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A Brief Introduction to Natural Language Understanding and Generation
Weidong ZHAN
Dept. of Chinese Language & Literature, Peking University

Abstract: As a subfield of Artificial Intelligence, the aim of Natural Language Processing is to
communicate between computers and human by natural language. In order to realizing it,
computers should be able to understand natural language and generate natural language
automatically as well. This paper gives a very brief introduction on the basic framework of NLU
and NLG respectively, including the tasks, challenges and architectures of the two fields.
Intuitively, the NLG can be viewed as the inverse process of NLU. The former, however, has
received much less attention and research work than the latter. While there are many reasons
which have been mentioned to explain why this might be so, this paper figures out a new image to
illustrate the relation between them which is somewhat different from the past viewpoints.
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HARE S (Natural Language) 2 N5 AN WA EAZ R EE T H, Tt BAROIE
WP HERAZ bR, #BAFEHM (understanding) F1ZEEE (generation) 33X PYANAH i I
EHR RN G, AA BTSN BN TE 5 ACPRRE T o RN T A2 bk v (1)
PR, THEL EARIE S AL (Natural Language Processing, NLP) 48Rt mhfu & 7
H3)r 8t H4RiE S (Natural Language Understanding, NLU) Fil B34 il H4R1E = (Natural
Language Generation, NLG) X4 5 1H .

Sy RTRVE RO T RE T, AT LSRR FRATT I o AR S T O ARANTE T FLAATTAE 2 SJE SR
Fitrb, X9 7 I ) e WA B E RN A LB se B % (Reading Comprehension)
R AEHEAT AARIE ST ISR AESCER>] (Writing) U2 7EBEAT H AR VE 75 A2 U 4k

Y ORSCIRER ARG B S AR I IR T SO AR R B AR AN U R KR GRS 5«
111098), A AN SCHERHEM H IR H AR - SOR A v S SER TR 9T 7 (OR8G5 - 06JJD740001)
vy, FrULEg .



— N S RAF ) SR B AR AR 75 5, AESCER S WA R —2, A Il 2# MBS RN,
REZBABHSH XA SS , BT FRARSME A AR 52— 28, 2 3 S RE UL H AR 1 AME
A7 B S BT AN E SO, B R A D . f e ABP iy DAHEI, X AT, 8T BARIE S
B ERE SRR, AT AE YA N —RE, BAR T A R, (HX AN R
AFEXFEE . AR, HF AT A S R E S B AR RS, RS IRA 1A
FE N0 b B VS T 10 P9 A0 S AR FIATL A A 40 1 B AR, DR, IRV LR AN BIE S AT
RV RRE ) AL, 38 = B RTAME DD RE AL, I8 TR EIAE A e R FIAL I 2 T A
Blo ERANMILIALT M, FEZHFFNRFEEE, WHEPEST B ARG S T
MERE SR, AR AR 8 F AR TR 35 0 TR 25 2 — 28 FHRV IR, 7R3 NLP s (1) 2R Ik
&, KRTENTMmFREN B2 T E w5t (Dale etal. 1998, 14&ff 2010a, b).

NTHL, BATTR o S ARIE S A B RN A R T I S AN A R B L
FE TR TIPS NS L3N AZ A B UIER, [FIIAESE B SO LF 2 %% A AT R ATk ) Sk A
RGBT, BATA AT BEXTBLIR T J5 1 I R SRR T R DY),

— ARET AT
2.1 NLU ({55

HARTE S I B3 MR R v RN R FARE S ARG, B SR “ B R
KAt FE . 2B B E&, SRR B ARTE S SO, By S —MR AT i
FLo ST AZIMIN, HMARNERIES WA T2 XS Rsa e, v, L
R UDE S T4 N IR AR T 55 SCAS IR — PR o 10 el SR AFRE E ARIE =, WA VP2 AN FIRE VS,
IXECAN A B VE R o SEBr EARIE R A AR PEA R . KRBk, AR E 2 1)L
T n] AT RE B K1 5 -

