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Algorithm Complexity Mastercla/ss \

ITP4510 Chapter 4.1 | The Feynman Approach

7/

Instructor: B xZ#% (Senior Professor )
Goal: RIS EIST2EE Big-0 &0 &
(From Zero to Mastery in Big-O Notation)
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TEEEEE A ? (What is an Algorithm?) -.
% 257 (Feynman says):
V4 MNRIRA ARG ERVEERERE » AR
(R EIEE o |
Input |  EEHENGEO Output (If you can't explain it simply, you
(Problem) (Solution)  don't understand it well enough.)
/
Definition: An algorithm is a sequence of ChodDats Coed Pettact |

computational steps for solving a problem. T

(FRBEENE R I RFS) ©

| Structure = Algorithm ~ Solution

Enrichment CEREIAER)
Why Pseudo-code? Data Structures:
BN Java EXBEOSTROBEED - S5 ABARERNAR o FOEREEN LT

i% (Pseudo-code) EIFIEEAMET » RFER | BEZE > ATAEEHTHERARALE |

MRS 24 1 |(High-level ideas) © |
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EHS=NEEAIMAFEIE (Program Performance)
AR RS - TS ey, B TREE) miE .

o
-\ Ir

AEZIL
Time Complexity (FF[EtE5EE) & Space Complexity (ZERIEEE)
Definition: The amount of computer Definition: The amount of memory it
time it needs to run to completion. needs to run to completion.
(2R PTZ B BAVBALET) - (ERTRFR BB - D
| ) | 18R : Merge Sort FEEa5MIPES g

gt - A —EERFEEEZ D niE ?] 72 » Space Complexity ¥ ; MM Quick
/) Sort 72 in-place HEFF » Space MBEHUE ©

J \. J
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Experimental Approach

(BEZ)

WA E(E3BE ? (Algorithm Analysis Techniques)

Analytical Approach

4

e 757%: Implement and run it! (8%
EE‘CEE‘IT H {{_I:E@’) ° on hardware!

o fRES: AERIBEHKBIERTER ﬁéﬂ /
OS IrI% o

o [R%5: EXIE/) (Small n) E#ET
A= o

o fATh: EIAMEIBEHTE o

Too dependent

N7

(99%7E) . (We use this!)

,

e 757%: Study the pseudo-code
using mathematical techniques.

(BBHB2 D EREHS)
o (2345 RFFE A8EN HIER
T BHRLERAEESE o
o ZILEH: EANEENEIFRE
ABF (n is very large) E%F'EﬁimEE’J
55 (Growth Rate)

We choose this one!

BRIIEFE! & No

tebookLM



DE—  5TE L8 (Counting the Steps)

HY

wne 1<n dn(_.——“‘_

HBDITHE—E
A {H (arrayMax) &l :

HENMF - ATRUEEIARIT S Z22ME TDRR) (Steps) o PAix i

Algorithm arrayMax(A, n):
Input: An array A storing n>1 integers
Output: The maximum element in A

Begin

‘_/.“’"'-‘E.ﬂ
' One Ste
currentMax <« A[0] P

11

Cnparisu performed n times

-»if currentMax < A[i1] then

l—

hu""" MII“'F R IJ »currentMax < Ali]
»l —1+1
.--"'""r
\Onestep | — wend
End

| Loop body executed \

return currentMax (——-ﬁ'“_ﬁtﬂlﬂ
{

7]

o #%A1E (currentMax, i) >
F#1T 1 2R (One Step) °

o while 30 {4 ER
> HfTnko

- BEAERERE (if 78, i+1)

- 31T (n-1) R °

L> Professor’s Insight: 2318 718§ ? 32T\ AV420 B8 » SiEE
B ARERNSEL K/ (Input Instance) MEIZY X EE |
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gx{E © &IREYITIER (Scenarios in Analysis)

