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}

0 11:000000000000000




o1g 0Ooon 9

gboboboobooobooboobobooboboooobobooboon
gobboboboobooboboboooboboboooobobbon
gboobobooboobboobuoobbod

gbooboooooooboboboboobooboooboboboboooon
gbobobooboobobooooboboboobooobobogn
gbobobuooboobobuoobooobobboboooobobob
goboobooooobobooooooooooooboooboooooon
goboooobooboboobobobooobobobooboobbon
O00D0 futwrework OOOD0OOOODO



10

20 UOOoOodootdtd

ooooboooboobobobooboobuobobobobooboo
gobooboobobobobobobobooooooooobobonDo

2.1 WhiteOak

Whiteoak 00 Java O structural typing [1] 000000000000
0000000000000 DOO000 structural typing O Whiteoak O
O00d0o0dooooooooon

2.1.1 structural typing

structural typing D00 Java 00O 00000 OO0OOOOOCODOOO
U000 nominal typing U0 O 0000 OOODOOOOOOOOODOO
ggboobooobooboobooboboobooboobooooboboo
gbooboboobuoobboobobooboobboobooonbooa

ooobobobooob ABObOUObooobooooboboooboo
OobooAOBOOOOOBOADOODODODOOODOODOODOOD
O00000O0O0O0O000DDOO WhitecakOOOODO 21000000
XYZO0O XYOUUOoOOoUOoooooooobDbooobooXyzZo Xyd
gboogooboodan

2.1.2 Whiteoak

Whiteoak [5] 0000000 structural typing O Java 00 0000
googn

0000000000 noinal type 0000000 (DOODODOOOO
00)00000000000000 structural type 00000000
O000000D0O0O00ODbO 21000000000 PointO0OODOO
000000000000 int00 xy,zO0OODOODOOODO O structural
type 000 XYZOOOOOODODOOOOODO XYZO0 ODDOOOOO
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struct XY{int x, int y}
struct XYZ{int x, int y, int z}

int sumXY (XY a){
return a.x + a.y;

}

Point pl = new Point (1, 2, 3);

XYZ xyz = pl;

System.out.println

OO0 (" ’sum of x and y is 77 + sumXY(xyz));

//output: sum of z and y is 3

class Point{
int x,y,z;
String name;

Point (x,y,z){this.x = x; this.y = y; this.z

z;}

O 2.1: Whiteoak O structural type
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O00O000DOOODO Whiteoak 0ODOOO0O0OO0ODOOOOOOODO
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O0000o0O0o0o0n structural type DO O OOOO0O0DOOOOOO
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gboboboobooooboobobobobooooobobobon
00000 Whiteoak O structural type 00000000000 OODO
gbobooouoobobobooboobooboboboooobooboon
googobooboobboobuoobooobobod

2.2 Whiley

Whiley [8, 9] O O structural typing O flow-sensitive typing O O 0 O
O0000000000flow-sensitive typing D OO0 0O0OO0O0OOO0DOOO
0000000000000 0000D0000Owhiley ODDOOOOO
00o0oooooooooooooooooooooooooooooao
dodddobddoboddobouoooooboooobouoooouooa
ooooooooooo

OO0 Whiley OO O00DOO0DOO0OOO0OOO0OODOOOOODOOOOOO
gooooooooooan

b= {x: 1, y: 2}

000000000 {x: int,y: int}00000000O0O0OOOOOOO
OoooooOobOo0ooooooDbboOooDOooooOoOOD Whiley O
flow-sensitive typing 0 0 0000000000000 OOOCDOOOODO
gbobooooboboboobobuoboobobbooboobon
gbobobuoobooboboboobooboboobuooobobob
gboboboobobooboboboobobobooooobobobn
gboooobogooog

23 OJUOO0oood

goboboboobooooooobooobooobogobooobooboobo
gbobobooboooooooboboobobooooboooboon
gbobooooboooooboboboobobobbooboobon
gboobbooboobbooboaboo

gbobooboboooooboobobobobobobonooooon
gbogoobooboobbooboobbooboobbooboo
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class Person{
String name;
int age;

Person p = new Person ();
p.name = ”hoge” ;
p.age = 20;

022 Javal0O0O0OODOODOODOO

23.1 000O0ooObOoOOoOoon

gbobooobooboboboboobobobobobooobooon
gboboboobooboboooobobobbooooooboobon
gboooooooooooooooooooooon

02200000000000000000000000Java 000
00000000000 000000000000000 JavaScript [4]
gooooooooooooooboobooboobgno

var p = {}
p.name = "hoge";

p.-age = 20;

gboboooboobooboooboboob 2200000000000
00000000000 (0000)OD0D000D00o0oooOoO0oooo
gbobooobooboboobobobooboboobooboobon
gbooaboan

goobooobooooboobbooooooobobooooooboooon
gboobuooobobooooboobuoobobobooboobon
gbobobuooboobobobooboboboooobobobn
gbobodbooboooobooboboooobobooobooobooon
gboobooobbooboobooboobboooboobooboo
gbobobobuooboobobobobboboooobobobob
googoobooobooonoog

2.3.2 Scala

Scala [7]000000000O0D0OO00O0UOODOOOOOOOO Scala
gbobooboobobobobooobobooboboboboobon
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gbooobooon

00 Scala 00O Tuple 0ODODO0OOODOOOOODODOODOODOODO
gboboboooboobobooboboboobooboooooob
gbooobobooboobooobobon

goog

val p = (10,"hoge")

