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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,



8 | ®1E sk, Bi—RfeEtar

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
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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 E19FE(FE19X)

NG IETERUEE F AR o TESEIIR XSGR F 0, IR SR RS
FAAFEA T . ABAER) T Gluond SRHGIXLE Ty, R AT LA HAB BRSOk S
HRIRCR . 55 19 B A BOHRASC B RIERM L, IS5 Gluond Y77 AR
HE# o

\( O 23 eBtE 19 ZXE? Z0F, BEENERSNEENZEEDEBLEZ S E |
YFUE?
O R2A81H RS T B A th ol IAXT IR ?
B2, REWEAERE 2-8%, 2/FRE% 16, 16 &, WRAEFNE, FE—TF 11 =F0E
13 &,
O £ 9SXTHONKNABTFERL?
B ZHEEtEBRRTHIEE, £ 14SNRESETEEE,
A ELuRNERS, BRFLEEEB RS, AEERIBHRENT, REWLIEHSY
L REREE. J




BRI E S



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, AR Eeiit—Fion R R aiE s, T RMNAE S B, #iRferaE
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 3 Java i SIRRRL RS o4 E BRI TE =, PR A & R SR e b T 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
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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

| @ XEFRFA Ruby BERIZE, ©F Ruby IBEW—MARRZET, while BAKREE {} 5 |
f23kh9, T Ruby BENEMEA do 0 ends
fETRETF JavaiEs, XRREFD while IBAMEHRIAR 1<10 BWIEHEEFS,
[ S&s, FEEEaENIS {) FRk T,
| @ EBE Java RILH, MBBAADE— KB, BHATSRESKT . |

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
JEHATHTE AT 2 () 6ok, Ml Java B —HE, else MZJSMASAIH AT,

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 .
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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 LATH AT I EAE { 2T, R, S ATTEAHR ) else { BiE—i&, FHE
B AT R AR IS

if i % 2 == 0 {
even = even + 1
} 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
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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 ORIE = RO I BB Pl BB G

\(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

XA) 1E TERREA PIRNR T
if0<x-y{ -z}
if0<x{ -y-2z}

BIE ISR ARE 0 < x - vy, WERAEMERNY -z, FHEMFARSEN 0 < x, W
FNEMEARN -y - zo WERIXFIEF RTEEVIBINLE T UM iR AP S 00, 165 A Hastufil
THARAYSEEE, ASRIATIONE, I Ah ik 2 B P AT Y o IR R ey B A e — 1



23 SHFEHES | 15

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,
SICEREES SR T T XM, EEHE AR T T
| 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
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EH—EBEAIFSERE, S 3T else 5if ZAAERBA— {6
A 2%, Stone EZHEATHHRERESUFTEIEER. Fl else if IHANERYELE
BOIRSE SIERHT T o
kﬂ U5, SHEITIE? | J\
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2B

5 &1 5 1]



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
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[ StoneException & RuntimeException —4~F2& (UL 3.2 ),

SRR Token R TFIEMIXNT LR, Token MR IR AYZEAL, S8 LT ARIBY+
Je. Stone i H AR . HERY AT B X AR B, AR E LT
XTI Token 25T, HFPFIAE T T Token 281 isIdentifier (WIEARJEFRINAFNN
FL). isNumber (UNAUZEAIFHEIENINIEL) K& isstring (WHRETFAFRFHENIT) 7
25, AR AR IR R R AR

M/Eﬁ@ﬁmﬁiﬁE%Sﬁ,EE%@ﬁwo W
[ 5 is HAMFEERFI R HEEhHL .-
B S e TR0 iR T T T IR,

M\ﬂﬁ&mﬁﬁﬁ%ET,Eﬁ%emmi%%iﬁo 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

ER B EMRis R XA

A TS, e R PR BN S, BB R AR A R —
B, AT B R AT L. I BT AR A SO B 26
FULSATE 1230 BEREREORERAAT, CRERIRA M, 2 S HOAL B A SRR
SRR 7 S AR AR T

SRRl 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 ""; }
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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());
}

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
\k B, J

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

| [ RS one. two. three » XNFHEENBRASTHERETLT, 22— HEFEEN |
BIE? RRNESRRESEH 1. 2. 3 T

