[image: image2.png]THE
UNIVERSITY
%/ TULSA.




CS 6413 Compiler Construction

Project 1:

Lexical Analyzer 

[image: image1.jpg]TULSA =

The choice for quality private ediication





By

Perry Holloway

The University of Tulsa

Department of Mathematical & Computer Sciences

CS 6413 Compiler Construction
Dr. Sujeet Shenoi

Introduction


The purpose of this project was to create a Lexical Analyzer.  It reads in a line of code and then converts that line of code into a character array that is 72 characters long.  It then goes through the array character by character to determine the token or lexeme that it is.  This is done by sending to the proper machine that it belongs to.  The Machines implemented are Addop, ID, Mulop, Num, Punct, Relop, and WhiteSpace.  

Methodology


The methodology that was used in this project  is that it will take in a line of code from a file and translate it into Token.  To do this I thought of the best way for me to go about doing this.  I first decide that it would be best to read every line in from the file and place it in a Vector.  This way that is completely done reading in from the file at this point.  I then have a while loop that continues until this Calling the appropriate machines.  

Implementation


The implementation of this project was as follows.  It first has two command line options that are used to tell it the file to read in from and the output file.  It then uses the Java BufferedReader and FileReader class built into java to read in the pascal program from the file.  The approach taken is that it reads in a line at a time.  It then creates the buffer object from the line.  The buffer class basically takes in a string, and does the conversions to the String.  The buffer class has two private variable that it stores, the string that it just read in and a character array that it creates from the String.  This is done by using the method built into the String class, toCharArray.  It reads in all the lines in the file until it hits the EOF marker.  It then grabs the first object off the vector and it also removes it from the Vector.  It then get the character array from that object.  Likewise, it set the front and back pointers to zero.  It then prints out the line number along with the String representation that it read in from the file.  It then call the PickMachine method to enter the machines to cut the character array into tokens.  


The PickMachine method works as follows.  First it enters a while loop that checks to see if the front is less then the length of the character array.  If so it will proceed.  The first thing that it does is that it will check to see if the first character is a white space.  This is done by using the Character class in java and calling the method isWhiteSpace from it by sending it the character at the front. It then send goes to the whitespacemachine to take off all of the white space Then it uses this same class, Character, to determine if it is a Letter if so it sends the ID.  It also see if it is a Digit and if so it will be sent to the NumberMachine. Following this it checks the character to see if it is a <, =, or > and if it is it will send it to the RelopMachine.  It then checks to see if the character is a + or -, and if so it will send it to the AddopMachine.  It also checks to see if it is a * or / and if so it will send it to the MulopMachine.  


The WhiteSpace machine is the simplest of all of the machines.  It works like this it looks at the character that the front pointer is pointing to and sees if it is a WhiteSpace by using the Character class in java and the isWhiteSpace method.  If it is is simply increments the front pointer and looks to see if the next character is also white space.  


The IdMachine is the next machine in the line.  It simply looks at the character at where the front is points and reads in a string of characters or letters.  Once it gets to a point that it is not reading in any letters or digit, I make a string representation of it to give to my Token Class.  I do this by using the String Class and use the method copyValueOf the character from the back to the front.  I then check to see if the id is a reserved word that I read in from a reserved word file.  If it is, it will make a token that represent the reserved word and return it.  The next thing that it checks is to see if it is in the Symbol table.  If it is in the symbol table it will make a Token that represent the location in the symbol table.  If it is not in the symbol table it simply creates a new token and adds it to the symbol table.  


The NumMachine is probably the most complicated of all the machines.  It first reads all the characters that are digit.  When it something that is not a digit then it make a few choices.  If it is followed by a dot then it checks to see if it is followed by a digit.  If it is not then it knows that it is a Integer and not a Real number.  So it creates the Token associated with the fact that it is an Integer.  If it is a dot followed by a digit it know it is a real number and continues to read in until it reaches something that is not a digit.  It then will check to see if that character is ‘E’ and if so it will continue on if the next character is a digit.  If it is not an ‘E’ it will then know that it is a real number not represented in scientific notation.  If it is an ‘E’ followed by a digit it will then check to see if the next character is a digit or a ‘+’ or ‘-‘.  It then checks to see if it is followed by a digit if it is not then it will represent the number as a Real followed by an ID of E and a plus or minus.  


