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File Reading Getting Data From Outside of the Program

There is no class code associated with this set of notes. Refer to Shiffman Chapter 18
for code and more (and better) explanations.

What is a File?

Arrays marked the beginning of our programs requiring a lot of data - more data
that could be reasonable stored in primitive type global variables. For that work
with arrays, we used initializer lists or randomly generated values to initialize the
arrays. This is fine and serves us well but there are other ways to get data to store
in our arrays. One way is to “read data from text files.”

The term, “read data” means to transfer data from a file stored somewhere into an
array or arrays that are used by our program. You read articles to transfer
information from the written page to your brain. The two processes are parallel.

The term, “text files” refers to files that have only the printing characters for
information and include spaces, tabs, and new-lines?!

Another form of file is called a “binary file” which can be confusing because the
values of the text files are stored as their ASCII codes represented in binary. Binary
files are the files created by Word, Excel, and other software. These files contain
additional information to instruct the software on the fonts, sizes, colors, tab
location, cell size, ... needed to display the information in the file.

Jim took the paragraph above and copied it into a new Word .docX file and saved it.
He changed the name from Temp.docx to Temp.doc and opened it with a text editor
which displays only text information. When opened as a text file, the file was 972
lines long. Below are the first few lines:
PKEEERAEQAcE-ARA[Content_Types].xml ¢AA(
T B¥IMO-@BU0& Afd )& a°pP<*alcelv
Hel,_filABI° (zi“NfI M /ufi' ©3h-i5)1&EAe6Sfi<0Oc|A"~d¢coBR 0 BdE, AE02rAZ©
(1m¢2, BAR¥f:0T...# 0"~ lip'%oR0gOtn[[¥&A q(=Xg moE!EA.E06N %o, |
_#WFeL8W()2AU< Bu-
<"8le.fie%§ Aq™BANpOYKP | 1#*@’'3¢” ¢céek-ThbA
[30Y9”wren@F6A]B# />u X BRAE;E"©+Z(2e?»AaU =~ /f 7
The moral of this little story is that binary files have a lot of information that we do
not see. This information is used to display the information in the way intended by
the author.

Text files are WYSIWYG - What You See Is What You Get. Many programmers refer
to text files as “human readable”. Looking at the stuff above, you can see why this
description is appropriate.

1 For our purposes, new-line, end-of-line, EOLN, return, enter all mean the same
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Reading a Text File

Processing has a function that does the work of reading the file:
loadStrings ( “name-of-the-text-file-to-read” );

To use loadStrings ( ), you must put the text file in a folder named data that is
in the folder containing the .pde file - the folder in which you may have put your
image files, sound files and font files.

The argument of the function call loadStrings ( ) must itself be a String that is
the name of the file. (If the file is located some place other than the data folder, you
can put the complete path to the file — putting the file in the data folder, if at all
possible, is much simpler.).

The function loadStrings ( ) returns the information in the file as an array of
Strings where each String element of the array is one line of the text file.

If the text tile is empty (yes, there can be empty text files - suppose you have a game
that is keeping track of high scores in a text file. Before anyone plays your game,
would be no high scores), the array returned by 1loadStrings( ) will have a length
of zero.

If there is one line in the text file, the returned array of Strings will have one
element. If there are 42 lines in the text file the returned array will have 42
elements.

Each String (if there are any) will be one complete line of the text file.
Here is a text file named DataDemoO . txt:

how now brown cow

she sells sea shells by the sea shore

rubber baby buggy bumpers

four wrists wear four watches

peter piper picked a peck of pickled peppers

Here is the code that can read the file and store it in an array of Strings:
String [ ] dataStrings;
void setup( )
{
size( 400, 600 );
dataStrings = loadStrings( "DemoDataO.txt");
println( dataStrings) ;

}
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The text ( ) function cannot display an array without a loop to traverse the array
but the println( ) function can. Here is the output of the println( ):

[0] "how now brown cow"

[1] "she sells sea shells by the sea shore"
[2] "rubber baby buggy bumpers"
[
[

3] "four wrists wear four watches"
4] "peter piper picked a peck of pickled peppers"

As you can see, the array of Strings returned by loadStrings ( ) and referenced
by dataStrings has five elements and each element is a String. The beginning
element of the array is the beginning line of text in the file. The last element of the
array is the last line of the file.

