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I ntroduction

The purposeof this assignmenis to becomemorefamiliar with bit-level representationandmanipulationsYou’ll do
this by solving a seriesof programming‘puzzles’ Marny of thesepuzzlesarequite artificial, but you'll find yourself
thinking muchmoreaboutbits in working your way throughthem.

L ogistics

You maywork in agroupof up to 2 peoplein solving the problemsfor this assignmentThe only “hand-in” will be
electronic.Any clarificationsandrevisionsto theassignmenvill be postedon the courseWeb pageor communicated
via email.

Instructions

In additionto this handoutyou will need/homel/pdinda/HANDOUT/datalab.tar , Whichis accessibldérom
ary TLAB machinelt containsall thefilesyouwill need.Startby savzing datalab.tar to a(protectedyirectoryin
whichyou planto doyourwork. Thengivethecommandtar xvf datalab.tar . Thiswill causellfilesto be

unpacledinto thedirectory: READMBMakefile , bits.h , btest.h ,bits.c ,btest.c ,decl.c ,tests.c ,
dic , datalab.ps , anddatalab.pdf . Theonly file you will be modifying andturningin is bits.c . The
file btest.c  allows you to evaluatethe functionalcorrectnes®f your code. The file READMEontainsadditional
documentatiomboutbtest . Usethecommandnake btest togeneratehetestcodeandrunit with thecommand
Ibtest

Lookingatthefile bits.c  you'll noticeaC structurgeam into whichyoushouldinserttherequestedtentifying
informationaboutthe one or two individuals comprisingyour programmingteam. Do this right away so you don't
forget.

Thebits.c file alsocontainsa skeletonfor eachof the 15 programmingpuzzles.Yourassignmenis to complete
eachfunctionskeletonusingonly straightline code(i.e.,noloopsor conditionals)andalimited numberof C arithmetic
andlogical operators Specifically you areonly allowedto usethe following eightoperators:

'™ &7 | + << >>

A few of thefunctionsfurtherrestrictthislist. 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/gccYou should use/usr/local/bin/gcc. Youcanmakethatthedefaultby adding“seterv PATH
{usr/local/bin:$RTH" to your ~/.cshrcor adding“export PATH=/usr/local/bin:$RTH” to your ~/.bashrcdepending
onwhich shellyou're using. Make surethatthe gccyou 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)



CS395,ComputerSystemspinda DatalLab Fall, 2001

Name Description Rating | Max Ops
bitAnd(x,y) & usingonly | and™ 1 8
bitXor(x,y) ~ usingonly & and” 2 14
isequal(x,y) X == y? 2 5
evenBits() Maskwith evenbits set 2 8
bitMask(lowbit,highbit) Generatédit mask 3 8
bitParity(x) Setif x hasoddnumberof 1's 4 20

Tablel: Bit-Level ManipulationFunctions.

Evaluation

Your codewill be compiledwith /usr/LocAL/BIN/Gcc andrunandtestedon oneof the classmachines.Your score
will be computedout of a maximumaof 75 pointsbasedon thefollowing distribution:

40 Correctnessf coderunningon oneof theclassmachines.
30 Performancef code,basedn numberof operatoraisedin eachfunction.
5 Stylepoints,basedn our subjectve evaluationof the quality of your solutionsandyour comments.

The 15 puzzlesyou mustsolve have beengivenadifficulty ratingbetweerl and4, suchthattheirweightedsumtotals
to 40. We will evaluateyourfunctionsusingthetestargumentsn btest.c . Youwill getfull creditfor apuzzleif it
passesll of thetestsperformedby btest.c , half creditif it fails onetest,andno creditotherwise.

Regardingperformancegur mainconcernatthis pointin the courseis thatyou cangettheright answer However,
we wantto instill in you a senseof keepingthingsasshortandsimpleasyou can. Furthermoresomeof the puzzles
canbesolvedby bruteforce,but we wantyouto bemoreclever. Thus,for eachfunctionwe’ve establishemaximum
numberof operatorghatyou areallowedto usefor eachfunction. Thislimit is very generousgndis designednly to
catchegregiouslyinefficient solutions.You will recevetwo pointsfor eachfunctionthatsatisfieghe operatodimit.

