Computer Scien

.-; :INSR ||V| ES|

LYON

Thomas Grenier



Computer Science 1

Thomas Grenier
M.Sc IMESI

" S
Summary

|. Introduction

ll. First example : sorting algorithms

lll. Bases of C++ syntax

V. Second example: sorting with linked list
V. C++ Classes and UML

VI. Useful data structures

VIl. Exercises/project

IMESI - CS1 - Thomas Grenier 2




International Master in
Embedded Systems and
Medicallmage Engineering

IIMES|

Computer Science

Computer Science 1&2
Modules overview

"
Introduction

m Why computer science modules?

Fundamentals of embedded systems and digital
processing

Refresher courses!

=>» 1St semester:
m C/C++ and object programming (UML)

m Algorithms for discrete mathematics & operational
research (and many other things!)

=» 2nd semester:
= Real time programming
= Network : TCP/IP, client/server application, ...
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" S
Introduction

m Who?

For CS1: coordinator J. Fondrevelle
m Thomas Grenier, Assistant Professor, Ph.D
Lab: Creatis
Teaching: INSA, Génie Electrique (Electrical Engineering)
m Julien Fondrevelle, Assistant Professor, Ph.D
Lab: LIESP-Ampere
Teaching: INSA, Génie Industriel

For CS2: coordinator T. Glatard
= Arnaud Lelevé, Assistant Professor, Ph.D
Lab: Ampere
Teaching : INSA Génie Industriel
m Tristan Glatard, CNRS CR, Ph.D
Lab: Creatis
Research area: Grid of computers
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= I
Organization

m CS1:3 ECTS

Lectures : 30 hours

Project : 5 hours advising plus 4-week individual
work

Written examination: 2 hours

m CS2: 2 ECTS (2" semester...)
Lectures: 20 hours
Project: ~5 hours
Written examination: 2 hour
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"
Schedule CS1

Weeks 39-43: Algorithms and C++
m T. Grenier

Weeks 43-45: Discrete mathematics and
operation research
m J. Fondrevelle

Weeks 43-48: Project
= J. Fondrevelle

Week 04: exam
m J. Fondrevelle
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Questions ?
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" S
Introduction

1. Why studying algorithms ?
Definitions and interests of algorithms design
Pseudocode
Efficiency
Correctness
2. Why learning C++ ?
Languages history and future
Object programming language
C++
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1.Why studying algorithms ?

Definitions and interests of algorithms design
Pseudocode

Efficiency

Correctness
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" S
1.a — Definitions and interests

m Algorithm

Any well-defined computational procedure that
takes some value, or set of values, as input and
produces some value, or set of values, as output

=» Tool for solving well-specified computational
problem

IMESI - CS1 - Thomas Grenier

" S
1.a — Definitions and interests

m Example

Sort a sequence of numbers into non-decreasing order
» Input: sequence of n numbers {a,, a,, ... a,}

m Output: permutation (reordering) {a’;, @', ... &'} of the input
sequence suchas a’; =sa,=<..sa,.

m Exercise:

Give an algorithm that computes the average value of n
given numbers.

Give an algorithm that computes the median value of n
given numbers.

IMESI - CS1 - Thomas Grenier




" S
1.a — Definitions and interests

m Conclusions of the exercise
How to specify an algorithm?
Is my algorithm correct ?
Is my algorithm better than another one ?
What kind of problems are solved by algorithms?

By the way...is it really interesting to study
algorithms?

m Computers are faster and faster!

= Memory is cheaper and cheaper!

IMESI - CS1 - Thomas Grenier 7

"
1.a — Definition and interests

How to specify an algorithms?
m Specifying an algorithm
Describe it in French or English or ...

As computer program
As hardware design

The only requirement is that the specification must provide
a precise description of the computational procedure to be
followed

But... How to convey the essence of the algorithm
> Concisely?
> Without issues of software engineering?

2> We will use a dedicated language : pseudocode
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" S
1.a — Definitions and interests

Is my algorithm correct ?

m Correctness of an algorithm - definitions

An algorithm is said correct if, for every input
Instance, it halts with the correct output

A correct algorithm solves the given
computational problem

m How to demonstrate an algorithm is correct?

We often use a loop invariant (similar to
mathematical induction)

Sometimes difficult to use... (strange loop,
recurrence)
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"
1.a — Definitions and interests

Is my algorithm better than another one ?
m Algorithm analysis

Meaning: “predicting the resources that the algorithm
requires”

» Memory, communication bandwidth, computational time, ...
=>» By analyzing several algorithms for a problem, a most
efficient one can be easily identified

m \We generally focus on the computational time

The running time of an algorithm depends on the input
and the size of the input !

=> Algorithms efficiency
> Worst case, best case, average case analysis
> Order of growth of the running time function of the input size
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" S
1.a — Definitions and interests

What kind of problems are solved by algorithms?

m Problems solved by algorithms

All ? theoretically right (but practically wrong cause of bounded
resources...)

=>» Use of approximate/convergent algorithms and “incorrect” (with
controlled error rate) algorithms

m Challenging problems are linked to

Optimization (minimization of a cost function f(x)): industrial,
logistic, mathematical problems

Manipulation of large numbers (related to input size):
DNA, chess, cosmology, cryptography, web search
engine...

Real time
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" S
1.a — Definitions and interests

Is it really interesting to study algorithms?

m Guess in few years... Computers were infinitely fast
and computer memory were free?
s Computational time is null, no space memory limit...

All right but:

m Does your process stop?
= With the correct output ?

=» You have to demonstrate it
m In real world ...
Computer are fast but not infinitely fast
Memory is cheap but not free
Energy?
Cost?
=>» The most efficient algorithms is the best compromise
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" S
1.b — Pseudocode

How to specify an algorithm?

m Pseudocode to specify an algorithm
Example: compute the average of an array

AVERAGE(A)

1 > Initialize sum at the first value of A : A[l].

2 sum — A[l]

3 for j «— 2 to length[A]

4 > Sum each value of A in sum : A[2..length[A]].

do sum — sum + A [}]
return sum J,f length H]

Y O

- Indentation
- Comment

IMESI - CS1 - Thomas Grenier 13

" S
1.b — Pseudocode

m Pseudocode conventions

Variables
Assignmentis : <
Local to the given procedure
Have the right type (described using mathematical notation)

Array elements are accessed by specifying the array name
followed by the index in brackets. The first array element is at
index 1.

Compound data are typically organized into objects , which
are composed of attributes or fields . Objects and arrays are
treated as pointer.

Examples:
A[1] € A[2] * A[1]
size < length[A]
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"
1.b — Pseudocode

m Pseudocode conventions

Tests: if-then, if-then -else
m Indentation indicates block structure!

Examples

SIMPLE-IF-THEN-TEST (@, b) SIMPLE-IF-THEN-ELSE-TEST(a, b)
I ifa>0b > Test if a is greater than b.

2 then 1 ifa>Dh

3 temp — a 2 then return TRUE

A o h

: ey 3 else return FALSE

5 b — temp

IMESI - CS1 - Thomas Grenier
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" S
1.b — Pseudocode

m Pseudocode conventions

Loop : for, while , repeat-until (do-while)
m Indentation indicates block structure!

SIMPLE-FOR()

1 Locn 7 1 &~ 1N
Examples 1 10Y 7 «<— 1 GO 1V
2 do
3 111‘1111’ ? 1111111}\[_‘!1‘ ” /)
t}L LU CLLLLM L

SIMPLE-WHILE()

1 4 —1 SIMPLE-REPEAT()
2 while : < 10 1 i1
3 do 2 repeat
4 print 7 number : 7 i 3 print 7 number : 7 ¢
) t— i+ 1 4 p— i+ 1
5 until > 10

IMESI - CS1 - Thomas Grenier
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" S
1.b — Pseudocode

m Pseudocode conventions

Procedure parameters are passed by value!

Modification of a value parameter in procedure is not seen by
the calling procedure

Modification of an object field (or an array element) is seen by
the calling procedure (object are passed using pointer...)

Example

PARAMETERS-TO-PROCEDURE( A, b)

> the next assignment is not visible to the calling procedure
1 b1
> the next assignment is visible to the calling procedure

2 Afi] — 1

IMESI - CS1 - Thomas Grenier 17
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1.b — Pseudocode

m Pseudocode conventions

short circuiting of Boolean operators (‘and’, ‘or’ ...)

Evaluate the expression “x and y”: first evaluate x, and then
evaluate y to determine the whole expression only if X is
evaluated to True.

Evaluate the expression “x or y”: first evaluate x, and then
evaluate y only if x is evaluated to False.

Exam p|es SHORT-CIRCUITING( A, 7, y)
> Cause of short circuiting we don’t worry about what happens
> when we try to evaluate A[i] when 7 is NIL or out of range

1 if i # NIL and A[i] =y

2 then

3

4 if i < lenght[A] and A[i]| =y
5 then

6

IMESI - CS1 - Thomas Grenier 18




" S
1.c — Efficiency

m Example: 2 algorithms for a same problem

l.e. insertion and merge sort
Computational time of these algorithms depends on the input size n
= The first algorithm (insertion sort) takes time roughly equal to ¢,.n? to sort
n numbers
» The second algorithm (merge sort) takes time roughly equal to c,.n.log,(n)
to sort n numbers
Insertion sort runs on a fast computer A (1 billion instructions per
second) and is coded by the world’s craftiest programmer. Resulting
code requires 2n? instructions to sort n numbers
Merge sort runs on a slower computer B (ten million instructions per
second) and is coded by an average programmer using high level
language with inefficient compiler. Resulting code requires 50n.log(n)
instructions to sort n numbers
Give the computational times of each algorithm if n = {1 000, 38 000,1
000 000}

IMESI - CS1 - Thomas Grenier
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= S
1.c — Efficiency

m Example: 2 algorithms for a same problem

2n?instructians

Computer A : : .
P 10%Instructicns/ secon:
Computer B : 506n Iogz(n).lnstructlcns
1C°instructicns/ secon
n 1000 38000 1000000 | 10 000 000
A (in seconds) 0.002 2.888 2000 200000
B (in seconds) 0.050 2.890 99.65 1163

IMESI - CS1 - Thomas Grenier
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"
1.c — Efficiency

m Find n=38000 is difficult!

2n* _5Cn.log,(n)
1c° 1c°

n® =2510°n.log,(n)

n=25.10%log,(n) 0 (_n) n-1
= X"
log(n) = %.n W(X) Z:; n!

Lambert’s transcendental equation

_W(-/?-V)]

log(n) = v.n? i = (
is n=exy 5

With W the Lambert function

—25W (-1/25

IMESI - CS1 - Thomas Grenier

= S
1.c — Efficiency

m Example: 2 algorithms for a same problem

207
] —— Computer A
]  —— Computer B

127

107

Computational time in seconds

0 T T T T y —

T T 1
1.0 15 2.0 25 3.0 35 4.0 4.5 5.0

Input size (n=10"x numbers)
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" S
1.c — Efficiency

m Definition : Running time of an algorithm T(n)

On a particular input, that's the number of executed
primitive operations (or ‘steps’)

m step should be defined as machine-independent as possible

m Particular input can be: best case, worst case or average case

For pseudocode

m a constant amount of time is required to execute each line of
pseudocode:
The execution of the it line takes time c;

= Running time of the algorithm is given by:

numberof lines

T(n)= ) c.(numberof timesline i is executed
i=1

IMESI - CS1 - Thomas Grenier

=
1.c — Efficiency

m Pseudocode example

cost | times

AVERAGE(A)

1 > Initialize sum at the first value of A : A[1]. 0 .

