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Reminder: Assessment for CS319

The assessment for CS319 is based on
1. 50% based on lab assignments:
> 10% for each of Lab 2 and Lab 3; &~ Solu
> 15% for Lab 4+5 and
» 15% for Lab 7 (due today at 5pm).
2. 50% based on your project work:
(i) Initial Project Plan/Discussion [5 Marks]
(ii) 250 word Project Proposal [5 Marks], detailing
(a) An external data source, so that you can show your expertise in read from
and/or writing to files.

(b) A class (or set of classes) that you design yourself
(c) An algorithm that preforms some type of useful calgghatj

(iii) 3 page project report [15 Marks]
(iv) Project code [25 Marks]

Proposed deadline for report and code is 5pm;, THOUGHTS???

‘[':l('IVIA fm["(ﬂ o\/l.ll-V\L.
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Part 1: The STL again

CS319 — Week 11:)static, const and

Start of ...

PART 1: The STL again

The|Standard Template Libraryis a collection of storage types, and

algorithms to work with them.
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Part 1: The STL again £ avb &2 b<a

DAY S A NSV
oAt = =5 &) '3 Sl I
Last week, we introduced the Standard Template Library (STL). It provides

(1) ways of collecting/storing items of some type (template....).
The most important types of containers are:

vector: an indexed sequence. All the items are of the same type.
- It can be resized, and have new items added to the end.
set: a collection of unique items (of the same type), stored in
order. When defined relative to a user-defined class, an
overloaded foperator: :operator<)less than) must be
provided for correct operation.
multiset: an ordered collection, like a set, but can have repeated
values.
list: a doubly linked list.
stack: a stack.

We looked at sets, multisets and vectors.
(2) Iterators: an object used to select (or move between) elements in a
container. They are various types:
» forward, reverse, and bidirectional iterators;
> random-access/indexed-access iterators;
> input and output iterators;
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Part 1: The STL again

(3) Algorithms: for operating on the contents of containers, such as finding a
71 particular item, or sorting (a subset) of them. (Today!)

(4) functors: (also called “function objects”). Essentially, a class which
defines the operator(). (Not covered in CS319).

Id

TZA,,@
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Part 1: The STL again Klg:ritm

To use algorithm, we must

I (#include <algorithm> D I

Useful functions that this provides include

» for_each — iw VoV cxﬂ E{WA,& . P + “
g awTo
’awt ( vsed  wrth :

ued %,r

P> search er&w.

> copy and@\l/&gd o Sﬂﬁ_ gconksriles gﬁ‘ o

> merge c é
> (set_union, set_difference
IL 0 @

> etc. l

wote = com he usad po'réi(, olor

fo OQ‘Q'{;“&Q' SQ/Q: ‘rmﬂvseaéfm_ '\/o((UQ, '
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Part 1: The STL again The password frequency problem

16

Remember the Password Frequency Problem from Week 7: Given a file with
30,000,000 passwords, construct a list of unique words (i.e., no repetition),
listed in order of frequency.

With the STL we can make a simple(r) solution to this. - o S+'i“’3 '>
—(o”

1. Write a class, pwd, that represents a password and its frequency. Write a
function that compares such objects accordmg to their frequency;

2. Construct aof strings to store the passwords.

3. Construct a vector of pwds; copy each password (once), and its
frequency, into it.
e S————

4. Sort the vector by pwd frequency.
Full code is in(01SortPasswordsSTL.cpp.)Here is a summary...

01SortPasswordsSTL.cpp

#include <set> Vv // multiset

#include <vector> // vector

#include <algorithm> // sort
e,
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Part 1: The STL again The password frequ

ency problem

20

22

24

26
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32

34

Clsy ‘%ZN‘ f’a’”“"""& :
01SortPasswordsSTL.cpp

class pwd {

Vprivate:
std::string word;

int fregq; Lo
public:
pwd(std::string s, int f) {word=s; freq=f;}; ~
std::string getword(void) const {return(word);};
int getfreq(void) const {return(freq);};
I3
- true % Qa{ﬁﬂ
bool)compare (pwd p, pwd q) Q mpk
Q -ompar. 3 ool
return (p.getfreq() > q.getfreq());
}
int FileLength(std::ifstream &InFile, int &LongestWord)

>+vuc£av'.

o WUUM-LW

7l

/
Some  ay  Wek I

o} cleAs .

