CS108, Stanford Handout #11
Fall, 2008-09 Osvaldo Jiménez

HW?2 Tetris

Thanks to Nick Parlante for much of this handout

For HW2 you will build up a set of classes for T®tiThis assignment emphasizes the basic Divide and
Conquer strength of OOP design -- using encapsulati divide a big scary problem into several gligh
less scary and independently testable problemsisTist a large project, so the modular OOP design
matters.

Part A of the project sets up the Piece class. Pautilds the Board class, and Part C adds on smher
fun bits. There are two due dates..

» Tue Oct 7th -- "draft" functional version of Pétwith a Piece implementation. In
particular, getPieces() should return an arrayie¢é€objects. The Piece objects should
implement getWidth(), getSkirt(), computeNextRaiaf), and fastRotation() correctly.
You should have at least some Piece unit testisel€ode has some problems -- some of
the pieces are wrong, some methods don't worlat'stbk, just turn it in anyway. This is
just an informal midway checkpoint for your own bét) and we're not really going to
look at it.

* Mon Oct 13th-- everything is done and works. Tikithe version we will really grade.

For reasons that will become clear later, thegettseme of efficiency in this design. We are net juriting
classes that implement Tetris. We are writing @agbat implement Tetrgpuickly.

866 Stanford Tetris
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For us old-timers who grew up before the populdigraof Doom and Quake, Tetris is one of the cdoles
things around. Try playing it for 27 hours and #egou don't agree. If you play Tetris enough, yoay
begin to have Tetris dreams (http://www.sciam.cotitle.cfim? articlelD=0001F172-55DA-1C75-
9B81809EC588EF21, or just type "tetris dreams" (Bumgle).

Part A -- Piece

There are seven pieces in standard Tetris.

The Stick (also known as "the long skinny one")

B B
| |
The L .. and its mirror Lz..

1 ]|
The S.. and its mirror S: . .

HE
The Squar(,..

||
The Pyramic .. .

Each standard piece is composed of four blocks. thoe"L" and "S" pieces are mirror images of each
other, but we'll just think of them as similar hdistinct pieces. A chemist might say that they wher
"isomers" or more accurately "enantiomers" (not@nly looked that word up in an effort to make the
handout more impressive.).

A piece can be rotated 90 degrees counter-clockwiséeld another piece. Enough rotations get yackb
to the original piece — for example rotating amwié brings you back to the original state. Essdiyti
each tetris piece belongs to a family of betweesm amd four distinct rotations. The square has theeS's
have two, and the L's have four. For example, hezehe four rotations (going counter-clockwisejhaf L:



Our abstraction will be that a piece object repnesa single Tetris piece in a single rotationtreabove
diagram shows four different piece objects.

Body

A piece is defined by the coordinates of the blatiet make up the "body" of the piece. Each Piecits

own little coordinate system with its (0,0) origimthe lower left hand corner and with the piecsifoned

as low and as left as possible within the coor@irgistem. So, the square tetris piece has the body
coordinates:

(0,0) <= the lower left-hand block
(0,1) <= the upper left-hand block
(1,0) <= the lower right-hand block
(1,1) <= the upper right-hand block

In rare cases, a piece will not even have a blo¢R,a@). For example, this rotation of the S...

has the body:
{(0,1),(0,2),(1,0),(1,1)}

A piece is completely defined by its body -- a#i wther qualities, such as its height and widtm, lca
computed from the body.

We will measure the "width" and "height" of a pigmgthe rightmost and topmost blocks in its bodge T
above S has a width of 2 and height of 3. Anothality that turns out to be useful for playing T®tr
quickly is the "skirt" of a piece....

Skirt

The skirt is an int[] array with as many elemergdtee piece is wide. The skirt stores the lowestlye that
appears in the body for each x value in the pi€be.x values are the index into the array. So ¥an®le,
for this S...



the skirt is {1, 0}. That is, at x=0, the loweswglue in the body is y=1, and for x=1, the lowestajue is
y=0. We assume that pieces do not have holes im théor every x in the piece coordinate systerarehis
at least one block in the body for that x.

Rotation, Version 1

The Piece class needs to provide a way for clisnt@ccess the various piece rotations. The piexsscl
supports rotations in two ways. The first and mstsaightforward way is the computeNextRotation()
method, which computes and returns a new piecehwieigresents a 90 degrees counter-clockwise rotatio
of the receiver piece. Note that the piece class tiee "immutable” style -- there is no method thanhges

the receiver piece. Instead, computeNextRotatiom@tes and returns a new piece.