OoooooodoobdTuwleOOOOoOoOOOOOODOOOOOODO
pOO0O0O0OODO Tuple2int,String) D0 0D O0O00D0O0O0OO0OOOOOOO
(val0O0O0OO0OO0O0ODO0OO0ODOOO0OO0O0O0O0O0OOO0)0000O0UOOODOO
OO0000b0O0DbOO0o0oDbOOo0ooOooOooboOoOoooOOn Tewle OO
gboogooobooboooboobooobooboooo

e NUUDODOOODLDOODLOOODODO
e JOODOUODODODODODODODLODODO
e Tuple U O ODOODOODOODOO

oO0DOO0o00O TwleOOOOOODOODOOOOOOODOOODO
gbooobooboobooobuoooobooboobbooboo
000 TuwpleOOOOOOOOODOO

gbooooboboooobobobobobouoooobooobaon
gboboboboooobobobobboboooobobobon
Tuple 0000000000000 O00O00O000OOOO ("hoge",10)
000 TupleDOOODOOOOOOOOOOO Tuple2[String,Int] 0000
000 Tuple2[Int,String] DO O0DO0O0O0OO0OOO

oo0obDOo0ooOo TuwleOOODOOODOOOOOOOOOODOOD
gbobobooboboboobobobooouoboobooooooboon
googoobogn

oobooDoDbOOTwleODDOOOOOOOOOOOODDODOOOO

ScalaOOODODOOOODOOOOODOOOODOOODOOOOD
gbooboooobobooooooboobobobooboobon
gbooaboboobuadaoo
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3.1 0O0oooggd

gboobooboboooboobooboboboobobooboon
ggbooboobooooobooboobobooboboobooobooo
gboboboboooobbobooobobobboooobobobboooon
god

U0000oodooooougy structural type DO OO DODOODOODO
gboboboboooboobobobobooboboboboobon
gboboboooboobobobooobboboboooobobon
ggboobooooogobooobobooobooboboooboooo
gbobobobobobooooboboboboooobooboobon
gbobooboboboobobobooobobooobobooobbon
gbooooooooooooooobgono

oobooobboooboobobogJava 000000000 OOODO
oooooooonb JawvaO0OODOOOOOOOOO

3.2 UUobooooooo

gbooobodbooboooobobobooboobboboobooon
gbooboboobuooboban

var p = new();

var p = new();

p.name = ”hoge” ;
p.age = 20;
int i = p.age;

031 0000000000000000
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0000000000000 O0new() DOODODODODOOOODODODOOO
gboboooboboboboboboobobuooboboobobo
gbobobbuoboobobobobobobuobooboobobob
var OO0 O0O00oooaoo

varUO0O0oooooooboooooooboobooooboobobobo
gbobobooobobooboboboboobaobobobobobob
O0oo0oOooobooooOo0oOoOooboooOoOooobobooOoooo e
U o0oobbooboboobboob verbgogboooboboon
gbooobooboaobboaboo

gboooobooboooobooboobooooboboobooon
0000000000 00000000 31000000dp0O StringO
Oname 000000000 Int00 ageJ 0000000 0OODOODOO
goooboboooogd

goboobooobboobooboooobg

var p = new{name: "hoge", age:20}

gboboboboooboobobobobooboooobooboobon
gbooooobooboobooon
gboboooooooooooobobobobooooooobooon
(0O000)(CoOoOOOO0)ODDUDOUOODOOODUOOOOOOOJava O
gbooooo 220000000000000000000000 310
goboobooboobobooboobooobooboobooboboboo
gbooobboobogboobo
gboopooooobobobobooobobobobobbooooon
gboooooooooooooogno 3agogooooogoonog

int 1 = p.num;

gbobpbOobO0ObOobOOobObOObOb0bOObOObOO0bOOobOonbn
000000 JavaSceript 0000000000 OCOODOODOOODOODO
gboboubuoboboboboobobobooooboobob
gboooobooobooonoog

3.3 Uuoooggd

gboooooooboooobobooooboooboboboon
gobooboobooboobooboobooboooboobooboboboo
gboobobooboobbooboobbooboobbod
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3.3.1 structural type OO [

0000ODOO0OO0O0O0D0DOO00 structural type DODOOOOOODOO
structural type 000 0000000000000 (OOO0OOO)OO
0000000000000 oooooooooooooooona
00000000000 D000D00000 structural type OO OO0
0000000 ((@0000000)0D0000000000000000
000o0000oooooooooooobDooooooooonooooo
000 3.10000000 pO000OD00OO0ODOODOODOOO String O
O name O int 00 age O O0OOO0O (OO)0O00DODOOOOOOO
0000000000 pOOO {name: string, age: int} 0000000
dododoboodouooooouooooouoobouoooa

3.3.2 UU00Oooboooogoon

000000o0000ooo0oo0oooDooooooooooooon
gojjdddddddoooooooooooooobggoooooo
doddddooooobobobobboooooo oo ooooa
O00oDoo0oooooooooo

goooooooooouooooooooooooooooooon
0000000000 ooooooa
0000000000000 0000000000000000000
000000000000 00D0O00O000000d least upper bound
O0O000000Oleast upper bound D0 OO0 O0O0O0OD0OOODODOOO
000000000000 0000D00000000000000000
dodddoooooooooooooooooooooooooooo
0000 (D0o000Oo0o00Uoo00bD)0Do00o0oUoOoOOoOooooo
oo booooouoooooon

0000 3.200000shaped OO Circle d Square O least upper
bound 00 000 ShapeO O O0aO OO {shape: Shape} 000000
000000000000 dshaped ObjectD 00 0OOOOOOODOOO
shaped Object 00D DO0O0O0DDOOOODOODN Oshaped Shape OO
0000 Shape OO DODOOOOODDOOOODODOOOOODODOOODO
goooo

ogooooooooooooooooooooooo

O var a = new();

a.name "hoge";

a.name = 1;
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class Circle{

ey

}

class RedCircle extends Circle{

ey

}

class BlueCircle extends Circle{
var ¢ = new();

c.circle = new RedCircle ();
c.circle = new BlueCircle ();

