
digit = "0" | ... | "9" .

integer = digit | integer digit .

integer = digit { digit } .

letter = "A" | ... | "Z" | "a" | ... | "z" .

identifier = letter { letter | digit } .



expression = [ "-" ] term { ( "+" | "-" ) term } .

term = factor { ( "*" | "/" ) factor } .

factor = identifier | integer | "(" expression ")" .

x+y*2 (I)

x+y*2 (P)

x+y*2 (M)

x+y*2 (P)

x+y*2 (P)

+y*2 (M)

+y*2 (M)

y*2 (M)

...

*2 (M)

2 (M)

...

(M)

# expression

# ["-"] term { ( "+" | "-" ) term }

# term { ( "+" | "-" ) term }

# factor { ( "*" | "/" ) factor } ...

# identifier | integer | "(" expression ")" ... ...

# { ( "*" | "/" ) factor } ...

# { ( "+" | "-" ) term }

# term { ( "+" | "-" ) term }

...

# { ( "*" | "/" ) factor } ...

# factor { ( "*" | "/" ) factor } ...

...

#



a language is regular if it can be defined by a single production

a language is defined by a grammar which consists of:




1. a set of terminal symbols written in quotes which cannot 
be substituted (also called vocabulary)

2. a set of non-terminal symbols which can be substituted

3. a set of syntactic equations (also called productions)

4. a start symbol (non-terminal)




the language is the set of sequences (sentences) of terminal 
symbols which, starting with the start symbol, can be 
generated by repeated application of syntactic equations 
(we only consider so-called leftmost derivations here)



term() {

  factor();

  while (symbol == TIMES || symbol == DIV) {

    getSymbol();

    factor();

  }

}

expression = [ "-" ] term { ( "+" | "-" ) term } .

term = factor { ( "*" | "/" ) factor } .

factor = identifier | integer | "(" expression ")" .

expression() {

  if (symbol == MINUS)

    getSymbol();

  term();

  while (symbol == PLUS || symbol == MINUS) {

    getSymbol();

    term();

  }

}

factor() {

  if (symbol == IDENTIFIER)

    getSymbol();

  else if (symbol == INTEGER)

    getSymbol();

  else if (symbol == LPAREN) {

    getSymbol();

    expression();

    if (symbol == RPAREN)

      getSymbol();

    else

      error();

  } else

    error();

}

if (symbol == MINUS)

  getSymbol();

else

  error();

if (symbol == PLUS)

  getSymbol();

else if (symbol == MINUS)

  getSymbol();

else

  error();



syntax = { production } .

production = nonterminal "=" expression "." .

nonterminal = identifier .

expression = term { "|" term } .

term = factor { factor } .

factor = terminal | nonterminal |

"[" expression "]" | "{" expression "}" | "(" expression ")" .

terminal = """ character { character } """ .

Parser<nonterminal = expression>:




nonterminal() {

  Parser<expression>

}

Parser<terminal>:




if (symbol == Token<terminal>)

  getSymbol();

else

  error();

Parser<( expression )>:




Parser<expression>



Parser<term_0 | ... | term_n>:




if (isIn(symbol, First<term_0>)) {

  Parser<term_0>

...

} else if (isIn(symbol, First<term_n>)) {

  Parser<term_n>

} else

  error();

expression = identifier | expression "+" expression .




x + y + z

a grammar is called ambiguous if there is a sentence that 
can be generated in different ways by the grammar




a language is inherently ambiguous if it can only be 
generated by ambiguous grammars



Parser<{ expression }>:




while (isIn(symbol, First<expression>)) {

  Parser<expression>

}

Parser<[ expression ]>:




if (isIn(symbol, First<expression>)) {

  Parser<expression>

}

Parser<factor_0 ... factor_n>:




Parser<factor_0>

...

Parser<factor_n>



1. remove ambiguity through precedence

2. remove left recursion

3. left-factor





expression = [ "-" ] term { ( "+" | "-" ) term } .

term = factor { ( "*" | "/" ) factor } .

factor = identifier | integer | "(" expression ")" .

(I) # x+y*2

(S) identifier # +y*2

(R) factor # +y*2

(R) term # +y*2

(S) term + # y*2

(S) term + identifier # *2

(R) term + factor # *2

(S) term + factor * # 2

(S) term + factor * integer #

(R) term + factor * factor #

(R) term + term #

(R) expression #





v0 = v1

v0 = v1 + v2

v0 = v1 - v2

v0 = v1

v0 = v1 * v2

v0 = v1 / v2

v0 = v1

v0 = v1

expression() {

  term();

  while (symbol == PLUS || symbol == MINUS) {

    getSymbol();

    term();

  }

}

expression(v0) = term(v1) .

expression(v0) = expression(v1) "+" term(v2) .

expression(v0) = expression(v1) "-" term(v2) .

term(v0) = factor(v1) .

term(v0) = factor(v1) "*" factor(v2) .

term(v0) = factor(v1) "/" factor(v2) .

factor(v0) = integer(v1) .

factor(v0) = "(" expression(v1) ")" .

int expression() {

  int value;

  value = term();

  while (symbol == PLUS || symbol == MINUS)

    if (symbol == PLUS) {

      getSymbol();

      value = value + term();

    } else {

      getSymbol();

      value = value - term();

    }

  return value;

}



T0=T1

T0=T1 T1==T2

T0=T1 T1==T2

T0=T1

T0=T1 T1==T2

T0=T1 T1==T2

T0=T1

T0=T1

expression() {

  term();

  while (symbol == PLUS || symbol == MINUS) {

    getSymbol();

    term();

  }

} type_t expression() {


  type_t type;

  type = term();

  while (symbol == PLUS || symbol == MINUS)

    if (symbol == PLUS) {

      getSymbol();

      type = resolveType(PLUS, type, term());

    } else {

      getSymbol();

      type = resolveType(MINUS, type, term());

    }

  return type;

}

expression(T0) = term(T1) .

expression(T0) = expression(T1) "+" term(T2) .

expression(T0) = expression(T1) "-" term(T2) .

term(T0) = factor(T1) .

term(T0) = factor(T1) "*" factor(T2) .

term(T0) = factor(T1) "/" factor(T2) .

factor(T0) = integer(T1) .

factor(T0) = "(" expression(T1) ")" .



expression() {

  term();

  while (symbol == PLUS || symbol == MINUS) {

    getSymbol();

    term();

  }

}

expression = term .

expression = expression "+" term .

expression = expression "-" term .

term = factor .

term = factor "*" factor .

term = factor "/" factor .

factor = integer(value) .

factor = "(" expression ")" .

emit(+)

emit(-)




emit(*)

emit(/)

emit(value)

expression() {

  term();

  while (symbol == PLUS || symbol == MINUS)

    if (symbol == PLUS) {

      getSymbol();

      term();

      emit(+)

    } else {

      getSymbol();

      term();

      emit(-);

    }

}


