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Abstract

Given the rapid rise of model-driven software develop-
ment methodologies, it is highly desirable that tools be de-
veloped to support the use of design patterns in this context.
This paper presents such a tool, called LAMBDES-DP, with
UML diagrams as the software design models. Its theoret-
ical foundation is a descriptive semantics of UML in first
order logic, and the design patterns are formally specified
in the same language. The tool uses the LAMBDES sys-
tem to translate the UML diagrams into their descriptive
semantics and invokes the theorem prover SPASS to decide
whether the design conforms to a pattern. Our experiments
show that our tool has significantly lower rates of false pos-
itive and false negative errors compared with existing tools.

1 Motivation and Related Work

Software design patterns are frequently used to share de-
sign expertise. They document solutions to commonly oc-
curring design problems. It is widely recognized that their
proper use can improve software quality and development
productivity [29]. Software tools have been proposed that
could spot the use of a pattern within a software system
and/or check if a pattern is applied correctly. The prototype
tool LAMBDES-DP presented in this paper is distinctive
for two reasons. First, it facilitates model-driven develop-
ment by working at the design level rather than code level.
Secondly, it is based on a formalism that has been shown to
be applicable to all 23 Gang of Four (GoF) patterns in [10].

Code-level tool support has been much reported [6], with
examples including HEDGEHOG [5], FUJABA [24] and
PINOT [25], but they all have relatively high error rates.
As suggested in [13], this is probably because the level of
abstraction is too low. Variations in implementation cannot
be expressed systematically, for example, and important dy-
namic behaviours cannot be determined statically from the
code alone.

Kim et al. have advanced two separate approaches

to design-level tool support, both based on the role-based
metamodelling language RBML [13] for specifying pat-
terns. In [14], they translate RBML into a query on a Prolog
database representing the UML model, but without explain-
ing how to translate either language into Prolog. In [15, 16],
they report a plug-in called RBMLCC for IBM Rational
Rose but then apply it to only 7 of the 23 GoF patterns.

Precision is essential for any tool, but the semantics of
UML is lacking in this respect. So too is the usual pre-
sentation of design patterns: an informal combination of
English, to explain basic principles, together with semi-
general UML diagrams and code examples, by way of il-
lustration. So much work has gone into formal alternatives.
Examples include the Design Pattern Modeling Language
of Mapelsden et al. [22], the graphical language LePUS of
Eden [7, 8], the use of predicate logic and temporal logic by
Taibi [27, 28] and Mikkonen [23], the extension of the UML
meta-model and the Object Constraint Language (OCL) by
Le Guennec et al. [11], and many other works such as
[17, 19, 20, 21, 30]. However, only RBML has been in-
corporated into tools like the one we propose here.

The language we use for specifying design patterns is
that of Bayley and Zhu [1, 3]. They use a first-order predi-
cate logic (FOL) language systematically derived from the
abstract syntax of UML diagrams in GEBNF (Graphically
Extended BNF). Patterns are then predicates on UML di-
agrams and pattern instantiation is predicate satisfaction.
FOL is expressive enough for all 23 GoF patterns and is
more readable than its rivals. Better still, in [2], it is used
to compose patterns and to formally prove their properties.
Note that the alternative of OCL is not designed for the
meta-level and even when lifted, it cannot specify the ab-
sence of a relationship between classes; see [9] for other
problems with OCL.

The remainder of the paper starts with the theoretical
foundation of the tool in section 2, followed by a descrip-
tion of the tool LAMBDES-DP and the report on the exper-
iment with it in sections 3 and 4, respectively. Finally, we
conclude the paper with a brief discussion of future work in
section 5.



2 Theoretical Foundations
2.1 Descriptive Semantics of UML

In [26], the formal semantics of UML is resolved into
two aspects: descriptive semantics and functional seman-
tics. The descriptive semantics defines which systems (eg
software systems) are instances of a model. It does this with
a set of FOL statements about the system being modelled in
terms of basic modeling concepts such as classes, attributes,
methods, inheritances and associations, etc. A system in the
domain is an instance of a model if and only if it satisfies
the set of statements.

