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•自己紹介
ɧʧɿɵʃƅʇɫʛ〜ɬʛɻɭƆ

◮ ɧɧʂ大学ɿ 4年滞在中ʂ 3年生
◮ 大学ɿ来ɺɟʝ˞˴ʷ˰˦ンʷ始ʕɳ˥ン
◮ Lua/MoonScriptʦʜく書く

Figure: 白い大ɡɾ花ʦ咲ɟɯɺいʟ百合ƭ˭˱Ʈʂʫ˰ˀˏɻɭƆ
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•Lua/MoonScriptとは

◮ Lua

弱い動的型付けɾˀʶ˱˞ˏ言語←Perlɻʃ · · · · · · ?
˝˰ʿ˲産!! 軽量!! 関数ʖ˜ʨーˀˏʶ˰ˀɻ扱えʟɲ!!
文法ɠ簡単ƅ予約語ʖ 22個ɼ少ɾい

◮ MoonScript
JSɿ対ɭʟ CoffeeScriptʓɳいɾやɸ
end地獄ʂ解消ƅ˱ˀˏ内包表記ƅʶ˰ˀˠーˀOOPɾɽ文法ʂ強化
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•Lua/MoonScriptとは

Perlɻʃ · · · · · ·
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•Luaとは?!

◮ 軽量
ʩʫ˥ˀ 2ɟʝ NetBSDƅWiresharkやɧʂˀ˰ʫː (LuaLATEX)ɿʒɻ組ʓ込
ʕʟ
˳ʿˀˆˠーˀ VM上ɻ動く (PUC-Lua)

◮ 関数ɠ˜ʨーˀˏʶ˰ˀ
高階関数ʦ扱うɧɼɠɻɡƅCPSʦ用いɳ例外処理機構ʂあʟ Luaʫンˆ˞˱
ˆ *1ʖ実装ɻɡʟ

◮ 唯一ʂˎーˆ構造 table

◮ 簡単ɿ言うɼ連想配列←Perlɻʃ · · · · · · ?ƅ数字ʖキー
◮ 関数ƅ数値ƅ文字列ƅtable自身ʖƅʱ˝ʿʮʶˏʃ全部詰ʕ込ʕʟ
◮ ˨ˆˍー˝˲ɼいう機能ʦ用いʟɧɼɿʜʞ演算子ʱーバー˴ーːや˞˴ˏˆʫ˞
ˠーˀʂʱ˝ʿʮʶˏ指向˞˴ʷ˰˦ンɠɻɡʟ

*1 https://github.com/nymphium/llix
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•Luaとは?!

Perlɻʃ · · · · · · ɾい
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•Lua VMについて

◮ ˱ʱˎʿ˪ネʫ˴･ʲˏ˱ʲ大学ʂ開発ɫɳ Lua処理系 (ɸʒʞ本家,
PUC-Lua)ʂ VM

ソーˀ→バʫˏʺーː→VMɻ実行

ʂ調査ɼ解析

Lua5.2ʦ見ʟ (LuaLATEXɠ v5.2ˠーˀɾʂɻ)
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•Lua VMについて
1環境 (˨ʫンˈ˪ンʶƅ関数ʶ˴ーʿ˪)ɨɼɿ˳ʿˀˆ (slots, constantsƅ
upvaluesƅlocalsƅfunctions)ʦ用意
function hello()
print("hello")

end

slots: 2個 (printɼ "hello"ʦセッˏɭʟ˳ʿˀˆ)
constants: 2個 ("print"ƅ"hello")
upvalues: 1個 (_ENV*2)
functions: 0個

locals: 0個

*2 ʷ˴ーバ˲変数ʃ_ENV table ɟʝ持ɷɺくʟɳʕ
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•バイزコーس

◮ luacʺ˥ンːɻバʫˏʺーːʦ生成
◮ luac -l bytecode.outɻいい感ɬɿ出力
◮ luac -l -l bytecode.outɻ情報ɠ増えʟ
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•バイزコーس
ʆɼʒɮ標準入力ɟʝ渡ɫɺʓʟ

cat <<LUACODE | luac -l -
print("hello, world")
LUACODE

⇓

main <stdin:0,0> (4 instructions at 0x2268790)
0+ params, 2 slots, 1 upvalue, 0 locals, 2 constants, 0 functions

1 [1] GETTABUP 0 0 -1 ; _ENV "print"
2 [1] LOADK 1 -2 ; "hello, world"
3 [1] CALL 0 2 1
4 [1] RETURN 0 1
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•バイزコーس
LuaLATEXɿˇʫ˳ʶˏɿ書いɺʓʟ