In our work with Processing thus far most of the data we use are numbers -
locations and sizes of figures and RGB color values. “How now brown cow” is not of
much use. This is where file reading gets interesting. Whatmwe do with the
returned array of Strings can be an infinite set of possibilities. We will show you
two examples here. These examples along with Shiffmans’ Chapter 18 can only
serve as a guide. You will have to modify your code to read your files.

First, let’s suppose we have a file that has the kind of figure, location, size and RGB
values of figures. The file might look like this:

0 100 100 40 50 200 100 45
1 100 200 33 83 100 200 O
1 200 200 73 23 50 100 200
0 300 100 76 23 50 200 55

Some programmers call this a formatted file. That means that each line is the same
as every other line - not the same values but what the values represent. Every value
is an int value. This is important if we want to keep the file reading simple. It also
means that we need to know what the values represent.

Question - what does the leading 0 or 1 stand for? The answer in not obvious - it
comes from the dark recesses of Jim’s mind (brrr...). He is using the 0 to represent
arectangle and the 1 to represent an ellipse2. So here is what the data in the file
translates as (in Jim’s mind...):

Rect/elipse X Y Width Height Red Blue Green
0 100 100 40 50 200 100 45
1 100 200 33 83 100 100 0
1 200 200 73 23 50 100 200
0 300 100 76 23 50 200 55

2 How could he store data for a triangle?
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Here is the code that reads the file:
String [ ] dataStrings;
void setup( )

{

size( 400, 600 );
dataStrings = loadStrings( "DemoDatal.txt");
println( dataStrings) ;

}

Look familiar—is should - the only change is the name of the file.

Here is the output of the println( ):

[0] "O 100 100 40 50 200 100 45"
[1] "1 100 200 33 83 100 200 O"
[2] "1 200 200 73 23 50 100 200"
[3] "O 300 100 76 23 50 200 55"
Something new -- we have to convert this array of Strings into int values that we
can use to draw the figures. Ifyou have not read Shiffman, you should - he does this
much better than Jim does.

Converting this data requires two steps.
1. Split each String into a new array that contains the separate Strings.
2. Convert these separate Strings into int values

Let’s look at #1 first. The code to split each String looks like this:
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String [ ] dataStrings;
void setup( )
{
size( 400, 600 );
dataStrings =
loadStrings( "DemoDatal.txt");
for( int i = 0;
i < dataStrings.length;
i++)
{

String [ ] individualStrings =

split( dataStrings[ i ], ' '

println( "Array element [ " +
i+

"] :");

println( individualStrings );

}

);

The for loop traverses the array dataStrings

Each element of the array which is one entire
line of the file is split using the function

split () which returns an array containing the
individual substrings.

This is the magic that separates each

different substring in the array into separate

Strings. The signature ofs split( )is:
split( String [ ], char )

where the char is the char that

separates each substring.

This print the label for each array element.

This prints the array of substrings..

Here is the output from the println (

) foreach call of split( ) ;

Array element [ 0]:

[0] "O"

[1] "100"

[2] "100"

[3] "40"

[4] "50"

[5] "200"

[6] "100"

[7] "45"

Array element [ 1]:
[0] "1"

[1] "100"

[2] "200"

[3] "33"

[4] "83"

[5] "100"

[6] "200"

[7] "oO"

Array element [ 2]:
[0] "1"

[1] "200"
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[2] "200"
[3] "73"
[4] "23"
[5] "50"
[6] "100"
[7] "200"
Array element [ 3]:
[0] "o
[1] "300"
[2] "100"
[3] "76"
[4] "23"
[5] "50"
[6] "200"
[7] "55"

Ok, that takes care of the first task. We know how to split the long Strings into an
array of substrings. But we cannot use Strings as arguments for locating and sizing
rectangles and ellipses or for the RGB values of colors. We have to convert these
Strings to int values (or float values if we were to use floats).

So on to task #2 - converting the Strings to ints...
Again, Processing does the dirty work for us with the function int ( ) or, if we are
using floats, the function £loat( ).

We have used int ( ) to convert float values to int values earlier in the course. It
turns out that the int ( ) function has multiple signatures - something the new

version of the Processing API does not show you (Jim has sent mail to the Processing
folks...):

Using some code to test different calls of int, the signatures for the int ( ) function
appear to be:

int( float )

int( String )

int( String [ ] )
So the int ( ) function can convert a single String to an int value and return it as
long as the String forms a valid integer AND it can convert an array of Strings into an
array of int values and return the array as long as all of the Strings being converted
can form valid integers.

