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Introduction

Memory Match is a Concentration type game in that players form pairs of cards that are the same.  Two human players both choose two cards, one at a time on a grid of six cards with six rows with cards facing down.  Each player’s score increases depending on how many pairs are found.  A bonus may be earned in addition to a player’s score.  A bonus is activated when a player finds two or more consecutive pairs and increases depending on the number of cards found consecutively.  The game ends when all the cards have been revealed and then the winner is decided.  The winner is the player that has the highest score.
Background

The game’s implementation was to be done using Visual Basic.  However, both of us were unable to ascertain how to make the assembler and Visual Basic send information back and forth.  Also, we both felt we had little Visual Basic experience to create the user interface we had envisioned so the user interface was switched to a language to which we had more experience, which is Java. The rules of the game were adjusted as well.  Originally, during the preliminary and critical design, the goal of the game was to form sets of three cards with the total cards being forty five, nine columns and five rows.  The goal has since been changed to finding pairs of cards with the total amount of cards being thirty six, six columns and six rows.  This was done because of a difficulty of finding an algorithm to randomize the array properly with three numbers that correspond to the cards.  
Therefore, a JavaScript version of Memory Match was created using .gif image files from http://www.bgaudiodr.iwarp.com, using the new rules.  Certain functions of the game were converted into equivalent, structured assembly language code while the rest was left in JavaScript.  The functions that are written in assembly are the initialize, shuffle, flip cards, scoring, restart, and new game functions.  The user interface handles displaying the menu and cards, which are the menu, show image, and load functions.  JavaScript also handles displaying the buttons for restart and new game.  Therefore, the preceding code will be in JavaScript and assembly.  It is assumed that the reader has some familiarity with both languages.
Menu

The menu is the message box that appears on screen when starting the game.  The purpose is to inform both players before the game about how the game is played and how to win.  In the case of a new game, however, the menu will not be displayed.  When the time comes to start a new game, it is assumed that the players already know how the game operates. The buttons that are on the screen that display the restart and player turn also are initialized within the menu.  The menu lastly invokes the initialize function as its last task, which where the game goes after the menu.  
Initialize

The initialize function is the next function that the game goes after the menu.  It is a set up function for the rest of the game.  First, it creates the array that the pictures are stored in.  Next, the game variables such as the score for both players are reset to the default of zero.  Once all variables have been reset, the shuffle function gets invoked and finally loads the shuffled cards into an array of 36, which is the maximum number of cards the game uses.  
Shuffle

After the initialize function, shuffle is invoked.  Shuffle is where random number generation comes in.  To prevent the game from becoming too predictable, random numbers are needed to place cards into rows and columns.  An array of 36 numbers from 1-18 are randomly selected then placed into the array, inclusively.    The reason behind 18 numbers, i.e. 1,1,2,2 etc., instead of 1-36 is that when comparing to see if the cards are equal, it can be done by finding the same number.  
Show Image
The load function is the first function to display information to the players.  It displays the cards face up onto the screen.  Also, it sets up and checks to see if the cards can be clicked on to turn them over.  At the end of the function, there is a call to the next phase of the game, which is flip cards.  

Load

The load function is the second display function and works in conjunction with the show image function.  It outputs the cards face down to the screen in rows and columns.  A for loop for the rows controls the position of the cards in columns, which is done by a nested for loop.  The cards are shown centered on the screen with six rows and six columns. Figure 1 shows the result of both functions.
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Figure 1.  The result of Show Image and Load functions.
Flip Cards
The core of Memory Match is the flip cards function.  This is where legal moves are checked and also the score and bonus variables are set.  At the start, a legal move needs to be determined.   A legal move is clicking two cards to find a pair of cards that are the same.  If, for any reason, a player chooses a card already used, the game will treat it as any other move.  The game does not error to let a player re-flip a card.  This is because it will interrupt the flow of the game if done repetitively.  If the cards are not the same, the cards turn back over and the player’s turn is adjusted to either one or two.  However, in the event that the cards are the same, the cards stay revealed on the screen, the scoring function gets called, and the player gets another turn which is accomplished by doing the flip cards function again.  Also, this function keeps track on the completion of the game.  When all cards have been flipped over, the scoring function is called one final time and then declares a winner.  