The other machines all follow this same basic logic.  The read in the character and compare them and the it will know which Token to produce based on this fact.  

Discussion and Conclusion


This project has given me a good understanding of how a compiler works as far as the Lexical analyzer is concerned.  I have also learned a lot about how to build the machines that will break down the Line to make token.  Having done this project helped me understand all that I need to know to do well on the test.  I have learned a lot about program from this project that I will never loose from this point on.  I have taken away new techniques that will help me with any program from now on.  Having what I know now I know that I could go back and make the program better by making a few simple changes.  

Appendix 1

Representation of the Machines

Mulop Machine

                                            *                                Token = (Mulop, Multiply)

                                           /                                   Token = (Mulop, Divide)

Addop Machine


                                             +                                Token = (Addop, Plus)

                                           -                                   Token = (Addop, Minus)  

Num Machine 




                digit

                         digit                       other                       Token = (Number, Integer)








   Token=(Error, XXERR)

                                                                                                         Token = (Number, Integer)                      
                                                     .                       other                   Token = (Number, Real)








                             Token = (Error, XXERR)





                                                                 Token = (Error, YYERR)

                                                            Digit                                             Token = (Error, XXYYERR) 

                                                             +  or -                    other  

                                                                                  digit                      

ID Machine


                                                                      Letter/Digit

                                          Letter                       Other                        Token = (Identifier, ID) 

                                                                                                            Token = (Error, IDTooLong) 

White Space Machine

                                                                       delim

                                         delim                        other

Appendix 2a

Sample Code No Error 

Test Program 1

program sort(input, output);


var a : array[0..10] of integers;


procedure readarray;



var i : integer;



begin




for i := 1 to 9 do read(a[i])



end;


function partition(y, z: integer) : integer;



var i, j, x, v: integer;



begin ..



end;


procedure quicksort(m, n: integer);



var i : integer;



begin




if( n > m ) then begin





i := partition(m,n);





quicksort(m,i-1);





quicksort(i+1,n)




end



end;


begin



a[0] := -9999; a[10] := 9999;



readarray;



quicksort(1,9)


end.

Output From the Program

1)
program sort(input, output);


Token ->  program             113       0         


Token ->  sort                0         204       


Token ->  (                   225       206       


Token ->  input               1         204       


Token ->  ,                   224       206       


Token ->  output              2         204       


Token ->  )                   226       206       


Token ->  ;                   223       206       

2)
var a : array[0..10] of integers;


Token ->  var                 102       0         


Token ->  a                   3         204       


Token ->  :                   222       206       


Token ->  array               112       0         


Token ->  [                   227       206       


Token ->  0                   250       205       


Token ->  ..                  231       206       


Token ->  10                  104       250       


Token ->  ]                   228       206       


Token ->  of                  103       0         


Token ->  integers            4         204       


Token ->  ;                   223       206       

3)


4)
procedure readarray;


Token ->  procedure           106       0         


Token ->  readarray           5         204       


Token ->  ;                   223       206       

5)
var i : integer;


Token ->  var                 102       0         


Token ->  i                   6         204       


Token ->  :                   222       206       


Token ->  integer             104       0         


Token ->  ;                   223       206       

6)
begin


Token ->  begin               107       0         

7)
for i := 1 to 9 do read(a[i])


Token ->  for                 7         204       


Token ->  i                   6         204       


Token ->  :                   221       203       


Token ->  1                   104       250       


Token ->  to                  8         204       


Token ->  9                   104       250       


Token ->  do                  109       0         


Token ->  read                9         204       


Token ->  (                   225       206       


Token ->  a                   3         204       


Token ->  [                   227       206       


Token ->  i                   6         204       


Token ->  ]                   228       206       


Token ->  )                   226       206       

8)
end;


Token ->  end                 108       0         


Token ->  ;                   223       206       

9)


10)
function partition(y, z: integer) : integer;


