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Abstract

The application of expert systems techniques to biological identification
has been investigated and a system developed which assists a user to identify
and count air-borne pollen grains. The present system uses a modified
taxonomic data matrix as the structure for the knowledge base. This allows
domain experts to easily assess and modify the knowledge using a familiar data
structure. The data structure can be easily converted to rules or a simple
frame-based structure if required for other applications. A method of ranking
the importance of characters for identifying each taxon has been developed
which assists the system to quickly narrow an identification by rejecting or
accepting candidate taxa. This method is very similar to that used by domain

experts.
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Chapter 1

Introduction

1.1 Purpose

The purpose of the present study is to investigate the suitability of using
expert systems technology in the ficld of biological identification, using
pollen identification as an example. In addition, the present study examines
the use of a taxonomic data matrix as the core of the knowlcdge base structure,

and also develops a method of assigning importance values to characters.

Chapter 1 describes the objectives of the present study, and presents an
investigation into expert systems technology and design, graphical user
interfaces and pattern recognition and their relevance to expert systems.
Chapter 2 investigates the techniques of biological identification and how
expert system techniques are applicd to this.  Chapter 3 contains descriptions
of prototype systems for pollen identification which were intended to
determine the practicality of expert systems for pollen identification.
Chapters 4 dcscribes the wuser vicw, knowlcdge base organisation and
infcrence engine of the present system. Chapter 5 contains a summary of

results achieved and proposals for future devclopments of the present system.

1.2 Objectives of this project
The main objective of the present study is thc deveclopment of an expert
system designed to quickly and accuratcly identify and count New Zealand

pollens based on morphological descriptions given by the user. The system is



designed to run on a computer beside a microscope, assisting the user to
interactively identify and count the pollens seen in the microscope.

This study is designed to meet an identificd need for a pollen identification
system for use in allergen research. Pollen allergens have been identified by
the World Health Organization as a research priority. In New Zealand current
research (Comford, Fountain, Burr & O'Lcary, 1988) has aimed to build a
reference bank of pollens and thecir extracts, measuring the occurrence of
hazardous pollens in the atmosphere, and purifying pollen extracts for use in
allergen analysis and treatment programs. This research requires the
collection of pollens from throughout New Zcaland. Identification of these is
primarily carried out by trained but non-specialised staff. These staff would
be assisted by an expert system dcsigned to take into account a variety of
interacting factors which are crucial to an accurate analysis of pollens.
Expericnced staff would also bencfit from a system which enables them to
identify unusual pollens.

In addition to allergen rescarch, there are several other ficlds where
pollen identification may be assisted by an expert system. For example,
forensic scientists may nced to investigate the approximate area and season in
which a crime took place. Apiculturalists can bencfit from a pollen
identification systcm to ensure optimum placement of hives, and in
palynology pollen identification can aid understanding of plant distribution
and geology (Kemp, Greenwood, Tse & Eagle, 1988).

The present study was designed primarily to assist those involved in
allergen research. It is intended that the complcted system will be used to:

- assist the user to count different types of pollen;



- lead the no;—spccialiscd user through an identification process,
asking for data which cither confirm or negate the most likely
candidate pollen;

- assist more experienced users in routine identification and in
identifying unusual pollens, via an option which omits the
questioning process and allows direct description of an unidentified
pollen;

- report when it is not possible to clecarly differentiate between two
pollens;

- explain the process uscd to confirm or negate candidate pollens;

- be easily amended to provide identifications in other fields of
biological identification;

- incorporate a graphical uscr interface so that the system is simple
and intuitive to use;

- be easily extended to incorporatc real-time pollen recognition.

1.3 Expert Systems

Expert (knowledge-based) systems are computer programs which can solve
'real world" problcms, that is, problems for which a solution requires
judgement and experience. The emphasis of expert systems is on the heuristic
knowledge which reflects the expcricnce of the expert and the structure of
that knowledge, rather than on rcasoning from first principles (Michaelsen,
Michie & Boulanger, 1983; Wolfgram, Decar & Galbraith, 1987).

An important aspect of expert systems is a capability for explaining their
knowledge of the domain and the reasoning processes used to produce results
and recommendations. This assists users and system builders to undcrstand the

contents of the system's knowledge base and reasoning processes, and



facilitates. the . debugging of the system during decvelopment. It educates users
about both the domain and the capébilitics of the system, and gives
information which assures users that the system's conclusions are correct.
Explanation can also help a user to discover when the limits of the system's
knowledge are being exceeded (Moore & Swartout, 1988).

In order to make use of judgemental knowlcdge, expert systems normally
include a method for reasoning with uncertainty. This allows better modelling
of expert bechaviour, including thc use of guesses and degrees of belief
(Atkinson & Gammerman, 1987).

Other useful aspects of expert systems include the capacity to mimic human
reasoning, making the logical progress toward a problem solution easily
understood by users. It is also possible to build generalisable systems, that is,
an expert system designed to identify one type of biological specimen can, by
changing the knowledge base, be used to identify another type of specimen
(Woolley & Stone, 1987).

Hayes-Roth, Waterman and Lenat (1983), Wolfgram et al (1987) and Poo and
Lu (1989) have identified distinct catcgories of expert systems designed to solve
particular types of problems.

Firstly, fixed instant diagnosis systems (i.e., those in which interpretation
of a diagnosis at a point in time dcpends on the data available), may be used,
for example, in medical, electronic, mechanical and softwarc diagnosis (Poo et
al, 1989). MYCIN is an example of a mcdical diagnosis system which attempts to
diagnose infectious blood discases from available knowledge or data supplied
by a physician. Clancey (1984) has described various methods of designing
fixed instant diagnosis systems.

Secondly, interpretation systems can be used in areas such as surveillance,

speech understanding, image analysis and signal interprctation.  They attempt



to explain observed data by assigning to them symbolic meanings describing
the system state accounting for the data (Hayes-Roth et al, 1983). DENDRAL
analyses experimental chemical data in order to infcr the plausible structures
of an unknown compound (Wolfgram et al, 1987).

Thirdly, prediction systems infer likely consequences from given or
hypothetical situations (Wolfgram et al, 1987). This category includes weather
forecasting, demographic predictions, traffic predictions and military
forecasting.

Planning systems compose sequences of actions for achieving some
prescribed effcct.  This category includes automatic programming, and robot,
route, experiment and military planning problems (Hayes-Roth et al, 1983).

Configuration systems construct descriptions of objects in various
rclationships with onc another, and verify that these configurations conform
to stated constraints (Wolfgram et al, 1987). These systems include computer
configuration (ec.g., RIl, the DEC VAX computer equipment configuration
system), circuit layout, building design and budgeting.

Advice giving systems use rccommendations and explanations in
attecmpting to provide the user with a supportive environment for problem
solving (Coombs & Alty, 1984; Jackson and Lcfrere, 1984). This category
includes plan formation and computer programming.

Finally, computer-aided instruction systems incorporate diagnosis and
debugging subsystems that address the student as the system of interest.
Typically, thesc systems construct a modcl of the students knowledge which
interprets the students behaviour, diagnose weaknesses in the students
knowledge, identify an appropriate remedy, and then plan a tutorial intended
to convey the remedial knowledge to the student (Hayes-Roth et al, 1983;

Farrcll, Andecrson & Reiser, 1984; Clancey & Bock, 1988).



The architecture of a typical expert system consists of a fact base, a
knowledge base, an inference engine and an explanation facility (Hayes-Roth
et al, 1983; Ramsey, Reggia, Nau & Fcrrentino, 1986; Poo et al, 1989). (See
Figure 1). A fact base may be dcfined as a store of unchanging knowledge
about the domain of interest of the expert system. A knowlcdge base consists
of extensive knowledge regarding the domain of interest, and is used to make
inferences about unknown facts, based on information in the fact base. An
inference engine is responsible for control of the problem solving process,
that is, manipulating the knowledge base, updating the state of the world, and
remembering the chain of reasoning being used. It makes use of knowledge
in the knowledge basc in order to rcason about the problem using information
in the fact base. In order to provide a more transparent and ecxplainable
design, Buchanan and Duda (1983) and Clancey et al (1988), have proposcd that
inference procedures be represented abstractly, as rule scts, separate from the
domain knowledge they operate on. This has advantages for design and
maintenance of the system, making it easicr to dcbug and modify, as
hypotheses and scarch stratcgics arc not embedded in rules. The explanation
facility of the inference enginc consists of an identification of steps used in
the reasoning process and justification of cach step.

The knowledge bases of expert systems arc commonly divided into two types
of knowledge rcpresentation: rules and frames. Rule-based (production)
systems consist of the knowledge and experience of a human expert encoded
into a set of rules which consist of antccedents (conditional statements) that
define a pattern or statc; and consequents, that is, instructions to be carried
out in the event that the current state matches the hypothetical pattern
described in the antecedent (Woolley et al, 1987). The skill of a rule-based

system increasecs at a rate proportional to thc enlargement of its knowledge



base. Rule-based systems are modular, in that each rule defines a small,
relatively independent piece of knowledge; this allows relatively simple
addition of new rules and updating of old rules (Bratko, 1986). By adaptively
selecting the best sequence of rules to execute, and by combining the results
in appropriate ways, rule-bascd systems can solve a wide range of possibly
complex problems. They can explain their conclusions by retracing lines of

reasoning and translating the logic of each rule into natural language (Hayes-

Roth, 1985).

User interface

P\

Inference Explanation
engine - facility

Knowledge
  ”pase

Figure 1; 1cLur f ical ex sysicm

(arrows show dircction of information f{low).
Frame-bascd expert systems arc based on a structured representation of an
object or a class of objects (a framec). Frames incorporate sets of attribute
descriptions called slots, which arc used to describe attributes of the object or

class represented by the frame. Constructs are available which allow an



expert system designer to describe relationships betwcen frames (Hayes, 1979;
Brachman, 1983; Fikes & Kehler, 1985; Wolfgram et al, 1987). For example,
birds can be described as animals in addition to a set of properties which
distinguish birds from other classes of animals.

In addition to rule- and frame-based systems, Tschudi (1988) has proposed
another type of knowledge representation based on a matrix similar to a
taxonomic data matrix. The knowledge in the matrix can easily be encoded to

produce rules or a decision tree.

1.4 Graphical User Interfaces

Apple Computer (1987) have defined a computer interface as:
. . the sum of all communication bectween the computer and
the user. It's what presents information to the user and
accepts information from the user. It's what actually puts
the computer's power into the user's hands." (p. xi).

Graphical wuser (dircct-manipulation) interfaces are common on many
types of computer system. They provide a human-computer interface which is
easier to leamn and simpler and more plcasant to use than the traditional
command-line interfacc (Gould & Lecwis, 1983; Foley & van Dam, 1984).

