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Abstract

The overarching goal of a formal specification of design patterns is to enhance their understand-
ability, address their composability problem and provide a tool support for their re-usability.
Understanding design patterns means uncovering when and how a specific pattern can be used
to resolve a specific design problem. The lack of completeness of the existing formal specifi-
cations motivates this work. In this paper we start introducing a calculus for design patterns
based on rCOS (Refinement Calculus of Object and Component Systems) specification which
provides a formalization of patterns addresses the pattern composition mechanism and describes
a mechanism for design refinement to patterns designs. In this first step we are focusing on the
proposition of a formalization model. Thus, a model for pattern’s formalization is proposed and
an assessment model is used for the evaluation of the proposed model and comparing it with
the existing ones to show its efficiencies and limitations.
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Motivation 1

1 Motivation

The usability of design patterns is inevitably growing since the arising of the GoF catalog [7].
In fact, design patterns effects can be shown through the minimization of the design efforts and
the facilitation of understanding existing designs. However, an informal specification of patterns
has some limitations. Lack of precision, object oriented related notation, and cataloging issues
are some of those limitations. Since the theoretical proof of the feasibility of formalizing design
patterns [16], many researches are dedicated whether to use existing specification languages
such as B[11], RSL[4] for patterns specification or to develop appropriate languages such as
ELePUS[2] and BPSL[1]. Unfortunately, effective specification of patterns cannot be shown
through the above alternatives. That is due to the fact of the limitations they have whether in
the logic used for the specification or in the specification of illegal parts of the existing textual
descriptions. Our work aims to propose a calculus for design patterns which satisfy the following
points:

Formalize design patterns in order to clarify their aim and usability.

Formalize pattern composition for correctly developing application designs directly using
pattern designs as building blocks.

Enhance the quality of existing designs by studying design refinement to pattern designs.

Finally, develop a tool support for automatic or semi-automatic satisfaction of the above
points.

In our mind, a complete and useful formal specification of patterns cannot be reached by speci-
fying only their structures and/or behaviors. A complete and a useful one should clarify when
and how a pattern can be used. The specification of the structure and the behavior of patterns
describes only the how aspect of patterns which does not tell anything about where a specific
pattern can be used. In fact, both how and when are complementary aspects for any formal
pattern specification. While the when aspect describes the problem and the context under which
a pattern can be used, the how aspect describes the solution provided by a pattern to resolve
that problem. Our idea has been inspired from the common definition of a pattern.

” Bach pattern is a three-part rule, which expresses a relation between a certain context, a
problem, and a solution.” [31]

Accordingly, an accurate formalization of a pattern should include the specification of the three
main parts, the problem, solution and the context and describes the relationships between them.
In our work we consider that relation as a refinement relation from a problem to its solution
when the context holds.
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Related Work 2

problem C solution  if context

Achieving our goal, this paper is divided into three main parts: A presentation of the existing
formal specification of patterns with their limitations, a description of our proposal for for-
malizing patterns. Finally an assessment comparison is made to show the advantages and the
disadvantages of our proposal.

2 Related Work

Bayley and Zhu[5] proposed a method for formalizing patterns using a first-order logical predi-
cates. Their proposed approach consists of achieving two main steps. Firstly, identifying classes,
operations and associations used in the structure part of patterns. Secondly, state conditions
that must be applied to them both in English and in predicate logic. However, describing just
the structure part of a pattern through its class diagram is not enough to describe the semantic
of that pattern. The behavioral part (i.e. the sequence diagram) explains how the structural
part react to achieve the attended behavior of such pattern.

Taibi and Ling[1] proposed a balanced approach for patterns specification. That approach
consists of specifying both the structural and the behavioral aspects of patterns using the first-
order logic and the temporal logic of actions respectively. The basic idea presented in that work
consists of decomposing a program to primary entities (i.e. classes, methods, attributes, objects
and untyped values) and defining primary permanent relations as predicates acting upon those
primary entities. The temporal logic is used to describe the behavioral aspect of patterns by
defining actions that change variable states, also to associate and disassociate objects through
temporal relations. Unfortunately, this work is focused only on the specification of the solution
part of the pattern and not on other parts such as the intent and the applicability parts. This
is a common problem for the most current alternative specifications, where only the how aspect
is considered and the when aspect is omitted.

Sivakumar|[2], proposed an extension of the LePUS language[6] for making it able to specify
the intent and the applicability parts of patterns. ELePUS uses the first-order logic to specify
the relationships among a lot of ground variables(i.e. classes, functions), hierarchy variables(i.e.
inheritance class hierarchies) and higher dimension variables(i.e. set of entities). The relation-
ships among entities are classified to ground relations(i.e. defined between ground entities),
generalized relations (i.e. ground relation applied to many variables) and commuting relations
(i.e. specify either the list of regular relations commute). Those relations are presented as predi-
cates in patterns specification. Unfortunately, the specification problem has not been completely
resolved. The specification presented is at the higher level abstraction, where the creational pat-
terns need a lower level detail for their specification(i.e. number of objects created, etc.). Also,
in that work the different specification parts are presented separately. In our mind the refine-
ment must be used to make relationships between the different specification parts to complete
patterns understanding.
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Cechich and Moore[9] defined a formal model for GoF patterns|7] based on RSL(RAISE Speci-
fication Language). In their proposed model, a pattern is represented as a product type in RSL
composed on three elements: a head, a structure and a list of collaborations. The head element
describes the name, the purpose and the scope of the pattern. The structure element specifies
a set of classes related by a set of RSL relations. The collaboration element describes a list
of constraints on the order of operation calls. That work was focused only on the validation
problem(i.e. how a given design matches a particular pattern). Also, the specification of the
head does not add anything to the existing textual description.

