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It does not have the connectedness that characterizes our concept of a realistic unit of language. 
Cohesion and coherence are terms that have been used to describe the features of connectedness 
in text. Cohesion refers to the linguistic devices used to signal connections and coherence to the 
structure of the resulting conceptual understanding derived from the surface text. 

Conjunctions and prepositions are all explicit indicators which contribute to the cohesion 
of a text. Textual cohesion expressed in the surface structure both rests on and is an indicator of 
the underlying coherence in the domain of the discourse. Thus, in the absence of predefined 
knowledge about the textual domain, cohesive devices provide guidance in building or learning 
relationships between objects, events, and situations~ 

This functional role of connectors, a term used here to collectively refer to conjunctions 
and prepositions, is suggested in the work cited above. Morrow (1986) draws together other 
similar work to support his position that grammatical morphemes convey not only grammatical 
distinctions but content distinctions as well. Grammatical morphemes of the function word 
variety are characterized as guiding the process of discourse comprehension in organizing textual 
content. Rudolf (1988) presents a similar view of connective expressions as "instructions for 
cognitive operations" (Rudolf 1988:109). The content of these instructions aids the reader to 
perceive both information about the factual content of a text, as well as the writer's view of the 
relative important of events and situations. Halliday and Hasan (1976:227) had earlier described 
connective expressions as "... a specification of the way in which what is to follow is 
systematically connected to what has gone before." The principle of relevance is assumed to 
underlie the intentions of the speaker or writer of a discourse. Although we can construct 
examples of structurally anomalous or incorrect sentence sequences, we do not expect to find this 
kind of sentence intentionally placed in a discourse, particularly not in the type of written 
documents of interest in this study (manuals, regulations, etc.). 

We can take a new perspective towards the role of conjunction in discourse by leaving 
aside the question of how to identify incorrect connections. Instead we begin with the assumption 
that the connections expressed by a text are correct and proceed to examine how many of the 
connections can be extracted by analysis of the explicitly marked conjunctions. In essence this 
approach asks the question, to what extent can we derive a representation of the organization of 
propositions from written text. This approach is particularly relevant to illuminating the 
relationship between text meaning and that elusive notion "world knowledge". 

That is, function words traditionally treated as "empty" words, without significant 
meaning in themselves, do contribute to text meaning by providing some explicit connections 
among the meanings of the "content" words of an utterance or discourse. The same can be said 
of syntactic phrase structure which reflects the compositional nature of phrases and clauses 
which are intuitively recognizable units of "meaning". Clauses are connected by syntactic form 
or explicit connectives or both. 

Function words, thus, do more than indicate syntactic structure, they also make a 
significant contribution to communication of meaning. The categorization of conjunctions 
according to an ordering relation proposed here is an explicit expression of meaning of these 
words. Although the different types of ordering (temporal, causal, etc.), or models, that 
conjunctions may suggest is another important aspect of their meaning, the present analysis 
does not address this issue. This is because, the conjunctions do not specify the type of relation 
independently. Rather, there is an interaction between these structural words and the content of 
the text. 

This view has been suggested by other workers in the area of computational linguistics. 
Grosz and Sidner (1986) suggest that the organization of a discourse is based on interaction 
between form and content. The functions which connect elements in the intentional structure 
differ according to the topic of the discourse, but are parallel in form. The structural parallelism 
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subsections. In addition, punctuation between the clauses reinforces, even more, the subordinate 
nature of these segments. Unlike sections and subsections which are terminated by periods, the 
clauses (except the last) are all terminated by semi-colons. 

These observations will seem "obvious" because, as skilled readers, we have all learned 
the conventions used in printed publications and are not usually aware of using this source of 
information. However, if all section numbering, indentation and spacing were removed from the 
document, the result would be far less easily understood. In this project, these typographical 
features are used to automatically build the document structure representation which will serve 
as the basis for the balance of the analysis. 

