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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 metG-expert system that allows the incorporation of a wide spectrum of domain areas and 

problem solving 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 Uhrik, Bob Reinke, 

and myseU. Black Cutworm damage prediction is just one or the possible domains ror ADVISE. ADVISE 

also has been used to build an expert system to diagnose soybean diseases, called PLANTIds [Micb3.lski et 

al. 19821, [Michalski et al. 1983cj. For a general overview of ADVISE, see [Michalski et al. 1983a! ::.nd 

IBaskin &:; Michalski 19811. and ror a technical description see [Michalski et al. 1983bl. 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 inrrequent occasions because it is a 

sporadic pest. Although some fields consistently have cutworm problems. on the average only about 10% 

of the 6elds 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 

system that identifies damage 6elds beCore planting would allow farmers to take action before planting 

and scout fields more effectively after planting. It is estimated that such an expert system could save one 

million dollars per year in the state of Illinois and five million dollars in the entire corn belt. 

This thesis will first describe in general terms the ADVISE meta·expert system. It will then describe 

the cutworm damage problem and the implementation of PLANT/cd using ADVISE. It will be shown 

that this implementation brings up the issue concerning the connection of Bur/ace models and deep 

1 



models1 (described in more detail in Section 3.5.) The rollowing chapters provide detailed descriptions or 

the control scheme used ror PLANT/cd, the implementa.tion 01 the PLANT/cd knowledge base, some 

validating experiments, and a description or a small expert system, PLANT/cdp, implemented in 

E~tYCIN that predicted fields that could be damaged. Finally, a summary section provides a discussion or 

the strengths and weaknesses oC ADVISE as learned from its application to the specific problem or Black 

Cutworm damage prediction, and or the strengths and weaknesses of the PL&'JT/cd implementation. 

The next section describes briefly the concept or expert systems. 

1.1. A Brlet RevIew ot Expert System. 

An expert system is a computer program that exhibits high perrormance in a specific problem 

domain due to a large amount or rormally encoded knowledge and the ability to conduct formal reasoning 

on this knowledge. An expert system is designed to do various tasks that an expert would typically 

perrorm: diagnose, interpret. consult, classify, identify. search through a space or 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 a set or actions to be perrormed ir the <condition> 
part. or the rule is satisfied. 

The set. or such rules that characterize a given application area is termed the knowledge 6ase. The 

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

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

perform given tasks. An implementation or a method is called the inrerence procedure. Orten the 

1 A d"p model iavolve. a preci,e, al,oriLbmil: Cormulatioa. A .udace model iavolv. a ,ballow, apprvximate. "rule oC thumb" 
CormliJatioa. 
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inference procedure is divided into two parts: 

• a r\lle eualuator/ e:zec\ltor 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 or probable or pla\lsible 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 intermedia.te results of rules 

when they are actuated or fired. Some a.rchitectures term this component the blackboard. 

A favorite starting point for expert system architecture is to org3nize 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 evalua.te and, if any lire, executes their right.hand sides. For more details on production systems 

see [Nilsson 1980\ ' [Davis &: King 1976] and IMichie 1980]. Not all expert. systems work as pure 

production systems. Some, and PLANT/cd is one exa.mple, are more like Markov algorithms in that the 

productions are ordered. 

There is another way to view the architecture or an expert. system that turns out to be equivaJ.ent 

in many respects to the view or an expert system as a production system. In this view, the expert 

knowledge is in the form or a network. The control scheme becomes a network traverser/updater. This is 

the view incorporated in PROSPECTOR [Duda. et aI. 19781. For more detailed overviews or expert 

systems, see [Gevarter 1982\. [Michie 19801, and [Stefik et aI. 1982J. 

http:evalua.te
http:intermedia.te


CHAPTER 2 


THE ADVISE SYSTEM: A GENERAL OVERVIEW 


2.1. Novel Features ot ADVISE 

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

contains a number or reatures not commonly round in existing expert systems. These reatures include: 

• 	 racilities for representing knowledge in three different rorms: a network rorm, a rule rorm. and :l 

relational data base rorm, 

• 	 use or a very general and flexible representation ror inrerence rules, 

• 	 freedom to choose and apply a host or inrerence control strategies, 

• 	 inductive learning capabilities, 

• 	 rreedom to choose and apply several rule evaluation schemes, 

• 	 separation or control or flow specification (strategic in/orma.tion) rrom non-procedural iutormation 

(tactica.l in/DrmatiDn), 

• 	 modular design, 

• 	 common virtual memory representation ror data, 

• 	 emphasis on simplifying man-machine interaction, and 

• 	 implementation or the system in Pascal (a popular language widely available on many computer 

systems). 

Many or these reatures will be discussed in the next section. M this list shows, there is an empbasis 

in ADVISE on user and developer flexibility and convenience. The user interrace has been designed to be 

/riendly and is designed around a touch panel inter raced with a plasma. display terminal. The user 

interrace also supports a variety or other terminals as well. Figure 3 shows some views or the plasma 
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display terminal. 

There is tbe design goal of getting ADVISE out to the puhlic. This is a major reason wby Pascal was 

chosen as tbe implementation language. Good versions ot 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 otber more attractive option is automatic tailoring. A tool for ADVISE 

to do automatic tailoring is being developed. 

There is a goal of a clean deaign in ADVISE. In many expert systems the tactical and strategic 

knowledge are intertwined. This causes problems in explaining the reasoning ot the inference process to 

the user. ADVISE is being designed to avoid this problem by maintaining a separation between control or 

melcrknowledge, and factual knowledge or the domain. The goal or a clean design is also supported by a 

common representation for data. at the lowest lev-el of ADVISE. ADVISE was designed as a set of 

modules serving as elementary blocks for constructing inference systems. This modular design makes 

ADVISE Ilexible and elegant. 

2.2. A Firat Look at the ADVISE ArchItecture 

Figure 1 sbows a. conceptual level diagram of ADVISE. (For more detailed information see 

[Michalski et al. 1983301 and [Baskin &: Michalski 19811.) The four major components or the ADVISE 

system are: 

• Control Block and User Interface 

•• Knowledge Base 

• Query Block 

• Knowledge Acquisition Block 

Each of these components supports a network structure, 3. rule base, and data baae knowledge 

representations. These components are described in the following sections. 
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ADVISE System: General Structure 


Control Block and 
User Interface 

C1. Query Moele 
C2. Imo'ITlcdge Acquisition Moel. 
C:!. Expla.oation Yoele 

Query Block 
KnolV'ledge 
Acquisition 

BlockQ1. Direct Retrieval 
Q2. Using lulerence 

/ 
Kl. Direct Represent.ation
K2. Ullin, Illlerence 

KnolV'ledge Base 
A. Net'ITork Base 
B. Rule Dalle 
C. Kel... Uoual. Data Base 

Flsur. 1. A cODceptu:u level block diagram of ADVISE. 
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2.2.1. Control Block and Uaer Interface 

This component handles three distinct modes or operation. Each mode is listed below with a brier 

summary or its runction. 

• 	 Query mode. In this mode the system C3.ll select questions to ask the user. The system then accepts 

the user's answers and conducts an inrerence process which involves the knowledge base and 

inrormation provided by the user. This allows the system to compute advice with an associated 

strength of supporting evidence. 

• 	 Knowledge acquisition modI!. This mode coordinates the process of encoding expert derived rules into 

the knowledge base and the interactive invocation or the separate inductive learning programs, This 

mode handles specific components designed to define expert rules, refine the rules manually, induce 

rules Crom examples, and correct or improve rules with machine aid. This mode allows the system 

to test rules in interactive mode on individual cases, as well as in batch mode on a collection oC 

cases. 

• 	 Ezplanation modt. This mode paraphrases decision rules into English. This enables the user to 

understand the organization and operation oC the system in both query and knowledge acquisition 

modes. This mode allows the user to interrogate the contents oC the knowledge base to determine 

the steps which led to given advice. 

2.2.2. Knowledge Baae 

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

Eac~ part is brie8y described below: 

• 	 Network but. The network -base contains network structures representing general domain 

knowledge concerning the interrelationship among various conceptual units. The network 

organization is a form of-the logic ntt formalism described in IBaskin 19801. 
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• Rule h,e. Tbe rule base contains rules in the basic rorm: 

CONDITION ::> CONCLUSION : a,~ 

where 

CONDITION is a rormal expression in GVL l variable-valued logic system [Michalski 198031. 
[Michalski &: Chilausky 1980b], [Cbilausky 1979], IMichalski et al. 19821. IMichalski et 301. 198&1 
which involves elementary conditional statements (called selectors), 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 or evidence which supports CONCLUSION when the CONDITION is completely 
satisfied (0 :::; a :::; 1). 

~ is the strength of evidence which supports the negation of CONCLUSION when the 
CONDITION is not satisfied (0 :::; {J :5 1). 

The rule above is read: CONDITrON implies CONCLUSION with rorward strength a and backward 

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

CONDITION I:> CONCLUSION a 
not CONCLUSION u> not CONDITION a 
CONCLUSION ::> CONDITION {J 
Dot CONDITION u> Dot CONCLUSION fJ 

By providing both a and fJ ror each rule it is possible to use rules ror inrerence in both directions. Below 

is a rule that illustrates the syntax of GVL l : 

RAIN-RULE 

0.8 IBACKGROUNl).NOISE :::a RAIN-LIKEI 
!FORECAST(TODAY,TV23-WEATHERMAN}'" RAINj 

+ 

0.2 [NATURAL-LIGHT == LITTLE..MODERATE] 
(lLIGHTNING = YES! => ITHUNDER = YES!) 
(\SEASON = SPRING:O.5 OR SUMMER OR F ALL:O.51 

. => IBffiD-NOISE = NONE!) ::> 

[RAINING = YESj (0.9,0.5) 

http:ALL:O.51


The condition of this rule consists of what. is termed a linear module. The linear module above is in the 

(orm: q,C + Q2C2 The first term that. is added above indicates the significant evidence ror it raining 
1 

ou tside, 3.1ld the second term is the confirmatory evidence. 

The ql or the first term, 0.8, indicates that the two conjoined selectors that rollow, 

[BACKGROUND-NOISE = RAIN-LIKEl and !FORECAST(TODAY,TV23-\VEATHER~t-\N == RAIN\ 

are the major pieces of evidence for it raining outside. Furthermore, these pieces of evidence have to 

occur together. Note that in the second seleetor of the first term, a runction appea.rs: 

FORECAST(TODAY,TV23-\VEATHERMAN). 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 6re the rule if the significant evidence in the first term is not present. This term consists o( a 

selector conjoined with two implicative statements. An implicative statement enables one to encode the 

ract that some conditions must occur (or other conditions to lend evidence to the conclusion. Thus ror the 

first implicative statement, if the presence or lightning to be effective there must also be thunder. This 

encodes the heuristic tbat ligbtning rrom a long distance with no thunder is not evidence ror it ra.ining 

locally. The first selector or the second implicative statement, [SEASON == SPRING:0.5 OR SU~t:MER 

OR F ALL:0.5/ contains internal diajunction among three domain elements ot SEASON. Two ot tbese 

domain elements, SPRL'JG and FALL, are weighted so that. if the selector is satis6ed witb one of these 

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

The forward strength of evidence ror this rule is 0.9, and the backward strength ot evidence is 0.5. 

The backward strength is used when we know it is raining outside and we want to inter what the 

associated cODditions are. 

The tollowing computer-derived rule rrom PLANTIds illustrates the use o( ezternal disjunction: 

http:appea.rs
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[PLANT_STAND "'" LESS_THAN..1'10RMALJ 

[PREClPlT ATION "'" NORMAL OR ABOYE..1'10RMALj 

[TEMPERATURE = BELOW..1'10RMAL OR NORMALI 

[PLANTJ-fEIGHT = ABNORMALI 

[CONDITION_OF .J.EA YES == ABNORMALI 

[LEAF-MALFOR~1ATION == ABSENTj 

[CONDITION_OF_STEM == ABNORMALI 


V 

ITI~IE_OF_OCCURRENCE == APRn.. OR MAY OR JUNE OR JULY OR AUGUSTl 
[PLANT_STAND "'" LESS_THAN..1'10RMALJ 
[DAMAGED_AREA"'" GROUPS_OF .YLANTS_IN_LOW _AREASl 
IPLANT J-fEIGHT == ABNORMAL! 
[CONDITION_OFJ,EAYES == ABNORMALI 
[CONDITION_OF_STEM = ABNORMALj 
[EXTERNAL...DECAY_OF_STEM = ABSENT OR WATERY..,AND_SOFTj ::> 

[SOYBEAN.J)ISEASE = PHYTOPHTHORA...ROTI; 

• R'e/IJtionlJ/ dIJtIJ bdse. This base contains relational tables which represent any factual information. 

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

2.2.3. Query Block 

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

This component also supports queries that require inference. 

• Query block using direct retrieIJ41. This type of query displays the contents or the knowledge base, 

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

• Query block u,ing inference. Computing the most plausible advice ror a specific situation is a major 

runction or this system. Queries involving deductive and/or inductive inference are supported ror 

each form or knowledge stored in the knowledge base. 

Queries using inference for the network involve pIJth finding within the network, e.g., climbing the 

,enerIJliz4tion tree. Inference over the network also occurs whenever hierarchal information in the 

network is used to answer questions about relationships between concepts. 

The most important method or providing advice is by doing inference with rules, For a giv~n 

situation, rules are evaluated by using a method of propagating uncertainties called an elJtlluation scheme. 

The control scheme decides wbicb rule to choose ror evaluation. ADV[SE offers a host of problem solving 
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strategies. Local problem solving within a rule is defined by a choice or an ell4luIJtion ,cherne (of which 

several are defined), and particular global problem solving behavior in and among groups of rules is 

governed by a chosen control scheme (of which several are also defined). In ADVISE, there is continual 

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 transrormations or the data items as well as the traditional relational 

table 	operations such as project, ,elect, and join are used in queries on the relational data base. Queries 

are posed in a modified relational algebra using certain constructs rrom GVL
1 

ISchubert 19771. 

2.2.4. Knowledge AcquIsition Block 

The system design includes knowledge acquisition ror each type or knowledge stored in the 

knowledge base. 

• 	 Knowledge acquisition by direct represlmtation. The knowledge acquisition block supports knowledge 

acquisition by direct representation or 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 Technical Vlew or ADVISE 

Figure 2 is the technical level block diagram or ADVISE that. will be discussed in this section. The 

fol1owing section will discuss the current implementation of ADVISE on a V AX-780 under Berkeley Uni."(. 

The current implementation does not. include all the modules pictured in Figure 2. For a detailed 

description of the implementation see IMichalski et 301. 1983bJ. 
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The ADVISE System 


J 
I DtSPLAY MODULE I 

I 
CONTROL 8LOCK J 

/ ~ ~::::;:::.:::.-­
RUL! lIAS! 1I!'JWRK lIAS! I Rlt.ATIONAL TAIL! J ITESm \t RULE IIIFUENe! III~QRK I IIIF!IU!IICE <lUGY Arm INFERENCE

PARSD COImlOL PARSEll CONTROL (QUtll) 

• forward chalninl PARAPHRASE 

'backward chalnlnl 
'utility ..ximi.acion IIiFERENCE 
·spproxiaac. bay•• ian OPERATIOIiS ... 

PARIJIHRAS! odbc:rllllft&c. 
·cluster 

I •...1 
·yars.l 

, RULE EVALUATOR ... 
I PARlJlII'IAS! J 

II SPECIAL JPUlICTtON 
EVALUATION 

I 
I TUPLE IWIAGllt j 

J 
DISK STORACE or ICltOWI.IJ)CE lASEI I 

FIgure I. A techaic:d level block diagram 01 ADVISE. 
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(I) The DISPLAY module. 

All interaction with the user goes through the DISPLAY module. This module provides the user 

with a good means or man-machine interaction via a touch panel. It logically splits the screen into 

windows which can have touch-sensitive areas aDd graphics. Severa.l views or the ORION plasma 

panel terminal 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. 

(2) 	 The CONTROL block.· 

This dispatches the major runctions or ADVISE: parsing rules or networks using the parser modules, 

running a consultation using the rule base or network base modules, relational table query and 

inrerence using the QUIN module, and testing parts or ADVISE using the TESTER module. This 

module is not implemented in the current version or ADVISE. 

(3) 	 The RtJLE PARSER module. 

This module parses aD extended rorm or GVL
1 

It parses these rules into a parse tree that is 

represented by a network built by the TUPLE MANAGER module. Currently the RULE PARSER 

runs in batch mode and is not connected to the CONTROL MODULE or the DISPLAY module. 

(4) 	 The RULE BASE INFERENCE CONTROL module. 

This module implements a set or schemes (also referred to as control schemes) that use rules to 

conduct inference. One inference scheme is a backward chaining (with limited rorward chaining) 

control scheme that is used to implement PLANT/cd. Another inference scheme uses utility 

maximization ror variable selection and is used ror single-layered rule networks. This inference 

scheme is ror PLANTIds which diagnoses soybean diseases [Michalski et 301. 19821. [Michalski et aL 

1983cl. This inrerence scheme is tailored ror machine-derived rules generated by a program such as 

AQll [Michalski II: Larson 19781. Finally. another inrerence scheme is being built that implements 

an approximate Bayesian inference mechanism. 

(5) 	 The NETWORK PARSER. 


This module is used to parse networks. It is currently not implemented. 




\ 

1" 

· . 
'.-" • .,><' ".",~ I . I 


' "'- ~ I 

• I I
i-t-I._/ r, I 


'. 4 . t I ' 
· .~ I f • t I I 


~ ___ {~~~.... '_·_'-r'__ 

Figure 3. Three views or tbe ORION plasm:t. p:t.nel terminal. The upper view 
shows what the termin31 looks like. The lower left picture is a side view and the 
infrared emitters that make up the toucb p:t.nel c:t.n be seen. The lower rigbt 
picture illustrates the user inter3Cting with :t. touei. tlJr,et whicb is produced using 
the DISPLAY module. 
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(6) The NETWORK BASE INFERENCE CONTROL module. 

This module is used to carryon inCerence on networks. This module is currently not implemented. 

(7) 	 The RELATIONAL TABLE QlJERY A!\TD INFERENCE module (QVIN). 

This module is used to do queries and inCerence on relational tables. QUIN [Schubert 1977]' 

[Spackman 1983] calls a host oC data analysis and learning modules such as AQll [~1ichalski & 

Larson 1978], ESEL [Michalski & Larson 1978], CLUSTER [Stepp 1980], PROMISE [Bairn 198::!1, 

[Baim 19831, and CONVART [Davis 1981]. 

(8) 	 The TESTER module. 

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

modules in the system. 

(9) 	 The PARAPHRASE modules. 

These modules are responsible Cor explaining to the user how rule and network inCerence is being 

used during aconsultation. Another type oC PARAPHRASE module is used to "unparse" a rule 

Crom is parse tree Corm to the human readable Corm. This module is also used to explain the 

evaluation oC particular rules to the user. Currently the rule and network inCerence PARAPHRASE 

modules are not implemented, and only a preliminary version oC the rule evaluator PARAPHRASE 

module exists. 

(10) 	 The RULE EVALUATOR module. 

This module is responsible Cor evaluating the premise part oC a rule and asserting its consequent iC it 

fires. It evaluates and asserts rule parts under a variety oC semantics Cor logical connectives in a 

multi-valued logic interpretation. 

(11) 	 The SPECIAL FUNCTION EVALUATION (TRAP) module. 

This module, also known as the TRAP module, is used to evaluate special Cunctions called TRAP 

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

start up sensors, run models or simulations, etc. Presently, there is one version oC this module Cor 

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 tban some predefined maximum). A node is like a LISP atom and 

consists of a print name and memory address and has a. list or tuples. The node itself is 

conceptualized to be the head element or each or the tuples on the list of tuples a node has. Tuples 

are accessed much like LISP property lists are; by conltzt. The TUPLE MANAGER is the piece or 

software that manages a virtual memory for tuples. The TUPLE MANAGER is b:l.ged on the work 

in [Baskin 19801. Figure .. conta.ins some examples of tuples and illustrates how they can be used to 

represent a semantic network. 
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Example or Tuple Representatioa 

~EAD NODV'NODE THAT REPRESENTS RELATION A TUPU 

~«EAS.ROO"ILIVINQ ROOM DINING.ROOM KITCHEN eEDROod»)~ 
~NODES THAT ARE IN RZLATION TO 

(KITCHEft « HAS.DOOR.WITH DlrtINO.ROOft ))) READ NOtJE 

(~IVING ROO" «HAS COLOR REIl) 	 THIS IS A CONVENIENT WAY 
• (HAS:FURNITURE SOFA TABLE CMAIR) +-TO REPRESENT TUPLES 

(MAS.DOOR.WITH 	 DINII1G.ROOI\») THAT HAVE THE SAllE 
HEAD NODE 

(STEREO «HAS.COLOR WOOD.GRAIN) 
(HAS.SIZE LARGE») 

(RED (0» 

(WOOD.GRAII1 «») 
(DININO.ROO" «») 
(BEDROO" «») 
(LARGE (0» 

(SOFA «)) 

(TABLE «») 
(CHAIR «») 
(MAS.ROO" «») 
(HAS.DOOR.WITH «») 
(HAS..COLOR (0)) 

(HAS.. FURNITURE «») 
(MAS.SIZE (0» 

THES! TUPLES CONSIST OF 
NODES THAT HAVE NO ATTIUBUTE.3 

Di.,ra. or Net.or..
111- .,. '" z.aa.... TIl,. 

