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Unit 1: Fundamentals of
Algorithms

Introduction to Algorithms, Programming Models (Pseudocode, Flowcharts,
Iterative vs Recursive), aur Algorithm Analysis (Time/Space Complexity,

Asymptotic Notations, Best/Worst/Average Case)
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Introduction

Computer Science # &t +ft problem @t solve TR ¥ Ugel I8 Wil 8idT &
foh 38 step-by-step die & THT ST — Tgt i Algorithm FHaT 8159
unit # g9 algorithms @ define &3, 38 represent @3- o diich, aur
3kl performance @ measure &A1 A |

Is Unit ki Structure:

1) Introduction to Algorithms: Definition, Characteristics,
Importance, Steps in Algorithm Design

2) Programming Models: Pseudocode, Flowcharts, Iterative vs
Recursive

3) Algorithm Analysis: Time/Space Complexity, Asymptotic
Notations (Big-O, Omega, Theta), Best/Worst/Average Case, Simple
Algorithms Analysis
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1. Introduction to Algorithms

Algorithm T finite, well-defined steps &T sequence giaT g, St fohei!
particular problem @t solve &< & fdig gk A& input &l @R 38 T
desired output & convert &xdT g | STEH YTNT & chg dl, Ig Teb "recipe” a1
"aiep1" g fSIEH step-by-step IARIT ST & o g hH HY G HAT B |

« Algorithm faseit +ft programming language @ independent gidi g — 9
ggat plain steps # GraT Si1dT 8, o ag # fohedt oft language (C, Python,
Java) ¥ code fohaT ST GahdT g1

* Toh 3@ algorithm g gRfAd &ear & foh problem ot A 9 67 T97 aur

resources (memory) & efficiently solve frar sq|

« Algorithms f@% computer science de Tifad Tl § — AeTRi Y [Serfi & oft
&H fa=1 ST &8 algorithms follow &Rd §, ST @HT I < recipe a1 foheit

STTTg Uga- ehl I

1.1 Characteristics of a Good Algorithm

& algorithm # $® @ characteristics g1+ @1faq, d+ft 38 g valid aur
"3BT algorithm AT ST 81 I8 characteristics Ig RAfAd et g fob
algorithm FgI adieh ¥ M &R aur bl ot off STt @ 9T 7 o1 9Iq|

Input Algorithm & uTg zero a1 531&T well-

defined inputs g+ T1ieY, S uR a8
HTH |
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Output Algorithm @t H & %H Tk well-
defined output ST&R 3T 918, S
problem @ solution &t

Finiteness Algorithm @t finite (ifaq) g &
steps & TG SR WcH BT AMGY —
g gHMT & feiT loop & 8! Il TehdTl

Definiteness (Unambiguous) & step BT meaning fSepa clear
aur specific g1 a1y, forad fahett
dvg T confusion AT &l

Effectiveness g step sd+T basic aur simple Gl
1Y b 3T g1 ¥ (manually), f&
faet computer & oft, oaig T H
perform fosar ST ek |

Algorithm — Input, Processing, Output

Input (0+) Algorithm
(Finite, Definite Steps)

Zero II {Tal well-defined inputs — finite, definite steps@f processing — ®H q HH TH output

7 1.1 — @8 +ff algorithm well-defined input(s) @@, finite aur
definite steps ¥ process @<, U well-defined output SaT g1

1.2 Importance of Algorithms

« Algorithms ot «ff software a1 application bt S9 &hl Ga Ugel! aur T
STe<l Hia (foundation) gid & — fa=T @@t algorithm @, efficient program
feamT possible g g1

« Ig problem @& programming language & convert & ¥ Ugd, logic &t
clearly plan &= & 7G5 &d 8, SO coding Xd 7Y TAfadl ®d gidl 8
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o 3ETT-3TET algorithms &I comparison @< dg UdT I TRIT STT FehdT g foh -
T algorithm &% T a1 H memory & problem solve @xdT g — I8 98
systems H performance & fg sgd =<1 81

