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C Programming - Practice Session 2

1 Introduction to Practice Session
This 2-hour practice session builds on the fundamentals from the first session, diving
deeper into Advanced String Processing. You’ll explore string search functions, char-
acter classification, string/number conversion, tokenization, and build practical string
utilities. Estimated completion time: 2 hours.

Tip/Note

Prerequisites: Make sure you’ve completed the 1-hour practice session or are com-
fortable with:

• String declaration and initialization
• Safe input with fgets()
• Basic string functions (strlen, strcpy, strcmp)
• Null termination and buffer sizes
• Pointer basics (for string traversal)

2 String Search Functions - strchr and strstr
Practice Activity
Activity 1: Finding Characters and Substrings
Learn how to use strchr() to find characters and strstr() to find substrings within
strings.

Step-by-Step Instructions:
1. Use strchr() to find the first occurrence of a character
2. Find all occurrences by continuing the search
3. Use strstr() to find substrings
4. Count occurrences of a character or substring
5. Extract substrings using the pointers returned

Complete Example Code:

1 #include <stdio.h>
2 #include <string.h>
3

4 // Count occurrences of a character in a string
5 int count_char(const char *str, char ch) {
6 int count = 0;
7 const char *p = str;
8

9 while ((p = strchr(p, ch)) != NULL) {
10 count++;
11 p++; // Move past this occurrence
12 }
13 return count;
14 }
15
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16 // Count occurrences of a substring
17 int count_substring(const char *str, const char *sub) {
18 int count = 0;
19 const char *p = str;
20 size_t sub_len = strlen(sub);
21

22 if (sub_len == 0) return 0; // Empty substring
23

24 while ((p = strstr(p, sub)) != NULL) {
25 count++;
26 p += sub_len; // Move past this occurrence
27 }
28 return count;
29 }
30

31 // Extract substring from start to end (end exclusive)
32 char* extract_substring(const char *str, int start, int end, char *

result, int result_size) {
33 if (start < 0 || end <= start || start >= strlen(str)) {
34 result[0] = '\0';
35 return result;
36 }
37

38 int len = end - start;
39 if (len >= result_size) {
40 len = result_size - 1; // Leave room for null terminator
41 }
42

43 strncpy(result, str + start, len);
44 result[len] = '\0';
45 return result;
46 }
47

48 int main() {
49 printf("=== String Search Functions ===\n\n");
50

51 char text[] = "The quick brown fox jumps over the lazy dog. The
fox is quick!";

52

53 printf("Original text:\n \"%s\"\n\n", text);
54

55 // 1. Basic strchr usage
56 printf("1. Finding characters with strchr:\n");
57 char search_char = 'o';
58 char *first_o = strchr(text, search_char);
59

60 if (first_o != NULL) {
61 int position = first_o - text;
62 printf(" First '%c' found at index %d\n", search_char ,

position);
63 printf(" From that point: \"%s\"\n", first_o);
64 }
65 printf("\n");
66

67 // 2. Find all occurrences
68 printf("2. Finding all occurrences of '%c':\n", search_char);
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69 char *p = text;
70 int count = 0;
71

72 while ((p = strchr(p, search_char)) != NULL) {
73 int pos = p - text;
74 printf(" Occurrence %d at index %d\n", ++count, pos);
75 p++; // Move to next character
76 }
77 printf(" Total: %d occurrences\n\n", count);
78

79 // Using our count function
80 printf(" count_char(text, '%c') = %d\n\n", search_char ,

count_char(text, search_char));
81

82 // 3. Finding substrings with strstr
83 printf("3. Finding substrings with strstr:\n");
84 char *substrings[] = {"fox", "dog", "cat", "quick"};
85

86 for (int i = 0; i < 4; i++) {
87 char *found = strstr(text, substrings[i]);
88 if (found != NULL) {
89 int pos = found - text;
90 printf(" Found \"%s\" at index %d\n", substrings[i], pos

);
91 } else {
92 printf(" \"%s\" not found\n", substrings[i]);
93 }
94 }
95 printf("\n");
96

97 // 4. Count substring occurrences
98 printf("4. Counting substring occurrences:\n");
99 printf(" \"fox\" appears %d times\n", count_substring(text, "fox

"));
100 printf(" \"the\" appears %d times (case-sensitive!)\n",

count_substring(text, "the"));
101 printf(" \"The\" appears %d times\n\n", count_substring(text, "

The"));
102

103 // 5. Extract words using strstr
104 printf("5. Extracting context around a word:\n");
105 char *word = "jumps";
106 char *word_pos = strstr(text, word);
107

108 if (word_pos != NULL) {
109 // Extract 10 characters before and after
110 int start = word_pos - text - 10;
111 if (start < 0) start = 0;
112

113 int end = word_pos - text + strlen(word) + 10;
114 if (end > strlen(text)) end = strlen(text);
115

116 char context[50];
117 extract_substring(text, start, end, context, sizeof(context));
118 printf(" Context around \"%s\": ...%s...\n", word, context);
119 }
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120 printf("\n");
121

122 // 6. Practical: Extract file extension
123 printf("6. Practical: Extract file extension\n");
124 char *filenames[] = {"document.txt", "image.jpg", "script.c", "

noextension", "archive.tar.gz"};
125

126 for (int i = 0; i < 5; i++) {
127 char *dot = strrchr(filenames[i], '.'); // Last dot
128 if (dot != NULL) {
129 printf(" %s -> extension: %s\n", filenames[i], dot + 1);
130 } else {
131 printf(" %s -> no extension\n", filenames[i]);
132 }
133 }
134 printf("\n");
135

136 // 7. Practical: Parse URL components
137 printf("7. Practical: Parse URL components\n");
138 char url[] = "https://example.com:8080/path/to/page.html";
139

140 char *protocol_end = strstr(url, "://");
141 if (protocol_end != NULL) {
142 char protocol[10];
143 extract_substring(url, 0, protocol_end - url, protocol , sizeof

(protocol));
144 printf(" Protocol: %s\n", protocol);
145

146 char *host_start = protocol_end + 3;
147 char *port_start = strchr(host_start , ':');
148 char *path_start = strchr(host_start , '/');
149

150 if (port_start != NULL && (path_start == NULL || port_start <
path_start)) {

151 // Has port
152 char host[50];
153 extract_substring(host_start , 0, port_start - host_start ,

host, sizeof(host));
154 printf(" Host: %s\n", host);
155

156 char port[10];
157 extract_substring(port_start + 1, 0, (path_start ?

path_start - (port_start + 1) : strlen(port_start + 1)),
158 port, sizeof(port));
159 printf(" Port: %s\n", port);
160 } else if (path_start != NULL) {
161 // No port
162 char host[50];
163 extract_substring(host_start , 0, path_start - host_start ,

host, sizeof(host));
164 printf(" Host: %s\n", host);
165 }
166

167 if (path_start != NULL) {
168 printf(" Path: %s\n", path_start);
169 }
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170 }
171

172 return 0;
173 }

Challenge:
Write a function find_and_replace that takes a string, a target substring, and a
replacement substring, and returns a new dynamically allocated string with all occur-
rences replaced.