-.~!1.1111 

,,"II. Il'IOciEs' ,.. __ ... _ • ."............ _ ,... '"'' _____ ...
,..t_,. __t....,., , ............. , .. ~ ., .... ,... 1ft , .. ' ..... 

@D: ,...111., - .... _ ..... _ ...11...• ._ ......1.. , .. _. 

Figure 4. Thi! figure show! an exemplary use or tuple! ror 3. sem!'lntic Det with 
labeled ~rc,. 
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CHAPTER 3 


THE BLACK CUTWORM DAMAGE KNOWLEDGE BASE 


3.1. The Problem Domain 

The Black Cutworm (BCW) is a sporadic corn pest that in any given year damages 2 to 10% or the 

Midwest corn acreage above the economic injury level. It damages corn by cutting it around the b:l.Se or 

the stalk. The following is a summary of bow experts view the process in which a cutworm population 

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

process. The horizontal aria represents the number or Centigrade degree-days (CDD)', which is a me:l.!ure 

oC time in terms or 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 aria represents the level or the cutworm population and 

the corn population. Population level or the corn represents the number or live corn plants and is 

unrelated to corn height. For Illinois, there are typically three generations or cutworms. Usually I the first 

generation does the corn damage. In this area (Central and Northern Illinois). Black Cutworms do not 

overwinter. The depth ari:! represents the different groups involved in the damage play. They are corn, 

eggs, and the seven instars or 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 lire or a Black Cutworm. Each 

instar represents successively more mature Black Cutworm larvae. The reader is rererred to [Sherrod et 

ai. 19791 ror more details or Black Cutworm damage in Illinois. 

IDegree-daJ i, delhled u follow.: 

, 
T(a)-,8 if T(a»,8

dd(t) = f F(a)da , F(a) = ( 0 if T(a):5,8
'0 

where T (a) IS the temperature u a fl1l1ctloll of time. and /J is the threshold temperature a' whieb both eorn alld cutworm 
developmea\ eommeoee &lid i. auumed to be 10.&' C. A Celuigrade degre ..da, is based OQ the Ceotigrade seale. 
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Dlark Cut.worm Damage Proccas Graph 

Eq La,iw. " 
•\it..·· Bew •••. 

• " ". -Swni'l'u- ,,* .,"
• ;!1' .. " '-...01 ~ ~•• ~G... Pert_ 7----,...:-=.--------------------- ­• ,to.· 

Ftsure &. This perspective &raph depicts the damage proc:ess. Damage occurs 
when there are larvae in the third instar or older aDd corn that is at a lear stage 
less thaD 6. .' 

The Black Cutworm se3.8on begins in Oiinois when Black Cutworm moths are blown in rrom the 

south. This typically occurs around the middle or April. Egg carrying rem ale moths lay a fixed number 

or eggs during the season. The number or eggs laid in the field is a runction of how attractive the field is 

to the moths. It is believed that the predominate predictor or field attractiveness is weedine!5 of the field. 

During the period of egg laying, the field will develop an egg population, the dispersion of which is 

through time. This is represented by the curve labeled "Egg Laying" in Figure 5. This population will 

develop into a larval population tbat could eventually cause damage to the corn 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 Cood sources are taken away (e.g., by tillage), then this will resh:l.pe 

the original larval population. This reshaping will affect both the amplitude and width oC the population 

curve. This is called {crucl 3urviufJI. The larval survival period, shown in Figure 5, i, between the 

emergence of the first instar larvae and corn emergence. 

Damage begins during corn emergence. The corn damageability is a Cunction of both corn maturity 

and larval maturity. The more mature the larvae, the more damage they can do. If the corn is planted 

early in the season, the 6rst (as well as the rest of the BeW population) will be unable to cause any 

damage to the corn. The period oC damage lasts until the youngest of the BeW population reaches the 

pupation stage or the corn is too big for the cutworms. Corn is mature enough by the seven th leaf 

emergence. Thus, the damage period in figure 5 is between the 6rst and sixth leaf stage. 

3.2. 	Deriving the Expert Rule. 

One of the 6rst things mentioned by experts that were interviewed was that BeW 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 Bight date, a descriptor thought to be very 

important, is 0111y available for a few stations aDd only for some of the years. Moth Bight data was 

ex.tensively collected in 1982, however. 

Since BeW damage is a relatively rare event, the people familiar with it have a weak "seat of 

the pants" reel ror predicting the amount or 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 

or rules. The best that could be done was to use the simulation programs that one or the experts, Steve 

Troester, has written ITroes'ter et al. 1982a,b,c,dj, [Troester et at. 19831. 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. 

http:resh:l.pe
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Also available are the results of John Davis' masters thesis [Davis 19811. He ran the 1980 dat::t. 

through his program, CONYART. His program created new descriptors of time-varying data based on 

mathematical transformations of initial descriptors characterizing the field and BCW damage. The output 

or CONYART was then used as input to tbe AQll inductive learning program wbicb generated 3 set or 

rules that described the data. Unfortunately, the derived rules only categorized damage into two classes: 

damage and no damage. Abo his rules are only good ror the year 1980, because they were derived rrom 

data collected solely in this year. To derive general rules, such descriptors as moth count history lnd 

weediness history (that extends beyond spring tillage practice) are needed. The above two descriptors are 

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

Because of the problems with the machine derived rules and with expert opinion. it was decided to 

base PLA.."\;TIcd on Steve Troester's work. However, the approach taken by Davis could lead to better 

results and tbis has been indicated by the work of Paul Baim [Baim 19821, [Baim 19831. The major 

problem with this approach has been the lack or 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 or explaining its reasoning, a good source or expert knowledge 

was needed. The best available source or knowledge was Troester's deep model or the dynamics oC BeW 

damage. The 3ttempt to derive a set oC rules that predicts extent or damage rrom expert opinion biled. 

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., ir a person was given moth 6ight 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 reel oC corn development, cutworm development, or survival. The best 

opinion was in the area or field attractiveness, as well as e:zceptional catletl like flooding. This was not 

surprising since aU those involved claimed that they really did not understand the whole problem. The 

reasons for this lack or understanding have been explicated earlier; primarily because BCW damage is a. 



comparatively rare eveDt and not enough knowledge 01 the subject has been accumulated. Abo, because 

01 synchrony, the total number 01 situatioDs is vast. This leads to the worst possible situatioD ODe could 

think or: a vast d~ription space, and rew examples to 611 it. 

ACter realizing that Troester's deep model was the best source oC inrormation, the rollowing 

question was raced: "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 break the deep model into subprocesses 

and make the subprocesses Cunctions that are invoked in the right-hand side (RHS) or rules. Thus the 

coordination or these subprocesses would be handled by the cODtrol scheme as well as the logic in the 

rules. Figure 6 is a dependency graph that illustrates what these subprocesses are. User inpu ts to 

these subprocesses (denoted by the thin-lined boxes in Figure 6) are: 

(1) 	 Moth trap catches ror the 6eld or the surrounding. area. These are taken on a weekly basis Cor 11 

weeks beginning about the time 6rst moth tlight occurs. The model was designed ror moderate 

inCestation and the upper range ror moth trap count on a weekly basis is 300. A typical range would 

be 0-60 moths. Ob!lervation dates range Crom March 1 to July 1st. 

(2) 	 A measure oC the weediness oC the field during ~he time moth trap catches are being recorded. This 

is in the Corm oC an attrllctiveness rating ror the 11 weeks that trap counts are taken. It is :;iven J.5 

a number which ranges Crom 0.0 to 1.0. 

(3) 	 The larval age spectrum can also be input to the model. This data, in the Corm or larval counts in 

instar categories, is provided to the model wheD damage is occurring. These counts range trom 0-15 

~ per 100 teet-or-row, aDd an absolute upper value would be 30 per 100 reet-oC-row. 

(<4) Whether flooding in the Ileld occurred. 

(5) 	 LocatioD or the Ileld and observation date. The 10catioD allows the system to associate a weather 

station where temperature data will be taken. The model can be run tor several 01 the states near 

Illinois. They include Indiana, Missouri, and Iowa. The ob!lervation date is used to build up the 

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

by the model as a time relerence Crom which projections into the Cuture will be made. 
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Black Cutworm Damage 
Dependency Network 

Inputs Processes 

Moth tra 

Field Weedine!!>~ 

L!::L:::o:::c:.=a:..!t::..;l~o~n:.!..a~n.:::d:.....::d~a~t::..::e:...J -r-e..tl Temperat u.re data 
for location 

Soi I Condit ion 

Corn Plantin Oate 

Corn Variet 

Figure I. A d~peDdeDc)' network or the processes that are modeled in 
PLANTled. The boxes with tbin borders repr~sent inputs. The boxes with tbick 
borders r~prcseDt subprocesses. The double-lined box entitled "Temperature data 
ror location" r~presents a data bue used in tbe model. 



(6) 	 Soil condition. The model uses the values norma', wet, and dr,. 

(7) 	 Plantinl date ot the corn. Typical. planting dates range trom April 15 to June 10. Southern are3.S 

may have dates that are in late March. The absolute range is trom March 20 to July 1. 

(8) 	 Corn variety. This is needed because rullseason and mid season corn have different rates ot 

development. Tbe model distinguishes between juiiseason and midsea,on corn. 

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

ot Troester [Troester et 301. 1982a,b,c,dl, [Troester et a!. 19831. Troester bimselC broke bis !imulation 

programs into several of these subprocesses. 

(1) 	 Egg Laying. This is the process or getting an egg population laid in the farmer's field. Tbis i! 

predicted from the moth trap counts and field attractiveness. Also in8uencing thi" process is Hooding 

which makes the field very attractive to oviposition. 

(2) 	 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 ot the cutworm wbich is influenced 

by rood supply. (Food supply is derived trom the the measure or field weediness.) Cutworm 

development is inftuenced by the temperature, and temperature data trom the closest weather 

station is used. Tbere can be two inputs to cutworm development; one rrom the egg la.ying process 

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

(3) 	 Corn Development. This is tbe process or the corn developing. This is influenced by the variety 

or corn planted, the planting date (possibly estimated). and the temperature data. If the rarmer 

provides moth trap data (before planting date), then be can vary the planting date ot the corn to 

minimize his losses it given good enough estimates ot his losses due to BCW damage. 

(4) 	 S,nt:iaron,. In order to estimate BCW damage, the age spectrum or Black Cutworm larvae has to be 

known at different pe~iods or corn development. Synchrony is the process or putting BeW 

development in terms ot corn development. 

(5) 	 Damage Estimate. This is the process or summing the damage done to the field across time and 

estimating tbe total damage done to tbe field. This takes into account the tact that some or the 
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damaged pla.ats will recover. Total amount or damage is influenced by the !oil condition, 

corn variety, and !everal other characteri!tics of the geographiC area that the field is in. One 

example of such a characteristic is the parasitism rate. This is the mortality rate or the larvae due 

to parasite!. In Troester's work the parasitism rate can vary from state to state. 

Troester's programs are broken into two cases. One case is when damage is to be predicted in the 

ruture and there are no larvae in the field [Troester et a!. 1982c,dl. This case uses moth trappillg~ to 

predict what the population will be in the future. The other c3l!le requires that larval counts be 

entered. Of cour!e, the later situation yields a more accurate prediction. Troe!ter was not certain with 

the simulation results in the 6rst 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 identi6eci 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 procedtues that are callable by rules. The module that they are in is called the TRAP 

module. The PLANTled TRAP module will be described in Section 5.2. 

Below is the English form of an example rule from PLANTled: 

RULE12 

IThis rule is tried in order to find out about Black Cutworm developmentl 

It: 1) The degree-day table is known, 

2) The observation date < pla.ating date, and 

3) The egg population in the field is known. 


Then: Simulate BCW development a.ad assign the results to the 
variable BeWD and display results of the simulation. 

This rule is rormulated in PLANTled as: 
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RULE12 

[DD = KNOWNHODDATE < PLANTDATE}[FEGGS == KNOWN1 ::> 
(BCWD = TRAP(15,OBDATE,PLANTDATE,FEGGS,DD)}TRAP(D,OBDATE) 
!SIM:ULATE 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 lield, 

BCWD denotes the results of BCW development! 

TRAP(15,OBDATE,PLANTDATE,FEGGS,DD} is a function to simulate BCW 
development aDd is used to assign a value to BCWD, 

TRAP(9,OBDATE) is a function that displays the results or BCW development and is treated 
as a predicate by the ADVISE Rv'LE PARSER, and 

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

This rule uses an extension or OVL I to allow rUDctio~s in the reference or a selector and to replace a 

selector. (See next section.) The concatenation or predicates represents conjunction. 

These rules make extensive use or functions that allow escapement into Pascal code. These runctions 

are termed TRAP runctions (rrom tbe notion of a trap door which allows ODe 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 or the rule. Comments 

begin with the "!" character. 

In order to provide meaning to tbe variables used in PLANTlcd, they have to be declared. Below is 

an example declaration or the VARIETY variable used in PLANTIcd: 
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VARIETY NOMINAL .. (FULLSEASON MIDSEASON) - Defines the domain or the variable. 
PROP = PROMPT 
WHAT TYPE OF CORN IS BEING PLANTED'!' +- The prompt used to query Cor the 
%% value or the variable. 
PROP == TRANS 
THE CORN VARIETY +- What the variable mean, 
%% in English. 
PROP == LABDATA - This variable is a LABDAT A variable. 
T (See Section 4.1.) 
%% 
PROP = NOUNKNOWN - UNKNO WN is not accepted as a 
T value ror thi, variable. 
%% 

In above, the variable VARIETY is defined to be a. NOMINAL type variable, which means that the 

domain elements or VARIETY. FULLSEASON and MIDSEASON. have no ordering. The keyword 

INTER VAL i! used to indicate a variable that. ha.s an ordering among its domain elements. The keyword 

STR UCTURED is used to indicate a variable that; has a hierarchical relationship among its domain 

elements, but this is not supported by the PLANTIcd control scheme. See [?l.fichalski et aI. 19821 and 

[Michalski et 301. 1983cl ror more details or domain specification. Properties or attributes or a variable are 

given by the lines that begin with PROP =propt:rty and the text on the following line" ending with tile 

%%. For instance. the prompt to use when asking ror the value or VARIETY is "WI-ll. T TYPE OF 

CORN IS BEING PLANTED!" and this text is placed under the PROMPT property of VARIETY. 

Some properties are "ye5-no" in nature and the text or these properties is simply "T". An example or this 

is the LABDATA property. It. is ,ufficient to know that the variable VARIETY has the LABDATA 

property and so t.he text or the property is the token liT", For specific syntax used ror rule and variable 

declarations, see [Michalski et aI. 1983bl. 

3.4. 	The Extended GVL1 Used In PLANT/cd 

This section will present the extensions and subset or VLl that is used in PLANTIcd. A subset of 

VLl was used because the rules did not require the rull power of VL 1. For instance, the PLANTIcd rules 

did not use disjunction but this is allowed in VL • However disjunction and other operators such as
l 

implication and equivalence could have been used ir needed. For more complete discussions or VLl see 
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[Michalski 198Oa\. [Michalski & Chilausky 1980bJ. [Chilausky 19791. [Michalski et al. 19821 and I~tichalski 

et al. 1983cl. See [Michalski et al. 1983bl ror :1 more detailed description or the extended VL 1 used in 

AD\1SE. RULE12 or the last section will be the example. 

As explained in Section 2.2.2. the lert-hand side (LHS) and the right-hand side (RHS) or RULE12 

are rormal expressions which involve elementary conditions called ulectorl linked by various variable­

valued logic operators. (In the case or PLANT/cd, only conjunction is used.) A selector is a statement 

that relates a variable to one or more elements rrom 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 or the value set of the variable on the left of the relation. 

As an extension to VL t • the meta·value KNOlVN is allowed as a reference in a selector and the 

selector is evaluated to be true ir the value or 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 true ir the value or a 

variable has been defined. KNOWN is used in the 6rst and third selector .or RULE12. The values or 

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 RULEl::!. 

The LHS and RHS or 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 

,chemel. The evaluation schemes for conjunction include min which is used in PLANTlcd, prod 

(product), and ave (average). R ute execution tries to sotislY the degree or certainty that is asserted ror the 

RHS. Thus the execution or the RHS causes variables to be assigned values with an associated degree or 

certainty. In PLANT/cd, certainty ractors are not used to any major extent. The alP strengths of 

evidence mentioned in Section 2.2.2 are also not used. 

TRAP functions are a type or runction that are used in the reference place of a selector in 

PLANT/cd. (See Sections ~.l and ~.2.) An example of this is the selector in the RHS or RULE12. In the 

6rst selector. TRAP(1~.OBDATE.PLANTDATE.FEGGS,DD) is used to provide a value ror the variable 
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BCW'D. Trap runctions can also operate at the level or selectors, and when evaluated they provide a 

truth value u selectors do. This provides a way to call a runction (or its side effects only. IN ReLEt:!. 

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

Finally, VLI has been extended to allow 3lithmetic expressions u the rererence or selectors. AD 

example or this is RlJ1...E23 in Appendix A. 

3.5. 	The Deep and Surface Model Connection 

As many researchers in the field have realized, knowledge encoded as an al~orithm has a place in 

expert systems. The algorithmic representation captures precise causal relationships. This level or 

knowledge representation is orten called a deep model or some particular domain. [n contrast, the 

knowledge represented u a set or inrerence rules is caJled a surface model. To quote Peter Hart [H:nt 

1982j: 

By surface systems I mean those having no underlying representation or such fundamenta.l concepts u 
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 rrom a compact collection or rundamenta.l principles. 

This distinction 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 surrace model ror the domain. The surrace model can be described as 

being shallow since it maps inputs or the domain to outputs without too much intervening cognition. 

Also, the surrace model is built rrom rrequently observed situations and is orten only an appronmation or 

the actual process. This surrace model is used for rapid and general evaluation and prediction. When 

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 thera~y selection by an algorithmic process [Clancey 19781. 

• 	 TAX ADVISOR, a knowledge base for tax advice, used a cash How analysis program, called 

EXECPLAN, ror 6ltering recommendations generated by rules IMichaelsen 1982\. 
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• PLANT/cd encodes much of its expert knowledge in the rorm 01 simulations wbich are called from 

rules. 

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

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

There has been little work on how the deep and surface model connection should be done. It is 

instructive to analyze bow the three examples above did make the connection. In ~fYCIN. a record or the 

possible diseases was kept ror the therapy selection process. Therapy selection then made a selection or 

drugs to use. The therapy selector used a generate-and-test procedure. The therapy selector was evoked 35 

a function rrom the RHS or the top (goal) rule in MYCIN's in:erence tree. The therapy selector in turn 

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

[Clancey 19781 (or details.) 

In the TAX ADVISOR expert system a record or simulation inputs was prepared when a rule fired 

which placed an item on the list. of actions that. might. maximize one's t.ax advant;).ge. These inputs 

included the costs involved in doing a particular action. Arter .the session with the TA...X ADVISOR. 

EXECPLAN WM used to select subsets that were accepted by its cash Bow analysis rrom the action list. 

In PLANT/cd, the feedback between the surrace model and deep model is tighter. The connection 

between the deep and surface model is made wben functions are called in the RHS of rules that simulate 3. 

certain subprocess. In this knowledge base, the LHS of the rule serves M a means of making sure all the 

inputs 01 the lunction are known before the rules are fired and the function subsequently called. Tbis 

method is illustrated in Figure 7. 

What is the closest approximation of a deep model (unction in terms of surface model rules? A 

6nite-valued (unction can be represented as a table. Each row or such a. table represents a mapping of 

inputs to ODe out.put. value or the runction. This table can also be viewed M a decision table. There is a 

correspondence between a. decision table and a set 01 rules. Each rule corresponds to a. row in the decision 

table. A set 01 rules that correspond to a decision table will be termed a rule group. (This rule group is a 

more restricted (orm or rule groups that can be parsed by the ADVISE rule parser). Eacb rule provides 

http:advant;).ge
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Figure '1. A diagram or tbe surr3Ce and deep model COllllectioD iD PLANTled. 
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one value ror the goal variable or the rule group. For runctions whose inputs are continuous-valued or 

whose outputs are continuous-valued, the values C3.0 be discretized and a rule group that approximates 

the function's behavior Cound. The process or finding a rule group that approximates a Cunction can be 

done by the expert or by machine. Machine induction can be used to 6nd a rule group by using the 

Cunction to be approximated as a case generator. The induction program then uses these cases a.s input. 

The domain expert can also provide an approximate description of a Cunction by writing a rule group that 

corresponds to it. 

In a rule base, both the actual Cunction and corresponding rule group can be used. For accurate 

answers. the Cunction can be used. For Cast approximate an:rwers, the rule group can be used. The rule 

group can also be used Cor paraphrasing the workings oC a Cunction to the user. 