Finally, we've resened5 pointsfor a subjective evaluationof the style of your solutionsandyour commenting.
Your solutionsshouldbe as cleanand straightforward as possible. Your commentsshouldbe informative, but they
neednotbeextensie.

Part |: Bit manipulations

Tablel describes setof functionsthat manipulateandtestsetsof bits. The“Rating” field givesthe difficulty rating
(thenumberof points)for thepuzzle,andthe“Max ops”field givesthemaximumnumberof operatorgouareallowed
to useto implementeachfunction.

FunctionsbitAnd andbitXor shouldduplicatethe behaior of the bit operations& and”, respectrely. In
bitAnd you mayonly usetheoperationg and™, while in bitXor youmayonly usethe operations and™ .

FunctionisEqual comparex toy. As with all predicate operationsjt shouldreturnl if the testedcondition
holdsandO otherwise.

FunctionevenBits generateawordin whichtheeven-numbereditsaresetto 1. FunctionbitMask generates
amaskin which all bits betweerlowbit andhighbit  aresetto 1.

FunctionbitParity returnsl if its algumentcontainsanodd numberof 1's,and0 otherwise.

Part |1: Two's Complement Arithmetic

Table2 describes setof functionsthatmake useof the two’s complementepresentatioof integers.
Functiontmax returnsthelargestinteger.
FunctionisPositive determineswhetherx is greaterthanO, while negate computesx .
FunctionfitsBits determinesvhetherargumentx couldberepresentedsann-bit, two’'scomplementumber
FunctionisLess determinesvhetherx is lessthany.
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Name Description Rating | Max Ops
tmax(void) largesttwo’s complementnteger 1 4
isPositive(x) x > 0? 3 8
negate(x) -X 2 5
fitsBits(x,n) Canx berepresentedith n bits 2 15
isLess(x,y) X <y 3 24
sum3(X,y,z) X+y+z with one’+' 3 16
sm2tc(x) Corvertsign-magnitudeo two’'s complement, 4 15
isNonZero(x) x!=0 withoutusing! 4 10
isPower2(x) Doesx equal2? for somei? 4 60

Table2: Arithmetic Functions

Functionsum3 shouldcomputethe sumof threenumberausinga singleadditionoperation.

Functionsm2tc corvertsa numberfrom sign-magnituddormatto two’s complemenformat. Thatis, the high
orderbit of x is a signbit s, while the remainingbits denotea nonneyative magnitudem. Thefunctionshouldthen
returnthetwo’s complementepresentatioof (—1)® x m.

FunctionisNonZero determinesvhetherr # 0. To makethingsmoreinterestingyoumaynotusetheoperation
I for this problem.

Finally, functionisPower2 determinesvhetherx is of the form 2¢ for somevalueof i.

Advice

You arewelcometo do your codedevelopmentusingary systemor compileryou choose Note, thatthe versionyou
turnin mustcompileandrun correctlyusingour classmachineslf it doesnt compile,we cant gradeit.

Thedlc programamodifiedversionof anANSI C compiler, will beusedto checkyour programsor compliance
with the codingstylerules. You canalsouseit to measurehe operatorcountsof your functions. You canrunthese
testsby executingthe command:

Jdlc -e bits.c

Checkthefile READMHEor documentatioron runningthebtest  program.You'll find it helpful to work through
thefunctionsoneatatime, testingeachoneasyou go. You canusethe-f flagtoinstructbtest to testonly asingle
function,e.g.,./btest -f isPositive

Hand In

To handin thelab, nameyour file bits-ID1-ID2.c , wherelD1 andID2 arethelogin ids of your teammembers,
andcopy it to /homel/pdinda/HANDIN  onary TLAB machinebeforethe duedateandtime. After thattime, the
HANDINdirectorywill becomédnaccessible.



