CS108, Stanford Handout #17
Fall, 2008-09 Osvaldo Jiménez

HW3 DB/Sudoku

Thanks to Nick Parlante for much of this handout

Homework 3 makes extensive use of the Java Cailectilasses while exercising OOP themes --
assembling a large solution out of modular clasgiefg each class a good API for its clients,itegtand
some GUI coding. The whole thing is due Wed Octd22n

Part A - Database

First, we will discuss the basic roles and concepthe three DB (database) classes you will creBbe
design and code of the classes -- their ivars agttiads -- will be up to you.

A DBBi ndi ng encapsulates a stririggy and stringval ue. The text format of @BBi ndi ng is the key,
followed by a colon (:), followed by the value, iy with extra whitespace around the key andviiae.
So for example the texame: M dni ght Run” represents the binding (key="name", value="Midnig
Run"). The text year 1979 " represents the binding (key="year", value="197%he text in a
DBBi ndi ng does not change after it has been created.

A DBr ecord is simply a collection 0bBBi ndi ngs. The text format of BBRecor d is simply the text of its
bindings separated by commas, like this...

nane: Sense and Sensibility, stars: Enma Thonpson, stars: Hugh G ant

Finally, aDBTabl e is just a collection obBRecor ds. The text format of @BTabl e is simply the text of
its DBRecor ds, one per line. Here is our sampteVi es. t xt " table...

name: Al i en, stars: Yaphet Kotto, stars:Sigourney Waver, stars: Harry Dean Stanton
nane: Repo Man, stars: Enmilio Estevez, stars:Harry Dean Stanton

name: The Truth About Cats and Dogs, stars: Janeane Garofal o, stars:Uma Thurnman
nane: Sense and Sensibility, stars: Enma Thonpson, stars: Hugh G ant

name: M dni ght Run, stars: Yaphet Kotto, stars: Charles Godin, stars: Robert Deniro

EachDBRecor d is on a single line of text, although the wrappaighe text in a display may make it look
like some records span multiple lines. The key aailde strings are guaranteed to not be the emphgst
and to not contain colons, commas, or newlinegygotext format will work. You code may assume that
the inputs are correctly formatted. The bindinga irecord and the records in a table should prihtrothe
same order they had when originally read in. Atbe, data should print out retaining the capitaitrait
had when read in.

Notice that it is valid for @BRecor d to contain multiple bindings with the same key -dltiple "st ar s"
bindings for example. We're doing something &elittiore flexible than a conventional SQL databalsieta

Select

Each record also encapsulates a single "selebtasl"ean that is initiallyf al se. The main function of all

the database classes is running "select" testasigdl the records in a table, setting the setkbtaoleans

within certain records. When printed, a record thaelected prints with & " at the start of its line (shown
below). When reading in BBRecord from its text form, skip over the leading"if present (i.e. new
records always havefal se selectechool ean).

Conceptually, a "select" operation tests everyetabcord vs. a single fixed "criteria" record. Feach
record in the table, if the select test isie, then the record's selectedol ean is set tat r ue. If the test is
f al se, the record's selectédol ean is left unchanged.



Select operates in two modes — OR mode and AND mode

In AND mode, the select test is ue for a given record if all of the bindings in thateria record are
present in the given record. So for example, ecs@BD on the movies.txt table with the followingteria
record...

stars: Yaphet Kotto, stars: Harry Dean Stanton

will select only theAlien record in the movies table. It will not select tRepo Man or Midnight Run
records since they contain one or the other ofctiteria bindings, but not both. The use of "fof &lere
mirrors the definitions of mathematical sets (C9138® a select with an empty criteria record isagtsv

t rue. When defining boundary behaviors in your APlJifg back on mathematical definitions is a good
default strategy.

In OR mode, there must exist at least one bindiomfthe criteria that is present in a record tecek. So
with the same criteria as above but in OR modethaie movies will be selectedlien, Repo Man, and
Midnight Run. So a select with an empty criteria record is gbval se.

