%1% *’Jﬁ

Cln Tj .L_‘:

LF\AFTIF NG
A COMPILER




ERE—FUFNWERNE I EHHN. SSHSRETENELHFERELIEF
RIEM, CEMERESRXESEERBIERT. ZHRH T HHNRFS0ENE. Bit
i TS RN A ERG AT ANEEE. oM TRt
FHHE SERMAES. BEEE TRERESETNEXEE (NamE FTHEESL
FIEEST. BNaE. PEARTHAEEAE). A HPRENEFSERSENETFCES
mHCE R T

FHFE,

s BNt TRFSSHNEESRNE MG, KiFeNSTEEENE, 28
7 RS SRR IS

* SEEER TRl AGE L S AR iR RS TR,

o MEITELAEE SR aE A

& {18 TFLexiScanGen

s THREFRASTENSREEH

it = ' o R K R R DAL B
N Charles N. Fischer R A RRE TR

i e 154 TR TSR BT
Richard J. LeBlanc, Jr. wue. acwsiee itms

=MER, SR MATEARNETE, SREEHTNEN, RENES

= o e rsim Bl cinm
-1

EEEN hitp://www.hibook com

N ®LE . WwWW ching-pub.com
JERInER . (010) BEZTOG04

ROFIREL . (D10) BBOIS25D, GAFIS264
&y 4 X . hzjsj@hzhook.com

ERHS, i Eﬁ” ""é];aa1%4?¢lﬂ? - 4281

BB To171 TEdT LT
‘ i ‘ I;
g%787111%164 746"

[l LIRS e



-

?ﬁ%aﬁﬁﬁ.

ﬂ*i’r‘ﬁﬁ

{hu!r "'~1 Fischer 'h1 l il J

il IIJ it r'l__1'|_r rE |

Blanc. v
et

= bk
AE 3 B

==

i a

'EIEIE'EJE

Craftmg A C umpllar w1ﬂl C e
! Q Bl g T i i %&ﬁ----- S 'a:. e
T Ching Moching g 2 : ;':.;. _._;-.:.-.x.‘h =

| S

| S




FAE 0N LS T RAE L ¢ W SR F s, e T R E R
HI¥ LM (B R TFHE RN S . AT s e R b, BT
OV §F 4 PR B RS, (TR AT S A R A T TR b o B R

F O -RERFARE S AT S TR R L kL g
Cly s BB F M

Simplified Chinese adition  copyrighe @ 2003 by Prarson Edocatzen Asia Luniled and
Ching Machine Press.

Orploal Enplish languape titke: Crafling a Compiier with O (158H {-A0533-2166-7) by

Charles M. Fischer and Richard T, LeBlane, Je., Copyeiphe £ 1991,
All righds reserved.

abslished by arranpement with the original publisher, Pearsen Tducation, Tne ., poblishing

s Audldison-Wesley.

LB EPearsen Bdocation { B EETTHR Sl ] SoaRmhiaE. chEHTE i
H

REELATH, e,
EHEEME Ik R

EHEEEZE: B 01-2004-0560
B-HEREE (CIF) ¥R

SRR ClaaWd ) () BRT (Tischer, C. N FF:. FEsAWR. -2
e LAk A2, 25T

(g EAE S SRS

AN 2 Cralling a Compiler wath ©

TSRMN T-11E-16474-]

M- o, % - & L RF:F-CET - BEFSY oW TwTaI @
Tr3I1z

oo b e | SR CIP RS e (20051 FOoeicRy

ElmJ.HtH‘j.ﬁ?t Vs EMRETTH TSI R 10 )
W W W

Absl 2T BT END] - e R i T
B3 Y A LR Lk FURI

TRTmm = 1093mm 114 - 54, 25008

L pOO-4 BODAE

FHr GBS O0E

FLBOE S, Ing@Ee. . i, dELE TN
FBEERS: (010) 6832625 H

[ P - = I S



T

LIRE IS

XEZURE, BOREKHIBHEREME SRR RIE, #765EREHRBHE % A4 SRR
B TENHONY:, WERXHOMEYE, EEEAGERRAKBIONTSERNAREN. BERE. £
kbR, EEMS LR SEERSRBEFHE S, HEILER SRV 2 £ 00RO R
BRRNBCARIBATER . Bk 2 PR MR, TR THRRRTERE, CRETEROESE, BKHE
TEFARRE, XAA%EME. RN EHFAERE AR TR

WA, E2REBMAKENEDT, REMIFEN LR BRE, Sk AAMERHSEY. X
MUHENEE R LR T HREENE, BRI FELEMORSERTRN L EERERE. AR
EfE BREALKRMEEE. MEARKLHBRT, EESESERELTENR2ERAILHERBR
EMEREM AR EREE 2L Bk, 5HE—-#EMEFE BN R E T ENLE F L
KRERRNHENER, hESHREH. BIEAENHR-KARHSHZE.

UM Tl HAR A B R UE B ARA AR REIRR “HWREAKFTRS . HI19984F 1, HEA
EH THEESRET#E. BRERMEEM L. 23 JLEMTME S, #(15Prentice Hall,
Addison-Wesley, McGraw-Hill, Morgan Kaufmannt-RZE 4 HRA &7 TRIFWAEXE, NEDN
A HIH A Rk 8% i Tanenbaum, Stroustrup, Kernighan, Jim Gray% ki @ R — 2 H1ER,
L “HHRALBHEMNS” HERRIBAR, #igHes]. MARKRE. KEOLEOHE, WEEH TixEM
FRIR LRSI

UEHB NS WHRTESE TEAMEEN R LIRS, ENRNERARE T b 0kE
B9, ARG EWAE THIEMERINIIE miEBMES MY ek KR e BOEE, 508
FHAKBHPEREF. €4, “HENREAE S8R TR, XeBEEiREdhRr
TREMOB, HEFrL2EERANEXRBMMSELE, AP SRR T 7TRSOER,

B &£ PR IR S T EMEM KRR RL, HERAEIMTENL B BRI REEA—
THRWE. Ak, CEATEMASIHEBEMOHE, £ EEHE" OLHN2Z THR A RZFI0T
FHLER: B CTHEHLBEAST 250, IBUERAIEH . NWISMARL “SBERBE" ; R, 2
H2RBITHBFHFY “Schaum’s Outlines” RFIHME “2ELM¥INKIESN. HTRIBXZEM
FHIBUEYE, R4 T AT BRI S, LA RIS TR EREE. A%, e
¥, ERBHORE. A%, LEREAY. BROA%. A%, hEBEAY. BREIL A%,
PRZGERY . PEARKS. Eriafik k. bmabh k. hillk®. BRERTKZE. BM
K. WAL TR, EERE LR SMIFAEF.OEE N E S KRB L T B & A SR
ERPRAR “EREFEAR”, HRMHREEEE DA HARKE.

X =B NASRMRRBOH B M R IMREM S A, HE RSN R S By
TER . XPiFSHEMBEAM. L T., Stanford, U.C. Berkeley, C. M. U. Z#- R LM A %HER. &
iam TR, SR, BIERYL. HEIGALH. SEE. RiBFE. K TE. BRE.
BE SRS, BREFFEARFTE LR FRMEORE, HLEASE6—ANHAIESR
HWEZF. FNHL=TEMAR. ANCHSHRNLEREREM. 75X 55 3% i & ke



v

FHIIZT, BELREHELRENERPHEETNAZ.
RAENEE . ZROBM . —KNIFE. PHROER. Fangss, SERFERNNBBE TR
BIORIE, ERMNGERRRERE, MRIBRNERERRIBEX LR BANEERE . BMAH
RNRBANIGEEIR S WA A . T2 FIWGD B FIEE W R0 TR M S THIE, BINMER
AT

B, Fhb4F: hzedu@hzbook.com
BEAHIL: (010) 68995264

BeAsal: LR H O 1S
BRELZRY: 100037



ERESERS

(Bl B EF)
AL E S
HEF
&7 %
o 22
B E
7818 K
B %
® R

£ e
E QLS
F ¥
Tk &) 2%
Lo
B B
A )

2 £ A
R H 5
A
R4
£
fe
GLE



F 5 F

YA B REWIEL T 32064 BRI, BR T A A S ME IRt 2, EREY
KAEOALIRE M T B S BRI LA R & B R R RE, RiIFREAIARTENP B EENRLKRY:
z—, HRERELXTHERN. BHik, RiFSOFEESRIMIZRETENS kBS54 S e —
MEEAEFLEMR. REBAMNERZFELEIMEETRENTEMARELE, Bifld Mz
FEMZE . IR HER, TUAEZEENRFRIHES . RBEHNER RS EiE
ZUHENS VL EMRRAEMREANEREGS . B RESINEEREERN ‘B FRAGH
NR, BTLAERAI TR, BEHEMHELESF. HEXROXRAFEH - PHSIE SRR, mmiX—
DIRIRBREEF BT EE —FF0EM . —FFH80SEZE. TJUAXAR, FHERLRIER ERBX
%%,

HiCharles N. FischerffiRichard J. LeBlanc, JIfR{i g 4 EMNA B E — A XEMI . B0
FIE—FERREIVEANRBEMTABOER, APREFRBTH> IRHTYHAOBHRIE, 2
REPEBEEAKRESKFR “RERASHEARA” REHLR - HREESIEENATREOEE
X4,

FamABHRBLE RILALEN, ER-FEFANWAACIES ZEHFBHERFSNE, X
E%$#W%kﬁé—*%¥ﬁ@ﬁ%5%T%ﬁ%%ﬂﬁﬂ%ﬂmﬁ%uﬁo$#Eﬁ%&@ﬁ
EEGHBOEBOEN, XEEZHEOMARNOLIHE, BREGEXRETHFEXHY, RAIEFH
RXAALBEEBLENENE, CRYREZEZNEZERALER. B, FBLR—FHEFH
BEBRRHFENENENTYE, BhAZELSHE - N RFSMATHRAGELE. NAFLHER
. 2PEXHH17E, KbaFETAERESNERSTBEES I, BHIEXLHE. B THE
fEERIE . A RMARKNL, NFSENALIABFHENCESRESSNTAYNARSTH

- AR SR TP ROBFIRIHES K R HMAIgol 60. Modula-2%) 3 E &P % A,

DR EEEL T ENMAIES, AEEMPascaliFZEFIREMNCIES, BN THRITWZLERF
AEEMC++IESE.

REA S KB 8B 2020 E R MIMFI AR R, BERBNEIL > PSSR A
A HBEMERRNRESHZITS5EA. FHFEYEXERELKAA AR ARERTERNE
B ER T ABRN QORI RUEY. HFXANAEE. BRERBRIMOEE, R
AR BAEESBCANRIFR RSB A ERRFERMRENORMEL .

ABhXROBIETERBELMEERA. Kb hBARERES. F18 - B78., KHRA -
WP LIE, WRLAFESE - F17ENBIF LIEHFEH T 2EIFER.

ABRBMIFZE - KBIFEIMIENELERE, BT AEAR, MmzotEeR, KhRefxs
BIEMEIRES A Y 24, RiESMLIREHRIFEE.

REE BE
2005%4 A F
PRAMAFHAKS



——

Bl =

ABUMEELARERSMARBEFSUERBENSR AL, M ETRIESHEHIRHE. 1z
B REAGEEESOMGAGEREANERE, mMAEBHREFSNZAROMEFRAE. &
B— A LA TR dmid 8 A BN, BRAOTBEIHESRFE - EXTRMNEE. BARNEET
HERRIERBEERNITE, FUBRAR b ARIEE TRARRIFERNALE. (2B ~FdpR
R TRAFERG, TTLANHRRIERSTH.)

A A5 FCrafting a Compiler—HH AR, REFLPHELMHRREEACTARAIEE. &
FCESHARFRFRPSEZEEH, AT LHEMAADXHEORASREIE. AEHA CHRGEDNERT
FISARCIESTRMIZEZ MR TRES %, RAMNEH T —BARECIERNT B (ETEHR), WmEH
FERERERWCESHAYE. ATABEEHTFRBRENCEFRA, BB 1EBMArmold Robbins3t
B T MARIESRHCIEZTNHER LIE, HANRLRE LRI

BFRBMSEH

HAhEFERE, ABEBERALISERBINFEO-FHRBAALH. B, FBHOEATLAE
¥RIE, C2ATANMIOREN3%S EERFPHERBIEANN ANCEIHALRBREY. 6
AL —AENRENELEES, RAEZERAE THRERREEMRHEABEEXRELMN
HA.

REITAE

ABLATHEET SHEREBMAOERIE. WA, —NEVAXORBIEHLRLERITR
BASAMBESARDTY. Bk, ABHREAIERIRI. HRARE /A AVCSHIEFEN, €
FERAGBFZIHESH—ABETFE. BHTHEEN, XENMBHA/CSHIEAMRBRFRIHES
H—A s T4, fhHERABOIRE, RMNBUNRRRT TSRS X2 BHAd/CSEHR, Ak
ERERBREOKE. BRURZREIMIERRE.

ABE2ENBIIHE— A IER R MAd/CS T RIEIA TR ESR . # LRRBRIRI KRN
ZHFROFE, TULLREEEGR A EHORE P LR —MERHRBIR . ERHETH
MR T, XMy R HEREENE. ERPARERHT T ERNRF, THEENEBEFSHERE
PASERGRUBIANEELR. R RNNTERESHERIAGRE, TXFBARELL
FA At A 1 757 R BRI«

CERGITIER

A4 R BI AL RG R % FANSI CRUIER SIS . NPCHLBEIARHLARBRITEN, CIEFENF
SHBIRSFHLEKANIES, BIGRETRED. A%, RMEYAARFOTBESE. CEER
HERYEEBERFRME (ANSI 1989). XHiRECIEENGERLEZTA, mAHESEmER.
B, AT ER 7 BB f B ANSTIE 5 ifi A 2 7EKernighan and Ritchie (1978) AR YA KH
. fiKernighanFRitchiefyFi45 (1988) MIRLANSICHIRFZSRES.



VIII

%Tﬁﬁ&@ﬂ%u%%&mﬁﬁﬁﬁ(ﬁx*&%%ﬂﬁj,ﬁmu%ﬁﬁi#ﬁTC%goﬁ
% EIEXHILAHERAT B 254 (anonymous union), ZM#EE M B C++ (Stroustrup 1986 Yo —
ANERBAFERRGUXHE:

struct somestruct {
int eleml;
union {
float £2;
int i2;
double 42;
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s.£2 = 10.0
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struct somestruct {
int eleml;
union {
float u_f£2;
int u_i2;
double u_d2;
long u_12;
}
long elem3;
} s;
#define £2 u.u_f£2
#define i2 u.u_i2
#define d2 u.u_d2
#define 12 u.u_12
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s.£2 = 10.0
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int eleml;
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v = (something) {
.eleml = 1;
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1.1 #RF5 8

MEBRARUTEEROEAH RS . ENHEIESHES (ranslator) FIMAE, HFE R ARALA R
i+i5 % (programming language) ¥ #u R M EHLAIM B35 F (machine language). T REHAF
i, RIFSATUHBER - “BR", RITEL-1FRESR.

BFRitEEY g | MEER
(1) (%)

E1-1 P IRPERIES

EIFRHEL FAERAHEIE P2 SHLERXOILSESAY. Bk, RESLERFMERF
B L LR RN 5B £ £ 4 (machine-independent) . 7EIHEHLAB R RFFEBIEMM KN
FHE, X —TUFAE M ERRA.

AiEL# B (compiler) R7E201H£2505 L R dGrace Murray Hopperflig . Abi BiFHEIER
“EmET —RFMNBFEREHN TR, Xk, % (EaBRNAERMEN) HREFRHD “A
BHERFIET, HTHERERDETHEEELRMAE. 4K, BFRITESHADERCL2E -4
BEREL, ERFRIHESHFSNEFRARIES.

A R R E %1% B R 20 42504 R I FORTRAN R E 2% . ENTARFRET -4
ERFAEE. SPEBIAEANEIES, HRT—SELERKRERN “RIL” U™ £ RIS RS,
X R ALt T B ShHbAN M o GEIGH A M GIE B AT RS R R L B . XLFORTRANRLIEN T
Bt @i &8 (NSO RBYLEN) ESNAERD, FAMGESMAIERNREBIHT TER.

% AFORTRANGIFBER T IS ANERME. RHNRFREBRLT AN AFMEARE TR
LHEEENLETREBEHK. HERERE-TEANRNEINTE. 4K, REERCHRTFH
MR, —AEANSIESTELANAhEdk. REmE, HESRTENREFSNAR TR
PREES. RN EEERAFOEAREE, MEWABREEURF LHLLANEENER
¥

BEAAREERHBRFZIHEIWIAIRIESHRS. R, FEBHARLEANHELH
Fir £t H R BRHBGOTR. Fim, XERILESCR2EEAEER. HRALBF (formatter),
BUNIX®Hnroff Fitroff, B LR HIES, ENWXATRRGLSBIEAERELROHRFS. &
Bl OIMIE S — A, nroff Fitroff ELBIHES, FIRBEHMIIRE. B, fheqn (FRLEAK). bl
(RSt st 4 ) Fipic (FRLAMIEY) xRMTILE S k% XU TE % XY RAGEFRINE
SRR (Hlan, Ratfor FORTRANBIALE S ). BFIRIHEEfRE SR OHRIRZ — B2 K
B it PR 16 4 B B ARG X9 R BLA IE = WbLE.

Sl VLSIHLE 2 5 — AT DL B h M B R B S BR R BARIE S MRS . EliH, &



2 1%

%% % (silicon compiler) $&7 VLSILEA HEMERIAT AL . BRGNS 25 44 AUER ARFE38 I30 P4
FRATHLZ VS U —F , 4% % 44 U R I 58 1 P 22 2 ML B O A B TR

G BHA TR LS EORE (RIERERKN SIS TNBIRE AN RS
2) PEMAAREN. RERMOHAEES TRENRIFES, 08 UFHBN0LE TR hx R
A AR AR AR BIFHR B FORBIR R A

1.2 iFsRTAMTA

B-1BR A HRER, BEA—TBHEFESFESFORTFRHBEIREAEMILBIES. X
REGRFIARESBEHYLZOREREN, #-WEIRENHEIESMBERIESNER. Rmn, X
BRAE WX EE 2. BSFIESHMBEL HILEFE S, 513 S00%HA TR S KA &me,
ik, xS hHREER A LR LR AR HE TRV .

4% 5% AT LUR IR A TR B A i B ARRRED 2 Bk 4y 26

(1) $bi B X a4 (Pure Machine Code)

B, BIERTLUMSENBNELSEARRD, MABREFELMARERGSREFR. XFLE
RO & Bk SRR, A EINE SIS RPN . BHHFRBRORA; EXERTRAEXAES
M4 R Y, XEIE S R IR R AR ROX AR R . XA B RS PTEAT (kB T
A HoAb K i B R TERE 4 L AT .

(2) 465 M B KA (Augmented Machine Code)

Hok, EEEMENE, RiEEHHBREREHRMIES RGIBRRT LS K RIS RILE
R, APST A RIXFERRIESEROERT, fEBARHLE L XA ENRERS, TALAERF
e RETRTNRAR (MAME. FiER. BPrENE). BALSNESEEXEE
RGBS XHAIBOAAWNARE LT —A & (virtual machine) —8), B—H{XEHTE
R4 A T A EROHLES .

HEHIML 5 LBRATPL 2 AR IC R RR I R R AR (LR K. Bk — ﬂ&ﬂﬁ%é%&ﬁzﬁftﬂn#méﬂéﬁﬁ#
$o4 (filfm, K% BFORTRANGE S CUHIA /g BUE AR H ) . HibmiFSNRA LR
M e . xRS A TR BIEAHISS (Flm, FRBIHR), IRARAES §::P 3557
2%, RUSHE. YEBETAZ) URSIEEEIRES.

(3) MM B X D (Virtual Machine Code)

B J5, BPLE LI LA R B BARHL RS % . AR ERIL R 2 B RR S AR, Zk
Tk e A Bt 2 B LSS 176 S AP BN LI T RIFBIBA, RREARSIN. X Rk ae g M5
AR, FABHRIES (MR Ek a4 (bootstrap) —RFEAF—REU—FTHANIES
Eﬁ‘i) (VBT %5 B A BN SIS . mRXRLNLRERET, RS HIEEEL R

. EHEN A E AR T RPascal FiE %, B Nicklaus WirthBi i FH/MARS - 2 am % 28 A R
‘rhﬁ%ﬂ’fJP K4 (P-code), BAF—AMIEHE. —A & FHRMEMP-MB (P-machine) " —/H
¥ RIEJLEMNSE K. P-REMHITEEALEE HRIFEORGBIE. 5 Fhs iR, BEESHTE,
76 B 40 PRy B VT H5P- D EE L SN ML BT, Bk RIERASAERNE ARG, HRES
PascalfR %5 5 £ JLRAE(HLAE LERAT A . Bk, ZHR SRR FPascal B EE RN EERE.

MHEEITR TR, BdESTLASEREZHM. EALRT R AE A T HsiFaRskiE S IRIE
(Bt RiRA. FHBREBIAS) RELRESHIE. EATAHGIFBRME T UBHAYE, AT
Btk ARG R B Ay BB, R, oA T HIR AR MF R EHREFIRIEESNTEE



% 3

(fln, PascalfyP-RE%). #WIRE, MEAXFG ETLIHERHBFXR/DEEMR2/3 (Tanenbaum 1974),

H—TRMELESEERATERILRIESH, LAAKEGRME (BHl) ZE4%E. ShEflt
TR BARIEASHEL, EA—RFLHOBRNIE, "FEA3: 13 10: 149 TR, £RF\FEXHEITH
RMBE, %i%B ({RkBerkeley Pascal pithBBRF) HHHLBHAMA S (interpreter), RERITEER
A AR ERBIE TGS BRIFMRTHIESCEEF . MESBEAYHREIR.

U UL S BT LLE S AT A &4 (microprogramming) k. MEFIRIHEWERLE
SEPWEBHE, HAYCEBERTRATIE. 48, —BEHATREFRH, BEESBBREADX
FRELER R4S, A H R ERIA

B2, LEHRERESHRS S0 1 A4 BHUNUE RIS, Hh— RN R 4 8 R o S E 4
(firmware) RAREE. RAMCEILEERRBIFR, FAENERT ZAER T HZAOBIEHRE.

231% 58 7 AR X BIH0 5 — A TR B4 RN BRI S RBAKK. BiRLSa T o0 RiE
E. WEEMHNZHEREEE TR .

(1) ICiEF (%) # X (Assembly Language (Symbolic) Format )

HIEBREETHREBERCHROHTEFRRALMEL (RERA) BiF. 61, FERDERRE
(BkkE Bdn. KAGHHEE, 2%) WTUHALHSE. XHHHEEUNIXRFRFREL. £DOHHE
Pl ——UNIX 50 B0 5% B BALR H—— X R R AL TR BB . (R H 52 i %% 25 @ % ki
£ NS . A RICHRTLI T X X4h# (cross-compilation) (ZE—&HEHL LBITRIFES, WK
HiES £ B —SHENMNLEIES) S h_EAAN; PANFSHRR TERRIEN 2 HEfT
B, ZHBELEBRESEBSNEREEEERS, BABNTURRENEH.

REHKBHRE, HALRESROUEARGESPIHAK LA RAHERE. CHEBRARR
HORBUHAEREEZ FH—MLARLE. CRSBEHRE, ABRFARSIHEA—-TRSINSR
%@%Eﬁmﬂﬁeﬁﬁﬁﬁ%%,UMX[%%%?H&%%*%E%%%W%&;Eﬁ?ﬁﬁ&ﬁ
LRHFBHAANHT 215, Emktk. UNIXGiZSRIHBRFHLA HFACRE, HivenwERx
FEFARENY. AT, MR- AREBFERLHES, REBASENATE M BRREER
R ERE. EXRERT, —MIDEAXAERIRT: RFRTRMERNIC#ES (pseudo-
NWMNM@%ﬁ,W*¢W§nﬂ%£ﬁ%§ﬁi&mﬁ,Efﬂ%ﬁﬁﬁﬂiﬁ#o

(2) TE &4t =k %) K &# X (Relocatable Binary Format)

Wﬁ%:ﬁﬂﬁ%ﬁ%,E%ﬁ@ﬂum—ﬁ:ﬁﬂ%ﬁiﬁ,%#%%ﬂmﬁ%%ﬁ@u&ﬁﬁ
%ﬁﬁ*ﬁiaﬂﬁﬂ,ﬂﬁﬁﬁ%ﬁﬁ?ﬁﬂﬁ%ﬁﬁﬁﬁﬂ?%&&ﬁ%ﬁ&mﬁﬁmﬁﬁeUﬁ*
ﬁﬁ%%?ﬁ*ﬁ@ﬁﬂﬁ&ﬁ@Jﬁﬁ%ﬁ%i%%%ﬂﬂﬁﬂ,E%ﬁﬁﬁ%ﬁiﬂﬁ%T@%E
ﬁ&ﬁﬂﬁ*m~¢ﬁ%o%?~¢ﬁ&$%ﬂﬁﬁ%ﬁﬁiﬁﬁu&&ﬁﬁﬁm&ﬁ¢ﬂm%ﬁ%ﬁ
HIEGIRR, FrE T RISRT ZBEHIR K.

Wi%ﬁ%:ﬁﬂﬁ@ﬂiﬁ%gﬁﬁﬁ%ﬂﬁﬁﬁﬁﬁﬁﬁ(%—¢kﬁﬁﬁﬁﬂiﬁﬁﬁmﬁ
EH‘ﬁlﬁgmm(ﬁ%m%ﬁ%%&ﬁ%ﬁ%%&%gﬁgm%ﬁﬁ)u&iﬁ%ﬁﬁ(%@,ﬁ
N . iR B EGIR).

(ﬁﬂﬁ&&(mﬁ%ﬁﬁ)ﬁi(MmmyhgﬂbﬂaMG@%mm)

Eﬁﬂﬁﬁ%ﬁﬁﬂ%ﬁ%ﬁﬂWu&m&ﬂﬁﬁ%@ﬂﬂﬁﬁ¢,#iWﬁﬁ(ﬁW%&ﬁﬁﬁ
ﬁ%%#ﬁ&—?i#*%&ﬂﬁﬁ#%ﬁﬂﬁ%ﬁﬁﬂﬁﬁﬁ%%&@ﬁ*@%%Eﬁ»E&ﬁw
ﬁﬁ&*?iﬁ%iﬁ*ﬁﬁ&%ﬁ&ﬁo%ﬁ,5%%%H.$U&ﬁﬁﬁmﬂmﬁﬂﬁﬁﬁm,ﬁ
ﬂﬁ?ﬁ&ﬂﬁ.ﬂﬁﬁﬁﬁﬁﬁﬁﬁ,%%&#%&?&%ﬁﬁﬁﬁ%&uMﬁﬁﬁﬁﬁmﬁﬁ%ﬁ
?%&ﬁﬁﬁﬁﬁ#ﬁﬁm,Eﬁ§m£¢,ﬁ¥@§&%§#ﬁﬁ,ﬁﬁﬁﬁm@ﬁﬁﬂﬁﬁﬁﬁa
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URAVRA BB RERFR (B, AFEXHZRARRIENERSEOEMALHIR), &Ehk
BRAR. MBEMBSTREEZSH B RASAPERRERSL (Conway 1972). LKL,
BEUMERARS, R AddEiRiEaTHR. RESMEREQRTHE, HEXRDHE
IREGIR. RESHSHRERFOHRRR, ELEIFREEERENER. MRL2TRFVE
FEREGBBEIRAE WIS W] S b T U R AR

DA it X SR A B B AR R RIEREHZEFTUBRKAR, mANITH
FIRROBME L. B—KETLEE, RAMES (interpreter), EERFZAFF, RACHTRIF
A B TR, -2 R B B T AR 25 anfa AR

R <% k)

R FF 4t &

E1-2 EERRRRES

MBEER R, TIAZERERN T, X TRES, BFARTHESRINEE,
AT T AR BOR — B . BT R H S S MBS AER A RFT (8, RrRFRishms
REFHH). , ’

fREE S LT

o BT R RTDAR E RRR FAT ke i B S R AR MRS . RPLEIR B T AR B S .

&R R APLEBASICIX AL AR MBS H BAR S, FATUESA HIEAHARE

BEFEANRTF.

°ﬁ%mﬁim¥§ﬂu%§&§%%§°%PEW&&Eﬁﬂ*Kﬁ%ﬁiﬁﬁﬁ,ﬁﬁ%*ﬁ

ﬁ@i%ﬁl(w,%@ﬁ%ﬁ&&%*ﬁﬁi—¢¥&,ﬁEEEW%MﬁR%A¢ﬁ%@&

M), BT ESZ (fluid binding) M FHEFBBRERS, BA-MHSELOHERER

BT E BRI R EHILERG.

-Eﬁ%%ﬁ@ﬁ%ﬁuE%ﬁi$ﬁﬁ(ﬁ#&ﬁ%ﬁ%&)SE#W&HEQE—E,%uw

BRERE, REZEASSASIFOLKEE CHERRDTNER. BRELTERAN

R, EF%).

'ﬁkEEWM%%%ﬁ,H%KE&ﬂﬁﬁﬂoﬁﬁﬁﬁﬂE%ﬁ$¢&ﬁo@%,%§E—¢

RS, AEEE-aFNE LEFRRRE.

B, MEBASRERANITH: :

'E&ﬁﬂﬁ¢,Eﬁi$ﬁﬁ$ﬁﬂ$iﬁﬁ§,%wﬁ%i\%ﬂﬂﬁ%ﬂ&ﬁ&ﬁ%ﬁﬁ&

M EFHEE. HFEEDBMOIES, SHSEARTEE £100:1 (REESF) HEF. T

FHAMLMIES (HIMBASIC), EE TREHELT10:1.

'ﬂﬁﬁwﬁkW§E%%°Wﬁﬁﬁ%ﬁiﬁ%&ﬁ%ﬁﬁﬁﬁﬂmoﬁﬂﬂﬁi%&ﬁ#X&

B EENILE RIS (B, FAFEE, BRFANHEMERBRTHETURM

ik, TARD TR /ME) . XFh22 EHRK AT RSB BRFA/D. B g it R SR FHREL
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BHXENERBINERF TR R S,

BJ5, FEIEE (flm, BASIC. LISPFiPascal) WM #AMES (AT HARMBFFR) MRiE
& (ATEFELIE), FXE, ERIBJMEER 2 AL SRECERGSF&. G, FELBASICH
BEIERREF “#iE AABER, Kb RietfigotoX BB FHF R AR F i REL (operation
code), MibRiRFFMI 1M NSRS KK . RER T IRHBOXFELEIIEFFFRA IR S H T4 I
EHEARA BB, AR ANEFAE. BOEERXEM, FEAXHER THZRN “BiE" 5
ARIEE EM. UL, SXFRRRE 2R BT BT B PN BRI R B P AR 2 R FF B
RARE, X BB AR T R GR1% 255 AT k.

B2, FEESCERSELHER LR, ROWHWESNCERFERRECINftEN
RS R LR . SO AR TR P 2OR I ] AR O AT R IR IR B
TRFXA. HiESHARIHWMBEMIGRE, ERPQER . SIEY B ETREA B K #
B BIUHLIE S SE B E T YU B R S R R HIERNLEE S

13 HmiEsE51a

ERFHIEESARTHAEEMES: 247 (analysis) BERFORBF, LARk#HES (synthesis) HLI&
EERF. MSIESERFES TS ERRGTBRRFFERNDE. LPHARRREEHRE LN

$# (syntax-directed). HI, Hikitf &2 & (parser) FHABMERFIIERESERED). &

Har b B ik in % (token) BIELEH, MilZicSAENBEFRIHETIEENBRETS . 1HEE
@%m%%ﬁﬁ&%%f%%ﬁe%xwﬁ(mMMEmmm)ET%%%W,%%ﬁﬁﬁﬁ%ﬁl
(%Xhﬁgmﬁ&ﬁﬁﬂiﬁé,E%%T%?ﬁ%ﬁ%&ﬁﬁ%%%ﬁ%%,Emﬁﬁﬁﬁ%%E
%ﬁﬁﬁ(%ﬂ,%ﬂﬁﬁmﬁﬂM)%%&ﬁﬁﬁ%a%XWEWUE&EW%%%?H&%
(intermediate representation, IR) SR E A B B . MRARIR, W =B E R RS2 & B (code
ymmm)@ﬁmﬁA,%%F&%%Wﬂﬁ%%ﬁﬁomﬂuﬁﬂ%mﬁkK(WMMﬂ)ﬁﬁ%&,
uﬁ&ﬁi%ﬁ%ﬂ%%gﬁﬁoEH@%ﬁﬁ%ﬁﬁTﬁﬁﬁ¢ﬁ§ﬁ#mﬁ&ﬁﬁo

$%ﬂ%%ﬁ§ﬁ%ﬂﬁﬁ7ﬁ¢ﬁ#%ﬁ%oE%ﬁﬁ*ﬁﬂ%*?ﬁimﬁﬁﬁ,ﬁ%%*ﬁ
R A B R SRR AR

(1) 3 ik 547 & (Scanner)

W&ﬁﬁﬁﬁﬁ%?ﬁﬁﬁmﬁA,#ﬁ?ﬁﬁﬁ%ﬁﬁ%iﬂﬂﬁ%%ﬁﬁﬁﬁﬂﬁmﬁﬁoﬁ
%iﬁﬂﬁ%ﬁ%%ﬂ%%%(mmﬂ,ﬁ§§$%ﬂﬁ¥¢,Wﬁmﬁ<§ﬁ\ﬁ§$‘ﬁﬁﬁ%,
ﬂ%ﬁﬁ%ﬂﬁ%ﬁk?i%&ﬁ#%%*?%*m¥—$oW%E%Hﬁ@(ﬂﬂ,%@%%&)#
%E%ﬁ%@&ﬁﬁﬁﬁﬁ%%ﬁﬁoﬁﬁﬁ&ﬁ&ﬂ%%%ﬁiﬁ*(ﬁ%%ﬂﬁﬁ%ﬁ%m%i$
HF R S 2 AN BE—RERLMERIEXXFIRREEER.

Ao S LA T LIE:

ERERIERESN—-HMER AKIES).

CHRAEENEE (k). |

'%E%ﬁ%@ﬂﬁ%(ﬂﬁﬁ%mﬂi,&gﬁi#¢E%ﬁEﬁMﬁ,%%%ﬁ%%%ﬁ#

B4 M (pscudocomment) SEA. PHHERESIA LSRR, BASITHHAERLEN

Bz B, B ATAdd, Hd— /B 0iEkSapragma, FITHBW,

'ﬂﬂi%%ﬁﬁ&ﬁ%ﬁﬂﬁi*(Ww,m*Fimﬁmﬁﬂﬂmﬂﬁﬁ

o AT ERF .
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wEE Ak Wikids Bk BhE
————> —————» s
(F1FK) oA h B B R
o] Fw
F——
|
) 1
e mEKE I et 38
[
|
(MBmFROHE L — —
BrecfE A )
FRED A B 2%
H AR 28 RS

E1-3 iEEHIFHRRIERESH

Bl FRIC ST EHEEE B IARIC SRR . E R A& X (regular expression) 2% (TE%3
Bditit) RERFAKICSH—FABOCE. ENZEEREHARRBFRITESATHE AL
SHEBBRMEXNILS. Besh, EATETMEIRGIE R & (regular set) ——HIIERIFRSERFE LHIK
%——mﬁ&a%ﬂJﬁMewmmm)%Eﬁé&ﬂﬁcEM%iﬁmﬂﬁﬂﬁﬁﬂ%ﬁﬁxiﬁﬁ
(scanner generator) FIERH. HEEL AT EIRBNIAXLICSHRE, AT 5 B B AT LASEBR ™ A
ATHMAESFE. BR, SE—ABFRANENRIZSHETR. ‘

HEBER, AxorSEdlihFIss, Hl, BRI ES AR SNEF. £
R EBRAEN, EABRAhTHEZAASTAESFEERERBO—AiRKZSEL, mEAEA
EH—ERBTRLEBRERAESFBEEELMTE. F T 45 MR 4 b7 8% B BHE KA A E
B2k %Jf??ﬁﬂ")ﬁ’iﬂi}dbm&ﬁiﬁ%#&%ﬁ%ﬁﬁ@ﬁl%ﬁﬁ%R%tb?l%ﬁ%ﬂ@ﬁlﬁ&ﬁ?ﬁ%%ﬁﬁ
—, (BRI FHERTREEXEEN, B A ik TR R R ESBAORK—BY (HAFR
EMFEHELE). Fim, ARER: SE RS THRITHRBEELR20%MEHE. BENERDE
EHEEDORAESFE AR LT LRSWIARIFEER. W, FUEH IR 2 b7 B AR R R A
IR A A LU T A R Ak b B —DUE Rig LA TS . Bk, — B4 e i AR S 4R
BARETA, AESWENEESIEREE.

(2) &k 9% & (Parser) »

$Bw—ARRIBERE (AHHFR T LT XAX L (context-free grammar, CFG) MiRft) .,
i%?%ﬁ)#‘r%ﬁi/\iﬂ?i‘:iﬂ%#ﬁ"ﬁﬁ?&mﬁﬁ%mCFGF&ﬁ%ﬂiﬁéﬂﬂjiiﬁo (:EBEIED RS
B EESEMECEPITR.) EESHBERVER THRETES. ERAFLINBLAS
(parser generator) HRIFCFGEIE.
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BEATIEER R, BESFRRIERFIEERTER, MRRBIERER, WERELNSHER.
ChiEgEEHiE (UWERBELARNER). EFsHAT, EXEREEREEREEIERH
BT A L3S BB B AR AR BT G D4 R4 L & (error-repair table) K HZ)5E K.

TEIRYIE R EBNRING, 1B 47 8 7T LA AR AIE X BIR, Sl &2m (syntax tree),
&R, R RM g S E R B ahiE k.

(3) 35 L #]42 (Semantic Routine)

B FIBRBTHE . HE, BIRESAZEHN®BEE L (static semantics). B), BI1EIELE
BREAZEHMEELN (XHBRNESRECENN, RMEERN, £%). mREWEIEL LEH
f, B HIRLEITERSE. B, AR ERTIIZEHWNIRRE. EXHAREFRETIASHN, B
5 0 $h A CFG = A SR BUIE i BT T B HE SR HK

AW T —A PR N, HEMIE X HRERARERSIE OHVTEIRRE. Bk, ¥TF
Pt RE — E+T, WLAME —/AN 8 X PIR K E R JNHA MR 4 R IRREEHAT N .

BIEFB ALY, WRTHXERCA, BEELFIRG. BUARELT S8 ERmAETR
ERMEOM . BIBRXA 5T AT LGB & ik (attribute grammar) TR, B¥EICEET
RERAER . ERERENIE URENE (RRAMR) XX EBCFGHITT R. X TRMEEMALE
SIEXHTEHI . SEAERFHRTEREMNTHE.

4515 Y BIROR RSB A AR SLE R R . EUREY ERK, EHhIEIEFIE N
b, TRA ENZRIESIE L (4 RIIRARHD L 5UE i LBIE S 4h) fnBFpLaE (IRFRAED
Bl e R TS M B AL AR D ) AL RREM. ARk FRh A O R 1R o Y Wik —A~ 4%
28 SRR BARHLE A LRSI TAERR A BRI, BOAINAIRER (H—/hEksr) FMBSRESAER (/Y
KEsy) REHLE R,

(4) #.4L £ (Optimizer) ,

B IR A R IR FC RO BE AR 1L 38 50 47 HE 4L e ch ThE S B 25 iRtV IRARAD A g D IV E X 3
RSN, TEEREKEHTIE, b THEBTREAME—K. KL REE L REMR
UL IR B . Hofh— Lo B N A LI 2E ﬁﬁ%&iﬁlﬁ]ﬁﬂiﬁiﬁﬁ@iﬁﬁ%@ﬂgﬁﬁiﬁmL')\?"EE
bR, | |

_RARAE 2 (TEHR RN RILFRA ALK (peephole optimization). XIMILE
R AT ARG, SEREES&EES (FXL, &4 “giIl”) FRESHTEEN. BEL
YL AL R AD . B, = EHEILR L EIEER S IFRER 50N, YERRIIES EARE
MEMBHERGEAXNNEMEN, BBRHREBRAFHFROERES, LARAE—A 54 FFI A
A RRARG RS (B, —/MEENFRTTEMIBNES). SFILRABEA—N2EH
B4R 1L 2% BB i fE WO R, BeTUEIES BENE Y LR BSHERD, HEEMT ‘g
(cleanning up) i R E A AL TR B B A RIDRAEE H AR,

(5) KB4 A% & (Code Generator)

TR HD i A0 RD A % 25 et 0 B ARl 2R RS . XEBEXTHRELBMFAER, FEFDRFETHL
RO (FlmBHFERSRE. H4BRERE. FUBRKE). —RHRBERBRFIHAEN, FET
SEZ, FEAERFNEFSRIOEEZEF SHKIFL. ’

MEATEMRIL, 31!32\iﬁiH:%i%ﬁ%%%#&ﬁ%%ﬁ@lﬁ]ﬂfﬂﬁﬂiﬁﬁ%ﬁﬁé#, FHIHERXIR
M. HERR—/1—i& (one-pass) HiFd, X FREE K % B TPascalfmi® 8% (E$EUW-Pascal
[Fischer and LeBlanc 1980]).
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FERLILES, RIDAERRN B AR BES R, XENEELEA L MERIRE
Birfe 4B ICE . XERIEEX BAfRLSRERBSTML, ML, 20K LERF-AREEH
A4 (retarget) F|—HFHMABHRBHEATER. X2 - MEINBEMBEIR, BAF - RIF[BHI—
LS LEFFEBARMNIAE. Eik, MEbsE BRL SRR Edt (AEtk) £ BB R
ERBOTEEMIFEERS . CHEBIERILETRKERRLE.

{3 — e T X M M H R LA 4iIESR 2 —R/GCC, GNU C4i% 2 (Stallman 1989) ©,
GCCR—NMEARMIMABIES, CEREXI0RMFBTHIHENEREHOILSEMRH, HFEED
EHAWMIE TR (CHIC+H).

(6) & 5 #- 4 M A& (Symbol and Attribute Table)

#% A& (symbol table) RAFHIES (BH) SHRIFHXBKANLE. S H—/MHRIRFFE,
P2 R IR U3 A BARIR A 75 I BT B MOARIRTFAR R (& BRI . BIsk, XS vl LABE (T 4 8 R 4
R, ATHEM XZURZEREXTER. 38, HRSENEE.

BiE, £EEIHEHRIFRIRHBER, BEAKILBFRLKHE LR (compiler writing tool ). X
T BAEWITR NS 3R+ K& B (compiler generator) B4k # B4 % # B (compiler-compiler). X+
ALEE A AR E BRSO BERS, X208 SRABRMRGAERED. EGRNE
A RE R F IR T RIA .

R R R B THERIESERERANEE, BEHERESIRIRRO THELRESR
SRS LR, XEARKEAL, B¥E LEA, HALPRZRRESSIE CERIRRG (R
HERRFER PR BARES) FHANIE.

1.4 BEFIGTHEEHIEEMIENY

BRFEHESHRBE L SHAEEHNER (5H) MEL (BX) L. BECFGIENXMNERF
BIFES PR BAMIE RN, EHREETUS A ET XA X (context-free) METF LA X
(context-sensitive) Hfk. b+ FXEXIERELAENHSHES, TAKBRTEMXTHSELHRE.
Bitn, FFXERIEHETHRERA =B + C; £iF¥ LAHMEA=B +; AR, Rifi, HFERANERF
LA EREE T - T X TR R AR . KR YRR AR T XXM, flm, mRA=
B + Crfy{Ef L & AR AHNRE MEBRCRA R ER, WA= B + CRIERN. XA E
FCFGR#EE. BR—F LT XMHENLR.

B A CFGHIRMRYE . | FSOHEMLR B HIE LR, Fik, BFRIHESNIECANHR
RUHL R4y A2 # A5 L (static semantics) Fli& 7835 X (run-time semantics). EESRSIELE
YT EFXMEsE, - RS RE RN, YIREXEAR. RBNHEEI
NI LEF AR, REFMRESRLXTMAEN, DEAELHENSEARLRE. B
Aixy kR RRESE: CIEAEACFGREE. BEIE ALK A L FXERME, HEBR
ERNBREERKF LR 28 FX —RENE L. BEIEXTUBERMBRIERLEE. X
ZRBRFIETHE S M b A AR R R I L. T T AR 8 5 B iR E R R R
Wil . FHAIRE XA SIS R EE —FREE. Hl, B SciE R R b AR L
iRk, T EREE G E LB ESTER. EHREENRG, HTFPEXE—~E+ T,
ALLE G ERMTHRR BHUR - NEERRMERRIRE,

O BBEGCCHIRE, THAUUALIERCIE XM R S BFRIHES . CCCRERRGNURZFESR (the

GNU Compiler Collection), —— ¥ &1
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(E;.type = numeric) and (T.type = numeric)

HxFHHEATY T B ICHOE MR T A iR, EEMURPBARITK. rERIFRRE RYL
R B M CGE R BB ER B 3hit B IhEE.

BITHIENHPATIEHTRAERF#HA 4, B4, EESTFREHRE S, XEEGEEH
WA E . TR, WTLAMERAEAERRASRSSER . EXHNEAGR, & BT
RE”, MBFHRTUAHRESHRERMR. Flin, EDA= 15 CEMETARREHEEMS.

# b, 04 % L5 F (Vienna definition language, VDL) (Bjorner and Jones 1978) A& —/MfEHRY,
KR BRAER (IR—FEF) BuR 5 H AEREMHULE RFHITERE. VDLEHMTEXPLIMY
B, REFRENE B ERMmITK.

A L (Axiomatic definition) (—#yHRAFAIZ % MR R Gries [1981]) LA TEHBIERTE
ShRIGBR EHATRE. XI5 TRAE LK. SRFERMEENX ARRE. EOLIElm
BB X R T KE Lo

e h A B R, EXvar = expfIABE ¥R EIENRTZE— A RvarfiBiA K, 4
HAY 24 T Se4mi% 18 17 BT A B fovark o hexp g BIRIBIAH E . B, AEy>37EEMY = x+1#h
HZEhE, Hix+ >3 mRTR R S A E. XL, y=21ERTx=12FHE, mRy=21£¢€
BARIHE, XETRECE R EMYyRER B, R, MEXRYH—AE, WLAEETHE.
Bitn, tnExEPascalfly— /Mg Blyovarss, NixByMHNE. FLE, BAMKHABEEEME A,
XL A BUARIE 2R T b i TR P PR ek 2 1 B 2 SRR . Adafe] B R R B A& R R AR IR R
HoAh 15 3 6 & TR B A RO HE AN 1E LA K

AN P AR IE b RO ST PR R RAFY, BEAEEA T KEMAY, HEE FIEMRAT M
BB R ZAXR. B, ERMOREAE L BABREFONERLENBES, HR, BREED
YETTRENER. REABRTUBA MBS RRFRINESEXNERER, BRHAENRTE
s Yk £ HBFRIHES IR ERN. Fiwm, ’Emffi&fﬁﬂﬁh%}&Wﬁﬁ@ﬁ#&%ﬂk%%fﬁ
OS2

1547 (denotational model) LLIBEMBER R EEMBFEL, WHRHETHERSL - HikE
(von Neumann) & .U RARINAE D RIFIE RS E A ek T bR EmAE, BREX
BEMYER, LR SHREE ET. ' '

FERE LT HEERIBHHSNEL, B — AR E kBN E B4R EURE XL .
Bitn, b mdk, STLAE R T HIEN:

E[T1 + T2] = E[T1]is integer and E(T2) is Integer =
range(E{[T 1] + E[T2]) else error

B LR AR (TIRT2) BREN (EREFHERSRMEL), WT1+T2HELLR
s 2 R, BRRIECIETRROEREEZ A, B, ZREXME LR #RIE.

%%&*Eﬁ@ﬁﬁﬁ%ﬁ,ﬁEE%EmTAwwkHﬁEX(Kﬂﬁﬁiﬁﬁo&EXE%&
%W%i%Amﬁﬁﬁmimeﬁ&ﬁ%%ﬁﬁ%%~¢%ﬁﬂﬁ%%%%%%%ﬁe¥~¢%mﬁﬁ
ﬁ%mAugﬁEN“LMwﬂgﬁ,@%E&ﬁﬂﬁ%ﬁﬁ##ﬁeE%%E%ﬁ%%ﬁi%%m%
ﬂ%%%%%ﬁﬁ%%ﬁmwoﬁﬁ%ﬂ%*%k%%ﬁﬂﬁﬂﬁ&ﬁ%%%ﬁé%%&%%mmﬂﬁ
%ﬂﬁ%%ﬁ%ﬁ%(%ml%ledW&uWWH%ﬂeW%ﬁﬁ%ﬁﬁ@&%,ﬁ%il(u&
AL E L) TEES e AT LEMRBSRRES.

HE, RERROEUREHHNET I —AEE H-TRFRIHES CEL LR 7Ok
ﬁ%%ﬁ&%gﬁﬁﬂﬂilu&ﬁé%ﬂ*%*%ﬁ%%,@Wﬁ%gﬂ%QXE%%E§§%¥M
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FREX . S ANFREARBFRTELE EXMIEERTL, BRERUIEERNXFRERE. ER™4E
HE XA @R T~ HRERE S BRAZEBN. M, % B THE#H HPascalfRiEx:
(I <> 0) and (K div [ > 10)

BREALRBRFE NG (REFKRELELWHLNEE) ? BRETRT LA LREXN
WA BRIERHERE T RE (WREAFEMNERERTRTREMNE, ETEBTRERNHERT).
nFand il AHEE BN, M Handzal, BB RERSLABRE. XEREMRI=0,
ZRARB ALY (HEREIR). R, andB#F%N, FAERECHEN SRR RIERT L
BAFHE. %90, mBandMEDBRESHE, MBEARERALEAB. XMEHEZFTH (short-
circuit evaluation), 2% H T /RiZEMF. MBEHERITE, ERBEXERBRITFE L.

B pafPascalE LR A RBERITE. THRABBIFRXFRAEEN, M LEiEKRT
HERFEER, MR YRe, &8, $%Pascafid B EALENTAWE, MHMba%i%s
HIREEFERERITE. SHAKRESBRERKFSABERFNEEFERE. FABESHLAR
PR (A EORSCBMTEE) KRTXH, HRBAXAEZRENENTEEEABEERES
AR FAHIIILE .

HERETEEATL LMIESEL. LRAY, BFRHESEX LEARFREFEZHONEL
BRERMMEIZESENNRREN. BLE, FENMBRIERILIECE CRES BRRER TER
W, A—MBETEL MBS, BLARFNE BRI ITRMBEEFTERMEMAE. —/~7M
W (fAIEEMmIEN) 5l TR HEMcCarthy (1965) FriRftAILISPRRER 2 — kg L. RER
FIA B4 BB RS KB E RSB, Mt RIELISPHEE R M3 1EE L H B4 LISP.

1.5 HEFGTESEFGHET T

BN EERRLBLARBFZIHESRIESMIEIHKI. ZPRN— /A5 TR RFX
HE S RSES St ZAnAELER. 2R, BFRIHEINIETHREHIE ¥ X REmFS0IRT.
VLB A AMHIEERSHRIEEEARNENALERFRTESERNEENEN. — M REFNE
FBhunkilL &1, T AALEAlgol 60/ &M (call-by-name) ¥tk & I EK. (thunkRFepkKTE
R, BEEE0RE, FRRESEASEWIE.) RIESIRHNEARARBKELERA DR TRFRT
EXMRE, EARSEARARENEFRIHESTEERTHRAN ¥ RINBFRINETRUE
(#nPascalfiiModula-2/i& H#Niklaus Wirth) ZBHE ZHRAEBRITHR. ZTRIEVEFRINES
A

c EATEES T2, EikfEg. mPE - ERELRE, BRTEEELER.

PSSR SRS LA SRENGES. SN T -RESHREREEXREEN. 6

1, C. PascalfIFORTRANZIAL 7] Al HL3E ¥ #%47; PL/IMAlgol 68RI{LA A R Ak, HMZA

BT

 EATEE LS AR EFORE. RRESHARMEXRENRABFPREBGN.

CENAEROHRESHR. NEAREASHELATAER-MEES, hofNksEl—14

BE o -

 BEEAE/N. ERMr. Btk EWR. EER.

« BB BT RS EY S ELH.

ﬁ?%ﬁ%&ﬁ%ﬂ%éﬂ&,ﬁm%%&w§%§¢ﬁﬂm%wmm%%u&%a%mm&ﬁ,
Bl 1EBELEAda, (L% EPascal. Algol 60, CRIFORTRAN. H#iETFAdajfiEREAESR THIE,
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MARAEHREISEHHFRY TEZHRR, HERARNBERT AN EBEHREFERBGE ELR.
PAIL IS A R 3| FSimula 67, PL/I. Algol 68FiEuclid, XiES M E—MBHIANRTRFY
(REZEIESTHRBIETEAARRNE). & HEEHTLHE SRMIEHAYHENLMILSIES.
RIBERIIHE, BREHIIESRE — DIRBIENR . '

R, @Snobol IAPLXHMIE S EHBHIAANR AT R #4, HAER—BRHERLT, EXEES
AT R MRIE, DUERRTRATAREE, ARSI ERE. (XEEFNRIFEH
RAEE; ENREARTESHEIE-VBRE, BRANES BEBITHGIEEEE.)

—ARURFNEFRESSAASHABER? AEFERESEOAE, BRBEERNT AW
CAFE ST FREA 2 T MM TR BT, UL R 2 S AR BIBAT FFRALUR A REHE . Wk R, WLHER
HAER, THESEXEHEN RELEXETHIRRE:

o 86 A 1E AT FF R4 2 BT B A AR IRE SRR fE AR gb e ? s, REAERIERBIE hiciR
BT NE A R R B R BOR R RIVIREY MRARE, TRLAEBRAAN, £—-KEfT
SR P RIR R T H R E R

BB FRZERE— A AMRO%E mRTE, SOERANELTREEAH R
. Fitn, MBAFBRENATALBEMIE, A*BIERRIENARIEL.

B Snobol MIAPLIX B AR MAHA AT RO VD EREMIES, HRAELEY
(untyped) H# A £ 46 (dynamic-typed) (EH. K XLEEZFSALRAEY (typeless) B
(4BlissBCPL) B RN . ELEXRAIEE P RA —FRMAOBIE, H5T (cell) &F (word),
£ ZGLHIEE (System Implementation Language, SIL ) RIEERMOEILPR LN . G,
ELHRR A RICTE £ Hb i Al e e i UM B A/ DT A R4S R R RIS R A, X 5ERPascalflAda
XREIE R R AR OB AR BT R R R b . CHUELLB M R EMARRUL.

« AR XA ST LB R RS B EUE SR M REE, BEXANTREEAN FRIEDM

PLE R 2 LA BRRETRE. LISPRAFESTHRBFXFNIESTREANH -

¥, {HSnobolHIAPLHLIRA it .

i, TTRBMIESRIERA L. AR ERBR R XL EEEEN (AERTZA) B
EWiEY. £k, FF-ARERREA, WETERBFREZLEIERAGNILERS, WELA
A X SRR AL R R AT o

Pascal B FE i 4 4 £ 45 V8 9 %% 18 1) 5] B 4n fe] B4 B B IR HHRO 3 — A0 F (REEBRIEERHE).
Pascal#ig it b H—R B IEREFTHIE. HALREALAERFFLHA, MRIE BT A #E
AT TFRETR. R, FRFHAERFXFNESE, FrLAE R BT (A & e iR A
LA FRAEROBHEE L. XHRFEWIET B LY BRI IR, (B Rk o 4% 28 BRI
HBUWRRIRER .

1.6 HERHH

HFSHENRES TR 4R T HEHEFS (diagnostic compiler) (f/#nPL/C [Conway and
wilcox 1973] . WATFIV [WATFIV 1981]. UW-PascalZ%) Hﬁ%lﬂiﬂ'[)},ﬁwjﬁﬁmﬁkfﬂlﬂlﬂo il
R UER R RIS F I LR AR L AR T P DBEIR . SR KRS B 3 LEU/MOEHR (B, fRDE
BRED). XEBFBRNEBTH (BIERFHRITH) A BB ME . XBEMBIREIETE TR,
fort iR AU R AR B SO 1R 't’%i%i’é)ﬁﬁi%i%ﬁﬁgﬁ@é\ﬁ‘é@ﬁﬂ'ﬁf_‘ﬁﬂ‘f%ﬁ#FPmﬂf?ﬁﬁﬂgﬁﬁ
KA, REEZBNSIESTERTRERST, (EREREHHAREHERERPHLANEN. T
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%, HIRCWHEESUHTRFFROFANER. UBRFHERN, £ ‘R%iF%" (production
compiler). =54 iFEL ZREEIR SN R RIS ERTEE . XF%RBE# Tony Hoare Lk W 7E 224 |-
ERHEERER, AEERMAEENN! ki, §-ARSHEES: HTILEHRENERF,
T RE A R BB BN . ,

#HAL% % B (optimizing compiler) #i%eBIi% i Mk UL4a1% 28 B etk ngmiZistial s inh R4 =
APHLERIG., Lt , AN REREREFS—ENWRIBHEAT B ¥ LES —BHH R
B HUEBRIFONLERG. fin, HREXNHOBFEASSERIMEES .

ARiE KB FSR” Lk LE—ARE, BAREEMPRER, TRESLER, RBHNERE
FredsaAm. KERAMA. 5%, HEASERR LRLIEHINERFENMBFRTFX AR A
B — A AR AT H 2 69 kR, BATERBETHER kY. Bit, R —ABFER
B (TEBEAN) BREFALAREBRERN. XK, FERFRABESHRMIFNEFA/EYK
EBRIE LRI BeUARES, BNEE7ERIR LR FTARR, 7EKERHGER BRSAEN.

Peib%ei% 28 skbr BERARBRAR B kkERFHEE. RICRFSHERERTX S FHE
B REE, bR T AR, Gltn, SRR BRI S R T EMM TR E,
(B AT RMEERAEME R, RASEEHAMARESES. FE2RLRFRRERZMEMARIN,
B A BIUAE B K B AT SR B0F B I AR RS BGH . M W RSB AR (FFEH BB ) MR N
WL RS . ERE&ES, FRNTRERMRL, FRINIBLEEEE B A RNMRAL. 2RI
FHRMETABOHER, HUABKRN = 4AERERIBOEHIFESRETLLEEIN B,

GiF R R VB EMBRFIRIFES (BRET) MEEEMN A (RIFSIAHARRB) Frigit.
BEAFHLHEFIEHESTHEN, SHRERKEMA. BEFRHERORES. SHEARETAE
FFBHSHTLHANIRLE, AELSBRFLEESHURREERBORAZESR. &R, —MHFN
EIRRKA, TH B IRHKER (retargetable compiler), BELAHEE.

THBAAREENEARLETURSE, MATEESEHNSIELXNAE. THBERRESHLE
BRFEFARUSES, EABHFEERHBA BARILERKE. XL0t, 7T BRI E TR
A AF B IR RS BRI, EARURURSEHRE MRS, REml, BATHEBRRR
B8 S B R BRAFRMETTENN B, FUEARA -HEENFEA. EFIREFNES

JEER, BEETERAEIBNEESE. EEENSES, L% EHRMAE BREDHBROLEAR.

S R B (PR FE R - i - MR ESR R AR — A THR. AAYRRE—RF, RER
B, BENRTOES. BARFESLAMEIFAE, FUSBRLESRER. —HFREN
PP TR, 424 7 X373 (Program Development Environment, PDE), kTR e B RIRTESR (B
fn, BEEERERFFLEE 4 %[Teitelbaum and Reps 1981]. Gandalf [Notkin 1985]. Cope [Archer and Conway
1981]. Poe [Fischer et al. 1984]), PDERIFMBEAMMERF, Kb TBER TRFREMNMIA. PDE#W]
WA R ESRE BRI T AR, 28PiHRNREEARRPDENRRENEFER.

17 EWM&EEFRLITHER

CLET. HEMMSA BT LT SRR FRHHARSREFR. &8, £ANERENHRD
AEEERLTIL (Wulf 1981), FEMRBEERS:
o« B G, A BRS B, B, FERELAEFERTRR, HiXGORETIENT
oz, BEGEGSEERE, 588 THEHKROBRIEL.
c BRRERA BRI Y. BAKSHIENES ZHREOMEFEIR, BRI



# 13

iﬁﬁﬁ%iﬁuﬁﬁﬁh%ﬂo REmmie, WufBER, FAEEEANG RS REBEHLEREE
MIES. ,
 BIBFRFERAIMESESE, MEENHIBRA. &8, BFRIIHRTLUA#ELHR, RE
AHEMBIMIBELE B TEZORFRITIRE.

B A AT AT AR IR T RONL B TR, AR TR ENR R 2 R E A58, PrLAE DL
FaESE. BiEEsRRAEIREREENRE, TULARFEAMIBASR (ELHRET =K
k). MMM LA RS ENESERE, G, VAXHLSHNES, TUETRARGDRES
8. HESEUREARSE. BEHANASRERANSRE (EFHEE) TUELNE R
H— A VBRI . BTG T RMIT LISPHLZE (Sussman 1981), B EEBRMLIRKE
3 (garbage collector). IREHIZ T B HA SN B I% T th fo iy EAF 405 HIR FF AN IR X R M B A
(CARIBERIRA). B, Intel iAPX 432%F £ Fhis I HINLHIR 6 T B EBERE MR 324

B—IREBBNERIES BEREWM M EME, MAREL R, RIS FRIAOPLERA
#h & 45 A i H A (reduced instruction set computer, RISC) (Patterson 1985). IR, X EEig it
WiAHREMRERY, BAEIEEBRECMUBRFHUERIESHEHFhRARMERLE. BN
o A S0 105 S P R 7 E T O AR FD AR R 38 T R B B ME R B I BIIES . AW, ABMNE, Bk
. AR —RISCHL B A A 7P A AR A ks

B, BRI S I ABRFIRHE S SN EE AT AR A BRI A ERRIR . X
ER R+ BB RARR X R R B — MR R EN. EENRREHHEZRAEREER
SHREGRG, BREEEFHCAEERENE, SBRARR TRAESRSENIE.

EEEath, BiRT -ARUNLE, ERESES TRATELES REMEN. EF - THRN
EABRHTERMNMITEERK. EXBP, RELAFERERRA AN ERBNEREN. BnE
BN R R R EEN; RDERNARREREBRESFF TS KRG ENEH. BmiERix
s E R, 2RERFNES, RERINASEE - TEERRRIESIE, HEHERATE
FASRENBIEES .

%3

1. BAVTEHSGBENEA R RHGEN . fHi, TRE-ANZENEREFCLEEHK,
AERE R SEm BT S BRI AT M s 2 B iR P R B e 2 4% . —AHBREER ‘RO
ﬁﬁ%”@mmmwcmmmﬂoiﬁﬁ%ﬁ%ﬁﬁﬁ%ﬂﬁﬁﬁ%%%~%ﬁ,EWEﬁﬁiﬁﬁ

MR R R, SRR TRE. COATBFEREARE HRIATETH.

iR, REES LRI
BEHIGHEI3NRFREH, UATFHERHE. (E B R G BINE ST %
GBS EFRETAAAE.)

2. H‘ll.71’54’ﬁﬂ']ﬂiﬁ@]RISCﬁi%%*@ﬁﬁﬁ&ﬁﬂiﬁi%’%ﬁ?%?ﬁf&ﬂiB@iﬁ%ﬁﬁﬁ%ﬁfﬁfﬁﬂto
RISCHk £ &5 HItE R AR L MBTIERICISC (Complex Instruction Set Computer, 2«54 81T EN)
RN AERBRERER. FECISCH 42 & A BRI (RIS FNF b4 — A ZHCISCH &
LR RFITHOVAXR ST FHL.

B R BEREE—/LACISCHLE (RVAX) hHIMSERS. ARG, TLARHRESERR
HFTA R4 FHERK, AAHEBERE TR TEFRERZTR. Sy X R RP T IR
A, B LR TIRE S BIEFEGE—FGE?
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. SHiNiR#E % (syntax). #4145 3L (static semantics) Fli& 4785 3L (run-time semantics) FJX B, 7E

VRERH) BFH5 P E $PascalfyWithiB W L. ¥ E X withf & KN, B © R T —FhE LRk,

- RESBAFUENTREFVES KRS . YEAZEEDNRERRELZROM, XEER G

B MR8, mREBEERRY LAEBSXQBRE -1 RIER, —FHHERUR- N IXL#S
(cross-compiler), XX GFRE—EHE LSTHEARANTERIVLEERAL. REEURE M {ER
RXMFRCNBERGY LBTIESXNRIES, HARKYERNRT. MRREYRBAL —H]
BHBEREKEMESHRES—R5IEM 28I RIRE?

. RYHFBRE: BESXNREZEETERENEL. LA-FHESCRE A RIFEN, ZBRES

AL, (EXFERT, TLARA—Fh A # (bootstrapping) Fik. B, ERIEEXPRBEIA—4
BRGERNTE. Hk, XTENRHEAREFSHEMTHANESRE. ZRESLALERN, B
EAMLLTENES R, BACHMEHER. T—-PRAXNTREESXIFR%1%E MG 6EH
EHAIBOTRERRFBEFRIZE. BE, TUY KX FEURENRES, EILIXREHXLY
—AERRESTAAL.

R RE A #Pascal (RC). HEHE-NABHTERIES. KESTLARZWLRN? HiHH
seretE h RIESB RSN

AT RS ATITENRISCRY, U8 T Beroff MTXX AT A ENTHAABRFRIHESHEE,

g S HIBOCTENNLE BN, BB SR ARGIREE. FARE. BEURSHRT S XA
. WRESErof RTXWHA, FEREIBHIEXHSRFREN, RUEBIRESH R
RAERLEFE.

AT BRI B —F R EAE RNGER R TRBMAMGE . (RBR
ek, HEEE. SRR AS%.) SRS HBEERA RRMHAE", Bh
p =1l 171} 7 WY LI N

BRI MR AR A & R 20 M TFRFRINESRTHFEXRMUNT&?

. RERIZBWIZIATHFEEMNES, BENEF WAV AMLURMGIES (GE%FAHFORTRAN, C

RICHES) RENTEF. AT AELFEIRY “XSHEM” (foreign call) 2 BRI X E
mIEE ML



B8 — I HRmIFSE

fEx—, hTHiESRENRIFIRAANBKINR, RONBBAEELE EMFE A —TIEE D
HRFRTESHERIES. BIMBESKRAMicro, BR—MHRABTBRNIES, EEGRORBOSKEYE
RkRE— NG RORF. &itMicro AR N IHEE BRRFIMIFESRYE—TRENIES.

FAE kA Lk E X Micro:

(AR A TR R,

s FHMARRGRABRSEY, ARKEREERSFH. RIAFSAUT BRI HTE. BF

FOF RIS R .

 XFH B BEFHK.

«EBHR - FHA, HELWITRER.

 IEMERN

B{E1E5):
ID := Expression ;
Expressionf iz . XFHRUK+M-SEFARBPRREREN, KPLHS
H¥ES.
A HiER):

read (List of IDs) ;
write (List of Expressions) ;

+ begin. end. readfiwrite 4 {R ¥ ¥ .
BEAEBAUSE () HK. BFthihbeginfiendftE.
FREGPBITEREM—ASHE Bk, %S STRET.

2.1 MicrofRiX a4

ABMEER A EAHMicomiE R . ZRFRLHETEIMMA. HREER, ZLARIEEFR
FRRSEHA, XEESWSERAERAERNPRET. SAFRMEDMT:

°vﬂ%ﬁ}#ﬁ%%bk)‘dii#*&mﬁﬁﬁ#?”étlﬂvij‘m(I?E¥3ﬁ4=i‘“‘1‘%ix) FELE, Eﬁ%,

SR TR RRAE, RAAE B XA LE—A miEEs R RANRS, A
K, BRi=E—AIRSET. '

CEESHBELEILE, AFNANEEIEVORNERSH. EREERRAELHE. Hpak
By ARERGEE R P ERILSRR.

o §E IR — AT Sl L A L AR IE SRR . T, FEMicrogm i 3§ S5 i A 1R
(L5, TICEDA: B R T A IS S (I P VA P 24 M SR B R ST A -

o« BERIHIELHIBER. KEOE2S STiE.

2.2 Microifliz 4178
Microiflzk iR Sl A b E X, BREIE. KRALENBEN, WNE—ANEERLREL. B



16

ke

£ 2F

Micro%i% 2 i3 — & R A EMicroldlik s #r 8 . & LB 2 B token R RMicrofJ Ak i S48 ks
BT SRR — A S, 3B E token 2R H ) R KL

typedef enum token_ types {
BEGIN, END, READ, WRITE, ID, INTLITERAL,
LPAREN, RPAREN, SEMICOLON, COMMA, ASSIGNOP,
PLUSOP, MINUSOP, SCANEOF

} token;

extern token scanner (void);

RS BIRA TR ECNARITEILS. &8 AN Z2NTR. Hilk, BEEET
RS — A LRI AR B R AR ¥ T Micro, (UEBARE—-FHF. BT
FF T F AR #ERTungete () BR80T (B b PR - .

hEisEn, BEBAKEstdin, Th_ERIZATF— MR ER —4 B FILERH

k47 B v A A L AR B AN IR BT L. bk, BRETFT-MIAFR. mREFHFLL
R SRTEL, WAk —Aa ki SR, BREIRELS, FRENERP KR L. HRROKE )&
BOMZEFEEFFGAR. SRR R R LIRS LFH AL, MR ATAR &%
ISR KATREFIFF.

2128 i SIMicrobR AR C T4 B (REER) MIAESWSNERA. CAREAFH (2
M. BIEAMAE AT . ANBER, BERE TR FF. ECIEITh, BERZA BT
B, LIS SUR P \n' FoR. BMEFERGROREN R, CIESRRAMHELRERRIR
MiTa R pRICHHEE "\n' .

#include <stdio.h>
#include <ctype.h>

int in_char, c;

while ((in_char = getchar()) !'= EOF) {

if (isspace(in_char))

continue; /* do nothing */
else if (isalpha(in char)) {

/*

* ID ::= LETTER | ID LETTER

* | ID DIGIT

* | ID UNDERSCORE

*/

for (c = getchar(); isalnum(c) [ ¢ == "_";
c = getchar())

ungetc(c, stdin);

return ID;
} else if (isdigit(in_char)) {
/*

* INTLITERAL ::= DIGIT |
* INTLITERAL DIGIT
*/

while (isdigit((c = getchar(})))

ungetc (¢, stdin);

return INTLITERAL;
} else
lexical_error (in_char);

B2-1 RBRRA A SR AR 1T SR TER
fEAE B B AR . RIS R SIARIL SR REE S . E2-2ER2-1INERNE
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B L& TR A LR SHRE.

#include <stdio.h>
#include <ctype.h>

int in_char, c;

while ((in_char = getchar()) != EOF) {
if (isspace(in_char))
/* do nothing */
continue;
else if (isalpha(in_char))
/* code to recognize identifiers goes here */
else if (isdigit(in_char))
/* code to recognize int literals goes here */
else if (in_char == ' (')
return LPAREN;
elgse if (in char == ')’)
return RPAREN;
else if (in_char == ’';’)
return SEMICOLON;
else if (in_char == ’,’')
return COMMA;
else if (in_char == r+’)
return PLUSOP:
else if (in_char == ’:’) {
/* looking for ":=m" %/
c = getchar();
if (c == '=’)
return ASSIGNOP;
else {
ungetc(c, stdin);
lexical_error (in_char);
}
} else if (in _char == =) {
/* looking for ——, comment start */
c = getchar();
if (c == '-7) {
while ((in_char = getchar()) '= ‘\n’);
} else { .
ungetc(c, stdin);
return MINUSOP:
}
} else
lexical_error(in_char);

}

B22 IARRISIRMER . R BRI o7 B TR

fEMicroiflZk sy #7 8 b i R A R F FAIRG. MEYRETREFFERIRATERAH AT
F. RETLEEEULHERS RIS (B, #EBES I SHREUATFRER), HiXF
A RUR SRR, ESBATS EAR KRS k. AR EEERNT ST AT AR
M., EE—FHET, TR ERE KR TR BY—TRIAFRIRN, SRRt
ERBEER, MB—MEEBEREY, NESSBRRBREGFRARFRF. WES—FHTET, &
B e REE T ESRNDGEES, SHER R reserved. HEAHRERI—MATE, ERS
FHPERILARIRG. WRERD, FRAH SRR, RECIRBHRET.

3 FMicro, TR L4, BEIAM%IH B4 —Pllcheck_reserved(), KBIARE Xal
BRI ARERICS X (IDREXMRET). R, E2- 1R R BR IR R IR T R RBAE
AERXR R ERRBT. ERTIAETHE, BARBYUE A ERR A DR IR SR T
HHEEBEMIDE, RBEFESRE, METSXIREBT. MTREMIZS, FMERFMIT
R, BEMEZCEMXEXE. hik, HAGIEDbutfer_char(), HHBHMA—THAY

26
27




18 F2¥

token_bufferfJF7FEMX . clear_buffer ()IEFHRMX BEAZFHE . ZRMPEXMHIFR
WSS BTR, AR EERHTMNIES XA, EFENRMARMESRS, RIFIHEENLE
fi% 2 {# A token_buffer. check reserved()&fﬁﬁiﬁ%@l’idﬂm%ﬁﬂémi—’\éﬂéﬁﬁtﬁ
RANIESRERREF.

AT 4 S e A2 A Al AL TR SO RO 45 R . 1B 340 W7 58 4 SN (T AR A B 52, DAMEIIE S B 22 52 LR
A BN, EEIE —A B SCANEOFHI X5 RIC S . EER AT BRI R L K ik
B EARES, ZDSEEA S Fon. A, S EEMRYOBRFRINESHHTRARN
Wk E, FERiEASCANEOF KRB E. — BIEMIA%D T B feof (stdin) AR, m
SCANEOF #%3& Bl .

E2-340 & Ak b 2 E IR I T AR, #**&ﬁ&ﬁl&{i}ﬁmﬁﬁbﬁlﬂ (fnbuffer_char()%).

#include <stdio.h>
/* character classification macros */
#include <ctype.h>

extern char token buffer[]}:

token scanner (void)
{
int in_char, c;
clear_buffer();
if (feof (stdin))
return SCANEOF;

while ((in_char = getchar()) != EOF) |
if (:.sspace(:m char))
continue; /* do nothing */

else if (isalpha(in_char)) ({
/*

* ID ::= LETTER | ID LETTER
* | ID DIGIT
* | ID UNDERSCORE

*/

buffer char(in_ char);

for (c = qetchar() isalnum(c) | c == '_";

¢ = getchar())

buffer_char(c);
ungetc(c, stdin);
return check_reserved():

} else if (:.ld:l.qxt:(:.n char)) {
/%

* INTLITERAL ::= DIGIT |
* INTLITERAL DIGIT
*/

buffer_char (in_¢ char);
for (c = getchar(); isdigit(c):
c = getchar())
buffer_char(c):
ungetc(c, stdin);
return INTLITERAL;
} else if (in_char == ' ()
return LPAREN;
else if (in char == ’y)
return RPAREN;

_ else if (in_char = i)
return SEMICOLON;
else if (in_char == ',’)

return COMMA;

else if (in_char == '+')
retuxrn PLUSOP;

else if (in char == ey |
/* looking for ":=" */

E2-3 BEAIMicroidldksy b7 2% R
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c = getchar():

if (c == '=’)
return ASSIGNOP;

else { -
ungetc(c, stdin);
lexical_error(in_char);

} else if (in_char == 'y {

/* is it ——, comment start */
¢ = getchar();
if (¢ = "~") {

do

in_char = getchazx();
while (in_char != ‘\n’);
} else {
ungetc(c, stdin);
return MINUSOP;
}
} else
lexical_grroz(inwphaz);

23 ()

2.3 Microigik

AN, AL E X MicroiBEdk, TARER L FXIEXXEL (Context-Free Grammar,
CFG) # HiMicroffyf=#52Z X . CFGA I h##RAHBNF (Backus-Naur form, EBHHi-#E/RER) ik,

EaHL, CFGRE—ABRSHMMR* 4 X (production). PHRIIERN

A5 BCD - Z :

ARfei: R £ ¥ (Left-Hand Side, LHS) ; B C D--- 2@ R4 A% ¥ (Right-Hand Side, RHS ).
BAEERNERNAE -4, RARTUEEEHENRS (BARELA). PERRET A
B, B CEB ST AR AR SRR, FHikaX

<program> —» begin <statement list> end

HE— /B2 beginHlend BT R EIIE HIFIR .

fECFGH LM BA R SCATES: 4% A4 (nonterminal) A4 H (terminal), FH5e, Jpsesh
BEER < A S" BEUBTIR. A, ESgFaTaENHRESEREZRRIRY. EE
Trhe bR B, FAEKESLFREUEAAEROTERRBRRES. MK, SSTATH
RERES. BIRREEWH LT (token). Hik, —HMER (—ACFG) M2 BERREHRE
s ER (AL D) SR A MM, CFGA—RIERREN T RERXA Bix: H—A RN 4 5
% (start) RAAFFE (goal) MAALHEFE, BEHAFERETIHALN, BIMTELN.
FE (TR B P A S B R SR 0 R A Bk 2Kl MBS FIR R i EFHER ST
BEF g, WiZAABIAARIEREN. ATHAXANSIBOMERR. ik B8 — T Microffi—4
CFG. MRENRATHS, Rk, FERA-MIZATRZFFEER, KR ERRBEHRE.

BFRHHEEEMEY SH TEARSWIR. BT EMBRRZAENEE, il ¥ FI A ABNFZ
% (extended BNF notation ), "[&BFFIdmGHES “[” f1 1" #EEk, B, TR

<program> — [ ID :] begin <statement list> end

h, BIFA—A RS, THRMESIRBAES ¢ M )Y SR, BRESER

28
1

29




[30]
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<statement list> - <statement> {<statement>}
i, IBASIREXA—FIBDRER XA S FTENIED.

§BBNF5 ¥ EBNFA EHIFMNE RED . #30h, "R T8 RBNFRSH USR] K.
A EF AR SIS F R A SRR KAUE, TRFIRB A FIERETERS, RSN
FEREAR IR B4R A XA AT . ERIEDFIRT A

<statement list> — <statement> <statement tail>
<statementtail> — A
<statementtail> — <statement> <statement tail>

§ BBNFIE AR ERE DR, TUBK-ABULEERY BBNFEARA , 0 _LEX &R %>
HAr#EBNF,

®2-445 HMicrofg¥ JRCFG. —/~ 467 & & X

<system goal> — <program> SCANEOF

MBLE XS, UREm<system goa>ERMFHERE THARA . BHEXMHLEHRRIL
SCANEOF 41 ' MR F M B e — A RIAKIE S .

1.  <program> — begin <statement list> end
2. <statementlist> — <statement> {<statement>}
3. <statement> — ID := <expression> ;
4. <statement> — read ( <id list> ) ;
5. «statement> — write { <expr list> ) ;
6. «idlist> — ID{, ID}
7. <exprlist> — <expression> {, <expression>}
8. <expression> —» <primary> {<add op> <primary>}
9.  <primary> — ( <expression> )
10. <primary> - D
11.  <primary> — INTLITERAL
12. <addop> — PLUSOP
13. <addop> — MINUSOP
14. <system goal> — <program> SCANEOF

E2-4 % X MicrofJ¥- JRCFG

ST B E %S R AT 2 LA B OMicroB F, LRI IEA & FF <program>FF 44, BEXE—NE
F, begin ID := ID + (INTLITERAL - ID); end.

<program>

begin <statement list> end (Apply rule 1)

begin <statement> {<statement>} end (Apply rule 2)

begin <statement> end (Choose 0 repetitions)
begin 1D := <expression> ; end (Apply rule 3)

begin ID := <primary> {<add op> <primary>} ; end (Apply rule 8)

begin 1D := <primary> <add op> <primary> ; end (Choose 1 repetition)
begin ID := <primary> + <primary> ;end (Apply rule 12)
begin ID := ID + <primary> ;end (Apply rule 10)
begin ID := ID + ( <expression> ) ; end (Apply rule 9)

begin 1D := ID + ( <primary> {<add op> <primary>} ) ;end  (Apply rule 8)

begin ID := ID + ( <primary> <add op> <primary> ) ; end (Choose 1 repetition)
begin 1D := 1D + ( <primary> — <primary> );end (Apply rule 13)
begin ID := 1D +( INTLITERAL ~ <primary> ) ; end (Apply rule 11)
begin ID = ID + ( INTLITERAL - {D ) ; end (Apply rule 10)

BE, BAEFTIESEN, R b FiMicrof2 e R S5«

CFGE X —A-#¥F, MiAKZSFIINES.

GRS HINERIARR S FAIMRANN; K

SR TN, BE b, P, MCFGHSHMERMBITSFIMEINLRERE LARm. UiE
YERRERSIELM, TEIRIEE LARNBFFRAANE 4R, Fi, PascaliBEMED

A ="X +True;



BAHIBHRER, AREF-MEXER: “‘+" BEFTRARSEH SH/RERMG.

FECFGHBERTLAZE iES:, XWLAEXER. W TREKX, ZBIELS N (associativity) FE N
B4 (operator precedence). ZS¥EXARBIN AERBIEFLFINNTF (IEA-B-CHh). BB
RERRIBBIEFOREES. i, BAVABA+B+CERA+(B+C), BREVEH NN “»” tb 47
HEHOMRER. Microll —MEERER, BHERLERE. MRESRE, WER LML
MERER. THXEFBREXL TXHEMRERXR.

<expression> -» <factor> {<add op> <factor>}
<factor> — <primary> {<mult op> <primary>}
<primary> — ( <expression> )

<primary> - ID

<primary>  — INTLITERAL

SISO B S AR ABCHIA $ 4 (derivation tree), TLABLHII%E Linfa Tk,
B SRR LB OT B AT, M2-SAM EERARMESH. ZHEBTR " Wb+ HER
MRAER, BAE-AMESAID () BALE—BTHSH, MEFHUME—/D (B “+) 4
AEERSHS.

/<expression>\
<factor> ’ <factor>
<add op>
+
<primary> <primary> <primary>
<mult op>

D D * iD
' E2-5 A+B*CHIHSH

FiL P TR — A & AR ERNESRD? EERETEMN, EAEEXHAUA LY. RE
K ID+ID=ID, Hrep A “+”. BT “«” (Ul di<factor>A: gL, B i ID+1D 44 41 H BL7E LA<primary>
AW TR, R, <primary> A RKID+ID, BRABERERESH. BitiESTLLRSHIE A,
& 2-6Ff7w.

2.4 BRATHEZSH

MicroiE i 4 47 5 f Fi — i E R MBS W HA , BRobi# 3 FH (recursive descent). Z&FMHE
SITER IR, Lk b, AR BRFH, ETREBHIRNNS R . BIATREMATXRFR
BRI EENEES A Z—. RETRIEESHNESBAL: SMESEARA—THXN
&k ¥ itAL (parsing procedure) FALLIRBIHiZIE4 4B A RN RIALIZSFI. BB HLE
i, RS R ICA . HICK AR AA, WA MRS LR, KR, &
SR LA, XA TTCLRBINN, ERARLBIA TR %, HLREHFTe, WHLR
match(t). match() ERIAES T BEKE T A%IEES. mBke, W—PE¥, BXESRFRE
#%current_tokenfi2 RERS . MRZKIBEFRt, MERT —iFnak, FEHRER, Jhi
SR 5 IE BN R BT AR IE S SRR T R

BT AR T, ZEAMEMicto Xk ERRREWIERIHOE. BLHA
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<system goal>Fixt i it B R EN BT B
void system goal (veoid)

/* <system goal> ': := <program> SCANEOF */
program() ; i
match (SCANEOF) ;

}

BB, b T ERSTF—/MicroffF, %4 LEh<program>t: RIA%KIZSHFF], HERE—4
SCANEOF, %&{llHb, *tF<program>, FHLATT#:

void program(void)
{

/* <program> ::= BEGIN <statement list> END */
match (BEGIN) ;
statement_list ()’
match (END) ;
}
<expression>

<factor>

/N

<primary> <primary>
<mult op>
l
*
( ) ID
/ex:ression\
<factor> <factor>
<add op>
I
-+
<primary> <primary>
ID D

E2-6 (A+B)*CROHfESHt

%t F-<statement list>, Stk EERLALETEMBEMFF]. 4next_token()RBEE TR
R S E . mSnext_token() Ak HMIEL & <statement>2 [RIGE — 4 (BIBELNI)
Aine, NRERYTEGER. G0, RIIKECL2TRET -4 2BHIERsIE. X R EEIEA
Fi G CFGA 2, [ACFGHTE—LL() AR ES T FTRIESRSHT. LLAERIIHTH
EFEsSEFMR.

Sl B L iRk IR B W I — A EA SR A B iR S R HUE? BB EESERB A A HHE
KBRS . A TFEMicroXBMR/NICFG, KR LAEThHFLRERR. BEBBAELETAL
FAEYILE. B SRR AFISA). BROARDERNFAER. HTETEHOFER, ]
AR ETHRNRESTS. WRIEFSRAET, HHMAFIstA). MR EFSRIEXLENB, HE
First(B), #i&HMAFirst(A). X F<statement>, B Eg, Bh<statement>HFiA = A R LIS
iR . MBRNIERS TR T:

void statement_list (void)

{



/*

* <statement list> ::= <statement>

* { <statement> }
*/

statement () ;
while (TRUE) {
. switch (next_token()) {
case ID:
case READ:
case WRITE:
statement () ;
break;
default:
return;
}
}
}

fE<statement>Hi %t BRI E LW BE X, HEL T <statement>fir T £ &£ X EHHHR.
Bk, YHikECERB—AER. bk, ST ERTRmENA. BEMETED
<statement>p= 4 X fFirsti . RxEAMFEATER SO —, WTHHE —EF——EHER
Firstfrifl &next_token() WIB&F AR, MBRFAERARAHN, WARA Kb LRk,
WA BRIMNERBHTIC A (BARA A2 MFirsti ), anRnext_token() K HBIELEM —Firsthiih,
FEBAVEER, MPEdE—ANERER, BAREFERTURRE T —AREES.

HAEEFIACEGH , REMRASTENEERBIETEMNNEIRSEHEES . A, LLDOX
BAEANRER, XOREETRATRIERSEE.

<statement>UU & H A HIMicrolE s ¥t BIEE2-Th —HAH, EIMEREN T BRHEARRAE.

void statement (void)

{
token tok = next_token();

switch (tok) {

case ID:
/* <statement> ::= ID := <expression> ; */

match (ID) ; match (ASSIGNOP) ;
expression () ; match ({SEMICOLON) :
break;

case READ:
/* <statement> ::= READ ( <id list> ) f/-

match (READ) ; match (LPAREN) ;
id_list () ; match (RPAREN):
match (SEMICOLON) ;

break;

case WRITE:
- /% <statement> ::= WRITE ( <expr list> ) ; */
match (WNRITE) ; match (LPAREN) ;
expr_list(); match {RPAREN) ;
match (SEMICOLON) ;
break;

default:
syntax_error (tok);
break;
}
}
void id list (void)

/* <id list> ::= ID { , ID } */
match (ID);

E2-7 MicroffJ i &iES% LR
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while (next_token() == COMMA) {
match (COMMA) ;
match(ID);

}

void expression(void)
{
token t;

/*
* <expression> ::= <primary>
'/ { <add op> <primary> )
*
primary();
for (t = next_token(); t == PLUSOP | t == MINUSOP;
t = next_token{()) {
add_op();
primary();

}

void expr_list (void)
{
/* <expr list> ::= <expression> { , <expression> } */
expression() .

while (next_token() == COMMA) {
match (COMMA) ;
expression();

}

void add_op (void)

{
token tok = next_token();

/* <addop> ::= PLUSOP | MINUSOP */
if (tok == PLUSOP | tok == MINUSOP)
match (tok);
else
syntax_error (tok);
}
void primary (void)
{
token tok = next_token();

switch (tok) {
case LPAREN:
/* <primary> ::= ( <expression> ) */
match (LPAREN) ; expression():
match (RPAREN) ;
break;

case ID:
/* <primary> ::= ID */
match (ID);
break;

case INTLITERAL:
/* <primary> ::= INTLITERAL */
match (INTLITERAL) ;
break:;

default:
syntax_error (tok);
break;

m2-7  (5%)
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25.1 BiREN

BEREFFEMicrof XFREIFTYE. Bk, LHREHMMILBUARUMMER (CRRG.
BARB R R IER ) ARARB. AREER, EAZRINENTCRRG. IHLSNHESE
RA

OP ABC
HAHOPRRMRD (RHHBIERD), ARIBIRIAERIEMRIES, CIREREERNFHMLR. BRIEKT
ARERADBEXFTHR. M THEOP, WRAEHAARBRC (fim, HSHLESHEREMHal),
WHMCROBRARFHSE. ¥ TFMicro, BEFARAZRRIEDEARYER.

ZERREEA FRAMEIUS, ETURRED A BESE, RES/ELSTH-AEEROR
BARSTBRETNASORG. BXE, RNVERRDBSEANPEAZRF—9 ALK (quadruple)
B X—ARET B S RN —AFSER: WAAE, ENRTREETRARR, XTHE
Ve 2R .

252 IhNER

EEELERE, ERBEERGEMYRNTECE, RSN XE (temporary), RAEBHHAS
R, M TFMicromiFE, BHEREEREHRBAMHNAFRLE. EAMicroh T EERLER
AN, FLUXHEATAGRF. EXFOESRESTEFFRAMEN TR, BHTMRL%%
BRI A5 Bise £ (BMAFILE, W/EMicrofik® Bt HmATLEKN B &), fim, SBA%F
FETRARESBARZHESSRELWHFFRENRE. RNHEMEHEHERERHARERLL
Temp&NIIBAFT, KHNEEHEROES, M. BT ‘& FRUREEEMicoZRAF,
BRI b 3 i 7 BRI B R S ey B R

253 WEFE

MEIERR, K WETERIESES TS AR0EGRRSER. [HERAENE LGRS
FFBAEZRE. TRTEEHEMD ST (action symbol) RIHEMATETELE. HIEFS
& FEH R hi#namedor, BT BRESERABOERMCE. B4 SHEF S E L
B, fitn, SEFStaddyFifhadd()WiE LR, YOIRIELS RN, HERDEFSHEN
(B GE IR AP RESE, LARIE AL E . mROEHER SHIRIEAELS
FEAERBORA, EREVAEEROEEFLSEUNMEL, UEEEEIHIEROHEHIME
X HIRRMEA.

2 CFCEHMIEE A HBFRNMIESRARM. Hit, ENXHE LARHBCFGHEE
MBI Ry . ERIEES, HIEBFSA% R CFG, HRMAMBERTIELHE. HCFGH
BB RBNRAM, SR IURER. ENE SRS T2 R R3S M AR
BN BIE.

254 EXER

EE%ME%&H¢,“¢E¥%ﬂﬁ%€ﬂ&@%&ﬁﬂiﬁﬁamﬂﬁoﬁmmﬁ&%ﬁ—¢
%x%i(wmmkmmm)Qﬁﬁiﬁﬁ%(m‘Nﬂﬁﬂ%L<@mm$mM%)ﬁ%ﬁ.ﬁ¢$
ﬂ%ﬁ%ﬂ%ﬁ~¢ﬂ%@@%&ﬁ%ﬁ%%EWE§°ﬁ&ﬁ%%ﬁ&&ﬂ&ﬁ%lﬁi*ﬂ%ﬁﬁ

36

38
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RARMEE. FHik, IDELUK S TINTLITERALIARFEMEER T, B IDIIECRHEE
HEMES. IREMFERSEIEUKE, EUASMIEIEF. flm, 2 SRATEIELILE.

S EETFIIE DR A S i%iC EMtoken_buffer R GHifH. Hitn, INTLITERALKHEBFR R AR
MR, MIAKIZEXAESH. BESFERDHE - MALICS SHMENRSHS LR, WHIE
MR A XA E R

B Y RERE R A AR A SR SIS B R ORI AR E B S FIE e R. MR
o A BRSPS Y, WX S S OIS UL Rk A BNE A AR PR ERIE LBIR. b
T B X FLELR tnfa THERY, %I

<expression> — <primary> + <primary> #add
7= B AT BB 454 <primary>ER 4§ 7 A — AN B Uik . X BE R RIRF e RIERAE SRR (B,
CHEERE, ERSD). H4iAMadd()i, BHALHXERFEISH. 3 B0 3 R ol 7 A E 4 Y
RED, BEJE =t M Fr F<expression>fIFiiE LinF, HHaS TRIBLEINRERNLERHEE.

{8 F53% V2 F BB B 53 M 28 0, XUBE SRR T LA RIS BB R R . BEIRAEH
2E USRS T A SRS R AN AIEE TR . FERREDMEE ST EH, BE—4
B8 LMK (semantic stack ), FALAZEIE BRI A 2 0 #4418 Lg% I SEPIR .

hTENIBXILF, L%ECFGFPm@&ﬁ%%ﬁﬁ%&&i—ﬁﬁ%%ﬁ%%ﬁ’A#B‘Jiﬁ)‘d’é.ﬁo
B 2-845 HH B iEMicrofff Ef1E X idFop_recHlexpr_rec. (fEexpr_recH HKkEMAEABKE AR
FrrlECER .

