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Abstract

The generation module of ASURA creates syntactic structures from a given semantic feature struc-
ture by referring to linguistic knowledge, which is represented as a set of trees with feature structures
(like feature-structure-based tree-adjoining grammars).

This report introduces the basic concept of the module and gives the syntax of the linguistic
knowledge used. It also describes how to install and use the module.

ATR FHHHRBEDIED

ATR Interpreting Telecommunications Research Laboratories

©(#%) ATR LFERERETIEI©1994 ATR Interpreting Telecommunications Research Laboratories



For those who don’t read Japanese:

e For those not familiar with unification-based grammar formalisms, an introductory book such as

[1] is recommended.

¢ The second chapter introduces the generation algorithm. If you are interested in the algorithm,

Appendix A provides almost the same information (but in more detail).

¢ The 3rd, 4th and 5th chapters are reference manuals. Please try to guess the contents from examples
and from brief descriptions in English (English descriptions are italicized and marked with ¢ in the

margin.).
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Paxa gl

F1E

(L& (Introduction)

RV & [330EE - BB R U DR D ERERE T, £1 b NIRRT (BHER LITE %) Idind 3
EERE T VE D IS U CD 50 AULBR TRARME L L CRERERM & R (BEACEERELR
KiE) OBEEHV 3. o> T ANUERICE VT, ERLE L BERMEPORZEAESHDETAIESR
REICHINT DFEHE (OK) 2{ERT BB O C L TdH D,

BHRORZMAEDE DAL LTAHRMLERTE THRA (substitution) | & [l (adjunction) ] & % HzE
LTvde CHHDHEL X > TREHEEDN K2 H2Eh e THEEREL HET 2 R, TH—{tik
S CAREES I (Feature structure-based Tree Adjoining Grammar:FTAG)[2]) &'FiEh 3 XHRLRO S
BLRSAbOTH Y, TH~{ticES<URBENE 2 SUIMhATRRN 2o,

RERNL C DIBERO I D DERFIBEVERL X5 672 AedE & UCTHERERL 3 X0, SO
B (28, LAY ILRT 2 ADDY v 2y 7 X (3E) KO WTIEET bo T, LEAEIR OF FHE (4
%) ERFRRIER O F Ny 7Y —n (B EE) KD T HEHET 3,

AT TR 0 B (L IC I3 < SORERRIR 10\ T 0 SEPEHO Al B RIS & LT v 3 ([3][1] 2
¥)o & biC, LRERBIEIHEE S ICHET 3 S I A B EE L\ (& 21 [4])

1 pfir o vty
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R DRE

2.1 KRORA &S

FIETRA X 5 Ic, R & RAERAR : LR ST ERoRZEIGDET, ATIEHE
ECIST 2 ARBE VR T 2 0B CH 5, BREERE LTEERENTWEERDO T &% EFEK (elementary
tree) t\nH, DIERARLHOREMHEDbEZHER TRAD Tk TR o500 tH b, »wih
DHEREL 2 PEBERAC L kd bR TW S,

o A (substitution)

RALED 5K (T1) 0L (nl) IKBIOAK (T2) (OMREiM (n2)) 2T 28 ETH 3 (M2.1) o
RAKE 2 ZO DR (n1,n2) ORERHERBE—{LI N 2. o T, ERINTTE 264 (n3) OFEHE
B, nln2 OFMREERH—tLAd0TH B, Ak, MOKD (L) HiIMCRATE BEREATH
AR (initial tree) EHREI,

substitution
-——.—-—————>

)
/
X

(n2)

T2

B4 2.1: A (Substitution)

o {341 (Adjunction)

0 & 133 2 K4 (T1) O3 28 (nl) KHIOREEZE (T2) % XOALERETH S (K2.2) . oK
OfIEET &9 2GR (nl D X 5 AHi4) % FINEIS (adjoining node) &PFEL, AN S iZ Bl

LB ORHIIC D BT I A b BEE fL o



2.2. RADIFFIvBHR 3

Mk (top feature), T{lIFEH: (bottom feature) &5 ZOoDRMERHER* 54 3, oK inT
LR (T2 @ X 5 %K) 240K (auxiliary tree) LIS, FIIRDOEHRD 5 bAIMEOHE & #
B EHIE % foot HiM LIS, T2 % T1 OIS (nl) AT 28CiE. nl o ISR : T2
BETEOREEY B—E L. nl O FHIFEEEE T2 @ foot HiAOREE 2 B—Ib3 2, f- T, n4
OFREREL nl O LG n2 ORERELE—LLLdOTH Y, nd OREHE R nl OTHFHEE
En3 OFMHEE L T E—ELdD LA B,

Adjunction

A4

rAY

~_ " (n3)= (foot}

2.2: 40 (Adjunction)

AR T o0 REEZ S bE BICE. TOBIKiThbh 2R E#EEOBE—{bKEIh L 20l
Bbhv, b LERLAES. T L5 aflAtbe FRARENA DD L AEINPRENE, Thbb, &
D X5 EARBEOH IS DEHTHETD 2 21k AEBOLHI S ORORERE KT T 5o EREE25HY)
TH B DI EHCEL WSSOI b LA RTINS & 5 & (FEEEN ) KRG8 E R
EFEINTHETRER LAV,

2.2 ADO&ZEHVDERK

T, 7 RADREHAVBIERICOWTEHT 3, e EAZERIC O TRRETCEHRET %,

2.2.1 RADO&KEREVDER R

RADBDFFE N R FESITR I HPSG KRFESI n 5 [H—{bicdkS < MR IS & A% oithE
LB Do LOXS BEREREONI R 2.31CRT

B4 2.3 DR A X Treel 22 b Treel0 ¥TD 10 HOERAR» b > T b FEIANLHMIA & FHiAD
BB RCRONT 0T, BHiR2ED, FHIROWUE2HDLT 5 X5 & (REERNEN ¥ o) RE
HXEOEFRABMA L A A LTI B, EROHE OO A ICH N RE#E X il cNEEnT
W EREEECDH L, REBETD V" CREIILSRER (BB v tag) THH, —DDOKOHFCR—DZE
BEFR—OFEHEELET. T M230EABEDHACRSFRHETHBEGLONT V5208 (72 & A Treel
THs SXP,VP), CHRFHHIHE DD OHEORRED syn,cat REOHZE LA DOTH Y, £
HIRORERHEE L HLICEEI N TV S DT TREWS, 2B, syncat BFEO—BICEE > T 5 D 0 (Treel
DS VP ) BFEEOMEZEICE L T3 2, REEENRTRFANHAEI N TR WES (Lt A/, Treel
D XP) IKiZRIC XP ¢EELTw 3,

PATRFEE 1] tiR%A 3




4 %2 % HRUUEOBE
Treel S {[Ezé%[gcsem]]}] =
ITsynlcat Vel
XP VP | [S[l[thi)rg?t[[syn 2subj-syn] |
o Tyl | el SomtieEml |
| lsem ?subj-sem) | |fsem7om] |
[T e
Tree2 VP! e ! } Tree3 yp v [eat VeIl “|
L [sem 2sem]] | [subcat ?subcat]
_______________ o L[sem ?sem [[manner ?man]]]]|
| by [loat VP } /\— ————————
| bca
[[first [[syn ?2comp-syn] |
| 2 —
[rest[greerrs]t]]?omp seml] | VP XP VP XP
| [sem 2sem]] | | {syn 2compsyn] | Moo R | | Teos o e ARUP PR
_________ ([syn 2comp-syn] | lisynfcat VPl | [[syn [[cat (:set ADVP PP)]] |
| [sem ?comp-sem]] | [ Eg%cgts?ﬁﬁ?cat] | L_[sem ?man
it it sem 2sem]] | —————————
Treed
[ syn llcat NPT | Tree> [Ty TeathP] ]
_teomrzomn | NP NP | [SZ;[%:?:H’-]’”SG”] |
|- - 4
He N T e R S
 Isem 7seml] | PRON ! isyn ffcat PRON] |
| [case ?case]]] |
[ lsem 7sem]] |
Tree6
____________ Tree7
| syn [feat vPIY] |
fiong |
irst [[syn [[cat NP]
VP —— | [case ACG re
’ [sem 2objel] 1l [ | fisyn [lcat NI
| [rest [[first [[syn [{cat NP] ] N | [sem"BOOK] ‘
| L N -
sem ?agen
read = [sem [[rgasltqug]]]]]] |
[ [aggn ?agen] }
| Dodlerobleml J book
Tree8 Tree9 Treel0
| ltsyn [fcat PRON] | | Treves ot PRONT - isyn (icat ADVP]] |
PRON |~ [case NomIp | PRO loyn e P | ”Egérr]n[[*cc%refuu H] I
| tsom “SPEAERT| N oty | APVPLEREEDC,
I
me carefully

B 2.3: $AOH (an example of a rule set)




2.2. RADOHZH SRR 5

BT 2R ThoRiCD WY %,

Treel RPFIROMFANRS TH Y oD FHIREROABETD 2, EoFHIRETHEERE, BRHEE L
b, BRIOFHEHIR D subcat ko first R OHERYE, I XU, BRBMLFE—TH 2, HlloFHIRE
2 VP Th Y, EHRRESBMIROBUKE L F—TH 3 X 5 ARERRD.

Tree2 bFHIM & ZOOFHIR L 0% Y EMOFHIREET & LT VP, ERFLEIBRHROTREMEL
BRUTH3B. O D subcat FHH: first & rest & hbhoTHE Y, first Bk ¢ OBRIOANET SO FlE
BELR—TH Y, rest REGBEE A D subcat BREELFRILTH 2, ThbH, VPEHRIKEZL LIS D sub-
cat BRED 5 b first OIS IANEIROMEBERLE, BRFELFA—TD Y rest DI PHEIR O subcat K
e F—TH %, ,

Tree3 ZEFAICKT 3 2 FHIMEE (RIFIAERR) OBE2ETATH 2, BEIREZOOTHIRELDLR Y,
M OFEIRILAF & LT VP, FIRREE subcat it MEBERECBHIRO TN ENORELRALTH 5, A
UL D SHEFA X BRI & 7 BRTESFA. BHREH ISR O manner BHEOETH 5,

Tree4, Treeb XX N ENAF. AT & LFA & BRI 3 HAITH 3,

Tree6 [XEIF “read” DRFOMEE « BRNHE 2 E T AREETH b, FHIRICEEE TS “read”, HFiRIC
COMEBORMEBENFL ONT V5, RIEEEONAL, M VP, BEWHEES Magen 2370bje #Fi s |
LS EBRICGHIET 5. Tagen ®%0bje A EOER B HONE OBBE TN v FEnd (O b D). subeat
R T OBFICK3 2 BWIRER (FE8) BT 2158 E R T, ¢ ORUEE first,rest FRMICH VLY 2 b
W hoTHY, B—ERN TRFALLTACT, BHTobje DNETH 3 X5 R EREEB KHISL, &8
TR [SFRBEATCERNRTagen TH 5 L 5 ASEBFE) KIS T 5. sem D agen,obje [HIXZETH
535, TR HOEINEYAEICE T subcat ROZERD sem DEDEEZ T LICEEL LY,

Tree7,Tree8, Treed IXAFICERT 2 HMAERATH b, Treell ZEIF carefully IKEET 2EHRARTH %,

T KESORACOWTHEAWTEELTHT 5, Treed OIEFEIC Tree8 #RAT 2 &, M 240
BN = 3] (I

NP [fsyn [loatNe]
I [case NOM]J} |
| [sem "SPEAKERT] |

[ U |

Tree5

I t PRO ‘
PRON |lisyn [@229 No'\m]]] |
[sem *SPEAKER™]] |

Tree8

B 2.4: RiEoME ¢

EC AR AR ICE £ 1 2 ERAL RABMEC X o THZE b TROGME i T RS L 1E
K3 %o

1. AREESROERE (R OBREE) XANEKREELR—Td 3
2. HEMIEMRTRCERTDH D (FRICBIFEL VS END)

raild, M250k3 A ANREEENG s bt &, 260 k5 aMlladbedtcoflditi s
ETPH B,
SERREIER Y IC X o TR LRI LT 3 TS




6 208 AR o

[[xeln READ]

[agen *speakerx]
[obje *book]

[manner *carefully*]]

B4 2.5: AJIEBRFHHEE 1

Tree§ ;i ; ;
R : :
4 4‘.— \.V "‘ \ . |“ ".
.~ ".' K e .. \ .'0 - .“ “\ r ,
............. :, '--._____::__::____.—' Tree4 “" ‘.Sa efu'l’!y
i Tree6 id b T 1i4)
/ “themio) R (aili™,
. read o) o N
........... Tree7 1

.
.

. book @l2)

.

»

~ v
- .
"""""""

B4 2.6: SEAYAHEE

2.2.2 fRAD&ZERVDERLE

ARy AT L QOEBAB IR CR_ e Z 005G i T X 5 AREEOHEASbEZHHRNICKD LD
THbo TOMBMBEHERIERE LN TAT) XA CE ST WD (ISR %ET 2 DT
CFALDOTATY XLEETERELTH S [5]) o

COMBEE X D ETORANEBEIEMRIE (chained structure) TH 2. A L II. D ITERAE
AL LTEOBBIRICHOBERARY T 2RV IEL T 2 RBGETH Y, BAE L A 2EREARDOR
R D AR RO ICE 2B L0 T ORI AR FA—OEHEE Y 72 L 5 AlETH B,

Pz, 2.6KB T, nln5nb,nT BA—DOEHREELFFO DT, Treel, Tree3, Tree2, Treet # 57 2.70
L5 KA EHEBERGHEETH D, FIEIC, Tree5,Tree8 OflhGbh4 (2.4). Treed, TreeT DA
Ehid EhEFngETd .

