Appendix
An Overview of the Botany Knowledge Base

This appendix presents the top-level representations of objects and processes
and the skeleton of the Botany Knowledge Base. Much of the detail has been
omitted and some of the information on the charts is not current.

Each chart in this appendix is a network representation of knowledge about
a topic in botany. A node represents either a class of objects (depicted with a
box) or a class of events (depicted with an an oval). An arc represents a relation
between two nodes. For example, Flower and PhotosynthesisEvent are nodes
and has-part and sub-event are relations. Every node and arc in the network
corresponds to a frame in the Botany Knowledge Base.

On our charts, we have adopted a few short-hand conventions. First, all arcs
are directed. If the direction is not explicit then the direction is top to bottom, and
left to right.

Second, although each node corresponds to a class, an arc between two nodes
does not state a relation between the classes. Rather, the arc means that instances
of the classes are related. Pictorially, the general form:
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With this convention, the classes correspond to the domain and range of the
relation. The only exceptions to this convention are the relations specialization
and generalization that relate classes rather than instances.

Third, if two classes are related by the stage relation (e.g., a seedling is a
stage of a plant) then the classes are related by specialization and generaliza-

tion (e.g., seedling is a specialization of plant) and the stage relation applies to
instances of the classes.

Fourth, an important class of constraints is represented with two arcs pointing
to the same node. For example:



means that the same instance of the class z must be related to an instance of = by
r, and to an instance of y by r2.

Finally, considerably more domain knowledge has been left off the charts than
included. We omitted the:
top-levels of the CYC knowledge base to which the Botany Knowledge Base
is “attached.”
inverses of each relation.
constraints (except domain and range) imposed on each relation.
rules for computing or heuristically guessing values for some relations.
relations among relations.
qualitative values for some relations.
changes to actors in events.
criterial differences between pairs of classes.

temporal relations among the sub-events of an event.
We have included some additional detail on two charts:

Growth (Complete) — page 46 — an extension of the Growth chart. -

BLT Assimilate Assimilation (Complete) — page 69 — an extension of the
BLT Assimilate Assimilation chart.

These charts provide some of the detail in the Botany Knowledge Base that has
been omitted from the other charts.

Each chart represents a limited perspective of objects and events. For ex-
ample, one chart gives partonomic information about flowers, while another gives
developmental information about the same objects. A comprehensive view of the
representation of each object requires combining perspectives across the charts.
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Outline of the Botany Knowledge Base
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Ivent Hierarchy
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Plant Composition
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Abstract

Our research applies a large-scale, multifunctional knowledge base to signif-
icant Al problems. The knowledge base encodes commonsense and expert know-
ledge of botany, in particular, anatomy, physiology, and development. To convey
the scope of the knowledge base, we present the top-level representations of objects
and processes as well as the skeletal diagramming of the knowledge base. The first
applications of the Botany Knowledge Base are machine learning and tutoring. The
goal of our learning research is to develop and evaluate a computational model for
a new learning task — knowledge integration. This task, which might be termed
“learning at the fringes of a knowledge base,” involves the incorporation of new
information into existing knowledge. The goal of our intelligent tutoring research is
to develop knowledge representations and processes for dynamically revising teach-
ing plans and tailoring explanations to the individual needs of a student. Our
research is predicated on the knowledge principle that emphasizes the crucial role
of extensive, task-independent knowledge in intelligence.
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Flower Stages & Parts
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Pollen Grain Parts & Stages
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Seedling Development - Overview
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Seedling Emergence

54

Germinated
hp Seed N
T hp
PN\
; ; EndospermOf
Germinated h Germinated SeedCoatOf D
Embryo P hp Embryo Ger?eue\gted ~contains — Gergn m; ted
KN\ Hypocotyl ee
hp contains
Germinated i -
EmbryoRoot Eﬁg&‘gg;ﬁt o — G%mpjied
System < System Cotyledon
before hp\ \h
Germinated
before EmbryoRadicle Assimilating
Cotyledon
Emerging T T
Emerging geegling Ggrnginated sta'ge stage
Seedlin 00 mbryo Germinatin
Roothgtem opee  [System bef Epicotyl Embruo 2 :
Developmen etore N Cotyledon Seedling
subEv Emerging stage [Cotyledon
Seedlin devel.iSeedling . 1
MainRoc?t opee |MainRoot G%mpaged
before Y
Devel. bef Cotyledon
efo
subEv re staqe
Esmeg ing
i icotyl - eedling
Seediing SubEy Secding. T Ev-{longation 9 er—[ETngating| [CotyTedon
Emergence}-devel~{Emerging ShootSys. Epicotyl stage
opee ; Devel. I
Seedling Erera Emerged
d erging
devel I SeedTing Seedling
ShootSystem Cotyledon
after after ;
Emerged < af\t,— stage
Emerged Seedlin Establishing
Seedlin hp 9 Seedling
9 Shoot . Emerged
AN after [ ot hp Seedling Cotyledon
hp PP Siem after Epicotyl
Emerged
Seedling hp Emerged
RootSystem Seedling
MainRoot
i
Emerged Emerged
Seedling Seedling
Hypocotyl Cotyledon