Rotation Code

For computeNextRotation(), work out an algorithnatthgiven a piece, computes the counterclockwise
rotation of that piece. Draw a piece and its rotatand list out the x,y values of their body pairg&t a
nice, sharp pencil, and think about a sequenceefations on the body points of the first body tivakt
yield the second body. Hint: There are three opmratto use: (a) swapping the x and y for eachtpaimd

(b) mirroring the body horizontally, or (c) mirrag the body vertically. If you get stuck for mofan a
couple hours, talk to a staffer.

Rotation, Version 2

The problem with computeNextRotation() is that d'ittle costly if we want very quickly to look atl of
the rotations of a piece. It's costly because-éamputes the rotated body every time, and it alleg a new
piece with "new" every time. Since the piece olgeunte immutable, we can just compute all the raati
once, and then just store them all somewhere.

To do this, we will use a ".next" pointer in eackeqe that points to its pre-computed next counter-
clockwise rotation. The list is circular, so theexh pointer in the last rotation points back to fhret
rotation. The method fastRotation() just returre thext pointer. So starting with any piece inltsie with
fastRotation() we can quickly cycle through allridgations.

For a newly created piece, the .next pointers ale ihe method makeFastRotations() should staitt @i
single piece, and create and wire together the evidl of its rotations around the given piece.

The Piece class contains a single, static "pieaesly that contains the "first" rotation for eadhtlme 7
pieces. The array is set up (see the starter agitle)n call to makeFastRotations(), so all the tiotes are
linked off the first for each piece.

The array is allocated the first time the clientscgetPieces(). This trick is called "lazy evalaat -- build

the thing only when it's actually used. The arsamn example of a static variable, one copy shiyeall

the piece instances. In OOP, this is sometimesdadiie "singleton" pattern, since there is only imséance
of the object and clients are always given a poitat¢hat once instance.

Piece.java Code

The Piece.java starter files has a few simple thifiifed in and it includes the prototypes for theblic
methods you need to implement. Do not change thégprototypes or constants, so your Piece wilirfi
with the later components and with our testing coti will want to add your own private helper nds
that can have whatever prototypes you like. The afrithis section also describes setting up unistés
the Piece class.



Piece.java
Here are a few notes on the features you will sebd Piece.java starter file.

The provided TPoint class is a simple struct cthascontains an x,y and supports equals() anditm®L

Constructors

The main constructor takes an array of TPoint, @seb that as the basis for the body of the nevepiBue
constructor may assume that there are no duplptes in the passed in TPoint array. There isoipged
alternate constructor that takes a String like "0Q@ 0 2 1 0" and parses it to get the pointstaen calls
the main constructor. A parsePoints() method isidedl in the starter file for that case.

Piece.equals()
It's standard for the .equals() code to start @&ih'==this" test and an "(objeitstanceof Piece)" test for
the passed in object. The starter code has thidatd code already included.

Private Helpers
As usual, use decomposition to divide the compatainto reasonable sized pieces and avoid code
duplication. You may declare any helper methods/gpe".

Generality

Our strategy uses a single Piece class to repraighe different pieces distinguished only by tierent
state in their body arrays. The code should bergéeaough to deal with body arrays of differerzesi --
the constant "4" should not be used in any sp&@slin your code.

Unit Testing

Create a PieceTest JUnit class (use Eclipse comnawd > JUnit Test Case). Look at all public method
supported by Piece: getWidth(), getHeight(), getkifastRotation(), equals() -- the output froack of
these should be checked a few times. Rather theckahe raw output of getBody(), it's easier toakhie
computed width, height, skirt, etc. are derivednfrthe body. Likewise, checking that fastRotatiois()
correct works as a check of computeNextRotation().

Basic testing plan: Get a few difference start @gee create some with the constructor and get $oone
the getPieces() array. Test some of the attribotabe start pieces. Then get some other piecdsatiea
rotated a few times away from the start pieces,cuedk the attributes of the rotated pieces. Alseck that
the getPieces() structure looks correct and hasighe number of rotations for a couple pieces. \am
use the constants, such as PYRAMID, to accessfgppces in the array. The pictures on page 2vsho
the first "root" rotation of each piece.

Work on your unit-testbefor e getting in too deep writing your Piece code. Widtihe tests first helps you
get started thinking about Piece methods and wieat/arious rotations, skirt, etc. cases look likdéobe
you write the code. Then, having the tests in plaa&es it easy to see if your code is working aslyaild
out the code for the various cases.

Your unit-tests are part of the homework deliveealbihd we will look at them in two ways...

