
CS213,Fall 2000
Homework AssignmentH1, PartB

Assigned:Sept.19,Due:Tues.,Sept.26,11:59PM

RandyBryant(Randy.Bryant@cs.cmu.edu) is theleadpersonfor thisassignment.

Thepurposeof thisassignmentis to learnIA32/Linux assemblylanguageandto becomefamiliar with how
C codeis translatedinto machinecode.Youwill do thisby lookingat thedisassembledversionsof aseries
of functionsanddecompilingthemto find theC sourcecodethatproducedthem.Reverseengineeringthis
codewill improve yourunderstandingof boththeC constructsandmachine-level code.

Introduction

In this assignmentyou aregivena binaryexecutablethat includesa setof functions.Your taskis to derive
C sourcecodethatcompilesinto codethatis functionallyequivalent.Youshouldstrive to makeyourcode
produceassemblycodethat is identicalto thesuppliedassemblycode.GCC is very erratic,however, pro-
ducingdifferentregisterallocationsandinstructionorderingsdependingon minor variationsin thesource
code.So,don’t wastea lot of time trying to makeyourcodecompileto exactly thesameobjectcode.

Whenyou aretrying to figure out what a given functionsdoes,try creatinga small exampleto seewhat
codethecompileremits. If you cancreatea seriesof small functionsthatproducepartof theanswer, you
canthenpiecethemtogetherto createasolution.

Logistics

You mustwork aloneon this assignment.The only “hand-in” will be electronic. Any clarificationsand
revisionsto theassignmentwill bepostedonWebpageassigns.html in theclassWWW directory.

All files for thisassignmentarein thedirectory:

/afs/cs.cmu.edu/academic/class/15213-f00/H1b

Youwill wantto doyourwork ononeof theclass“fish” machinesto besurethatyou areusingthecorrect
versionof theGCC compiler. SeetheclassWWW pagesfor moreinformationon thesemachines.

First createa(protected)directoryto work in, andcopyour templatecodeusingthecommand:

tar -xvf /afs/cs.cmu.edu/academic/class/15213-f00/H1b/H1b.tar
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Thiswill createa varietyof files, includingonenamedprobs.c. In thisassignmentyouwill only modify
thisfile. In additionthereis a file probs-solve.bin which is anexecutablebinary.

Yourfirst stepshouldbeto fill in yournameandAndrew ID in thestructureat thebeginningof thisfile.

Yourtaskis to fill in thebodiesof four functionsin probs.c, namedswitchcode, proc, recursive,
andrecursive2. In additionyou will modify thedefinitionsof compile-timeconstantsROW andCOL.
Your goal is to makethemodifiedfunctionsandthearrayreferencingcodehave thesamefunctionalityas
thecorrespondingfunctionsin thefile probs-solve.bin.

TheoriginalC codefor thesefunctionshasthefollowing characteristics:

switchcode: A switchstatement

proc: A procedurethatcallsanotherprocedure

recursive: A simplerecursive function

recursive2: A moreconvolutedrecursive function

In addition, the compile time constantsROW andCOL areusedin a set of functionsthat operateon 2-
dimensionmatriceshaving ROW rows and COL columns. By inspectingthe functionsget_ele and
allocate_matrix, youcandeterminethevaluesof thesetwo constants.

You cannotview the object codedirectly. Instead,you needto usea disassembler. Run the command
make probs.bdis to generatea compiledanddiassembledversionof probs.c. Similarly, you can
generateadisassembledversionof thetargetcodewith thecommandmake probs-solve.bdis. Note
that thereis a lot of otherstuff in thedisassembledcode.You will needto identify therelevantsectionsof
the two files. You canrun GDB on thefile probs-solve.bin to extract thecontentsof the jump table
for theswitchstatementproblem.

Althoughyou couldbruteforceyoursolutionby writing C codethatusesgoto’sandthingslike that,try to
write thecleanestandmostabstractC codeyoucan.

Evaluation

Youwill onlygetcreditfor problemsin whichyouareabletoexactlymatchthefunctionalityof theassembly
codeversions.Thefive problemscountonepoint apiece.Usethecommandmake atest to generatea
programthatwill run your functionsagainsttheoriginal functionsonsometestdata.Seethefile README
for documentationon thisprogram.

Hand In

Handin yoursolutionusingthecommand

make handin NAME=yourname VERSION=XX

whereyourname is your Andrew ID, andXX is the versionnumber, i.e., 2, 3, . . . . Only your highest
numberedversionsubmittedbeforethedeadlinewill begraded.
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