Annotated slides

CS319: Scientific Computing (with C++)
Niall Madden (Niall.Maddeng] aluay. el
Week 8: Linear Syste}'ns and{O‘:mwtor Overloading
9am, 30 March, and 4pm, 31 March, 2021

il Part 1: Solving Linear Systems (again)
m Jacobi's method |
m Implementation

Part 2: A matrix class
m MatVec

]
I

Toesdasy

See “extras” section of today's lectures for more
examples of classes and overloading (points, dates,
complex numbers); Code for these is in the
Week08/extras/ folder on the repository/website.

Part 3: COdlng Jacobi’s method These slides do not include all issues concerning
Part 4: COpy Constructors operator overloading. Among the topics omitted are:
m A new constructor » overloading the ynary ++ and -- operators. )
Part 5: Operator Overloading If,‘f,{epf;;;‘;'n“d’";,ii‘t'f‘i’jij’fgf’”Se they work in
u Eg 1: Addmg two vectors »  Overloading the ternary operator: 7 :
E Part 6: The ->, this, and = opeNgtors » Important: overloading the [] operator.
m The -> operator m.‘L
m The this pointer
m Overloading = \
s
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Usual reminders...

Mon Tue Wed Thu | Fri

9-10 X

10-11 LAB

11 -12

12-1

1-2 LAB

2-3

3-4

4 -5

1. Two recorded classes this week: Tuesday at 09.00, and Wednesday at

16.00.

2. Lab times: Tuesday 10.00-10:50, and 13.00-13.50. You should try to
attend at least one of these.
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Part 1: Solving Linear Systems (again)

/
CS319 — Week 8
Week 8: Linear Systems, and Operator Overloading J

o ———— Start of ...

PART 1: Solving Linear Systems (again)

This continues from where we left off in Week 7

v

Continoiug
Leom Poct &
oF Waeh ¢
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Part 1: Solving Linear Systems (again)

Our eventual goal is the solve systems of N simultaneous equations in N
unknowns: find x1, x2,...,xn, such that

€y ,
6¥,+3Y2 —¥3 =10 a11x1 + apXxe + -+ ajnxy = b1

anx1+ apxe + -+ anxn = b2
Q\(' +QXQ+X3=|

-'X\ \KQ_"‘"‘X‘g:"S

ayixi + anoxe + - + ayyxn = bn.

We expressed this as a matrix-vector equation: Find x such that

where A is a N x N matrix, and b and x are (column) vector with N entries.
We could do this with Gaussian Elimination (or LU-f;
instead we use a method that is easier to program:

'S 3 ~) X,
A= R ¢
- -l & X3 )
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Part 1: Solving Linear Systems (again) Jacobi’s method

The idea is to choose an initial “guess”, which call@
The we try to compute an improved guess, called call x.
And we improve that again, to get x®,

Eventually, we have a sequence of estimates

{x@ x® x@ & Wy
If could do this an infinite number of times, then
(k)

as k — oo, we get x"/ — X.

But in practice, we just iterate until x*) is “close enough” to x.

® I
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Part 1: Solving Linear Systems (again) Jacobi’s method

The algorithm (i.e., the method of “improving” the x()) comes from the
observatian that, since (for example)

5
T ™ & —) apxi + apxe + -+ anxn = by,
n D anx + apx Xy = b W EQWM»!M}W(_

then ' L \U \_S

x1 = — (b1 — appxe — ayzxz — - — alNXNg/
an
So we can be optimistic'that if xék), xék), x,(\,k) are a good estimates for xa,
X2, ..., Xn, then
k+1 1 K K K
Xl'— = a—(bl — 212X2(') — 313X:§") — s — alNX,(V‘))
1

will be an even better one for xi.

