Chapter &:

Vectors




Variable Types

A So far we have been using 4 simple data

types:
<Xldouble, int, char, bool

A'We are starting to create our own user
defined types called “Structured Types™
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Vectors

A Arrays or vectors allow us to replace long lists
of variables (that have different names) with
one variable name (storing the same type of

data).
XIFor example, we can store several grades and

perform calculations on them, without losing the
actual grades.

XlVectors are data structures where each
element 1s accessed using indexed positions.

XlEach index describes the relative position of an
clement in the vector.



Vectors
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A Store several objects of the same type
in sequential order




#include "apvector.h” //.h for Borland 5.02
int main ()

{

apvector<int> numbers;

.

vector type 1tem type vector variable name




Declaring Vectors

A'When declaring a vector, we need to tell
the computer:

<] the type of items to be stored (int, double,
char, or apstring), called the base type

Xlthese data elements must all be the same data




Format for Declaring Vectors

AThe general format is:

apvector <component type> <variable name> (<integer
value>);

<XIWe must: #include “apvector.h” Borland 5.02
Xlstart with: apvector

Xlcomponent type is any predefined, or user defined data
type: this must be in angle brackets <>

Xlvariable name is any valid identifier

<XIThe integer value declares how many memory
locations to reserve counting from 0 to N-1 in
parentheses.

Xlapvector uses dynamic memory, so you can ask the
user how much memory to reserve.



#include "apvector.h” //.h for Borland 5.02
int main()

{

apvector<int> numbers(5) ; vector length
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vector type item type vector variable name




Examples of vector declarations

apvector <int> hours;  //Size is zero

apvector <int> integers (100, 0); //Size = 100
//Every value = 0

cout<<*“Enter the number of stocks to track: ”’;

cin>>num_ stocks;

apvector <double> stock prices (num_stocks );




Vector Indices and limits

XlIndividual items, elements, or components in
the vector are referred to using an “index™ or
“subscript”.

 This index must be in the range of zero to N-1
XJRange Bound Error
* [f you use an index value less than zero or greater




Vectors and indices

AIf we define the vector:

apvector <int> list (5) //for an apvector
Xlwe could visualize it as follows:

Xlnote that we start counting the indices from 0
(zero) to N-1 (one less element than declared)




int main ()

{
apvector<int> numbers(5) ;

for (int 1 = 0; i <= numbers.length(); ++1i)
numbers [1] 1




Vector Elements

AThe contents of each “box™ is called an
“element” or “component” of the vector, and
may store one int, double, char, bool, or
apstring value (whatever was defined as the
base type or component type).




Initializing A Vector

A Since each element in a vector is
undefined, it 1s considered good
programming to “initialize” each element
of each vector that you declare.




Initializing Values

AFor example:

XJA grade of -99 is rarely seen in the normal
context of grades, so assigning every element
equal to 99 (or another negative number) is a




vector fill value

#include "apvector.h"
int main{() l

{
apvector<int> numbers (5, 1);\mxxorlengﬂ1

]

vector type item type vector variable name




Initializing A Vector

AVectors are easily initialized when they
are declared using the “fill value”.




A safe array class (Vectors)

AThe safe array class should include the
following features:
It should support the subscript or index operation.

The user can specity the size of the “vector™.

RN R K

The “array™ should be easily initialized with
values set to a “fill value™.

&

Vectors should support the assignment statement
to copy the contents of one vector into another.

X

Vectors should be able to adjust their size during
assignment operations.



Comparing an Array with a Vector
A Here 1s a sample program using arrays:

A Here 1s a sample program using apvector:

<XIThe biggest difference between the two programs is
that “vectorav.cpp” allows the user to declare how
many elements they want to use in the vector.

i - 4 = ,
|
;




apvector 1s a Template Class

A Template Class

A A template class 1s a class that allows the user to specity what
the data type of the instances (variables, objects) are. It’s
component types are specified as parameters.

