WES-CS GROUP MEETING #10

Exercise 1. Designing a Class (static vs non-static fields and
methods)

For this eercise, we will design &udent class. Chooséhe fields and methods of the
class based on the informatiorvegi below; for each field and each method, choose an
appropriate name and type, and decide whether it should be static diheatwrite the
class definition.

Every student has a first name, a last name, & @Rumber between 0.0 and 4.0),
and a 4-digit ID numberThe first studens' ID number will be 1000, the next stu-
dents ID number will be 1001, then 1002, and so on.

A Student object can be createdven first and last names only (in which case the
GPA is initialized to 0.0), or gien first and last names and aAsHn both cases, the
students ID is initialized appropriately.

A students rmmes and ID can be accessad,dannot be modified. The @GFean be
both accessed and modified.

It should be possible to comparea®udent objects; one student is considered to be
“less than” another student if the first studenmime comes first in alphabetical
order Two gudents with the same name are considered equal.

It should be possible to find out\Wwanany Student objects hae been created so far.



Exercise 2: Logical Thinking and Debugging

As you probably kne by now, sometimes errors in your program cause exceptions to be
throvn when the program is run (e.g., you may gludPointer Execption if you forget

to initialize some object, or you may getAmaylndexOutOfBoundsException if you use

an inde that is too large or too small).

One way to debug your program is to “think baekels” from the point of thexeeption:
what could hee happened just before the exception waswmoand what could va
happened just before that, and so on, until you get to the point of the actuaknmstak
your code.

For this exercise, we will practice thinking backward in the context of a chesseg
Keep the following in mind:

* A player is not allowed to nve into check.(Among other things, this means that
two kings can neer be rext to each other horizontallyertically, or dagonally.)

* A pavn normally mees one space forard. Havever, on its very first mee it is
allowed to mee wo aces forward, and to capture an opposen&ce it mwes
one space forwardiagonally.

* If a pawn arives at he end of the board, it gomoted: replaced by a queen, castle,
bishop, or knight.



Part (a): Look at the board bel which shows a position in sagie of chessYou ae

told that black meed last. Your job is to figure out what blacklast mae was, and what

was white’s move lefore that. There are twsolutions: one works whether the person
playing white is sitting at the north or the south end of the board (i.e., whether the white
pavn is moving south or mang north). The other solution (which is easier) onlyrks

if the person playing white is sitting at therth side of the boardNote that the mees

are not necessarily good ones, buytae all legd.




Part (b): Now look at the board bel which shows the final position of ame (the
game is wer because white has check-mated black).

This time, your job is to figure out whether the person playing white was sitting on the
north or the south side of the boartb do that, you will need to figure out what whie’

last mowve was. Thereare segeral possibilities, so to namoit down, you'll need to figure

out what blacls last mee before that could hee been in each case. In all but one case
you should find that in fact there wouldvieaeenno possible mee for black, and that
should let you figure out where the person playing white was sitting.

Good luck!



Exercise 3: wo-D Arrays

For mary board games (e.g., chess, checkers, go) the board can be represented using a
2-dimensional array of integers, where tladue in positior] j | [ k] tells what piece (if

ary) is currently at that positiorwhen deciding whether a player has won the game, it is
often useful to look for certain patterns on the board.

These ideas lead to the following (partially specified) class.

public class BoardGane {
[*** fields ***/
private int[][] board;

[*** public methods ***/

public BoardGne() { ... } [/ constructor

publ i ¢ bool ean hasPattern( int[][] pattern ) {
[l part (b)

}

[*** private nethods ***/

private boolean isMatch(int[][] pattern, int row, int col) {
[l part (a)

}

private bool ean i sMat chl gnoreZeros(int[][] pattern,
int row, int col) {

[l part (c)



Part(a): Thei sivat ch method of theBoar dGane class should returhr ue iff the
given pattern matches the portion of the board that has them gbw and column num-
bers as its upper-left corner.

For example, assume that th@ar d array is as follows:

1 2 3 4
6 7 8
9,100 11| 12

ol

Below are the results of some callsite Mat ch.

value returned by the call

pattern array row col isMatch( pattern, row, col )
1123 0 0 true
5|6|7
11213 0 1 false
5|6|7
6|7 true
10 11 1 1
6|7 0 1 false
10 11
6|7 1 1 false
10{ 14

Write method sMat ch. Assume that both theoar d field and thepat t er n parame-
ter are non-emptyectangular arrays.



Part(b) : ThehasPat t er n method of thdBoar dGane class returnsr ue iff the gven
pattern occursomewhere in the board array.

For example, assume again that thear d array is as follows:

1 2 3 4
6 7 8
9,100 11| 12

ol

Below are the results of some callshasPat t er n.

value returned by the call

pattern array hasPattern( pattern )

11213 true
5|16]|7
6|7 true

10( 11

[12] true

6|2 false

1|3 false

Write methodhasPatt ern. Assume that both thboar d field and thepattern
parameter are non-emptgctangular arrays.



Part(c): Sometimes when you look for a pattern you only care about matching some parts
of the pattern.For example, to look for a diagonal win for X in tic-tac-toe (thres X' a

row on the diagonal, using &'to represent X8), all you care about is whether there are
three 15 in a ow on a dagonal-- you dort’ care what values if gnare around them.
You'd like to be &le to use patterns kkthese:

1]10] 0
0,10
0[O0 1
O[O0 1
0,10
1/0] 0

where the ones need to be matched, but the zeros in the pattern can correspoualto an
ues in the board array.

Write thei sMat chl gnor eZer os method so that only non-zero entries in the pattern
have o match the corresponding positions on the board.

Exercise 4: Connect-4

Use the remaining time to play the Connectafing. Thinkabout hav you might use the
Boar dGane class to program itYou could write the program to allotwo people to
play against each other (in which case your codaldvhave o decide when someone
wins), or you could write the program to all@ person to play against the computer (in
which case your code would alsovhap try to prevent the person from winning by get-
ting four in a rev, and it would need to h& ome strategies for getting four in amo
itself).

If you like the idea, maybe we’ll spend some time at our next meeting working on a Con-
nect-4 game.