032 0000000000000000000

OO000O000OO0OStingd intdO0D0O000O0O0ODOOODOOODOOODO
gobooboooobooobobooobboooobooobooboboonoo
goooboobobobooooobobobobooobob int0onDO
O00000D00O Integer 00DO0OD0OOOOO named OO OString O
OInteger 000000000 0O0O0O0OO ObjectD0O0O00OOOOO
gbobooobooboobobooobooobobooobobooon
gboboboooboboboobobobobooobobobbon
gbobobuogbobobobooboboboboobobbobob
gbobobobooobobboboooboboobuooobbodn nameld
OO0 Object 00000 OOObject0000O00ODOOOOOODODOODO
000000000000 0000000 named ObjectdO0OOOO
gboboboobooboboboooboboobooooboboon
googoobooboobooon

34 UU0O0Oobooooooon

var DOO0O00O0OO0O0OO0OO0DOO0OO0ODOOOO00DO0O0O0DO000
bdbOvarO0OooOoOOobooOobOoobooobooobonooobbon
gbooboooobooob 3.30000oooboooooboboooon
OobobobDOoOb-0ObOODOOOOOODOODODOOOOOOODOD
gboobboobobooboobooboobbobobooboobooo
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var a = new ();
0 a.name = ”hoge”;
O var b = a;

033 0b0boooobooooon

oo ooooooooooooooon
0000 a000 {name: String} 000000 bOOOOO a0000O
00 {name: String} OO0 O

0000 ooooooooooon
bOOODOODODOODOOO0DDOODOO00ODODO00ODODDODO00ODO0OOO
ooodoooooooooooobooboboodooooooooogoo
0000000000 new()0O00OOO0O0OODOOOOODOOCOOODOOO
000000 (D00 9000000000000 DO0O0bbOOOoOn
gooboooooooooooon

0o0o0ooooooooolobover00dooooooooooon
0000000000000 00D0O00D00O00 3400000000
O0000000000000000000000a000 {name: String,
age: int}0b OO0 {name: String, height: int} 00000000000
0000000000 cO000 {name: String} 000000000000
0000000000000 00D000O cO0 bO0OO0DOOO0DOODO
doodooooooooo 1ooooboobo coboooooooooo
O00,bO0D00O0D0O0OOD0DO0ODOODOOODODOOcODOOOO
000000000 bO00D0DOOO0ODOODODOODODOODOOO

00 structural typingD D00 00cO a0 bOOODOODOODOODOO
O0000OcO0O0O 000 bOODO0ODODODOODODODOODODOO
O000000Ostructural typing 0 000 0000000cO00O0¢@ (O
O00000000000000)0000 {name: String} 0000000
goooooooooooboboboooooooooonoooooooa
0000000000000 00O0O0000d least upper bound 000 0O
00000000 Ostructural type 00 OO least upper bound O O O
0000 cO0O000DbO00O0DOO0O0ODODO0OD cOobOOo bOoOoO
0000000000 (name O height 000 00000)000000O0
0000 cOO00000000000 nameOO0O0OoonQ
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var a = new();
a.name = ”hoge”;

a.age = 1;

var b = new();
b.name = ”foo” ;
b.height = 170;

var c;
c = a;
c = b;

034 00000000000000O00

3.5 Ubbooobooobouobuoboboobd

Javaa OO 0OO0O0O0OO0OO0O0O0O0O0O0O0O0OOO0OO0OOODODOODODO
gbobopooobobobooobobobobobobobobon
goboobooboooboooooobobooobooboooboboo
UO0var0Ooooooobooooobooobobooooooobon
gbobooooboboobd0vardgbooooboboobon
ggboobooobooobooooboobooooboooboooobooboo
gboobodbvaerdbgoooooobobboobooobonooobgon
gboogoobooboobboobooboobbon

gboboobooobobOovarD0bO0O0O0OO0O0ODLOO0ODOOOODOOO
gbobooobboboooobobobooboboooboooboon
gobooboboobbooobbuooboboooboooboobdgdvar
gobbooobboooboxgbooooooo 2000000000000

String s = x.name;
gbooobobooboobbooboobooboooboobooonoon
x.age = 20;

oooooopoOoo0oOooooboboOobobOooO0oooopoboooooo
ooogobooboooooooooboooooooboooooooooo
OO00DOoO0ObOO0o0oDOoOoboOOODbOvaerDO0ODOOODOOxOoODO
O String 00 name OO 0OO0OODO0O0OO0OD ageD0ODODOODO int
oooooooooooboooooobooboooooobooboooooooo
OoobDoOooooooDo
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void f(var x){

String s = x.name;
x.age = 20;
var r = new();
r.name = ”foo”;

f(r);

O35 000000000var0onooon

var U000 ooogoogoooodoooooooguooobooaa
goboooobooobooobboobooobbooobooboo
OU00D0oOoboOoooDbOoObOn structural type DD OOO0OOODO
gooooooooon

goob 350 name 00O OODODOO0OOOOOODOOOODOO
000000000000000 {name: String} 0000000000
0000000000000 000000000 r O {name: String} O
0000000 (000o0oooo0o0o0oUooO)Doooooooo
oog

oo 350 age 0 0O0O0OO0UODODOOOOOOOUOUUOU
O0o00000O00o0oo0o0oO0oO0oUo0oooUooooUo()oo
00000 (age: int) 00000000000 DOOOOODOOOOOOO
goobbobboooouobobbboooooooboboboooooono r
0000000 int000000D000000O0DO0O00 r0DO000O0OO
{age: int} 000000 (age0 00 Int 000000 DOODOOOOOO
O000000)0D0000 r0000000OO {name: String, age:int} O
godn

Ud r00oooouog ageD0OO0OOO0OOOOODODODODODOOO
gogooon

r.age = exp;

