APS105- ComputefFundamentals

Lab#4: Arrays
Fall 2000

You mustsubmitthis lab by 11:59pmWednesdayOctoberl8. Yes,thisis a 2 weekiab!

1 Objective

To gain experiencewith the useandmanipulationof arrays. You will alsousemoremethodsandpractise
morethoroughtesting.Thisis alongerprogramthanyour previouslabs,sobe sureto startit early

2 The Gameof Checkers

For this lab, you areto write a programwhich permitstwo playersto play a simplifiedgameof cheders.
Thegamewill beplayedusingredandwhite gamepiecesonan8 by 8 squarecheclerboard nitially setup
accordingo thefollowing diagram.
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Score: Red 12 Wite 12
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The squareson the boardare identified using row,column coordinateswith the row indicated first
andthenfollowed by the column. Thereare coordinategrinted alongall sidesof the boardto help you
determinethe location of a gamepiece. The gamepiecesat 2,6, 1,7, 0,0 areall red. The pieceat 7,1 is
white. The TOPLEFT corneris atlocation0,0andtheBOTTOM RIGHT corneris at7,7.

Thesquaresontainasinglecharacteto indicatethe stateof the gameboard:

e 'r' redplayerpiece,or 'R’ for aking

e 'w' white playerpiece,or "W’ for aking

e '’ anemptydarksquarevherepiecescanbeplaced
e '’ (aspacecharacterpnemptylight squareno piecescanever beplacedhere

Notice the dark squaresarealwayson evenvaluesof r ow + col umm. This alwaysgivesyou a dark
squareontheplayers own right corner Gamepiecesareonly playedonthedarksquares.

It is importantthatyou print out your checler boardin mxmoﬁ_v::m samefashionshavn abore. The
"B: " mustbe placedat the beginning of the line, andthe row, andcolumnnumbersmustbe printedin
thesameway. Be sureto getthe extra spacingright betweerthe columnstoo (a singlespacecharacter) At
thetop of every boardis a move count,which goesup by oneafter every playermove. As well, a scoreis
printed,shaving how mary redandwhite piecesremainon the board(kings countas2, seebelaw).

Theredplayerbeginsthe gameby sliding ared pieceoneposition,to anemptydarksquareg(marked by
aperiod’.’). Themaving of thegamepieceuncorersanew emptydarksquaren theold position.No game
pieceshouldever move onto a white square(marked by a spacecharacter ’). After that, playersalternate
turns, moving their piecesacrossthe board. When enteringa move, four valueswill alwaysbe required.
Checkthe validity of the coordinategand of the move) after acceptingall four values. If the move is not
valid, askthe userto try againafter printing the following string:

"ERROCR invalid nove"

In orderto keepthis lab simpleandmarkable your programmustenforcethe following rules(andno
more!):

1. A moveis indicatedby a beginningandendingcoordinatepair.
2. Regularpiecescanonly malke two typesof moves:

(a) A piececanslideto adiagonallyadjacentemptydarksquare.

(b) A piececanjumpalongthe diagonal,over oneopponens piece,into the adjacenemptydark
square.

. A playercanonly move his own piecesandcanonly jump over anopponens piece(not his own).
. A piecewhich hasbeenjumpedoveris removedfrom theboard.

. No multiple jumps.

o 0 o~ W

. No forcedjumps.However, if you areambitious,your programmay attemptto look for forcedjumps
andprintthemessage, There is a forced junp" for theproperplayerbeforeeachturn.

7. Moves canonly be madein the forward direction, towardsthe side oppositethe players starting
position.

8. If apiecemalesit to the mostdistantrow, it becomesaking. Indicatethatit is a king by a capital
letter 'R’ or’'W'.

9. King piecescannotmove. Leave themon theboardin theirrestingplace.

10. A players scoreis computedas 1 point per regular pieceand 2 pointsper king piece(of their own
colour).

11. Thegameis overwhen:




(a) Any playerestablished kings. The winneris the onewith the highestscore(not necessarily
with themostkings).

(b) A playercannotmake ary moves. Your programshouldnot try to detectthis case.Instead et
the userentera move consistingof four -1 values.Again, thewinneris the onewith the highest
score.

