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INTRODUCTION

Unix system structure:


                                                                                                                                             

                                                Figure 1
Features supported by the shell:

1. Execution of  Simple commands :

Simple commands consist of one or more words separated by blanks. The first word is the name of the command to be executed; any remaining words are passed as arguments to the command. For example, 


who

is a command that prints the names of users logged in. The command 


ls –l

prints a list of files in the current directory. The argument –l tells ls to print status information, size and the creation date for each file. 

2. Input output redirection :

Most commands produce output on the standard output that is initially connected to the terminal. This output may be sent to a file by writing, for example, 


ls –l >file

The notation >file is interpreted by the shell and is not passed as an argument to ls. If file does not exist then the shell creates it; otherwise the original contents of file are replaced with the output from ls. Output may be appended to a file using the notation 


ls –l >>file

In this case file is also created if it does not already exist. 

The standard input of a command may be taken from a file instead of the terminal by writing,
For example, 


wc <file

The command wc reads its standard input (in this case redirected from file) and prints the number of characters, words and lines found. 

3. Wildcards 

Many commands accept arguments which are file names. For example, 


ls –l main.c

prints information relating to the file main.c. 

The shell provides a mechanism for generating a list of file names that match a pattern. For example, 


ls –l *.c

generates, as arguments to ls, all file names in the current directory that end in .c. The character * is a pattern that will match any string including the null string. In general patterns are specified as follows. 

3. Matches any string of characters including the null string. 

?          Matches any single character. 

[...]      Matches any one of the characters enclosed. A pair of characters separated by ‘-‘    

            will match any character lexically between the pair. A leading or trailing ‘-‘ is 
            taken literally. 

For example, 


[a-z]*

matches all names in the current directory beginning with one of the letters a through z. 
If no file name is found that matches the pattern then the pattern is passed, unchanged, as an argument. 
4. Builtin commands:

1. cd:  Changes current working directory. The new directory is given as an optional 

     command-line argument. If no argument is given, it changes to the user’s home   

     directory.

2. pwd: returns the current working directory name.

3. setenv: modifies a shell variable. 

    Eg: setenv PATH  /home/user/bin

    If  the value of PATH variable before the execution of above command was

    /bin:/usr/bin:/usr/sbin

    then after execution it becomes 

    /bin:/usr/bin:/usr/sbin:/home/user/bin

4. getenv: retrieves the value of a shell variable.

    Eg: getenv PATH

    will print  /bin:/usr/bin:/usr/sbin:/home/user/bin

5. echo: echos the command line arguments.
Shell modules: 

The shell is divided into following four modules:

6. Lexical analyzer:
    Its main task is to read the input characters and produce as output a sequence of tokens  

    that the parser uses for syntax analysis.

2. Parser:
    It involves grouping of tokens of the input into a Command structure (it is a C structure  

    which describes the command) that is used by the Main shell loop to synthesize the   

    output.   
3. Wildcards expansion module:
    It expands the command arguments containing wildcards.

7. The Driver:
     It is the main loop of the shell. It calls the parser to get the Command structure    

     corresponding to the next command entered by the user, then it calls the wildcards 
     module to expand the wildcards. If the command is builtin, the driver calls the 
     corresponding function otherwise it creates a child process to execute the command. In 
     case of  builtin commands, before calling the corresponding function the required I/O 
     redirections are performed, and in case of nonbuiltin commands, in the corresponding 
     child process before executing the command, I/O redirections are performed.

Block diagram depicting the different modules of the shell:  
Figure 2
CHAPTER – 1

LEXICAL ANALYZER

1.1 Lexical analysis:

The first step in command interpretation is the lexical analysis, in which the stream of characters entered by the user is read from left-to-right and grouped into tokens that are sequences of characters having a collective meaning. Upon receiving a “get next token” command from the parser, the lexical analyzer reads input characters until it can identify the next token, and then returns that token to the parser. This interaction is summarized schematically in the following figure.
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1.2 Tokens:
In general, there is a set of strings in the input for which the same token is returned to the parser. This set of strings is described by a rule called a pattern associated with the token.

The pattern is said to match each string in the set. A lexeme is a sequence of characters in the source program that is matched by the pattern for the token.

