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Abstract

The wide acceptance of the “Design Patterns” [5]
has encouraged experts in other software domains to
formulate their experience into pattern format hoping
to make it readily reused by developers. We now have
numerous pattern collections covering all aspects of
software development from analysis to deployment and
refactoring. But developers can be overwhelmed by
this large number and the lack of coordination and in
consistencies among them. These patterns have many
similarities and redundancies which may contribute to
misunderstanding and wrong reuse. Some research has
proposed standards to writing patterns [1] [7] but they
were rarely used because each pattern author prefers
to use their own creativity [3] which is often a good
thing. We propose another approach to address this
problem. In each specific software domain, we collect
and pre-process existing patterns by defining, detecting
and removing some kinds of redundancies between
them. The result is a smaller collection of patterns
from different sources that have fewer redundancies
which reduces confusion and promotes the proper reuse.
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1. Semantics of a Pattern System

We show some semantics associated with the con-
cept of Generic Pattern Model and some semantics
of equivalent/identical relationships between patterns.
We originally applied them to interaction design pat-
terns but they can be extended to other types of pat-
terns. They are showing possible benefits in form of
tool-support on top and independent of the core pat-
tern information.

1.1. The eXtensible Minimal Triangle, XMT

Data models generally have syntax and semantics.
The XML handbook [6] explains that semantics can
be further divided into semantic labeling of contents,
and abstract interoperable behavior as demonstrated in
figure 1.
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Semantic labeling
of contents

Figure 1. The Data Constituents

In the GPT (Generic Pattern Type) model [2], we
defined the syntax of a generic pattern model, and the
semantic labeling used for its syntax. Our work here
focuses on the abstract interoperable behavior, which
involves the behavior underlying the meaning of some
of the tags we are using. We start by some precondi-
tions and definitions.

As frequently mentioned in the pattern community,
the common denominator of all pattern definitions is
“a problem to a solution in a context”. Based on that,
we defined the minimal triangle as in figure 2.

Definition. The Minimal Triangle is a representa-
tion of a pattern that has the three elements: a prob-
lem, a context, and a solution. No other elements are



present in the minimal triangle. The minimal triangle
represents the core meaning of a pattern. Any missing
element of the three will result in a trivial pattern.

Definition. A trivial pattern is a pattern that has at
least one empty element from its minimal triangle.

Context

Problem

Figure 2. The Minimal Triangle

1.2. Identical Patterns

Informally, identical patterns are the same patterns
mentioned in different collections. To be able to use
some of our models, we introduce the following formal
definitions:

e Precondition: Each pattern has a unique ID.

e Precondition: Each non-trivial pattern has an
existing, non empty minimal triangle (this can be
inferred from the definition of trivial pattern).

e Precondition: The following definitions strictly
apply to non-trivial patterns. For trivial patterns,
the definitions can be ambiguous.

e Precondition: Pattern_name(A) refers to a sin-
gle object called “the name of pattern A”, of type
“string”.

e Precondition: Pattern_ID(A) refers to a single
object called “the identification of pattern A”, of
type “string”.

e Precondition: Pattern_aliases(A) refers to the
set of zero or more objects called “the aliases of
pattern A”, of type “set of string objects”.

e Precondition: There is a one-to-one corre-
spondence between Pattern_-name(A) and Pat-
tern_ID(A). We emphasize the word “corre-
spondence” to denote a “one-to-one” and an
“onto” function between Pattern-name(A) and

Pattern_ID(A). In other words, the inverse re-
lationship between Pattern_-name(A) and Pat-
tern_ID(A) is also a one-to-one function.

e Notation (from the set theory): (A) € (B)
refers to the object A being an element of the set
of objects B.

These are important preconditions that we will use
in our next definitions to disambiguate some patterns
that are identical or similar at different degrees. Some
patterns are already connected to others, but the ma-
jority of them are not. We have identified many of
these redundancies.

Definition. Identical Pattern

Pattern A is identical to pattern B, written A = B, if!
Pattern name (A) = Pattern name (B) or
Pattern_name (A) € Aliases (B) or
Pattern_name (B) € Aliases (A)

1.3. Similar Patterns

As in several other applications, it is sometimes use-
ful to separate between the look (the presentation) and
the behavior. The same concept is used in separation
of java’s look and feel, contents and presentation in
CMS (Content Management Systems) and other mod-
els. We define the next pattern relationships based on a
similar concept: Patterns that look similar and act sim-
ilar (identical- and similar patterns), and patterns that
look different but act similar (equivalent patterns).

e Precondition: The next definition is based on
the definition of the Minimal Triangle.

e Definition: The XMT repository specifies three
finite sets of keywords corresponding to the three
MT items:

— The first set defines the specific kinds of
problems covered by the patterns in form
of reserved keywords.