.
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Part 1: The STL again The password frequency problem

36
38
40
42
44
46
48
50
52

54

01SortPasswordsSTL.cpp

int main(void )
{

std::ifstream InFile;

std::string InFileName="{UserAccount-1e5/txt"; . CLvd 09
std::multiset <std:istringp multi_pwd; —> MAMISI}' ﬁ'f P

std::multiset <std::string>::iterator multi_pwd_ij; - [,twai'a"’
std::vector <pwd> vector_pwd; .
S ~ vedtor af puod loop!

InFile.open(InFileName.c_str()); . O‘o e .
if (InFile.fail() ) 0
{
std::cerr << "Error: Cannot open " << InFileName <<
" for reading." << std::endl;
exit (1);
}

// Need to know the number of lines, and the length of the‘longest one

int LineCount=0, LongestLine;

LineCount = FileLength(InFile, LongestLine);

std::cout << InFileName << " has " << LineCount << " lines.\n";
std::cout << "\tThe longest has " << Lon/gestLine << " characters.

n";

VSom!L o Wook F
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Part 1: The STL again The password frequency problem

01SortPasswordsSTL.cpp

58| // Read the lines o¥% fla povsbevord ?:(Q

char *c_string_word;
60 c_string_word = new char [LongestLine+1];
for (int i=0; i<LineCount; i++)

62

64
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Part 1: The STL again The password frequency problem

76

78

80
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84

86

01SortPasswordsSTL.cpp

// Copy the passwords to the pwd vector 0 SE . {

T TR & LR e "0"”"4: to 77 itow in tlj“

vector_pwd.pusﬂfg;;§§_'—‘———"q puxlfxs
pwd(*mult?j??&j?? multi_pwd.count (*multi_pwd_i)));

multi_pwd_i++;

while (multi_pwd_i != multi;pwd.end())
e
if ((vector_ a ()).-etword() != *multi_pwd_i)

multi_pwd.count (*multi_pwd_i)));

Creturns Hg fequency,

Cc.”iMO tle ‘)wcl Ccn/lzb"'v‘u J‘W
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Part 1: The STL again The password frequency problem

88

90

92

96

01SortPasswordsSTL.cpp

std:150r§ (vector_pwd.begin(), Vector_pwd.end(),(compare»;

std::cout << "Top 10 passwords are: " << std::endl;
for (unsigned int i=0; i<10; i++)
std::cout << std::setw(12) << (vector_pwd[il]).getword() <<
std::setw(6) << (vector_pwd[i]).getfreq() << std::endl;

InFile.close();
return (0) ;

CS319 — Week 11: static, const and inheritance
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Part 1: The STL again The password frequency problem
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END OF PART 1
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Part 2: static

CS319 - @ static, const and inheritance

Start of ...

static

Basically, a variable that is shared by every instance of the class.
/
-
oT pum- Uél‘m
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Part 2: static /W‘sﬂ\’lilﬂ% b ot o0en i g

Next we introduce a few C++ keyword: static.
/st only in their scope. That means that it exists only
in which it is defined.

Usually, variables e

within the @rogram block)

For example, if afvariable is local to a function) every time that function is
called, a new instance of the variable is created, and every time the function
ends, the variable (and its value) are lost.

However, if a variable is declared to the static then it can persist.

—_—

There are three uses of static

1. A static variable within a block/function.
2. A static member variable in a class.

3. A static member function in a class.
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Part 2: static (i) static variables

10
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A static variable belongs to a function. It can be accessed only within that
function, but it retains its value between calls.

