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ABSTRACT

Adaptive Programming (AP) allows for the separate de nition of
data structures, traversals and computations over these data struc-
tures. The loosely de ned contexts, structure and computation, are
composed according to a given traversal speci cation. Traversal
speci cations are de ned against a graph-based model of the un-
derlying data structure with the ability to abstract over graph node
names, edges and subpaths. As such certain alterations to the data
structure will not affect the meaning of the program. Currently AP
systems, e.g. DemeterJ, provide no mechanisms to warn or even
guard against modi cations that will affect the meaning of a pro-
gram. Programmers have to depend on thorough testing in order to
detect such modi cations.

In this paper we present Demeter Interfaces, an extension to the
DemeterJ system. Demeter Interfaces specify the expected struc-
tural properties of the underlying data structure that must hold in
order for adaptive code to function correctly. Through an example
we illustrate the usage and implementation of Demeter Interfaces.
We further illustrate how Demeter Interfaces result in better designs
of adaptive programs, ease of adaptive code reuse and how they
promote parallel development. We discuss how Demeter Interfaces
are applicable to XML programs that use the XPath navigation op-
erator //. This makes our results relevant to large communities, such
as the XQuery and XSLT communities.

1. INTRODUCTION

Adaptive Programming [H](AP) takes the principle of Structural
Recursion (SR) to a new level. In SR you organize your program
following the structure of your data, a design principle used today
for introducing program design [?] . AP applies SR by focusing
on the difference between the structural recursion template and the
desired program. The information in the structural recursion tem-
plate (that is systematically de ned by the data type de nition), is
not repeated in the adaptive program.

There are many ways of de ning a Structural Recursion tem-
plate. There is a maximal one that uses the entire data type. But of-

Submission to AOSD 2006

ten only a subset of the data type is relevant. AP introduces traver-
sal strategies to de ne the relevant Structural Recursion template.
Traversal strategies should be viewed as a rst step to customizing
Structural Recursion templates. There are other ways to parame-
terize the Structural Recursion template: is it functional or imper-
ative; which information should be carried down the structure and
how far.

An adaptive program is a program written in terms of loosely
coupled contexts, i.e., data structure and behavior (computations)
with a third de_nition succinctly binding the two contexts together.
In DemeterJ |E] the most popular incarnation of AP, programs are
de ned in terms of their data structures and a set of computations
that take place during the traversal of data structures. Structure
and computation come together through traversal speci cations.
Traversal speci cations can abstract over graph node names, edges
and subpaths that allows certain modi cations to the underlying
data structure without altering the meaning of the whole compu-
tation.Traversal speci cations are de ned using a domain speci ¢
language that operates on a graph-based model of a program’s data
structure.

Using Aspect Oriented Programming (AOP), AP express the dif-
ference between the recursion template and the desired program.
AP introduced a dynamic join point model based on object entry
and exit events. AP had as key motivation to incrementally enhance
a Structural Recursion template into the desired program.

Identifying which modi cations do not alter the meaning and in-
tent of the computation is not a trivial task. Identifying which parts
of the data structure are explicitly referenced in traversal speci ca-
tion and thier attached computations is not enough. Assumptions
made by the adaptive code about the underlying data structure have
to be also veri ed. As a simple example consider a traversal spec-
i cation used to obtain an object deep inside a data structure, e.g.,

from Company to CEO , on a data structure representing a com-
pany. If this traversal speci cation was written with the assump-
tion that there is only one CEOQ in a company and a modi cation is
made to allow multiple CEOs then no compile time error is issued
by DemeterJ. The program compiles and executes, however the re-
sult of the computation will be incorrect. DemeterJ offers no way to
de ne and check for such assumptions. Programmers have to rely
on exstensive tests that need to be run everytime a modi cation is
made, defeating the bene ts of adaptive programming.

The problem of modi cations that alter the meaning of the pro-
gram makes iterative and parallel development dif cult. As de-
pendencies between computations and traversals arise, it becomes
harder to properly test and detect bugs in adaptive programs. At the
same time, as AP programs become larger in size understandability



of adaptive code decreases. Programmers have to both look at the
traversal speci cation and the computation attached to it but also
calculate from the concrete data structure the possible paths based
on the traversal speci cation. Finally, since both traversal speci -
cations and their attached computations refer to concrete data struc-
ture names decrease reusability of adaptive code.

