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/* version 1 */
cl ass Rectangle {
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info = in;

O0000000infod0 000000000000 0OOdatar 0000000
goobobobobobouoobooogogo

16



223 00O0OOOOOOO

00000000000000000000250000000000000
000000 000000260000000000000000000 @O n
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000op() 000
OO0 setSize() 00000 nove() 0000000000000 OsetSize()
0D00000000000000000000OOnove() 0000000000
0000000000000 00Rectangle@O000000000Onove() O
setX() 00000 setY() 000000000 O0000000O0O0OOOOOOO
OO0OsetX() 0OXOOOODODOOOOOO0DO0OO0O0O000O0setY() OO
YOOOOOOOOOOOODOOO0O0O0O0000000000 Rectangl e@ O
0000003000000000setX() OsetY() 00000000000
DORectangl e@ 0000000000000 O00000000O0000000O
000000000000000000000000000OsetX() O setY()
00000000000 ORectangl e@ 000000000

Rectangle@1 Rectangle @4
1-+op() +setSize()
/l’/ decomposition refinementlgtsetX()
{ \[ Rectangle@2 L dtsetY()
' P+setSize() ,* A refinement
P-+move() /11 | Rectangle@5
,// decomposition // Y +setSize()
" Rectangle@3 { \ xrsetX()
[ +setSize() /7 f PrsetY()
\ Pesetx() /7
Prsety() 7

025000000000

17




data

P

point

(horz, vert)

A

neg zero pos neg zero pos

rh A

21 0 12+ -2 0

=

—
N

Oz600000000000

oo 1

O000000000ORectangle@ OO OO0OOOO Rectangle@ OO0

ogoon

/* version 2 */

cl ass Rectangle {
D mDom si ze = new Di nDon( " Di nensi on");
Poi nt Dom | ocati on = new Poi nt Don{" Poi nt");
public void setSize(D nDomin) {

size =in;

}

public void nove(PointDomin) {
| ocation = in;

}
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/* version 3 */

cl ass Rectangle {
D mDom si ze = new Di nDon( " Di nensi on");
Abst Hor zDom x = new Abst Hor zDon( " Hor z") ;
Abst Vert Dom y new Abst Vert Dom("Vert");
public void setSize(D nDomin) {

size = in;

}
public void set X( Abst HorzDom i n) {

X = 1in;
}
public void setY(AbstVertDomin) {

y =in;
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/* version 4 */

cl ass Rectangle {
D mDom si ze = new Di nDon( " Di nensi on");
Hor zDom x = new Hor zDonm(" Zero");;
Vert Domy = new VertDom("Zero");;
public void set X(HorzDomin) {

X =in;

}

public void setSize(D nDomin) {
size = in;

}

public void setY(VertDomin) {
y =in;

}
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O0O00OsetX()OsetY() DODOODOODODOODODOOOO Rectangl e@®

gooooon
/* version 5 */
cl ass Rectangle {
D mDom si ze = new Di nDon( " Di nensi on");
int x = 0;
int y = 0;
public void setX(int in) {
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X = 1in;
}
public void setSize(D nDomin) {

size = in;
}
public void setY(int in) {

y =in;

ODO0O0D0OO0D0DODOODCOOOsetX()OsetY()OOODOOODODODODO
gbobuoggogbbobouobdgbobboobobooooobbooobooo
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P defn* e
defn class c extends ¢ implements i* { field* meth™ }
| interface i extends i* { meth” }
field t fd
meth t md (arg*) { body }
arg t var
body e | abstract
e new c | var |null |e: c.fd |e:c.fd =e
| eomd (e*) | super = this : c.md (e*)
| view t e | let var = eine
var avariable nameor this
c aclass name or Object
i interface name or Empty
fd afield name
md amethod name

t
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case CALLEE_OBJ DEGEN:
degeneracy (calee);
return this.dispatch (m, args);
case CALLEE_METH_DEGEN:
Method m’ = degeneracyMethod (m);
Object[] args = degeneracyData (args);

return m’.invoke (calee, args');
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/* version 1 */
class Player {
CardStack cs = (CardStack) ProxyFactory. createProxy ("CardStack");
Deal er d = (Deal er) ProxyFactory. createProxy ("Dealer");
Coi nDom vl play vl (Coi nDomvl in) {
CardDom vl cl1 = cs.getCard_vl ();
CardDom vl c2 = cs.getCard vl ();
ResultDomvl r = d.bet_v1l (new CardsDomvl (cl, c2));
return new Coi nDom vl ("coins");