@staticVarlnFunction.cpp

void Examplel (void) .
¢ — { guory oflev H
static int count=0; \/ é" o”’b ron owdl. FerIIOVSUQ[ge o%"c

count++; ./

std::cout << "Function Example 1 has been called " <<
count << " times." << std::endl;

}

int main(void)

¢ Examplel (); ~—) zxwleﬂ. cu![(&l _'(. {‘M/Lb‘_g.)

Examplel () ; N E_\tWPLQi G 9 1
Examplel (); — b ; 2 o
return (0); 2 4 !

o uSed|.

This is a trivial example. A much better use would be to count the number of
function evaluations in out optimization problem from Lab 3.
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Part 2: static (ii) static variable in a class

10

12

14

16

18

20

Every data member of an object is unique to that object (recall: an object is an
instance of a class).

Suppose we have a class defined as

class Student 7
{
private:

std :: string name;

std ::string
public:

void set.name(std::string n) {name=n;};

void set_university(std::string u) {university=u;}; 7
std::string get.name(void) {return(name);};

std ::string get.university (void) {return(university);};

}i

But if all Students are enroled in the same University, a name change of the
institution for one student should change them for all.

CS319 — Week 11: static, const and inheritance
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Part 2: static (ii) static variable in a class

So there are cases where we would like objects to share a data member. This is

achieved using a static variable.

Static data members of a class are also known as(class variables Jbecause
there is only one unique value for all the objects of that same class. Their
content is not different from one object of this class to another.

This means that

» The static variable is created when(the class is defined.
» Therefore, it exists even before a object of that class type is declared.
> It must be initialised outside the class, in the global scope, using the
— -
scope resolution operator. l
%

)

[ o VLO'G [V\ o M'I[V‘b‘éW"

J
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Part 2: static (ii) static variable in a class

03staticVarInClass.cpp

10 | class Student — .
: Tos P s[,\,,wj;/(
12 | private: "Q N
std :: string name; / L6 lObUQ—
14 std::string university ; 04‘ €lup C(UA&

public:
16 void set.name(std::string n) {name=n;};
void set.university (std::string u) {university=u;};
18 std ::string get.name(void) {return(name);};
std ::string get.university (void) {return(university);};
20 |}
22 %MMMMLJMMed in global space
&:: string Student::university="QCG"; \ /

{
0/ not  tw
(/Qawlb Co((e,ag C—qlww ". Mot ()
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Part 2: static

(ii) static variable in a class

30

34

36

38

40

So

A. unfuml.fﬂ

hws

03staticVarlnClass.cpp CLMM 'B"M Ling 3
Student A, B, 5 +o {UILQ L(O -
A.set_name("Alice Perry"); // Set the values of A.name A9
std::cout << "Object A: \t\t" << A.get_name () << (bQCC
" is a student at " << A.get_university() << std::endl; D‘k le

// Set the values_of B.n jversity
B.set_name (! Breandan 0 hEithir"})); B.set unlver51ty("UCG“)
std::cout << "Object B: \t\t" << B.get_name () <<

<< B.get_university () <<

is a student at "

// And check the values of A again
std::cout <<

"Now the data for A is : "

std::endl;

<< A.get_name () <<

is a student at

<< A.get_university () <<

std::

endl;

(4

&),

Output
Object A: Alice Perry_is_a
Object B: Breandan O hEithir is a student at@

Now the data for A

is

AWtudent at UCG

CS319 — Week 11: static, const and inheritance
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Part 2: static (ii) static variable in a class

Another, less trivial example of the use of static variables, is to associate with
the class an integer variable that counts the number of objects that have been
created.

This is done (in this example) by having a static int count variable in the
class. It is initialised to zero and incremented when the constructor is called.

We also have a static function called getCount (). Because this is static, it

can be called before an instance of the object is declared.
The following example is adapted froHow to Program, 4th Ed,
Example 7.17.

