The therapy selector was evoked as
a function from the RHS of the top (goal) rule in MYCIN’s inlerence tree. The therapy selector in turn

invoked the control scheme to use rules as a post critic. {It also used rules for some intermediate steps. See

[Clancey 1978] for details.)

In the TAX ADVISOR expert system a record of simulation inputs was prepared when a rule fired
which placed an item on the list of actions that might maximize one’s tax advantage. These inputs
included the costs involved in doing a particular action. After the session with the TAX ADVISOR,

EXECPLAN was used to select subsets that were accepted by its cash flow analysis from the actioa list.

In PLANT /cd, the feedback between the surface model and deep model is tighter. The connection
between the deep and surface mode! is made when functions are called in the RHS of rules that simulate a
certain subprocess. In this knowledge base, the LHS of the rule serves as a means of making sure all the
inpﬁts of the function are known before the rules are fired and the function subsequently called. This

method is illustrated in Figure 7,

Wﬁat is the closest approximation of a deep model function in terms of surface model rules? A
finite-valued function can be represented as a table. Each row of such a table represents a mapping of
inputs to one output value of the function. This table can also be viewed as a decision table. There is a
correspondence between a dec}sion table and a set of rules. Each rule corresponds to a row in the decision
table. A set of rules that correspond to a decisioﬁ table will be termed a rule group. (This rule group is a

more restricted form of rule groups that can be parsed by the ADVISE rule parser). Each rule provides
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_”Surfa.cg_ <Mode;l; 3 | Deep Model |

Production
Rules

If <condition>
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If <condition>
then invoke

. Flgure 7. A diagram of the surface and deep model connection in PLANT /cd. »
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one value for the goal variable of the rule group. For functions whose inputs are continuous-valued or
whose outputs are continuous-valued, the values caﬁ be discretized and a rule group that approximates
the function’s behavior found. The process of finding a rule group that approximates a function can be
done by the expert or by machine. Machine induction can be used to find a rule group by using the
function to be approximated as a case generator. The induction program then uses these cases as input.
The domain expert can also provide an approximate description of a function by writing a rule group that

corresponds to it.

In a rule base, both the actual function and corresponding rule group can be used. For accurate
answers, the function can be used. For fast approximate answers, the rule group can be used. The rule

group can also be used for paraphrasing the workings of a function to the user.

It is proposed that a specific function and its corresponding rule group be packaged into a knowledge
packet. A control scheme could be designed for knowledge packets that would decide to use the rules or
functions. In fact, t!?e mazimum ultility control scheme used in PLANT/ds [Chilausky 1979|, |[Michalski et
al. 1982, and |[Michalski et al. 1983¢| is really a control scheme for evaluating rules within a knowledge

packet. This control scheme efliciently evaluates a set of rules that has the following properties:
. all the rules form a single-layered inference network, and
. each rule in a group updates a common RHS variable.

A backward chaining mechanism that knows when to invoke the knowledge packet control scheme would
be a candidate for the in between knowledge packet control scheme. The function in a knowledge packet
would be [ree standing, unlike the functions that are used in PLANT/cd and MYCIN. In these systems,
the functions are called within a rule that mentions the function. In a knowledge packet, however, a
function represents a set of rules as a whole. The control scheme would have knowledge to invoke the
function when constraints like “all the arguments to the function are known’* are met. In MYCIN and
PLANT /cd these constraints ‘are encoded 23 meto-conditions in the LHS of the rule that contains the
function. These meta-conditions act to control the flow of inference in MYCIN and PLANT/cd. Whean

these meta-conditions are mixed with other conditions that express non-control domain knowledge, the
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principle of keeping separate siralegic {control) and tactice! (non-control) knowledge in rules is violated.

Expert systems that have combined deep and surface models are called muiii-level systems by Hart
[Hart 1982]. Such expert systems have many issues yet to be resolved and some of the issues pointed out

by Hart are:

. Identification of the important levels of representation of a given domain.
. Determining the best representation for each of the levels.

. Determining the formal relations that should guide the formation of each of the levels. Should there
be a Correspondence Principle that states that each succeeding level is a simplification of previous

ones, as Newtonian mechanics is to Quantum mechanics?

® Determining the best use of each of the levels. Each level could be used for purposes of validation,
explanation, and control. Levels that encode deep knowledge could be used to compile surface

models.

The author believes that the use of deep models to enhance the explanation of surface rules is an answer
to some of the problems of ‘‘shallow’” explanations given by systems that encode knowledge at a single
level [Clancey 1981]. The ADVISE project is also embracing the concept of compiling surface models
from déeper levels of representation. We are using this concept to compile expert systems for

microcomputers from a more general one on a development computer {currently a VAX/780).



CHAPTER 4

THE BACKWARD CHAINING CONTROL SCHEME

4.1. User Description

This control scheme was patterned after EMYCIN's [van Melle 1979, {[van Melle et al. 1981].
Besides the basic control, it features ANTECEDENT rules (limited forward chaining, see below),
LABDATA variables (variables that are marked to be asked before any other variable), and multiple goals

for a rule group.

The control scheme makes use of properties. Such properties are indexed pieces of text a rule or
variable can be assigned. For examples of how properties are specified, see Section 3.4 and the variable
listing of PLANT /cd in Appendix A. The control scheme uses the PROMPT property of a variable to
solicit for the variable's value. TRANS property is used to present the variable to the user. The TRANS
property of the consultation goal variables are used in displayin.g the results of a consultation by
displaying the TRANS property of the goal variables along with the values of the goal variables. [f there
are rules that could be used to infer the value of a variable, then the ASKFIRST property is used to
ind‘icate that an attempt should be made to obtain the value of th; variable from the user before using
any rules. ANTECEDENT rules and LABDATA variables are marked by the use of the ANTECEDENT
property and the LABDATA property respectively. The text for these properties is simply “T.” If a
variable is never to have the “"UNKNOWN" value provided by the user, then it is marked with the

NOUNKNOWN property.

ANTECEDENT rules allow limited forward chaining in a backward chaining mechanism. These
rules fire whenever their right-hand sides (RHSs) are satisfied; even if they have not been “back chained”
to. This forward chaining is limited to the firing of one rule in a forward reasoning chain per cycle of the
control scheme. The aigorithm for forward chaining can be paraphrased: “Whenever a variﬁble i3 queried

or is updated by the execution of a RHS, all ANTECEDENT rules that refer to that variable on their

34
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left-hand side (LHS) are evaluated.”

GOAL variables are the variables whose value/confidence pairs are displayed to the user at the end
of a session. They usually represent the eatities on which we seek advice. The control scheme allows

more than one GOAL variable.

LABDATA variables represeat basic input information and are used throughout the consultation
session. LABDATA variables are found out (either by asking or inferring) before the GOAL variables.
Unlike EMYCIN, in which LABDATA variables are always queried, here these variables can also be

inferred. The author's past experience with EMYCIN suggested that such an option is sometimes useful.
There are 2 number of additions that could be made to the present version of the control scheme:

. Self referencing rules. This type of rule (the same variable appears io the LHS and RHS of the rule)
can be used to incrementaily update the certainty 'of a variable’s value if more supportive evidence
is acquired. The semantics of these rules can be paraphrased rougbiy: “If you have already decided
something (thé value for the common variable in the LHS and RHS) and further evidence comes in
to support it, then update the confidence of your decision.” These rules can also be used to critique

previously supplied values.

o  EMYCIN contexts and between context reference. Contexts provide a way to eliminate redundancy
in a knowledge base. They do this by introducing the notion of a generic organizing object to which
the rules refer. For instance, in MYCIN there is a context for cell cultures. The rules in this context
refer to the generic object, culture. Without contexts, there would be a separate set of rules for
each of the cell cultures 5 person could have. With contexts, there is one set of rules, and when aa

instance of the context is made, the rules are used to infer values for that context instance.

e Variable blocks. These are groups of variables that can be queried together. This could be done by

setting up an empty table for the user to fill in - as in EMYCIN!, or by multiple display module

windows on the same screen.

'PLANT/ds [Michalski et al. 1982] also uses this method.
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. A consultation typescript file. This is used to have a hard-copy transaction of the consuitation.

) The ability to save and reload prior consultations. This can be used to have a “‘canned’ set of

demonstration consultations. It also can be used to test 2 knowledge base.

. A mode to exercise the knowledge base with test cases. This mode allows a knowledge base builder

to test a knowledge base by running test cases in “batch’ mode. These cases are stored in a file.

. Help and explanation facilities. At present, this control scheme does not explain its reasoning to the
user, There are no help commands to guide the user in the use of the system. These features give

expert systems a user friendly environment and should be included.

4.2. Control Scheme Internals

The most important parts of the backward chaining control scheme, embodied in a program called
BWARD, are illustrated in flowchart form in Figures 8,9 and 10. The top level of BWARD is shown in
Figure 8, and Figures 9 and 10 contain the flow charts for two important procedures of BWARD:
FINDOUT and INFER. In these figures the names of all procedures are in capital letters, Some of the
boxes in the Sowcharts have a line that separates the name of a procedure from what that procedure
does. The procedure names are simplified a bit since the actual names start with the module two letter
prefix “BC” to abide with ADVISE module naming conventions. Also many of the low level procedures

(not shown in the flowcharts) are in a set of utility procedures, called CSTOOLS, that is shared between

PLANT/cd and PLANT /ds. Tl_xese procedures are prefixed with “CS.”

- The top level of BWARD contains a loop that enables multiple consultations to be done within
one session. The items that need to be initialized once across several consultations are .initialized in
procedute START. Procedure LOOPSTART does the initialization that is needed before each
consultation. In LOOPSTART, the rule group (set of rules constituting the knowledge-base) is queried,
and the GOAL variables for this rule group are placed on a list. Next, a list of ANTECEDENT rules is
obtained by looking for all rules with the ANTECEDENT property, and a list of. unconditional

ANTECEDENT rules is obtained. (Unconditional antecedent rules are rules in which the LHS does oot
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Figure 8. The flow chart for the top level of BWARD. The next two figures
contain the fow charts for two important procedures of BWARD: FINDOUT and
INFER.
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depend on any variables and will be the first rules to fire.) A list of LABDATA variables is obtained next
from the knowledge base. The unconditional ANTECEDENT rules are fired next. Finally, values for each

of the LABDATA variables are obtained using the FINDOUT procedure described below.

After this initialization, each of the GOAL variables are found out using the FINDOUT procedure.
This is the main part of the consultation. After the GOAL variables’ values are obtained, they are printed
with their confidences and the TRANS property of the GOAL variables using procedure

PRINTCONCLUSIONS. The consultation is ended by cleaning-up for a new consultation and calling
LOOPSTART again.

The FINDOUT procedure is responsible for finding the value of a variable; either by asking for it,
or by using rules to infer it, or both. It first uses the ASKFIRST function to check if the current
variable has the ASKFIRST property. If it does have the ASKFIRST property, then procedure
ASKFORIT is called to solicit the value from the user. After obtaining the value from the user,
procedure CHKANTE is called to evaluate and possibly fire any ANTECEDENT rules that have the
variable in their LHS. The SHOULDINFER function is then called to see if the variable also needs to be
inferred. The decision to infer a value depends on several factors. In the most general case there is the

value/confidence pair obtained from the user as well as the value/zonfidence pair inferred from the rules.

The process of resolving any differences in the value/confidence pairs is called voting. There is a
scalar Pascal variable, VOTESCHEME, that indicates the voting scheme. The voting method used in
PLANT/cd is to replace the last value/confidence pair with the more current one. In the general case,
the decision to infer after asking for the variable is a function of the voting scheme used. In PLANT/ed
the variable is inferred after asking for it if the maximum confidence for the value(s) of a variable is below

SATISFYTHRESHOLD. (It is possible to have several value/confidence pairs for the same variable.)

it a variable should not be asked first, then rules are used to possibly infer a value. After the
attempt to get a satisfactory value by using rules, the SHOULDASK function is called to s;e if
ASKFORIT needs to be called. (It should be realized that under some circumstances it might be useful to
validate the results of using rules with the user. SHOULDASK provides a means of implementing such a

strategy.) To be asked, the variable has to have 3a PROMPT property. Also the maximum certainty has
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to be less than SATISFYTHRESHOLD. If the variable should be queried, then ASKFORIT as well as
CHKANTE are called. If the variable should not be queried and the maximum certainty is below the

FAILTIIRESHOLD then UNKNOWN is placed as the value for the variable,

The INFER procedure is responsible for obtaining the value of a variable by using rules to infer
it. INFER first gets the list of rules vvhose RHS update the curreat variable. This is done by procedure
GETRULES. Next, procedure RANKRULES is called to order this list. This procedure is currently null.
At this point a loop is set up to try the rules in the above list. SHOULDCONTINUE is called to check if
the maximum of the confidences for the current variable’s values is above SATISFYTHRESHOLD. This is

one terminating condition for the loop; the other is running out of rules.

Ioside the loop, a list of variables used in the LHS of the curreat rule is obtained by cailing
GETVARLIST. This list is ordered by RANKVARS. RANKVARS is curreatly null. There is a check

after getting the list of variables for the curreat rule whether the rule is unconditional. If it is, then the

LHS is evaluated® and the rule is checked to see if it fired. For rules that are not unconditional, then
another loop is set up to use the FINDOUT procedure on each of the variables in the LHS variable list.
For each variable that is found out, the LHS is reevaluated to see if the certainty of the LHS falls below
FAILTHRESHOLD. If it does, the loop is terminated, and the rule will not fire. This terminating
conditién will only work for rules with conjunction only, and when the semantics for conjuaction is the
min function. The judgement of when to terminate the evaluation of a rule should be made by the rule
evaluator, but in the current implemeatation, no 5ﬁch status is passed back. The other terminating

condition for the loop is running out of variables.

Upon exiting the loop, the rule is checked to see if it fired, using the function FIRED. If the
certainty of the LHS is greater than FIRETHRESHOLD, then DORHS is called to execute the RHS.
Since executing the RHS may update variables, CHECKANTE is also called on all the variables that are

updated in the RHS of the current rule. To see how this control scheme operates with an actual set of

rules, see Section 5.1.

2t should be noted that even though the RHS is unconditional it may have side effects and therefore needs to be evaluated.



CHAPTER 5

IMPLEMENTATION OF PLANT/CD IN ADVISE

This chapter discusses the integrated PLANT /cd system. The PLANT/cd system consists of the

backward chaining control scheme (BWARD), the rule base, and the special functions (TRAP) module

(developed for PLANT fed). If there are changes to the PLANT/cd rules, then the following procedure

should be followed:

(1)

3)
(4

Make any changes to the rules with a text editor and then use the ADVISE system RULE PARSER

to parse the new rules.

Add rule group informaticn. This is done by adding two tuples to the knowledge base generated by
the RULE PARSER. (The knowledge base is represented in the form of tuples.) These two tuples

are in the form:

(RGRPS RGRPIDS RULEGROUP GOALS).

(GOALS GOALLIST GOAL1 GOAL2 GOAL3 ... GOALn)

where

RGRPS,RGRPIDS,GOALS, and GOALLIST are nodes whose printnames
(RGRPS,RGRPIDS,GOALS and GOALLIST]) are in the tuple manager dictionary so that they
can be indexed by their printname,

RULEGROUP is the node representing the rule group for the PLANT/cd rules, and

GOAL1 GOAL2 GOAL3 .. GOALnR are the nodes that are the goal variables of the ruie group.

If necessary, modify and/or add new functions to the TRAP module and recompile it.
If necessary, make changes to the control scheme aad recompile it.

Also the temperature data base needs to be updated on the VAX/780. The data comes [rom the

temperature data base on the CYBER 175 in UN=3NHSNHS. A write-up on how this data is maintained

is available in file TEXT1 on UN=3NHSNHS. A costinuously maintained database for the current year's
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data is on the file NWPRJ in the same directory. If the program is run on the VAX with data from the
current year, an updated version of the file from the CYBER should be put on the VAX in.directory

tempdata under the advise directory.

6.1. The Plant/cd Rules to Predict Extent of Damage

The version of PLANT/cd that predicts amount of corn damage due to cutworms has been
‘implemented in ADVISE. The rules for PLANT /cd were written with the extension of GVL that is
accepted by the RULE PARSER. As can be seen in Section 3.4, the major extension to GVL, used in

PLANT/cd are special functions, called TRAP functions. A TRAP function is an escape mechanism to a
Pascal case statement implemented as a separate ADVISE module, called the special fuactions or TRAP

module. An example TRAP function call is:
[A=TRAP(1,B)]
where
[A=TRAP(1,B)] is a selector with a TRAP function in the reference place of the selector,
A is a variable that will be assigned the value of the TRAP function,
TRAP(1,B) is the TRAP function,
1 is the TRAP number to dispatch to in the Pascal case statement, and

B is an argument to be passed to the Pascal routine that implements the TRAP function.