« First there's just a baseline of having a delmiing unit-test: The Piece unit test should
look at 5 or more different piece objects, and &heall and check the output of each
method -- getWidth(), getHeight(), getSkirt(), fastation(), equals() -- at least 5 times
for each method.

Then, we try running your unit-test against varilisce classes we have to see how it sifts the ood
the ugly.

« When run against a correct Piece class, theestitshould not report any problems. This
is very important.



* We have many Piece implementations that haveoongore bugs in them. When run
against a buggy piece, it's good if your unit-t=st notice that the piece has a problem.
Your unit test does not need to articulate whatothg is -- just discern correct from
buggy piece implementations.

Of course the other advantage to doing a good jubtihe piece unit-tests is that your own piecsslhas a
great chance of being correct, since you will haweked it over so well with your unit tests.

Part A Milestone
You have a working Piece class that fills the pseagray with working tetris pieces. You have uedts try
all the different piece methods.

Part B -- Board

In the OOP system that makes up a tetris gamdadhied class does most of the work...

* Store the current state of a tetris board.

» Provide support for the common operations thdtemt "player" module needs to build a
GUI version of the game: add pieces to the boatdyieces gradually fall downward,
detect various conditions about the board. Thegplagde is provided for you, but you
need to implement Board.

« Perform all of the above quickly. Our board impentation will be structured to do
common operations quickly. Speed will turn out &ifmportant.

Board Abstraction

The board represents the state of a tetris botsdnbst obvious feature is the "grid" — a 2-d arody
booleans that stores which spots are filled. Thestdeft-corner is (0,0) with X increasing to thight and
Y increasing upwards. Filled spots are represebyea true value in the grid. The place() operaftmeiow)
supports adding a piece into the grid, and therRl@as() operation clears filled rows in the gridiashifts
things down.

Widths and Heights

The secondary "widths" and "heights" structures enadany operations more efficient. Thedths array
stores how many filled spots there are in each fidvis allows the clearRows() operation to know when
row is full. Theheights array stores the height to which each column leas liilled. The height will be the
index of the open spot which is just above thefiibgd spot in that column. The heights array akothe
dropHeight() operation to compute efficiently whergiece will come to rest when dropped in a paldic
column.
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The main board methods are the constructor, placie@rRows(), and dropHeight()...

Constructor

The constructor initializes a new empty board. Deard may be any size, although the standard Tetris
board is 10 wide and 20 high. The client code nrapte a taller board, such as 10x24, to allow esfiece

at the top for the pieces to fall into play (ouaysr code does this).

In Java, a 2-d array is really just a 1-d arrayoihters to another set of 1-d arrays The expras§iew
boolean[width][height]" will allocate the whole griWith respect to undo() (below), the board muesirb
the committed state when it is created.

int place(piece, X, y)
Place() takes a piece, and an (x,y), and setsi¢loe into the grid with its origin at the given &tion in the
board. The undo() operation (below) can removentbst recently placed piece.

Place() returns PLACE_OK for a successful placemantt PLACE_ROW_FILLED for a successful
placement that also caused at least one row taneéided.

Error cases: It's possible for the client to retj@esbad" placement -- one where part of the piads
outside of the board or that overlaps blocks indhd that are already filled. First, if part ofetlpiece
would fall out of bounds return PLACE_OUT_BOUNDSthérwise, if the piece overlaps already filled
spots (discovered while modifying the board), netBLACE_BAD. A bad placement may leave the board
in a partially invalid state -- the piece has bpartly but no completely added for example. Incakbes, the
client may return the board to its valid, pre-plaeat state with a single undo() (described beldith
respect to undo(), the board must be in the corachitate before place() is called.

As place() iterates through the body of the piécehould update widths]], heights[], and maxHeightit
goes. That way, no separate loop is required amdeflevant piece and board memory is only touchmee.o
Likewise, notice if the result is going to be PLAGEOW_FILLED a the time you are updating the widths
array, not by going back at looking at the widthsys again later on.

int clearRows()

Delete each row that is filled all the way acrassysing things above to shift down, and returneumtof

the number of rows deleted. New rows shifted ithattop of the board should be empty. There may be
multiple filled rows, and they may not be adjacertis is a complicated little coding problem. Make
drawing to chart out your strategy. Note that étasstris does not have "gravity" where blocks amun
falling into empty spaces. Instead, it's very sen@very row above a deleted row moves down exacity
row.



clearRows() Implementation

The slickest solution does the whole thing in oassp— copying each row down to its ultimate dettna
although it's ok if your code needs to make mudtiphasses. Single-pass hint: Therow is the row you are
copying down to. The To row starts at the bottdiedirow and proceeds up one row at a time. Fir@m

row is the row you are copying from. The From rdarts one row above the To row and goes up one row
at a time, except it skips over filled rows onviigy up. The contents of the widths array needsteHifted
down also. Empty rows need to be shifted in upnatvery top of the board.

