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Writing Programs in MATLAB 
 
 
A MATLAB program is a file containing a list of MATLAB commands that are executed in a particular sequence.  
In MATLAB, a program file name must end with the extension “.m”, called an M-file.  To run a program, type the 
file name (without the “.m” extension) at the MATLAB prompt.  Each of the MATLAB exercises we’ve done so far 
could be written in an M-file.  The M-file would contain the list of commands that you typed at the MATLAB 
prompt.  The advantages of using an M-file instead of the command line are  

(1) the program can be run many times without re-entering the commands;  
(2) if you have errors, it is easier to debug the program;   
(3) the program is not removed from memory when you exit MATLAB; and  
(4) control structures such as loops and “if” statements are easier to use  
     inside of a program. 

 
Programs should be specific enough to accomplish the required tasks, but flexible enough so they can be used more 
than once.  For example, if you want to find the mean of five head values, the program would be too specific if you 
coded the five values into the code.  A more flexible code would prompt the user to enter five head values, and 
would calculate the mean of those values.  Then we could use the program to calculate the mean of any set of five 
head values.  In an even more flexible code, we could prompt the user for the number of head values that will be 
entered, and then prompt the user to enter all of the head values.  This program could be used to calculate the mean 
of any set of an arbitrary number of head values. 
 

Creating a MATLAB Program 
To create a new MATLAB program, select File, New, M-file.  This will open the editor window.  Type your 
commands in this window.  When you save the file, you should save it on your home directory which is U:, and 
save it with a “.m” extension.  To run the program, either go to the command window and type the file name 
(without the extension) or select Tools, Run from the menu bar in the editor window.  In either case, MATLAB 
must be running in the directory where your file is located.  To find out what directory MATLAB is in from the 
command line, type “pwd” at the prompt. This is a unix command to print the name of the current directory.  To 
change to the U drive, type “cd U:”; to change directories type “cd dirname”, where dirname is the directory name.  
You can also edit an existing program by selecting File, Open in the MATLAB menu bar. 

Top-down Design 
Top-down design is a procedure for logically dividing the program tasks into the necessary MATLAB command 
statements.  At the top level, we define the main tasks of the program. Once these tasks are all defined, we 
subdivide the tasks into smaller subtasks, and continue this refinement until we are at the lowest level, which is the 
MATLAB commands.  This provides a logical procedure from getting from the problem statement to the actual list 
of commands.  The problem statement might be very complex, so we break it down into smaller subtasks that can be 
solved easily.  This procedure is very useful in large programs. 

Similarity to other Programing Languages 
Many of the  MATLAB programing conventions discussed below are very similar to those in the C and C++ 
languages, and somewhat similar to those in FORTRAN. For MATLAB it can be particularly useful to refer to a C 
or C++ primers. You can find links to these and to Unix primers at: 
http://www.saintmarys.edu/~psmith/candunix.html 
A particularly good C primer is at 
http://www.cm.cf.ac.uk/Dave/C/CE.html 
Keep in mind, however, that MATLAB works on vectors (and matrices; MATLAB is a vector language) while C 
and C++ work on scalars.  
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(FORTRAN is also a scalar language. For vectorized supercomputers, eg. a old CRAY, there are vector versions of 
these standard languages. There are also special scalar versions meant for highly parallel computers, such as an Intel 
Paragon.) 

Input and Output (I/O) 
Input allows you to pass information into your program; output allows you to get information out of your program.   
 
To input data from the command window, use the input command.  An example is: 
 
 K=input(‘Enter the hydraulic conductivity >  ’); 
 
The text inside the single quotes will be displayed in the command window, and the program execution will pause 
until the user enters a value.  The value that is entered will be assigned to the variable “K”.   
 
Some variables are numbers (either integers or real numbers); other variables are character strings.  The command 
above is used to enter numbers.  Suppose we want to prompt the user to enter the name of a data file, which is a 
character string.  We could use: 
 
 fname=input(‘Enter the name of the data file >  ’,’s’); 
 
The ‘s’ tells MATLAB that the variable fname is a character string.   
 
