EADS - cvigenie 1 - zloFitosti

21. septembra 2023



Opakovanie - zloZitosti

Definition
Function f(n) is in O(g(n)) iff there exist ¢ > 0 and ny > 0 such
that: (Vn > ng)(0 < f(n) < cg(n))

Trieda Intuitivne Limita
f(n) € O(g(n)) | F(n) < g(n) | limp o f(zg # 00
f(n) € Qg(n)) | £(n) > g(n) | limp oo B2 #0
f(n) € ©(g(n)) | F(n) ~ g(n) | limp oo L% £ 0,00




Opakovanie - uréovanie zloZitosti

» zanedbdvame konstanty:
O(c - f(n)) = O(f(n))
(napr. O(3n) = O(n))
» berieme najvacsiu funkciu
O(f(n) + g(n)) = O(max(f(n),&(n)))
(napr. O(n® + n? + n) = O(n®))
» poradie zloZitosti:
Va>1:0(1) € O(log? n) € O(n?) € O(a") € O(n!) € O(n")
Intuitivne:
Va>1:1<log?n<n<a"<nl <n"



Opakovanie - &o je treba vediet

» urcovanie zloZitosti z kddu

» asymptotické porovndvanie dvoch funkcii ( 0,Q,0 )



Priklad

x=0
for i in range(2*n+15):
x=x+1



Priklad

x=0
for i in range(2*n+15):
x=x+1

f(n)~

Tvrdenie

plati?

f(n) = 2n € O(n?)

f(n) =2n € Q(log n)

f(n) =2n € O(logn)




Priklad

x=0
for i in range(2*n+15):
x=x+1

f(n)=~ 2n

Tvrdenie

plati?

f(n) = 2n € O(n?)

f(n) =2n € Q(log n)

f(n) =2n € O(logn)




Priklad

x=0
for i in range(2*n+15):
x=x+1

f(n)=~ 2n

Tvrdenie plati?

f(n) =2n € O(n?) v

f(n)=2n¢€ Q(logn) | v

f(n) =2n € O(logn) X




x =0
for i in range(4 * n, 0, -1):
X =x+ 2 *x i

f(n)~

Tvrdenie plati?

f(n) € O(v/n)

f(n) € Q(v/n)

f(n) € ©(v/n)




x =0
for i in range(4 * n, 0, -1):
X =x+ 2 *x i

f(n) =~ 4n

Tvrdenie plati?

f(n) € O(v/n)

f(n) € Q(v/n)

f(n) € ©(v/n)




x =0
for i in range(4 * n, 0, -1):
X =x+ 2 *x i

f(n) =~ 4n

Tvrdenie plati?

f(n) € O(vn) | X

F(n e Qvn) | v

fl(n)eO(vn) | X




z =0

x =0
i=1
while i <= n:
z += 5
X %= 2
i *x= 3
f(n) =~
Tvrdenie plati?
f(n) € O(5/n)
f(n) € Q(5v/n)
f(n) € ©(5v/n)




z =0

x =0

i=1

while i <= n:
z += 5
X *x= 2
i x= 3

Tvrdenie plati?

f(n) € O(5v/n)

f(n) € Q(5v/n)

f(n) € ©(5v/n)




z =0

x =0

i=1

while i <= n:
z += 5
X *x= 2
i x= 3

Tvrdenie plati?

f(n) € O(5y/n) | v

f(n) € Q(5v/n) X

f(n) € ©(5y/n) | X




y=0

j=1

while j*j <= n:
y +=1
j=1

f(n) =

Tvrdenie plati?

f(n) € O(n%> + log n)

f(n) € Q(n°> + log n)

f(n) € ©(n%> + log n)




y=0

j=1

while j*j <= n:
y +=1
j=1

f(n)~ +/n

Tvrdenie plati?

f(n) € O(n%> + log n)

f(n) € Q(n°> + log n)

f(n) € ©(n%> + log n)




y=0

j=1

while j*j <= n:
y +=1
j=1

f(n)~ +/n

Tvrdenie plati?

f(n) € O(n%5 +logn) | v

f(n) € Q(n®° +logn) | v

f(n) € ©(n°° +logn) | v




b=20
i=n

for i in range(n, 0, -1):
for j in range(0, i, 1):

%

f(n)

b +=5

Tvrdenie

plati?

