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👽👽 Unicode in Perl Regexes

¡ƃuoɹʍ ʎlqᴉɹɹoɥ səoƃ 
ƨuoᴉssəɹdxə ɹɐlnƃəɹ 
ʇnoqɐ ʍəuʞ noʎ ʇ̅ɥ̅ƃ̅n ̅o ̅ɥ̅ʇ̅ 
noʎ ƃuᴉɥʇʎɹəʌə uəɥM 

Tom Christiansen
<tchrist@perl.com>

Setup
Pragmatically, you want at least use v5.14,  use utf8,  and

 use charnames qw(:full); 

Always decode incoming data and encode outgoing data.

 use open qw< :encoding(UTF-8) :std >;

 $ export PERL_UNICODE="AS" 

Normalize incoming data to NFD, outgoing data to NFC.

 while (<>)  {
     chomp;
     $_ = NFD($_);   # from Unicode::Normalize
     ...
 } continue {
     say NFC($_);
 } 

“Characters”: Graphemes or Code Points?
In Unicode, a single user‐visible character — a grapheme  — like ȭ may (or may not!) occupy multiple code points. That grapheme there takes  anywhere from 1–3
code points, depending on normalization: "\x{22D}" in NFC, "\x{6F}\x{303}\x{304}" in NFD, or  "\x{F5}\x{304}",  which is neither.
Use \X in a regex to match any of those. It also matches an entire "\r\n".  (Very technically speaking, Perl’s \X matches what the Unicode Standard refers to as
an extended grapheme cluster.)
Don’t use \PM\pM*; that doesn’t really work out so well: you shouldn’t (pretend to) apply Marks to linebreaks!
The Unicode::Normalize module has functions like NFD & NFC.
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Careful with its NFKC & NFKD functions, as those do discard information. Still,  ¾  ⇒  3/4,  20ᵗʰ ⇒  20th,  & 𝔥𝔦𝔠 𝔰𝔲𝔫𝔱 𝔡𝔯𝔞𝔠𝔬𝔫𝔢𝔰  ⇒  hic sunt dracones can be useful.

Dot à la Unicode
1. Perl’s dot /./ to match “any one code point” never quite did that. Without /s,  it means [^\n] — for which you can use a braceless \N these days.  Not much

call  for (-s:.) though.

2. Adding /s make dot now include linefeed,  so (?s:.) means \p{Any}.  With v5.14’s use re "/s",  we may see more of it, but it’s  still  (mostly) an
ASCII‐minded solution in a Unicode world.

3. Like #1 but Unicode‐savvy, \V matches any one code point lacking the Vert_Space property. It’s  the same as \P{Vert_Space},  or
[^\p{LB=CR}\p{LB=LF}\p{LB=NL}\p{LB=BK}].

4. At last  something reasonable: \X from the previous slide.  It’s  the first one that’s  safe on graphemes.  This is usually what you really want,  not #2 or  #3. Just
depends, though.

5. To modify #4 to omit  \R per #1 & #3, use (?:(?!\R)\X) instead.  Huffman loses by 12∶1.

Line Endings
Perl’s /^/ and /$/ don’t know about Unicode linebreaks.

 /foo$/;        # old way
 /foo\R?\z/;    # for Unicode linebreaks 

Its /\R/,  however, does. There are all the same:

 \R
 (?:\013\010|\v)
 (?:\x0D\x0A|[\x0A-\x0D\x85\x{2028}\x{2029}]) 

You could just convert them all.

 s/\R/\n/g;    # convert Unicode linebreaks to \n 

Or, sometimes, perhaps like  this.

 @paras = split /\R+/, $file_contents; 

Case in Unicode: Surprises
Not all letters have case, like  文字化け and 東京.
Not all things with case are letters:

ⅻ  & Ⅻ are lower‐ & uppercase numbers, not letters.
ⓚ & Ⓚ are lower‐ & uppercase symbols, not letters.
◌ͅ U+0345 COMBINING GREEK YPOGEGRAMMENI is a lowercase combining mark,  not a letter, yet whose uppercase is  a letter, GREEK
CAPITAL LETTER IOTA.

Not all cased letters change case: ꜱᴍᴀʟʟ ᴄᴀᴘs,  ˢᵘᵖᵉʳˢ, and even ᴸᴱᵀᵀᴱᴿ  are all completely lowercase strings — and stay that way  even when you uc them!
There are no roundtrip guarantees: you cannot depend on any of $s,  uc lc($s),  and lc uc($s) being the same strings.
String lengths  may change: length($s) != length(uc $s).

Three Cases in Unicode
Unicode has three  different cases, not just the two traditional ones:

English Spanish German Greek

lowercase vis-à-vis los ángeles tschüß ᾲ στο διάολο
titlecase Vis-À-Vis Los Ángeles Tschüß Ὰ ͅ Στο Διάολο
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uppercase VIS-À-VIS LOS ÁNGELES TSCHÜSS ᾺΙ ΣΤΟ ΔΙΆΟΛΟ
Any of those also matches the other two in its column under the /i modifier. This is called casefolding ,  a regex concept.
Case is for  the most part unaffected by locale, so the language titles above are merely informative.
Only the first letter in each word in the middle row is in titlecase.

