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Background knowledge

Syntax and semantics

Component-Based Software Engineering (CBSE)
o Promote software reuse
o Essential properties
= Information hiding
= Explicit interface
= Context Independency
Object-oriented programming
Aspect-Oriented Programming (AOP) and AspectJ

o Aspects: special language constructs to modularize crosscutting
concerns.

o Introduction (inter-type declarations)
o Interception (join-points)



Outline

Background knowledge

Problem statement

Related work

Framework overview

Component-based language development

OO0S and AOS

o Object-oriented syntax
o Aspect-oriented semantics

m Framework usage
m Future work
m Conclusion



Compiler construction vs. cooking a wedding
cake

= Cooking facilities: YACC,
JavaCC, CUP, ...

= Cooking complexity

o Compiler design is known
as a “dragon” task

o Good modularity enables
you to divide-and-conquer
the complexity

o As long as the pieces can
be assembled together




No decomposition of language definitions

Most parser generators don’t support
modular grammar definitions at all

Cobol 85 is 2500 lines of specification,
more than 1000 variables

A Language

Comprehensibility l

SO N e
Changeability
Reusability Statementi
Independent development E Classes J




No clear separation of compiler construction
phases

Node
TypeAnalysis()

= Syntax and semantics

o Syntax analysis -- formal
specification J\

o Semantic analysis -- | |

CodeGeneration()

programming languages SubNode1 SubNode2

o The communication between TypeAnalysis() TypeAnalysis()
syntax and semantics makes

CodeGeneration() CodeGeneration()

the specification and code
tangled together

= Among different
semantic phases

o Pure object-oriented desigh,
code scatter all over the
syntax tree class hierarchy

Hard to maintain and evolve!! g & chtaowenneL . j



Syntax analysis

Type checking

— Code generation

|deal separation objectives

Syntax » Semantics
Semantic phasele » Semantic phase2
Auto-generated code™ > Hand-written code

Declarative formal 4 Imperative programming
specification language code
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Related work — decomposition of language syntax

Modular grammar

o The nature is pure text copying
2 Modules are still tightly coupled =» conflicts

Tools Conflict solving

solution
LISA,PPG Manually
BtYacc Backtracking
SDF,DMS GLR

2 Any update to a particular module requires a re-composition
of all the modules and regeneration of a large parse table



Related work — separation of compiler phases

= Separation between syntax and semantics

o Semantics by formal specification
= Good separation but not rich enough to fully describe semantics

= Separation between semantic phases

o The Visitor pattern
= Introduces a lot of extra code
= Forces all concrete visitors to share the same interface
= New semantics are always introduced by traversal of the whole tree
= Cannot access private members of a node class
o Aspect-oriented semantics
= JastAdd Il — only supports static introduction
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Framework overview
Structure

Component-based LR (CLR) parsing decomposes a large language

i into a set of smaller languages

>

2 Root

o l
S OOCFG

- N

L// / \ \\\
!

OOCFG Syntax OOCEG
Component || | Parser JA____ _ Tree
p > Nodes Component

Syntax
Tree
Nodes

Object-Oriented Syntax Eiw I i I
(O0OS) and Aspect-

Oriented Semantics Generation Reference V'\?esg\?icrfg

(AOS) facilitate S N
separation of different

phases

Local Semantics
Aspects




OO0OS + AOS implementation

Object-Oriented
Syntax

Specification
Compiler

CUP

JLex _UP
Specification

Specification

Parser in
Java

Syntax Tree
Nodes

Lexer in
Java

—J

| Semantic
Aspect

Aspect
Weaver

Compiler

Semantic
Aspect




Contribution

= CLR decreases the development complexity by reducing the
granularity of a language

o Syntax composition at the parser level = reduced coupling
between grammar modules

o More expressive than regular LR parsing

= OOS + AOS isolates syntax and semantics as well as

semantic phases themselves into different modules

o Separation of declarative and imperative behavior

o Separation of generated code and handwritten code

o OQOS - generation of both parser and syntax tree

o AOS - transparent to node classes, flexible in tree walking and
phase composition.
The overall paradigm increases the comprehensibility,
reusability, changeability, extendibility and independent

development ability of the syntax and semantic analysis with
less development workload required from compiler designers.
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Component-based Context-Free Grammar