As a convenience for the client, the criteréd ue strings do not need to match exactly: the critesid can
just be a substring within the table record vak,tand they do not need to match upper/lower.cCHse
key string must match exactly however. So the aboweri@ could be shortened to...

stars: kotto, stars: anton

and give the same result, as would the criterianec

stars . aNton , stars . kOTTO

Command Line Interface

To drive the DB classes, we provide a simple cansoput/output class that presents a command-line
interface to the user, parses what the user typ®bsthen calls your DB classes to do all the actuak.
This interface reminds us of why GUIs were inventadt it's good enough for this part of the homéwor
The command line has a singbBTabl e object, and each typed command triggers operationshat
table...

r reads (prompts for a filename and then addsatberds in that file to the table)
p prints (prints all the records, selected recatdst with *)

sa selects in AND mode (prompts for criteria record)

so selects in OR mode (prompts for criteria record)

da deletes all records

ds deletes selected records

du deletes unselected records

c clears all the selected booleans, so no recoedsedected

Below is a transcript of the command line interfataction to give you a sense of how the DB wotlkse
command line prompt is "db:", and the typed commsarmte shown in bold. Look at the
CommandLinelnterface.java source file to see what's going on under the hood.

0 records (0 sel ected)
r read, p print, sa select and, so select or, da ds du delete, c clear se



db:r
r ead
Fi | enane: novi es. t xt

5 records (0 sel ected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel

db: p

print

name: Al i en, stars:Yaphet Kotto, stars:Sigourney Waver, stars:Harry Dean Stanton
nane: Repo Man, stars:Enmilio Estevez, stars:Harry Dean Stanton

name: The Truth About Cats and Dogs, stars:Janeane Garofal o, stars: Ura Thurman
nane: Sense and Sensibility, stars: Emma Thonpson, stars: Hugh G ant

name: M dni ght Run, stars:Yaphet Kotto, stars:Charles G odin, stars:Robert Deniro

5 records (0 sel ected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel
db: sa

sel ect and

Criteria record:stars: kotto, stars:stanton

5 records (1 selected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel

db: p

print

*nanme: Al i en, stars: Yaphet Kotto, stars:Sigourney Waver, stars:Harry Dean Stanton
nane: Repo Man, stars:Enmilio Estevez, stars:Harry Dean Stanton

name: The Truth About Cats and Dogs, stars:Janeane Garofal o, stars: Ura Thurman
nane: Sense and Sensibility, stars: Emma Thonpson, stars: Hugh G ant

name: M dni ght Run, stars:Yaphet Kotto, stars:Charles Godin, stars:Robert Deniro

5 records (1 selected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel
db: c

clear selection

5 records (0 sel ected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel
db: so

sel ect or

Criteria record:stars: kotto, stars:stanton

5 records (3 selected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel

db: p

print

*nanme: Al i en, stars: Yaphet Kotto, stars:Sigourney Waver, stars:Harry Dean Stanton
*name: Repo Man, stars:Emlio Estevez, stars:Harry Dean Stanton

name: The Truth About Cats and Dogs, stars:Janeane Garofal o, stars: Ura Thurman
nane: Sense and Sensibility, stars: Emma Thonpson, stars: Hugh G ant

*nanme: M dni ght Run, stars: Yaphet Kotto, stars:Charles Godin, stars:Robert Deniro

5 records (3 sel ected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel
db: ds

del ete sel ected

2 records (0O selected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel
db: p

print

name: The Truth About Cats and Dogs, stars:Janeane Garofal o, stars: Ura Thurman
nane: Sense and Sensibility, stars: Emma Thonpson, stars: Hugh G ant

2 records (O selected)

r read, p print, sa select and, so select or, da ds du delete, c clear sel
db: g

qui t



Your Mission
« Understand conceptually what the DB classes stodewhat the select operation
computes.

» Design and implememmBBi ndi ng, DBRecor d, andDBTabl e classes -- ivars,
constructors, public methods, and private helpghaus. We will allow a lot of latitude
about your specific design, so long as it getgdhedone and has a reasonable OOP
design. Your design should follow the ideas of Q&DBapsulation, receiver-relative
coding, and good API design.

e TheDBRecor d builds on (is a client of) theBBi ndi ng, and theDBTabl e is a client of
both. The command line class is the ultimate cligrihe whole DB system. Therefore,
collectively, the DB classes should expose congire@nd methods so the command line
interface can get its job done most easily. ThedBses do not need to support any
more functionality than that required by the comchéine client and unit tests.

