
CS1321 CS1321Homework 2 2000Jan20

DueThursday, 2000Jan27,at thebeginningof class.

1 Revisions

2000Jan26:Revisedunary.h to correctoperator>>(). Theold codedid not correctdetectend
of input.

2000Jan24:Revisedunary.h to removethesize type codein addOneToVector. size type
is probablyimplementedasanintegerandthehomework forbidsthat.

Thereis probablynoeffecton yourcodebecauseaddOneToVector is calledby operator<<,
bothof whichweregivento youanddid notneedmodification.

2 Reading

Readchapter9 of thetextbook.

3 UNIX File Commandsand File Security

Unlessyou take explicit action,anyonewith a computerscienceaccountcan look at all of your
files in your CS account.This alsomeansanyonecancopy all of your files, submittingthemas
homework solutions.Do not fall victim to this form of identity stealing.Secureyour own files and
thenaska friend to checkif youdid it correctly.

4 Programming Tips

4.1 Compilation Tip

Last week,we mentionedthreedifferent command-lineoptionsfor g++: -Wall, -pedantic,
and-o. It is a painto typetheseevery compilation.Instead,onecanstorecompilationcommands
in a “Makefile” andusethemake commandto compileyour program,creatingtheexecutable.

For example,supposeyouusethecommand
g++ -Wall -pedantic foo.cc -o foo

to compileaC++ file named“foo.cc” andcreateanexecutablecalled“foo.” Instead,youcancreate
afile called“Makefile” containingthesetwo linesof code:

foo:
tab g++ -Wall -pedantic foo.cc -o foo

tab denotesa tab character;usingeight spaceswill not work correctly. To createthe executable
called“foo,” type

make foo

The“make” programminglanguagecanautomatemany tasks.If you want to learnmore,readthe
onlineGNU makedocumentation,particularlythefirst chapter.



4.2 XemacsTips

For thisclass,feel freeto useany text editoryoudesire.I useXemacsbecause,I haveobservedthat
mostcomputerprofessionalsuseXemacsor its less-friendlyversionEmacs.If you do not want to
useXemacs,just skip thissection.

TheEmacstutorial discussesmoving thecursor, dealingwith files, etc. To run it, type ‘Control-h’
andthen‘t’.

To compileyour programwithin Xemacs,click the Compile icon. The first time you do this, it
will askfor theshell commandto compile. For example,this couldbe“make foo” or “g++ -Wall
-pedanticfoo.cc-o foo”. For every unsavedfile, it will alsoaskif youwantit saved.

Thecompiler’s outputwill appearin anotherbuffer. To visit eacherror, typeControl-x` (backtick).
Thecursorwill move to theoffendingline in theC++ file, andtheerrorwill appearat thetopof the
compilationbuffer. To visit aparticularerror, move thecursorto messagein thecompilationbuffer
andhit enter.

WhenrunningXemacsvia telnet,muchof theniceuserinterfaceis notavailable,but all of Emacs’s
functionality is available. To compile,type“M-x compile”. To compileusingthesamecommand,
type“M-x recompile”.

5 Warm-up Exercises

Thereis no needto submitsolutionsto theseexercises,but besureyoucansolve them.

1. Convert thepseudocodemember()function,a.k.a.check-list()or find(), presentedin classto
C++ code.

2. Rewrite the member()function asa “one-liner,” i.e., usingonly oneline for the function’s
body.

Hint: TheC++ booleanoperators|| and&& useshort-circuit evaluation, i.e., they evaluate
only asmany argumentsasnecessary(textbook,p. 107). For example,false && foo()
neednotevaluatefoo() becausetheresultis false.

6 ProblemStatement

Warning! Understandingthe recursive definition of unarynumbersis fundamentalto this home-
work. Pleasedonotwait until Wednesdayeveningto determinewhetheryouunderstandthedefini-
tion. End Warning.

According to a former Stanfordgraduatestudentnow a professorat Columbia University, the
databaseprogramrunning on the main Stanfordmainframecomputerhasno built-in arithmetic
operations.Eventhoughnumberssuchastuition andhousingchargeswerecomputedby this pro-
gram,theprogramhadno integeror floatingpoint numbertype.

Our task is to implementarithmeticon naturalnumbers,i.e., nonnegative integers, to usewith
this program.Let’s useunarynumbernotation. Eachnumber� is representedby the repeatinga
character� times. For example,thedecimalnumber7 would be representedby “0000000”and3
wouldberepresentedby “000”. Zerois representedby no digits: “”.

