CS33,Fall 2010
Lab Assignment1: ManipulatingBits
Modified: Oct. 1, Due: Extendedo - Tue.,Oct. 12, 9:00PM

I ntroduction

Thepurposeof thisassignmenis to becomemorefamiliar with bit-level representationandmanipulations.
Youwill dothis by solvinga seriesof programmind‘puzzles:

L ogistics

You mustwork on this lab independently you may discussthe assignmentvith other students put the
codeyou write andsubmitmustbeyour own. Theonly “hand-in” will beelectronic.Any clarificationsand
revisionsto theassignmenwill be postedon the classwebsite.

Hand Out Instructions

Startby downloadingdatalab-handou t. ta r fromtheclasswebsiteto a(protecteddirectoryin which
you planto do your work. Thengive the command:tar xvf datalab-handout ta r. This will
causea numberof files to be unpacledin thedirectory Theonly file you will be modifying andturningin
is bits.c

Thefile btest.c  allowsyouto evaluatethefunctionalcorrectnessf yourcode.Thefile READMIEontains
additionaldocumentatiomboutbtest . Usethecommandnake btest togeneratehetestcodeandrun
it with thecommand/btest . Thefile dic is acompilerbinarythatyou canuseto checkyour solutions
for compliancewith the codingrules. Theremainingfiles areusedto build btest

Looking at thefile bits.c  you'll noticea C structureteam into which you shouldinsertthe requested
identifying informationaboutyou.

Thebits.c  file alsocontainsa skeletonfor eachof the 15 programmingpuzzles.Your assignments to
completeeachfunction skeletonusingonly straightline code(i.e., no loopsor conditionals)anda limited
numberof C arithmeticandlogical operators Specifically you areonly allowedto usethe following eight
operators:
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A few of thefunctionsfurtherrestrictthislist. Also, you arenotallowedto useary constantdongerthan8
bits. Seethecommentsn bits.c  for detailedrulesanda discussiorof thedesiredcodingstyle.

Evaluation

Your codewill becompiledwith cgcc andrun andtestedon oneof the classmachines.Your scorewill be
computedout of amaximumof 75 pointsbasedon thefollowing distribution:

40 points Correctnessf coderunningon oneof the classmachines.
30 points Performancef code,basedn numberof operatorsisedin eachfunction.

5 points Style points,basedon your instructors subjectve evaluationof the quality of your solutionsand
your comments.

The 15 puzzlesyou mustsolwve have beengivenadifficulty ratingbetweenl and4, suchthattheir weighted
sumtotalsto 40. We will evaluateyour functionsusingthe testagumentsn btest.c . You will getfull

creditfor apuzzleif it passesill of thetestsperformedby btest.c , half creditif it fails onetest,andno
creditotherwise.

Regardingperformancepur main concernat this point in the courseis thatyou cangetthe right answer
However, we wantto instill in you a senseof keepingthingsasshortandsimpleasyou can. Furthermore,
someof thepuzzlescanbesolvedby bruteforce, but we wantyouto bemoreclever. Thus,for eachfunction
we've established maximumnumberof operatorghatyou areallowedto usefor eachfunction. This limit
is very generousndis designednly to catchegregiouslyinefficient solutions.You will receve two points
for eachfunctionthatsatisfieghe operatodimit.

Finally, we've resered 5 pointsfor a subjectve evaluationof the style of your solutionsand your com-
menting. Your solutionsshouldbe as cleanand straightforvard as possible. Your commentsshouldbe
informative, but they neednot be extensve.

Part |: Bit manipulations

Table 1 describesa set of functionsthat manipulateand test setsof bits. The “Rating” field givesthe
difficulty rating (the numberof points)for the puzzle,andthe “Max ops” field givesthe maximumnumber
of operatorg/ou areallowedto useto implementeachfunction.

FunctionbitAnd computesthe AND function. Thatis, whenappliedto agumentsx andy, it returns
(x&y) . Youmayonly usetheoperators and| .

