CSE 143, Winter 2009

Programming Assignment #7: Twenty Questions (20 points)
Due Thursday, March 5, 2009, 11:30 PM

This program focuses on binary trees. Turn irsfilemedQuesti onTr ee. j ava andQuest i onNode. j ava from the
Homework section of the course web site. You wiled support filetlser | nt erf ace. j ava, Questi onMai n. j ava,
Vader Mai n. j ava, and various input files from the Homework web gggace them in the same folder as your class.

The Game of 20 Questions:

In this assignment you will implement a yes/no guesgame called "20 Questions." Each round ofyéree begins by
you (the human player) thinking of an object. Tlenputer will try to guess your object by askingiyoseries of yes or
no questions. Eventually the computer will havkedsenough questions that it thinks it knows whaect you are

thinking of. It will make a guess about what yobject is. If this guess is correct, the computigrs; if not, you win.

The computer keeps track of a binary tree whosesioepresent questions and answers. (Every ndalgss a string
representing the text of the question or answAr.juestion" node contains a left "yes" subtree anajht "no" subtree.
An "answer" node is a leaf. The idea is that ti@e can be traversed to ask the human playeres sérquestions.

For example, in the tree below, the computer wdnglgin the game by asking the player, "Is it an ai®h If the player
says "yes," the computer goes left to the "yes'treeband then asks the user, "Can it fly?" Ifuker had instead said
"no," the computer would go right to the "no" s@etiand then ask the user, "Does it have wheels?"

This pattern continues until the game reaches fa'déeswer" node. Upon reaching an answer nodeconeputer asks
whether that answer is the correct answer. Iffsocomputer wins.

(left = "yes") overall root (right = "no")

| Isitan animal?|

| Canitfly? | | Does it have wheels?|

bird | Does it have a tail? | Is it nice? |

The following partial output log shows one gamenbgilayed on the above tree:

Is it an animal ? yes

Can it fly? no

Does it have a tail? yes

Woul d your object happen to be nouse? yes
I wn!

Initially the computer is not very intelligent, biitgrows more intelligent each time it loses a ganif the computer's
answer guess is incorrect, you must give it a neastijon it can ask to help it in future games. &ample, suppose in
the preceding log that the player was not thinkihg mouse, but of a cat. The game log might ldakthis:

Is it an animal ? yes

Can it fly? no

Does it have a tail? yes

Woul d your object happen to be nopuse? no
| lose. What is your object? cat

Type a yes/ no question to distinguish your itemfrom nouse: Does it nmeow?
And what is the answer for your object? yes
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The computer takes the new information from a ¢@she and uses it to replace the old incorrect ansade with a new
question node that has the old incorrect answernand correct answer as its children. For examglier the game
represented by the preceding log, the compute€sathgame tree would be the following:

overall root

(left = "yes") (right = "no")

| Is it an animal?|

—

| Canitfly? | | Does it have wheels?|

bird [ Does it have a tail? [ Isitnice? |
[ Doesit meow? |

| ca | | mouse |

In this assignment, you will create clasgesst i onTr ee andQuest i onNode to represent the computer's tree of yes/no
questions and answers for playing games of 20 @usst You are provided with a clieQuest i onMai n that handles
user interaction and calls your tree's methoddayp games. Below are two logs of execution (uspui is underlined):

