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Abstract

Adaptive Programming allows developers to write struckhng
programs. However, in Adaptive Programming, recursive mom
tations are known to require a good deal of boiler plate cade t
express. This paper describBsrobject Visitorsa programming
construct that allows developers to write recursive astembmpu-
tations at a higher level of abstracton. This paper alsoritesca
prototype implementation for perobject visitors.

Categories and Subject Descriptors D.2.2 [Design Tools and
Techniquek Modules and interfaces, Object-oriented design meth-
ods; D.3.3 Language Constructs and FeatufeBatterns, Recur-
sion

General Terms Design, languages

Keywords aspect-oriented programming, temporary intertype
declaration, visitor pattern

1. Introduction

The well known visitor design pattern [4] provides a meckani
for attaching new functionality to existing class struesirWhile
doing so, it achieves a clean separation of the navigaticodé

in all acceptmethods from the computational code in wibit

methods.

Adaptive programming (AP) [6] takes the visitor design eatt
one step further; in AP, developers write a traversal sppeatifin in
a high level domain specific language. The traversal spatific
then gets compiled against the class structure of the aiglicto
generate all necessaagceptmethods.

In the visitor pattern, the accept methods call W&t meth-
ods. Therefore, gisit method does not invoke its successaisit
method directly. Instead, it returns to its calliegceptmethod
which, in turn, invokes the nextisit method. Therefore, aisit
method cannot postpone a pending operation until the ssorces
visit method finishes. As a result, writing a setwsit method to
implement a non-tail-recursive computation becomes hard.

AP provides the developer with two specialized typewisft
methods:before and after. Developers can use lzefore method
exactly as they use an old-fashioneidit method. Everybefore
method has a correspondirater method that can be used to
express the pending operations. At runtime, an invocati@vasit
method is associated with an object that is passed as a parame
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Figurel. Containers UML class diagram

the methodVisit methods are typically bundled together in a visitor
class.

A shortcoming of AP is that dual invocations wisit methods
have separate environments. A typical work around is to bee t
visitor class as a blackboard for sharing environments éetw
visit methods. AP does not provide any special support for sharing
environments even between dual invocationsisit methods.

In case of recursive object structures, it becomes negeszar
organize the blackboard using a stack. Using the stack auduls t
unnecessary complications to the code: first, code foralistng
and managing the stack. Second, variables must be accaes$ed a
mutated while they are on the stack.

This paper presents perobject visitors. Perobject visaoe nor-
mal visitors that uses perobject variables. A perobjedabie is a
boiler-plate-free programming construct for sharing eswinents
between a set of invocations wisit methods. Perobject visitors are
not tied to AP and can be easily adapted to other situatians, f
example, to the general visitor pattern.

1.1 Motivating Example

In the capacity checking problem [3], containers are corite®s
that contain elements as well as other containers. Elensets
primitives that have weight. Every container has a capa€iy.

1 shows the UML class diagram of containers. The weight of a
container is the sum of the weights of all elements that asilén

it either directly or indirectly. A container whose weightceeds

its capacity is said to be violating the capacity conditiGiven a
certain configuration of containers, it is desired to cotnet tiotal
number of violations to the capacity condition.

2. Perobject Variables

The code in Fig. 2 shows a solution to the container checking
problem using visitors. There are two points about this dibdé

are worth making: First, a new integer is allocated and pdisire
top of the stack whenever a container object is encountaredgl

the traversal. This is done by theforemethod associated with that



container object. There is no other place where anythingsigd
on top of the stack. Therefore, every element in the stackahas
associated container object. Whenevea#tar method is executed
for a certain container object, the integer on top of thekstdthat
time is the integer associated with its container objectciviiias
been pushed by its correspondingforemethod.

Second, whenever aafter method is executed for a container

objectc. The second integer on top of the stack is associated with

the container object that encloses

public class CheckerVisitor extends Visitor{
int totalViolations = 0;
Stack < Mutablelnteger> myWeight =
new Stack < Mutablelnteger> ();
public CheckerVisitor ()
{ myWeight. pushfew Mutablelnteger(0));}
public Mutablelnteger currentMyWeight()
{ return myWeight.peek();}
public Mutablelnteger previousMyWeight ()
{ return myWeight. elementAt(myWeight. size §2); }
public void before(Container c)
{ myWeight. pushfew Mutablelnteger(0));}
public void after(Container c)
previousMyWeight () . setl (previousMyWeight () . getl ()
+ currentMyWeight() .getl());
if (c.capacity< currentMyWeight().getl())
totalViolations ++;
myWeight. pop () ;

public void before(Element e

currentMyWeight() . setl (currentMyWeight() . getl ()
+ e.weight);

}

Figure 2. Solving the container checking problem using DJ visi-
tors

Perobject visitors simplify this code by using a perobjeati-v
able myWeight (Fig. 3) whose scope is a set of classes. ThEesco
of myWeight is the entire traversal of Container while théeex
of a value of myWeight either reaches down to an Elementebbje
or another Container-object without traversing into thaht@iner-
object. Instead of using a stack, the developer declaresraaho
integer field in the visitor class and annotates it to be aljeod
variable. In this case, a new integer field with the same naitie w
be added to the every container object. Since, the sameicenta
object is passed as a parameter to the two corresponidiitgreth-
ods associated with it, the newly added field becomes autcatigt
shared between the two duasit methods.

Moreover, during the execution of amjsit method, the integer
field that is declared in the visitor class and has the pecbhjeno-
tation becomes an alias of the newly added field to the inngrmo
enclosing container. We call this the aliasing invariariie Tode
shown in Fig. 3 uses perobject variables to implement exaod
same thing as the code in Fig. 2.

A perobject variable defined at clags is accessible in all
befordafter methods of classes that are reachable ft@mwithout
visiting C' again or by visitingC' and stopping at’. If traversal
strategies are used to define traversals (this is a spegbtaion
of the general perobject visitor pattern) then we can be ipieise
about the scope and extent of a perobject variable.

A traversal strategy is a general graph with sources and
targett [5]. When applied to a class graph, a traversal grapty
(basically the cross product e andcg) defines the scope of the
strategy. We assume the special case where the perobjettlear
is at the source of the strategy: The scope of the perobjeicle
is the set of all classes in the traversal graphdgrand cg. The
extent of a specific value of the perobject variable is themmf
the following set of objects:

public class CheckerV isitor extends Visitor{
int totalViolations = 0;
@PerObject(
className= "Container”;
initializer = "0”
) int myWeight;
public void before(Element e
myWeight = myWeight + e.weight;

}
public void after(Container c)

myWeight = myWeight + c.myWeight;
boolean vio = c.capacity< c.myWeight;
if (vio){

totalViolations ++;

}
}

Figure 3. Solving the container checking problem using perobject
visitors

e The objects selected by the strategy? which is like sg but
Ybypassing s” has been added to every edgesgf sg2 visits
all objects that are not contained in anotk@bject.

e The objects selected by strategythat are also selected by the
strategy froni s to-stop s”. This selects all top-level-objects.

3. Implementation

As a prototype, we developed amnotation processofor Java
source files containing perobject annotations[2]. We baoildim-
plementation on top of DJ which is a Java library for AP [7]€Th
impelemented annotation processor generates an Aspédilk[1
that introduces necessary fields, initializes these fieldadvis-
ing the appropriate constructor, and mantains the aligsiragiant
mentioned in section 2.
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