Lecture 4
Part D

Examples on Recursion
Quick Sort
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Quick Sort in Java

public List<Integer> sort(List<Integer> list)

List<Integer> sortedList;
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if(list.size( { sortedLlst =

else if(list.size
Arra 1st<> );

new ArrayList<>(

sortedList.add(list.get(0));
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sortedList = new
list.size() - 1;

else {
int plvotIndex =
int plvotvalue list.get (pivotIndex) ;
List<Integer> left =
1;ist<1nteger> right =
List<Integer> sortedLeft =

sort (left);

allLessThanOrEqualTo (pivotIndex,
allLargerThan (pivotIndex,
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List<Integer> sortedRight -

sort (right)

sortedList = new ArrayList<

>();
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sortedList.

sortedList.

addAll (sortedLeft) ;
add (pivotValue) ;
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sortedList.addAll (sortedRight) ;

} s ILl<<

return sortedList;
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QM:Llst<Integer> allLessThanOrEqualTo(int _pivotIndex, List<Integer> llSt)
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List<Integer> sublist = new ArrayList<>();
int pivotValue = list.get(pivotIndex);
for(int i = 0; i < list.size(); 1 ++) {
int v = list.get(1);
if (i != pivotIndex && v <= pivotValue)
}
return sublist;
-} L ]
PList<Integer> alllargerThan(int_pivotIndex, List<Integer> list) ({
List<Integer> sublist = new ArrayList<>();

{ sublist.add(v); }
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int pivotValue = list.get(pivotIndex);
for(int i = 0; i < list.size(); 1 ++) {
int v = list.get(1);
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if(i != pivotIndex && v > pivotValue)
}
return sublist;

}

{ sublist.add(v); }
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Quick Sort: Worst-Case Running Time

Running Time as a
Recurrence Relation

.9

public List<Integer> sort(List<Integer> list)
List<Integer> sortedList;

eif(list.size() == 0) { sortedList = new ArrayList<>(); }

‘else if(list.size() == 1) {

sortedList = new ArrayList<>(); sortedList.add(list.get(0)); }

else

int pivotIndex = list.size() - 1; OLA)

int pivotValue = list.get (pivotIndex);

List<Integer> left = allLessThanOrEqualTo (pivotIndex, 1list)

List<Integer> right = alllLargerThan (pivotIndex, Jlist);
List<Integer> sortedLeft = sort(left);

List<Integer> sortedRight = sort(right);

sortedList = new ArrayList<>();

sortedList.addAll (sortedLeft) ; 1. Split using pivot x x
sortedList.add(pivotValue) ; T O l
sortedList.addAll (sortedRight) ; s — ( ) -

} ([ E=» ]

return sortedList; T( l) l
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Quick Sort: Best-Case Running Time
v \] unning Time as a

{

public List<Integer> sort(List<Integer> list)

List<Integer> sortedList; ')
if(list.size() == 0) { sortedList = new ArrayList<>(); } Recurrence Relaflon
else if(list.size() == 1) { IEI _-—I

sortedList = new ArrayList<>(); sortedList.add(list.get(0));
else {
int pivotIndex = list.size() - 1;
int pivotValue = list.get (pivotIndex);
List<Integer> left = allLessThanOrEqualTo (pivotIndex, 1list)

List<Integer> right = allLargerThan (pivotIndex, list);
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List<Integer> sortedRight = sort (right) ; ‘( “ ( ," i m

sortedList = new ArrayList<>();

sortedList.addAll (sortedLeft) ; 1. Split using pivot x x

sortedList.add(pivotValue) ;

sortedList.addAll (sortedRight) ; _ =
} ([ E=»

return sortedList;

} 2.Recur
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Lecture 5d
Part A

Priority Queue -
Intro & List-Based Implementations



What is a Priority Queue (PQ)
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List-Based Implementations of Priority Queue (PQ)
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Lecture 5d
Part B

Heaps -
Examples and Properties



Heaps: Relational Properties of Keys

Property: Each non-root node n is s.t. key(n) > key(parent(n))
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Heaps: Structural Properties of Nodes

Property: The tree is a complete Binary Tree
pert) £
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Example 1 Example 2 Example 3 Example 4
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Lecture 5d
Part C

Heaps -
Insertions



Heap Operations: Insertion

Insert a new entry
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Lecture 5d
Part D

Heaps -
Deletions



Heap Operations: Deletion &

Delete the root/minimum
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Lecture 5d
Part E

Heaps -
Top-Down Heap Construction



Top-Down Heap Construction KT : Zaﬁ\

Problem: Build a heap out of N entires, supplied one at a time.
e Initialize an empty heap h. ,}f;ﬁf ﬁ“é’ o Z

154126723 20, 25,9, 11, 17, 5, 8, 14>
T Assdmption: Key values supplied one at a time.
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Lecture 5d
Part F

Heaps -
Bottom-Up Heap Construction



Problem: Build a heap out of N entires, supplied all at once.
® Assume: The resulting heap will be completely filled at all levels.

?Vm%— 1 for some height h > 1 =
® Perform the following steps called Bottom-Up Heap Construction :

Step@ Treat the fﬁt %1 list entries as heap roots.

- M5! heaps wliih hei:hlt/ 0 and sizel D 1|‘constructed.

Ste;@ Treat the next list entries as heap roots.
o Each root sets aps from Step 1 as its LST and RST.
o Perform down-heap bubbllng to restore HOP if necessary.
e o %l heaps, each wibh helgid)and S|ze constructed.

>

=\
;\Step h + 1: Treat nextl ] (2 ;,,:P” =1listentry as heaproot. 34 |
o Each root sets aps from Step h as its LST and RST. 2 -

erform down-heap bubbling to restore HOP if necessary. 2

heap each with heighf 1 ind sizq 2" — 1 constructed. = Y/ ﬁ

?ﬁﬂ‘ ExerCIse Build a heap out of the following 15 keys
@ M 16, 1541267232025911 1758@
@ Assumption: Key values supplied all at once.

&% Sop 1
Bottom-Up Heap Construction %&IL& heps , <22 |



Lecture 5d
Part G

Heaps -
Heap Sort Algorithm



Heap Sort:| Ideas it
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Lecture 5d
Part H

Heaps -
Array-Based Implementation



Array-Based Representation of a Complete BT
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0 if X is the root
index(x) =42-index( parent(x) )+1 if x is a left child
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