In this paper we introduce Demeter interfaces that make AP with-
out surprises. The Structural Recursion template is de ned by a
high-level traversal strategy on a data type, and the program is de-

ned as an enhancement to the template. If the data type changes,
the program might still work without any changes to the strategy
nor the aspects that enhance the template. This gives adaptive pro-
grams an impressive exibility to data type changes. But this exi-
bility is also dangerous: For the new data type, the program might
work but give the wrong result. Demeter interfaces are intended
to restrict the set of data types that are allowed to be used with an
adaptive program.

Demeter Interfaces hit a sweat spot between exibility and safety.
They restrict a bit what AP can do but without going back to the
old way of writing the Structural Recursion template manually [?].
They are safer because there is now more intent that is used to
check any future data type against an adaptive program. As a side
effect, adaptive programs become better documented and more un-
derstandable.

In this paper we introduce Demeter Interfaces (DIs) as a mecha-
nism within DemeterJ that allows programmers to de ne:

traversal strategies,

an Interface Class Graph (icg), which provides an interface
for the concrete data structure

a Visitor Interface, used to implement the attached computa-
tion

a set of Constraints, that de ne properties that both the icg
and the underlying data structure must satisfy

The concrete data structure de nition is extended to accomodate
for a name mapping between its data members and those of the DI
that it implements. The DemeterJ system is extended to statically
verify the mapping and validate all DI constraints.

ADD PARAGRAPH FOR DESCRIPTION OF EACH SECTION.

2. DEMETER INTERFACES

Demeter Interfaces provide a view of an adaptive program that
encloses all the necessary assumptions and structure properties of
the underlying concrete data structure, traversal speci cations and
a visitor interface. Computation is attached to the traversal via the
implementaiton of the visitor interface.

The rest of this section illustrates the usage of DI and their advan-
tages through an equation system example and the implementation
of a semantic checker. We rst provide a solution in DemeterJ
describing DemeterJ. We then iteratively extend the equation sys-
tem, exposing the issues with the current Demeter] implementa-
tion. We then show a solution that uses DIs and analyzing the ad-
vantages over our initial implementation.

2.1 A simple equation system in DemeterJ

Our example is about systems of equations in which we want to
check that all used variables are de ned (we call this a semantic
checker). A simple equation system could be x = 5;y = 9;z =
X+Y;.

Adaptive programs in DemeterJ are de ned through a Class Dic-
tionary (cd), a set of Behavior Files (beh) and Java code. List-
ing ﬂ and Listing E make up the Demeter] code for the simple
equation system and the implementation of the semantic checker
which prints out two lists; de ned variables and used variables.

Listing 1: Class Dictionary for Simple Equations

EqSystem = <equations> BList(Equation).

Equation = <lhs> Variable = <rhs> Expr.

Expr : Simple j Compound .

Simple : Variable j Numerical.

Variable = Ident.

Numerical = <val> Integer.

Compound = ( <lIrand> Expr <op> Op <rrand> Expr ) .
Op : Add j Sub j Mul j Div.

Add= + .

Sub =

Mul = .

Div= /.

BList(S) ( Sf; Sg ) .

visitor DefCollector = .

A cd le is a textual representation of the OO structure of the
program which speci es classes and their members. Figure [ shows
the UML representation of the class dictionary in Listing [ll. Each
line of the class dictionary de nes a class de nition. An equal sign
( =) de nes a concrete class with the class name on the left hand
side of the equals and the members of the class in the right hand side
of the equals. Replacing the equal sign with a colon ( = ) de nes
an abstract class with its subclasses on the left of the colon. Text
within left and right angle braces de nes class member variable
names. The DemeterJ system uses a class dictionary as a grammar
de nition, providing a language that can parse in de nitions and
create the appropriate objects. Tokens in the class dictionary sur-
rounded in quotes de ne the generated languages’ syntax tokens
(Listing E). Parameterized classes are de ned through the tilde
() operator. The visitor speci es a visitor class.