» U dR Tg!l algorithm design g ST, at 39 fahedt +ft programming language
& implement f&a1 511 Tepat 8, S algorithm reusable ST ST

1.3 Steps in Algorithm Design (Process)

fohedt oft problem & faT U 3r<aT algorithm design &= & fdT T
systematic process follow fehar STTaT €, dtfes solution efficient aur gt 1l

Steps in Algorithm Design

1. Problem 2. Solution 3. Algorithm 4. Test aur 5. Refine/

Define T Plan &1 Likhna Verify bRAT Optimize

@ 1.2 — Algorithm design Ta systematic process &, Sit problem bt
GHS 9 % gl 39 refine & dh Iadl gl

1. Problem @k Define &e-T: 99€ Ugdl I8 clearly T8I %<1 & foh problem
T 8, input T {31 ST, aur output T ATRT

2. Solution @t Plan &==T: Problem o 81¢-81¢ sub-problems # divide fohar
SITaT 8, aur g decide fohar irar g fob 39 fosd approach & solve fasar sma|

3. Algorithm fa%=T: Solution @t step-by-step instructions & &9 # faar
a1 8, S pseudocode a1 flowchart & ¥4 & represent fhar i1 ddT1 81

4. Test aur Verify T 3cT-37c7 test cases (S normal case, edge
case) ¥ algorithm &I check fehar ST 8, d1fes g gfAfad gt fas ag @&t output
RG]

5. Refine/Optimize &3T: 3R algorithm <t performance (time/space)
dgdR ! ST Gehdl! &, At 3T optimize &Reh final T4 &1 ST 8|
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Unit 1: Fundamentals of Algorithms

Algorithms AT HA

Advantages

Limitations

» Complex problems & fag
algorithm design &A1 99T
o+ T aur el gl TehdT Bl

* Problem-solving ol

systematic aur step-by-step

IATaT 8, ST Tefaai &
TSIS2T A gl ST 8
STeTTT-31e T algorithms a1
comparison & g8
efficient solution gAT ST
Gehdl &

Algorithm Tes &R design &
S, at 3 foheit oft

Teh gt problem & AT &g
algorithms possible gid g,
$9felg TE! TA1d oA o [y
experience I1RY gldT &

Algorithm &% logic Id@TdT 8
—3¥ actual program &
convert AT 37T skill g,
fS/ad errors 31 Tepdl 1

programming language &
MM F implement fasar st
GehdT B

Real-life Example: foheit 78 STTg STH o fdT Google Maps W route
search -1 U algorithm ST 8t process & — Ugd start aur
destination (input) f&aT STaT €, fhe Fa< 31 3™ (algorithm gRr) FAarern
ST 8, aur 3id | best route (output) faamar SiaT 81
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2. Programming Models

Algorithm @t actual code e & ugel fohelt 38 adie T represent &
ST BT 8, ST S I TSI STT ch — 61 dxIhl &t Programming
Models 8T ST 81 98 models algorithm @t logic @t visually a1 text &
®Y H TE Ped g, dlich his HI I Ughe THST Uch, dTg dg fohdl particular
programming language ! STHdT gt a1 gl |

« Programming models algorithm aur actual code & st &1 e "get"

(bridge) 8id § — I8 logic @ language-independent a<id & represent
Fd El

* Jg design Pd THY TTATIAT GehgA H HGG hid &, Hifch coding & e I Ugat
gl logic clearly fa@ SraT 21

2.1 Pseudocode Representation

Pseudocode T informal, English St weT # far 7 aliepr 8, fSad
faelt algorithm & logic @t represent fohar SiTdT g — fo=m faeit particular
programming language T strict syntax I Ut fhg|

o g fohdt off programming language &1 a8 strict rules follow &l T,
sUifeT 39 fg=r aur Ue=T ST S 8id &

 Pseudocode @t TG # 3Ert I febdt +ff programming language (C,
Python, Java) & convert fehar ST SahdT g1

* Ig & ¥U ¥ algorithm & logic R focus &edT 8, T fdh language-specific
syntax @' details Tx|
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Example Pseudocode: G numbers &1 sum TG

