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Introduction

This document is the final report for my CSE1370/&aced Project. It details the
requirements of the project, and the design ottifavare that | designed for this project.
The project was to build a piece of software tlmatld let the user play edge matching tile
puzzles, while varying the parameters of the puzzle

Tile based edge-matching puzzles

Tile based edge matching puzzles are puzzles whahre the player to match up a given
set of tiles, based on some rules, usually in dgdmeed grid. The way these puzzles work
can vary. Two of these puzzles that Infinity incangites were the Tetravex and Eternity Il
puzzles (see the Similar Projects section for ndetails of these two puzzles).

What was achieved

During this project, | built an edge matching fezzle game which has different layouts to
choose from (geometry), different difficulty levetsplay it at (size), different game play
modes (rules), different themes (appearance).dlsis natively cross platform, due to a use of
wxPython and python. This means the code will ramadified on both Linux and

Windows. It has game persistence using load ang, send has a simple, easy to use
interface, based on Minesweeper.

The Windows binary is atww.benpmorgan.googlepages.com/infinity-0.1.1.exe
The Python source code isvatvw.benpmorgan.googlepages.com/infinity-0.1.1-$pc.z

Document Structure

This document has the following structure:
Introduction

Initial requirements that we thought about
Similar projects which others have done
The design of the software system
Features of the final game

Analysis and conclusion

oA LNE

Requirements

These are some of the different options that wiealhyi looked at. Some of these have been
implemented, and some have not.

Different layout

This was to allow non-square pieces, such as oetagied hexagons, and to lay them out on
different boards. This functionality is in the fineersion.

Number of colours

This involved being able to change the number tdwrs used in the puzzle, thus changing
the difficulty. Obviously too many colours would tm®o easy (at the worst, a different colour
on every non-matching edge), and too few colourslévbe too easy (at the worst, all the
same colour). This functionality is in the finalrs®n, although it is invoked via the first
command line argument, and is hidden from the user.
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Number of pieces

This involved being able to change the number e€gs on a board. This obviously has a
direct affect on the difficulty and length of ganiéis functionality is in the final version as
the difficulty level choice.

Disallowing rotations

By disallowing rotations, this cuts down the numbkpossible configurations by a factor of
4 for square. This will tend to make the puzzldexa3 his functionality is in the final version
in the Tetravex game mode.

Changing the boundary condition

A boundary condition is what colours are requiretha boundary of the puzzle. This can
differ from puzzle to puzzle.

Ignore

This mode would not have any boundary conditioallafThis does not give the user a
starting point, thus making it more difficult. THisnctionality is in the final version in some
of the game types.

Black
This boundary condition requires black all aroumel €dge. This will make it easier, as it will
give the user a starting point. This functionaigyn the final version in some of the game

types.

Wrapping

This boundary condition would mean that the tomuaobf the top squares would have to be
the bottom colour of the bottom squares. This dmggive a starting point for solving the
puzzle, and adds another constraint to the puadieh would make it more difficult. This
functionality was not in the final version.

Varying the Dimensionality

This would allow a 1D strip of pieces (probablyyegnsy), or a 3D layout of pieces. There
would be many possible ways to do layouts for theb8ards. In addition, this requirement
would need to use a 3D graphics library like Open@iis functionality was not in the final
version.

Computer Assistance
Computer assistance would allow the user of theeg@nget assistance from the computer.
This is useful functionality, as it will make thear’s experience more enjoyable, and let
them concentrate more on the actual solving optiezle, rather than (for example) looking
for pieces that are edge pieces. Examples of canpssistance could include:
Finding all pieces that fit in a given piece
Filling a drawer based on
The shape of a piece
The colours on a piece
Whether it is/isn’t in a container
A combination of the above
Showing a solution
Moving and rotating large groups of pieces.
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Apart from showing a solution, this functionalityag/not in the final version.

Wildcards

“Wildcards” relax the edge-matching constraintlod puzzle for some particular pieces or
sides of pieces. This would make it easier to soltes functionality was not in the final
version.

Allowing reflections

Allowing pieces to be reflected would make twicarany ways to put a piece down.
However, there would be more solutions. This fuoraiity was not in the final version.