#define MAXIDLEN 33
typedef char string{MAXIDLEN];

typedef struct operator { /* for operators */
enum op { PLUS, MINUS } operator:

} op_rec;

/* expression types */
enum expr { IDEXPR, LITERALEXPR, TEMPEXPR }:

/* for <primary> and <expression> */
typedef struct expression {
enum expr kind;

union {
string name; /* for IDEXPR, TEMPEXPR */
int val; /* for LITERALEXPR */

}:
} expr_rec;

E2-8 MicroC#:fF SIiE LigFk

FER O ERBEMRIELEE, BRI ENNELERAyE. BEHRE, EIRF AL ML
FBRE LFAERE. AT, mEFREFEESIBE. HATLARIE iR dmprnos. EREIE XD
b, BAEXREREELFBRFEHT L

2.5.5 Microgh{Efr=S
BE2-95| t— A B & FH A S IMicrofCFG. HERTRSCE, Hhdm T AR

<ident> — D #process_id
ZrEeRiEEA R, RAELMREE, IDHBLZET Z AR ETXH, MRNEBEEEIFEL
A IDIE B — kB2 J5 r Bl i Al process_id() (LLi}jlAtoken_buffer s i A3 GRS HRVIE L
iRFk). BT HAMETA DR h<ident>, BRATLMRIE S & WA process_id().
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<program> — #start begin <statement list> end
<statement list> — <statement> {<statement>}
<statement> — <ident> = <expression> #assign ;
<statement> — read ( <id list> ) ;
<statement> — write ( <expriist> ) ;
<id list> — <ident> #read_id {, <ident> #read_id }
<expr list> — <expression> #write_expr

{, <expression> #write_expr}
<expression> — <primary>
{<add op> <primary> #gen_infix}
<primary> — ( <expression> )
<primary> — <ident>
<primary> — INTLITERAL #process_literal
<add op> — PLUSOP #process_op
<add op> — MINUSOP #prooess op
<ident> — ID #process.
<system goal>  — <program> SCANEOF #inish

E2-9 #A IR SHIMicro3 ik

RAIGIE B I — LB BIR: generate () AN FHFBIEASY, X FRIFTD. W
MBVEM R R, RS O b e it T ks A8 4. extract () BUESUEREHS B
B AL A RIE SUE BT R R . R AR — /AR, BEERTERS. R
1% B 5t generate () LABIE — K2 BIIIES .

EAMicrofR B &, FILFSRABLRELE. M, FAESHMEMKTEBIERIRTNRE,
HARARAMTHRREY TR, HFPEAENTCRESRLSTHRTCRBFAERyREMZR, Bk
BAREEIDRAE ML BRI EYE. Fxb, XESAEREMEXRE. ¥ THRAK, &

NELENE - EBRERTLAERSHR Y, m%éﬁﬁﬁﬁﬂﬁ%ﬁ‘%iiﬁiﬁﬁzlﬁﬂﬁ}ﬁaﬁﬁ?‘é‘é‘ [a1]

e RBIRAHIEHS

/* Is s in the symbol table? */
extern int lookup(string s):;

/* Put s unconditionally into symbol table. */
axtarn void enter (string s):

hif 218 L HIR T E AR s FlRcheck_id() A:
void chcck_id(string s)
if (' lookup(s)) {

enter(s);
generate ("Declare”, s, "Integer”, "");

}
}

lookup () i E & Asi&k BREDEF SRS RTHSHATI, AEBEFSHPEMEME
{58, enter() EAMHEFHBsMAT SRS . Hik, MRTE, check_id() ¥ @EidiE—A R M
AGFEEHER—ERYUFEHSANCAGSIEDREARE. ERMMICKIEES, DeclareRiL
BEF R 4 UL 0TS . EE RN, JEER SRR, LCRBFREZER
FEEL/PERAREBFERERE.

BRITBE—A IRy REHER. WATHR. ‘IEE’IEEEB’M)EE%&M%‘%:@Ii H—RIA RN
MERAHHRFESER, #EHMlcrOEﬁ‘#%ﬁ%‘IB‘J%x i AT L £ Temp&l. Temp&2%.
HEELERRERT, MR REE BEERUEEE, ROAERS AT TIPS BIXERI
HHER. RPfget_temp() AFH o EIERER.
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char *get_temp (void)

{
/* max temporary allocated so far */
static int max temp = 0;

static char t.;snm {MAXIDLEN] :
max_temp++;

sprintf (tempname, "Tempttd”, max temp);
check_id(tempname) ;

return tempname;
}

BERLA T A LR FMicrosh iR SHIE LR B L RHBIBIR . Micropzh B L E2-10.

void start (void)

/* Semantic initializations, none needed. */

void finish(void)

/* Generate code to finish program. */
generate ("Halt", =", "%, "");

void assign(expr rec target, expr_rec source)

/* Generate code for assignment. */
generate ("Store", extract(source),
target.name, "");

}

op_rec process_op (void)

/* Produce operator descriptor. */
op_rec o;

if (current_token == PLUSOP)
o.operator = PLUS;
else
o.operator = MINUS;
return o;

}

expr_rec gen_infix(expr_rec el, op_rec op,
expr_rec e2)
{
expr_rec e_rec:;
/* An expr_rec with temp variant set. */
e rec.kind = TEMPEXPR;

/%
* Generate code for infix operation.
* Get result temp and set up semantic record
* for result.
*/
strcpy (erec.name, get_temp());
generate (extract (op), extract (el),
extract (e2), erec.name);
return erec;

}
void read id(expr_rec in_var)
/* Generate code for read. */

generate ("Read", in_var.name,
"Integer", ""):

E2-10 Microff)Zife G
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expr_rec process_id(void)
{
expr_rec t;

/*
* Declare ID and build a
* corresponding semantic record.
*/
check_id(token_buffer);
t.kind = IDEXPR;
strepy (t .name, token buffer);
return t;
}
expr_rec process literal(void)
{
expx_reac t;

/*
* Convert literal to a numeric representation
* and build semantic record.
*/
t.kind = LITERALEXPR;
(void) sscanf(token buffer, "$d", & t.val);
return t;

}

void write_expr (expr_rec out_expr)
{ .
generate ("Write", extract (out expr),
rInteger”, "");

E2-10 (%)

X IE Y BB, BEBRE— Tk — MBS R SIE L. EEH2-11HHH
#yit Flexpression() S S A X =k expr_rectE bR B K. BEEE, XA expr_rech & H
expression() FTRBIMEREZAMIELEL. IRBPASNPER, FARFHARAXBIERTHIR
Bk R IOIE DR, HARARREA: R HIBgen_infix(). (ECEH P EABRZYMIELIEF
a4 RLIHRHSE.)

void expression (expr_rec *result)

{
expr_rec left_operand, right oparand;
op_rec Op;

primary (& left_operand);
while (next_tcken() == PLUSOP ||
next_token() == MINUSOP) {

primary (& :ight_op.:md):
left operand = gen_infix (left_operand, op,
- right_operand);
}
*result = left_operand;

m2-11 ALEhEER TR

B TS ES R~ 5

Ve koRpl, % & T 5 B MicroR R4
begin A := BB - 314 + A ; end SCANEOF

43
45
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UTRELCEZRFIBRPEZIFEOINIRILE, ERET—THKNBATCERT R+ L
BREIAREG . A8 LIS K 5 AT 28 3D 1 W LUR TR FH U8 o0 A7 BB ER AR A w9 — A i R IC BE S0 P i
S5, RERAAnatch() RERIEXLTM—NTRAREILS, FRREARIELDEGR.

Step Parser Action Remaining Input Generated Code

(1) Call system _goal () begin A:=BB-314+A ; end SCANEOF

(2) Callprograa() begin A:=BB-314+A ; end SCANEOF

(3) Semantic Action: start () begin A:=BB-314+A ; end SCANEOF

(4) match (BRGIN) begin A:=BB-314+A ; end SCANEOF

(5) Call statement_list () A:=BB-314+A ; end SCANEOF

(6) Call statement () A:=BB-314+A ; end SCANEOF

(7) Call ident () A:=BB-314+A ; end SCANEOF

(8) match(ID) A:=BB-314+A ; end SCANEOF

(9) Semantic Action: :=BB~314+A ; end SCANEOF Declare A,Integer
process_id()

(10) match (ASSIGHOP) :=BB-314+A ; end SCANEOF

(11) Call expression() BB-314+A ; end SCANEOF

(12) Call primary() BB-314+A ; end SCANEOF

(13) Call ident () BB-314+A ; end SCANEOF

(14) match(ID) BB-314+A ; end SCANEOF

(15) Semantic Action: -314+A ; end SCANEOF Declare BB,Integer
process_id()

(16) Call add_op() -314+A ; end SCANEOF

(17) match (MINUSOP) -314+A ; end SCANEOF

(18) Semantic Action: 314+A ; end SCANEOF
process_op()

(19) Call primary() 314+A ; end SCANEOF

(20) match (INTLITERAL) 314+A ; end SCANEOF

(21) Semantic Action: +A ; end SCANEOF
process_literal ()

(22) Semantic Action: +A ; end SCANEOF Declare Temp&1,Integer
gen_infix() Sub BB,314,Temp&1

(23) Call add op() +A ; end SCANEOF

(24) match (PLUSOP) +A ; end SCANEOF

(25) Semantic Action:
process_op()
Call primary ()
Call ident ()
match (ID)
Semantic Action:
process_id()

(26)
27)
28)
(29)

(30) Semantic Action:
gen_infix()

(31) Semantic Action: assign ()

(32) match (SEMICOLON)

(33) match (END)

(34) match (SCANEOF)

(35) Semantic Action: £inish ()
SRR

A ; end SCANEOF

A ; end SCANEOF
A ; end SCANEOF
A ; end SCANEOF
; end SCANEOF

; end SCANEOF

; end SCANEOF
; end SCANEOF
end SCANEOF
SCANEOF

begin A := BB - 314 + A ; end SCANEOF
HRORBEEMT. RESRIEERERN.

Declare A integer
Declare BB,Integer
Declare Temp&1,integer
Sub BB,314,Temp&1
Declare Temp&2,integer
Add Temp&1,A,Temp&2
Store Temp&2,A

Halt

Declare Temp&2,integer
Add Temp&1,A Temp&2
Store Temp&2,A

Halt
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9.

. EACIEHMswitchiE MLt else FFIRS M2 3HMICKRE. IREKM—BAE? Bt 47

it 27 g6l FAEOF YE A 08 X F ¥ B R SCANEOF?

E—AREHNTRS XHMIEE (HilmPascal. Modula-2) &, FAEAEE (lookahead) HEH
[ (pushback) HRALHAFHRA. BiCEETEERICHHLEFRIRIL.

LHUR AL S F S R ENFIBbuffer char()ficlear_buffer(), LARIRBIRE FHIHIE
check_reserved(). %I EICCIESFHFHARNY.

. mME2-9FR, EMicroX ikt MAIER & <ident> B EGR— L@ A TRIEZRIHHRE. HSH

A R SEBLx A S 7 B B R BIR .

LA 11 fexpression () it BHTEH, HFA Hkor A BRI AT RIS UL R,

BRI IE 2 4 BT 22 S LA HE AP 5 RAHE B 47 B BB L R MU R Br . Microi& oy #r 8% R i
P TRBIESES N, BEAXERNENELEHRAES A LBNIERI LR, SHBEIHE
REBEMERBERCEERETNBEILRS . AtMicrofyiBko e BIRERE, 2R
TUAEFRHARRIEERSIR: natch() THRAHRIAFBFPHERFLCS, RE—EED
Wi B switchBif B4y HaEnext_token ()M A RELEERBTHRMILS. ER—MHERT,
MicroiE 4y #7128 Flsyntax_error(). match()#flsyntax_error() MAEEIR T Rk PT R
EVELA R IB S 4R ER AT

match() T LABKEE — A R B P LS R B G ERA R 3 T IiRmAkL T, AR &
Bk H e A R ER0IE R A A RO B 2t . R ROEE S kR ikmateh () BEIHIRE BT
E3 T EROFARIDS. EXFERT, SOskEnatch() &% B2 KT LA, HEEE
A SR BN AR ERIIRKIL S EERHEAEH AL HRXEH 2B
BB T RIERER, NIRRT REA XA A BB AL, lﬁ)‘]ﬁﬁﬂi’é&lﬂﬂi%#ﬂTu?ﬂi%&u
aE . MHEXHNSREEERRMERRS —EiEEs iR, R — B AN R SR
statement () XA BUKLERIFEHR.

B E— /A MicroBiE E — B AMAES Y, RITBTLLR —-FFRAFEEH4 (constant
folding) BIMRML, BNZEGEM 2R H BREXME. MR- ANREANFENRERRBRER, W
AEEERITEERERORD, FAHENHEThREFESRE. BB LUMBUR S LA RAIN
FXHIE L IEBIR . '

BEKRERS— MMicrofI BB BT AR %IEE. R B B 0 AT IE B BB AT Micro RIS A &
R T RIE S BLUGHIAT. BAERBEIE L EFARMIE LR FREIIT?

10. ¥Microft)—4-H FMT BRGE —FHFRNEIX, #&# £ X, (conditional expression), ¥ iZ

Wb (E|Ex|Es). MHEZRZRM, MREILFUIEEEMNREXMIE; B WHEE B EsfE AR

BAAIE.

(a) BHUE MM AR, LMEASMicrol M REX, K EER ST E TR EGIRR
A

Ob) BEs—AFOCHEFHRLSKp A, MBRERARIEREN SHAM T —&HFS. BHX
B &M-RERFENHIEGIE. ‘

(c) I T RNy FE ik #7 88!

O #CiEE Pungetc() W, —FEHE
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3.1 Kk

Wik B (scanner) HFENREEBMAFTHANFRLILS . FAEPER A BHRAQ &5
# & (lexical analyzer), XA ARIBALALHRMER® . F2ERMicrolfZ B+ RE, BRESH
{ERRIRI R ARG, BE, RIEAWENEERELELEHHRFRIHES QRIFEKI TS

AEENBRRE AL SHEREWNM X AF (formal notation), EF, XHMLITRELE,
Bhk MR FIRTHE & PSS SRS, X B HEBRIAEILS TTRILBRNFMENES
Z. B, KREBMBAEPascaldh S| SSIAMMEEFHR., FHHRALE% I SHNEEFHFH
(R EHBEIE, WSFABHNSISER). BXAREELEANERL? BTHTUAHBREFFES
27 BWiETRE, FEABTHFEEREER. MELFLSRAH, SRELSISHN “RIEFTFR &
EMRLA . CIBESHASRFH, HAFEE L HRTHHBETHED, WPascalld Z8 L ATH
HMBLEF RS, AdallifE— &2 b d b IHBUEMATTEI R (ERMEAMLEEATIR). Hilih,
REFHE (KEABN) DEFHRD? Pascal ALY, B AEPascalh FHBR-ANEARVFH K4
(packed array of characters), TiEKENKARTAFHIRMN. MR, AdHCHALFZFHSH.

%ﬁﬁ%ﬁﬂ%ﬂm,W%E%mﬁﬁiliﬁﬁﬁﬁma%ﬁil&&@@%&ﬁ%ﬁ%ﬁm&
iR, B, Lk ERAESHATEA RS, %0.1510.01. {ERF.1310./57 £FORTRAN
MO foir, BASBIR, fEPascalflAdadh R, WES R B RBE—TiREILSRTEREK, §
0, ABCHERIRA T H— MRIRBRA L S RIRG . BEZEFHFFI..10. fEPascalflAdarh FHE
AR K A (1810). MBEFRBEXHAR/NG, 110 FAFEN TR XFER,
15110, HESHEEN (HLEEELRHN) EHEIR. (FECFGH REMF A LB R RAPX /-
%, RMIEESTEmARIRNESFRERMN.)

#BE TR SMBERSHNERAE, RETHRRE - MESRTAIRIIGRE. fim, BEHE
ALESBHIARKIT X, REXHAAFARICSAT TRESIRBEE. iR, IFE-AoRF (o
AR AR B AT ), SWARRBFEERBEZERIAT. XBRIET RN
B E b F, mERREAEEIRT 2R A R IR .

%ﬁﬁ%ﬁﬁﬁ,%%Em%ﬁ&#%ﬂ&ﬂ%,ﬂ&ﬁﬁﬁm%%oﬁ%,ﬁiﬁﬁﬁgﬂ%ﬁ'

FEEREEFNAFARESNEOARAG, RARNEREFFH. A oW BLASB (scanner
@mmm)%E%%ﬁﬂﬁiﬁ%ﬁﬁ%m%%&ﬂ&ﬁ%*&&ﬁﬁﬁ%ﬁﬁ%%%ﬁoﬂﬁ%ﬁ%
%,%Wﬂ%ﬁﬁﬁiﬁﬁﬁMEm%%§ﬁ%E%;F&ﬁ%ﬁﬁﬂﬁ%ﬁ%ﬁﬁﬁ%%i&%%ﬁ
Eo—%E&ﬁ*?i%&%ﬁ%ﬁﬁﬁ,ﬁ%FéWS%@%%E?—E&%Wﬁ%Oﬁé&%%#
bR R & ARk A LA A M B Ak H78.
ﬁ%ﬁ%ﬁﬁ%i&%ﬁ&%gﬁ#dﬁiﬁﬁ&ﬁ(mwmw@mpmymmmye&ﬁ%m,E
Kﬁ?%ﬁ%%%ﬁﬁi%ﬁﬁﬁ#(WWMWMW%WMMQ,ﬁmmﬁﬁﬁ%ﬁﬁﬁiﬁﬁ&#ﬂﬁ

O fekdsdr, Hi—4% “scanner” FA LN HE. —EFEE
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TR A SR ERINAELRt 2. E&FFED, XR-FEARNABRSE. Lk, AHS—HY
HENLB AR E g e B R R T R . (SR EERIES MProlog (—F “Z/™ BFXIHER)
HRAETRAN,) IR EH RS ATARSE, ko, K4 a s itnxi
REMEELAERN. REmk, HEHASRORY (AMAKEN) BARNRIESHEMBRTR
PTG R e RIS .

EREAYH, §HABEY AR KX (regular expression) MIFR, BIEHEAIAKILSHERL
#X. Rk, BIRIENZRAZAN R A s (finite automata) ZFEMKRRXR. ARAHPREHNHA,
B h TR B “$iT” CLRAFIF SR 40AAKIE S . AR MR A ko s AR,
ScanGenFiLex. Ti1# (LAEMZSRFALHI) FKIESE LMEABMA . ScanGen™ A Al /M AR
Ha AT BRI 0K . Lex P ke IS T FRF, UIEmEmEM. &%k, itk
9 R TE B T3k 40 W7 28 DA R 4 SE AN G0 1% 35 L e 36 53 S8 AR BT 5% 1B A — 2 S PR )R i3 2 ) ¥
5 WL TR A T LA IE B E T, URMIASEIRP YR . ARSI
5y W 28 A R B8 AT 4 IE W 2R SR B B U PR E L. A R AR A AT B A A —A
e MEEABkE %Y . RE Wik, ﬁ%ﬁﬂﬂﬂ]ﬂé?b’/‘ﬁﬁflﬁﬁéﬁﬂ"lmﬂﬂﬁiﬁﬁ#ﬂﬁﬁ&ﬁﬁ)ﬂﬂ‘]m,ﬁo
HHE RS . A, EiLREBHRAHERA L.

3.2 EMFRIERX

ERRAsXEMALEmE (RETRELRN) FHEESNENTER. ENFERA B LR
HEMH, B S AT AT LR SRR AR P I B 2 v B A R TR IR S S A R, ENFER A%
hiFEl B B R B IR . .

£ ) A3k X, (regular expression) B L F SR ERAEMN R (regular set), BATAABRTH
#aiC & (HVER) FFEE. ACREERARMRIALICSNTHE. RAFHREFHE (MR,
M “lambda”), FIFE RV RIFRLET kR (catenation) & (B, := begin, 123). ZF
R S HasER, Aiks. B, sh=As=s.

TR TR ERRET B FHEE L SPRQRFHHRE. W24 BLAX 24T i 5 BRI ER 43

s =5 8, s, EPHS,EQH, sEP Q). MIAHRETBITIIH ENMTRT Brzz. X T H A

DEBAFHRFESE. HERARSBRARN, EHERET 1 3 43 B AS [R] 5 50

FHOCL )T TS T RAFH (meta-character), {EAfR A SHMIENF SRR
GpER. SISRNTERRTERTH, Ula . (AR FaBaLimsSsIA, 2
BEEAEHALEMNSS, UIMBRATRE.) flan:

Delim=(’(’|’)’II=I:l,l'+'l-l'*'i/l=|$$$)

THEERETBRATHEEL. SPHORFHEXK. 24 H X 4sEP&sEQRt, s€(P|Q). k
M (RIRE) 4 158 o A PR A P B R A B R e U M R s, BREFER
2 —Fhiffk, Kieeneid] & (Kleene closure). BIER* sk ForKleene R IRIERF . SPH—ANFEIFBRE.
uR YRS B R AT B AL 8=S1 S2 83 Sns #1344 scPr, seP. P ER
Bk PH (THREEN) BARLEROER. (HBAEFn =0, HHABEP H.)

ER AKX XELMT. BAENRERB— A FHER (ERR) TR

cQREMFER, LRASE (RRAPFLETHE).

ARENEER, ERESEFHE, EE: ZEL5EERE, RAERBE TR

e P RSEFRNAESHENRER. MRSAETLTH, ALK SR 315 p LA 4 — .
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s MRAFIBREENFER, WA|B. A BRIAWEIEMRIER, o NFRHELENRHESE. &
FiKleene 4L . )
FEEARFHBEAHFAMG | S| - [SOREMREXFER.
EEEHTHREREABERE. BNARLEN, Bb (REMAASH) hrTLliEd = ek
EMHRER (8. £, Kleenefl®) ABXHHHR:
 PRFRHPHH—ARSNEH R EETROFATHS: P = (P INEP =P P,
c MBAR—NFHE, Not(A)ER(V - A); B, BiAZEVIEREAGHER. fTNot(A)ZRARA,
H e REFLEMS. STLENoty BEIFHFBRANRTV. B, mRSEFHFHEE, WLIEX
Not(S)A(V' - 8). REZEARERLMAS, HEeBREEMN (RE20).
cBKREEY, BAAKRTHATH (FTLEARM) FHB SRR ANRATFS. a1,
A = (AAA ) (k}A),
BB e B IEMFRER B EH%KeS. 4
D=1 19) L=(A] - |2)
]
oL “-" Frh, LAEol (AT85M) SARMERE Uy
Comment = —- Not(Eol)* Eol
o Ep A HI T R E A
Lit=D*.D*
KRR TR, BMEMTFRUSAR, UFBAE, UFBRTUEERE, ETA&ERN T,
FRIRTFR X T
ID=L(LID) (- (LID)}*)
CEEROFTRE H SRICREMNER, AFEERERHARANM ¥
Comment2 = ## ((# ] ) Not(#) )" ##
A ARERGLERE, BmRIRIFIHRETRE, BEENG. BEHEFEERERLIE
M. Bidn, ZE(D T i> 1), REARFAM - MR HESE. ZR—-AELNIEENR.
ﬂ@%&ﬁfﬂ%?zmaaﬁﬁﬁﬁﬁﬁﬁ,%z@%%%mxﬁﬁm$ﬁ$a(ﬁﬂwﬁwﬁﬁ

EW.)
AR S —/CFG, THBEXTRNGES. FiaENSHTHCFGE. Hik, 7 SmHpl
FHBICFGR HEMFARE HBAMEANG . ENZAR %L EGARBLALLSRES. [ 54 ]

3.3 BB LS HR

# % & # 4t (Finite Automaton, FA) FISKiRS! i EMZERE LMFEKIES . FAR M REME
HRHHERL, ATRRIABIBTENENFHE. BEE:

« —AHBRRER.

- AREHB-AREQHR (S85) K, FREVPOFH.

o —AMETRIVF HRE.

o —H A ERBEERE.
ATLAF 4 W R B A FoR A R B BhL:
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—> R

——»O RIHRE
@ R AR E

e s, AFFRRRETF GO . MBET—MRATH LR YFCREDN R AOEIRE, [lIE=774
BLAE BT R A . RRA TR, WSk, mRE-ANHIERELSR, W B i A B0 o 78 P
FiR—AA K HIAKIE S BURAR-ANFHWILS. mBEFR, ARHAEIC S & HIEMRER(a
b (c)*)* Fritiik I F T &

— AR S A FER (Fln, Not(c)) EAES. B 24 B I R ARICE AR T F T
BT LA K A e

B —AFA (FAEREMTI) BA R, WiXFARAH (), — /W MIFASDFA ).
B A RARSIE S AR AR Hr . EHHRENPE®A#RA (transition. table) K F/RDFA.
A ETHDFARSMIAT R A SRS, RHMZ P DFAREREBRIFE. mBEREs, BAFH
c, MT[s)clHRF—AEHRBRE, RFHFR—NTERIRE , FRCARENE N M ATIAL I S M — 84 .
filn, ERFRER

~ —— Not(Eol)” Eol

L — A FHOTERR, FHEEAY

Not(Eol)

MR B RN

EolJa | b

W)W N

4 313 3

W N =

fFinEd, HETAE. SROREPHR B TR AN, HEEZEE, HHEREE
BRMRES: XHE3ATHRATR.

£ B EN RS AL #ik#h—/DFA, X/ DFARS lIZENFERBROFHEE (AR
HEEIE S ). B AT LA T T RSER:
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S b for S

37

. Eiﬂ%ﬁﬁﬁ%%éﬁi%% H3I5%E K.

M%Tﬁﬁﬂﬂm~A%@Eﬁ“ﬁﬁ"%%&§ ®HE XHABFOEHZESE (BRIEN
XfR—ADFARZE ). Bilfn, fREcurrent_charfyURTAFH, A LEERIASIAdERKIDFA,

X RN w7 A 3- LN 3-2eh B RO

/*
* Note: curxent char is already set to
* the current input character.

*/
state = initial_state;
while (TRUE) ({
next_state = T([state] [current_char];
ir (no:f.stnto == ERROR)
break;
state = next_state;
if (current_char == EOF)
break;
current_char = getchar():

}
if (is_final state (state))
/* Return or process valid token. */

else
lexical_error (current_char);

BE3-1 MREREL BRI AL T & B Bh 2%

if (current_char == ‘—') {

current_char = getchar();
if (cu::cnt char == '-’) {
do

current_char = getchar();
while (current_char != '\n’);
} else {
ungetc (current_char, stdin):
lexical_error(current_char):
}

}
else
lexical_error (current ¢ char) ;

/* Return or P valid token. */

BB EMIARS A RS —RER, EREEFEEXN. MBLERARE THEER (F
BETH), WZHRR—A S EHETARESMEREHS. F—HBRERF I E. EXHE,

E3-2 SERA%D SR ARSI S

EOHMEIL S RN HRFT.
T & ENFE AR TN 153 R EIDFAR) 55 F A6

« FORTRANRMSER X FH & (ENEA—LRMABBRET, EE(I%——’P&#*) A E XA

RealLit =(D* (1)) (D" . D*)

Xt p.DFA

[ 56 ]

[57]
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T, BFEMTUISARMRRT, HPAEHSTHEAREE TSR, TEXH
D=L(LID) (-(LI1D)")
2R AIDFA 4

A CHFARR it HLE, (EFARRCH# 8 B (transducer). TERAFRN, ENTT LRI EEI SR
HFEFHED . HROGBRKDR, P2 RRERFHRFIMBRBHFR. —iAKicSHIRNE,
W SGT AR T ER A K SN BT — P8 . ERXMARKIES:

—28 > FRFRAHIALITSEED

58] —T@ 5 wrrmEa (HEHE)

Glam, > FERE, TS
. () . T() T(Eol @
l

T(Not(Eot))
— A EAEBOGFREBEENREER, H3ISHPHFHFEAHM
(" (Not()1"")" ") '
R BB TR

BA"THI T R

3.4 (ERIRAESHIRERRE

AN, BB RATIRES T B4 K % ScanGenfiLexiIfE A . ScanGenFLexf e Btk
AT ZER % BFLesk and Schmidt (1975) #k®. X B, R0 8RB MEE ENREXRIMERXE
BEBLARE, 2IERRAEMFRERBO—AFHER: AXBEMBOELHTHAREESHE
FHES LR F L EERE. T RA2BNISE, A EAEA RAREEE. BiFRICHR
AL SR A ENFARMIAKIC SR, RANRNANIES TREBERHCEE M.

3.4.1 ScanGen
ScanGenft — /A 5 FREMN . & EH S TiESMILE MRS b 38 £ JEE . ScanGenp=#: B 5 2
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39

Options
List, tables, optimize

Class

B E', 'e;

OtherLetter = ‘A’ ..°D", ¥’ ..'%8" ,’a’..’'&", "¢ ..'x";
Diqit 0’ ‘9,

Blank
Dot
Plus

Minus
Equal
Colon
Comma
Semicolon
Lparen
Rparen
Quote
Undexrscore
Tab
Linefeed

S v s s s s s
I 2~ mses o
PO

9;
10;

Definition
Token EmptySpace {0} = (Blank, Linefeed, Tab)+;
Token Comment {0} =
Minus . Minus . (Not(Linefeed))* . Li
Letter = E, Otherlatter:
Token Identifier (1} = Letter. (Letter, Digit, Underscore)*
Except
‘Begin’ {4},
'End’ {5),
‘Read’ {6},
. ‘write’ {7}:
Token IntLit {2,1) = Digit+;
Token Reallit {2,2} = IntLit.Dot.IntLit.
(Epsilon, E.(Epsilon, Plus, Minus) .IntLit);
Token StrLit {2,3} = Quote{Toss}.
(llot(Qlwto,Linotood),QuM:.('!osl).Quoto)‘ . Quote{Toss};
Token RunOnStringlit {3} = Quote{Toss}.
(Not (Quote, Linefeed), Quote{Toss) .Quote)*
. Linefeed{Toss}:
Token LparenToken {8} = Lparem; - ’
Token RparenToken {9] = Rparen; ’
Token SemicolonToken {10} = Semicolon;
Token CommaToken (11} = Comma;
Token AssignOp {12} = Colon . Equal;
Token PlusOp {13} = Plus;
Token MinusOp {14} = Minus:

fand

#3-3 $ EMicroffJScanGenzZ X

FERRE, SR 2BMiAns SR, ScanGenlB R FN —BEWBET — 5.

 ScanGen#i FIF R LIF £ k¥ MR LR Eh. :
oA 145 2% 51 7EScanGen h Anf it 407 F3-3 o s M 2 S SRR IR 2 . 120 S4B T Microfty

Akin ek, KPEsTEMEREXFERUR—AARGE LS THENERY “BiRiA%iis.

ScanGenf AN H =T, BHm—AREFT k. E—ViEhScanGenlf FIIE. FERNE
RER, BEFIMBASR, FERLRE, FRE-TRERILHER.

B F AL (character class). EXHRAZBHLITTRT . BERE{REHHRIALERS
W AbRR. EXBd, ZACEEENHENFAE, THRRASCIKEBCDIC. BFATEX
FARyRE I/ DR REBFIF R RIIRR, EFHER/ MR- EERE. ’ ’

REDEHAREAFHRFOTH, St e — A deoh (0 BTA SR FE IE WU FGE R SUFA B B R 3
. EFERX—HPRBEAFFIRFAERELRA. X FLAAFHRA LR R B AV, T5FH
Lyt WA T A AHTENF 4% ARG R L P RAR RO FHRBEM. MRAEE, TEL
A Ak %, REAEIRSWRER (TERER). FiA ERZAAFA R A SHLAREE A F 5
Y ke L. ScanGenp=tE—A &, HFHBSEFHAE, ERTAREBEMRSRES TR, H#

59 ]
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(BBKHh) BT HBEHRMD.

HF—AMAPRFIEHIES, ScanGenf= A #4150 RBFIONFH%. BEB8 &R EFHATY
(—/F Factionkid, —A FlFnext_statelfl), XFhFT b ik Bk i B BA S WE R —
HMBRIR/NLAH3000F Y . BATBIBATHFREERSHRKR, UARIHREHFIEFEE.
B, B el AR @ —ARANZEAER, NiZaAHR AR TR RENBER TS,

REMmk, ESHEREZPRTERLEN. EEITERTRIFEREREAR. XEHEARTHTEH/H
HEMRST, BEEERTE. B3, HRESZNOBNTHETEETERTARIRNEL. &
R (o] P43 5 SR AT S 17k L33 B N2 I6) F 4 R — b B A O s

ScanGenfJ B J5 —FiE A EN R AR E X IAEILS, HPERPER 7 GEERE) ) (&F
#rE). BB “*” (Kleeneffl4) 1 “+” (IEMA) LAR—JcNot. ERERIEED BRI FRIEBE TR
P BLEMNER AR AMIE. EpsilonFREEMIENFER. (E—EHHPLleXrzd, fHki
EABRERL. ) REEE CAKIESWIENRAR (FlinLetter) "LAARIERE L HAbIENFAKX
B A

G P AR N A 0} W)

Token name{major,minor} = regular expression ;

BT BN H— AN I S BT A EHIERR S0, RAR REMIERIR ST R A AR EN RS
KRR, EE33%, FEHEARRGENRS KRS, SEMFFEXFHR. ARIESFH
ALAE A RIEIE R, B, AROXFEREXTZEUSRMGRERBANTELA. Bk, Wkids
Fik ) — /44 PR R FIRT LA £ 99 325 K& (major token code) Fkid kit 5 K4 (minor token
code) FRiCIAKLITEMEE D . FIRAHICSRGIRFIEEIFERFNINEKILS, KiNKID S RGN H
BB EIRE . EiRkic e e b, EREMKADTEENE. KREETEN (ERAAF).

R F B FITTLABE ZA ENF AR IR . 7EXFEI T, RGP RSN ERNRERXMSE.
TRE. KREBAE. “

AR SRR “RFIRE” (noise token) (BIERR), BA1 (—BBIABIRR) LA MR A
ERELEESHE. BiEScanGenh )%, HBM TR NIARIL S & BMERT AL BIE
BIEESHE., EXL—AT ok (BEAK. HRFDRTTAR) LHERBIBNIERILS Z
7S GRS R A M. £E3-34, id%it SEmptyspaceBI A FILHM. 45, CRIRCABERM
B .

IR S E L ALUA —1 #%F4 (exception clause, LAExceptFF#h) @rs ~FIR¥. BAFHE
(& E. KRB FEREL) BHALEHXHIENRER, ScanGenf=t: i HEFHI—FIFE (&
Foas#) UR—REETZAKIEEEXEERE. SRFICREFKERNAKICSH, W&s
WREDRFLAEEREFIZUBERNTHAEELS.

BEHIRETE L AR MIASRIL SALLIALS B . RSN —A 6 TR R S8 F iR
BERE LER. BERFENRIATORERCERLTHRE, IR G ak /N A B 4 4 8 B TR OFARY
Rt. ZRE&E3STh#—Fitk. '

EEMFER A, FRRMNALTENot FAR ATLLH {Toss HEAGER. SR ENREXF LAC
Ll {Toss MRIiCMF R (HEEIK) WATFH, TROFHFEEFTARERE . FifiRLL{Toss}
WD E RN & RiNot RS A MR & B E R CNHERNERTH.

ScanGenifi % &+ #f ASCIIsXEBCDICH it 7R B . Rfi, WTLLE S MFHFRR TS ERE
i TS . XRRAELA RIS R B S R A . $ERIM, SOCHRATRET, RFEAGIE
ATLLE B — 4 Eofiflik it B B2 X MIEO th F7F. (7E82% i, Eofifl#%id 5 HISCANEOF&/R. CIE S
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FrEI/OJEFRZ AHEOF, )

Btz b, BAUERIAEAHERDERF, MEEERIARIHFEERRMMRCHLER. MR
ERRAES B TS RARESE, WriEEEHRS . MRERFTIAESFIE R b H
AR, WMAAKICSRIEEE . FriEA %S I BMEEREHDE,

ScanGenIkZhHi2FF
EASHEMNBRDEFFR, SIS canGenf= Tk —2 AL LB A E .
B, EHATIAESHIMFALSABRTIEE. WS, ELBRE & TSR Huiakic

B HANER, UIELCSERH T -A2B0iA%LIES. M, ERl— MR, BARKEA,

HABI—-ARBET URARATOFR (R —AZAFR 7). BROLALOAEZHEHREN

7, EATHREE LAY T A ELHORAKIZ SO L. HRERATHNER, RIMERARA

CiEE bR VOBERI A BIRR:

#include <stdio.h>

/* getc() is usually a macro */
extern int getc(FILE *);

extern int ungetc(int, FILE *);

getc ()& B Y # EAELEMBA FHIH X BRABR T~ F/, AT M #BXTFR.
ungete () B — A FRFHE X4 8 EAARRI S, BT —kilfgetc () HERIZFH, mXHMLER
Gk, CEFREVOETRIEER-AFHN “EE™ #iE.

Hi, SERE-ATHNEE—AFHRAGH. EXHERT, AEofdLALREeach
SobpLEl, i, Xl ERRERK. :

fePascaliB ok, WESFBBHBRFLURRN S RBACHBA . Bl input &R 47 F 1 IHhE
J& 24 F A A i@ get(input) IR E .«

ScanGenZE I MR RAEH FBrhitid . BHIAEOIHIRIEIR DactionF, action[state][ch] .

AR A5 (move) FHfE (BESEERE) Rk (halt) SfE (BELIRMT—MAKIES). BN
TREEENENRRNEN, HLEMLOTATREEERERRERT, KUDERASHT
R

(1) ERROR

AT R, RATIRNARA%ES.

(2) MOVEAPPEND

BB T— MR, AT B EAEAEI AT SRR

(3) MOVENOAPPEND

BB T— R Mﬁ§W$ﬁmmﬁxﬁmﬁmﬁmﬁmﬁ&m%$xgo

(4) HALTAPPEND

ﬁﬁﬁ%$ﬂ#ﬁ£&ﬂﬂ£&ﬁﬁmﬂ&ﬂ BrpmakR. DERET A ERNRRIES.

(5) HALTNOAPPEND

M D R R B E AL B E B R R, BARE T A ARNFERLS.

(6) HALTREUSE

TR, DARE T A EROAEILS.
SFBHIE, T— A EFMRE RS B R Mnext_state[state][chI iz B, BHFRHAT—
AR

ST ILE, B AR TEORRE . KR:

extern void lookup_codes (state current_state,
char cur_char, codes *major, codes *minor);
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EERT £, GRGE, @A TR RRCERE:

extern void check_exceptions(codes *major,
codes *minor, char *token_text):

fuRmajorfiminorig i — A A FHEMIAZKIC S %, WA token_textUAHE ERERNE—
ARE, mEtoken text ARERH, NLEERIHEHARG.
{EE3-47hFH T —/A ScanGenJE F 2 /¥

#define reset() { ind = 0; \
tokon_text[ind] = '\0’; state = STARTSTATE; }

extern enum scan_state next_state[NUMSTATES] [NUMCHARS] ;
extern FILE *srcfile;

void scanner (codes *major, codes *minor,
char *token_text)

{

* major will always be set. minor and
* token_text may not be, depending on
* whether a minor code is used, and whether
* token characters are saved or tossed.
*/
enum scan_state state;
int ind;
int c¢;
reset () ;
while (TRUB) {
= getc(srcfile);
switch (action[state] [c]) {
case ERROR:
/*
* Do lexical error recovery.
* ungetc(c, srcfile) may or may
* not be necessary.
*/
" break;

case MOVEAPPEND:
state = mxt_stato[stnte] [e):
token_text [ind++] = c:
break;

case MOVENOAPPEND:
state = next_state [state] [c];
break;

case HALTAPPEND:
lookup_codes (state, c, major, minor);
token_| text [ind++] = ¢c;
token_f  text[ind] = ‘\0’; .
check oxceptxons (major, minor, token_text);
if (*major == 0) {
/* Do not return this token. */
reset ()
continue;
) .
return;
case HALTNOAPPEND:
lookup_codes (state, c, major, minor);
token_text{ind] = '\0’;
check .xc.ptxons (u)o:, minor, token_text);
if (*major == 0) {
/* Do not return this token. */
reset ()
continue;

E3-4 —/-ScanGenRZHEF



}

return;

case HALTREUSE:
lookup_codes (state, ¢, major, minor);
token_text[ind]) = '\0’;
check_exceptions(major, minor, token_text);
ungete (c, srcfile): -
if (*major == 0) {
/* Do not return this token. */

reset () ;
continue;
}
- return;

} /* end switch */
} /* end while */

B34 (%)

342 Lex

Lex & —/ HAT&T N /RLY EHIM.E LeskFIE. SchmidtFF R HIiAZE S HT B AR SF . 2i847 TUNIX
WBERSKT, FEMACES SHERF —REM. LexWRARA thTETHEGCOSHOS/370T , ifi HAE
871 FRatforE S MCIE S RNMIAE S 5. LexlMRRANEUNIXBRIERET A, B4
FICIE 5 4RO iAk a7 &% . (4RI H7 28 A (LR T UNIXFREL. )

Lexj=tk — A 2 BMIAMR O B, ETHGHIEH SHBRFFRMESE. LaxRERANGEL
ScanGen® /. #RIM, Lexi§EMFARFUERMORDEMER. H— 4 RixX gL, HITH
RACHLEE. Lex Rt/ R RIRtosshrEXBMEATIRE, FHAFAXE (ARE £ HITHRE) WL
ERPRSOREEHEI. E3-SEBH—A A% ENLecEL, EE5E3-3RRELF.

E [Ea]

OtherLetter [A-DF-Za-df-z]

Digit [0-91

Letter {E} | {OtherlLetter}

IntLit {Digit}+

4% -

[ \t\n]+ /* delete */

{
[Bb] [Ee] [Gg] [Ii] [Nn] { minor=0; return(4):
{Ee] {Nn] [Dd] . { minor=0; return(5);
[Rr] [Ee] {Aa] [Dd] { minor=0; return(6);
{Ww] [Rr] [Ii] [Tt] [Ee] { minor=0; return(7):
{Letter} ({Letter} | {Digit} | -)* { minor=0; return(l};

{

{

N St et ot S et

{IntLit} minor=1l; return(2):;
({IntLit}[.] {IntLit}) ({E} [+-]?{IntLit})? minor=2; return(2):;
A" (07\"\n] F A"\ { stripquotes():

minor=3; return(2);
stripquotes(); .
minor=0; return(3):
minor=0; return(8);
minor=0: return{9):
minor=0; return(10);
minor=0; return{ll):
minor=0; return(12):;
minor=0; return(l3);
n_w { minor=0; return(l4):
%%

-

A" (0°\"\n] | \"\")*\n ’

-~

- -~
o

/* Strip unwanted quotes from string in yytext; adjust yyleng. */
void stripquotes (void)

int frompos, topos = 0, numquotes = 2;

E3-5 ¥ EMicroffjLexz 3L
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for (fromp = 1; fromp < yyleng; frompos++) {
yytext [topos++] = yytext [frompos]:
if (yytext[frompos] == ‘™’ && yytext[frompos+l] == ‘"') {
frompos++; -
numquotes++;
}
}
yyleng —= numquotes;
yytext [yyleng] = "\0’;

35 (%)

R 1EScanGenh —#, HRENFHAMMBIENRIERN ., IEEXEE M. (ThH 337
SRR, FHEG 17 M ) FE. B\ N7 ST SMIBANFERARES ISP ETRE
BOAEfT 4y R4 TR . Bk, (xyz | RRATLAICEL —/vx, yszfy%. FHEELL - 2. [x-2z]
Hixyz]#R. “\” BREXER, AERFRATITEEFRSEHETS. ERCEZNIMR, “\n” £#H47
7 O(BATEERPF), “\t” REIRDE, “\\" BRRAZKTSE S, W “\10” £XRA;HIOHFRHF. 7
M —ADFHLEM (FflNot). [ “xy ) BIEEERXFY ZIMA FRRFIFE.

LexiRff TARM EN R ENIBEFULR— & B, EBRERFRIREANHERE, FMEAER
#B1ET. Hik, [ab)[cd]Azad. ac. beFbdhEE—4. EFEHENBE SNBSS T8
MBFERENEY. HbFHFERESSh (LLBAIRIFHENRERRER). Hitn, beginwlhk
ik begin, "begin"g[bl[el[g]{i](n]EAL.

KNERER I EEBEFR 17 ES@FAREHTRER 4. Bk, £ LEMEXE,
KR REFR/NBRAMRE Fend, T{EM:

(Ele) (N|n) (D|d) .

Lext AMRETRESEN “*” (Kleenellfl) 1 “+” (EMAE), AR “?” (F[ERE).
Expr? LA ExprEKH—k. EF(expr) | ME4r, R#ATHEAMFSHEE.

BE U R YY MERBE-VhEYHNTSHNERIT. flin, HADigit#HELAN[0-9], BrLA
{Digit}+BFAH[0-91+,

%~ w LENZF AR AP ALSHFIR. Y— /TR BTN, BRTERMENES. R
0 A RIS SRR IASS, WZFEF4 1 0 % 7 5 BB AR i oo i . TRV AR RS EE T &8
A Eyytextdh (HKBhyyleng). frdGeLUEfRH Rk yytext HBFH %k shd #3452 H X
e

Lex S Al MIBZEOW R (MEIERHISNARPIREIEEIHR) HAANEREKyylex(),
K BE 8 % A ALex AR IAZKIZ EMRIG. REAXHMIAKICSTLLELEEMHENGL TR
iR AT (A T (A bR . Wik bl gkasitis, ABIBMTRIAEREM®S.

Lex Ak ScanGen IR BIR Bt B HFIRME . EiRIERIAAR, TUAHAKRI 41T HH
check_exceptions () GIBARHEN FRFFRIRAFH H5& B IE R AL S U85

Bz, LexE AR EMREAAER (AIEREARNBAFS). CEROBET, ARSI,
B4k, BAERKTHRLE. LxEEENADHRGTERF. KK, WRBENRERXEEHERBFHE, U
EERREBNERSR (AELexEHIRE ). Eit, Tl (RCRSEFFHEe) BkE
BERIE— R, CRBA—/RIANF) ZAREERE.

Lexrh {3 A4 RR M . widkic SREMNH. B%, FiAKiESRBEMEARMALexE RKIAE
S Byylex()MEEAR. MBEEE, KiAKILSREBTURE—{HEZERPEE.

Lexthi B EFHLE. Hit, SAEEBFGCRIAKIZSXE (FhfEyytextsh), XAR @A



5] sk A —— TR i K B 45

A—ATH8 (REXEXMasdiR, EE=ZThEX) iﬁﬁt}!ﬂa‘%tﬂv)‘dﬁﬂémﬁ‘z B
stripquotes () &iX X HIRH—ARBil.
fELex, XHEHRAHIENREIRELR, mE#Eidyylex() BRI B {EFRFRREOFAZKIZS.
i 4 #r 3 3 1 R B {E IR B AR /REOFIEZ%IZ S
MBERR 2 EE, TR RREE ARSI RN BOILERER. yylexOERA=ZTRAPEE
NERBRGCHEE I MANGY. ENE:

input() RE—NFH, B CHEERFIERO.
output(c) BN ERFEEHH.
unput(c) BN F AR ESALEEFIRA .

Wyviex() BB HELERN, SARA—-ARAAAEXLN L yywrap () B RERK. ZHROE
B sk’ MALE, mESAELNRA, CEEMEL. TU, BERAFHEEMinput OREES
WFR.

%1%2%%5%‘714&{#1!!9\“:() output (). unput()Flyywrap() & GEHENCEEHE).
LexiRAtBINR A, RMIRERAIRRTHHFENSERERE . yywrap( ) B BRIARR A 1R SR I 1
HRBHEELNBA. (output()EA LT HELexAE—ITA, 3fe 72 A= Je < A PR St A 46 8RR O 1) 28
i URY: 3 )

B, LexB—AIERSCRIMAERE, BaBgmA (B, fEAMLES), R et =T LA R 47 2%
A . BT XERITRONE, CEREFZEHFETE. CEERDABACIESHRE, XEREDR
1 7= 1 # B F ¢ B ScanGen B 2@ A - Lex B t41% B 45 & {8 FIR AW S A L8 TARMARE.

Lex/ 15 {8 A FUNIXH K A, TlEHIMNRNIEER. 3 FAERmIEFERE, THIARBHK, B
ALHEBSERANXTIEA. Fx L, Jacobsen (1987) RO T ERBATLASGELexLAEREL
B FEMEAESTEEFEER. LexthDLMEF KA. Flex (Fast Lex[Paxson 19901) B—AF &
HRATHILex WM . TP AT S Lex P AN ER S B RE L. Flex 118 fit £V B 13 o A7
5 o NFIE BT, AR — e Lex BT A HIMYE (HLancHBMIMFRT). FlexFARRRA, QE X ¢ ZiR
Slex#z, RittbLex@ B ELF. Bk, RAIMEFEEMFlex.

B R BRI EERGLA (Generate Lexical Analyzer, H: R 151¥: 53 #7 38 (Gray 1998}). GLA{EHE
FIE R RBA ARSI R RERMA L ARMAIEE (b “Pascalfyi &), FAEACEZTREMNT
EMAFE (BD, JEDFARREIN) iRk brdE. GLATEIR VI 0% B B 0 A R IRk oy T 8B B B T8
AR

3.5 LIAERATEE

A R K ER B AR HHE S0 K ERA% 17 B BEXROXFAE. AATESE,
RAEANAR A DIERARRRRN, LATUMNTE. Tl —LHREBILRMLALSABIRK
RS B -
 ROEERNF SR EOENR. EEHERT, SR SRR, RIRLEERNE
BRI WIAE B E RS

351 #RE=F

Lh b, FAENBFEIHESTHA A @ AR IR A% S M S (Aniffibegin). XS
M % 4tF (key word), MBIESAEXRTARAEREREUHRIAK, R EMXHEYRSF
(reserved word, BEf1HRE AR,



REFBFRITESEERXBFRE. IHBELTIEZS N, MEEIHEHERITTRE
BFEMSGiE. B, EEEPascalifE hbeginflend FERREH), f—EPABRNEFACLEN
& hbeginflendiit B, FHIRFRBLLT S HRBTEEMN, R TOS HABRIFE L

end,

end;

begin;

end

WO, TTLAREBIBM . B, EPLIESPX@FAHRE, BERAEXNcall
X@ERIAMERE (dcall P). REmk, dFXBFIREERE, HRARERBOMHE:

it if then else = then; '

RRFHEER: MRENAZ, RAERERELRORFRUEZRS, BNTRESVERET
FEEFHMRNERL, XAFEE -LBFH SROIERMEIR. BERF “BRKEHR", BHELE
RERIRIBL RS ERRER T+ 2 1EH. COBOLIEEAEXA M LA AR, EHHED
{R% 7. ffldn, 7ECOBOLW, zerof/-REHF, zerosth . mMizeroesit2!

R FERRGERING, X E5EE ENFERE LA B RMEERRIAE S, 451204
iiE B FANOY T B E M F kX 2 F— A A E ANt IEM Zsx K. Hitk, WTLLEBRERER P
Not#53] — /A 4k R F i E N RER:

Not (Not(ld) | beginjend| - - )

HAMLTUUERES TEMHRER. Rifi. EHLFEFRTARE . UUE—T, RIXENDE
B—HREF, MELRPNESFER, ATUE:

Nonreserved = L1 (LL) [ (L LL) L") 1 (L - "E) L)

LL-NL)ELLL-D)L)
(B, FEZTROTFEAFE, SARUEFL, SNAAERE-AME, $%.)

—AE AR ERSRETEEEBIRAY (RENRIATE) HEHA—TKRBREL
FERUAAGEET. R, HEEFINEBERIATORERL. EOH3 - RRAFHIES
B, ERSERRAMETHANT —AREETE. NRRRFEIANDE, NRKERTERRLE, &
W, 7EMATERN, WD SHABRERR (2XE5HL/NE).

ALUAL R RASAREE. BRERNAMAF AL NETHRT - HERNEFREER. HTLME
FRA A, B, A% SHKETUAREARERPHRAKERFOES . WRFERERF Y
i, WIS EAR B LK A8 TTEAR E — A IA3IE S RARIRFFE R R B F. Cichelli (1980) ELIEH,
HTREE LSRR, LR, BIARBEERSARERPOE LR, BRPEEREN
MR . — AR ESELRMRFARAENRE T, BAREERIAT.

IRRHR BB SR RSB R R SR ENRER . R IR AL b7 3 4 2
Sl 2 A ENRERRRE—ATHFER (KBRS B ER BRI, WEFGERT
ﬁmeﬁ#ﬁ%%ﬁﬁﬂﬁ%&%%ﬁﬁ%ﬂ&&?%%&%ﬁ##kaﬁﬁﬁ?ﬁ@oﬁ%,m?#
A AR B MR, BT RS R, BB FORRTBE, TR
%ﬁ%¢$ﬁﬁyﬂio%ZAMﬁ%E%ﬂﬁﬁﬁﬁﬁkﬂﬁm,%mﬁﬁﬁﬁﬁﬁﬂﬁwﬁﬁio

B 7E @ Microx R I R, b (284! ) REFHEENRERBEFRRORT
KRR, E3.4. 1% P EB30E L (RPEREFIARE), HARL2DREMITSFAHE, H4
%%%?&&&%EM%%&%&H,M%¥%¢ﬂ§ﬁ%¢$ﬁ%°ﬁi%ﬁ%&ﬁ%ﬁ%&%,M
PSR, TifEIRAdaRIPascal X RERIIE o, REFHRREKR, BRBETELHEHREM



30 W —— A KB o

FHE.

35.2 HEBRETEHFEFTIR

% B4R Mpragma BRI HIGIF B E (FlFE. Kb, dHaedlr, %), ENTRHIAZRS
BRIE YRR, mBAOREGANRRE, WA HIRKLSHRR (TREAEFREIE). RE
SBAFHP AL, RAIZITSHME. E2ER0ETR, RAdDIBEE R pragma, HAIET LR, FHT
DAIR 4 o] 15 ) — BEE AT B 2k o BT Fnd& 0

4y 47 5t AT B A8 AL BE R KL &, 445 (source inclusion directive), XS ERBUFA
ﬁ~¢i#mmﬁuﬁCﬂﬁ%E%%ﬁi%W%ilﬁﬁﬁﬂﬂ,ﬁﬁ&ﬁ%ﬁﬁﬂﬁ%ﬁﬁZ%W
FasLEE Y B AT AL B )

_HiEE (RCAPL/I) B8 % #4%%44F (conditional compilation directive), sisHliE AR g
ﬁﬁ%ﬁﬁﬁoﬁ#%%ﬁﬂﬁ%&ﬁ#%ﬁﬁ@ﬂ%ﬁﬁ%*ﬂm*aﬁ#ﬁ&%ﬁﬂﬁ“ﬁ@m—
&%ﬁ»E%gﬁﬁ#ﬁﬁ-¢%#§ﬁﬁo%%%ﬁﬁmﬁ%m%%mﬁﬁ%%&ﬁﬁﬁﬁﬁ@ﬁ,
Eﬂﬂ$~¢md“ﬁﬁﬁ%moW%%#%%%Wﬂuﬁﬁ,ﬁ%§~¢ﬁﬁﬁﬁmﬁ%ﬂ%%ﬁﬁ
£ (skeletal parser).

ﬂ%ﬁﬁ%m%~¢ﬂ%m%%%ﬂ&ﬁﬁ@ﬁo@%Z%E%%?f%ﬁﬁm%%,ﬁﬁﬁ%ﬁ
m%ﬁeFiﬁﬁﬂﬂ%mﬁ@iﬁﬁ%EﬁA$ﬁHﬂﬁ@E,ﬁmﬁ%ﬁ%#%%iﬂﬁ,%mﬁ
B, 5%, RTGXEEAREFME: ‘

'W%%?ﬂﬂ%ﬁ%ﬁ,ﬁi%(@%ﬂﬁ@ﬁ)ﬁﬁ%&ﬁﬁﬂﬁﬁﬁ,ﬁ*%ﬁﬁm&%ﬁ

S . ‘

'ﬁﬁﬂﬁﬂ%ﬁ?&ﬁ&ﬁﬁﬁ%ﬁoﬁﬂ%%&ﬁkﬁm%ﬁ%(ﬁﬂﬂT%ﬁﬁﬁ)‘ﬁ&

me (FAERLE) UREFERAFS IHRFETRETE).

'ﬁAmﬁR@ﬁﬁ%ﬁ%ﬁﬁ@ﬁﬂﬁﬁ#*%—“ﬂﬁﬁe%ﬂ,EUMX¢,ﬁEWWU%

%%E%ﬂﬁﬁ—ﬁ*(Umxﬁ$ﬁm&§ﬂﬁﬁﬁmmﬂ%ii@%ﬁﬁ@ﬁﬁﬂﬁ%ﬂ&ﬁ

FRERABNENRKE.

E?ﬁg%ﬁ,ﬁﬁﬁﬂ%ﬁ%ﬁ,%ﬂﬁ%%ﬁﬁ(ﬁﬁ&&éﬁﬂmmim)m&ﬁom&ﬁ
&ﬁ@@¢mﬁ%ﬁ%%ﬁﬂ%#%ﬁﬁ%ﬁﬂﬁmﬁ%ﬂ%%&,ﬁmm%%ﬁ@i‘W%ﬂm‘k
¢§%ﬁﬁﬁﬂﬁ%%§%%ﬁoW%—&ﬁ&ﬂ%*ﬁ%ﬁ&%*%ﬂﬁ,&ﬁﬁﬁgﬂﬁ&¢,ﬁ
ﬁ@&ﬁ%%d%ﬁﬁ%ﬁ,ﬁ%ﬁ&ﬁﬁﬁﬁﬁﬁdEﬁ&mﬁﬁT%gﬁﬁ*¢ﬁ&E%;Wﬂ,
mB—AFHEAKUE T8I TR TR ERS. :

ﬂ&ﬁﬁ%ﬁ@ﬁ¢ﬁ%ﬂ%ﬁy&Eﬁﬂﬁ&ﬂ%ﬂ%&ﬁmﬁ%@&*mﬁﬁcﬂ%ﬁﬂ%&
&ﬁ&m%%%ﬁ,Nﬁmﬁﬁ%ﬂ*ﬁﬁﬁﬁ&ﬂ%e%&%EB%W%@#E%EWE@&%WE
ngmWﬁWﬁﬁﬂmoﬁigﬁaT,*¢%ﬁﬂ%§ﬂ@%ﬁ%ﬁmﬁﬂﬁ%ﬂZEﬁﬂfﬁﬁ
WﬁoEW%RW*@%%&W@%@%&@*%XWﬁ%eW%ﬂﬁ%ﬁﬂ%ﬁﬁ&m(ﬁﬁMﬁﬂ
IW%HWMQ,mauFi—%mmﬁ%%EE—*ﬁmh“*ilmﬁ%,ﬁﬁﬁmm%”EﬁWﬁm
%ﬂﬁﬁm%%§¢,ﬂ%ﬁﬁZﬁﬂﬁﬁeﬂw,Hﬂﬁ#ﬁ%ﬂﬁﬁﬁﬁmoEﬂﬁﬁﬁ?,ﬂu
§~¢uﬁ%%%§$m%ﬁﬁﬁi#s#ﬁﬁﬁ?E%ﬂﬂWﬁﬁ@ﬁ%%Fi%ﬁWﬁﬁ@ﬂ%o

lmmmﬁ%%ﬁﬁﬁﬁﬁ?ETEﬁﬁ@,ﬁﬁﬂﬁﬂ%%ﬂm%%%i%ﬁ%Iﬁoﬁ%,ﬁ
BEBOR K b B AL T 1Rk H7 2%

353 #HSRIPIRAFRE

Eﬂﬁé%@iﬁﬁ%%ﬁiﬁ%¢,%%%mﬁEKEH%§¢,ﬁﬁmﬂ&%%%&w%ﬁm
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AFSR. FRAFICHEYMARSRERCRERD, WEOHT SR B R IT S &L BHiEH.

HREWES T, BARRFITUATES L Fxh (EARR, EFWRELILRR. R5,
F%), FLAE®E AR fidiko b7 SRR IR R BT SR RERPERRIRTF. AEIFE KA
T i S5 {7 7 24 45— A BRAR R N 24 i PR AT B e, DA (T 57 24 K I 4 140 SE B 1 PR e 5K
Bl seet. Eit, BAFREFHE S, HAlAMNIESIRRIMRIATNTMRAL. 8%, AFH4
$ %18 (string space) RF,AFRIATF (WESE), BILialiks i e el LUK ERIRFEINA 7 8 22 18] 3 )
T R 2 TR KRR A

EHFEIEE (FIMCES) b, KMNBRAER M. BEKMBIES (fRAdafiPascal) 1, KHER
BEXHN. MRANEHRES, FRRFXFSHEDRHNERRER . REFERBHAE 5 KRN
ERRMRREMERT. B—FHE, wRAOMNERARY, URERIEFRRFRREFHSHROKRN
SEJRLFHBIR. —ANFHOHERM FHARDRMIARILS, ERHERRERYFTRP LT
ERZAT, EARRFHRERR —-BRDEER.

3.5.4 AESINERRILLLE

S B IR AR IRBRA FHHBENRS HIFEKIES . YIRMALRN & KEMN AWK
B fERAXFMEIE, S8 —AEofty TR ER . XS RVFE L —/> T # B S TR S i 2%
fEofiq ik it % . EofAkIZ SECFGHRAM, FABAFEEI I BRIEMNE T -1 BEWHRLRN
BHRLER.

MBERE XL RFRAAES R ESREMN A BR, — A BaliREWIITR Tk, iR
PRARE S 47 8 MR E Bl — AN AL SR R . AT $E R AREE M BB T SR Bl Eof Rl 2 5
R A FIE RS B i g bR, 3 M EoARKIL S REX BIWERF 2 R A LA .
IREOHTLIE 2 A A RBAB, AAIEEM B TURGHREERTAE LNHREL.

3.55 ZFHABATRR

BT LA FALLRE T — Mg A F 3788 %K. i%EH 0 T X BFORTRANIE & MRk 47
MEE. Hm, BEHDO 101 = 1,100~/ TEHHIFFE, HESIAVELF 100, EHDO 101 =1.100
B335 &DO10IfIBE (55 AEFORTRANHHEHE XL ).

FORTRANFAZE A H B —AERIES (HW2) FAREOREHOOCLSHBE—4"FH. (F
3 |, fEFORTRANfIDOE R “” HiRpEy . SR BFH CREHRK! FHAZRY
RV R —&ARIER, EHREHBINABAR, FEXCLREXTHEHZE . KHRETHE
HABAHHER.) '

BRI — AR AR R K /e Pascal flAdarh:  H$H10..100, BEMAIOZGEARERA
. BEEFE-6HMFA. £5210..100, RIMNSEMENFAHGERLERE. MREELER
HELigA, TUERDESH AR - RERE. BRNTREEFH MY RE RN
HiS. mEARRPRIGAAERE, WFek AR TAREIRRE.

fEPascaldAdath, RINVMENFABTEL FHRA FHOBMNEER, CRLTHEERDHTING
1. B, BATLAZE LR A 2L R IM—A B R A, MR M(D )P iakILs. mRIR
%MT&ﬂ&E%,MMW%E%X$¢M%%%%“?#ﬁﬁ%ﬁ&uﬁimomﬁﬁ@§ﬁ1$#'
BHiAkIE SR,

fEAdas, WEFH 7 EAERKMSES (arrayname'length) XARREFHXFHR (X').
Adaiflik sy 4 B S FX 4 X FFh k. ZETypeName' (a', 'b'), E— T HMESREHFAS, FARREX



0 5 0 —— B A 5 9

RAKSAMAY, HTHMSFERSTHANFHAXFER. SHRALITESHEERORRT R
REMS TN AER. YEANEH, BE (RIEXIHBRRY) — MREURE F—F L
EE R EERFHRTEE. BESMRE, B LROESR—3ISHOFH.

E3-6 —ANEis SRR BorE R BT F R ATAFA

Eﬂﬁkﬁ(mwm)Eﬁﬁ&ﬂu%ﬁé$%ﬁ%&%oMm,ﬁﬁmﬂ%ﬂ&%ﬁﬁ%ﬁ%;
EﬁﬁﬁRT,W%ﬁﬁ%ﬂuﬂﬁuFiw¢ﬁ%E%omTﬁﬁ%ﬁ%ﬁﬂual&ﬂmﬁfam,
@%E%ﬁﬁ%&%ﬂ&ﬁﬂwﬁﬁmﬁﬁﬁﬁﬁeu%&%ﬁ%ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁ(ﬁﬁ%ﬂ%)
HEXLEE, B2REBLACEEHBRARTIEHER.

mﬁ%ﬁﬁ4+%&ﬁ~&@ﬁ&¢mﬁ%ﬁﬁﬁoEE%@%?%H,ﬂﬁ?ﬁﬁ,#&i—¢
%ﬁﬁ%ﬁEﬁ%iﬁﬁ%iﬁﬁﬂ%ﬁ%ﬁﬁ%ﬂ%ﬁ%(&ﬁﬁﬂu%ﬁﬁ%m&ﬁ%ﬁ@%ﬁu
%RN&M$E%%&§EK%E%E§%$H,ﬁ&ﬁ@ﬁ&#«ﬁﬂ&&@&ﬁﬁﬁﬂ?ﬁ#ﬁ?
mmAMﬂuiﬁEﬁoﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ&%@ﬁﬁﬁﬁ&ﬁ%mEE%?HWﬂﬁﬁio&
E%ﬁmﬂ&ﬁﬁﬁﬁﬁo@%&ﬁﬁﬁﬁ%ﬁ%ﬁﬁﬂ%,MF&~¢W&%&%(@&%&E%%
Fitig.)

ﬁ%%ﬁ@ﬁmﬂ%ﬁﬁ%ﬁ,%E%mm3Mﬂ®%%uTﬁ%%%ﬁ%ﬁ#@ﬁ&@@&&i
&

Buffered Token | Token Flag

1 Integer Literal
12 Integer Literal
12. Invalid

12.3 Real Literal
12.3e Invalid
12.3e+ Invalid

%Eﬁmﬂ,ﬁﬁ@ﬁo%&%&ﬁ&ﬁ%%&%m3,ﬁ%ﬁﬁ@~¢%&i$#i,ﬁ%ﬁi
i MABAFILAGE R fo 44«

3.5.6 IR EE _

ﬁ%ﬁﬁﬁﬁﬁ%ﬁﬂﬂﬁ&%ﬁo%Tﬁ#~¢ﬁ¢%%ﬁﬁﬁiﬁﬁ%$%%ﬁ%,ﬁ%ﬁﬁ
%K%ﬂ%ﬂmﬂ%%ﬁﬁl(RWMmmnwwwwoﬂuﬁﬁﬁﬁﬁ&:
-H%ﬁEﬁ%iﬁA%?ﬁ#ET~¢*ﬁ$ﬁ%iﬁﬁ%ﬁﬁo
'm%ﬂ%ﬁﬁﬁﬁmm§$ﬁ#Aﬁﬁm$ﬁﬁﬁﬂﬁ,
ﬁﬁﬁ%ﬂ%ﬁﬂm,m%ﬁﬁ%&ﬁoﬁﬁﬁ%iiﬂ&ﬁﬁ%#iﬁﬁ%ﬁﬁoE%Mﬁﬁﬁﬁﬁ,
@EM%%(&?&H%&&%?HL'Bﬂ&ﬁﬂ%ﬁﬁ%ﬁ%ﬁﬁ%@ﬁ%ﬁ%*ﬁﬁﬁmﬁﬁﬂ
sk SeHL . ,
EkgﬁﬁRT,ﬁ&#&%&ﬂ#&ﬂ&ﬂ&ﬁ%ﬁ%%%&%&iﬂﬁﬁmaEﬁﬁﬁRT,
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RS LSRRGS . FRBIRKENERITRATAIEESR, MEEBRTHIER I FSEM
HkS. Bilfn, - beg#in - RIFBWEHE K- begin -, MXILPEEERASBIEHMHIR. JEOWRILT
A, m—/MFEREREERRBAHT - HAENEE (RERTHEAAEHRNER! ).

MBEHFRBEEEEREENSG (LEI178E), YRR K AR K B 20 % & iwRD
SERAERAN. BEAKILSHIEVERAEFIF B> TMERA TS . HiBEFRENREA
HiL Sk, EHES T -NEAKRRSATRFTRESHIREE. it, SmBRM A b TRAE B Ti&
BEAEMER. .

AR EIREESNBRO. BHE, REFHRMERN YERSEREIRMEE. YAEBEREY
BE, BTEXAAFFHRERTLR, R ERTERN I SBEMIIREFHS. TENKET
HEATREAOE TXApeliR . B 0IR, BT AR U F TR X EHEEBRAKRS I, MEBREFH (515)
HEFFREAESI I —EESFEELZHRBEIR.

MR T RO %R I A MR AT (error token), FRFTHE MIFLEHATALES
# ik, (iX7EScanGenFiLex;wBlrput B, ) Bk, M TEMSIAMNFHE, WILA:

" (Not(" | Eol) | ™)’ *

M FREEHFE, MR

" (Not(" | Eol) | ™) Eol

Kb, EolRITERTH. AN AEFHRIAKICSH, MUTESFKNSIREL. 1, 7S
AL E E PR T I AN EMERNEINEREFHHILE (REREFLMERSISHEE
FHE) MBEEAIEROTTE. BE, REmk, XHEETHRAMTHEFIL “EHKN”. mRE
REMTERMSIE, WXMEERFHN; mRLRMSISHALERLE TS, WABETETEUNR
PR fiE ke

ERPascaliX MBS H AF L THRE. LBEBRAERACUNRE. REEBRAEIAEITER
B (TReRT 5 —EEm) EELHFSRATBI 4L RN A SBRNE . BA, FESKRVE
R15 8. HALELIEO& LR, Bl AEiRiAkiRES ik

{Not())'} #n {Not(})" Eof

S TRHBEART R - AHMAERNERGERWESE (Hltm, (- missing close comment - { normal
comment }}), BANLKHEE (AFRHEMEE, HASHBANERERS LRAMN). HIIE,
NE—-NMEBFATENEBRRATRA LRRXNKZMMER. B, BITHEAKRNERE IRy RA
AMAKIBE. XA EENBEZ - NMEBRFBRTS, HRBATH 1% 4&E 8 (“Possible unclosed
comment” (F[RERFAMER)). BERNA

{ Not({ 1 })* } #n { (Not({ I })* { Not({ 1 })")" } LA J& { Not(})" Eof

B -AEXERAPAASESRF BT SNERER. FAEXERKHESQE-NERFAAS

MR, XUHBRETERN, BESHTE—KTEEL. BEANEXEELUESHMAZER. X
BRA%IESSHEE—-RERER. - '
UM AdafIEBBRUIEOE R, BEALZAABEERENRL. Tit, BNERSTERD
HE— GRS - EBRFGEE. 8, FAEMTHRLEN, EE&LEA (nested comment) Tk
WERIRG!, B YFARIENZIAR T3k F BRI LM Bt/ B RIL S 5. YBATERERE
B, AHAY HBRET —BRK GXRRBASLITERSAEER) M, EXABXENFIHEIER
B, i%AENE MR R R A TR R SRRy BT, B, UW-PascalilBl =208 1)
WO R Y REER, D ‘67 A ‘9" EEOEE, DR)E 7 M 7 RERMER. mRE
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REBRRAT B, B—KUTLLENMARERRRBER. B£, FHiPascalbrf et LIRS
HEBE AT taTEA S — HE R AT SR (B0, (" comment } ). iZHUE (ERERRE AR ATREFIE.
 EMEATPHEREN, MTiEEoRERE, BE-TRESREMEXBENHFHNT REHE
EERGEN. XEFHATLARRE LCEMFEEX . EORATUARREHEX (ER%GE. REHM
BATOFIF) . FRATLARIAR S RIRGIREIR (Fln, MBTLEREMHDE, WFATLLEEEO),
RHEHLHESGIFBRAHER . XHORIESRRTLLE A RARFHITREITE.

2R, CIESMFREVORED AR TTITEN FAFREH SUFF] (Blgn' \n' REHAT, TMEOFRE
R ) BRI T 85 LE.

3.6 BEMRERBRIERADN

ENFRERZEH FFA. FL L, AEINSERSBFNEETERE ENRSE RS
MHOFA. BB ENZREAFES D EHZ A R E M (Nondeterministic Finite Automaton, NFA), £
BEUS R AN, NFAREEATRSE—ARAEMHE— (FEm) &&. G, mE3-75R, NFAR
REEHE—ARE, ZREFAEFRALURLFSARCA SR (k). mE3-8F/~, NFARHFLIE
BERID AN

)
37 SHFasRINEA

ERBEUVRIANEE (FR) iRid, REME—AFHE (ZFFShASEMFEN), BEh
HIAR—AFH. ERE—AAFH, YADILTFLORE, T —RAFHRaM, B LLEHEN
WRLlay iR B e IRBEAEE B (ERMTRHRARIRBIMS ) RERM—akkit. TEEMEHRENTHE
THSREAN EARESMFARRA R ¢ (deterministic)

a

38 &H—AEEHRIINFA

hIEM#ERMEFANR S AR S B, A ENFA B ONFA, RIETERNFAR SO #
EMIFA, F—FERHE R, $'§'€_l: ALAHHE B E R R BOD A T SR FONFA:

o BB ERE.

« HEEREBATS.

s GAKMBREWA A RENSadk.

ENEARIBRERAFERNRERa (HhakVihi—AF7) Ml =FEEA BRIA | BUR
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At i, HAb#RE (RA°) REXEREAANSES. WE3-9FR, afiMINFARE&.

179 ] O—=r—0
—O——0

E3-9 aFnMINFA

REBE D24 TAMBRINFA, HEA | BIINFA. 13 HE3-105RHINFA, FRIZAHATBHRES
SRAFIBAY B BN SERE. BATYIZAA 8DV HOLERE.

O e (B
A
&3-10 Al BfJNFA

mE3-11577%, HA BEHBIERS. HE A AR ERE EBINA L RE MR - RE.
HBATLLBAR & LR BB AR E A . BANEHE BT XN, U ARG, BELRASE
Wk, BJ5, A*MINFALnE3-12F7R.

ot
1O O

—O BfJNFA @

E3-11 A BfJNFA

3.6.1 HMEWMENFREZN

NFA NZ| %4t HIDFA M EE B T B ERR A F 2 HiE (subset construction) o By, MRYE

ARESRNFREH -4 HEZRE, EEALERATHBREMELTRENX v, 2}, HHER

NgEmab FREX, yszhmEE—4A (R T EFEENES). Bk, Mig ZNTREE M BT A RRE,

I B AT HAE R AT MEGE S RAB S A AANNEZRENEEES, TR TXHE—HE: o
RREE CERRT i, FETEALAT — AP AT LABE Z Bl A REM T, MIN&E F 2R
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AD) son (p

A
E3-12 A*fJNFA

M B R B RNTER R AE A FRARAEL THRE—ON, BNIDEREIRBENG LR T
DABISMRASE. Bikclose() it EBEIGE I MERBRAEEMRE., —BRE TMRFERE, R
TR ATUAFF A Bl G 4R A . ok, BMEMERRAS, UARMEEF e, HRAETIEHACHSHfEE.
SHNMIEARAREN, Ny, - HE. BAMRBIEEERACKHN, Ny - YA TREGEHRE, HAR
A{m, my, - Yo BJR. HET = close((my, mp, -+ ). HTEA—AREMAME, FHH—AHRLACKINS
FTHEREMBEIMSD . 268AMP R IREE R, HRCAREOFIATRNEHECHEN. B
HEARENFFNPREN—A (BR) F8, FARMBPENFRERTRBLERK L,

T EMAOMDFAKENZBE . (CIES TR RARE, RIETALEMIZSHENES
[E 3P

/: Add to S all states reachable from it

* using only A transitions of N

*/
void close(set_of_fa_states *S)

while (there is a state x in S
and a state y not in S such that
x—y using a A transition)
add y to S

}
FERZT R, T XMIE:

void make_« deterministic (nondeterministic fa N,
deterministic_fa *M)

{
set_of_fa_ states T’

M->initial_state = SET_OF (N. :uut.:nl_atate) ;
close (& M->initial . stato)

Add M->initial_state to M->states;

while (states or transitions can be added)

{ .
choose § in M->states and ¢ in Alphabet;

T = SET OF(y in N.states

socE_THAT xSy for some x in §)
close (& T)
if (T not in M->states)

ada '.l' to M->states;

Add the trans:.t:.on to M->transitions: sSr ;
}

M->final_states =
SET O!‘(S in M->states SUCH THAT
N.final_state in S);

}
T IR TR AT, % B T ERINFA:
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MR (NBIFFEAIRE) FR, HIRE2 (ERIA-E4E). Bt MIFERER(, 2. HEia% AR
RAVARAELG A Gk, ThEAa, (1, 20EHR(3, 4, 5). HlEfAafbi{3, 4, S}a4ks
HE{5YRI4, 5). EMEHADKH4, SHUGAER(S). MINALERERILAENMALERE (5) BREK.
Be# (JDFA K

FAILH: imake_deterministic()FAgiiIDFA 5 ERIINFASH (R43122). — A AAY
G 90 B 1 i UDFA A It & EL B R UNFA X /F $ . DFARPIRZBINFARREEHAE . ARNFA
AnRE, WA FRKNFARESSE, FDFATREA2 - RE. H318HHET —NFA, EXRR
T EERB I O DI IR . R0, mIERERFRIHESARIE S MIEMREXAA
HEMINFA, 75 EBE (LB S AL %A KRB . 8%, AT iRk HRIDFABL I 8 3 RE.

3.62 (AR

(17 4455 F himake_deterministic()BifIEMDFA k. Hit, XDFAMA &£ KIOGRE.
WA, Bid T4/ DFASE GRRENTS) ®—B/MNSHDFA, #miEl, BE—4DFA (M)
HISARE, T4 RAMDEA (M) #2F—AFHa%. i—FREEH DTS04/ REMDFA
ZHTFM, WIME R —#450/ R E L ZH FTMIUDFA. A FTHEIHEER, A fel i i FAM B
M3t AT AL . B3 b, X IE & ScanGenffjoptimize i Wi F i .

HATAZRE TR E S . EBEX, SEELERERBRATEE, HERIIFEHR
REURFMRE: —MREFELERENEH, BFAMREFHELERENEH. BHAERE
L&A RETEE FRR. B3R, ¥F—TREFH, B A HREF A KR RREX 5
Buk kB, MiZREGFABSH. fEAxRE, BEh FEm TS

AR AR EREQ, 2, 3, 5, BNALEREM4, 7). 4 B4 BA R RS R R AR Ak R
_Eat, —AANARAEN. B, BEFEMHC, RESMEMBBXALRE: TRET. 25050 A
&, RlsHsEkES R, Pl 11E S R4 HIDFA S i i — A~ S5 IR R A se M A WG E AR RS F R R AR A



73] ik A —— T iAo K 55

(Hk, BisseFM TRMBHERIAKILS.) se ARAEHRE, ERRAFRNMNBE SN REEE
BUFAMBE TR, ssATIMERRERRESH .

E3- 13 S MBI Ko RIBEERERSZFH. HRAREANEHOAIFRE. Ysplit()
Zeabit, BAVEEDEEHAE-RIOREREN, BAENSRE LG,

void split (set_of_fa_ states *ss)
{

do {
Let S be any merged state corresponding to
{s; ,..., s,} and
let ¢ be any character;
Let t; ,..., t, be the successor states to
{s, ,..., s,} under ¢;
if (t; ,..., t, do not all belong to the

same merged state)

{
Split S into new states so that s; and
s; Temain in the sams merged state if
and only if t; and t; are in
the same merged state;

}

} while (more splits are possible);
}

E3-13 s RPARER RS

EERAOP T, WERAREQ, 2, 3, 5, 64, 7). WMAsplit(), ¥ARRIREIMELE
Fkich A2 a4k, TRE. 2HSEEECHRH 4 (K&, M THEIRREs). AHFH K
S8, =EQ, 2, 5). {8, 6}, {4, 7). BE, XTFHD, RIS B AIRAER, 6), BREVFS,
R4 B—kSB. BEA: (11 {2 5} (3, 6}, {4, 7). ARELTRTHH, BAAHRELHR
BB A T BN AT S A MR G4 . '

— B Tsplit(), BERERZETHRIL. AFRERMOES S FHDFAFRERRFELAMR.
BRI, MEEHEHC, Resfs 2 HFEERSR, WRERTNC, FEALEAsHEFREHNEES
A FHRENSE. FHRSRLSFARNFHRENAIRE AHRELLEFRMNLLERENI
BAHRE (BBALTIESERENTEIH).

| 2R A E BT, RAPTERBRB/DRE A BHHLA:

aldbc
T 1% e /MU B 2 0 1 B 0 B (B T BA W LA ZE Hoperoft and Ullman (1979) AiRE.
FAT M E R SRCPU, LEEHATERFHFHARMGE - BROHE. ENRERIZEFA
HBEFEHES, BNESERRANTRTOER. EXSHERT, RNTLLELER (R
@) BENEHEAREIFA. AT, TLURBAEKAFAN+ ALEE (FTRRLAVLSLE S %KB).

ER B EEOREL LR, ELAES T/ REEENERRARFS, TH “il ¥t 5|
¥ WIENRERBN.

%3
1. B hPascalid ko B2 FHU3CH:

program m(output);
const
pay=284.00;
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var
bal:real;
month:0..60;
begin
month:=0;
bal:=11163.05;
while bal>0 do begin
writeln(’/Month: ', month:2,

' Balance: ', bal:10:2); -
bal:=bal-(pay-0.015+*bal);
month:=month+1;

end;
end.

A 2RBKIE S M TFBEEKISS, AKX LAS KL SRE—EHEE?
. ETHEMPascal BB &AL DIAKBIR (MRAMIE) 7 Wkotr & ofeRE R

If a=1. Then b :=1.0else c := 1.0E+N;
Writeln(’’’,"Hi there!",’’’);

. BHIEMZRERKE L T FIFAFTRBIN F 7 #:

. EH=/ADFARIRSE FHIEMNZEREXMiAELS:
(@i (bc) d)*
(011) (213)10011

(aNot(a))” aaa )

C EHENEEREE L Pascal R g A HHEBIXFER, KRS LRNFLARERNE. B, 0.0,
123.0151123005.0& 4 #:#), 1800.0, 001.000%[1002345.10007%45%5'-10

6. EHEMEEAKELE “07 1 “x)” FEMPascal ik . By “»” f )" AILAHBREER
ke, BEHI “%)" ALl :

7. By~ BMicroff)ScanGen R FLex i LI it — ¥ B, BERAELEISFLI60 E S EHIX
¥ B fPascal R iE BN YL . i847ScanGeng Lex AR IERIR & SR & ¥k o
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10.

1.

12.

13.

14.

15.

18.

3SR, BALE T RAREFOBRY S A ENEMRAF AR SHREURA T

B IEMRERE L. EMicrorh, AR I 24 E M B mia%kio S Xit, BikEmk/Ihks
Wk kB RIS,

({# FiScanGen® FLex) EHILLE, XKHER (EHFATELR) Ada/ICSHIRBF., L
1B B A/ NIIRE AT B0 EE . IRHEFEE AW —Fh ik
¥ Zkin 2 %AImostReserved i XCh IR R R & FEMB S E RPN FHRAE AR E FHR
. HH 28— IR H ILE” R—AREFREHAN? REREIASS &R
AlmostReservediflzk it 5 X 5 IR B B FHBRIRFF?
YEREHILR - RERN, HENEEEFET RO EREMRSE. ERIFFCLHT
LA EHAOMRZIE, WHESEMRRIEEE. REHRERFSNASIFEAFRTRERNNE
BRI WRE, RMIZEIH2HR (EFHMAIEREREGOHBILT) SGEHEeE?
BEREFETUFCEBRINEFOERBIIR. ZAREFENREXEN T4, TEE
MTHEMO RSB, BaRkNAEEERETENNFIR (B0, FIRPHXFERSED®.
begin-endxt 3t 7, %% ), ¥R¥# a0 BScanGendE B LA LR EITENMFIR? FELexrh
TR HE 2 (e Bmiaikoir B8dmLex b BB AER) ?
e (R EATENRIFIRE , RiFSSMMTRS MAERER?
Tk SRBABFEITIES R, AEIFSABEROMH ETXES. WRRER, FTLLBLR
BEXA, REBME—ARFHASTHNEIERRTLLRBH - RAKIES. M35 5HHAIHR
m%#.Emm¢,%%m%m%ﬁ%&a~¢$ﬂ%m%(W&—&Eﬁﬁ%)ﬂ~¢ﬁ%\$
7. ®EGBFET AR—AmEISHER).

ﬁiéa¢ﬂ%%m$ﬁﬂuﬁﬁﬁﬁu(E%&ﬁﬁ%)ﬁﬁﬁﬁwmynwgmuom%
F—AMAFHRME, can_parse_char v LU H2 Hlan{T 3 S AT AL 4T -

i B/ #t ¥ can_parse_charfr {8 i S 2 fScanGenskLex i B AR A 88 . TRBT
HL B Eh R 24 A5 A T 68 3l Ik ID SMiAk o A R LR LR
A PascalFAda, FORTRAN—EZBEZE, BN TREERRNENERURBTERRE -8R
M. EETRATEEESH—AREFHHTF: DO 101 =1, 10474 i@kIES, WDO 101 =1,
1073V AR T . IR %#&ﬁﬂ%ﬁﬁ%*%ﬂﬂmHMN%%m#EMﬁﬁ@??
Lex & — /o2 BUX MR A OS] . ZEMBIF, FRERIEEARIAT?
@%RRHMNE#%%§E,E%ﬂ??ﬁmiﬁﬁﬂﬂuﬁTﬁﬁﬁ%ﬂ%ﬁﬁﬁioK%ﬁ&
*%ﬁ~ﬁﬂﬁ#%ﬁ%m2?w%$%,WE#&&%HB*%ﬁEﬂW&Huﬁiﬁﬁﬁﬂ%
FIEHE?
B RAEE R BENBRFRTIES, “Utopia 94”. BB E TZIESMWINLIES (EALE
M%ﬁi)ﬂﬁﬁgmﬁm(&mCHHuﬂE%%ﬁi%%ﬁ%&%ﬁ%ﬁﬁ%ﬂ%ﬂ%ﬁﬂ

(&WNNA)u&%&&ﬁ&ﬁﬁ*%%ﬁ%%ﬂ%ﬁi%ﬁ%ﬁ%ﬁﬂ(@mjwo%%ﬁ#i

%&mEM§¢ﬁﬂLTY%%X%Q%&ﬁ$%¥%ﬁﬁﬂmmﬁﬁﬁﬁ%ﬂo

.E%%%M”DUK%EMWD&%:E%&ﬁ@i&ﬁ%Mﬁﬁﬁﬁﬂﬁ%EEEﬁﬁﬁ%o
17.

&E%Nmm&*%Tﬁmﬁﬁﬁﬁﬁmmw
(ab oifabc)
{# fimake_deterministic(), HiENFARE#R HDFA . 3.6 2 EA, ﬁ{ﬁtﬂfﬁl]EB'JDFAﬂt
e —A B NREZH
ZE T EMHENRSER:
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19.

20.

21.

22.

©110@INOINEIN -~ (011

i H % By 1% &R IK A MINFA .

iEBR: ZHrHIDFALLIRES HAONFARHE 4% .

BIE N F AR S ANFAR PR T B 8.0 . SIRSMDFANIEAR, MESSFBEANADI. —4
A RIS AR (F FINFARATIRE 47, B BIRIHBR M EDFAMEE . RBREERTIASEY
Pt iflclose () i fimake_deterministic()fif (43.6. 1% MR ). AHEHE——I2
BRE, MRS —ARRE. RATHN, BEMNYHESTFHEMREHRORER, BH
BFRAE. MBMHESHHERRERLAERE, NERANFFAR—NARIAKILS.
HBNFAZ XL — A ENRG (THEAR TDFARNEKRRME) JHU%E LEMRNRER T HR
S e A L IR A W B BAF. XIS BT L TS Lo FADFARSARME 5 L B8,
H 248 3T ANFARBEAT IRy T LA R 5 07

BIERREEENFAX. Not(R)FRHASERFEXMENEFHFHHHKESE. IEPINO(R)
RIEM%.

R MBREEMZFAR, WHEE—A KA BRETE XA ENEIFA. $IZFARHAHIRH
Not(R)f)—/ FA.

SRevhB RS MBRIER. Bitn, Rev(abc) = cba. SRAEEENFRER. Rev(R)ZRAE
REMHIHRE, HPHENTHETLEMAEN. Rev(RIREMEL? Ht4?

iEBE: 7£3.6.1% t hmake_deterministic()Bi#iEIDFA 5 FRMINFARSHH. Ak, Ré
RES — M S F R B S FNFAR A SRE, 2 B YRENTHE & FRHMDFANS S

R&.



P48 SOEHIEENDT

41 ETFXEXXE: HE5ieS

Eg2Ed, RONEIATLETXEXRENESRDIR. RANBERBRACBRNBESGFSIA—XH
BficS. LTI RXH: (CFG) RTHINA-HAEX:

(1) — A~ BRI 4 #4440 & (terminal vocabulary) Vy X HiAlgkor#r 88 = EMRELIE S 8.

() RERAFSH—ANERE, FRAEHALH3E)CA (nonterminal vocabulary) Vi.

(3) —’Pﬁ#ﬁﬁﬁﬁ?&fyﬂmﬂ‘%ﬁ% (start symbol) S € V.. FAFSHIhxA B =45 (goal
symbol ),

@ P, X (ARFAESHN) BH—1TARE. i‘"étitﬂ']%iﬁ?ﬁA—’ Xy oo Xy, Horp

AeVp, Xe VoV, 1<i<m m>0

FEE: A-AR-AERERX.

XEEAFEERES—A “BEL” (Vo Ve S, P), XtRCFGHIERE L. CFGB'J:Q:E;&V;%
S ERFIERERNES (VLU VL),

HSHEL, FRAFEEXBSIALEREIRRMTLER (ERESCLEMR). ATNSHESHFFF
A A R CHEGHI L T X £ %% 3 (context-free language ), HIL(G)ER.

TERG R CEGRIEATRIIB IS BT 80T, KARBE A ELHMOFSTREEIHSHANBERE
o, Kb, ARNASERREFLLEHTRAED, TE R B EFRLRA ST, A
Wb ERE 2 XN BFSMASH, EATHIRSHE:

ab,c, FHRV IS
ABC, FRVa RS
UV, W, - FHARVFEHAS
a,B.y, FRV RS H#
U, v, W, - #FRV, HF S &

ERXFIDE, PEAERAUSHRA — oA - X, - Xn. XFHHRBEESEXNELSHR A B8
MRS, A URBA RSN AILRASHBRNE. _
BEEAFERTURERRNEL. —BER “RLS” HARERAD:

AsoalBl 18
ERTHFERFFINRE:
Ao a

A—)B

A-—)C

MBA — y B—AT4ER, MoAp = oy, frh=>%Kx— ¥ MF (one-step derivation) (R .

KA - y). =P RE=, RT—PRESRS; Ml=FRI=", #rESASFET. WRS=P,
MIB MR A iLCFGH—/ 9 & (sentential form). SF(G)RILGHAIKA. %, L(G) ={x €
VS =" x}. iE#: L(G)=SF(G) NV B, GHIE SRR AL BMHCHDE.
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60 4 ¥

LT NHKIE S TR, MREHABNELAET, WEEEBRT R BH—4. AR
RFITE, BEEE—SIRET BB — AR EFURMAT 2R . MBERM -, HEE
- AP BB EA ST, MATLARXFSERE. MHENAERES - SHAEERL
(leftmost) FTREAIELREETF. M FHAENMFBERARLARF (leftmost derivation). ZnREE
SREARS, NMNEHKEERTHLTER, MIEREHFNESERREEN. ART-THESERE
BS, FH=>n. =" wfl="n BTEERESFFIFENDRBERAYLGE (left sentential form), H—
KRABEHESHE (BIR FTHOIERSWS) RO ERFFRERAERS; Hit, RIRIEEES
W7 8% =t & & & ik 47 (leftmost parse) .

k%, ZEXEG, BAERERRER (VRRER, FRRRY):

E — Prefix (E)

E — V Tail

Prefix — F

Prefix — A

Tail - +E

Tail - A
F(V+V)I)— A B A AL

E =, Prefix (E)

=m F(E)

=, F(V Tail)
= F(V+E)
=,, F(V+V Tail)
=, F(V4V)

M FREARSHS —MHESRRELHS (rightmost derivation), A HHRAME M F (canonical
derivation), MRS BEADMIERES. ATRITEY MERENRLE, ZHRSFFITRERLX
FAER, BERFRMET—ABENEES TS (HEREREEITSE). R, H-1TAK
M FRIE 4 B RIS AR F— A ARIE S I ARE, BERA—ARARS, TidgEs
(reverse order) MIEAHS. LRBR, ARARSHEFMANTEXELERR, i e
AR (RIEFBRES) BEAREI. hAKRHLOEESHERANNSERXFIIRARERMLE
EaK: BE, CRELREARSHEAXFIINEHEF. ¥TRAHES, R E=m =m
F1=>1. & &% (right sentential form) 2 fBARSAENDRY. EXKGHF(V+VHBEAEIE:

E =, Prefix (E)

= Prefix (V Tail)
=, Prefix (V+E)
= Prefix (V+V Tail)

=, Prefix (V+V)
=, F(V+V)

WSEE h AR (parse tree) FoR. SITRUTFHB SRR, LISCER SR MR FHTH
I E: R AR . AR IR S T A ARREA AT ER. B, SRATUAEFER
Xy o Xy % B ACHFFLEFARA = Xy o Xono MHEBTRRET, AR AR RO &5 LR AT RN

Ve hom B, £ G HBLTFF(V+V) B i an 8 4- 157« BB AR SR RIS
R,

RRATE AR, WRATE TR S . Bk, BEAE TR BE—A
MRS HR, ZORMEE (phrase) Boybrsth e S TEBA S/ A $aE
(simple phrase) B & i#% (prime phrase) RA&SE/MIIEMEIE. dtREL, BigEiERER— A
RS FS. A4 (handle) RH B FBMEIE. (BpsEiEATRER, Bt &
£ RBEHNE.) %EEA1FRFRIARSRF(V Tail), FRIV TailZH #4515, mFR oW, 0
WAESEE, FAENRETESREESFHARFRMGFHIEFSR.
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XRTF A — a BfIC — MU MCFGIE R E R L (regular grammar) 3. EMIA&FH
BEas, ERISCH: OF#) X TIEMRE (Rg36). AHE3

o E
BEROMEBBESUAT | i> AREMG. ZEFTLAR—4
{EH% R 2 HCFGA B
S [T]
T-I[THA

xERETHENCE (W) EumEssrTeE o O A
LIEEMETE. /A\

- RECFGIERATEXBFRINESMIEL, HEHA F VvV Tail
HoiE L BN B FICFGRs . Blan, 2 WA XA A
s — B 3t T P CEGeb e s —— 1A 7026 W LA s B o /A\
& RS . 7EKERT, RAEAECFGH R RIiE + E
EAT U RBEE G, MELHR (URER /ﬂ\
AR RRE.