 
Suppose we calculate the specific discharge, q, and want to display the results in the command window.  We have a 
choice of output commands, including the following three: 
 
 q 
 disp(q); 
 fprintf(‘The specific discharge is %8.2f’,q); 
 
The first command is just a regular command statement without a semi-colon, so the results are displayed to the 
screen.  In this case, the output will specify the variable name and its value.  The second, disp command will display 
only the value to the screen; it won’t display the variable name.  The fprintf  command is used to display text along 
with the variable value.  In this case, the text inside the single quotes will be displayed on the screen; however the 
“%8.2f” will be replaced by the value of q.  The “%” indicates the format of the variable whose value will be 
displayed (using C language notation).  Some formats are: 
 
 %f real number 
 %i integer 
 %e  scientific notation 
 %s string 
 
The numbers between “%” and “f” specify the total width (8) and the number of decimal places (2) for the display 
of the variable.  For example if q=0.1, the displayed output would be: 
      
 The specific discharge is ^^^^0.10 
 
where the ^ indicates a blank space.  Other format commands can be put inside the single quotes to put a tab in the 
output (\t) or to start a new line after the output is displayed (\n).  For example:  
 
 fprintf(‘The specific discharge is \t %8.2f \n’,q); 
 
will tab between “is” and the data value, and it will start a new line in the command window after the output is 
displayed.  
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Languages, such as C and FORTRAN, make extensive use of these kinds of formated input and output. It is a good 
idea to become familiar with them here, before taking up those languages.  For more on the format conventions used 
in MATLAB see a Mathlab primer or users manual or a C languarge primer and look for appropriate pages on 
formated output. 
 

Programming Exercise.  
Write a MATLAB M-file that calculates specific discharge from hydraulic conductivity and hydraulic gradient.  
Write the code so that it: 

• prompts the user for the values of hydraulic conductivity and hydraulic gradient,  
• uses these values to calculate specific discharge,  
• displays the result. 

 
 

Selection Structures 

 Conditional “if” statements 
Sometimes we want to execute a series of commands only if a certain condition is true.  In these situations, we use 
an if statement.  The proper structure of an if statement is:  
 
 if a < 5 
  a=a+1; 
 end 
 
This statement checks if the variable a has a value less than 5.  If it does, a is incremented by 1; otherwise nothing is 
done.  The condition that is tested is “a<5”; if this condition is true, the commands after the if statement and before 
the end statement are executed.  Other relational operators are: 
 
 < less than 
 >  greater than 
 <= less than or equal to 
 >= greater than or equal to 
 == equal to 
 ~=  not equal to 
 
We can test two conditions simultaneously.  Suppose we want to increment a by 1 if it is greater than 5 and less 
than 10.  We would use “and”, represented by “&”, in the following statement: 
 
 if a > 5 & a < 10 
  a=a+1; 
 end 
 
For this condition to be true, the value of a must be both greater than 5 and less than 10. 
Suppose we want to increment a by 1 if is it less than 5 or greater than 10.  We would use an “or”, represented by 
“|”,  in the following statement: 
 
 if a < 5 | a > 10 
  a=a+1; 
 end 
 
For this condition to be true, the value of a must be either less than 5 or greater than 10. 
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Sometimes we want to execute a group of commands if a condition is true and a different group of commands if the 
condition is false.  In this case, we use an if-else statement, as follows: 
 
 if a > 5 
  a=a+1; 
 else 
  a=a-1; 
 end 
 
In this example, if the condition is true (i.e. if the value of a is larger than 5), then a is incremented by 1; if the 
condition is false, then a is decremented by 1.  If we want to test multiple conditions, we can use if-elseif statements, 
as follows: 
 
 if a > 5 
  a=a+1; 
 elseif a > 10 
  a=a+2; 
 else 
  a=a-1; 
 end 
 
For more on if statements and other selection statements (below) used in MATLAB see the Matlab primers or a 
users manual. It can also be useful to refer to a C languarge primer. Look appropriate pages on alternative selection 
statements. 