START
INPUT a, b
sum = a + b
OUTPUT sum
END

Problem — Pseudocode — Actual Code

Problem Pseudocode Actual Code

(Plain language ff) (Logic, English-jaisa) (C, Python, Java)

Pseudocode &1d &1 usra % — 3g language-independent grar % i fod o language T convert 8 gl %’

3 2.1 — Pseudocode, problem & plain-language 998t aur actual
programming code & &9 &1 geT (bridge) g1

2.2 Flowcharts and Structured Approach

Flowchart f&=ft algorithm @1 graphical/visual representation giar
g, fSIaH 31eTT1-31e1T standard symbols (S boxes, diamonds, arrows) &t
SEIATET hech Steps aur 3 & & flow ! f3wmar STTaT 81

* Flowchart & g 38 & step o feiq e specific symbol gid1 g — 59 process
& fdg rectangle, decision & fdg diamond, aur start/end & fag ovall

o g 3 Tl & faq oY st @ 9 F ST 8, i programming &t et
SR T8l &, ilfch Ig 9XI d<g visual a1 81
« Structured Approach &I Hddd & fh program ol i basic control

structures — Sequence, Selection (decision), aur Iteration (loop)
— & through =Fafed a<ies @ design foRaT ST, d1feh logic clean aur ST
T U I G|
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o9 Basic Control Structures

Sequence Iteration

Condition? Sk
Yes — Path A No — Path B & T condition true Tg,

dd db repeat @Zﬂ %

Steps U& & §Tq U 9eidl & Condition & according YR T ST &

fa3 2.2 — Structured Programming ¥ basic control structures @
based it 8: Sequence (Teh & 915 Tah), Selection (condition & according
AT A1), aur Iteration (repeat &) |

Common Flowchart Symbols

ERl symbolsﬁ arrows@x‘rﬁﬁ? algorithm Ea steps aur 39H1 sequence 2G| 'ﬁ Sin| ?

a3 2.3 — Flowchart # & step & f@g T standard symbol gt 8, 58
arrows ¥ Siigae R algorithm @1 flow fa@mar ST 81

Oval Start/End (Terminal) Algorithm/flowchart

&Y IHIMT aur 3id fem=m™
& fag

Rectangle Process 13 calculation T
processing step fa@m™
& faig
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Diamond Decision @his condition check
& o fT (Yes/No
branch)

Parallelogram Input/Output Data input &= a1
output fd@™ & fag

Arrow Flow Line Steps & &4 execution
& direction fd@m &
ferg

Pseudocode @& Advantages Flowchart & Advantages

o fA@ATdw 8 aur fohdt strict « Visual 811 &bl a51g & logic &t
syntax rules o1 9T gl T U1 SI1GT 319 gidT 8,
ggdT| especially beginners & fag|

o fdhalt +ft programming » Complex decision-making
language ® 3T convert aret logic ot fd@™ & Farar
T ST GehaT 21 gTE gl 8l

2.3 Iterative vs Recursive Processes

fohet oft repetitive task @t perform @<= & qt I3 aieh gid & — Iterative
(loops AT SEAHTA eh¥eh) aur Recursive (function gRTEg ol call &h)|

« Iterative Process # for AT while S |00pS T SEAHTA chich fohdll task
Pl IR-IR repeat a1 STET 8, ST deh Teh condition TR A1 g1 ST

« Recursive Process # Ga& function @g & (directly atindirectly) call &eat
8, 579 deh a8 Ueh base case T A1 Ugd S¢ — S1¥ gA- fUset units §

recursion geT Tl
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Iterative (Loop) Recursive (Self-Call)

Loop SR-SR el &
Same function call, 99 repeat Eﬂ?ﬂ%

& call U 4T stack frame EF!H‘T%

o 2.4 — Iterative process e &l loop @l repeat &<dT g, STdfch Recursive
process function &l IR-TR G& & 3R call a1 &, SIEd g stack frames
I 2|

