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[ WREE5— A%t Tiny C BEFBMB, CIESLENFEORET,
KH BN, XERLMEM yace HEHINBT R, BT EAEM T ERE T J

1.4 G ST L LT

TCIE MR e I R P2, T T AL AR AT R P SRR NS . B 11 s, R
(NET= B b B 2 e T SRt N S S B2 41 A T E 2 ) AN DS SR e Ui ) RS SR X )
B, ZJEAbBRERR A TTRIE AT AL B, S IR RS HESN O ISR A . BN IR, RS
G Far AL BT AR . 2R, AR SHE SR IO AR =, R & —a 0
PrmRIEEN — R TB 5

[ 5 EFEICRREER A RITERTZEIE?
B BFHSMERERHREENRN, ALTRERERERREFRHEEAIMRITEN,

B ( —KRETHEHENTHS )
I
E T
BIRHA ( RTRHHNH )
I

EEDR
eSS
/Z_ N\
[iEss] | AREBEA T [ @S ]
HAES (WHBES ) NEF RF T

Bl IEE RN ERE

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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AJa, ARV — R & Stone 1 MUALHERS . AT NAATT PR,

F180 BEuE

it Stone I H MM REAR . 8 2 ~ 8 EAFLBL— N HA AN BERIAFRE AR 26 9~ 10 FREA
LN

e F1E(FE1X)
PN
e E2F(FE2X)
5 2 TR Stone 1B S, HEIE Stone 1B 5 Ty 2 BLa MILLTEIRTIRE

e E3FE(H3IX)
o 3 FR RO T g, G I W RR BRI T T 1

e FA4F(HF4X)
5 4 FR UM SR, Jf i BNF #X Stone I 5 Ui

e ES5E(FLH5X)
55 5 TR AR R R AT AL A TR BB A R o FETER AL & T B NSRS A
TES 17 s TUa .

e E6E(E6XK)

95 6 BT — RO AR RS . (3K —FES5OIUR . R4S REAS STBRIT Stone I
FEBARERT . AFRHT Gluon) X —RGURBIHER ALY, BILX —F iR & H B4
GluonJ B FH 5%

e E7TE(HT7TX)
57 FRIR R I TRE, AR RERE IR PR, IR SRR

e EB8E(FE8X)
55 8 TR N R EAN AN static LRI SRR, i Stone 155 AEA% Java i 5 IREE VA FHER S
Tk,

e EIF(HEIX)
55 9 TH5 N Stone 1 F BTG IS XIRAYTEL . AR GRS IIZINRE .

e F10FE(FE10X)
510 4 Stone 1E B WML YifiE,

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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B2 MHREELE _

52 AKX AR 1 T Stone 1B F R AS IR TIEREDL AL . e, 2R 13 EKEA A8 Ao
BT Stone 1B 5 W diEne, AR ETERE . MR IOT gRIEas T 2B, Hagbliess
11 & 558 13 =Ry,

e FME(F11X)
FEFE AR AE VT 1) 2% B i 4 YR AR I R AR 4, T B Je i R FH e A i dn 5, B IR
PERE

e E1RE(E12X)
FIREHL, PP X R ATk eS| I AP i 5By, WA R A AR, M8 2R 4
o WAk, B 12 BRSO Stone M R RS INNIRZEAE, 2E— P IUIErERE.

e E13FE(F13X)

Stone 1 5 AR R R AT T RIS AR RS (BRERUAL ) BOML . Stone 35 5 AR PR 1
Ses T I ACHS (s T ERIACAS ), R P T A SRR 1R RS . Ruby SAFH W
R TR DT 5 13 BB AR ET— I Stone TH & S HLER TR 5 RIZIFAT ,
it ZAIIRLE TS

e F14FE(E14X)

W, N T HEEPERE, Stone i H A M SCRFHASHEIA, FRIEEIRR AL AR 2
PALTERE. TEPRAT BAT H S EE 2R AY Stone T S RPN, Ziideas ol LISER AR Java —3F
HAS, IR Java IBRWISTIZRIT . 5 14 TR0 o N iR an i A AT D, fEdhg e
PR A AR IR R, IR MR AR B IhRE . X RE—o, BV PP e 4
A, Stone i H MBS AR LREHENIFH5 2 1E MR AL, Scala SF—LEiEH R 17X MLl

#3805 MR ( 53EE )

55 3 WK A — LR TT & Stone T B IAEW RO HERY ERE. 2R 15, 16 FERYNE
RETE F AL PSR CH b h AR A A HEAS 1A

\(/ IO %, 714 SHTBEFIHNASEN BT R, ‘ﬂ
A 8, @Enit,
O X 4H2H 7 EARKID?
[ /A, FEEXABRIE,
O FIHSXthTRER, ENbESHNARATEESHER, HHBREAFFTH
AAERIE,
| @ as, REhE—#, J

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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e X 15&E(E15XK)
Stone 1 5 B IRIIE MM AR 1 Java HYIENZGA LI, 4 15 SRR M0, T
THAZ g . BARDE, X —F A T IE AR P AT R VLR it

e E16=E(E16X)
AR T HENTER S T IX TR SR R S BLE L e d o B 16 TRl 21— 2R br
MEEAS D, JFLL LL i8R A, T it Sk oA e .

e F17TE(F17X)
17 FRGREAAN G B AT RETEAL& TR A RS, FF iz m s RS .

e F18E(F18XK)
Stone 15 5 M BEK A T Gluon] 2GR, Z RS AV Java 155 AT T Ruby 155
1 open class ILIfE. 55 18 TLfL45(H H GluonJ B iy —SLB iR 133 B 5001 .

e F19FE(F19X)

HEIEEREIE T A PRERZ O o ARSI R BT, AR T X R i a
PTG T ABEI T Gluond SBT3, 338 v] LL3E i A e 5ok 528
AHRIRBOR . 55 19 BN ZE BT S I R TR R L, I 51 H] Gluond By 7 AE
HAL

\fu RS HIE 19 EXNE? £IF, AEHETETFSNESER LS ARBLEEFLLE |
FR?
O REA8 10 H R Bk Rk th o AT IR ?
B2, REWEAERE 2-8%, 2/FRE% 16, 16 &, WRAEFNE, FE—TF 11 =F0E
13 &,
O %9 &EXTEENRHUABTREZIL?
H ZTii&OERRTHEE, 314 ENABTT EERIE,
A EXnREERY, BREEBESEEBHETEH. EERBEOKEMNE, REWIZEHH
=30 J\

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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2 gitRrRitEs

x

MAETET G, FATHZL I —F 4K Stone 1 F WREITRITE S . ERARSIINZ AT, T84T
WA Stone 1 F YIRS . ATERTHEWTECT Stone THF o WERBEMNEIF LR BTT—Fhoi
SRS, SRR RN . BV, WrTBEh Tid 752 2l LS BU A St AT T e 2
AT TZo Wik, ARAEE BT RO R R RTE T, IFIT ARG 5 A8, #iRRe T aE
WEIERIETT. ZJ5, PR P A QT a4 G A LA JR i F OURE . W ul, et
AR, FREL MR .

D RAE80, ERELMEFRIHES

— R 2T R RS T e BB T R T RE A AR AT D,
IRUFIRRE SRR AT ER AL PR Rl XA ROz AR B R B SRy, AR IRURI S gR B AT A X )
To if AN while WA SESEARRY R AR T HY . Stone 1 5 I A2 —FIIA TS
5, AT 2R Ef SRR, el I A s e S B, SR B TR RE R
o 18 Java i 5 IRFEL TS HAE E R R ARTR &, T P e AR i SR e kAT e
W, Free Bdndesd. B, L

int i = 0;

B AT AR 1 25, BRI T —4 int RAIRAR . BRI R Tl AfScA H, (H
H T Stone i AT E . Stone 1 5 AT ZAEM AR TS E5 ], AT ER e a1
A, P AT LKA AT R (A B A e . FURE 2k, 2R rp A H AR A
WA, o g R TR k.

Ml Java ifi 5 —#F, Stone 1 H IWAIARFTEM 5 (5 ) AL URIETFEAIRIRAT, 4151
AW, BN, R XA R AR
sum = 0
i-1
while i < 10 {

edan

}

sum

XBREFRI 12 93X 9 MCTFRIR, I 4R fERATIX BRI, fe— A5

ERttX &R leezom(superjavaman.zhangli@gmail.com) £= BEERiY
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Bt g R, ZIRFEia. Stone I H A ST Java IS return iFHAIIEE, &
JA—ZRERIRTT RS R B AP Rs T8 2R 7E Empfl b, RE—1TRE 7 —1 sum,
Stone i 5 2L B sum WA — 45164, IZIH AL B sun BIfH. PUTRRXFIEA )G
P L4, T, BHXBEA while AR B ITE IR 2 —MEh 45 19742

=
HL Sume

(ﬂiﬁ%ﬁﬁmmw%éﬁ@%oEﬁR®y%§@-%$ﬁE%nmﬂe%E%%ﬁﬁ{H%ﬂ
#2349, T Ruby EZNEEM do F end,
MERETF Java B, XBEFD while IBAHMEHRIEAR 1<10 HUEERFS,
@A &, RiIEaEsmb {) iERkA 17,
| @ EBE Java RILH, MBBAADE— KB, BHATSRESKT . J

LEEF A 1 E B, BERIERITEE AN 1 £ BRI RRIT RG], X BT
PRI A TN B AR, AR 1-9 5 0 AHCTFIOML it B HL S el
BOSEE RN, S5 e B AR

even = 0
odd = 0
i=1
while i < 10 {
if 1 $ 2 == 0 { // even number?

} else {

odd = odd + i
1
i=1+1

}
even + odd
1e EHpET, /7 ZIREERGREBMNAEIRER. RF—MiEAN eventodd, E
K RS R AR T B T4 0 5 1
Zp, A 1 AR T SRR SRR T G SRR, AN id 58 sk
JEPATIE AT () #5Ek. Fil Java SFiEFH —FE, else RZJRMACHE AT AR,

22 L

Stone 55 N T fifkifEdk, BT if B8N while A S&EFRE MG S, I
M P rT DA A oo o R Rl 11 S A i), &4am a5 WAAEEE %, It
i, 25 HF X AR iEAR]

AN, () SRR R — S R R S REE A IS . R U, e B e
HE Y, SMAER .

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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TE LG, y = 2 ZIREAN T oI ARSI, MR Ui 2
ARG IrRATT . PRI, T Ip s &4 3 45054, AR 2 4%

Hor s = R — 22 TH A . 2SI AR R BOA AR A o
Stone iff 5 1, TR RS WAEE NS, WALEUL, WARZIHE M Z 5 BT, AT
AN L, TR — RS, R A TR

X 1

2

Y

7 LIRS, 55 1 55 3 AT 2 MM 1T e — A i),

Hi T Stone 1 5 RIS REB AW, AT 5TOR KA AR A Java S5 F AR, L
FIFFAS QT s VB 28 (AP AL R, DRI, Stone 3 & I FEANFIIBE A RE TRt T, R M)
fA) R, B if  while SFEAIRIE AR Z AT { JRREHAT. } 5 else ZIW], B else 5 { Z[A]
ARESAT . .

if i $ 2 == 0 // error
even = even + 1
} // error

else //error

{

odd = odd + i

}

S VAT T I IRTE { Z A0, XEAARTFN, 5 417AY )} else { BEE—E, FHZ
BRI AR A R IE R R S 1
if i % 2 == 0 {

} else {
odd = odd + i

}

HAIE, else M HHRATHIN, WIFARERT & A ANRIELS
EIRRREVAE I T AR S AOMERE , (HAR RV AUSEA AE OL F AT, A AL BRERAY S
B AERTE IR A8 T ORRFSEBR Tt e, XTRERSHAT AT DU TR AT REZ AR

ERttX &R leezom(superjavaman.zhangli@gmail.com) £= BEERiY
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FPED SHAREHES

WA R REREREAL B IG5, IF Rl MEREHAT, P Al Sth 4R T (A2 —FAe
BT RS MR CRERREA G, A PRI A RE AT, BT RES IR P AT, 5
BRI o

WAGEF BIE SORH, B UGS IR P O SEPRAT aX, X i AR R R, g5k
b, A O IR S BHE S AL B AR L AR . TR R E I, ROt E LI,
B PR 5 RS Y BASERE P AT R IBE S

\(u RN AR S SHEKEE, T2 HLEXIE? W\

O OR— Mo STESHK, SCLEPRHN I TERNED, S1EARTREKRE,

A ZETHEERNBERHXFERT . FIRIAIEBHIABEET, FAESER,

O BEEXRESESENNISARHAEHE, TIUFARBAEZRE S-S,

A SR, nREBOXLAHISER, RASEBLZEHAT,

B 2, "IN ERENAEERE, STRNRASES AR,

B FfE—2, ETELNED, Stone IBES WAL X Ruby BENENREARFTEE,

O FNRAXFEE?

A nERLEEE D / HHABRHEENREIRXNFTOEERETLAEM, T / KGEEBRST

=007 thami, x / ruby / 3 ZErEIEARLE?

B 12, / #E X T EIE E T kA,

A F2tk, M@ E FTXHBHARS, TWERBENES, Fit Stone BEHAXH
h EHRIEET o J

fil4n, Stone i HH while iEAMANIH G S {} Gl if EAEEIIL. KiFFRAXAN
— AR R SR, (XA A AR A G

WHAR Java 1B FHORE, WEARPIAL & — S5 AIEa] DU G, st 3T T XA
IS

if 0 < x -y - z

RXA) A IERTREA IR

if0<x-y{ -z}
if0<x{ -y-2z}

HIEMAMRAAR 0 < x - vy, AERNENGRN -2, JFERFIREA N 0 < x, W
RAENEERN -y - zo WERXFE T RTREWIBIIUE T AT iR X A 00, 167 AL BE Gt
TSR, FARBCA TRA, XA A R I ] . AR NI I A — 1

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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EoRIE, KL Stone 1 5 BUTERIRMAUEH] { } FHEAR, #EG T BLX AR,

\( O R BT £ X E BIES TR oI 7 157 ‘H
[ XA, F—EROZEm e e g mIEs, RHadT,
B SieERESmesT XM, BEHENEAER R RTT?

| A BRI AR S AR TE AT T, j\

if MY dangling-else [Al@UE— AR~ SGER, B0, Java iH 5 AV N HGXFERY 1€ 5
o TR R —25iER], IR HRSE 5.
if (x > 0)
if (y > 0)
return X + y;

else

return -x;

X BRI B T HIB e 1se WYX RME—A> 1 £, QRIETE A X A DT AL e, PR
A Lf AR, Java YR THUE,, TEXFMEAL T, else HiaLmy—A> 1€ XN, AN
FEEBL (L, A T AR 2G50 Do WERTEBITHE T K% IE, WARZE Z) 1 9liX
%% dangling-else A, {15 F BT, ML, WITE AT 73/ M.

\( I Stone 1= EFAIE dangling—else [E1ZR0E? H
B FAEOEXITERIESEE, AR EFEXA @R,
b AZE, £ Stone IE5 2, WRIGTERALE,

ifx>0{ify >0 { x+vy }} else { -x }

B else WNHEE— if,
A0SR B AR

ifx>0{ify >0 {x+vy} else { -x }}

HPERE5E 2 PN, BT BARNMAEE (}, BUETRFEEX,
@ 25, HRIAD Stone BEERTREMEM else if MU,

if x > 0 {
y =1

} else { if x == {
y =0

} else {
Vo= =1

H

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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HA— BRI ERE, S 37t else 5 if ZERERBA— (o
[ 2, Stone B HEEPHHERS M HERIEER, Fl else if EENERY LS
HRESE SIBRF T o
kﬂ UG, XAEBITID? | J

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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1B 5 A BRER S — AU A 1l 0 M4 (lexical analyzer, lexer BY scanner ), T/ 7R
AR R R KRR, NN E, TSt T Rae & 1T ORATIL) e d775 3%
7, PR 2 —FAE R AT R . XA R AR 3, 155 Ab g 2 E e
b A R NS o K NNy S < v = R ) )1V 2 i o K RS S DB 9 1 3 i s i

m Token &R
PR P B SR L + B == Z RIS i, R R R T A — A TR

while i < 10 {

LT AL BRI T X AT HR
nwhilem — win  men  wigw  w{w
XA EIA T 5 AR, H while B—Malif, (HEH < 5 { WFRAERE, &)
B EER 9%, DRIk, AT R R T s SR 2 © (token ).
AL A IR AR P O AR S P T T A o BRI Z (B Y2 B R TR X — B B
bR, B,

i =1+ 1 // increment

i=i+1

XA AR AT O 25 R ], #2515

LER n_mn nyn nyn nqmn

TELERRNE T2 G, P DU TCTH PR B RIS TERE, AT PR Z (A A 5 25 FIA

[ B B AR TERFEERNAS, FLH T AMENE AR )

kA AR AR, HEE RO T SRR 860 R
SN String WEFOR, MM T IS 3.1 1 Token X4, MRIZH T gt
VAN LI e, R SR LRI R (G BT T3 S (5 B I8 3.1 Rl

O A#ELREP, QRETPEE (word, $35) 5 %HFAB P £ (token, b —4 > )R RR I, 7L A
token FAEE37, B MEIF R T LG, RLIXEGELFAL S5, FHIE

ERttX &R leezom(superjavaman.zhangli@gmail.com) £= BEERiY
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[ StoneException & RuntimeException —4~F2& (UL 3.2 ),

SEBRI AR Token RIFRAIXT SR, Token ZARHE BRI A, @ LT AN
J5. Stone I FH TAPRAST . HEAVF I i AV FAT R T X — AP A A ], B Rl AR e LT
XTI Token 25T, HFPFIAE T T Token 281 isIdentifier (WIEARJEFRINAFNN
H ), isNumber ({{UREBMZHENHE ) K isstring (UWREFIFREFIHENHE) )
B, JFARE BRI RLR [AE R A

\f B iR EeREiREh 3 7, WEEBETE, W\
[ 5 is HAMFEERFI R HEEhHL .-
B S e TR0 iR T T T IR,

\L A XEOHELREET, %A enun 2 X871, J\

AR, Stone IHFHIRE X T — MR Token . EOF (end of file ), T /NEEFLh
KL Token.EOL (end of line ), HTHERHATHF. A EE—14 String ¥4, Wiz
v, HE—AS AT

EWA @3 ENREXE S

FARTHAR TR, E R AR R 1 S, R EREREAT ER T RE A B —
P, X AR IR ANREAT B o R AT B R SRR R A Bgn] 2R,
BUBTFAFER 1230 BRRERH R PR IRAT, NEERA R I F i, 25 AR SR SRR
AR R 2R AT
Token.java

package stone;

public abstract class Token {
public static final Token EOF = new Token(-1){}; // end of file
public static final String EOL = "\\n"; // end of line
private int lineNumber;

protected Token (int line) {
lineNumber = line;
}

public int getLineNumber () { return lineNumber; }

public boolean isIdentifier() { return false; }

public boolean isNumber () { return false; }

public boolean isString() { return false; }

public int getNumber () { throw new StoneException ("not number token"); }
public String getText() { return ""; }

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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Rkl StoneException.java

package stone;
import stone.ast.ASTree;

public class StoneException extends RuntimeException {
public StoneException(String m) { super(m); }
public StoneException(String m, ASTree t)
super(m + " " + t.location());
1

Stone i 7 I —FMPIIUR AL, RIARVIRT | BRI S AT R A

FRIRFT (identifier ) FRAYEAL RS | PR FAIR. WAL, + B - FBTAT S5 5
RAP SRR TR ARfT s SO A RS0 5 — R R 5], i Stone i H 71
B BAT XTI 23, #A AR AL B

(B reseta )
B ENEBLELERETEZNLENETR, JavaiE= P class 5 public 2 XWR 2R

AN F M (integer literal ) F8M1/2 127 8 2014 FFFRFH . WUERALE FHEALXAL 2R,
EHE RS SRP AT R A 25 728 B 0 SR B R R] , PRI ik ik HELA P T R R 1 R Y 44
R, HFRREBEN TS,

BN, Java 5 SCHF 0x1 £ IXFERY 16 FEHIEERR . IXFD 4 D FAFAL T A5 B 2 R
M. FH— M REERFORITE, B 31,

FAFER A A (string literal ) J2— P T RR PR FLFFI) . 5 Java Fil 5 —FE, #
W1 () FEERN RTINS — TR E . W55 R FERA AL T — 745 5
T, FRMRE—FRRINE, ZERAG 5 NS AT, B, 4535
i "Java" FRIETFARE Java.

WES2Z BT LS \n. \" 5 \\ X =FRBINE SCFRF . BT BIRREITAF . WG
AW, Hitt, R nx\n" X—FMFRFHETA S DR, (HERRIZE—DH 2 M4
WA ERE, HASH— A x, BRI

B wR&EMA one. two. three ZENFRBEANRBEFTEHERRTRT, SR HEEREN
7 RROESAMBEL 1. 2. 3 7,

AT SCHRIRI ] T IENR IR e —0e, SRS 1 Bl 1E DUk = e 17 o b S 9 ] ke
e, s 2, IENFIAZ (regular expression ) J&—Fh T ICEC B Eid 5.

TENRGA A PR ] —LE R IR IS (OTFAT Do TEARRIIEN R GRS B b, SRl
FRTCFERA AR, 2 3.1 51 S 7E R ZEUE 0L FERREME . #lan, . *\ . java 52

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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VL java SR EERKEMFA R L+ \ . S A, .« BRI RE
BREMNTARE, \ . R S5aIFAAHR R REEL. (java|javax) \. . * NFR
M java. ol javax. EIFIVEE KM EAF B

(B EUEARAEES, FURSRA, RIEASN B, )
ENREXBTTFHF

(AR S5EEFHFILE

[0-9] 50% 9 hHENFILE

[*0-9] 50 % 9 XEHF 2 SMIE— NP RILE

pat* B pat ELEEHI 0K

pat+ B pat ELEEHI 1K

pat? B pat HI 0% 1%

patl|pat2 5= pat1l A& pat2 ILE

0 BIESAMA— N EEHER

\c 5807 c (TFHF >3 . &)L

PRk, FRAME BIE N A AR 2 X Stone 1 F A HLE, IEFRA 05 13876 Java 1F 1]
FIARE Java.util. regex MHLE .
TSk RIS, B AR

[0-9]+

M0 F] 9 U — P E L AR, SERER N — R I
IRJE E SPRRAT

[A-Z a-z] [A-Z a-2z0-9]*

RAEMZRXFR BT E AT Bors TRz, HEFAAERERT, KRR
JrAE R IR ARR . MRYEIZE SO, R R iR AR AT B I A A = S

Stone iff 75 MUAR AT ELIE A AT, NI R A2 IR S B R IENIZRIAA A MR EH
| . B,

[A-Z a-z] [A-Z a-20-9]*|==|<=|>=|&&|\|\||\p{Punct}

BRJFH) \p{Punct } FR HEE—MFTTAIEAC B0\ [\ | 2T | [ T | ZE
FIRAMICTAT, N ILAE G P S ATERTIAAN \ REE L o == >= <= .&& 5 | | AP DTFATLAL,
Stone i F R EA T — AR, RIEA 2 DFRIATS . BRIEZ M TR A6 per T Ak 2,
Bitn, +- BT + 5 - PIAFBIATS .

Rt 28 LB TR I . T A A BRI SCFARE, AT R R A E SRR

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY
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AL,

O NNAN N\ | [2n] )+

B, WK ERE, XE—4 " (pat) » " JEXRIELL, RIXG S5 AR—115 pat R
BEA 0 KIEHRITELIFAT A . Hodr, B pat 5\ " \\\ \n SR » ZIMEE—DFAFIT
Beo R\ BARRRAY & S, PRI rE IE ek b i B \ \ i U 3, e s

L
HEA,

| 2%, XRMENRARRER SN N AN ST EE 7007 \
| B R RS E RS — L ), BT,

EED &8 java.util.regexifitiliE 24

HEREAEE i 1E WA FOR IR BRI E L, 1A T BB T KRR Java i
5 M IE A 2 RS AEAR s CUVC ke [T DE FE A 4 R R —0 00, ASFRREFIHIIX — ek S
WA BN, R AT

http://javassist.org/

IRk

http://(.+)/

VCEE, Java i5 5 REMEIRISHE S ARt . + LA T 74758 javassist . org, QIR
HEZNHES, SIS N4 R R RE o B

XA A SR N 15 HA B ARVC RC A A7 e . SR X — DR Hinlik o pr
i, EREER AT XA IE R R

\s*((//.*)| ( patl )| ( pat2 )| pat3 )?

Hrp, pat1l & 5EBAFMEILAHIENLIAX, pat2 SFEMFRFMIMEILE, pat3 N5
FRRAFICEC . EIAHY \ s 52 FAFILAL, \s* 5 0K 0 A ERZs FAFILAS, #ixX / /.« DEfiE
B/ / PR EREN A S, ATIREARMERE. TR, FRENERRREIL AT
FEUL SRS RS . I R P R TR BRI . NI 2 45, FTLMY
AT Z A2 AR AR A B BE 5 i DT L

PATIRRAATIS, 15 5 AR TR BURARS , MASAT T L A A N A R S IZIE M ik
SVCEL, FFERA 76 MU RS IE W2k U5 N A B 45 £

ZEALEE 1A L4655 6 L B AT B S  X  AAR ERIC Y, AN A R SRR A
o WSRPCELR)FAF R — AR, NIRRT e s 2 N ARG, B 3 AN A48 5 X R 47
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JEnull, WURVCECH)FAF R R — R i, WX FASRE 3 N EHhS, 5 2 RIS 4 4
ZefE5 5 null X, i, QUERPERECHFAF SR — AT ER G, X T AR S 4 A4
55, 2B 2 RS 3 AN AR SR nul 1, WSRPCE A P4 AR JEARRAT, TAF 55 1 N ERR SR
N, BRIEZ M AEFE SRS null X,

HBEAR ARG A — T — N5 SR RS null, SEAEEIEAT & B A R Rh S ) Ba]
25 kS IE A VT R4 4, sRAEA 8 F—A i), RWTE RIS RE, ki d st
KAt DR A 2 I 451 BT AT BLim]

w/ﬂﬁ¢WﬁEM$ﬁﬁ,%X%%ﬁ%ﬁﬁ%ﬁ@%? W
B FahgittEZEhE—HN, HFASEH4AX5,
H 12, MABEPHIWEZTT A, SELEE S FaN&iTIEaEE 0,
A 52 FEHEEMHREEL, EOERELORE,
\Lnﬁam;a%ﬁ%?@%%m%%ﬁﬁ&+ZM@mﬁ,ﬁzmmﬁ%mo J

AT 5 3.3 ST 3.4 & — PR IRTE TR Y o Lexer 22— A7k it
#iro Lexer XZMMEREIEI 1 java.io.Reader MR, TREMRIETELETEGEAHS,
HERA T IR AT

IEMFRBAIET regexPat FBL Java i 5 IWFAF R FHES, RAHT 5G5S %4050
AN 5\ BB o I, A5 R & R i SR

read 5 peek & Lexer P EEMPINTHE. read J7 AT UMD K IF 452 — R B
. P read BPREIR [El—ASFr 0 A

peek HEMMHFHIEL, peek (1) BRI read JrkBREHR R BARZ S5 56 1 A~50E, 40
RSH1 K0, WERFS read kISR, it peek Jrik, VLM iR sk AE S S HITE 1E
H read FERPEBSHFE A58, HlU0, peek (1) FHREIMFIAISTEHE read HEMIRK)FIR
[ ) BRG] A ]

WA IR ERE I, read kMl peek ARG IR Al Token . EOF, X J&— 4Rk
f) Token X%, HTFRRFEITEEH,

‘( @ rexer T AfF M Tterator [B? W\
Bl A next 5 hasNext FiARER read th R EIE,
B %/E% Lexer SLPRERA A, IREI— Token.EOF EMHE, TIWREEH hasNext th

k, L, J

TETRE AT IS e BT AR BT T, S BT B O S B M R, peek HIk
WAARFT D, SEEAMT I Bl — A — A e A B, ZErh ik & BRI S A Rt, FBhR
[T R, TP R, SRR, T SRR, 5 AR A RS G 2 HT T
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JUK read IRk, JRRESERTIVE R A, WREAESH Lexer MR —(RIL, A
PREREZ R, NI PR T peek Tk

peek JEF LIRS M Z S 2 A i B ], LIRS B h ik R A G . it
Ui, HF SRR, ARSI A5, TR RN PR ROR MINGE S — 2%, TRSE—
AT, FIRTRTEOE R IER, TEOAE B AN A FIESREE

W/HF@%%p%kﬁ%ﬁﬁaEﬁW2%%$ﬁ,%Eﬁﬁgﬁﬁr%dﬁﬁﬂ? N
O XX Z3NENEHAE, read FHRERMEEATRS—ERD, M peck HEBTREHFGIE
k EH03E, RIEEE K. /J

B peek Jrik, AT AR ARSI IR AR BCERIR] S, ok 2L B R) T I (R AP AE —
MK queue B ArrayList X EH ., ZJh, peek 5 read JiESRETEMNHBUEIFR ],
H read JA A ERIA N queue TPHHER .

readLine Jy ik &S bR B — 47 i B BRI 19 5 k. i FIEM R A RO & e ik
i pattern %%, KIHEEMA] matcher JrdofiiiG— T PR A VLALH) Matcher X4,
ST region HEMREZX ARG AVCALAER, —iilit lookingat kT
KA B N T IENZACIC AL . 25, A a4 group JrakARHUS &6 X b
BT TP end I T HURVCECER /3 I ZS AL &, 1AL 53 BT 2K IR BLFF G Ak 2 AT T —
X lookingAt FEEHH, EHEZACEIT A4 i,

RS B 3.3 )5 1Y NumToken . IdToken 5 StrToken 25J& Token ZEI T2, EA T HIXT
I AN [ S TR ) B

‘( [ readLine 5 addToken 2iA A8t 085y, Haa R 2RMEEER, FIEE ok W‘
R E 2 M,
0 BEUAEEES A ITEREXREF 8ahEIEE T8 0R,
B 49%87F JFlex ( http//iflex.de )z £ T E,
O aREFR—PEENESLES, EFREEA—LEENTA, A Stone BEFE
| R R, )

STl iAlA 4 47ES Lexer.java

package stone;

import java.io.IOException;
import java.io.LineNumberReader;
import java.io.Reader;

import java.util.ArrayList;
import java.util.regex.Matcher;
import java.util.regex.Pattern;

public class Lexer {
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public static String regexPat
= "\\s* ((//.%) | (10=97+) [ (\™ O\\NAAN" ANAANNNN NN\ | [\ ] ) *\m)n
+ "|[A-Z a-z] [A-Z_a-20-9]*|==|<=|>=|&&|\\|\\]| [\\p{Punct})>";
private Pattern pattern = Pattern.compile (regexPat) ;
private ArrayList<Token> queue = new ArrayList<Tokens> () ;
private boolean hasMore;
private LineNumberReader reader;

public Lexer (Reader r) ({
hasMore = true;
reader = new LineNumberReader (r) ;
1
public Token read() throws ParseException {
if (fillQueue(0))
return queue.remove (0) ;
else
return Token.EOF;
1
public Token peek (int i) throws ParseException {
if (fillQueue (1))
return queue.get (i) ;
else
return Token.EOF;
1
private boolean fillQueue (int i) throws ParseException
while (i >= queue.size())
if (hasMore)
readLine () ;
else
return false;
return true;
}
protected void readLine() throws ParseException {
String line;
try {
line = reader.readLine() ;
} catch (IOException e) ({
throw new ParseException(e);
1

if (line == null) {
hasMore = false;
return;

}
int lineNo = reader.getLineNumber () ;
Matcher matcher = pattern.matcher (line) ;
matcher.useTransparentBounds (true) .useAnchoringBounds (false) ;
int pos = 0;
int endPos = line.length();
while (pos < endPos)
matcher.region (pos, endPos) ;
if (matcher.lookingAt ())
addToken (1ineNo, matcher) ;
pos = matcher.end() ;

}

else
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throw new ParseException("bad token at line " + lineNo) ;

}

queue.add (new IdToken (lineNo, Token.EOL)) ;

}

protected void addToken (int lineNo, Matcher matcher)
String m = matcher.group(1l) ;

if (m != null) // if not a space
if (matcher.group(2) == null) { // if not a comment
Token token;
if (matcher.group(3) != null)
token = new NumToken (lineNo, Integer.parselnt (m));
else if (matcher.group(4) != null)
token = new StrToken(lineNo, toStringLiteral (m)) ;
else

token = new IdToken(lineNo, m) ;
queue.add (token) ;

}

protected String toStringLiteral (String s)
StringBuilder sb = new StringBuilder() ;

int len = s.length() - 1;
for (int i = 1; i < len; i++) {
char ¢ = s.charAt (i) ;
if (¢ == "\\' && 1 + 1 < len) {
int ¢2 = s.charAt(i + 1);
if (c2 == """ || c2 == "\\")
¢ = s.charAt (++1) ;
else if (c2 == 'n') {
++1;
c = '"\n';

}

sb.append(c) ;

}

return sb.toString() ;

}

protected static class NumToken extends Token {
private int value;

protected NumToken (int line, int v) {
super (line) ;
value = v;

}

public boolean isNumber () { return true; }
public String getText () { return Integer.toString(value); }
public int getNumber () { return value; }

}

protected static class IdToken extends Token {
private String text;
protected IdToken (int line, String id)
super (line) ;
text = 1id;

}

public boolean isIdentifier() { return true; }
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public String getText() { return text; }

}

protected static class StrToken extends Token {
private String literal;
StrToken (int line, String str)
super (line) ;
literal = str;
}
public boolean isString() { return true; }
public String getText() { return literal; }

SCIEE RN 5'E ParseException.java

package stone;

import java.io.IOException;

public class ParseException extends Exception {
public ParseException(Token t) ({
this("", t);
}
public ParseException(String msg, Token t)
super ("syntax error around " + location(t) + ". " + msg);

}

private static String location(Token t) {

if (t == Token.EOF)
return "the last line";
else
return "\"" + t.getText() + "\" at line " + t.getLineNumber () ;

}

public ParseException (IOException e) {
super (e) ;
1

public ParseException (String msg) {
super (msg) ;
1

34 T

AR n B 22is AT AR TS B 3.3 1Y Lexer ZRSCFLM TR A ds . AHI AU main 5
ARSI 5 3.5 R BT AT AT B SRNE 30, IFBAT R A3 BT AR B 1Y A~ 5L 1A
(J#3.1)

fRASIE . 3.6 HHY) CodeDialog X4 Lexer FEMME pRELT IS HL . CodeDialog J& java.
io.Reader [WFZK, Lexer LM read i MNiZX R BUFAFIT, FH 4 SR — D XHE
HE, FHPHI AR SCANE BN read HIEARITE . QNS bR I 7R X i A Aol A P SCAS T80 )
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B, XUESORRESEaR L AP R BGH IS, AL

806 Java - Eclipse - /Users/chiba/workspace =)
e la B804 | B | ®a |G- | PHcEER ]| &40 0o B Fzcvs Reposit.. »
[3] LexerRunner.java 52 Ym Lexer.java 54 =8]—|
e e I e —— D=
import stone 0 )
; while i < 10( | %
public class . l
& public s sum = sum + i e
Lexel i=i+l E
for } [aASSRTANRRRR RN AN A LA | |
sum‘ *| e | o | > | &R NN NN N\ {Punct})?"; 18 ||
} ern. compile(regexPat); —
" = new Arraylist<Token>();
.
:v
.’(—4 r &
2 proplems [@ % %[5 pE[EE[t B-r3- = O
<terminated> L /java (2010/12/08 3:11:25)
i-1 =
- @
=> \n
- i
- = G |
[ o)
=> \n .
T —— Ir
|ov & ‘ Writable ‘ Smart Insert | 1:1 ]
2

H4T LexerRunner

Sl LexerRunner.java

package chap3;
import stone.*;

public class LexerRunner {
public static void main(String[] args) throws ParseException {
Lexer 1 = new Lexer (new CodeDialog()) ;
for (Token t; (t = l.read()) != Token.EOF; )
System.out.println("=> " + t.getText());