Keoro k= 0 (12, 3/ 71*
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Part 1: Solving Linear Systems (again) Jacobi’s method

Applying the same idea to the rest of the equations, we get

1
X1(k+1) = a—(bl — 312X2(k) — 313X§k) — s — alNX,(Vk))
11
K 1 K K K
i = a_(b2 —anx( — 2 — - — ax?)
22 —_— - R

1
—(bv — aN’lek)

k+1
a
NN

(k)
— T anN-1Xy-1)

This can be programmed with two (or so) nested for loops (which is the topic
of Lab 6). But it can also be expressed in a simple way, using matrices and
vectors.
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Part 1: Solving Linear Systems (again)

Jacobi's method
{X om W(Jz.

See video or annotated slides
6¥| +3_Y2 _¥J 2 J0

A%, g+ Ky = |

- X \\(2+//~X3:-5
Toke A= (¢
© (o) (0) 1o
f;;) y fr) - ]g___ 0 - 3 :ZT:Z + I3 T) = "?;
(o L
P ¢ (1 =2 - X SR
(9] E (e l°)) ~€'
;:{:; = & ("" 5 + X l + X 2 = [
o 10/
So of = | 3
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Part 1: Solving Linear Systems (again) Jacobi’s method

)0/6) ]
w _ 2 See video or annotated slides
Tk ‘(4/@
. 2) [ (0 “))_
So ;12, = 5—— .(/O -3 12 + 1 =
] g
y (o -3 (%) - %) = 13864

. ) (

Tere o cddo o mude\x View”  ox
tlow
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Part 1: Solving Linear Systems (again) Jacobi’s method

See video or annotated slides

c T ivikiad Syptom b Nx =
e (7 %% wu{l EL\Q C{a_ca&); lémJlCA’L (24}
kit ¢ #rm loo . Qy; o O ) _
lb 0= diugy (A>~ © az O Note T D
O O Qi3
Lk T=D0-A - [© ~0z -y Va, 0 D
"all O -C£23 o V
~dz ~QAgy O @22 O
° o Y
Q33

T Tecobi Narabion b

< (w
1(k+') - D) ! (5 +« T K)
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Part 1: Solving Linear Systems (again) Implementation

Now that we know the method, let us summarise the steps, so as to work out
what standard operations on vectors and matrices we need.

We expressed the problem as a matrix-vector equation: Find x such that
Ax = b,

where A is a N x N matrix, and b and x are (column) vector with N enttries.

We then derived Jacobi’s method: choose x(® and set
X = D_l(b@ Tx(k)).

where D = diag(A) and T =D — A.

Looking at this we see that the fundamental operations are: (vector addition
and_matrix-vector multiplication. ——
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Part 1: Solving Linear Systems (again) Implementation

CS319 — Week 8
Week 8: Linear Systems, and Operator Overloading J

END OF PART 1
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Part 2: A matrix class

CS319 — Week 8
@eek 8:) Linear Systems, and Operator Overloading

Start of ...

PART 2: A matrix class

CS319 — Week 8: Linear Systems, and Operator Overloading

12/48



Part 2: A matrix class

Since we already have Vector class from last week, our next step is to write a

class implementation for a matrix, along with the associated functions.
Then we need to define a(function to multiply a matrix by vector.
First though, we consider the matrix representation. The most natural

approach might seem to be to construct a two dimensional array. This can be
done as follows (see Lab 4):

double **entries = new double *[N]; A—m, D'V‘d'{}JG 0"(’ M/‘WL(*&.
for (int i=0; i<N; i++)
entries[i] = new double N;

AN

A simpler, faster approach is to store the N? entries of the matrix in a single,
one-dimensional, array of length N?, and then take care how the access is done:

Juse mf’f&”‘j’

(¥, iF we wod; we cm
. . . “ au
e« kxR B oa big vestor afa'
a, Qg Uy ::
A= Cag Gz Q23 P’DW ad g-z,z
23
63 Ay &y Q3
5 a\-'él
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Tus weky iy also

Part 2: A matrix class

L Matrix.h “ Mutrix 0F. 1

// File: Matrix.h ((WO7.1) |
2] // Author: Niall Maaden (NUI Galway) Niall.Madden@NUIGalway.ie