When this selector is evaluated, the.interoal mark for the keyword TRAP is recognized by the RULE o

EVALUATOR, and it passes the TRAP number {the first argument) and the rest of the arguments to the
TRAP module. The TRAP number serves as a case selector in the TRAP module. In PLANT/ed, TRAP
functions are used for a linkage between the deep knowledge of the domain (the simulation routines) and
the surface knowledge encoded in the rules. TRAP functions are also used for displaying tables and

special user input. More details of the PLANT/cd TRAP module will be described in the next section.

Also used in PLANT /ed is the meta-value, KNOWN, for variables. This meta-value is used to to

test for a value known with sufficient confidence and if not, cause the process of backward chaining for
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the value. The meta-value, INITIALIZED is also used to make sure a variable is initialized. Curreatly
these two values are oot implemented, bowever the values UNKNQIWN represented by the character “‘$”
and UNINITIALIZED rvepresented by the character “?' are implemented. These values are used in
selectors with the not equal relational operator (< >) to get the same effects as using the meta-valyes
KNOWN and INITIALIZED with the equal relational operator (=). Meta-values are used for selectors

that operate at the control level.

The rule base operation will be described by “walking through™ the inference networks (Figures 11
and 12). These inference networks illustrate the conceptual relationship between the rules and the
variables in 2 tule base. In these figures the term regular variable means variables that are peither
LABDATA nor GOAL variables. Table 1 contains the variables used in this rule base. In this table the
variables' names, domains, and meanings are listed. Appendix A.2. contains the variable lisiing that can
be parsed by the RULE PARSER. As described in the documentation of the backward chaining control
scheme (Chapter 4), the first variables that are found out using the FINDOUT procedure are the
LABDATA variables. These variables always need to be found out and are therefore processed first.
They are not GOAL variables in that their values are never displayed to the user. For this knowledge
base, there are four labdata variables, OBDATE, PLANTDATE, STACODE, and VARIETY. These
variables are marked with the property LABDATA in the variable listing. The inference network

associated with these variables is shown in Figure 11.

The value of OBDATE (observation date) is provided by invoking rule:

RULE1
TRUE 1> [OBDATE = TRAP(21,0BDATE,1,0)]; \GET OBDATE

which has a unconditional (in the sense used in Chapter 4) LHS and therefore fires. The action that is
done is to call TRAP function uumbér 21 which handles getting dates from the user. The third argument
to the TRAP function, 1, indicates that the year shouid be entered by the user. The fourth argument, 0,
indicates that UNKNOIWWN is not accepted as an answer to OBDATE. OBDATE is an argumeut to the

TRAP function so that the TRAP function can use OBDATE's PROMPT property to display to the user
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Table 1. This table summarizes the variables used in PLANT /fed.

PLANT /cd Variables
Name Domalin Mesaing — N _
Asked Variables
OBDATE* 1.388 THE DATE FOR WHICH THE FIELD IS OBSERVED

PLANTDATE* 1.388
STACODE®* 1000..9900
FRACT 0.0..10.0

THE DATE FOR PLANTING CORN
THE STATION CODE
THE OBSERVED FRACTIONAL LEAF STAGE OF THE CORN

VARETY® FULLSEASONMIDSEASON THE CORN VARIETY

MOISTURE WET.DRY,NORMAL

HOTWINDY YES.NO
MUCHWEEDS YESNO

THE SOIL MOISTURE IN THE FIELD
IT IS HOT AND WINDY
THERE ARE GREATER THAN ( WEEDS/FOOT OF ROW

Trap Functlon OQutput & Result Varlables

YIELD1 0.9..100.0
YIELD2 0.0..100.0
YIELDINCL 0.0..100.0
YIELDENC2 0.0..100.0
TYIELD1 0.0..100.0
TYIELD?2 0.0..100.0
CORNDAMAGE ¢0.0..100.0
TOTRECOVER 0.0..100.0

STAND 0.0..100.0
MTRAP YES,NO
EGGS YESNO
FEGGS YES.NO
ATTR YES,NO
BCWPOP YES,NO
DD ~ YESNO
cp YESNO
BCWD YES.NO

POPVSSTAGE YESNO

THE YIELD W/O INSECTICIDE TREATMENT

THE YIELD WITH INSECTICIDE TREATMENT

THE INCREASE IN YIELD DUE TO RECOVERY W/O INSECTICIDE TREATMENT
THE INCREASE IN YIELD DUE TO RECOVERY WITH INSECTICIDE TREATMENT
THE TOTAL YIELD W/O INSECTICIDE TREATMENT

THE TOTAL YIELD WITH INSECTICIDE TREATMENT

PERCENT TOTAL DAMAGE OF THE CORN

PERCENT TOTAL RECOVERY OF THE CORN

PERCENT FINAL STAND OF THE CORN

MOTH TRAP COUNTS HAVE BEEN GOTTEN

EGGS HAVE BEEN COMPUTED

EGGS IN THE FIELD HAVE BEEN COMPUTED

ATTRACTIVENESS RATINGS OF THE FIELD HAVE BEEN GOTTEN

BLACK CUTWORM LARVAL COUNTS HAVE BEEN GOTTEN

DEGREE-DAY TABLE HAS BEEN READ IN

CORN DEVELOPMENT HAS BEEN SIMULATED

BLACK CUTWORM DEVELOPMENT HAS BEEN SIMULATED

THE BLACK CUTWORM VS LEAFSTAGE TABLE HAS BEEN COMPUTED

s denotes LABDATA variables

-
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when soliciting OBDATE's value. (Each of the TRAP functions and their parameters are explained in the

next section.}

The value for PLANTDATE (planting date of the corn) can be found by RULE2 or RULE10. The

rule:

RULE2
TRUE > [PLANTDATE = TRAP(21,PLANTDATE,0,1)}; '\GET PLANTDATE

which has a unconditional LHS is tried first and the RHS calls TRAP function number 21. The third
argument, 0, indicates that the year is not needed for this date. The fourth argument, 1, indicates that,

for this date request, the user can provide the value UNKNOWN., Ia such a case rule:

RULE10

[DD = KNOWN][OBDATE = KNOWN]|[FRACT = KNOWN]|[VARIETY = KNOWN] =>
[PLANTDATE = TRAP(13,0BDATE,FRACT,VARIETY,DD));

!ESTIMATE PLANTING DATE FROM FRACTIONAL LEAF STAGE

is used to estimate the planting date from the degree-day (DD) table and the observed fractional leaf
stage of the corn (FRACT). This is done by executing TRAP 13 which simulates plant development
backwards, given the DD table, FRACT, and VARIETY (the corn variety). The variable DD is found out
(i.e., ‘inferred) from the observation date (OBDATE) and the identifier of the closest weather station

(STACODE).

RULES

[OBDATE = KNOWN][STACODE = KNOWN] =:
[DD = TRAP(12,0BDATE,STACODE)};

!\GET DEGREE-DAY TABLE.

RULES invokes TRAP 12 to get the degree-day data. The variable STACODE (the identifier of the

closest weather station) is provided by using RULE3. RULE3 uses TRAP 2 to get STACODE:
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RULE3
TRUE 2> [STACODE = TRAP(2); ! GET STATIONCODE.

TRAP 2 is a special procedure to ask for weather stations.

Continuing to analyze RULE10, FRACT is queried since the rules will provide no value in this
context even though it has rules to infer its value. (If FRACT is needed later these rules can be used.

These rules will be explained later.} Finally, VARIETY is queried.

If STACODE is not provided a value while finding PLANTDATE, then it is the next LABDATA
variable to be found out. As explained before, it is supplied a value by RULE3. Finally, the last
LABDATA variable is VARIETY, and like STACODE, its value could have been provided while inferring
the value for PLANTDATE.

The next variables to be found out are the goal variables, CORNDAMAGE, TYIELD], TYIELD?,
and STAND. The inference network for these is shown in Figure 12. The value of these variables is the
goal of the consultation and consequently their values are printed out as the results of the consultation at

its end. These variables are put in a list of goals for the BCW damage rule group in the knowledge base.

The first goal, CORNDAMAGE (percent total corn damage), has no rules that update it directly.

Rather, it is provided a value by side eflect when RULELS fires (see below).

The second goal, TYIELD1 (corn yield without insecticide treatment), is computed by adding to
YIELD1 {corn yield without regrowth considered) to YIELDINCI1 (the increment to the yield because of -

regrowth}). This computation is done by rule:

RULE21

[YIELD1 = KNOWN][YIELDINC1 = KNOWN] =>
[TYIELD1 = YIELD1+YIELDINC1};
ICOMPUTE TOTAL YIELD W/O INSECTICIDE TREATMENT.

RULE?21 causes YIELD1 and YIELDINCI to be found out. YIELD1 is computed by invoking TRAP 17

in rule:
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RULE1S
[POPVSSTAGE = KNOWN|[MUCHWEEDS = KNOWN]
[VARIETY = KNOWN]|[MOISTURE = KNOWN] #>

[YIELD1 = TRAP(17,MUCHWEEDS,VARIETY ,MOISTURE,
0.25,CORNDAMAGE,POPVSSTAGE)];
IESTIMATE YIELD W/O INSECTICIDE TREATMENT

TRAP 17 computes YIELD1 from the variables MUCHWEEDS,VARIETY MOISTURE, and
POPVSSTAGE (whether the Black Cutworm vs. leafstage table has bees computed). The constant 0.25
specifies the parasitism rate used in the yield computation, (Thé parasitism rate is the mortality rate of
Black Cutworm larvae due to parasites). The variable CORNDAMAGE gets set when TRAP 17 is called.
This is the side eflect mentioned earlier. The variable MUCHWEEDS (whether the weeds are greater than

4 weeds/foot of row) is supplied a value by rule:

RULE25
[OBDATE <= PLANTDATE] =
[MUCHWEEDS = NOJ;
ASSUME NO WEEDS IF PROJECTING BEFORE PLANTDATE

or by asking for it. RULE25 is fired if the observation date (OBDATE) is less than or equal to the
planting date (PLANTDATE). In this case MUCHWEEDS is assumed to be false. If the observation date
is less than or equal to the plasting date, then BCW damage is being projected before corn plantiag has

occutred and assuming the value NO for MUCHWEEDS is reasonable. If RULE25 does not fire, then
MUCHWEEDS is queried,

Retqtning to RULE1S, tﬁe variable MOISTURE (soil moisture in the field) is queried. The value of-
POPVSSTAGE is computed by the inference net starting from RULE14. This inference net invokes the
core of the simulation procedures. The value of YES for POPVSSTAGE represents the fact that the
population vs. stage matrix ‘ha.s beea computed. This is the key matrix generated by the simuliation
procedures. This matrix represents snapshots o( the larval age spectrum at different stages of corn
development (leafl stage emargence). Once cutworm develcpment is placed in terms of corn development,

then TRAP 17 can estimate the damage by multiplying the population vs. leafstage matrix by a
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“munchability’’ matrix which indicates the number of different-aged corn plants different-aged iarvae can
eat. This is approximately how TRAP 17 works. The population vs. leafstage matrix is matrix K in

[Troester et al. 1982b].

A value lfor POPVSSTAGE is provide by rule:

RULE14

[CD = KNOWN|[BCWD = KNOWN] 1>
[POPVSSTAGE = TRAP(18,CD,BCWD)|TRAP(11);

ICOMPUTE POP V8 STAGE MATRIX AND DISPLAY!

RULE14 invokes TRAP 16 which implements the process of putting instar transitions in terms of corn
leaf stage emergence. This is the synchrony process in Figure 6. RULEIA4 also invokes TRAP 11 which
displays the population vs. leafstage matrix to the user. The values of CD (corn development) and

BCWD (Black Cutworm development} are needed for RULE14 to fire. The value for CD is provided by

rule:

RULE11l

[DD = KNOWN]|[PLANTDATE = KNOWN]|[VARIETY = KNOWN] >
[CD = TRAP(14,PLANTDATE,VARIETY,DD)|TRAP(10);
'RUN SIMULATION PROGRAM FOR CORN DEVELOPMENT AND DISPLAY RESULTS

RULEL11 iovokes TRAP 14 which simulates corn development. TRAP 10 is also executed to display the

results of corn development. RULEI11 requires values for VARIETY, DD, and PLANTDATE.

BCWD is provided a value by RULE12 or RULE13. RULE12 is fired if a prediction is being made

before planting date, and RULE13 is fired if the prediction is after planting date. In rule:

RULE12
D = KNOWN][OBDATE < PLANTDATE}[FEGGS = KNOWN] >
CWD = TRAP(15,0BDATE,PLANTDATE,FEGGS,DD)|TRAP(%,0BDATE);
IRUN SIMULATION PROGRAM FOR BCW DEVELOPMENT AND DISPLAY RESULTS

o this rule TRAP 11 functions as & selector and is used for its side efect to display the populstion vs. leafstsge matrix,
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TRAP 15 is invoked to simulate Black Cutworm development given FEGGS (the history of the eggs laid
in the feld), OBDATE, PLANTDATE, and DD. TRAP 9 is used to display the results of cutworm

development. FEGGS is provided a value by rule:

RULE7?

[EGGS = KNOWNJ[ATTR = KNOWN] > [FEGGS = TRAP(7,EGGS,ATTR)]TRAP(8);
ICONVERT TO EGGS IN FIELD AND DISPLAY

RULE? calls TRAP 7 to compute the eggs laid in the field given ATTR (a history of the feld
attractiveness rating) and EGGS (a history of the eggs laid in the region). It also calls TRAP 8 to

summatize for the user the number of eggs laid in the region and in the feld. ATTR is supplied by rule:

RULES ;
TRUE > [ATTR = TRAP(4)}; \GET ATTRACTIVENESS RATINGS

which is a unconditional rule and calls TRAP 4 to get the attractiveness rating vector. EGGS is updated

by rule:

RULES
[MTRAP = KNOWN] => [EGGS = TRAP(6, MTRAP)]; \CONVERT TO EGGS

which invokes TRAP 6. TRAP 6 converts MTRAP (moth trap counts) to EGGS. MTRAP is updated by

rule:

" RULE4
TRUE => [MTRAP = TRAP(3)}; \GET MOTH TRAP COUNTS

which is a unconditional rule and calls TRAP 3 to get the moth trap counts.

.

The rule:
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RULE13 ,
[DD = KNOWN]|[OBDATE >= PLANTDATE|[BCWPOP = KNOWN] =:>
[BCWD = TRAP(15,0BDATE,PLANTDATE,BCWPOP,DD)|]TRAP(9,0BDATE);
'‘RUN SIMULATION PROGRAM FOR BCW DEVELOPMENT AND DISPLAY RESULTS

is fired when the prediction is after planting date. It calls TRAP 15, as in RULE12, but it uses BCWPOP
{Black Cutworm population) instead of FEGGS. (See next section for more details of this TRAP
function.} RULE13 also calls TRAP 9 for display of cutworm simulation resuits. The value of BCWPOP

is provided by rule:

RULES
TRUE > [BCWPOP = TRAP(5)}; ! GET LARVAL COUNTS

which is a unconditional rule and invokes TRAP 5 to get the larval counts.

Returning to analyze RULE?2], YIELDINCI! is provided a value by rule:

RULE19 .

[POPVSSTAGE = KNOWN]|MOISTURE = KNOWN|]HOTWINDY = KNOWN] ::>
[YIELDINC1 = TRAP(19,MOISTURE,HOTWINDY, TOTRECOVER,POPVSSTAGE)};

{COMPUTE YIELD INCREASE W/O INSECTICIDE TREATMENT.

RULEL9 invokes TRAP 19 which computes the yield increment without insecticide treatment due to

recovery. TRAP 19 uses POPVSSTAGE, MOISTURE, MUCHWEEDS, and HOTWINDY. HOTWINDY

can be inferred or queried. The rule:

RULE18

[MOISTURE == DRY] => [HOTWINDY = [RRELEVANT];
{IF MOISTURE IS DRY, THEN HOTWINDY DOESN'T MATTER

sets the value of HOTWINDY to IRRELEVANT if MOISTURE is DRY.? If this is not the case, then
HOTWINDY is queried.

