HAE RAHEL Ty adyy - F—F
< k>

41 /3 AHR -+ 7—8%k HHE p.10)

BNF (Backus=Naur Form, YIS EENEERRIRT 51
HOWARTH S, TTHITHAT 5,

%11

expr — expr “+’ num

| expr “-” num

| num
num 4) “O” | “1” | “2” ‘ “3” ‘ “47’ | “57’ | “6’7 | “7’7 | “8,7 | “9”

RENHALIIUTNRY TH 5,

auls

— EZAIHEDOEN R 5, £ EHTOHTESHRZ 5,
| Frld

£IT BT, BNFIIE=HMAMRBNET Y THS, BNFDIHFE, £

KoM, FIFESH (ZENBELEL) Ths., ZOMRET expr 1
LESMIONELD%E expr (T L expression—R) AT, BEDY
Ths (FRAORSFIORIC, EANRZENRENTHR) ¥ I 34 EHRE
BroWwWlRENTHS, BNF THRRBRINSES (context-
free grammar) ¥ & 5. XIREBBESCETEK TN S 53E % XHkE B S (context-
free language) ¥\ 5,

DWTICRBLEAL I,
expression E=
number 34

B AT, SURIKTE X (context-sensitive grammar) ¥ I3E S # A R A19%, K
NDEIRTELTVWEETH S,

aAB — ayB
SZTAR—NEST. o,y REEITH 3,

XK CE I XIRBBEXEL Y LIBVWERBAZEHY,. 70530758
DEL, BE, XIREBEXENHEICIRE > TL F 5T, U TsUk
WESCENSB YR B2 0d, IFLAER,

M + 2+ 3" ldexpr TH3, 1 (Texprid 1 + 2 + 3"%
(derive)e 1 ¥ HWVH) TEERTICE, ROLI LRI ERLITL,




erpr = expr +num = exrpr+3
= erpr+num+3 = expr+2+3
= num+2+3 = 1+2+3

LS = 0% CEHY]) »*BHETSIrE, FroHT T
expr = 1+2+3, YEL,

SITRENERIDRNAEY TH 5,

= — %355 (0—%) IC#EATS2Y
2 = 2 0EMLERTS2 L

Q41lexprid”7 + 8 - 9" *HHT 52 L 25 Y,
4.2 FsE

(terminal)

EBISTO7 5 4RICHENSES. TUUEESRITER VRS
BNF TIISIAMICEHATERYT (0% BHor 5887 3)
ToF0FTILO, L+ -k Y

(non-terminal)
— NEADIENDES, EIRATESZRS
SELDDER (X - XRY) 2F%T. T->ET0FITE, expr ¥ num

4« Fva)

ZENRLTHNEET.

=, ¥ Ty 134935 (metasymbol) ¥\ 3,

(A5, 18 "BROs "R XV BROEFERTH S,

(production rule)
MEfiRee 5 — WXE BT NI Dt n2 ¥k
(start symbol)
o754, Y, BNF TEICRR L ZVIERIRRL S
(127 5% WERY . BNF O—&F LICEA N JERIRE
%5, )

N2k
2 H MRS

BIEY LT, FFLIBEE ST AE (italic) X ¥k aboT. BRI SEAF
(bold)X*>SEF 1K abc H 5V IF|AFEAL (" ~") TESHITBZ a5\,

Bl 2

expr — term | expr + term | expr - term
term — factor | term * factor | term / factor
factor — const | var | ( expr)
const >0]1|2|3|4|5|6|7|8]|9
var > x|ylz|w

SUTIEBELEAL S,

term 18

factor & F
constant K
variable T




M+ 2 * 3+ 43 ldexpr TH 5,

expr = expr +term = expr+ factor = expr + const
= expr+4 = expr+term+4 = ...

