CS108, Stanford Handout #3
Fall, 2008-09 Osvaldo Jiménez

HW1 CodeCamp

Thanks to Nick Parlante for much of this handout

For this first homework, you will run through a igsrof small coding problems to get warmed up dédka
code, Collection classes, unit tests, and some basic OOP designinGke habit of pulling up the
javadoc pages forString , Collection ... leveraging the built-in libraries. Download eth
hwlCodeCamp.zip file from the course page. Thatains a hwlCodeCamp directory that is an Eclipse
project -- import it into Eclipse to get startechi§ homework is due at 11:59pm on Wed Oct 1. Pag A
made of several small Java problems with stringays, lists, and maps, all with unit tests. Pai$ B short
OOP design exercise (wait for the OOP design ledurthat part).

For part A, you have a variety of small coding peofis to solve, each with unit tests. You shouldaiilt
the set of unit tests for each problem until yo& @@nfident that your solution is correct. The dsiable is
that there are 5 or momssertEquals() or other assertions for eaphblic method in part A. The
starter code has some tests filled in for soménefproblems to get you started, and you shouldnaoie
tests. Part of this assignment is about experimgntiith unit tests to really nail down the correxgs of
your code beyond the usual "it appears to workeélle8ince the problems are only moderately harde ha
well-defined input/output interfaces, and you caitewnit tests, it is a reasonable goal that yduturn in
literally perfect code for all the problems -- zdmags. Producing a body of zero bug code does ajdn
by accident. It requires some organized efforestiig.

Part B centers on designing and writingrape class from scratch. For part B, the point is thigkabout
the OOP design of thghape class.

Our grading for Part A will be pretty simple -- Jest have automated tests for each problem théfy\taat
your solution works correctly for a variety of inpuThe grading in that case will mostly just beatb
correctness. That said you should still try to evditean code and use decomposition. For Part Buste
want to see a reasonable effort at the OOP design.

CS108 homework ground rules: the starter codeoftiéin include some boilerplate such as the protstyp
for methods you need to write. A starter method inajude a throwaway line likeeturn 0; just so it
compiles when you first load the project. Your ced® assume that all inputs are formatted andtsiect
correctly. Your solution should work correctly wheresented with valid inputs, and we will not worry
about invalid inputs (yet). If your code takes iparameter such asSring or aList , you may assume
that theString or List passed in is natull , unlessnull is specifically mentioned in the specification.
In other wordspull is not a validString  or List . The empty string and empty list are valid of c&yr
but in Java those are different fromll . Your code should never change the public intedagiven for
homework problems. Very often, we have tests thiityour code in various ways, and obviously thaltyo
works if your code keeps the same interface asngivehe starter code. For the same reagom,should
leave your classes in the default package, so our testing code can find it. You are free tadd additional or
helper methods -- adding extra methods will notfesa our testing code. Very often, my own solution
decomposes out private helper methods for parteeoproblem, pulling some complexity out of the mai
methods.

Part A

These are just medium complex Java methods tooffustose Java brain cells and get you started with
tests.



String Code
String blowup(String str)

Returns a version of the original string as followach digit 0-9 that appears in the original gtris
replaced by that many occurrences of the char&ettire right of the digit. So the stririg3tx2z"  yields
"attttxzzz" ,and"12x" vyields"2xxx". A digit not followed by a character (i.e. at thedeof the string)
is replaced by nothing.

iInt maxRun(String str)
Given a string, returns the length of the largastin the string. A "run" is a series of zero orrmadjacent
characters that are the same. So the max riaxpfyz" is 3, and the max run ofyz" is 1.

boolean stringlntersect(String a, String b, int len)
Given 2 strings, consider all the substrings witthiem of lengthen . Returnstrue if there are any such
substrings which appear in both strings. CompuiteithO(n) time using &ashSet . len will be 1 or more.

