Documentation Example

(Yours need not look exactly like this – it’s just an example a student did this summer)
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1. Introduction


This document describes the details involved in the development of a compiler for a small programming language. Specifically, this document will include the decisions made and the reasoning behind them, the tools used, and the sources of any outside information.

The compiler project is based on the Tea programming language. Tea is a subset of Java. Tea programs consist of simple type definitions followed by executable statements.

2. The Grammar


In this section, we present the list of tokens in the Tea language (used by the lexical analyzer) and the list of rules in the Tea grammar (used by the syntax analyzer). The tokens are in a format that lex or flex will accept as input. The grammar rules are in a format that yacc or bison will accept as input. I did not use any EBNF conventions for grouping or duplication.

Lex and yacc (or their descendants) were chosen as the compiler generation tools over javacc because I believe they will be more useful in industry. Also, lex and yacc have a long history of use in compiler generation. It would be a shame to leave this class without learning the tools that many other people are already familiar with.

The tokens and grammar listed below were derived from the BNF grammar for Java at: http://cui.unige.ch/db-research/Enseignement/analyseinfo/JAVA/AJAVA.html.

2.1 The Tokens


The tokens follow the format of regular expressions used in Lex. Characters in quotation marks appear exactly the same in the corresponding token. Characters in square brackets form a "character class" that can match any of a range of characters. For example, "[a-z]" matches any character from 'a' to 'z'.

Control Statement Keywords

"=", "if", "else", "while", "do", "for"

Type Keywords

"void", "int"

Logical Operators

"!", "||", "&&", "!=", "==", "<", ">", "<=", ">="

Numerical Operators

"+", "-", "*", "/", "%"

Punctuation

"{", "}", "(", ")", ",", ";"

Names

[a-zA-Z][a-zA-Z0-9_]*

Integers

[0-9][0-9]*

2.2  BNF – Coming Soon (Next part of the project)

3. The Lexical Analyzer


The "lexical analyzer" (or "lexer") reads in the source code and splits it into a stream of (token, lexeme) pairs. The "lexeme" is a word in the language. The "token" is the part of speech of that word. After the lexer identifies words and their types, it passes these pairs off to the semantic analyzer (covered later).


I chose to use Flex for my lexer. Flex is a derivative of Lex, which is one of the most widely used lexers. Flex generates a lexer in the C programming language. This is ideal, since C is so widely used.


I used make to set up my build environment. The noteable rules are "tea", "run", and "clean". "make tea" or just "make" will run Flex on "tea.l", then compile the output C file ("lex.yy.c"), then link the output object file ("lex.yy.o") into the executeable "tea". "make run" will execute the "tea" rule, if necessary, then run the "tea" executeable on all of the input files. "make clean" will remove all files generated by the makefile.


All of these files were created, tested, and/or generated on a machine running Slackware Linux.

3.1 The Token List


The values in this token list are taken directly from "tea.l", the input for Flex.

letter

[a-zA-Z]

digit

[0-9]

type

"void"|"int"

control

"if"|"else"|"do"|"while"|"for"

punctuation

"{"|"}"|"("|")"|";"|","

assignment

"="

logical operator

"!"|"||"|"&&"|"!="|"=="|"<"|">"|"<="|">="

numerical operator

"+"|"-"|"*"|"/"|"%"

identifier

{letter}({letter}|{digit}|"_")*

numeric literal (integer)

{digit}{digit}*

whitespace

[ \t\n\r]+

other 

.
(everything else)

3.2  Lex File
%{

/*

This is the lex file. You needed to turn in a documented package.

Your lex file did not have to be this elaborate!

 */

#define yytextout( _PREFIX ) fprintf( yyout, "%s%s\n", _PREFIX, yytext )

%}

SINGLE_COMMENT   "//".*

START_COMMENT   "/*"

END_COMMENT   "*/"

%x MULTI_COMMENT

letter   [a-zA-Z]

digit   [0-9]

/*

literals

*/

%%

{SINGLE_COMMENT}      {}

{START_COMMENT}         { BEGIN MULTI_COMMENT; }

<MULTI_COMMENT>{END_COMMENT}   { BEGIN 0; }

<MULTI_COMMENT>.      {}

<MULTI_COMMENT>\n      {}

"void"|"int"            { yytextout( "type:\t\t" ); }

"if"|"else"|"do"|"while"|"for"      { yytextout( "control:\t" ); }

"{"|"}"|"("|")"|";"|","         { yytextout( "punctuation:\t" ); }

"="               { yytextout( "assignment:\t" ); }

"!"|"||"|"&&"|"!="|"=="|"<"|">"|"<="|">=" { yytextout( "logical_op:\t" ); }

"+"|"-"|"*"|"/"|"%"         { yytextout( "numerical_op:\t" ); }

{letter}({letter}|{digit}|"_")*      { yytextout( "identifier:\t" ); }

{digit}{digit}*            { yytextout( "literal:\t" ); }

[ \t\n\r]+            {}

.               { yytextout( "other" ); }

%%

// This is needed to link, because the

// flex-generated source file externs this.

int yywrap()

{

   return 1;

}

// Main function.