Log of execution #1 Log of execution #2
Vel come to the gane of 20 Questions! Vel come to the game of 20 Questions!
Shall | recall our previous ganes? n Shall | recall our previous ganes? yes
. . . - What is the file nane? question2.txt
Think of an item and | wll guess it. ) ) ] ]
. . Think of an item and | wll guess it.
Woul d your object happen to be Jedi? n ) )
| lose. What 1s your object? hobbit Is it an animl? no
Type a yes/no question to distinguish your Does it have wheel'S? yes )
itemfromJedi: Does it use the Force? Woul d your object happen to be bicycle? yes
And what is the answer for your object? n | win! )
Chal | enge ne again? y - Chal | enge ne agai n? yes
Does it use the Force? n . Is it an animl? yes
Woul d your object happen to be hobbit? n Can it fly? no °
| lose. What 1s your object? droid - Does it have a tail? yes
Type a yes/no question to distinguish yourO |Wuld your object happen to be nouse? no
itemfromhobbit: Is it metal ? . | lose. What 1s your object? cat -
And what is the anSwer tor your object? y Type a yes/no question to disTinguish yourQO
Chal | enge ne again? y itemfrom nmouse: Does it neow?
_ And what is the answer 1or your object? yes
Does it use the Force? n Chal | enge ne agai n? yes
Is it metal ? -
Woul d your object happen to be droid? y Is it an animl? yes
| win! Can it fly? no
Chal | enge nme again? n Does it have a tail? yes
- Does it meow? yes
Ganes pl ayed: 3 Woul d your object happen to be cat? yes
| won: 1 | wn!
Shall | remenber these ganes? y Chal | enge nme agai n? no
VWhat is the file name? questionl.txt -
Ganes pl ayed: 3
| won: 2
Shall | renenber these games? no

The program can instruct your question tree to itsathput from different text files. You shoulditially test with the
providedquesti onl. t xt or an even smaller file of your own creation. y&sr code runs, you will be able to create
larger files by saving them at the end of the paiogr Once your code works wigjuest i onl. t xt, you can test it with a
larger input such as the providedi mal s. t xt, which comes with permission from the Animal Gawmeb site at
http://animalgame.com/ Check your output using our Output ComparisonlTrom the course web site.
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Implementation Details:

The contents of th@uesti onNode class are up to you. Though we have studied pitraes ofi nt s so far, in this
assignment you can create a tree of nodes thateayespecific to solving this problem. Your nodass should have at
least one constructor used by your tr@eest i onNode should not perform a large share of the overatigalgorithm.

Your Questi onTr ee class must have the following public constructod anethods. You may have additional private
methods. You should throw &ihl egal Ar gunent Except i on if the parameter passed to any method belowlis .

public QuestionTree(Userlnterface ui)

In this constructor you should initialize your newestion tree. You are passed an object repregetiie user interfac
for input/output. Your tree will use this userdarface for printing output messages and askingtiunssin the game (see
next page). Initially the tree starts out contagnonly a single answer leaf node with the wordli'Jm it. The tree will
grow larger as games are played or as a new tieaded with theé oad method described below.
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public void play()

A call to this method should play one complete girgsgame with the user, asking yes/no questiotis neaching an
answer object to guess. A game begins with therrode of the tree and ends upon reaching an areafenode. If the
computer wins the game, print a message sayingGtherwise your tree must ask the user what olfjetshe wag
thinking of, a question to distinguish that obj&cm the player's guess, and whether the playéjecois the yes or np
answer for that question. The two boxed partigklon the first page are examples of output frorglsicalls topl ay.
All user input/output should be done throughtker I nt er f ace object passed to your tree's constructor.

After the game is over, the provided client prognaith prompt the user whether or not to play agdhis is not part of
your pl ay method. Leave this functionality to the clienbgram.

public void save(PrintStream output)

In this method you should store the current tregestio an output file represented by the giRennt St ream In this
way your question tree can grow each time the uses the program. A tree is specified by a sequ@fdines, one fo
each node. Each line must start with eitl@er to indicate a question node ar to indicate an answer node (a leaf). All
characters after these first two should repredentedxt for that node (the question or answer)e fitdes should appegr
in the order produced bymeorder traversal of the tree. For example, the two trees showténdiagram and logs gn
the preceding pages would be represented by tlweviah contents:

guestionl.txt guestion2.txt
()Sbgs it use the Force? Q'EZ it aplag|nal9
edi nit
Qls it netal ? grb|rd Y .
A:droid Q Does it have a tail?
A: hobbi t A nouse
A: spi der
Q Does it have wheel s?
A: bicycle
Qls i1t nice?
A TA
A: t eacher

public void | oad( Scanner input)
In this method you should replace the current bgeeading another tree from a file. Your methad e passed a
Scanner that reads from a file and should replace theeturtree nodes with a new tree using the informaitiathe file.
Assume the file exists and is in proper standanh&b. Read entire lines of input using callsSsanner 'snext Li ne.

