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Recursion

» Recursion is the process of repeating items in a
self-similar way ( from wiki )

» Recursive function is implemented in a programming
language, whose implementation references itself
2] Rt S 2 &35k &

Like..

Finclude <cstdios
#include <algorithmz
using namespace std:
int maini)q

maint);

return O;

OO -1m = 20—
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Recursion Example

» Fibonacci number
Mo =2 HO|El (Recurrence relation )

F, = F_1+ F-

#Finclude <cstdio=
HFinclude <algorithms
using namespace std;
int get_fibo(int =){
if{x == 0) return 1;
elze iflx == 1) return 1:
else return get_fibolx-1) + get_fibo(x-2);

int main( )4
printf{"%d",get_fibo{5));
return O:

M1 — O w00 =30 0 = 03Py —




Recursion Example

» Factorial
OrEE7HX| 2 HotA 0] /IF
n'=n x(n-1)!

Finclude <cstdin>
#Finclude <algorithms
using namespace std;
int get_fact({int %4
if{x == 0) return 1:
else return # + get_factix-1);

int main(){
printf{"%d",get_fact(5));
return 0O;

— O W o0 =30 7 == 03 g —
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Recursion & Induction

» M= oty F e 8ot 0% B =<otCt
L

St el 42, YHE T

Base condition= A& ™S},
HHAE QI 2AZ O| oA SHSHLT

: 1
» Prove that Y ,i = n(n; ) forneN
Base condition (n=1):}" i=1= 1(1;1)
Suppose that Y% = “E*D then

Kby = (k + 1) - f = (e + 1) 4| S = D

N By assumption /




Recursion & Induction




Recursion & Induction




Recursion & Induction




Recursion & Induction




Recursion & Induction

» M= ==t | H B 0 H|==5tC}
But, =0 2= A{ 7} bt
n=k-1 & I} MElotCt 7145 H, n = k & Off A ElStC}.
CtHq 5| X7|x=740| Q10{0f st

» Factorial= CIA| MZS| 2 X ..,
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Recursion & Induction
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Recursion Implementation

12 #Hinclude <cstdin=
22 #Hinclude <algorithme=
3. using namespace std:
. A7 int get_fibalint »)d{
» Function Decl { s Tt ) return 13 -
.. o f: else ifix == 1) return 1:
Base Condition | = el -
8- int one = get_fiba(x-1);
9: int two = get_fibo{x-2);:
Process 10: return one + twos —
11: T
} 20}
137 int main()i
14: printf("%d",get_fibo(4));
15: return O
16 }




Recursion Implementation

r 2, &0 ‘ol E MLk
HEBEUAM SBotA of= BXHE M= At =
int get_fact(int x) :x! & AHAMSIH returnc= &t
int get_fibo(int x) : Fx & AH|AMSHY returnct= &t

s J2| 1 YN M2istol AlS Al 20t
return x * get_fact(x-1)
return get_fibo(x-1) + get_fibo(x-2)

=)




Recursion

» Recursion= 1

=
=

» O 7HA] Of |

» More Issue?
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Divide & Conquer

» Divide & Conquer (D&C) is an important algorithm
design paradigm based on multi-branched recursion. (wiki)
S TE-EEE
THNH2ZE HOFEA|CE



Merge Sort

» Divide & Conquer2| 7t%F 7| 2 Q| Y E|
TR Lh=10, 220 Cfoi M 2B = ATt Cis
StLt2 e &I

r Ol 2%
Divide & Conquer®| CHEX DEIZNMN 2511
O(nlogn) o] 25Xl & dne|E0|2t S50}
280/ 2 1540/ 02 3



Merge Sort

» Merge Sort2| 2 X}
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Merge Sort
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Merge Sort
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Divide & Conquer

4 int n, m;

5. int Data[30];

6: woid MergeSort(int start, int endlq

7 if(start = end) return;

g: int mid = (start + end) / 2;

9: MergeSort(start, mid);

10: MergeSort{mid+1, end);:

1: P merging

12: int temp[30] =10,}, temp_len = 0; // temporary for merging
13: int pl = start, pZ = mid+1;

