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MAX-HEAPIFY (A, i)

I [ = LEFT(i)

2 r = RIGHT(i)

3 ifl < A.heap-size and A[l] > Ali]

4 largest = |

S else largest = i

6 if r < A.heap-size and A[r] > Allargest]
7 largest = r

8 if largest # i

9 exchange A[i]| with A[largest]
10 MAX-HEAPIFY (A, largest)
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BUILD-MAX-HEAP(A)

I A.heap-size = A.length
2 fori = |A.length/2| downto |
3 MAX-HEAPIFY (A, 1)
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L'MCoriTr1d  HEAPSORT

HEAPSORT(A)

1 BUILD-MAX-HEAP(A)
2 fori = A.length downto 2

3 exchange A[1] with A[i]
4 A.heap-size = A.heap-size — 1
5 MAX-HEAPIFY (A, 1)
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6.1-1
What are the minimum and maximum numbers of elements in a heap of height /1?

6.1-3
Show that in any subtree of a max-heap, the root of the subtree contains the largest
value occurring anywhere in that subtree.

6.1-4
Where in a max-heap might the smallest element reside, assuming that all elements
are distinct?

6.1-5
[s an array that is in sorted order a min-heap?

6.1-6
Is the array with values (23,17,14.,6,13,10,1,5.7,12) a max-heap?



6.2-1

Tllustrate the operation of MAX-HEAPIFY (4, 3) on
the array A = (27,17.3,16,13,10,1.5,7.12,4.8,9,0).

6.2-2

Starting with the procedure MAX-HEAPIFY, write pseudocode for the procedure
MIN-HEAPIFY (A, i), which performs the corresponding manipulation on a min-
heap. How does the running time of MIN-HEAPIFY compare to that of MAX-
HEAPIFY?

6.2-3
What is the effect of calling MAX-HEAPIFY (A.i) when the element A[i] is larger
than its children?

6.2-4
What is the effect of calling MAX-HEAPIFY(A.7) for i > A.heap-size/2?

6.2-6

Show that the worst-case running time of MAX-HEAPIFY on a heap of size n
is Q(lgn).



6.3-1
Using Figure 6.3 as a model, illustrate the operation of BUILD-MAX-HEAP on the
array A = (5,.3,17,10,84,19,6,22,9).

6.3-2
Why do we want the loop index i in line 2 of BUILD-MAX-HEAP to decrease from
| A.length/2| to 1 rather than increase from 1 to | A.length/2]?

6.4-1
Using Figure 6.4 as a model, illustrate the operation of HEAPSORT on the array
A=(513,2,25,7.17,20.8. 4).
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HEAP-MAXIMUM (A) COMPLESS(TA O (i>
I return A[l]

HEAP-EXTRACT-MAX (A)

1 if A.heap-size < 1

2 error “heap underflow™

3 max = A[l]

All] = A[A.heap-size]

A heap-size = A.heap-size — 1

MAX-HEAPIFY (A4, 1)

return max CoOMPLESS| Tx O ( ,@3 m)
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HEAP-INCREASE-KEY (A, 1, key)
1 if key < A[i]
2 error “‘new key is smaller than current key”
3 Ali] = key
4 whilei > 1 and A[PARENT(7)] < Ali]
5 exchange A[i] with A[PARENT(i)] Co N
| : m
6 meLessTa . (O(Lg m)

i = PARENT(i)

Esoneo
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MAX-HEAP-INSERT (A, key)
| A.heap-size = A.heap-size + 1
2 A[A.heap-size] = —o0

3 HEAP-INCREASE-KEY (A. A.heap-size, key) CoM PL%§( TPK\ - O (,(g m)
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6.5-1

[ustrate the operation of HEAP-EXTRACT-MAX on the heap 4 = (15, 13,9, 5,
12,8,7,4,0,6,2,1).

6.5-2
[llustrate the operation of MAX-HEAP-INSERT(A. 10) on the heap A = (15.13.9,
5.12,8.7,4,0,6,2.1).

6.5-4
Why do we bother setting the key of the inserted node to —oo in line 2 of MAX-
HEAP-INSERT when the next thing we do is increase its key to the desired value?

6.5-6

Each exchange operation on line 5 of HEAP-INCREASE-KEY typically requires
three assignments. Show how to use the idea of the inner loop of INSERTION-
SORT to reduce the three assignments down to just one assignment.



6.5-7

Show how to implement a first-in, first-out queue with a priority queue. Show
how to implement a stack with a priority queue.

6.5-8

The operation HEAP-DELETE (A, i ) deletes the item in node i from heap A. Give
an implementation of HEAP-DELETE that runs in O(lg n) time for an n-element
max-heap.

6.5-9

Give an O(nlgk)-time algorithm to merge k sorted lists into one sorted list,
where n 1s the total number of elements in all the input lists. (Hint: Use a min-
heap for k-way merging.)