The code to do this is below. Remember that we know what each value on each line
represents. We have to know this. If you have forgotten, go back to page 4. The
program how has seven parallel arrays to store the data - one array for each value
on a line of the file.
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String [ ] dataStrings;
int [ ] fig, xLoc, yLoc, wd, ht,
redVal, greenVal, blueVal;
void setup( )
{
size( 400, 600 );
dataStrings =
loadStrings( "DemoDatal.txt");

fig = new int
[ dataStrings.length ];
xLoc = new int int
[ dataStrings.length ];
yLoc = new int int
[ dataStrings.length ];
wd = new int int
[ dataStrings.length ];
ht = new int int
[ dataStrings.length ];
redval = new int int
[ dataStrings.length ];
greenVal = new int int
[ dataStrings.length ];
bluevVal = new int int
[ dataStrings.length ];
for( int i = 0;
i < dataStrings.length;
i++)

{
String [ ] individualStrings =

split( dataStrings[ i 1, ' ' );

int [ ] intData =
int( individualStrings );

fig[ i ] = intData[ 0 ];
xLoc[ 1 ] = intData[ 1 ];
yLoc[ i ] = intData[ 2 ];
wd[ i ] = intData[ 3 ];
ht[ i ] = intDatal[ 4 ];
redval[ i ] = intData[ 5 ];
greenVal[ i ] = intData[ 6 ];
blueval[ i ] = intData[ 7 ];

Declares the seven parallel arrays
of int.

Read the file - when this is done,
the length of dataStrings tells us
the length required for each
parallel array which we use when we
new the seven parallel arrays.

Here the seven parallel arrays are
new’ed using the length of the
dataStrings array.

When this is finished we have the
seven arrays of int with exactly
the number of elements needed to
store the data in the original text
file.

We traverse the dataStrings array
so.

we can splint each array element
into substrings using the ' ' char
as the separating char.

We use the int( ) function to
convert the array of substrings
into an array of int and return it
and assign it to the int array,
intData. The array intData
contains the seven int values thar
are on one line of the file.

Since we know what each value
represents we assign the value in
intData to the [ i ] element of
each parallel array.
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More Files

Files can contain data in any format that a programmer desires. The previous
example was just one. We will look at two more formats and from there, you are on
your own. It is not difficult; it just takes some thinking and planning.

Sometimes we get data out of a spreadsheet or on the web in a format that is not
what we want to use. Suppose we had data in a spreadsheet that had the high
temperatures for every day of the year. The spreadsheet has twelve lines; one for
each month. Each line has between 27 and 31 int values for the high temperature of
each day. Here is a fake version of what the spreadsheet might look like -
remember the numbers are faked for this discussion.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Jan 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 21 19 20 21 19 20 21
Feb 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 21 19 20 23
Mar 49 21 45 23 26 12 31 49 21 45 23 26 12 31 23 26 12 31 49 21 45 23 26 12 31 23 26 23 26 23 26
Apr 35 33 38 32 42 41 38 32 28 43 35 33 38 32 42 41 38 32 28 43 35 33 38 32 42 41 38 32 28 43
May 39 34 39 43 45 48 42 51 48 53 49 56 39 34 39 43 45 48 42 51 48 53 49 56 48 53 49 56 53 49 56
Jun 65 61 59 71 64 67 64 59 68 67 72 73 76 77 69 64 58 68 73 72 74 68 66 74 77 78 68 72 69 73
Jul 74 73 77 82 84 81 79 82 68 72 77 82 85 80 83 78 85 82 80 79 77 82 83 81 88 89 92 89 91 93 97
Aug 78 77 81 86 88 85 83 86 72 76 81 86 89 84 87 82 89 86 84 83 81 86 87 85 92 93 96 93 95 97 10
1
Sep 82 81 85 90 92 89 87 90 76 80 85 90 93 88 91 86 93 90 88 87 85 83 78 85 82 80 79 77 82 80 82
Oct 64 60 58 60 63 66 63 58 67 66 64 62 59 56 61 63 57 67 62 61 63 67 65 63 61 59 57 58 58 56 55
Nov 35 33 38 32 42 41 38 32 28 43 35 33 38 32 42 41 38 32 28 43 35 33 38 32 42 41 38 32 28 43
Dec 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 21 19 20 21 19 20 21
The spreadsheet shows the twelve months and thirty one days. Using spread-sheet
software to delete the names of the months and the numbers of the days and and we
get this:
20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 21 19 20 21 19 20 21
20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 21 19 20 23
49 21 45 23 26 12 31 49 21 45 23 26 12 31 23 26 12 31 49 21 45 23 26 12 31 23 26 23 26 23 26
35 33 38 32 42 41 38 32 28 43 35 33 38 32 42 41 38 32 28 43 35 33 38 32 42 41 38 32 28 43
39 34 39 43 45 48 42 51 48 53 49 56 39 34 39 43 45 48 42 51 48 53 49 56 48 53 49 56 53 49 56
65 61 59 71 64 67 64 59 68 67 72 73 76 77 69 64 58 68 73 72 74 68 66 74 77 78 68 72 69 73
74 73 77 82 84 81 79 82 68 72 77 82 85 80 83 78 85 82 80 79 77 82 83 81 88 89 92 89 91 93 97
78 77 81 86 88 85 83 86 72 76 81 86 89 84 87 82 89 86 84 83 81 86 87 85 92 93 96 93 95 97 101
82 81 85 90 92 89 87 90 76 80 85 90 93 88 91 86 93 90 88 87 85 83 78 85 82 80 79 77 82 80 82
64 60 58 60 63 66 63 58 67 66 64 62 59 56 61 63 57 67 62 61 63 67 65 63 61 59 57 58 58 56 55
35 33 38 32 42 41 38 32 28 43 35 33 38 32 42 41 38 32 28 43 35 33 38 32 42 41 38 32 28 43
20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 20 21 19 21 19 20 21 19 20 21
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We now have twelve rows of temperature data. There are no labels in the data. If
we use the strategy discussed above with the function loadStrings( ), the function
will return an array of Strings that has 12 Strings - one for each line in the file and
for each month.

