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Abstract. The Pattern Language Verifier (PLV) is a process for verify-
ing the application of a pattern language in a design. The PLV process
focuses on a pattern language for the design of web-based enterprise
applications. We show how PLV exploits the ideas of programming lan-
guage compilers to detect the structural, syntactic, and semantic errors
in a design model and then guides the designer in fixing the problems.
To provide tool support, we integrate PLV into the ArgoUML modeling
tool. We use the tool to design a simple student registration system as
a case study, and show how the process finds the mistakes in the model
and helps the designer in repairing the detected problems.
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1 Introduction

Models are the main artifacts that drive software development in Model Driven
Engineering (MDE) [1]. Low quality models result in low quality software; hence,
providing tool support for improving the quality of models is a central task in
MDE. Pattern languages serve as domain-specific or issue-specific guides for the
designers building software in the MDE approach. One benefit of using patterns
is to help the designers to communicate their idea. The term “pattern language”
refers to the fact that patterns create a vocabulary, i.e., a common language,
used by designers [2]. However, two major issues in using a pattern language are
“pattern selection” and “pattern application.” These issues have direct impact on
the quality of models. That means, selecting a wrong pattern or incorrect usage
of a pattern could result in inconsistent and inefficient design and therefore
low quality software. Hence, providing support for automatic verification of the
models that have benefited from a pattern language will expedite the design
process and result in better productivity.

In this paper, our goal is to present a process for verifying the application of
a pattern language in a design. The process is called Pattern Language Verifier
(PLV) and it focuses on Martin Fowler’s Patterns of Enterprise Application

Architecture [2] (henceforth, PofEAA). It should be noted that PofEAA is a
pattern language in the domain of designing web-based enterprise applications;
that means, while most of the Domain Specific Languages (DSLs) are defined



2 Bahman Zamani, Sahar Kayhani, and Greg Butler

for describing the problem domain, this pattern language should be considered
as a DSL in the solution domain describing the architecture or design of the
application. Typically, novice designers are vulnerable to making mistakes in
using PofEAA.

In defining the PLV process, we have benefited from the analysis steps of
the programming language compilers, i.e., we have defined three modules to
detect the structural, syntactic, and semantic errors in a design model, along
with a module that guides the designer in fixing the problems in a systematic
manner. We have integrated the PLV process into an open source modeling tool,
ArgoUML [3], and we have used the tool to design a simple student registration
system as a case study. This case study shows the usefulness of the PLV process
in assisting the designer to improve the design.

In Section 2, first we give our definition of a pattern language, then we
introduce PofEAA and show how it can be considered as a pattern language.
Section 3 describes the architecture of the PLV process, the PofEAA profile,
and the technical details about the PLV modules. The implementation details
of integrating PLV into the ArgoUML modeling tool is described in Section 4.
Section 5 shows a case study of using the tool for designing a student registration
system. Related works are discussed in Section 6. Section 7 concludes the paper
and addresses some future works.

2 Pattern Language

Patterns have played an important role in software development in general, and
in object-oriented approach in particular. As a simple anecdote, the seminal
book on design patterns known as the “Gang of Four” (GoF) patterns [4] is used
by many software experts and is cited by many researchers, e.g., its citation
count on ACM is 1648 and on Google Scholar is 14608, and with 243 reviewers
in amazon.com, it ranks 2

nd in the Software Engineering Bestsellers category.
Software experts have borrowed the terms “Pattern” and “Pattern Language”

from the architect Christopher Alexander. Alexander in [5] defines several inter-

related patterns for architects who want to design buildings. Alexander expresses
that “the link between the patterns are almost as much a part of the language
as the patterns themselves” [5]. In this section, we aim to reach to a definition
of the term “pattern language” and to discuss our justification for considering
PofEAA as a pattern language.

2.1 Pattern Language Definition

In the software community, there are a few definitions for a pattern language [6–
9]. By integrating the ideas of these sources, we consider a pattern language as “a

network of inter-related patterns with specific dependencies between patterns that

lead the designer while designing a system using those patterns.” That means,
selecting one pattern leads the designer to one or more patterns, and this process
(or “structuring mechanism” [8]) continues until the whole system is designed.
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By documenting patterns and the relationship among them, in fact the pat-
tern author is defining a pattern language that could be used by designers in
developing new software systems [9]. Pattern names play a crucial role in a pat-
tern language, because designers can use those names as a vocabulary that helps
them to communicate more effectively [2].