MR E, TFH5LONARHREEL, 00 LOHEINT 2RI & 2 &b u RS2 /o6
HEVER L, cofif (BRI LT 5) ¥ B LS & T 28WEE R VERT . VERLS hicdilidcEERT
ENEHABE IR TORE N OOMIR EH A ZEHMIR & LT bR HUSIN &3 2 858 E 2 BRI
VERZF %% AP, SHEEOERAE—L2AVTROMAG DL RO 2PERTH 2 e DATMHKREOT,

4E2.3% b, Treel, Tree3, Tree2 thXhoBfiH & VP HiARE—0BEKBEUTH I hbrhboREM—ILLAKERTH S
nln5n6n7 OEBEREGE LT <CE—KA %,
ST OFERFY P AORFIHEEIER & R 5, CoBKCKT 3R 2.5 20T &,




2.2. RADHTHWBHR 7

S
/\Treel
NP VP

/N
VP
Tree2

VP NP

Trec6 |

read

B4 2.7: SEREE OB

LT R B S DR O REEHSE ICE S W T b 2 U DBEIC IR 5 AR %3R4 2 MU 572 R 22 0
Bl % [ 0

Thbb, EFRUEEKD 3 OOMBRT v 7R ERIWCEVET C it VEFE R B,

1. $HAIDEE b A% (FIHZER)
2. GREE OVER

3. BEEiL T h T A WEETSICH T 3 B o TR 2 E A
PITFci. tnbolBAT v 7O WTEAT 5,

1. HRAlo% 9 A%

(a) FEBREYRIEAE D D O D AL

BB A O BRI E % AT 5 (subsume)® X 5 & EIRFEMERSE % HLET S ICHE D ARBEE % 38R

T3
2 5ORBRREEICH L TRR € h 3R (Treel, Tree2, Tree3, Treed, Tree5, Tree6 @ 6 DTH 5),
(b) HEREM IR D D OB Y A%

link 5R3Z [6] % A7 HREEMN RN X > TE HICRER Y AL FL LRI [6] 2 BB &,
W QBT (Treel, Tree2, Tree3,Tree6) & » 5 K235 5,

2. SiHEOVER

Hefifi & U<y AREEE LK (chain tree) L FESHAK (non-chain tree O “RIfHICAYET %, $HK L 1T
B OB L R - 0BRSS T R OBEHIR —BRERA S (semantic head node) &FES — o
THET BARHETH o IR ORIBTRTIFHARTH 55 [0 2:3 Tl Treel, Tree2; Tree3, Treed, Treeb
BEEATE Y ORPIEGERRITD 20 BHRLFHIIAIE Treel, Tree2,Tree3 2% VP, Treed 25 N, Treeb #3
PRONT» 3,

ﬁEi%ifﬁki#ﬁﬁ*%%‘Fﬁ%ﬁ L. COBEORETEI b L OFELL LR % 85 L cligc, »
DR B EAGA LM~ ETRECH 2 X 5 A D 0TH B, ER. (PIR0) BIREREA & FIL
HBEoBHE 2 H—tT2 T L TiTh 5,

STEBMIC LM A ST B XD X v 2% A B &8T5 1,



8 52 ¥ ERULEORE

COFITCIE Treed & T & LT Tree2, Tree3, Treel & \» 5 [HFCEEEEI MR E 3 ([ 2.7)0
Ak, H3REESCT L CEROSEESERTEETH 258, (WHE) SHBRET 5. 0BG,
Ko R EHE T AT D W THTFHCTAbR B,

3. HAE O BN B

27020 NP &, BXUA, XPHACERERECRAVWERETH I b, e b ¥ HhEHR
Eim e LCERNICERIE Y EfTT 5,

2.3 RKAEHMERVSERNE

2.3.1 RA&AIER W5 LR
C T CEFRIAD 7o OISO & Eln R 2 A& XL A Citid 35 (X 2.8)0

Tree3 ——> Fig.3 Treel0 —> Fig.3
Treell fsynllcatsyy | Treet2
sem 7sem [[reln READ t NP] 1
S I [ ”Ea[éen ?agen]] : NP “Eg%[[’?saem *]E]S]OOK*]] |
[obje Tobje]ll] 2 U ~
[Isyn [[cat VP [rsvn ffcat Nl |
NP [sem ?sem]] the L[Egr’;l[%c;”';ﬂ]_,l
(fsyn flcatVP} U e eat NI ]
[sem ?sem]] l[%zgf;‘[ﬁ?csaetmN]]]]] |
| TIsyn [cat VP |
| lsem¥sem) | VP NP
l book
read
Treel3 Treeld
MsynfoatNP] | Msyn lcatNe] ~— |
(o e Wy | NP | leaseNOM) |
e 7sem "SPEAKER]) | | sem s0m “SPEAKER)
[ 1 it ]
t PRO [syn [[cat PRON]
| lisy, [[c[:gesle Aooh]l]]] | |77 jcase ACC]l} |
PRON ™\Lisem ?sem) | PRON "\|[sem?sem)] |
PRON_ Iisyn [cat PRON] | PRON_~ [fisyn {icat PRON] !
|
|7 [case acC]] | [case ACC]]] |
| [sem ?sem] | Llsem7sem] |
me I

B 2.8: fFin% & T LRk

T Treed, Treel0 3 230 b D LRI TH 5. 50K LA 2 DRIMOROES | FFTHEIATH 36



2.3, fOA EAHIT% BV B LRk 9

HIRZRORED D C 8 TH Do MPATHENAHAIAILETH 5. MIFREZ>OMFRLS (HH")
#&ATWS (Treell @ VP RHINEIE) 25, o200 hTh IR, TURELZET
Y 2T KB WTRIERIERD X 5 2HEEROBERD 5,

AR SO ISR & TR CERRESE F—TH 5 (HERHRRE>TUTHRL),

% ey AV AT AL TRAIRGEERCEE X Tk Y (modification adjunction), footnode X7
EFIREE L e 2O T ERFIHL TRITRPEIHIARD T HEIWICHE S W 3 DT, R E RS L 545
Hgxwd,

B 2.80FREAVD &, RADHOH LFEERIC, H250ANKCK LTH2.60 % 5 ARBER T2,

2.3.2 fRAELfHmMERVS4RNE

ARSI S LSS OEFABERRO X 5 Kk b,
1. RoER

1. FEBRA T L B DR D A
2. RS (1)
3. SRR R B 2 b O D AR

2. BB OVER
3. RosyE (2)

4. BRILEI N T A WEFiRCT T 2 ORI 2 #A
TRDGE &5 R 2 FHETA - T PN RERNCRAD 3 OB E FRETD 5, Z¥ VERPD
KEEOLMIACE TEAR Y V] LT NhE 2wy Y 2FHT D, coRmy FOPERETHY, K
DBEIN(2)] KBNWTEy P B,

1. R b A

(a) FEORHZEIAD D OFER
RADHDER & Ff. (BLERL X5 &3 2HimOBEAR 7y MOREESEEL 258 1,
ThEBIHERT 2 (BHEK).
B 2.5 D EHRREE ICH LT & Tree3, Treed, Treel0 %8R4 2 (BFARZ vy M I22TH 3),

(b) K53E (1)
IR D 5 b X OFiROBT 2 KOMMIR & EHEEZ AT 2 b 0ndhiE, LofimTRE
SET %,
deO@ﬁW%ﬁ(Wﬂ#cw@ﬁm#%Taocn%@290k5m¢?~oe$m%afao

() YEBOREAND ORI RS

RADHBOHER & FREOMEE TR 5o {HL, FE I NAKRO—HERTHERE Wi T B OF
KO FTACTHIRT 50 AP WARELTEENTWRTRERLE

W OFCIERR e BRIz b A v

"quasi-node (TN 3 [7)
SIA & AR O B AT A A bARBMICLE D ¥ 5 rRBEECBEEAPSLF —~TH 5 [7], CORKBREENA b OTRA

(N ERHABA,DEINIREXLWIBERD DS,



10 550 ¥ RO

ITsynlfcat ST~~~ |

Treell S | [%s)ém ?sem]E%reln READ] |
| fagen 7agen] |

[obje 20bje]l]]

t VP
NP VP [Egrr]n[g?osaem]] L

v o — t—
P Rty b Pty Pt R w— — D —

_—="""VP. [[syn[fcatVP]]

——— [sem ?sem]]
| {fsyn [fcat VPII | /\ T11-2

(_[sem ?sem]] f VP NP

read

5 2.9: BRADORE

2. SAEEEOVER }
HAWCHIFTCORZD L EROMIAETT R 5. 58 (1) KXo THES W ATHREBBIx DR ELT
5o AL DEFIOFSIAD LT (328, domination) BIRREEET 5. 40ROHE, FWHA (T11-1)
BAFIOR(T11-2) I Y EABELAThER DAV, RSN 28EEREOR LFRIT <K 2.7
RN (o

3. Rom#l (2)

SRS CRT DARONINET R O AT OMETA L BIREEZ HA L 2 b DD T X OHiRTAK
THEL SHEED OV Y B NS R X DHIRDUHARR v v VICRIET 20

M2.8CRTDL S ARBEELEW,
4, B AN TWh WEFRCT 2 B o ER A8
RADOHIC Y DERLERETD B0

PlLEDMBEOIERCIE VI 2.60 X 5 AARMBER I NS,

2.4 EIEBHKFIZOWT

BEIFIRERISC. BIRRETA & iC O BARRICER CBIRT 2 =0 (BLE) 0BER & HiRE Eilh 7o friE i Al L
HEONELRLRGERD 5.
P ERN

the book which I read

&b EZFAICIE VT, book REIF read @ BWEEICKIE LT » 3 3543ED HIWREDALE S bR 2 BTicE h
Twdoe dbHA, Bjfiread K LT, BHEDOME (BT 0% S) [ HIVEE % 4T 5 40k & BIGREIA I R
L BIRRRAEF ORNICE RE & AR T 2R Z B~ ICEET 5 C L DAIBETH 525, T X 5 B b 2 Ic iRl
DH BHEHEBNCH 5 DRIELTD B,

Ak ZOBINDD




2.4. BEEHEFCOWT

T b

the book which I would like to read

11

DESCc bR bCENIBERIICLEELL L, COL S AFENNER BT D,

LI ok 5 AHE B EIFEHETE (long distance dependency)s ® 2 \»id FEFFUKAE (unbounded depen-
dency) FEREHTE Y, (3558 XEEREEL 2 LTCO—D20REATH 2, COBHFKHT 2ELTHE,
B— b3S A ( [TRADRIC L 248 i3 %) ERERXE L TR E %,

2.4.1 EB—{LizET (9EEEICH T DRERKTFEOR W

B—{bicES R AEEHEI O RE 2 bk - T\ 3 SUMERAISEERITE 2 0 RARE
s 5 BB i — BHIR & TRIROMO —HTd 2, —7, B+ 5 LT 2 SEARABTERTEA

MBI D2 2 OOHIRBHERT 5 HRATH %,

FRSECERIC X 3 RIEKE O IC xRN~ P a v B 525, TR b R AR OMICH T
DEERINL 5K CRRE L RIFRN L A L2 EEW AR RS c e X TCER LS KITRENTV B,
ol BIRERFIC L o T (25 v v o FE I 2] ZENT 5. AE. BT CHRBIFDZD WD

ORI 2T R > TV 5,

1. REEOEHIRIC AT v ¥ 2 RELFEN I RE L ART 5 (WEHRY:, BB Ao REe T
B)o AT v ¥ aFREEOR DS B ELTEREOBEE - BIRKEHE (42T THiROREME] LT

7‘[7%)0))“0@60

2. ATy a2 DEA

BRI IR K (8 2.10) KK\ Ty BERARICHIST 5 BHIAD 2 T » ¥ » RUEOBFERS  H0 X
SICERIET Bo 2Ty ¥ = REEOWHRIES KRENATORIRE L F—Ch 5o -

Treels

N

N RELPRON
| slash ~]
syn [[cat |

{lsyn [{cat relpron] 1| { [syn[[cat S

[case ?case]]]}
_______ |_[sem ?sem-relcl]] |

Toashd 1
| lsyn (feat N

| [case ?case)

| {sem [[parm ?sem-np)
| [lrestr ?sem—relclll]} |

[{slash [syn [fcat NP) i
s [case ?case]]] |
[sem ?sem-np]l] |

|

X 2.10: 2T yviranBA

3. 2T v LoD

BEEEDOAT v v 2 FHE LI 7 =) Bk : BB ETTRECHIUE, Z OSSR EEEC L T5 85

RHEID B\ HLE YR B (B 2.11)

10 2 DA OKET 5 XFIIREFTH 5 L5 AT =)
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NP/NP

nr

[[slash [[syn ?sl-syn]
[sem ?sl-sem]]]

[syn ?syn]

[sem ?sem]]

B 211 2T v ¥ =aDug

4, T v ¥ a2 OER

B2 ¥ ERUEOBE

RN DBERRKCE T, BEELEHEOR T v Yo RERERIE L<A—T» 2 &35 (RA—o
Tk 525) BLs FIZTRGEAREFANTH 2 X5 ARCRBRT v v o RERLRICT ALY, %
OHIDOEEICEFE LR RED B, CORT v v aDFE—{biIc k o T, ERAROWETE O & BEM A
OERBHLCEES O bhdctChbd, 20X 5 AEBRPHEER L CTEIARBECENTD
C OBIRCIEEN IR AR L EHHDOR T v v 2 R FA— L 2 5 T L CEEE Lo

XP VP
[[slash ?s] !
[syn] [[cat XP] ...]] VP
[[slash ?sl]

[syn] [[cat VP]..]] VP

VP

read

[[slash ?sl]
S [syn [[cat S]]]

N

I

[[slash 7sl]
[syn] [[cat VP] ...]]

[[slash ?sl]
[syn] [[cat VP]..]]