Scenario 1: Best-case 4nL ___________ Tl in Scenario 2: Worst-case
(ERIE1ER) 2 (RIR1ER)
Definition: Minimum 2 T Definition: Maximum
number of steps. (&5 i i P number of steps. (FFE£8x
DIGERIVIBIR) 3 ZWRRRIIER) °
Example: RAMBRBIIFE | 2 Example: FE51 /) EI Ak
Al0]» T=3n+1% - F» BREEZEMRA
Input Instance ; E o T'=4n -‘Hj 2
Scenario 3: Average-case (F13I15n)
EREMELZRE - EHRFRTRNEN - BB LRMERE—1ER -
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AHEEEIEERMHE ? (Why Asymptotic Complexity?)

Feynman's Question Box
QIR T = 3n"2 +4n + 1000 > EEFE n 2 —T 8K > REAY 4n 1 1000 ZEE05 ?

n (Data Size) nA2 (Dominant Term) Other Terms (4n + 1000)
10 100 1,040
1,000 1,000,000 5,000
10,000,000 100,000,000,000,000 40,000,1000

~— {545 99.9% (Approaches 99.9%)

Asymptotic Complexity (EiEERE):
- VR FEREN | JHIRA S EE N EHE RS S EEPEIR -

- Dominant Term (£EIH): & n B ER AR » RERXAIE (A nr2) B5IE 99.9% HNZE N °
- 4w RESIHEMED » EIENEZBIRRIARIBE - ERE Big-0 175c/A RIEZK !
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Big-O 12545+ (Big-O Notation)
Upper Bound (RIZIBRAVENE L FR)

Formal Definition (BRI E &) :
f(n) is 0(g(n)) if there are positive constants c
c g(n)

and ng such that:
f(n) <= ¢ % g(n) for all n >= n_0 UP(P??:T;%M
._ J(n)

B 2 15X H:Z (The Feynman Translation) :
= f('”-) = ‘%ﬁ?rﬁ%fﬁﬂﬁf?‘%ﬁ = g(n) %#Eﬁ@@i
(%N n"2) -
- RERPIREEI—EEE (c) F—{EFERS
(n_0) » 5 c » g(n) FERERTE KIERIE £ (n) Y ,
FE (B—EKTER) » BPIMER f(n) B
O(g(n)) ° -
- B8 BEHZENREE TE£Z (at most)) IR 0
g(n) —H&IR » (RGBT WEERYERIZHBIR o

Running Time

Input Size (n)
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BRI —TERA

O, Q, © (Asymptotic Bounds)

Running Time

Mg Input Size (n)

1. Big-O Notation (O)
Upper Bound (LEFR)

iE [ RIEMR
(Worst-case) ©

Lower Bound

(HAR)

My Input Size (n)

2. Big-Omega Notation (Q)
Lower Bound (FFE)

iEF . f(n) >= ¢ x g(n) for all n >= n_0

BRI E Nk - REE

[Z=/D (at least) 1 —#&tR » 1%

"EERIRVERZVEIE o

cy *g(n)

n) T ghf‘
'& ﬁﬁ?ﬁd

c; ¥g(n)

ing Time

Runn

Input Size (n)

3. Big-Theta Notation (0)

Tight Bound (B2 R R)

T . c_1xg(n) <= f(n) <= c_2 * q(n)

S %EBETE*E%IH&*E?E
*o ﬁ%ﬁﬁll&%ﬁﬂ’]ﬁﬁ% RE
:n:%ﬂ%'i 9
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=M E PSR

|Z|& (The Hierarchy of Growth Rates)

35

30 H

255

20

15 1

10 -

2!’1

/nlgn

lgn

10

15

20

25

The Ladder (H:@ILPEE » —IREHEELES) !