CharGrid

TheCharGrid class encapsulates a 2tthr array with a couple operations.

int charArea(char ch)

Given achar to look for, find the smallest rectangle that eams$ all the occurrences of thatar and
return the rectangle's area. If there is only gleinccurrence of thehar , then the rectangle to enclose it is
1x1 and the area is 1. If the character does mapreturn an area of 0. For example, given tik.g

abcd

ach
xbca

The area fora' is 12 (3 x 4) while forc’ itis 3 (3 x 1). The second row contains‘a , but that's still
just a regular char.

For testing, you can set up a 2-d char[row][cothgditeral like this (row O iscax" )

char[][] grid = new charf][] {

{'c','a", 'x}
{0},
e ay

3

int countPlus()

Look for a '+' pattern in the grid made with repetis of a character. A + is made of single chanaict the
middle and four "arms" extending out up, down,,leftd right. The arms start with the middle chad an
extend until the first different character or geidge. To count as a +, all the arms should haveotwnore
chars and should all be the same length. For exartig grid below contains exactly 2 +'s...

p

p X
PPPPP XXX
pyx
pyyy
272777y777
XX Y

Hint: consider decomposing out a private helpetiogtto avoid repeating the code to measure eattteof
four arms.



TetrisGrid

The TetrisGrid class encapsulates the classic rectangular boarthé game Tetris (we'll play around
with Tetris on homework 2, so here's a chance tadead start on that code). We'll store the 3 &twiard
as a grid ofbooleans , wheretrue is a filled square, anéhlse is an empty square. We'll use the
convention thagrid[x][y] refers to a cell in the board, withid[0][0] representing the lower left
square in the board, growing to the righty growing up (the standard Cartesian coordinateesystin the
Tetris code grid[x][y] is a natural way to think about the game, butosothat it's different from a
grid[row][col] convention.

Constructor -- th&etrisGrid  constructor should take inbaolean(][] grid argument. The width and
height of thegrid will both be at least one. For example, below dgid that is width 2 and height 3. The
2-d array literal syntax is row/col oriented, sa gtid[x][y] appears rotated 90 degrees clockwise.

boolean(][] grid = new boolean[][] {

{false, false, true}, // this is grid[x=0][... ]
{true, true, false} // thisis grid[x=1][... ]
h

void clearRows()
The one key method imetrisGrid is clearRows()  which should delete the full rows in the grid,
shifting the rows above down and adding empty raixthe top, like this:

There is a simplegetGrid() that exposes the grid stored TretrisGrid , so unit tests can call
clearRows() and theryetGrid()  to check the resultingrid .

Collections
<T> int sameCount(Collection<T> a, Collection<T> b)
In the Appearances class, thestatic Appearances.sameCount() method takes in two collections --

A andB -- containing a generieT> element type. Assume that the T elements implemgurdls() and
hashCode() correctly, and so may be compared and hashedel€h@ents are in no particular order. Every
element inA appears imPA one or more times, usingquals()  to compare elements for equality (the
standard definition oéquals() for java collections). Likewise every elementBrappears one or more
times.sameCount() counts the number of elements that appear in bollections the same number of
times.

For example, with the collectiog&", "b", "a", "b", "c"} and{'c", "a", "a", "d", "b",
"b", "b"} it returns2, since the'a" and the'c" appear the same number of times in both collestion
Use hashing to compute the number of appearanfieiewty.



class Taboo<T>

Most of the previous problems have been about singgthods, buTaboo is a class. Th&aboo class
encapsulates a "rules" list such {&s', "c", "a", "b"} . The rules define what objects should not
follow other objects. In this case" should not follow'a" , "a" should not follow'c" , and"b" should
not follow"a" . The objects in the rules may be any type, butrait benull

The TaboonoFollow(elem) method returns the set of elements which shouldfoitow the given

element according to the rules. So with the rgles "c", "a", "b"} the noFollow("a") returns
the Set{"c", "b"}. noFollow()  with an element not constrained in the rules, eogollow("x")
returns the empty set (the utility metha@dllections.emptySet() returns a read-only empty set for

convenience).