[[slash ?sl]

XP[w?mmxm"ﬂ

B4 2.12: 2T v ¥ a2 BHEOER

REEEHKTFOH

HEoH#Tclo ks cERHIOBESEEI NI LELTH L. T LITHOEWREEBEHRE
DETEWE (C oflcliread) ORELE—TH2 L L X5, FADLEROBEHRBEERN 2130 X5 KA %,
COREREICE T, parm FENHEMET (ELF) OFHREEY R L. restr BB (7)) oS
e KT WEMATRN (RUBWEDOHE ] <5 3 T & L{EHHD obje KL parm Fkk & MHE—OFLEREE

HELTWDEZ ETCEINTWD,



2.5. FHRE (HBRIEFHRENERR & OHERICDOWT) 13

[[parm 7parm *book*]

[restr [[reln READ]
[agen *speaker*]
[obje 7parm]]]]

B4 2.13: FEORSRMEREE 2 (f2)

T DOFRMEREEICH L X Treel5(5 2.10) 258 & N 3o AR OARHEE O—FA OLEMS (RF S OHiMA)
OFERERR 2. 14D X 5 1Kk B,

[[slash [syn [[cat NP]...]]
[sem ?sem—np *book*]]
[syn [[cat S] ... 1]
[sem [[reln READ]
[agen #*speakers]
[obje 7sem—npl]]]

2.14: FEABD Treeld @ S i (The feature structure on the S node of Treelb after application of
treelb to fs2)

COHBICH LCTRE2.150 & 5 AHEERER IS Q28 L AEOFHRECE 3), ¢ c©, HWED
Wy (M) ICEEL X % COHBKBWT, AT v ¥ =Rk LHEE - BRI GE—LTTRECH 3 2 b,
M2 11 EA XN CREE s 22, FEORMIELT DX 5 ALEBEILL B o, BE O LR A5 X
. #8 “book which I read” & w5 XFFICHILT BHEEPVEREE Do

2.4.2 XESHICHIHEEREKTEOHRV

KIS B RREHKGE R 5 2D ORFIAEBLSE L LAV, L w5 or, COXETCREFEFREDD
LA T F—DBERRCNE S X5 iR T 200 Th %, flad,. LOBGRHOFICIEM 2.160 X 5 AEE
KEfAVD, COBERRICE VP OfE, S OB~ ZlELMNIIT e 8cE 3, Thbb, BRI
WHERIE LTV 5,

COFEOK AT, BRREFUEEI N2 BERC L CEEAZER L AT EAbAVWC 2 TH D,
ORI T 2 id, REEETEALTHAEHMBIL LAY, BRROBHREEEIL LY T2 Cen®
zZ b, BELHACHERTRDbIL TS,

2.5 R (BUkEEEBI4E & OERIZDOWNT)

T TR FREG, 520N SR BN & T 285G C 0SS TR I L GRS CHE
ERBEICVERT 2 L O BTICHES $ 2, COT LKL 5T, BEAO TEEEEINEE 0T RTOE
S E I SRS ORSTEE T ERNICHER T 2ROBREE IR T 5. 7 TBATREAEEKEY
BB 310 2 BOEROBHA) 2EB T2 LedFRTho !l HL, coFERERA TR
SCEE (BERTHER) 3. EHEHOROHREESIN L HETR OFEFC X > CLEASBENERTE B X5
D OTHRINIEA DA Ve ASURA FIOMEE, B0 FA VEEOXEIC BT, R bORMIEICHEC
hEbhdokd, 5%, BHEREZET 2ESCRHEIEL 3 - H LA,

N Ao < i -
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B2 E 4L oORE

{E@ﬁ&@ﬁéﬁf—__—

I
| [syn [[cat S]

| [sem fireln READ]
S [agen ?agen *speaker*]

l
[sem ?sem-np *book]]] :
|
|
[obje ?sem-np]]]] |

@) Np VP} [syn [[lcat VP]..]] |
Momsnsey 1 1 e ————
| [syn leat NP]..J] | VP [ Tlslash 7] I
L_[sem ?agen] } | | [syn[fcatVP]..]} |
AN 5 j
Istash 2] |/ N\ —
| [syn [[cat VP]..]] VP NP|[[slash ?sl] [
| -] Il (al) | [syn [[cat NP] ...]
—————— 1 I[sem ?sem—np]]
vp .
read

|
J

B 2.15: 2T v ¥ 2% B ACHRES (A chained structure with a slash feature)

—75. Shieber bIC X 54V Y FADOFHIPEELZFRNCE VLT v P IVERT 5. T DD, —REICH
FTEE AN EOBRRATH L VIEHE 528, R AT v FICVERE NS AREEO R I & TOBERT
B L7 elEg 3 5 O CULEIRIR ST B D, Bix AR ) PPABEROFFIAA L OFEEHEI AN DL C & F

Ex b5 [8)o



2.5. FRE (FHUREREBEBIER & OMHERICDWT)

N
N relpron

(auxiliary tree)

read

" 2.16: RFEEEHEIC B 5 BIRMIHERA

15



3 E

A RkEnEEL R < = 2 7JL (Describing Generation
Knowledge)

3.1 4RiEEEO#ER (Contents of generation knowledge)

PR 3 W CHERAER R EREAROESTH 3 ¢ L 2o ERONER TR WL DOrORIN A
FEEA N4 7 b O EREEE LFATWE, Thbb, HRABREKRO Y DOH bR 5.

1. £FE~ZDEE (feature paths)

2. 2T w ¥ aRPEES T 2 80 (the slash feature)

w

. PIEG S O3 %Y (constraints on the root node)
4. PD(EHAK) 0z (definition of PD’)

B, 1) &2) k4) KER> THHRCEZ 2BERD D,
LIFci, €3 AV 27 A CHwWIREEEECOWTHIHT 5, 20k, £HAXOEZCDWTIR-S,
FHgI S ICk 3 8. PD e, BT 2ES oSBT 5,

3.2 Mg (Feature Structure)
3.2.1 FHEHENY 4 v X (Syntax)

FHHEE R, RER L FBEEOMOEESTH 5, HHEIE, FHEEE (RFEE [ HET). 7L, 7 A
DES (BRESET), 7 FMaDEESOEE (NOT) ovnihhTh s, M321CKEMEDY v & v 7 2% E
T

3.2.2 ZTHHSEOE—{t (Unification of feature structures)

2ODFMUMEOE—LIIEF OREBEBEOE—LOFELCHS (1o ZBRUELN O FHREE L 7 + L5,
SET#, NOTHORMUE L oHE—bXZThENFICEHT 5, 7 + o8, SETH, NOT o RHEHEE
OE—EREIIOHEHAICHE S CORLCBVTABRINThEREEEL, "X SETH, NOTHIc&¥E
N2ZBEROBLEEET (& 2
A=(SET XY Z)nt &, A’={XY Z})o COHAICNOT & NOT 2 Bi—{bd 3B REEN A OTH
3 (&HEENREL DL EVOTEEAERITAETH ),

B—{tofil% R,

16



3.2. FR¥ERELE (Feature Structure) 17

[RiEEE DY v £ v 7 2]
Bl CEAR-2RTCRYIbhA OB O TREE S
( X* means a sequence of 0 or more X’s)
MRS (featurestructure) ::= [ /" ]
HHE (fselement) ::= [ RS FREEE
RYEME (value) ::= REREE | 7 »255RE[E | SETHUFHEMEE | NOT BURHEE

7 Y LBIEHE (atom) ::= ¥V EREA (symbol) | CFEFI (string)
SET TIFRYE(E (set(or disjunction)) ::= (:SET 7 b ATUFEHEE" )
NOT ZURHEE (not(or negation)) ::= (:NOT 7 b ABUFHEE" )

B 3.1: REMEDY v & v 7 X (the syntax of a featrure structure)

# 3.1 % Rk B OB —{tRAI (unification rules for non-structural values, A and B)

ADsAT BozA47 Bt B3R5 5 o oG | B—biER

(the type of A) | (the type of B) | (Unification Condition) (Result)

ATOM ATOM A=03B AorB

ATOM SET Aebl A

ATOM NOT ~AeB A (type :ATOM)

SET SET A'NB # () A’ N (SET B

SET NOT A — B # {4} (SET A’ - B)

NOT NOT always true (: NOTA"UB')
#1)

(:SET ADVP PP) & PP mM—{LidiE = PP

(:SET ADVP PP) & (:SET PP NP) mHi—{liEHE = (:SET PP)

3.2.3 =S <UL (The label, or tag, of a feature value)

FHIRICE T A FFAECLRTES, TP CREL LY ALThY, FEAOER, Thb
B, BHEEOERICIER L CREEER IR T 5. Ak, 7V OERCREMESTERE LTRSS,
Zekit () BERINT B DD EHRT ROBIT L) & 2) ZEMAIRTDH 5. 1) and 2) are equevalent.
1)

1) [[cat 7cat [11]

2) [[cat ?cat]l]

—ROFEREET R T VDA =T FEED T VOB 5 RHEHEATH 22, FAUTR TR Tk
BLT FvHHT 2 PD(ERRKOER)NE T 5, Aa—TRATHE—O I A RBEREENICHE L 25
By TN OETREREEDR., £ 0EFCTHEI N T2 BEBEZ L b0 A3,

(NP [[SYN 7?syn [[person 3][number sing]]]])

?syn QWA [[PERSON 3] [number sing]]




18 53 3E ARSI ~ = = 7 2 (Describing Generation Knowledge)

FERo R A [F— PD NWICHIEH L7 & & When both of the following feature siructures are defined in
one PD,

(NP  [[SYN 7syn [[person 31111)
(vP [[SYN 7syn [number singularl3]l)

?syn DNZIL [[person 3][number sing]]
the value of 2syn is [[person 3][number sing]]

3.3 RiEZRMOEE (Paths)

ERERCHEEERE 0 X 5 AREHEE CET I, FRlE LCERMBRORBREOHNTH b, kL i
. EERCH ZEZRCREWRREEE R4 sem OFMEENE & Uit k& 2, Ftkfsem infonF
HAEE LTELTHED AV,

The system requires feature paths for accessing certain features important for generation.

2D Hb Y WERPLELER (BRFESE AR C S wCHEAREI L HT ) 2 ELCT 72
TED XS5 W ERRIEPESIEE BT R & ERAEC 5\ TR A B % R0 REEXN K H R o BiEE
R EDNECHEMLT 20 NHRICHGZTELBERD B,

(R2DEE] i, DX 5 AFEOMNEL BREREEONHI (IR) 220 C ORMECEB 2T LD Y R VCFE
HIsdb0TH3,

3.3.1 BEHEEAD/SZESE (The sem feature)

CCTCERENAARTT 7 R CE IRUEEFTHREE L 2 AT COESORBMERE & AT DR
EOBEERTAEI

(ERHE ~ D~ 2 EHE]

(def_sem_feature_path ~X2%FJ I 2 1) ;; Macro

#i)
BEHRTORZE X 5 hFRERE
[[syn ....]
[sem FOREEED]
PHWB L E,

(def_sem_feature_path (sem))

3.3.2 ERFA~D/IXTEE (Syntactic category)

EEF R EREEEO BEIER DB OFRIE A S DD ICHw3,

[EFAF~D R EHE]
(def_cat_feature path XX %FEFJ X 1) ;; Macro




3.4. WAt 5149 (Constraints on the root node) 19

#)
SREHEE
[[syn [[cat NOUN]]]
[sem ....]1]
DLE,

(def_cat_feature_path (syn cat))

3.3.3 RHIL (FEz=HEH) ~0/3x%EE (Lexical string)

CORATT 72 A TEDIWMHCHREMABFET LA, BERAEL & 2h3, RHURERERI: LT
FITH %o SCFFITH WEE RGN SITFIICEERT 5,

[RH LR~ 0 A E K]
(def_lex_feature_path ~SA%ET Y X 1) ;; Macro

7
ENiEE TR
[[syn [[cat NOUNI]]
[sem ....]]
DL E

(def_lex_feature_path (syn lex))

3.4 HIENS =Xt d B9 (Constraints on the root node)

KR 3 E RGOS T 21l % REERSECECik 350 The root node of the structure to be gener-

ated should be consirained using a feature structure.

[HHEEm Aoy v & v 72 X]
(def root_feature WIS

#1)
AR R EEORMIR OMFE SO WCiilfId 555

(def root_feature ([syn [[cat s11111))

3.5 PD(EZFEAK) mitif (Definition of PD’s)

3.5.1 PD:IROBE

¥4, PD 3R 2 HROBEL B D CFEBR OB L R CHh & 50 BHRA 1 RIEEROBEHA Treel I
i3 3 PDECCH B0 The following is a sample PD corresponding to ireel (Fig.2.3).




20 %32 ERFHEEIR~< = o 74 (Describing Generation Knowledge)

EFELR 1 (6_PD
:name S—XP-VP.
:internal_structure (S XP VP)

rannotation
((s [[syn [[cat s11]
[sem 7sem]])
(XP [[syn ?subj-syn [[syn [[cat (:set NP ADVP)J11]1]
[sem 7subj-sem]])
(vP [[syn [[cat VP]]]
[sem ?sem]
[subcat [[first [[syn 7subj-synl
[sem ?subj~sem]]]

[rest :NIL1111)))
—DOOBEREARR(GPDTHES Y X P TH T, mame CHE S FHB X T OBERKROLRITH b | :internal structure(f

HETR) RERAOREE (M8 0ETFER) #F T, annotation(FEMEEDR) BRI N 5 BEiAICHT 3
EUEEY R T, AP, HERICRL & Treel KFH T XP Hi S BRI OBEHEI D Ao kil T DTG
FCBET 2R AINLTH B,

3.5.2 #EELA (Internal structure)

EGZiRov v E v 7 =]

<tree > :1:= <symbol > | ( < mother > < tree >*)
< mother > ::= <symbol > | ;; non-adjoining node

(< symbol >< symbol >) ;; adjoining node

PEEAHEL ) X QA CRERT 2. U X +OF—EHSBHREE L, FoBRUERTFOEETRT .
FERUTCY A M 2ERTIZCLTHR ML (BFIVECHEO) BEYERFT C LB TE D, H—HEK
BR Gy v AL b 2BREPDRB VX CH B, b LETECHILEIEMIIGIS. BE b MgHcd
5o HEEILRIKEEN D ¥ v A BRICHR 2 FBHATR & DTS D F4 v 2 L LTRVvWb 5, fEoTs
—OOEEIBCEEN LV Vv AALRTRTCE A>Tl h b A v,

FEE 1]

WERRP oL v R Z L OBRROEENTCOREREL b OF, ¥ 2 TH D, NPN &L DR
D X5 REIEFEEHAVCW20RBBAIREASHT220Th Y, SENAEREI AW L
R X i\~

BU32KEEEL thBETI R 27T, HoAlloRKCE NP,VP 3 L F hWEHEHEE LT3 0T
NP1,NP2 % X CeRHILTw 3,

3.5.3 eSSk

FHFtRoy v & v 7 2]
< annotation > ::= ( < symbol — feature — pair >*)
< symbol — feature — pair > ::= ( < symbol >< feature structure >)




3.6. 77 x— }EBRFEEE (The default sem feature) 21

/Ni S
the N NP @
(NP the N)
VP NP
read
{S NP1 {[VP1 VP2) (VP3 read) NP2))

B4 3.2: AEE#ED U = +ZFH (Internal structures and their graphical representations)

SRR RAEITRICINET 2 0 v R & O v v Frcstd 5 REHEO N # 5L CHA CEET 5. %
& &M, v v EA S 2 [[syn[[cat S]] % 3 FULHEE ORI

(S [[syn [[cat STIT])
DXS5KED,

3.6 F 74—/l FEHEM (The default sem feature)

ANFHERE P AR AE R B A BERAKB LT w2 BE. TOENRBEEY AN L U i i ki
5o RICEBIRCE TR, BMNEHEOERO D ICBEL i 3 ERNFESE P ORTEDLN S & » 5 (REF
F7 v,