Code 1: codes/texutils/dumpdemo.lua
1 tex.print([==[\begin{lstlisting}[numbers=none]]==])
2 local function foo() end -- ɧʂ関数内ʂ環境ʦ書ɡ出ɭ
3 local LEN = 31
4 local acc, cnt = "", 0
5 for c in string.dump(foo):gmatch(".") do
6 acc = acc .. ("%02X"):format(c:byte())
7 cnt = cnt + 1
8 if cnt % LEN < 1 then
9 tex.print(acc)

10 acc = ""
11 else acc = acc .. " "
12 end
13 end
14 if #acc > 0 then tex.print(acc) end
15 tex.print([[\end{lstlisting}]])

1B 4C 75 61 52 00 01 04 08 04 08 00 19 93 0D 0A 1A 0A 02 00 00 00 02 00 00 00 00 00 02 01 00
00 00 1F 00 80 00 00 00 00 00 00 00 00 00 00 00 00 00 1D 00 00 00 00 00 00 00 40 63 6F 64 65
73 2F 74 65 78 75 74 69 6C 73 2F 64 75 6D 70 64 65 6D 6F 2E 6C 75 61 00 01 00 00 00 02 00 00
00 00 00 00 00 00 00 00 00
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•読׫方

1B 4C 75 61 52 00 01 04 08 04 08 00 19 93 0D 0A 1A 0A 02 00 00 00 02 00 00 00 00 00 02 01 00
00 00 1F 00 80 00 00 00 00 00 00 00 00 00 00 00 00 00 1D 00 00 00 00 00 00 00 40 63 6F 64 65
73 2F 74 65 78 75 74 69 6C 73 2F 64 75 6D 70 64 65 6D 6F 2E 6C 75 61 00 01 00 00 00 02 00 00
00 00 00 00 00 00 00 00 00

ʒɮɧʠʦ読ʔƆ
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•header block
1B 4C 75 61 52 00 01 04 08 04 08 00 19 93 0D 0A 1A 0A
header block

◮ 4bytes
header signature (ESC ǳLuaǴ)

◮ 1byte
Lua Version
(例ɻʃ 52ƅɸʒʞ Lua 5.2)

◮ 1byte
Format Version
(0 = official(default))

◮ 1byte
Endianness flag
(1 = little endian(default), 0 = big
endian)

◮ 1byte
size of int (C lang)

◮ 1byte
size of size_t (C lang)

◮ 1byte
size of instruction

◮ 1byte
size of lua_Number*3(C lang)

◮ 1byte
Integral flag
(0 = floating point(default), 1 = integral
number type)
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•header block

1B 4C 75 61 52 00 01 04 08 04 08 00 19 93 0D 0A 1A 0A
◮ 6bytes
LUAC_DATA, ǳdata to catch conversion errorsǴ(ソーˀʂʺ˨ンˏʜʞ)

◮ 19 93
Lua1.0ʂ˱˱ーˀ年

◮ 0D 0A
DOSʂ改行 (CR LF)ƅDOS→UNIXɻʂ改行ʂˎーˆ変換ʂ検知

◮ 1A
SUB

◮ 0A
UNIXʂ改行 (LF)ƅUNIX→DOSɻʂ改行ʂˎーˆ変換ʂ検知
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•header block

ɵɾʓɿ
Lua5.2

1B 4C 75 61 52 00 01 04 08 04 08 00 19 93 0D 0A 1A 0A
⇓

Lua5.3
header signature

1B 4C 75 61 version53 format version00
LUAC_DATA

19 93 0D 0A 1A 0A
objects sizes

04 08 04 08 08
LUAC_INT*4

78 56 00 00 00 00 00 00
LUAC_NUM*5

00 00 00 00 00 00 00 28 77 40

長い

*4 Endianness ʂ検査ƅ0x5678 ʦ dump ɫɺいʟʂɻɧʂ場合˱ˏ˲ʯンˎʪʩン
*5 IEEE754 float format ʂ検査
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•function block

02 00 00 00 02 00 00 00 00 00 02 01 00· · · · · ·
function block

◮ int
line defined

◮ int
last line defined

◮ 1byte
number of parameters

◮ 1byte
is_vararg

◮ 1byte
number of registers used by the function

◮ List
number/list of instructions

◮ List
number/list of constants

◮ List
number/list of upvalues

◮ List
debug info
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1B 4C 75 61 52 00 01 04 08 04 08 00 19 93 0D 0A 1A 0A 02 00 00 00 02 00 00 00 00 00 02 01 00
00 00 1F 00 80 00 00 00 00 00 00 00 00 00 00 00 00 00 1D 00 00 00 00 00 00 00 40 63 6F 64 65
73 2F 74 65 78 75 74 69 6C 73 2F 64 75 6D 70 64 65 6D 6F 2E 6C 75 61 00 01 00 00 00 02 00 00
00 00 00 00 00 00 00 00 00

header block

function block
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•VM instructions
32bitƅ3ɸʂ形式

