Data
Structures and
Algorithms

Louie Venegas

CEIS295




|

each section, a real-life scenario will be applied using a data set to
populate the specified data structure. These scenarios include a printer

gueue, a call service queue, a customer service center, and a call
center, as well as inserting and.deleting various amounts of recordsi

and out of structures. The primary parpose of this exercise |

how these algorithms work and inferact with the data'structures

to test the efficiency and speed’of tbg operations performed us
them. =
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Def. Client Class:

In programming, when a class is defined, it
becomes a model for a data type. Throughout
the course of this project, | will use the "Client’
class data type continuously. The "Client’ class
is defined in Py;thon in the upper right photo. |
will use this data tybe to run tests capturing
the speeds of various data structures
interacting with algorithms\a‘nd performing
operations defined by the classes.

The second photo is of the data | will use to fill
parameters of the Client™ class and populate
our arrays, lists, queues, etc. In other words,
this class and data format will be the basis of

our data 1/0 throughout the project. M
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File  Edit  View ClientData.CSV

162642 ,Bevis ,Rivera, (486) 436-3341,elementum.dui@pellentesqueSed.edu
1681678 ,Hadassah,Ashley, (525) 537-5797,0dio.Phasellus@lunc.com

1689171 ,Kelly,Holt, (595) 438-9842,Curabitur.consequat@dignissim.org
188388, Armand ,Hobbs , (639) 484-6293,est@risus.ca

189465 ,Mason,Bartlett, (146) 221-9639,Mauris.molestie@diameudolor.co.uk
187636 ,Keely,Mclaughlin, (628) 188-2883,mattis.Cras.eget@condimentum. com
1689425, Kirby,Sullivan, (712) 813-6533,nec.cursus.agodicAliquamvulputate.ned
183678, Zahir,Dean, (237) 659-5962,sollicitudin@Namnullamagna.edu

1684458 ,Benjamin, Zimmerman, (547) 393-9784,pede.Praesent@Aliquamornarelibert
187833 ,Carter,Richard, (699) 929-9968,orci.lacus.vestibulum@mienim.net
1687111 ,Dora,Herman, (833) 433-5795,inceptos.hymenaeos.Mauris@cursus.co.uk
1682892 ,Neil,Collins, (798) 983-2318,faucibus.leo.in@eunullaat.edu

1689892, Ivory ,Armstrong, (953)
288-6831,Phasellus.vitae@aptenttacitisociosqu.co.uk

186979 ,0ai,Townsend, (312) 149-175%8, Integer@lectusa.net
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Ln1, Col1 647,630 characters 100%% Windows (CRLF) UTF-8
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Data 10:

Inside of each python code for
each section you will find this
basic structure for reading
clientdata.csv and converting
each line intcﬁbjects based
on the class defined in the
previous slide.

The object is then placed into*|
the list clients and used for
whatever operations and test
we may be performing. For
this project it is mostly about
speed. Though | won't
mention it much, Big O

- and date in output
“Loutie Venegas")
date.today())

print(“Name:",
print("Date:",
F

rint()

#create list

clients = []

#read the records from the client data file
#place clients data into clients listn

Input File Name = "clientData.csv”
iith vaﬂ(Input File Name) as infile:
or line in infile:
#split the lines based one the commas
5 = line.split(’, ')
client id = int(s[@])

f_name = s[1]

1 name = s[2]

phone = s5[3]

email = s[4]

#create a client object using the data f the fi
clt = Ellent{cllent id, f name, 1 name, phone, Emallj
#add the client object to the list

E cllents.append(clt)

notation was used

S
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Introducton

In this section, we will explore applications and performance

Next, we test the real-world performance of our Arrc
implementation through a sergs of Python-based speed tests.
These tests provided insights into the efficiency of our data
structure under various conditions. Finally, we'll present our
findings in an easy-to- understand Excel table, showing
relevant real-world speeds of ot rraylist operations.
approach will give us a cle@Ppicture of how our Arrd
performs in prac%cenar:os.

A
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De}f Array-List;:

An array list in Python is a
dynamic c;rray that can
automatica‘lly resize itself to
accommodate new elements,
providing efficient access and
modification. It supEort‘s'/‘
various methods to add, EE
remove, and manipulate
elements, making it a flexible
data structure for different
use cases.

