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“Maus programadores se preacupam com codigo. Bons
programadores se preacupam com as estruturas de dados e seus
relacionamentos” (Linus Torvalds).
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Merge Sort

|deia: particionar o vetor em duas partes de (quase) mesmo tamanho
Recursivamente, para cada uma das partes, repetir 0 processo, até que o vetor particionado seja trivialmente ordendvel

Juntar novamente os vetores através de uma funcdao de merge



Merge Sort - Exemplo
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Merge-Sort

funcao mergeSort (v,a,b)
entrada: vetor v, indexado por [a..b]
saida: o vetor v modificado de forma que v[a..b] é um vetor ordenado.
sea=z=bhb
retorne v
m — E§+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Teste de Mesa

fungao mergeSort (v,a,b)
seaz=zbhb

retorne v
m a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)

vIil

42

15

23



mergeSort

j‘zm i 1 2| 3] 4

Vil | 42 15 23 | 8

|funqéo mergeSort (v,a,b)|

se az=h
retorne v
m a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort
b m

T i 12 3 4

Vil | 42 15 23 | 8

fungao mergeSort (v,a,b)

se az=h
retorne v
‘m  [a+b)/2

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort
b m

T i 12 3 4

Vil | 42 15 23 | 8

fungao mergeSort (v,a,b)

se az=h
retorne v
m a+b)/2J

‘mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)




mergeSort
a b m
1 4 2

vij| 42 | 15 23 | 8

mergeSort
a b m
1 2

|fung§o mergeSort (v,a,b)|

seaczb
retorne v
m — a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort

a b m .
V[ij | 42 15 | 23 8
mergeSort
a b m
1 2 1

fungao mergeSort (v,a,b)

se az=h
retorne v
|m — [a+bh)/2 |

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort

a b m .
V[ij | 42 15 | 23 8
mergeSort
a b m
1 2 1

fungao mergeSort (v,a,b)

se az=h
retorne v
m — a+b)/2J

| mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)




mergeSort
a b m
1 4 2

vij| 42 | 15 23 | 8

mergeSort
a b m
1 2 1

mergeSort
a b m
1 1

| fungéo mergeSort (v,a,b) |

seaz=h
retorne v
m — a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort
a b m
1 4 2

vij| 42 | 15 23 | 8

mergeSort
a b m
1 2 1

mergeSort
a b m
1 1

fungao mergeSort (v,a,b)
seaz=b
retorne v |

m — E§+b)/2j

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)




mergeSort

a b m .
V[i] | 42 15 | 23 | 8
mergeSort
a b m
1 2 1

fungao mergeSort (v,a,b)

se az=h
retorne v
m — a+b)/2J

mergeSort(v,a,m)
| mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)




mergeSort

a b m

p 2 > i 1 2 3 4

V[ij | 42 15 | 23 | 8

mergeSort
a b m
1 2 1

mergeSort

a b m

2 2

|funq§o mergeSort (v,a,b)|

seazb
retorne v
m — a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort

a b m .

T T2 i |12 3|4

V[ij | 42 15 | 23 | 8

mergeSort
a b m
1 2 1

mergeSort

a b m

2 2

fungao mergeSort (v,a,b)
seaz=2b

~retorne v |
m E§+b)/2j

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort
a b m .
1 4 | 2 '

vij| 15 42 23| 8

mergeSort
a b m
1 2 1

fungao mergeSort (v,a,b)

se az=h
retorne v
m — a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
|retorne merge(v,a,m,b) |




mergeSort

b .
T3 i 12 3 4

vij| 15 42 23 | 8

fungao mergeSort (v,a,b)

se az=h
retorne v
m a+b)/2J

mergeSort(v,a,m)
‘mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)




mergeSort
a b m
1 4 2

Vil | 15 | 42 | 23 | 8

mergeSort
a b m
3 4

|funqéo mergeSort (v,a,b)|

seaz=zb
retorne v
m o a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort

a b m .
. i |1 ]2 |3]4
V[i] | 15 | 42 | 23 | 8
mergeSort
a b m
3 4 3

fungao mergeSort (v,a,b)

seaz=h
retorne v
'm — [a+b)/2

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort
a b m .
1 4 | 2 '