It is proposed that a speci6c Cunction and its corresponding rule group be packaged into a knowledge 

packet. A control scheme could be designed Cor knowledge packets that would decide to use the rules or 

Cunctions. In Cact, the ma::imum utilit" control scheme used in PLANTIds IChilausky 1979/. [Mich:s.lski et 

al. 1982J, and [~ticbalski et at. 198&J is really a control scheme Cor evaluating rules within a knowledge 

pa.cket. This control scheme efficiently eva.luates a set oC rules that has Lhe rollowing properties: 

• all the rules form a single-layered inCerence 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 Cor the in between knowledge packet control scheme. The Cunction in a knowledge packet 

would be Cree standing, unlike the Cunctions that are used in PLANTIcd 3.Od MYCIN. In these systems, 

the runctions are called within a rule that mentions the function. In a knowledge packet, however, a 

function represents a set of rules a.s a whole. The control scheme would have knowledge to invoke the 

Cunction whee constraiets like "all the arguments to the Cunction are known" are met. In MYCIN and 

PLANTIcd these constraints 'are encoded as melcrconditions in the LHS oC the rule tbat contains the 

runction. These meta-conditions act to control the How of inference in MYCIN and PLANTJcd. When 

these meta-conditions are mixed with other conditions that express non-control domain knowledge, the 
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principle oC keeping separate IItrlllegic (control) and t4ctictd (non-control) knowledge in rules is violated. 

Expert systems that have combined deep and surface models are called multi·lelJel systems by Hart 

[Hart 19821. Such expert systems have many issues yet to be resolved and some or the issues pointed out 

by Hart are: 

• 	 Identification of the important levels or representa.tion oC a. given domain. 

• 	 Determining the best representation ror each oC the levels. 

• 	 Determining the Cormal relations that. should guide the formation oC each oC the levels. Should tbere 

be a Correspondence Principle that states that each succeeding level is a simplification or previous 

ones, as Newtonian mechanics is to Quantum mechanics? 

• 	 Determining the best. use or each or tbe levels. Each level could be used ror purposes or validation, 

explanation, and control. Levels that. encode deep knowledge could be used to compile surface 

models. 

The author believes that the use oC deep models to enhance the explanation of surCace rules is an answer 

to some or the problems or "shallow" explanations given by systems that encode knowledge at a single 

level IClancey 19811. The ADVISE project is also embracing the concept oC compiling surface models 

rrom deeper levels oC representation. We are using this concept to compile expert systems for 

microcomputers rrom a more general one on a development computer (currently a V AX/780). 
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THE BACKWARD CHAlNING CONTROL SCHEME 

4.1. Uaer Deac.l"iption 

This control scheme was patterned aCter EMYCIN's [van Melle 10791, Ivan Melle et aI. 19811. 

Besides the basic control, it Ceatures ANTECEDENT rules (limited Corward chaining, see below), 

LABDATA variables (variables that are marked to be asked berore any other variable), and multiple goals 

Cor a rule group. 

The control scheme makes use or properties. Such properties are indexed pieces or text a rule or 

variable can be assigned. For examples or how properties are speci6ed, see Section 3.4 and the variable 

listing or PLANTIcd in Appendix A. The control scheme uses the PROMPT property or a variable to 

solicit ror the variable's value. TRANS property is used to present the variable to the user. The TRANS 

property or the consultation goal variables are used in displaying the results or a consultation by 

displaying the TRANS property or the goal variables along with the values or the goal variables. It there 

are rules that could be used to inrer the value or a variable, then the ASKFIRST property is used to 

indicate that an attempt should be made to obtain the value or the variable rrom the user berore using 

any rules. ANTECEDENT rules and LABDATA variables are marked by the use or the ANTECEDENT 

property and the LABDAT A property respectively. The text ror these properties is simply tiT." It a 

variable is never to have the "UNKNOWN" value provided by the user, then it is marked ..... ith the 

NOUNKNOWN property. 

ANTECEDENT rules allow limited rorward chaining in a backward chaining mechanism. These 

rules 6re whenever their right:-hand sides (RHSs) are satisfied; even ir they have not been "back chained" 

to. This rorward chaining is limited to the firing or one rule in a rorward reasoning chain per cycle or the 

control scheme. The a.lgorithm ror rorward chaining can be paraphrased: "Whenever a variable is querit'd 

or is updated by the execution or a RHS, all ANTECEDENT rules that rerer to that variable on their 
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left-band side (LHS) :lte 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 entities on which we seek advice. The control scheme allows 

more than one GOAL variable. 

LABDATA variables represent 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 variable! can also be 

inferred. The author's past experience with EMYCIN suggested that such an option is sometimes useCul. 

There are a number of additions that could be made to the present version of the control scbeme: 

• 	 Self referencing rules. This type of rule (the same variable appears in the LHS and RHS of the rule) 

can be used to incrementally update the certainty of a variable's value if more supportive evidence 

is acquired. The semantics of these rules can be paraphrased roughly: "If you have already decided 

something (the 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. 

• 	 EMYCIN contexts and between context referenc,e. Contexts provide a way to eliminate redundancy 

in a knowledge base. They do this by intro<lucing 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 rule! ror 

each of the cell cultures a person could have. With contexts, there is one set of rules, and when an 

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

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

setting up an empty table lor the user to fill in • as in EMYCIN1
, or by multiple display module 

windows on the same screen. 

IpLANTId. [Michal.lei ., al. 10821 &1'0 Q," thi, method. 
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• A consultation typescript file. This is used to have a hard-copy transaction of the consultation. 

" 
• 	 The ability to save and reload prior consultations. This can be used to have a "canned" set or 

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

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

to test a knowledge base by runDiDg test cases in "batA:h" mode. These cases are stored in a 6le. 

• 	 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 or the system. These features give 

expert systems a user rriendly environment and should be included. 

4.2. 	Control Scheme Internala 

The most important parts or the backward chaining control scheme, embodied in a program c:llled 

aWARD, are illustrated in 60wchart form in Figures 8,9 aod 10. The top level of 8WARD is shown in 

Figure 8, and Figures 9 and 10 contain the Sow charts for two important procedures of 8WARD: 

FIl'o'DOUT aDd Ii'>'FER. In these figures the Dames of all procedures are in capital letters. Some or the 

boxes in the 60wcharts 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 conventioDs. Also many of the low level procedures 

(not sbown in the 6owcharts) are in a set of utility procedures, called CSTOOLS, that is shared between 

PLANTIcd and PLANTIds. The!e procedures are pre6xed with "CS." 

The top level or aWARD contains a loop that enables multiple cODsultations to be done within 

one session. The items that. need to be initialized once across several consultations are initialized in 

procedure START. Procedure LOOPSTART does the initialization that is needed before each 

consultation. In LOOPSTART, the rule group (set or rules constituting the knowledge-base) is queried, 

and the GOAL variables for this rule group are placed on a list. Next, a list or ANTECEDENT rules is 

obtained by looking (or all rules with the ANTECEDENT property, and a list or unconditional 

ANTECEDENT rules is obtained. (Unconditional antecedent rules are rules in which the LHS does not 
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FIgure 8. Tbe flow cb3lt ror the top level or BWARD. The next two figures 
contain the 80w charts ror two important procedures or BWARD: FlNDOUT aDd 
INFER. 



38 


FINDOUT procedure 


YE:S NO 

FlSKF'ORIT 
aek. for 

uee ru.lee 
to i'l"\fer 

put U'l"\k.'I"\ 
value for 
variable 

FIgure D. The 80w chart ror the FIND OUT procedure. 
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depend on any variables and will be the 6rst rules to 6re.) A list of LABDA TA variables is obtained next 

(rom the knowledge base. The unconditional ANTECEDENT rules are fired next. Finally, values for e3Ch 

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

Arter this initialization, each of the GOAL variables are found out using the FIl'I1)OUT procedure. 

This is the main part or 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 c1eaaing-up ror a new consultation and calling 

LOOPSTART again. 

The FINDOUT procedure is responsible ror 6nding the value of a variable; either by asking ror it. 

or by using rules to infer it, or both. It first uses the ASKFJRST function to check if the current 

variable h3S 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 ~ 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 seneral case there is the 

value/confidence pair obtained rrom the user as well 3S the value/:onfidence pair inferred Irom the rules. 

The process of resolving aay dilJerences in the value/confidence pairs is called voting. There i! 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 lor the variable is a function of the voting scheme used. In PLANT/cd 

the varia'ble is inferred after asking for it if the maximum confidence for the value(s) or a variable is below 

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

Ir a variable should not be asked first, then rules are used to possibly inrer a value. AIter the 

attempt to get a satisfactory value by using rules, the SHOtJ1..DASK lunction is called to see if 

ASKFOR IT needs to be called. (It should be realized that under some circumstances it might be useful to 

validate the results or using rules with the user. SHOtJ1..DASK provides a means or implementing such a 

strategy.) To be asked. ,the variable has to have a PROMPT property. Also the maximum certainty bas 
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to be less than SATISFYTHRESHOLD. lC the variable should be queried, then ASKFORIT as well 3.S 

CHKANTE are called. Ir the variable should not be queried and the maximum certainty is below the 

F AIL THRESHOLD then UNKNOWN is placed as the value (or the variable. 

The li'i'FER procedure is responsible Cor obtaining the value or a variable by using rules to infer 

it. INFER first gets the list of rules \,hose RHS update the current variable. This is done by procedure 

GETRt.JLES. 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. SHOULDCONTINlJE is called to check i( 

the maximum or the confidences ror the current variable's values is above SATlSFYTHRESHOLD. This is 

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

Inside the loop, a list of variables used in the LHS or the current. rule is obtained by calling 

GETYARLIST. This list is ordered by RA~'KYARS. RANKYARS is currently null. There is a check 

arter getting the list or variables ror the current rule whether the rule is unconditional. Ir it is, then the 

LHS is evaluated2 and the rule is checked to see ir it fired. For rules that are not unconditional, then 

another loop is set up to use the FINDOUT procedure on each or the variables in the LHS variable list. 

For each variable that is round out, the LHS is reevaluated to see if the certainty or the LHS ralls below 

F AIL THRESHOLD. If it does, the loop is terminated, and the rule will not fire. This terminating 

condition will only work (or rules with conjunction only, and when the semantics ror conjunction is the 

min runction. The judgement or when to terminate the evaluation oC a rule should be made by the rule 

evaluator, but in the current implementation, no such status is passed back. The other terminating 

condition ror the loop is running out of variables. 

Upon exiting the loop, tbe rule is checked to see if it fired, using the runction FffiED. Ir the 

certainty of the LHS is greater than FffiETHRESHOLD, 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 c~rrent rule. To see how this control scheme operates with an actual set or 

fules, see Section 5.1. 

fIt should be Doted tb&\ enD though tbe RHS is uacollditioul i\ mI.,. bl.ve side effect. ud tbett(ore Deeds to be eVl.llI&ted. 



CHAPTER 5 

IMPLEMENTATION OF PLANT/CD IN ADVlSE 

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

backward chaining control scheme (BW ARD), the rule base, and the !!peeial functions (TR . .1,.P) module 

(developed ror PLANT/cd). If there are changes to the PLANT/cd rules, then the rollowing procedure 

should be rollowed: 

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

to parse the new rules. 

(2) 	 Add rule group inrormation. This is done by adding two tuples to the knowledge base generated by 

the RULE PARSER. (The knowledge base is represented in the rorm or tuples.) These two tuples 

are in the Corm: 

(RGRPS RGRPIDS RULEGROUP GOALS). 

and 

(GOALS GOALLIST GOALl GOAL2 GOAL3 ... GOALn) 

where 

RGRPS,RGRPIDS,GOALS, and GOALLIST are nodes whose printnames 
(RGRPS,RGRPlDS.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 Cor the PLANT/cd rules, and 


GOALl GOAL2 GOAL3 .. GOALn are the nodes that are the goal variables ot the rule group. 


(3) 	 If necessary, modily and/or add new runctions to the TRAP module and recompile it. 

(4) 	 It necessary. make changes to the con trol scheme and recompile it. 

Also the temperature data base needs to be updated OD the V AX./780. The data comes rrom the 

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

is available in file TEXTI on UN=3NHSl",}{S. A continuously maintained database ror the current year's 
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data is 011 the lie NWPRJ ill the same directory, U the program is run 011 the VAX. with data Crom the 

current year, all updated version ot the file (rom the CYBER should be put on the VAX. in. directory 

tempdlJt4 under the 4dvise directory, 

6.1. 	The Plant/cd Rules to Pred1ct Extent ot Damage 

The version of PLANT Icd that predicts amount of corn damage due to cutworms has been 

implemented in ADVISE. The rules Cor PLANT Icd were written with the extension or GVL I that is 

accepted by the RULE PARSER. As can be seen in Section 3.4, the major extension to GVL 1 used in 

PLANTIcd are special runctions, called TRAP runctions. A TRAP runction is an escape mechanism to a 

Pascal case statement implemented as a separate ADVISE module, called the special (unctions or TRAP 

module. An example TRAP runction call is: 

[A=TRAP(l,B)] 

where 

[A=TRAP(l,B)] is a selector with a TRAP runction in the rererence place of the selector, 

A is a variable that. will be assigned tbe value of tbe TRAP function, 

TRAP(l,B) is tbe TRAP (unction, 

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 (unction. 


When this selector is evaluated, the· internal mark (or the keyword TRAP is recognized by the RULE 

EV ALVA TOR, and it passes the TRAP number (the 6rst argument) and the rest or tbe arguments to tbe 

TRAP module. The TRAP number serves as a case selector in the TRAP module, In PLANTlcd, TRAP 

(unctioDs are used for a linkage between the deep knowledge ot the domain (the simulation routines) and 

the sur/4ce knowledge encoded ill the rules. TRAP (unctions are also used (or displaying tables and 

special user input. More details o( tbe PLANTIcd TRAP module will be described ill tbe next section. 

Also used in PLANT Icd is the meta-value, KNO lVN, (or variables. This meta-value is used to to 

test tor a value known with sufficient confidence and i( not, cause the process o( backward cbaining for 



the value. The meta-value, INITIALIZED is also used to make sure a variable is initialized. Currently 

these two values are not implemented, however the values UNKNOWN represented by the character "S" 

and UNINITIALIZED represented 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-values 

KNOWN and INITIALIZED with the equal relational operator (==). Meta-values are used ror selectors 

that operate at the control level. 

The rule base operation will be described by "walking through IJ the inference networks (Figures 11 

and 12). These inference networks illustrate the conceptual relationship between the rules and the 

variables in a rule base. In these 6gures the term regular variable means variables that are neither 

LABOATA nor GOAL variables. Table 1 contaios the variables used in this rule base. In this table the 

variables' names, domains, and meanings are listed. Appendix A.2. contains the variable listing that C:J.D 

be parsed by the Ru1..E PARSER. As described in the documentation or the backward chaining control 

scheme (Chapter 4), the first variables that are found out using the F(~OOUT procedure are the 

LABOATA variables. These variables always need to be round 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 rour labdata variables. OBOATE, PLANTOATE, STACODE, and VARIETY. These 

variables are marked with the property LABOATA in the variable listing. The inference network 

associated with these variables is shown in Figure 11. 

The value or OBOATE (observation date) is provided by invoking rule: 

RULEl 

TRU~ ::> [OBDATE == TRAP(21,OBDATE,l,O)]; !GET OBDATE 


which has a unconditional (in the sense used in Chapter 4) LHS and therefore 6res. The action that is 

done is to call TRAP runction number 21 which handles getting dat.es from the user. The third argument 

to the TRAP function, 1, indicates that the year should be entered by the user. The fourth argument, 0, 

indicates that UNKNOWN is not accepted as an answer to OBOATE. OBOATE is an argument to the 

TRAP function so that the TRAP (unction can use OBOATE's PROAIPT property to display to the user 
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Table 1. Thill table summarizes the variables used in PLANTjcd. 

PLANT/ed Variables 

Name Domo.ll1 MeaDlnK 

AlIked Variables 
OBDATE­
PLANTDATE'" 
STACODE­
FRACT 

VARIETY • 
MOISTURE 
HOTWINDY 
MUCHWEEDS 

1 • .311 

1..311 
1000•.0001 

THE DATE FOR WHICH THE FIELD IS OBSERVED 
THE DATE FOR PLANT[N'G CORN 
THE STATION CODE 

0.0••10.0 THE OBSERVED FRACTIONAL LEAF STAGE OF THE CORN 
FULLSEASON,YIDSEASON THE CORN V.\RIETY 
WET.DRY .. 'lORMAL 
YES.lIlO 
YES~'llJO 

THE SOIL MOISTURE IN THE FIELD 
IT IS HOT AND WINDY 
THERE ARE GREATEl. THAN • WEEDS/FOOT OF ROW 

Trap FUl1etlol1 Output & Result Variables 

YIELDI 
YIELDI 
YIELDINCI 
YIELDINCI 
TYIELDI 
TYlELDI 
CORl'.'DAMAGE 
TOTRECOVER 
STA..'lD 
MTRAP 
EGGS 
nocs 
ATTR 
BC)VPOP 
DD 
CD 
sewD 
POPVSSTAGE 

0.0..100.0 

0.0•• 100.0 

0.0•• 100.0 

0.0 .. 100.0 

0.0.• 100.0 

0.0••100.0 

0.0 .. 100.0 

0.0••100.0 

'.0..100.' 
YES,NO 
YES,NO 
YES,NO 
YES,NO 
YES,NO 
YES,NO 
YES,NO 
YES,NO 
YES,NO 

THE YIELD W/0 r:NSECTICIDE TREATMENT 
THE YIELD WITH INSECTICIDE TREATMENT 
THE [N'CREASE [N' YIELD DUE TO RECOVERY W/O [N'SECTICIDE TREATMENT 
THE INCREASE,IN YIELD DUE TO RECOVERY WITH INSECTICIDE TREATMENT 
THE TOTAL YIELD W/O INSECl'lCIDE TREATMENT 
THE TOTAL YlELD WITH INSECTICIDE TREATMENT 
PERCENT TOTAL DA.\lAGE OF THE CORN 
PERCENT TOTAL RECOVERY OF THE CORN 
PERCENT FINAL STAND OF THE CORN 
MOTH TRAP COUNTS DAVE BEEN GOTTEN 
EGGS HAVE BEEN COMPUTED 
EGGS IN THE FIELD RAVE BEEN COMPUTED 
ATTRACTIVENESS RATINGS or THE FIELD HAVE BEE."i GOTTEN 
BLACIC CUTWORM LARVAL COUNTS HAVE BEEN GOTTEN 
DEGREE-DAY TABLE lIAS BEEN READ IN 
CORN DEVELOPMENT HAS BEEN SIMULATED 
BLACIC CUTWORM DEVELOPMENT HAS BEEN SIMULATED 
THE aLACK CUTWORM VS LEAFSTAGE TABLE HAS BEEN COMPUTED 

• denotes LABDATA variables 
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FIgure 11. The inference network for the LABDATA variables in PLANT/cd. 
The key for the networks is below. 
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when soliciting OBOATE's value. (Each or the TRAP runction and their parameters are explaiDed iD the 

next section.) 

The value ror PLANTOATE (planting date or the corn) can be round by RULE2 or R'ULEI0. The 

rule: 

RULE2 

TRUE I:> [PLANTDATE == TRAP(21,PLANTDATE,O,1»); !GET PLANTDATE 


which has a unconditional LHS is tried first and the RHS calls TRAP runction number 21. The third 

argument, 0, indicates that the year is not needed Cor this date. The Courth argument, I, indicates that, 

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

RULEIO 
[DD == KNOWN][OBDATE == KNOWN![FRACT == KNOWN![VARIETY == KNOWN] I:> 

[PLANTDATE == TRAP(13,OBDATE,FRACT,VARIETY,DD)J; 

!ESTIMATE PLANTING DATE FROM FRACTIONAL LEAF STAGE 


is used to estimate the plantiDg date Crom the degree-day (DO) table and the observed Cractional leaf 

stage oC 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 

(Le., inrerred) Crom the observation date (OBOATE) and the identifier or the closest weather station 

(STACOOE). 

RULEO 

[OBDATE == KNOWN][STACODE == KNOWN] I:> 


[DD == TRAP(12,OBDATE,STACODE»); 

!GET DEGREE-DAY TABLE. 


RULE9 invokes TRAP 12 ~ get the degree-day data. The variable STACOOE (the identifier of the 


closest weather station) is provided by using RULE3. RULE3 uses TRAP 2 to get STACOOE: 
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RULE3 

TRUE ::> [STACODE == TRAP(2)J; ! GET STATIONCODE. 


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

Continuing to analyze RULE 10, 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 whi1e finding PLANTDATE, then it is the next LABDATA 

variable to be found out. As explained berore. it is supplied a value by RtJLE3. Finally. the last 

LABDATA variable is VARIETY, and like STACODE, its value could have been provided while inferring 

the va,lue (or PLANTDATE. 

The next variables to be round out are the goal variables, CORNDAMAGE, TYIELDl, TYIELD2, 

and ST At\'D, The inrerence network ror these is shown in Figure 12. The value of these variables is the 

goal or the consultation and consequently their values are printed out as the results or the consultation at 

its end. These variables are put in a list of goals ror 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 effect when RULE1S fires (see below). 