jeedling Establishment :
: Juvenile
Seedling Angiosperm
Seedling
stage Establishment stage
l
Emerged ft Established
Seedl?ng < before V4 developee \ 5| Jivenile
h‘ subty Establishing\_ subEv
4 Seedling AN
stablishingSeedling \
ShootSystem
Development ho
subEy
Becoming
3 TSecdimalbefore Photosynthetic f
mergedSeedling after : -
ShootSystem [¢—developee J > Essttfgglssze:{élgenﬂe
| hp
h hp e
EstablishingSeedling
Elongated
Epicoty] ShootSystem
hp hp
N EmerqedSeedling Establishing hp
Cotyledons Seedling |~
Hypocotyl
EmergedSeedling Established
Hypocotyl JuvenileVascular
TransitionZone
h
@stablishingSeedlingRoot
ystemDevelopment
EmergedSeedling before after - -
developee EstablishedJuvenile
RootSystem P RootSystem
EstablishingSeedling
RootSystem

55




Becoming Photosynthetic

G’ransportation EvenD

5:3‘

EmergedSeedling 3
hootSystemEnerqgy
Acquisition

PlantSh
S

ystem

subEy

oot

S

EstablishinaSeed]ingJ

Absorm ShootSystemLight
Event Energy Acquisition

bl
e‘na/ * supkv s subEv
@Pl ‘nat‘ignOIA enables Photon Absorption ) s
}an 00, ys e\m yShootSystemCell J
origin . '
e ',:—j( destin transportee hing s PhotonAbsorbtionBy
s ig lahon ab- | EstablishingSeedling
oureel  [PiantShoot sorbed (PhotonAbsorptionBy ShootSystemCell
System EmergedSeedling
ShootSystemCell
enables
Establishing triggers
Seedihing
ShootSystem
——
state N state
Pre-Photosynthetic Becoming
EmergedSeedlin ;
Shootgs ystem 9 Photosynthetic Photosynthetic
2\ EmergedSeedling
bef developee aft—) ShootSystem
N bE ShootSystem o3
P subEy |[Becoming !-—; ion )
Photosynthetic SubEv Xpansten
Photosynthetic h
CellDevelopment
Pre-Photosynthetic], bef aft s] Photosynthetic
ShootSysytemCell developee “IShootSystemCell
SUEY CeliWithDeveloping
Chloroplasts
h hp
P Chloroplast
Development /<
bef aft
lProEIash’d; £ deviﬂopee CMoroElast]
Developing
contains SUbEY Chloroplast
contains
bef = before
ghh:jroe(hgﬂ aft = after
roduction subkvy = subEvent
{Protochlorophyll rav product
materials \ E:Chloro:—__lphgﬂ

56



Biological
production Specs Reproduction

Sexual
Reproduction Jhsexuai
eproductio

N
n‘—/ 5
/ sexualOrganismY

Reproduction /

|
5 7 s

= specializatio Botanical

Reproduction

Sexual
Organism

Reproductio

Angiosperm
Reproduction

5

Chloroplast
Reproduction
Ny

: ) )
ultipleCell
Asexual Reproduction porogenesis

Reproduction s S 5
(Microsporogenesis)
Mitosis

S

— 3
(Meqgasporogenesis)
By

S 35
(MaleGametogenesis)

Angiosperm
Sexual
Reproduction

Angiosperm

FemaleGametogenesis)




Angiosperm Sexual Reproduction- Overview

- N
(AngmspermSexua] bE
. subEv
Reproduction <UbEY
Fruit
Development
érg:’er:(‘:g?ou;e FruitRipening
l f subEv bEy SubEv subEv subkv
subEv subky / S
subEv

ee
Gametophyte Development

Development

Sporogenesis

( Pollen )
ransfer

SeedRipening
ertilizatio

N
/subEv SN\ MaleGameto subEv UbEV‘\
SUbEY | phyteDevel
- Pollen PollenDevelopment
AfterGermmahon

mbryoSac subEV
ormation

PollenTube

subEv subEv

‘; e:geassizoro_i subEv. (EmbrgoSac )
Developmen SUbEY

(Megaspore ) SpermCell
egeneration

subEv Pollen
Pollen, S Germination
ormation AndGrowth

Microsporo-
genesis

S = specialization
subEv = subEvent

58



igiosperm Sexual Reproduction -
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Biological Molecules
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