Multiplayer

A multiplayer mode would add interest to the gahiew exactly this would work | don’t
know. However, it is easy to envision some difféngays to have this working:
- Both work on the same board together.
Both work on the same initial game, but separately.
One seeks to complete the puzzle, the other to ikdéem completion.
Both work on same board, but have different rupessgibly each player has half of the
colours to match, and the other half act as wildsdor them)
This functionality was not in the final version.

Complimentary connectors

With complimentary connectors, a side of colour il match iff the opposite side is of
colour B (rather than A matching A). This can beth@ctured using a texture-based theme.
A common example is a game where you have headbahés that must be matched up
across pieces. This functionality was not in timalfiversion.
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Similar Projects

Tetravex

Tetravex is a tile based edge-matching game.intjpdemented as one of the Ghome Games
(see Figure 1), as well as existing as a web gdimegame rules disallow rotation, and it
does not have an edge condition. It is usual foralex implementations to use numbers
instead of colours (Generally 1-9, though the Gndmieavex uses 0-9). This game creates a
different game each time, and can vary the ganee Biawever, it doesn’t allow non-square
pieces or different game rules. Infinity incorp@sthe visual style of Tetravex in the number
theme, and the ruleset of Tetravex as one of itsegapes.

Playing 4x4 board

Figure 1: Tetravex under Linux

Eternity Il

Eternity Il is another tile based edge-matchingzbeizRotation is allowed, and there must be
grey around the edge. There are different sizedlpsavailable: A 16-piece puzzle on the
website, a 36-piece and a 72-piece clue puzzletren@56-piece main puzzle. It uses
coloured patterns to match edges. The 16 piecdg@onzhe Eternity Il (see Figure 2 below)
is written in Flash and allows the user to playngle game only. This game was the basis for
the project.

Figure 2: A 4x4 puzzle on the Eternity Il
website
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Software Design

Diagram 3 below is a simplified diagram of how #udtware works. This shows the basic
connections between the pieces in the software.

Game type Has a
o «— Has a
Controls a) colourization Infinity | ,|Layout
b) Moving and rotation Main program Manages board layout
Does difficulties and
1 Uses layouts
Inherits Uses
Has" many
Infinity Tetravex Tiling Piece
Rotator |Etc... Used to generate layouts|A Piece in the game
Uses l Has a
Theme
Controls GUI Shape
7y A regular polygon
Inherits A
Inherits
NumberTheme |BlankTheme |Etc... Square|Hexagon|Etc...

Figure 3: A simplified design diagram
Some of the more important parts of the desigroatined below.

Design of game types

Game types have two functions — colourizing androtimg pieces. Colourizing refers to
assigning colours to the sides. The colourizingfiom is called on each edge, where it
assigns a colour to the correct side of each mpadte edge. The game type sets flags that
control whether pieces can be moved or rotatealstt sets a flag saying whether there is a
boundary condition.

Design of themes
Themes need to supply the following items:
- An icon for the game window
A background colour for the drawer and game board
The colours for the led controls
An oh picture for the status button
A win picture for the status button
A usual picture for the status button
A pause picture for the status button
A method to draw pieces
A method to draw targets
A method to draw drawer icons
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The theme will be called by pieces, targets and/dracons to draw themselves, and the
other attributes will be looked up by the GUI wheereit wants them. By having this design,
it makes it easy to make new themes. For examplesrae that used pictures instead of
colours to match would not have to change any dilief the code.

Design of Layouts
The layout is responsible for the game board. Theaedifferent layout for every regular
tiling for every difficulty level. There are 12 layt classes. These layouts take the difficulty
level as a parameter. Each layout class has afisgirig, and an entry for each difficulty
level. Each layout contains the following datadach difficulty level:
- The bounds which to constrain the tiling to. Maydog region.
The edge length of one piece
A tiling, if different from the parent class. Thisuld be used to provide a different start
piece for the tiling from the default one.
A position for starting the tiling from. Defaults {0, 0)

The levels are handcrafted, as there was no obgioyde way to automatically generate
visually appealing levels of the correct difficulgvels.
Layouts also do the following (for terminology, loat figure 4 below):
- Generate targets
Generate pieces
Check for winning
Check for edges that are not properly matchedyetun them. This is used for
displaying errors.