The functional semantics, in contrast, actually defines
these basic modeling concepts, perhaps with axioms on the
dynamic behaviour of systems or perhaps by mapping each
system to an element of a denotational semantics domain.
Then a collection of systems can be regarded as a domain
if and only if it satisfies the axioms of the functional se-
mantics. LAMBDES-DP is related only to the descriptive
semantics, as we shall see later.
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Figure 1. Descriptive Semantics of UML

As shown in Figure 1, the definition of descriptive se-
mantics of UML models consists of four sets of rules, which
we summarise from [26].

A. Signature Rules.

UML is defined by a metamodel that specifies the types
of model elements and the relationships between them. The
metamodel determines the signature of the FOL language
in which sentences are constructed. The signature rules
define a mapping S from a metamodel M to a signature
3 = §(M) so that statements representing the descriptive
semantics of models are >:-sentences. This means that pred-
icate and constant symbols are generated for metaclasses,
metaattributes and metaenumeration values. For example,
Class(Book) means the model element Book is a class,
and isAbstract(Book, true) means that the class Book is
abstract.

A X-sentence is a property of the systems in the mod-
eling domain D. Thus, ¥-sentences are evaluated on sys-
tems in D. A satisfaction relationship F between D and
Y-sentences can be defined as usual such that a X-sentence

AbstractClassXX
ConcreteClassXX

+TemplateMethod()
+Others()

Figure 2. Example of Design Instance

@ istrue on a system s in D, written s E ¢, when the system
s has property .

B. Axiom Rules.

A metamodel also defines the inter-element relationships
that must be satisfied by all models. These axiom rules de-
fine a mapping A from metamodel M to a set of axioms
A(M) in the X-sentences. For example, some of these rules
state that the set of diagram elements is partitioned into dis-
joint sets according to the metaclasses they belong to, such
as Association, Operation, Class etc.

C. Translation Rules.

A model states the existence of certain types of elements
in the modeled system as well as their properties and in-
terrelationships. The translation rules define a translation
mapping 7 from model m into a set of ¥-sentences such
that a system s is an instance of a model m if and only if
all Y-sentences in 7 (m) are true on system s. For exam-
ple, a sentence C(id) is generated for each identifier id of
concrete type C.

D. Hypothesis Rules.

These also define a mapping H from models to sets of 3-
sentences. However, they reveal the context in which mod-
els are used, and their application is specific to the mod-
elling context, which here is software design. Suppose the
model contains a number of elements of the same concrete
type. Then one example of the rules says they are all dis-
tinct, another says that the system contains no more than
these.

Let £y be a modeling language, say UML, defined by

a metamodel M. Then DES(Ly) = (S, A, T, H) repre-
sents the descriptive semantics and is defined as follows.
Definition 1 (Descriptive semantics of models)
The descriptive semantics of a model m in L), defined by
DES, written [m] pgs, is the set A(M) U T (m) U H(m)
of X-sentences, where . = S(M). A system s in domain
D is an instance of model m under the definition of DES,
written s Fprps m, if s E [m]pgrs. O

A tool LAMBDES was reported in [26]. It implements
these rules for UML class, sequence and state machine di-
agrams. For example, Figure 3 shows some of the formu-
lae in SPASS format generated from the UML diagram in
Figure 2. These only specify the two classes, however.
Fourteen more formulae specify properties of the two op-
erations, six more give the generalisation relationship, and
three more link the operations to their classes.



formula(Class (UMLClass_3)) .
formula(Class (UMLClass_6)) .
formula (not (equal (UMLClass_3,UMLClass_6))) .
formula (forall ([x],implies(Class (x),

or (equal (x,UMLClass_3),equal (x,UMLClass_6))))) .
formula (isAbstract (UMLClass_3,bTrue)) .
formula (isAbstract (UMLClass_6,bFalse)) .
formula (visibility (UMLClass_3,public)) .
formula (visibility (UMLClass_6,public)) .
formula (Name (UMLClass_3,M AbstractClassXX)).
formula (Name (UMLClass_6,M ConcreteClassXX)) .