* Modify the provided command line class code st ihcalls your DB code to do the
actual work. The command line starter code justthasommand line printing and
parsing done, with empty slots for the actual DBhipalation. The DB code in the
command line should be very short, since with gaBd design, the actual DB
functionality should be in the DB classes.

e Write JUni t test classes fadBBi ndi ng, DBRecor d, andDBTabl e. The tests are not
required to be very long -- say just three or fiast methods per class -- but of course it
may be in your interest to make them longer. ThedzBses should also think of the unit
tests as a client, and may include features tomtipipe unit tests. In particular, it's handy
to be able to creat®BRecor ds from string constants. Therefore, BgRecor d should
have a constructor that takes a sirgjlei ng line like "name: Al i en, stars: Yaphet
Kotto, stars:Harry Dean Stanton"and constructs th&iBRecord.

» As part of your class design, writ@Vadoc" comments for youbBRecor d class (as
shown in lecture). Your comments do not need tudrg lengthy, but should capture the
basic interface of each method. Consider startaoip @omment with an "s" form verb,
like "adds", "removes", "finds". Use tl@ar amand@ et ur n tags -- notice that Eclipse
autocomplete then uses that information. Use tfeutt€Generate Javadoc command in
Eclipse to turn in your project with a "doc" dirent of Javadoc. We are only doing
Javadoc for th®BRecor d class. The command may ask you the location ofj#twvadoc”
tool which does the doc generation. For Windowsssgs in your Java folder. If you
can't find it there, you might need to install HigK. For Mac OS X, it's in
/System/Library/Frameworks/JavaVM.framework/Versi@urrentJDK/Commands/java
doc

DB Implementation Ideas

ImplementDBRecor d andDBTabl e using theCol | ecti on classAr rayLi st for storage. Store the pointer
to your ArraylLi st objects as typecol | ecti on<DBBi ndi ng> and Col | ecti on<DBRecord>, SO a
different implementation may be substituted latése the basicol | ecti on methodsadd(), si ze(),
foreach,iterator(), anditerator.renove(). Useiterator.renove() to remove elements from
the collection during iteration (somewhat confusinthe collection itself also responds toenove() , but
that version searches the whole collection, sait'®rder of magnitude slower). To support texpatuin
the DB classes, overrideoSt ri ng() . It's natural to put in debugging print statemenitsle building the
code, but please comment these out for your funakin. The output of the command line interfaceudt
be exactly as shown here, so we can run its outpaitautomated grading scripts (we look at yourrseu
code too, but it's nice to be able to check youpuaifor correctness easily).

The "select" algorithm is a bit tricky. Use decorsition and receiver-relative coding to try to brahk
problem up a bit, and hit your select code witkew finit tests. The select code should be smartgimtuu



stop computing when it has figured out the answeafparticular record and criteria. Use unit-téstpush
on the various boundary cases. Most of the comiylefithe DB is in theDBRecor d while DBTabl e is
pretty simple.

It could make sense to implement the record usiHgsaMap to store each binding by ikzy, however we
are not doing that in this version.

Part 2 -- ChunkList

For Part 2, we'll add @hunkLi st to take care of the storage. The themes aretiisglaomplexity inside
an object, and testing.

ChunkList

The ArraylLi st<E> is nice and all, but what you really want is aenithunkLi st <E> class that
implements theCol | ecti on interface. AChunkLi st is like a regular linked list, except each node
contains a little fixed size array of elementseast of just a single element. Each node also amnits own
"size" int to know how full it is. For CS108, th€hunkList is a great example of both OOP
encapsulation and unit testing.

Full chunk Partially full chunk

The ChunkLi st will have the following features...

- TheChunkLi st object contains Bead pointer to the first chunk, tai | pointer to the last
chunk, and annt to track the logical size of the whole collectigvhen the size of the
list is O, thenead andt ai | pointers arewul | .

- Each chunk contains a fixed sigj] array, an nt to track how full the chunk is, and a
next pointer. The constamRRAY_SI ZE = 8; in the chunk class defines the fixed size
of the array. Elements should be added to the ateaying at its 0 index. The elements in
each little array should be kept in a contiguowgklstarting at O (this will require
shifting elements around in the little array atdsh (You may want to do some testing
with ARRAY_SI ZE set to smaller values, but turn it in set to 8.)

- ChunkLi st should be a subclassAffst r act Col | ect i on which provides some basic
facilities built on top of youadd() ,iterator (), si ze() etc. primitivesChunk
should be an inner class defined insid€ofnkLi st . Only ChunkLi st will see or use
theChunk class directly. It's stylistically ok €hunkLi st accesses the state (.next, .data,
...) of theChunk objects, sinc€hunk essentially is just an integrated parCbhfinkLi st .
Add utility methods tachunk where it helps to keep things receiver-relativenpve for
example)Chunkl t er at or should be a private inner class as in the lecxaenple.