}

cl ass Deal er {
CardsDom vl cards = new CardsDomvl ("cards");
Resul t Dom vl bet_v1 (CardsDomvl p) {
return new ResultDomvl ("result");

}
cl ass CardStack {

CardDom vl getCard vl () {
return new Cardbomyvl ("card");
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/* version 2 */

class Player {
CardStack cs = (CardStack) ProxyFactory. creat eProxy ("CardStack");
Deal er d = (Deal er) ProxyFactory. createProxy ("Dealer");
int play_v2 (int in) {
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CardDomv2 cl = cs.getCard v2 ();
CardDomv2 c2 = cs.getCard_v2 ();
ResultDomv2 r = d. bet_v2 (new CardsDomv2 (cl1, c2));
if (r.toString().equals ("win")) {
returnin * 2;
} elseif (r.toString().equals ("even") {
return in;
} else { // lose
return O;

}

class Deal er {
CardsDom v2 cards;
Dealer () {
int i = new Random ().nextlInt (10) + 17,
String s = null;
if (i > 21) {
s = "burst";
} else {
s = Integer.toString (i);
}

cards = new CardsDomyv2 (s);
}
Result Dom v2 bet _v2 (CardsDomv2 p) {
if (cards.equals (new CardsDomyv2 ("burst")) ||
p. equals (new CardsDomv2 ("21")) ||
p. conpareTo (cards) > 0) {
return new ResultDomv2 ("wn");
} else if (p.conpareTo (cards) == 0) {
return new ResultDomv2 ("even");
} else {
return new ResultDomv2 ("l ose");

}
class CardStack {

CardDom v2 getCard_v2 () {
int i = new Random ().nextlnt (13) + 1;
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String s = null
switch (i) {
case 1.

s = "A"; break;
case 2.
case 3:
case 4.
case b5:

s = "single"; break;
case 10:
case 11:
case 12:
case 13:

s = "ten"; break;
defaul t:

s = Integer.toString(i);
}

return new CardbDomv2 (s);

Deder@20 00000000000 ODOOOODOOOODOODODOODOOO
0000000 cardsO0O0000OD0OO0DODODODOO1I700 2100000
Orbust" 00000000 160000000000000O0O01700 26000
goooguogobbodd

int i = new Random ().nextlnt (10) + 17;

betv2 () J000C0ODOO0O0OOOOO0O0O00O0O0O00O00pO000O00O0O
000000000 wWin 00000000 even 000000 lose’ 0000
Deder@1 0000 bet vl() DO0D0D 000000000000 O00 “cads’ O
O000000000000 result! 0000000 Obet v2() 0000000
000000000000000

CadStack@2 00000000 000000000000 getCardv2() O
D00 D0O00O00OgetCardv2() 00000 O0ADsngle0600 900
0D0000“en’ 000000000000 00000CadStack@1 0000
getCardvl() 0000 OD0OO0O00O0O000O00"cad 0000000 Oget-

59



Cardv2() 000000000000 OO0OOOO

Payer@1 00000 Payer@2 000000000 Oplayvl() 0000 O
Oplayv2() D00O0O0O0O00O00OOOplayv2() 00000000000
00in000000000000000 20000000000000000
Obet v2() 000000000000 O00O000000O00Oplayvl()O
OO“coing 000000%0ing D00 00000000000000000000
playv2() 000000000 00000000000000000000000
oooo

ooog 2

gbobilgogoooobooboobobooobooooooooooooooboo
0000000000000 0D000010000000000000O7 short"d
200 26000000 00000007burst”"0200 500000000 single’d
1000 KOOOODoooo"en"oooooooo 2000000000 ooo
gogoooo

e “short"0 400 160000000
e “burst” 0 2200 260000000
e “single’ 0] 200 50000000
e “ten’ 0 100 JO QUKD DO OO

0000000000000 00000DO00DODO0D00000 Player@30Deder@30
CadStack@30 000000

/* version 3 */
class Player {
CardStack cs = (CardStack) ProxyFactory. creat eProxy ("CardStack");
Deal er d = (Deal er) ProxyFactory. createProxy ("Dealer");
int play_v3 (int in) {
CardDomv3 cl = cs.getCard v3 ();
CardDomv3 c2 = cs.getCard_v3 ();
ResultDomv2 r = d. bet_v3 (new CardsDomv3 (cl1, c2));

60



if (r.toString().equals ("win")) {
returnin* 2;

} else if (r.toString().equals ("even") {
return in;

} else { // lose
return O;