Casefolding in Unicode
There are two kinds of casefolding:  simple casefolding, where string lengths  won’t  change, and full casefolding, where they may.
Perl supports  full  casefolding in its case‐insensitive matches.
These show that Perl understands not just simple casefolding:

 "\N{KELVIN SIGN}" =~ /k/i
 "poſt"            =~ /post/i
    ⤷ (that's a LATIN SMALL LETTER LONG S) 

But that Perl also understands full  casefolding:

 "MASSE"           =~ /maße/i
 "ᾲ στο διάολο"    =~ /ᾺΙ ΣΤΟ ΔΙΆΟΛΟ/i 

See Unicode UAX #21 on Case Mappings for details.

Casemapping in Unicode
When you convert a string to a different case, this is called casemapping.

The lc function, or  the \l and \L interpolation escapes,  map to lowercase.
The ucfirst function, or  the \u interpolation escape, maps to titlecase.
The uc function, or  the \U interpolation escape, maps to uppercase.

 use v5.14;
 use utf8;
 use Unicode::Normalize;
 for ( "mad dog", "ᾲ στο διάολο", "tschüß",
               scalar reverse(NFC "tschüß") )
 {
     say s/(\w+)/\u\L$1/rg;
 }
    # Mad Dog, Ὰ ͅ Στο Διάολο, Tschüß, Ssühcst 

With s/PATTERN/REPLACEMENT/i,  the PATTERN is subject to casefolding due to the /i,  and the REPLACEMENT to casemapping if  it uses \L &c .

Casing Concerns
Partial matches of casefolded strings is not supported. Use casemapping instead:

    "maße"  =~ /MASSE/i
    "maße"  !~ /MAS/i
 uc("maße") =~ /MAS/i 

Multicharacter casefolds are intentionally disabled in inverted character classes for reasons too complex to dwell upon here. See the perldelta manpage.
Perl has no builtin support for conditional  or  locale‐dependent casing rules:

Although Greek σ,  ς,  and Σ all casefold to the same thing in patterns, lc of Σ always casemaps to σ,  never to ς.  Thus the lc of ΣΤΙΓΜΑΣ shows up as
στιγμασ  instead of as στιγμας — let alone as στιγματα.
U+0130 LATIN CAPITAL LETTER I WITH DOT ABOVE as in İstambul doesn’t know its lc should in Turkish languages alone be just plain
istambul,  not "i\N{COMBINING DOT ABOVE}stambul".

See the CPAN Unicode::Casing module for those cases  — and casings.

Character Classes: \w \d \s \v \h
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You probably figured out around two slides ago that \w was working correctly on Unicode. These things are all defined bu Unicode UTS #18 Regular Expressions
in its Annex C on Compatibility Properties.

 http://unicode.org/reports/tr18/#Compatibility_Properties 

\w is anything that’s an Alphabetic or  a Digit,  or  has the General  Category of Mark or  of Connector Punctuation.  There are 102,724 such
code points as of Unicode 6.0.0; /(?=\p{Latin})\w/ matches only 1,267 but misses  Digits.
\d is any of the 420 code points with the Decimal Number General  Category.
\s is supposed to be any code point with the White Space property, but Perl doesn’t include Control‐K, U+000B LINE TABULATION in that. Perl does
include \cK in its \v shortcut for vertical white space, so get both flavors via [\h\v],  where \h is horizontal whitespace. Perl’s \s matches 25 code points.

Boundaries: \b, \B
A \b is a word‐transition next to a word character:

 \b is just like (?:(?<=\w)(?!\w)|(?<!\w)(?=\w))
 \B is just like (?:(?<=\w)(?=\w)|(?<!\w)(?!\w)) 

Use this idea to write your own boundaries  more in line with some folks’ expectations.

 my $space_edge_left  = qr{ (?: (?<=^) | (?<=[\h\v]) }x;
 my $space_edge_right = qr{ (?=    \z  |     [\h\v]  }x; 

Because they use \w to find an edge, Perl’s \b and \B don’t (currently) do the fancier edge detection specified in Unicode UAX #29 on Text Boundaries. See,
however, the CPAN module Unicode::LineBreak.
That module also comes with Unicode::GCString,  useful for counting graphemes and especially for determining print widths.

New Regex Charclass Modifiers
Since v5.14, Perl regexes accept new /dual “Highlander” modifiers to change how the character classes just discussed plus the old [[:POSIX:]] classes
behave.

/u uses Unicode rules for \w &c .  This is the new default  under the unicode_strings feature. Goodbye, Unicode Bug!
/d uses dodgy, dual  ASCII/Unicode rules; this was the old default, and still  is without something in the surrounding context changing it. Avoid it.
/l (attempts to) use current POSIX locale’s ctype rules (unreliable).
/a uses ASCII rules,  with Unicode casefolding under /i.
/aa like  /a,  but without Unicode casefolding under /i.

You inherit them from the surrounding scope, so almost never have to use them yourself.  A use v5.14 suffices to enable /u on all your patterns.
The re pragma has been extended to accept /modifiers:

    use re "/msx";  # turn all those all on by default
    use re "/a";    # ASCII character classes 

Unicode Properties
Every code point,  even those not yet defined, has several and often many properties that it tests true for; minimally, exactly one of \pL \pM \pN \pS \pP
\pZ \pC applies, which are abbreviations of General Categories .
Detect a code point with a given property NAME and VALUE in a regex using the \p notation, as in \p{NAME=VALUE},  or  without it  using \P,  as in
\P{NAME=VALUE}.
All Unicode properties are actually two‐parters like  \p{General_Category=Lowercase_Letter},  \p{Script=Latin},
\p{Math=Yes},  or  \p{Bidi_Class=Arabic_Letter}.
Since those are too hard to type,  boolean properties can omit  the =Yes,  and most other property names and values  have shortcuts: \p{gc=Ll},
\p{sc=Latin},  \p{Math},  or  \p{bc=AL}.  All are case‐insensitive.
Like boolean properties, General  Categories and Scripts shorten to single words: \p{Ll},  \p{Latin}.  All but the 7 one-letter GC shortcuts require braces.

