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Or...



UTF-8:
What Is All This
A©CA " ?!



OVERVIEW

_etters as Numbers
Rationale for Unicode
Problems of UTF-8's competitors

> W

UTF-8 solves everything



ASPECTS OF UTF-8

RO: ASCll-compatible

RO: Not-endian

RO: Generally modest space requirements
RO: Self-synchronizing

e PRO: Natural sort is code point order

e CON: Variable width

e PRO: Heuristic detectability

o
J U U U




LETTERS AS NUMBERS
'H' = 72
'H', = 01001000

ASCIl — American Standard Code
for Information Interchange



LET'S SORT SOME STRINGS

"Hopper" "Turing"




STRINGS AS NUMBERS

H o) P P e r
0100
T u r i n g
0101

® 1" Hopper" — 7

9
e "Hopper", = 0100

e "Turing"”

e "Turing", = 0101



LET'S SORT MORE STRINGS

¢

"Hopper" "Turing" "Godel"




H o) P o) e r
01001000 01101111 01110000 01110000 01100101 O1110010

T u r i n g
01010100 01110101 01110010 01101001 01101110 01100111

G o) d e 1
01000111 22222222 01100100 01100101 01101100

can't be represented using ASCII



But ASCll only defines 2" values...
out of 2% in a byte.

Solution: 1ISO-8859-1, a.k.a. Latin-1



H o) P P e r
01001000 01101111 01110000 01110000 01100101 O1110010

T u r i n g
01010100 01110101 01110010 01101001 01101110 011001112

G o) d e 1
01000111 11110110 01100100 01100101 01101100

e Hopper = 79643464983922
e Turing = 92863407418983
. CSdel = 300876452716

e Godel = 79123571895296



MOAR STRINGS!

"Jlebepes"




H
01001000

T
01010100

G
01000111

Jl

P22 7

o
01101111

u
01110101

5
11110110

7

€
2722222727

P
01110000

r
01110010

d
01100100

6

P22 7

p
01110000

i
01101001

e
01100101

€
27222272727

e
01100101

n
01101110

1
01101100

il

P29 7

r
01110010

g
01100111

€
222222727

can't fit everything into 8 bits

B
2222?2227



MULTIPLE 8-BIT ENCODINGS

e "Hopper" — [SO-8859-1 Latin-1
e "Turing" —I1S0-8859-1 Latin-1
e "Godel" — [SO-8859-1 Latin-1

o "JlebepeB" — ISO-8859-5 Cyrillic
o " ooy,lea" —1S0O-8859-6 Arabic



How about a bigger bucket?



Z

UNICODE!

A 16-bit universal code.

versal — all contemporary languages
form — fixed-width
que — unambiguous byte patterns



THE UCS-2 ENCODING

H
00000000

T
00000000

G
00000000

Jl
00000100

J
00000110

01001000

01010100

01000111

00011011

11001100

o
00000000

u
00000000

5
00000000
e

00000100

P
00000110

01101111

01110101

11110110

01010001

01000101

(big-endian)

p
00000000

r
00000000

d
00000000

6
00000100

S
00000110

01110000

01110010

01100100

00110001

00110010



THE UCS-2 ENCODING

H
01001000

T
01010100

G
01000111

Jl
00011011

J
11001100

00000000

00000000

00000000

00000100

00000110

o
01101111

u
01110101

5
11110110
e

01010001

P
01000101

(little-endian)

00000000

00000000

00000000

00000100

00000110

p
01110000

r
01110010

d
01100100

6
00110001

S
00110010

00000000

00000000

00000000

00000100

00000110



BYTE ORDER MARK

11111111 11111110

Ifyousee11111110 11111111:
flip every byte pair.

[Introduced in Unicode 1.1 (1993)]



STILL MOAR STRINGS!!!!




H o) P
00000000 01001000 00000000 01101111 0OOOOOOO 01110000

[eoo]
q M -«

P00 000200 2000220 000007 V00202000 2029?20?22

can't fit everything into 16 bits



UCS-4 (SAME AS UTF-32)

H o)
00000000 00000000 00000000 01001000 00000000 [&.-]

[...]

