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13. FXDHFR

One morning | shot an elephant in my pajamas.
How he got into my pajamas | don’ t know.
—RER, RFEMRIERT —KKG.
A FITE A 2 B A FENTRITHEA 1 o

Groucho Marx, Animal Crackers, 1930

FNES T R ANEE AR E S ) T IS . AR E GUOGER S, BVHSE 12 Eh kil s BT
SR RIEE B . 2 F—=d, ROV BT, X8 —Fh T i A 454

AT AE 3 A v A A 45 SR A% e vh A P AT R AN B AR AIT 1) ) 7 T RE A T VR A iR (B0 2 20w DA 2 o

FEATR BT LU 1R S BT SRR (0 R (R B B (AT IS AE 28 16 Frh A al),  DRIGAE IR B 55 B R T o R AE
Mo a0, ZE% LU ) .

Which flights to Denver depart before the Seattle flight?

PAI K 75 Z AN TE R ) 5 AR B A AP BT B, AN RAT PO B, I B A AT 45 i (niE
to Denver 1&1fi flights, LA which flights to Denver #& depart [ 315) 7] L B FAT

BATE B B U R HAAER IR &, %8 )5 45 i Cocke-Kasami-Younger(CKY) & % (Kasami 1965,
Younger 1967), X2 —FifH TiEE s Sl S MR 772, RAOTCEE 2 T HALS SR EE, #ilin
B /N L 9 (5 2 3 )R Viterbi(%5 8 ).

546 CKY Skl [a] —ANa) 1 () — b 1A 2887, BB & R RN TWE — B AT B 2 IERf I .
I, FRAT S BAE AR T BE R K20 BRI N CKY o FRATTE & S dn ] 5 FH 35 1 0 2 55 158 (1) A AT 2 ofe {0 383X
— R JEH, FANVEAHEHHARTTE, Bl T CCG it R bric, oMt 77 (H T 75 L0 A\ AT
T ZVEE AT 08 IGO0 ) LA S T VP A e b 2 R A M R B v P e m v A

13.1. IEXY

B SRS M B TG ) e P EE I I R 5\ A48 T IR 8 SORTHR R B i . X L, JRATTSI N
TR B AL, RN EEMI I Y (structural ambiguity), F—ANETEL R (toy )1EVE L4k 300, W&
13.1 Fias, B E—E ) LoiBikivimn T — L i,

Grammar Lexicon

S — NP VP Det — that | this | the | a

S — Aux NP VP Noun — book | flight | meal | money

S — WP Verb — book | include | prefer

NP — Pronoun Pronoun — [ | she | me

NP — Proper—Noun Proper—Noun — Houston | NWA

NP — Det Nominal Aux — does

Nominal — Noun Preposition —from | to | on | near | through

Nominal — Nominal Noun
Nominal — Nominal PP
VP — Verb

VP — Verb NP

VP — Verb NP PP

VP — Verb PP

VP — VP PP

PP — Preposition NP

B 13-1: L BEEEEADL
M LU — T AL MBI 32 ISR 3 75 ) 558 (Groucho Man) e (54
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PET) (Animal Crackers)H #3 M K i 28 T (Captain Spaulding)if AR A) 42 5= 2 m el 1, A in my
pajamas H [ 5515 BE AT LA LL elephant JyH 0] () NP 538 — &84, R LR L shot Jy A Caia] () 2 ial
FLEM—5r . B 13.2 F L4 TR RN S0 13X P RO A% 57 7 - 5 T LB 2R 1) 20 AT

S S
/\ /\
NP VP NP VP
Pronoun Verb NP Pronoun VP PP
N N BN
I shot  Det Nominal I Verb NP in my pajamas
G N
an  Nominal BP shot Det Nominal
| |
Noun  in my pajamas an Noun
| |
elephant elephant

13-2: B X AR PR AR

BE: AAWBATS R ZMBRAR S “AEFEER” , AAWBNT A EIERT LR “FEHEERAMR

TRA M, 4584955 X (appropriately enough) 2L A 2 Fi . 2. 9 UL 1 55 S B & 5% Y (attachment
ambiguity) f13£5)3&E# % X (coordination ambiguity). 15 —ANEEE IR 7T LAE —AN B _E B9 A7 B B in
BIf@Etrmt b, )7 BA MG B o 4% 57 77 By v A 152 PP-BE B — Mol & FieRE A 321X
RS 52 . Bltn, 8 LL R, flying to Paris (3417 VP 1] LA& F:1E A the Eiffel Tower K134 7
MEJH)—5B5r, WA LLZE1H LA saw A 0a 1) VP B IiE (adjunct):
(13.1) We saw the Eiffel Tower flying to Paris.

TEFR PN ER B S, 5 AT Lol i i 40 and (g RE RSk . #140, 140 old men and women T] LA
#i 4 F[old [men and women]], fEHIEZH AFMZ LN, Bold men]fi[women], 7EXMIFR T, RAH
NRZM o XL B AR LS AT AR AR D7 s G, ol R I ANk B A BHE R 2R 137 [ ) 1
(13.2) President Kennedy today pushed aside other White House business to

devote all his time and attention to working on the Berlin crisis address he
will deliver tomorrow night to the American people over nationwide television and radio.

XA A, REENEIEL ERAGHEN, FEFMEEAERIEN]. e — %k
5 ] LA A #T  [nationwide [television and radio]] 2% [[nationwide television] and radio]. “pushed aside”
[ B 2 52 18 M % 42 “other White House business”, {H A DL j& — A & B 1 %5 & (“other White House
business to devote all his time and attention to working”)(ix ~45 #4414 {1 Kennedy affirmed [his intention to
propose a new budget to address the deficit]). #4, X445 15 on the Berlin crisis address he will deliver
tomorrow night to the American people 7§ /& X pushed iX /™3l ia () B 45 4 id . — Fh 2240 T over
nationwide television and radio [¥] PP 7] L% 42 2T 58 = (1) VPs 8 NPs(fil 4, & n LAMEifi people %
& night ).

