FRALKBELIETARAEA
Fxt+E -2 (RAX+AFZA)
HBRBM I RALTAFZA

AR A AR I B R
% B L

AXMBEARSSHKBEEES - LKBEBERTSEHRERBREHE o
FEEES > (closure) » AXEBRREARANBEKBHBEES (regular
language) o EEAXEF AEEREREMANEE  BUESNREHEBERAESR
(context free) HE o k—RRHHRBE S LHUERMEEE - HERTEAENFREH
HRESEERASEES2ER MARS—ERER MM EEIEEYR (copying)
BB o

F T EESNBRERANE

AERES LSRR  BEEE S HRLE  ERFEENARGR (DTHNE
=g TR I AR B DU R OB el B A TRIVAT 3%, AT RBRA G R
R B S M R RE » AI-EREER ~ DEER  EEFERRNE
RIS o MRS EEERESRESHAMBEZN » BIRERF—E
B A AR AR S S EEEERMARNEE, HhailETRuRERABT
~ FEBRLR o BHITIS » ML E7ERMA ‘Language and Symbolic Systems’
(Chao 1968) BB T BERMERMASHAIOTES » L AWET 10
TR RE EE B AR KRBT HEE EEENEE o MERBREMMZRR
HEEA R 2P » B4 BEESE (Mathematical Linguistics » 2 RER Wall
1972) ZEL: o BEHRMBERCFHAS » EERRE TR » SHM
ﬁ%%ﬁﬂ%ﬁ’ﬁﬂ%iﬁ@ﬁﬁﬁ§°ﬁﬁm%ﬁﬁ?Emmmhﬂﬁﬁﬁﬁ
FHES Ay LANEESENRESNEERRAZ MR ; EURREEERE
[ #EHYEEE: ] (Possible Grammars) » B& [ RERYEES | (Possible Natural Lan-

guages) » FE AR 58 L0 U Wy b L 1 BT RE AR L RE MR B GRKR WUAT o ERRAGE
W —



= B =

MEZRBERGCHFHRG (UREEE > BE > ETBKER) DAHEERF
RYERIUER; FHOESRELHAGAMERL R ELMEMLE » A LEaH
MESHLRGUERIZRES N L - AWTE » 7oEABISHIN (parsing) £k
HORFRMGTE » B A% BRSNS 5 KT R AT S EE (Natural
Language Processing) 5 » R EAZSHWESRGLERHER » —ERE
BREREBHERIE (algorithm) o HFESWBMEMERER » W EELEBISEIR
BERABEHEZEE o

EETHRZE » BREADARES —FAERRE - ERESEEENENS -

M#&E 1| —@ » WX language —F » METIBAEFTAWEAEE (natural
language) » A IEARBE » BIFTAMNERES (programming language) o #
B EREFESRETAMBHMES » language —FZHHTA T EERE
FHRARM' o EH—ERT » REZSHHLERBTLRD (BIFPLHEFAF (Charac-
ters) FTRRAYFH (Strings) REEFES PHAKED) » HERRHZHMERH
REBMBZRDEE (Syntax) o MARERONEEEEBRIATHLRPIESR
BB » FIfBZ RFERE (Semantics) o HLAERFASEMEARRERZSHA
W EREYERED o KT R UERPHBEMLE - DBENERMR » EXLRH
—ERRAFE S (AR T sentences) » —EFERIHAFLE (non-terminal symbols,
MERFBEPWAFE NP, $5# VP &) » —jRMAFEE (terminal symbols,
BIERBESPAERE  hX 7] ~ TE]) » B koS narsiimsRmns
B R AL (re-writing rules, I <1)) » FTHFERRRAY o A¥5FEW (grammatical
senterice) HYAERL (generation) » ERFEHERE LBFEPSEMESRMEN o &
FLERR B EIAFTER SRR » FIAFMA TN » RBRFH » EIRETS
(string) IFHIEMETE S TR WHRRFHRMTERSIE « ERN—EERPRSES
W—EEEED - HEME » DEEENNTEON BN ENFE—SEES0REAS

