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Lecture
Recursion: Part II (continued)

Merge Sort



Merge Sort in Java

public List<Integer> sort(List<Integer> list) {
List<Integer> sortedList;
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if(list.size() == 0) { sortedList =
else if(list.size() == 1) {
sortedList = new ArrayList<>();

sortedList.add(list.get (0));
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new ArrayList<>(); }
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else {
int middle =
List<Integer>
List<Integer>
List<Integer>
List<Integer>
sortedList =

}

return sortedList;

/ 2;
list.subList (0, middle);
list.subList (middle,
sort (left) ;
sort (right) ;

list.size()
left =
right =
sortedLeft =
sortedRight =
merge (sortedLeft,

else {
int i = 0; (A)#
0 1 2 3 0o int j = 0; HM Mfﬂ!égﬂ 22 Z
while (i < L.size() && 7 < R.size())
IeFf 124 45. 63 85 Z if (L.get (i) <= R.get(j)) { merge. add(L.get(l)), i ++;
Z M "wd else { merge.add(R.get(7)); J ++; }
0 1 2 3 }
x If i >= L.size(), then this for loo
r|ghf 17 31 50 96 for(int k = i; k < L.size(); k ++) {
/* If j >= R.size(), then this for Ilqop is %1(3}@51
for(int k = j; k < R.size(); k ++) {|lmerge.add(R.get(k

sortedRight) ;
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/* Assumption: L and R are both already sorted */

private List<Integer> merge (List<Integer> L, List<Integer> R)
List<Integer> merge = new ArrayList<>();

if(L.isEmpty() | |R.isEmpty())

{ merge.addAll(L); merge.addAll(R); }
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Merge Sort: Tracing — > merge




public List<Integer> sort(List<Integer> list)
I, ist<Integer> sortedList;
if(list.size() == 0) |{ sortedList = new ArrayList
else 1f([/ist.size() == 1)] {

sortedList = new ArrayList<>(); 4a‘t

P sortedList.add(list.get(0)); {%}
}
else { / / 40‘

int middle = list.size() / 2;J a
List<Integer> left = list.subList(ff, middle); 174 I)
List<Integer> right = list.subListj(middle, list.size())
List<Integer> sortedLeft = sort(left)

Llst<Integer> sortedRight = sort(ri ht a/'
sortedList = merge (sortedLeft, sortedRJ.ght) )

{

}

return sortedList;

Merge Sort: Running Time g«ys%

Height Time per level

O(n)

Running Time as a
Recurrence Relation




Running Time: Unfolding Recurrence Relation

T(0) = 1
T(1) =1

T(n) =2 - T(n/2) + n
T = 2.[T(2) + 1
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Lecture
Recursion: Part II (continued)

Quick Sort
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Quick Sort: Ideas PLANNING
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Quick Sort in Java

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

List<Integer> sortedList;

list »th ?pat
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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;

} o |RI L
. \( U/

24| 63145 31196 \50

17

2924
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: Tracing J_dohdatenate
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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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}

2. Recur 2.Recur ||
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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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