Programming Exercise. 
Write a MATLAB M-file that calculates effective hydraulic conductivity of a two-layer system.  Write the code so 
that it:  
 

• prompts the user for the values of hydraulic conductivity and thickness of the two layers;  
• prompts the user to specify whether the arithmetic, harmonic, or geometric mean is to be used (use ‘a’ for 

arithmetic, ‘h’ for harmonic, and ‘g’ for geometric);  
• calculates the appropriate conductivity using an if-elseif statement to determine which equation to use; and  
• displays the results. 

 
Run this program to calculate the effective hydraulic conductivity for K1=5, L1=10, K2=1, L2=20 using arithmetic, 
harmonic, and geometric means, where K is conductivity, L is thickness and the subscripts indicate layer number. 
 

Switch Statements 
Another selection structure is a switch statement.  Suppose a variable a can take on specific values of -1, 0, 1, and 2; 
and suppose that we want to execute different commands depending on the value of the variable. We can use a 
switch statement to select among the several cases based on expression with a format as follows: 
 switch a 
  case –1, 
   b=-sqrt(a)-2; 
   disp(b); 
  case 0, 
   b=a; 
  case [1, 2], 
   b=sqrt(a)+2; 
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   disp(b); 
 end 
 

Programming Exercise. 
Repeat the last programming exercise, but replace the if-elseif statement with a switch statement. 

Loops 
Sometimes we want to execute the same commands a known number of times.  For example, we may want to write 
out the values of an n-element vector b.  If we know the size of the vector, then we know the number of times we 
want to execute the commands.  We can use a for loop to repeat the commands a known number of times.  Suppose 
b=[1,4,3,9,2]; then the number of elements is n=5.  We can use the following for loop: 
 
 for i=1:n 
  fprintf(‘The value of b at time step %i is %i. \n’,i,b(i)) 
 end 
 
In this statement, we defined a loop-control variable i, that takes the values of 1,2,3,4, and 5 in that order.  Since 
there are five possible values of i, the loop is executed five times.   The output of this statement would be: 
 
 The value of b at time step 1 is 1. 
 The value of b at time step 2 is 4. 
 The value of b at time step 3 is 3. 
 The value of b at time step 4 is 9. 
 The value of b at time step 5 is 2. 
 
The statement “i=1:n” controls the number of times that the loop is executed and it controls the values of i during 
each execution.  If we used the statement “i=[1,2,3,4,5]” instead, we would get the same results.  If we used the 
statement “i=n:-1:1”, we would get the results printed in reverse order.  In a for statement, it is even valid to have 
the loop control variable take on non-integer values; however, if we use the loop control variable to index an array 
(as we did in the above example with b(i)), we could run into problems because the array index must be a positive 
integer. 
 

Programming Exercise. 
Write a MATLAB M-file that calculates effective hydraulic conductivity of an n-layer system, using the arithmetic 
mean.  You will need two n-element arrays--one for hydraulic conductivity values and one for layer thicknesses. 
Write the code so that it: 
 

• prompts the user for the number of layers 
• initializes the hydraulic conductivity vector and layer thickness vector (i.e. creates vectors of all zeroes and 

of the appropriate size) 
• uses a for loop to prompt the user for the hydraulic conductivity and layer thickness of each layer 
• uses a for loop to calculate the effective hydraulic conductivity 
• displays the result. 

 
Run this program for three layers, with K1=5, L1=5, K2=1, L2=10, K3=0.2, L3=15. 
 

While Statement 
Sometimes we want to execute the same commands for an unknown number of times until a certain condition is 
met.  For example, we may want to generate random numbers between 0 and 1 until one of the random numbers 
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exceeds 0.8.  We want to execute the same sequence of commands, but we don’t know how many times.  In this 
case we use a while statement, as follows: 
 
 a=0.; 
 na=0; 
 while a < 0.8 
  a=rand(1); 
  na=na+1; 
 end 
 
In each execution of this while loop, a random number is generated (rand(1)) and assigned to the variable a.  This 
continues as long as the condition in the while statement is true (i.e. as long as the current value of a is less than 
0.8).  We count the number of executions of the loop by incrementing the variable na by one each time the loop is 
executed.  Before the loop begins, we define (initialize) a and na, because some value of a is needed just to test the 
condition to enter the while loop (i.e. if a in not defined, we can’t check if the condition “a<0.8” is true).  We must 
be sure that the condition in the while statement will eventually be false; otherwise the while loop will never stop 
executing and we will be in an infinite loop. 