The second goal, TYIELDl (corn yield without insecticide treatment), is computed by adding to 

YIELDl (corn yield without regrowth considered) to YIELDINCl (the increment to the yield because or 

regrowth). This computation is done by rule: 

RULE21 

[YIELDI == KNOWNI[YIELDINCI = KNOWN] ::> 


[TYIELDI = YIELDl+YIELDINClJ; 

!COMPUTE TOTAL YIELD W/O INSECTICIDE TREATMENT. 


RL1...E21 causes YIELDl and YIELDINCl to be round out. YIELDl is computed by iD.voking TRAP 17 

in rule: 
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RULEl5 
[pOPVSSTAGE == KNOWN][MUCHWEEDS == KNOWN) 
[VARIETY == KNOWN][M0ISTURE == KNOWN] u> 

[YIELDl == TRAP(l1,MUCHWEEDS,VARIETY,MOISTURE, 
0.2S,CORNDAMAGE,POPVSS TAGE)]; 

!ESTIMATE YlELD W 10 INSECTICmE TREATMENT 

TRAP 17 computes YIELDl from the variables MUCHWEEDS,V ARIETY,MOISTtJRE, and 

POPVSSTAGE (whether the Black Cutworm vs. leafstage table has been computed). The constant O.:::!S 

specifies the parasitism rate used in the yield computation. (The parasitism rate is the mortality rate o( 

Black Cutworm larvae due to parasites). The variable CORNDAMAGE gets set when TRAP 11 is called. 

This is the side effect mentioned earlier. The variable MUCHWEEDS (whether the weeds are greater than 

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

RULEn 

[OBDATE <== PLANTDATE] n> 


[MUCHWEEDS == NO]; 

!ASSUME NO WEEDS IF PROJECTING BEFORE PLANTDATE 


or by asking for it. Rt..'LE25 is fired if the observation date (OBDATE) is less than or equal to the 

planting date (PLAI.'JTDATE). In this case ~fUCHWEEDS is assumed to be Calse. It the observation date 

is less than or equal to the planting date, then BCW damage is being projected beCore corn planting has 

occurred and assuming the value NO for MUCHWEEDS is reasonable. It RULE25 does not fire, then 

MUCHWEEDS is queried. 

Returning to RULElS, the variable MOISTURE (soil moisture in the field) is queried. The value oC 

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 (act that the 

population n. stage matrix has been computed. This is the key matrix generated by the simulatioll 

procedures. This matrix represents snapshots of the larval age spectrum at different stages of corn 

development (leaf stage emergence). Ollce cutworm deve)vpment is placed in terms of corn development. 

then TRAP 17 can estimate the damage by multiplying the popula.tion vs. leafstage matrix by a 
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"munchability" matrix which indicates the number or dilferent-aged corn plants dilferent--aged larvae can 

eat. This is approximately how TRAP 17 works. The population vs. lealstage matrix is matrix K in 

[Troester et a1. 19S2bl. 

A value ror POPVSSTAGE is provide by rule: 

RULEt4 
[CD == KNOWN][BCWD == KNOWN} ::> 

[pOPVSSTAGE == TRAP(U"CD,BCWD)}TRAP(ll}; 
!COMPUTE POP VS STAGE :d.ATRIX AND DISPLAy l 

Rv1..EI4 invokes TRAP 16 which implements the process or putting instar transitions in terms or corn 

lear stage emergence. This is the synchrony process in Figure 6. RULE14 also invokes TRAP 11 which 

displays the population vs. learstage matrix to the user. The values or CD (corn development) and 

Bcwn (Black Cutworm development) are needed ror RULE14 to fire. The value ror CD is provided by 

rule: 

RULEll 
[DO == KNOWN][PLANTDATE == KNOWNJ[VARIETY == KNOWN] ::> 

[CD = TRAP(14,PLANTDATE,VARlETY,DD)]TRAP(lO); 
!RUN SIMULATION PROGR~\I1 FOR CORN DEVELOPMENT AND DISPLAY RESULTS 

RULEll invokes TRAP 14 which simulates corn development. TRAP 10 is also executed to display the 


results or corn development. RULEll requires values ror VARIETY, DO, and PLANTDATE. 


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


berore planting date, and RULE13 is fired ir the prediction is arter planting date. In rule: 


RULE12 
(DO == KNOWNJ[0BDATE < PLANTDATE][FEGGS = KNOWN1 ::> 
[BCWD :::III TRAP(15,OBD A TE,PLANTDATE,FEGGS,DD)JTRAP(O,OBDATE); 
!RUN SIMULATION PROGRAM FOR BCW DEVELOPMENT AND DISPLAY RESULTS 

IIIl this rille TRAP It (1IllctiollS &.t & ,elector &Dd i, lI,ed (or its ,ide etl'ed to dis plio' the poplilatioD VS. leustal' ID"~rix. 
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TRAP 15 is iavoked to simulate Black Cutworm development given FEGGS (tbe bistory ot tbe eus laid 

in tbe field), OBDATE, PLANTDATE, and DD. TRAP 9 is used to display tbe results ot cutworm 

development. FEGGS is provided a value by rule: 

RULE1 
[EGGS == KNOWNj[ATTR = KNOWN) ::> [FEGGS == TRAP(1,EGGS,ATTR)]TRAP(8); 
!CONVERT TO EGGS IN FIELD AND DISPLAY 

RtJLE7 calls TRAP 7 to compute tbe eggs laid in the field given ATTR (a bistory ot tbe field 

attractiveness rating) and EGGS (a bistory or tbe eggs laid in tbe region). It also calls TRAP 8 to 

summarize tor tbe user tbe number or eggs laid in tbe region and in the field. A TTR is supplied by rule: 

RULES 
TRUE ::> [ATTR == TRAP(4)J; !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)J; !CONVERT TO EGGS 

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

rule: 

RULE" 

TRUE ::> [MTRAP = TRAP(3)}; !GET MOTH TRAP COUNTS 


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

The rule: 
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RULE13 
[DO == KNOWNJ(OBOATE >== PLANTOATEJ[BCWPOP == KNOWN} ::> 

[BCWD == TRAP(15,OBOATE,PLANTOATE,SCWPOP,OO)]TRAP(9,OBOATE); 
!RUN SIMULATION PROGRAM FOR SCW DEVELOPMENT AND DISPLAY RESULTS 

is fired when the prediction is after planting date. It calls TRAP 15, as in RlJLEi2, but it uses BCWPOP 

(Black Cutworm population) instead or FEGGS. (See next section for more details or this TRAP 

CUDction.) RL"LE13 also calls TRAP 9 ror display or cutworm simulation results. The value or BCWPOP 

is provided by rule: 

RULE8 

TRUE ::> [BCWPOP == TRAP{S)]; ! GET LARVAL COUNTS 


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

Returning to analyze Rl.JLE::!l, YIELDINCl is provided a value by rule: 

RULEIQ 
[pOPVSSTAGE == KNOWN1[M0ISTURE == KNOWN][HOTWINDY == KNOWNJ ::> 

[YIELDINCI == TRAP(19,MOISTURE,HOTWINDY,TOTRECOVER,POPVSSTAGE)]; 
!COMPUTE YIELD lNCREASE W/O INSECTICIDE TREATMENT. 

Rv"LE19 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 inCerred or queried. The rule: 

RULE18 

[MOISTURE = DRY} ::> [HOTWINDY == IRRELEVANT}; 

tIP MOISTURE IS DRY. THEN HOTWINDY DOESN'T MATTER 


sets the value ot HOTWINDV to lRRELEVANT it MOISTURE is DRY.' It this is not the C3Se, then 

HOTWINDY is queried. 

IThi. i, done 10 ~ha~ HOTWINDY i, QO~ queried wlltl MOISTURE i, DRY, 'ioce HOTWINDY', nll,e b«ome 
IRRELEV ANT. This meta.value hu 1I0~ beea implemented,yet alld cutTently ~he value NO i. used. 
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The third goal, TYIELD2 (yield with insecticide treatment), is treated much like TYIELDI in the 

inrerence network that updates it. The rule: 

RULE22 

[YIELD2 = KNOWN][YlELDINC2 = KNOWN] :> 


[TYIELD2 = YIELD2+YIELDINC2]; 

!COMPUTE TOTAL YIELD WITH INSECTICIDE TREATMENT 


provides TYIELD2 with a value. RtJLE22 requires YIELD2 (yield without recovery with insecticide 

treatment) and YIELDINC2 (yield increment due to recovery with insecticide treatment). YIELD2 is 

updated by rule: 

RULE17 
[pOPVSSTAGE == KNOWN](FRACT == KNOWN][M0ISTURE = KNOWN] ::> 

[YIELD2 = TRAP(18,FRACT,MOfSTURE,POPVSSTAGE»); 
!COMPUTE YIELD WITH INSECTICIDE TREATMENT 

which calls TRAP 18 to do the calculation. YIELDINC2 is updated by rule: 

RULE20 
[pOPVSSTAGE == KNOWN](FRACT == KNOWN}[MOISTURE = KNOWN1 ::> 

[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 RtJLE16 or 

RULE24. The rule: 

RULE2. 

[OBDATE> PLANTDATE] ::> 

(FRACT = TRAP(!!,PLANTDATE,OBDATE)J; 


! COMPUTE FRACTlONAL LEAF STAGE 


provides FRACT (tractional corn leaf ~tage) a value if cutworm damage is being projected from larval 

counts (hence OBDATE > PLANTDATE). This is done by TRAP 22. II RULE24 is not used, FRACT 
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will be updated by rule: 

RULE18 
(PLANTDATE == INlTlALIZEDJ(OBDATE <== PLANTDATEJ::> [FRACT = 0.0); 
!LEAF 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 ill sought in the process of providing a value to the LABDA T A variable 

PLANTDATE.) 

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

RULE23 

[CORNDAMAGE = KNOWNJ[TOTRECOVER == KNOWN] ::> 


[STAND = 100.0 - (CORNDAMAGE-TOTRECOVER)]; 

!COMPUTE STAND 


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

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

Appendix A con tains rule and variable listings ror PLANTled. The format or the rule and variable 

definitions is what is currently accepted by the ADVISE system RULE PARSER. In those listings the 

characters, B$" for UNKNOWN and "?" for UNINITIALIZED are used. 

6.2. 	The Special Functions (TRAP) Module for PLANTI cd 

This module contains 21 TRAP functions used in PLANTled. These functions implement the deep 

mOdel of SCW damage as developed by Steve Troester [Troester et al. 1982a,b,cl [Troester et aI. 19831. 

The SCW development model by Kimpel [Kimpel 19781 which was used in Steve Troester's programs 

[Troester et aI. 19S2c\, [Troester et aI. 1983\, was not used in PLANTIcd. Inste3d, a simplified simub.tion 

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



5.2.1. 	ArchItecture or the Spedal Functions (TRAP) Module 

As seen in the technical level diagram of ADVISE in Figure 2, the Rli1..E EVALUATOR uses the 

special functions module (also known as the TRAP module) to evaluate TRAP functions that are used in 

the rules. A TRAP runction has the rorm: 

TRAP(number,pl,p2,•••,pn) 

where 

number is the TRAP number. and 

pl,pZ,•••,pn are the parameters or the TRAP runction. 

The Rli1..E EVALUATOR passes the TRAP number aad the parameters to procedure TRAPFUNC in 

the TRAP module. Procedure TRAPFUNC contains a case statement in which the TRAP numbers serve 

as ca.se labels. Once a case label is branched to, several things are done. The incoming parameters are 

converted rrom their 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 oC a call to a Pascal procedure or Cunction. Finally the 

outgoing parameters are converted form their Pascal representation to their tuple representation. These 

procedures are seoped within procedure TRAPFUNC although there are several utility procedures outside. 

One procedure that is outside is procedure TRINIT which the control scheme (SWARD) calls to initialize 

the TRAP module. Below is a description oC the TRAP Cunctions: 

• ' 	 TRAP 1. This Cunction was used Cor developing the TRAP module aad is no longer used. 

• 	 TRAP t. This Cundion ca.lls TRASKSTATION which gets the name or the dosest 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 maay domain elements to be handled by the normal 

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

• 	 TRAP 9. This Cunction calls TRASKTRAP to obtain the moth trap counts over a span of 11 weeks 

beginning March 17. The user can enter unknown Cor any oC the entries and the system will assume a 
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value or O. Giving an unkDown value will also set the certainty or the first parameter passed to the 

TRAP function to 0.5. Abo provided is a check (or proper number rormat. Ir something entered is 

not a number. the the user is asked to renter his data. This check is provided on aU the user input 

routines in the TRAP module. 

• TRAP.t. This (unction caUs TRASKA TTR to obtain the field attractiveness rating tor the same 11 

week time span. Unknown values are handled in the same way as in TRASKTR.>\.P. 

• TRAP S. This (unction calls TRASKBCWPOP to get the larval age spectrum in the field. 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 runction 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 number was derived by Steve 

Troester. 

• TRAP 7. This function calls TRCTOFLD to convert the eggs laid in the region to eggs laid in the 

consultation field. 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 runction 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 dillerent instars will undergo 

molts. 

• TRAP 10. This runction calls TRDSPLTAB to display the results or plant development. 

• TRAP 11. This (unction calls TRDSPPOPVSSTAGE to display the results or putting cutworm 

development in terms of corn development. This crea.tes the matrix K in [Troester et a.I. 1982bl. 

• TRAP 12. This function calls TRGETDDTABLE to get the degree-day data necessary ror the .com 

and cutworm development models. The two incoming a.rguments, STACODE and OBDATE. are 
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used 	to s,pecity the location and start date ot the data, respectively. 

• 	 TRAP 19. This tunction calls TRPLANTDATE to trace backward the development ot the corn to 

estimate the planting date (PLANTDATE) given the observed tractional leat stage (FRACT), the 

corn variety (VARIETY), and the observation date (OBDATE). This computation relies on results 

described in ITroester et al. 1982a,cl. The procedure TRLEAFLOOKtJP is used to access leat 

emergence data. 

• 	 TRAP 14. This (unction calls TRCORl'i'OEVELOP 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 IS. This tunction calls TRBCWDEVELOP which is the cutworm development model. Inputs 

are OBDATE and PLANTDATE. This model actually has two different parts. One section is only 

used if eggs are Corward developed trom an observation date less than planting date. This section is 

bypassed it actual larval counts are input: In Steve Troester's work, eggs are developed with a 

model built by Kimpel IKimpel 19781 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 pla.nting d:lte. Then 

the different-aged larvae are classified into the closest instar category. The simulation from there is 

the same as described in ITroester et al. 1982a,cl 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 TRSURVlVE are provided Cor experimenting with smoothing the 

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

• 	 TRAP 11. This function calls TRPOPVSSTAGE to put the results or cutworm development in 

terms 01 corn development. This is based on the work described in [Troester et al. 1982a,cl . 

. 
• 	 TRAP 11. This Cunction calls TRlDAMAGE to estimate cutworm damage without recovery and 

without regrowth. Inputs to this runction are MUCHWEEDS, VARIETY, MOISTURE, and the 

parasitism rate which is set to a constant. The output oC this function consists of the corn yield 



without insecticide treatment and without recovery (YIELDl) and the percent damaged corn 

(COR0.'DAf..t-\GE). This runction and the rollowing three TRAP functions rely on work dc!cribed in 

[Troe!ter et al. 1982b]. 

• 	 TRAP 18. This function calls TR2DAMAGE to estimate cutworm damage without recovery but 

with insecticide treatment. This function uses FRACT and MOISTtJRE (soil moisture) to compute 

YIELD2 (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 HOTWl,NDY (whether it is hot and windy) to 

compute YlELDINCl (yield increase due to recovery without insecticide tre3tment) and 

TOTRECOVER (percent total recovery or the corn). 

• 	 TRAP 20. This function calls TR2RECOVER to estimate corn recovery with insecticide treatment. 

H uses FRACT and MOISTURE to compute YIELDlNC2 (yield incre3Se due to recovery with 

insecticide treatment). 

• 	 TRAP 21. This function is used to prompt for and obtain the value for the date-valued variables 

used in PLANT led. It returns the number or the day entered in mml dd/ltIJ format. To obtain the 

date from the user, it calls TRASKDATE. TRASI<DATE checks ror proper date format. The year 

is stored internally in the TRAP module. 

• 	 TRAP ee. This function calls TRGETLSTAGE which is used to calculate the rractionalleaC stage 

(FRACT) given PLANTDATE aDd OBDATE. 

• 	 TRAP tealnum. This CUDction is used to call the TRAP module exerciser routine, TRTESTR. This 

was used by the author in the development oC the TRAP module for PLANTIcd and was designed 

to aid him in debugging the TRAP module. 

The TRAP module alsq has a maio 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 oC the knowledge 

base (Le., it runs in stand alone mode.) The main program calls TREXERCISE to do the exercising 

functions. This procedure calls TRAPFUNC and has it branch to teslnum in the case statement. 
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5.3. A Se ••lon with Plant/cd 

Figure 13 contains panels of a typical session with PLANT/cd. These panels were produced with :l 

Gould electrostatic plotter attached to a Tektronix 4014 graphics terminal. A version or the DISPLAY 

MODL1..E is available ror this terminal. It uses the cursor instead or 3. touch pa:lel. These panels 

therefore depict closely what one would see on the ORION plasma panel display terminal. The 

rectangular areas within a panel are touch tBrgeta which the user can toucb 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 wben the protocol ror generating 

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

• 	 The variable that is being queried is an inierIJ4l type variable. (Interval variables are specified to 

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

• 	 The domain elements or the variable being queried require a special rormat. This is the case (or the 

date in the bottom panel or Page 61. 

• 	 The variable is a vector. This is illustrated in Page 64. 

Sometimes output is displayed and the user need! time to read it. This is the case in the top panel o( 

Page 66. The user is prompted to touch the screen when he/she is ready to continue. 
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ADVISE 
VERSION 2.8 

SElECT A RUlE GROUP 

11A selJ I I 18 END SESSION I 

\
Black Cutworm Rule Group 

ON IJHAT DATE WAS THE F!!tD CBSERUED? 
ENTER DATE IN THE FO~M : MM/DD/VV •••• ? 7/3/80 

user's response Gunderllned) 

Flsure 13. This figure, whicb is continued on the Dex' seveD paget, depict,., a 
lIeS!IioD with PLANTIcd. Tbe top panel it the iDtroductol'1 puel tor PLANTIcd 
in which the user is queried tor the rule group. There is presently ODe, the 
Cutworm damage rule group_ The user responds by touching one 01 the outliDed 
regioDs. The user is being querie.od ror the observa'ioD date iD the Dex' panel. 

http:querie.od


WHAT IS TI-i:: PtAI1T!NG DATE? 
ENTER DATE IN THE FORM: MM/DD •••• 
OR PRESS CR IF YOU DON'T KNO~ •• ? e/eS 

ENTER CLOSEST WEATHER STAiIOH NAME 
TYPE •HE.!.?· TO S£'E. LIST· OF ALLOWED $iATIONS 
ENTER NAME ••• ? HEtP 

BROWNSTOWN C GIRARDEAU CARBONDALE 
CHICAGO COBDEN DECATUR
DIXON SPRIHGS DUBUQUE EUZABETH
ELWOOD HUMBOLDT ll.:XA
KILBOURNE MOLINE PADUCAH
PEORIA PERRY QUINCV'
ROCKFORD ST LOUIS S1=R INGF"ID.D
TERRE HAUTE TlSKILUA U~ANfl
UIHCEHHES I.IATSElCA 
ENTER NAME ••• ? IUKA 

:....... 

Figure 13 continued. to the top panel, the user is beiDg prompted for the 
plaotiog date. If tbe user does aot how this date, the plaotiDg date will be 
iaferred rrom tbe rractional leal stage. Tbe user is heiDg prompted ror the 
weather statioD iD the bottom panel. 
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WHAT TYPE OF CORt· IS BIING FLANTED? 


, 1A FUtLSEASOt4 I lB MIDSEASOH lC UNl<NOIJHI 


Ejt!ERGENc.E DA"-:.s 

lEAF 5TAGE or CROP 
NUMBER OF FULLY EMERGED lEAVES 

(COLt.AR EXPOSED) 

1 5 6 7 8 9 10 

* 

TCWCH SCR~EN TO CO~T!NUE. 

FIgure 13 contlnued. The user is beiDg a.eked ror the corn variety in the top 
panel. The regioD that has a thicker outline indicates the u~r's r~ponse. The 
next panel displays the stages or corn development predicted by the system on 
the basis or planting date, corn variety, and temperature data ror the regioD the 
field is iD. 



G. 1 

I 

ENTER THE NUMBER OF BLACK CUTWORM MOTHS CAUCHi 
PER 	 TRAP DURING THE FOLLOWING WEEKS 

ENTE'R ':)NE VALUE UNDER EACH UE:£K 
TO TE~MIN~TE ENTERlMG PRESS THE CR K!V 
ENTER THE CR KEV AtONE WHEN 1'10 MOTHS FOR 
THE WE~K ARE CAFTURED •• _ •••• ~ ••••••••••• 

WE'El< 3EGINNING: 
3-17 3-24 3-3~ 4-7 4-14 4-21 4~S 5-5 5-1.2 :;-19 5-25 

S.5 _.a a 	 .to 5 

user's responses 

ENTER THE FIELD ATTRACTIVENESS RATlNG FOR EGG 
LAVING DURING THE FOL:OWING WEEKS. 