[Nkl CodeDialog.java

package stone;

import java.io.FileReader;

import java.io.BufferedReader;

import java.io.FileNotFoundException;
import java.io.IOException;

import java.io.Reader;

import javax.swing.JFileChooser;
import javax.swing.JOptionPane;
import javax.swing.JScrollPane;
import javax.swing.JTextArea;

public class CodeDialog extends Reader
private String buffer = null;
private int pos = 0;

public int read(char[] cbuf, int off, int len) throws IOException {
if (buffer == null)
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String in = showDialog() ;

if (in == null)
return -1;
else {
print (in) ;
buffer = in + "\n";
pos = 0;
1
}
int size = 0;

int length = buffer.length() ;
while (pos < length && size < len)
cbuf [off + size++] = buffer.charAt (pos++) ;

if (pos == length)
buffer = null;

return size;
}
protected void print (String s) { System.out.println(s); }
public void close() throws IOException {}
protected String showDialog() {
JTextArea area = new JTextArea (20, 40);
JScrollPane pane = new JScrollPane (area) ;
int result = JOptionPane.showOptionDialog(null, pane, "Input",
JOptionPane.OK CANCEL OPTION,
JOptionPane.PLAIN_MESSAGE,
null, null, null);
if (result == JOptionPane.OK OPTION)
return area.getText () ;
else
return null;
1
public static Reader file() throws FileNotFoundException {
JFileChooser chooser = new JFileChooser () ;
if (chooser.showOpenDialog(null) == JFileChooser.APPROVE_OPTION)
return new BufferedReader (new FileReader (chooser.getSelectedFile())) ;
else
throw new FileNotFoundException("no file specified");

| 29
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TR BT AT 55 R AT B Z [ B OG22, A MR e i) J F [l — Ak sl iy, DA R4k
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13 + x * 2

R XA RP A 13 + x * 2, fl13 5 (x » 2) (YMEBEIAT, & 4.1 BEMXTS
WRER, & PRIREERN

Kl 4.1 EJreE (Token X4 ) RS T BAS BIRAE R . il iE2: 004, alagss
NN AR B TR IE AR RIEZ5H . T HIE R % HE 18 R iR 4 .
Tk FORIRFEL, Wik BRI SCF R T B A . HIE R a8 i de 7 B

BinaryExpr MR HTRRMHIBHERIAX, WHIBEFE AU B 45—l i A E
AEI SRR 5,

K& AP BinaryExpr X4, Hi— A HTHRRREZHE x ~ 2, H—PHTFRRM
RIBHE 13 il x * 2, INEBEMANEERFE 13, B2 NumberLiteral X%, £l
Ex * 2, BEEA—I BinaryExpr W%, XFHESNSEEREEMFNLAESHERN T EE
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FhiE, WNItL) NumberLiteral S TR,

\(ﬂ EXNMIFRH, BEIMMERBSREINENENE x B2 x * 2 WIE, Eik, B4 J’EW
AR T A DTSR,
A, EXPMIRAWEEN, ET2FLERMBERT? HRELHHAETHAH, RS

k EREIL? J
ERn)e 2] ()« J(x )+ (2]

HhRIBER

. BinaryExpr
operator = +
eft Ny rioht
- NumberLiteral : BinaryExpr
value = 13 operator = *
left I/ \l right
: Name : NumberLiteral
name = X value = 2

18 + x * 2HIN KX R (WL )

B 4.1 I8 an— 4 LT S a9, DRI Bh B S5 A R AR I RE A k. B R B IR
(X)) FRA M (node), FiskFRMM A, B EJ7 BinaryExpr MEFR MR S,
NumberLiteral XJ4 J Name X R E R TT SRR 5o WER—A S S H AT

RIBL, BIBGERER T RO S5 0, BT ST R BT T
. BinaryExpr
operator = +
left= - NumberLiteral
value = 13
right = : BinaryExpr
operator = *
left= : Name
name = X
right = - NumberLiteral
value = 2

PPl ATRIAS +x 20K (FAEEERATHRZEHNELRXE)
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Ak, BE 41 XK, AMFBGENEFERRR, AMFEEBGEX R R EEFR, AR
IRESSMELLBRAR . FBoE—MIEME, ] DR IE 4.2 IR S K] 4.1, A i) 7Bl S 1e e
B, XH—K, AR EFEROCRETEIEW, HTFR/Rx * 2 BinaryExpr ¥4,
BB AL T AT RARIER BinaryExpr X4, &H right FERIE. MR UEH
H AKX, Fkny& OFTEAIR,

2, EATEAEU

13 + x * 2

R, BHE T W E S ROE A5 Rk RIS S5

AAER Java I FORSCHIE T AR, I Bl x5 S5HIE 25k Fn i r 454y,
KT IR RM BN RIET, FRRRIEEM R BaSA AR, g CET, Wl
FHEEFIR; SR Scheme 157, WIS,

B, fEARZHEM T, dhRE RS S IE R, WK 4.3 s, BBt
ik B XN A ) 7 B PR BAARR SE =, S58 1, ORI T x5k
FRE G IR, (R EARA T RG2S, A 2Rk .
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13 + x * 2 WU RIEER
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BAEE—ARIKFORYL, EHZEIEITAR, W5 7T FakaBiAaEA S x M 13 + x.
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O HRURAENRREZRSRNAR, HIHEVHERR,

42

&l 4.5 AT AT R IEER AT 2. W RFFRR P T, B e BT Y s
J& ASTree T, ZHZFEAIE—L1FAR. ASTLeaf KM ASTList 25J& ASTree MY
TJ5, ASTLeaf EM A RSB A) ML, ASTList EEHARAEIT SRR,
HAb2RAE ASTList B ASTLeaf KA TK,

NumberLiteral 5 Name 28/ FFE/RIT 4, BinaryExpr KA R SH WA 5,
BT LIRS

( [l 48 ASTree 4% 4 ASTNode NIZE &iE —LEIE? \“
B R4, 2RAERT SN RHOEmM AT R AKX 1E?
k [ 2 ASTree BAEEFR, fADREHTER ASTree MHREFFH- - J
ASTree
child(int)
children()
[e]
2.
g
l g
ASTLeaf ASTList
K>—!
child(int) child(int)
children() children()
NumberLiteral Name BinaryExpr

I ERHT EL
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ASTree EMIFE %

ASTree child(int i) REE iNFHE

int numChildren () BEFHEUDE (OREFEFTRNIREOQ)

Iterator<ASTree> childre BE—PBFBHFH S8 iterator

‘(ﬂ tEidp B oll, ASTree NIZHIRAKD, XT2F IRV W\

0 FZE, XEFFREKT, XWPEFLAEIRG,
A URFREMRITAMOEANET, BIREEEET, TIXNHLENAKES TR
k 4, J
HEAH G BRI SRS, B S A TR, TS S, X e SR
3 — AR AT SR T A (ehild ), ANFE 4.1 7R, ASTree & H 2 H TR LT 15
POE P i
F A1 5 TIN5 SRR . child BiEHTRIFEE 1 A~F 1945, numChildren J7
EHTREPIF SN, children HENEERIEI—A Tterator X4, HTAKIGH I BrA
T AR 4.0 RSV 4.2 SACHRUE B 4.3 BTN T EME .
AN, nsTree Rl location kS iterator . location JiiBiik[al—>
TR AN S AERF T B FAF . iterator kS children JikifE
A, BRE—ANEREY, 76K ASTree #4670 Tterable KRMIRPK & HIRIZ 7.

[ B FoaauremiE )
B 795 2E2 AR MRS Z X4 (binary tree )o
\k [, AE, EAWHIE, —XRBAENRMEIELEN, MR EmEaHxt R, J\

4.1 KINEHISE iR Tk, T2 ASsTLeaf 5 ASTList K/l seix 8751k, iy
BARRY SR

ASTLeaf M7 RONRIYZE, M S REA 1A, P numchildren Jrdlf a2k
M 0, children FiEKR A —AE53 G KA Iterator X4,

ASTList AAEMAT XL, MREEHEZAN TS (B ASTree X4 ), ASTList K
EH—1 children FE, ERE—F arrayList X%, HFPHRETHENES. B45%
M ASTList #8171 ASTree )4 A children MFT kA CFEX ) children 7K.

( ArrayList MHRMITHEEERZ ASTree M2 ASTList Hio W
B EOTREEFT 52 ASTLeaf WHRIEE ASTList I REI?
B FRatt, ASTree XEENE, BIEFMB2WF T,

‘k O Z2XEA7T composite 2, XFE 5 AR ? J‘
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MG TEEM T S AT T A4, ik asTLeaf K% A children FB., A EH
A token FB, AFHUEMGIRLERIT S0 5 XN ERIRDCHK . token FBURAF 1 XTI
MY Token ¥4,

TEE 4.1 5K 4.2 ' NumberLiteral fl Name 25 HA %M value K& name WFE, SR AN
Kl 4.4 5K 45 PR, TESPRICHINT, XEEFEIFAEM AR B E X, Mgl ASTLeaf 8
) token FEIEMIX — TAE, B4, NumberLiteral &4 —A>3/R 52X Y4 41 5 [
IR, X4 Token WA PR ASTLeaf 2K token FEHRfF. NumberLiteral 2§
1) value Jri2aK XA token F-B P EAHZE AN F M R M. Name 2895087 202540l

WAEE 41 5K 4.2, BinaryExpr KA AE left Ml right XD TE, ANd7ese
PREZILRT, XN FERIFA BB BinaryExpr BPE X, Mg HALK asTList 26
M) children FBOE X, WIS 4.6 7R, BinaryExpr 8AE left M right 7K, 1M
PAULT 1left 5 right ik, XSRS I children FEBARMEN ASTree X4 N,
FFIR R0 8 A2 749 s 54 10 e

BinaryExpr BWEAHKE 4.1 5K 4.2 F R HFRAFZE B operator FB, ia
BTG ZMAr Y S (ASTLeaf W4 ), 1EN BinaryExpr MR 71 GfF7E, Wit
Ui, BinaryExpr MR HA LM, HHELAEHEMFX =M M. B BinaryExpr KX
H operator T, HHLT operator Kk, ZF KN SBHEFFNIN ASTLeaf X4 H
AREEIA], IFaR P A

(YRl ASTree.java

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

public abstract class ASTree implements Iterable<ASTree> {
public abstract ASTree child(int 1) ;
public abstract int numChildren() ;
public abstract Iterator<ASTree> children() ;
public abstract String location() ;
public Iterator<ASTree> iterator() { return children(); }

S ¥) ASTLeafjava

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

import java.util.ArrayList;
import stone.Token;

public class ASTLeaf extends ASTree
private static ArrayList<ASTree> empty = new ArrayList<ASTrees () ;
protected Token token;
public ASTLeaf (Token t) { token = t; }
public ASTree child(int i) { throw new IndexOutOfBoundsException(); }
public int numChildren() { return 0; }
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public Iterator<ASTree> children() { return empty.iterator(); }
public String toString() { return token.getText (); }
public String location() { return "at line " + token.getLineNumber(); }

public Token token() { return token; }

S X] ASTListjava
package stone.ast;

import java.util.List;
import java.util.Iterator;

public class ASTList extends ASTree {
protected List<ASTree> children;
public ASTList (List<ASTree> list) { children = list; }
public ASTree child(int i) { return children.get(i); }
public int numChildren() { return children.size(); }
public Iterator<ASTree> children() { return children.iterator(); }
public String toString() {
StringBuilder builder = new StringBuilder() ;
builder.append (' (') ;
String sep = "";
for (ASTree t: children)
builder.append (sep) ;
sep = " ";
builder.append(t.toString()) ;
}
return builder.append(')') .toString() ;
}
public String location() {
for (ASTree t: children) {
String s = t.location();
if (s != null)
return s;

}

return null;

e NumberlLiteral.java

package stone.ast;
import stone.Token;

public class NumberLiteral extends ASTLeaf
public NumberLiteral (Token t) { super(t); }
public int value() { return token().getNumber(); }

e Y¥] Name.java

package stone.ast;
import stone.Token;
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public class Name extends ASTLeaf
public Name (Token t) { super(t); }
public String name() { return token().getText (); }

}

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

public class BinaryExpr extends ASTList {
public BinaryExpr (List<ASTree> c) { super(c); }
public ASTree left() { return child(0); }
public String operator () {
return ((ASTLeaf)child (1)) .token() .getText () ;
1

public ASTree right () { return child(2); }

23 s

REEEYWNA & BNF kR KI5 EHIGIF

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

B TEIN G IR, 15 T AL PR 1 S A S ISR L ]y 81 (R EEAL SRR R R
FP ), R A SRR B RE RGBT A . R, X E AR P B A IR DLE o

TEIRRLE T SR A H, Blan, WH B 53RN % MR BRl g A, sl 1 £ iR
PNZEA BRI EE A, MR RIHE S Bl S EE W 1 £ B0 IITr, oG8
it extends GRARIEHPREH THRLEALERAERIN . ANid, X BEIHEAIEE A SRR P HE F
WERIPNZE, AN R anfaf b BERIEE AT 25 15 R A BATRIHED ] . AR B HE A TR A2 FIWTE ) AR~ B
WITFLR, HPIR AR R ], SO A R L 2

2Bk E, FATRE— F— AU S i S5 PUNEE B kst fRRSE s 4.7 R T
—7#44 4 BNF ( Backus-Naur Form, ERMHIER) BHE R, dEFCRHE, XREMEHNBE H
T BNF (997 A EBNF ( Extended BNF, 4" JEEARHIER ),

[ B BNF £ John Backus %k Algol BEHIEATRIH, T REARAACEATELE |
=4 $ B9 Noam Chomsky £ R X ¥305%,
[0 XERERES 5ITETIES NGRS,
@ 2% Backus, #L2Mh7E IBM FF& 7 Fortran,
@ %5, 2R i, XELMEFMEXT, HiTHE, EENEEMEBNF 5ETXE
k ES LN J\
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BNF HAZIMTHS

{ pat } B pat ELEE 0 X

[ pat ] 5EEHI 0k 1 X891 pat ILAC
patl | pat2 5 patl o pat2 ILH

0 BIES AN A— I EENE

’E—%, BNF H5IEMZRAX KBRS, HpH 84T, BNF 51EW k0 F
TR, DI P I ZS

£ BNF [RBRN - ZEMT S A RRE T3R8 578« AR S AR =XRE DG L Y 2R
WS, Flan, RS 4.7 55 1709, factor (AT ) BI8-SA M DT Ay 2R 7
Gl ZEMH AN factor IXFEMIFF SRR AEL LT aon &,

HARA TR B R A A5 AT, AR SRS I AT S, R &R n], 7EURSTE
4.7, NUMBER X P KEF R, VISHNE]S » FERATE v (v 7S e 2845
o NUMBER F/RAEE—MEAVF IR I, v (" FoR—DNE NS 1 i,

s AR S T T AL EARAS AT . SIENERIA A, Bt pe i 3k
4.2 B IR IR AT 5

BN, EACH ISR 4.7 55 1 47RO, factor AEZ/S NUMBER ( 1 /MR FAE ), B
HZ455 . expression (Kik:) MAHESHUCHRS M S Hm)75 . expression &—
AEERF, H3ITHTF T, Wik, HAES . 5 expression ILECHRIAFY], KATES
X BRI 2 Y R P A BE S factor BLCITHRL,

IR s AR A 2454, BNF 5IENZRAXBA 2 X0, ders, PEmE—i
ANFCHE T B2 DL B) oAy B K A DC LA 2 LR N B R A

L A =gk, FURARDFHNE Y HEANENTE, HkNHELFE2ER6, J

F—E, WMEAMEARMT expression XFEIYARKRLEST, S/ VT B B ¥ 51)
WS RINE XN expression FECUCHL, ARLEERT o] LIFEfE A& R0 00FR, 782 H AL
B REAE T | HIX SeAE 25 7T . Bl SR L4502 BNF IHHIEZ —.

T 4.7 55 247 term () FR—FIH factor HiaBAF » 5 / MHFs], H
H factor B —IK, BHEMFMUBRIEMA factor ZH, T {} R E
2AOEEMM oW, Hik, F2 7N E R kR S8 cerm IEE NS, SE—
5 factor MHICE W I FF], SEE 15 factor HILE M HIRFINZ 5, HizH
7+ 1 / DA factor MMAL A FHEE A TIRISRITA,

3 TTRINE R, expression FR—FH term (X term XN AIEFS ) Hizg
BT + 50 - REsl, Hh cerm 2R, @B MAIAEN D term ZIA], 45607
A BRI, AL IS expression VERCAHEEE S PUNLE B FRA, HA HIEM
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HEF i T 10k, st l, Sz i i inl R 3l —1> expression, Jx2Z, WHRH
14 51 expression APCHD, 4%k A iEEE4S1% ( syntax error ),

— EHN P E A { ) SXRERARRERST S, B S AR X ARRAR . P, AT R A
&l 4.6 ARFPEk B T AN & BNF RFORTRIEMN . XA IR EZ BRI, 4. 8 4.6 5
AT 4.7 R e R TR . IR IR SRR 4854F, MR FonJE48ifT. Sikmany
BIFREBEIER B “or” 7 X

G2 ENFHE —

5 — BT

T

HsE

| @ i, UF BNF i ANER - = B, T‘
I, SFERHERBINEXE,
@ FELEFUTFOERIZEMN <terms X,
B ©uF, ESUAREFABEIM,

kl:l AE, BNFARSTR, HomaH : £F . .- BHEHRK, J
M2, P2 FRIRN T — A BIRIHI T, Fikat
13 + 4 * 2

TEZEL T IS A B A SR P81

NUMBER "+" NUMBER "*" NUMBER

A BR8] S ACAS TS B 4.7 PR expression UEHL, WA 4.7 Fis, %8806 400
JAR SAEALERT factor M term MFZCUCHED, A4 F5 NI 2 542 expression JEf, %%
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HIFME 13 5 factor VEACAIFRIAMHE S term VERR, ARMGIG AN, B At o A0 7 i i PAA) e
5 factor ILft, ¥4~ factor XfE5 term VLR,

13 + 4 M 2
factor factor .  factor
term + term
expression

FiEX 515 expression LR

XML 155 A0 R A N EE 5 expression VL,

(13 + 4) * 2

HRPTEZRN, FE55 A0 13 + 4 58 expression VUfid, FESHEEM (13 + 4) S5
A factor ILfit, Hitt, AR RAX 5HA term ITEL, —4 term X 543 expression
UL

fRESIG R 4.7 1, expression. term 5 factor JEUFIE)IZAE/INA AL, At e
HIE, factor REMSEHM A ( HFESF5ER ) expression, X EETEIRLEA A IHE X
)& BNF B—AMRHIE

\f B 3211 BNF AFHIIES ERKENER, MEUFRAREEFRTHXMERLN, H
B 0RERiT—fMEERAR D ERESHREFRINES, AR BNFREXEAT,
B #2EEXEEBR, TF (.} HERKBETNE X,
B B2 ERMEHN?
A %40, expression BNt EES ALIXFE,

expression : term | expression ("+" | "-") term

XREXERILFE 4.7 WARZERN, EEFAE {.}.

B 2%, expression XH term MAL, i H expression, BERF + F -, MK term i
YRR R E0G?

A Rk EEBLTH, &k, B tern BEMA—D expression, XHE—3K, RIEN
n, term + term thE—"1 expression, ZEBELZDD + term AR expression,
Bl term + term + term E@— expression, ZIIEEWLRBIRTE, TELIHT
31,

B B, XEFHE T,

| B BENTHIEEEM, B BNF SRR (.} Rk, REREE 1| (R, )
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(44 QL L LT

FEf ] BNF sk B DR Rom 1Bk 2 05, Saefs B e - r Bk, I B mt .
TS HT A 4% SRR VCEC Y SR P 3 . A FRA5 21 04 B e 81— A~ HA e 2 L )4
Sy UL B IR RE Ak 2 HA PR 4] — R s DT AT, 2 K Y44

WE, MPIEEN T RRELESIN 13 + 4, 2
g, LR RIM X e Z 5K factor factor . factor
Fo K48 ZMRHTACHLIE H 4.7 HAYPUNIZSE  term + term
B, %13 + 4 * 2 AT HTE R expression

@ term

M5 (5K 4.7 MR ), DL 245 SR i

AR IEEN . IR b7 SR 18 o Br i 45

R, AT IS IR IE R, B T |

{8, FGERER R 13 30+ IR SR faTOf faclmw

SRR RO AR, RN B o+ a4 L 2

IR A EERTER ST R TR R 1 5, RS

T term Y5 factor WM AIBEERAYT A RTINS RS RRAR
TG A 1 A R R IR T AR B A FRR 2, ARR S R i — 8 . il

m, SAEALELT cerm BIAILE A BRI I — R T, BRI R R RAEL LT term,

SRR FRIRVEBC A Y s AR R . A cerm 5 4. * K 2 IEE, BT term AR

TR TR S 4 5 2 FIFHE S factor PURC, HI term 55 4, 2 ZJAHHA T—43%

7~ factor M. 2T 13, BH term. factor Mid—AK HLAME, WL term AT

S 13 T SRR SR R

expression

f B EHANSERRE TEES + 5+ 2EORERT R, Fitiishemsisamt R W\
BT X —fE R,
B Az ES * B term —3Z5, + BTN term M0, T2 » WEEREBAREST + 7o
B XM ETRE, BEETRE 48,
B SsE, REMHALT?
B 13 NLEmER factor, BLER term, X—B A EIEHNIL?
\k B AN FERE A B IR S R SR T R R, TR R TR TS T o J\
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ARFEHA PR E— TR N AR B HRIE 7T &% (parser ). 217 C Z0d i ialik oM oo ik
TGS, LTS B 55 e ik 26 B e 1) TN SRR TIC T, IRl 4
T o

. StoneisEimisik

T, AME BNF RIXE —F Stone i FH FIEEMN . BARKNZETE S ARG R 5.1, JE
LLEFF program 5 1 17 Stone 15 75 A2/ 7 VCAC. #LMH H BL NUMBER , IDENTIFIER ,STRING,OP
5 EOL #UR LA, MR BERI TG . AT . AR TR . A HIB BT S TR,

EALETF expr (expression M4EE ) FITFRRERIEA, WEEEME, FCHEEH 5.1 R0
WA % B AT op ZMIMPLed . W, AN IZAE - — R R A 5 4.1 (U5
TIEF] ) AIRAE, L A A X A LA AR s EAF, KRB ] Z e i 2= 5. SR
1M, Stone i F R HHAD 2R HLEFA S, IR SE R RA SR TR RN

TFHFRATRR — TGRSR 5.1 R A & L. 128, AFAS5T primary (EEAMHTT
) HTRRFESFENRIAA B, /R (AR ) sirfriR T mE, X e
FEAMBRIRAMBITER ., IELLETT factor (T ) BFR—1 primary, HF/N primary Z
AFERIN— - S E. expr (FEX) HTERMNA factor ZAJG—NHBRALF
MG block (fLhiBde) FEAJEH {} FHde kM statement (154]) J¥4], statement Z[H]
TEH ST (EOL) 3P&E. T Stone i 5 S Fasifa], LMK statement H
MESHE TS (1. ATLUES, EMEH RS expr JEBL B ATHR b H ) JE & 45 7%
( statement o{ factor ) 5—2HF/rMaMFF 5414 M.

statement AJLUZ if 157], while i)al{ U R HFIAAIEN (simple ), fHIHAFRIA
LB RIAX (expr ) WAAEN], &AM program j&— M EALESF, B LA S5
B TRT, FTFRAR—0)5C%IER], H, statement AJLIEIE, I program BHEMN
FORZTAT BB JG —RIREE A S ] R 5 SIRATAT, ik, ARGV IR 5.1 BRI A3 il
11T statement 5 program MiFiZ#l, program REAl LURAN TS SMY—S%iE4], tn]
PR —1Toe BT

R ANl StoneiBE=HIEEENX
primary : "(" expr ")" | NUMBER | IDENTIFIER | STRING
factor : "-" primary | primary
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expr : factor { OP factor }
block : "{" [ statement ] {(";" | EOL) [ statement ]} "}"
simple : expr
statement : "if" expr block [ "else" block ]
| "while" expr block
| simple
program : [ statement ] (";" | EOL)

(5.2 Qi e R,

BTk, BRI 5.1 h Bk Bo R as . SRIEEMNE 2%, R obr
W BRHANE, R EATLIIEIEITE . Ak, U 5.1 ol Stone I H RYIHTE
PATRIER AT o X BLAIETR R B BNF 5%,  AnSRff FHTE TR e F sh A il T Hok4b
H, RSO P E MR T AL T TN Parser PRI YRR T
Lo, BRI RGN . AT AT IR B Stone 3 (IHIA
oIMTa . PR PERESH BRI 2 17 AL

(B == yace Zairea s )
0 24, —RHES A yace XETARAMET BNF 893B 59788,
[ TRWtt, NIEEA Java ES XHENE BN RIES KILINEE0TES, TR T
_— )
pParser EN TAE{UEN BNF 5 AHEE NS H Java B 587, AR 5.2 B HfC
TS L 5.1 3 H A Stone 1 F BRI AL I RY . Parser 285 Operators
FEHERMENZE, rule LR Parser BP—> static ik,
BasicParser KHEE X T Kit Parser KAINT B, BRI H 5.1 ol
1) BNF #5555 J0 3 58 Java i 5 R AR BIMEE R A0, primary FEBME L TAEL S
£ primary MIEEMN, factor 5 block [FFE, HRZAHNAY Java 155 R AEZ LN,
PEAE LY Parser X REMSHRIE S A AW AE A LS FFBIACR AT IEE 0. BN, KRk
IrefENZSE, VA program FE ) parse Ik, BLREMIAIEE Mo R —F 7 RE P AR &
FIERIR], FERTHASOETE T, IR — MG IEEN . 53— N BasicParser K parse J7
%, &> public ik, (WHT MM program FEM parse ko

\( B 2@ M BNF ERENEEFE#RE, BiX Java RIDEEERELW, W\
B R%E parser FE42ft 7T W DSL, FIIZETE Java Ath LI AL DSL RAXEE A KE Fo
3 B DSL?
I DSL 5t 248% FAIE= ( Domain—Specific languages ), Wt 2B HETAERNE AIES,
B %0, 7/ Ruby &I SCIMER, BMEARR FRR2—RERTENS BN Ruby 2FF,
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BiEiT — R TERKGEH DSL SRHIEF. R TAERER DSL SHNERF
BRI S B S E 2, XA L8 DSL WA A DSL St At DSLo

HETXS, Bitklshgs DSL FRA 506 DSL,

BB, WEDSL AERRMERE, iS558 DSLEL ER ST &, BIHBDOSLES
FLBOTE e th B 55556 1 F) DSL B SRR R A,

F—HT, FSNED DSL BREITER SIS 2 TR BHRIX SME F 7 17

REF DSL 7@ id Ruby. Scala 572 Scheme = KHIES 4 RESLHL,

Fit, HER Scala, MHTRAS T M DSL BHIKASATLRE,

\k B £, parser ETRZAEWDSL, ENZEFEGRHRE © (fluent interface )BIEEA 7 J\

(ST AW StoneiEE RIIE A4 #758 BasicParser.java

package stone;

import static stone.Parser.rule;
import java.util.HashSet;

import stone.Parser.Operators;
import stone.ast.*;

public class BasicParser {
HashSet<String> reserved = new HashSet<Strings>() ;
Operators operators = new Operators() ;
Parser expr0 = rule();
Parser primary = rule(PrimaryExpr.class)

.or(rule() .sep(" (") .ast (expr0) .sep(")"),
rule () .number (NumberLiteral.class),
rule () .identifier (Name.class, reserved),
rule () .string(StringlLiteral.class)) ;
Parser factor = rule() .or(rule (NegativeExpr.class) .sep("-") .ast (primary),
primary) ;

Parser expr = expr0.expression(BinaryExpr.class, factor, operators);

Parser statementO0 = rule() ;
Parser block = rule(BlockStmnt.class)

.sep("{") .option (statement0)
.repeat (rule() .sep(";", Token.EOL) .option (statement0))
.sep("}");

Parser simple = rule(PrimaryExpr.class) .ast (expr) ;
Parser statement = statement0.or(

rule (IfStmnt.class) .sep("if") .ast (expr) .ast (block)

.option(rule() .sep("else") .ast (block)),
rule (WhileStmnt.class) .sep ("while") .ast (expr) .ast (block),
simple) ;

Parser program = rule() .or (statement, rule(NullStmnt.class))
.sep(";", Token.EOL) ;

public BasicParser ()
reserved.add(";") ;

@  nhttp://www.martinfowler.com/bliki/FluentInterface.html
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reserved.add ("}") ;
reserved.add (Token.EOL) ;

operators.add("=", 1, Operators.RIGHT) ;
operators.add("==", 2, Operators.LEFT) ;
operators.add(">", 2, Operators.LEFT) ;
operators.add("<", 2, Operators.LEFT);
operators.add("+", 3, Operators.LEFT);
operators.add("-", 3, Operators.LEFT) ;
operators.add("*", 4, Operators.LEFT);
operators.add("/", 4, Operators.LEFT) ;
operators.add("$", 4, Operators.LEFT);

}

public ASTree

}

parse (Lexer

lexer) throws ParseException {
return program.parse (lexer) ;

Parser X7 %

rule()

Bl Parser W&

rule(Class c)

8132 Parser W&

parse (Lexer 1)

BATEE DT

number () EEERN pRNA LR ( BAFEE)
number (Class c) EEEN RN ALER (BEFHE )
identifier (HashSet<String> r) EREERN PR IALER ( BRIRE T v SMOFRIRET )
identifier(Class c, HashSet<String> r) ENEEIN P RINALER ( BRARBT r SMIFRIRET)
string() ENEAMN P RNAER ( FRHEFTHE)
string(Class c) ENEEMN P RNALER (FRHEFHE)
token (String.. pat) EIEERN P RIL LR (5 pat LENIRIRFF)

sep (String.. pat)

ERE AN P RIAR B S THEIEENNALR (5 pat LA

BIERIREF )

ast (Parser p)

EEERIN AR AR p

option(Parser p)

S E I ORI ] B NIE L L5 p

maybe (Parser p)

&R AL R T B R Y FE
ROEIRT RSB AR )

¥ p

(Z0REEE, NEA—

r (Parser.. p)

ERE AN P RINET DB or XRREENEFLLEFp

repeat (Parser p)

EREEAN PRNE D EE R 0 KA IELLEFF

expression (Parser p,

Operators op)

EREERN PRI B EERER (p REF, op 2

Lz_;;%i%fi% )

expression(Class ¢, Parser p, Operators op)

EREERN PRI B EEFER (p EEF, op RiE

HAFR)

reset ()

TBEBEHR

reset (Class ¢)

BEEANN, B RERER ¢

insertChoice (Parser p)

AEERN LG8 or ARINFTHI S 3

K CBBEMTHMTRE

ERtX

25 leezom(superjavaman.zhangli@gmail.com) £= EEhRIY




5.2 fFERABITREAET | 49

KSIHIT Pparser BRI L. TR, WAPRE— N HMGE X 8675 K BNF JE
AL AN AR Java 1575
5, A TR AL P — AT AL

paren : ||(|| expr ||)||

JELLEFF paren FORAEMTE SRR IIFRIEA . XA A7 25702 ARSI 2 5.1 11
AEAEELRT primary RS HHEY)
B e A Java 155 RS E] T /S .

Parser paren = rule().sep("(").ast (expr).sep(")");

paren W2 —"1 Parser M4, BEFRRIEALES paren MR (HIEEFLN 09474
57 ) rule FkEMTAIE Parser X4 factory J7ik. BRI Parser XA ]2,
T ST B A5 SR A4 . IRUHERE AU, JR4257 paren IOBEREL A
fhi5 . ARLEEAT expr VIS o RSB EHRUSIN 28 Btz

AT S AMUGERELRT, W4T (seperator ), HINTFEIH L sep HiEGRM., 4L
FFME ast RGN, HSHUE— ST LRI AL SR Parser X4,

XKk, Parser X RELAEH KR H—Fia iGN, ZA R BEE R KR iE
AL A, WRe RN — 3. or 1A repeat ILREIEFR/R BNF H1
) ER) 5 () MEREIERS, T Parser MAREM LI TR 1% 2o 53 S BRI B G AR 73 1Y)
B ZHL

flan, FCASE R 5.1 PR ZELRT factor MIETEAIANT s .

factor : "-" primary | primary

EARASE R 5.2, FIiZFNXS Y factor FBIYE LU Fos . Rl e, seabgng

T rule JIEMZSEL
Parser factor = rule().or(rule() .sep("-").ast (primary), primary) ;

factor MNAMAEECKILE primary B - S primary 4146, X HEARHE
VTS rule HEAIER Parser M4 or HHE, FHIRIN TR A, Xz Ck
Ui, factor XN Parser X4 HE 5P Hhry—FpICECRIA]

or JIEMWINSEHZIWM A Z Parser X%, TEMIGHIR MK/ Lk, 52 NS5
B Pparser WA TR ARIELALES primary MR, 1 DSEOK W T s
#J Parser X4,

rule () .sep("-") .ast (primary)

R GREB IR N | ZEMr st
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"-" primary

XFE—K, Parser XRELAENFARTEZAIA M5 AR —H 73

[ B WRTS rule 5%, Java FEBAR BNF RARBAINT, BERITE. |

Parser factor = or(sep("-").ast(primary), primary) ;

L mX47F0 BNF RABIELTZE05?
B ®, EX5A

Parser factor = sep("-").ast(primary) or primary;

X R R,

B 7 Java BERMEXATH, FOEBHAA rule TWMAFHE,

O X —kHmSHIRE rule 7o

[ or 5 option FANSEIEEK Parser R, BIHLE—LTFHER, EFEANNHNFE
KX ZHEES F rule() .o

B 2, URAEFENLE rule() ., RARTEBEREFE, SEKERFEIR,

B FrUE R ERE, or Soption AZEAMNSHENNMEE— P Parser &, 22—
B rule () FFkHFRIAR,

B %7, BasicParser XE—HFBHXGEHA?

Parser expr0 = rule();
ZJEEH—a

Parser statement0O = rule();

| B AR, 2EMEEANAE X SR, J

TEACHVE A 52 ) BasicParser KE el rule HiEQIE T — parser X%, H¥
BHIHHHAATAT I, B2 RIRIES expro B

Parser expr0 = rule();

X HHUEAIEY) Parser M4 expro Z K-S HIES expr. 155 AABRER AT LLE 20 5
KA primary & factor XN Parser X4, i factor ¥ IEMMAEI N
% expr0, SEM—RINAAL B, BLARAFHIXT G (PR LRI expro ) FHoREST expr. 7E/CHS
HH. 5.2, statement FEAM T AL,

f O A ATA—FEHIEERES expr 127 H
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B, SEMEZ expro BRI T4AH,

B #—5%, I 4IEEE expro M expr X EEFERIR?

B BAASMXFFERER DSL,

I 0327 BasicParser MG R ESE Parser MR, MEL—FIL? EHN expr T2
— I FERME[HITLTE, thi.
public BasicParser () {

Parser expr0 = rule();
Parser primary = rule(PrimaryExpr.class)...

}

2,
B B—FrXEFR?
B 33 E8%ERS,
[ SEESRSRAREDSL KT, Bi—FMEE DSL, B—FAlEXfm s,
[ 32Xk, XtE KR DSL HBRIE,
| B xRN, ESRASRTRTEMENANSHTC, j\

AT 5.1 v, ARAEERT expr UGN

expr : factor { OP factor }

HRA%iE 5 5.2 vh A ") ] expression Jrikiyfis:

Parser expr = expr0.expression(BinaryExpr.class, factor, operators);

F T HISCITR TR IR E S, A A LA rule () FRR, MHEMHH T expro. MiX
MAEERE, AN expro MkH rule () IR,

Parser ¥ expression FIEHER I AHAIH expr WU H iz B Rk Bk, %07
B SHOR R T IEE RN DL SGs 45 2% . Ak, T 2R BRelE kiS4, FIRX S 00
H expression Jik, FAER N HIBEAFHIELFIN A INE Parser X4, ¥ (factor)
R TR (RS & 1)) BEAF A AWM AEA LSS, S8 st 2 5 X —H+
FTE R XN ) Parser X4,

8745 R L) operators MRMIEAIRSE, EJE expression HEMHE 3 M35 BB
AEifT add HEBE U, BN, HF AP AT LIRS B 5.2 1 BasicParser MU PREL
PR T 7 BRI IS R4

operators.add("=", 1, Operators.RIGHT) ;

add JHEMBEHUMIE TR AT PR | BRI R A S G Y. TR
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AP TE— AN 1 FFERRY int JSEVBUE, ZEBK, e,

add kM 3 NS EUNR 2 operators . LEFT, WFE/RAELG; RS operators.
RIGHT, WIRRGE G, A4 A 48 M2 s AT I ZE M IR M Se 8 =i o
m, + SR—-FMESGWEEN, Wik, A

L2083
F, BT XA et R A s

((1 + 2) + 3)

WARRALG, St AMess. Wy, WEEEA = A4a s, mRek
Fesha i, Ak

< R E IR v, ZJa XBIRE N 3. XRMANEIBRIER . A HEES, XAk
AR T

x 5y HRRE B 3. R AR B TIREs AT, B — b4

B,

L N £V, BasicParser £t reserved FEETLFH? J

REGIEH 5.1 1, JEALEFT primary BETRIUIA 585> &4 NUMBER & IDENTIFIER M
MY e 5SS R 5.2 1 Parser K% number Jrik Y identifier JEERT

identifier JIERESHE FONPR T YA LEFT IDENTIFIER P BRI, XA LTHER
SRr— R AR IRAT Z SN AR, identifier HRKHEI—A Hashset X R AEN
ZH4{, IDENTIFIER ANSIZXRPEEWFAFHILA, Wi, Hashset P& IFRAMT
AN A,

BasicParser 5 reserved FBE identifier JTEMIZSEL, Stone iEkAYIAIE T
AT A A SRR AR IRAT . I, Gn SRS 48 A e VR R e A AR AR, G dE
SEOT TS WA R R A S SRR T, X FNMENL, identifier JiiA
W W —1 HashSet MZAIENSE A, MIBEESIED, AFSEHLIIRNE
1% HashSet X%, HashSet X% K& A Al e i 28 i 44 M4 BT
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153 L L LLE E L L e

Parser MM parse I INHATIEE BTG DA G IEER B 2GR 7150 Hrgh 2R
SEPR L, ACHE R 5.2, S TR IE LR, Parser FEC A T MMM IS, 2 F
K, HFRNTRE — N X LLE A AR N EE

b=z, R 41 ~ BTG R 4.6 T2 XS IE B 5.2 4 0k 42 18 TR A 0 T a2k
VET A2, Hofh— 28 i R P SR, ARG B 5.3 ~ ARAD Y 5 5.9 KAl A R . ARSI 5
5.3 ~REIE AL 5.9 USRS ASTList T2, BATRZE L T Ui ik, JiEE T
MK tostring Hk.