[0]“20211920211920211920211920211920211920211920211921192021192021"
[1]%2020211920211920211920211920211920211920211920211921192023 “
[2]“2049214523261231492145232612312326123149214523261231232623262326"
[3]“20353338324241383228433533383242413832284335333832424138322843"
[4]“20393439434548425148534956393439434548425148534956485349565349 56"
[5]“20656159716467645968677273767769645868737274686674777868726973"
[6]“2074737782848179826872778285808378858280797782838188899289919397”
[7]1“20787781868885838672768186898487828986848381868785929396939597 101"
[8]“2082818590928987907680859093889186939088878583788582807977828082"
[9]“20 64 6058 6063 66 63 5867 66 64 625956616357 6762616367 656361595758585655”
[10]“20353338324241383228433533383242413832284335333832424138322843"
[11]2020211920211920211920211920211920211920211920211921192021192021"

This is fine if we want to work with the data on a monthly basis. However if we
want to work with data for the year, what we really need is one String containing all
365 temperatures.

Shiffman shows how to do this for different data using a for loop and the + operator
to concatenate an array of Strings into one long String. You can find this on page
329.

The following code does the following:
1. Reads the file into an array of Strings
2. Concatenates the 12 Strings in the array into one long String
3. Converts the one long String into and array of 366 int values;

The numbers in the list above refer to the numbers in the following code.
// File Reading Demo
String [ ] monthlyTempValuesStrings;

String yearlyTempsValuesStrings;
int [ ] yearlyTempsValuesInt;
void setup( )
{

// #1

monthlyTempValuesStrings = loadStrings ("FakeTemps.txt") ;

/] #2
yearlyTempsValuesStrings =
join( monthlyTempValuesStrings, " " );

// #3
yearlyTempsValuesInt =
int(split(yearlyTempsValuesStrings, " " ) );
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Spreadsheets can save text files as a .csv file. This is still text. .csv stands for Comma
Separated Values. You can use the code above with these kinds of files with one

very simple edit. This code:
yearlyTempsValuesStrings
= join( monthlyTempValuesStrings, " " );

changes to this:
yearlyTempsValuesStrings
= join( monthlyTempValuesStrings, "," );
The separator changes from a space to a comma but only here - the space is still
used in the split function.

Read Shiffman and the API to see how the join( ) function works.

As stated above, it is not possible to present all possibilities but these should help yu
get started. If you find that bringing data into your program is best done with file
reading, talk to us for advice, suggestions, and help.
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