Marcano et all.[11] described a semi-formal method to specify patterns by using the UML and the
B methods as complementary paradigms. In that sense, the UML refinement is defined and the
B method is used to describe the semantic of the refined design. The refinement concept is used
to describe a transition from a specific problem to its solution by applying patterns specialization.
In our mind, using the B method for patterns specification preserves the abstraction level of
patterns(i.e. object notation limitation). However, the problem identification step presented to
apply pattern specialization is not defined formally, they just capture problems in an informal
manner, then use the UML refinement and the B specification to describe formally the solution.

Blazy and Zhu [10] described a model for reusing the so-called specification patterns, according to
the authors, a specification patterns are design patterns that are expressed in a formal language,
the formal language used by the author is the B. In that work, a pattern is defined as one single
abstract machine. Only the pattern solution is described. The structure of the solution is
defined in term of B machine variables and invariants, while the behavior is described as pre
and postcondition in the machine operation specification. The instantiation mechanism is also
implemented in B by the inclusion of machines, in such way, the machine corresponding to the
pattern is included in the machine corresponding to the instantiation of the pattern. Three kind
of compositions are introduced. The juxtaposition composition where patterns can be composed
without defining any link between them, in this case, the extension mechanism is used to allow
all the operations of the underlying patterns to be considered as genuine operations of the
composed machine. The composition with inter-patterns links where new relations between the
variables of the composed pattern machine can be added. Finally, the unification composition
that allows some variables of the composed patterns to be merged. That work has two main
limitations. Firstly, a pattern is specified as one single machine which is difficult to read and
maintain. Secondly, is a technical problem which consists of defining the new operations of an
extension before applying the extension mechanism. Also, combining several instances of the
same pattern has not mentioned and the operation composition has not precisely defined.

Mikkonen [20] has proposed a formal specification of design patterns using the DisCo speci-
fication method. The DisCo specification method provides a way to describe patterns using
classes, relations and actions. Class definitions are formulas defining the general form of pos-
sible objects. Relations definitions describe object associations with each others. Actions are
temporal logic of action formulas that describes the temporal behavior of objects. Accordingly,
a pattern can be formalized in DisCo as a set of class definitions, a set of relation descriptions
and temporal actions specifications. Also, a pattern composition mechanism was discussed in
that work. According to the author, the nature of DisCo refinement can implement the pattern
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Design Patterns on rCOS Specification 4

composition where the characteristic proprieties of the composed patterns are preserved. The
basic idea behind the proposed DisCo formalization and composition consists of providing a
rigorous reasoning about patterns communication by formalizing their temporal behaviors at a
higher level abstraction, the DisCo refinement mechanism is used to specify pattern composi-
tion. Unfortunately, that specification does not describe when a pattern can be applied, it just
describes how the structural and the behavioral aspects of patterns can be formalized. Further-
more, the correct composition of patterns in that work depends on the refinement correctness
of DisCo in the sense that DisCo refinement preserves the proprieties of the combined patterns.
The question here is: can that refinement ensures that no undesirable propriety can appear after
the composition process ?

Alencar et al. [21] have presented an interesting idea about how we can use Prolog facts and rules
to formalize patterns. In the proposed approach by the authors, a pattern can be described as
primitive operator which can be described in terms of primitive object oriented design primitives.
The object oriented design primitives are described in a predicate-like format. The instantiation
mechanism and structure addition and removal facts provided by Prolog facilitate the integration
and the evolution of patterns. However, that work has two limitations. Firstly, the requirements
of applying patterns cannot be specified. Secondly, the integration mechanism can provide an
inconsistency of the resulting composition which may imply an incorrect composition. Checking
the inconsistency by specifying some rules in Prolog is not an efficient way, the user is unable
to specify manually all the inconsistency rules of the composed design.

3 Design Patterns on rCOS Specification

In order to properly use a pattern in your design, you must uphold three criteria: understand
your problem, understand the pattern and understand how the pattern solves your problem.
Furthermore, introducing a formalism for design patterns describes them accurately and allows
rigorous reasoning about which pattern solves which problem and how the pattern do it. The
previous section shown the lack of completeness of the existing formal specifications. In this
section we try to define, specify and propose a calculus for patterns and pattern composition
using rCOS specification.

In fact, a design pattern can be shown as a structural and/or behavioral transformation of an
initial, non complete and non re-usable object oriented design model, that the designer needs to
satisfy his or her system requirements, to another final, complete and more re-usable one which
is in fact a refinement of the former under a condition. In the following we describe a model
for object oriented design based on rCOS and describe the GoF patterns as refinement rules
following that model.
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3.1 Object Oriented Design Model

Our proposed model for object oriented design consists of a structure declaration section Cdecls.
The main difference between our specification model and that defined in rCOS is that the Cdecls
used here extends the original one used in rCOS by describing a finite sequence of abstract classes
and interfaces. Furthermore, the Main part of the rCOS specification is omitted for the reason
that our aim is to specify design patterns and a design pattern is not a complete program as rCOS
used for, it is just a prototype in which just a part of its structure and behavior are specified.
The behavior of the object oriented design model is described by methods specifications which
are specified as ordinary rCOS commands that their semantics is described as a framed design
in terms of UTP [25].