- ChunkLi st must support the messages: construetdd( ) , si ze(), andi terator ().
Thei t er at or must supporbasNext (), next (), andr enove(). It's valid for the
client to adchul I as an element, so you cannot ngel as some sort of special marker
in the array -- use your sizet in each chunk. Make sure thxtze() andhasNext ()
are consistent about the size of the collection.

- The empty collection should be implementedha@ls head and tail pointers. Only allocate
chunks when actually needed.

- Theadd() operation should add new elements at the enceadbrall collection -- i.e.
new elements should always go into tlaé ! chunk. If thet ai | chunk is full, a new
chunk should be added and become thetrew . We are not going to trouble ourselves
shifting things around to use empty space in chimkise middle of the list. We'll only
look at thet ai | chunk.

- Do not use a dummy node because (a) it doesatpthe code much, and (b) dummy
nodes are lame.

- Keep a singlgi ze variable for the whole list that stores the tatamber of client data
elements stored in the list, so you can respord t@() in constant time. Similarly,
keep a separatd ze in each chunk to know how full it is. Likewisgdd() , hasNext (),
next (), andrenove() should all run ifD(1) constant time (they may do computations
proportional toARRAY_SI ZE, but not proportional to the overall collectiomdgh).

-When using terat or. renove() to remove an element fronCaunk, overwrite the
pointer to that element withraul I to help the garbage collector. This is not a
requirement, but it's a nice touch.

-When ani terat or. renove() operation causes a chunk to contain zero elentbiatts,
chunk should be removed from the list immediat&lye code for deletion is quite tricky.
You may store ar evi ous pointer in each chunk if you wish. It is possitiecode it
without previous pointers by keeping extra pointarthei t er at or to remember the
two previously seen chunks during iteratiGhunk deletion will need to work for many
boundary cases -- the first chunk, the last chanld,so on. This is probably the trickiest
part of the whole thing.

- When called with correct inputshunkLi st should return the correct result. However,
when called with incorrect inputs -- eig.er at or . r emove() without first calling
next () -- ChunkLi st does not need to do anything in particular. itie ff your code
just gives the wrong output or throws a null pairdgeother exception. This is a slight
relaxation of the formatol | ect i on interface which guarantees to throw particular
exceptions for particular errors.

ChunkList Advice — Tight Code

The Chunkl t er at or is a tricky bit of code. There are about 4 différeases to get right, depending on if
the removed chunk was first or last in the list.nDdave a separate copy of the remove code fdr eac
special case. If you find yourself copying and pastode, you're doing it wrong. Clean up the sotuso
there is one copy of theenove code and then a few lines to deal with the speciaés. This is just general
coding style advice — avoid proliferating copiestloé code for slightly different cases. Try to €acthe
code down so one copy of the code deals with masgs My enove() method is about 15 lines long.

Testing

The ChunkLi st is extremely well suited to unit-testing. Thisgsod, since the&hunkLi st has such a
large number of tricky little boundary cases whérean go awry. We will unit-test théhunkLi st
aggressively, since it's the best way to get tlieaaht.



1. ChunkList Basic Testing

To get started, write some basic unit tests thdtlhup aChunkLi st of Stri ngs with add(), and then
iterate over it and remove a few elements, checltiag the list look right before and after the reem
These tests will get the most basiti() /i t er at or () /renove() code working.

2. ChunkList Super Test

I'm providing the code for an extremely aggressas on theChunkLi st . Only try this after your basic
tests are working. Because ther ayLi st (known to be correct) and ti@unkLi st both implement the
Col | ection interface, we can use a unit-test strategy whesede the same operation on both an
ArrayLi st andChunkLi st, and then verify that they get the same outpet &fach operation.

The Super Test creates both aArrayLi st and aChunkLi st. We'll call an "operation" either a single
addition or an iteration down the collection doaafew random removes. Do the same random opertation
both thear r ayLi st andChunkLi st, and then check that the two look the same, eletnealement. Then
loop around and do that 4999 more times, checkiagwo again after each random operation. We veant t
push on thechunkLi st to get every weird combination of list length ahés or that chunk being full or
empty at the time of add or series of removes imes@osition. Take a look at ttsuper Test code. It
creates &andont( 1) for its random number generation, object passiag fhe seed. In this way, the series
of "random" operations is the same every time ¢iseis run.