Vil | 15 | 42 | 23 | 8

mergeSort
a b m
3 4 3

fungao mergeSort (v,a,b)

seaz=h
retorne v
m a+b)/2J

| mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)




mergeSort
a b m
1 4 2

Vil | 15 | 42 | 23 | 8

mergeSort
a b m
3 4 3
mergeSort
a b m
3 3

| fungdo mergeSort (v,a,b) |

seazbhb
retorne v
m — a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort

a b m .
T T4 2 i |12 ]3] 4
V[i] | 15 | 42 | 23 | 8
mergeSort
a b m
3 4 3
mergeSort
a b m
3 3

fungao mergeSort (v,a,b)
se a=2b
retorne v |

m — E§+b)/2j

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)




mergeSort

a b m .
. i [ 1] 2 |3]4
v[i] | 15 | 42 | 23 | 8
mergeSort
a b m
3 4 3

fungao mergeSort (v,a,b)

seaz=h
retorne v
m a+b)/2J

mergeSort(v,a,m)
| mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)




mergeSort

a b m

p 2 5 i 1 2 3 4

V[i] | 15 | 42 | 23 | 8

mergeSort
a b m
3 4 3

mergeSort

a b m

4 4

|funq§o mergeSort (v,a,b)|

seazb
retorne v
m — a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort

a b m

1 7 > i 1 2 3 4

V[i] | 15 | 42 | 23 | 8

mergeSort
a b m
3 4 3

mergeSort

a b m

4 4

fungao mergeSort (v,a,b)
se az=b

retorne v |
m - 'La+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



mergeSort
a b m .
1 4 | 2 '

Vil | 15 | 42 | 8 | 23

mergeSort
a b m
3 4 3

fungao mergeSort (v,a,b)

seaz=h
retorne v
m a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
|retorne merge(v,a,m,b) |




mergeSort
a b m .
1 4 | 2 '

Vil | 8 | 15 | 23 | 42

fungao mergeSort (v,a,b)

se az=h
retorne v
m o a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
|retorne merge(v,a,m,b) |




mergeSort
a b m .
1T | 4 | 2 '

Vil | 8 | 15 | 23 | 42

fungao mergeSort (v,a,b)

se az=h
retorne v
m a+b)/2J

mergeSort(v,a,m) Y
retorne merge(v,a,m,b) !
8 : "




Andlise

Considerando o nimero de comparagoes com elementos do vetor

C(n)=...

fungao mergeSort (v,a,b)

se az=h
retorne v
m a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Andlise

Considerando o nimero de comparagoes com elementos do vetor

0, sen <1,
C(n) = {C(VSJ) +C(15]) +Cn(n), sen>1

fungao mergeSort (v,a,b)

se az=h
retorne v
m a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Andlise

Da aula passada, 0 custo do merge para um vetor de tamanho né n

0, sen <1,
C(l5])+C([5]) +n, sen>1

fungao mergeSort (v,a,b)

se az=h
retorne v
m a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Andlise

Para facilitar (muito) a andlise, considerando que |

C(n) = «

fungao mergeSort (v,a,b)
seaz=zbhb

retorne v
m a+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)

| S



Andlise

<1
Cln) = {O, sen <1,

20(5) +mn, sen>1

C(n) = 20(%) +n

fungao mergeSort (v,a,b)
sea=z=b

retorne v
m . Ea+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Analise

0, sen <1,
Cln) = {20(3’) +mn, sen>1
2
C(n) = 2(20(%) + g) +n =220

C(n)=2C(=)+n

n
22

)+ 2n

fungao mergeSort (v,a,b)
sea=z=b

retorne v
m - Ea+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Andlise

<1
Cln) = {O, sen <1,

20(5) +mn, sen>1

C(n) = 20(%) +n
n, n N
C(n) = 2(20(§) + 5) +n =2 C(ﬁ) + 2n
n n n
C(n) = 22<2C(§) + ?) + 2n = 230(?) + 3n ::ngég EergeSort (v,a,b)

retorne v
m . Ea+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Andlise

<1
Cln) = {O, sen <1,

20(5) +mn, sen>1

C(n) = 20(5) +n

C(n) = 2(2C(5) + 5) +n = 2°Cl55) + 2n
C(n) = 2(20(55) + 53) + 21 = 2°C(3) + 3n
C(n) = 2#0(2%) + un

fungao mergeSort (v,a,b)
sea=z=b

retorne v
m Ea+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Andlise

0,
C(n) = {20(3) n

sen <1,

sen > 1

n _1 B
2_,“_ <:>,LL—

log, n

fungao mergeSort (v,a,b)
sea=z=b

retorne v
m . Ea+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Andlise

<1
Cln) = 0, sen <1,
20(5) +mn, sen>1

C(n) = 2”(7( =)+ pn -%%;:: l <= p=

C(n)

= 21°%22C(1) 4 log,(n)n = nlog, n

log, n

fungao mergeSort (v,a,b)
sea=z=b

retorne v
m . E§+b)/2J

mergeSort(v,a,m)
mergeSort(v,m + 1,b)
retorne merge(v,a,m,b)



Exercicios

1. Plote um grafico onde o eixo x possui valores para n, e no eixo y plote n°/2 e nlog,n. Compare a diferenca entre
as curvas, especialmente para valores grandes de .

2. Mostre que o custo de memdria do algoritmo é aproximadamente M(n) = n+n*log2(n)

3. Implemente o merge sort em (
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