Scoring
Scoring is called each time a player finds a match.  First, it compares the current player to one and two.  When current player is one, the first player’s score is increased by ten and when the current player is two, the second player’s score is increased.  The respective player’s bonus is also incremented by one.  If two or more consecutive pairs are found, the bonus is activated and added onto the score.  For example, two consecutive pairs would result in ten additional points added to the current player’s score.  The bonus will depend on how many are found consecutively.  Once the chain of consecutive set matches is over, the bonus is reset to the default of zero after the return to the flip cards function. In either case, finished is increased by one because since a pair was found, the game is one step closer to the finish.  
Restart
The restart function does what the name implies; it restarts the game.  By clicking a button, the game will restart with the default values for the current player, player scores, and etc.  The button will be visible at all times so if a player decides to restart at any point of the game, it is allowed.  Restart will simply make a call to initialize.
New Game
The New Game function is very similar to restart.  The only difference being that it will not always be available.  The option to start a new game will only be presented to players at the end of a completed game.  Similar to restart, the function is by done by a mouse click event and makes a call to the initialize function.  
Conclusion

In conclusion, Memory Match is a game with a simple concept.  The goal of the game is to turn over cards, form pairs, and get the highest score over the other player.  The game is implemented using both assembly and JavaScript.  The functions written in assembly are the initialize, shuffle, flip cards, scoring, restart, and new game functions.  The display functions, menu, load and show image, are handled in JavaScript.  

Code Used
Gosselin, B. (n.d.). Card images [Data file]. Retrieved November 10, 2006, from
http://www.bgaudiodr.iwarp.com
Irvine, K. R. (n.d.). Irvine32 Library [Computer program].
Assembler Code
.386

.model flat, stdcall

option casemap:none

include c:\masm32\include\kernel32.inc

include c:\masm32\include\masm32.inc

include c:\masm32\include\irvine32.inc

includelib c:\masm32\lib\irvine32.lib

includelib c:\masm32\lib\kernel32.lib

includelib c:\masm32\lib\masm32.lib

Randomize proto

RandomRange proto

.data

p1score

dd
?

;player scores

p2score

dd
?

p1bctr


dd
?

;bonus counters

p2bctr


dd
?

currplayer 

dd
?

;player one or two
map


dd 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,14,14,15,15,16,16,17,17,18,18

temparray
dd
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

user

dd
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

clickarray
dd
0,0

i

dd
?


;loop controls
x

dd
?

z

dd
?

.code

Main
Proc
Near


Push
offset map

;address of array


call
Initialize

;reset the game variables


call
Randomize

;set up random generator


call
Shuffle


Main
endp

Initialize
Proc
Near



Push
eBp

       
Mov
eBp, eSp


Mov
x, 0


Mov
p1score, 0

;initialize scores and turn


Mov
p2score, 0



Mov
currplayer, 1


Mov
p1bctr, 0

;initialize bonus counters


Mov
p2bctr, 0


Mov
finished, 0

;completion of game

Mov   
eSi, [eBp+8]


Mov
i, 0

for1:
Cmp
i, 35





JBE
do1


Jmp
endfor1

do1:
Mov
eSi, i


Mov
user[eSi], 0

;clear out array


Add
eSi, 4


;move to the next element


Inc
i


Jmp
for1

endfor1:


Pop
eBp



Ret


Initialize
endp

Shuffle
Proc
Near


Mov
eSi, 0


Mov
eCx,36


;counter register for the max cards

Mov
z, 0 

for2:
Cmp
z, 5


;randomize 5 times

JL
for3


Jmp
endfor2

for3:   Cmp
eCx, 36


JBE
do3


jmp
endfor3

do3:
Mov
eAx, 37


Add
eAx, 1


;values 1-36





Call
RandomRange

;randomize the array and put into eAx


Mov
temparray[eSi], eAx
;move random number to array

Mov
temparray[eSi+1], map[temparray[eSi]] ;swap numbers

Mov
temparray[eSi], map[eCx]


Mov
map[eCx], temparray[eSi+1]



Mov
map[temparray[eSi]], temparray[eSi+2] 

Add
eSi, 4


;move to the next element


Dec
eCx


Inc
z


jmp
for2

endfor3:


jmp
for2

endfor2:


call
FlipCards

;move to the next step
Shuffle
endp

FlipCards
Proc
Near

while1:


Cmp
finished, 18

;do this function while there are cards remaining

JBE
if04


jmp
endwhile1

if04:



