CS577Homework 2 — Extending a MIPS Machine Codegenerator—2pm, WednesdayMay
29,2002

Onthecoursenvebpageyou’ll findaprogramconpi | e. j ava, whichgenerateMIPSassembler
codefor asmallsubsebf JVM code.TheJava subsesupportedncludesintegerarithmetic,static
methodsanda minimal setof outputfacilities. The programusesthe“Version2” codegeneration
schemeliocalvariablesandstackslots(upto 10 of eachareallowed)areassignedo fixedregister
numbers.The programusesthe BCEL library to handlethe JVM code. Also on the courseweb
page,you'll find a pointerto a MIPS simulatorcalled SPIM, which is installedon our Solaris
network and canbe downloadedandinstalledon a Unix (or, supposedlyWindows) machineof
your choice.You canusethesimulatorto run (anddehug) the generatedIPS assemblecode.

For example,to compileandrun a Java file f 00. j ava containinga suitablemai n methodas
usual,onecanexecute:

j avac foo.java
java conpil e0 foo.class > foo.s
spim-file foo.s

Your assignments to extend conpi | e to dealwith integer arrays. This will involve adding
supportfor abouttwelve new JVM instructions andtestingyour modifications.

Details

The subsethandledby the existing generatoishouldbe sufficient to compile simpleinteger pro-

gramsinvolving st at i ¢ methods(l mayhave left outoneor two rarely usedinstructionsjf so,
feel freeto implementthem!) The only way to do output(supportedy a nastyspecial-casd@ack)
isvia System out . pri nt () wherezx is anintegeror a string. Still, this is enoughto write

testcaseghat displaytheir results,andwill run underthe ordinary JVM aswell asvia genera-
tor+simulator The generatogenerallyissuesan “unimplemented’messagaboutary instruction
it cant copewith. It deliberatelyignoresconstructormethods(called<i ni t >) sincej avac

alwaysproducesneof thesefor every class.evenif the classcontainsonly staticmethods.

To handle arrays, you'll need to add casesto handle twelve additional instructions:
ACONST_NULL, ALOAD, ARETURN, ARRAYLENGTH, ASTORE, | ALQAD, | ASTORE,

| F ACMPEQ, | F./ACMPNE, | FNONNULL, | FNULL, NEWARRAY. Most of the necessary
codecanbe copiedfrom the existing supportfor integers. The interestingcasesare NEWARRAY,
ARRAYLENGTH, | ALOAD, andl ASTORE. To seehow theseinstructionsare usedby real Java
programs,write . j ava testcasesndusej avap - c to examinethe correspondingytecode.
Make sureyou write testcaseghatexerciseall thesenstructions!

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

Nul | Poi nt er
Arrayl ndexQut Of Bounds

If oneof theseexceptionalconditionsoccurs,your generateaodeshouldsimply print outa mes-
sage“UncaughtExceptionname” wherename is oneof the above, andexit immediately Don't
try to implementreal exceptionsor exceptionhandling!
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Represenarraysusingthe format suggestedn lecture: i.e., an n-elementinteger arrayis repre-
sentedy an—+1-wordheapblock, with thelengthstoredn thefirstword. To allocateaheapblock,
usethesbr k systemcall (it behaesmuchlike mal | oc andalsozeroegshe returnedmemory).
Don't worry aboutdeallocatioror garbagecollection!

The register corventionsusedby the generatorare explainedin a source-codeomment. You
shouldfind them straightforvard. You may find the implmentationof INVOKE and RETURN
informative, althoughit is notdirectly relevantto this assignment.

SPIMis straightforvardto use. You'll definitelywantto examinethe documentatiorcarefully; it
givesfull detailsontheMIPSinstructionset,assembleformat,andSPIM options.(Note: I've had
difficulty makingvanillaspi mrunin interactve modefrom alinux shell;it just sitsthereeating
input and doesnothing. The batchmodespi m -fi | e seemso work fine, asdoesxspi m—
exceptfor theoddcoredump.)In particularyou’ll needo learnaboutthesbr k, pri nt _stri ng
andexi t systemcalls;theexamplesof systemcallsin the existing codeshouldhelp.

How to submit your homework.

Submitthehomework on paper atthebeginningof classonthe duedate.You shouldsubmit:

e Your modifiedversionof conpi | e. j ava

e A README and/ormakef i | e describinghow to compile, build, andrun your program,
unlesshisis blindingly obvious.

e Evidencethatyour programworks,in theform of a setof testprogramgshatexerciseinteger
arrays(including exception-causingases)ogetherwith the . s outputand simulatorrun
resultsfor eachtest.

Extra Credit

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



