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Artificial Intelligence & Education

Using Qualitative Reasoning

Research: computational intelligence

*[dnowledge representation and reasoning

1

hteraction, dialogue and interface

e[dbarner modelling

But not today...
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o[d workbench for creating, running,

and 1nspecting models based

qualitative reasoning techno

in order to:

on
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o[Support domain experts in creating

and capturing ecological knowledge

(see also tomorrow’s talk)



Software

o[(ARP

the simulator, a qualitative reasoning engine

o[VISIGARP

model inspection tool (runs on top GARP)

e HOMER
model building tool (produces input to GARP)
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Diagrammatic representation

(Lisp / Prolog)

(defModelFragment heat-flow

:subclass-of (physical-process)
:participants ((the-src :type thermal-physob) [ Temperatur el ] [ Temperatur e?2 ]
(the-dst :type thermal-physob) >
(the-path :type heat-path A A
:constraints *

((heat-connection

the-path the-src the-dst))))
:conditions ((heat-aligned the-path) II
(> (temperature the-src)

(temperature the-dst))) I I+
:quantities ((heat-flow-rate :type heat-flow-rate)) -
:consequences ((Q= heat-flow-rate

(- (temperature the-src)

(temperature the-dst))) [ Heat 1 ] [ Heat 2 ]

(I- (heat the-src) heat-flow-rate)

P+ P+

(I+ (heat the-dst) heat-flow-rate)))
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Software

GARP
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Homer
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o[[reate model fragments
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Target system and behavior

|

W

D

S

A QR model captures knowledge
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(a human interpretation of reality)
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Assignment - Two-tank system

Construct the model ingredients that will allow you to run a simulation of the U-tube system. A
U-tube, is a system consisting of two containers, filled with oil, which are connected via a pipe
near the bottom of each container. Pressure difference near the bottom of the connected
containers determines what will happen. From the container with the higher pressure, oil will
flow to the container with the lower pressure. Assume that the pipe has no influence on the
behaviour of the system except for facilitating the flow of oil between the two containers.

The following requirements should be addressed.:

Construct a model fragment that is general for all kinds of containers filled with a liquid and
that captures the quantities and their dependencies relevant for the typical U-tube behaviour.
Do not include quantities that are not relevant for this behaviour.

Construct a model fragment (a process) that captures the idea of a liquid flow between two
containers filled with liquid. You may assume that the connecting pipe is always near the
bottom and that the containers are always at equal height. Difference in pressure should trigger
a flow. The flow should influence the amounts of liquids in each container.

Create a scenario's:

Create a scenario in which two containers exist, connected via a pipe, each containing liquid,
for which a liquid flow will become active, because the levels of the liquid in the two
containers are unequal.



How to create the model?

@

-Buﬂd.n.lg blocks Capturing
- Entities only what
- Structural relations is actually
fities & it needed for
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e[Tonstructs
- Scenario

- Model fragments

[Run simulation & test model results




HOMER demo?

HOMER: [New]

2=

Open... | Mew |
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E=xpor... |

Entities.. | Agents.. | Assumptions.. |

Aftribute definitions.. | Configuration definitions... |

Quantity definitions... ] Guantity Spaces... |

Model fragments... | Input systems... |

(e 2001 Universiteit wan Amsterdam (SWI1D 5 Spin in het Web® (see about-box for details)
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Which ObjECtS (& structural relations) ?

Subtype hierarchy
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Constructing an entity hierarchy

...liquid 1s
| Entity hierarchy H B .
Edit /) View /) a kind of
x substance. ..
3’: ot aimer
Flaical abect *
Lty Faliy [SA
* — * — * Hi-:rurn:l‘u}fx
SRIESEArE Liguig Waler
[.1.1
Select
super type Super Type ol
[.1.2 .
Give Mame | ._| 4
Name Validate
Edit the entity hierarch Description
W Y Mot ok
[.1.3%
Give
description

Request Failure




Specifying configurations

O Configuration definitions =] ...container
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Which quantities ?

Amount
Height

C
T,

Flow

Pressure

D Quantity value=<magnitude,derivative>7




Defining quantities

To capture
the behaviour
of a system

Quantity definitions =]
Quantity definitions:
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Which quantity spaces?
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Defining quantity spaces

The values
a quantity
can take on

What are the
important

landmarks. ..
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Scenario ?
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The scenario editor

{Input system)

Edit /] [ Elemepts © Wiew /)

Entity Instance... [Ctrl + E]

agent Instance... [Ctrl + A]

Assumption... [7]




Model fragments

~ Contained liquid

Contained liquid




Static MF: a contained liquid
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Model fragments
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Process MF: a liquid flow
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Processes (a liquid flow...)
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State transition graph for scenario: Utube with unegual levels
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Some recent developments...
o[Question generation
o[Hvent history

*[Model building support



' mark -
Concluding remarks Knowledge

capture

o[Homer: building QR models
(Bessa Machado & Bredeweg, OR2003

*[¥isiGarp: running & inspecting QR models
(Bouwer & Bredeweg, AIED2001 )

*[Application to teaching: collaborative learning
(Salles & Bredeweg, AIED2003)

[Application to ecology: population & community dynamics
(Salles & Bredeweg, Ecological Modelling - in press)



Software can be found at:

http://www.swi.psy.uva.nl/projects/GARP/