The tokens recognized by the lexical analyzer are:

Table 1.1
	   TOKEN
	    SAMPLE  LEXEMES
	   DESCRIPTION OF PATTERN

	    WORD

     
	ls     *.c     abc[0-9]


	A sequence of nonblank characters except ‘\n’ ‘<’ ‘>’ ‘;’ ‘\t’

	GREATER_GREATER


	>>
	>>

	    ‘<’
	<
	<

	    ‘>’
	>
	>

	   ‘\n’
	\n
	\n

	     ‘;’
	;
	;

	   yacc_EOF
	EOF
	EOF 


Rest everything is rejected by the lexical analyzer as an invalid token.

For example,              ls     -l     suffix.h     *.c     >>     output        ;      \n    

      
                                                                                                                                                   
1.3 Lex:

Lex is a tool used for constructing lexical analyzers from special purpose notations based on regular expressions. Lex is generally used in the manner depicted in the following figure. 


[image: image1]
                                                        Figure 1.2
First a specification of a lexical analyzer is prepared by creating a program lex.l in the lex language. Then lex.l is run through the Lex to produce a C program lex.yy.c. The program lex.yy.c consists of  a tabular representation of a transition diagram constructed from the regular expressions of lex.l together with a standard routine that uses the tables to recognize lexemes. 

1.3.1 Lex specifications:
A lex program consists of three parts:

declarations

%%

translation rules

%%

auxiliary procedures

The declarations section includes any initial C program code we want copied into the final program. This is especially important if, for example, we have header files that must be included for code later in the file to work. We surround the C code with the special delimiters “%{“ and “%}”. Lex copies material between “%{“ and “%}” directly to the generated C file. This section also includes regular definitions which can be specified after “%}” till “%%”. The regular definitions are statements that are used as components of the regular expressions appearing in the translations rules. 

The translation rules of a Lex program are statements of the form

p1       { action1 }

p2      { action2 }

            

pn       { action3 }

where each pi is a regular expression and each actioni is a program fragment describing what action the lexical analyzer should take when pattern pi matches a lexeme. In Lex, the actions are written in C.

The third section holds whatever auxiliary procedures are needed by the actions. 

For example,

%{

#include”command.h”

           

%}

/* regular definitions */

word         [^ \t\n;><]+/(">>"|[><])*  
           


%%

{word}   { yylval.word=strdup(yytext); return WORD;  }

         


%%

 /* auxiliary routines if any */

                   

1.3.2 Parser-Lexer communication:

When a lexical analyzer generated by Lex and a yacc parser are used together, the parser is a high level routine. It calls lexer yylex() (a C routine present in lex.yy.c) whenever it needs a token from the input. The lexer then scans through the input recogonizing tokens. As soon as it finds a token of interest to the parser, it returns to the parser, returning the token’s code as the value of yylex(). To pass an attribute value with information about the lexeme, the global variable called yylval can be set in the lex program.

CHAPTER – 2

PARSER
2.1 Introduction:

The parser obtains a string of tokens from the lexical analyzer and verifies that the string can be generated by the grammar. Upon receiving the “get next command” command from the Driver, the parser parses the input and if the input is syntactically correct, it constructs a Command structure( which is a C structure containing the information about the input command ) corresponding to the input and returns this structure to the Driver. This interaction is summarized schematically in the following figure.


                                                                                                             




                                                              Figure 2.1
2.2 Grammar:
inputunit:           

                simple_list \n  

                 \n        

                 yacc_EOF    
simple_list: 

                 command 

                 command ; 

command:

                 simple_command 

simple_command: 

                 simple_command_element 

                 simple_command simple_command_element    

simple_command_element:

                 WORD 
                  redirection    

redirection: 

                 > WORD 

                 < WORD 

                 GREATER_GREATER WORD
Non-terminals:

 input_unit   simple_list  command   simple_command  simple_command_element 

 redirection

Terminals:

\n   yacc_EOF  ;   WORD   <   >  GREATER_GREATER

For example, Parse tree for 

                            ls     -l     suffix.h     *.c     >    output         ;          \n

is            
                                              
Figure 2.2
2.3 Yacc:

Yacc is a tool used for generating a LALR(1) parser for the grammar specified  in the yacc program. The parser can be constructed using Yacc in the manner illustrated in the following figure.

 
[image: image2]
                                                                     Figure 2.3
First, a file, say parse.y containg a Yacc specification of the parser is prepared. Then parse.y is run through the Yacc to produce a C program y.tab.c. The program y.tab.c is a representation of LALR parser written in C, along with other C routines specified in parse.y.

