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Laboration 1
Introduction: matrices

Introduction

This is an introductionary laboration thatdoes not have to be handed in.  I still recommend that you do it,
though, to get started using C++.  If you are short of time, you of course shouldn’t feel that you have to
complete the entire laboration.

The task is to create a class for matrices that can read from and write to files, check index bounds, and do
simplearithmeticoperations.Thepurposeof thelaborationis twofold. You will learnhowto write aclass
specification and how to implement this specifictaion.  The other purpose is to learn how to organise the
programming work, what files are being used, how the programmake is used, and how to compile pro-
grams.

While completingthelaboration,it is recommendedthatyouanswerthequestionsin this text. Theanswer
can generally be found in the course litterature or in the lecture notes.  If there is something you don’t un-
derstand or cannot answer yourself, ask the reaching assistants or the lecturer.

Preparation

Always load the course specific module before beginning work:

module load oopk_e00

Makeanewdirectorythereyoucanputyour files andmakeit thecurrentdirectory. In thelaborationyou
will completesomecodefragmentsthatcanbefoundin thecoursedirectory. Copythesefiles andafile for
make:

cp $OOPKHOME/lab1/* .

A first look at the files

Startby loadthefile mat.hh into Emacs.This file containstheinterfacefor thematrixclassyouareabout
to create.Mostof thememberfunctions(methods)arecommentedout.You aregoingto removethecom-
ments one by one and implement the corresponding functions in the filemat.cc .

• The beginning ofmat.hh  reads

#ifndef MAT_HH
#define MAT_HH

What’s the use of this construction?

In theclassMatrix only oneof themethodsis declaredinitially: Matrix() , theconstructor.Theconstruc-
tor is in thepublic  part and is therefore accessable from outside the class (e.g., from the application pro-
gram). Therearealsothreevariablesthataremembersof theclass:rows_ , cols_ ochelements_ . Since
therearein theprivate part,theycanonly beaccessedby theclass’smethods.Theunderscoreat theend
of the names is a convention we use in the course for private member variables.

Theideais thatrows_ containsthenumberof rowsin thematrix,andthat cols_ containsthenumberof
columns.elements_ , whichhasthetypevector<double> (aclassfromthestandardlibrary)will contain
the matrix elements.  By using a predefined class for the elements you don’t have to bother with memory
allocationandotherrelatedissues.Theonly thingyouhaveto do is to figureout themappingbetweenpo-
sitionsin thematrixandindicesfor theelements_ vector.Themappingfrom matrixcoordinatesto vector
coordinates can be done in several ways, and it is up to you do decide how. Also decide if the matrix ele-
ments are to be indexed from  (0, 0) or (1,1).

The methods in the class should be implemented in the filemat.cc. Initially, only a constructor is imple-
mented.

• Implementthefunctions(methods)rows() andcols() . Whenyouaredoneyoushouldbeableto
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compile and run the program in the filelab1.cc .

• What is a member function that returns the value of a member variable called?

• What does the program inlab1.cc  do?

Compile by runningmake. If there are no error messages whenmake is finished you can run the program
by typing"./a.out" .

• Did the program behave as expected?

• What file didmake use during the compilation and linking?

• Studythisfile. Whatline wouldyouneedto changeif youwantedto compileadditionalsourcefiles?

• Implementbothvariantsof get_element . Thefunctionsshouldreturn thevalueod thematrixele-
ment (i, j), and a reference to the elemement, respectively.
Thefunctionsshouldalsocheckthat i andj arewithin allowedlimits. Usethemacroassert for
this check.  If you write

assert( condition);

in the source code, the condition will be evaluated. If the result isfalse  the program will be aborted.

Output method

To simplify testing of the rest of the methods it is handy to be able to print the matrix’ contents from the
code. A 3x2 matrix can, for example, be printed like

3 2
11 12
21 22
31 32

The integers on the first line tell the matrix dimensions. The rest of the lines contain the matrix elements
(floatingpointnumbers).Themethodprint takesa referenceto anobjectof thetypeostream asapara-
meter. Sincecout  (standard output) is such an object, you can callprint  like

m1.print(cout);

if m1 is aMatrix .

• Implementthemethodprint . Adda fewlinesin themainprogramthatcalls themethodandverify
the functionality.

Constructors

Each time a new object is created, also if only a temporary object, one of the class’s constructors is being
used. The contructor is used to initialize the object.

• Thematrix’ defaultcontructor(thecontructorthat is calledwithoutparameters)in mat.cc makes
matricesof fixedsize,whichis notveryuseful.Therefore,write a constructorthattakestwointeger
parametersandcreatesa matrixof thecorrespondingsize. Addsomecodeto themainprogramto
test the new contructor.

• Alsowrite a constructorthat takesthenumberof rows,thenumberof columns,andanarray of val-
ues as parameters.  Test this one as well.
In manycontexts,aconstructorthatcreatesacopyof anexistingobjectof thesametypeis needed.
Constructorsdoingthisareusuallycalledcopycontructors.If it is amemberof theclassX, it hasa
parameter of the typeconst X& . The corresponding argument is the object to be copied:

Matrix m1(3, 2);
Matrix m2(m1); // make a copy of m1

If you don’t write a copy constructor, the compiler will automatically create a constructor that performs
"standard copying." The question is:
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• Do we need to implement a copy constructor in this case, and if so why?