14: whilefpl <= mid && p2 <= end)q

15: if(Datalpl] = Datalp2] )4

16: temp[temp_len++] = DatalpZ]:

17: pa++;

18: h

19: elseq

20: temp[temp_len++] = Datalpl];:

21 pl++;

2e 5

23: h

24: iflpl == mid+1){ 7/ riaght array has element
25: while(p2 <= end)q{

26: temp[temp_len++] = DatalpZ]:

2 pa++;

28: h

29: i

an: else if(p? »= end+134{ /¢ left array has element
31 while(pl <= mid){

32 temp[temp_len++] = Datalpl];

a3 pl++;

a4: t

35: h

35: forfint i=start,i=0;i<=end;i++, j++) Datali]l = templj];
ars return;

35 1




Divide & Conquer

290 int maini )

40: int n;

A1 : scanfi " &d”, &n);

A2 farfint i=l:i<=n:;i++) scanf("%d",&Datali]);
43: MergeSort(1, nJ;

A4 : forfint i=l;i<=n;i++) printf("%d ",Datali]);
A5: printii #n");

4h: return O;

47: )




Divide & Conquer

» Merge Sort, Quick Sort?| L # X O] D&C.
Quick Sort G A| OFXFZLX|!

I 3 2 7 8 10 | 5 2 7.
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Divide & Conquer

» Merge Sort, Quick Sort7| CHH
Quick Sort G A| OFXFZLX|!




Divide & Conquer

) XS LHEOIN SE2H S 2 & HA2H o 2!

L ||'_Ejgeqo|_|'—?—xl_-lx'”;geq

» D&C is very hard
D&C2t 1 EHESH (7 O 1
mohe 83 W S0 melzlof tzket ot

For example,




Divide & Conquer

r 2XHAONM Hl W S7s 0 B2l V& HOtE;
H W 7t5? (xI,yl) < (x2,y2) iff x| <x2 &yl <y2
(1,9) (7,10) (4,1) (3,4) (5,3) (6,5) (2,3) 2t S}X}
2/l ot7| ?IoiAM S=€l xZt&#= BICELL StA

» Indexed TreeS AFRS}H ZHEH
» Divide & Conquer2 of| 4!
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Divide & Conquer

I 2 | 3| 4|5 |6 |7
21 3| 4 I 3|15 ]|10

x7=O =2 ™ (stable sort)
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O[X| x& A 2loraL y2F 7HX[HE,
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Divide & Conquer
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Divide & Conquer
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Divide & Conquer
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Divide & Conquer
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Divide & Conquer

21 Z0r @ EZ0| 0| &0 RULH.
O| X| Merging= S} H?




Divide & Conquer




Divide & Conquer




Divide & Conquer




Divide & Conquer




Divide & Conquer

9 -




Divide & Conquer




Divide & Conquer




Divide & Conquer




Divide & Conquer




Divide & Conquer

n
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Divide & Conquer

n
3 2 I 0
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Divide & Conquer

n
3 + 2 + I + 0

=M YO L F O] =2HAHOf 3 JhLt RULH
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Overall procedure
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0+2

Divide & Conquer

I

10
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n

0+2+0+0+0



Divide & Conquer

n

0+2+0+0+0+6



Divide & Conquer

0+2+0+0+0+6=8!



Divide & Conquer

» 3XIRIE D&CE ZE2 AQLICH (O™ & 7|Y0]..))

» D&C IS HARD!!
20 10HS DECE 0f3f L
[ E %0l D&C 2R S =



Divide & Conquer

» Example

NS @2d8tof 123 ... (N-I)N(N-1) ... 32 | =&
input=4 2> output = 123432 |
int Print (int s int n) : The output starts from s and peak point is n
1D arrayOf| A Z|Z4t 27|
int Min(int array, int index) := The minimum value among array[0] ~ array[index]
NZjo| 42 9l2f grof e A|Ti2 S S
S5 ol Q0PN 2R AIZ
Hanoi’s Tower
Lo i~ @ 2ot F7[= Wd= SHTHLE
void Hanoi(int n, char a, char b, char c)
AN R 7|52 0| F50] a, = HM 7| 52| O

_
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