Example: Factorial — Iterative vs Recursive

// Iterative
function factorialIterative(n):
result =1
for i =1 to n:
result = result * 1

return result

// Recursive
function factorialRecursive(n):
if n ==
return 1 // Base case

return n * factorialRecursive(n - 1) // Recursive case

2.4 Iterative vs Recursive — Comparison Table

Loop (for/while) <t Function g‘q’ﬁlﬁcall
AT PRl
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Memory Usage

&%H (extra stack

Unit 1: Fundamentals of Algorithms

SareT (82 call & faw aan

frames T8l gd) stack frame)
Speed a1 (function-call Comparatively ¢t
overhead =g})

Code Readability

Termination

ST d

Iterative Process &

Advantages

» Memory efficient giaT g,
i extra stack frames =gt
CErH

o SIGIIR A H recursion 9
avt g1 &, eaifek function-call
overhead 8! gidTl

« Simple repetitive tasks &

felg @9e T aur debug AT
3T BT 2|

Loop condition <ht

wfl-pfi daT gt ghdis BleTaur clean,

especially
tree/recursive

problems & fag

Base case hl $T%d

Recursive Process &

Advantages

» Tree, graph, a1 divide-and-
conquer Si&t problems &
fT code sgd ®ieTaur clean
g ST 8l

» Complex problems @t Bi¢
sub-problems # digax solve
AT ST gl ST 8|

* Mathematical problems
(X factorial, Fibonacci) @t
naturally represent &2 g1dT

gl

Real-life Example: fohei box & 3iaR s Ble-Bl¢ boxes ¥ g, aur g box
& 3R fhe ¥ box g — 38 Uch-Tch chich @il Recursive process Sidlg,
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STafch fohelt list & &R item ohl Teh-Teh dhxeh AT (SiT 1 & 10 9 counting)
Iterative process SH gl
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3. Algorithm Analysis

Algorithm Analysis 38 process g 579" a8 measure a1 ST 8 foh i
algorithm fasaTr efficient & — It g8 fohd=T @7 (time) a1 € aur faha=it
memory (space) S&IHTA edT g1 I8 analysis faheit algorithm @t actual
computer TR run fg fa=r, &% theoretical a<id & fobar ST 81

* U gt problem @t solve &= & s diieh (algorithms) 8f Ghd & — analysis
T g UdT IdT & fob 399 & pi=-a1 9oy efficient g1

« Ig analysis "machine-independent" gidaT 8, il g fohell particular
computer %l speed TR depend 78! exdl, dfedh I8 @1 & fdb input T size
g6+ W algorithm & behave &RAT g

3.1 Time aur Space Complexity — Concept

Time Complexity Jg Sdrd g f& fohdt algorithm @t complete 9 & input
$l'size (n) & according fahd "operations" AT "steps" 7| Space
Complexity g drdt g f algorithm bl I@™ & fAT foha=it extra
memory gy ghit|

« Time Complexity @t actual seconds/minutes & g, afe<h input size (n) &
function & ¥4 # express fahar S g — 9 O(n), O(n?)1

« Space Complexity # algorithm gRT $&dH1d &I T8 extra variables, arrays,

gt recursive call stack @ memory AW idt 8 (input @t store &= arc!
memory Tg! [t STTeht) |

» FER algorithms & time aur space & &9 Teh trade-off gidr g — &ol-
FHHt HF time & fT FAGT memory @ et USdl €, a1 39k Secl
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Time Complexity — Growth Rate Comparison

O(r?)
O(nlog n)

Time T 1

Input Size (n) TG W —

@3 3.1 — SJ9-S input size (n) F@d1 8, 3TT-37eTT time complexities
fohd=t aSTt T S&dt & I8 ie@rT maT g — O(1) Tad S8R (flat) g, STafe O(2")
ey SA1ET duit ¥ gedT & (I @RE) |

3.2 Asymptotic Notations: Big-O, Omega, Theta

Asymptotic Notations a8 mathematical a3ies €, =9 fahadt algorithm
! time/space complexity @l input &t size Igd 181 gH TR (I
"asymptotically ") express fha1 ST 81 I8 &9 54 notations ¥ AR
§d § — Big-O, Omega, aur Theta — St algorithm & performance &1