Similar to that defined in rCOS, a class declaration has the same structure of that used in the
original rCOS specification with the assertion that a class structure can implement a set of
interface structures already declared in Cdecls. An interface structure is specified as a family
of operation signatures as defined in the extended version of rCOS for component systems [24]
with the assertion that an interface structure may inherit only an interface structure and cannot
implement any other declared structure in Cdecls.

An abstract class declaration is the more general form which can include both methods and op-
eration signatures declarations. We call operation signatures abstract methods. In the following
we describe the complete rCOS syntax provided to describe our object oriented design model in
a like-BNF! notation.

cdecls € Cdecls = 0| cdecl cdecls

cdecl € Cdecl == [abstract] class C}[extends Cs][implements I3, I, .., I5]{
private T11 ayl = dll; veey T1m1 A1m, = dlml;
public T21 a1 = dgl, ceey T2m2 a2m2 = d2m2;

method my(T1 x1;T12 y1;Tis z1){c1 )

my (T x;Tha yi; Tis zi){c);
[signature  mi1(Tr1)1 Zir1; Tasr)2 Ve Tav)s 2i41);
mi(Th1 or; Tho Yk Tha 2k); ]
}
| interface I [extends I5]{
public Ti1 a11 = di, o, Thmy @1y = dimyg;
signature mq(T11 x1;T12 y1;T13 21);

my(Tn 23 T2 yi; Tis 21);

}

c € cds == skip | chaos |var T z[=¢] |end z | ¢;c | c<b>c | cMe
| bxc|lem(e e e) | le:=e| Snew(le)

le € exp 2=z |a|null|self | super | (C)le | le.a | f(le)

IBNF here stands for the formal notation Backus-Naur Form

Report No. 386, October 2007 UNU-IIST, P.O. Box 3058, Macao



Design Patterns on rCOS Specification 6

According to the above syntax declaration, an object oriented design model is a non ordered
sequence of structure declarations. A structure declaration has two alternative declarations,
we refer to the first form as class structure declaration and to the second form as an interface
structure declaration. In such way, if a structure declaration follows the first form it could be
an abstract class structure or a concrete class structure depends on either the optional clause
abstract is used or not, if it is the case the optional clause signature can be appear, that is
due to the fact that an abstract class may have both methods and signatures. If the structure
declaration follows the second form it will be considered as an interface structure. The optional
extends clause is used to determine the immediate superstructure of cdecl. In its absence, cdecl
extends an empty structure specified by () in the above specification. The optional implements
clause determines the set of implemented interface structures by cdecl. The pri and public
clauses introduce the private and public attributes of cdecl. The visibility mechanism is similar
to that of Java: private attributes are visible only inside the structure in which it is declared
and public attributes are visible to all the other structures in cdecls. Follow the pri and public
clauses, there is a set of method declarations that follow the method clause. The method
introduced by m(T; z; Ts y; T3 z){c} is named m; its parameters are x, y, z which determine
the value parameters, result parameters and value-result parameters, respectively. The method
body c¢ is described as a sequence of commands. Follow the method clause, the optional
signature clause is used to determine a set of abstract method declarations, this part is used
only for abstract class structure declarations, as it is used in Java an abstract method is a method
signature without body specification. All the methods in our model are considered to be public.
The interface structure declaration is similar to that used for a class structure declaration with
the assertion that an interface structure couldn’t declare private attributes and it contains only
abstract methods. Similar to that used in Java, we use the interface to introduce interface
structures. In the sequel, we propose to use more simplified notation for a structure declaration
cdecl. Accordingly, a structure declaration is a model of the form.

type[superclass; imf; pub; pri; op; sig]

Where type is the type of the cdecl structure, type is a structural variable whose values are
{S, C, I} to denote abstract class, concrete class and interface structure, respectively. In order
to distinguish the different structures they have the same type in the object oriented design
model we associate indexes to types. For example we use S; and S» to describe two different
abstract class structures. superclass denotes the name of the super structure that the structure
cdecl inherit some of its features. imf denotes the set of the names of the implemented inter-
face structures by cdecl. pub, pri, op and sig denote the sets of the public attributes, private
attributes, concrete methods and abstract methods declared for the structure declaration cdecl,
respectively. Where there is no confusion, we only explicitly give the parameters that we are
concerned.
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3.2 Structure Variables

In this section we recall the structure variables defined in rCOS and used for our object oriented
design model.

e cname: the set {name(cdecl) | cdecl € cdecls} of a structure declaration section.
e name(m): denotes the name of a method m.

e body(m): denotes the body of a method m.

e ¢(m): denotes the signature of a method m, the signature of a method m.

o attr(cdecl): is the set of the attributes declared in cdecl.

e dtype(a): denotes the declared type T of an attribute (a : T, d).

e superclass: denote the superclass name of a structure cdecl.

e II(cdecl): denotes the current configuration of the program whose value is the set of objects created
far from the structure cdecl where cdecl is a concrete class structure otherwise IT (edecl) = ().

Obviously, not all the object oriented design model structures in a class declaration section cdecls
described above are well-defined declarations. Accordingly, the following definition provides
some restrictions to ensure the well-definedness of an individual design structure declaration
cdecl, then we generalize it for the well-definedness of the class declaration section cdecls.

