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Parsing

‘Parsing, syntax analysis, or syntactic analysis /s the pro-
cess of analyzing a string of symbols, either in natural lan-
guage, computer languages or data structures, conforming to
the rules of a formal grammar. The term parsing comes from
Latin pars (orationis), meaning part (of speech).”

—Wikipedia



Parsing Overview
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@ Lexer. Turns characters into tokens.

Parser

@ Parser. Turns fokens into Abstract Syntax Tree (AST).




Lexing

keywords N~ N/ « 1 1
identifiers W WV

symbols W W VaY,

numbers Ve Y/
whitespace | VAV, ' |

@ Characters grouped into tokens of related kind.

@ Whitespace is typically ignored.




Lexing (Continued)

@ Keywords: assert ||bool Hbreak Hcase” continue |

default”doelse Hfalse for||1f

int||lnull | return |

switch} {typel true

e symwor |1 [ ][ o[ 1
<o e

o Identifiers: [a — zA —2$_][a —zA—20—9$_]"
® Numbers: [0 —9]"
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Abstract Syntax Tree (AST)
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Parse Trees

' 3
(right)

int z = x -y - 3;

@ Left Parse Tree: corresponds with| (x - y) - 3

@ Right Parse Tree: corresponds with | x - (y - 3)]

@ Which way around should it be?



More Parse Trees!

ol®
W ©

@ Problematic Types.

&int[]]

@ Problematic Exprswx + vy - z

Xx < 0 && y < 1]{!XS[O]]




Recursive Decent Parsing

“In computer science, a recursive descent parser is a kind
of top-down parser built from a set of mutually recursive pro-
cedures (or a non-recursive equivalent) where each such pro-
cedure implements one of the nonterminals of the grammar.
Thus the structure of the resulting program closely mirrors that

of the grammar it recognizes.”
—Wikipedia



WhileLang Parser

private Expr parseTerm(Context context) {
checkNotEof();

int start = index;
Token lookahead = tokens.get(index);

if (lookahead instanceof LeftBrace) {

match("(");
J/ First, attempt to parse cast expression
try {

Type t = parseTypel();

match(")");

Expr e = parseExpr(context);
return new Expr.Cast(t,e);

} catch(Exception ex) {
// Now, attempt to parse brace
index = start;
match("(");
Expr e = parseExpr(context);
checkNotEof();
match(")");
return e;

@ (lexer) whilelang.compiler.Lexer
@ (parser) whilelang.compiler.Parser



Disambiguation

Lookahead is the number of tokens in front of the current po-
sition that the parser must look in order to determine what kind
of construct follows.

[Cint [xH(I(‘:...
*oe [zt Dy[)]
coe v+ a 0]+ ]2])]

k Statement J

@ Parser normally looks ahead at least one token.
@ How much lookahead required for WHILE ?



Syntax Errors versus Semantic Errors

Syntax Error
Input cannot be parsed into an AST.

Semantic Error
Input can be parsed into an AST, but fails other requirements.

@ Incorrect input files may still parse correctly

int f (bool x) {
return x + 1;

@ Above can be parsed into Abstract Syntax Tree
@ But, errors will occur later during compilation



Parser Context

int add(int x, int x) { return x + 1; }

int broken(int x) { break; }

type rec 1s { int f, bool f }

void f (1int x) { switch x { case 0: case 0: } }

@ By maintaining context, WHILE parser can eliminate more than
just syntax errors.



Parsing Java



Example: Java (Abstract Syntax Tree)

JavaClass

modifiers: [public]
name: "Test"
superClass: null
interfaces: []

public class Test { declarations: =]
private final int f; x/// \\\\
JavaField JavaMethod
. . . modifiers: [private,final] modifiers: []
1nt met hO d ( 1nt flnal X ) { name: "f" name: "method"
. type: int returnType: int
r eturn 1 O 3 4 initialiser: null parameters: [("x",[final],int)]
} } exceptions: []
block; »
Stmt.Block Stmt.Return Value.Int

v

value: 103

v

statements: [} expr: ®




Example: Java (Abstract Syntax Tree)

void method (int [ ]
for(int 1=0;1!=xs.length;i1i=1+1)

}

JavaMethod

modifiers: []

name: "method"
returnType: void
parameters: [("x",[fi
exceptions:
block:

nt")]

Stmt.Invoke

name: "p]rinty
target: [

XS)

{

Stmt.Block

Stmt.VarDef

statements: [*]

modifiers: []

\ 4

Stmt.For
initiatiser: ¢ Expr.BinOp P Expr.UnresolvedVariable
condition: e > op: 1= value: "1"
increment: . ,/

lhs:
body; thei e ———" Expr.Deref

: name: "length"
target: >
Stmt.Assignment | | Expr.UnresolvedVariable

Expr.UnresolvedVariable

params: [

g nyn

value: "x

/ value: 0
type: int
/ definitions: [("i", 9T |

System.out.println (x);

Value.Int

Expr.UnresolvedVariable

value: "xs"

lhs: —

value: "1

ths:e——— |}

Expr.BinOp

value: "1"

Expr.UnresolvedVariable

e

Value.Int

ths:e— 7

value: 1




Example: Java (Variables)

class Test {
int x;

class Inner { int f() { return x; } }

int f(int r) {
{ int y; r =1 + vy; }
{ int z; }
r =r + z;
return r;

b}

Example:

@ Access to x should resolve to a non-local field access
@ Access to y should resolve to a local variable
@ Access to z should cause syntax error

Unresolved Variables

e Are placeholders for variable accesses
@ Are converted into field, local or non-local accesses later



Example: Java (Qualified Access)

class Test {

static int fx; int fy;

void f (int x)

}

{ x=jJava.io.File.separatorChar;

@ Initial AST for three statements is:

Stmt.Assignment | |

Expr.UnresolvedVariable

x=Test.fx;

x=this. fy;

l : n n

Ihs: / value: "x

ths:e—— | Expr.Deref Expr.Deref Expr.Deref
name: "separatorChar" name: "File" name: "i0" Expr.UnresolvedVariable
target: target: ® target: ¢ value: "java"

Stmt.Assignment | |

Expr.UnresolvedVariable

lhs:/ value: "x"

rhs: «————— 1 Expr.Deref
name: "fx" Expr.UnresolvedVariable
target: ¢ > value: "Test"

Stmt.Assignment |

Expr.UnresolvedVariable

1hs:'/ value: "x"

ths: «————— 1 Expr.Deref
name: "fy" Expr.UnresolvedVariable
target: ¢ > value: "this"

@ What AST do we want?

}