Direct manipulation interfaces have been dcfined by Shneiderman (1983)
as a varicty of graphical user interface in which the user sees a continuous
representation of the world of action. The objects of interest and the
permissible actions on those objects are represented on the screen in a visual
format which takes into account the usecr's knowledge of the task domain.
Physical actions replace typed commands and actions are rapid, incremental

and reversible. These design principles lead to several important benefits.

Users with knowledge of the domain find the system easy to learn, users need



learn only a small number of computer concepts, and can therefore
concentrate on the task. In addition, dcsigners can reduce the number of
situations in errors can be made, users fcel free to explore 'what-if'
possibilities, and long-term retention is facilitated (Baroff, Simon, Gilman &
Shneiderman, 1986).

In expert systems, effective use of direct manipulation interfaces can assist
in containing complexity and make the system intuitive and credible to use.
This can be done by exploiting the user's expectations regarding how ideas are
organized and expressed within the system domain (Potter, 1988). Direct
manipulation interfaces have been wused in expert system development,
allowing designers to display rules and heuristics in graphical format and to
graphically display actual and possible interactions between rules (Poltrock,
Steiner & Tarlton, 1986; Baroff ct al, 1986).

In addition to expert system devclopment, direct manipulation interfaces
may bec wused in the user-computer interface. For example, 'The Student
Advisor' (Baroff et al, 1986), assists students in planning course schcdules and
uses a windows and buttons in order to simplify the interface. The apple
problem diagnosis system (Kemp & Boorman, 1987) attempts to determine the
cause of inadequate quality or quantity of fruit using 'windows’, 'icons', 'mice’
and ‘pull-down menus’ (‘'wimps') for more effective user interaction and
therefore allowing the user to adapt quickly to the system, even though

he/she may not use it for extended periods.

1.5 Pattern Recognition
Pattern recognition refcrs to the act of recognising a given object from a
complex input stream. For example, identifying a chair from the wider class of

'furniture’ (Pao & Emst, 1982). Three interrclated but distinct processes take
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place during a typical pattern recognition process. Data acquisition is the
process of converting incoming data from its physical source (pictures,
speech, character string, etc.) into an acceptable form for further processing.
Pattern analysis is concermmed with organising the converted body of data into
a form for further processing by determining the different pattern classes
which might exist in the data. Finally, pattern classification refcrs to the
process whereby pattern classes are matched with a known class (Chien, 1978).
Pattern classification has wused expert systems techniques since the early
1960's, particularly where there is imperfect correspondence between input
data and a known class (Ballard, Brown & Feldman, 1977, Ogawa, Kurioka,
Kitahashi & Tanaka, 1980; Brady, 1982; Magce & Nathan, 1985). For example,
galaxy classification (Thonnat, Granger & Berthod, 1985), inspection of
mechanical parts (Kanal, 1974), and the interpretation of medical images to
provide diagnoses (Ellam & Maiscy, 1986).

The application of computerised pattern recognition has been largely
directed toward computer vision (e.g., objcct classification) and speech
rccognition. A summary of pattern recognition techniques has been provided

by Rohlf and Ferson (1983).



11

Chapter 2

Biological Identification

2.1 Introduction

Biological identification may be dcfined as the assignment of a specimen to
a particular classification (a group of likc objects with which the specimen
can be compared) such as a species or genera. Such classifications are
generally referred to as ‘'taxa' (singular: taxon) (Pankhurst, 1978; wvan
Rijsbergen, 1979; Funk, 1982; Sneath, 1982; Clancey, 1984; Brandenburg, 1986).
A taxonomic group can be described using a taxonomic data matrix (i.e., a table
presenting character states for a number of taxa).

The fundamental unit of information wused during identification of a
specimen is known as a character. Characters provide the basis for comparing
specimens against taxa. For example, 'shapc’ is a character of a pollen grain.
Information regarding characters and their states can be used to identify
specimens, for example, the states of pollen ‘shape’ might be 'circular’,

‘elliptical’, or ‘triangular'.

2.2 Traditional Methods of Biological Identification

There are two principle mcthods of biological identification: monothetic, in
which only one character at a time is used; and polythetic, in which several
characters are used simultaneously. During monothetic idcntification, all
characters used in identification of a specimcn must exactly fit the description
of the taxa with which it is becing compared. A particular single character (a
'key character’), or the lack of such a character, can be sufficient to exclude a

specimen from a taxa, regardless of how well the specimen identifies with the
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taxa in other ways (Morse, 1975). Monothctic methods may be single-access, in
which the sequence of characters to bc used is strictly defined, or multi-access
(polyclave), that is, the user can sclect the characters and the order in which
they are to be used (Morse, Pankhurst & Rypka, 1975; Pankhurst, 1978).

Among single-access methods, dichotomous keys are the most common
means of biological identification and have been uscd extensively for pollen
identification (Kapp, 1969; Faegri & Iversen, 1975; Moore & Webb, 1978; Smith,
1984). The user follows a series of choices between contrasting alternatives,
with each choice leading either to another choice or to the name of a taxon
(Morse et al, 1975). Diagnostic keys are a more general form of dichotomous
key in which more than two choices are available. These are not as widely
used as dichotomous keys, but have been used in zoology, microbiology and
pharmacognosy (Morse et al, 1975; Pankhurst, 1978).

Singlc-access monothetic mcthods are conceptually simple, but the user is
obliged to follow the sequence of characters laid down in the key. Distinctions
must somctimes be made by mecans of rather subtle characters ecarly in the key,
crcating uncertainty in the outcome (Faegri ct al, 1975). Ambiguous choices
and errors in character observation may produce erroneous results. That is,
the wrong choice early in a key can send an incxpcricnced user on a [fruitless
search through divisions which do not scem to apply to the specimen being
identified (Woolley & Stone, 1987).

Of the multi-access monothctic identification methods, punched cards are
most commonly used and have been used in the ficlds of botany (particularly
pollen identification), microbiology and pharmacognosy (Pankhurst, 1978).
On body-punched cards, each taxon is assigned a particular position on all
cards. Any taxa which agree with all character states will be identified by the

alignment of punched holes in the appropriatc position on all relevant cards.
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Edge-punched cards have character states assigned to particular punched
positions around the edges of the cards. Taxa which agree with a given
character state are identified by a process of eliminating all non-matching
taxa. The process is repeated until only one taxon remains (Faegri et al, 1975;
Morse, 1975; Pankhurst, 1978; Sawyer, 1981; Abbott, Bisby & Rogers, 1985;
Ecroyd, 1986).

Multi-access monothetic methods can be used with incomplete data and
allow the use of striking characters at the beginning of the sequence which
can shorten the identification process. Also, taxa and characters can be easily
added to multi-access keys. However, errors can not be easily remedied once
made (Westfall, Glen & Panagos, 1986). Identification methods combining
features of single- and multi-access keys have been proposed but not
extensively used (Westfall et al, 1986).

The other principle means of biological identification, polythetic methods
use multiple characters simultancously. Specimens need to be described in
dctail before being submitied for identification. However, not every character
of the specimen need agrece with those of the identifying taxon, providing the
principle of "overall similarity” is obcyed (Morse, 1975). The smallest set of
characters which must be observed in order to separate all taxa is known as
the minimum character set.

Identification by comparison (character-sct) is an example of a polythetic
method. It involves observation of spccimen characters and comparison of
observed characters with refcrence taxa groups. This may involve
calculating some measure of agreement based on character matches and mis-
matches (Pankhurst, 1975). The result of the comparison may be one, or

several taxa, from which a subjective choice must be made (Pankhurst, 1978).



14

Polythetic identification methods have been appliecd to botany, zoology, and
medical diagnosis and microbiology in particular (Pankhurst, 1978). For
example, it is preferable to use a polythctic method to obtain identifications
from the results of biochemical and physiological testing, as tests can be done
in pa_rallcl. Polythetic methods do not dcmand any particular characters from
the specimen, and can be used successfully with incomplete material.
However, it may be difficult to compare the specimen with every taxon,
particularly if there are many taxa to consider. Polythetic methods generally
require the user to observe a larger number of character states for the

specimen than do sequential mcthods such as a monothetic method.

2.3 Computer Methods in Biology

Computers have been used to solve a varicty of problems in biology since
the early 1960's (Pankhurst, 1978). For example, creation of taxonomic keys,
support of taxonomic databases, crcation of classifications, display of plots of

taxonomic data, and automation of the identification process.

2.3.1 Taxonomic key creation

Computer programs for singlc-access monothctic key production have
been developed by Hall (1975), Payne (1975), and Gunn and LaSota (1977). The
method gencrally used involves a recursive procedure which repeatedly
divides sets of taxa into roughly equal mutually exclusive subscts on the basis
of one or more taxonomic characters. The most significant difference between
various key-construction programs is the method of choosing the dividing
character (Morse, 1975; Abbott et al, 1985).

A computer program for body-punched card key (a multi-access

monothectic method) production has been developed by Pankhurst (1975, 1978).
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The program arranges to produce a card with holes punched in the position by
the characters and states of a taxonomic data matrix. An interactive computer
program for the construction and rcvision of identification keys (KCON) has
been proposed by Pankhurst (1988b). KCON provides the mechanical aspects of
writing and organising the key, while the wuser contributes subjective
taxonomic skills. Pankhurst (1983) has also developed a computer program
which finds all possible sets of characters which distinguish a taxon from all
the others in a taxonomic data matrix. These sets of characters can be used for
describing a specimen in a polythetic identification process. Another
computer program (PHYTOTAB) has been developed by Westfall et al (1986)
which generates a matrix used for an identification method combining
monothetic and polythetic methods. The advantages of using computerised
rather than manual methods of key construction are that they are accurate,

repeatable, flexible and comprechensive (Pankhurst, 1986).

2.3.2 Taxonomic database support

The traditional method of publishing taxonomic information, the printed
text, has two shortcomings: it is normally indcxed only by scientific name, and
quickly becomes outdated. Computerised taxonomic databases can be easily
updated and allow data retrieval using any combination of attributes
(Felsenstein, 1983; Bisby, 1984). A number of identification programs have
been dcvcloped as interfaces to taxonomic databases (Margot, Farquhar &
Watling, 1984; Gomez-Pompa, Moreno, Gama, Sosa & Allkin, 1984).

Applications of taxonomic databases include the Taxonomic Reference File,
which allows users to search using an organism's name or descriptive data
(Dadd & Kelly, 1984) and the European Taxonomic Documentation Systcm for

the vascular plants of Europe (Heywood, Moore, Derrick, Mitchell & van
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Scheepen, 1984). The PRECIS taxonomic system (Gibbs Russell & Armold, 1989)
and the Vicieae Database Project (Bisby, .Whilc. Macfarlane & Babac, 1983) are
other examples.

