
CS213,Spring2002
CS:APPDataLab: Twiddling Bits

Assigned:Thu.,Jan17,Due:Tue.,Jan.29,11:59PM

Pleaseseeoneof us or email staff-213@cs.c mu.edu with any questionsor concerns.As always,
we’re hereto help.

Intr oduction

Thepurposeof thisassignmentis to becomemorefamiliar with bit-level representationsandmanipulations.
You’ll do this by solvinga seriesof programming“puzzles.” Many of thesepuzzlesarequiteartificial, but
you’ll find yourselfthinkingmuchmoreaboutbits in workingyourway throughthem.

Logistics

Youmaywork in agroupof up to 2 peoplein solvingtheproblemsfor thisassignment.Theonly “hand-in”
will beelectronic.Any clarificationsandrevisionsto theassignmentwill bepostedonthecourseWebpage.

Hand Out Instructions

All files youneedarein thedirectory

/afs/cs/acade mic/ clas s/1 5213 -s02 /la bs/L 1

Startby copyingthefile datalab-hando ut.t ar from thatdirectoryto a(protected)directoryin which
you plan to do your work. Thengive the command:tar xvf datalab-handout .ta r . This will
cause8 files to be unpackedinto the directory: README, Makefile , bits.h , btest.h , bits.c ,
btest.c , decl.c , and test.c . Theonly file you will bemodifying andturning in is bits.c . The
file btest.c allows you to evaluatethe functionalcorrectnessof your code. The file READMEcontains
additionaldocumentationaboutbtest . Usethecommandmake btest to generatethetestcodeandrun
it with thecommand./btest .
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Looking at the file bits.c you’ll noticea C structureteam into which you shouldinsertthe requested
identifying informationabouttheoneor two individualscomprisingyourprogrammingteam.Do this right
awaysoyoudon’t forget.

Thebits.c file alsocontainsa skeletonfor eachof the15 programmingpuzzles.Your assignmentis to
completeeachfunctionskeletonusingonly straightline code(i.e., no loopsor conditionals)anda limited
numberof C arithmeticandlogical operators.Specifically, you areonly allowedto usethefollowing eight
operators:

! ˜ & ˆ | + << >>

A few of thefunctionsfurtherrestrictthis list. Seebits.c for thedetailedrules.

Evaluation

Your codewill becompiledwith GCC andrun andtestedon oneof theclassmachines.Your scorewill be
computedoutof a maximumof 75pointsbasedon thefollowing distribution:

40 Correctnessof coderunningononeof theclassmachines.

30 Performanceof code,basedonnumberof operatorsusedin eachfunction.

5 Style points,basedon your instructor’s subjective evaluationof the quality of your solutionsandyour
comments.

The15puzzlesyoumustsolvehavebeengivenadifficulty ratingbetween1 and4, suchthattheirweighted
sumtotalsto 40. We will evaluateyour functionsusingthetestargumentsin btest.c . You will get full
credit for a puzzleif it passesall of thetestsperformedby btest.c , half credit if it fails onetest,andno
creditotherwise.

Regardingperformance,our mainconcernat this point in thecourseis thatyou canget the right answer.
However, we wantto instill in you a senseof keepingthingsasshortandsimpleasyou can.Furthermore,
someof thepuzzlescanbesolvedby bruteforce,but wewantyouto bemoreclever. Thus,for eachfunction
we’veestablishedamaximumnumberof operatorsthatyouareallowedto usefor eachfunction.This limit
is very generousandis designedonly to catchegregiouslyinefficientsolutions.Youwill receive two points
for eachfunctionthatsatisfiestheoperatorlimit.

Finally, we’ve reserved 5 points for a subjective evaluationof the style of your solutionsandyour com-
menting. Your solutionsshouldbe ascleanandstraightforwardaspossible. Your commentsshouldbe
informative,but they neednotbeextensive.
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Part I: Bit manipulations

Name Description Rating Max Ops
bitAnd(x,y) (x&y) usingonly ˜ and| 1 8
bitOr(x,y) (x|y) usingonly ˜ and& 1 8
copyLSB(x) Wordwith all bitssetto LSB of x 2 5
isEqual(x,y) (x==y) 2 5
reverseByte( x) Reversethebytesof x . 3 25
evenBits(voi d) Even-numberedbitssetto 1 2 8
bitParity(x) 1 if x hasoddnumberof 1’sand0 otherwise 4 20
leastBitPos( x) Maskwith positionof leastsignificant1 bit marked. 4 30

Table1: Bit-Level ManipulationFunctions.

