144 | #12F RATRBIENEE

4>, Position3D KMAN z FEIWENELMS 3 1 ICRIE, LIEHE,

FATRVHE— T AKX MRl RE S kA A, B Position 2N z FRARTAAE
BEHMAS 2 IR, Position3D KW z FEAM AR 1| MTRT, T2, xmove Jiik
FE|H x FEB, S E AT AR R HAR X S & Position A& Position3D 28, Ff
T BT,

AN, FATBAERTLLSr AN Position 285 Position3D Bl AR xmove J5ik KA N
MG IEEN . 755 Position ZEXNMIZIELM T, x FROMAEEARE 2 1 ocxk T, 7E
5j Position3D XA IEIEM T, X FBIMFEIESS 1| DnE P XMk BRI A SFRAIL
BATYERE, NI EEOR,

(EE@F&meﬁgmiﬁi—%ﬁ,ﬁu%%ﬁmt@mﬁﬁomﬁ%giﬁﬁ,%ﬁﬁm@1
I FRREER—MIE, hEELI,
N C++ 89K BREER (virtual function table ) B 5 = £, BRNWXFZEHAK, MIELFRLE
ATFEHIRR AR — B, REEE SHFRER P UAEESREER — B R,
[ 57, BRMRSERROISHEE, CHARRE— I IEKE, AR,
[ Java BsMEOHE—FFRNZS EEHRE, BtEGHERNEE, PHIM Java iS5 R
| BBTEOMNTE, RTRERARIE, BETRIRAN, X— a5k, J

EPEL EX lookup Fik

BT AR IEE R 2R U Lookup TS TERR P T T A PR IR AN, Bl T
BT S RO B SR BB R ORAF 25 T T AR B AR LY Y s b, Z GRS AR
kR ) G AR AR 4 ARV i (E, BPaat Tl e iy As i g | I RS 3 1487t

lookup HMIEMSH P E 1 symbols W%, %k BRIRERBE WA, &
WM ALY Symbols XM put Fik, WEREMAFRES UM, e
% Symbols MEZH ., TU&, TEPUTIE lookup kG, Symbols X &gt —suAr &

T AR AT DA e A TR O Y T e 28 i (1) 24 Bk S AR ) PR AL B — Y

REWGY T class ilA), MIEREWSIEMALTE lookup Fik. BdXIKY B, lookup Fik
WREATR class A 5 I RIG SHEE IS SUARXT B MGIEER!, 17 Symbols 4§ N
PR A ST, FR N EN RS . lookup JEPATAT NG, 165 AR
Al Symbols XM RARIGTES 5B — .

TEY J Lookup FiERT, FATATLLEFEM A I —F & XM lookup kM REML, K
5 S A SUAAR S TR 18 R, BAESE T A T el % Jy A o T LA B 38
PSRRI, FATRA TRtk B, FRATATLUEBIC AR Lookup Jrikffs
WA TR, INZ TR ECERREH de £ 1H7)E X, Stone iff 5 A HE A HA Y =1
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A5 I He A3l

Xf lookup JE#HFATIY AR TR, A IFEBOE BB AES | T 22 m s giE
AT SR IE SR T RN B, IR RBIC TR S F B AN SR A B X BRI R AR S
FRZ AT, FASEIRMERE . 1B U HGE TR S AR E A this MRM L, Ui
1] this X RMFEEHERER T this. M. WHEUL, lookup HIEASZHF this. x X
FEIEE, WRZEERS I, s ARl —1 x.

M T i s g | HDE AR, PRI IRATAT IR E—= i lookup AL, ME—
T EAB N, Symbols X ZIRIMIPRAENI &, N Yl it fRAF 2 5T BHEM I #RR

( B #BEXRT, 2AEIE(F IR )MFATMEEEAERE X EMMBILIER, \
B 2, XELEEFNER, FA lookup WIS eval HISEIE R LR,

\

AFEN Llookup HiESLIKR AT e HHZ AT, Ak, 240 symbols X475 2k
—LeHEL XY Symbols MRMYE T eval kLN Environment X4, B THBREM i
2RI EOR R RS 45

Kl 12.2 & lookup FIEAEAFRKIE SR M E R T sSymbols X4, X 44>
X outer FEOERE, ulicsk TARFZEBM AR, B T &G —4, XX 28
T Symbols MY TF,

RIS PR 12.4 TP — P H Y SymbolThis XMAME L. BHTICHERE KT HEL
H) R A i 44 FR. SR, SeRECRE], Joe SURT B AR R R AR &, e B FR,
WA E S A SRS i A —A> this, SymbolThis XJR{UZICsE this MIfEE.

NIHIX P MemberSymbols X4 I Tl F B 5k . A 12.5 2B
FE X, MR Lookup FIEAEZEE LB S| T H T LTk de £ 184], i 2478
WINZESE 4> MemberSymbols X2 H,

T =L SHENK
REAE
FiE% SN O
RENE o
Symbols
FEREZ 5N
RENE o\»\\e‘
this 548 R #9 MemberSymbols

REAVE et
C%MemberSymbols

/SymboIThis

syms

HHH B H Symbols Xt 5



146 | #12F RATRBIENEE

FEANBINSBRALE R, lookup FIEWRAESE ATl R] TIREFRA, KE ek
ERIRATEME T S A B BAIR, WERIZAFRIE R I, Lookup HIEM MK 12.2 th
S—> symbolThis X4 put TR MNAFK.

T2 R I AR R e As i, MR TB4, Btk put A outer $8M)
1 MemberSymbols XML put Hk, MiAE EiEEM A 5 ( SymbolThis X4 put Jiik)
KIBIMBIR, outer FEIHEINZ I TICRF Bt Hnl®, ZLAE 12.2 hgRt R EEAR
AL symbolThis f{# symbol X4k, &M T put Jrid X FEAIE AR R B,

MemberSymbols X R TR LA . FEBA MG Z AN M IRFNLE . XL R0 B
B{EM Location MR FE /R, ZWMEEA nest Y index 7, HH MemberSymbols X
SR Location X% M, nest FEAE N HEE METHOD 8¢ FIELD (‘B EMINAF 7
BEE R ), W, nest TR THRRZAWE T NENZECEMSEILMERSEL, index FE
T RR 5PN B A E AT TR T3 LA TR il METHOD 5 FIELD X P FFGk
1% &, MemberSymbols X LA (UTE nest B AR R HI B — 1> 24 FRO= 75 2 1 1) A8 i
#. Location X RIETFICKEZHIMGEE, Flln, EARLKHEFe B RS TH—12,
DORR, HATEXS this MERIHR LG I PR, 1550 EA T ED R el IR &

SR SymbolThis.java

package chapl2;
import stone.StoneException;
import chapll.Symbols;

public class SymbolThis extends Symbols {
public static final String NAME = "this";
public SymbolThis (Symbols outer) {
super (outer) ;
add (NAME) ;
}
@Override public int putNew(String key)
throw new StoneException("fatal");
}
@Override public Location put (String key) {
Location loc = outer.put (key);
if (loc.nest >= 0)
loc.nest++;
return loc;

SRR MemberSymbols.java

package chapl2;
import chapll.Symbols;

public class MemberSymbols extends Symbols
public static int METHOD = -1;
public static int FIELD = -2;
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protected int type;
public MemberSymbols (Symbols outer, int type) {
super (outer) ;
this.type = type;
}
@Ooverride public Location get (String key, int nest)
Integer index = table.get (key) ;
if (index == null)
if (outer == null)
return null;
else
return outer.get (key, nest);
else
return new Location(type, index.intValue()) ;
1
@Ooverride public Location put (String key)
Location loc = get(key, 0);
if (loc == null)
return new Location(type, add(key));
else
return loc;

120 LLi Lo tr G

AADE 5 12.6 AR ET— 5 A SC LR B BT TIBE AR, BT E IR AT B M S
e, Hrf, b class WHAFHDCHIIE IR LRI SIS INAHNTY eval 5 lookup Jiik /e E%
sl .

HE, BN EHES class iEAXT W ClassStmnt KRN T 48 lookup J7
%o eval FEHHITY lookup JIETNREA Y AHRAE . WRFET & 2R TT Zaf R — A0k,
AP IRAT 0 SR —AC T, HH IR ARSI e S, IS BEAA R T 22 4k 7R 1) 1 i
5B, XH—kK, lookup HiEMLEPIT. B, eval HIEFHEZIL—MHIRSE, R
B} Lookup EEMPUITHEHER . classStmnt 251 eval JFEEBGIE—1 optClassInfo X}
ZIFW MBS, HTRAEYHE XWENGE R AR AR T KM ks F
B, optClassInfo X EFUGAMIXE(EE . B L EEZ IS, 185 BRI X 25
SUATE Lookup 5.

ClassBody KHHI lookup JFIENLR de £ IEAMMUERIRAL IR, 2558 SUAT Y de £ 184]
FHT & ik, WAL L7 R A7 /E MemberSymbols XN, HIE 12.2 R4S 3 A
FIRRIIN S . Lookup FiE R &IZ I 2B O AfAE, JHRIRE M AIWE SN i 5= AT
Tk, BUTIE ST, B)5, lookup JEBXT def 1HA)HH LookupAsMethod J7¥k. HT
D78 L5 REBUE LA AR, 72— R b2, PIGX AR HHEMTH] lookup, TME
I 3 AN T R SE AR -
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RIS . 12.6 B Es N Defstmnt KU T lookupAsMethod 7k, EANFFE def i
AIEAT O UBHAT Lookup 403, 1ookupAsMethod J kBl —A~5 A R b
MY Symbols X4, FHLAMASEE AT EARE N lookup Fik, Z kY def BAITEE L EEL
e A Defstmnt RN Lookup Jrik, i Fun 281 lookup LA RIZAETF, &
Fe eI Symbols X451 e N ERIN— LR this.

FERoR, FATHFTNF NSRRI eval sL5 2SRRI, Dot ZEFHEN eval Jik
e . GRIBBELT) MAMRERATAMIE new FikXiF, BIE— 11 Stone 1HH X4, &N
EHZE S F Bl X B E B opt StoneObject 24 read kS, XH
B eval FiE5EH 95 (5 9 K ) UHIE 9.6 128 Dot KIS eval HLKFEVNT, HIELH
A — N PIE I,

Dot ZEFHEMY eval LA Stone 15 XT4RNT, i %et)E—1 optStoneObject Xf
%, SRJGVAH initobject JIAWIRILIZNT S, initobject JrKH class WA KHE 545
EIZEE SUARTE A 1 BREGI T, S22 A4S, initob]ect FIERFAEHITICEMM S
PREL. FH TR T eR A P 2L FH A, AR, I initobject gl A — B aREE
RPATRIR AL,

initobject AT E KN 1 B8, BIURAE T this M. eval ik
TN X SRR ) S B IR, T chis MEIRAE 2EAIREE | T ER T,

newEnv.put (0, 0, so);

H TR newEnv 1Y outer FEARMI Tl 2 AR B ENAEL, HikeRE
ARG 1 R AT B S o IR T2RA95E 3, BESE LT optClassInfo X4
M environment JiERIS,

Name KHFHH eval HIEREWINZATH Lookup Fikic st AR B AR ES 44 AR I Y
i, XHA lookup ke H F—FACHSIE . 11.4 P NameEx E2#R .

WERTFEREGAATES b, 1B F RSl get This ARG PERAT this f8mY
MR XMEIT, FPLAUALE this ABMRIFAIE. ik, FOTHE this MELEZIRAF
TEBAIMEE 1 A oE P, UEER 12.3 7 optMethod 251 makeEnv JEMIER &S — 1 H
THATHOTEAEL, BRAEARE B 1 oo R P IRAF this BIHS

e.put (0, 0, self);

T SR ) S R 1 BRI W LR A A BESCRAR

MAh, BinaryExpr 25 computeAssign FiEWH EAE G, [ — 5 CHEH 114
1 BinaryEx2 Bl #RE X computeAssign JIECAXT BT TEM, MAERNTTHFEFIK
S ZHIE Lo AR E XM computeAssign 7 EAUSTERE F kA M2 7 Bt AT,
A IATRRE I FH Z BT RS o
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AR 12,7 22 DA b BB US AR PERESE TH A AR &7 TAATR . AURDIE A 12.8 2
IR SR

KAgiEE12.6

package chapl2;
java.util.ArrayList;
java.util.List;

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

ObjOptimizer.java

static

javassist.gluonj.Gluond.revise;

javassist.gluonj.*;
stone. *;

stone.
chapé6.
chapé6.
chapé6 .
chap7.

chapl2

ast.*;

Environment;
BasicEvaluator;
BasicEvaluator.ASTreeEx;
FuncEvaluator.PrimaryEx;
chapll.
chapll.
chapll.
chapll.
chapll.
chapll.
.OptStoneObject.AccessException;

ArrayEnv;

EnvOptimizer;

Symbols;
EnvOptimizer.ASTreeOptEx;
EnvOptimizer.EnvEx2;
EnvOptimizer.ParamsEx;

@Require (EnvOptimizer.class)
@Reviser public class ObjOptimizer

@Reviser public static class ClassStmntEx
public ClassStmntEx (List<ASTree> c)

public void lookup (Symbols syms) {}
public Object eval (Environment env) {
Symbols methodNames = new MemberSymbols (( (EnvEx2)env) .symbols (),

extends ClassStmnt {
{ super(c); }

MemberSymbols.METHOD) ;
Symbols fieldNames = new MemberSymbols (methodNames,

MemberSymbols.FIELD) ;
OptClassInfo ci = new OptClassInfo(this, env, methodNames,

fieldNames) ;

((EnvEx2) env) .put (name (), ci);
ArrayList<DefStmnt> methods = new ArrayList<DefStmnts () ;
if (ci.superClass() != null)

ci.superClass () .copyTo (fieldNames, methodNames, methods) ;
Symbols newSyms = new SymbolThis (fieldNames) ;
((ClassBodyEx)body ()) .lookup (newSyms, methodNames, fieldNames,

methods) ;

ci.setMethods (methods) ;
return name () ;
1
1

@Reviser public static class ClassBodyEx extends ClassBody {
public ClassBodyEx (List<ASTree> c) { super(c); }
public Object eval (Environment env) {
for (ASTree t: this)
if (! (t instanceof DefStmnt))
((ASTreeEx) t) .eval (env) ;
return null;
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}
public void lookup (Symbols syms, Symbols methodNames,

Symbols fieldNames, ArrayList<DefStmnt> methods)
{

for (ASTree t: this) {
if (t instanceof DefStmnt) {
DefStmnt def = (DefStmnt)t;
int oldSize = methodNames.size () ;
int i = methodNames.putNew (def.name()) ;
if (i >= oldSize)
methods.add (def) ;
else
methods.set (i, def);
((DefsStmntEx2)def) . lookupAsMethod (fieldNames) ;
}
else
((ASTreeOptEx) t) . lookup (syms) ;

}
}
@Reviser public static class DefStmntEx2 extends EnvOptimizer.DefStmntEx {
public DefStmntEx2 (List<ASTree> c) { super(c); }
public int locals() { return size; }
public void lookupAsMethod (Symbols syms) {
Symbols newSyms = new Symbols(syms) ;
newSyms . putNew (SymbolThis .NAME) ;
( (ParamsEx) parameters () ) . lookup (newSyms) ;
( (ASTreeOptEx) revise (body ())) . lookup (newSyms) ;
size = newSyms.size();
}
}
@Reviser public static class DotEx extends Dot {
public DotEx (List<ASTree> c) { super(c); }
public Object eval (Environment env, Object value) {
String member = name () ;
if (value instanceof OptClassInfo)
if ("new".equals (member)) {
OptClassInfo ci = (OptClassInfo)value;
ArrayEnv newEnv = new ArrayEnv(l, ci.environment()) ;
OptStoneObject so = new OptStoneObject (ci, ci.size());
newEnv.put (0, 0, so);
initObject (ci, so, newEnv) ;
return so;

}
else if (value instanceof OptStoneObject) {
try {
return ((OptStoneObject)value) .read (member) ;
} catch (AccessException e) {}
}
throw new StoneException("bad member access: " + member, this);
}
protected void initObject (OptClassInfo ci, OptStoneObject obj,
Environment env)
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if (ci.superClass() != null)
initObject (ci.superClass(), obj, env);
((ClassBodyEx)ci.body()) .eval (env) ;

}
1
@Reviser public static class NameEx2 extends EnvOptimizer.NameEx {
public NameEx2 (Token t) { super(t); }
@Ooverride public Object eval (Environment env) {
if (index == UNKNOWN)
return env.get (name()) ;
else if (nest == MemberSymbols.FIELD)
return getThis (env) .read (index) ;
else if (nest == MemberSymbols.METHOD)
return getThis (env) .method (index) ;
else
return ((EnvEx2)env).get (nest, index);
1
@Ooverride public void evalForAssign (Environment env, Object value) {
if (index == UNKNOWN)
env.put (name (), value) ;
else if (nest == MemberSymbols.FIELD)
getThis (env) .write (index, value);
else if (nest == MemberSymbols.METHOD)
throw new StoneException ("cannot update a method: " + name(),
this) ;
else
((EnvEx2) env) .put (nest, index, value);
}
protected OptStoneObject getThis (Environment env) {
return (OptStoneObject) ((EnvEx2)env) .get (0, 0);
}

}
@Reviser public static class AssignEx extends BasicEvaluator.BinaryEx {
public AssignEx(List<ASTree> c) { super(c); }
@Override
protected Object computeAssign (Environment env, Object rvalue)
ASTree le = left();
if (le instanceof PrimaryExpr) {

PrimaryEx p = (PrimaryEx)le;
if (p.hasPostfix(0) && p.postfix(0) instanceof Dot)
Object t = ((PrimaryEx)le).evalSubExpr (env, 1);

if (t instanceof OptStoneObject)
return setField( (OptStoneObject)t, (Dot)p.postfix(0),
rvalue) ;

}

return super.computeAssign(env, rvalue);
}
protected Object setField(OptStoneObject obj, Dot expr, Object rvalue) {
String name = expr.name () ;
try {
obj.write (name, rvalue);
return rvalue;

151
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} catch (AccessException e) {
throw new StoneException ("bad member access: " + name, this);
1

S RPNd ObjOptinterpreter.java

package chapl2;

import stone.ClassParser;

import stone.ParseException;
import chapll.EnvOptInterpreter;
import chapll.ResizableArrayEnv;
import chap8.Natives;

public class ObjOptInterpreter extends EnvOptInterpreter {
public static void main(String[] args) throws ParseException {
run (new ClassParser (),
new Natives () .environment (new ResizableArrayEnv())) ;

S RPE] ObjOptRunner.java

package chapl2;
import javassist.gluonj.util.Loader;
import chap8.NativeEvaluator;

public class ObjOptRunner {
public static void main(String[] args) throws Throwable {
Loader.run (ObjOptInterpreter.class, args, ObjOptimizer.class,
NativeEvaluator.class) ;

125N L

ZHEIC &R, WREXE chis MR HAT B HBFEBEGIH, E—f AT
1) lookup T AFARL, PATHETCIEGREET . Mk, BT AEERLEE H R s | H
FET, SAEAE L AR RIS, EA R PR R A, T3 BRI TR

R T G — I, FRA P —Fh 42 M NGR4T (inline cache ) WU7HL. B o6, FAIMBX
PP 2 | A R B, IEWZ AT R, HATELPR TR 18 5 B A e i 2 1
F, Ak, IR AT, (A0 BT G R [l Fp A, B R F AT X 4 SR AR
AR R, FRATREE A X — A LA RS R P RE . 18 5 AL IR AT LIFEPA TR T (1Y)
[ 2 R B RO, TR A RS R E RIS XA . Z )5, MR AR 7[R — B
T, 65 R B BRI R ng i), iR S 22 R, 0 R A R AR AR, i
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T IR AR AR A BT A PERE R

(O mammEn, BEATE AR REEIRE T R )
O &fEiEEMET,
[ 6i0, 763IMSEE, (5A%H5%THR3 RARTNOBRIEEMNER, BN, 2
R X RS B,

A &%, BRTHEEERGTE, PERBI#E KMl TER, XENRLBEET,
k B ANRRG A HRF ARG, FoAR RIS ES HETSE, J

RS B 129 ) InlineCache B LA B T NELZE A7 ML, B4 5 Dot K
K eval %5 BinaryExpr 25 setField Jiik. WAL, EibS HENKNINHTLREF
IREN) classInfo FBS index FE (HM, Dot ZSALHIINEHE—4 isField T ).