X AR AT, A2 EEIEREE UGBS, X2 — 2w BT A T as 194 A IR
M. SEIEMAE, NP CKY Hik B AR SO A E . /£ N —1HhATHEER], FATAT LLEH
M5k o CKY, it A)3k 1Y B (syntactic disambiguation)si ik £— > IE T (AT «
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13.2. CKY f#thr: —HEnSHiklEE

BNASFRI 9 i R v v () B8 SO AR T — AN KA SE . [RIAR—TF, Zha LRI R Guth i 78 7 il
RO 3 o 58 B R AL B MR DOBE N 1 BRI 75 I BT 1 R R AR R T %8 o (ETRIERRIT I DL, X et
T 1) R A N R 3 1) BT By TR ATT B

SNSRI AR ok B F BRI 6 B R SRR i —— BAE AN — D F B BRI T — ANy, Al
AT DAC SR E AR, 0T a] LEEAR AT Al RE 75 B0 e A SLURAE R o XAt T IS T AIAE B 2R, R
TR AL AR, MAZEF . AT CKY Hik, X&) 28 5T 3h 23000 1 i 5
. BRMENT (chart parsing)(Kaplan 1973, Kay 1982)J& —FAH S /7%,  Bha& LRI 5 i3 5 g o I 2
FEAT 1%

13.2.1. CNF &t

CKY Sy R IE L S R AT i 2 7 30(CNF). A48 — R 55 12 %, CNF s R 18 A—B C
o A-w LRI . R, SRS R AT 1206 08 R G A AR 280 75 BN R A o BRI BRI A
CNF A2 SEERAERAT T, FONER BN SCTER BEEAR o] LA AH LI CNF 8%, 11k
B2 5 R E R e A F I — H R

AT — A B 1 CFG ##: M CNF Rox i CFG M FEIF4h . R RAIETE AL — 4 e-free
EE, MATEARAT@EREE PR ER R = g OAWIRE T AumAHEZ&um N, @faiaRF—1
JEL RN s @A KR T 2 R,

OXFF-TE A 2 it A0 2 ity (149 I (00 R RS it A 17 Bt 5 N — o (1 B DL ey, U7 T SR AR 2800 . 31l
Wi, A A E INF-VP—to VP R4 INF-VP—TO VP Fl TO—to iX ¥ 25 HL I AT A .

@A U —AN B R 4 5 455 B U Bk Ay BT 72 A48 3 (unit productions). FATTAT DA B 7 7= A 3R
B, 7 R4 S B AT A AR A = AR U B A I, RE S AR A . EaEh o, iR

A B A A RA AR BEL R, JF H B— y REATEE T AR AR, WA G 15

AN IXFERIF N A— I E 57 FTA a2 A e IENBRATTE DL BB vE T BT R R I IRRE, X AT RE S S5
A RSB R P (flattening), 55 28 5 S0 RRTIR AR 1 28 38 B AH 24 55 1 KT
@R T 2 RS 51 GH AR 2 ok I — Ak, IR LeTE 2 KRR B I P 51 23 B8] LAS BRI
o IR, 0 RIRATAT A R
A—-BCy
BATH—AH A AT &3 7 BB — N E&mfF, FF9INT — e, GR=4E TR
SHRL I
A—->X1y
X1 —-BC
A MBS T, FRATE s X AN R, B 25K b & 1) (offending ) IR AN B8 T 4 FE Ry 2
FRJHA U] P BAG o 38 b e 30 1) — 5% 283 45 58 4 e AT R A AR A 7 A e N ) R 207 S8 2% 1
EFRATIA BiEZEH, FU S—Aux NP VP ¥4 S—X1 VP Fil X1— Aux NP IX AN HL BT AR . %
AR R AT DL S5 U T
A P R R0 52 ] BB e b
2.0 FH ) r 1) 26 B 2 45 DMy R ADLJE 2 3
3. A A A
A K BT RN AR Dy — e RN SR AT T i B B i
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13, R fENT

L1 Grammar
S — NPVP
S — Aux NPVP

3 — VP

NP — Pronoun
NP — Proper-Noun
NP — Det Nominal
Nominal — Noun

Nominal — Nominal Noun

Nominal — Nominal PP

VP — Verb
VP — Verb NP
VP — Verb NP PP

VP — Verb PP
VP — VPPP
PP — Preposition NP

L1 in CNF
S — NPVP
S — XI VP
X! — Aux NP
S — book | include | prefer
S — Verb NP
S —» X2 PP
S — Verb PP
S — VP PP
NP — I| she| me
NP — TWA | Houston
NP — Det Nominal
Nominal — book | flight | meal | money
Nominal — Nominal Noun
Nominal — Nominal PP
VP — book | include | prefer
VP — Verb NP
VP — X2 PP
X2 — Verb NP
VP — Verb PP
VP — VP PP
PP — Preposition NP

13-3: L1iBEKREZ CNF pYiE#

BlE: HER, BEARERAEREN, BEAARE LS ET A HwHE L.

Book the flight through  Houston
S, VP, Verb SVPX2 S VPX2
Nominal,
Noun
[0,1] [0,2] [0,3] [0,4] [0,5]
Det NP NP
[1.2] [1.3] [1,4] [1,5]
Nominal, Nominal
Noun
[2,3] [2,4] [2,5]
Prep PP
[3,4] [3.5]
NP,
Proper-
Noun
[4.5]

>

13-4: f)F Book the flight through Houston RUSE B Rtk
Kl 13.3 TR TR RN R FE RN B SR 131 AR LA R R, RANEEA SR RGH
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AR, B T I 2 S 8 () VR 228 7E CNF H, BAT TR S A Sl Or B8 205 vk . S8, K1 13.3
BR T EMNAFERITT, fEIXLeth Ty, HERPEA AR AR, SEPr EAIE TR REIC RN . i, R
e J5 TR, TR JEOR M 3R # 3R T 8 VP HL S,

13.2.2. CKY iRzl

PUAEFRATIIEVE A AE CNF H, AT R Rl 28 900 2 B iR FE 240 45 AU A AT .. — N4k
FE R AT LU SRS A I E5 8 o X TR BN n A, AP (n+1)x(n+1)5E R B =M. XA
AR R — AN G, AR A — AN AR AR A, X R ARER T T B N DI E T B j R
BT FRAT R I R 0 FFUG, IR B ARG 2 51 WL 9 8 i A\ 5017 2 8] 4 25 BRI FE &1 (191 1 0 Book 1 that 2
flight 3). XL [0 BUIE 5 RN EAE (fencepost), LM M B 2 B fAET. Rk, SRoRHEAHA K IuH
A5 A7 E [0, n].

