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VWhat's the paper




» Building reliable compilers and analysis tools for a
language is hard.

» Languages evolve and the tools for building
compilers do not handle language evolution well.

» An extensible metacompiler tool embracing OOP,
AOP and Attribute Grammars can alleviate these
problems by maX|m|Z|ng modularlty

b B o >, V) L by a8
I A i iy , - A £ i 5 e Tk 'l.'v R A £ P v 0 t e P Ay TR S e P O o N
Ao g AR ¥ ﬂ»(;.\a % Ha .t J % .‘,‘; = 1:?;' . ._.\-,\'. PR NG ""-."" ¢ {, é T \L ~\~?'_’:"-,}-o>‘:.‘-",‘v ,.1’}‘«’_ =5 .Q.t,n far i Ny 1:_;“,3\"4.\: o4 A' _}; \.«"'_ o o
2 g B .“-. . oy e g & % WLl ) L al aG £ Sy N Lot AL & e Sal 7 = e sl o . ¥ A 5l b
& Sy A et <5 "»‘:’,"x!‘r} ) . ’" TR L PSR PR 8 T = T A, _._;'.‘:.-'-’.‘.-'.-""”,\. R A e (S e P R ot AN S N g S S, R e S AR S e TR A R e Vb




Agenda

. What’s JastAdd!
2. Example of Using JastAdd




What's JastAdd

» Extensible Compiler — syntax and behavior

» Allows modularly expressing syntax and
ehavior
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Comepiler % pass # pass
javac |.4 99.0 4446
eclipse |.4 98.1 4409
jastadd 1.4 99.5 4468
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. What’s JastAdd?
2. Example of Using JastAdd
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Attribute Grammars

» Introduced by Knuth in 1968

» A way to formalize the semantics of
context free languages (CFG)

» Original formalism had synthesized attributes
and inherited attributes




My Example — a"b"c" Sequence

PRODUCTION SEMANTIC RULES




JastAdd Syntax —
Abstract Grammar

abstract ALetterSequence;
abstract BLetterSequence;
abstract CLetterSequence;

ValidSequence ::= ASequence: ALetterSequence BSequence: BlLetterSequence
CSequence: ClLetterSequence;

ASingleChar: ALetterSequence ::= A;

AListChar: ALetterSequence ::= Seq: ALetterSequence A;




JastAdd Behavior File
Attributes

LetterSequenceAttr {
// Attribute for AlLetterSequence
int ALetterSequence.size();

// Attributes for BlLetterSequence
int BlLetterSequence.inhSize();
boolean BlLetterSequence.isValid();




JastAdd Behavior File
Equations

LetterSequenceEqg {

// Equations for AlLetterSequence
ASingleChar.size() = 1;
AListChar.size() = getSeq().size() + 1;

// Equations for BSingleChar
BSingleChar.isValid() = inhSize() == 1;

// Equations for BListChar
BListChar.getSeq().inhSize() = 1inhSize() - 1;
BListChar.isValid() = getSeq().isValid()

’




Embedding Java code

LetterSequenceHelper {
// Helper methods
public boolean ValidSequence.isValid() {




Testing

// Test "aabbcc"
public void testValidLonger() {
// Parser usually does construction
ValidSequence vs = new ValidSequence
new AListChar(
new ASingleChar(new A()),
new A()),
new BListChar(
new BSingleChar(new B()),
new B()),
new CListChar(
new CSingleChar(new C()),
new C()));

assertTrue(vs.getBSequence().1isValid(
assertTrue(vs.getCSequence().1isValid(
assertTrue(vs.isValid());

));
));




Generating
Synthesized Attributes

[ AListChar <: ALetterSequence j

public abstract class AlLetterSequence
extends ASTNode implements Cloneable {
// Declared in CFG.ast line 3
public ALetterSequence() {
super() ;

// Attribute for ALetterSequence
syn int AlLetterSequence.size();

// Equation for AListChar ;

// Declared in CFGl.jrag at line 3
public abstract int size();

eq AListChar.size()
= getSeq().size() + 1;




Generating
Synthesized Attributes

_ public class AListChar
AListChar <: AlLetterSequence extends ALetterSequence implements Cloneable {

// Declared in CFGl.jrag at line 3
// Attribute for ALetterSequence protected boolean size visited = false;

syn int AlLetterSequence.size(); public int size() {

// Equation for AListChar int size value = size compute();

eq AListChar.size()

= getseq()_size() + 1: return 51ze_value;

}
private int size compute() {
return getSeq().size()+1;

}




Generating
Inherited Attributes

public abstract class BlLetterSequence
extends ASTNode implements Cloneable {
// Declared 1in CFG.ast line 4

[ BListChar <: BLetterSequence j public BLetterSequence() {

super();
// Attribute for BLetterSequence ;

inh int BlLetterSequence.1inhSize() ‘$\\\5k// Declared in CFG1.jrag at line 6
publlc int inhSize()

e

// Equation for BListChar
eq BListChar.getSeq().inhSize()

= inhSize() - 1; int inhSize value =

getParent().Define int inhSize(this, null);

return inhSize value;




Generating
Inherited Attributes

e

istChar <: BL r n
[ BListCha ettersequence j public class BListChar extends

BLetterSequence implements Cloneable {

// Attribute for BLetterSequence // Declared in CFGl.jrag at line 23
inh int BLetterSequence.inhSize(); public int Define int inhSize
(ASTNode caller, ASTNode child) {
// Equation for BListChar if(caller == getSegNoTransform()) {
eq BListChar.getSeq().inhSize() < > return inhSize() - 1;
= inhSize() - 1; }




. What’s JastAdd?