2.2 PofEAA Pattern Language

Our focus is on Martin Fowler’s PofEAA patterns [2]. PofEAA contains over
fifty patterns as solutions to recurring problems that designers encounter while
designing a web-based enterprise application. We discuss how this set of patterns
is qualified to be considered as a pattern language.

Despite the fact that the author of PofEAA does not force the designer to
select one pattern after another, there exist several recommendations in the
book that, from our point of view, for a novice designer can be considered a
structuring mechanism that leads him/her in selecting appropriate patterns one
after another. Furthermore, the set of patterns can be used to describe the design
of an application as a whole. Therefore, we look at PofEAA as a pattern language
for the design of web-based enterprise applications.

Based on the idea of three-tiered architecture for client-server platforms,
the patterns in PofEAA are decomposed into three main layers: presentation,
domain, and data source. The presentation layer is responsible for the user in-
terface, the domain layer deals with application and domain logic and business
rules, and the data source layer is related to communicating with the database.
In addition to these three layers, there are some other categories of patterns,
e.g., object-relational, basic, or distribution patterns.

We have selected a subset of PofEAA for our experiments. Figure 1 shows
the placement of selected patterns in a three-layer architecture, in addition to a
Service Layer pattern and some basic patterns. Due to lack of space we do not
elaborate on the selected patterns here and refer the reader to the book [2]. The
dependencies shown in the figure are based upon the recommendations (rules)
given in the book. In the following, we briefly review these rules to convey the
idea of Figure 1. Note that the PLV process uses these rules as a basis for
detecting errors in a design (see Section 3.3).

Basically, there is no specific dependency between any of the patterns in
the presentation layer and the layer beneath. However, if the designer decides
to use the Service Layer pattern as an API for the application, this pattern
usually works with a Domain Model or Table Module. This facts are reflected
in Figure 1 by having two alternative dependencies, one from the presentation
layer to either Service Layer or Transaction Script, the other from Service Layer
to either Domain Model or Table Module.

Selecting patterns for the data source layer is more dependent upon the
domain layer patterns. As it is indicated in Figure 1, if a Domain Model pattern
is selected and the domain is rich, i.e., the structure of the domain model is
complex, then the suggested pattern for the data source layer is Data Mapper,
otherwise, Active Record is a better choice. In case a Transaction Script or Table
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Fig. 1. Selected Patterns from PofEAA [2] in a Layered Architecture

Module is selected, then there are two options for data source layer, Table Data
Gateway or Row Data Gateway. The last dependency is shown (in Figure 1)
between Table Data Gateway and Record Set since these two work very nicely
together. Note that according to the PofEAA book, Active Record is in the data
source layer, therefore, in Figure 1, we kept Active Record inside that layer,
however, to reflect the fact that it may contains some business logic, it should
be considered on the boundary of the domain layer and the data source layer.

3 Pattern Language Verifier (PLV)

Due to the large number of patterns and the intrinsic complexity of the network
(dependencies) of patterns in a pattern language, defining a process and provid-
ing tool support for verifying the application of a pattern language in the design
model of a system would be a fruitful endeavor. We call our proposed process
“Pattern Language Verifier,” or PLV for short. To the best of our knowledge,
most of the related work falls into the category of single pattern detection and
those works do not focus on the pattern language aspects (see Section 6).

We believe that checking a model which is built using the patterns of a pattern
language is similar to using a compiler for checking a source program which is
written using a programming language. In compiler design, the compiling task is
separated into two parts: analysis and synthesis. Analysis consists of three phases

for detecting the lexical, syntactic, and semantic errors in a program based upon
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the lexical, grammar, and semantic rules of the underlying language. Synthesis
deals with code generation and optimization. The information about variables
and identifiers of the program are stored in a “Symbol Table” [10]. This similarity
is the cornerstone of defining the PLV process. In the following, first we represent
the architecture of PLV, then, we briefly introduce the profile as an important
unit in the PLV, and finally, we will go to the details of PLV modules.

