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Recursive Function

e Recursive Function Wuienduninsizensiaies

1
Q/ 1

Y o al A =
o lAutltumnNANHULIALAS

Q/

o Toumuanatunsniiveandudymgdes NNAN LIRS

oI RNaUANUANIRIALENAININLAN

1 Q/

o Toynntine annsowtiseanilu tToyuntas NANHUE

PRI NN ND AN LFARUUALGNAINTTLAN

o tyynRtineNgn(base case) AIRaLFdne

Jakarin Chawachat 3




Recursion Necessities

. . ¥ %
e ¥)N°] Recursive algorithm azfavilsznaunag
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e Recursive case
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oid main(void){
Func1(0);

A |void Funci(int i)

"nc i+

KI{

prlntf(“(’/od

0

T

oid Func1(int i)

<

Output :

if(i<3 1
un)c{I i+1);
|

printf(“%d”, i);

T

#include<stdio.h>

void Func1(int i);
void main(void)
{
Func1(0);
}

void Func1(int i)

{

if(i<3) {
void Func1(int i) Funct (i+1);
C if <3 g 2 printf(“%d”, i);
unc }
prlntf(“(’/ d”)iy: E }
I- R [oid Funci(inti)
K i <3)g 3
2 1 O unc g+1|)
} printf(“%d”, i);
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n1saanuuulusinsuLLy Recursive

7 N17aanLULIUTINTHLLL Recursive

1. 411 Recurrence Relation 41150ty (Problem) %
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2. ﬁﬂu Recursive Function @1N Recurrence Relation ﬁ‘m
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ARLNNNIsaANLUULUSILASNILLY Recursive

TrynInN19ATUITUAN factorial

U 5l = 5%4%3*2%1 51 = 5*4]
4] = 4*3*2*1 4] = 4*3|
31 = 3*2*1 31 = 3*2
21 = 2*1 21 = 2%1]

11=1,01=1 1mM=1,01=1

11 Recurrence Relation @115yt

1 n=0,1
fac(n) = {n*fac(n— 1) n>1
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AatNdNIsaanuullsiunsNLuy Recursive

1runIN19ANUIRLAN factorial

long fac(int n)

{ Léa%vlﬂl"ﬂﬂﬂfliﬁf]ﬂqu
if(n<:’]) /

return 1;

else / MISunlTaLe

return n*fac(n-1);
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AatNdNIsaanuullsiunsNLuy Recursive

e NITUNANUAIALLNNNAY Power(x,y)= x”

ax v
® AONTLLN

1. "1 Recurrence Relation

2. ﬁﬂu Recursive Function

Note 151478170 117N TNLLLIU loop AN DLLEA
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AatNdNIsaanuullsiunsNLuy Recursive

e N1IUNAN 2%, x=2,y=4

2% = 2**D*) 2% = ¥’
2% = 2*2* 2% = p*p?
0% = 2% - 02 = *D
2'=2 21 =2%)f

111 Recurrence Relation

1 n=2900

Power(x,y) = {x * Power(y —1) n>0
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urINI9AUI LA TIAT X

long power(int x,int y)

{

L‘\%l{a%vl,“ll’ﬁ]']_lﬂ’ﬁﬁ’]\‘i’]%

if(y==0) return 1; . v
NIILIUNETAILD
else return (x*power(y-1)) /
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Exercise

Fibonacci sequence 8anwLLagNg b
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Recursion Vs. lteration

ToymnaunIn@auluy recursive Mdaulvnazanunsni@iauily iteration 16

long factorial(int n){ int power(int x int y){
long ans=1, long ans=1,
while(n>=1){ while(y>=1){

ans=ans™n; ans=ans*x;
n=n-1; y=y-1;
) )
return ans; return ans;
) )

Jakarin Chawachat 13




Analyzing Recursive Algorithm: Time complexity

v
o/

e Running time U84 Recursive algorithm AnUNY bAAIT]

=
t N3tk base case

T(n) — A A
ty +t, NIHaH

e t, = 1IA7lUN1INNUFIU base case
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Jakarin Chawachat 14



AIRE19N159LAS1=% Selection Sort

Selection_sort_recursive(A){

if(n<=1) return; O(1) Base case t, = T(1) = O(1)

j=FindIndexMax(A[1..n]) o
O(n) 13411 Recursive call t

swap(A,n,j)
Selection_sort_recursive(A[1..n-1]) 'ty = T(n-1)

)

Running Time:

') :{0(1) ifn=1

Tm—1)+0Mm) ifn>1
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BinarySearchRecursive(A[left..right])

if (left > right) return(-1) tA =T(1) = 0(1)

m=(left + right)/2 .
1314 Recursive call t. = 0O1)
if x == A[m] return m;
If x < A[m]

return(BinarySearchRecursive (Alleft..m-1]))  Recursive call tB = T(n/2)

else

return(BinarySearchRecursive (A[m...right]))

