CMPT 212 (2008-1) Assignment 2
Due online Friday, February 22, 2008, 11pm

Jan Manuch
| manuch@sf u. ca

1 Programming Assignment

Write a C++ library implementing the claSet of integers (of typdong ). Your library will be split into two files:
1. the header filset.h containing the declaration of claSet ;

2. the source code filset.cpp  containing the implementation of claS&t , that is definitions of all its class
methods.

Note that none of your files should contain tm@in() function. Themain() function will be provided in a
testing filewhich will include (using#include "set.h" directive) your header file and will use the public class
methods of the clasSet . The executable file will be generated by linking togethgeotfile of set.cpp and the
object file of the testing file.

Your program must compile under Visual Studio C++ 2005. Sdevibthe details how to compile your file. You
will be penalized if some extra work is needed to compile ymaigram on Visual Studio C++ 2005.

All'your code must be located in two files callsdt.h andset.cpp , which will be the only files submitted for
the assignment. You can create your own testing file forrtgstour library, but do not send your testing file in your
submission!

*** |mportant ***
You are not allowed to use any library besidstream . Thatis:

e Your header fileset.h should include onlyostream file.
e Your source code filset.cpp  should include onlset.h file.

Information about evaluating and grading the assignmambedound at the course website.
If you have any questions about the assignment, do not keetitaend me an email. | might revise the text of the
assignment based on your questions, if | find out that sonte pe difficult to understand or insufficiently specified.

2 Problem Specification

2.1 Interface

The classSet should implement the followinmterfacedescribed in th@ublic  section of the class.

class Set {

private:
/I implementation details:
...

public:
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/I public interface:
Set(); /I the default constructor

/l - initializes the set to empty set

Set(long a, long b, long c=1); /I initializes the set to the set

/I containing the elements a, a+c, a+2 *C, a+3 *C, ...

/I which are smaller or equal to b
Set(long list[],long size); /I initializes the set to elements

/I contained in the array list; the size should be size of the a rray

/I (note: you cannot assume that elements in list are all dist inct)
Set(const Set &s); /I the copy constructor

“Set(); /I destructor

/['if the following methods return a reference to Set,

/I it should be reference to itself (which allows chaining of the operations)
Set & operator=(const Set &s); /I the assignment operator

operator long() const; /I return the number of elements

bool operator()(long x) const; /I return true if x is an element of the set

bool operator==(const Set &s) const;

/I return true if s contains the same elements
bool operator<=(const Set &s) const;

/I return true if this object is subset of s
bool operator>=(const Set &s) const;

/I return true if s is subset of this object

Set & operator<<(long x); /l add x to the set
Set & operator>>(long Xx); /I remove x from the set
/I (if x is not in the set, do nothing)
Set operator+(const Set &S) const; /I return the union with the set s
Set & operator+=(const Set &s); /I add all elements of the set s
Set operator *(const Set &S) const; /I return the intersection with the set s

Set & operator *=(const Set &s);

/I keep only those elements which are also in s
Set operator-(const Set &s) const; /I return the set difference with the set s
Set & operator-=(const Set &s); /I remove those elements which are also in s
friend ostream & operator<<(ostream &o0s, const Set &s);

/I print the content of the set s

2.2 Implementation

e Theprivate  section of the class should contain the implementatiorildeta

— data membersepresenting the content of the set in memory — this is cotalyieip to you, you can
represent the set as an array containing the actual eleffireststed or unsorted manner), or a linked list
of all elements (in sorted or unsorted manner), etc.;

— auxiliary functionswhich are not part of the interface but you need them to haheleata [you might not
need any of such functions, it depends on your implememigatio

e Thepublic section of the class should contain only the interface dl@sdraboveYou are not allowed to add
or remove any functions to/from the interface, neither talifycthe prototypes of these functioride public
section should not contain any data members.

e The implementation of all member functions (auxiliary oaesd the interface functions) should be contained in
set.cpp file, notinset.h file. Do not add function bodies to the class declaratiogeinh file.



o If your implementation dynamically allocates memory (ggirew operator), your destructor is supposed to free

(usingdelete operator)all allocated memory when to object seize to exist. You mightédxapized if your
program is causing memory leaks.

If the object of clas$et is sent toostream , it should be printed in the following format:
{comma-separated-list-of-elements-in-sorted-order}

For instance, the set containing three elemerits5 and7 should be printed a52,5,7} . Note the output
should not contain any spaces. The empty set should be ¢gheisfe . Please, make sure that you print elements
correctly ordered and that you don't print anything elsenttequired (no new line characters, no spaces). It will
simplify the evaluation proces¥ou will get penalized if your program prints the sets in dedént way.