(n) € O("%% + /)

f(n) € Q(n*% +/n)

f(n) € ©(n%® + /n)




b=20
i=n
for i in range(n, 0, -1):
for j in range(0, i, 1):
b += 5

f(n) = n?

Tvrdenie plati?

f(n) € O(n'98 4+ \/n)

f(n) € Q(n*% +/n)

f(n) € ©(n%® + /n)




b=20
i=n
for i in range(n, 0, -1):
for j in range(0, i, 1):
b += 5

f(n) = n?

Tvrdenie plati?

f(n) € O(n* B+ /n) | X

f(n)e Q(n*® +/n) | v

F(n) € O™ +/n) | X




« o

n H O

range(O, 2%n + 1, 2):
J

range(l, j + 1, 1):
1

Tvrdenie plati?

f(n) € O(2nlog n)

f(n) € Q(2nlogn)

f(n) € ©(2nlog n)




« o

n H O

range(O, 2%n + 1, 2):
J

range(l, j + 1, 1):
1

Tvrdenie plati?

f(n) € O(2nlog n)

f(n) € Q(2nlogn)

f(n) € ©(2nlogn)




« o

n H O

range(O, 2%n + 1, 2):
J

range(l, j + 1, 1):
1

Tvrdenie plati?

f(n) € O(2nlog n) v

f(n) € Q(2nlogn) X

f(n) € ©(2nlogn) | X




b=20
for i in range(l, n+1, 1):
for j in range(l, (i*n)+1, 1):
b +=5

%

f(n)

Tvrdenie plati?

f(n) € O(500000 - n>%9)

f(n) € (500000 - n>%9)

f(n) € ©(500000 - n>%9)




b=20
for i in range(l, n+1, 1):
for j in range(l, (i*n)+1, 1):
b +=5

f(n)~ n

Tvrdenie plati?

f(n) € O(500000 - n>%9)

f(n) € (500000 - n>%9)

f(n) € ©(500000 - n>%9)




b=20
for i in range(l, n+1, 1):
for j in range(l, (i*n)+1, 1):
b +=5

f(n)~ n

Tvrdenie plati?

f(n) € O(500000 - n>%) | X

f(n) € (500000 - n>) | v

f(n) € ©(500000 - n>9%) | X




x=0
i=1
while i <= n:
if 1 % 2 1= 0:
for j in range(0, i, 1):
x +=1
i *x= 3

Tvrdenie plati?

f(n) € O(n! + n?%9)

f(n) € Q(n! + n?%0)

f(n) € ©(n! + n?%)




x=0
i=1
while i <= n:
if 1 % 2 1= 0:
for j in range(0, i, 1):
x +=1

Tvrdenie plati?

f(n) € O(n! + n?%9)

f(n) € Q(n! + n?%0)

f(n) € ©(n! + n?%)




x=0
i=1
while i <= n:
if 1 % 2 1= 0:
for j in range(0, i, 1):
x +=1

Tvrdenie plati?

f(n) € O(n! + n?%9) v

f(n) € Q(n! + n%99) X

f(n) € ©(n! +n?0) | x




t =0
for i in range(l, n+1, 1):

j=20
while j*j < 4x*n:
k=1
while k*k <= 9*n:
t +=1
k+=1
j+=1
f(n) =~

Tvrdenie

plati?

f(n) € O(n - logn)

f(n) € Q(n - logn)

f(n) € ©(n - logn)




t=0
for i in range(l, n+1, 1):
j=20
while j*j < 4x*n:
k=1
while k*k <= 9%*n:
t +=1
k+=1
j+=1

Tvrdenie

plati?

f(n) € O(n - logn)

f(n) € Q(n - logn)

f(n) € ©(n - logn)




t=0
for i in range(l, n+1, 1):
j=20
while j*j < 4x*n:
k=1
while k*k <= 9%*n:
t +=1
k+=1
j+=1