Investigating Properties
The perluniprops  manpage, new to v5.12, lists  all properties recognized by Perl, along with each one’s aliases (if any) and how many code points have that property.
The unichars and uniprops scripts are great for figuring out which code points have which properties.
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 $ unichars -gns '\p{Cased}' '\p{Number}'
  Ⅰ  U+2160 GC=Nl NV=1 SC=Latin   ROMAN NUMERAL ONE
  Ⅱ  U+2161 GC=Nl NV=2 SC=Latin   ROMAN NUMERAL TWO
  Ⅲ  U+2162 GC=Nl NV=3 SC=Latin   ROMAN NUMERAL THREE
  Ⅳ  U+2163 GC=Nl NV=4 SC=Latin   ROMAN NUMERAL FOUR
  Ⅴ  U+2164 GC=Nl NV=5 SC=Latin   ROMAN NUMERAL FIVE
  Ⅵ  U+2165 GC=Nl NV=6 SC=Latin   ROMAN NUMERAL SIX
  ... 

unichars,  uniprops,  uninames,  and much more of that ilk are at:

 http://training.perl.com/scripts/ 

Investigating Properties cont...
Call uniprops to find some code point’s properties:

 $ uniprops 2162
 U+2162 ‹Ⅲ› \N{ROMAN NUMERAL THREE}
  \w \pN \p{Nl}
    All Any Alnum Alpha Alphabetic Assigned InNumberForms
    Cased Changes_When_Casefolded CWCF Changes_When_Casemapped
    CWCM Changes_When_Lowercased CWL Changes_When_NFKC_Casefolded
    CWKCF Nl N Gr_Base Grapheme_Base Graph GrBase ID_Continue
    IDC ID_Start IDS Latin Latn Letter_Number Number Number_Forms
    Print Upper Uppercase Word XID_Continue XIDC XID_Start XIDS
    X_POSIX_Alnum X_POSIX_Alpha X_POSIX_Graph X_POSIX_Print
    X_POSIX_Upper X_POSIX_Word 

Add -ga to get them all, including two‐parters, like  Age=1.1 BC=L CCC=NR DT=Com DT=NonCanon EA=A GC=Nl GCB=XX HST=NA
JT=U Block=Number_Forms Script=Latin LB=AI NT=Nu NV=4 IN=1.1 IN=2.0 IN=2.1 IN=3.0 IN=3.1 IN=3.2
IN=4.0 IN=4.1 IN=5.0 IN=5.1 IN=5.2 IN=6.0 SB=UP WB=LE

🐪🐪 Unicode Tools
In http://training.perl.com/scripts/,  you can find:

Probing the UCD: unichars,  uninames,  uniprops
For use with the charnames pragma: unicore/html_alias.pl
Unix tool rewrites: tcgrep,  ucsort,  unifmt,  unilook,  uniquote (a  better cat ‑v  or  od),  uniwc
Normalization filters and tools:  nfc,  nfd,  nfkc,  nfkd,  plus nfcheck
Casing and font‐fun filters:  uc,  lc,  tc,  plus titulate; unifont,  leo,  unicaps,  uninarrow,  uniwide,  unisubs,  unisupers
Test/demo code: es-sort,  hantest,  havshpx,  hypertest,  nunez (should be called búsqueda-libre but for filesys issues)

Regex Gotchas
Code that uses things like  tr[\000-\177][\200-\377] is broken and wrong.
Code that assumes \w contains only letters, digits, and underscores is wrong — unless you use the /a modifier or  an enclosing scope has a

    use re "/a"; 

Code that assumes it can remove Marks to get “ASCII” letters is evil & wrong, broken & brain‐damaged, and justification for corporal if  not capital punishment.
See my núñez script for how to do “accent‐insensitive” matching using Unicode::Collate at primary strength alone.
Code that assumes diacritics \p{Diacritic} and marks \p{Mark} are the same thing is broken.

Regex Gotchas (cont¹…)
Code that assumes all \p{Mark} characters take zero print columns is broken.
Code that assumes there is any limit to how many code points in a row just one \X can match is wrong.
Code that assumes \X can never start with a \p{Mark} character is wrong.
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Code that assumes \X can never hold two non‐\p{Mark} characters is wrong.
Code that assumes all \p{Math} code points are visible  characters is wrong.