*This is doge so that HOTWINDY is not queried whes MOISTURE is DRY, sisce HOTWINDY' value becomes
IRRELEVANT. This meta-value has not been implemented yet and currently the value NO is used.
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The third goal, TYIELD2 (yield with insecticide treatment), is treated much like TYIELDI1 in the

inference network that updates it. The rule:

RULE22

[YIELD2 = KNOWN]|[YIELDINC2 = KNOWN] :>
[TYIELD2 = YIELD2+YIELDINC2};
ICOMPUTE TOTAL YIELD WITH INSECTICIDE TREATMENT

provides TYIELD2 with a value. RULE22 requites YIELD2 (yield without recovery with insecticide
treatment) and YIELDINC?2 (yield increment due to recovery with insecticide treatment). YIELD? is

updated by rule:

RULE17

[POPVSSTAGE = KNOWN][FRACT = KNOWN]|MOISTURE = KNOWN] ::
[YIELD2 = TRAP(18,FRACT MOISTURE,POPVSSTAGE)};

ICOMPUTE YIELD WITH INSECTICIDE TREATMENT

which calls TRAP 18 to do the calculation. YIELDINCZ2 is updated by rule:

RULE20

[POPVSSTAGE = KNOWN|[FRACT = KNOWNI|[MOISTURE = KNOWN] ::>
[YIELDINC2 = TRAP(20,FRACT,MOISTURE,POPVSSTAGE)};
{COMPUTE YIELD INCREASE WITH INSECTICIDE TREATMENT

which calls TRAP 20 to do the calculation. TRAP 18 and TRAP 20 require FRACT, MOISTURE and
POPVSSTAGE. If FRACT was not provided a value earlier, it will be provided a value by RULEIS or
RULE24. The rule;

RULE24

[OBDATE > PLANTDATE] ::>

[FRACT = TRAP(22,PLANTDATE,OBDATE)];
! COMPUTE FRACTIONAL LEAF STAGE

provides FRACT {fractional corn leaf stage) a value if cutworm damage is being projectéd from larval

counts (hence OBDATE > PLANTDATE). This is done by TRAP 22. If RULE24 is oot used, FRACT



will be updated by rule:

RULE1S
[PLANTDATE = INITIALIZED|[OBDATE <== PLANTDATE] :> [FRACT = 0.0;
ILEAF STAGE IS ZERO FOR PREDICTING FROM MOTH CASE

which sets FRACT to zero if a prediction is being made before planting date. (The first selector prevents
this rule from firing if FRACT is sought in the process of providing a value to the LABDATA variable
PLANTDATE))

The fourth goal, STAND (final plant stand), is provided a value by rule:

- RULE23
[CORNDAMAGE = KNOWN/|[TOTRECOVER = KNOWN] 1:>
[STAND = 100.0 - (CORNDAMAGE-TOTRECOVER));
ICOMPUTE STAND :

RULE23 requires CORNDAMAGE (the first goal) and TOTRECOVER (percent total recovery of the

corn). TOTRECOVER is updated as a side effect when RULE19 fires.

Appendix A contains rule and variable listings for PLANT /cd. The format of the rule and variable

definitions is what is currently accepted by the ADVISE system RULE PARSER. In those listings the
characters, *$" for UNKNOWN and “?" for UNINITIALIZED are used. |

6.2. The Special Functions (TRAP) Module for PLANT fed

This module contaias 21 TRAP functions used in PLANT/cd. These functions implement the deep
model of BCW damage as developed by Steve Troester [Troester et al. 1982a,b,c| [Troester et al. 1983].
The BCW development model by Kimpel [Kimpel 1978] which was used in Steve Troester's programs
[Troester et al. 1982c|, [Troester et al. 1983], was not used in PLANT /ed. Instead, a simplified simulation

was developed. This is explained in the description of TRAP 15.



5.2.1. Architecture of the Speclal Functions (TRAP) Module

As seen in the technical level diagram of ADVISE in Figure 2, the RULE EVALUATOR uses the
special functions module (also known as the TRAP module) to evaluate TRAP (unctions that are used in

the rules. A TRAP function has the form:

TRAP(number,pl1,p2,...,pn)
where
number is the TRAP number, and

pL,p2,...,pun are the parameters of the TRAP function.

The RULE EVALUATOR passes the TRAP number and the parameters to procedure TRAPFUNC in
the TRAP module. Procedure TRAPFUNC contains a case statement in which the TRAP numbers serve
as case labels. Once a case label is branched to, several things are done. The incoming parameters are
converted {rom theill tuple representation to a Pascal representation. Parameters that are nominal are
usually mapped into a Pascal scalar variable. Next the statements that make up the definition of the
function are executed. This usually consists of a call to a Pascal procedure or function. Finally the
outgoing parameters are converted form their Pascal representation to their tuple representation. These
procedures are scoped within procedure TRAPFUNC although there are several utility procedures outside.
One procedure that is outside is procedure TRINIT which the control scheme (BWARD) calls to initialize

the TRAP module. Below is a description of the TRAP functions:
e - TRAP !. This function was used for developing the TRAP module and is no longer used.

. TRAP 2. This function calls TRASKSTATION which gets the name of the closest weather station
from the user by a special protocol. This procedure is necessary because STACODE (the station
code) is a nominal type variable with too many domain elements to be handled by the normal

method of creating a set of touch sensitive areas on the screen.

. TRAP 8. This tunction calls TRASKTRAP to obtain the moth trap counts over 3 span of 11 weeks

beginning March 17. The user can enter unknown for any of the eatries and the system will assume a
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value of 0. Giving an unknown value will also set the certainty of the first parameter passed to the
TRAP function to 0.5. Also provided is a check for proper number format. If something entered is
not a oumber, the the user is asked to renter his data. This check is provided on all the user input

..

routines in the TRAP module.

TRAP 4. This function calls TRASKATTR to obtain the field attractiveness rating for the same 11

week time span. Unknown values are handled in the same way as in TRASKTRAP.

TRAP 5. This function calls TRASKBCWPOP to get the larval age spectrum in the feld. This
works like TRASKTRAP and TRASKATTR. TRASKTRAP, TRASKATTR, and
TRASKBCWPOP use TRDSPWEEKS and TRDSPLCNTS to produce the appropriate column

headings. They also use TRGSTUFF to get the user input.

TRAP 6. This function calls TRCTOEGGS to.convert the moth trap counts to an egg population.
This is done by multiplying the moth trap count by 5.7. This noumber was derived by Steve
Troester.

TRAP 7. This function calls TRCTOFLD to convert the eggs laid in the region to eggs iaid in the
consultation feld. This is done by multiplying the egg population history by the attractiveness

rating history.

TRAP 8. This function calls TRDSPEGGS to display the egg population in the consultation field

and the surrounding area.

TRAP 9. This function calls TRDSPTAB to display the results of the cutworm development model. .
This is in the form of a transition matrix which shows the dates when different instars will undergo

molts.

TRAP 10. This function calls TRDSPLTAB to display the results of plant development.

TRAP 11. This function calls TRDSPPOPVSSTAGE to display the resuits of putting cutworm

development in terms of corn development. This creates the matrix K in [Troester et al. 1982b].

TRAP 2. This function calls TRGETDDTABLE to get the degree-day data necessary for the corn

and cutworm development models. The two incoming arguments, STACODE azd OBDATE‘. are
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used to specify the location and start date of the data, respectively.

TRAP 18. This function calls TRPLANTDATE to trace backward the development of the corn to
estimate the planting date (PLANTDATE) given the observed fractional leaf stage (FRACT), the
corn variety (VARIETY), and the observation date (OBDATE). This computation relies on results
described in (Troester et al. 1982a,c|. The procedure TRLEAFLOOKUP is used to access leaf

emergence data.

TRAP 14. This function calls TRCORNDEVELOP which is the corn development model. Inputs
are the planting date (PLANTDATE) and the corn variety (VARIETY). This also relies on the

work referenced above,

TRAP 15. This function calls TRBCWDEVELOP which is tl":e cutworm develqpment model. [nputs
are OBDATE and PLANTDATE. This model actually has two different parts. One s;,ct.ion is only
used if eggs are forward developed from an observation date less than planting date. This section is
bypassed if actual larval counts are input. In Steve Troester's work,veggs are developed with a
model built by Kimpel [Kimpel 1978] and was written in the simulation language GASP 5. For
PLANT /cd another approach was taken and was approved by Steve Troester. In this approach the
egg population is forward developed (using Troester’s development rates} until planting date. Then
th; different-aged larvae are classified into the closest instar category. The simulation {rom there is

the same as described in [Troester et al. 1982a,c] and is the same one that simulates cutworm

development given actual larval counts. This procedure calls TRAVERAGE as a utility procedure.

The procedures TRSMOOTH and TRSURVIVE are provided for experimenting with smoothing the

egg distribution, and simulating larval mortality. Currently these are not used.

TRAP 16. This function calls TRPOPVSSTAGE to put the results of cutworm development in

terms of corn development. This is based on the work described in [Troester et al. 1982a,¢|.

TRAP 17. This function calls TRIDAMAGE to estimate cutworm damage without recovery and
without regrowth. Inputs to this fuaction ’are MUCHWEEDS, VARIETY, MOISTURE, and the

parasitism rate which is set to a constant. The output of this function consists of the corn yield
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without insecticide treatment and without recovery (YIELDI1) and the percent damaged corn
(CORNDAMAGE). This function and the following three TRAP functions rely on work described in

[Troester et al. 1982b].

. TRAP 18. This function calls TR2DAMAGE to estimate cutworm damage without recovery but
with insecticide treatment. This function uses FRACT and MOISTURE {so0il moisture) to compute

YIELD?Z (yield without recovery and with insecticide treatment).

. TRAP 19. This function calls TRIRECOVER to estimate corn recovery without insecticide
treatment. This function uses MOISTURE and HOTWINDY (whether it is hot and windy} to
compute YIELDINC1 ({yield increase due to recovery without insecticide treatment) and

TOTRECOVER (percent total recovery of the corn).

. TRAP 20. This function calls TRZRECOVER to estimate corn recovery with insecticide treatmeat.

It uses FRACT and MOISTURE to compute YIELDINC?2 {yield increase due to recovery with

insecticide treatment).

2 TRAP 21. This function is used to prompt for and obtain the value for the date-valued variables
used in PLANT /cd. It returns the number of the day entered in mm/dd/yy format. To obtain the

date from the user, it calls TRASKDATE. TRASKDATE checks for proper date format. The year

is stored internally in the TRAP module.

. TRAP 22. This function calls TRGETLSTAGE which is used to calculate the fractional leal stage

(FRACT) given PLANTDATE and OBDATE.

. TRAP testnum. This function is used to call the TRAP module exerciser routine, TRTESTR. Tkis
was used by the author in the development of the TRAP module for PLANT/cd and was designed

to aid him in debugging the TRAP module.

The TRAP module also has a main program that is used to run it in test mode. In this mode, the
major functions are exercised, and damage estimates can be obtained without the use of the knowledge
base (i.e., it runs in stand alone mode.) The main program calls TREXERCISE to do the exercising

functions. This procedure calis TRAPFUNC and has it branch to fesinum in the case statement,
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5.3. A Session with Plant/cd

Figure 13 contains panels of a typical session with PLANT /cd. These panels were produced with a
Gould electrostatic plotter attached to a Tektronix 4014 graphics terminal. A version of the DISPLAY
MODULE is available for this terminal. It uses the cursor instead of a touch panel. These panels
therefore depict closely what one would see on the ORION plasma panel display terminal. The
rectangular areas within a panel are fouch fargets which the user can touch to provide a choice. The
computer acknowledges the choice by making the border of the touched area larger. Touch targets can
also be seen in Figure 3. A touch target in this state appears in the top panel in Page 63. Some questions
require the user to type, as in the bottom panel in Page 61. This occurs when the protocol for generating

touch targets and getting touched responses would be too cumbersome. This occurs in several cases:

. The variable that is being queried is an interval type variabie. {Interval variables are specified to

have 3 range of values, possibly large or infinite.)

° The domain elements of the variable being queried require a special format. This is the case for the

date in the bottom panel of Page 61.
. The variable is a vector. This is illustrated in Page 64.

Sometimes output is displayed and the user needs time to read it. This is the case in the top panel of

Page 66. The user is prompted to touch the screen when he/she is ready to continue.
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ADUTSE
VERSION 2.0

SELECT A RULE GROUP

I in BCUI 1B END SESSTION

T .

Black Cutworm Rule Group

ON UHAT DATE WAS THE FIELD CBSERVED?
ENTER DATE IN THE FORM : MMN/DD/YY.eee ? T7/3/80

user’s response (underlined)

Figure 13. This figure, which is continued on the next seven pages, depicts a
session with PLANT /cd. The top panel is the introductory panel for PLANT/ed
in which the user is queried for the rule group. There is presently one,‘the
Cutworm damage rule group. The user responds by touching one of the outlined
regions. The user is being queried for the observation date ia the next paael.


http:querie.od

HAT IS THZ PLANTING DATE?
bEJNTER DATE IN THE FORM t MM/DD ....
OR PRES3 CR IF YOU DON’T KNOU.. ? €28

ENTER CLOSEST WEATHER STATION NAME
TYPE 'WELS* TO SEE LIST OF ALLOWED STATIONS
b ENTER NAMC... ? HELP

t BROUNSTOUN C GIRARDEAU CARBONDALE
CHICAGO COBDEN DECATUR

DIXON SPRINGS DUBUQUE ELTZABETH
ELUOOD HUM3OLDT ILKA -
KILBOQURNE MOLINE PRDUCAH
PEORIA PERRY QUINCY
ROCKFORD ST LOUIS SFRINGFIELD
TERRE HAUTE TISKILUA URBANA
UINCENNES WATSEKA

ENTER NAME... ? IUKA

Figure 13 continued. In the top panel, the user is being prompted for the
planting date. If the user does not know this date, the planting date will be
inferred from the fractional leaf stage. The user is being prompted for the
weather station in the bottom panel,
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ia FULLSEQSONJ iB MIDSEASON 1C UNKNOUWN

EMERGENCE DATES

LEAF STAGE OF CROP
NUMBER QF FULLY EMERGED LEAUVES
(COLLAR EXPOSED)
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TCUCH SCRZEN TO CONTINUE.

Figure 13 continued. The user is being asked for the corn variety in the top
panel. The region that has a thicker outline indicates the user’s response. The
next panel displays the stages of corn development predicted by the system on
the basis of planting date, corn variety, and temperature data for the region the
field is in.
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user’s responses j

Figure 13 contlnued. The user is prompted for the moth trap counts and
attractiveness ratings in these panels. The underscores in the top panel indicates
that the user did not bave moth trap catches for some of the weeks.
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TOUCH SCREEN TG CONTINUE.

Figure 13 continued. The user is shown the inferred sumber of eggs laid in his
field and in the region around the field in the top panel. The bottom panel
displays the results of the BCW simulation model. This is in the form of a

transition matrix which states when each of the larval stages will undergo a
transition to a new stage.
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(COLLAR EXPOSED)
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Figure 13 continued. The user is shown the results of the process of putting
BCW development in terms of corn development. This is in the form of a matrix
that shows the population level of each of the instars approximately in the
middle of the period of a leal stage emergence and the pext larger one for corn
leal stage emergences 1 through 10. In the bottom panel, the user is prompted
for whether bis field has a large amount of weeds. This and the next two
questions will be used in estimating corn damage and yield. |



WHAT IS THZ SCIL MOISTURE IN THE FIELD™

1A UET 1B DRY 1C NORMAL 1D UNKNOUN

| IS IT HOT AND WINDY?

1A YES 1B NO 1C UNKNOWN

Figure 13 continued. The user is queried for the soil moisture in the field in i

the top panel. With certain responses to this question, the question in the bottom
panel may be asked.
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CONCLUSTONS.

PERCENT TCTAL DAMAGE OF THE CORN
7.656 (1.009)

THE TOTAL YIELD Ws/0 INSECTICIDE TREATMENT
95.872 (1.900)

THE TOTAL YIELD WITH INSECTITIDE TREATMENT
96.456 (1.000)
PERCENT FINAL STAND OF THE GORN
95.328 (1.000) ,

system’s estimates
confidence values in parenthesis™

TOUCH SCREEN TO CONTINUE.

| SELECT A RULZ GROUP

1A BCUY 1B END SESSICN

Figure 13 continued.
top panel, These are th
shows the user being aske

The user is given the results of the consultation in the
e GOAL variables of PLANT/cd. The bottom panel
d whether he wants to continue with another session.
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CHAPTER 6

VALIDATING EXPERIMENTS

This chapter describes some validating experiments using data gathered in 1982 to check the
performance of PLANT /cd. These experiments were designed to test the ability of PLANT/cd to predict

damage from larval counts (Experiment 1} as well as from moth trap counts (Experiment 2}.