Programming Exercise. 
Modify the previous programming exercise that calculates effective hydraulic conductivity of an n-layer system.  
Instead of prompting the user for the total number of layers, ask the user if he wants to enter information for another 
layer. Then, continue prompting the user for hydraulic conductivity and thickness information until the uses 
indicates he is done.  Then calculate the effective hydraulic conductivity using the arithmetic mean.  For this 
problem, you can’t set the arrays to the appropriate size up front because you don’t know their lengths.  But, you 
can initialize them to empty: K=[];.   Although this may not be necessary, it eliminates any possibility of reusing 
leftover data from a previous run. 

Array Indexing 
When using indexed arrays in for loops, make sure that the arrays are indexed properly.  A one-dimensional array 
q=[1, 1.2, 1.4, 1.6, 1.8, 2.0]; has six elements with q(1)=1; q(2)=1.2; q(3)=1.4; q(4)=1.6; q(5)=1.8; and q(6)=2.0, so 
q(n) picks out the nth element of q.   If we had a for loop running from j=1:7, and inside of the loop we used q(j), we 
would get an error (“index exceeds matrix dimensions”) and the program would stop running.  Note that if we had a 
for loop running from j=1:.2:2, then j would take the values of 1, 1.2, 1.4, 1.6, 1.8, and 2.0.  If we used q(j) inside of 
the loop, we would get an error because q(1.2) does not exist.  That is, there is a value of 1.2 in the q vector, but 
there is not 1.2nd value of the q vector.  The array indices must be positive numbers! 
 

PROGRAMING EXERCISES: 
 
1. Write a MATLAB M-file that calculates specific discharge from hydraulic conductivity and hydraulic gradient.  
Write the code so that it: 
• prompts the user for the values of hydraulic conductivity and hydraulic gradient,  
• uses these values to calculate specific discharge,  
displays the result. 
 
2. Write a MATLAB M-file that calculates effective hydraulic conductivity of a two-layer system.  Write the code 
so that it:  
 
• prompts the user for the values of hydraulic conductivity and thickness of the two layers;  
• prompts the user to specify whether the arithmetic, harmonic, or geometric mean is to be used (use ‘a’ for 

arithmetic, ‘h’ for harmonic, and ‘g’ for geometric);  
• calculates the appropriate conductivity using an if-elseif statement to determine which equation to use; and  
• displays the results. 
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3. Repeat the last programming exercise, but replace the if-elseif statement with a switch statement. 
 
4. Write a MATLAB M-file that calculates effective hydraulic conductivity of an n-layer system, using the 
arithmetic mean.  You will need two n-element arrays--one for hydraulic conductivity values and one for layer 
thicknesses. Write the code so that it: 
 
• prompts the user for the number of layers 
• initializes the hydraulic conductivity vector and layer thickness vector (i.e. creates vectors of all zeroes and of 

the appropriate size) 
• uses a for loop to prompt the user for the hydraulic conductivity and layer thickness of each layer 
• uses a for loop to calculate the effective hydraulic conductivity 
• displays the result. 
 
Run this program for three layers, with K1=5, L1=5, K2=1, L2=10, K3=0.2, L3=15. 
 
5. Modify the previous programming exercise that calculates effective hydraulic conductivity of an n-layer system.  
Instead of prompting the user for the total number of layers, ask the user if he wants to enter information for another 
layer. Then, continue prompting the user for hydraulic conductivity and thickness information until the uses 
indicates he is done.  Then calculate the effective hydraulic conductivity using the arithmetic mean.  For this 
problem, you can’t set the arrays to the appropriate size up front because you don’t know their lengths.  But, you 
can initialize them to empty: K=[];.   Although this may not be necessary, it eliminates any possibility of reusing 
leftover data from a previous run. 
 
 