3
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Part 2: static (ii) static variable in a class

12

14

16

18

20

22

24

26

04Employee.cpp

class Employee {
public:

Employee (const std::string, const std::string); // constructor
{”Employee(void); // destructor

const std::string getGivenName() const {return (GivenName);};

const std::string getFKamilyName const {return (FamilyName);};
static 1int getCount () {return(count);};

private:

std::string GivenName;

std::string FamilyName;

static int count; // }umber of objects instantiated

};
// Define and initialize static data member
int Employee::count = 0;

—
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22/45



Part 2: static

(ii) static variable in a class

30

32

34

36

38

40

04Employee.cpp

// The constructor sets values of (string) GivenName
// and (string) FamilyName, and it increments the counter

Employee::Employee(const std::string given,
const std::string family){
GivenName = given;
FamilyName = family;
// increment static count of employees

}

// denstructor decrements the count variable /Sc)

Employee:: " Employee(void){
// decrement static count of employees

}

4

gofy,/u,m/li,

Leanes
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Part 2: static (ii) static variable in a class

44

46

48

50

52

54

56

58

60

04Employee.cpp

std::cout << "Number of employees before instantiation is
<< Employee::getCount () << std::endl; // use class name

Employee Driver ("Bob", "Wood");
std::cout << "Now the number of employees is " <<
Employee::getCount () << std::endl;

{ // New Block. Tom will be local to this block.
Employee Cleaner ("Tom", "Broom");

std::cout << "Employee 1: " << Driver.getGivenName () << " "
<< Driver.getFamilyName () << std::endl;

std::cout << "Employee 2: " << Cleaner.getGivenName() << " "
<< Cleaner.getFamilyName () << std::endl;

std::cout << "Cleaner.getCount () returns " <<
Cleaner.getCount () << std::endl;

CS319 — Week 11: static, const and inheritance
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Part 2: static (iiim

Finally, we mention that it is possible to define a static function member of a
class.

This means that the function belongs to the class, rather than an instance of
the class. So

» It can be called even if no instance of the class is defined;

» The *this pointer is not defined within the function;

» It can only act on other static members;

» It should be considered to be a member of the class, rather than an
instance of the class.

Read up on static functions. Write a function that shows how they are used.
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Part 2: static (iii) static functions
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END OF PART 2
Fim.(s\uba [/\_QIC TJU}&% ’
[ o Jo A [ab j
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Part 3: const

CS319 — Week 11}y static, const and inheritance J

Start of ...

(PART 3: con@

Modifier that ensures a “variable” does not vary
——————————————————————
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Part 3: const

A expression is constant it is value never changes. We are familiar with
literal consants. Examples:

| g rx?

"Hello" . flg bure o
ansd LM Coursd,
(int) /( 'Mj ’i: umclumg.o.cﬂ)

(float)
C++ also has three keyword literals: itrug,lfals; and nullptr.

d

xAul L

vyy
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Part 3: const

We can also define our own constants, by putting the qualifier const before a
“variable” declaration:

05const.cpp

onsty¢ double (Ei=3.14159',)
16 std::cout << "Pi=" << Pi << std::endl;

18 // Now change Pi
K4 // This will not (and should not) work

std::cout << "Now Pi=" << Pi << std::endl;

Now, if we compile:

Olconst.cppch; function ‘int main()’:

Olconst.cpp{19)8: error: assignment of read-only variable ‘Pi’
Pi = 3.14;

: /

(aonot  bo (J/M)f“G- om&")

Cluomaget
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Part 3: const const functions

We can add th(const )'type qualifier” (modifier) to any data type, including a
class that we define ourselves.
P

However, that creates issues.

Specifically, if we write aur own class, and then create a const object of this
" class, it can only caII

Consider the following code, adpated from Week11/04StaticVarInClass.cpp

CS319 — Week 11: static, const and inheritance 30/45



Part 3: const const functions

Bad example: Part 1

12|lass_seudenc stodody nowd .