A OREAE FEA R B (TG, GB)
/4?%%%%%6m®
ST TR S TR WY IhfEEE (LFG)

Category-based Grammar Formalis&ﬁ rx%ﬁﬁ:ixéﬁ 1‘@ L%/zt (GPSG)
T — TR A A IR BN FE TR A5 A1 (HPSG)

Uit —iiE (FUG)
W AFiEL  (Dependency Grammar)
FE TR ) O R IWiEE S— JuWsiEiL  (Category Grammar)
Word-based Grammar Formalismx 1ﬁj 1%/215 (Word Grammar)
BEiEvL  (Link Grammar)

K1 AAGEE LR R R o)

A RIXLETELBIB PRGN, B8 7] LS E G4 (2010a) . 3 HLARE T A Ui W 9 2
“CRTRB A TER KRR SR AT MR ULz TR, BT RS
Hy” (B “ Yk category) JXAN PRI ZIX ML, Bl — M) 77T LA o TNl G4l
Tk, A7 IR RUE i TE RS AR T TR R SR AR TR AR, WA
)7 R R AT DL R AR 2 TR SR ZRokatiag , AN BB GAldl) JEk,

RIS TER AR W] A AR TR AN R AN B BAT A i« B AR T —A

2 BRI IR AR AT LU FARTE & P AU 7 MR IR B (il 41, B ), HH B ST 4341 A
IRTEH I T3 A H o



)R XA B BAT A K 2500, IR PR B ARV S R 3 IR, T AR
FRPFRAL T, (HE, HIATEMI, BRAam e “ B 47 rE s, Dok “RifR 7 2
—ANE AR RE, AT AL, S IFAR R, B A AT DABOK L AN DL A
[P SR T NREREMIA O AT IR IR o PR R, ARSI IT LA XA A, R
BOB 2B T7 3, SR “ T TR TE SR IO TRIE " A “ T3] (8] R AR IO TR 23 sl o G ]
R — AR (BUR R IR 2 T R AAEE B E 2 BRI, A0t
KA T RIS HR IS BIEAII )

Bl 1: SREEAT N6 4Rt Cfrisibrsh

CRETRE A IEE” HRINR, M ANE R 1 XA TR, 2 BTRLEE “HRET B
BUE, U A RENS ARG 1 “ LA B (linear string) B AL WK 2 FToRit “ B
giky” (tree) K3, I HIE AT LAZE AU S5 M0 IO JEmt A5 2100 3 st L “UFab gty ”
(feature structure) HE K] AL 1) IR 2 A2 08 R AIE LGRS

“CRETIR DGR BTEE” BRI, N2 BrLL “HfE” 6 1 R, & AR Lo
B L P AR LR 4 il “AE 7 (dependency tree) TER. fEAKAEI L, AfFETS
MNELR RPN Z A “MRAF—RARAT” OCR, W 4“0 KA T “THH 7,
BEUL, EE RO, SCECEME TEE T AR LIRS A R SR AT LA
=PRI AW E 5 PR IRAE R REE, BIPR MRS 18] (115 SOOC R IR o Ay A 1 i) 1)
RAPTEEYIZS K, BEWRE “HMm” T —MTmEil.
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M R TR BRI 7 R LU R SR SR, BATTRT LLRE, THSHL A 32 Hr (o
Hix (E55) EARKEEHR T RN, B LRAIRRZER M. MBSk, DU
PG I M 8PR35 1AS B — R 2 TR I g 2R

2.2 NLU (AT

=AU T U BT B ARE T B B2 AT I N 0 AR T o 45 SR I i)
&, PR R AFER 2 R NERYE R A7 IF4a, ST 8A) 71 “45ik 7 2 TR TI LA
AR BT A AT EAE] 1 R 3 it 50, SRR 15 B — R

WEFG R, B ShA)E T (Parsing) I P &6 73 TAEZH %

(1) MG SRR X4 TAE MBS S Al 3 22 R S0 56 ik Ccontext free
grammar), HJLLASCEE RIS 5 B0 2 [ n] e AP AE I AL A Bl ik