B 4.2.1 LELnEHI| 0= 2 ET,

(parse tree) BB s RO EEIZHLEbLEDD,
AENTLHRVWEIRIIBENEVEERTE 5,

(syntax tree) RITREEMmMLEZLD
BXANHISEEFREYTH S, (BFANEHIE
JERIHRRETH S, )

expr
expr + term
%\ \
expr + term factor
term term ¥ factor const +
factor factor const 4 + a4
, | l N
const const 3 1 *
\ | //A\\
1 2 2 3
AR AR R A

SFEHI2DBNF X, Txy A Toy £V, FEEAHIBNZ L RECERRTETW
%)O

B 4.22 AT OREINIHET 2BAAREE T,

1.1+ 2 * 3/ 4 (120 BNF Texpr5)
2.while (1 >0) {n=n*1i; i =i - 1; } (BEHEp14n
BNF T Statement #* &)

Bl 3

expr — const | expr + expr | expr * expr
const — 0|1|2|3|4|5|6|7|8]|9

M1+ 2 *x 3; OFEFARIL?



FRATAR (1) FRAT A (2)

OV RA Y5 & ): U] (ambiguous) TH 3. L\

BEBR (H N F N ambiguous) —ONREEHNIXF LT, BT ARIMTEY
HhBHZ ¥
BRBR7 SUEABICIL =, Y WA PITTIE%AR <, BNFIZmAT ¥

EHRELT. BB TARCT I TES (v H3) .
el
3 -2 -13. "1 +2 *3,%Y
EREE

B LEEELOEEFIIELBLAT 2, FrAiXnTursrs3i2 s
D T+, - BEFRCBERETH S,

il
e

B CELIEMOEEFIIEAE2EET S, BlAIE C%% D =) BEFRY
EEEETHE, (x=y =011 x = (v Y1 THbB, )

S
B CEENBALOEREFHBEY HH 15—k 5, 7D77 CIEE
IC&->TiE "<y, T, BEFRECRIERLEETH S, TDIHFE. "0 < x
< 101 WHEXTS—I1ckhE, (CEHEN "<y, M, Lié%ﬁ{a\’(‘%%o
2FY, fo<x <101 T(0 < x) < 10) ODERICKRSTEICE
Ik %, )

XIKEBHEEEHBIXBNT 27-DNDFE Y LT LR EXBRITC BIR T BRAE SR
DRLEN TS, REHRIKBXER TSI Z20EXIREBESEN—BTH
60

43 Sy a gy - F—Fr2 b
FRFERIHTLTARA - P2 AR T S L9112, XFREHXEIIHT LT

b GEREM) Tvvagyr-A—t=h >u\m%&msﬂrm x
PRENTWS, UT T, 5N TVWBHERNL EEAL LISHEN S,

431 EREW Ty a9 - F—Fr2 b
Tyvagyr - F—bwbrid. NHEREDITHIC 2B,

o NHNEEMNES (e THRWV) RENhIC,
LEREITANT, ROENMEDISRE B,



o ROBHENY EIZ, RI v IDEE (—FBLDISE* Ry 7L T, 0K
et v a9 3) 2ESTHRV,

YW ENERA— bV EBR S, ERERTYV2IT - F— b7 b
E. NHDEBYRIY IN—FLDRSLRETROBEN—BICESL S
W (DFY, WOV DRBIRENH D) Tyvvador -+ b2TH
%o

aﬂgﬁ 1)
®
state
input tape

stack
Jochgem / CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

ROBEHN LN TS,

o EENXIKEBETEITHL T, TNIERT 555 E5 &) CRET
BIREMT Y Va0 - A bR EBRTHIEDTE S,

o HEDIERERT Y Va2 g I - F— b2 b LT TNHRET
55N ERT HXMKAHEEEKT 52 LT E 5,

EREET Y299y -2 b2 FnFITOIS5L 0 LTEELL
AT Br, HERNVBLLBRW, ZFOLD, TOTS5I T EEDEXBNTIE
SREME T2 I A — b2 b EZTNOTFAVEZLIRITEAER W

XIKEHBEEZHET 27T XL, BWEtER% AV % Cocke-Younger-
Kasami sz Y o T\ 5%, RENIFE, LS00 RID 3 FICLLHIT 55t
BRBIIH DB e hmsnT WS,

