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ocaml-interp 00 0000 /usr/bin/ocaml 00 000000000000

# JO00O0OO0OoooobOOooooooOoboOoooooOobOoo0oobOooooobObooOoooDn s, 0o0b0000ooon
ooOooooO# oooooobooooob,, 0b0oo0O0b0OoooOoO00ooDO- -0obhooobOooobooobooooo

#1535

- :int =1

# "abc";;

- : string = "abc"

# (1, "abc");;

- : int * string = (1, "abc")

# (1, ("abc", 2), 3);;

- : int * (string * int) * int = (1, ("abc", 2), 3)
# [ llall; Ilbll; “C"];;

- : string list = ["a"; "b"; "c"]
# llall 0 Ilbll I "C" I [];;

: string list = ["a"; "b"; "c"]

Udobooooooooooooooouooo0o00oo00000 10 int dd"abe"OD string0000OO0O
obooobOoobobOoobobOoooboooobooobOoooDbDOoboDbOoOn

(1, ("abc", 2), 3) 00000000000 DOOOOOODOOOOOOOOOOOOODOOOOOOOODOOOO
OO xOob00ooboboooboooobooooboooobooooo

[ ]00000000000000000000::01lisp0000000 consO00000000000O00OODOO
ooooooogo

512 OO0OD0OO0OOOOO
goboooboboooobbooobbooonbbooobbobooa



# type vec_2d =
type vec_2d = {
#{x=1;y=21%;

- :vec,2d = {x =1; y = 2}

# type int_or_string_or_none = I of int | S of string | Nj;
type int_or_string_or_none = I of int | S of string | N

# 1 3;;

- : int_or_string_or_none = I 3

# S "hello";;

- : int_or_string_or_none = S "hello"
# N;;

: int_or_string_or_none = N

O0oooooooooooo coooo0oooooo0oo 00O 0oD 0000000000 b000O vec_2d
Ooooooooopooooo{ x=1; y=2 }0o0ooooooooooo

obob0ooobOb0oobo0O0oobO0ob0o0O0obO00o0ob0O000O000000 int_or_string_or_noneU0O0OOOOO
00000000 1000000000 it 0 SOO0O0O0000O0 string0 NOODOOO O0OO0OOO0OOOOO
cbhooboboooboooooooobooooon

oobOooooooboooocbooooboooobooobobooboooooobooon

# type str_tree = Leaf of string | Tree of (str_tree * str_tree);;
type str_tree = Leaf of string | Tree of (str_tree * str_tree)

# Leaf "abc";;

- : str_tree = Leaf "abc"

# Tree (Leaf "a", Tree (Leaf "b", Leaf "c"));;

- : str_tree = Tree (Leaf "a", Tree (Leaf "b", Leaf "c"))

5.1.3 00O
oooooooobooooo

(fun x > x + 1);;

: int -> int = <fun>
(fun x -> x);;

: ’a => ’a = <fun>

LI - I

(fun x -> x + 1) 00000000 int -> int 000000000000 00 it 000000 int00OO0ODO
00000000 +0000Int0 it 00000000 x0 intd fun x -> x + 10 int -> int 0000000
gooobooooooboobobo

0000 (fun x > x) 0000000OO0’a -> ’a00000000000D00000O00OOCDOOOOOOOO0O
ooooooooooooobobbbobob ’a > ’aldddooooboboboboOoOcO000O000oooooooooo
00000000000 (int -> int O string -> string 0 ... et¢) 000000000000 DODODOOOO
goooooooo

514 00O
letO000000O0O0O00OO0O0O0OO0DOO0O0vOOOOOODO f000000000O00OCDOOOO

# let v = 123;;

val v : int = 123

# v;;

- : int = 123

#let fxy=(x+y)* (x-7y);;
val £ : int -> int -> int = <fun>
#f 5 3;;

- : int = 16

515 000000
OCaml 000000000000 DOOOOOOOOODOOD0ODOOO0OO0OO0OOOOOOOODODODOOOOO

# let (x, y) = (2, 3 + 4);;

val x : int = 2

val y : int = 7

# let (a, (b, ©)) = (1, (2, 3));;
val a : int = 1

val b : int = 2

val ¢ : int = 3

10




match ... withOOUOOOOoOooooooooooODOOOObOO000000gao

O0 len000000C0O0O0O0O0O0O0O0COO0OOOO0OO0OOO0COOCOOOO0O0O0O00CO0O00O00O0C0 1etO
000 let rec0000OO0

OO0 what 000000000000 int_or_string_or_none 10000000 O0O0O00O00O0O0O00O0O00O

00 get_int 0 int_or_string or_none O int OO0 00O Some int 000000000000 None OO0
OO0’aoption 00000000000 00000O0OOO0O000OOOOOOO0O0OOOOOOOO0O

# let rec len 1s = match 1s with [J -> 0 | x :: rest -> 1 + len rest;;

val len : ’a list -> int = <fun>

# len [1; 2; 3];;

- : int = 3

# let what v = match v with I _ -> "int" | S _ -> "string" | N -> "none";;

val what : int_or_string_or_none -> string = <fun>

# what (S "abc");;

- : string = "string"

# what N;;

- : string = "none"

# let get_int v = match v with I i -> Some i | _ -> Nome ;;
val get_int : int_or_string_or_none -> int option = <fun>
# get_int Nj;

- : int option = None

# get_int (I 10);;

- : int option = Some 10

516 0OO0OOO

000000000000 000 0000000 O0000oO00000nD OCaml 00 module J0O0OOOOODO
000000000000 00000000000 xyzml OOODODODOOOOODDOODOOO0O0OODOOD Xyz0OOO
module 0000000000000 00O00O00O0O0 abcOO0OOO0OOOOOOODOODOOOOOOOOOOOOODO
0000000000 XyzabcOODOODOODOOODOODOOODOODO

(* xyz.ml *)
let abc = "abc"

(x 0ooooo %
. Xyz.abc ...

module 000000 module 0000000000 OOO xyzml OOOOO O module SubXyz 00 Xyz.SubXyz
000000 module 000

00000000 000000 module 0000000000000 DOOODOO module 000 List 0000 Xyz.L
ooooooooo

(* xyz.ml *)
module SubXyz =
struct
end

module L = List

52 O0O0OO0O00O0O0O0OOOOODDOOOOOO
gobooooboooobboooooboboooobobooobbbooobbboooobbbooLbbooobboo

choooobooooo

521 0000O0O0O0O0O0DOOOOOOO0OO0d
mlet00O0O
gooooooooooooooooooo
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;3 scheme function
(define (f)
;3 env A
(et ((x 1) (y 2) (z 3))
;; env B
(let ((y 4))
;; env C
(let ((z 5))
;3 env D

+xy2)))))

(x 0Caml function *)
let £ () =
(* env A *)
let (x, y, z) = (1, 2, 3) in
(* env B %)
let y = 4 in
(* env C %)
let z = 5 in
(* env D *)
X+y+z

O0000O000ODOD0OD0ODDOO0O00DO (environment) 1000000000 0OO0OO0OOOOOOOOOOOOOOOO
goooooooooooobobooooobboooboboooobbooobobbooobb bbb ooLbbLOoo
gooooooo

env D
z 5
env C
4
synbol y
search env B
z 3
y 2
X 1
env A
f <fun>

(00000000000
gobboooobobooobboooobb

(define (f x y)
;; env f

(* xy2)
;;env X

(let ((x 1) (y 2))
(define (g)
;; env g
(f 3 4))
()

;33 may be another call of (f x y)

let rec f x y =
(* env f *)
X *xy * 2

(x env X *)
let (x, y) = (1, 2)
let rec g () =
(* env g *)
f 34
let v=g O

(* may be another call of f x y *)

oobOoooboooboooobooooboooobooobobooobooooooon
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env g

g <f un>
env f

synbol

y 2 y 4
search synbol

X 1 search X 3

The sane
f <f un> env X f <f un>

00000 XO0O0OoooOoooooooooooooooooooooooooooooooooooooooooo
000000000 fo00fo00000d0000000o0oUooO0 fo000000000 Xoooooooo
Of0D00f00000000000 XO0O0OOoooooooooooooo

call by g
env f
synbol y 4
search
X 3
env g /
g <f un>|
synbol
search y 2 Anot her cal |
env f
X ! synbol y
search
synbol X
\ search
synbol e
synbol sear ch
search mnvi r onment
poi nting X

env X

synbol
searchl f <fun>

(00000004
gobboooobbooobbooga

(define h
(et ((x 1) (y 2))
;5 env ¢
(let ((f (lambda (z)
;3 env 1
+xy2)))
£)))

53 env X

(h 3)
;35 may be another call of (h x)

let rec h =
let (x, y) = (1, 2) in
(* env c *)
let £ z =
(* env 1 %)
x+y+z
in f

(* env X *)

let v =h 3
(* may be another call of h x *)

00000 hOOO0OO0OODO00O0000 KO x,yOOODOOOO letO00O00O0O00ODOOOO0ODOOOOOOOODO
Ux,yOOooooooo
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00 let 0000000000000 000OO0OOOODO0O0O0O0OOOODODOOOO0O0OOOOD (lexical closure) O

0000000000 (closure) 000000
gobooooboboooobbooobbooooboboobobboo

h 3 Anot her cal |
env | env |
synbol 1 z 3 synbol l z
search search
synbol
search synbol
search
env ¢
synmbol y 2
search
X 1

o—
gy env X
sgar ch h <fun>

hOOOO0OO0OOO0O closure 00000000 cOO00O0O000OO00O0O0O00OOO0O0OO0DOO0O0ODBO0OOO cODOO
0000000000000 000000000O0 clesure 000000000000 OO0O00OO0OO0OOOOOOO
env U closure 000000000 args 0000000000 bodyOODOODOOOOOO

<cl osur e>

argsT bodyT env e

|

(z) (+xy7z)

env c

synbol y 2

sear ch
o—!
env X
synbol
search h °

0000000000000 000000000 let0DO0D00O0O0OO0OO0O0OODO0OOOOOODODOOOOOOODOODO
000000000000 00000000000000000000D0000 closwre000O0000DOOOOOO
O000: http://wuw.sato.kuis.kyoto-u.ac.jp/ igarashi/class/isle4-05w/text/eopl003.html

5.3 OCaml OO lexing O parsing - ocamllex 0 ocamlyacc

5.3.1 ocamllex
ocamllex 0 OCaml 000000000000 D0OO0O (lexer generator) D0 OCaml 0000000 lexer 000

0000000000000 Co0onoooonog lex, lex 000000000000 00O00OO

14



{
(* header *)
(x Lexing 000000000 O0OCOOO OCaml OO0 *)

(x 0000000000 =*)
(x 0000 (lexing) OOOOOO *)
{

(* trailer *)

(x 0000000000000 0000000 oCaml OO0 *)
}

5.3.2 ocamlyacc
0000 ocamlyacc 0 OCaml 00000000000 OO00O00O (parser generator) 00 OCaml 0000000
parser 0000000000000 0OOODOOOOO0ODO yace, bison 00000000000 DOOOOO

(* header *)
(x 000000000 0000000 OCaml OOO *)

/* declarations */
/* 00000000000 root OOO */

/* rules */
/* 0000000000000O0000 =/

(* trailer *)
(x 00000 parser 000000000 OO OCaml OO0 *)

5.3.3 ocamllex 0 ocamlyacc 0 00O 0O

ocamllex 0 ocamlyacc 0000000000 ocamlyacc 000000 parser 000000000 lexer 00000
0oooooooOoooooooooooooo