3eTTT-31eTT bounds (FHQ) Ia1d &1

Big-O, Omega, Theta — Bounds

ig-O (Upper

Theta (Tight Bour
Omega (Lower Bound)

Input Size (n) —

fa 3.2 — Big-0 algorithm & worst (upper) limit @11 8, Omega best
(lower) limit g1 8, aur Theta giHI & & &l tight (exact) bound ST 8|

mm
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Big-0, O(f(n)) Upper Bound (Worst  Algorithm Samar &
Case) SareT fohd-r am g &
Tohdl § — I TIH FATGT

STIHATA g aTeT

notation gl
Omega, Q(f(n)) Lower Bound (Best Algorithm &a & &H
Case) fohaT gy A — Tt
qaY It A |
performancel
Theta, O(f(n)) Tight Bound S« upper aur lower
(Average/Exact) bound &I Teh 1 &,
at a8 algorithm &t

exact growth rate

T gl
3.2.1 Big-O Notation, O(f(n))

Big-O Ig Jd1dT g fob fhadt algorithm @ running time, input size g4 W
FATET & FU1ET fohd=1t dsi! ¥ 9¢ TehdT § — AT I8 algorithm &l worst-case
performance & guarantee 3dT g

* g Y commonly AT 81 dTdT notation §, &ifch worst-case ST

practical ®U ¥ g9 FITGT S gidT1 g

» Example: 3R fehddt algorithm @T time complexity O(n?) €, dt 39T Adad &
fh input I8 8 TR ITHT time TATRT F FATGT n° & BOE T F@T|

3.2.2 Omega Notation, Q(f(n))

Omega Ig gd1aT1 & foh fhedt algorithm ot e & &# fohd =T T8 A7 — gt
Ig algorithm &t best-case performance @t represent axar gl
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* Ig g adral g foh I18 fohasit +ft o=t fAfa ot AT &Y, algorithm 9 or w9 &
FHHt complete &l gl

* Practical use & Big-O fSiaar common =gl §, wifch theoretical analysis #
ST Hgd g |

3.2.3 Theta Notation, O(f(n))

Theta a4 STAHT 81T g 19 fohdl algorithm &t upper bound (Big-O) aur

lower bound (Omega) aHi ges SI&t 8F — I8 algorithm i exact (tight)
growth rate AT g|

 Theta notation &Y precise gidT §, &ifch Ig best aur worst case & g
PIS gap el BIgdT — Gl SRTeR 8l &

« 3R fdhedt algorithm @1 Theta(n log n) g, @t 58T Adad & fob a8 931 (8
case ®) @ n log N TFA g AT

T G I dRich I TG G+ oh [y — Big-0 = "< (SureT & F™reT),

Omega = ">" (&7 & &H), aur Theta = "=" (FITWT IRTER, tight
bound)|

3.3 Best-case, Worst-case, aur Average-case Analysis

feredt off algorithm @1 performance input %t arrangement/nature @™
ot depend &R TehdT g, T It 3hI size TR | sHIfeiT algorithm @t i 3rer-
37T scenarios # analyze fohar Sitar 8 — Best Case, Worst Case, aur

Average Casel

Description Example (Linear

Search)
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Best Case 59 input 3 gl s Target element Ugat
algorithm g &H &l position TR e SI1Q
97 | complete g SIQ

Worst Case 9 input 3T g1 b Target element 3nfE<
algorithm ! Ted position TR gt T HIS[G
SUIE] GHY ol HEIE]

Average Case Random/typical input Target element s &
TR algorithm @1 Pg! ot et Tepar g
average
performance

Linear Search — Time T &1 Comparison

Time &l —

HHAH

[T

Best Case Worst Case

a3 3.3 — Uk gt algorithm a1 9T STeTT-3eT input arrangement & fgare
3 Best, Average, aur Worst Case # 37elT-37cl7 gid1 8

