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ANHEE, HERICHA RS THEREZXERLER L TWS. HEARICBWTE, fit
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5. HFHzT2 ET, BHLTFIRZH S EREERNEEST 2LEND 2 & 21X, 1FE
FIEZ L AT IMEEFENT 2 28T, ZLONCHEMRIEREZEMICIET 2 eh
TE5. NHOFOXAERDRENZ, BoUANAOHFEMBICAERLED, HH2EDT
WL D A TREARAIRIZEENEWZ S,
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D, ANHEOBENERICHNERNTE 2 EZ 6N 5.
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R 27 FEBFOERRLIEH 2HAT X EENTH LRI THL. HEF ¥ T a=r
JRAZ DT —Xtvy b MSCOCO &, FUHEEIIX LTS5 DDERIHBMNEGEINTVS.
EfESCH & R D [F T APNTR U TR 5 BEEREA) 2 o THI L TWa Z &30
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IELWHSEZ RO AR T 208N D 5. LahomE b, NEFBRO AR DRES) % HE
THEEET 272012, XA ZRRMITIL U CIEMEDL DRI HEELEA 2L, ANMDE
3 7= SFEAEIE R R B ISR AN D W IE LWEE D X R B 2 03 H 5.

U2 L7223 & IEE D DML HGEEIN 2 KB L 25D, AMOED HRANCHE DO WAIEL
WHHED X ZANT 2 Z e 3# L v, flZIE, 77— FR—XDFKIE, TOEDLT
7 L— b (H5E) 1TV 6 BEEEIR 21T 5 72 1E L WHEE OS2 AL ATREZS 25, FREK
RHEEEREAOBRIUI T E LWV, REDONET X6 d 6 LWHEEIEZE Lzt
fF % ngram N—XDFEZ, @i 2 HEHEOAZERLTHED, HENHER 1O
REZERBTERNI 2 SEYIZHEEE D OXDERLIHETH 5. TEZHELFEEL R
FTwd=a—51 %y b7 =7 R-XDFIRF, HT 2 HEIHD A% 53RN - HEE
[ OBRMEZ #EE F % Transformer & FHIN 2 FEPM BRI N T WS, BN 7z HEER+
DM ZFE T2 28T, £B6 LWXOMERAZIEICHEE T2 I enTE, YR
MEZ b OXDERDARETH 5. LAELABORBONET —Xe¥EH L=a—J 1
Sy bU—=21%, T-XNTHIHT 2 HFEZ > - XOfERZE T 2MHALDH 5. S
BGEDMR - CGEIRS N, FRHEGESCENOEIINEETH 2. Liko@ED, EME»DOF

ii



WU BEERRER 2 B L 2035, IELWHIEZ OXDAEMEHBT 5 Z L IIR#TH 5.

A TR, AMERRD AR DORES) Z I3 3 2 -1, IEMED D FHRIC HiEE
A IR L, ARIDVEDAERHHANCE DX E L WS ZFFOXDEREEHT 57
FEeWats 5. BARRNICE, XoErHAle LT, SGEMERNHRIT e ZREE RO
“REHOHRIOTERTIEIZOWTZREIUET L, SHRAIOSXAERANDOHREZREES 5.
XFEMERRAIE U TRBBRSOEZRA L, SUREBSGEZ EH L THEEI NS XK
ZHERT 5. BUIRESCROEETZ VTV X4 UTIAKZRREHF Z W3R HRETRE
BREVTANAOARERTZ NI XL ZHHT 2 FEZIRET L. FRZ7OREL LT, X
DEBEBRBER B HEEHFEOLy F2 AN LT, ZROOHBEZEH LS, [EifED
DXL HGERLFEADFEIN Y, [ELWXIEME 2 M A =X OERZ BIES. X2, EHbE
ERVRHAIE U TG 7 NV 28R L, XERRFICHE 2 N\ Vv 2%t LTEZ, 52
BT REEE T ~XOUITRHG T 2 BEE 2N L 0D, WY ISHEE 7 L OJIER % [F] IR I HE
ETH2FEZRETS. ARXAZ708EL LT, HfZ A1 LT, ERISHIGT 2IEL
P OFMLHGERFEA Z RN L 00, HRZHHT 2L LTIELWEKREGEZ $OX
DENEHIET. HGRORHEH &, YRGS 7 XL OIEEHEE &, BHE Z XL
TIGF B IE U < 2D F#R72 HEEHEE & Z [FIFI21T 5 end-to-end #1E D Neural Network %
8283 %. 51T, Neural Network 25 Y] XD EKME % ¥ 8 3 57012, B /-HEE
A+ D BA GRS T ~ VIR L D BRI 2 22 AT RE /L Transformer N — X DH ¥ ¥ 7
an v IFEER-—ZXIA4 e UTHHT 3. EFEOERTIE, EMENHRAIRE
G AR O AR D F RN Z REES 5.

F—TU— R SUERK, SGEMERFRA, ERREERFRAL, SR E HSOE, ESE 7 L,
EVTHLVARER NI XL, —a—FLFy hT—72

iii



Abstract

Humans create sentences to convey information in various situations on a daily life. In
our daily life, when we cook or clean with other people, we write down the contents of
the work we want to request and tell them to the other person. In the work scene, in
order to communicate the complicated procedures to multiple people, we create sentences
explaining each work procedure. Creating a manual consisting of sentences for each
procedure, we can accurately convey complex procedures to many people. The ability
of humans to generate sentences is an indispensable ability to live smoothly with other

people and to proceed with work.

By equipping machines with the ability to generate sentences like humans, we can
greatly improve the efficiency of our lives and work. For example, by automatically
recording the procedures of daily work such as cooking and cleaning, the time required
to tell information to the other people is possible to shorten. In the case of work involv-
ing complicated procedures, by taking videos of the work in advance and automatically
documenting it, the time of creating a manual can be saved. In addition, by automat-
ically recording the details of the procedure done unconsciously, you can convey more
accurately. Furthermore, the machine automatically generates sentences explaining the
surrounding environment for the visually impaired person. The ability can make the lives
of visually impaired people more peace of mind. The ability to automatically generate
sentences that explain what people want to convey can make our lives and work more

efficient, and can expand human capabilities.

In this paper, we use the structural rules of sentences as external knowledge, and
examine the method of generating sentences according to the structural rules of sentences.

Sentences with diverse words and phrases can be generated by allowing diversity of words

v



and phrases within the scope of sentence structure rules. As structural rules of sentences,
two types of knowledge, grammatical structural rules and semantic structural rules, are
used, and the effectiveness of each rule for sentence generation is examined. We adopt
a context-free grammar as the grammatical structural rules of sentences, and propose
a method to generate a parse tree constructed by applying the context-free grammar.
In order to efficiently search the appropriate parse tree, we employ a Monte Carlo tree
search algorithm. We adopt case structure labels as semantic rules for sentences. Based
on a set of case structure labels, we propose a neural network that predicts the words
corresponding to each given case structure label and at the same time predicts the order
of the case structure labels so as to have an appropriate semantic structure. Experiments
verify the effectiveness of the proposed method. From our experimental results, we show
the effectiveness of grammatical structural rules and semantic structural rules for sentence

generation methods.

key words: Sentence generation, Grammatical structural rules, Semantic structural
rules, Context-free grammars, Semantic structure labels, Monte Carlo tree search algo-

rithms, Neural networks
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1.1 H=

ANENE, HERCHRA ZESTEREZXELLRIALTVWS. HEEBIBLWTAL
—HEICRHERIRRE T2 & &, HODPMRE L WEENAEZ ELLEFIBEZA TV, T
FANCHMLFIRZ S FR 2 EBNIRET 2 0ENDH 5 & 21X, 1FEEFIHI 212175
BEe X FET 28T, ZLONCEMBIEEZIRET 220 TES. AHORDOX
ARDRENZ, BOUANDOHEFEFMIERE LD, HFER2RMNTED TN 5 A TH
EARAIRIZAENENWR B

P AR D B DBEN 2 FEET 2 Z e T EUR, Fix OEERHFHE KIFIC
MR TEZeEZLNS. BIZIE, HEAFEICET 2RBEPRROMERICOVT, B
DIEENAEE HEITXFEL LAl L THE L 2 & 2T XU T DIGIRIEE DR % 5
TE2. £/, LECEMLRTIERZESMEHICOWT, HANEENREZRY L, ThEH
BT EMTEIE Y= 2 7RO FRHNE T 2 T, MEFRIIT > TV A TEENE
bHBEMEN D Z e TEDIEMICFEZILZET 2280 TE 3. E61TF, HOAHEE
BRADEHOBIRZ R T 272018, BEUBRBEICOWTHHT 2 X2 HEIAR T 5 2 Lo’
TENX, HORHEZRAD XD ZOLDUTEEZENS X512k 5. ANHOEZ 72\ IEH
R 72 WERE BB CEL T 288081, A ANOEERHFE LRI T2 e h
TERD, NHORNIERICEMNEHATEZ2EZON5.

HHE OEERHEFREORNRNML, ABOBENRRICANT T, TAETHE < ORI
TERRAIDHREIN, EBFEOWAPAHINTEZ, FIZIR, Eigxy Sy a=rr
RZAZ FEGFDOIERPIEINEHIAT 2 LR T2 XA THS. WXy T av s
ZAZ MG OERPCTEE L HAT 2 X ERT 2227 TH5. K 1.11F, Hifx v
T an VI RAZ DT =&ty F MSCOCO (1] HOV > FATH 5. [AUEBIIHL



2 N .
A woman sitting on a bench and a woman standing waiting for the bus. Dozens of people walking around a metro area.
Two women waiting at a bench next to a street. People walk down a busy city street, with traffic light

A woman sitting on a bench and a woman standing waiting for the bus.
A woman sitting on a bench in the middle of the city P I the street at th £l buildi
A woman sitting on a bench and a woman standing behind the bench at a bus stop €eople cross e street at the corner o Ule'ry ul '_ngs
Awoman and another woman waiting at a stop. People are walking across the street at an intersection.

A bunch of people crossing the street in a city.

B 1.1: g ¥y 7> a =R R707—&ty b 1OV Il (EEE (1] o
Mz5lHL7%.)

THEBDODIERI BN G ENT WS, [EFHRTED, EEPOR U AT L TR
ZHEEREA 2o THIHLTWS., £V Y TLVOEIRHD “Z NDLMHE” 12 LT “a
woman and another woman” % “two women” & WS R THHAL T3 (X 1.2 H7E).
FHOY Y TIVOEGEHD “N &7 120 LT “dozens of people” % “a bunch of people” ¥ \»
SRBTHHLTWE (K 1.275). £, ZALhOHGELEYIZIEF IS, N[
MEERRER X R ER L TV 5. FlZIX, HOY > SNV DIEMEX “People are walking across
the street at an intersection.” 13, 1L3WRTED, EEH» S “FFE (People) ”— “yhiE
(are walking) ”— “Hl§Af] (across the street at an intersection) ” ¥ WS JEFE T X, A
HD3E & 72 SOEMGERANIE o e X2 BRI Tnd. £, LAIRS@ED, P
“BIfEFEM (People) ”— “@fjFd (are walking) ”—“Xt54& (across the street) ”— “SZFt&
(at an intersection) 7 &\ S HFE T f, ARDE D 7z ERMERFRANHE - 7o XX % R
LTWwW3. FRo@ED, BEHEIIH LT, EL K 2 OFPICHIERLEAZER LA 5, AM
DIE D TAEEFANHE o THEERFEA Z NS Z & T ZER L TS, BRF v 7> =
VT RAT DT =KL v b ActivityNet Captions [8] ICBEWTH, MGEHFHDH 2> —12
DWTIEREIC DY HEERE 2 IR L, ARIDVE D TS AN IE - THEERFEA]
EAMNRTX AR 20ERDH 2. £z, HEPHGL EORTHIFREZHST 2 2227
oy, ROWXEZENT 2 XEEW LR (K 1.5), BRI L CHEYIREE R



" a woman and another woman "4> " dozens of people ” *°
" two women ” " a bunch of people ”

17 EBHRIFRE THHA TESKRLBGRETHA

1.2: E{EFDFE CHMRITONT, ZHRZRRBLTHHL TV 5H4.

AT ZEMIGE & A7 (K1.6), BRBREFE AR T 20EEERE A7 (K 1.7) &’y
BeABRSUERICET 2220055, K 1.5, XEENXRZ T =X+ v b CNN/Daily
Mail 2] HOY > TV THS. XEENX R TIE, XETOEELRIEHRLHAT 2 HiE%
[EHEC D OFHSEIR L, ARI25E D 7 BANCHE > TEIR U 7z HEE 2 i U 72 38 i N, 1F
LWHBEZ RO EER T 208D 5. K 1.61%, BREEEX A7 DT =&ty b 3] H
OV INTHY, K1.71%, MEEREXRAIOT =22y b W HOVY IV THS. H
FIE 2 A 7 LM FEAE M & A 7 SRRk, [AIE R RFE T CHEH SIS 2 HEE% EiEh
DFMTEIRL, ABHED 7 HANCHE o TEIR U 7 BEEZ @Y RGE I, 1E LW
BEROXZERT 208N H 5. bkoi@ b, NHEFEBED AR DRES %2 il 23
5729012, XA 7 RRWITIE U TIEMED» DT HERLEA ZEINL, ABOE D I30E
LSRR R B E A RANCE D W IE LWEED X R AR T 2 BB H 5.

L2 L7323 & IEHED DML BEEEINZ B L 25D, AMOEDHRANCHE O WAIEL
WHHEDO X 2T 5 Z 83 LW, BRI, T 7L — PR—RDFEE, TOEDT
Y7L — b (BE) W 5 BEEEIRZAT 5 729 1E LWE D e AR ATREZZ 23, iR
IRHEERFEAIDFEIRIETE RV, REDXET X6 Lb 6 LVWHGEIEZE L4



Peoplejare walkingjacross the street at an intersection.
EiE R EE G
1.3: “People are walking across the street at an intersection.” & W9 I3 5 Xk
TE AR

Peoplejare walkingjacross the street at an intersection.

EEEN  BhE xR SRR
1.4: “People are walking across the street at an intersection.” &\ IZH3 % Bk
TERRRIL

3 % ngram N—ZADOFEZ, HEiT 5HEIHEOAZERLTHYD, HN-HGERLORM
REZEBTE RV L2 SHEYILHEGEE D OXOERPNEETH 5. TELELFEE X
FTwd=a—5 1%y b7 =7 R-ZADFIRIZ, HEhid 2 HFEIHD A% 5 3HEN - HEE
[ L DOBERMEZ % Transformer & FHIN 2 FiE4 (9] BIRBE SN TV 5. B /- HiEER]
TORREZFEE T LI LT, L0 LOWXOMERHRAIZECEE T2 20N TE, #HY)
TS S OXDERDFIRETH S, L LARROREONE T — X2 Lic=a—7
Nty b7—=21F, T—XNTHIET 2HEE2 - X OlERZE L T 2MHANDH 5. M
HEEED MR - TEIRE N, FRLHFERLEA) OBERINEETDH 5. BIRMIC Transformer
N— 2 DMFEERFIE BB X ¥ 7> a =V T FEOERIHNEH[NT 5. MEEERTFIE
@ ChatGPT ' Zffivy, $5E L7 HEEE M - THBIEL L 7=FRFOAERFERGIZ X 1.8 1R .
“RT, XYY CARDT RN, SR, “E QT D3 BERE A o e XK AEEERAI S, X
DHEIZIEL WS, “ B ER” WO BWEILAHE L TH D, HERLEAPRENTDH
5 HMERTE S, k7, HilRx v 7> a =V 7Fk B 2o 4EF v 7> 2 V%
1.9 17 1.9IZTR$E D, “a group of people” L WS FWHILASHH LTED, —
R DY > 7T “at a table with a” ¥\ 5 FNICIERD SR TE 5. Libo@D,
EHED DRI HEERFEA Z BN L 2035, IELWHEZ B OXDOAMEER T 5 Z tid
WEETH 5.