N
J( O XXM TRILESE 5.2 1 rule FENSER, rule WSEERE T4 BLE? J

Parser KRB FiE LN b R DT BC Ay 53] 91 5 F A DR QA SR EE R . i
B TR EMBIRER AT &, WSBRNE— 1 AsTList X5, HITHRRFIAILE YN S0k
P G Y s AR BEAFERIN], MY RS ASTLeaf X4,

. ASTLeaf
. ASTLeaf : ASTLeaf : ASTLeaf
token =3 token = + token =4

3 + 4 Z B RS RE MBI RIEER

BB T T AF AT E HL -

adder: NUMBER "+" NUMBER

BERE N Java it s, BHSE.

Parser adder = rule() .number () .token("+") .number () ;

Parser FEAKRE] S5z BA VAR BRI P8 SR QUL WA 5.1 Fros MG A i 74 . H:
Hh T SR T ROR S VR LR ) ( RIZRZEST ) () ASTLeaf X4, BT EEACT
B ASTList M4, WM XA AR . HALR W BRE X FRIAR T 2 55 55
RO ZER W rule TSN java. lang. Class X4, M EEMIHR Y StE—
MZEMIXT S, A, number 5 identifier AR TRENS MBS INALE AT, ] LItk
W java.lang.Class MRAIENSEL, A BEX AT 2S04 .

Parser adder = rule(BinaryExpr.class) .number (NumberLiteral.class)
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.token("+")
.number (NumberLiteral.class) ;

PLUL B 7 sk S AR, 05 506 M NumberLiteral XF 4, #1758 WK & —
/> BinaryExpr M4,

LB, + S token AU WRA B EBAMA AT, FHEMH sep Hik. @
it sep JEBSIMAIFT S AL & 70 AR U g LR . flhn .

Parser adder = rule() .number () .sep("+") .number () ;

A R TEE W 518 5.1 PR BTRIEW BIDGIE T, EASHHK ASTLeaf W4, AR
FAMZ M TR, B P T R P IO A SR R AT RE 255

| B FEEE + SHERASTEMRIBEAD, XMITRERATNE, BEM sep FNMNHFSE |

ZERES. ESZENE,

MBI P S AR EAT, SRS AT LT SAIn] F  PREE I ISR DR B T E TR
WERNPRE 01T, FHpEME T RSN adder.

Parser eq = rule() .ast (adder) .token("==") .ast (adder) ;

ast JFIEM T RIS INAEALE T, ENSEUE—1 Parser X[ 4. LG hiLid
% ast HIEMSEUE adder, AidH rule () EIARIFRIAXWEE EHAEASEUET ., Toismik—
I, 5 ast BRI Parser MR IR IR AHIE AR /02 1 S — R &
W, ZETWAEERIR Parser MRPHIGIIIC R XERTI BRI SR RO HELe i | — 2
AT S BT A IR 5.2 Bis, KRS adder A TR AR S RIRIE eq A RUAYMSE
TR IRR ST i (B LJ2AY ASTList X4 ) B—AF7 8,

. ASTList

- ASTList —ASTLeat. - ASTList
— token = == e ——————

. ASTLeaf . ASTLeaf . ASTL eaf . ASTL eaf
token = 3 token =4 token =5 token =2
. ASTLeaf . ASTLeaf

token = + token = +

3 + 4 ==5 + 2ZHFEEX DR ER SR IEER
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\f A XEHERET, — N rule() . FROEREBIE— N BB SHNR, WRER W\
EEEHREXR, HERNRESHRIEEMNEE,
O wSE?
\L B 21575 S 501 82 ER £, J\

VI Parser FEREF G ETEM I FEASKEIN , ANadh i 3 ARt ) A il i il i AR R,
TRZTTHME R WES AR 52 H factor M Lo

Parser factor = rule() .or(rule(NegativeExpr.class) .sep("-") .ast (primary),
primary) ;

RAEC LN FIIEARIN], Tk x + -y @Bk G 201K 5.3 2 5asik
B EHE) ASTList MEAEAEMME L, DIRAFAAENLE,

BinaryExpr MRWEL T Al factor €], factor WA H—1 or 7
B, or HIEAWINSEL, HAHSD SIS R ER, IS factor XTI
G IEDR . ARHEEEA D QIR BRI OB BT ASTLL st RTZRME—1) 15
M, — BB TR factor BHMBIETAM

PRk, ATE I —FR ke, B, mRF A RA 1, Parser B AT
HMNEE—ANFAN T S AR T A RDRE B AR S 52RO Rz A A 5 A R
Phx + -y A0, AU mian & 5.3 fAapR, e &ME, parser FEASA
HICHI ASTList XR, Ll Name ¥E K NegativeExpr X NI S TR BN
5 factor XN AGTHGIE M

| @ TLLETREMA tostring FAREERNBEITEN, 2 ERESEMN, l
H EE(# A parser £8 parse FAREIH ASTree M RIRMH toString FIEAXIE,

RARAFARMINATE T rule FIEMSEE T — RGN, FHiL, B 53 WA M 1
DF A NegativeExpr X RABEANS . Gl L) NegativeExpr XE MRMFHCAS U
THR:

rule (NegativeExpr.class) .sep("-") .ast (primary)

HI T rule I T — D28, INICAREE L AR FR RN

\( B ®53 PEANBAE AsTList WRMEH, W\
[l NegativeExpr WRBALEE—PTFH A, BRESE,
kn BEE, RARARAEERHND T, J\
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. BinaryExpr

operator = +

factor -~ _

_.-- factor

. : BinaryExpr
. ASTList . ASTList operator = +
factor --__ _.-- factor
.............. primary ... ¢
"""""" primary “
: Name : NegativeExpr : Name : NegativeExpr
name = x name = x
primary «"" primary " l ---------
: Name : Name
name =y name =y

FoRX + -y HARIEEN (£ . SEREHOMRIEEN, & : B Parser 4B MMSIE LR )

WERA AL rule Ik S BB K SRR, e ZUE R s i Ve S5 2
TEXEZ T, Fhn, B R 5.3 ¥ PrimaryExpr KL TR T IR,

public static ASTree create(java.util.List<ASTree> c)

£ Parser JE N4 G 18 BB G B 00 T X G, QSRR i 2 A b X R
) create Jj¥k, Parser PR A HARAIEIZEMXL, MESTHH create Jiik, JF¥RIE]
PIEAE R A4

create HIEM B B E — T ASTree X 4, & Z UK G & /95 S0 79 &, X
F PrimaryExpr KM create Jrik, WRSHIUZ—ANT18, Parser TR A SAIEH
1 PrimaryExpr %, Mi&EEZEREWEASEULER I8, SNEET new @B EI#—
AW PrimaryExpr MR IR, create FERIEARNEU T FIR,

return c.size() == 1 ? c.get(0) : new PrimaryExpr (c);

XFE—K, TGt rule JEA A HICSHEL, BT E30E SURFIRRUN

[ B WKEDBS 52 KE, prinary BERE— AT, FEXEHEY Privaryixpr X107 |
i 9%, 5B682d PrimaryExpr N RIE,
B FTEAERXYE, PrimaryExpr EXAR AT ZEHNIEEY BAESH, MENHART, %

“ WER PrimaryExpr EKIEA rule SEIZIE, J

)5, WATRE— F UK AEA LR program BUETENIS K Java 155 . fCALTE A 5.1
i, program AYIEZEHLGNT BIR

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY



5.3 EEASWRAEMGMEIEEN | 57

program : [ statement ] (";" | EOL)

program HAIEIEHIIEA LSS statement DA —bTE B35 ol TAFH A, ARAS T R
5.2 AR NIXRE, HAAE BZA AR EE ISy Java FEFPURS

Parser program = rule() .option(statement)
.sep(";", Token.EOL) ;

X BT, or JIEMEE T option Jrik, WIFRIZR.

Parser program = rule() .or(statement, rule(NullStmnt.class))
.sep(";", Token.EOL) ;

PIE R EARA—E, FoRATRIEINAIBA 2250 Hoh,

rule (NullStmnt.class)

WG, FERH rule LG HEMM sep ik, B, BRRAE DB,
WEtEUL, program AT AT LIEARA LS statement, WATLINES, 25 FHES Sk
T 13X 5 R A TR R A ]

IRAEZH] BNF IEF0R, MR NS A,

program : ( statement | =) (";" | EOL)

ZIT R ox J7 M0 option Jrik, A T RETERL AN E 70 5 s 17 £7f, £l
B ANFRRIR 0 Gk X PG . WERAE H ox JILTNE RN A2, Parser KA H
— B & — AR, VRS AEL LR program XN MG IEERT, SRR, xS R
—/A~Nullstmnt X%, HAE A, R IrB iR sk 0], N0 205 550K
B, program UEH N HIEALETT statement XN I G IE LM R, S0 HEHE T —
A~ NullStmnt XM,

B B, 28,

\

( BTS2, FE— null X R J

)

fRASE B 5.8 J& Nullstmnt ML), A TIXARZ )G, HERA A IR 02,
FLRERRIAFIMT RIS T statement,

\f O FEEBELRRELR, ‘H
B X EEARNFBLEDNEABRIBEMT, FEf yace XENTAEBINER S THBAN
BRI,
B WRFEHER, ZELME?
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B T LRI — S SEAIN, T SHRBEIEENT
k B xR .

k] PrimaryExpr.java

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

public class PrimaryExpr extends ASTList

public PrimaryExpr (List<ASTree> c) { super(c); }
public static ASTree create (List<ASTree> c) {

return c.size() == 1 ? c.get(0) : new PrimaryExpr (c);
1

S  NegativeExpr.java

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

public class NegativeExpr extends ASTList
public NegativeExpr (List<ASTree> c) { super(c); }
public ASTree operand() { return child(0); }
public String toString() ({
return "-" + operand() ;

}

LR BlockStmnt.java

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

public class BlockStmnt extends ASTList {
public BlockStmnt (List<ASTree> c) { super(c); }
}

L Ne  |fStmnt.java

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

public class IfStmnt extends ASTList {
public IfStmnt (List<ASTree> c) { super(c); }
public ASTree condition() { return child(0); }
public ASTree thenBlock() { return child(1); }
public ASTree elseBlock() ({

return numChildren() > 2 ? child(2) : null;
1
public String toString()
return "(if " + condition() + " " + thenBlock()
+ " else " + elseBlock() + ")";
1
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ANl WhileStmnt.java

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

public class WhileStmnt extends ASTList {
public WhileStmnt (List<ASTree> c) { super(c); }
public ASTree condition() { return child(0); }
public ASTree body () { return child(1); }
public String toString()
return " (while " + condition() + " " + body() + ")";
}

SRR NullStmnt.java

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

public class NullStmnt extends ASTList {
public NullStmnt (List<ASTree> c) { super(c); }
}

k] StringLiteral.java

package stone.ast;
import stone.Token;

public class StringLiteral extends ASTLeaf (
public StringLiteral (Token t) { super(t); }
public String value() { return token().getText(); }

(5.4 LLL T T

FRRSTE B 5.2 TR i ad 2@ T BasicParser Kl parse JgkidT. %
T NI M 15— R BEE LS5 program, B, DAEAH 0 2GR, JFEF 1By
Bro parse JrikiiR R — BN GIRIER .

RIS 5 5.10 2 parse JPR M HIE A %K1 main JFIETESAT IS R s — Xl
HE, JEX AR P AT IR . BRI 2 Wi 26 AsTree X4 (IR IRTEM )
() tostring FKMRER . LA BEIERZ IR,

MIXBACH AT LA ), AR BRIHHIXMEE i BE Bl d ] tostring JrikRAH—
By qrds, JFLAM T MG A SR IE R OS5 . BN, ASTList 28 tostring TRk H]
P T 15 ASTree XA tostring Jrik, JHHZS AFRERIA AT, & EMiiEsn
SRR,
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(B sei7e Lisp ¢ 5 Fiaston, )
B E1fstmnt E—LXNEFITHEEEEREN, BEETHREARRNE, #EE toString 210
| mmew, )
BTk, BATE M. FTHE—BonBIfRT, VULPI TR B EIEER
even = 0
odd = 0
i =1
while i < 10 {
if i $ 2 == { // even number?
} else {

odd = odd + i

even + odd

X B AT T SR T 7

(even = 0)

(odd = 0)

(i = 1)

(while (i < 10) ((if ((i % 2) == 0) ((even = (even + 1)))
else ((odd = (odd + 1)))) (i = (1 + 1))))

(even + odd)
TR, while A g Tl KA A iRgtT, HIHA 17,

Al ParserRunner.java

package chap5;
import stone.ast.ASTree;
import stone.*;

public class ParserRunner {
public static void main(String[] args) throws ParseException {
Lexer 1 = new Lexer (new CodeDialog()) ;
BasicParser bp = new BasicParser() ;
while (1l.peek(0) != Token.EOF) {
ASTree ast = bp.parse(l);
System.out.println("=> " + ast.toString());
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=
g &S RRRRTER

R TR T R G R, FEP BTt T80 1 e e A MR E R BOAR
TR IRME Dz BT 5, IR SR N AR AT OB AR e A0 S AR S B S

m eval FiE5IFEMNR

TR B A RIRE RO BT RRE, & DR SRR T E RS eval 5
o eval 5 evaluate CRIH ) W45 . eval Tk HE S LIZ GONAR BT I T8 H) ik
A eFRRa, FFRIPATER . L, HERAh R AR SR B eval Jrik, #tAE
SERPATIZIE LM R DL AR

eval BRI L ST R0 eval Jrik, JFRIETATR EHETTE A &1k R
(B, A SRR M 25 P o ANTR]SY ROR MBS 2R TE], BRI, #8419 s 2
s A eval Jrik, WYL, ARZERIRT RS, X eval IHEAEHARIRE Lo

fn, K61 Ron 1P + B B AT XN SR eval TR IR, T
J& eval JIEMELRRA (SEPRI T A 2288 ),

public Object eval (Environment env) {
Object left = left().eval (env);

Object right = right () .eval (env) ;
return (Integer)left + (Integer)right;

VA AT T, KR SRR eval s it Lo
WU, B, S0 Lese O RUEMTHARK eval f o+ N
BRI 13, 5400 right () RRIE T A eval KR /1314/ “\\\
% o+ 2 BFELEE, HI eval FIEMREGTN, Bk o AN
135 + SERAPRTHEELE L. LS IR + 5 eval Jitk /f// N
S L N

BRI AR T A

' \
B EAMEETANEHNEE, AEFBTEERY eval F X,
[ BARFLANERSIZEEBN eval FEMITHIE, )
ZEMR T S PR A & 13, FIE R eval FERRM 13, 24K eval ik
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WrFR.

public Object eval (Environment env) { return value(); }

value () KR FHZAT R IR TR 13,

AR RE—A * 2B, Heval Ik + BEARM, Ndfaidt iRz
WOl WR-NTHESAE TS, B eval SIS eval Bk,
b, RENE eval BT, wiaesc s NGB ERHR Y S i, eval Jr
TR FH 7 2R B AR e T S R

Stone if F X LFRFERMRRITIITEF S IBEXTS (environment ) f£i845 eval LN
SR TRIHORYE, B GA8ME—FFH Tio AR 24 PR S I OC R IBARSEH, B LA
RPN, MRET P IR E R, AR R A FR ST IR (B B 2 (E XA i 2
e, ZIEHUGREIX AR, B RA A IR, R Z R, Y
W AT A A8 Y 44 (R0 SR A R ST

[CH-EARN  IREEXT S A% O Environment.java

package chapé6;

public interface Environment {
void put (String name, Object value) ;
Object get (String name) ;

}

INCHE A IREXT 5 92K BasicEnv java

package chapé6;
import java.util.HashMap;

public class BasicEnv implements Environment {
protected HashMap<String,Object> values;
public BasicEnv() { values = new HashMap<String,Objects>(); }
public void put (String name, Object value) { values.put (name, value); }
public Object get (String name) { return values.get (name); }

}

(@ x2s—s-mmieE, BAEWRATEERAS, MESEHEH, )
O TES5TROEHEIHERSAK G,
O 0S8R e, TROSXHRSGLATT, BB b HINE R (ARG )1
| hmERGR, ZESHRAR—ERE, BERITREORBNEXSFERE, )

PRI 6.1 SN . 6.2 RIS RV, LBUSHARR B, RN Guld /RN
AR AR S EESL TXNEER . put IHEM TUIHTRAEXT, get TrEMBER LI PO HEL
EEE
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[ SH%EM cval ik

I 6.3 45 TR IR IEM 1 S 28BN eval ik, Wi RILH—4
LK ASTree, HATEANXNRKIFMME ik eval, ZEENTEBEHHNEEX—)
%o eval JNEMSHUEMEEIXS, Bl Environment X4, FiEmYRIIEZE 1 Object LAY
TSR

RIS EA 6.3 BT SPE, AUITHEA 6.3 ¥ eval LG N T HEIRINZIT R0 T2
Jridio BN, ANJET AsTree 251 eval HILME LT ASTree M2 ASTreeEx KM,

Z T LA AR, A T 44 08 Gluond W &R e oK S LA B 2% . eval HiLkAEBE X
T AsTreeEx 51, HSHZEME KPR, eval AR F¥H AsTree 28 Lo HAtZE
) eval JFkFFEWIL . Gluon ¥ H3N5E Mg TR, TRAMIER 6.3 I HIRRTets B
BT, ARTEZ R IV ETEAR U

B, RATRE—T eval HIEAINE.

\f [ AELE# 63 B S9N, F— =B parser 4T, T Gluon) thiF, EHEEH W\
SHUFRTBEEST,
\k H Gluon) TERINTHRZACHF AN, BES—MSTHIE, J\

SOk #iEieval 73k ( BasicEvaluator.java )

package chapé6;

import javassist.gluonj.*;
import stone.Token;

import stone.StoneException;

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

@Reviser public class BasicEvaluator ({
public static final int TRUE = 1;
public static final int FALSE = 0;
@Reviser public static abstract class ASTreeEx extends ASTree
public abstract Object eval (Environment env) ;
}

@Reviser public static class ASTListEx extends ASTList
public ASTListEx(List<ASTree> c) { super(c); }
public Object eval (Environment env) {
throw new StoneException("cannot eval: " + toString(), this);
}

}
@Reviser public static class ASTLeafEx extends ASTLeaf
public ASTLeafEx(Token t) { super(t); }
public Object eval (Environment env) {
throw new StoneException("cannot eval: " + toString(), this);
}

}

@Reviser public static class NumberEx extends NumberLiteral ({
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public NumberEx (Token t) { super(t); }
public Object eval (Environment e) { return value(); }
}
@Reviser public static class StringEx extends StringLiteral {
public StringEx (Token t) { super(t); }
public Object eval (Environment e) { return value(); }
}
@Reviser public static class NameEx extends Name {
public NameEx (Token t) { super(t); }
public Object eval (Environment env) {
Object value = env.get (name()) ;
if (value == null)
throw new StoneException("undefined name: " + name(), this);
else
return value;

}
}

@Reviser public static 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 for -", this);

}
}

@Reviser public static class BinaryEx extends BinaryExpr {
public BinaryEx (List<ASTree> c) { super(c); }
public Object eval (Environment env) {
String op = operator();
if ("=".equals(op)) {
Object right = ((ASTreeEx)right()) .eval (env) ;
return computeAssign(env, right);

}

else {
Object left = ((ASTreeEx)left()) .eval (env);
Object right = ((ASTreeEx)right()) .eval (env);

return computeOp (left, op, right);

}

protected Object computeAssign(Environment env, Object rvalue)
ASTree 1 = left();
if (1 instanceof Name) {
env.put ( ((Name)l) .name (), rvalue);
return rvalue;
}
else
throw new StoneException("bad assignment", this);
}
protected Object computeOp (Object left, String op, Object right) {
if (left instanceof Integer && right instanceof Integer) {
return computeNumber ( (Integer)left, op, (Integer)right);

}

else
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if (op.equals("+"))
return String.valueOf (left) + String.valueOf (right) ;

else if (op.equals("==")) ({
if (left == null)
return right == null ? TRUE : FALSE;
else

return left.equals(right) ? TRUE : FALSE;
}
else
throw new StoneException("bad type", this);
}
protected Object computeNumber (Integer left, String op, Integer right) {
int a = left.intValue() ;
int b = right.intVvalue() ;
if (op.equals("+"))
return a + b;
else if (op.equals("-"))
return a - b;
else if (op.equals("*"))
return a * b;
else if (op.equals("/"))
return a / b;
else if (op.equals("%"))
return a % b;
else if (op.equals("=="))
return a == b ? TRUE : FALSE;
else if (op.equals(">"))
return a > b ? TRUE : FALSE;
else if (op.equals("<"))
return a < b ? TRUE : FALSE;
else
throw new StoneException("bad operator", this);
}
1
@Reviser public static class BlockEx extends BlockStmnt {
public BlockEx(List<ASTree> c) { super(c); }
public Object eval (Environment env) {
Object result = 0;
for (ASTree t: this)
if (! (t instanceof NullStmnt))
result = ((ASTreeEx)t) .eval (env) ;
}
return result;
}
}

@Reviser public static class IfEx extends IfStmnt {
public IfEx(List<ASTree> c) { super(c); }
public Object eval (Environment env) {

Object ¢ = ((ASTreeEx)condition()) .eval (env) ;

if (c instanceof Integer && ((Integer)c).intValue() != FALSE)
return ((ASTreeEx)thenBlock()) .eval (env) ;

else {

ASTree b = elseBlock() ;
if (b == null)
return O0;
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else
return ((ASTreeEx)Db) .eval (env) ;

}
}

@Reviser public static class WhileEx extends WhileStmnt {
public WhileEx (List<ASTree> c) { super(c); }
public Object eval (Environment env) {
Object result = 0;

for (;;) {
Object ¢ = ((ASTreeEx)condition()) .eval (env) ;
if (¢ instanceof Integer && ((Integer)c) .intValue() == FALSE)
return result;
else
result = ((ASTreeEx)body()) .eval (env) ;

IR SR eval Jrdel it iz SO R ) 2k sk A E R . fihn,
FGE D o R R Y R Number X2, B eval JrifRaR ] 5 2 R Y
BRIFE A, TR A0 IR AR 2 BT SR Name RI9XT 4, X4 eval JF
PR SEULR LS, R PIZAE R, ABENJE—1 Environment X4, 44
HASN get kA4 S, AR REANTEE, MERNETMAE G2 RE, W R
W —A 55

Ko eval Ik STET AL T s s I 550 eval Jrik. filan, sEW
IBE KRB SRR Negative BRINE ., W EEH—NTHE, HTFRESEH
M +RIiEX . ZNZIN operand JikREEIRISIX —F 17 5. Negative KW eval 44
I T eval ik, BOASREMEMIEGSZ)E, FREEZENER A SR BHER E,

A = BRI RALE M, BRSBTS eval Fik, WHBHAF
BT X4 2> BinaryExpr KN4 . BinaryExpr 2K eval JEAEE S = B4
ICREIARAL L

MR R A M EREE tH eval JrikitEa s, AMNATT. MR ET 2R 4k
ZefH (L-value ) MURRIARFRAATHA ., ZAERAMMEMBRIEXNT S, JokEN eval FikHA . fi
m, WEFRIAR a=7 H, SHEMZFEARTIH eval JriEmsE R R a BRH. %5 RART
Fefl, HAERKZHIRS a 1HE.

[ @ mimssteEmTE— R, )
B RSB ERE, EWbER—REAR (expr )R
O 2REANREEDE L RE—HRARGIE, BEHFHEBHBURA, HT HERX
| BIMETEAUGRY, Ré eval HEHREHEENNRER—TREL, |
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TEMRAE A A ZEMA R — S BN, Stone T F RS THIR, L2 W2l Frakig 7 0T
AEfE. TS EIRZE (LR SO R ST h Bt . Ao, IR AR AR SO AL 5 A I R 2
—EE U AR AL R FEEa Ik (PR E A M 321830 Bl &
i, R eval PR R IE. HURRIAE Name 2819 eval Jitk. fREARHS
AEARIREE, IR Bl AR R R AYE

‘( [ eval HAITEHEEE (R-value )XIE, W‘
[ 55, WREHE S EENEE,
O AE2?
O H5ih, CEREFEROTEER, NREE— TR, SERETENE,
\kﬂiﬁﬂbﬁif%ﬁwmﬂe%@%emlﬁ%%ﬁ@ﬁﬁ%ﬁ%? J

GIEE T SO DIFRRIBA, WEER/R 1 £ IHME while B ZRMIER, X
FAT Y eval J7ERHR R AT ISR (45 5, RIS R FH RSB eval Jrikiy
RIEE, FATRE—T 1£stmnt 255 whileStmnt K eval Jrik, ATLIER], (CHHRmIHH
SRR R TR A (S R0 MITIEEE R, 7E Stone IHF 1, BT LIS THEFI A Y
Ay, HBREAR RN R T A5 R

Bk, DL 1fstmnt 280 eval AN, R ECIM condition Jiik, XHREIR
T AT eval ik, RAMBFINREERE 1 £ iHAPREREREEH LR, RIEX
S5, BUPRERE T RS, ST TSR eval Jiik. % eval JrikniR N
(Ee R p i G — B TSR, B TEstmnt 1Y eval HikARFIE,

‘( O XTif 89 while BN EHRER, HET 1fstmnt £l eval FEERBHE W

H.ooo..
O %, RAEREAHAT. AERHEARNITEERE— 28 SE, REBLERE, X
VARE-Y 7 Ay
{\Eﬁm@%ﬁ@TOz%mgﬁmﬂﬁﬁom%wm@&ﬁ&mo J

m %F GluonJ

WRASIE B 6.3 T, AP il e S TG 8 5 s 2RISR I eval 7
e, ML IS — MRS LT A eval Jiik ( AHCREB ), ZEH—Easin
BIIRE LRI, X2k, AR Ay RN E L, WAMEBURA S, S
XA, AR T HESE LEVEE LRI AR Gluond &4, A T#H Gluon) #2{ILHjEE,
RAG7E PR 6.3 [T T Java if5 5 Kbt @Reviser,

Ruby i85 Ml Aspect] 155 435 i 44 HFFi 2 (open class ) 5274[H] (intertype ) 7 EAR I
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A, REBEERL eval THRIRRERE SR, Tk AE A ISR S A a2, Java
T AR AL IIRE . NI, AT T Gluonl,

(ﬂ BIE 3RS, Gluond RERIMNAREFAKN, LEEHHERWAIL? \ﬂ
[l XFI A Java 1B 5 89RITERSRIRIT R F BIE T R 2057
A T2, 8 Gluond 193E, RESHFNNTESRETERHNNBEHNT, HELENS
Fo MAXABGTUEA Y BRE, XRFRUFLLLPR,
O mRRIMER A5 hERRME,
| B 8, WX AN EE TS 193 (£ 19 X ) PR TRANIRR, J

£ Gluon] '}, #34 @Reviser MZEFRMENUER (reviser ), BRUARE R FAARMMLL, 5L
MIARER, EH BB (revise ) FFARRIZENIE X .

I 6.3 1, BasicEvaluator KE—/Mifi eReviser BN M. Nl TERA
oM, FURABBUEMZE, RN EE L2 DT, KB BB
25 X o BasicEvaluator SH#s T R 2 MBI T — A

BasicEvaluator RHRENTFREHAEINA eReviser FIEHHR . XEEMHRAkRK T H
M2, IR BB U0 E L, IREMNTFRBUERLALL static HHE Lo WRTEZEE
AL S AL T R, B RS TR HE AT MR 2E 24 At R, AR TR EB 28 A 248
DRI RRL 1 PR, BB A AT B L TR RE 224 s PR A

R Y 5 BB IS N B T BB b, WRIZSE T E S A TERI A4 T
2%, BB B MR B AR (WA super VMIRA T HL ). L, WREHE A7
AT Gluond KPATA AT IRT, T B ELER B s v ) D7 ik 52 TR I 38 T BAE i 1) 2R 1 D
oA R,

\(E MREBERNESEUBRBPEERLNFZE, EEHMLINHAE IO T, H
[ 8, 2Is8EHResn 7 AE SRR FEMNIHMERIE,
A XFERT, PREBRRROEFNFEE, WEERAIEE, 2 GHEEHMIEEREP
7%, super HAMEEEILEN,
B WwRA%%5H open class 891E, R NEEEEZEBERRSHAKN?
B 8, &ftaE,
B [IE Ruby B T, BIREHRN TR, NiZA MultiJava £, T MultiJava £
U open class @ NeEE =M, HBEHIE, J

B 6.3 I IAYSE— MBI HE ASTreeEx 0] ASTree BRI T — ) Abstract 7
1k eval, ASTreeEx W[ Ex #8AY/E extend, 48R, BRI FRA—E L) Ex 45
HABAEES 3 ASTree A NFIRIBINT eval Kk, Hilll, ASTListEx KR
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—/NASTList KMEMH, ASTListEx [i] ASTList KEIINT —4 eval Fik, Hit, R4
REVE R 42 A ASTList BWAE X eval ik, MBI WAEBA ASTList X4
H eval ik,

\( B 205, FES5BRBETAKBR H
@ iR 8ok s8 A8 2 T Ruby 5= open class Wi,
B WR2 AsTListEx XZ ASTList XHFK, ASTList WRHMEEEM eval FET R,
HA ASTListEx SRA TR,
O ttinii,

ASTList n = new ASTList () ;
int result = n.eval() ;

RERRFLERR eval FANRE, Eh eval FERBFAET 7% ASTListEx &,
BRI AL
H 0% AsTListEx 2—MESkes, AR T HIE,
| @B, RENRRERIAETRET, AEEHTERER, J

Ak, BRI Es N T n,, RBAT BRI e, filhn, 0L R )
A ASsTList 2 ASTListEx B ASTRINE eval ik,

ASTList n = new ASTList () ;
int result = ((ASTListEx)n) .eval() ;

ETRENE, R n BEPERAEN ASTList, X FEVEHH ASTL st Ex U LT
M eval Fikm}, A0 A TR SE A

\f [ n 2N ASTList W, BEH Java BSRWERET ATIMNE, BRBRNFEHIR |
A—HE,

A HSASHMAELRE, BRBhETRO—T, ARBKRE (BREFIN% ) new &
AR EEANEN new BARSTE, CEDKETXBRRE, FEEBEMNFBOBERE,
ELFEMNGIFP, new ASTList () BERMIEAT new ASTListEx (),

| @ ESERD, B XTEFES I TRNERE, BREEMNE L, J\

16 B 2% 76 V8 FH i AE 2l T N A v, A AT B 2 R B e, an, (RS T R 6.3
H NegativeEx BM AR eval ikl T ARBERERAIE, BRI X FF U7 H 45 4E 2L
BY eval F1ik,

Object v = ((ASTreeEx)operand()) .eval (env) ;

X B, operand /7 ik iR [l 5 ASTree X #l, i T ASTree KM eval i ik
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i ASTreeEx R ZR ¥ M, L% I X FER HL e ASTreeEx KA1 2 J5 A BE A
Hl eval s,

( B wRFEALIIH Gluond iFss, MABEN L IXLKFIEH T, FAME2ENE18E(F
18 K )o
B B 51%E Java B3I N2 B (generics ) 2 BT List %8, §REBNERERER T4
5=z
@ ~id, WRAEA Gluond, XEHIRMEABHRIDIZTT, SATEMEAXLRFEHRT,
B 89%301tt, R © ASTree HKARMT eval 7k, MR TEXHEREER,

k\ Object v = operand() .eval (env) ; AJ

b, ﬁn%%ﬂ%ﬁ%%T%ﬁﬂ@?@ﬂPlﬁ@ﬁ%, Z A BRI AT R e . i, R
W ASTree RELE X T eval HiE, ZJ5 ASTreeEx Bl WE & T Z 1, 15
H ASTree X4 eval JiEII AT EHIHARKT R I, RIERCA SRR, FPdissifi]
i AsTreeEx B EBIE XY eval J5ik,

I #ies

eval Ji& Stone IR FH RSO0 BT eval LM )G, ffReas L2 ife
JPIRH eval ik, RAEHAT Stone I FH T

DI IR 6.4 RAFRERT ) BT . MRSl i XA HE IR IP IS, ko Hr % S ik A
FeE N GIREA, A eval HEORRBGTAS I R, ERT L TR, ZEEE
NLEN

H T Stone i 5 MBI T Gluond, FUILLATEIS ShE A TICISIE B 6.5 TR LT . 1%
P MBS MOOCRYZE, BadTiReds. UITE R 6.5 1 Loader 280 run AR
FEMNSE 1 ASEARRNEN main 75, PUTET . run MRS 2 250 — Mg 734K,
B EAALB A 1 A SR main ik, 8 3 MEHEPITRIF IR ESES, BRE—T
TRZHL, fetseEE e Meuds. Irf e E MBS e BB BUS , main iR

‘( B “AHTRIDEE 658, HMAEXKZEDES gluonj.jar 4470 \“
[ 200, XEA RSt ERFHIE?
kn BRAEL 18 (L 18 K )PRE—TF 7T, J\

[SCIE AR StoneiE & RIETERS Basiclnterpreter.java

package chapé6;
import stone.*;
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import stone.ast.ASTree;
import stone.ast.NullStmnt;

public class BasicInterpreter {
public static void main(String[] args) throws ParseException {
run (new BasicParser (), new BasicEnv()) ;
}

public static void run(BasicParser bp, Environment env)
throws ParseException

Lexer lexer = new Lexer (new CodeDialog()) ;
while (lexer.peek(0) != Token.EOF)
ASTree t = bp.parse(lexer);
if (!(t instanceof NullStmnt))
Object r = ((BasicEvaluator.ASTreeEx)t) .eval (env);
System.out.println("=> " + r);

PR, EIRAITTAE NI T—LE Stone 1H F 5 WAL PUTIILIE IR 6.5 HIEEF S, 4
BoR—XHE, TR AR, TR AR 5 6.6 1Y Stone 1 5 #4275 sy Ok #EE)
AT

(LN  fi#%E=8 /2302 Runner.java

package chapé;
import javassist.gluonj.util.Loader;

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

Stone IE & RO
sum = 0
i=1
while i < 10 {
sum = sum + 1
i=1+1

BREFPITE RN 6.2 i, RIS ZERK BRZITIHES R, ZDSXFE, &
HE—RIBRESTEPATIE MR . 56 31T B R while IBHAATTAESE R, 5 —17
J& sum FUME, BI 1 & 9 AHInmAN,
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!( [ 4F5r !
B ~& parser EHNE, EMBEBRAFL/\GITRED, EHIE?
O IR R FRER,

kn Ta, T—&Rambx i e,

PITLE R
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z IS ThEE

Al 6 T IT Y Stone 15 75 HAASZHF i £ B while SF48HIE ), (EAREMEFH R B T 727
(procedure) “FifiikIfE. AFAHS N Stone IHFH USMREIIAE . HLAh, BR 1AM eREUE S5
AT, AT 251 AZ AW (closure) RITEILIIRE, il Stone I 5 nJ LAt {4 pREL,

al ks REUE I SRR B 40 HAb R AL

| B SHGFNERHINE, R RTFREFEER?
O %8B CIESMIIE, XERERE,
B FEAKESSEEEDENIINE, SEROENITNTFREFR,
B AE8EEHE Stone BEWRH N TEHREE,

| B BRI, iR AR,

(7.1 QB Lzl

5, ARIRATRINE —TF R U SGE R TR E RN . A 45 R 80E SGEF PR de £ 1R

], def IBAUNAEH FHI/N2AS . Wtevl, HP REE e CR%k.
i, RS E LT PR fact.

def fact (n) {

f =1

while n > 0 {
f =£f *n
n=n-1

}

f

5 Java i 5 AMA], Stone i 5 WA return ifif), P hRGHITRIE R (k) BTt

SRR Ry R R MEGR ] o 2RO AFE LAR DN o B e R face IEAT

—NSH 9,

fact (9)

WERATEELL 9 BB BREL fact JRRAR PIEMESZS n, WA LUE T XSS,

n = fact(9)
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Hrr, $55NWEAERENES (NRGEZANLS, WHEZ S50 ).