2 sum «— A[l] C2 1

3 for j «— 2 to length|A] Cs n

4 > Sum each value of A in sum : A[2..length[A]].| o0 n-1
5 do sum «— sum + Alj] Cs n-1
6 return sum /length[A] Ce 1

T(n)=c,+nc,+(n-1.c. +cC,
=N(C; +G5) +C, —C; + G
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" S
1.c — Efficiency

m Order of growth

To simplify computational time analysis:
m All c; are equal to a constant time

> T(n)=an+b
m Consider only the leading term of formula, since the
lower-order terms are relatively insignificant for large n

- T(n)=an
m Asymptotic notation

We asymptotically bound the function T(n)
= Asymptotic upper bound: O-notation — T(n) =0O(N)
m Asymptotic upper and lower bounds: ©-notation

- T(n) = @(n) Which is stronger than O(n)

IMESI - CS1 - Thomas Grenier 25
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1.c — Efficiency

m Two classical asymptotic notations
O(n) “big-oh” G)(n) “Theta”

cg(n) c28(n)

/
f(n)
() /
- _— cr1g(n)

"0 f ) = 0(g())

n ' n

" ry = ©g(n))

o(g(n))=1{f(n):0c ,n, >0/0< f(n)<cg(n),On=n,}
o(g(n))={f (n): Oc,.c,.n, >0 < c,g(n)< f (n)<c,g(n),On = n,}

IMESI - CS1 - Thomas Grenier 26




"
1.c — Efficiency

m Exercise
Find the best-case and the worst-case running

time of Insertion-Sort
Give the order of growth

INSERTION-SORT(A)

1 for j < 2 to length[A]
2 do key «— Alj]

1 —j—1

=~

t

1 —1—1
Ali + 1] < key

- O

IMESI - CS1 - Thomas Grenier

while ¢ > 0 and A[i] > key
do Afi + 1] — A[i]

- Let tj be the number of times
the ‘while’ instruction is executed
at iteration j

27

= S
1.c — Efficiency

m Exercise solution
INSERTION-SORT(A)

l

2
3

TS

6

for j < 2 to length| Al
do key < A[/]
> Insert Al /] into the sorted

sequence A[l.. ] — 1].

[P — j—1
while; > 0 and A[/] > key
do A/ + 1] <« Ali]
[ «—i—1
Afl + 1] < key

IMESI - CS1 - Thomas Grenier

times
7
n—1
n—1
n—1

Il .
Laj=2")

> it — 1)
Z;I-ZQ (t; —1)
n—1

28




" S
1.c — Efficiency

. T(n) = cin+c2(n—1)4+ca(n—1)+ ¢c5 Z ti + o Z{r; — 1)
m Solution = =

+ 3 Z(T_;' — D +cgn—1).

j=2

Best case running time: A is already sorted - t; =1 for j=2..n
Tn)y = cin4+can—1)4csn—1)+csn—1)+cgin—1)
= (it +etos+egn— (0 +ca+cs+ex).

Worst case running time: A is in reverse sorted order - t; =j for j=2..n

1(n + 1
T'(n) = cn+am—=1)+camn—=1)+c (H(H’j— - 1)

i . nin—+1) l 2
J = P -
=2 = nn—1) nn—1)
/ +('6( S )+(‘7( 3 +cg(n—1)
and < <
p s  Ce  C7\ s Ce (7

11(n — l —t —_— _ _ N X Wt —_— - —_—— — :
S — 1< 2D (F+3+5)0+(tatatT -5 - +a)n
/=2 B — (02 + ¢4 + o5+ cg) .
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" S
1.d — Correctness

m \We often use Loop invariant to understand
why an algorithm gives the correct answer

In computer science, a predicate that, if true, will
remain true throughout a specific sequence of
operations, is called (an) invariant to that
sequence. (Wikipedia)

m Proof of correctness is trivial... or very hard
Average proof of correctness is trivial

Insertion-Sort proof of correctness is also trivial!
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" S
1.d — Correctness

m To use loop invariant to prove correctness,
we must show three things about it:
Initialization : It is true prior the first iteration of
the loop

Maintenance : If it is true before an iteration of the
loop, it remains true before the next iteration

Termination : When the loop terminates, the
Invariant gives us a useful property that helps
show that the algorithm is correct

m The invariant must be correctly defined

IMESI - CS1 - Thomas Grenier
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"
1.d — Correctness

m Example Loop invariant for Insertion-Sort
=» Invariant : the subarray A[1..]-1] is sorted

Initialization : before the first iteration j=2.
m The subarray A[1] is sorted!

Maintenance :

m Problem of the inner while loop
use another loop invariant,

or simply note that the while loop moves A[j-1], A[j-2],...by one
position to the right until proper position for key is found

Termination :
m The outer ‘for’ loop ends when j>n, this occur when j=n+1

m Therefore n=j-1

m Thus the subarray A[1..j-1] consists of the elements originally in
A[1..n] but in sorted order

IMESI - CS1 - Thomas Grenier

32




2.Why studying C++ ?

Languages history and future
Object programming language
C++?

IMESI - CS1 - Thomas Grenier 33

" S
2.a — Languages history and future

m When was the first program written ?

Ada Lovelace
1815-1852
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" J
2.a — Languages history and future

52 64 12 83
~1843 1945 54 59 67 75 85 95 2005
1st program c
(Ada Lovelace Cobol ” # .
SmallTalk IeToS0
Plankalkul c
(Zuse Dennis Ritchie Jlava
Sun Microsystems
G A'Ig ) Simula67 o
race Hopper :
Altair BASIC Bjarne Stroustrup
BASIC (B. Gates & P. Allen
Fortran (Kemeny & Kurtz)
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" S
2.a — Languages history and future

52 64 72 83
~1843 1945 54 59 67 75 85 9|5 2905

I I I I
OOP effervescence| OOP goldenage {-*
I [ | I I

' N

15t program irst object oriented languages -
(Ada Lovelace Cobol Microsoft
SmallTalk
Plankalkl ————
C :
(2use Dennis Ritchi java
Sun Microsystems
- A-|(_)| \ Simula67 >‘ =

race Hopper :

Altair BASIC Bjarne Stroustrup
BASIC (B. Gates & P. Allen

Fortran (Kemeny & Kurtz)

OOP: oriented-object programming
IMESI - CS1 - Thomas Grenier 36




" J
2.a — Languages history and future

m What kind of language for the future?
Based on object-oriented language or on new paradigms

Very high level language
m Hardware abstraction (like java)
m Data type abstraction (cf. python)
m Full object communication, reflection (ie. objectiveC)
m Intelligent operators (matlab)
Visual (3D) programming language
m Link objects and/or functions together (Access, Simulink)
= No syntax language for algorithms (LabView)

IMESI - CS1 - Thomas Grenier 37
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2.b — Object-oriented languages

m The most famous are C++ and java

m Now new standards of each language include
object oriented capabilities

Cobol, Basic, matlab, fortran, Perl , PHP...

m In real-world

OOP can be used to translate from real-world
phenomena to program elements (and vice versa)

m Specify OO Program - Modeling
UML: Unified Modeling Language

IMESI - CS1 - Thomas Grenier 38




= I
2.b — Object oriented languages

m Fundamental paradigms (top 3)

Encapsulation

m fields and methods are merged into class

=» Object (or instance) is a pattern (exemplar) of class
Inheritance

m Subclasses are more specialized versions of a class,
which inherit attributes and behaviors from their parent
classes, and can introduce their own fields and
methods

Polymorphism
m Polymorphism allows the programmer to treat derived
class members just like their parent class' members

IMESI - CS1 - Thomas Grenier 39

" S
2.Cc — C++

m Characteristics of C++

Combination of both high and low level language
features

Statically typed
Obiject oriented language
Procedural programming

Data abstraction (or at least this possibility can be
offered...)

Generic programming (template)
Operators overloading

New standard is C++0x ... promising for the future
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" S
2.Cc — C++

m About the C++ syntax
Similar to C (useful for low level programming)

Similar to many languages (java, C#, Pascal,
matlab)

Not so far from pseudocode ©
m The first array element is at index O ...

IMESI - CS1 - Thomas Grenier

a1




International Maste
Emb dd dSytm

-'-m.sn b
V] ESI

Computer Science 1

Sorting Problems

M.Sc IMESI

" S
Summary

.

Il. First example : sorting algorithms
1.

V.

V.

VI.

VII.

IMESI - CS1 - Thomas Grenier 2




=
Sorting algorithms

m Definition of the sorting problem

Sort a sequence of numbers into non-decreasing
order
m Input: sequence of n numbers {a,, a,, ... a,}
= Output: permutation (reordering) {a’;, &’,, ... &'} of the
Input sequence such as a’; <a,<...<a’,.
The input sequence is usually a n-element array

Numbers to be sorted are rarely isolated values
m Part of data collection called a record

m Each record contains a key, which is the value to be
sorted

m The remainder of the record consists of satellite data

IMESI - CS1 - Thomas Grenier

=
Sorting algorithms

= Why sorting?
Many computer scientists consider sorting to be
the most fundamental problem in the study of
algorithms
= Easy to understand
= Inherent in many applications

m Used as subroutine
(graphical layered objects render, ...)
m There is a wide variety of sorting algorithms

Large set of techniques are used (memory, data structure,
recurrence)

Application of correctness and efficiency demonstrations

IMESI - CS1 - Thomas Grenier




=
List of sorting algorithms

m More than 20 good sorting algorithms
m Wikipedia -2 list of sorting algorithm

m Popular sorting algorithms

Bubble-Sort

Insertion-Sort, Selection-Sort
Shell-Sort

Merge-Sort, Quick-Sort } IntroSort
Heapsort

Counting-Sort, BucketSort,

IMESI - CS1 - Thomas Grenier

" S
Bubble-Sort algorithm

m Method

The algorithm works as follows:
m The algorithm starts at the beginning of the data set.

m It compares the first two elements, and if the first one is greater
than the second one, it swaps them.

m It continues doing this for each pair of adjacent elements to the
end of the data set.

