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How to Implement a Stack Data Structurein C++

A stack is a basic data structure that is commonly used throughout computer science. For example, astack is
utilized by your web browser to remember the last few pages you were on. Developers and programmers should
be very familiar with...

Part 1 of 5;

Configuring the I nitial Environment

Open your IDE (Integrated Development Environment). If you are using Visua Studio, you can open
it by pressing the Windows Key and then searching for "Visual Studio”. An IDE isrequired to run your
program. If you do not have an IDE installed, install one prior to continuing with this article. Though no
particular IDE isrequired, theinitial environment configuration steps in this project will be demonstrated
in Visua Studio.
1. If you are aready familiar with configuring an environment and creating a class, then do so and
proceed to part two, where you will begin implementing the stack class.
1. You canuse How to Install Visual Studio (Windows) or How to Install and Configure Xcode
(Mac OS X) to help with installation.
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New Praject + IEH

Create a new project. You must create a new project to group all the code that is associated with the
specific goal you are trying to achieve. This helps with organization as sometimes the specific goal you are
trying to achieve may require a substantial amount of code.

1. InVisual Studio, use the keyboard shortcut Ctrl +? Shift + N| to open anew project.. In therare case
your Project does not open to a CLR Project (Clear Project), create anew C++ CLR Project by
clicking on:

1. Installed (Side Panel)

2. Visua C++ (Side Panel)

3. CLR (Side Panel)

4. CLR Empty Project (Center view)

Mew Project r n

Enter the detailsfor your project. At the bottom of your New Project window, there will three text
boxes: Name, Location, Solution Name. Though it is not required, you probably want to fill them to help
decipher between other projects. After you have entered these, click the "OK" button at the bottom right.

1. Name: stackType



2. Location: Browse for your Documents folder
3. Solution Name: stackType

-

‘[: wokneme to the Cliss Wizand

Add aclassto your project. InVisual Studio, the easiest way to add class isto simply use the keyboard

shortcut Ctrl +2? shift + X . Once the window title Class Wizard opens, click the Add Class button towards
the top right.

Class Wizard ?

ﬁ Welkcome 10 the Class Wicard

o Cancel deph

Enter the detailsfor your class. Inthe Add Class window, enter StackLinked in the text box titled

Class Name. Assure that none of the option boxes towards the bottom are checked. Once thisis completed,
click the OK button towards the bottom right.



Part 2 of 5:
Preparing Your Pre-lmplementation Files

1. Implement the StackL inked Class Header using the code given below. In order to implement the
methods needed, you must first let the IDE know the names of those methods. To do this, simply copy the
code in the box below to your StackLinked.h file. A stack can have many implementations which rangein
complexity; however, here you will be implementing the most fundamental and most well-known version,
which will consist of isEmpty, push, and pop. In Visual Studio, once you have coded the signaturesin
StackLinked.h, it will likely show you an error until you code the definitions in the StackLinked.cpp file;
there is no need to worry as you will do just thisin the coming steps.

#i ncl ude usi ng nanespace std; tenplate typenane Dat aType> cl ass

St ackLi nked { public: StackLinked( ); // Constructor ~StackLinked( );
/'l Destructor // Menber functions void push( const DataType&
newDataltem ); DataType pop( ) throw ( logic_error ); bool isEmpty( )
const; // DISpl ay Stack (Testing and Debuggi ng) void showStructure()
const; private: /* * LI NOTE it

* LEAVE ROOM HERE TO I NSERT --- Node C ass --- IN THE NEXT STEP > */
St ackNode* top; // Ptr to renmenber top of stack };

2. Implement StackNode in the StackL inked Class. Since this stack implementation utilizes aLinked List,
which isjust achain of connected boxes (nodes) containing data, you will need to include the StackNode
class. To do this, again, smply copy paste the code from below to your StackL inked.h file. Thiswill
allow the implementation to make the boxes and connect them together. It is crucia that you do this step
carefully, for if thisis not done correctly then nothing else will work. Furthermore, if done incorrectly, this
may result in memory leak; which will not be good for you computer. Y ou can think of this as the basic
building block for your stack.