LI CRGLLR L — A TR E hE HIE UHLH. E vV Tai

F 49 % i (context-sensitive grammar) ER{X KL
HIAESEE ETXH (FltnaAp — adf) HARRBEES.
0-% X% (type-O grammar) WMEAHEM, EAWESEER
& (Blfio— B). LB LT IHXXHAO-MEHICEGE B! METFVAIRSHH

ﬁk,@EMExﬂﬂmﬁﬁoWﬁﬁﬂ?ﬁ&#@%i%ixﬁﬁﬁﬁmﬁ%ﬁﬁ%,ﬁ&ﬁ%%ﬁ

FEREEACRECREDRESR. AT, HTFASEHROCFG, RERAEGRNIEEITH i

W, CFG# T fEil HMms At 2l — MR TR. £F B4, RITFEFIHECFG. Tidfikt
BAURB—A 3 (MRARCRHARR), HEEEECER ETXEXN.

42 LETFXFTXIEPHIFER

CFGR—Fh HLEl. {HE, SNTESHHIE, REBFIE. LEHREFBRMMEE, 5
— BB AL .

CFGHIAARA S, MIFRESIH, SAFEERARTELENHR, MXECFCRARKN, M
FEMas TR L4, ZRTEMXE (Gi):

S—- AiB
A-a
B—- Bb
C-oc¢

G b, EREHCREMS (FIars) 2L, T4 S ABLEESHA ST, TEAKMLLEA
el S A R LA ST ERCH £ MR G S . TRIEASH (AR &AE BAER) TR
b2 A MR T R SR BT X MIE S . BE AR SFNRBRR A F ¥ 4L #5 . (nonreduced).
MG T ARG, R AR (reduced). GRIERILE. TEMER TBRC G, BEIEHX
%G,, ERERLM:

S—oA
A-a

AT Rl A B R A B 5 I (R&AT7). ESEEARBERBREXERTEM
fh. mmBRAE, WIERARSHEIR GRE R ERALBHHERTE).



62 ' F4¥

EAHPENSEBRBE, ANXEAF B ERRIELRA RN (Ellﬂsﬁiib~"4|5‘l’ﬁ
&), B, ZETEOXE, EERRERSR -7 BREX:

<expression> — <expression> — <expression>
<expression> — ID

%% FID-ID-IDA A FHEARMS R, mE4-2f @357,

A TR AN RS TR TR, IB2X BB AR = X4 (ambiguous).
AR, BAFERIEMFTARASEE &4 (BSHRE), B EITRRE ha s
Fis St — 5. TR 1iE % ZBRRHIR B 4k = X (unambiguous) SCRELMRIEHE—&5H .

HAM, BANAEE-AEEERECERAR XN, AT, FUERE— B EHCFGRTR
— i3 (Hoperoft and Ullman 1969), Bt AREME XM~ k. REMHR, HTEEESK
(ELIEIRLE T AR BRIE M A 4T B R 3CRE 28 ) . ATLLEBIEA IR IEZ L. '

AR MBI EOBERBRETE CBIRNIES. X—AEERLIRE, Rkl
EW MBS R L, B, BT R R AT R A RO FIL SO — Btk o3 4T 38 7 S B
SR, KRR M E . AR IR, BB R TR Hed h— 3 S0k X
MBS SN (I — A ERARNE) . *T RS0k, XML Mm%k, NgEe
LB . BB BINIREIA T A FE M T 57 A CFGHYE FI LB B

<expression>
<@xpression>

jon> - <expression> f .
<expressio P <@xpression> — <expression>

o} , D
<expression> — <expression> <expression> — <expression>
ID D D D
E4-2 ID-ID-IDf)—RR 53 bt E4-3 1D-ID-IDiy B —8B syt

4.3 iy RBNF3L%

EMBAVESZ2EFEEIN, P EBNFXZEERTESBFRINESHONERAR, FHEMN
S HE SR AER, TV A AE SRR RIS R AR . BT SCRTIE RS
FRM, BE-AEMEN RERRT OERAA BN, BINTUERB-ANRERAEY RBNFR S
AR K

for (each production P = A — a [X; ... X1 B) (
Create a new nonterminal, N.
Replace production P with P’ =A —» o N
Add the productions: N — X; ... X, and N — )

}

for (each production @ =B — 7y {¥; ... ¥} 3
Create a new nonterminal, M.
Replace production Q with Q' =B > YN 8
Add the productions: M — Y; ... Y, M and
M-S A

E4-4 ATHT RBNFOEH BB Ar AR
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4.4 BEESHFSINHE

BEBMNUERGRAME - N IGERE M. S MRABELHERKIESHFS, WLAgiE: %
WAEIEE ERARNG? (81 Bl AD? ) SRR LIERA RIEMIRBE IR RA)
£ (recognizer).

BANTTRESEZEEZRE SN TEHEE: XM RAAKD? MBZWAHAK, ENEH (0K
B BH47 BEXAE—REEHEEERAYEE2#E (parser). TR RIERESEHRE
HmiER, FHBRITFEERSELEY

ARMEANESES . B—FhYE, BREREPHRENRATRER, HKAHaMaTH
mewmﬁm%—¢ﬁﬁ$Mwwmﬁ(%%ﬁ%)ﬁﬁ“ﬁﬂ"ﬂ&ﬂ%ﬁﬂﬁﬁﬁ%ﬁﬁﬁ,#
BEJELAGR BER S5 GEGETIM) 308, WERAHRATIN TR, ATIR TREES TS
AP ARFRE . BT FRNEEREARERE LRI (predictive), BAHEMNIRERX
P DC B TF B -2z B T B4 T DC e i 7= A 3K

REMIEESFEARAT B—Fb#k. EIRT 8RS L (botom-up) EHSHT R, Ein
HAFHBORN, QR EMIBE RS A FROEE (RIS, ENBRAEHS) FRER
Soekdy, HERE R R A R RS R BRI A R B R AR S R AR KRR
BRI E A I BB TV BARASMEER YL, EXH, BBRET2RNHH. BN
LHIIES S W B 3 R TR S R D -

b A TR TR R BB ROARZL, BETEORAE, SRR RFRITES
M S HEZR: :

<Program>  — begin <Stmts>end $

<Stmts> — <Stmt> ; <Stmts>
<Stmts> - A
<Stmt> — SimpleStmt
<Stmt> — begin <Stmts> end
| ik G
begin SimpleStmt; SimpleStmt; end $#% & T T #9154 47 B 4-5BR.
<Program>  <Program> <Program> <Program>

N\

begin<Stmis> end $  begin<Stmts> end § begin<Stmts> end §

<Stmt>; <Stmts> <Stmt> . <Stmts>
SimpleStmt
AN }T’“’\ %"‘”"\
begin <Stmis> end $ begin<Stmts> end $ bogm</$(rlnts\> ond $
<Stmt>; <Strts> <S|tmt> ; <Stmts> <Stmt> ; <Stmts>
SimpleStmt /[\ SimpleStmt A\ SimpleStmt, /I\
<Stmt> ; <Stmts> <Stmt> ; <Stmts> <Stmt> ; <Stmts>

SimpleStmt simpleStmt~ *

E4-5 —AATR FRiEES IR
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AR EMiESS @S KRB TR IS S SRR SRR RET. mE4-6Fw.

<Stmt> <Stmt> <Stmts> <Stmts>
SimpieStmt  SimpleStmt A m
<Stmt> ; <Stmts>
SimpleStmt A
<Stmts> <Program>
<Stmt> ;  <Stmis> begin <Stmts> end §
smwm//F\ /4\\
<Stmt> ; <Stmts> <Stmt> ; <Stmts>
SimpleStmt A SimpleStmt
<Stmt> ; <Stmis>
SimpleStmt A

E4-6 —A AR LAiEES LR

0B TR TSR S FmMe AR RRARES: Bk, mAWEREERRNE, XHNIE
BB RSN . H R L RIE S 5 TR BIRY A R 5 P B A AT T AR T BT EE
BIHN, CRARSANRESNEXFFINRRYLT.

Wiew BRSO THAR, YHAEBETERESIERBASN . CARENAZERNE
TR TR R L RIE 2 H7 BN 4y BIRRULLAILR . XS F B AR MM, HXEMARR bR
AT R BRI A LA B B BB P A R E R TR R AT RS . AT, TEXWAAFR, B TLEREE
R RSN LR AR . BOAFE (LER) WEBLTERESREAIH. TLH P
A BT S R IE R AR R RT S (B 4ATRRIC S 2 T) HKE
SR EE SRS, BT SHENEERARELY, BRERNLSWBALL(HBLR(DIEES
G EAA B:0pin e

4.5 ILESHEE

B BTSSR BYERRE — A SRR E A BRI &S R, Wik el FREDE
EONERNEE. AT ZEENIHREE. BAIOTHEH AR B SCEIESOESRES. W
B, EHEIEESNSFHLFEEXERTHRMTFSHEA, BT A Sk B A5 &k 50 47 8% A AR 2R D
Hit.

SHERAT (EHEHRERRES) HNBELRKE, EY Do M ot Ai ok &b O 3 Pp &2
AR, RAITEZMER BB LN RETENZENF S RMHET, H gt B4ET
#, RRERBEIEN.

Y#HGH—A4iF (CiEEMstruct) RKER. 4 & Hterminals, nonterminals,
productionsflstart_symbolfig. productionsiff fistruct A MM AH, H i structff
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A =/lhs. rhsfirhs_length. H5b, HHSIAB M vocabularyh A AN, T Eterminalsf
nonterminalsfA & . (FELBRP ALK Hlvocabularyfdg.)

typedef int symbol; /* a symbol in the grammar */
/*

* The symbolic constants used below, NUM_TERMINALS,
* NUM ] NONTERMINALS, and NUM_PRODUCTIONS are

* determined by the grammar. MAX RHS LENGTH should

* simply be "big enough.”
*/
#define VOCABULARY (NUM_NONTERMINALS + NUM_TERMINALS)

typedef struct gram {
symbol terminals[NUM_TERMINALS];
symbol nonterminals [NUH_NONT!RMINALS];
symbol start_symbol;
int num_productions;
struct prod {

symbol lhs;
int rhs_length;
symbol Ths [MAX_RBS_LENGTH] ;
} productions[NUM | PRODUCTIONS] ;
symbol vocabulary  [VOCABULARY) ;
} grammar;

typedef struct prod production;

typedef symbol terminal;
typedef symbol nonterminal;

BEER B RREM Adb A SR RGHRFHA. XMERIEYEE, FARTLESHMY
R AT RIS H T B s, B EEURCILTE. HE — A AT R TR H S HAHE
MAEE, BARSTREELS. fim, TRAF

A=BCD=BC=B=A\

BT HAFXATE, ROER—AERRIREE. §%, ERiCHRSER (—F) #SHMIEE
SEE. WG, ERFTSESHREAOIAER. RNMSIER, RHTBEREAWHKKS T
BHDIES T, HPINAE LM EATUBIRC VB HESHA. TRNREMES-THR.

A TE AT B, BB BRI E— A Follow(A), XPAREBIEALN. FE
XH, Follow(A)RFLAZE MR P RMANALHNES . MRARBEABEHSE TR PH
#, M MLETEFollow(A)d (FRATEEE A EMIIT SHMA). R, HTAEV,,

Follow(A) = {aeV; IS =* --- Aa -~ JUlit S=* aA then {A} else )

FollowBRA R, BAEMNEXLT 5 AR EH—RERN ETX. b, Follow(A)iR
BLEIARRTI B F A AEIEE & DIRBHLAA G £ 7= K.

AT HEIEES RN R—A % AEAREFIrst(a). First(a) R BT A fEB I 4 — 4 W ol B H
AR ETSHES. mRa="L, WEEPBESN. EXM,

First(a) = {ae V | a="oB}_J(if a="2 then {1} else O)
nRok—A P RIAL, RIFirst(o)a & A LB 26/ 4 7 ol S HN FH R NEHT S .

AV — A KA first_set [XIRARKMFirsti, HhxBEEHMMRILCRTS.
first_setPHITERLLETF ST, i, RiMOFollowB Z R — A i follow_set[n), ¥
hARIEA TS, fifollow_set TR BMRLLTSHA.

HEE (DIEALTMALHRALBRNY) FHHa, Tk ik B R FirstfFollow s, HitbfEH
B hcompute_first(a), BiEE@First(a)fiE LALLETRE. mEoHNER—ITH5,
compute_first(o)¥ i B first_set[al. compute_first()FHEEE LANE4-8FR.
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typedef short boolean;
typedef boolean marked vocabulary[VOCABULARY]:

/%
* Mark those vocabulary symbols found to
* derive A (directly or indirectly).
*/
marked_vocabulary mark lambda (const grammar g)

{

static marked vocasbulary derives_lambda;
boolean changes;

/* any changes during last iteration? */
boolean rhs_derives_lambda;

/* does the RHS derive A? */

symbol v; /* a word in the vocabulary */
production p; /* a production in the grammar */
int i, j; /* loop variables */

for (v = 0; v < VOCABULARY; wv++)
derives_lambda([v] = FALSE;
/* initially, nothing is marked */

do {
changes = FALSE;
for (i = 0; i < g.num productions; i++) {
p = g.productions(i];
if (! derives_lambda[p.lhs]) {
if (p.rhs_length == 0) {
/* derives A directly */
changes = derives_lambda(p.lhs] = TRUE;
continue; -
}
/* does each part of RHS derive A? */
rhs_derives lambda = derives_lambda {p.zhs[0]]):
for (j = 1; j < p.rhs_length; j++)
rhs_derives lambda = rhs_derives lambda
&6 derives_lambdalp.rhs[31]:

if (rhs_derives_lambda
changes = TRUE;
derives_lambda(p.lhs] = TRUE;
}

}
} while (changes);
return derives_lambda;

B4-7 ATHRE—-NIESEHRAT TRFHMIRE

typedef set_of terminal or_lambda termset;
termset follow set [NUM NONTERMINAL]

termset first_set [SYMBOL]:

marked_vocabulary derives_lambda = mark_lambda(g);
/* mark_lambda(g) as defined above */

termset compute_first (string of symbols alpha)
{

int i, k;

termset result;

k = length(alpha);

if (k == 0)
result = SET OF( A );
else {

result = first_set[alpha[0]];
for (i = 1; i <k & A € first_set[alpha{i-1]]; i++)
result = result (first_set[alpha[i]] — SET_OF( A)):

if (i ==k & A € first_set [alpha[k - 1]])
result = result { SET OF( A );
}
return result;

}

E4-8 FTFitEFirst(alpha) B s
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£i11_first_set ()R X NE4O. LHMfteirst set, HHHERNGT, & AKESMO>
s, MERE AR

extern grammar g;

void fill first_set (void)
{
nonterminal A;
terminal a;
production p;
boolean changes;
int i, 3;

for (i = 0; ;<mmrmmt. i+) |
A=g. nont.niml-[i]
if (derives_lambda(i])
first_set[A] = SET_OF( A):
else
first_set[A] = 2;

}
for (i = 0; i < NOM_TERMINAL; i++) {
a=g. tommlt[;],
first lct:[n] = SBT or( a):
for (j-O. j<mm:numu. 3++) |{
A = g.nonterminals(j];
if (there exists a production A —af)
first set[A) = first_set[A] SET OF( a);
}
}
do {
changes = FALSE;
tor (i=0; i<g. mn_p:oductxons, it+) {
p = g.productions(i]’
first_set[p. lhs) = first_set(p.lhs] )
compute_first (p. rhs);
if ( first_set changed )
changes = TRUK;

}
} while (changes):
}

m4-9 AT HVIFirstERIRE
£i11 first_set()MIBITANFHLR (GHhHEAT4IHHENEG):

Step first_set
E Prefix | Tail ( ) \ F +
(1) First loop %) {A} 1Al
(2) Second (nested) loop Vi {FA} 1+ [ DY VI IR i+
(3) Third loop, production 1 VG [ (FAL | A [1G [ DV [ V| (FE] 4]

£i11_follow_set()ME X REA4-10. T@mikitfollow_set, BN A R HRE
R, #Fﬁﬂﬂﬁﬁﬂh%%%f&‘)?‘&ﬁFﬁﬁﬁwast{E RMEFirstigdr, QS ERELTS
ffyFollow i A follow_setH.,

void fill_follou_sot (void)
{

nonterminal A, B;
int i;
boolean changes’

for (i = 0; i<uwnoumu1m i++) {
A=g. nonterminals[il;

m4-10 AT HERA I FrFollowsRIVB
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}

folloﬁ_set [A} = O;
}
follow_set[g.start_symbol] = SET_OF ( A

do {
changes = FALSE;
for (each production A — aBf) {(
/* '
* I.e. for each production and each occurrence
* of a nonterminal in its right-hand side.
*/
follow_set [B] = follow_set[B]
(compute_first (§) — SET_OF( A ));
if ( A € compute__ first (B) )
follow_set [B] = follow _set[B] ) follow_set{A];
if ( follow_set [B] changed )
changes = TRUE;
}
} while (changes);

kb,

410 (&)

A UE R4 1D HI S G IBM£ill_follow_set () HIhAT:

Step follow set
E Prefix | Tail
(1) Initialization A} o |92
(2) Process Prefix in production1 | {A} [{{] [7]
(3) Process E in production 1 ) | 1a %]
(4) Process Tail in production 2 ) | {d [£8]]

LA FirstfnFollow# , (X A4EK B KT ARKE AT HE . First(o) R TLARoES H
H B AR SRR REA. Kk, Followk(A)y%—ID)\ZE%@’ﬂﬂ*Eﬂ%AB’JkA?’f%B"J%#
Flrslk%ﬂFOHOWkﬁﬁ?EX{iJﬁk/‘ﬁﬂsﬁ'Jﬁﬂuﬁ?E‘J%&ﬁ}ﬁ&* (ﬁJﬁHLL(k)TFﬂLR(k))
LL#ET B F i EFirst, fnFollow & #, kit BFirstFiFollow,.
it #FirstiiFollowf & & 161

% TSI A T BFirstinFollow BB FANEFT, X BA MR BSMIAG. T TEMAXE:

HEES

S - aSe
s -8B
B - bBe
8 -C
C -—cCe
c -d
£ill first_setfIPiT: BT
Step first set
S B [¢] a |[b lc |[d |e
(1) First loop %] [Z] [}
(2) Second (nested) loop {al {b} {c.dl | fal | {bl | fcl | {d} | le}
(3) Third loop, production 2 | {a,b} {b} ic,dl | lal | {b} | fe} | td) | lel
(4) Third loop, production4 | {a,b} bcdi [lcdl [ {al [ b} | e} | {d} | {el
{5) Third loop, production2 | (a,b,c,dl | {b,c,dl | fcdl [ fal [ (b} | {c} | idi | lel
£ill follow set#IPhATULERLNT:
Step follow set
S B8 C
(1) Initialization {al [ [Z]

(2) Process S in production1 | leAl | & [
(3) Process B in production2 | {eAl | el | ©
(4) Process B in production 3 no changes

(5) Process C in production 4 | (el [ feAl | leAl
{6) Process C in production 5 no changes
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T E ARG,

S - ABc
A -—a
A S
B -b
B -5
£ill first setfIfiTiIBInT:
Step first set
S A B a b c
(1) Firstloop [%] {A} A}
(2) Second (nested) loop [7] faAl | baA}l | fal [ (b} | (c}
(3) Third loop, production1 | {a,b,cl [ faAl [ (bAl | (al | (b} | {c}

£fill follow_setMIiTiHBAANTF:

Step follow set
S | A B
(1) Initialization Al | @ [%]

(2) Process A in production1 | (Al | (bel [ @
(3) Process B in production 1 | {A] | {b,c} | {c}

%3

8.
9.

. ER43YIMER, BMicrofyy RCFGE X (B2 E2-4) HBAREHKMCFG,

3t Y MicrofICFG (§BEREHERBEER) #HiTV B, E2aSM%EsRT =" UAREER
*", MEZE N S MM AR, MBSEN S LmMAMRARELS. BN, A+B**2 =

C+DR 4% F(A+(B**2)) = (C+D). WiH, BBEN YMNADEHITHH (HILAB*CEY T

Ax*(B**C)), WitZZERARR 454 (A=B=CRIEEMN). HREREHXZBERL L.

Ffill first set()Ffill_follow_set () ¥ HE U Microfi XM first_setf

follow_set.

FEhA — Aafjc Rk BR Y L ik ja &5 (left-recursive). KUy, BB — BBRU=A XK AL ik

ya#y (right-recursive). iE8A: fEERIN A& MR LT SW AR FRUARIE ARG ER

BaAEMAn M EHRREA{O, - , O AR TEEFIR. ZFIREBLMEERFELE TERIE

HFE, BAEBRARERE. SH—/CFG, R ANFIR.

FREISCEER /DR R E R EnZ A ARER?

RS ERETUSRAKE U (Flan, XLi<iptOFLAHBEO ZaT), fREISGESEM

ELE RS EME R

Bt S H B EN Sk 88 h PR B 2P R BT H R S B, 1R 9 E I SCakfn A BR B sh LA =]

BHEMLRED.

. i MR AR S A A R S I A AR LB CFG. BATATLA S B SR A P2

HERTRMIEA AR, BMRAES BEMALFRNIEAEN, RILH k. B, BT
DA e RBR A S A (TR B 7 R 0 45 77, BB A AAIRA S . SXFRF G EF M4 mR
A, B —Fh 5 E R LT

BEFHMTHANFECRAS, £111_first set()ERREEFiMit B Eirst_setffH.
ASGHEECFG, HBELELG). EH: GReBHHEEH AR ERMNEXNFHNCFG.

10. %434 X (unit production) BIEANA — B4R, HHRBRYEAIERLNF. EH: (o KA

H R HOAE B CRGARRE B #6300 7 6 A B 4 = AR IV 4 CFG.
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1. RCFGHBRIBAMIES; KMMNCFCN= LR AMNIE
CFGRE A XRMIES.
R MR TIOR S 100 R B
12, AGHFENTERME T LCFG. fExELG), IE¥: HIXFESJRMKERERXR.
13. BE—AEF, EROH0ER, Y RCFGHEL S MAREEAMCEG,

m

- BH—AHEK, WR-1REN
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EE2Eh, HIVEDTRATREYFRNERMR, BAERMIELL()XE (LL(1)grammer), X2
—%3E AR A TS HMICFG, AL RM&Z XLL(1)%# & (LL(1) parser), EFALL(1) S # &
(LL(1)parse table) ARk HidBRBHSH.

EmBAIC2ERN, CFGR—FIEEH A Z LmH (definitional mechanism). Eff1LLH M
skl HERIEESNE, XBEOEERER —NRF—&3 2 B4 &S (parser generator), LUER
TE R AA, EE—ABEESTREARY, XMESEST RS TR RIESGRRELES.
XA SR ROMARL—BREX (BEFRXE) wBERTHRTHER (BRRFRiEk
SR, X EEBEE - EESNBRANEHIEFRIRPBEAIN B THE—SH-
i, REBTERADGDEENTBERES. BHIEESHS (Flm, FIESHEMFOEH)
LRAREREY. FWEES TR A BT HSGReR.

5.1 LL(1)PredicteR ¥

A IEE 28k Fr 2 I, 09 TR H7 38 6 P oy 7 it B R VC R ph AR 40 5 R AR B TAIL TR 5
A S H R h R B SR B TR — A AR XA RE A AR R X —4Predictid B 47
Kb, RSO EBINETD, KRB SHERBA PR REA RS

2R RA > Xy - X M> 0. BEHETRERCRESERNTROBHRRIC SR, BR
A FERIEALUEX, - X kR s, wFUBHRR—AAKES, BRRIIBETR LN
HiREE (MBAIDSE). MBMNEFIEHITEIAN, BHDSREFIsUX, - Xn).

hEBEETFEX. MEBEXREER, WFirst(X; - Xu) = Xio RXBIELLEH wi+ R A
R X A A B FirstiE . X BEt AR B 4r? ABAEINIE, Xikb LAEMHikA ., mFirst(X,
o X RET Xz BRI, MNEXARLER, WERBRDETFIrsX - Xa)h. MEX ARG,
'J]IJi+%i’ﬂ?:4‘ﬁﬁj?lxzﬁﬁf‘éaitE%BB’JFirst%o‘#Sfﬂﬂb., WMBX FOXAPREF A, WIEIEX,, K IHE.
AR A A SR BT A S AR R MK B 40T FRFERTIA, HUBERSEEMBBARAS (ER
T BIFr RA) RS L5 HE . AL FTLUE FFollow(A), CRELEAERES P ATLRBEANI
HieS%.

BAE R LSBT AERA = X - XMRARRIL SR, ZRAFHHPredict:

Predict(A — X; - - Xm) =

it A e First(X - - - Xm)
(First(X, - - - Xm) —A) {_ Follow(A)

else
First(X; - - * Xm)

B, EEiAkEe (TURAFEERARTENERS) BEMZEAR. #—F, WRTEEXNGHE
AHetB oM € First(X, - Xu)l, s BB AE 7 e R 2 HR A 4 25 PSS O IR RA D S s Tl e K
FAATRAETS, FUETRELENERAS, HEHRASE THEMPredictE A+,
ELA IR E— . mREMTEATER, A= X XoflIA = Yy Y, FEFEA KD
21, 3t € Predict(A — X, - Xm) Bt € Predict(A = Y, -+ Yy), Zanfaat ey B, R RAAIRLLD

111
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#FI5F

FRMEANFERZE2D? Eh RS ECHEHRELL(DEL Z 5. LB E LR LT
HEHOTEXAE AT ESHILE. N2REmM, BFATRA-TEBFRIHESHE

LL(DXi%.
ENIHER S H7 S LaEB 3 A ShH ks .

SR, SRR A S SCERERRLL(D ik .

WEAELLOOKSGER TR (ERERM) J0k%,

A THARNCLHER TRIRINBHS, F— T/ EHAMicrofty =i+ HPredict & .

“$7 RkFoR i

ES- 144 A3 B (ILE4-4) HFE2ENIMicroCHEE R RFRETE R .
&Rids.
1 <program> — begin <statement list> end
2 <statement list> — <statement> <statement tail>
3 <statement tail> — <statement> <statement tail>
4 <statement tail> — A
5 <statement> — ID := <expression> ;
6 <statement> — read ( <id list> ) ;
7 <statement> — write ( <expr list> ) ;
8 «idlist> — ID <id tail>
9 «id tail> -, ID <id tail>
10 «<id tail> = A
11 <expr list> — <expression> <expr tail>
12 <expr tail> — , <expression> <expr tail>
13 <expr tail> - A
14  <expression> — <primary> <primary tail>
15  <primary tail> — <add op> <primary> <primary tail>
16  <primary tail> A
17  <primary> — ( <expression> )
18 <primary> - D
19  <primary> — INTLIT
20 <add op> -+
21  <addop> - -
22 <system goal> — <program> $
B5-1 FreEFERIIMicro3 ik

ES-2Ff0 [ 5-348 M Microdr R £ P (i FirstfinFollow s, EfE R4 5T EAR (RE4-8 ~

113 T4, @

B&5-2 MicrofyFirstf

E4-10) it
MFRIIXE, EHAAZHT

g, HFRMicro—H/bICH, XEEATUAE SEE FHREH.
BitEAKAES. (58FHHILLGen TAA — /&I Al £ K15 FirstfnFollowsg. )
Nonterminal First Set
<program> {begin}
<statement list> {ID, read, write}
<statement> {ID, read, write}
<statement tail> {ID, read, write, 1}
<expression> {ID, INTLIT, (}
<id list> {ID}
<expr list> {ID, INTLIT, §
<id tail> {COMMA A}
<expr tail> {COMMA A}
<primary> {ID, INTLIT, ¢}
<primary tail> {+. - A}
<add op> {+ -}
<system goal> {begin}

it FirstinFollow B 3 Bk &A Rk it HPredict, mBES-4Fim.
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NonTerminal Follow Set

<program> {8}

<statement list> {end}

<statement> {iD, read, write, end}
<statement tail> {end}

<expression> {COMMA, SEMICOLON, )}
<id list> )]

<expr list> )]

<id tail> {0}

<expr tail> N

<primary> {COMMA, SEMICOLON, +, -, )}
<primary tail> {COMMA, SEMICOLON, )}
<add op> {ID, INTLIT, (}

<system goal> {A}

E5-3 MicroffJFollow

Prod Predict Set
1 First(begin <statement list> end) = First(begin) = {begin}
2 | First(<statement> <statement tail>) = First(<statement>) = {ID, read, write}
3 First( 1> <statement tail>) = First(<statement>) = {1D, read, write)
4 | (First(A)-2) {_) Follow(<statement tail>) = Follow(<statement tail>) = | {end}
5 | First(lD = <expression> ;) = Firsy(ID) = {ID}
6 | First(read { <id list>) ) = First(read) = {read}
7 | First(write { <expr list>) ;) = First(write) = {write}
8 First(ID <id tail>) = Firsi(ID) = {iD}
9 | First(, ID <id tail>) = First(,) = N
10 | (First(A)-A) () Follow(<id tail>) = Fotlow(<id tail>) = 0
1 First{<expression> <expr tail>) = First(<expression>) = {iD, INTLIT, (}
12 First(, <expression> <expr tail>) = First(,) = )
13 | (FirstA)—A) \_) Follow(<expr tail>) = Follow(<expr tail>) = o
13 | First(<primary> <primary tail>) = First(<primary>) = {ID, INTLIT, ¢}
15 First(<add op> <primary> <primary 1ail>) = First{<add op>) = {+ -}
16 | (First(d)-A) \_) Follow(<primary tail>) = Follow(<primary tail>) = {COMMA, ;, )}
17 | First( { <expression>) ) = First{() =" {(
18 | First(ID) = {ID}
19 First(INTLIT) = {INTUT}
20 | First(+) = {+}
21 | First(-) = )
22 | First(<program> $) = First(<program>) = {begin}

52 LL(1)%#isk

£ 5 Predict iR $h 0TS 32 713 B T EABE D B FILL(D o 4F AR FoR . IRIZAT, A

®5-4 HMicroitEPredicts

T : VaxV, P {Error}

b, PREFAFAERNES. MBARSLRENIEALH, MREHRRRES, R TIAI{tHE 7= T B
A, MBRAASENFAER, WA A~/ Errorlf, #RIERMIR. TELMT:

TAI=A— Xy - Xy ifte Predict{A - X1 - - - Xm):
T{A][t] = Error otherwise

CHEGRLL(DE, M ENATHEFE KBS ERARERERE. #— Rk, WRGE
LLO)ES, NIHEEIRSHAMERBHRARA S, ARLTHFELE Predict(A — o) it € Predict(A —

B), 3 A—ofl A~ B RARM>ER.

1%4
115




AERE WA ALL) XX L& T H AR FRIEES . MR—ASCERLL(DE, NRIEXN
EFIATREMAER AR R T SHAS, BA - TR N, N—THiRRE. AL
—H), EHADICEALFEIAERN4ARAE. IRATFRINAFEFSH L, [ TOEELH
M-8 RS, RAEBAEMA TR BLET IR

e ShoRBl, HAE BRI Microfy Predict 4 h B S-Sep IILL(D MR . 1% AT R Mg 4L
MicroffJi# I3 T My i BB ATE R, R, SRR THEBRES —ALL(D2HE. £R-S5-54,
BHAARTARSGS, FHEWREH.

IDJINTLIT |:={, {; {+][-1( begin [end [read [write[$ |
<program> 1
<statement list>
<statement>

<statement tail>
<expression> |1
<id list>
<axpr list> 1 11 iAl
<id tail> 9 10
<expr tail> 12 13
<primary> 18] 19 17
<primary tail> 16[16[15(15 16
<add op> 20{21
<system goal> 22

&5-5 MicrofJLL(1)4y#r#

-

2 2
7
4 3 3

wl /N
-]

14 14

»H

@

-

5.3 MLL(1)r 4 RAaiERA TS HE

WA B AT B, BRI ELL() MR . ELL(D) TR A LR 1B o 4 o SR AT LABRE
AR B 38 7 TR H7 5 BT i R orpr it Bvp . EMLE2RPIBER L RN

void non_term (void)

{
token tok = next_token():

switch (tok) {

case TERMINAL LIST:
parsing_actions ()’
break;

defaunlt:
syntax_error (tok);
break;

}

}

non_term()RiZEHS T BALENIEXLEFMNATF. next_token( VIERE BRI RETS.
TERMINAL LISTHRRALFFE5I%. parsing actions ()R shiEFsi: HRIEHES TSR
K ICACEA L2, M Mmatch() R ICRALERF. nfnext_token () &AM &M AKX, NHM

syntax error().

TLhi—2, ES-6fYiBEHk bt B It AiMicrorh f<statement>:

void statement (void)

{
token tok;
tok = next_token():
switch (tok) {

E5-6 <statementHIEL: TR
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case ID:
match (ID); match({ASSIGNOP); expression():
match (SEMICOLON) ;
break;

case READ:
match (READ) ; match (LPAREN); id_list();
match (RPAREN) ; match (SEMICOLON) ;
break;

case WRITE:
match (WRITE) ; match (LPAREN) ; expr_list ();
match (RPAREN) ; match (SEMICOLON) ;
break;

default:
syntax_error (tok) ;
bresk;
}
}

ms6 (%)

S — AR, TMICERILL()S ¥R+ B S R ES-omigka il . il
ER44 R X FE .. TERMINAL_LIST#lparsing_actions() B4 £ MLL(1) 53 7 4T SR BIfE .
WA HEMAT (names) Ky 7 AR B4R PR BIBREN. — A3k
(grammar) BAR:
typedef int symbol; /* a symbol in the grammar */
#define VOCABULARY (NUM_NONTERMINALS + NUM_TERMINALS)

typedef struct gram {
symbol terminals [NUM_TERMINALS];
symbol nonterminals [le_mﬁm];

symbol start_symbol;
int num_productions;
struct prod {

symbol 1l1hs;
int rhs_length;
symbol rhs [nx_nas_mc'm];
} productions [NUM_PRODUCTIONS];
symbol vocabulary [VOCABULARY] ;
char *names [VOCABULARY] ;
} grammar;

typedef struct prod production;

typedef symbol terminal;
typedef symbol nonterminal;

BEgi1HE $§E~¢iﬁﬁﬁﬁﬂﬁ*i&ﬁﬂﬁmi&ﬁ%&éﬂo ffifigen_actions() (W.ES5-7)
BRXEFSHENSE, A RAER AT B &k ERENFLENE (ARBEZE T RUR
match() A% ). gen actions() (B Hfimake id( VIS AT AR Y, HHERBRAA BT
FRIRZF. X ATEREAERIBRG <" 0 O EEMAEE T, MEBRABRNZEA, MNEmtaaEfN s, F%.
fiin, make_id("<statement 1is1'>")ié[@!"Statement:lisn:“,ﬂ’ﬁmz-xke_id(":=")iEIEJ"COLONEQUAL“o

make_parsing_proc () fEES-8HE X. ZE SR —A RSB ALL() T RIEAS Kz
ST RSB IB SR . ZAREEEFA &S prods()firhs(). prods(R) IR B LAAYE A A2
spffo = XA, Ths (B)WIEEFAERPAMOASE.

— A RENER: %E<S'taiemem>ﬁlﬁ5-5}3?%3"JLL(1)ﬁﬁﬁf’ﬁ%’;& , R
make_parsing_proc() W R S-6FTRIIER TSR, K — R T RE B EF R A
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extern char *make_ id(char *):;

void gen_actions(symbol x[], int x_length);
{

int i;

char *id;

/t
* Generate recursive descent
* actions needed to match x.
*/
if (x_length == 0)
printf ("; /* null */\n");
else {
for (i = 0; i < x_length; i++) {
id = nake_id(g.nan.l[x(i]]);
if (is_;crninal(x[i]))
printf("\t\tmatch(%s):\n", id):
else
printf("\t\tes();\n", id); '

} -

ES5-7 AR TR ER R X

void make_parsing_proc(const nonterminal A,
const lltable T)

{

/*

* Generate recursive descent
* parsing procedure for A.
*x/

extern grammar g;

production p;

terminal x;

int i, Jj;

printf ("void $s(void)\n{\n", make_id(g.names[A]))’
printf ("\ttoken tok = next_token()\n"):
printf ("\tswitch (tok) {\n"):

/* for each production where A is the LHS */
for (i = 0; i < g.num productions; i++) {
if (g.productions{i].lhs != A)
continue;
p = g.productions[i];
/* for each terminal in the grammar */
for (j = 0; j < NUM_TERMINALS; j++)
x = g.terminals([jl:
if (T[A]l[x] == i) /* this production */
printf("\tcagse %s:\n", make_id(g.names([x]));
} :
gen_actions (p.rhs, p.rhs_length);
printf ("\t\tbreak;\n");

}

printf ("\tdefault:\n");
printf("\t\tsyntax error(tok);\n"):
printf ("\tbreak;\n\t}\n}\a");

BS-8 A piE kAT BRI

iR7 5§ fBmake_parsing_proc(), X HERHOEY, ERERMNERSILIR. REX
MR, IR ER TG —R s R R, WIS R AEE, BSo RO BARE
{% % fJgen_actions(rhs(p)), HAPREWTRMF AR, BRICKRAELE2RIEEIHLR.



LL(1) Xk RS W B 77

5.4 LL()S#raRRzhiERF

S 95 FAT I X B RRS A ARI RS Ay T 0 T M B . Bk, B rit - B
FHERSGER, S ST, KR E IR A O TRLE D TR,

FiLk, #BADEEFIESES BT TR 5B M AR B .

B T HERLL(DA R R M BT B, T TRt iR 5B HEF— R4 RLL() 27 B
(LL(1) parser). LL(1)3 b7 SUIEMIS 47 BB B k. R BpiE s F AL R
ikt Rigts, FARBENEDRFTURMFELLOSHE—LER, FlSes i s
(B A7 B R B HERLL() R R U2 B AR, #—%, BTLLO)RHRFERR
TR B A A S R TR S, B, AU ER A RMIE S BB T [T
Mooy b7 5% /N ELE R | 120

BS-9F RILL(DR BRI A, ERGEREAT RO SEARS . R R EH S 6
IR AGE; A& S IR AL R R .

void lldriver (void)

{
/* Push the Start Symbol onto an empty stack. */

push(s) ;
while (! stack empty() ) {

/* Let X be the top stack symbol; */
/* let a be the current input token. */

if (is_nontoz-.i.ml {X)

6 T[X][a) ==X — Y3 - - - Y) {
/* Expand non-terminal */
pop(1);
Push ¥, Y., - - ° ¥, onto the stack;

} else if ‘(= a) { /* X in terminals */
pop(l): /* Match of X worked */
scanner (& a); /* Get next token */

-} else

/* Process syntax error. */

Es5-9 LL()a i S RBHRF

e, BE2S5SHMBRATRIFRE, E—kERLLOSHRMBHERF. BS-10RRHES
%% Abegin A := BB-314 + A; end $it ILL(Dy 7 B FisviTiI SR

55 LL()BERS

A28, Hm#NamefhZhETE S Bk I3 Xk LA IE R EIE LB EIST - HEFS IR
EMRFRARESY, FEHELLSHRNBEZM. EFD, et Ao Bt HBLR ShYEFF 5 Rk AT
RIS e

ERT TR EROEES ., RIHYT RS 3 (ES-7) Mgen_ actions () PRk @& HIEF
ERARRNRXEHS. YLBEHEFSH, M RIE X FIRMIEA. fm, FAA -
gen_actions("ID := <expression> #gen_assign ;")¥SRHER:

match (ID) ;

match (COLONEQUAL) ;

expression() ;

gen_assign():
match (SEMICOLON) ;
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ELFREAR SRS, VENSEORITHE LB (semantic stack) RfFE. BUARNERBESE
TEF ML, BERA, EXERUSTREZSAFENBIEEH. EREATRIFTSES, ik
‘B FEATMREENTRERED. B8 Mo AREE—/MEXidF, B XRBLALLX
FEBa .

Step | Parser Action Remaining Input Parse Stack

(1) Predict 22 begin A:=BB-314+A ;end $ | <system goal>

2) Predict 1 begin A:=BB-314+A ;end$ | <program> $

(3) Match begin A:=BB-314+A ;end $ | begin <statement list> end $

(4) Predict 2 A:=BB-314+A ;end $ <statement list>end $

(5) Predict 5 A:=BB-314+A ;end § <statement> <statement tail> end $

(6) Match A:=BB-314+A ;end § ID := <expression> ; <statement tail> end $

(7) Match =BB-314+A ;end $ 1= <expression> ; <statement tail> end $

(8) Predict 14 BB-314+A . end $ <expression> ; <statement tail> end $

(9) Predict 18 BB-314+A;end $ <primary> <primary tail> ; <statement tail> end $
(10} | Match BB-314+A ;end$ ID <primary tail> ; <statement tail> end $
(11) Predict 15 -314+A;end $ <primary tail> ; <statement tail> end $
(12) | Predict 21 ~314+A end $ <add op> <primary> <primary tail> ; <statement tail> ond $
(13) Match -314+A;end $ — <primary> <primary tail> ; <statement 1ail> end $
(14) Predict 19 314+A;end $ <primary> <primary tail> ; <statement tail> end $
(15) Match 314+A;end $ IntLiteral <primary tail> ; <statement tail> end $
{16) Predict 15 +Aend $ <primary tail> ; <statement tail> end$
(17) Predict 20 +A;end $ <add op> <primary> <primary tail> ; <statement tail> end $
(18) Match +A;end $ + <primary> <primary tail> ; <statement tail> end $
(19) Predict 18 A;end$ <primary> <primary tail> ; <statement tail> end $
(20) Match Aend$ ID <primary tail> ; <statement tail> end $
21) Predict 16 ;end $ <primary tail> ; <statement tail> end $
22) Match ;end $ : <statement tail> end $
(23) Predict 4 end$ <statement tail>end $
(24) Match end $ ond$
(25) | Match $ $

E5-10 begin A :=BB - 314 + A; end SEJLL()S 47

R EAEE A TR S RESIEHRERER. #—F, ATIEERRAFLEE
BUKE, Hi, A DEFNXBRERFNOTIBREERT 40,

HFLLO)HT S, SRR — A En e aRe, HAELH R SBEAS TR . Lzh
VErE2 B AT AR RO TRRBHT , SRR, AARMME L SIRMEA. Hit, FS-9RILL(1)5E 3h 8 Fr
¥R, mEs-11fR. . ,

5.6 3CERILL(L |

W FHhZ 2ROAFEEERR, WELLOXEFTBRBLES. FREALL()X T4 %5
BRBATR R S IA A BT R OFM . S HE R — BIME R X AR

£EME, kEZHLLO)FMMZMAEBHITHFK: AR 4 (common prefix) iy (left
recursion). TMIRZFEATGAZ R DM B EREHEHAA, X S B A I B 1R S BOUER S

e bz, FAA RSO AXNERE R REANNE. Fw, FRER

<stmt> — If <expr> then <stmt list> end if ; .
<stmt> — if <expr> then <stmt list> else <stmt list> end if ;
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EEARGMROTARXFHBMAZE, FABNABMFIrstEARARTEREN (BRIEAHATRR AN,
14 AT R B TRM b R AR R T AT, B S-12PR.

void lldriver (void)

/* Push the Start Symbol onto an empty stack */
push(s);

while (! stack empty() ) {
/* Let X be the top stack symbol; */
/* let a be the current input token */

if (is_nonterminal (X)
&& T{X)[a] =X - Y, - - - Yu) {

/* Expand nonterminal */

Replace X with Y, - - - Y, on the stack;
} else if (il_t.rlinal(x) &6 X == a) {

pop(l); /* Match of X worked */

scanner (& a); /* Get next token */
} else if (is_action_symbol (X)) {

pop(1):

Call Semantic Routine corresponding to X:
} else

/* Process syntax error */

ms5-11 ShEEHERFSHLL(OR SR

void factor (grammar *G)

while (G has 2 or more productions with the same
LHS and a common prefix) {
Let S = (A > o, . . ., A—> of}
be the set of productions with the same
left-hand side, A, and a common prefix, «

~ Create a naw nonterminal, N;

Replace S with the production set :
SET OF(A > o N, N> B, . . .. N b))

@s5-12 RERALGROHEE
{# Alif-then-elsefy il ¥, factor()j=4

<stmt> — it <expr> then <stmt list> <if suffix>
<if suffix> — endif;
<if suffix> — else <stm list>end it ;

Kz, MR -ATAERNERT S HREABNE-IHT, Wiz LR 8.
Bigm, HERE — E+TR AR AR, MR- AIASBREA LRI ERNETA S, WikEL
BRRIEIAN. BRI ERNEATRRELL(DN. HHERERH, B XA EarsR TSt
SHFMELNERITAERA > AB. EXFMZE. ARKBRARAFS PR T 44 £ kS T MR TR R 7

fEES-135h 4 Hi Btk remove_left recursion(), TR ERAREA SRS NISRE T MIBR R H .

3y ffiremove -left_recursion() nfi#etE, MBMERMAKMEBST RELBT SR ERE
SR A A AR RERIAN. BERA —~ Ac. LA AEBIERS K, BRSELHAER
iR —A, TUHERERAR LA SBIHE. EXA — NTARNEERERN HE 0.
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void remove_ left recursion(grammar *G)
while (G contains a left-recursive nonterminal) {
Let S ={A > Ax, A5 B, ., Ao )
be the set of productxonl with the same
left-hand side, A, where A is
left-recursive.
Create two new nonterminals, T and N;
Replace S with the production set
SET OF(A - NT, N> f§, . , N> (,
TS of, T > A)
}
}
ES5-13 MExZc s IRREE
NA B, - C FRIEE—A . Biltn, ZETERAZRAREE:
ESE+T
E-T
ToTx*P
T->P
P> ID
ExkasERE, ERFRLLG. SHERES BRA EMEEIFEAR, BHTRHAERF
BitiE S MC#kF. remove_left recursion()fEBAXRESHPMRANLBIATEK, B
E — E1 Etail
E1 ->T
Etail — + T Etail
Etal — A
T — T1 Ttail
T1 - P
Ttail — * P Ttail
Ttal - A
P - D

{EAEFENRITI & B EMUR — AP X0, BT UL R AR A SR BT, =3

E — T Etail
Etail — + T Etail
Etal — A

T — P Ttail
Ttail — * P Ttail
Ttail - A

P - 1D

LR EM TR, BRLL(DM. KL, BIEHACTEY A FRFRIHESHLLIE,
REA AR AR PR A THAXELLORNEEER G %. AT, ERVHELT, THER
EHAMAES. B, BETEOCGEAR, ETRHAEAFRRRFEARSNIES

<stmt> — <label> <uniabeled stmt>
<label> - ID:

<label> - A

<uniabeled stmt>  — ID = <expr>;

ERE B EARAS, RRALEREA, RCEARRLL(DE, FERIDREM M4 <label>/=4
Ko RRBERNE -AFBENA=AERPRRD, BB TSN E, SRLLDI:

<stmt> — 1D <id suffix>

<id suffix> — : <unlabeled stmt>
<id suffix> — = <expr> ;
<uniabeled stmt> — ID := <expr>;



LL(1) X4 A9 B 81

HEXREHRTREFEEEAHMBRALMBNT X, Flin, FACHBEAFBES, BARETH
EH R RE R RERATFEIT (discreet type) HFHKR (subtype) MWAF. WEREYR, WLAFA :
array(l..J, Boolean). 7Ex& X HATEEHM LIS

<array bound> — <expr> .. <expr>
<array bound> — ID

B HIDT UM <expr>di i, BiLLXBA —AFiMobR. s TFAdhATREGFENR SRS, A
<expr>thREBIDAJER TR Sk, Hik, —AEENHEAS:

<array bound> — <expr> <bound tail>
<bound tail> = .. <expr>
<bound tail> - A

A B i <expr>, CAHEK—AID. XA LAEE AL ERARE, A REIDEBHE—ITR
BB FHA,

B A A 4 R IR R SO PR B E B BT A A R A AR S S RIER; XM RRN
Greibachit, X, (Greibach normal form) (RL#:319). —B—/ 3 #k&GreibachiBXI¥R, BB HAISR
RBAS. TR, SARIFHR, BEXFMERBARIEXSERLL(DMN (RE110). FXE, EMTF
—HHIHEN, REHEETALL()CEMIEEEH. E0E, SENSWESBRPRERL, MAT
DL ML) A E AR & B Rk 2T .

5.7 LL(1)4s#rsrayif-Then-Elsejo) @

LTPFEEENEFEIHESSWIRMLL() IR . Rifi, —~FLRBISHRAlg 60,
Pascal #ICHyif-then-else&5 ¥y, LM EIWIRAY “BZelse” (dangling else) MA@, EH
else FARFEN. RERthenils W iEtbelsef i E £, X &k &thenfnelsefy IL LA R H—H).
sk b, ATLLIAAIE <expr> then <stmi>Esr&—AF 6 Fiielse <stmt># TR HH T, Hit
BRIOABRFELEH LSRN T

BL = {I' I1i>0) ' ,

FEE. TEGR, ZESARLLON, WAFEK EMTFERNK, ERARLLOK. "L %
s ul R H5RBL (Bracket Language, #5SiEE) B Scgkse 7 RRi% WA .
BB LAE —RERZG:

S - [SCL
S - A
cL -]
CL - A

X ECLA R AL S. R, GAH-ANEERAE—ERZYH. fim, CL CLAEBLLF R A IR
BHRER T, ZERRTHE—ACLER 1" TH—ERA.

Sy = PRSI, AILAKIAE ST Algol 60, PascalMICHMIMISCH:, BUARE A &R E ‘7 RE
BEA 1. XWIEGC '

S -{S
S - St
S1 o [81]
St oA

G A RBARENRERN 7, GERMETRENCERESH. FXL, G "I LAE A B R A b
HARBAFOW (PESLR(1), XFEFEEPITR). Mifi, EARLL(DE, HEEK, SHARLLKN.
IR [EFirst(S) ELIEFirst(S1). Jfilie, [[EFirst([S)AI[EFirst(S1), m, R, UEARES,

126
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LLsy #r & LB T E R B HE R AR MAES . RIRWBHER LREESHEF -1 RA—
EfEEREY 144 AR
PN MABESHOE - (KETkD) FSBM—ADEX. BXIMEE T, EENEHIREX
EEN.

”%‘HH&&I:ELL(l)ﬁﬁ$¢%§elselﬂﬁm&*%&m i b — ‘E’fﬁﬂ‘:fé‘lﬁlm#ﬂﬁl}ﬂéﬁﬁﬁ}
Prep HBAE IR — AR RBREE.T 3 ikaItiR.

Z G,

G- S;

S ifSE

S — Other

E — elseS

E-> A

Ga “XH), H B FHELL(DH&:
if else Other
S | Predict 2 Predict 3
E Predict 4 Predict 5
Predict 5

G | Predict 1 Predict 1

WER | RAHGR TN, BILAERLL(D T RARA R RER. BERMEH AN Relsefn 53
B iR roithlEt. B, ARMER, wEETelsehBREEMNS, BAXMITER. HK, £
T[E][else] = Predict 4. X LYEATLAFE T 528, ¥, SiFd@id A=A XM £ = 4EXS.
405.8¥5 BTk, LLGeniB g4y 47 58 A R 58 Ao i i o 8 R 77 X5 HH WO NP 22 SLEAT TR AR e ok bk — LY
ML+ . _

B5, HEEESelscl. AXFMEFREOZTL L, ERRXERIEEIWRE, mR#ET R
R, mEFAIHEAELend fREESENFSEE, RASHIXFRIE. Eifi, "LAE A T
R AR S0 -

S IfSE
S - Other
E— elseSend it
E - endif

%3k TERLL(DY . ERIEF R R ST RTRNIEERITERNTER. BERTLA8%
R B — A S H 5 R R IE AT R .

5.8 LLGen—LL()iEESHTRERNE

LLGen& —ALL(D)iBEHK T R ERE, b%%CFG#j’.m#F‘éﬁFﬁﬂéé}ﬁ%Ehnﬁﬁé}ﬁ%e
LLGen f Bl B3 K 2 381 9h 4> Beff Jon Mauney RS . :
LLGen®y% A

LLGenfA T EA =4 BITFENEN, SGENKEHS, CEI-ERXHUN. SAN—BE
XA

* fmgq

IR

* define L

e

* terminals
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REETHRTE
* Productions
P AHLTE
* end

ER

Microffg B m BIE I S- 14sh 53 HH:

#s

4

This is an LL(1)

grammar for the

world famous Micro language

*fmq
bnf vocab

statistics noerrortables parsetables

*terminals
ip
INTLIT

write
*productions
<program>
<statement list>
<statement tail>
<statement tail>
<statement>
<statement>
<statement>

<id list>

<id tail>

<id tail>

<expr list>
<expr tail>
<expr tail>
<expression>
<primary tail>
<primary tail>
<primary>
<primary>
<primary>

<add op>

<add op>

*end

::= begin <statement list> end
::= <statement> <statement tail>
::= <statement> <statement tail>

ID := <expression> ;
read ( <id list> ) ;
write ( <expr list> ) !
ID <id tail>

, ID <id tail>

<expression> <expr tail>
, <expression> <expr tail>

<primary> <primary tail>
<add op> <primary> <primary tail>

( <expression> )
ID

INTLIT

+

R AR RR R R RRRRRR

& 5-14 MicrofJLLGeni# 75

B mEE TN FFFIAR; ENhEA. SRFRTERTEIR. HohRERaEaRH
%7, BIEZGRARES < M ST BE. MRS < Fk, WBALL 5> %R,

£+ mq 2 B s *end 2 MR (T AR EDBE A D R IE BT S B B2, Eﬁxﬁéﬂﬁkﬁiﬁ’l‘ﬁ .
B S P EM—4.

i

B fngZ EREBARSAATOFIR, LA, SRFRTHEHTTE. I Wl BT A R R
R ACFITER A0S B2 B . o1 P TRURO 52 B iR tHBLAE R RCRILLGen il P F it



84 , : F A 3

HREX
ERELTRTEN . WRFE, CURET S defineFth, M—FIEXAR, BTELBER
$h—17. BAEXHERA

<const name> <integer value>

B, <const name>& L FifiRFTS, Wi<integer value>E S8 (ARASEFHES).
WS, ZERTLIE A TEMEERECE RO ARBNERE LPURM TIEXHIRRS . TE,
AR R IR BRI 4 AL, B ALLGenfuf HFIREEAKRE, MARKEREA.
=gt

REG 2 terminals Fia—FIA LS. A BN —FIMERRR, BRALEHL R
$hfF. FiEREFLANBIEZTIR D . PSS ETHETHF . LMEF S RNTFS Himgka b
B FRROE R — 5. BRI, RendiEiAKIZSRIDRS, Mendpy MEAL ERFIRBE
P~ tHEL.
AKX

% S*product ions A LH ARSI . FAERM—AANEE, SERANAL LB
[l b= b eh: 0 5= Wk

<lhs> = <rhs>

mE =" B ‘o’ MRNE, 7 EXERFREPATA. <Ihs>g<rhs>A AR
<hs> B — A FRAESEFNGS. MBEAHE, WEAMESEXN<Ihs>, <rths>R—AHFSH,
BEFEERNEHFS, AR 387 M B sk 7 A RS 24 A BT R ALIE LRI M SRR 2 HEHFSH
“# EHEBRE A TE BRSO E L HERAR, HREEZER. m<rhs>AIFER PN ER
g2, M<hs># S M2, <rths>A LR FERENTURERS “. FRehkERfT (IVATER

ATLAXBEERAT) .

&R

pe IR endfs K. ERBERHATERZE, BIHET EX. RIS, <goal>Fn$$s$,
PAR — AN

<goal> 1= <S> $$%
WIEmMB S, K, <s>RIIBPE-ATERNER, <goal>RIFHETS, MSSS R L HIRiIT.
LLGen# &5 s brinm hSSSLA R UF SASSE BT & L MIIE & P ATLAH B A
LLGenRy% H

AW E MR MR WLLGen l PFM (5 KHERC). LLGenfy# H Frig gL i {5 BB

o RotB% (BEHNEE. FERNEER, F%).

s A=A .

« L) #r .

« B HROTFSFIER.

» XEP A TSNS,
RS ISR A RLL(DAY, WHsHE AR . R fEresolveb FEIERE, WA R
AT BT R TR R %~"ﬂtﬂﬁﬁi“$i&ﬁ%%ﬂc%%& B Pascal A R e AbiE = PRI E
Zelse ] LLRILA T P k4750 97

<if stmt> == if <expr> then <stmt> <else part>
<elge part> = else <stmt>



LL(1) X ik & 547 3% 85

MR R EERIEDNE—RHER (Belse SELHBRMITITE) KRk.

B 24/ E FZRRARHLE . b 28 ST b B UAMRIE AT KRBV BT SHTE R BT AR MIBh IR . (lan,
Hifl L Hi<else part>=AR MK FX FLLGen R L2 £ ILAEESR, HRATHERERNGR. Yelsell
BERAIERA ST, FIRBROSITIHERSL Fill<else part># FH2 H#; else kiR RHHEZ .-

B 5-14+h By R fgMicrofIHLIE I Bl T LLGenI{E A .

59 LL()SHZB|/RIER

FATATLAE BRLL(1) 53 47 3 19 T 51— 25 R AHE R

* IR TE ERI B A BT -

E—ARBLLODSTSE ‘B BRARFIHE-ATFREH. HTFRELAKEBOTEX,
Predicti @ 21—, Eit, EEELEANE N TROBNFERKOBA. ZRELLD)
53 b7 2% Bk B T .

o« LL(D) % b B SOk R 3E — I
MBE—AER XN, WELFHRAERAIRENARANRES . XERBEERERFE
SATEROERTW, TxtTFRELER, X8FBRE—KPredict.

o FPALL() 47 B IE R AINGET, T1HBS & SR/ MOZTE (HEx TR HTRBRA KR ).
LLO)A BB RERBE - MIABFS . ki, EELENRATS RS AHTHKSE
K. FEIRETRSH—RFITN, MERE A CRRERRE. EESR SRS HMIAR B
H S BAWE A IRAS . FIARBOTENGEYRARS (BIERTS) AN
ME YR E SRR RS HMIBHBIM, METRLHIZS (REXIA—HIR) ZHBTER
KA, MBEBREN kM. HRHARER, fXLERLLOMEREER (B1R).
l, B MRATSSRARKEER, FEBREERE.

(FEAYHAR ) (A 2 FRAEMZS A Bk B R 2 TRIEMM EH & B EAS.

510 LL(k)o#r

ZELL() g S AR BAKFS . XB-ERBLLK) (Strong LL(k)) 3r#k3k.
BEEE L, GRELLION, MBS ERA = BMA =y (B+1).

First, (P Follow, (A)) Firstc(y Followy(A)) =2
B FirstFnFollowJ& ¥ FirstfnFollowE ™ BB S —BTEN.

BLL(K)E 2 B & AT % (global lookahead) (i@iidFollow#) sk, HAME,
LL(1) = 38LL(1), {B—#m&E, M¥Tk>1, BLL(KRLL(OMHE T .

EMHLEE, FTLARLL(K) & A BRI B A T ik, CERFA LS LTI (left-context), B
§ RIS P LL R KA BRSBTS R B ik K. R G EATUERAMT: GRLLOK, HH
324 =A%

1) S=pwAu=,, Who=>" WX

@  S=nwAa=, wyo='wy

3)  Firsty(x)=First(y)
AP =7,

% X ARG ELL(K)H, uH ST AL Tw. B RIFSA, PAR T Ik
AR SR, First(x) = First (y) S 2 it — b B T — /- Hidl.
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%IE

G- S$
S - aAa
S - bAba
A->b
A- A

EIEARLL(DHE, BAbRIKBMMEALEHAARTER. Rifi, ERLLQA. XERME LTI
aAarp, AT EF SbafiMA — b, WaSUIFMA — A. 2k, 7£ LT XbAbash, ERIEFEFFSbb
BiMIA — b, TBATRRTFSballFMA — 1. EIHEMK > 1, EXEARBLLION, B

First,(ba$) e Firsty(bFollow, (A))First (A Follow,(A))

i) BB (I Follow SE 1 2 B AT R R A BT _ AR B .. BD, IR —/AMFSbelLIZEX 2 LT Rl
KA, b € Follow(A). Rifi, XHAEREDAILAIEMA LT CHHEEA. Bk, & L&#lF+, bal
WLAZE—A L FXHBRBEA, BARRES—A LT XhBRA. BLLOCER LR XF DX .

BT 75 i R M S M LLAO S T L RO RE BB AT IR . AAELL(O b7 88, BT AIA, LINET
RSB &E, HPA € VHLE VY. V'ERAK FRINALHEMES. LERERE L TXHET
A RERERTSEA.

WIS, (MIFF s, BEMBETMEBIA L], EXRMFXEL A= a, A= B (a*p), BLHALRME
First(ax) N First(Bx) = . bR, ERAFEMELHARTEIN ISR ST RFirst(A)RE ERY
BA. BE(A L], mEFk, CRREERA > of RA, Ho =X B X Bz - Bn Xm m>0HX €
Vi,BEV, 1<i<m, #E, EEEXABBTUBSRXHER, Eo®TERARAEASTT.

RIFdd

Xg [By,L1] Xy [Bz, L2+ * * [Bm.Lm] Xm

EAR SR BA, Hpr1<i<m, L= {x|x € First(x; By - BnXm ¥), ¥ € L}, HZAM, HMUHEA
XELEA Kk, REWESNER, HEAA L, RERENREMIAT RCFGHIFIELLER.
B E BRI RECH:

G- S$
S - aAa
S — bAba
A-b
A- A

I B HgE—ANLLQ)S#7 8 . G, {AMIFF#A:

HEIG, {\]:B%{aa, ab, bb}H AT RFF SH FM(S, {$)1$.

(S, {$YiBF{aa, ab} ARG RIT S HiMla [A, {a$}] a.

[S, {$}iBZI{bb} HIABATIM R T S THMD [A, {ba}] ba.

(A, {a$)liBB){ba)h HIARTIR R SHBIMD, BEHaS) AT EFT S RMA.

21, (A, {ba)BZ|{bb} MRS R SHIHIMb, BE{ba)h AR SHBMA.
St AR S B A AR . KW AEA, (aS)BBBAEEF Sbak FiMb, lA, (ba}i@F bakkt
FiMiA. chi b, BAOIBIERT 454, BREKKCFG:

Gl - [S{8)]8

[S.{$}] — afAfa$lla

[S.{$}] — b[A{ba}]ba
[Afa$})] -—D

[Afa$)] - A
[Afpa)] —b
[Afba)] -2

BLLOOAMLLK)EERARIS LOMHE, FEARALLO)H R8T K. R, EmBTAER
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W, TLLERABOCERE LR, Bim:

o LL(K)CLL(k +1)

«BLL(k) C BLL(k+1)

e 38 L.L(k) C LL(k),k>1
FHBHR . ER8 LL(KRIZRLL(K) S B7 58 4 7 038 3 2B KA BN 0 . 51V 2 AB45 5/ (AT
A AR RS LLRBLLA W BT 57«

L = {a"(b,c,b“d)" in>1}
XEMBEEEA, BALE—4b. —Ac, RE—AbdE. ERESOEIRE, TLLKH
W B2 /b, mMBEFEOKFERDd, MHbESELIERD dSE . #RK-1AF S HEHRE
WA, BBTEE b S5 B i F2k MG 0" i — 8.5 7 kA 1 3L RUDH— 8853 .

SR EEFILL(]) = BLL(D), REM, #Fk>2, LL)=BLLK), X ERELS 124
A, REBLL(DAMLL()EHRBIFRENCES, BLLOOMLLD)F BN R/ NEAHRRE, A
BEMRR. R, R EALLO)EREM T Hnds S ammnraR. Bk, £xEhEm
BILL(D)A A8 L E SR EES/M R ROBLL( AT . A, w B B EIRR, SRLL(1)FILL(1)
SRR RR . REXIEN AR, BERT SRR M DRR RN — . EH1T
Bop, HEE R BLL() A HT R RATLL DR B 1 2

%3
1. FHIcE:hmpERLL(DI? BBATt 4.
a. S —ABc b. S -—Ab
A -—Ha A —a
A oA A -8B
B b A -2
B -—-A B -b
B -5
¢ S —-ABBA d S - aSe
A —Ha s -8B
A - B - bBe
B -b B -»C
B A CcC —cCe
C -»d

2. R TFFIXEMELL()HTR:
Expr — —Expr

Expr — ( Expr)
Expr — Var ExprTail
ExprTail — - Expr
ExprTail - A

Var — ID VarTail
VarTail - (Expr)
VarTail —A

3. BRERSE S127 SCEEMILL(1) S AT 2 EH A 4 1D--ID((ID)) i HO BRAE -
4. ERS6HMEAR, B TEMHEERALLHIERX:

DeclList — DeclList ; Dect
DeclList — Decl
Dec! — ldList : Type
IdList — IdList, ID
tdList - 1D
* Type — ScalarType
Type —» array ( ScalarTypeList ) of Type

ScalarType - ID
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ScalarType — Bound .. Bound
Bound — Sign INTLIT
Bound - D

Sign -+

Sign - -

Sign - A

ScalarTypelist — ScalarTypelist, ScalarType
ScalarTypelList — ScalarType

. Bt LLGens I AILL(DIE 47 38 4 R B KBTI 4RI R, DIRIEERRRLL()

M. VREFEELEIRIIRRI S R 5 IR 3CIEE AHRIRIES?
VE B/~ IE N AR AE A5 @ LL(1) S0k X o

7. MREEA S AXHERIRER, FR—ACEHER (cycle). IEMAFRISET FTRERLL(DAY.

10.

1.

13.

12599 hiE B TLL(DA 4 B KM A AE4T. B, UoWRAN, BEoNSLBREMRAN
SR HNEERRIEBAIRE .

RESHIXBEMER: —ALLO)SWBEES THREENNARBR RS ERS? R0iE
B, BATEEERREESA RS &S B T —A A 1D S R il i R 4 % %02

X Greibachi®, X, (Greibach Normal Form, GNF), MmEFRAFZERBE WA — a a, Hiagkik
ENToOREETEH. SCHTERMIEECE. SH AR, BGHHCHGNF,

B PRSI O TR IV B B — A OB HUOUGNF, BIVAE XTI AR LR, HBEHX
HARTTLAS A AT, ETHRARLL(D,. BEMEMS.6Y (WES-12) ffactor () BEOK
A AT . PN TR BIRA AR RAARME, FARERXE “HE” LL(). iE
BH: AR SUSCEE P A S A AT AN 5% VA R IE %SG R LL(DRY .

{8 FHS. 1035 BB R 24 T HI ik MrELLQ2)sr 47 25

IEBEALL) AR AARLL()E .

Stmt - 1D;

Stmt  — ID(IdList);
Stmt - ID:Stmt
IdList - ID

IdList — ID, IdList

7 IEBUEEAM R BRLL(DE XA —E R HRLL(DE X.

X FEALLOH, fF7EA SR B FHBRLLIOE.

’7 BB ENA, LIRS BT K.

RS 3HMHEA, REEF, BAMLLGenA BT R I 7= EMP RIS A TR,
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6.1 BWHt-HLS R

B TOL ) T RAE 2 40 4 28 7 6 O R 2 A5 ) R R T 22 4 FAR A P Sk i R A MO AR R 65 7F . Ml
B R 1] BB B 50 H7 28 7 260 9 3 A () R B T R DL P2 A XA RO T SR O BN ZERE . XA
EERBEN. £4ERTRAGHFANAR. fil, TREEke=EEBNAS Xk LHFTR.
R ENER, NATTCAEEE M E TP RIS RERRPIERXABERE R,
A 4p -3 94 B (shift-reduce parser) M T HR L. —AoHik, MEIZE, BEEL
SHEMTIS . SHEMEARAESBEERRT—TADE. WRIESES okt HARNE
SR, Bl AWNETRLEEARARNFSFES, ETRERMBEEL S ERERH. DR
{393 2038 5 1 Sy B AR P B AR e S A I R FE D SO AL AR B AR AT . M ARARDEBHER
b (U8 BART S RE IR
FEAEME AN OARAARNER, ARREORNKE, SREMELTFERTREHERAS
e R, IR R IERET.
% — AR R R AR - RS WEHERE, mE6-1FUR. wsm&ﬁt%umTJ\a@;ma
& (parse state) BI##F# (parse stack), AHFRAE ¥ B MDA EY. SR EFR TR L APRE.
1FEi’cﬂ£1§£ A AR A B B B0 24 B EE IC BRI AT RS . B BRFEMAKRE,
actionfligo_to. action&ifsrir BB, 114, Bk, BRBE—MEHEIR. go_toRE
A R B A A A TR B VO RO R AR

void :hift_:.duc._drivcr (void)
{
/*
* push the Start State, So.
* onto an empty parse stack.
*/
push (Sg) ;
while (TRUE) { /* forever */
/*
* Let S be the top parse stack state’
* let T be the current input token.
*/

switch (action[S}[T]) {

case ERROR:
announce_syntax_error();
break;

case ACCEPT:
/* The input has been correctly parsed. */
clean_up_i and_: £inish():
return;

case SHIPFT:

push (go_tolS}(T]);
scanner (& T); /* Get next token. */

Ee-1 At -HAORHERT
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break;

case Reduce,;:

/%
* Assume i-th production is X - ¥, - - - ¥,.
* Remove states corresponding to

_ * the RES of the production.
*/

pop(m) ;

/* 8’ is the new stack top. */

push (go_to[S] [X]):

break:;

me-1 (%)

KRB - B LT XD B HA PR, action®LAKkgo_tokM &AM
M. FESHERRIGZFEOELH S, HERMEERLEEAHE.
T 5 3C 2k Gotk: B Pascals\iB & IR &5 4.

1. <program> — begin <stmts> end $
140 2. «stmts> — SimpleStmt ; <stmts>
1 3. <stmts> — begin <stmts>end ; <stmts>
141 4. <stmts> — A

LI E6-2fE6-3h Maction & Ffligo_toE XM T Go. BEHIFMMAENMLEN; HAT, &

FEMNAEXSHBE- OB AR BCR. Faction®kF, SREBE, ARKREZ, BRAXRA

%, MAARBIRAH. oo toFh, KARRERS. FEH S<program>FiEMTT, EMKET
HRZ. XERA—BIAFEES, SREagE. EARIL, TLUBMERXLEST.

#s R&
10 1 213 4 5 6 7|8 9 10 11
begin S S S S S
end R4 | S R4 R4 | S R4 | R2 | R3
: S S
SimpleStmt S S S S
$ A
<program>
<stmts> S S S S

E6-2 Goftyiit—13%action&

"s RE
ol1]|2]|]3|4|5] 6 7|18} 9 10 | 11
begin 1] 4 4 4 4
end 3 8
SimpleStmt 5 5 5 6
$
<program>
<stmts> 2 7 10. 11

B6-3 GoftEEit-J3#)go_tok

e AT LR - 114053 b7 B /£ A Jhbegin SimpleStmt; SimpleStmt; end S #1247 H% .
BOAgR. Pk FAIGERF PERd, PR, FAR2, WRFRRASHG B, CRANLRA
S
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Lo | O FIRBmA S¥EE

(1) 0 begin SimpleStmt ; SimpleStmt ; end $ Shift

(¥4] 0,1 SimpleStmt ; SimpleStmt ; end $ Shift

(3) 015 - ; SimpleStmt ; end $ Shift

(4) 0,1,5,6 SimpleStmt ; end $§ Shift

G ]01565 ;end $ Shift

(6) 0,1,5.6,5.6 end $ Reduce 4
(7) 0,1,5,6,5.6,10 end $ Reduce 2
@ |015610 end $ Reduce 2
9) 0,12 end $ Shift

(10) 01,23 $ Accept

E6-4 Bit-13haHrme

6.2 LRo#T8E8

LR 447 MM A BKnuth(1965)iR Y. A RIIE S sy Hrbe R—4E, LR&H7 2 R R S04 %
ExlE. LR EOEXLMNAREFSLURESFHE. ROTUNRITEHERSRHHR
LR HT 8, HAPKREHRRT S K.

Mmip |, RELROOSTE, RENERERSEREHRRTSORBANPEYE A KA L5
Rk, REHEES NS LRSS REERNSFHE SNRREEBRERIFHE. &
Fe B0k B AR — A 32k GBS B T (T AR AT R S OB b B R L W B b, WIREBHG

Hig— LRGSR RZ, MHF—E, XHFFE——F A MLROBE ARSI RN T i

B R ERARBGED.

A BE AT NABE D FRELROOEHI S EHERE. EBRIBEAXBMS 287, Wi
LR(K) T 4678 WA R L RALLR OB E SCHRH R -
| BABE-RGS SNBSS ARERNRRANS, HARINDRNER. B o W 1Ak
AR EIIER ST . A TBE- A2 HRESERST, S HT B LA B C BRI S
LU TEMKERIERA S, RERBHERIAY.

1B R 72 BLR () 3 R A EE AN BaBwiaBy , AR ML, LAB B E A AR
aBLL R —A-F F RIS BT R T B First(y) = First(w). B oWl B 321 haAw, THaByRIH#IE£%
yBx. ﬁi@iiﬁ’i‘ﬁﬁﬁkﬁaféﬁi&mﬁﬂﬁﬂﬁﬁﬂﬁ#ﬁ%*ﬂém%%%*ﬁlﬁﬁ’ﬂ, BRUARIRERS 3£ 25
EBEMEATRE. WRAN, TLHEapyRLAYBXRE ey, T HLHES R R HER, XERE
aAy = yBx.

HEEXL, LR('O&)#?%%Z—EE'.éalﬁ’f'ﬂ@ﬁ%)@.&bﬁ?ﬁfﬁiﬁ%ﬂk?iu&M‘%ﬁﬂﬁﬁﬁ%ﬁ, BREB
B EHRMEY. AEROAE, —AEGRLROOK, HARY=AFH

(1) S = CAW =, afw, and : ’

Q) S0 VBX=m 0ofy, and
(3  First,(w) = First(y)
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E & aAy =yBx,

HRERE LN, EHEELT AHLROOBASHTHISCEIT L AIA RO, ERA HRRA
ERKRRAGE— MRS, TR EKnuth#FF Q4 THEM EERRRLROOM — MRS B L. BT
i F TR BB BILRAATSH: LRO) , EREMEMEHRERNS. RELRO)S Y Hid T H8 7 E
BT b AEMBFR A, S0 T —RLRIOS TV S FI. HIBELROHB 2/
Bl R R BILR(DSH B REA I 6.

6.2.1 LR(0)$#7

LROYFIFT A H A ILRK 53 47 5 A28 Fan TR AMIA B (configurationsitem) HIBER

Ao Xy XioXiys o X
ER L, BA XA M ERLRO)A A (LR(O) configuration), EAKAH A SHATHREREE.

A “or FLUHBE ERA MY . ERIEHMERCHERENE L. —RTE,
W% S TR AR AR, BHAHERT A% (configuration set), i H RAEEITIRERR
PRI A B .

fitn, WEE

<stmt> — ID e := <expr>
<stmt> - 1D e <stmt>
<stmt> - Do

F R — AR RTCLEN = AR R P2 A A AR B — AN — B0 4> VO RS TE . (RO At/ 7= de T
FUERERPRRIA =M EmE .

BT E (S — » oS} TP, ERMMES = ER. BiLESERREFN A GEERIT TH
™, B EAR— U RS SED AN ER. AR ERERERTESS, EARRPORE
-2,

BT, BARASESERAREAMOTB AR (predict) ZmER. XL, BRIOKAS
R AR B AMREIE B (recognize) Z=HRK.

S — oS, o fHEREG G, ERER THSARMESHBMAMIAE . XHLRO)H &
(closure) EEER, ME6-5FFrEX.

configuration_ set closure0(configuration_set s)
( .

configuration_set s’ = s;
do {
if (B 50 « Ap € s for AeV,) {
/*

* Predict productions with A
* as the left-hand side.
*/
Add all configurations of the form
A > ey to s’
}

} while (more new configurations can be added)

return 8’ ;.

}

E6-5 KLR(0)TH B AR
b, ZEG:
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S E$

E->E+TIT

T - IDI(E)

closure0({S —» «E$}) ={ S — «E$,
E—e E+T,
E—)oT,
T «iD,
T «(E)}

HARERET 48R HERIERLEHFE, LHARERUERSEBHY—A4EX. BATER
$5E > T, B TREERAEUTEAESHEER. ALSEREESHILENA & XESFIIL
THIE .

Sh¥avs AT B so, Tl AR

8o = closure0({S — «o$})

e HEs, TLAHEEETFSXMERE & (successor) §', LAgo_toO(s, X) = s'&r, ME6-6F.

configuration_set go_to0(configuration_set s, symbol X)
{
s, = O
for (each configuration ¢ € s)
if (c is of the form A —f3 « X )
Add A 5BX s y to s,;

/*
* That is, we advance the » past the symbol X,
* if possible. Configurations not having a
* dot preceding an X are not included in s,.

*/

/* Add new predictions to s, via closure0. */
return closure0({sy):;

E6-6 i1ELR(0) go_tomk MMMk

AR HBLXMIE: go_tol(s, X) = @, . ﬁﬁ%%ﬁ'ﬁxﬂffﬁﬁﬂ"ﬂﬁﬁ BHGk, HLER
RAWEE, fEoHHERZANEE, NRSHATIEERER. ' '

A ETFXRETEFOEERSRAARY, BATEBANHE HOEROLEARNG. BLL,
LGB RS E %fﬂﬁ%iﬁﬁﬁ%‘ﬁﬂ%’R?&fﬂ%ﬁﬂﬁ*@iﬁﬁ(%}#&%ﬁ R A (Characteristic Finite
State Machine, CFSM) BIEBR B zh¥l. KI5 CESMI B m6-THhEs .

void build CFSM(void)

{
Create the Start State of the CFSM; Label it with s

Create an Error State in the CFSM; Label it with 2
S = SET OF( 3 ):

while(S is nonempty) {
Remove a configuration set s from S;
/* Consider both terminals and nonterminals */
for (X in Symbols) {
if (go_to0(s,X) does not label a CFSM state) {
Create a new CFSM state and label it
with go_tol(s,X);
Put go_toO(s,X) into S;
}
Create a transition under X from the state s
labels to the state go_to0 (s,X) labels;

B6-7 kit B CFSMI R
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Blan, 27 XLG.:

S —» S$
S - 1ID|A
build CFSM() &) 6-8FRICFSM, HiEMIER, BA12M THE F25HE KR RREUR
ek,
State O State 1
S —>eS$ o S—oide
S— ;,'d
Sode ——S———l
State 2
S 5 Se$
$
State 3
S > SSe

&l6-8 G ffJCFSM

B b FTBE S B i B A PREY, Hbuild CFSM() (ULBEATEE—K, FLABRIITTMIZHEE

BEKIE.
3R Rl 1% 5] T A RURA SRS A H SRR
- VAR5 BT 88 b A RO go_toRMITE . FE6-9% t HICFSM#iitigo_toRMML.

int ** build go_to_table(finite_ automaton CFSM)
{

const int N = num_states (CFSM);

‘int **tab;

Dynamically allocate a table of dimension
N X num_symbols (CFSM) to represent
the go_to table and assign it to tab;

Number the states of CFSM from 0 to N-1,
with the Start State labeled 0;

for (S =0; S<=N — 1; S++) {
/* Consider both terminals and nonterminals. */
for (X in Symbols) {
if (State S has a transition under X
to some state T)
tab{S])[X] = T;
else
tab[S] [X] = EMPTY:
}

}
return tab;

E6-9 #IELR(0) go_toXMIF %

%+ B 6-8JCFSM i flbuild_go_to_table(), B3| E6-105sigo_toFE. ?;EE & 6-8rh HREHY
REBARBIRIRE.
— s, AR B P 4 HCFSMTi A & go_to. B ILR(0) 4y H7 25 F1| Fi % B T CFSMfy

go_toFELL K —A-actionR MM HTHRE.
AARIRE AT (viable prefix) BB HDWAMEERRNR. CFSMM & Hg B, 32 MBTaHril 3
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b T SRR AR . e 7

ELBE - E, EIBELRAS S, £ligo_to D [$]S
FMactionKRWFHM. AEDBE X TLRO) go_toF; BIE 0o |1 ]4)2
B R Bactionk. actionEMAaREE— ERT 1 41414
RECFSME T MMAR. MRECBBE, WHERALDHE § : 3 :
RiE2HE T, RARTBEDE. 2

FAHLRO) A FRABRTEE, FIUASSMCFSMBE BT EH
{4 Baction @M. 4-Q = {Shift, Reduce,, Reduce,, -} 7IHE F6-10 X #%Goffigo_toF
HIRB AL ER . X — /R ¥ (projection) HMP, I H Sshest b mseh o MBI
SHERIQR T 5. .
A SoHCFSMEgR A%, BAREBH—MEEHREERIR. WP : S, — 29, 29-QMTE, AIQ
WFE FRNES. PIEG/CFSMEBBSTHQME XS T8, P(S)BELA:
{Reduce, | B—p s s and productioniis B — p}u
(A = oeaP e s for aeV; Then {Shitt} Else @)

GELROM, HEMYVS € S, |P(s)] = 1. (|P(s)|REEAPSIK/D. HI|P(s)] = 158k
HPLARERIEM.)

WMRGRLRO), WactionH A LIk B3 MPHRER:

« P(s) = {Shift} = action]s] = Shift

« P(s) = {Reduce}, M= RikiE/ 4R, = action[s] = Accept

« P(s) = {Reduce}}, i=j=> action[s] = Reduce;

« P(s) = @ = action[s] = Error; action[Q] = Error

34| P(s) |>1HIERRAS € SFRA TR (inadequate), ARKIBEOFRMREETBEHE
BARRARE: '

o 4t —Ja 24 X (shift-reduce conflict). TEAERITR B 4 b R AT R A A B EF A 0 Rb B 1

o Ja#5~9a 294 K (reduce-reduce conflict). FEMIRMTE B & TR AR A RSN AR AL E.

B, CFSMARAAHIA R il i Fl action ¥ H AT IRE T SRR

hFRABIECFSMR AR IIARBRE, Hib, RUHRIERXE (A TEREENRFR
WIESMTE) BRLROM. i, ZEV=ER. BFAVERNLARIZ, TRREET - B TME
A%, Bk, BRAEERANE—TEMBEBEERNA - A - (EHERA — ). R, tu%AEEﬁB '
ERAEBAR TAMO%EGSE, I—/ Bizhfeh— 2~ TaEr (HEZFirst(A) PN S ). EikBH-
e FAP AR R A TR, BRAEZA AR S5 AR

A, K BEBARIHEESHAASEFRERS. e BRAIE S, XEBHAFHH bz
R, B, EXESSBFEITEST, A=B+C*DIIELRA = B+(C*D);fif&A := (B+C)*D;.

(iFﬁLR(O)ﬁﬂﬁﬁ%ﬁﬁ%&ﬁ?ﬁf’ﬁﬁﬁtiﬁ&&?ﬁﬁﬁ&tﬂﬂﬁé%ﬁI‘EJEQ MR RFERERIFEA
B+C+D:, MTR 4EBECZFIAKB+C, AAMERLELAN. R, MERFREBIFEA
B+C*D;, MR HCRHEAR H4IALB+C, BARELLMEMRRE. BAEBHEERS (LROTHEEM
) i, AREBHEIXHEAEDR.

FEOHT M TRES “HER BRRHEFRELROXE. Ait, —AEEFHFELR.
REREA T RLBOEFRHESHELROIXE, A AGIFHOR, BERTLL. mAREMGEHR
R, !m%~ﬁ?%ﬁ‘i&iﬂ§%‘ﬁ#’l‘%ﬁﬁiﬂﬁ%%ﬁ&ﬁ%ﬁ#——ﬂﬁﬂﬁﬁ@Eﬂﬁfﬁl —MEREER
RHEMEETSMLRAEESFHRBTIH, WM HLRO)CEL EFE. MR, HLRO)GKT

it
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fEAEW A, JERRLARIR, RS FIEEHSOBE, BEsEE.
fE HLRO)SH BAERIBIT, HREG:

S— E$
E-E+T|T
T-o>IDI(E)

%%, HWIECFSM, #IE6-1151R. CESMRALLENFRAMT E IR, 3 LMOF LSS LAE
ffaction&H5IM.

T
State 0 State 9
S—eES Eo>Te
E—eE+T (
E—oeT
T —eid id T
T-e(E) State 5
Toide State 6
T (eE)
X E—>eE+T
E id E—eT
. T > eid
id T-e(E)
State | State 3
+ (
S —>Ee$ E->E+eT E
E—>Ee+T T-oeid +
. Toe(E)
$ T
| State 2 State 4 ’ State 7
S-ESe o EsE+Te T (Ee)
’ E—>EesT
)
State 8
T (E)e

Ee6-11 Gf5CFSM

MEREE6-11HCFSM, BEIBNREBLNGBE (BAELERNEL) E2 i H—m0a
¢y (RA b F—A B AR MAR). XERFREBHR-PNHMAH-RLHME; FHik, Gi£LR@)
). go_toFWLAHEMbuild_go_to_table()K I, 7Ego_toF, ECFSMEHTHAMMREIOR
srimanA  actionFMEG6-12F7R. SFEARShift; AF RAccept; 22 g RError; Rig’~Reduce;.

®E To0]1]2]3] 45 [6][7][8 ]9 [10
# [S|S|A|S|R2|R4|S|S|R5|R3

E6-12 GiffJactionF

6.2.2 IMAHELRO)SHEFLIERIERE

TELBREFALRO)S M B 281, BATTEERME ENTLAERETT. AR A FER—A “E
Btk kK. HTRANENTS, EEMRLAEIH-MERTHFRR). —BLRRTESF
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BE, LRA S aiEsngY.

LR Hr 2R B E MR B TR R ME . Bk, CESMUGIEANT SR RFHSCEMENSR.
E—r AR EE, BAEHEFRMMRABHIRETS, BLEFSHASBERIIRFIER, B
B2 B RER G AT RAY—#P4) .«

FEZRRBRRIERS T ENactionR EHRMATR TELMZHE. B, actionRIETBHEIFER
RIS R . BRERTRSERIRY, RN ERNEBERON.

EM A G MMENERABH K OWOEENE. IRETHERSEANEAETNRERE.
B, LRO)SHT B AT M AR - 280 i BLBHT SLUER - MEMR, HIRA-DWHE
Btk BERARREIAZ A B AR S . LRO)HT BMCFSMUZREB IR A BT A FE R SR
A REEN A KRS . CESMAEERAGNENGIE TR, FATR—BBEHRA, B
STEBEYAL. KClH, MBR—-AHSFARTREEMADHOME, WERKMSHIFLFHLH
CFSM#% .

B TESY, SRALGOBRFOENER? VIVERNRHRENE, WHMRVLEEAE
7, WXEHBRETHENRNNENENSE. nRVELBT-NIERLEHB, WTLMEVE RaBy.
ALUERREA P ERB — pkEESBEFafy. apEBARMRIEHNSE, TR, BILBAEW
SIS RAEE. fEH— BB, RALEDRUAIRALTBE RNIERISHEBRS LML NS,
K EIBFTHOERIR, HPB— B.

HIE G B AHCFSMBHE AN T BRI %FR, MCESMESTT MR ESFF 1A sor@d AN
Bk, TAMEFTEAMRNENE. BRERWE, solS - EFT: S — ¢ af. siAlEaSH AR,
XRERN, EMROFEoSHFENERRENSE, HAaSTHALHNMNS. SPCRaSHLIIEALT
ERMERNE. HIEABRE, HLTCFSMM—MREs, KhBEHMD — v COMBH. XFBX
H—A-T E S HEAESH , FARMGEARESFARTLIEAC. HACRIAER, M TEMHAHCH
BETER, LROAGLBEFDLEHMC — « pfHE . BIWIHE, RESEHEHA o HIFHRE,
KB BRI EERMBTUUMSIEA . EEXHNRIE, ABBEHMNBo BN ERFRAMRLESA
CFSMig A . B, LURFSFFIHHICFSMAESS IR A B 7l REMITE RIS -

% ECFSM{LEATERTSR, B HCFSMBTIRANIBTE K BEANMFH SRR, Xn = 0
MRS ERERN. SBXRTHCFSMIEARKEANINFIFS. ERARE, SELTREsH,
NETFETLUIEAX. XERESAATHMB — v« XoMMA . BHERLFARENEQH. WA CLE
A, YBEES—AFHE, BWEGHE—ZRFHHES — « of. TAaSHFHNRMRERN,
HREE Y| = m>1. PXBIBEMA S LAy, EAsHEEB — v+ X0, HERAPXIF KM - miFF
BoyfE, BATAEB —» « yXOMURAES . sS'BAHLASBOMEER A MBE, EHB —~ « yXoXftl
TN, Hik, BRRBMSEA, HEKoBREBMSIEA. BT|0B|<n, oBREMR, AR
wyX = BXHLRTEAISR . .

MRB — y » XORHAT, MySEhZ. B — o Xl REA£ATM B E RSAHMMA .
B, s RaIHD — 0 » Civ, HHC, — Co0z, Co — Cooa, -, Cp — Bopio FIF L—BEIRIE,
ATLANT EPBRIERISR, HAXRRTEAS.

Ll B2 F B T CESMA§ Mt 3822 i > B0 L IS BT R 48 . ATRGILR(O)SH T B BB ERLF,
& F i — It Eil BH 5 TCPSMR ARSI B action R BRMITERII I T HHE.

B EEAREMEBRATASZ, HAEBZRTRRRERERMALBALORYY, Hhy
RFESEMMA, TiyRaumBirirkt. HATRENYBHBAREANALEBSHET -AF. BE
S=* AW = apw, HHap=yx, Hxw=y. B, ERMIEEIHTBBERIZAX, HEHTA B
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MIUA%S. ATLARREE X R LR(0) 4% 4 4 R D?

BEEBEYZELTREs. xBEBMsIEA, Ehyx = opRIEMIR. #—F, BEoHFSEHB
EHAXZAASITIAL ., INMERBBB XA FRBH: EBHEM RN RELARTELR
e, FHEEERLEHERSBHEE-TLME, MHXHLRO)LEKRERAS LEFR.

R IE 57 7 BAE R A A HATIRIAL . CRoARERIE. Ao ZEREEMRE—EREHA
B—veAS, HEKMWEASTHA - «B. ZREERPHFHALALEHEA —» B+, REEBHXZIE
Bk, WHRBEHRITHMERESE.

LLEWRSRIER, EDSHMATHRZALNYZE, BSOS B ERBHIGT TENSER, JHE
apwla#) hoAw, @it xS ES KON, TUREEHERERPALHNERTSS, BERbT
B AT o

BE—f, MBERALRONTE A A EROBATHRBRER? CFSMUREHBIRATEANE,
BR A A 5 FE S8 SRR BE A 20 1B AT SR, TS L S B E it AR T R .

6.3 LR(1)4#f

EaUeEFREERN, Eh LROSHEAEABIIERTS, ENTRITRESREE BN
Bk 2 K0k, R, LRODED S B R SRS TLRO). LROBBEHBRY
Ao Xy - XioXur o X 1 Horft leVyU[A)

BRI —HE, MARNFEERFRROLRET EVERHES. AR B IFRERAN R
RS ARG S, SR RErEER—NAENS. MUERS R EABAEENS
HE, HAESEFRCZEAFEENERENS.

BE, SHEGSLR(\HBBRABHRERRT TE. EH FHR B k& EARR AT LR
LR(HIR B #: :

A= X, "'Xi'xm "'xi'{“ j"’m}

R AR S A HE A AR EET S, . LAmATHE HEAMEERTR.

ZELR(1)T B s 5 NIRRT 2455 R U SR TCH B LR ()53 47 BB BE /) Z SMAOAr BT BR SR . AR 1T BE
i —ZfRHr. BE, HLRLRO)F H kA E LA RMLR()IH (GiAdkic SEITK/ | V| BB,
H AT AE ZHLR(DGHE. X&AkAMINgo_tokFlactionRIIR/D, iR k/MEH T Arelg
B ENER. FLE, LROSWENTERRSRENAITIED (EMZLR(DS #r % R AT REFE
b 5 38 A B I R — B AT R SRR B R LB 3R, iR 3R H B BRI A RRER
Ated1.