AT SCHRIRI ] T IENR IR e —0e, SRS 1 Bl 1E DUk = e 17 o b S 9 ] ke
e, W2, IENEFRIAZL (regular expression ) f&—FH T F AR ICEN B Sl 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
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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

N
ﬁ B FUREXARFS, ERHRSER, BIIERENB, J

EMFREXHTFFHF

(s S5ERFHILE

[0-9] 50% 9 hHENFILE

[*0-9] 50 % 9 XEHF 2 SMIE— NP RILE
pat* B pat ELESHI 0K

pat+ B pat ELEEHI 1K

pat? B pat I 0 R 1K

patl|pat2 5% patl S pat2 L2

0 BRSHNA— BN

\c 5840 %% c (TFH* 3 . % )i

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 FREH AN, R, R R S T
SR R SR IRAT

[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
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AL,

O NNAN N\ | [2n] )+

B, WK ERE, XE—4 " (pat) » " JEXRIELL, RIXG S5 AR—115 pat R
Mz 0 WA RICI W Frra . Hrb, B pat 5\ \\. \n Bk " ZIMEE—DFAHFIT
Beo R\ BARRRAY & S, PRI rE IE ek b i B \ \ i U 3, e s

L
HEA,

| B 20, SROENRARREES N NFENT S ST EE 757 \
| @ R RS I E DA LR ), 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 )?

Holt, patl SRS RICIIEN RN, pat2 SYAFRFEIRICE, pacs W5
FRIAFICRE. JRIARY \ s 52 FHFIER0, \s* 55 0 4% 0 L 107 FAFICRE. Hist // .+ IO
1/ / FFEIOTR KIS, TSR ., T4, LR FA AN AT £ 2
T BT RS IGHE RS . ORI . PR IR SRR, TR 2 2, AL
TR 228 PR A Bl 5 R DU

BRI, 7 2 A B FRACHD, A AT Sk A B A S i
SRULHE, HAER 25T R RIS A A B RO A IC R 75 .

SRS 1 A7 45 5 X0 IV B A 5 R AR DU, A P 40 e Sk 25
T, MEDCE BT R — IR, WUXIREF2ER5 2 a5, WA 3 ANJEHs S A L A
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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]

\f B X 4ARBMENRAR, 272 SHRTRETIBR? H
B FHEITERZEthE—HY, FLAEEH4AKH,
H 12, MABEPHIWEZTT A, SELEE S FaN&iTIEaEE 0,
54 FEMEEAILREEL, EOEREORE,

| B R AEFSEFEROINRAT A MEME, XA hEHE, 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,

‘( H rexer P RfFH Iterator 137 H
Bl A next 5 hasNext F7AEER read hAEEE,
B %E% Lexer LBRMFEAF R, RE— Token.EOF BIHE, FTEAEH hasNext 1
S )
J

TEVE ST Im s BT R TERR T o W TEIE e T B SR A A ik U, peek J74

WAL o TR AT BORE — AR BOAR — IUME T RIER, TEh iR A A TR, 75 20R
[ A0, FOPA TR, XA O 1SCRRRI, TR S AL B AR RE NS HUH Z AT
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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 ],
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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 )




28 | #3X HEEE

B, XUESORRESEaR L AP R BGH IS, AL

000

Java - Eclipse - /Users/chibajworkspace =}

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 —— ml-

import stone 0 =

; while i < 10( | %

public class . l

5 public s sum = sum + i | Fu|
Lexel i=i+l E

for [aASSRTANRRRR RN AN A LA | |

sum\ *| e | o | > | &R NN NN N\ {Punct})?"; 18 ||

brn. compile(regexPat);
= new ArrayList<Token>(O;

Iy
v

|

‘ Writable

T om— r 3

2 proplems [@ % %[5 pE[EE[t B-r3- = O

<terminated> Le /Java (2010/12/08 3:11:25)

i1 7

= sum

- -

- @

=> \n

- i

=+ D

-

=> \n .
——— v

|ov &

‘ Smart Insert | 1:1 ]

H4T LexerRunner

Sl LexerRunner.java

package chap3;
import stone.*;

public class LexerRunner {

public static void main(String[] args) throws ParseException {

Lexer 1
for (Token t;

(t

l.read())

new Lexer (new CodeDialog()) ;
= Token.EOF;

)

System.out.println("=> " + t.getText());

[Nkl CodeDialog.java

package stone;
import java.io
import java.io
import java.io
import java.
import java.