Definition 1. A design structure declaration cdecl is well-defined iff the following conditions
hold:

cdecly; # cdeclg\
{cdecly, cdecly} C cdeclsN
(type(cdecly) = type(cdecly))V
(type(cdecly) € {S, C} A type(cdecly) € {S, C})

1. cdecly = superclass(cdecly) =

2. the inheritance relation over the set cdecls is acyclic.

3. any type used in declarations of attributes and parameters is either a primitive built-in type or a
class in cname.

4. Vedecl” € imf (edecl), type(cdecl’) = I.

5. Yedecl' € imf (cdecl),Vs € aop(cdecl), Mspec(s) € op(cdecl), where Mspec is a function that asso-
ciates a specification to each signature and provides a concrete method. It is the same function
used in [24] to describe the interface contract for rCOS component systems.

6. the names of the public and private attributes of each structure are distinct.

7. the names of the methods and the signatures of each abstract class are distinct.

In the following we use D(cdecl) to denote the conjunction of the conditions for the well-
definedness of a design structure cdecl.
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Definition 2. A structure declaration cdecls = cdecl; cdecls ... cdecl, is well-defined iff each
individual structure declaration is well-defined and declared only once in cdecls.

/ !/
D(cdecls = edecl; cdecly ... edect,)™! < el el € et e 7, el )

4 Patterns and Pattern Specifications

In the following we try to describe what the design pattern is in term of object oriented design
model, then we use that definition for describing a set of the GoF patterns [7]. We start with
six patterns: Adapter, Strategy, Observer, Decorator, Composite and Abstract factory patterns.
For a given structure declaration cdecls and a structure declaration predicate p, we write

cdecls F p,

to denote that p yields true when evaluated over cdecls

Definition 3. A design pattern p = (cdecls;, cdeclsg, p) is a tuple consists of two object oriented
models cdecls; and cdeclsy describing the design problem and solution of the pattern, respectively;
and a structure predicate p such that:

1. cdecls; ¥ p
2. cdecls; T cdeclsy

3. cdeclss F p

4.1 Adapter Pattern

The Adapter pattern aim is to convert the interface of a class into another. Adapter lets classes
work together that couldn’t otherwise because of incompatible interfaces [7]. The problem and
the solution parts of the pattern are described in term of object oriented design models cdecls;
and cdeclsy, respectively. The context of the pattern is specified by the predicate p which is
not satisfied by cdecls; and satisfied by cdeclss. The following table describes the specification
of the adapter pattern following our model assuming that Z; is the set of attributes handled by
the method m;. We use the T notation to denote the same set of handled attributes for two
different methods m; and my implemented by different classes C; and Cl, respectively.
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cdeclss = Si[;sigU{s(mi1)};]
C1[S1; pub UT; 0p U {mi{c}};]
Ce[; pub UT; op U {mz{c}};]

P = VCi,Cs € cdecls,Ym; € op(C1),Vmz € op(C2), body(m;) = body(msz) =
(name(m;) = name(mg)) V (3a € attr(Cy), dtype(a) = C2 A body(m;) = {a.ma})
cdeclsa = Sq[;sigU {c(m1)};]

C1[S1;pubUT U {(a, Cs, (a, Cz,0))}; op U{mi{a.mz}};]
Ce[; pub UT; op U {mz{c}};]

Table 1: The Adapter Pattern Specification

According to the above specification, the adapter pattern problem is described as an object
oriented design model cdecls; which consists of an abstract class structure S; and two concrete
class structures C; and Cy. The class structures C; and Cy implement the methods m; and
mg, respectively, which they have different names with same behavior (i.e. body). The adapter
pattern is used to re-use the behavior of classes (i.e. methods) even if they have different
interfaces (i.e. method names). This propriety is described in the above specification as a
predicate p which is not satisfied by cdecls;. The object oriented design model cdeclsy describes
the solution part provided by the adapter pattern to achieve that aim. the refined object oriented
design model cdeclss of cdecls; introduces a relationship between the class structures C; and Cy
by introducing an attribute a of type C2 to the set of attributes of C;. In addition, the body
of m; is refined to an object method call a.mg, in such way the predicate p becomes satisfied
by cdeclss.

The tuple (a, Cs,0) is used to denote the initial value of the introduced attribute a follows the
definition of the object value in rCOS described in [14], this tuple denotes that the object a is
initially created. Using a mapping function from our specification described by cdeclss to the
adapter pattern structure and behavior presented in [7] we find that S; describes the Target
interface, C; and C» describe the Adapter and the Adaptee classes, respectively. In addition,
m; and my describe the request and the specificRequest methods, respectively.

Proof. The adapter pattern refinement rule is an instance of replace method with method object
refinement rule of rCOS. O

4.2 Strategy Pattern

The strategy pattern is required to provide a way to configure a class with one of many behaviors
(i.e. Algorithms). Accordingly, the strategy pattern is applicable when a design model has a class
structure which implements a method that has many behaviors and you want to encapsulate
each one in a different class. It is claimed explicitly in [7] that a code containing complicated
conditional statements often indicates the need to apply the strategy pattern. Accordingly,
The following table describes the specification of the strategy pattern assuming that T; and T»
denotes the set of public attributes handled by c4 and cp, respectively, and T = T1 U Ty, where
71 and To may contain common elements.
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cdeclsi = Ci[;pubUT;0pU{mi{ca <b> cp}};]
» = 3CiopU{mi{ca}};], Cz[;0p U{ma{cp}};] € cdecls
cdeclsy = Si[;sigU {s(m2a)};]