IR R T — ek, BRI eR IO & Ho A 51 52 i 23k S 21 R o AN 2577 AR I
X, ESPIMTE SR aea s . tstiEul, AU REE e TH s SR 2

flan, &L fact AefELILLT U

fact 9

WEIRAFAEZA S, WIRAR T S R 5 b

\( O &7 AESEKOTSER? RAEXHRET, W\
n = fact 9
ESRENIE, XEMNTESTESHE,
B B, XIrEERHE,
A ~, XEXSRE, BRSSO THER.
(n = fact) (9)
0 thH23, Bk fact BHEMELS n, KRB 9 ALSHARIG?
[ 5 R2% fact (9) BREEREL n 1,
) ﬁ%ﬁk’@*ﬁﬁﬁiﬁi TE'iZﬁ—;E, BERESFEEE X, FFTFIEES T, than, FHEXFEER
FIXKIBOUFASEALRL fact, MeERITE fact HE 9 HE.

fact -9

B XRE, 75 Ruby BS R fact -9 WA AR [RIEAR,

| B #ReE, BT, SHface - SMERRRET. - 59 2ETHEDH, )
5 S HAE X AIE E AN

param : IDENTIFIER

params : param { "," param }

param list : "(" [ params ] ")"

def : "def" IDENTIFIER param list block

args : expr { "," expr }

postfix : "(" [ args ] ")"

primary : ( "(" expr ")" | NUMBER | IDENTIFIER | STRING ) { postfix }
simple : expr [ args ]

program : [ def | statement ] (";" | EOL)

FEIE L 7.1 L BNF B 208 1 BB, X B BOR T 540 5 5.1 A FEE o
NE P T R E AR A ZERE, ACUDTEER 5.1 A W) primary . simple M program BYE X W55
THH

¥ param & —MpriRA (R4 ). IEE ) params 20 & —4> param, £S5
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[BE I 50, param 1ist ATLUELIFGESHEEA params, WATLUESHESXT () BREGE X
iB4) def i1 def . FRIRAT (PB4 ). param list M block 4. 5:% args fi TNt iE
1R expr A, postfix AJLLELFESHEEN args, WAJLLZEEME T args BZ 5%

AEALELT primary 7 ZE7E AT B _ L3 Fih 20 B W s O A SR, BRIk, A
W TSRS P primary B L. RN primary ZJEIEMA TAS (AT LR
0) postfix (J5%%) fSFEIFHUKIRE— primary, XHI postfix & SHEENLSTF],

HAh, RIKFKIER] simple W72 SRR B HE AT, I, AFENR T ZAT0E XL,
ffi simple AMYAEH expr 41/, expr i args MG WE—F simple iHA),

5 primary A, simple A ZHFH$ESHGEAILS args. WHLE,

simple : expr [ "(" [ args ] ")" 1]
SEATERRY . NOZAE g,
simple : expr [ args ]
IRAE TRV 0 T FII A SR XA ) Rk i A
fact (9) ;
XA THE A, RS EORIE SRR, BT fact (9) 5 primary BRI, K
Ik S B AT REN A S TG M. primary BERTLLE factor, WAERE expr. K, X&0H

AIRERR AN I expr fH), EIET args 1Y simple #z0, R simple MTEZHLN, R
fiff expr Z G A LRI SIEERALS WA SH NG,

.
| [ BERZEHSINEEHTRR? )

PR BR 7.2 R AR ACADIE 5 7.1 AR T iR Y . P FuncParser 2
AR T 5 HACEE A 52 F ) BasicParser 25, Wl 2, B Pras i 3452 F
T BasicParser B AN, FuncParser (& L THISIIYIGE. FIZHT—FE, BiE
ML L Parser FESCHL, BT R 7.3, AASIE T 7.4 SAME R 7.5 U0 S
GABTEM T RS

RIGIER 72 1, paramList P postfix FRIPIHLREXMSH T maybe ik,
Hlan, paramList FEAYE LUF IR,

Parser paramList = rule() .sep(" (") .maybe (params) .sep(")");

5 option Jrik—HF, maybe Tkt T BRI B IS HIIELLEFT . paramList F
BOW W AR LSS param 1ist SEPRAGTEERINANT iR .

param list : "(" [ params ] ")"
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F5 5N params A LI

(B maybe? iR — 1B |
RERITT BB AT 7E, —RRELETE option 5 maybe TIE,
@ option XN TEEERET Scala, maybe NSEE Haskell 3HIE?

| @ B, iR naybe F Haskell 283 REF—MER, J\

AR TR option ik, WA T maybe Jrik, PIULHMHARZEERF 04 1%
TG TR A T 2 B R I ) R R R A IS IR A8 o TR — AR SR A, AR XS
(2RI maybe JrikSET NN Parser X RULE . MR EXRSEIEIZXL rule Tk
e 2 GESIVY

e LR, HANE params MAVERTRE DL ParameterList XGRS,
M SSRAZ P ME— T 8, X BRAR T SN HAL 717 5 . ParameterList (S4
2) MENF I AEAHTRRSE, params SIS, MR SHFIEECH 0, 1BI5HERIR
LSS E N ZEE 2

Bifff params B, MREEMIAL S 1 params WFREEEIRX A TBRATELER
BGY o MRS 5 HAERRRE , R TR QIEALENTT A, 5 params X TR EE
YER SAEALEFT param 1ist MR AGFHHEH

- K3 maybe Z KW FEHIE, RMEHIMESTIRISE M B — 1M RIE AR IE? \
B %2, TE2HEFUE—T Parser EME T,

JEALETTE B i A pRESE . A1 PRELE JE T 22 reserved NN HES ), Life
B iRANPRRSY . Z)5, primary 5 simple MUK B ERMAFALEST, I F TARYEA
T B A G . B, simple FBOW I option k.

simple.option (args) ;

X, option HHTEH BasicParser ZKAIHLHY simple BizUR BT IN—E
B, W/, BasicParser TEHATHIMGILET, KA FHAT T HIAIEN .
Parser simple = rule(PrimaryExpr.class) .ast (expr) ;

AT A,

Parser simple = rule (PrimaryExpr.class) .ast (expr) .option (args) ;

P18 PR G — 1T T program FEH insertChoice ik, WHTHER def if
AIAR A ZE ST de £ IRINE T program W, % EEKIE def /BN or (43 ST, ¥ 0 £
5 program X R Z HT . program TRk T BasicParser 2, JRAE SLUNF s
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Parser program = rule() .or(statement, rule(NullStmnt.class))
.sep(";", Token.EOL) ;

il insertChoice AU def ZJ5, program Fm M=K 5 T E LEM .

Parser program = rule() .or(def, statement, rule(NullStmnt.class))
.sep(";", Token.EOL) ;

Bl def, FBEAX T or M4 SEEIIGINE] T 3 4> B HE A9 1E T AEA A —FE, #E
JB or WL EHEE D L, R E A TIE A B2 B e IR T e BN 4332
SR EThRERYIE % S #78 FuncParser.java

package stone;
import static stone.Parser.rule;

import stone.ast.ParameterList;
import stone.ast.Arguments;
import stone.ast.DefStmnt;

public class FuncParser extends BasicParser ({

Parser param = rule () .identifier (reserved) ;
Parser params = rule(ParameterList.class)

.ast (param) .repeat (rule() .sep (", ") .ast (param)) ;
Parser paramList = rule().sep(" (") .maybe (params).sep(")");

Parser def = rule(DefStmnt.class)
.sep("def") .identifier (reserved) .ast (paramList) .ast (block) ;

Parser args = rule (Arguments.class)
.ast (expr) .repeat (rule() .sep(",") .ast (expr) ) ;
Parser postfix = rule() .sep(" (") .maybe (args).sep(")");

public FuncParser() ({
reserved.add(")") ;
primary.repeat (postfix) ;
simple.option (args) ;
program.insertChoice (def) ;

ST W#) ParameterList.java

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

public class ParameterList extends ASTList {

public ParameterList (List<ASTree> c) { super(c); }
public String name (int i) { return ((ASTLeaf)child(i)).token().getText(); }
public int size() { return numChildren(); }

W& DefStmnt.java

package stone.ast;
import java.util.List;
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public class DefStmnt extends ASTList {

public DefStmnt (List<ASTree> c) { super(c); }
public String name() { return ((ASTLeaf)child(0)).token().getText(); }
public ParameterList parameters() { return (ParameterList)child(1); }
public BlockStmnt body () { return (BlockStmnt)child(2); }
public String toString()

return " (def " + name() + " " + parameters() + " " + body() + ")";
}

}

(S WA Arguments.java

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

public class Arguments extends Postfix {
public Arguments (List<ASTree> c) { super(c); }
public int size() { return numChildren(); }

7.2 LR

AT RESAT R & BB TR R, PRI 5 S B e A — SRR R A I . BRI R
SRR RE R RIS R R . KRR P B 5 A0 S U s A B SR i . O T ik
Stone 1 5 L SCRFRIFVE R, FRATLTE B B A8

TEBCFIREEIT, 25 I8 AN EEAIMES:, RIWEFII (scope ) SAEAF A (extent ), 8 HERY)
VR AR 12 B RETE R R A U R AYE L . 180, Java IR 5 HhO7 ik RS BOLRELE T 5 A
I W, —DIRERSEVE R ERE T2 07 5 A A2 AR A7 8 R 1A i
FEAERIISTEYIRR . N, Java 365 A ITE S p B RITRUR 20T LT .
2, Z8p INEPIT R AR WRIZTTIE PR T AT, eIt Rk
APERIER, BT rEICES RO s S p. Aid, BASE p RIGES I, Es
WEEAFAE, BAFSRIE. SRR ISORIIIES, X2 7240 p MRS, FREas s I
ZH p. FIHSE p BRI AR ERORINE. TREITEiRs, S8 p WAL A — R4,
W, S8 AHARL, RPN A EX WA E AT, R b, BB e Z ki
FAZAMER . ZJR AR RO Z%, S8 e B SHE (552 ) Kk,

\f [ EREOBSDEEREE, Nty aLREE TR, W\
B £ ERPOBATI CIEST static HEBERAIILE, SHRBHREERN, £
7 EHINIE AR AT,
FEWME, TEINEITEOERCEET N h R E SN S E R, MR,
\k E LI EH T BT T8 SR EL J\

AEEZ A EE ST R MBSO LI SR A A I 0, AR AR A i B A5
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B, Stone i 5L SRR RN PP TR AT R 4R AL A R ST RSN AT 0 Sy B A

YRS EAE, e s THEZ .

RRIURELH, TN 1T Z R — M e — D RS, PRI B s . 7
AR, R AR S RN EE BRI IAE, ARECA R, fREE NG R A
ko TR Stone 77 1 A SCRFAE PRETN E LR, PO PRI, B4 Ry as A P

JRy B AR AR I TR SRR RN s OB TR 5 b, T REAFEZ R IR E

Java Z—Lifi KRS { ) RSl B sy i s, s B

=2
AR A

RETEIZACT RN T . Stone 1 7 HETBEA AU BT LTI, 2R dA2 iU

PR A sp it U VE TR, PRI, Stone T8 F K- IR ZAA PIAVE TR

\( B 7 if 1585 while iIBGMRBEIGINIE MERBNES, TRUENEENIRGE I,

[ 205, XEESTSHI T EXEEHNREE?

def foo (x) {
if x>0 {y=x}
X +y

}
R foo WBHAR, BERLSEREETEX v MR,
O xHELT, BEAUERFESHAENGRE, ELILELRIENELEE BHITHTH,
| MERSEEXLE, XM BERE S SR,

J

WA NestedEnv.java

package chap7;

import java.util.HashMap;

import chapé6.Environment;

import chap7.FuncEvaluator.EnvEx;

public class NestedEnv implements Environment {
protected HashMap<String,Object> values;
protected Environment outer;
public NestedEnv() { this(null); }
public NestedEnv (Environment e) {
values = new HashMap<String,Object> () ;
outer = e;
}
public void setOuter (Environment e) { outer = e; }
public Object get (String name) {
Object v = values.get (name) ;
if (v == null && outer != null)
return outer.get (name) ;
else
return v;
}

public void putNew (String name, Object value) { values.put (name, value); }
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public void put (String name, Object value)
Environment e = where (name) ;
if (e == null)
e = this;
( (EnvEx) e) .putNew (name, value) ;
}
public Environment where (String name) {
if (values.get (name) != null)
return this;
else if (outer == null)
return null;
else
return ((EnvExXx)outer) .where (name) ;

R TEIREE SRR EL M, TATEHE X T Environment £ RIS, AL R 7.6 J&
A J5 T EAl B NestedEnv FEHYE Lo

5 BasicEnv KA, NestedEnv bR T value B, 84— outer T, %xFBHI
B SIMU— 2 /E S R R . A, get kBT EAMARN Bk, LMEAR S5IN21E
FHECXT R EREE . Ik put FIERERS IER RS (e, FRATRTRZEXT e s, il ST
WA EE SRR E B AR, MANZAEHE S HIZAFK, put kN S EIRES SNEAE
HErh AR, Ak, RATFZ B 7L where, 2R ERE SR &2 WIREEIHR
[l QR A SR S IZ B 44, where J7if$iR[H null,

NestedEnv JH42ft T —4 putNew J5i. ZIENIEMYS BasicEnv 21 put JriZAflHE.,
W2, BEEBERASEE outer FEGIUHBIINZEMBIREE . ToIRsMZ1E IO I 2R
BRI EN R4, HECYRIME T IA 12450, putNew Pk spiy — A8 i,

AN, T REIL NestedEnv KM T IE 4 H Environment B L Jiln], AT Z W
Environment 30 HEINI—SH ) g, £ F—T, (Ui 7.7 %€ LY FuncEvaluator
BUESE LT —A EnvEx U, BB T XL 7

[ O R T BT RS SRR, A BT LIRS )
@ 5 AT blE NestedEny XRSHIREAE (0 HEK BHFRE, FETEET

\k FI%E, J\
1 7.3 EEREL:

N T IER RS BRI TR B, FRATTOAAU RGBT 528NN eval ik, X iR TS
B4 77 ) FuncEvaluator &M #ssC i,

‘( B FuncEvaluator £E8#5E— 1 eRequire, XEHARR? W\
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A ®, EATEEZEXNETEATNNEMENRE, IERERFEFATZH, BEEL
N BasicEvaluator {8k, WRFEEZMIZMEEE, TSR @Require ({A.
U class, B.class}) BE=R, J

PRI T 0 e LS IR 4. BT T de £ iR A)E CREHT, KOl TRz
PRIELIIXT G2, In) IRBE TR INZ pREN 24 BRI 5100 G 0Clt . e i, FRF S msg i — 448
I, BRAZNRONERE, LIRS AR 4, R Function XM RIR, ISR 7.8 7 X
T Function J5,

FEVI I PR, PR S NEREE R AR LR R R Function W%, ZJ5, BIFENS
B R AR S BT A, THESEE IR S B R IR . R R R IR B R Ah E R
H outer FEF/R, Bidsk &R EE, &5, HEMEEL Function X2 H4iE REA
B GaER, JEENIA B B P AT

{ B XL D5 B EEFIGH eval FEHIT, j

RISWE . 7.7 i) FuncEvaluator Bl# U & 2N FBdy. H, DefstmntEX BH#E
HIF 1 Defstmnt KA eval Jrik,

DefsStmnt XA F/N def HAIHIZRIEEN . eval INERERITE SV IS mEUAG i FRR
ZHRE Function M4, JRMPEEIRINMHKES S Function MRAMIMEL . REAFRIF
At 2y i R [RE

PrimaryEx Bdefin PrimaryExpr KU, sREOR IR MG E AR SRS,
v primary XN JEALERT primary JA QR R 58 R A FREARNRIEA NS, 0
e, FATEeerE S, [HREoi AR EaegWry—F primary. B primary ¥
H primary G4 S5 HEE T 275
BB R, B 7R AT, (o)
RAREGHITE fact (9) RIS o0
WM. AT SR Bk, AT E

. PrimaryExpr

A PrimaryExpr S R operand postfix

operand J7 ¥k & ] 9 2 45 4%
primary JREFRRIY T 5 RS 5

N - " .. : Name : Arguments
WZs, BURMPIREA PR, postfix ik name = fact
RIEESTA) (EETE ). eval i \l/children
B G operand JiEEIR B}
Gy eval ik, WHRREAFELSRF i humbert fteral
value = 9

¥, eval KA DS %k, Bt
— i postfix ik (FEE 7.1 h fact(9) Ky B =
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B Arguments X4 ) iREIXTEA eval Jrik.

‘( B Ex, nRREXAKXRREALSFS, PrimaryExpr NENEHN TS BH L8 (SHE |

537 ), Bk, TiRWMT PrimaryExpr 8 eval F A& S post fix FEIRBIAIT &
B eval,

B 7501,

B Zi%, EEHENS EEEXHASRER, XERBEMEIFIW foo (3) (4) XHY
FERT o, EFEMNZ, TE PrimaryExpr 8] eval EEHXFXFEXT,

[ postfix FEAMIFSIREIZ PITREE,

B uRBEDTZMNR, BRBALTERXITERPEBEHREF A, X0 LB D3 T
F evalSubExpr AL,

H evalSubExpr BSEE 1= env EMEEH nest F, nest X2 AR MINEEL
2B EE TLIR BRI FA X 0B ?

B EZHEh AR 0L BIRAERGE T

A BERLRBRITUN, FEBIERLIN, G FTEOXMNS PrimaryExpr £# eval 7

VAR,
public Object eval (Environment env) {
Object res = ((ASTreeEx)operand()) .eval (env) ;
int n = numChildren() ;
for (int 1 = 1; 1 < n; i++)
res = ((PostfixEx)postfix(i)) .eval (env, res);

return res;

XL TR RS I, 2 T AR A

PrimaryExpr Z5HHN post fix JEMRIFHE N Post fix 25, Post fix &— Mgk
(fRA7E . 7.9), ERTFE Argument s ZE—MHTRRESFIINEMAES . Argument sEx &
WA N Argument s KRENY eval s SR AP T DIRE

‘( B 205, A4 postfix HAKIRE{ERERNE Arguments MR X Post fix I H
ZE ﬁﬁxLﬁE’]uL‘I‘ﬂﬁs ~~~~~ I, tEAut, WRSFEHNFELL Stone 1BS X HFHAH, R

FEEH postfix LM —PELUT ArrayRef HF LT W,
A%, @%Ewmxm@a&m%nﬁo J\

Arguments EHIH eval FiEEREAHIIGERNZ L. BRE 2 M3 value B
PR KA X I A G TR AW Y eval LTSS R, F B IHFRAY Funct ion X E61E
K value BHUELHL eval Fik, Function ¥4 def HAAIHE, RS 52 RA AT
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M, AR TR eval JiiktiE MBS 3R Function X142,

25, ARG UMEE callerEnv HESITHHREIIHITER . 15, Function X%
1 parameters JRHSRIFIESIFA, LSFHINH A G iterator JkIRIL, SRI5 R
AR LS HES AR eval HHRSRIE, Bt Haas RS AN B S 44 MO A in 220
ith, parameterList JEHIGMY eval M TSLBRAYALHE.,

\(ﬂ Stone iIEE#0 Java IBE—1¥, #RIEZIE ( call-by-value )IE, W\
A B, OFES% face (1) XHAH 1 ALEMER, BRERD—FoiHERAS 1 018, 3
K BITESER (T8 i G ) 5HSME AR RS S, J

SRR B R A T3 TR R newEnv #1355, 1MAE callerEnv 45
(#£7.1); newEnv Mg PIVE N BRECNTB. SR e T Rl As i, BT PR s i 3]
IR

BREE T A2 i R YRR

newEnv 8 SR BB Fr BB IR . AT ERRENSE R R AL EANSSEE
newEnv.outer newEnv # outer FERS|IAHNIEE, B RTEBINZERE, ZHEREATIEREREE
callerEnv RECAFIE A IR R, ATFTESS

A, Arguments K1 eval JEAEH AR IAEE I TREUAR, pRECARTT LLiE 3 1
H Function W41 body JrikikfH. REUARE def i5AHHKAES {} FERAHS, body Jr
PobaR 015 2Z X B R AR . IR BT R eval kBRI AT A TiZ kg

HT T RE RS newEnv $7EpRECB T AIEE, 7ErREHITE G & 55, X5 pREk
PISEL R ARt 0 AEAE RV ARAT o A R 2 2 UGB IR FH ) — 1> pREL, B KA R FH B B
A . A SR REIE AT T PR AL IR

TEVIF RS, newEnv B H Function XA M makeEnv AR, QIR
& —1 NestedEnv X%, B outer FEAGTIH SINZVERBT NI . X—FN2IEE
BAEGE Function X2 MTH Defstmnt 251 eval JFEfE 4 Function MM RS, &
J& def IBRIMPATING , t2 2 R IR AE IR

(ﬂ NELFHEEBUMARGEXIN T ES, FIRNT AREERT—E T, J

A, HFITREELZHHEE callerEnv 54T def IR R — D5, HdIf
ERZ WM. callerEnv 2 TIHHE WM 1 &8O R IR, W0 R AE e s 2 AU
R callerEnv FREDR R H T ORAF 4 R 28 o SRIT, 40 2R ok 850 HC At e B0
M, callerEnv HENPRIRAF R ATIZ R B SNE s SRl e i . PRBE BRSOl 4, (H
REH AU T PRECE SUN ROFE IR E TS O 76 s P A pR B, BB p PR A 2 Hh
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\( B BLAIBEMURNTEN outer FRIGLIEM callerEny MLk,
O XFECEEIR AR SIER BT IE?

B 5%, 1R outer FERIEMMNE def IBAWHITHE, NI ABSERE, StoneiEsth

4, Java BEthiF, KREMBSERA T #ESIEME.
A %, XBEFTAXFR?
0O AZE, Za22 8% 4 H7W,
B R E% Arguments M eval A/AKREMN return BEBIHEA

( (EnvEx)newEnv) .setOuter (callerEnv) ;

XRE—ZRIEA], RSN SR RRCR T .

B BRI M EE bar PIEAS —DEEE foo 1B, HELE foo PEATE x I, WRZIE
SXANENDIERE, B bar PtEAETE x, | foo 18 x S5IHANTREZ foo THBIL

T8, M2 bar PHEIEE xo

x =1
def foo (y) { x }
def bar (x) { foo(x + 1) }

kx bar (3)

)

)

XPT B, ARSI, bar (3) BRFBIER N 3. ASREFSEME, foorh

1) x F I HE R R x, JFHREPIZEHE 1,
S W&d FuncEvaluator.java

package chap7;

import java.util.List;

import javassist.gluonj.*;

import stone.StoneException;

import stone.ast.*;

import chapé.BasicEvaluator;

import chapé6.Environment;

import chapé.BasicEvaluator.ASTreeEx;
import chapé.BasicEvaluator.BlockEx;

@Require (BasicEvaluator.class)
@Reviser public class FuncEvaluator {
@Reviser public static interface EnvEx extends Environment {
void putNew (String name, Object value);
Environment where (String name) ;
void setOuter (Environment e) ;
}
@Reviser public static class DefStmntEx extends DefStmnt {
public DefStmntEx (List<ASTree> c) { super(c); }
public Object eval (Environment env) {
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( (EnvEx) env) .putNew (name () , new Function(parameters(), body(), env));
return name () ;

}
}

@Reviser public static class PrimaryEx extends PrimaryExpr {
public PrimaryEx(List<ASTree> c) { super(c); }
public ASTree operand() { return child(0); }
public Postfix postfix(int nest)
return (Postfix)child (numChildren() - nest - 1);
}
public boolean hasPostfix(int nest) { return numChildren() - nest > 1; }
public Object eval (Environment env) {
return evalSubExpr (env, 0);
}
public Object evalSubExpr (Environment env, int nest) {
if (hasPostfix(nest)) {
Object target = evalSubExpr (env, nest + 1);
return ((PostfixEx)postfix(nest)) .eval(env, target);
}
else
return ((ASTreeEx)operand()) .eval (env) ;

}
}

@Reviser public static abstract class PostfixEx extends Postfix {
public PostfixEx(List<ASTree> c) { super(c); }
public abstract Object eval (Environment env, Object value);

}

@Reviser public static class ArgumentsEx extends Arguments {
public ArgumentsEx (List<ASTree> c) { super(c); }
public Object eval (Environment callerEnv, Object value) {

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

Environment newEnv = func.makeEnv () ;
int num = 0;
for (ASTree a: this)
( (ParamsEx)params) .eval (newEnv, num++,
((ASTreeEx)a) .eval (callerEnv)) ;
return ((BlockEx) func.body()) .eval (newEnv) ;

}
}

@Reviser public static class ParamsEx extends ParameterList {
public ParamsEx (List<ASTree> c) { super(c); }
public void eval (Environment env, int index, Object value) {
( (EnvEx) env) .putNew (name (index) , value) ;

}
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W& Function.java

package chap7;

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

public class Function {

protected ParameterList parameters;

protected BlockStmnt body;

protected Environment env;

public Function (ParameterList parameters, BlockStmnt body, Environment env) {
this.parameters = parameters;
this.body = body;
this.env = env;

}

public ParameterList parameters() { return parameters; }
public BlockStmnt body() { return body; }
public Environment makeEnv () { return new NestedEnv (env); }

@Ooverride public String toString() { return "<fun:" + hashCode() + ">"; }

WA Postfix.java

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

public abstract class Postfix extends ASTList {
public Postfix(List<ASTree> c) { super(c); }
}

(74 QULETEIEL

2k, Stone iHFH CICRFREORAITIRE. fCHIE L 7.10 SRS R0, AiiEa 7.11
SRR R SIARY . R AL PRI E—> BasicEnv X4, MMiE—1HHZRTA)
) NestedEnv M4,

T EFRATLAH R AE RIS B — T s B IR, AU 7.12 JZH Stone 155 5 1k
PAEBOIRSE TR . BFHI T g, e X £1b iRk, IR £ib(10) MH. &5
AT AR

=> fib
== 55

WAl Funcinterpreter.java

package chap7;

import stone.FuncParser;
import stone.ParseException;
import chapé.BasicInterpreter;
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public class FuncInterpreter extends BasicInterpreter {
public static void main(String[] args) throws ParseException {
run (new FuncParser (), new NestedEnv());

}

75 L e
FuncRunner.java

package chap7;
import javassist.gluonj.util.Loader;

public class FuncRunner {
public static void main(String[] args) throws Throwable {
Loader.run (FuncInterpreter.class, args, FuncEvaluator.class);

5} Stone iff 5 U PR BN RE Z I, #2 T R FATRE & $2 BEXS P AL (closure ) A 245
Scheme, Smalltalk }2 Ruby % ZFif 5 # A aL, ISORDE, MR —FRRiRag A, BRER
W{EZ— R, NS RULE AR R M REREMERSINR D E L, WREfEH AR B
TE o, MEBCH 2R

U2 Stone 167 SRR MIEL, F IR FRAEIERIZTT

inc = fun (x) { x + 1 }
inc(3)

TR PR fun LZEHEHGEAGRE Lo fun ZJEHEE 5S4 HiE SRR 24
P9, KAES () FERA R, ATER 7.13 ZAAEERN ., ZMUES T primary,
i RN 1 PR E o

GREEWAP FATitEERAZEHR Stone iBF 2R

def fib (n) {
if n < 2 {

n
} else {
fib(n - 1) + fib(n - 2)
}
1
fib(10)

RAEIE 5 7.13 PGt sl

primary :" fun " param list block
| JRZAH primary EX
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X B R B — BT B R, B RPE DR [ — S LR S HOR 1 I{E. S 80
M2 75 inc, WEZAEEIIE . inc JFAEREAFR, FIE, KR REIA 4
Pro Aid, BEFFRESHEIT inc (3) BB, DL 3 WS EOHHTZRE B T LKL E Ry, TRy
MAA inc WALRHPAT T— DG, FFEL 3 ASEORHT T

p
O ZITKERLEESRBECEEH ARG, HIWERHAT—HIE?

b3
. B 28, £ Stone B P, BITVEELRZES,

J
MIELRES TRk, PRI e REAE pRACHE SORTRY PR, IX IR S RAT R BB 4
5, HA NPT

def counter (c) ({
fun () { ¢ = c + 1 }

}
PRE counter FfaR [l —APHAL, PETIX—1& B R P ALRAS B — S LS H e K 1 RYIRIFHE

cl = counter (0)
c2 = counter (0) ;
cl()
cl()
c2()

PAT LI AR, RS EE A c1 () PR, BRI 1A 2, ZJFTEHE c2 KR
Ml 1, BEPAFRLXAREGE A, T AU AE B counter PREINSEL c.o

PR R B AR i, QRBEASE B B4, RN — R, RATEEH M B
r i (free variable ), RZ, SRR EPFCHZIHEE (bounded variable ), [, M4
IR ¢ & H B,

H AR S AR AR (B R AR (SR ) ZAMRAS . DRI 2R sR B B 2 LA A R AT, A
A P EARE AR N B . TP ALK AR pR IO I PR e B AR S IR E, JTHEZ R A
AR A A AR R, T EIERR T H AR, TeREA S, O A L

MR B HE S A SCHRRE, DL ESUEAEr 28wl . X5 T Stone 1H 5 X SCHFRE Y
HE, RATAE IR () A28 E c EUIHER S D

HATAEZ R b3 )5 5K, Stone o 5 KR B0 T Scheme 258615 3 (1 e 0y ULAY —F
X A AR, QiR A AR RS I R A i, IR HE SO 2 RS s 5 . ffRe
AEPATHIELS, A5 s Jay e, QSRR LA TIEARAE, PRI B R 25 A B Y 42 =)

=R
AR,

QAR A ARG A R AL e, DR HoE SOR SRS B S I o AR, JR AL i A LA
JEI CARAW ) AR pRE AT, (EPA AL AT AT LATE R B IS RS AR 2EA77E . DL counter BR
HOH), ZH0 e AR TE BT IZS RS 41k, (EER B89 P AR AR 2 S5 A B T
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N T RGN RIRE, PG R A A ) A A SRR S 4 2 P A (B3 TS ) 3 R
ko MEEBEIFEERT , SAHIZE RIS ( Environment X4 ) FRlM 1 —FIFFAE.

| H Java ERWEEIRMEERENIE, EXUASTRASSN,
[ "2, R iTX7E Stone BE= BREAZ I,

It LA U, SO ERR S R A4
cl = counter(0)
c2 = counter(0) ;
cl()
cl()
c2()

WE ZATSMKRUGRIEN 1, 20 1 T MESERE o1 WA RARRIXT S5 c 51, T
I ¢ BU{E AR AN BE I

A — AT HAT TIRIE S8 i c2 WML, AR FTRE S A LeRERR, At 4ix BUR A1)
AR 30 ZTLLRIE 1 JEFE A TE R B A PP, counter pRETIE A Rl —
NSH o RESEU R AR S KA pRECR: R FH B SR A e 11 M2 — T LT A R
25, REAR R AR I B PA T I . FERREITA S, X e o B, R
PRI A —pREL, Rt d B B8 AT A AR £

7.6 €L

4 Stone i 5 LA R —PEES . AT 7.14 SRR G RERY IR E T S . B
B T ARAS AT primary WE X, (HEES TR RER AT £un R4, fCRSIE L 7.15
1 Fun Z5& H TR ARG BRI Y 2525

Fun 250 eval Fiki@id LG 7.16 BY ClosureEvaluator EE#sE N, 5 def if4)
1 eval Ji—H, BEWSAIEH— Function X4, Function X IMHTE KT ZHIN—
N env 241, Ered LA RIEX TR TR .

| O REESTT, SSRGS T M B RN env TR, \
| @ E, ELH def EANEENNBHNIIULT ES, RERIDEE 7.16 BASHEIEEEE,

de £ IHAITERIHE Function MRS MAEEHNHIZX G5 RS A B A HXT, TER!]
AR, eval i EHEERPNZN S . XFE—k, Stone i 7 B AEK PR (A 25 542 i
SR EAE NS EULIE S 7 — R, SEEPA BT IIRE . X, SCPRIE 25 A8 B ol A4 4 PR AR
B B R Function X4,
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(SO WAL S BRIEES i8S ClosureParser.java

package stone;
import static stone.Parser.rule;
import stone.ast.Fun;

public class ClosureParser extends FuncParser {
public ClosureParser ()
primary.insertChoice (rule (Fun.class)
.sep("fun") .ast (paramList) .ast (block)) ;

WA Fun.java

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

public class Fun extends ASTList ({
public Fun(List<ASTree> c) { super(c); }
public ParameterList parameters() { return (ParameterList)child(0); }
public BlockStmnt body () { return (BlockStmnt)child(1); }
public String toString() {
return " (fun " + parameters() + " " + body() + ")";
}

S Lr--- WA ClosureEvaluator.java

package chap7;

import java.util.List;
import javassist.gluonj.*;
import stone.ast.ASTree;
import stone.ast.Fun;
import chapé.Environment;

@Require (FuncEvaluator.class)
@Reviser public class ClosureEvaluator {
@Reviser public static class FunEx extends Fun {

public FunEx (List<ASTree> c) { super(c); }
public Object eval (Environment env) {
return new Function (parameters(), body(), env);

}

[ARCI-L-WAFA Closurelnterpreter.java

package chap7;

import stone.ClosureParser;
import stone.ParseException;
import chapé.BasicInterpreter;

public class Closurelnterpreter extends BasicInterpreter{
public static void main(String[] args) throws ParseException {
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run (new ClosureParser (), new NestedEnv()) ;

Stone 15 5 &7 AL BEAL BB EUE 54T 8, B ARTEY R, BIAEC &SR R
e, WEUARSCEIM A BT, BEUEH Java IEF W Integer XL R, FAFHH string X
SR, MFBIMERENH Function X R RN,

AL 7.17 2 S FF AL DIREIY Stone 1 7 ffplEds o CAHEER 7.18 &AM IS ShAR T -

S WAE] ClosureRunner.java

package chap7;
import javassist.gluonj.util.Loader;

public class ClosureRunner {
public static void main(String[] args) throws Throwable {
Loader.run (ClosurelInterpreter.class, args, ClosureEvaluator.class);
}

BT R HFE E T ClosureEvaluator X —ME &, AR 35 1% 15 ik 2%
brfi ) @Require brifl, BEIRM T FuncEvaluator B #, W RS K A 3 [ &
JH FuncEvaluator FER., X T FuncEvaluator Botgs Sk R, Ktk —Iq]
RS 6 K (5 6 3 ) R 6.3 11 BasicEvaluator 4%,

\(E BANAERFELXFREMNAB T, BIRESEEE—EH, W\
R ALR?
[ Stone BEMNEMBRZEELFTFBENIFHINES —H, WRELGFEEIN2BREE, &
TEBEUERENEIER,
B i, REEEXNE, hatEi, NFTFmaREea,

x =1
def foo (i) { x = i; x + 1 }

PR3 foo TABER N x MBI EE, RETH x B5IHFE—THNEREEE x.
B %, WRIAA foo(3), 2RATE x WEMSRE 3. AINTSEHAEE X0,
B XTHMMT . BANEESEE, LFANELREE, XEUFHFEREERBEE,
H tAETH, REFEXNFE, AEEREX, LL2RTENTEL NI S FFHAMTT o
[ BABZEALER? ABRMEENETEETRESHIRA AR - ETEH,
B RAF 212 JavaScript 8 var FIRIEGHEE, ERAMFERABHRTESLEEETIE,
\k B 3800 var 750554 0 TEE T B 5% (IR/E L, J\
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2, Stone IBFATREMHRE T . AdIRATIEBESA M Stone 15 7F LA F Java i H
' System.out.println AJpREL, PUILFRFETCHS H AT R . AREWGLRLLY i Stone 1
=, e A Java 155 TP static ik,

8.1 NLEL

Java IEF P T4 MR AE TR, HTIEM C IS & H A —20ih 55 s sR g T4
¥4 Stone IEF WIS TIRE, IHEREEIH Java 155 5B REL. ABSH Java 15T 1
AT, WX PR A T A PR

JiAz RECK B Arqument s 250 eval AT, RATEXTEAELAEN, %07 aextJ5izE
PRECHEATIEM A AL B

RAE . 8.1 TS Arguments 2K eval LB NASF . X144 NativeArgEx
HBENA PR A extends ArgumentsEx —5), FHELE IR E SBN Argument sEx, {HH:
LB JE Argument s 28, ArgumentsEx J&5 7 (5 7 K ) AARSIE R 7.7 HhE L —A>
Boss . NativeArgEx B Argument sEx BB#EHH TR Argument s 28, B¥1E)E
H I SERN_E Xz AR — 2B,

N

/ 3
| O REHEESBERT 5 MERES, u
J

WX KB, Arguments 25 eval J7EEE CHINISE value &7 N NativeFunction X
%o B8ivalue & — W REHHRIE XA R A H B Z . eval Jik ZHTR H#) S
& Function W%, WRSHE—/ NativeFunction X%, eval JFEREITE LS A
RAFRBAN args ZJ5, M NativeFunction X4 invoke RHUTHIRREL, WRSEHA
JENativeFunction X%, fRBARHITEE HREIHH . Bk, el super K
HESEH Argument sEx EMES B INT eval Jrik.