"https://openai.com/blog/chatgpt/



JTOXE :

lagos, nigeria (cnn) a day after winning nigeria’s presidency, muhammadu buhari told cnn’s
christiane amanpour that he plans to aggressively fight corruption that has long plagued
nigeria and go after the root of the nation’s unrest. buhari said he’ll “rapidly give attention”
to curbing violence in the northeast part of nigeria, where the terrorist group boko haram
operates. by cooperating with neighboring nations chad,cameroon and niger, he said his
administration is confident it will be able to thwart criminals and others contributing to
nigeria’s instability. for the first time in nigeria’s history, the opposition defeated the ruling
party in democratic elections. buhari defeated incumbent goodluck jonathan by about 2
million votes, according to nigeria’s independent national electoral commission. the win
comes after a long history of military rule, coups and botched attempts at democracy in
africa’s most populous nation.

EfRERIX

british no 1 defeated dominic thiem in miami open quarter finals . andy murray celebrated
his 500th career win in the previous round . third seed will play the winner oftomas
berdych and juan monaco in the semi finals of the atp masters 1000 event in key
biscayne .

M 1.5: XEENZXRAZ DT =2ty b 2] DY > FLpl

TERXR:

The Norman dynasty had a major political, cultural and military impact on medieval
Europe and even the Near East. The Normans were famed for their martial spirit and
eventually for their Christian piety, becoming exponents of the Catholic orthodoxy into
which they assimilated. They adopted the Gallo-Romance language of the Frankish
land they settled, their dialect becoming known as Norman, Normaund or Norman
French, an important literary language. The Duchy of Normandy, which they formed by
treaty with the French crown, was a great fief of medieval France, and under Richard |
of Normandy was forged into a cohesive and formidable principality in feudal tenure.
The Normans are noted both for their culture, such as their unique Romanesque
architecture and musical traditions, and for their significant military accomplishments
and innovations. Norman adventurers founded the Kingdom of Sicily under Roger Il
after conquering southern Italy on the Saracens and Byzantines, and an expedition on
behalf of their duke, William the Conqueror, led to the Norman conquest of England at
the Battle of Hastings in 1066. Norman cultural and military influence spread from these
new European centres to the Crusader states of the Near East, where their prince
Bohemond | founded the Principality of Antioch in the Levant, to Scotland and Wales in
Great Britain, to Ireland, and to the coasts of north Africa and the Canary Islands.

BHEX : BRX

Who was the duke in the battle of Hastings? Who ruled the duchy of Normandy
EREEX : EREIEX :

William the Conqueror Richard

M 1.6: HRNEX A7 DT =&ty + [3|HOH¥ > bl
1.2 HR3EEM

AREHSCTIE, ANBFRERD AR OBES) & BIMICEEE T 5 /-1, [EED» DFIICHEE
FEA)ZEIR L, ANMDEDTAEENHANCE S FE L WEE 2R OXDOEREERT 277
FEBETT 5. BRIICIE, XOMEREAIY LT, SUEENHRALE kSR o
“HEHEHOMAIOTERTEICOWTZER TR L, BRHAOXXAERANOFRIMEZRFET 5.
SCEREERIHRN e UCRE ESOEZERA L, SUIRE HSEZ A U TR X h 3 /fSOR
RERT 2. BYIBHESOROBER 7 L) X5 UTIREKRRFEREF 2 RN ERRATEE
BREVTANVAARER 7 VD) AL EFHAT I FEERRETS. ZR7OFEL LTE, X
OFERBERE R IEBHEOLY NEANE LT, TROLOHERMHHLRAS, EfEd



A: I'm worried about something.

B: What's that?

A: Well, | have to drive to school for a meeting this morning, and I'm
going to end up getting stuck in rush-hour traffic.

B: That’s annoying, but nothing to worry about. Just breathe deeply
when you feel yourself getting upset.

A: OK, I'll try that.

B: Is there anything else bothering you?

A: Just one more thing. A school called me this morning to see if |
could teach a few classes this weekend and | don’t know what to do.
B: Do you have any other plans this weekend?

A: I'm supposed to work on a paper that'd due on Monday.

B: Try not to take on more than you can handle.

A: You're right. | probably should just work on my paper. Thanks!

L.7: MR X R 7 D7 — &ty + [4 hOH > T Lpl

B
)
¥
5
5
R
i
S
g
i
i

ROEBLULEHROEEEELT, 1 0 HBLUATHEXILTHRSN. R, /. &3
\BFEEBEHDBILNEEL,

a
a

QECERNI el ROEBLURBHROLBEEST, 1 0 MELNTHXLTHSN, AL T, 8¢
ROEBLLLBHROEBEEEST, 1 0 BRELUATEXL TR R, /T4 RS NI CE LA,

RISV ERSTENKIFEL. ROH HEEEST, 10 REURTHRLTLIN. A FH# B
ROLBEULBROEBEEEST, 1 0 BELUATHEILTRE. K. /L BRS ARBFHEXFTEHIENFERL.

RBAVEOICESIENFER. RORBEUBHROE; 1 0 HEMATHEXLTIRN. A, FH#, <
ROLBFUEEHROEFEET, 1 0 BEURTHEILTESN. A, /0L BAS A3 F# 2

R/ EEBT BEHASFEL B o= FUATHXLTCRN. AL F4. 8¢

a
i
5
i
B
s
oy

1.8: ChatGPT DARAER Y > 7 fi

DEMLHFERLFEA DN, [ELWXIEME 2 M A =X OERZ BiES. XIZ, EHAE
ERRRIE UTHRE 7 NV 28R L, XAEBRFICHE 2 XV E2EfFe LTEZ, 52
HNTAEHEIE T NS T 2 HEEZE IR L DD, WYIREHEE 7 L DR 2 R HE
ETHFEZRETS. FRAZOREL LT, HEZ AT LT, EBRIIHIGT SIEL
P OFLHGERCFEA Z RN L 00, HRZ2HHT 2 LTIELWEKMEEZ $OX
DEME ST, HGRORHEH &, YRS 7 NV OIEFERHEE &, S 7 L
HIGF 21 U < D72 HGEHEE & Z [FIFI21T 5 end-to-end #1E D Neural Network %
8% 35, X 51T, Neural Network 23 )72 X D BEKMGE 275 3 572912, B HEE
A+ D BARME RIS 7 LRI+ O BRI 2 8 ATRE 7R Transformer N— A D E G ¥ v 7
aZ VI FEDPBER—RAF7A4 e UTHHAT 5. BFFEOFEETIX, SHEMEAIHEAIR



y 2
— agroup of people riding bikes down a street

— agroup of people sitting at a table with a

1.9: BffF v 7> a =V IFED [5] 2o 7 EMF v 7> a

BRSO S A RN O H M2 BELES 5.

1.3 FFEX DB

RS, TRLD 5 OOENOHEEINDS. REFFRTH D, R OWHRE RPN
KM OME, 7D BN OW TN, B2 HE T, ARG TR RS e T — <12
Y DTSRI DOW TR S, BRINCIE, XOSEMERFAT & EREERHRN D
WCHIA L 728, BIFEOXXAERFEOMIUCOVWTHEBIT 2. X 51, HifF vy > a=
YT RAZIZRE LA EDXERFIECOWTHAT 3. £/, #EFEOFTERAL
72> 7 AL REEZK, Latent Dirichlet Allocation, ngram <E7 /L ¥ Kneser-Ney A 2 —
YT OWTHNAT L. BIFETIE, XOXEMERERANCE D < SKAERTFEEZBRES
5. HAETIE, XOEWREENHANCES S SUERFEZRET 5. 55 BIIARHRD
faame LT, EETHELALAAZ S, SROFE L BEITOVWTARS.






ARGFHCCTH D P 5 5L T — < IRl S 3 FiRIic oW TR 5. BIRRNICIE, 2.1 HiTtxXo
SUERGE RN & ERAEHRANCOWTHIAL, 22 SiTREFEOFTRA LY T
AN AREEE, 2.3 HiT Latent Dirichlet Allocation, 2.4 fiC ngram £ 7 /L & Kneser-Ney
AL—T Y ZITOWTHHT 3.

2.1 XDIEERRAY

AREITIE, XOSIEMERHRA & ERMEE R R O —FEOMEHANCOW TN T 5.
2.1.1 TR OEMERHAI . U TSURE BSGE, 2.1.2 TXOREMIBIENHRIE U ChaEHE
MBI OWTIENS. £/, AHilZ THASELH 101 & MHERNFEET TV [11]1 O
ERTHRNC RIS 2 3 2 FITidh R 5.

2.1.1 MGERBERIIRA)

XEL X, XOWEICHET 2R ARRMICHR L 20 TH 5. ASEEMmIC LN
W, SOEHRN 0 BS0E, SOIRIRIE SO (1 850K), RBHESGE 2 B5GR), IERSGE
BEIE) OMOD 7 7 AN, ZOIEERRICE T 2 IR [12]. 1EH
SCEIIE, JEEICIRDO RO 7 L) X AWBFET 525, BRSEDS S OBEMERE
PRBERTFME 2 R0 T & 0w, IRRIFE SR, X EXERFHEHR R T 201097k
TIREEN 2 B o TWED, $IRNLBH 7L 2Y) ZLDBROMo TWRWL., ZDH, H
REFBED LRI, FEEMES RIEMHRIEE 2505 56 2 3T E, o, RORWL
fERT 7 3V X ADTFET 2 XARE HSGEEZ WS 2 2220, R B 2 50E M
e LTy XRBHESGEEZ RS 5.



X AR E B3GE

SOIRE B, DURO 4T G = {Viy, Vi, P,S) I & DR XN 3.

—_

. Vn 1 IER&REL S (Nonterminal Symbol) D HRES.
. Vp P ¥&5EC % (Terminal Symbol) OFRESR.
. P AR (Production) DHIRES.
EEFHANE A = aDEELTWS., ZZTAcVNn,ac (VyUVE) THS.
. S (e V) : FfaEC S (Start Symbol)

w N

B

JERRL S Vi i, T&Ef)) S TEhEA)) R DB SES 7TV —%2R L, #iad
FVpid THhy % &P 21 e ofil2 0BEEEZRT. Kig, JE&mCS Ve AIZBWVT,
uads Ve 24T 2 D O 2R HTR LS & B IEY,  ZAUuddaa (Parts Of Speech)
LA TH . AR P (AREHAD 3oES 73V —H 5 WIEHGER O RS 72 B8
RZBT2HDTH Y, A%ZIEKIRLS, o 2IFIRLE D 2 WIdKIFELL S O 5505
Hle LT, A= oL T0wad. ERHAIA - o ld, EAZHZ AW iisEhail
WZH5baWIREINCEZXHZ 22 2BKRLTED, EHZHAI (rewriting rule) & I
ENhsZeddHs.

AR r ORI X DELEH a R pIcEEBZI 6N 5 L &,

r

a=f (2.1)
rELL R, EROEBFHAZIEXEHAT2Z21IC&D ad pIcEERZ LN L 21X
a=pj (2.2)

cHEL ZOLE I BEREHNTE, H50VE S arbBEHEINS 2 WS AERGHALEH
DRFICER D Al IR S 2 H R 5 X 5 08 2 R /AEH (leftmost derivation) & P
A e, RS ERIOIFImL S 2 E 2R 5 X 5 WEHIERAE (rightmost derivation)
EREA.

FAAELS S (S € Vi) 3R R IR S TH D, ZOmEroHFEMADME S, Bl
LB S HEH XN BF B E U (sentential form) & FEXR. SUAREHSIAIC & - TE
RINDEBE, ML S S BN SN 2RI SIDEETH 5.
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XIREHEOAEBHANT A —» a DIEZ LTW5. ZHUILEHAOIHK LS A 23434
DOXFEEL S a THEEZMZOoND e Z2ERT 208, ZOAEBMANC AD o ITE SRR
LI G ZHER P(a|A) 25 272 b O 2Rk A H 3% (Probabilistic Context-Free
Grammar, XN PCFG) PR, FECIEKImL S A 2 & DA TR T O 1
R Pa|Ad) ZRLADEZ Y 1IksRIFINIZ SR (R (2.3)).

> p(ald) =1 (2.3)
HERSUIRE SR B2 R 2.1 1TRT.

2 2.1: FERSIRE BRI

S — NP VP 1.0
NP — DT NN 0.3
NP — DT NNS 0.7
VP — VBZ NP 0.6
VP — VB 0.4
DT — a 1.0
NN — dog 0.6
NN — bread 0.4
NNS — dogs 1.0
VBZ — eats 1.0
VB — run 1.0

ARG Tld Penn Treebank[13] TERAI ATV 5 fhEaZ W 4. Penn Treebank 123517
% fhal 22 2.2 1R

XS m ABDSGERAN v, ..or ZEHT 2 2 2K DBIAEES S A HEHEIN S &3
5. TZTC o 3Ry ZBH L7BOERTDH 2.

SOT:1>a1T:2>a2---f%>am:S (2.4)

ERGRALr OfERE P(r) TRIZLICT D L, XREHLIX, ZOEHELD, EHicBWL
’CP(MTlFl)) = p(r) DRDILDZETH 5.

11



Z 2.2: Penn Treebank O 5

CC Coordinating conjunction PPS Possessive pronoun

CD Cardinal number RB Adverb

DT Determiner RBR Adverb, comparative

EX Existential there RBS Adverb, superlative

Fw Foreign word RP Particle

IN Preposition SYM Symbol

JJ Adjective TO infinitival to

JJR Adjective, comparative UH Interjection

JJS Adjective, superlative VB Verb, base form

LS List item marker VBD Verb, past tense

MD Modal VBG Verb, gerund/present pple
NN Noun, singular or mass VBN Verb, past participle

NNS Noun, plural VBP Verb, non-3rd ps. sg. present
NNP Proper noun, singular VBZ Verb, 3rd ps. sg. present
NNPS Proper noun, plural WDT Wh-determiner

PDT Predeterminer WP Wh-pronoun

POS Possessive ending WPS Possessive wh-pronoun
PRP Personal pronoun WRB Wh-adverb

MRS AR HSOETI, MROERZFETE 20T, OSBRI 2 € &I
WS ZenTES. flZIE, TRAVWTESZ MR R L0561 2.1, 2.2 1I0RT
DOMXADE NS, ERMOMIRIE T—PE->TWd e Z2% GEED) AT\
EWS AR, HRIORSIRE T2 E->TWa 2 ZA% GEED) AVWTRE) W fiE
RERLTWS. ZNFRORSORDIERIZ 0.025 KT 0.007 TH 2 DT, LHIORESIARD
WS ERLHO IR L D3 HERE .

12



no 06
adv 04 v n p Y
' 1.0 '0.3 ‘1.0 ‘1.0 ‘0.7
anT £% —£p o Rt

p(t1)=1.0x0.3x0.4x1.0x0.7x 1.0 x 0.6 x 0.7 x 0.7 = 0.025
B 2.1: TRWTES —HZ R &I UK 2 CRDH] 1.

S
03 Vv
pp~ 06
/r]@\
adv v 03 n p Vv
‘ 1.0 ‘0.3 ‘1.0 ‘1.0 ‘0.7
anT £% —£p x Rt

p(t2)=0.3x1.0x0.3x 1.0 x 0.6 x 0.7 x 0.6 x 1.0 x 0.3 = 0.007
¥ 2.2: TRWTEZ —BiZ R &I UK S 2 TR D A 2.

2.1.2 EKBERIRA

XOEKEIZ, HEREABACL > TURINZANETH > T, HARSEBIIBI 2 EKN
RELEDELT, 38, A, fli, X, XOEERLEDWLKDOPDLNIHBEZLND. (R
DHARSHEHEMOIMIETIE, IOV DD L NILDONEEEYNCRET & 3 FADMH
KN, sk, Bty bV =7, BRKERELR Y OREREES I N TE . 35
1F, EHREEOREARNRERER LTMEMNIT 2 2 TE 2. GBEOREKE, FERe L
TERINDD, TORERX Do TE, DFEL OREFRCMOFEE L OXEREGE V-
BN BES, BWEBERG Yo TR, SMEI TV S, HEREEIL, &
RINZ, FEOEKY, ERHPHIRZYDE L 2D OMOBKERICE > TREXIN S, H
MZETNTIE, XOBEMMEE, SUFET 2 HEO R & HEER O ERBIfR D 2 fkH



ko TRBIND. BRI LI, GRONILXHN S, ZYRGEDEK L EIRBEHRZH
LU, BEHREEEZER T2 22 0Wr 5. HFETEN, BRIDE, SMEIER, SHH
figle Y BRSFENIE FWZIGH & 27 2128 WTIE, BRI DSZ 0D i 0 b BT
By, B, FHASATLADOHIZEY ANLSNTWSHIM D 2.