{
14| private: /

std::string name;
16 @ std::string university;

pubIlic? /
18 Student (std::string n) {name=n;};

void set_name(std::string n) {name=n;};

20 void set_university(std::string u) {university=u;};
std::strin(void) {return(name);};
22 std::string get_university(void) {return(university);};

g /

Bad example: Part 2

34

36 n

is a student at " << B.get_university() << std::endl;

tmp.cpp:35:45: error: passing ‘const Student’ as ‘this’ argument discards qualifier
std::cout << "Object B: \t" << B.get_name() << j
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Part 3: const const functions

12
14
16
18
20
22

06constFunction.cpp

class Student
{
private:
std::string name;
static std::string university;
public:
Student (std::string n) {name=n;};
void set_name(std::string n) {name=n;};
void set_university(std::string u) {university=u;};
std::string get_name(void) gturn (name);};
std::string get_university(void) {return (university);};

CS319 — Week 11: static, const and inheritance

32/45



Part 3: const @t function parameters’

When writing a function header, we can designate some of the parameters as
const meaning that the copy of the parameter that is passed cannot be
changed in the function.

There are some times when this is necessary. Consider the following example...

~ 7constParam.cpp

class Number «”
12| {

priyeate
14
public:
16 Number () {x=0.0;}; /
Number (const Number &copy) {x=copy.x;};
18 void set_x(double X) {x=X;};
double get_x(void) {return(x);};
20 Number operato Number &b)

{

// notice const £ COPY CMﬁf‘IUc@or

22 Number sum;
sum.x = x + b.x;
24 return(sum);
¥
26| 3;
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Part 3: const const function parameters

07constParam.cpp

int main(void)

30| €

o e { trochoy
a.set_x(121.234); N

Number b(a+a); k_/_ca M‘b CUPIA Lnnth

34 std::cont << "a.x= \t" << a.get_x() << std::endl;

std::cout << "b.x= \t" << b.get_x() << std::endl;

36 return (0);

Works...

(JJ(A@ w ol tuws wnof wole

coPYy a;vugf"l vtk ov ? ,
Ve d

g : LotEl const o+

—

as Lo_fmﬁ comsb g b

tla

b Oﬂo)(a meoé

CS319 — Week 11: static, const and inheritance

34/45



Part 3: const const function parameters

CS319 — Week 11: static, const and inheritance J

END OF PART 3
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Part 4: Inheritance

CS319 — Week 11: static, const and inheritance J

Start of ...

PART 4: Inheritance

Making new classes from old ones
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Part 4: Inheritance

We'll finish with one final big idea that we'll study CS319: Inheritance.

Basic concept in Inheritance

Given a class, construct from it a new class that has the properties of the
P ——
original class, plus some new ones.

» The original class is called th parent or super class.

child or sub class.

» The new one, is called thd

The derived class will inherit

» All the data members of the base class, though it @not be able to
access them directly,

# The ordinary function nrembess, but not constructors, destructors, or
assignment operators. l

Mabliocls, .
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Part 4: Inheritance

Some programming/syntax aspects:
» The syntax for defining a derived class
I class ‘Derived’O public lBase I |

Here public means that elements that were public to the base class are
publicly accessible to the derived class. (This is the most typical case.)

class Derivedo private Base |

Here private means everything remains private to the base class, and so
can't be access by the derived class. (Not very useful).

> To the public and private specifiers, we'll add

» virtual functions
e
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Part 4: Inheritance

In our first example,{Q8InheritExample.cpp)we construct a simple base class
that has a single data member. We'll then make a derived class.