(SRl NativeEvaluator.java

package chaps;

import java.util.List;
import stone.StoneException;
import stone.ast.ASTree;
import javassist.gluonj.*;

import chapé6.Environment;
import chap6.BasicEvaluator.ASTreeEx;
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import chap7.FuncEvaluator;

@Require (FuncEvaluator.class)
@Reviser public class NativeEvaluator ({

@Reviser public static class NativeArgEx extends FuncEvaluator.ArgumentsEx {

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

@Ooverride public Object eval (Environment callerEnv, Object value) ({

if (! (value instanceof NativeFunction))
return super.eval (callerEnv, value);

NativeFunction func = (NativeFunction)value;
int nparams = func.numOfParameters() ;
if (size() != nparams)

throw new StoneException ("bad number of arguments",

Object[] args = new Object [nparams] ;
int num = 0;
for (ASTree a: this)

ASTreeEx ae = (ASTreeEx)a;

args [num++] = ae.eval(callerEnv) ;

}

return func.invoke (args, this);

this) ;

AV 8.2 /& NativeFunction 28, WIRREURE— N EApREL, FRIFIEAETF G THT
Bl NativeFunction ZRMXIG, 4 Hh R4 SHRN A AL AIEXT R N B3R EE 22
i invoke HIEELISE args WEEM Java 1B 5 1) static ik, TEPUTHIT K%
TR TE PREL, 8] Method ¥4 3K/K. Method J& java.lang.reflect G —12, T

et hRE.

Method X} 4] invoke HHTHATE /RN Java 15 ik, invoke B 1 NSEUEIN
TZITERINS . WRBEHATHE— static FEE, ZZHH null, invoke BYSH 2 25

TR TR ST,
SEEER  NativeFunction.java

package chap8;

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

public class NativeFunction

protected Method method;

protected String name;

protected int numParams;

public NativeFunction(String n, Method m)
name = n;
method = m;
numParams = m.getParameterTypes () .length;

}

@override public String toString() { return "<native:" + hashCode() + ">"; }
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public int numOfParameters() { return numParams; }
public Object invoke (Object[] args, ASTree tree)
try {

return method.invoke (null, args);
} catch (Exception e) {
throw new StoneException("bad native function call: " + name, tree);

}
}

\(/u XERFRFFENTE, XEEASHELHSE, BABPRT. W\
O XEBNRSFE—HTRE, HIRE,
A XENTRIERFERERBIEC ., IMIAEGRRERER,

\( O 2, XhEiEtg, HET—HNR2m, J

RIS 8.3 R P S FE AT B NativeFunction X4, JFRIMEHRSEF, H
1, Natives 2Kl environment JyER TR 01—~ T Az R EUR FREL

append JTILREIE RIS I — S HHEE M) static HIEEREA R ER5H 3 15
BORREZIMM static HEMZE, 4 NSERZTENATR, WE 5 DSEOF R ZIZ AN
SRR, AR TEAR S S8, WILET 0] append JiiA& AT 4 NS48

RIS IE 83 M A IE RN T print BRI, read A, length B, toInt KA LI
J currentTime PREL, S&TiX)5i b REU AR, 1520 Natives R4 static ik,

A IE 5. 8.4 ALV 5. 8.5 4 il B i B an A T M LR B Ry ARSI A 8.4 P Y R B4R
W EEM Natives 60 environment Jrik, G-I & AR KA IREE, AUV 8.5
F B SRR TR RIE A NativeEvaluator g5 ClosureEvaluator EHey. H
F NativeEvaluator {{Xf FuncEvaluator #rict T @Require, FEI, WHRAZIHL run Fik
HISEUVUA NativeEvaluator, FEFHRRIEA N H CclosureEvaluator W& TG
HIELTIRE

XFPRIHRERURE, (HEB s EEdds, PRSP RIETTZEN Stone 155 AL & AIE DI 6E
RIESEPTER - I A7k KR J€ Stone I FHT, FIRERFLEUNIN—LL S ICEIR A I TI6E
X, HEERERIRSE TR A s s, I R S5 DU RE R IE AR B AT , AR 255

o

82 W EL L eT T T

FEZ R REZ G, Stone BT A TREW S I IMGARIRET T Biln, RS 8.6
RBASTTIA 15 AAEBOIRELEL, I WoRTHE TR ]

2% [ COFIHE B9 (Intel Core2 2.53GHz, Java 1.6) 7EE X T £ib BREUSHUT T4
Tl £ib 15, —FFRTTRIZETE KL 70 280, ZJE7AER 40 ZFb, SRIGIE S 280, A%k,
HE 32, AT, Java EIWLA SIS G RENSHE M AR P I TR0
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S E] Natives.java

package chaps8;

import java.lang.reflect.Method;
import javax.swing.JOptionPane;
import stone.StoneException;
import chapé.Environment;

public class Natives
public Environment environment (Environment env) {
appendNatives (env) ;
return env;
}
protected void appendNatives (Environment env) {
append (env, "print", Natives.class, "print", Object.class);

append (env, "read", Natives.class, "read");

append (env, "length", Natives.class, "length", String.class);
append (env, "toInt", Natives.class, "toInt", Object.class);
append (env, "currentTime", Natives.class, "currentTime") ;

}

protected void append(Environment env, String name, Class<?> clazz,
String methodName, Class<?> ... params)
Method m;
try {
m = clazz.getMethod (methodName, params) ;
} catch (Exception e)
throw new StoneException("cannot find a native function: "
+ methodName) ;

}

env.put (name, new NativeFunction (methodName, m)) ;

}

// native methods

public static int print (Object obj)
System.out.println(obj.toString()) ;
return 0;

}

public static String read() {
return JOptionPane.showInputDialog(null) ;

}

public static int length(String s) { return s.length(); }
public static int toInt (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()) ;
1
private static long startTime = System.currentTimeMillis () ;
public static int currentTime()
return (int) (System.currentTimeMillis() - startTime) ;
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(S  Nativelnterpreter.java

package chaps8;

import stone.ClosureParser;
import stone.ParseException;
import chap6.BasicInterpreter;
import chap7.NestedEnv;

public class Nativelnterpreter extends BasicInterpreter {
public static void main(String[] args) throws ParseException {
run (new ClosureParser (),
new Natives () .environment (new NestedEnv())) ;

SR E ] NativeRunner.java

package chaps;
import javassist.gluonj.util.Loader;
import chap7.ClosureEvaluator;

public class NativeRunner {
public static void main(String[] args) throws Throwable {
Loader.run(NativeInterpreter.class, args, NativeEvaluator.class,
ClosureEvaluator.class) ;

K55 8.6 IRl ESiE S Gies kL]

def fib (n) {

if n <2 {
n
} else {
fib(n - 1) + fib(n - 2)
}
1
t = currentTime ()
fib 15
print currentTime() - t + " msec"

( B <T&EM print &4
print (currentTime() - t) + " msec"
EROXHERE, MRERET, TERusec {7, BRRBLEFE,
B XRRAFEBSNEAET, BESICEFEEMT TEXMH,
(print (currentTime () - t)) + " msec"
B KEERT, e, SHFI—EERAESERERD?
H b2, RRURSFEEX, i—EERMITES,
“! LA, I RANA S A R Z A4 B R A0,
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)
g R ERMRIES

AN Stone I FH IR G RAYFr. LHE SR T AL EHE, RRPFF
THET R T AR S, 1, JavaScript i 5 R TR T IE AU im0 L30T, WA
RIS IR TR RIS, HPMA C++ XR SR ZHAORAIAE S, WA
Smalltalk 2 Squeak XR{LFFR—ARAVIEF o Java ifi s BIRHAER 40K, HIIA THEITH
BESHRIRANX — AL

AR T e AR Y ) X R o X R Tl R AR TR BT, HAGHR R —
kK. BEAh, BT Stone HHFH AT HIASSAL, KL TCIE IR D RIS

9.1 CBLiEx GETEE Lo
TERM 75X LIRS, FHAY Stone 1 5 FEF WA EHHIT.

class Position ({

Xx =y =0
def move (nx, ny) {
X = nx; y = ny
}
}

p = Position.new
p.move (3, 4)

p.x = 10

print p.x + p.y

AR, XBRBTRE SSE X —1 position &, HPW AR def ifh)E X, BT
Bl A FoR, IR T RIRE. ERBETE LT move AU FE x 5 y.

HIZEXEHE . new AURAYAASREMS QI — XI5 WAL, AFEE Stone i 5 JLHE
XA SR IS R A B FT7S A SRESE D ke s R B, R EA) A R Rk
#, 85 ERFEYIRE B RIAT . X Java i S AR

Stone i 7 Joik WU E ST R, W R— BRI, mias N B MRUC T IR S sk
TESCEA] . X ATFRZ N Stone 15 BN PR, {} ZIHIREWS NI de £ IR SR X,
AR E A AR R AR C AR RE R, RStk B B B e 7B

| OV, R RESREARIR? |
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TEXS A SN, AR A BB R HAB RS, ABTERM G HES L extends HIRl. f
i, FHRIRESRENS & L — Mk T Position 25T Pos3D,
class Pos3D extends Position ({

z =0

def set (nx, ny, nz) {

X = nx; y = ny; 2z nz

}
}
p = Pos3D.new
p.move (3, 4)
print p.x
p.set(5, 6, 7)
print p.z

ARAME Stone T H ASCFFINEE R, WILEYL, F—PShIdkeE LSEAEEEEAIAR
TR 24 757k

9.2 EEEL Lok L

B2 ROk, FRATH Stone 1 F AR RERS IR INXT S 5 X R IIREMY L HF. 5 SR BT RERT —FF,
Y BRI a8 Z 00, AT T EH R G LI RN RN, FCH I 5 9.1 J& 5254
FRTEE IS Y, X BB R T S5 0RSE R 7.0 MARESTE PR 713 IR Z Ak, Hirb, AR EE
¥ postfix 5 program 1 LA TRk, [RIBTEEREN s T — S HA P AR LS5 1

JEALEST class body MIRE LENE SR, AL HAZE S block KIA/NF, class body #
RHKAES {} FER 5 S T R AR A T4 member, JEAZETT post fix L&
8, BEAMUBEE RIS IT A, IORE R TA) . R S B

FRASVE B 9.2 ARYEARISTE B 9.1 MTEVA RN BE BT W TEvE T e B T o ARASIE 5 9.3 0 ARASE
9.4 SRS 9.5 EH A RIS X, SZaT—FE, ENTEARE BNF @& LA TE7ERLT
FEFE TEM . postfix 5§ programiliid insertChoice Jrikifil T Hi or 4 L BEI .

K55 % 9.1 BCESEES el

member : def | simple

class body : "{" [ member ] {(";" | EOL) [ member ]} "}"

defclass : "class" IDENTIFIER [ "extends" IDENTIFIER ] class_body
postfix : "." IDENTIFIER | "(m [ args ] ")"

program : [ defclass | def | statement ] (";" | EOL)

(LA SR R HTES ClassParser.java

package stone;

import static stone.Parser.rule;
import stone.ast.ClassBody;
import stone.ast.ClassStmnt;
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import stone.ast.Dot;

public class ClassParser extends ClosureParser {

Parser member = rule().or(def, simple);
Parser class body = rule(ClassBody.class) .sep("{").option (member)

.repeat (rule() .sep(";", Token.EOL) .option (member))

.sep("}");
Parser defclass = rule(ClassStmnt.class).sep("class") .identifier (reserved)
.option(rule() .sep("extends") .identifier (reserved))

.ast (class_body) ;
public ClassParser () (
postfix.insertChoice (rule (Dot.class) .sep(".") .identifier (reserved)) ;
program. insertChoice (defclass) ;

m Sl eval Bik

T2, BATTHEENFIE G IEIM IZEINN eval Jivk, FCRSIEHL 9.6 BT B IR .
TG, BUES A TE X class BRI T eval 7k, class iFH]Lh class —inliid
B, EXTIAEA ST R defelass, TEMIGIRERTTLL Classstmnt (URBIEHL 9.4) KAEX
FH, ClassStmnt FEHIEAY eval FEKGAIH— ClassInfo X4, MIFRERMNHEZEA 51X
MR R ZAAERT . X BT AIRZ BAEHIZ class WA XIRIAFR, 25, MREARAE

T new MIREEHERICGEE S . Filln,

class Position { HEE }

XEIEN eI —1 classInfo W4, ZXZARIE T Stone 155 H Position ZEAIE XL

HH. WRIEAE)S, #52K4% Position —EESNESNEE ],

WA IE PR 9.7 i 7N, ClassInfo MR T class i MIMEIEEW ., B 5 KA
PRESE LI R B AW ) Function JEA SEAMLI(EE 7 TR CR 1 10 7.8 ). A0 45 A< 55 57 1
B ClassInfo X4, BIENIREEE LREEIC RSN ZAEXT. £ 9.1 BT 25 MIENS

BT I
ClassBody.java

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

public class ClassBody extends ASTList {

}

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

STl ClassStmnt.java

package stone.ast;
import java.util.List;
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public class ClassStmnt extends ASTList {
public ClassStmnt (List<ASTree> c) { super(c); }
public String name() { return ((ASTLeaf)child(0)).token().getText(); }
public String superClass() {
if (numChildren() < 3)
return null;
else
return ((ASTLeaf)child (1)) .token() .getText () ;

}

public ClassBody body () { return (ClassBody)child(numChildren() - 1); }
public String toString()
String parent = superClass() ;
if (parent == null)
parent = "*";
return "(class " + name() + " " + parent + " " + body() + ")";

el Dotjava

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

public class Dot extends Postfix {
public Dot (List<ASTree> c) { super(c); }
public String name() { return ((ASTLeaf)child(0)).token().getText(); }
public String toString() { return "." + name(); }

MR HIE SRR B EX

BEE Integer M&

FHFEB String R

REL Function &

B RS NativeFunction X{§
KEX ClassInfo ¥§
Stone B M &R StoneObject X5

(B FaEss, wamRAEENEEERIAE HEAN KBS ESE, g, BFS |
AT RET AR EN?

AA Java AGREENRIBS, FAURNEIIFAE 7THROME, HLALHEEIT R
BEMRIEXE, XHTERLEN, WRRBHFE, REL ClassInfo BEE CIBETME
MIARRNT],

kn ClassInfo NRETELRLE getter, IHH BRI QI j
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TRk, ROTTERM—D80 eval ik, FEFREME @ 4] 88 . #E17 528 5 a8 H]
5BV, BN G IR ER R — A Dot ZRURASVE R 9.5), 5 M T £ 7m ok B0 H B 1y
SEZ PN Argument s 25—FE, Dot B E Postfix M— T2, Dot K eval ik
i PrimaryExpr 2 evalSubExpr HiEEHLIMH, PrimaryExpr 2B eval Fikssid
it evalSubExpr FERSRHUHHE R FEANZERIBES 7 % (55 7 K) MARISIER 7.7,

fEUER M Dot RIRINK eval FILTEMANSE Hih— RIS, 55— RAS ATt
AR, WA SR new, AAFAH TR — X%, Hrbh) A MPE 5 202 m2s,
ERITEARE 1 ClassInfo W%, eval FiEFHHEZ classInfo XRPRMLN(E AT
G IR A, MSZEE KA, Stone iFH XIS H Java X4 StoneObject (fALGTE A 9.8) K,

WERALE A AR new, SRR TIrk M s Boysnl . A ZE e 25
MIAOXT 4, ERTTAZRE —1 StoneObject X4, WRXE—ITTFE, MBS ERHE
1) read Ji AR BO(E TR ],

\( B HRAEAERITI hET — T Stone IBE= XS L JavaiE =M ClassInfo WE K H
StoneObject FWRMER,
B #EX3F 4, Stone iB=M Position 5 Shape AR B S XN R,
B %%, BTN Java IESRLELBEE XN K,
| @ XEEHXE Stone ERTHNIES, Java EFTIHHIES, J

UFSIE I 9.6 I AssignEx BB S T FBORMIIRE. KUK T BinaryEx,
[fif, BinaryEx A B & —MEM A (5 6 HAUME R 63), 5§ BinaryEx —FF, XH
1) AssignEx BHAHIKHMEN BinaryExpr 28, AssignEx Bltds# i I 1 BinaryEx Bid:
W computeassign ik, HFBIGRIEDIAER LI,

Position 2 Shape Shape 2

class Position {

Position class Shape {
) o PIER &
O oA
1
1
A A ' A
1 1 ' 1
! Stone EEEH ! 1 !
1 Java iIBSSEHE . 1
v Ly v
Y @ &
Classinfo Classinfo
PO StoneObject x5

R
Eit JavaiE S X5 kR Stone IES L EX 5
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29t AssignEx BHEHME N comput eAssign J7 BB 7R E 1 B 2200 — N F B
B StoneObject W write Hik, PUTIRIERAE. WA, B¥HEN super HEL
H computeAssign Fik,

TERF BRI 0 E S, MBS BN AN —E SO Rain FBA iR, i, 7B
AT LT A R

table.get () .next.x = 3

R JE A i table FTEXT4RY get Jrik, FRBRREIIT S H next FEHEMHY
XA E I FB x RN 3. H, (U . x BB RIE, table.get () .next )
LUl SO A M., computeAssign gl P eval SubExpr FikHdTix—it
B WAL R ¢ MR EHERI L FE 7 table.get () .next WAL

( B 5, X—EBHEITETE, EHRIFER, J

Stone i 7 it de £ i) LREUS, Bl R S Funct ion XTRA MM A EXTER
mEREEH . 5HEE X—F, def AR BN TR T L RIES {} F, m7ks
5 Function X4 H MM A EXT I #E A stoneobject X4, HAKNZERAEZ G 1R,

Stone i 7 M 7Bt 57 Z MIBAT BRI X0, J5i2—F L Function MG AETEL .

{ @ ix&2%0 JavaScript —#f, J
R, FRATTTCTH R i A B S PR R g . i, i AR IR F— ik

p.move (3, 4)

ERMEIRER AN 9.2 iR, fif
BearE A ZE Y PrimaryExpr X4

M eval JFEENT, Name ST eval ¥ operand \Lpostﬁx postfix
BeE ST, FR BT AR BUS #BK

Hp XS, ZJ5 Dot M4 eval : Name : Dot - Arguments
2 g AL N IZ R b A name = p /ame

A move ) Function ¥4, &5k

B Argument s XA eval J7 : ASTLeaf _ |
7245’ ?}Lﬁﬁx‘ Function Xﬂ’%?\%ﬁ?ﬂ@?‘i name = move children children
e Arguments M eval JrIRBEAEN - NumberLiteral - NumberLiteral
Stone 15 5 USSR E SRR SE B, B2 e = 3 ——
PRI AT

. PrimaryExpr

p.move(3,4) Kl & iE LR
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[Tl ClassEvaluator.java

package chap9;

import java.util.List;

import stone.StoneException;

import javassist.gluonj.*;

import stone.ast.*;

import chapé6.Environment;

import chap6.BasicEvaluator.ASTreeEx;
import chapé.BasicEvaluator;

import chap7.FuncEvaluator;

import chap7.NestedEnv;

import chap7.FuncEvaluator.EnvEx;
import chap7.FuncEvaluator.PrimaryEx;
import chap9.StoneObject.AccessException;

@Require (FuncEvaluator.class)
@Reviser public class ClassEvaluator {
@Reviser public static class ClassStmntEx extends ClassStmnt {
public ClassStmntEx (List<ASTree> c) { super(c); }
public Object eval (Environment env) {
ClassInfo ci = new ClassInfo(this, env);
( (EnvEx) env) .put (name (), ci);
return name () ;

}

@Reviser public static class ClassBodyEx extends ClassBody {
public ClassBodyEx (List<ASTree> c) { super(c); }
public Object eval (Environment env) {
for (ASTree t: this)
((ASTreeEx) t) .eval (env) ;
return null;

}
}

@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 ClassInfo) (
if ("new".equals (member)) {
ClassInfo ci = (ClassInfo)value;
NestedEnv e = new NestedEnv (ci.environment ()) ;
StoneObject so = new StoneObject (e) ;
e.putNew ("this", so);
initObject (ci, e);
return so;

}

else if (value instanceof StoneObject)

try {
return ((StoneObject)value) .read (member) ;
} catch (AccessException e) {}

}

throw new StoneException("bad member access: " + member, this);

}

protected void initObject (ClassInfo ci, Environment env) {
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}

9.3 LI eval ik

if (ci.superClass() != null)
initObject (ci.superClass (), env);
((ClassBodyEx)ci.body()) .eval (env) ;

@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();

}

prot

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 StoneObject)
return setField((StoneObject)t, (Dot)p.postfix(0),
rvalue) ;

}

return super.computeAssign(env, rvalue);

ected Object setField(StoneObject obj, Dot expr, Object rvalue)
String name = expr.name () ;
try {
obj.write (name, rvalue);
return rvalue;
} catch (AccessException e) {
throw new StoneException("bad member access " + location()
+ ": " 4+ name);

{

109

SNl Classinfo.java

package chap9;

import
import
import
import

public

stone
stone
stone
chap6

class

.StoneException;
.ast.ClassBody;
.ast.ClassStmnt;
.Environment;

ClassInfo {

protected ClassStmnt definition;

protected Environment environment;

protected ClassInfo superClass;

public ClassInfo(ClassStmnt cs, Environment env) {

defi
envi
Obje
if (

else

else

nition = cs;

ronment = env;

ct obj = env.get (cs.superClass()) ;
obj == null)

superClass = null;
if (obj instanceof ClassInfo)
superClass = (ClassInfo)obj;
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throw new StoneException ("unknown super class: " + cs.superClass(),
cs);
1
public String name() { return definition.name(); }
public ClassInfo superClass() { return superClass; }
public ClassBody body () { return definition.body(); }
public Environment environment () { return environment; }
@Ooverride public String toString() { return "<class " + name() + ">"; }

X R] StoneObject.java

package chap9;
import chap6.Environment;
import chap7.FuncEvaluator.EnvEx;

public class StoneObject {
public static class AccessException extends Exception {}
protected Environment env;
public StoneObject (Environment e) { env = e; }
@Ooverride public String toString() { return "<object:" + hashCode() + ">"; }
public Object read(String member) throws AccessException {
return getEnv (member) .get (member) ;
}

public void write(String member, Object value) throws AccessException {
( (EnvEx) getEnv (member) ) .putNew (member, value) ;

1
protected Environment getEnv(String member) throws AccessException {
Environment e = ((EnvExX)env) .where (member) ;
if (e != null && e == env)
return e;
else
throw new AccessException() ;
1

B #dfaxris

MEEE A ERE, i1t StoneObject KRN FREEMI A R E TN, WilEdd, W
falidit Java 15 5 BIURTZ AR Stone IBF IR . H, STMBr SRR, ABAERE
H Java i 5 IEA RS, MR TR X, T2, AR AR T
BHEMFRE AT RS

[ @ w 2EEmran; )
DN 205, SR TR,
O ERATHESHARENRI, REHHIEN Stone FSTFAINKLH.
[0 FAEHAMADNE, FEELRNE2 XORHROBESHOELIN ROTT, X—
HRREEN,
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B 54, XH—3k, & Scheme B= BT EEN 2 F T,
O SR 4MEE, SARESRIEE,
REENOLEAANASIN T, A5 2 ERSITROETARTEE, KEHEETEN
| B E AR RSN R, J

StoneObject X R ELNMIRTF Stone ifi 5 H M RUE M FEUE, TR ERTFEAKS T
BAEMIXI NG R R . WXNAERE, /AL R AR SRR NCRE, SXIRIER
AEHRRL WP BT R R R B SRR TT

NSRS SN —FHEREE, AR A 5 SO0 2 A B (I Java i35 this 18UAY
X4 WINER S BOIR. JNERA S B R AT LU this . x 2B, Ho, 8 AUA B
i this. AEREAMG. T HDE— T

class Position ({
x =y =0
def move (nx, ny) {
X = nx; y = ny
1
}

zH, T move IENE x EREE—REAERE, HIEE this. x AKIEL, &£
IR x TR, X2 x WS LSRR, W move JTEIIE XAEREUE X, x 5 v #E T A
A, S8 nx 5 ny WELRA R,

(B tHusooze |
[ AZ, 2E A 22500, BHTBIENEBNSHREBEEMINISH,
B R, ENSVSEBLMNDEE, TiAd def 56 HIKERE S LN, J

QR TTIENTRAAE x IXAERY F S B, 2R Sl AR 0] (485E ) 775 R NRE LY B
XA AHLRIZERL. flan, FIE 8 R position KRk Bl —ANH

def position () ({
x =y =0
fun (nx, ny) {
X = nx; y = ny
}
}

AT, position BREARHRAE R x WAL R MIMAE TR x (5 x 952 ). XM
HHVRT B, PSR N s e 24 AN A i (PR 40

FAPEA X PR SZ B Stone 15 5 IR 5 X4

fEiE T . new BIHEHTNY StoneObject XS, fRBEAIG T EQIHHIIASE . StoneObject X
SHRAFZIAEE, IFIIZIA IR I 245K this 5 H S EX
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25, RIS BNZAME AT I i RAE S () FEE A RSy, ST R A AR
—Ff, REERHEAER ERAIMGIEENE eval kI X —#E, XN T Java FifH
HRAE PR EOR . IR TIE 2 SO R Be s 5 05 1244 VL SORE N R A B
ek,

FEPATIE R A, QSR T ECA U A AR SR, R 1) PR AN I bR % AR i ) 44
SEA B A ERT s B ATA B R R B, PR IR B B ) 44 BRI S AR B
2o WAk, i def BRI TR E L IYHAT T N E sRBUE L, R AR h R g
5j Function YR A XTI E I, XS FRILIIFFERES, MRETTEA.

RAETTEREAN A S S FERIONENT I, RS TIEIFAE S, T s s
SIEAAE NI ISR, IS AU R A SE 07 U B8 IE A A B S5 L BV pR S
FEERT A Ja B fe s |, I UHRAR ANt

H DotEx B # M Dot KRN eval kS initobject KT L F—FRF]
M, R TP AL 250 eval LT AT T RONME SR TATHTE g
WP classBody KM eval FEEHITT, Zeval HikS5% 6 LT 6.3
i BlockStmnt KNI eval k], JEARSHE 2L, RERSRGX BN, Jrikifd
I this. BEAEENE, IR x AEE/R this.x. MR R S AL BRE A 25U 7 X IE
AL B SEfE L

( O BEHERICRFRENE, FRORSTHERTFRENEES T W, j

W T 7 B4 5 5 BUE M X 58 R i R Bl sk, U5 5 9.8 1 stoneObject K
read Y write JIAK MBI MIRGE RS B T BORE . Teie e B BGA R BUR, BT ST
it getEnv TRk AL TP BIAEM IR RICRBA RIFAEAEATIREE N, sl R 3
HEEAIE stoneObject MEMMIA (Ml e == env AT, MREEHEUH B FBOANFLEIT
ek

" O SE00E e = env RETHIBE, BASEEM, REEAERE null BiE, e --= }

env BES AL,

StoneObject MR EAMIHEEN outer FEIFAE null, % outer FEARMIIIINZIH
BHTHAT class ifm), XERHTE L RO SICRt e EEE R HIZAE, il
REM RS 2 R A i,

K, stoneObject M4 read 55 write HiEFFHIT getEnv JikREI & A Fras FB 1Y
WE R, VAN EIFER TR 2R s, A0, W T IRE B IR DA
FB value, MHTRAFRRZZENIE D EA AR ER, RN Stone 157 £Kik
K p.value AN XA 2R R, EAMES I HIZSRZERIE.
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[ O R outer EEF/ETENIIER, HMEEFENBSIALBTEIN? ETEFRKBETR? ]J

LR, PATITERIR I B AHESH (151 9.3 ), B, T2 1R RIS
TICRS R AL . BN outer FRHRRMSNZIEHC K T HATIZITIEN Stone ifi 5
MR TFBS Tk MRS, ZH5EH—1> StoneObject X R I4F. HANZMWHAEELAH T
WWRERER, Xk, IS RS TR RS AR B AR R
JEt 4, MEEEE AR eval JIEERIACEL MRS NN BN ZE IR SR, B)=
MR AR B4 . BN, FRATLAHEIRATSOTE, Kife == env BHMAL,

(B ik, SumRoheha AT SIS AT R K )

[ Dot XHIA initobject FEAXFFEITEM, HLXEKNTLHUELTMRT o

[ RE30RRZ T ERESIRENRE, ZEERROXNTERS AN RIEIEH
B, XfE?

O AZRIBITEA, SHEEE SRS AN K, BFFTIUL?

O AZE, ZREATMAELEERE (ST JavaiE=+H java.lang.Object ) FIAHCATRINE
BSFX, RERBSXMELTRFARSRRERZIL?

@ Ekfott, MAXF—K, AENBEEEARABHRIINT,

O At4?

B BERIEETREHENTE 0l def 156, BT FKH def BAIGE XK def BH) 2
JEET, FEMTTZE n SEBHRINEIEE S, KBS ZBIHRZE,

B RS HeE, BESNEEREFBATF, 7 Java 55 24581 super KiAH
KFHEN, ZEADTIFIR?

k [ XANEEHIE TR B LS HIE/E ST J\
ATFicx
2RTE
HILE
AFicEE
B5FEN

ATFiexs 5 Ut NestedEnv
HEREE PO

BHRE  nef NestedEnv

&R

NestedEnv
PO

env

BT RS R TR
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[9.5 Qi E Tl

2, Stone i F LA LISHEE SN ZRMEH . 52—+, S AR F
IRFR P 5 AN T SIFET

S WA 2R 9.9 55U A 9,10,

X R] Classinterpreter.java

package chap9;
import stone.ClassParser;

import stone.ParseException;
import chap6.BasicInterpreter;
import chap7.NestedEnv;

import chap8.Natives;

public class ClassInterpreter extends BasicInterpreter {
public static void main(String[] args) throws ParseException {
run (new ClassParser (), new Natives () .environment (new NestedEnv())) ;

SRl ClassRunner.java

package chap9;

import javassist.gluonj.util.Loader;
import chap7.ClosureEvaluator;
import chap8.NativeEvaluator;

public class ClassRunner {
public static void main(String[] args) throws Throwable {
Loader.run(ClassInterpreter.class, args, ClassEvaluator.class,
NativeEvaluator.class, ClosureEvaluator.class) ;
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1 39 RS SHEA

| A BRAEEHENIIBEREIERE, ‘u
0 288 S,
A EORIKHR, RIS TEEECRENTETIE,

| [ x4B0EEhrERe, BREGESELEHR—THRANIH, |

B (array ) 2T AP ROHE S MMt —F AR TH LD, AFHh Stone 15
GO R ) SR BB B SR, BT S OGBS AN R R AR,
AT A A S IR BB ZH Th e, AR Cindex) HAEMHEEUE ., 5 Java i 55 FUEL A
Stone i 7 IEAL B TRk hig gk,

| AR EEEE? )
O XN TS E RS RN AR, B RIERRN,
| B 6180, alvapplen] - 100 EREEUEA & BB LB, |

0. T
WA Stone 5 7 SR IIRE, BGES T X FEIREIT

a = [2, 3, 4]

print all]

al[l] = "three"

print "a[l]l: " + al[1ll

b = [["one", 1], ["two", 2]]
print b[1] [0] + ": " + b[1] [1]

BUATH 2,3, 41 BOIE—KER 3 LR ILA T RINE, Java i 5 T
JERFES {}, Stone B F WM HES [1. BdrocR LS a (1] MIEXG1H.

AT TR T A5 S SATRIARES ], — Bl RE IR DL 4F £f 5
BAENTCER . BEHWRELL ) — DR, e b 32— 1. 5 Java 1B 5 IR —HE,
Stone if 7 tiE i LB N G R BRI 240504 . fln, B4 b 958 1 DonE R
4 ["twon,2], W b1] [0] FFEREAFE 1| LR 0 oK, Bl newor,

O ¢BKENPNE [ AL (), IR Ruby HSER, \
- B "8, HSC JavaScript thEA [1 8,
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N T AERE R SRR, BT Y RERE I ACRS I I 10.1 2R S AR AL Hop
D 755 7 5 (55 7 K) AU 3 7.1 RANFEIARAR AT

SIS 2 10.1 RSESEEL PR

elements: expr { "," expr }
primary : ( "[" [ elements ] "I" | "(" expr ")"

| NUMBER | IDENTIFIER | STRING ) { postfix }
postfix : "(" [ args ] ")" | "[" expr "]"

TG, WATHEA AR F I SRR (IS4 ) S SR A 1 R BT R S I 5
MR, ES WARLLETT primary FIEIERUIN . 02 1 & ph A ST 2R PR (E) 75 M
M S-S 11 . BATRE P IE)T A HIEAZ5FT element s FoR. FHiEE—FIRA
X, BRI TA RS W F AP PIESN R, BT (2, 3, 4] MitEgRE &
FAICE 2. 3. 4 B8, HEWET—F .

UEAh, R Tl REAsReie o A TR, JEASSTT post £1 x MBI Al 75 B 45O 7 1)
B, BEUG, PR (B ) ZEER SRS [ RN TR, X —#&
M, postfix MURBH TFRIRLEZTII, B2 LHFEEH TR,

SR ArrayParser.java

package stone;

import static stone.Parser.rule;
import javassist.gluonj.Reviser;
import stone.ast.*;

@Reviser public class ArrayParser extends FuncParser {
Parser elements = rule(ArrayLiteral.class)

.ast (expr) .repeat (rule() .sep(", ") .ast (expr)) ;
public ArrayParser ()
reserved.add ("1") ;
primary.insertChoice (rule() .sep (" [") .maybe (elements) .sep("]1"));
postfix.insertChoice (rule (ArrayRef.class) .sep("[") .ast (expr) .sep("1"));

LRkl ArraylLiteral.java

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

public class ArrayLiteral extends ASTList
public ArrayLiteral (List<ASTree> list) { super(list); }
public int size() { return numChildren(); }

}

( O ETRRET RIBESITE T, BIFEARLEE 9.2 B8 ClassParser EX—PFHE W
FH0E?
| B T, RRRNTRERTE, MEERRKE. )
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P2k, FRATREH BNy iRk s, ARSI B 10.2 J& 7 2468 & e
AT 10.3 SACHTE R 10.4 ZRIGE DM R 528, ZBUEs A B TS,
BRI 10.2 AU BN S 7 BAISIE L 7.2 11 FuncParser KNl element s FF
B, JFAEAR i R R R AE B A AL B
R 1 e PR, 85T add FikH reserved FEBE (5 5 BAUILTE A 5.2 E X )
FORMMGA RPN T APIES 1. TR, 1 ASHgRBEMRRA. RS T I M,
R TR AETE o A o B B B —Fh o B As, Wk ek iflz17, A, primary 55
postfix tHER/HiE I insertChoice AN T X HFE RN A 2 45

(SR ArrayRef.java

figt

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

public class ArrayRef extends Postfix {

}

public ArrayRef (List<ASTree> c) { super(c); }
public ASTree index() { return child(0); }
public String toString() { return "[" + index() + "1"; }

[ B straxeFmTs, HEMERRR

B %X ArrayParser & ClassParser 17K, HHNFELL Stone B X FHAN, #R
BABENMNABTAEEEHN ArrayParser KUK A THIEXK classParser,

D Xt R AR, fEXE—kEthEA T,

B £ 11 RESTTRBERS eval FENTIRESETRENREIM, BT/ENRANHHNE
MAABRELIFLESHRIOTIGE, BATE T —F N F R 5 54E8 Stone 1BS

@ Fsknit,

[l ECHAEEED S HEREEME Stone B RNE I ANINEE,

B 8, uRBNERBRERLR, REBBEIXS,

N 4E8EIE ArrayParser {E4 FuncParser MITK? iIX#f—3XK, ArrayParser 5 ClassParser
FER XK FuncParser BIFKT, XHIRASLFHENIE?