The initial data is in the form of an ASCII file containing a print image of the Bylaw. 
The clause markers discussed below are included in the text. The first program in the prototype 
system removes all blank lines, leading blanks and segment labels (l.,a), etc.). In their place, 
Standard Generalized Markup Language (SGML) style tags are inserted in place of each 
segment label. 

Many documents created on-line are already marked with codes equivalent to the SGML 
tags used here. However, documents which are not on-line can be captured by the use of an 
Optical Character Reader. In this case, or where the document creation language does not 
provide sufficient marking of document segments, the suggested procedure would be a necessary 
step in the document analysis. 

The structure of the first four sections of the sample Bylaw can be graphically 
represented as in Figure 7. 

-
-


Figure 7: Bylaw Document Structure 

-
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The physical form of the document imposes this strict hierarchy which can be viewed as 
a tree structure. Terminal nodes, or leaves, of the tree represent document segments which are 
not further subdivided and are directly associated with continuous portions of the actual text. 
Internal nodes represent groupings of the segments. These nodes are associated with portions of 
text through links with the nodes they contain. The dociiiiWilt BtiI'acture is important for both 
further analysis and for the maintenance of links between the text and the knowledge base. 

The strictly hierarchical structure of the document components is a reflection of the strict 
sequential ordering imposed by the presentation medium in the original document. This structure 
can be graphically represented as a tree. The graphic representation embodies a composed-of 
relation between a node and its subordinate nodes. For example, take the following excerpt from 
the Victoria Parking Bylaw. 

Section 10. 
"10. (1) Where parking spaces on a licensed parking lot are clearly delineated by 

painted lines or barriers, no person shall park a vehicle on such parking lot, 
except in such parking spaces, and no person shall park a vehicle in such a 
manner as to straddle the line between two parking spaces." 

(2) Where any parking space on a licensed parking lot is equipped with a 
parking meter, no person shall park a vehicle within such parking space without 
having deposited the appropriate fee for parking in the manner and at the rate 
prescribed or measured by the meter." 

The document structure will represent the section (10.) and its two subsections as distinct 
components with the two subsections contained in the section as shown in Figure 8. Section 10. 
is composed of subsections (1) and (2). Equally, both subsection (1) and (2) are in an element-of 
relation with Section 10. 

Figure 8: Document Structure - Section 10. 

In order to use the document structure to create a knowledge base, the physically defined 
structure must be interpreted in terms of objects and support. The interpretation used here 
equates each document component, or node in the tree, with an object in the knowledge base. The 
composed-of and element-of relationships, represented by branches in the tree, are then 
equivalent to the support links. The physically defined composed-of relation will be interpreted as 
indicating that the dominating object is supported by the subordinate object(s). So, in Figure 8, 
the object, "Section 10." is supported by both "subsection 1" and "subsection 2" objects. 
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The relationship between a document component and those subordinate to it often, 
though not necessarily, reflects logical relations which should be included in the text 
representation. Therefore, we can directly map the hierarchical relations of the document 
structure into relations between corresponding nodes in the text representation. That is, the 
composed-of relation in the document representation will become the support-from relation in the 
text representation. Similarly, the element-of relation will become the support to relation. The 
links in the document representation thus provide information about the probable structure of the 
text representation. This will not always yield an accurate description of the logical connections 
between document components; however, in a significant number of cases it does. 

Each document component described above has a distinct format, sequential labelling, 
indentation, and spacing. These format distinctions are used by document writers to help 
readers organize their understanding of the document's content. Therefore, where the format 
indicates a division of the document into subcomponents, we will assume that a corresponding 
component in the text representation is justified. 