H T 3RATTZR P A FE L i AE AT Th A PN R, BRI T BRI, IR RN B, B
I — M E K, XA kT RLE L JER APIANER S, 15 i<k <j. ShE XA E Kk, BN LK]
WA A 2R AT AL T T j1 0 Ze B Ak, T 56 AN O (KU REVR 26§ BFFA TR 77 O 7 I EAER, 1
L& UL 7] S FL Se BE g F B, &l 13.4 o

(13.3) Book the flight through Houston.

R BB o ) B X A 84T (superdiagonal row )L 8 i N A RS B ] 1) 3] 28 . 18 0 R 2k b T I B S T
(subsequent) it f1 42 A F 1 R 7314 78 w5 S\ P BT K R BG N 1R 5

function CKY-PARSE(words, grammar) returns table

for j«from 1 to LENGTH(words) do

for all {A|A — words[j] € grammar}

table[j— 1, jl<table[j—1,j] UA
for i« from j— 2 down to 0 do

fork<—i+1toj—1do
forall {A|A — BC < grammarand B < tableli,k| and C < tablelk, j|}
tablelijl+table[ij] JA
B 13-5: CKY &%

FERXFPE T, CKY RBI S LLIERA )7 AT TR . vk, AT BLE R A B0y st AT, DUE
FESHFEARAT SR TCHE L IR, 1% 5o B & mTREA ook 1 e 2% 3 (RO ZE 00 ) B oe M AR D5 i) B e ) &R 23, 1 L
ZTCAWIHA T . K 13.5 BHMEEEIIRR =M S, WARE, "N TR EER, A
K 13.4 A FTR . %705 ROREAESE NI 8] G BATH A T T A (5 B (e 23, OV EL T a FI# B4
T AR, BUONEATIEAEN T 2 B3R SR 7L AR, BRIy WL BA ST S N A — Ak
H— AN

K 13.5 45 I SEE I B ANRIEAAE — 8 EIEA, 55 AR E— M7 BIRAC BN 2 BT,
BRANZEEHOHKEE ST AME, AXEAEE, MAGEESPNIE A8 aes — 28—, Ak
RS AE TR0 45 B AL E I, BATTIADY O IR T RS 26 T AT A A8 5l, W55 | SR TR 3h.

K 13.6 Bl VTR, IR —BUE L. ERIGXFERTR I, A % B W] LUE RS
ORI AT R 5 RS A B TTAR I 2 o AERAFAE SRR, UK 3 22 ) AR 28 Sm A A B o

Kl 13.7 o 1 #EEEE Houston 2 Jm, 3RIM%S 6 FIIFh i) 6 AN ECRR AN IR Fe 1. Fiskda i 7 AT 1A
TN H WA B (span). 1R, (EH IO 51X FHRIERD], X TN, A=Ak i g
—M& PP 21 flight; —/~/& PP 121fi bookings — M2k 2 2% — MEIL(Z L IC/ERLG K VP—Verb NP
PP #L H, H 2118 JCILEH VP—X2 PP R (a1 4 4 3K 1)




\
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13.2.3. CKY f#th

K 13.5 iR I SE R R As, AT . Oy V&S, RFEAHRIE0, nh&kEl—4 8. &
R F MO RENE IR (9] 25 3€ Sy N BT A RT RE 0 BT IO 2%, BRATTR] DA SR EAT A T R BE o 28— B
SO INR A H, DUEREA AR 28 0m 1 #8545 7 HORIR IR A% H KRS BCR (52 5, Wnlsl 13.7 fioR);
5 AN B R SCVERE R — AR L3 (19 2 S RRAS A B (BRI 13.7 PR ). #EAT TR R, SERim
FRATEEMAN PG RN R B TR & A ITX[0, n]hikdEr—4 8, AR
M 38 VA 2R AL B 7)o

iR [a] — AN ERAS AT AT BEBCA HT, RO AR H T REZ F5 80 . 72— b, BA TR A g
SR R A AEMENT -

“Fd

{(0,1] [0,n]

[ii+1] |[i,i+2] [i,j-2]

[n-1, n]

13-6: tEFE CKY RFFH[I, [N ETEBRERE
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Book the flight through  Houston Book the fiight through  Houston
S, VP, Verb SVPX2 S, VP, Verb | S,VP,X2
Nominal, Nominal,
Noun Noun
[0,1] [0,2] [0,3] [0,4] [0,5] [0,1] [0,2] [0,3] [0,4] [0,5]
Det NP Det NP NP
[1,2] [1,3] [1,4] [1,5] [1,2] [1,3] [1,4] [1,5]
Nominal, Nominal Nominal,
Noun Noun
[2,3] [2,4] [2,5] [2,3] [2,4] [2,5]
Prep Prep <—— PP
3.4] [3.5] [34] [3.5] l
NP, NP,
Proper- Proper-
Noun <: Noun
[4.9] [4.9]
Book the flight through  Houston Book the flight through  Houston
S, VP, Verb SVPX2 S, VP, Verb S\ VP X2
Nominal, Nominal,
Noun Noun
[0,1] [0,2] [0,3] [0,4] [0,5] [0,1] [0,2] [0,3] [0,4] [0,5]
Det NP NP Det R NP
[1.2] [1.3] [1.4] [1.9] [1.2] [1.3] (14 (3]
Nominal, Nominhal Nominal, ominal
Noun l : Noun
[2,3] [2.4] [2.5] [2.3] [2.4] [2.5]
Prep PP Prep PP
[3.4] [3.9] (3.4 [3.9]
NP, NP,
Proper- Proper-
Noun Noun
[4,5] [4,5]
Book the flight through  Houston
S, VP, Verbj S4.VP X2
Nominal, S,
Noun VP, S?’ VP <:|
B 7
[0.1] [02] fé ] [04]
Det NP NP
[1,2] [1,3] [1,4] [1,5]
Nominal, Nomina
Noun
[2,3] [2.4] [2.5]
Prep PP
[34] [3.5]
NP,
Proper-
Noun
[4.5]