T
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= =
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lass ArraylList:

def imnit (self,

f» size=18):
self. array = [Mone] * size
self. capacity = size

self.  length = @

f get(self, index):
if index < self._ length:
return self.  array[index]

~eturn Mone

=T append(self, new_item):
# resize() if the array is full
if self._ capacity == self.__ length:
self.resize(self. length * 2)
# Insert the new item at

index equal to
self. array[self._ length] = new_item

# Increment the array's length
self length = self.  length + 1

T remove_at(self, index):
# create a reference for the item
item = MNone
# Make sure the index is walid for t

it index »= @ and index < self.

# get the item

item = self._  array[index]




File Edit Search Source Run Debug Consoles Projects Tools View Help

B & IE; » O YL

Ci\WsersiUghon\Onelrive \Desktopceis 295 weekone\ArrayListActualSpeed. py

i

untitted0.py = Client.py = | ArraylistActualSpeed.py =

start_Time = Time.time |

1 angof 1aed)

smallect id = 188081

largest id - smallsst id + mm_records

":|1dw i = 'a'um ':I'Iﬂl""l'J"iI].]."'S-t id, largest id)

Lrti{my_array_ ]1.!: search_sorted({Client{randos num)
"'r:l time = time_tima(]

tatal time = end time - start tims

print( “Seconds #o displap r _-'urv::lr_l:'_uca]_tmo::

answer = inputl “Contluc? (VW)
answer.. ]Ml'l' = "p%2
sy owit(}

soction title - “Sconario: foll Cente
t{section title)
{section title})

uti\l’t ":II""" = Time.tims( )

_Jr-t"n: id - 103341 #
range( 18ad)
Iy V.. list. :|:|:r_'1:|r lient{currant_id}}
ourrent 3d 4= 1

mum_records &1

ngo( laad) <
smallect id = 188081

largest id - smallast id # mm_records

":|1dw i = 'a'um ':I'Iﬂl""l'J"iI].]."'S-t id, largest id)

t{my_array . 11.!: search_sorted({Client{randos num)
(1aad):
- id = 188881
a5t id - smallast id & muom_records
randon. mum = random. randint(swallest id, largest id)}
my_array list resovefC]lisnt{random nom} )
end time = time. timef )

tatal time = end time - start tims

:*, date.taday(}

- format(total time}})

Source | Console

Usage

Llnrn somas mmm and haoldn nf s akinoet e oeoe s

O Console 1/4 X
185821,
182274,
185865,
182677,
185874,
185432,
188719,
188631,
182571,
164229,
188299,
185528,
189872,
185365,
188488,

Gonzales, Abbot
Holt, James
Owens, Uriah
Fuentes, Dorian
villarreal, Perry
Glover, Andrew
Potter, Reese
Hanson, Malik
Silva, Anastasia
Leblanc, Erasmus
Bradley, Jesse
Wiley, Xenos
schneider, Mara
Perry, Astra
Chandler, Carlos
185871, Harding, Imani
189838, Colon, Driscoll
» Thompson, Chava

Mame: Louie Venegas
Date: 2824-88-28

Seconds to add, display and remove records:

conda: base (Python 3.12.4)

C:\UsersUghon\OneDrive \Desktopceis 29 5 weekone

Python Code-
Leveraging

Help Variable Explorer Plots Files

Spyder

2.858803

¥
Fo

IPython Console History

Completions: conda(baze) ~° LSP:Python

Line 140, Col 37 ASCII CRLF

RW

Mem B&%

s




eue or Service Queue
* Add many records to

end of data s

* Display random
records
e Call Center
e Add some records

* Display random
records

* Remove some records

| e Pull all records o
of data structure
e Customer Service Cent

_

Scenario : Printer Queue or Call Service Queue

Add many records to end of data structure:
Pull all records off front of data structure

Scenario : Customer Service Center
Display random records

Scenario: Call Center
Add some records, display random records, remove random records

ArrayList
(unsorted)

'S Table of Real-World Speeds
-,

Array List
(sorted)