.FileReader;

io
io

.IOException;
.Reader;

.BufferedReader;
.FileNotFoundException;

import
import
import

javax.
javax.
javax

swing.JFileChooser;
swing.JOptionPane;
.swing.JScrollPane;

import javax.swing.JTextAre

public class CodeDialog ext
private String buffer
private int pos = 0;

public int read(char/[]
if (buffer == null)

a;
ends Reader

null;

cbuf,

{

int off,

int len)

throws IOExceptio

n {
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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");
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42

&l 4.5 AT AT R IEER AT 2. W RFFRR P T, B e BT Y s
J& ASTree T2, ZHZIGESIE— LA, ASTLeaf XM ASTList )2 ASTree M H
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,
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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 }
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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
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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



40 | F4x ATRTREEHNR

HEFWBUTAS T B0 it eut, SizisXICie i i 7 e —1> expression, RZ, WHH
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

e wnSHE —

5 — BT

T

HsE

. @ T, BUFBNF iy ANSA : = B \}\
205, BITELREREINSEE,
ﬂ 3E§§%ﬁfu¥’ﬂzﬁﬁgﬁi <term> J\Xﬁo
B W0F, ERE 4S8,

| B AZ, BNFARSTH, Hbtam « /% . .- EHURARK, |

A, T HRILBNTRE — A BARRf 1. Kk

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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BEUEAZE
L Iig
RE2DRFIB— e vl
m$%m§ﬁ§ REUGHE HISiEat | BB ARZR
TR &

BRERE
ok [

y R B Do
T £ R O] B8 £8
Ry

o

\!

) E!:

[

I
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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



48 | ®5%F @iHEASR

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
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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,
o 2R R B ) A P A A S AT AR L 25 4T . ARIRIEE N, JEAL54T paren MRS
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 SEL

flan, FCASE R 5.1 PR ZELRT factor MIETEAIANT s .

factor : "-" primary | primary

FEARIIE R 5.2, SRR factor FEAYE LU R, (BRI, b4 mg
T rule jj‘]fﬂg%%ﬁo

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, H

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);

A FRISCIRAIETR IR L, A2 DL rule O JRUG, MRMHT expro, MiX
MARERE, A expro MSH rule () WA,

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 ¥k, EEEE N H B AT HTEEMN A I E parser X4, K ( 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
AEiT add JRIE—IN, BN, 15 S ABEER AT LIRS . 5.2 Hh BasicParser MU PR%L
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

x BB SCBIRMEN v, ZJ5 BRI 3. ERMAAZIRMER . AV HEES, Xk
AR T

x 5y HR RO 30 Xl W W B AR . B TIR(EE AT, WARis i — e A 45

B,

” 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 KRR ERAPRITIUALEST IDENTIFIER 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
T LB — 1> Hashset MRIENSE. Ak, WIEESIEE, AFSLHELITRmnE
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
IR ASTList ¥4, Ll Name ¥4 MK NegativeExpr MENARTI M BT 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
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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,

O A=, X2— null HRERIE? “
B =, 24,

\

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

\( 0 TEEEERRRIR. |
B XREARNFB LB EMMEITENI, E yacc RENTRAAEBHNEM ST THRAN
iR,
B WRTENEM, ZEANE?
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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 stewee Lisp 0 S Tk, |
B B 1fstmnt £—EEXMNRITTEEBELEREN, ERTHREMARNSE, $EE toString 210

| s, )
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, Object>(); }
public void put (String name, Object value) { values.put (name, value); }
public Object get (String name) { return values.get (name); }

}

\(/H XEH—A—FBIRE, BERNRHTETRAS, HETBNSR, W\
O $E5T8NERIHEEE AKX HIF,
A uRTEE R, TEOENHSTLEET, BERIERFDHIGER (RS )
k HIBFRGOE, FELRBRAE— LS, RRRNTAEOREBNE XS ERE, J

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, HATENXNIIBFMIME T eval, ZRENTREIERZEX
B, eval FEMSEURIENS, B Environment X4, JEMIRIEE— Object 5%
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
1 eval JIEFFEIM. Gluon) ¥4 A S FE M TAE, TRAISE I 6.3 FIE 1FETRENS ELH g
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



if (op.equals("+"))

return String.valueOf (left)

6.2 EFEE eval HIE

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,
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);