Tip/Note

Search Function Tips:
• strchr(str, ch) - finds first occurrence of character
• strrchr(str, ch) - finds last occurrence of character
• strstr(haystack, needle) - finds first substring
• The returned pointer can be used with pointer arithmetic (ptr - str gives

index)
• To find all occurrences, continue searching from ptr+1 or ptr+len
• Always check for NULL return (character/substring not found)

3 Character Classification with ctype.h
Practice Activity
Activity 2: Analyzing and Transforming Characters
Learn to use the <ctype.h> functions to classify and convert characters for string
validation and processing.

Step-by-Step Instructions:
1. Explore all the classification functions: isalpha(), isdigit(), isspace(), etc.
2. Count different types of characters in a string
3. Validate input formats (usernames, passwords, etc.)
4. Transform strings using toupper() and tolower()
5. Implement string sanitization functions

Complete Example Code:

1 #include <stdio.h>
2 #include <ctype.h>
3 #include <string.h>
4

5 // Analyze string composition
6 void analyze_string(const char *str) {
7 int alpha = 0, digits = 0, spaces = 0, punct = 0, other = 0;
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8 int upper = 0, lower = 0;
9

10 for (const char *p = str; *p != '\0'; p++) {
11 if (isalpha(*p)) {
12 alpha++;
13 if (isupper(*p)) upper++;
14 if (islower(*p)) lower++;
15 } else if (isdigit(*p)) {
16 digits++;
17 } else if (isspace(*p)) {
18 spaces++;
19 } else if (ispunct(*p)) {
20 punct++;
21 } else {
22 other++;
23 }
24 }
25

26 printf("String analysis of \"%s\":\n", str);
27 printf(" Length: %zu\n", strlen(str));
28 printf(" Letters: %d (Uppercase: %d, Lowercase: %d)\n", alpha,

upper, lower);
29 printf(" Digits: %d\n", digits);
30 printf(" Spaces: %d\n", spaces);
31 printf(" Punctuation: %d\n", punct);
32 printf(" Other: %d\n\n", other);
33 }
34

35 // Validate username (alphanumeric + underscore , first char must be
letter)

36 int valid_username(const char *username) {
37 if (username == NULL || username[0] == '\0') return 0;
38

39 // First character must be a letter
40 if (!isalpha(username[0])) return 0;
41

42 // Rest must be alphanumeric or underscore
43 for (int i = 1; username[i] != '\0'; i++) {
44 if (!isalnum(username[i]) && username[i] != '_') {
45 return 0;
46 }
47 }
48 return 1;
49 }
50

51 // Validate password (min 8 chars, at least one uppercase , one
lowercase , one digit)

52 int valid_password(const char *password) {
53 if (password == NULL || strlen(password) < 8) return 0;
54

55 int has_upper = 0, has_lower = 0, has_digit = 0;
56

57 for (const char *p = password; *p != '\0'; p++) {
58 if (isupper(*p)) has_upper = 1;
59 else if (islower(*p)) has_lower = 1;
60 else if (isdigit(*p)) has_digit = 1;



C Programming - Practice Session 8

61 }
62

63 return has_upper && has_lower && has_digit;
64 }
65

66 // Convert string to uppercase (in-place)
67 void string_to_upper(char *str) {
68 for (char *p = str; *p != '\0'; p++) {
69 *p = toupper(*p);
70 }
71 }
72

73 // Convert string to lowercase (in-place)
74 void string_to_lower(char *str) {
75 for (char *p = str; *p != '\0'; p++) {
76 *p = tolower(*p);
77 }
78 }
79

80 // Capitalize first letter of each word
81 void capitalize_words(char *str) {
82 int new_word = 1; // Start of string is like start of new word
83

84 for (char *p = str; *p != '\0'; p++) {
85 if (isspace(*p)) {
86 new_word = 1; // Space means next char starts new word
87 } else if (new_word) {
88 *p = toupper(*p); // Capitalize first letter
89 new_word = 0;
90 } else {
91 *p = tolower(*p); // Make rest lowercase
92 }
93 }
94 }
95

96 // Remove all whitespace from string (in-place)
97 void remove_whitespace(char *str) {
98 char *read = str;
99 char *write = str;

100

101 while (*read != '\0') {
102 if (!isspace(*read)) {
103 *write = *read;
104 write++;
105 }
106 read++;
107 }
108 *write = '\0'; // Null terminate
109 }
110

111 int main() {
112 printf("=== Character Classification with ctype.h ===\n\n");
113

114 // 1. Basic classification demonstration
115 printf("1. Character classification functions:\n");
116 char test_chars[] = {'A', 'z', '5', ' ', '!', '\t', 'b'};
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117

118 for (int i = 0; i < 7; i++) {
119 char c = test_chars[i];
120 printf(" '%c' (ASCII %d):\n", isprint(c) ? c : '?', c);
121 printf(" isalpha: %d, isdigit: %d, isalnum: %d\n",
122 isalpha(c) != 0, isdigit(c) != 0, isalnum(c) != 0);
123 printf(" isspace: %d, ispunct: %d, isprint: %d\n",
124 isspace(c) != 0, ispunct(c) != 0, isprint(c) != 0);
125 printf(" isupper: %d, islower: %d\n\n",
126 isupper(c) != 0, islower(c) != 0);
127 }
128

129 // 2. String analysis
130 printf("2. String analysis:\n");
131 analyze_string("Hello, World! 123");
132 analyze_string("C Programming\tLanguage\n");
133 analyze_string("12345");
134

135 // 3. Input validation
136 printf("3. Input validation:\n");
137 char *usernames[] = {"john_doe", "2john", "john123", "john@doe", "

"};
138 char *passwords[] = {"Password123", "pass", "PASSWORD123", "

Pass123", "Pass123!"};
139

140 printf(" Username validation:\n");
141 for (int i = 0; i < 5; i++) {
142 printf(" \"%s\": %s\n", usernames[i],
143 valid_username(usernames[i]) ? "VALID" : "INVALID");
144 }
145