6.1. The Data

Ron Meyer, an entomologist with the [llinois State Natural History Survey, collected field data in
1982 to verily some aspects of Steve Troester’s BCW simulation programs. This d:y;ta included larval
counts from several test areas of 14 fields in [llinois. Several of the fields were visited twice. Also collected
was information such as the planting date, the corn variety, whether an insecticide was used, a description
of spring weediness, tillage in the fall and spring, and previous crop. The complete list of collected items is

shown in Figure 14,

The spring weediness data for the period of time before Meyer visited a field relied on the memory
of the farmer or on Meyer's estimate of what it was. This was a marked weakness in the data. Also,
several of the fields had areas that had undergone insecticide treatment. This would cause thg predicted
damage from PLANT/cd and the actual damage to differ. In these experiments, damage was measured
during the growing season rather than at harvest time. Harvest time data was not available during the
time these experiments were run. Hence, in some fields the corn damage was assessed when damage was
occurring. This would also lead to a difference between predicted damage and the damage that was

measured.

Also collected in 1982 was extensive moth trap counts for the whole of lllinois. This eflort was done
by Steve Briggs, Extension Specialist with the Department of ‘Agricultural Entomology at the University

of lllinois and the Natural History Survey. The set of moth trap catches in the closest county to a field
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1982 BCW Data Form

VALIDATION OF BCW LOSS

Information needed from grower:

e =

bl

5
6
7
8.
9.
10

damage history
fail tillage and weediness
weed type
previous crop
spring weediness
tillage and dates
weed type {specific as possible}

. planting date
. insecticide history, this crop
. mid or fuil season corn

plants per acre goal
expected yield goal, bufA

. if replant situation: cost of insecticide treatment

cost to replant

Information needed from field - lat visii:

11.
12

13.

14.
15.
16.

17.
18.
19.
20.
21.

i.d. must be able to get to field, but also to the damage part
type of land (high, low, well-drained, roiling, etc.)

border vegetation (to get hot spots—tree lines, creeks, high land or
fence rows for wind break, clues to weeds)

extent of damage=whole field or spots

stage of growth (get to 1/10 leaf stage)

number of plants healthy, and cut above or below ground per 100 ft of
row

number larvae/100 plants (get accurate instar numbers)

weed density (broad leaves, grasses/ft of row)

soil moisture (wet, normal, dry)

weather conditions (hot andfor windy to make soil dry)

repeat 18 in treated or undamaged area

Subsequent vieits through 5th leaf

14-21 repeat

Harvest time visit

22. plant count in damaged and undamaged
23. bufA in damaged and undamaged areas (100 ft row, row width)

Figure 14. The data form used in gathering the 1982 data.
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was averaged and used to test the ability of PLANT/cd to predict damage from moth trap catches and
the indicator of spring weediness, the attractiveness rating. There was a problem with the trap data.
There were no report situations in which a cooperating farmer failed to send in the data for the week.
This could have been because there was little or no activity for the week. Often, it looked as if the farmer
placed the counts {or a week with little activity with a neighboring week that had some worth reporting.
For this experiment, a no report was counted as zero. The attractiveness rating of the fields were inferred

by Meyer and the author.

6.2. The Experiments

Two experiments were done using the 1982 data collected by Meyer. The first experiment was
designed to test the ability of PLANT /cd to predict BC\V damage from larval couants in the field typically
measured in May. The sccond experiment was designed to test the ability of PLANT/cd to predict

damage from moth trap catches whose measurements began in the middle of March.

For the first experiment, PLANT/ed was run for 45 sets of larval counts in 14 fields. Actual
temperature data up to around August 15 was used. Projected temperature data was used for the period
after August 15 using the database provided by the Natural History Survey. This would not be like a real
consultation which would only rely on actual temperature data up to the time of the consultation which
would be much earlier. This was done to eliminate errors from predicting temperature data so that only
model errors would be involved. The predicted percentage of corn cut and actual percentage of corn cut
wz.sr then compared. Naturally the frst experiment is easier to do than the second since it involves

processes that are better known and the prediction is for a shorter time span.

The results of the first experiment are displayed in Table 1. The first column of this table gives the
identification of the test site f‘or the larval count. The first two letters in this identification are the first
two characters in the last name of the farmer wvhose field the test site was on. The third alphabetic
character (optional) indicates which field the test site was on. The following number indicates whether this
was the first or second visit to this test site. The last alphabetic character is the test site letter. The test

sites that are marked with an asterisk (*) were treated with insecticide. The dagger (1) indicates that this
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!

Table 2. This table summarizes the inputs and results of experiment 1. See
text for explanation of the entries.
L]
Experiment 1

Instars/100 Plants Wansher Tre Past | 0% | Com Xwi Pros.

[19) Satoe County Dam Duie Varimy Cu Cae

3rd ith 5th Sth = T SR
Latat 0.25(1) 2.00 0.00 o1 6.00 Yisresom Richinad un §/1¢ Poll % 1%
La18¢ 000 000 000 0.3 0.74 Vecensms | Rudand | ¢/ /3¢ ] P «% %
TalAl 0.00 0.00 0.00 0.00 0.18 Vecsom | Ridtaad | 470 e | raa 1% %
TaI8) 0.00 011 0.34 6.11 0.00 Viscessm | Ricdinad | 8710 sise | rad % 2%
Ts1Ct 000 0.7% 0.18 0.78 0.00 Vecessm | Rickiand §/10 4/ Pait 3% %
GalA 0.00 411 $.48 1.37 137 luks Maron 4/2¢ (131 Mk 2% 1%
Caalds ] 000 1.23 310 2 0.00 aka Masos yn 9%t Y] 10% 2%
GarIC 0.00 14 2 1.41 0.00 Inks Marios 4424 s ] M 10% =%
1941 4 115 480 1.18 0.00 0.00 toka Marion Y3 i | Wad 1% a%
Gaazar | 000 1.08 178 1.08 598 laks Maron 424 s | owd 8% 2%
CsA2Bt 1.04 1.04 2.07 1.04 0.00 laks Marics 3 s/ | i 1% 12%
Ve 000 0.00 0.00 0.00 0.51 faks Mare 434 1 i w% 2%
Gaazpe ] 000 8.00 0.52 0.00 0.00 teks Marics yu s/ f 1% 2%
Caazge " | 000 0 00 0.00 9.00 0.00 Taka Maroe /24 (733 Mid 4% 0%
CaBIA 0.58 3.09 112 0.00 0.00 taks Maroe [ R 12% 5%
CBIB 949 0.37 1.48 0.4 0.00 leks Maroe LY (Y11} “d % 1%
Gamzat | 000 0.58 1.6% 0.00 110 leks Marioa oy sir § oM 2% 10%
GaB28t | o000 1.08 1.08 0.00 108 faka Musios 4 st | ma 2% 10%
SilA 0.0 618 0.38 0.18 0.18 $1 Lovis 58 Claie yn 1§ Pt 13 3%
sitd 000 0.23 0.58 0.4% 023 St Losia Si Chae g1 i ] re % %
SizAt 0.00 024 0.24 0.24 071 S Lowis sice J oy oy | ran 5% 5%
SitBe 000 000 0.00 0.00 0.00 St Losm 5eChir 4/28 1t Polf 1% 0%
BiAt 6.00 0 00 9.52 1.82 078 St Losim Si Clair s/ s | ra 13% %
BB1A 0.84 0.42 128 0.00 0.00 St Losis St Chir (Y] Yt Pkt 1% 9%
L5311 0.00 0.00 127 0.84 0.00 St Loain 51 Chir 3 i | P 2% %
Bik2AY 800 6.2¢ 0.24 on 0.24 St Losi $i Chir 3 s/ie } rau % <%
BiB2B} 000 0.67 039 0.22 0.00 St Lasm < Chir /3 /19 | Patt 5% 5%
Xn 800 @33 1.18 0.17 0.7 SiLosim 8t Chair 4/22 s/n | ran % %
TotA 0.00 0.60 151 0.20 0.00 St Losin Jermy 1] e § Pt % %
TuiBe 0.00 1.00 0.80 0.40 0.00 St Lasie Jeruy [ she | oret 1% "%
TasAt 8.00 0.50 0.00 0.2% 0.00 St Losis Jermy (12 s/1s § Palt % - 3%
TuzBe 000 0.17 0.00 8.00 0.00 $i Losin Jersey 8/3 sas | ra 4% 1%
BelA 0.00 44l 681 1.3 o8 St Lovis Jarmy 4/ 814 Pell 8% «%
Be2At 0.78 313 391 1.8 213 $t Lovin Jormy 4/3¢ s/s | ra 2% 8%
Be2Bt 0.00 0.00 0.20 9.20 0.61 51 Losis lersey 4/3% s Petl % %
YY) 0.18 o.i8 049 (X} s1e Perry Pike s 81 Pl 10% %
$yBt 2.00 014 0.4 029 023 Perry rte Jam Jone | ran 3% %
TyAt 0.00 0.19 0.00 019 0.19 Parey Pike b8 1741 (Y] % %
TyBt 020 0.78 059 (X 0.70 Parry Pite 1] s/1s § vt 8% %
Kax | 020 00 X 0.00 0.00 Quimey atms J a2 Jun | % | sz
KaiB 0.00 0.00 [3 ] 0.00 0.00 Qamey Adems Uz s | e 1% 1%
X s2A} 000 022 048 0.00 0.22 Qamey Adsms (Y7 ] s § M 4% %
K18t 600 0.00 0.00 0 00 .41 Quimey Adsms /3 s/ | Mid 1% 195
BaAt 052 1.04 1.91 0.69 139 Qoimey Adsas /0 s/ 1 omag 12% 7%
81381 072 1.44 1.08° 9 38 038 Qeisey Adsms i/t s/ | ren % 14%
Notes,

s Indicates thol this teat arco wes ircated with inaceticide.

t Indicates that this test srea was used Jor experiment 2.

(1) TAcse were Lot instar lareac.
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site way also chosen for the second experiment.

The next five columns in Table 1 are the larval counts per 100 plaats. The next column is the
closest weather station to the field. The closest county that had moth traps is i the next column. (Moth

trap counts were used in Experiment 2.) The corn planting date is next, followed by the date when the

test site was observed. The next column is the corn variety.

The last two columans are the observed percentage cut corn and the percentage cut corn predicted by

PLANT /cd, respectively!. As one can see, PLANT /cd does fairly well in this experiment in which larval
counts are given. One should be cautioned in using the results from the sites treated with insecticide. If
the site is treated, then one would expect higher predicted damage than actual when using counts taken
before treatment. One would expect less predicted damage than actual when counts are taken while

treatment was occurring and if damage occurred to any extent before treatment began.

The second expeﬁment involved using moth traps counts and the field attractiveness ratings to
predict cutworm damage. This prediction involves a longer span of time and is less accurate. Table 2
displays the inputs and results of this experiment. The first column is the field identification. The first
two letters of this identification are the frst two characters of the farmer’s last name. The last {optional)
character indicates which field if two fields of the same farmer were used. This experiment was doge on a

field basis since the weediness indicator was on a field basis. Each field consists of two rows of this table.

The first row gives the moth trap counts of the closest county having traps {from Table 1}. These counts

occupy columns 3 to 13. The counts were recorded on a weekly basis from 3/14 to 5/23. As mentioned :

before, the trap counts from the chosen county were averaged. The second row in columns 3 to 13 are the
attractiveness ratings for the feld for the same weeks. These ratings were given after the fact and were
therefore estimated by Meyer and the author. Using knowledge of tillage practices and a description of
the weediness of the field when Meyer visited it, it was possible to infer what the weediness was before
Meyer visited the field, both before and after tillage. The rest of the columns give other needed

information such as the planting date and the corn variety. The last two columns show the real
. y

!Percentage cut corn represeats the ratio of plasts that died due to BCW damage to the total planted crop. The predicted
percentage cut corn is estimated whes no more damage is being done to the field.
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Table 3. This table summarizes the inputs aod results of experiment 2. See
text for explanation of the entries.

Experiment 2

Pusd Cats. Week Beginning Wesihar Plans Com Resd Prog.
D o8 Siston Do Varmy Cn Cos
Ay 1714 1/ 3/%9 _:;:‘ 413 ¢/18 4724 [ 72 lz. /18 $/9% T
Cans 0.6 0.0 0.0 20 15.3 143 12.3 93 108 1e 13 Vin-
Ls cmnes $/4 Fall % %
A 04 0.4 0.4 6.4 0.4 6.4 0.4 ol 0.1 0.1 o1
cats | 00 00 60 2.0 1.3 143 123 3.3 w0s 36 1.3 Vin-
e cennes s/10 1 Pail % <%
At 04 X 04 04 04 04 0.4 0.4 02 0.2 0.2
Cots 0.8 0.0 T 4“0 7.0 20 Lo 0.0 0.0 0.0 0.0 '
CsA uka 4/24 Mid 7% %
A 07 07 a7 8.7 %4 0.7 LH 0.8 03 0.8 as
cati 0.0 0.0 %0 4“0 10 20 10 0.0 os | oo 0.0
cu luka v | g % | =
A 0.7 07 0.7 67 8.7 07 83 LX) 08 0s X
Cens 0.0 0.8 33 5.0 9.0 9.0 15.8 1.3 9.3 83 s3 1 s
si - Lowis | 423 | Fanl % | <
Atw 0.7 07 0.7 0.7 87 07 6s LX) [X] 05 oS
Cats 00 28 5.3 5.0 9.0 %0 158 13 9.3 0.3 33 st
s Losis 8/2 Ful 13% %
A 0.4 04 0.4 04 0.4 0.4 X 0.2 02 0.2 0.2
Cate 0.0 08 53 5.0 9.0 2.0 158 '] 13 93 0.3 5.3 st
s . Louis 83 | eon % | e
A o8 08 0.0 06 0.8 0.8 9.8 0.2 02 0.2 02
Crta 0.0 06 53 5.0 30 %0 158 1.2 %3 8.3 s3 | s
- Loais 422 | ruit % %
At 08 06 06 5.8 0.6 08 03 0.3 0.3 0.3 0.3
Cats 0.0 0.0 18.3 0.0 1.8 20 120 3 36 18 30 | st
Te Lous $/3 Full 8% <%
A o8 08 0.9 0.0 9.6 08 0.6 9.3 0.3 0.3 0.3
cen | 00 0.0 163 0.0 176 20 12.8 43 28 18 30 | st
n Loais 428 | rant 15% i%
At 0.? 0.7 0.7 0.7 0.7 07 0y 03 03 0.3 0.3
can | 00 0.0 1.3 0.3 20 148 10.0 8.0 10 1.0 10 |
Pury
S 428 | ran % %
Atm o3 | o3 (X3 0.3 L X] 1) 02 5.2 0.2 ez | o2
cs | 00 0.0 LS 0.5 .0 145 100 6o 10 1.0 1.0 Pary
1y /8 Fall 5% %
A 2.8 0.8 (.1} 08 06 0.8 0.6 03 03 0.3 0.3
Cata 00 00 0 0.0 14.8 2.0 7.0 33 a0 1.3 0.5 _
Quiney
Ks 5/2 AGd % 1%
Atw o3 03 03 01 03 0.3 03 01 0.1 0.1 0.1
cas | 00 0.0 4.0 00 145 20 70 38 0.0 ) 0.8
Quiney
8 8/t Fult n% %
A 0.4 04 0.4 0.4 0.4 0.4 0.4 o4 02 02 02
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percentage of cut corn and the predicted estimate. The real percentage was obtained by averaging the
percentage cut on the selected test sites (indicated by a t in Table 1) of a field and was measured on the
observation date for the field. The observation date is given in the tabie of Experiment 1. These were
the later visits of an untreated test site, if possible. As cap be seen, the program performed poorly for
some cases, especially those in which high actual damage occurred. The tendency is that PLANT /ed

underestimates the real damage in such cases,

6.3. Discussion of Results

Results of Experiment 1 were much better than those of Experiment 2. To a large extent this was
expected because the predictions that are dome in Experiment ! are of a shorter time span than
Experiment 2. The time span for Experiment 1 was typically 2 months and the time span for Experiment
2 was 3 to 4 months, Also the processes involved in Experiment 1 are better understood than those

involved in Experiment 2.

Let us discuss some of the problems that can cause the difference between the real damage and the
estimated damage. There is a problem of sampling both the larval population in the field and the
damaged plants. These were done by hand. There is an error of not being able to find the total larval
populaciqn present in the sample area. There is the same problem for sampling the plants themselves. A
plant can die due to cutworm damage and leave little trace of its existence. Plants that have undergone
regrowth after damage can be misclassified. This is due to the fact that a damaged plant, if after some
growth from recovering from its damage, can look like a plant that never has been damaged. Also the
time when the sampling is done can lead to an error. If 2 damage couat is done before the damage procea§
is finished, then the predicted damage would be higher than what was counted. With these potential

sources of error in mind, the results of Experiment 1 are fairly good.