000 SO parser 0000000000 sParser.mly O ocamlyacc 000 00O sParserml 000000
sLexer.mll 0 ocamllex 000000 sLexerml 00000000

msParsermly 000000000 %token 00000 %start 0 %type 00000 root 00000000000 root
gooooooobbbobobooooogg

vaccUUOUOOOOOOODOOOUODLDOOOUODODOUOO expr OO 0O0O00DODOOOODO0O0OODOOO0ONO expr00d
U000 expr0ooog oODODOOO0OO0O000000000ooon

A

(* sParser.mly *)
module C = SCons
%}

/* File sparser.mly */

Jtoken LPAREN RPAREN DOT_SYMBOL EOL BOOL_TRUE BOOL_FALSE
%token <SCons.s_int> INT

%token <float> FLOAT

%token <string> SYMBOL

%token <string> STRING

%start expr

%type <SCons.s_expr> expr

YA

expr_list:

{ C.Null }
| expr DOT_SYMBOL expr { C.Cons($1, $3) }
| expr expr_list { C.Cons($1, $2) }

expr:

| BOOL_TRUE { C.Bool(true) }
| BOOL_FALSE { C.Bool(false) }
| INT { C.Int($1) }

| FLOAT { C.Float($1) }

| SYMBOL { C.Symbol($1) }
| STRING { C.String($1) }
| LPAREN expr_list RPAREN { $2 }

15




mslexermll OO00000000000O0O00O00OO00OO00OCOOOO0OOOOUOOOOOOOODOOOOO letOO
0000000000000 ” 000000000oooooooooooooooooooooooooooooon
doobooooobooooooo

00000000000 tokenO0OOO0OO0OO0OO token0000 lexOOO0O0O000O0O000O0OOOOO ruleO
O0000D0lexer 0000000000000 000O0O00O0OOOO token OO0

0000 (Lexing) 00D O0000ODDOOOOOODOOO lexbuf O lex_start_p 000 (token) 00O O0OOO
lex currp O token 000000000000 000000 ocamllexDOOOOOOOODO posccnum OO0 00000
000000000000 0000o000o00o0o00oOo00Oo00DOO00000000O00000LOUOoLOOooOn
000000 lexstart_p O token D000 lex.curr.p 0000000000000 OOE

(* sLexer.mllx)

module LX = Lexing
module P = SParser
. (x 00 %)
let fix_position lexbuf =
let newline pos = {
pos with
LX.pos_lnum = pos.LX.pos_lnum + 1;
LX.pos_cnum = pos.LX.pos_cnum + 1;
LX.pos_bol = pos.LX.pos_cnum + 1;
} in

let tab pos = {
pos with
LX.pos_cnum = pos.LX.pos_cnum + 8 - (pos.LX.pos_cnum - pos.LX.pos_bol) mod 8
} in

let other pos = {
pos with
LX.pos_cnum = pos.LX.pos_cnum + 1
} in

let rec fix_pos_rec pos str =
let len = (String.length str) in
match (if len > O then (Some (str.[0]), String.sub str 1 (len - 1))
else (None, "")) with
(None, _) -> pos

| (Some ’\n’, rest) -> fix_pos_rec (newline pos) rest

| (Some ’\t’, rest) -> fix_pos_rec (tab pos) rest

| (Some _, rest) -> fix_pos_rec (other pos) rest
in
let _ = lexbuf.LX.lex_curr_p <- fix_pos_rec (LX.lexeme_start_p lexbuf) (LX.lexeme lexbuf) in

O

/* 0000000000 =/

let str_esc = ’\\’

let double_quote = "’

let str_escaped_char = str_esc _

let str_char = [~ ’\\’ ’"’]

let str = double_quote (str_char | str_escaped_char)* double_quote

let left_paren = ’(’
let right_paren = ’)’

let space = [> ’ °\t’ ’\n’ ’\r’l+

let dot_symbol = .’

let bool_true = ’#’ ’t’

let bool_false = ’#’ ’f’

let int = ’-’7 [’0° - ’9°]+

let float = ’-’7 [207 - 9’1+ .2 [0’ - ’9°]x | »=22? [’0’ - ’9°]% >.7 [’0’ - *9’ ]+
let SymbOl = [" o 1() ))7 RNl r\tz 7\n) ’\I"]“‘

/* lexing 00O0ODOO */
rule token = parse

{
float { P.FLOAT (Pervasives.float_of_string(LX.lexeme lexbuf)) }
symbol  { P.SYMBOL(LX.lexeme lexbuf) }
str {
eof {

fix_position lexbuf; P.STRING(expr_string(LX.lexeme lexbuf)) }
raise Eof }

| left_paren { P.LPAREN }

| right_paren { P.RPAREN }

| space { fix_position lexbuf; token lexbuf }
| dot_symbol { P.DOT_SYMBOL }

| bool_true { P.BOOL_TRUE }

| bool_false { P.BOOL_FALSE }

| int expr_integer (LX.lexeme lexbuf) }
|

|

|

|

*9 00 lex_start_p 0000 lex_curr_p 00000000000 lex_curr_p 00000000000
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5.4 Haskell O Lexing

Haskell 0000000000000 token OOO0O0O0OO token 00000000000 layout rule 100000
O00000000D00D000 token O lexing OO O OO0 OO0OO0OOOOOOO

000000000 lexing0OO0O O token 00000000 token 00000000 token 00000 OOOOO
2000000000000

54.1 layout 00O Lexing
m lexer0.mll header OO

O00.mllO header 00O OO

000 layout rule 0000000000000 DO00O0ODOO0OO0OODOOOODOOOODOOOO (fix_position)
O00000000000 Haskel 000000000000 0000O0ODOO00O0O00OOOOOOOOO0OOOOO
lexer(00) 00000000000 OOODDOOODOOO (decodechar, decodestring) 000000000

m fix_position 0000000

{
(* lexer0.mll header OO *)
module LX = Lexing
module P = Parser
. (x 00 %)
let fix_position lexbuf =
let newline pos =
{ pos with
LX.pos_lnum = pos.LX.pos_lnum + 1;
LX.pos_cnum = pos.LX.pos_cnum + 1;
LX.pos_bol = pos.LX.pos_cnum + 1;
} in

let tab pos =
{ pos with
LX.pos_cnum = pos.LX.pos_cnum + 8 - (pos.LX.pos_cnum - pos.LX.pos_bol) mod 8
} in

let other pos =
{ pos with
LX.pos_cnum = pos.LX.pos_cnum + 1
} in

let rec fix_pos_rec pos str =
let len = (String.length str) in
match (if len > O then (Some (str.[0]), String.sub str 1 (lemn - 1))
else (None, "")) with
(None, _) -> pos
| (Some ’\n’, rest) -> fix_pos_rec (newline pos) rest
| (Some ’\t’, rest) -> fix_pos_rec (tab pos) rest

| (Some _, rest) -> fix_pos_rec (other pos) rest
in
let _ = lexbuf.LX.lex_curr_p <- fix_pos_rec (LX.lexeme_start_p lexbuf) (LX.lexeme lexbuf) in
O
L (x00 %)
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m decode_char, decode string 0000000000000

(x 00 *)
let decode_cexpr cexpr =
let fchar = String.get cexpr O in
let escexp = String.sub cexpr 1 ((String.length cexpr) - 1) in
let fmatch exp str = Str.string_match (Str.regexp exp) str 0 in
if fchar = ’\\’ then
match escexp with

"NUL" -> Some ’\x00’
| "SOH" | "~A" -> Some ’\x01’
| "STX" | ""B" -> Some ’\x02’
Lo (x 00 %)

I ||RSII | n~=~n -> SOme I\xle)
I ||USII | ll‘\_l| -> Some 7\x1f)
| "Sp" -> Some ’ °

I ||\\Il -> Some 7\\)
|y ~> Some "’

I non -> Some )\)J

| "DEL" -> Some ’\x7f’

| _ when fmatch "~[0-9]+$" escexp

-> Some (Char.chr (int_of_string escexp))
| _ when fmatch "~ [xX] [0-9a-zA-Z]+$" escexp

-> Some (Char.chr (int_of_string ("O" ~ escexp)))
| _ when fmatch "~ [00][0-7]+$" escexp

-> Some (Char.chr (int_of_string ("O" ~ escexp)))

| _ -> None

else Some fchar

let decode_char lexbuf =
let cstr = LX.lexeme lexbuf in
let len = String.length cstr in
match decode_cexpr (String.sub cstr 1 (len - 2)) with
Some ¢ -> ¢
| None -> failwith (F.sprintf "Unkown char expression %s" cstr)

let decode_string lexbuf =
let sexpr = LX.lexeme lexbuf in
let len = String.length sexpr in
let strlbuf = Lexing.from_string (String.sub sexpr 1 (len - 2)) in
let rec decode result =
match HsStr.char strlbuf with
HsStr.Eos -> result
| HsStr.Char cstr ->
if cstr = "\\&" then decode (result ~ "&")
else decode (result ~
match (decode_cexpr cstr) with
None -> failwith (F.sprintf "Unkown char expression ’%s’ in literal string" cstr)
| Some ¢ -> (String.make 1 c))
| HsStr.Gap g -> decode result
in decode ""
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mlexerOmll DO0O0O00O0OOO
gobooooboboooobbo
goboooogobboooobbooooobboooobboooobbbooobobbooobb bbb ooLbboo
goooobooobobbobboboooooooooooooooobobbbbboboooooooooooooooobooboDbDbo
gobbooooobobooobbooooo

/* lexerO.mll DOO0O0OO0OOOOO */
let special = [2(’ )2 2,2 252 2 [2 2]2 22 2{> 2}7]

let space = ’ ?
let newline = ("\r\n"|[’\n’ ’\r’])
let tab = ’\t’

let dashes = ’-’ 7=’ 7-’%

let ascSmall = [’a’-’z’]
let small = ascSmall | ’_°
let ascLarge = [’A’-°Z’]
let large = asclLarge

let plus = ’+’

let minus = ’-’

let exclamation = ’!’

let ascSymbol_nbs = [ 212 o2 0§ Y0 g k2 242 00 [0 a0 = a3 99r @2 27 a0 o 9]
let ascSymbol = ascSymbol_nbs | ’\\’

let symbol = ascSymbol

let ascDigit = [’0’-’97]
let digit = ascDigit

let octit = [20°-’7’]
let hexit = ascDigit | [’a’-’z’ ’A’-’Z’]

let decimal = (digit)+
let octal = (octit)+
let hexadecimal = (hexit)+

let exponent = [’e’ ’E’] [’+’ ’-’]7 decimal
let float = decimal ’.’ decimal exponent? | decimal exponent
let graphic = small | large | symbol | digit | special | [?:’ >"> *\’’]

let any = graphic | space | tab
let comment = dashes ((space | tab | small | large | symbol | digit | special | [’:’ "’ ’\’’]) (any)*)? newline

let whitechar = newline | space | tab
let whitestuff = whitechar | comment
let whitespace = (whitestuff)+