Running Time:
(o) ifn=1
T(n) = { T(n/2) +0(1) if n > 1
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Exercise

Merge_Sort(A,p,r) Merge(A,p,q,r)
If p <rthen i=p,j=g+1,n=r-p+1
g= |(p+nr2] fork=1ton
Merge_Sort(A,p,q) if ((Alil< A[j]) or (j > r)) and (i<q)
Merge_Sort(A,g+1,r) Blk] = A[i]
Merge(A,p,q,r) =i+
else
Blk] = Alj]
=]+
T00=={ fork=0ton—1

Alp + K] = B[K]
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Solving Recurrence Relations

e Guess and test method
e lterative substitution method

e Recursive tree

e Master method
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lterative Substitution Method

19N19UR991 lterative Substitution AR
- unuAgnauad i lugaunng
- WugHuuy (pattern) 29948013

- MARALANNZL LT
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Example: merge sort

_|c ifn=1
T(n) = {ZT(n/Z) +cn  ifn>1

T(n) = 2T(n/2)+cn
= 2(2T(n/4)+cn/2)+cn
= 4T(n/4)+cn+cn
= 4(2T(n/8)+cn/4)+2cn
= 8T(n/8)+3cn
= 2"T(n/2")+ken
19IFDINIINIALNEA Tuie T(1) Audusnazinau 24=n ide k=logn

T(n) =nT(1)+(logn)cn

= cn + c(nlogn) = O(nlogn)
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Example: selection sort

(o) ifn=1
T(n)_{T(n—1)+0(n) ifn>1

T(n) T(n-1) + O(n)

= T(n-2) + O(n-1) + O(n)

= T(n-3) + O(n-2) +O(n-1) + O(n)
=T(1) + ... + O(n-3) + O(n-2) +O(n-1) + O(n)
=01) + ... + O(n-3) + O(n-2) +O(n-1) + O(n)
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Example: binary search

(o) ifn=1
T(n) = { T(n/2) +0(1) ifn>1

T(n) =T(/2)+0(1)
=T(n/4) + O(1) +O(1)
=T(n/8) + O(1) +O(1) + O(1)
= T(n/2") + k O(1)
= T(1) + logn(O(1))
=0O(log n)

v

3339 0(1) + O(1) v Azl O(1) wstRFAANAL n ULINAY N A
09: 4 = =
logn A3Y ALl n 498 log n
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ro = {° fn=2 P ogz
T(VA) +1  ifn>2 log N™ =log 2
TIN) = 2T(N"3)+1 “1/2%1og N = 1
— 2(2T(N1/4)+1)+1 ; IOg N = 2k
i = log 2¥
_ 4T(N1/4)+2+1 log log N = log 2
'log log N = k log 2
= 8T(N"®)+4+2+1 g
) log log N = k i
= OKT(NY2) 42K 4 422421400 T
Faannawslu T(2) wiuAa N =2 fa1iu k = loglog n
T(N) — 2Iog logN (T(2))+2Iog logN-1 + . +22_|_ 21 + 20
. n ; xn+1 1
= logN-1 (M T(2)=0 waz D x' = — )
i=0
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; X
Geometric series Z?:o x' = " for real x>1
Inverse harmonic series
1
Y o X = ——forx <1

1—x
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Recursion tree method

Y v | Yo [ 095 Y v A
@5@"1@[5]%13\1 LLAAN ﬂ’ﬂ“ﬁ@ﬁﬂ WU TOILBIAT U A [ﬂ‘Lﬂ:N@ < PRTRL

v

ln19n14n

ARG T(n) = 2 T(n/2) + cn

Tuduen aziA a8 on azasanisizan T(n/2) Tudusall 2
BN

T(n) cn

T(nl2) T(nl2)
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o lusaUmaNIAziAt AN ldAne Laaz I uALW cn/2 (@Eelfann
NNIUNUAN n/2 a9luanng) wazusazluupaziinuagnan 2
TUANH input TUIAAARIATINT

cn
cn/[ cnl2

/\ /\

T(nl4) T nl4)T(nl4) T(ni4)
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TS”) = 2T(n/2) +cn

/Cn\ ...................................................................................................... ch
cnl2 CN2 e - Chn
7n< / & 4 cn/4 Cn/ L > Cn

v C C C '''''''''''''''''''''''' C C C ................................................................. > cn

Total :k(cn)
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W RET:

T(n) =4 T(n/2) +n, T(1)=1
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W RET:

T(n) = 3T(n/4) + cn?
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W RET:

T(n) = 2T(n-1) + 1
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