Journal of Universal Computer Science, vol. 12, no. 7 (2006), 849-867
submitted: 28/1/06, accepted: 6/4/06, appeared: 28/2/F6UCS

The Language of the Visitor Design Pattern

Markus Schordan
Institute of Computer Languages
Vienna University of Tedchnology, Austria
markus@complang.twien.ac.at

Abstract:  Design patterns have beendevelopedto cope with the vast spaceof possible
dierent designswithin object-oriented systems. One of those classic patterns is the
Visitor Pattern, usedfor representiing an operation to be performed on the elemerts of
an object structure. In general, the order in which the objects are visited is crucial. We
presert a mapping from the Visitor Pattern to a context free grammar that de nes the
set of all such visit sequencesa given Visitor can perform. The language de ned by
this grammar is the language of the Visitor Design Pattern and the mapping encades
knowledge about the classhierarchy and the implementation of the accept methods of
a Visitor Design Pattern. It is general enoughto model complications that occur when
traversing arbitrary object structures, and also properly represens casessuch as lack
of a common base class, multiple inheritance, and inheritance from concrete classes.
Due to its particular design, the grammar can also be used as precise documentation

for a Visitor Design Pattern.

Key Words: context free grammar, visitor pattern, visitor language, method invoca-
tion sequence,essemial aspect
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1 Intro duction

Design patterns have been developed to cope with the vast spaceof possible
di erent designswithin object-oriented systems.Naming the patterns created a
terminology that is used for describing such systems. From our work on opti-

mizing the useof high-level abstractions in applications it has becomeapparert

that ruminations on programming languagesand libraries often lead to the well-
known insight, to which a whole chapter is dewoted in [1] \Library designis
LanguageDesign" and \Language designis library design".

When we are facedwith a library, an abstraction in a library, or in particular a
designpattern - rarely, if ever, we can specify a \language" that would material-

ize asan indicator of a deepening understanding of the designof the abstraction.

Sud a languageshould represen the essential aspect of the pattern. If we can
de ne sudh a language,we can claim that \pattern designis languagedesign".

Consequetly, this would meanthat whenewer we create and use a pattern, we
implicitly also create a language.And it could also contribute to the discussion,
whether it is worthwhile to invent new languages.If we can understand pattern

designas languagedesign, it becomespermissibleto say that pattern designers
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are also languagedesigners.And then it is eligible to say that many such lan-
guageshave been deweloped in recert years; and have been accepted and did
survive in form of patterns.

Our cortribution is the de nition of such a languagefor one of the classicdesign
patterns presered in [2]. The pattern of interest is the Visitor Design Pattern.
The essential aspect of this pattern is that it de nes a traversal on an object
structure and \visits" ead node of that structure in somede ned order. Suc a
structure can be potentially in nite, and the visited objects do not have to have
a common baseclass.

The declared purposeof our cortribution is the precisedocumertation of a Vis-
itor. Whereasit is commonplaceto generatevisitor code from AST grammars,
we formalize a way to extract a grammar from code in which the Visitor Pat-
tern can be identied. The proposedmapping from a Visitor to a grammar is
a contribution to the eld of documerting Visitors, and opensthe possibility of
applying the technique to other types of Design Patterns. To allow the appli-
cation of the preseried approach to data structures in general, the formalism
handles complications that occur when traversing arbitrary object structures,
such aslack of a commonbaseclass, multiple inheritance, and inheritance from
concreteclasses.The mapping encadesknowledgeabout the classhierarchy and
the implementation of the accept methods of a Visitor.

We present how to map the invocation of the visit methods of a Visitor Pattern
into a context-free grammar that generatesall the sequencesf visit method
invocations, thus providing a high-level view of all possible visiting sequences
that can be performed by the Visitor. We shall call the language generated
by that grammar the language of the Visitor Design Pattern, or short Visitor
Language. A word of the language corresponds to the sequencein which the
nodesof the object structure are visited, i.e. a terminal represerts the invocation
of a visit method; and the set of all those words, the language, represerts all
possiblevisit sequenceghat may be performed given any object structure for
which the Visitor is implemented to perform on.

The de nition of the Visitor Languageis an attempt to building a bridge between
grammar-oriented approadciesand software design. There exists a broad range
of contributions to the eld of grammar-basedspeci cation of object-structures
and automatic generation of Visitors [3{12]. A direct correspondenceof gram-
mars and the special caseof object-oriented abstract syntax treeshasalso been
discussedin [13] by Appel. Whereasthese approachesare basedon a grammar
and generatethe interfacesand implementation of the object structure and a
Visitor, we de ne the languagefor an existing Visitor Pattern, literally goinginto
the opposite direction. This is motivated by our work on abstract aware analysis
for automatic recognition of abstractions and generation of documertation and
annotations. Generating a grammar permits arguing that we also nd \hidden"
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Listing 1: Abstract C++ class Visitor and inheriting class MyVisitor.

class Visitor f class MyVisitor : public Visitor f

public : public :
virtual void visitB (B )=0; void visitB (B obj) f cout << "b" << endl; g
virtual void visitC (C )=0; void visitC (C obj) f cout << "c" << endl; g
virtual void visitD (D )=0; void visitD (D obj) f cout << "d" << endl; g
virtual void visitE (E )=0; void visitE (E obj) f cout << "e" << endl; g

g, g,

languagesin software. In particular, it is the recert attempt of goingtowards the
discipline Grammarware [14] that fuels our endeasour of generating a grammar
for existing patterns such that patterns can be understood as languages.lt also
permits making the argumert in the other direction, that is, what could have
been saved in dewelopmert if grammars would have been usedto specify and
generatethe code. At least, it documerts a Visitor DesignPattern suc that the

traversalit can perform, is precisely documerted for users.

