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Abstract -- In the present work, a system of computational ontology is presented, for representing the knowledge of tech-
nical text in the context of Computer Networks domain, according to the Denhiére-Baudet model for technical text com-
prehension. The semantic relations among entities and events of a technical text can be expressed by structures, as micro-
structure and macrostructure, of this system. In this paper, the explicit and implicit knowledge representation of two ex-
tracts of a technical text is provided, as well as, the teleological representation of the functional system operations, de-
picted in these extracts. The presented methodology can support automatic reasoning, through the combination of teleol-
ogy and causality, which can be used in automatic knowledge extraction from a technical text body.

Index terms -- state, event, microstructure, macrostructure, taxonomy, partonomy, functional system, functional object
analysis, teleology, inference.

I. INTRODUCTION

Today, a lot of effort is being put for creating programs and algorithms to simulate psycholin-
guistic theories with regard to human processes of memory and text comprehension, as the con-
struction-integration model [9], the theory of latent semantic analysis of knowledge representa-
tion [8], and the Denhiere & Baudet technical text comprehension model [1]. The text compre-
hension models use cognitive representations which focus in deeper levels of understanding,
such as conceptual conclusions based on knowledge (knowledge-based inferences), inductive
reductions (pragmatics) or world knowledge combined with the surface levels of understanding
which involve lexical processing, syntactic analysis and text interpretation [3], [11]. Within the
framework of the present work, the Denhiére & Baudet technical text comprehension model and
two indicative examples of knowledge representation for automatic technical text comprehension
based on the explicit and implicit content of two extracts of technical text, are presented. The
knowledge representation of these extracts content can reveal the importance of the teleology to

knowledge extraction through the automatic inferences.
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1. DENHIERE — BAUDET MODEL OF TECHNICAL TEXT COMPREHENSION

According to the text comprehension model of Deniere and Baudet [1] the individual who
reads a text manufactures progressively the microstructure of its representation, namely states,
events and actions of the world that is described in text, as well as, temporal and causal relations
which connect these structures. The term ‘state’ is static and it describes a situation where no
change happens during time. The term “event’ describes an action that causes changes but is not
evoked by a person. An event can be accidental or can be caused by non-human action e.g. a ma-
chine. An ‘action’ causes changes and is evoked by a person. The above fundamental cognitive
categories are determined by the characteristics of an individual’s cognitive system. The text
should support the construction of the following representations:

e Microstructure, which includes a description of system entities based on temporal/causal rela-
tions that connect them, a description of sequence of events executed on these entities, and the
changes caused by these events to the states of these entities.

e Macrostructures, which includes the teleological and hierarchical structure of goal and sub-

goals of various operations of the system.

I1l. TECHNICAL TEXT — FUNCTIONAL SYSTEM

A technical text depicts a technical system, which contains a set of associated entities, fixed by
hierarchical relations of whole/part type. A technical system, organized as a tree of
goal/subgoals, is called a “Functional System”. The “construction” of a text, which allows a pre-
cise description of a technical system and facilitates a reader in manufacturing a macrostructure,
is called “Technical Object Analysis of a Functional System”. A technical text is supposed to
provide descriptions which include relational structure, which is a set of entities characterized
by values, received by their characteristics, and influenced by the determination of one or more
static relations among these entities, transformation, which is the modification of natural ten-
dency of progressive system states, which either remain the same or change, and teleology,
which is the initial system state that is determined by the present entities, their relations and the
values of their attributes. This initial system state changes in order to reach a final state by hav-
ing a determined schematization that constitutes the predetermined system goal. Each modifica-
tion has the operation of achieving this goal.



IV. TwoO INDICATIVE EXAMPLES OF KNOWLEDGE REPRESENTATION FOR AUTOMATIC TECHNICAL
TEXT COMPREHENSION BASED ON FUNCTIONAL SYSTEM CAUSALITY AND TELEOLOGY

A. Microstructure Construction

At the microstructure level, there is a description of units which constitute the system, as well
as, the causal relations which connect them. Initial stage for realizing microstructure of a text
that belongs in a technical domain is creating taxonomy, and partonomy of the concepts which
are presented in the text. The taxonomy concerns the entities that “participate” in the technical
text comprehension, particularly in Textbase level [8]. This ontology constitutes a tree-like struc-
ture, “is_a” type, which analyzes the taxonomical relations among the entities. The partonomy is
a tree-like structure too, “part_of” or “has” type, which expresses whole/part relations among the
entities of the microcosm. The basic characteristic of the microstructure is the fact that it has to
depict the explicit knowledge of the text, as well as, the implicit knowledge, which is contained

in the same text and is activated during the reader’s reading and comprehending.

The first extract, was taken from the book “Computer Science: an overview” [2]. It refers to

combination of bus topology networks towards forming wide area computer networks:

The repeater is little more than a device that connects two buses to form a single long bus. The repeater simply
passes signals back and forth between the two original buses (usually with some form of amplification) without con-
sidering the meaning of the signals. A bridge is similar to, but more complex than, a repeater. Like a repeater, it
connects two buses, but it does not necessarily pass all messages across the connection. Instead, it looks at the des-
tination address that accompanies each message and forwards a message across the connection only when that
message is destined for a computer on the other side.