Germeraad and Muller (1971) and Dallwitz (1980) have developed systems
for describing taxonomic characters to databases. These ensure data is in a
consistent format, and allow conversion to other formats for collection or
reordering of data. Allkin and Bisby (1988) have proposed that images be used
in taxonomic databases to provide an effective means of storing and
communicating descriptive information about form, shape and colour. The
production of taxonomic databases has been encouraged by the recent
development of relational database systems (Abbott et al, 1985; Dextre Clarke,

1988; Pankhurst, 1988a; Beaman & Regalado, 1989).

2.3.3 Classification creation

Numerical methods of creating classifications existed long before the
advent of computers (Lamarck, 1778), but were tedious and inefficient (Baum,
1986). Computers have assisted the devclopment of gencralised algorithms for
classification mecthods which are applicable to many ficlds. For example, Baum
(1986) surveyed 134 classification programs for cultivated plants. They can
also be used for comparison of classifications, in order to test a new method,
for example, Sackin (1987) has produced a survey of computer programs for

creating and comparing classifications.

2.3.4 Taxonomic data plotting
The display of taxonomic data is used particularly in palynology, where
pollen diagrams provide a graphical decscription of one or more pollen

samples. This allows researchers to easily note changes in samples over time
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and geographic areas. - The advent of computer graphics has made thec process
of plotting diagrams easicr and more accurate (Dodson, 1972; Faegri et al, 1975;

King, 1976; Moore et al, 1978; Meclicf & Wijmstra, 1984).

2.3.5 Identification

In the ficld of computerised biological identification computer-stored
single-access monothetic keys have an advantage over printed keys in that
they can be used to edit the key or use computer graphics to illustrate the
choices at each stage of the key (Morse, 1975). For example, the fungal key
designed by Kendrick (1972) presents the user with a pair of illustrations to
choose between. The stages are ordered from gross characters to small-scale
characters, and the illustrations build up successively more dctailed diagrams
as identification progresses. Bossert (1969) used a computer-stored key to
identify Polynesian ants.

Computcriscd multi-access monothetic mecthods represent an alternative
method of identification which allow the user to specify the state of a given
character, or request the 'best' character; use of which results in faster, more
efficient identification (Pankhurst, 1978). The computer program IDENT4
developed by Morse (1975) can suggest 'best' characters, allow the user to
correct errors during identification, and list thc possible taxa at each step in
the identification. In addition, the user can spccify the extent to which
specimens must match taxa in order to mect identification criteria. A
computer-based interactive multi-access monothetic procedure (ONLINE)
developed by Pankhurst and Aitchison (1975) allows the user to choose a
character of the specimen. The wuser then chooses among states of the
character supplied by the computer. The process is designed to eliminate taxa

which do not match the character state until, ideally, one taxon remains. A
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more recent version of ONLINE uses? colour graphics to *descrPbe character
states (Watson, Dallwitz, Gibbs & Pankhurst, 1988).

Computerised identification is most commonly conducted using polythetic
methods; the identification by comparison method in particular. Gyllenberg
and Niemela (1975) have developed a method, based on the cluster analysis
method used in information retrieval, which uses geometric models (van
Rijsbergen, 1979; Weiss, 1981). A multidimensional ‘identification space' is
established with one axis for each character used. A point for the specimen is
located in the identification space. The likelihood of the specimen belonging
to a taxon can be determined by examining where it lies in relation to the taxa
in the identification space.

Examples of the use of computerised identification by comparison include
the work of Walker, Milne, Guppy and Williams (1968), Peters (1969), Guppy,

Milne, Glikson and Moore (1973), and Pankhurst (1975).

2.4 Expert Systems in Biological Identification

Clancey (1984, 1985) analyscd a number of expert systems used for
identification, and found that all thc systems used a heuristic identification
process which matched solutions and solution fcatures by direct, non-
hierarchical association. However, hcuristic rclations are uncertain, based on
assumptions of typicality, and may simply be poorly understood correlations.

Expert systems which solve biological identification problems can be
divided into two classes: those in which the system dctermines choices of
characters and ordering of questions (single-access monothetic); and those in
which choice of characters and questions are dctermined by the user (multi-
access monothctic). MYCIN and INTERNIST represent two early examples of

the singlc-access monothetic approach and were dcsigned to assist physicians
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with diagnosis and treatment by questioning about symptoms and identifying
the disorder before suggesting appropriate treatment (Duda & Gaschnig, 1981;
Kane & Rucker, 1988). A single-access monothetic system implemented by
Dodson and Rector (1984) allows importance values to be assigned to
characters. These assist the system in the ordering of questions.

A simple single-access monothctic expert system for identification has
been developed by Woolley et al (1987) using a commercial expert system shell.
SYSTEX makes an initial guess about likely taxa using easily observed
characters, then attempts to verify that the specimen is one of the likely taxa.
The verification procedure requests the user to observe key characters and
uses heuristics to determine the number and identity of characters needed to
make an identification.

EXPERT KEY is a singlc-access monothetic expert system dcsigned to
minimisc the exposure of a novice to technical tcrminology. It is a rule-based
system which has somec domain knowlcdge incorporated in the inference
engine, and includes unccrtainty handling, including ignorance of the state
of a character. It initially asks a serics of questions about easily observed and
explained characters of the specimen. This information is used to eliminate
some specics as possible identitics and boost the probability of others, before
entering a computer-stored dichotomous key. Because the key has to
discriminatc between a reduced number of species, the path through the key
is considcrably reduced (Atkinson ct al, 1987).

XPER is a multi-access monothctic expert system for biological
identification which uses a taxonomic data matrix. It allows the user to choose
from a list of available characters and character states until either a match is
made with a taxa, or all characters have bcen described and more than one

taxon matches the description. The user is allowed at any stage to request the
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strategy being used to match or climinate taxa (Forget, Lecbbe, Puig, Vignes &

Hideux, 1986; Lebbe, Nilsson, Praglowski, Vignes & Hideux, 1987).
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Chapter 3
Prototypes for a Pollen Identification Expert System

3.1 Introduction

Prototypes for the pollen identification system used in the present study
were dcveloped in order to confirm that expert system techniques are
applicable to the domain of pollen identification and to explore features
required by the domain experts and users of the final system. Two prototypes
were developed during the initial stages of the project; a single-access

monothetic approach and a multi-access monothetic approach.

3.2 Prototype 1: Single-access monothetic

The first prototype is based on a dichotomous key created by Kapp (1969).
Although the original key provides an identification to species level in most
cascs, for the purposes of a prototype the system identifies pollens to the level
of morphological type only. All the characters are treated as key characters,
thercfore a candidate pollen can be rejected on the basis of just onec non-

matching character.

3.2.1 User View

Prototype 1 simply querics thec user about the characters it requires in
order to make an identification, then displays the result when identification is
complcte.  There is no explanation facility allowing the user to ask why a
particular query is being made or how a result was obtained. The user is
constraincd to following the sequence of querics sct by the system. There are

no facilities for indicating that thc answer to a question is not known or for
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changing the description of a character statc once given. As this prototype
was designed only for demonstration to domain experts, no attempt to simplify
jargon was made. Appendix A contains an example session using this

prototype.

3.2.2 Knowledge representation

Prototype 1 used a rule-based representation. The rules are based on
branches of a conceptual tree creatcd by the dichotomous kcy. Each node of
the tree corresponds to a choice point in the key, the branches from each node
being the choices available at that point. The lecaf nodes correspond to
candidate types. The rules describing candidate types were detecrmined by
creating rules from nodes and branches used in tracing the route from the
root of the trce to the type node. Figure 2 displays a section of the conceptual

trcec. The rulcs gencrated by that section are shown in figure 3.

Pollens in group

e e

Vesiculate
Yes No
Vesiculate Polyplicate
type Yes No
Polyplicate Apertures
type Yes No
Trilete scar
Yes No
Trichotomocolpate type Inaperturate type

Figure 2: Section of tree formed from dichotomous kev.




type is vesiculate if:

pollens in group = 1 and
vesiculatc = yes.

type is polyplicate if:
pollens in group = 1 and
vesiculate = no and

polyplicate = yes.

type is trichotomocolpate if:
pollens in group = 1 and
vesiculate = no and
polyplicate = no and
apertures = no and

trilcte scar = yes.

type is inapcrturate if:
pollens in group = 1 and
vesiculate = no and
polyplicate = no and
apertures = no and

trilete scar = no.

Figure 3: Scction of knowledge base formed from tree shown in Figure

)
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3.2.3 - Inference engine

The inference engine selects a candidate type from the knowledge base and
attempts to verify the sclection by confirming each part of the rule
corresponding to that type. If any part of the rule fails another candidate type
is chosen. The system records the states of characters as they are given, to
ensure that if one candidate type fails, only remaining candidates which
match the character states recorded so far are considecred. The process

continues until a match is found, corresponding to a leaf node of the tree.

3.3 Prototype 2: Multi-access monothetic
The second prototype is based on a body-punched card key created by
Sawyer (1981). It allows the idcntification of pollens to species level. As in

prototype 1, all characters are trcated as kecy characters.

3.3.3 User View

Prototype 2 allows the user to sclect a character they wish to describe from
the list of available characters, then choose from a list of possible states for
that character. If morec than one candidate pollen remains, the system
displays the list of remaining candidatcs bcfore continuing. If one candidate
pollen remains, the system displays the identification, including a list of the
characters given by the uscr which match the description of the candidate. If
all candidates are ncgated, the system displays the characters and statcs given
by the user. In addition, it also allows the uscr to vicw a complete description
of any pollen in the data base.

Appendix B contains an examplc session using this prototype.
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3.3.2° Knowledge representation

The knowledge representation structurc is bascd on a taxonomic data
matrix. Every pollen has a column in the matrix which describes its
morphological structure. Each character has a row in the matrix, where a
description of its state for the intersecting pollen is stored. Figure 4 is a

section of the matrix and describes a grass pollen.

Character Pollen
Name grass
Size mcdium  (30-50pum )
Shape round or irregularly round
Aperture number 1-2
Apcrture type pores only
Surface granular
Exine scction thin
Other features thickened or projecting edges
Colour white to grey
Figure 4; ion of taxonomi malrix scribing r llen

3.3.3 Inference engine

As the description of the specimen pollen is built up by the user, the
inference enginc keeps account of all pollens which could fit the description.
As each character is given a state, thc list of candidates is searched, and the

pollens which do not have matching character/state pairs are removed. The
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process continues until either one candidate pollen remains or all candidates

are negated.