(2) MRFFASCEERINTE S S5 s e sk, AW —A Bkt 7 miEs
B4y CGATERUAZALD) FF A% SCiE IIMREE ] A4 2

KT M 1, BATTEEEAERSR QIR 1 IR T 5 AR
x 1 B E ARG

e | R N4l Wi B
1. S>npvp jk= FIE S (FiR4: A7) tnp (Kl Pk isr)
Fovp (Bt 4k
S>SS S ATH 2 2T | A S AT A AN R S
np = np np ik = IBPAE PN np AT AL —ANEE K1 np
np>vpnp | FT8 Gk —ANvp ATLMEM — A np 4145 — A BK
f*) np
5. vp > vp np i A —/Nvp AT LSRN vp LA A — TR
1 vp
6. vp > pVvp e p (i) ALAER vp L&A — KK
vp
vp >V DAL ] v (B "] LRTA vp
np->n ins n (&) AT LRI A np
. v AT | T | | e X7 3k ) A7 10 L ARAE TR IR
10. n> N | 21 | Z8EE40 | oo FF Gl D, I X R S5 7E i)
1. | p> B [ B | M| e . () R )

ATBEEE, M=) FIATHH, BRI %) 7R AR G,
IR GESHAD, ZRE|—HR (EEHD ANELN, AR (2 AVEZN,
REMS “fRRE” MRTMA) 7, BIR RN RO R R s By, #0R BARIE S T A T
(grammatical ) IR IER o W W EAALE AN A, XN E R BOE AR
(ungrammatical) [RIA, ML XERAPEM L AR TSR (AR ZIE AL 70
HIXFE 455K

PRI A O ] 1 2 (A A, THEANUE R B AR 7 e, 3B — 20 TR R B L 1]
PSR, BIFES 745 Fe B e 3 3] 80 G ) i 2S k& 20 B T, 48 AR IR A R bR i »

Bl 1. PP FREBANFT N o 1Bl T4

IR T TN o6 B T
WP T FT A 5 FIn Filp FilHv
FEPEFE B FEAL b, TR RT DA IS SRR R 200, W ZE 240, Baa A,




BEAT T, AEARZ LM SR, JRAG R “ IR0 ISR, SRR f TR0 . DU Bl
SV ANURGER 1 a5 B A 1 g e

@ * i F
E

i “ 51
ém ”

Q) # # 7
= A
IR
?)7

OEEE
%0 A
iﬁj [13 %ﬁ »

CEEEE!
I T
W«

XEAH

n/S

)7
e

n \T)
v

REH A

K 10

N

np

n

T
K 12

HF

\V
2\

B

@ # #i 5
EHE
"o
j\”

p

v

THl i

FEH

nr vp
n \|.r"
s
Kl 7
5




fE LI oAl e rp, AP R SRR R 1 (EEn s 3 DA I 11D, KR4,
ILE IR SR 20 B i AT T REAR S 5 B I A R Btk B, TR AE I A I ARSI b, gl
Ae MBLZAEHE R IR i A ) (K 12, 13).,

2.3 NLU Tl i A 2

M IR ERI N EAMER H, FHRTE S LR a4t Bas T REN“RE7ER,
WENLAZ T CGRfE PR, A TRk “Rs” FE “ B, dEyim
T XMRAE TP, MR RAER AR M RURT LRSS 9 P AN T T
(—) HRET SRR AR EE X

HARIE 5 10— N B i, SR S AL AR B 2 X, BI—AN B N %
RN o a2 Rk b R S

f2 a MhECREEW T, #ESR = A LEEEE ?

b fEERBEM T, PR =X LHUD .