Cil;pubUTU{(a, S1,null)};

op U {m;{Cs;.new(a)Vz € T;, a.x = self.z] < b> Coz.new(a)Vz € To, a.x = self .z]; a.ms}};]
C11[S1;pub UTy50p U{mz{ca}};]

Ci2[S15pub UTs; 0p U{mse{cp}};]

Table 2: The Strategy Pattern Specification

The above specification shows how a design that contains a class structure C; which has a
method m; with conditional statement can be simplified by refining it to a simple one that
contains an abstract class structure S; with two concrete subclass structures C;; and Cis
each of which implements one of the behaviors provided by the original method m;. The at-
tributes used by c4 and cp have been declared in C7; and Cjg, respectively, and initialized
to reference the corresponding ones in C; at the constructor execution. This feature has been
denoted between brackets follow the object creation command. By mapping to the descrip-
tion of the strategy pattern described in [7] we find that Cy,S;, C;; and Cjg correspond to
Context, Strategy, concreteStrategyA and concreteStrategyB, respectively.

Proof. Instance from replace conditional choice with polymorphism refinement rule in rCOS. O

4.3 Observer Pattern

The observer pattern is used to define a one-to-many dependency between objects. So that, when
one object changes state all its dependents are notified and updated automatically. Accordingly,
the following table describes the specification of the observer pattern following our model.

cdecls; = Ci[;pubU{(a, T,v)}; 0pU{mi{ci;a=le;ca}};]
Cz[; pub U {(b, T', v)}; op;]
Cs[; pub U {(c, T, v)}; op;]
D = Yoy EH(C1),V02 GH(CQLVO:;EH(C{;),OL(IIOQ.Z):O:;.C
cdecls; = Si[;pubUs = {(oz, S2, (02, C2,0)), (03, S2, (03, Cs,0)) }; 0p U {mz2{Vo € s, 0.ms}};]
Ss; sig U {s(ms)}]
C1[S1;pubU{(a, T, v)}; 0p U{mi{ci; a = le; co;ma}}i]
Co[Sz;pub U{(b, T',v)} U{(01, C1,0)}; 0p U{ms{b = 01.a}};]
03[52;131117 U {(67 T, U)} U {(017 017‘7)}; op U {m3{c = 01.(1}};]

Table 3: The Observer Pattern Specification

In the proposed specification, the state of an object o; of the class structure C; is specified
as a simple attribute a. This specification shows when a method m; € op(C;) changes the
value of the attribute a, the other objects of C; and C» should make a copy of the new o;
state by changing their corresponding attributes values b and c¢, respectively, to that of a. The
refinement rule describing the observer pattern is not primitive in rCOS?2, but it can be proved

2All the above proved rCOS refinement laws have been considered as primitive laws, the laws denoted with *
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using deductive reasoning through the rCOS primitive laws by applying a sequence of rCOS
primitive refinement laws in a specific order. The following table describes that proof clearly.

Proof. The following is the deductive proof of the observer pattern refinement rule.

cdecls; = Cil;pubU{(a, T,v)}; opU{mi{a = le}};]
Ca[; pub U {(b, T, v)}; op;]
Cs[; pub U {(c, T, v)}; op;]
{Introducing a private attribute and changing a private attribute to public}
CilypubU{(a, T,v)}; op U{mi{a = le}};]
Cz[;pub U {(b, T, v), (01, C1,0)}; op;]
Cs[;pub U {(c, T, v), (01, C1,0)}; op; ]
{Adding new method}
Cil;pubU{(a, T,v)}; opU{m;i{a = le}};]
Co[; pub U {(b, T, v), (01, C1,0)}; 0p U{ms{b = 0.a}};]
Cs[;pubU{(c, T, v), (01, C1,0)}; 0p U{ms{c = 0.a}};]
{Extract superclass}
Sa[; sig U {c(ms)};]
Cil;pubU{(a, T,v)}; opU{mi{a = le}};]
02[321 pubU {(b7 T, U)7 (017 0170)}; op U {m3{b = O‘Q}};] U
Cs[S2; pub U {(¢c, T, v), (01, C1,0)};0pU{ms{c = o0.a}};]
{Introduce a superclass}
S1[;pub U s = {(02, 51, (02, Cz,0)), (03,51, (03, C3,0))}; 0p U {mz{Vo € s, 0.m3}};]
Se; sig U{s(ms)};]
Ci[Sr;pubU{(a, T,v)}; opU{mi{a = le}};]
02[321 pubU {(b7 T, U)7 (017 0170)}; op U {m3{b = O‘Q}};]
Cs[S2;pub U {(¢c, T, v), (01, C1,0)};0pU{ms{c = o0.a}};]
{Expert pattern for responsibility assignment}
S1[;pub U s = {(02, 51, (02, Cz,0)), (03,51, (03, C3,0)) }; 0p U {mz{Vo € s, 0.m3}};]
Sa[; sig U {c(ms)};]
Ci[Sr;pubU{(a, T,v)}; opU{mi{a = le;ms}};]
02[321 pubU {(b7 T, U)7 (017 0170)}; op U {m3{b = O‘Q}};]
Cs[S2; pub U {(¢c, T, v), (01, C1,0)}; 0pU{ms{c = o0.a}};]
= cdeclss

1M

1M

I

M

M

4.4 Decorator Pattern

The decorator pattern is used to add dynamically new functionalities to an object without
altering the original design. The decorator pattern applicability is feasible when we need to
add new functionalities composed to the original one when the original behavior should still be
available and the execution of the correct behavior can be specified as a conditional statement.
The following table describes formally the decorator patterns following to our definition.