3.4 Conclusion

After demonstrating the prototypes to both the domain experts and
prospective users of the final system, it was decided that there were
advantages to each method. The single-access monothetic prototype was found
to be wuseful for inexpericnced users, who require help in recognising
important features of pollen morphology. The multi-access monothetic
prototype was uscful for assisting experienced wusers to make accurate

identifications.



27

Chapter 4

Biological Identification Expert System

4.1 Introduction

It was decided that the final system should be a monothetic system, and
incorporate both single- and multi-access modes in order to lead
inexperienced users to an idcntification, and assist experienced users to
identify unfamiliar pollens.  The system should have a method of assigning
importance values to characters, allowing prominent characters to be used
early in an identification so that candidate pollens can be quickly confirmed
or negated. There should also be a facility for changing the description of a
character state, allowing errors to bc easily corrected.

The architecture of the present system consists of a knowledge base, a
knowledge conversion facility, an inference engine, an explanation facility
and a wuser interface. (Sce Figure 5). The knowledge base consists of
knowlcdge regarding the domain of interest, and is structured so that it is
easily accessible to domain experts. The knowledge conversion facility is used
to convert knowledge from the stored format into a format used by the
inference engine and explanation facility. The infecrence engine is
responsible for control of the problem solving process. The explanation
facility consists of an identification of steps uscd in the identification process
and justification of each step.

The present system has been implecmented on an Apple Macintosh
computer using LPA Prolog. The system makes use of the graphical features

available in LPA Prolog. (See Appendix F). The present system is
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approximately 150 kilobytes in size. Each taxa occupies an additional 10

kilobytes.

User interface

Inference Explanation
" ..__.__.b.. P
engine tacility

\/

Knowledge
conversion

Know'ledge”"
. base

Ficure 5: Structurc of the present system,

(arrows show dircction of information f[low)

4.2 User View

The present system may bc operated in both single-access and multi-access
monothetic identification modes. The user can choosec which modc they wish
to opecrate, and can change modes at any stage during the idcntification

process. This allows the user to describc the specimen to the system using the
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multi-access monothetic mode, then use the single-access monothetic mode to
resolve the identification if more than one candidate taxa remains.

The identification process continues until all characters have been used,
all candidate taxa have been rejected, or the remaining taxa cannot be
distinguished using the characters remaining to be described. At the end of
an identification the system displays the remaining taxa, and indicates how
well the description of the specimen given by the user matches that of each
taxa.

The user interface used by the system is based on ‘windows', 'icons', 'mice’
and 'pull-down menus' (‘wimps'). Choices in the system are presented in the
form of menus, while actions the user can take are presented using buttons.
Characters which are physical (e.g., shape of a taxa) are shown as pictures.
All actions possible at each stage arc present on the screen, and can be
sclected with a mouse, removing the need for rcmembering and typing
complex commands. An complecte session using the present system can be

found in Appendix E.

4.2.1 Single-access monothetic mode

The single-access monothctic mode is primarily intended for users with
little identification experience in thc domain of the system. It directs the uscer
to describe the specimen by sclecting a character and providing the user with
relevant states from which to choose. The user can sclect one or more states
corresponding to the character for each of the candidate taxa. Alternatively,
the category 'none’ indicating that the character state of the specimen does
not correspond to any offered by the system; or the category ‘unknown’,

indicating that the character statc is not known to thc user.
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The following is an example of thc use of the single-access monothetic
mode using the present system with a pollen identification domain. In Figure
6, the user has been asked about the state of the surface on the pollen
specimen. He/she does not know the state of the surface on the specimen, so

has selected 'Unknown'.

IVhat is the state of surface on the

specimen?
[ why
net-like
groiny
dimpled
spiny
T | Cancel ]

19 possibilities remain.

——

0k ]]

Ficurc 6: Surface dialog.

Another character, intine appcarance, is then quericd. The uscr does not
know the state of thc intine on thc specimen, so again has sclected 'Unknown’
(Figurc 7). Another character, shape, is then asked about. In Figure 8, the

user has sclected ‘triangular'.
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IWWhat is the state of intine on the

specimen?
star shaped. - [ why ]
overlapping clear granules

[ Help )

<
i
o]
=
oy
m

| Unknown ki r None ] ﬂ_ 0Ok n

19 possibilities remain.

Figure 7: Inting dialog,

IVhat is the state of shape on the

specimen?

two bladders { Why
circular

egg-shaped [ Help ]
elliptical

triangular: seoavwiina il son T

o) (o)

19 possibilities remain.

Figure 8: Sha ial

The selcction of the state '‘triangular’ for the character 'shape' has enabled

the system to identify the specimen as a myrtacca (Figure 9). The 'unlikely’
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comment shows that although the system has identified the specimen as a
myrtacea, it is unlikely that a myrtacea would be collected during the given

season at the given location (see Appendices D & E).

The results are: r

How
L3

unlikely - myrtacea (__ Describe a pollen

[Setfl:hange a character

Help

)
)
Change settings |
)
Cancel )

. T

[ 0k ]

Figurec 9: Result dialog.

The above example illustrates a disadvantage in using a single-access
monothctic mode: before an appropriatc query is made, the user may need to

work through a number of characters which do not apply to the specimen.

4.2.2 Multi-access monothetic mode

The multi-access monothetic mode is primarily designed for users who
have some identification expericnce in the domain of the system. It allows the
user to describe the specimen using a sequence of characters chosen by the

user. The system offers a list of all characters in thc system, and allows the
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user to choose one or more characters. For each character chosen, the system
then presents a list of states so that one or more states which match the
specimen can be selected. In Figure 10, the user has selected 'shape’ as the
character he/she wishes to describe.

The system displays the possible states for the character chosen, and allows
the user to select one or more which describe the specimen. The state

'triangular’ has been selected in Figure 11.

Select the character(s) to set or change:

Character Current state
colour <>
intine | [ Help |
other
pore appearance
number of pores [ Cancel ]
pore placemen
F 0k ,J
Ficure 10: Character sclection dialog

As in the previous example, the system is able to identify the specimen as a
myrtacca (Figure 12). This example also illustrates the advantage of the multi-
access monothctic mode over the singlc-access monothctic mode; that is, the
user can sclect characters which apply dircctly to the specimen and thereby

possibly reduce time taken to complete the identification sequence.
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Select state(s) for shape :

circular
egg-shaped
elliptical

&

Help |

Tkmion] o )

triﬂnQUIﬂF~——~ "*' 255l e a0
two bladders

<

Figure 11: Sha ialog
The results are: [ How ]
[Setz’thange a character]

[ Change settings

Cancel

)
[ Help 1
( )

[ 0k KJ

Figure 12: Result dialog.

4.2.3 Mixed single-access and multi-access monothetic modes
During an identification process, the user can move frecly between single-

access and multi-access monothetic modes. The multi-access monothetic mode
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can be wused to narrow down an identification, then the single-access
monothetic mode used to complcte the identification, as in the following

example. In Figure 13, the user has sclected ‘number of pores' for description.

Select the character(s) to set or change:

Character Current state

colour

intine [ Help ]
other

pore appearance

number of POres: -~ == f srowiatas [ Cancel J
pore placement
shape

size f{j“ | 0k ~|

Figure 13; Character sclection dialog,

The system queries the user about the number of pores on the specimen: 4
in this example (Figure 14).

The system thcen displays the pollens remaining, and allows the user to
sclect 'Set/Change a character’ to continuc in multi-access monothetic mode,
or to sclect 'Continue' in the singlc-access monothetic mode as shown in Figure
15. The ranking is based on the likclihood of the specimen being identified as
the target taxon.

The user is then queried about a character which will distinguish the
remaining taxa, 'pore placement’ in this example (Figure 16). The user has

selected 'At comers'.
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IDhat is the number of pores of the
specimen?

[ Help ]

[ cancel )

o

Figure 14: Porc _number dialoe.

Ranking of current possibilities:

( How ]
Pollen Ranking
plantago 100 L5 [ Describe a pollen )
myrtacea 0 B
[Setz’thange a character}
([ Change settings |
( Help ]
S ( Cancel |

2 possibilities remain. l[ Continue k“‘ll

Figure 15: Rcmaining taxa dialog,
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IDhat is the state of pore placement on
the specimen?

Atcormers o ioiiasl iR [ Ly )
Regularly spaced
| Help |

[ cancel )

(Unknown) C=2

2 possibilities remain.

<

Figure 16: Pore placement dialog,

The specimen has again becen identified as a myrtacca (Figure 17).

\

How
3

The results are: [
[ Describe a pollen

unlikely - myrtacea

Set/Change a characte

)

']
Change settings J
)

Cancel J

{
F Help
(
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4.2.4 Explanation facilities

During an identification using thc singlc-access monothetic mode, the user
can request an explanation for why the system is asking about a particular
character. The system displays all taxa which have the character specified in
their description, indicating those which will be accepted or rejected
depending on whether their states match that given by the user. Figure 18 is
taken from the single-access monothetic mode section of the mixed single-
access and multi-access monothctic mode identification in Section 4.2.3. It
shows that the specimen will be identified as a plantago if the state for 'pore

placement' is 'Regularly spaced', or as a myrtacea if the state is 'At comers’.

Having a state for pore placement will help distinguish
the following pollens (expected states in brackets):

* plantago (Regularly spaced )

* myrtacea (At corners)

* These pollens will be rejected or not, depending on the
state given for pore placement.

)

Figure 18: Explanation dialog,

At the end of the identification scquence, the remaining taxa are rank

ordcred, depending on how wecll they had matched the specimen and on the
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likelihood of the specimen being identified as the target taxon. For example,
the present pollen identification system takes into account geographical
location and season when ranking taxa. |

At any stage during the identification sequence, the user can request a
display of all taxa in the system, or of the taxa rejected during the
identification process. A dctailed description of the character states for
selected taxa can be requested. This includes an indication of the character
states which match or do not match the description of the specimen. Figures
19 and 20 show the description of myrtacea and plantago at completion of the
mixed single-access and multi-access monothetic mode identification example

shown in Section 4.2.3. Note the '+ and '-, indicating state matches and mis-

matches with the description of the specimen.

States for myrtacea:

+ pore placement At corners O [ Picture ]
colour pink
pore appearance Clearly visible [ Help ]
other stick together

+ number of pores 3 -4
shape triangular 5 [ Cancel ]

[ ok k‘-:ﬂ

Figurc 19: Description dialog.

A report on the characters used in an idcntification sequence, and the taxa

which were accepted or rejected can also be requested. Figure 21 is also taken
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from the completion of the mixed single-access and multi-access monothetic

mode identification shown in Scction 4.2.3.