[Green Zone - Excellent]
* 0(1) : Constant (% &#h) - FITRREALE (W0 : /AN A[Q])
e 0(log n) : Logarithmic (¥1&4R) - EEIINGS > B R IN—2k

[Yellow Zone - Good]
* 0(n) : Linear (431£4R) - EEIE
* 0(n log n) : Linearithmic - SP&EHERF & (0 Merge/Quick Sort)

[Red Zone - Poor]

* 0(n?) : Quadratic (3

4% - 48 B AREE (40 Bubble Sort)

] 0(2”) / D(n') Expunentlal (Fﬁi‘iﬁ) EhbRF
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B Eu0vE | Big-0 BRI AFEZE (Rules of Thumb)

Rule 1: Drop the constants.

(FREMREEH)

EEBHEZEF > FHFIARF

R 2 RELEEIX ¢ o sCiEE M

&

/AR

Rule 2: Select the ‘most significant’

term. (R{RE&ERIE)

ARG EHEAAME 2T - 2EPBIS o AZERT ) AR TR ERRINTEE

( Dominant term) o

NCIE2EE:

Professor’s Hint: {-

 (Polynomial) axn® + ... + ao BOEHEKXER O(nF) o
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BEELR BB (Linear Single Loops)

Example A (from Past Paper 16/17):

- T iR 2
i Rule 1:

for (int i=2: i<=n: i+=2) -E

Example B (from Past Paper 22/23):

REEM I B

» T REE n/2 R o
E# O(n) °

v, &

- 3 AT REKRAZE (n+1000)/10 =
n/10 + 100 X o

H Rule 1: 2 E 2 & 1)@*[! M ) ZEER

for (int i=n+1000; i>=1; i-=10) =

fIAE O(n) ©° «—
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BEES - BiXEE 9 (Quadratic Nested Loops)

Example C (from Past Paper 16/17): %R Feynman $7A%E (Professor's
Breakdown):
for (int i=1; i<=n; i++) 1. SMEEE i HITn Ko
for (int j=1; j<=i; j++) 2. AEEE j IITRE KF8n 1 (12X, 2R,

3R...HEln k) o
3. WBFITREL (Arithmetic Series) = 1 + 2+

3+3+ o bn =200 1n2 1%
4. EF Rule 2: (RE R =B, ﬁﬁf&ﬁfﬁlﬁ?ﬂ%ﬁ
-> 0(n"2) o

&) T EATREEEST
(n*2 N—3)

:
e e
29 - || ® .|
L Lo

lo|e]e] -
o
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BEUER - HEEER (Logarithmic Loops)
Context: BRINBEAERIESE 0(n) » 5 T EH[5% PakH | ‘

i,. . - : L - | M - ﬁﬁ = k :
- Example D (from Past Paper 22/23): D E’]&&fté L8, 27 3
for (int i=1; i<=n; ix=3) - B 3k =n % EEAR - BHREN

153 k =logzn °
- BERBFEH - 0(ogn) ° /

iy : N3 | N/9
e e—— T .
\ e e e y

Rapid Geometric Decay

| Example E (from Past Paper 17/18): — 34 - B2 > BRI 4 - #AT
~while (i<=n) { sum += i; i %= 4; } RENA logan = O(logn) o <
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sRfEMELE (Mastery Checklist)

(1L
> (V] FLAEAZEE Time Complexity (F5R) #1 Space Complexity (FC1EEE) HER o

EI F<BA B &1d] Analytical Approach (2#1i%) 1252 Experimental (Bf&%)
EI FaED #¥ Best-case £ Worst-case » Wi Z13E A OZEF & E R Worst-case °
I:] IRk FACAREE Big-0 Notation IS (SR LM ¢ * g(n)) °

V] BHEEROSREMRERE (¢ o) 3 0(2’*11) HEFF) °

(“ (V] BEAED: 483 —ER Java 123UHS » FRAEEIA Rule 1 & 2 MFRIEH TR Big-0
FFEIEHE !

- Professor’s Closing Thought: Complexity analysis is not just math; it is the |

fundamental language used to evaluate the elegance and efficiency of your code!

L EBESWARRRES > CRAGEABERESENERES )
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