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Abstract

We introduce a simple and novel visual technique for the speci�ca-

tion of context in structured documents called T-graphs that we base

on T-con�gurations in document trees. The technique is implemented

in the current version of Designer. Although we are applying this

technique in the speci�cation of context-dependent style sheets for

HTML, XML, and SGML documents, it is clear that it can be used

in other environments such as query speci�cation for structured doc-

uments and for computer program transformations.

We compare T-graphs with the context speci�cation techniques

found in other style-sheet systems and we also provide examples of

context that we can and cannot specify with T-graphs. Although T-

graphs are restrictive, they lend themselves to visual construction and

modi�cation, our main requirement when we designed this context-

speci�cation method. We also investigate the time and space com-

plexity of T-graph matching, a necessity for e�cient implementation.
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1 Introduction

Over the last ten years we have been developing a system, called Designer,

that supports a high-level approach to typesetting and screensetting, and

also supports style-rule and style-sheet speci�cation. More recently, we have

focussed our attention on style-sheet speci�cation primarily for graphics de-

signers but also for other neophyte screensetters and typesetters. Since we

expect such designers to be inexperienced computer users we decided to use a

declarative approach to style-sheet speci�cation that makes style-sheet speci-

�cations easier to write and maintain. Traditional style-sheet speci�cation in

publishing houses is declarative; therefore, designers are on familiar ground.

Surely, they, as well as many others, would �nd traditional approaches to

specifying style sheets such as macro programming, procedural speci�ca-

tion and attribute manipulation nontrivial. In the more recent versions

of Designer, we decided to go one step further|we have replaced writ-

ten style-sheet speci�cations with visual speci�cations using what we call

the Design-By-Example paradigm. We use sample structured documents to

specify style rules using this paradigm. The approach provides a powerful,

yet simple, tool for graphics designers and other style-speci�cation authors.

The Design-By-Example approach is explained in more detail elswhere [6].

Since almost all style-rule di�culties are caused by contextual issues, we

decided to separate the speci�cation of context from the more general prob-

lem of style speci�cation. Observe that we need provide only a mechanism

that checks whether a speci�c context of a given part of a document is or is

not present. Based on this observation, the style rules can now incorporate

conditional statements or expressions to express context-dependent choices.

Thus, we isolate context determination from style-rule syntax to a large ex-

tent. The preliminary work on Designer did just that as we have reported

elsewhere [6]. By isolating the speci�cation of context from the more general

speci�cation of style sheets, we may treat the authoring of context speci�-

cations more appropriately and we do so. We adopt a Context-By-Example

paradigm, again based on sample structured documents. The author uses a

sample document to produce an initial context speci�cation which he or she

is then able to edit using a simple context-speci�cation editor. In a future

version of Designer the context-speci�cation author will be able to check

whether the edited context still matches the starting sample context in the

sample document, whether it is a true generalization of the sample context
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and whether it is matches other contexts in the sample document. Moreover,

we intend to add an inference engine that given some sample contexts that

should belong to an as yet to be speci�ed context, the engine suggests one

or more possible context speci�cations for the author to select.

The visual technique for context speci�cation in structured documents we

call T-graphs. It is based on what we call T-con�gurations in document

trees. The technique is implemented in the current version of Designer.

Although we are applying this technique in the speci�cation of context-

dependent style sheets for HTML, SGML and XML documents, it can also

be used in other environments such as query speci�cation for structured doc-

uments and for computer program transformations.

We provide examples of context that we can and cannot specify with T-

graphs. Although T-graphs are restrictive, they lend themselves to visual

construction and modi�cation, our main requirement when we chose and

designed this context-speci�cation method.

Context-dependent processing and speci�cation are not new topics; they

surface in almost all computing activities. What is somewhat surprising

is that the issue of context as a topic in its own right does not appear

to have been studied. (It has, however, been a topic of much interest in

formal language theory; in particular, for variants of grammars.) In the

Designer project, we expected to be able to use the traditional approach

from the compiler and programming-languages community; namely, attribu-

tion [1, 18, 28]. In addition, we also expected to be able to use and modify

previous approaches to style speci�cation such as suggested by the DSSSL

draft document [2] for SGML [15], Cascading Style Sheets (CSS) for HTML

and XML [19, 20], and Extensible Style Language (XSL) [21] for XML [11]

style speci�cation. Unfortunately, we found that the use of these approaches

is either too cumbersome or too restrictive for the Designer project.

We make the well-accepted assumption that a set of similar structured

documents are modeled by syntax trees or abstract syntax trees of a given

grammar (an SGML DTD, an XML DTD or the HTML DTD) that generates

the set of all such documents. For example, see Fig. 1.