Since the understanding and appreciation of a languageis fundamenally con-
nected to its design and how \easy" it is for usersto learn, apply, and use,
we also considerthe designof our grammar as an important ingredient for its

appeal. The design of the grammar is as critical as the design of the software
pattern that we are mapping from. We are going to de ne a grammar that is
as appealing and easyto read as the original pattern. Actually, we attempt to

go beyond that. It should be easierto read, permitting to focus on the essential
asyect of the Visitor Pattern only, formalizing only the relevant information that

constitutes a Visitor Pattern. But we do not presert a new formalism, or a new
extended form of a grammar. The grammar we useis a context free grammar,

with only two speci c forms of productions suc that ead form of production

represerts distinct properties of the Visitor Pattern.

In the following section we presert our running example that will serve in ex-
plaining seeral properties and details of the mapping in later sectionsaswell. In

the examplewe alsopresert the corresponding formal grammar asde ned by our

mapping. The details on how this grammar is obtained in generalis discussed
in subsequen sections.

1.1 Example

The Visitor Pattern is used for represerning an operation to be performed on
the elemers of an object structure. A Visitor essetially doesa depth- rst-w alk
of an object structure, executing an \action" method, usually called visit , at
ead object. It is a frequertly used pattern in libraries that implement object
structures.
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Listing 2: C++ class interfaces of traversed object structure.

class A f class D f
public : public :
virtual void accept( Visitor & v)=0; D()fg
o virtual void accept( Visitor & v);
g;
class B : public A f
public : class E : public D f
B(A next0,D data0) public :
:next(next0), data(data0) fg E():D()fg
virtual void accept( Visitor & v); virtual void accept(Visitor & v);
private: o;
A next;
D data;
g;
class C : public A f
public :
C0Ofg
void virtual accept(Visitor & v);
g,

Listing 3: Implemen tation of accept metho ds of object structure.

void B::accept(Visitor & v) f void D::accept(Visitor & v) f
v.visitB (this); v.visitD (this);
next >accept(v); g
data >accept(v);
g void E::accepf(Visitor & v) f
V. VisitE (this);
void C::accept(Visitor & v) f g
v.visitC (this);
9

The examplecodein Listing 2 showsthe interfacesof our exampleclassesWe use
a minimal arti cial examplethat is designedto easethe demonstration of formal
properties of the mapping. Although small, the exampleincludestwo properties
that require particular attention. One property is that the classhierarchy that
is usedfor the object structure, doesnot have a common baseclassfrom which
all other classesinherit. And the secondone being that we also have a class
inheriting from a concreteclass.The latter secondcasefor example,is not presen
in the approach taken by Appel in [13] for a grammar based de nition of an
abstract syntax tree (AST). For ASTs Appel's designresults in a good design
of the tree, where concrete classesonly exist asleaf nodesin the classhierarchy.
But sincewe presert a mapping for the generalcase,and do not want to suggest
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Figure 1: Visualization of a concrete object structure and its traversalwith the
given example Visitor. Each arrow head correspondsto a visit of the respective
node, denotedvy , whereX is the type of the object. The visit method invocation
sequencefor this concreteobject structure is vg ViV vivi 2 L(Gy).

to changethe designin any way, we needto incorporate such casesas well.

We have one abstract baseclass,A and two concreteclassesB and Cinheriting
from classA And we have another secondclasshierarchy, with classD as root
classof the hierarchy, and one classE inheriting from D. Both classesDand E,
are concreteclasses.

If we createa data structure with the objects of type A to E, we canusea Visitor
to traversethat data structure and specify a visit method for ead concrete
object, seeListing 1. The other part of the Visitor Pattern is the acceptmethods
shown in Listing 2 and Listing 3. We shall show that we can create a formal
grammar that de nes the setof all sequence®f visit methodsthat canbeinvoked
by a Visitor. The formal grammar for the example Visitor in Listing 2 and
Listing 3 is

G1 = (N1;Ty;P1;A) with Ny = fA;B;C;D;EQ; T1 = fve;Vc;Vp;VeGQ;
Pp=fA! B;A! CB! vg AD;C! v¢;D! vp;D! E;E! Vveg

where N is the set of nonterminals, represening the abstract and concrete
classesusedfor de ning the object structure. The set of terminals is T, where
we usethe notation that vy represerts a call of the visit method for classX .
Grammar G; generatesthe language

L(Gy) =fx"yz"jx=vg;y=vc;z2fvp;veg,n 1g,

a deterministic context free language. This is the set of all sequencef visit
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Listing 4: Alternativ e implemen tation of the accept metho d of class B.