(CCFG)
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]primary(QEJ
primary_no_new_array (96)
Iclass_instance_creation_expression(9?
array_creation_uninit (98)
array_creation_init (99)
IdinLexprs(IOO)
dim_expr (101)
|dins (102)
field_access (103)
method_invocation (104)
array_access (105)
Ipostfix_expression(lOG)
postincrement_expression (107)
Ipostdecrement_expression(108)
unary_exzpression(109)
preincrement_expression(110)
Ipredecrement_expression(llﬂ
unary_expression_not_plus_minus (112)
Icast_expression(llS)
multiplicative_expression(114)
additive_expression(115)
shift_expression(116)
Irelational_expression(11?)
equality_expression(118)
Iand_expression(llg)
exclusive_or_expression (120)
inclusive_or_expression(121)
Iconditional_and_expression(122)
conditional or_expression(123)
Iconditional_expression(124)
assignment_expression (125)
Iassignment(lQG)
assignment_operator (127)

*|expression (128)

constant_expression(129)
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Java language components (11 components)

(Javalanguage’
l ( Class l l

Local
ocd Statement Expression Primary
variable

Postfix

»( Primitive type r



CCFG & CCFL & parser components

= A CCFG component G is a = Parser components
quintuple (N, T, C, P, S) o Grammar component = parser

o N: a set of nonterminal symbols component. : :
. T: aset of terminal symbols o The root parser invokes its sub-

parsers that will recursively invoke

o C: aset of symbols representing other parsers as needed.
other grammar components

o PcNx(NuTuUC)*is afinite set
of production rules, a production of
the form A — a means A derives a.

o0 S e N : the start symbol
= CCFL

0 Letce(NUTUCULCO)Y 1
e(NUTUCULC)* yl1=c B
T and y2=c B 7, then y1 directly
derives y2, denoted y1 = 2, if
one of the two conditions is
met: 1) B — [ is a production
INnP;2)B e Cand B € L(B)

0 L(G) = {x| S =*x, x e (TUL(C))*})




Component-based grammar vs. modularized
grammar

Modularized Component-
grammar based grammar
Grammar Grammar Grammar Grammar
Module Module Component Component
Grammar Parser
Parser \ v
Parser

Code-level composition, less coupled definition,
smaller parsing table, multiple lexers, etc ...



CLR parsing algorithm — switch and return

Pseudo code:

flag component_parse(program, stack):
repeat
state := stack.top()
if switch_map (state) # &
for v component e switch_map (state)
if component.Ir_parse(program) == true
record stack configuration
return continue_flag
end if
end for
end if
if return_map (state) == true
if return action success
return termination_flag
end if
end if
if stack = &
recover stack by one step
else
return error_flag
end if
until reach the stack configuration when
last switch action happened
return error_flag

—_—] LR Parsing

A

Am No 1
W
Perform Yes
>
switch action| > ~SUccess?
Componen
o parsing

No

Recover stack
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|
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Before?

Parsing
failed
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Parsing
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CLR parsing example (4 components)

Java
~— \Janguage

Statement

///’//r - “‘ - \\‘*\c\\\\\
( Expression ’ ( Expression ’

package com.i]ﬁm.icu,impl;,

pubhc class Assert {
pubhc statlc void /assrt(boolean val) {

if

- —

!Va“) throw |new Exception("assert fa11ed"1.