Wecanrecursively defineany naturalnumberas

� eitherzero
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� or onemorethananothernaturalnumber.

For example,“000” is onemorethanonemorethanonemorethanzero.More succinctly, “000” is
add1(add1(add1(zero))).

Notethis recursive definitionfor numbersis very similar to therecursive definitionof lists.

Sincewe assumethat the databaseprogramsupportslists of booleans,we can implementunary
arithmeticusingthelinkedlist classdiscussedin class.Ourdatabaseprogrammustcomputetuition
chargessoit needs

�
, � , � , integerdivision � , andexponentiation̂ (to computeinterestonoverdue

balances).Our databaseprogramwill never usesubtractionto producenegative numbers,but it
needsto beableto comparenumbers,i.e., � , � , � , 	 , 
�
 , and �
 . Youneednotdefinearithmetic
assignmentoperatorssuchas

� 
 and ��
 , but your codemaynotusethemeither.

I have providedsomesourcecode(unary.h). For example,it defines

� thewordnatural asthetypefor ournumbers,

� thenumberzero,and

� input andoutputfunctions. For example,cin >> n will reada base-10numberfrom the
standardinput,storingit into the(unary)naturalnumber� . cout << n will print thebase-
10 representationof the(unary)naturalnumber� .

Theseinput andoutputfunctionsassumethefollowing functionsaredefined:

– Theconstructoradd1() createsa largernumber.

– Givenanonzeronumber, theselectorsub1() extractsits subnumber.

– Thepredicateiszero() yieldstrueif thenumberis zero.

– The+ and* operatorsaredefinedfor naturalnumbers.

Thesefunctionsshouldbedeclaredor definedbeforethe input andoutputfunctionsarede-
fined.

For thisassignment,write theomittedfunctionsandaddtheothernecessaryfunctionstounary.h.

I have alsoprovided a simplemain() function (test-unary.cc) for preliminarytestingof your code.
Of course,youwill wantto write moreextensive testingcode.

6.1 Operator Overloading

For our naturalnumbers,we would like to beableto write expressionsusingtheusualinfix oper-
ators.For example,if m andn have typenatural, we would like to beableto write expressions
suchasn + m andn == m. But sincem andn areinstancesof a user-definedtype ratherthan
a built-in C++ type (suchasint or double), the compiler hasno idea how to evaluatesuch
expressions.Instead,it convertstheseexpressionsto functioncalls,convertingm + n into

operator+ (m, n)

andm == n into

operator== (m, n) .

We canthusensurethatm + n andm == n have the meaningswe desireby writing functions
with thefollowing prototypes:
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natural operator+ (const natural & m, const natural & n);
bool operator== (const natural & m, const natural & n);

The first function shouldreturna natural numberrepresentingthe sumof its parameters;the
secondfunction shouldreturn true if its parametersareequaland falseotherwise. By providing
suchfunctions,we have “overloaded”the+ and== operators.Wecanoverloadotheroperatorsin a
similar fashion.SeealsoSection2.5of thetextbook.

6.2 Dealing with Multiple C++ Files

Fitting all thesourcecodefor complicatedprogramsinto onefile would beunrealisticsoC++ sup-
portsstoringcodein multiplefiles. Historically, filesendingwith “.cc” storeddefinitions,e.g.,func-
tion definitions,while files endingwith “.h” storedthecorrespondingdeclarations.Unfortunately,
recentC++ changeshave obfuscatedthesedistinctionssosometimeswe put functiondefinitionsin
headerfilesaswehave donewith ./unary.h.

For thisassignment,I provide thesesuggestions:

� Make surethat thefilesseq.cc, seq.h, unary.h, andmain.cc arein thesamedirec-
tory.

� Do notchangethegiven#includeheaderdirectives,but feel freeto addto themasnecessary.

� Compileusingthecommandg++ -Wall -pedantic main.cc. This will producean
executablenameda.out. You canusethe-o output-file-name g++ option if you
desire.

Notethecode,asdistributed,shouldcompilealbeitwith numerouswarnings.Also, it will not run
until codefor thenecessaryfunctionsis written. Later in thecourse,we will discussthe rulesfor
dealingwith multiple files.

7 SubmissionRules

Submita solutionfor the homework problem,not the warm-upexercises.Pleaseemail only one
file: theunary.h file. You neednot sendseq.h, seq.cc, or test-unary.cc. Whenstress-
testingyour code,I will provide thesefiles.

Seethesubmissiondetailsfor informationhow to emailtheprograms.
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