432 REM T v a9y A -+ b

REM Ty a2y A= b2 bUIE. ANADEBELRI Y ID by TDEL
SYRETRDEMEN —BICEEZ E Ty Yadvy - F—r2boThHb, A
BRA— b2 F>DBEIE. EREMEBRA— b P CREEBRAI—F< b
CORBAGRL TH-7, L, FEREMET Yy VadIy - F—+2 b
YREMET w2y A= b2 bonBEERLCTIER L, FFERERMNIZT
IVBATH B, 2F Y., FEREKET v adI> - b2 b >TEZET
LN CREMETY AT A= b TREETELRVEENHSZ
EHFms T3,

T, REW T 299 - b2 UL Y SEINEEER
(=L, k2 1) EWIBETZEBINSEEL— ﬁ?%_zwﬁ%n
T\W3, LRZRIIODWTIZEED Ta> /45, THN5,

R, EANIHED BVETRTES 05N TV B0, LR OF 5147
£y MI% B LALR(Y) £V I BXBITE TS 5.

44 (XkBHEREN) RIEWHA


https://commons.wikimedia.org/wiki/File:Pushdown-overview.svg
https://commons.wikimedia.org/wiki/File:Pushdown-overview.svg

XIREHSCETRRRETERVEE (RSINNESE) 0"H 5B, H5EEIXNK
BEEZETEHRLERLWVWILERTADHITIE, ROMWELSRICILO,

XAk B B 3EN R1EH#A (pumping lemma for context-free languages)
(IHKEBEEN) R TOHEBELrHW I,

XHREESENRRT 2T LISH LT, ROL I REHEHBLTARK
p(>1) 2BET 5,

LIBT52kT pULDAEBNXFT s IE s = uvwzy LEIF T,

Tz DEIIFTITUETH S, 2F Y, v,z PP LI —FAIIETIER
(VAN

2.owx DEIEpUTTH 3,
339XRTon (>0) i LT, wwz"y b LICET 5,

ERERIIBAE T 5 0I1C1E. XIRABBCENIEERDREAE L TS W%
WOTEIET 2, BRIIUTOLILREZRZ LI YPT,

>P1 Sufficiently high
derivation tree

Generating uv Wx y° Generating uv Wx y?

Jochen Burghardt / CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

2FY,. LORSHNIHELRBERS LI L. BAADEIHLLROIIKELL
. EIH0RBTRLCIELRRLES (LORDFEIE N) »*2EHEANS, 2D
NH»5 NFTEHEAY LAY (ETOR) ( #YERLEY (ETOE) ¥
5ZrTHRONBEENLREY LICET 5.


https://commons.wikimedia.org/wiki/File:Pumping_lemma_for_context-free_languages.svg
https://commons.wikimedia.org/wiki/File:Pumping_lemma_for_context-free_languages.svg

B

{a'b'c’ | i > 0} 2% Y {e, abc, aabbce, aaabbbece, aaaabbbbecee, . ..} ¥\ S
=88 L IIXREBESCETIRRLE RV,

BEA: XARBESCETHRE R LTFEEEL, LiXRBECETREA LT
v, REMEICLY., Lod)wRGtETaARKp (> 1) 0"EET 5,

s=aPPc? £ ¥ 5%, T5HY. s=uvwzy L BLIZLZICvwr DRIIE p K
THRDT, at cHOEAEEEL I LIIHV, THL uwyld LICET %5 fl
ZIE vwz A, a EFEHCcEEBIRVELE a L cOHBREKIELRYFET
5, a%83FIT. cEELLELRAEKTHS, vwz Db DHEN LR BLED,

uwy |3 b DHREEHNERL Y FET 5,

4.5 kB EEZOEHAIH
ROEIABRBENI LN TVSE, TNLEXRITY AL LTRANT 5,

XHKBEHZTEIIOWVWTIR, ERETENL ) RHABHIIKY IO RS R,
2% Y,

o XkBEHEEZENHESIIXIKEHRZZEL IR SR,
e 2O OULENINIKEHEEZNHLBENIIXIKABHSELIIR L\,

. REMT YV AIYY A — bR b TSEBTCESEEICHL UL, K
CTOWBENLIRDLDIIFEELLE Y, TDRH. Hh5EEY (kBB EE
TEH2H") REET YV adI> - b2 b TERBBTERVWILETRT
DITEEL W,



p.8
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