O00U0bD0Db0b000b0D0bD0bbOUOb0oUD ageOQOobOOO int
0000000000000 00O0Orage 000 (DODDOOODOODO)
int 00 exp OO0 least upper bound DO OO OOOO
0000000000 {}0 ((UoO0oUOoUDOOUDOOOOUOOOO
O000bO0O00obOOobOooooooboooooobooogooobooo
0000000000 xOODOO00OO0OO00O000OO0oOO0o0ooOooo
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000000000000 000oO0OoDoO0OO0O0OOdO {name: String, age:
int} 000000000

gboobooboobooboooboboobooboobobooboo
bbbt oboooobobobbooooououobobooog 3.6
00000oooooooboboooooobooobobDooooboooo
gbooooboonogd

1. 0000000000 oU0o0oooOoooooUoD {jJoooooo
gobodgboobbodobooon

2. {}00000000000000000000000000000
(00000000000)000000000000000000
000000000000000000000000000000
00000 (QO0O0000)

3. 000000000 DO0U0O0U0O0UO0UOOUD ()Ubooo
gboboboboooboooo

4 )U0O0O00OO0O0OO0OO0OOO0ODOOOOODODOOODOOOD
00000000 least upper bound OO OO

00000000000000 x000 {a: Object, ¢: String}(b: Object)
ooooooo

00000000O0{}00 ()000000000000000000
00000000000000000000000000000000
000000000000000000000000000000000
0000000000 360 2b000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
00000000000000000000000000 3.6000 b0O
00000000000 00000000

String <: x.bU0O <: Object
gooboobooboooboo ooo
U0 Object <: String

oboboboobooobooooboboboooobobobo xbDO
Object U0 ODOOOOODOOOOODOODOODOOOOOODOOOOD
gboooboboobgoaoo

String <: x.b 000 Object
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void f(var x){
Object o = x.a;
x.a = "hoge”;

x.b = new Object ();
String s2 = x.b;
String s3 = x.c¢;
Object o = x.c;

036 00000000Db00Db0O0DbOOn

var foo (){
var x = new();
x.name = ”hoge”;
x.age = 20;

return x;

O3 00000oooooooooooog

ggboodoboggoboonbooobbooobooubooboad
oo

gobodobboooboooooboooobooobooooooo
gdoooboobobbbibdooooooooooobbooad

ggobboooobbverbogooboooboooooboobo
o000 bobooobboooboooo
bbb buooboobobooobooouoboa
gogooooooon

00000 3.7000000000000000x000 {String: name,
int: age} 000000000 fooO0ODOOOOO {String: name, int:age}
goooooon

var y = foo();

O foo0J0OODOUDOOOyOOO fooOOOOODOOOOO {String:
name, int;age} 0 0 0O O
gdddobdooooboooouooooooooooobooooog
ddddddooooooooooooooooooooooooooao
oo ooobouoobboooooooooooa
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gboboooooboboobooobobobooobobooooooboon
gobooooobobobooboobuoboobobobobobon
gbobobuooboobbuoboboobobobboooobobob
gbobobooobooboboobobobobobooobooboon
gboboboobooooboboboboobooooobobobon
gboobobooboobbooboaboo

3.6 UUbobouooobbuoboooboboboood
gad

gbooooobooboboboooobobuooooboboobooon
gbobuobooobooboobobuoboobobobuooboobob
gboogooboobgoooo

gobod 380b0b00nd

0 r2.rec = ril;

Uboobobobr20 rece000000D0O0 1 0DO0ODOODODOO
oo0o0b0obO0o0b0obO00o00ob0obo0obobin r2rec00D0O
00000000 00000000000 {aint} 0000000
gboobooboobooobooboobobbooboobon
gbobbooooobobbooooobobobooooooobobobooon
OO0 380 r3self OO (300000000000 0O0OrSself 0ODO
RB300000000C000000Bself000000000ODO0OCOD 13
O0000DOO000DOO0OO0KkBself 0O0DOOO0OO0ODOOOOODODOD
gbooboooboboobobooboobooboboobooboobooobooo
ooooooooogoog
goboobooobboobooobboobuooboon

l. dgboooboogbooooooboobuobbobooboboobo
gooog

2. 00000000000 b0o0boobboobooboboooDn
. 0gbooboboobobooboboboboboDbo

gobobooboboooboobobooooooboooooo
gboooboobobboobooboobobbobooboboboaon
000000000000 r2000 {rec: {a:int}, self:(r20000)} 0
00000 uX.{rec: {a: int}, self: X} 000000000000000
gboboobuoobobobobooobobobooooobobon
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void f(){

var rl = new();
var r2 = new();
var r3 = new|();
rl.a = 1;
r2.rec = rl;
r3.rec = r2.rec;
r3.self = r3;

¥

U 38 bboonouoobobooobooobooon

goboobooboobooboboobooboboobooboobobooboo
gooooooooooooooobooooogoonoo

3.7 typeof

gbooooboobobobooobobobobooboobooobon
ggoooooooboobooboooboobooobooobooboo
gbobobobooooooobobobobooooboboobob
gboboboobooobooboboboobooboooobobooboon
ggboobbooobooboobooobooooboobooboonboboo
gboboobobobooboboobboboooboooaobon
gbobobobooobobobboooboobvargooooooon
0000000000000 000UO new()DOODOOOOODOOODOO
gbooboboboobobobooobobooboboboboobob
gboooooboobogn

o OO UOUIDODOOUOUDOOOUODOOO
e instanceof DO OO OO0

000000000000000000000000000000

00000000000 typeof 00000000 Otypeof 00000
00000000000000000000000000Otypeof(exp) O
00000000 exp 000000000000 0000000O000
0000000000 exp000000000000000000000
0000000000000000000000000000
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var p = new():
p.name = ”hoge” ;
p.age = 9;

var q = new();
q.name = ”foo”;

q.age = 10;

Map<String , typeof(p)> map =

0 O U new HashMap<String , typeof(p)>();
map. put ("p” ,p);

map. put (7q” ,q);

var 2 = map.get(”q”);