3.1 The PLV Architecture

Taking the three-phase analysis part of a compiler into consideration, we propose
three main phases (or modules) for the PLV process. We need a phase for finding
the patterns that are used in the model, because in designs which are made using
a pattern language, patterns are the elements that a model is built upon. The
module responsible for this phase is called Pattern Detector. In addition, we need
a phase for checking the sequence or hierarchy of patterns used in the model and
to see whether the pattern dependencies and layering is correct or not. We call
the corresponding module Pattern Syntactic Checker. Finally, in the last phase,
we should check the consistency and meaningfulness of the patterns considering
the context information that is given by the designer. The related module is
called Pattern Semantic Checker. In addition to the three main phases, we need
a module for reporting the errors to the designer, displaying guidelines on how
to fix the problem, and fixing the detected problems in the model. This module
is called Pattern Advisor. Figure 2 shows the overall architecture of PLV.
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Fig. 2. The PLV Architecture
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Note that, despite the similarities between the PLV process and the compiling
process, there exist several differences too. The most important one is that the
lexical, syntactic, and semantic rules used by a compiler are more formal and
precise than the rules used by the PLV process. Another considerable difference
is that in PLV, all the modules work on the same model and we cannot say that
each phase changes the model from one representation to another, as it happens
in the phases of a compiler.

3.2 Pattern Language Profile

As illustrated in Figure 2, the PLV process is based upon a profile that should
already be defined for the underlying pattern language. According to [11], a UML
profile is a package with stereotype «profile» that contains elements for a specific
domain. For our process, we have defined a “PofEAA UML Profile,” consisting of
stereotypes and constraints. The stereotypes of the profile are particularly used
by the Pattern Detector for finding patterns, and the constraints are used by
all three main modules for checking the structure, syntax, and semantics of the
underlying pattern language.

In PofEAA profile, we have four sub-packages corresponding to the layers
shown in Figure 1 (except for Service Layer). Therefore, we have defined four
stereotypes that extend the meta-class “Package” of the UML meta-model. Since
each of our patterns consists of one or more classes, each pattern is associ-
ated with at least one stereotype that extends the meta-class “Class” of the
UML meta-model. Only one of these stereotypes is considered, by the Pattern
Detector, as the starting point for checking the structure of the pattern. Fur-
ther, there are some stereotypes that extend the meta-class “Operation” of UML
meta-model. These stereotypes are used for the operations that are mandatory
for some of the patterns. All the constraints corresponding to the stereotypes
are hard-coded into the PLV modules as explained in the following sections.

For instance, for pattern Front Controller (see Figure 3), we have three classes
with stereotypes «handler», «command», and «concretecommand». These stereo-
types (particularly the first one), when applied, show the designer’s intention for
using the corresponding pattern. Also, we need two operations with stereotypes
«doget» and «dopost» in the Handler class. The structural constraints check the
dependency, abstraction, and inheritance as indicated in Figure 3.

An important issue is to investigate “to what extent does a UML profile
suffice for fulfilling the tasks of the PLV process?” We believe that if the profile
constraints are rich enough to catch all the structural and syntactic errors in a
design, then the profile facilitates the building of two corresponding modules of
PLV. However, we think the duties of Pattern Semantic Checker are out of the
scope of profile abilities, and therefore should be done by the module itself. One
rationale is due to the fact that we consider “the inconsistencies with context
information” as semantic errors, and the profile constraints have only access to
the model elements, not the environment. Also the profile cannot help in building
the Pattern Advisor because the profile constraints are not intended to perform
model modifications.
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3.3 PLV Modules

Similar to the compiler phases, each of the PLV modules uses a set of rules
as the principles for checking the model to find errors. We have codified some
structural, syntactic, and semantic rules from the PofEAA book. These rules
are used by three corresponding modules of PLV. Table 1 is an excerpt from
these rules. Note that selecting rule numbers and rule types is our choice and
the rule descriptions are from the book. As it is noted earlier, these rules are
not accurate enough, hence, in case of any imprecision (e.g., in R02: “The Table
Data Gateway is usually stateless”), it is up to the developer of the PLV modules
to decide how to code the rule into the process. In the following, we refer to the
rules in Table 1 by the rule number; also we refer to Figure 5 (case study) in
order to give a better perspective of each module.

Table 1. Some Rules from PofEAA Book [2] used in the PLV Process

R# Rule
Type

Rule Description (PofEAA book page#)

R01 Structural “A Front Controller handles all calls for a Web site, and is usually
structured in two parts: a Web handler and a command hierarchy. The
Web handler is the object that actually receives post or get requests
from the Web server.” (p.344)

R02 Structural “A Table Data Gateway has a simple interface, usually consisting of
several find methods to get data from the database and update, insert,
and delete methods...The Table Data Gateway is usually stateless.”
(p.144)

R03 Syntactic “A simple Domain Model can use Active Record, whereas a rich Do-
main Model requires Data Mapper.” (p.117)

R04 Syntactic “The fact that Table Data Gateway fits very nicely with Record Set
makes it the obvious choice if you are using Table Module.” (p.35)