B AARS B S R 7 2B W TIE, MU DN SRS 2 X R & L TR
Wiz T 2580 Z 0. LkdioT, EWMEE M OMEII3RE LRI D 5. WS
CEMRMEDBEMRTEZ S, EHRMEIR, MUMEZN—X L TERERMS KIS
TW33H0D, EHRMEEN—2 U TH SRR TWS D, HKHEICKRFE L
BROBERL L0 b 00 3RIICKHITE 2. BERMEEZRIT 204 LT, AN
L IR B SCRRONEE, RIS N2 ERONE, BEWRMEZ HWTIT Y WL Y, X740
MG U T, RS, X, 2y bV —2, JL—aRBREPHVLNS [14]. EE
s RBFERZ, HERTZCBI 2HMER L LTSN TER. AT, £
ROLEHME L LT, MEEZRAT 5.

RIEE

XM T 2 5HE GELH) X, XOFT—EDREZH-oTWE. XOMRERZ ME
R, MERMPIFE I UTRETHRE (BEAE) 248 (case) WS, MO LT, #
Xzb o GRER) CERNZS D (RERKR) 2o ohd. BHREITICEGRO RO
EE, WERZHOWEEETD 5. FEKOMZZHOE § 5 3EME, Fillmore 12
o TIEZ 6N, 3L (case grammar) &IN5, Fillmore DSFIHAICERE L 7= RS
ZR 2.31TRT.

HEEEZ WS 2, XOMODIE, K 23D X5 ICRHINS.

1. John opened the door.

2. The key opened the door.

3. The door opened.

4. John opened the door with the key.

MG L % &, “The door was opened by John.” ¥ WHHISC (1) DOZENEEDS, FEAR
FRelse (1) E—OMETRIHTE 27213 THL, (1) (4) DFISISIFET 2 BRI
BED, ZOEDORPICHARICEKRIHINS. £/, MICX2EKROERBIL, HERTEICE

14



% 2.3: Fillmore OTFE

woHF B

MEER DoEMEZ5I SR THEOKE

TEERERS B DHEREZNRERT 28 OKE

EE DHOIHRFOEHEFERE oD, HLOHER BRI TRIGERZ X

{{

2RI L T o 15
NRME BEIT SNRYIPET 2R, HHWE, HE, AED & 5w DHEH
RNE & R T RE

TG NRYOBIIBI 2R, BLTIRERL L PIRZICB T 2 R DIR
ERINE R 5%

HEEWE  NRYOBENIBT 28, B X CIREBZELLTIREIC BT 2 Ri&ry7:
IRRE, #ER 2 & 31

Gk B2 HIREDE Z 25T R OB & £ 31

RefEits B 2 HREDE Z 2 i 2 5% 31

32 7L —aREKAy b7 -7 ORBFEL HET 2E500% L, EREOBRSELE
VAT AZBVWTELHOLN TV, RFEOFEREE  LTK Y7 L — 4 L ERGMA 25
B UT, BBRAVBEIRIERRE SRR OBIRMERHICH W STV, LA LR S, 18
DFE DFESFHP A TIZ R WO T, EROXREIES TIERV. £z, EHNBIA
2oL, BIRTERWVIECMISLINME, VT HIEBHREZEML, & 27 4% 64
T ZDTIHFE LRV, BEMEIERS 27 4 PIVOT T, EEMNZFIEROEBRZHIEL,
MEBIRE IR L, FRISFEICEIT 2 HENBEGRE L TBFRERZERL T2 [15]. £ 2.4
2, BEREIER S 2 7 4 PIVOT @ _EA L XL O BRI E D —E 2R T

# 2.4: PIVOT 12817 2 BRAE&

&= E4%i) Bl (11374
OBJ object JRFED TSR John hit the desk with his fist.
AGT agent E{EE He gave me his books.

15



CAU
EXP
INS
MEA
BEN
LOC
TIM
SOR
TAR
PRT
CAP
FCS
MAT
ELM
POS
POF
NUM
NAM
NMOD
ATT
VAL
MOD
QUNT
EQ
APP
REF
CPQT

MDQT

causer
experiencer
instrument
means, method
beneficiary
location

time

source

target
participant
capacity
focus
material
element
possessor
part of
number

name

noun modifier
attribute
value
modifier
quantity
equality
apposition

reference

quantity of com-

parative

quantity of modi-

fication

IR, s

TERRE, AR DR

EE
FE, ik
R HE
2l

HRF ]
TR, A
HiR, &R
BafE#, BEfEY
&, FaE
FER

k]

TR
BIREE:]
EXINOL 0T Py
W

ey
Fsrl
JE 1

JE
BIEGINIES T
=

A —1%:
[Fl%

ZIRICBIT ARE

[ae G SIORY

2Bl &

16

She let me leave.
They suspect that he is a murder.

The computer solved the problem.

She persuaded him to stay with a kiss.

They are working for me.

I saw it under the table.

We have not seen land in 20 days.
John left town.

John spent all his money on clothes.
They married Taro to Hanako.

He attended meeting as a leader.
He wrote a book about Japan.
Their house is built of wood.
Japan consists of four islands.
This is my house.

The front of the car was destroyed.
It is five meter.

The yamanote line is ...

The magnetic discs are ...

What is your shoe size?

The length of the axis is 30 meter.
People struggle to live better.

She bought two bedding sets.

That must be a whale.

Memory devices, such as CD ...
Which man did John say saw him?

He is 5 cm taller than I.

He walks 5 km.



RLBS

DCMP

MODS

PAR

GOA

CON

REA

CAS
CASA

base of relativity

dummy case for
comparative
sentential modi-
fier

parallel

goal

connection

reason
case

case assumption

GEDTR IV
i

BB HE

Iae NOLER

XA&Hfif]

Lz

HEE, HEY

RERET Y I
=
M

e 72 HiR

HROFEAE

R

He looks at the outside of the window.

He is taller than I.

He is, in a word, an idiot.

John and Mary heard the news.

They stopped in order to rest.

Returning to my office, I slept.

The rain made us seek shelter.

In case of the accident, call me.

If he comes, call me.

2.2 EVTHILOKIER

EVTANBRERDOT NIV X L%

AT 3. BT ALOARER (MCTS) 1%, 5

VRELYIal—a e RGBT 3 ERRREHAGDER T VT XL TH 5.
AV a—REEICEIFS MCTS ORINCED, 7— 2023 282 Tid7e L, IKRE
CATHIOND T —REBTAHABR R XA VICHHAZIH, 32—y ari&oTZD
HhzEFHT 222 ICHLRTWS.

2.2.1 KBEDHE

%3, MCTS DI HW 2 KFEED H

o /—R:—oODEH,
e TwP ) —FRZFEXDD.

17
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open

BEER

John

MR

the door

$ 1

open

R

the door

H$7N3
X 2.3: FMHEE % W=D R IR

open

FOE i) B8

the door

the key

Y72

open

BEER

John the door

Y74

o F/—F &/ —RIFOMEMUEDT /) — KEED.

e R/ —F . F/—F 2ol F/—F2HK>/—F.
o FHR/—R :HB/—FD, F/—FRZNOLLEDTF/ —FETonT.
e R/ —F B2/ —FD, B/ —KPZIDoEDE ) — FoLTOWT .
o B/ —FR B/ —FEFLRN—F
o B/—FR T/ —FERLRV/—F
e AE/—KR T/ —F%F>o/—FK. ThbbE /) —FHD/ — K.
o AR I AKEED—HE. THHEBHTRBRAREEL LoTWV5.

e BT DB/ —FRIZOWVWT, ZD/) —ROTHRTHIE ) — FADT v DHORAIE.

THOLBIR — FOEIEZOREEDHX.

e EE . HB/—KRIZOWVWT, FO/ —FhrbLl—h /) —FETOT v I

2.2.2 BEAZIIUVIL

MCTS DEA7Z LT XL DOEZN 2.4 12R71L.

MCTS 1%, 38R (Selection) s, MER (Expansion) ], &2 2 L — 3~ (Simulation) |
M sk (Backpropagation) | 4 DO DFEARNIEN SR I N T WS,

U] 2.4 1ECHR [16] & D 5.
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}%‘é%*?&] [e,.;_l.,,_ ] [ Rz ]
>3

iﬁt%<i?¥
ﬁfﬁbtﬁbt J— REHTECVERR. =l —33> BROBEREEL-S
EBRBLEESEHS) F—EUTS TER2TO)—
FTEHTD

X 2.4: MCTS 7131 2 2 ORFE

Step 1: () : HERROKENUD B FTFEERL TV L.
Step 2: ({L3R) © / — FEHZIHERL, HERAREILIRT 5.
Step 3: (T al—>3Y) . FHLMER L/ —FkpslEYIalt—yay (L4

7Y ®2{75.
Step 4: GEIGHR) : I 2L —YarvitkoTELNEEWME ZORDOL— /) —FET

DETD/ — PNPEHRL, 0o/ — FORHMEEZ EHrd 5.

2.2.3 UCBI1 &

Multi-Armed Bandit BT 2 7 L) X4 LT, Auer & [17] 12 & - T UCB1
EWVH TN RLPREINz. 22T, XAuy b URBERTEEE LT, 1€

RO D10 5 UCBLELMD D ITHW Sz, UCB (Upper Confidence Bounds) 1
fEX, RO, BXEERPIA 9727 — NI U CGEIROR[REME 2 E 8 L 72 H2 51

mahsd (X2.5).
v+ 0y 28 (2.5)

v IZZD/ — FOBER, CIFIREFRE, N 3ERTEE, nidZzo/ — F2EIRL M
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Berd. UCBLEIZBIT 25 1 HD THIFKOmEH (exploitation) | %, 25 2 JHAY THEE
(exploration) | ZFBL TW\W5. FRUIIDANT U RE L o BN FETINS.

2.3 Latent Dirichlet Allocation

REONET = Z PO o TWS Py 7 Z2H 270 DBTERNEREITFEL L
C, Latent Dirichlet Allocation(LA, LDA) Z#3/13 4. LDA IZEBT 5 XEDIK T Bag
Of Words(BOW) Th b, HEEDHEEDAEEMT 2725, \FOMERLEL L. %
7o, XERADORHIIE 2730, NETFT—XLZF TR, BHRLH, HRIFRULEZL Y
FRA B CICHI ATV 5.

%72, LDA BZXEDDDMERETIVLTH L0, HRETFNLDIHFLILLTD 2 DDE S
MBI > TWVW5.

1. BEFV VY  XERLDLSTEFY VT E5H
2. ¥BTNITY AL I HBZETNEED KD IHEET 20

2.31 EFVUYY

LDA IXBIT 3, XEDEFY VI HIEIZOWTHRS. LDA 2, —2DOXENEKD
My ZEFOLRELEZETNTHS. LDARXBI 2777 4 HVETARK 2.5 IR
T TI 74 ANETALE, BREBP AT A —XEHRE L, TL5OKEFEHGRES
W72 7 TRELLZDDTH 3.

HEHNT OTEAFBIAER R R L, ZOLSNOTERIEBEZBPRRI T X =2 2R, 48
%, 2O LD XN TS > TV BRI E e 2RDT. K25
Z, UFOES R ZRLTVS. &XFEEX, My r2ofio ks, XFLOKHE
DMBEIZDOWT, -S> TET My 7 2 ANEIZN, TD MYy 7 2 ITHET 2 BEES
PIHE-T, ZDOMNBEOHGE wAERINS. KIZ Ny 78, DIXER, NgidxEd
FoOREOHBEBKELRDLLTED, My oMo 3EXEIT v IERIN, BED
PREB Ny 7T IERSIN, Biw L ZOHED MYy 72 EDLT 2 IFHGED B
THMBEZ CIWCEREINDE. £z, a & BREANAR=NTIXA=RTHY, Zhzh, <7
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A—=RODHES T4 VI L BIHDNRGI X =R, RTA—=R GBS T4 V7 L 3HDAS
X —RERT. ZHDEBDOHFT, EEICBHSN 2 ZHIICE FICHATW 3 HEE w
THH, FHINE, ZOBRIZERE HOWTBEEROHERZIT>oTW\W5. LDAICEITS
NEOAEERIE, UTDOXSBRFIHTH 5.

Ol0)
o fo—0,

2.5: LDADVZ 7 4 ALETIL

1. &by 7 k=1, KIiZDOW\WT:
(a) 74 V7 LOMICHt o THEESDT ¢ R ER
¢~ Dir(3)
2. HEXEd=1,,DIZOVWT:
(a) T4 V7 LATHE-> T MYy 75931 0, &4
0q~Dir(«a)
(b) XFEAIZBI2EHEnL=1,, Ny ITDOWT :
i. ZHESHIHE> T MYy 7 EBER
Zan~Multi(6y)
ii. ZIADICHE > CTHEE R AR
Wan~Multi(¢,, )

BB, G E Ny sk OWIBENME, 0 EXEAD Ry 20, 2 ELE D 0 BH
DEFBEOWIEI N Yy 7, wen 3T O n BEOBGEE KDL, Dir() 374V 27 L%5
1, Multi(-) \$ZEA TR EDT.
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2.3.2 ZEZPT7ILIVIL

LDA 8702V RLDFEERFEDO—D L LT, 7V Y 7aiERH 5. AR
KT, o7V S iEDO—FETH %, Collapsed Gibbs Sampling iE& W=, T
X, I X=R0, ¢ ZFEPHEL, HIHEDO N Y Y 2d,i TNA =T X =K a,
v, HEEOMHEERY & BB 7Y Y 7T 3FETHS. £D72®, Gibbs Sampling
B s s, FEENEGT, PRI S R0 e 2FETH 5.

LDA IZBII 2 2 TOREEROIE G E, 777 4 HIVETILVORGFERICHE DX,
NA ZOFERE LM T2 HCTREMT 5. X (2.6) TRT.

p(Z7 w, 0, ¢’a7 ﬁ) = p(w\z, ¢)p(2’0)p(0|a)p(¢|ﬁ) (26)

1 (3.3.3) 1, Collapsed Gibbs Sampling /EIC X o TRD7, BEN MY Y 7 24, DY~
TNV IHEHIATH B.

p(zdz—k|wdz =, w\ \dz 0476) o8 p(zdz —k wdz =, w\ \dl‘a /8)

= /p(Zdz—kwdz—vw\ 2\ 0, ¢la, B)dOde
x /pmw—vm“—kwmmmwwﬂéwﬁw¢

x / P(za; = k10a)p(Bal2\*, )6
_ 8 (g + ) o
(™ 30, B0) (ny™ + Xy an) '

ZT, 2\ RIBER Ny 2EE 25 Za; D BROWIBIER Yy 7R EZ KT,
Wlmﬁrm+z/7kkuoéfantﬁﬁu@ﬁgﬂﬁ%ﬂw“uyidkuoﬁf
EABTE L ¥y 27 k OBEERCE, n\™ 33— 2 CHD YT NRBER R Ly
7k OFERRE, 2 LT, n)" 130HE d TERS N BEBEOEERRERL, WIho
ZRC BT D HE d B B MR | OFEFERH RPN S.

X (2.8), I (2.9)1F, 0T ¢ DHERFEHKTHD, K (2.10), KX (2.11) 1%, Zhz
1, Collapsed Gibbs Sampler IZB1J 5 0 & ¢ ICEAT2EHATH 5.