(*

let lwhitechar = space | tab

let lwhitestuff = lwhitechar | comment

let lwhitespace = (lwhitestuff)+

*)

let char_gr = small | large | ascSymbol_nbs | digit | special | [’:’ *"’]
let str_gr = small | large | ascSymbol_nbs | digit | special | [?:’ ’\’’]
let charesc = [)a) b2 f2 p’ dr? g2 Oy J\\} o J\) 7]

let str_charesc = charesc | &’

let cntrl = asclLarge | [’@ *[> °\\’ ’]’> >~ > 7]

let gap = ’\\’ (whitechar)+ ’\\’
(x let gap = ’\\’ (lwhitechar | newline)+ ’\\’ %)

let ascii = (*°’ cntrl) | "NUL" | "SOH" | "STX" | "ETX" | "EOT" | "ENQ" | "ACK"
| IIBEL" I ||BSII I ||HTII | |ILFII | |IVTII | |IFFII | IICRII | IISDII | IISI" | IIDLE"
| IlDCl" I ||D02l| | IIDC3|I I ||DC4I| | IINAK" I ||SYNI| | IIETB" I ||CANI|
I IIEM" | IISUBII I ||ESCI| | llFsl! | IIGS“ | I|RS|| | I|US|I | I|SP|I I ||DELII
let escape = ’\\’ ( charesc | ascii | decimal | ’0’ octal | ’x’ hexadecimal )
let str_escape = ’\\’ ( str_charesc | ascii | decimal | ’0’ octal | ’x’ hexadecimal )
let char = ’\’’ (char_gr | space | escape) ’\’’
let string = ’"’ (str_gr | space | str_escape | gap)* ’"’

let varid = small (small
let conid = large (small

large | digit | ’\??)*
large | digit | ’\??)*

let varsym = symbol (symbol | ’:’)*
let consym = ’:’ (symbol | ’:7)x*

let modid = conid
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mlexerO.m DO0OO0OOO

gooboboooog

0000000000000 00000 whitespace O string 00000 fix position 0 0000000000000
00000 char O string 0000000000000 DOODOOOOOO decode_char, decode_string D OO0O0O0ODO
god

(* lexerO.mll OOOOOODO %)
rule token = parse
| ¢ .SP_LEFT_PAREN(loc lexbuf) }
)’ .SP_RIGHT_PAREN(loc lexbuf) }
0,9 .SP_COMMA (loc lexbuf) }
.SP_SEMI(loc lexbuf) }
.SP_LEFT_BRACKET (loc lexbuf) }
.SP_RIGHT_BRACKET (loc lexbuf) }
.SP_B_QUOTE(loc lexbuf) }
{0 .SP_LEFT_BRACE(loc lexbuf) }
'} .SP_RIGHT_BRACE(loc lexbuf) }
(** special tokens *)

).
5
1[7
I

)

)

N el Tl T
WYYy YUY Y Y™

| "case" { P.K_CASE(loc lexbuf) }

| "class" { P.K_CLASS(loc lexbuf) }

| "data" { P.K_DATA(loc lexbuf) }

| "default" { P.K_DEFAULT(loc lexbuf) }
| "deriving" { P.K_DERIVING(loc lexbuf) }
| "do" { P.K_DO(loc lexbuf) }

| "else" { P.K_ELSE(loc lexbuf) }

| "if" { P.K_IF(loc lexbuf) }

| "import" { P.K_IMPORT(loc lexbuf) }

| "in" { P.K_IN(loc lexbuf) }

| "infix" { P.K_INFIX(loc lexbuf) }

| "infix1" { P.K_INFIXL(loc lexbuf) }

| "infixr" { P.K_INFIXR(loc lexbuf) }

| "instance" { P.K_INSTANCE(loc lexbuf) }
| "let" { P.K_LET(loc lexbuf) }

| "module" { P.K_MODULE(loc lexbuf) }

| "newtype" { P.K_NEWTYPE(loc lexbuf) }
| "of" { P.K_OF(loc lexbuf) }

| "then" { P.K_THEN(loc lexbuf) }

| "type" { P.K_TYPE(loc lexbuf) }

| "where" { P.K_WHERE(loc lexbuf) }

j ™_m { P.K_WILDCARD(loc lexbuf) }

" (#* reservedid *)

.KS_DOTDOT(loc lexbuf) }
.KS_COLON(loc lexbuf) }
.KS_2_COLON(loc lexbuf) }
.KS_EQ(loc lexbuf) }

"\\" .KS_B_SLASH(loc lexbuf) }
"y .KS_BAR(loc lexbuf) }
ng—n .KS_L_ARROW(loc lexbuf) }
D=0 .KS_R_ARROW(loc lexbuf) }
"e" .KS_AT(loc lexbuf) }

nen .KS_TILDE(loc lexbuf) }
n=>" .KS_R_W_ARROW(loc lexbuf) }
(** reservedop *)

B e Y= S STy
YUY YYYY YD YD

| "as" { P.K_AS(loc lexbuf) } (** maybe varid *)

| "qualified" { P.K_QUALIFIED(loc lexbuf) } (** maybe varid *)
| "hiding" { P.K_HIDING(loc lexbuf) } (** maybe varid *)

| varid { P.T_VARID(LX.lexeme lexbuf, loc lexbuf) }

| conid { P.T_CONID(LX.lexeme lexbuf, loc lexbuf) }

(** identifiers or may be qualified ones *)

whitespace { fix_position lexbuf; P.WS_WHITE(loc lexbuf) } (** comment begining with dashes is not varsym *)
(** white spaces *)

| plus { P.KS_PLUS(loc lexbuf) } (** maybe varsym *)

| minus { P.KS_MINUS(loc lexbuf) } (** maybe varsym *)

| exclamation { P.KS_EXCLAM(loc lexbuf) } (** maybe varsym *)
| varsym { P.T_VARSYM(LX.lexeme lexbuf, loc lexbuf) }

| consym { P.T_CONSYM(LX.lexeme lexbuf, loc lexbuf) }

(** symbols or may be qualified ones *)

| modid ’.’ varid { P.T_MOD_VARID(decode_with_mod lexbuf, loc lexbuf) }
| modid ’.’ conid { P.T_MOD_CONID(decode_with_mod lexbuf, loc lexbuf) }
| modid ’.’ varsym { P.T_MOD_VARSYM(decode_with_mod lexbuf, loc lexbuf) }
| modid ’.’ consym { P.T_MOD_CONSYM(decode_with_mod lexbuf, loc lexbuf) }

(x* qualified xx *)

char { P.L_CHAR(decode_char lexbuf, loc lexbuf) }
string { fix_position lexbuf; P.L_STRING(decode_string lexbuf, loc lexbuf) }

decimal | (°0’ [’0’ ’0’] octal) | (°0’ [’x’ ’X’] hexadecimal)
{ P.L_INTEGER(Int64.of_string(LX.lexeme lexbuf), loc lexbuf) }

| float { P.L_FLOAT(float_of_string(LX.lexeme lexbuf), loc lexbuf) }
| eof { P.EOF(loc lexbuf) }
L/ 000 %/
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m hsStr.mll

0000 lexer 00O

0000 token 0000000000 1 0000000000000 (gap) 000 Haskell DO 1000000000
00000O000o00oOU00ODO0o0oO00O0OU0O0ODO000o000DO0OODO0D0O00OoDOUODOOOLOOUODOO
gap g

00000000 charO00000O0ODO decodestring0 0000000000000 OOOOOOOOO

{
(* hsStr.mll *)
module LX = Lexing

type ct =
Char of string
| Gap of string
| Eos

let special = [>(* 2)? 2,2 252 2[2 2] €2 {2 23]

let space = ’ ?
let newline = ("\r\n"|[’\n’> °\r’])
let tab = ’\t’

let ascSmall = [’a’-’z’]
let small = ascSmall
let asclarge = [’A’-’Z’]
let large = asclarge

let ascSymbol_nbs = [ 217 2#2 282 292 &2 %2 242 2.2 /2 22 =) 9> 093 5@y 273 a3 a-5 a7 ]

let ascDigit = [’0°-29’]
let digit = ascDigit

let octit = [70°-’7’]

let hexit = ascDigit | [’a’-’z’ *A’-°Z’]
let decimal = (digit)+

let octal = (octit)+

let hexadecimal = (hexit)+

let lwhitechar = space | tab

let str_gr = small | large | ascSymbol_nbs | digit | special | [?:> ’>\?’]
let Charesc = [7a7 )b) ’f} )n) 7r7 )t) )V) )\\J rn )\) )]
let str_charesc = charesc | ’&’
let cntrl = asclLarge | [’@’ >[’ ’\\’ ’]’> >~ »_’]
let gap = ’\\’ (lwhitechar | newline)+ ’\\’
let ascii = (’°7 catrl) | "NUL" | "SOH" | "STX" | "ETX" | "EOT" | "ENQ" | "ACK"
| IIBEL" I ||BSII I ||HTII I |ILFII I |IVTII I |IFFII I IICRII I IISOH | "SI“ | IIDLE"
| IIDC1|I I ||Dc2l| | IIDC3|I I ||Dc4l| | IINAK" I ||SYNI| | IIETB" I ||CANI|
| IIEM" | IISUB" I ||ESCI| | IIFS" | IIGS“ | IIRS“ | I|US|| | I|SP|I I I|DELII
let str_escape = ’\\’ ( str_charesc | ascii | decimal | ’o’ octal | ’x’ hexadecimal )

rule char = parse
| str_gr | space | str_escape { Char(LX.lexeme lexbuf) }
| gap { Gap(LX.lexeme lexbuf) }
| eof { Eos }

O000O: http://www.sampou.org/haskell/report-revised-j/lexemes.html

5.4.2 Haskell O layout rule
00000000000000 layout rule 00 token 00000 token 000 000000000000 OOOOO
goooooooboooood Haskell98LanguageReportDDDDDDDmDDDDDDDDDD
............................................... OOOOOD0 et
gooboboboooboboobobobooooboboobob0obooboboboobobobobobobo
0000000000o000o0000000O000O000O000OLO00D LOoO0OO0O0O LoOooOooo

e U0 Haskel 00000 O0OODOODOOO0ODOOOOOODOOOOOOODOOOODODOOODOOODOOODOOO
— 00000 letD whereD do D000 of 000000 { 00000000 DOODOD {n} 00000DOODO
goobOoO0ooob nOO000O0C0OOOO0OO0CDOOOO0OCOOOOO0O0O0DOOOO0O0O0OO0O0O0n

*10 http:/ /www.sampou.org/haskell /report-revised-j/syntax-iso.html#layout
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oooogoo

- 000000000000 {0000 module 00 O00O0O0OOODDODOD {n} 00000000 NDODO

goboooobooooon

—oooooboooooobboooooooboobooooooobn0 <n>0000000n0O00O00OO
0000000 D00000000000000O {»} 000000000 (DO: OODDODODODODOOODO

oooooooooo -2600000000

f = ("Hello \
\Bill", "Jake")

O00ONBill 000 <n>000000000000D0000000O0ODODO0O00O0O0O0O0ODO0OOO0O0
00,0000 <n>0000000000000000O0OOD ODODODOOODODOOOOOOOD)
o] JOIUDLODDOOOLODDOOLODLDLOOLDLDLOOLODLDLDbDOOO
- 000000000000 00000 (DODO0O0O0O0O0O00O0000 DODOODOO)0OODOOOOoOoOoD
oo0o00 oo0ob0O0000O00 ODOOoOoobD0O0oODbDU0O0DO00DUObODO0O0OoODOOOooODOoOoo

goboooo

—0oobOoooooobooobobooooboooooooobooon

oM ooboooboooobooooboooobooboboobobooobooooooooooobooooboooonoon
ocbhOooobOoobobooobOoooobooobOoOoobOoobobOOoooOobOOoooOooooooon

o0ooooo0Oo oooO0oo 1000
gobOooobosbooobooooboooon

gobooooooooooooooobobobobooboooobooooooooogon

e 00O D0OO0OCODOOOOOOOOOUODOOODOOODOOOOOOOOOODOOCODO

000000000000 000000000000000 Unicode 000 ASCII ODOO0OOODOOOOOOOOO
ooooooboooocoOooooobO ooboooobooobOOoOoooOobOOoOoobObOOooOobOOoOobobOOOo0oO oooo

gobooooobbooobbooooboboo

m [0

L tokens [ | OO tokens 00 0000000000000 DOOO0OODODOOO tokens 000000 DOO0OODDODOO
0000oo00oo0ooo0oooooooooooo Lo00000ooo0oOo00o0O000 [ Doooooooooooo