void B::accept(Visitor & v) f
v.VisitB (this);
data >accept(v); / declared type of data is D/
next >accept(v); / declared type of next is A/

g

methods that can be called, if the example Visitor is usedby invoking the accept
method of an object referred by a variable with declaredtype A. In the above
example, the visit methods are implemented, seeListing 1, such that MyVisitor
prints a lower capsletter of the classto which the visit method correspondsto.
Hence, the visit method for classB, visitB , prints 'b' to stdout. We use that
to illustrate our pattern mapping by example. The sequenceof invoked visit
methods is re ected in the output of the example code aswell, and the set of all
possibleoutputs of our Visitor isfx"yz" jx = b;y=c;z2 fd;eg;n 1g.
Pleasenotethat n 1. For our languagede nition we assumethat traversingthe
object structure doesnot causeerrors such as dereferencingof null pointers or
exceptions.Here this meansthat at least a concrete object of type B, one object
of type D or E, and one of type C must exist. In general, we assumethat the
Visitor succeedgraversing a given object structure. Otherwise we would need
to considerthe set of all pre xes of all words which would render the language
rather uselessWe shall discussthat aspect, sub languages,and variations of the
classicpattern in Section 2.5.

One traversal of a concrete object structure corresponds to one word in the
Visitor Language. In Fig. 1 a concrete object structure with nine objects is
shown. Starting at the root node, the sequenceof visit method invocations for
this concrete structure and the given Visitor is v§ viv2 vl vi. This sequences
a word of the Visitor Languagel (G1). The set of all visit method invocation
sequenceshat canbe performed by the given Visitor is the languagede ned by
grammar G.

Now let us also determine the Visitor Languagewith an alternativ e implemen-
tation of one of the accept methods of this Visitor. We use this variation to
demonstrate that the Visitor Languageis dierent, dependent on the imple-
mentation of accept methods. Let us reversethe two invocations of the accept
methods in classB's accept method as shown in Listing 4. Mapping this alter-
native Visitor to a grammar givesus a new grammar, G,, where only the set of
productions is di erent to G.

G, = (Nl;Tl;Pz;A), with P,=P; fB! vg A Dg+ fB! vg D Ag
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The di erence, represerting the fact that the acceptmethod of classB is imple-
mented di erently, is that we have now the production B! vg D A instead of
B! vg A D. Consequetly, the languageis alsodi erent,

L(Gz) = f(xy)"zjx=vg;y2fvp;Veg;z=vc;n 1g,

a regular language. We can write it as regular expression(vg (vp j VE))* vc,
where '+' denotesthat there exists at least one occurrence of the regular ex-
pressionin brackets, and 'j' that we have either vp or vg asterminal at this
position. Thus, the language classesof our Visitor Language can be dierent,
ranging from regular languagesto context free languages.

In Section2 we present aformal de nition for the mapping from a Visitor Pattern
to a grammar. In Section 3 we discussvarious applications of our approad,
followed by a comparison with the related work in Section 4. Eventually we
conclude in Section 5 that our mapping permits understanding design pattern
designas languagedesign.

2 Mapping the Visitor Pattern to a Formal Grammar

In this sectionwe shall de ne a mapping betweenthe Visitor Design Pattern to
a formal grammar such that the grammar generatesthe set of all visit sequences
that the visitor can successfullyperform. With \successfully" we meanthat the
Visitor doesnot fail becauseof errors in the object structure.

The mapping consists of two parts. First, we needto determine the relevant
information of the implementations of all accept methods of a Visitor Pattern.
Second,we shall determine the relevant information of the classhierarchy.

2.1 Accept Metho ds

The relevant information of the implementation of an accept method of a class,
A, is

i The name of the class,A,
ii The name of the visit method that is invoked for classA, denotedva ,

iii The order in which other acceptmethods are invoked by the acceptmethod
of classA. We shall map the declared types of the variables on which the
accept methods are invoked to a sequenceof grammar symbols, denoted
A1 AL,

Let the set of classeswith accept methods of the (same) classicVisitor Pattern
be C. We de ne the set of productions, P,, mapped from the acceptmethods as
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Pa=fAg! va A1:::AnjA; 2 Cis concrete (Ag);n 0,0 i ng

On the left-hand-side of a production we have a nonterminal represering the
name of the class,Aq. For P, we only considerconcreteclassedor the left-hand-
sidewith the predicate is _concrete holding only for classeswith an implemen-
tation of an accept method. The right-hand-side has as rst grammar symbol
a terminal, va, which represerts the invoked visit method for classA; the visit
method is usually called visit followed by a classname. This terminal is fol-
lowed by a possibly empty list of nonterminals A; ::: An, ead represerting the
declaredtype of the variable on which the accept method is invoked. If n is not
xed, we denote this using the notation from regular right part grammars, as
A; . This is the casefor cortainers of objects which can be of arbitrary size. It

is usedfor the Composite Pattern.

For example, let us apply this mapping to the accept method of class B in
Listing 3. As relevant information we obtain B (i), vg (ii), and the list AD (iii).

