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Introduction

Thepurposeof thisassignmentis to becomemorefamiliarwith bit-level representationsandmanipulations.You’ll do
this by solvinga seriesof programming“puzzles.” Many of thesepuzzlesarequiteartificial, but you’ll find yourself
thinking muchmoreaboutbits in working yourway throughthem.

Logistics

You maywork in a groupof up to 2 peoplein solving theproblemsfor this assignment.Theonly “hand-in” will be
electronic.Any clarificationsandrevisionsto theassignmentwill bepostedon thecourseWebpageor communicated
via email.

Instructions

In additionto this handout,you will need/home1/pdinda/HANDOUT/datalab.tar , which is accessiblefrom
any TLAB machine.It containsall thefilesyouwill need.Startby saving datalab.tar to a(protected)directoryin
whichyouplanto doyourwork. Thengive thecommand:tar xvf datalab.tar . This will cause11 files to be
unpackedinto thedirectory:README, Makefile , bits.h , btest.h , bits.c , btest.c , decl.c , tests.c ,
dlc , datalab.ps , anddatalab.pdf . The only file you will be modifying and turning in is bits.c . The
file btest.c allows you to evaluatethe functionalcorrectnessof your code. Thefile READMEcontainsadditional
documentationaboutbtest . Usethecommandmake btest to generatethetestcodeandrunit with thecommand
./btest .

Lookingatthefile bits.c you’ll noticeaC structureteam into whichyoushouldinserttherequestedidentifying
informationaboutthe oneor two individualscomprisingyour programmingteam. Do this right away so you don’t
forget.

Thebits.c file alsocontainsaskeletonfor eachof the15programmingpuzzles.Yourassignmentis to complete
eachfunctionskeletonusingonly straightline code(i.e.,noloopsor conditionals)andalimited numberof C arithmetic
andlogicaloperators.Specifically, youareonly allowedto usethefollowing eightoperators:

! ˜ & ˆ | + << >>

A few of thefunctionsfurtherrestrictthis list. Seebits.c for thedetailedrules.
Two versionsof gcc areinstalledon the TLAB machines,/usr/bin/gcc,which is the default for RedHat Linux

6.2,and/usr/local/bin/gcc.You should use /usr/local/bin/gcc. Youcanmakethatthedefaultby adding“setenv PATH
/usr/local/bin:$PATH” to your � /.cshrcor adding“exportPATH=/usr/local/bin:$PATH” to your � /.bashrc,depending
on whichshellyou’reusing.Makesurethatthegccyou areusingsays:

[pdinda@tlab-14 pdinda]$ gcc -v
Reading specs from /usr/local/lib/gcc-lib/i686-pc-linux-g nu/2. 95.2/ specs
gcc version 2.95.2 19991024 (release)

1



CS395,ComputerSystems,Dinda DataLab Fall, 2001

Name Description Rating Max Ops
bitAnd(x,y) & usingonly | and˜ 1 8
bitXor(x,y) ˆ usingonly & and˜ 2 14
isEqual(x,y) x == y? 2 5
evenBits() Maskwith evenbits set 2 8
bitMask(lowbit,highbit) Generatebit mask 3 8
bitParity(x) Setif x hasoddnumberof 1’s 4 20

Table1: Bit-Level ManipulationFunctions.

Evaluation

Your codewill becompiledwith /USR/LOCAL /BIN/GCC andrun andtestedon oneof theclassmachines.Your score
will becomputedout of a maximumof 75 pointsbasedon thefollowing distribution:

40 Correctnessof coderunningononeof theclassmachines.

30 Performanceof code,basedon numberof operatorsusedin eachfunction.

5 Stylepoints,basedon oursubjectiveevaluationof thequalityof yoursolutionsandyourcomments.

The15puzzlesyoumustsolvehavebeengivenadifficulty ratingbetween1 and4, suchthattheirweightedsumtotals
to 40. We will evaluateyour functionsusingthetestargumentsin btest.c . You will getfull creditfor a puzzleif it
passesall of thetestsperformedby btest.c , half creditif it failsonetest,andnocreditotherwise.