Operators

It is a bit of a hassle having to type

m1.get_element(2, 1)

eachtimeamatrixelementis accessed.Moreconvenientwouldbeto write m1(2, 1) . This is possibleto
accomplishif werenameget_element(int i, int j) to operator()(int i, int j) . Evenif the
name is a bit peculiar, the method can be called as usual:

double d=m1.operator()(2, 1);

The point, though, is that the compiler also accepts the more compact syntax

double d=m1(2, 1);

• Implementbothvariantsof operator() thatcanbefoundin theclassspecification.Addsometest
code tomain  and try it.

const deklarations

As youcanseein theclassspecificationthewordconst follows someof thememberfunctions.It means
that those functions promise not to alter the object (*this ) in any way when called. The the application
programmerhasdeclaredthatanobjectcannotbealtered(by declaringit asaconst object),thecompiler
ensures that onlyconst  declared member function are allowed to act on the object.

Matrix addition

You arenowaboutto write two functionsto addmatrices.Thefirst, add_to_mat , changesthematrixele-
ments by adding values from another matrix. The other function,add , creates a new matrix that contains
the sum of both parameters:

Matrix m1(...);
Matrix m2(...);
m1.add_to_mat(m2); // Adderar värden från m2 till elementen i m1.
Matrix m3=m1.add(m2); // Varken m1 eller m2 påverkas.

• Implementadd_to_mat  and try it.

• Implementadd . Can you useadd_to_mat  which is implemented already?

• Toachivea moreconvenientsyntax,implementoperator+= andoperator+sothat it is possibleto
write

Matrix m1(...);
Matrix m2(...);
m1+=m2; // Adds values from m2 to the elements in m1.
Matrix m3=m1+m2; // Neither m1 nor m2 is affected.

Notice thatoperator+=  returns the object (*this ). This is to allow for the construction

m1 += m2 += m3;

which works like for the built-in types.

Assignments

When the code

Matrix m1(...);
Matrix m2(...);
m2=m1;

is executed,m2 is assigned the values fromm1. Notice thatm2 exists already, and is initialized by its cons-
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tructor whan it is being assigned to. The assignmentsalters the value ofm2. This is taked care of by the
assignment operatoroperator= . Like for the copy constructor, the assignment operators is generated au-
tomatically by the compiler if it is absent.

• Is the automatically genereated assignment operator sufficient in this case? Why?

The destructor

Eachtimeanobjectis removedits destructoris called.Thepurposeis to cleanupanymemoryor otherre-
sources being held by the object. The destructor has to release all such resources allocated by the object.
Forexample,thedestructornormallyhasto delete everythingthattheconstructorallocatedby new. The
destructor should not, however, release the memory occupied by the object itself. (The destruktor does in
fact not know if the object was allocated on the stack or on the heap.) The destructor should merely undo
whatever is done in the constructor.

• Do we need a destructor forMatrix ?

Write a destructor that just outputs one line of text tocerr , e.g., "destructor called", and try the program
again.

• How many times was the destructor called? Was this what you had expected?

Reading from a file

The functionread  in the class specification reads matrix elements from a file (e.g.,cin ) and puts them
into an existing matrix:

Matrix m1;
m1.read(cin);
m1.print(cout);

read assumesthattheinputdatais givenin theformatusedby print whenprinting.Thefile testdata
contains an example. Consider thatm1 in the exemple above already exists and has some fixed size when
read is called.Thesizegivenby thefile couldverywell belargerthanthat.Makesurethatthematrixsize
is setcorrectlyin thiscase.Also considerthatthedatafile maybewritten in anillegal formatandthatthe
read operation may fail. Check that you can read the size and all elements before changing the size of the
matrix.

• Implement theread  method. Test it using the filetestdata .

Of course, it is more convenient to be able to use the syntax

Matrix m1, m2;
cin >> m1 >> m2;
cout << m1 << m2 << m1+m2;

for reading and writing matrices. To be able to do this, we need to define the functionsoperator<<  and
operator>> . The natural thing to do would have been to add them to the classMatrix . This does not
work, however, which can be seen by examining the following expressions:

m1=m2;      // corresponds to m1.operator=(m2)
cout << m1; // corresponds to cout.operator<<(m1)

As canbeseen,theobjectto theleft of = and<< respectivelyhasto belongto thesameclassasthefunction.
Thismeansthatoperator<< in thiscasehasto beaddedto theclassostream . This is,however,asystem
classthatwecannotchange.Thesolutionis, therefore,to write operator<< asanordinaryfunction,out-
side of all classes. Is is declared as

ostream& operator<<(ostream& os, const Matrix& m);

Thefunctionshouldreturntheparameteros , sothatseveralcallscanbemadeusingonly oneexpression
(as in the example above).

• Implementoperator<< andoperator>> . Useprint andread thatyouhavealreadyimplement-
ed.

• Whydoesoperator<<, butnotoperator>>, takea constantreferenceto a matrixasa parame-
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ter?

Template

Wehavesofar assumedthatthematrixelementsareof thetypedouble . Sometimes,matricesof otherty-
pes are needed, e.g., for the types long double  andcomplex<double> .

• Rewrite the matrix class into a template class. It should still have the same interface..