13-7: i%EY Houston BiF/FEFE 5 IV B TIE




\

220 13. B fi

13.2.4. CKY ci%

weJa, BAIBZERS], BEIRX CNF FMREIERS EIF AR IR R, (HAESEE P &0 Rk 1 —Le 5 22
M. SAR, mtH AT DORE , BATRMET 85 1R B RO, 5AGE R AREN BRI IRATIR, fE1Ek
EAEG B VABEEITT RN I RN AN, He ] CNF AR G0k 9K 30 (38 L 75 i 2 2R 4k .

i DR IZ G i R — M T R IR B AR S AR S, KR R ] R TERE, ME TS B R XTI
FERT 2 (R0 i A P AR B ok, XA /R A o 1 B B R O AR 8 0 R SR THEAN T 775 4, 3
A DAPR TR (K4 o

XFFRALE A, FHOAEN], R CKY SLE N E SR B EAT, ARk R AR T 75 145 0 22
T3 % - 95>] 13.3 BOREHET . M sk C AV 2 MEZS AT 2 #1045 F LI A7 B 20 CKY Bk

13.3. BFEEIMERS T

EIRENH AT 9 IERATE B CKY b BIEAEM: — AN 0) 7 B I A nl BEMRAT I 7 TS IR 4, (HEA
—ANMR K ) A S URIRAT T MT R IE R B U, B S TE A RERI MM BRI L. N TR
TR, BT CKY SR — MR 2 e . X BB 5, W PO T B B R R
¥7(span-based constituency parsing), % CKY, & [ B e I 2 25 2K 88 NS R 70 B 20 51
SRJE A CKY BB A Gax Be e 73 7 #,  DAAR B 20 S AR AT AR o X L IRATTH i iR Kitaev 56 A
(2019) I EIERRA o

13.3.1. tREESH

EEATE B R — T AT B AL E M j 2 IR G AT AR 0 5 AR AR ) (0 R0 (FRAT TR PR O B
(span)). FAPRHIE—DIrIET, NRXADWE LB — D0 sjl). K 13.8 iR 1 ik R4

b

=

CKY for computing best parse NP

Compute score for span MLP

f

h-h
i=1r' o ‘jj=3

01\@/—2\@/34 "9

t t ¢t t t

[ postprocessing layers ]

Represent span

[ map back to words ]

C BERT )
]

map to subwords

[
fFf fF t t f

[START] Book the flight through Houston [END]

13-8: itE “the flight” EESHEELAN
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T8 K ) BRI RO AR 1B 40 1% BERT X FERI FIZRAE SRSk EAT. 1T BERT &1 1 (17
J wordpiece) FFic i A A& Fial g Hag T, RISLERATT T Je 75 2% BERT (1% i o8 i Ko B 2.
— FhbRAE AT 5 V22 T B A P B S5 — 1A SR T AR DA 1A (1) 2 s T a0 (15 38— 1) R o Bl - 2R
AHGF) . IRJE T DR IR N ZE I FE e R A FE 2 s i, Kitaev %5 A (2019)f#H 8 JZ Transformer.

SRJE WG AR ) i b e M I S5 R v  TIF S REAS 70 . e g, FRATT A 00K B n] G A (PH B3R A B
FG1 WL 0P B g (AT R 51, Ak, FRATH AN R SRR A AT . B2 S A 0 ) 5
FiE ity s R 7 55 B 20 N PR 5 R i e AN R RAS S o IR ye s I, FRA IS RN SRR Ty B 4 A G
AR BE A yo FFONTE I BT AR 88 FE I A OIS TEE yeo RJE, R — NS FE A —/N X n) & [
FEFFAEM B 55—, WIFHET the flight RoR NESE(1,3):

STARTy Book the flight through
Yo ¥y oy MW o» ¥M¥B v MW oy WY
© @ ©) ® ©)
span(1,3)

— MMEGIRIRE L J7E, BPENRET RNN FIE I & 1(Wang #1 Chang, 2016), {HtWy @2 T
Transformers, ‘© KM 7GRS RN Z B2 5, BIZRIRES FE (L)) A j BN 825 | iR . 18
XE, ATEE PR B 2 5 oRR NS B
v(i,j) = 3] — ¥ ; $01 — 1) (13.4)
RIGH S 8 v iIBd — A MLP B5 % 702548, 0 Ram A AN EEEEM— ReLU Bug w4, I
Tyt AR B O e ) A 2 bR 2 A
s(i, j,+) =W2 ReLU(LayerNorm(W+1v(i,j))) (13.5)
SRJE MLP SRS e A 2 sifan tH— A>3 2.

13.3.2. SAEESHEIRRSR

UTE, FRATRAEMPREE IR B BE s 08 — 4% (HRIRATH BRI . ER L,
BT R NITIX R PR Ao 55 N NEEREMGLE P08, BIALE jo, AR2EN L
T={ie,jo, W) ct=1:00, T} (13.6)
BRIL, — BTGB RE AT T — A5 TS8R T LU 1 343 B 1 4 SR AR T S A
B s(T) 534

S(Ty= > s, j,0) il
(i,j.heT
TRATFT LI P 52 AR AT IR 7553 o
T—a@?amj) (13.8)

PR B R RE AT IR B 8T R 5 VR SRR AN 5 B TR O MU AT 20 B i IIAR A o IR N TO T VAN RE AR
WEP=AE— AR, RN — /NS B AR 2 P e AN S & — AN S8 3 M . SR, fESEE, PrOmMmiidmds
R ;Gaddy 5 A\ (2018)7EAth AT S48 & T, 95% 1 Fiilll €2 [l (predicted bracketings)JE BlA R I

SR, S LR LR CKY BVE AR AR 2 72 8 1 #dT . Gaddy %5 A (2018)5& M I3 &
WK o AEFRATHE spest(i,j)E SONRAET WIS L) E TR 1 SR, FRATEFE R

&mﬂ(hi%*l)::IH?XS(Li%*l,U (13.9)
ST HAEE R G, j), 25T
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Spest(i, j) = mlaxs(uj,l)
+ m}gx[sbest(i,k)+Sbest(k7j)] (13.10)

P VEGH O T T IS BE R A0 A, BAEEE T R IR, W2 0L Stern 55 A\ (2017). Gaddy
2 \(2018). Kitaev #l Klein(2018). Kitaev % A (2019).