1 BRITXFE» Axth rm:n::_] —FR AR language —FHES » PEETHR
BEEBEXES  REMFEIK - ERDX [EE] — AR ASES A2 TE
RES| —FREBZ - .
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HanEENBEAEEE
¥ TR SERS R R IR Ry 5 e R D R G WIS LI P B B R s A
HH o

(1) a. S—»A Bd
b. a A Boawp
(o B—c d
CRE : SRBIARE
A B... RIERGRAT 5
abec...BREAE
a pw BTH HRwATRZEFEH (null string) ]

WS IR BB R M E TR EEN B EMNE o HiLE (Chomsky 1963)
BEEERETY A R RE XRATE RS HBR B G T A BB RE R T SRR A E 58 3 2l
MR o AEREWELE » HASEEMARY  BXBR [ KRHFLRARSK ] (Unre-
stricted Rewriting System) o £5 1 ZUYFEYE » HRHRMABENHEDRAR (1b)
BT o BELER » WEHEDARRHRER RN ITRESR o R | ZEEXE
5 [BFIEEELE ] (Context-sensitive Grammar)? o

£ 2 FEEEAISLE BN AN (2) WK .
2) A-w (WARTRZEFH)

(2) BEHRE 2 WEEHYADEARE—ERR R RERR—EI e Fa (1
o7 i AN TS AT SR BT AT ) o JRENBEEL R R A T R AR AR
B B TE B T/ AE S Bk A it P RS BT RO BE © T EL R R AR TR AR
Bk | (Context-free Grammar) o

55 3 MBI EARESAERE U TR

2 [BEEHIEIEH context-sensitive ZEHR BRI FHHENEERESR - WERZHEILHE
WE o MILER [BAEE] —FANERMUNEE - ALBLESERBAZK  BUT
I [afREE ] MEZ AR E » AR [RHEERE] —F -



= - S
{3) a. A—»a B =]
b. A—a
(a R—IEFFH » fTE a WILRBGRBmAE) -

3) RTHRRTHEANZERENRH S ERHTRROBERES REaE—M
IR ST BT T ELRAIRR AT R BB BIEE R B RAAE® o B3 WNBEEXBZR
[FHE el (Regular Grammar) 5, [HRIREEEEY: | (Finite State Grammar) o
DI EHRHEFES (Formal Languages) 4 #H » 25 EBEA MMLLEBE] (Cho-
msky Hierarchy) o

BB SR BT - FAR PR NHAE SRR AT REEE ALY 5 B R BR
5 o MREHL LR H RIS - BIUAFREAFT BB FE S A I - SHF
ERVR ISR » WATREEARRES » HEER/ o BLFE S 3 FES (Type 3
Languages) o BEMMAMBE [FHFES | (Regular Languages) B [FHEE ]
(Regular Sets) o 53 2 ZUFEYEIR MR LL » FrEANGES » HEEOSLERTSEE
B BRTBRH2HEFEE (Type 2 Languages) 4} » B BWATE IAHEEE
.1 (Context-free Languages) » RAKMELER DA EEEE o 4 1 A
XWTHEERE  AMAENES S LB T AHREREES - HAFESRTBRE

BIFEE (Type 1 Languages) 4 » WK [RHERE
Languages) o 2ERNEFIHFENZRRE » WHELE (BERinRIERIEAFER)
FrEMWRERE S » BERUEE THU LRIAMBEES » AHERES » HEHEEE
5 o e EIFES (Type O Languages) XAR [MEEFIH LS ] (Recursively

=

Z£= | (Context-sensitive

[[

3 o 3) MBREIRERK (i)

(i) a A»Ba =%
b A—a .

