Draft: Notes on building a Set Game Flash Application
The Set Game is a timed puzzle in which the player seeks to identify 6 acceptable sets of 3 from a board containing 12 patterns.  Each pattern (or box) has 1, 2 or 3 of a specific shape (oval, swirl or diamond), color red, blue or green and fill empty, solid or hatched.  A set is acceptable if, for each of the 4 attributes (number, shape, color, fill), the set of 3 has 3 distinct choices or 3 of the same choice.  A version is located on-line at http://www.setgame.com/set/puzzle_frame.htm.   Building the game in Flash with ActionScript involves several critical issues in game building in particular and programming in general.  This is not a step-by-step guide to replicating my re-creation of the game. Instead, here are some notes on what I considered to be the important issues.  The source is available on my website. 

Generating a board with 6 acceptable sets

Unlike some games in which the 'board' starts out empty or starts out with any randomly generated pattern, the set game board must contain 6 sets of 3-box sequences.  How can this be done?  My initial approach was the following:
1. Keeping track of patterns already used, generate two, distinct random patterns.  Complete this pattern with the appropriate third pattern. Putting it another way: the third pattern can be calculated from the first 2.  We now have 3 patterns.

2. Repeat this: generate two new patterns, checking that each one has not been used. Generate the third pattern. Check if this pattern has not been chosen (it could have been). Start over at this step (step 2) until there is a new set of 3 patterns. We now have 6 patterns.

3. Repeat this again, starting over (step 3) as necessary. We now have 9 patterns.

4. Randomly select a pattern from the first 3 and a pattern from the 2nd 3. Calculate the third, completing pattern. Check if it has not been used. Repeat if necessary. There are now 9 + 1 = 10 patterns.

5. Repeat this again. There are now 11 patterns.

6. Repeat this again. There are now 12 patterns.

Theoretically, this process may go on, re-cycle, without stopping. That has not happened in my testing, but I have not tested it very much.  An improvement could be to keep count and institute some sort of backtracking to previous steps as opposed to just repeating steps.
This method has the characteristic that each block is used for at least one set and not more than two sets. This is not true for the on-line game at the website.  Here is an alternative approach (not yet implemented)

1. Keeping track of the patterns already used, generate two, distinct random patterns. Complete this pattern.  Make note of the set.

2. Repeat this step: generate two new patterns, checking that each one has not been used. Generate the third pattern.  Check if this pattern has been created alreay in order not to generate a duplicate block, but do not start over.  Make note of the set. So at this point, there may be 5 or 6 blocks containing 2 sets.  

3. Repeat this step: generate two new patterns, checking that each has not been used. Generate the third pattern. Check if this pattern has been created already in order not to generate a duplicate block, but do not start over.  Make note of the set. There are now 7, 8, or 9 blocks containing 3 sets.

4. Randomly select two patterns from the existing blocks. Generate the third block. Determine if this set is one of the existing ones. If it is, repeat this step. Check if this pattern has been created already in order not to generate a duplicate block.  There are now 7, 8, 9, or 10 blocks containing 4 distinct sets.
5. Repeat step 4 until there are 6 distinct sets.

6. Determine the number of blocks. If there are less than 12, generate random, new patterns until there are 12.

The implementation was done chiefly with the board as produced by that procedure. This meant that 3 of the sequences were obvious!  This greatly facilitated the programming.

Encoding patterns (boxes) and encoding sequences

How to represent or encode something is a common requirement in computer applications.  One representation of a pattern or box is to use the names: (3 diamond blue filled) and names are used for the 27 pieces, with 1, 2 or 3 of each generated 'on the fly'.  However, it generally is better to use something more concise to facilitate such checks as determining if a pattern already is in use.  In this application, I needed a representation for patterns and for sets of 3 patterns.  Note: the player does not 'see' these representations.
Patterns are encoded by using 0, 1, and 2 for each factor (number, shape, color, fill). Note: this means number 0 corresponds to 1 symbol, number 1 to 2 symbols, and number 2 to 3 symbols. It seemed easier to keep number consistent with the others and change it when needed. Each pattern is represented by a vector of 4 numbers, each number 0, 1, or 2.  This situation suggests using base 3! Take this number and generate a number from 0 to 80.  The array [n, s, c, f] goes to n*27 + s* 9 + c*3 + f.
The check on 3 box sequences is to see if the sequence has been submitted already.  In this case, the order does not matter. Sequences of 3 boxes are encoded by a two-step procedure.  Encode each pattern/box to a number from 0 to 80. Then sort these in order: low to high.  The pattern is the same. Now generate the number base 81.  So if the sequence is A, B, C.  This gets encoded to A*81*81 + B*81 + C.  The term 'canonical' is applied in this case: the canonical representation of 3 box sequences is to put them in order.
Building the game without having to (fully) play it

