




•
•

• FELOSZT(A,p,r)
x  A[r]
i  p – 1
for j  p to r-1
do if A[j]  x
then i  i+1

A[i]  A[j] csere
A[i+1]  A[r] csere
return i+1



•
•

• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str
then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 8 7 3 5 6 4



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 8 7 1 3 5 6 4



•

•

FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 8 7 1 3 5 6 4



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 8 7 1 3 5 6 4



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 1 7 8 3 5 6 4



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 1 7 8 3 5 6 4



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 1 7 8 3 5 6 4



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 1 3 8 7 5 6 4



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 1 3 8 7 5 6 4



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 1 3 4 7 5 6 8



• FELOSZT(A,also,felso)
strA[felso]
ialso–1
for jalso to felso–1
do if A[j]str

then ii+1
Csere(A[i],A[j])

Csere(A[i+1],A[felso])
return i+1

2 1 3 4 7 5 6 8





•
• ℎ

• 2ℎ − 1

• ℎ
•

• ℎ ℎ − 1

ℎ − 2

• ℎ ℎ − 1
ℎ − 1

ℎ

ℎ − 1

ℎ −2

ℎ

ℎ − 1 ℎ − 1
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• 𝒪(1)

• 𝒪(1)

• 𝒪(ℎ) = 𝒪(log 𝑛)

• 𝒪(log 𝑛)
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• ℎ 𝒪(log 𝑛)
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•
•

•
•

• 𝑘 2𝑘, 2𝑘 + 1

• 𝑘
𝑘

2

• 𝑘 > 𝑛

1 2 3 4 5 6 7 8 9



• ℎ
• ℎ ≤ 2𝑛

• 𝒪(log 𝑛)

1 2 3 4 5 6 7 8 9



•

• → 𝐾
• Maxmeretnek

• Aktmeret

• 𝐾 → 𝐿
• return (Aktmeret = 0)

x x x x x x x x x xT

Maxmeret

Aktmeret 0



• 𝐾 × 𝑁 → 𝐾
≠

Aktmeret ← Aktmeret + 1
𝑇[Aktmeret] ← ujelem
Szulo ← Aktmeret / 2
Gyerek ← Aktmeret

𝑆𝑧𝑢𝑙𝑜 ≥ 1 ⋀ 𝑇 Szulo < 𝑇 Gyerek

Csere 𝑇 Szulo , 𝑇 Gyerek
Gyerek ← Szulo
Szulo ← Szulo/2



• 𝐾 → 𝐸

≠ 0

𝑇[1]



• 𝐾 → 𝐾 × 𝑁

•

≠ 0

← 𝑇[1]
𝑇 1 ← 𝑇[Aktmeret]
Aktmeret ← Aktmeret − 1

Maxelem



•
𝑇[1]

𝑎𝑖 ← 1 //Aktuális index

𝑎𝑖 ∗ 2 + 1 ≤ Aktmeret ∧ 𝑇[𝑎𝑖] < Max 𝑇[𝑎𝑖 ∗ 2], 𝑇[𝑎𝑖 ∗ 2 + 1]

𝑇[𝑎𝑖 ∗ 2 + 1] < 𝑇[𝑎𝑖 ∗ 2]

Csere(𝑇[𝑎𝑖], 𝑇[𝑎𝑖 ∗ 2])
𝑎𝑖 ← 𝑎𝑖 ∗ 2

Csere(𝑇[𝑎𝑖], 𝑇[𝑎𝑖 ∗ 2 + 1])
𝑎𝑖 ← 𝑎𝑖 ∗ 2 + 1

𝑎𝑖 ∗ 2 = Aktmeret ∧ 𝑇[𝑎𝑖] < 𝑇[𝑎𝑖 ∗ 2]

Csere(𝑇[𝑎𝑖], 𝑇[𝑎𝑖 ∗ 2])



• Empty

• Empty

• isempty

• IsEmpty

• insert

• Insert

• delmax

• DelMax

• max

• Max



•
•

•



•

¬s.isempty

k.insert(s.out)

¬k.isempty

s.in(k.delmax)



