Merge Sort
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Recursive Function

« Recursive function (X&)

(Ex)
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Program stack O 2|8t call — return
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int main()
{
f(4);
return O;
}
void f(int n)
{
cout << “call: " << n << "Wn"
if(n>0)
f(n-1);
cout << “return: " << n << 'Wn"

}




Recursive Function

int main()
{
f(4),
return O;
}
void f(int n)
{
cout << “call: " << n << 'Wn’
if(n>0)
f(n-1);
cout << “return: " << n << "Wn’"

}
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Merge

 Problem
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Operation (1)
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Operation (2)
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Merge

 Algorithm
MERGE(A, p, g, 1)
- A HIZ
« par g =2 (p<qg<r)
> Alp .. ql Alg+1 .. r] 2 44 LEXELE FEEN US.

MERGE(A, p,q.,r)

n<«<q—p+1

o <=t

create arrays L[1..n; + 1] and R[1..ny + 1] o

fori < 1ton 1"2 4J
do L[i] < Alp +i —1] 7

for j < 1ton;

7 do R[j] < Alg + Jj]

8 L[ni+1] « o0

9 R[ny+1] « o0

b W=

(@)

10 i «1

11 j <1

12 fork < ptor

13 doif L[i] < R[J]

14 then A[k] < LJi]
15 i —1+1

16 else Alk] < R[J]

17 el running time : ©(n) (n = r-p+1)




Merge Sort

* Problem
— input: sequence of n numbers <a, a,, ..., a,
— output: <a,’, a,,..., an’> such that a;’ a2' <..2a,
* |dea
— Input sequence & n /2 £ : Divide
— =2 El sequence Of CHSHO| Merge algorithm BHE=34 : Conquer

sorted sequence

o 7] MERGE-SORT(A,1,8)
{
/ merge \ MERGE(A,1,1,2)
BT E 3 : §] MERGE(A,3,3,4)
: MERGE(A,1,2,4)
/ merge \ / merge \
Nrn: MERGE(A,5,5,6)
B [aEs] [2iiis MERGE(A,7,7,8)
\ / \ / \ MERGE(A,5,6,8)
E B B B E = & | MERGE(A,1,4,8)
initial sequence 9




Merge Sort

 Algorithm

sorted sequence

2 2 6
/ merge \

2 & 5 B 3 6
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initial sequence

- p, r: ‘dESAX} 5= HIE A 2] K
- floor &

MERGE-SORT(A, p, 1)

Tifp<r

2 thenq <« L(p+r) /2]

3 MERGE-SORT(A, p, q)
4 MERGE-SORT(A, g+1, 1)
5 MERGE(A, p, g, 1

o
sh4= | x| x ECF ZAHLE 2t %|Cf 9
(@)

ceiling &= [x|: x EC} Z7Lt 2 £|A0| M4
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 Algorithm

Merge Sort

MERGE-SORT(A, p, 1)
Tifp<r
2 thenq <« L(p+n /2]

MERGE(A, p, g, 1)

3 MERGE-SORT(A, p, q)
4 MERGE-SORT(A, g+1, 1)
5

e Operation
A = <524,7,13,.26>
p=1,r=8 8%

ME(AE.E)

MERGE(4,1,2.4)

Ms(4,1,8) |—>| Msta14) —— MS(&12) }—~| MS(4,1,1) |

MS(A3,4) ——{ Ms8.3.3)

_MERGE (4.3,34)

_MS(A,E,E)
_MS(A,E,E)

MERGE(4.5,5,6)

MSIAT,T)

ME(AS.E

ME(AE.6)

ME(A,T.8)

MERGE(AT,7.8)

MERGE(4,5.6.6) |

MERGE(4,1,4,8) |



Merge Sort

(Q) A=<3,5094,87 1, 2>
MERGE-SORT(A,1,8) =& Al A 2| Ha} At-™ ?
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* Running Time
T(n)={

C

Analysis

(n=1)

2T(n/2)+cn (n>1)

For n>1 T(n):ZT(g)+cn

n n n
=2(2T(=)+c-=)+cn=4T(-)+2cn
@) +e) )

n n n
=4.(2-T(=)+Cc-—)+2cn=8T (=) +3cn
( (8) 4) (8)

n
= 2kT(2—k)+kcn

let n=2° (k=Ign)

T(nN)=nT@) +cnlign

cn+cnlign

®(nlgn)

MERGE-SORT(A, p, 1)
Tifp<r

2 then q < L(p+n) / 2]

3 MERGE-SORT(A, p, q)

4 MERGE-SORT(A, q+1, 1)
5 MERGE(A, p, q, 1)
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Analysis

« Memory
— Not in-place sorting
— 2= HIG (A) 0|Q|ol HE HE2| AFR: L, R
— Size = n



Divide-and-Conquer

« Divide-and-conquer approach (& 85)

— Divide: & #M& R 7ol &~ EXH=ZE =&
ex) n A2 HE ZHE 2702 n2 A FEENHZE 2

— Conquer: 2 &~ 8|2 THEL= o4
(ex) 2702 n/2 BlA& HEEME 22 recursive E1E|ELE

sl &4

— Combine: Zt & 2X|o| SHE2EEH & 2X|o| si|E 23t

(ex) 2742 BEE BAE Merge

% Recursive structure

(cf) Incremental approach



Example

 Binary search algorithm
1) Problem

input : A = <a;, @, ..., a,> and a value v (a;<a, <
output : an index /such that v = A[/] or
NIL if v does not appear in A
2) Operation
- St U2 M0, v BEOF Ao QEFROR 3

» divide-and-conquer approach
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Example

 Binary search algorithm
3) Algorithm

4) Analysis

- Running time