If we examine the results of Experiment 2 in Table 3 we can see poor performance of PLANT /cd
especially when there is real damage above a few percent. This suggests that there are some additional
factors causing high damage that are not yet modelled. It is impossible for the moth population indicated

by the moth trap counts to generate enough of a larval population to cause the amount of damage
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observed assuming the oviposition rate in the model. This must mean that the moth population must
increase or oviposition must increase beyond what is currently assumed for these high damage felds.

Since the knowledge encoded in PLANT/cd is modular, it is easy to modify it when the processes that

cause high damage become known.



CHAPTER 7

THE PLANT/CDP IMPLEMENTATION

This chapter describes a system, PLANT /cdp, that was designed to predict whether a field is likely
to be damaged by Black Cutworms or not, rather than the degree of damage, as in PLANT/cd.
PLANT/cdp is a predecessor of PLANT /cd and was developed using the EMYCIN general purpose expert
system [van Melle et al. 1979]. PLANT /cdp was designed to be an initial exploration of capturing human
expert knowledge in the BCW damage domain. Through talks with Chip Guse, who was my expert
collaborator for the PLANT /cdp implementation, it was found that human expert knowledge was lacking
in the areas of the domain that would allow for predicting extent of damage. (See Section 3.2.) ’The goal
of my thesis work was an expert system to predict eﬁtent of damage and when we realized that the
approach taken in PLANT fedp was not going to work for predicting extent of damage, PLANT /cdp was
put aside. PLANT /cdp was therefore never improved to the point of being worthy of any serious testing.
However, predicting damageable fields is a reasonable thing to do,l and PLANT/cdp is documented here

for anybody who may wish to extend this work.

The knowledge base functions by checking whether the key elements to cutworm damage, sufficient

oviposition, larval survivel, and synchrony will occur for a field. Unlike PLANT/cd in which most of the

expert knowledge i3 encoded in a simulation model, most of the expert knowledge is encoded in the expert .

rules themselves in PLANT /cdp. Chip Guse was able to provide a surface model for this problem. Most
o} the rules in this knowledge base deal with predicting whether the feld is attractive enough for
oviposition. Weediness, a critical factor to oviposition attractiveness of a field, is predicted from spring
and fall tillage practices, a measure of the cﬁrrent weediness, and the weediness of the field in the [all.
Also oviposition is assumed to be high if the field is flooded. Oviposition is assumed to relate to weediness

in the manner shown in Figure 15. Notice that oviposition is less at extreme amounts of weediness.

The assumption is made that a field will escape cutworm damage if the aumber of Fahrenheit

degree-days (FDD) between the start of oviposition and planting date is less than 90. If the number of

77



18

100%
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Figure 15. This figure shows the relation between weediness of the field and
oviposition.

FDD is in the range 270-500, then a statement is printed out to inform the user that synchrony is at a

maximum.

It is assurned that the larvae will be able to survive if the spring tillage has not been repetitive
tillage or plowing since this will leave enough food supply. If the tillage has been plowing or repetitive

tillage, and if the FDD is less than 360, survival occurs.

As mentioned before, this knowledge base uses EMYCIN (written in INTERLISP). The knowledge
base was put on the DEC-2020 at SUMEX-AIM. The few times PLANT/cdp has been shown to experts,
the opinion was that it missed the correct prediction 50% of the time. The experts mentioned that it did

show promise to become more accurate.

7.1. The EMYCIN Rules

Appendix B contains a listing of the knowledge base. This includes a rule listing, a parameter
listing, and a special functions listing. The rule listing contains three versions for each rule. The first
version is the English paraphrasing of the rule. The second version is the terse paraphrasing, and the last

version is the actual rules. The rule base coasists of 25 rules. The reader is referred to [van Melle 1081]

which is the users’ manual for EMYCIN and this explains the terminology used in the listings. Also
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references [van Melle et al. 1979] and [Shortliffe 1976] explain how EMYCIN and its ancestor, MYCIN,

work in general terms.

7.2. A Session

Below is a session with PLANT /cdp:

4-Apr-81 09:04:19
[consuitation of 9-Mar-81 3:02AM]

e F[ELD-102
1) What is the identilying name of the field under
consideration?
++ TEST2
2) What is the closest weather station to test2? Enter a?
to see the allowed weather stations.
«+« BELLEVILLE
3) Has test2 had a past history of Black Cutworm damage?
== NO
4) Has test2 been flooded? :
0 NO .
$) What is the weediness of test2 in the spring? You can
enter ELABORATE to see elaboration on the categories of
weediness.
*= EXTENSIVE
6) Which one of the following ciasses of weeds
predominates test2 in the spring: broadleaves or
grasses?
s+ BROADLEAVES ‘
7) What is the spring tillage that was done on test2?
+*+ CHISEL
8) What is the date of spring tillage? Enter response in
the form of: 4-Apr-81
s* 10-Mar-81
9]} What is the date of the first moth fight? Enter
response in the form: 4-Apr-81 (If you don’t know this
date, answer NOTKNOWN.}
*s 20-Mar-81
10) What is the fall tillage that was done on test2?
i =+ CHISEL
11) What was the weediness of test2 in the fall? You can
enter ELABORATE to see elaboration on the categories
of weediness,
s PATCHY
12) Which one of the following classes of weeds
predominated test2 in the fall: broadleaves or
grasses?
*» BROADLEAVES
I calculate the oviposition attractiveness rating to be 1.0
(.9) or .2 (.8).
13) What is the estimated planting date? Enter response in
this form: 4-Apr-81 )
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»s 25-Apr-81
Synchrony is a maximum for this case.
I calculate the 90 DD accumulation from moth fBight to
occur on day 114. This is compared to the estimated
planting date which will occur on day 139.

Considering the information that you presented, [ would say
that test2 could have Black Cutworm damage.

Chip Guse agreed with the prediction above.



CHAPTER 8

SUMMARY

This thesis has described the application of the ADVISE meta-expert system to the development of
a specialized expert system that predicts Black Cutworm damage (PLANT/cd). In order to build an

expert system using the ADVISE inference system, one needs to:

(1) assemble knowledge about the problem by consulting with domain experts and reviewing relevant

literature,

(2) encode the knowledge in the form of decision rules described in Section 2.2.2 and 3.5,!
{3) select the inference mechanism(s) to be used on the knowledge base, and

(4) test the knowledge base.

Through this implementation, experience was gained in building expert systems. The aext two sections

are some reflections on this experience.

8.1. Difficulties Encountered using ADVISE

The ADVISE project has been a challenging and novel experiment in expert system design. Some of
the design goals of ADVISE led to difficulties, but the project has been quite successful over all, and some .
of the same design goals have contributed to this success. The following paragraphs elaborate on some ’

design decisions and their effects on the development of ADVISE.

The choice of Pascal led to a large development time. LISP was the alternative choice. The author
and another student argued Ior'L‘ISP as the implementation language in the initial design &iscussions, but
they were outvoted. As a result people working on ADVISE spent much time building software tools that
already existed in LISP. Pascal has no run-time interpreter and this was a continual problem. The TRAP

module, the RULE PARSER, and the RULE EVALUATOR would have had a simpler implemeutation

IADVISE also allows for the acquisition of rules through inductive inference.
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with a run-time interpreter. On the other hand ther are somé benefits of using Pascal as the
implementation language. The system is portable and applicable to a wide specttum of computers (and
potentially microcomputers). Pascal is also more efficient than the traditional Al language, LISP.
Because ADVISE is a meta-expert system, development of application systems does not reguire
redevelopment of the functionality inherent in ADVISE. This reduces the development time of specialized

expert systems and the large initial development time of ADVISE is not felt by applications of ADVISE.

Having a common set of tools to build expert systems is well worth their cost of development in the
time saved in implementing different ezpert systems. As indicated in the above paragraph, Pascal is a
language that is week in the kinds of tools needed for building expert systems. In order to avoid each
module of ADVISE duplicating tools, it was decided to structure ADVISE to share common tools as much
as possible. This led to reduced development time overall of the ADVISE system. At a higher level, the
ADVISE modules can be thought of as tools for building expert systems. [nstead of duplicating these tools

for each application, ADVISE offers them prebuiit.

The system was flezible, but this led to a large and sometimes slow execution. The design goal of
keeping ADVISE generai contributes to this. (ADVISE now contains more than 25 thousand lines of
commented Pascal.} We are now using the notion of compiling gn instance of an expert system to reduce
the overhead of of a flexible system. The hope is to put these compiled instances on microcomputer-based

systems,

Building an ezpert system is an effort that requires more than one person. This is especiaily true for
the case when a lot of tool building has to be done before any real work on the expert system can begin.
Any exper; system that is robust will require a lot of man-hours. Typically there have been 4-6 graduate
students working on ADVISE at any given time. There has been more than 5 man-years of effort in the

ADVISE project.

Procedures for user-friendly intergetion with ADVISE requires much programmer time and are lgrge,
User-friendliness is not cheap. Much of the top level programming in the PLANT/cd and PLANT/ds
(diagnosis of soybean diseases) applications of ADVISE is devoted to parsing user input, range checks on

user input, help and gxplanation facilities, window creation, and window management. Further
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enhancements such as word completion, and spelling correction will add even more overhead. There is
hope that the inclusion of the ‘‘frame manager'’ software developed for a medical computer system which

contains a robust set of tools for window creation as well as user input parsing and user input validity

checks will help.

With ADVISE changes to the knowledge base are easy. The RULE PARSER makes it possible to
quickly modify the knowledge base. The original version of PLANT/ds [Chilausky 1979| had no rule

parser and making changes to the knowledge base was extremely difficult.

The design goal of separating tactical and strategic information iz still not asccomplished. Such
solution is more complex than one would at first imagine. Some questions still have to be answered in

representing strategic {control) information:
. What is the most appropriate language for representing strategic knowiedge of a domain?
. Is the most appropriate language dependent on the domain?

e Where does strategic information go? Is it part of the rule set for a domain or is it best put in a

separate knowledge structure?

Epistemological studies such as [Clancey 1981} should help in answering these questions.

8.2. Experience Gained and Difficulties Encountered from PLANT/ cd

PLANT/¢d gave enlightenment on the relation between deep and surface models of ¢ domain. The
Black Cutworm domain was unusual in that there were areas of the domain where there was little expert
opinion. There was, however, a deep model available. This forced the expert system to be a hybrid; some
knowledge was encoded in ;roduction rules and some was procedural. The production rules served to
sequence and modularize the deep model (i.e., the simulation model). The advantage of such an approach
is that the modules can be easily explained to the user and are also easily modified. However, the linkage
between the deep and surface knowledge in PLANT/cd caused a mixing of tactics and strategy. In the
PLANT/cd knowledge base, the same level of representation contains declarative nog-control knowledge

and control knowledge. This should be avoided, but a solution awaits to be found.
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There are areas where knowledge is not robust enough to buiid accurate deep andfor surface models to
predict BCW damage from moth trap counts. This seems to be the cause of the poor results of Experiment
2. Perhaps the goal of identifying potentially damageable fields (as was done in PLANT/cdp) is the best
thing to reach for at this time. Predicting potentially damageable areas (e.g., whole counties) is another
possibility. A major problem about Black Cutworm corn damage is the fact that the Black Cutworm is a
sporadic pest. This makes it very hard to collect data. (It is no wonder experts have little opinion in some

areas of Black Cutworm damage, if they have little data to form opinion on!)

8.3. Concluding Remarks

The prediction of exteat of BCW damage has been chosen because it is important to agriculture, as
its successful solution would potentially bring large economic benefits. The complexity of‘the problem,
insuflicient understanding of the BCW damage proc;ass by experts, and the lack of complete and verified
multi-year data were major obstacles in this project. Despite these problems, our first small-scale attempt
at solving this probfem gave results that are promising and useful. To make further progress, continuing

collaborative effort of entomology experts and knowledge engineers is required.



APPENDIX A

PLANT/CD RULE BASE

Below are the rule and variable listings for PLANT/cd. The format of the rules and variable
declarations is described in Section 3.3 and 3.4. An English paraphrasing is included in the commeants for

each of the rules. Section 5.1 gives an explanation of the rules.

A.l. Rule Listing

CUTWORM_DAMAGE RULES
VARS == BCWVARS;

RULE1

![This rule is unconditional and is used in order to find out the

! observation date|
!

' TRLUE
IThen: Get the observation date from the user and assign it to the
! variable OBDATE. ’

TRUE ::> [OBDATE = TRAP(21,O0BDATE,1,0)};

RULE2

![This rule is unconditional and is used in order to find out the date
! for planting corn]
!

't TRUE
IThen: Get the date for planting corn from the user and assign
! it to the variable PLANTDATE.

TRUE > [PLANTDATE = TRAP(21,PLANTDATE,0,1)|;

RULE3

![This rule is unconditional and is used in order to find the nearest
! weather station id|
!

" TRUE
!Then: Get the nearest weather station id from the user and assign it
! to the variable STACODE.
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TRUE ::> [STACODE = TRAP(2)];

RULE4

'{This rule is unconditional and is used in order to find out the moth
! trap counts|
!

f: TRUE
IThen: Get the moth trap counts from the user and assign it to the

' variable MTRAP.

TRUE > [MTRAP = TRAP(3)};

RULES

{[This rule is used in order to find out about the egg population]
!

iII: The moth trap counts are known.
1Then: Calculate the egg population and assign it to the variable EGGS.

[MTRAP <> $| => [EGGS = TRAP(6,MTRAP)|;

RULE6

![This rule is unconditional and is used in order to find out the
! attractiveness rating of the feld]
1

. TRUE

IThen: Get the attractiveness rating of the feld from the user and
! assign it to the variable ATTR.

TRUE > [ATTR = TRAP(4)];

RULE?
![This rule is used in order to find out about the egg population|
' :

i g 1) The eggs have been computed, and

! 2) the attractiveness rating of the field is known.

IThen: Compute the eggs laid in the field and assign it to the variable
! FEGG, and give a summary of the egg population to the user.

[EGGS <> $|[ATTR <> $| ::> [FEGGS = TRAP(7,EGGS,ATTR)|TRAP(8);

RULES

![This rule is unconditional and is used in order to find out the Black
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! Cutworm population in the feld]

!

e TRUE

{Then: Get the Black Cutworm population from the user and assign
! it to the variable BCWPOP.

TRUE :> [BCWPOP = TRAP(5)];

RULE9

'[This rule is used in order to find out about the degree day table]

!

f: 1) The observation date is known, and

[ 2) The weather station id is known.

IThea: Compute the degree day table and assign it to the variable DD.

[OBDATE <> $][STACODE <> $§] :> [DD = TRAP(12,0BDATE,STACODE)|;

RULEIQ

![This rule is used in order to find out the planting date of the corn|
'

{8 1} The degree day table is known,

! 2) The observation date is knowa,

1 3) The Tractional lealstage of the corn is known, and

1 4) The corn variety is known

Then: Compute the planting date of the corn and assign it to the
! variable PLANTDATE.

[DD <> $|[OBDATE <> §|[FRACT <> $|[VARIETY <> §] =:>
[PLANTDATE = TRAP(13,0BDATE FRACT,VARIETY,DD)|;

1

RULELlL

![This rule is used in order to find out the corn development]
!
Ut 1) The degree day is knowa,
! 2} The planting date of the cora is known, and
- 3) The variety of the corn is known
!Then: Simulate corn development and assign the results to the
! variable CD, and display the results to the user.

[DD <> $|[PLANTDATE <> $|{[VARIETY <> §] :>
[CD == TRAP(14,PLANTDATE,VARIETY,DD)|TRAP(10});
RULE12

![This rule is tried in order to find out about Black Cutworm
! development)|
!
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"t 1) The degree day table is known,

! 2) The observation date < planting date, and

! 3) The egg population in the field is known

IThen: Simulate BCW development and assign the results to the
t variable BCWD and display the results to the user.

[DD <> $||0OBDATE < PLANTDATE|[FEGGS <> $] :>
[BCWD = TRAP(15,0BDATE,PLANTDATE FEGGS,DD)|TRAP(9,0BDATE);

RULEIL3

![This rule is tried in order to find out about Black Cutworm

! development|

]

"t 1} The degree day table is known,

! 2] The observation date is > the planting date,

! 3} The Black Cutworm population is known

'Then: Simulate BCW development and assign the resuits to the
! variable BCWD and display the results to the user.

[DD <> $]|[OBDATE >= PLANTDATE|[BCWPOP <> §| >
[BCWD = TRAP(15,0BDATE PLANTDATE BCWPOP DD)|TRAP(9,0BDATE);

RULE14

![This rule is used in order to find out the Black Cutworm vs lealstage

! table|

1

"t 1) The corn development is known, and -

! 2} The Black Cutworm development is known

!Then: Compute the Biack Cutworm vs. leafstage table and assign it to
t the variable POPVSSTAGE and display the Black Cutworm vs.