146 printf("\n Password validation (min 8 chars, upper, lower, digit
):\n");

147 for (int i = 0; i < 5; i++) {
148 printf(" \"%s\": %s\n", passwords[i],
149 valid_password(passwords[i]) ? "VALID" : "INVALID");
150 }
151 printf("\n");
152

153 // 4. Case conversion
154 printf("4. Case conversion:\n");
155 char mixed[] = "Hello World! 123";
156 printf(" Original: \"%s\"\n", mixed);
157

158 char upper_copy[50];
159 strcpy(upper_copy , mixed);
160 string_to_upper(upper_copy);
161 printf(" Uppercase: \"%s\"\n", upper_copy);
162

163 char lower_copy[50];
164 strcpy(lower_copy , mixed);
165 string_to_lower(lower_copy);
166 printf(" Lowercase: \"%s\"\n", lower_copy);
167 printf("\n");
168

169 // 5. Capitalization
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170 printf("5. Capitalization:\n");
171 char sentence[] = "hello world! this is c programming.";
172 printf(" Original: \"%s\"\n", sentence);
173 capitalize_words(sentence);
174 printf(" Capitalized: \"%s\"\n", sentence);
175 printf("\n");
176

177 // 6. Whitespace removal
178 printf("6. Whitespace removal:\n");
179 char messy[] = " This has \t lots of \n whitespace ";
180 printf(" Original: \"%s\"\n", messy);
181 remove_whitespace(messy);
182 printf(" Cleaned: \"%s\"\n", messy);
183 printf("\n");
184

185 // 7. Count specific character types
186 printf("7. Count character types in a sentence:\n");
187 char *sentence2 = "The quick brown fox jumps over 123 dogs!";
188 int letters = 0, digits = 0, spaces = 0, punct = 0;
189

190 for (const char *p = sentence2; *p != '\0'; p++) {
191 if (isalpha(*p)) letters++;
192 else if (isdigit(*p)) digits++;
193 else if (isspace(*p)) spaces++;
194 else if (ispunct(*p)) punct++;
195 }
196

197 printf(" \"%s\"\n", sentence2);
198 printf(" Letters: %d, Digits: %d, Spaces: %d, Punctuation: %d\n"

,
199 letters, digits, spaces, punct);
200

201 return 0;
202 }

Challenge:
Write a function that ”sanitizes” a string by removing all characters that are not
letters, digits, or spaces. Then write another function that converts a string to ”title
case” (first letter of each word capitalized, rest lowercase).

Tip/Note

ctype.h Functions Overview:
• Classification: isalpha(), isdigit(), isalnum(), isspace(), ispunct(),

isupper(), islower(), isprint()
• Conversion: toupper(), tolower()
• All functions return non-zero (true) if the condition is met
• Always pass unsigned char cast if char might be negative:

isalpha((unsigned char)c)
• These functions are locale-aware (e.g., accented characters in some locales)
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4 String/Number Conversion with strtol

Practice Activity
Activity 3: Robust String to Number Conversion
Learn why atoi() is dangerous and how to use strtol() for safe, error-checked
conversion.

Step-by-Step Instructions:
1. Demonstrate the limitations of atoi() (no error detection)
2. Use strtol() with proper error checking
3. Handle different number bases (decimal, hex, octal)
4. Detect overflow, underflow, and invalid input
5. Create a robust integer conversion function

Complete Example Code:

1 #include <stdio.h>
2 #include <stdlib.h>
3 #include <errno.h>
4 #include <limits.h>
5

6 // 1. Demonstrate atoi() problems
7 void demonstrate_atoi_problems() {
8 printf("1. Problems with atoi():\n");
9

10 char *test_cases[] = {
11 "123",
12 " 456", // Leading whitespace ignored
13 "789abc", // Trailing chars ignored (silently!)
14 "abc", // No conversion -> returns 0 (same as "0"!)
15 "0", // Valid zero
16 "999999999999999999999", // Overflow (undefined behavior)
17 "-123", // Negative numbers
18 "12.34", // Stops at decimal point
19 ""
20 };
21

22 for (int i = 0; i < 9; i++) {
23 int result = atoi(test_cases[i]);
24 printf(" atoi(\"%s\") = %d\n", test_cases[i], result);
25 }
26 printf(" Notice: Cannot distinguish between \"0\", \"abc\", and

\"\"!\n");
27 printf(" Overflow behavior is undefined!\n\n");
28 }
29

30 // 2. Robust string to long conversion with full error checking
31 int safe_str_to_long(const char *str, long *result, int base) {
32 char *endptr;
33

34 if (str == NULL || result == NULL) {
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35 return -1; // Invalid parameters
36 }
37

38 errno = 0; // Clear previous error
39

40 *result = strtol(str, &endptr, base);
41

42 // Check for no conversion
43 if (endptr == str) {
44 return 1; // No digits converted
45 }
46

47 // Check for overflow/underflow
48 if (errno == ERANGE) {
49 return 2; // Out of range
50 }
51

52 // Check for trailing characters (optional - may be desired in
some cases)

53 if (*endptr != '\0') {
54 return 3; // Extra characters after number
55 }
56

57 return 0; // Success
58 }
59

60 // 3. Robust string to int conversion with range checking
61 int safe_str_to_int(const char *str, int *result) {
62 long val;
63 int status = safe_str_to_long(str, &val, 10);
64

65 if (status != 0) {
66 return status; // Propagate error
67 }
68

69 // Check if value fits in int
70 if (val < INT_MIN || val > INT_MAX) {
71 return 2; // Out of int range
72 }
73

74 *result = (int)val;
75 return 0; // Success
76 }
77

78 // 4. Convert with automatic base detection (0x for hex, 0 for octal)
79 int safe_str_to_int_auto(const char *str, int *result) {
80 char *endptr;
81 long val;
82

83 errno = 0;
84 val = strtol(str, &endptr, 0); // Base 0 = auto-detect
85

86 if (endptr == str) return 1; // No conversion
87 if (errno == ERANGE) return 2; // Overflow
88 if (*endptr != '\0') return 3; // Extra chars
89 if (val < INT_MIN || val > INT_MAX) return 2; // Out of int range
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90

91 *result = (int)val;
92 return 0;
93 }
94

95 void print_conversion_result(const char *str, int status, int value) {
96 printf(" \"%s\" -> ", str);
97 switch(status) {
98 case 0: printf("SUCCESS: %d\n", value); break;
99 case 1: printf("ERROR: No digits converted\n"); break;