Figure 3. Formulas generated by LAMBDES

2.2 Specification of Design Patterns

In Bayley and Zhu’s approach to the formal specification
of design patterns [1, 3], a pattern is a first-order predicate p
on UML models. A design model m conforms to the pattern
denoted by p, if the evaluation of p on model m is true.

For example, here is the specification of the Template
Method pattern taken from [3].

Components

o AbstractClass € classes
o templateMethod € AbstractClass.opers
e others C AbstractClass.opers

Static Conditions

o templateMethod.isLeaf
o templateMethod & others
e Yo € others . —o.isLeaf

Dynamic Conditions
e The template method calls the non-leaf operations.
Yo € others . callsH ook (template M ethod, o)

The static conditions relate to the class diagram and the
dynamic conditions relate to the sequence diagram. Here,
classes denotes the set of classes in the class diagram. If C
is a class then C.opers denotes the set of operations of class
C. If o is an operation then o.isLeaf is true when o is not
redefined in a subclass. So the static conditions state that
there must be a class AbstractClass with a non-redefined
operation template M ethod that calls a set others of sepa-
rate redefined operations.

The predicate calls H ook (op, op’) in the dynamic condi-
tions is defined as 3C' € subs(C”) - calls(op, C.op’), where
calls(op, op’) denotes that the sequence diagram has mes-
sages m and m’ in messages, the set of messages, such
that m, labeled with operation op, calls m/, labeled with
operation op’.

The mix of maths and text forming the specification
above is meant to be read as a single (commented) predicate
in which the variables AbstractClass, template M ethod
and others are existentially quantified and the four condi-
tions are conjoined together into a single predicate on those
three variables. The general form for the predicate is

Juy : T1Fvg : T+ -+ vy, : Ty, - (Prs A Pry)

where Pr; and Prg are the static and dynamic conditions
as predicates and the v; : T; are the variables free in Prg
and Prg.

The evaluation of a predicate p on a model m in the con-
text of an assignment o !, written Eva,, (m, p), is the truth
value of p when the free occurences of each variable x in p
are replaced by a(x). If Eva,(m,p) = true, we say that
model m satisfies predicate p under the assignment «, and
write m =, p. When there is no free variable in the pred-
icate p, its truth value is independent of the assignment so
the subscript o can be omitted.

Finally, we must translate this syntax into that of the
LAMBDES tool. The translation is fairly straightforward
as both languages use the same basic concepts of object-

orientation. For Template Method, we get the following:
formula (exists ( [xAbsClass, xTemplateMethod],
and (
Class (xAbsClass)
ownedOperation (xAbsClass, xTemplateMethod),
isLeaf (xTemplateMethod, bTrue) ,
forall ([xOps], imply(
and (ownedOperation (xAbsClass, xOps) ,
not (equal (xTemplateMethod, xOps) ) ),
isLeaf (xOps, bFalse))
forall ([xOps], imply(
and (ownedOperation (xAbsClass, xOps) ,
not (equal (xTemplateMethod, xOps) ) ),
callsHook (xTemplateMethod, xOps) )
))) .

2.3 Bridging the Semantic Gap

Although FOL is used both in the descriptive semantics
of UML diagrams in [26] and in the formal specification of
patterns in [1, 2, 3], the universes of discourses are differ-
ent. To bridge the semantic gap, the translation mentioned
above, which turns predicates on UML models into predi-
cates on software systems, must meet the following correct-
ness requirement.

Definition 2 (Correctness of translation)

Let p be a predicate on models, p’ be a predicate on systems.
The predicate p' is a correct translation of p, if for all models
m, we havem Ep < Vs € D- (skE ([m] = p')). O

Once a specification Spec(P) of pattern P is correctly
translated into Spec’(P) then, given a design model m rep-
resented in UML diagrams, we can decide whether the de-
sign m conforms to pattern P by proving or disproving the
logic statement [m] = Spec(P) in FOL. For example,
the translated specification of Template Method pattern can
be deduced from the LAMBDES formulae that describe the
class diagram in Figure 2.