}

cl ass Deal er {
CardsDom v3 cards;
Dealer () {
int i = new Random ().nextlnt (10) + 17;
String s = Integer.toString (i);
cards = new CardsDomv3 (s);
}
Resul t Dom v2 bet _v3 (CardsDomv3 p) {
i f (cards.conpareTo (new CardsDomv3 ("21")) > 0 ||
p. equal s (new CardsDomv3 ("21")) ||
p. conpareTo (cards) > 0) {
return new ResultDomv3 ("wn");
} else if (p.conpareTo (cards) == 0) {
return new ResultDomv3 ("even");
} else {
return new ResultDomv3 ("l ose");

}
class CardStack {

CardDom v3 getCard_v3 () {
int i = new Random ().nextlnt (13) + 1;
String s = null;
switch (i) {
case 1:
return new CardbDomv3 ("A");
case 11:
return new CardbDomv3 ("J");
case 12:
return new Cardbomv3 ("Q');
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case 13:

return new Cardbomv3 ("K");
defaul t:

return new Cardbomv3 (i);

Deder@30 000 0000O0O00OObet v2() DO0OOO0OOOODOODOOO
0000000000000 01700 2600000000000 O00O00O0OO OO
O0000O0OcardsO0O0O00OO0OObet v2() 0000 OO O“short” O ”burst”
000000000000 00Obet v3() DOOODOOOODOOOODOODOO
ogodooogo

CadStack@3 0000 OgetCardv2() O0O0O0O O getCardv3() OO OO
O0000000000000000OgetCardv2() 00 O"single’ 0 "ten” O
0000000000000 OgetCardv3() D0 OOO0ODOOOODODOODOOO
gooo
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000 ShopOOODODODOOOOODOOODOOOOO order() 0O0DODOO
O00000DO0DO0DOOO0O0OstkOOoOoOoOoonoOoDoOoOooboDOorder()
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00000000000000000000000000000000000
00000000 Customer@l 0 Shop@1l OO O OOOOO0O0O0 buy() O
order() 00O00Shop@l 00 0000000000000 00000 stkO

ooo
/* version 1 */
cl ass Custoner {
Shop shop = (Shop) ProxyFactory. creat eProxy ("Shop");
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voi d buy () {
Res r = shop.order (new In ("input"));

}
class Shop {

Stock stk = new Stock ("stock");
Res order (Inin) {
return new Res ("result");
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voidO OO stock D result DO OO0 OOODOO0ODOOO0D0OOO0DOO0OO0ODOORes
O Amount 00 0000000000000 intObooleanD 0OODOOOOO0O
000000000000 0000000000DO0OvodOOOODOO0ODOO
gbooobbogoobd

I Res result
- ___d__ 1
____________________________ :
: ResAlloc (resAllocJ:resTrans) ResTrans 1
|
____________ 4 [ g S —
| Y~ B L D |
: boolean true fa]se:: product none Product
______________ [ g U U S M U —

I input In :
_________ 4
F——————————— 1

: Amount (amount,:void)

_"_?:ltfl__' e 1

: 1 2 3 .. lnt:

i_ ______________ |

| stock SLock:

L S~ - — — — — ———__

R 4 1

l...2 1 0 -1 -2 . int!

gs7z00b0booooooogoon
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O0000000000000000000O0OCorder() 00000000
0000000000000 alloc() 0000000000000 O0O0O000
trans() 000000000000 O00O0000O0Obuy() 00000000

000000000 Customer@2 Shop@2 0 000
/* version 2 */
class Custoner {
Shop shop = (Shop) ProxyFact ory. creat eProxy (" Shop");
void buy () {
ResAl l oc ra = shop. alloc (new Anpunt ("amount"));
ResTrans rt = shop.trans ();
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}
class Shop {

Stock stk = new Stock ("stock");
Amount ammt ;
ResAl l oc all oc (Anobunt n) {

amount = n;

return new ResAlloc ("resAlloc");

}

ResTrans trans () {
return new ResTrans ("resTrans");

alloc() DOODOOOOOODODOOamount” O OO OCOOODODOOODOOO
O000"esAlloc OO0 O0Otrans() O0OODDOO0DODOOOOOOOODODOOO
00 “resTrans" D0 O Oorder () OOOO0O0OO input” O"result" D000 OO
00 " (resAlloc, resTrans)” O "(amount, void)" D 00 0000 O00O0ODO Oall oc()
gdboooboobooobobbubbooouotbamt U000 o0oooog
OO00O00O0OOalloc() D00O0OODOtrans() 0000000000

og2

0000000020000000000000000000000000 al -
loc() 000 O00O0O0O0DOODOOOO0ONONOOOOOOOOOOOOOOO
00000000000 0000000000000000 trans() 0000
0D0000O0Otrans() 000000000000 00000O0000O0O0CO0
sell () Ocancel () 0000000000 100000buy() 0000000