100 case 2: printf("ERROR: Out of range\n"); break;
101 case 3: printf("ERROR: Extra characters after number\n");

break;
102 default: printf("ERROR: Unknown error\n");
103 }
104 }
105

106 int main() {
107 printf("=== Robust String/Number Conversion ===\n\n");
108

109 // 1. Show atoi problems
110 demonstrate_atoi_problems();
111

112 // 2. Test safe conversion with different inputs
113 printf("2. Safe conversion with error checking:\n");
114

115 char *test_values[] = {
116 "123",
117 "-456",
118 "0",
119 " 789", // Leading whitespace OK
120 "12.34",
121 "abc",
122 "123abc",
123 "999999999999999999999", // Overflow
124 "2147483647", // INT_MAX
125 "2147483648", // INT_MAX + 1
126 " -2147483648", // INT_MIN
127 " -2147483649", // INT_MIN - 1
128 ""
129 };
130

131 for (int i = 0; i < 13; i++) {
132 int value;
133 int status = safe_str_to_int(test_values[i], &value);
134 print_conversion_result(test_values[i], status, value);
135 }
136 printf("\n");
137

138 // 3. Different bases
139 printf("3. Different number bases:\n");
140

141 struct {
142 const char *str;
143 int base;
144 } base_tests[] = {
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145 {"1010", 2}, // binary
146 {"FF", 16}, // hexadecimal
147 {"ff", 16}, // lowercase hex
148 {"377", 8}, // octal
149 {"123", 10}, // decimal
150 {"0xFF", 0}, // auto-detect hex
151 {"0377", 0}, // auto-detect octal
152 {"42", 0} // auto-detect decimal
153 };
154

155 for (int i = 0; i < 8; i++) {
156 long val;
157 int status = safe_str_to_long(base_tests[i].str, &val,

base_tests[i].base);
158 printf(" strtol(\"%s\", base %d) -> ",
159 base_tests[i].str, base_tests[i].base);
160 if (status == 0) {
161 printf("%ld (0x%lX)\n", val, val);
162 } else {
163 printf("ERROR\n");
164 }
165 }
166 printf("\n");
167

168 // 4. Auto-detect base
169 printf("4. Auto-detect base (base = 0):\n");
170

171 char *auto_tests[] = {"123", "0xFF", "0377", "0b1010"}; // 0b not
standard

172

173 for (int i = 0; i < 4; i++) {
174 int value;
175 int status = safe_str_to_int_auto(auto_tests[i], &value);
176 printf(" \"%s\" -> ", auto_tests[i]);
177 if (status == 0) {
178 printf("%d (decimal)\n", value);
179 } else {
180 printf("conversion failed\n");
181 }
182 }
183 printf("\n");
184

185 // 5. Practical: Parse CSV numbers
186 printf("5. Practical: Parse CSV numbers:\n");
187 char csv[] = "123,45,6789,0,xyz ,9999999999";
188 char *token = strtok(csv, ",");
189

190 while (token != NULL) {
191 int value;
192 int status = safe_str_to_int(token, &value);
193 printf(" Token \"%s\": ", token);
194 if (status == 0) {
195 printf("%d\n", value);
196 } else {
197 printf("INVALID\n");
198 }
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199 token = strtok(NULL, ",");
200 }
201

202 return 0;
203 }

Challenge:
Write a function that parses a string containing multiple numbers separated by spaces
(e.g., ”10 20 30 40”) and returns an array of integers. Use strtol() for conversion
and proper error handling.

Tip/Note

strtol() Error Checking Steps:
1. Set errno = 0 before calling
2. Check if endptr == str (no conversion)
3. Check if errno == ERANGE (overflow/underflow)
4. Check if *endptr != '\0' (trailing characters)
5. Check if value fits in target type (e.g., INT_MIN/INT_MAX for int)

Warning/Common Issue

NEVER Use atoi() for User Input:
• Cannot distinguish between ”0” and invalid input
• No overflow detection (undefined behavior)
• No way to know where parsing stopped
• Use strtol() family for all production code

5 String Tokenization with strtok
Practice Activity
Activity 4: Parsing Strings with strtok
Learn how to split strings into tokens using strtok() for parsing CSV, commands,
and other delimited data.

Step-by-Step Instructions:
1. Understand that strtok() modifies the original string
2. Tokenize a simple comma-separated string
3. Handle multiple delimiters
4. Work with different delimiter sets
5. Create a wrapper for safer tokenization
6. Understand the limitations (non-reentrant, modifies source)
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Complete Example Code:

1 #include <stdio.h>
2 #include <string.h>
3

4 // Safe tokenization wrapper (makes a copy to preserve original)
5 char** tokenize(const char *str, const char *delim, int *token_count)

{
6 if (str == NULL || delim == NULL || token_count == NULL) {
7 return NULL;
8 }
9

10 // Make a copy of the string (strtok modifies it)
11 char *str_copy = malloc(strlen(str) + 1);
12 if (str_copy == NULL) return NULL;
13 strcpy(str_copy , str);
14

15 // First pass: count tokens
16 char *temp_copy = malloc(strlen(str) + 1);
17 if (temp_copy == NULL) {
18 free(str_copy);
19 return NULL;
20 }
21 strcpy(temp_copy , str);
22

23 *token_count = 0;
24 char *token = strtok(temp_copy , delim);
25 while (token != NULL) {
26 (*token_count)++;
27 token = strtok(NULL, delim);
28 }
29 free(temp_copy);
30

31 if (*token_count == 0) {
32 free(str_copy);
33 return NULL;
34 }
35

36 // Second pass: extract tokens
37 char **tokens = malloc((*token_count + 1) * sizeof(char*));
38 if (tokens == NULL) {
39 free(str_copy);
40 return NULL;
41 }
42

43 int index = 0;
44 token = strtok(str_copy , delim);
45 while (token != NULL) {
46 tokens[index] = malloc(strlen(token) + 1);
47 if (tokens[index] != NULL) {
48 strcpy(tokens[index], token);
49 }
50 index++;
51 token = strtok(NULL, delim);
52 }
53 tokens[index] = NULL; // NULL-terminate the array
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54

55 free(str_copy); // Free the copy, we have extracted tokens
56 return tokens;
57 }
58

59 // Free tokens array
60 void free_tokens(char **tokens) {
61 if (tokens == NULL) return;
62 for (int i = 0; tokens[i] != NULL; i++) {
63 free(tokens[i]);
64 }
65 free(tokens);
66 }
67

68 int main() {
69 printf("=== String Tokenization with strtok ===\n\n");
70

71 // 1. Basic tokenization
72 printf("1. Basic tokenization (comma-separated):\n");
73 char data1[] = "apple,banana,cherry,date";
74 printf(" Original: \"%s\"\n", data1);
75