2.3.1 Yacc specifications:
A yacc program consists of three parts:

declarations

%%

translation rules

%%

supporting C-routines

In the declarations part there are two sections. In the first section, ordinary C declarations are put delimited by “%{“ and “%}”. Here any initial C program code is included which we want to be copied into the final program. Then comes definitions of all the tokens that are expected to be received from the lexical analyzer.

The translation rules section describes the actual grammar as a set of rules. Each rule consists of  a grammar production and the associated semantic action. 

<left side>    :    <alt 1>       { semantic action 1 }

                      |    <alt 2>      {  semantic action 2 }

                    
                      |     <alt n>      { semantic action n }

                      ;

The supporting C-routines part consists of supporting C-routines.

For example,

%{

/*

 * parser

 */

#include"command.h"

#include"make_cmd.h"

   

%}

%token yacc_EOF GREATER_GREATER

   
%%

inputunit:    simple_list '\n'  { global_command = $1 ; YYACCEPT ; }

              |   '\n'                  { global_command = (COMMAND *)NULL ; YYACCEPT ; }

              |  yacc_EOF          { terminate_session=1; YYACCEPT; } 

              ;

                

%%

/* supporting C-routines if any */

                   

2.3.2 Driver-Parser communication:
The output file y.tab.c which contains a routine yyparse(), which is called by the Driver to get the next Command structure.

2.4 The structures used to represent a command:

COMMAND structure:

typedef struct command

{

     WORD_LIST   *words;       /*  linklist of words  */

     REDIRECT       *redirects;  /*  linklist of redirections  */

}COMMAND;

WORD_LIST structure:

typedef struct word_list       
{

     char  *word  ;

     struct word_list   *next;  

}WORD_LIST;

REDIRECT structure:

/* redirection types */

enum r_instruction

{

    r_output_direction,   /*  >foo   */

    r_input_direction,     /*  <foo   */

    r_appending_to         /*  >>foo */

};

typedef struct redirect

{

     int  redirector;                               /*  descriptor to be redirected 

                                                                0 for “stdin” 1 for “stdout”  */

     int  flags;                                      /*  flags determine the mode in which

                                                               the file ( to which the  redirections are 

                                                               to be performed ) is to be opened  */

     enum  r_instruction  instruction;  /*  type of redirection  */

     char  *filename;                           /*  name of the file to be opened  */

     struct  redirect  *next;

}REDIRECT;

ELEMENT structure:

typedef  struct element        /*  an element used in parsing, which can be 

                                                  a single word or a single redirection   */

{

     char  *word; 

     REDIRECT   *redirect;

}ELEMENT;
For example, in the command 

                        ls     -l     suffix.h     *.c     >    output         ;          \n

The ELEMENT structures representing various components are:

ls :


-l:

                                                                           

suffix.h:

                                                 
*.c:


> output:


Complete COMMAND structure for the above command:


[image: image3]
Figure 2.4
2.5 Description of translation rules:  Table 2.1
	             PRODUCTIONS
	                        SEMANTIC ACTION

	redirection:

          >  WORD
          |  <   WORD

          |  GREATER_GREATER  WORD

simple_command_element:

            WORD      
          |  redirection  
simple_command:

         simple_command_element

        | simple_command        

          simple_command_element

command:

        simple_command     

simple_list:

        command

        command  ; 

input_unit:

        simple_list  \n

        \n

        yacc_EOF
	A new REDIRECT structure is created, and different fields are set according to the redirection type. The value of the left-hand side of the production is set to the newly created structure.

An ELEMENT structure is created and the field “word” is set to point to the string corresponding to the token WORD. The “redirect” field is set to NULL.

An ELEMENT structure is created and the field “redirect” is set to point to the structure REDIRECT, returned by the non terminal “redirection”. The “word” field set to NULL.

 A new COMMAND structure is created and the corresponding information, from the ELEMENT structure returned by the non terminal “simple_command_element”, is added to the COMMAND structure. 

The information from the ELEMENT structure returned by the non terminal “simple_command_element” is added to the COMMAND structure returned by the non terminal “simple_command”.

The two linklists, one corresponding to the words and other corresponding to the redirects, in the COMMAND structure returned by the non terminal “simple_command”

are reversed, so that the components of the command are interpreted in the same order as entered by the user.

