Introduction to Programming (CS 101)
Spring 2024

Lecture 13:
Arrays (continued), sorting

Instructor: Preethi Jyothi

Based on material developed by Prof. Abhiram Ranade




Mid-semester: Bird's eye view of your C++ journey
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Recap: Recursion

» Recall finding the largest digit in a non-negative number. How do we do this recursively?

int findLargestDigit(int n) {
int md = 0;
while(n > 0) {
md = max(md, n%10):
n /= 10;
s

return md;

}

int main() {
int n;
cin >> n;
cout << findLargestDigit(n) << endl;

}



Recap: Recursion

* FInding the largest digit In a non-negative number recursively.

int findLargestDigit(int n) {
if(n < 10) return n; //Base case
else
return max(n%10, findLargestDigit(n/10));

int main() {
int n;
cin >> n;
cout << findLargestDigit(n) << endl;

}



Recap: Recursion
» Consider the following function to exponentiate an integer n to a specified exponent K.

int exponentiate(int n, int k)

{
int result = 1;
for (int i = 0; i < k; i++) result %= n;
return result:

+

 How do you solve this recursively?

int exponentiate(int n, int k)

{
if(k == @) return 1;
return (n * exponentiate(n, k-1));



Recap: Recursion

» (Given a target number and a sorted array, use binary search to find whether the target number
exists in the array

bool binarySearch(int arr[], int 1, int r, int num) < Demo
if(l <= r) {
int mid = 1 + (r = 1)/2:
if(arr[mid] == num) return true;
if(arr[mid] > num) return binarySearch(arr, 1, mid-1, num);
return binarySearch(arr, mid + 1, r, num);

}

return false:

}

int main() {
int A[] = {1, 4, 55, 88, 191, 222, 245}, num;
cin >> num;
cout << binarySearch(A, 0, 6, num);

}
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Recap: Arrays

Byte-level address in memory; accessed as &A[0] ,&A[1], ... and typically shown in hexadecimal format

int A[100J}47/ defines an array of 100 integers, allocates 100 contiguous 4-byte memory units

address 0Oxf9 Oxfd - --
index | O 1 2 3 4 5 9 / 8 9 90191192 (193194195 (96|97 |98 | 99

Can define both ordinary variables and arrays in the same statement. E.g., int B[10], num;

Arrays are O-indexed. First element of A above isin A[@] and last element isin A[99]. Elements
of an array can be treated like a regular variable. Operations below are all permitted:

A[9] = 9;
int x =5 + A[2]:
int a = 1; Alal] = 3; Blax3] = 10:

Array size should be known at compile time. It Is the programmer's responsibility to stay within the
array bounds In their code.



Arrays and functions

e A function can take array parameters | Notg: Yqu do not need to pass the size here. Size
information is not encoded as part of the array argument.

void printArray(int A[], int n
for ( int i=0: i<n: i++) Size is passed as a separate argument
S ’ ’

cout << A[i] << ((i == n-1) 2 "\n' : ' '):

h

* \When you pass an array as an argument to a function, it passes the starting address of the array
IN memory. Passing the array does not encode its size; size needs to be passed separately.

e |t Is the responsibility of the calling program to ensure that an array's passed In the first
argument and it is at least as large as the length passed in the second argument

* Arrays are always passed by reference

* Modifications to an array A passed to a function will be reflected in the calling function

e A function cannot return an array type



Sorting: Passing an array to a function

Subble sort; #include <iostream>

using namespace std;

void bubblesort(int A[]l, int n) {
for(int i=0: i<n-1:; i++) {
for(int j=0; j<n-i-1; j++) {
if(A[j] > A[j+1])
swap(A[jl,Alj+1]);
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int main() {
. // read numbers to be sorted into A[QO] to A[n-1]

bubblesort(A, n);
. // print out sorted A

Video derived from: https://en.wikipedia.org/wiki/Bubble_sort#/media/File:Bubble-sort-example-300px.gif



Sorting: Passing an array to a function

e Sorting algorithm that's a little more efficient than bubble sort:

#include <iostream>
using namespace std;
void min_to_beg(int A[], int i, int n) {

int min 1=1;

for(int j=i+1; j<n; j++)

if(A[j] < Almin_i])
min_1 = j;

swap(A[min_il,A[i]);

}

int main() {
. // read numbers to be sorted into A[@Q] to A[n-1]

for (int i=0; i<n-1; i++)
min_to_beg(A,i,n); // call min_to_beg on the unsorted A[i...n-1]
. // print out sorted A

NO PR, aLQOOoO NN O

Video derived from:https://en.wikipedia.org/wiki/Selection_sort#/media/File:Selection-Sort-Animation. gif



More about arrays

* The function si1zeofT returns the size of an entire array in bytes.

int out[10];
cout << sizeof(out); // will print 40

 An array's size cannot be changed once It Is created. 1o change size, you must create another
new array.

e Arrays so far are statically allocated and memory Is allocated on the stack
One can dynamically allocate memory where the array is stored in the heap -- Next class!

» (Can create array of struct type. For example:

struct Book {
string title; float price;
¥
Book shelf[5];
shelf[@].title = "The Metamorphosis"; shelf[0Q].price = 123.5;
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char arrays

* Declare a C-style array of type char

char str[20]:

« Say we want str to store a character string "hello", i.e. '"h' instr[0@], 'e'instr[1], and
SO Oon.

 \WWhen we print str, we want only "hello” to be printed to the screen. For which, length will
need to be encoded. The convention adopted from C to C++ is to, instead, add a special null
character ('\0"', ASCIl code 0) to the end of the actual string.

» If we write char str[20] = "hello"; it will place the 5 characters in hello in the first 5
elements of str. The sixth element will be setto '\0".