[FIFE—AN “FFR7, i 2a , “APE” BRI REs Bl 2b b, SERIAAK “Ah”
RATPE. NRBEEX A “ABe” MZESEa 2 KM, HIFEHEHILF LN T T

P gs i Rk B o Bimzs gl 1t — M g5 B I, 2.2 AN BT
LSBT I 4 AR ST 2 T PR AVERS, BRI N A X A U6 T DA PR RS . 1 12 IR
T CEEAN B TN TR s 1 13 IR SRARANFT N, SRAEAN ) 2 TR R4
NBEEA T IR s vp A R oL, M &nseE ) 1 oz 4R Kl 12 14t 7 g, (A ENLA
FIITEBLSEE UL, AR 12, P 13 P RRRRE
(=) HARE S IFcE

BRI E (05 5 A o B P A & AN, FARTE 52 TP o« X SR ILAE P Ty
[A1, — R WA 0 o] B AN DB i, RIYE Bk e B8 5 B 28 HROAN A AR IR B
B £ PSEVEANTH E RS, LR X L

* 2: Wit

BB S GERIREH SO

EAALia JRHEAE UK D BE R RE 1% ke FR
By 1t s #R% BIE e B NN K

Za N TS

5PN, A -SSR AEALS, T BRI RO O, W R
0BXXT B B WOME MR MK BFRA WOTL W
WK BEEUE WS BORER BRI % R £ 5 e T LA
Y FHEHIN LIRS RS THEMEALA RIS, R — A
7 RREEI “HNBAIADE” 0TS, TR AR DRI T, Pk
BRI T BN

e XK ST STBR 1A E1A8 T TR0 A TR Sl B S B, SR PRl
R WS A RTERE, S OSSR T 5 R0 1 ARV 35 O T
16 Y XOC BORBRINALA 750, AR EART 21 AW M TR LA T 1480
PR LT I 20 A SIS W v B ) . 3RS T DA R 1 7

SR RIS EIAE W, B L AR, B CIAEANIT RN T, AR 7. e
W, N7 ARERBIA L ASK.

* LRI 2 AT FORAEAE M AL AE “BE2: 7, RIATIRIF I 10 M5l DU P S S 1 IE IR 2 DA
T



i 3: B AT AR R R s — T A N TR [
B 4: R TURE O v e A — R i gl
i 3 Hh i g7 SEBR BARIIE “lmin s 4 Rt B EAEAERE, B A
PREE” et, LR CERINT 22 DO R WIS Ty, it oS MAE 2, HNA e
M e RS0, MRS 0 b A R R s A R = L, S L DALR ] S e i R
SCAF I, S HE DU ARSI St S b (045 SR IEAT 04T T o IR SEH02 th T A IFE SR e 5
{ER RS IR 510 “Ang” GFREMIE AT 1 “Heda”) Bt ) 2 b R
DL EFR R AELE R FARE A S (EE U ST AARE & @B IR, 17E a4
AR ZR I B, WA e X8 T T B R JZ T ie) 5, B anfer 48 s = 20%, i Earley
SR R T o S i 5, ANTPRER o ik BErb i “ R0 ok “ AT 7,
R FH 2h A& 88X (Dynamic Programming) S RAL A 73 B “ AE RISk 7, #2502,
LR SHENIRH T (Look-ahead) 5elg, XHHEMIIEAT AT, SFAHA T GEHILAE BE
Wi o IXAER AT AR AT I AR R DB, g AT ak % (Grune & Jacobs, 1990) .
AL, JE I B R BRI ST, AT RO — AN S 5 BN R A A b 1 20 A 3 AT 1
FVEAL, n DU At R rh, SRV “BURE YRR, HEAREEA K AT BE A AL G H 2
TEIX TG T, AATTE G848 H i A 2D L Tk 56 1) ) 3 23 A A5 28 ke o ) 3 43 A B AR n A ek
(Charniak, 1997; Collins, 2003; =k, 2008),

= AREFM ALK

3.1 NLG 433

WL FHARTE S BT RE S RN WG, 1 A ANERNE, ARIES
R IRE RN AR S, o R BEE, H RN R AATEE.