Ak —2K o FREIGE R AR E—FY TR SRAT R L BB BRAE S B E BB I B 0 o 3B TFR B R 1y 25
FreeEEAERIREE TN (3) FriRGIRFE LT EANE S BHESN o H4 (1) BENEERS
[ Z#ptkiEE ] (Left-linear Grammar) » MifF&3cd (3) BREINEERZ R [HkE
#:1 (Right-linear Grammar) o HAZBHRERRBREEEPISEFELS B iR
LEREGHERLEE o



RmEENBEEEEE
Enumerable Set) o PhIURIZES 2 M A SRR H (4a) XK 4b) 5 FIRRKEIZR ©

4y a. BEESCHHE nn;:lcﬁﬁ')?ﬁ EECHREEINHES
(837 (B2#) (28120 (BBZFI)

TEEIHES

REEAR » B EER » TEEFBESEE T HERUAESSRRZNE
B BERERESHABERF - BE  AFRANEEETELAMEERES * 1L
HHRERESTI AW IERGHE o 8 » SFANFRRTIRE T SHEBH HAE
EREEERAR ? BERB TN o HMMeEIRBIVEEE » RITAHN TR BETX
WA o WERHR » E—HEENMEAEANENERES » BRAREHTHE
AHEEHBAEBERAES PHEE - ER » RAUFERFENTMERELAGENER
EEEM  MAREWMEFHEELSETEM - ERIUFERHRLTNEEATEEN
BGEL » AAZSEENIHIMERENBERENHRELRR - H/t BEES
W7 EEH [THEREELR] (possible grammars) ZKiESE [FWHEHFES ] (posmble
languages) o LR ¢ MAFZRTIFEELN A ERATESHFEEHA ; EMAE
i EARES THHBANEAKES ZMUHEHNER o Dl ERERTTIETERREE
TR TERERE o BB AFHEERITE BRFESNEEEX » AIMET [(EF LI FE
WEESHR » BSHNT ~ BRRBENRE - ERREA T EUHHHAERES » 68
B ITHMWBERES | WEEBREAEE - ERESHARBRAFESHH - HIRH
RS o LIRS ERERIR BARES R AIREN L ZE AR o B T ORIV E Ml
BESI B BTN M A8 0 SR REEE o AT B DA — 435 D 1 it 68 00 S SR Y RE VR RO B
— 51 —



2 B £
w0 BFMHFEEREEEMRY » BRHAWTHBANYRZREE o LxhiRs)» &
W ENEE—FENDTFREBREEENMELNES (WHNEE—FEETR

Zi s AR c ERRSFAZBRSAELANENES IR » £E—FHEy
T RGP ENAFIERELEMEMNE  BERNE » siFGEER Lm0
BEPERA—EARGRYE o RIEEMEMEH LRE—SH B RBR LW ERPH—
HIR o BEEPRAMER o HEFREER » EEHER » W AEHBRNIEERE
LA - BPERERRSRER 5 MESPRARIE—BEHEEEY - B8P EHE
R ERSPREER » SEREARGES KGR » H—BREE ~ REs—T
R PER T o HRREER » HTHREAEGRD » Eep S REBZ R NEED
EXRPORL MBI o NEEE EAREL —BREMAEGHE o WAMHEN » BI¥HhE
BEEREEMBEMECARRENGIME - BOER » LBRATAWEEN—H
ERTFHRE  RMBEEEERREANS EZTRRAEED » MEEEEZTHES
NEERED 5 BHBRUAFEYACERTENGEEEENERTTM (undecid-
able) o HKMERNFZULBBEMHAMELMFERESEENER o FEAEHA
RYRRER RN - NEEBREERIER ALK (BERNGREE) Wikk » AR
HARR UG E MR MEERTREAEINRS » ERRAFMANESESR
NHRZHY o