13.4. i HEREHrES

A — bR ) AT BLH SRV AS O — AN ) 4 TE A AT I AT A, XA LR ek 2 AT
(PARSEVAL)fs#r(Black 25 A\, 1991). PARSEVAL #& A5 F SRl s Fh s ARG AR E, X P A 47 42 «
BT, T LIS MS M. Ktk PARSEVAL ZRMNREE H A A) 73 — N A TR 2% (5
CEEEARUE” WARAT, FRATIEE A E W0 TN PR B LS R

WRIESHENT Cr P I — N BRI A & SREHER T, AT — AT s BB AT
Ch T — AR AR IC A IEB . AR5 IRATAT LU SERE EE A A B2, BN C & F B 55 (W fr 4
SARRIL):

labeled recall: = *;
labeled precision: = ##
BAEHE —F, RINEHEREWNENLE S, Fi
Fi= — (13.11)

BATENEGAF)F s B T — MR, BS54

T X $5- 5% (cross-brackets): Z % fii it H A $5 518 (1((A B) C). M it B A 55 % Wi(AB C)1
B A

T AT A RIE VLRI 45 . PARSEVAL fabr 4G — N IVatb 5092, F T-MIBR vT fe 2 184 e 1)
BRI, A& R 40" %) H i H i1k 5 Z(Black % N, 1991). PARSEVAL 8 #x (11 Ji Ji s2 BLFR M
evalb(Sekine #1 Collins, 1997).

13.5. B AFi

VP28 5 RS AT Z A BN E A4 SR ETR 6 T IX B F 5%, Hi N\ ) 1188 43T (partial
parse) SR ( shallow parse) [ REFLE M T . 0, 15 EIEIRGUE T A2 W SCAFIEHUITA 7] /e
15 BB R SO AT e AL S G N EAS R 2 2EAT IR A 2K

FBI3 AT — PR BRI (chunking) . 41ERG2 X 6) 7 Hh P 1 AN 388 1)y BOdEAT 1R A 4 28
PSR, IXEE BRI AR R AT, X SR TE T N T A AR IR S AR SIS
TR BB A AR R . AE— e SCE AR BT 1 HEAR A4 R BB AR S5 R R W . TR =
JEIREER, FESE RIFrh, — AN 3 S AR TV 2 DA R A e o B A 2R A
(13.12) [ne The morning flight] [pe from] [ne Denver] [ve has arrived.]

XFIE S AR IR 7 R B PIAN B ARATE 550 B (SR A B AN B X)) AR 25 (O R BV 20
BB IERRIRRIC). A7 L840 NI ] REAN AR I — &5, FEAlREFEAR NP XAEHESS
(13.13) [ne The morning flight] from [ne Denver] has arrived.

o BSEAE V2 R AR 1 A 2R B T N AR e (B SR B SR 5 R AW EE ). SR, R 2B R G H MG — Lehn
HEAEN . B et R i R, 4 ST ARG AN 2 A 0 A [R) 2R T AT AT B o3 o ¥ B Ao adts 1
B 25 TRATTI 1) A AL g AR A BB A . AERZEOTEY, AR QRS FE AR, LSS N
FEART o1 2 AL, T A O B L ) 2 HEBRATART TR S AR o T B O 3R] S B I 15t st HEBR
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T RGBS S TR XM RS BB AR, tehn PP AT VP & S O R A R
Kk, M a flight from Indianapolis to Houston #2141 T :
(13.14) [ne a flight] [pe from] [np Indianapolis][re to][ne Houston]
SRR R I I W B A SRS, AR I R B Tl 25 BIO JRAIbRICAS, FRATESS 8 &
Flid. BAE—TF, 7£BIO fridHd, TATAE—Anic H T8N WM B) N ER(1), E&H — M F
WCH TAEFHIASMEB(0) . NI AT 2R 1 (13.12) 45 S hric ik FHmE & bric A 55

(13.15) The morning flight from Denver has arrived
B_NP I_NP INP B PPB NP B_VPIVP

A HEAR NP FRC I R A) 738 1 O Arid FE

(13.16) The morning flight from Denver has arrived.
B_NPINP INPO BNP O O

TR ARG 5 0 SCREI, AL HRIE W AT DA RO, I R MR 2, AT ) S8 BE AR AT R 20 6
OB, HREBIGE R 0, A5 EAE O MBI R, A MR SCR .. XA A, BN
BT 5 12 B R R LI IR £ R A

YHE—MNINGREE, AR PR H ] DU SR AT 408 CRF. RNN. Transformer & . 5%} i 4 Sk
PRICAFIIVEAS —FE,  ZHE PP b A i 5N TR 2R AR L 00 3 S AR e Rl AT LU, R
A Bl A F1

13.6. CCG fi#thr

CCG ZEMRNCALTEIMELESE ) 1 — L[, M3 ] — EAETHE MR TG AT F A R IE 5 .
N PERE, CCG MI=ATEA M : —HIERE, 5 id SRR AR, UL —HM T
TEREIATE bR SCR G R . YT DU AN S R NP 2 KM EF o0, AT L% Wi(S\NP)/NP 2
R 48 5E KW EhRVEBE K pR 8. FUNHE E R A 1R oAt R 2 4 507 2. Biltn, DU SRR (R
1F0 1 ) o5 K P R 15 ) 46 5 B 0K R S5O8 T F- HAR e 5

XYY =X
YX\Y =X

AN FUURE— A R B8 B e AL TG, TS AN ZE L AR R oG . B AT A — A
TR 0 25 AR AR 2 B ] e BUE T . T RHE R H T, B TR R AR, LS 12 Sl
TR A DA i 1) 2 A R AN SRR3R T

13.6.1. CCG g

TEMERT, AEIR BRI CCG MM . FH T K5 5 A R 1)V S I 5 82 00 D) ) 3K s 1 A 25
B, FETB NNSET CCG Ak MM 1 1AL VEREHEZE i BB, FRATAT A 1&
LA 615
(13.17) United diverted the flight to Reno.