22



(Zk Nak + o)

p(0alza, @)
p((z)k‘wazvﬁ) =

Ok

¢k,v

LT

ndk—i—ak

F(Z Ny +61)

H Fnkv"_ﬁv v=1

\d,i
ndk + o

\d,i
nkv
\dz

+ Bu

+ Vﬂv

K
 ITe™™

>l +Kak

Hqﬁ"“*ﬁ” g (2.9)

(2.10)

(2.11)

CT, 03, XEJDBHEN MY Y 2010 %, 20, 1, XFJZBWTHETS % n&H

DHG

NANR=RFGRAXA—=RTH 5.

2.4 ngram EFJ)L

5L

=L LD HAH) 725
i p(W) %

PAETBRIETHS.

X (2.12) 12

X, 52 ohBak

Hl W

I
= [ [ p(wilwi™)
i=1

B 2 ST 2R p(w; \wi_l

BICHIET BRI R ¥y 2%, wyy 3, OB BT 2 i BHOMEE, )
3, WER R o 2 k (2, = k) O B EEBNERT. £,

a, B 1& Dirichlet 53 D

=wl = wy..w 1TRHL, ZDAEK

(2.12)

) ZRD B e A TER, HEEII2RONERZ

HETHIEATES. LaL, TRCOBEOHAEHEIHL, plw|w™") 2R 2

B ERNICARARETH 3.

ngram €7 /U, HEDEKIE

p(wg|wi™

HiD (n—1)§
LTHB. 2D, K (2.12) KB 3 p(wi|w ™

23

BICOAMKET D EEZ DN
)&, MR (2.13)

) (wl|wz n+1)

5

ELs

TiltET® 3.

(2.13)



72, n=1,230Dr %, ZREFN unigram, bigram, trigram EWIN 5. e LT,
bigram O & Z QHFEH| W OERMERIZ (2.14) D XS5 IEHHETEZ 3.

I
p(W) =[] plwilwi-1) (2.14)
=1
F 7z, X, RO OWTIE, ISR R ITRAIRELE %, SCRICIESCRE R

SHlEe =%, ehehn — LIS OBGEINHITRET.

72, ngram € 7IVOMROHEETIETH 5705, HEEH| wi 238 7 — X HIcHBLS 5[
BE Cwi) eRTZLICT 5L, ngram DFERIZLITR (2.15) D XS kDo s.

C(wg—n—i-l)
(Wi—pg1? — 1)

p(wilwiZ, ) = c (2.15)

2.4.1 Kneser-Ney A L— V45

R (2.15) KBWT, HIZE, C(wl_, ) B0DEE, plw|wl ) A0LRb, Ziu
Fo T RIKDMERD 0o TLED. TDXI7%, a— RAHFICHE LR WHEERHE
FEHNCXT L ED X IR T 208 W05 % ¥ aSHERE E FEX, ongram € 7 ULIZE T
LREBMEL 2o TWS, WYILRHEEMEZG2 DI ERED R L—T ¥ 72T 5
BERHZ. AL—Y VT HEERATET 25, 22T, EBRMCRLEEIRVLE X
7z Kneser-Ney A L —3 ¥ 7 [18] IDOWTHIHT 5.

Kneser-Ney A L —Y 703, BRiOHGEOMERZENTIAL -V VI HETDH 5.
IRz, trigram OHEORERT (X 2.16).

_ (clayz) —d) | day ]|
p(zlzy) = ey + (") (2ly)

clIA T Y MR, AR TH 5. (d|ry*|) DERTOHEOELZRT. HlZIE, “San
Fransisco” 23 D a2 — S ZI2HB W T, “Fransisco” DBHEIIEWVD, IZFL AL DHEEZN
137San” DRIZHEL. LA L, “Fransisco” @ unigram MR EWz8, “Tokyo Fransisco”
REDBEVHERE 7 oTLES. ZoM@EZENES %5728, Kneser-Ney R L — ¥ 7Tl
ERTOHGEOEEHRZEHR L TV 5.

(2.16)
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EI3TE MEEERIRERICED < XEK

BIETAENLED, B2 DOFYICHFEZERL, AMEDMERHEANC S
ELWHEE 2RO X DA RFIEEZ MG T 272018, XOSTEMERHRANCED < SUERTF
FeBat L, SGEMERTRAOSERANDHMEICOWTRELES 5. AFETIE, iEME
RN U CIRB SR ZHRA L, )RBBEXEZEH L TREI N 2R Z LT
% T & CEMERRANCE DS S X2 AT 5. RAZ DRGEL LTE, XOERRER
LI BEREHEDOLy P EANE LT, ZALOHEZMEH LS, IEMERDOFIKLE
FERRRAIDER e, 1E L WIIEMIE 2 i 2 7e X DAz HiES .

3.1 EL®IC

AREITIXET, SCGEMERRIE UTURE BSGEZ SR LSRR T 2 IRofE %
BT 3. KiC, AR LA E RS 2720, A DIRE T 2HXAROHIHTEL, £
TANVAARELR T VTV X L2 A U7 XRA HSEICED  SCERTHEIC DWW TR 3.
I, BEYTANVEBRERTZ LY XL THRINHERS I 21— a v 27572012,
BRITE DRGE T BRI DR D IAASTIEICOWTHAT 5.

XAREHSEZHH U THESORZREE T 2 5B OV THAT 2. 2B THAL@ED,
3 2.1 CTRl#k L 7B O SED SBHATRER SUEE R 2 BT 5 2 & THESURZREEEL,
SOERBERANCHE 5 72X R BT 5. BIRINICIE, XOBEIES S 2 & I ATRE72 SR,
S— NP VPOATHD, THEERTZ. Kic, KIS NP 2 S EE R S0k,
NP — DT NN, $L<I&, NP - DT NNSTHhH, Z0s 2 HEOSGEHAAD S NP —
DT NN Z3&R$ 5. X512, JFHKIHLES NN 2 53R a2 30ikiE, NN — dog, & L <
X, NN — bread THH, Zhs 28NS 1 OFIRT 2. 2D X512, XDOFEES S 2
BFEIRATREAR SOEE R A LEIRNT 222 T, M31D&5% R2FHEOMIAEZHBET 2 2
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EMTE, RIUSIE U THEYI R SORZERTAUZ X 0. L LA S, RBUIE U 725#t)
TR RESOR 2 B IC HENRIR T 3 7= 1213 2 DO E 2 R T 2 B H 5. 1 oHIZ, K
FUSIE U 72 72 MESORTH 5 Z & 2 HMMANCBEEE T 2 Z 2 i3 TER0. AR #EY)
BHEXIRTH 2 L HIET 2R L FIFRESOROFHEHER 2 HE S 2 08 H 5. 2 DHIT,
SUIR B H SO SOEFEFREDE 2 213 E R S 1S 2 HSORIZIER USSREIF 2 I K17z
5. PR, IFKRECE NNS 20 & F R ATRE R A& 500 1 B & 100 REEH O BLEEICHE 2
%Y, MEERXNG M SOREEENE 1,506 EICHER T 5. SUIRE B SOEZ #H L THESOR
ERERT AR, SGEHAIDEZ 21 RS G 2HORIIAR L, BAREEOESOR
D SRBUTIE U T EEI R SURERR T2 e DR ETH 5.

S S S S
NP VP NP VP NP VP NP VP
DT NN VB DT NN VBZ NP DT NN VBZ NP DT NN VBZ NP
\ \ \ \ \ \ i \ \ \ [ \ \ \ T
a dog run a dog eats DT NN a dog eats DT NN a dog eats DT NNS
\ \ \ \ \ \
a dog a bread a dogs
S S S S
NP VP NP VP NP VP NP VP
DT NN VB DT NN VBZ NP DT NN VBZ NP DT NN VBZ NP
\ \ \ \ \ \ \ \ \ T~ \ \ T~
a bread run a bread eats DT NN a bread eats DT NN a bread eats DT NNS
\ \ \ \ \ \
a dog a bread a dogs
S S S S
NP VP NP VP NP VP NP VP
DT NNS VB DT NNS VBZ NP DT NNS VBZ NP DT NNS VBZ NP
\ \ \ \ \ \ [T \ \ \ T~ \ \ \ T~
a dogs run a dogs eats DT NN a dogs eats DT NN a dogs eats DT NNS
\ \ \ \ \ \
a dog a bread a dogs

X 3.1: £ 2.2 1 RTXAREHGED SHRE X NG S 12 O SUK.

AT, 1 OHOMEIIN L, @Y HSORZHE T 5 720 OB ORESCR O FHIE
ZRETD. AETEXRAZOFREL LT, RUZHHAT 2BRICTERER LR 88O
BEE (LIR%, “Situational Input” &3 5%. 21X, {dog,eat,bread} TH3.) & ANIHHE
LTEHZ, 2o HFEICED Z@EYILOER SN TV 205 s 2. BEARNICE, 4
FR U 7SR ZRHli§ 2 R LT, SOEMED@EY) S, HEEORNDDIELE, ENN
BDOWYIS D 3 DDHE Ml s 2. IEMEOMEYI X 27 Ml 272012, ANBIWTD
% “Situational Input” OFZHFEDFFAN TR TEHEEINTVE2HET 5. HIEOENR DD
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EL X Z7Hii$ % 72912, ngram (ZED S FHlifEZERAH L, AMNEOEY) S 25Hii§ 5
7212, “Situational Input” & OEROILE ICED  FHEEZERAT 5. 2 D HDOHE
WXL, MRS 2 HESOREEDIERTH > THMRINTEY) R IRERE T 2729
WEYTANVARER 7LV XL 2FHT2. TV 7L REREIE, 2ETHHL
D, UCBLEIZESWT IMHEROEM (exploitation) | ¥, HEZ (exploration) ] DNZ
YRAERE R OMBINCHRRERT 270V AL THS. ALz, TXTOMIKRDGE
HMEDINR S 2 & 5 ICHRRZHED 5720, WXRDFHIEICE-D { UCBLEDRIE %
RETZ. oK TReLT, BEFETEEY TNV ARERENRINATS DI,
BRI OE L RREFA DI DIABLEITD . BRAHOFRESIEL LT, XOFERE
RO BEINCERRT 2TEZRET 5. BANICE, XOBERFEI O FHRER
ERBZEVHIEZDG L, WEERBEIICHR L%, BFEL D b AEOERAZEHT
52 THREMCEELZHRRL, RRICHAFEI D D HOXERHAIZE S 2. RREMO
BOIABTEE LT, XOTBERERL K2 HEEHFEDO L v b “Situational Input” ~DR
HHR STEDWTOUEHAIOY > 7))  THERZFRE L, RE LY ¥ 7V v FHERICE
DV TEEOKDIABREB IS,

DIREZ, 32 B CXAERFIROKATHRZHENL, 32ETEY T AV REREZH W
XAEBRDFEAR T VT X LEZFEN Uitk B D 2ROV THYNCHAL T3
HEHlli s % 7D OMSCRDFHIE L, 205 OFHlifER TR PRI & 579D UCB1 {HD
RERHERHAT 5. 612, BREMRINCT S -0 DR OE & HRERHIPH DR
DIAATTEICOWTHAT 5. 3.3 ETREFEOFEEFICOWTAN, 3.4 ETAIIE
DEEDHSERDFEITONTIHENS.

3.2 S&ATHRZE

XAERFEOFTATIHRE LT, REL 2BHEHOY un—F2355%. 128, &FEARL
JERAFIFIC X o TSN 2 FETH D, PR TEME L2 2Z2HERL, ZOHBX
DT =N D—HEIC L > TEMNIT T2 0w53DTHS. BARCE, Fv—+
PN—F— FITHRI NS X T 4 (19],20], FRMAEES 2 H L7 HALogen/Nitrogen 7% &
DT AT A [21], tree conditional random fields ZHEH L7 A7 4 [22) 2D H D, it
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FREZEIHASINTVWE =2 —F 0%y P =2 HWEFIE [23],24],125) b, 2077
O—FZHEALTWS. LELEDYL, TOHDOFEEET LT XLBKRDILERE
KXo TEMNA T T 2729, EMOXTHOONZZWELRERICHD 255 $h, ik
BREBDOXDOERIIHIFTER V. £, VALY =a2—F0 2y b= 2HVEF
FRHEEOTHZT2DDTHD, MEBEHEREZERL TWRWDIR- I EME 2RO
ERAERT B AREMD D 5.

95 1207 Fu—FF, XAEREHEERFEBEE 2, BETY 5> =r 70
ZII5dOTHS. ZOF7 = 7IHOMlL LT, RINIERNZLIEZIT->TXOD
ARNB TR L, RICEARFTERICE T 5 (surface realization) £\ o7z, 14 7F
A R [26]) ¥ WD FEDH B.

RIZZDRA T4 VERIRDZ DD LT, XONERFET 77> =V v BRS
FERBUCENLT 2 L & [AIIRFICAT 5 BF%E (CRISP[27], PCRISP[28]) 3% %. Graphplan[29]
DEI72, ZLOXERT S V=Y VFETHRHAIATWSIER 2 AL LTRIWMD, B
KRR ERPEE LY A= RT3, Ty =0 7BV T, SUERK & I ERR 72 fig
W27 728, IEERBRXDERZRL.

F7z, BADREFEL BEPIRVIFR L LT, UCT 703V XL %A L -REN
B2 E R U SUERDBISEIZ, Sentence Tree Realization with UCT( STRUCT|30], S-
STRUCT[31]) A% %. LaLiAS, ThbDFHEE, ANERIERIKICRESN, b
BREDN AR T 2 L ZHNE LTEBY, SRREESLEAOMEAMIHBREIA TV .

3.3 R’EFE

AREITIEX, ZLDHIT, EY T AN AKRERE WK E BRI HEED S SCERTFED
AT NI X LTl RTt%, BYIRBESORZHRINRR T 27200, LERSCOFHIT
&, BRRGHOBETTE, RREHADK D IABITEITOWTHAT 5.
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s ) I—K/—RIC

stepO #HARE O SEAISAERE 1D
SNPVP| .
( N — S_ UCBfBICEDE,
ste £\ s B~ \aa
—>_>\ p P 2)5“NP_NNVF SERTEELCEERIRT 3
NP VP

step2 BRFAILE Hilchr/ — REERT 2

e A Y S
VP SCER R & B RN
step3 3}/ = |ty 7Usy

YIal—Y3Yv VBD
| DT N IR S X752 £
man saw the girl

[ + 2 237 ERXORIT7 &
Stepd BEEEH | T WREB ) — RDZ 7 OFE
L EEX C B U BB E R
A7
( ) VIaL—YgyEHEINREARD
P i % =k /—ROFH/ — k%
) ROI—K/—RET S

-

X 3.2: MCTS % F\W7= AR
3.3.1 BEAZIIUVIL

VTN UARERE AWz, SUIRE BSHRICED S BSOREED 7 L 3) X5 7%1K 3.2
RS IREBEFETE, KRRy I, REHSGEOAERBRAITH D, /— FIEH
RKeilssd. B/ —RIEIDER LMK, RER/ — FIZRTERDHIRE 72 5.
BAIDBEREARDIL— bk —RiZ, XOBIEILS S VM S (step0), & 2 [BIEGEAT (stepl
o stepd) 2D IRT. AT0%, W=/ —RFDF/—RFOH0HLER ) — R 2IE
L, XDI—b/—FREF5 (steph). ZDIL—bF/ = oHERERABELN, BU
AT (stepl 225 stepd) Z#EDIRT. DED XS BFIEZ#EDIRT Z & THRIRITTENR L /-1
NARZAERRT 5.

DR, @YK ZRERT 270D, Tild 2 RICBT 2 BIRN L FiRzii#fs 5.

o stepd (2B B WSORFHITIE & PERIRE 57 (3.3.2 H)
o stepl (2B BB ATHEAL SR DKL D IAATT K (3.3.3 i)
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3.3.2 BXAKFHEfEL UCBL &

7 — KD FIRR IS FE D W BBUOR TRE S 2 12012, LD 2 a7 Z#EYic
WEL, RATIZEISVTHBRERET S, AEHTIE, HETIEROERLDZRa 7L,
ETHORAT7ZINHEXE L7200 UCBLEOREHIEL, BBIFETIEIIOWTHRS,

£EXDRa7

3.2 stepd ICBIF B2EMLDZ A7 ITOWTHAT 5. HAIZHEORND DIEL X
EXDHNEDHEY]ENZOWTD DDA S5 21T o 72, FEHllE PRCITR .