HARE 5 AR ) B AR JCEE U = AR A A AP (Wrid) B, Jim i B ARE S A+

(RSB K ASRIE T A — Lo AR MR 2 SCER B B 7 axX — pie bRl RN AN 2 SOk
w1 BARTE S AR CHARD R BARTE SRRSO,
B 1: FARTE T AERUE A TIA RREE Ak H AR A H k) g 348
W ORI . (McDonald, 1987) °
SE X 2 ASRIE S AR N TR BRI E 352 0 AR, Wi BB 2
I TF N R G N ARTE 5 145 B s = AR DL B ARE 5 R 1)
BRI LA, (Reiter & Dale, 1997) '

AR, 21 [FEE T NLG [ AT 4, e 32 MIBAAR S E T NLG ¥
N “A5 HIEAE ASRE S £~ ER” (non-linguistic representation of information). 52 |-,
XA SO LI RIARBE -4, A b s TR i NLG #FF0N IR Bk . BR
XFHAAE AT 2, NLG ARG ASRIE 5 ALFE ST 45 b — ARG 385, BIPHE 45
W — AL AR . MIXAN UL, NLG REHT Lo

—OE R SE A IPER, B PSR AMIXAE. R RS” % NLP N+
[ — e i AR . IX 8 NLG BB A2 HARIES o WHENEDT T HRESHA
Z B E S RN, BN RRE AR B S — AR B ARE S ROR, SRR
TR REAR, KRR M AR, AR AT b (9, FEAERAT

PR E WIS NLG R4, 1X25 NLG RZMMAAE ARIES, mMEEAR
WERRNME R, s E s, AR RN, SR RS RS WEHE R+

6 ;5| | Dale etal. (1998).
7 5|4 Daleetal. (1998).



(BB A e RIS 5 SCASE AR NLG R Gedse LAY () W A, R R A s dle, TR
WM e sh B, IR PR AR A A, R A A A, SESE, IR NLG R4l
DURR A P BG4 TR SR, s e vh B B AT IR A &, FE S50 40 e IR
ZWF, AR AT A AR S RIA ISR GEFEPE DL R 3 3.2),

PR 3R M AN TE SR IIAS T BT VE I NLG 028 KELEST Y, NLG REHIAERMLE] (52
BT WA AF PG

LI NLG 2 il K 1 i 1) “ SiERe SCAR” (canned text) 15 4 A2 B F AR T 75 (1 64
AT LAFRZ A HE T “BRR” 1942 RE (Template-based generation). ELH A4 AR i K HLILIE
TR AARIE S SCAS, AT DU — AR B R 7

[ULHES] [ QIR [ DK, Wik [BUARE] 2055 [H ],

BERR A [ 17000 A 2% e e e R i S e s, T DUE — A B ARE S A T o X
Az A R A2 mT LB B 31 1960 AEAR I AN UG R4 Eliza. 1% R G0 1ETH UL 2R A ]
NI, LA Js B I U Rk =R UCE P N A 7 A, AR5 4 i e 45 e A
PR, R (10 R e B 40l o A R B, AR ) 1 S i FH P (Jurafsky & Martin, 20000
PARIE, X L TR VCECAY B — R R, WaTbl “Hkiw” —iBa A, ik
XN DU AT ST AR R — N AR R T NI R, AN AR ERALAS “XE 7,

BN SUHEARLUE, NLG REEHITT A 4 8 IR B SE TR A 2B e WL 6 S BRAES,
AR R TR RGBT ) ARE 5 A5 7%, WX Lk AR i 2R B0 e A 38 W AN () Ak 1) SCAR A=
BRI TR 2L, RESE R MR I ARE 5 SCAS I BUPE, B A B0 1k i s e T Y 0 SCAR A= i 1 5
3K, 4555 (Reiter & Dale, 2000). HMEAREHEI NLG R4E, nfLIFRZ LT “HN” 14
J% (Rule-based generation). ¢ “#iH” b, FBELIRZE M RIA M “ N7 *H LR 4
PE, I EARIE SIS E ), AT LACE S 22 (1A T 3 21 R 25 4 R e B S 5 A P SR Rk
B