Dot K eval LA TERIFRME, S5 rikiiAH#zAR, setField IEHTL
PRI F A A SR G B S L. XL setField BikIERANASIE L 12.6 Hh
i AssignEx Bl#RE X setField Fik. XM LA G EZRININGY classInfo F
BedOMl, 520 R AT R s 7 B S X RS AT oA . SRR, DU R b —
ARAEIIE

25 InlineCache BELIIBEUG, MRV SZRFNIKEFIIRE. MBEWA GRS
FRASYE B 12.7 WRAAATE], Rk, W TE RS i R i 2 A A B 12.10 R R shi iy is
1o B0  12.10 SR ARG B 12.8 FRAYRT SRR F REVNS:, ME— R X BI7E T 5 s
JEHR run Jr R OR RIS s

S RPE] InlineCache.java

package chapl2;
import java.util.List;

import stone.StoneException;
import stone.ast.ASTree;
import stone.ast.Dot;

import chapé.Environment;
import javassist.gluonj.*;

@Require (ObjOptimizer.class)
@Reviser public class InlineCache ({
@Reviser public static class DotEx2 extends ObjOptimizer.DotEx {
protected OptClassInfo classInfo = null;
protected boolean isField;
protected int index;
public DotEx2 (List<ASTree> c) { super(c); }
@Ooverride public Object eval (Environment env, Object value) {
if (value instanceof OptStoneObject) {
OptStoneObject target = (OptStoneObject)value;
if (target.classInfo() != classInfo)
updateCache (target) ;



154 | #12%

}

LA S S

if (isField)

return target.read (index) ;
else

return target.method (index) ;

else

}

return super.eval (env, value);

protected void updateCache (OptStoneObject target) {
String member = name () ;
classInfo = target.classInfo();
Integer i = classInfo.fieldIndex (member) ;

if

}

(i '= null) {
isField = true;
index = 1i;
return;

i = classInfo.methodIndex (member) ;
if (1 != null) {
isField = false;
index = 1i;
return;
}
throw new StoneException("bad member access: " + member, this);

}
}

@Reviser public static class AssignEx2 extends ObjOptimizer.AssignEx {
protected OptClassInfo classInfo = null;
protected int index;

public

AssignEx2 (List<ASTree> c) { super(c); }

@Override protected Object setField (OptStoneObject obj,

{

if

}

Object rvalue)

(obj.classInfo() != classInfo) {
String member = expr.name () ;
classInfo = obj.classInfol();
Integer i = classInfo.fieldIndex (member) ;
if (i == null)
throw new StoneException ("bad member access:
this) ;
index = 1i;

obj.write(index, rvalue);
return rvalue;

Dot expr,

+ member,

KABiEE 1210

InlineRunner.java

package chapl2;

import javassist.gluonj.util.Loader;
import chap8.NativeEvaluator;
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public class InlineRunner ({
public static void main(String[] args) throws Throwable {
Loader.run (ObjOptInterpreter.class, args, InlineCache.class,
NativeEvaluator.class) ;

}

(@ gEmrT )
O U—TFRILEE 12,11 9T EIE, SRR this. B2F, BUIXER this. H9AR
K, BEESHERT,
[ 2k, 23R S5E R ENEEFOE R,
O 5%, WAHERE, 29 SHINSLENY 68, METXFARER, FSHhiL
RABBHITL 57 %, WRXBABER, WABAE 50/,
B i, HEEENEES, MENIEST 20%, EAKEEY ETLEST 35% 2.
A SHHY, REETESANEN, BN EEE N ERTER? WRNEE
GREEBERNTISRD, SRERSHRERT,
( O ©2, REABSTRGNRET EAEEKERE SR, BB F 27 J

MR R AL E T E R (EEXSSRMA )
class Fib {
fibo 0
fibl 1
def fib (n) {
if n == {
fibo
} else {
if n == 1 {
this.fibl
} else {
fib(n - 1) + this.fib(n - 2)
}

}

= currentTime ()
= Fib.new

.fib 33

print currentTime() - t + " msec"

thobhoh
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FAHEARE R AU AT S Pris 5 AR e A o i L GRS i B2 BB UL ( virtual machine ).
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W, ML H AR, SRR — byte KRIMEEA. T fifeiit, &
Stone MEFUMLT (AT FAISIXH by te I, HRIXHHEXHERE object FEMIMEL, CF
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Stone BEAUMLIE Tl HAF A e /MATEAL T pe. £fp. sp Ml ret XU FERE. EATTHANGE
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(PR AERAERS ) TESEPR R 8 A E R R . AU TS L 13.1 A 1482 0% 5 DL LA fE a5
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iconst int32 reg

B EEE int32 1R1FE reg

bconst int8 reg

BB EE int8 RTFE reg

sconst int16 reg

BrHEEXNE ntl6 M REFTHEREE reg

move src dest

EHk S FER, AHFHEHTEERERE (src 5 dest TR reg 3 int8 )

gmove src dest

S Fas Z B TEEFRE (src 5 dest TTLE reg 3int16)

ifzero reg int16

R reg BIEN 0, WBKELZE int16 X

goto int16 SREIBKEE R int16 923

call reg int8 BREE reg, HRFCEEM int8 NEE (BN, call Z/FHIESHUNSWREE ret 788 )
return B E ret FEREFNS I

save int8 BEFRNWERBERD, HENTHFEE fp 5 spNE

restore int8

ER 2 BB Bk h S FHRE

neg reg

R# reg PRFHEMNIETRS

add reg1 reg»

T8 regi+reg, JEIRTFE regs

sub reg1 regs

& regi-reg, BR1EE reg:

mul regi reg-

T8 regi xreg, ERFE reg

div reg regs

& regr +reg: BRFE reg

rem regi regsz

T8 regr +reg. MRBIEERBREE reg

equal reg1 regs

WR regr = reg, W reg WEHR 1, TWERS O

more regi reg-

WR reg > reg, M reg WAEA 1, SNWEA O

less regi reg»

AR reg: < reg: M5 regr WA 1, TNEIEA O

M OARDP, int32 Fow 32 (LR, int16 w16 (LEBEL, int8 Fox 8 RLIFTELL, reg Fox 8 NHFFHRE S,

S RERl Opcode.java

package chapl3;

import stone.StoneException;

public class Opcode {
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public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s
public s

public s
if (

else

}

public static int decodeRegister (byte operand)
public static byte encodeOffset (int offset)
(offset > Byte.MAX VALUE)
throw new StoneException("too big byte offset");

if
else

}

#1383 X

tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic
tatic

tatic
reg >
throw

return

return

final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final

byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte

Rt E R RS

ICONST = 1;
BCONST = 2;
SCONST = 3;
MOVE = 4;
GMOVE = 5;
IFZERO = 6;
GOTO = 7;
CALL = 8;
RETURN = 9;
SAVE = 10;
RESTORE =
NEG = 12;
ADD = 13;
SUB = 14;
MUL = 15;
DIV = 16;
REM = 17;
EQUAL = 18;
MORE = 19;
LESS = 20;

11;

//

byte encodeRegister (int reg)
StoneVM.NUM OF REG)

new StoneException ("too many

(byte) - (reg + 1);

(byte)offset;

load
load an 8bit
load a
move a value
move a value
branch
always
call a

return

branch
function

an integer

(1byte) integer

character string

(global variable)

if false

save all registers
restore all registers
arithmetic negation

add
subtract
multiply
divide
remainder
equal
more than
less than

{

registers required") ;

{

public static short encodeShortOffset (int offset) {
if (offset < Short.MIN VALUE || Short.MAX VALUE < offset)
throw new StoneException("too big short offset");

else

}

public static int decodeOffset (byte operand)
public static boolean isRegister (byte operand)
public static boolean isOffset (byte operand)

return

(short)offset;

{ return -1 - operand; }

{ return operand; }
{ return operand < 0; }
{ return operand >= 0; }

L RER] HeapMemory.java

package chap

public interface HeapMemory {

13;

Object read(int index);

void write (int index,

Object v);
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S RER] StoneVM.java

package chapl3;
import static chapl3.Opcode.*;
import chap8.NativeFunction;

import stone.StoneException;
import stone.ast.ASTree;
import stone.ast.ASTList;
import java.util.ArrayList;

public class StoneVM {
protected byte[] code;
protected Object[] stack;
protected String[] strings;
protected HeapMemory heap;

public int pc, fp, sp, ret;

protected Object[] registers;

public final static int NUM_OF_REG = 6;

public final static int SAVE AREA SIZE = NUM _OF REG + 2;

public final static int TRUE = 1;
public final static int FALSE = 0;

public StoneVM(int codeSize, int stackSize, int stringsSize, HeapMemory hm) {
code = new byte[codeSize];
stack = new Object [stackSize];
strings = new String[stringsSize];
registers = new Object [NUM_OF REG] ;
heap = hm;
}
public Object getReg(int i) { return registers[il; }
public void setReg(int i, Object value) { registers[i] = value; }
public String[] strings() { return strings; }
public bytel] code() { return code; }
public Object[] stack() { return stack; }
public HeapMemory heap() { return heap; }

public void run(int entry)
pc = entry;
fp = 0;
sp = 0;
ret = -1;
while (pc >= 0)
mainLoop () ;
}
protected void mainLoop () {
switch (codelpc])
case ICONST
registers[decodeRegister (code[pc + 5])] = readInt (code, pc + 1);
pc += 6;
break;
case BCONST
registers [decodeRegister (code[pc + 2])]
pc += 3;
break;

(int) code [pc + 11;
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case SCONST
registers [decodeRegister (code [pc + 3])]
strings [readShort (code, pc + 1)1;
pc += 4;
break;
case MOVE
moveValue () ;
break;
case GMOVE
moveHeapValue () ;
break;
case IFZERO : {
Object value = registers[decodeRegister (codelpc + 1])1;
if (value instanceof Integer && ((Integer)value).intValue() == 0)
pc += readShort (code, pc + 2);

else
pc += 4;
break;
}
case GOTO
pc += readShort (code, pc + 1);
break;
case CALL
callFunction() ;
break;
case RETURN
pc = ret;
break;
case SAVE
saveRegisters () ;
break;
case RESTORE
restoreRegisters () ;
break;
case NEG :
int reg = decodeRegister (code[pc + 11);
Object v = registersl[reg];
if (v instanceof Integer)

registers([reg]l = - ((Integer)v).intValue() ;
else
throw new StoneException ("bad operand value") ;
pc += 2;
break;
}
default

if (code[pc] > LESS)

throw new StoneException("bad instruction");
else

computeNumber () ;
break;

}

protected void movevalue() {
byte src = codelpc + 1];
byte dest = codelpc + 2];
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Object value;
if (isRegister (src))

value = registers|[decodeRegister(src)];
else

value = stack[fp + decodeOffset (src)];
if (isRegister (dest))

registers[decodeRegister(dest)] = value;
else
stack [fp + decodeOffset (dest)] = value;
pc += 3;
}
protected void moveHeapValue () {

byte rand = codelpc + 11];

if (isRegister(rand))
int dest = readShort (code, pc + 2);
heap.write(dest, registers[decodeRegister(rand)]);

}

else {
int src = readShort (code, pc + 1);
registers [decodeRegister (code[pc + 3])] = heap.read(src);
}
pc += 4;
}
protected void callFunction() {

}

Object value = registers[decodeRegister (codelpc + 11)1;
int numOfArgs = code[pc + 2];
if (value instanceof VmFunction

&& ((VmFunction)value) .parameters().size() == numOfArgs) {
ret = pc + 3;
pc = ((VmFunction)value) .entry () ;

}

else if (value instanceof NativeFunction

&& ((NativeFunction)value).numOfParameters () == numOfArgs)
Object[] args = new Object [numOfArgs];
for (int i = 0; 1 < numOfArgs; i++)
args[i] = stack[sp + i];
stack[sp] = ((NativeFunction)value) .invoke (args,
new ASTList (new ArrayList<ASTreex>()));
pc += 3;
}
else

throw new StoneException("bad function call");

protected void saveRegisters() {

}

int size = decodeOffset (codel[pc + 11);

int dest = size + sp;

for (int i = 0; i < NUM_OF REG; i++)
stack [dest++] = registers[i];

stack [dest++] = fp;

fp = sp;

sp += size + SAVE AREA SIZE;

stack[dest++] = ret;

pc += 2;

protected void restoreRegisters() {

165
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int dest = decodeOffset (codelpc + 1]1) + fp;
for (int i = 0; i < NUM OF REG; i++)

registers[i] = stack[dest++];
sp = fp;
fp = ((Integer)stack[dest++]) .intValue() ;
ret = ((Integer)stack[dest++]) .1intValue();
pc += 2;
}
protected void computeNumber () {

int left = decodeRegister(codelpc + 1]);

int right = decodeRegister (code[pc + 2]);

Object vl = registers[left];

Object v2 = registers[right];

boolean areNumbers = vl instanceof Integer && v2 instanceof Integer;
if (codel[pc] == ADD && !areNumbers)

registers[left] = String.valueOf (vl) + String.valueOf (v2);
else if (codel[pc] == EQUAL && !areNumbers) {
if (vl == null)
registers[left] = v2 == null ? TRUE : FALSE;
else
registers[left] = vl.equals(v2) ? TRUE : FALSE;
}
else {
if (!lareNumbers)

throw new StoneException("bad operand value") ;
int i1 = ((Integer)vl) .intVvalue() ;
int i2 ((Integer)v2) .intValue () ;
int i3;
switch (codelpc]l) {
case ADD
i3 = i1 + i2;
break;
case SUB:
i3 = i1 - i2;
break;
case MUL:
i3 = i1 * i2;
break;
case DIV:
i3 = i1 / i2;
break;
case REM:
i3 = i1 % i2;
break;
case EQUAL:
i3 = i1 == i2 ? TRUE : FALSE;
break;
case MORE:
i3 = i1 > i2 ? TRUE : FALSE;
break;
case LESS:
i3 = i1 < i2 ? TRUE : FALSE;
break;
default:
throw new StoneException("never reach here");
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}

registers[left] = 1i3;
}
pc += 3;

}

public static int readInt (bytel] array, int index) {
return (array[index] << 24) | ((array[index + 1] & 0xff) << 16)
| ((arraylindex + 2] & 0xff) << 8) | (arraylindex + 3] & Oxff);
}
public static int readShort (bytel[] array, int index) ({
return (array[index] << 8) | (arraylindex + 1] & Oxff);

}
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FM1Z LI stoneVMEny 251% 11l ResizableArrayEnvy T2, MiASSEHAD &5
M2E, AT IA BEAE K IZ IS A E N Environment X4 EH ., Z 5 HEPFE], BIINL
R T A KRB BT, e ANEES R AR SR Z AR E A VA eval Jiik
AT, ik, HTidReR2 BRSO IIEE LI C AR Environment XT 25 M., BRI TR
ReSets AN 2SI I 5o B AUM LR 5 5 BT, (HX A 0L AT RE S i — SR
BT I T A] T3 N TR AR %, s A TR RE eI LRI

X L, H T sk R AR i i PR B AR XS, BT Stone EAUMLTT 24 FH 24
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Stone 1 H AN SCRFHAI AL, QREON PR AL S, BT RRIX PR S BLG A815 400

( O CiESE—ERFRITESAIHHERRHTRHENERER, jJ

S REXY StoneVMEnv.java

package chapl3;
import chapll.ResizableArrayEnv;
public class StoneVMEnv extends ResizableArrayEnv implements HeapMemory {
protected StoneVM svm;
protected Code code;
public StoneVMEnv (int codeSize, int stackSize, int stringsSize) {
svm = new StoneVM(codeSize, stackSize, stringsSize, this);
code = new Code (svm) ;

}

public StoneVM stonevM() { return svm; }

public Code code() { return code; }
public Object read(int index) { return values[index]; }
public void write(int index, Object v) { values[index] = v; }

T AP B X PR o s 6], B EAT 1S58 SRR ROC &R, BATPRER AT
AR R . T IC SRR AL R A PR SRS A pR B U TN B . i T Stone SEIMLANSZRFH]
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fp sp
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fp sp
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fp sp
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fp sp
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fp sp
2 eI AT T |
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A REFEARER, EEASHERAEBEIE—TEROE, TUSE 0 M SHEREMRY
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IR F AL PG RERS i R 7 R AR MR T G A W e BON LA TR, (R B 2 AL
et E TERERE . AR IIHLAE SR AR, AR i A LET0 5 BUBOEFRATTZERS
IR 7o PEATHE . OIS, SRR BMNLAHE S IR .

bconst 7 ro0
move TE x WA r1
add r0 ril

add r0 ril

SR, MRYEUA_ LA, RO S — D EMITK B a5 8 . BRI E 5 e
W4k move 184, MIRBATA I x WI(H 2 27 i & HilHAE .

W/nﬁ%ﬁém%@ﬁﬁxﬁﬁxg%,%@ﬁ@MﬁﬁﬂMﬁ@o W
O EBEE&BRHZITHER TS BES TRAT S T,
B '8, EEpERNE EEIRE T M8 S X R R,
@ Java W SEZTEIRT ZREFHRIFIMEF ORI, BHIRFAVENES B
O 205, iEREk, WRAE 4 NEEFE, FEFLTERRE, M EFEARTRE T
0 2%, RIE\HE, T—FELVIEHES FBEMITEERNZRGFES b MEFST 417,
B RERNHAE 4 M 5ESRY, ARTHE 51,
O TEXHARARNEHTVIES HHRNIZH 583 7 IE?
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O wRZHEREHIR, RNFERLTRY, MR HEXNEB T,

B BTt ERELREE?

B AENBHRFEE IO, IRFFETE, IBBSERBEBULBEE, BNERF
BHktEo
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I A2 TRANE,
A QSRR RS X NEEN, RITTAEROEFRII— LRHERE, JHRA
KD EERREBGBTXLBRTRICT, FAREESHR. Y4, RHTELE
k AT IR G — B R R MM hEER, J

113.5 @ik
TERIALEE S H, move o gmove 84 REMIG AL i I(H A i 245 H . move F58- 1M
EE W/

move 3 rl

BN R AS B (R B 1 ANFEAARS v b SEBRE IR X 15 £p+3 ITHE
AL B URAE Y FTPREE A HTTE IS B 3 ARl i i
Rz, THEITESRESR A v1 PRI EE I ARt AR bt

move rl 3

AT LR, HER i Jr AL i A 52 i A

\( [0 — e EHES S T mXFEHIE? W\

move rl 3(fp)

\L A Fh 17X R B e R R A T B 722 (0EXT ( (932 ) Mt , PRI TS 1L S K, J\

71—~ gmove JEMI A TR RRE R, BT LR R R R RIS A

gmove 3 rl

X AL IE SRR K M XN AT S B 3 N e R E E i B a2 df r1 b WRE
B3 5 r1 0, BURERGEACR A A7 AR RO EE I EME

M TR E A R (HA PR A RLE N, AT E AE R 2 — IR, R RS AR H]
BIX 7y BRSO — N R i e e e i . HEGEIRIZAEE, 1 S A BEE RE TR T AU

ST B RN B B A ] move IS gmove.