Since you know the maximum filled height of all tbelumns, you can avoid needless copying of empty
space at the top of the board. This is a good dgdiion, since very often in tetris, the board igstly
empty.

int dropHeight(piece, x)

DropHeight() computes the y value where the ori@0) of a piece will come to rest if the piece is
dropped straight down with its origin at the giverfrom infinitely high. DropHeight() should use the
heights array and the skirt of the piece to compley value in O(piece_width) time. A single for(
x<piece.width;x++) loop can look at the piece skintl the board heights to compute the y where rilggno
of the piece will come to rest. DropHeight() assarties piece falls straight down from above the doeait
does not account for moving the piece around thitugsg the drop.

undo() Abstraction

The client code does not want to just add a sequehgpieces. The client code wants to experimett wi
adding different pieces. To support this client aase, the board will implement a 1-deep undo ifgcil
This will be a significant complication to the bdaimplementation that makes the client's life easie
Functionality that meets the client needs whilarfjdhe complexity inside the implementing clasthat's
good OOP design in a nutshell.

undo()

The board has a "committed" state that is eithee or false. Suppose at some point that the b@ard i
committed. We'll call this the "original" state thie board. The client may do a single place() dperaThe
place() operation changes the board state as umoglsets committed=false. The client may also do a
clearRows() operation. The board is still in thenoutted==false state. Now, if the client does ada(
operation, the board returns, somehow, to its waigstate. Alternately, instead of undo(), therdlimay do

a commit() operation which marks the current stst¢he new committed state of the board. The cafhmit
means we can no longer get back to the earliegitai" board state.

Here are the more formal rules...

* The board is in a "committed" state, and commiittetrue.

* The client may do a single place() operation Wisets committed==false. The board must
be in the committed state before place() is cabedt is not possible to call place() twice
in succession.

* The client may do a single clearRows() operatignich sets committed==false. The client
may or may not have called place() before clearRpiszzalled. It's a little silly to do a
clearRows() without a place() first, but some phatiough the client logic might still do it,
and it's our responsibility to still give correesults in that case.

* The client may then do an undo() operation thairns the board to its original committed
state and sets committed==true. This is going bactsv

« Alternately, the client may do a commit() opesativhich keeps the board in its current
state and sets committed==true. This is going fotaia

* The client must either undo() or commit() befdaeng another place().



Basically, the board gives the client the abililydo a place(), a clearRows(), and still get baxckhe
original state. Alternately, the client may do ameoit() which can be followed by further place() and
clearRows() operations. We're giving the clientdeg&p undo capability.

Commit() and undo() operations when the boardrisaaly in the committed state silently do nothinig.an
be convenient for the client code to commit() odaf) just to be sure before starting in with a plac
sequence.

Client code that wants to have a piece appeatltaifado something like following...

place the piece up at the top of the board
<pause>

undo

place the piece one lower

<pause>

undo

place the piece one lower

detect that the piece has hit the bottom because pl ace returns
PLACE_BAD or PLACE_OUT_OF_BOUNDS

undo

place the piece back in its last valid position

commit

add a new piece at the top of the board

Undo() Implementation
Undo() is great for the client, but it complicatelace() and clearRows(). Here is one implementation
strategy...

Backups

For every "main" board data structure, there isaglfel "backup" data structure of the same sizfor-
example, for the main "widths" array there's a lb@ckxWidths" array. Place() and clearRows() copy th
main state to the backup if necessary before makhapges. Undo() restores the main state from the
backup.

Backup -- Copy

Use System.arraycopy(source, 0, dest, 0, lengthkcdpy from the main to the backup arrays.
System.arraycopy() is probably highly optimizedthy JVM. Note that the 2-d grid is really essetytiall-

d array of pointers to 1-d arrays.

Undo -- Swap

For undo() the obvious thing would be to do anyaoay() back the other way to restore the old st
we can better than that. Cool trick: just swaplthekup and main pointers. Suppose, for exampleyave
to restore the "widths" array with its backup "x\¥is!"...