Whenthe gameis over, you mustprint the scoreandfinal boardanddeterminethe winner Be sureto
print the nameof thewinner, usingoneof thefollowing strings:

"Red pl ayer w ns"
"White player wins"
"Both players win"

Youmightfind it fun to continueandaddmoreof thebasiccheclersrules(multiple jumps,kingsmoving
backwards,forcedjumps,andso on), but you mustnot submita programwith theseextra rules. Doing so
will certainlyresultin a poormark, despiteyour extra efforts. At a latertime, suchasduring your project,
you may beinterestedn rewriting this gameasanappletto usegraphicsor evenincludea computetbased
player At thatpoint, you might be ableto usethe extra rulesyou experimentwith now.

3 Program Skeleton

To assistyouin structuringyour program,you MuStusethe following file asa startingpoint:
http://www.ecf.utoronto.caaps105w/labs/4/Labdya

(also:/ shar e/ copy/ aps 105/ Lab4. j ava)

This file containsa setof stubmethodsthatyou cancompleteto obtaina solutionto thelab. They are
calledstubsbecausehey containthe smallestpieceof dummycodepossibleto getthe programto compile
without syntaxerrors.Youwill replacethe stubswith realcodelater Work on onemethodatatime.

If you desire,you mayaddadditionalmethodgo the class.However, do not modify, add,or deleteary
parameterso the givenmethods As well, do not deleteary of the givenmethods.

The codewe aregiving you is actuallya codespecificatiorthatyou mustadhereto. This specification
is oftencalledthe API, or ApplicationProgrammingnterface,to your program.

By writing aclearAPI specificationwe canwrite our own testprogramandactuallycall themethodsn
your program.We cansendspecificinput into your methodsandthencheckthe resultit givesback. This
typeof testingis oftencalledblackboxtesting,becauseour codeis beingtreatedasa magical’black box”
thatwe cannotlook inside. Insteadthe black box testersendsnput andexaminesthe output.

4 Easier Wayto Run Tests
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Whentestingyour program,you will find it usefulto exploit the operatingsystems pipe facility. A
pipelineconnectghe outputof oneprogramto becomethe input of another By usingthecat command,
you canprint the contentof afile to thescreenUsinga pipe, representedvith thesymbol| , you cansend
the outputof cat into your Java applicationinstead,asif you hadtypedit at the keyboardyourself. For
example,supposg/ou createthefile, moves. | ong (usingyour editor)with thefollowing contents:

2
6
3
7
-1
-1
-1
-1

You canthenusethisfile to play the gamewith thecommand:
conputer. ecf% cat noves.long | java Checkers

Note that the methodsof the St di n classreada completeline every time they are called, therefore
requiringeachindividual inputto be on a separatédine. The examplefile containstwo differentmoves:the
first move source2,6, thedestinatiorB, 7, andthegameendingmove source-1,-1anddestination1,-1 The
final boardwould look like this:
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This input format canbe a tediousandlengthyfile which is difficult to edit, especiallywhenyou fall
asleepat the keyboardandaccidentallyinsertone extra number misaligningeverything. It is muchbetter
to createyour testmovesin aneasieito-readfile first, saynoves. easy, thencorvertit to thelongerfile
noves. | ong usingthe commandgiven belon. Thenoves. easy file, andthe gameboardafter these
moves,areshavn below:




00O0O0 Thisis an invalid nove. | used this nove to

0 0 0 0 denonstrate what conments | ook like in this fi

0000 Coments begin after the fourth ’space’ on the

0000 and go to the end of a line.

0000

26 37 first nove (red player always noves first)

37 26 wite nove error -- cannot nove red piece (also a backward nove!)
37 46 wite nove error -- cannot nove red piece forward

57 46 wite nove

26 37 red nove error -- no red piece there

2 435 red nove

46 24 wite junps over red, capture!

1726 red nove, does not do the "forced jump" nove (1,3 to 3,5).
-1-1-1-1 all done!

Thefinal gameboardafterthesemoveslookslik e this:
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Final Score

Red pl ayer: 11

Wiite player: 12

White player wins

Herearethecommandso convertthisformatto thelongernoves. | ong, andthenusethatfile asinput
to your program:

conputer.ecf%awk ' { print $1; print $2; print $3; print $4 } ' < noves.easy > noves.|ong
conputer. ecf% cat noves.long | java Checkers | less

In the commandabore, we also shav the command'less’ being usedto slow up the outputof your
program onescreenfulatatime. You canjusthit the spacebarto goto thenext pageof output,or pressthe
‘u’ key to scrollbackonepage.Pressindg’ quits.

Also, notethatJava doesnot displaytheinputwhenit is receved througha pipe. Instead you may find
it usefulto addanextrapr i nt | n statemento printtheusermove beforeprinting theupdatecgameboard.