// Date: Week of 2021-CS319)
4|// What: Implementation of "Matrix": a class of square matrices '>

// See also: Matrix.cpp and 02TestMatrix.cpp G U er
oW pUve workl eC :

class Matrix { C F

8| private:

double *entries;k.> U’\*M'e— WQ-\ S'{'CWQ '\/u.[UQA
S flum(-w«ro& rows ond CD{S

10 unsigned int N;

public:
12 Matrix (unsigned int Size=2); CMS'(-’U@V' +
“Matrix(void) { delete [] entries; }; DCM{'UU[J:W.
unsigned int size(void) {return (N);}; Fov ro-{-u“'l“ﬁ an
16 double getij (unsigned int i, unsigned int j); — - entr wm
void setij (unsigned int i, unsigned int j, double x); %

tla] makiiy
void print(void);
20| };
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Part 2: A matrix class

10

12

16

1

0

from Matrix.cpp

Matrix::Matrix (unsigned int Size)

! N = Size; % CUWS{‘V\J%OV\ 7

entries = new double [N*N];

}
void Matrix::setij (unsigned int i, unsigned int j, double x)
—_— —_— 4

{
if (i<N && j<N)
% entries=x;

else
std::cerr << "Matrix::setij(): Index out of bounds."
<< std::endl;

Tut chedn Gk

onag, O ... M-

J

L 2&. b ovR VCL(ZCL ( CQJ/ Zb\f:h~g’
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Part 2: A matrix class

24

26

28

30

32

34

36

38

40

42

a4

from Matrix.cpp

double Matrix::getij (unsigned int i, unsigned int j)

C So ) w $‘(‘0Wf0Q-

if (i<N_ && j<N) —
. : AER 3 . . .
el:‘: urn(entries [i*N+j]); tn im{”&b Eb'ﬁ”"" L)j r-
{
std::cerr << "Matrix::getij(): Index out of bounds."
<< std::endl;
return (0) ;
¥
¥

void Matrix::print (void)
{
// std::cout << "Matrix is of size " << M << "-by-"
// << N << std::std::endl;
for (unsigned int i=0; i<N; i++)

{
for (unsigned int j=0; j<N; j++)
std::cout << "[" << entries[i*N+j] << "]";
std::cout << std::endl;
}

CS319 — Week 8: Linear Systems, and Operator Overloading
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Part 2: A matrix class MatVec

We'll test this by implementing matrix-vector multiplication function:

02TestMatrix.cpp

// File: O1TestMatrix.h (Set v=A*u)
2 |// Author: Niall Madden (Niall.Madden@NUIGalway.ie)
// Date: Week 8 of 2021-CS319)
4 |// What: Test the implementation Matrix class
48 |void MatVec(Matrix &A, Vector &u, Vector &v)
{
50 unsigned int N;
N = A.size();
52 if ( (N !'= u.size()) || (N != v.size() ) )
std::cerr << "dimension mismatch_ in MatVec " << std::endl;
54 else Q
for (unsigned int i=0; i<N; i++)
56 { Mak Ve N
double x=0; ce Mr"Y =
58 for (unsigned int j=0; j<N; j++)
x += A.getij(i,j)xu.geti(j); &p(k .
60 v.seti(i,x); - pd\o
62 |2}

Vecd
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Part 2: A matrix class MatVec

CS319 — Week 8
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END OF PART 2
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Part 3: Coding Jacobi's method

CS319 — Week 8
Week 8: Linear Systems, and Operator Overloading J

Start of ...

PART 3:) Coding Jacobi’'s Method

Ra cordad Tve 30 MW{J& (/L Q-45>‘
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Part 3: Coding Jacobi's method

/

Now we can implement Jacobi's method. The specific example coded, we will
solve N = 3 equations whose matrix representation is

/ Ox1 + 3x> + 3x3 = 15 (l)
3x1 + 9% + 3x3 = 15 (2)
3x1 +3x2+9x3 = 15 (3)

This problem is constructed so that the solution isi)’il =X = X3 = 1.)