R05 Semantic “[for presentation layer] Your tooling may well make your choice for
you. If you use Visual Studio, the easiest way to go is Page Controller
and Template View. If you use Java, you have a choice of Web frame-
works to consider. Popular at the moment is Struts, which will lead
you to a Front Controller and a Template View.” (p.99)

R06 Semantic “If you have an environment like .NET or Visual Studio, then that
makes a Table Module much more attractive.” (p.30)

Pattern Detector: As its name says, the responsibility of Pattern Detector
is to find the patterns used in a model. This module checks the structure of
the pattern. If the correct usage of a pattern is detected, pattern information is
recorded in a Pattern Information Table to be used in the next phases. If there
are problems in a pattern, the required information is passed to the Pattern
Advisor to take the appropriate action.

This module has benefited from our previous work, the Sign/Criteria/Repair
(SCR) process [12]. Sign is simply the presence of corresponding stereotype. This
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way, we eliminate the possibility of ambiguity in detecting patterns. Criteria is a
set of structural rules which defines the correct application of a pattern. Repair
is a set of steps that helps the designer fix the problems. Note that in our PLV
process, the repair part is the responsibility of the Pattern Advisor module.

For example consider the structural rule R01 in Table 1 that defines the cri-
teria for the Front Controller pattern. To better see the logic behind this rule,
consider Figure 3 that shows the structure of this pattern by a UML class di-
agram. Note that each rule in Table 1 is indeed a set of criteria. For instance,
rule R01 consists of at least six conditions that need to be checked to show that
the pattern is used correctly. Based on these criteria, Pattern Detector starts by
finding a class with stereotype «handler». Then it looks for two operations with
stereotypes «doget» and «dopost» in that class. The Handler class should be
a client of an abstract class with stereotype «command» that has an operation
with stereotype «process» and has at least one child class with stereotype «con-
cretecommand». If all these checks are successful, we add a line in the Pattern
Information Table and report the detected pattern to the designer (see Figure 5-
B). Otherwise, we call Pattern Advisor to give an error message to the designer
(see Figure 5-C) and guide him/her in fixing the problem (see Figure 5-D).

Fig. 3. The Front Controller Pattern [2]

Pattern Syntactic Checker: This module checks both dependencies and
layering of detected patterns. In case of any error or inconsistency, a call to the
Pattern Advisor is made in order to report the problem to the designer and assist
him/her repair the problem. Remember that a pattern language is a network of
interrelated patterns. Hence, some patterns could be used only if another pattern
has been used.

For instance, imagine that the Domain Model pattern is used in the domain
layer and, while it is claimed that the domain is complex, for one of the domain
objects, there is also an Active Record pattern in the data source layer. Based
on the rule R03 in Table 1, these two patterns (considering the complexity)
are inconsistent from the Pattern Syntactic Checker point of view. Therefore,
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an error message is shown to the designer by the Pattern Advisor along with
guidelines on how to fix the problem (see Figure 5-F).

Pattern Semantic Checker: Sometimes, a model is syntactically correct,
however, it does not comply with the best practices of the pattern language. The
Pattern Semantic Checker module is responsible to catch those mistakes. Conflict
between the patterns in a layer, conflict between the context environment and the
choice of patterns are some examples of the checks that this module performs.
To do these kind of checks, we need to gather some information such as the
tooling environment, complexity of the model, and expertise of the developers
at the beginning of the modeling.

For example consider the case that the designer has selected .NET develop-
ment platform (see Figure 5-A), then, we detect Domain Model pattern in the
domain layer. This is contradictory with rule R06 in Table 1; hence, Pattern
Advisor shows appropriate warning to the designer along with displaying the
reasons that caused the error, and some suggestions for improving the design.
For instance, it should recommend either using Table Module in the domain
layer or to choose Java as development platform (see Figure 5-G).

Pattern Advisor: In addition to the main three phases (modules), Pattern
Advisor is an important module which is responsible for reporting the errors,
displaying the guidelines, and helping the designer in fixing the problems. For
the cases that Pattern Advisor is able to perform automatic repair, it gives the
opportunity to the designer, and upon designer’s request, the required modifi-
cations are applied to the model. For problems that needs designer’s decision,
the guidelines for fixing the problem should be displayed and it is the designer’s
responsibility to modify the model.

Following are some of the modifications that are doable automatically by
the Pattern Advisor: instantiating a pattern by creating required classes, adding
missing operations or attributes to a class (See Figure 5-E), changing a class to
abstract, and changing the navigability of an association.

