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Up and Down One Level

Insert, Remove, Heapify, and Heap Sort
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Source: Miller and Ranum (2013), Binary Heap Implementation.
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Source: Miller and Ranum (2013), Binary Heap Implementation.
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Source: Miller and Ranum (2013), Binary Heap Implementation.
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Section2 « Heap Operations

Remove Min: Sift Down
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Source: Miller and Ranum (2013), Binary Heap Implementation.
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Source: Miller and Ranum (2013), Binary Heap Implementation.
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Source: Miller and Ranum (2013), Binary Heap Implementation.
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Source: Miller and Ranum (2013), Binary Heap Implementation.
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Section3 + Heap Operations
Building a Heap

HIE TAIE o Hoj| 2= BH=Ct

DS3600082-140 - XEd=x

21/45



U0l 2F FO{X USH S E7| LTt THHHOY| BE== TOo| M

iy H|& Sh= g
nt#H A O(nlogn) OfH AFSFOlE

heapify O(n) ofzHol| M st ol

DS3600082-140 - Xt27E 22/45



ofzHollM ¢12

oA sl=g Hel- 2

1 Ciat L C= OGS} o|o| golct

2 Ofx[et HR2H 51% 0|5 oM oz

3 ZEJX| gt QA O77HX]
Of= g5 E2|7} o|0| 0|22 sk 0| ot Ho|@ gt

DS3600082-140 -

PSS

23/45



heapify=

MH| HHE

2S O(n)oll g2z =Lt

H2 20| =7t D

JR0||M = LH2{Z 74217 STt

e Y= LH2qZ Azl
o o}z ek n/2 0

a9 S n/4 1

gFE 1 log, n

C3=v] g

L2i2t Hale| 2 1 - n/4 +2 - n/8 +3 - n/16 + - - - 0|7 O] & nict =}

Of2{% 2f#2 0|F 2|7t Bfot H0|S =2f &eto| nof Hizi|etct

DS3600082-140 -

PSS

24/45



r2
mujn
L2
al
rir
B
02

Initial Heap = =

MEZ| [9, 6, 5, 2, 312 0x 0] Ol ={0|Ct. OF2HZ SR EE] Af2l| 2 3tef 0| SstH ol Lt

Source: Miller and Ranum (2013), Binary Heap Implementation.
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Adapted from Miller and Ranum (2013), Binary Heap Implementation, Figure 4.
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Building a Heap
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Section4 + Heap Operations

Heap Sort
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Adapted from Morin (2013), Figure 11.4.
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Section5 + Heap Operations

Python heapq
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Adapted from Downey (2021), heap. ipynb, “The heapg module.”
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import heapq

1
2
3 heap = [1, 2, 3, 5, 7, 4, 6, 9, 8]
2 smallest = heapq.heappop (heap)
5 print(smallest) # 1

6 print(heap) # [2, 5, 3, 8, 7, 4, 6, 9]
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Source: Python 3.14 Library Reference (n.d.), heapq.
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Source: Python 3.14 Library Reference (n.d.), heapq.
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1 def is_heap(heap):

2 for i in range(1, len(heap)):
3 parent = (i-1) // 2

4 if heap[parent] > heap[il:
5 return False

6 return True

7

s is_heap([1, 2, 6, 4, 3, 8, 9]) # True
9 is_heap([4, 9, 3, 7, 5, 1, 6, 8, 2]) # False

>
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Adapted from Downey (2021), heap. ipynb, “The Heap Property.”
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