Proof. The proof of the decorator pattern refinement rule is based on the application of the
strategy pattern refinement rule first then inline method, introduce superclass, replace method

are presented in [14] the others are presented in [15]
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cdeclsi = Cq[;opU{mi{ca}l};]
P = body(mi) = {((ca;cp) A ba > (casc0)) <bi>ca}
cdeclss = Si[;sigU{s(m1)}]

C1[; pub U {(a, S1,null)}; op U {m;:{(Cas.new(a)[Vz € T; UT2, a.xz = self .z]<

by > Cog.new(a)[Vr € T; UTs, a.x = self.x]) < by > Cii.new(a)[Ve € Ty, a.x = self .x]; a.my }};]
Ci1[S130p U{mi{ca}};]

Ci2[S1;pubUT; U{(a, S, (a, Ci1,0))}; op U{m;i{a.m;}};]

C21[Ci2;pub UT; UTa; 0p U {m;{super.ms;ma}, mo{cn}};]

Co2[Ci2; pub UT; UTs; 0p U {m;{super.ms;ms}, ms{cc}};]

Table 4: The Decorator Pattern Specification

with method call and replace method with method object, in such order. The following is the
detailed description of the refinement rule associated to the decorator pattern.
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cdecls,

I

Im

1M

Im

Cil;opU{mi{((ca;cB) < bz > (ca;cc)) < by >cat};]
{Strategy Pattern}
S1[; sig U {s(m1)}]
C1[; pub U {(a, St,null)}; op U {m;{(Css.new(a)[Vz € T; UT2, a.x = self .x] < ba>>
Coz.new(a) Ve € T; UTs, a.x = self .x]) Q by > Ciz.new(a)[Ve € Ty, a.x = self .x]; a.ms }};]
Ci1[S13pub U5 0p U {mi{ca}};]
Co1[S1;pubUT; UTg;0p U{mi{ca;cB}};]
Co2[S1;pubUT; UTs; op U{mi{ca;cc}};]
{Extract method for Co;.m; and Cp.m1}
S1[; sig U {s(m1)}]
Ci[; pub U {(a, S1,null)};
op U {m;{(Cos.new(a) < bg > Cao.new(a)) < by > Ciy.new(a); a.ms}};]
C11[S1;pubUT 5 0p U {mi{ca}};]
Co1[S1;pubUT; UTe; 0p U{mi{ca;me}, me{cn}};]
Co2[S1;pubUT; UTs; 0p U {mi{ca;ms}, ms{cc}};]
{Extract superclass}
S1[; sig U{s(m1)}]
Ci[; pub U {(a, S1,null)};
op U{m;{(Cs;.new(a) < bz > Csz.new(a)) < by > Cir.new(a); a.my }};]
C11[S1;pubUT1;0pU{ms{cal};]
Ci2[S1;pubUT 5 0pU{mi{ca}};]
Co1[Cr2; pub UT; UTz; 0p U {m;{super.ms;mo}, ma{cp}};]
Co2[Cr2;pub UT; UTg; 0p U {m;{super.ms;ms}, ms{cc}};]
{Replace method with method object}
Si1; sig U {s(m1)}]
Ci[; pub U {(a, St, null)};
op U{m;{(Css.new(a) < by > Cos.new(a)) <1 b; > Cis.new(a); a.mi }};]
C11[S1;pubUT1;0p U {ms{cal};]
Ci2[S1;pubUT, U{(a, S1,(a, Ci1,0))}; 0p U{mi{a.ms}};]
Cs1[Cig;pub UT 1 UT2; 0p U {m;{super.ms;mas}, ma{cn}};]
Co2[Cr2;pub UT; UTs; 0p U {m;{super.ms;ms}, ms{cc}};]
cdeclss

4.5 Composite Pattern

The composite pattern aim is to enhance a design by presenting a hierarchy of classes by com-
posing objects. The composite pattern is used for a design that contains two kinds of object
classes: composite classes, who contain at least one reference object to a class such that one an
object of this class is created another object of the referenced objects and a functionality of an
object of the composite class is redirected to the object references; and leaf classes who do not
contain any object doesn’t satisfy the above propriety.

Proof. The following is the deductive proof of the composite pattern refinement rule.

cdecls,

1M

Ci[; pub; ops]

Csl; opU{m};]

{Introducing private attributes and changing private attributes to public}
Ci[;pubU s ={(a,S1,(a, C,0)) | C € cname(cdecls;)}; op; ]
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cdeclss = Cq[; pub; op;]
Cos op U {m};]
P = CiEP(Ci,Co)N Co ¥ p'(Co,Cy) |
p'(Ci, C;) =Vo; € II(C;),3s C II(C;) UII(C;),3Im € op(Cy) : 07.m = Yoz € s,02.m
cdeclss = Sq[;sigU{s(m)};]
Ci[S1;pubUs ={(a,S1,(a,C,0)) | C € cname(cdecls;)}; op U{m{Va € s, a.m}}
Cs[S130p U {m};]

Table 5: The Composite Pattern Specification

Csf;op U{m};]
C  {Add new method}
Cil;pubUs ={(a,S1,(a,C,0)) | C € cname(cdecls;)}; op U{m{Va € s, a.m}};]
Csl;op U{m};]
C {Extract a superclass} O

