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Sequencing Sequencing
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block#2 | ¢, block #2 | ©(r)
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Sequencing Sequencing
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Sequencing If-Then-Else
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O(n?)
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“For” Loop
3

“For” Loop
3

for (i =1tom) Z@(l) =®(ZIJ
i=l1 i=l1

for (i =1tom) m
{ Dt s += A[][3]
P —
, (i) i=1 = O(m)
Wec) Mona s,
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“For” Loop “For” Loop
I 3
for (i =1tom) O(1) :Z®(m) for (i =1 tom) ZZ®(1):Z®(i)
for (j=1tom) i=1 for ( j=1+to i) i=l j=1 i=1
s += A[i1[3j] [’" ) s += A[i1[]] u
= (:) m = (:)(’11)
2, 2,
= O(m’ (’" j
=0 m
2
:O(mz)
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For” Loop

L) | | 2X0m=3Ye0)

for (i =
for ( j 1 to i) i=l j=1
s += A[i][3]
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“For” Loop

for (i =2 tom-1)
for ( j =3 to i)
s += A[i][j]
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“While” Loop

-
while ( n > 0) {
H =n -1
3
On)
while ( n > 0 ) {
n=n/2 i=0:j=n
} ()ﬂogrD while (i < 3j ) {
RN
}
O)

ht
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“While” Loop: Insertion Sort

Insertion_Sort( A[1l..n] )
for j =2 ton

{
key = A[]]
i=3j-1
while i>0 and A[i]>key
{
A[i+1] = A[1i]
i=1-1
}
Ali+1] = key
}

O(i)
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“While” Loop: Insertion Sort

Insertion_Sort( A[l..n] )

“While” Loop: Insertion Sort

Insertion_Sort( A[1l..n] )

{ {
key = A[j] key = A[]j]
i=3j-1 i=3j-1
while i>0 and A[i]>key while i>0 and A[i]>key
{ {
ALi+1] = ALi] 0(j) ALi+1] = A[{] E O(r?)
1 = 1- i=1-1
} ﬁ }
Al[i+1] = key A[i+1] = key
} }
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“While” Loop: Euclid’s GCD “While” Loop: Euclid’s GCD
- s )
I 0> k veiigaih
Gep( k, n ) Gep( k, n ) nmod k<n/2 ITUD
{ {
while k > 0 t Iz;s 128 while k > 0 1: 9 k<ni2
{ - 88 | 40 | 88 { . nmodk <k <nl2
= = a
k = n mod k 40 8 40 k = n mod k 2: f’ﬁk>n/2
n=t NG n=t k<2, int(nk)=1
} } nlk<2, mtn =
, return n return n nmodk =n-k*int(n/k)
! O(logn) =n-k
<n-nl2=nl/2
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“While” Loop: FindMin_ BST

Recursive Calls

) -
Position FindMin_BST( TREE T )
{ waste( n )
Position p; {
P [if (n=0) return 0| > 0~1)
R for (i =1ton)
p = T! . . 2
if (p !'= NULL ) { for _(J =_1_to i) O)
while ( p->Teft != NULL ) { print 1,3,n
p = p->left;
for(i=1to 3)
} waste( n/2 ) 37(n/2)
return p; ]
} O(h) O(n)
T(n) =3T(n/2) + O(?)
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“Guessing "+ Induction Theorem
. I

T(n) = 7(0.7n) + 7(0.2n) + O(n)

Guess: T(n) = O(n), T(n) <cn

Proof:

Basis: obvious

Induction: 7(n) <0.7cn + 0.2¢cn + O(n)

=0.9¢n + O(n)

<0.9¢cn + dn

=cn (choosed=0.1c)
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i=1

is T(n) = O(n)

k
If Za,. <1 then the solution to the recurrence

T(n)= iT(ain) +O0(n)

T(n) = 1(0.3n)+7(0.2n)+7(0.097)+7(0.4n) + O(n)

= 0(n)
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Recursion Trees

2 2

nlﬁ/n/ZNQ)z 3/4 n 2
SN N

(A (n4)* (n4)* (w4 (Y (wAY (i) (ni4)” (4 (ON16)°

n

T(n)=3T(n/2) + O®H*) O0)
T(n/2) =3T(n/4) + O((n/2)*)
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Recursion Trees

A
n
/ \ n
n/3 2n/3 n
log, s / \ / \
O 2 n
T(n)=T(n/3)+ TQ2n/3) +n O(n log n)
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Master Method

—
e Tn)=aTwm/b)+f(n) a=>1,b>1

* Letc=log,a

o If f(n)=0(n" %) for some constant € > 0, then

| T(m)=0(n")

o If f(n)=0O(n) for some constant € > 0, then
] T(n)=O(nlogn)
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Master Method

-
o T(n) =aT(n/b)+ f(n) a>1,b2>1
* Letc=log,a
« If f(n)=Q(n°"¢) for some constant € > 0

D and if a f'(n/b) <d f (n) for some constant d < 1
and all sufficiently large n, then

. T(n) = O(f(n))
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Master Method

o
e T(n)=alln/b)+f(n) a=1,b>1

* Letc=log,a

» f(n)=0(n""*) -  Tn)=0(n")

 f(n)=0(n") —  T(n)=0O(nlogn)
« f()=Q(n"®) —  Tn)=0(f(n))
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Master Method : Example

e T(n)=9T(n/3) +n
*a=9,b=3,c=log,a=2, n‘=n’
« f(m)=n=0(n>"")

» T(n)= O = O’
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Master Method : Example

o
o T(n)=T(nl3) + 1

*a=1,b=3,c=log,a=0, n°=1

« f()=1=0O(n)=0(1)

e T(n)= Ologn) = O(log n)
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Master Method : Example

« T(n)=3T(n/4) +nlogn
»a=3,b=4,c=log,a<0.793, n°<n""’

e f(n)=nlogn=Q(n""?)

e af(n/b)=3(n/4)log (n/4)) <B/4)nlogn=df(n)
« T(n)= O(f(n))=0(nlogn)
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Conclusion

1w a 3
L!‘]J\‘]ﬂﬁﬂ@ﬁﬁuﬂ@ﬂ!ﬂu blocks $114 control

structures
a J 1
AUATICHLNAY block

a Jd v o J
AUATICUANVUTUNUTUD blocks 11U control

structure

9
1 a d
LIUVUDIIATIZHIU asymptotic
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