•
•
𝑛 𝒪(log2𝑛)
• 𝒪(𝑛 log2 𝑛)

•
𝑛 𝒪(log2𝑛)
• 𝒪(𝑛 log2 𝑛)

• 𝒪(𝑛 log 𝑛)
• 2



•

•
•

•

100 712 148 2842 581 2596 899

200 1682 328 9736 9736 10307 3503

500 5102 919 53113 4042 62746 21083




•

•
• 𝑂(𝑛2)

•

•

•

•
•
• 𝑂(𝑛 log 𝑛)

•
•





•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4 5



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4 5 9



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4 5 9 11



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4 5 9 11 16



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4 5 9 11 16 21



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4 5 9 11 16 21 23



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4 5 9 11 16 21 23 29



•

• 𝐴[1. . 𝑘] 𝐵[1. .𝑚]

𝐴[1. . 𝑘]

𝐵[1. .𝑚]

𝐶[1. . 𝑘 + 𝑚]

3 5 9 21 23 42

4 11 16 29

3 4 5 9 11 16 21 23 29 42



•
𝑎𝑖 ← 1 𝑏𝑖 ← 1, 𝑐𝑖 ← 1

𝑎𝑖 ≤ 𝑘 ∧ 𝑏𝑖 ≤ 𝑚

𝐴[𝑎𝑖] < 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 = 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 > 𝐵[𝑏𝑖]

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1
𝑐𝑖 ← 𝑐𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝑐𝑖 ← 𝑐𝑖 + 1

𝐶



•
𝑎𝑖 ← 1 𝑏𝑖 ← 1, 𝑐𝑖 ← 1

𝑎𝑖 ≤ 𝑘 ∧ 𝑏𝑖 ≤ 𝑚

𝐴[𝑎𝑖] < 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 = 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 > 𝐵[𝑏𝑖]

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1
𝑐𝑖 ← 𝑐𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝑐𝑖 ← 𝑐𝑖 + 1

𝐶



•
𝑎𝑖 ← 1 𝑏𝑖 ← 1, 𝑐𝑖 ← 1

𝑎𝑖 ≤ 𝑘 ∧ 𝑏𝑖 ≤ 𝑚

𝐴[𝑎𝑖] < 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 = 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 > 𝐵[𝑏𝑖]

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1
𝑐𝑖 ← 𝑐𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝑐𝑖 ← 𝑐𝑖 + 1

𝐶



•
𝑎𝑖 ← 1 𝑏𝑖 ← 1, 𝑐𝑖 ← 1

𝑎𝑖 ≤ 𝑘 ∧ 𝑏𝑖 ≤ 𝑚

𝐴[𝑎𝑖] < 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 = 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 > 𝐵[𝑏𝑖]

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1
𝑐𝑖 ← 𝑐𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝑐𝑖 ← 𝑐𝑖 + 1

𝐶



•
𝑎𝑖 ← 1 𝑏𝑖 ← 1, 𝑐𝑖 ← 1

𝑎𝑖 ≤ 𝑘 ∧ 𝑏𝑖 ≤ 𝑚

𝐴[𝑎𝑖] < 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 = 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 > 𝐵[𝑏𝑖]

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1
𝑐𝑖 ← 𝑐𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝑐𝑖 ← 𝑐𝑖 + 1

𝐶



•
𝑎𝑖 ← 1 𝑏𝑖 ← 1, 𝑐𝑖 ← 1

𝑎𝑖 ≤ 𝑘 ∧ 𝑏𝑖 ≤ 𝑚

𝐴[𝑎𝑖] < 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 = 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 > 𝐵[𝑏𝑖]

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1
𝑐𝑖 ← 𝑐𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝑐𝑖 ← 𝑐𝑖 + 1

𝐶



•

•

𝑎𝑖 ← 1 𝑏𝑖 ← 1, 𝑐𝑖 ← 1

𝑎𝑖 ≤ 𝑘 ∧ 𝑏𝑖 ≤ 𝑚

𝐴[𝑎𝑖] < 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 = 𝐵[𝑏𝑖] 𝐴 𝑎𝑖 > 𝐵[𝑏𝑖]