O 3.9: typeof DO OODODOODOOO

typeof 00000000000 390000000000000000O0
000000000000 00 pO0O0OO0ODOODODODOOODOO Map
000000000000 000000 MapODO String0D000O0O0OOP
0000 (0000000 0)000b00o0UoUoO0oOooooooo
0000000 pO000OO0D0OO0ODOODOOOOOpOODOOODOODODOO
00 structural type DD ODOOOOMapUO O OOOooooonoon
pO000D0O0DO0ODOODODOODO Stringd 0O nameD int00 age D
O00b000O0o0ooO0obo0ob0ooobobOobooOobooooobooo
0000000000000 boooooobOg varogo
goo0o0oobooooooooooogooon
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40 OO0

0000o00O0000oo0o0ooo0ooooooooo0oooooo
oooooOO0OO0OO0Ob00O0bOo0b00000o0oo0ooooooO0O000.
O00000000000000000O000000C0O000BO0O000
0000000000

00000 JavaDO0OO0ODOO0O0O0O0O0DOOO Featherweight Java [6,
10(00 FJ)0000000000000000000O00O0O0O00OO0
O0000000000000000000000 Featherweight Record
Java (OO FRJ)OOODO

OOO0OFRJO FJOOOOODOOOOOODOOOOOOODOOOOO
O00o00O00oo0oo0ooo0ooooooOooooooooooooo
Oo00000000 FJoooooooOoOoOOOOOO000000000
o000

OooooooorJoOoODOOOOOOO0

e [ (expression) 00 000000000000 DOOOOOOOOOOO
gobooboobboobooboboon

e OO DOOODOODLOODDOOODDOONO

4.1 0O0O0OO0O0O0OO0OO0OOO

FRJOOOOOOOOOOOOO 410000000FRJO FJOO
000000000000 00 FJODODDOO0OO0O0O0ODOO000Oo0O0OoFrJ O
Oo0o00OoO0000oDoDoObOoOo0o0oobOoo0o0ooooobOoOoooOoon
ood

00o0oooObOOo0o0oooobObo00o0ooooDoboooooooo
000oooooooooodddoooooooooooonO FRJO
0000000000000 JavaOOOO statement DO OOO0O0O00O
statement 0000000000000 recurn D0 O0000O00O0OOr O
var D00 O0D0OO00O0OOOODOOOOOoOooO

000000000 o0o0bOdDOoooOooOooDoooboOooDoOgno 4200
000000000000 000000DbOO000 structural type 00O
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4 o N
CD :=class C extends C {C f; K M}

K == C(C f){super(f); this.f = f}
M = C m(C 7){S return e}

Su= wvarr=new(); | varr=e; | r=e¢; | rm=¢ | SS
ex=x | r | ef ] en | em(e | newC(e)
v = new C(v) | {m7o}

N )

O 4.1: Syntax in FRJ

00 i<=j

Ta = {Tlnl, T]n]}

Tb = {T{nl, T;’I’Lz}

Yk k=1..0,T), <: T}
T, <:'Ty

(ST — RECORD)

0 4.2: sutructural type O subtyping

gbooooobooobooonoog

4.2 reduction(J0) OO

FRJIODODOOOOOODOOOODODOODOOO statement DOOO0D0OOO
0000 O 43,4400000000000 A0000000000O
000000000000 oo0o0oooo00 (FRJOOOOODOO)
O0000DO0O000000 <A, S>000 A D statement SOOO
000000000000 (R-DECL-OR-ASSIGN) 0000 var* O *0
00000000000 0var 00000 (D0O0DO0OO0)000O000D0OO
oobobooobooboooboobobooooDooo

000000000000 mbody(m,C)J0O0O0 COOOOOODO
00000 mO000000000O0000O(00O0 statement,return
0)OOO0OO0DO0O0O0O0OODOFRIOOOOOOO statement 000000
goooobooooooboboobooboobouooboboboooooboooon
U000 statement OO O00O00O00000O0O00O0O00O0 return OO
ooooooDo
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e—¢
m(R— MEMBER — OR — FIELD)
n=mn;
Trotn = o o0 - MACCESS)

O mbody(m,C) = (T, S, e)

<P, STl >—o< Ao >
O0Abez—u —0v000

new C(v).m(u) — v

(R— INVOKE)

O 4.3: expression reduction in FRJ

FRJO statement OO0 000000000000 OODOOODOOO
gbhboobuobobobodbdUstatement OO0 ODOOOOOO
gooobooooobboooooooboooobobboooooon
gooboobooboobooboobooboboobooboobobobo
0000000000000 0 (DObooUooooUooooooooOon)
gboogooboobooonobooboon

4.3 0O0OO0OO0O0O0O0O0O0O

gogooobobooboboboooooooooboboooooooobooooon
O0000oooonooouoorrRJOODODONO statement DO OO0
UbO0O0O0Ostatement UUOOOOO0ODO0OO0OOO0OOO0OOOOO
FRJIOODOODODODOODODOODOOOOOOOODbOOoDOoooooooD
gboogooobooboobbooboobobon

4.3.1 000000

gbobooobooooboooobob 4500000000000 000D0OO0
oo0d

¢ = (name, isfized, assigned M ember, assigned Record)

ooobDbOo00o00D0name JOO00O0O0O00 var OOODOOOO0ODO
O00Oisfixed O true OO0 000000000000 OO0O0DO0OO false
O0O00000O0O0O00b0OCOO0O00DOOO0DOassignedMember O



040 0DOODO 30

r:{T n}
< Ayvar r =new(); S >0
—< Alr — {n:null}],S >

(R— DECL — INIT)

AF e—vw
< Ayvar*r=e¢;8 >
0 =< Alr—v],S >

(R— DECL —OR— ASSIGN)

O0AF e—w

OAF r— {n:v}
' = {mTon; — v}
<A, rn;=e 8>
—< Alr —1],8 >

(R— MEMBER— ASSIGN)