T, FETED 225, MEER ELELEWRMEERKB LT w2881, AREICE W TS
5 MHE AR L 7%,

HRAD (FEERER) 1ML, defsem B & v O BUH O C L HTE B0 ERAIR R ERIEDO S
ZON TR HIRFEENICERL TV, b L, REFAHRETOERMERZTHHECRE, X055
— DD O defsem RHDE % T O O sem T L B—{L 3%, coc itk b, defsem FHiEDTHEHEA
sem R HFE T B,

A non-semantic-head node of an elementary iree can have a ’defsem’ feature. The value of the defsem -~
feature on o node is unified with (i.e. provided to) the sem feature if the input semantic structure can
not provide any semantic siructure to the node. In English generation of ASURA, this is used to fill
zero-pronominalized arguments with default expressions. &

defsem REEDFEMAX I (defsem) TH 5,

[[syn [[cat NP][case accll]
[sem ?objel
[defsem [[label *3-pers-sing*]}1]]

3.7 RZwvaFHIZEEY BiER (Handling slash)

B2ETHRR X 5K, RIEMKTFRZECEREARYIRRT 2 C & ¢, BiffiscoitiRy v 4 v 720
CRENTHRS T L3 CE B, T T TR, AERRALESC A RRATIEARR A X W I IT R S ADICAE I h Ao



22 %3 E HRFERELR ~ = 2 7 A (Describing Generation Knowledge)

FIABEIC D W3,
AR E 2 oDEREECEIT 2 8BEK O V»Tii~ 3,

3.7.1 RS v ¥aimita (Slash termination rule)

ATy ¥ a REKIMICRRE ZOEZOBEY . 2T v ¥ =2 ORIBEHET 2 2 O0RERTH 5, D5 Him %22l
Bie 45 (FREEEER LA V) 25 ik, 2ETRARZ X5 CEDEHDR T v ¥ =50k, HEE « ZE
HORIOM— LB CRET 20 L L. BOEEORENC X 5Tk M—ILABHER T CEIHBE 5 720,
KRS OMORIEEREER L HBIENE R 2GR H 2. T T, FEDORX T v ¥ 2 ipStEriih
TED XS PR ABLE .

(Rt Y v & v 7 Z]
(def_slash_scheme < condition >< feature — structure >)
< condition > ::= (:and < condition >* ) | (:or < condition >*)
< condition > ::= (Unifiable < path >< path > ) |
(Eq < path ><path> ) | <s—expr >

RBRMI S A% condition IO % T THA T DM OFRHERETE IC feature-structure RO R IEREE 23 B —
fbE 2 DHRORETHIET 2, TR | CORRAUIEROMET L = ) X AT T 5T &R
% b0, If the ezpanding node satisfies condition, then the node is unified with feature-structure and is

not ezpanded further.

3.7.2 RSy ¥aFHE5EE (Slash feature generation)

HERKICH T2 AT v v 2 REONERIEREDL DFTNICTT A S 72DIC, X T v v aFKiEd HEIN ST
5M%FH,J%L?CO

[ZT v ¥ aFlEE G EHIROM]
(def binding nodes < categorynames(alist of symbols) >)

[Ty v aREDERMDOES]
(def binding feature name < slash feature name(symbol) >)

ERAKADD A DMFN def binding nodes? IKHEXNTWEHFA) X FCHERTWEEE. £ OH
Aicsf LT def binding feature name3 CHEE N T I RELZ DX T v v 2 KRN ET 3, FHEh B X
Sy ¥ aREDBERZETH R, F—DF (BFR) #5415 e CHRRNDR T v ¥ 2 RIEMEOF MY
{REE3 %, If the syntactic category on a node is one of the category names defined by def-binding_nodes?,

then the system generates a feature whose name is defined according to def.binding_feature_.name. Note

that the value of the fealure is empty but all generated slash features contain the same label.

IR WEIc L Y o X 5 RERE L oT w2
AEHNEISIC Y ) L OZHTH B
SEAORICEL

4this rather odd name has an historical origin



3.8. ERAKRoORENAER (PD 7~ 7'v— I )(Hierarchical definition of PD’s) 23

3.8 EFEAROEEMARERE (PD 77 L— ) (Hierarchical definition of PD’s)

TR TEA VYV AZVALRIVT (—EBOE L EY ¥ iFo cKH T L) ERAERMRIT BT LEFHFLT
o TDRH, BROBEEABILBEOBA 2O C LBDH 3, DX 5 RIERSERE L <—FHfCE
R+2 s EPEREEROVER - BHECHESCcH 2. T, COLSABYHLEBENCTRS C &
TENREIHIKEE L

KEICR, CORBHAERRORRO D OEHMREEHTH 7 v 7L — b IR HMAICD T
AT %, ‘ '

7V 7 b— b EREAPAERRE SR T 28R CE 0@ EFE Y AL C—EECEEL, D
PDERE C LB WD OERZFIALCITA S DD IDTH 5, KV AT AT, HBEHHOEBE L fE~
o PD ik b, BECIR<7 PD i o=, types BXusing &S ZODEEEHRT LT & TCHFES,

A PD can contain :type and :using slots to enable use of the template sysiem.

:itype :type®fE(d:templateds:instance T 5, :instance DEFEDE D PD BEHEA L L CEFMIEE CEHEA
wbih b, : template DL, £D PD i1itho PD 23R T 2w IcHAVL R T, EFELRICE
TR AV, AB. :type DIEHBZEME L 2HStdinstance & A ¥ b, The value of the :Aype

slot is either :template or :instance(default).

:using TOIHE IR PD OLRT—D, 2 WEEROLHDO Y 2 F #iikT 5. »5EEAK (PDI) Ous-
ing iC PD AAEAET 558, MER G PD1 0Fiuk & usinglflo £ PD oftik & #EhE b PD
% usingflio PD HHCAERT 5o (AKX e PD oLRiIR B OART L ERGbE e PD &R L &
TORWEDDET D, ) The value of the rusing slot is a PD name or a list of PD names.

BERA 2 (g_pd
:name VP-VP-ADJUNCT
:type :template
:internal_structure (VP1 VP2 XP)
rannotation
((vP1 [[syn ?syn [[cat VP][agr 7agrll]
[sem 7sem]
[subcat ?subcatl]])
(vP2 [[syn 7syn]
[sem 7sem]
[subcat ?subcatl]])
(xp [1ON

BEAK 3 (g_pd

:name VP-ADV-MANNER

:using VP-VP-ADJUNCT
tinternal_structure (VP1 VP2 XP)
“fannotatiom T o

((VP1 [[sem ?sem [[manner 7manl]]l])
(ve2 [1)

(XP  [[syn [[cat (:set ADVP PP)]]]

[sem ?man]])))

TN b 2 DDERROBEL THROBERADOREHE LEHTH 5 (T OFIE L template & A7 A FCHRED
Zni, EREBERRI DO LS AEDOREHIFET 20 CIHREBRD AL A S)e The set of two PD’s above
is equivalent to the following PD.
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EFK 4 (g_pd
:name VP-ADV-MANNER!VP-VP-ADJUNCT
:internal_structure (VP1 VP2 XP)
rannotation
((vP1 [[syn 7syn [[cat VP][agr ?Tagrlll]
[sem 7sem [[manner 7man]]]
[subcat 7subcat]])
(vP2 [[syn ?syn]
[sem 7sem]
[subcat 7subcat]])
(XP [[syn [[cat (:set ADVP PP)1]]
[sem 7manl]])))

3.9  ARLETRDA

HERHREOPITER Y A7 LD ules 7 F 4 V2 P CHEET B, Al T e L 9)[10][11] 63
%o Sample PD files are in the “rules” sub-directory of the generation system. Technical reports [9][10]
[11] are available. See 4.

% o FRERERAFE I DWToER & LT [12], [13] B 5. About morphological generation rules, re-
fer to [12] and [13]
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A RMEBRFIADOF5]|% (Using the Generation System)

4.1 E{eiEE (Hardware requirements)

AR LT ORECH - CEWERRER S T %,
LA DI EDETH > Th CommonLisp MR T BB MR D 2 23, T OHBFREDT vy
T LRIBIET 2 LEED Do

e Sun

/~n— K1 =7 Sun SparcStation2
0OS SunOS 4.1.1

£ Sun CommonLisp 4.0.0 (4.1.0)
e HP

/n— Ry 77 HPT00 Series
OS HPUX 8.0.7

E& Lucid CommonLisp 4.0.0

4.2 WNEBZOEA (Installation)

4.2.1 PEZROO—FEaAIL

B IR AT AT b7 ar 7%kl Ly v AT 55 COFEHEFT 3,

¥, ATRCPHWTRa vy [ AEHOMIBRBEFIET 5, At ATR, the system has already

been installed and compiled.

L. Avat—ren<yvy (UTChRae—hr~<y v iR CAUBRRACT v ) %VERT %0
Make a directory. &

2. 7—7 (3BEMINAAT 4T) b PR E v—h <y vicgE LT,
CORBTAMIEZRDOT 4 L7 P VBRIEN 410X 5 Kh->TWw3, Restore files from the distribu-
tion tape. The files are organized as shown in Fig. 4.1 &

11994.3.10 BBAE “as26:/usr/proj ect/asura./develop/transla.tion/gen.eration/release/generation” (or /DB/oldproject/asura/develop/trans:

25
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SABRO Yy T L_ADFT 42 P Y TH D generation T4 V7 + Y KBEIT S, Change directory to
the top (“generation”) directory of the system.

LR DT v FYTERT 2 b0 LTEEAT 3,
4. WICHKIEROF 4 L7 } V4% m— <y vy OfRICEDE S,

Edit underlined parts of ./site.lisp. Fig. 42X AT 4 2k HoC, [sitelisp DD R—LF 4 L
7Y% (4207 v E—SA VL) Zu—hr=yyOF 1Ly VI Kb 5.

(a) *GEN-DEFAULT-HOME-DIRECTORY* ZAERMERDOA— F 74 L7 + U OfE R RTHExt
/“,z%%j—o
*GEN-DEFAULT-HOME-DIRECTORY¥* specifies the absolute path to the root directory of

generation system files.

(b) *GEN-RULE-DIRECTORY* &% v Y ARl #EONELZET HETEA V. *GEN-RULE-
DIRECTORY* specifies the absolute path to sample rules and dictionaries. This is optional.

5. Lisp MR %3 b kI %, Start lisp.

6. Lisp LEER I B ko by Fvaluate
(load "defsystem.lisp")

EANL T, defsystem QAHD Y —AhFEHRAL,

7. #t\nT, FEvaluate

(load "site.lisp")

8. mini-rws D = V3 A Evaluate

(operate-on-system ’mini-rws ’compile :force :all)

9. generation system @ = ¥4 1 To compile the generation system, evaluate

(operate-on-system ’generation ’compile :force :all)

CCECT, 70 79b8Df VA —1EKTT 3, :
COEEVERELRG 2H D TE 325, RELIGEOERMIER OIS BT OffE bthCREctd <arb b
F2EHI LT, oA Lisp ##b3HEICLX 5,

4.2.2 kR bHSOFA (Using the system from foreign machines)

JE—t=V VY MCE ) —DDERMEBR Y 7 A v @O~y v efAT 388, »—+F4L 20D
AR ABBE2 Y VR E>TRAEBC L WHH B, If you would like to run the generation system on a foreign
machine by remote mounting, the absolute path of the generation system on your machine may differ from
the one defined in site.lisp file. H L. site.lisp KD B RE L EBOMWT A REBRE > TnDES
IKiE sitelispt r—hr=y vy ab—LTIELWAREIBEIET B C L BRECH B, In this case, you
should make your own copy of the site.lisp file and modify it to reflect your own directory organization.

(See the item 4 in 4.2.1)
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4.3 ETERBEORE (Setting environment parameters)

AR F77 5 7o D WXL R IR AR (PD ##E) 2 54 a0 hiElhbh v ¥, 7Ny /L
LHRICR L 7B S OB O L EEFBETOBRDO AT A -2 2 RET 2 LERD L, Thbi
BT [ETERE] LTS,

HERMBOETREEORE L. FEREAOSEBEEFUILT FHUIiT2) C ik >TfiThbhd. &
EhBE (BEOTUHL) BELHT—o07 74 4 (LK 918HE 7 74 )L (initialization file) &FFA)
CECR T 2 O BEFITH %,

T TRABEER BT 2 AR BICOWTEHAT 50 Ad, BRERERICDOWTIE Parameters for
morphological generation are explained in TR-I-0361)

ATR HEBERNESEPIERE 7 7 = v LR — + [TPRERAE UL REZE (TR-1-0361)[12] )
HERIB OEF AT A — 2 KBI LTI For other parameres, see Appendiz B
& oBE—E (5% B)

PEBMLTRL v

4.3.1 PD 774 LDSZZDRE (Pathnames of PD files)

BRI HNTERD 2TED PD 0FHEER D 5, FEHEREC LK, PDEER Y 74 rOARRZ % FE
%2, PD’s in a PD file are maintained on main memory or in a secondary storage. The user should

define which PD file is loaded on memory, and which PD file is maintained on the disk.

1. v A=%Y%E— F (on memory)

PD oRE# EfTICHK > T AE Y IKEERAL

2. 2 KFciE=— F (in a secondary storage) (%2 & —¥ LUa—¥-)

FHIE LT, DEAPD 2 Z0MET4 A7 L0774 bTHrAL, bbb AA. —EFIAENL
PDiFvviadhdd, LRUBMICI->TT Z2exEqNhvndohblHCETHLILS,

2KEE TR EH R, YO PD BAELZEE L7 74 40 bEEICRE T 2 D EHROA
VFo 2 RIS LATERDO PD 7 7 A A EBvE, 2505 biTC, TbEEREDIC, =
IS >TPD WA U 75f L E WS IVEMRNITH 5,

2K E— ¥l T~A & —T 5] Ta—F—T7740] ®200PD 774 A2EHC* 3,
T 7 e ADESEEN <A E — X ) a—F - BB hER%ETH 5,

PD @ 3734 JL (Compilation of PD’s) {ZDWT Compilation is necessary for a PD file maintained in
the secondary storage.