™ Infinity Drawer 1 - 6 tiles

File Difficulty Layout Gametype Theme Help

Targets with
pieces in them™

Unmatched
edge

Targets

A drawer

<+— Pieces

Figure 4: A game in progress

Design of pieces
A piece is the basic unit of the game (see figuabdve). It can be dragged anywhere on the
screen. It is a top-level window when it is notiontainer, but stops being a top-level
window when it is in a container. Each piece léstghe length of a single game. The
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colours are kept as a list of numbers — a numh@esents each colour, with -1 for the edge
colour. The actual colour that is drawn will depe&mdwhat theme is used. The current
rotation is also stored, as this allows it to wotk what the colours on each side are.

Container Design

There are two types of containers in the game wehsaand targets. A container has to have
functionality to say whether a given piece is ategpto add or remove a piece from it, and a
list of pieces in it.

Design of target

A target is one of the containers on the screetnythiacan drop pieces into. (see figure 4
above). When all pieces are dropped into targetswaatch up, the game is won. A new set of
targets is created whenever a new layout is sele@ethe difficulty or layout is changed.
These stay in the main window. Each target can @ad1 pieces.

Design of drawers

Drawers are containers that can be hid, and cahZ&sb or many pieces. (see figure 4
above). As top-level windows, they can be put argnelon the screen. Drawers are created
when the game is opened, and only destroyed omgldsach drawer has a corresponding
drawer icon on the main window that it createssTibon provides control of the drawer (the
drawer will appear/disappear when the icon is elttkn), and also is given a colour based on
how full the drawer is. On each new game, all tieegs are put in the first drawer (provided
that you can move pieces). If the game rules spéuit pieces cannot be moved, the drawers
will be hidden, and not able to be opened.

Each drawer keeps track of how many pieces aite amd the drawer number it is. This
information is displayed in the title bar of theders. Drawers are useful as they allow the
user to categorize and quickly hide pieces.

Method of tiling
Tilings are used to generate levels. There ardihgg, one for each Archimedean tiling
(except for 3.3.3.3.6, which has clockwise andcimtkwise versions).
Each tiling contains the following operations:
a function returning the first tile
a function returning the next tile given an edge of
tile. / >

The base tiling class provides a method for tilivigch pN
takes as parameters the initial position, edgetteagd
maximum number of tiles to generate. It works as
follows: Hexagon'’s apothe
1. Get the initial tile.
2. Putitin the list of shapes generated Figure 5: Finding the next shape
3. Put all its edges in a queue
4. While number of tiles < maxtiles and the queuc
IS not empty:
a. Serve an edge from the queue
b. Get the next tile based on that edge
c. Find the next shape as follows: (see figure 5)
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i. Find apothem length for the shape of the €dgelength
edge. (See figure 6) . p
ii. Find apothem for the next tile. 2 tan numberofsies

lii. By projecting the apothem to the lengt . _
of (Step i + Step ii), this will give the  F95 LT 1Of
centres of the new shape.
iv. The rotation is found by getting the angle of thethem
If the next shape is out of bounds, go to top oplo
If the next shape is already in the list of shageso top of loop
Otherwise, add the shape to the list of shapes
Append the edges to the queue

@~oo

Undo/Redo and load/save

Generic undo/redo and load/save functionality imiemn to most modern applications. Undo
and redo is important in puzzle games, as themaagrwant to try out a possible path, but
restore it to the previous state afterward. Load/sa even more important, as the user may
not want to (or have time to) finish a whole gameme session. The design of the undo/redo
functionality relies on the management of a lisalbthe actions the user has performed.
Each action is encoded as a list of before and péties. Each pair contains the piece’s id, the
action type, and old and new values for the pasitiotation, and container of the piece.

To undo a move, it loads the action and finds ikee It then sets that piece’s rotation to the
old rotation, sets its position to the old positiand inserts it into the specified container.
Redo is just the same, but using the new valustan of the old ones.