= And then it starts again with the first two elements, repeating until
no swaps have occurred on the last pass.

m \Write the Bubble-Sort algorithm
m Show the correctness of the Bubble-Sort algorithm
m Give the time complexity (worst and best case)

IMESI - CS1 - Thomas Grenier




Bubble-Sort algorithm, animation

IMESI - CS1 - Thomas Grenier 7

" S
Bubble-Sort algorithm

WHILE-BUBBLE-SORT(A)
swap — TRUE
while swap = TRUE
do swap — FALSE
for ¢ — 1 to length[A] —1
do if A[?,'] s A['é. + l]
then exchange A[i] — A[i + 1]
swap — TRUE

While

N N

-] o A

=> Correctness :
=>» the for inner loop improve the sorting sequence of A
=>»The ji" highest value of A moves to ji" index at the j" execution of this for loop
=>» The process ends when no permutation occurs :
=>»each A[i] is less or equal than A[i+1]

=>» Best case: already sorted array T(n)=0(n)

=>Worst case: invert sorted array _ 2
=» L ast element has to move to the first index T(n) =0(n")

=> Memory: (defined later) M(n)=0(@Q)
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= S
Bubble-Sort algorithm, For

m Another version of Bubblesort

BUBBLESORT(A)

1 fori « 1 tolength[A]

2 do for j <« length[A] downto: | 1

3 doil A[j] = A[j — 1]

4 then exchange A[j] « A[j — 1]

=> Give the time complexity (worst and best case)
=>» Prove the correctness of the Bubblesort algorithm

IMESI - CS1 - Thomas Grenier 9
" J
Bubble-Sort algorithm, For
BUBBLESCRT(A) Som-i) = L
1 for: <« 1 tolength[A] =1 =1 (Izj_ b
v . = ' e
2 do for j < length[A] downto 1 + 1 = nf-—
3 doil A[j] = A[j — 1] , n n
4 then exchange A[j] « A[j — 1] =TT 5 75
2
1 1
- 272
Loop invariant: At the start of each iteration of the for loop of lines 24,
Alj]l = mun {A[k] : ] = & = n} and the subarray A[j..n]is a permuta-
tion of the values that were 1n A[j .. n] at the time that the loop started.
Loop invariant: At the start of each iteration of the for loop of lines 14,
the subarray A[l .. — 1] consists of the i — 1 smallest values originally in
A[l..n], n sorted order, and A[i .. n] consists of the n — i + 1 remaining
values originally in A[l..n].
IMESI - CS1 - Thomas Grenier 10
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Insertion-Sort

TaToTDOTTART

Canm oA

INSERTION-SORT(A)

1 for j < 2tolength|A]
do key < Alj]

2
3

4
5

6
7
8

> Insert A[ /] into the sorted
sequence A[l..j —1].
1 «— j—1
while / > 0 and A[/] > key
do Ali + 1] <« Alrl
P—i—1

Ali + 1] < key

= Time complexity T(n)=0(n?)

= Memory

M (n) = O ()

rimes
n
in—1
n—1
n—1
n
Z_;:z lj
n
2ot =1
n—1

"Memory" denotes the amount of auxiliary storage needed beyond that used by the array itself

IMESI - CS1 - Thomas Grenier 11
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Insertion-Sort
m How this algorithm works
1 2 3 4 5 6 1 2 3 4 6 1 2 5 6
@ |5 46 3 b) |2 SFG' 3 © |24 1]3
] 2 3 4 5 6 | 2 3 5 6 1 2 5 6
) [2]4]5]6 3 @ |112]al5]6 ) |1]2 56
12
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= B
Insertion-Sort, animation

* *
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= S
Selection-Sort algorithm

m Method

The algorithm works as follows:
m Find the minimum value in the array
= Swap it with the value in the first position

m Repeat the steps above for remainder of the array
(starting at the next position)

2> Write the Selection-Sort algorithm

2 Give the time and memory complexities of this
algorithm

IMESI - CS1 - Thomas Grenier 14




" J
Selection-Sort algorithm,

IMESI - CS1 - Thomas Grenier

animation
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" S
Selection-Sort algorithm

SELECTION-SORT(A)
n < length[A]
for j < 1lton—1
do smallest < |
fori < j+1ton
do if Ali] < Alsmallest]
then smallest < i
exchange A[j] < Alsmallest]

IMESI - CS1 - Thomas Grenier
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" J0
Not-In-Place Selection-Sort algorithm

m Give a sorting algorithm using 2 different
arrays based on Selection-Sort algorithm

m Give the time complexity
m Give the memory complexity

m Compare these values to values of the In-
place version

IMESI - CS1 - Thomas Grenier
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" S
Merge-Sort algorithm, recursive

m Recursive algorithms

To solve a given problem, they call themselves
recursively one or more times to deal with closely

related subproblems

These algorithms typically follow a Divide and
conquer approach
m Divide the problem into a number of subproblems

m Conquer the subproblems by solving them recursively.

If the subproblem sizes are small enough, just solve the

subproblems in a straightforward manner

m Combine the solutions of the subproblems into the
solution of the original problem

IMESI - CS1 - Thomas Grenier
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= S
Merge-Sort algorithm, recursive

m For Merge-Sort

Divide the n-element sequence to be sorted into
two subsequences of n/2 elements

Conquer : Sort the two subsequences recursively
using Merge-Sort

Combine : Merge the two sorted subsequences to
produce the sorted answer

Write the Merge(A,p,q,r) algorithm which merges
two sorted sequences (A[p..q] and A[g+1..r]).

IMESI - CS1 - Thomas Grenier
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" S
Merge-Sort algorithm, animation

IMESI - CS1 - Thomas Grenier
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Merge-Sort algorithm,

recursive

> Write the Merge(A,p,q,r) algorithm which
merges two sorted subarrays (A[p..q] and
A[g+1..r]),and then forms a single sorted
subarray that replaces the current subarray

(Alp..1])

Hints : create 2 subarrays

IMESI - CS1 - Thomas Grenier
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MERCGE(A, p.q.7)

1

[y BT EN o ]

-1

oo

11
12
13
14
15

16
18
19
20
21

create arrays L[1..q —p+1] and R[1..r — q|
> First : copy the A array in the subarrays L and R
for Li «— 1 to Length[L]

do L[Li] — A[Li+p — 1]
for Ri — 1 to Length[R]

do R[Ri] — A[Ri 4]
> Second : merge L and R to A (sorted!)
Li—1
Ri—1
for 4i — ptor

do if Li < Length[L] and Ri < Length[R)]

then it L[Li] < R[Ri
then A[Ai] — L[L1]

Li— Li+1
else A[Ai] — R[Ri]
Ri — Ri+1

else
> End of subarrays
it Li < Length|L]
then A[Ai] «— L[Li]
Li— Li+1
if Ri < Length|R)|
then A[Ai] — R[Ri]
Ri — Ri+1

8 9 J0 |1 42 [3 j4 15 |6 17

A.._|?|4|5|7|1|2|3|6|...
T
| 2 3 4 5 1 2 3 2 5
L|?|4|>|?|“| R|1_|2|3|b|m|

0 112 13 14 15 16 17
|1|‘1 ST7[T2[3 6] -

£|2|4|5|? c~=|
f.

R|1|3,|3|6|°°|
i

8 9 10 11 12 13 14 15 16 17

A ...|1|2|:|7|1|2|3|6|...

| 2 3 4 s 12 3 4 s
L5 ]=] R|‘|?|-‘|“|°°|
1

8 9 10 11 12 13 4 15 16 17
Arfz]2
L 2 3 4 5 34 5
g BEuS « ML)
J

Ww (1 12 13 14 15
BOEHE |:|2|3|5|

(BRI * ERELC]]
i J

8 9 10 11 12 13 14 15 16 17
A v 272342 3T8]. .
I-

L2 3 4 5
Liala]s 7]=|

i

1 2 3 4 5
R 2][3]6[=]

22




= S
Merge-Sort algorithm, recursive

> Write the Merge-Sort(A,p,r) algorithm which
sort recursively the array A[p..r]

If p = r the subarray contains at most one element
and then it is already sorted

Otherwise, the divide step computes an index q
that partition A[p..r] into 2 subarrays

>A[p..q] containing  [n/2] elements

>A[g+1..r] containing |[n/2| elements

IMESI - CS1 - Thomas Grenier 23

" S
Merge-Sort algorithm, recursive

> Write the Merge-Sort(A,p,r) algorithm which
recursively sort the array A[p..r]

MERGE-SORT(A, p, )

1 ifp<yg

2 then g — [(p+r)/2]
MErGE-SorT( A, p, q)
MERGE-SORT(A, g+ 1,7)
MERCGE(A,p.q.7)

() B NV

IMESI - CS1 - Thomas Grenier 24




" S
Merge-Sort algorithm, recursive

m Running time analysis

Intuitively
Merge procedure takes O(n)
Merge-Sort procedure calls Merge procedure log,(n) times

=>» Merge-Sort algorithms running time is O(n.log,(n))
Master theorem approach

T = aT(n/b)+C(n)+D(n) otherwise

Number of subproblems \ \\ Sivide time

Subproblems depending value

Combine time
IMESI - CS1 - Thomas Grenier

Straightforward solution
oM if nsc—"
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" B
Merge-Sort algorithm, recursive

m Master theorem

T(m = ©@1) if nsc
(W= {aT(n/b) +C(n)+D(n) otherwise

Leta = | and b = | be constants, let f(»n) be a function, and let T (n) be defined
on the nonnegative integers by the recurrence

Tiny=alTn/b)+ fin),

where we interpret n /b to mean either |»/b] or [n/b]. Then T (n) can be bounded
asymptotically as follows.

1. If f(n) = O(n%7=¢) for some constant € = 0, then T(n) = O (n1°29),
If f{n) = @(n°%?), then T(n) = @(n"%¢ Ign).

tad T

A f(n) = Q™29 for some constant € = 0, and il af (n/b) = cf(n) for
some constant ¢ < 1 and all sulliciently large », then T (n) = @(f(n)). [

IMESI - CS1 - Thomas Grenier
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= S
Merge-Sort algorithm, recursive

m Master theorem applied to Merge-Sort

T = O@1) if n=1
(n)_{ZT(n/2)+G)(n)+G)(1) if n>1

c ifn=1

h T(n)=
s () {2T(n/2)+c.n if n>1

then O(N*%=?)=0(n)=cn = T(n)=0(nlog,(n))

The constant c represents the time required to solve problems of size 1 as
well as the time per array element of the divide and combine steps

IMESI - CS1 - Thomas Grenier 27

" S
Merge-Sort algorithm, recursive

m Memory needed by the Merge-Sort algorithm?
The A array (normal...)