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1

𝐶[𝑐𝑖] ← 𝐴[𝐴𝑖]
𝑎𝑖 ← 𝑎𝑖 + 1
𝑐𝑖 ← 𝑐𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝐶[𝑐𝑖] ← 𝐵[𝐵𝑖]
𝑏𝑖 ← 𝑏𝑖 + 1

𝑐𝑖 ← 𝑐𝑖 + 1

𝐶



•
• 𝑘 +𝑚 − 1

•
•

• 𝑆[1. . 𝑛] (𝑛 > 1)
• (𝑆1, 𝑆2)

•

•

•



• MergeSort(𝑆)
Length(𝑆) > 1

Szétvág(𝑆, 𝑆1, 𝑆2)

MergeSort(𝑆1)
MergeSort(𝑆2)

Összefuttat(𝑆1, 𝑆2, 𝑆)



• MergeSort(𝐴, 𝑘, 𝑣)

•
• MergeSort(𝐴, 1, 𝑛)

•

𝑘 < 𝑣

ℎ ←
𝑘 + 𝑣

2
Szétvág(𝑆, 𝑆1, 𝑆2, ℎ)

MergeSort(𝐴, 𝑘, ℎ)
MergeSort(𝐴, ℎ + 1, 𝑣)

Összefuttat(𝐴[𝑘, ℎ], 𝐴[ℎ + 1, 𝑣], 𝐴[𝑘, 𝑣])



•
•
ℎ = 1, 2, 22, 23, … 2 log2 𝑛 −1

•



8 2 3 11 4 5 9 7 1 6 10

2 8 3 11 4 5 7 9 1 6 10

2 3 8 11 4 5 7 9 1 6 10

2 3 4 5 7 8 9 11 1 6 10

1 2 3 4 5 6 7 8 9 10 11



•
•

• 𝑘 𝑚 𝑘 +𝑚 − 1

• MÖösszefuttat(𝑘,𝑚) = 𝑘 + 𝑚 − 1

• 𝑛
• MÖösszefuttat(𝑛) = 𝑛 − 1

•



11(10)

3(2)

5(4)

2(1)

3(2)

1 2(1) 1 2(1)

2(1)

6(5)

3(2)

111

1 1 1

11 1

𝑛 = 11
MÖ = 10 + (5 + 4) + (2 + 2 + 2 + 1) + (1 + 1 + 1) = 29



•

• 4 = log2 11
• ℎ = log2 𝑛

• ℎ

•
•  𝑛 − 1

• MÖMS(𝑛)  (𝑛 − 1) ∗ log2 𝑛 = Θ(𝑛 ∗ log2 𝑛)





•

•

• 𝑛!
•

• 𝑥 < 𝑦 𝑥
𝑦

•
𝑘

𝑛!

2𝑘



•
•

•

• 𝑎𝑖: 𝑎𝑗
1 𝑖, 𝑗  𝑛

•



• 𝑎𝑖  𝑎𝑗

• 𝑎𝑖 > 𝑎𝑗

•



a1:a2

(a1,a2,a3)

a1:a3

(a2,a1,a3)

(a1,a3,a2) (a3,a1,a2)

a2:a3

a2:a3

a1:a3

(a2,a3,a1) (a3,a2,a1)











>

>

>

>

>



•
(𝑛 ∗ log2 𝑛)

• 𝑛
ℎ

• 𝑛!

• ℎ  2ℎ

𝑛!  2ℎ

• ℎ log2 𝑛!
• log



•

𝑛!~ 2𝜋𝑛
𝑛

𝑒

𝑛

•

•

𝑛! >
𝑛

𝑒

𝑛

•

• ℎ log2
𝑛

𝑒

𝑛
= 𝑛 ∗ log2 𝑛 –𝑛 ∗ log2 𝑒 = Ω 𝑛 ∗ log2 𝑛



•
•

•
•

Θ 𝑛 ∗ log2 𝑛
Ω 𝑛 ∗ log2 𝑛

•
•

• 