The same COMMAND structure as returned by the non terminal “command” is returned.

The created COMMAND structure is returned to the Driver.

 NULL is returned to the Driver.

Information is sent to the Driver for terminating the session.


CHAPTER – 3

WILDCARDS EXPANSION MODULE

3.1 Wildcards:

The shell provides a mechanism for generating a list of file names that match a pattern. 

patterns are specified as follows. 

*          Matches any string of characters including the null string. 

?          Matches any single character. 

[...]      Matches any one of the characters enclosed. A pair of characters separated by a  

            minus will match any character lexically between the pair.
These file matching characters  ( * ,  ?  ,  […] ) are known as wildcards.

The wildcards expansion module  takes as input from the Driver, the COMMAND structure containing wildcards and replaces the patterns containing wildcards with the list of matching filenames. And returns this modified structure back to the Driver. This interaction is summarized schematically in the following figure.


                           
Figure 3.1
3.2 Steps involved in the wildcards expansion:

3.2.1 Conversion of a shell expression into a regular expression:

Shell expression:

A shell expression is a string of characters containing the wildcards.

For example,

*.c

temp??

[0-9]*.h

The character set is the set of characters which are allowed in the filenames. 

For example, if the character set is { a to z , A to Z , 0 to 9 , . , - ,_ } . Then the regular 

expression which matches a single valid character is:

EXP=(a|b|c|d|e|f|g|h|i|j|k|l|m|n|o|p|q|r|s|t|u|v|w|x|y|z|A|B|C|D|E|F|G|H|I|J

         |K|L|M|N|O|P|Q|R|S|T|U|V|W|X|Y|Z|0|1|2|3|4|5|6|7|8|9|.|-|_)

                              Table 3.1 
	Wildcard
	 Corresponding  regular exp.

	     ?

     *

    […] 


	              (EXP)

              (EXP)*

                (.|.|.)


 eg : 

       shell expression : ab?cd.*[a-d0-3]
       regular expression  : ab(EXP)cd.(EXP)*(a|b|c|d|0|1|2|3) 

Algorithm:

Expand ( I , O ) 

{

    /*

     *  expands shorthand wildcard notation like [a-z0-4]  in string I into the equivalent

     *  complete list (a|b|c|d|…..|z|0|1|2|3|4)  in O 

     */

}

Shexp_rexp( I , O )  /*  converts a shell expression in I to the corresponding regular 

                  *  regular expression in O */

{

       i = 0 ;

       aux1 , aux2 ; /* character arrays  */

       EXP = regular expression which matches a single valid character ;

       while( I[i] != ‘\0’ )

       {

              if( I[i] != '?' && I[i] != '*' && I[i] != '[' )

              {

                   add I[i] to O

                   i ++ ;

                   continue;

              }

              else if( I[i] == '?' ) 

              {

                    add EXP to O;

                    i++;  

              }

              else if( I[i] == '*' )

              {

                    add EXP* to O;

                    i++;

              }

              else if( I[i] == '[' )

              {

                   k = 0;

                   while( I[i] != ']' )

                   {

                         aux1[k++]=I[i++];

                   }

                   aux1[k++]=']';

                   aux1[k]='\0';

                  expand(aux1,aux2);

                  add aux2 to O;

                  i++;

             }

       }

  }

3.2.2. Conversion of infix regular expression into a postfix regular expression:

Precedence rules for regular expressions:

1. The unary operator ‘*’ has highest precedence and is left associative.

2. Concatenation has the second highest precedence and is left associative.

3. ‘|’ has the lowest precedence and is left associative.

The precedence function prcd( op1 , op2 ) returns TRUE if op1 has precedence than op2 otherwise FALSE. But to accommodate parentheses following modifications are made in function:

prcd ( ‘(‘ , op ) = FALSE   for any operator op

prcd ( op , ‘(‘ ) = FALSE   for any operator other than ‘)’

prcd ( op , ‘)’ ) = TRUE     for any operator other than ‘(‘
Before converting the infix regular expression into the corresponding postfix expression, we have to perform a preprocessing step to convert the format of the regular expression in which the concatenation operation is represented by ‘:’.

