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Motivation

* Understand the concept of Templates and when to use them

e Absorb the principles of the C++ Standard Template Library
(the interplay between containers, iterators and algorithms)

* Get acquainted with the ideas of SOLID Design Principles and
Design Patterns (what they are and how to use them)

The University of

!.', Nottingham G6400S

NNNNNNNNNNNNN + CHINA - MALAYSIA




Templates

The University of

Nottingham

) g

NNNNNNNNNNNNN + CHINA - MALAYSIA




Templates

e Whatis atemplate?

— Atemplate is a pattern (data type) from which we can create multiple
instances (variables or class objects)

— In C++ templates are entire functions (function templates) or classes
(class templates)

 What is the benefit of using templates?

— Templates make it possible to use one function or class to handle
many different data types

* The compiler creates multiple versions of a function
* The compiler creates multiple versions of a class
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Function Templates

* Example: Standard function (using overloading)

int aksiint n) {
return (n<0) ?-n:n;

}
doulkle zbs(double n) |

return (n<0) ?7-n:In;

}

 These are completely different functions because they handle
arguments and return values of different types

* |soverloading the best solution?

— You can use same name but have to write a separate definition; time
and space consuming; errors need to be corrected in each function
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Function Templates

* Example: Template function

finclude <lostream™

using namesapace std;

tenplate<class Tx
T abks(T n){
return (n<0) ?-n:n;

}

int maini) {
int int¥=-5;
double dblXE=-5.0;
cout<<"abs (int "<<intX<<")="<<abs{intX)<<endl;
cout<<"aba (double "<<dbl¥<«<")="<<agkbg (dblX)«<<endl;

* Tis called "template argument”

* It will work on all basic data types and even on user-defined
data types (once the operators used are overloaded)
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Function Templates

* How does it technically work?

— During compilation code generation does not take place until the
function is actually invoked by a statement within the program

— The compiler then generates a specific version of the abs() function for
the data type required by substituting the data type wherever it sees
the template argument in the function template

* How to develop a template function?

— Start with a normal function that works on a
fixed type (e.g. int) and debug it

— Once it works turn it into a template function

— Check that it works for additional types

The University of

!.', Nottingham G6400S 7

UNITED KINGDOM - CHINA - MALAYSIA




Function Templates

 Example: Template function with multiple arguments

ginclude <iostream>

uging namsspace std;

template<class T

int £ind(T* array,T wvalue,int size) |
for(int j=0;j<size;j++)
iflarray[jl==wvalue)return j;:
return -1;

int maini) {
int intArr([]={1,3,5,53,11,13};
int intV=g;
double dbl2rr[]={1.0,3.0,5.0,9.0,11.0,13.0};
double dblV=11.0;

cout<<"Find "<<intV<<" in intl&rr: Beturn wvalue: "<<findiintirr,intV, c)<<endl;
cout<<"Find "<<dblV<<" in dbl&rr: Heturn wvalue: "<<find(dblarr db1WV, o)<<endl;
}
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Function Templates

 Example: Template function with two template arguments

ginclude <iostream>

uging namsspace std;

template <clasas T1l,class Tix

TZ £ind(Tl* array,Tl walue,TZ =size) |
for(int j=0;j<size;j++)
iflarray[jl==wvalue)return j;:
return atatic cast<TZ>(-1);

int maini) {
int imtArr[]={1,3,5,5,11,13};
int intV=g;
int intSize=c;
double dbl2re[]l={1.0,3.0,5.0,9.0,11.0,13.0};
double dbelV=11.0;
long longSize=cl;
cout<<"Find "<<intWV<<" in intl&rr: Heturn wvalue: "<<findiintirr intV, 6 intSize)<<endl;
cout<<"Find "<<dblV<<" in dbl&rr: Beturn wvalue: "<<findidblarr, dblV, longSizel<<endl;
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Class Templates

 Example: Standard class

claza Stack]
private:
int st [M2E]:
int top;
public:
Stack();
void pushiint war);
int popl);
bi

claszsa Stack]

private:
double szt [MAX];
int top;

public:
Stacki);
void pushidouble war);
double popl);
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Class Templates