76 char *token = strtok(data1, ",");
77 int count = 1;
78 while (token != NULL) {
79 printf(" Token %d: \"%s\"\n", count++, token);
80 token = strtok(NULL, ",");
81 }
82 printf(" After strtok, original string is now: \"%s\"\n", data1)

;
83 printf(" (Notice: commas replaced with \\0)\n\n");
84

85 // 2. Multiple delimiters
86 printf("2. Multiple delimiters (space, comma, hyphen):\n");
87 char data2[] = "apple, banana-orange cherry";
88 printf(" Original: \"%s\"\n", data2);
89

90 token = strtok(data2, " ,-"); // Space, comma, hyphen
91 count = 1;
92 while (token != NULL) {
93 printf(" Token %d: \"%s\"\n", count++, token);
94 token = strtok(NULL, " ,-");
95 }
96 printf("\n");
97

98 // 3. Different delimiter sets
99 printf("3. Parsing different formats:\n");

100

101 // CSV
102 char csv[] = "John,Doe,30,New York";
103 printf(" CSV: \"%s\"\n", csv);
104 token = strtok(csv, ",");
105 count = 1;
106 while (token != NULL) {
107 printf(" Field %d: \"%s\"\n", count++, token);
108 token = strtok(NULL, ",");
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109 }
110

111 // Path (using different delimiter)
112 char path[] = "/usr/local/bin:/usr/bin:/bin";
113 printf("\n PATH: \"%s\"\n", path);
114 token = strtok(path, ":");
115 count = 1;
116 while (token != NULL) {
117 printf(" Directory %d: \"%s\"\n", count++, token);
118 token = strtok(NULL, ":");
119 }
120 printf("\n");
121

122 // 4. Preserving original string (copy before tokenizing)
123 printf("4. Preserving original string:\n");
124 char original[] = "apple,banana,cherry";
125 char copy[100];
126 strcpy(copy, original);
127

128 printf(" Original: \"%s\"\n", original);
129 printf(" Copy: \"%s\"\n", copy);
130

131 token = strtok(copy, ",");
132 while (token != NULL) {
133 printf(" Token: \"%s\"\n", token);
134 token = strtok(NULL, ",");
135 }
136 printf(" Original is still: \"%s\"\n", original);
137 printf(" Copy is now: \"%s\"\n", copy);
138 printf("\n");
139

140 // 5. Handling empty fields
141 printf("5. Handling empty fields (strtok skips them):\n");
142 char data3[] = "apple,,cherry,,,date";
143 printf(" Original: \"%s\" (has empty fields)\n", data3);
144

145 token = strtok(data3, ",");
146 count = 1;
147 while (token != NULL) {
148 printf(" Token %d: \"%s\"\n", count++, token);
149 token = strtok(NULL, ",");
150 }
151 printf(" Note: Empty fields are skipped!\n\n");
152

153 // 6. Safe wrapper (preserves original , returns allocated tokens)
154 printf("6. Safe tokenization wrapper:\n");
155 const char *input = "apple,banana,cherry,date";
156 int num_tokens;
157 char **tokens = tokenize(input, ",", &num_tokens);
158

159 printf(" Input: \"%s\"\n", input);
160 printf(" Found %d tokens:\n", num_tokens);
161 for (int i = 0; i < num_tokens; i++) {
162 printf(" Token %d: \"%s\"\n", i+1, tokens[i]);
163 }
164
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165 free_tokens(tokens);
166 printf("\n");
167

168 // 7. Practical: Parse simple command
169 printf("7. Practical: Parse a simple command:\n");
170 char command[] = "print 10 20 verbose";
171 char cmd_copy[100];
172 strcpy(cmd_copy , command);
173

174 // First token is the command
175 char *cmd = strtok(cmd_copy , " ");
176 printf(" Command: \"%s\"\n", cmd);
177

178 // Remaining tokens are arguments
179 int arg_num = 1;
180 char *arg = strtok(NULL, " ");
181 while (arg != NULL) {
182 printf(" Argument %d: \"%s\"\n", arg_num++, arg);
183 arg = strtok(NULL, " ");
184 }
185

186 return 0;
187 }

Challenge:
Create a function that parses a simple CSV line with quoted fields (e.g.,
‘”John,Doe”,30,”New York, NY”‘). This requires manual parsing as ‘strtok()‘ cannot
handle quoted commas.

Tip/Note

strtok() Important Notes:
• Modifies the input string! - Make a copy if you need the original
• Not reentrant - Uses static internal pointer, not thread-safe
• Skips empty fields - Consecutive delimiters are treated as one
• First call: pass the string, subsequent calls: pass NULL
• Different delimiter sets can be used for different calls
• For thread-safe version, use strtok_r() (POSIX)

6 Practical String Utilities Library
Practice Activity
Activity 5: Building a String Utilities Library
Create a reusable library of string utility functions that you can use in future projects.
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Step-by-Step Instructions:
1. Create a header file with function prototypes
2. Implement common string operations
3. Include proper error handling
4. Document each function
5. Test all functions with various inputs

Complete Example Code - Header File (string_utils.h):

1 #ifndef STRING_UTILS_H
2 #define STRING_UTILS_H
3

4 #include <stdbool.h>
5 #include <stddef.h>
6

7 // String length and comparison
8 size_t string_length(const char *str);
9 int string_compare(const char *s1, const char *s2);

10 int string_compare_ignore_case(const char *s1, const char *s2);
11 bool string_starts_with(const char *str, const char *prefix);
12 bool string_ends_with(const char *str, const char *suffix);
13

14 // String copying and concatenation (safe)
15 int string_copy(char *dest, size_t dest_size , const char *src);
16 int string_concat(char *dest, size_t dest_size , const char *src);
17

18 // String trimming
19 char* string_trim(char *str); // In-place trim
20 char* string_trim_copy(const char *str); // Returns newly allocated

trimmed copy
21

22 // String splitting
23 char** string_split(const char *str, const char *delimiter , int *count

);
24 void string_split_free(char **tokens);
25

26 // String transformation
27 void string_to_upper(char *str);
28 void string_to_lower(char *str);
29 char* string_to_upper_copy(const char *str);
30 char* string_to_lower_copy(const char *str);
31

32 // String searching
33 int string_find_first(const char *str, char ch);
34 int string_find_last(const char *str, char ch);
35 int string_find_substring(const char *str, const char *sub);
36 int string_count_char(const char *str, char ch);
37 int string_count_substring(const char *str, const char *sub);
38