HOELR(DAT SR, BEARCIZLRO)IHSEHITR, 85X — AL S AT ARy . IBERIWIT
BEBES — « af, (A} ERME AR, FHEREE—NEREETS. o] BELLIEEE B T FF
4, ERBEFHMMG. LRO)ASEREEREG-13FEXL.

e hmnbl, EHEEG:

S— ES$

E->E+T|T
T — IDI(E)

MS — « ES, {A}JT 4. HFMUUEE D E RS SHUSEDBEFH AKX, THEM
E =« E+T, {$}HIE — * T, {$}. FRBIMUAEN AL BAFSHLUHEHRF SHEX, XHEE — o
E+T, (+}K0E — o T, {+}. BUESTMUATY: A 25075 S HUSTI+EA RO ENX: T~ ID, {+$}n
T -+ (E), {+$}. HIA:
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closure(S — «E$,(A}) ={

99
S > o E$, 33
E—o«+E+T, ($+h
E—oeT, {$+};

T - ID, {$+):
ToeE), (84}

{

do

}

configuration_set closurel (configuration_ set s)

configuration set s’ = s;

} while (more new configurations can be added)
return s’;

{
if (B 53 « Ap,l €8’ forAeV,) {
/*
* Predict productions with A as the
* left-hand side. Possible lookaheads
* are First (p))
*/
Add all configurations of the form A — ¢ 7, U,
where u c€First(pl), to s’

}

B6-13 RLR(1)MH B SRR

HOIEMBLR(DTIES,, TMES =Rk
o = closure1({S - a8}, (A}
@ —/ALR(DGIE s, EAE6-14hrEE, HEXEEFSXEI/GES', LAgo_tol(s, X)&w.

{

if

/*
* if

*/

configuration_set go_tol(configuration_set s, symbol X)

s, = OJ;
for (each configuration c € s)

* That is, we advance the « past the symbol X,

* dot preceding an X are not included in s,.

/* Add new predictions to s, via closurel. */
return closurel(s,);

(c is of the form A »f e X ¥, D
Add A X ey, | to s,;

possible. Configurations not having a

E6-14 IHHELR(1) go_tolR BB %

LR(1) action WM U HEEZ FHREN HRBEHE. XABGEIRARRRTAH
(unreachable) 3 H  LABZM . AFEAILR(1)I E 1% H KA B R R AR . "] AR 2L FLR(0)
CFSM{ABR B 8L, BRICHLR(I) FSMEE BB ALR()NE . #IELR() FSMAY L EEG6-15

.

LR(HLZBFICFSMA BRI . $31M, —A SCAICFSMAERSMLR(DHLE il i “BHT BRE
HREE S SR A RENR E KRG B, 0BT R A AT R B CFSMI B £i#t4T 2

7, FLASIBLR(DLER

EHEG,, —ABEHMFERE:

S - E$

E S>E+T T
T o>T*P|P
P 5 ID(E)

157
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void build LR1 (void)
{
Create the Start State of the FSM:; Label it with s,
Put s, into an initially empty set, S.
while (S is nonempty) {
Remove a configuration set s from S;
/* Consider both terminals and nonterminals */
for (X in Symbols) {
if (go_tol(s,X) != J) {
if (go_tol(s,X) does not label a FSM state) {
Create a new FSM state and label it
with go_tol(s,X):
Put go_tol(s,X) into S;
}
Create a transition under X from the
state s labels to the state
go_tol(s,X) labels;
}
}
}
}
B{6-15 #yLR(1) FSMAYR
#E X Gy, build_LRISHIELR(DILE, nE6-1657R.
E $
State O State | State 2
S eE$ ,[ll S—Ee$ {A + SH>ESe (A}
E > e E+T ,{$+)} E->Ees+T ($+)
E—oeT ,{$+) P -
T > eT*P ,{$+%)
ToeP ,{$+%}
P—oeid {$+*} id 1
Poe®) {8:7) State 4 State 3
T ( P
T—-Pe ,($+%} E > E+eT {$+}
- ToeT*P {$4%]
State 7 id ToeP '($+*}
P —oeid ,{$+%}
EoTe ,{$+} P - o(E) ,($+%}
T o Te*P {$+%} State 5 T
* (—P Poide {$+%} ’
1 ( ¢ State 11
State 8 E—>E+Te ,é$+)
id State 6 T 5 Te*P {$+%}
T o TxeP ($+%) -
P —eid ,({$+} ( P —(eE) {$++} . k *
P > e (E) ,{$+*} E—>eE+T ()+} State 8
E—oeT )4} E
P ToeT*P ()+*} State 12
T—eP ,8#)
P oeid ,{)+*} P — (Ee) {$+*}
State 9 P e (E) {)+*} EoSEe+T {)}+}
T o TP e ,{$+%} l T l +
id P State 19 ) State 17
(
,‘; State 18
State 10 State 14 State 13
Poide ,{)+*} ToPe {)+* P - (E)e ($+*}

E6-16 GsRILR(DHLE
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State 16 State 15
+ )
P Ee), o )
P2 E I
E .
State 17 State 18 v State 19
E—E+eT, ( P E) \)+* T EsT
ToeTeP 8:’}') EDebs {,){)J TOT :tP()(';Lt)
ToeP {)+%} EoeT {)+
P o eid {)+*} T > eT*P {)+%} *
P o e(E) {)+*} T>eP [)+%}
P —eid {)+*} (
Pl P —e(E) {)+*} State 2!
State 14 T P|id T2 Tee F',{I'Q:)‘}
State 10 State 14 P —e(E) {)+*}
P id
State 10 N k—b State 10
State 20 State 22
E—oE+Te ()4} T T*Pe {)+%}
T Te*P {)++)
Ee6-16 (£k)

GaILR(DHLE A4 RE, THFESENCFSMAK BARE. HTRFEHESHEE, LRAD)
HLES H A /il B EE MR ICFSME K . {ﬁ]ﬁn bk Adaf 3C3k /ML E B BAYAlgol 60X M IR R RH:
EE & FALRORE.

AT EFLR(1)5 7 B Mgo_toF{f FAIE6-9fbuild_go_to_table( )ﬁJEE&MLR(I)ﬂlﬁ iR
. HTHESasEEREE, actionR W TAEBMALR(DALBMHTE KHRR. LAY &K
(projection function) P, T E AR AT S R 1T S g B4R B AL AR E R A LB R

48, HLR(FLEMHRELE, BREH—MEEHLR()T A BERIR. WP @ S x Vi~ 29, #H+4Q
BB RHHEE. Ps, a)ELH

{Reduce;| B —»pe, ace s and productioniis B s p} U

(HA > a+ap, be 5 Then (Shift} Else @)

GEALR(DAYM HIL4Ys € S, Va € V. |P(s, a)| <1. B, M-FHAREMBEFH, PE% Hik
Ba— AR

#EGRLR(DI, W75 NP igBaction REK:
P(s.$) = IShiftl = action{s][$] = Accept
P(s,a) = (Shift], a=$ = action{s]fa] = Shift
P(s,a) = {Reduce;} = action|s][a] = Reduce;
P(s.a) = @ = action[s]{a} = Error

*HE 61667 B ZIRE R VSN THRNEHERT S B —NIE. B, @EFITRERSBSEL
(mBE—A-HBAEENED), RESFBFY (REHRWA >ax, WH—T5H), RBEFHE—HR (kR
CERAREEBE, BRARPHERF). EhEABE-HHMAL- PR A, GaRLR(DEY. go_to
FW[LLE fbuild go_to_table( ) B MLR(DHLE i EL. GfJLR(1) actionZXEM6-17h & H.

6.3.1 LR()S#TAIEME
SHIEBLR(DOABOERE, RALE 562 AR, 762294 BIEW TLROMHHE
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102 ' £6%

Hatk. |CFSM—, LRIDHLBIURATERR. LROHILBPHFERLABAERETY, LIERiXLeE
MRS ZEERMEERER. B, REsQS

LROGIEA — a », a% AL 4HERARESS - N L mm

nBAAW = o Baaw, HrEBHBaY FEARE 0 IE

s, 1 S A
G W A 200 T BICFS M BhAb % A 75 B : s

BE., BRI1E KNS EFHIEA R EREERN 4 | R5 | RS RS

EBEE RN T EARERET (X TFsoRK 5 |Re|Re R6

300, WA TR A B B A f Lttt =
— B EBIEBLR(DBAT I E B BN, 3 sTs

S B ERYARITERT. BERNELSH 9 | R4 | P4 R4

BRI B2 LD BHT T A RE A EHI }f gg 26 i -

ALK B ARy, HPyRBARA, THYE 5T 3

BB BTNy FBHBNIREAN AL 13 | R7 | R7 R7

HEFAT A, BES = maAW = o afw, 14 | RS | RS RS

Seehap = yExw = y. B, ST BIERBIERR L L L il

AX, BRIGHITA — BHIVAL, 7 STS
H—SBREEBEVELTRES, EBMNsHE 18 s[s

B, Bhyx = opRIEMK. H—F, WS ;3 :: : gg

1 H B A X 2 AR BTIZ), BUETRE = sTs

EBtE -3y ihzE. 22 | R4 | R4 R4

4First(w) = a. SAREPHEMRIRTSLE
ERM, EikAaz)fs, EEEAHEB — v+ Ag,
bityiRZAs', Hha € First(ob), ZEKHABMERY, MA—THA — « B, a. sEHEAHMNERRLARE
GiHA - B a, BB EBiixzBiEsnZREFHRFNZENAL1E.

ERIFRBECLKIBRARZBNyYZE, SHBBERLRT TSR, HFiLapwAR
oAw, BB S RO, TURECHRLAXWALARHSS, HRIBLERI .

E6-17 GfJLR(1) action@ ¥

6.4 SLR(1)5#h

LR(0)4y 47 2 7=t e 82 go_toK flaction, A EMBRZAHTATE XA LB FRIHEFHX
BEEIREH . TLR(DSTENREH - MR RFSNEBRANBH- RO ISR HIBIMOER,
sthr L3t FRiABRFRIHESBEELR(OXE. FEE, BFRIEENREELLRO)ERAER
MR FIFHESMIEE. LRODIEBIE FLROOVLEGE T ik £ KRELLIZE Foo_toRfactionRE
BRARLREK -

% T REXLRO)sH7 & 22 A 6 A ICRc:, HHRHLB ¥R R U TJLE SLROOFARBARAARTE /NG
LRI RMIBESAFEA . TUBIRMEROT . —FHEMER /NI TUEZICFSMA %,
fEM 7 HCESMZ JE M K sp iR INABRT I BT S . X5 ik h BE AIBIFRERES T P IHRIISLR()
57

5 —FBELR(DZ A BN 5 R 4 4 AL EMLR(DRAE. R E Hih 4 I 5SCFSMEPRZE
AR BT RE, WBBILALR(DEAR, BHECSHHIHE. mRARMFOfA&HRELER—L, 75
OB 5EANLR(DS T BREESBANEEI>FE, MHZETRESSLR(DMLALR(DH .
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LR(DELBEALES 9T hitik.

SLR(1)ft % & #£#9LR(1), B HDeRemer(1969, 1971)5I A. SLR(DEA TLR(0) CFSMH-&&
LL—ABEMigangsE. i, SaeEASTIREEMMABA G, MAEME TLROBIRLZ G M
Ao BRE—ANELRMWJLVEFRAHBREEROBSHZAMIEEITSE. XL, HESLR(DM
LALR()BEZIATT (22014270 AR 5L1) 287, LRAGEE A —H B AUA R Ll AR K L0E
T, HERAEIRBR T 40 RIE THRAERBEAR (R6.122%), FAARNBER IZHEM.

EMZELR()A 42 b, T H b AR AT E 3 A T e MEhE A T 1R%4801E. SLRODFHAMIH
hIRBUERTRES S, HRARA—FERRMFERE. MBALROIAAB — p o, WXERHITAL
DM EATSHREERREMZFAREDES. LRENR, MREHARFSIEREKB
— PR ML, WILFGEBAEBMREEB, FHAERLHZFENHZMSE. FERXAEHR, R
WEEEELFollow(B)d, SLRONFHBW AT EB — p HITIHAE. XFBTERMSLRA)
action®® . SLR(1) go_to#&RMCFSMHIRE, A 5LR(0) go_toREE2HRAT.

B8R CFSMAR A48 . SLR(1) R B CFSMAR AR AT R 1T S W B AT RERI 47 8% shE:

P:Spx V,— 2% QR WM AL 1
P(s, a)#i @& L h:

{Reduce; | B »pee s, ac Follow(B), and productioniis B »p} U

(fA > aeape sforaeV; Then {Shift} Else &)

GASLR(DII2 E{L24Vs € S, Va € V,|P(s, a)| <1. BI, ¥} FHAREMBERIRRT T PE
% Rk & — ARk,

MRGRSLR(DI, ABHMPHiREactionRH:

P(s.$) = (Shift} = action[s}][$] = Accept
P(s,a) = {Shift}, a=$ = actions]{a} = Shift
P(s,a) = {Reduce;} = action{s)ja) = Reduce;
P(s.a) = @ => action[s]a] = Error

AHE, SLR(DELROMILALE.

tehrfl, BEZEG,, CAMERLR(NERRLROM. ERSLR(DIE? HE, A
build CFSM()#3sE6-18FT/RIICFSM.

RETHRANERRY, EAENSERE—MBE-AHHZK. EXFRER T, WREHE
Follow(E) = {3, + )hHEAEEASHLNAN, HMREH - WaBE. M T AR REX R
4 LED AR IR T RBs -2 bR, BTLAGASLR(DAY. s # WSLR(1)actionZ anE6- 195K, E&X: BIfE
R R REPRER T BHRETS. BRI R SRR RS, BAVTLALLRO)S 1 2 5
RAEEREIR. R, EXEREFENARFTS TS, BRE T T LAGE R BT R AT K/
XL 8 sh iR

6.4.1 SLR(1)5#RIIERE

SLR(1)5y H7 2% R LR(0)53 b7 % — R EBfE FICFSM. L L, XA A — R ERZNZE
SLRO)Hh D=t R piR M AB BT 33 S FEp 2 67T S RO FollowSR i A 2 #1329, BANAEEIEYEAE
MRS RRERNIAY. TEVX—RIERES. '

Moy EASABERARZE, Bro2#F TERREKAHURBEDRapw, HH
S = AW = m aBW, i —%First(w) = a. CFSM#iEiktap, FSAATAA — B HRE. M
S, Riilmmiia € Follow(A), B ME % A EHHIIIAL.
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State 0 State 1 State 2
S > eE$ S—>Ee$ + S>ESe
E > eE4T E—>Ee+T
E—oeT P
T oeT*P
ToeP
P —eid id
P —e(E)
State 4 State 3
T ( P
ToPe E—>E+eT
. _F-—-;oT*P
State d —eP j&——
P oeid

E—-Te P 5 e(E)
T>Te*P State 5 T
* ' Poide

idT State 11

State 8 E S E+Te

id State & ToTexP
T T*eP
P—eid { P> (eE { *
P —e(E) E > eE+ State 8
E—oeT E
P ToeT*P State 12
ToeP
P —eid P (Ee)
State 9 P > e(E) E—>Ee+T
T T+Pe lT +
P l ] State 7 ) L—/
(
Statc 4 State 10
P—o(E)e

&6-18 G3JCFSM

RE&E BHRERS

+ * D ( ) $
0 S |S
1 S A
2
3 S |[s
4 |5 R5 R5 | RS
5 R6 R6 R6 | R6
6 S S
7 R3 S R3 | R3
‘8 S |Ss
9 | R4 | R4 , R4 | R4
10 R7 R7 R7 | R7
1 R2 S R2 R2
12 S S

E6-19 GgHISLR(1) actioni ¥k

6.4.2 SLR(1)EARK BRI

GoFRIBH&SLR(DFILR(DAY. %hx b, ¥ ZLRO)XFHMESLR()MRE REMBE L E B S Hs
BASLR(DI. F5RE, RiFFHSEMTSLR(DHT8#H LRI,

{5 FiI Follow 5 5k # W k6 TN 13 29 3 Yk OB AT IS R 5 5 A anfE A & JFBILR(1D)H B AR B g Al
BETERLRH. EHRHRLROVEFRSLR(DEIE, LA KR ¥ ¥ HIXHFHXE. Fim,
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EBRAERRANAE L TROFIRNE. TRTURID, REFESHHID, RB/HIER. EEAALTE
MERMFIR, LA T .
HIRLHY ik G

Elem — (List, Elem)
Elem — Scalar
List — List, Elem
List - Elem
Scalar — ID

Scalar — (Scalar)

R CFSMRYy— B 53 4B 6-20 B 7rs .

State 0

Elem — og ist,Elem)
Elem —» e Scalar
Scalar —» eld

Scalar — ¢ (Scalar)

State ]

Elem — (e List,Elem)
Scalar — (e Scalar) State 2
List — elist,Elem Scalar
List —eElem Scalar — gsccaalar o)
Elem - e(List,Elem). Elem — lar e

Elem - e3Scalar
Scalar — e ld
Scalar — e (Scalar)

H6-20 G,HICFSMAI—EE5>

RAZRTEN. BT) € Follow(Elem), SLR(ODABRIEFEF 5T REMR Uik Bk, BICGEA
WEERSLR(DE. Bk, EEKRE)BEBEMEBScalarfiElem, ELFILUEMXERIIK, &I
HARSLROM . ' ‘

LR, FRERIZESE AL AT, BRI R R Y Ak . BB MmRElem — Scalart
%, WTF—%6EiRBldList - Elem, TiEBEMREIBE—MUEBIEA 7 ORE. B
LRV BEF SR 7, MARCEFBELRODB.

B8 Ti@ T FollowlE X BRTEFR T B FHANIEL SBASEMNA TR, HREXH
MR, RFBHEEELAESHEN—EILAFASLR(AN, ELFER—FHERKOOFEAR. B
THRESHEOXD, LROXERETHSRNER. EHEH—TT, FAVTRLALR(D) 53 #7 -
LALR(1)$84 SLR(DFIZS 4 R {E S b BB M0k % (REARFIHMLR(DIE). BRE, W
£ 4% % 9 5% FLALR()S 47 2 1 A R SLR(DA 7 8 i L33k ELALR(1)Z & %8 (£ A B KA
EHEES .

6.5 LALR(1)&#7

SLR(1)%#7 % il i3 & & #ECFSM, %F‘ﬁdﬂ‘ﬁFO”OW§%%E§‘H§?H‘?XE@UE HK,
LALR(D)SH7 8 WL 3 Je i — AN LR(DS B B 3FBE/R & SRR A1 . 455U, LALR(L)S #raf sk
B—ALR(AHE, Ko On5Em@eRBs ARNFAREREH I, LALREAS 7] ¥ % &)
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LR (Look Ahead LR) MIHE. XA RAWAY, EARLRO)ZINHARBEHE-1AL 547 2 5B F AT
BEDS. REELALR(DWHMARNKENCFSMBEMTHWEENS. LALROWRE
DeRemer(1969) & 42 HH.

ZELR(HPLE AR Es. ZRETLUE S & S b MBI A B A T B AR FE B o —
T AR CFSMATIR A S - Hikinfsg

A —ae, {b,C}

Boae, {d}
s ok

A—>ae
B—)a.

BEIEMG R $ 25 —# (many to one). $R S ESHIH S (core), FHEMIRS S = Core(s). #LA
Bt ALR(HILERED A L ZHFEBOMSE &R < (cognate) LRODFHE. HEh
Cognate(s) = {cic € s, Core(s) = §}

FIfiCognate ¥, BIEFRALALR(DMBHIAMRA SN, BELEH ESCFSMRE2MEMN. B,
LALR(1)HL2% FMCFSMIE# A 18 FHRRO T B Bk, —ARPHECFSMRARZLRO)HEE, M
LALR(WHLERAERLR(DREE. FHALRMMFBLSBIRENS, FHHLALR(DRERT S THE
5 7 B 3YE. LALR(D)EE BB —A CFSMREM— AN ERRT SEAS K. HCFSMRER#
SEMILALR(DRLORZE, HBEATREMSIE.

BAVEP : Sox V,— 20, XhQRTREMBHIFLEIER. P(s, a)BiE L A:

{Reduce; | B —p , a € Cognate(s), and productioniis B —p} L
(f A > a«ap e s Then {Shift} Else &)

GELALR(HI Y BN 4VYs €S, Vae V,|P(s, a)| <1.
WMEGRELALR(DES, WFLLAPHZ 5 ik flaction®k:

P(s,$) = (Shift} = action|s][$] = Accept
P(s,a) = {Shift}, a=$ = action{s](a] = Shift
P(s,a) = {Reduce,} = action]s][a] = Reduce;
P(s,a) = @ = actionfs]ia) = Error
Heh i, i RIESGs. ZELR(DILE (LE6-16) MEMRE, HAHRAORE. LROIVRE
FIEATILALR(DREL R S0 E6-2151 7 7£4 FRLOCREG B BMLALR(DALE A 6-2250K .

LALR(I) Cognate State | LR(1) States with Common Core
State 0 State 0
State 1 State 1
State 2 State 2
State 3 State 3, State 17
State 4 State 4, State 14
State 5 State 5, State 10
State 6 State 6, State 18
State 7 State 7, State 19
State 8 State 8, State 21
State 9 State 9, State 22
State 10 State 13, State 15
State 11 State 11, State 20
ﬂate 12 State 12, State 16

El6-21 GofyR.LRE
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State 0 State 1 State 2
SoeES A} S5 Ee$ A
E e E4T {84) B EeiT o u SoEs-
EoeT (3¢} P
ToeT+P ,{$+*}
ToeP ,{$+%)
P—eid {$+%} id :',
P e (E) ($+%)
State 4 State 3
T ( P
ToPe ,{)$+%} E > E+oT . {)$+}
T S eT*P (}$+2}
State 7 id ToeP ,()$+%}
P o eid ,()S+*}
E>Te 084 (—f_ P e () 08+4)
T - TexP {)$+*) State 5
T
» Poide {()$+%) ( .
id I State 11
State 8 E > E+Te ()84}
id State 6 T - TerP ()$+#)
PO e ([ roterrosem (
{)$++ oE) {1$+* .
P a(E) (S++} EDeET - State 8
E—eT )+ E
p T eT*P {)+*} State 12
ToeP ()+%)
P —eid ,[)+%) P — (Ee),$+¥)
State 9 P—e(E) .(}+*} E — Ee+T ()4}
em]  TLT R
State 7 ) State 3
State 4 State 10
P o (E)e (1S+4}

E6-22 GaHJLALR(1)PLZE

GofLALR(1) action# 5SLR(1) action& M. XHAHE, ENALEIERH L.
HMNLLEH BT (Gs), HhEEFFHAMLALR(EIIEEFSHE. FE LALR(DAS
— it i 4 O S0 L G A B

<stmt> — ID

<stmt> — <var> = <expr> .
<var> — ID

<var> — ID[<expr>]

<@Xpf> —» <var>

4% fil<prog> — <stmi>Fll— & EH , BEMEE-23FRACESMRE.
State 0
State |
<Prog> — e <Stmt>
<Stmt> s eld Id <Stmt> — Id e
<Stmt> — e <Var> = <Expr> <Var> = ide
<Var> —eld <Var> — Id e{<Expr>}
<Var> — eld[<Expr>]

E6-23 GstyCFSMf) &5

BEkBiE, BodoR, B

: € Follow(<stmt>) H

: € Follow(<var>), H-F<expr> — <var> v

El%JU\FolIOW%‘&%mmﬁﬂﬁiﬁvﬁﬁﬁﬁﬂké1FPWJE?*J-UH&‘J?*%, FiAGs AR SLR(D
MRifi, LALR(DERER TEK. mmf<var> — IDEE, W F—% oMt =. =FEARERRE
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<stmt>, BILHERT M.

BLALR(D %% B ASLROHERM —F ¥ B ERRESIA - FOIEL LR, X4/ (8D, SLR)
HAHERSERT NN TLALRBHREMERTS. S, £ LRSS ERZER, TTLOHE
TAEAERBECA:

<stmt> — <lhs> = <expr>
FHBE R R PR R A K

<ths> — ID
<lhs> — 1D [<expr>]

Follow(<lhs>) = {:=}. LABMEAFZER AR, ESCERBB B R TSLR(NX %K. XEFH T
TRIELE R HIELALR() Sy by AU BSMRM B Zutt R EHH.

SLR(1)FILALR(1)4r$7 B 458 o FICFSMigts . RER TSR EXHNER: TREAFHMIT
o, EREHLOENERGS, BHactionXBEBEHWER L “BH” oHIX®K? BREBEEN
—— XA R HCFSMHA S MBRBATER . %EGe:

S - (Expt)

S — [Expl]

S - (Exp2]

S — [Exp2)

Exp1 — ID
Exp2 — ID

GeEREFRTUHAZE SR EELBN—MES. EAFF RN BE. TRMFEREZL
LR IR R S ML . HA R CFSMAY—E85> & 6-24 17 .

State 1 State 2 State 4
S »e(Expl) - ( S 5 (eExpt) Id Expl = lde
S > e{Expl] S o (eExp2] - Exp2 —ide
S-—)o{EXp2] Expt —eld
S > e{Exp2) Exp2 — eld
State 3
‘ { S > [eExpt] W
S - [eExp2)
Expl —»eld
Exp2 —eld

E6-24 SriEGefJCESME—E5y

RAARTRE. R HactionRBFEBRIT. RAS(D)BHIRHEXP! — ID, THAAD)
B SBIRBIEXPr2 — ID. AT, x&#% (IDA[IDHSBRES, BEXFHMERLT) BRGAMBEFTS,
PMOEHREFSLTEE—EERABRATRERA ST A A STUREIDZS.

MBE A ZROLR(HAH S, RE4 DR ARAIRORE, METFSHEMRREEHR
BEER., XBLR(DEBLELALR(DF ARELEME. AB—AESR, LALR(DHLR(DRER
AHARRE T UH . BAEECIN P IHIRHMBHLR(DREALEAR

6.5.1 MELALR() 478

RATWLALR()Z B HLR(DALE B e, A5 ERRERAHLITER SCFSMES# £ —5
BEDN. ELBhxSIEEEER, FARMMELROAER FATELEBRFRIHETNIOET
LR FARE. B—FHEREY EMECFSM. AFLALR(BHHEF SN AR S —HA
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“HEB7. KAl BENTE—NDEAEMARNEAF SR (lookahead set). hiBHE, YRRIEHE

MEA S IZT RN EREHERAS.

B/ TE KRN s EHERARRE. (FRBE, (U552 LB —ALHA
A B Rk ) B IR — AT E AR TR S WU 5 — A B B R T S A
T E £R4k 4 & —de. BRIKECEEH e (propagatie link).

A REE B R ULR MM — A AT R S S R Ol — N B R . R,
HTHA — a« Xy, Ly, £l EEHEEFSE, NUE— BHEEA — oX +y, LAEBE. XitH
Lob &S T S BB S HLe.

5 AR E (B B UL 24— /T B e B — /T B _E BOPRAR e S TMR 1 55 R
RIOME. X EHBAFEHTER, BEA > a LEDRB - B+ Ay, LAGHEREEM. LG
FitEaRe |

L, = {x| xeFirst(yt) and te Ly}

LA FTLABE 8 B A First(yLy) o

AR LA S-SR FLAME. mEFirsty)F REEN, RERAEXHER. XHOEINRRTS
MRk GE & K& (spontaneous), FMEATHMyRMBE. CNBTUR, BAFBREMELME.

TERARM B, First(yL,) sp i Sk TLAE (Zy = " Mit). 5.9 - 2:0r =z % ol 2 LAE AR & 3
& % (propagate lookahead), B A EMIBEML FEEH k. BB —p Ay, LFIA >0, L, %H
(R4 LRt ML B BB RS . MR Yy ="M, LREXHER. BIVRERRERT
y="Mh,

s TCFSM2 Jg, AL FE S EME BB EENERF SN ATMBEER S 1. B
FEEOBIEETSERE. £ 1NHESRT, LB RASELPEER. M FHEA —> 0,
L., £ A RIEARRTSEMEMB — B« Ay, LB E SH. EAsRFirst)RIIEME. mE S
AT5 E SRR FMA — ¢ o, Lo, ML, 7T LA B4 7T SRR B RME o Bl A R IDBRT R S .

H R RN RS AR SRR RMGE. AR W AT B BRI R S RWA
AL,

BE T SRR RRAS . AN (RE, BiH, BNEEFS) HEBEARSBA
Pk, kkZEES XN, TiABRT IR S MR B AR rp (S ik .

AR BRI A S H BN RSN =T4d. B ST E6-25h BRI E .

while (stack is not empty)

{
pop top item, assign its components to (s,c, L)

if (configuration c in state s
has any propagate links) {
Try, im turn, to add L to the lookahead set of
each configuration so linked.
for (each configuration € in state B
to which L is added)
push (3,C,L) onto the stack.

E625 LALR(DBRTIORA S BRI
fe A RT SMNEBOHT, BEG:
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S -Ops$

Opts — Opt Opt

Opt — ID

AGAHECFSM, B 58, HH A RN ETS kAL EEETSE. XF5E6-26

FREINET , Horh P 4488

State |
S —eOpts$ .{}
| S e

State 3 State 2

Opt — Ide {} <« Opts — OpteOpt {} <€

— Opt —»eld {)
E6-26 &1EHEREMNGHICFSMi)—5y

EAHEERSARMBHRERS, FURMNBBENZTHEARPAFHITE. B-27THME
B 6-26HICFSM L {4 B AT R R T SHFTRISE.

B2 % ik
(1) (s1,c2,$), (s1,¢3,ID) Pop (s1,c2,$)
Add $toclins2
Push (s2,c1,$)
2 (s2,c1,9), (s1,c3,ID) Pop (s2.1.9)
Add $to c2ins2
Push (s2,c2,$)
()] (s2,c2,$), (s1.c3,ID) Pop (s2.c2,$)
Add $toclins3
Push (s3,c1,$)
(4) (s3,c1,9), (s1,c3,ID) Pop (s3.c1,$)
Nothing is added (no links)

(5) (s1,c3.ID) Pop (s1,c3,1D)
AddIDtoctins3
Push (s3,¢1,ID)
(6) (s3,c1.I1D) Pop (s3.c1,ID)
Nothing is added (no links)
(7) Empty Terminate algorithm

B6-27 WRERF SE|ARE
B4 MCFSMA B A ERTRRF SO LB HE, mE6-28Fx. -

State |

S e $ .0
8&‘5-_»'-%%,1‘1)"5}

State 3 State 2
Opt — Id e, {$ id} < Opts — Opt e Opt {$} <€
L Opts —eid ($}

E6-28 AT FEN S O EEBINGHICFSM
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HIEHEMERT SERERRERD, LAUEY:

LRI

o RSB ERMBHBRTSE. B, EaTEETSxBEMBICFSMRESHIBEA — a« B,

WA (X 4ZELR(1)IRA S FETBA — o+ B, x, HCore(S)=s.

ABIFUIZERAL . M LEAFOBIEEFSH, AEAFORAER. RE. WBLARS
ERNMEATREFSHEBBEERN, HEREHAEREBMOREE. ‘

HEBOERY:, YA ERARNBIERN SLERLERN, FEAENHMIHEEAHE—
M, DASHBOEIEAT SRR, 20, bARERTMITHRERENS hERHR
B — . Wi, mEEmsEoEiieRA SR ERY, WRAEERNEMERTSHER
EHH.

BEAELLR(DRE S HEEA — o« B, x. BRRRF SO EALERES o ROERHER
BEolE, NGB —REFTIS, So .. SRR, Kdn>1Hs, = § . FEXHIERSH EHRI
AR 2 0RN, ThielR TCFSMRACore(s) . BEEBR S HEAUTORMER, X
R B MCore(s,)ECore(s) - B BICore(s,). XRIEHE—KBISCFSMRRECore(s) HHEA — o+ B
HIxEiE AR, Fit, #REZASHALROREFHENERTS.

MR E B EENESLROREFNEHEER S, BRERNARFAEHERTSHRAX
0. XEARNEES S — & HRAFAMBOLR(ORE . BEFFHN, ks, o xRS, WA
(¢, )FEFLR(RAE S 1, KhCore(§) = s. HERFLRIDEABRF SHIEEMH KX, MRBR
Bi— (s, C, X)EI(S', C)HI5E, FHEBEARRTSX, WALBERES HH—LRDIAHE(C, X),
#Core(S") = s'. Kk, EEKERE, BB SR 5—/AARLRO)T B A B — BT R
e,

RATTLA R AR R S B E T RER, BABREBERNFNENRRTS. Kifl,
ETREEL RIEE, BAEARHARE, HE, BARR/FS =4.

B—FB AN EAERACRE, FE)ER, GARZT4. e B i — A bRELAE R AL
Fi R ANZE BRETETRhSER~LE. B A ERENE T B NEHERA S, ARE
HiE, MEA—NERE, F BB AR ZRERENH.

i A, CHEME, HRASHCIREZE DR, FRBIEBHTABAEENS. 7.9 E-)
Tosil, B (EREERT) ARONENBEREARS, AFRELHE, FAWREREREAL
KB B EENS.

ifF§LALR(1)ﬁﬁ%%iﬁi%%fi)ﬁEﬁﬂﬁﬁﬁ%ﬂ%}ﬁﬂéﬁﬁé}ﬁ%mactionﬁ., 6.7 1 h iR ®)
LALRGenk i BRI (R&, BB, @aERAS) Snak bafmEsRs. Yacc 7 fif F#%
(Aho and Ullman 1977, p. 241), TRKKViIAENTHAR, HEFEBNRRTSHAEAPEEHY
. IR HSBIFTA T B SEE D R R FORRTERT SHEEAL.

BLALRE R S 5 — ARSI HRF iR E M CESMI R 8% BT R e, M,
AR MBI RF SHBAFRARE, TR LI IR BERNHBRTSELRRES L.

BRRESPHTHEA - o “EERMERFS. KREX, B EASRAENT T EHIHRINA
£)A - o2 G RL BT S . AT T RRENERTS, L@t MSELRBITAMA — « affRE
SR E CNEEARGSE “EI" %ag. fim, %EE6-29. ERAEIR, BEHRA —~ DA
HMETRRGE. BT TiZEY, BEARHBHRES. REIZRE4HLRFNRT, WHE
EBHAZRE, BETRE2BRRES. T 75 i 2R A e (U AT AT LA B 2 H X w5 BT
RAIDMELHA — DA ERBEHIRTS.
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State 1 A State 2
E— (eA) E—(Ae)
A—oeld

Id
State 3
A-ide

Id
State 4 State §

A

FoleA] Fo[Ae]
A—-eld

E6-29 R Mi8% 5 HriICFSM

s ARA — a3 #46 8 (reduction successor) & AINRAERABsHFHTHLA — av[LL
iEBIICFSMAR A, Llsucc(s, A = a)&iR. MB—NEEHFSTLLMsucc(s, A — o)A RE#
Bit, MERRESHA - afya2).

ATREHBLX RS fEsucc(s, A — o)fI—AREs'H, B—ANRABERERN. B, s'wEE
ASTHEB — BA ., fEXFMERT, ERKHI Fsucc(s, A — a)fisucc(s’, B — BA)RJREFHRER
BRBRNALR. EBE, TRAM YEHEPHEMRECETRNEAHN, ZRENEHOLEBEE.
BFRREBHBIEETSIET—RFALHHELR.

FIFGHREXRREBN BT SOBEERRERT Y, BFEERR, LHESRAERM.
Fl4n, %EE6-30F RIICFSMRAES.

BoeAd
A—>eC
Code

E6-30 —AFHESBR MRS H RBACFSMRE

MRMEC - ) MEHTEERS, FZEitEsucce(s, C —~ 1), dptgo_to[s][C] =s'. BAs'BE
A — C -, Bill%MEsucc(s', A — C °), x#= &R, EHsucc(s', A~ C )a[fE@&Brgo_to[s]A]Z
SRR . RS TTRES HRRsZ MR, Wi X EATRE T Esuceht &M% E . Afa. RATFH
Fs, HHFR Y0 &s TR

EFEARAREFEOLALRERGER AR EZAE. &1, CHARMBERNLILER TRER
WAL LALR S &, TWdBRAINQLALR (not quite LALR, A524LALR).

FHEBR HEER Y %MD ETESHR (DeRemer and Pennello, 1982) #itit. REERAER
FETBEREE—SHTS, BERIFEREPHATERORA, XASREESFELERBEE
FIRR KR .

6.5.2 LALR(1)$#lYIEBals

{ELALR(A W ESEIEE EB T 4. RRLALR(DBRRLR(D 2 REA FHRIRAXHE—F
WA, XFHEARELSTE? ELEHFRTAFLROIVREERLALR(DRES SIS B IR,
Xk HHIEFTABLR(DFEFRLALR(DE . mBEREAHRIIANE, WHTERIBA,
LALR(1)¥ %8B SLR()Z2HME, TRA1CL5miEmfiERLR()E EFI.

M FAEBEEA , LALR(D IR EEIRMIAL) . IHTRAENFE, FHAKECFSM{UER
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TEHIZ. WRRRS, FEENMERFSHAERNBARS, TRSEAS 4NN, BEASTATE
B, HRRMORRGERNERITHREIN A SR ARE (RERNAHTRRE LYHEER). %E
HeIRRRIMEEE TR IHE

6.6 HERH-RAFMB/PRBIENHE

FELL()s ¥ e b, ERFSXRIE LB, YEMERXPBBHEFSH, HEEHT, HIAH
EHMIEXHIR. EBHE-PHaET, WREDER. RARBH- PO RS RTIMEN, Hit
HE AR ENARMECERE 2, RAERESHEEERNERNEX. A, HToHBHRE,
ER—ARA, BAEAEFBH-HAOSRREHERMTREESNRA. FXL, BH-RYDHE
AR ELLL(D) AT 3 AL B AR S0 2, X R EMNERN— T ERFE.

MUARTBRE B BIMIOEE, X T8 19205 b7 28 B4R GL @ Aok 6 6 A 4T R DU 7™ A X R
IR Z R A RS IR . XM AT AR DR SE ARGHNEBAR. A, XREDF
A ENERKPLTE. FLE, ECARMEENETSTURFELARARCEAESRENE. 6
m, EE—AERFHFEDOER:

<stmt> — if <expr> then <stmts> else <stmis> end if

FBE LM FiEKelsefiend it ICERGFMIE X HIR. mREABHE-PHHENIE, BINE
HIEHEASRELSENME. R, APEIETSHAE, TURBFERMIIEALET. fim,
AT LA G TR 457

<stmt> — if <expr> <test cond>
then <stmts> <process then part>
else <stmts> end if ;

<test cond> - A

<process then part> -~ A

winp<test cond>g<process then parthy, HRRE MIEXGIER, LABEIER SRR .

A BEMOIEA SRR B RADETEHARBLEEBLME. ERENHK ETXH, TRAESANE
MEELE . MR ASHERBGELARARE, IEESH BRI ERTEARBAHIE.
AR M AR L B R TR IE LRI, WX Rh AR R, Fim,

<stmt> — if <expr> <test cond1>
then <stmts> <process then part>
else <stmts>end if ;

<stmt> — Hf <expr> <test cond2>
then <stmts> <process then part>
endif;

<test cond1> L

<test cond2> - A

<process thenpart> — X

LEif <expr>W 2, 1EEHT B Tk £ IR I<test cond1>7E R <test cond2>. X Rk T H#
AN ER AR hRE L FIRX—FX.

B A AR SN, B A RRE—AFERFS AEZ S, HbFo AL THRE
LR . fan, SRRSO

<stmt> — «if head> <then part> <else part>
<if head> — if <expr>

<thenpart> — then <stmts>

<else part> — else <stmis>end if ;

B AR, BATBEAEANRA. (RINBIE- 32005 B ERCEN
K, BAHATIGEBLRE. )
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6.7 {ERBEIHTRREMNE

FEA Y b HE BRI ATIILALR(1) 43 47 28 4 K 28 LALRGenf1 Yacc. LALRGenfYacchy5e # 8455
S ALK R DFnJohnson (1975). HAVMIHEAGFIRMH L TXEXEX. HEH S RAMHRE S~ MFAH
RHL T RN RS H AR . FTIN S A RS AN BAT 5 R X B I R BT 2RI
B 5 Z WS EATR RO Tk LR .

6.7.1 LALRGeniEiE e84 %

LALRGenf: —ALALR(DA B AR S, % ETXEXRERATEH LR EBENIF
# . LALRGen i B0 e 3 K 2% 2 i 5y B Jon Mauney R 5

LALRGen#4 A

LALRGenftMi A EEL = BT BTN, XHENLEEH SUURIENERRUN. AR
— RN

EX 2

*ecp

#R

*define

FERL

*terminals

HUFTERL

*productions

XL

*end

A
Microfty — AR B TEEE6-31 145 H .

*acp

bnf wvocab

atatistics noerrortables parsetables
sdefine
start
finish
push_id
assign
read_id
write_expr
gen_infix
copy_expr
push_lit
push_op
*terminals
1D
INTLITERAL

OO NN DWNK

write
*productions

E6-31 MicrofJLALRGen# G
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<program> ::= bagin <start> <statement list> end ## finish
. <start> ::= ## start

<statement list> ::= <statement list> <statement>

<statement list> ::= <statement> N

<statement> ::= ID <push id> := <expression> ; ## assign
<statement> ::= read ( <id list> ) ;

<statement> 1= write ( <expr list> ) ;

<push id> ::= ## push_id

<id list> ::= ID ## read_id

<id list> ::= <id list> , ID ## read id

<expr list> : 1= <exprassion> ## write_expr

<expr list> 1:m <expr list> , <expression> ## write_expr
<expression> ::= <expression> <add op> <primary> ## gen_infix
<expression> 1 := <primary> ## copy_expr

<primary> i 1= ( <expression> ) ## copy_expr

<primary> ::= ID #% push_id

<primary> ::= INTLITERAL ## push lit

<add op> ::= + #§ push_op

<add op> 1= —  ## push _op

*and

631  (£)

#Hs

e fEETTE FHOREFIEAR: EMUEA. HRFRTERTIR. AP FREAZAK
HEDT, BRIBZFSURES<>0E. MR —MFSU<FL, MELBLSER. 181
a2

fE*ecpz B *end Z EME M AT BB INARERIEH 2N, Rifi, ERPIELE AW
RYIL2., ERLTUKE THEE-TNER; CIES--RITERTZAMFAXFHEtons.
i}

BRBETE *ecp 2 G R —FIBNRE N ETOFIFR, A, WRARGTERT IR, ETZH &
R MR RATENROIE BB, 7T G TR A 52 B ik WHE F D LALRGen /1 Fk .
EREX

ERELERAEN. MBAE, CLURHIE S definef s, M—FIE AR, BAELIEH
f—1T. BAEXRERA

<const name> <integer value>
feh<const name>£ L EFHRMILE, fiinteger value>R XM S¥H (NLARFMILS). M5,
BEHETUERATENEEER S ROMY: EHENEEE ChURM TELARRS .
B ‘
REiL S terminal sFFIA— SR LS . REFSHET SN —FIREHR, S5ATERL
Mgk, FARETRLANIRELIIRS . FUREETETHF, DERRIRNFS51FE%S
R AR —R. BRER, mRendidBkiSRITES, Mendp HAEXLFFTIRTES
AHEL, —A4F SRR G Rl Bivocabdl 4y Ko S S IR BRI . R MR S RED SiaMk 47 8 7
HERRBEE, URERSE—BN.
FERX

i E*productions/HRABA 5K, FAKXB—ARANERE, SRS LB—17. PR

<hs> ::= <rhs> <action symbol>
Be =" £ ‘o7 WRAXA, @i ‘—” EXERFHEFATH. <lhs>. <rhs>Fi<action
symbol>H {E i —A BT LARFFAE. <ths>B—ARTRIEHLEHNHS . MREFFE, WU {3 P i TR 7
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EREBOXEFS. <hs>SE—-NMREEARXXEFSWEKIZSH . mE<rhs>AHELE, Ri<ihs>
Bz HEL <rhs>T LR ERGEHITUMREILS “.. FFEkElT (RAERATLUXBEELT).
<action symbol>IE R A## <number>, ‘BigE YR 4 RN EiHHAME LHR. <numbers>Z—4
EHFSEEHCLEXNER. MR EAHFE, WEHE. me.6ipritiet, AESEXBARDN
VBB HCE FTREE o Sl FT AR T S I & R EMN S ERF SN KRR .
ERHF

PR TR *endEE K. FEHRAFERNBHEOCE G, ®METERN. BT S<goal>msss,
AR —A e

<goal> = <s> $$$

iR MBI D, Hh<s>RIIRPE N AERNER, <goal>RFHEFS, MISSRELRIRIL.
TR B B LA — RIS A - LB E RS .
LALRGeni)# i
5y ¥ Fe ke A PEARKE R WLALRGen i A F M. LALRGenfo$ tH iR 015 B AHE:
o Ret&%. AFECFSMREMER, XA SHRRURT AR KR,
¢ HMgo_to/actionF. MAMELHRECLEMER (N6.8%), FkA=%KIEWiREKA:
go_totk#. ReducezhfiLA K SingleReducezhfE. ¥tk 74X, AcceptshfEiE~A—4
SingleReducezhfk.
o BATEHERATOKE.
s BATHERANAERFS.
s AT ERER SR
 XBZPHAHSHFSILET.
« HACFSMRAMK DS (B, AHBAZREFBHENFTS). BEITHAALETEXE, |
SRR ENEEPIEEER.

6.7.2 Yacc

Yacc—ALALR(Dsr W 84 %, THAT&TR/REE EMS.Clohnson AFFE . Yacck “Yet
another compiler-compiler” ( A—ARiFBHKIES) WFELE. PRI, Yaccd bR RIESH
BELE, BYTERTHERMEESHE, ARTENRIFE. R, EHEHIE ULBRIIE LH)
BATEH T RS, XhRERT M RBAGIEEMKESEN. YaccthERCIESHRIH; Bik, &
K % AT B TUNIXEERGHHLE L. YaccrLMERBLex E RBRACES F LRASHIAZRI .

Yaccf ATER A

Ao

%3

AEX

%

F i
Heh sy RREHHET.

WA LHEY, KhEEEMAIFKICS (), R4753) FiR. WKLSTURTS A
(CAEEHTR, Wiasks. ARMTHER) SBsISsIHNTHXFEE (flm, +* R -7). @4
MiAEIE S S AMERLLX B TIEAETS; melSsIRNXEHRTUTEBEN. ARRARIRE
PERA—AMFEE, RURATCMBEBN, XALIHE SRR ENES.



LR % #F 117

IS A

$token tokenl integerl token2 integer2 . . .

BAESMALILSRHMEEE L T himksir S HfEMNZC SHRG. SRBIZLHAF—IF
ESE; PrA R IEkIL S S48 EMAR. ’

HEiR S REHRATEN; BAHESREEARBNINLCSTURZENNFRRG (WRE
R-AHSISHTH), e LEZ A R2STHAHE, IMEREA RRIENIA%ICSREH0.
X fy.tab.hep B &AL RIS 5> B2, FTLAH Yace [ s B1EE . — A AFHIMSEE R LLik i Yacc R IR AL I 5
sy BRI Ak o 4 28 P AL AR5 B, AR BATR —8M. X TLUE S LA 4 47 8% A &y.tab.hor i
FER R TR ERIE SOk AshE K.

Kb EWAFECESHRLY. SRAOTHRERLY, EAFARSHAFLUREREFRERME At
Al (AT 00k, R6.73%).

PR E LB BT, PR

A :Bl - - - BN
a4 A RHS, mBl- wtiAﬁgA%%ﬁ%ﬁ%%%H? PR AT AR £ 47
LA—A4r S k. AR ZBTFSH— R I EXTLAS K

A :BlL - - - BN
jcr - - - M

AR R AT AR S, RIFEFYH I~/ M intstart StartSymfRRG<.
fEYacerh, LICHEGS S H ) REME LR EARXANRAE—&. BARBIEEINER
LALR(DAY, iE LHIRARIDEE HAETEXNRE. Fil

stmt : STOP ’;’ { gen("halt", "", "*, ""); } ;

Yacc 8 — AN B S oy b B HHIR0IE SO I SR 86y BT R R DR 57 e XM R IOME . 75589
FoREE A EE SRS, $1.52, .. RATERABINIERE, NERLARS. EURERILE
%, {BYacclEBEQREEA (union) RBLMRIFRAEA. Bim, FTLAER FFIREDHHHm
A AR

Exp : Exp '+’ Term

{ get_temp(n);
gen("plus", $1, $3, n);
$$ =n; };

%XMER@&HUEA@F&&K%*H,R%@ﬁ?ﬁ%Eﬁ%F&ﬁﬁ&ﬁﬁnﬁgﬁlm
BB A B S H AT AT R MEFE LAk,

YaccHl TS B — T RS EESFERENTER, RN SARE & Ayylex () BTH
B AR AN T OIRRE. mB--AELHEBES LAY, RiFREHEI-ATHRE,
e R — P LB & AT HRAEA.

fi ko, 768 Micro%i% 8 H YaccsE SUR T BI6- ok, MR HEMAE2E. B2RR R
LL(D)EAH; ZE%B BB W% S HLALR(DR. Xt S8, EHLR EFRALL()EBIR
LALR(Df. B, Bdotm X EF b TEA KR Loy iea%iERnEs, RERZLBE
P A MBERE, X TR FTRIESOH ShREEERN.

6.7.3 WiE_NHERMRA
i R IE S AT B A R B ARG S0k, A ENA B HERTIRE. A, B
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B: R SHGE, “UHEHATHNBRFEHEEEEHRANEESREHERENER (Ao,
Johnson, and Ullman 1975),

$token BEGIN 10 END 11 ID 1 ASG 3 L 6
Stoken ;' S READ 12 (' 8 ')y’ 9 '— 7
$token WRITE 13 r, 4 INTLITERAL 2

%%

program : BEGIN { start():; }
statement_list END { finish(); }

statement_list : statement list statement
| statement

statement : ID { $$ = push_id(); }
ASG expression ‘;’ { assign($2, $4); }
| READ /(' id list ‘)’ ' ;'
| WRITE ' (' expr_list ')’ ;'

id list : ID ( read id():; }
| id list ’,’ ID { read id(); }

expr_list : expression { write_expr($1); )
| expr_list ‘,’ expression
{ write_expr($3): }

expression : expression add op primary
{ 58 = gen_infix($1, $2, $3); }
| primary

primary : ' }’ expression ')’ { $$ = $82; }
| ID { §$ = push_id(); }
| INTLITERAL { $§ = push _1it(); }

add_op e {$$=1;}
P 7= ($%8=2;}

%% '

I

* This section has been elided for brevity. In a

* complete definition it will contain the definition
* of action and support routines, from Chapter 2.

*/

B&6-32 Microff YaccHLiL

Eﬂid’ﬂ'ﬂ‘fﬁm?EB:FxﬁﬂﬁF:Xi%ﬁﬁ{ﬁﬁ:lﬁaﬁ?ﬁ}ﬁ—4\ﬁﬁ%*@%éﬁﬁM\%‘?E’\Je 168
B £/ TR Algol 60f1PascalffjBZelse( ] E. CAaLL() X #: ke b A fkif-thenfiif-then-
elseift). ZBIELHAMNWEE, HhvelseF M55 RILRENthenf LA,

WSC 1o Bt IE M B B 2 else [ ERILALR() X &, HEMAF ST 4. BWBN, FaX

Stmt — if Expr then Stmt
Stmt — if Expr then Stmt else Stmt

A HiEE, BEABEI7EIf A then if B then C else Ci, else@LIfuF i thenti i {E&— M ILAL. X
REIZETRIEE A PR B FTHIER

Stmt — it Expr then RestrictedStmt else Stmt
# h RestrictedStmtgt i 4 F&if-thenZ M M EEIE T .

an R B LA LR 5 I il = CHERIE, XESHMEREE M AERTUBER. £
LALRGent, fnfEMresolve&#iEHT, M7= A 2 B R R T e, B — MR E R
AR R T B %, Eik, MmEE LEift-then-elsefty = A X EHHEF A
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Stmt — it Expr then Stmt else Stmt
Stmt — if Expr then Stmt

M- B R X HFE AR, Blitelse 5EGL UM RTIRER. HAESHMF
&R B 7 A RIS B (A1 AY o S8 Kl i (R S EAT VA R TR . X BRSOk

E- E+E
E—- ID

B EB S R+MIDHBH AL SMFER, BHASSRMKEKREIALTARBE.

Yacct foiff =X (FERETHAZIE), HRBECFHI Xk SRR £:

< BB AL R, BT

« BB -1 shRRT, JAKTE I KT A K.

fEif-thenfnif-then-elsess Rt X ik, B —RMAMERBTEUHCRFFEEN. KHi,
RATEERRHLITR —/else, it AR LA LA BXTITS -

EXEER T, REFSRN CHREE T H T = XHILALR() 5 47 % B R 5 42 52 (0 S8 (R I 30
R, ERY - UHEREEMHRN. EHBEINEOAS, A¥ALX0EMATIE—EFREY
AL R85 BT BB R E A 8 0 o (B34 F I = SCHER , A ER RIS RR — SCREROMLEI Ao T A, TOXBEXT
B S A A7 B AT PRSI AW B A B B IR . TN FR ARl i R BT o AR S0k R AR B IR AT
%, MR BAHASHMIUKEERIEF MR, '

i R REREBRFRHESRERTERAMRS . LTS AN RRBAT
BB B R AL A G . XSRS T AR HRAK /. #—%, 6 8Nihpritit
fy, —RF B AL AR AT R BE .

Yace fo i M S AR AR 18 B0 S AN S5 A e MR B BN OR R i U . Rk TLLEIE & &
Ul PR S R

Expr — Expr BinaryOp Expr
Expr —» UnaryOp Expr

s APE Y b hsleft. srightfisnonassocifE. KEJILEBRA (K+. - *fn/) #B
%E%%%(W,EMMEWEQEJ»&ﬁﬁﬁﬁ(@ﬁﬁ@ﬁﬁ)%ﬁ%%m,ﬁﬁ&ﬁ@gﬁ
(AR RSER) RERTES.

@Eﬁﬁﬁ%%%ﬁ%&ﬁﬁ%??ﬁ%ﬁ%&,E%mﬂm@%ﬁﬁ%&%ﬁ,%Ewﬂmﬁﬁ
%ﬁﬁﬂﬁ%oEﬁ&mﬁmT,~lEﬁﬁu*ﬁm%%&ﬂW&ﬁﬁﬂiﬂ:iﬁgﬁoEiﬁm
WRT, ¥ sprecisrard Bl AL EHAIR LS.

%#W%W@ﬁ@nwﬁwmﬁﬁﬁ%ﬁémm%,ﬁmﬁ%ﬁﬁﬂmﬂ@ilﬁﬂﬁﬁmeg
M?Egﬁ%dﬁ%ﬁoWmﬂﬂﬁﬁﬁ:iﬁﬁﬁﬁm;EMﬁﬂﬁWﬁ%ﬂﬂ%%ﬁ,ﬂ%ﬁm
ﬁiiﬂﬁi$g@ﬁﬁ$%m#EMMmAMWHM,WmﬂM%@ﬁﬁ%%%ilﬂ@@”m%;
ﬁﬁmhwilﬂﬁﬁﬂﬁ%o*Tﬁﬂ%%ﬂ%ﬁE&MWEX§E%ﬁLTi%%i&W%ﬁﬁ$
ﬁmﬁﬁ%ﬁ%ﬂﬂ%%ﬁilo%Eﬁﬁﬁﬁ%m%ﬁ&ﬁ%%#kﬁﬂ%ie

BEA RE% ot
—J - Bakid
*/ BoBAERAR | EEA
+, 3L - ¥ERERER | EEE
= BRI R ¥

&6-33 MicroPlusiz B
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Stoken ID 1 INTLITERAL 2 ASG 3 v, 4
Stoken ';’ 5 i 2 € - 7 T 8
$token ')’ 9 BEGIR 10 D 11 READ 12
Stoken WRITE 13 ‘xr 14 /' 15 ‘- 16
Snonassoc ‘-’

$left K R

$left et

$left unary minus /* Placeholder for unary '—’; see below */

%
program : BEGIN { staxt(); }
statement_list EWD { finish(); }

statement list : stat _list st
| atatemant

statement : ID { $$ = push_id(); }
ASG expression ’;’ { assign($1, $3); }
| READ ’ (’ id _list ‘)’ ';’
| WRITE ' (' expr_list ')’ ;'
id_list : iD { read_id(); }
| id_list ',’ ID { read_id(); }

expr_list : expression ( write _expr($1); }
| expr_list ‘,’ expression { write_expr($3); }

;
expression :

xp ion ‘=’ exp ion { $§ = gen_infix($1, 0, $3); )

| expression ’+' expression { $§ = gen_infix($1, 1, $3); )
| expression '-' expression { $$ = gen_ _infix($1, 2, $3); )
| expression ‘*’ expression { $$ = gen__ _infix (81, 3, $3); )
| expression ’'/’ expression { $§ = gen : »_infix($1, 4, $3); )
}

| '~ expression %prec unarxy minus { 88 = negate($2):
| ( expression ‘)’ { 88 = 82; )

| T { $$ = push id(); }

| mxmu { $$ = push_lit(); }

%
/*
* The same action and support routines as used in
* the previous Yacc example, with negate() added.
*/

E6-34 {24 L HEIMicroPlusfy YaccHl i

sy BLE B B BRI T X 2 o FRERMBH- 134,

Expr — Expr Op; Expre
Expr — ExpreOp, Expr

HEOp G LLOP, E &A%, ML, ROPMRERER, Wik, 4O0p,FOp.MAHFN
RN, EREAREL. MAXHAIZEARREL AN, WAL, MRIFTERFRRALE
g, M mEXEABEARIEL AN, Witk —/ k.

FIRE B S SRS BRE T 220 R A RMEER R AR I EAR. R
TZEARARNE N FARTGLECEFERARRFRIHNESIMIEE, BEEEEaTAERIES
MFEREH .

6.8 fALSIHE

£ LB FTLAHEAT I 2 SO e B ELR 53 7 B RUZS A oKk . WTLABE R s TR A PRI TR, AR
$i45 BT Mgo_toFMactionF. factionFHiMitsk BB RUAG & go_toR PMMRERR.
e & B WA S EA MR D , XKEBE PR AI R,

B Gs, Tf1H54F T CFSM{Z Bifigo_toFAISLR(1)HLALR(]) actionXH A 7E—EIR1FH6-35
BRI brg.
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SR BB RO ABYE. —FAENRGH EAAFRETHREAE, AERSIRPALIE,
Mg RrBiEsntE, FRET AR GRRAERT, ReSAH1) MAASNERREZHNT.

FLEEOFBRECLE ERMVEHEEF SRR E—1RL. FHEE6-3SHIREISR
Y= A RS HR . MOWRKERE G £ — 13 4R A (single reduce state). fEARI, FTLAHER

FiA R — PR E. U, BATEREAE MR R—RARE, BliXRAESRIbEERG

BT RPF ARSI R.
RE "5
+ * D { } $ E T P
0 S5 | s6 S1 57 S4
1 S3 A
2
3 S5 | S6 S11 | S4
4 R5 | RS RS | RS
5 R6 | R6 R6 | R6
6 S5 | S6 S12 §7 | S4
7 R3 | S8 R3 | R3
8 S5 | S6 i S9
9 R4 | R4 R4 | R4
10 R7 | R7 R7? | R7
171 R2 | S8 R2 | R2
12 | s3 S10

E6-35 GaffJSLR(DSHrR

5] L — JAZIAR o AT K 4 B S B ) — M RARID, B B A LATRME R E S H
B E AR R, B, BEFRSISHEBENEELS. XENBERMRERN REA RS
_HARIAL, RAEEXRHIEEARE, TASEIAY. RILEIEE T ERBRT, &
AIRBILE AR, MR B — AR, XELER, FEAMTLERANEKRE, RIIEE
FRATALBHS —4 B —AHREHBEF L.

(AR RIREG S P ERIZELD FARNTREGNERA S, FULRMATHELITAL.
R R MR B R A LA RIT S . X RHIRGEWHRNE, FYmR - R
BEREROEREEBEE. BLRE (BAMFREEH) 2N BT E LR Hr A R RE O
RO E R IEAHE ERRE—ARRETRTINERRNE 2.

EREBERT, 15 B SR AR SRS SR G4 SR X B (] 2 R D VPR AT AR 40
PEARGEIREE, LR A S E SRR EREERR RS HRA AR AL
BREAESES, ENENERTSHATMBLIER. MBEREBHENERFS, WLERST
S (5 AT RS RIX O ERTYA L. BB TRERRRE, Hehib RLRSY HT R RES.

i, MR —NPHREERKBERI RGN (BF L, HFEATERBEH R
AWML, HTFGs, —ARIHSLRODSHR (FHHPHRERA HEHRS) E6-36 TR

M B —RRET, HRAHREEFRSHRER. BB RABREARE. #HiRE
HA%ER, HYHEREENFER, BiltsERERRS, T2 e AR P ER ML 1E
sk#or. L BB H ISR R KT ARSI RS B BEL7 T LA 4eES A 1000 + 7 = 1007,

o IRPR AR IR R — A T LA BRI . B EEERE “JLP" RE—RBREE
AL — S X B EE. hBRRE, JURF A IR & B BR — MR NAHEHE. B6-36RIR
A Tix—A. A=AR2)1EM—1-S83h1E. ATLAE T LER2R A IZAR AR A 3 A R MBRR2Z)1E .
BB, SIE—ALUREMAEARESINAHFR, K a s RENRNADIE. FERFRID
ErRA, RRADERERESER. Y- ARINALHERERE, BHMA MRS R M

‘
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B XEMIOBCRE NG RO —THMERET ZHEHEH ARBZDEN—NTE. SWRBERE
VHHESIRZE, ARELES TES.

RE "=
+ * D ( ) $ E T P

0 L6 | S6 St S7 L5
1 S3 A

3 Le S6 S11 LS
6 L6 S6 S12 s7 LS
7 R3 S8 R3 R3

8 16 S6 L4
" R2 S8 R2 R2
12 S3 L7

B6-36 GofJtEILSLR(1)S3Hr R

Wi R EOR— MR ER, BEREBR. MBARNAL, WHITE B, RBIH A
2, BA—ERE—FE, XBURILTREERHIRAIRG. Rifi, BitshERAXBIEARINSIE, B
WHIRIDE AL BA EHLES. FHALRSIWRM UMK, FUER TR HIHRMNERE A K6
AR Kb TR K ‘

AR HE R R R 2 AR AL, %A TRUNLR BT R A/NIBERE . SR, LI R FTRERY,
Hob 2%k SRR E422 49 (unit reduction), By )A#R AR £ XM K B 14—k
AT (MR, KM kK. BREE-RFIGAMIAL, HEATREXHAPLETRA
B8,

AR EDRBM AR A TRERPUBFHZEAFRESR. i, EGH, RE-T. TP
FIP > ID. —BFRT, WmE-ADBRFRTHESEVEESRAR, BRHEMMRIRFEIZREXn+]
AR RARMEAERE. EEENES S

TLLRI0RE K, Tt — A B EAARRFRIF State 0
HRARWTEL (RS EEN) RERLRE S —eE$ M)
KESE. E —eE+T ,{$+)
g . . E—oeT ($+}

0 RAEIDFIFE A B AR BA RS T eTHP ($+4)
HEFS, WEMNTUEZ ST . XENEE ;:;%'%3
RREEN ARMENRRR SHRELNELE P o o(E) {$+*)
BHED S 2B A SR ER. AR
B, W% EGMLALR(DHLE MIRE0, ME6-37 B6-37 SAGHM— M CFSMRE
Bt

MEREID, THOBHEEGSHS. +H. MPERBAEETS, WIDHPALAP, HEP
WIAZIAT. MmE+RSEMIEETS, NIDHBHIELAP, MGPHIALAT, BRTHALINE. Bl
Bt EscR s = go_to[O][IDIIs & & Bk AL ML HLEE. MTF—DEMEREFS, K 4
X, (pseudoproduction) T — IDFHITLEMIELHIR, BEFH#go_tolOITIEASHRT , Mt iAEXT
- P. M FEREFEHS+%KS, HHIE —~ 1D,

BAASRA SR EIEE T BOEE, ETRAUFOIRERERITRFBARN . TEA
R B30 T At B 7 /MU A L3294 J5 % (Soisalon-Soininen 1982, Pager 1977). iXi&
BRMMEZ, MAFFARRBECMNOE2 BN,

—F R B UL R e B R A R OB LR (B ANG.HICFSMAR F0FIR A6, WIE6-18),
3 B X 2R A N B O T R 4 — %S (IDRINTLITERAL) MiE4eRE. X BAER
B LR AR A B MRRSR X FERAROTARER. Bit, FFRARRFIITH R
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FEARM B EREER AR,

BB RAEHRETESEMEE, HESAEENZRBRE. RAEGNEREMT S HFERBEM
FLFEBE—B (PRASETLIRERIRDE), FHORMRERTURZHRMSTRT. B,
1EE6-36 9 GaHIELSLR(D) A&, TR T 8R4 H R B0x T IDRY R AR E AL

[$: Reduce E — ID; +: Reduce E — ID; *: Reduce T — D]

Aefolth, RAE6H TIDRIRR AR

[): Reduce E — ID; +: Reduce E — ID; *: Reduce T — iD]

X BRI, FIXFATTAR T E .

ELERES, —RFIBEIALBFRT FENEEFSRE. i, EGMCFSMEIRE3H,
ZIDBNYHPLIE, PLFLERBINLANT, HLAMIAHP — IDEHA M ERT — ID, FJUESSH
2% 1A 1 2k o1 0 T ARAL I3 205k .

6.9 SLRKILR(1) 478

ﬁ%ﬁﬁ%%m%%ﬂﬁ%humnﬁﬁﬁkm“%mm"ﬂﬁr%&ﬁﬁﬁ,ﬁﬂiﬁth&
B E LB E S AR B MELALR(DI . TROLR(DSTEHHEM, BhelEradds
FR AT T A TRENBFRIHES.

%ﬁ,&ﬂﬁ#K%é%ﬂow&m%%ﬁ%,ummUﬂUﬁm%HLMUﬁﬁﬁmﬁ&,ﬁ*
%#T%ﬁﬁbﬁﬁouumn%—ﬁiz&ﬁ\%z%%mﬁ%;&m&#%ﬁH%WHEU«WR
EHBERERZREEREA RO BEIHE.

E%ﬁ%ﬁ%%ﬁﬂ%ﬁ%#ﬁﬁ,@E%ﬂkﬁﬁ@%ﬁ$%#ﬁﬁaﬁﬁﬂ?é%%uﬁmt
%%ﬂ%ﬁﬁﬁ,ﬁﬂ%ﬁ%ﬂkﬂ*%?ﬁom%~¢i&%uﬂmnm,M%ﬁ@ﬁﬁmﬁﬁ%#
ME&%,ﬁﬂﬁﬁ%%mummDM$oW%—¢i&“ﬂ?%hﬂRﬂMV,MﬁﬂﬂwﬁﬁﬂﬁM
£ M RREWEFEIHE.

Eﬂ%ﬁ%#ﬁﬁ%ﬁﬁ%ﬁ%ﬁA%,@E#K&%E%%ZﬁﬁeI¥$$%~ﬂﬁﬁﬂﬁ%
E%ﬂu%#ﬁ$¥h#%wkoﬁ—ﬁﬁﬁ&%%ﬁ,ﬁ%ﬁ#ﬁ%%%ﬁ&ﬁ%ﬁ&ﬁ%#,ﬁﬁ
ﬁ@%%éﬁﬂ%ﬂ&&ﬁ%%&ﬁé#ﬁﬁﬂo%Eﬂﬁwﬁﬁmmmnﬁﬁﬁu%#ﬁﬁ¢ﬁ&%$
R, B A SRR EATE A FER & T A AN A AR A2 - 13 PR SR

831368 822

m6-38 T FFMLR(DRER

%~¢E%%ﬁﬁ%#%ﬁﬁﬂ%ﬁ&§%“ﬁ%%”E%ﬁﬁ%kmhwﬁﬁaﬁﬁ%%$%&
mﬁ%RTﬁmﬁﬂ%¢ﬁﬁﬁﬁ$,%%%ﬁﬁﬁ%%ﬁﬁmﬁ&ea%%—ﬁ%%mﬁ%%%ﬁ%
B, FiBBIMED R TR Sk B2 T REIER b

ﬁiﬁﬁ¢imnﬁ§&ﬁ&ﬂb,%%%ﬁﬁ%ﬁi%#iﬁ&ﬁﬁ%@%%&ﬁﬁ@%oFﬂ

W%Wﬁ%%ﬁﬁ%*ﬁﬁoﬁi,mi&U&%ﬁﬁﬁﬂﬁ%ﬁﬁﬁ%&iﬁ%%ﬁ&%@%oﬁﬁ'

ﬁ%ﬁﬂ»ﬂ%ﬁ%%#%?%m,MW%%#%E%&&%%%——MW,WJM&HME

Qmmwmﬂomﬁﬁﬁm~ﬂﬁﬁ&§%%#%$ﬁ$ﬂﬁ&mﬁﬁ,N@%#ﬁ%%#&ﬂ&o
Kﬁ@%ﬁ&%~¢§£ﬂﬁ%€ﬂilﬂxmmﬁE%&%ﬁ&%,E%%@ﬁﬁ%%ﬂﬂﬁ

ﬁEm%E%ﬁﬁ%#oEﬂ%ﬁ%%&@%ﬁ&ﬁﬂ@m&ﬁ%#,u&*%&&%%&%m*@ﬁ
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BMBE. ZH BB HPager (1977) #47 THR. iBAXAFREHMEH AL LT TRA B
IR EAREN A IR, Pager AR E X T RIEESHEL0FRE.

B S AbREEER Y “BAaEN" (weak compatibility). ZEHALR()RZEST S, ENRWDOH
AR B A . ZESPUBEATIHA — a B, LB — 8+ v, Lo, HAL FILZ R AT LA H FHIR 0
AR MBI RITSE. B S MsEL, HiLl S UERATHMA —a-B, L, fiB -8y, L,
HiH. RfifksHn S RBHAN, 4HMAMTHABEHBR FH=A&H2z—:

mLnl,=gRL, nL,=0

QLnL=0

G Lnl,=9

FAEERFH RS R BHAN, ALY TNHEMERLBREN. XARLBEH, BAEHER
HBHRAEE AR 5 —— U ERB A B &ML 2R3 (Bxtih) BE.

BHARNEERAT: MERCRERSHAN, WENTURRSME . HEMAH 2 RX
B, ERNBAFHEAARETIRIIALRL -4, HRLTIABE-1THMHR. LR, WmRHB
Bit— A%, MESEEAHEMREZNROZEE. B, hRLEOBHEETIHARE
2w BT S NEEEIG S TR ENEITRRTE. ,

I £ Y3 24 i 28 FT RE U BRAE & FE R HOR A IG Y SSARZ RO S0k 1 R IZE & 3 Z B IR Ay AR AT &
BT, At S e300 M EA T 2 HIAEE 21940 R R AL, TEXFER TR
fEA SR E T A '

Y324~ JA 2 M e AT e BLZE & HER B4R D 7 % HEsH S Wl AT SxXIO BB E8E. FRitd]
.0 S, . Basis(s,)fBasis( S, BRI, BAEMEEMCMRMANST S KE. mEHE
By, DAmEERTEEABAAY, B TESOE. XEEHR T MRS sH S FRIIA
M- %, BEILRIE, B RaRSHSEBHAN, BRKTUZSMETAH.

BHAROESSH T AER T UMLR(DAEREE. Y- ALRODREsHENRN, RINEE
E2oEnEsRONRE. MEFESSBHANXE—ITRES, WAKHss. mRACLUR
T SHUEMk, WHREMAsU S MMk RENT. BT RRXER, B SHERTREES 5K
RAELH. BHAREERATRIFSRES T, MBERTHE, WOE-AFUEHRE. MESH
RO, 4SS HSBMEERSU S HEHRE.

MR R FELR(D, MZERSENBERNLR(DOHE. AT, EX—EkEd
RELR(DAH S . R S N T B 05 WU R AFMRENAI. fim, BEH
B 6-39 PR ILR(DIRZ .

A—»aobc,{x{ A—;a-bc,{z}
B aebd,{y, B—oaebd, {x

E6-39 BB A HAILR(DRERS

EEARERCETRBHEAR. R, ENTUERSBAEIF, BHAELER T TRA -
gz, fAXEFARERNBRYS. ASREMRRTSBTRKNEL-A0MWRE, WFEXL
B 2 R '

xhr b, X BRKEAE, BAE “HE BxkbSHEatRoHRReaTTnar. REmk,
M RIERTHRA FTA A 2. Pager (1977) EX T &4 E4# (strong compatibility) #r¥.
X bR THE RS R T BHEERE: NR - AHBREELFERLNALY-FHHR, Wik



LR #» # 125

AR LR LA . ERENH TP, MBA - a-be, xAIB — a ¢ bd, XA E&SFHELMA
#-134rhze, HRBHAEEALENLETEH. Z—HHEE, —BLSFASHANME TLR()HL
%, XUTREHEAN - ESELEBEAH FEMMRTRARE. mBRAERRE, LHHBHE
B AREE WA . B, TR BT,

— AR B LRI ZELR(1)5r 47 2 4= 5k % By WetherellfiShannon (1981) Bifig. LRZASFFPagerfty
Eﬁ@ﬁﬁ&&@ﬁ&&ﬁﬁﬁﬁﬁ%#Jxaﬁﬁﬂﬂm$%$ﬁm%ﬁ¢,#E%Kﬁﬂ%%ma
FPL/VE R T ik 478 . LRUMREFORTRANIB SRS H HBRESBHE.

6.10 LR TR

BE LA ELRO NS AL Z - SRNBETHRNEZNALRR. ROCLHRT
BEEMWR: ERtt. SALRRNIEES TS HBRIERER DS HEZRAFERBEIHEHBA
S MHE IR, Mot RAFRALREIEEMFBBUEZENR, — BB RBBHETRED
EHS— I oNiRED S, RERMBIEREIR. XA RS ERERRE.

B ABEMRFR L= LR (unambiguity). B, mBEE—ACHEESEBELRR %, WiX
Y%%Kﬁﬁ:l%ﬁ%oﬁ?%%ﬁ%Q%Mﬁﬁﬁﬁﬁﬁﬂ%ﬁimﬁ#—¢$%mﬂ¢moﬁ
%ﬁ,Eﬁ¢ﬁ§*,uﬁﬁ?§¢ﬁﬁﬁiﬁ%,ﬂ%*ﬁ*%ﬁﬁﬁﬂﬁo:Xi&ﬁ#ﬁﬁﬁ%
S, XBESRELEMREPOBE-PLHMRRIALH-TLMHE.

W@xﬁ%&ﬁﬁ%ﬁ#ﬁm%~¢§¥ﬁﬁ%@ﬂﬂ%&ﬁmom%&mm&%ﬁ~¢éﬁM‘
REicsnRE, M

« SFARRF LR S To « HRE, R RBEEI N GETREN—/FE.

EESFBRALET S T x nkBd), K hRpEREN-ITFE. _

&ﬁ%ﬁJRﬁﬁﬁm@ﬁ%ﬁﬁ%.&%%%%L%E%ﬁ%%,ﬂ%?%&%%ﬁ##%ﬁ
ﬁﬁﬁﬂﬁ?ﬁ%ﬁ%%ﬁ?oﬁwxﬁﬁﬁﬁﬁﬁﬁ,k&ﬁ%ﬁﬁ%ﬁk%%ﬁo

%ﬂ%ﬁﬁﬁﬁ,ﬁ%&ﬁﬁ,E@E%:Xi%*Eﬁ*ﬂ%%ﬁﬁ&ﬂ#tﬁﬁE&TGO&%
%%%W%%HHW#fQﬁm$$¥$%E%;Mﬂmﬁﬂﬁ*%&ﬁﬁ%ﬁﬁﬂﬁﬁxﬂﬁw,E
HELESFRESEHE R HERIHHR.

%E%wﬁﬁﬁﬂ%¥ﬁﬁﬁﬂ,ﬁm&ﬁﬂ:EE&%ﬁ*&ﬂmﬁ¢ﬁ%¥Z%§%ﬁ¥z
%%%%ﬁ,ﬂ%ﬂ§ﬁ~&oﬁ%ﬁﬁmw?ﬁAmkm,E&ﬁﬁﬁﬁk@ﬁ&ﬁ#Ew?ﬁkm
KN .

%ﬁ%ﬁﬁﬁ@,ﬁmﬁiﬁﬁﬂ:E&ﬁﬁ%%@ﬁﬁ%ﬁ&ﬁ%ﬂ%%ﬁm%ﬁ@oﬂ%@&
ﬁ%ﬁﬁ*?ﬁ%,ﬁﬁ%&ﬁﬁ%?ﬁA&E,ﬁ&&ﬁﬁﬁﬁ&ﬁ#l&?ﬁA&ﬁo

W%ﬂﬁﬁﬁﬁ%{ﬁ%?ﬁ#ﬁ%%l%ﬂ%ﬁmﬁﬁﬂﬂ%ﬁﬁmoﬁ%ﬁ%@¢?$ﬁ*ﬁ
ﬁ@i&imﬁﬁﬁ%,ﬁ#%ﬂ¢«&ﬁ“¢§lﬁﬁ%ﬁﬁmﬁkﬁﬁﬂoE%,Eﬁﬁﬁﬁiﬁ
ﬁﬁ%,%l%ﬂﬂﬁﬂ&ﬁ%%&%&ﬁm(E@%ﬁt@ﬁﬂ%&ﬁﬁ,%%ﬁﬁki@ﬁk%

6.1 LL()FILALR(1) S 4775 IR

EEEW%%%¢ﬁﬁ%%ﬁmﬁﬁﬁﬁﬁﬁﬁﬁ%uﬂﬁmMﬂwo%giﬁﬁﬂﬁﬁﬁﬁﬂ
ﬁmﬁﬁﬁﬁ**%~ﬁﬁ%ﬁﬁﬂﬂﬁﬁ(mw,ﬁHTﬁﬁﬁkﬂnoﬁﬁ%%%%ﬁmﬂﬁﬁﬁ
RIS N5 A E AR B ACH BB R ERIEHERN.

ETW¢%¢,ﬁﬁ%ﬁ%ﬁ&%%ﬁuﬂmmMﬂmﬁﬁ&ﬁaEwﬁ%ﬁw,ﬁﬁ?ﬁ&*
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A EHCRERMRA. EARENRIERRITERESIFER ZA, X iR EF % HREN
BEAEHEARERNMFEE. R, FFEHRT,. MREFLEERM. RKER S HERERRLT
ek, BEFSHEREESRABNBERN. RAXEMNRLRR, REWHEARL SRR
B, fi— SRS REMNE.

[LE:L

LL(DFILALR(ERAIEE BB AR ZIBRF . LLOMESEAIEE B Frrilfb REM. LALR(DI
WA AR, ESATH. HEE. RESGHUREIRETSHEBEHS. EAEHTIEER IS
RS, BT SERNEEYS R RBEN. R SR8 (B sk TEIELME
R —NEESOWRNER) i, SBRAEAT. EXHERT, HadTEREFREE, HE
ix BB KRR RLLA).
yi: )R

FERALFTA 5 E AR, BRI EAREBOE & LML . LL(DMLALR(DERTGE
KB IE = X, ARifd, FIALLA)ICEERALR(DE, i B b BB RLALR(DAEI. LL(1)Sr 8%
3T XL RN E R Y ™H, I At A AR ™K.

R2 B — A EALALR(DIER, wiH Kk LA RRIEFHIRIHERE THAELALRDSY
W&, Bkl BENESRHEIEEAE - ELELALR(DERN “SF&”.

MR, KERSECELHAESHLLER. ERIVIERT, &Pascalfy B2 clseiX HAIE T
FEAE T UILL(DER . JELLIDIBESEMRO L. M EBNSREN FEEABNEFZIHESE
et LL(DFILALR() X#k . ARifi. LALRO XN PEHEERSBEHERSH WX B2, T,
LALRO)ZE:® B 5 A &R R
BERS

DEFERIESES W RMNELHAIRZAMED. LLO)AFEEER SRk B A5 4 XA RN
% . LALR() R EERF SR BESERNBAREBS L IFREEM LY. R, @¥FLALRI)
XHTUHBESULESLENELHREM. E%k, YaccRrgRig A Bk B/ £ G HREM
F5, HLI6.6HERFMAMNFRNADIAFTNE LIELLETS. EEASHLSIASHBE, XEE
M FVERIIR B 5 AT Yace SLL(1)A 47 28 JL P AHRI I RIE M

M2z, LLOVESER SHEE HE AT R Er RiGH. %&LALR(l)Eﬁi%%IL%ZH#i% {93
ftb— L ALR(1)H: B, 25 WI7E 1B X ah YRV E 5 T B AR E BRI :
HiREE

SIREEEEITERIEEHE. BRKER, LLOOSFERPESCLHRENRERNFS. X5
BMTHETENBE CRABANEY. LALRMSWERPASXTELEINFSHEL. TRE

R AR RN ERHERNTAS. B, LLOOBREEEATEAFL.

SRR

LL(DFLALR(DEEE AL AN R. MRRESOR/DREELENEE, WLESXR
oy iR BB o i ZRHXT R/NE B .

HFLLO)AF BT S, RIEHOSWRINHA | Vol x Vil deoh, BHFE-KTEXABRIKX
NI, HANH |G|, K |GIRFAEEERKENR.

MR, LALRO)AIFREE KB KK |States| x (| Vo |+ | Vi )HIRERIIER, DR—KK/HH2
< |P| M AR K EREERERBOE. EEAHRT (EHRATRHAN, RHE35), REJHM
Tk A/NMESS KB ¢, B, LALRODREM M FHREE. FRAGMANKRET G|, HEARH
BEMRER2/C.



LR # # ' 127

B ALALR()Sy HrRA/NTRER IR M, BILILL(D BUARZLMBAHERTAH. B, T4
BLLBREMARRT AR EAER TRAN. YA, HEXEAXIBEEENIHEREKR/D. 5t
BEWTE, THLRANERHTRYENRFRIHES %

* 'th =0.5x |V,|

s [Pl=2x |V,

o |G| =7x|Va| (HF, 3.5x|P])

« |States| = |P| =2 x |V,|

FUF X SN, ATUATHE A br& & B GGHHE. BASIWRERAESREREM, LA
I EEAEsiR & H. XE, MLLO)RA10%MIEHIR & B HIHA, MiLALR(DRMASDHMEIHE.

H, LL(H&BER%EA

ILL(D| = 0.1 x|V, ||V, |+]G]

=0.1%x|V, X 0.5xIV,|+7 x|V, ]
=0.05 x| Vy 1247 x) V]

(s, LALR(D&EHIKEA
ILALR(1)| = 0.05 X|P|x (| Vq [+]V,]) + 2 x|P|
=03 X]Va I x (Va4 05 %]V, D+2x2 x|V,
=01 XV I x (15X VD +4 XV,
=0.15%|V, |2 +4x |V,

B, |LALR(D) | xEbEEk, RERECH

. ILALROD| _
V. l-se  JLL(]

C015x| Va2 +4x | Vy|

W 005X I Va2 + 7% [Val |

*t FRMARFILIHES, |Val =100, sty HELlE:

0.15x1002 +4x100 _ 1500+4x100 _, 5o

0.05x100%2+7x100  500+7x100

HZEEN, LLO)EHPHEERABHBESLL()HTE A S RHERNZE. HIF X SRR
A, LFRATZEFRA LRMPascal i, —AMRLL(DE, B—ARLALR() X #:.

FELL(1) Pascal3g#kHt, |Va|= 125, |Vi|=60, |P|=234, 591/ ESIR b & B 6404 EX
EEEB&E. STHMIEOS x 1257 +7 % 125~ 16564k, XBHH T123140%H,

{4, LALR(1) Pascal (i |Vil= 60, |Va|= 127, |P|= 280, CHE2TIBANEE R RKB
FISGOA e R K BRI AR R E B AR, SHMIEO.15x 127 + 4127 = 29274k, BIAH33584
%H.

FLiB 2927 / 1656 ~ 1.77. Hik, LALR(1)5LL(1)ﬁﬁ§ﬁ/J\B'~Jtbiﬁ%ﬂ.ﬂiﬁ"ﬁb”tlﬂ'ﬂE\ﬂlﬂffﬁo
LL(OHEZS Rk 5 EA W B Rh Y, MAeZAEROBET, ERERARAEELLOOMREERR.

El%JLALR(l)ﬂLL(l)H‘JEEZbEW#Bt&EQ#?ﬁEPH‘Jﬁ’l‘%%ﬁfﬂﬂh%%ﬁ, LA AR B 4189
Sy b B R AR Y.
pol-d2d: oot

LL()ZERE Rt 2 SMO BT & SR A %, MLALR(DRIZEE AHS A BBk, REME,
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ERA SIS XRRSHBELTIT. MBE—-ALL)XHEEBTH, WLL()MFE-ARESTEE
HAFHERE. MIANEORERREE N YFMEEXAMER. BE. 2RUREYSIBEEITEER
a2 AEE.

6.12 HARBE-FLHEAR

Etiﬁﬁ'?’ﬁi’EH’-Ji?LR%ig%ﬁ}ﬁﬁ*Eﬁ&%ﬁ-ﬂﬂ%ﬁﬁ%*ﬁi%iﬂﬁo AR, At
IR S B H- AR, IEERTEARL EMER LHE L. REmk, FEMBEREHR
WML AR S FF R Y R 05 S L b mT e i 05 3

6.12.1 ¥ RAGEBRHIEREAR

SLR(1). LALR(DFILR(D)IBZH > EEA T LA HE T AR KA R RN S . HERASLRK).
LALRKKFILR(KE A, BiIFIBKNF S HFirstfiFollows, fFirstfnFollow,Z 1.

HSTORER T MM

(1) LR(k): 243k—ABEA — o« Bf, xHI5 H E£H AN, HMIB —e<y,y, Hroy € First(px).

MEYHREEEA — o x, NMERGEHIEBRFTSXEHER™ERA — a8,

MBEMFRELEA > arap,y, Hha€e V. HxEFirst(apy), WI7EEEBATRET SxHBt.
(2) SLR(K): IR Y4arREBLEA — o, Hex € Follow,(A), |7 1 e¥E i 18 F 4 -5 B ik ™

HHA — al38.

M SRRELEA — o - aB, Kha € VHx € First(apFollow,(A), MIZEMIGEREENTS

X8t

(3) LALR(k): A FHLR(KHLE F BLL R IREAR S B Lo A7 28 301E .

EFTRIEN, XU PR T Al Hriy k. filtn, mRLRKFR RTH AN SEa#EE
FILRE AT E, NMAESIEHLRO) C LR(1) C - LR C LR(K + 1) ---. ¥-FSLR(K)FI
LALRKGEAXUMASER. TUARNIERENQSRE, flin: EEHFELLR(DFLALRQ). H
ARLALR(DAIICH:? LR EHAERASLRGMEFRESLRQMIX#? (BEREHFE.)

EXREL L, FRNENREEALERENHE. M T ROBHARER, KoHEA/ R
Hefn, LWEEIHRRK—-AEIBIEELRNSNREGTEBHNEZERHE. EEENE, FE€X
HAHEEEY BIBEEER. bRER, ATEYBFEHESHXENEE -1TEiBENS.
EERAEEFIEHBEFSHHRT, BRI RESHEIEETSOEREBREY—/ 85
BIAS. Bt BEUTASRERYHLE: CARA THRESWRIEEEASLR()IE (nREMS
iR, ENEEMALRO)XE). RORAERNBFEHHESHEGHEFREEN RN FSEATR
HE Rt

6.12.2 MREZHEAR

F HE A LRI AMLRAIBE S R ABMH AT . HiL, BENERERTREE
FRMFRBBH-THEAR, MH, Tk, FLRERSEXRMMZA, —KERLBUR
(precedence technique) ¥ ¥ ZEMETFL I ZHEH.

G BRI -4 SR EARNE —ERSBHRLHERNDE. RONKBEHETRR
FhE LWL AR: A ¥4 (simple precedence) FIH- 4L 4 (operator precedence ).

BATHEHE I 308 SRR A B WirthfiWeber (1966) JER{b. EE AR KM T orHrAlgol WiE
. BBREHNEE, EXSBASH EEL=MEL LR, . 2. MBR-ACEERRMRE



LR % #

Xk, M—NFSELRBPHIX=FXRPH—F. EERBR, < KCOHHFL (ER), 2 f

EDWONE, W > WHEDRNER (%),

EER AR B BH RO E. EFSHBEANREN, ARFE <R 2 XK, BNR
WEADHART . YRTGIFSIEMERTSHA o XRMN, INERCHEN. BT SHRY, E
FRTAF SMBEHHNFSHA © XF 0k BRHOHSHEREBZAHMONE. ERHZRE, M4

AREBOFSERRRT RN

— B ES ., HTWA AR RS FREBE L. KB FERR—TEMRA (unique
invertibility property) RARIiE, HHERBHHEATERASRAMFNLE. SEh— T, SHOH

S THE IERRRAL.
A, %HEGs:

S - $E$
E>F

F o F+T(T
T - ID|(E)

B RG R, KA En TR L ALAMBRREXRRMR, XKPEMT ELHK R (B
g RR) EOFHIFL. ALHGHHEM-0FHRIEA L. (LTmAHEREXRHAT, R

Abo and Ullman 1972, #1, 6.22%.)

ETFTT D[+ ([J) ]S
E R
F [ L d Ld
T [ > [ 4
D > > L4
+ 2 <@ <
( a < < < <
) > > o
$ 2 < < < <

B16-41 5538 T $1D+(ID+ID)SH B AR e s> 7 - u B Y L4 A BEITLIHSESH, SriT BERR

E6-40 GoftyiEi RS RsTHT R

Ao HEXLRNHFROWBOTAH; EIPERBEXREART.

e sy ik FRBA

1 $ID+(ID+ID)$
2 $o ID+(ID+ID)$
3 $< D> +(ID+1D)$
4 $<T> +(1D+ID)$
5 $oF2 +{ID+ID)$S
6 $oFe:+o (iD+ID)$
7 $<oFR+e (@ ID+ID)$
8 $<oF2+o (< Do> +D)$
9 $oF2i0(oTo +D)$
10 | $oF2ta(oF2 +d)$
1 $<oF2i+o(oF2+e D)$
12 $oF2+o (¢ F2+2 D> $
13 $ < F2+ o (@ F242To> )$
14 $oF2io(<Fo )%
15 $< F24 < (2E2 s
16 | $<F2+ o (2E2)> $
17 | $oF2+2To $
18 $<Fo $
19 $2ES $
20 | s2E=$

m6-41 i BMREBR IR
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E‘E‘iﬁiﬁt%é&&ﬁﬁttbLR&*fﬁii, BERFLEN, TRREHMEIFCERER. B

£ BRSO EBRSLR(DAY, BRZHAABL. SLROVHEHRLASHBS, BERREHIHER

205

CAtgg. & ABSREXEFALTFHEAA=ER, EALEMARERRERBEAS BT
H—%, PERRE - ATERLARREXRRAXREXFHFERESRECELMEHLRCZEKRLE
Bes8. BATERR RSB IEA LA THRRLMIEERLEN . EITRSEEHEIER/NIES
DA EBA I BB LR, BLE, FESARLREXZENRERIES (BNEBMAFAFLR
AR

AU THEMRENGRAZE, BT FIZEABSLR(DALALR(DERRA LI BRI
ERERBEREHEEL, RECBRRAEENRFSRHHA,

H A BT E AR AT B BB 201 20604R AR LI, 2MRHE 2L (U B EL A X M SR BHIE Y ATER
REEHAMLOER. Xk, EARATEREFEIHESPHRANZREFRERHERL. =5
PF—AFR R, B A I 5 IR E o B SN T MmN A FRIER. U XERER LM
BHREXE=ZREH L. £4 F, Op1 @ Op2, MEEZHHOP2tLOp1 HE/MMR LS. FHit,
BE+ < *H* o +, MBEOp1FMOp2it TAARIMR LRI LR L AN, Op1 > Op2. $ES5 KL
fiord, AN TFHEsERMRAZ, Op © (, (< Op, Op » ), H) * Op. fifm, 4
$ID+(ID+ID)$, & ’

$oD+ o («D+IDs)>$

Hep o 1o B TRER. KB, 3 TFSID*ID+ID*IDS, &
$< ID*ID> + < ID*ID> §
Kb Bk R ERRI4.
B AEARARELER, FUASHDERIEALTNmERRBE LY. XA RREEAR

Bk, TRARAEGRAAREEE. AFELE, BARERRTREFRSE, HFAMBXILTA
KEERHILREAR . ‘

6.12.3 —MEI L TXTX S 4TRR

HHF AL RNEBHRNFE I FEABERT L TXEXXENEASTE. B%, NLFES
N, MBRESNICE, WERENGEABEER. #—%, BTEMRARFSRBEEN, RN
A IE SO B gL .

B, RSB ERBLEEEEMER L TXEXRITE. Castrif ETxkxat
%R Earley}ik (Earley’s algorithm), fJay Earley (1970) Prikit. Earleyﬁﬂ;—ﬂu%ﬁmﬁbLR(O)ﬁ}ﬁ
BARAENEA. CHENCSHAHLRAEARTER, YREHRTBFRURAR AT, EEMIE

EotEA (BIELL. LRAMKER H3) BEAKMER Mg AA T, Earley kAR BEELY

W HOBHE FIVO kS BT ZS i, R KRS MMM A B R A O AR ME 4 AT R RE DRI OCE .
BRI EAEE | TR 30N A THA TiE%ka#rHA (Graham, Harrison, and Ruzzo 1980).

FARLR(K)S 7, EarleyBEMAESEREAEHNRERS. Bt abtk, REXMMBLTHE
i, BEFBRRAATRONE. E—F, RORBAETBEMREREIN, mRESFRT
BB AR, XA YIZBERBEENRE.

fiEarleyB#h, HH (MARAR) B8 -AHs——ANEBRENWAEH (prediction
pointer) 467", T H AITIRIIEEH FoR L F7EROTR AT A b BT, BRstR4TH, WA
= U RTRE £ R TR R 0 = A AR AR AR R 5 47 0 Bt 5 EBELRA 47 8% LR HFER A K
s



LR % # 131

* FIPATE RS — ca, 0. (NfAMTRIRS AR, KWL K0, HpoRREMESI.)