N a
00000000 00000001 00000011 10100100 00000000 [..-]

E 4
ELS
-

00000000 00000001 11110110 0O111011



UNICODE 2.0

e Published 1996
e Abandons fixed-width 16-bit
e Adds surrogate mechanism



ASPECTS OF UCS-2

CON: not ASCIl-compatible

PRO: fixed-width

PRO: natural sort is code point order
CON: wastes (some) space

CON: needs Byte Order Mark

PRO: self-synchronizing

CON: can't express all of Unicode 2.0



ASPECTS OF UTF-16

CON:
CON:
CON:
CON:
CON:
PRO:
PRO:

not ASCIll-compatible
variable-width

natural sort not code point order
wastes (some) space

needs Byte Order Mark
self-synchronizing

expresses all of Unicode 2.0



ASPECTS OF UCS-4 / UTF-32

e CON: not ASClI-compatible

e PRO: fixed-width

e PRO: natural sortis code point order
e CON: wastes lots of space

e CON: needs Byte Order Mark

e PRO: expresses all of Unicode 2.0



LET'S GO BACKIN TIME

Scene: A New Jersey Diner in September 1992




UTF-8 BIT PATTERNS

M xxxxxx

< xxx MYxxxxxx

111 Opeee xxxxxx XXXXXX

xxx IJUXXXXXX PYXXXXXX PYXXXXXX

EREENT <o f0-coccscsen PMescscsesenibesescscsese Msesesescses
1111110201 Ocltgy] Oaai i1 a1 ety 1 O

o — classifier bits
e Yellow — payload bits



o )xxxxx —

o IR XXX —

1

1
1

UTF-8 BYTE ROLES

o ﬂxxxxxxx — ASCI|
e Mxxxxxx — continuation byte

nead
nead
IR XX — heac
111 0xxiEdl
11111 0xEAl
1111110%Al
111111 18l

egal

er for 2-byte sequence
er for 3-byte sequence
er for 4-byte sequence
ega
ega
egal

| (as of 2003)
| (as of 2003)




SELF-SYNCHRONIZATION

e boundary detection always possible
e max 3 bytes forward/back



SELF-SYNCH: ASCII/HEADER

ASCIT
If)xxxxxxxl

2-byte header
111 0pe ey I

3-byte header
(111 0pk&ee: I

4-byte header

11111 0pee:s |



SELF-SYNCH: CONTINUATION

First continuation byte:

I Y x x x x5l

I Y x x e [

I Y x x ¢ x I
Second continuation byte:

I Y x x el

I Y x x scxxx I

Third continuation byte:
I i) xxxxxl



ASCII COMPATIBILITY

e UTF-8in ASCIl range: identical to ASCI|
e NUL byte always means NUL
e UTF-8 compatible with legacy APIs



ASCII COMPAT COMPARISON

"Hi" as a NUL-terminated string:

ASCII
H
01001000

UTF-8
H
01001000

UTF-16BE
H
00000000

UTF-16LE
H
01001000

i
01101001

i

01101001

01001000

00000000

[ NUL ]
00000000

[NUL ]
00000000

i

[ NUL ]

00000000 01101001 00000000 0OOOGOOQOO

i

[ NUL]

01101001 00000000 00000000 0OOOCOOOO



NOT-ENDIAN

e No big-endian and little-endian variants
e No Byte Order Mark needed



NOT-ENDIAN COMPARISON

UTF-8
&
11000011 10110110

UTF-16BE
5
00000000 11110110

UTF-16LE
5
11110110 00000000



SORTING

[0, 27) [xxxxxxx

(27, 2% xxxxx I X XXX XX

[211, 216) 1110peeodll] Op:o o0 ool | 0)9:9:6:9:94

[216, 221 xxx I xXXXXX PUXXXXXX PYXXXXKXX

e ASCII <2-byte < 3-byte <4-byte
e All payloads sortin code point order
e Therefore, natural sort is code point order!



SPACE REQUIREMENTS

e By source:
= ASCII: excellent
= Cyrillic: same as UTF-16
m CJK: 1.5x UTF-16
= Tibetan, Georgian: bad
e HTML with ASCII markup: excellent

UTF-8 wins as web encoding



VARIABLE WIDTH

Accessing nth charis O(n), not O(1)

A problem for certain programming language idioms



HEURISTIC DETECTABILITY

Q. What Is All This AOA™?!
A. "Double-encoded" UTF-8.
° ||A©|| iS ||é||

mnmAatn

o "A""is"e
e to avery, very high likelihood!

Similarly, UTF-8 is easy to detect



ASPECTS OF UTF-8

RO: ASCll-compatible

RO: Not-endian

RO: Generally modest space requirements
RO: Self-synchronizing

e PRO: Natural sort is code point order

e CON: Variable width

e PRO: Heuristic detectability

o
J U U U




UTF-8: OPTIMAL, ELEGANT

e Design seems simple, even obvious
e But competitors riddled with defects
e UTF-7, UTF-1 worse than UTF-16

How Did Ken Thompson pull it off?



Thank you!



Questions?