At the last step the summed size of subarrays is n
= M(n)=0(n)

IMESI - CS1 - Thomas Grenier 28




= S
Quicksort

m Method

Quicksort sorts by using a divide and conquer strategy to
divide a array into two sub-arrays

The steps are:
m Pick an element, called a pivot, from the array

m Reorder the array so that all elements which are smaller than the
pivot come before the pivot and so that all elements greater than
the pivot come after it (equal values can go whatever the way).
After this partitioning, the pivot is in its final position. This is called
the partition operation.

m Recursively sort the sub-array of smaller elements and the sub-list
of greater elements

The base cases of the recursion are either array of size
zero or of size one, which are always sorted

IMESI - CS1 - Thomas Grenier 29

"
Quicksort, animation
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-
Quicksort

m Write the quicksort algorithm

m Compare time complexity of quicksort with
merge-sort

m Compare memory used by quicksort to

memory used by merge-sort

IMESI - CS1 - Thomas Grenier 31
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Quicksort algorithm . v
(a) |2|s|?|1|3|5|6|4y‘/
Pl r
QUICKSORT(A, p.r) NN B DEBEEGE B
1 iftp <vr pi r
2 then g < PARTITION(A, p,r) ©  CEPTEETE]
3 QUICKSORT(A, p,g — 1) pi j ,
4 QUICKSORT(A, ¢ + 1,7) @ EETGEEE
p i J r
(e} 2 lI'.-' 8'3 5 6'4
P i b r
PARTITION(A, p,r) (f) 211 3|s 7|5 rs|4
1 x < "j‘[f] P i _I'-r
2 e p-—1 © [CEEEE]
3 forj—ptor—1 p i .
4 doif A[j] = x (h) |2|1|3|8|7|5|6i4|
5 then 7 < i + 1 » o,
6 exchange A[i] < A[/] o EIEFEEEE]
7 exchange A[r 4+ 1] < A[r] ) )
8 returni + 1 Partition procedure
32
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" S
Sorting in O(n)

m Game...
Students vs. teacher

IMESI - CS1 - Thomas Grenier
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- S
Bases of C++ syntax

1. C/C++ Syntax

2. Complete source
main function
Includes
Preprocessor directives
File association (.cpp and .h)

3. From source code to executable
Compilation and Linkage
Debugging

4. EXxercises

IMESI - CS1 - Thomas Grenier
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1- C/C++ Syntax overview

m Comment
// only one line of comments
[* ... more than one line of comments */
m [nstruction delimiting
Each instruction ends by a semicolon *;’
{ ...}: the two braces delimit a block of instructions

IMESI - CS1 - Thomas Grenier




= I
1- C/C++ Syntax overview

m Data Type (standard)

Type Syze Range of values Precision
bool 1 Byte false or true -
char 1 Byte —128 to 127 -
unsigned char 1 Byte 0 to 255 -
short 2 Bytes —32768 to 32767 -
unsigned short | 2 Bytes 0 to 65535 -
int 4 Bytes —2147483648 to 2147483647 -
unsigned (int) 4 Bytes 0 to 4294967295 -
long 4 Bytes —2147483648 to 2147483647 -
unsigned (long) | 4 Bytes 0 to 4294967295 -

float 4 Bytes +/—3.4%10 % to 3.4 %103 6 digits

double 8 Bytes +/ — 1L.7%10 %% to 1.7 x 103% 15 digits

long double 10 Bytes | +/ — 1.2+ 107232 t0 1.2 + 10932 | 18 digits

IMESI - CS1 - Thomas Grenier

" S
1- C/C++ Syntax overview

Optional !

m Variable declaration and initializati

Normal variable char ch;
DataType VariableNam[, Var2] ; int i.j;:
DataType VariableNamegnstruction parameteyg double a(3.1415);
DataType VariableName = ... ; float one = 1.0;

Pointer int+ _i:
DataTypé VariableName; doublex _pt = &a;

DataTypé VariableName = ...;

Reference (& : ampersand) double& ref =

DataType& VariableName = Variable; int tab_int [11
Static array (not dynamic) do?ble tab[]=
1, 1.5, 2,

DataType VariableName[Number of elements];

DataType VariableName[] = { list of elements, comsagparated};
Dynamic array

DataTypé VariableName= new DataTyp¢Number of elemerits

... Il instructions

delete]] VariableName // memory free

IMESI - CS1 - Thomas Grenier
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1- C/C++ Syntax overview

m Operators

Many operators (cf. next table)
m arithmetic, logical, access, ...

17 levels of priority
m First operator with the highest priority are executed

int a =

3+6/ 2

Associative property

= How to execute to operator with the same priority
int b =3 x4 / 2 % 3;

int

==3=%4 )/ (2

(]

“**and ‘I’ have the same priority level (13)

// a=86

// b =18
= 3); /) ¢ =2

IMESI - CS1 - Thomas Grenier

Prio. | Opér. Signification Associativité Exemple
_ Résolution de portée .
17 (unaire) droite & gauche
L= :
_ Résolution de portée .
17 P droite & ganche
( binaire) '

16 ) Parenthése de gauche & droite | MaFonction(x,y)
16 () Construction d'objet | gauche & droite MaClas=(x,¥)
16 (] Indexation de tableau | ganche & droite Tab[i]

16 QA nm#i e Ao s o st martmbhia B oAdweids P e et s T N A
i [ Lwed Lun Y (Y AW SIS L \.-'Jl.l.].l.l\..'l"J(.'I.l.J.l j_;.\':tll\.-lﬂ. [SORSNE ) R . UUJE:LJ-LI.LC LIV A ),
16 -> Sélection de composant | ganche & droite | this—>nethode();
" 0 conversion de type droite & gauche (double) x;

L . . — L 4 <

/ explicite ' double (x) ;
15 sizeof Taille en octets droite & gauche gizeof (int);
Fournit 'adresse ..
15 & émoire droite & gauche &a
CIolres i

15 Déférentiation droite & gauche

15 Négation binaire droite & gauche Ta;

] ! Négatic ogl : rolte & ganche 'a,

15 ! Négation logique droite & gauche la

15 + Addition (unaire) droite & ganche +a;

15 - Soustraction (unaire) | droite & gauche -a;

15 ++ [ncrément droite & ganche ++a;

15 -— Décrément droite & ganche --a;

15 new Allocation mémoirs droite & gauche | double *t=new;
15 delete | Dé-allocation mémaoire | droite & ganche delete[] t©;
14 Lk Sélection de composant

. Sélection de composant . .
14 -=" L .,1 gauche & droite
(pointenr) -

13 * Multiplication ganche & droite a*b;

13 / Division gauche & droite a/b;

13 A Modulo gauche & droite akb;

12 + Addition (binaire) gauche & droite a+b;

12 - Soustraction (binaire) | gauche & droite a-b;




H -‘ Prio. | Opér. Signification Associativité Exemple
11 >> Décalage des bits & droite | gauche & droite a»>2:
11 << Décalage des bits 4 gauche | gauche & droite a<<d;
10 > Test strictement supérieur | gauche & droite a>2;
10 >= Test supérieur ou égal gauche i droite a>=2;
1 < Test strictement inférienr | gauche & droite a<?;
10 <= Test inférieur ou égal gauche i droite a<=2;
9 == Test d’égalité gauche & droite | if(choix=="0")
9 1= Test de non égalité gauche & droite | if (pt!=NULL)
| = | & | LT binaire | gauche & droite | a=1&3; //1 |
7 ] OU exclusif binaire | gauche & droite a=1"3; //2 |
6 1 1] OU binaire | gauche a droite | a=112; //3 |
5 k& ET logique gauche i droite | if (a=1&&b<3)
4 |l O logique gauche & droite | if(a=1]|b<3)
9 7. U]m?rat?u.r |:l|?l u:u:ndit ion ganche & droite
(ternairz)
2 = Affectation simple | droite & gauche a=b=2;
2 += Affectation combinée + | droite & gauche | a+=2; //a=a+2
2 -= Affectation combinée — | droite & gauche | a-=2; //a=a-2
2 k= Affectation combinée * droite & gauche | a%=2; //a=a*2
2 /= Affectation combinée / droite & gauche | a/=2; //a=a/2
2 %= Affectation combinée % droite a gauche | a¥=2; //a=alZ2
2 <<= Affectation combinée << | droite & ganche | a<<=2; //a*=4
2 > o= Affectation combinée == | droite & ganche | a»>>=1; //a/=2
2 k= Aflectation combinée & droite i ganche ak=1;
2 “= Affectation combinée ~ droite i gauche a~=0xFF;
2 |= Affectation combinée | droite i ganche al|=0xFE;
| 1 | , | Séquence dexpressions | gauche i droite | int a,b,c; | 9
" A
1- C/C++ Syntax overview
m Examples
Playing with variables and pointers
int a = 3; //
int+ pt: // pointer declaration
pt = &a; // put address of a
// into pt
*pt = 4; // assign 4 to al
Mathematical operators
Logical operators
IMESI - CS1 - Thomas Grenier 10




= S
1- C/C++ Syntax overview

m Condition
Boolean : true or false (==0)

Use logical operators to combine conditions
(a>=0) && (a<=10)

m [ests
If, if/else
switch/case (only for integer values)

IMESI - CS1 - Thomas Grenier 11
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1- C/C++ Syntax overview

m If, if/then
if ( condition )
{
// These instructions are executed
// if condition is true
r
[ else // else: optional
{
// These instructions are executed
// 1if condition is false
+
]

These brackets means that this block is optional

IMESI - CS1 - Thomas Grenier 12




I
1- C/C++ Syntax overview

m Switch case

switch ( variable )

{
case constante_1 : // don’t forget the ":" I
[
// These instructions are executed
// 1if wvariable == constante_1
]
[ break ; 1]

case constante_2:
[ // These instructions are executed

// if variable == constante_1 ]
[ break ; 1]
[ default:

// These instructions are executed
// if no cases above is true

]
¥ 13

"
1- C/C++ Syntax overview
m C/C++ loops

for

while

do while




= S
1- C/C++ Syntax overview

m for
for ( [initializations]; [condition]; [post-instructions] )
{
// These instructions are executed while the condition is true
s

Principle of the for loop : 3 steps
1) Initializations
2) condition is evaluated
3) if condition is true
then
the bloc of instructions is executed
the post-instructions are executed
the loop continues, goes to step 2)
else the loop ends

IMESI - CS1 - Thomas Grenier 15
" A
m Wwhile
while ( [condition] )
{
// These instructions are executed while the condition is true
+
m do ... while
do
{
// These instructions are executed once
// and as long as the condition is true
+
while { [condition] ),
IMESI - CS1 - Thomas Grenier 16
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1- C/C++ Syntax overview

m Functions
Declaration
Definition
Parameters to/from functions
m return parameter
= Copy

m Pointer/array
m Reference

IMESI - CS1 - Thomas Grenier

17

" S
1- C/C++ Syntax overview

m Functions declaration (or function prototype)
m It is used to inform the compiler that the function exists

m specify the function's name, arity (number of
arguments), argument types and return type

ReturnType FunctionName( [Type Argumentl, [Type Argument2...]] );

= Examples

void Print ();

double Squ:-i,rb{douhle X);
double Mean( double *Tab, 1nt Size );

IMESI - CS1 - Thomas Grenier
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= S
1- C/C++ Syntax overview

m Functions definition
= Supply the function body

= Notice that formal parameters are local variables which
are assigned values from the arguments when the
function is called

ReturnType FunctionName ( [Type Argumentl, [Type Argument2...]] ]

jpe Variabls,
ted instructions

return Variable; //if ReturnType is not void

// The type ol Varilable must be the same type as ReturnType
T

IMESI - CS1 - Thomas Grenier 19
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1- C/C++ Syntax overview

m Functions definition
m Examples

void Print ()

| cout<< "Bonjour.les.étudiants.d IMESI" << endl; }
double Square(double x)

{ return x*xx: |
double Mean( double #Tab, int Size)
{

double mean = 0;

for( int i=0; i<Size: i4++)

mean += Tab[1i];
return mean/ Size ;

}

IMESI - CS1 - Thomas Grenier 20




=
1- C/C++ Syntax overview

m Functions parameters

= Formal parameters

By default, argument values are simply copied to the formal
parameter variables at the time of the call. This type of parameter
passing is called pass-by-value.

m Pointer parameters

A pointer parameter is indicated by the star (*) that precedes the
parameter. The argument value must be an address (a pointer or an
address of (&) a variable)

m Reference perameters

A reference parameter is indicated by the ampersand (&) that
precedes the parameter name. The compiler will then pass the
memory address of the actual parameter, not the value. A formal
reference parameter may be used as a normal variable

m Return parameter

IMESI - CS1 - Thomas Grenier 21

" S
1- C/C++ Syntax overview

m Function parameter: pass-by-copy

AT ; ; N
void fonction(double a) }/OId TR
{ _ . double x = 1;
as=3; fonction(x);
} cout << X; —— Xequalto 1l
\} /
In memory: Copy the value

