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Lecture 20 – Structure Arrays 

Objectives:  To introduce structure arrays and their applications in MATLAB.

The overall goal of this lecture is to introduce another type of array, called the structure arrays, describe how to create them, evaluate them, and use them in programming applications. 

[bookmark: Aesthetics][bookmark: _bookmark83]20.1 Structure Array
In previous lectures, we covered different kinds of data types such as: double, character, logical, symbolic, cell arrays. This lecture will cover a new data type called structure array. 

20.1.1 What is a Structure Array
A structure array is a MATLAB array in which the overall structure has a name and each of its elements has its own individual name. We call the elements fields, and each field may store a different data type. A record is a set of related fields where each field may contain a different data type. Fields are given names, and they are referred to as structurename(record).fieldname using the  dot operator. 
[image: A visual of the structure array and its associated fieldnames]
Figure 20.1: Visualization of a Structure Array
Consider the structure array Student shown in Figure 20.1, the name of the structure is Student. And the structure array Student has four fields: name, classification, major and GPA. Information of a student with all four fields is considered a record. The field name can be accessed for student #1 as: student(1).name

20.2 Create and Edit Structure Array Functions 
Similar to Cell Arrays, there are two ways to define a structure array: Assignment and Pre-allocation. 
20.2.1 Creating Structure Arrays by Assignment
To define a structure array by assignment, we will use the assignment operator with each field, one at a time. Each time data is assigned to a field, that field is created in the structure. For example, we will define the structure array shown in Figure 20.1 with the following commands:
	student(1).name = 'Jane Smith';
student(1).classification = 'Sophomore';
student(1).major = 'Electrical Engineering';
student(1).GPA = 3.47;



To view all data, we will type the structure name, in this case student. 
	>> student
student = 
  struct with fields:
              name: 'Jane Smith'
    classification: 'Sophomore'
             major: 'Electrical Engineering'
               GPA: 3.4700



20.2.2 Creating Structure Arrays by Pre-allocation
Similar to cell arrays, structure array can also be defined by pre-allocation using struct function. The struct function follows the basic form of
Str_array=struct(‘field1’, val1, ‘field2’, val2, …)
To create an empty structure array ‘student’ with same fields as previous part. We can use the following line of code:
	student(10)=struct('name',[ ],'classification',[ ] ,'major',[ ],'GPA',[ ]);


To view all data, we will type the structure name:
	>> student
student = 
  1×10 struct array with fields:
    name
    classification
    major
    GPA



20.2.3 Common MATLAB Structure Functions

Table 20.1: Common MATLAB functions associated with structure arrays
	MATLAB Function
	Description

	rmfield
	Removes a field form a structure array

	getfield
	Get current value from a field

	setfield
	Set new value into a field

	fieldnames
	Return a list of field names in a cell array of strings



To print, disp will display all fields; fprintf can only print individual fields. 

20.3 Evaluate Structure Arrays 
To evaluate structure arrays, we will look at a few problems to get practice.

20.3.1 Practice Session: Problem 1
Given the following definition of structure array B
	B(2)=struct('a',[],'b',[],'c',[]);
B(1).a=-2*eye(3);
B(1).b='Element 1';
B(1).c=[1 2 3];
B(2).a=[B(1).c', [-1;-2;-3], B(1).c'];
B(2).b='Element 2';
B(2).c=[1 0 -1];


Determine output of the following statements and then verify using MATLAB:
i. B(1).a-B(2).a
ii. mean(B(1).c)
iii. B
iv. B(1)
v. B(2)

Solution:
i. B(1).a - B(2).a
We know that B(1).a is an identity matrix with -2 on the main diagonal. And B(2).a has the transpose of B(1).c as the first and third column. The second column is -1, -2, -3. Then we can perform element wise subtraction to find the final answer. 

MATLAB Verification: 
	>> B(1).a - B(2).a

ans =

    -3     1    -1
    -2     0    -2
    -3     3    -5



ii. mean(B(1).c)
Mean function will find the average value of all the values in an array. Therefore, the result should be 2
MATLAB Verification: 
	>> mean(B(1).c)

ans =

     2



iii. B
Typing the name of structure in the command window will display the size and all the fields in the structure array. 
MATLAB Verification: 
	>> B

B = 

  1×2 struct array with fields:

    a
    b
    c



iv. B(1)
Type the structure array name with record in the command window will display all fields and value of the record.
MATLAB Verification: 
	>> B(1)

ans = 

  struct with fields:

    a: [3×3 double]
    b: 'Element 1'
    c: [1 2 3]



v. B(2)
This is the same as part iv, but the result should display the value of record 2. 
MATLAB Verification: 
	>> B(2)

ans = 

  struct with fields:

    a: [3×3 double]
    b: 'Element 2'
    c: [1 0 -1]





20.3.2 Practice Session: Problem 2   
Structure arrays can be used much like a database. Create a structure array planet to store information about the planets. The field names are name, mass, year, velocity.
	Planet Name
	Mass, in Earth Multiple
	Length of Years in Earth Years
	Mean Orbital Velocity, km/s

	Mercury
	0.055
	0.24
	47.89

	Venus
	0.815
	0.62
	35.03

	Earth
	1
	1
	29.79



Solution: 
	planet(1).name='Mercury';
planet(1).mass=0.055;
planet(1).year=0.24;
planet(1).velocity=47.89;
 
planet(2).name='Venus';
planet(2).mass=0.815;
planet(2).year=0.62;
planet(2).velocity=35.03;

planet(3).name='Earth';
planet(3).mass=1;
planet(3).year=1;
planet(3).velocity=29.79;



20.3.3 Practice Session: Problem 3  
From the Problem 2 (last section), prompt the user to enter the data as below instead of entering yourself (Hint: You will be using a while loop; at the end of each loop ask user to enter 1 to enter more data or 0 to quit.) The structure name is planet, and the field names are: name, mass, year, velocity.

	clear all; clc; close all;
x=input('Enter 1 to enter data, Enter 0 to quit: ');
k=1;
while x==1
    planet(k).name=input('Enter Planet Name: ','s');
    planet(k).mass=input('Enter Planet Mass: ');
    planet(k).year=input('Enter Planet Years: ');
    planet(k).velocity=input('Enter Planet Velocity: ');
    x=input('Enter 1 to enter data, Enter 0 to quit: ');
    if x==1
        k=k+1;
    else
        disp('Thank you for using the program');
        break;
    end
end



20.4 Explore Further
To further explore the concepts covered in this lecture, you can refer to Mathworks documentation for structure arrays, and also check out MATLAB Marina website to learn more about them.

20.5 Conclusion/Summary of Key Points
The overall goal of this lecture was to introduce a new data type, structure array, and learn about how to define and evaluate it correctly along with learning its advantages when working with databases. The key points are captured as follows:
1) A structure array is a MATLAB array in which the overall structure has a name and each of its elements has its own individual name (field names).  It is accessed using the field names. 
2) A structure array is a collection of records. And a record is a set of related fields where each field may contain a different data type. And a field is an array of data that defines a particular attribute of an object.  
3) There are two ways to define structure: Pre-allocate using struct( ) function or using assignment operator.  
4) Accessing data in structure array: structurename(record). fieldname using the dot operator. 
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