States for plantago :

e T 5 [ Picture |

+ number of pores 3 -6
- pore placement Regularly space [ Help ]
] f Cancel ]

Figure 20: Descriplion ial

plantago and myrtacea were accepted on number of
pores (4)

myrtacea was accepted on pore placement ( At corners)

Figurc 21: Report _dial



41

4.2.5 Other features

At any stage during an identification process, the user can request a
display of the characters used by the system. This includes a description of the
state or states currently assigned to each character. The state of one or more
characters can then be changed, allowing errors to be corrected. Figure 22
shows the characters used during the mixed single-access and multi-access
monothetic identification process in Section 4.2.3, and the states assigned to

them.

Select the character(s) to set or change:

Character Current state

colour <>

intine u [ Help J
other i
pore appearance

number of pores 4

pore placement At corners
shape

size

Cancel j

0k R*‘-]]

Figurc 22: Character decscription dialog,

Domain experts have indicatcd that probabilities are very rarcly used
during identification, thcreforc the present system does not require the user
to specify their certainty about a particular character state, thus maintaining
the simplicity of the user interface. As single-access monothetic mode users
are not expected to be expericnced, the 'unknown' and 'mnonc' choices provide

them with a simple method for expressing uncertainty about a character state.
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Users of the multi-access monothetic mode are expected to select only those

character states about which they are certain.

4.3 Knowledge representation

The main objective of the knowledge base design was that domain experts
should be able to easily understand the knowlcdge and structure of the
knowledge, in the knowledge base. It was also dcsigned to be easily extended
and modified. These objectives were met using a method of ranking characters
and use of a taxonomic data matrix as the basis for the knowledge base

Structure.

4.3.1 Character ranking

In order to assist the system with identifications, and with the ordering of
questions in the single-access monothctic mode, importance values are
assigned to character states. Thesc importance values are supplied by the
domain expert and provide an indication of the importance of each character
state to idcntifying the taxon.

There are four categories of importance values:

- essential: the character statc must be present in order for the taxon
to be identified. Characters with an essential rank are regarded as
key characters and arc normally easily obscrved for the taxon in
question. For examplc, ‘triangular’ is an essential state for the
character ‘'shapc’ when idcentifying a myrtacea pollen.

- medium __importance: thc character statc is normally present in the

taxon, and can be used to support an identification.
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- w_i rtance: the character state is generally present in the
taxon, but is not normally used for identification as many other taxa
may also have that character state.

- n impor : the character statc is almost always present in the
taxon, therefore it is not neceded for identification. Use of this

category ensures that a complete description of the taxa is obtained.

4.3.2 Knowledge base structure

The knowledge base is structured on a taxonomic data matrix. This is the
traditional method of organising taxonomic data, making the knowledge base
easily understood by a domain expert and allowing simple conversion to both
rules and frames. It also assists the conversion of existing bodies of biological
knowledge to the knowledge base format, allowing the system to be used in
many ficlds of biological identification. The matrix is formed with a taxa by
character table. Each entry in the table rcpresents the state that the taxa
exhibits for the character, and is empty if the taxa does not have a state for
that character.

The importance values of the characters are stored as an appendage to the
matrix. For each taxon, therc are three lists to which characters are assigned
according to their importance value. The 'no importance' category is not
specified in the appendage; it is assumcd that characters not specified as
essential, medium or low importance are not uscd in the identification. A
generaliscd matrix and appendage may bc scen in Figure 23, and Figure 24
shows an example using a scction of the matrix which forms the pollen

knowlcdge base.
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Taxa

Ty Ty Ty
Characters C1 S1,1 S1.2 Si.n

G $2,1 $2,2 S2.n

G 53,1 53,2 S3.n

C4 S4,2

Cs S5,2

Ce S6.2

Cm Sm.1 Sm.2 Sm.n
Essential G Cy C1.Co
Medium importance G C2iCa G
Low importance G C4.C5.Cq

Figure 23: Gencralised taxonomic matrix,

To facilitate use of the knowledge in the knowledge base in various systems,
it can be easily converted to a rulc-based or framc-based format. The present
system includes a knowledge conversion [facility, which converts from the
matrix-bascd knowledge basc to thc simplc frame-based format used in the
inference engine. Another conversion facility could be easily created to
convert the knowledge to a rule-based format if required.

The knowledge in the knowledge base can be ecasily converted to a rule-
based structure by using each taxon as the consequent, and thc characters and

states as antecedents. Figures 25 and 26 display example rules, dcrived from
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Notec the separation of the antecedents into

essential, medium and low importance categories.

Pollen
Myrtacea Plantago
Characters Size
Shape Triangular
Surface appearance
Intine appearance
Pore number 3-4 3-6
Pore placement Al corners Regularly spaced
Pore appearance Clearly wvisible
Furrow number
Furrow appearance
Colour Pink Pink
Other features Stick together
Esscntial Shape Porc number
Porc number Porc placement
Porec placement
Porc appearance
Mecdium importance Other fcatures
Low importance Colour Colour

Figure 24: Scction of the taxonomic matrix forming the pollen knowledge

base,
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taxa is Ty if:
essential:  (Cy =8; 1) and
medium:  (C2 =83, 1) and

low: (C3 = 83,1).

taxa is Ty if:
esscntial:  (Cy =81 2) and

medium:  (Cp =87 2 and

C3 = §3,2) and
low: (C4 = 84,2 and
C5 = 85,2 and
C6 = S6,2)
taxa is Ty if:
esscntial:  (Cy =S8  and
C2 =S2 ) and

medium:  (C3 = C3 ).

Figurc 25: Example rules derived from the matrix in Figure 6,

A simple frame-based structure can be easily created from the knowledge
basc by considcring each column of the matrix as a frame decscribing a taxon.
The importance values from the matrix remain as an appendage to the frame.
Figures 27 and 28 display frames formed from the matrix shown in Figure 23

and 24.



pollen is myrtacea if:
essential:  (Shape = Triangular and

Pore number = 3 - 4 and

pollen is plantago if:

essential:  (Pore number = 3 - 6 and

low: (Colour = pink)

Pore placcment = At comers and

Pore appearance = Clearly visible) and
medium: (Other fcatures = stick together) and
low: (Colour = Pink).

Porc placement = Regularly spaced) and

Figurc 26: Example rules derived from the matrix in Figure 7,

Taxa Tn
C S1,n
) S2,n
Cm Sm.n
Essential Cy.Co
Medium importance C3
Low importance

Figure 27: Example frame formed from gencraliscd matrix

in Figure 6,

47
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Pollen Mvrtacea
Size
Shape Triangular

Surface appearance

Intine appearance

Pore number 3-4
Pore placement At corners
Pore appearance Clearly visible

Furrow number

Furrow appearance

Colour Pink
Other features Stick together
Essential Shape

Pore number
Porc appcarance
Pore placement

Medium importance Other features

Low importance Colour

Figurc 28: Example frame formed from the example matrix in Figure 7.

4.4 Inference Engine

In single-access monothetic modc, the infcrence engine is used to select
characters about which to query thc user and to accept or reject taxa. In
multi-access monothetic mode, the user chooses the characters, and the
inference engine is used to accept or rcject taxa. The algorithm used to accept

or reject taxa is the same for both modes.
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4.4.1 Character selection

The system first selects the most important character for the candidate taxa
most likely to be the spccimen and then queries the user about that character.
Character selection is conducted by sorting candidate taxa according to the
likelihood of the specimen matching the taxa. For example, the pollen
identification system uses the likclihood of finding a pollen in a given
geographical location and secason. From the sorted taxa, a list of characters is
ordered using the importance valucs assigned to the characters for each taxa.
The list of characters is then scarched for the first character which has not
been described by the user, ensuring that the system continually attempts to
accept or reject the most likely taxa. A structure diagram of the above method

may be seen in Figure 29.

Character
Sclection
= 4 Extract lists of Search list of
ikl oo esscntial, medium characters for highest
Bl accor_dlng < and low importance ranked character
SIHERRICRE characters from taxa which has not been
list described

Figure 29: _Structure diagram of the mcthod used for character selection,

4.4.2 Taxa acceptance or rejection
The main section of the infcrence enginc is concerned with the acceptance

or rejection of taxa. Accepted taxa are thosc being retained for the next stage
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of the identification; rejected taxa arc those which will not be considered for
the remainder of the identification process.

The inference engine initially uses essential characters to accept or reject
taxa. This allows the system to quickly narrow down an identification using
obvious and easily observed characters. Essential characters are normally
sufficient to identify the specimen. However, if all essential characters have
been used and more than one taxon remains, medium, and if necessary, low
importance characters are uscd to identify the specimen. Identification is
complete when all characters have bcen uscd, all taxa have been rcjected, or
the remaining taxa have the same states for the characters remaining to be
described (cnsuring that identification stops if two or more taxa remain that
are identical in all remaining character states). Figure 30 displays a structure

diagram of the taxa acceptance and rcjection procedure.

4.4.2.1 Essential characters

When the user describes a character state the system searches the list of
possible taxa for those which have the character specified as being essential to
identification. If any of the taxa found have a character state which matches
the specimen, those taxa are accepted and the identification process continues
with that set of taxa. If no taxa with a matching character state are found, all
taxa with the character specificd are rcjected and the identification process
continues with those taxa that remain.

If the user selects the category 'Unknown' as an answer to the query, no
taxa are accepted or rejected. If the catcgory 'None of the possibilities’ is
selected, the inference engine rcjects all taxa which have that character in

the essential set.



Accept/Reject
' taxa

While taxa remaining
differ in remaining
characters And more than
1 taxa remain

If one taxa
remains
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Rank characters If one or more Identification If no taxa
from remaining essential —— P kel
taxa according to characters remain
likelihood function to be described
T \ T 5
Get state If character state If one or more medium
for a matches that of one Lrnponancc characters
character or more taxa remain to be described
Accept Reject All taxa Specimen is
those those eliminated onc of
taxa taxa remaining
taxa

Get states for Count no. of Accept Accept highest
all medium character state highest scoring taxon using
importance matches for each of scoring low importance
characters the remaining taxa taxa characters

Figure 30: Structure diagram of the taxa acceptance and rejection procedure,

For example, an inference engine using a knowlcdge base containing just
the pollens myrtacea and plantago as dcfined in Figure 24, will accept and

rcject the pollens as shown in Figure 31.
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Input: Character / State Result
Pore placement / At comers Accept myrtacea: identification
complete

Pore placement / Regularly spaced | Accept plantago: identification

complete
Pore placement / Unknown Continue with all pollens
Pore placement / None Rcject myrtacea and plantago:

continue with pollens remaining

Figur 1; Tabl howing llcn r_rej rding vari

inputs

4.4.2.2 Medium importance characters

Medium importance characters are uscd after all essential characters have
been described, if more than one taxa rcmains. The user is queried about all
medium importance characters taken from the remaining taxa, and the taxon

with the grecatest number of matches is sclected.