IRREPEEBEA — 0B, ], MHMAB — oy, i, BN AHEEAHTE EREID BN .

c MBREIPBEBMEA = aoXB,j, B F—MTHAFSEX, WHA — aX-p, jFmERE + 1,

s MAREIFAEWMEA — ye, |, MERNMEZTEREREKPHTAM. AREIHEREMB —
asAB, KV H . M MB — aA-p, KEYHE T B EMAREIF . ZRIESHLOZPERRER, B
AHERRNFERAREENZRER, Wit Zxm)Esit.

CHESH TRENVESHERATL, BEEN + INTHERE. WRBEANEAS — o, 0, MRWARA
BE, BEARAERBRFSHRLIEE.

b i R, 08— 3k

S - E
E>E+E|ID

E6-42ifit 3 47ID + ID + IDZBFEE T Earley ik . EMARWMTRNSH L RZR&LALIE
BB .

State 0 State 1 State 2
S—>eE ,0 E—>IDe .0 E—-E+eE,0
E—eE+E,0 S>Ee .0 E—eE+E,2
E—oelD ,0 E>Ees+E,0 EoelD 2
Sate 3 State 4 State 5
E—-IDe ,2 E—->E+eE,2 E—>iDe .4
‘E—>E+Ese,0 E—>E+eE,0 E—SE+Ee,2
E—>Ee+E,2 E—oeE+E.4 E-SE+Ee
SoEe E—oelD .4 E—>Ee+E .4
E—->Ee+E,0 E—->Ee+E,2
S—Ee .0
E—->Ee+E,O

. &l6-42 Earley®& ik r{

B LR AESHEES - E - 0, FUBRMSERARARY. $XL, BARRMARRMAREN B
Fik, BLAEHBBREMT Hk. BHE — E + E -, ONERSBIRS HERBSEN. X% BT R A
#4(1D + ID) + ID, HHAE — E + E » 2R SFFBRE2PME — 1D « 28R, WEXKRKFEIES
PR B . XX TS AS I AHID + (ID +1D). ]

B, BRRASN, —HKAFEEEM BE, F—AHEERARMEHRSEZRN
GiH. R -ATHERENT 2K, WARNKRERARGST.

MBI G AR R BB HEESITREREZNRA HEETRESE L. X&EMETM
HEERTCLME L%k, Hh8E RRNTNEL. REMA/NTRER T, oM REFNEE
BATRRE T2, AUk, EA XM, FU—AHEATUEENER. B0, ATREIRE BTl
sy Hritial . E’H&(n"’w)ﬁﬁ’tﬁﬁﬁkﬁﬁiﬁmL“Fii’f:?éﬁib‘?’%% g Valiant (1975) 813 .

FELR(O) X #:HtE i, Earley B k(LB ES MM Ef1Z A, BAEEEZOBIFHER. B
hiEEarleyBikfE—% ., LABRIHFHIHE, X 675 B X ¥ B RILRO) 8k R ML IR H
b 3:0 8

Earley B2k ¥ ¥ X brfi Fit g7 Xbr Lk, e A AEREE TR, WREXBRRET
LAHME. FLLb, %iili%ﬁiﬁmﬂﬁi%%ﬁﬁiﬁ%‘ﬁi&Earleyﬁ%ﬁ#miﬁﬁﬁﬁﬁiﬁ}ﬂfﬁf&
. A HACERGNASROEARSEELE. AZHRIAR (Christopher et al. 1984) LAK = B A
Py RBROIESHR. B4 1 £ T LAt Earley .25/ ¢ (Graham, Harrison, and Ruzzo 1980, Aretz
1989),
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£6¥

%3
L SFRAR

begin begin SimpleStmt ; end ; SimpleStmt ; end $

i E6-2 i 6-3fjactionfllgo_toXPREZE6- 1/ - R WD BIFHIRTT.
2. FPAIFEAERXCLEANDERSHITTY R, LAlE—/ EawhilefE3RoEiz:

<stmt> — while #loop_head <expr> #est_expr
loop <stmts> end loop ; #ioop_end

Fiz BB B AE A TBH - 1325 HAER.

3. AP ECFSM:

<prog> — <block>$
<block> — begin <stmt list> end
<stmtlist> — <stmtlist> ; <stmt>
<stmtlist> — <stmt>

<stmt> — <block>

<stmt> — <var> = <expr>
<var> - ID

<var> — ID [ <expr>]
<expr> — <expr> + <term>
<expr> - <term>

<term> — <var>

<term> — (<expr>)

4 AR go_toK.

4. FHISCEHABEARRLROR? BREAMT 4.

a. S — StList $
StList — StList ; Stmt
StList ~» Stmt
Stmt — null

c. S — StlList $
Stlist — StList ; StList
Stlist — Stmt
Stmt — null

A A EMIE

6. HIEHER TER>13MSCIXMLR()PLEE .
7. FHIZHEPEBLRLR(DE? BBLERLALR(DE? BLERSLR(DIY? EEBFE] TEIEWR RIS

R LK.

a S-»ID=E;
E->E+P
E-P
P > iD
P -5 (E)

P >ID:=E

o W
> >

+

ToOmMMM>» >0
it

305

b. § ~ Stlist §

StList — Stmt ; StList
SiList — Stmt
Stmt — null

. S — StList$

StList — null StTail
StTail — A
StTail — ; Stlist

SRR FLLODSOEMICESMA I THR: mRAA AL HESHAR FAMOE, NS/ BEEK

S »ID:=A;
A — PreE
Pre— Pre D =
Pre— A
E->E+P
E—-P

P > ID

P - (A)
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8.

10.
11.

12.

13.

14.

15.

e. S H»ID=A; '
A - PreE :
Pre— ID := Pre

Pre— A

E5E+P

E->P
P - ID
P - (A)

E
E+P
P

D

TOTUMM>»>W

1lddilild

A)

D=A;
ID=A

I
(ID; D)
(

{EBALR(1)Ti B AR AT R &Y. D,
(@) IR RESBE—ALRFEA —» o + a, MEERLHESS = npAaw = m foaw, HKHEB
oS KRS
(b) B HERARSS = m BAAW = ., Boaw, WFIERES, BEBHPoZ/FEE, KPEEM
HA—>a - a,
9. HyiEHR T4RI30 X EMSLR(D) action&.
B2 164 BLR(DHL B HFIHFLORE . A HRORELELALRDILE .
M2 7] 35k B RCESMFTE 4G , 6 I EI6-25AS AT B I S B Bk MELALR(DBRTBRT 5.
b R s Fb O S L Y OB AT R 1T S AR5 1088 R A A JEHH A AR ERT RN 5 .
BRE6-2SHBMBRTSHEER, £ (RE, J8) BYmHAR (RE, BB, BHRRMES)
STRAFEAMT . RELH 2GR EYT N ER SRR BRENENRRT TR,
E&mﬁ*ﬁﬁﬁﬁﬁ%ﬁ%ﬁiﬁ%ﬁﬁﬁ%w,%&ﬁﬂ—ﬁﬂ&ﬁﬂﬂ%&ﬁﬁﬁﬁﬁiﬁ
Sy ERA. BE ARG ERLENGFEFINRRBREEER. FALKIMCFSMEHRMN

VREB I .

<LovvoOoOUmMM®»P>0N

N A A X

P a1

OO0
wow
> >

omm
+
b

<>»<>

O<c»<>»©

E 630 I B T — A TTLA B BUR MR BB L MIICFSMRE . BRARESN 13FUROE
%, UAEBRHALTE E 6307 B BIRy R, REEdc BBk xt T B CFSMANSCA A AE S 1 IE BRI

AR EAFSD?
FHEIICH: A RLALR(DI:
<prog> — <block>
<block> - begin <decl list> <stmt list> end
<decl list> — <decl> <decl list>
<decl list> — A .
<stmt list> — <stmt list> <stmt>
<stmt list> — <stmt>
<dech> - ID: <type>; .
<type> - D
<type> — array ( <bound> ) of <type>
<bound> - 1D
<bound> — <expr>
<stmt> — ID := <expr>;
<stmt> — <block> ;
<stmt> — ID : <stmt>
<expr> — <expr> + <pri>
<expr> — <pri>
<pri> — (<expr>)
<pii> - 1D
<pri> - D+

W% ki B b7 BLALRGen® ¥ Yacc BRI K

o [ FUR TS B TE B oy BT 28 A B B W E

210
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134 ) - E6 ¥

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

B . RIEHR e AR E S AARMLALR(DER. TLURBEEREER, HhiRE%
AISCTEFTRE IS & 4 R 46 SR B e LRI E S AR

S E6-3357 & M IMicroPlusfy RiEREMERE L F XK. REMIELHEFE6-337 Frr
WisEAR R S,

FIF Yacc RS I RSB R i &t S, & LR AT PTHLE Ad/CSHIFRIAR S . EBERXARIE
HASMNITAE s EI R AN . MRIRAESS (BT Yace I LA, sRIEMIAIRIGE XL .

. TEYacch R R4 AR £ 45 & A S A 8RR E R — R BRI e FomES athe L. &R —AH

W, CRAERFERARFXRENEL?
Rt — A Pascal RINIE S, PA W THIEH:

if <expr> then <stmt>
if <expr> then <stmt> else <stmt>
while <expr> do <stmt>

£ Be i 1 SUX e g5 H I IE WAL FE & 25 else ] REIYIE — LLALR(1)3C i .«
FREG- 1R - VAR, LAEBRACERFI 16 84 B R M il sy 4 I BT B AIL KA 4% H
A&k H,

i LALRGen, F|fiparsetableiiiiz{TAda/CSE X, LALRGen{§ FIL 3R 5 F i iHBR S iy U3
gy, CAMBRBIAZIE. Mparsetableif Bt e A M5 b i R T 1B B AR REN
BT %0, mBAS TR BERRIARZE, WS L TE S D207

25 E6-198ISLR() s Hr R LA & 3T RALAAMRIL . B, BBURIISHRAR ST — RIS
Y32y, WAPBITH R IFLBEN —REIMIAL .

6.9 FIIESUE T —~ALRODREA I E L. RERSIASWHEHRRE, EREEHELH
LR(DIRE. mBEFHASREN S SFHEIFHREO b5, WIKHEZLRBIFBESBIZIEES
H R RSN AT

AN RE LR SRR . SOIRBIRN R T LRBRIE:

— (Exp1)

— [Exp1]

- (Exp2]

— [Exp2)

- {Exp1}

- < Expl >

— {Exp2 >

- < Exp2}

Expl — #1D
Exp2 — #1ID

FIF A LR()R A M5 Bl bR RS MA T, M6 9% hiME L. A% 12310303 eI LR(DAL
%, HIERI AT AR S A R RS H T A . '

EB M ALLR(1) 547 B0 A HLR(DIR B BT RS SRR AMES . SRR, MmRIASFK
FEARA, MR RILR(DALE B A/ AT R B R P E K. :

E AR —ANLRODR S MR B £ BARZAN, WiREFOFATE S ERBHAN.

TiE BR3P AR SRILL(D SO R LR(0) .

EBRFEAE A ELL(D)MILR(0)3C#: . SLR(1)# AR LALR(D ik

B, LALR(DAH B EM T REBA S IR ALALR) S A7 87 S 2ot (RLL(D)
SHRIBRE) 7 MR CRFOFHISCERLL(DE, BB ELE?
Baf—AEALLO)S RO TUTENRIES. R\B2E,. JUPHAGLLA)EF R B
LALR(DI. BBk, BLL(1)5> 47 5 845 HLALR() 5> 47 28 B 24 & T 17RY . B & BB RIEZE

DOOLOOOLOOn
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31.
32.
33.

34.

35.

36.

37.

38.

39.

ot iR RS R EHN?
IEBRT A LL(D) S A LRI,
iF B A 7E R SLR(K+1)FILALR(K+1)LL B LR(k+ ). {BARSLR(K)sELALR(K)ZLR(K)FICk.
M HA T YA MR 30
* ERSLRGWY. {HARSLR(Q)HI.
* BRLALRQ). {HARLALR(D.
 ERLR(HE.
B4 SLR() i RLALR(DIY, 3 HE&ALALR(DXEHMALR(DEY . MR EAKNFESTHA
R-NHESNBHERE, ZBAEXRLELG?
% B T FIA O(n?) /4 7= A A 30k
S - Xz 1<i<n
Xi ->vyXly 1<ij<n, i=j
{IE 3% 3C i ICFSMA O (M)A R 2. %X R SLR(DANG?
I FI B 6-40/ 5y 7 26, 2% A h$((ID+ID)+(ID+ID)) 8k, BB — /B 2 (RSB HF B O BRAT
{F A 1 31 S SO BB R SLR (DY . X ATLAE R IE BILL F ik 2 k: FIASLR()ARIEATIEER
BE R RRBH-RARALH- PN RLESE MBI RREXREOME, RELEER
1 3P S SCEL M — R PR R
ue i B RS Sk sy Mraaalit, 45 Earley Bk B Sl AR

A—->AB | B
B> BA | A
A- a
B-b

ey HESEBE ORI, Barley B RE MR 7= A R/ NRBIZESC B BE Z MIORE , T4 BT BT 47y
BARIK /. XRERISCEEBERR ) £ MR & X ik (bounded state grammar). FA A M VE B Earley B 2k
BEMBTE SRR ) Y BT RIR S Xk . X D Earley Mk RESE MM BN BT ALROY KA. £
T FRE FILR(0) 3L ik 8B 44 2 32 BROR 008K

214






BIE BNALE

JLEFRANBRRGIEB IR 54§46 (syntax-directed). B, Bi#HiEH 67 #IRBIREFAIEE
gy, X BB REDRIBLTR. EXFABR—REBMBERFEYL (IFX) WEs—ETE
0GB S s T R L1k

ERRERFRALE S, XEFRKhE EHBRNEAG, ENERMENIPLEHMEFITS
L oEE. b, ENE XGRS BIREMIE UE B SRR R X, HRERFREIE
A ARSIENAR. BEEYRENHFAEREBFFERNTAERIHESY, LIRFEEX
*%ﬁ#&%ﬁ%ﬁﬁ@ﬁﬁﬁﬁo%%%u&&&#%*m&%(mmmmmekm%mmmhm)ﬁ
LR BRI AN . 5 AIRAEASREL, F X SFrRak 45 Rk i Ak i & MiE ik
AR ERFHRBIRIE RSN . BTHETRNIESRFISSNE, EXARER 5 LT XRRIUEM R L
A BB B TR I

71 iEERISEE

711 ERASHREEART

BAE B BRI R FFHAAHE LB THE , S Bk B KB, FABRINN
BBt B dCHER RN, AN EY AZERITY FEIER T ERERT—TRFNERIS
SR PR BB R S A e 4. FERETIHE A TR T A KA _ ERERS RS S, RNBHHE
%ﬁﬁ%%&&%%ﬁﬁﬂﬂuﬁﬁ%~§ﬂ%ﬁﬁﬁﬁmﬁéQﬁ%&%l%ﬂ%—&ﬁﬁ&*%~
%%mﬁﬁﬁﬁﬁﬁﬁﬁﬂ#%EM%%%%A&WW%&%(WMMUW)%%oﬂﬁﬁ,&ﬁﬁﬁ
HAEmIE B B FTRBIIEE L. Gl EABEERSR T EEREALENHHE
%ﬁ,ﬁ%%%%ﬁﬁﬁﬁﬂAE?*ﬁ?ﬁﬁﬁﬁﬁﬁ%ﬁﬁ%%ﬁnE%%@%TE%W%%%%
%%X%ﬂ,Eiﬂuiﬁ&&FEEW%Aoﬁ#%ﬁﬁﬁﬁﬁ%h%%%ﬁ(wmmmmemﬂ,
LI EREE (£4k, concrete) IBEMAHMMER. BT- 14 H - FREFOHMBIBLHTR,
FEZEDNADLSAREREENX.

xR R, 1B SUERATLLE I AR — kR KR G R ST . FIRNE SUCEEE S — IR Y
B AEFIRBARED A K FTLARI AR 5 S ST S A RSB R . 4B AL AT dait, DUA IR
%Eﬁ%%%ﬁ%?%&ﬁt5ﬂﬁ%lﬁ%ﬂ&ﬂ%(Mﬂ,%Eﬁﬂﬁﬁ)ﬁﬁ%ﬁ%ﬁ%ﬁﬁc
KRR AR ATEE T2 B .

H?kgﬁﬁg,u%%&%%wm%ﬁmﬁﬁﬁﬁ%ﬂuﬁ%Xﬁﬁ%ﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁ
EX%EQEXE&W%%(WW%WW)EﬁwTﬁﬁi%E%%u@%ﬁ%i,ﬁﬁ%i¢ﬁﬁ%
mﬁu%ﬁ%%ﬁﬁ%ﬁﬁ%?%&ﬁ%ﬁﬁ%ﬁt,u&ﬁﬁ@ﬁﬁ%?&%ﬂ&%iﬁ%%%ﬁo
%Eﬁ%(ﬁ%i)%%Eﬁﬁﬁ?%%ﬁ#?ﬁ%@ﬁ%ﬁﬁ?ﬁoElﬁﬁﬂﬁﬂi&ﬁ%ﬂ%%
ﬁﬁ%ﬁﬁﬁﬁ#ﬁ&ﬁiﬁﬁoﬁﬁﬁﬁ%ﬁ%&ZEyW&%%%%dﬁﬁﬁ(mwmwn,mﬂ
EasEBHNE SRR,

216
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138 F A 2

'd/ \\ 1d(Y) /+\
/< Id *\ id(l)
Const Id Const(3) 1d(X)
B7-1 Y :=3*X + IWshRiEER E7-2 BEMEERYERY =3+ X +1
HIRhRiE B

T LRBIS, AR SLAEF SR ERUBE EIMHRMEFRIBLFES . XEE
BIE (XWSELABWSIA) BERMRATEANESE. —BXSEETH, RNREBHER
63 * Xthasd, 3HH, mREAY%, BTLREEHERER. WE, ME ZAREXMATLUREFE
REENE, i B BRABUAREE N RIERENALE. _

BEHRABTIENRET (SEMEEHBHEEER). RERECLRBTHAEBNIECERE. ¥ TRIE
BEMDHRYHEERERE 6T, HMbORENKREK B IEEMOEHE BMIEEBMHEA.
BASELRARATHLSEE (EHEL) SHANTNESEE (REIBASETRNIELESR)
ML FEER—AFF.

B EBIE TS ETIEERN S K. S8 AMALHRNE URERER RSB
ROBHE, MBEMLR L hiEERNEHERES . BENRUTULEZMEXPNEE—F. WTLIEZX
PR ARSI HIL BN, TR EREAN b RRR (TP RIIMTH) ; BILLERA
B AR A% & &M (code generation attribute) Al FARILFRADERFIHBAA

{# FA & 2 STk (attribute grammar) 755 7] DATE AL #3808 53X RP LA TS B0 65 M F it B0 2 38 58 6 b o
DRANBFBOG L. BUCERE L TXERENT R, P BEESFERPIEAN LB THR
B, AN BFEA ARSI EREE. BHEERATLUUMBEIH 2 mam LiRs) (6 Aa4,
synthesized attribute) SE M E BAVIEL LR THMIM S AKS) (244 %, inherited attribute ), &
PR BN AT AR AU B R A SE, mAEXRE, HERGER. RIMNBEL4EEE N
PR A B SO LA R EAEAE £ R RiFF TR, '

MEI0EFF 138, RIVEEELALHEFRHESHEOER . ROVOATHERRERNER
EMEERIEESWESRARANIELFRREOXEREA. AREESAT, XEHERAFREHN, £
WiE UEHER R R AR D FIRIER.

7.1.2 HFRAQNRERN

EhitR R BAAMER, EET3, BAEFIEPEENANRESLSHE. BHFORISN
FRAMGEBSUFZARNHREREER, BRATHHEHROEFRAANETE. EHRT, 2
# (analysis) 3HERESIARSHE. BRI HBWE LGRS SECREAGFRTHOIITE
%. %, 4 (synthesis) FEHIAREFMBFERTOE UHBRAR. RUEFMRDERFFIITH
SAES. RAEZEAFASER.

—iRER SRR

{E¥EM)—& %% B (one-pass compiler) 1, SHFFISZARIERBEHPHT. WO, Bk
. BEUR BAAHERBHBERZAE LY. AEERRBHEXPEZR. XH5%EF LR
28 Micro kB AT A Ak, H A EREEMTFEXTELFRNEEFHERMBEY, X3



# X A2 139

T e BRI AR TCA . XFSE aTLAHE 2455 i bl i B LBV BT fl U generate () il
B MR BRI AR TTH K . Hikgenerate () FlfEE X T RIDA RFHEA

BERF 1= im#Zie s 5 BN
— ;ﬁ% ;vis; | s
FIFK
s R FoR
r—
!
e I
Bk | RIS
I
|
(F%iZE R0 L —y
HYBAER)
w2
He Y 2%

B FRbL 2% 1860
H7-3 BRI MEEREY |

ERGAE RSB, KGR LB EE S E BIE AR, T LLA0EE 5 4La BT ORI
5. B ARG A B 28 e hr b BPREIh — R IUE — %mﬁﬁ JUPBEEEORIRBENIT. LEERF

. HRERATREHRITA fiil.

M generate () IR A RADA RIS 1 O (45 SR 5 AT H0SY A RARHLES RIS BIOL. AT,
8 1B UPIE AT RE R X215 —/-generate () W, i EL B3 T A A RS A HLEF L ARBDA AR 28 3
Mﬁfoww,ﬁR%WQEW%X%EE#%@~%&%HE§%%%WW&HmoW%E%ﬂﬁm
EEBEATE KN, BLXRNEESTRICENERMSHES ZANBRM TREXEE. 4,
X BEVRE B U A AR T BARHLER F 7 2 MR R R 2K DA 48 FORD A 1 28 REAS I IR 4 DUHHE X B
ARAMEE. ﬁﬂ&&&%&@%ﬁﬁm%ﬁm&ﬁ)ﬁm?Eﬁﬂﬁ T 3456 16 2P 4 13 5 REAB A K
R RAREG.

&ﬁﬁiﬁ@&&%%~ﬁ%ﬁ%&+ﬁ%ﬁaE%ﬁﬁ%&%x%ﬁ*ﬁﬁ@ﬁ?ﬁ&ﬁﬁﬁﬂ
A RIEEHRE, L8 REHSEROEBFRILE FABAMES R SFE T RARBAEEN,
ﬁ&%%ﬁ%ﬁﬁ%%*ﬁ%ﬁﬁ&&ﬁi%&¢&ﬁoﬁ%ﬁﬁ%ﬁﬁ%&&ﬁﬂ~§mﬁﬂ,ﬁ%
IR R E R, BT BARALSE E EIHERRUBHERA A (retarget).
—iRRE IR ML

e 2 5 O ) — 08 250 28 BT A RO AR R R — R R R R R I — BRI . WALRAAER 153
*ﬁi%ﬁﬂ%ﬁﬁQ%T&%mﬁ%.€M¥Tﬁﬁﬁ%ﬁkﬁ&é&%ﬂﬁﬁﬂt&ﬁ~ﬁmﬁ&:

Rk NEESBILARS (RILKLAKEA), REETEEEFHESREABHAFTFENT

AR B A HH ARG o

ﬁ%ﬁﬁ%&ﬁ%m&&&&%mTﬁﬁﬁﬁiﬁmﬁﬁﬁﬂ&zmm“%ﬂ”Lﬁ%ﬁﬁ AL



222

140 PR 3

RALER A ARFROE RS EEFRE LERE—2%, FbEaTLIE Dbk IEE A AR ETAL A
ETI
—iESHHMIRES —E B E K

—iR 5 B FNIREE & n—i RED A R 10~ B3RP RERIVIE AR P HRBENARA T X. BN+
A RS FOR T A R A SR R B D . IREFRENN, REBRIMERTA. 58 kML,
ARG RO EERERREE. REERSZTUREBERER N TH, REERNRTHENFR
LRM ERAN Kb —#. Wb, BTFFESRPRRT, RBERSLTURELERRNT
ALMEMCH RS A B R . XA REBE L AR ISEPAH.

RIEH: BT R — A0 AR R AR AL BREIRE D LA B BARHLES SaTm el U E KA tE. S8R, iR
MR B S BHIERE S S —HARSR—LREA. BEENE, DR RFROFELFREXHE
ey 7 T e b LA T B T R B A 25 B RO 2D B L RO

fE BT 5 B AR REFRR SR AR, BN EESE AR REFERTRLES. Awi R
FROLE TC LR S SARED A A 28 48 1 00 BARHLEE LM s 3. & IOROARAD AL U B4 P P Mt R
o i R R FTR AR O . B, IRMILBTERMRE T —A R FA S5 X E R4 1% 8 58 B ix
HOHEBE .
g2 b

THASIHENARERNAS TR LRI FNEBES. BB, XEFEARNTERIEF
BOHR, TRAKASSFSELAHMNTR. BEMNTUSERRNEGAMIFAG—EEM.

B EMEBRERE S B XRAESASR. BE L, 280 TIRSEEE PR E A B2
MmiFBR D, EXHGEET, WESHBASEN R, P ERRARIT SN RER
VRO R . BRI KRR R BAFSRY, BREFERIZS X NRECIRELIER.
BB B R BRI, 7oA RIS U R oy bt e R & MR 1 B St it Ron .
WA S, EEWESOHHETEESDERES. BIEESTERHMNFULEMRER X
BETUE —BRFES I HER, X EBTEARMURRREFOETOASREER K. RERK
FIRER 5B WREER B P#TEe. MREERAR, GTAMEEREHELRIREIREAT
RERILEEE.

BRI, AR S @A KRR . ARESRRAE A A IR E R
R BMEASR, EO0HTREBAENAR. U EHRNLENTIRRER, RICHKIE
Seb A AT ST, R, B UCRUAE RS TR, UERE o Ed SR HAE Y
Sl e, WHEMNE RETRERERRIGRIR, 7k b iEEs i TS — & 15 AL
G, KRS SR HERRIHRIL. X R RRE RiEEEZaMNEA o EE, Rl
B @RISR, UURIEE I8 b AL T THE S 47 28 A R BT R BRATHOIE LB . 13
IR S B A IR N AT S A RS SUE R ET A . ik, fRE TR E AR, MLUX
T RAANFERRES TR B RFSEREI R —E, :

SRR £ 36 43 BT 1 B IS — R T BB 20 LR R I £ Mk M R — b . B0 B AT R EROR TR
53457 48 SR EOUBR TR PR 7E S PE AL T 25 43 BT RHRO— 3@ sy BT PR T RIS B0 s BT BRI W] IR AL
FIRR BRI A, Bim, SNEFNA0NLEEETERNEABEARRE MBI LA R
Fe kAR F RS BLBT L B T5 ik

BT b 215 BT RIS, RS RIRMOGE A IR T % T B SR E A R ALIE bR
REGER ., FURXEEASR, A FMEESRETAAE BN, HERIBERELEEEH.
Eie, BEYE, SRR SSRGS AR RB O T B. X ERIA (RE R E B R
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ECE, i LB AT R SIE R E TR MRS R — &SR8 o b U R R R E 3
AT A IE .

ERIEHEROTT LA R F TSR RTLS BORA. AT RIREE LAE SHEER
HARLLEAHBANERML, XBEAEAMNCRERAS N . XFoEETRER, BAEDIE S
Wi B A TRIYIE 0 R RV B R B o nss & Z M AIREE O .

TGS

FMAH TR, £2B5ATUSRHRBITRHES EARLBoHE—RER. B -NWERRE
RBIRMHA B EL AR BRI . IR S SRt &4 .

BB L EsAHAFRRRBARSNRILKLBRNAES. BE-T, FILRCRRXEL;H
PG A B 28 7 e AR D ) AL A MBS — BB . IZE RS RIRAXHE - EL—RATHRITEZE
£ O 2 R TR A E R %50, RBARS TR MmERILRILEHTE.

i A A B BB AL TRIR 2 B Ao R — B 5k £ M LA R TR BEAT 2 e, BTV AT LA B S8 35 i) Jes i «
JRHE, MLBETEHRLY EERERGT. MRLSTEHLRHRML, MUZNBEREETELE. &
B 5B HELORAMBAREHRT, REXHRCTULSENRDERNBRE, TR 280
WA, MALEBERER £ (transform) IR, BB HERER ST BMAWIRERE, AR
HAb M5 BN B IR K — M7 8% (translate) B BIMI—FFoR. XEREREAEARA
HMARHE RS ROERELIEEMEMRLERTHFE.

B 1SRRI, RIOARSHSTHES R —BRLECE. FRORDERASE—HLH
MBFEFSTESy. R, MBEESECEFAEROTRAENREESE ZANMELERE, WEKEREAR
B RETE. #—%, MBR-AEEN. SHBEXOREARDERNBRUBA, TRER R
RAEEIREE RN . EMEBRTZNER. mBEHTEMETUSHRORDERBER (£
15ZBNE), MXANFRBTEELFN.

EIEEME HIRREH
ﬁ@ﬁﬁﬁﬁﬁ(ﬁ#%gﬁﬂﬂ)5@%%*@%%%%%ﬁﬁ%ﬁ%#$ﬁ(aﬁmWOf
compilers), —HEFXIGFZIEE . B FAHFMILY BT A5 HL 28 X MR AT R 20908 6 R R AL
%mﬁmﬁ&&ﬁ%%ﬁﬁﬁ,%ﬁﬁﬁﬁm—¢%¥oﬁ%ﬁﬁﬁﬁ%%ﬁﬁSﬂ%ﬁﬁ%%%mo
e A AR B SR LK AR . E0{E FfDianark /&R R A $ L ERFRAEIR, T H
%Eﬁﬁgﬂ*@5ﬂ§%%ﬁoﬁﬂ§$ﬂ$ﬁﬁmﬁﬂiﬁﬁﬁﬁﬁﬂ?ﬁﬁéEﬁﬁﬁﬁﬁo

B ARPERERALIESE. SXREBEPREAETES AR (SDiannaffiR) %%
WHHR. o REIES AR A AARMIR, A A4 AT AR X E BRI RE,
SEgm%mmmw,ﬁ%ﬁ%%ﬁﬁﬁ%mﬁ#%iﬁ&W(w,EMEM%%%L&M&%%
“mﬁmﬁ"ﬁxﬁ“ﬂﬁﬂ*WZﬂ%mﬂ%§$§ﬁﬁﬂﬂ$”—ﬂﬂﬁ¥mﬁﬂ$hWK%ﬁ
?Eﬂ%ﬁmﬁﬁoE@%gﬁﬁ$ﬁ¢ﬁmfgﬁmmmﬁﬁﬂ%m;%ﬁ,ﬁ#WRQ%$UE
X,@ﬁ?ﬁﬁ%%ﬁkuﬁﬁﬁﬁﬁﬁw&mﬁﬁﬁﬁg*Wﬁﬁ%@oﬁﬁﬁﬂi@%m&&I
ﬂ%%?ﬁﬁﬁﬁﬁﬁ%ﬁﬁ%#,ﬁﬁ&ﬁlﬂiﬁ%%%ﬁﬁﬁﬁmﬁﬁoX#WIEEﬁﬁm
%ﬁﬁ%mﬂ%ﬁﬁﬁﬂﬁ%ﬁﬁ%%iﬁﬁ,u&igm\ﬂﬁ§$ﬁﬁi%mmTﬁlﬁﬁ$&
MEHLTR.

(mUC%ﬁﬁmw(&mmmDW)&mﬁﬁ¢@%ﬁo%~ﬁ%ﬁ&m\EMW%ﬁm¢M%
K. EOMFRAHRTL, FHEBHEBIBET (Register Transfer Language), CELHEEHE . GNURIES
ﬁﬁﬁﬁ%%%&%ﬁ%ﬁm*@%ﬁ,5%%%%%%@ﬁﬁﬁﬁ&%ml,%ﬁ,Ekﬂhﬁﬁ%
Tl EHBTTLMOMIL. &%, RILEMBATHIES, HTEbAETRILREL.
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7.1.3 —REEEAN. RENEE

2 M Microfi % 5 B MM BT . EEAFRIEE (I LRERRTER) BB
BT, KRB EME R RN RREB R LEN . NS RRHRLARE L RN R
EER S, BOVAT B R R R TR B ARk R, SHAARAEERA: (1) &
BEAHEMEL, EAFRENEEFRORD; (2) IRFERMOBBNELRM, MWibE—
ARFFRBNEREASED, AR, BOA SRR, BHTEORRTRE] T X8 NE LB
BESTRAMEELR. Bk, BELLHHEAR IR BRH.

3 FEAEEY (LB 10B-F138) hIORT, RAMEEELDFAIE LR T —@ b
W BT T RABRNNYETREANED ., ROFEROEATURE DB U EREF
B AELMFR—ALIE.

— RS R AR B AERAATS Z AR RN R R EES T BBER A TR AT B
IR, KT ST R ERT iAo B R N SRR R A . BB AT B 8
WA IR 57 38 FE S — A RS R O BRI IE SR A MR . IR Microfii% 3 BT R
EAANBELERERAAS. HAERHIELS HBOFERPWHERS FHIBEIRBES
SRR R LS SRR . B FAIEAE M AR

<statement> — if <expression> #start_if
then <statement list> end if #finish_if

7 e A U HE U BiBistart_if () Fufinish_if () MBI FHEIE M 0 47 B ALBRINE M RYE 2
SIRA, EHFBHGCEMIESS, a0 EAMEE LRI KM IEREMHERbiE.

B S GIR R FR BR 2 0018 iR RS R R 5 IB RN & AR BB, BATRMSGERS .
MR STRERET, BATRNSARNFSELERMIER. AT, AEXFSHERHA—F
045/ ID B <expression>——7E H i Lid Rk P BT RN BIBE. mREA THMNIEEEE,
HELE T RRASIIE R, Flm, & ¢ 7 IENTSRATEE LS.

RUEE LHIBRAT B AR RIS IR, (el SR URFAE A B4 BB SR FAEN
g Bk HARE GBS . AR RSE A L IEIE S B A £ FFIOIE DR T E B2 MicroR i 8 P i
Flprocess_op()flprocess_id() IEMGIREHE . CAER hidkyr B BFRHEMA RIFEIL
B B RMTEE MAIET. IR R MIE TR B BRI E LI S R KRB A
WU R > SR FIEIE LR . %18 iR R AR A L SHNIERAE PR, AR
A B IR RIE SR R R A B R R 8 1%E PR . REXSEFTUAEERRBREFSEY
iR R, URMESMIELDE. REEHNESHTHRIREZRDNIERSF, EXHARKHIER
SR SIEES N ERDHBE LA, EEA—FMERT, BLRAREEMEREERELAERNAR
2 EAEREE LiEF, EAXSARAEERAMAKGAR. EL2EMMicofiEE+, BAVERIE LILF
ﬁﬁ%&%&ﬁﬁﬂﬁ%%%ﬁi¢,Eﬂ?mmﬁﬁlﬁﬁ%mmﬁﬁoﬁﬁﬁ%,i%%%%&ﬁ
FRUBARBTF A BARIBEH—%, A2 A#E LA (semantic stack) —RAREHIE BB
B miE o, I CiERENAAREAEDSER. B7-43ANATETERI T RIFA
= B + 11 BT AIM0IE BB 3HE SRR .

7E {8 P B AR T 5 B RS ) LIS 3 o0 282X b AT T8 AL B 5B H s AT W[ RERYIE SR ML
BR S 20 B LS 7E 43 B ) — UG il 5 o o R AT R ML . P RRIE BT 88 P E B — BB A IR
Mo M AV TR At T R ABEOAE Bk QI A TR, T ST Ch R IR, R0ltk, ZEEX
Sy o A R BIE S EhVE TR R R 7% R ZE AR B 5 P 5 o 5 AR U R R i T SR U X o 2% ok R Y
T A bl 47 15 B4y B RNIE SR TR R . ZEEATIE SR A U A3 B RO 2 AL VP B PR A S 3R SUAL
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HEERESRE. XA BB REE—RERBANNE L FIBRBR T A NFIRE KGR 5+ A |
AE BENFTSE R TR XM R TRERR THAIFNIETHENL.

process_id() process_id()
HE—1"HTAMexpr_rec HER—4HTFBiexpr_rec
B
A A
process_op() process_1lit()
H i —4HF + Mop_rec HEF—/4 B TF1fexpr_rec
1
+ +
B B
A A
gen_infix ()AL gen_assign()4AL
—AFFB+1ffJexpr_rec B+ RAANRDHIREE

B+1
A ]

B7-4 & EoRBl (bEA:=B+1)

7.2 EBEXNBER
7.21 LLSHERMMERS

R — 45 A BOIHE 47 A SR UL T 76 B TR FROIE S04 2 b a6 AR Sh R FF SR HRE (Tt
A% ENELAR. HEFEFLBETEATERP (RELEFRHEZHAXNELRELR),
Hk, MEAEERIE L RENTRERER®. <statement list>fh 7= A X R i B DL — S REFRY
BIT. R, ek, RiFOEEL, TRESSIHEES. SIHEFSERHRELEHES
kR, FEY@case. Ifflloopi5 XA HERERRI ST ERAR.

B RS kAR S LR R B AILLA AT B RAT A A TR, fES- 1P iEER B H
BRI, SRS S RS, RN AR EA SR SR
LLA W i — A/ MOT R LR RENELT SR, YHEHSIERTE, EEfRER
bR AR R iE CBIRTA R IR BT ERIER BT EE

D2 SLLAH I R AFE AR T B TR FoORORMEE. —A 7 EXESHA BN
BB AR 2 AT R ARG R TR, Bh LLOOSHT B 0E RAXEEAT R . BIFRH
#e 7= XA BIRTKA S . '

722 LRAFBRMEERFS
SLLOOS R HERR, LROO B LBE T = AR AR AR F S 254 Re i
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AWA=AER. BTXHAENE, £FERXGBFSHIZEIFRERN, IEFSTEATMRE
XEREM. BABRSIEFS AR, AEAS MR- EXATUARRR%E. RAEERSHTHE
REATIE R SR EE LI AR A AT RER A IEMIE X BIE. '

R ISR BRIHE A A

<statement> — if <expression> #start_if
then <statement list> end if #finish_it

BAVNRB LB T A RN BN AR 2G4 Mfstart_i£() KB T, start if () BAEN
<expression>Fl<statement list>7= 4 FIARRS 2 8] 4 R EBEFE 1 4. /X FHAIR, BRABEFSR
HEBOBLE P T LR 7 2% P A KR B i o

HEA AR SHE S AR B P AR, UEER oI IESRE 217418 XOREM . Bk,
VB NBHIESR R, EHEEREERABEAHH LS E A HEFSHORS . ROER T4
RALRYHF S EIED:

<statement>— <if head> then <statement list> end if #finish_if
<if head>— it <expression> #start_if

sk B PE<it head>A I BEFR 435 L 4 F (semantic hook ), B4 ELEI# R MITEIEX TB L H7 8 Frik
SESRARM. U TEIESS TS EEROEY, AELEthen /s R A<statement
list>22 i, IAMstart_if().

B 7E et R AU — AN ER S, B EAERAR, NAURHERBRLAN. film, %E
Microsi<program>fi=: X, ‘EFHE AR

<program>—> #start begin <statement list> end

<program> — <program head> begin <statement list> end
<program head> — #start

LAME B start () fEAL Bl <statement list>2 BT 8 H .

FALR TS, Hh B AL Yace, RGEFERA BT ERAIEXHE. RIR
R MR RIEES T S ERBELEN B BT

XF R — A BB R L IS ARG A SRR, 2NS5RERNEESIEARES
Tk, xFhEEH R 3L B 0E /8 MLLELR 5 47 B 4 v R4 SRR AOTE LB F5]. Wik, #X#
FEE TR, IRETEE 10EFE I3EFHNECBEARY TR TE. AFRTENNX
B BT LA B LB R E B — R T B :

8 YaccHRRET™ e Z2 e WO B 2 A0 BT BB T AN DUR S A7 R MBS a0 b7 28 A IR 38 W LA A VP AE B AN 18 M)
e E L EAEEORARD. RSN T/ IOBETAERLEM, BhELEFIEEMERE
A bR, HTRANEEE, REEE, XRAAEE TR, BRIEFEANIEXHHE
wRE A TRFAMA. Rfi, FAERSNEILTEHR, KPRERBEHRE, BAHENARAE
MEENIESHBIELHE.

723 BXIERFT

B2 HIMicro%i% B HTBLBIRAREE , 15 I RRIRIE X HIRMB Y. hIELHRFRNIER
A SR HRLEMIEUE B, XS DB AME IR A hERE R RLE. S8 XFIRE

W R AR A BRI T — A R B MR RN HER

- Micro%i% % 215 X IR A WA EE S OB P —AFF. £72.06507.2.2%, BTtk
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BN FIRMA MM hREHOIFEINE BHME . ER2ENORGIRIESS, EHTRAARERLN
B XiEF: op_reclexpr_rec. TR AR MEFBEEMTHFMMATHEMNIELARMNAN, &£
EEo R EARMAENE LN AYORBER. SEARBHNEERSITEN, FE—TEXER
B LITF. 1B XARA TR % 6 R —FhiE SRR AR, AT, EFCEFSMIBELEREL
AAEEHER.

LEAXHBRUREMLIESH, HARNELBAE URE B R ieEd AR KD
KA ARALE ., XS THARRRAS TRBRHET D, XERWEREEHXENSTRIER
MOIE ARBTEEM . X SR —ME PR AR & FIE UE R A E AU B R ARG H, B
BHMRR T Wik, HAVFRESHERIE URIEFORBITRERE.

1 7-5 7 9 2 % 7 B 36 S U B T MiicroftiE iR g W M 3. W%e, BER AR 2EE AR
RKANE LD FRA RN, BT X S R Ry semantic_recordfIfiH, R LiE LAk
A PRI & H . (58284, expr_recR—AEARA, BEAWIHIHRBECIEFTH T2,
ERMEXERESHEPARERME.)

f#define MAXIDLEN 33
typedef char string[MAXIDLEN];

typedef struct operator { /* for operators */
enum op { PLUS, MINUS } operator;

} op_rec;

/* expression typn 174
enum expr { IDEXPR, LIMR TEWMPEXPR };

/* for <primary> and <expression> */
typedef struct expression {
enum expr kind;
union {
string name; /* for IDEXPR and TEMPEXPR */
int val; /* for LITERALEXPR */
};
} expr_rec;

enum semantic record kind { OPREC, EXPRREC };

typedef struct sam rec { -
enum semantic : :ccord kind record kind;

union {
op_rec . op_racord; /* OPREC */
expr_rec expr_record; /* EXPRREC */
} semantic_record;

Figure 7.5 smntic_roeofd Declaration for Micro

E7-5 Microffysemantic_recordHj

#HiRaE
7-SH 91 ST e WA 2 A B 15 0 B SUTR RIS U BIR MRS B UV IR B BE AR

BiR R Y, SIE LR BN HRE EBEARR. EERERNEINEERS, fim, ¥
MERSRPERIRIAFRE LR, MRARIRFRARE, RFURRTOE XA A& RAE, Wi
Gl — AUEEE. EUFREESTEAAEEAESRAE hRRRGEMIELIZR. B,
M % FASIRE, BAXHEITHNGEER.
ﬁE&EE%%&W%%%ﬂ%?&ﬁ?ﬁ&ﬂﬁ%%xmiﬁﬂ,@ﬂﬁﬁﬁ%ﬁ%ﬁﬁ%~&
%%ﬁlm\ggﬁk@%%&%ﬁ&%ﬂﬁo%ﬁ,#E~ﬁﬁmmﬁ$ﬁ*%ﬁﬁﬁTﬁlﬂﬂﬁ

230
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WEMEBAER, REUA-&HEEL. ZERERE L —HHHOIELCREY, BRNKZH
ERROR. BEATEEAMMMEA, HAHERRORIZFK TS HMiE LHIBRRATHRIAAFERRANE
B. Hitsemantic_recordfy L H#ik, mET-68R.

enum semantic_record kind { OPREC, EXPRREC, ERROR };

typedef struct sem_ rec {
enum semantic_record kind record kind;
union {

op_rec op_record; /* OPREC */
expr_rec expr_record; /* EXPRREC */
/* empty variant */ /* ERROR */

};

} semantic_record;

E7-6 #A Hik%kFEAMicroffjsemantic_recordf¥ Bl

AE (T RS B S8 IR (O35 SCGIRR 46 2817 4 ERRORIZ e A 2 3l 6 B = Ak MO AR B8 ek . M FHEAS
BKEMIEE, SO0BLAEREBERENZAEHTRE, DHREX+RETHERRORIZE. WE
EHME R — AR BURERRORITF, Cik A LAZ W 57 A IE % b2 3 (8 8 43K Bl — /1 ERRORIZF . (AnR{UE
FIKERRORIDF Z MR %, HEBHAIE VREQF MR LIS, BFRXF ] REEERERIE L
IR AR AR 2ef. ) Bt iZLE, ERMB ARG, BEEXFIRINRF ™ RS RIE
iRk, HA—A SRR A BRI EAE L HIR, 8% £ E<statement>g<declaration>% 1 Fil R ,
EMNAEAIELILFE. BEASBNRIETUMGIERS%, L% AL —&KESMHEER
WA, CRENBGE—SMaK, BAA—NEE EHRNEF ERRGRTRESTERN.)

7.2.4 SCIBHERBINIE R

EHRFR R ETROE GCER B, — A EENRBERMAEHAL. HAC R KX
BYEAHRBAEERIE OB, —F R ERRAIE CHERIR AT E RN, FIRXFHG%, HERAR
METR ST ARERERN B EKEE. X0, £XRTERLVG. SRR ENE
(B SRR B ATE SURR o DA RSB IAR AR h 5 /e 42 #1 &9 (action-controlled) 1 SLi%.

18 AR LAC I AR T 2 3% b i L i semantic_record KBIZFMBHA, KEHEHEMILF
HRIEX. BAFRERNEHPHEN TESRIE UEROEMBRFIBRORRFRER. b
AR AT R K B AR B4R B E R A (BRAEKIE S X R ERBRANARND). AT, ARFH
BAEERE, FEONRREE URAN TRER. AR, HRFAALTR/LVEERGMBMK, fiXT
BEAEBOAARNESRERIFEERBRNEBEE. B—FHE, 2RMBERTERESARME&RE
AR KM ERY S . (MBFA TR LI IHLURAR TR, HRLIEREHRE
WRAEHERN, TAREILDSHFRERS, IXLRENAETUMESRE.) ORI EARANGE,
DilAl AR TR RSO H AR TR A wTRERE S & Bt .

B R EH R B :

RUGTE L BB AR MIE VR TS LB B ES RBUERT, TERERIBIRR hIE SR L BiF A
SARFHE. EXFRTIUESH AR AEARSRNFERD, FAEMEEIHRARTRLE. X
Fikie T e h RRETIH TR HARMEHRN . Xtk A REARNKZEBHIFRTF. XML,
LSRR EMA R FENABATLAMYN, REREE, (EELENABRBNE) CHEE
MBS B . fEiX R BEs R, HERHOE URABERE CHHRBIREH. R, BN
LR B8 A TR L BIR .
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E7-78 &Microlf XARALBRNE X, BAGR EmATHR I FHIE K. BEAET-6h4H
ff)semantic_recordRIFEHA M L3k B E7-5MMB . REXSRYHRAFEMRLEMATERIE
MARNER——MBAM—ATHERNFEH. BEETHTRIRNFAZ. push()flpop(). B
TR ELEN, FARMEREHELTR, HEMNETFRRZREH. ZHNFEASH, B
Jypush () Fipop( ) FIKBR R & .

f#define MAXIDLEN 33
typedef char string[MAXIDLEN];

typedef struct operator { /* for operators */
enum op { PLUS, MINUS } operator;
} op_rec;

/* expression types */
enum expr { IDEXPR, LITERALEXPR, TEMPEXPR }:

/* for <primary> and <expression> */
typedef struct expression {
enum expr kind;

union {
string name; /* for IDEXPR and TEMPEXPR */
int val; /* for LITERALEXPR */.

}:

} expr_rzec;
enum semantic_record kind { OPREC, EXPRREC, ERROR };

typedef struct sem_rec {
enum semantic_record kind record kind;
union {
op_rec op_record; /* OPREC */
expr_rec expr_record; /* EXPRREC */
/* empty variant */ /* ERROR */
}i
} semantic_record;

$define STACKLIMIT 100
int top = -1;
-mntic_roco:d sem stack [STACKLIMIT]:

/ R
Following are two macros that are not strictly

necessary since the semantic stack can be freely
manipulated by any routine that has access to this
header. However, they do encapsulate some stack
manipulation details.

/

* % % % % ¥ %

/%

* pushes entry onto the stack; if there is no room
* generates a "stack full"” fatal error.

*/

#define push (entry) { - - -1

/*

* Removes number entries from the stack by

% decrementing top. If stack has less than number
* entries, generates a "stack empty" fatal error.
*/

#define pop (number) { - -}

E7-7 FHEEEHIRTiE Lt

R
S RIMIE S A A B A (DVENMEIM FHEFIRELTR, FHikX KBRS REE,

233
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PEQENERDEARTEESHTIENRERNORD. Kb —REE3EARLBNEE2EPRR
REMEAE R (BEFREIHSE, SHESNHAANIAIEFTHEMEQD). X/ RBTLARM
234 FAHREMOE. MBAEBEUMNIBEL oW RAREZ A, TLMER 547 44 4938 L& (parser-controlled
semantic stack). ZHAET.2.5FffR. EAHESE, ETUAERSBREDINHEFAR, mRENAEZH
Bk B EBARmE d A EEREADRAREAH. xhiEfRhiZnorEiEa.
ARG R ik, FRAKRE7-8aFRNMRIE LR ORREAEN. (H7-80EFMAIEHR.) %
GIR5ET-THRFABRAR, HhiE R EBERBEXRIUE RS, MxedBE bl EL. B
WA IRBIE LHIBRMIE WA 2 A E RGN, (BRFETUHRMERPHEBENGED (RIEXFHEED
CAABEE). HilR—4 %8, 4HAMApop(), EHSBEKRPABREHNAHAAGRREEN
AW R, IR HIES SRR AN HNIE VARERR. R, MRAEESAEAKIADR
FRTHME A, MERE - MRENECRES T2 ESR.

/* Header file to be included by the action routines.
*/

/* semantic_record and related type
* declarations go here.

*/
/%
* Pushes entry ontc the stack; if there is
* no room, generates a "stack full" fatal error
*/
extern void push(const semantic_record entry):
/* / :

* Removes number entries from the stack by

* decrementing top. If stack has less than number
* entries, generates a "stack empty" fatal error.
*/

extern semantic_record pop(void): -

a) #£01

/* In a separate source file. */

#define STACKLIMIT 100
static int top = -1;
static smntic_record sem_stack [STACKLIMIT];

void push(const semantic_record entry)

if (top >= STACKLIMIT-1)
fatal_.rror("l-nm:ic stack overflow");
else
sem_stack [++top] = entry;
}

semantic_record pop (void)

if (top < 0)
fatal_.:ro:("tmntic stack underflow”);
else

return sem stack[top--];

b) k3

E7-8 HRIE AR A K
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7.2.5 STRRIEHIAYIE N

IR BIRIE R SRR ZLToRA: R T EMNORR T2, B8 IREBSHUEA TR
HiE HHE R B URHERAG/ MBI TEFARMARS , XERETHKRE S RNSEAR
BEgXE. EXARMRUHELABRENLIEESANE LHIBRAHBME LHIEFELTIE R, AR
B GIRE M E R IEBARD . oTLUE S 1L B o i S HHE AR X RO A 5 St B XL B
B eh B
LRS- 4 8RS HIHDIE A%

EERRFERADTIRPHEE A, LRYFTENITRLET SHBEIHLEERNENFS—
KRR AT A& H . AHLEER S R EHIE R, NEBEITRK S AHIELCFH
pnZEil, WEHIECFARE A EATHR. ERIEER, EXRPASACROGEFSHULET —
AR, URGEFEILHEAEIE RIS . L7 ER AR N SO S 858 H o Prikht
B B B A . BFHEATERBRE—MEXEE; GRS AUE LA ER RIS
B A ARB EAERE R R IE SRR A

62 b B R 1 Yace sy 47 28 2 R 28 R — MR HLX B 17 IS HIRNIE L2 FARNM BN E LBIT. &
B AR E MRS Yaco U — 8R4y 10301k, AR TP R WA S IOTE SUR T T DA i 6 A 05 7% B
251, $2%K3IM. PARERIELLHNEUEEIRATHHERSSREL. RN - PR
BAREDNE, YaccHBHEBRMSIBISSHIRIE. ’

LU 2RI BIRTIE Xk

LLA B A ETMNASTAR 20NN S, EILA A s R LR b 8% B (A AR FE 1T
AR ML IR A TS AR . BT B FE TS 4 PP B I R B F B ZE A AT Ak L BAT AR A HH AR R 1
(B8 RS AR R AR L, BASHSAXOELELERERS LR ZEA B8P,

TRt —A P R TIE, FOENTS (S50, FASHRHEFD) BEAIHR, -

i L5 7 A R M A B B PR S A K FT I 4 B BUEA B R . T — A PR K2
B, HASIIE DT MAR. 2 80iE R B ER; RIRISEEI =4 2 B R T e AR 7

C ARABH—ARRA. BXE, BEOESGREE Y LSRN AR — A A XA HK R

(F—Adegestry) ER%AHMANSKE. Bk, FreR%& LR ARLESHERIE SR,

B R SRR ETIRNIEURMNES . K2z —, left_index, IBEAFBAUFHENLH
XEFLIEIEFNEAE. Xk, right_indexf§MAME M TRMKA . FEABRMAITRY
iE IR R ATUAZEIE YA B right_index+1; right_ index+2%4biRE. current_indexig 4
U ERBFHTE. &5, top_indexiflifE URMHE—I-AB%R.

BEBEEDTE RN —AEREBEE, BIMER—FFROREE. BIBME, o
KA HRAELED. EREFRHELS. B5EPML1driver () FIBRM TXFRIZ. ROWFREH
%A F 4 X2 F (end of production), EOP, left_index, right_index. current_indexLi
WRﬁMﬂWEﬁ#ﬁENW%E¢o%%W%ﬂﬁu%ﬁ%ﬁﬁmiﬁ%ﬁ,ﬁﬁﬁ?ﬂﬁﬁEmP
& BRI EN. B7-9%8H11driver () W—/MRF, BAH TXEERIE ALY R.

T ok 4y A BRI TR SRR | 18 B AT LA I SR TR AR H IS itk B S St
BT 2HFA —Ki0semantic_recordXABLISh, EH2EFMIELFHARRAVREIHER. BRINT
%*WE%%WE%%%%W%EX&%Bﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁkﬂﬂo%Eﬁﬁ¢%ﬂ,ﬂm%ﬁ
T S 2 &R FR— A 5 Yacerh HRRIBE AEH R SHM—ME RS ARNESR. Hikss#
featEleft_index{r BMIE AR & B, Wis1ig{Eright_indexitfi% A, $248ffright_index+14b
M&HE, Dik.

236

237
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void lldriver (void)
{
int left_index = -1, right_index = -1;
int current_index, top_index;
/*
* Push the Start Symbol onto
* an empty parse stack.
*/
push(s);
/* Initialize the semantic stack. */
current_index = 0;
top_index = 1;
while (! stack empty() ) {
/* Let a be the current input token. */

X = pop();
it (is_nontom.iual (X)
66 TIX][a] =X - ¥; + - * Y,) {

/* Expand nonterminal */
Push EOP (left_index, right_index,
current_: index, top_index) on the parse stack:
Push ¥, - - * ¥Y; on the parse stack;
left_index = current_index;
xight index = top_: index;
top_index += m;
/* m is the number of non-action symbols */
cuxrent_index = right : index;
} else if (:.n terminal (X) && X == a) {
Place token information from scanner
in sem_stack[current_index];
current_index++;
lcann.:(s a); /* Get next token */
} else if (X == EOP) {
Restore left_index, right_index, current : index,
top_index . from the EOP symbol;
/* Move to next symbol in RHS */
/* of previous productioh */
current_index++;
} else if (is action_symbol (X))
Call Semantic Routine corresponding to X;
else
/* Process syntax error */

79 BAIEVEREEM1ldriver()

B HLEE A AR R EIE UE B ERENNE. WS BB EETEXER
HOiE X it Eﬁ}b‘ﬁE%%HZﬁﬁ?ﬁfl‘]ﬁﬁ?ﬁﬁ%ﬂ?i%lﬁﬁ%ﬁﬂ&4?%%%%%1@%*, B
15 iZAER T BAE A BB S RIE LR O2REL. EEEXNBEANARC 2R, BIOBFRE
e B B IE LA B R E £ ERRIE )R F e, B 4 ERAIE SRR BRI 2K -

B 7-10F k2 tiMicrocsk, Hoh A s 1EIRIRA B S8R, TR T o SHa0iE
M. R XEEUbREBNFIARY RBNFHE, LA R AR RS ERRNIE UK BIVILE.

BI7-11 3 B8 B0 7 24 7= A RBLL(1) 5 47 28 BB B SR BT B2 . B AR & B HFRICLAE
(iR FO LB ETHAR ENFH S A B UERRSEF. m7-11aBRTEF IR S<system goal>#iEA
Sy HF AR 2R A BT AR ANIE R RIR S, i X<system goal> — <program> $ #finishfn<program>
— #start begin <statement list> end T Tii#l. E7-11bE 7Estart () B A . beging ILRLIR
<statement lisb#BF ZEHRE. E7-11 B R H<statement>B I AREIEDMRE, mET-11dE
R<ident>Fn:= ﬁVEEaﬂﬁﬂ<expression>EE%Zf5#J&&,§o E7-11d5iE A% E<ident>fI & B ALK
A, CEEY FREEN. XhasHXRIEBFFRFNEER. FoAR B A 4 B 7E B S AT U AL R
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Mo prderp# i, BIE X4 H B EK+ fassion() SEGIREM.

<program> " — #start begin <statement list> end
<statement list> — <statement> <statement tail>
<statement tail> — <statement> <statement tail>
<statement tail> —
<statement> — <ident> := <expression> ; #assign($1,$3)
<statement> . — read ( <id list> ) ;
<statement> — write ( <expr list> ) ;
<id list> — <ident> #read_id($1) <id tail>
<id tail> — , <ident> #read_id($2) <id tail>
<id tail> - A
<expr list> — <expression> #write_expr($1) <expr tail>
<expr tail> — , <expression> #write_expr($2) <expr tail>
<expr tail> - A
<expression> — <primary> #copy($1,$2) <primary tail> #copy($2,$$)
<primary tail> — <add op> <primary> #gen_infix($$,$1,$2,$3)
<primary tail> #copy($3,$$)
<primary tail> - A
<primary> — ( <expression> ) #copy($2,$$)
<primary> — <ident> #copy($1,$$)
<primary> — INTLITERAL #process_literal($$)
<add op> — PLUSOP #process_op($$)
<add op> —» MINUSOP #process_op($$)
<ident> — ID #process_id($$)
<system goal> — <program> $ #finish
B7-10 HEEASHERFSHIMicro ik
#Start
"begin” <€— top_index
<stmt list> "end”
"end" <stmt list>
EOP(1,2,2,4) “begin” <— right_index,
s $ current_index
#Finish <program> <— left_index
EOP(0,0,1,2) <system goal>
L L] 15 Xk

a) RINITiMl<program> — #start begin <statement list> end_2 f5 4%

<€— top_indax
<statement> <stmt tail>
<stmt tail> <statement> | €— right_ index,
EOP(2,4,5.7) "and” current_index
“end" <stmtlist> ]| <— left_index
- EOP(1,2,2,4) "begin”
$ s
#Finish <program>
EOP(0,0,1,2) <system goal>
bk e

b) iR Tifll<statement list> — <statement> <statement tail>2 JE %

7-11
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<ident> <€— top_index
<expression> <expression>
#Assign($1,$3) <ident> <€— right_index,
EOP(5,7.7.9) <stmt tait> curfent_indax
<stmt tait> <statement> <— left_ index
o [ ]
[ ] ®
. °
btk &S
¢) Rl Filll<statement> — <ident> : = <expression> ; #assign($1, $3)2 fatk
<primary> <— top_index
#Copy($1,$2) <primary tail>
<primary tail> <primary> <— right_index,
#Copy($2,$$) » current_index
EOP(7,9,11,13) <expression> | €— left_index
#Assign($1,$3) <ident>
EOP(5,7,7,9) <stmt tail>
<stmt tail> <statement>
[ ] ®
e L]
[ ] L]
srbTak B XA
d) KR FiMi<expression> —»<primary> #copy($1, $2) <primary tail> #copy($2, $$)2 f5 74
E7-11 (%)

BB lookup(). enter(). check_id()#figet_temp(), U RF{EFBRstart () F
finish() BRI 5B 28 L HAE. AE2EFPEIELIERNELABESRAN AEE
NSRS SRR, FENERRLHEH—RI% Y senantic_record A . X
NS EPET- 120k B BIE . (assert () ERITHIEANFBRHEE ERNSE. MR KRB, SiFHH

WA & NEEIRT BEIEBERE.)

g#include <assert.h>
d *id record)

void pr s_id( tic :

{
/* Declare ID & build corresponding semantic record */
check_id (token_buffer) ; ’
id_: roco:d->:ccord kind = EXPRREC;
id r.coxd-xxpz record.kind = IDEXPR;
sttcpy(:.d record->expr_record.name, token ) buffer):
}
void process_literal (semantic_record *id_record)
{
/t
* Convert literal to a numeric representation
* and build semantic record.

E7-12 Bk MicroZhfEHiRE



L E:

153

}

*/
id_record->record kind = EXPRREC;
id_record->expr_record.kind = LITERALEXPR;

sscanf (token buffer, "%d", &id_: rd->expr_ d.val);
void pr _op ( tic_: d *op)
{

* Prod t d iptor. */

op->record kind = OPREC:
if (current_token == PLUSOP)
op->op_record.operator = PLUS:
else
op->op_record.operator = MINUS;
}
void gen_infix(const ic_: d el,
st Li'_ d ”l
const semantic_recoxd e2,
semantic_record *result)

assert (e1.record kind == EXPRREC);
assert (op.record _kind = OPREC) ;
assert (e2.record kind s= EXPRREC) ;

/* Result is an expr_rec with temp variant set. */
result->record_kind = EXPRREC;
result->expr_record.kind = TEMPEXPR;

/*
* Ganerate code for infix operation.
* Get result temp and semantic record for result.
*/
strcpy (result->expr_record.name, get_tesmp());
generate (extract (op), extract(el), aextract(e2),
result->expr_record.name) ;

}

void .assign ( t tic_r d target,
t tic_r d source)

{
assert (target.record kind == EXPRREC);
assert (target .expr_record.kind = IDEXPR) ;
a rt ( . d kind == EXPRREC);

/* Generate code for assignment. */
generate("Store", axtract (source),
target .expr_record.name, "");

}

void read id(const semantic_record in_var)
{
assert (in__var.rocoxd_kind == EXPRREC);
assert (in_var..xp:_:ecord.kind = IDEXPR);

/* Generate code for read. */
generate ("Read”, in_var.expr_record.name,
rInteger®, “%*):
}

void write_expr(const semantic_record out_expr)

{
assert (out_expr. record kind == EXPRREC) ;

generate ("Write”, extract (out_expr),
"Integer”, "");
}
/%
* Copy information from one part of
* the Semantic Stack to another
*/
void copy (semantic_record *source,
semantic_record *dest)

*dest = *gource;

}

E7-12 (&)
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24113
244

X AR L FIBRSHE SR AATBIEMRSHERE, BMORUMERG BRI, SALEESH
HEFBRRLRNEE2EAMicrox kb FisEMENE &, FE LRI AN ERHINIE R, BINE
AERPIAE MR LHIZE, WEXEHEEE AREIE L CRARH M EERHA S - E. Xk,
MBRAVE M CIIE AR, Bl XS E SR W LR 4R ER KB, BB THIMIEBIAMS,
SHREBHOIHA—ZRRET. BB TERSBHILTLUED EH S IR

{ FALLA 47 B 51001 AR — A B B R AR TTREE/IER K. Hilfn, MR- ABFH100%IE
47, 3 BBRAVERET-105 Microt#:, Mk FHitk<statement tail>fig A £, BUAKERERD
2004 % H ., ARHMEERIMNFAFEN, FHELCERTREMXLAZLBRTRLE. MRELY
P75 A AR R BB )R R A R RO, WX AR LAB AR . XA RS R A B IR
Bl EENNEEEERPRREHERFS, KRERXFERXFOIEFSATERASSES K. ERT-10
ik, <statement list>fi<id listR R X MIEREFIIBF. — BXBIRAERBENHR, B
SRR BEATEEINNEAEERNERE R SR ZAEA—RFERS, ARk
S EE R DIEF DB, XA RN hreuseIF A S EFELOENBEHRF, WEE
AR A —RAENIEERRAEEN, Eik, BEMIRA SR RIT FTLAS A 15 LAk
R4y . Bl4n, Microt#:A kR

<statement list> — <statement> <statement tail>
<statement tail> -» <statement> <statement tail>
<statement tail> — A

& 45 Fi<statement tail>m<statement list>HIXBXAVIE 158 . HiE#oH7 & [LAl<statement list>#t,
=Rl <statement list>7= 4 314 S-S B (R B H1E A2 A LR FF<statement tail>. 4Rl
1 YIS S AR ZS ] B R A 2 R E I 3 F<statement tail>f8 1R IF 2 A& . Hitreuseffs
F¥EA T B '

<statement list> —» <statement> #reuse <statement tail>
<statement tail> — <statement> #reuse <statement tail>
<statement tail> — A

11driver () £ 5 ik Ereuse iR b FHMRTDHL:

else if (X == reuse) {
/* Let X be the new top stack symbol. */
if (T[X)[a] ==X > ¥, - * - ¥,) |
/* Expand nonterminal */
Push EOP (left_index, right_index,
current_index, top_index) on the
parse stack; )
Push ¥, - - - Y, on the parse stack;
top_index = right index + m;
/* m is the number of nonaction symbols */
current_index = right_index; ‘
)} else
/* Process syntax error */

}

A

S BEHIRR SLRA S A BRI, BRFTHENSXANIERI NS —RER. XEHS
1E Yacosh MU Sh BRI T XAl A MM B s i . MM FLLO#T %, WMUHAXAHR. M FLL
BRI, SR EHIRIE RIS FAR 2 A% REALRSHEPEAER. BRIHLLOHE
1 RISy 37 BB HIAOAREIEE T B ERBRAT R

L L BRI . S B SRR A RIE LB AT EHE LR AF R E MR EHERE,

ERRUMER SRR, R, HRDIEEHIE LR, S5 BRI RE S NHE LA
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AFBISCEE . SMNOSHE R R E LR R R — AR E A FIR B A E . RIE SURYE 24X
B, MIFTAXHENE SN ATLGE S #4HRENST, BXFTRA bR LMK . S SEHREFE
BT EHb S 15 L BIRRX— K wT AT BT 5 AR DI .

B, GRASWSEHMIEARG TRIOFELMART. M, SANTELAERT (W
<identifier list>) XMFIRIFIRT, TLARASEEHNAUS M RABRIR. R, EoHERENR
FEA AR B MR AR, SEEARIMIFRZRRFREXRIELLETTRXBDEL.

7.3 diERRMARBER

7.31 REPERTHERABER

1615 HE U PIBFI DA R BN, SAREREREMPEZT (BT, ZXadn), &
RESAREARRDG. FREERALERA. FARARFORIERE:

« BAHL B B BN, ERRAIRIHESHEIE, mOpen Block#Call Procedureid #

B LI OB — 84y . X Fh R T B RS R R 5 T RERVIR R S5 HL B AR LI KB BT .

'ﬁﬂ&&mﬁﬁmmwﬁiﬂﬁﬁﬁ%ﬁﬁ&%lﬂﬁ*%M%ﬁm&%,ﬁ%lwﬁa%ﬂm

il FRA MR . X BERHLE M KERE b iU 5 R R IR .

'wwﬂuﬁ¢@i%~ﬁ%&°ﬂﬁﬁﬂﬁﬁﬁﬁk&ﬁkﬁ&t5ﬁﬁﬂ$%%,#ﬁ@i%

G BIREATBREYE. B HRRREEEAHRI—3, RAGRGRTIE L.
B A AR B AR RED IR AL

o ATLLBE G Y R T B I3 0 B AR ARG RO AR T REAV IS - BT BT BLAOFF 8

M T EUMBFRIHEZAFRS LE AN —EBRIFRE.
m%&%ﬁ1§ﬁ&%i¥&ﬁi,m*@%i%ﬁﬁmmmﬁom%ﬁ%®§#$§¥,Mﬁimﬁ
ARG A R R R

R R ik BB A B EERE /L. ﬁﬁﬁﬁﬁ&ﬁk¢ BREGLEEAESR. BIENEERSE
st 5 BERHLEBARERN. 1A, mREBRDNIRHASTHHE, R HBRSIES PR TNREERHEE
BERBERRS, BARMNLEERHFERFA NSRRI,

732 HERTHEA

ERBRGFS L, ATSHERERTERPERR. REANTRES EAT (postfix

notation), EHENEAFARNEIE SRR, EATHESZHRERE LI AR, EmEATHH
R, ERFTHBEAHIAAELFERARRIERZE . &7- BHEERAIRAEARFRINEE T RE
AMENSREERTHOMERER.

Gk Ja%k
a+b ab+
a+b=+cC abc*+
(a+b)*c ab+c+*

a=b*c+b*d | abcxbd*+:=
E7-13 E&ErRfl

Eﬁi%%fﬁ%ﬂﬁETﬂﬁﬁEﬁ&&&%ﬁﬁ%oi&ﬁiﬁﬁ?ﬁ%%%ﬁﬁ%%*ﬁ%
%t#ﬁmo$%L,Eﬁﬁ%&%%ﬁﬁﬂi&%%ﬁA#*%ﬁ%ﬁﬁ,%#ﬁ%mﬁﬁﬂﬁﬂﬁ

246
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Mk RN,

BATEEN T —RIREMBFRA =24 & (three-address code ). X JSIREE ML =M ht B 2% 14060
WA . B, B% %4 BN ERENZ It ER, KRR EARER, —MEASRA
E. XRIRBFEFSHERARNZR, RPBREENR =44 (triple) fiw A (quadruple), Xk
FUEHRSRTHFER IETENLEHERRPRLROBASIA, MERRITPXLEREN
KRR AN, ZTAMNTANK L, PREE=TAP AR ENWTHRSSIMH, mlTd
ERENAHERMAF. FAEAT-BREEFOANGA T, AIERE7- 48R TAMNTHER. (B
we— AT A=A PRorRERNRER.)

a==b*c+b=d

=w@ | mwEs

(1) (x, b, c) M (*,b,c,t1)
(2) (*,b, d) (2) (*, b, d, 12)
3)(+ (1), (2) | B (+,11,12,13)
@(=03)a | @(=18a-)

E7-14 =HbhtFRR— Bl

=SEAA E AR TR A, BB AR B R B R MBS A R L B S 5
XA SRR T HBRGEHRMNE L, E=TAMETHAM FHETROBESR. BIFRNERG
MM R AR . ERFEAMERT, REARTUSAGYLERAMER—ROTE, RRA
it 2 B A6 B 7 M A TR R Z S B,

B7- 14 =AM TA K EH AR ETERFTRRBERHEBEE. EHRERHA
AT TRARTERSD, ARIBERNAT R EANRA, SAGIRXERR. RIEKHTL
FMERTRELIASEER (+R) FENERFES. MRREERENHAERERNZERR,
T T CAGE RS L 40— ook . ZEET-1SHIRGIN, REafid@ LR TR, MofCRENTR. BRE
X —FPascaliffy, LARVFXFIAHHIRAE. ' ‘

a=bxc+bx*d
=4 Wred
(1) (MULTI, Addr(b), Addr(c)) | (1) (MULT|., Addr(b), Addr(c), t1)
(2) (FLOAT, Addr(b), —) (2) (FLOAT, Addr(b), t2, —)
(3) (MULTF, (2), Addr(d)) (3) (MULTF, 12, Addr(d), t3)
(4) (FLOAT, (1) —) (4) (FLOAT, t1,14, —)
(5) (ADDF, (4), (3)) (5) (ADDF, 14, 13, 15)
(6) (:=, (5), Addr(a)} 6) (:=, 15, Addr(a), —)
E7-15 =it FRR—7 G2

KA SHALROINEER WET, B—Am0, faSRA—#, KR ERBAEER LI TR,
T —FEANE S —HETRFRIHESIENNSE. EREBHELT, BREMACERT
RTBREERE, BEREAREABEEMRLEEKEERE LMARHAEHRIHORE. R
LR OB R TXRNRE, WAEESSNIERIRGIRG WAFHEREF, mET-15575.

SRAfmTE, RERET -, BF LREMRERN. BN RFORIESER A LRI
AR, B, ENTARHHHRIESEFE - RERADBREYK. TRER=TATLNTA, X
SUSFRSBABE—/REYK. Rk, HOTAORARE BREE R F iR 5 A w20
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At (tuple) RAMMN. FREHREZTOHEH T, B7-160HHANNTARR.

a=b*xc+b=*d

(1) (MULT!, Addr(b), Addr(c), t1)
(2) (FLOAT, Addr(b), 12)

(3) (MULTF, 12, Addr(d), 13)

() (FLOAT, 11, 14)

(5) (ADDF, 4, 13, 15)

(6) (:=, 15, Addr(a))

E7-16 sTHRFRH

EmAZF-LFRINA, ETForRpSula—RdRRr. HTREOERNARN, &R
FRFOREMIENPHFER. HTEEERLESR, AETHIARLHFE (DAG) RrmREX
BARAREDAE B, CXFEEES ISERIL.) Tk, FEARX RS OLuH 38 RFrH
RiFEMFR.

EABHRIEEREB ARG —E TRELHERAPAZINGKENSRRGE. P, XLIEFR
R WA E KR BIE DR, B ASRIR A6 A RFSH A o AT LA BLE MR B Z A AR A
WRT, E—BLEERF, QAR IERSN, BST-ERAFSK. ETRARMRANRES,
BB RE R AEARE. EAMBRIBMNBRLRLTMS —KBHER. Bk, X—
RETRR T TR e RS R A — R AR (EREN) EE & THEN SHLEHEXMRTA RS
Rk LR AR, :

B, RINTBIMRBERED—FERERT, TURTELSHF. RICMRDAR. FXL,
ERARENES. F£AdMKIE TR YDianalil E MR IEERAF . Diana R OUR FHEEM
@iRRG, CEEARIRFETORRE (BdR) o, UREAMXGTRRNAKED. &
1148 DianafR H MR EHER AT ARMEART, RHELE LRDAGTIAREEMSF. MRIELME
Fragdft—F e,

7.3.3 —ATHIEE

w102~ 132 F LR IIE L FIBRH A R THEN P HER. ERBRMNEATFXEENHTHRIE
ER @7-17*m§‘li§§ﬁﬂg7_ﬁéﬂ@ﬁﬁﬂiﬁ?ﬂfﬂ
RESULT = ARG1 OP ARG2

B LA AR R . X AMEBEEMERIF TR, 0RFRR.

ADD!I ADDF SUBI SUBF MULTI MULTF DIV
DIVF MOD REM EXPI EXPF AND OR
XOR EQ NE GT GE LT LE

E7-17 kpME=Hohl TS HAF

TE E7-18 o 1|t (95 BT 0 T4 A A T 22 SRR O RERE LA B A ) 38 H BSR4 250
Ve S i PR B TR B, 2 R ET- 19 B R AR T, AHRERR, Rt BRER
BRERENTABHEN.

%3
1. 71 EE S EBORE FXAOBE: MRIEERATUUNEERF B ES T — BRI
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£7¥

BT I A shYE T ok . WRIBRM AR FEOWH, ERSHES R EXLHRA

7 .

(a) 4% — /A MLLBLLR 53 7 28 A4 BRI B Ve PR B -4 I B

(b) VLB B B TIR UL 2 £ 35 iHh

UMINUS
NOTA
ASSIGN
FLOAT
ADDRESS
RANGETEST
LABEL

JUMP
JUMPO
JUMP1
CASEJUMP
CASELABEL
CASERANGE

CASEEND
PROCENTRY
PROCEXIT
STARTCALL
REFPARAM

COPYIN

COPYOUT

COPYINOUT

PROCJUMP

ARG2 : = ~ARG1
ARG2 : = not ARG1
ARG3 : = ARG1, k/hZARG2

ARG2 : = FLOAT(ARG1) [ARG1A%¥E K]

ARG2 : = ARG1#yithht

#EARGS3 < ARG1H #FARG3 > ARG2, @ kst

ARG1HT AT —FKta mzE
Bkt BRI AARGIHITA
MEARG1 = ORI Pk FARG2
#RARGT = 1RRFEHARG2
ARG1 R caset B £ix3
ARG1REcaseiE k%
ARG1ZREX R TH
ARG2RIREX HRY LR

TH R, caseiB ML KM
HEALFIBRERARGIH TR
BHATFHERARGIHN TR
ARG1£ 5| BiEzhid K AWeRt 5 &
ARG1 RS
ARG2R 2 %R

"ARG3REFILFHISIA

ARGIR %S
ARG2R 2 ¥R
ARG3EEFNIAFMSIA
ARGIR %S
ARG2# 25 R
ARG3REF)IEFHSI A
ARG1E %S
ARG2E & ¥R
ARG3RFEFhICFKRISI A
ARG1R FRF R (%)
ARG2R i FMI5I A

E7-18 TTASHEITHR IR

(READI, A)

begin
read(A,B); (READI, B)
if A>Bthen (GT, A, B, t1)
C=A+5; (JUMPO, t1, L1)
else (ADDI, A, 5, C)
C=B+5; (JUMP, L2)
end if; (LABEL, L1)
write(2 * (C - 1)); (ADD\, B, 5. C)
end (LABEL, L2)
(SuBi, C, 1, 12)
(MULTI, 2, 12, t3)
(WRITEI, t3)

2. BET12%hHAEFBASAFROR, REFRFABH-ABFZINESE. MEXIES0REE

®7-19 ARG

A i X e A S RAE R E A RTEARIPILIES .

3. 7.23% dhiE S IR B A IHE MR T 508 L AIE LR B —A R 5 1A TR R ERRORIZF I
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FihATEIAR S fE . R — D REBICEZBNEY, ER—-AASHIRCHERGNELHREDNS

¥, A ZHIE HHRBLALE ERRORIE R o

- BB ARZEAEAN—-THERARFEREANE A/ Rk TRE. RERXH#

Mls, BT RICERE YA TIE UKL, XREEDENER, Lkpush()fipop() kL

A& RAIE LIDFRBREHBER. &S —FiE RN, ETLEEEKRTEMNR, A

REATAHRFBDTENBEOE, EEEREETEA. UsTRERRICEFRHLIASHE

HAHERE.

. 7EE7-10 Microfy £ ¥ B S MM P B M— K713 5 MEWPAER. THRBEBMUENSY

LTS ARt

(a) start_if () SHEMBRE R S<expression>KELAYIE LB FEAMA I H1E B HE Sthentix
BB LinFd .

(b) £inish_if () ffMstart_if ()MRHIENBA, FEAREE LR,

HEm—&ASelseBomifiz iR, ki, RINBABRIA-ATFHHEAR, EEMH

start_if () SRHENRA, HIERHBHHLinish if(),

. BH—AMEREEESANEDEFEMNAR, UEENTHATLROESR. (2R7.2.2%.)

7. FUFAET- 105 fF= AR, £ T FMicrofR Fr i 4 1% it B Bx A LLSULR 53 17 28 BT R B9 5 47 2% 2 WO 18

. KRGS TRRFEEEANT 32N PMESER. =Td 4.
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M5 A& (symbol table) R—FhiF{ESA M 5.8 FHRBRAPLE], 2ROVEAXEEN, W[HEBE
N gFRYE. BAXERERREESZXBMNAFHE X (RIEX), FUFSRERBHERADF R
(dictionary ). FFSRREMIFRLAALOARRS . BABNEFRELNEERF PEME—RT
HA—ERFERA, MiZEFHERNTHRAERFXFFOFLHY . BREA-ALFH, ¥
SHRVBBIELHE LA T H WIS SR TR. BI{EZERFORTRANIIH A EREXFHMIEEE,
£2FHE—KHIALT L EFHNACTHETSRPAZLFRIAMNFH. ZE&FOERHIEHL
MAERT S KBRS AERE. TRECERECRELZ BRALAMREST, FSRELIE LN
HARESSY .

8.1 fFSREFNO

MFHER, RIVBRIGEBOAR MY : H—RIBEEHS MR AERIESKAAH DTG
e, R TRABERENTRFR. X—EEEETREREE, EEMAREMOXIZA, RMEL
ERE-AHEENHMREL. BINFSRBOTLLELES-1hIELEFRREL. AR L, X
£ LS B AR — A XFR LR SE 87,

typedef char string[MAXSTRING];
typedef struct symtab {

} *s;nl;o.i._tablo; /* a pointer */
typedef struct id_entry {

} id_;ex;t;'y;

/* Create a new (empty) symbol table. */
extern symbol table create(void):;

/* Ramove all entries in table and destroy it. */
extern void destroy{symbol table table);

/t
* Enter name in table; return a reference to the
* entry corresponding to name and a flag to
* indicate whether the name was already present.
*/
extern void enter(symbol table table,
const string name,
id entry *entry,
boolean *present):

/*
* Search for name in table; return a reference to
* the entry corresponding to name (if there is one)
* and a flag to indicate whether the name was present.
*/
extern void find(const symbol table table,
const string name,

me-1 FekiEn
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id entry *entry,
boolean *present);

/* Associate the attrs record with entry. */
extern void set_attributes (id_entry *entry,
const attributes *attrs);
/* Get the attributes record associated with entry. */
extern void get_attributes(const id entry entry,
attributes *attrs):;

E8-1 (k)

ZHE R T HFERMHENE, EREREHFSRENTKAN. EEHREHELTIR
PEAHEEBER k. WS, ZEBENXHTRIEERENFESR. XBattributesHIE L RHE 10,

8.2 EFZLHMER

R SRMOLIS, BRITERZENEFIRenter () Ffind( VAR R A . R ERAT
AR RMLTRE (WD) URFHIZREOMERE (WFFE). FSRAESHTRIEITR:

- TR

T £ R B AR K. FIBOBIREWUUREA, HEARETELHFRETHAT
AT PR B ST A . Bt T LA A R 4 R M /N R T SR B RRRR IR B . EEHRARAE ST DL

Wb fE I RE KT, RATREARE, BRIEFERPRATEE0MELARIER.

s HFE

MBS PR, IBATER o BREERTER, 0 & BHIENERMEAO0(og().
Rifi, XERBINFXABLAELSEHOME LEA. BF, FE—A AP TEARTRER.
FE, RMNEEXEETLCABNLFTROBR TAZERERFX. BERFFEEETHERRBTRRICH
e,

o “RGFEHR

—REEREE R TR RSN ANRIERBARE, A FE A th o R RIE.
EHTE, 7 mEIARRN XSRS ER 4 FHENEHO0(og(n) . £, Pyt 33
B, RS RN AL, FARF AR EE SRR H A, TXEBERREZ
R TEMERLS A AT, AR RN LR AN TR A T R S RERTIA T, £
BoXEERR Y —F2RINFSESIEA. SXERREES 2.1 FITR.

MEHEK

L RBEERME B RRKES, BARTRARE LTSRN LK. EREYX, HHEI
{05 7 R BORE M b RET, BRFHESPRA, ERTIETEF KEE (constant time )
WSEH. "ARBAES 22 hisdmitik.

8.21 —_XBEW

AT A S SR SR B R B M — N RRIEBE, FX BREMR. RAFX
R R = AR RO S R I AR R TR AT R AR R KRR TR, LA
H i RO (log(n)). ANETATE , FBEALR AKIERIBE IR R Sk e T B B0 0 IE L S 2R i
REEHFHRER A L—RTEROHESI8% (Knuth 1973). BRMmik, Bt UL T RO RESD
RO(n), ATXFEEMRATATERREE. i, UFHFEMAFA B, C, D, E)8 kb b
BAMEN B, REBELBEIMNLT RS EXUNLER (Fim, A E B,D,C).
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XA PRV AT LA i B8 R BRIFREE L P B RO A R ZA T8 2UARY (Knuth 1973, p. 451). UE#3HEA
MBREMAK, HENESARERT KL, AFEREOELBEREURNE FOARNE BT
RO RBEERATROBEA . 20T REE A RIS A %S TN E R RN AL

X RE B 2D TR AR FI4E R 52 B BT 05 B B A R R FR2EO(log(n)) .
' FA-XHERAF SN - HBRBAE T ENZAIY CHIFfEE Rt EEMMPER
BALEL. MEbWE, EREEFEMTZLAF, MERBAEEENZEFH (BHREFNEMH).
83W M M EAE AR ERA LTS RMER TR SRERTERRFAL . WEDX
FRR B AR EE Rl A B B B ALY .

822 MHER

mAEY

AR OO BRI - R AN ATEATHE - THREMAT SR ATH AR RS
—A B E k. HelestBie# & % (hash function) R7ERK.

W, RAMREEH REA I TRE:

s hin) Atk s Fn.

o hal R B .

s 539§ ANM PRI 4 TS A A bl . BRI, FTANM A b EMERI9%, BM

U AFARREAEHBNSFiphbd .

HEA R RAMBLTEEFOFT, BrFSETIER. LN FERNEFHFTRA—F,
kB % AR ARREE, KBERMIFROEMRRERERGSEINL. ARG ER dEmE
SRR, REmERAERFASAEE. B8, mRNET2, R sREErEH A LM, Bk,
B 2458 G B R/ _

HEIA RER BN R R B T ALE, RBQIFEIC SRR, X AKE AR A BB A
(m+%+m+mnmdmﬁm*q*m*mnmdm,K¢%%g~@%ﬁ&$ﬁ%ﬁ%okwmﬁ%
B HELA SR 4 A B b M LA BE . UW-Pascal RIF B A — AN EH BIA R BEC h(C1,C - 1Cn)
=(mm0nmdm,WR&%%~¢%%E~¢$H°E%%%&%iﬁﬂ%*ﬁﬁ?ﬁ%@&%ﬁﬁ
FAF ARG BFILE B, {044k AR08 7 R BB AR LR A6
kg

B AR MBI SRR ATHERE TRt £, LA K (collision) fEF#E%. B,
450, Fn, (N = n2), Bh(n,) = h(ny). MXEEF R R EM, BATTRALT BRAHRCELR:

o SRVERBD .

A Bh(n)# i, BBk (h(n)+1) mod m, (h(n)+2) mod m, %%, MARFTHENR
E, BENELBERT. ZHENTEREETEERMNESBRERKOBRE.

- e AWIEPA %L (Add-the-Hash Rehash).

m%mmmﬁm,%Z%ﬁﬂmmnﬂwdm,@Wm»"wdm,%%oﬁﬁ%¥%mﬁ&mﬁﬁ
5, BMBESRFANSRCE, NmSHRFEY.

o kM A (Quadratic Rehash).

fBh(n)HEE AL BB4 2R (h(n)+1**2) mod m, (h(n)+2**2) mod m, %%.

o SRR IR .

&?ﬁ$$&%ﬁ%¢ﬁm,m&.%*#ﬁ%%ﬁﬁﬂﬁ%%ﬁ%&i%ﬁ%ﬁio%%ﬁﬁ%
A iZEsEmEL. B, RITTLA mES-2FRIMAERALFEX.
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MER AFHIsERAKHE
F8-2 HABRMREMBXAIEHR

SR MRBR G LA S RIBAT. Bk, ERL TRARAFNZATFY, BTFENEF
A HEEIZE I . Hk, RS KR I R ARY 5 AL A A A R 4k B BRI S BOR A PR R,
XEMEATAFRROSERDESEM. Kb b, BE-NHOOEHEE, MRBNA AT
sk kNhmiE, MLABER—AFHFEY (SURZ) FEELT + n/2m, Fm—A & ik E
WIEHF2 + n/m. G HGRRRA/NESOE 100210, AL TRARBRF ZIMIKMHARIFH
., XM B A AR R, BMEATHRERABHENAD, BROVFLAREA /M
A B RS RRE. REDTLLRTHERKBEHLH -G ERT AR EERNEA KL —PEE
(F) Hie. BE. BRMREBR G EERITRESMERAN AT, TGOS HERATGT. BF
Ak etk 5, R BESR I o ZE R 05 25 B A B R R MR A RASTE K.

8.2.3 HRZTEMA

hTERINE SR BN S OKEERRA, il SBCRNEREEMLHIE. ok, mREH
BRAAAS AL FRAKXEREKBAFARNERLT, BLABRINERB ALK KRB BHZ
MR K TEGOE. NRAFAFTRESIINRIONTH, BaBREAENZR, BHTE 4
FARXTEE .

WX AR — R R SR EARH $ 2@ (string space) MIFFBARTHAAN AT, £
XA A, BAMEERZSABERENKENESIURRIELAFAGHERTHSRABR. X,
BEAME R ERAIR S, BAAFHTRERERZAMMLE, i+1, -, i+k-1, mE-3FR.

[ [T )

| <—index—> | <Hength—> |
a) 227 (] B R R

sitir]ijnfols C X |

sting
space
example m

b) & FHR TR
F8-3 —K 5|
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ERRENBNBERZ AP HA—K. ERNENEZH, ROMERHECRREHAELEN
A LAAATFRETRERTCA LS. BEFBNIUEXMIBLE S A HE S KK H TR
HIET. fnRAEPEARRELRERBIZS, BAAHECHFENBEZRNRLZRUE L.

BRIENRAEXBAERZTAE, BNAKZFLEFRMISZAE, E¥EAFSROABTARE
IR R AR BZAN. IMRARSEECRAGREWNESETOLE, K- &FTES
MERBFER (REX). LRHERSTURRESRPASRPURFFNBZEER, BifiXgs
MASROIAEE. mRERLRM. BEoFME Lo FRKET, BoEFENRE & RINET
B, BVATHI%AT ‘5" TREATBEIRRAEHHEN L. MREAFIEEEMBBZEE,
WL CR AR ERRFTERMSY; BN EHEMER, K& AN THRFREM. XFMERRE S,
RE %A 7E 2T TREBEN T, B AR I S GRS 4 U E 14 8 23 IR0 VR AT 3 b 8 2 B ARAR %
£ FHE R

AR 2 1) W SC LD E A/ N, BB A ERK B R R E . mRERB AN, W
EREEATHAABERSAER. MR ROE, NESRRAA, fMiXx—AERRIERR SR
R BB RN . T, RAZRNHESRBA KA —FHERMIRRTE. BATTHEEZAE
HRANS003K 1000/ FRF Iz il B I I B S MBS I B ER R RS #olh, MRENBASPFHK,
FINMERR (i divs) hgfE (i mod s). (SRES-4MEH.) —iih, BAELTBIAR
A hFi B oy Bz A

m length selector = index div slength
offset = index mod slength
slength ZEBHIKE

T

selector

l 4 JHITELTEE )

| < offset —> | <—length—> |

B84 5 EBREJEREIH

BB AR T RS S A/ — Rk, XHBREGAEBTENAE; Fim, EEH
SOA LIS, B IEEHER A 1000 FH0B, St HRESOKF AW Rz . RA1EE A LAl i
B O(BRiet, B8, KHBF) =IoElBd il it BEUGE Gk Rl B =St RMERE L
(%3], KE) HEFELR—, FERREDRHRZAERIT O T = AEM RO ERE L. &KC

E%W#EW?%%&%E%HH&%(%ﬁ,&E)%ﬁ%,ﬁﬁﬁ*¢ﬁﬁ%ﬁ@§?ﬁm$%m,‘

mMBHAHRHRNL LT HRARREHOE. YR, —HEAAKADERORREEHSRILFH
&
8.3 REMFESR

K B MR IR EF I AAlgol 603| AHIBES RLIFH & F4F MK (name scope) A&k E. AFE
RE SR L REm TR . ARENNELARSBFATHAEORFXA. HAlgol 60U
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BHHAZBIEE D, XEBFRTITUMLERPEY, IRESLFHEARBLUBRE. LFLF
ERRBRENESEH MR AREHET (block-structured language ).
EE—TRETHE—-AIRENELLFERROBRFATHES. XX PHREAE (innermost) B
TeRE ML A& E Ve FSRAR b % AT 4% A% (current scope). HI 4 BTHEFSAER S 2 E BB FBITHE LW
Ve R b 7 2% X4 A%, (open scope). A E %IE AT F B ITHT E LA F 1R AR AH
il X4k A 3% (closed scope). MEEXEY, %AT. FaXRH M XEARARRERRMOERRYE;
EATYRAI TR b AR I A E .
HRNT LR (visibility rule) A4S T EA LR HBM & FHINEE:
« ERFIE SR — A, REERESAERRURELS EOF B R ERR AT .
B EAMBFERE—AFRANE RSP EY, I04B 450 IR A &K BR DR
%ZATF.
o« RETE XM BT VE IR HRI A A,
KM — RS R, M—AERRE AN, RPAERRRASTHEG. fim, BEH
8-SR F R B .

declare
H,A.L : Integer;
begin

declare
X,Y : Real;
begin
ehd;
declare
A,C,M : Character;
begin

. Current position in program <

e;wd;

end;

E8-5 HE/ERBUORG

fES-ShFHERMEE L, FWHA CHEFR). C. H. LAIMTR., WXFYARTR, HAEN
FE o e AR R -

5FBRFXBENESHATRBTRTFRFE. Afi, TRTFH S AFHELERLSZTRFFRY
RS . (RAHFRFNATRETENREE, BAETRFHATHER! )

HREFE R ETUSHREHASR: X EMEARE ISR SEH TR 2R
Ho%R.
HERB ISR

B A EARSIREBOF SR, ] 4 0 R B S e e R IR R T AR R R B R B AR AIRE X
k. A&V R a5 0 05 AT FF AR A, B, BREASEHERNGEFR. X
BE, ASHY— /TR R AR M (scope stack), #k LA S BB — TP HRAAFIEHE. B EME
RS TR, CHREASERBMETREN, %%, HITHA—THOERRN, Gl — BT
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SRIEALS; EXA-ERSN, BRURTINF SR, bE AR N 0ERRE - BRES
FATCABE RS, (BT 250 4R 9% T IR VR R UM i SRR FF S ST O R P i B BR 77 T ORLAE/ERE S
MHENBRAREREF. TR, M TES-SHORFREG, BATTLUEBmEB-6FRNFSRAD.