public int total Games()
In this method you should return the total numbiegaimes that have been played on this tree solfatially 0 games
have been played, but this increases by 1 for gaste that is played (each timleay is called).

public int ganesWn()
In this method you should return the number of gathe computer has won by correctly guessing thecbis thinking
of. Initially this is 0, but it increases by 1 feach game the computer wins.
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User | nterface:

Your question tree should be designed to be usaitlemany different kinds of user interfaces. Wavdé provided a
classQuest i onMai n that represents a text user interface and a ks Mai n with a graphical user interface. Both of
these classes need to display output to the uskreaa input from the keyboard, but they do sodnyudifferent ways
(console messages vs. graphical fields, etc.prder for your code to work with both of these peogs, we will provide
you with a Java interface that represents the cammebavior of both kinds of user interfaces:

public interface Userlnterface {
public String ask(String question); /1 asks user a question and returns the answer
public void println(String nessage); /1 displays an output nessage to the user
public bool ean yesNo(String question); // asks user a yes/no question; t=yes, f=no

}

For example, if you had a variahle that referred to an object that implementsuker | nt er f ace interface, you could
write the following code to ask the user a yes/nestjon:

if (ui.yesNo("Are you having a nice day?")) {

ui.println("That is good to hear!"); /1 user said "yes"
} else {
ui.println("Sorry to hear that."); /1 user said "no"

The following code would ask the user a more gdmgrastion to which the user could type any stas@ response:
String answer = ui.ask("Wat is your name?");

You must use this user interface in your progrdPnograms that do not do so and try to handle uderaction directly
will lose substantial credit on the assignment.

Creative Aspect (myquesti ons. t xt):

Along with your program you should turn in a filamednyquest i ons. t xt that represents a saved question tree in the
format specified to be output by your treetsre method. For full credit, this tree must be in greper format, should
have a height of at least 5, and should be your @eation.

Style Guidelines and Grading:

Part of your grade will come from appropriatelyigiing binary trees and recursion to implement yguessing game as
described previously. We will also grade on thegahce of your recursive algorithm; don't creatxigb cases in your
recursive code if they are not necessary or repesds already handled. Redundancy is another maiding focus;
some methods are similar in behavior or basedfadfaioh other's behavior. You should avoid repekigid as much as
possible. Your class may have other methods bedimse specified, but any other methods you addldliepri vat e.

An important concept introduced in lecture wasezHlk = change(x)". This idea is related to proper design of resersi
methods that manipulate the structure of a binggg.t You must follow this pattern on this assigntrie receive full
internal correctness credit. For example, at e @& a game lost by the computer, you might beptechto "morph"
what used to be an answer node of the tree inteesatipn node. This is considered bad style. @aresbdes and answer
nodes are fundamentally different kinds of datau ¥an rearrange where nodes appear in the tregobishouldn't turn
a former answer node into a question node justiplgy the programming you need to perform.

You should follow good general style guidelinestswas: making fieldgpri vat e and avoiding unnecessary fields
(Remember that you will lose points if you declaegiables as fields that could instead be declasetbcal variables);
declaring collection variables using interface wgpappropriately using control structures like Isogndi f /el se;
properly using indentation, good variable namestgpés; and not having any lines of code longen tH20 characters.

Comment your code descriptively in your own wortishe top of your class, each method, and on comgéetions of
your code. Comments should explain each methahisuvior, parameters, return, pre/post-conditions, exceptions.
For reference, our solution is around 110 lineg limeluding comments and blank lines.

4 0f 4



