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A000D00000000000D000DO00D000Lisp, Scheme, MLOOODOOODOO
O0000000000000000000000000000000000 (Smalltalk, Java,
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1.1 ODOooogd

goooOoOoOoOoOo(OooOO)0C0000O0O0OO0OO0OO00O0ODOC0OODOOUOUOOOOO
00000/OO0 (0)boo0O0O00000ooOoOO0OO0o0DU0oOoooOoOOoOooOOO
ggbbobuoooobbbdd z,ydbboooogn

ez (y) DODODOODOOOOODODO getr (gety)
e x (y) DDDDOODODOOOODO putr (puty)
e 000 de,dy 0000000000000 a+de,y+dy 0000000000 move

gbogbooboboboooooboobobooobobobooboboobooon
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gbbgodbgboogoobbooboobboobobooboobobuoobooon
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gobboodddmeve UUOOODODUOOOOD pute, puty U DD DOUOO0OO0ODDOOOOMO
O00000000O00Othis (Java, C++) 0 self 000000000000 OOOOOO
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e 00000 (0OD)DODO
e 00000000

e 1JUJDUDDDOODDODUIOUOUDOODODOO(DOOOODODO (constructor)) 10O

000000000000000000000Java 00000000000 OO0)00OO
godbboobddd Point U

class Point {

field x;

Point(x’) { this.x = x’; }

method getx() { return this.x; }

method setx(x’) { return new Point(x’); }

method move(dx) { return this.setx(this.getx() + dx); }
+

dodobbbdudd shisUonoooboooboooooodooouoooobooooo
new Point(...) DOUO0O0O0O0OPoint 000D DO0ODDOODOODDOODOOOOOODO
0000000 (Point(x’) {...}) 000000O0O0ODOOOOOOO this.x = x’; OO
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0000 (class-based (object-oriented) language) D0 0000000
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O00)00000C0O0O0OO0O0O0O0O0ODO0O0ODOOO0OODOOOOOOOOO (inheritance)
gobbuoodbbbooobbuoobbooobbboobbbodobbb Croint OO
ggbobuooobboooobooboood

class CPoint extends Point {
field c;
CPoint(x’,c’) { super(x’); this.c = c’; }
method getc() { return this.c; }
method setx(x’) { return new CPoint(x’,White); }
+

ggbobuoooobboooobboboood

e extends Point 0O OO0OPoint 0000 0O0OODOO/O0000/000000O
godddddcpoint DO UUOOO x0OO0O0OO, getx,move UL OO OOOON
O000OCPoint O Point OO0 O0O0DODODOOOOO (subclass, derived class) 00 O O
0000000000 Point O CPoint 00O OO O (superclass) 0000000000
goo

e c,getc 10000000 DOOO/O0O0OODODODO
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goboobooogobooo

e setx U U 0DOULOOOOUO0ODOOOLDDUOODLDDOUOOODLOO0ObLOObLbOOnOD
000000 (override) DO000OCPoint O00DDD0DDOO0ODODOOOO setx 00O
gogobobbobobbbtbododgoooooobbobobib move OO OOOOOO
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1.4 ODOOOOOOO

Java, C#ODOODODODODODODODODODOOOOOOOOOOOOOOO
ggbobobuoooobbboooooboooobobboooooboo

e () imstance0f C: (0 )000D000000OOODOOOOOODO cOODOOOO
000000000 true 000000000 falseJOOMO

e (O)(0O ):(0)ODOODUODDODOO ODODOUDODOOOUODODOD cOOODOOOODOODOO
gbobbooobbuodbbbooobbdooobooobbbooobbooobon
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2 000 Featherweight Java

Featherweight Java [1, 0000 10 190 (00 F))OOOOOOOOOOOOOOOO
U000 JawvaOOOOODOOOOOOOOODOODODOOOOOOOODODODOOO
O0000000000000000000 (Untyped FJ, UF)) 0000000000000
gboogod

2.1 OO

B,C;po0O000D0O0O0OoODOObOOfme000D000O00ODOO0OODOOODOODOO
gboobooboobooboobboL, K, MeODO0DDOODOOODOOODOOOODOO
000000000000, w 0000000000000 O00OOOO(@COOODOO)O00OO
0000000000000000000(@O0 f;004fA4;---f,;0000000000
00 f,000000000)

class C extends C {7; K M}
C(f){super(f); this.f=f;}

m(T){ return e; }

x| this|e.f|e.m(e) |new C(&) | ((e
new C(7)