ENTER A VALUE BETWe::::N 0.0 AND 1.0. UNDER EACH 
W£!IC • 

WEE< BEGHI~IHG: 
3-17 3-24 
-­ --­
o a 

3-31 

.4 

4-7 -­
B.S 

4-14 4-2.1-.­
~ 1 

4-2S- ­
1 

5-5 5-1.2 5-19 S-2G 
-.-. -­ ---­
1 1 1 1 

user's responses 

Figure 13 continued. The user is prompted ror the moth trap counts and 
atLr3.Cliveness ralings in these panels. The underscores iu the top panel indicates 
that the user did not have moth trap catches ror some or tbe weeks. 

~'. . 



THE NUMBER OF EGGS LAID PER ACRE PER NIGHT 

WEEK BEGIHHNG:' 
3-17 3-24 3-31 4-7 4-14 4-21 4-28 5-5 ·5-12 5-19 5-26 ---­ -­ - - - --­ -- ­

EGGS tAID THE: REliION ....,
0.0 0.0 0.0 37.0 0.0 57.. 0 as.5 0.0 0.0 0.0 0.0 I 

EGGS tAID IN THE FIEID 
0.0­ 0.0 0.0 29.6 0.0 57.. 0 as.5 0 •.0 0.. 0 0.0 0.0 

system's estimates 

TOUCH SC~~E~ TO CONT!NUE. 

DATES PREDICTED FOR 
BLACK CUTWORM TRANSIT10NS 
FOR GROUPS OBSERVED ON 1/3/80

AT IUKA 


Btu OUI HATCH 1ST aND 3RO 4TH 5TH 6TH PUPA EMER 

HGRP POS MOtT MOLT MOLT MOLT MOLT MOLT TION GENCE---- --- -- -- -- ---- -- """ 
..EGGS 1/3 1/6 7/8 7/10 1/1.2 7/14 7/17 7/21 7/26 8/10
l!NS 6/28 7/1 1/4 1/6 1/8 7/10 7/13 1/17 1/21 8/S
2INS 6/25 6/28 7/1 1/3 1/6 7/8. 7/11 1/15 7/18 8/3
3INS 6/23 6/26 6/29 7/1 1/4 1/6 7/9 7/13 7/16 8/1 ~ 
4INS 6/19 6/24 6/27 6/291/1 7/4 7/7 1/11 7/15 1/29 

. SINS 6/14 6/20 6/24 6/26 6/28 1/1 7/~ 7/9 7/12 7/26 

. 61NS 6/7 6/13 6/17 6/21 6/24 6/26 6/30 7/5 7/8 7/21
·1LHS 6/2 6/6 6/10 6/14 6/17 6/al 6/2; 7/1 1/4 7/17 

system's estimates-

TOUCH SCREEN TO CONT!NUE. 

FIgure 13 c:.ontlnued. The user is shown the inferred Dumber of eggs laid iD his 
field and in the region around the field in the top panel. The bottom panel 
displays the resulUl or the Bew simulatioD model. This is in the form or a 
tr4nsition matrix wbich states when each of the larv3.1 stages will undergo a 
transition to a new stage. 
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LEAF SiAGE OF CROP 
NUM3ER OF F~LlV EMERGED LEAVES 

(COLLAR EXPOSED) 

1 2 3 4 S· S 7 S 9 10 
DAT!-)- 6/=9 7/2 7/$ 7/7 7/10 7/12 7/14 7/17 7/19 7/2.1 

I 1 1:0 1:0 -0.0 -0:0 -;:0 0:0 0.0 0:0 0.0 0:0 '1 
N 2 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I 
5 3 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0! 
T 4 0.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 h 
A 5 e.0 0.0 1.0 a.0 1.0 1.0 0.0 0.0 0.0 0.0 
R S 4.0 0.0 0.0 0.0 a.0 3.0 3.0 1.0 0.0 0.0 I 

7 0.0 4.0 0.0 0.0 0.0 0.0 1.0 a.0 2.0 ~.0) I 

system·s estimatesJ 

TOUCH SC~~EN TO CONTINUE. 

ARE iH£:WEEDS GREATER THAN 4 WEEDS/FOOT OF ROW? 

I 11 1'10 I 

FIgure 13 contInued. The user is shown the results or the process 01 putting 
sew development. in terms 01 corn development. This is iD the lorm 01 a matrix 
that shows the' population level 01 each 01 the iDstus approximately in the 
middle 01 the p~riod 01 a leal stage emerg~nce aDd the next larger one lor corD 
leal stage emergences 1 through 10. In the bottom paDel, the user is prompted 
lor wb~th~r bis field has a large amount or w~eds. This and the next two 
questioos will be used ill estimating corD damage aDd yield. 
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YHAT IS TM~ SOIL MOlSiURE IN THE ~E~ 


I LA WEi I is DRVI 1C NORMAL 


IS IT HOT AND YINDV? 

1A VES ,-'-1 18 NO I --I 1C UNKNOWN I 

Flpre 13 contlnued. The user is queried ror the ,oil moi,ture in the 6eld in 
the top paDel. Witb eert:LiD respoDse, to this que-stion, the question in the bottom 
panel ma)' be asked. 
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CC~CLUSID~S.. 
PERCENT TCTAt DAMAGE OF THE CORN 

7.65E (1.000)
THE TOTAL YIELD W/O INSECTICIDE TREATMENT 

95.972 (l.e00) 	 . 
THE TOTAL YIELD W:TH INSECTICIDE TREATMENT 

96.456 <1.000 )
PERCENT 	 FI~iAt STAND Of". THE CORN 

95.32S (1. e00) 

system's estimates 
confidence values in parentnesis-

TOUCH SCREEN TO CONTINUE. 


SELECT A ~UL':: GROUP 

1A acwl 13 END SESSrON I: 

FIgure 13 continued. The user is giveD the results 01 the eODsultatioD iD the 
top paDel. These are the GOAL variables or PLANT/cd. The bottom paDel 
shows the user beiDg asked whether he waDts to eODtiDue with aDother !eSSiOD. 



CHAPTER 6 


VALIDATING EXPERWENTS 


This chapter describes some validating experiments using data gathered in 19B:! to check the 

performance of PLA;-';T Icd. These experiments were designed to test the ability of PLANTIcd to predict 

damage from larval counts (Experiment 1) a.s well a.s from moth trap counts (Experiment 2). 

6.1. 	The Data 

Ron Meyer. an entomologist with the Illinois State Natural History Survey. collected field dat:>. in 

1982 to verify some aspects of Steve Troester's BeW simulation programs. This data included larval 

counts from several test areas of 14 fields in Illinois. 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 fali and spring. and previous crop. The complete list of collected items i:! 

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 ~1eyer's estimate of what it was. This was a marked weakness in the d:>.ta. Also, 

several of the fields had areas that had undergone insecticide treatment. This would cause the predicted 

damage from PLANTlcd 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 or Illinois. This effort was done 

by Steve Briggs. Extension Specialist with the Department of Agricultural Entomology at the University 

or Illinois and the Natural History Survey. The set or moth trap cat.ches in the closest county to a field 
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1982 BOW Data Form 

VALIDATION OF sew LOSS 

Observer ______________ Date ________ 

In/ormation needed /rom grower: 

1. d:unage history 
2. 	 raU tillage and weediness 


weed ty~ 


3. previous crop 
4. 	 spring weediness 


tilhge and dates 

weed type (specific as possible) 


5. planting date 
6. insect.icide hist.ory, t.his crop 
7. mid or rull se3.5on corD 
8. plants ~r acre goal 

I). expected yield g03.l, butA 


10. 	 il r,plant. situation: cost 01 insecticide t.reatment 
cost t.o replant 

In/ormation ntl!ded /rom field - 1,t vilit: 

11. 	 i.d. must be able to get. t.o field. but wo t.o the d:lmage part 
12. 	 type or l:lnd (higb, low, well-dr:uned, rolling, etc.) 
13. 	 border vegetation (to get bot spots-tree lines, creeks, bigb 13lld or 

tence rows ror wind break, clues to weeds) 
14. 	 extent or damage-whole field or spots 
15. 	 stage or growth (get to 1/10 leal stage) 
16. 	 number 01 plants healthy, aDd cut above or below grouDd per 100 rt or 

row 
17. 	 number larvae/laO plants (get accur:lt.e instar numbers) 
18. weed density (broad leaves, gr3.5ses/rt or row) 
II). soil moisture (wet. normal, dry) 
20. 	 weatber conditions (hot. and/or windy to make soil dry) 
21. 	 repeat. 16 in treat.ed or undamaged area 

14-21 	 repeat. 

Harvelt time viBit 

2'2. 	 plant. count in damagt'd and und:unaged 
23. 	 butA in damaged :md undamaged :ue3.5 (100 rt row, row widtb) 

FIgure 14. The data (orm used iD gathering tbe 1982 data. 

http:treat.ed
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W35 aver::l.ged and used to test the ability or PLANTIcd to predict dama~e Crom moth trap catches and 

the indicator of spring weediness, the attractiveness rating. There W35 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 cot.;ld have been because there was little or no activity ror the week. oCten, it looked as iC the Carmer 

placed toe counts Cor a week with little activity with 3. neighboring week that h:ld 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. 

8.2. The Experiments 

Two experiments were done using the 1982 data collected by Meyer. The first experimel:!t W3.5 

designed to test the ability or PLANTIcd to predict sew damage rrom larv:l.l counts in the field typic:l.lly 

measured in May. The second experiment was designed to test the ability or PLANTIcd to predict 

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

For the first experiment, PLANTIcd was run ror 45 sets or larval counts in 14 fields. Actu:l.l 

temperature data up to around August 15 W35 used. Projected temperature data W35 used for the period 

arter August 15 using the database provided by the Natural History Survey. This would not be like a reJ.1 

consultation which would only rely on actual temperature data up to the time or the consultation which 

would be much earlier. This was dOlle to eliminate errol"!l rrom predicting temperature data so that only 

model errors would be involved. The predicted percentage or corn cut and actual percentage or corn cut 

was then compared. Naturally the first 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 result,., or the first experiment are displayed in Table 1. The first column or this t:lble gives the 

identification of the test site (or the I:l.rval count. The first two letters in this identification :ue the first 

two characters in the last name or the C3J'mer whose field the test site was on. The third alphabetic 

character (optional) indicates which field the test site was on. The rollowing number indicates whether this 

W:loS 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 (t) indicates that this 
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Table 2. This table summarizes the iDputs aDd results or experimeDt 1. See 
text for eXDlaaatioD of the entries 

Experiment 1 

ID 

I03tars/100 PJ3.11 t.I ..... 
5.,,,,,,, 

f .... 

e .... 1t' 

PIM, 

0.. 

0 .. 

0_ 
C... 

v...., 
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000 

0.00 

000 

0.%1 

0» 

0.00 
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,.11
,.1 

~ 
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1" 

t~ 
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0.00 
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0.00 
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0.00 
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V.cot••• 
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1{14 

Iitt 

,.1 
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,.11 
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~ 
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000 
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4.11 
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l.41 
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000 

5.41 
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1.15 

UI 
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l.41 
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000 
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site was also chosen ror the second experiment. 

The next five columns in Table 1 are the larval counts per 100 plants. The next column is the 

closest weather station to the field. The closest county that had moth traps is in the next column. (Moth 

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

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

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

PLA~T lcd, respectively 1. As one can see, PLANT led does rairly well in this experiment in which larva-l 

counts are given. One should be cautioned in using the results Irom the sites treated with insecticide. tr 

the site is treated, then one would expect higher predicted damage than actual when using counts ta-ken 

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 experiment 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 first two characters 01 the larmer's last name. The last (optional) 

character indicates which field if two fields or the same Carmer were used. This experiment was done on a 

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

The 6rst row gives the moth trap counts or the closest county having traps (from Table 1). These counts 

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

beCore. the trap counts rrom the chosen county were averaged. The second row in columns 3 to 13 are the 

attractiveness ratings Cor the field lor the same weeks. These ratings were given alter the Cact and were 

thereCore estimated by Meyer and the author. Using knowledge of tillage practices and a description 01 

the weediness or 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 
• 

IPel't:eDu.ge cut COrll reprtStllU tbe r&tio ot plnu tbat died due to BCW damage to tbe total pluud crop. Tbe predicted 
percent",e eut carll is estim&ted whea 110 more d&m&gll i~ beillg dODe to tbe field. 

http:IPel't:eDu.ge
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Table 3. Tbis table summarizes t.he iDputs aDd results or experimeDt 2. See I 
text for explanatioD of t.he eDt.ries. 

Experiment 2 

,.... e.... W«k BegiDnin& Wa.l. Plo.. eo.. .... p.... 

11) .. s ...... I).. Vuwt, e .. COl 

Au, altt lit! II,. ~. 4'11 ./It ./t. lit 'II aI" "" 
e.f. 0.0 0.0 0.0 :.0 1$.3 14,3 12.3 .3 10.' U 1.3 Vi.. 

L, ."'H 5/4 Fall 4'l5 J'l5 
At.. 04 0.4 0.4 04 0.4 0.4 0.4 0.1 0.1 0.1 0.1 

Cat. 0.0 0.0 0.0 U IU 14,3 1:3 '.3 10.' U 1.3 Vi.. 

T, fellAH 5/10 Filii ~ 4% 
At.. 04 0.4 04 0.4 0.4 04 0.4 0.4 02 0.2 0.2 

c!", 0.0 0.0 1.0 4.0 1.0 2.0 1.0 0.0 0.0 0.0 0.0 
11IIi:.a 

CM 4/7.4 Mi4 :1<:$ :'l5 
.4/" 0.1 01 0.1 0.1 0.1 0.1 05 O.S O.S 0.5 0.5 

e.f. 0.0 0.0 U 4.0 1.0 :.0 1.0 0.0 00 0.0 0.0 
lata 

Coli 4/2. Mi4 17% ~ 

A'" 0.1 01 0.1 0.1 0.1 0.1 0.5 0.5 05 0.5 OS 

c ... 00 0.' U $.II t.O to IU 1.3 U '.3 $.:I Sa. 
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e.t. 0.0 0.' S.3 5.0 t.O t.O 15.1 1.3 U .3 53 Sa. 

IliA LMi. 5/2 hll 13'l5 2% 
A,.. 0.4 04 0.4 04 0.4 0.4 04 0.2 0.2 0.2 02 

e.i. 0.0 o. U 5.0 t.O U 15.1 . U U U 5.3 St. 

W LOlli. S/3 FilII ''l5 3':; 

At.. O' 011 0.' O. 0.' 0.11 0.' 02 02 02 0.2 

c ... 0.0 0.11 $.3 6.0 '.0 9.0 lU 1.3 9.3 '.3 U Sa. 

Itl LOlli. 4/22 FilII 4'!; 3% 
At" 011 O. 0.' 0.' 0.11 0.' 0.3 0.3 U U 0.3 

Cd, 0.0 0.0 1'.3 0.0 11.' 2.0 12.1 4.3 U U 3.0 sa. 
T. Lou. 5/3 Full a~ ~ 

A'.. oe 0.' 0.' 0.' 0.' u 0.' u u U 0.3 

C... 0.0 0.0 16.3 0.0 11.' 2.0 lU 4.3 U 1.8 30 St. 
~ 

!Ie Lo" 4/%1 Fall II'!; 1'l5 

A'1t 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 03 0.3 0.3 

5, 

c ... 0.0 0.11 U 11.5 1.0 140$ 10.0 '.0 1.0 l.O 1.0 
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percentage or 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) or a field and was measured on the 

observation date for the field. The observation date is given in the table of Experiment l. These were 

the later vigits of an untreated test site, ir possible. As can be seen, the program performed poorly Cor 

some cases, especially those in which high actual damage occurred. The tendency is that PLANT Icd 

underestimates the real damage in such cases. 

6.3. 	Discussion of'Result. 

Results of Experiment 1 were much better than those of Experiment 2. To a large extent this was 

expected because the predictions that are done in Experiment 1 are or a shorter time span than 

Experiment 2. The time span for Experiment 1 was typically 2 months and the time span Cor 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 oC sampling both the larval population in the field and the 

damaged plants. These were done by hand. There is an error oC not being able to find the total larval 

population present in the sample area. There is the same problem Cor sampling the plants themselves. A 

plant can die due to cutworm damage and leave little tra.ce of its existence. Plants that have undergone 

regrowth after damage can be misclassitied. This is due to the Ca.ct that a damaged plant, if aCter some 

growth Crom recovering Crom 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 a damage count is done berore the damage process 

is finished. then the predicted damage would be higher than what was counted. With these potential 

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

Ir we examine the results or Experiment 2 in Table 3 we can see poor perCormance oC PLANTIcd 

especially when there is real damage above a few percent. This suggests that there are some additional 

racum causing high damage that are not yet modelled. It is impossible Cor the moth population indicated 

by the moth trap counts to generate enough of a larval population to cause the amount or 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 i5 currently assumed ror these high damage fields. 

Since the kDowledge encoded in PLAL'JT Icd is modular, it is easy to modiry it when the processes that 

cause high damage become known. 



CHAPTER 7 

THE PLANT/CDP IM:PLEMENTATION 

This chapter describes a system, PLANTIcdp, th:l.t was designed to predict whether a field is likely 

to be damaged by Black Cutworms or not, rather than the degree or damage, as in PLANT/cd. 

PLANT/cdp is a predecessor or PLANT Icd and was developed using the EMYCIN general purpo~ expert 

system Ivan Melle et aI. 19791. PLANT/cdp was designed to be an initial exploration or capturing human 

expert knowledge in the BCW damage domain. Through talks with Chip GU5e, who was my expert 

collaborator (or the PLANT/cdp implementation. it was found that human expert knowledge was lacking 

in the areas o( the domain that would allow ror predicting extent or damage. (See Section 3.2.) The goal 

or my thesis work was an expert system to predict extent or damage and when we realized that the 

approach taken in PLANTIcdp was not going to work ror predicting extent or damage, PLANTIcdp was 

put aside. PLANTIcdp was thererore never improved to the point of being worthy 01 any serious testing. 

However. predicting damageable fields is a reasonable thing to do, and PLANTIcdp is documented here 

ror anybody who may wish to extend this work. 

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

oviposition, larval survival, and synchrony will occur ror a field. Unlike PLANTled in which most or the 

expert knowledge is encoded in a simulation model, most or the expert knowledge is encoded in the expert 

rules themselves in PLANTIcdp. Chip Cuse was able to provide a surface model ror this problem. Most 

01 the rules in thiJ knowledge base deal with predicting whether the field iJ attractive enough ror 

ovipositioD. Weediness, a critical factor to ovipositioD attractiveness or a field, is predicted (rom spring 

and Call tillage practices, a measure of the current weediness, and the weediness or the field in the fall. 

Also oviposition is assumed to be high ir the field is Hooded. Oviposition is assumed to relate to weediness 

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

The assumptioD is made that a field will escape cutworm damage it the number or Fahrenheit 

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

'17 
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Ftgure 15. This figure shows the relatioD betweeD weediness or the field and 
oviposition. 

FDD is in the range 27()"500, then a statement is printed out to inform tbe user that. synchrony is at a 

maximum. 

It is assumed 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 occu~. 

As mentioned before, this knowledge base uses EMYCIN (written in INTERLISP). The knowledge 

base was put on the DEC-2020 at SU~IEX-AIM. The few times PLANT/cdp has been shown to experts, 

the opinion was that it missed the correct prediction 50% or the time. The experts mentioned that it did 

show promise to become more accurate. 

'1.1. The EMYCIN Rul. 

Appeadix B contains a listing or 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 secoad version is the terse paraphr:lSing, and the last 

version is the actual rules. The rule base consists of 25 rules. The reader is referred to lV3n Melle 1081] 

wbich is the users' manual for E?vfYCIN and this explains the terminology used in the listings. Also 
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rererences Ivao Melle et al. 19791 aod !ShortlifJe 1976] expb.in how EMYCIN aod its ancestor, ~fYCIN, 

work in general terms. 

'T.2. A Session 

Below is a session with PLANT/cdp: 

4-Apr-81 09:04: 19 

[consultation of 9-Mar-81 3:02AMj 


--FIELD-102--­
1) What is the identifying name of the field under 

consideration? 
**TEST2 
2) What is the closest weather station to test::?? 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? 
•• NO 
5) What is the weediness of test2 in the spring? You can 

enter EL ABORATE to see elaboration on the c3tegories of 
weediness . 

•• EXTENSIVE 
6) Which one of the following classes of weeds 

predominates test2 in the spring: broadleaves or 
grasses? 

•• BROADLEAYES 
7) What is the spring tillage that was done on test2? 
•• CHISEL 
8) What is the date 01 spring tillage? Enter response in 

the form or: 4-Apr-81 
** 10-Mar-81 
9) What is the date or the 6rst moth 8ight? Enter 

response in the form: 4-Apr-81 (If you don't know this 
date. answer NOTKNOWN.) 