In this document, each section component comprises exactly one sentence, unless it 
contains subsections. Subsections all contain exactly one sentence. Whatever the status of the 
"sentence" as a linguistic unit, in written discourse the boundaries of sentences are explicitly and 
unambiguously marked by punctuation. Grouping ideas into complex sentences demonstrates 
the author's intention that those ideas are closely connected. We assume that the author of 
public documents intend to express correct and accurate information. Therefore, we will take 
this characteristic of the sections and subsections as additional justification for identifying each 
as a node in the text representation network. 

Initially, this hierarchical structure will constitute the intermediate ten representation. 
Each document component will map directly to a node in the text network and the document 
structure links will correspond to the support links between them. In this case, the nodes 
representing Subsections 1 and 2 will both have a support-to link with the Section 10 node and 
Section 10 will have support-from link with both Subsections 1 and 2. The next section describes 
how the intermediate text representation is further refined. 

4.4 Intermediate Text Representation 

The default text representation that is derived from the document structure can be both 
extended and revised by utilizing signals that are contained in the linguistic realization of each 
component. Explicitly marked adverbial prepositional phrases and subordinate clauses, can be 
used to further divide the lowest level document components (leaves on the tree) into separate 
text components and establish appropriate links between them. Explicit references to document 
components can also be used to prevent the duplication in text nodes and correctly link 
potentially non-adjacent document components. 

The intermediate text representation is a network identifying salient textual components 
as nodes and the relationships between these components as bi-directionallinks. Textual 
components are defined as contiguous portions of a text whose interpretations represent decision 
points in reasoning about the text's knowledge domain. Unlike the document structure, the text 
representation is not necessarily hierarchical and cannot be modeled as a tree structure. 
Instead, a network provides a more accurate description of this intermediaf:(! ten representation. 

The hierarchical organization of a tree means that a node may be linked to only one node 
higher in the tree, although it may link to several nodes below itself. This restriction is reflected 
in the terminology often used to describe directly linked nodes as mother and daughter, where 
the mother node is higher in the tree than the daughter. A mother may have several daughters 
but only one mother. 
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The text representation will not have this restriction on the links between objects or 
nodes. It has been pointed out previously that there may be many sets of links between objects, 
each representing a different model or view of the discourse. Thus any object can be linked to 
any number of other objects either higher or lower in the structure. This kind of organization is 
described as a network. 

This representation attempts to identify segments of the text which can be easily 
interpreted by people as decision points in a reasoning network. The analysis does not attempt to 
establish the "meaning" of each segment, but only derives the ordering imposed by the logical 
contingency between them. Thus, the network represents only the ordering among the identified 
decision points, not the specific content. The developer or experts who will use this 
representation are active participants in the system and they will be responsible for attributing 
the "meaning" to each segment. 

Complex sentences provide a structural mechanism for expressing the connection 
between related concepts. The complexity of a sentence is dependent on the stylistic choices of 
the writer, but the reason for the choice is not of concern here. The relevant observation is 
simply that complex sentences are used extensively in formal documents such as that addressed 
in this study. Therefore, the structural characteristics of these sentences can be exploited to 
derive a representation of the logical ordering of concepts related to the structural components. 

For example, Section 3 of the Bylaw, shown below, is one of the document components 
that can be further subdivided on the basis of clause structure. 

Section 3. 
"3. [No person shall operate a parking lot] [unless he holds a valid and subsisting 

licence for it, issued under the provisions of this bylaw and of the Business Licence 
Bylaw]." 

In this example, the square brackets indicate the major clause breaks in the sentence. The two 
clauses both express concepts that are crucial to the knowledge structure for this domain. No 
person shall operate a parking lot clearly includes the concept of operating a parking lot which is 
one of the top level concepts that the target knowledge base must include. The subordinate 
clause, unless he holds a valid and subsisting licence ... , also includes reference to an important 
concept, that of holding a licence. These two concepts are directly related in terms of reasoning 
about this domain of parking lot operation. That is, in order to establish whether a person can 
operate a parking lot it is necessary to determine if he holds a valid licence. This relationship is 
represented in a knowledge base through support links between objects. These links must 
indicate that the object, he holds a valid licence, supports the object, a (this) person can operate a 
parking lot. 