Token ->  function            10        204       


Token ->  partition           11        204       


Token ->  (                   225       206       


Token ->  y                   12        204       


Token ->  ,                   224       206       


Token ->  z                   13        204       


Token ->  :                   222       206       


Token ->  integer             104       0         


Token ->  )                   226       206       


Token ->  :                   222       206       


Token ->  integer             104       0         


Token ->  ;                   223       206       

11)
var i, j, x, v: integer;


Token ->  var                 102       0         


Token ->  i                   6         204       


Token ->  ,                   224       206       


Token ->  j                   14        204       


Token ->  ,                   224       206       


Token ->  x                   15        204       


Token ->  ,                   224       206       


Token ->  v                   16        204       


Token ->  :                   222       206       


Token ->  integer             104       0         


Token ->  ;                   223       206       

12)
begin ..


Token ->  begin               107       0         


Token ->  ..                  231       206       

13)
end;


Token ->  end                 108       0         


Token ->  ;                   223       206       

14)


15)
procedure quicksort(m, n: integer);


Token ->  procedure           106       0         


Token ->  quicksort           17        204       


Token ->  (                   225       206       


Token ->  m                   18        204       


Token ->  ,                   224       206       


Token ->  n                   19        204       


Token ->  :                   222       206       


Token ->  integer             104       0         


Token ->  )                   226       206       


Token ->  ;                   223       206       

16)
var i : integer;


Token ->  var                 102       0         


Token ->  i                   6         204       


Token ->  :                   222       206       


Token ->  integer             104       0         


Token ->  ;                   223       206       

17)
begin


Token ->  begin               107       0         

18)
if( n > m ) then begin


Token ->  if                  100       0         


Token ->  (                   225       206       


Token ->  n                   19        204       


Token ->  >                   212       200       


Token ->  m                   18        204       


Token ->  )                   226       206       


Token ->  then                111       0         


Token ->  begin               107       0         

19)
i := partition(m,n);


Token ->  i                   6         204       


Token ->  :                   221       203       


Token ->  partition           11        204       


Token ->  (                   225       206       


Token ->  m                   18        204       


Token ->  ,                   224       206       


Token ->  n                   19        204       


Token ->  )                   226       206       


Token ->  ;                   223       206       

20)
quicksort(m,i-1);


Token ->  quicksort           17        204       


Token ->  (                   225       206       


Token ->  m                   18        204       


Token ->  ,                   224       206       


Token ->  i                   6         204       


Token ->  -                   214       201       


Token ->  1                   104       250       


Token ->  )                   226       206       


Token ->  ;                   223       206       

21)
quicksort(i+1,n)


Token ->  quicksort           17        204       


Token ->  (                   225       206       


Token ->  i                   6         204       


Token ->  +                   213       201       


Token ->  1                   104       250       


Token ->  ,                   224       206       


Token ->  n                   19        204       


Token ->  )                   226       206       

22)
end


Token ->  end                 108       0         

23)
end;


Token ->  end                 108       0         


Token ->  ;                   223       206       

24)


25)
begin


Token ->  begin               107       0         

26)
a[0] := -9999; a[10] := 9999;


Token ->  a                   3         204       


Token ->  [                   227       206       


Token ->  0                   104       250       


Token ->  ]                   228       206       


Token ->  :                   221       203       


Token ->  -                   214       201       


Token ->  9999                104       250       


Token ->  ;                   223       206       


Token ->  a                   3         204       


Token ->  [                   227       206       


Token ->  10                  104       250       


Token ->  ]                   228       206       


Token ->  :                   221       203       


Token ->  9999                104       250       


Token ->  ;                   223       206       

27)
readarray;


Token ->  readarray           5         204       


Token ->  ;                   223       206       

28)
quicksort(1,9)


Token ->  quicksort           17        204       


Token ->  (                   225       206       


Token ->  1                   104       250       


Token ->  ,                   224       206       


Token ->  9                   104       250       


Token ->  )                   226       206       

29)
end.