2. Example of Using




Extensibility Problem

Data Types




Aspect Orientation

» Innovative use of Aspect-Oriented
Programming Paradigms

» Using inter-type declarations helps
introduce fields and methods for different
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Aspect Orientation

» Aspects vs. Visitor Pattern

» methods can be factored out but fields still
have to be directly declared in the classes

multiple visitors for different tasks cannot really
share information modularly
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AST & Reference
Attributes

» Allows information sharing through the AST
by referencing relevant nodes

» Eliminates the need for multiple symbol
tables
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Non-terminal

Attributes
@ Non-terminal attributes allow
et

subtrees to be created on-the-
Cell String

fly as necessary to represent
new structure

class

Cell<T> /
N _
List
T get() @
i class
' Cell<string>
Method Method
Body Body
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Rewritable Reference
Attributed Grammars




. What’s JastAdd?
2. Example of Using JastAdd
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Visual IDE

» Lacks a visual IDE; possible features for

ping through execution/ propagation




My Evaluation of
JastAdd

The tools should not distract the developer with information
overload.

The tools must be adaptive and work as the
software being developed on evolves.

The tools should be non-intrusive; the developer should be
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Conclusion

JastAdd is a clean way to design compilers
and language analysis tools in a modular
.,__,___,,,shlon that handles exten5|b|||t
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People behind JastAdd

» Gorel Hodin and Torbjorn Ekman
» Lund University, Sweden

» Various flavors of Reference Attributed




Evolution of JastAdd

» APPlication language LABoratory — ApplLab (circa
1999)

» Reference Attributed Grammars (RAG)

» JastAdd version | (circa 2002)
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a"b"c" Sequence

Example

PRODUCTION

SEMANTIC RULES

S - ABC

B.inhSize « A.size
C.inhSize <« A.size

A.size « 1

\.size < Aj.
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JastAdd Syntax —
Abstract Grammar

abstract ALetterSequence;
abstract BLetterSequence;
abstract CLetterSequence;

ValidSequence ::= ASequence: ALetterSequence BSequence: BlLetterSequence
CSequence: ClLetterSequence;

ASingleChar: ALetterSequence ::= A;

AListChar: ALetterSequence ::= Seq: ALetterSequence A;
BSingleChar: BLetterSequence ::= B;

BListChar: BLetterSequence ::= Seq: BLetterSequence B;
CSingleChar: CLetterSequence ::= (;

CListChar: CLetterSequence ::= Seq: CLetterSequence C;
abstract Char;

A: Char;

B: Char;

C: Char;



JastAdd Behavior File
Attributes

LetterSequenceAttr {
// Attribute for AlLetterSequence
int ALetterSequence.size();

// Attributes for BlLetterSequence
int BlLetterSequence.inhSize();
boolean BlLetterSequence.isValid();

// Attributes for CLetterSequence
int CLetterSequence.inhSize();
boolean CLetterSequence.isValid();




JastAdd Behavior File
Equations

LetterSequenceEqg {

// Equations for AlLetterSequence
ASingleChar.size() = 1;
AListChar.size() = getSeq().size() + 1;

// Equations for BSingleChar
BSingleChar.isValid() = inhSize() == 1;

// Equations for BListChar

BListChar.getSeq().inhSize() = 1inhSize() - 1;
BListChar.isValid() = getSeq().isValid();

// Equations for CSingleChar
CSingleChar.isValid() = inhSize() == 1;

// Equations for CListChar
CListChar.getSeq().1inhSize() = inhSize() - 1;

)
CListChar.isValid() = getSeq().isValid();

// Equations for ValidSequence
ValidSequence.getBSequence().inhSize()
ValidSequence.getCSequence().inhSize()

getASequence().size();
getASequence().size();

T



Embedding Java code

LetterSequenceHelper {
// Helper methods
public boolean ValidSequence.isValid() {
1f(getASequence() == null
|| getBSequence() == null
|| getCSequence() == null)
return false;

return getBSequence().isValid()
&& getCSequence().1isValid();




Testing

// Test "aabbcc"
public void testValidLonger() {
// Parser usually does construction
ValidSequence vs = new ValidSequence
new AListChar(
new ASingleChar(new A()),
new A()),
new BListChar(
new BSingleChar(new B()),
new B()),
new CListChar(
new CSingleChar(new C()),
new C()));

assertTrue(vs.getBSequence().1isValid(
assertTrue(vs.getCSequence().1isValid(
assertTrue(vs.isValid());

));
));




Non-terminal

Attributes
@ Non-terminal attributes allow
et

subtrees to be created on-the-
Cell String

fly as necessary to represent
= We want the normal

new structure
T get) @ representation of a class
~ le.class SomeName.But

class
Cell<T> /

V
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Method
Body
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Rewritable Reference
Attributed Grammars




Aspect Orientation

Not only supports addition but
also allows for refining equations

aspect A {
void C.m() {




Pumping Lemma

For any context-iree grammar G, there is an integer K,
depending on G, such that any string generated by G
which has length greater than K can be written in

the form uwvryz s.t.




Context Free Grammar

Lo B S

non-terminal characters.




Expression Problem

» Can data model & set of operations over it
be extended without modifying existing
code!

» Two axes of extensibility
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K in Maude

» A way to define and interpret programming
languages

» Uses the Maude parser