1. XOWNED @YX
Situational input & UL TH X 7z HGERE & AERCCD SVO DHEEIZDOWT, word2vec IZ

X2 0HMEHRERD, ZH oD cos HEEZEML 7.
2. HEEOB D DIEL &

ngram language model (2D L fEZ H Wz, DITO 2 HO b 602 HHL. 4
OV &N 2 BEEDEA 2 it L 7.
e Perplexity (LUK, PP)

Kneser-Ney A L —3 > 7 [18] I & % trigram @ Perplexity DfEZ L 72.

o Acceptability (DA%, AP)
HEERIGEGHEE 1T & o TORFAAREME (acceptability) Z I % Acceptability [32] A
a7 2EH L7z, Acceptability 2 2 713 Fids 3.1 D@D EHEE N 5.

1

.. Pmodel (3) Is]
Acceptability(s) = lo <> 3.1
y(s) = log P (5) (3.1)

Z 2T, DPmodel(s) 1 n-gram SEEE TV ZRL, KFmL Tl Kneser-Ney A L —
v 18] 12 K B trigram ZERFHT 5. pyni(s) & unigram MR ZRT.
WX AFHEEICE D < UCB1 1E
3.2 Wi stepd I2B1F 5 UCBLHOFKREHEZ RN S . FELTIRRTAEEL O F A iE % [F]

FHCICR & 2 72912, RFHEIC BT 2 B DIEZF7> UCBLEZ R (3.2) O X 5 ITRE
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L7.
PPorAP + C 210gN (32)
n;

R DR vfond vf wY W wPPerAl DAEIEAY [0,5] TH % 12, THIFKDEH (exploita—
tion) | ¥ IR (explanation) IONT Y ARRDIDICCE 5 & Lz, vfond:, Z{S Vo}
WZOWT RRLICEHS 5.

cond+v —|—’U —|—U —|—U

° Uicond.

EROIACB VT, SVOBEENRVIHPZ L ERIND D, ERLDRa7
DAEZRLT- L ZERH/ — FET UCBL fEOZ1E U K S RO L
V. FEROCBI IR ERD 372012, ERXORESGGEHREL, RIESEEE
- e 2CHbr 35, AN CORBSEMALIE, XOERL L TEE-RE-HN
%%@wn%%%,iﬁwﬂ%%ﬁt?:ttﬁé. SVO %2#h, »oXERK%E

g &, vond =1 2ERY SVO 21w, & LI XEHRIK 2 X
e & pend =0 2R,
o 5. vV 0

’L”L7Z

3.3.2 D 1 TliNTz, XOWNEDEY]X %73 % 720 D cos FE 2 W BERTH
3. vfond RBEH DRFD A S, V,0 1B 5 cos HUERFTREL, 2Oz —
FIZBIT2ZNODFEELID REVE, BFHbR 12T, Zhllilor 20 %2iK7.

e vI’7 or vAP

3.3.2 0D 2 TRz, HEOENYDIEL X Z/RT AP H LLIE PP EHWEBRT
52, 0T DFRTUCBOTHELD L TDH AP RFEL, ZOMEAM bR —
RIZBIT S AP OFEEL D KEWVE, BFbR1 2R3, ZHlNDE X0 %2i1RT.

3.3.3 EAMBELIEDRDAHSE

ARETIINBINCHERZITOIZDD 2007 Fa—FIZOWTHAT 3.

EERDAHEFHE SVO HIE

SCAERRIRE, HERRTS A D HERICHF L T2 OO BEZ#-INE T2 2 1Tk . BIZE, &
FEDOHEDHIEFD a TH 255 a DLBOHFEIZ a L DORND ZERL TGEIRT S Z
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Leirb. BARX, XHOFEEREFE L 25 situational input & BIEDFRWERE ) S
ARetRT 2B, BRI, BF — #a — BAE or BlFE — R~y 77—
FOIECARZ BT 2. BEATH 206851, FiEr BRGEDM  OFERERIC RS 5 72
¥, situational input O T d FELBER ML, moicHm3I sz e35. 2
T, PCFGITX o TR N AR HIEHL SVO ZHIET 2 Z X TERWED, MU
IR RICARZ R L, SVO ZIE L 7.

1. V2 580F 2 i % R

1D TR S M7l 5 2 X DRGEL 3 5.
2. WEEX DD N S F 2 Sl % EH

1D TR I N7l 52 XD FEFEL T 5.
3. BEEL D AD N 2 SUEF 2 i % JERH

P TR SNl 52 XDOENEEL T5.
4. J ¥ RB 2 500% % fhail & 26
5. 2O &G (R by TV —F) & JER

ZZT, 1, 2, 3HIZBWT, #HTEMIN-KIEILS%Z SVO T 2DI1F, HXRDE
WE ZARCHIHGEIEXDOTERBRY R A0[REELAEVW EEEEB LTV,

BT VIR ROERDHDRE

MCTS ZHWTXXAEMZ T 20, BRESGESAI L FERIC X D BRREPHD A RITR -
TLES ZedMEe ks, XEZ—RAMPOH TV 0 7 Tre22EZ 5. HIZIX
situational input DIRGEEL LT eat 2352 5 5 & X, eat & run 23[F UHERTEIRIN 5.
&k, SRR T 572012, situational input ° BIRDHGEYL DOH D%, PCFG
DMERZZR L TMERTMICED I GEZ Y 7)) V752 HEZRET 5. IR,
SVO, SVO LN DEIEE, A by T — R TZNLILERT 2 EOMRS M T HRE L.
ARl 2 UM ITR T

o JER&IRRC S
PCFG DR Z T 5.
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¢ SVO
situational input & EEIMU T\ 2 HFEDFEIR XN 2R EZ 5L T 5728, word2vec
12 & D situational input & U TH X HN/-HGEY D cos FHMEZREH T 5. cos
PO EFEAZ R (3.3) 1TRT.
Sy &)
ZZT, riZcosHYMETHD, =20t L.
e SVO LISt o HE
situational input words & i LT WHGEDEIRZ N 2R T H T 579, situ-
ational input % W (e.g.{dog,eat,bread}) & L7z DHGEIN p(v|W) ZKD B Z & %
%% %. 413 LDA(Latent Dirichlet Allocation [33]) % i\ 7z. [33]. LDA T%%
BEADETAPOHHLEFEW O MY 79 Onery ZKRD, TH% p(Onew|W) & F
5. F72, p(v|0new) 1E MY ZBOHEES ¢ Z AV, KX (3.4) KOKRDB. p(v|]W)
33K (3.5) Kbk 3.
P(V]Onew) = Z Ok vOnew,k (3.4)
k

W) = [ D0l pOne W) (35)
o Ay FTU—F
HEEDRTR DD 283 57, bigram & bigram R EZKD, Zh oD
Hz ML 7.

FROBENFTONTDA XA — V%K 3.3 1R

3.34 EBEDKDIAH

MCTS ZFHWTXERZ T2, a— A bNEINLEENZETDH 255, R
HHEDIAKICRED, I 2L —ya YEBDEAT 5. RiEX T, situational input D%
HiEE & HE LR WEERISR D AT Z & THRREP 245 2 Ji1E 2 MET 3 5. situational
input DETOHFELFARFICHE LR TWHEZIET 2 2E X, PEYy ZETICK
DRDT-HEEOMER M Z R L. BARNREERZ D IALOFH E 2L NIRRT,
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S

_ 1. FRIRECS
% - PCFGODREX
P
VBZ

JJ NNS

the cute PUPPY has blg breads

bread
2.5V0
4. ZI\‘/7"7 R 3. SVOLUANDEIIEE 581317_ =)
SESAD . FEVO ST DRI A BRI DELE D FIF

3.3: HERDAT DRENT FED LK

1. a— P TcOHBEED 5 [ EDHEEEE .
2. 333 CRELI=DHEEE
e SVO

cos FAMLLEEDY 0.3 WAL oD HEE 2 {H F.
o SVO DSV D HALEE
ZNENDFHFNTBVT, p(o|W)(5.2 HiCiL#) A3 17 20 HFED AEH.
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3.4 RER

3.4.1 HER{BTE

FHLZETLDO¥E 3= RAZDOWTHHT 5. LDA & AP IZ25WT, Microsoft
Research Video Description Corpus(MVDC) ! HHOHSC 4T 85,413 X% W /2. word2vec
EF N E n-gram E7 L&, Wikipedia English Corpus 2% W=, Xz, HREHE L 25
PCFG iEREHRICHW 7 — 21220 TR %, PCFG IZDW T, Penn TreeBank [13]
D WSJ00 2B % 0000 ~ 0009 2> STERK L=, SGEEUX 717 TH 5. FEFEIEHIZ, Microsoft
Research Video Description CorpusC D32 CITHIA L /zE& DN, HIHEIED 5 [
YED 4,464 HEEZ H W, F£72, XAEMKOD situational input & LTI () D & 512 3 F%H
WZOWTHRGEEZAT - 72.

W = {dog,eat,bread}, {boy, play, soccer}
{man,write, letter}

XEOHl#Z 3 ESLITOR, $LAE6MUESM T L., £z, ¥Ia2lb—Y3

>R 2 — R 8D 100 & L7z,

3.4.2 HERCER

ARSI Z 3 3.2 1TRF. R32WRT XD KR CEERE L2 G X 75604 ThkA 2B
FERCREA R LSt S 2. Bl ZE, “situational input” & LT dog,eat,bread %
ERH L7z & %, dog iZDWT “another dog” % “dogs” & W I FEA)TRILL TW/z D, boy,
play, basketball Z{# i L7z & £, boy IZ2WT, “boys” % “powerful boys” & 5 FEH]T
BHT 2 X2 MERR LTz, SUEMGEICOWTIE, ED 6 “FEE — “iRal” — “HAIVEE” DIEH
TIEL S HEEERSINTWS Z e i sz, —/5C, “Fih», “dbah”, “HHEE O
WU TAHAHALERZFOBEEER SN, X2Re L TERMES RWilbiER s . fi
ZIUZX, “situational input” ¥ LT boy, play, basketball Z{#H L7z ¥ %, “another boy play
underneath soccer vaccination” &9 XM 417z, “underneath” % “vaccination” 1
XMRANC A EARARE®R ZFROHFETH D, XKL L TEKRDIES RV R S .

"https://www.microsoft.com/en-us/download /details.aspx?id=52422
2http://dumps.wikimedia.org/enwiki/
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F 7z, HiERLFAOLREANEARLA SRS ATz, filZ1E, “situational input” & LT
dog,eat,bread Z{fiH L7 & %, “another dog eaten smallest breads” & W95 X ER XN
. TOYE, BEDFED “eaten” L WO Rl ZHH T 2 DI THRTDH 5. AL DFT
ffifEe LT PP Y AP 2 LR 2T 2 &, AP ZHH L7zR0 ik 274 B
VEEEREHLTWS Z e 2MREE LD, XAERORBE L L TRREREVEIR LN

. RO, SCEME Y LTSRN HIEL < “EFE — “ibiE” — “HINEE” DIHEFTH
BRI N, BRA RHEECEA 2 T 2 XX S Ny, “FEE, “dbah”, “HWEE O
JEATABRLZERDHEEDEIRS N D, BERAFAOZEB AL D RS .
RIZ, FEXRZRZF DL DFHIEIC OV TS 5. 3.4 1% {dog, eat, bread} %
situational input & U7z & 2 DX DERRGM 27 THEROHER ZRL TV, XDEKMF
Zi 7z SHERIE, BRERMIED L L HITLITPERL TV S Z e RN HE VT SVO %
G A XROHIR 2T eERT 2 Z e PREETH D, HEBRETIKIEOHE. XD
R LTCWD ZeER LTz, K351, L— 1/ — RPEHINS T L ofRF
DEFHEMED VI & T OB 2R Y. THIEIZ TR TOEINNS SIPERLTWS. £z,
FEEIZR ZRZEINI R0, BRI K D  RERETHERDIED o TW5B 2 & HER
T&E2. ZOZEPHTRTOECDOVTEID RWRITITPERT % £ 5 ITHRRDEA T
bbb

1.2

1 /
0.8

o p—

12 3 4 5 6 7 8 9101112 13141516 17181920
depth of the search tree

3.4: {dog, eat, bread} % Situational input & L7z & = DX DERARSGEMZ i/ THEROD
HERS.
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Situationalinput

# 3.1: AP Z{HH L =R 4 sl

PSS

AP

{dog, eat, bread}

3~5

- another dog eaten smallest breads
- another dog ate connecticut breads
- another dog eats smallest breads

- another dog eating smallest breads

- dogs eaten bread connecticut

- either dog ate underneath jeff connecticut breads

- another dog eaten automatically recumbent breads automatically
- every dog eat underneath another outstretched bread breads

- another dog eats automatically recumbent breads

- another dog eats automatically battering breads

{boy, play, basketball }

- another boy play overweight soccer

- another boy play eight soccer

- boys play another soccer ’s

- another boy played overweight soccer

- another boy play eight soccer

- another boy play underneath soccer vaccination

- half boy play underneath soccer connecticut

- these boy play underneath soccer vaccination

- another boy play recumbent soccer horizontally fistfighting soccer

- the boy play underneath soccer vaccination proffestionals

{man,write, letter}

- man learn letter vaccination
- another man read letter

- overweight men read letter

- men wrote letter vaccination

- man wrote another smallest letter

- that man wrote underneath letter connecticut

- another man read together letter connecticut

- another man read together letter vaccination letters binoculars
. overweigglt men read another overweight letter

- another man read together letter connecticut




7% 3.2: PP & fHH L 7= DA Rl sl

Situationalinput X PP

{dog, eat, bread} 3 ~5 | - both dog eats quick bread

- both dog gather bread washington
- dog eating eight bread

- dog ate 1 bread

- the dog eaten either breads

6 ~ 8 | - both dog ate with the breads and passengers
- both dog eat on combining breads

- a dog eat with italian quick breads poles

- the dog eaten bread ’ aggressively

- an dog eat lighter breads overboard

{boy, play, basketball} | 3 ~5 | - refreshing boys played soccer
- the boy play an soccer

- powerful boys played soccer
- every boy play five soccer

- the boy play their soccer

6 ~ 8 | - any boy play for any soccer

- every boy play till olympic soccer

- a boy play between olympic soccer
- the boy play soccer episode ritually

- any boy play for its soccer

{man,write,letter} | 3 ~5 | -an man learn 10 letter

- these man read letter washington
- men read both italian letter

- man learn your letter

- these woman wrote letter washington

6 ~ 8 | - the man read in no smallest letter
- the man read open letter episode
- the man read together italian letter

- the mar?l)gread in both letter

- the man read in an lower letter




Transition of average Transition of variance

1.2 100 5. 0.025 250
:g 1 — ° Z 'E
= 80 F = 0.02 200
E © £
@ 038 A @
v 60 & £ 0.015 150
‘a 6 U 7]
o O. 50 <« o .
- f—F s < o.01 100
:6’ 0.4 7—4-«_! 40 & 8 '
o EL ¥
E oo 20 © & 0.005 50
a Y g ‘=
: 0 :
o 0 0 )
1 3 5 7 9 11 13 15 17 19 123456 7 8 91011121314151617181920
depth of the search tree depth of the search tree
= cosine similarity of S = cosine similarityof V.= == cosine similarity of O = Acceptability

B 3.5: v— b/ — FEFEND T & DERRPORFHIED T & 7B DHER.