··20-Mar-81 
10) What is the ralI tillage that was done on test2? 
** CHISEL 
11) What was the weediness of test2 in the fall! You caD 

enter ELABORATE to see elaboration on the categories 
or weediness . 

.. PATCHY 
12) Which one or th~ following classes or weeds 

predominated test2 in the Call: broadleaves or 
grasses? 

** BROADLEAYES 
1 calculate the oviposition attractiveness rating to be 1.0 

(.9) or .2 (.8). 
13) What is the estimated pl3nting date? Enter response in 

this form: 4-Apr-81 
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.. 25-Apr-81 

Synchrony is a. ma:<imum ror this case. 


I calculate the 90 DD accumulation rrom moth Hight to 
occur on da.y 114. This is compared to the estimated 
planting date which will occur on day 139. 

Considering the information that you presented. 1 would say 
that test::! could bave Black Cutworm damage. 

Chip Guse agreed with the prediction above. 



CHAPTER 8 

SUMMARY 

This thesis ha.s described the application of tile ADVISE meta-expert system to the development of 

a specialized expert system that predicts Black Cutworm damage (PLANTJed). 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 3.5,1 

(3) 	 select the inference me£hanism(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 next two sections 

are some reBections on this experience. 

8.1. 	Diftlcultlea Encountered uling ADVISE 

The ADVISE project has been a challenging and novel experiment in expert system design. Some or 

the design goals or ADVISE led to difficulties, but the project. ha.s been quite successrul over all, and some 

or the same design goals have contributed to this success. The (ollowing paragraphs elaborate on some 

design decisions and their effects on the development or ADVISE. 

The choice 0/ Pascal led to a large development time. LISP was the alternative choice. The author 

and another student argued ror LISP as the implementation language in the initial design discussions, but 

they were outvoted. As a result people working on ADVISE spent much time building software tools that 

already existed in LISP. Pa.scal 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 Implementation 

IADVISE ~I,o ~lIo", ror the &cqlli,itioll or rill. throu,h illdllctive ill!ereoee. 
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with a. run-time interpreter. On the other hand ther are some benefits or using Pascal 3.:S the 

implementation language. The system is portable and applicable to a wide spectrum or computers (and 

potentially microcomputers). Pascal is also more efficient than the traditional AI language, LISP. 

Because ADVISE is a meta-expert system, development of application systems does not require 

redevelopment or tbe functionality inberent in ADVISE. This reduces tbe development time or specialized 

expert systems and the large initial development time or ADVISE is not Celt by applications or ADVISE. 

HaLing a common set of tools to build expert systems is well worth their cost of development in the 

time 'Oiled in implementing different ezpert systems. As indicated in the above paragraph, Pascal is a 

language that is week in the kinds or tools needed ror building expert systems. In order to avoid e:l.Ch 

module oC ADVISE duplicating tools, it W3.:S decided to structure ADVISE to share common tools as much 

a.!l possible. This led to reduced development time overall or the ADVISE system. At a higher level, the 

AD\1SE mod ules can be thougbt or as tools ror building expert systems. Instead or duplicating these tools 

ror e3cb application. ADVISE offers tbem prebuilt. 

The system was flerible, but this led to 0 large and 80metimu slow ezecution. The dE-sign g03.1 of 

keeping ADVISE general contributes to this. (ADVISE now contains more than 25 thousand lines or 

commented Pascal.) We are now using the notion or compiling an instance oC an expert system to reduce 

the overhead oC or a flexible system. The hope is to put these compiled instances on microcomputer.based 

systems. 

Building an expert system i, an effort that requires more than one person. This is especially true ror 

the Ca.!le when a lot oC tool building ha.!l to be done beCore any real work on the expert system can begin. 

Any expert system that is robust will require a lot oC man-hours. Typically there bave been 4-6 graduate 

students working on ADVISE at any given time. There ha.!l been more thaa 5 man-years or effort in the 

ADVlSE project. 

Procedures for user·friendlll interaction with AD VISE require, much programmer time and are large. 

User·rriendliness is not che3p. Mucb or the top level programming in the PLANTIcd and PLANTIds 

(diagnosis or soybean diseases) applications oC ADVISE is devoted to parsing user input, range checks on 

user input, help and expbnation radlities, window creation, and window management. Further 
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enhancements such as word completion, and spelling correction will add even more overhead. There i! 

hope that the inclusion o( the "(rame manager" software developed (or a medical computer !),stem which 

contains a robust set or tools ror window creation as well as user input parsing and user input validity 

checks will help. 

With AD VISE changes to the knowledge base are eas!!. The R utE PARSER makes it possible to 

quickly modify the knowledge base. The original version of PLANTIds [Chilausky 19791 had no rule 

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

The design goal 0/ separating tllctical and strategic in/ormlltion ill 'till not accomplished. Such 

solution is more complex than one would at first imagine. Some questions still have to be answered in 

represen ting strategic (control) inrormation: 

• 	 What is the most appropriate language for representing strategic knowledge or a domain? 

• 	 b the most appropriate language dependent on the domain? 

• 	 Where does strategic inrormation go? Is it part or the rule set ror a. d-omain or is it best put in 3­

separate knowledge structure? 

Epistemological studies such as [Cla.ncey 19811 should help in answering these questions. 

8.2. 	Experience Gained and Difficulties Encountered trom PLANT/cd 

PLANTI cd gllve enlightenment on the retlltion between deep and sur/Ilce models 0/ a domllin. 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 W3.!J encoded in production rules and some was procedura.l. The production rules served to 

sequence and modularize the deep model (i,e., the simulation model). The advantage or such an appro:l.Ch 

is that the modules can be ea,sily explained to the user and are also easily modified. However, the linbge 

between the deep and surface knowledge in PLANTled caused a mixing of t:l.Ctics and strategy. In the 

PLANTled knowledge base, the same level of representation contains declarative non-control knowledge 

and control knowledge. This should be avoided, but a solution awaits to be found. 

http:appro:l.Ch
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There ore ore/28 where knowledge ill not robullt enough to build a.ccurote deep ond/ or IIlr/ace modelll to 

predict BeW domage from moth trap count,l. This seems to be the cause of the poor results of Experiment 

2. Perbaps the goal of identifying potentially damageable fields (a.s wa.s done in PLANT/cdp) is the best 

thing to reach for at this time. Predicting potentially damageable area, (e.g., whole counties) is another 

possibility. A major problem about Black Cutworm corn damage is the fact that the Black Cutworm is a 

.poradic pest. This makes it very bard to collect data. (It is no wonder experts have little opinion in !lOme 

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

8.3. 	Concluding Remark. 

The prediction of extent of BCW damage bas been chosen because it is important to agriculture, as 

its successful solution would potentially bring large economic benefits. The complexity of the problem, 

insufficient understanding of the SCW damage process 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 problem ga.ve results that are promising and useful. To makerurther progress, continuing 

collaborative effort of entomology experts and knowledge engineers is required. 
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APPENDIX A 

PLANTleD RULE BASE 

Below are the rule and variable listings for PLANTled. The rormat or ,the rules and variable 

declarations is described in Section 3.3 and 3.4. An English paraphrasing is included in the comments ror 

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

A.I. Rule Listing 

ClJTWOR~CDAMAGE RULES 

VARS == BCWV ARS; 


Rl1...El 

llThis rule is unconditiona.l and is used in order to Ond out the 

! observation date! 

! 

!If: TRUE 

!Then: Get the observation date from the user and assign it to the 

! variable OBDA TE. 


TRt:E ::> [OBDATE == TRAP(21,OBDATE,I,O)1; 

RULE2 

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

! ror planting cornl 

! 

!If: TRUE 

!Then: Get the date for planting corn rrom the user and assign 

! it to the variable PLANTDATE. 


TRtJE ::> [PLANTDATE == TRAP(21,PLANTDATE,O,1)J; 

RULE3 

!IThis rule is unconditional and is used in order to Ond the nearest 

! weather station idl 

! 

!If: 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)j; 

RL1..E4 

!!This rule is unconditional and is used in order to find out the moth 
! trap countsl 
! 
!Ir: TRI..;'E 
!Then: Get the moth trap counts rrom the user and assign it to tbe 

variable MTRAP. 

TRUE ::> [MTRAP = TRAP(3)j; 

RULES 

![This rule is used in order to find out about the egg populationl 
! 
!Ir: Tbe moth trap counts are known. 

!Then: Calculate the egg population and assign it to the variable EGGS. 


[MTRAP <> *1 ::> [EGGS,.. TRAP(6,MTRAPJI; 

RULE6 

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

! attractiveness rating or the field] 

! 

!It: TRL'E 
!Then: Get the attractiveness rating or the field (rom the user and 
! assign it to tbe variable A TTR. 

TRUE ::> fATTR ,.. TRAP(4)j; 

RL'LE7 

!IThis rule is used in order to tind out about the egg populationI 

! 

!It: 1) The eggs bave been computed. and 

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

!Then: Compute tbe eggs laid in the field and assign it to the variable 

! FECC, and give a summary or the egg population to the user. 


IEGCS <> $I[ATTR <> $1 ::> IFEGGS == TRAP(7.EGGS.ATTR)ITRAP(8); 

RULE8 

![This rule is unconditional and is used in order to tindout the Black 
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! Cutworm population in the fieldj 

! 

!If: TRUE 

!Tben: Get the Black Cutworm population from the user and assign 

! it to the variable BCWPOP, 


TReE ::> [8CWPOP = TRAP(5)j; 

RtJLE9 

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

!Ie: 1) The observation date is known, and 


2) The weather station id is known, 

!Then: Compute the degree day table and assign it to the variable DO, 


[08DATE <> SHSTACODE < > $) ::> [DO = TRAP(12,OBDATE,STACODE)!; 

Rt.JLElO 

![Tbis rule is used in order to find out the pla.ntin'g date of the cornl 
! 
!If: 	 1) The degree day table is known, 


2) Th~ observation date is known, 

3) The Tractional leafstage of the corn is known, and 

4) The corn variety is known 


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

variable PLANTDATE. 


[DO <> $IlOBDATE <> $I[FRACT <> $l!VARIETY <> $1 ::> 

[PLANTDATE = TRAP(13,OBDATE,FRACT,VARIETY,DD)I; 


RtJLEll 

![This rule is used in order to find out the corn developmentj 

! 

!If: 1) Tbe degree day is known, 


2) The planting date of the corn is known, and 
" , ! 3) The variety or the corn is known 

!Then: Simulate corn development and assign the results to the 
! variable CD, and display the results to the user. 

[DO <> Sl[PLANTDATE <> SlIVARIETY <> SJ ::> 

ICD = TRAP(14,PLANTDATE,VARIETY,DD)jTRAP(lO); 


RL"LEIZ 

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

! developmentl 

! 
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!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 the results to the user. 

[DO <> SI!OBDATE < PLANTDATEl[FEGGS <> SI ::> 
[BC\\'D = TRA.P( 15,OBDATE,PLANTDATE,FEGGS,DD )ITRAP(9,OBDATE); 

RULE13 

!!This rule is tried in order to find out about Black Cutworm 
! developmentl 
! 
!I(: 	 1) The degree day table is known, 

2) The observation date is ~ the planting date, 
! 	 3) The Bbck Cutworm population is known 
!Then: 	 Simulate BCW development and assign the results to the 

variable BCWn and display the results to the user. 

[DO <> SI[0BDATE >== PLANTDATEl!BCWPQP <> SI ::> 
[BC\\'D = TRA.P( 15,OBDATE,PLANTDATE,BCWPOP ,DD)lTRA.P(9.0BDATE); 

RULE14 

![This rule is used in order to find out the Black Cutworm vs learstage 
! tablel 
! 
!Ir: 	 1) The corn development is known. and ' 

2) The Black Cutworm development is known 
!Then: Compute the Black Cutworm vs. lea.rstage table and assign it to 

the variable POPVSSTAGE and display the Black Cutworm vs. 
leafstage table. 

[CD <> Sj[BCWD <> $J ::> [POPVSSTAGE == TRAP(16,CD,BCWD)/TRAP(1l); 

RULElS 

'[This rule is used to find out the corn yield without insecticide 
! treatmentl 
! 
m: 	 1) The Black Cutworm va Jearstage table has been computed. 

2) Whether there are greater than 4 weeds/root or row is known, 
3) The corn variety is known, and 
4) The soil moisture in the field is known 

!Then: 	 Compute the corn yeiJd without insecticide treatment and assign 
it to the variable YIELDl. 

IPOPVSSTAGE <> $lI~fUCHWEEDS <> Sl!VARIETY <> $IIMOISTURE <> Sl ::> 
[YIELDl =- TRAP(l7,~CHWEEDSJVARIETY,MOlSTURE,O.25,CORNDA.MAGE.POPVSSTAGEll; 
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RtJLE16 

!lThis rule is used in order to find out tbe fractional learstage of the 
! corol 
! 
!If: 1) The planting date is defined, and 

2) The observation date is 5 the planting date 
!Then: The rractional leafstage is = 0.0. 

[PLANTDATE <> ?1I0BDATE <= PLANTDATEI::> IFRACT == O.Oj; 

Rt1..E17 

![This rule is used to find out the corn yield with insecticide 
! treatment] 
! 
!IC: 	 1) The Black Cutworm vs leatstage table has been computed, 

2) The tractiona.l leaCstage is known, and 
3) The soil moisture in the field is known 

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

IPOPVSSTAGE <> $l[FRACT <> $!!~101STURE <> $J ::>' 
[YIELD2 = TRAP( 18,FRACT,MOIST'CRE,POPVSSTAGE)I; 

RtJLE18 

!IThis rule is used in order to find out. whether it is hot and windy] 
! 
!If: The soil moisture is dry. 
!Then: It is not hot and windy. 

[MOISTl:'RE = DRY\ ::> IHOTWINDY == NO\; 

RULEl\) 

![This rule is used in order to find out corn yield increment due to 
! recovery without insecticide treatmentl 
!If: 1) The Black Cutwormvs leatstage table is known, 

2) The soil moisture is known, and 
3)· Whether it is hot. and windy is known. 

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

IPOPVSSTAGE <> SIIMOISTURE <> S][HOTWINDY <> $1 ::> 
!YIELDINCI ,.. TRAP(19.MOISTURE,HOTWINDY,TOTRECOVER,POPVSSTAGE)I; 

RULE20 

![This rule is used in order to find out corD yield increment due to 
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! recovery with insecticide treatmentl 
! 
!If: 1) The Black Cutworm vs leabtage table is known, 

2) The rractional learstage or the corn is known, and 
3) The moisture or the soil is known. 

!Then: Compute the corn yield increment due to recovery with 
insecticide treatment and 3.S!Iign it the variable YIELDINC2. 

[POPVSSTAGE < > $][FRACT < > $IIMOIST'URE < > $1 ::> 
[YIELDlNC2 = TRAP(20,FRACT,MOISTURE,POPVSSTAGE)I; 

RtJLE21 

![This rule is used in order to lind the total corn yield without 
! insecticide treatmentJ 
I 

!IC: 	 1) The corn yield without insecticide treatment is known. and 
2) The corD yield increment due to recovery without insecticide 

! treatment is known 
!Then: The total corn yield without insecticide treatment is the corn 

yield without insecticide treatment plus the corn yield 
increment due to recovery without insecticide treatment and 
assign it to the variable TYIELD 1. 

[YIELDl <> SI\YIELDINCI <> $1 ::> 
ITYIELD1 = YIELD1+ YIELDINC1/; 

RL1...E22 

![This rule is used in order to lind the total corn yield with 
! insecticide treatmentl 
! 
!IC: 1) The corn yield with insecticide treatment is known, and 

2) The corn yield increment due to recovery with insecticide , 
 treatment is known. 
!Then: The total corn yield with insecticide treatment is the corn 
! yield with insecticide treatment plus the corn yield increment 
! due recovery with insecticide treatment. 

IYIELD2 <>Il\YlELDINC2 <> II ::> 
[TYIELD2 = YIELD2+ YIELDINCZI; 

RULEZ3 

![This rule is used in order to find the percent tinal stand or the cornl 
! 
!IC: 	 1) The percent total damage or the corn is known, and 

2) The percent total recovery or the corn is known 
!Then: 	 The percent 6n31 stand or the corn is 100,0% minus the 

difference between the percent total damage or the corn and the 
percent total recovery or the corn. 
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[CORi\1)AMAGE <> $J[TOTRECOVER <> $\ ::> 

!STAi\1) =- 100.0 - (CORNDAMAQE-TOTRECOVER)j; 


Rt;LE2~ 

!IThis rule is used to find the CractionalleaCstagel 

! 

!Ir: The observation date is > the planting date. 

!Then: Compute the Cractiona1leaCstage and assign it to the 

! variable FRACT. 


[OBDATE > PLANTDATE1::> 

IFRACT == TRAP(22.PLANTDATE.OBDATE)j; 


RtJLE25 

lIThis rule is used to find whether there are greater than 4 weeds/root 
! or row I 
! 
!If: . The observation date is ~ the planting date. 

!Then: There are not greater than 4 weeds/Coot ot row. 


[OBDATE <= PLANTDATEI::> 

[MUCHWEEDS == NOj; 


A.2. Variable Listing 

BCW\,ARS V ARS 

OBDATE INTERVAL = 1..366 

PROP =- TRANS 

THE DATE FOR WHICH THE FIELD IS OBSERVED 

%% 

PROP == PRO~fPT 


ON \VHAT DATE WAS THE FIELD OBSERVED? 

%% 
PROP -= LABDATA 

T 

%% 

PLANTDATE INTERVAL =- 1..366 

PROP == TRANS 

THE DATE FOR PLANTING CORN 

%% 

PROP == PRO~iPT 

WHAT IS THE PLANTING DATE! 

%% 
PROP == LABDATA 

T 


.. 




%% 

STACODE INTERVAL == 1000..9999 
PROP - TRANS 
THE STATION CODE 
%% 
PROP == LABDATA 
T 
%% 

MTRAP NOWNAL == (YES NO) 
PROP == TRANS 
MOTH TRAP COUNTS HAVE BEEN GOTTEN 
%% 

EGGS NOW0l.>\L == (YES NO) 
PROP = TRANS 
EGGS HAVE BEEN COr-"WUTED 
%% 

FEGGS NOMINAL == (YES NO) 
PROP == TRANS 
EGGS IN THE FrELD HAVE BEEN COMPUTED 
%% 

ATTR NOMINAL == (YES NO) 
PROP == TRANS 
ATTRACTIVENESS RATINGS OF THE FrELD HAVE BEEN GOTTEN 
%% . 

BCWPOP NOMINAL == (YES NO) 
PROP == TRANS 
BLACK CUTWORM LARVAL COUNTS HAVE BEEN GOTTEN 
%% 

DO NOMINAL == (YES NO) 
PROP - TRANS 
DEGREE-DAY TABLE HAS BEEN READ IN 
%% 

CD NO~llNAL == (YES ~O) 

PROP = TRANS 

CORN DEVELOPMENT HAS BEEN SIMULATED 

%% 



BCWD NOMINAL = (YES NO) 
PROP =- TRANS 

BLACK CUTWORM DEVELOPMENT HAS BEEN SIM1.JLATED 

%% 


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 OBSER YEO FRACTIONAL LEAF STAGE OF THE CORN! 

%% 

PROP == TRANS 

THE OBSERVED FRACTIONAL LEAF STAGE OF THE CORN 

%% 


VARIETY NO~UNAL == (FlJ1..LSEASON MIDSEASON) 

PROP == PROMPT 

\Vl-L\T TYPE OF CORN IS BEING PLANTED? 

%% 

PROP == TRANS 

THE CORN VARIETY 

%% 

PROP == LABDATA 
T 
%% 
PROP == NOUI\1<NOWN 
T 
%% 

MOISTtJRE NOMINAL -= (WET DRY NORMAL) 
PROP = PROMPT 
WHAT IS THE SOn. MOISTURE IN THE FIELD! 

%% 

PROP == TRANS 
THE SOn. MOISTURE IN THE FIELD 

%% 

PROP == NOUNKNOWN 

T 

%% 




HOTWINDY NOMINAL .... (YES NO) 

PROP .... PROMPT 

IS IT HOT Al\'D WIl\'DY? 