39 // String validation
40 bool string_is_empty(const char *str);
41 bool string_is_alpha(const char *str);
42 bool string_is_digit(const char *str);
43 bool string_is_alnum(const char *str);
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44

45 // String conversion (safe)
46 bool string_to_int(const char *str, int *result);
47 bool string_to_long(const char *str, long *result);
48 bool string_to_double(const char *str, double *result);
49

50 // String allocation
51 char* string_duplicate(const char *str);
52 char* string_substring(const char *str, int start, int length);
53

54 #endif // STRING_UTILS_H

Implementation File (string_utils.c):

1 #include "string_utils.h"
2 #include <stdio.h>
3 #include <stdlib.h>
4 #include <ctype.h>
5 #include <string.h>
6 #include <errno.h>
7 #include <limits.h>
8

9 // String length
10 size_t string_length(const char *str) {
11 if (str == NULL) return 0;
12 const char *p = str;
13 while (*p) p++;
14 return p - str;
15 }
16

17 // String comparison
18 int string_compare(const char *s1, const char *s2) {
19 if (s1 == NULL && s2 == NULL) return 0;
20 if (s1 == NULL) return -1;
21 if (s2 == NULL) return 1;
22

23 while (*s1 && *s2 && *s1 == *s2) {
24 s1++;
25 s2++;
26 }
27 return *s1 - *s2;
28 }
29

30 // Case-insensitive comparison
31 int string_compare_ignore_case(const char *s1, const char *s2) {
32 if (s1 == NULL && s2 == NULL) return 0;
33 if (s1 == NULL) return -1;
34 if (s2 == NULL) return 1;
35

36 while (*s1 && *s2) {
37 int c1 = tolower((unsigned char)*s1);
38 int c2 = tolower((unsigned char)*s2);
39 if (c1 != c2) {
40 return c1 - c2;
41 }
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42 s1++;
43 s2++;
44 }
45 return tolower((unsigned char)*s1) - tolower((unsigned char)*s2);
46 }
47

48 // Check if string starts with prefix
49 bool string_starts_with(const char *str, const char *prefix) {
50 if (str == NULL || prefix == NULL) return false;
51 return strncmp(str, prefix, strlen(prefix)) == 0;
52 }
53

54 // Check if string ends with suffix
55 bool string_ends_with(const char *str, const char *suffix) {
56 if (str == NULL || suffix == NULL) return false;
57

58 size_t str_len = strlen(str);
59 size_t suffix_len = strlen(suffix);
60

61 if (suffix_len > str_len) return false;
62

63 return strcmp(str + str_len - suffix_len , suffix) == 0;
64 }
65

66 // Safe string copy
67 int string_copy(char *dest, size_t dest_size , const char *src) {
68 if (dest == NULL || src == NULL || dest_size == 0) {
69 return -1;
70 }
71

72 size_t i;
73 for (i = 0; i < dest_size - 1 && src[i] != '\0'; i++) {
74 dest[i] = src[i];
75 }
76 dest[i] = '\0';
77

78 return (src[i] == '\0') ? 0 : 1; // 0 = success, 1 = truncated
79 }
80

81 // Safe string concatenation
82 int string_concat(char *dest, size_t dest_size , const char *src) {
83 if (dest == NULL || src == NULL || dest_size == 0) {
84 return -1;
85 }
86

87 size_t dest_len = strlen(dest);
88 if (dest_len >= dest_size - 1) {
89 return -1; // No room left
90 }
91

92 size_t remaining = dest_size - dest_len - 1;
93 size_t i;
94

95 for (i = 0; i < remaining - 1 && src[i] != '\0'; i++) {
96 dest[dest_len + i] = src[i];
97 }
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98 dest[dest_len + i] = '\0';
99

100 return (src[i] == '\0') ? 0 : 1; // 0 = success, 1 = truncated
101 }
102

103 // Trim whitespace from both ends (in-place)
104 char* string_trim(char *str) {
105 if (str == NULL) return NULL;
106

107 char *end;
108

109 // Trim leading space
110 while (isspace((unsigned char)*str)) {
111 str++;
112 }
113

114 if (*str == '\0') {
115 return str; // All spaces
116 }
117

118 // Trim trailing space
119 end = str + strlen(str) - 1;
120 while (end > str && isspace((unsigned char)*end)) {
121 end--;
122 }
123

124 // Write new null terminator
125 end[1] = '\0';
126

127 return str;
128 }
129

130 // Create trimmed copy (allocates new string)
131 char* string_trim_copy(const char *str) {
132 if (str == NULL) return NULL;
133

134 // Skip leading spaces
135 while (isspace((unsigned char)*str)) {
136 str++;
137 }
138

139 if (*str == '\0') {
140 return string_duplicate("");
141 }
142

143 // Find end of string (excluding trailing spaces)
144 const char *end = str + strlen(str) - 1;
145 while (end > str && isspace((unsigned char)*end)) {
146 end--;
147 }
148

149 int len = end - str + 1;
150 char *result = malloc(len + 1);
151 if (result == NULL) return NULL;
152

153 strncpy(result, str, len);
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154 result[len] = '\0';
155 return result;
156 }
157

158 // Split string into tokens
159 char** string_split(const char *str, const char *delimiter , int *count

) {
160 if (str == NULL || delimiter == NULL || count == NULL) {
161 return NULL;
162 }
163

164 // Make a working copy
165 char *str_copy = string_duplicate(str);
166 if (str_copy == NULL) return NULL;
167

168 // Count tokens
169 char *temp = string_duplicate(str);
170 if (temp == NULL) {
171 free(str_copy);
172 return NULL;
173 }
174

175 *count = 0;
176 char *token = strtok(temp, delimiter);
177 while (token != NULL) {
178 (*count)++;
179 token = strtok(NULL, delimiter);
180 }
181 free(temp);
182

183 if (*count == 0) {
184 free(str_copy);
185 return NULL;
186 }
187

188 // Allocate token array
189 char **tokens = malloc((*count + 1) * sizeof(char*));
190 if (tokens == NULL) {
191 free(str_copy);
192 return NULL;
193 }
194

195 // Extract tokens
196 int index = 0;
197 token = strtok(str_copy , delimiter);
198 while (token != NULL) {
199 tokens[index] = string_duplicate(token);
200 index++;
201 token = strtok(NULL, delimiter);
202 }
203 tokens[index] = NULL;
204

205 free(str_copy);
206 return tokens;
207 }
208
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209 // Free tokens array
210 void string_split_free(char **tokens) {
211 if (tokens == NULL) return;
212 for (int i = 0; tokens[i] != NULL; i++) {
213 free(tokens[i]);
214 }
215 free(tokens);
216 }
217