0.000514 0.007978
3.840341 4.993699
0.679132 0.018825
2.403118 1620621



» Adding Client Data Type to the
LinkedList

» Déveloping Python Code that
Tests the LinkedList's Real World

Speeds

»Using an Excel Table that
Displays Relevant Real-World
Speeds

Section #2




l Introducton

This segment focuses on the implementatioﬂ of the LinkedList data
We begin by extending the LinkedList to incorporate a custom Clie
demonstrating its ability to handle complex objects. A number pe
tests will then be executed to evaluate the LinkedList's efficiency in real-world
scenarios. These benchmarks WiIIiMide guantitative metrics on various
operations, assessing the structure's time and complexity in practhI
applications. Finally, we will present.a.comprehensive analysis of ou '
through an Excel-based visualization, offering |n5|ghts into the Lin
performance characteristics acros Nt
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Def Linked-List:

A linked list is a linear data structure
whose elen‘*nents, called nodes, are each
separate obj‘ects. Each node contains a,
reference, also called a link, to the next
node in the sequeﬁce This allows for
efficient insertion and ¢ deletlon of/‘
elements, as the structure changes m 33
dynamically without the need for
contiguous memory allocation. Generally
linear search algorithms are implemented
with this data type.

L

e
...'||II.

'-'""’-.-_-

2 #pate: es/21/2024
from Node import Node

class LinkedList:
f __init_ {self):
self._ head = None
f._ _tail = Mone

def g et first({self):
i :f,j.__head 1= None:
'n self.  head.data

def get last(se
5€ ;. tall 1= MNone:
= f._ tail.data

temp = self.  head

for 1 in range(@, index}:
if temp == Mone:
sturn None

att?




DX{ node:

A node is a unit of data in a data
structure, such as a linked list. A
node contains data and points to
the next node. A node is used in
implementing a linked list for
managing a seﬁnce of elements
where frequent insertions and
deletions are required. Nodes can
be used in a task scheduling Y
system to manage tasks, allowing

for efficient addition and removal

class Node:

def | init
self.data
salf.next

(s

, initial data=None):
initial data
None

of tasks without the need for
contiguous memory allocation.

T

|
,,,,,




#5cenario 3: Call Center
answer = input(“Contiue? [(Y/N)")

it answer.lower() != "y":
sys.exit() #end the application

section_title = "Scenario: Call Center”™
print{section_title)
print{"-" * len(section_ title))

#how long does it take to add records, display 1888 records and remove 1888 records randomly

start time = time.time()
#add records
current_id = 1888681 + num_records + 1

for i in range(l1988):
my linked list.add last{Client{(current_id))
current_id += 1

R Mnactiess Python Code

=smallest id = 1886861

largest id = smallest id + num_records °
random num = random.randint({smallest id, largest id) l
print{my linked list.search(Client{random_num}}) everaglng

#remove random records
for i in range(1888): Spyder
smallest _id = 18686861
largest id = smallest id + num_records
random_num = random.randint({smallest id, largest id)
my linked list.remove(Client({random_ num))

end time = time.time()



Updated table from last week that

shows the times for the ArrayList.
| added a new column and
showed the times for the
LinkedList for comparison.

* Printer Queue or Call Queue or

Service Queue
Added many records to end of data
structure.

~ Pulled all records off front of data
structure.

ustomer Service Center
Displayed random records.

all Center
~ Added some records

| Displayed random records
N Removed some records




Real-World

Application
Demo




’ Introducton

In this section, we examine the application of Queue data s
within a Call Routing Systems, also known as Automati
Distributors (ACD). Our focus will be on implementing a Q
structure to model and simulate real-world call center scenarios,
demonstrating its efficacy in ha%lmg time-sensitive, sequential
operations. Through this process, we aim to bridge theoretical
knowledge with practical implementation offering a compre

understanding of how abstract datastsuctures can be Ieve
solve concrete, indu pecific challenges.

r




DéKCaII Class:

When simulating a call center, | had to
define an o‘bject model or custom data
type to fit the role of the call. I built the
call class based on the following UML,...J
diagram. To thright is an example of
what the code for this class looked like.

i

T

pmar |nmie Uengnne
ﬁdhhl th-h rh“hfdb

Cregted on Fri Jul 26 13:33:41 284
(EI5295
call closs

mmm

fron time Import stritime

1ags Calls
ef _Init (se
self.client id = client id
seLf.Customer name = customer name
i seLf.Customer phone = customer phone
IF self.call date = streftine("n/20/3Y")
self.Call tine = strtine("3H:40")

#string method automaticlly called when you print the object
_str (self)s
return str(self.client id) + *, ' + self.customer name + ', " + “initPhone:’

)] + self,rustoner phone + ', "+ 'Inltoate/Tine" + celficall date + (T # F

T

, Client id=8, customer name="unknown’, customer phone="unknown’):

+ 5elf.all time

L S e i
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Def Queue:

In Python, a queue is a linear
data structure that follows the
First-In-First-Out (FIFO)
principle, where elements are
added at the rear and removed
from the front. A prachcal use/
case for a queue is in task®
scheduling, where tasks are
processed in the order they
arrive.