%% 

PROP == TRANS 

IT IS HOT Al\TO WIl\'DY 


PROP = NOCl\1(.;.zOWN 

T 

%% 


MUCH\VEEDS NOMINAL = (YES NO) 

PROP == PRO~IPT 

ARE THE WEEDS GREATER THAN 

4 WEEDS/FOOT OF ROW? 

%% 

PR OP == TRANS 

THERE ARE GREATER THAN 4 WEEDS/FOOT OF ROW 

%% 

PROP == NOUl\1\:NOWN 

T 

%% 


YIELDI INTERVAL = 0.0 .. 100.0 
PROP == TRANS 
THE YIELD W/0 INSECTICIDE TREAT~1ENT 
%% 

YIELD2 INTER VAL == 0.0 .. 100.0 
PROP = TRA0:S 
THE YIELD WITH INSECTICIDE TREAT~fENT 
%% 

YIELDINCl INTERVAL == 0.0 .. 100.0 
PROP == TRANS 
THE INCREASE IN YIELD DUE TO RECOVERY W/O INSECTICIDE TREATMENT 
%% 

YIELDINC2INTERVAL == 0.0 .. 100.0 
PROP - TRANS 
THE INCREASE IN YIELD DUE TO RECOVERY WITH INSECTICIDE TREAT~fENT 
%% 

TYIELDl INTERVAL == 0.0 .. 100.0 
PROP:::::: TRANS 

Tl-IE TOTAL YIELD W/O INSECTICIDE TREAT~NT 

%% 




.. 
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TYIELD2 INTERVAL == 0.0 .. 100.0 
PROP - TRANS 
THE TOTAL YIELD WITH INSECTICIDE TREATMENT 
%% 

COR:\"DA~tAGE INTERVAL = 0.0 .. 100.0 
PROP = TRANS 
PERCENT TOTAL DA.\1AGE OF THE CORN 
%% 

TOTRECOVER INTERVAL = 0.0 .. 100.0 
PROP == TRANS 
PERCENT TOTAL RECOVERY OF THE CORN 
%% 

STAl\'O INTERVAL = 0.0 .. 100.0 
PROP = TRANS 
PERCENT FINAL STAND OF THE CORN 
%% 



APPENDIX B 

PLANT/CDP RULE BASE 

Tbis 	appendix contains listings o( the rule, parameter, special (unctions, and properties or some 

variables or 	the PLANT/cdp rule ba.se tbat wa.s implemented in EMYC[N. PLANT/cdp is described in 

Cbapter 7. 	 See lVaD Melle et al. 19811 ror rormat details. 

B.l. 	 Rule Listing 
This listing contains tbe Englisb, terse, and LISP rorm or tbe PLANT/cdp rules. 

RULEOOI 

English rorm or tbe rule: 

[Tbis rule is tried in order to find out about whetber considering 

tbe inrormation that you presented, r would say that the field 

could have Black Cutworm damagel 


If: 1) Cutworm eggs bave been laid to a sufficient degree to cause 

damage, 


2) Cutworm larvae are able to survive on tbe present weed 

population, and . 


3) Cutworm development is synchronized with corn development 

Tben: 	 It is definite (l.0) that considering the information that 


you presented, I would say tbat the field could have 

Black Cutworm damage 


Terse rorm or the rule: 

If: 	 1) Ovipos, 

2) Survive, and 

3) Syncbrony 


Tben: 	Damage == yes (1.0) 

LISP 	rorm: 

PRE~fISE: 	 (SAND (SAME CNTXT OVIPOS) 

(SAl\1E CNTXT Sv'RVrvE) 

(SAl\1E CNTXT SYNCHRONY)) 


ACTION: (CONCLUDE CNTXT DAMAGE YES TALLY 1000) 

wbere 

$ANO is tbevariable-valued logic AND or EMYCIN, 
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SAME is the LISP Cunction that compares a EMYCIN 
PARA~:ETER to a value and returns a truth status, and 

CONCLlTIE updates the value or an EMYCIN PARAMETER 
with an associated certain ty. 

RULE002 

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

Ir: 1) Flooding has occurred to cause Cavorable conditions (or 
sufficient oviposition to cause cutworm damage, or 

2) The oviposition attractiveness rating Cor the weeds in the 
field is great enough to indicate a Black Cutworm problem 

Then: ft is definite (1.0) that cutworm eggs have been laid to a 
sufficient degree to cause damage 

U: Flood or Weedovipos5ufI' 

Then: Ovipos = yes (1.0) 


PRE~fiSE: ($Al\TI (SOR (SAME CNTXT FLOOD YES) 
(SAME CNTXT WEEDOVIPOSSUFF YES))) 

ACTION: (CONCLUDE CNTXT OVIPOS YES TALL Y 1000) 

RULE004 

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

Ir: 1) You have displayed the header: I calculate the 00 DD 
accumulation Crom moth flight to occur on day <the Julian 
date that corresponds to 00 FDD that is based on mCd >. 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 00 FDD that is based on the 
date oC the first moth Hight 

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

synchronized with corn development 


If: 1) You have displayed the header: I calculate the 00 DD 
accumulation Crom moth flight to occur on day <the Julian 
date that corresponds to 00 FDD that is based on mrd>. This 
is compared to the estimated planting date which will occur 
on day <pl3ntdate>., and 

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

Then: Synchrony == yes (1.0) 
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PRE~aSE: [SAND (HEADER (CODR (TEXT No.. 
"( calculate the 90 DO accumulation from moth flight to occur on day" 

. (FDDTOJDATE 90 (VALl CNTXT MFD)) 

". This is compared 

to the estimated planting date which will occur on day" 


(VAL 1 CNTXT PLANTDATE) 

" ."))) 

(GREATEQ* (VALl CNTXT PLANTDATE) 
(FDDTOJDATE 90 (VAL 1 CNTX7 ~tFDI 

ACTION: (CONCLUDE CNTXT SYNCHRONY "x'ES TALLY 1000) 

RULE005 

[This rule is definitional, is tried when information is received 

abou t the estimated planting d atej 


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 da.te that corresponds to 500 FDD that is based on 
the date of the first moth flight 

Then: Display the comment: Synchrony is a m:uimum 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. 

PRE~aSE: [$Al'.'D (CREATEQ* (VALl CNTXT PLANTDATE) 
(FDDTOJDATE 270 (VAL 1 CNTXT MFD))} 

(LESSEQ* (VALl CNTXT PLANTOATE) 
(FDOTOJDATE SOO (VALl CNTXT MFDI 

ACTION: (SPRINTT "Synchrony is a maximum Cor this case." 0 5) 

1FIELDR ULES !antecedentl 

RULE006 

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

It: l) The spring tillage that was done on the field is one 0(; 

none disc chisel field_cultivator other. or 
2) A: There is the date of spring tillage, 

B: 	You have displayed the header: 1calculate the 360 DO 
survival time to be < the JuliaQ date that corresponds to 



360 FDD that is based on springtilldate> from the 
beginning of the ye3J'. 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 0' 
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 springtilldate. 
B: 	You have displayed the header: I 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 springtilldate 


Then: Survive == yes (1.0) 


PRE~[JSE: [$A0.'D 
(SOR (SAME CNTXT SPRING_TILL 

(O!'lt:OF NONE DISC CHISEL FIELD_CULTIVATOR OTHER) 
) 

(SAND (ONCEKNOWN CNTXT SPRINGTILLDATE) 

[HEADER (CDDR (TEXT Nn. 


"1 calculate the 360 DD 

survival time to be" 


(FDDTOJDATE 360 

(VALl CNTXT 


SPRINGTn.LDATE)) 


" from the beginning oC the year. This is compared to the planting date being: .. 
(VALl CNTXT PLANTDATEI 

(LESSP- (VALl CNTXT PLANTDATE) 
(FDDTOJDATE 360 (VALl CNTXT 

SPRINGTn.LDATEI 
ACTION: (CONCLUDE CNTXT SURVIVE YES TALLY 1000) 

RULE007 

[This rule is de6nitional. is tried when inCormation is received 

about whether the Bela has had a past history ot Black Cutworm 

damagej 


If: The field has had a past history or Black Cutworm dam3ge 
Then: 	There is suggestive evidence (.5) that considering the 


inCormation that you presented, t would say tha.t the 

field could have Black Cutworm damage 
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Ir: Pa.st-history 

Then: Damage = yes (.5) 


PRE~tlSE: (SAND (SAME CNTXT PAST-HISTORY)) 
ACTION: (CONCUJDE CNTXT DAMAGE YES TALLY 500) 

[FIELDR t-'LES /antecedentl 

RULED12 

[This rule is tried in order to find out a.bout whether flooding h3S 
occurred to cause favorable conditions Cor sufficient oviposition 
to cause cutworm damagej 

IC: 1) The field has been flooded. and 
2) The date that flooding receded is greater than the date or 

the first moth Hight 
Then: 	 It is definite (1.0) that flooding has occurred to cause 

(a.vorable conditions (or sufficient oviposition to cause 
cutworm damage 

If: 1) Fldfld. and 

2) Recededate > m(d 


Then: Flood = yes (1.0) 


PRE~tlSE: (SAND (SA ..\!E CNTXT FLDFLD) 
(GREATERP. (VALl CNTXT RECEDEDATE) 

(VAt 1 CNTXT MFD))) 
ACTION: (CONCLUDE CNTXT FLOOD YES TALLY 1000) 

RULE013 

(This rule is tried in order to find out about whether the 
oviposition attractiveness rating (or the weeds iDthe field is 
great enough to indicate a Black Cutworm problem! 

If: 1) A: It is known whether 1 have considered spriDg weediness, 
or 

B: AD attempt haa been made to deduce whether 1 have 
considered spring tillage, 

2) You have displayed the header: 1 calculate the ovipositioD 
attractiveness rating to be <springoviposind>., and 

3) The oviposition attractiveness rating or the field arter 
spring tillage is greater than .1 

Then: 	 It is definite (1.0) that the oviposition attractiveness 
rating for the weeds in the field is greaL enough to 
indicate a Black Cutworm problem 
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It: 1) Springweedinessl is known or SpriD&.Jilll is traced, 

2) You have displayed the header: I calculate the oviposition 


attractiveness rating to be <springoviposind> .• and 

3) Springoviposind > .1 


Then: Weedovipossuff = yes (1.0) 


PRE~llSE: ($A~1) (SOR (KNOW CNTXT SPRINGWEEDlNESSl) 
(ONCEKNOWN CNTXT SPRING_TILL 1 T)) 

(HEADER (CDDR (TEXT NIL 
"I calculate the ovipositioD 

attractiveness rating to be " 
(VAL CNTXT SPRINGOVIPOSIND) ..."))) 

(GREATERP* (VALl CNTXT SPRINGOVIPOSIND) 
.1)) 

ACTION: (CONCLUDE CNTXT WEEDOVIPOSSUFF YES TALLY 1000) 

RULEOU 

IThis rule is tried in order to find out about the oviposition 

attractiveness rating of the field after spring tillage or 

whether I have considered spring weedinessl 


Ir: 1) The weediness of the field in the spring is known. and 

2) The predominant weed type in the 6eld 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 or the weediness or the 

field in the spring considering the predominant weed type 

in the field in the spring to the oviposition 

attract.iveness rating, and 


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

Ie: 	 1) Springweediness is known. and 

2) Springpredweedtyp is known 


Then: 	 1) Springoviposind = the conversion of springweediness 

considering springpredweedtyp to the oviposition 

attractiveness rating (.9). and 


2) Springweedinessl =- yes (1.0) 

PREMlSE: ('AND (KNOWN CNTXT SPRINGWEEDlNESS) 
(KNOWN CNTXT SPRINGPREDWEEDTYP)) 

ACTION: (DO-ALL (CONCLUDE CNTXT SPRINGOVIPOSIND 
(WEEDTOOVIPOSIND (VALl CNTXT 

SPRINGWEEDlNESS) 
(VALl CNTXT 

SPRINGPREDWEEDTYPn 
TALLY 900) 
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(CONCLUDE CNTXT SPRINGWEEDINESSI YES TALLY 1000)) 

RULEOlS 

[Thill rule is tried in order to find out about the oviposition 

attractiveness rating or the field after spring tillage or 

whether I have considered spring tillagel 


Ir: The equivalent tillage that was done on the field in the 

spring considering tillage date compared to moth Bight 

date is moldboard-p1ow 


Then: 	 1) There is strongly sugge:'!tive ev idence (.8) th at the 

oviposition attractiveness rating or the field after 

spring tillage ill 0, and 


2) 	It is de6nite (1.0) that I have considered spring 

tillage 


It: TilIage:= moldboard-plow 

T.hen: 1) Springovipollind == 0.0 (.8), and 


2) Spring_tilll == ye:'! (1.0) 


PREMISE: (SAND (SAME CNTXT Tn..LAGE MOLDBOARD.,.PLOW}) 
ACTION: (DO.ALL (CONCLUDE CNTXT SPRINGOVIPOSIND 0.0 TALLY 800) 

(CONCLliDE CNTXT SPRING_Tn..Ll YES TALLY 1000)) 

RULE018 

[This rule is tried in order to find out about the oviposition 

at.tractiveness rating or the field after spring tillagel 


If: 1) The equivalent tillage that was done on the field in the 

spring considering tillage date compared to moth Bight 

date is one of: disc chisel field_cultivator other, 


2) An attempt has been made to deduce whether I have 

considered tillage in the fall, and 


3) There ill the oviposition attractiveness rating or the field 

in the fall after fall tillage 


Then: The oviposition attractiveness rating of the field after 

spring tillage is as rollows: 


It the oviposition attractivenells rating or the field in the 

CaU after fall tillage is: 


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

b) greater or equal to .4 then: the ovipollition 


attractiveness rating times 0.5 (.8); 

Ir: 	 1) Tillage = {disc chillel field_cultivator other}, 

2) F a1Uilll is traced I and 

3) Thereill falloviposind 


Then: 	Springoviposind is as follows: 
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It ralloviposind is: 

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

b) greater or equal to .4 then: the ovipositioD 


attractiveness rating times 0.5 (.8); 

PRE~flSE: (SAI\I'D (SAME CNTXT Tn..LAGE (ONEOF DISC CHISEL 
FIELD_CULTIVATOR OTHER)) 

(O:--:CEKNOWN CNTXT FALL_Tn..L1 T) 
(ONCEKNOWN CNTXT F ALLOVlPOSIND)) 

ACTION: [CONCLL'DET CNTXT (VALl CNTXT FALLOVIPOSIND) 
'((L T .4 800 0) 
(GE .4 0 800)) 

TALLY SPRINGOVIPOSIND 
(LIST '0.0 (FTIMES .5 (VALl CNTXT FALLOVIPOSINDj 

RULE017 

[This rule is tried in order to find out about the oviposition 

attractiveness rating or the field arter spring tillagel 


If: 1) The equivalent tillage that was done on the field in the 

spring considering tillage date compared to moth Hight 

date is none, 


2) An a.ttempt has been made to deduce whether I have 
considered tillage in the fall, aDd 

3) The oviposition attractiveness rating or the field in the 
fall arter fall til13ge is known 

Then: 	There is strongly suggestive evidence (.8) that the 

oviposition attractiveness rating of the field after 

spring tillage is 1.1 times [the ovipositioll 

attractiveness rating of the field in the fall aCter (all 

tillage plus .2\ 


If: 	 1) Tillage = none, 

2) FalUill1 is traced, and 

3) Falloviposind is known 


Then: 	Springoviposind =- 1.1 • (ralloviposind + .2) (.8) 

PREMISE: 	 (SAND (SAME CNTXT TILLAGE NONE) 

(ONCEKNOWN CNTXT FALL_TILL 1 T) 

(KNOWN CNTXT F ALLOVIPOSIl'.'D)) 


ACTION: (CONCLUDE CNTXT SPRINGOVIPOSIND 
(TIMES 1.1 (PLUS (VALl CNTXT FALLOVIPOSIND) 

.2)) 
TALLY 800) 
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RULE018 

[This rule is tried in order to ficd out about the oviposition 

attractiveness rating of the field in the fall after faU 

till:lge or whether I bave considered tillage in the faUI 


If: 	The (all tillage that W35 done on the field is moldboard"'plow 
Then: 	 1) There is strongly suggestive ev idence (.9) that tl:.e 


oviposition attr3Ctiveness 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 (all 


If: Fall_till 111:: moldboard..,plow 

Then: 1) Falloviposind ... 0.0 (.9), and 


2) FalUiIll .... yes (1.0) 


PRE~nSE: (SAND (SA.\fE CNTXT FALL_TaL MOLDBOARD..PLOW)) 
ACTIO:\': (DO-ALL (CONCLUDE CNTXT FALLOVWOSIND 0.0 TALLY 900) 

(CONCLL'DE CNTXT FALL_TaLl YES TALLY 1000)) 

RULEO19 

IThis rule is tried in order to find out about the oviposition 

attractiveness rating or the field in the fall after fall 

tillagel 


If: 1) The rail tillage that W35 done on the field is none, 

Z) An attempt has been made to deduce whether the weediness in 


. the field 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 ratiog of the field in the 

fall after (aU tillage is the oviposition attractiveness 

ratiog for the field in the fall before any tillage plus .1 


If: 	 1) Fall_till ... none, 

2) FaUweedknown is traced, and 

3) Oviposind is known 


Then: 	Falloviposind == oviposind + .1 (.9) 

PREMISE: 	(SAND (SA.\4E CNTXT FALL_TILL NONE) 

(ONCEKNOWN CNTXT FALL WEEDKNOWN T) 

(KNOWN CNTXT OVIPOSIND)) 


ACTION: (CONCL(.;1)E CNTXT FALLOVlPOSIND (PLUS (VALl CNTXT OVIPOSIND) 
.1) 

TALLY 900) 
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RULEO:O 

[This rule is tried in order to find ou~ a.bout the ovipO!ition 

attractiveness rating of the field In the rail after fall 

tillagel 


IC: 1) The rail tillage that was done on the field is one of: disc 
cbisel field_cultivator other, 

2) An attempt has been made to deduce whether tbe weediness in 
tbe field in the ra.1l berore rail tillage is known, and 

3) There is the oviposition attractiveness rating Cor the field 
in the raU before any tillage 

Then: The oviposition attractiveness rating or the field in tbe 
raU after Call tillage is as follows: 

If the ovipO!ition attractiveness rating for the field in tbe 
Call berore any tillage is: 


a) less than .4 tben: 0.0 (.8). 

b) greater or equal to A then: the oviposition 


attractiveness rating times 0.5 (.8); 

If: 	 1) FalUiII = {disc cbisel field_cultivator otber}. 

2) Fallweedknown is traced, and 

3) Tbereis oviposind 


Tben: Falloviposind is as follows: 

1C oviposind is: 

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

b) greater or equal to A then: the oviposition 


attractiveness rating times 0.5 (.8); 

PREMISE: ($At-.'D (SAME CNTXT FALL_TILL (ONEOF DISC CHISEL 
FIELD_CUL TIVATOR OTHER)) 

(ONCEKNOWN CNTXT FALL WEEDKNOWN T) 
(ONCEKNOWN CNTXT OVlPOSIND)) 

ACTION: [CONCLUDET CNTXT (VALl CNTXT OVlPOSIND) 
'((L T .4 8000) 
(GE .4 0 8(0)) 

TALLY F ALLOVlPOSIND 
(LIST '0.0 (FTIMES .5 (VALl CNTXT OVlPOSIND] 

RULEOU 

ITbis rule is t.ried in order to find out about tbe oviposition 

at.tractiveness rating for the field in tbe rail beCore any 

t.iIIage or whether tbe weediness in tbe field in tbe fall before 

fall tillage is knownl ' 


1(: 	 1) The weediness or tbe field in tbe faU is known, and 
2) Tbe predominant weed type in tbe field in the Call is known 

Then: 	 I) It is de6nite (1.0) that tbe oviposition attractiveness 
rating Cor the field in the CaU berore any till3.ge is 
the conversion or the weediness or tbe field in tbe rall 

http:till3.ge
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cOllsidering the predominant weed type in the field in the 
fall to the oviposition attractiveness rating, and 

2) It is defi nite (1.0) that the weedioess in the field io 
the faU before laU tillage is koown 

11: 	 1) Fallweedioess is known, and 

2) Fa.llpredweedtyp is known 


Then: 	 1) Oviposind == the cooversion of fallweediness cOllsidering 

rallpredweedtyp to the oviposition attra.c:tiveness rating 

(1.0), and 


2) Fallweedknown == yes (1.0) 

PRE:.nSE: 	 (SAl\ro (KNOWN CNTXT FALLWEEDINESS) 

(KNOWN CNTXT F ALLPREDWEEDTYP)) 


ACTION: (DO-ALL (CONCLUDE CNTXT OVIPOSIND (WEEDTOOVIPOSIND 
(VALl CNTXT FALLWEEDINESS) 
(VALl CNTXT FALLPREDWEEDTYP)) 

TALLY 1000) 
(CONCLUDE CNTXT FALLWEEDKNOWN YES TALLY 1000)) 

RULE022 

[This rule is trie~ in order to find out about the ovipo!lition 

attractiveness rating ror the field in the rail belore any 

tillagel 


II: 	 The previous crop of the field is coro 
Then: 	 There is strongly sugge!ltive evidence (.8) that the 


ovipositioo attr:lCtiveoess rating (or the field in the 

fan belore aoy tillage is .1 


If: 	Previous_crop == coro 
Then: 	Oviposind == .1 (.8) 

PRE:.nSE: 	 (SAl\1> (SAME CNTXT PREVIOUS_CROP CORN)) 
ACTION: (CONCLUDE CNTXT OVIPOSIND .1 TALLY 800) 

RULE023 

IThis rule is tried io order to fiod out about the ovipositioo 

attractiveoe!ls ratiog for the field io the raU be(ore any 

tillagej 


If: The previou!l crop or the field is ooe or: soybeans sweatcorn 

silage_corn pasture other_than_coro 


Then: 	There i!l !ltrongly sugge!ltive evidence (.8) that the 

ovipo1!lition attr:lCtiveness rating ror the field io the 

raU before any tillage is .2 
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It: Previous_crop =- {soybeans sweatcorn silage_corn pasture 

otber_than_corn} 


Tben: Oviposind =- .2 (.8) 


PRE~1JSE: (SAl\ro (SA...\tiE CNTXT PREVIOUS_CROP 

(O~"EOF soybeans sweatcorn silage_corn pasture 


otber_thansorn))) 

ACTION: (CONCLUDE CNTXT OVIPOSIr--.n .2 TALLY 800) 


RULE024 

[This rule is tried in order to find out about the equivalent tiIbge 

that was done on the field in the spring considering tilbge 

date compared to moth flight datel 


U: 	 1) Tbe spring tillage that was done on the field is one 0(: 

disc chisel field_cultivator moldboard-p1ow other, .and 


2) The date o( spring tillage is less than the date o( 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 cbisel field_cultivator moldboard-plow 

other}, and 


2) Springtilldate < m(d 

Tben: Tillage =- spring_till (1.0) 


PRE~flSE: ($Ar-..ro (SAME CNTXT SPRING_TILL 
(ONEOF DISC CHISEL FIELD_CULTrvATOR 

MOLDBOARDYLOW OTHER)) 
(LESSP. (VALl CNTXT SPRINGTILLDATE) 

(VALI CNTXT MFD))) 
ACTION: (CONCLUDE CNTXT TILLAGE (VALl CNTXT SPRING_TILL) 

TALLY 1000) 

RULE025 

ITbis rule is tried in order to find out about tbe equivalent til1age 

that was done 00 the field io the spring considering tillage 

date compared to motb lIight datel 


It: 1) Tbe spring tillage that was done on the field is none, or 

2) The date or spring tillage is great.er than or equal to the 


date o( the first motb flight 

Then: 	 It is definite (1.0) that the equivalent tillage tbat was 


done on the field in the spring considering tillage date 

compared to moth flight date is none 


http:great.er
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It: Spring_till - none or Springtilldate >- mid 

Then: Tillage =- none (1.0) 


PRE~IlSE: [SAND (SOR (SAME CNTXT SPRING_Tn..L NONE) 

(GREATEQ* (VALl CNTXT SPRINGTn..LDATE) 


(VAL 1 CNTXT MFDJ 

ACTION: (C00:CLUDE CNTXT Tn..LAGE NONE TALL Y 1000) 


B.2. Parameter Listing 

DAMAGE [FIELD-P ARMSI 
TRANS: (considering the information that you presented, I would 

say that * could have Black Cutworm damage) 

UPDATED-BY: (RULEOOl) 

UPDATED·IN: (RllLE007) 


F ALLOVlPOSIND [FIELD-P ARMSI 
EXPECT: POSI\1J~1B 
TRANS: (the oviposition attractiveness rating of. in the rail after 

rail tillage) . 