EAMERBEESE  HRBESHTES » Z—EAEERERKHAERE
IEREITHER TEEHE] (automaton) o GHEBREE —LEEHERRE ~ 5
& » R— L B R0RDIRER B » WHE SR B LR « KB HSREE 2%
REENERY RSB R o 4 T8 LBEERy HBEZ% » RFETH
BB 5 SR B 4 B R R R R A AR SR o ZEMIABAEIE | » - — BYPTRIRMOS
FHRETHEEZWESHERSRN [HMEE] (Turing Machines) FregELR
FHRAVEE o BB EANRERBERMEM (Alan M. Turing) » BE: - WEERE
MEM L TSTHER » RAEREDSEEEER o BN LA ERYEETHE

4 BR ERENEREERI  AERT » BEENRKT  REBEREAKA » BREHNE
WS BZH o :



HmEENRERENEE
A o RIEREE W LBHARE—FREERE RN B EENER
JNTI## (undecidable) 5 ZRENEER LR8BI —EABMER L » EARRHEAK
HEREREW IS E o ik » BE RS HEESE S (Hoperoft and Ullman 1979)
RETHEZRGEY oSSR LB -PERAHTHER  h—ERTMERRER
BHBFE IR BATSHETIHREREK B R B EE B /R W] A AR FR
WK BHSEEETEMAZGER® o
—IEBAES 2 WS - SEES S HES) Tl MREERY
B8 | (Finite State Automata) gEZE; MAMAEERES (WE2AFES) AWH
LREOHREE A TR B B B In— sl (Stack) EEAR® o BMZ FREAMAE FHEMEH
RO AHEERNTSR » LEEBK R T AR HIMERL - MREERE
SHENERAEEFE—EM » MIEHEEBEEEFEENHAERNTH: ZER
EERE LE AR ARELEER o« B MRBRMETEEARTESWHGEERE
IR » MW DR 2 SEEERE R AR AL - RIFWFEEERAREEEDA
HEREEMHEEEFE - IEBRESIHENRS 2 ZFHE » ERNFEEER DD
FEIS R 2 BIED: o« BEERM S WAARSFREFUMREEL  EATRER
IR o BEEENEE » AINMEEE 4 (over-generate) 5 REEHIERE—FE
REARENRBEENEE %%EE%%%W%% o Az » FEE HEREMBIE A

5 EELE o EEREEEER O RMESEE (GPSG) HEARIiEERE (LFG) 23
#7 (transformation) » DIREEMHIER (GB) ZHBYEMLIBMR ML - Rl
#4277 (Peters and Ritchie 1973) WEEER - MEKZXARE LBWERRAZEZE
MBI RRE T E PSS o DR ERBNEMAQTREGaREERYRELREEM
RIS FRARTE  REEEZH—BEANERRASEEREREENESR &
Al » BIYEREE TN ERESHEEN » CRIESE -

6 REREIRMEBREEEEREMEDEEE - ERFRNHEER o hR—FELis
B o R LIS HARG R H B IE h 7 BRI 22T o MR T DIAA—E B E 1IRR T 5
(BSREE AR EBRN LY » REREBANHRTERTRE - REMARNBRTEKFERK
HE MREBANBETESES o REEFRRERRELTIE » ik R RERE SRR
T TiEBARBET MSHE LM THRREZ % » RTINS o EMABREEE 5
ﬁ{u Eﬂ%ﬁﬁﬁ%ﬂ’ﬂ%@ﬂk%éﬁiﬂ s (ECiEERE ] MERSRBEZETEIE - 54 &

MES (BREE) AThEEZE (linear-bound) Z HBH#BHEEE



- S S

gt BB EREROBBRL SREMEME A EEEAR » RENERAESS
5L BRABHN AT B 2B BN R P o

A~ HIREG

HNEFHEEREECHE » BOERERR-AAAER—AENES A
ETHRNE » WHEM— - EAEHRWERSCES (Chao 1976a & 1976b) o R
RXEFNTEERERAERBZFHEZSR c ERNEENREEHESAGLEEY
KEANER o AW ER B BZ—VERTHRRF EERN — LB EIE -
DMERARERE SRS B B R B ISHIT P e 2 B o