Have a look at the main() function in @3Jacobi.cpp to see how the problem
is set up, and how the Jacobi solver is called. (Here we will focus on that solver.

! 5

q 33 ‘
f= 3 93 h= |5
3 ¥¢q 1y
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Part 3: Coding Jacobi's method

See 02Jacobi.cpp for more details

[ﬂ)‘ // Use Jacobi’s flethod to solve @ ~ o)
// On entry : x is the initial guéss — (05 x (K)
102]| // On exit : x is the estimate for the solution —— x .
void Jacobi(Matrix &A, Vector &b, Vector &x,
104 — unsignea—int &count, double tol)
{
106 unsigned int N=A.size();
count=0;
108 if ( (N != b.size()) || (N != x.size() ) )
std::cout << "Jacobi: error - A must be the same size as b,x"
110 << std::endl;

K ) ' |
Mald; w Sove A | L £ o (rave
t some  AJ, :
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Part 3: Coding Jacobi's method

112

114

116

118

120

122

124

See 02Jacobi.cpp for more details

&atrix Dinv (N), T(N); // The diagonal and off-diagonal matrices
for (un31gne int i=0; i<N; i++)

for (unsigned int j=0; j<N; j++) G

if (j 1= 1) (not Jdia uwal} SEHJ‘%

{ V]
T.setij(i,j, -A.getij(i,j)); P
Dinv.setij(i,j,0.0); DMU

¥ \ * .

else [ (3 \'j‘:: ('I So oa.c,o,ﬁmuﬂ A’ T

{ fn«‘f‘rg) -

T.setij(i,j, 0.0);
Dinv.setij(i,j, 1.0/A.getij(i,j));
y —

’

D.”U\’ ~ D~' w(A_(WQ O = oLla.G (A)
T=0-R |
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Part 3: Coding Jacobi’'s method

3
i(K-}) 7 D—l (,B‘PTiU\lj

See 02Jacobi.cpp for more details

126 // Now implement the algorithm: 0
Vector d(N), r(N); , _ﬁAAA Lo
128 do - S
{ (rombor %kud:md tle .
130 count ++; GL_C-—Q‘UM
~ MatVec(T,x,d); // Set d=Txx
zy-
132 — VecAdd(d, b, d); // set d=b+d (so d=b+T*x) -J" Le
_SMatVec(Dinv, d, x); // set x = 1nverse(D)*(b+T*x) acon
WLQkLo& .
MatVec (A, x, 1); // set r=Axx
136 VecAdd(r, b, r, 1.0, -1.0); // set r=b-A*r
138 ¥ while ( r.norm() > tol); /Q \ 7

Gingq A:x )') we Kwowo Y h - Aac = L‘e‘;/-l . |
(o i€ b F\x(lf) w Small , we howo « ﬂﬁo‘} appr osciudizy

Of course, the above code would be a lot neater, and much more readable, if
we were able to write, for example, r=A*x instead of MatVec(A,x,r) ....
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Part 3: Coding Jacobi's method Exercise

Exercise (8.1)

Write a method Matriz: :norm() that returns the “Entry-wise” 2-norm of a
matrix (also called the Frobenius or Hilbert-Schmidt norm) :

Al = (D2 1417) .

i=1 j=1

and the max-norm:
1Allo = max A |-

bud g Pt 3
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Part 4: Copy Constructors

wn_b(’ 31 M,,w_l.‘,' 202|

65319 — Week 8>
Week 8: Linear Systems, and Operator Overloading

Start of ...

PART 4: Copy Constructors
To word : OP“‘"&LW‘ ovor IOa_aLCm.co
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Part 4: Copy Constructors Introduction

In the next section, we will introduce the idea of Operator Overloading. But
to get this to work, we need to study copy constructors.

This is a very technical area of C++ programming, but is unavoidable.

As we already know ¥s a method associated with a class that is
called-attomatically whénever an object of that class is declared.

But there are,t]i-’nlre When objects are implicitly declared, such as when passed
(by value) to a function.