Regex Gotchas (cont²…)
Code that believes \p{InLatin} is the same as \p{Latin} is heinously  broken.
Code that believe that \p{InLatin} is almost ever  useful at all is almost certainly  wrong.
Code that assumes ^ and ~ are punctuation marks is wrong.
Code that assumes ë has an umlaut character in it is wrong, thrice.
Code that believes things like  ₨  contain any letters in them is wrong.
Code that assumes dash, hyphens,  and minuses are the same thing as each other, or  that there is only one of each, is broken and wrong.
Code that assumes \p{Pd} covers as much as \p{Dash} is wrong.
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⬛ ⬜ ⬝ ⬞ ⬟ ⬤ ⬥ ⬦ ⬧ ⬨ ⬩ ⬪ ⬫ ⬬ ⬭ ⬮ ⬯ ⬰ ⬱ ⬲ ⬳ ⬴ ⬵ ⬶ ⬷ ⬸ ⬹ ⬺ ⬻ ⬼ ⬽ ⬾ ⬿ ⭀ ⭁ ⭂ ⭃ ⭄ ⭅ ⭆ ⭇ ⭈ ⭉ ⭊ ⭋ ⭌ ⭐ ⭑ ⭒ ⭓ ⭔ 🂠 🂡 🂢 🂣 🂤 🂥 🂦 🂧 🂨
🂩 🂪 🂫 🂬 🂭 🂮 🂱 🂲 🂳 🂴 🂵 🂶 🂷 🂸 🂹 🂺 🂻 🂼 🂽 🂾 🃁 🃂 🃃 🃄 🃅 🃆 🃇 🃈 🃉 🃊 🃋 🃌 🃍 🃎 🃏 🃑 🃒 🃓 🃔 🃕 🃖 🃗 🃘 🃙 🃚 🃛 🃜 🃝 🃞 🃟 🌀 🌁  🌂 🌃  🌄  🌅  🌆  🌇  🌈  🌉  🌊
🌋  🌌  🌍 🌎 🌏 🌐 🌑  🌒  🌓 🌔  🌕 🌖  🌗  🌘  🌙 🌚 🌛 🌜 🌝 🌞 🌟 🌠  🌰 🌱  🌲 🌳 🌴  🌵 🌷  🌸  🌹 🌺  🌻 🌼 🌽 🌾  🌿  🍀 🍁  🍂  🍃  🍄 🍅 🍆 🍇 🍈 🍉 🍊 🍋  🍌 🍍 🍎 🍏 🍐  🍑  🍒
🍓  🍔 🍕  🍖  🍗  🍘  🍙 🍚 🍛  🍜 🍝  🍞  🍟  🍠  🍡 🍢 🍣 🍤  🍥  🍦 🍧  🍨 🍩 🍪 🍫  🍬 🍭 🍮  🍯 🍰 🍱  🍲 🍳 🍴 🍵  🍶 🍷  🍸 🍹 🍺  🍻  🍼  🎀 🎁  🎂  🎃 🎄 🎅 🎆  🎇  🎈 🎉  🎊 🎋
🎌 🎍 🎎 🎏 🎐  🎑  🎒 🎓 🎠  🎡  🎢 🎣  🎤  🎥 🎦 🎧  🎨 🎩  🎪  🎫 🎬 🎭  🎮 🎯  🎰 🎱 🎲 🎳 🎴 🎵  🎶  🎷 🎸  🎹 🎺  🎻  🎼  🎽 🎾  🎿 🏀  🏁 🏂  🏃 🏄 🏆 🏇 🏈  🏉  🏊 🏠  🏡 🏢 🏣