HX EHTAERBEREMEZRE  WEATESIER AR AAEES
ERBHANERESNEERNTHAREREES » —EREMASHEBLWIE - &%
¥ (Gazdar 1981) BHTHEAREE AN EMAFERESEHER_ LA ITREN R
BABRHEEINT X EFESHBIR - HimEERE (Pullum and Gazdar 1982) B[
HERENBEREERERR TR EREREN  BREAESHESL
FESEESHRE. FH (Kac 1987) BFFA%A (Kac et al. 1987) AIRERER
BREYAFIZE3C ‘respectively’ I F1i&HE I L B AEM MBS BRAARBIE" - HE > H
HIRIEME— R EETER  ERFESBHAAFBEE SR ZEMET (Shieber
1985) frigth o BACRAMMILIEI (Swiss German) BRRTFHHAEFI%E
(cross-serial dependencies) HYEI&R » W#EL[E#E (homomorphic) WHEES »

7 3z “respectively” WHBEENEE 4511 —F%M o MREE (48] —F0TERS
ez “respectively” —FIBER H HIIERE o
(i) RIS FES~ZELIETEESFESE S E 58
(1) Az A BB R 2 R R B AR PT R E AR R o DUSFBEf54L » M40 h B
JTfs abcabe SERHYEE o B EMERIR/HE » MPHE—FEHENRPHE—F
HEIFHERE T - REREBTIINENTES RUABREENTEARE  TXhEE
oo MER [480] (BE3EX “respectively”) WRMEATF—EES (i) BHR o
(i) E=EELEARRETEE~BEE B HE
(ii) AR EN A o ERE FFERE —FELFM » FREESE FIEENES - K’
I (1) MBEZARREENTRE » FEADBVEENEERGNEE - HRESEEE(Pullum
and Gazdar 1982) DIZEsciZ I THLINSGE o

e §A —



AR e SRR

RBBPZESABAEEES  AMEYRESHHARRRESHRE" - WX
HARESEAE L —HOEREAEEES RSN THERREFEHRRER
EEEN: o L ER » BEEL A (Gazdar et al. 1985) DIARAFEEREINMER
%%%E%mﬁﬁjﬁﬁ°ﬁ%’mi%ﬁ%M?m@?m&$&E@%%% R
BBy e o HEL - i (Radzinski 1987) HiBHAIRIEEERTES
ANEE R RGO TR EBAAEEEE RS NIRRT EERRTES
HEREE R RN 0 WRERIMA NN o EERREZHERESERNIAR - F
Mo ATBRTEEEHHBTEEN LR EATENHERNARRREEMT
B IR ITERRE S ©

SRR EESWABREE T ENIEE SR~ AEETERESIREE R
TEBEE FBRU R M M B A o T EIRR B AR BRI — RN TAT ©
R E RS SHRSCEREY  2LESEFNTERARHE—ES BBRERHT
A > FORREREAGEET - ENBEEENABARARREEEENTT s AR
SEYRR SN E R A SR EEEER SRS - IEAEREEN B R
sEggsEyl , KA DUREE S » WEE R B Bt U B AR AR SR
fEARRHE] o

%F%%E%mmﬁﬁﬁﬁﬁm%ﬁmﬁﬁ%m%ﬂmm%ﬁ%ﬁ(d%M®’
MR EEMEENNALESHLR - SEES .. 2AERESABARERE
HHLH (substitution) EEEELHAH AN - BRERABRMULHELEIERSH

(i

8 %I (Shieber 1985) FretpgRy+E3 4 THIE T FrE MM A FIEE L (MELRE
AESENNF) o Bl HEE L TEEERF (word order) » il ZEEE (Pullum
and Gazdar 1982) E#ERHi % A (Bresnan et al. 1982) i’jﬁfbﬂj&mm?ﬁﬁi_}u
@ AEEEEES (BEHANBRTTIERER) o 5L EsOmm Rz 7R LR 3%
HIRE L o BB M BIM RN ENEEFZENINERXE o THFHhIBRNRZE
FFIEERSAEREESITIE
(i) ...dat Jan Piet de Kindren zag helpen zwemmen (=)