Since this will happen often, we need to write special constuctors to handle it.
AN

o d ot lwn tw same noww

o kle (_fw”
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Part 4: Copy Constructors

Recall: Vector

2

Last week we defined a 4

class for vectors: 6

» It stores a vector of

N doubles in a 8

dynamically assigned 19
array called

entries; 12

14

» The constructor
takes care of the 16
memory allocation.

18

20

!
U:wQ u i’/&'iﬂjj 4

// From Vector.h (Week 7)
class Vector {

Priv
dou *entries;
unsigned int N;
public:

Vector (unsigned int Size=2); — CDVU5+IUL£bL

“Vector (void);

unsigned int size(void) {return N;};
double geti (unsigned int i);

void seti (unsigned int i, double x);
// print(), zero() and norm() not shown

13

// Code for the constructor from Vector.cpp
Vector::Vector (unsigned int Size) {
N = Size;
entries = new double[Sizel;

2/3 Pa&vxhw to %Fﬂ Lo uble

skores  rnamavy oAdvats & tla gt o tw

M aky
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Part 4: Copy Constructors Recall: Vector

We then wrote some functions that manipulate vectors, such as AddVec in
Week07/01TestVector. cpp

1| void VecAdd (Vector &c, Vector &a, Vector &b, 5 —
2 double alpha=1.0, double beta=1.0); ~—— SUL c~- &IPLLOL*C‘-
5 ’O
Note that the Vector arguments are passed by reference... -+ 691(-'*
Huk

@ ﬂ loe,ﬁim_ tla

Vo-v‘ l.U.A)(&- I/IO'VM -

@ Lo fondion gﬂ}-

tle o_o%uul Vamia,ualﬁ
&MI ne € J\J% Ce
Co Py
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Part 4: Copy Constructors Recall: Vector

What would happen if we tried the following, seemingly reasonable piece of
code?

Vector a(4);
a.zero(); // sets entries of a all to 0
Vector c=a; // should define a new vector, with a copy of a

This will cause problems for the following reasons: kk Oﬁ
S

W wooukd L,\LL o Elvinh
¢ enkeigy (0 = o eundvien[0D
c.ombrier (O = O €utriess E(U
¢ enkeies (27) o.. € untrien [2D
c.ombrion () = O €utriens ESD

Buk ac uwuﬁ J; ggﬂlé

/ .
c. tntitey = O ek,

. ov
Tk b, Hou btk powk o s MU
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Part 4: Copy Constructors Recall: Vector

/r\’c“’ o G pt’oL lom
@ C(/\MW:S C. [,/L'érl‘Q/)[Kj C,L‘Mw
O EVL{’fo/S[:Mj
O nch vi  vewsc .
@ £ C (fxﬂ Q/‘IO/WI\PQ.(’_U gooh ouk oi’
QCO?Q,) 5 clp,o{'mckw A CallML/ quﬂ
b nomory  ollbcaad Coode2h. Se

o £aboios gk Dolofod +oo ! ‘
@ Ww o gots ok of ScopR, G enticod L
deflolad. C&%m‘_ > L Wlih st S proogon to

A ile 00t an s
U w9se AN
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Part 4: Copy Constructors

A new constructor

The solve this problem, we should define our own copy constructor. A copy
constructor is used to make an exact copy of an existing object. Therefore, it
takes a single parameter: the address of the object to copy. For example:

See Vector08.cpp for more details

// copy constructor (Version WO08.1) old— Vectar  weot C'L'WM I
20| // Class definition jin VectorQ8-f has also changed
Vector::Vector (clnst ector &old_Vector .
22| { - o
N = old_Veghar.N; e oo WU-V"(' w
24 entries =~ .
for (unsigned int I=0; I<N; i++) (6] Uk @% 6[‘\(_,
26 entries[i] = old_Vector.entries[i];
¥ — —_— Com@
L
( clatr
\V
~
ot we  donk  |ave o L
- < > ‘ I1.(,l .
Grie tle o%\‘u)& now — L
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Part 4: Copy Constructors A new constructor