4.4.2.3 Low importance characters

If all essential and medium importance characters have been used, and
more than one taxa remains (c.g., if thcre. were an equal number of matching
medium importance characters), then the low importance characters are used.
The user is quericd about all low importance characters from the remaining
taxa, and the taxon with the greatest number of matches is the selected taxa. If

two or more taxa have an equal number of matches using low importance
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characters the system displays all of these, and describes the probability of
finding each taxa using the established criteria for ordering taxa. Low
importance characters are rarely used, as essential and medium importance

characters are generally sufficient to identify a specimen.
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Chapter 5§

Conclusion

5.1 Realisation of design goals

The present report dctails an expert systcm which has becen designed and
built in order to assist both experts and non-specialiscd users in biological
identification. The system assists non-specialised uscrs in identification by
leading them through the process via a single-access monothetic mode. Expert
users can describe the specimen to the system via a multi-access monothetic
mode. If candidate taxa cannot bec diffcrentiated by characters remaining to
be described, the system will rccognise this.

The knowledge basc of the system can be easily updated in order to add taxa,
or changed to provide identifications in other ficlds of biology. A subsystem
was created to facilitate this process, an example of which can be seen in
Appendix D.

During the final stages of devclopment of the system, it was demonstrated to
experts in the ficld of biological identification at a Workshop on Computers in
Taxonomy and Systematics hosted by the Botany Department of Massey

University and was received very favourably.

5.2 Future development

Possibilitics for future development of the system include automatic taxa
identification and the development of a tutorial subsystem. Automatic taxa
identification would use the present system as a  pattern  classification
subsystem in a patlern rccognition process. Imaging hardware and software

would be used to take an image of the specimen, and a pattern recognition
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process would attempt to identify thc specimen. If the appropriate hardware
were available at a reasonablc cost pattern recognition could be extended to
real-time catching, identification and counting of taxa such as air-borne
pollen grains.

A tutorial subsystem could be decveloped which would provide the user with
a graphical display of a taxon, and ask the user to for identification. If the
user's response is incorrect, thc subsystem would emphasise the main
characters until the user can identily the taxon.  This subsystem would be
simple to construct using the structurc of the knowledge base developed in the

present study.

5.3 Summary

The system developed in the present study has shown that expert system
techniques arc appropriatc to the domain of biological identification.  Methods
of ranking characters and usc of a modified taxonomic data matrix as the
knowledge base structurc have been developed. The method of ranking
characters is used during singlc-access monothetic identification processes in
order to sclect the most important character to query at each stage, and is used
during both single-access and multi-access monothetic identification
processes to rcject or accept candidate taxa. The use of essential characters is
very similar to the mcthod used by domain experts to manually identify taxa.

The use of a modificd taxonomic data matrix to form the structurc of the
knowledge base will assist domain experts to assess the accuracy of the
knowledge basc contents and make modifications as necessary. Use of a
modified form of the traditional taxonomic data matrix allows existing

taxonomic data to be easily incorporated in an expert system.
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Also included in the present system arc two mcthods for identifying taxa.
The single-access monothctic mecthod was found to be useful for users needing
to be led through an identification as the system selects the characters and the
order in which they are to be described. The multi-access monothctic method
was found to be useful in assisting expert users to assess the accuracy of their

identifications by allowing them to describe character states in any order.
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Appendix A
Example session using single-access monothetic prototype

The ordering of questions is based on the conceptual tree shown in Figure 2
(Chapter 3). Note that although some questions appear to have more than one
answer, the prototype is based on a dichotomous key with multiple choices

shown conceptually as levels of a trece (Figure A.1).

Number of Pollens
in group

L

Number of Pollens
in group

- S -

Number of Pollens
in group

Figure A.1;

The wuser is initially quericd about the number of pollen grains which are

in the group bcing studicd (Answer: 1) (Figure A.2).
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How many grains in a group?

iy (20 () (mw)

Figure A.2: Group sizc dialog.

The system then asks a question regarding the shape and surface
appecarance of the grain (Answer: No wing-like extensions or warty surface)

(Figure A.3).

Does it have vesiculate (wing-like) extensions

or an irreqular warty surface?

( yes ] [ no |

Figurec A.3: Vesiculate dialog,

Next, a further question is askcd about the surface appearance of the grain

(Answer: No meridional ridges) (Figurc A.4).
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Is it pnlgplicaté (numerous sharp-crested

meridional ridges)?

([ yes | ( no k‘]

Ficure A 4: Polyplicate dialog,

The wuser is then queried about the number of apertures on the grain

(Answer: 0) (Figure A.5).

How many apertures does it have?

oy 7 (o)

Ficurc A.5: Apcrture _number_dialog,

Finally, the user is quecricd about the appearance of a trilcte scar on the

grain  (Answer: Yes) (Figure A.6).



60

Does it have a trilete scar?

yes ( __no ]

Figure A.6: Trilete scar dialog,

At this stage, the system has rcachecd a lcaf node of the conceptual tree, and

displays the result of the session. The wuser can then exit the program or

continue with another grain (Figure A.7).

Result:
Itis a trilete_or_trichotomocolpate

[ again ] | quit ,]

Ficurc A.7: Result dialog,
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Appendix B

Example session using multi-access monothetic prototype

B.1 Introduction
The multi-access monothetic prototype has two sections. One section allows
the user to describe the spccimen to the system in order to make an

identification; the other allows the user to request a description of a pollen

from the system.

B.2 Description of specimen

The user is shown a list of characters, and asked to select the one he/she

wishes to describe (Selection: Size) (Figure B.1).

What feature do you [Py

want to describe? shape ]
aperture number
aperture type
surface

[ Ok * [Eancel] exrine, section L

Ficure B.1: Character sclcction dialog,

The user is then shown a list of thc possible states for the character size,
and asked to sclect one corresponding to the specimen (Selection: Medium)

(Figure B.2).
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Size of grain lvery small (<20pm}>
small (20-30pm)

large (S0-100pm)
very large (>100p

[ ok ﬂ (Cancel

Ficure B.2: Size dialog.

After a description of a character state of the specimen the system displays
the identity of remaining pollens. If only one pollen remains identification is

complete (Figure B.3).

2 possibilities cupressus <
remain: grass
[ 0k % [Eancel] |

Figurec B.3: Rcmaining pollens dialog,

Next, another list of characters is shown to the user, allowing he/she to

select a character for description (Seclection: Shape) (Figure B.4).

IVhat feature do you [size
want to describe?

aperture number
aperture type
surface

r[lk * ftancel} lexine, section

Ficure B.4: Character_selection dialog,
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The user is then shown a list of the possible states for the character shape

and asked to select the one which corresponds to the specimen (Selection:

Round or irregularly round) (Figure B.5).

Shape of grain

round or irregulari
oval, flattened

oval, elongated
long

semi-circular
multi-sided

( Uki‘. (cancel |

a4
Figurc B.5: Shapc dialog,
Again, two possibilitics remain (Figure B.6).
2 possibilities cupressus iy
remain: grass
[ 0k ﬂ_ [Cancel] |
Figurc B.6: Remaining pollens dial

Another list of characters is shown to the user, allowing them to sclect a

character for description (Selection: Aperture number) (Figure B.7).
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What feature do you
want to describe?

aperture type
surface

| Cancel | erine, section

Figure B.7: Char r lection ialog

The wuser is shown a list of the possible states for aperture number, and
asked to select the one which corresponds to the specimen (Selection: 1-2)

(Figure B.8).

Number of apertures |0 or indefinite

Ficurc B .8: Apcriureg number dialog,

Finally, only onc pollen remains: the system displays the result, along with

the character states which contributed to the identification (Figure B.9).
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The description fits a grass:

size - medium (30-50pm)
shape - round or irregularly round
aperture number - 1-2

( 0k

¥

Figur¢ B.9: Resul ialog

B.3 Viewing description of pollen

The user is shown a list of the pollens in the system, and asked to select the

onc thecy would like described (Sclection: Grass) (Figure B.10).

Which pollen do you
want described?

chenopods
compositae

myrtaceae
pinus

| Ok i |Cance||

Ficure B.10: Pollen _sclection dialog,

He/she is then shown the character states which describe the selected

pollen (Figure B.11).
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grass has the following description:

size - medium (30-50um)

shape - round or irregularly round
aperture number - 1-2

aperture type - pores only

surface - smooth or indefinite

erine, section - thin

other structural features - thickened or
pollen colour - white to grey

([ ok ﬂ_

Figurc B.11: Pollen dcscription dialog,
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This appendix

knowledge base of the pollen identification expert system.

are used for all taxa in the knowlcdge base.

used

contains a
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Appendix C

in pollen identification expert system

description of the characters used in the

Not all characters

There may be more than one

instance of each character for a taxon.

Name
Botanic name

Common name

Size

Shape

Surface appearance
Intine appcarance
Pore number

Pore placement
Pore appearance

Description

Botanic name of the plant which produces the pollen.
Common name of the plant which produces the pollen.
Size of thc pollen. This can be a constant value, a range
of values, or the string 'variable'.

Shape of the pollen. This is a character string.

A character string.

Surface appearance of the pollen.

Character string describing the intine of the pollen.

This is thc inncrmost of the two layers forming the wall
of the pollen grain.
Porcs are apertures

The number of pores on the pollen.

which are approximatcly round, less than twice as long

as thcy are widc. This can bc a constant value, a range

of values, or the string 'variablc'.

The placement of pores on the pollen grain. A
character string.
The appearance of pores on the pollen grain. A

character string.



Furrow number

Furrow appearance

Colour

Other features

Location

68

The number of furrows on the pollen grain. Furrows
are boat-shaped aperturcs, more than twice as long as
they are wide. This can be a constant value, a range of
values, or the string 'variable'.

The appearance of furrows on the pollen grain. A
character string.

The colour of the pollen grain after staining.

Unusual features of the pollen, which are not covered
by other characters.

A list, commencing with a location, and 12 probabilities.
corresponding to the probability of the pollen
appcaring at the given location in each month of the

year.
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Appendix D

Adding taxa to the knowledge base

D.1 Introduction

The subsystem for adding taxa allows domain experts to easily update the
contents of the knowledge base. It uses a dircct manipulation interface: all
actions the user can take are presented in the form of buttons; choices of
character states are presented using scrolling menus. The subsystem can be
easily modified to change or add characters, allowing other domains to use the
system.