 Example: Template class

fFlnclude <lostreams

uging namsspace std;
conat int MAX = 100;

template<class T
class Stack]
private:
T st [M2X];
int top;
public:
Stack() {tap=-1;}
vaid pushi(T wvar) {at[+ttopl=var;}
T pop!() {veturn stltop——1:}
i

int maini) {
Stack<int> 3l;

sl.pushiz);

sl.pushi3);

cout<<"Stack<int»:"<<endl;

cout<<"vl/vwZ:"<< (gl . popl) /3l . pop () ) <<endl;

Stack<double> 3Z; . -
gZ.pushi(2_0); Eiﬂﬁgfint}-
s2.push(3.0}; Stack<douhlel:
cout<<"Stack<double>:"<<endl; vlsv2:1.5
cout<<"vl/vZ:"<< (3Z.popl) /32 .popl) ) <<endl;
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Class Templates

* How does it technically work?

— Classes are instantiated by defining an object using the template
argument (e.g. "Stack<double> s2;“)

— The compiler provides space in memory for this object’s data, using
type double wherever the template argument appears in the class
specification

— It also provides space for the member functions (if these have not
been placed in memory by another object of type Stack<double>);
these member functions also operate exclusively on type double
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UML and Templates

 Example: Template class "Stack"

T
Stack = ‘t----po-----
push (T)
pop: T
A | |
| __<<bind>>(int) | 4
____<<bind>>(double) | <
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Standard Template Library (STL)

 STLis a collection of classes that provides

— Template Containers

Conlainer Container

— |terators

— Algorithms (k- i )

@ @ lterator O
gorithm > - —

Objects S Objects

T—Q % d

[terator
O—t=G | Q

Algorithms use iterators to act on objecis in containers
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Containers

* A container is a way to store data - whether the data consists
of build-in types or of class objects

e A container usually include functions for
— Creating an empty container
— Insert a new object into the container
— Remove an object from the container
— Report the current number of objects in the container
— Empty the container
— Provide access to the stored objects
— Sort the elements (optional)
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Containers

* Three basic categories

— Sequence containers (vector; deque; list)

* Maintain the ordering of elements inside the container; you can chose the
position of the element you insert

— Associative containers (set; multiset; map; multimap)

e Automatically sort their input when inserted into the container

— Container adaptors (stack; queue; priority queue)
* Predefined containers that are adapted for specific use
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Containers

e Some useful member functions

— push_front() push_back(): Inserts a new element at the beginning/end
of the container effectively increasing the container size by one .

— pop_front() pop_back(): Removes first/last element of container,
effectively reducing the container size by one and invalidating all
iterators and references to it

* The vector and deque containers provide

— ] Subscripting access without bounds checking (arrayl...])
— at Subscripting access with bounds checking (array.at(...))
II: Tr:ieoli:ntlrﬁraﬁ;}n G6400S 18




Containers

e Some useful member functions

— empty
— size
— insert
— erase
— clear
— resize

— front
— back
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Boolean indicating if the container is empty
Returns the number of elements

Inserts an element at a particular position
Removes an element at a particular position
Removes all the elements

Resizes the container

Returns a reference to the first element
Returns a reference to the last element



lterators

e What?
— Objects that can iterate over a container class without the
programmer having to know how the container class is implemented

— lterators make it easy to step through each element of a container
without having to understand how the container class is implemented

e How?

— An iterator is a pointer to a given element in a container with a set of
overloaded operators to provide a set of well-defined functions
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lterators

* QOperators

— "*": Dereferencing the iterator (returns the element that the iterator is
currently pointing at)

— "++": Moves the iterator to the next element in the container (most
iterators also provide "--" to move to previous element)

— "==","1=": Basic comparison of operators to determine if two iterators
point to the same element (to compare the values that two iterators
are pointing at iterators need to be dereferenced first)

— "=": Assign the iterator to a new position (typically the start or end of
the container’s elements)
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lterators

* Each container includes four basic functions for use with "="
— begin() returns iterator representing the beginning of elements in the
container; cbegin() returns const iterator

— end() returns iterator representing the element just past the end of
elements; cend() returns const iterator

» All containers provide (at least) two types of iterators
— "container::iterator" provides a read/write iterator
» for(vector<int>::iterator i=rData.begin();i!=rData.end() ; ++i) cout<<*i;
— "container::const_iterator" provides a read-only iterator
» for(vector<int>::const_iterator i=rData.begin(); il=rData.end();++i) cout<<*i;
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Algorithms