« Best case gHITHIH optimistic scenario gidT1 8, STt practical &9 d sIgd
UGN A81 AT SITdT edifch Ig gHLIT A8l gidTl

« Worst case ¥¥ SI1&T important T SI1dT g, i Ig algorithm et
"guarantee" 3d1g foh a8 3UY SaTET T St TET AT

 Average case @l calculate T Ga9 fhat gidT 8, Hifch g8k fig Tt
possible inputs & probability ST Tsdl g1
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Worst-Case Analysis & Limitation
Advantages  Worst case gH2IT -Tg! gidT,

« Algorithm &1 ges [Afga 2afeq g hft-aht algorithm
guarantee adrg, st &Y actual real-world
critical/real-time systems & performance &t $aTa
foIg agd STt T 8l negative fa@r Ferdr 8|

e Calculate &A1 Average » Average case Sdral realistic
Case & comparison & 3EM glar g, dfd1 39 calculate
giaT sl T statistically complex

giaT gl

3.4 Analysis of Simple Algorithms (Addition aur
Multiplication of Array)

Time aur Space complexity @t practically g1 & fdg, 3gg array o &
9aY basic operations — addition (9%t elements @1 sum) aur

multiplication (gt arrays/matrices @t multiplication) — @1

analysis &<d g1

3.4.1 Array & Elements &1 Addition (Sum)

function sumArray(array, n):
sum = 0
for i =0 ton - 1:
sum = sum + array[i] // T8 statement n SR TCHT

return sum

g9 algorithm & loop array & n elements W exactly n IR Tefal §, sAfeQ
gqch! Time Complexity O(n) gidt 8 — gt gg "Linear" algorithm g1

 Space Complexity O(1) it g, sriifds A% Tk extra variable (sum) g&daTA
gIET 8, TT8 array fobast oft st et - &
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3.4.2 g Matrices T Multiplication

function multiplyMatrix(A, B, n):
for i =0 ton - 1:
for j =0 ton - 1:
C[i][3] = o
for k = @ ton - 1:

C[i][3j] = C[i]1[3J] + A[i][k] * B[k][3]1 // T=
innermost statement n x n x n dR aﬁ?ﬂ

return C

« T8 dH nested loops gid! € (82 ¥ N IR Tadl §), SAfAT innermost

statementga n x n x n = n® IR execute AT 8l

« ZEifely 39 algorithm &t Time Complexity O(n?) gidt 8 — a8 Addition &
comparison # Sgd Fa1aT 8, Riifeh 38H A%S (nested) loops A &1

« Space Complexity O(n?) gid1 g, eifas result matrix C & store @ & fg
nxn TS Pl extra memory A1 gid g

Single Loop vs Nested Loops — Visual

Loop i (n §R)

Single Loop (Addition) Loop j.(n IR)
fori=0ton-1 — n SR I &

Loop k (n 9R)

=0(n)

=0(n%) — GG loops nested %

f@5 3.4 — T single loop n elements T O(n) time &dT 8; &9 nested
loops (Matrix Multiplication) Ueh-g&R & 3iaX g chi aelg ¥ n x N x n =
O(n3) time &4 &1

Operation Time Space

Complexity Complexity
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Array Elements

ohT Addition

Matrix

Multiplication

Unit 1: Fundamentals of Algorithms

Uah single loop,
n elements 4R
Ueh IR IAdT &

i nested
loops (n x n x
n), result store

& o fAdT nxn

memory

Exam Tip: Loops ! complexity GgaT=- hl 3T diel — Tk single loop
(n elements WR) AR R O(n) &dT 8, &t nested loops O(n?) 3d €, aur
& nested loops O(n?) 24 g1 fSid+t nested loops g#fl, complexity 3d-t gt

A5t T Tt STt

Real-life Example: T class # 9+t students & marks STige total
et (Addition, O(n)) a7 & aur Hien-Trer 8, @fch SR & STAT- 37T
subjects & & student &7 combination SR compare AT gt (S

Matrix Multiplication ST nested comparison), df ag gl SaTaT T8 A

TTeAT hTH gHTT|
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