🏤  🏥  🏦 🏧 🏨  🏩 🏪 🏫 🏬  🏭 🏮 🏯  🏰 🐀 🐁 🐂 🐃 🐄 🐅  🐆 🐇 🐈 🐉  🐊 🐋  🐌 🐍 🐎 🐏  🐐 🐑  🐒  🐓 🐔 🐕 🐖 🐗 🐘 🐙 🐚 🐛 🐜 🐝  🐞 🐟  🐠  🐡  🐢  🐣  🐤 🐥 🐦  🐧 🐨
🐩  🐪 🐫 🐬 🐭  🐮  🐯  🐰 🐱 🐲  🐳  🐴 🐵  🐶 🐷  🐸 🐹  🐺  🐻 🐼 🐽 🐾 👀 👂 👃 👄 👅  👆 👇 👈  👉  👊  👋 👌 👍 👎 👏 👐 👑  👒 👓  👔  👕  👖 👗 👘 👙 👚 👛 👜  👝  👞 👟 👠  👡  👢
👣  👤  👥 👦  👧 👨 👩 👪 👫 👬 👭  👮 👯 👰 👱 👲 👳  👴 👵 👶  👷 👸  👹  👺 👻  👼 👽  👾 👿 💀 💁 💂 💃  💄 💅 💆  💇 💈 💉  💊 💋 💌  💍 💎 💏  💐 💑 💒 💓  💔 💕 💖  💗  💘  💙  💚
💛  💜 💝 💞  💟  💠  💡 💢 💣  💤 💥  💦  💧  💨 💩 💪  💫 💬 💭 💮 💯  💰 💱 💲 💳 💴 💵 💶  💷 💸 💹 💺  💻 💼  💽 💾 💿  📀  📁 📂 📃 📄 📅 📆  📇  📈 📉  📊  📋 📌 📍  📎 📏  📐
📑 📒 📓  📔 📕 📖 📗 📘 📙 📚  📛 📜  📝  📞 📟 📠 📡 📢 📣 📤 📥 📦 📧 📨  📩 📪 📫  📬  📭 📮  📯 📰 📱  📲  📳  📴 📵 📶 📷  📹 📺 📻  📼 🔀 🔁 🔂 🔃 🔄 🔅  🔆 🔇 🔈 🔉 🔊 🔋 🔌  🔍
🔎  🔏  🔐  🔑  🔒 🔓 🔔 🔕 🔖  🔗  🔘  🔙 🔚 🔛 🔜 🔝  🔞  🔟 🔠 🔡 🔢 🔣 🔤 🔥 🔦  🔧 🔨 🔩 🔪  🔫 🔬  🔭  🔮 🔯  🔰 🔱  🔲 🔳 🔴 🔵 🔶  🔷  🔸 🔹 🔺 🔻 🔼  🔽  🕐 🕑 🕒 🕓 🕔 🕕 🕖 🕗
🕘 🕙 🕚 🕛 🕜 🕝 🕞 🕟 🕠 🕡 🕢 🕣 🕤 🕥 🕦 🕧 🗻 🗼  🗽 🗾 🗿  😁  😂 😃  😄  😅  😆  😇  😈  😉  😊  😋  😌  😍  😎  😏  😐  😒  😓  😔  😖  😘  😚  😜  😝  😞  😠  😡  😢  😣  😤  😥  😨  😩  😪  😫
😭  😰  😱 😲  😳  😵  😶  😷  😸  😹 😺  😻  😼  😽  😾  😿  🙀  🙅  🙆  🙇 🙈  🙉 🙊  🙋 🙌  🙍 🙎  🙏 🚀 🚁 🚂 🚃  🚄  🚅  🚆  🚇  🚈 🚉 🚊  🚋 🚌  🚍 🚎  🚏 🚐  🚑 🚒  🚓  🚔 🚕  🚖 🚗 🚘  🚙  🚚
🚛  🚜 🚝 🚞 🚟  🚠  🚡 🚢 🚣 🚤 🚥 🚦 🚧 🚨  🚩 🚪 🚫 🚬 🚭  🚮  🚯 🚰 🚱 🚲 🚳 🚴  🚵 🚶  🚷 🚸  🚹 🚺 🚻 🚼 🚽  🚾  🚿 🛀 🛁  🛂  🛃 🛄 🛅  🜀  🜁  🜂 🜃 🜄  🜅  🜆 󳀀 󳀄 󳀆  󳀉  󳀎  󳀏  󳀑 󳀞 󳀟