! leafstage table.

[CD <> $|[BCWD <> §] :> [POPVSSTAGE = TRAP(16,CD,BCWD)|TRAP(11);

RULEIS

!{This rule is used to find out the corn yield without insecticide

! treatment|

1

1t 1) The Black Cutworm vs leafstage table has been computed,

! 2) Whether there are greater than 4 weeds/foot of row is knowa,
{ 3} The cora variety is known, and

! 4) The soil moisture in the field is known

!Then: Compute the corn yeild without insecticide treatment and assign
! it to the variable YIELDI.

[POPVSSTAGE <> $|[MUCHWEEDS <> $|[VARIETY <> $|[MOISTURE <> §] :>
[YIELD1 = TRAP(17, MUCHWEEDS, VARIETY MOISTURE,0.25, CORNDAMAGE,POPVSSTAGE));
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RULE16

{[This rule is used in order to find out the fractional leafstage of the
"1 corn|

!

1f: 1) The planting date is defined, and

! 2) The observation date is < the planting date

!Then: The fractional leafstage is = 0.0.

[PLANTDATE <> ?|[OBDATE <= PLANTDATE] ::> [FRACT = 0.0];

RULE17

'[This rule is used to find out the corn yield with insecticide

! treatment|

!

't 1) The Black Cutworm vs leafstage table has been computed,

! 2} The fractional leafstage is known, and

! 3) The soil moisture in the field is known

!Then: Compute the corn yield with insecticide treatment and assign it
! to the variable YIELD2.

[POPVSSTAGE <> $|[FRACT <> $|[MOISTURE <> §| >’
[YIELD2 = TRAP(18,FRACT MOISTURE POPVSSTAGE]};

RULE1S8

![This rule is used in order to find out whether it is hot and windy]|

!

1f: The soil moisture is dry.
iThen: It is not hot and windy.

[MOISTURE = DRY] > [HOTWINDY = NOJ;

RULE19

![This rule is used in order to find out corn yield increment due to
! recovery without insecticide treatment]

Hf: 1) The Black Cutworm vs lealstage table is known,

! 2) The soil moisture is known, and

! 3) Whether it is hot and windy is known.

IThen: Compute the corn yield increment due to recovery without
! insecticide treatment and assign it the variable YIELDINCI1

[POPVSSTAGE <> $|[MOISTURE <> $|[HOTWINDY <> §] ::>
[YIELDINC1 = TRAP{19,MOISTURE , HOTWINDY,TOTRECOVER POPVSSTAGE)|;

RULE20

![This rule is used in order to find out corn yield increment due to
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! recovery with insecticide treatment|
!

'f: 1) The Black Cutworm vs leafstage table is known,
! 2} The fractional leafstage of the corn is known, and
! 3) The moisture of the soil is known.

iThen: Compute the corn yield increment due to recovery with
! insecticide treatment and assign it the variable YIELDINC2.

[POPVSSTAGE <> §||[FRACT <> $|{MOISTURE <> §] >
[YIELDINC2 = TRAP(20,FRACT MOISTURE,POPVSSTAGE)];

RULE21

![This rule is used io order to find the total corn yield without

! insecticide treatment|

1

HE: 1) The corn yield without insecticide treatment is known, and

! 2) The corn yield increment due to recovery without insecticide
! treatment is known

{Then: The total corn yield without insecticide treatment is the corn

ro yield without insecticide treatment plus the corn yield
! increment due to recovery without insecticide treatment and
! assign it to the variable TYIELDI.

[YIELD1 <> $|[YIELDINC1 <> §] =:>
[TYIELD1 = YIELD1+ YIELDINC1};

RULE22

'[This rule is used in order to find the total corn yield with

! insecticide treatment|
!

e 1} The corn yield with insecticide treatment is known, and
! 2) The corn yield increment due to recovery with insecticide
! treatment is koown.

!Then: The total corn yield with insecticide treatment is the corn
t yield with insecticide treatment plus the corn yield incremeant
! due recovery with insecticide treatment.

[YIELD2 < >$][YIELDINC2 <> §| =>
[TYIELD2 = YIELD2+ YIELDINC?];

RULE23
'|This rule is used in order to find the percent final stand of the corn]
1

iR 1) The percent total damage of the corn is known, and
! 2) The percent total recovery of the corn is known
'Then: The percent final stand of the corn is 100.0% minus the V
! difference between the percent total damage of the corn and the

! percent total recovery of the corn.
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[CORNDAMAGE <> $|[TOTRECOVER <> §] ::>
[STAND = 100.0 - (CORNDAMAGE-TOTRECOVER)};

RULE24

'[This rule is used to find the fractional leafstage]

!

't The observation date is > the planting date,

'Then: Compute the fractional lealstage and assign it to the
! variable FRACT.

[OBDATE > PLANTDATE] >
[FRACT = TRAP(22,PLANTDATE,OBDATE));

RULE25

!|This rule is used to find whether there are greater than 4 weeds/foot
! of row|

!

{If: ©  The observation date is < the planting date.

{Then: There are not greater than 4 weeds/foot of row.

[OBDATE <= PLANTDATE]| ::>
[MUCHWEEDS = NO|;

A.2. Variable Listing
BCWVARS VARS

OBDATE INTERVAL = 1..366

PROP = TRANS

THE DATE FOR WHICH THE FIELD IS OBSERVED
%%

PROP = PROMPT

ON WHAT DATE WAS THE FIELD OBSERVED?
%%

PROP = LABDATA

T
%%

PLANTDATE INTERVAL == 1..366
PROP = TRANS

THE DATE FOR PLANTING CORN
%%

PROP = PROMPT

WHAT IS THE PLANTING DATE?
%%

PROP == LABDATA

T
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7%

STACODE INTERVAL = 1000..9999
PROP = TRANS

THE STATION CODE

%%

PROP = LABDATA
T

MTRAP NOMINAL = (YES NO)

PROP = TRANS

MOTH TRAP COUNTS HAVE BEEN GOTTEN
%%

EGGS NOMINAL = (YES NO)
PROP = TRANS

EGGS HAVE BEEN COMPUTED
%%

H

FEGGS NOMINAL = (YES NO)

PROP == TRANS

EGGS IN THE FIELD HAVE BEEN COMPUTED
%%

’

ATTR NOMINAL = (YES NO)

PROP == TRANS

ATTRACTIVENESS RATINGS OF THE FIELD HAVE BEEN GOTTEN
%%

BCWPOP NOMINAL = (YES NO)

PROP = TRANS

BL{;&CK CUTWORM LARVAL COUNTS HAVE BEEN GOTTEN
%%

DD NOMINAL = (YES NO)

PROP = TRANS

DEGREE-DAY TABLE HAS BEEN READ IN
%%

’

CD NOMINAL = (YES NO)

PROP = TRANS

g(;_RN DEVELOPMENT HAS BEEN SIMULATED
(¥}

¥
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BCWD NOMINAL = (YES NO)

PROP = TRANS

BLACK CUTWORM DEVELOPMENT HAS BEEN SIMULATED
%%

E4

POPVSSTAGE NOMINAL = (YES NO)

PROP = TRANS

THE BLACK CUTWORM VS LEAFSTAGE TABLE HAS BEEN COMPUTED
%%

FRACT INTERVAL = 0.0 .. 10.0

PROP = PROMPT |
WHAT IS THE OBSERVED FRACTIONAL LEAF STAGE OF THE CORN ?
%%

PROP = TRANS

THE OBSERVED FRACTIONAL LEAF STAGE OF THE CORN

%%

¥

VARIETY NOMINAL = (FULLSEASON MIDSEASON)
PROP = PROMPT

WHAT TYPE OF CORN IS BEING PLANTED?
%%

PROP = TRANS

THE CORN VARIETY

%%

PROP = LABDATA

T

%%

PROP == NOUNKNOWN

T

%%

*

MOISTURE NOMINAL = (WET DRY NORMAL)
PROP == PROMPT

WHAT IS THE SOIL MOISTURE IN THE FIELD?
%%

PROP = TRANS

THE SO MOISTURE IN THE FIELD

%%

PROP = NOUNKNOWN

T

%%

4
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HOTWINDY NOMINAL = (YES NO)
PROP = PROMPT

IS IT HOT AND WINDY?

%%

PROP = TRANS

IT IS HOT AND WINDY

plizd
%%

PROP = NOUNKNOWN

T

%%

MUCHWEEDS NOMINAL = (YES NO)
PROP = PROMPT

ARE THE WEEDS GREATER THAN

4 WEEDS/FOOT OF ROW?

%%

PROP = TRANS

THERE ARE GREATER THAN 4 WEEDS/FOOT OF ROW
%%

PROP = NOUNKNOWN

T

%%

¥

YIELD1 INTERVAL = 0.0 .. 100.0

PROP = TRANS

THE YIELD W/O INSECTICIDE TREATMENT
%% :

YIELD2 INTERVAL == 0.0 .. 100.0

PROP == TRANS

THE YIELD WITH INSECTICIDE TREATMENT
%%

¥

YIELDINC1 INTERVAL = 0.0 .. 100.0

PROP = TRANS ; :
THE INCREASE IN YIELD DUE TO RECOVERY W/O INSECTICIDE TREATMENT
%%

’

YIELDINC2 INTERVAL = 0.0 .. 100.0

PROP = TRANS

g}ﬂ? INCREASE IN YIELD DUE TO RECOVERY WITH INSECTICIDE TREATMENT
2% ‘

L

TYIELD1 INTERVAL = 0.0 .. 100.0

PROP == TRANS

’é;l-gi TOTAL YIELD W/O INSECTICIDE TREATMENT
070

¥
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TYIELD2 INTERVAL = 0.0 .. 100.0
PROP = TRANS

THE TOTAL YIELD WITH INSECTICIDE TREATMENT

%%

CORNDAMAGE INTERVAL = 0.0 .. 100.0
PROP == TRANS

PEBCENT TOTAL DAMAGE OF THE CORN
c/?)/O

TOTRECOVER INTERVAL == 0.0 .. 100.0
PROP = TRANS

PERCENT TOTAL RECOVERY OF THE CORN
%%

1]

STAND INTERVAL = 0.0 .. 100.0

PROP = TRANS

PERCENT FINAL STAND OF THE CORN
%%



APPENDIX B

PLANT/CDP RULE BASE

This appendix contains listings of the rule, parameter, special functions, and properties of some
variables of the PLANT /cdp rule base that was implemented in EMYCIN. PLANT /cdp is described in
Chapter 7. See [van Melle et al. 1981] for format details.

B.1. Rule Listing
This listing contains the English, terse, and LISP form of the PLANT /cdp rules.

RULEQOO1
English form of the rule:

[This rule is tried in order to find out about whether considering
the information that you presented, [ would say that the feld
could have Black Cutworm damage|

If: 1) Cutworm eggs have been laid to a sufficient degree to cause
damage,
2} Cutworm larvae are able to survive on the preseat weed
population, and ‘
3) Cutworm development is synchronized with corn development
Then: It is definite {1.0) that considering the information that
you presented, | would say that the feld could have
Black Cutworm damage

Terse form of the rule:

If: 1) Ovipos,
2) Survive, and
3) Synchrony
Then: Damage = yes (1.0)

LISP form:
PREMISE: ($AND (SAME CNTXT OVIPOS)
{SAME CNTXT SURVIVE)
(SAME CNTXT SYNCHRONY))
ACTION: {CONCLUDE CNTXT DAMAGE YES TALLY 1000)
where

$AND is the variable-valued logic AND of EMYCIN,
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SAME is the LISP function that compares a EMYCIN
PARAMETER to a value and returas a truth status, and

CONCLUDE updates the value of an EMYCIN PARAMETER
with ap associated certainty.

RULE002

[This rule is tried in order to ind out about whether cutworm eggs
have been laid to a sufficient degree to cause damage|

if: 1) Flooding has occurred to cause favorable conditions for
sufficient oviposition to cause cutworm damage, or
2) The oviposition attractiveness rating for the weeds in the
field is great enough to indicate a Biack Cutworm problem
Then: It is definite (1.0} that cutworm eggs have been laid to 2
sufficient degree to cause damage

If: Flood or Weedovipossull
Then: Ovipos = yes (1.0)

PREMISE: ($AND ($OR (SAME CNTXT FLOOD YES)
. (SAME CNTXT WEEDOVIPOSSUFF YES)))
ACTION: (CONCLUDE CNTXT OVIPOS YES TALLY 1000)

RULEO004

[This rule is tried in order to find out about whether cutworm
development is synchronized with corn development|

if: 1) You have displayed the header: 1 calculate the 90 DD
accumulation from moth fight to occur on day < the Julian
date that corresponds to 90 FDD that is based on mfd>. This
is compared to the estimated planting date which will occur
on day <plantdate>., and

2} The estimated planting date is greater than or equal to the
Julian date that corresponds to 90 FDD that is based on the
. date of the first moth flight

Thea: It is definite (1.0) that cutworm development is

synchronized with corn development

P

If: 1) You have displayed the header: I calculate the 90 DD
accumulation from moth flight to occur on day <the Julian
date that corresponds to 90 FDD that is based on mfd>. This
is compared to the estimated planting date which will occur
on day <plantdate> ., and

2) Plantdate > == the Julian date that corresponds to 90 FDD
that is based on mfd

Thea: Synchrony == yes (1.0)
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PREMISE: [$AND (HEADER (CDDR (TEXT NIL
"I calculate the 90 DD accumulation from moth flight to occur on day ”
(FDDTOJDATE 90 (VAL1 CNTXT MFD))

". This is compared
to the estimated planting date which will occur on day "
(VAL1 CNTXT PLANTDATE)
"))
(GREATEQs (VAL! CNTXT PLANTDATE)
(FDDTOJDATE 90 (VAL1 CNTXT MFD|
ACTION: (CONCLUDE CNTXT SYNCHRONY YES TALLY 1000)

RULEO00S

[Tbis rule is definitional, is tried when information is received
about the estimated planting date]

If: 1) The estimated planting date is greater than or equal to the
Julian date that corresponds to 270 FDD that is based on
the date of the first moth flight, and

2) The estimated planting date is less than or equal to the
Julian date that corresponds to 500 FDD that is based on
the date of the first moth fight

Then: Display the comment: Synchrony is a maximum for this case.

if: 1) Plantdate >== the Julian date that corresponds to 270 FDD
that is based on mfd, and
2) Plantdate < == the Julian date that corresponds to 500 FDD
that is based on mfd
Then: Display the comment: Synchrony is a maximum for this case.