— H. AL

3 A.C.M |

1 IR L% ok o
Es-6 HEMARBMFSRLHR

hERLT, RITEEERTIFEHPEE, AEEAKRAER, ¥%, HRIBHHEH LT
BB BARBAER A 1. RS- TR FIR TR A B LR R SR D A REF AR R,
sts_push()fists_pop() REFRMNHR. sts_pop()BEMETHBMMITFSFK, XHERN TR
PREESHAAT AR ERREDEHRINHEH. sts_current_scope ()2 HRH BN R 1EH
By | FLME S fiftenter () #EiA MR W[ B, sts_£find() M find () B YEA AR T Fname,

extern void sts_push(const symbol_table table):
extern symbol table sts_pop (void):
extern symbol table sts_current_scope(void):

/*
* Search stack of tables for name; return a
* reference to the entry corresponding to name
* (if there is one) and a flag to indicate
* whether the name was present.
*/
extern void sts_find(const string name,
id_entry *entry,
boolean *present);

E8-7 AR

R RS B —A R E 2R, BRI AFZHRNTRBELESNARANT SR
R, BN, —A2RELNATERRREFFIANTSER. MEBRRORALESIARTH
BAGEER, MESRAEARTOE B, BN EERE-HENE. XHEBRORITERF
Tis, EERR TR AT S RS R AR R ERE .

1% A 7 BRI B B — A EE R T A B4 ER RS RA RS BRNFHREK/A. W
BEkEAK, NEHNSRERRNLES T o RLFHELTERARNEARR. mRFKRD, W
R B SN B M RURIRE D & 4 £ £ 2 X0 TE i b BRI, EESRARA KRS, EAR
Ve B — N R R TTRER (REQENESR), BABBEEETATRHAKROEYN. =
B, ERATXBRMOLHR RFEXHEE, FASRTUREEEENTH.

B—fFER :

R RN, FIARERRRTNAATYHAE KR, BIEFHEARBERT
_AMME—H9# MRS (scope number). AFTLUEXKFSRPHALK, AEEREANHATTR
%ﬁﬁﬁ%%ﬂoE&&E%T%Q&$¢%&Wﬁﬁﬁ%%ﬁ$¢%ﬁﬁm~ﬁﬂﬁméﬁﬁ%§%
f3; E8-8bE N T MR X REH .
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- a3 F— w) —{ a0 ]
—{ _c3) F—{_Ho) |

— M@3) |

LEEES £ TR AR BERERES)
a) PR RLH

Cea] [va ]
b) “XHEH
E8-8 HEM AR FHEI

{# FES-8arp M A R L, FNATHBRMBENER. KNATRERES, EAEHH
8 AAATFHERERAAFRESRE . EERAREXMAN, FA XA EEXANERBRAHEREEM
BREM&BBENE— SRR, ke, EEABIATEREEE - MEARSAERMNEABZE
HRE4H.

HES-SObAI B, HMBA - XRERMEMERABKSEA BRI E. BEhH X L
NBEEEHE AR, BT RES —RICE G LRSS £ 505 mE AT R Bl B e — Ik
ik RME&E. XL, H/ERBRHELHN, i'ﬂ%ﬁ’:ﬁ:ﬁﬁﬁﬂi#m%%@%uE?&%lﬂﬁ’ﬂ’ﬁﬁﬁiﬁ
A HIEE RS & S F .

MBEELISE—MLRTEER, RANTUUETIEHKR symbol_tablesk B4 1F RS o H# 1 FR 8K
AAHBFEENENS, MERLPABEETKIZEN. BT, create() RiFARF RHER —4
ERRE, destroy() MMERIRCEBMERBRSHFALE. - EMBERWRALIndOMER, B
A& S cable Y WMk .

Ve, BATTLARINMG “B27 *ﬁﬂwmlwqwnﬂwhﬂewqwnﬁﬁ Ko —A
MEEBLL— A ERASKANSLEERRES. XE—FHEORAR, RIMUTSREATLMR
RS — L S MERRA SN S RIER.

ERS RN DG SRNGEELHEE LHLENMEAB— KRN EERTXRA, HATER
FHLE —kk, BB TERENEEEE. i, EEREARAAZR, BABA—K
FLTIREAMERBR—A. REmk, WHEdHEA K BHRMERSES BB R EHE
BT EWER.

%m~XW%ﬂ%é%H%%ﬁﬁ#$wﬂAoEﬁ&ﬁ%#ﬁﬁ*ﬁi&+%%ﬁi&mwﬂo
TEF5k AN B 1 BRI & B i S5 178 5 550 B R R BIRR . X A—MERBKRhRast, B
WEEAFERMIUTHRENROAE. o, hWRASAHERIMEFHEERRSHROBSZE.
BEZ, RINAEEFER - XBEREEAL-HNERFSE.

ERMMGIESS (EHEEREBER2A), EATXHE—FSRN—HER. ERERD,
BT i B L TE BN BRI 0, EARB AR ENT S ROEL. £ RSP
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WA EX (FE&F) HHE, B&EANBHIE L THAAMTE. SEMERREHERE - “Fk
br” ARid, XBEXA—MREEARE, SRRATLUERBI IR E.

TEWAE PR A S FERER 0B THERBE RN ZER (B RBRER ZXRER),
CERARBERPEAEH. AMA—HHRE T TR, KEEABRPHARARZANLTHRME
A, DR AT ASE R 2 AL 5 2 76 04 P S 36 PRI B0 W 1 PR 3s 5 IR BB 2] . (R R S REKIAAEA
BRI RLR—AN2RHE, WATEMAREEA.)

$-PERFEEERE AN & —RmiER, E8EFAXTERRNEBERFSREEB
fE R R R e . U, ZRRREBEX BTRUN SR, MARENLERLELES
ERIZFSR. MBELERRXANTHEELR, BLR—-2RFSRHLAREGIENTRALBED
BRIET. Bk, £amF%E%0E - ERBHRABMNFFSER.

8.4 REMFSRIY R

HAlgol 605| A FRITH 2 HHR ML AT EABRANBR T ASEARBFRIHETNES
YERIEN . AT, SREEUARFH R R T Spm e RRMN, Xy RMHFSRORTH
R EORM. '

AR, BOTEXEESH AT, BEERFRANMAE RS 2T
£ B {6 ASEE ST SRR . RIS BB R A AR A5 R & FHE T
giig i) 2008

ol & Ve Ry B oy A Hh— 3 RBUEANBIAFRAF R AW N, 5%
M AN . RN EBRIXF LY RIOESHENCEEAR . FRER &3 T RERMNEH 54
| B E LT R A8 %S RN B AR OB E L. AT, HEFANATHETXA
. i, ERBRMLATEEN S ENHRIERARR (qualified) BHATR. EEEOR, AREF
BHHESEE LG BRI SHE B AT WA, XA S X AT LARISy -8 A8 (import rule)
1% & AA] (export rule). Bf5, {RPascalifiZ hRwithiBAAiEF1Adail &b Huse 7L Lhn R #
R R AN

WFALHG R, BTREULTFR &N —FR KR, —HEREHIMLEEHAERNE
SRR TGRSR R B AR R AN SRER . X ENKILE R AR R
At EE. Rifi, CHABERDENTATE, RLRELAE K REEHOEE.

2 Fiy SR B 4 4 B 0 DU A S S AT SR BBV SR RER AR RT
BEMALERTR. M EESETRAENER, REHTREDSHEZAFH. GrahamF
(1979) #AHA KX & B RFHLETHE.

8.4.1 HEH

Eﬂfmwmm®%%¢,ﬁ&ﬂ%&ﬁ%ﬁ%%ﬂ%*ﬁﬁﬁ~%ﬂeE%Eﬂ&@ﬁﬂiﬁ%
T R b T L, AR TE AT A WA 26 A R 1 R R RO S IR R AR A R e R R AR B A F AR
F, Hl14AEHR IR LA T Pascal B F7n il A7 A:

AR : record
A : Integer;
X : record
A : Real;
C : Boolean;
end;
end;
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170 PR

R TRAMAMNRBMNBEN, FAENERF AT LBROEARMIZRTIRAES, ik
WL TR R TEMmEL¥MR TRFNAIRE (5SBEERER—FARVRALAE—-NIEE
E). BABAURIBENAERAEN AT, IES—NEFAHRAFTORBLEREXRR. flm, CE
SMBAME CRERX 1, BOARF RRME R ALE, B

struct recl { int rl_contents; struct recl *zl_nixt; }:
struct rec2 { char *r2 contents; struct rec2 *r2 next; };

%WJ*Wﬁﬁ?ﬁrl_ﬂrzf%fﬂ*%%ﬁ—ﬂﬁﬁ&, HE AR A LA MR & contents filnext . X
BIERLBARX S, — MRS RATERR, 53— NHSRUATINAT. :

fEPascaliIAdaiE H B, HAMRATFHNE N ILREREARASSH X, BAMERRANSIRL
R abieE—man, RASR.X.A. ZEPL/IMICOBOLIEE R, (34) 51N aERs 7T LAMER.
ExFHAESSH, Fn, RC (FRRX.C) RAKMSIA, (HXERE MMBA R RN = X HEH
e U B,

B B PR, BRI R ABNMICREYE KT SR, BAHSRAHAEEM
Bk TR VE DR KRN EYE. Pascal P-RIFZRAEX LM, HPENMIRAYHALETRLANT
k. MARIEBOEGRAIENSIAN, TEEREYREFEANEIRIEERFBRERE BNTS
2| H. RETCUIBNFSHMARSEOREHE Eind () B, X T B A5 RO BERRE
FiRAR LI, AMmERARARLH, EHZAERELRERN. XFHE-REESTZXH
KH, BAFRRPRNBEREEARERE.

B R0 R R A TR AR IR IR B TR AR AR K 2 F R RERSRP . B
BREFRBESR AN —Mie %% (record number). HiBF ST H—/MiHEEEm4E, RBICKTREM
AW eX&HMI. BioRE5MENRELMEE, BLNEHRRNBRATUESNMEXPEM,
BB TIEFREIBRBNIER. FERBENLFTAIE - AHRWILRT . HRERRADR
WS, RIEEFUGT—8, SEEFERPRARFFIECRTHIERER. HTHRY, KM
FEHk, RE, BFEEHSRPERBILFRAICT S HKMWANE S, L BY TRR X AIEL
AEARTREEE ZK. YREREFEXRPERNALELR, WATIER AN, EERANILF
SAHTHAMARBRANLA.

Tl AR R R R, SABSFEREN, fenter () Mfind() FHBMEHRPH
idES S

extern void enter(symbol table table,
const string name,
const int record num,
id_entry *entry,
boolean *present);

extern void find(const symbol table table,
const string name,
const int record num,
id entry *entry,
boolean *present):

8.42 JBiiMm

S fo B RS e R T AT R B2 & AR AME R Z M T L . KRR SE R AT
AT SR M IR LA, REE R T £ ERRN A FERMERARZIATR; 5
ST I IR R BN AR, )5 iR A B MR E B LR P BT A AT R . W AR
BFE SR LR R R, B MAdafl) “ &7 (package). Modula-2ff) “##
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%" (module) FIC++H) “&7 (class). MARREHEHEREL T —FEBEWE L TERIBELH
ESATERERE B Fliin, BB TFRModula-213k, BE XL THBEH—I%:

MODULE IntegerStack;
EXPORT Push, Pop;
CONST StackMax = 100;
VAR Stack : ARRAY [1..StackMax] OF Integer;
Top : 1..StackMax;

PROCEDURE Push(}:Integer);

BEGIN --- END;
PROCEDURE Pop : integer;
BEGIN - - - END;
BEGIN
Top =1
END integerStack;

fE#idkIntegerStacksh, i3 BPush#nPopal ., i A4 RE T ikl & LB Mk, ¥
Sk, XARA BN BRI ] S HENIEY B R B GRIRLEE, TR R R IT AR
7 M ARE B A 1 — RS A AR Dy A

SHIEFLE SN, RIS FER S RS RERFT SR AT, RIFRENEES B
SR oh I — . (1T LR IR S i 2 HE e R FLE AR BT BE S BRI, B
TR AR S AR E . fEModula-2B i, S-S SR AEFE RO — R/ RIS, Bk,
165 VE R A TR A S ). A A SR RRRE AT R SR, RIEERGE
MARER SN, AR MY S S A O B0 R SRR A R BE B TR S B MR RIS 5
RIRTHE . MR RS SIS — R XEE, "R RRI S R A S HTS .

WA BT REE, MO EREOFBNREF YRR, SHAEHIRenter () MBERTHFMH
SR Mexported, ZBBB—AF/RIE, FARIRIZEREMESG S RN LT name &7 6 H X AIfE
FIRE S BV IR AT . RfiVE R R e AR LM, Kk HFSRAR. MRFSRE
M43 $Eopen_scope () fllclose_scope () #&1E, AB4BHATH A EALIRIEFR, HL AT & B R B BB R R
H&H, MEEBXAERED. MEERBRETALROASRALERBREEF SRR ZIMCE
i3, BRARATBA S TS R DR MEHRAE:

extern void export (const symbol table from,
symbol_ table to);

export ( ) A {E fromfiigRsymbol _tabledh @I FHHEMSHEHE HB B ERoFRNFSRD.

AdaiESH ‘B BRERMANBREXE. BNEXSIFES, BEARRERS
(specification part), EEX ThESHNAT; KR e L4k (package body), KRBT HAEH
5 W ZEHITE SR 5y FE WA BBk . BTHIModula- 20 AdaiE H A LA T

package IntegerStack is
procedure Push(l:integer);
function Pop return integer;
end IntegerStack;

package body IntegerStack is
StackMax : constant Integer := 100;
Stack : array (1..StackMax) of integer;
Top : Integer range 1..StackMax;

procedure Push(i:Integer) is
begin - - - end;

function Pop return integer is
begin - - - end;
begin
Top:=1;

op
end IntegerStack;
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172 Prr

EREHEMEANFHIER ERAEEIAEREQIIETR. Hik, PushfiPophAdafi
FriiintegerStack R i, fFEAdaiEE+, FHIMR AR AZSIMIABKMBEFRIT. HRM, BN
UASE it 7E S ATTE A LB FF AR ROBRE (Bilfn, IntegerStack.Push) kijfil, sifkBiuseFHRAE
ik #EAT TR ‘

mEE AR BERR KX, RITBERFEHFIANTRERREZRFLNTSRE
FHEBRFRLKTREN. M TEREREORTFR, B8 - TEFALGXKRNONE. mRERN
RPAFRNG L, BIBESLLH B RN MEROEFRLILRIE. ZRiE S H RN EER
F. YOCEEFOLORTER, ERREHEIEEREEZRCHE &, IEENFTL. SRERFEE
thit, EMNWBIRICHNTEHELALCEEEE. EaRMNBMERITIRN, &#EMTRFuse T4
F iR A R RIS TR R U R AR FRNEY.

Modula-2 8 & th fo VP R 5 il 53 SRS R BB Sy, 4 T BB 7

DEFINITION MODULE IntegerStack;
EXPORT QUALIFIED Push, Pop;
PROCEDURE Push(i:integer);
PROCEDURE Pop : Integer;

END integerStack.

IMPLEMENTATION MODULE IntegerStack;
CONST StackMax = 100;
VAR Stack : ARRAY [1..StackMax] OF Integer;

Top : 1..StackMax;

PROCEDURE Push(i:Integer);

BEGIN --- END;
PROCEDURE Pop : Integer;
BEGIN - -- END;
BEGIN

Top =1
END IntegerStack.

BANEZS, 7EModula-2% YA ) S FIZAHE T X FQUALIFIED. 24885 8oy BH #E 5y I

 RRUEN; BUERTEN. TRENSHLAMES L NERKTR . ERFIE, BALAER

lm%a&mkmﬁmmwwﬁmew%mm%mmﬁﬁgoAmﬁgmﬁm%mﬁmﬁﬂuﬁﬁﬁm"
Bt £l Fuse TR B A . TRATRT LA AT 157 IF K WO K SR IR RO B AR AL B Z RUE
mRHAF. ’

B YmiE

2 B R B P VR B SRR IR IR B TC AR AT LA K S0 B S S R I B Ay A 1R F
wE AR SR EEIEN, REREELSHAENNERREE A (library) . GXER
B, BRI AR R R TS BB, REEETNEETEREREREM
o7 R P A B S BB B R LA B 7 423 R MR B T S A 7 I A B i B T BB S X A B SR VR R TR W o
mrEsk, XA, EMEMARMAE, R ELESETEENRENBSRER N TE.

BEABR—%ENFERASAFREEA TRALS SRR IFHENIES, WAdafiModula-2. fF
BETLLA SRR T ERMT2ESR (M, E3X) RNFBRRER. MFXHNETTERE
ﬁ%iﬁﬁﬁmm,%E*%Eﬂﬁ%i%ﬁﬁ?%ﬁ%ﬁ,E?@@%%ﬁ%ﬁ&ﬁ%ﬂwmm,ﬁ
FREIEMA AT - RERE—H.

GO RG2S CANE BENIES, SEMBING RETEARGE. EXGRTHERE
ﬁ%%ﬁﬁﬂuﬁﬁ&mﬁ%mﬁﬁﬁﬁé(w,C%%#mwmdmh)uﬁﬁéﬁﬁm@$ﬁ§¢%
%ﬁﬁo%@ﬁgﬁﬁﬁﬁﬁ%ﬁ%ﬁ%i&ﬁ,@ﬁ@ﬁw%A~¢%%EEﬂmﬁ%iﬁﬁouﬁ,
VB T i (R VI AL 5 SR O P ] 5 5 B 5 AR RAEE U IR R RO PR AR IE AL
PREABRT

AdafModula-2i% 2 ¥R 4t FI R A B ok i SO RV TE B, T 20 RUAO SEBR SR BL A1 B B K
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BR. X, BMNTRSH - HREY, BEROREERENE—MHILZT, Wils)FPRLF
PIEAA . REVTLLE S FriR R0 Rk R R X R R Bl . XERAR IS RIBR A £ K4 &
# (abstract data type). AdaFiModula-2iEE 2L EE HIVIE S ¥4 v £ N B 8-9aF1 B 8-9bI /R B .
Modula-2 AL VFiRE BB, Hit, KIFSHAIRBUMHETNR. EALEFE, BFaf
Jiffs A R4 (private part) AR E LRETVLENHEF REXHEEREHIOMER, W
X B RPN RS AT L.

X R A BIOR, EAMEEY A Ttype Stack is private, fifEModula-218 % i M AR
RTYPE Stack. StackfrAdath#AFAAR, MWAEModula-2dhFRIERFHIMIRR . FEXHABR T,
B RA & EStack, AR CHRSBRMEMATH. mk—k, £k EEARYRAdaSEA
itEkifs. ERMESH, AEEERALGRERE, ARERDKERBEEMTRABGX LR K
A Asb, XS BRI SIEERIX R, XMIE SRS RE WA TN 2 H
f15 BRI K. TXERRAREEMH 2 FOBRARLHE.

package IntegerStack is
type Stack is private;
procedure Initialize (S : in out Stack);
procedure Push(L:integer; S : in out Stack);
procedure Pop(i: out integer; S : in out Stack);
private
StackMax : constant Integer = 100;
type Stack is record
Stack : array (1..StackMax) of integer;
Top : Integer range 1..StackMax;
end record;
end IntegerStack;

package body IntegerStack is

procedure initialize (S : in out Stack) is
in --- end; )
procedure Push(l:Integer; S : in out Stack) is
begin --- end;
procedure Pop(l: out Integer; S : in out Stack) is
begin - - - end;

end IntegerStack;
a) fEAdaiEF+h

DEFINITION MODULE IntegerStack;
EXPORT QUALIFIED Stack, Initialize, Push, Pop;
TYPE Stack;
PROCEDURE Initialize (VAR S:Stack);
PROCEDURE Push{l:Integer; VAR S:Stack),
PROCEDURE Pop(VAR S:Stack):integer;

END IntegerStack.

IMPLEMENTATION MODULE IntegerStack;
TYPE
StackEntry = RECORD
Value : Integer;
Next : Stack

END;
Stack = POINTER TO StackEntry;
PROCEDURE Inéhgllize {VAR S:Stack);
B

N --- END;
PROCEDURE Push(l:Integer; VAR S:Stack);
E

BEGIN - -- END;
PROCEDURE Pop(VAR S:Stack):integer;
BEGIN - -- END;

END IntegerStack.
b) {EModula-2iE &

E8-9 Integer Stack{eh—FrihiS Bl
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8.43 FBAMN

ERHERASAMNMIES B, EARTSANDFAYRESF AVFR . (RIEF AR 0 A0 H
REA S AR S AE; RADERETEX — A LR 4504 2231 A BRI F R 5 H HR e ke LB
EMERE.) SARERRE Ko B AR eI E LI . EAlgol 60FfiPascalifE &,
B A e RS 2 S A RIPE F 8 '

FEIESARERSE, MELLLBERBLTHOHRIERLHE BN FAEH. Modula-27h ]
RS ARERR. RA PSRN BIE CRIRT RS H A T ABLLTRESFATIR G I .
CATHFRAF $& /) 45 (pervasive).

FEREEZE, EREMRESANTHELOREME, MAEYHRREKECESAEREHR
e, MRUHAEESARERREAZESA, BESANSEASHERENERASPHAESH
AL, R, —ATREARIBTRESA, ChRREN RERET AN EERE.

C++iBHA A NBEILBMEFISA, SRET AR AN RAEMR: private. protected
fipublic. {Eff AERRTLAVF)2MpublicR R, X BB AFERNO KL HHLWHR. FRATLLE
R ¥ fypublicHiprotecteds . XA FWLFTLAHRIAA ZMEKA. BAfriendii, ERL—
AR RO RBAR AT AR R A & B, BlfERprivateIE A .

Ve b B AN R BRI, RTLAZ UL TR, BR B - LA, Bix—Rk&NTHELEE
Thing & M5h B G EfE A S AR, FE%Modula-248tk R4k S ARIE M, Wik % HIMPORT (&
Thing {4 #1E. .

MODULE ThingStack;
EXPORT Push, Pop;
IMPORT Thing;
CONST StackMax = 100;
VAR Stack : ARRAY [1..StackMax] OF Thing;
Top : 1..StackMax;

PROCEDURE Push(l:Thing);
BEGIN --- END;

PROCEDURE Pop : Thing;
BEGIN - - - END;

BEGIN
Top =1
END ThingStack;

BAMSABNMN B O EREREEHE N TREFMERETIERBFATOED. ENEENRZ
SRR B T TR YRR AT St

HCBLS AL, RABE Y B RN ENLFMERN G A FREEHEN RN LT (B
HRAR) EERIESAERRD RN A AR, XRESHEA. RNCLIRRT —DEXLH
TR A, R BT AR A R R, AT T DA I SUBAAS AT R . AR fE IR S
Ji%. BAliliid Aoreate() Hlopen_scope () S SRGIBE A X 2R HEMERBARZHIA
WHRIESARE. EREZRM, RIBEEFHAANHERTAGEES (RAHEIA). MR
AR, BERERNIAES AR S E R SR BN, WHEROSR B MERIRIAE A
HBEFSRT—H.

HERGAER, BV R MR QR 5 SALTHENEE . B R T B R
BAVAILAY BB PP 5 RO O LS R S AR

/*

* Import name into table; return a reference to
* the entry corresponding to name and a flag to



* indicate whether the name was successfully found.

*/

extern void import (symbol_ table table,
const string name,
id entry *entry,
boolean *found);

import () ¥k E Renter () LBEBERIANELT. CEURNBERABRSHFALTENKBNME
BERE. XA, RRBRIEINS, XBFALFEUREE R ERBHRS . Wit, BAHEM—-1F
ABEFTHEARBENREAE, WRBNEBANENBBFERANATMIANLTHR, PROELRT
—A “BEEL MR,

XM BRI E RS FAM A TUA TR R . $50, AEBAR—-BASTIMMREN
ERMER, FAXHEIARAFORFRIRE, Bk, IRemis & A OBRMNIZE - ABHTE
B, 5t KRREUIARTEMELOT R, EREAFZA, BRNE2REIRERYLLRE,
B2 TR ERE AMAZE, HFEMRIRU R TR &R A%, GEH— R T AT
AdarthfJing . )

BOME N EERAEHAEMLEERBF ASAFGHERBLATHANNEERATNIES
Ho XML T, BOMYZS AL E FTRE B B B SR . AR E I ZREMIER AR,
O E N E. FoARMROLEE BRREHETRA . XERNE B —FH &, ERBUSHIERLL
E 44k R E LT R #ATPRIE . AR B, —ANFER G ER AT SRR R e RSN
Bk, AEMR, IHMFIRASTRIEFRKLERARNAE. RE-TEEONE, FATHER T 3B
BIRNTFR. ERBAFRBRIAN; B, BELENSE LR ENIESARERBSE
R—ANEEFF. WRER, —B—-NERABRRIAENHTS, BAKBELEENBLRIERSBAE
FABNHS. ZH, BOTRLB/MHF SR~ maxinum_depthif. X MRMBEBRB, BT
SEAHBERELXMNREMEMRA AT . X MRMAIRE AT S LR ERE, TAaBEDN
HSRBEREALS .

MRS RAFABYAERSD, B2AYMKRBERERK FETSHAFNBREE, HiEgxt
EASHTRE. MEAFSHEIA, ENEARFEESMERLEYE, HATZTSNln. £8, 48N
RETIAERDRZROEREE, BARERLAEEFIZE A ENOFRMNIE. X0 ETLURT
FERFABRKEERER T EMNRRBRERBRNAF SRR, BABRKEEERAHMESAL LMK,

WRATFRRMIA, BATRILAER 5 SR RN AR T Rk 5 | R AT B . anRixAME A
F, BHEEEA RIROER. XATHRERLHELE ik (FERIR) FIZH S 57 BLIEFE P IRES BB

EMGEOREET, ELARRENFSRRIRBELFEARRRIIRMEHBENELA . &
Z1 BB MIES Lh LR X LM . RITTLUELIESANKEBE (FABMRPRMRRER) A
R AR B % T AR . BUE, MTERBRERE, %WEAW%ETM&&ﬂWkﬂ#ﬁﬁﬂE
*HMEE.

8.4.4 FEMMEFERN

withig )

Pascalif E fywithiZ ) — /424 T BEFRIRTF & SO 25028 18 AR 2 vk Fr AR 471015 35 i i 1)
F. BINAMTiIEERER:

with R do <statement>
Hrp<statement>"I AR EBR/MIE AER, ERLSWIRIAT, WmA TR, HREALICRRINIRS]
M. RS, ERBREMRFA: (1) withifah HEKiER (kFTAR), (2) BBRENTR
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(BE%), (3) SEAELTR (REK), (4) 2RAFHAR. withiBATLARE, MY EEAR
WERIBI BN RE X EENERANILE, REBREEENRELFIEAS.

Lt AwithiZait, ABLLE & B AR A itk & REITA o LR A EL At gRE TR,
mEFENLFRMEARHEENBCHAS R, X—ABRAEZEE. CROFSREEAEHBREH;
TEIE L R AR TH ,

MPLFIRAF SR P HABRARRTFRAE &, WL3EBS 41 PMidK SR, HRBBINE
FRIEX R AT, —FAEEETHA - HOEASHERE R THEIL RN KB LA K
fERSF. HBERBRBA THAFTEEIRBE ks, HAEE NANFHRAERIZEZN. (HLIFH
B AR U TR DR W E B A S kRBR—L.) B —FHEERA- MBS HIAFER
withiF G5 £ ILRKMILKS. FIREfind() HAEAREATHBNICE SREELT, RREEKATNN
xS, F%. MREMRPOEMLIKRSYRRAELRENLT, LZHABHZRIEXSAHTNER,
THXEFBORTEEWRE. ERXMYS%, BREFTEHESRE, BAERAEATFRARRIEFRZ
A, RANMEFIIMEREF NG~ NOFSHMEOERR. RIEFRE MBI - FERRD BR#ET
8% LB RETT, (BB IEFIEE RALE & B R BMIMIHT ).

BFEE 4

FEAdaEZH, AfLLESEMRAHEURFR. FEF. BFASBANLTREEEMN. HiE
FamE, WHEREEN, EAFTLMRARES S EEBERUAR, BRIEEHuse . Xk
Bk o] R LEIBLE A e 3 R AT R e BRI R EH AT W . Besh, XA EE Rk H
HELTFHENTFNEXBBRER (2RE8.67).

MBEANFRRT G AT AR, WARIRTHREZ BB ERRNTSRNIEHRER
S5 ERSRERIERIRS . Sehh &4 U5 RIANT IR iR 640l B, e 1ERAERRN AT KR
E—NHTFE, RENEXNFEPEERIRT.

RS AT A LU IS B HRMERSRN. FAJ/CSIEEE, BRFUFRKE, Hit, #HiF
R CALENAAMEALENANBEFRNATHRERERET. EAGQIEEER, BFRTLL
RE W H LB LEMTRTLUERFR. TEFMEGERTFERES. S4hEG bt RMesT—HLL
B, JRSREZOEFAAEdwithT gkisR (‘EfPascalif S HowithiZma R kX 3).

FRFALEEEOERSHN, B3 FRFNEE LREFE MR TZFRFNT. Bk
MR ATH R THNESWENERRE, EmMATERMAL/IESETEEEOTR.
AdapjuseFH) . ’ .

AdaiEEWERENE . —tuseFHHEIR -NMFHTAR—&£i1E0, EHRUEBEE-1E%
A E] R X AT LA B i) . 24615 28 A0 H LA T Tyt

use pi.pz. - . Pai
(K¢MMu%m£E$@%&$)ﬂ&ﬁﬁ@*%%ﬁﬂﬂ%lﬁ%ﬂﬁﬂm,ﬂﬂ&?m%&%i
MHI—HE. R, RS BERSRENIkE fl AR v

R FALGES RS OERRRNKR (FeEhBFafRitnasy), BaREHABYS

EX. WRZR, DEMNATRGEEHRXAENASEAMEERBRSFERNATHE; #

WG, TAAENELREESRERPHEFRICHERBSRHEH.

* R fEuseFE L LAY REMEIN & F, B2z b miAHRE&FHE LB/ —

ARREETL, BRIFENGLOSKRALTFER (RRES.6Y). WHNRIETEFaffuses|k

- HRARFX .
Besh, FTLAE A St withiE A28 IR A K AL B AdaiE S use T-4). BATTLARENFAMNE
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P RHABANMROELFEMEBHSHEE. XTRARNAE, BAHXSBFQTREL, AKar
AEREX (Flin, REVORBIE FEFENETFE). h

e, BROVTUARAGRENERSRE, EHAFOETEAR M F A T2 LA K. R
—AEL, WAREREEMBFR. RZ, MRBEAEXRAEFMEL, RINLABEHREuseF|X LA
SHRIFEUERINKRELHE. MRHEBFAREMOLFHEAME, IFHETERIMRE.

—FEROT S SR, A AFOERSIAET LABMARMNERTIR. mR—/NEXEES
Bhgka, BNKRTAHREE L. RIOXHEBRRAMELFHIA Kk, ERTEIFTERS]
M. RgmgRTRRESE T M, mx R s e thias, ROAFAENEIAE.

8.5 RaXEM

0 OUUR 2 S 1 BLED RT 7 3 R BB AT B . kA%, 7EAlgol 605k, fFIB 3 1 HiBLRIER S HD
AR (RN WARS, T EFTCAR R A AR . — A N 5] TR Adais & B ffor
loopZal: —/AMEFFZE S I W A AR TE IR — A %%, B~/ RS 7 LUE
BHRES RO R A2, ‘

ShERRA KN, BT MR, B I £ OB I 0 1R R S 4T I
Ve FRREABE G A ELE 2 F P A 0h3E . AR A0 W S A 2 O P R L S B e 1 TP IR,
SRR R, BAHECEMBE LS. MBEFS AR ORI (RPascalfhbs S
AdatiforfE3RE31), WL TRBEEHAMLE.

fEPascaliBEE, WETUGMARSE S, MEENOLE, —BEARAS EHTFERFRE
WLEDRE, BHEARSERIC AR T R 8. XA ERUUT, RATEAR 76 MES H 1L 15 4010 51 i B 5
THIPED. Pascalbi BB T LM B AT ML R AL RAFHIAC & . RORLALRPAIOARIRIG —BE, —
ABERREAE A LFERR (FRAERERE) U AW, (BAIEA 5REERRBIIA
bR BB BRAE R IR R A .

#t F R Adarh BfOr B SRAREE MIBEST I — A i & 1R PRI MR . TRATIZE AL F e M6 RT LA S5 o
TATH—A A AN FHNAGERR. MELENESRBEK A FOEERDIR, MrEAdahIHRE,
ToptA BECRFNOERR. MEF ISR, TAEDNMMIRE, BROTUREEES
TREFEE M ERRS. MBAMBALLT. XARRALME. nECAHRALT, Brizad
HME A B R, MRRTORBREIMER. EHIEHM, BREDI%BEMNYHER
s Mg, HEAMKHBEEE%E (REANIE). ;

8.6 HE#

REBHEMQBESATEERE LOER. B, AERASRE SO0 LT OARTTLES R
R & . tEPascal i B, — A REBHGIF£, MR TUH R &80 & FRENE
E{E. LERTIR-ELHEEMER. flm, mRiED =1+ 1EXSREPHBR, B2ELK
HEMMHE R B R, A DRI RN 2% R B IR A

AdMEEH X R EZN S RE. IBRSRENAT. BEHF. ST EYREER. bl
B, fER-—MERTLAY [ S AR E . Fildn, BATTLAA:

function "+" (XY : Complex) return Complexis . . .

m

function "+" (U,V : Polar) retum Polar is . . .
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MRS T+ ROk KW E BB EsrE, m+zE5F el AT eEfxickm. %ﬁﬁﬁT@
BME X EREE. XU, BIOTA:
type month is (Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, Nov, Dec);

#n
type base is (Bin, Oct, Dec);

BEE T OctfiDec. ,

AdaiFFHMEBHMNE, S8, B SEFSBE CFEFNHE CF BEN AR EIAA R
ES, R TR X e R @IE . X, mRBANA:

AB:polar; s - A+B -

MR, FAER ETXPREA - ITSREF+NERELEAGEN. AdESH - METNEL
(HEFNERHE) WTLAKINAEH LT X RNERIT S TR .

C++IEE AT ERSBNEMEER, K aMEEE TRmASIARNRE.

HERLARBATHETRERNES LEEICAEEMBRENA. CEFSRPERLFRIXR
ETREZRLFTHNMAETRNE CEEE . XIRHAR TEERAFH, TLRRRGHA RN E
Y. R)g, FHEARLFNIEYFABRBRES N TEME XHES ETOEERPH—A . s
WEZME . BITBEZEBREAMIZNIELFRPIEMTRXEEDE. AEXNMHRERTE, £
REAFEMNEERE N, RINBSAEEERFLELATRBCLTR. R e L AAELATERES,
WHEEHEA YaEASRP HRBILF & B SEMOCHNE XRSE, BECANEXERAR TR, m
RELHERBTRRIZET, BITBBEXNHELMAZIESRES, mRER2—-NAEERENIE. L
WRERMB—FMES, B LMPITHENRELARES 4 F0F E GRM B T T3R8 KR X B
TFEERMBIFAEEL.

EXHEHBRE, WTLAMBRELER (£F). XARESHA, REFBEMNNESIIE XL FF]
EWMEERAERRPHEL. RAERAREANEREEBFMERETEXL. Flin, Pascal R E
MEOETRFEERTERMEARLNEERANESR. ERERREREAIEREN, maKaNEEHR
BHESMOERRS (TRNREETRECHAEEIERMA). EHEEN, IFNERETHRE—
AL E R RS MG SR RRRARA . EXFARSER, BERE&HEKEHEL, &
SRR . XHEBRRIE T EREINE A BAAA, BABEEEZREANTHEM.

8.7 Wm5IA

EAGFHRSIAMESTE, FHAFSURMT L CANIEREE LIS A2 AR RN R E
XHISIR, WLARRELEE —EMNfEE. Pascal B FhAXMEILEAE, %E%ﬁﬁ%*%%&&ﬁﬂ
#mﬁMFﬁ%ﬁWﬁ%ﬁ% il 4n:

type T = Integer;

proeedure PP;

type

P= TT
T= Real

end
PR Y R4 Real@ifst, BREHMES (FIEFH) SRELIEIntegerfyE. R, AR5 IH
R BER R A AL ARSI BERRO 2R
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AALLR [R) R th, H BLTE AR Algol 60ABK: AL UF Bk RERAR S HUgOtoR)iE 5 B . BRUHR S ~F fE RUSRAIRI ,
5| AR SLigotoifE A BARBEHIERMIRSL, NYUMAPREARCLMLRETE. XRRAYE
oh ] fE g HBLALIE S BRRLIE A HEL, i LR I E AR — TR MR AL B BT A X HE
foeb i fE SR, fEPascaldh, FIFEM B, FARSLBAEE LAY, XEOEFRIHESE —
AHREHESL, BERITERE KA.

Wﬁmm*ﬁﬁ%ﬁﬁMWﬁwﬂEﬁMdEF%&ﬁ%WE%%%&%%MMH@ B, X%
BT 51 FAZEPascalflAdaiE Frh R IEIER . (AR fEPascalB/F A M T iE4, K& mle?

const C = 10;

procedure PP,
constD =C;

C' = 20;

end

DRIiZ%ZET10E£207 Bk b, CRIZBAMBAL, FHADMELLE A EEMEFmSIA. FH
b, HERPPhEIACHIBIRSHRN BN B+ CRYZE LIS, LEDMEXﬁ CHRE ARSI,

EAIRBREI, RARIMOE, WEDREREXNN, E—E&%T10. &Lk, JLPHA
Pascal%ii% % & ¥DE H10 LR & LR E L. REﬂﬁH%CMEXMH&,&MiEMA&ﬁ
X AR, TIMNDILEELLNERT. B, REME, —/ EHiPascalmiFRER &R
EAMEH. AdaiESH, —AHEANERARMAREL AEREASENERARKR, B, &
Adarp A4 XA IR .

KERTE3| A

HERGIEA RSN, EEINSSHA TRNE XA, RITSAER BB LA ST
B ARSI, IB4 b K R — A7 R R IE ST SR B . F— T A
EMELHE TSR, RS, ARSEPLEARMED, HEHEACSRFNFTSRRITHTAN
£FeH. CHEBNE, ME-BREBTLEIT, LRSS ERHZRE.

fEPascaliE = B, TR LMER S AL KRBT, ELEM, RIOTTLEFTAERNXR
Tkt o | S RE —REIRUERRSEFA . B, ERAFRTFAORRAL. XFLEY
EBFHN, FEARMERRAERDY, B EEEHRNERTERE BHNBRIRESH.

gotoif 4y b S HURT M 31 ARG LT, FHARMNEHgotoiF A RR, HAEE—EMIE
9% o 1 B4 R A T BEAR DAY, BRSO RRATTJL P Al AT A A AR RIS — BRI B R AR AR
MWk, RE - ROMREREERTREELESBIME. fim, FPLIEFE, WRANLWE
#A ;= B + CHBIEEA, BRCIHZ XA, AR SHIRASHRERN, EAHRGHFE (o
Emkm)ﬁﬁm?kE@pmﬁwo?%,ﬂ%%%%ﬁﬁ~ﬁ%ﬂ&ﬁﬁﬁ%&ﬁE&&%ﬁmﬁ
B2 RS P AR IR K .
|3 3o E1Y::

B —RER RIS, RAIRE T IR TSARNEA. XEROEBR, mER
1S A 2 WS R AT AR R RB RO RRYT . T B MR SUKR A I, BT S B
S, EXFEERH LM, BRiks R HERSATAFSHREARHA. WRA I
L— G, TSGR AW ANSRTET ENERER. RITTLSFRLETRANTA,
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180 FEE 2

XH, MRKBBEENL, BLRKHASHBTFARSHIMRE, A BN ETRSE .

X ERRIATHY . (B —RRIRER, BANSAEFRANERPBEHCEN TAERKERARE
HESXAEEFER HA - NMEENRHE L . MERMNEBMERETRE, XERATEE. X
it BIMRAE S AT 2 FLIEENE LA RE R, EFE RBIGT, JEBE0E XL ALAMSIH.
Xt AdalE FMERSAN; BHAHIE, ELRALEESHITH, MAERSHEER T EhEMH
AEM,

8.8 /NG

AWK IR BAE RSP 5 RUA R & ot A BB BT RAT SRWROLE . RIE
xeeitg, ES- 1R ASRBENELMERE EVEMEEELT . AEEFFERIESE b ERR
A VT 4 U D B B B bR T IE B R R HOIE S IR A LUR BTG BEIE RSN . MR RIBRIRIE
B— RN REREBERBR KR, HETLARETRRE, K CTRZIRAEMERBI.
5 B R % 3B 4R R 1 R 2R IR L RUSR RO«

%3

1A RRES AR CATERNEY LR MR “XHERIMHR. ERHEEREH
& VA athihR?

2. MREFEABRADEEMI RN AP ERRRR, TUURT A EZ AT o RN FAEE EMKEkR
IR MR . TRAX R TR0 A B AR A DL B SR R 3 5 4 B SRR BE B AR AT EL LA
Ha EHIRER A

3. HiAAE BT ANLEF SRS S ERRIROFREA, F551 08 &b T I K% e AR
BRI, BEE R R 5% -5 B R B A BT TR S5

4. S RIAHER SR EERAS AR T BREXAEHE EFERR (A—2RFSRMEBHEME—KE)
MBI FRRAE L.

5. HHaBmiES ERRRFNRZRAZIESEEN? St A2

6. bk ABEFNMBULHRCRBLFORMTE. BRI ERNNSEHSEERRERDALT
em?

7. WAEEMHSERERARHLIA D, E5EREERRPLEModula- 28 G H A& FHIHA (R8.4.2
TN 4).

8. HLERAERSALFHIFF Y. EIRMET SRR A SRR A LIER?

0. SHRERMBRFIRIHES, RECHBESEREHEABNMETRBEOFSRARM. AAhH
R AR IR
B LERS N, AHKRREFRSTNEERREHTSROZOMAEKL.

m.&%ﬁ#%ﬁﬁﬁﬁ?%&ﬁ*%%~@ﬁﬂﬁ %EE#%E%%&H@%E:X&?W*#&

£k Rt R A (R 1% E K F M

11, %M%MM@%Eﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁﬁﬂ%%ﬁ%ME%ﬂ%L £ ERRMXTHIE
i S ROV i RS R R TR DM B E B AR BN . BB AR, RBHE
45 AR B AR IR B PR HOOA A [ 5 B TR A B AR ZE , X, BT R TE R IAE R
ﬁ%%ﬁ%&ﬁoE%%wﬁ&ﬁ%ﬂ%kﬁﬁ;E&ﬁﬁﬁ@iﬁﬁﬁmoﬁk%%%%ﬂ%ﬁ
BEEARERE 52 ERNXRT . MBSRRABE BRI, NI B LBk B AR IR



&+ 5 £ 181

KBFIEE . RAKRRSIHIGT EHATER T QBT R/ RI/DIR FIRRIS 2 i)
Ko

12. ABAIVHRIEFRBAFHME, RINMBAXLESAFAFRESANEEHR. FAB—TE
MRB, RX.CHR.CHREMMSIE, mERXAMRA—#. iR EFCEXEENKSIRLE
HOSR St Rk .

13. B—Fhir ZICFKIRA ik FiPascal . Adagi KL F F A ERMMUF MK . ki, eEAHC.X.R
HRAKERX.Co iR 1E M 72 2147 19 858 A0 B v IE WAL EX A RIS | L B 4 BB S i E 2k

14, ZR>1128085 31 130 SR 00 =) S Sy 8 2R BRI an i RS W Pascal iE & AOwithiZ iy K87
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FIT BETIEAEAR

BEFRHBESHARBRERTENLZTHEITHEHERE, 9, FANFHIRDAIREY
(static) —H), FEBANBRESTHMAEHFALE. Algol 0RKFHIEFTIA TERER S EME, 7
B2 )4 R B T IR A A B S A R B A%, B, EBBAMSGEEIR . Lispht
FEkiiES, f4EPascal, BIA TS & (heap allocation), FoiF7ERRFFIBAT I AIAIFE—Bt 50247218
4> B FBE .

Yk — R EBRIE ST R E RSN A, ROTYASEREE (daa area) BEE. BRER
AR, ZEK IR R SIE R C AN RYR AR RER. B, BRKAPE—
WHRBAESEZ AN, hEaSFE TR LSRN ESE. MicroR ik RRAE— 1 RR
WRE RE . BINERFFEETHIESRE, FEREXMIREZRFBITER. MPascalAda
A 18 i new Bh &4y KL AU IE Tt 7T LAY A — R BB IX .

9.1 EEHE

EFZEPIEY, LERTSHIESMFORTRANG, FiEHFMYRBRBEN. ERFEMNP,
BBt BRI RBIEENLE. I 24 454y B &R M B B AR/ NERIFR H R AR,
A RHE R BT, XSRS, MR, EEAEMIREARER, EERAKOZREBRR.
TR, BFRAAMSHAL (overlay) . B, EFORTRANHequivalencei® ¥ kMl
*. BERSHABMDHBFRHER, XREDIH A EROBREHARIBBEF - EERNE. B
EDRE T BT ik

ERRESG, BESRBATHREA/NEE. ERFEMITHASTHRNLEER, AR AR
EEABRFITHRRFAENXFEE. # A 5y B2 76 W A ZEModula-2f) ik Sk Adaft i B X 4 Kok
W)t , LiRCrhstaticflexternER.

MBS B, WANTLLEBES RTINS ibht. AR LB 3%k i —/~(DataArea, Offset)
MR FRBESIEMR. OffsetZEEiFHZIREEN, TiDataAreafyithil 7T LAE R BRI TH HIH
. Bitn, ZEFORTRANH, HEE AILUFHTHIAkRPE A, REFHTENTHERSRHE
BT M. MMM, X RARBNIREN. RIS T SAERARENA, BA,
FORTRANEY T BB LR B MG, XBERIEE LS TREFFHANEREER.

Ve hikiE, TiDataAreafiibit AT~ FHEES, ZRAUTHSEIBIATLIET H(Register,
Offsetyt. XFhFat HRIJLPEEFILE LEH. R R A RIR AL E TR RN AN
LB T bmR et —EERARTZAN. X T A AE & 47 (load-and-go) X B — M E B R
MESROAETEMRE RN, B h R & R p A NMER A B BRI R EEREN . XER
ik LB S Microfgfk R Filan, FEREERNBFRDIKS K ZAT, KA TR E AR ERE
xR, Hik, ERRIBEOGIEN, AT ERIKERBNL LIS ARIR.

9.2 ol
LTHRANARBRFRIHEEHAS TR - BEDSHROEEHE. G-RBRAAR
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184 £E9 ¥

BALR B ERFAOE Ny izm, Wik, £RFIITHRREOSREM KGR RESENLR
Ry, AKBLEIR, —Aid B BOR T A R

AR EERRE—RER, BT RRK E procedure p(a : integer) is
HAMET, HA1BRZ s ek (Activation ppbnt -
: y(1..10) of real;

Record, AR). X FH/FEFENT, ARMETAZY, begin ‘
BRI REEIE. AT RO T e, ong. @ 2SN
% B E9- 11 BT IR

BI9- 1R R BIR B R S E 0 B M akiS B2 ikb H9-1 —A I TR
CHRRZSI. ML A M 4 i ) M
25iil. FERL ARG, ERIZE S REILR T K. . <— Offset=28
90, B4 MBS TARFFRAE B 004618 577 - <— Offset=8
W S Rth. BHEATR, REARIIA /N b b <«— Offset=6
RRTR. ERINMOATH, BRpOLBHELE 2 <— Ofiset=5
BSAFMZEE GEYE, FiadBHXABRER ol
—HH). ENaBE AT, TROEE24 < Offset=0
FHZIE, BACEE/NFMZE. B-2ERT E9-2 dRpHITEIZR
pHIAR,

fEps, B BB GBI FARFHBCHIRB R I, XM RBR—A B Z oI HiER
BENEE. FABRMNEFEARWIFRIBFBRESRFHED, B, SREIEATLIA(Register, Offset)
xR FHE, WX ILPREFEMHENG RSP RETIEER. Flm, mREFFERIEMPHARNI
tair B, TROTLAFAA(R.6), 4% KMTEME IS T X E A REE G,

BHEERT, XFERLSIAFRABE DL, EAGEMEEARS I DR EE ERE R

280] iM%k, MB2SUBFRAEARY, BACMEEGEXARMEABIMMAL. ik xExFHEras—
AFRA X F % E# (literal pool ) HIFRZRX H & —FiBE 8] 8 X B % -

BEIEE (BEAafIA/CS) 5 &% (dynamic array), A B NH R RAE BT Ak
FIFMFREN, Bk, XSEARRESRDICTK PR, —BALNERENE (B, T2UEDHE),
DEBAMBHBRE. KEFESHFERARETIED, BEIBDERLAsEZAEERETFERFERNA
AEE M IEZ—.

EENEBRIFEMITEREF VMR, S TaHRKE. RINVESS EHRUAHNTRIFN
TEEE R HER—AFRA A NG FE (dope vector) AIK/NEEMIER. AFRERELEBANK/N
FILR . XUE B R IE IR A S R IR RS0 . — BBCARATE R B AL . RORTLAEA
Wk By RCZTIA . TAVR G EESTR L. MATARM LRz ial. #X b, WL RAR
A Ssh B4

ERENT, EYWARDPLEBNHERARR—AOMLE. EBTME, X E#EREARKR
LASMO A M5 h B BT o BeZS i . BRI UIRN: B e MARD RS BANE 1Tk,
RIFARIEX — bt ATLA DT R SR BRI .

HBEX A, TLAER- L Bpd il T A H:

d, e : array(1..N) of integer;
et BB AN, MmE-3FURMIE S ICFRBEATLS TR E. B4 A IR TE P B A R B B IR AR B
XEREIHEN, RAEWHRILAERR. AERESERANRMEE. B LI fEB AT AR o RO A

dfneftyZs i, 3 BIgHX st MMHgE RAFEART . x—%, RGN MEI-4FRIARSR. -



i A7 B 45 P 40 4R 185

eftyzii]

' dergzE (]
FlefyaEt Flefrst ,
Bldi ekt A
Pt i B A
c C
b b
a a
ZHME R HHER
E9-3 FhRAPHITESNILFK E9-4 plEFE AN RIS ShIER

— BIEERFIEULLUG, SERAMA/MBEZEE TR, Wb, HEBARMNEBMTIGER
A RME, FHit, Sl REDCFRROEDERARERAR.

—HEERMGTRARSSRNTR (Chigstatic, Algol 60diijown). X&TRIEEFEHA
B BAMARE . AXFRROFR—#, BEERUIRILBUETTHARERDICFE.
Algol 60 % foif AU hown S E BRI KN R RIBAE , SXBRA SKBL EHFRA Y RIMEEE . IEANTH
BRI, MTXHME, BITRRMERPHERIZE, EREFNCHTRERMMR, miE
FEERMENE, B TERERE N — M FOREAT ENRY . BERTLRBRDHEN Y
R AL,

fE—iEE (@#EAda, Modula-2FSimula) v, BAKLETHARERAEMEER. XEETEH
TR R M S HE S O Algoli R . AdafModula-2 fe S HIZE R IR R Bl E0#, & BIVER A&
AR RAECHAS REMIERRERNIRRE. BXE, E-HRBLAE LA TR, R,
Simularp fo it B AU FE GIURR M, Eit, FROFERBERESARBATEAANZESE.
XEIEE R A R TRk AR .

fEAda. SimulafIELISPLIURA R H AT BN EFHEAFR I ERIE-TERBER
MRl TR SRR 3 sy ¥ MBI A RIS TR P RABH, BEAE— N ERBSAERE
EREHE, B—AHERNNRAEILXAFIE. BROFER, HRER B —BROUERE. XFHEE
H B Hcactus B (cactus stack), FMXHAARRILABREENET LR RET EREHFTH
HMRBAIA L. BEEGE, ESHRISARIERENRBRIEFA LT EINNERE IELURTT TR

9.21 BFRE

EEia R R B E A BEMRA FE Rk T ATESTHIE, EHILFOBETERE
TR ROEE. Glm, BEE-SHIRNERT.

AT REA M 9-6 BRI A A Y5 ‘

KA TR AL A FFIR? £iER, FAR RN, ARFANED CFBREER
AR AT AN, SR, RiN—EBEXBFMAR, HEHTURABREIR. HANLEN
B — A B AT 08 A 2 £ & & (static nesting level) (PRISTERKI, qRIrERK2).
AR, RIBREAEAN, E—2EMBRK ERA - REEEHERTH. BAVAHEA FTHE
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186 Eos

NBERERKIBE-NHEHFSE. (RAREEREHHRERRMBHERE). ZNFEREAHRIET
A (display), ERVOE-NHESHAELTAFAS (display register). EE—REM, FitTER
RFEFE (FAADIL]) BIFRLRTTHRAN. BEKRERKALIMAR (FHWE). ERNOTES,
MR LRTBRAELRadb, LR GEA WE-7FHR AR .

1 program main is
2
3 procedure p is .
5 procedure g is - Call main program
6 " Callp
: end q; Calls
9 procedure r is Callp
:? s e Calls
endr;
12 end p; Cél.l p
13
14 procedure s is Callp
15 e Callq
’g ends; Callr
1
in —— mai Callq
:g begm» - main Gallr
20 end main; ‘e
B9-5 SFHRELTENERF E9-6 T Frmainrh i 2 A 5

TEE— AL, WEARFRBEMBRRFFRRIL. SNTHRHER, EX—K, WTRE
B R, Y RERN, ERRFERWES, LT RNMWARMKE AE L X R RREFE
%Fhk. FHib, SRERLEHEATREAENERE, MEIERLIERRERIEIARMN
L.

R R B R RS BIARS , DUE M RIR B BRI BN RALLA
KEEFENBRETHSE. ARPH “BREXKR OKETHYEROASRBERAE. RIOSLE
R B ROBKEEUEARK LTI ERE.

LEME, ROABSEREZENEAE. EEMERAFRRE-ABRERRST. HHATLE
1L AT Rk G — B BER (RAIRZY S, RTRXIBRANENER FLROER),
BALES 54 ERARGEROAR (BTRAdR2ZAMER), REAEMERERNERN
WA (RIS 28, BFHESRIARLEMMARIRMOEI). EEHERT, ZHARRR
MR RERESHEENE SRR IEREMARN BRRE B4 . XMRRAUL—FR. HAR
EERM, XAELERE. RESSHFSREEARZMART U TUTERMRE, BIHNE, WH
EEERERARBERGTBRNERG, LAEHRRRD CRIRETRERNBRRFFE). Hik,
IR BRRESFREEAR % CABKAHRANSEESR, MATRALROYERESD.

EFPHLEIZE B S B R B RAHREE S AANRE, IELHSs BRRRHIARE
B, A LB REERRRRFFEMLEER? ZEE-SFUIET.

BEAL TR

ABCABC

BT AR R B ARRSET L. BRER AL R B RRIEME-IFR.

BASEEFEICH, i hk{fdisplay (1] NAEBCHA; TiithBorRE 75 CERMIENBM
C. REANBGTEEREEHSE, HhAFANAAFSILAREENGE, UEEAEEN, X%
HeH A F G B ERELTECHSI AR,



R s 187
e procedure A is
A 103 i
procedure B is
<— D[2] procedure C is
. end C;

PHIMIIE BL S
end B;

mainfiEsh L F end A;

B9-7 BT LRIERIERAS]

E9-8 HEITRMAMNERF

calls A B C AN B C
displayf3] ?? 2 C C C ¢
display{2] ? B B B B B
displayfl] A A A A A A

saved - ? 7 A B C

E9-9 BREMIRAESHRERH

9.22 RESTIRAEINICH
i Algol 60, C. AdaFIAda/CSIXEMIETS.

F. XRHEBEEZNBEARFAES, BAHEHE

feirfnt B—, AHREAVNER. AF B
BRORTHBERELSONELR, Ak, RMNTLCHE A RA RIS keIE— M HEHIE

BRUE, BEBEBRKTUMETRE. Wi, BFE Pfﬁgfg;ggg;“" real) Is

BRMBGTFYEA, BAHAREREAKR, B7E begin

FHEBEEE, 5%, HBRXEFH, HTER B e

HEENEERAEMAAR, 7R M5t TLL begin

A RWHEE., XM ARYLAEL (procedure- end B1;

level) ARSEL, H5ZHHIRIRA LA (block- B2: declare

level) ARSYER, HIh%A$ RS BRI 5 BLAR O LI Integer:

M HJAR, B3: ‘??:::;l";e
HBREARYEMHLEEE, SRENEAS begin

B e (0785 B B0 AR 36 B T CAZE G4 R R B VL end B5:

EFK. XRTUBBIN, B hoR i R i e aE2

MW HEARLR M. B0, %EE9- 1051 R

RS HEX. YUAREBRERQQMZE R LM

E9-10 HhGHEBNEF

295

AR AR A M. TAEEEAHRBIRB2H ML RS RENH, EXLFAMNSE. XLk, B3/
25 [ sy oAl A M B AT T B2 A Bt AT, R, BAVTLMEREM A RAUR - AEEATH
e A RAR, KB, X. YLARQOMZEM B, D. EMZETLMG. HMZRMLE
%, MJTLARIGFRREG. HilZ k.

E9-1144 i kiRt BRIEZHEFH AERILHE
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¢ T RAKIAR
JHUZES il LR

G. H. Iz
D. EffyZiul ozl

X. Y. QQfyzsin

A RANAR
HIFF %

B9-11 SRANTRRAR

9.3 MHESHER

BRIEBEBGRIFHE RS K (heap allocation), BIBITRAILAEE—B%], LMEBKFS
BB, B%, BONEE-IRAGFHEBNMG. (EABERRINXMEANEYRBNOEHELS ¥
AT AEAFEFRR/NTRIERAREIRE. FEOR, XA E U T .

EREESEREoREZEM&G4S (PL/IMallocate, PascalflAdashfnew), {H3{fb—EiE
&, ZmSnobol BLISPH LI FIBMMBITE KRN Mo EEHEZR (40, Str = Str 'XYZ'5l (CONS A
B)). HAERMEALEIRE—RMNAZB R —ENEF Y RERAEZRTRAERNIE. B
EEANWERREFRERVAREENKFERS (ANBEKE) . XFHELSE T2 A RMER
g, eATEETmEMTS.

BRIHEESNNE=MEKRE, RELASES R, ERERNTERAMN. CIEFREX M
K, RS RBIMRERTES (ffmalloc()fifree()). XFHEAUEBFEF KRt
S x4 E B T R RS 1T R B R — A iEHLEl. R, BRI T %% R a7 REMi
EMABREUSRRREZ RN ERER.

C++iBEBIA—ANPRFHE, TIRET 2 Mnew Fideletel@/EF A TN R 5B, {HiX
SRR AT DA R R B . XERERF ARITLLEFEACHRIFRETRERERIANA
HFEEHLE, XATLA A TR 85 R & IR A S B AL .

9.3.1 ZTiEFM

RATTLALHE 2 ob 20 BRI UZXRRERR, BFBEAE LG . —2Pascal B (BerkeleyfyPascal
WRR) FFE R, MRASHEHR — B RERAERRNE, KHSOREAZ. BRTLL
BT AR A IR I: AR R R R AR AL EAEME . B H 2 AR A5
i i — AR R AT 3 — A K% R B BX R R HE R % HDisposeObjectis Bk H 2 ORI
fiAllocateObjectid BAH M B M LB MM MkH%, WEERHT RIS

9.32 BREFH

ERNEERMYBRAHS, BRIMLTUABRNBEES4S (fnAdafiunchecked_deallocation, C
i free () filPascal ffidispose). MAFAREABRAGSKBEEABEENZN. HREHBRFNLL
HOBRAZEE, HESRGASRYEREZERATR. S 84 B B A 0t 5K — 25 16 B T i B
s F TR A F R AR e M PR & #4544k i% (dangling pointer error). filfn, EME9-12
rhPascal & FF R -



1B AT B 1 4847 189

IS PRB S, FEIRAR MR, FEpER
WIE, QAR . BitaRTORERIELN, Bk varp : T real:
BRI, WAHKFTRANER. £ORHETRS, new(p);
E4EUW-Pascal, it R HEHA BPER R T BA RS dispoce():
I (BRE1E), BEK S 8RS x ik M at=10;

e,
9.3.3 R

T RHPOR B RTRBR A, BATERATLLEE . X34 (implicit deallocation) —H[l, H3l
B A FARHEZS IR, X — it PRIl B AR b M (garbage collection). BUIEA VF £ 4RI XERIK
HI 5.

B—3|A

RasX B MO 12— RERAHMEM B RMOSUR (B, BRIZNROEE) RAZT 4. XA
BRI (Filn, AXRERRRERRLEER), ROFTUABKIZMSR, CH%—5 FbBsE.

XFHEMMNARCH, BEERAREELESIH. Bk, BEEAHTRAKERY, nFH
#, AREAEROBERKEEN (FmE. WE%%). REmt, Ada/CSHryF7FaKITLIF A
XA, BAHEREMEAE.

SR

RATLTLER RF LB AN ENRBEBA MR APIFES A& (reference count) i)
Hk g, mE-1350R. SIANER
BRI iEH RIS ML YU BARM, & AU
SRR, H—/A 5. K HSswnt,
RAVSAEFIXAN5I . EEREFRT (E
HpER), SIAMETRAFRAE, EEXRUE
A BRI -

Brif ot

B ARG EE, BERAREREE, HRERICHAE THRAEMR . X—dBEER
Sy#r it~ A X3z (mark-and-sweep garbage collection). BATM2JHIREHE BFILEHAEARS
(BETFTRE) Wi ERFE. RINSR T REHHHLE CTREFRTHBSREAT). BT
WEea S et B R, RHEIDF, RNMBIGEERK TR

ERRITH B 2, RNEE A RRICHM AT T HRGH LT, A, RNERTE
%, KRR E S BEREUEER. EERRR, RMTGERIBEHECRRENSR
fIFRiC. -

Frin- SRSk R REIER B A, Bdt Rk, TR ARG ET, COUEHEZ AR,
Tk vk OB SR BRI B8 47 TR . R, BRIERITAS TSR S haThiRssr, &0
BAVAFE A HEFRRY .

EEMRIE-ERERT, SXEEMRARNLABHRICHAA MR . MREWHET T, R
WA TR TSN R, BWARRELS EsERE. - FRLISPX A L% — B BB & 0
EE, RAAGFARM AR, BAKSimulafAdXERIEED, A H LS, FAIBRM
fobt IR A RIRE ., SBINEHEERMIENE RORRIOE, %, SR ER,
BN L AEBITIIRE A RIOH R JBEWMIEZDHILINEE.

&9-12 Pascaldh HELHY B 54t

BARAER

E9-13 #A SIS R
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190 FEE

—AMEAEEROLR S — A LA SHROER—R TN, wRBEMNFER RGN HEANR

(A —MEs . EHARIEEE S T KBTI Ao B R4 5UA 2 BRI Ada/CSHIE R 8

300

S5HXAEEE MR TE, ?Eff]ﬁl?ﬁﬁu%ﬁ&?ﬂ’a&—?wﬁa (handshaking convention). ¥4}
RRIF R . BOENREE -/ RIS A TR R E (header) K. LT BEREY-14
mﬂ}io

ekt

e %1 L #HEN

E9-14 HEXTRAVEF MY

RSN, BATRBEFREIR b REE R B H G B R SRR B IZIRER. X HTA AT RE
WR, KFHEBFEHRBERT. MR esoDHsE, LATHpS RN REIRTERP, {HpF
WA EE, XTSRRI . WIS ICT b MR ERARBM B T B 2 IR BN A
BEARF i, SHEREANR, R RAEIRIES 187 M AT LRy, WEgAARA AT U3
AL . A TREHBUX ARSI, — A ARMAR RSN, BB 5 — D ARBEARI & 1R 5 505 HlE
MyZSial, ERMBIR T, JRiB— R S B RBUE AT LCH K e BRI R , AR FRRILT
e EBWIR, TSR RN IE PR . BA —FBUNOTTREYE, B, BRSET—THEE

RS A E BRI I S I A A RRAER . EXFAKTREEOKLT . AR R

AW BRI XA F BRSO . X RS RR A FE— BT R B AW R A AT TR
AR

oW BN AT R R b, ¥ SRR R 3 A HIT R 4% (compaction) BYBL. FTA ML MM
R E— . XA IR AT RN R T AR R — A B B B, ARIToR
BRHSEMR . MBEART RGNS, TRHREAsRBERPHGT S ARTHE, BRA—
ARBAEBHLEROK R, BT RN, RTELEEMA N R (fragmented) ; F4
B/ NORERE R E X HEA RRFRES.

FEARIE - TR B R W B A o AT W . BB T IR AT e R A R B B R
s, ERASFENF S RGN ROE S . TERARTHIE, FHEERARRERE, RABIESRS
AR/ S AR A L A B HTIR R . AT AEE R . MATRTA, EBfTHEHREL -4
bR T SERR L AR — AR N R, RRBLX A MIEM RER T B 28— AR S BOAE.
WA R, RITTRASIRMA X AR RIS BT T3 ik, BhBIERMER R4
ol & R BTSN R, fi2 RS RN RIS E RATEEN .

9.3.4 EEHEDE

EFEEREERRAURFARUESRNEE T, RS H /DO R A 5445 #
(mmmmwpmmdvﬁm%&ﬁﬁﬁﬂﬁﬁ¢%ﬁwﬁﬁm%k%—¢§ﬁ(ﬁmm%m&ﬁ%%
¥Zﬁﬁﬁﬁ%%ﬁmﬁiﬁﬁﬁﬁﬁﬁ§(UW?wM%m&ﬁHﬂoW%Kiﬁﬁ,MﬁMWUEﬁ
%ﬁﬁﬁ%ﬂﬁ(@&‘ﬁﬁﬁ)ﬂ?ﬁﬁ~ﬁﬁﬁ&(m&ﬁmi&‘ﬁ?@‘i?ﬁﬁﬁ‘%%ﬁ

W%WWmWQRSﬁH.%%Em%ﬁﬁmﬁ%iim,ﬁ%ﬂﬂﬁﬂ&ﬁﬁ%ﬁﬁkmﬂﬁw
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ZERHFRGR BREER. RoRRE, SR TABRE>RERNZRR. REiEfk (best-fit)
TR HE IR FTEAEZE IR MR E B/ PRIk, B RMEREH—Ho A Toeie. R, XFHH%
EEREAE;, BEEHEMT R, TRLELANA hF#ER. dhigk (fistfit) HEPEE—
NMERFEROEARTGAERR L OZN ., XHHZEARF, HNREBKRIREENEFTF BRI GEE,
WL/ MRBATERNEORCRE. H#FEATUAEBERRNESNEN A b EEN—E. TN
MMM kg & (circular first fit) ik, ZEHRBREIERZBERE. SEAH
B, At BRHBESRABEFT GRS TR EREELSRMOLBEFEN. &%, XHLITFLK
BRI e AL

E%ﬁ&ﬁ%%ﬂ%ﬁ%%ﬁ%ﬂ%%,WUEﬁmEmﬁ%ﬁHﬁmA%§¢oﬁ¢&,f%%

B S REFE ARG, RE—AFHEE - EHREIATRREHRE: A, meEnk
B, EEEABRE, BN LKREELSRO S FHEENEREZRAAEHR. WRFE, X4
Pt wT LA 4 R — /AR A S Tt — AN Fio B sk . BRDEAE, WEANSEARE A fiRD
By, MPER A RZEAN, EREBECHENRAEFORENDRE A GZERNE, RRERMAS
HE#ED. XY EBERALRIFE (boundary tag).

EHRERERALRGTHLERNSZ, BEFANSENEESRIRORRA/ LR, RER
BEAEEAME LSRN (FHE), BETRAERPRIK/AN (Filtn, HidFsrarZEE ).
BB, MR 4y Bk /N R RS b M — 2 R sh Ty BT RER . TR, 48 (bit
map) B R PR KRR B R, B, ZEEER/DEIR G A X R B b L B P Y
AR TR DR B B, FARE/S, FILARERBRERMEE.

9.4 AEPHRFHR

BAREIESFHE TRIESERMSTHERASR, BETULE—CRFOBRTFEAFTTE
A BN, BFESARER, E9-158H T —4EAPascalflAd/CSHIFE R HE .

BEREHEFTENRERESFHARNNER, £—2H% L, FESMBERRIBRM AR
HK. AREEROBEFRSRASSIRLEERARRN. XF¥ELESHRAERFIHEXFH
BiEfFHER. RATBRLRARESSRARERZN. 2REERGEFANLRANKBETR. EX
mﬁﬁﬁﬁﬂﬁﬂgmo&T%%Eﬁwiﬁﬁ%mﬁﬁﬂ(ﬁAﬁm\Wﬁ%ﬁ\ﬂﬁﬂﬁwwﬁ\
B8, HHRAHEOFREFNSLTREXE., XS TEFNERF - RUAFRFNR
BB, XFERbMBEEEE.

MRS B BRI e A £ R R AN S | A R T B S B R A Sk, B
BERMERLIRREREEAEOEERFENGORIGBR S HEMFTARIESIA. 2385 (5HE)
BIH, B R ERE . BEERMEELNFELBERFREANAFHBANTE.
o SRR R A R, ENERTHEME S EEE LA THRBE. XERBELTEE
fr B TTHIM RS A .

EBRESRNERBRESRATLER, NANRATEENS SR SHEEE—RMmE. BFTH
@ﬁﬁ,&ﬂﬁﬁm%woﬁﬁ,ﬁMﬂﬁ%$§ﬁﬁﬁmﬁﬁ&2£,Wﬁﬁmﬁmﬁﬁaﬁﬁm&
Wk R R TT RS, IR HAL T K . ARAIE— BAA, APENFERAMRE, Bk, S TERR
RMMRERSARERGHEXMMZE, —BEAmR, NTREAASRKERF, QENTFRE,
% oy X PR .

;gﬁﬁmwggm,mwxﬁmaw%,%m&ﬁﬁ@,W,Ezgﬂﬁ*HHWﬁﬁﬁmw
§$ﬁm&,~§m$ﬂﬁﬁ@,%~§%?ﬁﬁeRE&%R&%EWE?#MEW&E%X$#E
M. AEROBCHEER AT I EARFE; XAERRINBR T R AT REYE.
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192 _ £9#

— < Hy B R
ezl (RekHost)

|
1

ZE 18]

hFERISY B RN

bl AR AR

#. XFH R
BAFREG

REKX

bk A I
<  (F/heib)

&9-15 BMEMMBKFAEAR

MO B LB ERRTA RS FE R RITERSH . TUEBEFTH AR MR TR 17 B
AR, (X AREMOR RS E, B A4 AR R AR AT L SR B HBUEATER IR,
Fl, EREOHEE, MERE, TUSABNEFRYE -/ RIESE. MRTURERIESK
B, XA RFREDNE. BENEFEEREONTARBERERE L, BRIERE
KPR, S AENNRDAERE, %505 B EE T LLE S 2 AR H e R
CON R AKTE . FTLLLME Y R R T — KB A PTRR MG B . 7ERAK b LR 3R R R 7T LARE
M. Wk @SR 30, T MR UL B R Ve SO 0 Bk sl O R E SR AR VE Btk sy i
i, BRI RS, TR S E ISR RR R SR R E - MERX
IMLR .

AR R LR T - BRI, KB HA/CSH T RRFEIME, NIRRT RN
mi%&ﬁoﬁﬁw&%ﬁmﬁmﬂm,ﬂ?ﬂﬂ&&&&mwﬁﬁEMﬁﬂWﬁ¢oﬁ%&ﬁ%im
%&ﬂMﬁm&,ﬂk,ﬁﬂ?&&i%ﬁ%ﬂﬂﬁﬁiﬂﬁ&ﬂ%%%in%m%%m&HMﬁﬁé
ﬁﬁ%ﬁ%iﬁoE%ﬁﬁﬂ%&umﬁﬁimﬁﬁkﬂ%ﬁ%oﬁﬁﬁﬁﬁﬁﬁ%wﬁ°&MHuw
%ﬁ%ﬁwﬁmmaii&(wmmmmw)m,ﬁﬁ%%ﬁ&%ﬁmﬁgﬁﬁﬁﬁtm%%ﬁmﬁﬁ
%Eﬁﬂumm%ﬁw(ﬁ#%ﬁ@ﬁﬁﬁﬁ%ﬁii%ﬁ(mmmmmwmkm)ﬁmdiz—ﬁﬂu
ﬁﬂ&%ﬁ%mﬂ%ﬁﬁﬁ¥%¢§m%ﬁﬁ(E@EHMﬁ&ME%E%%M)ﬁmﬁ%&ﬁﬂ&%
R (IBi%PLE ARG RIXMEFR0E) REH.

iﬂﬁmﬁﬁﬁﬂ&m%ﬁﬁi(Mmewm)%%&°&£E$¢E%ﬁﬁﬁﬂ%m$ﬁﬁ¢
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B-TANARERTOREEXFEEBRENEKBARIH LR, EETHEBRNRELERTH
FIA R pttbt . X EBSRA O RBBA S B A E S H B 1 RS . RO AEREEES
B|OpenFilefiR AR, MH#—/1 B EpRTH#BAEPrIOpenFilefk B £ EK—METUEP
BT . 288 OpenFilef) BB MBI, B IEBRYL AL pREFTBILETL.

MR EBEE /N, RIEPascal IAdY/CSHIREE, NI AT REGE Rl — R OB LAY K— A1 AL
wiREfeBmBEIEELE L. BRNBEE TN XFESRLTEEMLE £, RiFehfREx
RSHFIRENEE. RAENRLREARNIEY . RAOTTUFEMKHTEELL, EHEMERN
17 op RO R X S BURR M AT PRAT A —HE BB AR . X UBRIS I F R B 8 . A GIR SR SMB R R AL
B, BOTTUEREHES KA D RUBIER. AERRERE. mRRIBIHHOpenFile, BATATLL
B R T Mk ik 78 % 1218 F BT A B AR rp 8 XA bk«

BJ5, MBBANEARESMEREHEIIMBBIAE S, LR FH RS HE R B3 Kb
BRFEY NGRS, AEET, EERXFEENLRAEERN, RMNEFTMERFBRHEIAEK,
RABABFDRARRES. EHER, TURXFERNSHERSRBR—ARFRP IR
NAEHBHEFF R AR bl 5 T B . AN — . RIOMEAFRALFBRERFER. ER MK
BB E ZE, MERSEEs AR, XBSBE-16HNRFRE.

€ bR
BEBURR (BokHeht)

XFH R
Hezzle]

|
f

Hezzia)

BERSG

PRk

REX Ho bt B
(R/hibk)

E9-16 mB-SHTXAERNEFAR

9.5 ESEERMETEE

AR R E— T ARBRBTRIEEDEROT . AHBMNEESIABEIRBLL
FHERAEETREESE, AR, TUAERBHEHRAENFAS (activation register) R 44
(activation pointer) BIE—RIFIFH, EHFBEFTH A& LEOEHICR. FAARNRT GE¥ER
BORL) A& AN L BB NARNIES . XA REFAR S (static link), HHAHER
BT i BRI EREL N, 5/ (BEARFIEZRMBL) FA5 & (dynamic link),
fErB T AR R AL T 4 ATAR T ERIARAAR.

HEBART FHNBERERLANELSBRRFOEAMAR. FXE, —THERETHIL



194 Eo#

AREBARRN D L. MRBNUFEBKRALINIRE, B3iEs5IH 5[ 1RMNAR, HE—F,
HARBHIEE SIS RD(i-1 1 FEMME . Bt A B TURIIARERE SR A, BATTLARAHADIL-]]
Fis| AR, TELAIRIEREE &R, MiEHRAEREEHEE LREHNRG, MBS RBERE
it Wl 4.
DEHBFBRUARSEHIBRAARMARMSEE . MNHAE RN, XSesEa] HkkEEHEH -
B AT MAR A #H A4 R (static chain)., 20, HEBFFIBR A2 A4%& (dynamic chain).
i, ZEE-1THRIIBFESR,

1 program Main is

2 procedure P is

3 procedure R is
4 -- Body of R
5 end R;

6 begin ——P

7 R;

8 end P;

9

10 procedure Q is

1 begin

12 P;

13 end Q;

14

15 begin —— Main

16 Q;

17  end Main;

E9-17 —ABFHER

MMainFFs, QuiEM, QIEAP, WPXAMR. MYRAMETHE4THRSE, BEMEI-18FRM
A S S A BB IARFS . AR BRI YA B #H & i E LRI BT
FIAMAR, SEMARETYSRIRE YT RNERTHEARAR.

R
L (&)

L SH) «—— iEE
PHOTE iR

L (DEH)
L (BEE) —— 1T

QHRELZF

L ()

(BEE) —
MainfJiEzhic % :
_J

s BARE
E9-18 HABEHEMERBIIRO]
ERBARETEALERES ANEER, RAVIEHERERE. BN, BHXARER
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mERXBLRR. EFERFY, SEOBRSIAEARBARHBEE, EoakmLREE (B, #
BN BB BN RIEFNIEIR) . T EXFS I ARERIE K. Fan, XSimula 67RFHEA—AEZSIA
HAMIAZ (Magnusson 1982) RALEMSIAHEP0%EMETFRNBRHERKRDVBERNISIH. 5
IMTRR S R AN ER TR ERNSIA. BEEEMENEHFER; 2R BRHEN,
Lhr EABERS BARESIA. Hit, RAROOSIAKE LRTERHERE, FEXTHREK
SRR EE— BB D ). — iR Ak 3R 2 AlgoliE FIUNL AR BE X i SRV 345
¥R, (EXFRHLEE L, %ii@id(ChainLength, Offset)XfskFakijifAl. Offset, FILIRI—#, M
TARFBU BRI RS . ChainlengthR2 4B A EHRMARMAL BN EERHSRENRYK
(ChainLength = 0%k # (i Fl G R IR BRTUEMAR) . ZFARRERETEM; S L5
AMAURE4XE, CLPTUMBERRILHRESESL. A, SR pERETAFSIATIE
F S 5 FRIRARSEEHOHLBIE AR E LB RBEAR.

9.6 KX

HATERESFREEISEEREL S —-NFBF. TEFAANSIANBERBRERL.
AT, RITBALEFALTRTED B RERSSRENDERBEETHARG RN,

KR BEMEINE —EWETS, BAS—ANHRALRLAMHHXIIFA (environment), X
AREBRET RS BIAT L BN T RBNARRS . ARBEMNKENDEFEOARER LM
(closure), —ANBRIBTE FRAFY kORI EDBESSE, B, A EHAERRIEMIERONK. FUIR ¥4
REEERERGT . BHIEALS EORRTRIOME. XNRETRE FRFRLEL ERERL
BAFRIAMAMFEERANEDN. EHTRFRME XHSIRARRK, RIVERELRABERZ
(static binding) ; ARG IHRARFREEARE FURAH S (dynamic binding). Algol 60F1E )5
iEEHMRAGASE. REHOLISPLRRAHESE, Wakiy—ExLE, BFCommon LISPH1
Scheme, B E.

BO: in

Mproeodure A(F); procedure F;
i
" F(1)

end;
procedure B;

begin
procedure G(X); Integer X;
begin

goto L::

end;
A(G);
L: H
end;
B;
end;

Zisaianiscovonswn=

E9-19 R RS KA RG

% B E9- 19 Algo] COBFF . MLBABCER 4THEAMRSRFRIMEK, CHHR, 4
= FGEBIIA QAL QIR 6, RBOFIB. M EfhRdBFERATHIAMR, Wi AN
RBOAIA, (AR, HGHITH ELAABHRHHER, MEEEENAMAR (47 RA R R
E, BfiBAAE % & AT A B o A R TR I ER BN R e



196 , FEE 3

RMN{EBELALEBH AT RIVgotoiE ), MB1FTH~. gotoiFMEBB AL, EN
BEE: BARRR L BEAT IR B AT L, (BRBITH AR L TRER BEARARMZAN L. XL&XFIP A -1
TELRTIRIE, Hix AR M AMEHITRIIA . FiAHEhRIMARSAHMIFRR ENNERCLEH
—#. (BIBAET, ERITIERIgotofs, AXFHBERIRMNERTREAEFRE R, )

BANE, BAREEREATBNEAALRY; BrEURZ. RITFHRXFEMER.

9.6.1 MEHEE

BICLTHRTMMERIAARE. Y—/EHAN GEEXMN) SBRERHAMN, RESENRE
ML ANARBRE. XNTEEXNHAZOBSRENRABE. mREECH-1 (HiHELL
HRAZERKFERIE), NHEEHREREMERERE. TN, #REONSHERANENG
SREELZRINEZEH—AEN.

MTFHRTRNS, CHBRERBEARESENHRE. MR, RNEREHERERIBALREDN
— L. TR, YHALBRLWIAAN, CHBSHERCLTHT, AFRERRAEEZDIL
Feop e hiARE ke 285 BN —#a.

W B RE LGRS REERN, MAKBERAC, XBEMNTRBRBMATR. MELAT—F,
BRI EEALANB Y AR Bk, B4 R R E S IRMABE A i "R BRI AREE
(IARES. R EAKBRIRIDIEH I BRI AR —RISBRAC, MCIEXHITAXBHERFBREE
B OMWARS . MBECRMFMKRATAMAB, NEAIEERENBERLKAB MRACHKHBEES
IBIR, IRaEhSm—H BRI AR,

BkZEES-19h M REl. FRAHEEE, BOh; HERMB, HARFNEIT. ST
FA 1 0 L B9-20.

<«—— R
BO

HERE BARE
&9-20 AAIBERETTH IR

GHIFRE ML TIBIARNIEA BT, R, AR, EABRFNEUT. FEBTHROELAE
9-21F7R.

<« A

(—~ B
=1
HEME BAEE
E9-21 AHARRIEITRER
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XE, BMENER A FFRARNGEE AN, GRERBIARKK &I 7T R e &
S, ME9-22FTR. EEREEE, Tk 6 3h A5k A R,

G
(— l «—— {EiRe
C A
1 ° J
= 1)
SRR MR

E9-22 HAGRHENE{TIR
MG BkEZBREIIEgoto LEMBAREIRERIBHXE GXB, RegH—4, B

WT, AIREAEEA). gotodhfT/a, BITHHARIIIE L E9-235R. . 309
B
< &R
BO
AR | RARE
F9-23 goto LfT/ariafThtte 310

SR B S A . A, R, CHEZZHERBEFEA NIRRT, . o
BRERASHUNES S SHAEERERFLARKRE - RrREFEREME SO T,

9.6.2 RRE

BATTUAER B RRNFUAIHFER LR, -4 N DML
SREHEHRASEE, RITBHEBTREFFEN PLLIMIE
MR IE E %t RO i — 215, E9-24FR. Bt
BB A /D RIS RENRRRERE, MiXZR

TEAEFEBRR. B, BH /% Nrestore AR T
4 s B A7 28 PR TR s B T R - ‘
WIERE. BUE, SRR B IAMET, BRATAILL: m9-24 M BRI A BEEFH

s firestore ARHIM AR BIAMZMARSY. )
R RERFEFER (D(0], - ,D[Max]) f4 AT E R BAHEARD.
« il restore AR¥EH HHIAR.
. 4@ﬁﬁﬂi%i%ﬁﬁ&%%ﬁﬁ%A%%ﬁﬁ&#ﬁﬁﬁ#mifrimiﬁ,
oA D EARAERS R .

MR BRIR B, BATRTEA:



311

=< £OF¥

* Fifirestore AREFEARHENE K.

s g i firestore ARM{HE.

BREBOFY (KRB ERE) BN ERIMERATOREASE. HaNERIAAXRAR
HRENEBATFE—H.

NEGAFRASTBREEEER, LRBERRTTN. ik, BRMNELRLIFgotoiEDBkH T
F, RTFRAECHEANRASME (X)) E-REARRIEER T AELRBARN, BoR
B R AN ST BAR R B AR AR BBk HH F B FFfugotoiE f). ixFhy™ /R =T il id R M A B BOR £R
FHGE BAROBRARATEKREH. B, XSMMEELREMANIH.

B 5h—Fh A Y gotoiE MBk R B kR Rl — RSN REE. gotoifmhiT/ai Rl
FIEMARFTM ST P E SRBABHE. mERSLERZRBEKRILAEY, BLiEtgoto
LA & U8 ST JE RO R SRR B AR H D[ 1 148 AAR. (R, gotoif i REH R AT
o ESE E R RO Ve B BITE SRS M E AR, K — SR BB ERE L, RPRHE - TERT
MR REEER. Rifi, BEAERTREESSRKIENBRE. ZHERLEBHITRKgoto
BT AR , BRIEBEMgoto BB KBKE FFBME RRENTH, HXEFHLBHEARIKAD.
B, dERigoto— RN KEFAATRERR S, EMRHTEECARBL2ERRENT (Hm,
7E PR R BRE).

963 —LEE

T it B b AL Ze RO RS AS e B XA RO R — S R AR BRI . Bldn, FE9-25 R Pascal Y
SATENMT 2RI E RIE?

program Main{Output);
tunction f(Level : Integer; function Arg : Integer) : Integer;
function Local : integer;
begin {Local}
Local := Level
end; {Local}

in {f)
if Leve! > 10 then
f := f(Level - 1, Local)
else if Level > 1 then
f := f(Level - 1, Arg)
else
f := Arg { actually call Arg() }

end; {f}

function Dummy : integer;
begin {Justa placeholder} end;

begin {Main}

writein(The answer is:',f(1 3,Dummy));
end.

E9-25 {f RSB — A Pascal B FF

FigMainiffl, SRE#IRiEMa cl2k. £F12KIBAN, 35 B A FArgH S B ME, X BrArg
455 31 Rt B Localfh Rk L. LocalijiaiERix ElLevel. REE2-AlgoliE & % FEe &1 AL
W, x/dE)SHEE| R LR B A AT A S Bl B 7ELevellI 134 LBl W— A~ R W T A
I AR AV R RN 2 (] 0 X B FE R T AV FBENRE N — /A F R A S0 HE YN,
BT E MR R L (closest) kG M (most recent) FHIHER. XH, RfgfH—/Level FHEATF
AEK, ERATHGLeve B FB A AR #HiR. Locals il { fftLevel, A% AE
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ZEfLocal = B IEM G —BMS IR EA ZLocalfyp ik, A REABSPE. 2iX/-Local i BL#idk # Ak
EASBLER, TR THXREU KA ENLevel. BAFLIARMIRALocalli4d, LR
BLevellEhll. Hik, XANMBRFFTENL.

CIESAAU FRAKECHATFRFR. AXHBRUREHNRT T - S FBFERRIESTHRER
MERKE LY, BRXEDTTRMSACESTHRERLIR. FASRGRNTFRFARERTH
X3, BABINMATLUGREE FRFAZNLRERSEY T FRFEHBHNER. (FXE,
ECEETERA LRBEMER T RS . MR, BEBKERAS "R XUMHAER.)
ALFERFHCIEZTE %, EARFARRTRE. REMEABALIBOFRFTAREBREL TR
Freh 4 O E %4 AV KOS B A0 R T B % T B E TSR S N E R S bt

%3

I RFRIHE SR T S#RHEEMROBESR. HTEHRNEREERIZIBSEMHETHNF
fEhA.
listof T;

THIEERR &, RTLAEHappendi et iTigtE; (FheadfntailiEdiTiks.
set of Lower .. Upper;

LowerfiUpper ¥ &1f. XH LA PascaliR IR A& S .

set of Lower .. Upper;

LowerfnUpper & 7E15 475 91 Ha s & 7 WIMR B B RE K.

setof T,

TRIEEXRA.
Extendedint;

Extendedint2 ¥ By BAEB S . TiRkAEMaxintkMininthR#l; HK, XHERTTREGE
BT RUABEHERIE.
fileot T,
TRERCH (SaaXtitt) KM IMMIERRT . X RPascaliB AU SCFHIES .
String(N);

NEER{E. BRHKETLLATOMNZA.
String(N);

N 2655 F7 I B i 2 O 75 BTN B L D A K. SRR SKBR R BE AT TFORINZ A X HSERPLI
RO B 2E
2. AN THEABRNSBREFREARNA HE.
procedure g(a : integer; b: real) is
¢ : array(1..N) of real;
d : string;
begin
declare
e : array(1..10) of integer;
begin

end:
declare

312
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f : array(1..M) of integer;
g : integer;
begin
end:
endq;

3. BERLATBIFIRTHR ARSI R Frisit Bons e,

9.

procedure main is
function m(i : integer) return integer is

function p(i : integer) return integer is
begin

return m(i * 2 + 1);
end p;

function q(i : integer) return integer is
begin

return m(i + 111);
endq;

function r(i : integer) return integer is
begin

return i« 3;
endr;

begin
caseimod 3is
when 0 => return p(i / 3);
when 1 => return q(i / 3);
when 2 => return r(i / 3);
end case;
endm;

begin
write(m(157));
end main;

Hie B EME AR RS HES 3R ER KGRI BT LRARFS.

. E—-SBHENES LA TR REXTHRGNFBIE, ATMIERRFENKD. SBRFEE

A KT AR SRR, XN RBERBEBIMEELT. HTHERBEY R, fH
AENFH B ERFR?

. E9.3. 3% iRBIA A RIOB T EA LA TR, R AR RN — R

BEHE. BT BHEHBTERI=Z5EF.

. EREESREENEFREAATELRR. AN S RAERRE, MASHIRIM

HIRERIE R BRI,

WA EE, REBTHERRE—MTHERFRFZENERRFHABR. EMERERE—
WS NI 4R :

BIERATAR R HEA R RVl —/MEEHER . G3E— A HRIIEH SR, REmER
YRR 7E4TFFREI1E PRI R i 2 BEROIRIEY REACVFHSE S SRS ?

B RATRA SR BORASIE. YoM RAIREE, REBERIE? EITFRKMAER
A 7 AT 2 R AEDR?

10. AFECESEANI—HIE S A QIR M BN KR AIRIE. .

p = &x;
B Rt R xR b LR AR daktp. THPRIERIRI L.
MR A LAQI IS HAR BAE B HIB M RIS, BB THANTRLITRIUT L2BE?
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12.

13.

14.

15.

16.

ARRRBITI RN TEYE, FEME R R IR N R LR

- BERBAOAREF LA, TMREAGHAUTEEF —NTROTEES RN TR, P T

HERIBEEA T A RBRART FHEA e B AR T U () X R A0 B ?

FHE—FFRARLiE R (worst-fit) WIS RIRM . RREEEIRTERENARZRRT LIRS
RADBAEENS, BEBRGFEREREXNTRA hk#ToR. SEEER. §RERMER
BHOOER SRR, BEERA T AREBA?

7B M RIS LA TRAT AR AT . MBS R — RSB HLRY M5y B AR 1
PR BE AL B UOERAIER E ROE RS H A s R R AT RKH .

— SR FRIHEFRUEUTHEABRF S HRITHIER:

cobegin <stmt 1> | <stmt 2> | - -+ | <stmt n> coend

Eag<stmt 1>, -, <stmt n>TLALMEBRFH K47, EcobegingighfimfiBnE, o
LA A 58 fbegin-end iZ 45k 3 55 % MUF 04T
#3EMBITI T R S A cobeging MBS MBAMR, MiKkWMY FBTHARRX
frcobeginth {3 & R & A AT RIF?
B R B RER RN ERREATE. B FHEPascalBFHITHARFEFILIR IR B RE
B, | |
program prog(output);

procedure g(procedure c(var iinteger));
var z : integer;
begin
z =17,
c(2);
end;

procedure p(procedure a(procedure x(var jiinteger));
procedure b(var k:integer));

begin
a(b);

procedure I,
var i ; integer;
procedure s(var jiinteger);
begin
writeln(j + i)
begin
i:=10,;
p(a.s);

begin
n
end.

BABREARSDERERLABRALE. FRBE LERFRTHARFFIL RN RS
SRR |
LB A R B A B BoR R R B B A R A T T E Y Pascal ¥
program prog(output);
procedure q;
label 1;
procedure exec(procedure z);
begin
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z
end;

procedure r;
begin
goto 1;
end;
begin exec(r),
1:

end;

procedure p(procedure a);
var v : integer;
begin

v:=10;

a;
writeln(v);
end;
begin

pa);
end.

318 A/ ERE N EETTLAERLE E@ERF?
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FEALTEF-TAE. F-NAHCHEEFHNEFER, AFBERRERNEFSEHRLARELRES
BIHE AR RS R E R . B iR LB Ada/CSIE S &R A B — /R 3 F BT B IIE X HIR.
EATHRABEERMEYLANHFEY, RLAFEICRMGEEEANARIE L. XIIE L HIRIER &%
% TANSI CHIAMAER, B THBANSI COAKN, BAIMIZREIEE BN, (EWSHEH
B TXANSI CHIY R . ) = a4E— R0 A T Ada/CSIE = R ¥ 5y 10IE L FIRIIBGR . TR
SEH, B RIEARKAXHTERRITRIEEHENSE. REXHEXRRETENMSCIEY
R, (RN BB AR R TTitE AURECEE MiES.