Pattern Information Table: The Pattern Information Table is created by
the Pattern Detector and contains basic information about the detected pat-
terns, e.g., the pattern name and the layer in which the pattern is defined. This
information is used by the second module (Pattern Syntactic Checker) which
also adds more items to this table, e.g., list of patterns that the current pattern
depends upon. This modified table will be used by the third module (Pattern
Semantic Checker).

4 Integrating PLV into a Modeling Tool

In this section we briefly discuss how the PLV process is implemented into an
open source UML modeling tool, ArgoUML [3] (see Figure 4). ArgoUML is a
design critiquing system, i.e., it has predefined agents, called Critics, that are
constantly investigating the current model and if the conditions for triggering a
Critic hold, the Critic will generate a ToDo item (a Critique) in the ToDo list.
A ToDo item is a short description of the problem, some guidelines about how
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to solve the problem, and, if it exists, a Wizard which helps the designer solve
the problem automatically. The Critics are not intrusive, since the designer can
completely ignore or disable them. The Critics and the Wizards are not user
defined; they all are written in Java and are compiled as part of the tool.

In order to integrate the PLV process into ArgoUML, we have extended our
previous implementations discussed in [12]. Since in ArgoUML 0.25 a new feature
is added that allows us to apply a profile (only stereotypes) to a model, we define
a profile that contains the stereotypes of our PofEAA profile (see Section 3.2).
The constraints of the profile should be written in Java and are embedded into
the Critics. Based on the critiquing idea of ArgoUML, for each kind of problem
there should exist a Critic. Hence, for each pattern, we write a Critic class
that checks the structural, syntactic, and semantic criteria of that pattern. That
means, our three main modules (Pattern Detector, Pattern Syntactic Checker,
and Pattern Semantic Checker) are built using Critic classes.

If any of the structural criteria is failed, the Critic is triggered and a ToDo
item (a Critique) will be posted in the ToDo list under Patterns of EAA.
By selecting a ToDo item, its description will be shown in the Details pane,
and upon the user’s request, the Wizard for the Critic will be executed and the
problems found in the pattern usage will be fixed. If any of the syntactic or
semantic criteria is failed, e.g., an error in the dependencies between patterns
or an inconsistency of the design with context information is caught, the error
along with the guidelines will be reported by the Critic itself in a separate tab in
the Details pane of ArgoUML named PofEAA Syntax and Semantics. That
means, the Pattern Advisor module is implemented in both Wizards and Critics
which are written as Java classes.

5 Case Study: Student Registration System

In this section we show how the designer’s actions are monitored by the PLV
process, and how this process can assist the designer fix the problems in applying
the PofEAA pattern language on a design model.

For our case study, we consider a simple Student Registration System. The
system consists of students who register for courses that are offered by depart-
ments. Each course is taught by a professor and may have some prerequsites.
Each professor works for a department and his/her job is to teach courses and
to supervise students. For students and professors we keep their personal infor-
mation in addition to their living address.

Figure 4 shows a screenshot of ArgoUML while the designer is designing
the Student Registration System as a web-based application using PofEAA pat-
tern language. We suppose that the design is not finalized yet. By applying the
PofEAA UML profile to the model, the stereotypes are available for use (see part
A). Selecting an appropriate stereotype, the designer shows his/her intention for
using the corresponding pattern. The Front Controller pattern is chosen for the
presentation layer with two commands: “register student” and “change depart-
ment name” (see part B). The Domain Model pattern is chosen for the domain



A Pattern Language Verifier for Web-Based Enterprise Applications 11

layer (see part C). In the data source layer, we see two patterns: Data Mapper
is accessing student data and Active Record is selected for accessing department
information (see part D).