0000000000 Customer@300 Shop@30 000
/* version 3 */
class Custoner {
Shop shop = (Shop) ProxyFact ory. creat eProxy ("Shop");
void buy () {
Pr oduct p;
if (shop.alloc (10).cond ()) {
p = shop.sell ();
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} else {
p = shop. cancel ();

}
cl ass Shop {

int stk = 20;

int amt = 0;

ResAlloc alloc (int n) {
if (stk >=n){

stk -= n;

amt = n;

return new ResAlloc ("resAlloc");
} else {

return new ResAlloc ("resAlloc");

}
Product sell () {

return new Product ("product");

}

Product cancel () {
return new Product ("none");

Shop@30 0 0000000000000 OO steck' 000000000000
O0O0Dalloc() DOODOOOOOOOOOOOOOOOOOOOOOOOOO
000000000000 000000000000amt 000000000
00000000000000000000000000 sell() O cancel ()
000000000000 product! 000000000 “none’ 0000

Customer@30 000 buy() DOCOC0 00000 O000 cond() 0000000
00000 if00thend00000000 else000000000000000
O0O00Oalloc(10) 000000 O resAlloc’ 0000000000000
OO00sell () 0000000 cancel () 0000000000 0000000
0000000000000 00000000000000000000000
00000000 cond() OOOO0DOO0O00O
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0000000000000 000O0alloc() 0000000000 ODOODO

0000000000000 000000000 Customer@4d Shop@4 0 000
/* version 4 */
class Custoner {
Shop shop = (Shop) ProxyFact ory. creat eProxy ("Shop");
void buy () {
Pr oduct p;
if (shop.alloc (10)) {
p = shop.sell ();
} else {
p = shop. cancel ();

}
}
class Shop {
int stk = 20;
int amt = O;
bool ean alloc (int n) {
if (stk >=n)
stk -=n;
amt = n;
return true;
} else {
return fal se;
}
}
Product sell () {...}
Product cancel () {...}
}

alloc() OODOODOODODOOresAlloc’ DO ODOOOOODOODDOOOO " true”
O00D0O0O00O0O0DODODO0OO0OMdse" D0 00000ooboooobooodsell()
O000O0O0OOcancel () DOO0O0ODOOOODODODOOOOOOOOOOOOO
O00O0Ocond() 00000 ODODOOODOOOODODOOOOODODOODOODO
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Lemma3
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1 AL

CLASSICJAVAD U 0O 0O 0O O[O

OO000OCLASSICAVADOODODOOoOOooODOoO

P\ (Elnew c|,S) < (E[object], S[object — (c, F)]) [new]
where object ¢ dom(S) and F = {¢.fd ~ null | ¢ <§ ¢ and 3t st. ('.fd, t) €5 '}

P\ (Elobject: ¢.fd],S) — (E[v],S) [get]
where S(object) = (¢, F) and F(c'.fd) = v

P+ (Elobject: ¢'.fd = v],S) — (E[v],S[object — (¢, F|c.fd — v])]) [set]

where S(object) = (¢, F)
P+ (Elobject.md(vy,...,v,)],S) — (Ele[object/this, v, [vary,. .., v, /var,]],S) [call]
where S(object) = (¢, F) and (md, (t1,...,t, — 1), (vary,...,var,),e) €% ¢
P+ (E[super = object : ¢ .md(vy,...,v,)],S)
— (Ele[object/this, v, fvary, ..., v, /var,]],S) [super]

where (md, (t; ...t, —t), (var;...vary,),e) €%

P+ (E[view t' object],S) — (E|object],S) [cast]
where S(object) = (¢, F) and ¢ <p ¢’

P+ (E[let var = vine],S) — (Ele[v/var]],S) [let]

P+ (E[view t' object],S) — (error: bad cast, S) [zcast]
where S(object) = (¢, F) and ¢ £p '

P+ (E[null: c.fd],S) — (error: dereferenced null, S) [nget]

P+ (E[null: c.fd = v],S) — (error: dereferenced null, S) [nset]

P+ (Enull.md(vy,...,v,)],S) — (error: dereferenced null, S) [neall]
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