The copy constructor can be called two ways:

(a) explicitly, .e.g,

Vector V(2);

V.seti(0)=1.0; V.seti(1)=2.0;
m // W is a copy V

(b) implicitly, when ever an object is passed by value to a function. If we have
not defined our own copy constructor, the default one is used, which
usually causes trouble.
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Part 4: Copy Constructors A new constructor

CS319 — Week 8
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END OF PART Part 4

COV\-gt (rﬁ G- M'OOQ‘(:"U #‘) o MauM

g./d—né e o ,@unf/t"m ﬁfmf\ es8en b
Hok H Nz M%uM_p/uvt wd"’l/t be. d"-\?’”’%“g_
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Part 5: Operator Overloading

CS319 — Week 8
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Start of ...

PART 5: Operator Overloading
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Part 5: Operator Overloading Introduction

Recall that, along with Encapsulation (Classes) and Inheritance (deriving new
classes from old){ Polymorphismisgne of the pillar ideas of Object-Oriented
Programming

So far we have seen two forms of Polymorphism:

(a) we may have two functions with the same name but different argument
lists. This is function overloading.

(b) templates allow us to define a function or class that with arbitrary
data-types, which are not specified until used. In the case of a class
template it is specified when an object of that class is defined.

We'll cover another form of polymorphism today:( “Operator overloading” .

Our main goal is to overload the addition (+) and subtraction (-) operators for
vectors. - z
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Part 5: Operator Overloading Introduction

ka, we wrote a function to add two Vectors:\AddVec.

It is called as AddVec(c,a,b), and adds the contents of vectors a and b, and
stores the result in c.

It would be much more natural redefine/th addition/and f@ssignment
operators so that we could just write(¢=a+b.) This is called operator
overloading.

' To overload an operator we create an operator function — usually as a member
of the class. (It is also possible to declare an operator function to be a friend
of a class — it is not a member but does have access to private members of the
class. More about friends later).
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Part 5: Operator Overloading Introduction

The general form of the operator function is:

return-type class-name : :(a,'rgu-ments)
{

// operations to be performed.

%

return—-type of a operator is usually the class for which it is defined, but it
can be any type.
Note that we have.a new key-word: operato
is substituted f

. The operator being overloaded

555 )

-+
Z
)
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Part 5: Operator Overloading

Introduction

Almost all C++ operators can be overloaded

~ & | ~
oo Y
>>= << ==

I= <= >
=>%

&&
—> [ O  new delete
but not * ?
ﬂe&_ ELuJC‘ , % EXW’Q'Q (M_ZVLUS)
(o L;{_ boble
o binwy job in c= G&-b
4'50 ++  Can b2 oot +

[oaVd ++CJ\|
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Part 5: Operator Overloading Introduction

» Operator precedence cannot be changed: * is still evaluated before +

» The number of arguments that the operator takes cannot be changed,
e.g., the ++ operator will still take a single argument, and the / operator

will still take two. Qg ’(, o kb ove Wl , Oty w g
» The original meanin n operator is not changed; its functionality is

extended. It follows from this that operator overloading is always relative OL[”‘W

to a user-defined type (in our examples, a class), and not a built-in type UJQ@

such as int or char. '

» Operator overloading is always relative to a user-defined type (in our

examples, a class). —_—
» The assignment operator, =, is automatically overloaded, but in a way that {_ N
usually fails except for very simple classés. C Sovwd &3 (ofY Covnty Lo

y 2= A%B+( e 7= (Pﬂ*(g}J“C
od ot 2= AR(8€C)
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Part 5: Operator Overloading Introduction

We are free to have the overloaded operator perform any operation we wish,
but it is good practice to relate it to a task based on the traditional meaning of
the operator. E.g., if we wanted to use an operator to add two matrices, it
makes more sense to use + as the operator rather than, say, *.

We will concentrate mainly on binary operators, but later we will also look at
overloading the unary “minus” operator.