0 4.4: statement reduction in FRJ

00000000000000000000000000000000
0 DassignedRecord 000 000000000000000000000
00CO000 ¢c000000O0<C,$>0C0000000000
00SO0000000000000 statement 100000000000
0 {n:e}.put(no,eq) D mO0O00 nO000000 €0 0000000
Ony:e000000000000000000000O0O0O00000
0000000000000000000000

e IO DOO0ODLOOODDOODOUODLDODLO
e OO DOOODLOODLDOODOU
e J00D00ODOODOODODOOOOOOOODODO

00 0O O statement O

var r = new();
r.a = new TQ;
r.a = new U(Q);

var r2 = ril;

var r3 = new();

r3.b = r.a;
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e D

(r,,)¢C
0 < C,var r =new(); S >00

—< CU(r, false, ¢, 0), S >

(C — DECL — INIT)

(T7?7)¢C
D<C,varr:e;S>DD(C DECL — ASSIGN)

—< CU (r,true,¢,{e}),S >

0 c= (r,isfized, {n : e}, {€'})
O0o0doceC

d = (r,true,{n e}, {e e})
<Cyr=epS>><Clc—d],S >

(C' — ASSIGN)

00 ¢=(r, false,{n e}, {e'})
oo0o00o00ceC

c = (r, false,{n : e}.put(ng,eg), {€’'})
< C,rmg=ep;S >—><Clecr— ;S >

(C — MEM — ASSIGN1

c= (r,true,{n:e},{}) ceC
— MEM — ASSIGN?2
< C,rmg=eg;S >—><C;5 > (© SSIGN2)

\_ /

045 0000000000000

gboooooobooooooooooooooooooon

C = {(r,true,{a: new T(),new UO},{}),
(r2,false,{},{r}),
(r3,true,{b: r.a}t,{}H)}

gooooooooooooon

4.3.2 DOO0O0OO

ooooboobooboobbooboobD 4600000 bObDObO
goboobooboobobooboobooobooboobooboboboo
gboooobooboooboobooboobooboobon
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0000000 (000 10)00000000000000 Rpame O
0000000 R.O
00 R, = (assignedM embern, assignedRecord, memberType)
0000000000 DO assignedMenber,assignedRecord 0 000000
O000memberType 00000000 D0ODOOODOO RO
OO0 for cin C, Repame = (c.assignedMember, c.assignedRecord, {})
O00DOO0D0O0000O0DO0ODO0O0O0ODoOoDOoROODODOOODOO
oood

FRIOOOODOOODO new()DOODOODOOODOOODOOODOOOO
000000000000 DOO00DOO00ooOOoooDoobOooOoooOooOoo
0000000000000 ooooooooobooooooo
00000 structural type 0 OO O least upper bound 0O OO0 OO0
O0000000000(S-NOT-INIT-REC)O R, 0O (¢,e,0) 000000
0000000 LUB O least upper bound 0 O OO0 OOOO

O0new()JOOODOOOODODOOODDOOassignedMember O 00O 0O
000000000000 DO0D0O0D0DOO0 assignedMembar 000 00O
U000 membarType 00D OO0OOOODDOOOOODOOOOODOOOO
000000000 least upperbound OO0 O0O0O00OOOO0OOODOO
000000000000 O0OassignedMember [ memberType O O O
00000000000 (S-NOT-INIT-REC)ODODOODOODOOOODOOO

0oo0o0oooobobooooOooooooboOobooooooboo
0000000000 00O0000o0oooooooooooooooong
gooooobooboobogbouooobooobbobooobooboo
O000bO00O00bO0oobDO0oobOo0oobOOooObOobObOoboboOooDoo
R.-OROODOODOOOODODOOODODOOODOODODODOOOD
goboboooboooboobooboobobooboobooboboboboo
O0b0000O00oOOooOob0o0bOOo0ooOOoooboOoboooooboo
0000000000000 0oon

oooboboboo

C = {(r,true,{a: new T(),new UO},{}),
(r2,false,{},{r}),
(r3,true,{b: r.a}t,{}H)}

gbobobobooobobooboboboboTOo U0 Te>u000
gboooboboooboooooon

R = {r:{a:T}, r2:{a: T}, r3:{b:T}}

googooobogn
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- N
00 n:ee€ Ry.assignedMember
I'kte:T
S—INIT—-MEMBER
R,.assignedMember.remove(n : E)( )
O R,.type.add(n : LUB(T))
R, = (¢, {e}, T)
—INIT - RE
R:RU{TZT}(S REC)
.= (¢, {e}, Fke:T
B, = (@ 4ehd) UEe:T o nop_ iniT— rEC)
R=RUr: LUB(T)
n: T € R,.membarType
Tkrn:T (T - MEMBER)
r:TeR
FI—T:T(T_REC)
NS /

U46: 000000000000O0O00O0O0OO
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s N
r:TER
T~ REC)

. . .
I'tr:T Tisrecordl'ype n:T GT(T_REC—MEMBER)
'krn: T

\_ /

U477 0000000000

4.3.3 Typing rule

oooooboobooooboobooboooobooobOo 4700
ggooboboooboboboboobobuoobobooboon
gboboboboooobbbooooobbobooooobboooon
gbobgoobooboboobobooboboobooooboob RrROODbDODO
god
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Us0 Ui

gooboboobooooobobbooooooboboooooobooobon
Jawva 0000000000000 OOO0OJastAdd [2, 3, 11]0000
00 JastAdd O Java-based 0000000000 DOOCOCOOOODOOO
O JastAddOOODOOO JawvaODOOOOOOODO JastAddJ OOOODO
ooooooooooooog