3.5 F&

X OIEMERHAI e UTIREBHSGEZ R L, KRB BSGEZ @A L THERE I3
MXARZAERT 2 FEZREL, XREBESGED XAERNDHENEICOWTRIEL 2. &
R DFEL LT, XOFERBERL R L2EEHGEOLy P2 AT LT, ZHoDHEE
R L2 S, [EMLDOFPRIRHFERLEAOER Y, [E L WXIEMEZH 2 7o X 04z H
faL7. XRBHSOGEZ A U THESORZ R T 2B, Y72 SOR 2 A BEHE
T 57D R OFHlifEEE RS 2 0B H 5. £io, UEREEBHIIEZ 513 C R
ST BREURIZIER L, WRZIEEHDHE SR D SRS C @Y 2R 2 RR T 5
B YIRS, A, BYRKESORZHES 27D OFHMEEIR LT, SUEMEDE
U, HEEOBI D DIEL X, ARNEDHEYIE D 3 DD RICHD  FESOR O FHE % 12
Rz ¥, IBRMHEYIBEYRERRT 572012, VTV ARER7 LY X
LEFEH U XIREHSGRICHE D S XAERTFEZRRE L. £, IRNCEYTHLm
RERDSY I 2L —2 a Y EITI 72D, B OFHIEE & SRR FT 8 DFE & BRRHFH O
BOIAATTERBE Lz, ERTIE, 5ALXOTERER R 2 BHEHEEO Ly Mok
DWWk A RIDVER SN Z Z e RWER LIz, —/T, 526N EEHFEDA O HGEE
RHEERANC A BRI, HEEOEE 2l o0 2l L. SHOMEL LT, HEH
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BDARLT, XK LTOEKREERBLE-TEEZRIFL, X2 L TERNCHAR
BYEERT 2B ToNS. £, ROWXOARKICHENT T, FiCKEDOXET —
RN BEETAEEFER—ADFERY, MOBER7 LIV X LDOMREFHRETLNS.

41



42



F4TE FEREERIRREBICE D < XEK

H1ETHENRL@ED, EMrOFIICHEZEIRL, AHEPEDLMERNHRNCED %
IEL WS Z RO XL OERTFIEZ MRS 2 72012, XOBEWRMERHANCE D < SCERTF
FEeME L, EMERHEROSAERANOEMEICOWTHREES 5. AT TIIERMEER
FATE U TG 7 XV L, SCERIRICIE 7 V285t LTER, BRohk
MG 7 <L IR S 2 BEEREIR L oD, YRS 7 L DIEE % [FRICHEE 3 5
FHEERET . XAZOHREL LT, EHEZATE LT, HBRIIHETZIEL K 2DF
W2 BEERCREA) 23 IR L DD, HRZHHT 52X LTIELWEKMEEZ b O D4 E
Higd. HEGORHEL e, BUIRSHEE 7 ~OLDIERHEE &, MG 7 s s %
1E LU L 2O R A BEEHEE & 2 [RIRFICIT 5 728, end-to-end #i& D Neural Network Z 2%
3 5. X561, Neural Network 25 Y)72 X D EHMEE % 5 572912, BN -HGERL
D BRI IEHEE Z VIR T D BA R &2 2 AT BE7R Transformer N — X DG F ¥ 7' =
=V ITFE B ERN—RFT4 e LTHEHT 5.

4.1 FLC®IC

AEHICRFTHEGERF v > a=r 7B E2HBIL, 2BHICBT2REEZHATS. 2D
%, Hf*x v 7> a =y 7 pBICBIT28EE 7 L2 HT 2 FEDONMED T 2 8H S
5. MHE 7 NVEMHHT AEEY ¥ 7> a = FFRICBI 2ELZ AR, REFIED
BEEZARND ., £z, RETIE, HIREF ¥ 7> a =700 0TEEE 7 LE “K
RLE] Z X)L (Semantic Role labels) ” L IERZ 5, DI, #EHE T L% “EHFAE
ZAROV” LELERT .

BR¥ ¥ 7> a = ZI3EHBOHALZER T2 227 TH 5. LIHENZIRE LH
B oEREDOTEIO 724 M LD, INEETHNZIRY L ERD 515 B OIRFEITEI®
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BFITTEI O B Z R A KT 272, A RBHCIEIZEIRT 5 2 LS, Z2< ot
7% [34, 35, 36, 37, 9, 38, 39, 40, 41, 42, 5] MEINTWVWE. TNHDFHEDZ TV
a-XEhe 7T aA-XETHBINTED, v a—XEEEGE AT U CHEGRHEE 2
U, 7 a—XENIEGREET AT L UTXOETED & —HEET DR RINHEE U AERSL
ZHIF 5. BERLFEEE LT, HEONEZNRINIEKI L EGREE 23 27290
12, TYaA—XEMZANT 2EGFHOSEBEOBGRELRE T2 7Ty avEY 2 —
NERER U7 (9, 38, 39, 40, 41, 42 2VRE SN T WS, £z, XERDBRIZRDHEE
DOHEE IR T 2EGERBEICEDERT 27012, =¥ a—XioH1TH 2 HGRH
BETFaA-—KWOANTHZERE CHEINLBELOERET 7> avEYa—L
TEMAET % b PMRERINTWVAS. KT Meshed-memory transformer [5] 1, 4 RIRE
DGR R ¥ HEEMOMRE LA T 2201, BRE» ORIy a—Kie 7 a—
ZAHWOEEEOBGROMX 2 FE T2 e CRHBERBERY ¥ 7> a= V7 2FEHL TV
5. LHL, BERF Y 7Y a=y JFEIANERPEROATH D, HANREZHES
BRIz 700, Il AR NFEIE RN 2 B L RIS O W T, - P AEBE O TEin
ERELTHLETHoTH, JEELBEEOTHEZXATE S, EEOITENCE S %3
XEAERTBAHNESD 5. EHifFx v 7S a = ZFIRE, e R AL RITE% [
RRZAT > TV A EHFICBEWT, 2—F —2PREL T2 EREEEL CHHET 2 Z 2T
ERA4AN

HIFE AT REEIR ¥ ¥ 7> 2 =2 (Controllable Image Captioning, LU CIC &3 3%) 13,
EEIZIZ THIEE S 2 A1 LTES Z & T, 2—¥DHEE L ERICEDS W THEER D
AT 2 XX 7 TH 5. flES L LT, “Ay” R T8E (V) & Z o BEH
3% “agent”, “directional”, “patient” 72 & D [FEEEZE]Z ~UL (Semantic Role labels. DA
[, SR&95. ) oty b (BEAEAREREEZ NV Verb-specific Semantic Roles,
KEVSR &3 %.) 2H3 2751 (VSR-guided CIC) MRS, CIC XA ZIZBWTH
FEE R HIEEEZEBH L TW3 (7). K 4112, VSR-guided CIC DEZ/RT. AJ1D VSR
M “eat” & “agentl, agent2, patientl, patient2, verb” @+ v b DR, LR X N7zFHH

{

IZBWT “agentl” X “a boy”, “agent2” X “in pajamas”, “eat” |& “eating”, “patientl”
¥ “a cake”, “patient2” 1X “with frosting” IZHH2X3 5. VSR-guided CIC TlX, Z—¥H
FEE L7z VSRIZE D WT, VSR DK 7 NOMIHY T 5 7 L — X SR S L -EtiH %
AT 5.
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L2 L7235, VSR-guided CIC OBIFFIL [7] 1%, #E EFEA T 2 HEamaR D D3aiH
DISIER 4L X 3. VSR-guided CIC T1F VSR 125\ 7= IERER B 2 4K F 5 7
?S?)GZ, AT RDEAE T 2 AT OHEE &, S OEMAEE 2K 3 SR OIEF & H#EE

- PIZER 4.1 EORBITE, SRR T 572912, FHANRTH 5 “agentl,2” %
“patient1,2” IZHHYF 2 “boy” % “cake” BEIET 2 VAREBEHE T 2L0EDNH 2. X5
12, A OEKMEEZRT SR OIEFZ2H#E T 2 B8N DH 5. BIRANTIE “eat” DEIE
D3 “agent1,2” TH D “eat” DITANRD “patient1,2” TH 5 & W\ 5 XD EKRMEZ RT,
SR DJIEF “agentl-agent2-verb-patient1-patient2” ZHEE T 2 HEDH 5. AN RIFE
T2V OHEE & SR DIEFHEE L, S DERKEREICE B S 5. BIFEFE (7]
X, TS DHEEBIZOWT, EEOHY LZET M X o TERANCUE L TWE, —>D
HOETMZ, SANRTDH 5% VSRIHAT 2VAENFET 2P REBREZHEL, —
HIZFHX O EMMIEZ /RS SR OIEF ZHEE T 5. =2 HIIHEE S - WRsEE & IHF
NI o SR OHIALZAERT 5. 6 OHEEIFHZ U TERINCUHEE N 5729
BETIMTBIT 2w D IZHAORMEALOER 72 5. BARRNC, BIFFEFE (71128
J 2 ERTIE, MR OHEGRR D DFHXOBESH O TERNTH 5 L HEF LTV S.

LRSS T 5 72, AERSCTIE, SBASER & IR DO HEE & SR DJIER?
HEE % [ARFICAETE S % End-to-End VSR-guided CIC €7V EERT 5. #ERXFEEI v
a—-XEr Fa—-XETEB N, =Y a—-XEIEWIRERE VSR A1 L THRR
Brehh3 5. =a—&x{e LT transformer encoder [9] ZERH T2 Z & T, AN
HE DR Z FH R T % self-attention EY 2 —IL [9] IZ & D, VSR & BfROFRWYIIATE
BICEADT SRRt S S, 7 a—XENIER] & CIcHiE SR e
MR oM g2z A1 LT, ROBFEL ZOHFED SR 2H#ET 5. 7a—XEle LT
transformer decoder [9] ZERH 3 % Z & T, EHlX THE SN -HEER T ORRRELZFE
$ % self-attention €Y 2 —/L 9] I X D ERTEFTOXREZE R L LHSH, Tra—xe T
O — X DR OBERME R T % source-target-attention Y 2 —)L [9] 12k D, RO HFE
WEIE T 2YMATEIEICTEE L TROBGE L ZOHGED SR Z2HEET 5. A TIEE HIT,
SR DIEFZIEL SHEEL, 1ELWEKRMEED X 2 @RERICAENR T 2 72012, Eiill % T
ESINHEEICIA T, ERfECIRHEESNLZSRZANL, ROHEEL XD SR OHEE %
1795771 (SR-guided captioning decoder. L%, SR-dec.) Z#ZEF 5. SR-deciT kD,

IELAT E CHEE SN HEEICHNZ T SR A DBRMEZE RS 2 Z & T, EilX TOXXR & [k
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VSR: VSR:
\eat, {verb, agentl, agent2, patientl, patient2}/

fly, { verb, agent, directional/}

Y-

G

.

B OB : OB :

A boy in pajamas eating a cake with frosting.  An airplane flies in the sky.

X 4.1: VSR-guided CIC OME. Hiff VSRD+ty b2 AL LT, HEEXN VSRIC
DWW THIRDFHAL 2 AT 5.

WKXDOEMEZ ZRBLBRBORDOHEGEL SR ZHET S5 LB TES.

FERCIX, CIC FHEDFHRFICIA FHENE 2007 =%ty + (COCOZYT 14 T4
[6] & Flickr30K > 7 4 7 4 [43]) ZfEHL, FHliziT5. MRLD, BRFEHIRN-—XF
AL CRERMEZZENT 22 2Rs. 61T, SR-dec D7 7L —2 a VEHiliT
X, WEROF ¥ 7> a=rr7a—KXeHiRL TSR-dec AT 254, XDIELL SR
DIEFZHETE, ELVWERMEZ R OHIAERICTFE ST 5 Z L 2RT.

ARETIE T3 DODORTHBML TV S.

e VSR-guided CIC OBHFFEICB T 2 H#aman b ZHIW T 2729 ?D, End-to-End VSR-
guided CIC ET LV ERRT 5.

o IELWEMKGE Z F O 2 SfEREICAE R T 5 720 D SR-dec 218 RT 5.

o 2HBHDT Xty FRfioERITKD, HADRBEFENIR—X T4 VL
THREMBETHDZERT. 77— a YIHlliTlX, SR-dec 23SIE L W ERAE G
DFHIASAERICEH G T 5 Z e Z2RT.
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T G d Ta—5H
FER
N F i fESR
= M (o] omEsin
IR Rt Capti ) o
5 "l:l AP K.m An airplane flies in the sky.
b == : = prediction
i Transformer K‘ Transformer | == -= === - --m e m e —m e '
- . encoder decoder [ .
g %;h“; y : agent - verb - directional 1
--------------- . FHEANT b & & & & & & !
FV): S !
B el concatHﬁ O ﬁ‘ ‘ﬁéﬁﬁﬁﬁ ittt teteleltttttulttll
- ; bR ! SRdecTEITAHS |
i | ) 1 1
1 ! s
| BIREEIT LR S OREEIT L e - i | 1
R {verb, g Pl HAEE ‘ Positional I SR- ]
i agent, ) g E_g -] embedding encoding i embedding 1
\ directional} / E‘ ' t : t :
------------- ® BOS> An airplane flies ! _ - agent —verb - directional |
in the sky. : ________________ 1

4.2: VSR Z{#H L 7z End-to-End fI#IFJREEI{GF v 7> a =V 7 E T L DOLMRER. AR
PN, $2% 9 % End-to-End VSR-guided CIC ZFEH T 5 72HITRX—ZX F 1 > D meshed-

memory transformer [5] \ZEMN L 7zH857.

4.2 FITHREE

ARETIE, BifgF v 7> a=y ZFRECOWTHE L1, HIETREREGRS v > a=
¥ IFHEIZOWTHAT 3.

BERF v 7> aZ Y J3EGOHA LR T 22X 7 THS. i, %< DDNNR—
Z DT [34, 35, 36, 37] BIREINTWVWE. ThSDTFEDZL BT ya—&HrFa—
ZETHRESNTED, Ty a—XE3EGE A UCHEREEZME L, 7a -5
FEGRREEZ AT L UTXDEHED & —HEET OBRINHEE LAER 2T 5. &
PO HEEOHEERNE, HERRBEICIZ, XOEEEBEHET 2 701 “BOS” %7 a—&H
WAL L, “HEEHMBEOHETIE, BERREEICIA, ElE THE S NHEZ 7
aA—XEDAN LT B, CREERT %500 “EOS” #HNT 2 £ T IR LBEERHETE
T3ZLT, EROBMALEERT 2. Fiz, FEHRHCBWTIE, Bl E CHEE Xz HEE
E AT 2RI, EMXOERE TOHES%Z AT % teacher forcing & W5 2%
FHEBLL BRI TWS., BRZHEEY LT, T>¥a—XEICANT 2 E{GH O RHEIR
M OBRMEZFHE T % attention B 2 —/L 2 U TFiE [39, 40, 41, 42] ARG S ATV
5. Fio, XAEMDBCRDOBEOHEE IR T 2 R EICTEE T 5291, =>a—
KEOHSITH 2 EGRHME L 7 a— XD ASITH 3 ERF THEE XN HEE © O
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% attention €Y 2 — /L TCEIE T 2FE (9, 38, 5] DHER SN TV 3. KiZ meshed-memory
transformer [5] \&, B4 MR EOEGEHE & HER OBRIEZEIRE T 272012, B
@rozzrya—xEe 7 a—XMOEEHROBBROME Z2FE T 2 2 & TRtELRHE
BF¥r T a=rreERLTVS.

HIHEIREEGRF v 7> a3 =>J (CIC)I, s LT, E{RHOYIRER (6, 44] %
M [45] ZER T 250G S T3, YkHEEZHIEES L To &, fEESNL
TRTOVEFEBIZOWTEM LA ZERT 2. XREZHIEEST5 %, fEESH
XNREOXZAENT 5. 6 OHEESE L —FDBRHE L § 2 [HHRICK - T 24
LS % 2 TERY. FIZE, 2—F2VNGEEEINOIEBDORFEATENCDOWTHID 720
&, IRGEATENCREE T 2 HEE (e, LY, FERERY) ZBEINT 2 X 5 1R il
TrzenTERY. XRZHEES T2 %, HHELAXERIRT XS, W TH)
WZIEBROHEE (EHNICEI N RRERRY) 2 H L TRHANCHEE R DA
ZEALTLES. VREEBZHIEES L 32 L &, 8E L WREBUCIRFCATENC KR
ROVIHE FERMNTLE) DLDAATWS &, Ml Z YR Z R T HEEZ o THEM
EZHAOLTLES. ZOMBEANL, HLVHEES LT, “Ay” 2 CmEGTho iz %
3 TEhE) ¥, ZoOEENCEE S 5 “agent” X° “directional” 72 ¥ D TEBEKEIZ L] &
D+t v b (Verb-Specific Semantic Roles, LA VSR &3 %) BMEREINTWS [7]. VSR
% CIC ofilfifE 5 & LT3 % (VSR-guided CIC) [7] Z& T, 2—¥DBRBEL T 21E
Wz EREICRHA T 2 X DERZEF L CIC XA 7B T 2 EERMELERL 7.