2 YRR PD BT 5841 PD 0= v v BB s

CDEED 2y A bk, PD 77 S L ORXE2EH L CRERAOKS 12 M0 2HZERT 5o
PDoav a3, To compile a PD file, evaluate

(compile.pd "PD_definition_file")
EATIT B0
TNT,

e "PD_definition_file.data”



28 F4E EFUBERFIFHOF51E (Using the Generation System)

¢ ”PD_definition_file.index”

S LS 2007 FABVERE D, These files will be created.
2 RFEEIL PD 0 "X Z2HET 2BER 2 v "M AR X > TERENE 7 7 A TR BN V—RXT7 7 f 2D
AR IEET %o

4.3.2 ANTrAL (BEERT 74 L)
7T ANMCERBREIN T EIRERET AT & UCERAE Y ETT 285207 7 A DA R EHET 5o

4.3.3 ¥t 7 74 JLDOBI (An example of the initializaiton file)

HIAIE 7 7 AL DB L EFTFOBREH43RT . COT7 7 A A EFHICEFEL . AR OETEERERT
5o
A¥. rules/ IC3EREE, B XU, VA VEEOETAREAMAN BE, L7 7 A2 83H 5, “rules/” con-
tains PD files, dictionaries, and initialization files for English and German generation. See the README
& | file for details.

4.4 HERPIBEROIH ELTF (Setting up the generation system)

(4. 2M(ICEAL %) ERULER 2L kT %,
o 1. Lisp MLz %ILH BV 5, Start lisp.

¢ 2. RO SKEFHIF 50 Evaluate:

(load "defsystem.lisp")

3. RO SKEFHIT 20 b L EHD sitelisp 7 74 v BhiEZ b b% u— F42, Ifyou have your own

) site.lisp file, then load ii; else, evaluate:

(load "site.lisp")

T o ¥, *gen-default-home-directory™ ODEREREN 2D, The value of *gen-default-home-directory*
& 1s displayed.
¢ 4. R SHEFHIT 50 Bvaluate:

(gen._setup :init "FHL 7 7 £ 1 "?)

EAFILT, ERMER RIS R 55

([init "FHHE 7 74 1 ") 2 EMET D &, BEEETH 5"~/ genrc" 2 ¥ L7 7 A+ &2 LT
B4 2. F/~ nit OfE% nil 32 W7 7 A L 2FHBA T W)

5. WL 7 A A BEYIC v — FEN T2 T L %R T B0 Confirm that the intiakization file includ-
o ing PD’s and dictionaries is properly loaded.

O (gs) This function displays the current settings (PD files etc. ).

2initialization file(genrc)
3RAFV 7T A ARRIRUBICE T —REBBRE VAT DA~V v EEEHEPD B
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SRR O SEFT (Execution of generation) 29

bl B - FERTRWESE, FHHET 744, HRIZ 7 A AR ERBIEL FUREHHL> 7
Arku—F3 5%, If you found errors, correct the initialization file, PD files, etc. Then, load the

initialization file again.

TN CHERIMEOSETHTREE 2%, The generation system is now set up.

4.5

1.

4.6

£ DETT (Execution of generation)

MR D ERS DFHRAE 7 7 A A 25EYIC n— FENTC w3 T L% HERT B Confirm that the gen-

eration system s property sel up.

(gs) This function displays the current settings (PD files etc. ).

. FEER -7 T B, Open dictionaries.

(gb)

. R R EfTT b, Generale seniences from feature struclures in the transout file.

(gg BRIASCES (sentence number start) 4 T3XFE (sentence number end)
or

(gg XFF (sentence number) )

EREDRT

RO SKEFHIET 5 (FEL 7 v—X73). Fuvaluate:

(ga)

. lisp 2 3KT 5o Quit lisp




30

generation

|-- load

.lisp

|-- version.lisp

548 ERNERFIAOFS| % (Using the Generation System)

P: i uBLIE SN
HERT w75 2Lk OTHAD
ERTuy I b0

|-- tools.lisp PD BRZSFA Y — A8 (RESRHLEES)
|-- generate.lisp a—4 IfF

|-~ mgen TEREREE AL R

| |-~ load.lisp WHEFERR 7 w 7 7 LA N
| {-- mgen.lisp . NP I/F

| |-~ mgnet MRy by

I | -~ load.lisp MG Ry FETTS w7 ADFAD
| ] |-~ mgmain.lisp FHERER A A v A—F v

| | |-- mgrule.lisp BIEMLET 7 e XHI/F

i i |~- mgnet.lisp MGF v P T 7w XFHI/F

] | |-- net-macro.lisp MG 3y YRS~ v

| |-- mgdict TRREHTEERIRR

| | [-- load.lisp WHERTERIR T v 7 T 1 5AH
| ! |-~ mgdict.lisp WREERET 7 e 2AHI/F

| ] }-- emd.lisp TREF R R RRE

[ ] ]-- trie.lisp SEERERR Y 7 1 RDIBEE

| | |-~ dict.lisp TR ERBEE

|-- pgen ARG RER

] |~= load.lisp BARE T w7 T b OFERD-

! [-- pa2 FAREER = v Vv

] | [-- load.lisp BRI T ur s aimhy
] | |-- constants.lisp ERERE

| ] |-~ defstruct.lisp HusiERs

| ] |-- glidb.lisp 7477 ) BEEG

| ] |-- interface.lisp FHFERT 7 e 2R I/F

| | |-~ main.lisp A A v

| | |-~ slash_patch.lisp ATy ¥ a ikl

| | |-- npcontrol.lisp NP {ilE

| | |-~ search.lisp PD &L

| ] |-- preorder.lisp PD FIWERR

I | |~~ graph.lisp PD FIH5E

[ | -~ rule-macro.lisp PD EH DA N

| | |-- pd-dic.lisp PD 2 JKActEdk

] | |-~ index.lisp PD SHFK5|

| | | -- regulate.lisp HR ARIERME

| ] |-~ tpr.lisp TG 7Y v &

| | |-- tpr_int.lisp v ARG 7Y v &

| | |-- tools.lisp PD ASEH Y —ASH (SEfTIE)

| | |-- debug.lisp Foy 7R Y v x (TR
| |-- u_parser BH—{fxzvvyv

| | |-- load.lisp O A - N L. N

| ] |-~ defstruct.lisp K ess

| | |-~ mk-dag2.lisp FEHRGEVERT

[ | |-- unify_t.lisp B—{CEgE

4.1: MWEBZDT A v 7 VR
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;33 —%- Mode: Lisp; Syntax: Common-Lisp; Base: 10; Package: USER —*-

33 3Rk ko sk ok ok o Kok Rk ok ok ko o sk sk sk ok sk kR ok sk o kR sk sk ko sk sk ook sk ok s sk ok ok ook ok ook
HI
HEH SITE-SPECIFIC SETTINGS FOR PD-BASED GENERATION

33

33 3 ekt kel ok ek sk ok stk sk skt o ks sk ke ek sk of sk sk sk sk sk o ok ok ok ook sk sk s o okl ok o
(in-package "USER")

(proclaim ’(optimize (speed 3) (safety 1) (compilation-speed 0)))

(defvar *g_version* "v405")
g
73 HRREoOR—LT 4L 27 +) OFE (generation engine)

(defvar *gen-default-home-directory*
g y

” Just /project/asura/develop/translation/generation/”)

H
1oy HRHIAIl generation rules
(defvar *gen-rule-directory*

"/usr/project/asura/develop/translation/generation/rules/")

(defvar *gen_dir* "generation/")
(when (boundp ’*default-home-directory*)
(setq *gen-default-home-directory*

(concatenate *default-home-directory* *gen_dir#*)))

(format t
"% ; *GEN-DEFAULT-HOME-DIRECTORY* => ~a" *gen-default-home-directory*)

i1y T e T o T e T T T T

B 4.2: ./sitelisp 7 7 £ L DR
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(in-package USER)

iis TRy

(g-set-debug nil)

vy BHERY v {14 the transout (=input) file

(set~transout.path "/homel/nadine/generation/fsdata/sample.input")
33 BHER 7 7 A+ 0O3H3AH loading the transout file
(load.transout)

333 JEIRE(E¥ 7 7 4 A the inflection rules file

(mg-set-rule "/homel/nadine/generation/mgen/mg-rule/defrule.lisp")
51 EREEEOw—F 4 v

(mg-load-rule)

15 MGAy r7 7414

(mg-set-net "/homel/nadine/generation/mgen/mg-net/defnet.lisp")
;i3 MGhy tou—F4 v

(mg-load-net)

333 YAZ—FERT 7 {14 use the master morph. dict or not
(mg-set-m-dict "/homel/nadine/generation/mgen/dict/master.dict")
i3 —VREMHOTEA use the user morph. dict or not
(mg-use-u-dict nil)

i3y A—VEHEITAAE

;33 (mg~set-u-dict "~ /user.dict")

333 BT 3 PD OfAEb4OE valid PD access methods

(set_pd o m)

333 Av A=) —PDAPDHEAIZ 7 A D X4 the on—memory-PD file
(set-o_pd.path "/homel/nadine/generation/pgen/pd~rule/sample.pd")

;55 2WKERME PD I PD ALY 74 A~ D24 PD in a secondary storage (user)
;33 (set-u_pd_path "~ fuser.pd")

13 2WRARE(EPD FHPD A7 7 A A~ DXL PD in a secondary storage (master)
(set-m_pd.path “/homel/nadine/generation/pgen/pd~rule/sample.pd")

;33 PDRRAIZ 7y A D% —F > open secondary strage PD files
(format t "~ Y%(open-pd)")

(open-pd)

;;; PDEAIZ 74 A~Du—F load the on-memoxry PD file

;33 (format t " %(loadpd)")

;33 (Load_pd)

335 end of file ;;;

59 4.3: ¥l 7 7 4 v D Fl
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XED TSy FDOFF| X (Debugging the generation
knowledge)

5.1 (FU&I(Z (Introduction)

S 270k, PD R (BEHA) AR H BREDY v £ v 7 2F = v 7 RFFAWA y £ — VEHAT
b0 o, HETHLIBEWERDI AT v T AR E - THEBREDT Ny VHBARETH B,

UL SREOBISICH T s T & o€ b EE RIS 75 W AR D DF Ny F BT TH D o
HObhAhv, COXSATFRy ZBELTRKRD LS A Y —AREEI TV S,

1. Fv—%— (Tracer)
2. 7v—27 v ¥ 37— (Break handler)
3. $8EF = v 71— (Tree Chain Verifier)

4. emacs+ilisp & DA ¥ # — 7 = —Z (Interface with emacs)

LTI LD D WTEIT 5,

5.2 b L—%— (The tracer)

R ORIEFRT 5. BE BIH—8) vk (7 Ve $MFEER T3 b O TR set_gdbg
KEoTHERELDIREFGRETING 5, The system outpuls various trace information. The sort of trace

information can be controlled by the set_g_dbg funciion.

5.3 7 L—2%/, 2 FZ— (The break Handler)

R ORF-CHE T BT L, read-eval-print A — 7 ICA %, T ONREET

L REE2FERIL D, CORBBOERHROREMELFRELLITE D,
2. ¥, EROEMAICTLTHRE L O BEMERS 2 C LRTE D,

¥, FIAMAIE 56EEBBOC &,

33

v
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5.3.1 FL—2#HA > FOBRE S (Setting break points)

TU—7FA Vv EGNBERFETRENBEOC LTH D, FHRERMOT vy T LTHE, Y TAL—FvDF
ReTTESC X o TTL— 27 KA v FREET 38, FPHRCE W7 vy 7 A AT T3] #, »
HbWws [EENLE] ETH by COXS PV HREL RV, 2T C, BFMET L) XA (THETF
mEWD S w /7 6THD) FONHEOENTH S iR WAL, THEERBFLLS L LTWAHiR
OFMERERT V-7 KA v + L LTEL b A BEREE & B—{LTRE A G I 0 R IERORIE)
THEFFE 5] & nSHEER S,

(gen_break_before fs)
(gen_break_after fs)

- (genbreck_ before fs) XBBEHIHOREEER s LE L WL %, 2 OHiHOEH T4 5 ERTcALB® P
T3, WEOFEIEY) X TMERORBEL TWE 7L X > TERHENA TS, 5Ty FEIRLOD
TEREZY) A TUBERTEREIN TS a~< Y N (continue 2wy F) K X->TfFh 5,

Each time when a new expanding node is selected, the system tries to unify fs with the feature structure
on the expanding node. If they are unifiable, then the system suspends the generation process before

expaning the node for (gen_break_before fs).

(gen_break_after fs) ZRBAMIAORUHEENR s L E L WL &, 2 OHE OB 2174 - cEECLHE* Pl
T B THLENEHTE LFEETD 5,0

The system suspends the generation process after expaning the node for (gen_break_afier fs).

5.3.2 JUL—ohiHBTE 5% (Functions available during break)

o KiEEDZFR (Print the current tree)
(tpr)
REGEFE R CER ¢ 3RO X 5 RBUC X - THlHCc % %,

1. ERADF (84) B3 5 5
HIRBEFEIRTH N X OHiRD b THICHY 2 BRARDF] () B 2 e FRT 5.

(set_tpr-mode &optional mode)

mode:
number HAFI 2R 2 PD Al (BRAR) ot
mames (default) #RIZI (= PD A (BEHRAR) 0V x })
2. HREAE

HiROFFOREREE OEE ARG ORIRICERT 5 (FELA R MBE—E) 22HoT k),

o HimORFOREREEOFER (Print the fs on a node)
(show_node node_number)

HimEFE TRBEDER] KX > THL b BES Choose one of the node_numbers on the printed

iree.

o BEEMIET V= v XOFER

(show.agenda)



54. SHHEET = v 1 — 35

o AT DE A REMERTEE
558 U7 PD Fl2s3eE U 7 RBAMI R ICHREFIRED & 5 2 RE T B (k).

(s-checker &key node pds)

node HiRET. M7 5 L BAEOREMIR.

pds PD © Y X }o SeiRME AL PD

54 SHEEFvH—

BT 3HiAC LT 2 8RESERTREN E 5 D RET 3. HRAATREAZGSR T OBEH*FERT %,
T — 7 hIcFIAT 5. FIRGIZ 5.7EICRT
(s-checker &key node pds)

node HiRES. BT 5 L BAEORHHIRN.

pds PD 0EgE%FT ) X bo FRMR Lo PD

5.5 emacstilisp F&EDA 47 —X

emacs—+ilisp BECHERMNBR ZVERI S €T358, COREZHAVEY —ARRtE T3,

5.5.1 A%

1. generation/ D TFICH % env.el & emacs EHFFIC = — F3 3 Load “generation/env.el” inlo emacs

lisp when you invoke emacs. (Modify “ /.emacs”.