Load/Save works the same way. On saving, it wtadhe file the game’s history and also
the game type, game layout, difficulty and the tiadeen so far. On loading, it creates a new
game with the game type, layout and difficulty, &inein sets the pieces back to their initial
positions. It then redoes every move in the gara®hy. In future versions of the game, this
will probably change, as it can take a while tadl@adong game.
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Game features

Help

The game contains help in HTML format, which carabeessed during the game. This help
is appended in the Appendix. At the time of writitlge help information is informal and
incomplete. However, the game is mostly self-explary and easy to use, so there is not as
much need for extensive help files. This is celyaam area of future improvement.

Game types

Table 1 summarises the game types. These are inxapyately decreasing order of difficulty
(though the difficulty depends on many factors).

Table 1 - Summary of game types

Game type Can | Can Rotate | Edge | Other
Move condition

Hard infinity | Yes Yes No None

Tetravex Yes No No None

Infinity Yes Yes Yes None

Troll No Yes No Rotates random piece every 2
seconds

Rotator No Yes No None

Easy Tetravex| Yes No Yes None

WinGame No No No Colours game interestingly — nqt
playable.

For sufficiently small boards, Tetravex will be @iar than Infinity due to the lack of edge
conditions, which give a place to start. However,igger puzzles the lack of rotation would
make Tetravex easier than Infinity.

Rotator is usually quite easy, but with a comboranf fewer colours and 6, 8, and 12-sided
polygons it can get quite difficult. (For exampegolours with 4.6.12 on hard is very hard to
do).

Strategies will vary depending on the game type.if&ance, an Infinity game is likely to be
started by placing the edge pieces, and then aangrwith the middle pieces. However, a
Tetravex game is more likely to be solved by logkah the colours that are used and working
out which pieces are on the edge. For examplbeeretwas only one blue edge, it must go on
the edge. In Rotator, the pieces’ positions amaaly known, so it is likely to be solved using
the technique of looking for constraints (for exd@an all blue piece must have every
adjoining piece with a blue edge towards it).
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Difficulties

There are four difficulty levels currently — easyedium, hard and diabolical. As each layout
is different, the difficulties of a given difficyltlevel will be different on different layouts.
The approximate guidelines for difficulty levelsas follows:

Easy
- About 7-16 pieces.
Should take about 20-40
seconds

See figure 7

Medium
- 16-30 pieces
Should take about 60-80
seconds
See figure 8 Figure 8: 3.6.3.6 Easy

Hard Figure 7: 3.6.3.6 Medium
25-50 pieces
Should take about 200-400 seconds, or even more
See figure 10

Diabolical

- As many pieces as will fit on the screen
60-200 pieces
Should not be able to be done within reasonableftaime
See figure 9

Flle Difficuty Layout Gametype Theme Help

Figure 10: 3.6.3.6 Hard Figure 9: 3.6.3.6 Diabolical
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Themes

Themes control the visual appearance of the game t®the theme design, adding new
themes is very easy (only need to supply drawingmes, and add new theme to a list of
themes). There are three differégyppesof themes.

Colour-based themes
The objective of the colour-based themes is to majcthe colours on the edges of pieces.
The edge colour is black. The colour-based themeepiatured below in Figure 11.

Figure 11: The colour-based themes

Number theme
The objective of the number theme is to match gmtiimbers on the edges of pieces. The
edge condition is that there must be empty segnadirdsound the edge.

Blank theme

This challenging theme gives no visual aids, extapdisplaying errors. Each piece is given
a unique identifying number, which will let you ketack of a piece. The number on a piece
is entirely random, as is the starting rotations lbossible to work out a puzzle as long as you
have display errors turned on when this theme is on

Figure 13: The blank theme Figure 12: The number theme
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Analysis/Conclusion

This report has presented some of the detailseofléisign and implementation of a software-
based tile puzzle game called Infinity. The gameaesulates the features of other tile puzzle
games like Tetravex and Eternity 1l and hence gddhe need for these separate games. It
offers many features including different layoutsficulties, themes and game rules. It also
features loading and saving, Undo/Redo, in-game &edl is cross-platform.

Analysis

In Infinity there are many different options, seté is sure to be a game for whatever level
you want. However, some are much easier than o#inerdf an easy game is wanted, Rotator
will give that. Easy Tetravex also gives easy gamiss trivially easy for 3x3 square (only
one possible solution) and very easy even for d Bgquare puzzle. However, it is hard on
diabolical (which rotator is not).