X: double

1

In main scope,
call of f oncti on( &) ;

a: double
1
@. _ a: double
In fonction:
a = 3; 3

=>» The value of x is NOT modified by the function

IMESI - CS1 - Thomas Grenier 22




= S
1- C/C++ Syntax overview

m Function parameter: pass-by-address

Ve . . . Y
void fonction(double *a) }/md main(void)
{ *a = double x = 1;
a=3; fonction(  &x);
} cout<<x; — xequalto 3
)
In memory:
In the main scope, }
call of f onct i on( &x) ; 1 &x
4 T
o o *
In fonction: xddouble \@.do—uble} Set 3 in what
*a = 3; 3 &X a points out
A
=>» The value of x IS modified by the function
IMESI - CS1 - Thomas Grenier 23
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1- C/C++ Syntax overview
m Function parameter: pass-by-address
e . . . D\
void fonction(double &a) }/OId main(void)
{ . double x = 1;
a=3; fonction(x);
} cout << X; — X equa| 3
\} J
In memory: Se a reference of x (address)
. x: double } a is a reference
In main scope, t0 X
call of f oncti on(x);
4 T
. .
In fonction: RN ( M} Set 3inwhat a
a = 3; 3 < — &X refers

=>» The value of x IS modified by the function

IMESI - CS1 - Thomas Grenier 24
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1- C/C++ Syntax overview

B SumM up (or résumé)

by-copy by-pointer | by-reference

speed slow fast fast
syntax and
very easy be carefull! easy
use
array
takedown no no
memory use size of the : : 1 size of
. size of pointer =
per param. object reference
parameter o os .
modification y y

IMESI - CS1 - Thomas Grenier
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1- C/C++ Syntax overview

m Function parameter. return parameter

T : ; N
( double Square(double a) b void main(void)
{ double result; {
result = a*a; double x;
return result; x=Square(3);
} cout << x; —— xequal 9
(& Y, }
S J
In memory: Copy the value

At the end of result: doi e : double
Squar e( x) ; 0 9

=>» The value is copied in x
=»Remember that the local variable result is destroyed at
the end of function Square()

IMESI - CS1 - Thomas Grenier
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1- C/C++ Syntax overview

m Standard lib

lostream (C++), Input Output stream

m #include <iostream> and using namespace std;
cout << something; // prints something on the screen

cin >> variable; // stops and waits a value from keyboard, this
value is stored in variable

cout << endl; // equivalent to “\n”: new line

Math

m #include <math.h>and compile argument : -Im
sqrt(x): return the square root of x
sin(x), cos(x),... : trigonometric function

IMESI - CS1 - Thomas Grenier 27

B
2- Sources

m The main function
The main function is the main program
The C++ environment calls main
m your program must never call main

Parameters:

» The main function must return type int, the value return by main is
passed to the host environment (0 EXIT_SUCCESS)

m It can be called with no arguments or with two arguments
int main( wvoid )

int main( int arge, chars argv][] )

When the main function ends (or returns), all static objects
are destroyed in the reverse order of their construction,
and the program terminates.

IMESI - CS1 - Thomas Grenier 28




= B
2- sources

m Include directive

The #include directive includes the entire contents of a standard
header or source file.

Two forms:

#include "myheader.h”
#Finclude <standardheader. h>

The only difference between both expressions is the places
(directories) where the compiler is going to look for the file

when the file name is specified between double-quotes, the file is searched
first in the same directory that includes the file containing the directive. (if it is
not there, the compiler searches the file in the default directories where it is
configured to look for the standard header files).

When the file name is enclosed between angle-brackets <>, the file is
searched directly where the compiler is configured to look for the standard
header files.

These default directories are specified either by configuration files or by environment variables
IMESI - CS1 - Thomas Grenier 29

= B
2- Sources

m Preprocessor directives

m The preprocessing step occurs before the main
compilation step
m Preprocessor directives
To define and undefine macros,
To establish regions of conditional compilation,
To include other source files,
To control the compilation process

m Preprocessor directives obey different syntax rules
from the rest of the language

C++ understands only 12 directives

IMESI - CS1 - Thomas Grenier 30




= BN
2- sources

m Preprocessor directives

#define
#elif #else #endif #error
#1if #ifdef | #ifndef | #include
#line
#pragma
#undef

Examples

#itndeft __cplusplus
Hitnde VL _'lr_l.__l.l'_‘. AlLJEn. T ILE H - . 1 1 1
?F“UUH -+ - #error A CH+ compiler is required
ILE_ #endif
/S ell funetions declaration
/S (or class definition...)

Zondif #define getmax(a.b) ((a)=(b)7(a)

IMESI - CS1 - Thomas Grenier

(b))
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= B
2- Sources

m Standard extension of files

Header files: .h .hpp .hxx
m Contains the functions (and classes) declarations
m Contains the classes definitions

Source files: .cpp .cxx
m Contains the functions definition

IMESI - CS1 - Thomas Grenier
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3- From source files to executable

m Compilation and linkage

Preprocess Compile Link
A A A
. N — A ‘ h
h "cpp =) | & == | O
7 L7 (é(\/ — %}
> ) C 5
h .cCpp © .0 C '
[ o“\Q\ =) =) 0(@ =)
k Executable file
—
CPP| =) ¥ = | © ﬂ
I S | 7
Source files LG Object files
External libraries | N _ =

IMESI - CS1 - Thomas Grenier Dynamic libraries 33

»
3- From source files to executable

m Debugging
To execute a program step by step, watch
variables values, ...
> understand what is going wrong
>or if all is alright! (memory, loops, function calls...)

Tools : debugger
m Breakpoints
m Watches variables

IMESI - CS1 - Thomas Grenier 34




= B
3- From source files to executable

s src\MyClass.cpp [TestCPP] - Code::Blocks 8.02

File Edit Wiew Search Project Build Debug  wxSmith  Tools Plugins Settings  Help

P T EE@ YLD G &

| | - - J|Lcn:npl{]l:vn:-id

L~ p L~ [ ‘r:i Build target:|DeI:uug ﬂ : B e ™ G ]

e main.cpp | inchidelMyClass.h | srcMyClass.cpp
Projects | Symbals 10 1 #include "../include/MyClass. k"
- 0 Worlspace £

= .‘ TestCPP 2 firnclude <iostream=
—|-F= include 4 X
= wsing namespace std;
)
— S st 7 MyClass::~MyClassi)
Mylass.cpp o =i
main.cpp a
10 b
11
1z wroid MyClass::Loopi)
13 =R
14 for | int i=0; i<h; i++)
15 & cout << " o-x " s i == endl;
1g !
17

IMESI - CS1 - Thomas Grenier 35
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| J|Ll:u:upl{]l ¢ wioid
i~ P S (& Q Bwild target:|DeI:uug ﬂ
DR M T ]
RERCRT ARG A% NN A
BT ERE main.cpp | include\MyClass.h | srchMyClass.cpp
Projects | Symbals 40 1 ginclude " finclude /MyClass. h"
- O Warkspace £
= .‘ TestCPP 3 finclude <iostreams
. 4
- lud
B includs = wsing namespace std;
& Watches
== src 7 MyClass::~MyClass () —_W
My Class.cpp ! = :
main. cpp ] i=3
10 b +|- Function &rgurents
11
1z roid MyClass::Loopi)
13 =
14 for | int i=0; i<=i; i++)
15 ¥ cout =< " - " <« i =< endl;
18 }
17
IMESI - CS1 - Thomas Grenier 36




" SN
4- Examples

/7 File: main.cpp

#Hinclude <iostream>
#include "mylunction. ”
using namespace std;
int main ()
{

int a;

cin >> a;

Print(a);

return 0O,

J/File: myfunction . h
#ifndef MY FUNCTICN_
#Hdefine MY FUNCTICN_

void Print{ int ai;

#Hendif

cout << "Entrer.unc_valecur” << cndl;

S/ File: myfunction. cpp
#include "myfunction.h”
#Hinclnde <iostream:>

using namespace std;
void Print (int a)
int i;
fori i=0; i<a: i4++)

cout<< "Hello,!” << 1 << endl;

IMESI - CS1 - Thomas Grenier
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" S
4- Examples

// standard macro names
#include <iostream>
using namespace std;
int main ()

{

return 0;

cout << "This.is_.the.line _number.” << __LINE__;
cout << "_Lof_file.” << __FILE__ << n’;
cout << "Its.,compilation.began.on.the” << _DATE__;
cout << "Lat.” << _TIME__ << "7 .\n":
cout << "The,compiler.gives_ a.__cplusplus_.value_of.” << __cplusplus;

\n"

IMESI - CS1 - Thomas Grenier
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4- Examples

void quickSort (int tableau[],
int p, int r)
{

int q;
if (p<r)

{

quickSort {tableaun, p, q);:
quickSort {tableau, q+1, r);

}

}

q = partitionner (tableau, p,

r

)i

int partitionner (int tableau[],

int p. int r)
int pivot = tableau[p];
int i =p-1, j = r+1;
int temp;
while (1)

I
L

do
j ——;

wl.lile[ tableau[j] > pivot);

do

i++
while(tableau[i] < pivot);
if(1<j)

{

temp = tableau[i];
tableau[i] = tableau[j];
tableau[j] = temp;
}

else

return j;

j

return j;

!

IMESI - CS1 - Thomas Grenier
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" S
Sorting with  linked list

m Element insertion/removal in an array
Computational time

m How to insert quickly (O(1)) a value in an
array?
By using a list
=>» How to create a list ? How to use it?
m EXxercises:
Playing with list
Sorting algorithm with linked list
m Efficiency of insertion sort with linked list

IMESI - CS1 - Thomas Grenier

" J
1- Inserting/removing array elements

m Adding a new element
PseUdOCOde INSERTION(A, =, index)

> Create a new array B of size Length[A] + 1.

1 CREATE(B, Length[A]+1)
> Clopy elements from A to B
for i — 1 to index

do B[i] — A[i]
> Clopy elements from A to B with a shift
for i — inder to Length[A]

do Bli +1] — A[i]
DBlindex] «— x
DESTROY(A)
A—D

[V ]

(= R

00

Asymptotical running time: O(n)

IMESI - CS1 - Thomas Grenier




" Insertion: illustration

I~ o
index=4 PN N
—7 Al4|5|6|8|9
X= Ala|s|6|8]|09
B Bl4|5|6
1 2
A
e:'\:\ﬂ‘é/ 6&
N
Al4|5]6(8]9 S
\ \ Bl|4|5(6|7|8|9
Bl4|5|6 819
3 4
X
A&EBl4|5(6171819
6
5
IMESI - CS1 - Thomas Grenier 5
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2- Linked list

m Arrays
Are continuous seguence in memory
Support random access

Address

tabli] tab

array \ &tab(1]
index O 1 2 3 4 5 &tab[2]
&tab[3]

IMESI - CS1 - Thomas Grenier 6
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2- Linked list

m List
|s a sequence container that has constant
performance when adding to or removing from
any point in the container.

