
CS577Homework 2 – Extending a MIPS Machine Codegenerator– 2pm, Wednesday, May
29,2002

Onthecoursewebpage,you’ll find aprogramcompile.java, whichgeneratesMIPSassembler
codefor asmallsubsetof JVM code.TheJavasubsetsupportedincludesintegerarithmetic,static
methods,andaminimalsetof outputfacilities.Theprogramusesthe“Version2” codegeneration
scheme:localvariablesandstackslots(up to 10of eachareallowed)areassignedto fixedregister
numbers.TheprogramusestheBCEL library to handletheJVM code. Also on thecourseweb
page,you’ll find a pointer to a MIPS simulatorcalledSPIM, which is installedon our Solaris
network andcanbe downloadedandinstalledon a Unix (or, supposedly, Windows) machineof
your choice.You canusethesimulatorto run (anddebug) thegeneratedMIPS assemblercode.

For example,to compileandrun a Java file foo.java containinga suitablemain methodas
usual,onecanexecute:

javac foo.java
java compile0 foo.class > foo.s
spim -file foo.s

Your assignmentis to extendcompile to deal with integer arrays. This will involve adding
supportfor abouttwelvenew JVM instructions,andtestingyourmodifications.

Details

The subsethandledby the existing generatorshouldbe sufficient to compilesimpleintegerpro-
gramsinvolving static methods.(I mayhave left out oneor two rarelyusedinstructions;if so,
feel freeto implementthem!) Theonly way to do output(supportedby a nastyspecial-casehack)
is via System.out.print( � ) where � is an integeror a string. Still, this is enoughto write
testcasesthat displaytheir results,andwill run underthe ordinaryJVM aswell asvia genera-
tor+simulator. Thegeneratorgenerallyissuesan“unimplemented”messageaboutany instruction
it can’t copewith. It deliberatelyignoresconstructormethods(called<init>) sincejavac
alwaysproducesoneof thesefor everyclass,evenif theclasscontainsonly staticmethods.

To handle arrays, you’ll need to add cases to handle twelve additional instructions:
ACONST NULL, ALOAD, ARETURN, ARRAYLENGTH, ASTORE, IALOAD, IASTORE,
IF ACMPEQ, IF ACMPNE, IFNONNULL, IFNULL, NEWARRAY. Most of the necessary
codecanbecopiedfrom theexisting supportfor integers.The interestingcasesareNEWARRAY,
ARRAYLENGTH, IALOAD, andIASTORE. To seehow theseinstructionsareusedby real Java
programs,write .java testcasesandusejavap -c to examinethe correspondingbytecode.
Makesureyouwrite testcasesthatexerciseall theseinstructions!

You needto arrangeto “raise” thefollowing built-in exceptionswhenappropriate:

NegativeArraySize
NullPointer
ArrayIndexOutOfBounds

If oneof theseexceptionalconditionsoccurs,your generatedcodeshouldsimply print out a mes-
sage“UncaughtExceptionname” wherename is oneof the above, andexit immediately. Don’t
try to implementrealexceptionsor exceptionhandling!
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Representarraysusingthe format suggestedin lecture: i.e., an � -elementintegerarrayis repre-
sentedbya �

���
-wordheapblock,with thelengthstoredin thefirst word. To allocateaheapblock,

usethesbrk systemcall (it behavesmuchlikemalloc andalsozeroesthe returnedmemory).
Don’t worry aboutdeallocationor garbagecollection!

The register conventionsusedby the generatorare explainedin a source-codecomment. You
shouldfind themstraightforward. You may find the implmentationof INVOKE andRETURN
informative,althoughit is notdirectly relevantto this assignment.

SPIM is straightforwardto use.You’ll definitelywant to examinethedocumentationcarefully; it
givesfull detailsontheMIPSinstructionset,assemblerformat,andSPIMoptions.(Note: I’vehad
difficulty makingvanillaspim run in interactive modefrom a linux shell; it just sits thereeating
input anddoesnothing. The batchmodespim -file seemsto work fine, asdoesxspim –
exceptfor theoddcoredump.)In particular, you’ll needto learnaboutthesbrk,print string
andexit systemcalls;theexamplesof systemcallsin theexistingcodeshouldhelp.

How to submit your homework.

Submitthehomework on paper at thebeginningof classon theduedate.You shouldsubmit:

� Your modifiedversionof compile.java

� A README and/ormakefile describinghow to compile,build, andrun your program,
unlessthis is blindingly obvious.

� Evidencethatyourprogramworks,in theform of asetof testprogramsthatexerciseinteger
arrays(including exception-causingcases)togetherwith the.s outputandsimulatorrun
resultsfor eachtest.

Extra Credit

Implementmoreof the JVM instructions.Or (morefun), implementthe “Version3” generation
scheme.
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