Some of the layouts do not lend themselves to gasyes, so even the easy game is quite
hard. For instance the 3.3.3.3.6 games each haped®s on easy, 40 and 49 pieces on
medium, 49 and 61 pieces on hard and 205 and Et&pbpn diabolical. This is well outside
the guidelines (except for diabolical).

All'in all, most games seem to be fun, though ttay be annoying at times on sufficiently
hard difficulty levels, where you can almost geight, but not quite. An exception to this is
with some like 3.3.4.3.4, where there are too ndiffgrent orientations for the pieces (2 for
squares, 4 for triangles). This can take quite gevit get right, as one often has to keep on
moving things around. This may be fixed when pigodse dropped into targets with
different orientations.

Future work

While a lot of work has gone into this project,réngere a lot of things left undone. Some of
these that could be done are:
1. Additional themes
More themes would be good, especially texture b#tsames which draw bitmaps
onto the pieces instead of/with colour.
2. Wildcards
Wildcards would be an interesting new piece of fiomality to add. This would be
quite simple to add if the unmatched edge codem@sed from the layout into the
game type, thus giving the game type control oftveloants as a match.
3. Complementary connectors
Complementary connectors are more difficult tarfjtas they are at least partly a
theme issue (so that there is a logical visual eotion between connectors) and
partly a game type issue (so that games are gedewedperly and match properly). A
degree of cooperation between game types and themdd be needed.
4. Clean up code
The code is somewhat messy at the moment. Thisl cmuith cleaning up.
5. Remember user settings
Currently settings are not remembered across gsttAkdding this ability would
allow more options. (like a checkbox for continastlgame)
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6. Integrate number of colours choice into GUI
This would require a bit of change to the savedegyfomat to make sure that the
game saved the number of colours it used. Othemvseises errors when you load a
4-colour game in 2-colour mode.
7. Level editor
A level editor would let users create their ownellsvi.e. one board). This would
make it easier to design levels, and also alloferdht types of boards (like a lattice-
type board, with every second piece taken out)
8. Computer assistance
Some examples might be:
a. “Find all pieces which will go here”
b. “Put all squares in this drawer”
c. “Put all edge pieces with one side black in theskr”
9. Increase efficiency
Currently on very big boards it is quite slow. Than be improved on. Also, loading
saved games could be much more efficient.
10. Allow pieces to be dropped into rotated targets
Currently a piece can only be dropped into a tangét the same orientation. This
could be changed, but would require quite a biah@nge (currently, the piece’s shape
does not change, which makes it easy for undo/raulb other things)

Appendix: User Help
Infinity: a tile based edge matching puzzle game

Objective

Put all the pieces in the boxes, so that all tigeednatch. There also may be an edge
condition, depending on the game type.

A solved puzzle is shown below:
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Edge conditions

If edge conditions are enforced by the game typan the edge condition must be satisfied to
win the game. For example, if the current thentaesdefault, and the game type is Infinity,
then there must be black on every edge arounddipe. e

Game layout
Move over areas of the board and hover to see tbgtare

Piece
The piece is the basic building block of the gafiifeese can be dragged anywhere on the
screen, and must be matched up properly to win.

Pieces can be dragged around by clicking on thetimtivée left mouse bound, holding it
down and moving the mouse. To drop them into aetargove over the target so that it is
highlighted and let go. To drop them into a dravdeag them over the drawer and let go. To
rotate a piece, right click on it to rotate it onoeuse the mouse wheel.

Timer
The timer keeps track of how long you have beeyipdpthe current game

Edge count

This keeps track of how many more edges need totvectly fitted together. Once this
reaches 0, you win!

Status

The status button tells you the current state @fglime. If you click it, it will start a new
game, except if the game is paused, in which ¢agi# unpause the game. The different
status button images are as follows:

Game in progres&ame pause@ame finishedrou are clicking the status button
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Errors

If you have Show Errors turned on (File > Show Es)oif an edge does not match properly,
it will put a cross to tell you its wrong.