0000 [jDoo0bboooooon

(t:ts) (m:ms)
(t:ts) ms
00

[] (m:ms)

: (L ts ms)

—

L (<n>:ts) (m:ms) = ; : (L ts (m:ms)) if m=n

=2} : (L (kn>:ts) ms) if n < m
L (<n>:ts) ms =L ts ms
L ({n}:ts) (m:ms) = { : (L ts (n:m:ms)) if n > m (Note
L ({n}:ts) [I ={: (@Lts [n]) ifn>0 (Note
L ({n}:ts) ms ={: 2} : (L (<kn>:ts) ms) (Note
L (}:ts) (O:ms) =3} : (L ts ms) (Note
L (}:ts) ms = parse-error (Note
L ({:ts) ms ={: (L ts (0:ms)) (Note
L =1
L =t
L = [
L =1}

: L[] ms if m /=0 (Note

1)
1)
2)
3)
3)
4)

: (L (t:ts) ms) if m /= O and parse-error(t)

6)

(Note 5)

............................................ OOOO0O0O OODO e e

00000000000 000 NoteOODOODOO

00000o0o0dooDooooooooo 20000000000

O000 token 0000000000000 O00O0O0DO0OO0O0OO0OOO0OOODOOOOOODOOO0OOO

e let, where, do, of 000 { 000000000000 DODOODDOODOOO token {n} DOOO
e 10 000DDOODDDOODDDODODDDODD {000D0ODODO token {n} 0O0DDOODODO
e 100DOIOOOIDOOIODOOODOOOOODODOOD token <n>0000000O
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0000o0oooooooono Looooooo
LOOOO token 000000000000 O0COOOOOODOOOO token OO token 0O OODOODOOOOOO
goboboooooobooooobboouobbooobobooobobbooo

e J00DDDUU <n>000000000000O0O0O0OD (DOOQODD);D0000OODODOOOOOO
go

00000000 <n>0000000 }000000000O000

gobooogbb <n>000b000000D0000DOOOOOO

00000000 (000000)0000D000000000000000 {00000 {00OOODO0OO
obobOooooooboooboboooboooboonbOOO0DbOO00

000000 {#} 000000000O000DODOO0OD {O0D0ODOO0NOOODODOOOO

000000 {n}00000ODOODOO0OOODO {0ODD } 000000000 CODODOOODOODOOOOOO
gobboboobbooobbooobbooobb <n>00oobobo

e ] 000D0ODODDOOD OOODDOO

e ] 000D 00DDOODDOO parse error

e {00DDOODDOOODOODO

e J0000OOODDDDDODDDUDDDUDODOUDOOODODODODO parseerror 100000 } 00000000
gooood

oboboooo0oooo0oobobooooboOoon parseerror UOOOOOO0OOOO0OOO0OO

o IO00OOODODOOODDOOODO

000000000000 00000000 0000D } 00000000 D0DDO0O0O0O0ODD (0D0OD0OOO
ooo )

O000O: http://www.sampou.org/haskell/report-revised-j/syntax-iso.html#layout

m OCamlOOODO

O parse error 1000000000000 00000DODO000O0O0ODOO0O0OO0O0O0O0OO0O0OO0OO ocamlyacc O
yacc O bison 000000 LALR(1) O parser generator 000 000000000 token 00000 OOOOOOO
0000 token OOOOOODO token D00 OD0D0O0O0O0OOO0O00O0ODOOOOCODOOOOODOOOODOOO parse
error 0000000000000 00O0O0O0O0O0O0ODO0O0O0OODO0OOO0OO0OODOOOOO backtrackOOOOOO
OO0 parser 0000000000000 000OO0OO0OOO0O0O0O0OO000000O0O token 00O token 000 parse
ecror 0000000000000 0O0O0O0O00O0OO00OC0CDOO0OOO00OOO0OOODOOODOOOOO token
O00000000000000000000000 Packrat parsing 1000000 parser 00000000000
goo

OCaml 00 layout rule 000000000000 O0000OO0O token 0000000000000 OCOOOOOOO
000000 PBLK.OPENO {n} 0 PBLK.LEVELO <~ >00000000000000000000O0OO
goooooooooobbbooboobo
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let all_token_rev_list lexbuf =
let unget_s = S.create () in
let get_token () = LO.token lexbuf in
let blk_level_pair tk =
let loc = LO.get_location tk in (loc.T.start_p.T.col + 1, loc) in
let eof_token_p = (function P.EOF(_) -> true | _ -> false) in

let rec scan_start () =
match get_token () with
(P.SP_LEFT_BRACE _ | P.K_MODULE _) as start -> start
| P.WS_WHITE _ -> scan_start ()
| other ->
let _ = S.push other unget_s in
P.BLK_OPEN (blk_level_pair other)

in

let scan_next prev =
let rec scan_next_rec () =
let cur =
if (S.is_empty unget_s) then (get_token ())
else (S.pop unget_s) in

match (prev, cur) with
(_, (P.EOF(_) as eoft)) -> eoft
| (_, P.WS_WHITE(_)) -> (scan_next_rec ())
| ((P.K_LET(_) | P.K_WHERE(_) | P.X_DO(_) | P.K_OF(_)), (P.SP_LEFT_BRACE(_) as lbr)) -> lbr
| ((P.K_LET(_) | P.K_WHERE(_) | P.K_DO(_) | P.K_OF(_)), tk) —>
let (_, (level, loc)) = (S.push tk unget_s, blk_level_pair tk) in
P.BLK_OPEN((if (eof_token_p tk) then O else level), loc)
I, th) —>
let (_, loc) as p = blk_level_pair tk in
if (loc.T.start_p.T.line
- (LO.get_location prev).T.end_p.T.line) > O then

let _ = S.push tk unget_s in P.BLK_LEVEL p
else tk
in (scan_next_rec ())
in
(LST.fold_left
(fun r a -> ((a, new_err_flag ()) :: r))

(]

(LST.create_stream (scan_start ()) scan_next eof_token_p))

let rec layout istream levels =
let push_new_token tok lform =
LST.Cons ((tok, new_err_flag ()), lform)
in

let (tok, err) =
match LST.peek istream with
None -> raise Parsing.Parse_error
| Some x -> x
in
match (tok, levels) with
((P.BLK_LEVEL (n, loc)), (m :: mstl as ms)) whenm = n ->
let addtk = P.SP_SEMI(loc) in
push_new_token addtk (lazy (layout (LST.tl istream) ms))
((P.BLK_LEVEL (n, loc)), m :: ms) whenn <m ->
push_new_token (P.SP_RIGHT_BRACE(loc)) (lazy (layout istream ms))
((P.BLK_LEVEL (n, _)), ms) -> layout (LST.tl istream) ms
((P.BLK_OPEN (n, loc)), (m :: ms as levels)) whenn >m ->
push_new_token (P.SP_LEFT_BRACE(loc)) (lazy (layout (LST.tl istream) (n :: levels))) (* Note 1 *)

| ((P.BLK_OPEN (n, loc)), [1) when n > O ->
push_new_token (P.SP_LEFT_BRACE(loc)) (lazy (layout (LST.tl istream) [n])) (x Note 1 *)
| ((P.BLK_OPEN (n, loc)), ms) ->

push_new_token
(P.SP_LEFT_BRACE(loc))
(lazy (push_new_token
(P.SP_RIGHT_BRACE(loc))
(lazy (layout (push_new_token
(P.BLK_LEVEL(n, loc))
(lazy (LST.tl istream))) ms)))) (* Note 2 *)

| ((P.SP_RIGHT_BRACE _ as rbr), O :: ms) ->

LST.Cons ((rbr, err), lazy (layout (LST.tl istream) ms)) (* Note 3 *)
| ((P.SP_RIGHT_BRACE _), ms) -> raise Parsing.Parse_error (* Note 3 *)
| ((P.SP_LEFT_BRACE _ as lbr), ms) ->

LST.Cons ((1lbr, err), lazy (layout (LST.tl istream) (O :: ms))) (* Note 4 *)
| ((P.EOF loc as eoft), []) -> LST.Cons ((eoft, err), lazy (LST.Nil))
| ((P.EOF loc), m :: ms) when m <> 0 ->

push_new_token (P.SP_RIGHT_BRACE(loc)) (lazy (layout istream ms)) (* Note 6 *)
| (t, (m :: mstl)) when m <> O && (lerr) ->

err := false;

push_new_token (P.SP_RIGHT_BRACE(LO.get_location t)) (lazy (layout istream mstl))
(* parse-error(t) Note 5 case *)
| (¢, ((m :: mstl) as ms)) ->
LST.Cons ((t, err),
lazy (layout (LST.tl istream) ms))
(t, ms) ->
LST.Cons ((t, err),
lazy (layout (LST.tl istream) ms))
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5.5 Haskell O Parsing

00000000000 0000O000000C000000000000000 expression 0OO0O000O0O0O0OO

gobbooobbooobobooooboboogan

5.5.1 Haskell O Expression

m [0 00 expression

00000 aexp 000000000000 DOOOOOU0ODOOOOOOOO0OO0O0OO0 OODODOOOOO expres-
siond 0000 0000 D0OO0O0OOO0OO O0O0O0O00OO left seciond000000OOO right secion (section O
000000000000000000)0 00000000 O00000000000D000O00000DOoDOo0o0o0Oo

ooOooobOoobobooooooooo

/* parser.mly OO0 expression */

/*
aexp -> qvar (variable)
| gcon (general constructor)
| literal
| ( exp ) (parenthesized expression)
| ( expl , ... , expk ) (tuple, k>=2)
| [ expl , ... , expk 1 (list, k>=1)
| [ exptl [, exp2] .. [exp3] ] (arithmetic sequence)
| [ exp | quall , ... , qualn ] (list comprehension, n>=1)
| ( expi+l qop(a,i) ) (left section)
| ( lexpi qop(1,i) ) (left section)
| ( qop(a,i)<-> expi+l ) (right section)
| ( qop(r,i)<-> rexpi ) (right section)
| qcon { fbindl , ... , fbindn } (labeled construction, n>=0)
| aexp<qcon> { fbindl , ... , fbindn } (labeled update, n >= 1)
*/
aexp:

qvar { E.VarE $1 } /*(variable)*/

gcon { E.ConsE $1 } /*(general constructor)x*/

literal { E.LiteralE $1 }

SP_LEFT_PAREN exp SP_RIGHT_PAREN { E.ParenE $2 } /*(parenthesized expression)*/
SP_LEFT_PAREN exp SP_COMMA exp_list SP_RIGHT_PAREN { E.TupleE ($2 :: $4) }
SP_LEFT_BRACKET exp_list SP_RIGHT_BRACKET { E.ListE ($2) } /*(list, k>=1)*/
SP_LEFT_BRACKET exp KS_DOTDOT SP_RIGHT_BRACKET { E.ASeqE($2, None, None) }
SP_LEFT_BRACKET
SP_LEFT_BRACKET
SP_LEFT_BRACKET
SP_LEFT_BRACKET

exp KS_DOTDOT exp SP_RIGHT_BRACKET { E.ASeqE($2, None, Some $4) }

SP_LEFT_PAREN op2_left_section SP_RIGHT_PAREN { E.MayLeftSecE ($2) }
SP_LEFT_PAREN op2_right_section SP_RIGHT_PAREN { E.MayRightSecE ($2) }

qcon SP_LEFT_BRACE fbind_list SP_RIGHT_BRACE { E.LabelConsE ($1, OH.of_list $3) }
qcon SP_LEFT_BRACE SP_RIGHT_BRACE { E.LabelConsE ($1, OH.create 0) }
aexp SP_LEFT_BRACE fbind_list SP_RIGHT_BRACE { E.LabelUpdE ($1, OH.of_list $3) }

exp_list:
exp SP_COMMA exp_list { $1 :: $3 }
| exp { [$11 }
qual_list:
qual SP_COMMA qual_list { $1 :: $3 }

| qual { [$1] }

fbind_list:
fbind SP_COMMA fbind_list { $1 ::
| foind { [$1] }

$3 3

qual:

pat KS_L_ARROW exp { LC.Gen($1, $3) }
| K_LET decl_list { LC.Let $2 }
| exp { LC.Guard $1 } /*(guard)*/

