Algorithms

Asymptotic Notation
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Growth of the function
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Growth Function

Constant = a Saneifiusne aziiaiduildununan
Log = log(n) lunnsTnauaessanes N uLANAaiy
Linear = n

Log-linear = n log n time on n2

Quadratic = n

Cubic = n®
log n

Polynomial = n*

Exponential = a" , 2" ....
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Asymptotic Notation

191ag A un sl aEuUniiY (Asymptotic notation)
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eI

O(g(n)) = {f(n):dc>0 and n>0 such that

0 <f(n) < cg(n) for all n>n_}

1 6 o a o a\ co Y 1
UHILAIIHNIN WINTU f(n) HEFTINITLRL IHUAINS AT UTBLINTN
= 1 o 6 o/
UIAWNNUWIATU g(n)
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Ny Ng Ny l

L&A1 g(n) WuRLLUALL upper bound 284 f(n)

AINFUNLIIIEINNI0UIAT ¢ IANANLANTIUAATANATHAY N, NAaAAFBINNN 1
ann9luasa
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3n%+2n+1 = O(n?) ?

3n’+2n+1=0(n%) ? asngall

A8YN: NUA M f(n) = 3n°+2n+1, and g(n) = n?
AaIN13WgAan f(n) = O(g(n))
A NN f(n) = O(g(n)) ﬁuﬁ@ FRINITUIAT C > 0 WAY n, >0 ‘1‘71"1/'1‘1
194 3n*+2n+1 < cn? @ mFUNNn > n,
3n°+2n+1 < cn?

2 1
3+—-|——2 <C
nn

f1Wa8N ¢ = 6 kAT N, = 1 BA9 3n°+2n+1 < on? Ui n > n,

AL 3n?+2n+1 = O(n?)
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2m1=0(2") ?

6

2" = 02" ? AaNg ALl
ARV NWUA MW f(n) = 2" uaz g(n) = 2"
Aa9N13WgALan f(n) = O(g(n))
a1NHENe4 f(n) = O(g(n)) HURABABINITUIAT ¢ > 0 kAT n, > 0 NI
19 2" < c2" 45U n > N,

2n+1 < C2n

2n+1—nS C

2<cC

v = Y n+1 n o o
088N ¢ = 2 uazr n, = 14a9 2" < c2" 4mFunn n > n,

g1u 2MT = 02" luasy

Jakarin Chawachat C]



22n = Q(2n) ?

6

22" = O(2") ? AINGAL

28911: Wgadlpeadales auumdn 22" = 02" 1luass
SuRefiANAeh c > 0 ARAlE 2% < o2

2" < c2"
QN 22" = 2" * 2" qz a0 N <

v
v o/

Lu@\‘mﬂ n uml,wmumm il 2" ldaunsomaeuanls il
ApaTl ¢ MfiAnuasTRTaga3

a

SURRTIINANNEGN 22" = 02" luaig
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1IN
((g(n)) = {f(n):Jc>0 and n,>0 such that
0 < cg(n) <f(n) for all n>n_}

“f(n) is asymptotically grows more than or equal to g(n)”

UNNEIANNIT WIRTU f(n) Heman1aLinuaafaridu

6 o/

I = I o
UINNAINUTBNINUNINTU g(n)
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®(g(n)) = {f(n):dc,>0, c,>0 and n>0 such that

0 <c,g(n) <f(n) < c,g(n) for all n>n}

“f(n) is asymptotically grows equally as g(n)”

v/

[ 6 o = =
UNLAINNIN WIRT f(n) WAz g(n) HERTINITALIAUDS
Warfne LN
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n%/2-3n = ©(n?)

n?/2-3n = O(n?) ? asigall
A8 NUUA M f(n) = n%/2-3n kax g(n) = n?
AAIN19INgaLN f(n) = O (g(n))

anienaed f(n) = O (g(n)) WuABFaIN1IUIAT C,, o, > 0 WAz n, > 0 N1

c,n°<n?/2-3n < ¢,n’ A5 n > N,

c,.n”< n%/2-3n n°/2-3n < ¢ n’

c, < 1/2-3/n 1/2-3/n < c,

uan = 7., = 1/14 e n=1/2,n> 1
faen c, = 1/14,c,= 1/2 Waz n, = 7 ka9 c,n® < n%2-3n < c,n® 1ua3

v
v o/

31U n%/2-3n = O(n?)
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Exercise

e f(n)=3n%2 g(n)=2n*+120n+9 a3Nga1l f(n)E O(g(n))

e A=log,(n®) ,B=log,(n°) aeigaidn A EO(B)
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Exercise

o WANFaIN 3n*+n = (d(n?)

e Afigatldn 100n+50 FLU(n?)
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Analyzing the time complexity

il ek I LTI ek NN IR b DI E R AL

nuUA A f,(n) = O(g,(n)) kaz T (n) = O(g,(n))

r=1 0(f () = 0(Xk=1 f(K))

Jakarin Chawachat



Analyzing the time complexity

Find_Max(A)
max := A[1] 0(1)
fori:=2ton 20(1)=0<21>=0(n)

if max < ali] then max := A[i] O(1

return(max) O(1)
T(n) = O(max(1,n,1))=0(n)

AN f,(n) + f,(n) = O(max(g,(n),g,(n)))
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Analyzing the time complexity

Selection_Sort(A)

for i=n downto 2

J=1

o(1)

for (k = 2; k <=i; k++)

TAD<AM) =k ow

swap(A,i,j)

0(1)

max(OI(l),O(i),O(l)):O(i)

Yi—20(1) =O(i)

T(n) =y, 0() = 0~, )=0(n(n+1)/2) = O(n°)
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Analyzing the time complexity

fori=1ton
i=1 0(1) = 0(Xiz; 1)=0(n)
Ali]=0
fori=1ton Y 0(n) = 0(Z™,n)=0(n?)
for =1 ton Y71 0(1)=0(n)

AlII=ALIT+A[]
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A10819MIangll

O(K) = O(1), 10 = O(1) & WsuANALH k aer
N%/2 — 3N = O(N?)

1+ 4N = O(N)

7N®+ 10N + 3 = O(N?)

log, N = log,N/log,10 = O(log,N) = O(log N)

log N + N = O(N)

L - _n(n+1)
SN 0(i) = O(NY) iZ=:1|_1+2+ +n=—7
YN 0(i%) =O(N?3) iiz 124922 4...4n2 = nin+21)(2n +1)

i=1 6
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