00000000000 00000 structural type DOOO0OOODO
Java OO0 OO0OODOOO0OODODOOODOODOOOOODOO Java OO
gobooboooooobooboobobooobobobbooboo
gobooboobooooboobOo JavaDO0O0OOO0O0OODOOOOODOOODOO
gooooobooboobooon

5.1 UOOoooon

ggobobobooooobobbboooooobbbooooobbobo
gbobboooobobbbouoooobobboooobobobooooon
gboooboobooogd

e structural type 00D O0O0D0OOODOOODODOO

e 10000000 00OD0OOODNONN (000000000000
oooo)

void hoge (){
var x = new ();
x.name = ”"hoge” ;
xX.age = 22;
System.out.print (x.name);

}

Us1l:00000000000000




© 00 N O Ot ks W N

e e
w N = O

gs0d 00 36

class record_name$$01
implements StringName ,IntAge{

private String name;

private int age;

public void getName(){return name;}
public void setName(String name)
0000000000 AO({this.name = name;}
public int getAge(){return age;}
public void setAge(int age)
00000000000 ({this.age = age;}

}

g s2. 0000000000

gooobobooboooooooobobooooboooboooobooooooon
goboobooooboboooooboooboobooogoobon Javald
gbobobooboobobbobooobobobooooboobon
goobooboobodoobooob sibooobooooooobooooo
gooobooboooooboobobooooobooboooooooooon
gboobobooboboboboobooboobobooboboobooboo
gbobodgbobuoobobobobuoobobobobbobooon
000000 gettertUsetter UO OO OOOO0OO0O0O00O0OODOOO
gboboobboboobobooobooboboooboboobobo
gbobbuoooobobuobooooobuoobobobooboobob
gboboooooobooooboboooboo s100bbbod xgoo
{name: String, age: int} 00 000000000000 DO0OOO0OOO
000000 5200000000000000000000new() 00
gbooobobooboobbooboobboobooonboo
goobboooobbooobobobogg verbboooobobDO
gbboboooobobuoooobobooboboboobobob
gbobooooobooboobobobooboboooooooon
O0000D0O00D00Over000D00O00OOODOODOOOO Object OO
gbobobobooobbbooooobobboooobboobboooob
gboobooooobobboobooboobbooboboobooobooo
goooobooooooooobooboogooboooooooboooon
gbobobobooobooboboboboobooooboboobob
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000000 structural type 00 00O 0O OO structural type 0 0000
0000 nominal type 000000000000 OO0ODOOOOODOO
O0000o0bOO0bO0oO0bOobOoOobOobOobOoD 510b00 xOobo
Object 0O D ODOOO

000000000 Object DD OOODODOOODDOODODOOOOODO
0000000000000 000000000000O0var00000O
0000000000000 00ooo0oo0oooooooooooon
O0000oooooooOooooooooooooooooooooon
0000000000000 0000D00O000o0oDoo0o0ooooon
000000000 0oo0o0ooooooooooooooooon

interface StringName {
public String getName();
public void setName(String name);
}
interface IntAge {
public int getAge();
public void setAge(int age);
}

0000 xname 0000000000000 Ox O StringName 000
0000000000 setter UOOODOOOOOO getter 1O QOO
gooooboobodgno 510000

x.name = "hoge";

((StringName)x) .setName ("hoge") ;

gboooobog sl10bboobuooboobb s3b00nbnoaon
gboboooboobobobuoboobobobobbooboooan
gboboooobobooboobobobooboboboooooon
gbobobooboobobooooboboboooobobbon
gbobobbooooobbbuooooboboboooooboobboooon
gogd
gooooobooboboooobobobuooooboboobooon
O00JavaO0OOD0OOO0OODODOODODOODOODOODOO
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class Class_method_x$$01
implements StringName ,IntAge{...}
interface StringAge{...}
interface IntAge{...}

void hoge (){
Object x = new Class_method x$$01 ();
((StringName )x ).setName(” hoge” );
((IntAge)x).setAge(22);
System.out.print (((StringName)x).getName ());

}

0 s53: 05100000
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el UU

gboooooboboobooooboboboooobooboooon
ggooobooboooboobooboooooboobooboooobooboo
boboodbobobobooooobobobobooboboobo
gbooooooobogn

gbobobobobooboooooooooboooooooo

6.1 UOLOUugboboobobooboonod

gboboooboobobobobooboboboboobooboooan
gbobobooboobooboobooobooboboboooobooboon
gboboooobobboooobobobooobobobobbon
gboobboobuoobboobuoboobbodoboo

0000000000000 00000 (00000000 O0)00o
gbooobooboobboobuooboboobooboooo

6.1.1 0O0O0ODO

O0DO00O0JawvaOOOOOOOCODOOODOODOO Eclipse 00O
gbobobooboobooooobobobobooooobobobon
ggobobuooboooboobobuoobobuobobooboboobob
gbobooobooboboobboobooboooboboboooobon
googoooboobooobooobo

gbooogboobooboobobuobooooobobobaon
gooboobooooboobobooooobooobobooooooboooon
ooboobobooooooboob Javad0OoboooooboboonDOo
U0000000 private0 OO gettersetter 000000000000
obobooobg 6100000000000 gettersetter U0 O 0ODOOMO
Ubob0o0bobOo0obO0obOoobo0obOobOolbOg getter,setter 0 0O 0
0000000000000 O00oooooooUooOO (booobooo
gettersetter 100 )00 0000000000000 OOOOOOODO
O0gettersetter 0D O00OO0O0000O000O00O0DO0O0O0OO0OODOO
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class Person{
private String name;
private int age;

Person(String name,int age)

{this .name = name; this.age = age;}
public String getName(){return name;}
public void setName(String n){name = n;}
public int getAge(){return age;}
public void setAge(int a){age = a;}