Si1[; sig U {s(m)};]
Ci[S1;pubU s ={(a,S1,(a,C,0)) | C € cname(cdecls;)}; op U{m{Va € s, a.m}}
C2[S1;0p U{m};]

= cdeclss

4.6 Abstract Factory Pattern

The abstract factory pattern is used in the case when a collection of related objects must be
created together to satisfy a system requirement, and each object has more than one behavior
depends on a situation. It allows the system to get always the correct behavior of the object
collection for each situation. This context can be formalized following our model as follows:

cdeclsi = Ci[;opU{mi{(ci1;ciz) <b> (cor;cee)}};]
2 3C[op U {mi };], O op U {m2};],
CiifyopU{m{cii}};], Crelsop U{m{cia}};], Corf; op U {m{cas }}; ],
Caz[; 0p U {m{cez}};] € cdecls : body(Ci.m;) C {C.new(a;) <1 b1> C'.new(ag); ar.ms; az.ma}
cdeclsy = Si[;sig U {s(mi1)}]
Sa[; sig U {s(mz)}]
Ss[; sig U {s(ms)}]
C11[S150pU{mi{cii}};]
Ci2[S1;0p U{mi{ciz}};]
Ca1 {52; op U {mga{cz1}};]
(

Ca2[S2; 0p U{ma{cs2}};]
Cs1[Ss; pub U {(az1, S1,null), (az, Sz, null) };
op U{ms{Ci1.new(a;s); Cor.new(az); as.ms; az.ms}};]
Cs2[Ss; pub U {(as, S1,null), (az, Sz, null) };
op U{ms{Ci2.new(a;s); Coz.new(az); as.ms; az.ms}};]
Cil; pubU{(as, S1,null), (az, Sz, null) }; op U {m:{(Cs:.new(as) 1 b > Css.new(az))}};]

Table 6: The Abstract Factory Pattern Specification

Proof. The above refinement rule looks hard to understand but it is easy to proof. The above
rule can be derived by applying the strategy pattern refinement rule proved in section (4.2.) to
C; and Cy of cdeclsy, respectively. Then, we apply it again to the updated class structure Cjy
to get the abstract factory pattern design model.
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cdecls,

I

Im

Im

1M

1M

Cil; pub UTy; 0p U {mi{(c11;c12) Qb > (ca1;co0)}}s]
{(c115¢12) Qb D> (215 ¢02) < (11 Qb c21); (€12 <D D> co2)}
Cil; pubUTy;0p U{mi{cis Qb car;cr2 <Qb> can}};]
{replace method with method object}
C1[; pub U Ty; pub U {(az, Ca, null), (as, Cs, null)};
op U {m;{Cs.new(az)[Vz € T), Co.x = self .z]; Cs.new(as)[Vz € Ty, Co.x = self .x]; az.mz; as.ms}};]
Cs; pub UTy; op{mze{cis < br> car}};]
Cs[; pub U Tp; op{ms{ciz < b > co2}};]
{Strategy Pattern to C2 and Cs}
S1[; sig U {s(m1)}]
Sz[; sig U{s(mz)}]
011[5'1;pub UTir;0pU {777,1{611}};
Ci2[S1;pub UT ;5 0p U {mi{ci2}};
C21[S2; pub U T 215 0p U{mz{cas }};
C22[S2; pub UTag; 0p U {ms{cas}};
C1[; pub U Ty; pub U {(az, Ca, null), (as, Cs, null)};
op U {m;{Cs.new(az)[Vz € Ty, Co.x = self.z]; Cs.new(as)Vz € Ty, Co.x = self .x]; az.mz; as.ms}};]
Csl; pub UT; U{(a, S, null)};
op U {m:{C11.new(a)Ve € T1, a.x = self.x] < b> Crp.new(a)Ve € T12, a.x = self .z]}};]
Cs[; pub UTe U{(a, Sz, null)};
op U {ma{Cos.new(a) Ve € Tor, a.x = self .x] Qb > Coz.new(a) Ve € Tog, a.x = self .x]}};]
{Inline the classes C;, C2, Cs and inline the methods m;, mg, ms}
S1[; sig U{s(m1)}]
Sal; sig U {s(m2)}]
C11[S1;pub UT 15 0p U{mi{cis}};]
Ci2[S1; pub UT 125 0p U {mi{ciz}};]
C21[S2; pub UT 215 0p U {mz{ca1 }};]
Co2[S2; pub UToz; 0p U {mze{cez}};]
Ci[;pubUT, UT; UT2 U {(as, S, null), (ag, Sz, null) };
op U {ms{(C11.new(a;)[Vz € T11, ar.x = self .z]; Cos.new(az)[Ve € To1, as.x = self .z]) < br>
(Crz.new(a;)[Vr € T2, a.x = self .x]; Cog.new(az)|Vr € Toz, a.z = self .x])}};]
{Strategy pattern to C;}
Si1; sig U{s(m1)}]
Se[; sig U {s(mz)}]
Ss[; sig U {s(ms)}]
C11[S1;pubUT 15 0p U{mi{ci1}};
Ci2[S1;pub UT 125 0p U {mi{ci2}};
C21[S2; pub UTas; 0p U {ma{cas }};
C22[S2; pub UTaz; 0p U {ma{cse}};
Cs1[Ss;pubUT 1 UTas;
op U {ms{C11.new(a;)[Vr € Tz, as.z = self .x]; Cos.new(az)[Vz € Toy, ag.z = self .x]}};]
Csz [Sg, pub UT2s UTos;
op U {ms{Css.new(a;)[Vr € T2, a;.z = self .z]; Coo.new(az)[Vz € Toz, ag.z = self .x]}};]
Ci[;pubUT; UT2 U{(as,St,null),(az, S, null) };

op U{m:{(Cs;.new(a;)[Vz € T1; UTz1, ar.z = self .z] < b>

Csz.new(az) Ve € Ti2 UTo, a.x = self .z])}};]
cdeclss

]
J
J
]
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4.7 Singleton Pattern