* Analgorithm is a function that does something to the items in
a container (or containers)

— Examples: find(); count(); equal(); search(); copy(); swap(); fill(); sort()

e Algorithms are stand-alone template functions (global
functions that operate using iterators)

* You can use algorithms with built-in C++ arrays or with
container classes
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Standard Template Library Examples
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Source of Information: "cplusplus.com”

Eile

€

?) vector - C++ Reference la Firefox =100 =]
Edit View Higtory Bookmarks Tools Help
"u-'avadnr—c++ReFerenE | + |
B @ v cplusplus.comeference vector ector ¢ a6 [B- coose Al &

g TS

Information
Tutorials
Reference
Articles
Forum

@l
<deque>
<forward_list>
<list>
<map>
<queue>
<set>
<stack>
<unordered_map>
<unordered_set>
<wvector>

Input/Output:

Multi-threading:

(=)

(=)

(=)

sartnresharin

TE dictleo.org 4 Siebers > Home 3z TMA Nottingham

ARD News (%) Weltspiegel @ StatCounter [ Google & GoogleDrive

Reference  <vector>  vector

class template

su:vector

template < class I, clasa Alloc
Vector

allecator<I> > cla3s vector:

Vectors are sequence containers representing arrays that can change

Just like arrays, vectors use contiguous storage locations for their eler
also be accessed using offsets on regular pointers to its elements, an
arrays, their size can change dynamically, with their storage being har

Internally, vectors use a dynamically allocated array to store their eler
in order to grow in size when new elements are inserted, which implie
elements to it. This is a relatively expensive task in terms of processin
each time an element is added to the container.

Instead, vector containers may allocate some extra storage to accomr
container may have an actual capacity greater than the storage strictl
size). Libraries can implement different strategies for growth to balan¢
but in any case, reallocations should only happen at logarithmically gr
of individual elements at the end of the vector can be provided with a1
push_back).

Therefore, compared to arrays, vectors consume more memory in exch
grow dynamically in an efficient way.

Compared to the other dynamic sequence containers (deques, lists ar
accessing its elements (just like arrays) and relatively efficient adding
operations that involve inserting or removing elements at positions ot
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vectorzsize - C++ Reference w3}
Fle Edit View History Bookmarks Tools Help
|..péve:tor::s4ze - C++Reference I ek |

6 www.cplusplus.com/reference fvector [ (:| )3‘ 4+ #
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»

" Zvector> none
Input/Output:
Multi-threading:
Other:

« Return Value

el

<vector> The number of elements in the container.
vector

vector<bool> Member type size_type is an unsigned integral type.

#include <icstream>
#include <vector>

int main {)

vector<int> myints;

cout €< "0. size: " <€ myints.size{) << '\n';
for (int i=0: i<l0; i++) myints.push back(i):
1zcout << "l. size: " << myints.size() << '\n';
myints.insert (myints.end(),10,100);
std::zcout << "2. size: " << myints.size{) << '\n';
- — myints.pop_back()
e N std::cout << "3. size: " << myints.size{) << '\n';

1empty
1iend

return 0;

erase i
ifront
get_allocator
insert Output:
max_size 0. size: 0
operator = 1. size: 10
operator ] 2. siz
pop_back 3. size:
push_back
rbegin
rend ® complexity
reserve

Constant.

e e =0
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Vector::size

i

vector::1gize
#include <iocstream>

#include <wvector> -
aize:

int main () BLZEE

LRI % I i |

I sizes
gtd: :vector<int>» myinta; SLT=C
gtd::cout << "0. 3ize: "™ << myinta.size() << "\n';
for (int i=0; i«<10; i++) myinta.push _back(i):
gtd::cout << "l. 3aize: " << myinta.size() << '\n';
myints.insert (myints.end(),10,100};
gtd::cout << "2. agize: ™ << myinta.gize() << "\n':
myinta.pop back():
gtd::cout << "3. gize: " << myints.aize() << "\n';
return 0;

J
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// wvector::operator[]
#include <icstream>
#include <wvector>

int main ()
i
gtd: :vector<int>» myvector (10);

atd::vector<int>::3ize type 3=

S assign some values:

Vector::operator](]

myvector contains:

