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1. Why are dynamic data structures needed?

Suppose that a program needs to use arrays, the number of elements (objects) of which is only determined during the program.

Solution:

If the number of elements N of an array (for example, of integers) has finally been determined at some point during the program, then we create an array in dynamic memory in the program:

int * array = new int[N];
Pros:

• we use this dynamic array exactly the same way as a “normal” array (i.e., like an array whose number of elements is already known when compiling the program) – for example: array[k] = 123;

• if such an array is no longer needed in the program, we can free the memory reserved for it at any time: delete array;

Cons:

• it is impossible (without incurring large “additional costs”) to change the number of elements in such an array during the program’s operation 

In fact, there are a lot of applications where the constant change in the number of elements (objects) over time is already “built into” the task being solved by the corresponding program!
Example: Accounting for active customers (at a given point in time) in Internet banking server
Dynamic data structures are parts of a program that allow the creation and use of collections of data elements, i.e. containers, into which data elements (objects) of a certain type can be added or removed during program execution.

Dynamic data structures are implemented in the computer's dynamic memory using pointers. Dynamic data structures represent implementations of various abstract data types (Abstract Data Types).
The main differences between abstract data types are:

• how objects are added

• what relationships exist between objects in a container

• what objects (and in what order) can be removed from a container

• what access is provided to objects in a container

The simplest abstract data structure in terms of complexity is a stack.
2. Stack (LIFO - Last In, First Out)

Properties of a stack:

1) A stack is a dynamic container of data elements (objects) (the number of elements changes during the program)

2) all elements are of the same type

3) the initial state of the stack is an empty stack (there are no elements in it)

4) the elements are ordered according to the time order in which they were added to the container: the first element added is located at the “bottom” of the container, the last element added is at the “top” of the container

1) Operations performed with the stack:
a) init - creating an empty stack,

b) push - adding a new element to the top of the stack,

c) pop - taking an element from the top of the stack.

2) During the execution of the operations, the following must be performed:
a) underflow check (to avoid taking from an empty stack!),

b) overflow check (is there "room" to add a new element?)
Magazine uses:

• Firearm cartridge magazine

• Storing the return address when calling a subroutine (for executing a return statement!)

• Etc., etc....
Example: Integer stack on a bounded stack int maxHigh = 4; // maximum number of elements in the stack int count; // number of elements (integers) in the stack
int array[maxHigh];
//container
//  array[0]bottom of magazin , array[count-1] –  top of magazin
	Jrk.

nr.
	Tegevus
	Funktsiooni väärtus
	Magasini olek pärast tegevust



	
	
	
	count
	array[0]
	array[1]
	array[2]
	array[3]

	1
	Init()
	
	0
	-
	-
	-
	-

	2
	Pop()
	Underflow
	0
	-
	-
	-
	-

	3
	Push( 128 )
	Ok
	1
	128
	-
	-
	-

	4
	Push( -13 )
	Ok
	2
	128
	-13
	-
	-

	5
	Push( 77)
	Ok
	3
	128
	-13
	77
	-

	6
	Pop()
	77
	2
	128
	-13
	-
	-

	7
	Push( 493 )
	Ok
	3
	128
	-13
	493
	-

	8
	Push( -912 )
	Ok
	4
	128
	-13
	493
	-912

	9
	Push( 101 )
	Overflow
	4
	128
	-13
	493
	-912

	10
	Pop()
	-912
	3
	128
	-13
	493
	-


Implementation.

• It must be possible to create any number of magazines in the program.

• The length of the array is specified when the magazine is initialized
3. Queue or tail (queue, FIFO – First In, First Out)

Operations performed with a queue:

1) Creating an empty queue: init

2) Adding a new element to the end of the queue: enqueue

3) Taking an element from the beginning of the queue: dequeue

When implementing a queue, you must remember:

1) The location of the element at the beginning of the queue in the container: first

2) The location of the element at the end of the queue in the container: last

3) For each element in the container, the element immediately following it in the queue must be known