— The second set defines the specific kinds of
contexts covered by the patterns in form of
reserved keywords.

— The third set defines the kinds of solutions
covered by the patterns in form of reserved
keywords.

1This is a sufficient, but not a necessary condition. We can
make it necessary by augmenting the aliases set of each pattern
with our findings of identical patterns.



e Definition: The FExtensible Minimal Triangle
model refers to the three parts problem, context,
and solution of a given pattern as presented in
the GPT and using a subset of reserved keywords
elaborated in the repository of the XMT model.

The extensibility comes as a key concept of the
XMT. If new patterns are to be added, and the key-
words of each of its MT parts are not in the space of the
XMT, the XMT must be extended by carefully defining
the new keywords and adding them to the XMT repos-
itory. Using reserved keywords for context, problem,
and solution allows for automated text processing, a
scalable solution. However, the three items of the MT
will have to be divided into a “brief” part, contain-
ing the reserved keywords, and an elaborate part con-
taining the explanation and details of each item. This
makes it suitable for human reading as well as ma-
chines, and is sometimes applied to the solution item
by providing a thumbnail solution “solution-brief” and
an elaborate solution.

e Definition: Similarity Criteria is a set of logical
conditions that decide if a pattern A is similar to
a pattern B.

o Definition: Similar Patterns (a similarity crite-
rion)

Pattern A is similar to pattern B, denoted A = B,
if?

MT (A) = MT (B)
(where MT denotes the minimal triangle)

e Definition: Equivalent Patterns (a similarity cri-
terion)

Pattern A is equivalent to pattern B,
denoted A ~ B, if
Problem (A) = Problem (B) and
Context (A) = Context (B)

We can see that an equivalence relationship is a su-
perset of a similar relationship.
Two issues arise:

e Identical patterns are to be determined by pattern
author (by including aliases to a pattern either to
refer to another known name, or another pattern),
but will also be complemented by our Structured
Expert Support (SES) as shown in [2].

e Similar and equivalent patterns can be determined
within the activity of SES in two different ways:

2As in 1, this is a sufficient, but not a necessary condition

— Formally, by comparing the three MT items
and applying the definitions of similarity
given above. Once patterns are modulated
according to the XMT model, this process
can be automated using simple tools.

— Informally, by manually selecting patterns
according to SES similarity and redundancy
criteria.

2. Structured Expert Support Imple-
mentation

Beside models, manual work is essential to both
clearing out, and uploading modeled patterns. Here
we create new assumption set, and define some activ-
ities to help build the new system. To address the
relationships between patterns as explained in the ex-
trinsic data part within the GPT [3], we have defined
two types of relationships:

e Structural relationships: These are patterns
that have some common structure (like a common
MT; or part of it).

e Assimilation relationships: Those patterns are
considered from the design process point of view.
Two patterns that are completely different in
structure can still have an assimilation relation-
ship, like complementing or competing with each
other.

2.1. Argument

These two types might look orthogonal to each
other, but -generally speaking- we assert that struc-
tural relationships should be included as a subset of all
legitimate assimilation relationships. During the de-
sign process, patterns can be replaced based on several
criteria. Similarity of pattern structure is a criterion
that warrants the possibility of replacement. This con-
cept will be demonstrated with some examples later
in the paper. We will discuss this further with the is-
sue of redundancies and show the unwanted effect of
structurally entwined patterns.

Gamma et al. [5] emphasize in their book “Design
Patterns” that defining the contextualized relationship
between patterns is a key notion in the understanding
of patterns and their usages. Zimmer [8] implements
this idea by dividing the relations between the patterns
of the Gamma catalog itself in 3 types: “X is similar to
vy, “X uses Y”, and “Variants of X uses Y”. Based on
Zimmer’s work, we showed in [4] some additional rela-
tionships between patterns from an assimilation point



of view, not a structural one.
‘We restate them here:

e Subordinate (X, Y) if and only if X is embed-
dable in Y. Y is also called superordinate of X.

e Equivalent (X, Y) if and only if X and Y can
be replaced by each other.

e Competitor (X, Y) if X and Y cannot be used
at the same time for designing the same artifact.

e Neighboring (X, Y) if X and Y belong to the
same pattern category (family) or to the same de-
sign step as the described pattern.