MTAESR, BR B ARVE T RV 20 AT v ok b A 3 T s S ST R TR SR, BFSE N B
WIFLA SRR T RO E R G 5 I NGt i, TRER B ARTE &5 SCARAE il ) 7 AL 75
2 CHLn i N-gram BERSRALA AR B A F IR D, XK NLG R4, o] LSRR O 12
TR RGHEEA b, SGET—2. GAMZ A IR (Trainable generation),
B LRI W] LA S Ratnaparkhi (2000), Mairesse (2008, 20100 5T TAE.

3.2 NLG RZIMHI L

R LAEE T RO NLG RGEME1, Sy W] H AT IR NLG RAEMERE . 11
IX 751, Reiter & Dale (2000) #3H T4 NLG AIkFRZ ARk S fE i) B if 25 S 45 i 4 7Y
(Typical Pipeline Modal): Bl —/> NLG FRZENNFAL 7 —=AN64r: (1) f = MK (Document
Planning); (2) fJF M %l (Sentence planning / Microplanning); (3) /23528l (Surface
Realization).

3.2.1 FEME
SRR NLG [ —ANBYBE, — M el DUASEE 0 4
A. Z1HYE (The Knowledge Source): BI4TIsk ks E A F0 R ZE, Hodr A7 7 FAE Rl

A I TR A B R G AL B AR AR B R AU, 5T, AU, SRR
ARAIE; S WEANE, RSO O E K S, XELLY R

S ORRRIEHLHIT S, AT AR MR CERARNT I BT AT AR e LSO
RICEENFIE T E TR



AP BOAE R o BRI 2 BRI K E RIS 2 R TR B T D3R A Rl . — N E
PEAY 1 SCAS B RIS 2 A S VB A5 T PR OB 12, DS SRR AR B U AN R, 45

faray
=T o

B. 2¢kriE K&l (The Communicative Goal): R[IS&T A il S A F &l H i dhik . X254
AR ) 2508 R AR SCAR IR DR R R 4, bl “R0R” “Lbi” “UiEl” “ii
UE” 454,

C. FIJ %Y (The User ModeD): RISGT I/ M5 SR, A48 F ™ Bl (4T 45 75 5K
P, K, meE (wir) 25, @ THHPKES (24D FE, NLG
RGN A g e F P AR e o AT P CRIBRAETE A TR B SO

D. fi%[i 5 (The Discourse History): B S¢TH 7 F1 NLG RE5CHT BN (XLFr) M
Stk A BT IR AR O R AR RIS LS, TR e EE R e 2 HE
NSRS SR

T TR B 25 K i SR SCREE MR, B EAR 7 — AN SCARALZUE B 5E 50T,
PAK 3B B2 M IS5 o6 R Elun, Al — AN ST “ BRARMAEIE” HIRR I SCAS,
T B T R BE 5T 4 HE— N DGR I AN R TR BAL W BB ) SCAR I &5 (] 14
FR)e —A “UEHL” S5 Bl WS AT IR IR, IR E, B 14 R4
TIEMEYS, AR MR RER (ROE). EXANEERE T, “W A7 2 “Bol” Mo,
CUFHE” SRR T A% BT CNE” By, ORI I LR T AD JTEZ N
()26 2R DS FA5E 1R A1 %5 56 & (list relation), BIFRATTAT DUBIE XS “ B &, B dh e 45 - ”
SEIVEM (IR SRS/ 2 BRI A A b e IR R

Wk
Bt /\ Ll
[ ARAEA]
B fhR W% T Rl G

Bl 14: “UEH]” SRR 7l

o B R P 45 2R B — 2D B AR TE 5 SO P RIS T ORISR, 75 ZE5 A TR I
Rl K FE AR BR LA T I RIE SEBLOCIR. CBRAE) K. FEIXZ ], AT Seid SR A 4
W, Bl “UERT” SRR N ) fik A R AR -