@ AE, T RREX AN,

B 8, XHMIEELARN{FER ArrayParser 5 ClassParser T,

B %, RHX, Java BEEBEAXFZELRNBRM, 2IF, FREIZER?

Bl %50, WREFAZSEHR, BRINBEEX SR T XA XM ArrayAndClassParser, [E
BHEARSEAE T,

B 8, gEXHMEERE, T, ZEHRRBEREIN, WRECHZESK, RINBTERE
A mixin = traits BLESEHF K,

\L [ S B, R NMEREREHE, TR BITET mixin 3 traits = S THIAT -

)
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[10.2 QR LD L e s b

BATHEAN GBS PR B 2RI eval Jrik, stREil Stone iE T HPEAL . U5
H10.5 BTN eval k& iy BAARSIE

ZBEMES T L FuncEvaluator 5 ArrayParser X/ MEN AR, BUERE R @
Require pRict st TixX . FHIt, WA ArrayEvaluator [EHERE IR FH 55 49
MEMAR

ArrayEvaluator BHSEHS B MR IEIEM AT 528 ArrayLiteral 5 ArrayRef ¥
fneval Jiik. AiEAFNBA TR, FEHTIRRBHTCRMGIN . Stone 155 FEATK T
Java i 5" object RAIEAI KM, ArrayLiteral K0 eval HIERHRIT LR IR
B eval Jrik, ZJE QIR FIEM M object ZERIEL IR AL,

ArrayRef K eval iKW E X FThrRIEXIIH eval Hik, IR TRMME Z
J&, BRNSE value 511 Object FBEA RIS 2 T Frxd B i JC 2R B IFR M1, 3xX
B eval JiEE T 7 2R 7.7 HH FuncEvaluator B#S N Post £ix U
) eval Jrk.

BT RE B IAE R AU Ze ), A7 2 55 BinaryExpr 2811 computeAssign /5
BORAHX MG . 2T ERVITESS 6 HACISIE . 6.3 B RSN

HA7T Java lB= 8 Object EKEIFAKRIN Stone B HIRA, LIRKRREE S,

\

( B itk 7000 BT, J

AT 10.6 R R R IR, EREEEIFRITBUUE T . T8 IhREE 4
BB, P R IR AT T 20 i B e VR k. ARSI 5 10.6 BT T b — S AR T 5
9.9 TfEREAR . (USSR 10.6 A SR AR AT 36 [ Gl i ArrayEvaluator B T f#
Rt , H131E Stone 15 5 Tl A BN AT RE

T ArrayEvaluator M. T ClassEvaluator BMdy, KIS rR% 5 A4
(1) Stone 1 7 A IR REL FHIX LEMB 0, 5 7 AEE R 7.17 oSS ste —ml. b rilke
SRR, BATHZB SRS E R 718 hi R sh Y, WX ArrayEvaluator BEER 1IN
o HILFRATEAF B — A RES M pR S P S DRI R S R4 Stone 15 5 AL FESE . HAK
e, main FIERNAR T HEIXAHER

Loader.run(ClosureInterpreter.class, args,
ClosureEvaluator.class, chaplO.ArrayEvaluator.class) ;

W B R AR A B TR PP L, ARIRBUR B FAAH & . ATl
MEEdds, JOTRESEIOCIRr R BT RAY . (ERFRECS R R, slRI SRR RS 28 550
419 Stone THF ARG, MIAMARIETT ZBRE AR
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\(ﬂ WEt IR, BIFEENTESEN, IENIEEY BEIBITIE M RLI = EHFIE? W
A 24,
AT AR —TFAF X AMIB? ClassParser XAt o] ABIEkEERELINIG?
0 AZ, XFho@s B e &alstbEg..
O 5XR, —FHRR TR FEAEKREEN T ETHEER,
BIMEFES 2 FIHAEIE?
kn R EBEE AR, R SHEE. - J\

R Rl ArrayEvaluator.java

package chaplO;

import java.util.List;

import javassist.gluonj.*;

import stone.ArrayParser;

import stone.StoneException;

import stone.ast.*;

import chapé6.Environment;

import chap6.BasicEvaluator;

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

import chap7.FuncEvaluator.PrimaryEx;

@Require ({FuncEvaluator.class, ArrayParser.class})
@Reviser public class ArrayEvaluator {
@Reviser public static class ArrayLitEx extends ArrayLiteral {
public ArrayLitEx (List<ASTree> list) { super(list); }
public Object eval (Environment env) {

int s = numChildren() ;
Object[] res = new Object[s];
int 1 = 0;
for (ASTree t: this)
res[i++] = ((ASTreeEx)t) .eval (env) ;

return res;

1

}

@Reviser public static class ArrayRefEx extends ArrayRef {
public ArrayRefEx (List<ASTree> c) { super(c); }
public Object eval (Environment env, Object value) {

if (value instanceof Object[]) {
Object index = ((ASTreeEx)index()) .eval (env) ;
if (index instanceof Integer)
return ((Object[])value) [(Integer)index];
1
throw new StoneException("bad array access", this);
1
1
@Reviser public static class AssignEx extends BasicEvaluator.BinaryEx {
public AssignEx(List<ASTree> c¢) { super(c); }
@Override

protected Object computeAssign (Environment env, Object rvalue)
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ASTree le = left();
if (le instanceof PrimaryExpr)

PrimaryEx p = (PrimaryEx)le;
if (p.hasPostfix(0) && p.postfix(0) instanceof ArrayRef)
Object a = ((PrimaryEx)le) .evalSubExpr (env, 1);
if (a instanceof Object[]) {
ArrayRef aref = (ArrayRef)p.postfix(0);
Object index = ((ASTreeEx)aref.index()) .eval (env);
if (index instanceof Integer)
((Object[])a) [ (Integer)index] = rvalue;

return rvalue;

}

throw new StoneException("bad array access", this);

}

return super.computeAssign (env, rvalue);

121

SR ArrayRunner.java

package chaplO;

import
import
import
import
import

public

javassist.gluonj.util.Loader;
chap7.ClosureEvaluator;
chap8.NativeEvaluator;
chap9.ClassEvaluator;
chap9.ClassInterpreter;

class ArrayRunner {

public static void main(String[] args) throws Throwable {

Loader.run (ClassInterpreter.class, args, ClassEvaluator.class,
ArrayEvaluator.class, NativeEvaluator.class,
ClosureEvaluator.class) ;
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w2y [REEAEA
H KT BT A

AT AL BEERTERER T-BEZ A 2R, 28T BRORLO AR e THR AR AF RE T /Y

{E TRl AL S PR s IR IR ), — AR 2 i aTRE S B R BT T IR RTE R

i, AR AR SRS, R, ALPRERARAES IRAE Z RIS R, 2 HIEA

ﬁj‘i?‘l‘%?iﬁﬁ%ﬁﬁﬁii?fﬁﬁfr%;o ARFERG VR AR S ], [0 B S A T X R S T T AL B
e EREILA T

1.0 L T e s rEn

TEZRTR RS, FRATM S ( Environment X4 ) SRAGFIAS G4 S8 RHE XY KR
KT XA ERRZE L, IS 6 3 (55 6 X)) fRE%7EH 6.2 1) BasicEnv 2, %
T A R B AR S EZ XS N R . WA RNFIEE N 0(1), &—FiERE
MFHBIREEH, TeRDETHZDITER, CHE R B e N 2 A IR EE, Ak, Bk
A 4R T AR U . X TIUTERY Stone 1 75 ALES, IAA RAVA RN —E A/ MY
iRl

| A ZRUTEESWIE, RN EHLERE RSB LI EN? ﬂ
O “HE? NREELTE, EXNNBFENTSRE, RINTULTETXEHE,
B F5m?
O FTMB R ERF R —RFRAENE, TREFMIUEIERIM TR ES UL T,
ABHETRFENE, RESTTENNE, UBRELBHFRRNZIRE—HHE,

A s, NRESAEREIHFETE, ORETES, RS2 FEFEHREERT,
LR, XAWhRN, ESEEEFABRESR, R EANRARSIEEEEE, |

FeAFIE SRR, JRiR AR RO S A A KR RO SR i, R IGE TN
PRETCAN IRy B0 AL i A AR AR B B 4
FFAEGZIE U P UL, BERE TR A R S B R RS . (B AN PR 35 SR iR i x
5y, BT IRSER x BOPEEREE 0 Moo, # y NS 1 DnR, DI, XkE—3K,
T AR AL R CH TR A (. W dl, R — g s, mARSFRoR &R &
ELDEINE
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| R, x WBEES, vk 1, 2057 l
| A RXABERBTN, BrRREABERATERNSHE,

N T B AP BT, TR AL B G B pRBUE S8 R I DR LR TEE R Y A, AR
PRI T RS RS SR R i T 2 SRR RS B R B B S ECS SR L R
i, TREE THT XA RAHN R . i F A BIEATZM 0 TR KU X eSS
SRR RS, B A R B DR R P b — e R

ZJr, WEE AL BRSSPI R, WA B E A TS B, R E RS T T
o ARG IO PR AR R A 7E A Ay Hh A R AL 1 44 7 U B

[ B AR E R e S ST RO X )
B R EFEERMEE—NEHERKICRETELSHAETENTN -
\Lniﬁﬁﬂﬁﬁﬁ%@mﬂ%wﬁﬁ@mﬁﬁﬁmo J

AL I EAE A R R AL 2 e, LR B B0 S T SR O G 7 B
o Biltn, BRI AR A TR R AR P L Name XIREIR, X — Name X RHFerE
TR RIFBAUCR I T AR, XAETE S AL PSR/ 25 R ), i ReME N5 | &
AR —ILER . Name XMRH eval J7iEfl iz 7 BORSIIBUULR, P Rm(HE.

(@ oses, FEERFHEHBYTRSXERTR, B, DEEEEHEK, B8
BRI,
B Ci5570 Java i85 PR XA MM, — 168K AT I BRI L2 KR H4

=8

\kﬂ%ﬂ%@%%ﬁ%i@%ﬁﬁ%ﬁ%@!FEo J

b, RAERTE Name XL FE P A E R I, (U TRAANGE, E7%E
[RIEFIE sk S PR N AV E IR IR D B 45 . A, Environment X4 20E
it outer FEHIE, WA, Name MERAEICFEIABEITAAMIZEL, B NEN)ZMIMGE, YT
WX —%H Environment M EHPHHITACE . ZGEBRAFET Name MR M nest FBH,
index FEMHFIC R AR IETES nest FRAR MBI R EA b, BARM A E

Bl 111 230K x=2 IR IEER . Az, 2k x MERE T W ENZE0RE 2 -5
BEXI R, Ik Name X4 nest FEINME N 1 (WREHRNEZE, WEN 0). HTAE
x PR TR 3 e, I index FEIME N 2. 58 LK x=2 FIfE N —5%
ML FRIA

R T SEIR A BRI, FRATT AR ZEAR ARSI B 111 IR E L —A>
ArrayEnv 5, KM T 5 78 (5 7 K) UHER 7.6 1Y NestedEnv RJLTAHFEIRY )
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i, BT Environment 21, MERARMWIXIGIET, ArrayEnv KEAMHGAR, (L
A7 LA S B T AR AR OR AT T BRI, VB values TBUR MM RS 1R
{6, AL TR AR SRR IC AR /4

AT BRI, RSB EA R get J5ikS put HEETCIEIER AT, a2l A5
TR ICIE AL i 40 N B AT AR A e S A (L RS TR, W et Jatl, FRATEHr
T get Jriks put ik, Ml 1E Name X420 nest 5 index FEORS | AR B,

. BinaryExpr
left operator right
Vv
- Name . ASTLeaf . NumberLiteral
name = x token = = value = 2
t=1 N
o \ BTFICRER
ndex = BRI s
RIEREIE
AFiERs  BORE
H5RELT

= 94] E7N i% o\)\e(

BTREZEE

onv ByA R

x=2 KIS 1B SRS

S BEKN ArrayEnv.java

package chapll;

import stone.StoneException;
import chapll.EnvOptimizer.EnvEx2;
import chapé.Environment;

public class ArrayEnv implements Environment {
protected Object[] values;
protected Environment outer;
public ArrayEnv(int size, Environment out)
values = new Object[sizel;
outer = out;
}
public Symbols symbols() { throw new StoneException("no symbols"); }
public Object get (int nest, int index)
if (nest == 0)
return values [index] ;
else if (outer == null)
return null;
else
return ((EnvEx2)outer) .get(nest - 1, index);
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public void put (int nest, int index, Object value) {

if (nest == 0)

values [index] = value;
else if (outer == null)

throw new StoneException("no outer environment") ;
else

( (EnvEx2) outer) .put (nest - 1, index, value);

}

public Object get (String name) { error(name); return null; }
public void put (String name, Object value) { error (name); }
public void putNew (String name, Object value) { error (name); }
public Environment where (String name) { error (name) ; return null; }
public void setOuter (Environment e) { outer = e; }
private void error (String name) {
throw new StoneException ("cannot access by name: " + name) ;
}

11.2 NGERE T kS b
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)

{RIBYE A 11.2 Y ResizableArrayEnv KTl F2 R BN, ©/& ArrayEny
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Symbols RKHE L

W/ﬂﬁiﬁﬁgﬁﬁ%%$$%%o W
[ AZ, HELEELRLEEENSEEMINER, BELECETEEEABERT,
A fE, OfFRERHNs ALRTE, tFAETERI TR RERTNHE, REETX
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SRR ResizableArrayEnv.java

package chapll;

import java.util.Arrays;

import chapé6.Environment;

import chapll.EnvOptimizer.EnvEx2;

public class ResizableArrayEnv extends ArrayEnv {
protected Symbols names;
public ResizableArrayEnv () {
super (10, null);
names = new Symbols() ;
}
@Override public Symbols symbols() { return names; }
@Ooverride public Object get (String name) {
Integer i = names.find(name) ;

if (i == null)
if (outer == null)
return null;
else

return outer.get (name) ;
else
return values[i];
1
@Ooverride public void put (String name, Object value) {
Environment e = where (name) ;
if (e == null)
e = this;
( (EnvEx2)e) .putNew (name, value);
1
@Ooverride public void putNew(String name, Object value) {
assign (names.putNew (name), value) ;

}

@Ooverride public Environment where (String name) {

if (names.find(name) != null)
return this;

else if (outer == null)
return null;

else

return ((EnvEx2)outer) .where (name) ;

}

@Ooverride public void put (int nest, int index, Object value) {
if (nest == 0)
assign(index, value) ;
else
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super.put (nest, index, value);
}
protected void assign(int index, Object value) {
if (index >= values.length) ({
int newLen = values.length * 2;
if (index >= newlLen)
newLen = index + 1;
values = Arrays.copyOf (values, newLen) ;

}

values [index] = value;

129

SRRl Symbols.java

package chapll;
import java.util.HashMap;

public class Symbols
public static class Location {
public int nest, index;
public Location (int nest, int index) {
this.nest = nest;
this.index = index;

}

protected Symbols outer;
protected HashMap<String, Integer> table;
public Symbols() { this(null); }
public Symbols (Symbols outer) {
this.outer = outer;
this.table = new HashMap<String, Integers> () ;
1
public int size() { return table.size(); }
public void append(Symbols s) { table.putAll(s.table); }
public Integer find(String key) { return table.get (key); }
public Location get (String key) { return get (key, 0); }
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 + 1);
else
return new Location (nest, index.intValue()) ;
}
public int putNew (String key) {
Integer i = find(key) ;
if (1 == null)
return add (key) ;
else
return i;
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public Location put (String key) {
Location loc = get(key, 0);
if (loc == null)
return new Location (0, add(key));
else
return loc;
}

protected int add(String key) {
int i = table.size();
table.put (key, 1i);
return 1i;
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lookup FEK N EHEREE TR — MO E, 7F Symbols X4 i %A & 4 SIA7AL
BHRIZENT . bR TIRIE, lookup HiEIBSTENTA 51 IS BTG a9 i bl A i
BRI RAF B

AR BRI EnvOptimizer.java

package chapll;

import static javassist.gluonj.GluonJ.revise;
import javassist.gluonj.*
import java.util.List;

import stone.Token;

import stone.StoneException;
import stone.ast.*;

import chapll.Symbols.Location;
import chapé.Environment;
import chapé.BasicEvaluator;
import chap7.ClosureEvaluator;

@Require (ClosureEvaluator.class)
@Reviser public class EnvOptimizer {
@Reviser public static interface EnvEx2 extends Environment {
Symbols symbols () ;
void put (int nest, int index, Object value) ;
Object get (int nest, int index);
void putNew (String name, Object value);
Environment where (String name) ;
1
@Reviser public static abstract class ASTreeOptEx extends ASTree {
public void lookup (Symbols syms) {}
1

@Reviser public static class ASTListEx extends ASTList
public ASTListEx(List<ASTree> c) { super(c); }
public void lookup (Symbols syms) {

for (ASTree t: this)
( (ASTreeOptEx) t) .lookup (syms) ;
}
}

@Reviser public static class DefStmntEx extends DefStmnt {
protected int index, size;
public DefStmntEx (List<ASTree> c) { super(c); }
public void lookup (Symbols syms) {
index = syms.putNew (name()) ;
size = FunEx.lookup (syms, parameters(), body());
}
public Object eval (Environment env) {
((EnvEx2)env) .put (0, index, new OptFunction (parameters(), body(),
env, size));
return name () ;

}
}

@Reviser public static class FunEx extends Fun {
protected int size = -1;
public FunEx(List<ASTree> c) { super(c); }
public void lookup (Symbols syms) {
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size = lookup (syms, parameters (), body());
1
public Object eval (Environment env) {

return new OptFunction (parameters(), body(), env, size);
1

public static int lookup (Symbols syms, ParameterList params,
BlockStmnt body)
{

Symbols newSyms = new Symbols(syms) ;
( (ParamsEx)params) . lookup (newSyms) ;
( (ASTreeOptEx) revise (body) ) . lookup (newSyms) ;
return newSyms.size() ;
1
1
@Reviser public static class ParamsEx extends ParameterList
protected int[] offsets = null;
public ParamsEx (List<ASTree> c) { super(c); }
public void lookup (Symbols syms) {
int s = size();
offsets = new int|[s];
for (int i = 0; 1 < s; i++)
offsets[i] = syms.putNew (name (i)) ;
1
public void eval (Environment env, int index, Object value) {
((EnvEx2)env) .put (0, offsets[index], wvalue);
1

1

@Reviser public static class NameEx extends Name {
protected static final int UNKNOWN = -1;
protected int nest, index;
public NameEx (Token t) { super(t); index = UNKNOWN; }
public void lookup (Symbols syms) {

Location loc = syms.get (name()) ;
if (loc == null)

throw new StoneException("undefined name: " + name(), this);
else {

nest = loc.nest;

index = loc.index;

}
public void lookupForAssign (Symbols syms) {
Location loc = syms.put (name()) ;
nest = loc.nest;
index = loc.index;
1
public Object eval (Environment env) {
if (index == UNKNOWN)
return env.get (name()) ;
else
return ((EnvEx2)env).get (nest, index);
1
public void evalForAssign (Environment env, Object value) {
if (index == UNKNOWN)
env.put (name (), value) ;
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else
( (EnvEx2)env) .put (nest, index, value);
1
1

@Reviser public static class BinaryEx2 extends BasicEvaluator.BinaryEx {
public BinaryEx2 (List<ASTree> c) { super(c); }
public void lookup (Symbols syms) {
ASTree left = left();
if ("=".equals (operator())) ({
if (left instanceof Name) {
( (NameEx) left) .lookupForAssign (syms) ;
( (ASTreeOptEx) right ()) .lookup (syms) ;
return;

}
}

( (ASTreeOptEx) left) .lookup (syms) ;
((ASTreeOptEx)right ()) .lookup (syms) ;
}
@Override
protected Object computeAssign (Environment env, Object rvalue)
ASTree 1 = left();
if (1 instanceof Name) ({
((NameEx) 1) .evalForAssign (env, rvalue);
return rvalue;
}
else
return super.computeAssign(env, rvalue);

XFFRERSI T 8L, Lookup WIETTHHATILATEAE, ik, fERXEKRLK, ASTree K
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SRR OptFunction.java

package chapll;
import stone.ast.BlockStmnt;

import stone.ast.ParameterList;
import chap6.Environment;
import chap7.Function;

public class OptFunction extends Function {
protected int size;
public OptFunction (ParameterList parameters, BlockStmnt body,
Environment env, int memorySize)
{

super (parameters, body, env);
size = memorySize;

@Ooverride public Environment makeEnv () { return new ArrayEnv(size, env); }

}

L RRN EnvOptinterpreter.java

package chapll;

import chapé6.BasicEvaluator;
import chap6.Environment;
import chap8.Natives;

import stone.BasicParser;
import stone.ClosureParser;
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import stone.CodeDialog;
import stone.Lexer;

import stone.ParseException;
import stone.Token;

import stone.ast.ASTree;
import stone.ast.NullStmnt;

public class EnvOptInterpreter {
public static void main(Stringl] args) throws ParseException {
run (new ClosureParser (),
new Natives () .environment (new ResizableArrayEnv())) ;
}
public static void run(BasicParser bp, Environment env)
throws ParseException
{

Lexer lexer = new Lexer (new CodeDialog()) ;

while (lexer.peek(0) != Token.EOF)
ASTree t = bp.parse(lexer);
if (!(t instanceof NullStmnt))

( (EnvOptimizer.ASTreeOptEx)t) . lookup (

( (EnvOptimizer.EnvEx2)env) .symbols ()) ;
Object r = ((BasicEvaluator.ASTreeEx)t) .eval (env);
System.out.println("=> " + r);

S REWNd EnvOptRunner.java

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

public class EnvOptRunner {
public static void main(String[] args) throws Throwable {
Loader.run (EnvOptInterpreter.class, args, EnvOptimizer.class,
NativeEvaluator.class) ;
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( B it% fib 337 318, XHERID? \“
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B o, B Ruby iE 1R,
B XEEE R ERE R EEMES A ESENREREERE XN, Stone 5 Ruby 89
ThEEth AR ABRE,
A 2, E%Ruby 1.9 AE 1.0 W#BE T,
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k EZ R, J\
B0 R ARSI HER iE1H) Ruby T2 FF
def fib (n)
if n < 2
n
else
fib(n - 1) + fib(n - 2)
end
end
t = Time.now; £ib(33); puts Time.now - t
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S RPN OptClassinfo.java

package chapl2;

import java.util.ArrayList;

import stone.ast.ClassStmnt;

import stone.ast.DefStmnt;

import chapll.Symbols;

import chapl2.0ObjOptimizer.DefStmntEx2;
import chapé.Environment;
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import chap9.ClassInfo;

public class OptClassInfo extends ClassInfo {
protected Symbols methods, fields;
protected DefStmnt [] methodDefs;
public OptClassInfo(ClassStmnt cs, Environment env, Symbols methods,
Symbols fields)
{
super (cs, env);
this.methods = methods;
this.fields = fields;
this.methodDefs = null;
}
public int size() { return fields.size(); }
@Override public OptClassInfo superClass() {
return (OptClassInfo)superClass;
}
public void copyTo (Symbols f, Symbols m, ArrayList<DefStmnt> mlist) {
f.append(fields) ;
m.append (methods) ;
for (DefStmnt def: methodDefs)
mlist.add (def) ;
}
public Integer fieldIndex (String name) { return fields.find (name); }
public Integer methodIndex (String name) { return methods.find(name); }
public Object method (OptStoneObject self, int index) {
DefStmnt def = methodDefs [index] ;
return new OptMethod (def.parameters (), def.body(), environment (),
((DefStmntEx2)def) .locals (), self);
}
public void setMethods (ArrayList<DefStmnt> methods) {
methodDefs = methods.toArray(new DefStmnt [methods.size()]);

}

SR OptStoneObject.java

package chapl2;

public class OptStoneObject
public static class AccessException extends Exception {}
protected OptClassInfo classInfo;
protected Object[] fields;
public OptStoneObject (OptClassInfo ci, int size)
classInfo = ci;
fields = new Object[size];

}

public OptClassInfo classInfo() { return classInfo; }
public Object read(String name) throws AccessException {
Integer i = classInfo.fieldIndex(name) ;
if (1 != null)
return fields[i];
else {
i = classInfo.methodIndex (name) ;
if (i != null)
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return method (i) ;

}

throw new AccessException();
1
public void write (String name, Object value) throws AccessException {
Integer 1 = classInfo.fieldIndex (name) ;
if (i == null)
throw new AccessException() ;
else
fields[i] = value;
}
public Object read(int index) ({
return fields[index] ;
}
public void write(int index, Object value) {
fields[index] = value;
}
public Object method(int index)
return classInfo.method(this, index) ;

}

S RPE] OptMethod.java

package chapl2;

import stone.ast.BlockStmnt;
import stone.ast.ParameterList;
import chapll.ArrayEnv;

import chapll.OptFunction;
import chapé.Environment;

public class OptMethod extends OptFunction
OptStoneObject self;
public OptMethod (ParameterList parameters, BlockStmnt body,
Environment env, int memorySize, OptStoneObject self)
{
super (parameters, body, env, memorySize) ;
this.self = self;
1
@Override public Environment makeEnv () {
ArrayEnv e = new ArrayEnv(size, env);
e.put (0, 0, self);
return e;
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TEMRAF A EIF AR FEH, BB T get MEBINNE, BA—EREMIEX R p 19
B n,  eRER] e 2eid i BEHLABE LR 0] Z RSB AR 5 (B R A R %L, Stone T HIRA S
HLREE FHBERLE R AL ).

\fﬁ O "ENEAEEREROTRNE, FLBTRHREXBNNE, SRECHATHNR—(E |
i 77
O T AT
0 BEXnrtE8FERa5b, 3—1MEBEEFEDbEc, MECEEFERa L .
O x#t—3k, ELB5 cHNREEFT—MKEANIHEKA, BRELAT 2 MK,
AE5E 4% B SR 2 70,
A XS FAREGRE, HLBAFEATHNERUN A ARIDIES A 3EE, BEERLALTEE
| BAEE-T J

w2, BTSRRI RESG B, BEMfE el mkilZ s, @airiks
B AAHIT AR, RPN TFEBA TR E . XAE T Joi il i e A RO R
T ETTHEE, SEhRPERE S 9 BASEIIX HIA K, RAEN EEEH optClassInfo X Rid
Sko OptClassInfo XGEIHH T RS G I H T HBIXTS, 155 A3 o] LI ol D iEik 145,
M5 Z XN optStoneObject X4 classInfo FEIRPGLIE

SRIMT A BN, WP T ESE I T B2 this Frigxig, NaUEfr s
HWET this., (GENTFEASTELARAHSIH this, IHLEA—FT,

XFT this FHEMNE, EEMKEEUEE L TES this 7L, BURREMNFE, AfF
EHAMTRE, Kk, 55 A0SR HEA e L THH this WA MZEF ) OptCclassInfo X
%, SRREF AR F B B . 2RI ULE], BN )R T2 125, RN
BEWASRAEARL, PIARREAS TCTH % X G O

(B % Jave BRMBAMIRETES, RS chis bREETEH I RERREAEE, |
O AR ANT REEBARIEXE T, ZHRIFFBHERIAR TR THTX,
B REEE T E—MED, BHbTEE— P SHT RO,
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| AW, FRABAKEHAR, & Java BEEBLREESLBNEERER S, )

REN R SLIEAEIRIT class THA), XIZEHEATE XIS, AR de £ iHASEMATTI%
X, WEITENTESIHIT i this fREBFRIINIE S TR E . WRIRENXEAA &, 15
AL A A AN A BT BRI R OL L, IR HAC R TS 0 B RS GTEE  A R
ZIR BRI TR, 1 A PR T S i RO BRI TR RE

[ @ ks, REESHT chis., NET—1 x 0, FEBEERITLORERE. H
B 0RFE8 this, S5A this.x, FAEEH TIL?
A ~Zxtt, RASHKXME, BFSTEHENIER,

| O EEEEEW, J\

A, AT H 12.2 1Y OptStoneObject KT A MY read 5 write ik, —4HH Tl
HAKS I TS, A—ANRE EEE A Fhrdt 5 . 155 A PEAREARYE HAR A 50
R this X GOREREGIEN I,

(L bl £, XERREHE R, J

nEprR, XFHEARZE, B E 07 BAEEE RO B A R AT B,
XSy AN SR A TR P ARIR A B IRAE TR OptClassInfo X4 IdR,
T HFRATRE — T X PR

HHAWRZ X RIEF —+F, 76 Stone i H 1, —EREBAR K — D2, X% & T X
B Stone 15 IZEE Lo

class Position {
x=y=1

def xmove (dx) { x = x + dx }

}
class Position3D extends Position

zh = 1

}

T Position3D ZRY#/KT Position 2K, [HIt Position3D X 4FR T B z ZAMAHA
AR FE x 5 vo AP, Position3D FEHAEMIH Position JEiE X xmove Jriks,

xmove FHIEGIH T this MR x FB, 165 AMIBSTEMMZ 756, this nlfHgds M
—/~Position X4, WATHESSIH—> Position3D X4, JTLiLEMb—FZSMIAgXI 4, &1
EB AR B P A ] — 7 B x FBOE. BN Z AT UL, QSR T EE Ul B AR S —
A this X4, &7 OISR S e R T BHA M RO

PositionZi 5 Position3D K MAEMFE N BRAF x FBS y FEWE. Lt
X4 R T W — AR H N S IZ A E . B, x FEROZREATE 1N ITR, vy FEREH 2
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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,

(ﬂEFF&me%EWi%i—%%,%u%%ﬁ%tﬁmﬁ%om%%giﬁﬁ,%ﬁﬁﬁ%w
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
k, BRTEONT R, RITEERSRIB, BETRROREN, X—AESSURL, 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 ¥MH2Z, T/, FEHITSE lookup Hikfh, Symbols XG4 —LbAs i
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
— BB X Y Symbols MAAHYST eval FEFEIA) Environment X%, B 1HPREE T
2R 1y ORIV E T R 454

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,

AOHS Y B 12.4 SRR P — B Symbol This MARE Lo B TICREIE R HRL
PR R 24 PR, SR, SeRECAIR], Joa RS R AR TR R AR i, R TBAaFR,
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 JrEAEZE R T 1@ OER de £ 154), #ias HIRZ A4
WINZESE 4> MemberSymbols X2 H,

T =L SHENK
RENE
FiE% SN O
RiFtrg o
Symbols
FEREZ 5N
REFAE e’

this 548 R #9 MemberSymbols

REAVE et
C%MemberSymbols

/SymboIThis

syms

HHH B H Symbols Xt 5
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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;

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY



124 BSFEESGHGT | 147

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
B ) Defstmnt ZE4RAEH) Lookup J7Ek, B Fun 2509 lookup JMIEMIARZAMET, B
FAEAEE Symbols X 45 B M ERI— 1254 this,

FERoR, FATHFTNF NSRRI eval sL5 2SRRI, Dot ZEFHEN eval Jik
e . GRIBBELT) MAMRERATAMIE new FikXiF, BIE— 11 Stone 1HH X4, &N
FEHUAEMIXS G 07 BE . T BERERE 1 opt StoneObject 25/ read Fikakfs, X H
M eval LS5 95 (559 X)) AIEIEH 9.6 1128 Dot UM eval L KFEVNT, TEEEH
A — N PIE I,

Dot ZEHHERY eval HIETERIE Stone 1F 5 X0, W eB)#—1 optStoneObject X}
%, SRJEVHH initobject kWA ILIZN S . initObject JFIEHHHE class AT KAE 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 JIABIHEMAETE—NKEN 1 WU, EIURMET this MfEH. eval Jik
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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149

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) ;

}
}
@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);
}
@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;
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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) ;
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if (isField)

return target.read (index) ;
else

return target.method (index) ;

}

else
return super.eval (env, value);
1
protected void updateCache (OptStoneObject target) {
String member = name () ;
classInfo = target.classInfo();
Integer i = classInfo.fieldIndex (member) ;
if (i != null) {
isField = true;
index = 1i;
return;
1
i = classInfo.methodIndex (member) ;
if (i != null) {
isField = false;
index = 1i;
return;
1
throw new StoneException("bad member access: " + member, this);
1
1
@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, Dot expr,
Object rvalue)
{

if (obj.classInfo() != classInfo) (
String member = expr.name () ;
classInfo = obj.classInfol();

Integer i = classInfo.fieldIndex (member) ;
if (i == null)
throw new StoneException("bad member access: " + member,
this) ;

index = 1i;
obj.write(index, rvalue);
return rvalue;

L RPAl]  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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Z IR Stone i 75 AL PRAR AR 2 — 138 A GRIE R Y i, — 3 PATFEY o WSRXT AR
fift, FHIEH ML~ T eval FiEmPAT I,

SR, XXM R Y A 3k D B — PRI PERE DU . FEZATAYEE T, FRATTR
M TSRS REE T AR T SHRUUALTERE . ARIEIZIT BT, FRATINE SR )kt D A
MAHR A IE N, LB S AL BRERRE BUEITH R T LIS AR o o th T RRIER B IR A TR
PATHRR AP AU, R A B B B A A TR

TSR, AR T A A h S RS A 72 X LA P RS L RERR S ik
HACHS, ANTA 2 BN FE AU R RS . X LEZFRAY & SCREAMR] . ARFRE 2
LR 2T Stone 1 5 AL FIZR I TERE

TEf IR A R Ry, FRA TR IR E M e oy R Ial A . Tk, rhrafCas
Je—PHEEIAHLERTA S, ik, FPRURE ARGk, S A R R A R e o HAERY
HLERTE F IR AR BRI . WAL, ARFR PR Stone 1A 7 BT 4T o

130 GG EL e

RS SC, MRIEW BARIBEH . RASFRATATI A 138 D ke — A PR i, S2br
AR ERAIT AT o T 5 AL BR G EAE T U PR IR A, B AU B L REAR R o 2 — 1 9%
WA TAR. Pk, oRiE S AP RERS S Se it B iy, JFRICERHES A A2, PATIFa sl nl
REA FTREAR . XSV ERTHES IR ROR VR P R G R A, T8 5 A PRAR TR TR A AN A
GUREA, RO — P A o SRR I QR e (Y A B

M, AP A2 HE S R EE R R R R AR R A
IRIEEM A, ZRTE RSBl EAR S, Hit, A 17280t —FEmrpLE:
W, IPRA T SR 5% B RO A LA S o R HOE F AL PSP )i
AR RS LS (B 13.1),

FAHEARE R AU AT S Pris 5 AR e A o i L GRS i B2 BB UL ( virtual machine ).
R R AT LRAFAE N A7, ARERFINHE A SCPFORAT , AESCPRp AT PRGN AT . AR TN
RITAT—Fh LB Java il SR TR, JRRAR GRS Java —2EHIARS . BEAh, 5
P77, AT ORAT A IR A RE AR A 25 15 o
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o+ . 13 move 13, r0
:" /,” “\ \‘\‘ X move X, r1
Y A \\ H
-7 N
13 X + add r0, r1, rO
HEIEER FEIRATHS o B RS

(13, x. + BB E )
HSIEEM S hiE R

TR RS I AU LA 5 A — 5 G PRl ia = AT, %, FRATAEd ]
AR R o AT D FAR BT I AUBLER A = (R AR [ U e ok B ). AN, fi A
IR Stone T F AR BOTHOSEAME S, IR T 55 PRIHLESE 5 28R R
AT o MRS AR ST IRE AT SIRE T, IR GIEEA . RS IR R — R IX
MET, ZIREFHFAREL eval JEPITRR, MHRRHMEGREN LRSS, RIS
AT

\( [ £ZXS1HR Stone 1B S fRiXE01E? W
A BNHTENE—LEmER g, Tt XERBNELISIESIA32 > £LFRHH2E
SHELEREEGE, REERAPHELR, MEREFR[TIRIREZNREBALALRE
HEED Ro
[ SSRRER R TUN 2 8 B I R ARG S EFHS R ANIESHTT,
MEEERT ST RRTMERENRIES ke,
A 2, xEEAREEIL,
O - 1A32 247
H 52 32 (M3 /REEMF, RAEHEIL?
D 0, EATTRE, FEARRLEN,
B A3 KidEZ, RELE, WRFERS AR XUNEMVRIES, RAAEZESPEK
K BB AR, BRIt J

EEFA. Stone E#l#l

ARFEBATH PR AR R PR Stone FEABL. BALBRAY P EE 5 R ELAHE = o

Stone HEFLUL 1A AN A A7 -9 N AR AL . NAF 2T 9 DU IXE, 3 etk (stack ) X
HE (heap) X, RPAUSIX 5307 R BAUNLAHE S R TR, F7 85 iR
TITFHEX,
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\( O X2 A TEASER, 50 Stone EAWE— RS FRNE, A2 Java BRI W
IR AL, X7
\k B, BEE, EENSNAERSRLEHT ABBRSERNSERISE, J\

MSEBRIHLER R B AR S, HHENLREREU AWiF s, RIS, WAF
M KH byte B4, FFA7RRI RN TR A0 FH A i T S e, BB A
R HAB R A % % . byte BRI THR 8 A BRI E, MY T Java iE SRy 1 7790,

WA E— byte $U2, HE WAL IIHANEAI AR, SCPR YRR 75 2L B 32 37
B, TS /INVEE AT B A A AN R B, T X S A AR A 8 B A A R B i,
32 (REECK L 8 o — A ARk 4 4L, IR BIREENAE, B byte BEAMITE D, XFMRAF
Jr RS (encode )o PRI, e 26 AP AF P2 G SUAF o 75 LR AR (15 ( decode )
AbFH,

me | fa3] | | [ [ | [2f7]3[-] |
HBESW S THITEN

AL PRERRE A E AL BT AR UG IO TFR AR OCR , IHRIE TR I (E A T A A 452
YECE 132), flhn, anREEcRE R 1, PR 2 s AR AL iRk 2, WA
BELEPN 4 DILER, BENE N —A 32 M Bs, MR ESFART . X TR EREE
TIRRCFFROIPLERTR S 1620 0 TS i £ IR AR PERINNE A, HLARTHE S 15 200 S5 R AN )
AR 26 P FRE ORI, Ik A4 4>

XFTALPLEHEF RS, UE 1 byte BEITR (HI 1 5795) Joiksg AR B84 T4
RN, Bn, FEATPUNzians, B Tasf2kml, PLasss 8 S Ar & ZE i i &
fidio L, KERMHLEA T 18Rl it 2 NSO REMH A (BT SRR ZhAT
AT o Xt —Pham Ak B

| B EE132 P, ESERBLENTE 1 £I59E, BEFEIHT T —FARRIEOXIE? 1
B 3, “EIFLESHX—BEEETHES,
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W, ML H AR, SRR — byte KRIMEEA. T fifeiit, &
Stone MEFUMLT (AT FAISIXH by te I, HRIXHHEXHERE object FEMIMEL, CF
WRXWE string RRAEA . @ HFAF A AE ML Object REIFIR, NI, HEMNLIER A
FRAF A TR RIS, A T e, RERIBLERE = BRe PP S AR 21 1 ifE.

