
CS33,Fall 2010
LabAssignmentL1: ManipulatingBits

Modified: Oct. 1, Due: Extendedto - Tue.,Oct. 12 , 9:00PM

Introduction

Thepurposeof thisassignmentis to becomemorefamiliarwith bit-level representationsandmanipulations.
Youwill do thisby solvingaseriesof programming“puzzles.”

Logistics

You mustwork on this lab independently- you may discussthe assignmentwith otherstudents,but the
codeyouwrite andsubmitmustbeyourown. Theonly “hand-in” will beelectronic.Any clarificationsand
revisionsto theassignmentwill bepostedon theclasswebsite.

Hand Out Instructions

Startby downloadingdatalab-handou t. ta r from theclasswebsiteto a(protected)directoryin which
you plan to do your work. Thengive the command:tar xvf datalab-handout .ta r . This will
causea numberof files to beunpacked in thedirectory. Theonly file you will bemodifying andturningin
is bits.c .

Thefile btest.c allowsyouto evaluatethefunctionalcorrectnessof yourcode.Thefile READMEcontains
additionaldocumentationaboutbtest . Usethecommandmake btest to generatethetestcodeandrun
it with thecommand./btest . Thefile dlc is acompilerbinarythatyoucanuseto checkyoursolutions
for compliancewith thecodingrules.Theremainingfilesareusedto build btest .

Looking at the file bits.c you’ll noticea C structureteam into which you shouldinsert the requested
identifying informationaboutyou.

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:
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A few of thefunctionsfurtherrestrictthis list. Also, you arenotallowedto useany constantslongerthan8
bits. Seethecommentsin bits.c for detailedrulesandadiscussionof thedesiredcodingstyle.

Evaluation

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

40 points Correctnessof coderunningononeof theclassmachines.

30 points Performanceof code,basedon numberof operatorsusedin eachfunction.

5 points Stylepoints,basedon your instructor’s subjective evaluationof thequality of your solutionsand
your 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 main concernat this point in the courseis that you canget the right answer.
However, we want to 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 verygenerousandis designedonly to catchegregiouslyinefficient solutions.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 ascleanandstraightforward aspossible. Your commentsshouldbe
informative,but they neednotbeextensive.

Part I: Bit manipulations

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 operatorsyou areallowedto useto implementeachfunction.

FunctionbitAnd computesthe AND function. That is, whenappliedto argumentsx andy , it returns
(x&y) . Youmayonly usetheoperators̃ and| .

FunctionbitMask createsabit maskof all onesbetweena low bit andahighbit.

FunctionbitParity returns1 if x containsanoddnumberof 0’s.

FunctionbitXor shouldduplicatethebehavior of thebit operation̂ , usingonly theoperations& and˜ .
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Name Description Rating Max Ops
bitAnd(x,y) &(x|y) usingonly | and˜ 1 8
bitMask(highbi t,l owbi t) bit maskof all 1’s betweenhighbit andlowbit 3 16
bitParity(x) Return1 if x hasoddnumberof 0’s 4 20
bitXor(x,y) ˆ usingonly & and˜ 2 14
conditional(x, y,z ) sameasx ? y : z 3 16
copyLSB(x) Setall bits to LSB of x 2 5
evenBits() Returnwordwith all even-numberedbits setto 1 2 8
getByte(x,n) Extractbyten from x 2 6

Table1: Bit-Level ManipulationFunctions.

Name Description Rating Max Ops
isLess(x,y) x < y? 3 24
isNonZero(x) x != 0? without using! 4 10
isPower2(x) x power of 2? 4 60
isZero(x) x == 0? 1 2
logicalNeg(x) returns!x without using! 4 12
multFiveEights(x ) multipliesby 5 then divides by 8 3 12
negate(x) returns-x 2 5

Table2: Arithmetic Functions

Functionconditional returnsy if x is non-zero,otherwisereturnsz.

FunctioncopyLSB setsall thebitsof theresultto theleastsignificantbit of x.

FunctionevenBits returnsawordwith all theeven-numberedbutssetto 1.

FunctiongetByte extractsabytefrom a word. Thebyteswithin aword areorderedfrom 0 (leastsignifi-
cant)to 3 (mostsignificant).

Part II: Two’s Complement Arithmetic

Table2 describesasetof functionsthatmake useof thetwo’s complementrepresentationof integers.

FunctionisLess determineswhetherx is lessthany .

FunctionisNonZero determineswhetherx is nonzerousingthelegaloperatorsexcept! .

FunctionisPower2 returns1 if x is apower of 2.

FunctionisZero returns1 if x is zero.

FunctionlogicalNeg implementsthe ! operatorusingall of thelegaloperatorsexcept! .

FunctionmultFiveEights multipliesby 5 thendividesby 8 roundingtowards0.
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Functionnegate returns-x .

Advice

You arewelcometo do your codedevelopmentusingany systemor compileryou choose.Justmake sure
that the versionyou turn in compilesand runs correctly on our classmachines(lnxsrv01.seas.ucla.edu,
lnxsrv02.seas.ucla.edu, lnxsrv03.seas.ucla.edu). If it doesnot compile,we cannotandwill notgradeit.

The dlc program,a modifiedversionof an ANSI C compiler, will be usedto checkyour programsfor
compliancewith thecodingstylerules.Thetypical usageis

./dlc bits.c

Type./dlc -help for a list of commandline options.TheREADME file is alsohelpful. Somenoteson
dlc :

� Thedlc programrunssilentlyunlessit detectsaproblem.

� Don’t include<stdio.h> in yourbits.c file, asit confusesdlc andresultsin somenon-intuitive
errormessages.

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 asinglefunction,e.g.,./btest -f isPositive .

Hand In Instructions

� Makesureit compiles,passesthedlc test,andpassesthebtesttestsontheclassmachines(lnxsrv01.seas.ucla.edu,
lnxsrv02.seas.ucla.edu, lnxsrv03.seas.ucla.edu).

� Make sureyouhave includedyour identifying informationin yourfile bits.c .

� Removeany extraneousprint statements.

� Submityourbits.c file to CourseWebwhereindicatedunderLab1.
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