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Abstract Any non-circular attribute grammar can be evaluated by demand-
driven evaluation where each attribute is viewed as a function. Object-oriented
languages are convenient for providing such an implementation, relying on
inheritance and virtual methods. This paper shows how a demand-driven evalua-
tor can be implemented very conveniently in Java, also making use of Java’s
interface mechanism.

1 Introduction

There is a large variety of algorithms for evaluation of Attribute Grammars (AGs) [
One particularly simple and general algorithm is the demand-driven algorithm wh
each attribute is viewed as a function. To evaluate a particular attribute, its corresp
ing function is called, and this function will in turn call the functions corresponding
its dependent attributes, resulting in a recursion which is guaranteed to terminate
grammar is non-circular. The algorithm can be made optimal by caching the valu
an attribute the first time its function is called, and returning that value directly at s
sequent calls (similar to lazy evaluation). The algorithm works for any non-circu
attribute grammar, and it is also easy to add a dynamic circularity-check by usin
mark-bit for each attribute, so that termination is guaranteed also for circular gr
mars.

Several systems have made use of this algorithm, e.g. Madsen [10], and a varie
different implementation styles have been proposed. The algorithm is also applic
to extended AG formalisms including non-local connections, known as occurre
attributes or reference attributes [11, 5]. In Engelfriet’s survey of evaluation meth
[2], the demand-driven algorithm is referred to as “P4”, and the optimal variant
“P5”. Other descriptions of the algorithm includes Jalili’s [6]. Several researchers h
showed how the algorithm lends itself to implementation in different kinds of la
guages: Jourdan gives an implementation in Lisp [8]. Johnsson shows how a funct
language with lazy evaluation can be employed [7], Hedin shows how object-orie
constructs like inheritance and virtual methods can be used [3, 4].

In this paper we show how Java can be used to implement the algorithm. In rela
to the earlier work on object-oriented implementation, we show how Java interfa
are particularly suited for the implementation of inherited attributes.

As a running example we use Knuth’s example on binary numbers where num
like 1, 101, 10.01 etc. are modelled as syntax trees and their decimal values (like
and 2.25) are defined using attributes [9].
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2 Basic translation

In this section we show how an attribute grammar can be translated to a Java prog
implicitly providing the demand-driven evaluation algorithm in a basic form, witho
caching attribute values and without doing circularity check.

2.1 Base class

A base class,ASTnode, modelling an abstract syntax tree node is defined as follow

abstract class ASTnode {
ASTnode father; (* Denotes the father node of this node. *)

(* Null for the root node. *)
};

2.2 Grammar class

The nonterminalsX1 .. Xn, and productionsp1 .. pm of the grammar are modelled as
inner static classes of a classGrammar as follows:

import ASTnode;

class Grammar {
static class X1 ...
...
static class Xn ...

static class p1 ...
...
static class pm ...

};

The outer class Grammar only serves the role of a module for containing the nonte
nal and production classes. Therefore, the inner classes are declared as static
means that they are possible to instantiate without any instance of the outer
Grammar. The alternative in Java to using inner classes would have been to put ea
the nonterminal and production classes in a separate file, which we find less prac
*** is this the only alternative??? ***.

2.3 Nonterminals and productions

A nonterminalX is translated to an abstract classX that extends the base classAST-
node as follows:

abstract static class X extends ASTnode ...
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A productionp:X0 -> X1 .. Xn(p) (wherep is the name of the production) is translated t
a classp that extends the nonterminal classX0 and declares instance variables for th
children s1 .. sn(p) qualified by the typesX1 .. Xn(p) respectively. The names of the
instance variables are chosen so that they are all unique. The classp also declares a
constructor takingn(p) arguments (one for each child) and sets the correspond
instance variables. The constructor also sets thefather reference (inherited fromAST-
node) of each of the sons to denote the new node. For example, the following pro
tion

RationalNumber : Number -> List List

is translated to the following Java class:

static class RationalNumber extends Number {
(* Instance variables for the son nodes *)
List List1;
List List2;

(* Constructor setting the son instance variables and their father
references. *)

RationalNumber(List List1param, List List2param) {
List1 = List1param;
List2 = List2param;
List1.father = this;
List2.father = this;

};
};

2.4 Synthesized attributes

Synthesized attributes correspond exactly to parameterless virtual methods: De
tions of synthesized attributes are translated to virtual method specifications, and e
tions defining such attributes are translated to virtual method implementations.
example, consider a nonterminalBit with a synthesized attributeval:

Bit:
syn val: double

This attribute declaration is translated to an abstract virtual method in the nonterm
classBit as follows:

abstract class Bit extends ANYnode {
abstract double val();

};
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Equations defining theval attribute occur in the productions forBit, namelyZero and
One:

Zero:
val = 0

One:
val = 2.0scale

wherescale is an inherited attribute inBit. These equations are translated to virtu
method implementations in the production classesZero andOne as follows:

class Zero extends Bit {
double val() {return 0.0; };

}

class One extends Bit {
double val() {return Math.pow(2.0, scale()); };

}

Note that the use of thescale attribute in the equation in productionOne is translated
to a call “scale()” to the method implementing that attribute. There is no built-in ope
ator for power in Java, so the standard methodMath.pow(x,y) is used to implementxy.

2.5 Inherited attributes

An inherited attribute is defined by an equation in the father node. To represent th
Java, we add an interfaceFatherOfX for each nonterminalX declaring an inherited
attribute, and each production which has son nodes of typeX must implement this
interface. The interface contains virtual methods for computing the inherited attribu
In addition, a method for each inherited attribute is added to the nonterminalX which
calls the corresponding method of the father node in an appropriate way.