/'l Node Class (Each itemin stack is one node, insert this in the sane file
cl ass StackNode { public: StackNode(const DataType& nodeDat a,

St ackNode* nextPtr) { dataltem = nodeData; next = nextPtr; } DataType
dataltem // Data stored in node StackNode* next;

/1 Pointer holding the address of the next node };

Part 3 of 5:

I mplementing the Code for Stack

1. Implement the Constructor. To implement this, initialize the top pointer to nullptr. Thisistelling the
computer that, for now, don't point to any memory address in specific, but be ready to shortly. Thisis
require because, logically, it isimpossible to use something that isn't built. Ensure to include commentsin
your code to help you better understand. The run time complexity of thisis O(1).[4

/* * Default Constructor * Method to initialize all class variables
* PreCondition - None * PostCondition - top is initialized */

/1 Cass Menber top is initialized to nullptr tenplate typenane

Dat aType> St ackLi nkedDat aType>:: StackLinked ( ) { top = nullptr;

/1l initialize value }



2. Implement the Destructor. The destructor will deallocate all the nodes in the stack. To deall ocate a node:
1. Firgt, reference the top node with atemporary node (to remember the location).
2. Second, move the top node to the next (previous) item. Think of this like a stack of boxes, to
reduce the size, you take one box off at atime.
3. Lastly, deallocate the memory taken by the previous node with the temporary node created.
Repeat this process until the stack is empty to destruct entire stack
1. Since the nodes dynamically allocate memory, which means they ask the computer for space to put
their data, they must be deallocated when no longer needed. If the class does not have a destructor,
then it will lead to memory leak. The complexity of this method is O(n).

/* * Destructor
* Method will deallocate all space taken by the stack
* PreCondition - None ( No operations prefornmed is stack if enpty )
* PostCondition - top = nullptr ( No Nodes in Stack ) */
/'l Al nodes in stack are deallocated tenplate typenane DataType>
St ackLi nkedDat aType>: : ~St ackLi nked( ) { StackNode* traverse;
Tenp NodePtr while ( !'this->enpty( ) ) {
Stop when no nodes left traverse = top;
Renenber the previous top node top = top->next;
Move top node to the next node del ete traverse;

/
/
/
/
/'l Deallocate the top node stored at start } }

e

2. Implement the push. The push method adds a data item to the top of the stack. In layman's terms, it
will add another "box of data’ on top of the existing "boxes of data’. In order to do this, you ask the
computer for more space, put whatever data you want in there, then connect the last "box of data’ to
your new "box of data". Think of this either like stacking boxes, or adding train carson to atrain. In
order to add atrain car, you first have to get atrain car and fill it with things, then link the old train
car to your new one. The complexity of this method is O(1).

/1 Method to insert an itemat the top of the stack

/'l newDataltem Data itemthat will be inserted on top of stack
tenpl ate typenane DataType> void StackLi nkedDat aType>: : push( const
Dat aType& newDataltem ) {

/'l Allocate new node with newbDataltem and link to previous top

St ackNode* t = new StackNode ( newDataltem top ); top =t;

/Il Insert itemto top of stack }

3. Implement the pop. The functionality of pop isto remove the top item of the stack. Since you are
using alinked list (connected boxes), be very careful to make sure you are deallocating the memory
correctly.

1. First, store the data in the top node so you can return it to the user.

2. Second, create a new node that is referencing the memory location of the top node.

3. Third, reduce the size of the stack by moving the top node to the next item (your new
top).

4. Lastly, you must delete the node being referenced by the temporary node you have
created and return the data item that was stored at the position.

1. Referring back to the train analogy, you want to take all things out of your train car, tell
someone to hold it so it doesn't roll away when you remove it, unlink it from the next train
car, and then destroy it because you don't need it any more. The complexity of this method is
0(1).



/1 Method will renove the top nenber of the stack

/'l (nost recently inserted) and return that data (PostCondition)
/1l Function will throw Stack is not enpty tenplate typenane
Dat aType> Dat aType StackLi nkedDat aType>:: pop() throw (
logic_error) { if ( !this->empty( ) ) { DataType d = top->
dataltem // Hold data at the top of stack StackNode* t = top;
Tenp. store address of top top = top->next;

Advance top to now reference next itemdelete t;