S/ 10 zero-initialized elements

myvector.size () r

for (unaigned i=0; i<a3az; i++) myvector[i]=i:

f/ reverse vector using operator[]:

for (unaigned i=0; i<az/2; i++)
f
int temp;
temp = myvector[az-1-i]:;
myvector[3az-1-i]=myvector[i]:
myvector [i]=temp;
I

gtd: :cout << "mywvector contains:™;

for (unaigned i=0; i<sz; i++)

atd::zeout << ' ' << myvector[i];

gtd::cout << "\n':

return 07
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Inserting into a list

ingerting intoc a liat

#include <icstream>
#include <liat>
#include <wvector>

int main ()

{

}

gtd::list<int> mylist;
gtd::list<int>::iiterator it;

S/ 3et some initial wvalues:
for (int i=1; i«<=5; ++i) mylist.push back(i); 7/ 1 2 3 4 5

it = mylist.begin();

++it: S/ it pointa now to number 2 -
mylist.inaert ({it,10}: JrA1 10 2 3 4
S/ m™it™ atill pointa to number 2 B
mylist.ingert {it,2,20): SrA 1 10 20 20
==3UER J/ it points now to the aecond 20 -

std: :vector<int> myvector (2,30):
mylist.ingert (it,myvector.begin(),myvector.end()):
41 10 20 30
gtd::cout << "mylist containsa:";
for (it=myliat.begin(); it!=mylist.end(); ++it)
std:zcout << " ' < *if;
gtd:zcout << "\n':

return 0;
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Sort algorithm example

/f sort algorithm example

#include <icatream:> ff atd::cout
#include <algorithm» A/ atd::3ort
#include <vector: FF Std:=wector myvector containg: 12 26 32 33 45 53 71 80

bool myfunction (int i,int j) [ return (i<j): }

atruct myclass |
bool operator() (int i,int j) | returm {i<j):}
} myckject:

int main () {
int myinta[] = {32,71,12,45,26,80,53,33};
atd: :vector<int>» myvector (myinta, myinta+8): S 32 71 12 45 26 80 53 33

ff uaing default comparison (operator <) :
atd::sort (myvector.begin(), myvector.begin(j+4): SA{12 32 45 T71)26 80 53 33

S/ u3ing functicn as comp
atd: :sort {(myvector.begin()+4, myvector.end(), myfunctiom); // 12 32 45 71(2& 33 53 80)

S/ u3ing object a3 comp
3td::scrt (myvector.begin(), myvector.end(), mycbject): SA{12 26 32 33 45 53 71 80)

[/ print out content:

gtd: :cout << "myvector contains:™:

for (atd::vector<int>::iterator it=myvector.begin():; it'=myvector.end(); ++it)
td::cout << " " €4 *it;

gtd:zcout << "\n':

return 0;
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S/ find example
#include <iostream>
#include <algorithms>
#include <vector>

int main () {
int myints[] = { 10,
int * pr

i

]

20,

std: :cout
gtd::find
gtd: :vector
30 ,40 }:

// pointer to array element:
p = 3td::find {myints,myints+4,30);

+p:

Find example

std:z:cout << "The element following 30 is ™ << *p << "\n';

atd: :vector<int>» myvector (myints,myinta+4):
atd: :vector<int>::iterator it;

P

++it;

iterator to vector element:
it = find {myvector.begin(),

myvector.end({), 30):

std:z:cout << "The element following 30 is ™ << *it << "\n';

return 0;
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SOLID Design Principles

» Software solves real life business problems and real life
business processes evolve and change - always.

* A smartly designed software can adjust changes easily; it can
be extended, and it is re-usable.

¢ SOLID PrlnC|p|eS (by UnCIe BOb) [http://butunclebob.com/ArticleS.UncleBob.PrinciplesOfOod]
— S =Single Responsibility Principle

— O = Open-Closed Principle

— L = Liscov Substitution Principle

— | = Interface Segregation Principle
— D = Dependency Inversion Principle
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SOLID Design Principles

* Single Responsibility Principle

— A class should have one and only one responsibility

* Open-Closed Principle

— Software entities (classes, modules, functions, etc.) should be open for
extension but closed for modification

* Liskov's Substitution Principle
— Subtypes must be substitutable for their base types
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SOLID Design Principles

* Interface Segregation Principle

— Clients should not be forced to depend upon interfaces that they do
not use

* Dependency Inversion Principle

— High level modules should not depend upon low level modules.
Rather, both should depend upon abstractions

http://www.codeproject.com/Articles/93369/How-I-explained-O0D-to-my-wife

r TheUniyersitgof
A | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA



http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife
http://www.codeproject.com/Articles/93369/How-I-explained-OOD-to-my-wife

Design Patterns

rsity of

The Unive
Nottingham

e
I
UNITED KINGDOM



Design Patterns

 What is a Design Pattern?