}
}

@Reviser public static class BlockEx extends BlockStmnt {
public BlockEx (List<ASTree> c)
public Object eval (Environment env) {

Object result = 0;

for

}

{ super(c); }

(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 ¢ =

if

(c instanceof Integer &&
return

else {

ASTree b = elseBlock() ;
if (b == null)
return O0;

( (ASTreeEx)condition()) .eval (env) ;

((Integer)c) .intValue ()

( (ASTreeEx) thenBlock ()) .eval (env) ;

+ String.valueOf (right) ;

Integer right)

FALSE)

67
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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,
TG B TP R B R (Y SR Number X5, B eval Jy BRI A1 22 %0
BRIFE A, TR BN AS 24 BT SR Name RIS . XKL 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
HCRFR AL

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.

f A REFstHiEMHETE— Rk, M
[ T MEANAERE, ZNMhEE—FFAR (expr )R,
A XERANREEEL L RE—RRARNIE, EEMMTRSTERYMA, 7T FES
k B, BAVE TIBEANGIRE, QE eval FaTHMEESENNEETE—FFAR, J
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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



63 *%FGluond | 71

—/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
il eval Jrik.

( 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%%ﬂt%ﬁ%%T%ﬁE@ﬁéﬂﬁ%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
NG

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 W‘
[ 200, XEA RSt ERFHIE?
\Ln MBES 182 (L 18K ) hEE—FHF 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 FEMIE, BNEBESAEE/\ETRED, BEHHEIE?
B NIIAEE TR,

| B &, Tosmanba .

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 ? AT ARIHE—DHELE? |
[ RIFTERA %, —BHRIE option 5 maybe T,
@ option XM AEERIET Scala, maybe NIEE Haskell XIE?

| @ B, FXEiE maybe F Haskell BHHFER—MER. J

AR TR option ik, WA T maybe Jrik, PIULHMHARZEERF 04 1%
GBS TP S S AR TR F R A IR o % T — AR SR A, AR X4
FIZEAIH maybe FLHIBE ) Parser MRIE ., MR SOIEIZIZ N rule ik
S EY AT

e LR, HANE params MAVERTRE DL ParameterList XGRS,
FRAT AL A — AT o, O BRAR Y AN HAth 771545, ParameterList (4%
) LT EIEAR N TRARSE, params SAEIKET, RIS TI 5500 0, HAISRERIR
IR S5

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

( [ £/ maybe 2 XM TENE, REHIMRGEREE R EN—RRITERIIE? J

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) ;
P R i 5 — 1T T program FB¥ insertChoice Jiik, HHTI/R def i

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
HPE MU — JZVE RS R R . A, get ikt me L8R e, DIMEA R SINZE
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 RS T R R, A AR 4 B R )
A = EET B Nest edEny WM (ALREY ) HRES, FENEET

\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.

‘(G X, mRREXAKREREELSFS, PrimaryExpr NENEHN TS FHE L8R (SHE |

537 ), Eitt, TWIT PrimaryExpr # eval FEAESEA postfix FEIREIHN &
B eval,

B 7501,

B Zi%, EEHENS EEEXHASRER, XERBEMEIFIW foo (3) (4) XHY
FER T, EE%E’J%, ITE PrimaryExpr £ eval ELFEFXFELT,

[ postfix FAWFSREIZ NN RE,

A wXik @T%Aﬁ% BREBUIAKATEEPESHNR BB A, X T UBILE
F evalSubExpr AL,

@ evalsubExpr BWBERE- iE env 5HEEH nest I, nest FRMZIMAERMINEE
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 #0h, A4 postfix FANREEEEAE Arguments MEME I Post fix IE? H
ZE AT -8, LA, WRSEINFHEILL Stone BSXHHA, R
FEEH postfix LM —PELUT ArrayRef HF LT W,
B B, BREATERGT BANALT, )

Arguments FEHHIN eval FEIERBUIATIRENEZ O, BHE 2 M3 value &Y
PR XN B S B L ) eval ik SR . A 2R RENY Funct ion XSGR
N value BEULHRY eval JiiE., Function WEH def A8, REG 52884 AT
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LA, UL TR A eval HIREAE M IR PRI Function X4,

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 IBEH Java 155 —1F, &AL ( call-by-value )UE, H
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 AEEFRRMERECH pREER . WS sRBUT T R A &, e e s
1375