Listing 2: An instance of a simple equations system given as input
to DemeterJ

(

X=5;

y=(x 2);

)Z= ((y x)+(y+9))

Behavior les are used to introduce code to the classes speci ed
in the accompanying class dictionary. Introductions can be in the
form of regular Java methods, adaptive methods or visitor meth-
ods. In Listing E the de nition of main is introduced into the class
Main as a regular Java method.

Listing 3: Behavior File for Simple Equations

Main f
public static void main(String args[]) throws Exception ff

EqSystem eqSystem = EqSystem.parse(System.in);
System.out.printin( Inputis: );
eqSystem.print();
System.out.printin( );
System.out.printin( De ned are : );
eqSystem.printDe ned();
System.out.printin( );

System.out.printin( Used are : );

1The DefCol lector class has no data members.
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Figure 1: The UML equivalent of Simple Equations Class Graph.

eqSystem.printUsed();
System.out.printin( );
g9
g

EqSystem
public void print() to  (PrintVisitor);

public void printDe ned() bypassing > ,rhs, to Ident (
DefCollector);

public void printUsed() bypassing > ,lhs, to Ident (
DefCollector);

g
DefCollector £

before Variable ff
System.out.printin( Found Ident :
g9
g

+ host.get_ident());

Three adaptive method signatures are introduced into EQSys-
tem, called print, printDefined and printUsed. Adap-
tive method signatures are similar to normal Java method signa-
tures extended with a traversal spec ciation, e.g., to *, and passed
the name of a Visitor class (The PrintVisitor prints all in-
stances in a traversal and it is automatically generated by the sys-
tem). The adaptive method printUsed will introduce a method
into EQSystem that takes no arguments and returns void. When
called, the method will traverse from an instance of EqSystem to
instances of Ident. The traversal is not allowed to go through any
edge with the label Ihs. At every instance that the traversal comes
accross the DefCol lector visitor de nition is advised. If there
is a visitor directive, e.g., before, after or around, and the direc-
tives argument matches the instance type, the code attached to that
directive is executed. Before traversing a Variable instance the
traversal will print out its contents.ﬂ

With the completed AP implementation of the semantic checker
in place we can now evaluate our solution and verify the claims
made, both in favour and against, AP. The principle behind AP
states [E]

A program should be designed so that the interface

21dent is a DemeterJ wrapper class for Java’s String class.

of objects can be changed within certain constraints
without affecting the program at all.

For example, altering the equation system so that equations are now
in pre X notation requires a single modi cation to Compound’s
de nition in the class dictionary:

Compound = (C” <op> Op <lrand> Expr

<rrand> Exp ““)’’.
However any alteration that either

modi es class and/or class member variable names that are
explicitly referenced by traversal and/or visitors

or, breaks an assumption about the system on which an adap-
tive method depends

alters the program’s behavior. For example, altering the equations
system to allow for local variable de nitions via let-bindings. This
modi cation breaks two assumptions

1. All variable de nitions are found on the left handside of the
equals

2. All variables have global scope and thus can be used any-
where.

The adaptive methods, as well as the visitor, depend on these as-
sumptions. However these assumptions are not explicitly captured
in AP programs. There is no tool support to stop such modi ca-
tions. In fact naively extending the equation system to accomodate
for functions parameters (Listing ??) will generate a valid AP pro-
gram with the wrong behavior for the semantic checker.

Listing 4: Class Graph for equations systems with functions of one
argument.

EquationSystem = <equations> BracketList(Equation).
Equation = <lhs> VarOrFunc = <rhs> Expression.
VarOrFunc : DVariable j Function.

Function = fun Variable ( CommaList(Variable) ) .
Expression : lookahead (@2@) FunCall j Simple j Compound .
Simple : Variable j Numerical.

Variable = Ident.

DVariable = Ident.

FunCall = Variable ( CommaList(Simple) ) .



Numerical = <val> Integer.

Compound = ( <lIrand> Expression <op> Op <rrand>
Expression ) .

Op : Add j Sub j Mul j Div.

Add= + .

Sub =

Mul = .

Div= /.

BracketList(S) ( Sf ; Sg ) .
CommaList(S) Sf , Sg.