EEX) ifiBf5whileiEf)

AL PRERREAS I T 3 S R 1 £ A while AT B RN S R iR R iU
WLEsIES o Stone FEIUNIARAL T ifzero 5 goto XM L84,
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50, HEAUDLRRATRE P AURS IX i ARIAE S B0 5F 50 SITRIAFAIHR 2

(u ZIF, REHIESHKELE 2 FH LR, M
O 2FRIBRE 1 byte XEMWHE, BHEXRRGE—LESBESITES o
| B RITEAESE, R, pc FEIMNARIESNE 1 MR, J\

TEPITHE— AR5, po (R A S izas S KREMFE R R, L T~ —4484. Hit,
Stone EAUHLREBKIIITH KIS N, pe MIERENS 7 SCHE S B, ifzero BETESEE
TP O IRREAEABEAE I R 274745 pe, goto WIRESRFINIIN pe HIfE. pe (AR
AFEYHRITH 73 SRR EE . IR pe (RSN IE, RErPRE i TBbee , ARy saul i e
(F7m) Bee . FATREAFAF 4T pe BIIX— M T8 SCBkEL AU AR A 1

1E RN R A R T Y R B R AL e

HEFRIAR IS T M E

RN 13.8 Frne H1 4 € i) Y A e ik U 15 31 1)
RE ML o 5 E AT R RS R R 9 fFar o o TE
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Kt i £ zero 84 RS TE SR BT, BREFE I
1T else RIS HYTER]

while 1 /f) %5 N Y 4l G2 0 32 5 e 1 i R0 L £ 0
B RN 139 PR, 5 Af IR A —AE, IZE
ififzerof§ 42 5 goto 8L, EATRE)FHH B
M while tH/A), #0KE LI E 2 M I8 40 BRI 1
Fo AL, GARREFACOZE A M R IILEE S, R
UL FRIAT 136 2 BECR 0D, ZE M B RIILASE =

HEEIES

ifzero 10 fRIBE1

MRFHAE, PiTHthen
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goto RBE2

WREZHAE, WITH else
REGIR LIS T B0 B2 A28

e
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H 1 £ BRI IREEIRERL

HEES

TEPEIMAFTIPHAST 1 fzero 55 goto XPIZIES, HIMIMIAZSHAFT i fnonzero X —4570 345
%o ifnonzero $HIEAMRIBNMITHLIANE (true) BFEFTEEEL, Aid, Stone HEFHLIFA

SHFIZAE S . P, AFKAE while WAL AAMITER,
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goto RIBE1
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| msfEAREREn
EANEES <

----- H p=] ORI B2 E S
ifzero r1 ﬁ%§1 —_— ! Eﬁﬁ%ﬁﬂﬁ’]f’ﬂﬂﬂgﬁl

| B EERNT O

| BEEERATHRESR ,
EHSE MR LN BIES U
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goto RIBE?2
<

ifnonzero 11 wREE2 —

HME "RURERNTHERERETEESR 1, RBROHEERERETHHFE0"
EREE] B while BARBREINEMIEFES (ANMNESSHERD)
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( O TEBAZE, ILENVBIF ifnonzero UF! W
B ZHE R AR, QERMER FRILES 133 % T,
\( [ S5R100, ZRARHE A B RSN BHNER R o 4EGIE SR T5I5 7 X A, J\

[13.7 EL LT

FEVTE AR sR AR AT B UM 5 2200, FRATTH Se 2% FE R Ei0)R i s 19 55 2 53R [l
EAEE =, DARARMI I LI S, 7R R SE PRI b PR R B AL 15 75 I B S S
W], AT E R EATRR A A5 ( calling convention ),

PRI IR O /7 2 S B AR X . W, R T H R S A 2R
FHeREE I ARRMWIN o sRE S ECR G 2 AR AEERR TR v, HR I RENS = 50 sRE 2805
Jry iR AR FE AR I ORAAALE (8] 13.10 )o WERSBECA IE—A, EATRRRAE AR5, 565 11
T SEIA R A, X, eRETE R T BB R S EUR A E IE R

sp

BFRESHS
BFRESHS

I3 FA Bk EX A0 A% Il —
BEETE 2

BEEE
FE2NBH

#1185/ EE| fp / splBE

SR 350 A 77 (9 AR o

fp IBE

B ERAR (BIEEHEEHANSE)

Stone EHHLAEEHIT call I8 HATRRETMH . pREUW IR I B et Se S0/ 7 2005
PR AR o e FH pRER AT 5 R R 5 AR AR AT, DRIt B TE TR R AR RN, AR A
ar RN SES IR AL . R BRI T BT K N R s, B0 (i = 1) DSEE IR T
XIS fp + s + 1 -1 DIcEP,

ZifEes £p 81 E 7 R AT . B H RS 1 e AT save 184 (B 13.11), %484
BEAEARR WA SR A 7 T A 8 A A S P s ret 5 fp BI(E. I TFIRA T RESEH B a2
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ROAFAEZ AR, DI RS20 ph 58 P pR 0™ A 0 R B i X SE 35 A7 2 2 AT, KRR
MM BT IIT HA—E ST A A7, BEAUBILN 5 U OR A0 B ) PR A7 AR E
Ri, BTHEFER, AL save FAIRAF T HTA M AAHE

XERFOH A A EREIES PHsTE ¥save Srestore IS HBRIELtIEHE
8921 FB AR iA Ko ZRB AN HRERBEENRE

o AR S B R AN |

L iEE

RrIyeerme———) save t

| EREES b | sanpenansmnns |
move 11 FEsPNTERONAE i__?_%%_ ____E
mE2 N SBMEAREABE | move 10 % 0 TER AL 0f &
| MEANEES restore t

move r1 #Fs+1 NITERANLE return

call r0 2

move s NITRFFLHNE 10

EES CoNC b BB R

EEEEE A FdEsiARERISES (BREREERAEE SASES, RHEEHISH)

\( KM RESHEZWE? ME 1310 F, TRELLBUK, W\
0O AZE, B13.10 TERMN, TEFERER, &S M EEmHA,
H RERE0STRELRAR,
@ (R ERE, BESFOEREERG, BN —RRRZRERE NS,

\( H B/ 5 RIS R G A R RN S TR ERFRXE, J

save RN M A £p 5 sp M. TEMRAEIRATFAAER, © e sp MIHE
B4 fp, ZJIEHR sp I E—DHEEME. XH-—k, 78 £p 5 sp a8 i (s FH sR gkl
FHI ) BT

FERIAILN, S 7E BREARIIA 758 B KR PR 125 eREC IR 5, BT 245 H save 1841117
MIEIR R AT . Stone MBI AHLIR B CRAFE B I8 FH pR B AR TR 5. 18 FH 5 RE A2 Fh Ik
ARWGR I, IFARYE T A5 Ol FRUEE TAT 12 4548 2 I A A2

H save fE 2 IRAFHIERES T restore 1842105, restore 84 K7EREIH LS AT
PAT, ERILTAES £ MWIEE NS sp, IFREEMTFHER S50 ret MIZFFAE £p 1E56H%
ZRIEAE . T2, ZHEe Rl T save 152 2 BIRIRES, 2F1788 £ 5 sp KHRRRIE1H
JEok CRREE TR ) Aotk BRIALETEIIT restore IR IFHEIIT return 54, iR
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[l pRECHTH T HERA L, R IUDLR S I kS =4 FH 7 B call 1892 R il &ms . 2HFF
ret TIRAET call FE4 AR E . return 584 #id ( H restore 841871 ) A7
5 ret FIERHEIR DI E

138 L LA ek L

AFEVTHY Stone i 5 AL FEERTESI TR B P LIS B APIAR P A, 25 et e
MRIEEA , PR DR SRR O AU LA A SOOI T o R RL AR 5 e et
[ AL S RTINS E] TN, FRATTAN 2R B R P AR O FE AL AR, AUH
Ho R B SRR o WHLEUL, Stone I H ACFRAS @ H I T REMRZ i —FEld eval itk
PATHERE, AT B sREOR I 755 B i M A LR T A

‘( B CESSELEREFHRAVEES, HUXHRT, R RRESERTHE, W\

[ Java BEthE 1, AFNIEFARIERFHIEANES, MEFEERN ZHFRILEE

RFo

B i3, Java B SERTERPE S EIRILERAVIENES, XRSMBNaIARHE,

@A 2, HFHARE, RNEIENE, Java BSHASILE N 35K IR H 128
| #e )

def BT E X ph%L, Defstmnt JEE5Z XN IFHGIEIEM T 528, %KM eval ik

FEAE—FE, Bk Fl—AFRR BRI G SUEERE, ERRINL A R AR 5o B IR E 5
BT 22 BRI X 5200 5% 2 B ML E S AT ARSI A 13.5 & T3 BRI X 42 1
FKESN, BT E (T R) RISIER 7.8 ) Function KAFIE, entry FEERELINL
AT AR T AL R

S RER] VmFunction.java

package chapl3;

import stone.ast.BlockStmnt;
import stone.ast.ParameterList;
import chapé.Environment;
import chap7.Function;

public class VmFunction extends Function {
protected int entry;
public VmFunction (ParameterList parameters, BlockStmnt body,
Environment env, int entry)
{

super (parameters, body, env);
this.entry = entry;

}

public int entry() { return entry; }
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TR N compi le Jidabs SEBRPAT I GBI F 40 R IR ML E 5 11
fEo ks eval M lookup HiEZEM, B —IRYGE IR LR A, — A4 UE
UL TE T o

Defstmnt i eval JikaTENERAT REA MR IF AR A compile ik, I
Bl B IHLAHE S . compile FIETEMHE] lookup HEMITHELER, 55 11 =AY LA
[7], Defstmnt [ lookup HIEKTE eval Hik (LI eval HIEHH) compile k) ZHIH
. lookup Jrikfets F e & & i HAEME H IR AL E

RILTE L 13.6 BRI EERM SN LR compile Hik, WHiZHEE, ZEF—-IHB®R
T Arguments ¥ eval 7k, 5 Arguments ZEAXT RN B G AR T S H T RR LS
JP5 . BAWILKEE L IZEN eval FEHATESNZ SR REGA AT, Bk, BRPLEIES 1R
P AEZONER IR . REBORTZ G, BPHRIERIZ eval Jiik, FHEMARX ISR [n1{E
WEN eval JrikH SR IIE,

‘( B &0, AT Blockstmnt ) compile 540157 H

O ERTEREETRILRFEEKIEG, REREINBESHORHIIME,

Bl c.nextReg = initReg =t4AEE?

A X £Ea% EEFERNESFROBERENTRIRAITZ 0K E, 22, EEaRT
SFRERG, TEERBEWRTFESTFERT, Y, BTFRERAFEARE—FIBE0H01T
AR, R NAMREFEEMAPELSEER,

O S " SERRFEFEHATIMTELS R, tEH4EXER,

Bl S —T else 2 /oBiFEfT1L7?

B XA AT SRR A EHYLEEE S, Stone 1B P ERBHMITELE RS 0,

k HBS BRSO EINBIES, J

compile HIEEHAN—A code WRAMENSHL, S 13.7 FIZXZIIE Lo MR
T IRAE RIS 5 HeA it B TR 05 B #ln, Stone BIIMLATIH (svm). YATIEAER
el RN ( framesize ), PASCYRTIETEMI IR A A4 4R (nextReg ) (5 BRI
il code XL,

S RE VmEvaluator.java

package chapl3;

import java.util.List;

import stone.StoneException;

import stone.Token;

import chapll.EnvOptimizer;

import chapé6.Environment;

import chapé6.BasicEvaluator.ASTreeEx;
import chap7.FuncEvaluator;

import javassist.gluonj.*;
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import static chapl3.Opcode.*;
import static javassist.gluonj.Gluond.revise;
import stone.ast.*;

@Require (EnvOptimizer.class)
@Reviser public class VmEvaluator {
@Reviser public static interface EnvEx3 extends EnvOptimizer.EnvEx2 {
StoneVM stoneVM() ;
Code code () ;
1
@Reviser public static abstract class ASTreeVmEx extends ASTree {
public void compile(Code c) {}
1
@Reviser public static class ASTListEx extends ASTList
public ASTListEx(List<ASTree> c) { super(c); }
public void compile(Code c)
for (ASTree t: this)
((ASTreeVmEx) t) .compile (c) ;
1
1

@Reviser public static class DefStmntVmEx extends EnvOptimizer.DefStmntEx
public DefStmntVmEx (List<ASTree> c) { super(c); }
@Ooverride public Object eval (Environment env) {
String funcName = name() ;
EnvEx3 vmenv = (EnvEx3)env;
Code code = vmenv.code () ;
int entry = code.position() ;
compile (code) ;
( (EnvEx3) env) .putNew (funcName, new VmFunction (parameters(), body (),
env, entry));
return funcName;
1
public void compile(Code c)
c.nextReg = 0;
.frameSize = size + StoneVM.SAVE AREA_SIZE;
.add (SAVE) ;
.add (encodeOffset (size)) ;
(ASTreeVmEx) revise (body () )) .compile (c) ;
.add (MOVE) ;
.add (encodeRegister (c.nextReg - 1)) ;
.add (encodeOffset (0)) ;
.add (RESTORE) ;
.add (encodeOffset (size)) ;
.add (RETURN) ;

Q00000 ~a0aan

}
}

@Reviser public static class ParamsEx2 extends EnvOptimizer.ParamsEx {

public ParamsEx2 (List<ASTree> c) { super(c); }

@Override public void eval (Environment env, int index, Object value) {
StoneVM vm = ((EnvEx3)env) .stoneVM() ;
vm.stack () [offsets[index]] = value;

}
}

@Reviser public static class NumberEx extends NumberLiteral
public NumberEx (Token t) { super(t); }
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public void compile(Code c)
int v = value();
if (Byte.MIN VALUE <= v && Vv <= Byte.MAX VALUE) {
c.add (BCONST) ;
c.add ( (byte)v) ;
}
else {
c.add (ICONST) ;
c.add (v) ;
}
c.add (encodeRegister (c.nextReg++) ) ;
}

}

@Reviser public static class StringEx extends StringLiteral ({
public StringEx(Token t) { super(t); }
public void compile(Code c)

int i = c.record(value()) ;

c.add (SCONST) ;

c.add (encodeShortOffset (1)) ;

c.add (encodeRegister (c.nextReg++) ) ;
}

}

@Reviser public static class NameEx2 extends EnvOptimizer.NameEx {
public NameEx2 (Token t) { super(t); }
public void compile(Code c)

if (nest > 0) {
c.add (GMOVE) ;
c.add (encodeShortOffset (index) ) ;
c.add (encodeRegister (c.nextReg++) ) ;
}
else {
c.add (MOVE) ;
c.add (encodeOffset (index)) ;
c.add (encodeRegister (c.nextReg++) ) ;

}

public void compileAssign (Code c)

if (nest > 0) {
c.add (GMOVE) ;
c.add (encodeRegister (c.nextReg - 1)) ;
c.add (encodeShortOffset (index) ) ;

}

else {
c.add (MOVE) ;
c.add (encodeRegister (c.nextReg - 1)) ;
c.add (encodeOffset (index)) ;

}
}
@Reviser public static class NegativeEx extends NegativeExpr {
public NegativeEx (List<ASTree> c) { super(c); }
public void compile(Code c)
( (ASTreeVmEx) operand () ) .compile (c) ;
c.add (NEG) ;
c.add (encodeRegister (c.nextReg - 1)) ;
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}
}

@Reviser public static class BinaryEx extends BinaryExpr {
public BinaryEx(List<ASTree> c) { super(c); }
public void compile(Code c)
String op = operator();
if (op.equals("=")) {
ASTree 1 = left();
if (1 instanceof Name) ({
((ASTreeVmEx) right ()) .compile (c) ;
((NameEx2) 1) .compileAssign(c) ;
}
else
throw new StoneException("bad assignment", this);
}
else {
(ASTreeVmEx) left ()
(ASTreeVmEx) right (
.add (getOpcode (op)

( ) .compile (c) ;

( )
c )i
c.add (encodeRegister (c.nextReg - 2));
c r(
c

) .compile (c) ;

.add (encodeRegister (c.nextReg - 1)) ;
.nextReg--;

}

protected byte getOpcode (String op) {
if (op.equals("+"))
return ADD;
else if (op.equals("-"))
return SUB;
else if (op.equals("*"))
return MUL;
else if (op.equals("/"))
return DIV;
else if (op.equals("%"))
return REM;
else if (op.equals("=="))
return EQUAL;
else if (op.equals(">"))
return MORE;
else if (op.equals("<"))
return LESS;
else
throw new StoneException("bad operator", this);

}
}

@Reviser public static class PrimaryVmEx extends FuncEvaluator.PrimaryEx {
public PrimaryVmEx (List<ASTree> c) { super(c); }
public void compile(Code c)
compileSubExpr (c, 0);
}
public void compileSubExpr (Code c, int nest) {
if (hasPostfix(nest))
compileSubExpr (c, nest + 1);
( (ASTreeVmEx) revise (postfix (nest))) .compile(c) ;
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else
( (ASTreeVmEx) operand () ) .compile (c) ;
}

}

@Reviser public static class ArgumentsEx extends Arguments {
public ArgumentsEx (List<ASTree> c) { super(c); }
public void compile(Code c)

int newOffset = c.frameSize;

int numOfArgs = 0;

for (ASTree a: this)
( (ASTreeVmEx) a) .compile(c) ;
c.add (MOVE) ;
c.add (encodeRegister (--c.nextReqg) ) ;
c.add (encodeOffset (newOffset++)) ;
numOfArgs++;

.add (CALL) ;

.add (encodeRegister (--c.nextReqg)) ;
.add (encodeOffset (numOfArgs) ) ;
.add (MOVE) ;

.add (encodeOffset (c.frameSize)) ;
.add (encodeRegister (c.nextReg++)) ;

Q000w

}

public Object eval (Environment env, Object value) {

if (! (value instanceof VmFunction))
throw new StoneException("bad function", this);
VmFunction func = (VmFunction)value;
ParameterList params = func.parameters() ;
if (size() != params.size())
throw new StoneException ("bad number of arguments", this);

int num = 0;
for (ASTree a: this)

( (ParamsEx2)params) .eval (env, num++, ((ASTreeEx)a).eval(env));
StoneVM svm = ((EnvEx3)env) .stoneVM() ;
svm.run (func.entry()) ;
return svm.stack() [0];

}

}

@Reviser public static class BlockEx extends BlockStmnt {
public BlockEx (List<ASTree> c) { super(c); }
public void compile(Code c) {

if (this.numChildren() > 0) ({
int initReg = c.nextReg;
for (ASTree a: this) {
c.nextReg = initReg;
((ASTreeVmEx)a) .compile (c) ;
}
}

else {
c.add (BCONST) ;
c.add ( (byte)0) ;
c.add (encodeRegister (c.nextReg++) ) ;



@Reviser public static class IfEx extends IfStmnt {
public IfEx(List<ASTree> c) { super(c); }
public void compile(Code c)

( (ASTreeVmEx) condition()) .compile (c) ;
int pos = c.position() ;
c.add (IFZERO) ;
c.add (encodeRegister (--c.nextReqg)) ;
c.add (encodeShortOffset (0)) ;
int oldReg = c.nextReg;
( (ASTreeVmEx) thenBlock ()) .compile (c) ;
int pos2 = c.position();
c.add (GOTO) ;
c.add (encodeShortOffset (0)) ;
c.set (encodeShortOffset (c.position() - pos),
ASTree b = elseBlock() ;
c.nextReg = oldReg;
if (b != null)
((ASTreeVmEx)b) .compile (c) ;
else {
c.add (BCONST) ;
c.add ( (byte)0) ;
c.add (encodeRegister (c.nextReg++) ) ;

}

13.8 HMAEUNBIES

pos + 2);

c.set (encodeShortOffset (c.position() - pos2), pos2 + 1);

}
}

@Reviser public static class WhileEx extends WhileStmnt

public WhileEx (List<ASTree> c) { super(c); }
public void compile(Code c)

int oldReg = c.nextReg;

c.add (BCONST) ;

c.add ( (byte)0) ;

c.add (encodeRegister (c.nextReg++) ) ;

int pos = c.position();

( (ASTreeVmEx) condition()) .compile (c) ;
int pos2 = c.position();

c.add (IFZERO) ;

c.add (encodeRegister (--c.nextReqg)) ;
c.add (encodeShortOffset (0)) ;
c.nextReg = oldReg;

( (ASTreeVmEx)body () ) .compile (c) ;

int pos3 = c.position();

c.add (GOTO) ;

c.add (encodeShortOffset (pos - pos3));
c.set (encodeShortOffset (c.position() - pos2),

pos2 + 2);

183

S RENd Code.java

package chapl3;

public class Code ({



184 | #13X RithERIDERES

protected StoneVM svm;
protected int codeSize;
protected int numOfStrings;
protected int nextReg;
protected int frameSize;

public Code (StoneVM stoneVm) {
svm = stoneVm;
codeSize = 0;
numOfStrings = 0;

}

public int position() { return codeSize; }

public void set (short value, int pos) {
svm.code () [pos] = (byte) (value >>> 8);
svm.code () [pos + 1] = (byte)value;

}

public void add(byte b) {
svm.code () [codeSize++] = b;
}

public void add(short i)
add ( (byte) (1 >>> 8));
add ( (byte) i) ;

}

public void add(int i) {

add ( (byte) (1 >>> 24));

add ( (byte) (1 >>> 16));

add ( (byte) (1 >>> 8));

add ( (byte) i) ;

}

public int record(String s)
svm.strings () [numOfStrings] = s;
return numOfStrings++;

[13.9 QL £ 0k B
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AV L 11.4 1Y Envoptimizer BEkds. BFHTER30E AZN HZB s

TEfERER A B )a , v SOTI I sRECR o LA T . 7R R EIoE U, JEALER G
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H Arguments 5 eval 7k, HIZRM compile LA MM BIINIEIE S &4 —4k call 1§
A ARG BRI ) R
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B ZFrEsFEX N h, ERAELNIINES 2 Java 15?
B REHEEOEHAERE, B mERREAZRTNE, BITEEERIRME R E M
BIEBS MBI,
H B, MREENTSMNBHGE, ELHFASEEFER
B s, EEHERMENRERERFS 11 ERE/NR, tt?ﬂﬁ, 7 Stone ML, BEHEBE
iT Integer MHEKFRH, EWLLE,
B mBXA RIS FE AR,
@ o R XFPEEIR,
B NERHOREE, EHVUEELERERTEANEB, TREFEEHNNFEEMD GC
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S RER] Vminterpreter.java

package chapl3;

import stone.FuncParser;

import stone.ParseException;
import chapll.EnvOptInterpreter;
import chap8.Natives;

public class VmInterpreter extends EnvOptInterpreter {
public static void main(String[] args) throws ParseException {
run (new FuncParser (),
new Natives () .environment (new StoneVMEnv (100000, 100000, 1000)));

[ RER] VmRunner.java

package chapl3;
import javassist.gluonj.util.Loader;
import chap8.NativeEvaluator;

public class VmRunner {
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public static void main(String[] args) throws Throwable {
Loader.run (VmInterpreter.class, args, VmEvaluator.class,
NativeEvaluator.class) ;

&l ok
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0 26, BF2RZAH Stone 1IB5E, FIEEXELET Any KIF?

O ZERFRE%, BERFAIA—HE,

B 2B, uREEEEXH Any £E, REBRFHRAEEBNITT . AEZHH Stone IBESHA
FEXN BB, Fa, ¥FTEHNRE,

x = "three"
print x
x =3

print x * 2

R x HKEE Any, Bk ERIRKIIER,
B G, x * 2 bt x WRE any KHHTE, ROWET,
B 35565717, PMRSKERRLIEZH,
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| BT 206, ERER, ERNSECREER T RIRAEI? WJ
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def inc(n: Int): Int { n + 1 }
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SGR PE SRS, ENTRMERES A 0 o
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14.4 S8 UG IR DA 19 SR R

RASTE B 142 RN ERZESES 78 (ETR) 7.0 W HET B, B
MHA reset ik, ZHEHTMBRH S FuncpParser QRKINMKA def & L. TEAAIIEH
142, JFAR def & SUCKHE reset IR ERINER, ZJ5, BK S mEETE L.