0 6.1: 00O getter,setter 10 OO0 00O Q0O

gobooboooobooboooboooooboobooooboboobo
gooooooooooooon

e 1[0 getter, setter 0 [J

e OOODOODO

b0 gettersetter U OO0 ODUOOOODOODOOOOOOOO

interface

abstract class

o OO

gbooboobboobboobuodgbuoobbooboobooboo

obooobooobooobooboobuoobuoobooboonJava
00000000 JastAddJ OOOO000OO0OO00O0DOODOOOOO0OO
gboogooboodan

6.1.2 0J0O0OO0OOOU

Jodobooe10000000000D0D00O00 getter,setter 0 00O
000000000 (interface 000)00000 099% 0000000
0000000 interface O abstract class 0000 1.30%000000
O0odoooooooooboooooooooooooooooooa
godoooodoodooodoouooooooooobooooooao
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00 0O getter, setter 0 U 211
oooood 228

OO0 gettersetter DD OODODOOOO 798
OO0 gettersetter U DO ODODOOOO 677
OO0 gettersetter U D ODODOOODOO | 2912

interface 3390
abstract class 1824
oooo 13211

O 21401

O 6.1: Eclipse UODODOOODODOODO

goobbooobbboooooobbooooobobboooon
gbooboobbobboobuodobuoobboboboobooboo
UboobOdgettersetter OO OO0 O0O0O0OOOOOOOOOOO
gboboboobooboboooobboboboooobobobn
gboboodgobooboboobbobuoboooboboboobobob
gbobooooboboobooobobobooobobooooboooon
gbobobobobobuobooooooobobobobobobon
O00000000000D0O0 getter,setter 100000 toString O
goboobooobooboboboobobboboboooobobon
googooo
0000000000000 0000000 (00000 ooO)0o
gbobobooooboboboooobboboboooobobon
gobooboobooboobooboobooboobooobooobo
gboooobodabod
gboooooooooobobobobooooboooboonooon
obooooooooooooooobogoboboobobobobono
obooobooboobo JawvalOO00OO0OO0OO0OOOO0OOOOOODOOO
gbobobooboboboooooboboboooobobbon
ooooboboooboooooboooooooooooogg JavalD
gbobooboobobooboouoboboboboboboaobob
0000000000 (0000000000000 D0)0D0O0000
goboobooboobooboobooobooboobooooboboboo
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oo
O000oOooo |gooo
ooooo
Java 1452 23.3
ooo 2048 23.8

0 62: 0000000000000 0OOO0OO (ODOO)

6.2 U0O0OOOOOOOO
6.2.1 0O0O0OO

gobooobooooboooboooboobooboooboobooobo
gbobooboobooboboobobobooboboobooooon
gboboobobobooooboboooobobobobooon
gboooooooooooboooboobobobobobOon Javad OO
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gboooobooboobbooboobbooboobo

gboogbooboboooboooboobooobooboooboboobobo
gobooboboboboobobooboboooboboooooboon
goog

e OS: Windows Vista
e CPU: Intel Core2 Quad 2.66GHz

e Memory: 4GB

6.2.2 0O0O0OO0OOOO
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00000000000 40%0000000000000000000O
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gboboobobobooobobobooobobobooobooobon
gbooooooobobobobooboodbverbD00oooooODO
goboobbooooobobboooooobobobbooooboooon
gooboboobobobooobooboobobboooboobon
gobooboobooobooooooboooboboooboobooboboo
gboooogbobobooboboboooboboboooogon
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070 O0O0O0O future work

7.1 0O0O4d
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7.2 future work
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0 O A Featherweight Java [
O

ggogooooooobbboobobooooooooobobobooboboboon
O00000000000000 Featherweight Java 00 00000 [6, 10]
oboobooobboborrJboboobobooobobooobobooobo
obooooooooooooooooboobobooboboobobono

4 N
Cc<:C
C<:D D<FE
C<E
CT(C) = classCextendsD{...}
C<:D
N /

O A.1: subtyping
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s 2
fields(Object) =0
CT(C) = classCextendsD{C f; K M}
fields(D) = Dg
000 fields(C)=D g,C f00000
N /
O A.2: Field lookup
~
CT(C) = class C extends D{C f; K M}
00 B m(B z{S;return e;}) € MO O OO
mtype(m,C) =B — B
CT(C) = class C extends D{C f; K M}
m is not defined in M
00 mtype(m,C) = mtype(m,D) 0000 )

0 A.3: Method type lookup

CT(C) = class C extends D{C f; K M}
00 B m(B z{S;return e;}) € M
mbody(m, C) = (T, t)

CT(C) = class C extends D{C f; K M}
m is not defined in M
00 mbody(m,C) = mbody(m, D)0 000

O A.4: Method body lookup
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mtype(m, D) = D — Dy implies C = D and Cy = Dy
override(m,D,C — Cp)

0 A.5: Valid method overriding

fields(C)=C f

FE-P NEW
(new C(0)).fi — v; ROJ

ep — €

h __(E - INVK — RECYV)
ep.m(e) — ep.m((e))

e; — €

(E— INVK — ARG)

Q}o.m(@, ej, €) — vo.m(T, 6;, €)

e — e,

E—-—INVK - A
new C(T, e;,€) — new C(T, €}, e)( v RG)
N J

O A.6: expression reduction
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) h
;"FC%(T — VAR)
O0Tke:Co
00T kep:Co

mtype(m,Co) = D — C
Orl+te:C C<:DOO

I'Fegm(e):C (T - INVE)
fields(C) =D f
'e:C C<:D
I'Fnew C(e): C (T - NEW)
NS /

O A.7: expression typing

O0z:C,this: Clkey: Ey FEy<:Cy
O CT(C) = class C extends D{...}
override(m, D,C — Cj)

Co m(C z){S; return egp; } OK in C

(T — METHOD)

0 K = (D 3,C F){super(s); thisF = F)
fields(D) =D g M OK in C

S (T — CLASS)
00 class C extends D{C f; K M} OK O )
\

0 A.8: Method typing 0 Class typing