1

LinkedList i LinkedlList

class Queue:

__inik|||(self):
;ﬂf. length = @
-, linked list = LinkedList()

def engueue(seclf, data):

! llnked _list.add last(dataj
; length += 1 increment leneth

jef dequeue(self):

data = self. linked list.get first()

i llnked _list.remove first()

data I= Mone:

Lf. length -=1 # decrement length

urn data

def |peek(self):

urn self. linked list.get first()

def is empty(self):

# if the length is zero, then the stack is empty

~eturn self. length == @

def get length{sclf):

=turn self. length

def get_queue(self):

=turn self. linked list.get list()

I R




© . .

F - - a

Name: Louie Venegas
Date 2824-87-26

How many seconds do you want to simulate?5s
No calls were recived or serviced during this time
frame.
Number of calls waiting in queue: @
Call was sent to rep for service
The call waiting queue is empty
Number of calls waiting in queue: @
Call recieved, caller was added to the queue
Number of calls waiting in queue: 1
No calls were recived or serviced during this time
frame.
Number of calls waiting in queue: 1
Call recieved, caller was added to the queue
Number of calls waiting in queue: 2
simulation has ended

In [5]:

R fictory




» Using Client Data Type in

Sorting Algorithms

» Comparing Sorting Algorithms
Using Data to Determine Real-
World Speeds

> Leveraging Excel to Make a
Table To Displays Relevant
Real-World Speeds

Section #4
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In this section, we will explore. applications of sor
algorithms by utilizing client data type. We will €
various sorting algorithms to determine their real=

speeds using empirical data. Additionally, we will
leverage Excel to create tables that clearly display these
relevant speeds, providing a comprehensive anal

each algorithm’s performw real-world

1“‘

rld

.



De QuickSor}.T

Quicksort is a sorting algorithm in
Python that uses a divide-and-
conquer apﬁroach, selecting a pivot
and parﬁﬁonﬁg the array around it.

A practical use case for quicksort is in

database management systems,

where it can be used to quickly sort"

. ’

large datasets, improving query
performance and data retrieval
times. This algorithm is often used
on data sets to make searching
algorithms more efficient.

e e

| vl JEF L
et sort(cls, list):

14

Quicksort:

num_records = len(list)
.quicksort(list, @, num records-1)

# dt le:
T end index <= start index:

# Partition the lis zment
high = .partition(list, start index, end index)

# Recurs & ] S0 et ceoment

cig.quickﬁﬁrf(liS:, staéf_indei, highj

# Recursively so “1ght segment
cls.gquicksort(list, high + 1, end index)

assmethoc

partition(cls, numbers, start index, end index):

i Select the midc e as the pi

midpoint = start index + (end index - start index) // 2
pivet = numbers[midpoint]

"low" and "hip
#and move towar
low = start index




Dé( BubbleSort:

Bubble sort is a simple sorting
algonthm in Python that
repeatedly steps through the list,

compares adlacent elements,
and swaps them if they are in
the wrong order. This sorting
; . .- .33
algorithm is mostly used in
educational settings to teach
students about sorting
algorithms. |

.-""-.—--

T

- /'

|14

i) (.

| :EuhhlESU”::

ist):

num records = len(list)

1

range( num records -
j in range( num records -

[]> t)HL):

tenp = 115t[9]
list[q] = List[j#]]
15t[}+1] = temp

J




D(?KI nsertion

Insertion sort is a

straight"forward sorting
algonthm that builds a
array one element ata

comparing each new element

to those already sorted

inserting it in the correct  _{

position.