The reduce(List<T>) operation takes in a list, iterates over thefligin start to end, and modifies the
list by deleting the second element of any adjaetarnents during the iteration that violate thesulSo for
example, with the above rules, the collectftat, "c", "b", "x", "c", "a"} is reduced td"a",

"X", "c"} . The elements in italics {*a", "c", "b", "x", "c", "a"} -- are deleted during the
iteration since they violate a rule.

The Taboo<T> class works on a genersd> type which can be any type of object, and assuraettie
object implementgquals() andhashCode() correctly (such astring or Integer ). In the Taboo
constructor, build some data structure to storertifes so that the methods can operate efficienthote
that the rules data for thaboo are given in the constructor and then never change

A rules list may have nulls in it as spacers, sagfia", "b", null, "c", "d"} --"b" cannot follow
"a", and"d" cannot follow'c" . Thenull allows the rules to avoid making a claim aba@tit and "b".

Part B -- Shape -- Fundamental OOP Design

For this problem, design and implemenBlaape class to best meet the small code problem destribe
below. You do not need to implement any unit tdstsyour Shape class, although you may want to.
Besides correctness, we are interested in seeimgotdundamental OOP and API design for 8rape
class. You do not need Java2D or any other compticgraphics code to solve this. Just use collestio
and the provided immutabiint class (see Point.java).

The problem concerns "shapes" which are definea $gries of 2d points. We'll say that a shape thenad
a series of straight lines that connect adjaceirtgowith a last line connecting the last pointlb#o the
first: point0-to-pointl, pointl-to-point2, ... palto-point0. The shape will always have 3 or mpoints,
and will not cross over itself anywhere, so thepghsimply encloses a single region with a seriestraight
lines. Each shape defines a circle, where the centke arithmetic average of all the shape pogntsl the
circle goes through the point nearest to the cehtéth that definition of shape and circle, you dde be
able to do three things:

« Be able to create a shape from a &®¥hg which lists the points that make up the
shape, as an even numberofible values'xy", all separated by one or more

whitespace chars. Here is thging for a square with its lower left corner at (0, 0):
"00 01 11 1.00.0"

(Note: look at the JavaScanner class for parsing help.)

« Given two shapes andB, compute ifA "crosses'B if A has a line which crosses the
circle -- one endpoint of the line is within theat¢ and the other endpoint is not. We will
say that a point which is on the edge of the cicdents as being in the circle. We will
not worry about the case where the line crossesitble, but both points are outside of it
(it's an interesting problem, but we're not doirgp@s!).

« Given two shapea andB, compute howA "encircles"B in one of three ways, encoded as
anint :
2 : The center of B's circle is within A's circle



1 : otherwise, B's circle intersects A's circle
0: otherwise, the two circles have no intersection

Having defined theShape class, create 8hapeClient class that contains onlyraain() hardwired to
solve the following problem. Given four shapeis,c,d

"00011110"

"1010 1011 1111 1110"
"0.50.5 0.5-10 1.50"
"0.50.5 0.750.75 0.750.2"

OO0 ToD

ShapeClientain() should build the shapes and then compare shapd¢ha bther three shapes and print
the results, one per line, exactly like this:

a crosses b:false
a crosses c:true
a crosses d:false
a encircles b:0
aencircles c:1

a encircles d:2

Everyone'snain() output for this problem should be exactly the safifee interesting part is looking at
themain() client code as a measure of tieape APIl. With a good OOP and API design $tfape, the
client main() should be short and clean. OOP design -- pushdtee ahd its code into th&hape class.
You may also want to think about decomposition ¢éefk the implementation within tl&hape clean, in
particular keeping each shape object responsiblésfown data. As usual for CS108, you should cemm
out yourprintins  , so your code produces clean output when run.