/I NO, not this way
System.arraycopy(xWidths, 0, widths, 0, widths.leng th); // NO

/I This way -- just swap the pointers
int[] temp = widths;

widths = xWidths;

xWidths = temp;

This works very quickly. So the "main" and "backuata structures swap roles each cycle. This mbans
we never call "new" once they are both allocateitklis a great help to performance. So the straiegy
arraycopy() for backup, and swap for undo().
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Good Strategy
The a good, simple strategy is to just backuphaldolumns when a place() or clearRows() takesuti®fo
the committed state. This is a fine strategy.

More Complex Strategy

The more complex strategy for place() is to onlgkog the columns in the grid that the piece is ina—
number of columns equal to the width of the pigeri(do not need to implement the complex stratégy;
just mentioning it for completeness). In this cake, board needs to stomhich columns were backed up,
so it can swap the right ones if there's an un@e() ints are sufficient to know which section aflumns
was backed up). With this strategy, if a clearRywsppens, the columns where the piece was plaaea h
already been backed up, but now the columns téethand right of the piece area need to be bacieds
well.

Alternatives

You are free to try alternative undo strategiedpng as they are at least as fast as the goaegyrabove.
The "articulated" alternative is to store what pieeas played, and then for undo, go through they todd
that piece and carefully undo the placement ofibee. It's more complex this way, and there's nugiz
code, but it's probably faster. For the row-cleguiase, the brute force copy of everything is pbbpaear
optimal — too much logic would be required for #mticulated undo of the deletion of the filled roW$e
place()/undo() sequence isnuch more common in practice than other combinationke li
place()/clearRows()/undo(). Therefore, our officimlal is to make place()/undo() as fast as possiid
just make sure all the other cases get the camresatt.

While working through the commitment/undo code, rybrain will naturally think of little puns such as
"fear of commitment,” "needing to be committed £.€fhis is perfectly natural part of the coding qess
and is nothing to be ashamed of.

Performance
The Board has two design goals: (a) provide sesvioethe convenience of the client, and (b) rst.fao
be more explicit, here are the speed prioritization

1. Accessors: getRowWidth(), getColumnHeight() Vdietth(), getHeight(), getGrid(),
dropHeight(), and getMaxHeight() — these shouldatl in constant time. They should
just pull the answer out of a pre-computed ivae likaxHeight or heights. The place()
and clearRows() methods should update the ivaicesffly when they change the board
state.

2. The place()/clearRows()/undo() system can apye arrays for backup and swap
pointers for undo(). That's almost as fast as youget.

sanityCheck()

The Board has a lot of internal redundancy betwhkergrid, the widths, the heights, and maxHeightit&V

a sanityCheck() method that verifies the intermatectness of the board structures: iterate ovemimole
grid to verify that the widths and heights arragséithe right numbers, and that the maxHeight iisect
Throw an exception if the board is not sane: throew RuntimeException("description”). Call
sanityCheck() at the bottom of place(), clearRovas() undo(). A boolean static constant DEBUG inryou
board class should control sanityCheck(). If DEBI4Grue, sanityCheck does its checks. Otherwigestt
returns. Turn your project in with DEBUG=true. Rla¢ sanityCheck() code in early. It will help yoebdig
the rest of the board. There's one tricky casenataall sanityCheck() in place() if the placemisnbad --
the board may not be in a sane state, but it'svatldo be not-sane in that case.

The sanityCheck() is in addition to the unit tes&dow. The sanityCheck() has the advantage thedrit
check thingsvery time place(), clearRows(), etc. are called, even wjole are playing tetris.



Board Unit Test

Create a BoardTest JUnit test class. One simpdesly is to create a 3 x 6 board, and then plaesva
rotations of the pyramid in it. Call dropHeight(jtlva few different pieces and x values to seeith@turns

the right thing. Call place() one or two times, @hdn spot check a few qualities of the resultiogrid,
checking the results of calls to getColumnHeighg@tRowWidth(), getMaxHeight(), getGrid(). Set up a
board with two or more filled rows, call clearRoyysénd then spot check the resulting board with the
getters. Do a place()/clearRows() series, and dneundo() to see that the board gets back to gihe state.

You are free to arrange the unit-test coverageoadiie, so long as overall there are at leastdl’ each
to getColumnHeight() and getRowWidth(), 5 callgdtopHeight() and getMaxHeight(), and at least 2scal
of everything else.