Eg : (abc) is coverted to (a:b:c)

Algorithm:

Rexp_in_post ( I , O )

{

      i = 0;

      ch  , topsymb ;    /* character  */

      opstk ;                /* empty stack of operators */

      convert the format of I ;

      while (  (ch = I[i ++] ) != ‘\0’  )

      {

            if ( isoperator ( ch ) )  /*  isoperator returns TRUE if ch is an operator or ‘)’ or ‘(‘

                                               otherwise it returns FALSE  */ 

            {

                  while (  !empty( &opstk ) &&  prcd (  stacktop(&opstk) , c )  
                   /*  stacktop returns the top element of the stack without popping it */ 
                   {

                         topsymb = pop( &opstk )  ;

                         add topsymb to O ;

                   }

                  if( ch == '*' ) /* since '*' is a unary operator */

                  {                  

                       add  ch to O;
                       continue;

                  }

                  if(  empty(&opstk) || c != ')' ) 

                      push( &opstk , ch );

                  else

                      topsymb=pop(&s); 
           }

           else

               add ch to O;

       }

       while( ! empty ( &opstk ) )

            add  pop( &opstk ) to O; 

}

3.2.3 Conversion of  the postfix regular expression into a NFA:

Algorithm:

NFA Make_char_NFA( char ch )

{

   /*  This subroutine constructs an NFA corresponding to the char c which can be any 

        character in the character set or an empty string( i.e. NULL ).

        The created NFA can be represented diagrammatically as:

   
[image: image4]
      */

} 

NFA Make_or_NFA( NFA n1 , NFA n2 )

{

   /*  This subroutine constructs an NFA corresponding to the regular expression s | t 

         where n1 and n2 are the NFA’s corresponding to s  and  t  respectively.
         The created NFA can be represented diagrammatically as:

        
[image: image5]
     */ } 
NFA Make_concat_NFA( NFA n1 , NFA n2 )

{

   /*  This subroutine constructs an NFA corresponding to the regular expression st 

         where n1 and n2 are the NFA’s corresponding to s  and  t  respectively.
        The created NFA can be represented diagrammatically as:


[image: image6]
  */

}

NFA Make_star_NFA( NFA n )

{

   /*  This subroutine constructs an NFA corresponding to the regular expression s* 

         where n is the NFA corresponding to s.

        The created NFA can be represented diagrammatically as:


[image: image7]
    */

}

NFA Post_rxp_Nfa( I )

{

      int i=0;

      char c;

      nfastk ;  /*  Empty stack on NFA states */
      while(  (c = I[i++]) != '\0'  )

      {

           if ( ! isoperator ( c )  )

                push (  &s , make_char_NFA(c)  );

           else

           {

                switch(c)

                {

                      case '*':

                                 push( &s , make_star_NFA( pop(&s) ) );

                                 break;

                      case ':':

                                  n=pop(&s);

                                  push( &s , make_concat_NFA( pop(&s) , n ) );

                                  break;

                      case '|':

                                n=pop(&s);

                                push( &s , make_or_NFA( pop(&s) , n ) );  

                                break;

               }

          }

     }

     return ( pop(&s) );

}    

3.2.4 Conversion of an NFA to DFA:

Algorithm:

Epsilon_closure ( NFA_state  s )

{
   /*  Set  of  NFA states reachable from NFA state s on empty string transitions alone

    */

}

Epsilon_closure ( NFA_state_set  T )

{

    /*  Set of  NFA states reachable from some NFA state s in T on empty string 

     *   transitions alone */
           state_stk ; /*  empty stack on NFA states  */

           push all states in T onto state_stk;

           initialize epsilon_closure ( T ) to T;

           while ( !empty ( &state_stk ) )

           {

                  t = pop ( &state_stk );

                  for ( each state u to which there is a transition from t to u on empty string )

                  {

                         if ( u is not in epsilon_closure ( T ) )

                         {

                               add u to epsilon_closure ( T );

                               push ( &state_stk , u );

                         }

                 }

          } 

         return epsilon_closure ( T );

}

Move ( NFA_state_set T , char ch )

{

    /*  Set of NFA states to which there is a transition on input symbol ch from some NFA   

     *   state  s  in T
     */

}

Nfa_Dfa ( NFA  N )

{

         s0 = initial state of  N;

         S0 = Epsilon_closure ( s0 ) ;  /*  the initial state of DFA */

         Unmark S0 and add it to the set of  DFA  states D_states          ;

         while ( there is an unmarked state T in D_states )

         {

                mark T;

                for ( each input symbol ch )

                {

                      U = Epsilon_closure (  move ( T , ch )  ); 

                      if ( U is not in D_states )

                      {

                            add U as an unmarked state to D_states;

                      }

                      add transition Dtran [ T , ch ] = U  to the DFA;

               } 

        }

}

This DFA and the candidate filenames are passed to the Recogonizer routine .which creates a list of  those filenames which are recogonized by the DFA . Then this list is added to the linklist of words in the Command structure and the corresponding word containing the wildcards is removed . If none of the filenames are recogonized by the DFA then the list is not modified.