󳀠  󳀢 󳀤 󳀨 󳀫 󳀬 󳀱 󳁂 󳁃 󳁍 󳁑 󳁕 󳁖  󳁚 󳁛  󳁜  󳁝  󳁠 󳁡 󳁪  󳁫 󳁭  󳁮  󳁰 󳁱 󳁲 󳁳 󳁷  󳂀  󳂁 󳂇 󳂊 󳂑  󳂕  󳂖 󳂗 󳂘 󳂙 󳂢  󳂣  󳂥 󳂧 󳂫  󳂵 󳂶 󳂸 󳂼 󳂽 󳃃 󳃆 󳃈  󳃐  󳃘 󳃣  󳃥 󳃦 󳃨  󳃩 󳃰 󳃱  󳃳  󳃵  󳃸 󳃹
󳃼 󳃽 󳃿 󳄁 󳄃  󳄄 󳄅  󳍔 󳍡 󳍣  󳍧 󳍨  󳍮 󳍯 󳍾 󳍿  󳏆  󳐋  󳐏  󳐐 󳐙 󳐚  󳐛 󳐠  󳐫  󳐬 󳐴  󳐻 󳐽 󳑋 󳑌 󳑓 󳑞 󳑬 󳑮 󳑯 󳑰  󳑱 󳑽  󳑾  󳒂 󳒇  󳓐  󳖩 󳒤  󳙾 󳚀 󳚂 󳚅 󳚆 󳚇 󳚉 󳚎 󳚏  󳚓  󳚕 󳚘 󳚙 󳚚 󳚛 󳚜 󳚝 󳚞 󳚟  󳚠 󳚡  󳚢
󳚤 󳚧 󳚪 󳚫 󳚬 󳚯 󳚰 󳚱  󳚳  󳚴  󳚵 󳚶  󳚷 󳚼 󳛀 󳛁 󳛄 󳛆 󳛇 󳛈 󳛉 󳛊 󳛋 󳛌 󳛍 󳛎 󳛏 󳛐 󳛑  󳛕 󳛗 󳛘 󳛙  󳛚 󳛛 󳛜 󳛝 󳛞  󳛟  󳛠  󳛡  󳛢 󳛣 󳛥 󳛦 󴙶 󳛨 󳛪 󳛫  󳛬 󳛭 󳛮  󳛳 󳛴  󳛵  󳛶
󳛸 󳛹 󳜀  󳜂 󳜃  󳜅 󳜆 󳜇  󳜈  󳜉 󳜊 󳜋  󳜌  󳜍 󳢑  󳢗 󳢘 󳢚 󳢛 󳢢  󳢣 󳢤 󳢥 󳢫 󳥀 󳢬  󳢭 󳢰  󳢱 󳢳 󳢷 󳢻 󳢾 󳢿  󳥾  󳣁  󳣂  󳣃  󳦉  󳣅  󳣋 󳣍 󳣏 󳣑 󳣔 󳣖 󳣗  󳣘 󳣙  󳣚 󳣞 󳣠 󳣡  󳣢
󳣣 󳣦  󳣫 󳢖  󳩬 󳩮 󳩰 󳩳  󳩵  󳩷 󳩸  󳩹  󳩽 󳪀 󳪁  󳪂  󳪄 󳪆  󳪇 󳪉  󳪋 󳪌 󳪏  󳪐 󳪓  󳪗  󳪚 󳪜 󳪝  󳪞 󳪟 󳪠 󳪢  󳪣 󳪦  󳪧  󳪫  󳪮  󳪰 󳪱 󳪲 󳪶 󳪷 󳪹 󳪽 󳪿 󳫏 󳫐 󳫒 󳫔 󳫚 󳫞 󳫡 󳫢  󳫣 󳫤 󳫥 󳫦 󳫩
󳫪 󳫫 󳫬 󳫭  󳫯 󳫵 󳫶  󳫰 󳫷  󳫿  󳮮  󳮰 󳮱  󳮴 󳮶  󳮷  󳮸  󳮹 󳮺  󳮻 󳮿 󳯂  󳯄 󳯅  󳯆  󳯇  󳯈  󳯊 󳯌  󳯎  󳯑  󳯖 󳯗 󳯘 󳱕 󳯛 󳯡 󳯢  󳯤  󳯧 󳯩  󳯪 󳯭  󳯮  󳯰 󳯳 󳯵  󳯼 󳯽  󳯿 󳰁 󳰂 󳰃  󳰄
󳰅 󳰆  󳰇 󳰉 󳰋  󳰍 󳰎 󳰐 󳰑 󳰒  󳰓 󳰔  󳰕  󳰘  󳰚  󳰟 󳰠 󳰢  󳰣 󳰧 󳶄  󳶅 󳶇  󳶈 󳶉 󳶌 󳶍  󳶐 󳶒 󳷀 󳷁 󳷂  󳷐 󳷒 󳷓 󳷕 󳷚 󳷛 󳷝 󳸀 󳷡 󳸌 󳷤 󳷥 󳷦  󳷧  󳷩 󳷮 󳺞  󳺟 󳺠 󳺡 󳺤 󳺥
󳺧 󳺭 󳻀 󳻁 󳻂  󳻅 󳻆 󳻇 󳻈  󳻉  󳻊 󳻋  󳻨 󳻩 󳽷 󳻭  󳻰 󳻷 󳻸 󳻻  󳻾 󳻿 󳼂 󳼏  󳼒 󳼓 󳼔 󳼙 󳼜  󳼝 󳼞 󳼟 󳼠  󳼡  󳼢  󳼣 󳼤  󳼧 󳼩  󳼭 󳼮 󳼱 󳼲  󳼳 󳼴 󳼵 󳼶 󳼹 󳼺 󳼻 󳼽  󳼿 󳽀  󳽂 󳽃  󳽅 󳽉 󳿪 󳽊 󳽋 󳽌 󳽐  󳽑  󳽓 󳽔 󳽖
󳽗 󳽙 󳽚 󳽜 󳽠 󳽣  󳽨 󳽬 󳽭 󳽮  󳽯 󳽲 󴁣 󴁤 󴁥 󴁩 󴁲  󴁳  󴁸  󴁹 󴁾  󴂀  󴂂 󴂃 󴂅 󴂆  󴂇  󴂈 󴂌 󴂍 󴂏 󴂐 󴂑 󴂒 󴂓 󴂖 󴂗  󴂘 󴂡  󴂢 󴂣  󴂤 󴂦 󴂫 󴂬 󴂮 󴂸 󴂹 󴂺  󴂼 󴂾 󴂿 󴃀  󴃃 󴃉 󴃊  󴃋 󴃌 󴃍