Software engineering benefits

Comprehensibility

Intertwined symbols and productions are reduced

Changeability

Changes are isolated inside individual components
Only local recompilation needed

Reusability
Components can be plugged and played
Independent development

Dependencies are handled at the code-level instead of
the grammar level



Language description ability

= Expressive power

o CLR’s backtracking can resolve the traditional shift-
reduce or shift-shift conflicts in LR parsers

= Ambiguous tokens
o Benefited by multiple lexers

o Useful for embedded languages, languages with no
reserved words, etc.
= SQLJ: count
= PL/lexample IF IF = THEN THEN IF = THEN;



Performance measurement
time
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Design principle

Object-orientation Aspect-orientation
Data structures Crosscutting behaviors
Syntax analysis Semantic analysis

Syntax can be easily specified by formal specification but
semantics cannot due to its arbitrary nature

Object-orientation Aspect-orientation

Formal specification Syntax analysis

Programming

Semantic analysis
language



Object-oriented syntax

A:=BC|D; X

OO0S A:=BC A:=B|C
specification
LHS and RHS Aggregation Inheritance
relationship
Generated CUP:A:=B:BC:C A:=B:B {{Result=B; :}
Cup {:Result = new A(B,C);} |C:C{:Result=C;}
specification
Node class A
diagram 4

+b: B ﬂl o

+¢:C
+A(inb :B,inc: C) B




/I Syntax definition JastAdd /I Tree definition

| “if” Expr “then” Stmt T BlockStmt : Stmt ::= Block;
| Id “:=" Ex [fStmt : Stmt ::= Exp Stmt;
" AssignStmt : Stmt ::= Id Exp;
N /
Y

Object- Stmt ::= Block | IfStmt | AssignStmt.
oriented —— 1fStmt == *if” Exp “then” Stmt.
syntax AssignStmt ::= Id “:=" Exp.

|
TokenI Exp ITokenI Stmt I Id Ik Token I

: ASTNode . | ASTNode | . ASTNode .

ASTNode ASTNode ASTNode

ASTNode




OOCEFG specification features and their usage

= Object-oriented grammar definition

o Enabling an object-oriented relationship between LHS symbol
and RHS symbols, therefore removing the need to provide a
separated specification for syntax tree construction.

= AST and CST

o Providing semantic analysis the flexibility in tree selection and
ensuring all analysis needs can be easily computed

= Typed LHS symbol — no node class generation
o Promoting the reuse of existing node classes
= Macros — only occur in syntax trees, transparent to parser

o Reducing parsing conflicts while providing richer description of
the grammar and distinct syntax tree nodes

= Templates — generic production definitions

o Facilitating OOCFG to support generic production definition in a
grammar specification



Abstract syntax tree vs. concrete syntax tree

Concrete Syntax Tree Abstract Syntax Tree
Co-relation to syntax Syntax-oriented Semantics-oriented
and semantics
Level of details Low level syntax details. High level abstraction
Type of tree nodes Strongly-typed Weakly-typed
Type of tree links Immutable Programmable
Usage mode Read-only Read and write enabled

OQOS specification generates both concrete syntax tree and abstract
syntax tree to fully satisfy various semantic analysis requirements




Aspect-oriented semantics implementation

= Each semantic concern is modularized as an aspect
An independent semantic pass
A group of action codes

= Semantic pass
Implemented as introductions to the syntax tree classes

= Crosscutting actions applied to a group of nodes
Weaved into syntax tree classes as interceptions



Introductions

TypeAnalysisAspect

Node

Node.TypeAnalysis()
SubNodel.TypeAnalysis()
SubNode2.TypeAnalysis()

SemanticAnalysisAspect

SubNodel

CodeGenerationAspect

MNode.CodeGeneration()
SubNodel.CodeGeneration()
SubNode2.CodeGeneration()