A major nuisance to our work on pattern relation-
ships, and certainly that of other users is the “noisy
similarities” between patterns. We can visualize the
relationships between patterns as in figure 3. Part of
the similarity is a healthy relationship of similar or
equivalent patterns that can easily replace each other;
represented by the intersection area of the two ellipses.
Several dissimilar patterns have relationships like com-
petitor. A considerable part of similarities, however,
has redundancies in it, and we excluded them from the
concept of pattern relationships. They are represented
in the part of the “pattern similarities” ellipse outside
the relationships ellipse. According to our investiga-
tion on many patterns, it is not easy to decide on the
nature of the relationships in these cases.

To demonstrate, if we said that pattern A is a com-
petitor to pattern B, and then we have another pattern
C which is slightly (or -in general- vaguely) similar to
pattern B, can we say that pattern C is also a com-
petitor to pattern A. The answer is that we have to
resolve the vague similarity between B and C to re-
move this ambiguity first. Logically speaking, this will
not guarantee a solution to the question. But if we
were able to assert -for example- that pattern B and
pattern C have an inheritance relationship, we might
assume that A and C are likely competitors as well. If
we were able to assert that pattern B and pattern C
are similar, then we can remove pattern C altogether.
In many cases we found that some patterns contain a
full detail of other patterns with a slight addition and
often with a slight omission. Other similarities have
more entwined structure that has no clear answer. We
provide more discussion in the next section.

2.2. Inter-collection Redundancies ICR

Besides our automatic discovery approach through
the XMT model, similar patterns have been discovered

Pattern
Relationships

Pattern
Similarities

Figure 3. Useful and noisy similarities

and recorded manually. These two approaches are go-
ing in parallel to complement each other as explained
earlier. We have identified many identical patterns and
similar patterns with varying degrees of similarity. In
some cases we were able to identify patterns in dif-
ferent collections that are exactly the same, but were
presented by different authors under different names,
despite their identical analysis. This is an “easy work”,
and these are marked simply for removal. Other iden-
tical patterns are more difficult to locate.

The challenge comes with what we define as en-
twined patterns. They represent another case of par-
tially similar patterns that can be confusing and has
to be resolved. It is when two (or more) patterns have
common features but each one still has a unique set
of features. Despite the several types of entwining -
depending on the type of redundant features- they can
all be logically represented by the case of entwined
brackets:

{PartO f Pattern A(CommonPart} PartO f PatternB)

In several domains, like in programming languages,
this is generally not allowed. In pattern domain, our
observations show that this is one of the most confus-
ing redundancies between patterns. We need to dis-
solve these patterns either by combining them into one
pattern or separating them into two distinct patterns.

Note: Analogous to the defined relationships of in-
heritance (is-a) and aggregation (has-a) in object ori-
ented programming, we also have pattern inheritance
and aggregation relationships. In patterns domain,
these are not a problem of similarity or a source of con-
fusion; the former is addressed in a hierarchical model.
The latter is a clear case of assimilation relationship.
Connecting these patterns together is done through the
extrinsic data part of the GPT.



3. Conclusion

In this paper we addressed the problem of redundan-
cies between patterns and its negative effect on correct
pattern reuse. It is hard and impractical to ask pattern
users to observe and avoid redundancies among them.
A more feasible approach is to detect and analyze these
redundancies and try to reduce them. We selected in-
teraction design patterns as a start and collected many
of them. After detailed comparison and analysis, we
identified several types of redundancies ranging from
identical patterns (100 percent similar) into lower de-
grees of similarity and we grouped them into different
types. We then formally defined these types in ab-
stract formats to help reapply them on other types of
patterns. We used auxiliary models to help apply the
similarity criteria in an automated way as well as man-
ually. In the future, we are extending our work on two
fronts:

1. We are growing the eXtensible Minimal Triangle
to add more standardized keywords to help au-
tomate the detection process of pattern similari-
ties/redundancies.

2. We are applying the abstract concept of redundan-
cies in other domains of software patterns.
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