Explicit knowledge representation of the extract

Taxonomy

Repeater is a device is_a(repeater, device). Bus2 is an instance of bus instance_of(bus2,bus).
Busl is an instance of bus  instance_of(busl,bus).  Forward is send is_a(forward, send).
Amplify is increase is_a(amplify, increase).  Pass is send is_a(pass, send).
Events

Repeater connects two buses connect_without_control(repeater,busl,bus?).
Two buses forms a single long bus form(busl,bus2,long_bus).

Repeater passes signals back and forth between 2 buses  pass(repeater, signal, back_forth, no_control).
Repeater amplifies signals amplify(repeater, message).

Bridge connects two buses connect_with_control(bridge,bus1,bus?2).



Bridges passes the message only when

it is destined for a computer on the other side
Bridge looks at the destination address

There is no consideration of signals meaning
Message is accompanied by a destination address

pass(bridge, signal, back_forth, control).

look(bridge, destination_address).
no_control(signal_meaning).
has(message, destination_address).

Implicit knowledge representation of the extract

Partonomy

Node is a part of a bus.
Lan is a part of wan.
Content is a part of signal.
Content has a meaning.
Bus has CSMA/CD.

Bus has address.

part_of(node, bus).
part_of(lan, wan).
part_of(content, signal).
has(content, meaning).
has(bus, csma_cd_protocol).
has(bus, address)

Transformation-Sequence of Events

In the case of a repeater

Source node sends the message to the source bus
Message is transmitted to the bus of the other side
through repeater If the destination bus is not occupied
Message is delivered to destination node,

Else it waits until destination bus is not occupied.

In the case of a bridge:

Bridge detects the destination address of the message
If message refers to bus2 then if bus2 is not occupied
bridge sends the message to the bus2

And Message is delivered to destination node2 in bus2.
Else it waits until bus2 is not occupied.

Else bridge doesn’t send it to bus2

And if bus2 is not occupied

Message is delivered to destination node2 in busl.
Else it waits until busl is not occupied.

Taxonomy

Bus is a lan.

Lan is a network.
Message is data.
Data is a signal.
Bus is a topology.
Bridge is a device

Is_a(bus, lan).
is_a(lan, network).
is_a(message, data).
is_a(data, signal).
is_a(bus, topology).
Is_a(bridge, device).

message_transmission_without_control:-
send(source_node, message, source_bus),
send(source_bus, message, repeater),
amplify(repeater, message),

send(repeater, message, destination_bus)
send(destination_bus, message,destination_node).

message_transmission_with_control:-
send(source_node,message,busl),
send(busl1,message,bridge),
detect(bridge, destination_address),
control(bridge,destination_address,address,1) *,
send(bridge,message,bus2),
send(bus2,message,destination_node)**;
send(busl,message,destination_node)**.
* control(bridge, destina-
tion_address,address,C_value):-
destination_address=address, C_value is 1.
**send(instance_of(X, bus) ,destination_node):-
bus_situation(instance_of(X, bus)) = 0; wait.

The second extract, was taken from the book “Computer Science: An overview” [2], too. It re-

fers to computer main memory and its operation.

A computer’s main memory is organized in manageable units called cells, with a typical cell size being eight bits..

The left end of this row is called the high-order end, and the right end is called the low-order end. The last bit at the

high-order end is called the high-order bit or the most significant bit (MSB) in reference to the fact that if the con-

tents of the cell were interpreted as representing a numeric value, this bit would be the most significant digit in the

number. Similarly the bit at the right end is referred to as the low-order bit or the least significant bit (LSB). To

identify individual cells in a computer’s main memory, each cell is assigned a unique name, called its address. ...



the circuitry that actually holds the bits is combined with the circuitry required to allow other circuits to store and
retrieve data from the memory cells. In this way other circuits can get data form the memory by electronically ask-
ing for the contents of a certain address (called a read operation), or the can record information in the memory by

requesting that a certain bit pattern be placed in the cell at a particular address (called a write operation).

Explicit knowledge representation of the extract

Taxonomy

Main Memory. is a storage device.

The MSB is a high order bit.

The LSB is a low order bit.

Main memory is a random access memory.

Partonomy

Main memory is a part of computer memory.
Cell is a part of main memory.

Circuit is a part of cell.

Main memory has a number of cells

A cell has content.

A cell has MSB.

A cell has LSB.

A cell has an address.

A byte has 8 bits.

is_a(main_memory, storage_device).
is_a(msb, high_order_bit)

is_a(Isb, low_order_bit).
is_a(main_memory, ram)

part_of (main_memory, computer_memory).
part_of(cell, main_memory).

part_of(circuit, cell).

has(main_memory , number_of cells)
has(cell, content).

has(cell, msb).

has(cell, Isb).

has(cell, address).

has(byte, 8_bits).

Implicit knowledge representation of the extract

Transformation-Sequence of Events

Operation of reading data from the main memory
Request for reading data from the cell with address.
Detection of the content of the cell with address.
Loading the content to the destination register.