FEZXAM T, FRATXS the flight (15 FH B0 BE A B o T- 1] 41 to Reno 2 AE4 the flight i1,
W REAE RN SRS B IE, W 2VE NahiA divert ITETESE — MG, 16 BN SCRRIEL Tk,
A SR IO AETEVE P B TR Z R A BEAT 18 %

Nominal — Nominal PP
VP — VP PP
VP — Verb NP PP

FERLESE ATV, FRAT TR 17 B 538] to Zp L3200 P b, VP E 5 Reno 45 & TR BL— AN i i iE
B8 o TR RN PR e ks R e B 25 O 5. EVEIE DT i, JRATTAT BAKS to AR RVERG IR Rk, DLRIE
e 5 AT A R EAE B30 R85, A G A R P R e HE R AT BERY . R,
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BCRRYEAS &k BB, Kk H R .

L FRATE IS X AN LR T RE I HE SR B B E R W TAEM .. N T/ 1A JE1E to Reno 121
the flight (15 5L, FRATKEANIA to 5 NTEEE(NP\NP)/NP, Xal=4 T UL FHES .

United  diverted the  flight to Reno
NP (S\NP)/NP NP/N N (NP\NP)/NP NP
NP NP\NP
NP
o
S\NP
S

XH, 734 to GG IR B AN 0 — MEME RN A AL, 55— MEEDL, 5EBHN NP
ERAS
B, AT to L BVEWE(S\S)NP, X LV M AIHES, HHh to Reno 122k 1 #il i 1) 2 i J i
United  diverted the  flight to Reno
NP (S\NP)/NP NP/N N (S\S)/NP NP
> e

NP S\S

S\NP

S\NP

S
FH=Fr e 24t divert BIE—XUEMEhIE, K HIFA((S\NP)/PP)/NP Jils, TMift to Reno & ffF—4
{7 B AR T R 1

United diverted the flight to  Reno
NP ((S\NP)/PP)/NP NP/N N PP/NP NP
NP PP
(S\NP)/PP -
S\NP g
S

SR CCG fRATARAI IR 23 B TH 2 HU M RT e B 7= AR 5 S, B4 56 12 Frh s A O B S, R RLZIH
FERE, AIEEIE RS CCG MMT o S AR L 32 2 ]

13.6.2. CCG fBtriEsR

AT TR T AR LA e, Ao, BT CKY LM E R A _ERERIE TN % B
BOGH T CCG filftr. AE 2, BRI A KR T iaICaws, fn Lk CCG 414 M iR aL 1k,
S ECAS IR A b 2 R R BRI CR 2 BB ). B BRI B 7 Bl o M AR 1) S B A 1t D1 AR P B4
PRI £ T RE AR T B —— X A I R AR B R .

DA &k 78 R HAR LI CCG it J7ik. 4 13.6.4 T4l 1 — s i J] A*SEK b
ARMIE N R R A AE RN T . PRI R A — ML G iR T KA TE, o7kl
) B G RO IOk P R S A 2R, RS R EH BRI E i, BRI NIE.
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13.6.3. BHIFRC

FNENA TR EALAES, BRI 5 R R R ) AR . B RbR i
(supertagging) & i B RV AEVEAE B AR RIAE 5%, FEIXFPAESE 48 5€ AR I8 7 F8 78 — AN 0] 7 1R

CCG K bric & W T (40 CCGbank) KA fhial - yu g i REAREE &, LA SR Fh A B R] 1 FU VR
Y53 L. CCGbank A& it 1000 /NMAlVCEms, SR, fESLEd, K2 I bric a5 HArid &R PR
FENNGRIEARLEE P I 22D 10 IRAIARID . X459 18] i i B AT K& 425 MRl rT A A . e, R
fEIX AN T TN PEARIC SR AT 1 45 4> POS BB L AR K.

&SR 28R —#, 1 CCG M B AR #8 PR HE 722 48 H BB ALAS 5 2] T TR I 25k
PRI P A bR iC A% . B B4 8 7] 7 rh A ATREMIARIC A, R LT M A P B AY, RNN
ok Transformer.

fH2, WAL 8 = k) CRF Anic Y, FHEHSSBIRKITIRE: 2l fin] wie L A3
WA R EE . A POS FRid M ERF 4. DASCHT— B (R P KR bR 2, d i e KA R sk 1 % #fh
SRIERAT ISR, ol 5 8 Firb Tk 1) Viterbi BT f#RY

AR, KE AR bR iC S8 I AR B U S G, REN I CRF B A R 20 T g
A MSEBR N T S KR T . AN RAEICT A TEE 65 K2 A EMIARIL, TEEATE . A
T B ARIEAN A, FATHOMACZ 2 R A AR B B T RE R bn il Bk (IR A . R 7 —1
i B ) 1 I s 9 o A, e B — FIARER 45 5E B R AE d N 8] 7 ) B R 32 (in the context of the input
sentence) SN RFRICHIMERE . SRS LA W] BRI AR I BT A bRl

United serves Denver
N/N:04 (S\NP)/NP:0.8 NP:0.9
NP: 0.3 N: 0.1 N/N: 0.05
S/8: 0.1
S§\5 05

TR REAS W] BE R AR AR ZE O AOMER , AT 2R 2 AL BAL S ZARC K T AT B ZhR e 7 51 MR AR
e XA AGEE = A A A 2k CRF IHT - A AR SE B .