Drawers

Drawers are containers for pieces. You can putegiat drawers, and then hide the drawers.
A drawer looks like this:

The title bar of the drawer tells you its numberd dow many tiles it contains.

To put a piece in a drawer, drag it over the drad/ let go. To show or hide a drawer, click
on its drawer icon.

Drawer icons
Drawer icons are the numbers displayed just ovebtard. They look like this

Drawer icons are the way to open and close drawerspen a drawer, click on its drawer
icon. To close a drawer, click on its drawer icon.

You can see how full a drawer is by looking aid¢tan. As you put in or take out pieces, it
will change colour.

Layouts

There are 12 different layouts available. Layowtstml the board shape. There is a different
arrangement for every layout for every difficulty.

Below are all the layouts on a difficulty of easyth the exception of 3.3.3.3.6a and
3.3.3.3.6¢, which are identical on easy. Theseaweoon medium
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Triangle . 488

Square
4.6.12

Hexagon . 36.3.6
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3.4.6.4 - 3.3.3.3.6¢C
3.3.4.34 3.3.3.3.6a
3.12.12

3.3.34.4
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Themes

Themes control the visual appearance of
the game. There are 3 different types of
themes

Colour based themes

The objective of the colour-based
themes is to match up the colours
on the edges of tiles. The edge
colour is black.

The colour-based themes are as
follows:

o Yuck:
This is a rather disgusting
looking colour scheme.

o Bright:
This is a bright colour
scheme.

Page 19 of 22

o Default:
The default theme.

o Grey:
A theme entirely greyscale.

Number theme

The objective of the number theme
is to match up the numbers on the
edges of tiles. The edge condition
is that there must be empty
segments all around the edge.
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Blank theme

This challenging theme gives you
no visual aids, except displaying
errors. Each tile is given a unique
identifying number, which will let
you keep track of a tile. Note: the
number on a tile is entirely random,
as is the starting rotation. Tip:
Always have Display Errors turned
on when this theme is on.

Menu

The menu is the main way of telling the program tthalo. There are 6 menus on the Menu
bar:

Main Menu
o New: Creates a new puzzle with the current settings
o Undo: Undoes the last piece move
o Redo:If a move has been undone, puts it back
o Load: Loads a game from a file
o Save:Saves a game to a file for playing later
o Restart Game: Starts the current game at its start
o Show errors: Shows errors on non-matching edges
o Show solution:Shows a solution and finishes the game
o High scores:Shows the High scores dialog
o Paused:Temporarily halts the timer and hides the pieces

o Exit: Exits the program

Difficulty

Starts a new puzzle with the selected difficulty
Layout

Starts a new puzzle with the selected layout
Game type

Starts a new puzzle with the selected game type

Theme

If one of the themes is selected, it changes tbmé&hof the application to that theme
If Draw Radii is selected, it toggles whether tawlblack lines from the centre to the
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corners
If Draw edges is selected, it toggles whether tswda black edge around the thing

Edges and radii drawnRadii drawn  Edges drawn No edges and radii drawn
Help

o Instructions: Show these instructions

o About: Credits for the game

Highscores

Infinity will keep track of the fastest time to sela given puzzle. This information is kept in
the high scores dialog

Opening the high scores dialog

You can view the high scores at any time by opehitey> High scores in the menu. Once
open, you can dismiss the high scores dialog bysprg OK

Getting a high score

If you get the fastest time for a particular layant game type, you get prompted for your
name so that you can be put in the high scores list

A picture of the prompt is below:

After you have entered your name, the high scoi@egwill appear. To browse other
layouts, choose a different layout from the talomglthe top. To choose a different game
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type, select one from the drop down list. The higing dialog looks like this:

Resetting the high scores list

It is possible to clear all the highscores, or plear the currently displayed high scores. To
clear all high scores, press the Reset All Scouét®i on the dialog. To reset the scores
currently displayed in the dialog, press the R&beise Scores button. Note: You cannot

undo the deletion.

Game Types

There are 3 different modes for playing the ganiesg€ control the rules by which the game

is played.

Game typeCan move piec€an rotate piecEdge condition must be observed
Tetravex Yes No No

Infinity Yes Yes Yes

Rotator No Yes No