/*(generator) */
/*(local declaration)*/

/*(tuple, k>=2)*/

/*(arithmetic sequence)*/
exp SP_COMMA exp KS_DOTDOT SP_RIGHT_BRACKET { E.ASeqE($2, Some $4, None) }

exp SP_COMMA exp KS_DOTDOT exp SP_RIGHT_BRACKET { E.ASeqE($2, Some $4, Some $6) }
exp KS_BAR qual_list SP_RIGHT_BRACKET { E.LCompE ($2, $4) } /*(list comprehension, n>=1)*/

/*(left section)*/
/*(right section)*/

/*(labeled construction, n=0)%*/

/*(arithmetic sequence)*/
/*(arithmetic sequence)*/
/*(arithmetic sequence

/*(labeled construction, n>=1)*/

/*(labeled update, n >= 1)/

552 OJ0O0OOOOOOOO
m 0000 expression 000 00000000O000OO0O

Haskell 0OOOOOOO level 0 00O level 9 0000000 (DODDOO0O0OO0O0OD0)000000OOOOOOOOO
0 (0000000000)000000000000D00O0000D0D000000D00000DODDO0000OO0OO
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00000 Doo0EDoO0oo0000000000000000o000o00D000o0o00Do0oo0ooo0ooon
gooooboooobboboboooogoooooooooobobobbbbbooooooooooooooobooboDbDbo
gobboooobobooooobbooouobbooobobooobobbooobbooobbood
O000OO00000ODO0O000OC0DOO0O00C0DDOO0O00C0DOO0000O0ODO0O000 expressiondO000O0O0O0O
gobbooobboboooobbooobbooobobooobobooon

/* parser.mly OOO0O expression */
oo /% 0 %/
/* expression */
exp:
exp0 { E.Top ($1, None) }
| expO KS_2_COLON context KS_R_W_ARROW typ { E.Top ($1, Some ($5, Some $3)) } /*(expression type signature)*/
| expO KS_2_COLON typ { E.Top ($1, Some ($3, None)) } /*(expression type signature)*/

/*
lexp6:
- exp7
*/
/*
expi -> expi+l [qop(n,i) expi+i]
| lexpi
| rexpi
lexpi -> (lexpi | expi+l) qop(l,i) expi+l
rexpi > expi+l qop(r,i) (rexpi | expi+l)
*/
/*
exp0:  —> [-] exp10 {qop [-] expl0}
*/
exp0:

op2_expn_list { E.ExpO $1 }

op2_expn_list:
ks_minus explO op2_right_section { E.ExpF (E.Minus $2, $3) }
| expl0 op2_right_section { E.ExpF ($1, $2) }
| ks_minus expl0 { E.ExpF (E.Minus $2, E.Op2End) }
| exp10 { E.ExpF ($1, E.Op2End) }

op2_right_section:
qop op2_expn_list { E.Op2F ($1, $2) }

op2_left_section:
ks_minus expl0 qop op2_left_section { E.ExpF (E.Minus $2, E.Op2F ($3, $4)) }
| expl0 qop op2_left_section { E.ExpF ($1, E.0p2F($2, $3)) }
| ks_minus expl0 qop { E.ExpF (E.Minus $2, E.0p2F ($3, E.Op2NoArg)) }
| exp10 qop { E.ExpF ($1, E.Op2F ($2, E.Op2NoArg)) }

expl0:
KS_B_SLASH apat_list KS_R_ARROW exp { E.LambdaE ($2, $4) } /*(lambda abstraction, n>=1)%/
| K_LET decl_list K_IN exp { E.LetE ($2, $4) } /*(let expression)x*/
| K_IF exp K_THEN exp K_ELSE exp { E.IfE ($2, $4, $6) } /*(conditional)*/
| K_CASE exp K_OF SP_LEFT_BRACE alt_list SP_RIGHT_BRACE { E.CaseE ($2, $5) } /*(case expression)*/
| K_DO SP_LEFT_BRACE stmt_list_exp SP_RIGHT_BRACE { E.DoE $3 } /*(do expression)*/
| fexp { E.FexpE $1 }
/*
fexp -> [fexp] aexp (function application)
*/
fexp:

aexp_list { E.make_fexp $1 }

aexp_list:
aexp aexp_list { fun fexp -> $2 (E.FappE (fexp, $1)) }
| aexp { fun fexp -> E.FappE (fexp, $1) }

/* fexp -- FfunE (fexp) */
/* fexp ael -- FappE (FfunE (fexp), ael) */
/* fexp ael ae2 -- FappE (FappE (FfunE (fexp), ael), ae2) */

N oopooooo ()oooo
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/* parser.mly D000O000 00000000 */
Lo /x 0 %/
pat:
var ks_plus integer /*(successor pattern)*/
{ match $3 with (S.Int (i), loc) -> P.PlusP($1, i, loc) | -> failwith "plus integer pattern syntax error." }

| pato { $1 }

/*

pati -> pati+l [qconop(n,i) pati+1]
| lpati
| rpati

*/

/*

lpati -> (lpati | pati+1) qconop(l,i) pati+l

*/

/*

lpat6:

ks_minus integer (negative literal)

{ match $2 with
(S.Int (v), 1) -> S.P.MIntP (v, 1)
| _ -> failwith "negative integer literal pattern syntax error." }
| ks_minus float (negative literal)
{ match $2 with
(S.Float (v), 1) -> S.P.MFloatP (v, 1)
| _ -> failwith "negative integer literal pattern syntax error." }

*/

/*
rpati > pati+l qconop(r,i) (rpati | pati+1)
*/

patO:
op2_patn_list { P.PatO $1 }

op2_patn_list:
ks_minus integer op2_patn_right
{ let p = match $2 with
(S.Int (x), loc) -> P.MIntP (x, loc)
| _ -> failwith "negative integer literal pattern syntax error."
in P.PatF (p, $3)

| ks_minus float op2_patn_right
{ let p = match $2 with
(S.Float (x), loc) -> P.MFloatP (x, loc)
| _ -> failwith "negative integer literal pattern syntax error."
in P.PatF (p, $3)

}
| patl0 op2_patn_right { P.PatF ($1, $2) }

op2_patn_right:
qconop op2_patn_list { P.0p2F ($1, $2) }
| { P.0Op2End }

pati0:
apat { $1 }
| gcon apat_list /*(arity gcon = k, k>=1)*/
{ P.ConP($1, $2) }

apat_list:
apat apat_list { $1::$2 }
| apat { [$1] }

apat:
var
{ P.VarP $1 }

| var KS_AT apat /*(as pattern)*/
{ P.AsP($1, $3) }

gcon /*(arity gcon = 0)*/
{ P.ConP($1, [1) }

qcon SP_LEFT_BRACE fpat_list SP_RIGHT_BRACE /*(labeled pattern, k>=0)*/ /* may be error pattern */
{ P.LabelP($1, $3) }

literal
{ P.LiteralP($1) }

K_WILDCARD /*(wildcard)*/

{ P.WCardP }

| SP_LEFT_PAREN pat SP_RIGHT_PAREN /*(parenthesized pattern)*/
{$21%

| SP_LEFT_PAREN tuple_pat SP_RIGHT_PAREN /*(tuple pattern, k>=2)*/
{ P.TupleP $2 }

| SP_LEFT_BRACKET list_pat SP_RIGHT_BRACKET /*(list pattern, k>=1)*/
{ P.ListP $2 }

| KS_TILDE apat /*(irrefutable pattern)x*/

{ P.Irref $2 }

" 0000000000000
000000000000000000000000000000000000000000000000000000
000000000000000
00000000000000000 2000000 expaa, ezppy, 000 200000 0pas, opey, 00000000
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<00 > <goo >

/ /]

OPaa OPaa OPbvb
/A / /
€TPaa €T Pob €TPaa €T Pvb

gobbooooboooobboooooboboooobbooobbbooobbboooobbboobbooobboo

type ’exp op2list_opf =
Op2F of (ID.idwl * ’exp op2list_expf)
| Op2End
and ’exp op2list_expf =
ExpF of (’exp * ’exp op2list_opf)
(* | UniOpF of (ID.idwl * ’exp * ’exp op2list_opf) *)
| Op2NoArg
(x 00 %)
let rec explist2term func list =
let explO_fun = SYA.maptree_explO func in

let rec fold_leafs list =
let scanned_op2exp op expAA expBB =
E.VarOp2E (op,
explO_fun exphA,
expl0_fun expBB) in
match list with
| E.ExpF (exp, E.Op2End) -> (* list *)
E.uni_exp (explO_fun exp)
| E.ExpF (expAA, E.Op2F (op_aa,
(E.ExpF (expBB, E.Op2End)))) ->
E.uni_exp (scanned_op2exp op_aa expAA expBB)
| E.ExpF (expAA, E.Op2F ((op_aa, _) as op_aa_wl,
((E.ExpF (expBB, E.Op2F ((op_bb, _) as op_bb_wl, rest))) as cdr))) ->
begin
let (aa_fixity, _) = eval_op2_fixity modbuf op_aa in
let (bb_fixity, ) = eval_op2_fixity modbuf op_bb in
(* F.printf "(%s, %d) vs (%s, %d)\n" (ID.name_str op_aa) (snd aa_fixity) (ID.name_str op_bb) (snd bb_fixity
match (aa_fixity, bb_fixity) with
| ((_, aa_i), (_, bb_i)) when aa_i > bb_i ->
fold_leafs (E.expf_cons (scanned_op2exp op_aa_wl expAA expBB) op_bb_wl rest)
| ((SYN.InfixLeft, aa_i), (SYN.InfixLeft, bb_i)) when aa_i = bb_i ->
fold_leafs (E.expf_cons (scanned_op2exp op_aa_wl expAA expBB) op_bb_wl rest)
| ((_, aa_i), (_, bb_i)) when aa_i < bb_i —>
E.expf_cons expAA op_aa_wl (fold_leafs cdr)
| ((SYN.InfixRight, aa_i), (SYN.InfixRight, bb_i)) when aa_i = bb_i ->
E.expf_cons expAA op_aa_wl (fold_leafs cdr)
->
failwith (F.sprintf "Syntax error for operator priority. left fixity %s, right fixity %s"
(SYN.fixity_str aa_fixity)
(SYN.fixity_str bb_fixity))

end
| _ -> failwith "Arity 2 operator expression syntax error."
in
match fold_leafs list with
| E.ExpF (exp, E.Op2End) -> exp
| E.ExpF (exp, E.Op2F (_, E.Op2NoArg)) -> failwith "explist2term: section not implemented."
| folded -> explist2term func folded
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type ’pat op2list_opf =
0p2F of (ID.idwl * ’pat op2list_patf)
| Op2End
and ’pat op2list_patf =
PatF of (’pat * ’pat op2list_opf)
| Op2NoArg
. (00 *)
let rec patlist2term min_i func list =
let pat_fun = SYA.maptree_pat func in