13.6.4. (R A*HiZAY CCG fi#th

AL — Bl R K IR ITVE, PR R TR R AR AE . ARFRER i e 07 R B ZORES R 5L T A Ry
R IEES, FRERGIOER PGB RAR MR DT — PR E . URR TR IPREE — K
MR LR, e R R, HREW,

A*BUAR R f(n)H T ARG R BB ITT R AR E A5

g(n), HIARZS n om0 R S AR (RS 1 LA 5

h(n), EHARZS n (g RS K AGEAL A o

2 h(n)ish R A2 = L PR AR B SR, AP R BIR A . ZAFPE, BRATTEBEET LR,
AR REA ORI T R, NG TR IR R AR T R R4

YR T RT3 ZORER BT AER R I . kIR E — AN T IR S i B .
TEVETAE DL A . Al g 0 BRI AT A, h 73 B ARER 58 iR FH 2 I HE 3 1 A i B
1 A* HE AT 5218 45 #9 @ 41 U8 B Klein 1 Manning(2003), 1 st 4/ 48 () CCG 75 3% 3 T Lewis Al
Steedman(2014)1) L1k,

R BBEEFCRER, — DMUREM— Do RADIREVI6 T, X ERSAEE T A &R 510
(IR AT BRIV R S Rl e ORI AR B T A B AR a2, FFdEAT M LA A R 75 e %



226 13. BRI fAT
MIHET . W ik 7 — BN, MR N T %, RETEAZ b, S0, HRbEEH
) CCG MM AL BUBNIRAS, ArRLeA, IR HM NSRSt — P Ab 3 . EIR 4R 8t 1T, H 2RI 8%
T B CA A, RN RI. ZEERAER 13.9 héih.

Ja kR

TEN AR SR KRR 20T, FRATT 7 Z 00 il vP il CCG R & . FRA T WifbiRi, B
CCG St 2 H 2 fEHE T R 4 Bl 45 5 il R bR ic R (13l AR, 1 208 1 HE S R A8 F B R . B 0F
MU, SERSBRIMLTY T A+ S fifER D, FATH:

P(D,S) = P(T,S) (13.18)
= HP(ti|si) (13.19)
i=1

N T B HE RN AR GER) AR, BT AT A8 P A R RIS VR oY, R (B, BAT T
AT, N TIEBNXA H 1, BATHRE AL SO BB R AT 4 = O S 2 LU Oy REa, RATR A
Mz ROy 5E 1) CCG HEFHT 70

P(D,S) = P(T,S) (13.20)

n

= 3 —log P(tils:) (13.21)

i=1

function CCG-ASTAR-PARSE(words) returns table or failure

supertags < SUPERTAGGER(words)
for i « from 1 to LENGTH(words) do
for all {A | (words[i], A, score) € supertags}
edge <+ MAKEEDGE(i — 1,1, A, score)
table +— INSERTEDGE(table, edge)
agenda+— INSERTEDGE(agenda, edge)
loop do
if EMPTY ?(agenda) return failure
current<— POP(agenda)
if COMPLETEDPARSE ! (current) return table
table « INSERTEDGE(chart, edge)
for each rule in APPLICABLERULES(edge) do
successor<+— APPLY (rule, edge)
if successor not € in agenda or chart
agenda+— INSERTEDGE(agenda, successor)
else if successor < agenda with higher cost
agenda+— REPLACEEDGE(agenda, successor)

B 13-9: EF A*EIER) CCG fth
ARIEIXAERY, - FRATTAT BLRE SRR U Fron e — 2341 F-RRAZ P> 70 E  AA
g(n), RIHIX 563030 88 FE AR A 5
h(n), BI85 31X 25 T X9 S P 7 A (1 ik i
(X L3 H PR 9 I R R AS RS R R R AS ) o
HATR 230 13.21 5 20U g(n). MU, & F R s B B 2 bR A i S A
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XEFh(n), BATHEE MR WA il i A S I SRR A 70 B T 23X — BRI — AN ] AR R
A TTEFARE SR 15 J5E P PR A BT BIORE B 7 BC HL A T RE B RPR A » G RO S R A i 284 TR )
pRic, IAERI D EC S TR R B ERAE B & RO HE S o A R T AR bR 2E, f-iAR &
DB IR IS AL AU BE = (KA, NI DRAEBAT T A 2 il o
i EPnd, BAVRHLUN R TR EE AR E Lo

flwijntij) = glwij)+hiwi;) (18:29)
j
= > —logP(tx|wp) +
k=i
i—1 N
Jnin (—log P(t|wx)) + Jnin (—log P(t|we))
k=1 k=j+1

XA, AE NI, A KRR A AARC N LR serve.
(13.23) United serves Denver.

XKL g- A B2 XA AR A X B2, -log10(0.1) 80 & 1. MR h-JAS i1 United A1
Denver f5 R ARIC 7 ECA R 7305009 NIN NP PR, axX 5534 f-liAs v 1.443.

— ANl

Bl 13.10 SR 7 o B I RT46 R FR SE B AR AT IR FE o 58 FH oK 1B b1 A5 BT aa Ak SRR Ao BT 3R
Je, BRI B 1 —United 2% H A5 A AR ic N/N Ff-pAS 0.591 . 1% 5530 AN R 56 B 1 AT
DAL Sk RT3 3 S FH T A 6 PR B v R U o 2B BT IR S o TEIX RS 0T, SR A AT 171 B FH 27T United: N/N
H serves: N, 25364 United serves: N[0,2], 1.795 MnFiFE .

ATk I, 75 58 = A, AR 2N PHI IR 55 1 56 244 T 1) — %44 United serves Denver, S[0,3],
0.716 IMEILFEF . HE, ZHEFEASER— M &L, FOAIA K RA(0.716) 3 A6 H B T IR A T
e M, 13K Denver (i 5yul; NP # 3 . X SECE RS R38N 7 9 — 410 (352448 T+ Denver). R
BAEFH IR 2 J5, R e8I R IRES 2 AR TR, ERREME . B 5 bR FE
) 2 SUAEN

A TR B I BAE ] 13.10 H IR FE L DL A R AT R T o DA 8 8 7 B 32 (B 45 R B A I
7N BT A RTAE 1R 73 i) S R 9 28 2 () Hp AR E N R TT RIRES , TR, A X B 4 3R it AT ] BT
BRo X5 PCKY Jiztffx, £ PCKY Jikrh, fRMTHEr NG vl e BE, R Gt f FH BT vl R
I RIA TR, FEE TG T BRA R ER A E R R .