In addition, in Designer, we use what is called a structure-based

style-sheet model; that is, we assign style rules to element types rather

than to their appearances in the document grammar (the grammar-based

style-sheet model [23, 13, 29]).

As graphic artists usually explain their work by example, it is di�cult to
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Figure 1: An example document tree.

argue which formal model comes closest to their work. We believe, however,

that they follow a structure-based approach rather than a grammar-based

one, since the notion of a document grammar does not come up at all, even

when de�ning the layout for a whole series of books such as the Penguin

books [22].

In principle, Designer's style-sheet mechanism does not depend on doc-

ument grammars. Therefore, it is legitimate to ask whether document gram-

mars are redundant for design speci�cations. There are two answers: First,

graphic artists pro�t from knowing the document grammar when they for-

mulate context predicates, for, if a style sheet applies to only documents

of restricted structure, then a context speci�cation is in many cases easier

and shorter. Second, it is an interesting research question whether document

grammars can aid in the evaluation of context predicates.

The paper is organized as follows. We present, in Section 2, some exam-

ples of how context is and can be used in style-rule speci�cation. In Section 3,

the main section of the paper, we introduce the basic ideas underlying our

approach to contextual speci�cation. Speci�cally, we de�ne T-con�gurations

and T-graphs and sketch the idea of T-graph matching. In Section 4, we

introduce the kernel operations needed for a T-graph editor and we show

how they could used to modify an initial T-graph to make it more exible.

In Section 5, we discuss the results and future directions.

4



107

2 Context examples

General design rules suggest that elements of the document that are logically

or structurally identical should also be laid out identically. There are, how-

ever, exceptions to this rule, due to tradition or aesthetics, or because the

context of an element requires nonstandard treatment. Thus, graphic artists

need the facilities to make the visual semantics of an element type conditional

on the context of its instantiation in the document. We give some examples

of designs that call for context-dependent processing:

1. In some designs, all paragraphs are indented, with the only exception

being paragraphs immediately preceded by a heading.

2. The headings in an appendix might be labeled A), B), and C), whereas

the headings in the main part are labeled 1., 2., and 3.

3. Three coauthors such as Aho, Sethi, and Ullman are referred to as

\Aho et al.", whereas two coauthors such as Hopcroft and Ullman are
referred to as \Hopcroft and Ullman".

4. In footnotes, list items are run-in instead of being placed on a new line.

5. Cross references are automatically pre�xed with the name of the object
to which they refer; that is, \see Theorem 1.2" and \see Lemma 1.1".

In these examples, the style rule that is to be applied to a speci�c element
depends on the position of the current element instance within the structure
of the document. Its position, however, is in general not solely characterized

by the element types higher up in the document hierarchy. Rather, it is often
necessary to take the siblings (Examples 1 and 3) or the internal structure of

the current element instance into account or even to consider the structure
of the element it refers to (Example 5).

Given a node in a document tree (that is, a speci�c element in a docu-

ment), its context is a condition on the other nodes, their labels, and their

structural relationship.
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3 Context, T-con�gurations and T-graphs

We now present our model for specifying context that lends itself admirably

to the Context-By-Example approach.

Document trees (or abstract syntax trees) have node labels from an ele-

ment alphabet �. They satisfy the local matching requirement that the label

of a parent node and the labels of its children conform to a production of the

document grammar or of the DTD.

Since we view SGML, XML and grammatical documents as trees, element

names (or nonterminals) are the node labels. The content of a document is

represented as an external node or leaf of such a tree whose label is also

in � (in SGML the label is #PCDATA). Each SGML DTD (or document

grammar) de�nes a set of trees. Note though that not every set of trees we

discuss needs to be de�ned by an SGML DTD.

We assume that we can access a document tree using the basic naviga-

tional and testing operations that de�ne an adt for trees. Speci�cally, given

a node v in a document tree, we can move up one node in the tree to v's

parent. Similarly, we can move left or right from v to v's immediate left

sibling or right sibling. Conceptually, we assume that there are endmarker

nodes l, r and t in each document tree that are the leftmost sibling of v, the

rightmost sibling of v and the topmost ancestor of v. They allow the user of

the adt to detect when a move falls o� a document tree. We will use the

endmarker nodes when matching context speci�cations.

The underlying idea behind T-con�gurations is that each node v in a

document tree D de�nes a set

fw 2 D : w is an ancestor of v or w is a sibling of vg

of nodes that we denote by Cv, where we call v the contextual node and

Cv a T-con�guration. The motivation for the name is that each set Cv

can be visualized as an up subset of ancestors, a left subset of left siblings

and a right subset of right siblings. Once we embed these nodes in the

plane such that we preserve their natural ordering, connecting adjacent nodes

gives an inverted T. For example, the set Cv of nodes in Fig. 2 is a T-

con�guration as demonstrated in the drawing in Fig. 3. Note that we do

not draw parent{child relationships; however, we do add edges for adjacent

siblings. Note also that the endmarker nodes belong to the T-con�guration.