󴃏  󴃐  󴭣 󴭤 󴭥 󴭦 󴭧 󴭨 󴭩 󴭪 󴭫 󴭬 󴭭 󴭮 󴭯 󴭰 󴭱 󴭲 󴭳 󴭴 󴭵 󴭶 󴭷 󴭸 󴭹 󴭺 󴭻 󴭼 󴭽 󴭾 󴭿 󴮀 󴮁 󴮂 󴮃 󴮄 󴮅 󴮆 󴮇 󴮈 󴮉 󴮊 󴮋 󴮌 󴮍 󴮎 󴮏 󴮐 󴮑 󴮒 󴅝 󴅞 󴅠 󴅢  󴅤
󴅧  󴅨  󴅪  󴅫  󴅬  󴅭  󴅮  󴅯  󴅰  󴅵  󴅶  󴅷 󴅾 󴅿 󴆁 󴆂  󴆃 󴆅  󴆆 󴆋 󴆏  󴆐  󴆔  󴆕  󴆟  󴆜 󴆠 󴆡 󴆤  󴆩  󴆮  󴇃  󴇄 󴇅 󴇆 󴇇 󴇉 󴇍 󴇎 󴇏 󴇐  󴇑 󴇓 󴇔  󴇝  󴇞 󴇟 󴇠 󴇢 󴇨  󴇩  󴇫 󴇬 󴇭  󴇯  󴇲 󴇳  󴇵 󴇶  󴈃 󴈆 󴈋
󴈌 󴈎 󴈏  󴈒  󴈔  󴈕 󴈖 󴈗 󴎏 󴎐 󴎓 󴎟 󴎡  󴎢  󴎨 󴎾  󴏁  󴏄  󴏇  󴏈 󴏋  󴑥  󴑨  󴑬 󴑭 󴑯 󴑰  󴑺 󴒱 󴒻  󴒸  󴒾  󴓎  󴓜  󴓝 󴓞 󴓟  󴓠  󴓧  󴓩  󴓪 󴓲 󴓳 󴓴 󴓷  󴓹  󴓼  󴓿 󴔂  󴔃 󴔈 󴔐 󴔒  󴔔 󴔕 󴔖 󴔙 󴔛  󴔜 󴔠 󴖛 󴔣  󴖟  󴖡
󴖢 󴖤  󴖥  󴖦  󴖧  󴖨 󴖩 󴖪  󴖬 󴖮  󴖱 󴖶 󴖸  󴖺 󴖻  󴖼  󴖿 󴗂 󴗃  󴗆 󴗇 󴗊  󴗋 󴗍  󴗏 󴗑 󴗒 󴗓 󴗔 󴗕 󴗖  󴗗 󴗙 󴗛 󴗞  󴗠  󴗡 󴗣 󴗤 󴗦  󴗧  󴗨 󴗭 󴗲 󴗴 󴗵 󴗶 󴗷  󴗹  󴘀 󴘁 󴘃 󴛑 󴛓 󴛔 󴛛 󴛜  󴛝 󴛟 󴛠 󴛡  󴛤 󴛥 󴛦 󴛧 󴛫
󴛬 󴛰 󴛱  󴛴 󴛶  󴛹  󴛺 󴛻 󴛼 󴛽 󴛿 󴜃  󴜄 󴜋  󴜑 󴜒 󴜗  󴜝 󴜦 󴜧 󴜩 󴜭 󴜰  󴜲 󴜵  󴜶 󴜸 󴜹  󴜺 󴜼  󴟌  󴟍  󴟎  󴟏  󴟐  󴟑 󴟒 󴟓 󴟔 󴟙 󴟚 󴟛 󴟝  󴟞 󴟟  󴟤 󴟦 󴟨 󴟭  󴟮 󴟯  󴟱 󴟲 󴟴  󴟷 󴟸  󴟽 󴠌  󴠐 󴠒 󴠕  󴠖  󴠗 󴠘  󴠛
󴠜 󴠠 󴠡  󴠤 󴠦  󴠨 󴠫  󴠭  󴠱  󴡃  󴡄 󴇒  󴢲 󴢳  󴢴 󴢵 󴢶 󴢷 󴢸 󴢹 󴢺 󴢻 󴢿  󴣀 󴣁  󴣂 󴣃 󴣅  󴣇 󴣈  󴣉 󴣊 󴣋 󴣌 󴣍 󴣎 󴣏 󴣐 󴣑  󴣒  󴣓 󴣔 󴣕 󴣖 󴣗 󴣚 󴣝 󴣞  󴣟 󴣠 󴣡  󴣢  󴣣 󴣤 󴣥 󴣦 󴣧 󴣨  󴣩 󴣪 󴣫  󴣯
󴣰 󴣱 󴣲 󴣴  󴣵 󴣶 󴣷 󴣺  󴤀  󴤁  󴤃 󴤄 󴤅 󴤆 󴤇 󴤉 󴤏  󴤐 󴤑 󴤒  󴤓 󴤛 󴤜 󴤝 󴤞 󴤡 󴤢 󴦒 󴦕  󴦗 󴦙 󴦚 󴦜  󴦞 󴦠 󴦢 󴦣  󴦦  󴦧  󴦨 󴦪 󴦬 󴦭 󴦮  󴦰 󴦱 󴦴 󴦶 󴦻  󴦼 󴦿 󴧀 󴧁  󴧂 󴧆  󴧇 󴧈 󴧉 󴧊 󴨿 󴩀  󴩅 󴩏 󴩑 󴩒
󴩓 󴩕  󴩚  󴩛 󴩜 󴩝 󴩢 󴩣 󴩤 󴩦 󴩪 󴩬 󴩮 󴩯 󴩱 󴪉  󴪋 󴪏 󴪐  󴪌 󴪍 󴪑  󴪒  󴪓 󴪔 󴪕 󴪗 󴪘 󴪙 󴪛 󴪜 󴪝  󴪞  󴪟 󴪢  󴪤 󴪦  󴪨  󴪩  󴪪 󴪫 󴪬 󴪭 󴪮 󴪯 󴪰 󴪱 󴪳 󴪴 󴪵 󴪶 󴪷 󴪸 󴪹 󴪺 󴪻 󴫙  󴫚 󴫛  󴫟 󴫡 󴫦  󴫧 󴫨 󴫩 󴫪  󴫭 󴫮 󴫯 󴫱 󴫲 󴫳