Supports bidirectional iterators,
m YOU can use as many iterators as you need

Does not support random access.
Sl o

> > > >
> > > > P

iterator NG N A N

it++

IMESI - CS1 - Thomas Grenier

" S
2- Linked list

m (after)Insertion of a new value in a list

‘f\q

PR AN
] N\ > > B \
list [ . ]

|

New value Insertion position (we insert after this position...)

New value |][||::> New element

2l 2l

IMESI - CS1 - Thomas Grenier
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2- Linked list

m After-Insertion of a new value in a list

list r
N
I

Asymptotical running time: O(1)
m (not depending of n!)
= What is the asymptotical running time of the before-
insertion algorithm ?
m (the new element is inserted before the iterator position)

IMESI - CS1 - Thomas Grenier
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2- Linked list

m Doubly linked list (the obvious choice!)

&«‘5\ o

» » > » q
> > > > >
& & & & &
< < < < <

iterator ) \/ \/’ "

It++

Many versions

)

m Chained list

\——/

Many applications
m Stacks (lifo), queues (fifo)

IMESI - CS1 - Thomas Grenier
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figures
s WSt Address
() > > > > > \
list J tab
&tab[1l
iterator \/ \/ \/ \/ \/ s
&tab[2]
tab[i &tab[3]
\
array \
index o 1 2 3 4 5
s R . . , ;NS
list [ }
iterator “\/ N
IMESI - CS1 - Thomas Grenier 11
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2- Linked list
m Stacks
® @) ®
[y ; [ ¥
d d
‘{\‘5\ > > >
= [ d C b a ]
push(d) pop()
= Push_front(b) = Pop_front()
= Add a new element in the front of the list = Remove the first element of the list

IMESI - CS1 - Thomas Grenier 12
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2- Linked list

Next element address

m How to create a list ? S

We need Element that contains ~ Previous

element

/Data

= The data address

m The addresses of next (and previous) element
We need List structure that contains

= The number of elements (the size of the list)

m Addresses of the first and the last elements

m Operations like: insert, remove an element

T f{\ﬂ"’\ Insert() \@9’\
ISt Erase()

IMESI - CS1 - Thomas Grenier 13
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m Encapsulation of fields and methods
=» Classes
UML List
-First: Element
Element -Last: Element

-Size: int
-Data: double
-Next: Element +Begin(): Element
-Previous: Element +End(): Element

+Insert(a: double, pos: Element): void
+GetData(): double +InsertLast(a: double): void
+SetData(d: double): void +Erase(pos: Element): double
+SetNext(n: Element): void +Clear(): void
+GetNext(): Element +Empty(): bool
+SetPrevious(p: Element): void +GetSize(): int
+GetP_revious(): Element <<create>>+List()
+IsValid(): bool < <destroy>>+List()

IMESI - CS1 - Thomas Grenier 14
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2- Linked list

m Encapsulation of fields and methods

#Filfndel _LIST_H

-> ClaSSGS “define _LIST_H

Lifndef FIFMENT H Fiuclude "Element.h”
C++ #define ELEMENTH class Lict
1

class Flement private:

{ Element+ Firet

private: Element+ Last;
douhble Datsz; int Size;:
Element+ Next: public: o
Element+ Previous: Element+ Begin ();

public : ' Element+ End();
double GeiData (): vold Inscrt{double a, Element~ posj:
void SCtDtLt-i—i,[dC-)]-_lb]e d): void T.ist:: TnsertLast{double a:
void SetNext (Flement « - ): double Erase(Elements &pos);

void Clear ();
bool Empty ()
int GetSize();

Elements GetlNext ();
void SetDrevious(Llement+ p);
Elements GetPrevious|();

¥ List ();
“List ! );
#endif //FELEMENT.H b
IMESI - CS1-Thegtendif  // LIST H 15

"

2- Linked list

m Encapsulation of fields and methods
=>» Classes

Sources files?... later

C++

IMESI - CS1 - Thomas Grenier 16
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2- Linked list

m How to use it ? Example

List list:

list . Insert (1, list.Begin()
list . Insert (2., list.Begin()
ligt . Insert (3, list.Begin()
list . Insert (4. list.Begin()
list . InsertLast (0);

)
);
);
)

Element =it ;//iterator

for( it=list.Begin(); it != 0; it=it—>GetNext() )
cont<< it-—>GetData() << "._.";

cout << endl; // 4 3 21 0;

it=list . Begin ():

it=(+it ).GetNext (); // <=> it-—>GetNexrt()

cout<< "removed_.value:.” << list.Erase( it ) << endl;

f;fff 3
cout<< "removed.value:.” << list.Erase( it ) << endl;

IMESI - CS1 - Thomas Grenier 17

= I
3- Exercises

m Write an algorithm verifying that a list is sorted
Efficiency of this solution
m [nsertion sort using a doubly linked list
Write this algorithm
Give the efficiency of this algorithm
Are lists useless?

IMESI - CS1 - Thomas Grenier 18
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" S
C++ Classes and UML

m Simple example: Class Complexe
What do we need to manipulate complex numbers?
C++: header and source files
Step by step example of use
Exercises

m Bases of OOP (UML and C++)

Fields and methods
m Declaration, definition, visibility, multiplicity
m Constructors and destructor

Inheritance
Operators overload

IMESI - CS1 - Thomas Grenier
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1- Simple Example: Class Complexe

mathematics implementation
m Complex numbers
e Az be Z=atip o
o
Example : z, =1+ ] 2 data are merged ! £
: S
— —_ ) CG
Z,=2-4] 5 | §
5 | 2
Z; and Z, come from the same algebraic structure (complex) @) %
Z, and Z, are two independent complex numbers ) %
' S
The main interest of complex numbers: they are a field (+,x) *8
=7 +7 =3-3]j o)
ZS— - 22— ° 3'1 OOP definiti : 8
z4_zixz2_6—21 efinitions:
=> Algebraic structure with - 4y, Zy, Zz and Z, are objects )
dedicated functions - Cisaclass

IMESI - CS1 - Thomas Grenier




1- Simple Example: Class Complexe

m Complex numbers in C and in C++

C Language |
|
Data |
typedef struct [
{ double Reel; [
double Imag;
} Complexe; I
|
constructor "JI"
Functions :
|

Complexe Somme(Complexe z1, Complexe z2)
{
Complexe s;
s.Reel =z1.Reel + z2.Reel;
s.Imag =z1l.Imag + z2.Imag;
return s;

}

C++ Language

,y/Cl ass Complexe

~

{
public:
double Reel;
double Imag;
| (Conpl'exe() {Reel=0;imag=0; }
~Complexe Plus(Complexe z)
{
Complexe s;
Ly |/ s.Reel = Reel + z.Reel;
s.Imag = Imag + z.Imag;
return s;
} Methodes

e

~

IMESI - CS1 - Thomas Grenier

1- Simple Example: Class Complexe

m Complex numbers in C++

~

Gass Complexe
{
public:
double Reel;
double Imag;
Complexe(){Reel=0;Imag=0;}
Complexe Plus(Complexe z)

{

—

Complexe s;

s.Reel = Reel + z.Reel;
s.Imag = Imag + z.Imag;
return s;

/

Lazy programming

@clude <iostream>

— Objects
int main(void) /
{
Compl exe z1,z2,z3;
z1.Reel =1; zl.lmag = 1;
z2.Reel = 2; z2.Imag = -4;
z3 = z1.Plus(z2);
cout << z3.Reel<< end];
cout << z3.Imag << "j\n";
return O;

}

"

~

IMESI - CS1 - Thomas Grenier
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1- Simple Example: Class Complexe

m How does the main function work?

G]t main(void) \

{
Conpl exe z1, z2, z3; — |

z1.Reel =1; zl.lmag = 1;
z2.Reel = 2; z2.Imag = -4,

_» 1) 3 Complexe objects (z1, z2, z3) are created
Call of the appropriate object constructor

23 = z1.Plus(z2); In memory :
cout << z3.Reel<< endl;
cout << z3.Imag << "j \n"; z1 z2
return 0; Reel =0 Reel =0
} = =
FG ass Complexe \ Imag 0 Imag 0
{
publi c:
double Reel;
double Imag;
=) (| Complexe(){Reel=0;imag=0:}; | 4

Complexe Plus(Complexe z)
{
Complexe s;
s.Reel = Reel + z.Reel;
s.Imag =Imag + z.Imag;
return s;

}
\E TIVIE=OT \75/1 - Thomas Grenier 7
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1- Simple Example: Class Complexe

m How does the main function work?

@t main(void) \
{
Complexe z1,22,z3;
z1l.Reel = 1; z1.lmag = 1;\
z2.Reel = 2; z2.lmag = -4; ™~ ‘g . .
23 = 71.Plus(z2); 2) Modification of z1 and z2 fields
cout << z3.Reel<< endl; Direct access to values (public ...)
cout << z3.Imag << "j\n";
return O;
} p ~ In memory :
N
fl ass Complexe 71 22
publ i c: Reel=1 Reel =2
double Reel; _ _
double Imag; Imag =1 Imag =-4

Complexe(){Reel=0;Imag=0;};
Complexe Plus(Complexe z)
{
Complexe s;
s.Reel = Reel + z.Reel;
s.Imag =Imag + z.Imag;
return s;

\h T=oT cs/l - Thomas Grenier 8
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1- Simple Example: Class Complexe

m How does the main function work?

G]t main(void) \
{

Complexe z1,22,z3;
z1.Reel =1; zl.lmag = 1;
z2.Reel = 2; z2.Imag = -4;

z3 = z1.Plus(z2);
cout << z3.Reel<< endl; \\
tcout0 << z3.Imag <<"j\n"; 3) The Plus function is called from z1 with the
po z2 parameter, the result is stored in z3
FG ass Complexe \
{ bl i
publ i c:
double Reel; In memory :
double Imag;
Complexe(){Reel=0;lmag=0;}; z1 22 z3
Complexe Plus(Complexe z) Reel = 1 Reel = 2 Reel = 3
; = = =
Complexe s; Imag =1 Imag = -4 Imag = -3
s.Reel = Reel + z.Reel;
s.Imag =Imag + z.Imag;
return s;
}

\h mmor—<S1 - Thomas Grenier 9

"
1- Simple Example: Class Complexe

m How does the main function work?

3) The Plus function is called from z1 with the
z2 parameter, the result is stored in z3

/class Complexe \ - In memory, when Plus is called
{ z3 = z1.Plus(z2);
public:
double Reel; z1 z2 z3
double Imag; Reel =1 Reel = 2 Reel =0
Complexe(){Reel=0;Imag=0;} Imag = 1 Imag = - Imag =0
Complexe Plus(Complexe z) —
{ z3 = z1.Plus(z2);
Complexe|s;
s.Reel = Reel + z.Reel; - Local variables
s.lmag = | | mag + z.Imag; . .
" in Plus function

\J J

IMESI - CS1 - Thomas Grenier 10
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1- Simple Example: Class Complexe

m How does the main function work?

3) The Plus function is called from z1 with the
z2 parameter, the result is stored in z3

/class Complexe N\ -1n memory, when Plus is called
{ z3 = z1.Plus(z2);
public:
double Reel; z1
double Imag; Reel
Complexe(){Reel=0;Imag=0;} a

Complexe Plus(Complexe z)

{
Complexe s;
s. Reel = Reél + z-Reel; - Local variables
s.lmag = | + z. | mag;

return s: in Plus function

)
U J

IMESI - CS1 - Thomas Grenier 11
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1- Simple Example: Class Complexe

m How does the main function work?