Hence,we de ne the production B ! vg A D. For the other three classesC D,
Eweobtain C! vc,D! vp,E! Vvg.

Thus, the left-hand-side corresponds to the name of the classwith the accept
method in question. The right-hand-side corresponds to the implementation of
the acceptmethod, i.e., in which order the visit method and the acceptmethods
of other classesare invoked. The order of the other classesis represerted by
the order of the grammar symbols that correspond to the declaredtypes of the
variables on which the accept methods are invoked.

We can now de ne a grammar, G,, that represens the language generatedby
the above mapping of accept methods. Let N, be the set of all honterminals
existing in P, either on the left-hand-side or right-hand-side and let T, be the
set of all terminals v on the right-hand-side in any production in P,. Let the
start symbol of our grammar be a nonterminal corresponding to a classwith an
accept method, S;.

Ga = (Na;Ta; Pa; Sa)

An interesting property of grammar G, is that it is in Greibach Normal Form
[15]; this form is often used as basis for formal proofs on grammars. Here it
de nes the set of all visit-sequenceghat can be generatedby calling the accept
method of an object in an object structure. In the next section we extend this
grammar with productions represerting the casethat the Visitor is invoked on
a variable with declaredtype of someabstract baseclass.
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2.2 Class Hierarc hy

The classesof an object structure do not necessarilyhave to have a common
baseclass.This is caseis represeried in our running examplein Listing 2 with
classDnot being in the classhierarchy of classesA B, and C

It remainsto de ne the productions mapped from the classhierarchy, to complete
the grammar of the Visitor Language.Let the predicate is _base_class (A; B)
hold, if classA is a (direct) baseclassof classB and class A has an accept
method declared.We de ne the set of chain productions, P, for classeswith an
accept method of the (same) Visitor as

Pc.=fA! Bjis baseclass (A;B);A2CB 2 Cg

For example,for our Visitor Pattern in Listing 2 we obtain as corresponding set
of chain productionsfA! B;A! C;D ! Eg. Theseproductions correspond
to the inheritance in the classhierarchy wherethe acceptmethod of the Visitor
Pattern in question is inherited.

2.3 Complete Grammar

The complete Grammar, G, is composedfrom the de ned mapping of the accept
methods and the classeswith an accept method in the classhierarchy. Let N¢
be the set of all nonterminals on any side of the productions in P.. Note that P,
has no productions with terminals. Then we de ne the complete grammar as

G = (Na[ N¢;Ta;Pal Pc;Se)

The set of nonterminals, N = N, [ N¢, consistsof the union of nonterminals of
the productions generatedfrom the relevant information in the accept methods
and classeswith accept methods of the classhierarchy. The terminals, T,, are
those de ned in the mapping of the accept methods only. The productions are,
similar as the nonterminals, the union of P, and P.. The start symbol can be
any nonterminal corresponding to a classwith an acceptmethod to generatethe
set of visit sequence®f the accept method of that class.The set of productions
as de ned above, allows to derive any possible visit sequenceby choosing the
appropriate start symbol.

The grammar therefore only hastwo kinds of productions of the form

1. No! N3 (correspondsto inheritance)

2. No! wvn Np:::N, with n 0. (correspondsto acceptmethods)

which permits de ning the languageof a Visitor Design Pattern.
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Relevant information of running example Mapped Productions
B::accepi(...) f

visitB (...);

next->accepf...); :next is of declaredtype A

data->accep{...);...g :data is of declaredtype D |[B! vg AD
C::accepf(...)f visitC(...) ... g C! v¢
D::accepf(...)f visitD(...) ... @ D! vp
E::accepf(...)f visitE(...) ... g E! vg
classA f accepf...); ...q
classB : public A f accep(...); ...g A! B
classC : public A f accep(...); ...0 Al C
classD f accep(...); ...g
classE : public D f accep(...); ... D! E

Figure 2: Table shaving how the preserted mapping is applied to the running
example. Only that information of the sourcecode is shown that is relevant for
mapping the Visitor to grammar G;. The rst block of rowsin column two shows
the productions for P, of P;, the secondblock of rows the productions for P, of
P1.

Eventually we show in Fig. 2 for our running example from Listing 2 and List-
ing 3 how we obtain the grammar preseried in the introduction with the above
de nition. In the rst column only that portion of the sourcecode is shovn that
is relevant for the mapping. It is the accept methods, and the inheritance hier-
archy for those classesNote that classDis a baseclassbut alsoa concreteclass
in the object structure and therefore both kinds of productions exist with D on
the left-hand-side.

2.4 Readabilit y and Direct Corresp ondence

The readability and direct correspondenceto the implementation of the Visitor
Pattern is important sud that the grammar can be usedfor documerting an
existing Visitor. The automatic grammar generation for an existing Visitor we
shall discussin the next section. Here we shall highlight the expressivenessof
our de ned formal grammar.

The grammar has only two kinds of productions, chain productions and produc-
tions starting with a terminal. Each kind represerts exactly one property of the
Visitor Pattern.