5 TestingRequirements

As partof writing a larger program,you will find thatthoroughtestingis a very importantpart of getting
it to work. It is importantthatyou testall cornercasesn your code,becausef they arent testedthereis
likely abug hiddenin there.

Thereshouldprobablybe at leastone (even minor) testcasefor every if(), else,while(), andfor() word
in your program. If you use&& or | | , you arelikely addingmoretestcases.Major testcaseshouldbe
createdo verify how thesethingsfit together

To ensurethatyou formalize your testing,you mustsubmittwo testcasesnamedt est 0. easy and
testl. easy:

e t est 0. easy mustcontainatleasts cornercaseestsfor invalid input, intersperseavith actualgame
moves,andmustterminatebeforecompletinganentiregame.As shavn in theexampleabove, please
commentwhich movesareinvalid inputandwhy they areinvalid.

e t est 1. easy mustcontaina completegameendingby the creationof 4 kings. Commeniall jumps
andmovesthatcreatekings, clearlyindicatingwho is jumpingor beingkinged.

In additionto these you shouldwrite mary moretestcasego satisfyyourselfthatyour programis working
correctly

To cultivategoodprogramminghabits,for this lab only we encourageou to shareyour testcases
with your friends. This will give you more testcasesthanyou can generateon your own, but it is not
intendedto replaceyour own carefulthinking of goodtestcases.Althoughyou aresharingthem,the test
casesyou submit must be your own unique work — do not confuseyour testcaseswith thoseof your
friend. Pleasenotethattheir testcasesnay not properlyor adequatelyestyour checlersprogram.

Again,asin all labs,everythingyou submitmustbeyourownwork, including:t est 0. easy,t est 1. easy,
andCheckers. j ava.

6 Software Engineering

This sectioncontainsusefulinformationabouttestingandhow it relatesto engineeringasa professionput
it is nota specificcomponenbf your lab
Onereasorthata large programlike Windows crasheso oftenis becausehe programmergocustoo
muchtime on “addingnew features'ratherthanextensvely testingcornercasesThisis not soundsoftware
engineeringandyou mustnot begin to fall into the samechasm. You musttestevery pieceof codeyou
write. By doingincrementatestingasyou go along,you verify thatthelittle piecesareworking correctly
Whenyou placethemall togetheryouwill have greaterconfidencehatthe programwill work asawhole.
Thereis no moneg in fixing softwarebugs,only prideandmarks
Youarestudyingengineeringnow, andoneprincipleof engineerings thatyouwill beheldaccountable
for mistalesin your work. You mustalsomaintainhigh ethicalstandardswhich goesbeyond basiclaw to
statethatyou mustnotknowingly, throughyour actionor inaction,causgpublic harmor not protectthe pub-
lic interest.Betweenl985and1987 four cancepatientsdiedwhile undegoingtreatmentlueto lethalover
doseof radiationcausedy asoftwarebug. Do notwrite buggysoftware! To readmoreaboutthedangerous
consequencex somesoftwarebugs,see:http://coerage.cnet.co/ConentFeatues/Dlife/Bugs/s®@.html
Theconcepbf accountabilityfor your engineeringvork comesfrom thelegal systenof tort law, mean-
ing somebodycansueyou for negligenceor breachof contract.Unfortunately softwae engineerings not
yetaformally recognizedengineeringlisciplineby the ProfessionaEngineersof Ontario(PEO),the gov-
erningbodyof engineeringn this province. However, you canonly call yourselfanengineeif you arereg-




isteredasa professionaéngineefP.Eng.)with them.Hereis theirwebsite:http://wwwpeo.on.ca/You will

find anumberof links to yourlegal obligationsasanengineeherehttp://wwwpeo.on.ca/EngPracticeidelines.him.
To sumit all up, althoughmostsoftware companiesnale a lot of mone selling buggy programs as

an engineeryou may find yourselffinancially responsiblevhen someonébegins legal actionto sueyou,

or ethically boundto do theright thing. Thereis active work to try andinclude softwae engineeringasa

recognizedpartof the PEOandotherprofessionaéngineeringgoverningbodies.

7 FAQ

This sectionwill be expandedas questionsareasled on the newsgroup. The body of the lab will remain
constantunlesstherearegrave errorsto befixed (andnotedhere).

1. Isthegamepieceat 2,6 really red?
Yes. We are not using(x,y) coodinatesbut (row,col). | haveaddeda few more examplesn the body
of thetext to clarify.