R T PATHIE I var 1BA], FRATE S ASE 5 14.5 B BN N varstmnt JER 0
Teval k. 5% 118 11 R) —F, REARETS S mEEAPRERIAE, Femfe
ERAALE . I, varstmnt RATHFEPIE—1 lookup Hik, WEFEEMNE, ZBX
PR N HA SIS NS B . T de £ IEAITETEA LML, 52 0 B A4 E s Y
T EARN R, A, FRATTH LB S — Lo GBI AR S i ik, AT 145
HR SRR BRI R SRR SE PR 8 I 2 A B, FR S PTG A, (HE LRE 1L
PUATAS i BAT BRI A Stone 15 F FRIT .

WL NN SHIREEAXHIEEAN

type tag : ":" IDENTIFIER
variable : "var" IDENTIFIER [ type tag ] "=" expr

param : IDENTIFIER [ type tag ]

def : "def" IDENTIFIER param list [ type tag ] block
statement : variable | "if" ... | "while" ... | simple

S RI¥] TypedParser.java

package stone;
import static stone.Parser.rule;

import stone.ast.*;

public class TypedParser extends FuncParser {
Parser typeTag = rule(TypeTag.class) .sep(":").identifier (reserved) ;
Parser variable = rule(VarStmnt.class)
.sep("var") .identifier (reserved) .maybe (typeTag)
.sep("=") .ast (expr) ;
public TypedParser ()
reserved.add(":") ;
param.maybe (typeTag) ;
def.reset () .sep("def") .identifier (reserved) .ast (paramList)
.maybe (typeTag) .ast (block) ;
statement.insertChoice (variable) ;

L RL¥] VarStmntjava

package stone.ast;

import java.util.List;

public class VarStmnt extends ASTList {
public VarStmnt (List<ASTree> c) { super(c); }
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public String name() { return ((ASTLeaf)child(0)).token().getText (); }
public TypeTag type() { return (TypeTag)child(1l); }
public ASTree initializer() { return child(2); }
public String toString() {

return "(var " + name() + " " + type() + " " + initializer() + ")";
1

LR TypeTag.java

package stone.ast;
import java.util.List;

public class TypeTag extends ASTList {
public static final String UNDEF = "<Undef>";
public TypeTag(List<ASTree> c) { super(c); }
public String type() {
if (numChildren() > 0)
return ((ASTLeaf)child(0)) .token() .getText () ;
else
return UNDEF;

}

public String toString() { return ":" + type(); }

REE RN TypedEvaluator.java

package chapl4;

import java.util.List;

import javassist.gluonj.*;

import stone.ast.*;

import chapll.EnvOptimizer;

import chapll.Symbols;

import chapll.EnvOptimizer.ASTreeOptEx;
import chapé6.Environment;

import chapé.BasicEvaluator.ASTreeEx;

@Require (EnvOptimizer.class)
@Reviser public class TypedEvaluator {
@Reviser public static class DefStmntEx extends EnvOptimizer.DefStmntEx {
public DefStmntEx (List<ASTree> c) { super(c); }
public TypeTag type() { return (TypeTag)child(2); }
@Ooverride public BlockStmnt body () { return (BlockStmnt)child(3); }
@Override public String toString() {

return " (def " + name() + " " + parameters() + " " + type() + " "
+ body () + ")";
@Reviser public static class ParamListEx extends EnvOptimizer.ParamsEx {
public ParamListEx (List<ASTree> c) { super(c); }

@Ooverride public String name (int i) {
return ((ASTLeaf)child(i).child(0)) .token() .getText () ;
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1
public TypeTag typeTag(int i) {
return (TypeTag)child(i).child(1);
1
1

@Reviser public static class VarStmntEx extends VarStmnt (

protected int index;

public VarStmntEx (List<ASTree> c) { super(c); }

public void lookup (Symbols syms) {
index = syms.putNew (name()) ;
((ASTreeOptEx)initializer()) .lookup (syms) ;

1

public Object eval (Environment env) {
Object value = ((ASTreeEx)initializer()) .eval (env) ;
((EnvOptimizer.EnvEx2)env) .put (0, index, value) ;
return value;

[14.2 QL 1er. ¢ EEdb ey s/
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@ ©RtR3, BNTUETEXM, ZREX odd, ZEBEZIZEX, NIE?
def odd(x: Int): String { "not implemented" }
def even(x: Int): String {

if x == 0 { "Yes" } else { odd(x - 1) }}

def odd(x: Int): String {
if x == { "No" } else { even(x - 1) }}

[0 206, 3B MERED FREEXREREN RN T, HHHAEERRLRLRR,
| B XEHNT ZERTHERA Java THHIRIDN AT HEL, J
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SR TypeChecker.java

197

package chapl4;

import
import
import
import
import
import
import

java.util.List;

chap7.FuncEvaluator;
chapll.EnvOptimizer;

stone.Token;

static javassist.gluonj.GluonJ.revise;
stone.ast.*;

javassist.gluonj.*;

@Require (TypedEvaluator.class)
@Reviser public class TypeChecker {
@Reviser public static abstract class ASTreeTypeEx extends ASTree {

}

public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {
return null;

@Reviser public static class NumberEx extends NumberLiteral ({

}

public NumberEx (Token t) { super(t); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {
return TypelInfo.INT;

@Reviser public static class StringEx extends StringLiteral ({

}

public StringEx(Token t) { super(t); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {
return TypelInfo.STRING;

@Reviser public static class NameEx2 extends EnvOptimizer.NameEx {

protected TypelInfo type;
public NameEx2 (Token t) { super(t); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {
type = tenv.get (nest, index);
if (type == null)
throw new TypeException ("undefined name: " + name(), this);
else
return type;
}
public TypeInfo typeCheckForAssign (TypeEnv tenv, TypeInfo valueType)
throws TypeException

type = tenv.get(nest, index);
if (type == null) {
type = valueType;
tenv.put (0, index, valueType) ;
return valueType;
}
else {
valueType.assertSubtypeOf (type, tenv, this);
return type;
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}

@Reviser public static class NegativeEx extends NegativeExpr {
public NegativeEx (List<ASTree> c) { super(c); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {
TypeInfo t = ((ASTreeTypeEx)operand()) .typeCheck (tenv) ;
t.assertSubtypeOf (TypeInfo.INT, tenv, this);
return TypeInfo.INT;

}

@Reviser public static class BinaryEx extends BinaryExpr {
protected TypeInfo leftType, rightType;
public BinaryEx(List<ASTree> c) { super(c); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {
String op = operator();

if ("=".equals (op))
return typeCheckForAssign (tenv) ;

else {
leftType = ((ASTreeTypeEx)left()) .typeCheck (tenv) ;
rightType = ((ASTreeTypeEx)right()) .typeCheck (tenv);

if ("+".equals (op))
return leftType.plus(rightType, tenv);

else if ("==".equals (op))
return TypeInfo.INT;
else {

leftType.assertSubtypeOf (TypeInfo.INT, tenv, this);
rightType.assertSubtypeOf (TypeInfo.INT, tenv, this);
return TypeInfo.INT;

}

protected TypeInfo typeCheckForAssign (TypeEnv tenv)
throws TypeException

rightType = ((ASTreeTypeEx)right()) .typeCheck (tenv) ;
ASTree le = left();
if (le instanceof Name)
return ((NameEx2)le) .typeCheckForAssign (tenv, rightType) ;
else
throw new TypeException ("bad assignment", this);

}

@Reviser public static class BlockEx extends BlockStmnt {
TypeInfo type;
public BlockEx (List<ASTree> c) { super(c); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {
type = TypeInfo.INT;
for (ASTree t: this)
if (! (t instanceof NullStmnt))
type = ((ASTreeTypeEx)t) .typeCheck (tenv) ;
return type;
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@Reviser public static class IfEx extends IfStmnt {
public IfEx(List<ASTree> c) { super(c); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {

TypeInfo condType = ((ASTreeTypeEx)condition()) .typeCheck (tenv) ;
condType.assertSubtypeOf (TypeInfo.INT, tenv, this);
TypeInfo thenType = ((ASTreeTypeEx)thenBlock()) .typeCheck (tenv) ;

TypeInfo elseType;
ASTree elseBk = elseBlock() ;
if (elseBk == null)
elseType = TypeInfo.INT;
else
elseType = ((ASTreeTypeEx)elseBk) .typeCheck (tenv) ;
return thenType.union(elseType, tenv) ;

}

@Reviser public static class WhileEx extends WhileStmnt
public WhileEx (List<ASTree> c) { super(c); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {

TypeInfo condType = ((ASTreeTypeEx)condition()) .typeCheck (tenv) ;
condType.assertSubtypeOf (TypeInfo.INT, tenv, this);
TypeInfo bodyType = ((ASTreeTypeEx)body()) .typeCheck (tenv) ;

return bodyType.union (TypeInfo.INT, tenv);

}

@Reviser public static class DefStmntEx2 extends TypedEvaluator.DefStmntEx {
protected TypeInfo.FunctionType funcType;
protected TypeEnv bodyEnv;
public DefStmntEx2 (List<ASTree> c) { super(c); }
public TypeInfo typeCheck (TypeEnv tenv) throws TypeException {
TypeInfo[] params = ((ParamListEx2)parameters()).types();
TypeInfo retType = Typelnfo.get (type());
funcType = TypeInfo.function (retType, params) ;
TypeInfo oldType = tenv.put (0, index, funcType) ;
if (oldType != null)
throw new TypeException ("function redefinition: " + name(),
this) ;
bodyEnv = new TypeEnv(size, tenv);
for (int 1 = 0; i < params.length; i++)
bodyEnv.put (0, i, params[i]);
TypeInfo bodyType
= ((ASTreeTypeEx)revise (body())) .typeCheck (bodyEnv) ;
bodyType.assertSubtypeOf (retType, tenv, this);
return funcType;

}

@Reviser

public static class ParamListEx2 extends TypedEvaluator.ParamListEx {
public ParamListEx2 (List<ASTree> c) { super(c); }
public TypelInfo[] types() throws TypeException {

int s = size();
TypeInfo[] result = new TypeInfols];
for (int 1 = 0; i < s; 1i++)

result[i] = TypeInfo.get (typeTag(i));

199
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return result;

}

@Reviser public static class PrimaryEx2 extends FuncEvaluator.PrimaryEx {
public PrimaryEx2 (List<ASTree> c) { super(c); }
public TypelInfo typeCheck (TypeEnv tenv) throws TypeException {
return typeCheck (tenv, 0);
}
public TypelInfo typeCheck (TypeEnv tenv, int nest) throws TypeException {
if (hasPostfix(nest)) {
TypeInfo target = typeCheck(tenv, nest + 1);
return ((PostfixEx)postfix(nest)) .typeCheck (tenv, target);
}
else
return ((ASTreeTypeEx)operand()) .typeCheck (tenv) ;

}

@Reviser public static abstract class PostfixEx extends Postfix {
public PostfixEx(List<ASTree> c) { super(c); }
public abstract TypeInfo typeCheck (TypeEnv tenv, TypeInfo target)
throws TypeException;
}
@Reviser public static class ArgumentsEx extends Arguments {
protected TypeInfol] argTypes;
protected TypeInfo.FunctionType funcType;
public ArgumentsEx (List<ASTree> c) { super(c); }
public TypeInfo typeCheck (TypeEnv tenv, TypeInfo target)
throws TypeException

if (! (target instanceof TypeInfo.FunctionType))
throw new TypeException ("bad function", this);
funcType = (TypeInfo.FunctionType)target;
TypeInfo[] params = funcType.parameterTypes;
if (size() != params.length)
throw new TypeException ("bad number of arguments", this);
argTypes = new Typelnfo[params.length];
int num = 0;
for (ASTree a: this) {
TypeInfo t = argTypes[num] = ((ASTreeTypeEx)a) .typeCheck (tenv);
t.assertSubtypeOf (params [num++], tenv, this);

}

return funcType.returnType;

}

@Reviser public static class VarStmntEx2 extends TypedEvaluator.VarStmntEx {
protected TypeInfo varType, valueType;
public VarStmntEx2 (List<ASTree> c) { super(c); }
public TypeInfo typeCheck (TypeEnv tenv) throws TypeException {

if (tenv.get (0, index) != null)
throw new TypeException("duplicate variable: " + name(), this);
varType TypeInfo.get (type());

tenv.put (0, index, varType) ;
valueType = ((ASTreeTypeEx)initializer()) .typeCheck (tenv) ;
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valueType.assertSubtypeOf (varType, tenv, this);
return varType;

201

S RIWd TypeEnv.java

package chapl4;
import java.util.Arrays;
import stone.StoneException;

public class TypeEnv {
protected TypeEnv outer;
protected TypelInfol] types;
public TypeEnv() { this(8, null); }
public TypeEnv(int size, TypeEnv out) {
outer = out;
types = new TypelInfol[size];
}
public TypeInfo get (int nest, int index) ({
if (nest == 0)
if (index < types.length)
return types [index];
else
return null;
else if (outer == null)
return null;
else
return outer.get (nest - 1, index);
}
public TypelInfo put (int nest, int index, TypelInfo value) {
TypeInfo oldvalue;
if (nest == 0) {
access (index) ;
oldvalue = types[index];

types[index] = value;

return oldvValue; // may be null
1
else if (outer == null)

throw new StoneException("no outer type environment") ;
else
return outer.put (nest - 1, index, value);
}
protected void access (int index) {
if (index >= types.length) {
int newLen = types.length * 2;
if (index >= newLen)
newLen = index + 1;
types = Arrays.copyOf (types, newLen) ;
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SRR TypeException.java

package chapl4;
import stone.ast.ASTree;

public class TypeException extends Exception {
public TypeException(String msg, ASTree t) {
super (msg + " " + t.location());
}

SRRl Typelnfo.java

package chapl4;
import stone.ast.ASTree;
import stone.ast.TypeTag;

public class TypeInfo {

public static final TypeInfo ANY = new TypeInfo() {
@Ooverride public String toString() { return "Any"; }

}i

public static final TypeInfo INT = new TypeInfo() {
@Ooverride public String toString() { return "Int"; }

}i

public static final TypeInfo STRING = new TypelInfo() ({
@Ooverride public String toString() { return "String"; }

}i

public TypelInfo type() { return this; }
public boolean match (TypeInfo obj) {
return type() == obj.typel();
1
public boolean subtypeOf (TypeInfo superType) {
superType = superType.typel() ;
return type() == superType || superType == ANY;
}
public void assertSubtypeOf (TypeInfo type, TypeEnv env, ASTree where)
throws TypeException

if (!subtypeOf (type))
throw new TypeException ("type mismatch: cannot convert from "
+ this + " to " + type, where);
}
public TypeInfo union(TypelInfo right, TypeEnv tenv) {
if (match(right))
return typel() ;
else
return ANY;
}
public TypelInfo plus(TypeInfo right, TypeEnv tenv) {
if (INT.match(this) && INT.match(right))
return INT;
else if (STRING.match(this) || STRING.match(right))
return STRING;
else
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return ANY;
}
public static TypelInfo get (TypeTag tag) throws TypeException {
String tname = tag.typel();
if (INT.toString() .equals (tname))
return INT;
else if (STRING.toString() .equals (tname))
return STRING;
else if (ANY.toString() .equals (tname))
return ANY;
else if (TypeTag.UNDEF.equals (tname))
return new UnknownType () ;
else
throw new TypeException ("unknown type " + tname, tag);
}
public static FunctionType function(TypelInfo ret, Typelnfo... params)
return new FunctionType (ret, params) ;

}

public boolean isFunctionType() { return false; }
public FunctionType toFunctionType() { return null; }
public boolean isUnknownType() { return false; }

public UnknownType toUnknownType () { return null; }
public static class UnknownType extends TypelInfo {
@Ooverride public TypeInfo type() { return ANY; }
@Ooverride public String toString() { return type().toString(); }
@Ooverride public boolean isUnknownType () { return true; }
@Ooverride public UnknownType toUnknownType () { return this; }
}
public static class FunctionType extends TypeInfo {
public TypeInfo returnType;
public TypeInfol[] parameterTypes;
public FunctionType (TypeInfo ret, TypelInfo... params) {
returnType = ret;
parameterTypes = params;
}
@Override public boolean isFunctionType() { return true; }
@Ooverride public FunctionType toFunctionType() { return this; }
@Ooverride public boolean match (TypeInfo obj) {

if (! (obj instanceof FunctionType))
return false;

FunctionType func = (FunctionType)obj;

if (parameterTypes.length != func.parameterTypes.length)
return false;

for (int 1 = 0; 1 < parameterTypes.length; i++)

if (!parameterTypes[i] .match (func.parameterTypes[i]))
return false;
return returnType.match (func.returnType) ;
}
@Ooverride public String toString() {
StringBuilder sb = new StringBuilder() ;
if (parameterTypes.length == 0)
sb.append ("Unit") ;
else
for (int i = 0; i < parameterTypes.length; i++) {
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if (i > 0)
sb.append (" * ");
sb.append (parameterTypes [i]) ;
}
sb.append (" -> ") .append(returnType) ;
return sb.toString() ;
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def fact(n: Int): Int {
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=> fact : Int -> Int
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[ARCI-ERURI Typedinterpreter.java

package chapl4;

import
import
import
import
import
import
import
import

stone

stone.

stone

stone.

stone

stone.

.BasicParser;
stone.

CodeDialog;
Lexer;

.Token;
stone.

TypedParser;
ParseException;

.ast.ASTree;

ast.NullStmnt;
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import chapll.EnvOptimizer;
import chapll.ResizableArrayEnv;
import chapé.BasicEvaluator;
import chap6.Environment;

public class TypedInterpreter {
public static void main(String[] args) throws ParseException, TypeException {
TypeEnv te = new TypeEnv () ;
run (new TypedParser (),
new TypedNatives (te) .environment (new ResizableArrayEnv()),
te);
}
public static void run(BasicParser bp, Environment env, TypeEnv typeEnv)
throws ParseException, TypeException

Lexer lexer = new Lexer (new CodeDialog()) ;
while (lexer.peek(0) != Token.EOF) {
ASTree tree = bp.parse(lexer);
if (! (tree instanceof NullStmnt)) {
( (EnvOptimizer.ASTreeOptEx) tree) . lookup (
((EnvOptimizer.EnvEx2)env) .symbols()) ;
TypeInfo type
= ((TypeChecker.ASTreeTypeEx) tree) .typeCheck (typeEnv) ;
Object r = ((BasicEvaluator.ASTreeEx)tree) .eval (env) ;
System.out.println("=> " + r + " : " + type);

S REREl TypedRunner.java

package chapl4;
import javassist.gluonj.util.Loader;
import chap8.NativeEvaluator;

public class TypedRunner {
public static void main(String[] args) throws Throwable {
Loader.run (TypedInterpreter.class, args, TypeChecker.class,
NativeEvaluator.class) ;

R RENP TypedNatives.java

package chapl4;

import chapé6.Environment;

import chap8.Natives;

import chapll.EnvOptimizer.EnvEx2;

public class TypedNatives extends Natives
protected TypeEnv typeEnv;
public TypedNatives (TypeEnv te) { typeEnv = te; }
protected void append (Environment env, String name, Class<?> clazz,
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String methodName, TypelInfo type, Class<?> ... params)

append (env, name, clazz, methodName, params) ;
int index = ((EnvEx2)env).symbols () .find(name) ;
typeEnv.put (0, index, type);
}
protected void appendNatives (Environment env) {
append (env, "print", chapl4.java.print.class, "m",
TypeInfo.function (TypeInfo.INT, TypeInfo.ANY),
Object.class) ;
append (env, "read", chapl4.java.read.class, "m",
TypeInfo.function (TypeInfo.STRING)) ;
append (env, "length", chapl4.java.length.class, "m",
TypeInfo.function (TypeInfo.INT, TypeInfo.STRING),
String.class) ;
append (env, "toInt", chapl4.java.toInt.class, "m",
TypeInfo.function (TypeInfo.INT, TypeInfo.ANY),
Object.class) ;
append (env, "currentTime", chapl4.java.currentTime.class, "m",
TypeInfo.function (TypeInfo.INT)) ;

S RERE] currentTime.java

package chapl4.java;
import chapll.ArrayEnv;

public class currentTime
private static long startTime = System.currentTimeMillis() ;

public static int m(ArrayEnv env) { return m(); }
public static int m() {
return (int) (System.currentTimeMillis() - startTime);

[N RV  length.java

package chapl4.java;
import chapll.ArrayEnv;

public class length {
public static int m(ArrayEnv env, String s) { return m(s); }
public static int m(String s) { return s.length(); }

S E RN printjava

package chapl4.java;
import chapll.ArrayEnv;

public class print {
public static int m(ArrayEnv env, Object obj) { return m(obj); }
public static int m(Object obj) {
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System.out.println(obj.toString()) ;
return 0;

R BRI read.java

package chapl4.java;
import chapll.ArrayEnv;
import javax.swing.JOptionPane;

public class read ({
public static String m(ArrayEnv env) { return m(); }
public static String m()
return JOptionPane.showInputDialog(null) ;