Token ->  end                 108       0         


Token ->  .                   232       206       

30)
EOF


Token ->  EOF                 -1        -1

Symbol Table

Token ->  sort                0         204       

Token ->  input              1         204       

Token ->  output            2         204       

Token ->  a                     3         204       

Token ->  integers          4         204       

Token ->  readarray        5         204       

Token ->  i                      6         204       

Token ->  for                  7         204       

Token ->  to                   8         204       

Token ->  read               9         204       

Token ->  function        10        204       

Token ->  partition        11        204       

Token ->  y                   12        204       

Token ->  z                   13        204       

Token ->  j                    14        204       

Token ->  x                   15        204       

Token ->  v                   16        204       

Token ->  quicksort      17        204       

Token ->  m                  18        204       

Token ->  n                   19        204       

Appendix 2b

Sample Code All Errors 

Test Program 2

= < <= <> >= >  

+ - * / 

@#$%^&

(){}[]

Ident IdentifierLong     

Integer 12345 

Integer 12345678912

Real 400.0 

Real 400. I 

Real 123456.1234 

Real 12345.123456 

Real 123456.123456 

Real 12345.12345E03 

Real 12345.12345E031 

Real 12345.12345E 

Real 12345.12345E+03 

Real 12345.12345E-03 

Real 12345.12345E+031 

Real 12345.12345E-031

Output From the Program

1)
= < <= <> >= >


Token ->  =                   210       200       


Token ->  <                   209       200       


Token ->  <=                  207       200       


Token ->  <>                  208       200       


Token ->  >=                  211       200       


Token ->  >                   212       200       

2)
+ - * /


Token ->  +                   213       201       


Token ->  -                   214       201       


Token ->  *                   216       202       


Token ->  /                   217       202       

3)
@#$%^&


LEX Error -> @                Unrecognized Symbol 


LEX Error -> #                Unrecognized Symbol 


LEX Error -> $                Unrecognized Symbol 


LEX Error -> %                Unrecognized Symbol 


LEX Error -> ^                Unrecognized Symbol 


LEX Error -> &                Unrecognized Symbol 

4)
(){}[]


Token ->  (                   225       206       


Token ->  )                   226       206       


Token ->  {                   229       206       


Token ->  }                   230       206       


Token ->  [                   227       206       


Token ->  ]                   228       206       

5)
Ident IdentifierLong


Token ->  Ident               0         204       


LEX Error -> IdentifierLong   ID Too Long         

6)
Integer 12345


Token ->  Integer             104       0         


Token ->  12345               104       250       

7)
Integer 12345678912


Token ->  Integer             104       0         


LEX Error -> 12345678912      XXERR               

8)
Real 400.0


Token ->  Real                105       0         


Token ->  400.0               105       252       

9)
Real 400. I


Token ->  Real                105       0         


Token ->  400                 250       205       


Token ->  .                   232       206       


Token ->  I                   1         204       

10)
Real 123456.1234


Token ->  Real                105       0         


LEX Error -> 123456.1234      XXERR               

11)
Real 12345.123456


Token ->  Real                105       0         


LEX Error -> 12345.123456     YYERR               

12)
Real 123456.123456


Token ->  Real                105       0         


LEX Error -> 123456.123456    XXYYERR             

13)
Real 12345.12345E03


Token ->  Real                105       0         


LEX Error -> 12345.12345E03   ZZERR               

14)
Real 12345.12345E031


Token ->  Real                105       0         


LEX Error -> 12345.12345E031  ZZERR               

15)
Real 12345.12345E


Token ->  Real                105       0         


Token ->  12345.12345         105       252       


Token ->  E                   2         204       

16)
Real 12345.12345E+03


Token ->  Real                105       0         


Token ->  12345.12345E+03     105       252       

17)
Real 12345.12345E-03


Token ->  Real                105       0         


Token ->  12345.12345E-03     105       252       

18)
Real 12345.12345E+031


Token ->  Real                105       0         


LEX Error -> 12345.12345E+031 ZZERR               

19)
Real 12345.12345E-031


Token ->  Real                105       0         


LEX Error -> 12345.12345E-031 ZZERR               

20)
EOF


Token ->  EOF                 -1        -1

Symbol Table

Token ->  Ident             0         204       

Token ->  I                   1         204       

Token ->  E                  2         204  

