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A unified scheme to
encode and manipulate
all the writing systems of
the world (present,
historical, math, emoiji...)



How hard could that be?



Well, let's look at some
languages.



English

Aardvarks don’t make a tasty meal.

Just give numbers to each
character in the alphabet. Easy!



Russian

MHe HpasuTca nuBo!

Just another alphabet. More
numbers. Easy!




Chinese?

VREFS? ARGF, W

A character set. Thousands and
thousands more numbers.



Slovak

Slovenky su velmi pekné.

Doesn’'t seem too scary. | mean,
it's Latin-based. But...



Slovak

Slovenky su velmi pekné.

...what about the diacritics? Do
we give numbers to them?



Slovak

Slovenky su velmi pekné.

Or number the combinations of
letters with diacritics?



Slovak

Slovenky su velmi pekné.

Spoiler: it's Unicode, so of
course we...do both!




Korean

g stM 2

A syllabary, with each syllable
block made of 2-3 "atoms".



Korean

g stM 2

And yes, again, there are two
ways to represent it.



So how do we even
compare strings?!



Unicode defines
normalization forms.

Comparison should be
done on normalized
strings.



Unicode is fairly complex,
because human language
itself is complex.
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So, how does Perl 6 get

the right answers, and

why do others get the
wrong answers?



The 3 levels of Unicode

Graphemes

Codepoints

Bytes, C# chars, etc.

Things a human would consider
a character

Things the Unicode spec gives a
number to

How things look on disk or in
memory



C# and Java store strings
as UTF-16, using arrays of
16-bit integers.



They work down here!

4

Things a human would consider
Gfphemes a character

Things the Unicode spec gives a

Codepoints §a K
N
h' I k . k .
Bytes, C# chars, etc. How things look on disk or in
memory




So when you ask for the
length of a string...



...they tell you the
number of 16-bit things
needed to represent the

string in UTF-16.



It's...enterprise.






Some languages have
codepoint-level strings

Things a human would consider
G S a character
4 )
i : Things the Unicode spec gives a
Codepoints Aamiber to
\_ Y,

How things look on disk or in
memory

Bytes, C# chars, etc.




The string length is the
number of codepoints.



Which is close, but...






Also, it's common to
store the strings in
memory as UTF-8,

meaning string indexing,

etc. is O(n), not O(1).



Perl 6 strings work at the
grapheme level

N
Things a human would consider

a character

J

Things the Unicode spec gives a

Codepoints number to

How things look on disk or in

Bytes, C# chars, etc.
memory



D

LATIN CAPITAL LETTERD
COMBINING DOT BELOW
COMBINING DOT ABOVE

3 codepoints

2 normalized (NFC) codepoints

1 grapheme



And...we get to have O(1)
string indexing.






How do
we do it?



We first turn all input
strings into NFC.

Then, if we still have
multi-codepoint
graphemes, we create
synthetic codepoints.



97 116 32 114 111 99 107 115 33

We represent synthetics
using negative integers.



But only internally. You
hever get to see them.

And on output, we turn
everything back into the
usual NFC again.



Awesome!



Questions?