CSED-BY: (Rules 17 16) 

CONTAIl'l'ED-tN: (Rules 17 16) 

UPDATED-BY: (Rules 20 19 IS) 


FALLPREDWEEDTYP [FIELD.PARMSI 
EXPECT: (BROADLEAVES GRASSES) 
TRANS: (tbe predominant weed type in • in the rail) 
PRO~1PT: (Which one or tbe following classes of weeds predominated. 

in tbe rail; broadleaves or grasses?) 

ASKFIRST: T 

USED-BY: (RULEOZl) 


FALLWEEDINESS IFIELD.PARMS! 
EXPECT: (COMPLETELY_BARREN NEARLY_VOID NEARLY_VOID·MATURING SPARSE 

SPOTTY PATCHY PATCHY-EXTENDED WIDESPREAD WIDESPREAD- ~. 
EXTE~ED EXTENSIVE DENSE ELABORATE) 

TRANS: (the weediness of • in the rail) 
, PROMPT: (What was the weediness of • in the fall? You can enter 


ELABORATE to see ela.bora.tion on the categories of 

weediness. ) 


ASKFIRST: T 

CHECK: Ibind TRIAL do 


(CO~'D [(EQUAL VALU 'ELABORATE) 

(SETQ TRIAL 


(GETPROP 

(USER.CHOICE 


"Type in the number corresponding to the value you wisb elaborated." 

(REMOVE 

'ELABORATE 
(GETPROP PARM 

'EXPECT)) 
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NU. NIL PARM) 
'TRANS)) 

(COND ((NULL TRIAL) 
(RETURN Nll..)) 

(T (SPRINTT TRIAL LEFT 5) 
(RETURN (CAAR (READANS CNTXT P ARM 

PROMPT/ 
(T (RETtJRN VALU] 


USED-BY: (RCLE021) 

CONTAINED-IN: (RULE021) 


FALLWEEDKNOWN [FIELD.P.4..RMSI 
TRANS: (the weediness in * in the (all before faJl tillage is known) 
USED·BY: (Rules 20 19) 
UPDATED·BY: (RtJLE021) 

FALL_TaL [FIELD-PARMSj . 
EXPECT: (NONE DISC CHISEL FIELD_CULTIVATOR MOLDBOARDYLOW OTHER) 
TRANS: (the (aU tillage that was done on *) 
PROMPT: T 
ASKFIRST: T 
USED-BY: (Rules 20 19 18) 

FALL_TaLl [FIELD-PARMS] 
TRANS: (I have considered tillage in the (aJl) 
USED-BY: (Rules 17 16) 
UPDATED·BY: (RULE018) 

FIELD !CONTEXTTYPESI 
PAR~(GROUP: FIELD-PARMS 
PRINTID: FIELD· 
INITlALDATA: (FIELD-ID WEATHER_STATION P AST.HISTORY) 
GOALS: (DAMAGE) 
DISPLAYRESULTS: T 
SYN: (((FIELD-ID) 

(FIELD-ID))) 

UNIQUE: T 

RULETYPES: (FIELDRULES) 


FlELD·m [FIELD-PARMSI 

ASKFIRST: T 

EXPECT: ANY 

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

PROMPT: T 


FLDFLD IFIELD.PARMSI 

TRANS: (* has been Hooded) 

PROMPT: T 

ASKFIRST: T 

USED-BY: (RULEOI2) 
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FLOOD [FIELD.PARMS! 
TRANS: (Hooding bas occurred to cause favorable conditions for 

sufficient oviposition to cause cutworm damage) 

USED-BY: (RULEOO2) 

UPDATED-BY: (RULE012) 


MFD [FIELD-PAR~1S1 
EXPECT: ANY 
UNITS: DAYS 
TRANS: (the date of the first motb flight) 
PRO~1PT: (Wbat is the date of the first moth Hight? Enter response 

in the Corm: (E (SUBSTRING (DATE) 

1 9)) 


(Ir you don't know tbis date, answer NOTKNOWN.)) 

ASKFrnST: T 

CHECK: (COND [(EQUAL V ALU 'NOTKNOWN) 


[SETQ VALU (CADR (GETPROP (VALl CNTXT WEATHER_STATION) 
(MKATOM (CONCAT "YR" YRI 

(Co;-..m((EQtJAL VALU Nll..) 
(SPRINTT 

"I don't know this date. You will have to provide it." 
0_5) 

(CAAR (READANS CNTXT PAR~f PRO~1PT))) 
(T (JDATE VALU} 

(T (CHKDATE VALU))) 
USED·BY: (Rules 25 24 12) 

OVIPOS [FIELD-PARMS! 
TRANS: (cutworm eggs have been laid to a sufficient degree to cause 

damage) 

USED-BY: (RULEOO1) 

tJPDATED-BY: (RULE002) 


OVIPOSIND \FIELD-P ARMSj 
EXPECT: POSf'<1JMB 
RANGE: (01) 
TRANS; (the ovipO!ition attractiveness rating for * in the rau 

before any tillage) 

USED·BY: (Rules 20 19) 

CONTAINED·IN: (Rules 20 19) 

UPDATED·BY: (Rules 23 22 21) 


P AST·HISTORY !FIELD·P ARMS! 

TRANS: (* has had a past history or Black Cutworm damage) 

PRO~1PT: T 

ASKFIRST: T 

ANTECEDENT-IN: (RULEOO7) 


PLANTDATE [FIELD·P ARMSI 

EXPECT: ANY 

UNITS: DAYS 

TRANS: (tbe estimated planting date) 

PROMPT: (Wba.t is tbe estimated planting da.te! Enter response in this 


rorm: (E (SUBSTRING (DATE) 
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19))) 
ASKFmST: T 

CHECK: (CHI<DATE VALU) 

USED-BY: (Rules 6 4) 

ANTECEDENT·IN: (RtJLEOOS) 


PREVIOUS_CROP [FIELD-PARMS! 
EXPECT: (COR:--.l' SOYBEANS SWEATCORN Sll.AGE_CORN PAST1.J'RE OTHER_TH,\N_COR~) 
TRA;-";S: (the previous crop or .) 
PROMPT: T 
ASKFmST: T 
USED·BY: (Rules 23 22) 

RECEDEDATE [FIELD-PARMSI 
EXPECT: ANY 
UNITS: DAYS 
TRANS: (the date tbat flooding receded) 
PRO~1PT: (Wbat is the date that !looding receded? Enter response in 

the rorm: (E (SUBSTRING (DATE) 

19))) 


ASKFmST: T 

. CHECK: (CHKDATE VALU) 


USED·BY: (RlJLE012) 


SPRINGOVlPOSIND [FIELD-P ARMS\ 
EXPECT: posr--.1J~m 

TRANS: (the oviposition attractiveness rating or • arter spring 
tillage) 


USED·BY: (RULE013) 

UPDATED-BY: (Rules 17 16 IS 14) 


SPRINGPREDWEEDTYP [FIELD-P ARMS\ 

EXPECT: (BROADLEAVES GRASSES) 

PROMPT: (Which one or the following classes or weeds predominates. 


in the spring: broadieaves or grasses?) 

ASKFmST: T 

USED-BY: (RULEOI4) 


SPRINGTILLDATE [FIELD-PARMSI 

EXPECT: ANY 

UNITS: DAYS 

TRANS: (t.he date or spring tillage) 

PROMPT: (What. is the date of spring tillage? Enter response in the 


rorm of: (E (SUBSTRING (DATE) 
19m 


ASKFIRST: T 

CHECK: (CHKDATE vALU) 

USED-BY: (Rules 2S 24 6) 


SPRINGWEEDINESS [FIELD-PARMSI 
EXPECT: (COMPLETELY...BARREN NEARLY_VOID NEARLY_VOID-MATURING SPARSE 

SPOTTY PATCHY PATCHY-EXTENDED WIDESPREAD WIDESPREAD­
EXTENDED EXTENSIVE DENSE ELABORATE) 

TRANS: (t.he weediness or • in the spring) 
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PROMPT: (What is the weedineM or • in the spring? You can enter 

ELABORATE to see elaboration on the categories or 

weediness.) 


ASKFtRST: T 

CHECK: [bind TRIAL do 


(Co:",m ((EQUAL VALU 'ELABORATE) 

(SETQ TRIAL 


(GETPROP 

(USER.CHOICE 


"Type in the number corresponding to the value you wish el:!.borated." 

(RE~10VE 

'ELABORATE 
(GETPROP PAR~ 

'EXPECT)) 
No... No... PARM) 

'TRANS)) 
(COND ((NL1..L TRIAL) 

(RETURN No...)) 
(T (SPRINTT TRIAL LEFT 5) 

(RETURN (CAAR (READANS CNTXT PARM 
PRO~fPTI 

(T (RETu'RN VALU\ 

USED·BY: (RL1..E014) 

CONTAI:-"'ED·IN: (RIJLE014) 


SPRINGWEEDINESSI \FIELD-P ARMSj 
TRANS: (I have considered spring weediness) 
'(;SED·BY: (RL1..E013) 
UPDATED~BY: (RL1..E014) 

SPRING_TILL [FIELD-PARMSl 
EXPECT: (NO:-"'E DISC CHISEL FIELD_CUL TlVATOR MOLDBOARD.YLOW OTHER) 
TRANS; (the spring tillage that was done on .) 
PROMPT: T 
ASKFIRST: T 
USED-BY: (Rules 25 24 6) 
CONTAI:'>.'ED-IN: (RULE024) 

SPRING_TILLl !FIELD-PARMSI 
TRANS: (I have considered spring tillage) 

USED-BY: (Ru1..E013) 

UPDATED-BY; (RULE015) 


SURVIVE (FIELD-PARMSI 
TRANS: (cutworm larvae a.re able to survive on the present weed 

pop u Ia.tion ) 

USED-BY: (RULEOOl) 

UPDATED-BY: (RULE006) 


SYNCHRONY !FIELD-P ARMSj 
TRANS: (cutworm development is synchronized with corn development) 
USED-BY: (RULEOOl) 
UPDATED-BY: (RULE004) 
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TILLAGE [FlELo..PARMSI 
EXPECT: (ONEOF NONE DISC CHISEL FIELD_CULTIVATOR OTHER) 
TRANS: (the equivalent tillage that was done 00 • in the spring 

coosidering tillage date compared to moth Hight da.te) 

USED-BY: (Rules 17 16 15) 

tJPDA TED-BY: (R ules 25 24.) 


WEATHER_STATION [FIELD.P ARSj 
EXPECT: (URBANA MT,CARROLL BELLEVll..LE) 
TRANS: (the closest weather station to .) 
PROMPT: (What is the closest weather station to • ! Enter a! to see 

the allowed weather stations.) 

ASKFIRST: T 


WEEDOVIPOSSUFF [FIELD-PARMS! 
TRANS: (the oviposition attractiveness rating ror the weeds in • is 

great enough to iodicate a Black Cutworm problem) 

USED·BY: (RlJLE002) 

UPDATED-BY: (RULE013) 


B.3. Pseudo-parameter Listing 

COMPLETELY...»ARREN [SPECIALSl 
TRANS: (COMPLETELY BARREN or all vegetation. Small amounts or 

residue 00 the surrace.) 
ATTRACTIVENESS: (0.0 0.0) 

DENSE [SPECIALSj 
TRANS: (DENSE cover. Vegetation covers nearly all or the field and, 

most weeds are mature. Weed height may exceed 6%". The 
vegetation may be runctioning as a green manure cover 
crop.) 

ATTRACTlVEl\'ESS: (.8.4) 

EXTENSIVE !SPECL-\LS! 

TRANS: (EXTENSIVE vegetation. Vegetation covers most or the 


field. Most weeds are developing rapidly.) 

ATTRACTIVENESS: (1.0.5) 


FDDTOJDATE {FUNCTIONSI 

TRANS: (the Julian date that corresponds to (1) 


FOD that is based on (2)) 

TEMPLATE: IGNORE 

CALLED·IN: (Rules 6 5 4) 


FIELDRULES [RULEGROUPSI 

CONTEXT: (FIELD) 

SVAL: (this field) 

CTRANS: "fields" 
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HEADER [FUNCTIONSI 
TRANS; (You have displayed the header: (1)) 
TE~!PLATE: IGNORE 
CALLED·IN: (Rules 1364) 

NEARLY_VOID [SPECIALSI 
TRANS; (~"EARLY VOID or vegetation. A rew very small 


(1/4%" to In%") 

weeds can be round with difficulty) 


ATTRACTfVENESS: (.1 .05) 

NEARLY_VOID-MATURING [SPECIALSl 
TRANS; (i'o'EARL Y VOID of vegetation. A few small 

(1/2%" to 1 1/2%") 
weeds can be round with effort. This category 
represents a. maturing or the category NEARLY_VOID or 
possibly may arise from chiseling.) 

ATTRACTIVEi'o'ESS: (.2.1) 

PATCHY [SPECIALSj 
TRANS; (PATCHY vegetation. Weeds can be round 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 recen tly germinated.) 

ATTRACTI\''E~'ESS; (.8 A) 

PATCHY-EXTENDED [SPECIALSI 
TRAZ\S: (PATCHY vegetation - EXTE:'IDED. This type represents a 

maturing or PATCHY. The weeds are growing and 
becoming very lush. New germination mayor may not 
be Hlling in the area between patches.) 

A]'TRACTlv'Ei'.'ESS: (.9 AS) 

SPARSE [SPECIALSi 
TRANS: (SPARSE vegetation. A rew weeds (larger than 1%") 

are scattered throughout the area. This category 
represents either a maturing or the category 
~"EARLY_VOID-MATURING or may mull. rrom le~ than 
clean tillage. Chiseling and disking rrequently leave 
fields in this state.) 

ATTRACTIVENESS: (.4.2) 

SPOTTY ISPECIALSI 
TRANS: (SPOTTY vegetation. Weeds CaD be found in small dumps, most. 

or which will be recently germinated. The clumps are 
apparent when walking the field, but may not be 
apparent rrom a distance. This type largely 
represents early spring or late rail germination.) 

ATTRACTIVENESS: (.6 .3) 
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WEEDTOOVIPOSIND IFUNCTIONSI 
TRANS: (t.be conversion or (1) 

considering 
(2) 
t.o the oviposition attractiveness rating) 


TEMPLATE: (PARMI PARM2) 

CALLED-IN: (Rules 21 14) 


WIDESPREAD [SPECIALS\ 
TRANS: (WIDESPREAD vegetation. Vegetation covers much or the field, 

and the field is beginning to take on a greenish 
tinge. Most. plants are rairly small 
(1/2%" to 1%") 
%.) 

ATTRACTIVENESS: (.95.5) 

WIDESPREAD-EXTENDED [SPECIALSj 
TRANS: (WIDESPREAD vegetation EXTENDED. Vegetation covers much or 

the field, and the field takes on a greenish tinge at a 
distance. Most plants are lush and growing well.) 

ATTRACTIVE:-''ESS; (1.0 .5) 

B.4. Functions 

-pp JOATEl 

(JOATE 

!LAMBDA (STR) "COMMENT" "COMMENT" 


(bind STR t START NOW DIFF 

do (SETQ STRt (COLLECT PIECES STR» 

(SETQ YR (CADDR STRI)) 
(SETQ START (CONCAT "OI-JAN-" YR " 00:00:00")) 
(SETQ NOW (CONCAT (CAR STRI) 

" " 
(CADR STRl) 
It_" 

(CADDR STRI) 
It 00:01 :00" )) 

(SETQ DIFF (FQUOTIENT (lOlFFERENCE (IOATE NOW) 
(IOATE START)) 

(ITMES 24 3600)}) 

(SETQ DlFF (FQUOTIENT DIFF 3.034074)) 

(SETQ YR (MKATOM YR)) 

(RETURN (ADDl (FIX DlFFJ) 


JDATE 
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-pp FDDTOJDATEI 

(FDDTOJDA TE 
[LAMBDA (DO SASEDATE) "COM~tENT" "COMMENT" 

(bind DOl PI P2 
do [SETQ PI (CAR (GETPROP (VALl CNTXT WEATHER3TATION) 

'EQNl 
ISETQ P2 (CADR (GETPROP (VALl CNTXT WEATHER_STATION) 

'EQNI 
(SETQ DOl (EXPT (FQUOTIENT SASEDATE PI) 

(FQUOTIENT 1.0 P2))) 
(RETURN (FIX (FTIMES PI (E::a>T (FPLUS DDI DO) 

P21) 
FDDTOJDATE 

-pp WEEDTOOVIPOSINDI 

(WEEDTOOVIPOSIND 
!LA:'1BDA (WEEDI:'-.TESS PREDWEEDTYP) "CO~L\1ENT" 

(C00<'D 
!(EQUAL PREDWEEDTYP 'SROADLEA YES) 

(CAR (GETPROP WEEDll\'ESS 'ATTRACTIVENESS]) 
(T (CADR (GETPROP WEEDINESS 'ATTRACTIVE:-"'ESSj) 

WEEDTOOvlPOSIl\'D 

-pp CHKDATEI 

(CHKDATE 
ILA~IBDA (DATE) **CO:'L\1ENT*. 

(bind PARTS TRIAL 
do (SETQ PARTS (COLLECTPIECES DATE)) 

(COl\'D 
1(:'-.1.,1..L (IDATE (CONCAT DATE" 00:00:00"))) 

(COND 
[lAND (EQUAL (LENGTH PARTS) 

3) 
(NULL (ME:"1BER (CADR PAR TS) 

'(MAR APR MAY JUN! ;. , 
(SETQ TRIAL 

(FIXSPELL (CADR PARTS) 
50 
'(MAY APR MAR JUN) 
T)) 

(COND 
((NULL TRIAL) . 

(RETURN Nn..n 
(T ISETQ TRIAL (MKATOM (CONCAT 

(CAR PARTS) 
"." TRIAL "." 
(CADDR PARTSI 

(COND 
((NULL (IDATE (CONCAT TRIAL 

" 00:00:00"))) 
. (RETURN NIL)) 
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(T (RETURN (JDATE TRIALI 
(T (RETURN NILJ 

(T {RETURN (JDATE DATE\) 
CHKDATE 

B.S. Properties or Some Atoms 

-printprop,[t-'RBANA ALLJ 
EQN : (32.4 .237) 
YR80 : (~fFD "06-APR-80") 
Na 
-printprop,[MT.CARROLL ALL! 
EQN : (46.2 .192) 
YRSO : (~D "07-APR-BO") 
Na 
-printprop,[BELLEVaLE ALL! 
EQN : (16.5 .323) 
YRSO : (~fFD "28-MAR-BO") 
Na 
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