}

RADFE 14.17 IR SEVE]

package chapl4.java;
import chapll.ArrayEnv;

public class toInt {
public static int m(ArrayEnv env, Object value) { return m(value); }
public static int m(Object value) {
if (value instanceof String)
return Integer.parselnt ((String)value);
else if (value instanceof Integer)
return ((Integer)value) .intValue() ;
else
throw new NumberFormatException (value.toString()) ;

[14.0 GE LU Tk SEae e E 0 1
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[N RPRE]  InferTypes.java

package chapl4;

import java.util.ArrayList;
import java.util.LinkedList;
import java.util.List;
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import stone.ast.ASTree;
import javassist.gluonj.Reviser;
import chapl4.TypeInfo.UnknownType;

@Reviser public class InferTypes {
@Reviser public static class TypeInfoEx extends TypelInfo {
@Override
public void assertSubtypeOf (TypeInfo type, TypeEnv tenv, ASTree where)
throws TypeException

if (type.isUnknownType ())
( (UnknownTypeEx) type. toUnknownType () ) .assertSupertypeOf (this,
tenv, where) ;
else
super.assertSubtypeOf (type, tenv, where);
}
@Ooverride public TypeInfo union(TypeInfo right, TypeEnv tenv) {
if (right.isUnknownType ())
return right.union(this, tenv);
else
return super.union(right, tenv);
}
@Ooverride public TypeInfo plus(TypeInfo right, TypeEnv tenv) {
if (right.isUnknownType ())
return right.plus(this, tenv);
else
return super.plus(right, tenv);

}

@Reviser public static class UnknownTypeEx extends TypeInfo.UnknownType {
protected TypeInfo type = null;

public boolean resolved() { return type != null; }
public void setType (TypeInfo t) { type = t; }
@Ooverride public TypeInfo type() { return type == null ? ANY : type; }

@Override public void assertSubtypeOf (TypeInfo t, TypeEnv tenv,
ASTree where) throws TypeException

if (resolved())
type.assertSubtypeOf (t, tenv, where);
else
( (TypeEnvEx) tenv) .addEquation (this, t);
}
public void assertSupertypeOf (TypeInfo t, TypeEnv tenv, ASTree where)
throws TypeException

if (resolved())
t.assertSubtypeOf (type, tenv, where);
else
((TypeEnvEx) tenv) .addEquation (this, t);
}
@Ooverride public TypeInfo union (TypeInfo right, TypeEnv tenv) {
if (resolved())
return type.union(right, tenv);
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else {
((TypeEnvEx) tenv) .addEquation (this, right) ;
return right;

}

@Ooverride public TypeInfo plus(TypeInfo right, TypeEnv tenv) {
if (resolved())
return type.plus(right, tenv);
else {
( (TypeEnvEx) tenv) .addEquation (this, INT);
return right.plus (INT, tenv);

@Reviser public static class TypeEnvEx extends TypeEnv {

public static class Equation extends ArrayList<UnknownType> {}
protected List<Equation> equations = new LinkedList<Equations>() ;
public void addEquation (UnknownType tl, TypelInfo t2) {

// assert tl.unknown() == true
if (t2.isUnknownType ())
if (((UnknownTypeEx)t2.toUnknownType ()) .resolved())

t2 = t2.typel();
Equation eq = find(tl);
if (t2.isUnknownType () )
eqg.add (t2.toUnknownType () ) ;
else {
for (UnknownType t: eq)
( (UnknownTypeEx) t) .setType (t2) ;
equations.remove (eq) ;

}

protected Equation find (UnknownType t) {
for (Equation e: equations)
if (e.contains(t))

return e;
Equation e = new Equation() ;
e.add(t) ;
equations.add(e) ;
return e;

213

S RERE]  InferFuncTypes.java

package chapl4;

import
import
import
import
import
import
import

java.util.List;
chapl4.TypelInfo.FunctionType;
chapl4.TypeInfo.UnknownType;
chapl4.InferTypes.UnknownTypeEx;
stone.ast.ASTree;
javassist.gluonj.Require;
javassist.gluonj.Reviser;
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@Require ({TypeChecker.class, InferTypes.class})
@Reviser public class InferFuncTypes {
@Reviser public static class DefStmntEx3 extends TypeChecker.DefStmntEx2 {
public DefStmntEx3 (List<ASTree> c) { super(c); }
@Ooverride public TypeInfo typeCheck (TypeEnv tenv) throws TypeException {
FunctionType func = super.typeCheck (tenv) .toFunctionType () ;
for (TypeInfo t: func.parameterTypes)
fixUnknown (t) ;
fixUnknown (func.returnType) ;
return func;

}

protected void fixUnknown (TypeInfo t) {

if (t.isUnknownType ()) {
UnknownType ut = t.toUnknownType () ;
if (! ((UnknownTypeEx)ut) .resolved())

( (UnknownTypeEx)ut) .setType (TypeInfo.ANY) ;

SR  InferRunner.java

package chapl4;
import javassist.gluonj.util.Loader;
import chap8.NativeEvaluator;

public class InferRunner {
public static void main(String[] args) throws Throwable {
Loader.run (TypedInterpreter.class, args, InferFuncTypes.class,
NativeEvaluator.class) ;
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B AW A S ke a, X Orkdir e X, A e dl AR, B3R A Java B
Hlo load FERIRIBMESEIZIEN Class X5, HEAH T Cclass X4, HATEAEFIFHE 8 EANH
() Java ) RSFBILHI RS T8 E IR 5% o

(B 5 rtmEEe X — L )
a4 EEERT Java i, —NE—BWHNERN, BIEERIFO AT o FELORRA
\k FB Stone EZEX T HMEH, HAERIEN—N Java 9%, J\

JavaLoader XM I ClassPool X4t Javassist 244, FTEHIZEZ 5 RS (2%
SCHE) X ROCR . BRI E SIS, i AR ERTREME SO R G AR 2 S, R
RS

AR LA L8 classPool M2 makeClass S, 7F JavaLoader ZH5E SUHIZE,
ZOT RN AR 2R 5B, ZOTERRIIERE—> ctClass X4, HTHRR
Javassist PZS, XHM ctClass & compile-time ZSMYTHTFR . %X 45 java.lang.Class £ Al
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Jrike FEWH toClass ZJF, % CtClass XA RS IF A BIUIL, DIRES
ZXNIY Class M4, addMethod ik ZAEIL—4> string W4, 1ERNITIEME L.

SRl Javaloader.java

package chapl4;

import stone.StoneException;

import javassist.CannotCompileException;
import javassist.ClassPool;

import javassist.CtClass;

import javassist.CtMethod;

public class Javaloader
protected ClassLoader loader;
protected ClassPool cpool;
public JavaLoader () {
cpool = new ClassPool (null) ;
cpool . appendSystemPath () ;
loader = new ClassLoader (this.getClass () .getClassLoader()) {};
}
public Class<?> load(String className, String method) ({
// System.out.println (method) ;
CtClass cc = cpool.makeClass (className) ;
try {
cc.addMethod (CtMethod.make (method, cc));
return cc.toClass (loader, null) ;
} catch (CannotCompileException e) {
throw new StoneException(e.getMessage()) ;

}
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\( @ ctclass 2 compile-time BIEFREF? XN IZEZ Load-time, 04 LtClass N2 B HFUK? W\
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L RL?] JavaFunction.java

package chapl4;
import stone.StoneException;
import chap7.Function;

public class JavaFunction extends Function
protected String className;
protected Class<?> clazz;
public JavaFunction (String name, String method, Javaloader loader) ({
super (null, null, null);
className = className (name) ;
clazz = loader.load(className, method) ;
}
public static String className (String name) {
return "chapl4.java." + name;
}
public Object invoke (Object[] args) {
try {
return clazz.getDeclaredMethods () [0] .invoke (null, args) ;
} catch (Exception e) ({
throw new StoneException(e.getMessage()) ;

}
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def fact(n) {
ifn<2 {1} else {n* fact(n - 1) }

}
ZRBCH B N 44l chapl4 . java. fact BRI —A static i, WK,

public static int m(chapll.ArrayEnv env, int vO0){

int res;
if ((vO <221 :0) !=0) {
res = 1;
} else {
res = (v0 * chapl4.java.fact.m(env, (v0 - 1)));

}

return res;
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L RLPR] Toldava.java

package chapl4;

import java.util.ArrayList;
import java.util.List;
import chapll.ArrayEnv;
import chapll.EnvOptimizer;
import chap6.Environment;
import chap7.FuncEvaluator;
import stone.StoneException;
import stone.Token;

import stone.ast.*;

import javassist.gluonj.Require;
import javassist.gluonj.Reviser;
import static javassist.gluonj.GluonJ.revise;

@Require (TypeChecker.class)
@Reviser public class ToJdava {
public static final String METHOD = "m";
public static final String LOCAL = "v";
public static final String ENV = "env";
public static final String RESULT = "res";
public static final String ENV_TYPE = "chapll.ArrayEnv";

public static String translateExpr (ASTree ast, TypeInfo from, TypelInfo to) ({
return translateExpr (((ASTreeEx)ast) .translate(null), from, to);
}
public static String translateExpr (String expr, TypelInfo from,
TypeInfo to)

from = from.typel() ;
to = to.typel();
if (from == TypeInfo.INT) ({

if (to == TypeInfo.ANY)
return "new Integer (" + expr + ")";
else if (to == TypeInfo.STRING)

return "Integer.toString(" + expr + ")";
}
else if (from == TypeInfo.ANY)
if (to == TypeInfo.STRING)
return expr + ".toString()";
else if (to == TypeInfo.INT)
return " ((Integer)" + expr + ").intvalue()";
return expr;
}
public static String returnZero (TypeInfo to) {
if (to.type() == TypelInfo.ANY)
return RESULT + "=new Integer(0);";
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else
return RESULT + "=0;";

@Reviser public static interface EnvEx3 extends EnvOptimizer.EnvEx2 {
JavaLoader javaLoader() ;

}

@Reviser public static class ArrayEnvEx extends ArrayEnv {

public ArrayEnvEx (int size, Environment out) { super (size, out) ; }
protected JavalLoader jloader = new JavalLoader() ;
public Javaloader javaloader() { return jloader; }

}

@Reviser public static abstract class ASTreeEx extends ASTree {
public String translate (TypeInfo result) { return ""; }
}
@Reviser public static class NumberEx extends NumberLiteral ({
public NumberEx (Token t) { super(t); }
public String translate (TypeInfo result)
return Integer.toString(value());

}

@Reviser public static class StringEx extends StringLiteral ({
public StringEx(Token t) { super(t); }
public String translate (TypeInfo result) {
StringBuilder code = new StringBuilder () ;
String literal = value();
code.append ('"") ;

for (int i = 0; i < literal.length(); i++)
char ¢ = literal.charAt (i) ;
if (¢ == '"")
code.append ("\\\"") ;
else if (c == '"\\"'")
code.append ("\\\\") ;
else if (¢ == '\n'")
code.append ("\\n") ;
else

code.append (c) ;
1
code.append ('"") ;
return code.toString() ;

}

@Reviser public static class NameEx3 extends TypeChecker.NameEx2 {
public NameEx3 (Token t) { super(t); }
public String translate (TypeInfo result) ({
if (type.isFunctionType())
return JavaFunction.className (name()) + "." + METHOD;
else if (nest == 0)
return LOCAL + index;
else {
String expr = ENV + ".get(0," + index + ")";
return translateExpr (expr, TypeInfo.ANY, type);
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}

public String translateAssign(TypeInfo valueType, ASTree right) {

if (nest == 0)
return " (" + LOCAL + index + "="
+ translateExpr (right, wvalueType, type) + ")";
else {
String value = ((ASTreeEx)right) .translate (null) ;
return "chapl4.Runtime.write" + type.toString()

+ "(" + ENV + "," + index + "," + value + ")";

}

@Reviser public static class NegativeEx extends NegativeExpr {
public NegativeEx (List<ASTree> c) { super(c); }
public String translate (TypeInfo result)
return "-" + ((ASTreeEx)operand()) .translate(null);

}

@Reviser public static class BinaryEx2 extends TypeChecker.BinaryEx {
public BinaryEx2 (List<ASTree> c) { super(c); }
public String translate(TypeInfo result) ({
String op = operator() ;

if ("=".equals(op))

return ((NameEx3)left()).translateAssign(rightType, right());
else if (leftType.type() != TypeInfo.INT

|| rightType.type() != TypeInfo.INT) ({

String el = translateExpr(left(), leftType, TypeInfo.ANY);

String e2 = translateExpr (right (), rightType, TypeInfo.ANY);

if ("==".equals(op))

return "chapl4.Runtime.eq(" + el + "," + e2 + ")";

else if ("+".equals(op)) {
if (leftType.type() == TypeInfo.STRING
|| rightType.type() == TypeInfo.STRING)

return el + "+" + e2;
else
return "chapl4.Runtime.plus(" + el + "," + e2 + ")";

}

else
throw new StoneException("bad operator", this);

}

else {
String expr = ((ASTreeEx)left()).translate(null) + op
+ ((ASTreeEx)right()) .translate (null);
if ("<".equals(op) || ">".equals(op) || "==".equals (op))
return " (" + expr + "?1:0)";
else
return " (" + expr + ")";

}

@Reviser public static class BlockEx2 extends TypeChecker.BlockEx {
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public BlockEx2 (List<ASTree> c) { super(c); }
public String translate (TypeInfo result)
ArrayList<ASTree> body = new ArrayList<ASTrees> () ;
for (ASTree t: this)
if (! (t instanceof NullStmnt))
body.add (t) ;
StringBuilder code = new StringBuilder () ;
if (result != null && body.size() < 1)
code.append (returnZero (result) ) ;
else
for (int 1 = 0; 1 < body.size(); i++)
translateStmnt (code, body.get (i), result,
i == body.size() - 1);
return code.toString() ;
}
protected void translateStmnt (StringBuilder code, ASTree tree,
TypeInfo result, boolean last)

if (isControlStmnt (tree))
code.append ( ( (ASTreeEx) tree) .translate (last ? result : null));
else
if (last && result != null)
code.append (RESULT) .append ('=")
.append (translateExpr (tree, type, result)) .append(";\n");
else if (isExprStmnt (tree))
code.append ( ( (ASTreeEx) tree) .translate (null)) .append (";\n") ;
else
throw new StoneException("bad expression statement", this);
}
protected static boolean isExprStmnt (ASTree tree) {
if (tree instanceof BinaryExpr)
return "=".equals (((BinaryExpr)tree) .operator()) ;
return tree instanceof PrimaryExpr || tree instanceof VarStmnt;
}
protected static boolean isControlStmnt (ASTree tree) {
return tree instanceof BlockStmnt || tree instanceof IfStmnt
|| tree instanceof WhileStmnt;

}

@Reviser public static class IfEx extends IfStmnt {

public IfEx(List<ASTree> c) { super(c); }

public String translate (TypeInfo result)
StringBuilder code = new StringBuilder () ;
code.append ("1f (") ;
code.append ( ( (ASTreeEx) condition()) .translate (null)) ;
code.append ("!=0) {\n") ;
code.append ( ( (ASTreeEx) thenBlock ()) .translate (result)) ;
code.append ("} else {\n");
ASTree elseBk = elseBlock();
if (elseBk != null)

code.append ( ( (ASTreeEx) elseBk) .translate (result)) ;

else if (result != null)

223
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code.append (returnZero (result) ) ;
return code.append ("}\n") .toString() ;

}

@Reviser public static class WhileEx extends WhileStmnt {
public WhileEx (List<ASTree> c) { super(c); }
public String translate (TypeInfo result) ({

String code = "while(" + ((ASTreeEx)condition()).translate(null)
+ "!=O){\n" + ((ASTreeEx)body()) .translate (result)
+ ll}\nll;

if (result == null)

return code;
else
return returnZero (result) + "\n" + code;

}

@Reviser public static class DefStmntEx3 extends TypeChecker.DefStmntEx2 {
public DefStmntEx3 (List<ASTree> c) { super(c); }
@Override public Object eval (Environment env) {
String funcName = name () ;
JavaFunction func = new JavaFunction (funcName, translate (null),
( (EnvEx3)env) .javaLoader () ) ;
( (EnvEx3) env) .putNew (funcName, func) ;
return funcName;
}
public String translate (TypeInfo result) {
StringBuilder code = new StringBuilder ("public static ");
TypeInfo returnType = funcType.returnType;
code.append (javaType (returnType) ) .append (' ') ;

code . append (METHOD) .append (" (chapll.ArrayEnv ") .append (ENV) ;

for (int i = 0; i < funcType.parameterTypes.length; i++) {
code.append (', ') .append(javaType (funcType.parameterTypes[i]))

.append (' ') .append (LOCAL) .append (i) ;

}

code.append (") {\n") ;

code.append (javaType (returnType) ) .append (' ') .append (RESULT)
.append (";\n") ;

for (int i = funcType.parameterTypes.length; i < size; i++)
TypeInfo t = bodyEnv.get (0, 1i);

code.append (javaType (t)) .append (' ') .append (LOCAL) .append (i) ;
if (t.type() == TypeInfo.INT)

code.append ("=0;\n") ;
else

code.append ("=null;\n") ;
}
code.append ( ( (ASTreeEx) revise (body () )) .translate (returnType) ) ;
code.append ("return ") .append (RESULT) .append ("; }") ;
return code.toString() ;
}
protected String javaType (TypeInfo t) {
if (t.type() == TypeInfo.INT)
return "int";
else if (t.type() == TypeInfo.STRING)
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return "String";
else
return "Object";

}

@Reviser public static class PrimaryEx2 extends FuncEvaluator.PrimaryEx {
public PrimaryEx2 (List<ASTree> c) { super(c); }
public String translate (TypeInfo result) { return translate(0); }
public String translate (int nest) {
if (hasPostfix(nest)) {
String expr = translate(nest + 1);
return ((PostfixEx)postfix(nest)).translate (expr) ;
}
else
return ((ASTreeEx)operand()) .translate (null);

}

@Reviser public static abstract class PostfixEx extends Postfix {
public PostfixEx(List<ASTree> c) { super(c); }
public abstract String translate(String expr) ;
}
@Reviser public static class ArgumentsEx extends TypeChecker.ArgumentsEx {
public ArgumentsEx (List<ASTree> c) { super(c); }
public String translate (String expr) {
StringBuilder code = new StringBuilder (expr) ;
code.append (' (") .append (ENV) ;
for (int 1 = 0; 1 < size(); i++)
code.append (', ")
.append (translateExpr (child (i), argTypes[il],
funcType.parameterTypes[i])) ;
return code.append (') ') .toString() ;

}

public Object eval (Environment env, Object value) {

if (! (value instanceof JavaFunction))
throw new StoneException("bad function", this);
JavaFunction func = (JavaFunction)value;

Object[] args = new Object [numChildren() + 11];
args[0] = env;
int num = 1;
for (ASTree a: this)
args [num++] = ((chapé6.BasicEvaluator.ASTreeEx)a) .eval (env) ;
return func.invoke (args) ;

}

@Reviser public static class VarStmntEx3 extends TypeChecker.VarStmntEx2 {
public VarStmntEx3 (List<ASTree> c) { super(c); }
public String translate (TypeInfo result)
return LOCAL + index + "="
+ translateExpr (initializer (), valueType, varType) ;




226 | #14X A StoneiBZRABAKIE IR

R Runtime.java

package chapl4;
import chapll.ArrayEnv;

public class Runtime {
public static int eg(Object a, Object b)

if (a == null)

return b == null 2 1 : 0;
else

return a.equals(b) 2 1 : 0;

}
public static Object plus(Object a, Object b) ({
if (a instanceof Integer && b instanceof Integer)
return ((Integer)a).intValue() + ((Integer)b).intValue();
else
return a.toString() .concat (b.toString()) ;
}
public static int writelInt (ArrayEnv env, int index, int value) {
env.put (0, index, value);
return value;
}
public static String writeString (ArrayEnv env, int index, String value) {
env.put (0, index, value);
return value;
}
public static Object writeAny (ArrayEnv env, int index, Object value) {
env.put (0, index, value);
return value;
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LR  JavaRunner.java

package chapl4;
import javassist.gluonj.util.Loader;
import chap8.NativeEvaluator;

public class JavaRunner ({

public static void main(String[] args) throws Throwable {
Loader.run (TypedInterpreter.class, args, ToJava.class,
InferFuncTypes.class, NativeEvaluator.class) ;
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package chapA;

import java.io.IOException;
import java.io.Reader;
import stone.CodeDialog;
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public class Lexer {
private Reader reader;
private static final int EMPTY = -1;
private int lastChar = EMPTY;
public Lexer (Reader r) { reader = r; }
private int getChar() throws IOException {

if (lastChar == EMPTY)
return reader.read() ;
else {
int ¢ = lastChar;
lastChar = EMPTY;
return c;

}

private void ungetChar (int c¢) { lastChar = c¢; }
public String read() throws IOException {
StringBuilder sb = new StringBuilder() ;
int c¢;
do {
¢ = getChar() ;
} while (isSpace(c));
if (¢ < 0)
return null; // end of text
else if (isDigit(c)) {
do {
sb.append( (char)c) ;
¢ = getChar();
} while (isDigit(c));
1
else if (isLetter(c)) ({
do {
sb.append( (char)c) ;
¢ = getChar();

