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What is the space complexity of maxVal()?

e

static int maxVal(int[] nums, int b, int e) {
if(e-b==1){
return nums|[bl];
}
intm=b+(e-b)/2;
int IMax = maxVal(nums, b, m);
int rMax = maxVal(nums, m, e);
return Math.max(IMax, rMax);
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static int maxVal(int[] nums, int'b, inte) {
if(e-b==1){
return nums|[bl];
}
intm=>b+(e-b)/2;
int IMax = maxVal(nums, b, m);
int rMax = maxVal(nums, m, e);
return Math.max(IMax, rMax);

What is the space complexity of maxVal()?
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Today's Learning Outcomes

30. Compare and contrast the insertion sort, merge sort, and quicksort
algorithms, discussing aspects such as time/space complexity and
stability.

20. Describe the loop invariant of an iterative method involving an array and
visualize it using a diagram.

26. Determine the asymptotic time and space complexity of a piece of code
involving one or more loops and/or method calls.

29. Determine the number of recursive calls and the maximum depth of the
call stack of a recursive method and use these to compute its time and
space complexities.
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The Importance of Sorting
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Different Sorting Algorithms
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Insertion Sort
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& Coding Demo: Insertion Sort

static void insertionSort(int[] a) {

for (inti=0;i<a.length; i++) {
insert(a,i);

1}

static void insert(int[] a, inti) { ... }
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Insertion Sort (Worst-Case) Complexity

(static void insertionSort(int[] a) { h
for (inti=0; i< a.length; i++) {
insert(a,i);

3

static void insert(int[] a, int i) {
intj=i;
while (j > 0 && a[j - 1] > alj]) {
swap(a, j - 1, j); j-=
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If the array a is already sorted, what is the runtime of
insertionSort(a) intermsof N =a.length?

s

static void insertionSort(int[] a) {
for (inti=0;i<a.length; i++) { 0(1) (A)
{)[N)% insert(a,i);
1} O(logN) (B)
static void insert(int[] a, int i) {
intj=i;
5 while (j > 0 && afj - 1] > a[j]) { ON) @
swap(a, j-1,]); j--
o )
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Adaptivity and Stability
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Merge Sort
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The merge() Invariant
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2 Coding Demo: The merge() Method &
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Merge Sort

(/** Sorts the entries of ‘a’ using the merge sort algorithm. */
static void mergeSort(int[] a) {
mergeSortRecursive(a, 0, a.length);
}
/** Recursively sorts ‘a[begin..end)’ using the merge sort algorithm. */
static void mergeSortRecursive(int[] a, int begin, int end) {
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Visualizing Merge Sort
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Merge Sort Runtime Analysis
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Merge Sort Space Complexity
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Merge Sort: Other Considerations

Mefﬂe Gort 15 5table (wc Frsor’i"zed Col’)'""j €rom wvork
dwrhj /nerje,[)) bq+ woi— ﬂdqrm‘-,‘ve.

O(Nla‘?N) pustime 15 pest  possible, so  Merge Sort i
defoult stable st i1 MY la".?“’qﬂe} [i"cle?ﬂJ Tava )

Mecqe Gort parAIlelizes ell  aad S jooJ Cor requ/

|al‘jc datasets Sinee
accessed at a time.

04y small faq9es of doatgq ace

CS 2110 Lecture 7: Sorting Algorithms September 16, 2025



Poll Everywhere

PollEv.com/2110fa25 text 2110£fa25 to 22333

Motivating Quicksort:

After sorting the following array, at which index
will 17 be?

17| 6 | 2 2513 | 8 |31[|24|14|62| 3 | 51
(o1 011 (21 3] [4 [51 [6] [7] [8] [9] [10] [11]




Quicksort
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& Coding Demo: quicksort()
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Quicksort Complexity Analysis
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Quicksort: Other Considerations
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Sorting Summary

No obviows ‘best "PP"’«C"’“, Many trade-offs

Aigorithm | WeCareTime | Expected e | Best Case T | Spaee | State? | Adapive

Insertion Sort O(N?) O0(N?) O(N) o(1) Yes Yes
Merge Sort O(NlogN) O(NlogN) O(NlogN) O(N) Yes No
Quicksort 0(N?) O(NlogN) O(NlogN) 0(log N)* No No
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