Tvrdenie plati?

f(n) € O(n - logn) X

f(n) € Q(n - logn) v

f(n) € ©(n - logn) X




a=20

k = n¥n
while k > 1:
for j in range(0, n*n, 1):
a+=1
k /=2

Tvrdenie

plati?

f(n) c O(n2.0000001 T |Og n)

f(n) c Q(n2'0000001 T |Og n)

f(n) S @(n2'0000001 + |Og n)




a=20

k = n¥n
while k > 1:
for j in range(0, n*n, 1):
a+=1
k /=2

f(n) ~ n?- logn

Tvrdenie

plati?

f(n) c O(n2.0000001 T |Og n)

f(n) c Q(n2'0000001 T |Og n)

f(n) S @(n2'0000001 + |Og n)




a=20

k = n¥n
while k > 1:
for j in range(0, n*n, 1):
a+=1
k /=2

f(n) ~ n?- logn

Tvrdenie plati?

F(n) € O(nP00000L Tjog ) |/

f(n) c Q(n2'0000001 T |Og n) X

f(n) S @(n2'0000001 + |Og n) X




n < Q.
I

o O O O

j in range(l, n+1, 1):

y =]

for i in range(l, y+1, 1):
s += 1



n < Q.

o O O O

j in range(l, n+1, 1):

y =]

for i in range(l, y+1, 1):
s += 1

~ n3
Tvrdenie plati?
f(n) c O(n2.500001 K \/E)
f(n) c Q(n2'500001 K ﬁ)
f(n) c @(n2.500001 K \/ﬁ)




n < Q.

o O O O

j in range(l, n+1, 1):

y =]

for i in range(l, y+1, 1):
s += 1

=~ n3
Tvrdenie plati?
f(n) c O(n2.500001 R \/E) v/
f(n) c Q(n2'500001 K ﬁ) X
f(n) c @(n2.500001 K \/ﬁ) X




i=1

z =0
while z < n*(n+1)/2:
z += 1
i4=1
f(n) =
Tvrdenie plati?
(n) € O(v/n)
f(n) € Q(v/n)
f(n) € ©(v/n)




i=1

z=0
while z < n*x(n+1)/2:
z += 1
i+=1
f(n)=n
Tvrdenie plati?
f(n) € O(v/n)
f(n) € Q(v/n)
f(n) € ©(vn)




i=1

z =0

while z < n*x(n+1)/2:
z +=1i
i+=1

f(n)=n

Tvrdenie plati?

f(n) e O(vn) | X

f(nye Q(vn) | v

fln)eO(vn) | X




a=20

k = n*n*n
while k > 1:
for j in range(0, k, 1):
a-=1
k /=2

Tvrdenie

plati?

f(n) € O(n® - nlog n)

f(n) € Q(n - nlog n)

f(n) € (- nlog n)




a=20

k = n*n*n
while k > 1:
for j in range(0, k, 1):
a-=1
k /=2
f(n)~ n?

Tvrdenie

plati?

f(n) € O(n® - nlog n)

f(n) € Q(n - nlog n)

f(n) € (- nlog n)




a=20

k = n*n*n
while k > 1:
for j in range(0, k, 1):
a =1
k /=2
f(n)~ n?

Tvrdenie plati?
f(n) € O(n* “nlogn) | v
F(n) € Q> nlogn) | X
f(n) € ©(n® - nlogn) | X




for i in range(l, n, 1):

j=0
while j < n:
x +=1
j=i
f(n) =

Tvrdenie plati?

f(n) € O(n*1)

f(n) € Q(n*1)

f(n) € ©(nt1)




for i in range(l, n, 1):

j=20

while j < n:
x +=1
j=i

f(n) = nlogn

Tvrdenie plati?

f(n) € O(n*1)

f(n) € Q(n*1)

f(n) € ©(nt1)




for i in range(l, n, 1):

j=20

while j < n:
x +=1
j=i

f(n) = nlogn

Tvrdenie plati?