With larger AP programs, it becomes impossible to nd all these
implicit assumptions and even harder predict which modi cations
will cause erroneous behavior. Programers have to rely on exhaus-
tuve testing in order to increase their con dence (but not prove) that
the program still behaves according to its speci cation.

To address these problems there needs to be a mechanism that
allows for

the de nition of assumptions about the nderlying data struc-
ture,

tool support to allow the validation of these assumptions,

decreased the dependency on class and class member vari-
able names,

and the modularization of the relevant program information
for each adaptive behavior instead of the whole class graph.

2.2 A simple equation system with Demeter
Interfaces

A Demeter Interface resides between a class graph and the imple-
mentation of adaptive behavior, i.e., adaptive methods and visitor
implementations. A DI is made up of

an interface class graph [?] (icg) that de nes a portion of
a program structure to which adaptive behavior will be at-
tached,

traversal strategies that act on the icg,

constraints imposed on the icg and the traversal strategies,
adaptive method signatures,

and a visitor interface.

Figure E shows the Demeter Interface for the simple equation
system along with a diagrammatical representation (in UML) of
the DI’s interface class graph.

The icg serves as an abstraction of any class graph implemen-
tation of the Expr1CG DI in order for the strategies de ned in
Expr1CG to be applicable. Furthermore, the constraints de ned in
the Demeter Interface impose further requirements that need to be
met by any concrete implementation of this Demeter Interface. The

rst constraint expresses that each variable de nition introduces ex-
actly one name. The non-empty constraints state that there must be
at least one path in the class graph that satis es the strategy given as
parameter. The predicates unique and nonempty are provided
by DemeterJ. The visitor section is a list of Java interface de ni-
tions for the visitor that need to be implemented for this DI. Method
names before, after and around will have the same mean-
ing as the visitor directives in DemeterJ. The adaptive methods
section holds a list of adapative method introductions. Adaptive
methods now take the visitor as an argument to the method.

FigureH gives an example implementation of the Expr 1CG Deme-
ter Interface (on the right) along with a visitor implementation and
a driver class (on the left). InFixEQSystem de nes the struc-
tural relations between concrete classes.

DemeterJ’s class dictionaries are extended in two ways; a header
is introduced allowing for an implements statement that speci es
which Dls are being implemented and a mapping between the con-
crete class dictionary classes to the icg’s classes. The concrete class
dictionary InFixEQSystem provides a de nition of its equation
system and a mapping M between the entities in its class graph and
the entities in the interface class graph. The mapping de nition can
map class(es) to class(es), class member variable name(s) to class
member variable name(s), strategy to strategy and class to strategy.
Invoking the adaptive method requires that a concrete visitor that
implements DVisitor is given as an argument. The addition of
DI requires modi cations to the compile time behavior of Deme-
terJ. For each concrete class dictionary that implements a Demeter
Interface

1. Use the DI’s mapping M to ensure that the concret class
dictionary (InFixXEQSystem) satis es the interface class
graph from the DI (Expr1CQG), i.e., for each edge e con-
necting two nodes ny and n in the interface class graph the
mapped edge M (e) connects the mapped nodes M (n1) and
M (n2) in the class dictionary. The tool does support some
limited form of inference. After reading in the explicit map-
ping de nitions, the tool follows the structure of the icg and
the concrete class graph and attempts to map the remaining
entires. The mapping occurs by position for conrete classes
and by expanding the de nition of abstract classes. If a map-
ping is not possible an error is reported. For example, in the
case of InFixXEQSystem, EquationSystem is mapped
to ESystem that also maps Definition to Equation.
For the mapping of Body the system expands the choices
for Expression which leads to an element (Variable
or Numerical) or a list of Expressions and Op. The
system takes the alternatives of an Expression class and
mapps those to Body.

2. Strategies de ned in the DI will be expanded according to
the mapping and made available through InFixXEQSystem
class.

3. Each of the constraints will be validated on the expanded
strategies for InFixXEQSystem.

If any of the above steps fails then the concrete class dictionary
failed to implement its DI interface. With the simple equation sys-
tem implemented using Demeter Interfaces we now extend the sys-
tem and verify that DlIs assist the prevention of modi cations that
alter the program’s behavior.