2. (n)emacs or mule + ilisp EET (lisp +) AR % A2 T Do Setup the generation system within

ilisp environment

5.5.2 HEE
1. iSO ->FREREE TR (Print fs on a node)

TL—7RA v VCFATE S, Available during o break

(a) Tv—7H L v P TOREELFRRE LB (tpr) (1pr)

(b) % ORBEEOHIRES (B #452) DFTIC 1 — Y VekioTwE, Move the cursor to the number
T of the node {of the printed iree) you would like 1o inspect.

(c) control-cn & X4 7§ %, Hit control-c n
2. PD #HHI (BHRA) ©F R (Print the definition of a PD)

(a) HMAIBDET (B S-NP-VP) Ik — ) v%Fio T Move the cursor onto the PD name.

(b) control-p &£ A 7§ %, Hil control-c p
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5.6 JUL—2#EnFBEA

$>(gg 1) i1 R OES

No.1 ::U-ID=S01
-(8) -
I read the book

"I read the book."

T

$> (gen_break_before [[syn [[cat NPI[case Acclll]) ;; v —2 A ¥ VE&E
(#S<F_NODE :ID 463 :F¥ - :TYPE :COMPLEX>)

$> (show_break) 53 TUr—7 KA v VER

<<#F1>>
[[SYN [[CAT NP]
[caSE AccI]1]]

NIL
$> (gg 1)

No.1 ::U-ID=S01
>>>>> broke before expanding [#27 ACTIVE (0)1 ;; ML DM
>>Break: GEN-BREAK

BREAK-BEFORE_EXPANSION:

Required arg O (S_NODE): #<S_NODE_U FEATURES #S<F_NODE :ID 694 :FW - :TYPE :COMPLEX> LEX NIL CAT NP>
:C 0: Return from Break
A 1: Abort to Lisp Top Level

> (tpr) ;3 RHEO IR
S [#22 EXPANDED (4)]
|--NP [#23 ACTIVE (0)]
[--VP [#24 EXPANDED (0)]
[--VP [#25 EXPANDED (0)]
| [-~VERB [#26 LEXIFIED "read" (0)]
{--NP [#27 ACTIVE (0)]

#<S_NODE_R FEATURES #S<F_NODE :ID 648 :FW - :TYPE :COMPLEX> LEX NIL CAT 35>

~> (show-node 23) i HiEERE 23 ORNROKTF
[[SYN [[CAT NP]
[AGR [11]

[CASE NOMI1]
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[SEM [[LABEL *SPEAKERx]]]
(sLAsH [1]]
#<S_NODE_U FEATURES #S<F_NODE :ID 664 :FW - :TYPE :COMPLEX> LEX NIL CAT NP>
-> 0 33 JBOREST
Return from Break
-(8) -
I read the book

"I read the book."

5.7 SHIEEF = v H—OFBE
$>(gg 1) ;3 HERREEST

No.1 ::U-ID=S01 )
>>>>> broke before expanding [#44 ACTIVE (0)]1>>Break: GEN-BREAK ;; 7'L-—2 (8 #44 CTHHED
BREAK~BEFORE_EXPANSION:

Required arg O (S_NODE): #<S_NODE_U FEATURES #S<F_NODE :ID 923 :FW - :TYPE :COMPLEX> LEX NIL CAT NP>
:C 0: Return from Break
:A 1: Aboxt to Lisp Top Level

-> (tpr) 35 AREBOER

S [#39 EXPANDED (4)]

|--NP [#40 ACTIVE (0)]

|~~VP [#41 EXPANDED (0)]
[--VP [#42 EXPANDED (0)]
| 1--VERB [#43 LEXIFIED "read" (0)]
|--NP [#44 ACTIVE (0)]

#<S_NODE_R FEATURES #S<F_NODE :ID 877 :FW - :TYPE :COMPLEX> LEX NIL CAT 5S>
~> (s_checker :pds ’(np-def book)) ;; np-def bock &Viﬁ?K.ﬂD?Uzﬁi .

s3 BUEORBIEIN (#44) ICHER

s TIBED Y 5 HFIRD

EXP_NODE NP-DEF BOOK .;; exp—node EBHMIA
*——— PDs are globally unifiable ! ;; BA—{bWJBE
" Checking top level features ... S - S )
Expanding node :PARM RESTR i EEAMiR O b Rk
NP-DEF : ;; np~def Db OFM: ()
BOOK :PARM RESTR ;; book D ¥ DM (parm restr)
*——-A11 top features are covered ;; BEISIHOTRTOREHRPD L XoTHEDRTWS
Checking activation 5y B 25 ¥ EHEEhTWS

Activated PDs (after filtering)..
NP-DEF NP-PROPN NP-PRON BOOK
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*——-A11 the PDs are active with respect to the expanding node.

NIL

-> (s_checker :pds ’(mp-pron speaker))
EXP_NDDE *% NP-PRON SPEAKER ;3 BBEIEIAS & NP-PRON % D SR —{hic B L 7z

1181 FATL 141!

*INCONSISTENT SUB STRUCTURES* ;; EHoEH

<PATH> (M SYN CASE) b RGO X OAXTHFEERE Uk
++ Upper Part ++

ACC 35 E0U GEBHESAD o i X oFRMAE
++ Lower Part ++

NOM i3 TR GRRIBIRD o kZEs 2 oFRMEE
=== Upper FS ===

(M [LSYN [LCAT WP]
[cASE Accll]
[SUBCAT [1]
[SEM [[PARM !X1([]]
[RESTR [[RELN BOOK]
[ENTITIY !X11111111]
=== Loger FS ===
[[M [[SYN [[CAT NP]
[CASE !X3 NOM]
[AGR !X2[[PERSON 1]
[NUMBER SING]1]1]
[SEM !X1[[LABEL *SPEAKER*]1]
[stasH [111]
(D1 [[M C[SYN LLCAT PRON]
[CASE !X3]
[LEX "I"]
[AGR 'X2]1]
[SEM !X111111]

Checking top level features ...

Expanding node :PARM RESTR  ;; ERHSiA® b o3HEH:

NP-PRON vl

SPEAKER :LABEL

===> (LABEL) is not in the expanding node ;; LAﬁEL Eu N e =LAl

===> (PARM RESTR) is uncovered ;3 PARM RESTR k23 ¥ oAl Awn

Checking activation

Activated PDs (after filtering)..

NP-DEF NP-PROPN NP-PRON BOOX

(SPEAKER) is not active ;; SPEAKER &\ 5 PD HFR&hikx\»
NIL



IR

WHRO 2 —F 4 ¥ 7B THERABRRE R LB 2K (HEBRY X7 ) KWEHT 2, k. £
BT LCHEY A& ATR HEBENESIRD 7 — 2 WBEHEZE 0K ICEHR T 2. ¥ bic, KR\
ZEoihEicEd LTBE2EV % Mark Seligman FICHEEHT %,
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s A

Semantic-Head-driven Generation for

Feature-Structure-based Tree-adjoining Grammars

Abstract

This appendix describes a natural language generation system developed for a spoken language trans-
lation system. Our system employs Feature-Structure-based Tree Adjoining Grammar (FTAG) for gener-
ation knowledge representation. Each elementary tree of our grammar is paired with a semantic feature-
structure.

Feature-structures attached to nodes of elementary trees are unrestricted. Thus our formalism allows
HPSG style phrase structure description as well as TAG style description. The advantage of our generation
knowledge representation is the ability to incorporate both HPSG style “core” grammar and TAG-style
case-based grammar.

The system generates a syntactic tree by combining elementary trees so as to satisfy an input semantic
structure. The generation algorithm is an application of a semantic head-driven generation. To carry out
an adjoining operation, an elementary tree with an adjunction node is dynamically split at the adjunction
node during generation.

Key Words : tree adjoining grammars, unification-based grammars, semantic head-driven generation

A.1 Introduction

Natural language generation (NLG) creates well-formed sentences or utterances from their semantic
representations. NLG is required for man-machine interface modules of Al-systems and for natural
language systems such as machine translation and text abstraction systems.

An NLG task can be divided into two subtasks: the what-to-say subtask and the how-to-say subtask.
The former determines the content of an utterance, and the latter determines syntactic realizations of the
content. This paper focuses on the latter issue. More specifically, it looks at a mechanism for mapping
from a semantic structure onto a syntactic structure using linguistic knowledge represented in a version

of Tree Adjoining Grammars.

1A part of this paper was written at DFKI (Deutsches Forschungszentrum fiir Kiinstliche Intelligenz). The author would
like to express his gratitude to Wolfgang Wahlster and members of the incremental language generation group for their

constant support and helpful discussions.
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There are several frameworks for representing the linguistic knowledge that defines well-formed struc-
tures in a language. Some of them (e.g. HPSG or LFG) also provide semantic information for each
well-formed structure, which is indispensable for language generation from semantic information.

In addition, the linguistic knowledge should deal with both general ’grammatical’ constructions and
idiomatic expressions [14] [15]. This is because idioms and fixed collocations of words play an important
role in human conversations [14].

Tree adjoining grammar (TAG) is an attractive framework for representing idiomatic linguistic phe-
nomena because of its extended domain of localily, as exemplified by [16]. TAG annotated with feature-
structures, called Feature-Structure-based TAGs (FTAGs) [2], enables us to attach semantic information
to each elementary tree which is necessary for generating a sentence from its semantic representation.
TAG can also handle non-idiomatic linguistic phenomena with theoretically elegant factorization of re-
cursion and local dependency. However, the representation of non-idiomatic expressions tends to contain
many replications of phrase structures [17], and causes inefficiency for practical processing.

This inefficiency, however, is improved if we use Head-driven Phrase Structure Grammar (HPSG) [4]
for non-idiomatic constructious. HPSG consists of a small set of highly generalized rules and rich lexical
entries with specific information. Therefore, generation knowledge representations are compact and,
moreover, efficiently improved simply by adding new lexical entries.

The generation system described here uses generation knowledge that combines TAG and HPSG in an
FTAG framework. It consists of a set of trees. Each tree contains feature-structures for representing its
syntactic and semantic properties. With our formalism, general grammatical constructions are described
with small trees specifying just immediate dominance relations, whereas idiomatic constructions are
described with larger trees.

The generation system combines elementary trees of the grammar so as to satisfy the input semantic
structure. The combination algorithm is a version of semantic head-driven generation [18] extended to
handle adjoining as well as substitution so as to handle FTAGs.

Section A.2 describes our generation knowledge representation. Then, Section A.3 introduces an algo-

rithm using sucl linguistic knowledge.

A.2 Generation Knowledge Representation

Generation knowledge for a language (e.g. English) is represented as a set of trees, called elementary
irees. Each elementary tree represents a part or parts of a well-formed structure of the language together
with semantic information. The syntactic and semantic information of an elementary tree is stored in
feature-structures that are associated with the tree basically in the same way as in the FTAG (Feature-

Structure-based Tree Adjoining Grammar) framework.

In this section, we briefly introduce the FTAG framework; thien introdiuce our representation syntax,

and finally present a sample grammar which contains both HPSG and TAG.

A.2.1 Feature-Structure-based Tree Adjoining Grammar (FTAG)

PTAG is a unification-based extension of Tree Adjoining Grammars. FTAG consists of a set of elemen-
tary irees and a feature structure called the root feature. A well-formed structure is created by combining

one or more elementary trees so as to satisfy certain well-formedness conditions. The structure of an
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elementary tree, possible combination operations, and well-formedness conditions are defined as follows.

¢ Elementary trees

Each node of an elementary tree has a feature structure called the top feature and another called
the bottom feature. The recent version of FTAG assigns no label on each node. This means the
property of a node is totally defined by the feature-structures on the node. In addition, this version
regards a node consisting of two guasi nodes linked by a domination link. A quasi node contain
either the top-feature or the bottom-feature. Elementary trees are classified into two categories:

inttial trees and auziliary trees. An auxiliary tree has a special leaf node called the foot node.

e Combination operations

Two operations are used to combine elementary trees. In the following definitions, “tree” means
either an initial tree or a tree created by the following operations. Thus operations are iteratively

applicable.

1. Adjunction
Adjunction adjoins an auxiliary tree to a tree.
Suppose an auxiliary tree ¢, adjoins a tree 5 at a node n;. The top feature of n; and the top
feature of the root of ¢; are unified, and the bottom feature of n; and the top feature of the
foot of ¢5 are unified. The resulting tree is shown in Figure A.1. In the figure, the ‘4’ sign is

a unification operator.

top:f1-t
A Dbottom:f1-b
Y

tt N

\
’ N otopif2-t
FOOT bottom:f2-b
/ top:f1-t + f3-t

’ ™\ bottom:fl-b
VRN

adjunction ,

\
©2 2 S u” N opfa

nl :)ooli:t?r:-fB-b \ /Ytom:f}b + f2-b

(@ (o)
A.1: Adjunction of trees

2. Substitution
Substitution substitutes an initial tree for a leaf node of a tree. This operation requires the
concept of quasi nodes.
Suppose an initial tree ¢; is substituted for a leaf node n; of a tree t5. The bottom feature of
ny (the lower quasi node for n;), is unified with the top feature of the root of ¢t; (the upper
quasi node for the root of t;). Figure A.2 shows this operation. Quasi nodes are written as

small circles.
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Q top:fl
bottom:f1-b
t1 2
nl ® top:f2-t
O £l + -

substitution J fl-t+ £2-b

bottom:f1-b

t2 a1
nl Ytopi2-t
ébottom:fZ—b

A.2: Substitution of trees

o well-formedness conditions

A tree is well-formed, if and only if it satisfies the following conditions.

1. The top-feature of the root node of the created tree is unifiable with the given root feature.
2. All unification operations in combining trees are successfully carried out.

3. For each node that is not adjoined with an auxiliary trees, the top feature and the bottom

feature on the node are successfully unified.

4. Every leaf node is marked as a terminal category and has a lexical feature (an empty string is

regarded as a lexical item).

A.2.2 Owur Framework

To create well-formed structures from semantic representations, each elementary tree contains semantic
information. The semantic information has to be coded within the FTAG framework.
This subsection first introduces notational extensions peculiar to our framework, and then, describes

constraints on semantic descriptions.

Representation Syntax

e Elementary trees.
The structure of an elementaryrtree is basically the same as that of an elementary tree in FTAGSs.