@Qixh
|

00000000000000000 (L,e)000000000000000000000
main 0000000000

0e0000 21,...,2,00000ey,...,e, 00000000000 [+ eleg 000
0000000 ¢ 00000000000000000NDOOODOOODOODOOODOO
D00000000000000000000000000000000

Jwa 0000000000000 O0000O0 Object 000000000000000
FJOOOObject 0000000000000 O0O0DOOOOOOOOONOOOOOOOOO
0oooo00ooooon

0000000000000 00000000000000O0bject 00000000
OD000O00Oextends 000000000000 000000000000O0 Object
D00000000000000000000000000000000000

0000000000000 000000000000000000000000000
D00000000000000000000000000
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0000000000000 mbody(m,C)00000000O0O0OCOCOOOOOOOOOO
gogbboooobbbooaooboo

fields(Object) = o

class C extends D {f; K M} fields(D) =g

fields(C) =g, f

class (C extends D {?; K M} m(@){ return e; Y e M
mbody(m,C) = A\T.e

class C extends D {f; K M} mg M mbody(m, D) = \T.e
mbody(m,C') = A\T.e

mgMOmOOOOOOODODDOOOOMOOODDOOOO0OO0OO00D000000000
oooobo b pOoboooobOobooOooOobOo oL pooooooobooooboo
gogno

c<D D<EFE class C extends D {...}
C<FE c<D

c<cC

221 00: 0000 e—€f00000D0DO00OOOOO

fields(C) = f

(R-FIELD)
new C'(e).f;, — ¢;
body(m,C') = AT.
— mbody(m, C) = 3¢ — (R-INVK)
new C(d).m(e) — [T — €, this — new C(d)]ey

cC<D

(R-CasT)
(D)new C'(e) — new C' (&)

ey — €

(RC-FIELD)

eo.f — ey f

ey — €

(RC-INVK-RECV)

ep.m (&) — ej.m(e)

e; — €

(RC-INVK-ARG)

eomC...,€,...) —eom(...,€e,...)
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e; — €,

(RC-NEW-ARQ)
new C(...,e;,...) —mnew C(...,€},...)

ey — €

(ey — (el

(RC-CasT)
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0000000 Point, CPoint 000D OIOUOOOOOOOOODO (int, Color 00O O
O0ooooooooooo)
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class Point {
int x;
Point(int x’) { this.x = x’; }
int getx() { return this.x; }
Point setx(int x’) { return new Point(x’); }
Point move(int dx) { return this.setx(this.getx() + dx); }
}
class CPoint extends Point {
Color c;
CPoint(int x’, Color c’) { super(x’); this.c = c’; }
Color getc() { return this.c; }

Point setx(int x’) { return new CPoint(x’,White); }

3.2 UUuooon

ooboooboobooaOObOob0Ob0 AODO0OOODbDOobObOobobOOobobobooobooboboo
UoddbobbDb0O0return DO OUOOO0O0O0O0O0O0O0ODOODO0O0ODODO thisOOOOO
gobogobuodobbuoodobbooobbbooobbuoobbuoobobboboob
gobboooodlb thisOOOOLOOOooooobOoooooboobooobobobooon
ggbboobobbootbodooooooobbbbotbuooooooooobbboob
gobobogdgbbuoogbboobugoobooobboooboobbuooobboon
gobboobbuoooobbooobbuoobbooobbboobbbooobooob
gobogobbuogobbooooobuoobbogoboooobboooobbooon
ggboobobodoodn

O000000CPoint OO0 DOODO Point 00 O0O0DOOOODODO (substitutable)— O
0000O000000o0o0o0oodooooooOoOoOoDoDO0O0OOO(ooDooooOoOod
000)-000000000000000000000000000000000000
O00000000000000 (subtype) D0 00000000000 0OODOOOOOOOO
o0o0boo0O AOO BOOUOOODODOD ADODODOOOUOOUOO BOODOOOO
gbboodgbobboodobuooobbuooobbobboobboobbooobbooob
gogobobooogoon

gbbogdbooobuooobooobbuooobuoobbooobbuooobboon
gboboboboboboobobuoboooOJavab00oooooooooobobooon
gbobobodgbbodbbudoobbuooboooobbooobbuooobbobbaob
gobbogboboobobooobboobboboobobooobobooobbooon
ggbobobuooobboooooboo