PREMISE: [$AND (GREATEQs* (VAL1 CNTXT PLANTDATE)
: (FDDTOJDATE 270 (VAL1 CNTXT MFD)))
(LESSEQ=* (VAL1 CNTXT PLANTDATE)
: (FDDTOJDATE 500 (VAL1 CNTXT MFD]
ACTION: (SPRINTT "Synchrony is a maximum for this case.” 0 5}

FIELDRULES fantecedent]

RULEOOS

[This rule is tried in order to find out about whether cutworm larvae
are able to survive on the present weed population|

If: 1) The spring tillage that was done on the field is one of:
none disc chise! field_cuitivator other, or
2) A: There is the date of spring tillage,
B: You have displayed the header: | calculate the 360 DD
survival time to be <the Juliaa date that corresponds to



360 FDD that is based on springtilldate> from the
beginning of the year. This is compared to the planting
date being: <plantdate>, and

C: The estimated planting date is less than the Julian date
that corresponds to 360 FDD that is based on the date of
spring tillage

Then: It is definite (1.0) that cutworm larvae are able to survive
on the present weed population

If: Spring_till = {none disc chisel field_cultivator other} or
A: Thereis spriagtilldate, :
B: You have displayed the header: [ calculate the 360 DD
survival time to be < the Julian date that corresponds to
360 FDD that is based on springtilldate> from the
beginning of the year. This is compared to the planting
date being: <plantdate>, and
C: Plantdate < the Julian date that corresponds to 360 FDD
that is based on springtilidate
Then: Survive = yes (1.0)

PREMISE: [$AND
($OR (SAME CNTXT SPRING_TILL
(ONEOF NONE DISC CHISEL FIELD_CULTIVATOR OTHER)

)
($AND (ONCEKNOWN CNTXT SPRINGTILLDATE)
[HEADER (CDDR (TEXT NIL
”1 calculate the 360 DD
survival time to be”
(FDDTOJDATE 360
(VAL1 CNTXT
SPRINGTILLDATE))

" from the beginning of the year. This is compared to the planting date being: ”
(VAL1 CNTXT PLANTDATE]|
(LESSP+ (VAL1 CNTXT PLANTDATE)
(FDDTOJDATE 360 (VAL1 CNTXT
SPRINGTILLDATE]
ACTION: (CONCLUDE CNTXT SURVIVE YES TALLY 1000)

RULE007

[This rule is definitional, is tried when information is received
about whether the field has had a past history of Black Cutworm
damage|

If: The field has had a past history of Black Cutworm damage

Then: There is suggestive evidence (.5) that considering the
information that you presented, [ would say that the
field could have Black Cutworm damage
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If: Past-history
Then: Damage = yes {.5)

PREMISE: ($AND (SAME CNTXT PAST-HISTORY))
ACTION: (CONCLUDE CNTXT DAMAGE YES TALLY 500)

[FIELDRULES/antecedent|

RULEO12

[This rule is tried in order to find out about whether flooding has
occurred to cause favorable conditions for suflicient oviposition
to cause cutworm damage|

If: 1) The field has been fooded, and
2) The date that flooding receded is greater than the date of
the first moth fBight
Then: It is definite (1.0) that flooding has occurred to cause
favorable conditions for sufficient oviposition to cause
cutworm damage

If: 1) Fldfid, and
2} Recededate > mfd
Then: Flood = yes (1.0)

PREMISE: (3AND (SAME CNTXT FLDFLD)
(GREATERP« (VAL1 CNTXT RECEDEDATE)
(VAL1 CNTXT MFD)))
ACTION: (CONCLUDE CNTXT FLOOD YES TALLY 1000)

RULEO13

[This rule is tried in order to nd out about whether the
oviposition attractiveness rating for the weeds in the field is
great enough to indicate a Black Cutworm problem|

If: 1) A: It is known whether | have considered spring weediness,
or
B: An attempt has been made to deduce whether I have
considered spring tillage,
2} You have displayed the header: [ calculate the oviposition
attractiveness rating to be <springoviposind>., and
3) The oviposition attractiveness rating of the field after
spring tillage is greater than .1
Then: It is definite {1.0) that the oviposition attractiveness
rating for the weeds in the field is great enough to
indicate a Black Cutworm problem
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If: 1) Springweediness! is known or Spring_tilll is traced,
2) You have displayed the header: [ calculate the oviposition
attractiveness rating to be <springoviposind>., and
3) Springoviposind > .1
Then: Weedovipossufl = yes (1.0}

PREMISE: ($AND ($OR (KNOW CNTXT SPRINGWEEDINESS1)
(ONCEKNOWN CNTXT SPRING_TILL1 T))
(HEADER (CDDR (TEXT NIL
"1 calculate the oviposition
atteactiveness rating to be ”
(VAL CNTXT SPRINGOVIPOSIND)
(GREATERP* (VAL1 CNTXT SPRINGOVIPOSIND)
1))
ACTION: (CONCLUDE CNTXT WEEDOVIPOSSUFF YES TALLY 1000)

RULEO14

[This rule is tried in order to find out about the oviposition
* attractiveness rating of the field after spring tillage or
whether I bave considered spring weediness

If: 1) The weediness of the field in the spring is known, and
2) The predominant weed type in the field in the spring is
known
Then: 1) There is strongly suggestive evidence (.9} that the
oviposition attractiveness rating of the field after
spring tillage is the conversion of the weediness of the
field in the spring considering the predominant weed type
in the field in the spring to the oviposition
attractiveness rating, and
2) It is definite {1.0) that [ have considered spring
weediness

If: 1) Springweediness is known, and
2) Springpredweedtyp is knowa
Then: 1) Springoviposind == the conversion of springweediness
considering springpredweedtyp to the oviposition
attractiveness rating (.9), and
2) Springweedinessl == yes (1.0)

PREMISE: ($AND (KNOWN CNTXT SPRINGWEEDINESS)
(KNOWN CNTXT SPRINGPREDWEEDTYP))
ACTION: (DO-ALL (CONCLUDE CNTXT SPRINGOVIPOSIND
(WEEDTOOVIPOSIND (VAL1 CNTXT
SPRING WEEDINESS)
(VAL1 CNTXT
SPRINGPREDWEEDTYP))
TALLY 900)
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(CONCLUDE CNTXT SPRINGWEEDINESS! YES TALLY 1000))

RULEO015

[This rule is tried in order to find out about the oviposition
attractiveness rating of the field after spring tillage or
whether [ have considered spring tillage]

If: The equivalent tillage that was done on the field in the
spring considering tillage date compared to moth flight
date is moldboard_plow

Then: 1} There is strongly suggestive evidence {.8) that the

oviposition attractiveness rating of the field after
spring tillage is 0, and

2) It is definite (1.0) that I have considered spring
tillage

If: Tillage = moldboard_plow
Then: 1) Springoviposind == 0.0 (.8}, and
2) Spring_tilll = yes (1.0)

PREMISE: {$AND (SAME CNTXT TILLAGE MOLDBOARD_PLOW))
ACTION: {DO-ALL (CONCLUDE CNTXT SPRINGOVIPOSIND 0.0 TALLY 800)
(CONCLUDE CNTXT SPRING_TILL1 YES TALLY 1000))-

RULE®G18

[This rule is tried in order to find out about the oviposition
attractiveness rating of the field after spring tillage|

If: 1) The equivalent tillage that was done on the field in the
spring considering tillage date compared to moth fight
date is one of: disc chisel field_cultivator other,

2) An attempt has been made to deduce whether [ have
considered tillage in the [all, and

3) There is the oviposition attractiveness rating of the field
in the fall after fall tillage

Then: The oviposition attractiveness rating of the field after

spring tillage is as follows:

If the oviposition attractiveness rating of the field in the
fall after rall tillage is:

a) less than .4 then: 0.0 (.8),

b) greater or equal to .4 then: the oviposition
attractiveness rating times 0.5 (.8);

If: 1) Tillage = {disc chisel field_cultivator other},
2) Fall_tilll is traced, and
3) Thereis falloviposind

Then: Springoviposiad is as follows:
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If falloviposind is:

a) less than .4 then: 0.0 (.8),

b) greater or equal to .4 then: the oviposition
attractiveness rating times 0.5 (.8);

PREMISE: ($AND (SAME CNTXT TILLAGE (ONEOF DISC CHISEL
FIELD_CULTIVATOR OTHER))
(ONCEKNOWN CNTXT FALL_TILL1 T)
(ONCEKNOWN CNTXT FALLOVIPOSIND))
ACTION: [CONCLUDET CNTXT (VAL1 CNTXT FALLOVIPOSIND)
(LT .4 800 0)
(GE .4 0 800))
TALLY SPRINGOVIPOSIND
(LIST '0.0 (FTIMES .5 (VAL1 CNTXT FALLOVIPOSIND]

RULE0D17

[This rule is tried in order to find out about the oviposition
attractiveness rating of the field after spring tillage]

If: 1) The equivalent tillage that was done on the field in the
spring considering tillage date compared to moth fight
date i3 none,

2) An attempt has been made to deduce whether [ have
considered tillage in the fall, and

3) The oviposition attractiveness rating of the field in the
fall after fall tillage is known

Then: There i3 strongly suggestive evidence {.8) that the

oviposition attractiveness rating of the Held after
spring tillage is 1.1 times [the ovipositioa
attractiveness rating of the field in the fall after fall
tillage plus .2|

If: 1) Tillage = none,
2) Fall_tilll is traced, and
3) Falloviposiad is knowa
Then: Springoviposind == 1.1 ¢ {falloviposiad + .2} (.8)

PREMISE: ($AND (SAME CNTXT TILLAGE NONE)
(ONCEKNOWN CNTXT FALL_TILL1 T)
(KNOWN CNTXT FALLOVIPOSIND))
ACTION: (CONCLUDE CNTXT SPRINGOVIPOSIND
(TIMES 1.1 (PLUS (VAL1 CNTXT FALLOVIPOSIND)

2))
TALLY 800)
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RULEO018

[This rule is tried in order to fird out about the oviposition
attractiveness rating of the field in the fall after fall
tillage or whether I have considered tillage in the fall]

If: The fall tillage that was done on the field is moldboard_plow
Then: 1) There is strongly suggestive evidence {.9) that the
oviposition attractiveness rating of the field in the
fall after fall tillage is 0, and
2) It is definite (1.0} that I have considered tillage in
the fall

If: Fall_till = moldboard_plow
Then: 1) Falloviposind = 0.0 (.9), and
2) Fall_tilil == yes (1.0)

PREMISE: ($AND (SAME CNTXT FALL _TILL MOLDBOARD_PLOW))
ACTION: (DO-ALL (CONCLUDE CNTXT FALLOVIPOSIND 0.0 TALLY 900)
(CONCLUDE CNTXT FALL_TILL1 YES TALLY 1000))

RULEO19

[This rule is tried in order to find out about the oviposition
attractiveness rating of the feld in the fall after [all
tillage]

It: 1) The fall tillage that was done on the field is none,
2} An attempt has been made to deduce whether the weediness in
- "the feld in the fall before fall tillage is known, and
3) The oviposition attractiveness rating for the field in the
fall before any tillage is known
Then: There is strongly suggestive evidence {.9) that the
oviposition attractiveness rating of the feld in the
fall after fall tillage is the oviposition attractiveness
rating {or the field in the fall before any tillage plus .1

If: 1) Fall_till = none,
2) Fallweedknown is traced, and
3) QOviposind is known
Thes: Falloviposind = oviposind + .1 {.9)

PREMISE: ($AND (SAME CNTXT FALL_TILL NONE)
(ONCEKNOWN CNTXT FALLWEEDKNOWN T)
(KNOWN CNTXT OVIPOSIND))
ACTION: (CONCLUDE CNTXT FALLOVIPOSIND (PLUS (VALL CNTXT OVIPOSIND)

1)
TALLY 900)
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RULE020

[This rule is tried in order to find out about the oviposition
attractiveness rating of the field in the fall after fall
tillage]

If: 1) The fall tillage that was done on the field is one of: disc
chisel feld_cultivator other, )
2) An attempt has been made to deduce whether the weediness in
the field in the fall before fall tillage is known, and
3) There is the oviposition attractiveness rating for the field
in the fall before any tillage
Then: The oviposition attractiveness rating of the field in the
fall after fall tillage is as follows:
If the oviposition attractiveness rating for the field in the
fall before any tillage is:
a) less than .4 then: 0.0 (.8),
b} greater or equal to .4 then: the oviposition
attractiveness rating times 0.5 {.8);

It: 1) Fall_till = {disc chisel field_cultivator other},
2} Fallweedknown is traced, and
3) Thereis oviposind
Then: Falloviposind is as follows:
If oviposind is:
a) less than .4 then: 0.0 (.8),
b} greater or equal to .4 then: the oviposition
attractiveness rating times 0.5 (.8);

PREMISE: ($AND (SAME CNTXT FALL_TILL (ONEOF DISC CHISEL
FIELD_CULTIVATOR OTHER))
(ONCEKNOWN CNTXT FALLWEEDKNOWN T)
(ONCEKNOWN CNTXT OVIPOSIND))
ACTION: [CONCLUDET CNTXT (VAL1 CNTXT OVIPOSIND)
(LT .4 800 0)
(GE .4 0 800))
TALLY FALLOVIPOSIND
(LIST '0.0 (FTIMES .5 (VAL1 CNTXT OVIPOSIND|

RULEOQ21

[This rule is tried in order to find out about the oviposition
attractiveness rating for the field in the fall before any

tillage or whether the weediness in the field in the fall before
fall tillage is known]|

It: 1) The weediness of the field in the fall is known, and
2) The predominant weed type in the field in the fall is known
Then: 1) It is definite (1.0) that the oviposition attractiveness
rating for the field in the fall before any tillage is
the conversion of the weediness of the feld in the fall
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considering the predominant weed type in the field in the
fall to the oviposition attractiveness rating, and

2) It is definite (1.0) that the weediness in the field in
the fali before fall tillage is known

If: 1) Faliweediness is known, and
2) Fallpredweedtyp is known
Then: 1) Oviposind == the conversion of fallweediness considering
fallpredweedtyp to the oviposition attractiveness rating
{1.0), and
2) Fallweedknown = yes {1.0)

PREMISE: ($AND (KNOWN CNTXT FALLWEEDINESS)
(KNOWN CNTXT FALLPREDWEEDTYP))
ACTION: (DO-ALL (CONCLUDE CNTXT OVIPOSIND (WEEDTOOVIPOSIND
(VAL1 CNTXT FALLWEEDINESS)
(VAL1 CNTXT FALLPREDWEEDTYP))
TALLY 1000).
(CONCLUDE CNTXT FALLWEEDKNOWN YES TALLY 1000})

RULE022

[This rule is tried in order to find out about the oviposition
attractiveness rating for the field in the fall before any
tillage|

If: The previous crop of the field is corn

Then: There is strongly suggestive evidence {.8) that the
oviposition attractiveness rating for the feld in the
fall before any tillage is .1

If: Previous_crop == corn
Then: Oviposind = .1 {.8)

PREMISE: {$AND (SAME CNTXT PREVIOUS_CROP CORN))
ACTION: (CONCLUDE CNTXT OVIPOSIND .1 TALLY 800)

-

RULEO023

[This rule is tried in order to find out about the oviposition
attractiveness rating for the field in the fall before any
tillage] .

If: The previous crop of the field is one of: soybeans sweatcorn
silage_corn pasture other_than_corn
Then: There is strongly suggestive evidence {.8) that the
oviposition attractivepess rating for the field in the
fall before any tillage is .2
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It: Previous_crop = {soybeans sweatcorn silage_corn pasture
other_than_corn}
Then: Oviposind = .2 (.8}

PREMISE: ($AND (SAME CNTXT PREVIOUS_CROP
(ONEOF soybeans sweatcorn silage_corn pasture
other_than_corn}))
ACTION: (CONCLUDE CNTXT OVIPOSIND .2 TALLY 800)

RULEO24

[This rule is tried in order to find out about the equivalent tillage
that was done on the field in the spring considering tillage
date compared to moth flight date]

If: 1) The spring tillage that was done on the field is one of:
disc chisel field_cultivator moldboard_plow other, and
2) The date of spring tillage is less than the date of the
first moth Hight
Then: It is definite {1.0) that the equivalent tillage that was
done on the field in the spring considering tillage date
compared to moth flight date is the spring tillage that
was done on the field

It: 1) Spring_till = {disc chisel feld_cultivator moldboard_plow
other}, and
2} Springtilidate < mfd
Then: Tillage = spring_till (1.0}

PREMISE: ($AND (SAME CNTXT SPRING_TILL
(ONEOF DISC CHISEL FIELD_CULTIVATOR
MOLDBOARD_PLOW OTHER))
(LESSP» (VAL1 CNTXT SPRINGTILLDATE)
(VAL1 CNTXT MFD)))
ACTION: (CONCLUDE CNTXT TILLAGE (VAL1 CNTXT SPRING_TILL)
TALLY 1000)

RULEQ25

[This rule is tried in order to find out about the equivalent tillage
that was done on the field in the spring considering tillage
date compared to moth flight date]

If: 1) The spring tillage that was done on the field is none, or
2} The date of spring tillage is greater than or equal to the
date of the first moth flight
Then: It is definite (1.0) that the equivalent tillage that was
done on the field in the spring considering tillage date
compared to moth fight date is none
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If: Spring_till = none or Springtilldate >== mfd
Thean: Tillage = none (1.0)

PREMISE: [$AND ($OR (SAME CNTXT SPRING_TILL NONE)
(GREATEQ® (VAL1 CNTXT SPRINGTILLDATE)

(VAL1 CNTXT MFD|
ACTION: (CONCLUDE CNTXT TILLAGE NONE TALLY 1000)

B.2. Parameter Listing

DAMAGE [FELD-PARMS|
TRANS: (considering the information that you presented, I would
say that * could have Black Cutworm damage)
UPDATED-BY: (RULEO001)
UPDATED-IN: {(RULEO007)

FALLOVIPOSIND [FIELD-PARMS|
EXPECT: POSNUMB :
TRANS: (the oviposition attractiveness rating of = in the fall after
fall tillage) ’
USED-BY: (Rules 17 18)
CONTAINED-IN: (Rules 17 16)
UPDATED-BY: (Rules 20 19 18)

FALLPREDWEEDTYP [FIELD-PARMS|
EXPECT: (BROADLEAVES GRASSES)
TRANS: ({the predominant weed type in * in the fall}
PROMPT: {Which one of the following classes of weeds predominated »
in the fall : broadleaves or grasses?}
ASKFIRST: T
USED-BY: (RULEO021)

FALLWEEDINESS [FIELD-PARMS|

EXPECT: (COMPLETELY_BARREN NEARLY_VOID NEARLY_VOID-MATURING SPARSE'

SPOTTY PATCHY PATCHY-EXTENDED WIDESPREAD WIDESPREAD-
EXTENDED EXTENSIVE DENSE ELABORATE)
TRANS: (the weediness of » in the fall)

., PROMPT: (What was the weediness of * in the lali? You can enter
ELABORATE to see elaboration on the categories of
weediness.)