Table 1 describesa set of functionsthat manipulateand test setsof bits. The “Rating” field gives the
difficulty rating(thenumberof points)for thepuzzle,andthe“Max ops”field givesthemaximumnumber
of operatorsyouareallowedto useto implementeachfunction.

FunctionsbitAnd andbitOr shouldduplicatethebehavior of thebit operations& and| , respectively. In
bitAnd youmayonly usetheoperations| and˜ , while in bitOr youmayonly usetheoperations& and
˜ .

FunctioncopyLSB generatesa word in which every bit is setto thesamevalueastheleastsignificantbit
of x .

FunctionisEqual comparesx to y . As with all predicate operations,it shouldreturn1 if the tested
conditionholdsand0 otherwise.

FunctionreverseByte generatesa wordby reversingtheorderof thebytesof x .

FunctionevenBits generatesaword in which theeven-numberedbitsaresetto 1.

FunctionbitParity returns1 if its argumentcontainsanoddnumberof 1’s,and0 otherwise.

FunctionleastBitPos returnsa maskthatmarksthepositionof theleastsignificant1 bit within x with
a 1. All otherpositionsof themaskshouldbe0.
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Part II: Two’sComplementArithmetic

Name Description Rating Max Ops
tmin(void) Smallesttwo’scomplementinteger 1 4
negate(x) -x 2 5
fitsBits(x,n) x berepresentedwith n bits 2 15
addOK(x,y) Cancomputex+y withoutoverflow 3 20
isLessOrEqual(x ,y) x <= y 3 24
isNonZero(x) x!=0 withoutusing! 4 10
sm2tc(x) Convert sign-magnitudeto two’scomplement 4 15

Table2: ArithmeticFunctions

Table2 describesasetof functionsthatmakeuseof thetwo’scomplementrepresentationof integers.

Functiontmin returnsthesmallestinteger.

FunctionfitsBits determineswhetherargumentx couldberepresentedasann-bit, two’scomplement
number.

FunctionaddOKdetermineswhetherargumenty canbeaddedto argumenty without overflow.

FunctionisLessOrEqual determineswhetherx is lessthanor equalto y .

FunctionisNonZero determineswhether������ . To makethingsmoreinteresting,you maynot usethe
operation! for thisproblem.

Functionsm2tc convertsa numberfrom sign-magnitudeformatto two’scomplementformat. Thatis, the
highorderbit of x is asignbit � , while theremainingbitsdenoteanonnegativemagnitude� . Thefunction
shouldthenreturnthetwo’scomplementrepresentationof �
	���
������ .

Advice

You arewelcometo do your codedevelopmentusingany systemor compileryou choose.Note, that the
versionyouturnin mustcompileandruncorrectlyusingourclassmachines.If it doesn’t compile,wecan’t
gradeit.

The dlc program,a modifiedversionof an ANSI C compiler, will be usedto checkyour programsfor
compliancewith thecodingstylerules.Youcanalsouseit to measuretheoperatorcountsof yourfunctions.
Youcanrun thesetestsby executingthecommand:

./dlc -e bits.c

Checkthefile READMEfor documentationon runningthebtest program.You’ll find it helpful to work
throughthefunctionsoneat a time, testingeachoneasyou go. You canusethe-f flag to instructbtest
to testonly a singlefunction,e.g.,./btest -f isPositive .
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Hand In Instructions

� Makesureyou have includedyour identifying informationin yourfile bits.c .

� Remove any extraneousprint statements.

� Createa teamnameof theform:

– “ ��� ” where ��� is yourAndrew ID, if you areworkingalone,or

– “ ����� + ����� ” where ����� is theAndrew ID of thefirst teammemberand ����� is theAndrew ID
of thesecondteammember.

Thisshouldbethesameastheteamnameyou enteredin thestructurein bits.c .

� To handinyourbits.c file, type:

make handin TEAM=teamname

whereteamname is theteamnamedescribedabove.

� After thehandin,if you discoveramistakeandwantto submita revisedcopy, type

make handin TEAM=teamname VERSION=2

Keepincrementingtheversionnumberwith eachsubmission.

� Youcanverify yourhandinby looking in

/afs/cs.cmu.edu /ac ademic/c las s/15 213- s02 /L1/ hand in

Youhave list andinsertpermissionsin thisdirectory, but no reador write permissions.
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