Your more advanced Board tests need to be moreleartipan just placing a single piece in a boardckst

up a few operations, checking a few board metigetGrid(), getColumnHeight(), ...) at each stagee lik
this: Add a pyramid to a board. Add a second shilpg: row clear. Check post row clear that the simte
right. Undo, and check the state again. With artiaut the undo, try adding a third piece to make e
undo/rowClear operations haven't broken some pdrtthe internal structure. When calling
getColumnHeight() etc., you don't need to be coimpmsive -- just check a couple columns or rows, and
that will get the vast majority of bugs. Debuggthg board "live" can be very difficult, so concetitng on

a few hard board unit tests may be the easiesttwvagbug the whole thing. It is far easier to debiap
through the run of a unit test than use the dehuigge live game.

Note also that the provided board code includesS#ring(), so you can printin the Board state, Wwidan
be helpful to see a time-series of boards.

As with the piece unit-tests, we will try your uteésts on some broken board implementations, tif year
tests can sift the good from the bad.

JTetris

The provided JTetris class is a functional tetléy/er that uses your piece and board classes toedwork.
Use the j k |, i keys to play. You do not need amge the JTetris class at all. The "speed" shdgusts
how fast it goes. In the next section, you willateea subclass of JTetris that uses an Al braauto-play
the pieces as they fall. For now, you can playsétr check that your piece and board really dokwight.

If while playing, you see a buggy behavior, for e a bug when row clearing the bottommaost rothé
board, try to add a unit test that exposes that cather than trying to debug it live. Unit tests enore of
an up-front cost, but they pay off.

One of the theories of unit tests, is that ratheritivest effort in debugging a case -- the effortsed once
and then forgotten -- you put that effort into nmeka unit test for each bug you work on. The west helps
with that bug, and then it keeps helping for thet of the lifetime of the code.

Milestone — Basic Tetris Playing

You need to get your Board and Piece debugged énthay using JTetris to play tetris works. Yay!
Getting to this stage is most of the work of theigrament. Once your piece and board appear bugyoee
can try the next step.

Part C -- Brain

For this part, you will build some neat featuresam of the basic Piece and Board functionality.

Understand JTetris

Read through JTetris.java a couple times to genhaesof how it works. You will be writing a subda it,
so you need to see how it works. Key points in d3.et

main() creates a JTetris and the static createRjameates a frame housing the JTetris.
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tick() is the bottleneck for moving the currentqee

computeNewPosition() just encapsulates the swigltlto figure the new (x,y,rotation) that
is one move away from the current one

tick() detects that a piece has "landed" when i'tngo down any more. The piece only lands

for good when it cannot move down any more, angtager has stopped moving it
around.

If the "Test sequence” checkbox is true when a gstargs, the game uses a fixed sequence

of 100 pieces and then stops. Seeing the samerszxjakpieces every time can make
debugging easier.

JBrainTetris

Ccreate a JBrainTetris subclass of JTetris that areAl brain to auto-play the pieces as they faedlusual
for inheritance, your subclass should add new hiehdut use the existing behavior in the superchsss
much as possible. The provided DefaultBrain woitke,fand you can work on your own if you wish.

This Is Your Brain

The Brain interface defines the bestMove() mes#agiecomputes what it thinks is the best availabdse
for a given piece and board. Brain is an interface.

/I Brain.java -- the interface for Tetris brains

public interface Brain {

/I Move is used as a struct to store a single M
/I ("static" here means it does not have a poin
/I enclosing Brain object, it's just in the Bra
public static class Move {

public int x;

public inty;

public Piece piece;

public double score; // lower scores are

/**
Given a piece and a board, returns a move obje

the best play for that piece, or returns null
The board should be in the committed state whe

limitHeight is the height of the lower part of
must be inside when they land for the game to
-- typically 20.

If the passed in move is non-null, it is used
(just to save the memory allocation).

*

public Brain.Move bestMove(Board board, Piece p

}

Brain.Move move);
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The provided DefaultBrain class is a simple buirelyt functional implementation of the Brain intace.
Glance at DefaultBrain.java to see how simple.iGs/en a piece, it tries playing the differentatidns of
that piece in all the columns where it will fit. Feach play, it uses a simple rateBoard() methodietide
how good the resulting board is — blocks are batkdhare more bad. The methods dropHeight(), place(
and undo() are used by the brain to go througthalboard combinations.

/I DefaultBrain.java

/**

A simple Brain implementation.

bestMove() iterates through all the possible x val ues
and rotations to play a particular piece (there ar e only

around 10-30 ways to play a piece).