Sort:

sorted
time by

and) 33

sort(list):

num_records =

1 1n range(1, num records):

o

r1ass InsertionSort:

len(lst)

O
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Dé{ MergeSort:

Merge sort is an efficient,
stable sorting algorithm that
uses a divide-and-conquer
approach to sort elements by
recursively dividing the array?
into smaller subarrays, sorting

) )33
them, and then merging them

back together.

e — 3

O

zlass MergeSort:

def sort(cls, list):

num_records = len{list)

.merge_sort(list, @, num_records - 1)

def merge sort{cls, list, i, k):

=@
iq ke

j=(1+k)//2 #Find th

“Ls.merge_sort(list, i, j)

.mérge(lis:, iy ﬁ, k)

- merge(cls, list, i, j, k):

merged size = k - 1+ 1
merged list = [@] * merged size

merge _pos = @
left pos = 1
right pos = j + 1
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Def ShellSort:

Shell sort is an efficient
sorﬁng‘algorithm that
generali’?es insertion

sort by allo?iving the ¢
exchange of far-apart

elements to reduce the' ™"

number of movements
required.

ShellSort:

i¥';én;téliétj:

num records = len{list)

¥ keep 3|
gap = num_records // 2;
hile gap > @:
for 1 in range(gap, num_records):
temp = 1ist[i]
j=4

..j )= gap e Femp ¢ list[] - gap]:
list[j] = list[j - gap]

] -= §aps

list[j] = temp

# CUT Fap 1n

gap = gap // 2

D T
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Def,SelectionSort: -

Selection sort is a simple
sorting ‘algorithm that
repeatedTy selects the
smallest (or largest) element
from the unsorted porﬁgﬁ of
the list and moves it to the"

" i

.---"""_-. -

sorted portion.

- /‘-J

a8

e

class SelectionSort:

- sort(list):
num_records = len(list)
1 in range(num records - 1):

index_smallest = 1
j in range(i + 1, num_records):

list[j] ¢ list[index smallest]:
index_smallest = j

temp = listfij
list[1] = list[index smallest]
list[index smallest] = temp

- HHT




Bubble Sart:
Selection Sort:
Insertion Sort:
Shell Sort:
Quick Sort:
Mere Sort:

Table of Real-World Sorting Speeds

10
Recors
0.003066
000514
0000721

0.0020L
0,003
0,001

1000
Records
027265
019276
0129%
0.00709%9
0007718
0.0042%

10000
Recorts
28298
1964174
13801487
0136069
012593
0.0504

10000
Recortks
over 1hour
over 1hour
1205215
2878091
1.18%74
07334




Searching

Algorithms

Checking the Speed of a
Linear Search on a Large
Dataset

Comparing the Speed of
a Binary Search on a
Large Dataset when the
Data is Sorted




g

In this section, we will investigate the performance @
algorithms on large datasets. We will begin by checki
speed of a linear search, which sequentially examinés e
element until the target is found. Next, we will compare this

with the speed of a binary search, which is more efficient on

sorted data by repeatedly dividing the search interval |n al

This analysis will provide insights into the practical diff"
in speed and efficiency bety ‘these two fundament:

search algorithms.




De\BinarySethj

Binary search is an
efficient ‘algorithm used
to find the position of a
target value within a
sorted array by
repeatedly dividing the
search interval in half.

-

BinarySearch:

_-a-.,-
L

search(list, client to find):

n = len(list)
first = @
last = n -1
middle = @
ing until we fi 1e client or the firs
, flr t {= last:
mlddle = int( (first + last) / 2 )

ist[middle] == client_te find:
eturn list[middle]

i} move the end o
T client to_ flnd ¢ lis
last = middle - 1

t[middle]:
first = middle + 1

Irn Mone

e EEEiim



Dé( LinearSearch—

Linear search is an algorithm that
scans each element in a list
sequenh’ally to find a target value.
Starting from the first element

checking each one until the target is |

found or the list ends This method

can be inefficient for Iarge datasets |

because if the query is not present it

will sequentially search every item in |

the list.

l

L L

e’

|
i
[&]

1

| InearSearch:

search(L1st,

n = len(List)

client to find).