󴫴 󴫵 󴫶 󴫷  󴫹  󴫺  󴫾 󴬂  󴬃 󴬘 󴬛 󴬝 󴬞 𒐳  𒑖 𒑗  𒑚  𒑛  𒑜  𒑝 𒑞  𒑟 𒑠 𒑡  𒑢 𒐕 𒐞  𒐬  𒐴  𒑏 𒑘 𒐀 𒐖 𒐟  𒐣 𒐭 𒐵  𒑊 𒑐 𒑙 𒐁 𒐈  𒐗 𒐠 𒐤 𒐥  𒐮 𒐯  𒐶

𒐷 𒐺 𒐻 𒑋  𒑑 𒐂 𒐉 𒐏 𒐘  𒐡 𒐦 𒐰 𒐸 𒐼  𒐽  𒐾 𒐿  𒑌  𒑒  𒑓  𒐃 𒐊  𒐐 𒐙  𒐢 𒐧 𒐱 𒐹 𒑍  𒑔  𒑕  𒐄 𒐋  𒐑 𒐚  𒐨 𒑀  𒑎 𒐅  𒐌 𒐒 𒐛

𒐩 𒑁 𒑂 𒑃 𒐆 𒐍 𒐓 𒐜 𒐪  𒑄 𒑅 𒐇 𒐎 𒐔 𒐝 𒐫 𒑆  𒑇 𒑈 𒑉 𒀀  𒀁 𒀂 𒀃  𒀄 𒀅 𒀆  𒀇 𒀈 𒀉 𒀊  𒀋  𒀌  𒀍 𒀎  𒀏

𒀐  𒀑  𒀒  𒀓  𒀔  𒀕  𒀖 𒀗 𒀘 𒀙 𒀚 𒀛 𒀜  𒀝 𒀞 𒀟  𒀠 𒀡 𒀢 𒀣 𒀤 𒀥 𒀦 𒀧 𒀨 𒀩 𒀪  𒀫 𒀬 𒀭  𒀮  𒀯 𒀰

𒀱 𒀲 𒀳  𒀴  𒀵  𒀶 𒀷 𒀸 𒀹 𒀺 𒀻 𒀼 𒀽 𒀾  𒀿 𒁀  𒁁  𒁂 𒁃 𒁄 𒁅  𒁆 𒁇 𒁈 𒁉 𒁊 𒁋 𒁌  𒁍 𒁎 𒁏 𒁐  𒁑 𒁒 𒁓  𒁔

𒁕 𒁖  𒁗 𒁘  𒁙  𒁚  𒁛  𒁜 𒁝  𒁞  𒁟  𒁠  𒁡  𒁢  𒁣  𒁤  𒁥  𒁦  𒁧  𒁨  𒁩  𒁪  𒁫

𒁬  𒁭  𒁮  𒁯 𒁰 𒁱  𒁲 𒁳  𒁴 𒁵 𒁶 𒁷 𒁸 𒁹 𒁺 𒁻 𒁼 𒁽 𒁾 𒁿 𒂀 𒂁 𒂂  𒂃  𒂄 𒂅 𒂆 𒂇 𒂈 𒂉  𒂊 𒂋 𒂌  𒂍 𒂎  𒂏

𒂐 𒂑  𒂒  𒂓  𒂔  𒂕  𒂖 𒂗 𒂘 𒂙  𒂚 𒂛  𒂜  𒂝 𒂞 𒂟 𒂠  𒂡 𒂢 𒂣 𒂤 𒂥 𒂦 𒂧 𒂨 𒂩 𒂪 𒂫 𒂬 𒂭 𒂮 𒂯 𒂰 𒂱 𒂲

𒂳 𒂴 𒂵  𒂶  𒂷 𒂸 𒂹 𒂺 𒂻 𒂼 𒂽 𒂾 𒂿 𒃀 𒃁 𒃂 𒃃 𒃄 𒃅 𒃆 𒃇 𒃈 𒃉 𒃊  𒃋 𒃌 𒃍 𒃎 𒃏 𒃐 𒃑 𒃒 𒃓 𒃔 𒃕 𒃖 𒃗 𒃘 𒃙 𒃚 𒃛

𒃜 𒃝 𒃞 𒃟 𒃠 𒃡 𒃢 𒃣 𒃤 𒃥 𒃦 𒃧 𒃨 𒃩 𒃪 𒃫 𒃬 𒃭  𒃮  𒃯 𒃰 𒃱 𒃲  𒃳 𒃴 𒃵 𒃶 𒃷  𒃸 𒃹 𒃺 𒃻 𒃼  𒃽 𒃾 𒃿 𒄀  𒄁 𒄂  𒄃 𒄄

𒄅 𒄆 𒄇 𒄈 𒄉 𒄊  𒄋  𒄌  𒄍  𒄎  𒄏  𒄐  𒄑 𒄒  𒄓 𒄔 𒄕  𒄖 𒄗 𒄘  𒄙  𒄚  𒄛  𒄜  𒄝  𒄞 𒄟 𒄠 𒄡 𒄢 𒄣  𒄤  𒄥
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𒄦 𒄧 𒄨 𒄩 𒄪 𒄫 𒄬 𒄭  𒄮  𒄯  𒄰  𒄱  𒄲  𒄳  𒄴  𒄵  𒄶  𒄷 𒄸  𒄹  𒄺  𒄻  𒄼  𒄽  𒄾 𒄿 𒅀 𒅁  𒅂  𒅃  𒅄  𒅅 𒅆 𒅇  𒅈  𒅉 𒅊 𒅋

𒅌 𒅍 𒅎 𒅏 𒅐 𒅑 𒅒 𒅓 𒅔 𒅕 𒅖 𒅗  𒅘  𒅙  𒅚  𒅛  𒅜  𒅝  𒅞  𒅟  𒅠  𒅡  𒅢  𒅣  𒅤  𒅥  𒅦  𒅧  𒅨  𒅩  𒅪  𒅫  𒅬  𒅭  𒅮

𒅯  𒅰  𒅱  𒅲  𒅳  𒅴  𒅵  𒅶  𒅷  𒅸  𒅹  𒅺  𒅻  𒅼  𒅽  𒅾  𒅿  𒆀  𒆁  𒆂  𒆃  𒆄  𒆅  𒆆  𒆇  𒆈  𒆉  𒆊  𒆋  𒆌  𒆍 𒆎 𒆏 𒆐 𒆑 𒆒  𒆓  𒆔
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