A T-con�guration Cv contains the nodes that are most often used to evaluate
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Figure 2: An example T-con�guration in the document tree of Fig. 1.

a contextual speci�cation for a node v. For example, is a section element v a

descendant of one or more section elements? Does a paragraph element have

any left siblings?

Given a node v in a document tree, when we are processing v with a

context-dependent rule, we need to determine whether v satis�es the corre-

sponding context requirement. We translate this approach into an algorith-

mic framework by restricting where context requirements can occur|in the
T-con�guration of v|and by specifying context requirements generically us-
ing what we callT-graphs. If a T-graph matches a T-con�guration, then the

T-con�guration satis�es the context requirement speci�ed by the T-graph.
Examples of T-graphs are given in Fig. 4. Intuitively, we can think of T-

graph matching as stretching the T-graph to anchor it at the contextual and
endmarker nodes of the document tree. Then, we stretch the stems to locally
match the nodes and edges in the document tree. If we consider the T-graph

to be drawn on transparent rubber sheeting, we overlay the document tree
with the stretched sheeting to obtain a match. This view of matching can
be made mathematically precise using a functional approach that provides a

local isomorphism [8].
The advantages of the T-con�guration and T-graph approach are:

1. The T-con�guration of a node in a document tree includes all nodes

that are commonly used for context determination|the 90 percent

solution.

2. A T-graph can be visualized easily, by humans and by user interfaces.
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Figure 3: The inverted-T drawing (or T-graph) of the T-con�guration of

Fig. 2.

3. T-graph matching can be implemented e�ciently.

4. We can easily specify the complete semantics of a T-graph editor.

On the other hand, one obvious disadvantage of T-graphs is that they

cannot capture all reasonable contexts. For example, they cannot handle

the nested emphasis problem, even though only ancestors of the contextual

node need be examined; see Fig. 5. Similarly, T-graphs cannot handle the

two problem: A contextual node v has exactly two ancestors labeled a. An

obvious candidate for such a T-graph is given in Fig. 6 and it should also be

clear that this T-graph will also match a contextual node v that has three or

more ancestors labeled a.

We de�ne T-graphs more precisely as follows. A T-graph G = (V;E; L; u)

has a set V of vertices such that V contains four designated vertices l, r, t

and u, the left vertex, the right vertex, the top vertex and the con-

textual vertex. We use the terminological convention that \node" refers

to document trees and T-con�gurations, and \vertex" refers to T-graphs. G

also has a set E � V � V of directed edges and a labeling function L. G

has three subdigraphs called stems (each of which is a line digraph) that
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(a)

a

(c)

a

(d)

a

(e)

a

(b)

a

Figure 4: Example T-graphs. a. A T-graph that matches any contextual

node. b. A T-graph that matches any contextual node that is not the root.

c. A T-graph that matches a contextual node that is the leftmost sibling.

d. A T-graph that matches only a contextual node that is the root. e. A

T-graph that matches a contextual node that is neither the leftmost nor the

rightmost sibling.

exhaust G. The three stems have node u in common; apart from u they

are mutually disjoint. The up stem is a digraph (VU ; EU), where VU � V ,

u; t 2 VU (l; r 62 VU) and EU de�nes a line from u to t. The left stem

(VL; EL) and right stem (VR; ER) are de�ned in a similar manner. The

labeling function L labels the vertices, apart from the vertices l, r and t, and

edges. A vertex can be labeled either with a symbol from the document-tree

alphabet � (it matches only that symbol) or with � (it matches any symbol).

An edge can be labeled either with 1 (it matches exactly one edge) or with

+ (it matches one or more edges).

A basic algorithmic result is that T-graph matching can be implemented

e�ciently.

Theorem 1 T-graph matching can be implemented to run in time linear in

the sum of the sizes of the T-graph and the T-con�guration.

Observe that we can solve the problem for each stem of the T-graph sep-

arately. We will discuss the matching problem for a right stem, the other
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Figure 5: A document tree with nested emphasized text.

two stems can be dealt with in a similar manner. We �rst break the stem

into rigid parts, each of which is a substem that begins and ends with a

vertex and has only rigid edges; that is, edges labeled 1. The idea is that we

�rst try to match the rigid parts (which may or may not include don't-care

vertices; that is, vertices labeled �) one at a time beginning at the contex-

tual vertex. The �rst rigid part must match the contextual node and a �xed

number of nodes in this part of the stem. If it does not match, we know

there is no T-graph match. Otherwise, we try to match the second rigid part

at the earliest possible node after the last matched node. We continue this

process as long as matching succeeds. The last part must match at the end-

marker node; therefore, this match is also easy to carry out as the candidate

matching nodes are predetermined.