Schordan M.: The Language of the Visitor Design Pattern 859

2.4.1 Chain Pro ductions.

A chain production is of the form A | B where A is a baseclassof B. It
represerts inheritance (with the arrow going into the opposite direction as in
the UML notation for classhierarchies). This production existsin the grammar
becausethere exists an accept method in classA and it is inherited by B. If
multiple classesnherit from A we have multiple chain productions.

In particular, all is-a relationships that are relevant to the Visitor Pattern are
represerted by such chain rules. Note that this permits represering multiple
inheritance as well.

2.4.2 Pro ductions with a Terminal.

The secondkind of productions is of the form A'! va Ai:::A,. The number
of this kind of productions is exactly the number of concrete classesthat are
relevant to the Visitor Pattern. Such a production never represerts inheritance; it
can be understood as a has-arelationship if we wish to have the object structure
designin mind and the accept methods always directly re ect that classA has
members of type Az i A,

From sudh a production we know that there exists a concreteclassA, that the
visit method va isinvokedin the acceptmethod of classA, and that the traversal
proceedsby traversingobjects of type A; to A, in the speci ed order. The order
in which the visit and acceptmethods are called is directly re ected in the order
of the grammar symbols on the right-hand-side of the production.

2.4.3 Language and Start Symbol of the Grammar.

Becausethe terminal vx directly correspondsto aninvocation of a visit method,
the languagegeneratedby the grammar is the set of all traversals,or in other
words, the set of all sequence®f invocations of the visit methods. A word of the
languagedirectly correspondsto a traversal.

The start symbol of the grammar correspondsto the declaredtype of the variable
that holds the referenceto the rst object being traversed. Any nonterminal
of the grammar can be chosenas start symbol becauseevery nonterminal on
the left-hand-side directly correspondsto a classof that name with an accept
method.

2.5 Variations of the Classic Pattern

Variations of the Visitor Pattern can be represerted as well. In a post-order
traversal, vy is the last grammar elemer on the right-hand-side. For an exten-
sion of the Visitor Pattern, such asperforming a preVisitX and a postVisitX
we have two (distinct) terminals on the right-hand-side, vx and v .



860 Schordan M.: The Language of the Visitor Design Pattern

Listing 5: Alternativ e implemen tation of a variation of the Visitor Pat-
tern with preVisit and postVisit metho ds in class B's accept metho d.

void B::accept(Visitor & v) f

v.preVisitB (this); [ rst visit of node with typeB /
next > accept(v); | declared type of next is A/
data > accept(v); / declared type of data is D/
v.postVisitB (this); / second visit of node with typeB /

g

Listing 6: Alternativ. e implemen tation of a variation of the Visitor Pat-
tern with a null pointer check in class B's accept metho d.

void B::accept(Visitor & v) f
v.VisitB (this);
next >accept(v);
if (data60) f | ched whether data points to an object /
data >accept(v);
9
g

The corresponding production for the alternativ e implementation in Listing 5 is
B! vg ADVS

We shall discussa concrete example of this variation from our own work in Sec-
tion 3.1. This variation of the Visitor Pattern is also utilized in [8] for computa-
tion of inherited attributes (pre-visit) and synthesizedattributes (post-visit).

Another variation of the classicVisitor Pattern isthe useof null pointers and hav-
ing acceptmethods ched whether a pointer is null. This fact can be represerted
by making the corresponding grammar symbol optional on the right-hand-side
of a production. In Listing 6 such an alternative implementation is shown for
our running example's accept method of classB. Written as regular right part
grammar, the corresponding production to this alternativ e implementation is

B! vg A(Dj)

The Visitor Languagefor our running examplein section1.1with this alternativ e
implemertation of classB's accept method, is the languagevg vi (vp j ve)™,
wheren m;n  1;m O.

If conditions are usedto decidethe order of the traversal, the language might
actually be context sensitive. For that casewe suggestextending the grammar
to an attribute grammar for specifying the additional constraints in semartic
actions but this requires further investigation in future work.
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3 Applications

In this sectionwe show in which elds the preseried approad, using a mapping
from a Visitor to a grammar, hasalready beenapplied in our own work. We also
wish to make clear that the mapping can be fully automated by using existing
source-infrastructuressuc as ROSE [16].

3.1 Grammar as Documentation of the Visitor Pattern

In ROSE we provide besidethe classicVisitor alsosomevariations of the Visitor
Pattern that have proven suitable for advanced computations on the AST. We
give a short example of the textual represenation of the grammar that we use
in ROSE for documerting the Pre-Post AST Visitor, a Visitor that visits a node
twice, in a pre order traversal and a post order traversal (this variation of the
classic pattern is also called before/after Visitor). The grammar is generated
following the mapping preserted in Section 2 and has beenaddedto the ROSE
referencemanual. The entire classhierarchy of the ROSE C++ AST consistsof
246 classes.The above mertioned Visitor is designedto visit only a subset of
these, 171in total. The information stored in non-visited nodes of the AST is
available via accessfunctions, which can be consideredas accessingpre-de ned
attributes (such as type information, modi ers, etc.). Therefore a comprehen-
sive and precisedocumertation of the Visitor is necessary{ and the preseried
grammar has proven useful for that purpose.The ROSE AST has one common
baseclassand usesinheritance from concrete classes.