2. Dol redrav theboardat thetop of the screerevery turn?
Justlet it scoll. Nobodyknowshow to clear the screenin Java, and doing so would only male
autotestingharder.

3. Istheredscorecalculatedby piecesremaining,or the numberof white piecesit jumpedover?
You scoe 1 pointper regular piece and 2 pointsper king pieceof your own colour remainingon the
board.

4. Whenwill thestubmethodsbeup?
Thestubmethodsare nowonline

5. Why doestheboardlook sofunny?
Egads! | had the board badkwards (dark and light). | hadto updateall the examplesfor the new
board. Notethatdark squaesare nowon evenr ow+col sums.

6. Whatis a“valid position"?
Avalid position,or i sDar kVal i dSquar e( ) ,is anybladk squae onthe8 x 8 chedkerboad. The
methods sMySquar e() andi sOpponent Squar e() shouldnot assumethey are givenvalid
positions.They will only returntrue if the squae is occupiedby the proper piece

7. How dol| print thecheclerboardproperly?
Print onerow at a time In a row; whenyou go from onesquae (onecolumn)to the next, print one
extra space Sincea light squae also appeas as a space a total of 3 spaceswill sepaate blad
squaes. Do not print anyblanklinesbetweerrows.

8. Do we have to addmethodgo the onesgivenin thelab?
| had quite a few more methodsn my solution. You are not requiredto add more, but I'm sure it wi
bebetterif youdo.

9. Doweincludetheheade(theO - 7) in thenewCheclerBoardor theprintBoardmethod?or is it upto
us?
No, store only the chederboad squaesin an 8x8array. Pleasedo not store the characters around
it. Whetheryouprint theheaderinsideprintBoard() or notis up to you,but it malesmostsensehere
—that’s whatthe movesparameteris for.

10. Canwe remove/changeghecommentsn the skeletonprogram?
Yes,youcanreplacethemwith your own.

11. How canmakeMve() changeheboard,eventhoughthereturntypeisvoi d?
Any methodcan modifythe contentsof an array passedas a parameter and thesemodificationswill
persistevenafter leavingthe method.Javadoesnot passa “copy of thearray” to a methodjt sends
a “copy of therefeenceto anarray”, which is a differentbeast.

12. Themethods sSl i deMbve() andi sJunpMbve() dont have thecurrentplayeror boardaspa-
rametersHow canthey checkif it's avalid move?
You shouldonly ched that the coorinate pairs canrepresenta slide or jump move on the chedcer-
board (independentf exactlywhete the currentpiecesare). Verifying that the source hasthe correct
playerpieceonit, for example canbe doneelsavhese.

13. What'sanAr r ayl ndexQut Of BoundsExcept i on error?
Thisis a runtimeerror your program has madewhenaccessingan array element.Specifically the
array index usedis too small (i.e., negative) or too large (beyondthe endof the array). Theerror
messge shouldgiveyouan ideawhee the error occurred (a list of methodscalled, perhapstheline
numbes). To dehug, you cantry printing the array index valuesbefoe you accesshe array. This
error isn't too hard to fix, onceyoufigure outwhere the error is happening

14. How dol useconput eScor e() becauseri nt Boar d() doesnt have theplayerasaparameter!
Youmustcall conmput eScor e() twice oncefor ead player No,dont printthescoein conmput eScor e() ,
justreturnthescoe.

15. Dol printMoves: 5orMve: 5?
Usethefirstone

16. How oftenis thenove incremented?
Incrementit onceafter every move (eitherred or white). After two moves,red and white haveeah
hadoneturn.

17. How oftendol print theboard?
Print it after everymoveis made Do notprint it if anincorrectmoveis enteed.

18. How do| print theboardwith theright spacing?
TheprintBoard() codewasaddedto /shae/copy/aps1®Lab4.java for you.

19. Canwe print out extra stuff?
Yes! If youdo print extra stuf, placeit on its own line. Our program will only be looking for the
speciallineswetold youto print.

8 What to submit

You mustsubmityour Checker s. j ava, Stdi n. j ava, andyour 2 testingfiles, t est 0. easy and
test 1. easy. Pleasesubmit your easy-to-ead test cases.We will corvert them. If you wrote ary
otherclassesplacethemin theirown . j ava file andsubmitthemaswell.

conput er. ecf % submi t aps105f 4 Checkers.java Stdin.java test0.easy testl.easy