But how do we match a rigid part that includes neither the contextual

vertex nor the endmarker vertex? We use Pinter's algorithm [26] that takes

into account the don't-care symbols. His algorithm can be implemented to

run in time linear in the sum of the sizes of the right stem in the T-graph

and the right stem in the T-con�guration. We note that most contextual

speci�cations are simple enough that it is easy to implement them to run in

linear time without resorting to Pinter's algorithm.
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Figure 6: A candidate T-graph for the two problem.

We have implicitly assumed that we never access more than one T-graph

at the same time. But, we may wish to generalize a context speci�cation by

combining two or more T-graphs by forming the union of the contexts they

specify. Alternatively, we may wish to break a complex context speci�cation

into partial speci�cations for which T-graphs are easier to construct. We

then need to combine the resulting T-graphs. One obvious question to ask

in both these scenarios is whether two or more T-graphs can all match a

given T-con�guration; indeed, whether there is a T-con�guration that has

this property. This question can be reduced to asking whether the right

stems of two T-graphs can match the right stem of some T-con�guration.

This problem has been studied in pattern matching when both the text and

pattern have don't care symbols; however, the di�erence here is that we are

not given a text, we are only given two \patterns". It is an interesting open

problem whether we can answer this question e�ciently.

4 Editing T-graphs

As we mentioned, we can think of T-graph matching as stretching the T-

graph to anchor it at the contextual and endmarker nodes of the T-con�guration
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and then stretching the stems to match the nodes and edges in the T-

con�guration. Given this scenario the kernel T-graph editing operations are

not surprising. We want to be able to change a vertex's label and an edge's

label. In the case of a vertex, we want to be able to change its label to a

di�erent symbol including the don't-care symbol. In the case of an edge we

want to be able to change a �xed edge to be a path, or a path to be a �xed

edge. The last operations that we need are the insertion and deletion oper-

ations which we de�ne as vertex operations that implicitly add and remove

edges.

Based on these ideas, an initial rigid T-graph given by the sample doc-

ument (for example, the T-graph given in Fig. 7)(a) can be modi�ed to be

more exible as shown in Fig. 7(b).

(b)(a)

v

a

a a

a

v

Figure 7: Editing T-graphs. a. An initial rigid T-graph obtained from Fig. 6.

b. A more exible T-graph obtained by editing.

5 Closing remarks

As always when implementing an idea, the implemented version of T-graphs

in Designer di�ers somewhat from the T-graphs we have de�ned in this
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paper. The major di�erence is that the full T-graph editor has not been im-

plemented. Despite this incompleteness we have demonstrated the viability

of the T-graph approach. More important, from the graphics designers view-

point we have also implemented a more visual version of T-graph speci�cation

and editing. Although we have not yet carried out appropriate cognitive ex-

periments to test the learnability and usability of the T-graph concept, we

believe that such tests will not falsify the approach.

In addition, it appears that T-graphs are indeed a 90 percent solution in

that we can capture most, although not all, real-world contexts with them.

One obvious weakness with T-graphs is that we cannot use them to specify

descendant contexts. A possible extension to accommodate such speci�ca-

tions is to use what we call fork graphs. A fork graph is a T-graph with

tines from the siblings; it looks like a dinner fork. The price we pay for such

an extension is that it is more complex and, therefore, harder to understand

and use as well as harder to implement.

A second weakness is that we cannot use T-graphs to specify contexts

that cut across the document-tree structure such as required by the cross-

reference problem (see context example 5 in Section 2). We wish to be able

to automatically add the appropriate boilerplate text to a cross reference.

Cross references are such a special case that perhaps they should be handled

separately anyway.

We have proposed [7] a di�erent approach to context speci�cation based

on tree walking and paths that uses caterpillar expressions. Each stem

in a T-graph can be described by a caterpillar expression; however, the T-

graph as a whole cannot, in general, be described by a single caterpillar

expression. The reason is simple: caterpillar expressions as currently de�ned

cannot simultaneously distinguish between to the left of and to the right of

a node. For example, if we want to capture nodes that have a node labeled

a to their left and a node labeled b to their right, we cannot specify this

relationship with a caterpillar expression.

In the near future we intend to enhance the creation of T-graphs by using

inferential techniques and an example document tree. For example, we may

wish to replace a rigid edge with a path if the context examples that we are

using satisfy a single T-graph rather than two or more.
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