3) The Plus function is called from z1 with the
z2 parameter, the result is stored in z3

/class Complexe N\ -lIn memory, when Plus is called
{ z3 = z1.Plus(z2);
public:
double Reel; z1 z2 z3
double Imag; Reel =1 Reel =2 Reel =3
Complexe(){Reel=0;Imag=0;} Imag = 1 Imag = - Imag = -3
Complexe Plus(Complexe z)
{
Complexe s;
s.Reel = Reel + z.Reel; - Local variables
s.Imag = Imag + z.Imag; . .
return s: in Plus function

\J J

IMESI - CS1 - Thomas Grenier 12




" Jd0
1- Simple Example: Class Complexe

m How does the main function work?
™

=N

int main(void)
{
Complexe z1,22,z3;

z1.Reel =1; zl.lmag = 1;

z2.Reel = 2; z2.Imag = -4;

z3 = z1.Plus(z2);

cout << z3.Reel << endl ;
cout << z3.lmag << "j \n";

return O; )
: @ass CELREXS \‘ 4) z3 is printed:
publi c: 3
double Reel; -3j
double Imag; o lmage0
ggmg:z:(gligﬁ(;%plefe (z))} In memory .
{ Complexe s; z1 z2 z3
zfnfaeé ::Trﬁg; ++Z§Ff§12§- Reel = 1 Reel = 2 Reel = 3
return s; S Imag = 1 Imag =-4| | Ilmag=-3
}
\h IMESI - CS1 - Thomas Grenier 13
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1- Simple Example: Class Complexe
m Exercise
Add the following operations in Complexe class:
m absolute value (or modulus or magnitude)
m conjugation
= subtraction, multiplication, and division
Add the polar to cartesian conversion
Conversion from the polar form to the Cartesian for m
— - T = Tcosyp
Z=X+ ]y Yy =7rsing
Conversion from the Cartesian form to the polar for m
r o= .’132 | yE
© = arg(z) = atan2(y, )
IMESI - CS1 - Thomas Grenier 14




*Addition: (a+bi)+ (c+ di) = (a+ c) + (b+d)i
sSubtraction:  (a+bi) — (c+di) = (a—c) + (b— d)i

«Multiplication: (a+ bi)(c+di) = ac + bci + adi + bdi® = (ac — bd) + (bc + ad)i

«Division: (atbi) _ (actbd)  (be—ad),
(c+ di) c? + d? 2 )
IMESI - CS1 - Thomas Grenier 15
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1- Simple Example: Class Complexe

m Exercise with Complex numbers

Compute the complex impedance of a RC parallel
circuit: R=50 Ohm, C=10nF, if
m f=50hz and f=[1, 10000]Hz

EJ 1
—
Give the new position of 2D vectors after a 45°

rotation R
:
|
|

IMESI - CS1 - Thomas Grenier 16




= B
Some answers

cout =< " _,Question_.l.: .z .for {— 50 _Hz.R.//. .C"

<< 7 .R=50_Ohms_and .C=10nF" << endl;
Complexe z — Complexe (1)

/

Cowplexe{1.0/50.0, 0.00000001 * 2 % 3.141592G54 =+ 50) ;
cout << " _z=.";
z. AffichePolarDegre ();
cout << endl;

cout << endl;

Complexe w{1);

cout << "_LQuestion_.2.:.45.degrees.rotation_ofoz=";
w. Affiche ()

cout << endl;

Complexe r:

r.SetPolarCoordDegre( 1, 45 ;
cont << endl:

(r * w). Afficlhc-PolaLrchrc ():

IMESI - CS1 - Thomas Grenier 17
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2- OOP bases

m Complex numbers, C++ and UML

Gass Complexe \ Class name
: /
publi c: 7

double Reel; Complexe
double Imag;

: +Reel: double
Complexe(){Reel=0;Imag=0;} <::> +Image: double
Complexe Plus(Complexe z)

{ <<create>>+Complexe()
Complexe s; / +Plus(z: Complexe): Complexe
s.Reel = Reel + z.Reel; _ .
s.Imag = Imag + z.Imag; Fields, attributes, \
return s; data members Methodes, operations,

} member functions

Implementation Modeling

IMESI - CS1 - Thomas Grenier 18
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2- OOP bases

m Complex numbers, C++ and UML

G ass Complexe
{
publ i c:

double Reel;
double Imag;
Complexe(){Reel=0;Imag=0;}
Complexe Plus(Complexe z)
{
Complexe s;
s.Reel = Reel + z.Reel;
s.Imag = Imag + z.Imag;
return s;

)
b

\

Name

Complexe

+Reel: doublé/
+Image: double

=

<<create>>+Complexe()
+Plus(z: Complexe): Complexe

J

Implementation

IMESI

- CS1 - Thomas Grenier

Argument(s),
parameter(s) with type

\

Type of value returned

/ S

Modeling

19

= S
2- OOP bases

m Complex numbers, C++ and UML

G ass Complexe
{
ubl i c:
double Reel;
double Imag;
Complexe(){Reel=0;Imag=0;}
Complexe Plus(Complexe z)
{
Complexe s;
s.Reel = Reel + z.Reel;
s.Imag = Imag + z.Imag;
return s;

}

L

~

Visibility, access specifiers

\

Complexe

;

Reel: double
Image: double

=

(+Plus(z: Complexe): Complexe

<<create> omplexe()

/

Implementation

IMESI

- CS1 - Thomas Grenier

Modeling
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2- OOP bases

m Complex numbers, C++ and UML
Gass Complexe \

{ Constructor

Reel: doubl
< Complexe(){Reel=0:Imag=0;} % eel: double

publ i c:
double Reel; \ Complexe
double Imag; \\&

+Image: double
Complexe Plus(Complexe z)
{ Jq<<create>>+Complexe(

Complexe s; +Plus(z: Complexe): Complexe
S.Reel = Reel + z.Reel;

s.Imag = Imag + z.Imag;
return s;

)
b J

Implementation Modeling

IMESI - CS1 - Thomas Grenier
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2- OOP bases — Visibility

m Attributes and operations access specifiers:
restrict who can access a member

4 UML-supported visibility types
Only 3 access specifiers supported in C++

f package
\Z

UML + # = -

C++ public: protected: private:

More accessible to other Less accessible to other
parts of the system parts of the system

IMESI - CS1 - Thomas Grenier
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2- OOP bases — Visibility

m publ i ¢ visibility ( +)
Anyone have access to a public member
m pr ot ect ed visibility (#)

Only the class, derived classes, and friends have
access to protected members

mprivat e visibility (-)
Only the class and friends have access to private
members

= |n a class definition, the default access for
members and base classes is private

IMESI - CS1 - Thomas Grenier 23

" S
2- OOP bases — Visibility
m publ i ¢ visibility (+)

Anyone can access a public member

- - -s \Ok
” < \
MyClass r \
\
| +Attribute1 L C \
- - L - - \
-, +Operation1() --T ok
ok 1 OtherClass
| f
\
\
\
/
Inheritance SpecializedClass Outside the class
MacClasse a;
a.Attributl=1;//OK
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" S
2- OOP bases — Visibility

m prot ect ed visibility (#)

Only the class, derived classes, and friends can
access protected members

- I
- No!
P d -z N
MyClass < ><
- \
#Attributel L<d o \
- +Operation1() --=T 0Ok
ok 1 OtherClass

SpecializedClass
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" JA
2- OOP bases — Visibility

m privat e visibility ( -)
Only the class and friends can access private

members
’,,—-~Qo
MyClass 2 ><
z \
¥ - Attribute1 “<d o - \
L +Operation1() --=T1 0k
( OtherClass
\
\
\ r.
SpecializedClass Outside the class
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= I
2- OOP bases — Visibility

m To have public attributes or not to have public
attributes? That is the question

the use of public attributes: opening a class's attributes to
the rest of the system is like exposing your house to any
person off the street without requiring him to check with

you before entering. There is just as much potential for
abuse.

m It's usually best to avoid public attributes

m Exceptions
when the attribute is a constant

when the attribute is not important for the class works and
it is also not secret!
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"
2- OOP bases — Name and Type

m Members: Name and Type

Name
m can be any set of characters,

m but two members in the same class can not have the
same name.

=» Make sure that the name accurately describes what is
being named

Type
= The type of attribute can vary depending on how the
class will be implemented in your system

m it is usually either a class, such as string, or a primitive
type, such as an int, double, ...
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" S
2- OOP bases — Attributes

m [nline Attributes or Attributes by association

AnotherClass3| AnotherClass1
object3
MyClass Aectl

-objgctl: AnotherClass1 ass§§iationﬁ MyClass

+object2: AnotherClass2

+object3: AnotherClass3 +Operation1()

#object4: AnotherClass4 Note, remarque, ... ﬁ +Operation2()

+Operation1() .

+Operation2() +/°b"%6 #o\bjec\t4
AnotherClass2 AnotherClass4
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"
2- OOP bases — Multiplicity
m An attribute could represent any number of
objects of its type
This is like declaring that an attribute is an array
m Multiplicity

Allows you to specify that an attribute actually
represents a collection of objects, and it can be
applied to both inline and attributes by

BlogAccount entries BlogEntry
-Name: Stnpg -trackbacks: TrackBack[*]
+PublicURL: URL 1 * : &
+authors: Author[1..5] DA A
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=
2- OOP bases — Multiplicity

BlogAccount
—— entries BlogEntry
-Name: Strin )
[ : \ -trackbacks: TrackBack[*]
+PublicURL: URL ] . . !
+authors: Author[1..5] -comments: Comment[*]

m The trackbacks, comments, and authors attributes alll
represent collections of objects.

m The * at the end of the trackbacks and comments attributes
specifies that they could contain any number of objects of
the TrackBack and Comment class, respectively.

m The authors attribute is a little more constrained since it has
specified that it contains between one and five authors.
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" S
2- OOP bases — Multiplicity

BlogA t
= entries BlogEntry
-Name: Strin )
i : : -trackbacks: TrackBack[*]
+PublicURL: URL 1 . ; 4
+authors: Author[1..5] -comments: Comment[*]

m The entries attribute (introduced using an association) has
two multiplicity properties specified at either end of the
association

A * at the BlogEntry class end of the association indicates that any
number of BlogEntry objects will be stored in the entries attribute
within the BlogAccount class.