let rec fold_leafs list =
let scanned_op2pat op patAA patBB =
P.Con0Op2P (op,
pat_fun pathA,
pat_fun patBB) in

match list with
| P.PatF (pat, P.0p2End) ->
P.uni_pat (pat_fun pat)
| P.PatF (patAA, P.0p2F (op_aa_wl, (P.PatF (patBB, P.0p2End)))) ->
P.uni_pat (scanned_op2pat op_aa_wl patAA patBB)
| P.PatF (patAA, P.0p2F ((op_aa, _) as op_aa_wl, ((P.PatF (patBB, P.0p2F ((op_bb, _) as op_bb_wl, rest))) as cdr)))
begin
let (aa_fixity, _) eval_op2_fixity modbuf op_aa in
let (bb_fixity, _) = eval_op2_fixity modbuf op_bb in
match (aa_fixity, bb_fixity) with
((_, aa_i), _) when aa_i < min_i ->
failwith (F.sprintf "Pat%d cannot involve fixity %s operator." min_i (SYN.fixity_str aa_fixity))
| (_, (_, bb_i)) when bb_i < min_i ->
failwith (F.sprintf "Pat%d cannot involve fixity %s operator." min_i (SYN.fixity_str bb_fixity))
| ((_, aa_i), (_, bb_i)) when aa_i > bb_i —>
fold_leafs (P.patf_cons (scanned_op2pat op_aa_wl patAA patBB) op_bb_wl rest)
| ((SYN.InfixLeft, aa_i), (SYN.InfixLeft, bb_i)) when aa_i = bb_i ->
fold_leafs (P.patf_cons (scanned_op2pat op_aa_wl patAA patBB) op_bb_wl rest)
| ((_, aa_i), (_, bb_i)) when aa_i < bb_i ->
P.patf_cons patAA op_aa_wl (fold_leafs cdr)
| ((SYN.InfixRight, aa_i), (SYN.InfixRight, bb_i)) when aa_i = bb_i ->
P.patf_cons patAA op_aa_wl (fold_leafs cdr)
[
failwith (F.sprintf "Syntax error for operation priority. left fixity %s, right fixity %s"
(SYN.fixity_str aa_fixity)
(SYN.fixity_str bb_fixity))

end
| _ -> failwith "Arity 2 operator pattern syntax error."
in
match fold_leafs list with
| P.PatF (pat, P.0p2End) -> pat
| P.PatF (pat, P.0p2F (_, P.0Op2NoArg)) -> failwith "patlist2term: section not implemented."
| folded -> patlist2term min_i func folded

5.6

Haskell DO OO

FZI1000000000000000000 Haskel DOODDOOO0DODOOO0O0ODOO0DDOOO (envt)DOOO
closure(lambda_t) 000000000 closure(closuret) 00000000

O00000 closure 00000000 body O expression0 000000 300000000000000O00O0OO
000000000 lambdat 000 Haskell 0000000000000 (pattern match) 00000000000
000000 pattern 000000000000 Haskel 0OOOOOOOOOO0OOOOOOOOOOOODOOOO
where 0000000000000 00O000OOO0OO0ODOO0OODOOOOOO

000 Haskell DO O OO0 pattern match 000 0000 expression 0000000000000 closure 000
O00000000000000 closure 0000000000 closuret 00000000
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type lambda_t = {
arg_pat_list : P.pat list;
body : E.t;
lambda_env : env_t;
apply_where : (env_t -> env_t);

and closure_t =

SPat of (lambda_t)

MPat of (lambda_t list)

Prim of (thunk_t list -> value_t)

value_t =

Bottom

I0

Literal of SYN.literal

Cons of (ID.id * (thunk_t list))

LabelCons of (ID.id * (ID.id, thunk_t) OH.t )
Tuple of (thunk_t list)

List of (thunk_t list)

Closure of (closure_t * int * E.aexp list)

-0

]
Q

thunk_t = unit -> value_t

and pre_value_t =
Thunk of (unit -> value_t)
| Thawed of value_t

and scope_t = (S.t, thunk_t) H.t

(x O0000D0OD0O0O0 %)
and env_t = {
symtabs : (scope_t) list;
top_scope : scope_t;

56.1 0OOO
Haskel 0000000000000 OO0O (lazy evaluation) 0000000000000 0O0O00O g (£12) 2
0o00oooooOooooooo

f x
g x

X +y
X %y

y
y

0000000000 +,x0000000000000000000000 gOOOODOO (£ 12) 20000
O00000«x00000000000000D0000O00O00O0D fOD0OD0OD0 (1 +2) 2000000 3 % 2,
6 Jjooooooooon

000000000 000D000 eager evaluation 000 0000000000000 OOOO0OOOOOOOOO
ooooooooooooooooooopoooooD0 g (12 2—>g (1+2)2—-—>g32—-—>g32
->3*x2-—->600000000000000O

(0000004

lazy evaluation 00 0000000000000 0OO0O00OOO0O0OO0OOO0OOOOOOOOODOODOOOOOO
00 closure 000000000000 0000000000000 closure00000 thunkOOOOOO0OOOOO
envt 00000000 thunk t 0000000000 OOOO

make_thunk O thunk 000000000 (Thunk) 00000000 (Thawed) D0 OO0 prevaluet 0000
00000000 thunk 0O0O0D0OO0OO0ODOO0O0O0O0000OCOOODOOO0OO00O00000O0OO0 thunkODOOOOOOO
Thawed 000000000 OOOOOOOO
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and thunk_t = unit -> value_t

and pre_value_t =
Thunk of (unit -> value_t)
| Thawed of value_t

and scope_t = (S.t, thunk_t) H.t

(x O0000D0D0O0O0 %)
and env_t = {
symtabs : (scope_t) list;
top_scope : scope_t;

(00 %)
let thunk_value thunk =
match thunk with
Thunk (f) -> f ()
| Thawed (v) -> v

let expand_thunk thunk_ref =
match !thunk_ref with
Thunk (_) ->
let v thunk_value (!thunk_ref) in
let _ thunk_ref := Thawed v in

v
| Thawed (v) -> v

let make_thawed value =
(fun () -> value)

let make_thunk eval_fun env evalee =
let delay_fun = fun () -> (eval_fun env evalee) in
let thunk_ref = ref (Thunk delay_fun) in
fun () -> expand_thunk thunk_ref

5,62 O00O0OOOOOO

Haskell 0000000 (pattern match) O lazy evaluation 0000000000000 00O0O0OOOOCOOOOD
000000 pattern match 00000 expression 00 000000000000

00ooO0Oooooooooo

main = let { (p, (q, r)) = (print 1, (print 2, print 3)) } in
q

0000000000000 20000000000 (p, (q, r)) O (print 1, (print 2, print 3)) O
pattern match 000 0000000000000 q0O0000000000000
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s 00000000000

pattern match D00 pattern 000 0000000000000 O0O0000DOO0O thunk OO thunkOOOOOO
O00DO0000000000 pattern 0000000 thunkOOOD0OO00O0O pattern match DO0O00O000O case
0000oo0oooOoooooooooooon

0000000000000 000000000000 thunkODOO0OOO0OO0O0O0O0OO00OO0O0O0OD0OO0OOOOOOO
0000000000000 thunkOODOO0OO0OO00O00O00 pattern 000000000 pattern match 0000
O0000000000D000000 pattern match 0000000000000 pattern match OO O OO0

(* Lazy pattern match against thunk *)
and bind_pat_with_thunk pat =
let sub_patterns_match env pat_list thunk_list =
L.fold_left2
(fun (matchp_sum, tlist_sum) pat thunk ->
let (matchp, tlist) = bind_pat_with_thunk pat env thunk in
(matchp_sum & matchp, L.append tlist_sum tlist))
(true, [1)
pat_list
thunk_list
in
match pat with
(00 %)
| P.VarP (id, _) ->
(fun env thunk ->
let _ = bind_thunk_to_env env id thunk in (true, [thunk]))

| P.AsP ((id, _), pat) ->
(fun env thunk ->
let (_, (matchp, tlist)) = (bind_thunk_to_env env id thunk,
bind_pat_with_thunk pat env thunk)
in (matchp, thunk :: tlist))
. (x00 %)
| P.WCardP ->
(fun _ thunk -> (true, [thunk]))

| P.TupleP pat_list ->
(fun env thunk ->
let value = thunk () in
match value with
Tuple (args) when (L.length args) = (L.length pat_list)
-> sub_patterns_match env pat_list args
| _ -> (false, [thunk]))

| P.ListP pat_list ->
(fun env thunk ->
let value = thunk () in
match value with
List (args) when (L.length args) = (L.length pat_list)
—-> sub_patterns_match env pat_list args
| _ -> (false, [thunk]))
L (x 0 %)

57 0OO0O000O0O0OO0OO

00000000 0000000000000000000000000000000000 HaskelOOOOOODO
goobdobobooboooboboobobobuobobobo

0000000000 0000000000000000 ocamlyacc 000 parsing O Packrat parsing 00000
00000000000 000000000000000000000ooooog
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0610 00000 DebianOO0O 20100 20

6 doooooooon

oboooood

6.1 Squeeze 0O OOODOODODODO

Debian 00000000000 System-V O Unix 000000 init (sysvinit) 000000000 Debian 00
0000 6.0 (000000 Squeeze) 00000D upstart 00000000000 DO 3000000000 8000
000000 Squeeze 0 0000000000000 000 upstart 000000000 O0O0DO0D init 0000000
U uwpstart 00000000000 OOOOOOOOOOOOO

6.1.1 OO

upstart 00 Debian 00 000000000000 O0O00O0O00O0O Ubuntu 000 sysvinit 000000000
00000000000 sysvinit 0000000000000O0DODODOOOOOOOO00O0OOOOOO0OOOO0O0OO
0000000000000 00D00000000 sysvinit 00000000000 wpstart 0000000 OO0OO
000000000000 000000000 Ubuntu 0000 Fedora 000 Google O Chrome OS, Chromium
OSO0 upstart 0000000000 Debian OO Squeeze 0000000000000 DOOOOO sysvinit 000
Oupstart OOODOOOO0OO0OODOOOODOOOOODOOO

6.1.2 0000 init00000

upstart 00000000 init 0000 0000000000000 O0O0CO init000000O0O0O0O00C0O0OOO0
ohboooboooboooooooboooon

init 0 Unix/Linux 00000000000000000000000000000000000000000000
000000000000 000 PCOOOOOOOODOO Debian 00OO0OO0OOOOOOOOOOODOOOOOOO
obooobOoobobooobooooboooboooboobobooooooobooOooooooon
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02 00000C

arEa—2x OEIFON

BIOS/z &I2& %

= T THRAN

LILO X> GRUB

7— b O—Zi2E

boot/vmlinuz A*x €' _E(Z /&R

H=RIA X —2DRER

[ﬁ—z»c;an—r717mmaﬂ

init 7' 0t 20i#eEh

Z > LAYUIZEh fetd/init.dirc pifetcrc AT ART\a >V —ILA

Y= RDEEE

/sbin/getty m¥eEh

init 00000000000 init O /ete/inittab 000000 00000000000 D000ODOO0OO inittab 00O
oooooooooooo

id:runlevels:action:process

gobboooobobooobboooobbooobboooobo

si::sysinit:/etc/init.d/rcS

11:1:wait:/etc/init.d/rc 1
12:2:wait:/etc/init.d/rc 2
13:3:wait:/etc/init.d/rc 3
14:4:wait:/etc/init.d/rc 4
15:5:wait:/etc/init.d/rc 5