The following theorems state that if we can prove [m] =
Spec’(P) in FOL for model m and pattern P, then every
system that is an instance of m must conform to P. (Actu-
ally, Theorem 2 states this and 1 is preparatory.) Together,

! An assignment « is a mapping from free variables in p to elements in
model m.



these provide the solid foundation required for us to use a
theorem prover to check pattern conformance.
Theorem 1 Suppose that Spec’ (P) is a correct translation
of the formal specification Spec(P) of pattern P. For all
design models m and systems s € D, if s is an instance
of model m and m conforms to a pattern P as specified in
Spec(P), we have that (s E Spec (P)).
Proof. By Definition 1, if s is an instance of model m then
s E m, which is equivalent to s £ [m]. By Definition 2
and the condition that Spec’(P) is a correct translation of
Spec(P), then m E Spec(P) implies that for all s € D,
s E [m] = Spec (P). By the consistency theorem of FOL,
and s b [m] we have that s E Spec/(P). O

If Spec(P) is a correct translation of the formal speci-
fication of Spec’(P), as in Theorem 1, then by Definition
1, for all models m, we have m E Spec(P) if and only if
[m] = Spec (P) holds. Thus, the above theorem can be
equivalently stated as follows.
Theorem 2 Suppose that Spec' (P) is a correct translation
of Spec(P). For all models m, if [m] = Spec (P) is true
in FOL, then, for all systems s € D, we have s E m implies
s E Sped (P). O

3 LAMBDES and LAMBDES-DP

In [26], a prototype software tool called LAMBDES
(Logic Analyser of Models/Metamodels Based on DEscrip-
tive Semantics) was reported. It translates UML models
into FOL systems and facilitates reasoning about models
through logical inference. The tool LAMBDES-DP pre-
sented in this paper is an extension of LAMBDES with fa-
cilities to support reasoning about the conformance of mod-
els to design patterns.

LAMBDES is integrated with two other software tools:
StarUML 2, a UML modelling tool that allows the user to
edit a diagram and export it in the XMI format that LAMB-
DES uses as input, and SPASS 3 an automated theorem
prover for FOL with equality, which reads in LAMBDES
output.

SPASS input is a logic system in a text file of four parts:

Description: background information;
. Signature: declarations of the functions, predicates
and constant symbols of the logic system;
3. Premises: alist of formulas as the premises of the logic
inference;
4. Conjectures: a list of formulas to be proved.

N =

For any input, the execution of SPASS may terminate
with a proof, terminate with a failure to prove or else run
forever without producing any results, because inference in
FOL is NP-hard.

2URL: http://staruml.sourceforge.net/en/
3URL: http://spass.mpi-inf.mpg.de/

A major function of LAMBDES is to translate a UML
model and a metamodel into a FOL system. Figure 4 shows
the structure and workflow of LAMBDES. Many of the
components represent the sets of rules that form the de-
scriptive semantics. Signature mapping and axiom mapping
are implemented in the Signature Generator and the Axiom
Generator, respectively, and both take the metamodel as the
input. To reason about the properties of a metamodel, the
Domain Generator generates a set of auxiliary constants and
formulas to populate the domain of discourse. Translation
and hypothesis mappings are implemented in the Formula
Generator and the Hypothesis Generator, respectively. They
take a UML model in XMI format and a modeling context
as input, respectively. Using a GUI, users can decide which
hypothesis rules are to be applied.

The LAMBDES system also allows the users to spec-
ify which conjectures are to be proved so that a wide range
of logical analyses on models and metamodels can be sup-
ported. The Conjecture Generator takes input from a text
file and generates the conjectures to be proved. It then com-
bines these with the descriptive semantics of the model as
the signature and premise parts to form the input to SPASS.

LAMBDES-DP, on the other hand, is LAMBDES ex-
tended with a repository of all 23 patterns in GoF, translated
from their formal specifications in [3]. If the model has
no sequence diagram then only the components and static
conditions are used for the conjecture. Otherwise, the dy-
namic conditions are included too. The Conjecture Genera-
tor and the GUI are different from the original LAMBDES
tool. This allows the pattern specifications in the repository
to be merged with the descriptive semantics of models to
form input to the SPASS theorem prover as the conjectures
to be proved. The changes are shown in the shadowed box
in Figure 4.