It is not necessary to consider the meaning of the two clauses to establish this 
relationship as long as we assume that the writer is presenting the content in a truthful and 
accurate way. It is sufficient to recognize the clausal divisions in the sentence to identify new 
objects. 

In the construction process, a new object will be generated for each marked clause. Thus, 
structural form of the text is interpreted as marking units of the text that corr~spond to units of 
the discourse representation. The direction of the link between these two objects will be 
determined by the particular conjunction introducing the subordinate clause. 

Although no automatic syntactic analysis is attempted in this project, one can see how 
the syntactic structures act as discourse signals to indicate connections between clauses. Since 
we need to recognize phrasal boundaries, these crucial divisions have been inserted by hand. The 
clause boundaries that were marked, and thus used in further analysis, are as follows: 
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• Subordinate adverbial clauses explicitly marked by a conjunction, 
Verbal constituents conjoined by and and or,
 
Preposed prepositional phrases.
 

The conjunctions in the text are used to establish the support links between objects. The 
subordinate clause in Section 3., introduced by unless, expresses a condition for determining the 
status of the proposition expressed in the main clause. That is, holding an appropriate licence is 
a condition for operating a parking lot. If we consider how these two clauses are used in 
reasoning about this domain, it is clear that the value of the unless clause, he holds a valid and 
subsisting licence ... , supports whatever conclusion can be made about the main clause, no person 
shall operate a parking lot. That is, it is necessary to make some conclusion about holding a 
licence before the value of operating a parking lot can be determined. Thus, unless. is a member of 
the category called "pre-ordered" as described in Section 4.1. --

In this item, the syntactic realization divides the sentence into two clauses. The 
subordinating conjunction unless explicitly marks the subordinate clause functioning as an 
adverbial clause of condition (Quirk et aI., 1972). Unless expresses a conditional relation in which 
the subordinate clause states a condition which must be considered in establishing the meaning 
(or consequence) of the main clause. In this case, if we are reasoning about parking lot operation 
(content of the main clause), then the situation represented by the subordinate clause must be 
considered before or, in order that, the "value" of the main clause can be determined. 

In the text network, this relation can be captured by establishing a support to link from 
the node representing the subordinate clause to the node representing the main clause. The 
inverse relation is captured with a support from link from the main node to the subordinate node. 
This will result in the configuration shown in Figure 9. Since these links are always 
bi-directional, only a single line will be used to indicate the links between nodes in the diagrams. 
The physical placement on the page in which one object appears above another will serve to 
indicate the direction of links. That is, support-to links are always pointing upwards and 
support-from links point towards the bottom of the page. 

Section 3. 

I
 
"No person shall operate 

a parking lot" 

I
 
"unless he holds a valid and
 

subsisting licence for it,
 
issued under the provisions of
 

this bylaw and of the Business
 
Licence Bylaw."
 

Figure 9: Structure of Section 3. 

The actual interpretation of each clause that is suggested above is only implicit in this 
representation. The nodes themselves are simply symbolic entities. An interpretation is 
attributed to a node only by the system's users: developers, experts, or others. Therefore, the 
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clauses themselves will be used as descriptive labels for the nodes, so that they can be readily 
interpreted. The significance of the links themselves is represented in part through their use by 
the reasoning procedures. These procedures do not directly consider what kind of link is 
represented: only the sequence of connections is important. However, the conjunctions 
themselves remain as part of the descriptive labels so that this information will be available to 
the system developers. 

Other conjunctions which have the semantic force of temporal sequence, cause, or 
condition impose the same kind of abstract ordering on the situations described by clauses. Two 
such conjunctions are where and without. Each of these conjunctions is a member of the 
"pre-ordered" category and indicates that the associated phrase or clause is in a supporting 
relation to the clause it modifies. For example, both of these conjunctions appear in the following 
subsection (10.(2)) of the Bylaw. 