The destination register has the new content.

Operation of writing data to the main memory
Request for writing data to the cell with address.
Storage of data to the cell with address.

The cell with address has a new content.

B. Macrostructure Construction

read-operation (main_memory, address):-
request_ data(read, main_memory, address),
detect(address, content),

load (content, destination_register),
destination_register(new_content).

write-operation (main_memory, address):-
request(write, main_memory, address),
store(address, content),
cell(new_content).

At the macrostructure level, for the first text there is a description, the main goal of the devices
used for combining local networks, as well as, subgoals that results from these goals. The de-
scription of the latter goal/subgoals is expressed as a goal and subgoals arboreal structure. Predi-
cation rules to express the macrostructure for representing operations of combining two buses
with and without control are following (schematically shown in figure 1):



Data Transferring between buses
without control has as subgoal
Data Amplification.

transfer_without_control(Device, data, busl,bus2):-
amplify(Device, Data).

Data Transferring between two buses
with control has as subgoal Data Control.

transfer_with_control(Device, data, busl,bus2):-
control(Device, data_address).

Data Amplification has as subgoal
Connecting two buses without control.

amplify(Device, Data):-
connect_without_control(Device, busl,bus?)

Data Amplification has as subgoal
signal increase.

amplify(Device, Data):-
increase(Signal).

Connecting two buses without control has as
subgoal Data transferring within a bus,
Device is a Repeater.

connect_without_control(Device, busl,bus2):-
transfer_in_lan(data,nodel, node2),
Device is repeater.

Data control has as subgoal
Comparison of data address with bus2 address.

control(Device, data_address):-
compare(Device, data_address,bus2_address).

Comparison of data address with bus2 address
has as subgoal
Connecting two buses with control.

compare(Device, data_address,bus2_address),
connect_with_control(Device, busl,bus2)

Connecting two buses with control has as sub-
goal, Data transferring within a bus,

Connecting Device is a Bridge.

connect_with_control(Device, busl,bus2):-
transfer_in_lan(data,nodel, node2),
Device is bridge.

The same procedure has been followed for the second text. (Shown, schematically, in figure 2)

Reading data from the main memory
has as subgoal
Requesting for reading data from the cell

Read-operation (Device, address):-
Request(read, Device, address).

Requesting for reading data from the cell with address has

as subgoal
Detection of the content of the cell

Request(read, Device,address):-Detect(Device, ad-
dress, data),
Device is main_memory

Detection of the content of the cell has as subgoal
Loading the content to the destination register

Detect(Device, address):-
Load (Device, data, destination_register).

Writing data to the main memory

has as subgoal Requesting for writing data to the cell

Write-operation (Device,address):-
Request(write, Device,address).

Requesting for writing data to the cell
has as subgoal Storage of data to the cell

Request(write, Device,address):-
Store(address, data),Device is main_memory.

Data transferrina between buses
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v v
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Figurel. Macrostructure Teleology of the first example
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Figure2. Macrostructure Teleology of the second example
V. INFERENCE RULES IMPLEMENTATION

After the analysis in Microstructure and Macrostructure level, which was implemented in
the previous two examples, predication rules [7] are presented, which could be used for knowl-
edge extraction, through automatic reasoning.

which_is_Device to_combine_2_buses_with_control(Device):-transfer_with_control(Device, data,busl,bus2).
which_is_Device_for_storing_data_in_a_computer (Device):-write_operation(Device, address).
These rules can illustrate a way of extracting information through the teleological structure.

The first query returns the “bridge”, and the second query returns the value “main_memory”.

V1. DISCUSSION

The main purpose of this work was to illustrate the knowledge representation upon a
technical text based on the model of Denhiére-Baudet for technical text comprehension. The fact
that the microstructure is not sufficient to describe a technical system, but the macrostructure is
necessary, as well, is revealed. The complete analysis in microstructure and macrostructure level
helps can support automatic reasoning. Automatic reasoning, in turn, leads to automatic compre-
hension in form of knowledge extraction through these two levels. The present research could be
extended toward an automatic short free-text response assessment. So far, the most of the sys-
tems for computer assisted assessment of free-text responses are based on the Latent Semantic
Analysis Theory [11]. As mentioned in [13], the main disadvantage of these systems is the fact
that they are not incremental, because they are based on vector-oriented analysis. The present

methodology could give a boost to a knowledge-based assessment system, with an ability of ex-



tending the knowledge base by adding new conceptual rules, expressing more causal, special and
temporal relations, as well as, more goals and subgoals, which can describe new operations of a

functional system, which in turn describes the content of a new technical text body.

VIIl. FUTURE PLANS

A Semantic Space, which is a mathematical representation of a large body of text, and every
term, every text, and every novel combination of terms has a high dimensional vector representa-
tion, according to recent research, is different between novices and experts [9], [13]. The implicit
knowledge must not be defined only by the experts” knowledge but the reader’s prior knowledge
should be taken under consideration, as well. Our short-term plans include a research on the se-
mantic networks of novices and experts which can provide explanatory data about the differ-
ences in technical text understanding, based on the prior knowledge in Informatics science and

especially in computer network domain [10].
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