218 // Convert to uppercase (in-place)
219 void string_to_upper(char *str) {
220 if (str == NULL) return;
221 for (char *p = str; *p; p++) {
222 *p = toupper((unsigned char)*p);
223 }
224 }
225

226 // Convert to lowercase (in-place)
227 void string_to_lower(char *str) {
228 if (str == NULL) return;
229 for (char *p = str; *p; p++) {
230 *p = tolower((unsigned char)*p);
231 }
232 }
233

234 // Create uppercase copy
235 char* string_to_upper_copy(const char *str) {
236 if (str == NULL) return NULL;
237

238 char *result = string_duplicate(str);
239 if (result != NULL) {
240 string_to_upper(result);
241 }
242 return result;
243 }
244

245 // Create lowercase copy
246 char* string_to_lower_copy(const char *str) {
247 if (str == NULL) return NULL;
248

249 char *result = string_duplicate(str);
250 if (result != NULL) {
251 string_to_lower(result);
252 }
253 return result;
254 }
255

256 // Find first occurrence of character
257 int string_find_first(const char *str, char ch) {
258 if (str == NULL) return -1;
259

260 const char *pos = strchr(str, ch);
261 if (pos == NULL) return -1;
262

263 return pos - str;
264 }
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265

266 // Find last occurrence of character
267 int string_find_last(const char *str, char ch) {
268 if (str == NULL) return -1;
269

270 const char *pos = strrchr(str, ch);
271 if (pos == NULL) return -1;
272

273 return pos - str;
274 }
275

276 // Find substring
277 int string_find_substring(const char *str, const char *sub) {
278 if (str == NULL || sub == NULL) return -1;
279

280 const char *pos = strstr(str, sub);
281 if (pos == NULL) return -1;
282

283 return pos - str;
284 }
285

286 // Count occurrences of character
287 int string_count_char(const char *str, char ch) {
288 if (str == NULL) return 0;
289

290 int count = 0;
291 const char *p = str;
292 while ((p = strchr(p, ch)) != NULL) {
293 count++;
294 p++;
295 }
296 return count;
297 }
298

299 // Count occurrences of substring
300 int string_count_substring(const char *str, const char *sub) {
301 if (str == NULL || sub == NULL || *sub == '\0') return 0;
302

303 int count = 0;
304 const char *p = str;
305 size_t sub_len = strlen(sub);
306

307 while ((p = strstr(p, sub)) != NULL) {
308 count++;
309 p += sub_len;
310 }
311 return count;
312 }
313

314 // Check if string is empty
315 bool string_is_empty(const char *str) {
316 return str == NULL || *str == '\0';
317 }
318

319 // Check if string contains only letters
320 bool string_is_alpha(const char *str) {
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321 if (str == NULL) return false;
322

323 for (const char *p = str; *p; p++) {
324 if (!isalpha((unsigned char)*p)) {
325 return false;
326 }
327 }
328 return true;
329 }
330

331 // Check if string contains only digits
332 bool string_is_digit(const char *str) {
333 if (str == NULL || *str == '\0') return false;
334

335 for (const char *p = str; *p; p++) {
336 if (!isdigit((unsigned char)*p)) {
337 return false;
338 }
339 }
340 return true;
341 }
342

343 // Check if string contains only letters and digits
344 bool string_is_alnum(const char *str) {
345 if (str == NULL || *str == '\0') return false;
346

347 for (const char *p = str; *p; p++) {
348 if (!isalnum((unsigned char)*p)) {
349 return false;
350 }
351 }
352 return true;
353 }
354

355 // Safe string to int conversion
356 bool string_to_int(const char *str, int *result) {
357 if (str == NULL || result == NULL) return false;
358

359 char *endptr;
360 errno = 0;
361 long val = strtol(str, &endptr, 10);
362

363 if (endptr == str) return false; // No conversion
364 if (errno == ERANGE) return false; // Overflow
365 if (*endptr != '\0') return false; // Trailing chars
366 if (val < INT_MIN || val > INT_MAX) return false; // Out of int

range
367

368 *result = (int)val;
369 return true;
370 }
371

372 // Safe string to long conversion
373 bool string_to_long(const char *str, long *result) {
374 if (str == NULL || result == NULL) return false;
375
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376 char *endptr;
377 errno = 0;
378 long val = strtol(str, &endptr, 10);
379

380 if (endptr == str) return false; // No conversion
381 if (errno == ERANGE) return false; // Overflow
382 if (*endptr != '\0') return false; // Trailing chars
383

384 *result = val;
385 return true;
386 }
387

388 // Safe string to double conversion
389 bool string_to_double(const char *str, double *result) {
390 if (str == NULL || result == NULL) return false;
391

392 char *endptr;
393 errno = 0;
394 double val = strtod(str, &endptr);
395

396 if (endptr == str) return false; // No conversion
397 if (errno == ERANGE) return false; // Overflow/underflow
398 if (*endptr != '\0') return false; // Trailing chars
399

400 *result = val;
401 return true;
402 }
403

404 // Duplicate string (malloc)
405 char* string_duplicate(const char *str) {
406 if (str == NULL) return NULL;
407

408 size_t len = strlen(str);
409 char *copy = malloc(len + 1);
410 if (copy == NULL) return NULL;
411

412 strcpy(copy, str);
413 return copy;
414 }
415

416 // Extract substring
417 char* string_substring(const char *str, int start, int length) {
418 if (str == NULL || start < 0 || length < 0) return NULL;
419

420 size_t str_len = strlen(str);
421 if (start >= str_len) return NULL;
422

423 if (start + length > str_len) {
424 length = str_len - start;
425 }
426

427 char *result = malloc(length + 1);
428 if (result == NULL) return NULL;
429

430 strncpy(result, str + start, length);
431 result[length] = '\0';
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432 return result;
433 }

Test Program (test_utils.c):

1 #include <stdio.h>
2 #include "string_utils.h"
3

4 void test_string_utils() {
5 printf("=== Testing String Utilities Library ===\n\n");
6

7 // Test string comparison
8 printf("1. String Comparison:\n");
9 printf(" 'hello' vs 'hello': %d\n", string_compare("hello", "

hello"));
10 printf(" 'hello' vs 'world': %d\n", string_compare("hello", "

world"));
11 printf(" 'Hello' vs 'hello' (ignore case): %d\n",
12 string_compare_ignore_case("Hello", "hello"));
13 printf("\n");
14