Deal | ocate the space being used by previous top return d;
Return data stored in the previous top node } else {
PreCondition is that the stack cannot be enpty throw

ogi c_error(

"Error: Pop was unsuccessful. Make sure stack is not enpty.");

bl

2. Implement isEmpty. The functionality of isEmpty is exactly as you would expect: it will
simply determine if there are any itemsin the stack. To do this, you can simply check if the
top node is referencing anything. If it is, then you know that it is not empty because thereis
data there; otherwise you know that it is empty because it doesn't have any space to hold
anything. Y ou can do this because you know that the top will hold the most recent item;
therefore if the most recent item is nothing thisimplies that there in nothing before it. Again
referring to the train analogy, if you want to know atrain is empty, then you just check if the
train engine car islinked to or contains anything. As for the boxes analogy, you just check if
thereé'sabox; if thereis not, then there is nothing. The complexity of this method is O(1).

e

/
/
/
/
/
I

Il WIl determine if list is enpty ( No space taken by stack )
/'l PreCondition: None
/'l PostCondition: Return either true or false tenplate typenane
Dat aType> bool StackLi nkedDat aType>:: isEnpty( ) const {
return ( top == nullptr ); }

Part 4 of 5:
Testing the Implementation

1. Add anew fileto your project. Now that the stack has been implemented, validate the implementation
behavior. To do this, create a testStack.cpp file by using the keyboard short cut Ctrl |+ N and renaming the
filetestStack.cpp. Alternatively, right click the source folder and select Add new item, rename this item
testStack.cpp.

2. Add thefollowing codein thetest file. Insert the code below in the testStack.cpp file created in the last
step. This code will test all the functions you have implemented. Make sure to read the project description,
which outlines the specifications and test cases. Needless to say, testing implementations is very
important, because if you coded something that doesn't work, then there wasn't really any purpose in doing
it. More importantly, when working with dynamic allocation should not produce any memory leaks, stack
overflows, etc.

FEEEEErrrrr i rrill -- PRQIECT DESCRIPTION -- [/ 11101 EErr i,



FEEEEEEEEE i rrrririrr
Il [l Testing File for Stack Data Structure // [/ SPECI FI CATI ONS:

/1 [l Push: [/ Should add itemto top of stack // // Pop:

/1 Should renove itemfromtop of stack // // Enpty:

/1 Should say "enpty stack” if no itens otherw se

/1l say "not enpty stack"™ // [/ operator=:

/1 Shoul d make a copy of a stack (right hand side)

/1l in other stack (left hand side) // // Stack exanpl eSt ack:

/1 Should nmake a enpty stack // [/ Stack tenp(ol dStack):

/1 Should copy itenms from ol dstack and put themin tenp // stack //

/| TEST CASES: // /] STEP NO. | COMVAND | RESULT
e

/1 1| +atb+c | [c] ba/l 2| -- ]| [a] // 3| E| Stack is NOT enpty

Il 4| +e | [e] al/l 5| C| Stack is enpty // 6| Q| NA//

/'l PASS CRI TERI A FOR | MPLEMENTATI ON

/Il - Al Test Cases above produce proper result

/'l - Al Stack specifications are foll owed

/'l - No Menory Leaks, Build Errors, Segnentation Faults, etc. //

FEEELEEEEE e rrrririrr

LEEEEEEErr e rr bbb bbb b b rr b e r b b rrr e rrr i rrrird

(11111111111 Header Files and Nanespaces - DO NOT DELETE ////1111111111111171
#include [// For cout #include // For formatted out put #i ncl ude

" St ackLi nked. cpp” // To use your stack inplenentation using namespace

std; // Use itens in std nanmespace (std::)

11171111111 Header Files and Namespaces - DO NOT DELETE /////[111111111711111

(1Tl SHOW STRUCTURE - TESTING AND DEBUGA NG [/ /11T TTTTTTTTETTTTT
/[* * Qutputs the data itens in a stack

* |f the stack is enpty, outputs "Enpty stack"”. */ tenplate typenane

Dat aType> voi d StackLi nkedDat aType>: : showStructure() const { if(

i sEnmpty() ) { cout "Enpty stack" endl; } else { cout "Topt"; for (

St ackNode* tenp = top; tenp != 0; tenp = tenp->next) { if( tenp == top

) { cout "[" tenp->dataltem "]t"; } else { cout tenp->dataltem "t"
7} } cout "Bottom® endl; } }

[Tl SHOW STRUCTURE - TESTING AND DEBUGE NG // /11111 TTHETTTTITETTT
(I TESTING MENU - START /0000 0nrnrrirniri il void
testMenu( ) { cout setw 20 ) left "Command" setw 20 ) left

