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            # add to parent’s Child list

               if (  $node->{‘Parent’} );

            $parent_stack[ $depth ] = $node;

            $node;

    my @ftree = map {
            s/\s+$//;                   # trim ends;

            # add to parent’s Child list
s / \ s + $ / / ;                    #  t r i m  e n d s ;

            # add to parent’s Child list
    my @ftree = map {

s / \ s + $ / / ;                    #  t r i m  e n d s ;
    my @ftree = map {

            my $depth = s/\s{4}//g;     # count number of indent blocks            # add to parent’s Child listm y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks            # add to parent’s Child list
            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )

m y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks
            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )
            # add to parent’s Child list
            p u s h (  @ {  $ n o d e - > { ‘ P a r e n t ’ } - > { ‘ C h i l d r e n ’ }  } ,  $node )
            # add to parent’s Child listm y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks            # add to parent’s Child listm y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks
            p u s h (  @ {  $ n o d e - > { ‘ P a r e n t ’ } - > { ‘ C h i l d r e n ’ }  } ,  $node )
            # add to parent’s Child list

s/\s+$//;                   # trim ends;
m y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks
s/\s+$//;                   # trim ends;

            # add to parent’s Child list
s / \ s + $ / / ;                    #  t r i m  e n d s ;

            # add to parent’s Child listm y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks            # add to parent’s Child listm y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks
s / \ s + $ / / ;                    #  t r i m  e n d s ;

            # add to parent’s Child list
            $depth++;                   # Start at one, though, rather than 0$depth++;                   # Start at one, though, rather than 0            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )$ d e p t h + + ;                    #  S t a r t  a t  o n e ,  t h o u g h ,  r a t h er than 0            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )

               if (  $node->{‘Parent’} );
$ d e p t h + + ;                    #  S t a r t  a t  o n e ,  t h o u g h ,  r a t h er than 0

               if (  $node->{‘Parent’} );
            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )
               i f  (   $ n o d e - > { ‘ P a r e n t ’ }  ) ;
            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )$ d e p t h + + ;                    #  S t a r t  a t  o n e ,  t h o u g h ,  r a t h er than 0            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )$ d e p t h + + ;                    #  S t a r t  a t  o n e ,  t h o u g h ,  r a t h er than 0
               i f  (   $ n o d e - > { ‘ P a r e n t ’ }  ) ;
            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )

my $depth = s/\s{4}//g;     # count number of indent blocks
$ d e p t h + + ;                    #  S t a r t  a t  o n e ,  t h o u g h ,  r a t h er than 0
my $depth = s/\s{4}//g;     # count number of indent blocks

            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )
m y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks

            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )$ d e p t h + + ;                    #  S t a r t  a t  o n e ,  t h o u g h ,  r a t h er than 0            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )$ d e p t h + + ;                    #  S t a r t  a t  o n e ,  t h o u g h ,  r a t h er than 0
m y  $ d e p t h  =  s / \ s { 4 } / / g ;      #  c o u n t  n u m b e r  o f  i n d e n t  b l o cks

            push( @{ $node->{‘Parent’}->{‘Children’} }, $node )

            # create node structure
            $parent_stack[ $depth ] = $node;

#  c r e a t e  n o d e  s t r u c t u r e
            $parent_stack[ $depth ] = $node;            my $node = {            $parent_stack[ $depth ] = $node;m y  $ n o d e  =  {            $parent_stack[ $depth ] = $node;

# create node structure
m y  $ n o d e  =  {
# create node structure

            $parent_stack[ $depth ] = $node;
#  c r e a t e  n o d e  s t r u c t u r e

            $parent_stack[ $depth ] = $node;m y  $ n o d e  =  {            $parent_stack[ $depth ] = $node;m y  $ n o d e  =  {
#  c r e a t e  n o d e  s t r u c t u r e

            $parent_stack[ $depth ] = $node;
                         Name   => $_,

            $parent_stack[ $depth ] = $node;
N a m e    = >  $ _ ,

            $parent_stack[ $depth ] = $node;

            $node;
N a m e    = >  $ _ ,

            $node;
my $node = {
N a m e    = >  $ _ ,
my $node = {            $parent_stack[ $depth ] = $node;m y  $ n o d e  =  {            $parent_stack[ $depth ] = $node;
N a m e    = >  $ _ ,

            $parent_stack[ $depth ] = $node;
N a m e    = >  $ _ ,
m y  $ n o d e  =  {            $parent_stack[ $depth ] = $node;

                         Depth  => $depth,            $node;                         D e p t h   = >  $ d e p t h ,            $node;
Name   => $_,

                         D e p t h   = >  $ d e p t h ,
Name   => $_,

            $node;
N a m e    = >  $ _ ,

            $node;                         D e p t h   = >  $ d e p t h ,            $node;                         D e p t h   = >  $ d e p t h ,
N a m e    = >  $ _ ,

            $node;

            # add to parent’s Child list
            push( @{ $node->{‘Parent’}->{‘Children’} }, $node 
)
               if (  $node->{‘Parent’} );

            $parent_stack[ $depth ] = $node;

            $node;
    } grep { ! m/^\s*$/ } @lines;   # strip out blank lines

    return \@ftree;

    croak “Category $node not found”
       unless ( $found );

    my @ancestry = ( $node );

    while ( $found->{‘Parent’}->{‘Depth’} >= 1 )
    {
        push @ancestry, $found->{‘Parent’}->{‘Name’};
        $found = $found->{‘Parent’};
    }

    return \@ancestry;
1983, and then Microsoft in 1985. Now, most people 
don't remember any other way.

GUI Basics

A typical GUI application, as seen in Figure 1, has 
a main application window. It has a title bar at the 
top, with icons to close and resize it. In this example, 
the window has a menu bar with pull-down menus, 
some panes with information, scrollbars, buttons, 
a status bar at the bottom. 

Technically, all the items on the screen are windows, 
some large, some small. Some contain other windows. 
A button is a small window that has a border and a text 
in it. A scrollbar is a window that has small triangle-
buttons and a slider. The buttons and the slider are 

In the beginning ... 

In the beginning was the command line. To get 
the computer to do something, you had to type a 
command to the computer. In the early days, you typed 
these commands punched paper tape, or punched 
cards which you then fed to the computer. Later, 
you could type these commands on a typewriter-
like interactive terminal. Although powerful, using 
this method to control a computer required you to 
know a vast collection of commands, along with 
their arguments, options, and variations.

Around 1980, researchers at the Stanford Research 
Institute developed the precursors for a new way to 
interact with the computer through the use of a mouse. 
Later, researchers at Xeroc PARC developed the 
idea further, Apple adopted it for the first Macintosh in 
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Figure 1: A typical GUI application