For each play, it uses the rateBoard() message to rate how
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good the resulting board is and it just remembers

play with the lowest score. Undo() is used to back
each play before trying the next. To experiment wi
brain -- just subclass off DefaultBrain and overri

*/

public class DefaultBrain implements Brain {
k%

Given a piece and a board, returns a move obje
the best play for that piece, or returns null
See the Brain interface for details.
*
public Brain.Move bestMove(Board board, Piece p
Brain.Move move) {
/I Allocate a move object if necessary
if (move==null) move = new Brain.Move();

double bestScore = 1e20;
int bestX = 0;

int bestY = 0;

Piece bestPiece = null;
Piece current = piece;

board.commit();

/l'loop through all the rotations

while (true) {
final int yBound = limitHeight - curren
final int xBound = board.getWidth() - ¢

/I For current rotation, try all the po
for (int x = 0; x<xBound; x++) {
int y = board.dropHeight(current, x
if (y<yBound) { // piece does no
int result = board.place(curren
if (result <= Board.PLACE_ROW_F
if (result == Board.PLACE_R

double score = rateBoard(bo

if (score<bestScore) {
bestScore = score;
bestX = x;
bestY =y;
bestPiece = current;
}
}

board.undo(); // back out th
}

current = current.fastRotation();
if (current == piece) break; // brea

if (bestPiece == null) return(null); //
else {
move.x=bestX;
move.y=bestY;
move.piece=bestPiece;
move.score = bestScore;
return(move);

/*
A simple brain function.
Given a board, produce a number that rates
that board position -- larger numbers for wors
This version just counts the height
and the number of "holes" in the board.
*
public double rateBoard(Board board) {
final int width = board.getWidth();

the

-out

th writing your own
de rateBoard().

ct that represents
if no play is possible.

iece, int limitHeight,

t.getHeight()+1;
urrent.getWidth()+1;

ssible columns

t’stick up too far

t, X, ¥);
ILLED) {
OW_FILLED) board.clearRows();

ard);

at play, loop around for the next

k if back to original rotation

could not find a play at all!

e boards.
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final int maxHeight = board.getMaxHeight();

int sumHeight = 0;
int holes = 0;

/I Count the holes, and sum up the heights
for (int x=0; x<width; x++) {

final int colHeight = board.getColumnHe ight(x);
sumHeight += colHeight;
inty = colHeight - 2; // addr of fi rst possible hole
while (y>=0) {
if (‘board.getGrid(x,y)) {
holes++;
}
Y-
}
}
double avgHeight = ((double)sumHeight)/widt h;
/I Add up the counts to make an overall sco re
/l The weights, 8, 40, etc., are just made up numbers that appear to work
return (8*maxHeight + 40*avgHeight + 1.25*h oles);

}

Here's what your JBrainTetris needs to do...

Buliding the JBrainTetris code relies on a basiderstanding of the code up in JTetris --
that's the reality of complex inheritance.

Add a main() which creates a frame containin@eaihTetris rather than a JTetris.

Override createControlPanel() to tack on a Blalirel and the JCheckBox that controls if
the brain is active. The checkbox should defaufaitse. Just add the checkbox to the
panel with code like this (also, take a look atpheel code in JTetris as a model)

panel.add(new JLabel("Brain:"));
brainMode = new JCheckBox("Brain active");
panel.add(brainMode);

A JBrainTetris object should own a single DefBuétin object.

The idea is that if the checkbox is checked, iBretris will use the DefaultBrain object
to auto play the piece as it falls. No listeneesraquired for the JCheckbox --
JCheckBox responds to an isSelected() message ibises checked at any time.

The strategy is to override tick(), so that evime the system calls tick(DOWN) to move
the piece down one, JBrainTetris takes the oppityttm move the piece a bit first. Our
rule is that the brain may do up to one rotatioth ane left/right move each time
tick(DOWN) is called: rotate the piece one rotatan move it left or right one position.
With the brain on, the piece should drift downttodorrect place. (optional) You can add
an "Animate Falling" checkbox (default to true)cmntrol how the brain works the piece
once it is in the correct column but not yet landé&then animate is false, the brain can
use the "DROP" command to drop the piece downptaoe. In any case, after the brain
does its changes, the tick(DOWN) should have itmlsffect of trying to lower the piece
by one. So on each tick, the brain will move thecpia little, and the piece will drop
down one row. The user should still be able totheekeyboard to move the piece around
while the brain is playing, but the brain will mothe piece back on course. As the board
gets full, the brain may fail to get the piece ofast enough. That's ok. (We could have a
mode where the brain just got to zap the pieceitatoorrect position in one operation,
but it's not as fun to watch.)
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JBrainTetris should detect when the JTetris.ceanble has changed to know that a
new piece is in play. Alternately, you could userwiding to detect the addition of each
new piece, but the count variable works fine. Adttpoint, it should use the brain to
compute pnce, where the brain says the piece should go --dgbal". The brain needs the
board in a committed state before doing its contnaTherefore, do a board.undo()
before using the brain. You can see that this wibisttipt the JTetris logic, since
JTetris.tick() does board.undo() itself. It's imiaort for performance to compute the goal
a single time for each new piece.