Ethat] e BFM OBER OEB iRk
NPL NP2 NP3 VI V2 V3

[ Coe) AEREEEBET MK - ]
NP1,NP2,NP3 S22 V1,V2,V3 {355 » HRRF L ity abcabe o



= B
BETHR—EREARYTRETAS  MAFELESRAKBEESESE &
RN o BRI RE B T — (R MR B — (BT » H— (EE s R B
PR AR » HBB WP BB S (null string) o 7ER HAE S B RY
F B V5 R A F B e BN AR T RO 10 AR v » DU P SR I
G o B—EE EENH BRSNS SRS S SRS AR B
AR EENSN BN ERSEES A ENE S B RERA
RBEEE ) MEABEEEABE SRR ANRBIEEED « ANPNERS
SRR EREEA AR DA RREEE LS NES » AEER
R—BHEE REARAL WHERS n DEE - W% 0 DRERIEHEEZZ
SVBABE 0BT o IEEETREER » LSRG ERENES n HES o I
TR B MO 4 LA B 2 S S5 S B 2 (Hoperoft and Ullman 1979)

‘Introduction to Automata Theory, Languages and Computation’ —Eth o

&~ BRI BEEEE
Br— KELE (BHES

ERUEBRTBRSERS » AMUAN SR RSB CRENH M
o R RS EESHZEATHMY » AMMENRNSRESHRERN
REEEE o EAAETENEE  HYEMENUHERY » KBVHLEIEE
& REENTEC-EREFEEN—EDANIERES 224 » ABTHBWHE
HRRNLIFFEES - HRBMENZESEES » BESYTESHHEME &
FREFTHESNRZERAVARIHES - BAULHRTE » WTHALBES

|

9 MERTRALES RENHEEEE (4da) FIREHESZHNaSHELRES - ZEH
BURKI BB S A EFRNEAZ MG « B AR REERRNEAES TRAS
REE - RUBALHABREES I ERAEREES  SEANEEESHTHHEENERS
SREREA o MR AIRE—EEZMNRE - A—BRELFE—E SRk M
FIARMEEE » AREORARERERRNHEAERE » E—aAESESmEtheAEEs
ERREENMAPAY: o Jin a'blc! B a'blc! HRGHEEES  ERRESZRELAS
atb®c? » R—RAZBABEES o

s B e



RmEENEERAEEE
16 o HRBFLFEIHES °
L — R R T R R BRI M R 1% (central embedding) HOBRERT 4 o
B 55 4% SRR T LU BR AR T A0 R » 20 <S)

(5) ERBOIEEZAERIA

7%%%@EEBﬁ%?@ﬁﬁ%&%%ﬂ%ﬁf?@@é%—@ﬁﬁ%?@EP » YR —
AR B (R T T Y AR o *Tﬁatﬂﬁ (6b)y FRMAFTE  ERAE
ALA <6a) MEEHGFATH

6y a FiH Cop BRIEZLENAT WA
b EH Cnp REIEZHEHAI A

(6a> B BB AR T4 LRI T % » AR S AR R A R A R
R [ — SRR A —BEENREGER » $TERAENTL
e o IR (6) SERRHYA TR AN SRR ANRIB R
¥ o |

W » DS A E AR L (B % EHR (regular expressions)
A TIFESEEER » NIRRT HEFAZESN » EHEATERS (Kleene
star) [ %] » REREEF AT EERERRS X - 007 LERHDEERET D
AT T EGE R RIS ERAES o

&* *

{7y Ro={(F#H) BmiBEzEEHA WA RE]