The 1 specified at the other end of the association indicates that
each BlogEntry object in the entries attribute is associated with one
and only one BlogAccount object.
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B
2- OOP bases — constructors

m C++ constructors
A constructor is used to initialize an object
A constructor's name is the same as the class name
A constructor cannot have a return type, and you cannot return a
value
A constructor is executed when an object is created
m Variable declaration or call of operator new
= You never call a constructor directly
4 forms of constructor

m User constructors (construct new object with some user parameters)
Complexe z1(2,3);

= Copy constructor (constructs a new object from a previous one)
Complexe z2( z1);

m Default constructor (constructor without parameters)
Complexe z3();

= hidden constructor (when none constructor is declared in your class, the
compiler adds one)

Element p;

IMESI - CS1 - Thomas Grenier
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" S
2- OOP bases — constructors

m C++ constructors examples

IMESI - CS1 - Thomas Grenier
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"
2- OOP bases — destructor

m C++ destructor
A destructor is used to finalize an object
The name of a destructor is a tilde (~) followed by the class name
A destructor cannot have a return type, and you cannot return a value

A destructor is executed when an object is destroyed

m For local variable : automatically called at the end of life (neither for
pointers nor references)

m Executed from a delete call
A destructor has none parameters
=>»Only one destructor per class!
If you don’t write the destructor, one (doing nothing) is added

IMESI - CS1 - Thomas Grenier 35

" S
2- OOP bases — constructors

m C++ destructors examples
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" A
2- OOP bases — Generalization (Inheritance)

m What is Generalization (or inheritance)?
A very important concept in object-oriented
design

Generalization refers to the ability of one class

(child class) to inherit the identical functionality of
another class (super class, base class), and then
the new class adds new functionalities to its base
classes 1

FR_ R/

B
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" A
2- OOP bases — Generalization (Inheritance)

m Definitions

A class with at least one base class is said to be a derived
class.

A derived class inherits all the data members and member
functions of all of its base classes

A class's immediate base classes are called direct base
classes.
m Their base classes are indirect base classes.

m The complete set of direct and indirect base classes is sometimes
called the ancestor classes.

A class can inherit from zero or more base classes.
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" A
2- OOP bases — Generalization (Inheritance)

m Example
UML C++
|
A : /class A N\
. I {
iR Gl 2 I | protected: (e public A N
-Ab: double I double Aa { |
+GetAa(): double : private: private:
+GetAb(): double I double Ab; double Ba;
+Afficher(): void I public: public:
- AO O BO&:
|:$ double GetAa() void Afficher()
{return Aa;} {
! double GetAb() cout << Aa << GetAb();
) {return Ab;} cout << Ba << endl;
B I void Afficher() }
-Ba: double : \ { cout<< Aa << Ab;} voi? Afficher_Bis()
+Afficher(): void : \C S\\ A Afficher();
+AfﬁCher_BiS(): void I cout << Ba << end|;
I }
| N )
I IMESI-CS1 - Thomas Grenier 39

" A
2- OOP bases — Generalization (Inheritance)

m Order of constructors execution

The base class constructor is executed before the constructor of the
derived class

From the derived class constructor, you can pass some parameters to
the base class constructor. If none parameter is passed, the default
constructor of the base is executed

-~ /class B: public A R
class A N {
{ public:
doubleX; e B0
T —— i R Wes e o ceep
A) < T B(doublea) : A(a)
{cout << "Audefaut’ <<endl;} ] i {cout << "B:General" << endl;}
A(double a) i
o4t _— <
cout << "A:General" << endl;} void main()
i { .
\ | B ob1; /IX="? ReAS.udI';fa t
Bob2(3) :/IX=3 -detau
} B:defaut
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" A
2- OOP bases — Generalization (Inheritance)

m Order of constructors execution

The base class constructor is executed before the constructor of the
derived class

From the derived class constructor, you can pass some parameters to
the base class constructor. If none parameter is passed, the default
constructor of the base is executed

/class B: public A A
( class A ) {
{ public:
double X; B()
public: e {.,CQ“I_Sf " B:defaut << endl;}
A e B(double a) v A(a)
{ cout << "A:defaut’..<<"éndl;} ifpout<<"B:General" <<endl}
A(doublea) €X' - ___ _ | . \} y
/’ '{ X:—a, e . .
~ < cout<<"A:General" <<endl;} _ _ -7 |( void main()
| :
\C / I{3 ob1 //X=? Result
B 0b2(3); //X=3 AGeneral
} B:General
IMESI - CS1 - Thomas Grenier 41

" A
2- OOP bases — Generalization (Inheritance)

m Destructors order

The derived class destructor is executed before the base class

destructor
@ass VecteurZero: \
ﬁlass Array \ public Array
{ {
double *Tab; public:
int Size; VecteurZero(int size)
public: cArray(size)
Array(int size=1) {for( int i=0; i<GetSize(); i++)
:Size(size) SetElement(i, 0);
{Tab= new double[Size]; } }
double GetElement(int i) const ~Vect eur Zer o() /l/useless destructor
{ return Tab[i]; } Aeaut << VZDestructar's<endi} _ _ _ _ .
void SetElement(int i, double v) BT
(Tabl] =v:} |- Y
int GetSize() const T SO
{ return Si(z)e; e | v0|d._,:ma|n()
~Array() [/ destrqeror_ _ {
, A ~dél’ete[] Tab; T T =~ | VecteurZero a(10);
~ cout << "TD:Destructor"<< endl; _ -7 | aSetElement( 0, 1+a.GetElement(0));
T T s ese =T )

Q ..... : —~Thomas Grenier 42




= I
2- OOP bases — operators overload

m Operator+

In class Complexe:
Complexe operator+(const Complexe &z) { ... }

In main function:
Complexe z1, z2, z3;
z3 =21+ z2;/l & z3 = z1.operator+(z2);

m operator-, operator/, operator?, ...
idem
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" S
2- OOP bases — operators overload

m operator=

Automatically added by the compiler if not defined in your
class
In class Complexe:
Complexe& operator=(const Complexe &z) {
if( this |= &2)
{

I/ copy the z object into the current object (this)

}

return *this;

}
In main function
Complexe z1, z2, z3;
z3 =21 =122; /] <& z3.operator=( z1.operator=(z2) );
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= I
2- OOP bases — operators overload

m operator(]

In class Array (of double):
double& Array:.operator[](int index)
{ // first you can test the value of index
return Ali];

}
In main function
Array a;
al0] =1,
cout << a[0];
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" S
2- OOP bases — operators overload

m operator>, operator<, operator==, ...

In class Complexe
bool Complexe:.operator==(const Complexe &z) const
{if( (Imag == z.Imag) && (Reel==z.Reel) )
return true;
else return false;

}
In main function

Complexe z1(1,2), z2(1,3);
if(z1 == z2) ...

IMESI - CS1 - Thomas Grenier 46




International Maste
Emb dd dSytm

-'-m.sn b
V] ESI

Computer Science 1

Useful data structures

M.Sc IMESI

" JEE
Summary

|

1.

V.

V.

VI1. Useful data structures
VII.

IMESI - CS1 - Thomas Grenier 2




" S
Useful data structures

m Array, Matrix, Volume

m Lists
Doubly linked lists
Chained lists
Queues, stacks

m Hash table
m[rees
m Graph... CS1-3

IMESI - CS1 - Thomas Grenier

I
Tree, binary tree

Simple binary tree

T
B
-

root
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" S
Standard Containers of C++

m deque

m list

A deque (double-ended queue) is a sequence container that supports fast insertions
and deletions at the beginning and end of the container. Inserting or deleting at any
other position is slow, but indexing to any item is fast. ltems are not stored contiguously.
The header is <deque>.

A list is a sequence container that supports rapid insertion or deletion at any position:
but does not support random access. Items are not stored contiguously. The header is
<list>.

®  map, multimap

A map (or dictionary) is an associative container that stores pairs of keys and _
associated values. The keys determine the order of items in the container. map requires
unique keys. multimap permits duplicate keys. The header for map and multimap is
<map>.

m set, multiset

A set is an associative container that stores keys in ascending order. set requires
unique keys. multiset permits duplicate keys. The header for set and multiset is <set>.

m vector

A vector is a sequence container that is like an array, except that it can grow as
needed. Items can be rapidly added or removed only at the end. At other positions,
inserting and deleting items is slower. Items are stored contiguously. The header is
<vector>.

IMESI - CS1 - Thomas Grenier

" I
Standard adapters of C++

m Based on containers
m priority_queue

A priority queue is organized so that the largest element is always the
first. You can push an item onto the queue, examine the first element,
or remove the first element. The header is <queue>.

m Jueue

A gqueue is a sequence of elements that lets you add elements at one
end and remove them at the other end. This organization is commonly
known as FIFO (first-in, first-out). The header is <queue>.

m sStack

A stack is a sequence that lets you add and remove elements only at
one end. This organization is commonly known as LIFO (last-in, first-
out). The header is <stack>.
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= S
Useful pseudo-containers of C++

basic_string, string, wstring

Represent character strings. The string class templates
meet almost all of the requirements of a sequence
container, and you can use their iterators with the
standard algorithms. Nonetheless, they fall short of
meeting all the requirements of a container, such as
lacking front and back member functions. The header is
<string>.

m valarray

Represents an array of numeric values optimized for
computational efficiency. A valarray lacks iterators, and as
part of the optimization, the compiler is free to make
assumptions that prevent valarray from being used with
the standard algorithms. The header is <valarray>.
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Tools...

m Write a C++ function that prints all elements
of a given array.

m Write a C++ function verifying that a given
array Is sorted. This function returns true only
If the array Is sorted.

m Write a C++ function that randomly initializes
all elements of an array.
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Shell Sort

m Divide and conquer approach (without
recursive calls), D.L. Shell 1959

Shell sort divides a long list into several smaller
lists

It sorts each smaller list by using an algorithm
such as insertion sort or bubble sort

It combines all the smaller lists into a large list

It divides the new large list into several smaller
lists again, but into smaller lists than in step 1

It repeats steps 2 through 4 (if necessary) until a
single sorted list remains

IMESI - CS1 - Thomas Grenier
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Shell Sort...

m The idea of Shell sort is the following:

Divide the data sequence in a two-dimensional
array

Sort the columns of the array (the effect is that the
data sequence is partially sorted)

The process above is repeated, but each time
with a narrower array, i.e. with a smaller number
of columns.

In the last step, the array consists of only one
column.
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Shell Sort

m lllustrate the shell sort algorithm on the array
{5,6,8,2,1}. At the first iteration, the smaller
lists have at most 2 elements
Write the shell sort algorithm
Try to give the efficiency of your algorithm

(worst case analysis)

m  Prove the correctness of shell-sort algorithm
using the loop invariant:
Each sub array is sorted

m  Write and test your algorithm in C++

IMESI - CS1 - Thomas Grenier 5

void shellsort (int[] a, int n)
{
int i, j, k, h, v;
int [] cols = {1391376, 463792, 198768, 86961, 33936, 13776, 4592,
1968, 861, 336, 112, 48, 21, 7, 3, 1}
for (k=0; k<16; k4++)
{
h=cols [k];
for (i=h; i<n; i+4+)
{
v=a[1l];:
j=i;
while (j>=h && a[j-h]>v)
{ - -
alj]=alj-h];
i=j—h:
}

aljl=v;

http://www.iti.fh-flensburg.de/lang/algorithmen/sortieren/shell/shellen.htm
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Searching algorithms

m Sequential search algorithm

A sequential search can start at the beginning or end of a list. It then
proceeds to examine every item in the list until it finds the one item
that it's searching for. Then it stops.

> Write a sequential search algorithm
> Give it efficiency (worst case analysis)

m The list is sorted... use a binary search algorithm that:
Cuts the list in half
Examines the number in the middle of the list

Determines if the searched value lies in the left or in the right half of
the list

Repeats these steps on the right (correct) side of the list until it finds
what's looking for

> Give the efficiency of binary search algorithm
> Write this algorithm in C++
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