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Introduction: 

Many companies these days use stack as one of their core functionality in their products, be it an operating system, a word processor, an airline reservation system, a container terminal or high tech applications such as document image decoding, all of them use stack functionality. Stack functionality is complex to code and testing will be even more complex. It will need solid understanding of stack fundamentals and in particular, how it functions or the algorithm in order to test an application that uses stack functionality. This paper is created to guide the testers to help them clarify basic stack functionality knowledge and focus on important test cases that could be executed to ensure that application, which uses stack functionality, properly functioning. It is important to note that, the paper outlines the test cases more from black box perspective than the white box. 

The goal of this paper is to provide the reader with

· An understanding of terminologies used in stack.

· A basic understanding of stack functionality supported by live examples.

· A description of very high-level test cases – the reader may create application specific test cases. This white paper provides very important test cases that need to be executed.

Readers who have solid understanding in data structures can easily comprehend the paper but for those who know little less enough examples are provided.

What is a stack?

In computer terminology, a stack is a temporary abstract data type and a data structure based on the principle Last In First Out (LIFO). A stack is an array of elements of same data types.

Array Cities [i]  = { Mumbai, NewYork, Detroit, … NewDelhi}

A stack could also be implemented using a linked list as a data structure; if that is the case, then the advantage is that the elements could be unlimited. It is important note for the testers to realize which data type is being used in the application functionality so that testers can devise right type of test cases. So you should know little bit of code. If there is a maximum limit then it must be using an array.
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Knowingly or unknowingly we use stack in our day-to-day life also. Some of the most commonly used analogies are as below.

· A child is playing with toy and keeps them one over the other and pulls the bottom one just to see the entire top toys falling down.

· In Restaurants, the plates are neatly kept one over the other in buffet lunch. One has to take the top one first.

· A Container terminal keeps its container over the above and one beside the other.

· An airline loads its transit luggage one over the other.
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In stack, the objects are either inserted or deleted. The insertion and deletions happen strictly by the principle Last In First Out (LIFO)
 Example to Illustrate Stack functionality;

Consider that x = {P1, P2, P3. ..P10} are the plates in a restaurant. The way they are placed or removed can be presented in as below.































































































































































Figure 1

Note the below points to comprehend;

· P1 is placed (inserted) first and at the bottom. Inserting is called as Push operation
· P2 was inserted next on top of P1

· This insertion continued till P10 plate.

Important points to note:

· Only one plate is inserted at a time.  i.e. one object at a time.

· If it is an array, always check the maximum size.

· If it reaches maximum limit, the stack is full and will not accept any more values.

· If max size is 10, in above case, we may like to place only 1 plate (element) or all 10 elements or only a few like, say, 8 plates. But max 10 can be inserted.

· Please note that the push takes place only on one end and that is top.

· In  a linked list, unlimited number of elements could be pushed.

Main Stack Operations;

Object top ()   - This method returns the last inserted object, but will not remove it. In the 

                         above Example it is P10
push(object)   -  Push operation inserts an object (element) in the stack. In our example, 

                          P1 up to P10 were inserted so we used Push operation in each case. This 

                          is nothing but a method in the language.

IsEmpty()     -   This method checks the stack whether empty. See First box. The stack is 

                          empty, no elements are placed yet. This is a Boolean operation and 

                          returns either true or false. 1 if it is empty 0 if it is full or partially full.

size()            -   This method returns the size of a stack. This is an integer. In the above 

                          example it will return 10

isFull()         -    This method returns true if the stack is full otherwise it will return false.

                          In our case if the max size is 10, and we pushed only 2 elements then the 

                         stack is not full it will result false, 

Once the plates are inserted, they may be removed or may not be removed.






























































































































































Figure 2

Main Stack Operations;

pop()            -     This method removes a particular object. In the above example, we 

                            removed P10, P9 …

· P10  was removed first because the principle is LIFO. Removing an object from the array is called “Pop” operation. 

· If we want to remove a particular object say P8
· Then to do that you have to pop P10 first

· Then pop P9 

· And then pop P8.  

· Note: You cannot directly pop P8 without popping P10 and P9.

· If it is required to empty the whole stack, then all objects right from P10 to P1 have to be removed.

Important points to note:

· Only one plate is removed at a time. i.e. one element or object at a time.

· To reach the first object, you have to pop all previous object

· You cannot pop object from an empty stack.

· Array has a index which keeps track of each of the object. For ex.

· Array plate[3] = {plate1, plate2, plate3} – The plate 3 index is plate[2]

· Please note that the pop takes place at one end and that is from the top.

Direct Uses of Stack functionality:

There are many practical uses of stack. The most prominent are chain of method calls in the Java Virtual Machine. 

Word Processor;  - Undo Operation

In the Microsoft Word, enter the following.

one

two

three

four

five

six

seven

eight

nine

ten.

Now, press ctrl- Z. See what happens?

It removed the word ten.

Press again ctrl –Z, see what happens?

Now it removes the word nine.

This is one direct example of a stack. 