3. ChunkSpeed Test

The unit-tests should work on the correctness efthunkLi st , and that's the most important thing. Look
at the source of the provid@unkSpeed class and try running it. It runs a timing testtbaAr r ayLi st

Li nkedLi st, andChunkLi st classes. The test is a crude simulation of calachdd/removel/iterate use.
Chun©kSpeed prints the milliseconds required toheofollowing representative mix of operations...

- Useadd() to build a 50,000 element collection

- Create an iterator to iterate halfway throughdblection

- Use the iterator to remove 10,000 elements afpiat

- Creates and runs iterators to run over the wbollection 5 times

The speeds seen depend on many factors, includ®mgRRAY_SI ZE, the specific hardware, the system
load, JVM version, etc., and some runs will be wéybecause the GC thread runs during part of éisé t
Broadly speaking, on average treunkLi st should be roughly as fast or faster thantthekedLi st , and

a lot faster (a factor of 10 or so) than the ayLi st . The speed numbers have a lot of noise in them, so
don't worry about a single run. ThehunkLi st might be slower than thei nkedLi st on occasion.
However, if yourChunkLi st is consistently slower than thénkedLi st or ArrayLi st , there is probably
something wrong with youthunkLi st algorithm -- some operation that is supposed t®@fg is O(n).

The most important methods to be fast lasgNext () andnext (), since they are the most commonly
called by the client.

Onward to the DB

When yourChunkLi st is working well, change both yobBRecor d and DBTabl e to useChunkLi st
instead ofArraylList. (This requires thabDBTabl e and DBRecord only use the standard collection
methodsadd(),.i terat or (), etc. which is as it should be.) This should lmme-line change like this...

/1 records = new Arrayli st <DBRecord>(); /1 old
records = new ChunkLi st <DBRecor d>(); /'l new

With the ChunkLi st installed, your DB should still work perfectly. itfdoes not, you may want to look at
your ChunkLi st unit testing again.



Puzzle

As the final deliverable for Part A, use your waidiiDB classes and the command line to solve the
following little puzzle. Find the correct persomifin within thepeople.txt file, delete all the other records,
and print the one solution record. Make a transa@ighat interaction, with the print of the sotutirecord

as the last step before quitting. Include the tdps in your submit directory as the filpuzzl e-

sol n. t xt" -- just copy and paste from the console outpuideiv, or use thestri pt " command on Unix
using the &xi t " command to end the script.

This is just a little puzzle that acts as a firedttfor both your DB classes and y@hunkLi st : Someone
has taken the last of the donuts from the instruictonge! As the result of some pretty complicase
difficult to explain detective work, you know thellbwing about the guilty party. Consider the sets
attributes A, B, and C below. The guilty party mase of the attributes listed in group A. The guiarty
has at least one attribute in B and at least amibwie in C. Once you have a candidate guiltyypatis
fairly easy to verify that your candidate has tightrrelationship with A, B, and C by hand, justdouble-
check the correctness of your DB afitlinkLi st . Identify that guilty person! The text below inethext
file "puzzl e. t xt " SO you can copy/paste the text instead of tyftinglease include puzzl e- sol n. t xt
transcript with your submission.

/1 Nothing fromA, sonething fromB and C

I A

i kes: dennis-ritchie, dislikes: inelda-marcos, hair: gray, is: assertive, dislikes: wnnie-the-pooh
dislikes: blue, is: quixotic, |ikes: the-mchelin-woman

/I B

hai r: bl onde, hobby: tetris-playing, is: sweet, dislikes: nice, hobby: puddle-junping, |ikes: malcomx
dislikes: sneezy, is: sensitive, likes: krusty-the-clown

/1l C

is: quixotic, hobby: sinpsons-watching, dislikes: assertive, is: appealing, hobby: novie-going, dislikes
tax-deductible, likes: |orena-bobbit, hobby: snipe-hunting, |ikes: w nnie-the-pooh



Part B - Sudoku

For this part of the project, you will build code golve Sudoku puzzles. Our approach will concémtoa
OOP and API design, and give us a chance to stargdome GUI coding. You do not need to be good at
Sudoku to build this code. I'm quite slow at thdmfact, this whole project is perhaps cheap reeeng
against the Sudoku puzzles I've struggled with.