EELUTARIBARIE. RiE “iBF” (record) 7EMAlgolRAEMRKMIEEFEM, MAECES R
Rk “£54)” (structure)., “FHRigFE” (variant record) FECIEZFHHKA “B4” (union), fi—#Y
BN F-ACIEENRATH—NRA. 5, CiESMWunion®Hy FPascalfy Lt &L k. CiE
ZE g SPascal i AdaiE SH A RS T A SN RT, BF AN IZAEEEAgEERZ— KA+
4.

10.1 FEEAERERRN

10.1.1 FSRPHEY

EF8E, HSREMAHAFM LA 11 & (auribute information) FHXBKRI—FFE. AR,
BAIAZESAFHEARENEAEPAEH 2BNEEREINERSR. BE, XEREEELTET
LAitie.

AFNENREAERFRNMENETZATNEMAT. HARERRPATHLEENEE
KELLTHHER, FUBETHIAARERNARETER. RIFBEATASERLLBREL,
BY, FLAFHARHANETXEEE-ITRAFHNEFHERLERBRREE. ERRBRFRIHE
v, AFATFEZARNERSR, XXPaFETE. FE. XUndR. Ak, BEN4THHELR
M52 RBENEHRES. MR, XEREABHEESHIMEELAFHAEYEM.

B 10-1 p R R E LBk T W B Pascal g ¥ 38— Pascal P-4vh i FifY & 7B IERTARIHER, 6
¥ Bif LPascal LHMERM. MIBPAFNAREMAFR, BERATEKBEFRLEE LML £ FHRXBE
BAEH.

Name. LlinkFnRlinki AR LAA SR, WERHE, ENTBHMPascal RIEB KA ZXHEX
WIfr Sk, Xk, (Pt SCAIS FARIRIFIDZRIgE . LM BN BARICRA SR PRI R .
%A BHERIdType st A Bl 4 TypePtr, Z#5m TypeDescriptori ffest, XM EFE S - EHEM

4y, BAMEEESIIEE. REType 2 ERIFAFIERAERISY, IRIEHESFARFRTY

EMMEE. BTHSXA I BEPascalZiFBARBINMBE, FHEBITRLBRA L% EEACFAP
Aat. REW, BEERERAEREEENHRRWAWCSETNREERG, HEKREDM
BEE(l. SRMEREFREEESXE, BACRE—MREMEHURJIGRESIRIIB LR
AR, RIBFEFHEOREEANERE, RMNTURMERIROERITEN.
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type Identifier =
record
Name : Alpha; . {* the identifier represented here *)
Llink, Riink : |dPtr; (* to implement a binary tree symbo! table +)
(* The previous fields implement the symbol table search mechanism; *)
(* those that follow describe the attributes of Name *)
{dType : TypePtr;
Next : IdPtr; (* used to construct lists of identifiers )
case Class : IdClass of
Constant: (Value : ValueType);
Variable : (Vkind : IdKind;
Vievel : LevelRange;
Vaddr : AddressRange);
Field: (FieldOffset : AddressRange);
Proc, Func: (
case PFDeclKind : DeclKind of
Standard: ( - - );
Declared: ( ---))

E10-1 Pascal P-44i% 8 P ITT S &K%

FEMER AL T Ada/CS B IE L HIRR, BANBXANEARENIETEXL - RUNERIZF. B
I R E R PascaiC R E KX IR, WIS RILAMESE S EIK, HLEMNIBEES
RMEHS . MBEESRF T ATEANMERSPESEE L, MAdIEE B BRFEFMN, I
LLESHHEBRBABEN LT E LN REE A KRR BT B A B RS
3 BRIx A RNEREFORATOERMER, TUURE B bER TR,

10.1.2 HRBGREFESH

ZEEI0- 1 H DR RO AT RS, A—MRATHRRER, EAFBE—TRITHEEHER
TypeDescriptorig & . R RPARFBOBRHHRE THRA - BEFHEFIE: FHEEAR
Fio%®, ENORALBERCRNEE. B—kit, BIEA—/mE10- 250N EFIZF (C
i#&d, &—/ union), EH R FPascal P-45514H).

type TypeDescriptor =
. record
Size : AddressRange;
PackedFlag : boolean;
case Form : TypeForm of
Scalar: {case ScalarKind : DeciKind of
Declared: (FirstConst : IdPtr);
Standard: () ); .
Subrange: {RangeBaseType : TypePtr;
Min, Max : Value);
Pointer: (PtrBaseType : TypePtr);
SetType: {SetBaseType : TypePtr);
ArrayType: (IndexType, ElementType : TypePtr);
RecordType: (FirstField : IdPtr);
FileType: {FileBaseType : TypePtr)

10-2 Pascal P-44RiE 8 IR RIAR T

TypeDescriptorid & FF 14 T4 th Rk /MR R AT R B EHNIRER . XEEIRHH AT
. HIDREEE S IR — S AEsy , TR RR TR AR A RIFE. ZCRERNH—R
BECHE KRS B ILUEENBBRE 4. B, B3 (RR) XBHASHRYERED
Identifierig RFIRFHER . 07 (record) WA AT ERIDFRM “XHBHIR, BEAFMIIRFH
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BEAREE. BAE 4R FARMT KR A M TypeDescriptorfty gtk ®or. X#, RAEHARRA
A RITF R B G E R T R BIR SRR - XA FRELERC. Modula-2, Pascal
MAda% L ERBA DA RNKGERDHIETHEEXREEN. RAXMEATTGIEREEEN
FHAFR, BAULRESECHBFANFERIEEMRE. flm, F7TEFHER, bRARER
B b AT, RFCXPHATFNROANS. EXEIES (WFORTRAN) hAXHRIRH
AR R TRE LB E. RITEE R TEAIE - SER, MXEEARBERESELEL—-NE
B R/NRERI A B Tt X &3 BRF . B TypeDescriptorit F Bl nay sh &Rt A i fE A
ROX AR E AR

10.1.3 BXRPRITIRGH

TEAda/CSTIF b — EBF IR HES MR EWEYB RARAFIIR. REXFIRE. HoaLk
FlF (MEHHIR) BAEEX LN X, FHARGRRMCERN. ik —%5% (MmPascalid il
AR RFERTIER) REIBEL LHEL, YiBEOHBIRNFIREN, TOITOABEGUALE, X
REMAFIZRFFHEN EFXPRIEZCRBEBTANGL. £LRMEM—FHERT, BFAREERX
HhATE SUR% B BRI

B, EFIRB LA HIEVEE TELASIKEBANFIREA R, TEHIAd/CSH=
AR T X R )R

<object declaration> — <id list> : <object tail>

7ERbEi<object tail>it 7 vl S FIHIIE LUE B R RISk <id list>rh MARIARHHE BIEID R . WRX AR
A AR R A ZR B A ERS T REA A E L. MBRITE X — £ AMARKITIE AR IE R
B Sx— AERASEE GRitZERFINIELAR). —/MARKIZFRMBERRORICFK — BB EEME
B. CEERPEECE LNHAAXENATENGEL. RNLBEBEHRIAFEEN—ME SR,
EETEF A Micro%i% BB Liddd, RABEFRERSRICRE. EEEANEST, Bf
PARIR A RE hFER, Hilt, REE A RMMIE CRIERE,

WA BEASH< listry =X T:

<id list> — #push_mark <id> {, <id> }
<id> —» IDENTIFIER #process_id

EREXFRNEER ROHE:
push_mark (void)

{
Push a MARK record onto the semantic stack.

}

process_id(void)
{ .
Push an ID record onto the semantic stack, containing
the token string of the identifier returned by the
scanner.

}

B 10-3a@ 7% T push_mark () fEi% X% EROSRATRCR . E10-300I%H ThbE<id list>p—EoRe
B2 IEMIE AR .

MARKID 5 FIVEFI R 105y B 7F. FRLe(f F<id list>RIE L PIBRTURARHCERRFEEAT
MARKIDZ, XFHAMEEBERE: EEKMFIR, MEERMEECET TSR, BRI
Sl it Ak — RIS B RER.

R ARGFERAETEHMAE, XEERAR: nRABKAKIIEUR, WHEKRNIRS
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Sl . REXANREACEERIFRRFEUSIRMAKRTREE, BRELCEEBTFENS
RBEEFSXOHRIE0IERETREAEN. Bk, HRMXFESR, RILHEESIMLERIE
Wik, —FEBODEREBIE R —MERRRTFIER, B EANBEEE B AEFIRPTHE.
PA<id list>29 8, {EALIREFr RAMFIRE, RATTLIEBIME 10-4FRMEA .

B [
ZHi 2z
top —>  MARK
top —3 ? ?

a) push_mark () fEi% Ak _EIOBRATRCR

top —> ID

b) i§fiprocess_id () Z/GHIIE LEAER

& 10-3

top — IDLIST —P—*[ ID .o

E10-4 5—fh<id lisbFRR

W T AbEE RS HREIASE, TR R 5 B A AT B HIROE SURROE AR, TR SR BUE R
Bt RUAAT. 76 FE<id listofp=aRd, RITENEFSERERBTRHLE; EA&R<d>
WA IR A AR, B 2 BB P A R R B S P BB EL e — A IDIESRBAE TR b

<id list> — IDENTIFIER #start_id_list{ , IDENTIFIER #next_id }

MR PR R Tl . XA BT, ROSIATHOMS, BtHEfRTEERAMS]
FIE k. IS (REHREAEN) RBREE—HNAERBARHIESH, SREIEHSH
ERGIE TR A BN R . mRE IR NS RRIELER, W5 ZREMET SR
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EHs=>2F. HEGIRPHRERRFR. XNTFSESHERARM L THREMRNE U, TRXA
B AR MR R R Ao R 6. EF£HA P, LAHEEXEREMENM, MREH
THRIEEMORIAEX, XEFARRETLUMELRBRETRAGIE.

/*

* Since identifier lists can be either in the semantic

* gtack or in a list, these two routines are purposely

* vague about adding new identifiers to the list.
®/ '

start_id_list (IDENTIFIER) => «id list>
{
Create an ID record for the token string
corresponding to IDENTIFIER

<id list> « an IDLIST record containing a
pointer to that ID record
}

next_id(<id list>, IDENTIFIER) => <id list>

Create an ID record for the token string
corresponding to IDENTIFIER
Add this record to the list of such records in the
IDLIST record
<id list> « the updated IDLIST record
}

start_id_list ()4 10-4FTRMFIRN E IR FIHEE — MRIRFRAEFIFRP . next_id()
Mo 1R P HE FE SR bR IR FF IR BB R+

10.2 EERAEAMZHEGIEE

AERMNFEFRREA/CSHEEFHBOEAR. X —HH RIHBAd/CSHBRH—RRLT RN
MeEEEA . ‘

10.2.1 TREH

EF BRI ERGGNE S, RINEXEiE7EPascalfiModula- 2% E S HBMERFH.
AdafIAda/CSZEE AR, XEEEPERAEBEFUNIEHREAYTIHE, TEERFARTLAALE
MEAHTE. Ei, xR EEIMIERRE R

<variable declaration> — <id list> : <type> #var_dec|
TEFRWIERAEIE U LR RA . R TASTEIE B 5 b <type>it B A R I8 X BIRBIELE X
% L.

struct type_ref {
type_descriptor *object_type;
}i

BERA1E H Aol 20 1 F A M R A S R FHE R ﬁ&iﬂi?ﬁf;ﬁﬁﬂﬁh‘i’éﬂ%

Pascaligl%, (A EE S FAEA/CSHEN. MESTHSEREMNLRESEFUNNATY . HAXE

thif fiffystruct range7ECEBAFPNI—FEEL. (XRE-KHELLEH (anonymous
structure) FYEE BBAEMIA )
E10-5. [ 10-65 B H T ALERR —/Ada/CS TR & B BHEE L Aisemantic  record4iHiFEH].
LBl A A 11~ 132 H0IE BB , it A A RIELEH £ (R<id list>) FoR

struct semantic_record.
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#include "symtab.h" /* see Chapter 8 */
typedef short boolean;
enum id class { VARIABLE, FIELD, TYPENAME };

enum type form { INTEGERTYPE, FLOATTYPE, STRINGTYPEK,
ARRAYTYPE, RERCORDTYPE, ERRORTYPE };
typedef unsigned long address_range;
struct address {
short var_level;
address_range var_offset:
boolean indirect;
}:
typedef struct attributes {
id _entry id;
struct type_des *id_type:;
enum id class class;
union {
/* class == VARIABLE */
struct address var_address;
/* class == FIKLD */
struct {
address_range field offset;
struct attributes *next_field;
};
/* class == TYPENAME --- empty variant */
}:
} attributes;
typedef struct type des {
address_range size;
enum type_form form;
union {
/* form == INTEGERTYPE, FLOATTYPE, STRINGCTYPE,
ERRORTYPE -- empty variant */
/* form == ARRAYTYPE */
struct {
struct range bounds;
struct type des *element_type;
}:
/* form == RECORDTYPR */
struct {
symbol_table fields:
attributes *field list;
}:

b
} type_descriptor;

E10-5 Bz

struct id { string id; };
struct type_ref { type descriptor *object_type:; }:
struct record def {
type_descriptor *this_type:
address_range next offset;
}:
struct range { long lower, upper: }:
enum semantic_record kind { ID, TYPEREF, RANGE,
CONSTOPTION, RECORDDEFP, MARK, ERROR };
struct semantic record {

enum ic_; | kind d_kind;
union {
struct id id; /* ID */
struct type_ref type ref; /* TYPEREF */
struct range range; /* RANGE */
struct const_option const_option; /* CONSTOPTION */
struct record def record def; /* RECORDDEF */
/* empty variant */ /% MARK */
/* empty variant */ /* ERROR */

E10-6 & iTF AR
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A=A EXHERSHAEERARN AR, [HARNNE LHIRARBIE £ L 0IE e
BR. LB XHENSHRAE N ES Hr<type>Bt A H1E L3 1B 4 R TYPEREF iF M iR & LA K <id
list>, Ja& v MEARMEATHEMREM G & Z —KER. var_decl()iBFIEPHA NIRRT EAR
SERIHVENBIMHENREILR. £ BRESS, WHESRERERDICFPHMLE. BA1FTLL
iR fstruct addressfIBMSIGEBLHA, ZEHAENEENKRERK. 8/MMEER
BORBUR RS (I FRAERTE, WA S AFALSE):

var_decl (<id list>, <type>)
{
for (each identifier in «idlist>) {
Call enter() to put the identifier in the
current scope of the symbol table
if (it is already there) {
generate an appropriate error message
continue;

}

Allocate storage for the variable, recording its
offset in the local variable offset

(The size of the block of storage to allocate is

obtained from <type>.type_ref.object_type.size)

The following expression describes the attribute
record to be created for the variable:

(attributes) (
.class = VARIABLE;
.id_type = <lype>.type_ref.object_type;
.id = the id_entry returned by enter():;
.var address = (struct address) {
.;u_lml = current_nesting_level;
.var_offset = offset;
.indixrect = FALSE;
}
}
}
}

10.2.2 #BEX. ERMSIB

1EiE X fifvar_decl (), Bfi1E ik<type>fyj=a A & % Gkl = £ TYPEREF if L IL%M1E X B
B, RO TLMAEIPEE LHRLL T MTYPEREF LRI LR . HRMIELR:

<type> — <type name>
<type> — <type definition>
<type name> — <id> #ype_reference

<type definition> — <record type definition>
<type definition> — <array type definition>

R R LS H R FAda/CSE RS BILHIZ bR AN R . EREE L ERXPIIEYL
(18 52 B 0 B K RV R 7 R 3 5 L FILA L R P AU TYPEREFE Lig . 10.2. 34570110 2 4 iR L iT g An
B R R .

M<type name>#EEER A T<typesht, MR EALBMRTE LR L, Bok
BRERWEE P HBENENET. TREH—FMENR, MLMHIE Y FEtype_reference() £
BR3P type_descriptord| . W% LALLMMALY BOARIE X RRE L AEHRY
HABAG 2% &H. fEAd2/CSH, Integer. FloatfiString R ik X XM &4. BITAARERCINN
RRRGRTFORET.

HAFEIR RS £ FR T RBMIESRIH. RYFRMIERR:

<type declaration> — type <id> is <type definition> #type_dec!

3%7
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AR ERAEEENIE LEFRAR., BEEI-SHABREIER, RITTLARIH KRR
Fixt R RZEmhR, XEFREEMHLRE-TE%EK, BABZERVAXRBHREEERZEREX
RAERFIIGE . (5AdIEEAR, CEFPRARRMINuNEA; Fibix B SR R b E R L
W ENBFE.)

Efmi & <type declaration>j=4: R BrALEAIAREE, 15 U HIftype_decl () £ IDIEFMTYPEREFID
F LR, BAER—AFEMEER, BUAT AR E%:

:ype_docl (<id>, <type definition>)

The identifier is entered into the symbol table
with the following associated attributes record:

(attributes) {
/class = TYPRENAME,
.id_type = <type definition>.typs_ref.object_type;
.id = the id entry returned by entex(); }:
}

Fs RO A, RPN A AR B B SUR BB GRS . R, WEBILRE R B RGET
Bk, FAxOAPRRIRGR S AT NRAERFREMRY , BLARTSRMR, RARMHKRE
PRI )k ey B R FT. TER SRR, 15 SURRFRRIEMEANFY . EXRiED (REE
FTTREEE ) MALEAREMEE . FUMIEHLPLERNE RS HAEFSRMERNRID L, WA
R BUEE Uik ‘

BUE, BRADBME T FEFERPFREANL, BTRRTLUE L type_reference()i& LB,
RARADABEN, A EMRTB AN —/MELER. BN S<dd>XBkiattributesilFERM
HARIRTFS | R BAERA T .

type_reference (<id>) => <type name>

Find <id>.id.id in the symbol table
if (it is there && its attrs.class == TYPENANE)
<type name> « (stzuct type_rxef) {
.object_type = <id>.attrs.id type };
else
<type name>.class = ERROR;
}

FEMYE, ROFLERNABRCSWN TRUBRTHERN R, EHAERMATFIN,
%Tﬁ%ﬁ&&ié@%%ﬁk»%é%,ﬁﬂ#&ﬁ%ﬁ%@ﬁﬁﬁ%i%ﬂﬁo%%%ﬁi%ﬂﬁ
%%%k%ﬂ,ﬁ*%mhiwﬂaﬁ—i§m%,mEKEW%ﬂﬂ¥m%—WiﬁﬁﬁH%ﬁﬁ#
ES%EH%E%%XE%@@%%Eﬁ&ﬁﬁﬁm%ﬁn&m%ﬁﬁ&ﬂ&ﬁﬁ%%%ﬂﬁ%%ﬂﬁ
FEN A BiE R P A R AR ENIE S S
4b 78 PR BAREREIR

E%ﬂ%ﬁil%%l%ﬂﬁﬁ*,E%E%ﬁﬁ%ﬁﬁ%x%ﬁ%ﬁﬁo5&%%T,Exwﬂ
mﬁﬁﬁﬁﬁ%ﬁﬁ%ﬁ%%,ﬁEﬁﬁXﬁiﬁM&%%&%@%%ﬁ%ﬂﬁ*oHﬁﬁﬁiﬂ%m
&*%%&ﬁﬂmEXE%#&%mwmmiui%ﬁﬁE%&E#E%E%E&Eﬁm,MW&*~
&ﬂm$$ﬁiﬁﬁm%ﬁﬁﬂ,Mﬁ%#é?ﬁ¢%ﬁﬁﬁﬁ?&%m%xwi%ﬁﬁﬁo

EﬂAmmmEiN,ﬁmE&&ﬁ&%&%ﬂﬁ*ﬁ%&Tfﬁ%?ﬂﬁﬂﬁmqﬁwH)ﬂ
tn&ﬁ%“)%#%%ﬁom*@&%ﬁ*?&ﬁ¥ﬁ~%%ﬁ%%lmi,H%&ﬁmmT%ﬁﬁﬁ
mﬁai%ﬁakﬁ&mmﬂﬁ?:%5%%&?%%&%Aﬁ%%%%ﬁﬁ%ﬁﬂ%.ﬁ%ﬁﬁﬁ*
Hﬁ%ﬁmﬁ%&%ﬁ@ﬁﬁ%%&%a%Fi,Wﬁ%i&&mﬁ%%%xmoﬁmmﬁﬁ%%ﬁ¢
%ﬁ?iﬁ&%%&%ﬁ(%ﬂ%—%d,%%,Mﬁ&ﬁﬁmmﬁﬁoﬁﬁ%M&Z%&%%%&f



FRFET AR UMERE YL, FERAIETYPERERITF A —/MEFIIET, #RYERRORTYPE, M43
th— A GIR R B EH T ERRORIZ KM JETYPEREF iR}, B444240 8 H FAIERRORTYPE 2 YR 7F
REHEEALEN-ANREMRIAT. EASERPREEERAFHREERN, BAITTUEREXEN
R RUR A AHERRORTYPE, fI5RA, WA ERRORIZFKUABRAER ZARIRTFRYIE LB B AR AVIE SLid % .
i G ¥ (6 FHERRORIE RV, ERMFABASE AR EEMHRER.
type_descriptorig % .

AT R % SRR BRI A, B4R RECE R FENE MR (MidFRn%d)
MIAAE L. HTRFXERVARTEZ COREREY, RUBRFCRLARAIENER, ML
FEE 10-5h4fiR

enum type form { INTEGERTYPE, FLOATTYPE, STRINGTYPE,
ARRAYTYPE, RECORDTYPE, ERRORTYPE };

typedef struct type_des {
address_range size;
enum type form form;
union {
/* form INTEGERTYPE, FLOATTYPE, STRINGTYPE,
ERRORTYPE -~ empty variant */

/* form ARRAYTYPE */
struct {
struct range bounds;
struct type_des *element_type;
}:
/* form == RECORDTYPE */
struct {
symbol_table fields;
attributes *field_list;
}:

} t;;;)e_descriptox:;

o LREACIESHAREN, RIVRZE L& HInteger. FloatfiString ¥ TiE L 2RI 2 A1
REF, B EFSRhxeaFREEAERTIA. BE, XEAFLIBERSRIIHEHRIRN,
ZEBAE T ERRFNBEFENEIIBEMRTNLT. BRNLAFEXL—TRINKE, HAhXLs
FHFAREE. ENTUEEMBEFPBRERE L, EIRER DR RFO RS/,

Integer& MR FFINT:

(type_descriptor) { .form = INTEGERTYPE;
.size = INTEGERSIZE; }

E‘E‘Floatfustring{f}fﬁ?ﬁrﬁ]#J#EFLOATSIZE#HSTRINGSIZE*%Esizei&ﬁ'ﬂ{ﬁ, A (W] FivE ]
AT REAL. XEAREAENEBIAREEIEMALE. BN ERET BRILENKIER S
HAPFT A B EMLIA SR . INTEGERSIZEMFLOATSIZEM M AE (FH) o HE2M4.
STRINGSIZEMEE 11 B EEMLIM T, (W, CIEEMsizeof ERLAN, BAXLEHER
HEBENE LI “KIE”, WX BN EAEEMELSTAEROIE—#.)

LB .

FTHREL: “ANHAXBEHRNLRMEE" RERMHLEE? Ada, PascalfiModula-2H =
B RB SR L, A REE U T — A AR TRERFN . THEAR. X
ELERBELLTESR:

A, B : array (1..10) of Integer;
C, D : array (1..10) of Integer:

332
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FhT
type Type1 is array (1..10) of Integer;
A, B: Typetl;
type Type2 is array (1..10) of integer;
C,D:Type2;

AFIBRYR AR MER, CRDMARBEMREN; XA RYRAARKERYE OREXH, Bt
IR, UETHCHERSARIEEN. HHANMRAS hmiFERRBENT. BABINSXYE
SCE A RIRIRRR T, TR S i BRI 75 LM R RO B R FF 4R £ BN T .

HibiE S (B haamAlgol 68) BRI E L RREM . B WAV LR R 8 MK
REH , EXA TR, SRXARUE, mEFRARAHBENE LS, WENgXHE
Wi, xE, WIERBIMNTypel IType2 Wi BESMEIRT. FEFRK, XHMULIPE—MHRE LM
ek, M TEASHIESNEERRFE. R, EY—EETNRTEELINABEHFM N AT
BB AR A ORES PRI R AL, R, BERT AL IS B R BRI K 5
TypetlfnType2, SiFBAL AR, KAXEIREBELSE LEH.

LR RIS B AR B LR R . MR, TWEXFARBHERTY
HA TR . BT DR A e T BB AR R IR, KR, HiE
AV GIRRRLER 3 S, BT U2 R AT CURN B T £ SO AT ELAR . DA R MBI BB 2 iR
STEMEARY, BME TR TR R A . BT A A AR B ELEH 05 20Kk SEBLR RV AT MR,
(BT HLE], UAGEZE P WAL R e ) Bl — AN 2 MR KRR B FIRTEAE (] — A~ S XXM
.

Bebh, $EhF R b AT AR B AR T A 48 R I S S IR MY S IR A LR BRI RRSL. % S RERS
M TEBEAAda B R T E#H S0 i BIRSRS -

type A is access B;

type Bis access A;

RAXREIE LB Y A EMEYL, BEHRATIEELN (RIREANE LA SIALTFBHAE
BEE), A, RASHEMNINIESORIES LB RMINELMRE—AMBREFHH.
BERFEAOBHRLASHR, BHARSAELEE RS BE ENOHRAEEFTLIR LR
AFEAERR (&A1), AT, TRIEIERARERTFOEHRBES L.

10.2.3 igRAER

DR U — RS A Bk M — A F KR . SRR EAZEIE M EAEE R ERER AL
BRTLUR—ARRERIPRF R, ZEAFAE M HNASXERNFSER.
EFE XIS R BT ERE BT
<record type definition> — record #start_record <component list>
#end_record end record
<component list> — <component declaration>

{ <component declaration> }
<component declaration> — <id list> : <type name> #field_decl ;

Bk, BRNEE—HROEICFRRE:

struct record def {
type_decriptor *this type’
address_range next offset;
) .

tETYPEREFIRF R, Bll1¥ BRIk L %A T IR
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struct { /* form == RECORDTYPE */
symbol_table fields;
attributes *field list;

}:

EREMERBWHGSERFORCT: D EARBMOFSER, ETRERRENRLEE, DEIEF

IR, FITHRCRREG. LRERTRMBRA, HAEBRRFINFIRFERCEABRKROTSE

REMILFIBA . ERIERELE TXRAEALER MR LEACEED .
attributesig X EAEL T LBRICFIRM L .

struct { /* class == FIELD */
address_range field offset;
struct attributes *next_field;
}:

field offsetifd® TIXMER A EMICFF MM, next_field AKX MU EIEFA L EARFIE.
FEALERIE R AT B IAANE — A eI Estart_record(). ‘BHILREHEAL IR B3 1E 51
£2{# FIAYRECORDDEFIE X id . T W MIzh{EFIRRER h I LEsr 8 tH listart_record () fil# /=4 M
EX iRk S5 Srecord X Bt XAXRBKBAR, EAIXIELIRER LR T EALCEMIZKEN,
FH B BAVE ARG A RE B 5 E:

start_record(void) => record

{
Create a.type descriptor, T, as follows:
(type_descriptor) { .form = RECORDTYPE;
.size = 0;
.field list = NULL;
.fields = create(); }
record «— (struct record def) {
.this type = & T;
.next_offset = 0; } ;
}

7ER R HIMIE ARG R R b, Bistart_record () PAMIE IR W HINER L HEWA
field decl()F A, WAHRAIIEBHME0-75/R. (RIZRIAFFIRSBAERERE.)

top —?» TYPEREF

ID

0

MARK

RECORDDEF

B10-7 JEMHfield decl()HHHIiE ARM D 336

HTHAERIMNIELABRERT SR ALE, RMNEATOTHET LA X (context-
sensitive) =4 R H ik <component declaration>:
record <component declaration> — record <id list> : <type name> #field_decl ;
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BT i) 5 SATIE AR mAE S Matid B FARXLSN, mififRfield decl() SERAVALER
fivar_decl () Brifisb B 4E# 2401,

field decl (record, <id list>, <typename>) => record
{
Let RD name the semantic record associated with record

for (each identifier in <idlist>) {
Enter the identifier in the symbol table
referenced by RD.fields
if (it is already there) (
generate an appropriate error message
continue; /* go on to the next identifier */
}

The following expression describes the attribute
record to be created for the field:

(attributes) {

.class = FIELD;

.id_type = <type name>.type_ref.cbject_ type:;

.id = the id_entry returned by enter():

.field offset = RD.next offset;

.next_field = NULL; )}
/* Allocate space for the field with the record. */
RD.next_offset += <lype name>.type_ref.object_type.size

Add this attribute record to the end of the list
referenced by RD.field list
}

record — RD ;
}

Hifield_decl(){# FlR0ZE il 4y AL RIEEB A BAI K /NI INBIRD . next_offset b, MBI AR%E
FARAEEHAMFOERRIE. CAEATEEAREHONSE L, BAEXENE L, nRIERAE
B FFER 7/, B R R BOE 3 & IF 04 T2 sk R A aL . ZEXAERONLES b, SRIK/NLBUMEL
AR Sl 2 15 24 MO LR FF o TRATIBREEAE oAt 1Y B 22 i 5y BC A0 AR o X R AR R RO (L IR % . ¥
P L ENY RALRER R,

B J5, ffend record()fifrr, A1E TP R TYPEREFIE St F AR Fm NI B AL B AT R 3
RIE X

end_record (record) => <record type definition>

{
type_descriptor *T;

T « record.record def.this_type:
T.size « record.record_def.next_ offset;
<record type definition> « (struct type_ref) {
.object_type = T; }
}

H—Ik, FRIR M TYPEREFE UL FR. HARRARR R h— A r & PR S iC &
BiattributesFIRMIEEH (FIFLRICFES) - AE&E-MiERBMEK RN (EESHL)
BERAR. XBHFSEOLE YR LEEHTE/ERRMattributesitFM5IM.

10.2.4 BSH4A

BRFTHARE TAASEONAFAREY SEMN, RILEiEGamsE. SufREELNE
% (40C. PascalfiModula-2) w5 i Mt —ROBA R R E LR B HXA- KT SRV IR BIATLL B8
BEBHBHBORALHOTY. FUARINBRARBLEONE KRB ERANHEARRTHE
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KA L.

THEATAREAE XHWAd/CSIEEN—4 T8, (#9%%E (constrained array) R Adaff)—Fp
BAXR, EHERGSENEBRERRRE.) H, INFREERBARAEFERCFERAE
(FHr) TERMR, XHERBETHRAGHAE (Ti) HEYRBEN.

<array type definition> — array ( <static range> ) of <type> #array_det
<static range> * — INTLITERAL #ower_bound .. INTLITERAL #upper_bound

XA RN E LT — RS . SAEKNA LT CHEANEMH. RINEE—AFIERFkA
%43k F<static range>. Bl FHEBRE X:

struct range {
long lower, upper;
}:

WRTATE , TYPEREFIZFR th A MK A:

struct { /* form == ARRAYTYPE */
struct range bounds;
struct type_des *element_type;
b

A XIMIE L HIBRE LI T. lower bound()flupper_bound()#3rRANGEiL ., fiftarray def(){f
FliZio S AN 3R 5o % 2 WA TYPEREF 3% 7= 4 84 ) TYPEREF

lower_bound (INTLITERAL) => <static range>
{
<static range> «— a RANGE record with lower
set to the value of INTLITERAL
}

upper_bound (<static range>, INTLITERAL) => <static range>
{
long u, 1;
<static range>.range .upper « the value of INTLITERAL

u = <static range>. range . upper;
1 = <static range>.range.lower;

if (u >= 1)
<static range> « the updated RANGE record
else {
Produce an appropriate error message
<static range> < an ERROR record or a corrected
version of the RANGE record

}

}
array_def (<staticrange>, <type>) => <array type definition>
{

long u, 1;

u = <statlic range>. range . upper;

1 = <static range>.range.lower;

Create a new type descriptor for an array type:
T « (type_descriptor) {

.form = ARRAYTYPE;
.elemant_type = <type>.type_xaf.object_type;
.bounds = <static range>.range;
.size = .element_type->size * (u - 1+1);})

<array type definition> « (struct type_ref) {
.object_type = T; }

}

Bk, MEATRXABEAE X
array (1..10) of array (1..20) of Integer

5 37 i 10-8B7 A type_descriptorfiig.
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form => array_type form => array_type form => integer_type
size => 400 f size => 40 f size => 2 -
element_type => — element_type => —

bounds.lower => 1 bounds.lower => 1

bounds.upper => 10 bounds.upper => 20

E10-8 type descriptor fii

10.3 SRFFHEHTEGIE

10.3.1 ZRATERATH |
BEZEAd/CSH 2T RFEMHIEL . UMK PRI X8 XHEIRS:

<object declaration> - «<id list> : <object tail>

<object tail> -3 <constant option> <type or subtype>
<initialization option> #object_decl

<constant option> — #not_constant

<constant option> — constant #is_constant

<type or subtype> - <type>

<type or subtype> — <subtype definition>
<initialization option> —» #no_initialization
<initialization option> — := <expression>

i LB T — BN IE g R R A

struct const_option { Boolean is_constant; };

X BS| ALY LR TconstamtfU AN BB . B4 17 #9485 — A~ #8754 CONSTOPTIONIE ¥ i 7 3k
PRINEX R TR T L.

is_constant (void) => <constant option>

{
<constant option> « (struct const_option) {
.is_constant = TRUE; } ;

}

not_constant (void) => <constant option>

{
<constant option> « (struct consat_option) {
.is_constant = FALSE; }

}

AdafIAda/CSH I BATLUR RIEAERIEMN RERENXFH R, REREGSTHSEITENE
BRRRE. HERXFHER, NAEattributesitFed F hCONSTERIZMIBHIE -

/* class == CONST */
struct value type value;

Krhvalue typefEitEFRARMNENZHE L.

HRBITEEE, NWHERBAERRTER, RARNLSARGCE T RIS ToisiE, A
WA A — B AREAREE. FHlk, I MMEREEY BE102.1F g L struct address
HA:

struct address {
short var_level;
address_range var offset;
boolean indirect, read only;
};

e L fi<type or subtype>MiF ik L L TIEAFYIRIXRHEA., 11027 BEHFHBppr AR —
B, XBHTYPEREFIZFORZ R AR . Bk, AHREFIELHIRRE FIIE L F R BRI XA
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IR .

X REVDBITULE SR HRERXF RSy mBEHE, EHBERFERMIE ET kKT
(Z2RENE) ; RZ, Hifno_initialization() LA LN L MFMNEIDFR. MARKIZR
BT DA B 0 T4 '

no_initialization(void) => <initialization option>

<initialization option> «— a MARK semantic record ;
}

object_decl()BARtkvar_decl() EH %, XR/RFACAEELEE R LA ELEE BMME
fe#FER . Rvar_decl()—#, BHEASTHELELHECHFHNRRTBRATSEZPIHLBFENS
AERBHICFAXE. RN, Hobject_decl()Hri S5hrilffxPiattributesid®xHixEH
VARIABLE® # CONSTHJclassif. E10-93%:R T fifobject decl ()P TiE, TR PRHMME
2 T SRR TR A .

enum init_kind { INITCONST, INITVARIABLE, INITNONE };

object_decl (<id list>, <constant option>, <type or subtype>,
<initialization option>)
{

enum init_kind initialization;

if (<initialization option>.kind == DATAOBJECT) {

Verify the assignability of
<initialization option>.data_object.object_ type
to <type or subtype>.type_ref.cbject_type.

if (the expression has a compile-time value)
initialization = INITCONST;

else
initialization = INITVARIABLE;

} else {
/*
* An initialization expression must be present if
* g0 indicated by <const option>.
*/
if (<constant option>.const_option.is_constant)
Produce an "Initialization required"” error message
initialization = INITNONE:
}

for (each identifier in <id list>) {
Call enter() to put the identifier in the current
scope of the symbol table
if (it is already there)
generate an appropriate error message
else if (! <constantoption>.const_option.is_constant
|| initialization == INITVARIABLE) {
Allocate storage for the variable, recording its
offset in the local variable offset. (The size of
the block of storage to allocate is cbtained from
<type or subtype>.type ref.object type.size)
The following expression describes the attribute
record to be created for the variable:
(attributes) ¢
.class = VARIABLE;
.id_type = <type or subtype>.type_ref.cbject_type:
.id = the id_entry returned by enter();
.var_address = (struct address) {
.var_level = current_nesting level;
.var_offset = offset;

10-9 object_decl()ZhtEGI#E

342
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.indirect = FALSE;
.read only =

<constant option>.const_option.is_constant; };
}

if (initialization != INITHONE)
Generate assignment code to initialize
the object
} else /* the identifier names a literal constant */

The following expression describes the attribute
record for the identifier:

(attributes) {
.class = CONST,
.id_type = <typeor subtype>.type_ref.object_type;
.id = the id entry returned by enter():
.value = <initialization option>.data_object.value; }

E10-9  (£)
% —#iE oK DATAOBJECTE S 11 B HAE X o

10.3.2 #rEe3a

Mot B — A A RFRIRFF 7R R E XL o Hoeh BRI R IEBCR AR —AF R X R
EAE AR R B R B B R RR. R REB—AFRRFERO, B HERIA
HERTIFRD ENATRNESL. (CiE = dhenum X B F AT LGS E Ao § RIOE. |
oh, XUERAFSHEE, HIEETSHEY.) '

<enumeration type definition>iE kLA RARRAIIE LHIEIE ST

<enumeration type definition>  — ( <enumeration id list> #inish_enum_type )
<enumeration id list> — IDENTIFIER #first_enum_id

{, IDENTIFIER #enum_id }
FF i 2R P IARYIE DR AN T
struct enum def {
type_descriptor *this_type:
attributes *last_const;
}:
type_descriptoridF 4 FEkRGHE B RT:
/% form == ENUMTYPE */
attributes *first const;
attributesiF WL AMLAY BRCEBERE R, — T HMyid class, ENUMCLASS 4 7 # fn A
CAAbIEHcEE 2R, fEattributesiDkPHBMMEAKR:

struct { /* class == ENUMCONST */
unsigned long enum value;
struct attributes *next_const;
}:
Hop, B ARICFARFTEE R RIOE, AR O BT B 2R K RIAMTIR
BB R L, FTA AR RS L AR b ERIEES R, — B SRR
LSRR A R BB AR 3. XA — EREE RIS, BERENIEX
BIBRIT A . £irst_enum id() bR syAltype_descriptor, FE BB e b 5 e el

fIDENTIFIERME h#o# % RFIRMFT 4. % G0 B [F B 45 0L 3 3/ HENUMCONST LA 5 3% .
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enum_id () A'EAIDENTIFIERS KRN IIE, S4B ERLFEMBBELVHHRIIERD.
finish_enum id()fESHFAE LERETRMXIBCE, MARE LB T CHSPE—H, XED
=4 TYPEREFiD.%:

first_enum_ id(IDENTIFIER) => <enumeration id list>

Allocate a type_descriptor for an ENUMTYPE and let
T point to it.

Enter the IDENTIFIER into the symbol table.
There may be more than one use of an identifier
as enumeration constants of different types
within a single scope (overloading), but an
identifier used as an enumeration constant
cannot have any other uses within a scope.

Assuming an error is not reported, the identifier
just entered into the symbol table has the
following attributes record, A, associated
with it:

(attributes) {
.class = ENUMCONST;
.id_type = T;
.id = the id_entry returned by enter():
.enum_value = 0;
.next_const = NULL; }

Set T->size to INTEGERSIZE and T->first_const to point
to the attribute record just created
<enumeration id list> « (struct enum def) {
.this_type = T;
.last_const = A; };
/* assuming A references the attributes record */

}

enum_id (<enumeration id list>, IDENTIFIER) => <enumeration id list>
{
Let ED rename <enumeration id list>.enum_def
Enter the IDENTIFIER into the symbol table.
The same error checking must be done as in
first_enum id(). In addition, the identifier
must not already be in the symbol table as a
constant of the type currently being processed.
Assuming an error is not found, create an ENUMCONST
attribute record for the identifier with
id_type = ED.this type
enum_value = ED.last_const.enum value + 1
next_const = NULL
Set ED.last_const.next_const to point to the
attribute record just created
Set ED.last_const to ED.last_const.next_const, thus
adding the new attribute record to the end
of the list
<enumeration id list> < the updated struct enum def

}

finish_enum_type (<enumeration id ist>) => <enumeration type definition>

{
<enumeration type definition> « (struct type_ref) {
.object_type = <enumeration id list>.enum def.this_type; }

Ultimately, the enumeration type is represented by a TYPEREF record,
as all types are. The type descriptor consists of a type_descriptor record
that points to a list of attributes, one for each enumeration constant.

RS, MFARMAT — 8, BE%N Mk — A TYPEREFIEFRFR. EARBHAT R4
type_descriptoria Rk, MABFIRE A mEAHERT K R M attributes FIRIFIZ.
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10.3.3 FHE

FAA (subtype) FHAGARRM LRV, (CESBREHRRNY.) BT FRUNRMELYK
PRI LA #fE A, Bk ¥R B ftype_descriptorid k& A. AR FRY, BEL
type_descriptorfmHFHMEHK, UR N EXNTFEAPEHANF X Mstruct
constraint_des. X}type_ descriptorf¥ R aL{E:

struct { /* form == SUBTYPE */
struct type des *base_type;
struct constraint_des constraint;

}:
HAly “493R” T

enum constraint_ form { DYNANICRANGE, STATICRANGE,
UNCONSTRAINEDINDEX, ARRAYBOUNDS
};

struct constraint des@ X KB TF:

struct constraint_des {
enum constraint_form' form;
union { :
/* form == DYNAMICRANGE */
address_range address;
/* form == STATICRANGE */
struct { long lowerbound, upperbound; };
/* form == UNCONSTRAINEDINDEX - empty */
/* form == ARRAYBOUNDS */
struct {
struct index_list *bounds;
struct address dope vector_addr;
}:
}:
}:

THAEERSH T TRYELHMERNEE. CRERRESER: THORATRHBRE, T
PR A TIARBARR . R <range>fEETW AP WA K BMEA (i, Zfor
loopfE3H ).

<subtype> — <type name>
<subtype> — <subtype definition>
<subtype declaration> — subtype <id> is
<subtype definition> #subtype_decl
<subtype definition> — <type name> <range constraint> #range_subtype
<subtype definition> — <type name> <index constraint> #array_subtype
<range constraint> — range <range>
<range> — <simple expression> .. <simple expression>
#irange_pair
<index constraint> — ( <discrete range> #start_index_list
{, <discrete range> #append_index} )
<discrete range> — <subtype>
<discrete range> — <range>

MEFRBMABEFINBELRRERN., LEERAHRNBLARGE M. HBIELHE
start_index_list(). append_index()#larray_subtype( Y7E10.3 4 GBS —Ritie. EXA
NG, ﬁfl']ﬁ%ﬁ%%ﬂﬁ%ii?ﬁ?@ﬁ%?%ﬁo FEE AR T BT, HAd/CSTTE,
CAEENREM AP E LHBOEAR ., EMENLFRERE, FRAYRHAEUFHRE. M,
THR T ERRNE-ANSHREBANNE. LERBFIAREN TR, BB SARREMR
Si%ERMEEFRALNERNA. IR K AR B SRR I BTIRG, MBERMSTHEE.

HtePiBrange pair() MEDTEED F L HOREA FiEXH B struct constraint_des.
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range_subtype() AT T type descriptor. XELHBENSFH, HAIEXRLE F<range>EEaILL
WBLTE 285 SUrh U LA R BRAE S 3k L T 3.

range pair(<simple expression>,, <simple expression>;) => <range>
{

Check that the two expression entries are of the same
discrete type.

If they both denote compile-time constants, then this
is a static range; otherwise, it is dynamic.

if (the constraint is static) {

Create the following compile-time constraint
descriptor, C:

(struct constraint_des) {

.form = STATICRANGE:
.upperbound = (long) (<simple expression>;.expr.value);
.lowerbound = (long) (<simple expression>,.expx.value); }
} else { /* the constraint is dynamic */

Allocate space in the data area of the current
activation record for a run-time descriptor
(2+INTEGERSIZE words, one for each of
the bounds). .

Generate code to store the bounds into the
descriptor.

Create the following compile-time constraint
descriptor, C:

(struct constraint_des) {
.form = DYNAMICRANGE;
.address = - - - ; };
/* the space just allocated */

}

The type descriptor, T, for the range will be:
(type_descriptor) {
.form = SUBTYPE;
.size = <simple expression>,.expr.expr_type.size;
.base_type = <simple expression>;.expr.expr_type;
.constraint = C; }

<range> « (struct type_ref) { .object_type = T; } ;
}

range_subtype (<type name>, .
<range constraint>) => <subtype definition>

{
<range constraint>. type _ref.object_type.base_type
must refer to the same type as
<type name>.type_ref.object_type. ]
if (<lype name>.type ref.cbject type is constrained)
The new constraint must not be less restrictive

than the old one.

if (no errors)
<subtype definition> « <range constraint>

else :
<subtype definition> « an ERROR record

}
subtype_decl (<id>, ;type definition>)
/* same as type decl()... */
type_decl(<id>, <type definition>) ;
}
10.3.4 MUANRE
AdaFIAda/CSAIEF R RMEA E L S BE SELREA. HE RN EREHAMTE,

347
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RETENETURNEBTHITENZRERREE . JEHREEA KR IGE E LA THRERKSE
E, EMNTENMEEFURRPARM PR LANARmEEL. E4REH BRI OEFA KRR/
ALAERIZESMTE, MaTLMRARBAH R, hisfTHREXMERRE.

FRHSKA

R MR KRR T RAMT R, EHIRREETHTIERZMNTEN, WEeNEESnRss Sk
49 (dynamic array). ZERFORFEBTEEA/ M RKRAR, XFEHEK/MEBREHEREH BRIE
HEHET. R, CHEROABELE: FATERSHEEANTRAERYREEZD LD, XRHEHHK
IMEGERZI AR REBH B2 Km0 . RIOFTRRODER: EARFE—AMRATARLRAK
INE AT (BERZANKEGE (dope vector)). XANERNBHEETHFFEITREERLE
Rz, XERRATRTUALSHTRBINFUR (BXih) HAERERERR. SR
EEN, CHITEDSKARNNLE, HEERMMARZ G Lo REANSHERAMZE. AR
Wb AL RE 5B ABAMEIEEME L, Fra B TR s @ xRk, B,

procedure P (N : Integer) is
A, B : array(1..N) of Integer;

end P;

KR ARIBR A /NMERFPHBIE. §k. PR (K/DBEZH) ARBEAKL, AENEREEANTEH
B, BJ5, fER B RCARIBROZIN. X el SBONE 10-105TRHIREH .

BB 7]

AR ] '

B AR ] <« PREDIERMLER
Affapa ) i

BRI 1

<«—— PHIESICFRIH
E10-10 #HAHEJANTEIEF
{5 Sevh B B ) A L T L RZE s B eh R ARSI — AL ER . IR R S LR . 1R 1E

‘ﬁﬁﬁi,W%EA%KMR,%Eﬁ&k%ﬂ@%ﬁﬁﬁﬁ&%%ﬁﬁo

18 4R e BB S BEEE , FBE R R AfWE? FILART—#, QEmARHER (HEBAE
@%%)mMRE%HEAﬁ¢Q@ﬁ&ﬁ%éﬁEﬁA@%Emmﬂﬁﬁﬁh(ﬁﬁﬁ*#)ﬁm%ﬁ
Tﬂﬁﬁ~¢swdgumﬁoSwwgﬂmﬁﬁ%¢%§&ﬁ§W%$ﬁeﬁﬁAﬂH,E%
ﬁw&}wﬁ%&ﬂﬁﬁm%(%&ﬁ,W&@EE%&%)*Wﬁﬁﬁmo&ﬁﬁﬁTE%Eﬂuﬁ
R%ﬁ&ﬁ#%%%%@ﬁﬁﬁﬁﬁﬁ&A&*ﬁ%ma%%ﬁﬁﬁ,ﬁ%ﬁﬁﬁﬂﬂﬁém%m
stack_toplAMEBMIMITIE. (XFHRA 5 KABkH Siyexitiigotoiity. ) A, BFEIE
A T AR/ BL L8 AR A Bl £



procedure P (N : integer) is
A : array(1..N) of Integer;
begin
declare
B : array(1..N) of Integer;
begin

© end;
end P;

B10- 11348 T i bk G stack_topfH QB AIMRE .

S Bsy BRI ZE ]
(1 mmmasysemzin

— €—— PHEBinaRILE &

— Sy RETH
B Pt vl B
S~ PRI
Al Pt i S

L

«—— PHIEFHCFMIIFIR
E10-11 #FH APk stack toplEMNENIDF

HTHERE, BEEAEORENSTFRFOARESTHE EAENRDNZEER. HRE
VIRESE T A e, B A E R R, EEDIERPBEF B R R stack_toplEiy
sl R/ NAE A EEEE R, UEF P R P IREG FE B R T AR AT L
REE (EENEFR). B4, ERADLEEHERToEK4A.

& Y fiarray def () LEHERAL XM ASHERAMETR, TEXINETHAKRE
5%%?@(ﬁﬁ%&ﬁiiﬁmmﬁﬁ)%§5E§W@t®mxm®ﬂ)mﬂMﬁoEﬁ%ﬂﬁ&
ﬁ&ﬂ&%ﬁ&ﬁ&iw,Mﬁumxﬁﬁnﬂwﬁﬂuhdnﬁﬁﬁ%%EME&ﬁ$§AWﬁﬂ
B R EKAERHRTG.

AdafAMEXNHIE |
WLLR AR A RS RHR RIS EAd/CS P IFHEFEA (HRBAMIELHHREA). ENH

FonAE FE AR T S ARm:
<array type definition> ' — <unconstrained array definition>
<array type definition> —» <constrained array definition>
<unconstrained array definition> -
array <unconstrained index list> of <element type> #array_def
<unconstrained index list> — ( <index subtype def>
#start_index_list {, <index subtype def> #append_index} )
<index subtype def>

e 2
<type name> range <> #unconstrained_index

<constrained array definition> -
array <constrained index list> of <element type> #array_def

350
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<constrained index list>
( <discrete range> #start_index_list {, <d|screte range> #append_index} )

<discrete range> — <subtype>
<discrete range> — <range>
<element type> — <type or subtype>

EABCEH LA TARERFIREE X, FUCEBRAREE L — R E X EFIR:

struct index_list {
type_descriptor *index type;
struct index list *next;

}:

type descriptorifFTHELATEHER10.2.19 )4 FL AR5 R AL B Ada/CS A K AY:

struct { /* form == ARRAYTYPE */
struct index list *index_ types;
struct type des *element_ type;
b

B T ARSI R M T EE L HAE LR KA

struct index_ list_type {
struct index_list *list;
boolean constrained:

}:

I AT R IE S P IIE U AR TR E , RITTLABBES, B REAE LM
TR R AR R R S BT TG, HRA T A KRR B oAk FIAR R GIRR R AL BX M
SR, BRATSFRIFIEL K <index subtype def>Fi<discrete range>f)if LidFE L —HM. A
B, BA1EEAS S/~ TYPEDEFILFRK K. unconstrainted_index () AIRLRT RBGEAE
AR AT

unconstrained_index (<type name>) => <index subtype def>
{
<type name>.type_ref must describe a discrete type.
<index subtype def> « (type_descriptor) ({
.form = SUBTYPE:
.size = <type name>.type ref.object_type.size;
.base_type = <type name>.type_ref.object_type:
.constraint = (struct constraint des) {
.form = UNCONSTRAINEDINDEX: } ;
}:
}

f M start_index list()flappend_index () RACEIELRMMARM TIrFIR. EENHS
¥y FAnE E G, <index subtype>E 4 &K r<index subtype def>E £, FK~<discrete range>,
ifi <index list>F £ % 7k <unconstrained index list>% £, % sx<constrained index list>.

start_index list()XbE FARFIRFIIE —A FhrER. EHE INDEXLISTIE LiEa, XA 1E XD
Fe 5 i%5F P ¥ —/ <index subtype>fJ5H .

start_index_list (<index subtype>) => <index list>
{
type_descriptor *T;

T « <index subtype>.type_ ref.object_type
<index list> ¢ (struct index list typo) {
.constrained =
(T.constraint.form != UNCONS' AAINEDINDEX) ;
.list = (struct index_list type) {
.list->index_type = T,
.list->next = NULL; } ;
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append_index()#<index lisHXMFIREM T —A FhrF25:

append_index (<index list>, <index subtype>) => <index list>
{
App’nd the index type referenced in
<index subtype>.type ref to the end of the list
referenced in <index list>.index list
<index list> « the new struct index list
}

array_def () SAEANHKAE XL AIBR — AN RBERTF . b AT R B B L R ARRAYTYPE X B
BRT, MALRBARTWRESUBTYPER MRS, SUBTYPER MR AILIAEERIMAN, W
ARRAYTYPER RURFHAIT. FELRFEMTHRLKLUCE FHE ., FhfEfiRarray_def () Bk
£E10-12¢, E10-13a, b H T HIELAREA Ly R4 IR E RHR TR E MR Bl

array_def (<index list>, <elementtype>) => <array type definition>

{
Create a new type descriptor, T, for the array type:

if (<index list>.index list.constrained == FALSE) {

T « (type_descriptor) { .
.form = ARRAYTYPE;
.size = ADDRESSSIZE; /* space for the array adr */
.element_type = <elementtype>.type_ref.object_type:
.index_types = <index list>.index_list.list; };

} else { /* <index list>.index_list.constrained == TRUE */
Allocate space in the current activation record
for a dope vector, 2 integers for each entry on
<index list>. Create a struct address describing
the location of the dope vector and call it
DV_addr.

Generate code to copy the static and dynamic
bounds daescriptors on <index list> into the
appropriate locations in the dope vector.

T « (type_descriptor) ({
.form = SUBTYPE; ’
_size = ADDRRSSSIZE; /* space for the array adr */
.base_type = (type_descriptor) {
.form = ARRAYTYPE;
.size = ARRAYDESCRIPTORSIZE:
.element_type =
<element type> . type_ref.object_type,
.index_types = NULL; };
.constraint = (struct constraint_des) {
.form = ARRAYBOUNDS;
.dope_vector_addr = DV_addr:
.bounds = <index list>.index list.list; } .

<array type definition> « (struct type_ref) {
.object_type = T; } ;

&10-12 ZHeGBarray_def()

T B TARERE L RIEN S RIOHRBATRY, FARERABTMERT. ORI,
ATLATE GBI 7E 2 B OB X p oy RUX AR, LR/ A

element_type.size * (product of all index lengths)

ERENER, HRBARBOE CESERA RUERFOE: — A R—RATHE AKX
Bl REDTF- AR, B REBNARMNEGIOMRY . RWi, FHMIEFRindex_typestl i —
A NULLAEEHT AR — A48 3R B B MBI R MIRE . XM — /M FIZ AT T 28 T ybounds
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#10 ¥

FUR B RIFTH R base_typesH iy, {HlTHIFSMARAEREFIR, BRBRINIGHLERILE.

array (Integer range <>, Integer range <>) of Integer

type_descriptor

size => 2

form => array._type
index_types => —

element_type => _)

index_list_node

this_type =>
next =>

type_descriptor

form => integer.
size =>2 oger_type

type_descriptor

Lindex_list_node
this_type =>

next => null

form => subtype
size => 2
base_type => —

constraint => — ‘]
constraint_descriptor
form => uneonstained__indexl

type_descriptor

form => subtype

size => 2 '
basejype => — __)

constraint => b

constraint_descriptor
form => unconstained_index]

a) IRk #H L KW type_descriptor

array (1..10, 1..20) of integer

type_descriptor

form => sul

constraint =>
base_type =>

: btype . .
size => array_descriptor_size

=)

constraint_descriptor

form => array_ranges

bounds => —
dope_vector_addr j

index_list_node

this_type =>
next =>

.~

type_descriptor

form => array_type

size =>2

index_types => null
element_type => —

type_descriptor

torm => integer_type
size =>2

type_descriptor

index_{fist_node

this_type =>
next => null

form => subtype
gize => 2
base => "

_type
constraint => —

constraint_descriptor

form => static_r .
lower_| ;>a?ge
upper_bound => 10

type_descriptor

form => subtype
size =>2
base

constraint_descriptor
form => static_r

lower_bound => 1
upper_bound => 20

b) #yE Hdl 2 Rtype_descriptor

E10-13 £ RHEL)R B M type_descriptor
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BE THRARMF AR
BERL R T RYUIHRRIEZNT:

<subtype definition> — <type name> <index constraint> #array_subtype
<index oonstralnt> — ( <discrete range> #start_index_list
{, <discrete range> #append index} )

TAREI AR GER A FIE MM 2R . S H A <discrete range># Hi<type name>Biiii
BAHHE ERTARBHR AR, RiEERNHOREAE L —#, ZFRYBh— /I HAERR
PR FFRISUBTYPEZS R IR BB FHO R RITRE -

B fi 12 B B 24858 T15 U plstart_index_list()#lappend_index(), FiLABLZENHE
%A FityPifBarray_subtype(), BRI SUBTYPEXRBIEAM:

array_subtype (<type name>, <index constraint>) => <subtype definition>

<index constraint>. index_list references a list of

subtype descriptors for discrete ranges.

<type name>.type_ref represents the unconstrained

array type.

Check that this is an unconstrained array type.

Check that the discrete ranges on the struct index list
are valid constraints for the corresponding index
types of the array. The number of constraints must
match the number of index types in the array.

Allocate space in the current activation record for a
dope vector, with an entry corresponding to
each index on <index list>.

Create a struct address describing the location of
the dope vector and call it DV_addr.

Generate code to copy the static and dynamic
bounds descriptors on the list referenced by
<index constraint> into the appropriate
locations in the dope vector.

Construct a new type descriptor, T
(type_descriptor) {
.form = SUBTYPE;
.size = ARRAYDESCRIPTORSIZE;
.base_type = <lypename>.type ref.object_type;
.constraint = (struct constraint _des) {
.form = ARRAYBOUNDS:;
.dope_vector_addr = DV_addr;
.bounds = <index constraint>. index list.list;

}
}

<subtype definition> « (struct type_ref) {
.object_type = T; };
}

i T AR R R T 26 A ARSI R He A i OISR B TR, WTLLf— /A TR
RERFT, I TFRUERTREBRAALREA T F RO RT —#. Hik, XFREL T
EEAMBRABARSHN. MENETREE, DANANRY, SSBRBRARVERTN
index_listifiyNULL. ZERTEHRNIEXBIES, XA THAIZRUATFREARIIR, etk
AR LR PR A T AL

R 1E F 10-13arp E L AAEL RBUH KR B fy & A, ﬂ'lﬁﬁ#ﬁi%?%f@iﬂfﬁﬂfém%ﬁﬁﬁﬁ
49 10- 1457

10.3.5 TKICR
A iR AU B A TR KR PR A TR AFIR. SAERER T 5HEN (Ada) H5I
KM (PascalfiAda/CS) FREIBIRAIIEF AR«

356
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# 10 ¥

A(1..10, 1..20)

type_descriptor type_descriptor ) type_descriptor
form => subtype form => arra; form => integer.
size => array_descriptor_size f) size => 2 y-type size ,: 2 -ype
base_type => - index_types => — LW
constraint => — element_type =>——1 ) \
‘ constraint_descriptor type_descriptor index_list_node type_descriptor
form => array_ranges form => integer_type! this_type => form => subtype
bounds => — size => 2 next => size => 2
dope_vector_addr base_type => —
constraint => —
@ex_ﬁst_node type_descriptor W ﬁ
this_type => form => subtype
next => — size => 2
base_type => —
constraint => —1 )
J
constraint_descriptor index_list_node type_descriptor
form => static_range this_type => form => subtype
lower_bound => 1 next => null size => 2
upper_bound => 10 base_type => —
constraint => -
index_list_node type_descriptor
constraint_descriptor
‘this_| => form => subtype
next => null size => 2 W, form => unoonstrained_inde)il
base_type =>
constraint m> — J
constraint_descriptor
form => static_range]
iower_bound => 1
upper_bound => 20
358 10-14  Zed B2y s 30 vh B TAR#0R type_descriptor

BE B EIERORIEEARNE, AdVCSHIZ LR ERIZRIHELRHEE LibAdafiE LK
RS ER A, BAEARNILTEELIERMT:

<record type definition>
<component list>
<component list>
<component list>
<component declaration>

<variant part>

<variant>

<choice>

— record #start_record <component list>
#end_record end record
— <component declaration>
{ <component declaration> }
— { <component declaration> } <variant part>
- null;
— <id list> : <type name> ; #field_decl

— case <id> : <type name> #tag_fiekl is
<variant> { <variant> } #end_variant_part
end case ;

— when <choice> #new_variant
=> <component list>

— <simple expression>

AR EETIER, BIORE—THEH:

struct variant_des

{

long choice_value;

attributes *tag_field, *field list:
struct variant_des *inner_variants;
struct variant_des *next_variant;

}:



PO LANE LICF R L AUMAY RARAE — B R TR0, XA EEHE R 4 AT E A LB
BN R

struct record def {
type_¢ d.scz;ptot *this_type’
address_range next_offset;
struct variant_« des *current var:unt

}:

HAERTABRE, FRUESABRENEARSH, FE—NMEXDFLEB KR Fcurrent_variant
HOfE:

struct variant_part {
struct variant_des *outer_variant;
attributes 'taq field;

}:

& RECORDDEFiE Y it % —##, 7Etype_ descrlptor*»Ei#fﬁﬁSlaiB‘Jatﬁk&z ALY R

struct { /* form == RECORDTYPE */
symbol_table fields;
attributes *field list;
struct variant_des *variant_list;
}:

Pifield listBi5|FRRFIRNAE BLEAICFELPNEFEMEARMRA . variant_list
B®IgMstruct variant_desitFxMFIER, HhBMIRLSE VAN BEIRIIR. FHik, XEHIL
FRkiL, BENREFENREFAASHPEANNAFRE LRFIFRS. TN, REAHNBREELER
5 7% HARZHEBR .

EXZBIDFRB BT AN, FE£attributesitFfield hdif MAE A BIMRIRLAE R
o "

struct { /* class == FIELD */
address_range field offset’
attributes *next_field;
struct variant_des *enclosing_variant;
boolean is_tag:

};

enclosing variant3|fffJstruct variant desicFRMEZHIIERETA, BIYEAHNULLE
FRIORBRAREERN . is tagﬁ?ﬁﬂ‘]ﬁ)‘(fﬁ’ﬁﬁﬁ, #H_Eh:i:ﬁiﬁiﬁ{im_bmmﬂ, AT
HBRBER.

fifistart_record() R {UEXRINIL: HFMBtype_ descrlptorFPﬂ’Jiiu&fﬂ:F&bEEwﬁ’J
struct record defigigE A EMMIE.

start_record(void) => record
{
Create a type descriptor, T, as follows:
(type_ descriptor) {
.form = RECORDTYPE;
.size = 0;
.field_list = NULL;
.variant_ list = NULL;
.fields = create(): };
record « (struct record def) { .this type = T;
.next_offset = 0;
.current_variant = NULL. }:
, .

field_decl()BEMAMMKF, EREELIs_tagM{ENFALSELIREN BN ROE

attributesifFit#fenclosing variant@{f HRD.current_variant.
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EE = AN EIE L FIRKAEAEA: tag field(). new_variant()flend_variant_part().
X e Zh VR GIRR I TE A H BLE LA T RIS B 30 :

record { <component declaration> } <variant part> —
record { <component declaration> } case <id> : <type name>
#ag_field is <variant> { <variant> } #end_variant_part end case ;
record { <component declaration> } case <id> : <type name> is
{ <variant> } <variant> —»
record { <component declaration> } case <id> : <type name> is
{ <variant> } when <choice> #new_variant => <component list>

tag_field()RIBEAIDFPIARELE K ARIBMEY, HREEBITHIEDRE RIS
SRSy . REield decl()RbHEEEAICTIRIT FTAVACEE, tag_field() dfdk T Srecordx
BEROIE iRk, B4b, tag field()EEIE T 57 ScasefH XIKAIVARIANTPARTIE it . Hok1IKILA
g AL it #record.record_def. current_variantfJ{E{R7FfEvariant_partif LiZRH M
(CE:Ipsz R

tag_field(record, <id>, <typename>) => (record, case)
{
Let RD name the semantic record associated with record

Enter <id> in the symbol table referenced by RD.fields
if (it is already there)

generate an appropriate error message

else {

The following expression describes the attribute

reacord, A, to be created for the tag field. It

is identical to that for other field except for
the value of is_tag.

(attributes) {

.class = FIELD;

.id_type = <type name>.type_ref.object_type;
.id = the id_entry returned by enter():
.field offsat = RD.next_offset;
.next_field = NULL:

.enclosing variant = RD. current_variant;
.is_tag = TRUE; }

Allocate space for the field within the record by
adding <type name>.type_ref .object_type.size
to RD.next_offset

if (RD.current_variant == NULL)

Add this attribute record to the end of the
list referenced by RD.field list

else )

Add this attribute record to the end of the
1ist referenced by RD.current_ variant

case « (struct variant_part) §
.outer_variant = RD.current_variant;
.tag_field = A; };
RD.current_variant = NULL;
record — the updated RD
}

Sy bR EIR B A R S Fa Rt L BN Ainew_variant (). BB AT TG {Lstruct
variant desidF ¥ TS MAMILFIEAHRIFIRS & 10-15 8 7« T #8 FZAYRECORDDEF if X
BRI R i Anew_variant ()5 BRT5 I FRIEH:

new_variant (record, case, <choice>) => record

Let RD name the semantic record associated with record

<choice> must describe a constant value, distinct from
all other choice_values on the list of
variant descriptors referenced by RD.current_variant
Create a struct variant_des, V, as described by the



following expression:
(struct variant_des) (
.choice_value = (long) <choice>;
.tag_: field = case.variant _part.tag_field;
.field list = NULL;
.inner. ~variants = NULL;
.next_variant. = RD.current_variant; }

RD.current_variant « V
record «— the updated RD
}

RecordDefType variant_part_type

this_type => -1
next_offset => 6

cument_variant => —\j
L) T

other_variant => fall
tag_field => -

attributes

class => field

id=>T

id_type => integer

field_offeet => 4

next_field => null

enclosing_variant => nult
is_tag => true

class => field
id=>C

id_type => float
field_offset => 6
next_field => mat ’)
enclosing_variant => =
is_tag => false

B10-15 75pkikERR AYRECORDDEFiE )it

BeEM 4 FHRRM, end variant_part ()R RFIRPEERHSOKRGWAM. T

3% 5| Frecord.record_def.current _variantki}R A s fystruct variant _desigFHxE.

EExATFIREEEHRBEEH ( K*Ei"?&%%ﬁl‘ﬁmﬁiﬁﬂi) HHARFBRRE,
end_variant_part()#k& Hitag_field( )R fEfyrecord.record def. current variantfi{d:

end_variant_part (record, case, <choice>) => record

Let RD name the semantic record associated with record

3?2
363
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if (case.variant_record part.outer_variant == NULL)
RD.this type.variant_list < RD.current_variant;
else
case.variant_record part. outer_ variant.inner_variants
¢« RD.current_variant;

RD.current_variant «
case.variant_record part.outer_variant:
record « the updated RD;
}

ST B RTE R e SRS, BRITRITRE TEM ARG R RS . MASELTFE
HIDRMIE SR LT EAE LB S. TUAEstruct variant_des ARy RKLE S Ehn T,
K—R4HiBchoice_value A B long X HH AN KM, X _BLAFMN—1
sequence_numberkf. FIFEPEANEEREEE—WFFIS. XMEEBTHARERRERNELEL
AR A

SR 7 A 10 e T M ) BB 45 # 4n B 10- 16 T

type_ceacriptor atributes amributes attributes
form => record_type class => fiekd class => field class => fieid
size => 12 id=>A d=>8 id=>T
fields => symbol_table id_type => integer id_type => integer id_type => imeger
fiokd_lisl => ] fiekd_oftset »> 0 fiokd_offset w> 2 field_ottset => 4
vasiant_ist => - next_field => —_— next_fiold => next_field => null
ing_variant => null enclosing_variant => null enclosing_variant => null
is_tag => false 1 is_tag => false is_tag => true
x
variant_descriptor variant_descriptor variant_descriptor
choice_valse => 1 choice_value => 2 choice_value >3 _)
tag_field => - tag_field => tag_field => -
field_list => - field_fist => - field_jist => T\
inner_varians => null nner_vaniants => null inner_variants => null
next_variant => — next_variant => — next_variant => null
_/
attributes Caﬂhms atributes attributes
class => field dass => field class => fieid P class => fieid
id=>C id=>D idw> E id =>F
id_type => float id_type => integer id_type => float id_type => integer
field_offset => & field_offset => 6 field_otiset => 6 field_offest => 10
next_field => null next_fieid => null next_field => — next_fiekd =>
enclasing_variant => —] enclosing_variant => —| enclosing_variant => —] enclosing_variant => —
is_tag => false is_tag => faise is_tag => false is_lag => false

E10-16 A{kig#Witype descriptor

10.3.6 a1 HEY

Adash A REA R TLUEL 5 P (access) XARFESIM, HRRLEHN TRMIEFT PR R
SRR, GUENFARMASALEE, MRAENFBOEIHIHIEEER. SEAROIH
AAETEE R B i REHLE .

RAVBSLBHE LR

<type definition> —» access <sublype> #access_type
<type decl> - type IDENTIFIER #incomplete_type

SERFEG %M, BB type_descriptorsh i in— M HMAEHK:

/* form == ACCESSTYPE */
struct type des *reference_type;
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AR AT RAIRY, FEEINS —HHEHE:

/* form == INCOMPLETETYPE */
struct type_des *dependent_type;

fEAdafIAd/CSH B AR TR KRB, kA ER ) Je A W ch 9T 1 5L R —ilm, AR

MASIH%R. THRAAGEFSZFMOGA RN TAZRERMNER:

type Cell; — incomplete type declaration
type Link is access Cell; — Cell must already be declared

type Cell is
record
Value : Integer;
Sucec : Link;
Pred : Link;
end record;

PrEMNIE X FIBRHRINT . Hd, access_type( )ﬂ]incomp.lete_type( ) ¥)Et 7 type_descriptor
it. #sh, incomplete_type() BB —MF 5% SKH, access_type()BRARSIAMATRTN
Tk, mER, WHELHAHRUREHRBIX NN BLBMNAR,

access_type (<subtype>) => <type definition>
{
Create a new type descriptor, T, for an access type:
(type_descriptor) {
.form = ACCESSTYPE;
.referenced type = <sublype>.type_ref.object_type;
.size = ACCESSSIZE; )
/* ACCESSSIZE is target machine dependent */
if (T.referenced type.form == INCOMPLETETYPE)
T.referenced type.dependent type = T;

<type definition> .(—- (struct typo_rof) { .object_type = T; };
} .

- incomplete_type (IDENTIFIER)
{

Create a new type descriptor, T, for an
incomplete type:

(type_descriptor) {
.form = INCOMPLETETYPE;

.dependent_type = NULL;

.size = 0; } /* a meaningless value */

The identifier is entered into the symbol table with
the following associated attributes record: .

(attributes) { .class = TYPENAME;

.id type = T; ’

.id = the id entry returned by enter(); }
} .

528 3 B 4 B0 W] REVE B bk & AT E R L M Gl type_decl () SAUMLAT RUMEE S B R
NHFREFHNANARTOERSHRD. MBRMIE, FRL%XUMtype_descriptorfi iy
dependent_type B AREFEAXNA T B AT E LM AR YO RYUERFT. R,
INCOMPLETETYPE type descriptori¥iik Bl 58% ZXBMEEIIRS . HRELR, BN
é’l%EHHZ‘%&%?‘AB’J5E{MﬁﬁéﬁH‘J&bﬂi&&t&ﬁﬁiﬁ#ﬁ%&é&ﬂ%@&"&:mtﬂﬂimﬂéﬁliﬁ%ﬁ
WA ZRME L. SISMORH T REAEA .

1037 &
BAEHEENFERESEARE BN ATRAZ/TN. AdhEHRAERES: AL

365
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¥ 5 (specification part) f1é& 24k (body). MM HHIFEHARE FIRLEHBEALK K (private
part) FHIEH, EIEQISRAT RN . THHIAERLA I R AT R A E N R i
1. Ada/CSRLIF BIM—FER, BIHEXBES A& HHRE/ WA (&Modula-2d iRk ). XRER
MISIES R B ANF S RO, BRABMEEY . AL REMIERERNEER T

<package declaration> — package <package spec or body> ;

<package spec or body> — <id> #start_package Is { <declaration> }
#end_visible_part [ <private part> ] <body option>
end <id option> ; #end_package

<package spec or body> — body <id> #start_package_body is
{ <body declaration> } { <statement> } end
<id option> ; #end_package

<body option> -> [ body { <body deciaration> } { <statement> }
#body_present ]
<id option> — [ <id> #check_package_id |

BRFFBRNEENERLCEELHE TR SIABAFHTRYE. HAERERI PHALAF
(FREUBERAERY PRAT) METBRHSE - HHRENEARE. MRRAGLKEMHRE. €
ITFTLAE R Sh B R AT I, X RIDRE TR &L KA RMERS P TR . e
HEAEEPTR. i, mELAEuseFHRHE, WEMTLUESNEERRTEETR.

X BERE-AHIE e R R

struct package {.
boolean body_seen;
attributes *old current_package;

}:
attributesig F LA AFEH FLEARN— /B!

/* class == PACKAGENAME */
symbol table scope;

FIEHIE U BIBHR T . start_package () #&WAEH S&RFHi& B—/ £ hcurrent_packageh
2R BRI X attributesiaR. bR AIE— - FE RS 2 BODFTR M AT R

start_package (<id>) => <package spec or body>

Enter <id> in the symbol table of the current scope.
Build a PACKAGENAME attribute record for it, creating
a new symbol table to provide a value for scope.
<package spec or body> < (struct package) {

.body seen = FALSE;
.old_current_package = current _package; }
Assign a pointer to the new attribute record to

current_package.
Call open_scope{) to make current_package->scope
the current scope.

}
AbeefE i flend visible_part () ZEIZERF AHEMRIAFAROHFHATE.

end visible _part (void)

{ ) .
Mark all identifiers declared so far in the current

scope as exported. (The scope is referenced by
current _packlgo->scopo)
}

$Fend_package () ZEHLTEHHSY R T R 4 HBEM. EEMHstart_package( ) Brolg
WiEiaR S aHEZ Hcurrent_packagefi3l fifattributesic®. &J5, BH
current_package X B Aiffistart_package( ) ZBTHY{A:
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end_package (<package spec or body>)
{

if (<package spec of body>.package.body_seen) {
Check that all procedures specified in the
visible part have had a corresponding
body declaration.
Delete all but the exported names from the
current_package->scope
}
Exit current symbol table scope, retaining the scope
as an attribute of current_package;
current_package «

<package spec or body>.package.old_current_package
}

EEEAFRE Y I8 Hstart_package_body(). EFZRA G EM<id>F B HRXEKN
PACKAGENAME attributesip#:

start_package_body (<id>) => <package spec or body>
( .
Find <id> in the symbol table and check that it names
a package
<package spec or body> « (struct package) {
.body seen = TRUE;
.old_current_package = current ,_package: }:
Set current Jmckng. to the attribute record found
in the symbol table

Make the scope found in the attribute record the
current scope

}
check_package_id() & — M EBMBIEHIR, FARMERUAEQMBERE KL RILORREFSH £
FILEC:

check _packaqo_id (<id>)

Check that <id> names current_package
}

ﬁﬁ&@ﬂ%ﬁ*&mmmwjmwMﬁﬁaﬁaﬁ%ﬂ,u%%@%iﬁ%ﬁ%@mﬂm
body present (<package spec or body>) => <package spec or body>

<package spec or body>.package.body_seen = TRUE;

RN EGHTENT LES. EATAER BANHAELEES. HiEEmT:
<declaration> — <subprogram specification> ; #end_proc_spec

end_proc_spec () $§7E LRFTEL BB BT ERMEILHE SR fpabEt Brsh e IR LI
X, %?kfl]%&%l3ﬁﬂﬁT%E$$£1ﬁ""e EHSIANFEET RE, %:}t&bﬂdﬁﬁﬂﬂmmﬂf
FIRERERSRPENCHFENTIREER, Kﬁﬁtﬂifliﬁﬁ'ﬁi&mﬂ?ﬁ i Hrh Boh B 2
R BESERTFIRG A,
AREADNRFRS

AT AR REEANT RS A R AaKN:

<private type declaration> — type <id> is private #private_type_decl

KRR AR BRI, A EEAR ARG SR AR A R RN RMOL . BAX
0 2 4 e R0 P AU BUAE Rl — A LTS EL A B85y . RARTALEANTR, TR 2T A
04 th, FUAEZE A kb R AT U I

Ei, private_type decl()¥#<id># A 5% I Mtype_descriptorMUATH RA BRI

368

369
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BB RBRERF:

struct { /* form == PRIVATETYPE */
struct type_des *the_type:
attributes *containing_package:
}:

private_type decl (<id>)

{
The identifier is entered into the symbol table with
the following associated attributes record:

(attributes) {
.class = TYPENAME;
.id_type = (type_descriptor) {
.form = PRIVATETYPE;
.the_type = NULL;
.containing package = current_package; } ;
.id = the id entry returned by enter() ; }

}
BHRBHAE WS TS TR SR FER:

<private part>  — private <private item> { <private item> }

<private tem> — subtype <id> is <subtype definition> ;
— type <id> I8 <non-private type definition> ;

FERA Sy, BATTLLAH type_decl () %k F4R EH Y HYPRIVATETYPERIFRIAT . XMFR T, EH
S IE RS type decl () MIRRIHR T AKEE DHFEENR R RAMthe_typelf. {E{RHRIER
FRAR TN, BAOBSAEEAALXYXNMEFROER . NYLWHRFFcontaining package
% T current_packagelt, i 1AILAfEFithe typeik Ujin) 2 RIRRHILY .

10.3.8 attributesflsemantics record&if]

E10-17F1E 10-18 877 T S &l A fattributesflsemantics_record&#y, TG T AHLHE
EAETRAOEFEETEIE MR EY &

#include "symtab.h" /* see Chapter 8 */
typedef short boolean;

enum id class { CONST, VARIABLE, ENUMCONST, FIELD,
TYPENAME, PACKAGENAME };

enum type form { INTEGERTYPE, FLOATTYPE, STRINGTYPE,
ENUMTYPE, RARRAYTYPE, RECORDTYPE, SUBTYPE,
PRIVATETYPE, ACCESSTYPE, INCOMPLETETYPE,
ERRORTYPE };

typedef unsigned long address_range;

struct address (
short var_level;
address_range var_ offset;
boolean indirect, read only;
b

typedef struct attributes (
id_entry id;
struct type_des *id_type;
enum id class class;
union {
/* class == CONST */

E10-17 B4 Mattributesfty
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struct value_type value;

/* class VARIABLE */
struct add var_add

-~

/* class == FIELD */
struct {
address_range field offset;
struct attributes *next_field;
struct variant des *enclosing variant;
boolean is_tag:;
};

/* class == TYPENAME --- empty variant */

/* class == ENUMCONST */

struct {
unsigned long enum value;
struct attributes *next _const;

}:

/* class == PACKAGENAME */
symbol_table scope;
}:
} attributes;

typedef struct type_des {
address_range size;
enum type form form;
union {
/* form == INTRGERTYPE, FLOATTYPE, STRINGTYPE,
ERRORTYPE -- empty variant */

/* form == RNUMTYPE */
attributes *first_const;

/* form == ARRAYTYPE */
struct {
struct index list *indextypes;
struct type des *element_type;
};

/* form == RECORDTYPE */
struct {
symbol_table fields:
attributes *field list;
struct variant_des *variant list;

}:

/* form == SUBTYPE */

struct {
struct type_des *base typc
struct constraint des , constraint;

}:

/* form == ACCESSTYPE */
struct type_des *referenced_type;

/* form == INCOMPLETETYPE */
struct type_des *dependent type;

/* form == PRIVATETYPE */ _
struct {
struct type_des *the_type;
attributes *containing package;
}:
}:
} type_¢ descriptor;

enum constraint_form { DYMAMICRANGE, STATICRANGE,
tmcousmxmmlx, ARRAYBOUNDS }:

E10-17 (%)
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struct constraint des {
enum constraint_form form;
union {
/* form == DYNAMICRANGE */

’

-— 3

/* form == STATICRANGE */
struct {

long lowerbound;

long upperbound;
}:

/* form == UNCONSTRAINEDINDEX --- empty variant */

/* form == ARRAYBOUNDS */
struct {
struct index list *bounds;
struct address dope_vector_addr;
}:
};
}:

struct index list {
type_descriptor *index type;
struct index list *next;

}:

struct variant_des {
long choice_value;
attributes *tag field, #field list;
struct variant_des *inner_variants;
struct variant_des *next_variant;
15

extern attributes *current _package:

E10-17  (£8)

struct id { string iad; }:
struct type _ref { type_descriptor *object_type; }:

struct record_def {

type_descriptor *this_type:

address range next_offset;

struct variant_des *current_variant;
}:

struct range { long lower, upper; };
struct const_option { boolean is_constant ¥

struct enum def {
type_descriptor *this_type;
attributes *last_const;

}i

struct index list_type {
struct index list *list;
boolean constrained;

}:

struct variant_part {
struct variant_des *outer_variant;
attributes *tag field;

}:

struct package {
boolean body seen;
attributes *old current_package;

E10-18 E#& A fsemantic_record&iiy
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enum semantic_record kind { ID, TYPEREF, RANGE,
- CONSTOPTION, RECORDDEF, ENUMDEF, INDEXLIST,
VARIANTPART, PACKAGE, MARK, ERROR };

struct --niutic_mo:d {
enum semantic_record kind d_kind;
/* initialize to ERROR */

%3

1. R —/18%, ATIMRRAEL0-179E XX Mtype descriptorid i E RN KBRE

BEEN .

2. {#HMI0-155E X Mtype_descriptoridi®, #AH AR TR E LIRSS H:

a. record

1, J : Integer;

union {
struct id id; /* ID */
struct type_rxef type_ref; /* TYPERRF */
struct range range; /* RANGE */
struct const_option const_option; /* CONSTOPTION */
struct record def record def; /* RECORDDEY */
struct enum def enum def; /* ENUMDEF */
struct index list_type index list; /* INDEXLIST */
struct variant_part variant_part; /* VARIANTPART */
struct package package; /* PACKAGE */
/* empty variant */ /* MARK */
/* empty variant */ /* ERROR */

}:

}:
E10-18 (&)

A : array (1..10) of Float;

X, Y, Z : Float;

end record;

b. array (1..10) of

record

A, B : array (2..20) of integer;

F : Float;
end record;

¢. record

K :integer;

R : record

S, T : Float;

end record;

V : Float;
end record;

3. HUTAWEAEHFNETELI0- 174 FBattributesit .
A : constant Integer := 10;

B : Integer;

C : Integer := B+10;
4. {EHEI0-177E L Mtype_descriptoriti, B r FIRMRUATREGM T oA E WL

a. (Monday, Tuesday, Wednesday, Thursday, Friday);

b. Integer range 1..10;

c. record

i, J : integer;

A : array (1..10) of Fioat;
Float;

XV, 2Z:

ond record

3’{1
374

375
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13.
14.

15.
16.

17.

d. record
K : integer;
case T : Integer is
when 1 => A : Integer;
when 2 => B : Float;
when 3 => C : Integer;
D : Float;
end case,
end record;
Hhk R fa kA A AL B AR e e e (IL10.3.6%) Mtype_descriptorFIsh{F GIFRLLR X 13 —
AR AREHN L BEBER.
R 7 BT A 16 A0 VT TLER Sy P AR EA A R BVE MBI BRAK BB o B 5 A 52 4B U AE U 7 bt B 18
SR EGIR BTG & -
FELLFRORBFERS, BETRKE MR, RRREILE TS B BT S AUR BB R AL J5 & .

type A is array (1..10) of array (1 .10)of T;

Rk A3 RE TR BN 10 2 2 HR O FE LHRRIFIR P, FEXBARGHHT Fhk  LLR i
TR E SLRIARIRTF .

£ i 25 ) darb f % KA [ type_descriptor iyl H . WL HE —SSCEFRENIELHE
WA,

. B5 R AR B R BB 10-17 71 Ly struct constraint_desig MMM EARIER .

. LA T 2% Mtype_descriptor SR ER:

type FloatArray is array (1 ..N) of Float;

HENEBERTR,
. AT %R type_descriptor£igHIER:
type ArrayRef is access FloatArray;

HhFloatArrayfE x> 11 E X«
FREI0-1SHUEREFUAS - MREASRGNEREY. SHERNBREERS M
new_variant () ZJGfJRECORDDEF % M it R AL BEHILE K (R 10-157 04 )
MFURIES S 13 & KIS, (RE10- 1650 354E) H 5B Mtype descriptorfigfiEz.
SRR ZE10.3.5% P A T R U E KA £ RS iES . BB aRsh ERFEN L BEY.
AR EEEYEEROLIREHOENER: 2 EAFHERN—MRARFRR S HO;
by WAOIE R, LA THEREORIA, LAERTEES MEFEARRIEH AR BRA L
R7F, BIBXEER, RENFAIZIHFSRMEIKERBYE?

76103745 H AL 2 R R SEBL i T Ada/CSHh R E M B A LUK E M B KT AR B L8 EAR
b, KRR LB 2 ER BR BT R EA BRI ONIKE.
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1.1 A

ReEFERBIREHSI AP RBEFHERDES, XEEFENEEORER: BOBPER  [378]
AR AFREME SR TR X SRR REFIE LRIt XN EREE R, BAYERAT
WMAXFHE. TR FALGWORRAARIER. X &L 2Z AT —Fic R RAkFR, £
BACNERF ST REIIES LT XU ERER.

enum object_form { OBJECTVALUE, OBJECTADDRESS };

typedef struct data_object {
type_descriptor *object_type:
enum object_form form;
union {
/* form == OBJECTVALUE */
struct value_type value;

/* form == OBJECTADDRESS */
struct address addr;

}:
} data_object;

enum value_kind { INTKIND, FLOATKIND,
STRINGKIND, COMPOSITEKIND };

struct value { .
enum value_kind kind;
union {
/* kind == INTKIND */
long int_value:;

/* kind == FLOATKIND */
-double float value;

/* kind == STRINGKIND */
struct string *string_value;

/* kind == COMPOSITEKIND */
struct composite *composite_value;

}:
}:

idskstruct valueWIRERAMEAMERE T HRE LR, BISEFEABEH/MIAIHEX
oA

BATERNEEN ROFRREIERMNBILRFRAEAE Ry, Fit, RiFSARAELFE
B ERSHEHEN, BERBTERER, MEIZAEMEFEBAYNERIBEZOZNE. BT
R T CE AR BB SN AOSITH AR, XS EEER R FRRE RS AR RNNRE 379
H R B R PR R Y.

HERERE AN, AR A RS Z AR AEMERNED . Ak, "TLUERR
BRBHNS| AELREMRNET. HROEMAALEEHERENLE, XRERECFERHMRIR
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B—BEFSRIFR. FERPNBREIETALSEM R A 7 DA B2 A R 3thhk o S b B
Fed Al AR AT — B P BT S ML SR R I M B P R, (BB S RIS LU RS A B
B :

1.2 HPEF. REAMBBESBRNIEGE

11.21 SHBHPRAFNXFER

e hF B R B ERMARRAEE S Lk WAL S F<name>f= £ R g . A ERNA
FALIE T e & P <name suffix> R HBL. 7EA Y BB Hl<name suffix>RIHE L.

<name> — <simple name> { <name suffix> }
<simple name> — <id> #new_name

BAZEZ 102 h BRA VBT B, e R<id>E4E T 374 IDiE i F i Plfprocess_id( ) HI18
M. XA EXIRFAE T#riﬁﬁlﬂvﬂ?%ﬁ')ﬁj:o new_name () ZE SR P RBZIRIATHETFEOR
4 H: DATAOBJECTIE M i i%:

new_name (<id>) => <simple name>

Find <id>.id.id in the symbol table and acquire its

attributes. (For now we will assume that it is
a variable; other possibilities will be considered
later.)

if (there is an entry for <id> in the symbol table)
<simple name> « a DATAOBJECT record with
appropriate information extracted from
the symbol table attributes.
else
<simple name> « an ERROR record
}

11.2 2% th Fsx R = RF 5 T B R s B R o dmes o, B ETIEKEF<primary>
WA TR, R —AERSIA T Bo—1{ER & fi<literal>, DAEERARPHIANXFHE.
L& ERTEd<name>iRE .

<primary> - <name> #check_data_object
<primary> — <literal>

<literal> — INTLITERAL #process_literal
<literal> — FLOATLITERAL #process_literal
<literal> — STRINGLITERAL #process_literal

check data_object()R4APHY, EREN (HEEAEITIEN) <name>fy Rt FilwT LA
i — A~ i0 3T A & — " DATAOBJIECT K R 7R :

check_data_object (<name>) => <primary>
{
if (<name>.record_kind == DATAOBJECT)
<primary> « <name>
else {
Generate an appropriate error message.
<primary> < an ERROR record
}
}

process_literal()fRfkprocess_id(), AR RIS R EEMIC S EHAR S 2NN
i iak. fEXFER T, &iGRE 1 DATAOBJECTIAR, Hform == OBJECTVALUE3HEMIEH
Wi M HpinFE T k. fEEkobject_valued {E FifJidRstruct value_typefd & X F ¥ BRIIRIFEH
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For. BE, BSLAHTRIEANBRRUACEXES BATRERSHME E FTh. ERBERMHE
AMEE, BNBELAREEX T EBRAERSHAIINREYR, EAEERBER R A TS REMZIN.
(BATTUARXFE BRER DAL ERBE S EN.)

FUXMIBITIM ZOTR A SIRSR , RIES R BRI T BERNLE . 5, R FENEIE
BHEAREREN LORRTH, FTUAMIMELA T iEt:, FmERENITEEREXREX. FIATERE
FHR LT ERZORELIRE LR T hMhE. fiin, BURTZ AT ERIEFIRRNE
BT mE R RSEHNEEENE, CHEFAFNORECENEZEFEL. EonEitie
DATAOBJECTIE S id b BriRBlMY, BRI GEREXFERUBHEFERERSEPIHEIE
ARSI HNEREBRARDERS.

11.2.2 SEBRIARX
AT R RAd/CSEARMPFARES, KA aEES e UaR A& /a R
<expression> — <relation> { <logical op> <relation> }
<expression> - <relation> { and then <relation> }
<@xpression> — <relation> { or eise <relation> }
<relation> — <simple expression>
[ <relational op> <simple expressions |
<simple expression> - [ <unary adding op> ] <term> { <adding op> <term> }
<term> — <factor> { <multiplying op> <factor> }

<factor> — <primary> [ ** <primary> ]
- — not <primary>
— abs <primary>
<primary> — <literal> :
- <hame>
— ( <expression> )

EREFFEREERUNEHRARRAEFAR . XS R0 £ A5 LB =260,
BE—A 5. B&and thenfior elseffy<expression>i= A K HiiR T H1EH 128 B PHER 4t 4
(short-circuit evaluation). Bx3ix =R I INE LSHIEH SR, BAIBME -1 FRrIRERIE.