Container Terminal;  - Load and discharge

A container terminal may use stack functionality to load and discharge the containers.  Loading is, inserting a container of same shape and size on the stack. Discharging is removing a container from the stack.

Compiler program checking for syntax:-

A compiler program that checks for parenthesis uses stacks functionality.

() is correct, (} is incorrect, (({) incorrect, (()) is correct. 

Test Case Designing:

In order to test a stack functionality from the black box perspective following minimal test cases must have to be executed. The following table summarizes both positive as well as negative test cases. These test cases are generic in nature and the reader can use them and / or convert specific to the application under test. It is imperative that, the tester must design test cases for testing both push and pop functionality. Pop comes later to push. One cannot pop an element unless it is pushed.

The test cases are structured in two sections 1. Push functionality and 2. Pop functionality.

Please note that, the test cases are based on the example used in figure 1 and figure 2. However, the same concept could be used for testing any functionality that uses stack functions.

It is suggested that multiple stacks be created for testing purpose

Option 1: You should ideally test one set with full stack. Ex. Max size is 10, so, push all 

               10 elements in it.

Option 2: The other with less number of elements than the maximum. For ex. Max is 10 

                elements and you push only 4 

Option 3 : Create just an empty stack with no elements in it.

1. Push Functionality Test cases:-

	Sr.No.
	Test case
	Expected Output
	Type

	1
	Check whether the stack isEmpty()
	The Stack should be empty and isEmpty should result in success because no elements are still placed.
	Positive

	2
	Select the stack and search for top() element. Or show element, which is on top for an empty stack.
	It should throw an exception as there are no elements in the stack and the top element cannot be selected or searched.
	Negative

	3.
	Select P1 and push it in the stack.
	The element P1 should be successfully placed.
	Positive 

	4.
	Check the stack for  isEmpty()?
	The Stack should be full. It should return false, 0 value.
	Negative

	5.
	Select P1 (the first element) and try to push on the non-empty stack.
	Exception should be thrown as to the stack is not empty. It should not be possible to select the same object P1 again.
	Negative

	6.
	Select the element P2 and push it in stack.
	The element P2 should be pushed to the stack.
	Positive.

	7.
	Check that P1 is below P2. The only way you can make out this is by using the index value. For ex. P1 index should be 0 and P2 index should be 1. This means that P2 is sitting on P1.
	The P2 element should be above P1
	Positive.

	8.
	Check the size, max size of stack.

The array [] is a max size and applications may specify the max size.
	The size of stack should be 2 and max size should be 10.
	Positive

	9.
	Try to push more than one element at a time say P3 and P4
	Exception or it should not be possible.
	Negative.

	10.
	Push P3 element and continue to push the other elements P4 … P10
	All elements P3…P10 should be pushed one after the other.
	Positive.

	11.
	Push more than 10 items in the stack.
	FullStackException() should be thrown or application should not allow to push more than max number of elements.
	Negative

	12.
	Select the stack and search for top() element. Or show element, which is on top
	Now P10 is on top and it should return value = P10
	Positive.


2. Pop Functionality Test cases:- Using these functionality you discharge or remove an object.

	Sr.No.
	Test case
	Expected Output
	Type

	1
	Execute the test case when the stack is empty. i.e. confirm that the isEmpty() returned success 1.

Try to pop up an element when there is no element in the stack.
	Exception should be thrown as stack is empty.
	Negative

	2.
	Execute the test case when the stack is empty. i.e. confirm that the isEmpty() returned success 1.

Select the stack and search for top() element or show an element which is on top
	Exception should be thrown as the stack is empty.
	Negative

	3.
	Execute the test case when the stack is empty. i.e. confirm that the isEmpty() returned success 1.

Check the size of the stack by using size() to see number of elements stored.
	The size should return 0 as the stack is empty.
	Negative

	4.
	Execute the test case when the stack is having at least one element in it.

Note down the index of the element. In our case there are 10 plates already pushed in the above example while testing. The index of P10 is 9.

Try to pop up an element P8 without removing P10.


	Exception or the system should not allow to remove element P8 without having popped P10 first.
	Negative.

	5.
	Execute the test case when the stack is having at least one element in it.

Note down the index of the element. In our case there are 10 plates already pushed in the above example while testing. The index of P10 is 9.

Pop up element P10.
	P10 element should be popped out.
	Positive

	6.
	Use size() and find out the size of stack.
	The stack should now contain only 9 elements because P10 is already out
	Positive.

	7.
	Use top() and find out the top most element in the stack.
	The top most element now should be P9 
	Positive

	8.
	Use Pop() to remove P9, ….P1
	All elements should be removed one after the other.
	Positive

	9.
	When all elements are removed from the stack.

Try to pop an element
	Exception should be thrown as stack is already empty and there are no elements to pop.
	Negative.

	10.
	Try to get top() element of the stack.
	Exception should be thrown as stack is already empty and there are no elements.
	Negative.


Stack could be implemented in two ways one by using an array which has a limit to store maximum number of elements, the other way is to use a Linked List data structure using this unlimited number of elements could be stored. It depends on the application you use. If a link list is used then you can revisit the test cases. 
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