<XlIn the apvector class we can declare:
* apvector <int> mt_vector;
* apvector <double> double vector(size);
 apvector <apstring> string_vector(size, init_value);
* The angle brackets <> surround the data type.

XIWatch for the following notations in the class:
« template <class itemType> //itemType behaves like a

 apvector <itemType> //formal parameter in the class



The length function

AThe apvector class has a member function to
indicate the “size” of the vector.
XIThis indicates the length that the vector was
declared, not the number of valid elements that are
stored in the vector.




The Resize Function

apvector includes a function to “resize” the vector

// description: resizes the vector to newSize elements

// precondition: the current capacity of vector is length( );
/mewSize >= 0

acity of vector is newSize; for




Example of Resize

const int SIZE = 5;

apvector <int> scores(SIZE);
cout<<scores.length( );

//Ask the user for the new size of the vector

cout<<“Enter the number of elements for the vector: *;




Structured Types

A A vector 1s a structured type. Vectors can
vary 1n size, therefore, few commands can
be used on the entire vector.




Operations on Data
In A Vector

A A definite or indefinite loop is used to perform
many operations with a vector, including;:

XlEntering the data

XIPrinting the data




Entering Data into a Vector

for(int index=0; index < grade.length( ); ++index)
d
cout<<“Enter Grade # “<<index <<* : *;
cin>>grade | index |;
)
A An mdeﬁnlte loop -ﬁ-'would be much better if you don’t




Displaying the contents of a Vector

void Print Vector (const apvector<double> &grade)

d

for(mt mdex—O index < grade length() ++index)
‘e ex << i.




Displaying the contents of a
Vector using rows & columns

for(int index=0; index < grade.length( ); ++index)
d

cout<<setw(5) <<grade[index] ;

if (index % 10 == 0)




Vector Algorithms:
Average of a Vector

ATo find the average of all the elements in
a vector:




Vector Algorithms:
Maximum score of a Vector

ATo find the maximum score of all the
elements in an vector:

max = scores|0];




Vector Algorithms:
Finding the Index of the
Maximum score of a Vector

ATo find the index (position) of the
maximum score of all the elements in a
vector:




Vector Parameters and Functions

//Function: Get Data

//Get scores from the user at the keyboard until
//the SENTINEL is entered.

//

/ 1puts list




Vectors and Functions

A Vectors need to be passed as reference parameters to
functions.

A Be aware that any changes to the vector in a function,
change the actual vector, not a copy of the vector as is
done with value parameters.

A The vector is not actually passed to the function, only the
address of the vector, as is the case with reference
parameters.

A'You should pass the actual number of valid elements in
the vector to a function, but you do not need to send its
size. We can find the physical size of the vector using
the length function.



Vectors and Functions 2
Alist.length( ); represents the physical size of the vector.

A The logical size parameter in Get Data function
represents the logical size of the vector when the
function returns the value.

A The physical size of an vector is the number of memory
units declared for storing data items in the vector.

A The logical size of an vector represents the actual
number of data items in the vector at any given time.

A Use const apvector <basetype> &vector name when you
want to ensure that no changes occur in the vector. (i.e.
Display Output function)



Physical Size vs Logical Size

A When created, vectors have a fixed
capacity (number of physical cells)

The number of data 1tems (logmal s1ze




int main()

{

apvector<int> numbers (5) ;

for (int i = 0; i ; 1++)
numbers[i]




Entering Data into a Vector
Using Indefinite Loops
A A primed while loop will allow the user
to enter data until they wish to quit by
entermg an 1nput SENTINEL

P434vect.c P434vect.txt




int main ()

{

apvector<int> v (10) ; // Start with length of 10
int data;
int count = 0;

cout << "Enter a number or -999 to quit: ";
cin >> data;

while (data '= -999)
{
if (v.length() = = count) // Expand by factor of 2 if no room
v.resize (count * 2);
v[count] = data;
++count;

cout << "Enter a number or -999 to quit: ";
cin >> data;

if (v.length() != count) // Shrink to number of items stored
v.resize (count) ;




Sorting & Searching Vectors

Sequential Search
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