The singleton pattern is used to ensure that a specific class has only one instance during the
system execution. The following table describes the context, problem and the solution of the
singleton pattern following our model.

cdeclsi; = Cil;pubU{(a, Co,null)}; op U{m;{ca; Co.new(a)c|; ca}};]
Ca[; pri; |
D = VOJ,OQEH(CQ),OJ = 02

cdeclso

C1[; pub U {(a, Co2,null)}; op U {m;{ca; Co.new(a)[skip < b > (b = true; c)]; ca}};]
Cs[; pri U {(b, boolean, false)};]

Table 7: The Singleton Pattern Specification

Proof. The above refinement rule can be proved by introducing a private boolean attribute and
introduce an assertion based on it.

cdeclsi; = Ci[;pubU{(a, Co,null)}; op U{m;{ca; Co.new(a)c]; ca}};]

Cs; pri;]

{Introduce private attribute to Cs}

Ci[; pub U {(a, Cz, null)}; op U {mi{ca; Cz.new(a)|c]; cp}};]

Cs[; pri U {(b, boolean, false)};] ]
{Introduce assertion}

C1[; pub U {(a, Cso, null)}; op U {m;{ca; Co.new(a)[skip Q b > (b = true; ¢)]; ca}};]

Cs[; pri U {(b, boolean, false)};]

= cdeclss

1M

1M

5 Assessment and Comparison

The aim of the assessment is to clarify the suitability of each formal model used for the purpose
of patterns specification, it also identifies the merits and the demerits of the existing specification
and addresses the limitations of the different models. This section introduces an assessment of
the formal specifications presented in section 2 compared to our specification.

5.1 The Assessment criteria

In fact, the assessment criteria used in this paper are based on what proposed in [2] and [10].
The proposed criteria can be classified into three main aspects:
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5.1.1 Formalism

The formalism shows the mathematical foundation of each model also shows either the proposed
model has a visual notation or not. The formalism proposed by each model provides an indication
of the complexity that can be show from the specification of the desired system. For example,
the predicate logic is the preferred and the most simple formalism can be used for formal
specification. Also any specification similar to a software development language makes the
specification more easier.

5.1.2 Completeness

The completeness aspect is an important one for the any assessment. In our assessment model,
the assessment stands for the ability of the proposed model to specify both the problem and
solution of a pattern including the structure and the behavior of the pattern solution. Also, a
complete formal specification should address both the instantiation and the composition issues.
A specification that is able to specify all these aspect can be evaluated to a complete one.

5.1.3 Ease-of-Use

The ease-of-use refers to the size of vocabularies used by each model. A low value of vocabulary
is desired for a good specification.

5.2 The Assessment results

The following table provides a summary of the assessment criteria applied the existing formal
specification of the design patterns including our model.
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Formalism Completeness
. Solution

Math-Found | Visual Structure | Bohavior Problem | Context Instantiation Ease-To-Use
Bayley FOL none FOL none none none mapping > 25 terms
BPSL FOL+4+TLA none FOL TLA none none mapping 6 per + 7 TRs
ElePUS | HOML+FOL LePUS3 | FOL FOL none none parameters 36 relations
RSL VDM+AS none FOL FOL none none parameters 36 relations
UML-B | FOL+WP+Sets| UML FOL WP none none UML 8 terms
B FOL+WP+Sets | none FOL WP none none inclusion + renaming > 8 terms
Disco TLA none Disco Syntax | TLA none none Concrete statistics data | 5 terms
Prolog FOL none FOL FOL none none mapping 7 prim + 3 opers
rCOS uTPp GTS rCOS Syntax | UTP Designs | yes yes(FOL) | mapping 16 terms

Table 8: Evaluation

of Formal Pattern Specification Approaches
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Form the above table, the particularity of our model is shown clearly through its ability to
describe the problem, the solution and the context of patterns and its easiest to use compared
to some other proposed models. Furthermore, the proposed model is extensible, in such way
some other object oriented concepts can be integrated easily such as the static methods and
attributes.

6 Conclusion & Future Work

In this report, a model for formalizing design patterns based on rCOS specification is described
and called object oriented design model (OODM), seven design patterns (i.e. adapter, strategy,
observer, decorator, composite, abstract factory and singleton) have been formalized following
that model. The model considers a design pattern as a 3-tuple consists of two OODMs describing
the problem and solution designs and a predicate over the variable structures that is not satisfied
by the OODM describing the problem and it is satisfied by the OODM describing the solution.
Furthermore, the relationship between the problem and the solution designs are specified as
refinement relation that has been proved for each pattern using deductive reasoning based on
the primitive refinement rules already defined for rCOS. As a future work, a pattern composition
through our model will be addressed, a model checker for verifying the correct composition tool
support developed.
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