COSE213: Data Structure

Lecture 2 - €112[& =4 (Analysis of Algorithms)

Minseok Jeon
2024 Fall
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https://www.merriam-webster.com/dictionary/algorithm
https://www.geeksforgeeks.org/introduction-to-algorithms/
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igit.github.io/papers/PL4XGL ProSys_slide.pdf

Example: https://minseokjg



https://minseokjgit.github.io/papers/PL4XGL_ProSys_slide.pdf
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o1 T 2: Z=2h38 21| (Programming Language)

int MeanMidtermScore(Student* student array, int size) {
int total = 0;
for (int 1 = 0; i < size; ++1) {
total += student array[i].midterm;

¥

return total / size;

}
_ Ocaml
S¥ SSS A (Iet mean Ist size = A
] ize =
% A30| 7tset if size = 0 then
None
i B else
M o2 o10{0]| CHEH X|AI0] ZIQ < et total_sum = List.fold_lefe (+.) 0.0 Ist in
ko) Xl 2HAO| EXHS Ofsli517| 02 £ 912 Some (total _sum /.float_of int size)
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Example: https://github.com/kupl/PL4XGL/blob/main/GraphClassification/synthesis/generalize.py



https://github.com/kupl/PL4XGL/blob/main/GraphClassification/synthesis/generalize.py
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2: T= 2l 2107 (Programming Language)

2 112|5S CUNHE 7|=5}Y

}

#include <stdio.h>
int gcd(int a, int b) {

int main() {

int numl, num2;
printf("F Z+E YUSHSHML:

scanf("%d %d", &numl, &num2):;

printf("GCD(%d, %d) = %d
return 0;

II);

, huml, num2, gcd(numl, num2));
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CMean(A n))_> total <« © — y_e)s total « total + A[1i]
. 1 «< 0 i « i+1
ino
mean <« total/n — (r‘etur‘n mean)
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L 4. 7= TFE (Pseudocode)

XZ A0 YD2|5S MY,

procedure mean({d,,d,,...,d ))
sum < (O
for1 < 1tondo
sum < sum + d,
end for
mean < sum/n
return mean
end procedure

ot 412
o2 EHIE 4 IS

Example: https://minseokjgit.github.io/papers/PLDI24.pdf



https://minseokjgit.github.io/papers/PLDI24.pdf
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KA (Natural Language) e o2 2 A0f (Programming Language) ~
(1) =2 Ho g S "oz 73 int MeanMidtermScore(Student* student _array, int size) {
(2) 58 HAE HME HA totalS NN, int total =0; .
L . o o _ for (int i = 0; 1 < size; ++1) {
(3) std=2| B b 4 BlaS oPHA =35t Ofeff 8= Bt= total += student _array[i].midterm;
e H X3 & X35 H4E totaldll CiE } |
(4) BAE HAS St (Hie] 27))& Liwof whret , erunn rotal fsizes
) U J
AL A
#E2E (Pseudocode) ~ - =ML (Flowchart) N
procedure mean({d,.,d,,...,d ))
sum <« 0 v
fori <~ Otondo (Mean(an)) —> to'icaf_: ol _, YS | total <i—(t_otialll+ A[i]
sum < sum + d,
no
end for !
mean < sum/n mean < total/n |—> (r'etur'n meanj
return mean _ y
end procedure
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o [f= & z|UHE5Y(GCD)E +ot=

procedure Algorithml(a, b)
gcd « 1
fori=1tobdo

gcd <1
end if
end for
return gcd
end procedure

if (2% i==0)and (b % i ==

0) then

c| 52| 85 H|L

Ze|Ee| H|E2 44 207

procedure Algorithm2(a, b)
while b # 0 do
temp < b
b <« a%b
a < temp
end while
return a
end procedure
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HI B0l M= 8171 (read)@r LH|O|E (update)/t BIFISIA| AEE

o Of: SZHIAL B 17| + GH[O|Es}Y

ro

o T HIGO[M 817](read)2t KEIO|E(update)= EEX Q7N

o Or2hQ| 217|(read)2t BH|O|E(update) &112|E2| HIE(EEET)2 S0r&71

e 217|(read operation):

int read(int arr[], int index) {
return arr[index];

}

o UL|O[E(update operation):

void update(int arr[], int index, int newValue) {
arr[index] = newValue;

}




=M 12|52 85 H|U

Al AZIe= H|Wer 32
#include <stdio.h> int main() {
#include <time.h> int numl, num?2;
printf("F F+E LHSIHR: ");
int algorithml(int a, int b) { scanf("%d %d", &numl, &num2);
int gcd = 1; double costl, cost2;
for (int i = 1; 1 <= b ; ++i){ clock t startl, start2, finishl, finish2;
if ((a%i) == 0 && (b%i) == 0){
gcd = i; startl = clock();
} printf("GCD = %d\n", algorithml(numl, num2));
} finishl = clock();
return gcd; costl = (double)(finishl - startl)/ CLOCKS PER SEC;
} printf("Cost of algorithm 1 : %f\n", costl);
int algorithm2(int a, int b) { start2 = clock();
while (b != 0) { printf("GCD = %d\n", algorithm2(numl, num2));
int temp = b; finish2 = clock();
b=a% b; cost2 = (double)(finish2 - start2)/ CLOCKS PER SEC;
a = temp; printf("Cost of algorithm 2 : %f\n", cost2);
}
return a; return 0;
} +
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o 01T A0 Melet Z112|E(EE= At=+X)0| FSIX| 0L 7| 2|sh

o AE|EL| SHEX EMZ flet Ml 71X M2 E7[® (asymptotic notations)

e Big-O (0) : €11E|F0| z[H 2= SEot= &P (worst-case)d]| dli'gor= H|IE= H o

e Big Omega () : @112|F0| £[M2

=
e Theta notation (®) : @112[&0| WMl H|ES X2

https://www.scholarhat.com/tutorial/datastructures/complexity-analysis-of-data-structures-and-algorithms



https://www.scholarhat.com/tutorial/datastructures/complexity-analysis-of-data-structures-and-algorithms