3.3 Flow diagram for pattern matching:

                                                                                                                                                                             




















































































































































































































































                                                         Figure 3.2
For example, for the command 

                        ls     -l     suffix.h     *.c     >    output         ;          \n

the Command structure that is input to the wildcards expansion module from the Driver 
is:















































































































































































































































































































































Figure 3.3 
If the current directory contains two files, say hello.c and shell.c matching to the pattern 

*.c . Then the modified Command structure that will be returned to the Driver is:









































































































































































                Figure 3.4







If no filename matches with the pattern then the original structure will be returned.

CHAPTER – 4
DRIVER

4.1 Login process in UNIX:

When the system is bootstrapped the kernel creates the init process , init  does a fork followed by an exec of the program getty.

getty calls open  for the terminal device. Once the device is opened file descriptors 0 , 1 and 2 are set to the device. The getty outputs login: and waits for the user to enter his name. getty is done when the user enters his name. It then invokes the login program.

Now login does many things. Since it has the user’s name it calls getpwnam to fetch the user’s password file entry. It then calls getpass to display the prompt Password: and reads user’s password ( with echoing disabled ) . It calls crypt to encrypt the password user entered and compares the encrypted result with the pw_password field from the user’s password file entry. If the login attempt fails because of invalid password login calls exit with an argument of 1. 

If user logs in correctly, login changes to user’s home directory. The environment is then initialized with  all the information that login has: HOME , SHELL , USER , LOGNAME and default PATH. Finally it invokes the login shell.

4.2 Working of the Driver:















































































Figure 4.1
When the shell is invoked by login the control is transferred to the driver program. The Driver program prints the prompt and calls the parser yyparse() to get the Command structure corresponding to the next command entered by the user. 

It then calls the  wildcards expansion module to expand the wildcards present in the Command structure. 

Next task is to execute the command. 

4.3 Command execution:
There are two types of commands. Builtin and Nonbuiltin.  Builtin commands are implemented as subroutines within the shell program while the  Nonbuiltin  commands are independent executable files. 

                                       Table 4.1
	BUILTIN COMMAND
	     SYSTEM CALLS USED   

	              cd

             pwd

            getenv

            setenv

             echo
	              chdir ( char * )

   char*get_current_dir _name()

         char * getenv ( char * )

    void setenv (char *,char *,int)

                    ------


4.3.1 Execution of Builtin commands:

The shell calls the corresponding subroutine to the execute the command.

The general form of the builtin command is:

void command-name ( char **argv , FILE *input_file , FILE *output_file  );
The first argument argv is an array of pointers to strings which contains the command name and the command line arguments. 

The second argument input_file is the pointer to the file from which input is to be taken.

The third argument output_file is the pointer to the file to which the output is to be sent.
4.3.1.1 I/O redirection:
The shell first checks whether some redirections are to be performed ( from the information stored in the Command structure ).

 If yes, two cases are there:

1. Input redirection:

For input redirection the corresponding file is opened in the specified mode ( in the Command structure ) and the file pointer is passed as the second argument to the corresponding subroutine. 
2. Output redirection:

The corresponding file is opened in the specified mode and the file pointer is passed as the third argument to the corresponding subroutine. 

If no, then stdin and/or stdout are passed as the second and the third arguments respectively to the subroutine.
4.3.2 Execution of Nonbuiltin commands:

The shell forks a child process, which execs the program corresponding to the command.

4.3.2.1 I/O redirection:
The child process inherits three open files with file descriptors 0 , 1 and 2, called the standard input ( stdin ), the standard output ( stdout ), and the standard error ( stderr ). All of these are by default connected to the terminal. The child process only reads file descriptor 0 and writes file descriptors 1 and 2. If  it opens any other files then they will have file descriptors 3, 4, etc.

If  I/O is to be redirected to or from files, the shell changes the default assignments of the file descriptors 0 and 1 from the terminal to named file. 