◮ iABC
opcode R(A) R(B) R(C)

◮ iABx
opcode R(A) (unsigned integer)Bx

◮ iAsBx
opcode R(A) (signed integer)Bx

31 0 bit
iABC B:9 C:9 A:8 Opcode:6

iABx Bx:18 A:8 Opcode:6

iAsBx sBx:18 A:8 Opcode:6
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•example

Q. ɧʂ命令ʃ?
1F 00 80 00 (funciton foo()ʜʞ)

1. endianʦ考慮ɫɾɠʝ bitɿɭʟ
˟ッˇʂ情報ʜʞ˱ˏ˲ʯンˎʪʩン

1F 00 80 00→ 00 80 00 1F
⇓

B0000000 1 C0000000 00 A000000 00RETURN011111
2. Opcode 0b11111 ʃ RETURN
3. RETURNʃ iABC形式 (ɳɴɫ R(C)ʃ not used)

A. RETURN 0 1 (0)
ˈ˪ンʶ終わʞʃ必ɮʺ˳ɾʂɻ読ʔɼɡɿ便利!!
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•example

Q. ɧʂ命令ʦバʫˏʺーːɿ直ɭɼ? (little endian)
CALL 0 2 1

1. CALLʃOpcode 0b11101
2. iABC形式ɾʂɻƅ32bitɻ以下ʂʜうɿɾʟ

B0000001 0 C0000000 01 A000000 00 CALL011101
3. little endianɻ 16進数ɿɫɺɞわʞ

A. 1d 40 00 01
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•解析

ɟいɳ
https://gist.github.com/Nymphium/d47385929fd0d23e98207670f9c588c3

◮ Lua 5.2バʫˏʺーːʦˆーʹッˏ
◮ header/function blockʂ constantsʒɻ解析
◮ MoonScriptɻ実装

バʷʦ一ɸʓɸけɺɫʒɷɳ · · · · · ·

◮ 5.1ʂバʫˏʺーːʂ資料見ɾɠʝ実装ɫɺいɷɳʝ 5.2ɼɵʛɧɵʛɧ変わɷ
ɺɺホン˥キ˳ˆ

◮ 5.2ɼ 5.3ʖɵʛいɵʛい違ɷɺɺキ˳ˆ (2)
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•解析

ˎ˩

解析 21/26



•解析

1. header blockɟʝ情報ʦ読ʓ取ʟ
2. 読ʓ取ɷɳ情報ɿ基ɹɡ functoin blockʦ読ʓ取ʟ
ɴけ
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•解析

ɻɡɱうɾɧɼ
◮ 最適化
最適化ɷʑいɧɼʃほɼʧɽɫɾい (TAICALLƅnumberʂ即値演算程度)ʂɻ
いɷʅいɻɡɱう

◮ 型ˈʮッʶ
constants poolɟʝ逆ɿ命令ʦ見ɺいけʄいけʟɟ

◮ 可視化 (˜˴ーʷ˰˜ɾɽ)
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とめת•

◮ Lua MVʂバʫˏʺーːɠ読ʕʟ
◮ Luaʃバʫˑ˱解析ɴɷɺɻɡʟ
◮ Luaʂ気持ɵɠ理解ɻɡʟ
◮ わʞɼバーʿˮンʂ互換ɠɾい
◮ Luaʃʒɴʒɴ高速化ɻɡʟ部分ɠあʟ
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•参考文献

◮ Lua 5.2 Bytecode and Virtual Machine (Web site)
http://files.catwell.info/misc/mirror/lua-5.2-bytecode-vm-dirk-laurie/lua52vm.html

◮ A No-Frills Introduction to Lua 5.1 VM Instructions (pdf)
http://luaforge.net/docman/83/98/ANoFrillsIntroToLua51VMInstructions.pdf

◮ Source code
◮ on web

http://www.lua.org/source/5.2/
◮ tar

https://www.lua.org/ftp/lua-5.2.4.tar.gz

https://www.lua.org/ftp/lua-5.3.2.tar.gz (stable latest)
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ɞわʞ
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