Subsection 10. (2) 

"(2)	 [Where any parking space on a licenced parking lot is equipped with a parking 
meter], [no person shall park a vehicle within such parking space] [without having 
deposited the appropriate fee for parking in the manner and at the rate prescribed 
or measured by the meter]." 

The where clause expresses a condition which must be met before the main clause should 
be considered. Without imposes the same ordering between its clause and the main clause. 
Therefore, the structure shown in Figure 10 is derived from the text of subsection 10.(2). 

Subsection 10.(2) 

I
 
"No person shall park a vehicle 

within such parking space" 

I
 
"without having deposited the
 
appropriate fee for parking in
 

the manner and at the rate prescribed
 
or measured by the meter."
 

I
 
"Where any parking space on a 

licensed parking lot is equipped 
with a parking meter," 

Figure 10: Structure of Subsection 10.(2) 
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Notwithstanding is a connective that also signals that a further division in the textual 
content should be made. This is an example of the type of prepositional phrase that has been 
treated as equivalent to subordinate clauses. 

Unlike the preceding examples, the opposite ordering of clauses is indicated by 
notwithstanding since it is a member of the "post-ordered" category. The notwithstanding phrase 
or clause is supported by the main clause, rather than supporting it. Thus, it is an example of 
the category of conjunctions called ··post-ordered". For example, subsection 4.(2). 

Section 4.
 
"4. (1)
 

(2) [Notwithstanding the provisions of subsection (1)], [no certificate as to 
,""-	 screening is necessary in respect of any side of a parking lot constituting a 

boundary with an adjoining lot] [where the elevation of such parking lot is at 
least 2 m lower at such boundary than the finished elevation of the adjoining 
parking lot]." 

In this case, the main clause provides an exception to the requirements specified in the 
prepositional phrase. Therefore, reasoning must proceed from the no certificate .... clause first, 
and then to the provisions of subsection (1). The structure generated from this section is shown in 
Figure 11. 

Subsection 4.(2) 

I
 
"Notwithstanding the provisions of 

subsection (1)," 

I
 
"no certificate as to screening is 
necessary in respect of any side of 

a parking lot constituting a 
boundary with an adjoining 101'! 

I
 
"where the elevation of such
 

parking lot is at least 2 m lower
 
at such boundary than the finished
 
elevation of the adjoining parking
 

lot. lt
 

Figure 11: Structure of Subsection 4.(2) 
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So far, how the links between nodes representing clauses are inserted has been described. 
However, within a document segment, once the links between the generated objects (if any) are 
determined, a link must be established to connect these new objects with the one from which 
they were both derived. All of the derived objects will at least indirectly give support to the 
objects representing the document segment. 

If there are no generated objects, that is, the text contained in the document segment 
cannot be further subdivided, the new object will be linked into the network supporting the 
document segment node. When objects are generated and links inserted by reference to the 
connectives marking the subordinate clause, at least one object will not have had a support-to 
link added to it. That is, in the context of this document segment, one object will not give 
support to any of the other objects. Any such object will be connected to the document segment 
node with a support-to link. 

Thus, for example, in 4.(I)(a) two new objects will be generated. 

Clause 4. (1)(a) 
(a)	 [that the surface area of the parking lot has been completely paved] [and is 

adequately drained;] 

Since the conjunction and, of the category "parallel-ordered", occurs at the beginning of one of 
the clauses, no support links will be established between them. They were derived from the 
object representing 4.(I)(a), and since neither is supporting any other object, both will support 
object 4.(I)(a) in the text network as shown in Figure 12. 

4.(I)(a)I I
 
I
 

I I
 

"that the surface area of the 
parking lot has been 
completely paved" 

"and is adequately drained." 