For example,

For input redirection to the file “file_name” the following actions are taken by the shell.

int fd ;

fd=open (file_name , flags , 0664 )  /* opens the file “file_name” with flags ( specified in 

                                                           *  the Command structure 

                                                           *  the file “file_name” will be assigned                                                           

                                                           * some descriptor other than 0,1,2

                                                           */

close ( 0 );        /* closes the file with file descriptor 0 , which is by default stdin 

                          * now the descriptor 0 is vacant

                          */
dup(fd);            /* file corresponding to the descriptor fd is now also assigned  

                          *  the descriptor 0 

                          */
close(fd);         /* now we have two descriptors assigned to the same file “file_name”

                          * so we close the descriptor fd

                          */

The result of above operations is that the file “file_name” is assigned the descriptor 0. 
4.4 Signal Handling:

Signals are software interrupts. Signals provide a way to deal with a way of handling asynchronous events: a user at the terminal typing interrupt key to stop a program, program faults like illegal memory references, execution of peculiar instructions,or floating point errors. 

The most common outside-world signals are interrupt , which is sent when ctrl-c is typed; quit , generated by the FS character ctrl-\ ; and terminate , generated by the kill command. When one of these events occurs , the signal is sent to all the processes that were started from the same terminal; unless other arrangements have been made, the signal terminates the process.

The shell needs to deal with signals ( like interrupts ) from outside world, and with programming faults. For example, if the user types ctrl-c to terminate the running process then the corresponding signal is sent to all the processes including shell and if these signals are not handled in the shell, it will also be terminated, which is not desirable.

Every signal has a default action which can be altered by the signal system call. It has two arguments, the first is a number that specifies the signal. The second is either the address of a function, or a code which requests that the signal be ignored or be given the default action.

For example,

signal ( SIGINT , SIG_IGN );

causes the interrupts to be ignored.

signal ( SIGINT , SIG_DFL );

restores the default action of process termination.

If the second argument to signal is the name of a function, the function will be called when the signal occurs.

Signals to be ignored by the shell are:

                                                        Table 4.2
	     NAME
	             DESCRIPTION
	DEFAULT ACTION 

	SIGINT

SIGQUIT

SIGTSTP


	This signal is generated by the terminal driver when the interrupt key (ctrl-c) is typed . 

This signal generated by the terminal driver when ctrl-\ is typed. 

This interactive stop signal is generated by the terminal driver when ctrl-z is typed.

	        Terminate

        Terminate 

      Stop process




Signals for which the default action is to be changed are:
Table 4.3
	  NAME
	              DESCRIPTION
	      DEFAULT     

       ACTION
	NEW ACTION

	SIGABRT

  SIGFPE

SIGSEGV


	This signal is generated by calling abort function. The process terminates abnormally.   

This signals an arithmetic exception, such as divide-by-0, floating point overflow and so on.

This signal indicates that the process has made an invalid memory reference.
	     Terminate 

     Terminate 

     Terminate 
	 The function 

  Recover() is

  called. 

 


Recover() 

This function restores the shell to the previously saved safe state.

The function setjmp  saves a record of where the program was executing. The values 

of variables are not saved. The function longjmp, restores control to the location after the call to setjmp.
When the shell is started the initial state of the shell is saved using sejmp.

Restore function restores the control to the location ( saved by setjmp ) using longjmp.

4.5 Main shell loop:

jmp_buf begin;

main()

{

       setjmp(begin);   /* saves the state of the shell  */
       signal_ignore(); /* ignore the required signals  */
       signal_handle(); /* handle the required signals  */
       while(1)

       {

            print the prompt;

            yyparse();       /*  call the parser to get the next command  */

            if ( terminate_session==1 )  
                exit(0);         /*  terminate the session */

            expand wildcards if any;

            perform redirections if any;

           execute command;

       }

}

Recover()

{

        print error;

       longjmp (begin, 0 );

}
CONCLUSION

Our main objective in undertaking this project was to learn the practical implementation of the concepts studied in Compiler Design, Operating Systems and Data Structures. This project helped us to gain insight into the working of UNIX shell and the UNIX System Call  interface. 
In this project we have developed a shell which provides the features of Command execution, wildcards expansion and Input Output redirection. Further, we wish to incorporate features like pipelining and shellscripts, and also improve the efficiency of the existing modules.
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