} while (isLetter(c) || isDigit(c));
}
else if (c == '=') {
¢ = getChar() ;
if (¢ == '=")
return "==";
else {
ungetChar (c) ;
return "=";

}

else
throw new IOException();

if (¢ >= 0)
ungetChar (c) ;

return sb.toString() ;

private static boolean isLetter (int c¢) ({
return 'A' <= c && ¢ <= 'Z' || 'a' <= ¢ & ¢ <= 'z';
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private static boolean isDigit (int c) { return '0' <= c && c <= '9'; }
private static boolean isSpace(int c¢) { return 0 <= c && ¢ <= ' '; }
public static void main(String[] args) throws Exception
Lexer 1 = new Lexer (new CodeDialog()) ;
for (String s; (s = l.read()) != null; )
System.out.println("-> " + s);
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factor: NUMBER | " (" expression ")"
term: factor { ("*" | "/") factor }
expression: term { ("+" | "-") term }

SRl ExprParser.java

package chapB;

import java.util.Arrays;
import stone.*;

import stone.ast.*;

public class ExprParser {
private Lexer lexer;

public ExprParser (Lexer p) {
lexer = p;
}

public ASTree expression() throws ParseException {
ASTree left = term();
while (isToken("+") || isToken("-")) ({
ASTLeaf op = new ASTLeaf (lexer.read());
ASTree right = term();
left = new BinaryExpr (Arrays.asList (left, op, right));
}
return left;
}
public ASTree term() throws ParseException
ASTree left = factor();
while (isToken("*") || isToken("/")) ({
ASTLeaf op = new ASTLeaf (lexer.read());
ASTree right = factor();
left = new BinaryExpr (Arrays.asList (left, op, right));
}
return left;
}
public ASTree factor() throws ParseException {
if (isToken(" (")) {
token (" (") ;
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ASTree e = expression();

token (") ") ;
return e;
1
else {
Token t = lexer.read() ;
if (t.isNumber()) {
NumberLiteral n = new NumberLiteral (t) ;
return n;
1
else

throw new ParseException(t);

void token (String name) throws ParseException {
Token t = lexer.read() ;
if (! (t.isIdentifier() && name.equals(t.getText())))
throw new ParseException(t);
}
boolean isToken (String name) throws ParseException {
Token t = lexer.peek(0) ;
return t.isIdentifier() && name.equals(t.getText());

}

public static void main(String[] args) throws ParseException {
Lexer lexer = new Lexer (new CodeDialog()) ;
ExprParser p = new ExprParser (lexer) ;
ASTree t = p.expression();
System.out.println("=> " + t);
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WA Z Ml g ], AT ARG MU IERE R . Xy, FRATAS RS R R
Fotn, WRZJEEAME (ARG ), BB () 20 SO PRI . A, X
CZHE 1 LL LTRGBS [l 2 Bk /oA s . O 1SR AR OL, fEDE
WP BOTRF I, FRATNRS AT BER PSR R 7E— R LA o ASRERA T 22 R B A BE 4y
B, ERE SGEF TCBBHE AT, FAIN %% I B HOX e L

\(ﬂ BT B EM A ERBRZAN OB, EIESITEEPH— SO 2FNKEF, 1BEP
HEXFBIESBER, B, WRT—NHEIERE— MR, REEES TS
EeTEs. KELERREBT, BEAEXHEED,

B i, 8 MEIX IR E ST R ER1TE /18007

B AT NS EIRE MM LL BE DT H SR —F packrat 3EE ST XHIE?

B &, packrat IBEDTS LG EIEFET RNTE( Bl memoization 42 ), REEIREIHE—ERZ
g, RO EERARLMEN, FEBEENEHE HEME,

O REEMTERPZT R, ZHARZGHABEERBEEICRER, AEE—£9X
T ERETTEHNT,

B 2, uREEREFHMNERELSZEIEE, ASEFHRT BT

B %, B, ERELSRRENG,

MEAGTEEARMIEMN, XForARNBE 7 LRNE,

B XAELSRBERNT, ENTENRE, IFELERHENTHERN, BITEEHREY
RE, T EXFANEETE X TR,

def_keyword : "d" "e" "f"

[ R EHREHENZFEAN, LLO)REREAINT . BEXE—NMREENTLE,
B R - NFRMEMR—NBE, BRI AIBZIDESWEE T o SSERER B L H?
O R TUNEHTEAN TS, SERTRITHHRTE,
O RES TR L T XS EFRR TS XFET 7o
[ Aspect) 2 £ WG LTIX M EK, Aspect B TIIAS N 2, BRIEE—NIAS
foo*bar, ATEPEHBEMS *, At foorbar BB MRAFI AT WFRIRHT, WTEH
| RER,  BATERRS, WHERTEAEAT foo. * 5 bar X=EIE, J\

LL W5 SR PS4 R e 2 SR RSk B o ARAS I BUX R, AT RE A SExfE
VABRA. O 7 PR LL 3L 00T, JROTAT LSS B G 45 G B U . A AT REHEE Ay 5
Blo TR AR TR IE R ] AT REARELAORE, DR FRATTAES 28 AT RERY I DL 2R /N o ISR Sk
— U RARAEEAT, BB AR AT Z i R 2 e AT A ]

TRV ST SR PP IR AT RE B R DX RE A S R 0 WSS — R IS TE I s Sk )
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6], MRVCYRERSHE 1 Sk, mAFEGRE AT ik, ROTAFAfeAr, ki

X)L

160 LT LT 2

LL 387550 B2 — R [ o) N5 Bk . LR EE A R — A B R PR H
eI BB TS . BT LRIEERIITBC S, AT G 5 — R4 AR IL S o i i 53
Poo XFPREARE IR, ERCAWE 1T AR LBk,

Jii44 RS, B S /i (operator precedence parsing ) J&— R T Iia BT e K TE LS
Bridsk, B2 LR() BSSILhRAS, SERIT—Fh 2 2l — KA LR IR rA L, Pk HBEXTEL
SIB TR Z R BT A B TR ST, AN R ] T AR B i S A AT

Ak, PR R LR S AR B A TR R AT, RIS A R T E R o e
S A EE i, LT D RIRXPUT IR . BRI A EE T T AT
W, WRERA A T S iEE e ras i . S92 B, AR parser FELTE—EFE
& R T RAF RS i

TR, BATVE— T WTTE LL 3520 ik A B T m) B Ak h 45 6 AR IL e i
BAFR A ATE LI RR R I X 3 H 1 B34 MG 5 S E AT A TIE AT, AN IR TFE MR TR
TS R AL BN H s 3845 . HAbiE I factor (AT ) Sk s i LL i a7 .

\(/ DO Ht AT A A ILIE R B LR ‘“
O 5 EEATARINHABREHNREIR?
| BT, BXAREEENLEEN, J

BEAFRAE MRS LL ik adr, JHIERIA FREEA s &5, WHEHREAN
SRR AR AR R T, AUASVEE 161 A WA T AN His B HEA S5 1T, HrpdE&
54T expression FRINEIEE I, term FRFFRIER X, XFMEITHE N T X 0B84 Z 8
e,

HE, ERERA S SRR AR AR N . S T RIS BT Z RIS, 5
PR B R PO AT R RO AT SR T R R A T S ez, AR
5O Y FRIA K B BTSRRI AR 5. A TSR L], A
MPREAANB FAT I Y B AR RA HZs AT R RIS E M. X TABREL, iIB5A5F +. - 1Y
PIE term, term RIBAXPEABEA » 5/, HAESMRLEHK.

i, W& EARNFEICH AR, BN AN AR 2% . 3800 FREEL S
Wr B B — 2t L — ik, T RRE e R I A A i fBiln,
AW R 16.3 B TINS5, S T A AT TE N, 35 R A8 5 I e g 5
3, B, BT e S A AR R R A
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R T asas S TR ik, stRgR X FEpy i, A PRE— 1. 18
52 16.4 U5 TACESTE BA 16.2 W AR R BE L T ae O RR FE, BE A H I8 34540 B i i 4
KT BT, RSN T FHFIAAY main k.

INSEEARR] SHEARMEREERINERIER

factor: NUMBER | " (" expression ")"

term: factor { ("*" | "/") factor }

add expr: term { ("+" | "-") term }

rel expr: add expr { ("<" | ">") add expr }
eq_expr: rel expr { ("==" | "1=") rel expr }
and_expr: eq expr { "&&" eq expr }

or expr: and expr { "||" and expr }

SO C R ER TERMRESITERIEEDHTEE ( OpPrecedenceParser.java )

package chapB;

import java.util.Arrays;
import java.util.HashMap;
import stone.*;

import stone.ast.*;

public class OpPrecedenceParser {
private Lexer lexer;
protected HashMap<String, Precedence> operators;

public static class Precedence {
int value;
boolean leftAssoc; // left associative
public Precedence (int v, boolean a) {
value = v; leftAssoc = a;
}

1
public OpPrecedenceParser (Lexer p) {
lexer = p;
operators = new HashMap<String, Precedences> () ;
operators.put ("<", new Precedence(1l, true))
operators.put (">", new Precedence(l, true))
operators.put ("+", new Precedence (2, true));
operators.put ("-", new Precedence (2, true));
))
))
e)

7

7

operators.put ("*", new Precedence (3, true));
operators.put ("/", new Precedence (3, true));
operators.put (""", new Precedence (4, false));

}
public ASTree expression() throws ParseException {
ASTree right = factor();
Precedence next;
while ((next = nextOperator()) != null)
right = doShift (right, next.value);

return right;

}

private ASTree doShift (ASTree left, int prec) throws ParseException {
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ASTLeaf op = new ASTLeaf (lexer.read());

ASTree right = factor();

Precedence next;

while ((next = nextOperator()) != null && rightIsExpr (prec, next))
right = doShift (right, next.value);

return new BinaryExpr (Arrays.asList(left, op, right));
}
private Precedence nextOperator () throws ParseException {
Token t = lexer.peek(0);
if (t.isIdentifier())
return operators.get (t.getText());
else
return null;
}
private static boolean rightIsExpr (int prec, Precedence nextPrec) {
if (nextPrec.leftAssoc)
return prec < nextPrec.value;
else
return prec <= nextPrec.value;

}

public ASTree factor() throws ParseException {

if (isToken (" (")) {
token (" (") ;
ASTree e = expression() ;
token (") ") ;
return e;
}
else {
Token t = lexer.read() ;
if (t.isNumber()) {
NumberLiteral n = new NumberLiteral (t) ;
return n;
}
else

throw new ParseException(t) ;

}
}

void token (String name) throws ParseException {
Token t = lexer.read() ;
if (! (t.isIdentifier() && name.equals(t.getText())))
throw new ParseException(t) ;
}
boolean isToken (String name) throws ParseException {
Token t = lexer.peek(0);
return t.isIdentifier() && name.equals(t.getText()) ;
}
public static void main(String[] args) throws ParseException {
Lexer lexer = new Lexer (new CodeDialog()) ;
OpPrecedenceParser p = new OpPrecedenceParser (lexer) ;
ASTree t = p.expression() ;
System.out.println("=> " + t);
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A3 R 16.2 S50 IE A 16.4 1) EE X IFE T expression Jrik, LB H 164
i expression 7%l T doshift. nextOperator X rightIsExpr i = M#hTe:, it
HEBE TSR 162 HEAR term ik, factor Jiik. token /iik M isToken JrikNllk
FERI I

B TS B 16.4 T iE o e ] TSR Se o bris, UG IRATTREAR 25 ) Wi o 1A
WA H 25845 . FERIFE BT, FROTCTEHH term 2R, HaREa8450N
% operators FEHIA . X B operators FEUE—TRISFAFR, 1, IBHEHR 164 AR
KA term Fik,

BEATRMAMG AR, Hrh, A ZEEAFAK, 52X EZE—1 Precedence Xf
%. Precedence FKMMIEREE — D SHUH THIGE B S . e — 1R T%
MREER R, BUEBOR, URguim. 5 S B0 TRiRB BRI R A4 G iR e 4
G0 WHRIKERN true, MIFRXE LGB IBEST.

'
| BN R, B R B BT IR j

WSEHC R MNEEREXHEERN GEREX)
factor: NUMBER | " (" expression ")"

term: factor | term ("*" | "/") factor
expression: term | expression ("+" | "-") term

expression FEPATHRANT . BURBOS TAUTE S 16.5 FrosfiHZE L, 414 L
TR,

NUMBER "+" NUMBER "*" NUMBER

Xt Je—45th BNF A8 AU 751 AR ERIAYTHRIE NG S )1, HERSbrg XS
AT 16.1 Fr7s BTER L ALINARTE .

TER 3% 2% Hal R S RAT T L e g, FRATT AT RERS IR B 724255 2 > NUMBER 58 5 2 Hi e
M+ BT AERAERL, A * s AT B R AT e i bl o Fe B e A A
IBEAFIR IR P, ST 164 1, doshift FikHN while BRI
AT PAT—HIBr . MR right TsExpr AR FIEN true, HIEIH) NUMBER 24 iliz
AT AR

TE B, * BRI, RIS —A> NUMBER 2 H A * B R, B TRk
IR + BRI R

FUR T _E S dof AAR B 5 O F o 73k, R RIRR TRk NI ks, B4
SRk ST v P e e el e e S U W e d R o LU S 2| RODIVAI DR | B2 S4e 1E7 T (R T A Sy
PR G HA AL AT RIS, Al G I, R S ZAR A ST N T3k 7E A
B R R A R AR AR R
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NUMBER "+" NUMBER "*" NUMBER

factor "+" factor "*" factor

term "+" term "xn factor
expression "+" term
expression

@iln, TR NUMBER SRR LS factor MBERITEL, [H I NUMBER BEAS 4 0L N
5 factor XY FRIKNX ., 8 TRBUXFIRDIER, & 217 factor Bk T L—ArH i BLAY
i NUMBER., KM, 55 4 170455 3 174 MR = A Fia 4y 74> term, [N, 55 3 157200
) term PN T expression, ZHTLABERSIXARE, 2 IR0 JRORAY BLIR] S AR L A AR 25 4T
VERC. fn EBIFR, ek as b T A i 28 I 0 — DRSS, TR ai R .

AR SRV B A8, A RO AR R AT R AR N2 (reduce ). BRARIIE
Rty o, W EEIE T as AN DT 0y, B B A TR S AT C R e 41 il
TE_ LT E R, NG 3 AT AER L R IHZT7 5

term "+" term "*" factor

expression "+" term "*" factor
expression " factor

USRI AT, AZPR ST iR s ol . WA RRE S i n — Y A F S IC . 2 B
DU AESR, B Tiz0r sUE eI 1 + 8y L ey = 5al . i 20 ndfh
GAREW T, + BRI S R T « mAT, AR T AR E AR, NEE
BB, AR B IR T AS A BN G A 7E 1

| @ RGBT —MIEESTEE, BRAHERETROANERSSR—5, BHEE |
chseRl T A I8 %,
| @ R, P ENRSEENEXNREN T RN EN SR SRR ITET ., |

RERII LT RE AR E R E 5 22— B BUR IR P81, R IATIH 2. I SeF kA2
MISTERT, s— R, I, SEi— R ia)s, HrTReA —FaiR. sy
BB R 0, IR PR IR 28 R AR ARy 1% Ak
THRAE R B, Horb, R IRESERFOIRIE (shift ),

TE LB, L Hr g e B2 — S i NUMBER Ji, LR ILIAZN T factor
Hterm, ZJA, Hii3EIH term AMMATRER I ERERT LS ZEMIAY + i85 A5 LR £
HARLLETT expression BHIREM D HATIHZ, WS AHMAY « @A —k 7 Y F AL
£ term BRI HR M A TREIE .

AT e MR AR B R J5 U BT R s AT R OL B4, JF DL E AT 1 230 27
PR, T BT B R, R P RE HOE T X R A S A Tk i, ELARE X
B Feka. oA AR 1073080 LR LR T A2 20907 2ORVEFR R4, IATTREXT
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TG AT A T 5340

e, « isEAF e, R TE AT as e A 55 — > 1] NUMBER J5 )
MPATRE AR, RF AT B 16.4 T doshi £t HEEMBESCIRE I, HIL I A%
JRAEAEVC AR 457 expression MR, BUATIZDCRCEE RN by, DABRAT 5 2188 U 3
o doshift FEMIEHIMZ NG (« BEMAHHAN term 5 ), VERCKEHTITIG . 7R/
THH 164 1, doshift JNETEHAT S UG RAER R EIH AL, 33X B2 IH29#4E

\( @ GEEN%, sIEREIR packrat IBESTELRER T RIIER, W\
A 2, EF2%E, TUBMEERTBE T M ufENERRSERER T,
O TJ#EHEE?
0 SR HRBEFEHLNNT, TENREREPETS TR, EBTEEBEHER—BEIR
BRI,
WRBEBEX, BoRFESZITRER, B—ZHFEFHNREERADITNER,
B XAt ar g |
B B, stEFEXMBEHELDTRIL? R LR BESHTREIR B shift/reduce conflict Z 2K
iR,
@ BZFiR shift/reduce conflict AIiEALKT o
[ FE, WEEEXHEEEXNIEE, SESNSBERIFNTREKEST FHF,
RFE A Packrat &5 94, FHAITTLIEIT PEG ( Parsing Expression Grammar )3EE Xi&
K, BHMEZUEHENINFRZ2RX B WHERR, XH—K, RETES L IRMNER,
B BEBARANE B R B H R E W — &Ko
@ 5, FrUEER | AT /R,
B FEFHPEG 2/G, BRIBEATHEEX, B8 PEG EXMIBEREFERVINZITEE
k RABMAT . HFERNBIAER, J\
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P
lz Parser EERI N ER 4548

ARFFEBAHEE AP R T Parser PR, 55 5 % (55 5 K ) &N T inERHAN]
2, ABBA PR T NS . AR Parser FERITRACS, PHEEINTREE

TEVCHT LL iR R e, A TH B BRI, Parser FERxX 2 [ 2 H 31 AH
MRS TR, TR St o H 4 VR A 5 32 B AT B T OGS TE VA B . X2 —Fiilk
TR AT 2R 4 AT ( parser combinator ) Ji

AN A&FHH

214 F (combinator ) j&—HALE T2 ( combinatory logic ) fiTETROMES . 46 T2
—FhmE B R A, ERERICE T REBE NS5, JHRBIEMTMA S, 1A, AT AT AR
(HAFRE X H e S50,

Y-combinator ( fixed-point combinator ) J&—FEHA AT, HTFEBLEITE., HTHE
FIEAEE R R E S ( AR D) 28K, BRI ToEk U ZARE H IR . Y-combinator
AT HEAMIE AR 2, MRS AR S T

HATorHTEASE: Haskell XS pRECRIE 5 il —FPRE P 14515 . 4 24 R8X ] FBvA
FIEE5AT (parsing ) WIRREGHATALG 5, FRATELREIRTE—A>RBAE X BE &2 22 MTE T80 720 1
MYPRET . FRATPRF X R BEAE A T 1] FRIE R ST A PR B E A 28, A G 5 IR R BRI AU T 5 A
GBI PRSP A AT SR 45 F o

| [0 %0, M@HTEREETFF Y-combinator {4 BI% X EIL? ‘u
A £ AEE5REMIESHE VXK, B parser EEAT Java 55, WHEEETA
EEL T, HTER
| B EER, BEESEXYREOESMERI R, |

H Parser LB Java G TR w . ERHE 2RI TR RIRE T
R, IFAMHTE — MRES I TR R ZE L T B R . AEA G HIFIERE, MRXR . FEiR
T SRR, BB T I TIRIE T RO R . PERYRE I LA T X R, IFH
HAHE, SRR A .

172 s LR L
AREEREIIIER 17.1 & Parser EMIERT . ZES HM G0 FERR, HFET
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FIFAR /N, B R A — Pparser 25, Aad, TERIERFEMGIRAIAMEL L, Parser 2K
N Element Z5E A/ DRETFI (K 17.1),

Element

parse
match

T

AToken | Leaf || Repeat| | Tree |
A Expr A OrTree
I

| IdToken | | NumToken ||StrToken |

Parser R EHHRETFE

XU ETHRHAT RN parser ML TFEAHAEE N, 155 AL BRI LERE LR
Al parser XN, A number 3 ast ST PRI, XTI E Parser 2K
IR E TN, K EMTRINE Parser ¥4 element s FEHEM A ArrayList X4
i, N, ast EEAIE A Tree X%, IPHAINE ArrayList 11,

Parser K parse IR E B PITIEL T B FERM LL k7=,
IR TR 2L, o TR ik

Parser KT HRETEAIMZEHWRINZE elements FEALINA ArrayList %, XLk
B R AL R TR B IR IS O R . BRI ELE — AN AR T, CAEZ RIS 4
(5 4 K) 75 BNF —[FN4iit.

filan, K 17.2 it parser R AHRETRIXTGORFINE 4 & 4.6 HELESEIR R, X
ZIERRF AR PR .