Big-O H7|'H

Definition. For two functions f(n) and g(n), we say that f(n) = O(g(n)) or f(n) € O(g(n)) if there exist positive constant
¢ and ny such that

Vn2>n,.0< f(n) < c-gn)

T(n)
/N
c*g(n)
> f(n) = 0(g(n))
d
Q.
g _Ij(n)
U e ; _____--—-“".-.-——---
= / :\\”///// e E T
— 3 n (Input Size)

https://www.geeksforgeeks.org/analysis-algorithms-big-o-analysis/?ref=gcse ind



Big-O H7|'H

Definition. For two functions f(n) and g(n), we say that f(n) = O(g(n)) or f(n) € O(g(n)) if there exist positive constant
¢ and ny such that

Vn2>ny.0 < f(n) <c-gn)

e Examples.

e T(n)=5 = T(n) € 0Q) (c =5and ny = 1)
e T(n)=2n+1 = T(n) € O(n) (c =3 and ny = 1)
e T(n)=3n*+n+100 = T(n) € 0> (c=4andn,=11)
e T(n)=2"+n? = T(n) € 02" (c =2 and ny = 4)

e T(ny=n-logn+n = T(n) € O(n-log n) (c =2 and ny = 4)
o AZH=TE H|u:

O(1) < O(n) < O(n-log n) < O(n?) < 02"



Big-O H7|'H

Definition. For two functions f(n) and g(n), we say that f(n) = O(g(n)) or f(n) € O(g(n)) if there exist positive constant
¢ and ny such that

Vn2>ny.0 < f(n) <c-gn)

e Examples.

e T(n) € O(n) = T(n) € O(n?

e T(n) e On) = T(n) € O2")

o AZF =L H|:

O(1) < O(n) < O(n-log n) < O(n?) < 02"



Big-Omega (Q2) E7|H

Definition. For two functions f(n) and g(n), we say that f(n) = €2(g(n)) or f(n) € C2(g(n)) if there exist positive
constants ¢ and n_ such that:

Vn > ny. f(n) > c.g(n)
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https://www.geeksforgeeks.org/analysis-of-algorithms-big-omega-notation/



Big-Omega (Q2) E7|H

Definition. For two functions f(n) and g(n), we say that f(n) = €2(g(n)) or f(n) € C2(g(n)) if there exist positive
constants ¢ and n_ such that:

Vn > ny. f(n) 2 c.g(n)

e Examples.

o T(n)=5 — 1T(n) € (1) (c="?andny="7?)
o T(n)=2n+1 = T(n) € Qn) (c=7and ny=7?)
e T(n) =3n"+n+100 = T(n) € Q(n?) (c="7andny="7)
o T(n)=2"+n*> = T(n) € Q2" (c="?and ny=7?)

e Tn)=n-logn+n = T(n) € Q(n-log n) (c="7and ny="7?)



Big-Omega (Q2) E7|H

Definition. For two functions f(n) and g(n), we say that f(n) = €2(g(n)) or f(n) € C2(g(n)) if there exist positive
constants ¢ and n_ such that:

Vn > ny. f(n) 2 c.g(n)

e Examples.

e T(n) € Q(n?) = T(n) € Qn)

o T(n) € Q2" = T(n) € Qn)



Big-Theta (0@) Z7|H

Definition. For two functions f(n) and g(n), we say that f(n) = O(g(n)) or f(n) € O(g(n)) if there exist positive
constants ¢, ¢, and n such that:

Vn>ny. ci-gn) < f(n) <cy-g(n)

https://www.javatpoint.com/data-structure-asymptotic-analysis



Big-Theta (0@) Z7|H

Definition. For two functions f(n) and g(n), we say that f(n) = O(g(n)) or f(n) € O(g(n)) if there exist positive
constants ¢, ¢, and n such that:

Vn>ny. ci-gn) < f(n) <cy-g(n)

e Examples.

* T(n) =5 = 1(n) € B() (c;=7c=",andny=7)
o Tn)=2n+1 => T(n) € On) (c;=2¢="7,andn; =7)
o T(n)=3n2+n+100 = T(n) € O(n?) (cp =7c,="7,and ny = 7?)
e T(n) =2"+n* = T(n) € Q" (c;="7c¢=",andn; =7?)

e Tn)=n-logn+n = Tn) € O(n-logn) (c;="¢,="7,and ny = 7?)



Example

- Ol A 217|(read)2t YG|O|E (update) € 112|EQ| HIE(HET)2 Lot

Algorithm Time complexity

procedure read({d,d,,...,d, ), idx)

read returnd,
end procedure

procedure update({(d;,d,,...,d, ), idx, val)
d;,. « val
return (d,,d,,....d, )

end procedure

update




Example

o OF2f Z112|E2 ST (big-O)= E0I2171

procedure search({(d,,d,,...,d ), val)
1dx < 0O
for1 <1 tondo
if d; = val then
return 1
end if
return -1
end procedure




OFF 2] (Wrap-up)
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e Big Omega (QQ) : @ 112|F0| Z|M

e Theta notation (©) : 2112|F0| HHAQ

L

7% (asymptotic notations):
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(worst-case)di| sliZot= H|IE= Hod

o= H|E= E¢