LRFEANITE T RES R EEEES » BHEES Ro FHARATYLAAE R
Bz LAl B—EFR N MEEFHEZN [FR] EMEFRTUNH
B (QNEENFALNIEEEEX) » THUHRA—K > 7 UEEHREMKE
L > EEET RS THAL » EEFAETLRESE » WEHR—X > WAk
EHHEEMRE o &7 FRENTESHEFLSE (WREERS FEL  TER

— 57 —



¥ B -
EHRUAENTT) o RERE - BEPEZINITFRARNEHESHEENXRH
—E o G I EEEEXHEOBRMEZ (8ad » B2 WEE] (8b) o

V:

8 a ;& %
b :-‘l

Bk (FBak (REMBIECEAAD A BARS o

0
= E%
oo
it
N
off
HF
&F
>~
i
&

B2 » BIEER C7) FTE A B 35 B RS R B R AU S R 3 o

I

n n

(9 Lo={(FH) RBIMZREHA (WA R% | 0<n}

7B n B—EAREER 0 (S > TEHNEESHER—ERFHRHE i
HAENREREE o B (RRFRD M (A) ERWKBBARMRL o W 9 LI
FHRA 0 NEERARARGENEEY » MABIEEE 2 HENIER o ERs
o BMEFREA TR AIRBEEME LK ab” 0 a"b® WEESREEE THRAES TR B Bk |
(Finite State Automata) E4: » WRRFHES o b A4 REH—FEEANBE
R XEHER IR EES - MEBNRERGHERESEES  MeESEs
1o HREHMGEWHER - BEAGHELNARToERE  KAETZELES

ERMARLEERSEES SNt EREPNE I AES) » B—ERERH
A%ﬂZ%oﬁE@%%—@E’ﬁﬁ%%%%%%%ﬁ%%ﬁ%ﬁ%%ﬁ%?(%

B

J ool
L
(]

10 HE k- BEFEHIBGRT AR # 7T R Wi 1 BE 1Y S4B 5 44 # (phrase structure rule) ZEH
o
(i) NP=VP {5 N
(ii) VPV NP
HPERER (ii) A38H NP HEEEFHIL—MEE » SRR KN ES o (BRI —
RENEE—R VP BHREEHREILABEHRE—E R o —HBRGRAEEN
FETRELAE o BRI ELZ B IHR arbe RITT R TSR Se B R R 4 o S
UEFETREEMS R AR R AR B R A i e WEENESH BRI SEESK
HiE o :
(iii)S—aSb -
(iv) S—¢



HMmEENBEREEE

2%

2
]|

) o

Tt

2= EELFERARER

R R = S B » S ES R DR  LEYE S
B 7R 4 P SR B SR AT R » PRI A MRS o MU e B 5 PR FR AR S
SR 0 BT ST SRR o

e e R B — AR E A EEEE (AR A R
%)°%@%§Eiﬁ¢ﬁﬁ%WW%§’ﬁﬁﬁﬁ%§(wmmgbwwwwﬁﬂ
T NG B A RIS o BT LUE TR (subseript) #63EBIHEME
A (10 FEFIRETE

(103 Xy, XpreseeeXy *XiKareeoooXs

e e 4R 4 B B T — B — M AR A R 2 OB © e a7b" B
B ESAIE@EE (mirror language, ww ! » BGSEAIYEP B LI BEIE
%’maw&amwwaZE)%ﬂﬁﬁﬂ%&%&o%*%ﬁﬂumu%m%ﬁ’
WA TR E B ek 2 R+ S — BRI R — R SET
(TR o SR — AT » (B R — (e » SRR — A o B
5 anbe SEEEEE o FEOTER a (AN > EBEET— TR 2 o HOBERA—
Jgr s REET 0B a GEHET n R o EBEEEI b RS - SEO—E b FREEA
B 1 BT —TE 3 AT nfE b+ GEEHS n EE o BUIARMEHUE T PR S
DR ERIR G (EISZee) 5 T R R AR TT . o PR R4 BUK
RIS e BT RO+ BERMFTARR A o B b IE—EH
o B GERES » MR TEIRBIR 4 B RSB — AP B A — A HT » )
SUAa FSEIECA 8 B+ A b RSBIGEA DB » TREIERER G RER » TRAES
o BT e BYHIR A — SRR TR — AT » BN o W 2 B o TS
ekt Clast in, first out) Holll » G EUFARIERFEI T3  BUBIREAE - 2
58w SEE R T EE AR » IR B A A A E A