Aspect-oriented introduction vs. object-oriented

Visitor pattern

Node

two sets of class

» Accept(NodeVisitor) v,

hierarchies .-~ )\
SumNode ProductNode
Accept(NodeVisitor) Accept(NodeVisitor)
NodeVisitor
*~~_ ] VisitSum(SumNode) S
redirection | VisitProduct(ProductNode) |.g redirection
.. | TypeEvalVisitor PrettyPrintVisitor
VisitSum(SumNode) VisitSum(SumNode) .
™ VisitProduct(ProductNode) VisitProduct(ProductNode) -

one set of class

hierarchy Node
- | | -
SumNode ProductNode
S | X X
' Aspect
Weaving /
PrettyPrintVisitor TypeEvalVisitor
Sum.prettyPrint() Sum.typeEval()
Product.prettyPrint() Product.typeEval()




class UnparseVisitor extends Visitor{
protected PrintStream out = System.out;
public Object print(Node node){
...
}
Il Other utility routines
...
public Object visit(Node node){
return print(node);
}
public Object visit(CompilationUnit node){
return print(node);

}

/I same visit methods for another 83 nodes.

...

aspect Unparse{
protected PrintStream out = System.out;
public static void print(Node node){
...
}
// other utility routines
...
public void Node.unparse(){
Unparse.print(this);
}
}

500 lines of redundant code have been removed !



Interception

pointcut scopeEvaluate(): target(ScopeNode+) && call (* *.evaluate()) ;

before() : scopeEvaluate(){
symTabs.push(currentSymTab); Executed each
SymbolTable tmp = currentSymTab; <‘ time entering a
currentSymTab = new SymbolTable(); new scope
currentSymTab.parentScope = tmp;

| AN

Occurred 46 times Iin a parser!

/ Executed each

after() : scopeEvaluate(){ time leaving a
currentSymTab = (SymbolTable)symTabs.pop(); SCOpe

}



before() : scopeEvaluate(){
symTabs.push(currentSymTab);
SymbolTable tmp = currentSymTab;
currentSymTab = new SymbolTable();
currentSymTab.parentScope = tmp;

}

after() : scopeEvaluate(){

| /I node is an instance of ScopeNode
symTabs.push(currentSymTab);

SymbolTable tmp = currentSymTab;
currentSymTab = new SymbolTable();
currentSymTab.parentScope = tmp;

node.evaluate();

currentSymTab =
(SymbolTable)symTabs.pop();
// node is an instance of ScopeNode |
node.evaluate();




‘ Interception to parser

parser.cup Action.aj

PARSER CODE
CODE_STRING:user_code

opt_semi
—parser_code_part:

{
3

PARSER CODE

ser_code opt_semi

2} lexer.emit_error("
—Redundantparser
5 code (skipping)™)
e

s éftided code

SC/ H

CODE_STRING:user_code
opt_semiit.parser_code

list

TERMINAL
%E STRING:u
~ser_codeoptsemi

declares term

!

TEI
o code!=n

dectlfes term
! "
e id '

‘nongerminal;
decl
!

[* error recovery productions -
- sync on semicolon */

scan_code

SCAN WITH
CODE_STRING:u
ser_code opt_semi

TERMINAL non_term_name_list ::

if (emit.parser_code!=null;

—non_term_name list

lexer.emit_error(*"Redundant parser

code (skipping)™);

R e —
lexer.emit_error(*"Redundant scan

wwan
new_non_term_i

na

_else/* save the user included code
string*/
else /* save the user code */ multipart_name = new String();

new_non_term_id emit.parser_code = user_code;

L s e - o
arror if (emit.init_code!=nul
- . LM -
precedence_list new_non_term_id lexer.emit_error("Redundant init
precedence I Tempty; ’ g code (skipping)™);

else /* save the user code */
'mbol_list symbol

emit.init_code = user_code;

precedence Lis@l®PTecedence

if (emit.scan_code!=null

= [N
term_name_list ] lexer.emit_error("Redundant scan
W code (skipping)");
Precedence | ::= precedence | preced _—
JermNAL B preced; else /* save the user code */
I* reset the accumulated multipart
W ne */ terminal_list SEMI , emit.scan_code = user_code;

médltipart_name = new Strig /* reset the accumulated multipart

name */

multipart_name = new String();