To reduce redundancy of description and to improve processing efficiency, we classified nodes into
two categories: adjunction nodes and non-adjunction nodes. An adjunction node can be adjoined
with an auxiliary tree, but a non-adjunction node can not be. An adjunction node has top and
bottom feature-structures.just.like_a node.in FTAG. A non-adjunction node, on the contrary, has
only one feature-structure. On a non-adjunction node, both the top feature and the boltom feature

are used to refer to the feature-structure.

An elementary tree may be a single node when it is used as a lexical entry.

e Combination operations

We use both substitution and adjunction to combine trees. But the adjunction operation is extended

as follows:
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1. Multiple adjunction
Multiple adjunction adjoins a sequence of auziliary trees to one adjoining node.
Suppose a sequence of trees, t1,...,in are adjoined to an adjoining node nl of . The top
feature on nl is unified with the top feature of the root of t1. The bottom feature on the foot
node of Ti and the top feature on the root node of Ti-+1 are unified, where 2 < i < n—1. The
bottom feature on the foot node of Tn is unified with the bottom feature on nl (Figure A.3).

B A.3: An example of multiple adjoining

Multiple adjunction can be simulated by auxiliary trees whose roots, or feet, are adjunction

nodes.

e well-formedness conditions

The well-formedness conditions are identical to those of FTAG explained above.

Semantic Features

Fach elementary tree has semantic feature-structures, called SEM features, which represent semantic
information associated with the tree. The following restrictions on semantic features are introduced to

properly generate sentences:

1. The (top) feature on each root node should contain a SEM feature. The value of the semantic
feature can be null as long as it is properly co-referred to by other features. This SEM feature on

the root of an elementary tree is called the semantic feature of the elementary iree.

2. The top and the bottom features on an adjunction ﬁode should have SEM features and these SEM

features should co-refer to the same feature-structure.
3. Every non-terminal leaf node of an elementary tree should have a SEM feature in its bottom feature.

4. The SEM feature on the root node and the SEM feature on the foot node are identical.

A.2.3 Tree-based Generation Knowledge

Using the above framework, we constructed generation knowledge consisting of general grammar trees

and specific expression patterns.
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General Grammar Trees

The general grammar trees are responsible for expressions where semantic compositionality holds.
The grammar trees are based on HPSG. Every rule of HPSG is transformed into a tree. Each lexical
entry is transformed into a node rather than a tree. Trees for major linguistic phenomena are described

as follows.

o Head-complement Structure (projection of lexical information)

The lexical entry of a certain category (e.g. verb) has a subcai frame that constrains possible
complements. Figure A.4 shows the feature structure of the lexcal entry for “hit”. It is represented
as a special tree with one node containing this feature structure (cf. Section 2.2.1). T1 is the
identifier of this entry . The SEM feature on the entry means that the entry is used to express the
HIT relation, which takes an agent and an object as its arguments. “Tagent” in the SEM feature
appears in the second element of the subcat frame. This means the agent of the HITting should be

realized as the subject of the verb “hit”. T2, T3 and T4 are again identifiers of the trees.

[[syn [[cat V]l[root ‘‘hit’’]]]
[sem [[xreln hit]

[agen 7agen]

[obje Tobjelll
[subcat [[first [[syn [[cat NP][case ACC]]]

[sem 7objell]
[rest [[first [[syn [[cat NP][case NOM]]]
[sem 7agen]]]

[rest :NIL11111]
A.4: A one-node tree (T1) for lexical entry

Elements in the subcat frame of a lexicon are realized as appropriate phrases by trees shown in

Figure A.52.

e Adjunct-head Structure

An elementary tree for an adjunct is shown in Figure A.6. T5 is for a spatial location, and T6 is
for degree of certain state. Note that the syntactic head (VP) of this tree is also a semantic head.
This is different from the popular DCG notation where the semantic head is not the syntactic head

but the adjunct. This issue will be discussed in Section 4.

e Long Distance Dependency

Long distance dependency phenomena, such as wh-movement and NP-movement, are handled by

-slash _features in the same way as.in. HPSG

Specific Patterns

Specific patterns deal with phrase structures which are memorized and accessed as a whole. Some
specific patterns are frequently-used expressions considered to be in long-term memory, like idioms or

canned phrases. Others are phrases recently used, which are considered to be in short-term memory.

2These three trees can be reduced to one tree if we use general VP with additional features instead of S, VP and V.
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[[syn [[cat S][inv -11] [[syn [[cat VP][agr ?agr]]]
[sem ?sem]] [subcat ?rest]
[sem 7sem]]

7xp [[syn [[cat VP][agr ?agr]]] [[syn [[cat VP][agr ?agr]]] 2comp
[subcat [[first ?xp][rest :nil]]] [subcat [[first ?comp]
[sem ?sem] [rest ?rest]]]

[sem ?sem]]

(T2) subject-vp-tree (T'3) head-complement-tree

[[syn [{[cat VP][agr ?agr]]]
[subcat ?7subcat]
[sem ?sem]]

[[syn [[cat V][agr ?agr]l]
[subcat ?subcat]
[sem ?sem]]

(T4) lexcal-proiection-tree

A.5: Trees for head-complement structures

[[syn ?syn[[cat VPI]] [[syn ?syn[[cat AP]]]
[subcat ?subcat)] [subcat ?subcat]
[sem ?sem [[sloc ?sloc]]l] [sem 7sem [[deg 7deg]l]]
[[syn ?syn]

[[syn ?syn] [[syn [[cat GCor ADVP PP)]]] [subcat ?subcat]
[subcat ?subcat] [sem ?sloc]] [sem ?sem]]
[sem ?sem]] [[syn [[cat Cor ADVP PP)]]]

[sem ?deg]]
(T5) spacial location (T6) degree

B A.6: Trees for adjunct-head structures

Specific pattefns are indispensable for phrase structures incapable of being created by general patterns
in a compositional way. But they are not restricted to non-compositional structures.

A tree for a specific pattern can contain substitution nodes and adjunction nodes. feature-structures
on these nodes control possible trees applied to the nodes.

Figure A.7 shows a pattern for a canned phrase. This is almost the same as a parse tree of the expression.
Note that subcat frames of adjunction nodes (AP and VP) set to nil. They block inappropriate trees like
head-complement trees.

To compare the TAG style with the HPSG style, we show a TAG tree for a declarative sentence with
“hit” in Figure A.8.
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[syn {[cat S](inv -]]]

[sem [[reln SORRY]

[agen *speaker*]

[recp *hearer*]

[cont [[reln OBLIGE]
{agen *speaker*]

[recp *hearer*

[action [[reln WAIT] |
[agen *hearer*]]]]1}]]
S

[[Syn [[cat AP]]]
top i

botioni {{lsyn [(cat AP]]]
[ em

.........................

sorTy

to have kept you
waiting
adjoining node

(T

B A.7: A tree for a canned phrase (with adjunction)

[[syn [[cat S][inv -]1]

[sem ?sem [[reln HIT)
fagen 7agen]
bje ?obj
[o Je.;_(.) _Je]]]] [[syn [[cat VP][vform fin][agr ?agr]]]
S [subcat -]
/\ [sem ?sem]]
_____ :'- .| [lsyn [[cat VP][vform ?vf]]]
. .
[syn [[cat NP][case NOM] /\ E:mc?lge]mﬂ
[agr 2agr]]]
_[sem 7agen]] VP NP-... B .
‘ [[[syn [[cat NP]{case ACC]]] J
hit [sem ?20bjell

BJ A.8: A tree for a declarative sentence with “hit”
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A.3 Generation Algorithm

Generation is a process of combining elementary trees so as to satisfy given semantic and syntactic
constraints. Our generation system carries out this combination process using a semantic head-driven
strategy [18].

Input to the generation is a feature structure containing syntactic and semantic constraints. This
feature structure is used as the root feature (RF).

We classify trees into two types: chain-type elementary trees and non-chain-type elementary trees. A
chain-type elementary tree has a leaf node whose semantic feature structure is identical with that of the
root node. A non-chain-type elementary tree does not have this characteristic. This classification of
elementary trees is a version of SHDG’s distinction between chain rules and non-chain rules, adapted for
use with trees.

A semantic spine node is a node whose semantic feature is identical with that of the root.

A.3.1 Generation with Substitution Only

First, we explain our version of semantic head-driven generation when only substitution is needed.
This is applicable when elementary trees in generation knowledge have no adjunction nodes. This means
that the set of trees is equivalent to a unification-based context-free grammar. Therefore, we can use an
existing algorithm.

The main routine of the generation process is as follows. This routine takes a node with a root feature,

which is given as an input.

1. Create a chain for the given node.

2. Recursively call the generation process for every non-terminal node in the chain.
A chain for a node, n44p, is created in the following steps:

e Preselection Step:

Collect all the elementary trees, each of which satisfies the following conditions:

1. The semantic feature on the root node of the elementary tree subsumes the semantic feature

of nyop.

2. The syntactic category on the root node of the elementary tree is a member of the derivable
categories for 140, (Derivable categories are obtained by a link table pre-compiled from the set

of elementary trees [6]).
e Top-down step:

1. Choose a non-chain-type tree from the preselected trees.

2. Let the chosen tree be the initial value of the chain tchain.
e Bottom-up step:

1. If the root node of #.p4in is unifiable with the top node, Niop, TEEUIN Lonain; else, choose a

chain-type elementary tree whose semantic head leaf node is unifiable with the root of tchain.
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2. Extend fpqin by unifying the semantic head leaf node of the chosen chain-type tree with the

root of 1.pain-

3. Go to 1 (of the bottom-up step).

Note that a chain is created non-deterministically, because the top-down step and the bottom-up step

involve non-deterministic choice points.

Example with Substitution Only

A small example will help to clarify the above algorithm. We use the trees (T1) through (T7) presented
in A.2.
Suppose the root node has the feature structure shown in Figure A.9, which means “Mary hit John at

the station”. A symbol with ™’ is used here in stead of a complex feature-structure.

[[syn [[cat S][inv -11]
[sem [[reln hit]
[agen *Mary]
[xecp *Johnl
[sloc #*Station]]]]

Bd A.9: Root feature

First, relevant trees for the root node are selected. In this case, T1, T2, T3, T4 and T5 are selected
because the semantic structure of each tree subsumes the SEM feature on the root node. Note that the
“sloc” feature on the root of T5 is taken into account for Selectingvthis tree, although the value of this
feature is undefined. T1 is a non-chain-type, and the remaining trees are chain-type trees.

The top-down step chooses T1 because it is a non-chain type. Finally, a chain is created by iteratively
and non-deterministically attaching one of the preselected chain-type trees until the top node of the
chain is unifiable with the root node. Figure A.10 shows the created chain. The order of attachment is

T1-T4-T3-T5-T2.

A.3.2 Extension to Adjoining Operation

This section describes an extension of the above algorithm so that it may handle adjoining operations.

In the extended algorithm, each node of the tree has a special slot, called an obligatory tree slot, for
storing a tree. In the initial state, the obligatory tree slot of each node is empty.

The main routine is the same as that of the previous algorithm. Only the chaining steps are affected.
The new chaining steps consist of four steps.

1. Tree Preselection Step:

(a) Collect elementary trees in the same way as with the previous algorithm.

(b) If the top node t;,, contains a tree in the obligatory slot, add this tree to the set of collected

trees.

2. Tree Splitting Stepl:

If a preselected elementary tree has an adjunction node that is also a semantic spine node, split the

tree at this node, called a split node, into two elementary trees, say the upper iree and the lower
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T2 /\
NP VP
Ty\
V:P ADVP or PP
VP

T4

d
et 3 ..§>
E

T1

B A.10: An example of a chain

tree. Note that the split node is split into a leaf node for the upper tree and the root node for the
lower tree. The split node in the upper tree contain the top feature of the original split node and

the split node in the lower tree has the bottom feature of the original split node.

Each split tree should still maintain the feature-structure-sharing relations of the original tree.

3. Top-down Step:

(a) If the obligatory tree is of a non-chain type, then choose it; else, choose one non-chain-type

tree from the preselected trees.

(b) Let the chosen tree be the initial value of the chain tcpain.

4. Bottom-up Step:

Extend t.pqin in the same way as in the bottom-up step of the previous algorithm. If there is an
obligatory tree in the preselected trees and it is not involved in tehain, then discard tepain and retry

the extension of ¢.p4ip -

5. Tree Splitting Step2:

If t.hqin contains an adjunction node, say n,, that is not a semantic spine node, then split {cpain
at n,. Again we call the split structures the upper tree and the lower tree. The top feature and the
bottom feature on the original n, are distributed to the upper tree and the lower tree, respectively.

The lower structure is stored in the obligatory tree slot on n, in the upper structure.

Example with Adjunction

To explain the algorithm, we use an artificial example. Suppose the root node has the feature structure
shown in Figure A.11. It means “I’'m very sorry to have kept you waiting at the station.”
The preselection step selects all trees except T1 and T5 because these trees are not semantically relevant

to the given semantic structure. Then, T7 is split at the AP node because this is an adjunction node
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[[syn [[cat S11]
[sem [[reln SORRY]
[agen *speaker#]
[recp *hearexr]
[deg VERY]
[cont [[reln KEEP]
[agen *speaker*]
[recp *hearexr+]
[action [[reln WAIT]
[agen *hearexr*]
[sloc *Station]]111311

B4 A.11: An input feature-structure

and it shares the SEM feature with the root node of the tree (i.e. a semantic spine node). The resulting

trees are shown in Figure A.12

[[syn [[cat S]finv -]1]
[sem [{reln SORRY]

[agen *speaker*]

[recp *hearer¥]

[cont [[reln KEEP]
[agen *speakert]
[recp *hearer*]
[action [[reln WAIT]

[agen *hearer*]]1]1]]

[ne

Upper Tree

Lower Tree

SOITY VP

to have kept you VP

waiting

A.12: Splitting T7 at the semantic-spine node.

These split trees and other preselected trees are used to create a chain. Figure A.13 shows the creation

of the chain.

The final step of chain creation is again tree splitting for non-semantic spine nodes. The chain contains
one adjoining node which does not share its SEM feature with the root. Therefore the tree copied from
the chain is split at this node into two parts, and the lower part is stored in the obligatory tree slot in

the split node (Figure A.14).
Then system goes into the second iteration, where the lowest VP (vp2) is expanded to a subtree.