] mé(n)'
[1] client to find:

IW[l]

llang
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l Introducton

In this section, we will enhance the functionality of
Search Tree by incorporating a client-specific data ty
will test the real-world speeds of the Binary Search
record its performance. Add‘ally, we will update an Excel
table to display these relevant real-world speeds, offerlag a
clear and organized view-of the data for analysis and deci




Def\BinarySearchTree:

A Binary Search Tree (BST) is an abstract
data structure. It has various methods
for inserﬁnﬁ, removing, searching, and
traversing nodes within the tree. A BST

maintains theloroperty that left child s

nodes are smaller than their parent,

while right child nodes are larger. Thel
class includes helper funchons for®
operations like finding the minimum and33
maximum values, as well as dlsplaymg

the tree in different orders (in-order, pre-
order, and post-order).

L]

A 1

‘rom Node ¢ Node

“lazs BinarySearchTree:

.root 1= None

TSArT
b

1et insert(se dataj

HEWNUdE = Nndeﬁdata)

£, .iSEmlﬂt_'}"(:l == True:
=l £.root = newNode

current = self.root
found = False # did you find

LI B
t find an empty (null/Mone) position f

hile found == False:
if newNode.data < current.data:
- current. left None:
current.left = newNode
found = True i

current = current.left



Add-mg@yitecords to end of data structure:

Pull all records offfront of data structure
Scenario:C _
Displayrandomrecord

Scenario: Cdl

b NN N

2403118




Final Analysis

Throughout this project, we have explored various data structures and algorithms, applying them to real-life
scenarios to understand their performance and efficiency. Our comprehensive analysis has yielded several key

insights: . .

1. ArraylList Performance: Efficiently handled complex objects with client-specific data types. Python-based
speed tests showed strong performance, with Excel results highlighting strengths and improvement areas.

2. LinkedLlist Efficiency: Versatile with a customyClient data type. Performance tests provided metrics on
operations, emphasizing time complexity and efficiency. Excel visualizations highlighted performance across
different operations and\@a sizes.

3. Queue in Call Routing Sy§
effectiveness in time-sensitive, s
application, selving industry-s

';nbed Queue in a Call Routing System (ACD), demonstrating
uential opekxations. Bridged theoretical knowledge with real-world
ic challeng®S efficiently. = .

4. Sorting Algorithms Comparison: pargd sorting algorithms using client data types to determine real-
world speeds, Excel tables provided comprehensive e.malysis, highlighting the most efficient methods for

various s€enarios and data sets.
-

5. Search Algorithms Analysis: Ana.Iyzed Iir{"‘ear and binary search algorithms on large datasets, revealing .
significant spegd and efficiency*differences. Ié_mph'ésized binary search’s superior performance on sorted
data. . "

6. Binary Search Tree Enhancement: Enhanced Binary Search Tree with client-specific data type, testing
real-world speeds. Excel table displayed relevant speeds, aiding decision-making and showcasing efficiency
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ctures such as arrays, linked lists, tree

l@aﬁgg,_the time and space complexity of algorithms, which'i

inking: oped the ability to critically analyze problems and devise optimal solutions.
easoning xpa_hded my logical reasoning skills, which are essential for debugging and improving al
DNS:

7. Software Development: These skills are fundamental for roles in software development and engineering.

8. Data Analysis: Understanding data structures and algorithms is crucial for data analysis and machine learning role 3

9. Technical Interviews: Many technical job interviews focus on data structures and algorithms, so this knowledg

These skills will not @nly help me excel in future courses but also prepare me for a successful career in the tech i




Conclusion
T,

In conclusion, | find that some: Igorithms work"better with certain data structures. The speed of the operations
being performed varies greatl{\ rom on tr\uetqre to another depending on the size of the input. Some
algorithms are included in theprOJec for edtiéational purposes and are not commonly used in the
industry. This distinction is |m|\)qrtant i |ghts*t‘\e practical applications and limitations of various
algorithms and data structure&sf‘]'he knov _.dge galned from this Data Structures and Algorithms class project
provides a robust foundation of techmeal analytre%1 “and soft skills essential for a successful career in the tech
industry. The problem-solving abilities, programmmg proficiency, and understanding of algorithm design and
data structures are invaluable assets. Additionally, the critical thinking, logical reasoning, and collaboration
skills developed will enhance my adaptability and attention to detail in various professional settings. These
competencies not only prepare me for technical interviews and software development roles but also equipped
me to excel in data analysis and machine learning fields. Ultimately, the knowledge and experience acquired

from this class project will serve as a cornerstone for my future endeavors as a software engineer.
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