Figure 12: Structure of 4.(I)(a) 

Examples used to illustrate connections made for clauses introduced by "pre-ordered" and 
"post-ordered" categories of conjunctions have all been illustrated with a link to the document 
segment. (See Figures 10 and 11). From these illustrations it should be clear that the object 
representing the main clause will be the one which does not support any other qbject locally. 
Thus, it will be directly linked to the document segment node with a support-to link. In the case 
of clauses introduced by conjunctions of the category "post-ordered", it will be the object 
representing the subordinate clause that will be linked in support of the document segment node. 

5. Summary 
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In general, it appears that each of the function words addressed above has the effect of 
imposing a logical ordering between the node representing the clause or phrase it introduces and 
the node which is its associated main clause. So, not only do these words provide cues as to 
syntactic structure, but they also provide cues to the structure of the knowledge represented. 
This is the important structural characteristic which is the motivation for the processing method 
outlined here. 

The support network of ACQUIRE, the knowledge acquisition software used in this 
research, defines an ordering relation between objecta in a knowledge base. That is, the support 
Detwork must link an object to all other objecta that it supports and that support it. 

Conjunctions have been treated as signals of the logical ordering between clauses in the 
text without addressing exactly what type of ordering is implied. Depending on the topic of the 
document, support could be one of the following types: temporal or causal dependence between 
events, actions, or propositions; elaboration of detail; or contrastive relationships. In spite of 
these distinctions, all of these kinds of "support" imply an ordering between pairs of nodes. This 
ordering is that part of the target knowledge representation with which this project has been 
concerned. 

A similar approach to structuring discourse representation is taken by Grosz & Sidner 
(1986) in their analysis of two types of discourse, an essay and a task-oriented dialogue. They 
use two different relations, "supports" and "generates", which connect propositions in the essay 
and actions in the task dialogue, respectively. Although these two relations are intuitively quite 
different, both have the effect of ordering the components of discourse content. Grosz and Sidner 
also observe that hierarchical relations of the attentional structure that are explicitly marked by 
linguistic cues can be used to infer relations of the intentional structure. This is precisely what 
we are attempting to do here, but in the context of the sample Bylaw chosen for analysis. 

The prototype system successfully generated a set of objects definitions for the sample 
document. These definitions were used to produce an object network in the ACQUIRE system. 
The resulting knowledge base was not as complete as that prepared manually; however, those 
parts of the network that were generated were accurate. The main source of incompleteness 
was in the topical or thematic organization among the document components. This is certainly to 
be expected since no lexical analysis was done. The methodology used by Shaw & Gaines (1987) 
for lexical analysis might yield another set of links among the objects on the database, imposing 
yet another ordering, this time based on topical relations. 

The usefulness of the resulting knowledge base is limited by the technology available to 
fully implement the interface between the on-line text and the object definitions. Currently, the 
object definitions are simply labelled with the portions of the text to which they correspond. The 
facility to implement dynamic links between the knowledge base and the on-line text, a type of 
hypertext system, is necessary to make this type of system truly useful. The text associated 
with objects in the knowledge base does not necessarily provide enough information for a human 
user to interpret the object's meaning. The segments of text, out of context, are not always 
helpful. However, if these labels were augmented with links to the location of the segment in the 
document, users would be able to see the segment in its context and so allow them to correctly 
interpret each object. 

The study has demonstrated that one part of the meaning of these conjunctions is to 
impose an ordering on components of semantic representation. The sequential or ordering nature 
of the relations signalled by all conjunctions is presented. This principle, then, has been used as 
the basis of a strategy for automatically extracting ~ knowledge representation from written 
texts. In addition to an analysis of conjunctions, linguistic research and perspective has been 
applied to knowledge acquisition. In doing so, it is hoped that the common questions of 
knowledge representation and acquisition addressed by discourse analysts in linguistics and 

,... 
,.... 
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computer scientists have been further illuminated and the often suggested potential for 
cooperation between these fields demonstrated. 
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