It can be sort of mesmerizing to watch the braaypht least when it's playing well and the spesd too
fast. Otherwise it can be kind of stressful.

Adversary
For this last step you will build what | think iset coolest example of modular code re-use thave leaer
assigned.

Modify JBrainTetris createControlPanel() to addlzel that says "Adversary:", a slider
with the range 0..100 and initial value 0, andadwLst label that says "ok".

Override pickNextPiece(). It the slider is O @hié way left), the adversary should never
intervene. If the slider is at 100, the adversawgudd always intervene. Create a random
number between 1 and 99. If the random number ihar the slider, then the piece
should be chosen randomly as usual (just "supetipdnBut if the random value is less,
the mischief begins. In that case the "adversagys tp pick the next piece. When the
piece is chosen at random, setText() the statlsktp otherwise set it to "*ok*". (We
don't want the feedback to be too obvious so tbenrnate test below can work nicely.)

/l make a little panel, put a JSlider in it. JSlide r responds to
getValue()

little = new JPanel();

little.add(new JLabel("Adversary:"));

adversary = new JSlider(0, 100, 0); // min, max, current
adversary.setPreferredSize(new Dimension(100,15));

little.add(adversary);

/I now add little to panel of controls

The adversary can be implemented with a littleailBT etris code that uses the brain to do
the work. Loop through the pieces array. For eaebep ask the brain what it thinks the
best move is. Remember the piece that yielded theemwith the worst (largest) score.
When you've figured out which is the worst piecehe- piece for which the best possible
move is bad, then that's the piece the player {@bh tough break, another S. Gosh
that's too bad. I'm sure the long skinny one vélldiong real soon."

| just love the abstraction here. The Brain ifatee looks so reasonable. Little does the
brain realize the bizarre context where it willlsd — just the way modular code is
supposed to work. Also notice how vital the spekeBaard is. There are about 25
rotations for each piece on a board, so the adwensgeds to be able to evaluate
7*25=175 boards in the tiny pause after a piecddraded and the next piece is chosen
"at random". That's why the place()/undo() system to be fast. Row clearing will be
rare in all those cases, but we need to be abéethacugh the placements.

It's absolutely vital that once you have the asiary working, you go test it on your
roommate or other innocent person. Leave the adrmeset to around 40% or so, and
leave the speed nice and slow. "Hey Bob, | undedsy@u're pretty good at Tetris. Could
you test this for me? It's still pretty slow, sm kure you'll have no problem with it."

For ironic enjoyment, have the brain play theeadary.



Deliverables
« Your piece and board should work correctly anolusth have unit tests.

* Your board should have the correct internal $tmec-- efficient place(), rowwidth(),
undo() etc. and a functioning sanityCheck().

« We should be able to play tetris using the keythda the usual way, running either the
JTetris main() or JBrainTetris main().

* We should be able to use the brain and the admens JBrainTetris.

Ahhhh -- good old adversary -- always able to tinel perfect piece for an occasion...

0 "———=——Tetris 2000 =———HIH

[C] Brain

Appendix A -- Al Ideas

There's not time to think about this now, but soayeitl could be fun to play around with making atbet
tetris brain. Putting together a better tetris thiaia fascinating algorithmic/Al problem. If yowant to try,
create your own subclass of DefaultBrain and use_tiad Brain button to load get JTetris to us@to
things that the default strategy does not get r@gbt (a) avoiding creating great tall troughs sty the long
skinny one will fit, and (b) accounting for thingsar the top edge as being more important thirgsatte
deeply buried. There's also a problem in tuning weéghts. If this were your thesis or somethingy yo
would want to write a separate program to work ptinsizing the weights -- that can make a big difese.
Here's the GUI code for a Load Brain button...

JButton button = new JButton("Load brain");
button.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {
try {

Class bClass = Class.forName(brainText.getText() );
Brain newBrain = (Brain) bClass.newlInstance();
I/l here change Brain ivar to use newBrain
status.setText(brainText.getText() + " loaded");

catch (Exception ex) {
ex.printStackTrace();
}

}
»
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