O0000000D00000D0000D action O sysinit 000O00000000000O0O000C0OO00COOO
000000000 action 00000000000 DOO0 /ete/init.d/reS OO

exec /etc/init.d/rc S

0000000000000 Jete/init.d/re 00000000000000000O0O00OODO re00000O0OOO
00000000000 000 O000O000000000 Debian 00000 000000000 200000000

id:2:initdefault:

ooboooooooooooooooon

12:2:wait:/etc/init.d/rc 2

00000 Jete/re2d 00000 0ODDO0O SNNOODODOOODDOO NNOODOODODOOODO”?00OoOOoOOO

00o0ooooo”o00o0oo0oo0ooo0oooooooooooo0oo0oooooooo0oLoOoBDoooooo
obooooboooboboooboooooo
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# Now run the START scripts for this runlevel.
# Run all scripts with the same level in parallel
CURLEVEL=""
for s in /etc/rc$runlevel.d/S*
do
# Extract order value from symlink
level=${s#/etc/rc$runlevel.d/S}
level=${level%¥[a-zA-Z] *}
if [ "$level" = "$CURLEVEL" ]
then
continue
fi
CURLEVEL=$1level
SCRIPTS=""
for i in /etc/rc$runlevel.d/S$level*
do
[ ' -f $i ] && continue

suffix=${i#/etc/rc$runlevel.d/S[0-9] [0-9]}

if [ "$previous" != N ]

then
#
# Find start script in previous runlevel and
# stop script in this runlevel.

stop=/etc/rc$runlevel.d/K[0-9] [0-9] $suffix
previous_start=/etc/rc$previous.d/S[0-9] [0-9] $suffix
#

# If there is a start script in the previous level
# and _no_ stop script in this level, we don’t
# have to re-start the service.
#
if [ start = "$ACTION" ] ; then
[ -f $previous_start ] && [ ! -f $stop ] && continue

else
# Workaround for the special
# handling of runlevels O and 6.
previous_stop=/etc/rc$previous.d/K[0-9] [0-9] $suffix
#
# If there is a stop script in the previous level
# and _no_ start script there, we don’t
# have to re-stop the service.
#
[ -f $previous_stop ] && [ ! -f $previous_start ] && continue
fi

fi
SCRIPTS="$SCRIPTS $i"
if is_splash_stop_scripts "$suffix" ; then
$debug splash_stop || true

fi

done

startup $ACTION $SCRIPTS

done

gooboooooooooooooobooD 200 5000020 300000000000 gettyOOOOODO
OO0 action 0 respawn D OO OO0D0OOO0O0O getty DOO00ODOO0O0O0OOCDO init OOO00ODOOOOOOOCODO
O00000DO0O000DO000C0CDO0000DO000D0DO0000DO000Dn getty DOOOODODOO init 0OO0ODO
goooooooboobbbbbboboooooooooooon

:2345:respawn:/sbin/getty 38400 ttyl
23:respawn:/sbin/getty 38400 tty2
23:respawn:/sbin/getty 38400 tty3
23:respawn:/sbin/getty 38400 tty4
23:respawn:/sbin/getty 38400 tty5
23:respawn:/sbin/getty 38400 tty6

U WN -

init 000000000 O00O0O00000O0O0O0C0O00O0O000DO0O000000

6.2 upstart OO

00000 it 00000000000000000000 upstart 00000000 README OO0OO0OOOO
O upstart 0000000 60000

obobooobooooboooobooooooo boooo
goboooboooobo oobooooooobooooobooao
gboboooooooboooboboooobOoooooooooobooo
ooooooooooboooobooobOooobooobDgoon
gbobooooooooboooboOooobOoobooboooon
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e D-Bus 0000 init 0O0ODOODOOOOOO

sysvinit 000 000000000000000COO0C0DOO0C0O0C00O0000000000O000O00CO00OG0O0O0
00000 Squeeze/Sid00000000 upstart 00 sysvinit 000000000000 upstart 00000000
O000000000000000000000000000000000000 sysvinit 00000000000 0ER
ma upstart 000 000000000000 000OES

03 wupstart DOOO

starting
(emit starting)

spawned

(wait for pid)

emit started

stopping
(emit stopping)

I
|

I

I

I

j |

|

killed |

(wait for SIGCHLD) i

post-stop

emit stopped

6.2.1 sysvinit JO0O0O00OO0

Debian 0 upstart 000000000 Debian 00000000 00000000000 O000O0000OOOO
O000000000000000000 sysvinit 0000000000000COO0OO0000BEZO000 220
upstart 00 0000 README.Debian.gz 00000000 FAQUOODOUOODOOOOOO

e initscript 000 0000000000000 /ete/init.d/

e 000 OODOD initseript O /ete/init.d/0000 Jete/rc?.d/ D00 symlink 000000000

e 000 OO0 initscript 00O 00O SNNname, KNNname 000 symlink 0000 NN O 0000 990 KOO
J00D0ooooooooooooo Soodoooooooooooooon
U00000bbO0o00ob0bb0O00bb0OO0d runlevel JOODOOOOODOO

U00b0ob0oboodn telinit 00000 init OOOOODOOOOOO

oog DDDDDDDDDDDDDD/etC/inittab 00000 id:N:initdefault:0 NODOOOOOODO

*12 000 Ubuntu 9.10 0000 O000DO0OO0OO0000O0O0O0O0O0O0000
*13 ypstart 0000 0000000000000
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e JUUOODDODOOO upstart 0O DDDDDOOOOU shutdown DU OO0 reboot, halt, poweroff [J
O0000000000000000000000 Control-Alt-Delete 0000000000 OOODO

e J0DDDOU0OODDDDDOOO GRUB OO (recoveryode) 0 ODO0DOO0000ODDDOOOOODODO
Udd-s, S, singleJUUJ000000000O0O0O0OO0OODOOD telinit 1 0 shutdown now O OODO
gopoogo

6.2.2 sysvinit 0000
0000000000 sysvinit 0000000000000000 wpstart 00000000000000 getty OO
O00oo0oooooooooooo

e Control-Alt-Delete 0000000000 O /ete/init/control-alt-delete.conf 0 exec 0000000000
goodooooooooboobooboboobbbbobbboooooooodooooobooo

(snip)
start on control-alt-delete

task
exec shutdown -r now "Control-Alt-Delete pressed"

ogettyDDDEl[IDDEI[IDDDDD/etc/init/ttyN.confDDI:I[II:IDDDDDDDDMDDDDDDDDDD
gooooooo

# ttyl - getty
#

# This service maintains a getty on ttyl from the point the system is
# started until it is shut down again.

description "Start getty on ttyl"
author "Scott James Remnant <scott@netsplit.com>"

start on stopped rc RUNLEVEL=[2345]
stop on runlevel [!2345]

respawn
exec /sbin/getty 38400 ttyl

e gcetty UOOUOODODOODODODOODODDODOOOOOODOOOOOOUOUOOOUOOOOOOODOO stop ttyNODO
goooobo star ttyNOOOOOOODODDO
e getty 000D OO ODOODODN /ete/init/ttyN.conf 0 respawn 000000000000
e cetty 0000 DDOODODDDDDODODODODO /ete/init/ttyN.conf 000 200000000 stop 0! 00000
start 0 stop J00O0O0!I0D00000C0OOOOO
e getty 0D O DDOOO /ete/init/ttyN.conf 00 ttySOOOOOOOODOOD0OO respawn 0000000
goooooooo
e 10I0D0DODODUODODOOODOOOODOOgetty OODOOODOOO” O0DOOODO
e upstart U0 OO0 O0OO0OO0O0DOOO0O0OO0DOOO0DO0DOO0O0O--debug000O000O00OO0 quiet O
splash U000 00000000 DO00000O00DO wpstart OOO0OOO0OO0DODOOOOOOODODOOOOO
0OEEn
e upstart OO OOUOOODOOOODOOO
1. 00000000000000 quiteO splash000000000O init=/bin/bash 000000000
000 root shell DODODOOOOO
2. Jetc/init.d/reS 00000000000 OOODODOOOOOOOOOOOOOOO
3. upstart 000 0000000000 OOOODOOOOOO/ete/init 000000000000 OOOOOO
gbooobooboooboboobboobboOobboooboOoobog wpstart DO ODOOODOODDOODO

*MND1O0O06000
*15 jnitramfs-tools 0000 initramfs 00000000 00000000000D00000000000000O0O0O0000O000OO
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ooog
4. /etc/init 000 00000000 OOOOOOOOOOO
5. sync U reboot -f 0000000000000 OO0DOOCODO
e upstart O OO DDODOODOOOOOOO initetl list JOO0OOOO0OOODOODODODOOOOOO

$ sudo initctl list

tty4 start/running, process 25474
rc stop/waiting

tty5 start/running, process 25478
control-alt-delete stop/waiting
rcS stop/waiting

rc-sysinit stop/waiting
dbus-reconnect stop/waiting

tty2 start/running, process 25473
tty3 start/running, process 25475
ttyl start/running, process 25477
tty6 start/running, process 25476

e JOUOUOUOD ODODODOD start JOB, stop JOBUUOUOUOOOOOODOO
e JOUOOUDDODDDDDDOO status JOBO OO OO

$ sudo status ttyl
ttyl start/running, process 25477

e JUUODDDODOOOODDD initetl emit EVENTUOOUOUOODODODOOOOOOODDOOOOOOODODODO
goooooobobo or00OoOoog

6.3 upstart OO OO0

0000000 sysvinit 00 upstart 0000000000 00 Squeeze/Sid 0 Lenny 00000000000

6.3.1 Squeeze/Sid 00 OO

Squeeze/Sid 00O upstart 000000000 wpstart 00 0000000000000 0000OOO0OOOOOODO
000000000000 00000 Yes,doas IsayJOOOOO0OO00O0O0O0O0OOO0OOOOOODOOOOOOO
ocboooboboobobooooooooo

$ sudo apt-get install upstart
goooooooOoO0oooooooo... 0o
Ooo00o0ooooooooooo
goooooooooooo... 0o
goo0oo00o0oo0o0oo0oocOooooog:
dbus libdbus-1-3 libexpatl
ooooooo
dbus-x11
00000000 m ooooooo
sysvinit
O00Oo0oo0o000000ooo00ooon:
dbus 1libdbus-1-3 libexpatl upstart
O0: O00000O0O0O0O000O0O0CcOOOO
0000000000000O0O00000O0O0O00000O0O0O00000O00O
sysvinit
O00O00O0oo: o 0O00O0OOOOOOO: 4 O0O0: 1 O0OOO: 9 OO
1,005kB 00 000O0O000OOOOOOOOOO
000000000 2,106kB 000 O0O00O0O0O0O0O0O0OOO
g000o0000000000O0O00O0000O000O000000
O000000Yes, do as I say!’ OO0O0O00O00O0O0O0O0O0O0OOOOO
7] Yes, do as I say!

Ixe OO00DOOD0OO0OOD0OO0O getty 000000000 DO0O0OOOOO0O0OO0O0OOOOOO0ODOOODOOODOOO
000000000000000000000000000000000DOE™

*16 90100 20 9000
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$ sudo lxc-start -n bootsid

cat: /proc/cmdline: No such file or directory

Setting the system clock.

Cannot access the Hardware Clock via any known method.

Use the --debug option to see the details of our search for an access method.
Unable to set System Clock to: Tue Feb 9 14:16:26 UTC 2010 ... (warning).
Activating swap...done.

mount: you must specify the filesystem type

Cannot check root file system because it is not mounted read-only. ... failed!
Setting the system clock.

Cannot access the Hardware Clock via any known method.