Sudoku is a puzzle where you fill numbers into i.gfhe history is that it originated in the Delizzle
magazine in the 1970's, and later became very populJapan, possibly filling the niche that crossiv
puzzles play in English newspapers, as the Japdaegeage is not suited to crossword puzzles. Somaet
around 2005 it because a worldwide sensation. {t&®/ikipedia page for the full story.)

The Sudoku rules are: fill the empty squares in%k@ grid so that each square contains a numbtrein
range 1..9. In each row and each column acrosgritiethe numbers 1..9 much appear just once ("Budo
translating roughly as "single"). Likewise, eachtled nine 3x3 squares that make up the grid mustoo
the just numbers 1..9.

Here is an easy Sudoku puzzle. | can solve thisioadout 5 minutes. Look at the topmost row. lbrigy
missing 1 and 7. Looking down the columns, you figure out where the 1 and 7 go in that row. Prdcee
in that way, looking at rows, columns, and 3x3 sgeahat are mostly filled in, gradually figuringtahe
empty squares. A common technique is to write tabers that might go in a square in small lettéthe
top of the square, and write in a big number whisrréally figured out. Solve this puzzle to gdeal for
how the game works (the solution is shown on the page).

3 5 2 |9 8 |6 | 4
8 |2 |4 1 7 3
7 |6 | 4 |3 |8 9
2 1 8 7 | 3 9 4
8 4 | 2 3
4 | 3 5 2 9 7
4 6 5 7 1 9
3 5 9 2 8 | 4 1 7
8 9 5 2 | 6




Sudoku Strategy

There aremany ways to solve Sudoku. We will use the followingpegach which is a sort of OOP
interpretation of classic recursive backtrackingrek. Call each square in the puzzle a "spot". ViBtwo
do a recursive backtracking search for a solutassigning numbers to spots to find a combinatiat th
works. (If you are rusty with recursion, see thagbice recursion problems at javabat.com).

* When assigning a number to a spot, never assigméer that, at that moment, conflicts
with the spot's row, column, or square. We areroptfcareful about assigning legal
numbers to a spot, rather than assigning any nufnt®eand finding the problem later in
the recursion. Assume that the initial grid isledjal, and make only legal spot
assignments thereafter.

e There are 81 spots in the game. You could tryingalissignments to the blank spots in
any order. However, for our solution, first sort tpots into order by the size of their set
of assignable numbers, with the smallest set (emss$trained) spots first. Follow that
order in the recursive search, assigning the nasitcained spots first. Do not re-sort the
spots during the search. It works well enough &b §ort once at the start and then keep
that ordering. The sorting is just a heuristic, ibateasy and effective.

«  We will set a max number of solutions of 100f thie recursive search gets to a point
where it has 100 or more solutions, it can stogilmpand just return how many have
been found so far.

Sudoku OOP Design

For this project, the starter code has some rowtotke and data, and the rest of the design is youo
Your goal is to design classes and APIs so thasthee() method (below) is clean expression of the
strategy described above, and tlaén() and GUI clients are clean.

We will take an OOP approach to the search byitrgaach spot as its own capable little objecta@re
Sudoku class that encapsulates a Sudoku game and @i8pitt inner class that represents a single spot in
the game. Constant factor efficiency is not a bogaern -- we're going for correctness, clarity, and
reasonably smart strategy.

Concentrate on OOP design aroundSpet class -- push complexity into ti$pot , making things easy for
clients of theSpot . For example, th€pot has its own access to thei d (remember, it's an inner class of
Sudoku). Consider these two examples of client code

10



11

/1 Bad
grid[spot.getRow )] [spot.getCol ()] = 6;

/1 Good
spot.set(6);

Your code may be designed however you like, withifollowing requirements...

e Sudoku(int[][] grid) -- constructor takes the initigt i d state, and we assume that
the client passes us a legal grid. Empty spotseameesented by 0 in the grid. You may
assume that the grid is 9x9. You do not need to usg] [] as the internal
representation; it's just an input/output format.

e Sudoku(String text) --takes in puzzle in text form -- 81 numbersafg&tr file
provides some parsing code.)

e String toString() -- overridet oSt ring() to return &t ri ng made of 9 lines that
shows the rows of the grid, with each number predds a space (use the
St ri ngBui | der class which replaces the a@dr i ngBuf f er ). (Essentially, the reverse
of the text constructor.) For example, here istttt ri ng() of the "medium 5 3"

puzzle...
530070000
600195000
098000060
800060003
400803001
700020006
060000280
000419005
000080079

e int solve() --tries to solve the puzzle using the strateggcdbed above. Returns the
number of solutions and sets the stategfarSol ut i onText () andget El apsed()
(below). The original grid of the sudoku should bhetchanged by the solution (i.e.
toString() is still the original problem). The included puzzlhave 1 solution each.