// Allow arguments for input and output files.

// Default to stdin and stdout.

int main( int argc, char *argv[] )

{

   FILE *input_file  = NULL;

   FILE *output_file = NULL;

   // Allow input from a file arg.

   if( argc > 1 )

   {

      input_file = fopen( argv[ 1 ], "r" );

      if( !input_file )

      {

         fprintf( stderr, "Could not open %s!\n", argv[ 1 ] );

         return 1;

      }

      // Use the file arg as input.

      yyin = input_file;

   }

   // Allow output to a file arg.

   if( argc > 2 )

   {

      output_file = fopen( argv[ 2 ], "w" );

      if( !output_file )

      {

         fprintf( stderr, "Could not open %s!\n", argv[ 2 ] );

         return 1;

      }

      // Use the file arg as output.

      yyout = output_file;

   }

   // Start lexing!

   yylex();

   if( input_file )

   {

      fclose( input_file );

   }

   if( output_file )

   {

      fclose( output_file );

   }

   return 0;

}

3.3 Outputs

void input_a() {

   a = b3;

   xyz = a + b + c - p / q;

   a = xyz * ( p + q );

   p = a - xyz - p;

}

--------------------------------------------------------------------------------

void input_b() {

   if ( i > j )

      i = i + j;

   else if ( i < j )

      i = 1;

}

--------------------------------------------------------------------------------

void input_c() {

   while ( i < j && j < k ) {

      k = k + 1;

      while ( i == j )

         i = i + 2;

   }

}

3.5 Outputs

type: void
identifier: input_a
punctuation: (
punctuation: )
punctuation: {
identifier: a
assignment: =
identifier: b3
punctuation: ;
identifier: xyz
assignment: =
identifier: a
numerical_op: +
identifier: b
numerical_op: +
identifier: c
numerical_op: -
identifier: p
numerical_op: /
identifier: q
punctuation: ;
identifier: a
assignment: =
identifier: xyz
numerical_op: *
punctuation: (
identifier: p
numerical_op: +
identifier: q
punctuation: )
punctuation: ;
identifier: p
assignment: =
identifier: a
numerical_op: -
identifier: xyz
numerical_op: -
identifier: p
punctuation: ;
punctuation: }


type: void
identifier: input_b
punctuation: (
punctuation: )
punctuation: {
control: if
punctuation: (
identifier: i
logical_op: >
identifier: j
punctuation: )
identifier: i
assignment: =
identifier: i
numerical_op: +
identifier: j
punctuation: ;
control: else
control: if
punctuation: (
identifier: i
logical_op: <
identifier: j
punctuation: )
identifier: i
assignment: =
literal: 1
punctuation: ;
punctuation: }


type: int
identifier: input_d
punctuation: (
punctuation: )
punctuation: {
identifier: a
assignment: =
identifier: b
assignment: =
identifier: c
assignment: =
identifier: d
assignment: =
literal: 0
punctuation: ;
control: if
punctuation: (
identifier: arg
numerical_op: %
literal: 2
logical_op: ==
literal: 0
punctuation: )
punctuation: {
identifier: even
assignment: =
literal: 1
punctuation: ;
punctuation: }
control: if
punctuation: (
punctuation: (
identifier: a
logical_op: <=
identifier: b
punctuation: )
logical_op: ||
punctuation: (
identifier: b
logical_op: >=
identifier: c
punctuation: )
logical_op: ||
punctuation: (
identifier: c
logical_op: !=
identifier: d
punctuation: )
punctuation: )
punctuation: {
identifier: even
assignment: =
logical_op: !
identifier: even
punctuation: ;
punctuation: }
control: else
punctuation: {
identifier: a
assignment: =
numerical_op: +
identifier: b
punctuation: ;
identifier: b
assignment: =
numerical_op: -
identifier: c
punctuation: ;
identifier: d
assignment: =
literal: 256
punctuation: ;
punctuation: }
punctuation: }


type: void
identifier: input_c
punctuation: (
punctuation: )
punctuation: {
control: while
punctuation: (
identifier: i
logical_op: <
identifier: j
logical_op: &&
identifier: j
logical_op: <
identifier: k
punctuation: )
punctuation: {
identifier: k
assignment: =
identifier: k
numerical_op: +
literal: 1
punctuation: ;
control: while
punctuation: (
identifier: i
logical_op: ==
identifier: j
punctuation: )
identifier: i
assignment: =
identifier: i
numerical_op: +
literal: 2
punctuation: ;
punctuation: }
punctuation: }