ARETIE, ESOHIEEZER S 2H#E(ES & LT VSR Z8#H L, VSR-guided CIC 123
B EEFFIL [7) OHEEmRE D 2 IS % 72 ® @ End-to-End VSR-guided CIC € 7 /L% 2
B35, BEFED=2 -1y VT —IHEDR—RF 4 > ¥ LT, End-to-End [Hif§
¥y Y a Y IFEOWN, EfEERAERZFER T 5 meshed-memory transformer [5] D
v P MERZRET 5.

4.3 REFE

WP FIROHERR D ZHIE S % 729, SN RBIFAE S 2 WREBOHEE &, SR DJE
FPHEE &, HEE S PR & ERE T 507 SR 20 & DEtSC A E [FIRFICEBL S 2
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End-to-End VSR-guided CIC €7V ZRRET 5. REFHEE LY a—-ZEe 7a—-KET
Bl EhTws (BRMEZN 4.21077). =y a—XEkik, EROSYIRER L VSR @
ty b AT L, ANENEMEERY, % VSR & OB ORERMEZEIE LD S A
Foet 5%, 7a—&XE, BERII = a—X o1 Th 2P REFHE E OWi5 %
AL, AOBFERINDOROHEGEL ZDHFED SR 2H#ET 5. REFEOL Y a—X
EBD transformer encoder & 7 2 — XD transformer decoder D % v b7 — 7RG D R —
R4 e LT, MARMREOEGRNE L BEEMOBREEZET AL, SWARKEE
% 981 U 7z meshed-memory transformer [5] ZHfH 3 5. M 4.2, T>a—XEIcBT 2
FRME 73— XERIC BT 2SN DA TR S 2 HAEIC 0 20 TH 5.

4.3.1 FEHE

IVO—4AE &, FANRTDH 2% VSR & BERORWYATEHIBICEA DT S Lz HHE
oMM ZHS D TH 5. BERMICIE, —va—&xEiE, @ifge VSR (TEE] (V)] &
BEHEE 7L (SR)) Oty b)) ZAS L L, BEREEREE]Z NS S 2 PHAH
BUCHAD I S NHERM-Z TS 2. ROIC, HRE, FEEAOMRKHET IS
ANERN, SR T 2 8WEEEZ L OEGREEZIIS T 5. VSRO T#E (V)] 12
DWW, BhEAREB DY A4 XD one-hot N7 bLVEAEKT 5. AN13 28D “Ay” D&
ZE Ay ITHY T 24 0T v 7 RADALT, ZOMIZ0THS. TEHEEEZ L (SR)) I
DWTIE, YA XOEREE]Z XV D one-hot X7 FLZAERT 5. AT 2EK
BN Z ROV “agent” DX X, “agent” ICHYT 24 T v 7 ADALT, ZOMI0TH
% . BRI O EGEFE & BiEE & BRI E] 2 NV O one-hot X2 P UIZDWT, ZRE
NHE XN Linear B (X 4.2 D Linear, Verb embedding, SR embedding) IZAJIL,
F YA XDRHENRY FVZER T 5. 25 OFRHEARZ PVERIIGANERSE L, X 4.2
H1 D transformer encoder IZ AJ1 3 5. transformer encoder /&, self-attention € 2 —/L
W E D BANFEOMEEDOREBREDRE  (self-attention ¥ v 7) ZEFHEL, self-attention
<y S Ko TEANFEDEAD T S P EREz T 5. AFEIIBV
T, VSR & HGFHHE ORROBE AEIRE SN, VSR & BEROBWEGR S EADT
Sh-HRERESH I E 5. VSR L BROEOGEIRRFE & 1, SN RFLE T 2 WK
HEHORH eI ON D s, Ty a—XEOWITH 2 HRREE, FHANRIF
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1E5 2VKRHEBDEADT SNREETH L2 EZON 5.

— &8 13, SROIEFHEE L, SiISCERZHS HOTH 5. BARKIIE, 73— XE6
BEFE CHEESNLHEL Y a—-Xol i THrHRFRHEZ AL L, XROHGEL
DHGED SR #HET 5. BHNC, BHETE THEE SN/ HEED & FE8EEY 4 XD one-hot
N7 FVEAERT 5. ANT ZHEEN ‘T QL B ‘T ICHYT 24 VT v 7 ADALT,
ZOMT0THS. ZH5Done-hot N7 MLEK 4.2 D HEE embedding 12 A JJ U HGE
KB bW T 5. %72, Positional encoding [9] IZ & - T, FHFEBEOXHITBIT S
(2 RIMEREANS L2 ERT 5. BEEREARY PV ERERZ " V2R LE
D 721%, transformer decoder IZA 13 5. transformer decoder N TIX, > a—XEB
62T - 7- PR & BT £ CHEE S N BEEDRHEAR 2 ML O A O BRI DR
& (source-target-attention ¥ v 7) ZFH 3 5. transformer decoder I%, source-target-
attention ¥ v ST K o TEANIT INUMHE S NRHEARZ MLEHTIT2. &R, Z0
FHH~X 2 b L% Caption prediction E7 /L & SR classification ET/WVICATIL, FET L
WX o TROHGEY ZDHFED SR ##E T 5. Caption prediction €7 WL, FHE~Z b
N FBRBRDNR Y PV 5 Z 8 T, ZHGEOMRZHEE T 5. SR classification E
FAUZ, BN R L% SR T AUEEED R MUCERT 2 22T, &SR IO
MER2HEET 5.

SR-guided captioning decoder (SR-dec) & HIZAGH X TIE, SR DIEL WHF % H#
EL, ELWEMMEED X Z EREICAER T 272012, Hl % TICHEE XN -BEEICZ T,
ERETR#EEZINL SR T a—X—IC AT %51 (SR-guided captioning decoder.
AR, SR-dec. 4.2 7, fRAHNIER Y. ) RIRRT 5. OIS, EAfE THEESI NS
SR 7N B Y A4 XADERKE Z XAFEEK D one-hot X7 FALEIERT 5. THHD
one-hot X7 ML %, T a—XE L FED SR embedding IZA 1L, SR OFH~RZ +v

WA B, HEERIEANR 2 PV BRI P e SRFFEARZ Pz R L EbE IR,
transformer decoder ICA I3 5. BHEEF TOHIELX SREZTA—XKICANTSHZLT, A
AT E TOXNRE EMMEZFRFICE B TE, XD IEMREMWRMG 2RO 042 FE
BHe5.
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4.3.2 18BREHK

HSAER DR 2T 572012, BHFOEBRF v > a =V 7 FIETRHAZIATVWS
Xy T arnRAEET 2. FARIC, SR OHEEZYEE T 272912, SR 75Er 2 2 #H
T2, ¥y 7> aryaRe SROVFEOAZFERICHEIE S X5 IC¥ET 5.

¥+ 730X 1%, Caption prediction ETIIZ & o TH I XN KHFEDRERIC
WTEEZIN S, ZLOEBF v 7> a = > FFIK [46, 47, 48] T, FHAf¥FE &
77 AV Fa—=r 0 2REOFE T EZERS 5. HHEETIE, HESNHEEL
EfCH T 2 HEEOHT, TRt TEREIN 7 nRzy tubv—HK (L) ZHH
5.

ce 1 <
Lea, = - Z ylog p(x), (4.1)

ZIZT, nidXE, v 3HGEZRL, p(o) 3HEE LHEEOMR, y ZIEEI L THD 0
P1IDETHS. 774 YFa—=VI7TiE, E—a¥—F 48] THERI UKL,
TORE LT HRIMBERBUC DO WT, DUET X D DM L3 2 X 5128 2 % self-critical
sequence training (SCST) [47] 2175 . BEFFE (48] ZHEER L, SCST I2B1F 2 MIMBI%L
(& CIDEr-D [49] ZfEH L, WD FHER—ZX 74 T 5. LS ITO0T
DIERBEBII TR D XS ITERT 5.

Lrl _

cap —

??‘\H

k
}: ) — b) log p(w?), (4.2)

ZIT, widH Y ININIAEHON, i BHOXTHD, r() FHWMEIE, bIEFR—2F
A THY, BEHXOWMD e LTRSS, #a@mkE, v—ad—F2fHLT
XEAERL, BHXOPTRDEVIEROXENT 5.
SR 380 X 1%, SR classification €7 MIZ & o TH I XN BHFED SR OERIZOW
TEtREINZ. FHEBIEROEWREE 7 L E2RD Z 2 B TE 5729 SR classification 1%
~VF TNV ETS 120, FTREARDISICERINEZ A AMF YV I/nR Ty e —18
KT 5.
Lsem = —ylog(q) — (1 —y)log(1 — q)), (4.3)

Z 2T, qlX SR classification DHJIETH D, yid 0 F72E 1 DIEMRINLTHS.
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SEFEOX FHIFERICBII 2280 213F vy > aru R SROFER ZDOBEME L,
THRD IS IWCERT 3.
Loy = al% + (1 — a)Lsem. (4.4)

cap

77 AVFa—SV IR, ¥¥ TP aruR0ARRMAL, 2R LY OALT 5.

4.4 EER

FEERTIE PR 3 DOBRUTOWVWTEHET 5. —DHIX, 12858 FE% VSR-guided CIC DRE
BT [7) #3232 2T, VSR-guided CIC IZBWTIREFIED End-to-End HiE
AR DOREER EICHF 5T 205H3 2. —2HX, E2EFEDOL Y b — 7 EDR—
A F 4 » & LTEHA L7 meshed-memory transformer [5] & b3 % Z & T, End-to-End
DF v 7> a =y ZFRIIBI S VSR ORIt 27l s 2. =oHIZ, 771 —>a Vit
fliclX, IEROF ¥ 7> a=v 7 7Fa—XeEERT 5 SR-dec ZHET % Z & T, SR-dec 23
SR DIEfF D IEMENER FICF 5T 2 25HE T 5.

4.4.1 RERERTE
FH{E

AR X NI DR % E RINCFHES 2 720, EiffF v 7> a = v FFIETILL i
SNZFHIEETH 5, BLEU-4 (B4) [50], METEOR (M) [51], ROUGE (R) [52], CIDEr-
D (C) [49], SPICE (S) [53] ZffH L7z. 77 L — a YiHiiicE W T, SR-dec ZfL
THEE X7z SR DIEF O IEHE X Z27Hili$ 2 729, —EOFHiEEZ#EHA L. —2i1&, SR
Dty b LTDrecall (i, —DHIESR DRI E LTDrecall [ETH D, ZNZFN Rgry
BEUL Ropo LT 5. Rspi, Rspe Z FLRD LS ITERT 5.

NGT!

Zf:l ‘Nv(Ol'JTZ set) ) (45)

set

Zf:l N(GTsZet)

Rsp1 =

(4.6)

koo 1 (OUT: = GT:
RSR2 — 274:1 C’L .Ci — { ( seq seq)
0

k (OUT, # GTi.,)
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ZZT, NOIX () NOEBICEEND 7V, kx> IAEeRs. OUT,,, GT:,,
oUT.,, GTi, &, ZThZhiFEHOY > T MBI %, H)SRRIHD SR 7LD

&, IEfESR RIIHFD SR 7~V DEE, 1 SRRAI, [EMESR R ZRT. bbhl7e
TOFMIEIEX, H—DER I OWTH—DEMSICH L THEHT 5.

HBFE

REFEIZOVT 3 DOBATIHE S 270 Nl D 3 MO IRFEZERA L 7-.
VSR-guided CIC 28128 EFE BEFE) [7].
VSR-guided CIC iIZBWT, RRFED End-to-End HiE D RiRA A AU FEA O #2288 % 5
§ 27 DIMFFE [7) 2R L 7.
Meshed memory transformer (Meshed). End-to-End v bV —2#iEI2ET 2
VSR Ol 23 i 272012, REFED=a2—F1 12y P —IHEDR—R 74
¥ T®H 3% Meshed [5] ZHRH L 7.
IREFE w/o SR-dec. SR-dec D7 7L — a Vi LT, EETFED S SR-dec 57
DAHBEWTFEz .

RERERE

FEICHR L7 =&ty b, BEFIEROFEEROFMRREICOWTHHT 3.
T2ty ;. BHFFE (7 OFEBEZEEE L, 31,000 KOBERTHEKR I L5 Flickr30K En-
tities [43] &, 120,000 DO HERTHEL X115 COCO Entities [6] ZEH L7z, T XTOH
BiZiE, 520F ¥ 7Y a vyPFEIN TV, BIFEFIEL (7] LAk, BB OFTE) %5
BHLTW2 &y 7> a VIR DAL, ¥ 7> a vyHREEE ST IV EIEEL
7e. £72, VSR7 /77— a YOERAES BIETFIE [7) 2B L. BARRCE, Fl
FEBADERKEZ XY > 7Y —)u B4 ZEHL, &% v 7> a Y OFKHFEIIN L TH)
e BRERE S ALV EMNEGL, FREDINLT ) TF—Sa RIERT ) F—ave sk
7% L7z. COCO t Flickr30K OEFAMHIZ N 242,662 £ 2,926 TH D, FERKEHIF X
NIRRT 25 TH 5. L ERKE 7 XLoEzZR 4.1 1017,
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3 4.1: L ZEREE 7 X

WERR | EIRERE S oL FIER

Arg0 | agent fEE
Argl | patient IRGE DGR
Arg2 | instrument EE

Arg3 | starting point T2 A

Arg4d | ending point HER

COM | comitative ik

LOC | locative %iFk

DIR | directional Ji1Al

GOL | goal FEOHK
MNR | manner F 3

TMP | temporal IR

EXT | extent FERE

REC | reciprocals GERE

PRD | secondary predication | —RizbzE
PRP | purpose H

PNC | purpose not cause 1TEN DB
CAU | cause Ji

DIS discourse Pt

ADV | adverbials Bl 5]

ADJ | adjectival iZa5t
MOD | modal LB
NEG | negation BE

LVB | light verb I E G
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K42 Fr T¥a =y VMR X 24 S N7 E S DR ELER (%)

COCO Entities [6] Flickr30K Entities [43]
Method B4 M R C S B4 M R C S
Meshed [5] 12.8 189 404 1265 273 | 68 122 291 413 186
BRI (7] 16.0 232 471 1628 357 | 7.9 147 326 716 182
REFE (w/o SR-dec) || 24.7 27.0 53.0 2140 404 || 13.7 188 39.8 112.0 235
BEFE (w/ SR-dec) 24.8 271 533 2162 404 || 13.6 187 396 109.7 23.6

R BEZTFEO=2 -1y P —IEDR—RX 74 & UTHH L7 Meshed [5]
DEEDOFEMZ IR L 7. BRI, AEGRD: SYEBRHA R 2 G T 572912, Vi-
sualGenome 77— &t v b [65| T7 7 4 ¥ F 2 —=> 7 X/ FasterR-CNN [56] Z{HH L
7. VAR RON, HITHERDY EAL 50 PRSI DWW T 2048 RITDRHEAR S T
N HUS L7z, Transformer D %5 X — X FREIX, &8 512 Kyt L, head D% 8, X
FUNRY FALDY A X% 40 & L7z, £ attention J8 & feedforward [E D&, 0.9 DFEFRT R
0y 770 bR LE. 7Ta—X—0ANOHERYNZ, FRiFERZ, BRSBTS
BRI ETOHERIE, 774 Y Fa—=r 7KL, ERlTE TIHEE XT - BEERZ
L7, BRiFEROPERE 9 2HEL, 774 v Fa—= Y JRHIIFEFEL 5 x 10°
CREE L. BEEFEE Adam [57). Sy FHA RE50, E—APARF5ELT, T
NRTDETNEFE L.