ASKFIRST: T
CHECK: |bind TRIAL do
(COND [(EQUAL VALU 'ELABORATE)
(SETQ TRIAL
(GETPROP
(USER.CHOICE
"Type in the number corresponding to the value you wish elaborated.”
(REMOVE
'ELABORATE
(GETPROP PARM
'EXPECT))
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NIL NIL PARM)
'"TRANS))
(COND ((NULL TRIAL)
(RETURN NIL))
(T (SPRINTT TRIAL LEFT 5)
(RETURN (CAAR (READANS CNTXT PARM
PROMPT]|
(T (RETURN VALU]
USED-BY: (RULEO021)
CONTAINED-IN: (RULEO021)
FALLWEEDKNOWN [FIELD-PARMS]
TRANS: (the weediness in * in the fall before fall tillage is known)
USED-BY: (Rules 20 19)
UPDATED-BY: (RULEO021)

FALL_TILL [FIELD-PARMS| _
EXPECT: (NONE DISC CHISEL FIELD_CULTIVATOR MOLDBOARD_PLOW OTHER)
TRANS: (the fall tillage that was done on *)
PROMPT: T
ASKFIRST: T
USED-BY: (Rules 20 19 18}

FALL_TILL1 [FIELD-PARMS|
TRANS: (I have considered tillage in the fall)
USED-BY: {Rules 17 16)
UPDATED-BY: (RULEO18)

FIELD [CONTEXTTYPES|
PARMGROUP: FIELD-PARMS
PRINTID: FIELD-
INITIALDATA: (FIELD-ID WEATHER_STATION PAST-HISTORY)
GOALS: (DAMAGE)
DISPLAYRESULTS: T
SYN: (((FIELD-ID)
(FIELD-ID)))
UNIQUE: T
RULETYPES: (FIELDRULES)

FIELD-ID [FIELD-PARMS]
ASKFIRST: T
EXPECT: ANY

TRANS: (the identifying name of the field under consideration)
PROMPT: T

FLDFLD [FIELD-PARMS]
TRANS: (* has been flooded)
PROMPT: T -
ASKFIRST: T
USED-BY: (RULE012)



110

FLOOD [FIELD-PARMS|
TRANS: (fcoding has occurred to cause favorable conditions for
sufficient oviposition to cause cutworm damage)
USED-BY: (RULEO002)
UPDATED-BY: (RULEO012)

MFD [FIELD-PARMS|
EXPECT: ANY
UNITS: DAYS
TRANS: (the date of the first moth flight)
PROMPT: (What is the date of the first moth flight? Enter response
in the form: (E (SUBSTRING (DATE)
19))

{If you don’t know this date, answer NOTKNOWN.))
ASKFIRST: T

CHECK: {COND [(EQUAL VALU 'NOTKNOWN)])
[SETQ VALU (CADR (GETPROP (VAL1 CNTXT WEATHER _STATION)
(MKATOM (CONCAT "YR” YR]
(COND ({(EQUAL VALU NLL)
(SPRINTT
"I don’t know this date. You will have to provide it.”
0.5)
(CAAR (READANS CNTXT PARM PROMPT)))
(T (JDATE VALUJ
(T (CHKDATE VALUY)))
USED-BY: (Rules 25 24 12)

OVIPOS [FIELD-PARMS]
TRANS: (cutworm eggs have been laid to a sufficient degree to cause
: damage)
USED-BY: (RULE001)
UPDATED-BY: (RULEGO2)

OVIPOSIND [FIELD-PARMS]|
EXPECT: POSNUMB
RANGE: (01)
TRANS: (the oviposition attractiveness rating for » in the fall
before any tillage)
USED-BY: (Rules 20 19)
CONTAINED-IN: (Rules 20 19)
UPDATED-BY: (Rules 23 22 21)

PAST-HISTORY [FIELD-PARMS|
TRANS: (* has had a past history of Black Cutworm damage)
PROMPT: T
ASKFIRST: T
ANTECEDENT-IN: (RULE007)

PLANTDATE [FIELD-PARMS|
EXPECT: ANY
UNITS: DAYS
TRANS: (the estimated planting date)
PROMPT: (What is the estimated planting date? Enter response in thxs
form: (E (SUBSTRING (DATE)
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19)))
ASKFIRST: T
CHECK: (CHKDATE VALU)
USED-BY: (Rules 6 4)
ANTECEDENT-IN: (RULE005)

PREVIOUS_CROP [FIELD-PARMS]|
EXPECT: (CORN SOYBEANS SWEATCORN SILAGE_CORN PASTURE OTHER_THAN_CORN)
TRANS: {the previous crop of %)
PROMPT: T
ASKFIRST: T
USED-BY: (Rules 23 22)

RECEDEDATE [FIELD-PARMS]|
EXPECT: ANY
UNITS: DAYS
TRANS: {the date that flooding receded)
PROMPT: (What is the date that flooding receded? Enter response in
the form: (E (SUBSTRING (DATE)

19)))
ASKFIRST: T
- CHECK: (CHKDATE VALU)
USED-BY: (RULEO12)

SPRINGOVIPOSIND [FIELD-PARMS]
EXPECT: POSNUMB
TRANS: (the oviposition attractiveness rating of # after spring
tillage)
USED-BY: (RULEO013)
UPDATED-BY: (Rules 17 16 15 14)

SPRINGPREDWEEDTYP [FIELD-PARMS]|
EXPECT: (BROADLEAVES GRASSES)
PROMPT: (Which one of the following classes of weeds predominates #

in the spring : broadleaves or grasses?)
ASKFIRST: T \

USED-BY: (RULEO14)

SPRINGTILLDATE [FIELD-PARMS]
EXPECT: ANY
UNITS: DAYS
TRANS: (the date of spring tillage)
PROMPT: (What is the date of spring tillage? Enter response in the
‘ form of: (E (SUBSTRING (DATE)

19))
ASKFIRST: T
CHECK: (CHKDATE VALU)
USED-BY: (Rules 25 24 6)

SPRINGWEEDINESS [FIELD-PARMS|
EXPECT: (COMPLETELY_BARREN NEARLY_VOID NEARLY_VOID-MATURING SPARSE
SPOTTY PATCHY PATCHY-EXTENDED WIDESPREAD WIDESPREAD-

EXTENDED EXTENSIVE DENSE ELABORATE)
TRANS: (the weediness of # in the spring)
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PROMPT: (What is the weediness of » in the spring? You can enter
ELABORATE to see elaboration on the categories of
weediness.)

ASKFIRST: T

CHECK: [biad TRIAL do
(COND [(EQUAL VALU 'ELABORATE)

{SETQ TRIAL
(GETPROP
(USER.CHOICE
"Type in the number corresponding to the value you wish elaborated.”
(REMOVE
'ELABORATE
(GETPROP PARM
'EXPECT))
NIL NIL PARM)
"TRANS))
(COND {{NULL TRIAL)
{(RETURN NIL})
(T {SPRINTT TRIAL LEFT 35)
(RETURN (CAAR (READANS CNTXT PARM
PROMPT|

: (T (RETURN VALU|

USED-BY: (RULEO14)

CONTAINED-IN: (RULEO14)

SPRINGWEEDINESS1 [FIELD-PARMS]
TRANS: (I bave considered spring weediness)
USED-BY: (RULEO13)

UPDATED-BY: (RULEO14)}

SPRING_TILL [FIELD-PARMS]
EXPECT: {NONE DISC CHISEL FIELD_CULTIVATOR MOLDBOARD_PLOW OTHER}
TRANS: (the spring tillage that was done on *}
PROMPT: T
ASKFIRST: T
USED-BY: (Rules 25 24 6)
CONTAINED-IN: (RULE024)

SPRING_TILL1 [FIELD-PARMS]|
TRANS: (I have considered spring tillage)
USED-BY: (RULEO013)
UPDATED-BY: (RULEO015)

SURVIVE [FIELD-PARMS]
TRANS: (cutworm larvae are able to survive on the present weed
population)
USED-BY: (RULE0O1)
UPDATED-BY: (RULEO006)

SYNCHRONY [FIELD-PARMS|

TRANS: (cutworm development is synchronized with cora development}
USED-BY: (RULE001)
UPDATED-BY: {RULE004)
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TILLAGE [FIELD-PARMS|
EXPECT: (ONEOF NONE DISC CHISEL FIELD_CULTIVATOR OTHER}
TRANS: (the equivalent tillage that was done on * in the spring
considering tillage date compared to moth Hight date)
USED-BY: {Rules 17 16 15)
UPDATED-BY: (Rules 25 24)

WEATHER_STATION [FIELD-PARS]
EXPECT: (URBANA MT.CARROLL BELLEVILLE}
TRANS: (the closest weather station to =)
PROMPT: (What is the closest weather station to = ? Enter a ? to see

the aliowed weather stations.)
ASKFIRST: T

WEEDOVIPOSSUFF |[FIELD-PARMS]
TRANS: (the oviposition attractiveness rating for the weeds in = is
great enough to indicate a Black Cutworm problem)
USED-BY: (RULE002)
UPDATED-BY: (RULE013)

B.3. Pseudo-parameter Listing

COMPLETELY_BARREN [SPECIALS]
TRANS: (COMPLETELY BARREN of all vegetation. Small amounts of

residue on the surface.)
ATTRACTIVENESS: {0.00.0)

DENSE [SPECIALS]
TRANS: (DENSE cover, Vegetation covers aearly all of the field and
most weeds are matyre. Weed height may exceed 6%”. The

vegetation may be functioning as a green magure cover
crop

)
ATTRACTIVENESS: (8 .4)

EXTENSIVE [SPECIALS]|
TRANS: (EXTENSIVE vegetation. Vegetation covers most of the

field. Most weeds are developing rapidly.)
ATTRACTIVENESS: (1.0.5)

FDDTOJDATE [FUNCTIONS]
TRANS: (the Julian date that corresponds to (1)
FDD that is based on (2))
TEMPLATE: IGNORE
CALLED-IN: (Rules 65 4)

- FIELDRULES [RULEGROUPS|
CONTEXT: (FIELD)
SVAL: {this feld)
CTRANS: "fields”
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HEADER [FUNCTIONS|
TRANS: (You have displayed the header : (1))
TEMPLATE: IGNORE
CALLED-IN: (Rules 13 6 4)

NEARLY_VOID [SPECIALS]|
TRANS: (NEARLY VOID of vegetation. A few very small
(1/4%" to 1/2%")
weeds can be found with difficulty)
ATTRACTIVENESS: (.1.05)

NEARLY_VOID-MATURING [SPECIALS]
TRANS: {(NEARLY VOID of vegetation. A few smail
(172%™ to 1 1/2%")
weeds can be found with eflort. This category
represents a maturing of the category NEARLY_VOID or

possibly may arise from chiseling.)
ATTRACTIVENESS: (.2.1)

PATCHY [SPECIALS]
TRANS: (PATCHY vegetation. Weeds can be found in small patches and
clumps, some of which are beginning to become lush.
Toward the outer edges of the patches most weeds are

small and recently germinated.)
ATTRACTIVENESS: (.8 .4)

PATCHY-EXTENDED [SPECIALS]
TRANS: (PATCHY vegetation - EXTENDED. This type represents a
maturing of PATCHY. The weeds are growing and
becoming very lush. New germination may or may not

be filling in the area between patches.)
ATTRACTIVENESS: (.9 .45)

SPARSE [SPECIALS]

TRANS: (SPARSE vegetation. A few weeds (larger than 19")
are scattered throughout the area. This category
represents either a maturing of the category
NEARLY_VOID-MATURING or may result from less than
clean tillage. Chiseling and disking frequently leave
fields in this state.)

ATTRACTIVENESS: (.4.2)

SPOTTY [SPECIALS|
TRANS: (SPOTTY vegetation. Weeds can be found in small clumps, most
of which will be recently germinated. The clumps are
apparent when walking the field, but may not be
apparent from a distance. This type largely

represents early spring or late fall germination.)
ATTRACTIVENESS: (.6.3)



115

WEEDTOOVIPOSIND [FUNCTIONS]|
TRANS: (the conversion of (1)
considering
(2)
to the oviposition attractiveness rating)
TEMPLATE: (PARM1 PARM?2)
CALLED-IN: (Rules 21 14)

WIDESPREAD [SPECIALS]
TRANS: (WIDESPREAD vegetation. Vegetation covers much of the field,
and the field is beginning to take on a greenish
tinge. Most plants are fairly smail
(1/2%™ to 1%7)
%.)
ATTRACTIVENESS: (.95.5)

WIDESPREAD-EXTENDED [SPECIALS]| )
TRANS: {WIDESPREAD vegetation EXTENDED. Vegetation covers much of
the field, and the field takes on a greenish tinge at a

distance. Most plants are lush and growing well.)
ATTRACTIVENESS: (1.0.5)

B.4. Functions
—pp JDATE]

(JDATE
[LAMBDA (STR) *sCOMMENT#*s #sCOMMENT*s
(bind STRt START NOW DIFF
do (SETQ STR1 (COLLECTPIECES STR))
(SETQ YR (CADDR STR1))
(SETQ START (CONCAT "01-JAN-" YR " 00:00:00"))
(SETQ NOW (CONCAT (CAR STR1)

(CADR STR1)

(CADDR STR1)
» 00:01:00"))
(SETQ DIFF (FQUOTIENT (IDIFFERENCE (IDATE NOW)
(IDATE START))
(ITMES 24 3600)))
" (SETQ DIFF (FQUOTIENT DIFF 3.034074))
" (SETQ YR (MKATOM YR))
(RETURN (ADD1 (FIX DIFF))
JDATE
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—pp FDDTOJDATE]

(FDDTOJDATE
[LAMBDA (DD BASEDATE) *sCOMMENTs#  ssCOMVENTss
(biod DD1 P1 P2
do [SETQ P1 (CAR (GETPROP (VAL1 CNTXT WEATHER_STATION)
'EQN]
[SETQ P2 (CADR (GETPROP (VAL1 CNTXT WEATHER_STATION)
'EQN]|
(SETQ DD1 (EXPT (FQUOTIENT BASEDATE P1)
(FQUOTIENT 1.0 P2)))
(RETURN (FIX (FTIMES P1 (EXPT (FPLUS DD1 DD)
P2|)
FDDTOJDATE

__pp WEEDTOOVIPOSIND)

(WEEDTOOVIPOSIND
[LAMBDA (WEEDINESS PREDWEEDTYP) #«COMMENTes
(COND
[(EQUAL PREDWEEDTYP 'BROADLEAVES)
(CAR (GETPROP WEEDINESS 'ATTRACTIVENESS])
(T (CADR (GETPROP WEEDINESS 'ATTRACTIVENESS|)
WEEDTOO VIPOSIND

_pp CHKDATE]

(CHKDATE
[LAMBDA (DATE) *sCOMMENTss
(bind PARTS TRIAL
do (SETQ PARTS (COLLECTPIECES DATE))
(COND
[(NULL (IDATE (CONCAT DATE " 00:00:00"}))
(COND
[[AND (EQUAL (LENGTH PARTS)
3

(NULL (MEMBER (CADR PARTS)
(MAR APR MAY JUN]
(SETQ TRIAL
(FIXSPELL (CADR PARTS)
50

'(MAY APR MAR JUN)
T))
{COND
((NULL TRIAL) -
(RETURN NIL})
{T [SETQ TRIAL (MKATOM (CONCAT
. (CAR PARTS)
"‘” TRIAL B-”
(CADDR PARTS]
(COND
((NULL (IDATE (CONCAT TRIAL
» 00:00:007)))
(RETURN NIL))
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(T (RETURN (JDATE TRIAL|
(T (RETURN NIL|
(T (RETURN (JDATE DATE])
CHKDATE

B.5. Properties of Some Atoms

_ printprops|URBANA ALL]
EQN : (32.4 .237)

YR80 : (MFD "06-APR-80")

NIL
__printprops|MT.CARROLL ALL|
EQN : (6.2 .192)

YRS0 : (MFD "07-APR-80")

NLL

—Dprintprops(BELLEVILLE ALL]
EQN : (16.5 .323)

YR80 : (MFD "28-MAR-80")
NIL
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