In Fig. 3 we showv a grammar fragmen, generated as documertation for the
ROSE Pre-Post AST Visitor. The terminals of the grammar are the names of
the visit methods, for ead node there are two visit methods, the preVisit and
postVisit method. The pre x \Sg" of classnamesis usedfor historical reasons,
becauseghe ROSE AST is basedon the Sage++ AST and\Sg" is an abbreviation
for Sage.Note that we usethe Kleenestar '*' for specifying an arbitrary number
of SgStatemen node visits after pre-visiting a SgBlock node. Here the Kleene
star actually represens an (internal) iteration on a C++STL container.

For example,if a userwants to know what sequenceof visit methods the Visitor
canperform whencalledon an AST object of type SgScopeStatemen, he cansee
that SgScopeStatementis a virtual (abstract) classwith a declaredpure virtual
accept method. Other classes,SgBlock, SglfStatement , etc. inherit because
chain productions exist with nonterminal SgScopeStatementon the left-hand-
side. A SgBlock node is a concretenode becausewe have terminals represerting
preVisit and postVisit on the right-hand-side of the production with SgBlock
on the left-hand-side. In caseof inheritance from concrete classespoth kinds of
productions exist with the samenonterminal on the left-hand-side.
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SgStatemern . SgScomStatement
j SgDeclarationStatemert

SgScomStatement @ SgBlock
j SglfStatemert

j SgForStatemert
SgBlock . preVisitSgBlock

SgStatemern

postVisitSgBlock
SglfStatemen . preVisitSglfStatement

SgStatemen SgBlock SgBlock
postVisitSglfStatement

Figure 3: Grammar fragmen examplefrom the generatedVisitor documertation
in ROSE for the Pre-Post Visitor.

3.2 Grammar-Based Interop erabilit y of Tools

We briey describe an application going towards the Grammarware discipline
as described in [14], based on our preseried Visitor grammar. The Program
Analysis Generator (PAG) [17] requiresan abstract grammar asinput, so called
syn les. The abstract grammar speci es the Abstract Syntax Treeson which
the generatedprogram analyzer operateson.

When we integrated PAG into the C++ source-to-sourceinfrastructure ROSE
[16], we rst generatedthe documertation for the AST Visitor. Here the clas-
sic Visitor was of interest. It travarsed the same subset of AST nodes as the
above mentioned Pre-Post Visitor. This grammar was also input to another
tool, called GRATO, to transform the grammar, by also pruning all cortrol-
o w related symbols, into another grammar, represerting the abstract grammar
(without control- o w relevant information) asrequired by PAG. Hence,the doc-
umentation of the Visitor alsoserved asinput format for generatingan adapted
grammar, as required by another tool, PAG.

PAG is usedto specify program analysesbasedon abstract interpretation, which
we usewith ROSE for analyzing sourcecode and detecting more advancedvari-
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ations of Visitors in existing sourcecode. Therefore, we can automate the detec-
tion of the Visitor Pattern and generatea grammar as preseried, de ning the
Visitor Language.The details of the abstraction aware analysis are beyond the
score of this paper.

4 Related Work

The visitor pattern hasbeenintensively studied, mostly from the perspective of
specifying a traversal on an object structure and generating the implementation
of the object structure and a Visitor for performing the traversal. All those
approadesincorporate the useof a grammar at somepoint. The documertation
generation for Design Patterns has also beenaddressedin [11,18]

Recerly, the most general approach has beende ned by Klint et al. in [14].
They proposeto incorporate the use of grammars at all levels in developmert
and comprise grammar and all grammar-dependernt software in the so called
discipline Grammarware. In this discipline our preseried grammar could be un-
derstood asa base-linegrammar within the grammar life-cycle. This is, alsofrom
our perspective, the ideal case,to start with a grammar, and by transforming
and extending that grammar we can generateother componerts of the software
system. If the software already exists, and our approac is motivated by that
setting, we needto create a grammar from existing sourcecode. The sameau-
thors have alsocontributed in the eld of semi-automatic grammar recovery [19]
but focus on existing parsersand generating a concrete grammar.

A very generalapproad to the speci cation of traversalsis preseried by Lieber-
herr et al. in [5]. This approadc supports structure-shy speci cation of traversals.
Only those aspects are speci ed as constraints that are consideredrelevant to
the traversaland the generator ensuresthat those constraints are met. This ap-
proach supports changesto the object structure, which is a general problem of
the Visitor Pattern. Our approach doesnot attempt to cortribute to the problem
of changesto the object structure, our cortribution is in the eld of generating
documerntation for Visitors and presering a grammar that can be automatically
obtained from an existing Visitor implementation with our C++ infrastructure
ROSE [16]. An approadc for specifying recursive traversalsis preserned in [6].
It is basedon traversal speci cations that allow specifying traversalsthat can
revisit the samenode and alsoto dynamically control the behaviour of the traver-
sal. In particular, it alsopermits calling other traversalswithin a traversal. This
permits combining di erent traversalsand abstractions of those. Visser has also
contributed in this eld by proposing Visitor combination for similar reasonsin
[4]. This work has beendeveloped into a full framework, the JJTraveler [7], to-
getherwith Arie van Deursen.In our approach we can expressthat by combining
di erent grammarsinto one grammar. For example, instead of consideringonly



864 Schordan M.: The Language of the Visitor Design Pattern

one Visitor we can considera set of Visitors and all their accept methods. This
givesus a single languagefor a set of combined Visitors.