g



B B £
IRBEREIRFFRRER 5 MEBARBAIRES » AT o

g2 -— ERMNREMSA

HEHRFMONHRE—RMA—BEER (7] R (%] 2EEELEEy
BAETHTE o IBM 7B P EBATEA (A-not-A) R VIEV (Vonot-V) 4 (Chao
1968, Huang 1982, Tang 1986) » HEAA#: O SELAYRE L @ IGHR 1A MR HO BB 20K »
(1) ERMOTHERE  NE2ATEEEE:

(AL REBNTENHSWE RN ENE?

HIEfS (Huang 1982) BUE TG (Hoeksema 1987) 3@ 410 BIZE B ik A0l
FAREFER R R » B3 82 (Radzinski 1987) FEREN THENG
Wt o RSO BE AT AR A DA L — B R O 4 BB 35 ME (Supra-context-Freeness) o
BRIRRUIL— WSRO R > RPN D 775 0 A 1 T M B 1 0 s AR e
HRREEIRH o A L - RERIFM UM EHARALERAEHRET » FAEEGT
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On Formal Properties of Chinese
Abstract

Chu-Ren Huang

The study of mathematical properties of natural languages has both
theoretical and applicational implications. In theoretical linguistics, a
precise characterization of natural languages in terms of formal models,
such as the Chomsky hierarchy, helps to capture the definition of possible
natural languages and possible grammars for natural languages. Thus,
the advantages and disadvantages of current grammatical theories can
be compared and contrasted to motivate meaningful improvements. On
the other hand, in natural language processing, knowledge of the formal
properties of natural languages means the ability to chose and imple-
ment attested efficient parsing algorithms developed for corresponding
formal languages.

As a first study of the formal properties of Chinese, this article
determines the position of this language in the Chomsky hierarchy. Formal
proofs are given to show that Chinese is neither a (type 3) regular set
nor a (type 2) context-free language. Thus it is concluded that Chinese
is supra-context-free. These formal proofs base on the closure properties
of a type N language under substitution and under intersection with re-
gular sets.

First, with central embedding relative clauses, it is shown that the
intersection of Chinese with a well-defined regular set is not a regular
set. Thus, according to the finite closure of regular sets under intersec-
tion, Chinese cannot be a regular set and it requires a grammar more
complex than type 3 grammar.

Second, with three sets of data involving identical copying, it is
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shown that the intersections of Chinese with well-defined regular sets are
not context-free languages. The data discussed are A-not-A questions,
interrogative sentential objects of [/NE] ‘to disregard,’ and sentence-
initial NP-not-NP ‘regardless of NP.’ Since context-free languages are
closed under intersection with regular sets, Chiﬁese cannot be a context-
free language.

The proof of Chinese’s being supra-context-free is significant as
the first attested case of copying languages. Previously, the only gener—
ally accepted case of supra-context-free natural languages was Swiss
German given in Shieber (1985), and the formal proof relies on homo-
morphism. The formal proof using identical copying of constituents of
indefinite length in Chinese puts the fact that natural languages are
supra—context-free beyond doubt. However, it is also true that the three
sets of data requiring mechanisms stronger than context-free grammar
all involve identical copying. Thus, Joshi’s (1985) idea of ‘mildly con-
text-sensitive grammar’ with limited supra-context-sensitive mechanisms
and Gazdar and Pullum’s (1985) suggestion of context-free based parsers

for natural languages are still plausible.
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