For example, consider the following grammar fragment where the nonterminalList
has two attributes: a synthesized attributelength and an inherited attributescale, and
the productionRationalNumber has two sons of typeList and an equation defining
thescale attribute of each of thoseList sons.

List:
syn length: integer;
inh scale:integer;

RationalNumber: Number -> List List
List1.scale = 0
List2.scale = - List2.length
4
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This grammar is translated in the following steps.

First, a new interfaceFatherOfList is defined which has a virtual methodList_scale
taking aList as a parameter:

static interface FatherOfList {
int List_scale(List theList);

};

Second, each production which has sons of typeList must implement this interface,
and return the defined value forscale. For the productionRationalNumber, this
implementation looks as follows:

static class RationalNumber extends Number implements FatherOfList {
...
public int List_scale(List theList) {

if (theList==List1)
return 0

else (* theList== List2 *)
return -List2.length();

};
};

Note that theList parameter is used to test which of the two sons is “asking” for
scale attribute. If there is only oneList son, or if the equations are the same for allList
sons, the test is of course unnecessary.

Finally, a (non-virtual) method is added to the nonterminal classList to represent the
scale attribute as follows:

abstract static class List extends ASTnode {
final int scale() {return ((FatherOfList) father).List_scale(this); };

};

Thescale method is declared asfinal, meaning that it is not virtual (cannot be overrid
den). The cast of thefather to the typeFatherOfList is always safe since all nontermi-
nals that have sons of typeList have implemented this interface.

2.6 Creating ASTs and evaluating attributes

ASTs can now be created using the constructor interface of the production classe
example, to create the AST for the binary number 10.01 we can write
5
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Number n;

n =
new Grammar.RationalNumber(

new Grammar.CompoundList(
new Grammar.SimpleList(

new Grammar.One()
),
new Grammar.Zero()

),
new Grammar.CompoundList(

new Grammar.SimpleList(
new Grammar.Zero()

),
new Grammar.One()

)
);

To evaluate some attribute of the tree, we simply call the corresponding attri
method. For example, theval attribute of theNumber n is computed simply by calling
its val method as follows:

int v;

v = n.val();

andv gets the value 2.25 as expected.

3 Optimal evaluation

*** to be written ***

4 Circularity check

*** to be written ***

5 Discussion

*** to be written ***
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Appendix A Attribute grammar for binary numbers

Nonterminals :
   Number, List, Bit

Productions :
   IntegerNumber: Number -> List
   RationalNumber: Number -> List List
   SimpleList: List -> Bit
   CompoundList: List -> List Bit
   Zero: Bit ->
   One: Bit ->

Attribute declarations :
   Number:
      syn val: real

   List:
      syn val: real
      syn length: integer
      inh scale: integer

   Bit:
      syn val: real
      inh scale: integer

Attribute Equations :
   IntegerNumber:
      this.val = List.val
      List.scale = 0;

   RationalNumber:
      this.val = List1.val + List2.val
      List1.scale = 0
      List2.scale = - List2.length

   SimpleList:
      this.val = Bit.val
      this.length = 1
      Bit.scale = this.scale

   CompoundList:
      this.val = List.val + Bit.val
      this.length = List.length + 1
      List.scale = this.scale + 1
      Bit.scale = this.scale

   Zero:
      this.val = 0

   One:
      this.val = 2.0**scale
8
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Appendix B Java implementation of binary number grammar

node;

mar {
 static class Number extends ASTnode {
act double val();

ss IntegerNumber extends Number
plements FatherOfList{
ist1;
erNumber(List List1Param) {
t1 = List1Param;
t1.father = this;

le val() { return List1.val(); };
 int List_scale(List theList) { return 0; };

ss RationalNumber extends Number
plements FatherOfList{
ist1, List2;
nalNumber(List List1Param, List List2Param) {
t1 = List1Param;
t2 = List2Param;
t1.father = this;
t2.father = this;

le val() { return List1.val() + List2.val(); };
 int List_scale(List theList) {
theList==List1)
return 0;
e
return - List2.length();

 static class List extends ASTnode {
act double val();
act int length();
nt scale() {
turn ((FatherOfList)father).List_scale(this);

ss SimpleList extends List
plements FatherOfBit{
t1;
leList(Bit Bit1Param) {
t1 = Bit1Param;
t1.father = this;

le val() { return Bit1.val(); };
gth() { return 1; };

public int Bit_scale(Bit theBit) { return sca
};

static class CompoundList extends List
implements FatherOfList, FatherOfBit{

List List1;
Bit Bit1;
CompoundList(List List1Param, Bit Bit1Pa

List1 = List1Param;
Bit1 = Bit1Param;
List1.father = this;
Bit1.father = this;

};
double val() { return List1.val() + Bit1.val(
int length() { return List1.length() + 1; };
public int List_scale(List theList)

{ return scale() + 1; };
public int Bit_scale(Bit theBit)

{ return scale(); };
};

abstract static class Bit extends ASTnode {
abstract double val();
final int scale() {

return ((FatherOfBit)father).Bit_scale(t
};

};

static class Zero extends Bit {
Zero() { };
double val() { return 0.0; };

};

static class One extends Bit {
One() { };
double val() { return Math.pow(2.0,scale()

};

static interface FatherOfList {
int List_scale(List theList);

};

static interface FatherOfBit {
int Bit_scale(Bit theBit);

};

};
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