For our first example, we'll see how to overload operator+ to add two objects
from our vector class.
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Part 5: Operator Overloading Eg 1: Adding two vectors

First we'll add the declaration of the operator to the class definition in the
header file,(Vector08.h:
I {Wctor operator+(\/ector b); )

Then to Vector08. cpp, we add the code

ok L‘QPQ/ - See Vector08.cpp for more details

951,/ bverload t operator. * c
96 éector (\Eﬁ: operator+(Vector b ‘aelm% l-" H"l U‘e_c}w C(U's - |
97 =

98 Vector c(N); // Make c the size of a

99| if (N != b.N)

100 std :: cerr << "vector::+ : cant add two vectors of different size!”
101 << std::endl;

102 else

103 for (unsigned int i=0; i<N; i++)

104 c.entries[i] = entries[i] + b.entries[i];

105 return(c); —_—

106 } =

W S Y

s = 0t mplic i

CS319 — Week 8: Linear Systems, and Operator Overloading 41/48



Part 5: Operator Overloading Eg 1: Adding two vectors

First thing to notice is that, although + is a binary operator, it seems to take
only one argument. This is because, when we call the operator, ¢ = a + b
then a is passed implicitly to the function and b is passed explicitly.

Therefore, for example, a.N is known to the function simply as N.

The temporary object c is used inside the object to store the result. It is this
object that is returned. Neither a or b are modified.
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Part 5: Operator Overloading Eg 1: Adding two vectors
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END OF PART Part 5
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Part 6: The ->, this, and = operators
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Part 6: The ->, this, and = operators The —}operator

We now want to see another way of accessing the implicitly passed argument.
First, though, we need to learn a little more about pointers, and introduce a
new piece of C++ notation.

First, remember that if, for example, x is a double and y is a pointer to
double, we can set y=&x. So now y stores the memory address of x. We then
access the contents of that address using *y.

Now suppose that we have an object of type Vector called v, and a pointer to
vector, w. That is, we have defined

Vector v; _~
Vector *w; 90 (*w) =V

Then we can set Now accessing the member N using v.N, will be the
same as accessing it as (*w) .N.

It is important to realise that (*w) .N is not the same as *w.N.

However, C++ irlvides a new operator for this situation: <w—>N} which is

equivalent to
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Part 6: The ->, this, and = operators The this pointer

When writing code for functions, and especially overloaded operators, it can be
useful to explicitly access the implicitly passed object.

That is done using thinter, which is a pointer to the object itself.

As we'ye just noted, since this is a pointer, its members are accessed using
eitheror this->N.

The following simple (but contrived ) demonstration shows why we might like
to use the this pointer.
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Part 6: The ->, this, and = operators The this pointer

The (original) constructor for our Vector class took an integer argument
called Size:

Suppose, for no good reason, we
// Original version wanted to call the passed argument
Vector::Vector (unsigned int Size) N: Then we would get the code
{ —— :
N = %i?e; below:
‘entries = new double[Size];

// Silly, broken version

Surprisingly, this will compile, but will
Vector::Vector (unsigned int N

g give bizarre results (before crashing).
N; To get around this we must distinguish
éntries = new double[N]; between the local, passed, variable N,
+ and the class member N.

This can be done by changing the offending line to:
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Part 6: The ->, this, and = operators Overloading =

A much better use of this is for the case where a function must return the
address of the argument that was passed to }»f This is the case of the
assignment operator.

See Vector08.cpp for more details —

// Overload the = operator.(OMfVL%M ) D " (C = b

100]| Vector &Vector::operator:(const Vector &b)

¥ > . - X
102] if (this == gb) So Ware “L'——-,_ULM WL o el |Ho C .
his == gl

retirn (*this); // Taking care for self-assignment

delete [] entries; // In case memory was already allocated

108 = new double[b.N];

=07 1<N; i++)
110 entries[i] = b.entries[il; Q Co p\a_,

112 return (*this);
—

((Lor: to be CCM/SA—J@J} w;ﬁ[&\ giod’("& C::“B
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