( O ST AR SXAE— N ELHT D, SIBRETHEA R 45X SIHL Y IE? \ﬂ
A %, SHEAERNSERAERE 32 (15 64 SR, TR B8 E Xt
u A SIS TN B 2, J

Stone BEAUMLIE Tl HAF A e /MATEAL T pe. £fp. sp Ml ret XU FERE. EATTHANGE
fFint BRIWEEUE. pco BBRTIHEGE. & pe BN i, HESUBLISE AT AR 7 AR XA T o 5
B | IR RINLEE 184 . £p 9 sp S AENHEEL ( frame pointer ) S5ERFEET ( stack
pointer ), ‘EATABFH TERARIX, ret HIT sREURHHIHEAE .

=131 ZEEPHAET IS — N, HRETE, BAREHE HRETASZ T, Ko
TR EARR T | 7, WEMENFE N RR. IEAHIHN iconst i bconst 54 Sl
(PR AERAERS ) TESEPR R 8 A E R R . AU TS L 13.1 A 1482 0% 5 DL LA fE a5
(PRAEAEE) . BAEECR A E ) 8 (BB IR . BN, Ry ine32 Fom BV Z S5 4211 32 i
BCLL 8 i BRI o i, AR 4 A1 00 . HABIE AN inel6 SR BE

AR RN AL 67 R4 r2 SR AT

iconst 67 r2

AR RELL 6 4 8 MIBEHE R, KK IRAT Z A PR U XU AR AT T

1000 67 -3

B AMEUF 1 R iconst, WIGHY -3 FRXIEN 2 A4, Stone BEAUMLAYES i 175
fEdef LUgi5 -i-1 RoRo a4 DBUFH T 38098 32 AL A 67, 4 67 I hifE L) 8 ik
— Y15 AL, BRI — > 8 AR ER (1B 13.3 ). BN TR AR TR P AAS IX AR &R Y Y
M oyte BRBHITLE T (WU 8 A TE 32 41), LA HIBIE N FR—A> 32 (3%, AR
fif, PAFRIIUA TR A =AMEN 0, G —MEN 67,

g 13,1, fRHSI5 A 13.2 505 B 13.3 /& Stone ERIMLIF T2, Hirp, fRidE
132 BFIRHEX BTG,
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67

|

00000000 00000000 00000000 01000011

T

0 0 67

REENTEFHRNG67

Stone EIHLEI BN SBIES

161

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 static final byte ICONST = 1; // load an integer

public static final byte BCONST = 2; // load an 8bit (lbyte) integer
public static final byte SCONST = 3; // load a character string
public static final byte MOVE = 4; // move a value

public static final byte GMOVE = 5; // move a value (global variable)
6; // branch if false

public static final byte IFZERO =

public static final byte GOTO = 7; // always branch
public static final byte CALL = 8§; // call a function
public static final byte RETURN = 9; // return

public static final byte SAVE = 10; // save all registers
public static final byte RESTORE = 11; // restore all registers
public static final byte NEG = 12; // arithmetic negation
public static final byte ADD = 13; // add

public static final byte SUB = 14; // subtract

public static final byte MUL = 15; // multiply

public static final byte DIV = 16; // divide

public static final byte REM = 17; // remainder

public static final byte EQUAL = 18; // equal

public static final byte MORE = 19; // more than

public static final byte LESS = 20; // less than

public static byte encodeRegister (int reg)
if (reg > StoneVM.NUM OF REG)
throw new StoneException("too many registers required") ;
else
return (byte)-(reg + 1);
}
public static int decodeRegister (byte operand) { return -1 - operand; }
public static byte encodeOffset (int offset) {
if (offset > Byte.MAX VALUE)
throw new StoneException("too big byte offset");
else
return (byte)offset;
}
public static short encodeShortOffset (int offset) {
if (offset < Short.MIN VALUE || Short.MAX VALUE < offset)
throw new StoneException("too big short offset");
else
return (short)offset;
}
public static int decodeOffset (byte operand) { return operand; }
public static boolean isRegister (byte operand) { return operand < 0; }
public static boolean isOffset (byte operand) { return operand >= 0; }

L RER] HeapMemory.java

package chapl3;

public interface HeapMemory {
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() {
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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);

}

133 LT

44 S, Stone MEFUBLZE —FPRELAUITAANL, & BIRRES LI String X4, (HICH: Hi%
EAERI T RGN Environment X4, XA 2T, AR SEPREHE g
IPAT 2, e AR IX X IR SO SEBEREE . Ak, BT AFA PR A, A
WK 11 BT, FoeifiE B REN AR, DT ik AfRaRrss, XH—
K, MEERLREAS T EH 9B,

e, FRATE A HEXORSEH Tl 2 R AR R R, 2R AR R R,
W, FRATRE B TR HEIX, Stone g SAMLAE T A9 HE X SE4K, 2 — Al R 132
() HeapMemory # FISMAIN R . ZHEN read 5 write HEEREBLIBEHRIE IR L.
RSV . 13.4 1Y Stone VMEnv FERYN R TRRMEN, 4K T4 11 FAARSE 1.2
M ResizableArrayEnv 2K, JF3EL T HeapMemory #:M0 (F 13.4),

code stack -
StoneVM > Object]]

pc, fp, sp, ret,
registers

strings

bytell

. heap

4
Stringl] HeapMemory

&

ResizableArrayEnv

StoneVMEnv

Stone ML S K7F
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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
HFIC R AR AL, FIIRA TR ALK, g — DI E R 2 0], fEAR T,
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]
£, PIRTERRBIRA TR, TR M R B AL B S, AN PR EZ R . 25 I3 s B0 LAk
EIM, AR, fma QRIS B2 — Rk . BEAARMEI R, PR e 98 P A e
B RSEHTHR . FIX —PEB, FRAT B S8 ok 44 S R ) K50 45 FA SR A PR 5T 55 R DX X 7

\(I:I FAAEBIIHREE, FURIMEERAKX, 2057 \T\
B 382 E X e B 1R A iR i I F A X 4 6 48 915 ?
B XFXAPER--
O ZUREMENKRE — M TR AHGHNERS,
XIS AR RIE Y
[ #OEBEERNEH,
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A 2, %E 135 BRESREHIENT, SEFNGKERASEE LI, 5T, &K
k K2t 5% e, J\

C;l =

A

HH

RETHRPHBEFN LARIEL, EFSHFANRIRFER

TEPATIHE— R I, f RS AR X A — BBV e 5t Je AR s A R EE . X4k X e
SR EHAE N PR £p 5 sp brile FIan, AnSiz ek Bl TR RS i A E -1 A
JLE, fp 5 sp WEK N i 5 j(E 13.6 ).

fp sp
EEEENG | | @sf | |
fp sp
mHrBATERe [ | mhr | @ | |
fp sp
E@Ess | | @ | |
fp sp
EHABMTEMN | | mmr | wmse | |
fp sp
2 eI AT T |

B EEE 5 sp Wi HEITEIE

( BT, BRTBAZFRIN, B1EA Stone BRI T fp 5 sp IR MFHKN T TR, J

R KB f T T 53— R g, 7 A7 sp ISR A 374 £, [T, sp MOMERAAR
PEHTIR IR R ¢ RO Z3G . WRRUL, sp 9 fp MIERHSURI RO IEE , (EHTI I R &L ¢ fiE
i S IR PR f RS AR X
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TERA BT RR R ¢ G5 R IAT IS, R I R ek gL f, IR 4% sp 5 fp WIfE. T
JEAR R RE BB Z ARG

B, PR g C5E M, Stone ESUNLANT ZERHE IS EXTRIAIIRGT, pRAL g (I AR
DX (] BEAS B HABERSE U . N, AnSRerile £ 22 J5 SORHT T 55— ek b, BT HIBA RS b Hs
SR g —HRE, BHEE B RIMRIX, A S A C X RIAERGE . BRI R 5 R g S FHAURRIX 2 A7 28
A, AU R g CAZRIT, S NRPEEAHREE, ISR AR,

(B MNEESHAERE Java BEPRNR, 2T EHEHATIHEAN byce KAH— |

W SLIMEo
O 2AEAXNER, TEENEALALRR—MABTCRFRENBIEEMME, HXXHE C
HE NS,

B EU SN EENRSENEAN byte AR BRZENNNXR, B8R
HMEEREFIE—HIEETEZNER, XFiEFErmBnhkE s,

H FARGERNN S G RERAE 5 LI,

B AEEER— PN ERELANER, TURE—ABkKITE, T, 5RBEEMNIRRHEXY

AT TR g 8 ke
[ x%57 “SEtIRNIREIEERER" SR — &M RMIE?
\( [ &, NREXHRG, IMERETEER, BRLTBIEEESR, J

X FPE ARSI BT 1, BRI th #5725 £p 5 sp PRiRAYERIXIXE] . iX
SRR R, pRES /i FH A BRI pR R £ ORI, eREK g (P AORR TR A RS g RO,
PAMCEME . ARFELIEE 115 (55 11 K) B MURT7, KL i a iy 2kl H48 fo 18
[ I TCE R AR MU AT, Stone MEFUFLKE S Joifl i 25172t A {EL N 4 PR A A XU MIZoT 5B BUR
RIS ILASTCER b TRV, X550 11 A SEIRA AR i T AR 11 SRR 2 fd
PR K, AR ENBINFAAAT £ Fris (i BRI R, Hi- 4T BikzEs. Witz
Ui, FFfFa £p 18 BITC R TS B TR AR A Hir

(mimawmgg%ﬁ,@wm%$ﬁﬁ%§§mﬁmg@ﬁEM&mmﬁ&@m%mﬁﬁ%W
2117
A B4R EESGERITRE G, BT ST MR HEX DL TRAM, Fil
h AN EELARENRAETES fp FemeR BT R EN R B, J

13.4 ik d:
N THANGE S O IPLARE S, RIPLA 2RI 130 05k, B, —
LK A A B BB T 25 BRI S AR X 449 109 e ADL A 5
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ZIRIAEAE R SORER, el MU . R ST, RE AL A0 1 5 by
A FBUR AL S AT, A, ATERAERPATESE, FORBESIEMZTT, IR
MTUALET B R, FATR o1y s s B A B UP LA = R BOE I AL o

ME: WTREHE-FABRTESINPREER, 0 ~ i MNFESKHLT SRS BNV ETERRE
RE i+ MRZENFESRRITELT R, TEERERERETE /+1 M FFa+.

BT RO A R M 1 . o
IMLESE S, IR, B, Z/\\n Lboonst 7 10 ioms
+ Y

B 42375 35 A 04 5 0 LB
WREE . BN, 137 Rk AR add 10 ¢ |
(7 + x) * vy A E0 B / \ { move TEyME r1§+ﬂl‘]4ﬁ’¢"—‘
W EREM RGN, A ) I Vi
S 2R BN

AR, 54 7 R AL
BT N bconst 7 ro0., RN
BT RAFE RS 0 R AHERIEN RGN, 51 R

BTk, el DI — R4 8 + RO HEBLAR A . R0, PO 7 S )
B HEADIBL A A6 05 AR UK . TER A RLLRE 5 2, BRSP4 10 4
BB LA A . BTN RPLERET R . 0 LS R AU sty
LSS, (RAPEAAER 0, DI, TERATIFRONIBLARE SN, 29708 v o 454L T .
T, MR MU, AN BLR I W A A A7 T AR (2R 1 T o th,

{move BEXBYE 1l mys

BAFHE 7 +x) * yHEMNEES

[ O 52, BT% 0N FERHA, RE\ENE, EAVUSREERE 1 MTRZENFFH, ]

B 5224 TS SO ISR E 5 B AR U XS, 5 F OIS S A LTS
% add. add A FHELRAE T iR 255 CRVZEMIA TR A5 0 ) M2 fEds ro SIRE T E— it
R CEE MRS R ) farfeds o1 A, JROAATHRAS R 22040 ro b DLER S +
X 7 (R 5 HE AU LA 5 AR R ) T Al E . MRS IR A A4S v o ', [RIFEAFA ZHTY
HUE . BT AN g R RS e 2 ks BT A 1k, BRI AL AT DU C ks ik 1z 55
RN r0,

FFEHUE B MEFUBLASE 5 BB BEE TR Y3 P A AR B, RIS ARG IX, it
R, o IR BRI A M S B A LR S . X T IR, 15 S AR
e 5+ BBILEE S5, 480 il y RERINLEE S5 AR ULIX, REHEA
T84 mul, BUOCH TR EEN LS 5 et A R ELSAE T, TR
TR ZE SR PR AR AL T RS, AR Z 5 i BRI E S B .
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(n R AN R e FXON TG EIEEMERANBRIES, X FTRNAREAIFN, \u
[ %t E—# RaN B el 26k =,
DO 3 HFERAR IS EZRTARS, REHEIETHESRE D HEUE?
B 7 RiCBTEBFE,
O BT aLtiaEasn, 54
A REFEARER, EEASHERAEBEIE—TEROE, TUSE 0 M SHEREMRY
A B2
O 0RE01NEE NSHERTARER, ELNRREERE +1 M SERPOMIE, X5t
STEE R IX S MR S T AL TR IR
\L [ 556, MBI RTARS, SIS TERFB (post order ) T HEIE LM, J\

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?
a+ (b* (¢c+ (d*e)))

O R ZHEAREYE, RUNBEBELRN, BHETEXNENET,

H BIETELSERELRESR?

A AEZENBHREFE DO, URFTHEHRAL, NBSBSHERABEUIBEL, BNEF
Bk,
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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,
Stone ML A APATFETFIHEES (FF/74 pe) MEHR I MPLERE S84 Wk pc MM
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50, HEAUDLRRATRE P AURS IX i ARIAE S B0 5F 50 SITRIAFAIHR 2

(u ZIF, REHIESHKELE 2 FH LR, M
B 2FRBKE— byte XEHHA, EHBEBEF—LIESBBENTES T,
| 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
Stone I H 1, HA 0 M (false), HALEER A E (true ),
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 =

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,

bconst 0 r0
goto RIBE1

bconst 0 r0

HEEIES

ifzero 10 fRIBE1

MRFHAE, PiTHthen
RIGER RSB 6 FE UL 28

—
iBE

goto RBE2

WREZHAE, WITH else
REGIR LIS T B0 B2 A28

e
1B

b
H 1 £ BRI IREEIRERL

HEES

| BRERAREREHN | : j
EINEEE | BREETAGTORTSR
----- H =) GEEHIAL S E S
ifzero  r1 ﬁ%§1 :_f’%?ﬁﬁ—?riﬂé’]f"?%ﬂﬁ%l
| BEEERATHRESR T
HHRERINEMTIEES | ERRIES
goto fRFEE2 ifnonzero 11 RHEE2 —
P —

M FUEREANHTELERERETSFS N, RDRNITESRERETSFSE0",

[#13.9

Hwhile IFAHEGRMEMNFES (ANIESREERD)
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(“ FEBAZE, ILELNIHEZF 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 MEAUMLAEALET call F8-HUTRRENH . sRELHI K B eSS A E o A
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 |

LIEE

| 021 D SBORAREREE | save t .
| EANEES ] | R E S |
move 11 FsNITRFMHNE i__?_%%_ ____E
2SR EAR RS | move 0 30T EA NS
L B ERIEIES ] restore t

| I
______ a4

move r1 #Fs+1 NITERANLE return

call r0 2
move s NITRFFLHNE 10
R TE A I 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
FFHH T2 pR AT G0 5% 2 FERIDLES 5 5 WAt ARSI B 13.5 2 H T 3R B xT 4L
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.*;

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY



13.8 EMARANEES | 179

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++) ) ;
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@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), pos + 2);
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++) ) ;
}
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);

S RENd Code.java

package chapl3;

public class Code ({
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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

Jm, FATPRE— Tl Stone WP TR P IR 5 E R sy . AIER 138 5
ARSI 13.9 23 LR PR P A . AT 13.6 TP vmEvaluator B AIH T
511 B Lookup Jrik. I, BMERZHITEIRIN eRequire RF/R BRI T4 11 &
AV L 11.4 1Y Envoptimizer BEkds. BFHTER30E AZN HZB s
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H Arguments 5 eval 7k, HIZRM compile LA MM BIINIEIE S &4 —4k call 1§
A ARG BRI ) R

(ﬂ BREERFANNSIESE, PITRERRES S PR? ERARS ARG, W
B 18, RTEEFPBREEE, HIEAKREIN, EESERE 11 SIRERYE—LE,
B 54X, BFEHMNT,
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
(BB EUR ),
O 5, UL EERETEEREA null ML,
[ 25, WREE GC, SASFmITHEER I LHRETR"?
B ESHEEHTAENNN restore ISRINEE M KHEATEMEN null )HITHEE,
| TEAERRE, R4, )

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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var x = 7
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x = "three"
print x
x =3

print x * 2
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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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B, A E R A L AR IR AN A ET AR A5 . i, TR A iy = s ST B IR 2R G =X
i, typeCheck JribBHg FIHIXAE, XFRRAMZER type SRRNAMIERL valueType
H assertSubtypeOf Jik,

valueType.assertSubtypeOf (type, tenv, this);

XA E A BACHS B 14.6 P NameEx2 B, H, type 5 valueType #
& TypeInfo BAIAXIL, assertSubtypeOf iAW valueType FRRMZRAESR
5 type FRmMNE, SURTEMTI(FHRAD), WRARE, 1 TypeException &
L, EWAPATEATERAE

W/EDWﬁ;,ﬁﬁ%ﬁi%ﬁ—T,m%siﬂ%Tﬁﬂ%¥i,Tﬁ%smﬁﬁo W
O AZ, WRE— (AL T RkBHTX, BRFRNTUOATRARE T X8EM,
B, 028 TEEGHTE, FEATERS T XUAEHRAR, HiFARSHENEED
A=,
D X ERERE ER S, BF— Int XTOERNGET Any %%, FHit Int £ Any
k, BT, XALIRARIS A SAIE Y J

PN [ Pa ) i e avin g i P S 1 i 7 W < 0 i B S o 1| S R A = v £ | o W e A : O
FZERIA], ik, %2 FIEIRESRE assertSubtypeOf FERIRETE A A . Hlln, Rk = 85F
FEAMAFIEACH Tne 28RS, XA, BPEEZEMIAS B 2RALE any, WA KA BRI R

(E MR, M Stone 1IBEH, TMUERIER, BAthAAEMIsEEIRELE L 1T, j

1T Stone iff 75 A SCHF return IRHEEUIIRILIIRE, FILAURRIAA, Fraifm#i
AR ERIREAL, B, XTHIAES {} SEMHESR, B8RS i )n— &R
ISR . AU AR IR 2 TR A I RS B 22

1E AP ARIERIAA N Ine B, B4 1 £ IBAIIRT, HSEAPATIIE ISR
[, hARRB RS R kE . R P MUESRAZRAIAR], B2k 1 £ TR RSB IX I
R, Bl TypeInfo i union JIEME. TEIEREAE, X TRARBAANF
{H, 1if ERPR D BIPRETREE U, TR EAT AR B iR 1 £ TR AR R P
TIPSR A, ARG iR A AA T — MU, #AN S R A L

(B =%, irBanstRsti TR E— AR RAR, S ANSHE LSRN 00 |
RAREHE, Bz, EEESERNY, FHE0Y, RAXNWEHIE,
| O, BRSFARGEWRES It £, 250 1 FOREN Java FERHBES. |
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while WA FMFRIBAFFE Int 88, Aid, 84 while WA)IYZRAIFA HHEAIE N
AL, FATE, while IHAEALZAMPEALY Ine KA, L, while i
A HBEE Any RS Ine BRI EH— ZPTDIXFERE, BREINE while iR AACASE
AKPAT, ERRTTESR R 0, YRR T Int A,

WRRART A IR S de £ 1HA), BABRIMZRAL S B e LR BCEAMR] . BRI
ZPRE AN — FunctionType X4, MBI NE., 25, typeCheck J7
DA I — A, T eREUAR N RIR A . FMRAIE)S, typeCheck IR
e CRESIVIA P36/ T SINE 7SI B e Ak 3 4 RNy AW Bo N Eayit bR JEs Y A I (=N i)
-3, SRTEMTE.

” A XEREEW—SET, typeCheck 75 E BB FunctionType W &R T KFRHKA }
FiEth, (R EREN BEAMEINE, BITEHRET AT,

Arguments EH T E/RKEBHH £LL, EW typeCheck ¥ 10 H 280
typeCheck Jiik, IHHELSER AR, HEEECNSESHRAESE ., ESa2R
AERSAR 25 50 18 1o pR B0 FH 7 100 3 A4S pR B0 FH 2k = 0 28 78 15 0t ) P o 500 3 (R i 26 A
*F”E]o

\(E EEAREN, WRTOBERGEHFHORE, REERTEIRET, Bit, HTiL&EK |

RS SCELR TR, RINMIEEENEIRREL RN EEERR IR E F,

B 2, BT MBMEERIEN, BIMZEAMHBE?

O #E®3?

@ B0ERE £ PEATRE g, g PXRAT £ WERRABEERA,

B EAEPTERELANAEERTNLF, ZREBIELENIREEI T,

B E2EZ502F Scheme #1 OCaml &1 1let rec BRREMIELTHAEIL?

A S EFERBEEBHENE N, WAEXFEUEE DB LEERAGIE, BATLUEERA
WA, BMNNZAVFRRFETRZREEIR LRI T E#HE X R

@ ©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;

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY



198 | #14X A StoneiBERIEARE TR ALIEEE

}

@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));
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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) ;

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY



142 BIEHIEXTRELTER |

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) ;
1
@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() ;

14.3 S e Eh e

Z I, Stone i FALFEES O A RBHE L RFIOR A, AR 2L — FAEBITRT R A T2
RUK A, ARADVE L 1410 2B MRS . B 5 Z AR RIRNSE, o — 0 X BI7E T 278
FH eval FEPITMARRRFEZRT, #8id typeCheck FIEXM SR PATHA . Wl EUl, %
TR MU i AP lookup .typeCheck 5 eval Jrik, WA, fERA LN eval J7
PR ERS, BB /R typeCheck FEMIRIIE, B eval J7ikiR MEREHEIEH,

AL R 1411 SRR R A shREY . BN T TypeChecker Bk ( S ARSI HAD
BEES o N T XA FEF AT AT, B URE A R A B A5 B 7RSS 8 3 (5
8 K) CAuilt, JFA REHRINZH Java 155 5 A REL, T AR A L) Stone 1 75 &
S, PRI e e 10 SRR SR .

FEI)ABE S INRAE pREET, FRAT A 1 B 2 B A A I S AR R B 2, FRA T B
14.12 PR FAESC X — 403, fRAD T 20 14.10 TP AR 28 BEA R 2 BT IRREAE AR 8 B A0 H i
H83 Y Natives 2, KM FIACADTE  14.13 AORRP . fCADIE A 14.13 ~ RAST5 B0 14.17 23T
B A pRE . SZETANIR], kSR s B 2, HeRECR B 4400 mo X2
H T Z 4 Stone 1 F HIFR T AR Java —HEGI SRS HERS

( [l 20, FPLeshon/mis d a0 & FRER S I A SR BB B FR—REIR \ﬂ
B TSR BME LN SF RIS, SHHUIE Java a8 JiR,
| A XEBEAT FESIERFERY Java RE, BIAER, J

RSB TRRTE T AL BRGSOk, BADR SRR, IXE TR

def fact(n: Int): Int {
ifn>1{n* fact(n - 1) } else { 1 }

}

fact 5

PATERATN R

=> fact : Int -> Int
=> 120 : Int
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oa[0]

String[] sa = new String[1];
Object[] oa = sa; // OK
= new Integer(0); // error!

TE ca IEMME— String 148, FAUFREA— Integer X & A oa WITEMIE,

B %7z

BRBRKE, RNEERIUBRFEE 27K saMES oca Y, BEBSEIRLERE
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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)) ;

207

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

S TR A2 G, TR TS AR ThRE . 20T, R BA BHf+E Ak
S, AT TN TR Any 88, SR, Any ZERIEICEI T S ki 5, Ak
TN

\(/n FEH— AR, WREEIETEIEXR, RE 2 iIRAaARIRLRY Stoneﬁggﬁﬁ\u
MR, TRTLGRRENEY. TSN EMIERTOE, HES5LMUNLEE,
[ 205, SRS, REERTUIEE M T ARIRERT T ML
[, ##EEEETR ( gradual typing )RR X A, TR0, BAEIEXR SHARIRER
k ERBL M — SRS, J
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SR, WAREAT RS BT, AT E AR A S s S E R =, I
B, X R ZAIHER (type inference ). 714N, USRS AR & H BRAE D 1 2 iR =X Ao i sl A
M, FATHREHED B R —A Int BRI R, ZJ5, WAREGRIEAARE, RO ERH el
4 Unknown 288 (RAUAWIRYZEAY ), JF R B AR R A28,

p
\(ﬂﬂﬁ%ﬁ&%ﬁﬂ&ﬁ%iﬁﬁ% ~~~~~~ EEUF, BEERIATRFIL? |
A B, EENithTEeRTIHEEREER, WHEH + TEFUNRENF—TESL Int
| xkEmE, J

RIS RS A FIERIF/ N o FEPATIBUR AL, 1 75 AL BRLER H0 75 20 - iz
AT LAY T RIAFRAER S Int A, QIRAJE Int AR R A KA D, AERS,
N TR R ESERIRRR, AT 2K Unknown ZRAEIRFRIAM Ine BRIGHE, XHE—k,
HRHIJE Unknown ZEANKENS BEE R AUG A Y IEST, BWles i o BAR RO BR A

p
\(ﬂ%ﬁ%@ﬁ%ﬂﬁ%zﬂﬁﬁ%ﬁ%%ﬁﬁﬁmﬁ%%o H
O 55, EOMIHLRS, XURESHARBERSHTH, LNERREEMERTL
| E—RERARE, J

XFT LA RE IR, AT AR S ) unknown HAEARIZERY, [H2ATH],
BUE — MEMREGHAR S F . fin, e NIRRT, 2 x 5y ARBCA g E R

X =y

XA, ARy A x WIS, BAJE x BRI, SR, WARICH e BAR 2
B, AUERBE I, FATTTCRARE D S B 24

P, FeATHAEHER ISR AL B, SRR RO — P o FRATH RO Sk A %
AP EREE, W, XF R RRIPARI. B, T RA IR E B A REE
BRI 528, AT ) o R RN, TR, ZRERAX TG Ss
AT

ty = Ik

XH < TR FIERR . BRGSO RBRAE AR Z )5, AN IS TR
)L flhn, ARAEPATRAMG AR B REIE A x - 1 ORIk, FROTATLGE S AR L,
N R R A A SRR

tr = Int

I PR 2 Int RBHE, ESL DA 4 < Int, XHT Int AT,
RIEATAT £ 1, #RJZ: Int ZRAVAG(E,
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AMEL IR, B AR B S 57 & A B SR Sy B U R i . 1S Rk
A4 Unknown 28815 i BAARBHE 2

(@ rrEtorsRERaOIE )
O 0235 @R EEIRLTER T, a2, KERELEM,
\L B ReE S MRIIERT? J

AL T RE S A 20, FRATICER A o 0y BRI, X 73X
FEHL, Stone iE KL AZ R E N Any KA, FI41, N RE i MAERKRSE < 5 HE
R x (E, BATESE < BT ¢, PRECLdREERIETR b, FrEL HENX, WS
txgtrelo

def id(x) { x }

W EZ TR ot BRI A A H—Fh, BRT Any. Any b, Int. Int } Int, Any AT
B AN BTk, Stone B FKE Any . Any 1E N T RE U A

( Bl &V, TEHX £ 7k ( polymorphic function ) 893 #5014 \“

B BEEE, BNMEN FEHR idNRBETEXT,, B, E2—fEK o XENSEIR

B o KR EE KR EL

o KHY

O 2o XBTE, 5 Java P28 (generics )MEBITEERE,

A 25X FE—NRERROHSES, TUENXBERLESXEERERESR, XERFAEKE
L a. )

R 14.18 FRIAMEMER B SRS IACSE . BIBN T TypeEnv 28 TypeInfo 28

NHT2E UnknownType 28, TELZHI, TypeInfo 2f) assertSubtypeOf JyikH FHIIAFR
AR, BUEBEA TR, WMRATENHLL &% . Bd)s, WRiEF unknown 28
RIMMEL, 27 0 ik AP S B Sy iR X, RSN 2B AIA S Type Env XM, By
1 F AN AT DL FROR AR — B B A PO R, AR W, X sy oy f2=Uhe
FORPIFNEARIAAN], Filan, anRIRE A T2 o B ERIE S o R, 270
BRI I R =0, AE 61<t. [FFEH, union F ki 7 2L 1k,

B %, hEtRiR, Ak iitee KBERNER, WETRNEREXEEIRRL?
B 1B, #2588, THuRERIEX, BFRST/RERT,

BEAh, i+ BT A F a5 Rk R AR IR 5 2 e . 12 IR AT 2R R R
RN, WREEAT A IR Tnt 280, B HBRFRIAAME 1ne 288, BRitzHh, &
WM RAT 2268, W HIBHRIKA AR ARG O — D e . 51288098
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IRIIUH 1 A 7 R AR T R 2%, DR FRATR e fa Az . WPRICIERE + 12 BT 2 A P )
B2, TATRIRZAEMEN TR Int 280,

[ B zsesrTASE, )
B 2, 70 Standard ML —#£02,
O 5*%, B3 EH, REFNMIETEBLEARG TR, ZIH?

| B SEBALR OCam! B, B + 5 +. STROBEHHRE S HIEBLL, )

B AT NS RIME IS S, BR T ACASIE . 1418 3y, FRATTIE T5 B FH— & ek
o WIEEEHR L, X5 T R F A R AR S, WRAUSE R A 2R A i, O
JE Unknown FERIWEARZER, Stone IEF IR any J5R1, FCRSHE 2 14.19 TRy & ka5
BT X—25, ZBUAREE T Defstmnt KA typeCheck ik, TEREUARIZERIK A LE
BF, i E I BB ISR Unknown R 2HRE R T Any 514,

(B 25, MRRERRIAE 1410 bUERS, SEHLNTR )
B B, tbani, BAIRE—T FEXERERE,
def id(x) { x }

print id(3)
print id("three")

Heb, B 1d AN Any XEHWSHIHED any LEMNE, BME 2 78, TEKGE
Int B, BEENHE— any LRHE,
B TE2%3 ek ELREH2 THIE,
B B, ZERSPRNT, EES RN,
[ S 0EBRAES 2 FHA 1a BN 1d (3) HITEERS, Fi—12E id ST
Freat, FHMHBEHE— Int KEHE,
\L B 32, WREERILES 1419 DHEKSE, He—BH MEHAEERIR, J\

A 5 14.20 JE R R SIFEY . T SCRe R AR DI RE, B 7EI51T Stone i & B¢
TRTHE S RS B 14,18 SARILE R 1409 PR R, UISE R 14.20 BAREA B0
W H InferTypes BEey, B HT InferFuncTypes B4y, T InferFuncTypes &
Kt @Require N T InferTypes S4Bk, P E A TAR 2B TR Y
Fedn

[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) ;

[14.5 QA= LR 3

PAG THSEIREAUE R Z )G, BATLT T LA IR AP Al G B AR e 4 1 Java — 31K
7, Java ZHEHIAASIE Java BIADLEFPLESES . DR EEMNIERAT, RATTDME L —
TR E T compile LS, Ak, ATIERIHIAE, H—FARR 75 Java
A A A

T XF Java RIS A TEAE, ARTCRAT M40 Javassist I X PERESAERR T EA
T BRI IF R ABNZE, FFRAHE I E . TR I AR E XA Java JEACASHIE
{334 Javassist, FMFRATTFAERR AR Java —HEGIAAS, dE% 58, Javassist it H hZw ¢
TN IR, TR A — kA

fRAD I B 14.21 TP RS R I RE % 3 1 Javassist 2 XU 5. JavaLoader 25/ 1oad 7
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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
%, HIRMHE T —2pIn 75k, TATATLLET addMethod J7¥5I] CtClass M4 AINAEE LK
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\
A 8%, BRUWELRES Lt i,
O £B5mE, A4 toClass BREW—PEFAZERE?
[ {R=2i% Classloader MEXMIE? B4 Javaloader WRLHLIINMEHNE, BIATH

AFEX M,
B R Javaloader, BEHAEGHEREZIRNET,, & Java P, TFTENEZIRIEE
h BEXFRHE, AETIHEBARTRE, RERANERFEDER, J

WFE b —F AR, ARG B A b 1 pREGH 70 617 Java i filAC S 55
oo AR BB TR IR WIS eval kT BRBUHHEIAXH Argument s 8878, %2k
1) eval LM THATO 0l Java —HEHIACES AT BREL

AL 14.22 h JavaFunction RIYXTGH T HRR R MR Z BRI IR AT O 4
g Java ZHEHIFCHS Y Stone 1T BREE ., FERIBSAERREE i SR 265 B O [ BRI A FR .
TrREH I Z A AT i eval J7ikiidT, BIAFARIR TG L0 Tid sk 2 Al it 5 pR gk
FIIAEE . SXLEPREERE LIS 11 T2 7 =S, 18 5 AL B AR P T R ol ik 2 5 i HE 24 B
KEWKGEE, B—H, REIKREHFES N Java —dEHICHS, FIE S AP (S B Java 1B
MIZEL S R AR RISk PRECS B R S . XS R A Sk B,

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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e

| BB, BB BRI AR Java T HIRTITR? |

HI TR T Javassist, IS HBURFHNGIREMEAR N Java “BEHIIU, A0SR
BRI Java TS BN, BEEFRATE X T IXFE—1> Stone 157 PREL fact.

