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Introducing: UTF-8 Encoding

 UTF-8 (Unicode Transformation Format - 8-bit) is an extension to ASCII

 That gives us more characters than what’s in ASCII

 It is a universal standard used across the internet and the globe

 In the modern day, all the text data we use is in this standard

◆ 99% of the text we interact with uses UTF-8 encoding (websites, text, emails, etc.)

 It uses variable-length encoding that's backward-compatible with ASCII

◆ More about this on the next slide
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Problem: 

How do we encode a char as multiple bytes? 
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Solution: Bit flags!

 New Terminology… “Code Point”:

◆ A code point is an integer representing a character (e.g., 65 codepoint of’A’)

 Normal ASCII Code Point: Highest order bit of byte is 0xxxxxxx

 Multi-byte Code Point: Highest order bit of byte is a flag 10xxxxxx
 First bits of first byte of code point dictates code point length:

◆ 110xxxxx = 2 bytes

◆ 1110xxxx = 3 bytes

◆ 11110xxx = 4 bytes

 Bytes in the middle (called continue bytes) start with:

◆ 10xxxxxx
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What do UTF-8 code points look like in memory?

1-byte ASCII =  0xxxxxxx

2-byte UTF-8 = 110xxxxx  10yyyyyy

3-byte UTF-8 = 1110xxxx  10yyyyyy  10zzzzzz

4-byte UTF-8 = 11110xxx  10yyyyyy  10zzzzzz  10wwwwww
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Codepoints

 U+##### is the way we write the codepoint of a character to other humans

◆ ASCII ‘A’ is 41 which is codepoint U+0029

◆ Crab is codepoint 129408 which is codepoint U+1F980

 Hexadecimal is a compact way of writing binary data (i.e., integers)

◆ 16 options per digit (0-F)rather than 10 in decimal (0-9)and 2 in binary (0-1)

◆ Compact way of representing bits because each digit represents 4 bits in memory (24=16)

◆ We distinguish hexadecimal numbers by prepending them with 0x........

CSE 29 – Lecture 3: UTF-8 6



Code point construction from multi-byte

 é = 0b11000011 0b10101001
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2 bytes continue

000011101001 = 233 = 0xE9 = U+000E9
The Code Point



Example of 4-byte character

 Unicode Character: 

 Codepoint (in hex): U+1F980

 Binary representation: 11110000 10011111 10100110 10000000

 1 Starting Byte (11110xxx)

 3 Continuation Bytes (10xxxxxx)

 To get the codepoint, we use the non-prefix bits of the binary

11110000 10011111 10100110 10000000 -> 000011111100110000000 -> 01F980
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Analyzing codepoints requires accessing 

individual bits in C data types

It is possible to control/access individual bits of Integer data types in C

◆ int*_t datatypes all can have bit-wise operations 

There are special mathematical operators in C for doing operations on bits

◆ & - AND

◆ | - OR
◆ ^ - XOR

◆ >> - Shift Right

◆ <<  - Shift Left

Boolean operators work on all bits of a variable  (e.g., 8 bits in a char)
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How bit operations work: OR
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char a = 2; // 00000010 in binary

char b = 5; // 00000101 in binary

// OR each bit of the two integers together

char a_or_b = a | b;

//   00000010

// | 00000101

// -----------

//   00000111

printf(“%d\n”, a_or_b); // What will the output be?



Bit operations to do uppercase()
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 Subtraction is needed to go from lowercase to uppercase (-32)

 Uppercase and lowercase ASCII are 32 apart… hmmmmmmm

 Can I implement uppercase without subtract?

 Demo
…



How bit operations work: AND
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char a = 3; // 00000011

char b = 5; // 00000101

// AND each bit of the two integers together

char a_and_b = a & b;

//   00000011

// & 00000101

// -----------

//   00000001 // Lets you select bits you want to inspect

printf(“%d\n”, a_and_b); // What will the output be?



Masking: use case for bitwise AND (&)

 Masking:

◆ Selecting specific individual bits out of a binary representation of a number

◆ Example:

» first_four_bits( 0b01010101 ) = ?

» last_four_bits( 0b00000011 ) = ?

» first_four_bits( last_four_bits(______) );
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How do we implement masking?

char msb( char c ) {

 return c & 0b10000000;
}

char lsb( char c ) {

    return c & 0b00000001;
}

◆ Using the bitwise AND operator & we can select specific bit positions to view

◆ The bits selected come from the pattern of 1’s that the variable is &’ed with
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Demo: Masking used in practice!

 Big Idea:
◆ Using masking, we can inspect a character to see if it’s UTF-8

 multibyte codepoint or not
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