S P s R ER A

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

i, Arguments K eval FIEEAER QIR EREE AT RRBUA, PRECA AT DL IE i
Hl Function X4 M) body Jikakis. REUASE def i HKIES {} $5EAHSY, body I
BORER 15 2Z 6 B A R . PR XA eval ik RIAT$i4 7% pREL

AT IR eRE IR newEnv BEAE R R I B, 7ErREIITAS R G & 5. X 5 pRA
PISEL R ARt 0 AEAE RV ARAT o A R 2 2 UGB IR FH ) — 1> pREL, B KA R FH B B
HIEREE . A XA REIE AR T sR B 1 U R

FEVHFRRELHT, newEnv 2K Function X2 makeEnv JikAld ., AIH452IHH
Bijt—> NestedEnv X%, T outer FEHHIHGINZEHIEXI B AEE . X—FN2HEE
BAER)EE Function XN H DefsStmnt KM eval TG A4 Function KRWHE kAL, &
J& def AN TS, W2 )R AR M RAFAE .,

(E 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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TEXFER LT

87

f

L

A 5 AIRIEFENIREN outer FRIGLIED callerEny iR,

B XFEUEEFR A SR EITIE?

A %5, WR outer FERIEOMNRE def BEAMNPITIRE, NFRABESERE, Stone Bt
¥, Java iBSthEF, KIBMBSEBRM T HSERE,

A %, XBEFTAXFR?

0O AZE, Za22 8% 4 H7W,

B R E% Arguments M eval A/AKREMN return BEBIHEA

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

XFHE—451ER], BRI S EHERCER 1.
B iEFHIRIRIKMEE bar PIEBASE— DR foo B, HEXE foo PFEATE x B, 1RIZXE
SXRANEHNSERS, B bar PHHEELE x, M| foo PH x 5IHHIREE foo FPHFBER
TE, Mz bar FHEIBEE x,

x =1

def foo (y) { x }

def bar (x) { foo(x + 1) }
bar (3)

)

)

X B, ARSI, bar (3) BIREIER Y 3. WSREFFSMEREL, foo

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;

=8]

@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)

KAEiE 2 7.13 PGl il
primary :" fun " param list block
| BEAM primary EX




75 chipwEftxE | 91

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 i 75 F AU BEAL AR KUE S A5 0, AR R0, B BEC 48 SRR pRAY
B WEARSCIBIA RS, BEUA N Java I1F 51 Integer XRERM, Pl String X
GERI, MHBIHREIH Function XRKM.

PRI 5 7.17 2SRRI DRERY Stone 1 R REAR o AURSTE A 7.18 SRARNIAYJH S RE 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;



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 XL, K eh sREA SH N AT G AR A (XA I A8 v 12k
i invoke HIEELISE args WEEM Java 1B 5 1) static ik, TEPUTHIT K%
B 45035 PR AL, 1873 Method X4 #/K, Method & java.lang.reflect fUf)—12, HT

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 ()

nan.
+ >

}
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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,
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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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BESHRIRANX — AL
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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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TEX AR I, AR A B AR A2, RBTER M Z G HES I extends W], {4
i, FHRIRESRENS & L — Mk T Position 25T Pos3D,
class Pos3D extends Position ({

z =0

def set (nx, ny, nz) {

X = nx; y = ny; z = 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
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FRTEE IS Y, X BB R T S5 0RSE R 7.0 MARESTE PR 713 IR Z Ak, Hirb, AR EE
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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

PO
B3t Java B E X & kKT Stone iIBE MK 5%



9.3 THeval H% | 107

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

N
( B 5, X—REENETR, RBEREFTER, 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 XRYNMZESTEHIE A StoneObject XI&R M, HIRNEHIEZJGHER,

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

L @ 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’ ?}Lﬁﬁ Function Xﬂ’%?\%ﬁ?ﬂ@ﬁ 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;
java.util.List;
stone.StoneException;
javassist.gluonj.*;

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

stone.

chap6
chapé6
chap6
chap7
chap7
chap7
chap7
chap9

ast.*;

.Environment;
.BasicEvaluator.ASTreeEx;
.BasicEvaluator;
.FuncEvaluator;

.NestedEnv;
.FuncEvaluator.EnvEx;
.FuncEvaluator.PrimaryEx;
.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