In Figure 5 we see how the PLV modules check separate aspects of the de-
sign and guide the designer in solving the problems. This figure is a collection
of partial screenshots from ArgoUML. We have tried to synchronize this section
with the examples given in Section 3.3 for each module. Part A shows the de-
signers’ choices about the context of the design. Part B illustrates the outcome
of Pattern Detector module. Patterns that are used correctly, along with their
underlying layer and involved classes are shown in the Detected Patterns tab
in the Details pane. Part C shows a ToDo item created by Pattern Advisor under
Patterns of EAA due to an error (“missing insert operation”) occurred in the
Data Mapper pattern. By selecting this ToDo item, in part D, Pattern Advisor
module gives guidelines to the designer on how to fix the problem. There is an
automatic repair available for this problem. Part E is the result of automatic
repair provided by Pattern Advisor; the missing operation is added to the class
automatically. Syntactic and semantic errors are reported in a dedicated tab
named PofEAA Syntax and Semantics in the Details pane. Part F shows a
syntactic error. As the guideline explains, the error has occurred due to the in-
consistency between the complexity of domain chosen by the designer (in part A)
and the Active Record pattern which is used for accessing the Department data.
The guideline suggests using Data Mapper instead of Active Record or changing
the choice for complexity. Part G shows a semantic error reporting a conflict
between the tooling environment selected in part A (.NET) and using Domain
Model. The guideline recommends changing either the tool or the pattern.

6 Related Work

The ideas of PLV have roots in our previous works. In [13], we utilized the idea
of defining stereotypes for detecting patterns and verifying the application of
patterns in a design. Also, we compared the suitability of three modeling tools
for integration of the detection process. In [12], the definition of a profile for
PofEAA is started and a process called Sign/Criteria/Repair (SCR) was defined
with focus on verifying the application of a single pattern in a design.

There exist several works on detecting GOF design patterns. Bergenti and
Poggi [14], have built a tool which uses Prolog rules to detect GOF patterns (only
eleven patterns are considered detectable). The tool is integrated into ArgoUML
and is claimed to be extensible and customizable. Tsantalis et al. [15] have built
an automatic design pattern detector based on a similarity scoring algorithm.
They use a matrix format to capture the essence of each GOF pattern, and by
converting the class diagram of the given system into a set of matrices, find
pattern matches in the design.

In the area of model quality assessment, Breu and Chimiak-Opoka [16] have
introduced a framework for quality assurance of models based on the concepts
of Queries, Checks, and Views. Liu et al. [17] have introduced a classification
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for design inconsistencies, and then they have developed an expert system for
detecting the inconsistencies in a given UML design. The system is able to give
advice to the designer and fix the problems automatically.

The Epsilon Wizard Language (EWL), introduced by Kolovos et al. [18], is
similar to OCL but enriched with model modification capabilities that enables
the designer to write wizards for finding and fixing problems in UML models.
Each wizard consists of three parts: title, guard, and body. If the guard is true,
the title is displayed and the body is executed.

7 Conclusion

To verify the application of a pattern language for a domain, e.g., PofEAA, one
should check the structure of each pattern that is used in the design model. Then,
the dependencies between used patterns and the layering of patterns should be
investigated. And finally, the design should be checked from the semantic point
of view to find any conflict that can be caught between the choice of patterns
and the context information, e.g., the tooling environment, the complexity of the
domain, and the experience of the designers. These are the duties of three main
modules of the PLV process that is proposed in this paper. Furthermore, the
process is enriched with a Pattern Advisor which helps the designer in finding
the roots of the problems and, if possible, provides automatic repair for the
detected problems.

The PLV process supposes that we have already defined a UML profile for
the underlying pattern language. The profile definition is a perfect solution for
defining a DSL such as PofEAA. The stereotypes of the profile facilitate the
detection of patterns and many of the pattern criteria, especially the structural
and syntactic ones, can be checked via the constraints of each stereotype. How-
ever, the profile per se is not sufficient for the pattern language verification task
since checking the criteria that need context information, e.g., semantic rules,
are out of the scope of profile.

To evaluate the idea of PLV and its applicability and usefulness in current
modeling tools, we did experiments with the ArgoUML modeling tool. We ob-
served that the PLV process is able to be integrated in ArgoUML by writing
Java code, and it helps designer in detecting problems early in the design pro-
cess. However, hard coding the process into the tool is not a convenient way of
tool extension and impedes the scalability of the process.

As part of our future work, we plan to extend the ideas and experiences found
in this work and define a general framework for pattern language verification. For
the experimental part of the current work, we need to extract more rules from
PofEAA and embed them into the PLV modules; we should consider dynamic
models too; also we should improve the Pattern Advisor to repair more problems
automatically and be able to guide the designer for selecting the right pattern.
Finally, we aim to validate the ideas by asking undergraduate students to use
the tool and see if the tool can help them understand how far they are from a
sound design, and how much progress they have made in fixing the problems.
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Fig. 4. Designing a Student Registration System in ArgoUML using PofEAA
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Fig. 5. Partial Screenshots of ArgoUML Showing how PLV is Verifying PofEAA Pat-
tern Language in Designing a Student Registration System
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