JavaScript Tutorial: memory/concentration game
Overview
This tutorial explains the implementation of a game called either memory or concentration.  The board consists of cards face down (or the simulation of cards face down).  The cards consist of some number of pairs of common faces. The player clicks on two cards.  The cards are turned over—the faces are shown.  If the cards match, the faces remain visible. If they do not match, the cards are turned over (virtually) so only the backs are visible again.   

This application will make use of the following JavaScript and HTML features:

· script tag 

· function

· array variable and array manipulation
· Math library function: Math.random 

· <a> links with href set to javascript code
· use of setInterval for a pause 
· if statement

· document.images[]
Key Design Issues

Task: Create a board simulating a deck of cards, with the facility for the player to click on a card back to cause it to turn over. 
Logic: The cards are simulated by list holding the names for the image files representing the card faces and a set of images, each one showing either a face image or a blank image. This is called parallel structures in programming.  The visible images correspond to the elements of the array.
Solution:  The list is implemented by an array variable.  The set of images are implemented using an HTML table with each <td> element holding an <a> element.  The href for the <a> tag will be javascript calling a function with an argument indicating which card.
Task: Implement the feature in memory in which the player's action consists of two actions: picking the first card and picking the second card.

Logic: The code needs to keep track of two things: is it a first click or a second click and, if it is a second click, what was the first card clicked.  
Solution: The coding will make use of variables, one called turns that holds the number of turns as well as variables firstchoice and secondchoice.  Notice: I recognize that the terminology could have been picks or moves instead of turns. That is, a player's turn consists of two picks.
Task: Implement a pause to give the player a chance to see the faces of the picked cards.
Logic: It is necessary to insert code to pause because otherwise the computer would work too fast for the player to see the picked card faces.  
Solution:  The setInterval function will be used. However, this time, the function indicated in the string that is the first argument of setInterval will immediately use clearInterval.  This timed event is not repeated as was the case for the animated motion in the slide show or the bouncing ball.
Task: Determine if the player has won the game.  Note that the player never explicitly loses, but either wins the game or stops playing.  See the exercises for an alternative design.
Logic: Write code to keep count of the number of successful matches.  When that number reaches the number of pairs in the board, declare the game over.

Solution:  A variable will be initialized at zero and then incremented whenever there is a match.  The variable will be compared to the number of pairs.  This will be half the length of the array listing the names of the image files that correspond to each image tag on the board.

Implementation

Here is an important concept for programming: for the development phase, you want to do a small version of the application, but not so small that you are not testing your code.  You do not want to spend too much time calculating and proving to yourself that you have the right minimum size, but you also do not want to spend an excessive amount of time on graphics while you are still planning and debugging the logic.  Our suggestion: start with a board of 6 cards meaning 3 pairs.  You need to do some preparation before testing any code, so you may as well do it right away.  Prepare 4 image files: 3 for the card faces and one for the back.  In the code that follows, we have used frog.gif, heart.gif,  bird.gif, and blank.gif.
Here is another general suggestion for building games: you do not want to have to play the game while you are debugging it.  For that reason, the code shown here includes a separate function (with its own link to invoke it) for shuffling the cards.  This means that you can play the game knowing where the matches are to debug your code.
The memory file consists of several variables and 3 functions in the script element: choose(card), check(), and shuffle().  You can debug the first two before implementing shuffle. 
The variables are:

var turns;

turns = 0;

var firstchoice;

var secondchoice;

var cntr = 0;

var backcard ="blank.gif";

var faces = new Array(

 'bird.gif', 'heart.gif', 'frog.gif', 'frog.gif', 'bird.gif', 'heart.gif');

var numOfMatches = .5*faces.length; 

var tid;

 It makes sense to explain what is in the body before explaining the functions.  The body element contains a table holding <a> elements that, in turn, hold <img> elements:
<table>

<tr>

<td><a href="javascript:choose(0)"><img src="blank.gif" width=100 height=100></a> </td> 

<td><a href="javascript:choose(1)"><img src="blank.gif" width=100 height=100></a> </td>  

</tr> <tr>

<td><a href="javascript:choose(2)"><img src="blank.gif" width=100 height=100></a> </td>   

<td><a href="javascript:choose(3)"><img src="blank.gif" width=100 height=100></a> </td> 

</tr><tr>

<td><a href="javascript:choose(4)"><img src="blank.gif" width=100 height=100></a> </td>  

<td><a href="javascript:choose(5)"><img src="blank.gif" width=100 height=100></a> </td>  

</tr>

</table>
The table in this circumstance is 3 rows of two items in each row.  If and when you decide to increase the number of cards, you will need to decide on the arrangement.  You do need to make the values used as the arguments to the choose function be in the order of the img tags.