Cmp
map[clickarray[eSi]], map[clickarray[eSi+1]]


JNE
if05


jmp
if06

if05:


Cmp
user[clickarray[eSi+1]], 0


JE
then05


jmp
if06

then05:



;reset the bonus counters when the chain of pairs end


Mov
p1bctr, 0


Mov
p2bctr, 0

if06:


Cmp
currplayer, 2
;player 2 did not match


JE
then06


jmp
else06

then06:


Mov
currplayer, 1
;set the turn to player 1


jmp
if07

else06:



;player 1 did not match


Mov
currplayer, 2
;set the turn to player 2

if07:


Cmp
map[clickarray[eSi]], map[clickarray[eSi+1]]
;cards are the same


JE
if08


jmp
endif07

if08:


Cmp
user[clickarray[eSi]], 0


JE
and1


jmp
endif07

and1:


Cmp
user[clickarray[eSi1]], 0


JE
then08



;player did match


jmp
endif07

endif07:


Mov
user[clickarray[eSi]], 1


Mov
user[clickarray[eSi+1]], 1

then08:


call
Scoring


;call Scoring for a player on each match

endwhile1:


jmp
while1



;jump to the beginning of Flip Cards
FlipCards
endp

Scoring
Proc
Near

if01:



Cmp
currplayer, 1


;check current player

JE
then01


jmp
else01

then01:






Inc
finished
;player 1 matched cards

Add
p1score, 10
;add 10 to p1 score


Inc
p1bctr

;increase the bonus counter


jmp
if02

;check for consecutive matches
else01:


Inc
finished
;player 2 matched cards


Add
p2score, 10
;add 10 to p2 score


Inc
p2bctr

;increase the bonus counter


if02:


Cmp
p1bctr, 2
;activate bonus with 2 or more consecutive matches


JAE
then02




jmp
if03

then02:


XOR
eDx, eDx
;clear out eDx for multiplication

Mov
eAx, p1bctr


Mov
eBx, 5




Mul
eBx

;5 * p1bctr


Add
eAx, p1score
;p1score += 5 * p1bctr


jmp
endif03

if03:



Cmp
p2bctr, 2


JAE
then03


jmp
endif03

then03:


XOR
eDx, eDx


Mov
eAx, p2bctr


Mov
eBx, 5




Mul
eBx

;5 * p2bctr


Add
eAx, p2score
;p2score += 5 * p1bctr

endif03:


Ret


;return to FlipCards

Scoring
endp

Restart

Proc
Near
;restart at any point during the game


Call
Initialize
;reset score, turn, etc.


Restart
endp

NewGame
Proc
Near

;make option available at end of game


Call
Initialize

NewGame
endp


End 
Main
JavaScript
<HEAD>

<SCRIPT LANGUAGE="JavaScript">

//creates a message box and displays at the start of the game

function menu() {
oktoclick = true;

document.f.p.value = "Player 1";

//button to display current player
document.f.b.value = "";

document.f.r.value = "Restart";

//restart button
alert('Match two cards and increase your score. A bonus will be rewarded if two pairs or more are found. Press restart to start over. Good luck!');

//call to set up the game

initialize();

}//end of menu

//display cards to the screen


function showimage(but) {

var ctr;

if (oktoclick) {


oktoclick = false; 


document.f[('img'+but)].src = 'image'+map[but]+'.gif';

if (ctr == 0) {


ctr++;


clickarray[0] = but;


oktoclick = true;

} else {


clickarray[1] = but;


ctr = 0;


flipcards();

      }

   }

}//end of showimage
</script>

</HEAD>
<BODY OnLoad="menu()">

<center>

<h2>Memory Match</h2>

<p><center>

</center><p>

<form name="f"> 

<input type="button" value="         " name="p">

<table cellpadding="0" cellspacing="0" border="0">

<script language="javascript">

function load() {

//display 6 rows

for (r = 0; r <= 5; r++) {

document.write('<tr>');

//display 6 columns and center align
for (c = 0; c <= 5; c++) {

document.write('<td align="center">');

document.write('<a href="javascript:showimage('+((6*r)+c)+')" 

document.write('<img src="image0.gif" name="img'+((6*r)+c)+'" border="0">');

document.write('</a></td>');

}

document.write('</tr>');

}

</script>

</table>

<br><br>

<input type ="button" value="Restart" name="r" onClick="restart()"> 

</form>