Parser factor = rule().or(rule() .sep(" (") .ast(expr).sep(")"), rule() .number());

AMEF L, 15T AL FREAE I X R A 1 0 FR 5 R B A AL ki IR b Sk o SCRERS
H orTree X&F/n, LS. Rk HFETHBMNITI 2 56EH element s FETHIIT
% Skip. Tree 5 Skip X =ML FER,

Parser KM parse Jrikneim X FE 2L gkt B ) RIS AT s b, X gianfmlis)iz
M ERRENS —ik I A ZhHL, — i PATIR T, parse SRR LL i =, bE—
7| U B DR 2370 TN E 7K B Wb NPl = b= R MRy T | S E LV

parse IR IR AT IR, o DR R A Sk, BRI SRR AR R A RB IS R IE
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WARARRE, WS RATEDA G, WRAEER, FoRIEBESITNY), T2 parse AR
(AR G EEA . BATTRES S S A Parser BIMRETIM parse Jrik, RAIWHT
KPR R BRI o AR P A PR L BRI R A iR E TS parse AL, TUEIRA
AT, X2 [ B FOR AT sl AR LS5 AR B SH Rl iL . ndUARDTRe,
VU TR AR, parse iKMo

MEF RN parse HILET HAE7E U FIARIEL 7. H Expr K parse &
MHA, ERPATRE =M 0. ZEX L H parser i) expression LR
Jin. Expr B parse Ji R BRI AR A T1EL T, A, B TR
H AR E XL parse LT, L Expr RE M BN AR E 24 .

RS E

@?E% >
Parser &
:Parser | 2SKip | Tree - Skip
BEF: Parser |3 : OrTree tokens="(" ' =
elements Tokens=")
elements
_: Parser. >| : NumToken
= : Parser
elements

85T Parser 3 & SER I KL E

(ﬂ Rz, BEFEONERERITBESITHNERA L, ?ﬂiﬂ‘ﬂ%éﬂéﬁéﬂ%%ib‘l%‘éé’ﬁ%‘}%W
AAFIHIE?
B 5— MR ENTIES B EH .
A T2, BAMNERATHT —RBFNHLE, EEHNRAEE—HIAERN S TEEHE
EEHNEN T,
O iF ERIEX — AR R,
A SX4ROE, FHERNERTEFESHTENTRER, MXbEHARESRAN
\L B%E, TEERKTBLED. /J\

1F Parser B E TRIEMN parse HET, REENZ orTree KX parse 7
%o Parser KM or LK orTree RIMBGEHEH ., T 5B TR0 SR,
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AN T B W SR E ]

WA BE, LLEE IO I m, DIhE & Sk i ml. Wt 2 ut, Bk o irdsds 3
P 2 AT 25000, I BERR S LI PATIE I 0BT (N R AR TR IR I ) MBRAE . 4Rk
H Parser 2 N HARETIEM match JrikaT,

it or WIS ELHEE Parser X orTree X 1L, 1E R I 43 3 ik
T, OrTree M4 parse FIETERMG, HE SBMRIHH S &3 3T R 1Y) Parser X
%) match k. match RIS —A i, JRE IR H S [ SRR S iR
VERC, RMIVCECZEAR . A12R match HIERIFIE, OrTree WM AL Parser X4, il
FZXT 40 parse Jiik, YREEPUTIEILE T, match FILIEBEE — M55 5 Parser X}
e e | LN oY NTEER (5. 92l = S

( @ xR E—=5 R PEG B5 U, Wj

T orTree ) parse HI R TiXA I 20R%EH: Parser X4, NIk Parser 28
1) or JILMPATIZH S BNF 1 | (8CR) M 2R . T, il parser EHUTIEL T
IAEAE—LERR G S5 75 2o AT TR L A RE IS (R ot — R BARITRSE , i 58 4 i 73 S T ik
o WERUL, IR BNF RIRMIELE AR Re il oA 7 S8 BBk . tesh,
RFRINAAE SR eI, ARSI L5/ F WA . AMUE or ik, repeat M option Jr
ARG X —HAE . T ZRIEIR LI B TE R A AR ZE RS, R S5 A F ABE 51
WSS GBS . XHE—k, TRk Hrds R P — 5], gRARHH & A W ik 2k
PATIEA

‘( B EmGHNRGH T Parser FERI—LEKERFINE, W‘
[ SR RHERAET
B '8, Scala WRHFTRAS T ITRELRATRANFTRRLEES X,

\( ERRE - RiT Stone BE AIXMREN T EAREH T . J\

S RWAN Parser.java

package stone;

import java.util.HashMap;

import java.util.HashSet;

import java.util.List;

import java.util.ArrayList;

import java.lang.reflect.Method;
import java.lang.reflect.Constructor;
import stone.ast.ASTree;

import stone.ast.ASTLeaf;

import stone.ast.ASTList;

public class Parser
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protected static abstract class Element {
protected abstract void parse (Lexer lexer, List<ASTree> res)
throws ParseException;
protected abstract boolean match(Lexer lexer) throws ParseException;

}

protected static class Tree extends Element {
protected Parser parser;
protected Tree(Parser p) { parser = p; }
protected void parse (Lexer lexer, List<ASTree> res)
throws ParseException
{

protected boolean match(Lexer lexer) throws ParseException {
return parser.match (lexer) ;

res.add (parser.parse (lexer)) ;

}

protected static class OrTree extends Element {
protected Parser|[] parsers;
protected OrTree (Parser[] p) { parsers = p; }
protected void parse (Lexer lexer, List<ASTree> res)
throws ParseException

Parser p = choose(lexer) ;
if (p == null)
throw new ParseException(lexer.peek(0)) ;
else
res.add (p.parse (lexer)) ;
}
protected boolean match(Lexer lexer) throws ParseException {
return choose(lexer) != null;
}

protected Parser choose (Lexer lexer) throws ParseException {
for (Parser p: parsers)
if (p.match(lexer))
return p;

return null;

}

protected void insert (Parser p) {
Parser [] newParsers = new Parser [parsers.length + 1];
newParsers[0] = p;
System.arraycopy (parsers, 0, newParsers, 1, parsers.length);
parsers = newParsers;

}

protected static class Repeat extends Element {
protected Parser parser;
protected boolean onlyOnce;
protected Repeat (Parser p, boolean once) { parser = p; onlyOnce = once; }
protected void parse (Lexer lexer, List<ASTree> res)
throws ParseException
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while (parser.match(lexer)) {
ASTree t = parser.parse (lexer) ;

if (t.getClass() != ASTList.class || t.numChildren() > 0)
res.add (t) ;

if (onlyOnce)
break;

}
}
protected boolean match(Lexer lexer) throws ParseException {
return parser.match(lexer) ;
}
}

protected static abstract class AToken extends Element {
protected Factory factory;
protected AToken (Class<? extends ASTLeafs> type) {
if (type == null)
type = ASTLeaf.class;
factory = Factory.get (type, Token.class);
}
protected void parse(Lexer lexer, List<ASTree> res)
throws ParseException
{
Token t = lexer.read() ;
if (test(t)) |
ASTree leaf = factory.make(t);
res.add (leaf) ;
}
else
throw new ParseException(t);
}
protected boolean match (Lexer lexer) throws ParseException {
return test (lexer.peek(0)) ;

}

protected abstract boolean test (Token t);

}

protected static class IdToken extends AToken {

HashSet<String> reserved;

protected IdToken (Class<? extends ASTLeaf> type, HashSet<String> r) {
super (type) ;
reserved = r != null ? r : new HashSet<Strings> () ;

}

protected boolean test (Token t) {
return t.isIdentifier() && !reserved.contains(t.getText());

}

}

protected static class NumToken extends AToken {
protected NumToken (Class<? extends ASTLeaf> type) { super(type); }
protected boolean test (Token t) { return t.isNumber(); }

}

protected static class StrToken extends AToken {
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protected StrToken (Class<? extends ASTLeaf> type) { super(type); }
protected boolean test (Token t) { return t.isString(); }

}

protected static class Leaf extends Element {
protected Stringl[] tokens;
protected Leaf (String[] pat) { tokens = pat; }
protected void parse (Lexer lexer, List<ASTree> res)
throws ParseException
{
Token t = lexer.read() ;
if (t.isIdentifier())
for (String token: tokens)

if (token.equals(t.getText())) {
find(res, t);
return;

}

if (tokens.length > 0)
throw new ParseException(tokens[0] + " expected.", t);
else
throw new ParseException(t) ;
}
protected void find(List<ASTree> res, Token t) {
res.add (new ASTLeaf (t)) ;
}
protected boolean match(Lexer lexer) throws ParseException {
Token t = lexer.peek(0);
if (t.isIdentifier())
for (String token: tokens)
if (token.equals(t.getText()))
return true;

return false;

}

protected static class Skip extends Leaf
protected Skip(Stringl[] t) { super(t); }
protected void find(List<ASTree> res, Token t) {}

}

public static class Precedence {
int value;
boolean leftAssoc; // left associative
public Precedence (int v, boolean a)
value = v; leftAssoc = a;

}
}

public static class Operators extends HashMap<String, Precedence> {
public static boolean LEFT = true;
public static boolean RIGHT = false;
public void add(String name, int prec, boolean leftAssoc) {
put (name, new Precedence (prec, leftAssoc)) ;

}
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}

protected static class Expr extends Element {
protected Factory factory;
protected Operators ops;
protected Parser factor;
protected Expr (Class<? extends ASTree> clazz, Parser exp,
Operators map)

factory = Factory.getForASTList (clazz) ;
ops = map;
factor = exp;

}

public void parse (Lexer lexer, List<ASTree> res) throws ParseException {

ASTree right = factor.parse(lexer) ;
Precedence prec;
while ((prec = nextOperator (lexer)) != null)

right = doShift (lexer, right, prec.value);

res.add (right) ;

1

private ASTree doShift (Lexer lexer, ASTree left, int prec)
throws ParseException

ArrayList<ASTree> list = new ArrayList<ASTree>();
list.add(left) ;
list.add (new ASTLeaf (lexer.read())) ;
ASTree right = factor.parse (lexer);
Precedence next;
while ((next = nextOperator (lexer)) != null
&& rightIsExpr (prec, next))
right = doShift (lexer, right, next.value);

list.add(right) ;
return factory.make(list) ;
}
private Precedence nextOperator (Lexer lexer) throws ParseException {
Token t = lexer.peek(0) ;
if (t.isIdentifier())
return ops.get (t.getText());
else
return null;
}
private static boolean rightIsExpr (int prec, Precedence nextPrec)
if (nextPrec.leftAssoc)
return prec < nextPrec.value;
else
return prec <= nextPrec.value;
}
protected boolean match(Lexer lexer) throws ParseException {
return factor.match (lexer) ;
}

}

public static final String factoryName = "create";
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protected static abstract class Factory {
protected abstract ASTree makeO (Object arg) throws Exception;
protected ASTree make (Object arg)
try {
return makeO (arg) ;
} catch (IllegalArgumentException el) ({

throw el;
} catch (Exception e2) {
throw new RuntimeException(e2); // this compiler is broken.

protected static Factory getForASTList (Class<? extends ASTree> clazz)
Factory f = get(clazz, List.class);

if (£ == null)

f = new Factory() {
protected ASTree makeO (Object arg) throws Exception {
List<ASTree> results = (List<ASTree>)arg;
if (results.size() == 1)
return results.get (0) ;
else

return new ASTList (results) ;

}i

return £f;

1

protected static Factory get(Class<? extends ASTree> clazz,
Class<?> argType)

{

if (clazz == null)
return null;
try {
final Method m = clazz.getMethod (factoryName,

new Class<?>[] { argType });
return new Factory() ({
protected ASTree make0 (Object arg) throws Exception {
return (ASTree)m.invoke (null, arg);
1

}i
} catch (NoSuchMethodException e) {}
try {
final Constructor<? extends ASTree> ¢
= clazz.getConstructor (argType) ;
return new Factory() ({
protected ASTree makeO (Object arg) throws Exception {
return c.newlnstance (arg) ;
1

}i
} catch (NoSuchMethodException e) {
throw new RuntimeException(e) ;
1

}

protected List<Element> elements;
protected Factory factory;
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public Parser (Class<? extends ASTree> clazz) ({
reset (clazz) ;

protected Parser (Parser p) {
elements = p.elements;
factory = p.factory;
1
public ASTree parse(Lexer lexer) throws ParseException
ArrayList<ASTree> results = new ArrayList<ASTrees> () ;
for (Element e: elements)
e.parse (lexer, results);

return factory.make (results) ;

}

protected boolean match (Lexer lexer) throws ParseException {

if (elements.size() == 0)
return true;
else {

Element e = elements.get(0);
return e.match(lexer);

}

public static Parser rule() { return rule(null); }

public static Parser rule(Class<? extends ASTree> clazz) {
return new Parser(clazz) ;

}

public Parser reset () {
elements = new ArrayList<Elements> () ;
return this;

}

public Parser reset (Class<? extends ASTree> clazz) ({
elements = new ArrayList<Elements>();
factory = Factory.getForASTList (clazz);
return this;

}

public Parser number () {
return number (null) ;

}

public Parser number (Class<? extends ASTLeafs> clazz) {
elements.add (new NumToken (clazz)) ;
return this;

}

public Parser identifier (HashSet<Strings> reserved) ({
return identifier (null, reserved);

}

public Parser identifier (Class<? extends ASTLeaf> clazz,
HashSet<String> reserved)

elements.add (new IdToken (clazz, reserved)) ;
return this;

1

public Parser string() ({
return string(null);
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public Parser string(Class<? extends ASTLeaf> clazz) {
elements.add (new StrToken (clazz)) ;
return this;
}
public Parser token(String... pat) {
elements.add (new Leaf (pat)) ;
return this;
}
public Parser sep(String... pat) {
elements.add (new Skip(pat)) ;
return this;
}
public Parser ast (Parser p) {
elements.add (new Tree(p)) ;
return this;
}
public Parser or(Parser... p) ({
elements.add (new OrTree(p)) ;
return this;
}
public Parser maybe (Parser p) {
Parser p2 = new Parser (p);
p2.reset () ;
elements.add (new OrTree (new Parser([] { p, p2 }));
return this;
}
public Parser option(Parser p) {
elements.add (new Repeat (p, true));
return this;
}
public Parser repeat (Parser p) {
elements.add (new Repeat (p, false));
return this;
}
public Parser expression(Parser subexp, Operators operators) {
elements.add (new Expr(null, subexp, operators)) ;
return this;
}
public Parser expression(Class<? extends ASTree> clazz, Parser subexp,
Operators operators) {
elements.add (new Expr(clazz, subexp, operators));
return this;
}
public Parser insertChoice (Parser p) {
Element e = elements.get(0);
if (e instanceof OrTree)
((OrTree)e) .insert (p) ;
else {
Parser otherwise = new Parser (this);
reset (null) ;
or (p, otherwise);
}

return this;
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N TGS, A 27 e s 2 i

A 3 i Bh AR R X — A H BR T REAK main LA, FATIET TS M E
F—Amain ik, @ ERHE Gluond £ E1) Loader XM run Hik, U ZhEA
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package chapé6;
import javassist.gluonj.util.Loader;

public class Runner ({
public static void main(String[] args) throws Throwable {
Loader.run (BasicInterpreter.class, args, BasicEvaluator.class);

TEM 2T SRS RE P, 7 BRI P gluonj . jar.

java -cp .:gluonj.jar chapé6.Runner
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FHE NI SRR B g BT T B ECAS 592 SO JC R Gluond WL RE IE# $AT, JZARMERY Java
HE T BB A RS B 18.1 P Runner RABFEME sh B2 )P, SCHFWLBE )R s AT, -
javaagent:gluonj.jar= XFEMEITEAHTE . N XS T /R AL, RATZELE1T
THDXFERY Java $5% 0 A EALBRRSESCME ( BB ) HREENINIZ46 2 IS HL
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public reviser NegativeEx extends NegativeExpr {

public Object eval (Environment env) {
Object v = operand() .eval (env) ;
if (v instanceof Integer)
return new Integer (- ((Integer)v) .intValue()) ;
else
throw new RuntimeException ("bad type " + location());
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@Reviser public class NegativeEx extends NegativeExpr {
public NegativeEx (List<ASTree> c) { super(c); }
public Object eval (Environment env) {

Object v = ((ASTreeEx)operand()) .eval (env) ;
if (v instanceof Integer)

return new Integer (- ((Integer)v).intValue()) ;
else

throw new StoneException("bad type " + location());
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AR TCG, W51 A i AR KA PRI

SEP —PRA, R BOTE S MR — K B TR AR RO HE S AR, 3K
AT LAE i Z A8 i — HARGE I . ARFWEA A interpreter B visitor BEX, XPFL
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XSO K B2 3h o

m Interpreter {3

5563 (55 6 K ) It fE B S FEARTHAER) Stone 1T ALBRESHT, Gl B a4 B
FSETT RIS T eval k. B T eval AR HSCRA T Interpreter 145, Frd il
ZIBPM I BRI AN AsTree, MR NGHIE L TH AN eval Jrik, XJEHAR
interpreter 0, AP T R MIIGIEERT S, R, F R AR R R A A )
AT, B, BB NumberLiteral 5 BinaryExpr X PIFEAZE, 7645 4
FH(HA4KR) WE 45, B AsTree BZ LKA ASTLeaf K5 ASTList 2, AUAE
BABX A2, IO, SR FEBOE LBENF, 5 BinaryExpr JE6 N SFR N
ik AUSTE R 19.1 REARIRRE . 18 19.1 252K

TR T interpreter #3X, &SR ENLI AsTree WL F eval ik, HHIZN
BRI EPIT. BinaryExpr REAFE left 5 right, ENMABIFRAM S 4N
PR, J& ASTree AN, (L, FRAOTIEREEREFMXZITTRE NumberLiteral i
J& BinaryExpr, HFHEAM eval LRI, M eval Fikfa, 185 CFEEREAREXT S
FPRBAIERE GG eval FIEPAT. XA BN SRR, ST SR T A A
k.
RO R I A 5

public abstract class ASTree
public abstract int eval() throws Exception;
}

public class NumberLiteral extends ASTree
public Token value;
public int eval() throws Exception
return value.getNumber () ;
}

}

public class BinaryExpr extends ASTree {
public Token operator;
public ASTree left, right;
public int eval() throws Exception {
String op = operator.getText () ;

if ("+".equals (op))

return left.eval() + right.eval();
else if ("*".equals(op))

return left.eval() * right.eval();
else

throw new Exception("bad operator " + op);
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ASTree

eval

left, right

NumberLiteral BinaryExpr

K~

eval eva

B EHMRIEER T AL Z BINEEXR

WSCH-ENER] i eval HFEMMRIBENITRLFLE

public class Evaluator ({
public static int eval (ASTree tree) throws Exception {
if (tree instanceof BinaryExpr) {
BinaryExpr expr = (BinaryExpr)tree;
String op = expr.operator.getText () ;
if ("+".equals (op))
return expr.left.eval() + expr.right.eval();
else if ("*".equals (op))
return expr.left.eval() * expr.right.eval();
else
throw new Exception ("bad operator " + op);

}

else if (tree instanceof NumberLiteral) {
NumberLiteral num = (NumberLiteral)tree;
return num.value.getNumber () ;

else
throw new Exception ("unknown ASTree");

}

\( B {RM115015 interpreter R F B E R W
B S TaEaNRIESERNIERFRFN, XEZERN SN, 2 SE3gT,
kn ZEEEWPNA—FGHER T, RERRET, FREERIHLAERE, J

TAEE E— T A interpreter SRR, S50 TN F 1T, eval J7
EHTPATREY, HEHFA—EESENMGIE R Sk AW, Mg iiibm
AT TG R A EE S — SR DGR, AR P AT

FASHT R 192 4% eval Lo e th TG IEEM AT 52K, & eval JriRZ e & a7k
RHERSEL, TFHATRRY . R S BB MR X R tree RYZSAY, ARG HLHATAH L.
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AUAbEE, SEBRAAD LR SR I 19.1 (9 eval FEHAHE, ALY, & HJEEt 1 £ 155
LSS T BT A IR T IR 18] 19.2 R TR 70 interpreter 302
[IF2E 5% o interpreter BERCRE Z3IAEAN R B SE SR A T AR B A A 2R (R PR R AREIE 2R ), i B
1 eval JriEUSTE—4%5 1€ AT A BOAL S,

interpreter # = Beval RSB RN BENRER
class Evaluator { class Evaluator {
int eval (ASTree t) { int eval (ASTree t) {
‘return t.eval ()} 1 if (t instanceof BinaryExpr) .