— A pattern describes a problem which occurs over and over again and
then describes the core of the solution to that problem in such a way
that it can use the solution over and over again without ever doing it
the same way again.

— A pattern provides an abstract description of a design problem and
how a general arrangement of elements solves it

— A design pattern identifies the participating classes and instances,
their roles and collaborations, and the distribution of responsibilities
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Design Patterns

* Design patterns are organised in two ways:

— Purpose: Reflects what the pattern does
* Creational: Concern the process of object creation
e Structural: Deal with the composition of classes and objects

* Behavioural: Characterise the way in which classes and objects interact
and distribute responsibility

— Scope: Specifies whether the pattern applies to classes or objects

* Class: These patterns deal with relationships between classes and sub-
classes (which are fixed at compile time)

* Object: Deal with object relationships (which can be changed at runtime)
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Design Patterns

* Design pattern organisation

Design Patterns
Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissides

Conar G VOMMC Locher

Foreword by Grady Booch
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Purpose
Creational Structural Behavioral
E Factory Method Adapter Interpreter
= Template Method
Abstract Factory Adapter Chain of Responsibility
Builder Bridge Command
Prototype Composite Iterator
ué. Singleton Decorator Mediator
A _E Facade Memento
‘E Proxy Flyweight
Observer
State
Strategy
Visitor

Design Patterns Video Tutorials on YouTube: http://www.youtube.com/playlist?list=PLF206E906175C7EQ7
Demystifying Design Patterns: How many ways are there to write "hello world"? http://calumgrant.net/patterns/
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Example: Observer Pattern

 Defines a one-to-many dependency between objects; when
one object changes state others are notified and updated

— Principle: Strive for loosely coupled designs between objects that
interact; these are much more flexible and resilient to change

e Observers are loosely coupled in that the Observable knows nothing
about them , other than that they implement the Observer interface

Subject
Observer <> +observerCollection
- +registerObserver(observer)
+notify() +unregisterObserver(observer)

T +notifyObservers()

notifyObservers()
for observer in observerCollection

call observer.notify()

ConcreteObserverA ConcreteObserverB

+notify() +notify()
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Example: Observer Pattern

—lint maini){

ConcreteSubject product:
Concretelbserver shopl ("Shopl™):;
ConcreteCbserver shopl ("Shop2"):
product.registerfbserver (&shopl) -
product.registerCbserver (&2shopd) -
product.changePrice (25.5) !
product.unregisterObheerver (&shopl)
product.changePrice (26.0)

retorn O;
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Shopl: new price (25.5) received
Shop2: new price (25.5) received

Shop2: new price (26> received
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Example: Observer Pattern

Eﬂclass Subjecti{
private:
vector<Concretelbserver*> shoplist:
public:
— void registerChserver (ConcretelCbserver* shop) {
shopList.push back|shop);}
— vold unregisterChserver (Concretelbserver* shop) {

—| vold notifyvObzserver (float price) {

— if(*itc!=0){
(*it) -»notify(price);

clazs ConcreteSubject:public Subject|
public:
void changePrice |(float price) {
notifyltbserver (price) ;
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for (vector<Concretefbserver®::const iterator it=shoplist.begin():it

shoplist.erase (remove (shoplist.begin() , shoplist.end() , shop) ,shopList.end() ) ;

I=shopList.end|()

++it)
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Example: Observer Pattern

1 $include <iocstream>

2 $include <vector>

3 $include <algorithm>

4

= nsing namespace =td;

&

T class Cbserver{

8 virtnal void notify(float price)=0:
9 ;

10

11 Eﬂclass Concretelbserver:public Chserver{
12 private:

13 string name;

14 float price:

15 public:

16 Eﬂ Concretelbserver (string name) {

17 this->name=name

18 e }

15 Eﬂ vold notify(float price) {

20 this->price=price;

21 cont<<name<<": new price ("<<this->price<<") received"<<endl:
22 = }

23 el
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