Metamodel

‘ Modelli

ing tool StarUML ‘
T

¥

LAMBDES |

User Interface

i T T
L] ¥
Metamodel in XMI Model in XM | | Modelling
Context

Proof Goal

Design Pattern
Specification

Domain
Generator|

Signature
Generator

Generator

Formula
Generator
T

Axiom Hypothesis

Generator

v

+

Logic s:

I I I
¥ e i
Auxiliary | [g; - i N
!/ constants & ILS?n/atﬁ Lﬁxﬂnﬂ Statements | | Hypothesis
i formulas i

Conjecture i

stem for model!

iLoglc system for metamodel

)
\

Theorem prover SPASS

Inference result

Conjecture |
Generator

Design
Pattern
Spec
Repository

Figure 4. Structure of LAMBDES-DP




4 Experiments

We have conducted some preliminary experiments to
see how well LAMBDES-DP recognizes design patterns in
UML models.

There are two types of errors in pattern recognition. A
false positive error occurs when a design is incorrectly rec-
ognized as an instance of a pattern because the specification
of the pattern is not restrictive enough to rule out incorrect
uses. In contrast, a false negative error occurs when a de-
sign is incorrectly rejected as an instance of a pattern be-
cause the specification is foo restrictive to take into account
some valid uses. Moreover, inference in FOL is NP-hard.
If the theorem prover cannot prove a statement within the
time and memory space available, we regard the design as
not conforming to the pattern; i.e. our use of the tool in this
experiment is conservative. This may cause false negative
errors. These two types of errors are measured by preci-
sion (the rate of false positives) and recall (the rate of false
negatives), respectively.

Two sets of design instances were produced manually
from the diagrams in the GoF book [10].

Set 1 (Class Only): contains a class diagram for each of the
23 patterns in the book.

Set 2 (Class + Seq): contains class and sequence diagrams
for the only 6 patterns in the book that contain both.

Table 1 gives an overview of these design instances.
Each row records the number of elements in the model
and in its generated descriptive semantics. The columns
for the model show the number of classes (CL), opera-
tions (OP), inheritance relations (IH), aggregations (AG),
life-lines (LL), messages (MG), and the total number of
elements (SUM). The columns for the semantics show
the numbers of constants (CN), function/predicate symbols
(SB) and formulas (FM).

There are two reasons why we didn’t use design mod-
els from real software systems. First, they are difficult to
acquire, as for most open-source projects, only the source
code is widely available. Secondly, the informal descrip-
tions of patterns are so ambiguous that it is often debatable
[6] whether a pattern should be found in a system or not.
Using the examples from the original GoF book [10] avoids
such controversies.

The experiments consisted of four steps:

1. Use StarUML to produce design instances as UML di-
agrams and export them as XMI representations.

2. Use LAMBDES to convert these XMI representations
to FOL;

3. Use LAMBDES to check these FOL representations
for consistency errors, revising them until there are no
more errors;

4. For each pattern, use LAMBDES-DP to determine if
the model conforms to (i.e. implies the specifica-

Table 1. Overview of Design Instances

PATTERN | CL OP TH AG LL MG SUM | CN SB FM
ClassOnly

Abs Fetry 5 1 2 3 0 0 11 15 21 132
Adapter 4 2 1 2 0 0 9 13 20 132
Bridge 4 2 2 1 0 0 9 11 18 118
Builder 4 5 1 2 0 0 12 15 26 188
Chain Resp 3 1 1 2 0 0 7 11 16 106
Command 5 3 1 4 0 0 13 19 28 190
Composite 4 6 2 2 0 0 14 21 34 250
Decorator 4 1 3 1 0 0 9 11 17 109
Facade 3 0 0 1 0 0 4 6 9 70
Fact Mth 4 2 2 1 0 0 9 9 15 100
Flyweight 5 2 2 4 0 0 13 22 31 215
Interpreter 5 1 2 3 0 0 11 18 25 164
Iterator 4 5 2 2 0 0 13 15 24 165
Mediator 5 3 3 3 0 0 14 20 29 196
Memento 3 4 0 2 0 0 9 12 21 147
Observer 4 5 2 3 0 0 14 32 47 324
Prototype 3 2 1 1 0 0 7 9 15 101
Proxy 3 1 2 1 0 0 7 9 14 91
Singleton 1 1 0 1 0 0 3 6 10 76
State 3 2 1 1 0 0 7 9 15 101
Strategy 3 2 1 1 0 0 7 9 15 101
Temp Mth 2 2 1 0 0 0 5 5 9 72
Visitor 5 5 2 1 0 0 13 19 33 252
Average 3.7 2.5 1.5 1.8 0.0 0.0 9.6 13.7 21.4 147.8
Class+Seq