An object-oriented view on attribute grammars that is similar to our grammar
was already preserted by Koskimies [20]in 1991.He usedtwo notions of nonter-
minals, so called superclassnonterminals and basic nonterminals. The concept
of superclassnonterminals and the use of chain productions to expressthe in-
heritance relation is the sameasin our approac. But we do not usethe concept
of basicnonterminals to specify the syntactic composition of basiclanguagecon-
structs. In contrast, in our grammar only the invocation of a visit method corre-
spondsto aterminal. A basic nonterminal on the left-hand-side of a production
and the so called slots in [20] correspond in our grammar to productions cor-
responding to implementations of accept methods. A similar approac was also
discussedby Grosdh in [21], where he shows how with object-oriented attribute

grammars common parts of a speci cation can be \factored out". Sometools
take the approadc, sudch as Alexey Demakov's TreeDL and Etienne Gagnon's
SableCC, of using Visitors for actions but letting the user specify a tree struc-
ture with a grammar-like speci cation. These tools generate a class for eat
node in the tree in order to ensurevalid tree construction. These approaches
have in common that the grammar always requires being enriched with addi-
tional information about the details of the generatedcode. Our cortribution in
this paper is to provide a mapping to a grammar that is clean of any additional

information but still carries enoughinformation sud that the essetial informa-
tion of a mapped Visitor is present. Our approach aims at using grammars as
generateddocumertation for Visitors, but with properties, suc that they might
be interesting to investigate Visitors also from a languageperspective.

An interesting combined approad that alsosharesseweral aspectswith our map-
ping, is the useof a JavaCC grammar in the Java Tree Builder (JTB), originally
developed by JensPalsberg and Kevin Tao. A plain JavaCC grammar le serwes
asinput to JTB, and from that grammar an object-oriented AST and its creation
during parsing, following the designin [13], is generated.It alsoincludesthe gen-
eration of di erent depth- rst Visitors. This provides a closerelationship to our
mapping, but in the opposite direction and with a di erent grammar design of
the productions. It requiresthat the classhierarchy hasonesingleroot classand
does not use inheritance from concrete classes.In the context of ASTs this is
commonly considereda good design. Our approac aims at being applicable to
the documerntation of Visitors that operate on arbitrary data structures. There-
fore our grammar can alsorepresen the languageof Visitors that are traversing
acrossdi erent class hierarchies, i.e. allowing to traverse Composite Patterns,
and also inheritance from concrete classescan be represerted. In particular, in
our grammar the traversal order is explicitly de ned.
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5 Conclusions

We have preserted a mapping from the Visitor DesignPattern to a formal gram-
mar. The grammar is a context free grammar and its designdirectly re ects the
essetial aspect of the Visitor Pattern. It consistsof only two kinds of produc-
tions. The chain productions correspond to the relevant inheritance relationships
of the class hierarchy where accept methods of the Visitor Pattern exist. The
secondkind of productions represers the information, at which type of node
a visit method exists (left-hand-side) and in which order the remaining object
structure is traversedfrom that node type (right-hand-side).

The languagegeneratedby the grammar is the Visitor Language.A visit method
invocation is represerted by a terminal in the grammar. A word of the language
represerts one possible visit sequence.Thus, the set of all sequencesof visit
method invocations that a Visitor Pattern can perform on an object structure,
is the Visitor Language.The essential aspect of the Visitor Pattern is the set of
such sequencedhat it de nes for an object structure. This essetial aspect is
represerted by the Visitor Language.

Although it is well known that grammars can be used for engineeringsoftware
systems, as is also discussedin the context of recert Grammarware work in
[14], the application of design patterns is usually not understood as an implicit
languagede nition. With the preseried mapping from the Visitor DesignPattern
to a formal grammar, we aim at making this correspondencemore obvious and
easierto recognize.The grammar can be used as precise documertation of an
existing Visitor Design Pattern. This understanding may drag people, who are
not usedto using grammars, towards Grammarware. Therefore, the readability
of the grammar is one of our main concerns.

This work is a contribution to understanding pattern designaslanguagedesign,
applied to the classicVisitor Pattern which canbe found in many libraries today.
We believe that a similar method can also be usedfor other Design Patterns, in
particular those that incorporate the use of other patterns in some systematic
way.

For the claim \Library Designis Language Design", and our adapted version,
\P attern Design is Language Design", we have preseried a mapping from the
Visitor Pattern to a grammar that generatessuch a language.Our hope is that
this contribution addsto a broader acceptanceof using grammars by software
dewvelopers, beginning by using them for documerting Visitors, and that it may
permit to recognize,understand, and investigate further the many languages
that are implicitly de ned in software systems.