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

}
ZRECK B 2l chapl4 . java. fact FZEHP)— 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;

chapl4.java.fact BUEEF—NHE me m XANTIEAIFEA T LFES Lo ZITEN
B8 env B —MHTIIHERZRIAEE, AETEIXFIT, fact REASTE X AR
Bio mIIrEREE T ASE vo & fact BB TERHR Java B S IR, 1€ 1B4A —5%
IR SRMERERA, ZFAH fact B E L EERIE, LA W,

4 \
O wRERE R AL T BN Java 1BE A, REAERIGEE 1421 F JavaLloader |

%M load HENBIER M HSE method WEFEEET T o
| @ B, ERl, RBAMERIBETR, /H

ARSI B 14.23 H B 48 0 As ] TR eR BURS 5 Dy Java BRI RS, B ol R 46 b 1Y
ranslateExpr 5 returnzero &M HIBI T, T HAEH . EnvEx3 5 ArrayEnvEx
B I FREE TR AT B, il B JavaLoader X[ 5. AL, MRV T
PR, AT ARBGX X4

HAB B R 3 M SO S IE R AR T 5, A ENTRI translate Jik. &l
PR S DAR T B X G2 MRS 5 DR, IR AR S % AR R A TR AR ) R
M, 5eval ikl compile kAR, %52 im it i3 158 FH i I8 X 50 BB 015 0
)3k [T

TE Java 15 5 W d B, Stone 155 1Y Int. String 5 any ZEHI3 5% L Java
i int . String 45 Object M, HF Stone i 5 WiFE S Java BMAL, T AFEHGEHIFA
2%, HFREA RIS INESEIEEAEINT, Ak, Javassist N E i A SRF Javas 5| A
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i) autoboxing JJRE, KULFRATLA R AT, %A translateExpr kS,
i, fBEA TR,

x =1+ 3

Hrp i x yany K81, ABH 18 Int B8, 5 HE N Java i 5 5, BT 2 )
JE Object 55 int FMMMH, T, HFRXAL A int RAUREMEL —1 Object 287!
ST, XTI AR, AR F AL PEAR SCHF autoboxing TIRE, HARIFRINY Java i 5 Kk
KR B T, MRS, T = 224 PIMIZEEURTE, o5 AL B A LR BRI R iR

x =1+ 3

NI, BATLBE T ke, 7EAU b R A T R R A e .

X = new Integer (i + 3)

A, T HAT R, bR T AR R S S, BT ST EIE T RA S
BlEm, L, BATHEAAEPITEBGAT RN, AR T S R A 7B, LA
PAFC A TR, Java 1 5 IO HATAE BRI AR YA T 2 X 25 B

— A ANART LA ) Rl AR i, 8R]G4SR FRAT AR S O AT
AR AENLRY Java IEF AU, NameEx3 EM# M Name ZRIFNAY translate JiAREECHL
X—IJfig. WA AR 10 R R RS, BB vo . v INAFR. v 25
BB BRI E AT o %S TRl index FBORIL,

| O %, FEXTRBHATIN, RELENRESRIEHA? FEW, ‘ﬂ
[c 7R3 S T o (s R
B BitEATiiRe B LB OB ORHE b AN,
A SARMPHFSEFL2HHALITN, TERIEELBIREXRECELBEE, MAEE

| EINNSR. RENSEEE 11 ENBOERBTM, XTI HEE, |

D3I, ARy R AT K S I N SRR B IRE env, i TR AR 5%
B RRRITT, P SE BRI FRE 2 ARSI 5 14.24 B Runt ime ZEMAAN D o8, X HLAGAR
TR 2T IR0 AT o 0 T sRECA AR, BN TRAE R B Tava RIS, BRI A4
XY static ITIEEIARR, IR FR.

chapl4.java.fact.m

HHr, chapi14.java J&fU4, mIE ks, K05 ERA REA M

TERe R, FRA AT 2 AL WAT Z INER . Stone i 5 5 Java Yz ML A
Ao Stone i FH [ == iz ATRERIIN X 8L 74T R FEAT I, {BAE Java H, FAFER LB
AT equals RS, BLAM, 7€ Stone B F 1, FTA RIS AL LS AT Int A
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) 0 5% 1, {H Java Wil boolean (HFR/ARE R, Kk, WATHEFE M H T FEXFEN =Hiz
FERR
(VO <221 : 0)
i, +izBAFRIFA RN E any A, i@ A oA B et X RS AT
AT AR 5 14.24 T Runtime 2600 eq 55 plus kS, 165 OHLERFEIA FAR N A
PEATSEPRAGAL B, RIS 1L E S IS IE 5 14.23 HHY BinaryEx2 Bl#R

| O ESRE X ERRERE S, M— A% Java HAERRIT Stone IBEFR |
T,

FATEZ/ DAL PSR 1 £ IRAIRYHAHe . 78 Stone T F Y, AU RN IS —451H ) (BF
Kk WIHHREREAE B USRS R . (H Java i FIFEIIL, EF 2581 return if
AR R ISR AL, AR R RIAETE Stone 1 A, (HEREBCA P TIREHAE,
WERAEATITEV, P ICIEAE NS (T AILE Java 15 R

X + 1;

AL, WATHEA RS T — D2 res WRFAER, JFRETREE MR —5%
WA SRR E, HREREHE, (RAFTEX —res i, I, translate FLM
SRR YT IE AR5 45 1Y) Stone 1 F PREAIR MEZEAY, IASZSECH null, MEWE
(JHH T translate FiLM) GRS A TS R JE B R MHE, A D RAEAEAR
i res .

FEAE T, FRATER (E7E Stone 155 AT H N SRR R 0 x+ 1 XA YRR IRt 35 A A 1
PR 0ER], BRAEENM TSRS . BlockEx2 BEF1 translateStmnt /7ikf
P TR A, GnA B E], WISl R

\( B XFER G, TEREEAFTEELLMH, ZH—XK, Stone BSHIBEIRAURSRETE, |
X FHAL BT AN, HHAREM— Lt T hig T B0, thin, RETE
BEWEX . WREXFXNEE, Java B ERHETEBERT,
B 5, P ETE A 38%) Stone B N FHEEIE AR IB?
O aETXES, RARKSE T LARFRINESIRITENEER, MR FEMRLE L
| hHAEREMT. J

fRADIE B 14.23 HAE LIS E 5 T Defstmnt 255 Arguments KW eval ik, MAFT
PRAICE S5 pRECE FH A T8 50 . 768 SCRREIET, 1HF A 1 %6 De £ Stmnt gk
i eval Jrik. AL translate 77k, B eREUALEN Java 1B F T, FHA0H—
A~ JavaFunction X4, WG HTRRKE, BI5RES B 2T,
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H—J7 i, ERHEINZ R, ES AR Argument s KHEMGE ) eval Ty
%o BRITEESHME, I gavaFunction X4 invoke Jiik, PUTEMEAR K Java —
PRI ALY REL

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);

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY



222 | #14X A StoneiBERABAKEZ MMM

}

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)
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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) ;
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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;

1
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()) ;
1
public static int writelInt (ArrayEnv env, int index, int value) {
env.put (0, index, value);
return value;
1
public static String writeString (ArrayEnv env, int index, String value) {
env.put (0, index, value);
return value;
1
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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£ 35 WEALYAE=BliN)

%
1956 BESTAR

55 % (55 K) il parser FERANSIIL TifA T2 R . ARG ERA REAHHTIX
SO, T TR HRE R .

16, WS a

E—TE AN TSR T IE N SRR AT A DL RCRE . AU TR 15.2 RORR P TT
W, ZICERRE R R RS 2

An2Rh BNF E SCRTEE R E AR A R, B TRk p ik i e e B0 17 s
b, ENRRAWR AR iRk RR T, B RIAR L d BNF & LR, fEgh
BNF SRR AL RR b RSO3k, i AEE i 1 W Rk SR A TEIE AR IE N Sk . n2i—
ML REIENSOE, BAatEd S E—R T, SOtk T.

\(Gmmw%m,mﬁtﬁiﬁ%iﬁﬁﬁ%%o H
[ '8, BEEMNEERE?
[ BNFiEHEMM A NE — N AT, NRTHIEAELEH, /" pat "/" X
B, WBARE— R TIOEEE, RN, RERTH / SIEERN, L% pat

| T BRI SEEMNE N, J

IEMZGRA AT 745 B RYUEAS, BNF AT HIRFAIILH., E—A & XA, He,
QRS AT B R AR PRI — R, B A BRLIE kX S BNF AR A, #RAE
TR, flan, Fiimfy eIk H BNF & Sk A AR R .

[0-9] [0-91*

dlglt non | nyn | nomn | | ngn | ngn
number: digit | digit number

FRAZELT number BITRERIILISEITENE L, EFRARALIT digit (0 2 9 A8 ) K
M, AR ERBIENZRKAAR . IR, GRS B A D[R A & 24555
SARLEERT, HER T iAse ARG, A MRRIAR TR LAY, IR TR R — P E NS
o WU, ZTRIEREM IEN ZFRIAFGR

' \
B AMIELEFRTED, FiiX R §XE 285N AT B E6E 1,

O BRI BB RIT HIRER IE N SUEXTIE?
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FRATTIWE A 8 3 — A~ HAK A B R AR — N number & Y. number A] DL —
A~ digit MR, tHEEH digit J5#% number #AL,
EFH—MIENT, number SE—1>digit. fEHE _FENT, JFHER number Al LUE—
A~ digit, WATLIJE—> digit HJ5# number,
digit
digit number
F/&, Ul digit number M, XFHE—FEN, INEJAR digit, 4 number M
A~ digit Al. XS _FMEMN, BJ50 number FEAT LIJE— digit, WAJPIE digit Fiq
¥ number, HFXAIAILRIER, FiiZe, number AJLLER —4> digit, WlIHATE
AESEY digit AR,

digit digit
digit digit number

162 L L

AR —Fi T BNF 2 SCHRYTRTE A RIENISCE:, AT A AT S A2 2 SRR S B 5
OrMT e IR, 4G R RO A FTREEON R IE NSO . RESE SRRk U ]
TR E RIS S, BRI IR SRR

EAFE R REB XA EIE N SCE A TIRIE TR . IR RES AR A, Hrp— 255
feg e, HAEAL B S IENSOE X A KA L . S3oh— SRR 2 2%, [HREB XI5 Fl AR 2
(R S AT IE T

\f/ O XHHERIER RER, ‘“
u l]’i NEIED%O
B REN AR, $EEFREHHTm?

|, SNEELEDET. J

RS REERE s v = R D ] ) a3 = R ) N = R 1 B S S el M 0P
Br, SR AT N IERT . 0 Eo A i el G ARSR IR B Rk, A A ix st
FRIAK, BN E HEARLER . LR BT ( Left-to-right, Rightmost derivation ) f&—F 4%
B R E AT, LR IEZETEER SRR, (3T LR AR TR P ARMESS L, R,
NATTE 20 A 3 T B BNF A G thds. Hih, yace BRALSE R AN
PR R B AR, yace SCELAYIESE LALR 15500, BB HTHE IfEE T LR
ST
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| O, RBEERTARERE, FEHNHNEET,
O AE, ETEYEEEES AT EF,

)

T3 — B R S B iR AR SR I If ) R 43 AT, LL 1820 BT ( Left-to-right, Leftmost
derivation ) JEHFAGICE . LL AN R BN R, 2R R TR
FEiBkorMies ( recursive-descent parser )o 3X AP 45  n] FR M FE T3 9 4 B T ) S 183 0 Hr e o
AP LL 3525081 SN E, LL iRk iras It b e, ek pra LR A5
BrRete ARG 0L, Ak, WRBRPROIHE T EEARRAE 28, LLI% i 28, K
e, WERAEEHASA R TR, ANTH 2R LL kR s E

(B RESWEIA, LLBEMTORERES LRISEMTTALT, RERARERLLE |
E e ZBER BN BIXERE WHAH
B X2 LLBEATBTF LRIERHMTOMRER ALK, WREW, LRONRE
L L5 LRO) 69 ]

[16.3 UK 0]

Bk, AR — T 3Re LL ik b S Bk i es . FRATIELISE 4 TS0
B 4.7 FTETERUA B, Bt REXT PGS R R S TIEA T R T

R, ARG R 16.1 BRI T ACKSTE B 4.7 R A B, AU B 16.2 JEAH
MR, Hrp s THF A main Jrik, FEFMEH T4 3 3 (53 X)) SR 33
) Lexer 25, VENTHF AR AIRL /0T 25

e R P e AR, ACRSEER 16.1 HRAYAS SBT3 5 factor, term 5 expression
X3 FPIESEI, XTI - ZE MRS A AR LSRR . T AT PR R AT R R — 2%

O AT LK AL E S IF A X — Eifkm T AN,
INIX B TE R A, AT LLK) 99045k 755 T LR(1). Kd, HIoUFEA AL FE,
PR RBE, AbABidi LL(k) 24789355, BP LL(K) &35, RE7EFY, BRBEARE A LR1) 2 6iES. &
AL, BRiXAEFESRITES, R EMdET LLKk) 547, &N REMHREKR—T e, e LR(1) &
SIIEIE S . XEITBLAGE RS EOA RN R B S ARMEES L, A, R —EBAFFES (RFFE) L3
%, E R ( B )G BUS R,
B2, #e8d LR(1) 248355 HF R— Z AR B A T At LL(K) 24789k . 5 LR(1) A48k, LL(k) 278 A%
PIE,
Fid, X AR A AE T FRE2ER G, LL(k) # R AR Akt LR() S MAE, %2 EAEAR
o G iEAILE A, AT LL(K) 2H7 69 R B AndiE
I R A R, AR R R AT LL(k) 7 R, WA RN LR(1) 947, SbBt, saFds LL(Kk). sk,
RiE e LL(K) 26938 06 Z kil st LR(K) 547, 42 LR(K) 2789 Bk iR F T3k, LR(K) 5554 269 R T
AL A VI, LL(K) 9 ATIR AR — 2 a4,
APV A e, R4l AR, A etk ik,
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EARAEERO R a8, I UG R AR L A4 R

B—AIRER NS AL 2226, e TR ARIE AL fy A AT iRk b BT, FRAT
KT — PSR TEE RN RIS I . 26 4 AR 4.6 25 FURTE B 16.1 FRifid LIRS B i Bk
I A BIHLIHET Sk SFARE IR AR, BRI T X LEARAE 7 Sk 4 O B R s,
FAT AL I, ST P SR SEATR P 2 R R /NS, AR T3 7 A e A
B, DU E Sk B RTETT 1)

AU R, BRE A P A AR S5 AT 20 51 5 AN TR B D 35 X 10 o A 5k 3 ] v 7 4 K i
HERE, AR B B AR AL (LU R ), BRI S 2 750k, X AT i
L

(ST ECRN NEEREXAIEERN (SREFEL4.718E )

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);

AN, expression HIEMTEHIEIH term ik, term kN HikiiH factor 7
Bio BOUEH T IR HELEE R I TETE RN A A7 M & A AR A ZETY . factor k2]
A< ] expression Jridi. Xt iR IHE T,

\f SEMRKRTRE, BNF THBHTN, XhETH—KEFE. W\
B 5 TiDEANNREEE, SEANSESEIS TR ARTINIE? XBE R AE N,
B EMET0? KEKE, BFENRAXALERA, BERNFERET LB
while BEIRSLINEIR NI,
[1 ARFL5E 16.2 MR hiE3T while 54)SSHLT 3 BNF o {} 204 B0EER T2,
kn 18, {} 2 BNF —RTFH, EEMENRARPSIAM, J

FEF TR S B RS k43 3, T isToken JER/MHT F—ANBAda], B sikmE
o N, expression Jrikffifiit isToken HikHIWEHEALST term Z S RAERIE + 5K -,
WRAEZ A + 50 -, RAHEEIN, ZJ5ROZIRAE JEALER term, BRI —2H
JH term ik, WEAE, RIS R, isToken HEEF M Lexer 250 peek ikt
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HZER R, TEEEEER, Tz RJE A, T i sToken Ak 1 AlvERZE
i, PR EHREA lexer W) read HIEPUTEPRIER ., A, factor HEATE HIE
W read Ik, EREHEI token JyikblfEsE M EH

H B FEATRHNEREEEAREIER. BAKIE read 5 peek HIX 7, 3.3 THIRENTIX R,

WERAE SIEE R N B E B B3k 7032, WAl LL 3k IR AT, 7 2R 51
BT — A B o SRR . ISR —AEATCIL A B — K, WiARBEH LL AT
f#EMT. BB T — A Hun i NS R ERR N TE

TEAAISTE B 162, peek JTIEREMETIE N — > H0A], B S Sk mE T o XA Lkl
W], SEE TR ASBEAUSE N — PRI e /7 Sk e . X, LR R TGIE S OB T, A
iof, WUR IS 2 A O] S RRAE B 25 R, TR A LR PR A R BV AT S8 A B, 3k
LL i F8 A LL(k)o AT EIX Sy, RZWE—IRIW LL A5 HrFRh LL(1). LL(k) Bk H
SRZ3 L LL(1) BEoASRK, REBE ST BN A AR iis i

(@ HameEsmE 2. 3 8EEE )
B Z— T TEIEAE,
HAR . v (v FRREE v BAR | (v RAR )0 | T { var T )

@A REZEX, REAXTURXBEHFIAN, FSEROKREN, ARINEEERERS,
L ESIE?

0 a2, EMEEINERELSAESH, BFMIE—SMEE, THRABSAREANRE
B HFRUERRIAALE R —ZBIESERNFIAANL?

[ B&HERF (shape) . RINEBXREBEMB AT EHIFESTERNFIER?

@ 4R shape 2% 8, XHE—THESHREAORKER, LI ESITES T FAEX L,

O EXNPIFE, FHE—STEOETFAERARE A LR,

A 58X, AMEAEESERNATTERY, RERSEIELE, WRT—TEEE2— MR
IRRF, LEW0 (shape) s, MXEERFIHE—FRUERRIAN,

B WERRFE (shape) + 3, WEHESZEE—" + 5, 36 shape Si2—NEEH, (shape)
NE—&BESFRIEH,

B %5, EAR shape £— double LFHEZFR, (shape) + 3 MIZmLRERRIARXT .

B X4, TRTES DECER TS, HEK, XBEEENNNZTHEH @,

A rEatt, ATFXEMEEAEXFHEX, BT REiT LL IBES T4,

B BZELDATEF?

B ZTERWRR, LBEMRME, BSRAXNDE, 7, £CIBRBEN, BB ESITE

| BEEBERTTE. )
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XETATLEE:, IRE A e W2 A A AN BER E /7 Sk BB . WURTIEE T —
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
import
import
import

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

}

public OpPrecedenceParser (Lexer p) {

lexer = p;

operators = new HashMap<String, Precedences> () ;
operators.put ("<", new Precedence(l, true));
operators.put (">", new Precedence(l, true));
operators.put ("+", new Precedence (2, true));
operators.put ("-", new Precedence (2, true));
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 A, SRS R AT 7 )
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 GHSIL Y IR P, PR AR A ZE AT AR O A2 (reduce ). BRAETRE
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

| @ BT — RS ER, BENRERETANPNYERINSE 8, BRHT |
thSEAL T B IAL T
| A R, R ENRSEEGBXREN T R SRS RR T AT, |

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 £
HARALELF expression BRI IETIHY, WRESHMA * BHAF 70 4R 44
£ 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
[RIAH S AR R FRATRES L I 2 Parser KIIRE T2 parse Fik, HFIWT;
LR GEMRR T o TR HTER R AL BRI 2 iR E TR parse JrikiRI, TR
AU, X272 [ B R R EAT si AR R S5 AR 75 S5 U A B RIDE L . SRR DC S, ik
VEHHAEE R RAER, parse AL S .

RET AN parse Jrikil s HAESE AU AT FRLAETE T, {H Expr K parse &
AN, ERERATHR E RN 0. ZER XL Parser K ) expression F 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

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%%?&b‘l%‘éé’ﬁ%‘}%\“
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
LL B%E, TEERKTBLED. /J\

1 Parser KM E TR M parse Trikd, BEENE orTree K parse J5
%o Parser KM or LK orTree RIMBGEHEH ., T 5B TR0 SR,

ER1tX£R leezom(superjavaman.zhangli@gmail.com) = EERIY



17.2 BARREASTHNRE | 255

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;

}

public Parser string() ({
return string(null);
1
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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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P
]i8 GluonJ {ER A%

T Java 1 SEEZELT Ruby 55 17 open class FYZIHE, AN45RA T—F4 4 Gluon] fY
TH, i, FRATIH IS T 2 — gl a8, AW ERUH# Gluond BIEHIJTZ

[18.1 \EE£T
T8 Gluond 5T H & eReviser 55 Java bnll, KA IFARIIZEERAE T LA16
¥ gluonj.jar. FHE—KgiFERA,

javac -cp .:gluonj.jar chapé/BasicEvaluator.java

-cp (B -classpath) EREEEBEET, WRAHEZLAHL, Linux 5 Mac oS iy
ARz B EE o E S 4, AT Windows, WIFE 435 50 TEARZEM A R HH, K
1A gluonj . jar U T YR SCHF,

USRI 85 2 Eclipse, F&AT17 2 JCFT I Project (TiH ) SZFAH) Properties (JEME ) TR,
Jf-# Java Build Path ( Java B4 145 ) B9 Libraries () FLEiH4 gluoni . jar fE RSN jar C
s hnit 2 (& 18.1),

e006 Properties for book
Java Build Path oy w
Resource
Builders ——————————{ Source | Projects | Libraries.| Order and Export |———————————
Java Build Path
b Java Code Style JARS and class folders on the build path
¥ Java Compiler ¥ (@ gluonj.jar - book Add JARs...
P Java Editor b = JRE System Library [JVM 1.5.0 (MacOS X Default)]
Javadoc Location » = Junit 4
Project References Add External JARs....
Refactoring Histery
Run/Debug Settings Add Variable...
P Task Repository
Task Tags Add Library...
Validation
WikiText
Add Class Folder...
Add External Class Folder...
Edit...
Remove
I
Migrate JAR File... F
©)
A

4 gluonj.jar RINZE FRIFEEE

O AAELHOSX, AWFRNTFLMGRMELL, FHiE
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182

B TSRO BN TR 2B ds, I IRA T RIS, PUTRTHT, BB
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
W main Jrik. AAEDVE L 18.1 JEARAYZEE 6 % (55 6 K ) AAHTER 6.5 1Y Runner 25, FATH LU
RIS TR, i, BasicInterpreter BE [EA main HEMZE, AT e
JH BasicEvaluator B¥#s.

S RERN itRES R Eh#2FF Runner.java ( SR EiE£6.518E )

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

GSRA# ] Eclipse, HTZEIEE (gRiFEE) PELSA T gluoni.jar, FEILTCTFHFHESME
i, HFFHIT Runner 26/ main JrkRIAT,

WAMNAA — BRI, 2T A R Sh AR, R Java KEAUBLIY S Sk OE N
HrmR st 1ok, BPrE shr X~ s,

java -javaagent:gluonj.jar=chapé.BasicEvaluator chapé.BasicInterpreter

ZA8 4 S E B 18.1 TiREAHIE], BN chapé.BasicEvaluator Bi#%, I
3] chap6 .BasicInterpreter i main Jik. IHEETE, ZIE2 R I main FEIEARE
1EH18.1 1 Runner ZEAAL) main J7EE, MMijE BasicInterpreter HEAN main J7i%k.
FATAT LA T T A BEWOR G H Gluond . = 2 J5 384 FHF 48 e & e i i 1 =X

-javaagent :gluonj.jar=
& Eclipse 11, FRATWAEE A KR T X, WP IR METOF AT, it A7 ZAT
JF Run Configurations ($HF7HECE ) AT AY Arguments (Z50) W0, FEZARZ T VM
arguments ( EERIHLS %L ) B P A IR ([ 18.2), i IEH TS, AERK %R A Program
arguments ( 2P S50 ) £,
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(oMol Run Configurations

Create, manage, and run configurations
Run a Java application @

$ EEE
u x et Name: |BasicInterpreter
P e — B
(" type filter text o) -
@ wain 6z Arguments), =i 1RE] %; Classpatn]| B Source| I Environment] ] Cammon]
[ Java Applet
¥ [T Java Application el
[1] Basicnterpreter
» JuJunit
Juy Task Context Test
Variable:
VM
-javaagent:glucnj.jar=chapé.BasicEvaluator
Variables...
Working directory:
(%) Defaul: ${workspace_loc:book}
(O Other:
( workspace... (" File System... ) ( Variables...
—_— ——
(_Aooly ) ( Revert )
Filter matched 6 of 10 items
@
A

EEEMNSE

e Je — Rl R X R A SR (L class U ) ATIR AL B, S FR P AT A
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

java -jar gluonj.jar chap6/*.class stone/*.class stone/ast/*.class

ZAR K E S TR NG, 1B PUTE, RIMEEA Gluon), EfTHMAEIEHR
1o WEFERE, IR EAM -cp, MEMEM T -jar. W25 AR FUREE
Java B3CHF, PSS I T (AN e 000, R 2R 3050 R main J7kRIAT . FEASH)
Fr, BT S 3 chapée .BasicInterpreter 25 main Fk,

java chapé.BasicInterpreter

Hrh, REEAULE gluonj . jar.

B oEZxXAGHAEN TR, BBERRTROEHIAHEE/LFEHRO, AEASHTFHEART
Gluond T RIBHEIBFE F IR E
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m GluonJiEs

AHH T Gluon) HE4L, TREM Java i 75 LT Ruby iF 5 H open class ARFEDIRE .
A HSE E, Gluon] 22—l AT IIHE S, ©A LTI TE B iH:, 2]
XL Gluond 15 FH HE LHIET:, A7 ZH@ €1 AT R PUTHiEE. 1T Eclipse %4E
I EAEAE IR IE T, HIATRI T 50 /MOHESE, DIFE Java if 5 HfiH] Gluon] i
H At TIRE

( O 5%, REZHAT Gluond IB=H Eclipse 1474 W
O CEE2SRTRINIES, REZASANBTSEREEEM,
BIEFHI T Spoofax” Z£MT A, AFMHRIXEFEH, NidELH Eclipse XF Gluond &

\k TH, RATE—HEFN0E, J\

WSS B 18.2 fT7n, Gluond 155 LFEil T @Reviser Wi &S AS . Gluond 155
B B SRR LEAHIE, ME—R X BE T IRAS TRAFTH class B T reviser,

[RTH-C AR GluonJiE & ISR A

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());

O, RAARDI.
EREX LY, XEETMLAEANEEEERTLUIRET

)

WA, Gnibint Java 155 @ LB, B T RS eReviser frid, AR 2 W
AP TR I, B, ASTree 2K eval JTikTiH ASTreeEx BIARININ, WNALH
H ereviser bnid:, FANTLHFERT ASsTree X LHHIIN eval Jrikif, BXFLumfilitin 5
Bk AR 26, DIRAS T PR 18.2 MY5E 3 170, FRATFEZ N T X BRI ]

Object v = ((ASTreeEx)operand()) .eval (env) ;
ZITAESX A, R operand kiR E—A4 ASTree ZSMIMYMH., Aid, WRAf

I Gluon) 55 LI TRYIRIE, FRATHREISACHSTE 5. 18.2 RHE,  JOrG S il 24 B B ml iy 4 e FiU
JIEEE (o

@  nhttp://spoofax.org
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WA H erReviser biid, RAHIHEAMEU (ASTreeEx) XFEAYGRGIISTIFEH N E BT,
U1, AR IINOHT ClassCastException BHAYATRE, 2B IS —E REDL AL
MR SR B R AR [ ST b el BPEEAE AR, ORSXT Java 15 5 I FRS R
KA 2K . AN, 7EMH Gluond B F ), RAKGENRCEE &, mHREZENE, It
IR P 2 AR T oy, PR AT S HE AR A

\( [ Gluond Br T EH—L5 open class XMUHITNEE, EXFHEMBREIINFH. F—ENB— W\
e
k A ALERENTERTE I THRT . BXBNREEE DT BIE, J

R CIERER]  i#d @Reviser F=RAE RS

@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());

I]E!:a.‘; Ehﬁ%ﬁggﬁ

FATE LM PHE T —2E Gluon) RYTIRE, AT EGH HHEHIX N %Y, Gluon] iF
SR TIREZ LB, AEIERAMTEZPAITIE Gluond iE & RUXLIE L, MEERBTER
Java 15 5 HEZLMH FHAY Gluond 155 HIRE.

® @Reviser

Prid @Reviser R/RIZEE—MENL, EATLMEN extends ZJGMZEMIE Lo BRI
FEBOG TR HEA N 2 T E s BhRZE

WPRFEAE RS S A G pREL, B0 BA AR A 2 2 A i pR AR, TSR i
PR IE—~, B A TR0 5 BT A X I, ARG 5 pR R, ) e REROETE: I AN T

RASIE 183 & — M+, Bel’S TR 1822, i @Reviser SEHL MBS,
PP Y 3 B X IE TR T A s, UL eval HiTERAIVE operand () B eval 7
IR A e E A TR A I 4

o SEHKAEMY revise ik
TEVE FH S LRI IR 5 e, AT Z00EHE ol 5 2R i e 5ok S B s —RRRY2ERL, AN
AR, XEER SR IR RS Tava 155 IIER P, &g idsiin., ek, FRATATA
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M H javassist.gluonj.Gluond FEHAY static Hik revise. BN, 7E5 11 FEACHSHE H
11.4 #, FunEx B lookup HEMMEH TiX— revise Hik,

import static javassist.gluonj.GluonJ.revise;

( (ASTreeOptEx) revise (body) ) . lookup (newSyms) ;

Hrp, body J&—1> Blockstmnt AR, FHWH] T ASTreeOptEx EM#r. Lookup Ji
¥l ASTreeOptEx BN, Mg Java 155 MUIEE:, ASTreeOptEx B # Al BlockStmnt 2K
# & ASTree W 738, H W H Z[HJIF L4k K & R, Wl & U, ASTreeOptEx KIF A
J& BlockStmnt ZEMF25, PRIT HIICRE A5 il 28 B A 400 7 | S G iR B R

(ASTreeOptEx) body

SR, BATTEAS N HX A revise.

(ASTreeOptEx) revise (body)

e super A

BEUAER BB R BTk, FTUTE A B E s super WNF ZE BN
HEATT . X5 FRMTITIEAT LME B super KA L IHLEIAHIF

WER AN T 2B, R MBI I 7 2 pe g H s el ds ik s a6 . X
i, super BB 55 B MR AL Tk

® @Require

WRBUEREH eRequire Fpll, FREWBITH eRequire MSEIIHHABBE YA
WRFEA BT R AR T 55— MBS s, BRIPTEN BT R Z A 1 S B i & 2L
wr So WYL, B S BN IR T Ro QRMME MBS T [W—126, R BBk s
AP RE S AL A T — MBS AN i

o 534

KiTpek 2~ Bkdssrdl. brfi @Reviser (HAF extends #h IR T RRESER 7
Ho STHNIBEMAS AR RIZBIRE TR, X RETFRIUAUE static A,

Bk gR ) H UAEN @Require SREMSEH L, T, BAZPREESEARE T
B 2 GO CRE IO vl R s w4 S L RN U T S T 2V R & i A £

o 8 3EH) extends #2{E
B Tl E 2, BkEsie T Ll extends H—MEMER . FlAN, XTF R EXAAB SRS R BIE
X, s WHERAE IS, MEn—AMBekss, By R BB s Bk,

@Reviser public class R extends S { ... }
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B, ks R AR AT s 2RI, L, ek R MO EERERS AL 55 th B 2 s 45 m

P RPN

G HEEF (4)

LF, XY
RBREET,
BEFIRF
Al T eeeees

A KIBLEN
BwelEE—T3%
Hh Bk B 7% O

oXog, BBMMER ~

ARSI EBES M|

KM, EEHR
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22
13? SR &R i itE

AFAESLERE A S E R, T Gluond #5755 LA & Ruby 155 7 open class XUk Y
TEZER . AL, G IEEM PSSR S E B A, e s, AT LA
SAE Java T 5 MHESR NI TTAHOC Y 2S . AR Bl A o 3 i TR ik, IR 4t
XA PLB AL, A DGR Bl E

9.1 LT

ABCLN BB HE T Stone 15T WG F AR FRATE BB T — Lo 75 A9 iH A
0, SEE T — R R AR . FERIANZ AL PRER BEIE R TAESS, AT S — 2 R s )
fe, HFHREABITIEO, - AR AR X A AR ORI R RS . s, AR
JEVE T ACEERS, X P2 N T Web HR 55 SRS FRRAYNIT &, o UL,

SR, TEHGTIRERT, FRATMEGRZD N — LR E sliiN ik 5B . MO AABEIE R T
R R S e, WEtRE M CAT BZEE X, SR R RIS 0 S, R I AR LA B
fift, PEFA IS RMERE

| O WREEEIGER, TESBEAETERTHHBEER, ‘u
B B, XNEEFEERACERGAT, XTEFHIR, WREERTENTRI, F—AEH
&, REREZFRREERNE,
A TE#EERBHRE, &34 SBBREBRH.
B 2, B3 REBRARaAN, BEOTRR, T, SHORERE, HRASEER
| GELEHEE. |

BRI, RS DIRERI BN 252030k ¥ ab B, BN A S IATITES &, WAk
RN EA B IR . T 1A ST BEA XS AT R AR A B i, BeAh, B 25 00 SOk,
W oy TIF R B RIS B . AR ZE S RAIE S a1 f £ F8 M SRR, Ffyas
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
PR BB e Tk, WSS, BPI RS S TBIE, HIXHAEHIS DI Rent

O HAAHERN M, —FFE
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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 # =t Beval FAETRENBGNRERF
class Evaluator { class Evaluator {
int eval (ASTree t) { int eval (ASTree t) {

_____________________________________________________

1if (t instanceof BinaryExpr) |

Eelse if (t instanceof

ﬁ ; NumberLiteral) E
VL0 !

class BinaryExpr extends ASTree {
int eval() {

throw new Exception() ;

} }
} }
class NumberLiteral extends ASTree {
int eval() {
L A
}
}
BB ES RS fE
(B SRR R B R A R AR, H
| A T, EEONRERZH, ARBRIX LGRS 0, )

T interpreter B REF, B2 5 Y FEEZMNMHHE T—2 AsTree K7,
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,

KT FREARSHI, AT ASTree X —1#H T X NegativeExpr, Ul
WR %A R interpreter #3X, 1 £ i5F 450 AUEAR N A0 B, FRATTLAR 1 £ 1B INZ
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

(B semey i 56, BRSERN—F else AL, FEE, R4, )
A 5EABhETERR. X TNEOXEEBEERTHE, SNOERDERT B
ek,

B 5$%ERRES, AERNLRNERGT— Kk,
O WREMA interpreter 22, MAREREFRRE T R,
| E1 2B nerproter BREE AT 0 )

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
%, EARREIE— eval HiEFRPATIAEBURGE A / E 5>, BEE ASTree T2 HY
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
Bk, K194 2 EREEIRGH . RETLIHE—TE 192 /M40 interpreter £5:X, AMER M, 78
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
PIXT R ITESE I, accept ITIREHGZRZAE R SEL, EREZNETEIEMN 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
AT 2000 49 Ahir, FEF. LBRE | R AREFEFF,
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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
BRI Caccept ) $5 72 AU (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@?% 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 £, REAENEIESE EvalVisitor XM R, BEFEFHIFTAET FE0?
B 205, ZREORETARENS -
B X7, Xgtf. BABFLEESR, BRNBEEEBIT accept AENRBERBUTES
Alt, BATEEER visitor O AZE,
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—
KAFE, 25, BINAEBEN—T EvalVisitor ENX, BEEE accept FIEEEI

EvalVisitor EAWSEIFIRE Integer EENE,

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

ZPRABEIXAE, BT Evalvisitor 2 Visitor<Integer> KR, IME—E, 0

‘k BEA A visitor<Strings>, accept HIAHIREMEFZ String K&

)

J
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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 §
LookupVisitor, FATAUERR ASTree 28, o NumberLiteral 5 BinaryExpr 12K, it
HE NI S AL FRES IS IH AOTE L T BE . X2 visitor U — KA M e, BTFUS s sr 4
#BEEH T Evalvisitor 5 LookupVisitor 2, AR AT EAMWAR . (B0 — 5T,
J ASTree KM IHAFHH T accept ik, WIBRFME I ST

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 BERT, XL SR ATTE eval 5 accept %7k, EvalVisitor 55 LookupVisitor [
TEEAEZA, AdHTFROIATEMEH visitor #:0, HFMZET implements —4), HAHS
535 ERAHIA]

IS RENA AT REMSIEHSIEENT AR

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 FH R S LI B S 7E T8 AsTree 258 i H ) accept ik, HZE &I HE
HIf) accept %, ASTree W FIMA L — R HE 5% 7 . AISEH 198 EME 5
i ASTree 25,

% accept TIEBIEHSEAL BN visitor WRPELR S A G ERIMITH visit I
Bio ZOTEH B IEEAIAT LA getClass TR, ZJ5, FEPHEXT 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,
[ (474, 205 )RS, SAEETEEERT XASH,
A S43R - 2BHITTRE, X5TRE.
R BXAPENIEFE
\k B 5, | AEREAHRIEETU? J\
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