CS213,Fall 1998
Homawork Assignment2
Assigned:Sept.10,Due: Wed.,Sept.16,11:59PM

ChrisColohan(colohan+213@cs .cmu. edu) is theleadpersorfor this assignment.

The purposeof this assignmenis to learn Alpha assemblyanguageandto becomefamiliar with how C
codeis translatednto assemblyYouwill dothisby looking ata sequencef assemblyanguagesequences
anddecompilingthemto find the C sourcecodethat producedthem. Reverseengineeringhis codewill
improve your understandingf boththe C constructsandtheassemblycode.

I ntroduction

In this assignmenyou will be giventhe assembledumpfor afunction,andit is your goalto derive theC
sourcecodethatproducedt. To helpyoul will give you hintsaboutwhich operatorsandconstructavere
usedin thefunction. Thefurtherin theassignmenyou go, thefewer hintsyouwill have to work from.

If welook atavery simplefunctionthenwe expectthe compilerto producevery little code.For example:

int increment(int arg)

{
}

return arg + 1;

produceghecode(compiledwith gcc  -O):

0x0: add| a0, Ox1, vO
0x4: ret zero, (ra), 1

Fromthis simpleexamplewe canseethatthe amumentarg is passedn registera0, andthereturnvalue
is passedn registervo.

Whenyou aretrying to figure out what a given functionsdoes,try creatinga small examplelik e this one
to seewhatcodethe compileremits. If you cancreatea seriesof smallfunctionsthat producepart of the
answeryou canthenpiecethemtogetherto createa solution.

Logistics

You maywork in a groupof up to 2 peoplein solving the problemsfor this assignmentThe only “hand-
in” will be electronic. Any clarificationsand revisions to the assignmentvill be postedon Web page
assigns.html in the classWWW directory



All filesfor thisassignmenarein thedirectory:
/afs/cs.cmu.edu /a cademic/c la ss/1 5213- f9 8/ H2

Firstcreatea (protecteddirectoryto work in, andcopy ourtemplatecodeusingthecommandar — -xvf
/afs/cs.cmu.edu /a cademic/c la ss/1 5213-f9 8/ H2/H2 .t ar . Thiswill createghefilesMakefile
TEAM_MEMBER&ues[1-10].c  ,andques[1-10]_ref .S .Inthisassignmenyouwill only modify
andhandin thefilesques[1-10].c  ,aswell asTEAM_MEMBERBIeaseeditthe TEAM_MEMBERiE

now soyou do notforget.

Theseproblemsare self-testing. To checkthe solutionfor questionl, run the commandmake testl
This will compilequesl.c into anobjectfile anddisassemblé into quesl.S . If the disassemblys
identicalto quesl_ref.S  thenyour solutionis correct.If it is not, thenit is incorrect.

The C functionswhich createdhereferencdiles areonly afew lineslong (exceptfor the switchstatement,
which is longerbut repetitive), andusejust the variablesdeclaredn ques[1-10].c . If you keepyour
programsimpleit is morelikely to matchthe codegiven.

Evaluation

Eachquestionis worth 3 points,andwill begradedontwo aspectscorrectnesandsimplicity. If yourcode
produceghe sameassemblycodeasthe referencecode,thenit will get2/2 on correctnessMary of the
programscanbe expressedcorrectlyusinglow level primitivesbut arestill hardto read. If your solution
containsawhile()  loop with aninitialization andanincrementtry turningit into afor() loop. If it

containsawholeseriesof if()  statementsseeif you canexpressit asaswitch()  statementOftena

simpleintegerexpressiorwill beturnedinto amorecomplex oneby the compileraswell — seeif you can
find the simplerone. If your function containssimplecode,it will get1/1 for simplicity. If | tell you the
functionis aloopandyouimplementt asaserieofif() statementgjoto commandsandbit operations
thenyouwill get0/1 for simplicity.

The problemsare all weightedequally The earlier problemsare easierthanthe later problems,so plan
accordingly Sincethereare10 questionstheassignmentvill be gradedout of 30.

Problems

Question 1: Integer Expression

This functionimplementsan integer expressionthatuses+, - and*. You will noticethat afterthe ret
instructionis someno-opstheseareto align thenext functionin the program.

Question 2: Integer Division

Division by a constanis handledin a clever way by the compiler The compilerusedtricks to handleboth
the positive andnegative case andemitstunedcodeto handledividing by a power of two. More comple
division is handledthrougha seriesof tablelookups. This questioncontainsa numberof integer divisions
by a power of two constantaswell asotheroperations.



Question 3: Bit Operations

Whenl first tried solvingthebang() questionon Homework 1, | did it usingatreeof shiftsandors. This
is asimplifiedversionof my solution.It usesheoperators>>, | , &and” .

Question 4: Conditionals

If yourcodecontaingf statementthenthecompilerwill generatdranchesThis codecontainsabranch.

Question 5: Loops

Loopsarejustlike conditionalsput the branchgoesbackwards. Thecompilerinsertsnop sinto the codeto
malke the cacheperformbetter

Question 6: Small Switch Statement

If therearea smallnumberof casesn aswitch()  statementhenthe compilerturnsit into a seriesof if
statementskindtheswitch()  thatproducedhiscode.

Question 7: Large Switch Statement
If therearealarge numberof casesn aswitch()  statemenandthey areconsecutie thenthe compiler

buildsajumptable.In this questionyou cannot seetheentriesin thetable,but you canguessvhatthey are
from thecode.

Question 8: Function Call

This functioncallsanotherfunction. This malkesit necessaryo setup the stackfor the calledfunction.

Question 9: Recursive Function Call

If afunctioncallsitself thenit canusethis knowledgeto skip someof thefunctionprologue.Onceyou have
decipheredhis functionit shouldbefamiliarto you.

Question 10: Grab Bag

This questioncombinesa numberof the operationsandconstructdistedabove.

Hand In

Make sureyou have editedthefile TEAM_MEMBERS identify who is in your programmingeam.|f you
runthecommandnake handin  NAME=yourname, whereyourname is replacedvith the Andrew Id
of thefirst personon your team,atarfile will becreatecandcopiedto the handindirectory



You only have write permissiorto this directory If youmake a mistale, e.g.,by giving thefile anincorrect
name,senda copy of the correctfile via email to the contactpersonfor this assignmengalongwith an
explanation.

You mayonly handin anassignmentnce.Make sureyour codeis in its final form beforehandingit in.