}

else if
try

("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;

(value instanceof StoneObject)

{

return ((StoneObject)value) .read (member) ;

} catch (AccessException e) {}

}

throw new StoneException ("bad member access: " + member,

protected void initObject (ClassInfo ci, Environment env) {

this) ;
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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();
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);
}
protected 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()
+ ": " + name);

SNl Classinfo.java

package chap9;
import stone.StoneException;
import stone.ast.ClassBody;

import stone.ast.ClassStmnt;
import chapé.Environment;

public class ClassInfo {
protected ClassStmnt definition;
protected Environment environment;
protected ClassInfo superClass;
public ClassInfo(ClassStmnt cs, Environment env) {
definition = cs;

environment = env;
Object obj = env.get (cs.superClass());
if (obj == null)

superClass = null;
else if (obj instanceof ClassInfo)
superClass = (ClassInfo)obj;
else
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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,
H NIxX4®e9iE, srEESRIEIE,
XEEANGEEAROOEMNT . AP BRSSO AHITERE, AEREETED

| EhEERSRTNER I KR, J

StoneObject X R EENIRFF Stone i FH FXREUTHTEUE, WL ERTERAKST
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) ({
inx;yzny
}
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,

/7 \
| O H4REEEE? |

[ AE, 23 F2EHTH, 8hTENERNSERERTELMISH,
B R, ENSVSEBLMNDEE, TiAd def 56 HIKERE S LN,

J
QSRTTIE AT AE x SRR A S, ISR 18] (852 ) 7ET7 kAN e SO 7 BE
X SPAMLALHIZERL, B, TR REL position ik al—~HA .

def position () ({

x =y =0
fun (nx, ny) {
X = nx; y = ny
1
1

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? WJ

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 FERERITER, SRMUEE A ATRK, BT IL?

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

PUE
NestedEnv
PO

env

BT RS R TR



114 | #9%x BUHEHENRES

[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 18, HEX JavaScript b2 [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,
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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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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) ;
}
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MIIIRE, 2SR TR LN B AR 52 E A A S (W EEHITT R TR ) ZEm
XN FR . BB g s AR R, SRR AR A4 B 5 R AR fe A

ZHTETTY Stone 15 F ANHRES AT LAAEPA TR T (0 [R]IF LAXE B A I i 4] . P AR
— AR, WhZBEREEIETT. Bk, R TikZEmiiE e R, 407
WATIR 20 RS T A4 PR G E RS X R OC R o WU, 155 AL PR 820 REAE 8 o) 22 i
AP A e R B AR R A DA
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Symbols RKHE L
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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) ;
1
@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;

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 (i == 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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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);
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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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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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PositionZ&
class Position { Position
X=y= xt
def xmova(dx){ %
} * =X+ ax Q
A
A I
StonelB 5 3els |
|
l 1
SE=E
v JavalB =selE I
N ) classinf \y
PB4 : =Lk
Fk FRE| |1
ClassiInfo StoneObject
(OptClassinfo) (OptStoneObject)
PUE POES

EJSPOE Lokt

[ O ATEFERABENTONRESERAX T, j

ARFRGARSE | — Tk, BB ARRG A RO SEIUAEE . FBUE S A LG
MR AR PR AP, Nl 4 5 wine B e PR B B g . XFE—de, X4
AR E R RE K4 T

T A SCR A AT B T AR M . WSRIAEE A A RS, TR Stone 1
XA StoneObiect MR BERAFFBIE, BRI TFBINZAFR. F—M2RA5H
AR FBE, R —FR 2%, IRl %4, Stoneobject XWRALLC T BN, M
R AR AR D . B A PR 5 TR B — BT classInfo X2,

FATRIE EidiTie kR EmH & L classInfo i StoneObject 2K, N T XA
HHE oM E X, EHiE LMK AFRZATZ I E Opt, HAr4 h optClassInfo X
5 optStoneObject 25, fRAGIEH 12.1 HCEIE A 12.2 EXPI2EA9E X, OptClassInfo
&4 9 ®rf ClassInfo KM, JFdRR TZEM—2e05 . ARG 12.3 J& OptMethod 2K
E X, #HT optClassInfo ZEIMSLH,

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 (1 != 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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class Position {
x=y=1

def xmove (dx) { x = x + dx }

}
class Position3D extends Position

zh = 1

}
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