EH GIESE X, Wi Y) > AREisise: Ko X, pridly
AFREARIBN, BT AR A1) 7RI A At m] IR 2 e s R B A 55,
T R

3.2.2 AR

AR CBRRIE “BOl ™ & NLG [R5 A B XN BRE SE T 55 =14
T HLIE =AM 5 — oA 56 J5 U1 -

A. i (Lexicalization): RVRRHE SCAR G5 75 RUIHEIR, R 1K i) Al Ay
AR ARG B AR . L DGE T YR s, wheT DAE “4f, IR4EF, AVE,
FEL e 7 SRR R AT IR

B. 4 (Aggregation): RIEIE H (iR AN &5 0 P SIS FARTE 55 A FHE OFF1D.

C. BRI M %1k (Referring Expression Generation): RI#¢ S0 A sk (35



FEXS5O HE M ieRREa,  tea s ARk IRAR, JEEds (SEETH “the. this” 25K
B ERANERR (JEEHH “a. some” FERRE), R4,

T BRI C BAMTS5 1) H AR A8 SR AR B AR VE 5 SCARTE O AR o LUl i AR ok
TR EAEIENRIE . BV EARE R B E B2 BMIRE, SEA T E,
W2, KA TFHEEESE, NLG RIHNVAZE A TR Z MINA RSy, Al se 0]
TR “RRAE JEMSIREF, (BASEA T,

3.2.3 FJZ%I

RIS NLG 28 = AN Bre XA BOR RS I BUAE U SCAR T R OR, AdE 3
AN EEER, AR P S G5 AT SE I, BOA RS B ARTE S AR SR LR F AR
AT, R4 o B S P o, ks s S BRI A1 CUNRD TR, ) A
FERIKE R, ARl S a1 8 P RERS, AR S B R, 2%,

HAAERENE, XA BRSNS TR AP B, LB ZEHARRRAR, — 51, X T
AF EARE S EM, HRERAMEI T AARAESR, FmARESERESR B, &
SRZEERECR, HnpUE sk = JEAARN, PR 2 S i & BB R TR AR B, 7ERE
SEIL B ) SE BT S M LA e 50— 5T, A RN L3R, IS SE I 155 24 U K
(3¢ 2 SeBi b (41 Penman, KPML, SURGE %5) JRE i Tl AME, HAESEhr N s
JEAr R —LEE i, e BT A UIE SR 3R 2 SRR I, AN REAR G b R R
E TR AR A T 3R X/ R RAT 45 B — I AR IR Gk i, 3R 2 S 1) 52 ek
AMUBAFEAT DEE, [FRHE S RRCR R . dk, BF5 N R T BRI E AR i 254
FIAE, 7EHRES AERARG T KA “EZ4ER” (shallow generation) fJ5emg, RI{E I AH
X A7 B PR AR (P R0, SR A= s 52 BRATUSK K SC AR, Eetr TEMSIS T H A A= ek i A 454
I ZIE A (Busemann & Horacek, 1998), By ks — s X L3 2 Se Bl e in A 5]
NLG R, LUF§ETE 5 2% 3 SRR 2 ) i 8 55 2 Rl A AR, SRtk
TFR NLG RE AL

PLEHEEUEHT T NLG RGN FZRALR I NLG R IH) Bl &l - BR NLU —#F, NLG
RYGAMTHINAT AR TE T [ A7 1 B ORI S5 — RV ) . WU I ] 1 R IR A AN R], A
S ANE S B 2 SRR I I8, 172 2k Al — AR, W e 2 RS Bk
—ANEY RIS P A E A . teAh, AR S, FRACR ik RE, AR
NLG R G IR R R e . CALSCE IR AN 1) A B A e o, DB T LG “ 3Rt T 4R ”
CRMARTT 7, AT DUEIX AN RIS B A BOR AN AT “d “E ) Aok RIE: Rk
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