Builder 4 5 1 2 3 3 18 26 38 240
Command 5 3 1 4 4 3 20 30 41 250
Mediator 5 3 3 3 3 3 20 31 41 246
Memento 3 4 0 2 3 4 16 24 34 205
Observer 4 6 2 3 2 4 21 32 47 324
Visitor 5 5 2 1 3 3 19 29 44 302
Average 4.3 4.3 1.5 2.5 3.0 33 19.0 28.7 40.8 261.2

tion of) the pattern. There are three possible out-
comes: Proof Found, meaning definitely yes, Com-
pletion Found, meaning definitely no, and Time Out,
meaning that no proof was found in the maximum time
limit that SPASS allows, which is 990 seconds.

In our experiments with ClassOnly, every design in-
stance was correctly recognized as conforming to the in-
tended design pattern, giving a 0% false negative error rate.
We also checked every design in ClassOnly against the
other 22 patterns, but wrongly proved conformance in some
cases, giving a 22% false positive rate. This was partly be-
cause a pattern can overlap with or specialise another, so the
“real” rate should be lower.

Nevertheless, [3] argued that this rate could be reduced
by taking dynamic features into account. We were able to
confirm this by trying the set Class+Seq. We tested each
of the six design instances against the other five unintended
patterns, and we got twenty-four time-outs and six rejec-
tions. If time-out is conservatively interpreted as rejection,
the false positive error rate is 0%. These statistics are fun-
damentally different from their equivalents at code level,
because each model can be implemented in many different
ways, so comparison with code-level pattern recovery tools
may be meaningless, and as far as we know, there is no data
available for a direct comparison with model-level tools.

5 Further Work

We plan to improve the efficiency of the LAMBDES-
DP tool, perhaps by using a different inference engine, so
that it can handle larger designs, and to experiment with



design models from industry. We note that some code level
tools use an intermediate representation of the source code
in FOL, e.g. [4, 12, 18], so we will consider integrating
our approach with that. Finally, we will enrich the design
pattern repository with variants of some patterns and add
tool support for pattern composition.

Acknowledgment

The work reported in this paper is partly supported by
The Reinvention Center through the funding of Undergrad-
uate Student Scholarship Project to R. Amphlett and the
China Scholarship Council’s funding of L. Shan’s visit to
Oxford Brookes University. The authors are grateful to
Prof. Zhi Jin of Peking University and the members of the
Applied Formal Methods research group at Oxford Brookes
University for valuable discussions.

References

[1] I. Bayley and H. Zhu. Formalising design patterns in
predicate logic. In Proc. of SEFM’07, pp 25-36.

[2] 1. Bayley and H. Zhu. On the composition of design
patterns. Proc. of QSIC 08, pp27-36.

[3] I. Bayley and H. Zhu. Specifying behavioural features
of design patterns in first order logic. Proc. of COMP-
SAC’08, pp203-210.

[4] D. Beyer, A. Noack, and C. Lewerentz. Efficient re-
lational calculation for software analysis. IEEE TSE,
31(2):137-149, 2005.

[5] A. Blewitt, A. Bundy, and I. Stark. Automatic verifi-
cation of design patterns in Java. In Proc. of ASE 0S5,
pp224-232.

[6] J. Dong, Y. Zhao, and T. Peng. Architecture and design
pattern discovery techniques - a review. In H. R. Arab-
nia and H. Reza (eds.), Software Engineering Research
and Practice, pp621-627. CSREA Press, 2007.