13.7. B4

ARIEANEIT RN LA A2 3 B A i

« & 16 35 X (structural ambiguity) /& fift A7 2% [ 15 1 55 K 3] 8. 45 0 5 SCI o LR U5 BLHE PP-Bit &
(PP-attachment) , 3f %1 i $# % X (coordination ambiguity) #1 & i 44 i& #& 5 8 X (noun-phrase
bracketing ambiguity).

AL (dynamic programming) it Hi% (1 a1 CKY )5 J& S i b 22 5k A R b B SGE A

CKY 155 R 25 Chomsky 1t :U(CNF).

SRHTEAEFH LR =AM AR TG . #RE T BIZ (labeled  recall), #2555 (labeled precision)fil

T X %S Hi(cross-brackets).

& 5> fE#T (Partial parsing) FIZL3R( chunking) & H TR SCA H ik E AR R 1 7715 e A B 7R 1

IR B I 0 7 SRS R SR Uk
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—_t——m e — e — e ——————

; Initial :
1
: Agenda fj
: United: N/N N i . | United serves: N[0,2]
: 591 ! > 1.795
i : q Goal State
2 3 6
| serves: (S\NP)/NP Q serves Denver: S\NP[1,3] & .| United serves Denver: S[0,3]
: 591 : ’ 591 . 716
1 1
1 I
' 4 5
| Denver: NP Q Denver: S/(S\NP)[0,1]O
_I——?
: 591 ) .591
. |
I 1
I 1
| United: NP !
: 716 )
|
1 1
: 1
: United: S/S |
| 1.1938 :
| 1
| a
| United: S\S i United serves Denver
: 1.494 : N/N: 0.591 N: 1.795 S:0.716
[ ! NP: 0.716
| serves: N : S/Sf 1.1938
| 1.494 | S\S: 1.494
| |
| |
| |
| Domver N i [0,1] [0,2] [0,3] :
: 1.795 | (S\NP)/NP: 0.591|S/NP: 0.591
. : N: 1.494
| |
| |
: Denver: N/N :
! 2.494 !
| : [1.2] [1.3]
| I
: ! NP: 0.591
! | N: 1.795
! : N/N: 2.494
. l
| |
| |
|
! : 23]
|
I |

13-10: A*3¥Z“United serves Denver’ i~ 3l
Eii: BeELHEBENEFRAANEFHFEIRESOF. EMRASHEALETEA R loglo MR KA,
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13.8. 3CERFNGGSEIER

KT g, Knuth 5iA:

In this field there has been an unusual amount of parallel discovery of

the same technique by people working independently.

(FERX — &, RS2 AR ANATIR R — R B AT R 2 2 AT H . )

T, WEFIHEAEN, FNZERAEZREZRNES. Hi, §EFLE%ZHIHTHRY, Fx—h%
B TR B R, B U R A SR EAT T AR GO BRSOV W] LS [ Aho Al
Ullman(1972).

H A E T2 B Yngve(1955) B Sedtih i, Mgy th 7 — N AR Se i | R A B AR 5%, AR
HLES BN FE UL I — B4« /b Glennie(1960). Irons(1961). Kuno il Oettinger(1963)##i& 1 (K2
ML) E LR BT ARG 1% ShASEURI AT R B S IR P S . ARHE Martin Kay (4> AiER)
562, John Cocke 7£ 1960 41 X SEHL 7 —/ M & CKY ik iR (roots) s A KR MM &% . J5 R L
YEP AL AL 783k, FHIERH T e I [a) &2 2% (Kay 1967, Younger 1967, Kasami 1965). #H <)% 2
R 1) T4 5 R (WFST) LT /2 tH Kuno(1965) 4 th i), & /& — Ml 4544, FH TAEd gt i i b e
HUART R4 B . JE T4 Cocke TAERIMESS, Kay(1967)(F1 Kay 1973 )37 #uithik 1 S E s 4544
Earley HJi# 1:1&:3C(Earley 1968, Earley 1970)##iid | shaS M RIAE A% 70 b B B T R R - Sheil(1976)
WEB] T WFST A Earley FERIZE4 % . Norvig(1991)2 B, 784415 A5 174k B 2038 = (1 LISP)H,
RS ATt AR B A — AN 5 B T0 IR S AT 4% 8 B, S mT DA SR 3D A R #4410 2805

EIRAEMENT B30 0 s, S8 A BROIRES B Sh AL G BEAT A b 2 AR W B (Harris, 1962), HAAZ
Ja, fERURER S| T 584 CFG fi#fT. Church(1980)= 5K [al H4G BRARZAS TEIEAE N H ARE & BRI AL PR AL,
HoAth BT A7 BROR S AT 5 8L G135 Ejerhed(1988).

fEMTSRE I 2 S8 225 302 Aho A1 Ullman (1972); BRI A H I H sl 2 tHEHLIE S, (HR 2 B0k
CRMHTERES . —ARIFRmETE S 2R, W Aho 55 A (1986) IR A H .
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13.9. 43

13.1 Implement the algorithm to convert arbitrary context-free grammars to CNF. Apply your program to the L1
grammar.

13.2 Implement the CKY algorithm and test it with your converted L1 grammar.

13.3 Rewrite the CKY algorithm given in Fig. 13.5 on page 264 so that it can accept grammars that contain unit
productions.

13.4 Discuss the relative advantages and disadvantages of partial versus full parsing.

13.5 Discuss how to augment a parser to deal with input that may be incorrect, for example, containing spelling
errors or mistakes arising from automatic speech recognition.

13.6 Implement the PARSEVAL metrics described in Section 13.4. Next, use a parser and a treebank, compare

your metrics against a standard implementation. Analyze the errors in your approach.