15 // Test starts/ends with
16 printf("2. Prefix/Suffix:\n");
17 printf(" 'hello world' starts with 'hello': %s\n",
18 string_starts_with("hello world", "hello") ? "true" : "

false");
19 printf(" 'hello world' ends with 'world': %s\n",
20 string_ends_with("hello world", "world") ? "true" : "false"

);
21 printf("\n");
22

23 // Test safe copy
24 printf("3. Safe Copy:\n");
25 char dest[10];
26 int result = string_copy(dest, sizeof(dest), "Hello there");
27 printf(" Copy 'Hello there' to buffer[10]: '%s' (truncated: %s)\

n",
28 dest, result == 1 ? "yes" : "no");
29 printf("\n");
30

31 // Test trimming
32 printf("4. String Trimming:\n");
33 char to_trim[] = " \t Hello World \n";
34 printf(" Original: '%s'\n", to_trim);
35 printf(" Trimmed: '%s'\n", string_trim(to_trim));
36

37 char *trimmed_copy = string_trim_copy(" spaced ");
38 printf(" Trimmed copy: '%s'\n", trimmed_copy);
39 free(trimmed_copy);
40 printf("\n");
41

42 // Test splitting
43 printf("5. String Splitting:\n");
44 int count;
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45 char **tokens = string_split("apple,banana,cherry,date", ",", &
count);

46 printf(" Split 'apple,banana,cherry,date' by ',':\n");
47 for (int i = 0; i < count; i++) {
48 printf(" Token %d: '%s'\n", i+1, tokens[i]);
49 }
50 string_split_free(tokens);
51 printf("\n");
52

53 // Test case conversion
54 printf("6. Case Conversion:\n");
55 char mixed[] = "Hello World!";
56 printf(" Original: '%s'\n", mixed);
57 string_to_upper(mixed);
58 printf(" Uppercase: '%s'\n", mixed);
59 string_to_lower(mixed);
60 printf(" Lowercase: '%s'\n", mixed);
61

62 char *upper_copy = string_to_upper_copy("test");
63 printf(" Uppercase copy of 'test': '%s'\n", upper_copy);
64 free(upper_copy);
65 printf("\n");
66

67 // Test searching
68 printf("7. String Searching:\n");
69 const char *text = "The quick brown fox jumps over the lazy dog";
70 printf(" Text: '%s'\n", text);
71 printf(" First 'o' at: %d\n", string_find_first(text, 'o'));
72 printf(" Last 'o' at: %d\n", string_find_last(text, 'o'));
73 printf(" 'fox' at: %d\n", string_find_substring(text, "fox"));
74 printf(" Count of 'o': %d\n", string_count_char(text, 'o'));
75 printf(" Count of 'the': %d (case-sensitive)\n",
76 string_count_substring(text, "the"));
77 printf("\n");
78

79 // Test validation
80 printf("8. String Validation:\n");
81 printf(" 'Hello123' is alnum: %s\n",
82 string_is_alnum("Hello123") ? "true" : "false");
83 printf(" 'Hello 123' is alnum: %s\n",
84 string_is_alnum("Hello 123") ? "true" : "false");
85 printf(" '12345' is digit: %s\n",
86 string_is_digit("12345") ? "true" : "false");
87 printf(" '12a45' is digit: %s\n",
88 string_is_digit("12a45") ? "true" : "false");
89 printf("\n");
90

91 // Test conversion
92 printf("9. String to Number Conversion:\n");
93 int int_val;
94 if (string_to_int("123", &int_val)) {
95 printf(" '123' -> %d\n", int_val);
96 }
97 if (string_to_int("123abc", &int_val)) {
98 printf(" '123abc' -> %d (should fail)\n", int_val);
99 } else {
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100 printf(" '123abc' -> conversion failed (correct)\n");
101 }
102

103 double dbl_val;
104 if (string_to_double("3.14159", &dbl_val)) {
105 printf(" '3.14159' -> %f\n", dbl_val);
106 }
107 printf("\n");
108

109 // Test substring
110 printf("10. Substring:\n");
111 char *sub = string_substring("Hello World", 6, 5);
112 printf(" Substring of 'Hello World' (6,5): '%s'\n", sub);
113 free(sub);
114 }
115

116 int main() {
117 test_string_utils();
118 return 0;
119 }

Challenge:
Add more functions to the library, such as: - string_replace() - replace
all occurrences of a substring - string_reverse() - reverse a string in-place -
string_format() - safe sprintf-like formatting - string_join() - join an array of
strings with a delimiter - string_pad() - pad a string to a certain length

Tip/Note

Building a Reusable Library:
• Use header guards (#ifndef STRING_UTILS_H) to prevent multiple inclusion
• Document each function with comments
• Handle NULL inputs gracefully
• Return status codes or use bool for success/failure
• For functions that allocate memory, document who is responsible for freeing
• Test thoroughly with edge cases

7 Time Management Guide and Summary
Tip/Note

2-Hour Practice Session Schedule:
• 0:00–0:25: Activity 1 (String Search Functions)
• 0:25–0:50: Activity 2 (Character Classification)
• 0:50–1:15: Activity 3 (String/Number Conversion)
• 1:15–1:35: Activity 4 (String Tokenization)
• 1:35–2:00: Activity 5 (String Utilities Library)

If you have extra time:
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• Complete all challenge exercises
• Add more functions to the utilities library
• Write comprehensive tests for edge cases
• Profile and optimize string functions
• Create a small project using the library (e.g., a simple CSV parser)

Warning/Common Issue

Final String Handling Checklist:
1. Null termination: Every string must end with \0
2. Buffer size: Always know your buffer size and stay within bounds
3. Input validation: Never trust user input - validate and sanitize
4. Error checking: Check return values from all functions
5. Memory management: Free what you allocate
6. Function choice: Use bounded functions (strncpy, strncat, snprintf)
7. Conversion: Use strtol() family, never atoi()
8. Modification: Be aware of functions that modify strings (strtok())

8 Conclusion
Congratulations! You’ve completed both practice sessions on strings. You now have a
comprehensive understanding of:

• Fundamentals: String representation, declaration, initialization

• Safe I/O: Using fgets() properly, avoiding dangerous functions

• Basic operations: Length, copy, concatenation, comparison

• Search functions: Finding characters and substrings

• Character handling: Classification and conversion with <ctype.h>

• Robust conversion: Using strtol() with full error checking

• Tokenization: Parsing delimited strings with strtok()

• Utilities: Building a reusable string library

These skills are fundamental to C programming and will serve as the foundation for file
I/O, data structures, and systems programming.

Master string handling, master C programming!
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