For cvery character, the user is asked to sclect one or more states that best
describe the taxon they are spccifying. The user can sclect 'unknown' if the
taxon bcing described does not exhibit a statc for that character. If the user
sclects a state, hc/she is then asked to specify the importance of that character

in identifying the taxon.

D.2 Example session using pollen system
The wuser is initially asked for the botanic name of the pollen being

described (Myrtacea in this example).

Pollen name: |myrtaceq

[Tk‘] [ Cancel |

Figure D.1: Botanic namc¢ dialog,




70

Common names for the pollen arc then requested. The user can continue
by selecting 'Unknown' to indicate that they have no information about
common names, 'Add another common name' to continuc adding names, or 'Ok’
to indicate that all names the user knows about have been specified. For

example, a common name for myrtacea is eucalyptus.

Common name for myrtacea:

eucalyptus

[ Add another common name ]

0k |

*./

-

[Cancel] [ Help ] [Unknnwn]

Ficure D.2: Common name dialog.

An indication of the size of the pollen is then requested. The user has

sclected 'Unknown', to indicate that the size of myrtacea is not known at this

stage.
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Size of myrtacea:
(® variable
O very small (<20pm)
O small (20 - 30pm)
O medium (30 - 50pm)
QO large (50 - 100pm)
QO very large (>100pm)

[ Cancel | [ Help | [Unknuwn‘*| 0k |

Figurc D.3: Size dialog,

Next, an indication of the shape of thec pollen is requested. The user has

selected 'Triangular’, to indicate that the shape of myrtacea is triangular.

Shape of myrtacea :

lcircular
egg-shaped
elliptical
triangular:=---
e g
square

FCancelJ [ Help } [UnknuwnJ 'L 0Ok kJ

Ficurc D.4: Shape dialog.

As a state was selected for thc character 'shapc’, the user is asked to specify

the importance of shape in identifying the pollen. In this example, 'Essential’
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has been selected, indicating that the shape ‘triangular’ must be specified in

order for a specimen to be identificd as myrtacea.

How important is shape in distinguishing myrtacea from
other pollens?

Essential: ®
Important: O
Not very important: O
Not at all important: O

[Cancel] [ Help ] [Unknown} [ Ok k““’]

Ficure D.5: Shape importance dialog.

An indication of the surface appecarance of the pollen is then requested.
The wuscr has sclected 'Unknown', to indicate that thc surfacc appcarance of

myrtacea is not currently known.

Surface appearance of myrtacea :

dimpled O
spiny D
dots at high power

grainy

net-like i
smooth Y

pr———

ok |

( cancel | ([ Help | Wnknownk

Ficure D.6; Surface a ran dialoge
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An indication of the intine appearance of the pollen is then requested. The
user has selected 'Unknown', indicating that the intine appearance of

myrtacea is not known at this stage.

Intine appearance of myrtacea :

star shaped 123
overlapping clear granules

<

[CancelJ [ Help J [Unknuwnkl[ 0k ]I

Ficurc D.7: Intine _appearancc dialog.

The wuser is then askcd to specify the number of pores appearing on the
pollen.  The wuser has sclected 'Range’, and entercd values which indicate a

range of 3 - 4.

Number of pores on myrtacea :

None:

O
Constant number: (O
®

Range: e 3 to |4

Variable number: O

[Cancel] ([ Help | (unknown | | ok

Ficure D.8: Porc _number dialog
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As a state was selected for the character 'number of pores', the user is asked
to specify the importance of the number of pores in identifying the pollen. In
this example, 'Essential' has been sclected, indicating that the number of pores
on the specimen must be in the range 3 - 4 in order for a specimen to be

identified as a myrtacea.

How important is the number of pores in distinguishing
myrtacea from other pollens?

Essential:

Important:

Not very important:

O00®

Not at all important:

( Cancel | [ Help | [Unknown ] 'f 0k k"-J]

Figure D.9: Porc _number importance dialog.

The user is then also asked to describe the appcarance of the pores on the
pollen. In this examplc, he/shc  has sclected 'Clearly visible', indicating that

thec pores on myrtacea arc clearly visible.
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Appearance of pores on myrtacea :

Clearly visible- oozl
Irregular
United

g

LCanceIJ [ Help ] [Unknown] [T_]

Figure D.10: Pore appearance dialog.

Because a state was selected for the character 'pore appearance', the user is
asked to specify the importance of pore appearance in identifying the pollen.
In this example, he/she has selected 'Esscntial’, indicating that the pores on
the spccimen must be clcarly visible in order for a spccimen to be identified as

a myrtacca.

How important is the appearance of the pores in
distinguishing myrtacea from other pollens?

Essential: @
Important: O
Not very important: )
Not at all important: O

( cancel | [ Help | [Unknown ] || Ek-k"-]]

Figure D.11: Por ran im n 1al
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Next, the user, having given a statc for the character ‘number of pores’, is
asked to describe the placement of thc pores on the pollen. In this example,
he/she has selected 'At corners', indicating that the pores on myrtacea appear

only at the corners of the pollen.

Placement of pores on myrtacea :

[Reqularly spaced iy
Irregularly spaced

>
(cancel ] [ Help | [Unknown | ll Ok R’-)]

Ficure D.12: Pore placement dialog.

As a state was sclected for the character 'pore placement’, the user is asked
to specify the importance of pore placcment in identifying the pollen. In this
example, hc/shc has sclected ’Esscntial’, indicating that the pores on the
specimen must appear at thc comcrs in order for a speccimen to be identified

as a myrtacca.



77

How important is the placement of the pores in
distinguishing myrtacea from other pollens?

Essential: ®
Important: O
Not very important: O
Not at all important: O

[ cCancel | [ Help | [Unknown ] [—l]k—hr]

Figure D.13: Pore placement importance dialoe.

An indication of the number of furrows on the pollen is then requested.
The wuser has selected ‘Unknown’, indicating that the number of furrows of

myrtacea is not known at this stage.

Number of furrows on myrtacea :

None: @
Constant number: O
Range: 3 to
Variable number: O

[ cancel | [ Help | [Unknownkll' 0k ]l

Ficure D.14: Furrow number dialoe.

In addition, an indication of the colour of the pollen is requested. The user

has selected 'Unknown', indicating that thc colour of myrtacea is not known at

this stage.
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Colour of myrtacea:

pink a1
brown
v

( cancel | [ Help ) |Unkn0wn_"~| 0ok |

Ficure D.15: Colour dialog.

Features of the pollen which have not yet been recorded are then
requested. The wuser can continuc by sclecting 'Unknown’ to indicate that
he/she has no information about other fcatures, 'Add another feature’ 1o
continuc adding features, or 'Ok' to indicate that all features the user has
information about have bcen specilicd. A fcature of myrtacea is that they

commonly stick togcther.

Other features of myrtacea:

stick together

( Add another feature )

( cancel | [ Help | (unknown ] [ ok R*"I

Figure D.16: Other featurcs dialog,
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As a state was selected for the character 'other fcatures', the user is asked to
specify the importance of these features in identifying the pollen. In this
example, he/she has selected 'Important’, indicating that thesc features should

only be employed if all essential characters have been used.

How important are other features in distinguishing
myrtacea from other pollens?

Essential:

Important:
Not very important:

O O0O®O

Not at all important:

[Cancel] [ Help ] ﬁlnknuwn] kaj

Figure D.17: Other fecaturecs importance dialog.

Finally, an indication of the locations at which the pollen is known to
appear is rcquestcd. The user has sclected 'Palmerston North', to indicate that

myrtacea is known to appcar only at this location.
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Location(s) myrtacea is known to appear:

Christchurch
Dunedin
( cancel | [ Help | [uUnknown] | ok ]

Ficurc D.18: Location dialog.

As a state was selected for the character 'Location', the user is asksd to
specify the times of the ycar at which thc pollen is known to appear at that
location.  In this case, myrtacca has a mecdium chance of being collectzd in
March, a low chance in April, and is not seen during the remainder of the

year.
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Chance of seeing myrtacea in Palmerston North for each

month:
High Medium Low  No Unknown
BT Y 1111101 SO O O O ® O
February...cceeenns O O O ® O
March..ceeeeeeesseeeeees O ® O O O
(111 | P O O ® O O
111 R O O O ® O
JUNE..oeeeeeeereeereeeeeecenans O O O ® O
B 11 || —————— O O O ® Q
L] L S O O O ® O
L= 11]1] 2] O O O ® O
(1153 01 111 SO O O O ® O
NOUEMDEer..ouuereeeeeens O O O ® O
DEeCemMber.ennereeenns - O O ® O
[ Cancel ] [ Help ] [Unknnwn] [ Ok RJ
Figurc D.19; Location/Month dialog,
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Appendix E

Example session using the present system

E.1 Counting subsystem
E.1.1 Introduction

Pollens are collected on vascline-covered rods which are placed in exposed
areas and changed approximatcly every 24 hours. The rods are placed on
microscope slides and the pollens idcntificd and counted. The purpose of the
counting subsystem is to assist both non-specialised and experienced staff to
accurately count the numbers of different types of air-borne pollens which

have collected on a rod.

E.1.2 Example session
The user is initially asked for the date of collection. The '-' and '+ buttons
allow the user to change the date from the default if required. November 25,

1989 has been sclected in Figure E.l.

o<z Collection Date- oo - -

25 November 1980

EE BE &

( Help ] [ Cancel ] [ Ok ;J /

The user is then asked for the location of the collection device. Palmerston

North has becen selected in Figure E.2.
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Select location of pollen sampler

Auckland
Hamilton
PalmerstomNorth: -y o
Wellington

Christchurch

[ Help ] [ cancet | | ok |

Ficurec E.2: Location dialog,

The most likely pollens for the given date and location are seals

the knowlecdge base, and pictures of these are displayed on the computer

scrcen (Figure E.3). The user counts pollens by placing the cursor on a
picturc using the mousc, and clicking the mouse button. The s:sizm ‘beeps’
when a pollen is counted, allowing the user to count without lockiznz <p from

the microscope.

The total pollen count may bc requested at any time. The s:sizm then
displays thc counts of the various types of pollen, total number ¢ 20ilzns and

sporcs, and thce density of these in grains per cubic metre of air (Fizure E4),



betula

4 A,

([ spore |

[ Unknown |

(Other Likely |

( An Pollens ]

( Identify ]

Fieure E.3: Likely

pollens dialog.