As a rst evolution step we want to change from in x notation
to pre x notation. This is a modi cation that does not alter the
program’s behavior even in the original DemeterJ solution without
Dls. Moving to a pre x notation requires to change the de nition
of Compound in InFixEQSystem to

Compound = <op> Op <lrand> List(Expression)
<rrand> List(Expression)

This change does not affect the Demeter Interface at all. We
update the equation system class graph and keep the old mapping.
All constraints of the DI are still satis ed after they are mapped
into the actual interface class graph and the adaptive methods will
function correctly.



di ExpriCGf
icg:

ESystem= List(De nition).
De nition =< def> DThing"="
Body = List(UThing).
UThing = Thing.
DThing = Thing.
Thing = Ident.
List(S) "("

< body> Body.

S

strategies
gde nedldents= "fr om ESystenvia DThingto Ident”.
gusedldents "fr omESystenvia UThingto Ident”.
de nedldent="fr omDe nition via DThingto Ident".

constraints:
unique(de nedldent).

nonempty(gusedldents).
nonempty(gde nedldents).

visitors:
interface DVisitor f
public void before(Thingt);
g
adaptive methods
ESystentf
public void printDe ned(DVisitor) gde nedlidents;
public void printUsed(DVisitor) gusedldents;
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Figure2: TheTull de nition of the DemeterInterfaceincludesan interface classgraph, the stratgies on the interface classgraphand
constraintonthe stratgies. The UML diagramis equivalentto theinterfaceclassgraphde nedin ExpriCG .

It isimportantto notethatduringthis evolution step,only the DI
andthe concreteimplementatiorof the interfaceclassgraphwas
needed. Furthermore the static assurancegrovided by the tool
becausef the DI, did not requirere-testingof the driver codeto
ensurehatthe stratgjiespick the correcttraversalsandthatthe se-
mantic checler still operatesasexpected. The Demeterinterface
allows in this casefor separatelevelopmentandeaseof evolution.
Hiding irrelevant information throughthe Demeterinterface pro-
videsfor highersystemmodularity

In the next evolution stepwe wantto add functionswith a sin-
gle parameteto the equationsystem. This evolution stepaffects
informationthatis relevantto the semanticchecler. The seman-
tic checler hasto alsodealwith parametenameson eachfunction
de nition but alsousage®f functionde nitions thatmayappeaon
theright-handside of equations.Functionparameterslo not have
global scope their de nition scopeis local to the function de ni-
tion. A naive approachwould be to alterthe concreteclassdictio-
nary de nition to accommodatéor function de nitions to appear
ontheright handsideof equationsi.e.,

Listing 5: Modi cations to the concreteclassdictionaryto acco-
modatesingleargumentfunctions

cd ParamEquationsnplements ExprlICG

EquationSysters < equations BracketLis{Equation).
Equation= <lhs> VarOrFunc’=" <rhs> Expression
VarOrFunc: DVariablej Function.

Function="fun” Variable”(" CommalLis{Variablg")" .
Expression lookahead(@2@)FunCallj Simplej Compound
Simple: Variablej Numerical

Variable= Ident.

DVariable= Ident

FunCall= Variable”(” CommalList(Simple})” .

Numerical=<val> Integer.

Compound="(" <lIrand> Expressior< op> Op< rranc>
Expressiorf) ” .

Op: Addj Subj Mul j Div.

Add="+" .

Sub=" ",

Mul=" ",

Div="/".

BracketList(S)""(" Sf”;” Sg”)” .
CommalListg)~ Sf”,” Sg.

useEquationSysteras ESystem,
( > .lhs, toVariablg asDThing,
( > ,rhs, toVariablg asUThing,
VariableasThing.

g

Withoutalteringthemappingandleaving the Demeternterfacein-

tactthis approachwill resultin a compiletime error. The mapping
de nition doesnot raisean errror sinceDThing canbe mapped
to Variable by goingeitherthroughDExpression or through
ParametricVariable . Thepredicateunique for thetraver

sal speci cationof definedldent , however, canno longerbe
satis ed. The modi cation to allow functionswith one parame-
ter breaksoneof the assumptionsf the interfacein particularthe