]

Eelse if (t instanceof

ﬁ : NumberLiteral) !
v WA !

class BinaryExpr extends ASTree {
int eval() {

throw new Exception() ;

} }
} }
class NumberLiteral extends ASTree {
int eval() {
L A
}
}
BB ES RS fE
e \
| O RET R S E R AR R TR, H
| A T, EEONRERZH, ARBRIX LGRS 0, )

T interpreter BURETY, BIEZ IS Y B A N T —28 AsTree KITK,
JRA PR T MR 2B, Xt interpreter B — KA S BN, REFRATE A1 S AL
P, OISR H S B B (ARG S ) R IR, IRA T ILTEAS
AHradsh,

HT EREA RS, AT ASTree B XL—1HH FH NegativeExpr, U
AT A R interpreter #520, 1 £ A HEA MR N (B 2L, FRATOAAT N 1 £ 1B AT N Z
W, HERBESERE 1 NegativeExpr MW 4t 45 S AL BE ([ 19.3), 75—
I, GARFEFRAT interpreter #53X, FRATHTH NegativeExpr FE L GIEM eval JrikRl
A, BinaryExpr JEAFHAMM—LL O S RENES IERIZ T IR/ A AR S M L
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BANREF "0 NegativeExpr J5
class Evaluator { class Evaluator {
int eval (ASTree t) { int eval (ASTree t) ({
if (t instanceof BinaryExpr) if (t instanceof BinaryExpr)
L 1] [ ]
else if (t instanceof else if (t instanceof
NumberLiteral) '::> NumberLiteral)
AL, A,
else else if (t instanceof
throw new Exception() ; NegativeEXpr)
) ]
. else
} throw new Exception() ;

g SIE AR T R

\(/u HEBEN 11156, BRTERI—% clse HEUK, FEE, F2HAKENH, ‘ﬂ
A 5EABhESERE, W TNE0XEESTEERTHE, SIOERLETT g
&k,
B #%EEX55, AMERNS KNSRI T— K,
B wEEH interpreter 3, MABEREERREE TR,
k Bl R RS interpreter A8 TURER A 4 470 - J

K H interpreter % 2 [0 #2 )7 WAFFE A o WP AR Z B, Frf 19 4 2148 g8
ff Evaluator KM eval kMo, RH interpreter B A FET W FE 240 BIAEARFN eval J
B PUTAA R, 7E EFP, BinaryExpr 225 NumberLiteral BEHEA LN eval J7
%, JRARBEE —1 eval FIETPAT LI A AP 5>, FifF ASTree WIS A9
i, eval JEMBGE RS AWIE I, X 25800 I TASEIE SO, PR IARXERNE 4>
K eval Hik BRI TERRIIRE, WEMER2E. B rh BRI LRI A, 31 [al R A
B, WRARF AR, FRATHOAN B2 XA B 1 T [ DI AR R R VI DG A

XA AR

EEE) Visitor #3

HITHIA 231 interpreter A =CIAAT 75 —ANRIE, 7656 11 32 (568 11 K ) PEARSZEH, FRATN
T TE R S8 T lookup J71. lookup J7 M3 ege it e rh 25 &, e
RN E . 5 eval FEARE, 127 R0 DA G TE A AR T 5 ) 4 o5 Iy R
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W, RIS A AT BT 5

\( B %, AEFHNHBEEEN DTS TEF, REHFME, W\
0 AE, BAEEXE AT,
B it lookup FENAZERE, B2 HEANYE lookup FEERTNSBHIEER, HaH
\k 5 S RRRF T o J\

WSRAT ] interpreter #250, FRATHEA A KA ZEBMA R Lookup ik, Hib@&T
Y eval HEFRFEMREFSE ., NumberLiteral 285 BinaryExpr BRARCREIEH 817, #
WORTFZEA NN — 26753, AL SRS TR . O ERRATPT AR,

\( 3 107, interpreter SRz th 4705, W\
B F, tEHNEFEZBHT interpreter BRHBEALE, AR EEIRAETHLLKRER
| mT. )

BERsy, FRATATLAFIH visitor SEAKMFIX — M@, 2T, eval kS lookup Kkt
Wits = HABRIZE, WRIEEW T ASTree 25, NumberLiteral 258 BinaryExpr 25 LFF AL
TIXEETrIL TERI AR, IGEEM IO AT BB M, AT R BRI EE S, P
TSI RIA

( @ ik, BAP Y BhiEXER TESER visitor ERTR, J

TAPRE — FLUE G RAT visitor BIUHRRT o ZBIAUE MR R TR 11
B, B 19.4 R EREEIRG R . RETLLHE— T 19.2 M40 interpreter £, AYELI, 1
P FEIIRERT, visitor BIFTCH M) NumberLiteral 5 BinaryExpr SR AR S80S
i eval 5% lookup XIEHI i,

T, AT EIEEMSIE LRI T E L eval S5 Wik, RATHE RS
KB L accept X—l I BAE N J—0rm, BARRA IR/ visitor 264
PN ITESE I, accept IR EGXAZAE A SEL, ®HEZN LT AIEN visit Ik
IPIT. Xk, TATHTERLIHBLY accept HiEM Visitor X, SREHMEHfhg
TR S 2R BRERAE . OB visitor B ARG B 1B 19.4 th R4 RN R S 80E IR
[ Visitor X4 HERAE

@  Design Pattern, Erich Gamma 52, 3 idA — & 408 A 8] 1995 Fdipm, A (GRiHEEX ) dhus Tk g
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class LookupVisitor
implements Visitor {
void visit (NumberLiteral n) {

class Evaluator {
int eval (ASTree t) {
EvalVisitor v
= new Evalvisitor(); T 4
R
N void visit (BinaryExpr b) {
: Lo 22

??

t.accept (v)
return v.result;

}
}

class NumberLiteral extends ASTree { b
int accept (Visitor v) { f
v.visit (this) j sz========"""" !

}

class EvalVisitor
implements Visitor {
void visit (NumberLiteral n) {

class BinaryExpr extends ASTree { ‘ [::::::::::::]

v.visit (this) ; No:d visit (BinaryExpr b) {
} . ]

}

EA visitor X H U B2

| X SRR, ‘ﬂ
H%%&E%l;ﬂ S LBRIRAD A 1T
| BB, T E MR SRR, BRI A R E R,

interpreter BIACKE 7R MG BT SR H eval FEEHHEHITEYT . visitor BxUTE
TR accept FikHIT, Hrp, AbG ¢ FEMIFTRIMGIETLMART S0 ASTree X142,
EvalVisitor v = new EvalVisitor();

t.accept (v) ;
int res = v.result;

XA E el T — /\H%:J:ﬁh TEPRAG IR Evalvisitor ¥4, FB B NSE0R
M accept Fik, A, THAEZRMN resule FEAE, MARE accept HIEMREIE, 7F
interpreter T, FEIFRHAUIIAT £ .eval (), visitor B L4 iR A HE

B &332 5 ( generics )3t BEiL accept AR EEENITTE S RE,
[ c JUERre ZBEERESWHE.

AR5 B 19.3 JEAR B visitor A& U & oo 15 21 1 Fh S 1B T BT 28, B A BR T ARSI R
191 iy eval ik, RIBEM TN accept Tk, Hili) accept TS EER
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J& Visitor 2. UASVEH 19.4 B2 N0 Lo MUY, IMERIEREMEEEE T accept J7
I Caccept ) $8E I (visitor ),

7T asTree KZAh, CALWE R 193 SN H accept FIEARFEAHAR], Sk, H
Fvisit FLOHER, FICENFESLRPITIRE S B visit Jrik. i this 19
HHLB B B E , R visit JriERy, ST LIRS ISR

BRI ReE)  RIE visitor RN B R IEEZMB T R

public abstract class ASTree
public abstract void accept (Visitor v) throws Exception;

public class NumberLiteral extends ASTree
public Token value;
public void accept (Visitor v) throws Exception {
v.visit (this);
}

}

public class BinaryExpr extends ASTree {
public Token operator;
public ASTree left, right;
public void accept (Visitor v) throws Exception {
v.visit (this);

}

(SRR  Visitor#£[O ( Visitor.java )

public interface Visitor
void visit (NumberLiteral n) throws Exception;
void visit (BinaryExpr e) throws Exception;

?7%, Vit accept (v) E‘Jﬁﬁﬁﬂﬁﬁ% accept 73—?2*5}5, ﬁ%%iﬁﬂ%ﬂ@ﬁi%'ﬁ@f% t rlEnd
M GIAIK N visit ik, SB—I M, interpreter BizURHE T £ . eval () THAS t BIXF5E
RN eval Jiid, Wi FRRmE SCHF, XAUHET— M Irikfa & visie, 75— 12 eval,
HAX MR I7 2550 0 AR 28 0 o

RIG7E ¥ 195 &2 Evalvisitor Z8ME X, 7E interpreter i3, ', NumberLiteral
5 BinaryExpr B0 0lE A4 B eval Jiik, TE visitor BT, BATEHLE T Evalvisitor
2, [y, kAR visit, EvalVisitor Kl AT, ik T ELEDIR (visit)
NumberLiteral ik BinaryExpr JRAE&FIAEZET, R HAABITHELEERAE

BeAh, MdEEEE A, visit FIEEEHRII—A void MHE int FEBIME, Hik, THE4
FAR [l s A A8 . visit BRI return AR ISR, MPEHEB) result FFE
{3 IR M BE I R B ORAF T resule B, I8 7 WIE o 1% 7 B s T
T IR Al{E
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RN EvalVisitor 2 ( EvalVisitor.java )

public class EvalVisitor implements Visitor {
public int result;
public void visit (NumberLiteral num) {
result = num.value.getNumber () ;
}

public void visit (BinaryExpr e) throws Exception {
String op = e.operator.getText () ;
e.left.accept (this) ;
int rl = result;
e.right.accept (this) ;
if ("+".equals (op))

result = rl + result;
else if ("*".equals (op))
result = rl * result;

else
throw new Exception ("bad operator " + op);

\( B BN ENFEREABREENBUEERERTERLEE,
B 5%, 8 Evalvisitor AX L ERREIL?
b <=, P\%ﬂa/[\é*x’ﬁ'ﬁljﬁ EvalVisitor &, BEEEFHITHIET RZD?
B 25, ZROEETARENR -
B 7, Xzt i,mﬁ&:bg?—k, BEMNBEEZERIT accept FEAMNIREEREUITE S
ALk, FINTEXRER visitor EOXAZTE,

public interface Visitor<R> {
R visit (NumberLiteral n) throws Exception;
R visit (BinaryExpr e) throws Exception;

KRG, BEPH accept FEFMUT AN,

public <R> R accept (Visitor<R> v) throws Exception {
return v.visit (this) ;

accept FEMIREMEERF AR, 55 ERN Visitor HENERSHIMER, R 2—
XATE, Z/g, BNMNEEBEK—F EvalVisitor BENX, FLeElF accept AR

EvalVisitor EAWSEIFIRE Integer EENE,

public class EvalVisitor implements Visitor<Integer> { ... }

ZPRABEIXEE, BHAT Evalvisitor & Visitor<Integers ?é o IE—IE, 0

H BEA A visitor<Strings>, accept HAIREMERZ String £
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S EEE RN  LookupVisitor 3 ( LookupVisitor.java )

public class LookuplVisitor implements Visitor {
private Symbols symbols;
public LookuplVisitor (Symbols syms) { symbols = syms; }
public void visit (NumberLiteral num) {
symbols.put (num.value.getText ()) ;
}

public void visit (BinaryExpr e) throws Exception {
e.left.accept (this) ;
e.right.accept (this) ;

WA Visitor BEXUEMFRT G, BRI E G 2, (AR T A i S i
ISIE AL R 5 N ZEEUs, FRATTJCT FEXT NumberLiteral 28/ BinaryExpr ZE55l
SABPM BT 2R M B

Filhn, B AIAEE lookup AbH, XAAEPUTH I, 7F interpreter BT, FRAT
B I G B AT 525, WENTRIN Lookup Jrik. 1E visitor fzU T, FRATATEEL
AT BN, BATRTFE L — LM T visitor FEIH LookupVisitor 2K, HAEHH &
X NumberLiteral 285 BinaryExpr BUrif visit I, &1 2E1) Llookup AbBILES
XA visit JTRIE, fEE X T LookupVisitor K225, FTRECIEMMATR %, I
PVERZEAH accept Jrik, SLREPATXT BRI G IR IER Y Lookup AbFE,

fRASIE PR 19.6 J& LookupVisitor ZEMIE L. lookup HikJEAH T AL AP AL 5,
ARABEPHEFARTA G, HARME. RN, RATESLH visit Jrkmt, 20rkh
171 Lookup AbFHLKE H A FRRA AU, Il put Jrol £ S symbols X2,

T Llookup AFEAIRIME, FTPA LookupVisitor AL result FE, ILAT,
REMEREIT EvalVvisitor B8 result FEGRIE, FUILRITIEFRER visitor HHAE
S, BRRE T B A R R

lookup Ah PRI A IR MIME, EIREEHWEH resule FEFR, TR MEFR IS A 19 3& [BIE
g o R A U, N, RIZIRPME AN String B8R, BIFHEH I resule T
Myl String BB, FRATATE Z XM R 1B AR AT 2K visitor 2 FHMESM B L
fE visitor BN, ZEBTT IR b HAT B e e I

Aid, R4 lookup AMHIEAIRIFHE, BFREHNSEL 5 113 (5 11 K) B Lookup
T — symbols MBS EL, LookupVisitor 5 symbols FECR L FxX—i%
T, T BRI A i AU SR L. Symbols XREVENSEUE RS, B8 Hiz 7B
o SR A AP SRR, SR a0k TR 2B B AR e 38 A
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119.4 QLT

(@ visitor R ER A4, )
¢ AV,
\( O %@ AW LEER X LB RN RAEY, EEBERNEXS T, J

visitor BB VR REFRS F R BRMEHR MR A Z —, Aid, 154 T Evalvisitor §
Lookulesltor FATAMEM ASTree 28, B NumberLiteral 5 BinaryExpr 55735, il

T AL BER IR TR DIRE . X2 visitor B —ROCA . HeAh, t T iR o4
%B%EF‘? EvalVisitor 5 LookupVisitor 25, AbLE AT SRR . (H 05— 7,
N ASTree BN HTIESHN T accept Ik, WIERFIIE ZEEEHL T

FATAT LAE T Java 15 5 4 A0 S HLHI IR RSB R P 2 2k, (TR Z G, BIF
RETEP T R A RIS R BB 50k, IR P THRENM 712

AR A TR, visitor N LA AR EL AL, FEAM R IE LM SR AL
2, ASTree FMWRTTEE L accept ik, AL BRI FIADLENT accept HiE TE L, 72
J7 B2 S AT 1 FH S B Y visitor AT

TATRE — T HARRRT . ASIXE 19.7 28R T ASTree ZAMUIGRIELRIT SR HE
o MRS, X SRPATEE eval 5 accept 55, EvalVisitor 45 LookupVisitor HY
XA, Akl TRATAEMS ] visitor $211, FMET implements —h), HABHS
535 ERAHIA]

AT REHLEIR R IE AR T R

public class NumberLiteral extends ASTree {
public Token value;

}

public class BinaryExpr extends ASTree {
public Token operator;
public ASTree left, right;

}

( B FHE eval 5 accept 7k, REEZAEL! J

i B S ML ) e B 7E T ASTree 2K il W accept ik, HE R
HIf) accept %, ASTree W FIMA L — R HE 5% 7 . AISEH 198 EME 5
i ASTree 25,

% accept WAL SBUL RN visitor MR PEKRE AS BTN visit Jr
W, ZAEHBIBENZEA A LR getclass FERI, Z)5, BEFEXT visitor X4
MBI visit ik, SHOUE KA. B, BZNEE—1 BinaryExpr X4, It
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B}, accept FiEFERITE visit (BinaryExpr e), JHLUIHE (this X% ) fEASE0HH
T

findMethod JriEk M oi LG visit ik, EMAERSELIEN visitor X
ZhaEKYDAS(this X ) WEMBSEMN visit k. WREAFE FMWML
R, findMethod JikR &KL A S LINNSHN visit Jitk. BN, B this X5
JE—4 BinaryExpr W%, WHE visitor XRPALEL visit (BinaryExpr e) J5ik, M
F BinaryExpr fA7EXZE ASTree 2K, HIL findMethod WM Ak visit (ASTree e)
Jridie

(1 sbt— visitor BEABEET | AT )
O FIEGXRERRSS, ETRE TR TR,
B AR BES LRI ASTree XNTH, BEXHEHEE, BTEREH BT

k EF K18, J\

REIE R 1# Al accept 73k

import java.lang.reflect.Method;

public abstract class ASTree {
public final void accept (Object visitor) throws Exception {
Method method = findMethod (visitor, getClass());
if (method != null)
method. invoke (visitor, this);

}

private static Method findMethod (Object visitor, Class<?> type) {

if (type == Object.class)
return null;

else
try {

return visitor.getClass() .getMethod ("visit", type);

}

catch (NoSuchMethodException e) {
return findMethod (visitor, type.getSuperclass());
}

visitor Y2 FAOEIAR , AN W ALE i S ALE SEE, A A B AR 1S — B TR
T, W ASTree M4 accept Hika, HH CHEPKER IR 51205 % 52 brFrE )28
XN visit Jridie A, FATATLAE SN visit Jrikh SEOAHN AL EE . BT F
AAEIHEE S T Evalvisitor 287, IMATEAMARE] VG, Ak, FERSITEIALREmT, &
AT E L —PELIT LookupVisitor BUFIZERIAT, MAMMEMRCANIE, fE4YREITH,
SEFRPATAL AT GO GG TR T 2 B
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( O XHRFMBHNX IR E R, j

TEAE TR ILHI SE B visitor BT, ZBEURALELER ) — N B 15 B8 . 7ElRAR
FYSEIRH, AU AT GEES I TR s, RTINS Visitor NN AL T
O REH T IE

B, R FRATE N F AP LR A S5 HAT 6, N ASTree MI—HH T
2K UnaryExpr. MWE, FANTLTBH visitor #H, WIT—4> visit (UnaryExpr e) ¥k,
SCMZAEN Evalvisitor SR HAMFHREEN, Wi visit (UnaryExpr e) Jiik, F5L
B KR CA ISR A — e ik,

X TAMGTETEA T S 207N, interpreter B S M AT HEH . visitor B B IR T4
P Z TR A AL, (BRI G R 175 SR SO R 2%

A, e I RO AL 92 B visitor B, FRATTREAEAR RFRBE b ok B0 X AN [, AR A0
UnaryExpr 250}, FATHESE L—1 Bvalvisitor TS, FFLBUAN Y visit (UnaryExpr e)
T RInT . FERXA AT, FriE S AR A A N AL, I SR AT A B ek .
AN, HTFRFAHFREMH visitor #£1, HARWHBA B ERNE,

| B XRTIRER T KRB S MBS LA, ”
B BRIk, mRHD visit Tk, BEBOEIRT,

119.5 R EEH

D%, EEREEHN, ”
m AE; /D\ZEEII'E'\%WE, HEEEE)EI\?:IE_—FO

i, BRI, FAIA IR R HARA AT

o RNFBEREAY REFINEN, TAMENEENTUERZITHNE, FERASNUTHXE.
o FEIE U0 UnaryExpr XAERIHISIE AR T R,
o FTBTELD 1ookup X HF A ST ST AR AN IR R4

o FNFHEBREAR—BEXUFABIERIZEEN X,

RHTSEELLEHbR, AN T interpreter 5 visitor iX IFP T AT ZIEH L1
T [ R AR P T, (BEA B

TEHTHE UnaryExpr ZHMR LM BT 5 280F, RHA interpreter #2C L7 H AR/ o1&
e, (HANRECAT G BRI eval 38 lookup iXFERLIRERE, ZFEF BT AME A AP
RIRZE, MBSO, ATt AR 2
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F— 7, visitor B AR P E MM R IE RN eval 5 lookup A HIEF, HFEE
N Evalvisitor ZRHIAT, MmN, HAlMRE .. A, WEIRZEH UnaryExpr Z 2K
B A, BPERAIE T K E B . BLAk, FRATTCHE B3 G Bk iy A0 4
BT B, WAREAE visitor Bl FIRRLET, FRP R 222 o, XA E—A
AR,

I, ARBRATHEYEES, Wil Gluon) SEEEIES AHES . XA XA H T fon
W 240 Java BT, 1 HAERS(HTTE F AL BRAS LR 2 IRE.

MR, YRR T Y T R, AR IS A T Ruby 15 7 1) open class
iRE. Ak, R YImiE S A 25 open class BiZSUAYENRE . ZIhfE v] LAF S0 BT ) V) 1
IR BbRe WAL, T DN T 8 AR 2 — R A R A A R 2 Y
b, IS ATREI D TEDIREY eI P i B i

\f B 57 aER—%1, BRI T AR, W\

A Zaithiiid, URFERERTEEN RN AN LIIES AIEEE, EETELAERA
T AFAN—EZEEA Gluonds

0 EXXA 22 MERENARTTEID?

[ #ER RV ETEAES 4 TWMXILHH,

B W, XTART, WRER, REBERZIEBH AT,

ELRERBEHFT, ARE—F, Wt "FiIEZENiterator BEXNHFERESKRET”, TER
HFE, MEEEET -

I iterator ? 2 interpreter 137

N, BoxifttE, MHSIRIRKE iterator R AKMET o

B txi2i%, interpreter I\ MR E GIFEE B AL iterator 74, XEEEALREALRFIE

O %, EE55%5,
BEHEEFAENE S — 5 iterator BXHINE- - BT ESHE,
A %7, XREABHRE | KL,
O ¥R iE, BEH
O 5thE SD ZHMBENE, R—EERENREER,
B SERDHNTERRT, XABRTREL TR,
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