Pollen Raw Count Grains/m3
betula 20 1.468 >
cupressus 2 0.146
grass 4 0.293
pinus 5 0.367
unknown 2 0.146

]
Total pollen e 2.42
spore 3 0.22

[

Help

l| Ok ||

Ficure E.4: Count recsult dialog.
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E.2 Identification subsystem
E.2.1 Single-access monothetic mode
Selecting the 'Identify’ button in the count dialog begins the identification
process. The system begins by asking about the character 'surface’, this being
the most important character for the most likely pollen during November in
Palmerston North. The user can sclect one of the states given to describe the
character, 'Unknown' to indicate that they cannot determine the state of the
character, or 'None' to indicatc that they can dctermine the character state,
but it does not match any of the given states. In this example, the user does not
know the state of the surfacc on the spccimen, so has selected 'Unknown'. Note
the statement at thc bottom showing the number of possibilities remaining in

the system.

IDhat is the state of surface on the

specimen?
dﬂts at high ﬂﬂlll&l"—— o :E'_:'-'._".".— e [E
net-like
grainy Help
e (_tep ]
spiny

3 | Cancel J

[ Unknown *' [ ok ﬂ

19 possibilities remain.

Ficure E.5: Surface dialog,

As 'Unknown' was sclected, the system continues with all the pollens. and
querics the user about the next most important character, intine appearance.
In this example, the uscr docs not know thc statc of the intine orn the

specimen, so again has sclected 'Unknown'.
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What is the state of intine on the

specimen?
starshaped: == : ([ Wwhy J
overlapping clear granules

[ Help ]

&l

(Unknown k‘l [ ok |

19 possibilities remain.

Figcurc E.6: Intine dialog,

As 'Unknown' was sclected, the system continues with all the pollens. and
qucrics the user about the next most important character, shape. In this

example, the user has sclected ‘triangular’.

IDhat is the state of shape on the
specimen?

Why

( cancel |

0k , |

k_

two bladders
circular
egg-shaped
elliptical
triangular: s s iE T e

—

(Rone

19 possibilities remain.

Figure E.7: Shape dialog,
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As myrtacea is the only pol.lcn present in the knowledge base which has
'shape’ as an essential character, and which matches the state ‘triangular’, the
system is able to identify the specimen as a myrtacea. The ‘'unlikely’ comment
shows that although the system has identified the specimen as a myrtacea, it is
unlikely that a myrtacea would be collected in Palmerston North during

November (see Appendix D).

The results are:

How
S

unlikely - myrtacea Describe a pollen

Set/Change a character

Help

»-...._Apk_n

Cancel

[
[
[
[ Change settings
[
[
[

( Ok )

Figurc E 8: Resul ialog

Selecting the 'How' button in the result dialog displays an explanation of
how the identification was complcted. .Characters which are 'unknown' are

not shown in the explanation dialog.
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myrtacea was accepted on shape ( triangular)

ETEN

Ficurc E.9: Explanation dialog,

Selecting 'Describe a pollen' in the results dialog allows the user to select
one or more pollens in order to vicw their descriptions. In this example, the

uscr has selected myrtacca.

Select the pollen(s) to view:

L Help 1

([ Cancel |

Figure E.10: Pollen selcction dial
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Note the '+ on shape, indicating a match with the decscription of the

specimen.

States for myrtacea:

pore placement At corners O (_Picture |
colour pink
pore appearance  Clearly visible [ Help J
other stick together
number of pores 3 -4

+ shape triangular S| [ Cancel |

Figure E 11;: Pollcn scription _dial

E.2.2 Multi-access monothetic mode

Sclecting the 'Change settings’' button in the result dialog allows the user to
spccify how far into the identification sequence the system is to use the
singlc-access monothetic mode. If this number is low, most taxa must be
rcjected using the singlc-access monothetic mode before the user is permitted
to select a character for description. If the number is larger than thc number
of taxa in the system, the uscr can usc thc multi-access monothetic mode from

the beginning of the scquence.



Selection of the ‘'Identify’ button

90

Number of pollens remaining before

displaying rankings:

20

( Help ] [ Ccancel ] [@

Ficure E.12: Chanege

scttings dialog,

in the

likely pollens dialog (Figure E.3),

when the number set using 'Change settings' is larger than the number of

taxa in the

system displays the following dialog. This allows the user to

'Continue’ in the single-access monothctic mode, or to 'Sct/Change a character

to use the multi-access monothctic mode.

character'

this example.

The user has selected 'Sct/Change a

Ranking of current possibilities:
Pollen Ranking
chenopod 100

_ compositae 100

f cupressus 100
grass 100
plantago 100
rumes 100
daucus 20
ligustrum 70
acacia 0
alnus 0
19 possibilities remain.

[ How ]

r Describe a pollen ]

[Setz’thange a character"k

[ Change settings

)
[ Help ]
)

( Cancel

[ Continue |

Figure E.13: Pollcn

ranking

ial
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Selecting 'Set/change a character' allows the user to describe a character
state, or to change a previously given character state. The user has selected

the character 'shape' in this example.

Select the character(s) to set or change:

Character Current state

colour

intine [ Help }
other

pore appearance

number of pores ([ cancel |
pore placement

shape oo Funis T T

size [ 0k h-]

Figurec E.14; Character sclection dialog,

The system displays the possible states for the character chosen, and allows
the user to sclect one or more which describe the specimen. The state

‘triangular’ has been selected in this example.

Select state(s) for shape :

circular
eqgg-shaped

elliptical | Help |
| Cancel |

| Unknown | Ok *_J

[©

two bladders

<

Figure E.15: Sha ial
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As myrtacea is the only pollen present in the knowledge base which has
'shape’ as an essential character, and which matches the state ‘triangular’, the

system is again able to identify the specimen as a myrtacea.

The results are: How

unlikely - myrtacea Describe a pollen

Help

(
(
(set/Change a character
[
(
( Cancel

)
]
)
Change settings |
J
)

[ 0k .ED

Figurc E 16: Result dialog,

Sclecting 'How' in the result dialog gives the same result as in Section E.2.1.
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myrtacea was accepted on shape ( triangular)

BTN

Ficure E.17: Explanation dialog,

E.2.3 Both single-access and multi-access monothetic modes

The multi-access monothetic mode can be wused to narrow down an
identification, then the single-access monothetic mode used to complcte the
identification, as in thc following example. The user has sclected 'mumber of

porcs' for description.
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Select the character(s) to set or change:

Character Current stéte

Figurec E.18: Character sclection dialog

The system queries the user about the number of pores on the specimen: 4

in this example.

What is the number of pores of the
specimen?

| Cancel |
- ETEN

Figure E.19: Pore number dialog

The system then displays the pollens remaining, and allows the user to
select 'Set/Change a character' to continuc in multi-access monothetic mode,

or to select 'Continue' in the singlc-access monothctic mode as shown here.
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Ranking of current possibilities: [ How ]
Pollen Ranking
hlantago 100 ) [ Describe a pollen ]
myrtacea 0
(set/Change a character
([ Change settings |
[ Help ]
| Cancel ]
L r
2 possibilities remain. E Continue k“ﬂ

Figur¢ E.20: Pollen ranking dialog

The system examines the dcscriptions of the remaining pollens and
determines the most important character for the most likely pollen. The user
is then queried about that character. In this case, 'pore placement' is the most

important character; the user has sclected 'At corners'.
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IDhat is the state of pore placement on
the specimen?

At corners i srcdstindmaEi sy [ why |
Regularly spaced

[ Help )

I}“ ( Cancel ]

| Unknown | lf Ok h’Jl

2 possibilities remain.

Figure E.21: Porc placement dialog,

Sclecting 'Why' in the previous dialog displays the pollen taxa which will

be accepted or rejected by the state given for the character.

Having a state for pore placement will help distinguish
the following pollens (expected states in brackets):

* plantago ( Regularly spaced )

* myrtacea (At corners)

* These pollens will be rejected or not, depending on the
state given for pore placement.

[ ok

A

Figurc E.22:'Why' dialog,
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Selecting 'At comners' for the character ‘porc placement’ gives the result
myrtacea, as it is the only pollen remaining with the matching character

state.

The results are: )

How
3

r-_‘l

unlikely - myrtacea Describe a pollen

Set/Change a character

. S e

Change settings

Cancel

f_"lr—ir—1

)
)
)
Help ]
J

0k J

7

Figure E.23: Resul ialog

Sclecting 'How' from the results dialog shows thc mcthod used for the

identification.
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plantago and myrtacea were accepted on number of
pores (4)

myrtacea was accepted on pore placement ( At corners )

[ ok k']

Ficure E.24: Explanation dialog.

Sclecting 'Describe a pollen’ from the results dialog allows the user to

request descriptions of one or more pollens. Myrtacea and plantago have been

selected in this casc.

Select the pollen(s) to view:

Pollen

Ficure E.25: Pollen sclection dialog




L

Note the '+', on

‘pore placement’

matches with the description of the specimen.

and 'number of pores’,

indicating

29

state

States for myrtacea:

+ pore placement At corners it m‘*‘_]

colour pink

pore appearance Clearly visible [ Help ]

other stick together

+ number of pores 3 -4

shape triangular | [ Cancel
[ ok |
__*_.

Figurc E.26: Pollen description dialog
Note the '-' on 'pore placement’, indicating the state which does not match

that of thc specimen description.

States for plantago :

colour
+ number of pores
- pore placement

pink
3-6
Regularly spaceg

[

<

Picture

Help

Cancel

i

ok . |

k_.

——

Ficurc _E.27: Pollen description dialog
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Appendix F

LPA Prolog for the Apple Macintosh

LPA Prolog for the Apple Macintosh is based on the Edinburgh Prolog
syntax, to which has beccen added a large number of primitives allowing the
programmer high-level access to the Macintosh interface. This access allows
the user to generate dialogs, manipulate menus and windows, and draw and
manipulate graphical objccts.

LPA Prolog allows uscrs to implement dialog boxes which can include
buttons, check boxes, edit ficlds, scrolling menus, icons, text and pictures
imported from other Macintosh applications. Dynamic dialogues which allow
the dialog configuration to bc manipulatcd under the control of a Prolog
program are also available. Examples of the use of LPA Prolog dialog boxes can
bc seen in Appendices A, B, D and E.

LPA Prolog allows mecnus to be installed, extended, removed or altered
easily.  Sclection of a menu item invokes thc Prolog program associated with
that item.

Window handling routines allow the user to create, display, hide, move or
kill windows using Prolog program calls. Access to standard Macintosh
facilities sluch as the clipboard and desk accessorics arc available using these
routines.

Graphical objects can be drawn and manipulatcd using Prolog primitives.
These have been used in the pollen counting scction of the Pollen
Identification Expert System, which displays pictures of likely pollens and
allows the user to count thc pollens he/she can see in the microscope by

choosing thc appropriate picture using thc mouse.
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A powerful symbolic dcbugger is provided with thc LPA Prolog system.
This allows the user to interact with a program by, for example, sctting

breakpoints and stepping or jumping through program clauses.
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