[71 A. H. Eden. Formal specification of object-oriented de-
sign. In International Conference on Multidisciplinary
Design in Engineering, Nov. 2001.

[8] A. H. Eden. A theory of object-oriented design. Infor-
mation Systems Frontiers, 4(4):379-391, 2002.

[9] R. B. France, D.-K. Kim, S. Ghosh, and E. Song. A
UML-based pattern specification technique. IEEE TSE,
30(3):193-206, 2004.

[10] E. Gamma, R. Helm, R. Johnson, and J. Vlissides. De-
sign Patterns - Elements of Reusable Object-Oriented
Software. Addison-Wesley, 1995.

[11] A.L. Guennec, G. Sunyé, and J.-M. Jézéquel. Precise
modeling of design patterns. In Proc. of UML 2000,
LNCS 1939, pp482—496. Springer.

[12] H. Huang, S. Zhang, J. Cao, and Y. Duan. A practi-
cal pattern recovery approach based on both structural
and behavioral analysis. J. Syst. Softw., 75(1-2):69-87,
2005.

[13] D.-K. Kim, R. B. France, S. Ghosh, and E. Song.
A role-based metamodeling approach to specifying de-
sign patterns. In Proc. of COMPSAC’03, pp452-457.

[14] D.-K. Kim and L. Lu. Inference of design pattern
instances in UML models via logic programming. In
Proc. of ICECCS’06, pp47-56.

[15] D.-K. Kim and W. Shen. An approach to evaluat-
ing structural pattern conformance of UML models. In
Proc. of SAC’07, pp1404-1408.

[16] D.-K. Kim and W. Shen. Evaluating pattern confor-
mance of UML models: a divide-and-conquer approach
and case studies. Software Quality Journal, 16(3):329—
359, 2008.

[17] S.R. Kodituwakku and P. Bertok. Pattern categories: a
mathematical approach for organizing design patterns.
In Proc. of CRPIT 02, pp63 — 73. Australia Computer
Society.

[18] C. Kramer and L. Prechelt. Design recovery by au-
tomated search for structural design patterns in object-
oriented software. In Proc. of WCRE’96, pp208-215.

[19] K. Lano, J. C. Bicarregui, and S. Goldsack. Formal-
ising design patterns. In Proc. of BCS-FACS Northern
Formal Methods Workshop, Sept. 1996.

[20] A. Lauder and S. Kent. Precise visual specification of
design patterns. In Proc. of ECOOP’98, LNCS 1445,
pp114-134. Springer.

[21] J. Mak, C. Choy, and D. Lun. Precise modeling of
design patterns in UML. In Proc. of ICSE 04, pp252—
261.

[22] D. Mapelsden, J. Hosking, and J. Grundy. Design pat-
tern modelling and instantiation using DPML. In Proc.
of CRPIT "02, pp3—11. Australian Computer Society.

[23] T. Mikkonen. Formalizing design patterns. In Proc. of
ICSE’98, ppl15-124.

[24] J. Niere, W. Schéfer, J. P. Wadsack, L. Wendehals, and
J. Welsh. Towards pattern-based design recovery. In
Proc. of ICSE’02, pp338-348.

[25] N. Shi and R. Olsson. Reverse engineering of design
patterns from Java source code. In Proc. of ASE’06,
ppl23-134.

[26] L. Shan and H. Zhu. A formal descriptive semantics
of UML. Proc. of ICFEM, pp375-396.

[27] T. Taibi. Formalising design patterns composition.
Software,IEE Proceedings,153(3):126—153,June 2006.

[28] T. Taibi, D. Check, and L. Ngo. Formal specification
of design patterns-a balanced approach. Journal of Ob-
ject Technology, 2(4), July-August 2003.

[29] M. Vokac. Defect frequency and design patterns:
An empirical study of industrial code. IEEE TSE,
30(12):904-917, 2004.

[30] U. Zdun and P. Avgeriou. Modelling architectural
patterns using architectural primitives. In Proc. of
OOPLSA’05, pp133-146.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


