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« T. H. Cormen, C. E. Leiserson, R. L. Rivest, and C. Stein, Introduction
to Algorithms (3rd ed.). MIT Press, 2009.
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 Richard Neapolitan, Kumarss Naimipour. Foundations of Algorithms
Using C++ Pseudocode (3rd ed.). MIT Press, 2008.

Foundations of

ALGORITHMS

Using C++ Pseudocode




AL

b)),

O).Q.S \a :Q.?’)AS o
0 y03 YO :p Sl @
OJA.S + YO :039).3: o
oyei ¥ okl

Vo0 fgomo ®



SR

g osls frgmi odd (aseie dege Uil ofg 9 Dl o3 @
(Telegram Channel: @AIg_UMA971) .os aalss ogb] ol S 0g,5 10 laasedlbl g &l o3 @

il ) S yd ool ooliw 8 fas! lgic @
« Subject: AlIgUMA971 Topic & # Student Name
« Example: AlgUMA971 HW2_AliHoseini

AlgUMA971 ProjectV3_HasaanAbam
AlgUMA971 Question_RezaAmiri

S.Najiar.G@gmail.com :hli ) s Jaadl o



mailto:S.Najjar.G@gmail.com

e S

"0 POV AL PP E PO SRS ¥ | RV Y TUREILX
Sl Jolos sledsyy 5 slabasls 5 Sloj (Sauamy (5yxe®
i J> sl 9 o
(J>) 4l g i
Lgy (o5 4ol p®%®
il g,
>, be oﬁ.m\)’:’
a> g as-Li %

Ol 4 bosse Jlus s NP las SLis]e



3l pulio g Lot 1891 3 (5loni



Algorithm

 Definition
An algorithm is a finite set of instructions that accomplishes a
particular task.

e Criteria

Input

Output

Definiteness: clear and unambiguous

Finiteness: terminate after a finite number of steps
Effectiveness: instruction is basic enough to be carried out
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Data Structure

A data structure Is a way to store and organize data in order to
facilitate access and modification

» No single data structure work well for all purpose.

e |t I1s important to know the strengths and limitations of several of
them
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Data Structure
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Algorithms: Measurements

e Criteria
o |S It correct?
o |s It readable?

« Performance Analysis (machine independent)
= space complexity: storage requirement
= time complexity: computing time
« Performance Measurement (machine dependent)
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The goals of this course:

« How to devise algorithms?
« How to express algorithms?
- How to validate algorithms?
« How to analyze algorithms?
« How to test algorithms?
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The following techniques will be discussed in this course:

 Divide and Conquer

« Dynamic Programming

» Greedy Algorithms

« Backtracking Algorithms

« Branch and Bound Algorithms
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Insertion Sort: How to devise?
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Insertion Sort: How to devise? (Cont.)
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Insertion Sort: How to express?

INSERTION-SORT(A)

for j = 2to A.length
key = A[]]
// Insert A[j] into the sorted sequence A[l..; — 1].
i = j—1
while i > 0 and A[i]| > key
Ali + 1] = Ali]
i =1i—1
Ali + 1] = key
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Insertion Sort: How to validate?

o After the termination of InsertionSort algorithm, the input array A
IS sorted.

« Lemma: At the start of each iteration of the for loop of lines 1-8,
the subarray A[l:] — 1] consists of the elements originally In
A[l::] — 1] but in sorted order.
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Insertion Sort: How to validate? (Cont.)

Proof based on induction (Loop Invariant, in this case).

o Initialization: j = 2 =) A[1::1] = A[1], which Is sorted.

« Maintenance: A[j] is inserted in the correct position, so A[1::]] IS
sorted.

« Termination: This happens when j=n+ 1. So A[1:;) — 1] = A[1::n]
IS an ordered array
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Insertion Sort: How to analyze?

Computing the amount of resources (Time, Space, etc.) needed
by the algorithm.

INSERTION-SORT(A) cost  times
1 for j <« 2tolength[A] 1 n
2 do key «— Al J] €y n—1
3 > Insert A[j] into the sorted
sequence A[l.. j —1]. 0 n—1
4 [ — j—1 Cy n—1
5 while i = 0 and A[i] = key €5 2l
6 do Ali + 1] < Ali] s 2 i —1)
7 [ —i—1 Cq Ej_zﬁf — 1)
8 Ali + 1] < key Cx n—1
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Insertion Sort: How to analyze? (Cont.)

Computing the amount of resources (Time, Space, etc.) needed
by the algorithm.

n

n
T(n)=cin+(ca+catce)(n—1)+cs ) ti+(cs+c7) ) ti—1.
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Insertion Sort: How to test?

« Just implement the pseudocode in any programming language and
execute it with different instances of random arrays as input...
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Homework ...

Answer to the five mentioned questions for the following problems:
« Bubble Sort

 Sequential Search
 Binary Search