/* reset the accumulated multipart
name */

update_precedence(assoc.left; multipart_name = new String();

/* reset the accumulated multipart
name */

........ ermtnal_[ist SEMI

non_term_name_list multipart_name = new String();

term e_list COMMA
al

term_id; - | 1 reset the accumulated multipart
name */
1= reset the accuifag@itipart PRECEDENCERIGHT
name */ multipart_name = new String();

non_terminal

iy st > / “Update_prececencelasoc e
mtipar gl = new String

declares_non_term update_prec; — .
- update_precedence(assoc.right);

after(ASTNode n) returning(): target(n) && execution((
NodeA || NodeB || NodeC).new(..)){

System.out.printin(*you can insert action here!");




AOS advantages

= Aspect-orientation can isolate crosscutting semantic
behavior in an explicit way

o Each semantic aspect can be freely attached to (generated)
AST nodes without “polluting” the parser or AST node
structure.

o Different aspects can be selectively plugged in for different
purposes at compile time.

o Since each aspect is separated with other aspects,
developers can always come back to the previous phase
while developing a later phase.



AOS advantages (cont’d)

aspect PrintNodeCreation {
= Inter-type de 'i pointcut construction(Node n): target(n)
o Defined withi ’ && execution((Node+ && 'Node).new(..));
node class m after(Node n) returning():construction(n) {

o Extend the ol System.out.printin(
promote sem; thisJoinPointStaticPart.getSignature()

: - .getDeclaringType().getName()+"is created");
= Join-point mo | gType().9 0 )

o Provide flexik
nodes or parse

o Avoid code duplicatie
o Trace facilit

= Introduction + Interception

o Tree traversal
o Phase combination



Integration with CLR parsing

= Syntax specification = The restrictions of OOS can be applied to
CCFG without generating any side-effects

= Syntax tree construction = CLR’s parse tree generation process is
inlined with OOS tree generation

= Semantic analysis = Semantic composition follows syntax tree
composition

Class component Stmt component Expr component
Parser — Parser — Parser
Type checking —— Typechecking —— Type checking

Code generation —— Code generation —— Code generation



OO0OS + AOS implementation

Object-Oriented
Syntax

Specification
Compiler

CUP

JLex _UP
Specification

Specification

Parser in
Java

Syntax Tree
Nodes

Lexer in
Java

—J

| Semantic
Aspect

Aspect
Weaver

Compiler

Semantic
Aspect
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Case studies

= Pam and Basic
= RelationJava
= OOCFG Converts
= Bootstrap

~ m Changeability
» m Reusability

= Independent
development

Implementatio X ability
= Google Q = Readability
Languags = Flexible
P .
= Java semantics
= Flexible

syntax/tree
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Future work

= CLR backtracking

o Time complexity
o Error recovery

= Module Iinclusion

= Grammar aspects

= Support of other parsing paradigms

= Rich client platform based on eclipse platform
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Conclusion

= Compiler design iIs an intricate task because It is hard to be
modularized (structure wise and function wise).

= The presented framework presents a solution that can attack the
modularity problems in two dimensions
CLR decreases the complexity of building a large language by

constructing a set of smaller language parsers from grammar
components

OOS + AOS provides a clean separation of concerns between
syntax and semantics as well as semantic phases themselves

The framework also supersedes conventional language
Implementation practices by its description power, reduced
specification, and support to describe crosscutting semantic
behaviors, etc.

= Various experiments prove that the methodology increases the
comprehensibility, reusability, changeabillity, extendibility and
Independent development ability of both syntax and semantics
specification with less development workload required from
compiler designers.



‘ Further Information

Contact:
bryant@cis.uab.edu

Web Page:
http://www.cis.uab.edu/softcom/cde
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