3.3 Uuubuooooon

Jawva00OODOO0O0OOO (heOOeOOODODOOOOOO20C)e000 CcOOOOO
000000 (0O000)000O000000O0O0O000OooOoOoOoOoOenOOnOnOOd
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gogbbobuoodgoboboooobobuooobbbuoooobbobuoooooboon

4 (O0O0O) Featherweight Java

4.1 00O

ooo ¢ F; 000 fi;---C, f,; 000000000000 00000000000

= class C extends C {C f; K M}
C(C f){super(f); this.f=f;}

C m(C 7){ return e; }

x| this|e.f|e.m(@) | new C ()
new C'(v)

S 0=y o
|

gboooooooooobooboobobobobobobobobobooobOob kg
0000000000 JwvaOOOODO0OOOOOO0OO0OOOOO(0OOOFIO JavaOOO
o0o0ooooooo)

4.2 0000

000000000000 00000000D0000000DO0n frilds(C)y 00000
O00fields(C)DOOOOOOODO COOOOOOOOODOOOOOOOOOOOOOO
gogbooodg

fields(Object) = o

class C extends D {C f; K M} fields(D) =D g
fields(C) =D §,C f
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4.3 0O0OO00OO

0000000000000000000000000000000C <D 0000
0000000000000000000000000000000000000000
O miype(m,C) 000000(00000000000000000000 fields(C)O OO
ooo)

class C extends D {C T; K MY By m(B ©){ return e; Y€ M
mtype(m,C) = B — By

class C extends D {C f; K M} m & M mtype(m, D) = B — By
mtype(m,C) = B — By

000 roooo00000(000000000)00000000O0O0O000o0oOOQ
O0000000bogobod TrreeC, MokinC, Lok OO0OD0O0ODOODODOODOOOO
ggg

NLrxeCklaxel (T-VAR)
'zedl x
it (T-WEAK)
LyeDFxeC
I'keq e C elds(Cy) =C f
0 0 fields(Co) / (T-F1ELD)
Fl—eo.f,»GC’i
I'eq e Cy mtype(m,C’o)zﬁﬁC F'teeC cC<D (71 )
-INVK
Fl—eo.m(é)EC
fields(C)=D f TreeC C<D (T-New)
-NEW
I'Fnew C(e) € C
I'FeeC (T-Cas)
-CAST
' D)eeD
TE?,thiSGC"eero EOSCO
class C extends D {...}
if mtype(m, D) = D — Dy, then C = D and Cy = D
e ) - ° ° (T-METHOD)

Cy m(C 7){ return ey; } ok in C

K=0C g, C f){super(g); this.f=f;

}  fields(tD)=D g M okinC
class C extends D {C

f; K MY ok
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4.4 0O0O0O0O0OOO0OO

FJOO0O0O00D0000000000D0DbO AO000D00O00 Type Preservation, Progress [
000000000000 00000O0O0OOOOO0O00000000 (Do0)oooood
0000000000000 (Progress D 0O0O)

4.4.1 00 [Type Preservation]: 00000 (L,e) JOOOLok OO T Feec C OO
e— ¢ 000000 DOOOOOTFdeDOO DLSCOODODO

4.4.2 00 [Progress|: 00000 (Le) D0O0OLok D0 eFecC OO edO0DO
D000 new E(e) 00 EL£ D00 e000000000D0D0DOO 00000
e— ¢ 0000

5 0000DDODO in FJ

5.1 JUouooboooao

class Nat {
/* abstract methods */
Nat add(Nat x) { return this.add(x); }
Nat mult(Nat x) { return this.mult(x); }
}
class Zero extends Nat {
Nat add(Nat x) { return x; }
Nat mul (Nat x) { return this; }
}
class Succ extends Nat {
Nat pred;
Nat add(Nat x) { return new Succ(this.pred.add(x)); }
Nat mult(Nat x) { return x.add(this.pred.mult(x)); }
}

new Succ(new Succ(new Zero())).add(new Succ(new Zero()))
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