For this node, T2, T3, T4, T5 are preselected. Then, in the same way as for the first iteration, the

chain shown in Figure A.15 is created. This chain is instantiated and substituted for vp2 in Figure A.14.
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S
AP Tam AP

to have kept you

waiting

B A.13: Adjoining an auxiliary tree to T7

T7) obligatory tree
to have kept you VP.+e- VP (vp3)
(vp2)
waiting

B4 A.14: Splitting T7 at the non-semantic-spine node

A.3.3 Ordering Generated Structures

The generation algorithm described in the previous sections generates all possible syntactic structures.
The current implementation orders generated structures according to the number of the elementary trees
used for each structure and outputs the structure with the smallest number of elementary trees. This

heuristic reflects the accepted obsavation that the structure created from specific knowledge is preferred.



A.3. Generation Algorithm

VP

VP ADVP
VP

(T7) (obligatory tree)
waiting

B A.15: A chain for VP with “waiting”
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BRRERE (F— A BERETRCERI N T \» 2 RHEHEEREER rwsinode]) 513 e LTI %
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(generateO_internal f-node)

EORRMHEE (F— A B RER BRI N T 2 R GRS [user:ifnode]) #5[¥ & L CApiE %
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54



B2. HAIZ7 7 A n, EfFAT A2 R EDFR

55

(gen.loop4 m [n])

FHFER 7 7 A0 m EE» S n FR T COEREFESICTL CERLE 5 2,
&%iﬁif’%%ﬁf %,

n &+ mh

(gen_loop3 )

Tuay7 b R 2L DLToa<y F(%0M50 2.

o=V F HatE
x(eXecute generation)  ZEEAMLEE— FICA 2,
q(Quit session) e LTI b
e(Evalate S-expression) U R 7D SHEFHliF 2,
s(show Status) TNy JE=FREAT A—2DRIEXFERT 5,
1(List sentences) WHTE ZD—ELFKRT b0
?(help) a<wv Fo—B L L o8We2FRT 5,
(g7 )

BRI O SEFTIC i 2 BI OB 2 FR T %0

B.2 A7 7AI. Ef/ A=K EDFRRK

(gs )

BAED Y 27 L OREEETERFERT %o

(gs0 )

WER DA —V 2 VB EFFT Be

(gs1 )

TRy VERO VAR FIRT B,

(gs2 )

VAT LADEWEE—~ P AR ERERT B,

(gs3 )

B, BRLTVWAHECHAT 7 I 22 FRT 5,
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(gs4 )
FELHA 7 7 A0 DFT 7 410 V DARZERERT Do

(gs5 )
RNy 2T o777 AN%VES & EDISEFRFERT B0

B.3 4ARMEE=S—

(set_gmonitor [t/nil])
AL OB OB D& = 2 — 2 Balh (b) % 72 GFEER (nil) 3750 Sz BT 3 & ﬁfh@ﬁﬁﬁ%ﬁfﬁ‘ﬁ‘ %o

(print_g.monitor )

E= A —LEWEERT 5o

(reset_gmonitor )

ANECE=A—LifE& 7735 (m2<OEE 0T B) &

(print_gmonitor2 [:items items :ids ids :from from :to to])

= — Ll —XXICERT 2.

titems FRTBEHROY X b

D oI D

TIME a—¥F 7 a A BHE L & C P UKE
:BYTES HEBLAkerDNL M

:ABCCESS BWXNAPDDY X |

:CACHE PD¥ vy vadiby F Lkl
.ACTIVATES FEEALX R PDOY R b

:APPLIED EHXNAPDDY X}

‘P.NODEMATRIX P/—F¥=1Y v 7 ROEHEK
:AMBIGUITIES LR DS

:‘SUBTREES R SR DB
‘OUTPUTS RS
‘TREE HERRRE SR O AR

77 # b items *(:ID :APPLIED :OUTPUTS)
iids FRT B IDDY =}

:from, :to F-HIC X 2 HHEIEE
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(print_g.monitor3 [:mode model)

5% :mode & :APPLIED %7cik :UNAPPLIED % & 5, :APPLIED ¥4, P DHRICT L TERA S
X IDDY X+ &FERT %0 :UNAPPLIED 0fa. #AINEd o HAIBO—ELFTRT 5. 7741
t :APPLIED,

B.3.1 ZEHER7 7 AL

(g_set_input.mode [:INDEX/:0N-MEMORY/:NAIVE])

EHFER 7 7 A A DGRAABET—FEPOEEL 3, 77+ M tindex o
INDEX SROBCTAZAIZ2PbA VT v 7 2T 7RI X YE2AL

:ON-MEMORY HEICEE-sTT4 A2 b AT LHEIAITEL EROBCEFT1 A 2% T 7%
Z L& N,

(set_transout_path [file])

THIER 7 7 A ke T 50 file EWET 2 LHEDERE T FERT %o

(load_transout [filel)

2EH5ALE — Flon-memory D4, file THREINATHER Y A v F u— 15, BHARE—F
Pindex DS, file THEINWATEEER Y vy A 1V LOBZRUWEE T34 7y 7 2R 2ERT 5,

(set_transout_index [filel)

fle CIRE S AR T 7 A A0 OBRA v 7 v 7 ARERT bo file %/EWT 5 LAIEER LT 7
AAEHECT B, FHRALT— Flindex DEE D load_transout & FEATWEEZ T4 5,

B.4 EHK (PD) 0ER

B.4.1 XEU—~PDEA7Z AL

(Load_pd [filel[:init t/nill[ pd1l pd2...1)

PD#HAZ 7 A 12 A€ —PD & LTHEE ECr— VT3,

(clear_pd )

A %Y —PD%3IFEH» BT 2,0

(set_opdpath [filel)
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AEY—PDHAIZ 7 A A DF 7 1 b RIEET b0 file ZEMT 5 LBEORELZFERT 2o

B.4.2 PD#HEAIDa /(L

(compile.pd [filel)

PD #HI% 2 AL T 7 e X 0D OBRICERT 5, file ZEHMT D &, FIEa Y I rlirrir
BEREENE DS —Ea vy il ZUREADS L,

B.4.3 2 %ietElk PD #HEI7 2 = ZE8¥K

(open_pd )
PDH#HRAIZ y A 2%+ —7 T 3,

(close.pd )
PDHRIZ 7y A%k 7 v —XF 5,

(set_opd [t/nill)

A2Y)—PDRERTINEPEIEET 5. t/nil 2HMET 5 LBHEOKELERT 5,

(setmpd [t/nill)
<2 % —PDHAIEHAT 2 6B L EEET D, t/nil 2EWT 2 LBEEOHREHFRT o

(setu.pd [t/nill)

a—5—P DHRIZHAT 2 ErEIET 5. t/nil 2EMET 5 LBEORERFERT Do

(set.pd [o u ml)

A¥v AEY—PD (=0)y, =2—¥PD (=u), ~2X—PD (=m)®5b, HHATZPD (1~3{@) *E
T3, SIBRAMET D LBEEOREMEETT 5o

(setm_pd_path [filel)

F7AA DX E—PDHRZ 7 A rD7 7 A AEZIET D, file #EMT 3 LBEOREXFETRT 50

(setupd path [file])

FIaA+Da—F—PDHHIZ 7 A D7 7 A LAZIET D, file 28T 3 L BEOREYETRT 50
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(openmpd [filel)

file #~X & —PDHRAIZ7 A A& LTH—T T 3, file 2ERET S LT 741 FD~< XX —PDHHHI%
7”7.:/?50

(open_upd [filel)

file #2—3—PDHEU7 7 A A& LTH—T T3, file ZEMWT2L7 751 bO2——P D%
j—'"7.-‘/—j_5o

(closempd )

< A4 —PDHFAIRT R 7 v —XF %,

(closeu_pd )

2—¥—P DHAIRG % 7 m—XF 3o

(set_cache [number])

F v ¥ a R8T 5 P DHEM® HREXHET %o number 2 EMET 3 L BHEOREMEFRT 2, (F
74 MER40)

B.4.4 PDOHREEE

(killpd pdi pd2...)

pdl pd2... DIEREE N P DEEIICT %,

(deletepd pdl pd2...)

LEMT,

(revivepd pdl pd2...)

(kill_pd) I & » TSI SN P DONT pdl pd2... DRRICIEEE Wi P DR EHICT 3,

(undelete.pd pdl pd2...)

LR
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FRFTRE ML —RERERET Do levels #ENET 2 L EAEOHEE L ERT 50

(set_gdbg [levels])

Foky FU_AFRET D,

(g-open_output [file])
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B.5.2 P DEgERERY—IL
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L BEORGEIERET
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< path > TEIN D A 2R OFEREEXTABEOH R CERI LI BHICIZ 3,
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B.5.4 L —2&HDRE

(gen_break before f£s)

ERaEi A fs & E—LABeCH Bh5IC, ZOmAEREIT 581CT U — 73 bo

(gen_break _after fs)

ROAMIRD fs & Bi—{LTIRETH B RIC, T OMIAE R L AT v —2F 5,
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A A ARG SMER ENARRTT V-7 %,
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To— 2 R FRT Do mode KIBLITF DD DHREETE 2, mode ZFEEE A WE ¥ 1T [mode t] &
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ol EE

t (default) £<o7v—27&HEZERT 3,

fs fs LH—{LFREA T L — 2 &% RRT 3

endproc BRI A AR ERCE T v — 2 3 5488 2BRT %,
nil LTI V-7 &BERFRLT, BETC=—FBERT 3,

B.5.5 7“»—&*1:%%?{%7‘&55&

(show_agenda [agendal)
TP v X CHBHEOREREY FRT 5. agenda 2EELATHEBED T ¥ = v & (Fcurrent_agenda*)
PHEIC B,

(show.node number [treel)
AR AT R EE N HABEE ¥ — & LCE ORADO RIS G 55T o tree RIGRELAD
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(show_break )
BHEZETINT VR T Lv— 7 &H0—E»FE 1T 5,
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B.6 EHFE—F

B.6.1 F7 4 bOENES

(use_defsem [t/nill)
defsem k%A% HERIC T 5,

B.6.2 IRIEHE

(dev_env_feature_path path) ,
ANFEEE OBUEHM~ O R A2 HET b0 7T 744 M (PRAG) 6

B.6.3 P DHEEAaE(TS

(set_connectable [t/nill)
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Bt rTREf TS DR AR T %o

B.6.4 YEODIERF

(set_expand_mode [:para/:fast/:depthl)

D 3 HRICEBOSEENERTE 2B 0NHEDIEFZRET 5.
G OE  REOH '
:para iEEeREE— ¥ (&)
fast BB, 77 —A by bE—V (E—H)
:depth - Y (&%)
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B.7 EHERMEDGHICESDS Z 7D YA
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HIEDEBICEYET £ — V& %:E FIHrAWT 2 LBEOHEMEEIRT %0 7 7 24 M icopye
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EHAL SN P DG CEINICEERSE AIBET I R VED 2D D X A4 » Fo

(set_cat_mode [t/nill)

PDofEZFHRAuzy Pty FLTEL ERRZIEET %,
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P/ — YOEREREFEET 2 B EEET 5o
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BEREP D2 FOEMILL T 2B RERET %o

(pd_net [t/nill)

P DR EEALRE | R T 8 pE»2IEET 5,0

(fs_print_order arcs)

FRUEREE T ) v R KA B FEROBEIERF YT+ %, arcs RBEECERAT—275<rp ) X M Ty IE

FoEEihTtnhnFEoFRE#ELcEh 3,

B.8 4HEETIFALDLEEIOS T LA

(g-comp filel file2 &key (infl nil)

2ODHERIER 7 7 A 1 (filel & file2) A2, dinfl nil (F7 a1 V) OHBEE. HERERFIOMEY

HEE L. cinfl t &3 3 & RERA ISR BT %,

B.9 EFHMEAY—IL

(print_qualified pd data_file out.file conditions)

FRo STV M MEEDEBRBREZ 7 AL ZLLR, ED7 7 ALDHTHERICHDILAZP DD P DEXKR

77/f)1’H:’le?-Z)o
data file HFER 77 AL (FNw L1, 6)
out file HIE7 7414
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S E Bhe

:contributed HERIERICEF SR H o P D ES
:applied P L e ERENAZPD
:activated EHEI A PD

SHEORIC < #RHT B L ZORER AT PDERIENLRD

(print_unspecific_pd &rest types)
HERrEH R CHRABFEINTWAW, — Y ZFUPDEINE, TDOPDERYFERT S5, types i
RHEIhEZwRFADL A 7 ¢, 77 x4 M (:not :var)e

(print_inode_pd )
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AORESEIEDE A (Merging trees)

NMEE R SIRIICE 5 e iC, ReREMBEDE2HVEL UTH A CEE (merging) &\ 5BVEXEAT %0

A.1 BtE (The Merging Operation)

RLATEL 2D 3R T ORMIA 0l 2hOR T2 OMMGIM 02 CEREDE2FETH 5, MERIECH W
T T1 OFHIR & T2 OFHiR & O OIEFBIRIEREETD 20 o Ty LRI T1 & T2 2R EGDE
ZERECIBALD (1) ¥7ciX (2) DTN OBE T TEMWICERT 5. £ TOERRO[BEBET Lk,
A B EDT R HIRICH LT 2 OfiROFHIR O BT 2 fIs5ER I %,

The merging operation attaches the root of a tree, T1, onto the root of another tree, T2. This operation

does not specify the order of childen nodes of the merged trees. Instead, the order is determined by linear

ordering constraints explained in the next subsection.

(n3)

merging *

™ r2) (n3)

BJ A.1: Bi& (merging)

fLORICERSTIREARTBS R merging tree &I EE, BIAARDILRY v £ v 7 A BHEETEROTH T RWT
EANCHOBERR L FRETH 5, MAROBERRIEZ—DOOBREIR Y v R b —DL LOFHiAs LB
—D@ " FTHiIBE LTEY (B A.2)o The syntax of a tree which can be merged to another tree is
almost the same as that of an elementary tree described in Chapter 3 except the :internalstructure

part(Fig.A.2.
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iinternal_structure (VP * PP)

X A.2: BEROBEEILR O (An example of the internal structure of a merging tree)

A.2 EFHEIFOER (Linear Order of Merged Trees)

ETCOERAOREEBKT LAiERoRKeH L, IEFEHEROBERAETE 5 EFHRECROBRRXK
DEYTH B, '
Y LEMEARDEE L TWBHiED S5 BT, < mother — fs > OFRMHEE L B L WREATIARDINE, %

DFHiH DR ET R AR corder THEIN T3 REEEOFBREREFB LAV X 5 KHEFIF
%,

(cog
:name name
:mother  feature structure

:corder  a list of feature structures)

¥, BEOA—Ya v ekt oBEFIONB GRS S hicke LTorased 31,

TEhRaick -
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