* String getSol utionText() -- after a solve, if there was one or more sohsjdhis is
the text form of the first one found (otherwise #mapty string). Which solution is found
first may vary, depending on quirks of yaurl ve() implementation.

e long getEl apsed() -- after a solve, returns the elapsed time spetitd solve
measured in milliseconds. Segst em current Ti meM | 1'i s() . In particular, it's
interesting to get visibility into the timing effescof some of your code changes.

* You do not need to write unit tests, although yoay want to anyway. (You may make
Spot public for the purpose of writing unit tests fa) i

* You do not need to write a javadoc.

It's fine to use nt eger ori nt or whatever to track the grid state -- whatevar find most convenient. It's
good to leverageSet <I nt eger >/ HashSet <I nt eger> and their built in methodsont ai ns(),
addAl | (), rermoveAl | () to help solve the problem.

Do not pre-compute and store the possible numloera §pot. Pre-computation worked very well iniggtr
but it does not work well here. Each spot assigrinsbanges the possible numbers for 20 other spots.
However, in the search, you only care about thesiptes numbers for the one spot you look at next.
Therefore, doing the computation for all 20 spdisal of time is a bad strategy -- better to comphute
possible numbers for a spot at the moment you tremd, based on the grid state at that moment.



Deliverable main()

Your Sudokurai n() should be as below, using your code to print ttebdlem and solution for the "hard 3
7" puzzle. As usual, comment out your other extoaseorinting before turning in, so we can run yooue
to see just your clean output.

public static void main(String[] args) {
Sudoku sudoku;
sudoku = new Sudoku(hardGid);
System out. println(sudoku); // print the raw probl em

int count = sudoku. sol ve();

Systemout.println("solutions:" + count);

Systemout. println("el apsed:" + sudoku. get El apsed() + "nms");
System out. printl n(sudoku. get Sol uti onText ());

Deliverable GUI

Finally, with the core logic of the Sudoku donés itme to nest it inside SudokuFr ane to make your hard
algorithmic work available to a grateful public. &dea is that someone building a Sudoku puzzlédcou
use this to play around with a puzzle they aredingl. The included puzzles all have a single soluti
However, as you start adding 0's, they get moratisols. For example, changing the 7 of the hard 3 7
puzzle should yield 6 solutions. (This is easiegilay with when you have the GUI working.)

We'll make a simple layout like this: UseBar der Layout (4, 4) -- the '4" is a little spacer between the

areas. Create 15x20Text Area in the center to hold the "source" puzzle textedfe a second 15x20

JText Ar ea in the east to hold the results. Create a hor&dmx in the south to hold the controls. The
code -t extarea. setBorder(new TitleBorder("title")) -- puts the little titled border around any
component.

(s NaNa) Sudoku Solver
Puzzle Solution
"164000002", 1647095382
"200403910" 287463915
"005080407", 935281467
"090006500", 391876524
"500102008", 546132798
"O0B90O0O0D30", 728954136
"809040200", 819647253
"073508001", 673529841
"“40000067 97 452318679
solutions:1
elapsed:2ms
( Check ) ™ Auto Check

When theCheck button is clicked, construct a Sudoku for the texthe left text area and try to solve it:

« If the text is mal-formed in any way so the constion of the Sudoku throws an
exception, just writeParsing problem” in the results text area. (Use ay/ cat ch.)

« Otherwise, after theol ve(), if there is at least one solution, write its taxd the results
text area.
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If there is a solution, write the "solutions:xrx\'elapsed:xxx\n" at the end of the results
text area.

Finally, the ‘Auto” checkbox should make it so that every keystral@/@elete in the text
area automatically does a "Check". To implemers, et the "document” object from
the text area. The document suppor®aunent Li st ener object which gets
notifications whenever the text changes. The Aatdlre should work only if the auto
checkbox is checked, which it should be by default.
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