f(nye o(n Yy | v

f(n) € Q(n*1) X

f(n) € ©(nt1) X




N - KMP

m=n// 20 # kmp preparation
A, B = llAll*n’ ||All*m + ll$ll
kmp = [0] + list(range(m)) # kmp[0] = O, kmp[i] < i



N - KMP

m=n// 20 # kmp preparation
A, B = llAll*n’ ||All*m + ll$ll
kmp = [0] + list(range(m)) # kmp[0] = O, kmp[i] < i

cur = 0
for i in range(n):
while cur !'= 0 and A[i] '= Blcur]:
cur = kmp[cur]
if A[i] == Blcurl]l:
cur += 1

Tvrdenie plati?
F(n) € O(v/n- /)
f(n) € Q(v/n-+/n)
f(n) € ©(vn-/n)




N - KMP

m=n// 20 # kmp preparation
A, B = llAll*n’ ||All*m + ll$ll
kmp = [0] + list(range(m)) # kmp[0] = O, kmp[i] < i

cur = 0
for i in range(n):
while cur !'= 0 and A[i] '= Blcur]:
cur = kmp[cur]
if A[i] == Blcurl]l:
cur += 1

Tvrdenie plati?
F(n) € O(v/n- /)
f(n) € Q(v/n-+/n)
f(n) € ©(vn-/n)




N - KMP

m=n// 20 # kmp preparation
A, B = llAll*n’ ||All*m + ll$ll
kmp = [0] + list(range(m)) # kmp[0] = O, kmp[i] < i

cur = 0
for i in range(n):
while cur !'= 0 and A[i] '= Blcur]:
cur = kmp[cur]
if A[i] == Blcurl]l:
cur += 1

Tvrdenie plati?
F(n) € O(/n- V) |
f(n)eQ(yn-vn) | v
f(n)eO(Wn-vn)| v




nech p = [al, a2, a3, .... an] | ai je integer
sort (p)

f(n)e O( )



nech p = [al, a2, a3, .... an] | ai je integer
sort (p)

f(n) € O(nlog n)



nech p = [al, a2, a3, .... an] | ai je integer
min(p)

f(n)e O()



nech p = [al, a2, a3, .... an] | ai je integer
min(p)

f(n) € O(n)



i=0
nech p = [al, a2, a3, .... an] | ai je integer
if 5 in p:

i+=1

f(n) € O()



i=0
nech p = [al, a2, a3, .... an] | ai je integer
if 5 in p:

i+=1

f(n) € O(n)



i=0
nech s = "..." je nejaky ret’azec dlhy m znakov
if "x" in s:

i=s+s

f(n)e O( )



i=0
nech s = "..." je nejaky ret’azec dlhy m znakov
if "x" in s:

i=s8+s

f(n) € O(m)



Ponaud&enie

1 riadok # 1 elementarna operacia
ZloZitosti operacii ndjdete v dokumentacii. Napr. pre list v Pythone:

Operation Average Case @ Amortized Worst Case
Copy o(n) o(n)
Append[1] o(1) of1)

Pop last o(1) o(1)

Pop intermediate[2] = O(n) Q(n)
Insert o(n) O(n)

Get Item 0(1) o(1)

Set Item o(1) of1)
Delete item o(n) o(n)
lteration o(n) o(n)

Get Slice o(k) o(k)

Del Slice o(n) O(n)

Set Slice O(k+n) O(k+n)
Extend][1] o(k) oK)

@ sort O(nlog n) O(n logn)
Multiply 0O(nk) O(nk)
xins o(n)

min(s), max(s) o(n)

Get Length o(1) o(1)



Zorad'te funkcie

47n3
3’7
Inn
n-(Inn)?

42n
n?%0.1.997
In (nIOO)
(n+1)!

23n%2 +4n+3 0.0001n?

nn

In n!

2|nn
Inn"

2n
n!
n-Inn



RieSenie

_ =
= o

© 0Nk W

. n

Inn; In (nloo)

42n; 2Inn (= p'n2 = p)
In n!

n-Inn; Inn"

n-(Inn)?

0.0001n%: 23n% +4n+3
47n3

n?90.1.99n: 2n. 3n

n!

(n+1)!

n