The above procedure generates a partially ordered/partially shuffled board.  It is very each to find a good sequence: just the first 3 or the second 3 or the third 3 patterns.
Shuffling pieces
Move the boxes (_x and _y) by randomly selecting pairs and swapping the pairs.  The swapping is exchanging the _x and _y values.  Envision spreading out cards for the concentration game and mixing them up by making swaps of two cards.  There are many ways of shuffling.  This way just seems intuitive to me.  One point to make is that it does not matter if the random process selects the same box as opposed to 2 pairs. That step will be wasted, but it does not matter.
Explanations

After originally providing just one explanation for why a selected set of 3 is not a valid set, I decided to provide a full explanation.  This was partially to make checking simpler but also because it seemed the appropriate thing to do.  The explain string grows as needed:

function buildexplain(same, factor, explain) {


switch (factor) {


case 0 :



explain = explain+"Two have "+nums[same]+" and one does not.";



break;


case 1 :



explain = explain+"Two are "+shapes[same]+"s and one is not.";



break;


case 2 :



explain = explain+"Two are "+colors[same]+" and one is not.";



break;


case 3 :



explain = explain+"Two are "+fills[same]+" and one is not.";


}


return explain;

}

Flash elements

The board is made up of movie clips of the base symbol (this base contains a button for selection), the base symbol for the found boxes, and the 27 pieces.  The 27 pieces have names such as "swirldiamondfilled". These clips are brought to the Stage using attachMovie. Movie clip symbol instances created in this way must have the Linkage set with the indicated name. When the pieces are attached to the bases, it means that they are moved when the bases are moved.
The state of the board is maintained using what is visible on the Stage and also internal variables and array variables.  For example, blocks is built up using blocks.push to hold all the blocks (aka patterns ala boxes). In contrast, the taken array is set up as
var taken = new Array(81);

// keeps track of boxes used

for (var i = 0; i<81; i++) {


taken[i] = false;

}
Then when a pattern is used on the board, that element of the array is set to true.

Timing is done using Date objects and the getTime method.  This yields the number of milliseconds from some fixed time in the past.  The coding does the subtraction and the conversion to seconds.
// global variables set the time upon loading application

var startdate = new Date();

var starttime = startdate.getTime();

function calculatetime() {

var enddate = new Date();

var endtime = enddate.getTime();

// time is in milliseconds from one far back time

var difference = Math.floor((endtime-starttime)/1000);

// seconds

var difftext=Math.floor(difference/60)+" minutes "+difference%60+" seconds";


return difftext;

}
The generation of the 3rd pattern is done making use of if statements and an array compl set up 'to give the answers' based on the sum of two entries (the 100 is just a place holder: the 0th element is never accessed). If the two elements are 0 and 1, the sum is 1 and the third element is 2.  If the first two elements are 0 and 2, the sum is 2 and the third element is 1. If the first two elements are 1 and 2, the sum is 3 and the third element is 0. 

var compl = [100, 2, 1, 0];

// used to calculate missing element

// generates a third box matching first two

function generatethirddata(data1, data2) {


var data3 = new Array();


var f;


for (f=0; f<4; f++) {



if (data1[f] == data2[f]) {




data3[f] = data1[f];



} else {




data3[f] = compl[data1[f]+data2[f]];



}


}


return data3;

}
Messages are displayed using a movie clip with a button that acts like a JavaScript/HTML alert: that is, a message is displayed on top of the board and the player must click on an OK button to remove it.   This movie clip is created at a high enough level to be on top of any board elements.  

The saving and restoring of a starting game board is done using the Flash SharedObject construct.  
function savegame() {


var sname = savedgamename.text;


var so:SharedObject = SharedObject.getLocal(sname);


var blockarray = new Array();


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



var blockdata = new Array();



blockdata = blocks[i].data;



blockdata[4] = blocks[i]._x;



blockdata[5] = blocks[i]._y;



blockarray.push(blockdata);


}


so.data.game = blockarray;


so.flush();

}

This code is not robust:  it is possible for the client computer to be set up to reject the SharedObject.

The function to fetch a saved game board starts off with:

function retrievegame() {


sgamename = savedgamename.text;


var so:SharedObject = SharedObject.getLocal(sgamename);


var blockarray = so.data.game;

The rest of this function removes the movie clips on the board, resets some variables, including the starttime variable, and then uses blockarray to set up the saved board.

A critical issue is erasing (using removeMovieClip) the current board plus any little boxes and pieces showing found sets.  After this was implemented, the code creating the message alert box needed to be modified to make sure it was at a higher level than any elements.  This was done by the following:

high = 12 + 12*3 + 6*3 + 6*3*3 + 1;

this.attachMovie("alertbox", "alertboxA", high, {_x:50, _y:50});