<expression> — <relation> { <logical op> <relation> #eval_binary }
<relation> — <simple expression>

[ <relational op> <simple expression> #eval_binary ]
<simple expression> — <unary term> { <adding op> <term> #eval_binary }

<unary term> — <unary adding op> <term> #eval_unary

<unary term> — <term>

<term> — <factor> { <multiplying op> <factor> #eval_binary }
<factor> — <primary> | ** #process_op <primary> #eval_binary ]

-5 not #process_op <primary> #eval_unary

— abs #iprocess_op <primary> #eval_unary
<primary> — <literal>

— <name> #check_data_object

— ( <expression> )

<logical op> — and #process_op

— or #process_op
<relational op> - = #process_op

<adding op> -+ _op

<unary adding op> — + #process_op
<multiplying op> — * #iprocess_op

— / #process_op
- mod - #process_op

11-1 A BHEFSHIRERE
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BATE S T<simple expression>fyf=ER—i@ i 5] AFHIIEL S5 fF<unary term>3 BifL 7T 5& /Y
—JCIEEFFRIALE . '

‘ﬂgFiﬁﬂglATEAﬁ%%Xﬁlﬁ: process_op(). eval_unary()#fleval binary().
process_op() BREPEF AN, EFENIEEFAES TRIRHIAZE> R ERNEREAILS. Bz
BRHLSHEMRANRZ —ARAREENIESMEARERSEN TABER. ES&XBHENFN
B DFRERE:

struct token { token operator; };

H A 7 A ) P2 HE W TOREN FIDATAOBIECTIR R E A B HH A B LW TA. BIFRERTAE
DATAOBJECTIZ F kiR B ERFZ B FE WA ENRER T BER. X F3DATAOBIECTIZ F M)
— Bt i 1R B BB AT LB E S %R . ZhfEFIReval_unary()Ffleval_binary()H)d
RRE-2fE11-3, FS<result>##R#EHFleval unary()fleval_binary()W4Ei=hX, &=
<expression>, <relation>. <simple expression>. <unary term>g# <factor>.

eval_unary (<operator>, <operand>) => <result>
{
tuple_operator tuple op:
type_descriptor *result_type;
struct address T;

select_unary operator (<operator>.token,
<operand>.data_object,
& tuple_op, & result_type):
if (tuple _op == NONE)
<result> « an ERROR record
else if (un_no_code_needed(tuple_op, & <operand>)) {
/%

* un_no_code_needed() checks whether the
* unary expression can be evaluated at
* compile-time. If it can, it does so
* and updates <operand> to reflect
* the result.
*/
<result> « <operand>
} alse {

T = get_temporary();

generate (tuple_op, <operand>.data_object, T, "");

<result> « (data_object) { )
.form = OBJECTADDRESS; . -
.object_type = /* result type */:
.addr = T; }

E11-2 ZhtEfifEeval_unary()

X EsiE Y flf2 4 flselect_binary operator(). get_temporary(). bi_no_code_needed().
un_no_code_needed()LL K select_unary operator(). BT ERBETHTERAN, XM EBAE
B HIRBEE BB KRS HERRORIZZ HHERERXVNBEFILEHREF—N, EEFTR
LR IEBE. LHBARMERN, ARLIERAEVHEREEL. R 3 o AR — TR A R,
3 5 R 7 243 B — A R B AT AR B R L. (Bl R REGIE ELZHAFNONE. ) MRIES
RiFBRA KR RE AR ERN - (B, fEPascal 5 — A~ B RIBOR — AN LRIBOH M), AR EH
ARt B Tk LB A 4

generate () B2 RN IEIE L BB HR o 8 A RO REDA: S B I RILIO RN . R RE—1
EHMLT, HBREHAKSENIERSRETRE S HROERGIE, A UL RFRNTRFIR. X
BRKHE A SR THEES (733N hHELM). KOS EEERE &8, it
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data_objectZHIMAH S .

eval_binary(<operand,>, <operator>, <operand,>) => <resuit>
{ ' .

tuple_operator tuple_op

type_descriptor *result_type;

struct address T;

select_binary operator (<operand,>.data_object
<operator>. token,
<operand,>.data_object,
& tuple_op, & result_type):
if (tuple_op == NONE)
<result> « an ERROR record
else if (bi_no_code_needed(& <operand,>,
/e tuple_op, <operand;>)) {

* bi_no_code_needed() checks whether the binary
* expression can be evaluated at compile-time.
* If it can, it does so and updates <operand,>
* to reflect the result.
*/
<result> « <operand,>
} else {
T = get_temporary();
generate (tuple_op, <operand,>.data_object,
<operand,>.data_object, T);
<result> « (data_object) {
.form = OBJECTADDRESS;
.object_type = /* result type */;
.addr = T; )

E11-3 zh{EfFIfEeval_binary()

L.ﬁﬁnﬁ%ﬁ]ﬁﬂ?ﬁﬁ%fﬁlﬁ?fﬁ&ﬁﬁﬁﬁ&f’?&é@ﬁﬂ%%ﬁ@ﬁﬂ’)iﬁuﬁﬁ REBEFR
HEEHFE+REL T ERHE X, XEFSHWHRAT £ (overloaded). &t 53 47 AR HRVEBHI 2
RMATARE X A S ER UM RS L (Fim, BE+RFEBEMEDRETABME). AdafiCH+
RERAERAZLHRSCRESARRNEER, I RERXOETXTREEAREEERATNAE
e Y. ERENEYD, ROWZELBRRBEOFEZE. )

ﬁjﬂun_no_c(_:de_needed( )#Ibi_no_code_needed()AREf1EifiEAIS X ERIHARR 4
BEM. BATTURENSHEME RN, SNETRARML, nTE R VRSO ¥ B AT SRR
BB MRS ARG, Fik, RIBEE, XL@R TR S b LRI 2, X T
BHERIE & B R EE A RoR LT AR .

It 3 IR

fif2get_temporary () fEfilfeval_binary()#Fleval unary() hRyHARY . FKEXMIELH
B Rt 2R Bsy BB . et 2 B ER PO AR KR T R AR A R 15 BB EREBIEIT,
XERBREEH TR, THETSETEANRGERP LA .

Fifiget_temporary () ARIEL RBHAFRIFHILE. fEx—FmR b, B REA BN
HRWULRGIRENENFFE. REOERZHEHTSERHBALHEFEINFLE.
get_temporary(), Wi fEeval unary()Fleval binary()RHAMFRB, HETRBAMM
B E—/-struct address, {1441 Mstruct addressitfEvar offsetflivar_leveliRII{EHN
EHHAGRX UGN ETEM—BRER. fiw, foifvar_level A ffEk F nlunt &, ittt
var_offsetiﬁﬁfﬂﬂéﬁ:ﬁ‘lﬁ*ﬁﬁmﬁﬂd@éi%ﬁ%o 5 5h—Fhf R LR h e 25 B R AR R R ik, 1B
ERATAER ., Rt —#, LEEHindirectbn b A TIEMER k.

385
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R RS R ERRE AR . E PRI ROARAE , TRl AR B A i R L
Hh. 2OFERBEHERNAN. ATFENBRETARNFERE, BRNMBEHERYUER
(%, Zaschshl) TR AMSETIES0IE. .

BE, REERSE SRR (Enoi - FERNEMUE) LrEk ERERTEHER
B X BRI RS . F 4 BHA (register preference) RKUAKGH & RAK o BLfG o TREL H A
AHMESIH, A CRRIASAEBRARM. K, AEBH4L (storage preference) NIZE IR
AR RE LA RLA (Flin, BRI MG RO ). IS CHIR T A EANE
BEEATERMERIRIRM B ES, Fik, XEmeHNTEA BT ERmBHR B iR,

—HAYESE, N RRLAREHCHETEEEN ML, k4K EE (dead variable) (Fidkik
Bt AE ) BRI EIMERAFEEENT ], ROTUFaAIBFREEAEN. Am, RIOAIE
RIS S LT XL EHREIN, Bk, SOHREEF TEMMER TR, MER&RSF, HEN
0 7 WA 1 R SBOR I, ECARRE S A . W THERT A R, BT B fE RN AT e A
el s B FR R 2 BRI G R — BRI R AEEE, B2 LAK K B Sl anfi ki 22
RO SUBIRR A SE A M I 1. X B SGHE % & B free_temporary () MR, ZBIRH 7 HABLE
AHEENE %R, Hffree_temporary () H AR LEMR, HEAH CIIFTRE™ A A 4
TR (ERFEIANARDARERD M ER).

sy Bk S RIS BB A B ER B8RS 5 — HIE AR, Bl T RIOERERES .
BRifT . eI B A LA AR DSRTES AR ER. fln, EHHREKIREAN,
AN R FRARMNE. —BIEHIRER T FREARME, RFXEN RN R bt
ATLABER . (8 IEMIE X AR LA B R SRATREGRME . FEEERNAFHERK, IRTFER
ﬁ%ﬁﬁoﬁw,Ehﬂmm¢%ﬁ%§im?é#KWM,H&E%%ﬁ%ﬁ%ﬁ%ﬁ?ﬁﬁﬂ%%
Wi s B, IS B 4 AT LAAE BOTE S 1 5 o B % L RY1E iR e DAEFE R34 SR I R A 38 X
R R BE M iZ e A B v

Ve BT LAMRTE — A B AL TdE A . fian, ERE THRICESEANONSIAN, L5578
A G ERRITE R IKANM A (ZEEH T &K hstruct address, MAHE
get_temporary ()0 WX 2 MMIE). ZikkE &R struct addressig F Ak FERA, Hix
KATERREAREXTEHERE, HEROE A, BRR - ZENERNstruct
addressiihfindirect B4 /i% B HTRUE. A(1)HHb bk AT (TS A: AL 26 kiRt 26 B 78 2% IR B13F
Foscrl MG S B . AT, BEX A AR REHNAONERNT M LR, HLAT
DUER , BdEG EAMBRESE S, X, RITRIANUFBARGENEROMAR, XML ERFER
WHiES 2T ER (F4 (r-value) FAME (1-value)): —A xR ALAFERERM &S, RE
(s TR AR — A Bb . AR AIRER.

11.23 HERRICFRNMASIA

A4 O I i RS S ROBIE . MR R IR R NE IR . BRI
HERARN— SN . RS TRIEE M RSB, WEEHERRRIIER. SENA
LARAEH AR A, :
2R3

EB08E , iR Loh R L IR B IR RO AL HBALIE SR f TIZRIR IR
RS, A ERIRAE A G BB T AR TR R A RORE . B, ERER - HR (E
Ada/CSHIEEBHAAER). BOME (uRTRNE, EREM) M LIZRAOF Akt oA 312
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AL, BRAOTLAICHERR, P& LL¥AFMmal (alignment constraint), XRbkH LA
WRBLAFETEMBROLL R, Bin, IUFEZ RBTRES BN FRI8F W hbabh 5.
ZETHEIER:
A : record
B : Integer,

C : Float;
end record;

LRSI, wA.Clt,
() HREFSHRERA. THA ML (40, [Level = LL, Offset = Loc]) M (BHRIEF).
Q) MEEZRFMANERFFTESNASRPERC. CRHEMEZ B EMMICRIFHMIENR
. XH, RBIED2 (BiITBHEK/NE2ANFN).
(3) EHRIEMBFIA.CHALE, BIA.C = (LL, Loc+2).
THEAESE X TS| AT 8#iFensiEsS:

<name> - <simple name> { <name suffix> }
<simple name> —» <id> #new_name
<name suffix> - . <selected suffix> #field_name

-<selected suffix> — <id>

FEALBEA.CRY, 3§ finew_name()4bM A4 — /4 DATAOBJECTICR KM E. B
field name ()18 FH AL BEC . 1% 182 1R 45 S Hi #3tk ) DATAOBJIECT T F MR FE b 0 Fe 2 | HI R AT ,
HEXANBEIRFHE LT ERPERC. B, ZHIBRAFOHRIZIEFIRMDATAOBIECTILR:

field_name (<name>, <selected suffix>) => <name>

{
struct id suff_id;

if (<name>.data_object.objact_typc.fom = RECORDTYPE) {
<name> « an ERROR record
return;

}

suff_id = <selected suffix>.id. 1d from the symbol table
referenced by <name>.data object.cbject_type.fields
if (suff_id is not present in that symbol table) {
<name> « an ERROR record
return;

} . . .
Get the attributes record for suff_id from the

record’s symbol table. Add the field offset

value from the attributes to the address

described in <name>.data object. This can

be done at compile-time unless the address is

indirect, in which case a tuple to do so must be

generated. Adjust the address in data_object to

describe the result.

Set <name>.data_object.object_type to id_type
from the field name’s attributes

<name> « the updated DATAOBJECT record
}

S| AEERAFHBAPH TR

— RS R TR i—"i&ﬁ:&ﬁdﬁ(—‘!—#i?ﬁ‘iﬂ‘l‘ o BB 2 18] 7] 76 40 B AR TG Zhid %
RBEEEE PR, BERA:

A : array(1..10) of Integer;
EBBANS RN, BRATHESRAE I TR T RAF bR . Wi, %A1 mil
# W 4 (index-lower_bound)*element_size. (CEEEPHBABREAIEY, BATHREET.

388
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Hit, mBEt&index*element_size. )

RIS R E I TR I _E B 19 I &bk BY W T B BT AR f b bk . ﬁu%ﬁﬁ"ﬁﬂ”%#i i
BACEM AW RERM E &P, MBRETRE, LIFRESFFSE T . TLLEL HDATAOBIECTI
xR indirectiR B AR RIRICHIER E &P HEROEA. E—RBAEFETHTHRH RIS
ExFRS, HA T SEankid. mEFERSAATEEGRAOEE, W@ HiZETS
Ve b B bk 347 25 9 HAERERIIRBE(E 00, ST RSN E St XM ESRAATEREHK
HENL LR AR 3 e X (indexed addressing mode ) LA™ A @R HI B4l e HK T AT,

EEANBIGF. B ERIRHERTHBUERA . REHRE TR . mREHNTERDIK
T, MBABTEELTERNRD. ERATHREE, WRITEEREIREAASEMTIRE. #E5. T
B LA T saHbaE. B S5, P ARIRA()FIDATAOBIECTIZS . HH, object_typelfiRHATRMN
R, HbHEAHT, tr&indirect HE.

MTF TiRfbE R EEM, Bk, SRt gAs AROREEAKEXBEET .. malfid, BE
AL, BATLHEBA THIE, FRETHRE, RARFHRREBRATER/DORZY, BE
B b Frtasat. MEEANMIKATS, KTR /R, A THER ELRHBRESE, RIOTLIHT
BB 8 M Az 4 Mokt (virtual origin), Bfistart_address— lower_bound x element_size. XLt
AQO)RutbhE, REORIEEN Tin. FIABLIEAEE FTLLE S B THROBRE, XH, ®BION
ERATHRE, REnbiZEitetsibilmmdEcbsHd ity .

T H = A 3K U B — e S A B L & F<name>y BTk e

<nhame> — <simple name> { <name suffix> }
<name suffix> — ( <expression> ) #process_index

filfiprocess_index ()& field_name()IEHAH{L, CHFNATRRINTRFERN AT AL
HMEFTHE. AERELFTWELL2ESR, EXHANMWDATAOBIECTIRF KMk, FIR
process_index () ¥R LE11-4.

process_index(<name>, <expression>) => <name>

if (<name>.data_object.object_type.form != ARRAYTYPE) (
<name> « an ERROR record
return;

y o
if (<expression>.data_object.object_type does not match
the index type of the array) ({
<name> « an ERROR record
return;

illocat._ a temporary, T. This temporary should be a
register if possible.

Let Index denote the value described by
<expression>.data_object

If subscript checking is enabled, generate code to check
that L <= Index <= U where:
L == <name>.data_object.cbject_type.bounds.lower and
U == <name>.data_object.object_type.bounds.upper

Let E_type = <name>.data ._object.object_type.element_type
Let E_size = E_type. size
Generate code to load T with Index X E_size

* Let A_level = <name>. data_object.addr.var_level
Let A ¢ . offset = <name>.data_cbject.addr.var_offset

Generate code to add the contents of the A_level
register to T.
Generate code to add A offset - E size X L

E11-4 ZH{EfIfEprocess_index()



ST R XA B AELEA 5] A 249

(a constant value) to T.

<name> « (data_object) {(

.object_form = OBJECTADDRESS;

.object_type = E_type;

.addr = (struct address) {
.var_level = T.var_level;
.var_offset = T.var_offset;
.indirect = TRUE;

.read only = FALSE; } ; };

m11-4 (&%)

ReE RN A A& RAMER ANEREAFATERIMIBEGR. FlsEAR).BB, HELEK
4151 F 3 2=t 8 A(3)IDATAOBIECTIZ R . Bl /5 iR field_name () ¥fDATAOBIECTILFIEA —A-iEx
AR I LM R REEBBAY IDITF . BBRYRB I LAQ)HMbAL, HIFERLA(3).BBAIMbE .

3t T RPascaliX AT IEE KL, HEBRATURERANKEA, FHk—TRA(, )EEAHEFTLL
FIRAASHAIEARHRACE DA, 113YHR TEAR RS BEAMLE Y &,

11.24 2FHBEFRH

B 11-5a 4 H—%Ad/CSHIEFAMPAMBE VRG], HhEERBANALAH T HRESRT
fofREs. E11-5b W&o T 8% 60 AR B IE T A B TTA -

Declarations D Offsets
3 0
J: integer; 2
typeRis
record
X, 0
Y: integer 2
end;
ARecord: R; 4
A1:array (1..10) of R; 8
A2: array (4..6) of array (8..12) of Integer; 48
a) IC B 9
Al{l) .= ARecord;
(SUBI, Addr(A1), 4, t1) —— 4 = lower(Al)*element_size(A1)
(RANGETEST, 1,10, 1)
(MULTL L, 4,t2) —— element size is 4
(ADDI, t1, t2, t3) —— t3 contains address of A1()
(ASSIGN, ARecord, 4, @t3) —— @ indicates indirection
ARecord.Y :=§;

(ASSIGN, 1, 2, @ Addr(ARecord)+2)) —— offsetof Y=2
A20)) .= A1(D.Y;

(SUBI, Addr(A2), 40, t4) ——- 40 = lower{A2)*element_size(A2)
(RANGETEST, 4,6, 1)
(MULTL 1, 10, t5) —— element size is 10
(ADDI, t4, t5, t6) —— t6 contains address of A2(I)
(SUBI, t6, 16, t7) —— subtract 8#2
(RANGETEST, 8,12, )) —— no multiplication since

—— element sizeis 1
(ADDI, t7, ], t8) —— t8 contains address of A2(L})
(SUBI, Addr{(A1),4,t9) —— 4 = lower(AD)*element_size(A1)
(RANGETEST, 1,10, 1) v )
(MULTL [, 4, t10) —— element size is 4
(ADDI, 19, t10, t11) —— t11 contains address of A1(I)
(ADD], t11, 2, t12) —— add offset of Y;

—— t12 has address of A1(I).Y

(ASSIGN, @12, 2, @t8) .
b) TR AN S AL 1 4 R KA R TC A

B 11-5
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3‘,130
391

3?2
393

11.25 &

HEREIES (WPascalflAda) F, BHX/PMREEN, B BTSN BB TIRAFHEA.
XML ARED AR, BERXHF LB ANBRRE. SIRQIRFTHRO®RAE, Him, AAEN
HPRRFERFEER RSN, - EHN RN RTHA/MEE NESTH A ERE .

HT XX EERARAMBRRE, AdUCSAE THESR. F1022%0 % i+ieit, StringgAda/CSH
WP LA, 2933 A M E THNZHEN REFRERNES T LHA/CSHE . FIRXFHTG %,
BAREREEBBRTA-MER AR BRI . Fib¥ RSTRING-SIZEM{E, HIATE
ERRFERFR—ARRESAX/NE R, KRB R ERAN TV RE RSB

RN TELNTAZER, WAL LORESERTL. AMERSHENTLSHET, &
IS K AR B 2548 B R R TCE BB AL ~ 24 WL B4R 4. AR, SO VR & BIR R AT R R1E,
R AR TR S IR QR R AR . WL HLB IR A R A& H T AR KB R RN
HBRMELS .

Ada/CSH g SUH R IR B FT A 2 Tl % LSS B 00 B 0T SUF LA R IE . BB &FoRA S
R R — /TR L9 F 5 & 3——Substr(StringObject, StartPos, Length). 5h, SRIER LA
POLAME S ST L, R A i B4 T 2 th A 2R B 04 . |ARR S LR Rt TRIB AT R

SEQ, SNE, SGT, SGE, SLT, SLE, CATENATE, SUBSTR, SCOPY
BT FEAE R SRR, Hibs S A=A RS bR T4 BN . SUBSTREE MMM,
WS REBMASE, EUARGERERMBTERIEHEE. M}SCOPYiliE, ARGIEZEN
RO ER, TARG2E Hi#IES.

B 11-65 BRI T R R rero B8, HS1. S2FS3Hh .

if S1 = S2 then (SEQ, S1, 82, t1)

S2:=83; (JUMPO, t1, L1)
else (SCOPY. S3, S2)
S1 = S2 & Substr(S3.4,3);  (JUMP, L2)
end if; (LABEL, L1)

(SUBSTR, S3. 4, 3,12)

(CATENATE, S2, 12, 13)

(ASSIGN, t3, S1)

—— SCOPY not necessary because. -
—- source is a temporary :
(LABEL, L2)

E11-6 hSEEA4 RTa ARG

11.3 BRISHEHNESE

11.3.1 SEBANARMSIA

R R B FIRDIE LR 2 BT, YAXEMATASIANER. RIBENOFEIERR, FE
& =R m 4

U)ﬂ%&ﬁ%ﬁ%ﬂﬁﬂ%ﬁﬁ,%Zéﬂuﬁﬁﬁﬁﬁﬁ%‘&ﬁ%@¢oﬁ$$%¥@ﬁﬁ
%ﬁﬁﬁ,@@%ﬁﬁi~&%&ﬁ%ﬁ,%Zﬁﬂﬁﬁ%%ﬁﬁﬁﬁﬁﬁu*ﬁﬁﬁrm~&ﬁo

(2) MBLEIERSA D HHESER, WATLAME RS, XMEREHROMER .

U)W%&ﬁﬂﬁﬁﬁ%(w.ﬁHﬂ&%M%ﬁ&ﬂ&ﬁﬁ#ﬂ%%ﬁﬁmiﬁ%ﬁﬁﬁﬁo
OB A B AT 24 1 SR AL HE
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TRINBAARX NEF S HEANHEATE:

o ik 4 A4 (Contiguous)

FANBA T RRAEENEHSER. BELNRIESRA:

(1) 4#£4 (Row Major)

XFRR TR R R A TARELEDE, BIA(1,1),A(1,2), -, A(2,1),A(2, 2), -]. KEBIAREF
#iHiBE (4PL/. Algol, Pascal, ClAda%) HRAXFKIF.

(2) £ A (Column Major)

KRR RN BB R £ 6 TREfLEHR, BIIA(1,1), A(2,1), -, A(1,2), A(2,2), -], FORTRANIAH
K FX R R IF .

» @) ¥4 (By vectors)

MRAFTE R TESRE. SRR hE R TR SR R AR 4 AR &

FEUTESE, RITEZEREEHARASAMN, wfifIFata i mBHTE.
TR

FEREERSIANEE, RIS marray(1..N, 1..M) of THHH B & Rarray(1..N) of
array(1.M) of T, Mt FHA MR RAITEFHITTRIVESIE.

BRi%A LA T A:

A:array(L,..Uy, ..., Lp.Ug)of T;

X BUR P TR B

D;=U-L +1

Fx T RAE—ATEAL, -, L), BATHEAMQ, -, HLEH:

(in—La)Hin-s~Lo-1)DH{in2—L 2)DnDpy - - +(is=L1)Dp - - D

XA ERFILAE S A:

i{Dy * - - Dy#ipgDg =+ * Dt - - = +ip_yDntin =
(LyDz - - - Do+loD3 - -~ Dot~ -~ +Ln-1Dntln)

FRAHEARNE “BiriFE (BANTR). BIFRZHAcon part, FAETAEHAMNTE
B (L. UFID{H) BSrAHRATHE.

ERHEARTHBRESH:

{{(iyDa+ig)Da+i3)Da+y - - - )Dp+y — cON_part = var_part - con_part

FR, HATENHATTUARRA:

({var_part — con_part) x element_size) + array_start_adr

BLIE Bl 1RUR FE AP W RNAL BB TARBIZRT . 15 X BIRR 4ol - B TRt B EKA
SEEA(i, ) in)e MBFvar_partfEfERE R E R —RATRRERFET. TrRRELEEN TR
LA R A 1S S B A AR

(1) Calculate iy; var_part=i,
(2) Calculate ip; var_part = var_part x Do+

(n) Calculate i,,; var_part=var_part x Dy+n }
(n+1) element_adr = array_start_adr + (var_part — con_part) x element_size

BERATTENKNDIN, RABEEB+DAHESBREERE. R, MRBANLREN
BHIE, MRER:

array_start_adr - con_part x element_size
AL RBM T EMTE X T Ba— 5P RIBERE.

394
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BULE B T R ARV 43 PO S BIRR FERSE L, BASIAFATUT 4R

<name> — <simple name> { <name suffix> }
Mi<name suffix>w] GEMITFER A

<name suffix> — ( <expression> { , <expression> } )

PAmE, fE<simple name> i A fifEnew_name() (LARTEHMIEMARAI<name suffix> B
HIIE X ALH ) #— A DATAOBJIECTid FHi<name>B AR —#&. MBEHEHASIAEHH TEX =/HIE,
start_index(). index(). finish_ index(). B THIE T HE<name suffix>fyf=4= & b

<name suffix> — ( <expression> #start_index { , <expression> #index } )
#inish_index

FfefiEEstart_index () flindex () 3 H—AHH 5% & FF<name suffix>RBkITIE Lit%:

struct index {
/* How many subscripts have been processed */
unsigned int count;

/* AMdress of var part of indexed array */
address_range var_part adr;
}:

ffifdstart_index () FFi4Ah ThrFix R PRIt Evar_part 3 18R TARH R 5L INDEXE X
it

start_index(<name>, <expression>) => <name suffix>
{
Check that the DATAOBJECT record for <name>
describes an array
Check that <expression>.data_object.object_type
agrees with the type required by array’s first
subscript position ’
Allocate a temporary, T, for var_part (a register,
if possible) :
Generate code for T := <expression>
If subscript checking is enabled, generate code to
check that L; < <expression> < U,
(Li and U, are obtained from the array’s dope vector)

<name suffix> « (struct index) {
.count = 1;
.var_part_adr = T; }
}

YEBIER index ( ) { Fi $ 41 HUDATAOBIECTIZ F LA K fistart_index() @ #Y INDEXIRRAI T — %
T 47735 A HIDATAOBIECTIZ R4k EEik 17 T hrit B

index (<name>, <name suffix>, <expression>) => <name suffix>
{
<name suffix>.index.count += 1;
/* let Cnt represent this value *x/
Check that Cnt does not exceed the number of
subscripts possessed by the array
described by <name>.data_object
- Check that <expression>.data_object.cbject_type
agrees with the type required by the subscript
at position Cnt
Let Vp be the address stored at
<name suffix> . index.var_part_adr
Lat D¢y represent the D value at position Cnt
of the array’s dope vector.
Generate code for
vp *= Dcn ¢ .
Vp += <expression>;
If subscript checking is enabled, generate code to
check that Lcm < <expression> < Ucp
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(Lo and Ugy are obtained from the array’s
dope vector.)
<name suffix> « the updated INDEX record
}

Bl £inish index()5 T 47t HH4— T DATAOBIECTIZ S Mi<names I LA HIA M A OB TE -

finish_index(<name>, <name suffix>) => <name>
{
Check that <name suffix>.index.count equals the dimension
of the array described by <name>.data_object
Let Vp be the address stored at
<name suffix>. index.var_part_adr
Obtain con_part from the array’s dope vector
element_size is a constant known at compile-time
Generate code for
Vp -= con_part;
Vp *= element_size;
Vp += <name>.data object.addr;
<name> « a data_object whose type is
<name>.data_object.object_type.elemant type
and whose address is that of the temporary, Vp,
with indirect set to TRUE (since the temporary
contains the address of the element referenced)
}

MBI A LR R S IFMTTIFENE &, TUNFSEPREFANNER &, i, R
BAFAEN THRBDER, MA(1,2,3), AL —FRIHEE, TLARRFA THROHEmMAERE
fIfRRD . #GIKE, ZEMTHAER:

A : array (1..10, 1..10, 1..20) of integer;

BOAAFAEIAR S A% &, Hitcon partw fi%i%H i+ EHA:

con_part == 2 * 10 * 20 + 2 * 20 + 2 == 442
#A (1, J, KB BA RS RrsELELL-7.

(RANGETEST, 1, 10, 1)
(ASSIGN, 1, 2, t1)
(RANGETEST, 1, 10, J)
(MULTI, 11, 10, 2)
(ADDI, 2, J, 13)
(RANGETEST, 1, 20, K)
(MULTI, 13, 20, 14) -
(ADDI, 14, K, 15)

(ADDI, 15, 442, 16)
(MULTI, 16, 2, 17)
(ADDI, 17, Addr(A), 18)

—- addition of con_part
—— multiplication by element size
—- 8 now contains the address of A(1,J.K)

B11-7 hEAA S I A= AT

PascaliEE (RCIESI—#) WASBNERBANKE. X ERETRIL T TIROH 2T 4
(partial indexing) HWULHLEAEM. HARREEAN THA SR AHIOBIRMNE. HEEH
KetE, RANLAIESFEATEARBER FHRILE. i, fEPascald, ANIGIKIRA KM ASHNT
AlipKl, BB SN BT E— A | SR AR TARASEE . ML XM R 1E T R
(B ] MESHIES. SR SABE% R R inish_index() MM, ERHAE | FHEHH
BBARR [ ik, | |

SRS FhR, SAiEM PR Einish_index () LHRBIFTAELRE FHAMMIL. start_index()
flindex() FBEXD. 1BfF MR ABNR? X7 EFRATE, ROTUMBHRE FRAYRE
Sy R — B, B TSR R R B A TR . BB, MR S
i, MALAIEM FANL Y, 11MHEsE. 25 2k £inish_index() RRAMN T

397

398
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finish_index(<name>, <name suffix>) => <name>
{
Let Cnt = <name suffix>. index.count
Check that Cnt <= n, the dimensionality of the array
described by <name>.data object
If Cnt < n, then use lcy,y, ..., L, to complete
calculation of the component address (Calls to
index() can be used to help)
Let Vp be the address stored at
<name suffix>.index.var_part_adr h
Obtain con_part from the array’s dope vector.
element_size is a constant known at compile-time
Generate code for
Vp -= con_part;
Vp *= element_size;
Vp += <name>.data_ cbject.addr;
<name> «— a DATAOBJECT record whose type is
the type of the selected subarray
and whose address is that of the temporary, Vp,
with indirect set to TRUE (since the temporary
contains the address of the element referenced)

}

AP FhiM CHBBITHEA), FARRRTAS FRANOMIERERBEEFAT. B
RTCLEE AT 3 Wi 5 X 55 8
%&%ngl\&éﬂmﬂtlj\o ConPart
A S AT HEHAAL )RR,
A Sy A FHAAL, L)RIK/D.
ASnhFBAAL,, -, La)BIR/D.
ALy, -, LR/ MREGRIER SR, Wit RE4EETIIRD. Oy | | YUn | Sn
ZERAGREFSRPHARE GEITHE) NERESF. n
B (FhR) XA R R 1185 B8 ndEBpate BB
MEMANFALREEEE, W LAFREEBYTERERSHP. B, ETHEETHITE
FHER. mBHLLTRERIER:
type A is array(1..N) of Float;

MEARRERRER, Tk l:.ﬂ]%ﬁﬁkﬂ?ﬁl%lﬂ'mﬁ?ﬁq“ﬂ%ﬁﬁﬁﬁﬁﬁmﬁ?@ﬂi* B4
Fidg R R HAM S E . - RERTLUURERBARO TR FR . MBREER AW EMT
B A iR, Blan:

A : array(1..N) of Float;
B2t Rt T B R BE R TRAAA. BERMTAB:

A : array(1..N,10..M) of Integer; '

R, TR ATTE ST b AR R UL RS R E R BOR K e o R inl . fEBTRE,
SR 7EHE AR R R LB D IERM B R, BIBTH A RORE, HENEE R
SEMAAZ . BEACIEMEE, N=10, M=15, ¥k, BAMASXELR, BEME-9FRHIN
tgima. '

BRIE, RAVBLLT 5808 M oy i Bl

o« BORHM (BB H2).

o Pt R .

o WO ARSI K $5EH R b .

Dy | Ly | Yy | 8




RIERR XA BIELHIIA ' 255

* “iiGghicF M stack_topfithht. EHBI T+, {BEstack topfH 4100,
o B TTFEAMD (HBIPH1).

%AEBIRE AL T T ' ARIBHRE il =2

B4R (EEAEREFRN) ELFUHEDIAE:
Di=U - L +1. FExAHF, D=10, ConPart = 16
D,=6.

« MRJ5i®con_part. Wi, con_part = Dy=? | Ly=1 |Uy=10} S;=?
LD+l = 16,

- BEBHEES. KHFH: P27 | 210129 S
S,=D, x element_size = 12 _ (7 BUREVIRFE)
Sy=D; x S, = 120

E11-9 F¥AlLn R EMBLRRFR R
«BeJ5, EBIRAASRMER. EHRARNKE

X #bht B Hystack _topHI4ai{E, SRJF #stack_topHmS ¥k,
‘ﬁﬁwﬁi&lﬂﬂ#, B 52 B A 1) BN X 454 4n &l 11- 1087 7R .

ARSI Ak = 100

ConPart = 16

D,=6 L,=10 .U2=15 82=12

E11-10 EERAPAEE &

HALEEAKAA, RAOTULEREREE (100) fak/h (S, = 120). ELBEHATE. W
A3,12)B}, BATH R AL A:
(i1 Do+i,—con_part) x element_size+start_address = (3x6+12-16) x 2+100=128

Hrhelement_sizef —/4i%H % & (INTEGERSIZE == 2),
R ETMAA(3), RATHEKMAE. ZRAMTEA(S,10) ML HEF:

(3 x6+10-16) x 2+100 = 124, ZETHAMIK/NAHS=12,
HHIENFARFNITER

B FhALTE £ B M R T~ BB RSN (nRIEEENATMIE). EERXRMN
JALEFSERTMFRAHIGLS (B CEMIE). TREBMERR, HEXRRNESFHTUURREA
R, Fan, FELLTAEY:

A : array (1..10) of array (0..5) of array (3..4) of integer;

LARMHREHAARMEYIEREE. BX, 'fﬂeger#@ﬂﬂiﬁﬁix%ﬁ#’*E‘Hj&#éﬁm{ﬁﬁ
Ak, ik, JAarray (3.4) of IntegerfE X A RIET Pl BRI F ASMANBAERR, L
KRBRY, FREAMEA/DIRS. EARYERL G, BREDR, BRAMENRYALT, HR
EREACAR—AKRIEFH. MBREARAELFT, BATEFSRINRBRHRATHARICE.
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ARFENENTIRYE, RIEEAR2—14F, Typedl. MR, INMLFAAXLHEHAERSEHP.
Fi#, #Rarray (0..5) of array (3..4) of Integerffy 2 BiaFk (B A%KH, HATyped2) X EHAMK
H%R, HREEAOMS, KERMRTyped1. KFRBMHRK/NIN6 x 4=24, BIF, ARATBR
EoAEARE, Typed3, ERISEKARR, HRAHIF0, BRAAType&2, HHEBMRK/IN
240, BRAEFSHRIMEBBEE I G (EFBHIEFKHRE) MELMLNER, Hn, HHA
WL ERRE. (ECIESH, 2T -SMEAEE L LU RBAMSA ., BT A LR, )

BEZEHIFAGBS,4). ERIE AT, BAOEX TARBALRTUIRIAAE TR AR
fit B start_address(A)+sizeof(Type&2) x (3—1) = start_address(A)+48, ERIEAI L Type&2, HEFFHE
A Thebt, BB TTyped2 2 BA XN HIR GBI THR. A(3,4)RHht Hstart_address(A(3))
+sizeof(Type&1) x (4~0) = start_address(A)+48+4 x 4=start_address(A) +64. F{lih, A(3,4,4)R0ht
Jystart_address(A)+66, CRIZRIZInteger. syt TAQB4)pbiE ILALE, AIMATBRATLAB IR A
Type&1[%+ R # I Hattbhk .

LA ERAIFIEE T Bl BB SR RAEETRNIEDERE. MR THRAEEREX, B4
TEER B R i B S AR BB AT AT . MR R, PAEBEAENRBRIERERBN.

B AN, KERUNEXRUTHARBRILLR . OREAXNENNE—THERE, &
g R RAE ST A ReAgE . X tE I BT ERRA BT MR/, BRIEEAFS. R
BRI S tF R Bh £ AR iEH (type descriptor). Pibik, PiIAMZIEREAEFRBHRKTE
FBERRRT . FHUNEEAE R R BB L —Bct, IBATLAhIES) BRI X R
BRTF. RAERFRGT & RAEREEDICR P SEAEAERN, 84 R RLF M3
KX/ WBL. B, BEANEBRMT:

A : array (1..10) of array (0..n) of array (3..4) of integer;

HohTyped I ABERVERY, XRRAEWALAFMARR/NDERENYCHH. H—FHEH, |
Type&2 FiTyped3HEEETM KRR, X&E AHTyped2fy FAType&3HI K /NIt TiE 1T
FnfiE. E1-11a8R TEEMBTRHAEREAZA R EFSERMAUHERT. B1-UbRRT
EHRA NG OB BAS THRABITMEBNAMMARY, BEkbtn =23, ‘ _

REER (APIHmA) HEEDCRPEHENOMLE. FXLE, FHERNFREBENARE
B R AKX RIIEE . EBE TARFGARET, Si% BRI M7E X HRTHP IE BRI
soht (FRLFAEE) K.

L=1 | U=10 |Size =?| descriptor for Type&3

L=0 U=7? |Size="?| descriptor for Type&2

a) 4% 2B U RURTR 1T

L=1 | U=10 |Size = 960| descriptor for Type&3

L=0 | U=23| Size =96 descriptor for Type&2

b) BEA M ARG A2 B T
B 11-11

RATTIARE R B “RAMKA”™ MW, INDEXIE LiTFLAK fistart_index ()
finish_index()WABHE. FEMFERER T Mt L5 AR G index () Fif:
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<name> <name suffix> — <name> ( <expression> #index
{ . <expression> #index } )

£, index() M /-DATAOBIECTIEL IR, bz —RAMH, B— A WRETHRESL. BF
He 88 7 6 344 7C # MY DATAOBJIECTIZ R -

index(<name>, <expression>) => <name>
{
Check that <name>.data_object.object_type describes
an array.
Check that <expression>.data_object.object_type agrees
with the index type it requires.

If subscript checking is enabled, generate code to
check that L <= <expression> <= U. L and U are
obtained from <name>.data_object.object_ type.
The actual values may be in a run-time type
descriptor for that type, or they may be in the
symbol table. If only one of the two bounds is
known at compile-time, at least that bound might
be kept in the symbol table, since we can
usually generate better code with that
knowledge. (For machines with a range-check
instruction, it may be more efficient to put
even the known bound in the run-time type
descriptor so that the instruction can be
applied.)

Let V be the address of the array described by
<name>.data_object. Let D be the size of the
element type of the array. D might be known at
compile-time or might be stored in a run-time
type descriptor. Allocate a tqo:azy T and
generate code for T = V + (<expression> — L) * D.
Much of this computation n.ight be done at
compile-time. If <expression>, L, and D are all
known at compile-time, no code needs to be
generated at all.

<name> <« a DATAOBJECT record whose type is
the element type of the array and whose address
is that of the temporary, T, with indirect set
to TRUE (since the temporary contains the
address of the element referenced):
) |

XFD AN HEEREA TRBORSE. 2511.2.3% i kR 4y 2ok 2 T 58 tH 0 R 4R Mt
BEFBEXEHFER, REEFHRARFHE - ARSRG, Yindex() MMM, LxDAILIE
EEMAVIORBERE, BExBVRALSBIIET. '

EREI-1RRRRERRT, THEMANJ KRS AMENT:

(RANGETEST, 1, 10, )]

(susl, 1, 1, 11)

(MULTI, t1, Type&3.size, t2)

(ADDI, Addr(A) 2, 13) ~- 13 contains the address of A(l)
(RANGETEST, 0, Type&z2.upper, J)

(MULT], J, Type&2size, 14)

(ADDI, 13, t4, 15) —— 5 contains the address of A(l,J)
(RANGETEST, 3, 4, K)

(SUBL, K, 3, t6)

(MULTI, t6, 2, 17) —— multiply by Type&1 .size

(ADDI, t5, 17, 18) ~— 18 contains the address of A(l,J,K)

R, BT RMERAGPIORRA, B, Type&3.size. XHHMRN T HARARNLE.
LS b L — A ERIER T U RS LR RS, BRiR 4 0 107 BT ARAE o

ERLEH
KRR ARG RGF (codeword) i3k (B AIRRFRAMBEHFHRETF).
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AFHEAG, - ), BAMER ThRi i RRSiEe MR WARRSIHRTE. Flim:
A : array(1..2,1..3,1..4) of Integer;

ZHAWEREME 11125 .

A(1,1,1)
> e A(1,1,2)
> oo A(1.1,3)

A(1,1,4)
.

E11-12 ERARIBRALSH

SRR AT I T A |

CHEREEESL, REAEERNENGT. WA BTN KB RAEBIE LB SBR
F/NERREIIPLEE LER.

c FEEMREERE. XA ARERAREBN EBREM. ERTURTHMRE, mBAHK
fde 4 W] RSB BR IR LR £ . ’

eD+DDy+ - + Dy - Dn—14\%ﬁmﬁﬁ%§—‘§§lﬁlﬂ‘%o

11.3.2 EHHB|MICR

EAGRIGHMETE, RIESEEERNTEEROEADHENROILREGH. LRXERBRE
g AN EE R, RIS —FHRRRREN, PMCRRETURE DA R REBES
(REROER) RLH. BEERE, HEMKRABHRIRG, MRS XLk, BAERE
SRR b A MR LR R F R RE M R KRR, XBSBETLEORE. BER
NeAENHENRESF, TARIHENNSIA.

BAZEDHERD. flm: -

type A1 is array (1..]) of Integer;
type A2 is array (1..J) of Float;

type R is record
B : Integer;
C : Float;
D:A1;
E:A2;
F : Boolean;
end record;
A:R;

A RFAMEDBELN . TR EFE BT EDHIERE. A R BHZia K EIRDME
fofgkr. WA, ZEICRRIER, X8, CRF—EBE R, TS BRI BT R O R L B RIRAE -
RS RSB IR R EEEAMR LA NEENARZE GREBBIEBAIH). FEARH,
1454 59— A G5 M P 11- 13 BT R AOHER A

PR 75 T SR D A R A AT IR R RS . TERIER A SRS, KA ES R
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B mAa k. IERBREREREXWZFR (B. CHF) Mk4ke (DME) LIRFHEXMER
F5. BTABAHRHABAMRBIHFREE, BT SIRBA i RIS RX e Ba nEs 1.

| LR ] wEah |

E11-13 FHECFRBERET

FLART—#E, 7ESRIFR T CAAE B 2 A /N3 RO B U R B 54 Fio kAR mmE. &
BAMTEREAICROERE. BEI-14ERTIERANSWAR.
Bil4n, AihRIA.C, BATAILA:
o [ RARHR PR B B AR T 4Gk ik .
o fn L EMmCHI# B (mEBIE.
HiRAE(l), BATRILA:
o f§ FIARIHE R TF R 8 BIARI T 2434t o
« ERADAMEECRPMRE (WABEPERTHERANRE) MidRAIFABIEHRRAN
Fr o hk .
o [ERBCHERNE MR, fLLaT—H¥ iR (var_part-con_part) x element_size,
A& s EBAMNIEFMEBICFOELL T ILRARE S
s HBILFEEMER—BREBEVRRSAZENIERE.
« BEICFPOHBRAIRH A BATELTRFPORBTIES S bat . BhX® bt RN, B
WBERIRE, EAICFNREBER, FLAELRBBETRIE.

BIREAITTHR
B DRIT#
BF J
EftyRe ﬂ
D ‘
®C
BB (B&AR)) BZE

[ X KANARIILE R
ARTHER

E11-14 HERFOFER

SEFHRORRAOLEEARE . mEEANNXAKRENLTFEIRE—A5IA, BLR
ST NG — A 8. X8, RFMEERALBRBIER— AP BAIRER .

Veh—TRRAL, RATTLMBIERPAS R AASRIED — kSR . BRINRETURFAHILIE
FEF B RALS. (LEF RS KRT ERGENIES. CETEREMRENT FIBERF
RIS R, R, HTFCEZRADERA, XM RRARAFE, 3 EIEEH ULt s
%R TR ATRY. ) '
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F11 ¥

mPAYBRN S £51 A (multiple reference) FFTHREY, LB HNICHERIERTS BER
BRAUALE . AR, 7ZERREKE, RONZREEEFXHENICFIHRICESIHNS. RKUMEESTH

EFFEEA L, BXFMERT, TLAMRE BRI LRI L RN BRRTT

BRA BT

WRAR . RIZRRI ) REAC NS S B R R B B R RA KA. film, BEaTAF:

type T1 is array(1..l) of Integer;

type T2 is array(1..J) of Float;
type T3 is record

B : Integer;

C : Float;

D:T1,

E:T2;

F : Boolean;

end record;

type T4 is array(1..10) of T3;
X :T4;

B RN AWEES B G, RLAEXG104 & B g — A b BRID R R PR AL,
Xtpfg— Mo R LS AMBIL. MRXEHEHL, WXL T -BERE. BHIZFMHERATLEHR

A — R DLE R AR AR .

MR, BAT%E—FE ARG R, SRR AETE £ 5 8RR BTR IS 7 2
RERTY . SRR AT LMR A HE R Ttk EX M RFRARIRF H S REE R0 & R
ERRF IR RS . ChaSHERRMEFKRENKE. MR- MRRZHEN, XTI
BLRDERE, BAEEA—NTASEMBRNHERANEH, B CRERORBULENETR

Ao BEAE G R BRTC IR TRE

B11-152 £ ERGIFERA QLR LHMEASHSTRHERT . BEEEARBIZS, J&6, H
25X B 7R AR B S i 11-15b Bios.

L=1 u=2? Size=? | Ti1@HER%
L=1 u=? Size =7 | T2RUHRTF
0 (BMRE)
2 (CHye)
6 (Diim#E) T3pER
7 (Emip®)
? (FimB)
? (Size)
L-1 | U=10 | Size=? | Tamma®
a) FEARA O ATAIIC R ARG RTT
L=1 U=5 Size = 10 | T1AUHARTF
=1 U=6 Size =24 | TR
0 (BMEE)
2 (CHimt)
6 (DHIfREE) TR TF
16 (EMR#H)
40 (Fefem)
41  (Size)
L=1 | U=10 |Size=410| Tams®s

b) ML SRR RIRR TS

11-15
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BRI —#, BREBHLRHDEFHIE. X80 B P REMEMEHFREEDIERIEER
BHO ZRAMEMRFREAOAFLE. MBAFRINTEXRYRRFNsize iR, BFRIEH
BN BERANFROEA KIRERE D A KRG A BEROBRENRE: Bbix LA ke %

WG EMK B LAE ST AARFRIEANRIEN ARSI E L4 SR NMRT P 4EMN -

sizelgitiR®l.

—FE BRI A TR TR, HERE—NEREHRTRSLEASHRIE. M3
IR SR HE TR ER A E AL BARE . SREOA O R BB S MBIARY , BIEHS
Kok MBBES . fEREE, LRSS TN KR E HEART . XM RE
AOREE, EHART R R RREEE. |

B AN REEF R AT T FRER. T SAEEMNERSOS T ERSIEY
ROMEE, ERESLER JUHAY. BREAMMELY. RUBENEERNKEHEARG
B R BB R R R, B RS BA E AN KR, FEARS DAL
B R AR .

TS e e P 2 AT IR R e . R B DB A RN R B R
KRR TEAR B IIRAE . 7Ei A7 FTCLGE RS A B B R AR A 4 B 0 J RO 2 A J A 2
BN

11.3.3 TEIER

B BRIDRAIRILE103 5 B EARICRHARER S L. XL, AEMEN23%H
iR MR field name () Ry BENFI A SEEHPRIRSIA.

ASTEBERBIIRNEAEEARL, IBLINERERNESRICEEFNIRT. Al B4R
BRE RSN, REKULUIFRERE. EREEI0ENBRIDTE LIS Jitype_descriptorky
BB S IR RS, fEattributesipF i fieldFfkfE enclosing variantigispf % —
AMERistruct variant desfigEt.

struct { /* class == FIELD */
address_range field offset;
struct attributes *next_field;
struct variant_des *enclosing_variant;
boolean is_tag;

};

MR XA RS ANULL, TBARPZIEFRAERAN B EABEMAXNBE. MRLIDFRERS
Ffkeh, struct variant_desi§iRftHIR AR ERDIER:

struct variant des {
long choice_value;
attributes *tag_field;
attributes *field list;
struct variant des *inner_variants;
struct variant_des *next_variant;
}:

ST B ERMIR Htag fieldS | HRRIER T % Fchoice_value. MAFHE, WL —1i5
ITRHEIR R

mFBRATLABRE, FHESHRERSRattributesigF$ Mlenclosing_variantif, LUk
KRS RESRTASE RS A Ekd. WRERNIE, LAEARERNEenclosing variant
*E SRR E.

410
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11.34 HiEARI5IA

fEPascalifE b, #ESIHEXAT S RIRIA. F£AdAMAda/CSIET S, EHRIMRNAFE
8 . allfgh—Fh<name suffix>R R RN RS Rifi, #3IAGOHRP R AN AT TERSY
BEiEEbRIR. Bk, ADBEFLARRASICHAFRDMSIA, XAURFHAMR () ABERN
ieEPHSDrIBI M. (FECIES ™, ADINEBELRA.D, BE4RZA->D.)
BATH R EE RS A

<name> — <simple name> { <name suffix> } [ . all #access_ref ]

Fifaccess_def () Fl kAL B AR 4R ) 2 % % S FIDATAOBJECTIE % . FHEEXR, B
access_def () HFUAEB—ELORIRE. HRMKARANRE, Hik, iR EHSIANRNE
HeHbht. KB, ANSL7EDATAOBIECTIZF A iphl AR A kbal, 4 NTWEH indirectinE iR HTRUE.
R i A O i baE, MEEA X TARIGT —REED R . 5mi it RR bk 3 R0 3 RA0 L U5
e E ] 0 3R

AR, FRALIXLGE., BNEHRFIEHRMRESERNEENRSIA. ZMRTUSH
Zxigbt (ZEAdash&7Anull, ZEPascaldiynil), 7EFREE RMMILREIEEBRUARSERFHE
R EMBCMIEE S (Fin, PascalfiModula-2), ¥ RATRERKMMAILH, Hithsa N
BEHLE. RS, MR BRI (MPascaldfyDispose, AdadifjUnchecked_Deallocation),
B2 RN TaiE N — R B8 (ERR—XREOKMBSIAR) BROFEER. EXMELT, R
BB KT, Bk, RESIASESTHORE, XEUELHERE EAREA TREERAN
BRBE—FE.

MERBRERGETHE (RBEBAKIREFMN, XREHEAdah R LA
#aft L E 2 Unchecked_Deallocation), #AT8TLAhnullH— A7k i {E LA GEE 2R 3 k34
QB ASHbHE AR . X T HEIE E BT AR AR AT SRR . R AT
B R BHEER, BRAX KRR BN TR (%3t) EA.

kMaiLigt B i (AFEE) SEEZNEARE. UW-Pascaljb&ta‘tﬂ'.T AR
2 M4 (Fisher and LeBlanc, 1980). fERZHA, Pylal @ BT S | R ak hn_E B —A-FR A key Rk
k. DR E S R R B EE — A BOMOBR hlockiiR. MZhAxHoy R, BIYERETH—
Wlockl (ML lockBHiERMBKE). hMEABRUBMHIEHE ey RPREEZERNLA
(RAE11-16).

Lok | Size

Lock=Key

r Key l Address J
1R E 3 HERR
E11-16 HEMRBEIRH OB

s kbR (4 45 1IN 2 Dl key B Aaddressik, RE OIEMIHTHY Dy 0 S04 TUR AT LA & Bk L 14 2
AR T. HHEMROHABEAEL, B ZAMNkey Rt lock R LA, MEHREHKEL,
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BB ER R, EAEMER AR . KM rigH TR Ethat Hhe, SErihibsg
ARER S — AN LAS SRR A N bR S . FERRE —FMERL T . keyl M lockiI L AR KT REE
Al ACERERE, BRABLASKCHBRAERM R Llockiid. RfE, ERIZNROHRIEE
148 B8 T key SN Lock g B i 2 Wit FC 2

BEiss s RS R kT sEindirect YTRUEE ML HE THE, ILIE X fiftaccess_ref ()it
VA A T LAE RIS A R B A sh EXM RS A ARG, B,

(AccessRef, <name>.data_object, T)

b, TR B i £ R F R % & . :

MFHEMRRAMSI ARZZRAWIEETRE, ARENEEVEIRINELAR
start_index()ffield_name () 2 EIMRIF R B EMNMEME TRMA S BT A A DR 2 B3
R, TIEEMSARITR. EXHERT, LRENGIRTLENAMRaccess_ref(), REFHER
FAxAbE T,

11.3.5 AdafhiH{tbZFRER
1219 8, RAIHIET FiFEi<simple name>= A XAHKAIIIE L i new_name(): oL

<simple name> — <id> #new_name

B, ROVBEFEEORIAGRAY RS R; XHEIERKWEE U L RiE A FDATAOBIECTIZ %
SR TERINEE. RTfi, BEEE DI —KTERE, EOTERGHIE KB RIFHLE. FRIARTLL
BRI, 4. HNEFEFRREL ATREATIA). Gs (ATERYAR). MRRIAFRK
w4, IERiE A& A Mpitype_descriptors| FRITYPEREFIEFR KRN E. ETHMHHEIR, BN
BIA SIS SURID T2 R0 2 77 AR IR RO B 4% 5 B B % & T A B — S WIT A LE:

struct attributes_type {
attributes *attribute_ref;
}:

BLIE & X i new_name () FI¥- RARA:

new_nama (<id>) => <simple name>

{
Find <id>.id.id in the symbol table
Lat A reference its attributes.

if (A.class == CONST || A.class == VARIABLE)
<simple type> «— a DATAOBJECT record with
appropriate information extracted from the
symbol table attributes.
else if (A.class == TYPENAME)
<simple type> « (struct type_ref) {
.object_type = A.id_type; }
else if (A.class == PACKAGENAME
| A.class == SUBPROGRAMNAME
| A.class == BLOCKNAME
I A.class == LOOPNAME)
<simple type> « (struct attributes_type) {
.attribute_ref = A; }
else
<simple type> « an ERROR record

}

{E B G Lnew_name () 2J5, BAEE<name suffc-fiEi TTREMEEE. i, BEBEMITR
AL TRIZ RS AR
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<name> — <simple name> { <name suffix> }
<simple name> - <id> #new_name

<name suffix> — . <selected suffix> #selected_name
<selected suffix> - <id>

— <operator symbol or string>
<operator symbol or string> — STRINGLITERAL .
fifiselected_name()MEifthi4, ENFRALield name()AFIER Y 7E11.2. 345 FHRTZ i 1B
. AESEHMGEE:

selected name(<name>, <selected suffix>) => <name>

if (<name>.record kind == DATAOBJECT
&6 <selected suffﬁ(>.tocozd_kind == ID)
Process as described for field name().
else if (<name>.record_kind == PACKAGENAME) (
Search the symbol table of the package for the
identifier or operator symbol designated by
<selected suffix> and retrieve its
attributes.
Process the attributes retrieved above just
as in new_nama().
} else if (<name>.record kind == ATTRIBUTES
&& <name>.attributes.attrs names a currently
open scope) {
Search for the identifier or operator symbol
designated by <selected suffix> in
that symbol table of the scope and
retrieve its attributes.
Process the attributes retrieved above just
as in new_name().
} else
<name> ¢« an ERROR record
}

<name suffix>fl# 5 SMFARFIRRAR N TEHR RMAE. FEHhHAda/CSH EIHAMEA
BRI RIS LA M, FILMEIL23%. 1130% R HMIE UEE AR &R ENFEE I
BRSBTS . MBEERARFIRINH<name> T RNERKTIESRE, BaKHEAEHE
start_index(). index()fifinish_index() R{IMAXHR. B —HEFREFKIEFARME
BT <name>iiE Lin%k, RF CYEATHRRAKESE) RTAENHERERE—RIIRTRE
A 5% HIDATAOBIECTIZ R, &JEiRiE<name>yiE itk (Wi, KaydBafmBasIn) L2 L
RIBEVIDRAE. FRHETERRFNESE, BATSAREHFENEARSGHRE, REHE
BERE LES RENEEHA P OER THESNFARTIR. ik, BINERUTEGERS
ok R

<name suffix> — ( #start_expr_list <expression list> ) #name _plus_list

M, <expression list>iE &k th 1 30 V6 (I B2 44 S 4§ DATAOBJECTIR T i N3 fh il start_expr_list()
miaf RS .

Bifname plus_list ()& <name>fyif Xiddk. mBAERKASIA, MEEARREN 3.1Y
RIBAR R XKTIR. MRRERL, BEEAEEBERITROBERARLCES Y, REHEHR
WRIFENGER, HEWEEI3 T PR, B FHEEYL ™4~/ DATAOIBIECTIE LiEFK. W
H<name>F IR AR, W=HERRORIZR .

B ISR T —fh<name suffix>fER4:

<name suffix> — ’id #process_attribute
WAB S AR 2 TR XIE S B, ZRERBERIE LREMAE. 18 % Bk KB &I (5
) KRE, HEEBTATERENR. — B RE R RAESNRERNIRMIBEER. &
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178 BV A TR LD BILEE . SBORETUHEEREFR IR TH. HHEBENEEES
ATLAVE S 441% 28 o & Mok (& FILARC A name_plus_list () BrifAOALER, & BAWTLAZE X BIRR chdsr 3
eI T R R .

B, BAIEEE<name>fy =X F RIn—4sERS:

<name> — <simple name> { <name suffix> } [ . all #access_ref ] #finish_name

fiBifinish_name () FEM LI, RIEFEXAXLSBRENESRBOBRE. EXFHERT, EM
% R 2R WO L TR O TE UL EE .

11.3.6 CRMPARS

%4 (aggregate) R—HMBAZMEARICHFRBARVEAEMBRIE. 7EAJV/CSH, REWIE
B
<primary> — <aggregate>
<aggregate> - <name>’ ( <component> { , <component>} )
<component>  — [ <choice list> => ] <expression>
<choice list> — <choice> { | <choice> }
<choice> — <simple name>
— <simple expression>
— <discrete range>
— others

TR A f<name> B AR — MORRELHRBA RN L, KB ETLURTHTYPEREFIRE. X
B MER A R PSRRIl —/ <expression>@ i . X BAUEAKMLEA. Fln, mMRAR—
AR L, K THREEN1.5, TERTAHEY, B2A ° (1,23,45)RF—MRBANMR, K
A(1) = 1, A@) = 2, %%, b, HHRLBHRABETURTER: A" (L1+1,142,4,5). BUE
A(1) =1, A@) = 142, %%, {BET3 R RMEERIFH A TA.

WEERERA, RATTUA SR ANEEEENFIRE R, LR AMNIELRLMA L
RS EREHE, BERTRATERUR RN EMEY (AT, FifRANERIBLEH
H: MR ANSBEELRMRAXY), RAEEREARANERKSRANTH. REKURE
M ERBETFRENEMEYREANZE. B—ROBEREYSNEHIER I IRER. R,
KR — M MERPESREERENRRA, BARNREEGKAERLHERRNED LR
Hﬂﬁﬁﬂ%ﬂﬁ&&ﬁﬁ;Mﬁﬁﬂ%?iﬁgﬁgﬁiﬁmﬁﬂo%~ﬁﬂﬁﬁ&%ﬁ&%&ﬁﬂ
AR ERENBRAKER D ARASRTE. BAENEXEBRESRN, FARRERFF AR
SRR RSy . R RN AR ENEANEARE FARNEABFIHE-IRE
Bt e,

gx%m¢mmmmbﬁﬁuWQQMMeMbﬁ,%%&Z%%»%WE%%*W&iXEEE
L. Bk, BEAE—AFFILLESS:

A(5=>54=>4,3=>3,2=>21=>1)

WiEZ L, RAVES %8 RETLAFERGR. BEMERTothers (BEFIRMNEE HAIR
W AROEAHFARMSRAMIE.) KSR LU RARAE A, BUSEASANESHE
bR ALN, RS E&LHENHR.

&&%%$ﬁi5&ﬁ%%&ﬁﬁzxﬁ,@EEE%~§=Mm,ﬁﬂﬂﬁ%ﬁﬁﬁﬁﬁi§m
%Ea@%MEl&¢&§ﬂ§,%Z%Tﬁﬁﬂﬁﬁﬁﬂiﬂﬂﬁﬁﬁ,%iﬂﬁ&ﬂ%ﬂ&ﬁﬂﬁ
%mmﬁ%ﬁﬁﬁo%TE&EQH%%E%ER%%%E%W&ﬁ%,%Xﬂ&ﬁﬁﬁﬁﬁmﬁ%&
AR T ORI B3 B RS R

417
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G, SERHIRA TLAH B/ DATAOBIECTIZ R R FR.
11.3.7 BB

ARV P EXHERRY RIES, FTLARTAdab RS EAARIMNYE SORFRFTAR (HHA
HAYMWHNAARR). EmE122%{1ieval_unary() fleval_binary()BBriR B, XFhke
HHRAER, EAFTRERFERFRIHESTPHRSNIIE. CHES—AN AT EENHEMIES.

FEAda/CSH, RILABHSEAMTRFNATF. mEAdad, IRTEBRBEXFTHE. WREXE
Bz (ER) GEFRTFERFA, RECMAATRMOEERER, MSRERER EAKH. (7]
BREXFERBRALS&YE.) ETEMNSFERATHRSANEY, WLAET LT XRBESE
AR AR LR —A . InRFREMCH AR, WIEskE HBEIR. MR RS AR E X
AT REEFHR. FRFREZARBHEMNUMR-E (B0, Sqrt.Min(X)fiEMin(X)). &)
HATUAR KRBT R RIESL R KR (H4n, Float'(A,B)).

B RN B AR RERAMATFHREY (RL) SHAKTRFLTRRMAEE. mRHKD
— A MBI — PR RN, H54 58 % 00 M P AT LA & 4 4 P ELZE P B O 5 SUH8 1 A
RIS . MBHEEYEARMERBPEL, NEFELEELHHER.

EFERBOERSD (BFEEE. RUNEROLT), TLUER B AR IR R S| A0 e
AT (SRENHZRAEELFNER). B8, RASEF. FTRAMBEXFHRTHESR.
B HAbH &5 REE A B Ve AL B e it — R E X
B & &) LR

TEAdIES HAN, AFERNEFRIHESENEECAATRNYEMAR (TFARERKE)
KM EHMENT. XAFORTRAN, PascalfIC++H#INI, BNRARMNBIE X WESEAMTRFLTER,
EHAlgol 68—, RAFEBAMEYWER. STRAHINEERARL. EETSTREXNMHARK
M LR AREIE. BREE, RIMPRTUSERER, WERHORERMBHEMATRLRLIER
BB E T 3C.

FEME, MBEERATERURE, B2HKEALHWEBRITRBERR T, BARDERLIE
E R ERAUEIRRE. G, ZEA =1+ 1; , BEHFIREDER. WRARERYEER, WK
EEABNRERAR B BARITAR CHBRLAEIR), XBRE+TRENE CART L5 B RS
KRSk k. (ZECESH, BN TESRAR. ERMeBEAME, REERETR
B EE ALK float Bidouble, X B EBMARMEBEA =, WARMEEHEN.)

BT E TR %

AR I AdaS B R R, BRI BB Y AR ERRN RSN R RR. REEX
BIBR B 7t HOTE SIS B PR 2 AR X AR AR, B/ RO A B 28 10l TS R 7 A B AR ARED

LLF BiCormack (1981) HHAATIM FAEAMBERAT LAMAY, ERHFEXMIFHHESR
PRE AR — B R, MR TEE 1, WERHEE K EE0, MERFRAEANGER, HEE
INRES, MERIIRE XK.

int count (type *target_type, tree_node node)

int solutions = 0, parm combos;

if (node is a leaf) {
if (node.type == target_type)
return 1;
else
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return 0;
}

/* node is an operator, or subprogram name */
for (each definition, node.def, associated with node) {
if (node.def.result_type == target_type &&
node.def.arg_count ==
number of subtrees of node) {
/*
* This definition is possible;
* check the args, one by one.
*/
parm combos = 1;
for -(-i = 1; i <= node.def.arg_count; i) {
parm_combos *=
count (node.def.arg[i] .type, node.son[i]);

solutions += parm combos;
}

return solutions;
}

AR M B 2 Ve R O AL HB B B S Bk X B Void. RABY T iRMIBLMRCH R AME— 1
BRBE LR A, REEHEA, BLPMOMRICRE—#; T, FAXAHIRLERIC
RE 748
B R LR

Cormackfy M B R A% . ARERXMEERRM BRA LOGRBIRBEN . BLBRITES
& A BRI R T B R BRI ERFETENF AR XNEREE. SHNREEH
Baker (1982) . #bf3H T RBXBERILIR:

(1) MBFRERGHAHNRE, B2L8SEHREADEH.

Q) MBFREREAFL—FORE, & FRBLAETFREIANERXY ETR.

XA SRR RN, ELEN, $RIZSARMFIRT TR LB —RE . SRA
B —mRR, FRBHLASFOROKE. ERHEN LT ORAUN, HAFIRP YA —&
B, 85, B0 —BBERE TR, REHIRBRA (ERRMRENORE).

FiBbuild_tree() (AEA11-17FR) HEN UG AALIRIIRERM. LARETERARN
EBRARTREAUR (BHRRAN) ATEKREHENEE. S AERXTURGRTHAR—
ERAMMTRA A, XB TERRESORE—FHIVERMFIE. HiBbuild tree()iEH AN
%, HhERMOEE—NERRY. RINBIRAHIRselect_tree(), BLARMFIRMEMKRIES
¥, REREERAIEST A IZRY (E—8) B, XFHTAFEIRMHRTEEINULL,

tree list build tree (tzree_node node,
- list_of_tree_list arg_list)
{
tree_list result trees = { /* empty */ };
tree_node *P;
/* node is an operator, or subprogram name */
for (each definition, node.def, associated with node) {
if (node.def.arg count == length(azg_list)) {
/* This definition is possible; */
/* process the args, one by one */
/* Create a new tree_node N, as follows: */
tree_node N;
N.def = node.def;

E11-17 Er AR MR E SN R




420

268 P

N.type = node.def.result_ type;
N.ambiguous = FALSE;
/*
* ambiguous is assigned TRUE if there is
* more than one overload resolution that
* returns N.type
*/
for (i = 1; i <= node.def.arg count; i++) {
P = select_tree(arg_list[i},
node.def.arg{i] .type):
if (P == NULL) {

} else
N.son{i]} = P;
}
if (N.type != ERRORTYPE) {
tree t;

if (select_tree(result_trees, N.type) == NULL)
append (result_trees, N);
else {
t = select_tree(result_trees, N.type):
t->ambiguous = TRUE;
}
}
}
}
for (i = length(result_trees); i >= 1; i--)
if (result_trees(i] .ambiguous)
Remove result_trees[i] from result_traes;

return result_trees;

}

E11-17 (&)

it Abuild_tree() bCBE A FRER, BIOTUKARRN EHHRELRERNM. HE]R
BT, A1 AAselect_tree () BB EFTMERMAE -NREIAM. RAFERBEE
arg_listiff#select tree()iZFhHITH, XEEABRNDAXERARRE BRI SHITIME.
WREHEXERRBJTATEEY, Pabuild tree( ) WTHTEMNHESR. .

b FiEPbuild_tree() Rl LIERI, FTLAKEBIEAdI/CSHEY 5REAI+IX B (SH5
#) BIBT. B¥nodeRBHT +, BALUT2N5ZRBIIEX:

((float, fioat) — float)
((integer, integer) — integer)

P RIVRERFRPascalIPEE L FRAERMRERANIES, B2 TLIREBSIfloatflintegerS$t
S EN. 2¥arg listRtree_listfFl%, ZFIRFPHE LR IES (tree_list) AJRER
BEFE. AR RESEE R AT R, Fik, S/ tree_list SFRMMN—BH, HRFAMN,
NERERASER:

arg_list: { (integer), (integer) )
Ybuild tree()¥nodefi XEkIIE L Marg_listfibbiht, A% R LR Marg_listiREt
. BAl+J R —MATEERORERE, FiLAGIRbuild tree() BRI AE A TR tree_list.

H—FE, mREHBSHRBEX, Film:

((integer, integer) — float)

2 Thfchiiarg list Lok, MR FIRDbuild tree() BB &2/ &R tree_list, X
FEM R HEBNIEE ARG FE+ATHEAESAMF P E - ERRFABNEL. BIORELH
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REFBEARERN LT OREER D O—BB.

%3

1. 5EBEMNRNVFSRSIHZREMAL, KEmpatmRrEnat s s stt4? 421

2. MERBGLHI2. 1 F#RMnew_nane () G, WEHMMAHAKSRFHEBUBITIRIAGN (422
DATAOBJECTiZ ¥ .

3. fikm1l.2. 2B BEHAMselect _unary_operator ()
select_binary_operator().

4. E—/AFlFfree_temporary () HFTERXEHEEEKAHRNESP, 112 20ENGE
eval_unary()#leval_binary () R an{a 8 F 6187

5. $XCAT A, chTERE&KAd/CSIEA) MBI TA:

1, J, K : integer;
X, Y, Z: Float;

@) V:=—(J+5)
b) J=1*2-J*3+K/4;
(© X:=Y=*3.5+2Z/Float(l);

6. HHLLTIERE W EITFRORES:

R : record
X : Float;
1, J : Integer;
A : array (1..10, 5..9) of Float;
R : record
S : String;
L : Integer;
end record;
S, T : String;
end record;

7. 5 H7ERLE A 11-5brh My & B M BT A S fERIR AR 5, JHEHE— IR A RITA,
mRAMIE.
8. A THMEKIEQEEMNIITA, HRAELL-SahAFER:
(a) A1(5) := A1(I+J);
(b) A2(ARecord.X, ARecord.Y) := J;
(c) A1(A1(1).Y).X :=J* 3;
(d) A2(1,9) = A2(5,J);
9. @RAEN24hitEMhASNER YR, BAKRALE. TRERNSEERTENETHEIE. (423]
10. REEEMTEEAEE 1176 HTFRAN K FHERBTH, MRFAEXTFANESRA - RELL-85
AN AR R U REEN (MAREREMTHN).
11. B RRE -1 h ISR R AT LKA, B4,
(2) £ tH b T EIMOBCA P YA RO SR RR 7Y
type T is array (1..M) of array (2..N) of Float;

(b) IRAFIBEFHBITHE — A B rh H U H R WT, ﬁ%:ﬁﬂﬂ*ﬁﬂ&ﬁﬁﬁdnﬂi FRBK B
HE5A. BRITHXMMR.
(c) & H7ELIM = 5HIN = 8t ABLTR)E &&ﬁiﬁﬂiﬁlﬁa‘ﬁ&l

(d) B FEAiEmr- AT
AllJ) = B(1.)) + BU.2);
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12.
13.
14.

15.

16.

R HANLK) B A TTA, anRAR R A E 11- 124 S A R ACH SR RERY .
FAENAEE-15PhRRBERTF, AHFREAX().C+X(1).E(J) A& AR TTH .
SELL T HERAHREINRBRS:

| : Integer;
R : record
F1 : Integer;
case T1 : Integer range 1..2is
when 1 => F2 : Integer;
when 2 => case T2 : Integer range 3..4 is
when 3 => F3 : integer;
when 4 => F4 : Integer;

FS : Integer;
end case;
end case;
end record;
W2, FAHUTBOEH 2N (BEEERE) 7
(a1 :=R.F1;
(b) R.F1 := R.F2;

(¢) R.F4 :=1 + R.F5;
Emmﬂﬁﬁ¢ﬁwwﬁﬁﬁi,W%EE%Tﬁ¢ﬁm$ﬂ%ﬁ‘%Ekmmﬁﬁmﬁﬁ,ME
ATLAE FAE 11 3 4% sp A B R BB RIGE-E BHEOBA KRR Bl

R : record
case T1 : boolean of
True: (P1 : T array [1..10] integer;);
False: (P2 : T array {1..100] Integer;);
end;

B T R sk iR Fep e £ BRI FE R (T1), FLAEAnew(P1)ELEATIRIE
BFalse ERAHELMALLMBE. MR.P21 [S0IMSIATLLET BHMRTE. AR
BEUR TARE, BEFs RO E IR S O ZEE T IE Anewsi 2 B0, MBS
BRI BILEEX AR TR ER.

B ER+EUT 52 RBKRMEXL:

((float, float) — float)
((integer, integer) — integer)
{{integer, integer) — fioat)

AR IFn R B BRI A, B I 11-17 I Bibuild tree () RAFRERIER [+J+F.
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fEA D, BOTHFRIBLRREEFRIAd/CSHRXIEFHENTIER . XL HIEE N —B
AURZHAEARBRFRIES POEFEHLH. BRNEZEMIEQRYT o H=2: BHREH.
FUHATE M B BT RIS . PRI SR HE T MexitiF £ E rGB AV HloopiE M LA Kk il i
forfuwhile 74z il loopiB MM Tk L Bl. FM-ITE9AHE LB Aif-then-elseif tficaseil
A1, BoJR, ABEHHBEAE LERIMexitiZFoRE. RINEEFHREF LS IEFTHHENgotoiE
MGiE, REEA/CSHEHIZIED.

121 if 54

Ada/CSELIE R AMIfER, A EHelsiffielseifsy. XHE A T EH A AT ELLTH
Fh—RrE:

it <boolean expr 1> then
<stmt list 1>

elsif <boolean expr 2> then
<stmt list 2>

elsif <boolean expr N> then
<stmt list N>
end if;

if <boolean expr 1> then
<stmt list 1>

elsif <boolean expr 2> then
<stmt list 2>

elsif <boolean expr N> then
<stmt list N>

else <stmt list N+1>

end If;

mREAelsif, BRI AEDEPascaliyk HHIE S PEHTRAMNEFNINEH. Ada/CSHEYITESR
RPascalif & WIfE AN E AKX JIRMASX@Fend ifEEMA, XAMRE TIHEODTIENE, R
REFEIHEANENEEY XP A LAEHIEDFIRTA RELNNIED.

SHIHE A AR B 12- 15k, BI2-1HEHTREAER, 2R Helse T mfArid
else FAMitis4n. RMLIE—#, THRXTREEESAN—AE. BhEB P RTafig TRLHE
ERRKITARFS . XEMRBERESY, w{.}. ERBIRA R A ROIS, LS TTH AT LR
2, EREIEELHHRIESS, FAAFTARGRS: HK, ERETHRORS TH. REFES
FiigE R 15 SRR AT LA TE Hash 7E AR R B0k 5 A AR S e, BEXAN P FHARRSHERRRA TH
T it

Bar, RANSALEI AR —BRBRH. £ Hr<boolean expr>it il FliE X HiIFR A B AR X ACHD %
B R FARMIE A TruesFalse, 3 H 74 Wi £ R HIDATAOBIECTIE X it F. 1271, Bl
I B — P B IR RSB R T % TEESENEHEETAREXNARIE.

427
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{Evaluate <boolean expr 1>}
(JUMPQ, <boolean expr 1>, Else1)
{ code for <stmt list 1>}
(JUMP, Out)

Else1: {Evaluate <boolean expr 2>}
(JUMPO, <boolean expr 2>, Eise2)
{ code for <stmt list 2> }
(JUMP, Out)

ElseN-1: {Evaluate <boolean expr N>}
(JUMPO, <boolean expr N>, Out)
{ code for <stmt list N> }

a) T#relseifis MUt mMTd

{Evaluate <boolean expr 1>}
(JUMPO, <boolean expr 1>, Elset)
{ code for <stmt fist 1> }
(JUMP, Out)

Else1: {Evaluate <boolean expr 2>}
(JUMPO, <boolean expr 2>, Else2)
{ code for <stmt list 2> }
(JUMP, Out)

EiseN-1: {Evaluate <boolean expr N>}
{JUMPO, <boolean expr N>, ElseN)
{ code for <stmt list N> }
(JUMP, Out)

ElseN: { code for <stmt list N+1> }
Out N

b) #5Helseif o MRS T4

m12-1 #HAETMAHAelselfsr MifidmHITH

BATEE L — e 5 = A ARRD T8 UL
EEAKREBRG, SERERSAMEER R,
« fEthenif sy /5, MR ERRYelsemkelsIfAlsy, 1) L e R Bk A Bk AT
« krinelsedelsifif sy M IEBbR S UL RIEMINE R4 h A JUMPTCE BN R IR = A . HIRLEY
LABEL G4 &4 F e e R FIh ERRIVALE L.
X % 1 S TR SRR SRR
<if statement>  — if #start_if <b expr> #if_test then <stmt list>
{ elsif #gen_jump #gen_else_label <b expr> #if_test
then <stmts> }
<else part> end if ; #gen_out_label

‘<else part> — else #gen_jump #gen_else_label <stmt list>
<else part> — #gen_eise_label

LR R e A B MBI AR A RJUMPRLABELCAL. AR A & 12 TR IE LR
REERS, Hfﬂ%&i&&bﬁ%ﬁ@lEﬂ)ﬁTJUMPTcéﬁ—'Eﬁl%’l‘*ﬁEZB@LABELiéﬁHF&%Jl:o &
EHFEYA 4 hnew_label () KIXFHIE, BRI GR—AE RS . RS TLUBRTR
FHH, XAFIECGLRRBE:
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struct if stmt {

. string out_label, next_else_label;

htEfifstart_if ()& IFSTMTIE LRI A Ainew_label ()R AIE— A 1EL BT A Bk HIfE M
Bk EE MM B iR S . (X IEDREEthenH &R, ) XM FIRSFREIFSTMTIE M
out_labelifi#'. next_else labelifi#hi#liaft bz s, W A Helsetr SEMRLL_test() R Ak,
B R — Bkl K S thendior i) i Bk #L 15 4:

start_if (void) => if

it « (if_stmt) {
.out_label = new_label();
.next_else_label = " "; }
}

if_test (if, <bexpr>) => if

{
Check that <bexpr>.data_object.object_type == BOOLEAN
if.if_stmt.next_else_label = new r_label ()
>gon.:at.(m0 <b'expr>.data ob;oct

if.if_stmt.next_else_label, "");

if « the updated IFSTMT record

}

R Aelseselsifiisy PR7Ethenifsy /5, gen jump () BIRR AR R A Bk E out_labelBh#t:
?-n_:iu-p(lf)

generate (JUMP, if.if stmt.out_label, "", "");
}

gen_else_label () Hlif_test ()AL S KbricelsesielsitiisyMIFFdh, 1EARTE FA-BEEA Bix:
gen_aelse_label (if)

{
generate (LABEL, if.if_stmt.next_else label, "", " ")

}

TEANFR 2= A BFiEA)JG, gen_out_label()%start_if () flEMout_label A= g LABELTA:
gen_out_label (if)
{

generate (LABEL, if.if stwmt.out_label, "", "");
}

AT IS E M X S HIRRE it AT (AREMIIERN), KEIEAE RIS
LGl RE R, LHEEMLE, E g E A ERIFE )T B rhif. if stmt.next_else labelfJ{HE
el 5 FA A o

EANS, YRR T THRHEEL CIEUNIED. NEFMMHEFEIEMILENIED, ENWIEX
BFERLARITFENBAMNIEN, Hik, HoAb i HlE 70 X LB AR B HBAR SH R E.

BFS, XEEEEAR THHIREN 8B5S PINEONLE. TEXBERRIER T, NIA RN
BARGELE, AT e EeREMnASILmssiAa. R A R B 4 JUMP
FIJUMPOC417Egen_jump () Fif_test () d A MATRHE, ENWERES T k. 54 cAMN iR
R R A R S AR SRR, o AR RTHE LS A (B35 ) LHARFE
IFSTMTIE . TERALEN AL TS, BRI D BIEBIEA LRI TA. X Fhab T R
frbeyh (backpatching).

HIEAN bR HAIE CBIRERN CHEE, SRS IFSTMTIER . e hout_labeliRi%k
e, ZinFh L AR S FTE REIE D R REHJUMPITARSIER. %L, next_else_labellf

429
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#ilast_else jumpBfiBf, FHERHFE L—KESNIUMPOTTARFFIS. gen_else_label()
G RLE X W IR A L8 B EIBA AL E T —A T ATAS . 12794, BRIOEFEF ERMIT
R,

12.2 &R

TEIR BB 4G % . 7£% 8 Floop 5l maNETF S#gen_loop_label LU E /£ 783 F 44Ky 5
H i —/NLABELTEA H M R R 1515 LR TP . XRS5 IERIR LS R #1E L B Loop_back () k4
B BB PES BRI BkEL .

W R R A

<basic loop> — loop #gen_loop_label <stmts> end loop #loop_back
EE A H AR R A TE IR S M0IE LD

struct label (
string label;
}:

Fir i M O PR A 18 SOOI A 24 18] B

gen_loop_label (void) => loop
{
L = new_label();
generate (LABEL, L, "", nn)
loop « (label) { .label =
}

i}

loop_back (loop)

{
generate (JUMP, loop.label.label, ", "");

}
Bk, Soan FRRIEI A R TTAL

loop
<statement list>

end loop;
AALL TR
(LABEL, LoopStart)

{ code for <statement list> }
(JUMP, LoopStart)

12.2.1 while %R

RiA e — R foiloopiE M A& L. £ Flexitif )k 4 RIEH I #Z Bl B 2 {Eloopik )
FEHI T —4i&47. while loop&loopiZ Mgy &, TAEA RS TRIGOL: ERIRIT AR5 MR
B S

whileif MHiE kiR &:

<while statement>  — while #start_while <b expr> #while_test

loop <stmts> end loop #finish_while
| EEAEHE LR, BIRE R IFSTMTIOR:

struct while_stmt {
string top_label, out_label;

|
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start_while()#liwhile_test(){RIZWAIT LA LMgen loop_label ()Flif_test()ZH{EHIR:

start_while (void) => while
{
L = new_label()
generate (LABEL, L, "", "");
while « (while_stmt) {
.top_label = L;
.out_label = ""; }
}

while_test (while, <bexpr>) => while
{
Check that <b expr>.data_object.object_type == BOOLEAN
while .while_stmt.out_label = new_label();
generate (JUMPO, <b expr>.data_object,
while.while_stmt.out_label, "");
while « the updated struct while_stmt
}

finish_while()F L2 MME, THEAEIE 4 LA A BRI RO AIRIE 4
f£inish_while (while)
t generate (JUMP, while.while_stmt.top_label, "", "");

generate (LABEL, while.while_stmt.out_label, ", "7);
}

M, HinFwhile loop4: BT

while <boolean expr> loop
<statement list>
end loop;

BARLUTHEX:

(LABEL, LoopStart)
{ code for <boolean expr> }
(JUMPOQ, <boolean expr>, Out)
{ code for <statement list> }
(JUMP, LoopStart)
{(LABEL, Out)

12.2.2 for fFEF

loopi& iy B — Mg By R for loop, FITiHEBEHIMIENFIRNESR . AdafIAdI/CSHEN
g rufor loop:
(1) “H L% B85, HPERIFEUFAFRENSECEBNNHAE:

for <identifier> in <range> loop
<statement list>
end loop;

Q) “FTFitEK” 785, KXhRSIEBRUBRFRENEBANFAE:

for <identifier> in reverse <range> loop
<statement list>
end loop;

for loopfAiEMRE L, FASAELERMEEMREE T . FHl:
o« 33 Afor loopht, SAUATERE S SIREMERBMBEIENR. MiFRLAKEEARRSICR
DA T Wi, Blan, LA RIS Y SR E UIKHIE = e L.
forKinK..10leop ---
1 BX A B R R e — 4k Xt for loopfy . H{ULi )8t BL7E 25 & 5 -

432

433
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T:T, -— Assume a nonlocal type T exists
Int : Integer := 2+Int; -~ Assume a nonlocal integer int exists
AdafAda/CS it H AR AP R BIRXAFE: —BF - MRiA®, XMRATHE
Ak & (hide) MEWRIRFFOIEREAE. Aif, ~MFHEURELZERAZRETH. Hik,
XEFENZAFFERIEER, EAIERBSARIRA C BT RN AT R K.
« AUHIngkin reversefEE MR BRESF THaR & &, DABEETEIR AL ATLUE XA EFHER
AOHHEBE. Rk, TEREHRITIN:
L:=10;
for LoopVarin 1 .. L loop
L:=3;
end loop;
© FEER TR IR A A BT R LA A B R AR .
o BRI FS Ik RIRIE MRS
fELL Ffor loopliE LB , AR ES R Rep, HEAR K. H%, EHHRER

(LA EEN B, HEARAFEREHEARSIBEERIERDILT P e B H0
W, X—FR-HREERMRE, ik, R ERLZER—AFFE, XTRYGEEDIC
FASH), i EL AT Ao AR b ARAGRY R & .

435

A hRFpfor loopA: B AnE 12- 2B TCA FFFI. KSR FIAIRERRRA LS ARMK, BN

b AN BEERAN A RL ERIR. A, mREROERZLENE LAERIRNBEKERK,
N5 A ADEE A R L ERY, FATHER TR LitHifor loop ERse k. (RUMFIRAET TR
THBIER. ) — A ERTSH ROREFEFFSERRRBRERS TR, RS EER LEELLMIR
FERATKT LR, EHEMRAR: R EREBRERNIE, XA HMETRERGHMRESIE L
. fEfRPascalXBEMIEES, BARSIR—-DABEHRNTROER, swit, BRIWHESAFEN. A
FoIGRAFREMFABRESREELBAN FREBN, E12-2h0REFIIERRIZE BB R
HABBEEGE. &5, 2RNASEBEREREIRSNextaimi i 2R ERFAAENRG (R16.3.1
W) TR EBHERE, HEERIEBEFBEART K, TG, RIET.

foriZ A SRR S A=A T:

<for statement> — for <id> #enter_for_id in <reverse option> <discrete range>
#init_loop loop <stmts> end loop; #finish_loop

<reverse option> — #set_in

<reverse option> — reverse #set_reverse

b= A orp 4R E O S 11 IR T A B0 IE Sidsk:

Fn

struct. reverse {
boolean reverse flag;

}:

struct for_stmt {
data_object id;
data_object limit_val;
string next_label, out_label;
boolean reverse flag;

}i:

F A2 1025 thffy<discrete range>fjm AR, BieHE —A LB A TYPEREFIE Uit R M+ 2 XI5 A,

W =AE M BIBRMRE ¥, enter_for_id() FHAMARSRIATHNA, MAMPITIRE, Bl

EiZFEWERET, B REFR AN D AT, set_in()filset_reverse() =4 —/REVERSEILF, X
NPT R ER AR E LR Ti.
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enter_for_id(<id>)
{
Open a new name scope
Enter the identifier in the symbol table in the
new scope with attributes indicating
that it is "unavailable”
}
set_in(void) => <reverse option>
{
<reverse option> « (reverse) {
.reverse_flag = FALSE; }
}

set_reverse (void) => <reverse option>

{
<reverse option> « (reverse) {
.reverse_flag = TRUE; }

{ compute LowerBound }

{ compute UpperBound }
(GT. LowerBound, UpperBound, t1)
(JUMP1, t1, Out)
(ASSIGN, LowerBound, Index)
(ASSIGN, UpperBound, Limit)

Next: { code for <statement list> }
(EQ, Index, Limit, t2)
(JUMP1, t2, Out)

(ADD], Index, 1, index)
(JUMP, Next)
Out: e

a) [ L it-#loopi& Wt 4LF5

{ compute LowerBound }
{ compute UpperBound }
(GT, LowerBound, UpperBound, t1)
(JUMP1, t1, Out)
(ASSIGN, LowerBound, Limit)
(ASSIGN, UpperBound, Index)
Next: { code for <statement list> }
(EQ, Index, Limit, t2)
(JUMP1, 12, Out)
(SUBI, index, 1, Index)
(JUMP, Next)
Out: .-

b A T i1 Frloopi& )y T4l FF51

E12-2 [ LitSloopiE A FFILA K M T it HloopiE M T4 5l

init_loop()A: HLE BIAF S NextRi BT A T4l B4 AERIBLFIHNATY, XAAEHTEHRFS
AR (MREEEMIE) HAiIEHZEE. init_loop()#i — M FORSTMTIE Lid R LR
finish_loop() FiBMIZ A, LUEEERKLERLAERLEMRG. UUTHRMERY, XRA-GIER

T8 e b R (R B T OB PRRI 5 1R

init_loop(<id>, <reverseoption>, <discrete range>) => for
{

data_cbject upper, lower, init, limit;

struct address T;

Change the attributes of <id> in the symbol table to
make it "available"”

Let loop_info be a FORSTNT “semantic record

Allocate a temporary for use as the loop index, and
create a data object record, loop_info.id, for it.

436
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loop_info.id.object_type =
<discrete range>.type_ref.object_type

loop_info.id.addr.read only = TRUE;

Create data_object records upper and lower describing
the upper and lower bounds of the index range,
based on the struct constraint_des:

<discrete range>. type_ref. ob]oct type.constraint

T = get_temporary ()

loop_info.out_label = new_label():

generate (GT, lower, upper, T);

generate (JUMP1, T, loop_info.out_label, "");

loop_info.reverse flag =
<reverse option>.reverse.reverse flag

if (loop_info.reverse_flag) {
init = upper
limit = lower

} else {
init = lower
limit = upper

}

generate (ASSIGN, loop_info.id, INTEGERSIZE, init);

if (limit does not describe a static value) {

Allocate a temporary to hold the loop limit,
and create a data object recoxd,
loop_info.limit val, for it
generate (ASSIGN, loop info.limit_val, INTEGERSIZE,
limit);
} else
loop_info.limit_val = limit

Update the attributes of <id> in the symbol table
to be consistent with loop_info.id
loop_info.next_label = new_label ()
generate (LABEL, loop_info.next_labcl, RS
for « loop_info
}

finish_loop() 4 EAICAMMEL ILMIR. oI EEMEL K BKEFEHR ARG LE. HGIRSH
R34 (close) ATEIRE S| CIRMFMFF SRR

finish_loop (for)
{
struct address T;
T = get_temporary()
generate (EQ, for.for_ stmt.id, for. for_stmt.limit_val, T):
generate (JUMP1, T, for. for_stmt.out_. Tabel, "");
if (for.for_stmt.reverse flag)
gono:ato(SUBI for.for stmt.id, 1, for. for_stmt.id);

else

generate (ADDI, for.for_stmt.id, 1, for. for_stmt.id);
generate (JUMP, for.for_: stmt . next_label, "", "y ;
generate (LABEL, for. fot stmt .out 1ab.1 "", ney;

The temporaries for the loop index and limit value
can be freed now (if the action routines
explicitly free such temporaries)

Terminate the current scope, discarding the symbol
table entry for the loop index

}

for loop L4k

B AU EE b HIR T ¥ for loopitiTiiit. Hltn, BHRRSIBRARFEFFES, XE
mE Axi (SEEBHRTHAY) BEIEEHR. XHEREE TESRIF, BEXSHILT, A
BIRRIBATICR SR HE I T SRR E Stk '

B 2 322 7 kit AR R PR D AR (R B HA S 75 B SR A TR A I — 385 i B R A 0B, ALK
FERKESHFRHERERRBENG S BBASROREMEE. Bk, A EBAHRIZR
REBESERROARMEBRT RIS ZEROSIAKE. BRPTRAMNKE. RESFHFESIHNG
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RRURFHFERENKENRER.

ERFNER SN I AEARIIMIES S, ELWRXFER. 4Mfor loophiBi (BIEEE
HRH) B, BRBEIVELAHREHERSIFMANGFRTE, DRIBRYE AR ERME. EBF
B, 3N dBREHAN, ZEQLRBRFIIRA BT, DMEERBRIMOA RN RAESSIHY
AIFESHE. B, fEPascaliEEFeh, FHERGAAZM:

proc_:edureP;

in
writeln (1)
end;

forlin 1to 10 do
P;

MIFBRTLAMRXEHBHOER, Tk MEBARIBEREFHESS, WRESESRENASE
AR RAE B A S A BN AT h . REXBEE 2, HXRAREHEFERESITERE
SIAm A, Hfor looprik 5| ARISHMER 0 REHRER S| BIFF R RARE LHRLZ—.

fEUW-PascaliZ 8, BHARSIFHEEAEALRIFAN B MBRFH A FMELE
(BB Ifr R ) hikE. MR, EERAAMN, FHEENATHEREE—DEHEESES. IR
R TE BTG BRI X O BB RN (ki) REEEA BN 3R (ramification). FETH
e HIPascal B2 /¥

program Prog { Input, Output ) ;
var
| : Integer ;
procedure P ;
begin
1:=0;
Writein (1) ;
end;{P}
begin
fori:=1to10do
begin
P
Writeln (1) ;

end;
end .

SEB R LANEIRER, BRFHRAESEEEXRER. RIAKBSRNREFBULEFTH: 0
10203 ..., AFBPIIRMIMIEEBRESRPERGHEN, FAFRERKRSFEFOUERA
ERERRSIME. REMEFESIMIESSScRERE, BElEERBHREFIHER. XMEGRE
EHGEPRFEARTIHRID B .

EAdaBEE R, BRARIIBMARBTHAGNAELER (A1, BIIATER), Hit, bk
WRFRAE KB, BLAR, BRARSHERIFF SR ANAEH. _

BRI R TTEERY, [ A7EPascal. AdaflAda/CSH, for loopiy L EHBEHRSINEET LR
HTHBREBR Y BHRODEMBELNETRFE. mRXERFELEERBELHRER, MABARS
AHMATER N A BELRTR. AR AFRIERE S 5EARS HREOFRUTIHRE.

Bilan, BELATERRF:

A : array(1..10) of range 1..10;

for I In1 .. 10 loop

AQ) =F

end loop; _

EBFEPREE TR THRE. KRR S SBH TR KR HloopiE R EIBA K & .

439
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12.3 #wmixexitiEf)

exitiZ R —FBkH BRI SN, ARAENNBHLAEE: TAGBHMAE KM
B, exitiZmmyikitm TRl S| HEE, BEAhEexith #5I AHRS BREEENBEER ZRE X .
R, exitBiRE RISk BirHARR — 1 RAMM Y . BINEFEZEMH/-E-:

« exita] LS| IR MR 4, Ll s | R a & ElEnBERHER.

- hexitZ X R FRaR 5| ANER LA E LBt B/ NS BEERTFRFP.

ERFTBRPOE—A, BRNE—FFIREN. JFEM (01, BHFELMIEN) BF. B
BEAE, RIS —-EROIE—ARIEMALHES (loop descriptor). EAMEHRFFRE 1
o B EAME /S BIESRIIR R . FTLABES & B3 A exitif i X5 | M BN BRIt — 1 5RA
current_loopfE BIgH, % T &M ANULL, H, current loopMENHERFFHIREREN S
B T BB AR FL I Ak . XA AR AT B, T LA A BB SOk . R Wb S tEBIR A
AEAUA B i 2 m v LAC B S — ik .

TEFF R 7P B A I 1 23R . EHURFFIN, label entryiMBHIRSHFHSREAE; X
BAEREMEHR, M TEHAHNULL, exit_