No other function tharset::operator<<() is supposed to print anything. Again, any other output from
the program than required will make the evaluation procé@Bsudt and you will be penalized for that.

You don't have to type the interface again, here is the stptteader file: set.h.

2.3 Remarks
e When creating your own test files, please, beware of the\firig:
Set A;
A << 10;
gives you a compiler error in the second line: ambiguous caélie reason is thabet::operator<< is

expectingong , notint (10), hence to call the operator a conversiun to long has to be performed. At
the same timé&et can be converted tlong (the number of elements) and the builtds operator is defined
on the combination of typdsng andint . Hence, the compiler cannot choose which conversion toperf

e Try to make your solution efficient enough. It's impossildespend more than 60 seconds per program per test

file. The programs which will take longer than that will notfodly marked: only output generated during first
60 seconds (on a 3.0Ghz P4) will be marked.

2.4 Testing

This section contains an example of the testing file. Thigngdile together with several other testing files will be
used to evaluate your submission. Hence, you should chriaiake sure that your library works correctly with this
testing file. You can also make your own testing files to enshaeyour library works correctly with other testing

files.
Here is the testing file #1 (astl.cpp):

#include <iostream>
#include "set.h"

using namespace std;

int main()

{

Set A; // empty set
cout << "A: " << A << endl;

A <<20L <<37L << 305L; // add elements 20, 37, 305
A <<10345L <<-199L; /I add elements 10345, -199
cout << "A: "<< A << endl;

cout << boolalpha;
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/I force cout to print 'true’ and ’false’ for bool values
cout << "305 is a member of A: " << A(305) << endl;

A >>304L >>305L; /I remove 304 and 305 from A
cout << "A: "<< A << endl
cout << "305 is a member of A: " << A(305) << endl;

Set B(1,100); /I set {1,2,3,...,100}
long Bsize=B;
cout << "Number of elements of B:

<< Bsize << endl;

Set C=A; // a copy of A
cout << "C: " << C << end|;

C r= B; // C=C intersection B

cout << "C: " << C << end|

cout << "A: " << A << end| /I A was not modified
cout << "C = A: " << (C==A) << endl;

cout << "C subset of A: " << (C<=A) << end;

cout << "C U Set(10,32,7): " << C+Set(10,32,7) << endl;

A -= B; /I A=A-B; set difference
cout << "A: " << A << endl;

return O;
}

This testing file should produce the following output:
A {}

A: {-199,20,37,305,10345}

305 is a member of A: true
A: {-199,20,37,10345}

305 is a member of A: false
Number of elements of B: 100
C: {-199,20,37,10345}

C: {20,37}

A: {-199,20,37,10345}

C = A: false

C subset of A: true

C U Set(10,32,7): {10,17,20,24,31,37}
A: {-199,10345}

2.5 Compilation

To compile your library together with a testing file (eithe2 _testl.cpp  or your own testing file) under Visual
Studio C++ 2005, create a new project and add two fdes.cpp  and the testing file (e.ga2_testl.cpp ). Do
not add the header filget.h  into project, the header file will be included automaticallyen preprocessor sees the
directive#include "set.h"

To compile the files on GCC compiler, you can either compigitiogether:

g++ a2 _testl.cpp set.cpp

or you can first explicitly create the object files and thek timem together:



g++ -c set.cpp
g++ -c a2_testl.cpp
g++ a2 testl.o set.o

Note that if you do not specify the output filename,the exalolatfile is callech or a.out

3 Programming Contest

Assignment 2 will have an associated programming contesly @ssignments that are considered to have adequate
implementations, as outlined in Sect[dn 2 will be enterdd the contest.

All qualifying entries will be compiled and tested on Linuwsing the GCC compiler, similar with the one installed
on the MTF Linux lab machines (e.thmato.csil.sfu.ca ). The winners will be entries that result in tfastest
running time on testing filesYour program will be tested on two testing files: one perfimgra lot of operations
keeping the size of the sets small, while the other perfognaifiew operations with sets containing many elements
(approx. 10,000). The score assigned to your program wihbesum of the running times on those 2 testing files.

Up to three entries will be selected. In case of ties thatlr@smore than three top entries of equal size, none of
the tied entries will be considered.

The winners will be publicly acknowledged on the course vtetend during lecture. The source code of winning
assignments will be uploaded to and linked from the courde site. Students who are not comfortable with these
conditions should indicate that through email at time ofmigsion of their assignment and will not be considered for
the contest.
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