Ac knowledgemen ts

| wish to thank JensKnoop, Franz Puntigam, Daniel Quinlan, and the anony-



866 Schordan M.: The Language of the Visitor Design Pattern

mous reviewers for valuable suggestions.This work was performed within the
ARTIST2 Project IST-004527.

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

Andrew Koenig and Barbara Moo. Ruminations on C++ . Addison-Wesley 1996.
E. Gamma, R. Helm, R. Johnson, and V. Vlissides. Design Patterns. Elements of
Reusable Object-Oriented Software. Addison-W esley Publishing Company, Read-
ing, Massadwusetts, 1995.

Martin C. Carlisle and Ricky E. Sward. An automatic "visitor" generator for ada.
Ada Lett., XXI 1(3):42{47, 2002.

Joost Visser. Visitor combination and traversal control. In OOPSLA '01: Pro-
ceedings of the 16th ACM SIGPLAN conference on Object oriented programming,
systems, languages, and applications, pages270{282, New York, NY, USA, 2001.
ACM Press.

Karl Lieberherr, Boaz Patt-Shamir, and Doug Orleans. Traversals of object struc-
tures: Specication and ecien t implementation. ACM Trans. Program. Lang.
Syst., 26(2):370{412, 2004.

Johan Ovlinger and Mitc hell Wand. A language for specifying recursive traversals
of object structures. In OOPSLA '99: Proceedings of the 14th ACM SIGPLAN
conference on Object-oriented programming, systems, languages,and applications,
pages70{81, New York, NY, USA, 1999. ACM Press.

Arie van Deursen and Joost Visser. Source model analysis using the jjtra veler
visitor combinator framework. Softw. Pract. Exper., 34(14):1345{1379, 2004.
Norman Ne. Attribute based compiler implemented using visitor pattern. In
SIGCSE '04: Proceedings of the 35th SIGCSE technical symposium on Computer
sciena education, pages130{134, New York, NY, USA, 2004. ACM Press.

Andy Bulka. Design pattern automation. volume 13 of Conferences in Resarch
and Practice in Information Technology, Melbourne, Australia, 2003. Australian
Computer Society. Pattern Languagesof Programs 2002. Revised papers from the
Third Asia-Pacic Conference on Pattern Languages of Programs, (KoalaPLoP
2002).

Jan Hannemann and Gregor Kiczales. Design pattern implementation in Java and
aspectJ. In OOPSLA'02 ACM Conference on Object-Oriented Systems,Languages
and Applications, ACM SIGPLAN Notices, pages161{173, Seattle, WA, November
2002. ACM Press.

Aino Cornils and Gerel Hedin. Statically cheded documentation with design pat-
terns. In 33rd International Conference on Technology of Object-Oriented Lan-
guages,TOOLS Europe 2000, pages419{430. IEEE Press, June 2000.

Alain Le Guennec, Gerson Sunye, and Jean-Marc Jezequel. Precise modeling of
design patterns. In Andy Evans, Stuart Kent, and Bran Selic, editors, UML 2000
- The Unie d Modeling Language. Advancing the Standard. Third International
Conference, York, UK, October 2000, Proceedings, volume 1939 of Lecture Notes
in Computer Scienee, pages482{496. Springer, 2000.

Andrew W. Appel. Modern Compiler Implementation in Java. Cambridge Uni-
versity Press, Cambridge, 1998.

P. Klint, R. Lammel, and C. Verhoef. Towards an engineering discipline for gram-
marware. ACM TOSEM, May30 2005. To appear; Online since July 2003, 47
pages.

Sheila A. Greibach. A new normal-form theorem for context-free phrase structure
grammars. J. ACM, 12(1):42{52, 1965.

Markus Schordan and Daniel Quinlan. A source-to-source architecture for
user-de ned optimizations. In Laszlo Besmrmenyi and Peter Schojer, editors,



17.

18.

19.

20.

21.

Schordan M.: The Language of the Visitor Design Pattern 867

JMLC'03: Joint Modular LanguagesConference, volume 2789 of Lecture Notes in
Computer Science, pages214{223. Springer Verlag, August 2003.

Florian Martin. PAG { an ecien t program analyzer generator. International
Journal on Software Tools for Technology Transfer, 2(1):46{67, 1998.

Tom Tourwe and Tom Mens. A declarative meta-programming approach to frame-
work documentation. In Proceedings of the Workshop on Declarative Meta Pro-
gramming to Supprt Software Development (ASE'02) , July 19 2002.

R. Lammel and C. Verhoef. Semi-automatic Grammar Recovery. Software|
Practice & Experience, 31(15):1395{1438, Decenber 2001.

K. Koskimies. Object Orientation in Attribute Grammars. In H. Alblas and
B. Melichar, editors, Proc. International Summer Schal on Attribute grammars,
Applications and Systems (SAGA'91), Prague, Czechoslovakig volume 545 of
LNCS, pages297{329. Springer-Verlag, June 1991.

Josef Grosch. Object-Oriented Attribute  Grammars. In E. Gelenbe
A. E. Harmanci, editor, Proceedings of the Fifth International Symposium on Com-
puter and Information Sciences (ISCIS V), pages807{816, Cappadocia, Nevsehir,
Turkey, October 1990.