Notice that, although the derived class inherits the base class's private datum,

it must use the access method SetX() to change it, and GetX() to evaluate it.
—— —
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Part 4: Inheritance

12
14
16
18
20
22
24
26
28
30

34

08InheritExample.cpp

// Thefpagdclass (Pn— oo OVLQ_—JJ‘JVlm%[ynqi poi./u{‘)
class Point1DY{ : : '
private:
int x;¢
public: A
Point1D (int X=0) {x=X;}; /CNS-{'U&W
int GetX(void) {return(x);}; ——'LP‘“ bq_ LVL
void SetX(int X) {x=X;};
};

v
Lo fed by Poind 2.D

9 .
o two —dum Fo""‘

// The derived class will inherit x, GetX, SetX (PU‘( .
class Point2D : public Point1D {
privatg: ey

int
public:

Point2D (int X=0, int Y=0) {SetX(X); y=Y;};

int GetY(void) {return(y);};

void SetY(int Y) =Y;}; . 9
vota R Gato vantber o W accomech oliveck

void Point2D :: PrintXY(void){ [L
std::cout << "(" << GetX() << "," << y << ")" << std::endl;

};

L)

d I

\ .
€T (\.O/E-— a_c,[.Q,bSaJ cb,/‘uf{%
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Part 4: Inheritance protected

To date, we designated the accessibility every data member and member
function of a class with one of the following access specifiers:

PThis specifies that the data/function member can only be
accessed from within the class. For data members, this means that the
data can be accessed or modified by a function that is a member or
friend of the class. Similarly, private functions can be called by another
member/friend function of the class. This is the default.

OR

>ecifies that a data or function member can be accessed from
anywhere in your code. /

Now we add:( protected;) These members act the same as private ones, except
that they are directly accessible within a derived class.

Compare 09Protected.cpp with our earlier example.
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Part 4: Inheritance protected

14
16
18
20

24
26
28
30
32

36
38

as intiD {
rotected // this was private in 08InheritExample.cpp

int x;
public:
Point1D (int X=0) {x=X;};
int GetX(void) {return(x);};
void SetX(int X) {x=X;};
g

// The derivated class will inherit x, GetX, SetX
class Point2D : public PointiD {
private:

int y;

public:
// Don’t have to use SetX in the.constructor SWQ %
Point2D (int X=0, int Y=0) {x=X; y=Y;};
int GetY(void) {return(y);}; W Q
void SetY(int Y) {y=Y;};
void PrintXY(void);

ki ’

void Point2D:: PrintXY(void)

{
// Don’t have to use Get
std::cout << "(" << < "," << y << ")" << std::endl;

|
Nowo x o occassed  daecy .
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Part 4: Inheritance Replacing members

Suppose, for example, that a base class has a method void PrintData(void).
It is possible to make a derived class that also contains a (new) method call
void PrintData(void).

The version of PrintData(void) from the derived class will superceed the one
from the base class.

However, the original one does not disappear, it can still be called, but you
need to use the base class name and scope resolution operator.

Note: If the base and derived classes have functions with the same names, but
different “signatures”, then the function is overloaded, not replaced.

CS319 — Week 11: static, const and inheritance 43/45



Part 4: Inheritance

Replacing members

36
38
40
42
44
46
48
50

10Replacement.cpp

class Point2D : public PointiD {
private:
int y;
public:
Point2D (int X=0, int Y=0) {x=X; y=Y;};
int GetY(void) {return(y);};

g

// The Point2D class also has a method
// called PrintData()

void Point2D: :-P_ridnt_D’aia,(void)

{

void SetY(int Y) {y=Y;}; .
reie GRS wskaadl  o¥

std::cout << "(" << x << "," << y << ")\n";

}
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Part 4: Inheritance Replacing members

54

58

62
64

/
10Replacement.cpp

int main(void)

{ ——
Point2D d;
\

d.SetX(1); d.SetY(2);

S ta+ {Calling the Point2D version of d.PrintData(): d=";
(d.PrintData(); )
std::cout << "Calling the PointlD version of d.PrintData(): d=";
—
return (U);
}

There are other times when we need to take care which of two functions that
have the same@nd belonging the base and derived class is called, and
€

need to declare on/o hem abut that is beyond the scope of this

class...

fonckion nowg + 04 Liok -
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