20 ) left

"Description” endl; cout setw 20 ) left "H' setw
"Show Hel p Menu." endl; cout setw( 20 ) left "+iten" setw 20 )
| ef t
"Push item ([iten]) to stack. '"[item' is a placeholder. (ex. +a will add 'a
endl; cout setw 20 ) left "-" setw 20 ) left
"Pop itemfromstack. WIIl renpove last inserted itemto stack." endl
cout setw 20 ) left "E' setw 20 ) left
"Check if stack is enpty" endl; cout setw 20 ) left "Q setw 20
left "Termnate testing." endl endl;
[HTTTTETTT TESTING MENU - END /11T HEEEErrri i ri il ririll o iont
mai n() { cout "Testing Stack Data Structure |Inplenentation" endl;
o1 11 | R L EEE R R !
endl ; StackLi nkedchar> testStack; // Stack char testDataltem cnd;
/1l Stack data item |nput Conmand testMenu(); // Show Command Menu



/| TESTI NG LOOP ( READ CMD - > PREFORM OPERATI ON) do { test Stack.
showStructure(); // Qutput stack cout endl "Comand: "; cin >> cnd;
/'l Read command try { switch ( cnmd ) { case 'H : case 'h': testMenu();
break; case '+ : cin >> testDataltem testStack. push(testDataltem;

break; case '-' : cout "Popped " testStack.pop() endl; break; case
'"Q : case 'q" : break; case 'E : case 'e'" : cout ( ( testStack.
isEnmpty() ) ? ( "Stack is enptyn" ) : ( "Stack is NOT enptyn") ); break
; default : cout cnmd "is an invalid command. Enter Hto see nenu."
endl; } } catch ( logic_error _stackError ) { cout "ERROR "
_stackError.what() endl; } } while ( cin & cnd !'="Q && cnd !'="(

): }

3. Run tests. Sometimes when implementing functions, you will run in to errors; however there is no need to
worry. This simply means that, either you told the computer to do something other than what you intended
or the computer smply doesn't understand what you are telling it to do. Common bugs faced when
implementing a stack include:

1. Not incrementing your top node member which results in each push simply overwriting the
previous item
2. Not correctly deallocating a node in the pop and destructor methods which results in the
computer showing memory leak or "segmentation fault" errors.
1. Naturaly, it isnearly impossible to outline the solution for every problem that could occur here;
however having a solid approach to debugging methods is often a universal solution. See how to
develop this approach below, even if you did not face any errors in your implementation.

Part 5 of 5:
Debugging

1. Walk through the particular function or program that has an issue. Visualize what each line of code
isdoing. Thiswill help with targeting the issue.

Comment and clean up your code and identifiers. Thiswill help both you and others read the code and
identify where a particular function isn't working according to specification.

3. Research the gapsin your understanding. If you are not completely sure what a particular function,
operator, or generally any linein your code is doing, then break it down to find what exactly you aren't
able to piece together and search it on the internet. It is highly likely you are not the first person to have
that question.

1. Indoing this, do not ssimply solve the problem, understand why it occurred so you become less
likely to do it in the future. When the code gets more complex and the number of errorsis not
decreasing, this will cause increasing frustration.



Ask afriend or colleagueto also take alook at your code. It is possibly that you are skipping over some
detail that a new set eyes may be able to see. However, your code must be well formatted so they can
understand, further implicating the importance of following coding conventions.

5. Step back and take a break from the code. Attempt to mentally run through how the code should be
working, possibly think of a better way to do the same function, or just don't think about the whole
program at all to refresh your thinking. Once you have found a possibly solution or have relaxed your
mind, get back and attempt to solve it again. More often than not, you will be able to see the mistake being
made.

Set breakpoints at lineswhere you think the program isfailing. If you are utilizing an IDE, then you
can set breakpoints at specific lines of code; thiswill tell the computer to stop running for amoment so
that you can see exactly what it has already done and predicate what it will do next. Thiswill often show
you exactly why the program is failing to execute how you want it.

Y ou finished reading the article "How to Implement a Stack Data Structurein C++" edited by the TipsM ake
team. We hope this article has provided you with many useful tech tips and tricks. Y ou can search for similar
articles on tips and guides. Thank you for reading and for following us regularly.
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