Regardingperformance,ourmainconcernat thispoint in thecourseis thatyoucangettheright answer. However,
we wantto instill in you a senseof keepingthingsasshortandsimpleasyou can.Furthermore,someof thepuzzles
canbesolvedby bruteforce,but wewantyouto bemoreclever. Thus,for eachfunctionwe’veestablishedamaximum
numberof operatorsthatyou areallowedto usefor eachfunction.This limit is very generousandis designedonly to
catchegregiouslyinefficientsolutions.You will receive two pointsfor eachfunctionthatsatisfiestheoperatorlimit.

Finally, we’ve reserved5 pointsfor a subjective evaluationof the style of your solutionsandyour commenting.
Your solutionsshouldbe ascleanandstraightforwardaspossible.Your commentsshouldbe informative, but they
neednotbeextensive.

Part I: Bit manipulations

Table1 describesa setof functionsthatmanipulateandtestsetsof bits. The“Rating” field givesthedifficulty rating
(thenumberof points)for thepuzzle,andthe“Max ops”field givesthemaximumnumberof operatorsyouareallowed
to useto implementeachfunction.

FunctionsbitAnd andbitXor shouldduplicatethe behavior of the bit operations& and ˆ , respectively. In
bitAnd youmayonly usetheoperations| and˜ , while in bitXor youmayonly usetheoperations& and˜ .

FunctionisEqual comparesx to y . As with all predicate operations,it shouldreturn1 if the testedcondition
holdsand0 otherwise.

FunctionevenBits generatesawordin whichtheeven-numberedbitsaresetto 1. FunctionbitMask generates
a maskin which all bits betweenlowbit andhighbit aresetto 1.

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

Part II: Two’s Complement Arithmetic

Table2 describesa setof functionsthatmakeuseof thetwo’scomplementrepresentationof integers.
Functiontmax returnsthelargestinteger.
FunctionisPositive determineswhetherx is greaterthan0, while negate computes-x .
FunctionfitsBits determineswhetherargumentx couldberepresentedasann-bit, two’scomplementnumber.
FunctionisLess determineswhetherx is lessthany .
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Name Description Rating Max Ops
tmax(void) largesttwo’scomplementinteger 1 4
isPositive(x) x > 0? 3 8
negate(x) -x 2 5
fitsBits(x,n) Canx berepresentedwith n bits 2 15
isLess(x,y) x < y 3 24
sum3(x,y,z) x+y+z with one’+’ 3 16
sm2tc(x) Convertsign-magnitudeto two’scomplement 4 15
isNonZero(x) x!=0 withoutusing! 4 10
isPower2(x) Doesx equal

���
for some� ? 4 60

Table2: ArithmeticFunctions

Functionsum3 shouldcomputethesumof threenumbersusingasingleadditionoperation.
Functionsm2tc convertsa numberfrom sign-magnitudeformat to two’s complementformat. That is, thehigh

orderbit of x is a signbit � , while theremainingbits denotea nonnegativemagnitude� . Thefunctionshouldthen
returnthetwo’scomplementrepresentationof �	��
������� .

FunctionisNonZero determineswhether������ . To makethingsmoreinteresting,youmaynotusetheoperation
! for this problem.

Finally, function isPower2 determineswhetherx is of theform
� �

for somevalueof � .

Advice

You arewelcometo do your codedevelopmentusingany systemor compileryou choose.Note,that theversionyou
turn in mustcompileandruncorrectlyusingourclassmachines.If it doesn’t compile,we can’t gradeit.

Thedlc program,amodifiedversionof anANSI C compiler, will beusedto checkyourprogramsfor compliance
with thecodingstyle rules. You canalsouseit to measuretheoperatorcountsof your functions.You canrun these
testsby executingthecommand:

./dlc -e bits.c

Checkthefile READMEfor documentationon runningthebtest program.You’ll find it helpful to work through
thefunctionsoneata time,testingeachoneasyougo. Youcanusethe-f flagto instructbtest to testonly asingle
function,e.g.,./btest -f isPositive .

Hand In

To handin thelab,nameyour file bits-ID1-ID2.c , whereID1 andID2 arethelogin ids of your teammembers,
andcopy it to /home1/pdinda/HANDIN on any TLAB machinebeforetheduedateandtime. After thattime, the
HANDINdirectorywill becomeinaccessible.
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