« cout str; willjust print out the contents of str to the screen (excluding '\0"')



char arrays

* Declare a C-style array of type char

char strl[] = "hello";

* |n the example above, an array of 6 char Is created indexed from O to 5.

 |nitialising as shown above creates a C-style string

o A C-style string is a null-terminated char array. The compiler inserts the null. The following are
all equivalent:

char strl[] = "hello"; //compiler determines array size
char str2[30] = "hello"; //extra room available

char str3[] = {'h', 'e', '1', '1', 'o', '\@'}; //'\0' represents null
char str4[6] = "hello"; //exact space to accommodate hello + '\0O'



Reading a string into a char array

char name[30]:
cin >> name:

* From what you type on the console (via c1n):
- Any leading whitespaces will be ignored

- Everything from the first non-whitespace char until the next whitespace char will be stored In
name

- E.g., iflhadtyped " Preethi Jyothi", Preethi would be saved in name

- The null character '\0" is automatically placed by the compiler after the last character (i.e.,
1 in the example above).

- Note that "Jyothi” Is lost
- To read whitespace-delimited strings, we need get line




getline command

char name[30];
cin.getline(name, 30);

« With cin.getline(A, n), everything typed by the user including whitespaces will be
placed In memory, starting from the first element of A, until one of the following happens:

A newline character is typed by the user OR

+ nN—1 characters are typed without a newline, in which case all the n—1 characters including
a '"\0@"' are placed in A

« Common to use the length of A as an argument to get line, as in the example shown above

» Note cin.getline(...) is different from getline(cin, name) that reads from the
console into variable name of type string



Example: Copying a string from one array to another

e Copy a string stored in an array A to another array B

void strcopy(char A[], char B[]) {
//assume B is long enough to hold contents of A

int 1;
for(i = 0; A[i] !'= '\0@'; i++) BIli] = Alil];
B[i] = A[i]:

}



Example: What does the following code do?
int whatami(char A[], char B[]) {

int 1 = 0;
while(true) {
if(A[i] == '"\0' && B[i] == '\0') return 0;
1f(A[1] == '\Q0') return -1;
if(B[i] == '"\0@') return 1;
lf(A[l] < B[i]) return -1: Takes two strings A, B
if(A[i] > B[i]) return 1: and returns O if they are
equal, 1 it Ais
1++; lexi hically small
exicographically smaller
} than B and -1 otherwise.

}

int main() {
char A[30], BI[30];
cin.getline(A,30); cin.getline(B,30);
cout << A << " " << B << " " << whatami(A,B) << endl:




Multidimensional Arrays
CS 101, 2025




Two-dimensional arrays

e Seqguences are naturally represented as 1D (one-dimensional) arrays

* Objects like matrices can be naturally represented using two sets of indices.
C++ offers 2D (two-dimensional) arrays to represent such objects.

 Example:
float vals[10][20];

Space for 10%20 variables of type float are allocated in the stack.

00 01 02 03 04 05 06
10 11 12 13 14 15 16
20 21 22 23 24 25 26
30 31 32 33 34 35 36
40 41 42 43 44 45 46
vals 50 51 52 53 54 55 56
60 61 62 63 64 65 66
70 71 72 73 74 75 7.6
80 81 82 83 84 85 86
90 91 92 93 94 95 96

0,7 08 09 0,10 0,11 0,12 0,13 0,14 0,15 0,16 0,17 0,18 0,"
17 18 19 1,101,411 1,12 113 114 115 1,16 1,17 1,18 1.
27 28 29 210211212213 2,14 2,15 2,16 2,17 218 2-
3,7 38 39 3,10 3,11 3,12 313 3,14 3,15 3,16 3,17 3,18 3,-
47 48 49 410 411 412 413 4,14 4,15 4,16 417 418 4
57 58 59 510 5,11 512 513 5,14 5,15 5,16 5,17 518 5,-
6,7 6,8 69 6,10 6,11 6,12 6,13 6,14 6,15 6,16 6,17 6,18 6,"
77 78 79 710711712713 7,14 7,15 7,16 717 718 7,
87 88 89 810 8,11 812 813 8,14 8,15 8,16 8,17 8,18 8,-
97 9,8 99 910 9,11 9,12 913 9,14 9,15 9,16 9,17 9,18 9,-

O O© © © © © © © O ©




Two-dimensional arrays

e Seqguences are naturally represented as 1D (one-dimensional) arrays

* Objects like matrices can be naturally represented using two sets of indices.
C++ offers 2D (two-dimensional) arrays to represent such objects.

first
o Examp\e: dimension Space for 10%20 variables of type float are allocated in the stack.

\
float vals[l@][Z?];

second
dimension

« Elements of va'ls are accessed as vals[i] [j] where® < 1 < 10, and@® < j < 20

» vals are stored in the memory in the row-major order, i.e., vals[0] [@], vals[0] [1],...,
vals[@] [19], vals[1][@],...,vals[1][19],...,vals[9][@],...,vals[9][19]

 How do we access 2D array elements? Use a loop for each dimension!



Multiplying two matrices

double al3]I[2] = {{1,2},413,4},1{5,06}}, bl2][4] = {{1,2,3,4},415,6,7,8}},
c[3]11[4]; :

Initializing a 3x2 and a 2x4 matrix

for(int i = 0: i < 3: i++) {

i Using two loops to access c|i][]]

for(int j = 0; j < 4; j++) {
clil [j] = 0;

] — . . 1

fortint k = 0; k < 2; ki+) ﬁC['][J]—Za['][k]*b[k][j]
c[il[j] += alil [klxb[k]l[j];

k=0

+

for(int i = 0: i < 3: i++) {
for(int j = 0; j < 4; j++) cout << cl[il[j] << " ";
cout << endl;