Use the --debug option to see the details of our search for an access method.
Unable to set System Clock to: Tue Feb 9 14:16:27 UTC 2010 ... (warning).
Cleaning up ifupdown....

Checking file systems...fsck from util-linux-ng 2.16.2

done.

Setting up networking....

Mounting local filesystems...done.

Activating swapfile swap...done.

Cleaning up temporary files....

Configuring network interfaces...done.

Setting kernel variables ...dome.

Cleaning up temporary files....

Starting system message bus: dbus.

Starting OpenBSD Secure Shell server: sshd.

init: tty4 main process (239) terminated with status 1

init: tty4 main process ended, respawning

init: ttyb main process (241) terminated with status 1

init: tty5 main process ended, respawning

init: tty2 main process (242) terminated with status 1

init: tty2 main process ended, respawning

init: tty3 main process (244) terminated with status 1

init: tty3 main process ended, respawning

init: tty6 main process (245) terminated with status 1

init: tty6 main process ended, respawning

init: ttyl main process (306) terminated with status 1

init: ttyl main process ended, respawning

init: tty4 main process (307) terminated with status 1

init: tty4 main process ended, respawning

(snip)

O000sshOO0O0OO0OOOOOODOOODOOOODOODOOOO

$ ssh bootsid
Enter passphrase for key ’/home/user/.ssh/id_rsa’:
Linux bootsid 2.6.32 #1 SMP Mon Dec 7 05:27:50 UTC 2009 x86_64

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.

Last login: Tue Feb 9 14:18:38 2010 from 192.168.189.114
user@bootsid:~$

/ete/inittab O getty 0000000000000 00O000O00ODOO0OO0 DDO0O0O0OOODOOOOOOOOOO
00000o0000oOO0OoDOODO0ODOO0O0O00000O00000O0O0O0O0O0000 KVM/QEMU D00O0OOOOOO
oboooboobobooooog

6.3.2 Lenny ODOOO
Squeeze/Sid 00 0000000000000 OOO Squeeze 0 stable 00000000 OOOOOOOOOOOO
DEQ0Q0O0000 Sid0000000000000000000000000

6.3.3 00O

gobbooooooboooboboooobobooobbooobbboobobobbooobbboooLbbbDoobboo
O00000000oooooood Ubuntu 91000000000 O0O0OODOOODOOOOOODOOOOOOOOO
dogoooobboboood wpstart DOUOOOOOO0OO0OOOOOOOOOOOOOOOOOOOO0OOO0OOO00OO0
goooooboo

*17 upstart 000000 Squeeze 000000000 0000000

39



0610 00000 DebianOO0O 20100 20

000 DebianO0 0 OO0 O0OOOO

oo oo

7.1 OO

00000 Debian 0000 O0000O0O0OO00OOO00OOU0OOOO0OO0O0OO0OOOOOOOOOOOOOOOO
goobboobobobobouoboboobobobobob bbb oboobobob oo
000000000000 000000000000000 cotocoto 000 OIO0D0O0OOO cotocoto O DFSG OO0
OO0 non-free JO0OOOOODO
0O 0000000 YLUGOOOODODODODOOOOoooooodoooooooooom ooooooooogoooo
000000000000 0000D 000000000000 U0D 00000000 WX O0Oooooooooo
00000000 0000000 BMIXOO0OO0oDooooooo git format-patch 00 0000000000000
00000 Gitoooooooo0oo0oooooooooooouoooooooo
20090 120000000000000 atnd O0O00OOODOO atnd O DFSG non-free 000000000000
Joobdooobooooooboooa
DFSG 0000000000000 0OD0O0OO0ODmM 0000000000000 0000o0oUooooooo
goobbooooboboooubbooobbbooobboobbb0ooUbbbooUobboooubbo
ooo

72 0O0O0DOO
Debian 0000000000000 OOOOOOOOO

e IO00IOOOOCODOOODOOOOOOODOOOCODOOCODOO

e JO0IDDOUOODOOODOOOOOODOOODOOODOOODOODODOO
e JOUOOODDODODODODDDDDOOOLOOOOOOOOOOOO

e OO DOOOODOOOODOOOODOOOODOOOODOOOOO
gobooobooooboooobooooooobooooobooaon

e IO0IODOOOODOOOOOOOOOODOOCOD

e JO0I0ODDOUOODOOODOODODOODODOOODOO
goboooooooboooobooooboooboooooa

goboooooboooobobboooobboooobboooobb oo bbbooo
0000 DFSG Free 0000000000 OOO
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7.3 00O0OO0DOO

7.3.1 App Engine Python SDK 00O

0000000000000 0000000000000 Python 00 Google App Engine 00000000000
00 Debian GNU/Linux sid 00 0000000000000

000 Debian GNU/Linux sid 0000000000

000 Google App Engine 0 Python 0000000000000 00O0O0 Google App Engine 000 0ES0O0
0000 SbKOOoOooooooooooo

0 Linux/0000000000000000 google_appengine_1.3.1.zig00 000000000000

# apt-get install unzip python python-openssl python-webtest python-yaml
$ wget http://googleappengine.googlecode.com/files/google_appengine_1.3.1.zip
$ unzip google_appengine_1.3.1.zip

O000000000000000 Google App Engine 000000000 000O0O [./google_appenging, App
Engine 000000000000000000OOODOODO [L/utils/gag 00000 utils/gae 000000000
dev_appserver.py U0 O0O0O0O0O0O0ODODODOOOOOOOO0O000O00O

hoge@core2duo:appengine/utils/gae$ ../../google_appengine/dev_appserver.py .

INFO 2010-02-16 15:28:08,816 appengine_rpc.py:159] Server: appengine.google.com

Allow dev_appserver to check for updates on startup? (Y/n): n

dev_appserver will not check for updates on startup. To change this setting, edit /home/hoge/.appcfg_nag

WARNING 2010-02-16 15:28:13,792 datastore_file_stub.py:623] Could not read datastore data from /tmp/dev_appserver.datastore
WARNING 2010-02-16 15:28:13,906 dev_appserver.py:3581] Could not initialize images API; you are likely missing the Python "PJ
INFO 2010-02-16 15:28:13,914 dev_appserver_main.py:399] Running application debianmeeting on port 8080: http://localhost:§

732 00000000
Django 00000000000 DOO0COO0O0O0COOO0O0COOOOCDOOO appengine 000000000000
OO0 WebTest 000 ODOD0OO0000O0O0OCOOOOOOODOODOOO

$ PYTHONPATH=../../google_appengine:../../google_appengine/lib/django/ \
python testSystem.py

DebianMMEFHERET IFL HJ
COIIAT L
COYAF LGl anWRETFIESAL T SRSEMRT IR VATLTY, EOBOURRTE CARL TES S TERIUEE AL, lebiankad
BRI S EEL TR TLUEY, Google falk PADLET debianeectinglappspat.com & invite WHE NS HESBTHASNTY
s

TAVE@Eentll FLSATEDTAVEICERLTIRFLL. FOSrYLTLE dancer) ELTHEBTOIYT

e e =

EEE
A ORI T 2T,

Y —

Event 10: [ ] [ rsxroama—m- |

741 O0O00O0OOO
000000000000 Google App Engine 0000000000 OO0OONO Google App Engine 000000
000 Google 00O DDOOIDODDODOUDOODOODOOOOODOOOODODODODODODOOOOOODOODOOOOO

*18 http://code.google.com/intl/ja/appengine/
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google_appengine_1.3.1.zip
./google_appengine
./utils/gae
dev_appserver.py
http://code.google.com/intl/ja/appengine/

gobbooooboboboooobobooo

742 0O000OO0OO0OOOODO

000000 U00oO0oooooOoO0 AppEngine O Datastore 000000000 Event OO Attendance O
UserRealName 0000000000000

Event 00 000000000000 O00OO0O0OO0O0OO0O0OOOOOOOOOODOOODOOOOO

Attendance 00 000000000000 00O0ODO0O0OO0O0OO0OO0OOOOOOOOO0ODOOOOOOOOOOOOO
goood

UserRealname 00 0000000000000 O0O0OOO0O0ODO0O0O0O0O0OCOOCOOO

class Event(db.Model):
eventid = db.StringProperty()
owner = db.UserProperty() # the creator is the owner
owners_email = db.StringListProperty() # allow owner emails to be added if possible
title = db.StringProperty()
location = db.StringProperty(multiline=True)
content = db.StringProperty(multiline=True)
content_url = db.StringProperty()
prework = db.StringProperty(multiline=True)
event_date = db.StringProperty()
timestamp = db.DateTimeProperty(auto_now_add=True)
capacity = db.IntegerProperty() # the number of possible people attending the meeting

class Attendance(db.Model):
eventid = db.StringProperty()
user = db.UserProperty()
user_realname = db.StringProperty() # keep a cache of last realname entry.
prework = db.StringProperty(multiline=True) # obsolete, but used in initial version
prework_text = db.TextProperty() # Used everywhere, populate from prework if available.
attend = db.BooleanProperty()
enkai_attend = db.BooleanProperty()
timestamp = db.DateTimeProperty(auto_now_add=True)

class UserRealname(db.Model) :
"""Backup of user realname configuration so that user doesn’t have to reenter that information."""
user = db.UserProperty()
realname = db.StringProperty()
timestamp = db.DateTimeProperty(auto_now_add=True)

743 00000O0OOOO
ubobooooooobooooooao

e debianmeeting.py: 000000000000 DOOO0OOOOOOO0O0OO00O0O0O00O0O000O00O0O0O0O0OO
oooOOooOoOooobOOoOoobDOoOooDOoOoo

e admin_event.py: O UOOOOOOOOOOOOOOOOOO

e user_registration.py: UUUOOUOOOOOOOOODODO

e Webapp_generic.py: U0 0DDOO0000OO0O0OO0OOOOO0OOOOO POSTO GET OOOOOOOOOOO
ooooooDooooooo

e schema.py: UOOOO0O0OOODOOOODOOCODOOO

e Send_notification.py: DODOOO00O XMPPOODOOOOODDOOODOOOOO

e testSystem.py: D00 00O OOOO

goboooboboooobobboooobbooobboog

e kdatkvent hitmll

® Preworkl.atex. txt

e Registerkvent.txt

® 'lhanks _html

e [opPage.html

(] LJSGEI(:Oan].ttﬂ\felltl{e;{].STZrZiTI1()11. txt

e UserEventRegistrationPage.html
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debianmeeting.py
admin_event.py
user_registration.py
webapp_generic.py
schema.py
send_notification.py
testSystem.py
EditEvent.html
PreworkLatex.txt
RegisterEvent.txt
Thanks.html
TopPage.html
UserCommitEventRegistration.txt
UserEventRegistrationPage.html

e UserEventRegistrationPage_Simple.html

e ViewEventSummary.html

744 O0O0OOOOOOO
gobooobbooobobbooobbooobboo

/newevent
admin_event.NewEvent

[event
user_registration.UserEventRegi strationPage
UserEventRegistrationPage.html

EditEvent.html \

leventregister

user_registration.UserCommitEventRegistration

leventadmin/register

Jeventadmin/edit
admin_event.EditEvent

/ " EditEvent.html
TopPage
TopPagehtml [ Jeventadmin/summary
admin_event.ViewEventSummary
ViewEventSummary.html

leventadmin/preworklatex
admin_event.PreworkL atex
PreworkLatex

75 00000

admin_event.RegisterEvent

\

thanks
Thanks
Thanks.html

ubobooooboooboboooboOooobobooobOooooOobOOooOoOoOoOoOOoOoCoObOOoobOOoOoDbOOboO0OOn
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UserEventRegistrationPage_Simple.html
ViewEventSummary.html
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