This means that when the player clicks on an image, a call will be made to the choose function with the argument indicating which image. At this point, you may be wondering why the img tags do not have either a name or an id attribute.  How will the code change the src attribute to display the image corresponding to the card face?  This will be revealed next.
The choose function is called with an argument, card, that indicates which card it is.  The function makes a determination using the variable turns. If it is a first turn, then the image corresponding to the card is 'turned over', that is, the image file name from the array with index equal to card is assigned to the src of the image. What image?  The expression: document.images[card] is the Document Object Model's way of indicating the card-th img tag.  The turns variable is set to 1 and the variable firstcard is set to card.  If it is a second turn, then the corresponding image is turned over, using the same code, the variable secondchoice is set to card, turns is set to 2 and one more thing happens.  The function setInterval is called:

tid=setInterval("check()",1000);

This does the following: it 'says' wait 1000 milliseconds (equal to 1 second, an adequate time in computer game playing, but you can experiment with different times) and then check to see if there was a match.  The choose function exits. We need to say one more thing about the choose function: if turns is equal to 2, the choose function does nothing.  This prevents fast players from clicking on a third choice.  The function is
function choose(card) {

if (turns==2) { return ;}

if (turns==0) {

  firstchoice=card;

  document.images[card].src = faces[card];

  turns = 1;

  }

else

 { turns = 2;

  secondchoice = card;

  document.images[card].src =faces[card];

  tid=setInterval("check()",1000);

   }

}

Note: there are other ways to code the if statements.

The check function uses the firstchoice and secondchoice variables.  There are several tasks to be done: 

· turn off the timing event, using clearInterval.

· check if there is a match; 

· if there was, increment the cntr variable keeping track of matches and use it to see if the game is over

· if there was not a match, replace the images with the blank image.

· Reset turns to zero, to prepare for the next player move.

The code is the following:

function check() {

 clearInterval(tid);

 if (faces[secondchoice]==faces[firstchoice]) {

     cntr++;

     if (cntr == numOfMatches) {

          alert("You won. Reload/refresh to replay");

         }

     turns = 0;

      return ;

    }

  else {

    document.images[firstchoice].src = backcard;

    document.images[secondchoice].src = backcard;

    turns = 0;

    return ;

       }

}

You can try out the program now.  You know what the cards are.

There are many ways to implement shuffling.  The way done here is intended to mimic how children often mix up the cards when they play concentration.  You need to add a link to the body of the HTML:

<a href="javascript:shuffle()">Shuffle cards </a>
The shuffling code picks a pair (see next) of cards randomly and swaps them 12 times.  The number 12 should probably be based on faces.length.  Notice that you need an extra variable to do the swapping.

function shuffle() {

var holder;

var swaps;

var i;

var j;

for (swaps=0; swaps<12; swaps++) {

 i = Math.floor(Math.random()*faces.length);

 j = Math.floor(Math.random()*faces.length);

 holder = faces[i];

 faces[i] = faces[j];

 faces[j]=holder;

  }

}

Put the project together and test it. Do read the Reflection section and do the exercises.
Reflection

Think over the aspects of the memory game that could apply to other games. The game is a puzzle in which the player needs to figure out the state of the board.  This makes it somewhat like minesweeper.  A feature using the random function is used to produce a shuffled board.  The technique of parallel structures supports the simulation of cards being turned over.  There are no physical cards, but the code uses the array of image file names to determine what to display in each img tag.  A player's move is actually made up of two actions: clicking on the first card and then clicking on the second.  This means that the state of the game includes which turn as well as the current look of the board: which images faces are shown and which positions have the blank image.  A timed event is used for pausing the action.
Exercises

1. Increase the size of the board.  Think about what needs to change and see if you were correct.  Remember to change the 12 to something calculated from the size of the array.
2. Integrate the shuffling of the deck into the game. That is, remove it as an option and shuffle every time the file is loaded (or re-loaded).

3. Add an option that changes the pause time.

4. You can add time into the game in other ways. For example, you can set a time limit for the game by using another call to setInterval (setting a different variable, not tid).  This establishes a way for the player to lose!  Alternatively, you can add a virtual clock to the game.  You need to define a form with an input element used for output that keeps track of elapsed time.  You set up another timed event using setInterval.  The function named in this call of setInterval increments the value set in the form field.