FunctionbitMask createsa bit maskof all onesbetweeralow bit anda high bit.
FunctionbitParity returnsl if x containsanoddnumberof 0’s.
FunctionbitXor shouldduplicatethe behaior of thebit operation , usingonly the operations& and™ .
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Name Description Rating | Max Ops
bitAnd(x,y) &(x]y) usingonly| and” 1 8
bitMask(highbi t,| owbit) | bit maskof all 1's betweerhighbit andlowbit 3 16
bitParity(x) Returnlif x hasoddnumberof O’s 4 20
bitXor(x,y) ~ usingonly & and”™ 2 14
conditional(x, Y,z ) sameasx ? y : z 3 16
copyLSB(x) Setall bitsto LSB of x 2 5
evenBits() Returnword with all even-numberedbits setto 1 2 8
getByte(x,n) Extractbyten from x 2 6

Tablel: Bit-Level ManipulationFunctions.

Name Description Rating | Max Ops
isLess(x,y) X < y? 3 24
isNonZero(x) x 1= 07 withoutusing! 4 10
isPower2(x) X power of 2? 4 60
isZero(x) x == 07 1 2
logicalNeg(x) returnsix withoutusing! 4 12
multFiveEights(x ) | multipliesby5 then divides by 8 3 12
negate(x) returns-x 2 5

Table2: Arithmetic Functions

Functionconditional returnsy if x is non-zeroptherwisereturnsz.
FunctioncopyLSB setsall the bits of theresultto theleastsignificantbit of x.
FunctionevenBits returnsawordwith all the even-numberediuts setto 1.

FunctiongetByte extractsabytefrom aword. The byteswithin aword areorderedfrom O (leastsignifi-
cant)to 3 (mostsignificant).

Part |1 Two's Complement Arithmetic

Table2 describes setof functionsthatmale useof thetwo’s complementepresentationf integers.
FunctionisLess determinesvhetherx is lessthany.

FunctionisNonZero determinesvhetherx is nonzerausingthelegal operatorsxcept! .
FunctionisPower2 returnslif x is apower of 2.

FunctionisZero returnslif x is zero.

FunctionlogicalNeg  implementghe! operatomsingall of thelegal operatorsexcept! .
FunctionmultFiveEights multipliesby 5 thendividesby 8 roundingtowardsO0.



Functionnegate returns-x .

Advice

You arewelcometo do your codedevelopmentusingary systemor compileryou choose.Justmalke sure
that the versionyou turn in compilesand runs correctly on our classmachines(Inxsrv0l.seas.ucla.ed
Inxsrv02.seas.ucla.edimxsrv03.seas.ucla.eduf it doesnotcompile,we cannotandwill notgradeit.

Thedlc program,a modified versionof an ANSI C compiler will be usedto checkyour programsfor
compliancewith the codingstylerules. Thetypical usages

Jdlc bits.c

Type./dlc  -help for alist of commandine options. The README file is alsohelpful. Somenoteson
dic :

e Thedlc programrunssilently unlessit detectsa problem.

e Don'tinclude<stdio.h> inyourbits.c file, asit confusesllc andresultsin somenon-intuitive
errormessages.

Checkthe file READMEor documentatioron runningthe btest  program.You'll find it helpful to work

throughthefunctionsoneatatime, testingeachoneasyou go. You canusethe-f flagto instructbtest
to testonly asinglefunction,e.g.,./btest -f isPositive

Hand In Instructions

Make sureit compiles passeshedic test,andpassethebtesttestsontheclassmachineginxsrv0l.seas.ucla.edu,
Inxsrv02.seas.ucla.edimxsrv03.seas.ucla.efdu

Make sureyou have includedyour identifying informationin your file bits.c

Remore ary extraneougrint statements.

Submityourbits.c  file to CourseVébwhereindicatedunderLab 1.