F72, AOERE (V) £ BEHRIEE Z XL (SR) IZ2WT, Y IV ICBHBEERT 57
DAL 2 225, 10 L RE L. BIEREEED 5 Ko & %, REITE “none-V”
FARNVERRELT2. “none-V’ 7 _LIZOWTIX, transformer encoder N TDEFHEICHZE
LRRWVWERIZ, “none-V" IZHT 54 VYT v 7 ADA0%Z, ThliNI1 2#HIEabE s~
A7 EAT o 7. BHRE] Z ~OVREEEDS 10 R ORE, RE771F “none-SR” 7 NV % 3%
FE L, “none-SR” 7 LIZDWT b [AMIC transformer encoder AT~ A 7 ML % 1T - 7z,
K (4.4) DT X =& alZ, [0.1,0.9] OEFH%E 0.1 BICEL X B TEBRL 7.
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7 4.3: recall N— 2D SR OFHiiEENUC X 5, SR Dt v b & RINCET 2 MEELLE. (%)

COCO [6] Flickr30K [43]
Method Rsri Rsr2 || Rsrt Rsre
BRI [7) 49.6 5.84 || 51.3  5.83
BETFIE (w/o SR-dec) || 984 66.8 || 95.9  53.6
REFHE (w/ SR-dec) || 99.7 81.5 | 979 60.2

4.4.2 HRCER

EEFHME. £ 421, R44DRFX—Ra=05DLEDF ¥ 7> a=rFHlifED
% R3. BEFETFIE [7) % Meshed [5] XL, W7 —&+ty MZBIT 3 TXTOMEL
2DWTC, #ETFE (w/ SR-dec, w/o SR-dec) PIEMEEZZER L TW5. HFEDI NI
B3 2 FHEfE (B4, M, R, C) IZHIZ, SXOMESORMEE IR 2 FHliE (S) IV T HHEHE
DA E LTS, $RRFIEIE VSR 2 U SCO RIS & HilH U 7208 & BHREIA S %2 £ AR
T3 T, HEDOI M TXOMIEDIEHENE S E B L 23t ERARETH 5 &
EZoN5. Flo, BHBFERLHNZ e, BFEFE 7 2 ERo7 2225, REFED
End-to-End #&72°%, VSR-guided CIC 1281} 2 X DEBFEE R LICFHFEG L TWs 2
MNEZHNSE. Meshed [5] & D bFFEMN A LELLTWSZ 25, End-to-End #iED ¥ v 7
YaZ VI FREIIBOVT, VSRICKZHIEHENEMEL ZehEZLNDE. K 4313,
SRAZDOWTD recall X— 2 DGR 2T, $#2FEFE (w/ SR-dec, w/o SR-dec) I3,
Rsp1 ¥ Rspo 3012, BIFFIL (7] & D KIBIKEERSH ELTWA Z L BHERTE 5. 8%
FIED End-to-End #3828, BHETFIAD SR NEF OHEFRRA D DHIRICRIIRD B 2 Z & 23% 2
bid. Fiz2, SR-dec ZHH L7258 D75 SR-dec ZfEH L72WGE X D IEERM L
LTWAZEWHERTE 2. 2, SRRBFNCET 2 3MliE Rype SKIEICHE I N T WS,
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HB)DaDfE
—B4 —M R C —S

4.3: COCO Entities [6] ZfHEH L7zt 2 DREFIE (w/ SR-dec) CBIF5&F v 7> =
=V ZFHifEICOWT, K (3) D a DEE [0.1,0.9] DEIFHT 0.1 HICE(LX B TDK
Fx 7Y a = v ZFHlifE o IEI NS 2 EIA.

INHDFERED, SR-dec 3, ELWERKEZ XAVDIER, ©% DIELWEKEEZ R
DA DERICHEG T2 ZeNEZOND.

Rz, IREFEDOK (44) DT X =& a % [0.1,0.9] DHIPFAT 0.1 BICELI B 2D
SIS E R EEA DB R R T 5. COCO Entities [6] ZHH L TEBR L TDFK* v
7Y a =y JFHEEO BT S, &F v TV a = U FEHEOEIE K 4.3 IR
NT X =& a DFEIZ [0.3,0.7] DHIFATHAIUIHIAL DERKEE * S/KETHRFTE 22
DHERTE ., ¥y PP arnRe SROER RO G2 RBREICERT Sk, it
ARSI FICHF G T2 e EZ 6N 5.

AIRMEIC K D EMFE. X 4.413, J > Iy, EROFHAE SRRV, FHIEF
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o 8 GT : patient-verb(sit)-instrument-prediction

BEfFF1% © agent-verb(sit)-patient

B instrument-prediction

YRR TE (w/ SR-dec) | patient-verb(sit)-

| instrument- prediction

GT a dog sitting on a bench next to an old man

Meshed : a white dog and a man on a bench with a

BETF 15 © a man sitting on a bench with a dog

22 % (w/o SR-dec) : a man sitting on a bench next to a white dog
#2225 (w/ SR-dec) : a man sitting on a bench next to a white dog

+ T a

B GT : agent-verb(pass)-patient-locative
W BE7EFi% : agent-verb(pass)-patient

: 4 locative

| #ERTE (w/ SR-dec) : agent-verb(pass)-patient-
z & Jocative

GT : bike nders passing burger king in city street

Meshed : a group of people riding bikes down a street

$EA7 % * a man passes a bike down a street

22 T15 (w/o SR-dec) : a motorcyclist passes a corner on a city street
22 T15 (w/ SR-dec) : a man passing a bicycle on a street

H$ T Nb

22 T4 (w/o SR-dec) : agent-verb(pass)-patient-

GT : patient-patient-patient-verb(hang)

BETEF15 © agent-verb(hang)-patient

R Tk (w/o SR-dec) : patient-patient-verb(hang)-patient
£ Tk (w/ SR-dec) : patient-patient-verb(hang)

GT : a utility table in a kitchen with pots pans and utensils hanging
nearby

Meshed : a kitchen with a wooden chair and a wooden table
BEAZF1£ © a cart with pots and pots hanging on arack

FERTE (w/o SR-dec) : a kitchen stove with pots and pans hanging onit

2T (w/ SR-dec) : a kitchen with pots and pans hangingup

Yl e

4.4: ANEg e, EE (GT) BIFEFE (7], #REFIE (w/o SR-dec, w/ SR-dec) IZ &

DHEE SNz SR RS ORFETi#) &, EfE (GT) & Meshed [5], BEFFIL (7], 12

% (w/o SR-dec, w/o SR-dec) iZ X DA BRZFHIAN (RARFTio#E) Dfl.

%F



& GT : patient-verb(swim)-locative

& BT V5 patient-verb(swim)-locative

~ | R T (wlo SR-dec) : patient-verb(swim)-locative
| PR TE (w/ SR-dec) | patient-verb(swim)-locative

GT : two ducks are swimming in some brown water

Meshed : two ducks swimming in a body of water

BEAF 15  a water swimming in the water

R F 1k (wlo SR-dec) : two ducks are swimming in the water

2 T (w/ SR-dec) : two young geese are swimming in the water

YT d

ge GT : patient-verb(sit)-instrument-locative-manner
BEAFFV5 © patient-verb(sit)-instrument-locative
2 T1E (w/o SR-dec) : patient-verb(sit)-
instrument-manner
: ; 2 F¥5 (w/ SR-dec) : patient-verb(sit)-
e | instrument-locative-manner
GT : a cat sitting in a chair at a table with a book on it
Meshed : a cat sitting on a chair next to a table
BEFFF1% ¢ a cat sitting next to a cat sitting on a chair
22 FE(w/o SR-dec): a cat sitting on a chair with a newspaper next to it
222 F1k(w/ SR-dec): a cat sitting in a chair at a table with a book

HT e

GT : agent-verb(fly)-directional-manner-manner
BEAEF1E © agent-verb(fly)-locative

R F1E(wlo SR-dec) : agent-verb(fly)-directional-manner
2 F1E(w/ SR-dec) : agent-verb(fly)-directional-manner-
manner

GT : white jet plane flying in the sky with engines in the wings
Meshed : an airplane is flying in the blue sky

BEA7 Fi% ¢ an airplane flying in the sky with a blue sky

#22 T1k(w/o SR-dec) : an airplane flying in the sky with the landing
gear down

#£2 T15(w/ SR-dec) : an airplane flying through a clear blue sky with
propellers in the sky

YIS
4.4: ANEGRY, ER (GT) BHFEFE (7], $2RFi% (w/o SR-dec, w/ SR-dec) IZ &
DifEE S NIz SR AH (7 Cacd) &, 1Ef (GT) ¥ Meshed [5], BEfFFik [7], $2RF
% (w/o SR-dec, w/o SR-dec) 1T & DAEME @A (BARFTEEH) Dl




GT : patient-verb(lather)-instrument

BEfEF1E © agent-verb(brush)-patient

P2 F1% (w/o SR-dec) : _none_

FE L T (w/ SR-dec) : patient-verb(surprise)-instrument

GT : a young girl is lathered up with toothpaste

Meshed : a woman is brushing her teeth with a spoon

RETF 15 © a woman brushing a bite of a fork

2R 5 (w/o SR-dec) : a woman is <unk> a piece of pizza

22 T15 (w/ SR-dec) : a close up of a person is surprised by a toothbrush

VN g

~ N GT : patient-verb(look)
4 Bl L7715 ¢ agent-verb(look)-patient
SRSt T1E (w/o SR-dec) : agent-verb(look)-patient

GT : a cake that has been made to look like a cup
Meshed : a piece of cake on a white plate with a
BEf7F1£ * a cake looks on a plate

22 T15 (w/o SR-dec) : we are looking at a piece of cake
FE L T (w/ SR-dec) : we are looking at a piece of cake

BT h
4.4: ANEg e, B (GT) LBHFFE (7], ##FEFiE (w/o SR-dec, w/ SR-dec) 12 &
D#EE 2 N7z SR R GRETRLE) &, EfE (GT) & Meshed [5], BHFFE [7], REF
% (w/o SR-dec, w/o SR-dec) IZ kX D AR S N7zdiA (RARFTaid) Dl
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H W IRsE [F L Dself-attention

Meshed [5] @ transformer encoder {2317 % self-attention <% v 7

EEVESESR

SR

F ARSI O {5 A 1 V_SR
, s
Qe 20... 49‘@“...5““@:.’..
1
s
|
|
o "
0]' .
MriaiRL
VSRE®D
@ BYEEIRF L Dself-attention attsee Lon
g
boeti E [ ]
P verh '

R FE (w/o SR-dec) 1B % self-attention v v 7

EEFEHOSEEFTR

SR

<

W R BRI O 184 R V__SR
r —— g 6; )
e 20... 495, .S,
|
=
N
M np
MRy
VSRE®D
self-
o ZHEEIRF L Dself-attention attention
[petient: :

verb

REFIE (w/ SR-dec) IZ451F % self-attention ¥ v 7

4.5 M 4 DY 2T allOWT, self-attention < v 7D ATHRALHI.



B W AR BE I D T

10... 20... 30... 40... 49
2 N
+ » |White
=n
3]=]
§IJ with ] .
a p HFELDEFEEDsoygce-target-attention
Meshed [5] 1231F % source-target-attention < v 7
IR VSR
Ll T ] Q;o\.
0... 20... 49 3. ..
., man ! | I
" BiZELWSRO
Ea soWikce-
2. ! BGEL YRR Dsource-target- tdrget-
"ol I attention att&ion
||

R F (w/o SR-dec) 1B % source-target-attention < v 7

| B WSRO B G R V. SR
[ ”_Q‘/(,“\'
0. 20... 49 ... &

NESNT .

ﬁﬁ* 825 85 R 0

=hH h

s, SO e-

| white HFELMAEEIROsource-target- taﬂt—

dog I attention attefption

]

REF (w/ SR-dec) IZB1F % source-target-attention ¥ v 7

4.6: X 4 DY > 7 alZDWT, source-target-attention ~ v 7 DA[HR{LH.
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Meshed [5] 1281} % self-attention = v 7
‘ AW AR BRI 0D 1 {4 R VSR
o 20... 1955,
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¥ |
S r
H S "
LT 1
)
[}
% -
5 PrY =8
% VSRE»
3 B ikEE FE L Dself-attention atti ;011
v [ si.t
e .o
SR : I

R FE (w/o SR-dec) 1B % self-attention v v 7

_ ADERESOBEEEN VSR
o
20... 493,552,

MR
VSRE D
self-
o EEEIR R L Dself-attention attention
[ sit .
v :
agent | :

verb

SR

EEFEHOERFI®
. .24 ...20 ...0
S

TERTPIE (w/ SR-dec) I % self-attention < v 7
4.7 K4 DY 2T biZDONWT, self-attention < v FDAJFR{LHI.



48: M 4DH I NbITDONT,

W PR BRI D e {5 A 1

aO... 10... 20.i. 30... 40... 49
% grouph u
= : u u
G | i

§IJ street_l ﬁ%ﬁk‘lﬁiﬁﬁiﬁ@so:rce-target-lte!)tion

Meshed [5] 1231F % source-target-attention < v 7

| SRR R K VSR
0... 20... 49 5. S5
ﬁ L EDWSR@
5 sotigce-
Bl HEELYEEIROsource-target- tar!j:t—
Y attention attéhfion

street

F8ZEFE (w/o SR-dec) I8 % source-target-attention ¥ v 7

| EmEEMOESHE v SR
0... 20... 49 .. S
$ man y EEVIBR O
5;5 . | - souFe-
HGE & W iRfEIk D source-target- | tar.g
ﬁ” street BN attention attenti

RZEF1E (w/ SR-dec) IZB1F % source-target-attention ¥ v 7
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EEREFE (w/ SR-dec & w/o SR-dec) 1T K DK S N7zGiBH L #EE S L7z SR &5
OHZRT. SRR ANEY > FNVEBROGRNI AT TR L, Az 3 > 7 VEG 5B
BF TR L TWVWS. Meshed [5] 1%, ANDERDATH Y, #GANREZIEEST 2 Zed
TERVWED, BEZFFICOVWTHHAT X ZER LTS, 2, 4A4HDOY ¥
TV a TlX, “it” LWHEIEER, Y7L b TIX, “pass” EWIOEIEEGHIHL TV,
VSR-guided CIC OEHFEFIL [7] 1%, VSRIZ X DI REZIEE L T\ 5728, [EREICEA
LTWaHlH D205, B2V EEBICOWTHIAT 2 X ZER L TW AR TE 5.
Bz X, 44997 e kb, HFIRD kitchen table IZDOW T3S, FATHIZZ “car”
X “pots” IZDWVWTDAFMLTWS. i, M 44HY > 7N d T, “ducks” IZOWTH
KU Twiawn, #RFE w/o SR-dec 13, EREICEHASCZERL TV AH1D 200, IERED
SR R iz 5 SR RN F OB 24N L TV 2 HI2ERTE 5. FHlziX, K44
B Fb e TIE, #EE L7z SR RINT “locative” DVEL | FBASCHIT “table” ¥\ 9 5ATIC
DWTEKRLTVRV. BEFEw/ SR-dec 1%, EMEIZFHAXZERL TV EHIEZ 003,
RMHE I ERERZ D IEM e Bz 2 HEE2 T T 2 B0 MERTE 5. HIZIE, 4.4
YV f T, SRARINIIEREZDS, EMSCH D “in the sky” % “through a clear blue sky”
EEWIZ TV, IRRFETIE, SHXOERME ZHlH L2 o, HEEDOZSHME LA
LTV DR TE. —/ T, EETOVESLEFLZEERL TLEV, 2 ToOFE
WBWTIEMRIH OB H DR T X 2. Fl2X, K 449320 ¢TI,
BB XK1 (“toothepaste”) RJEUILTTW3 (“lather”) BT OEMPNEER /280, TT
DFETIEMRFHALZERTE TRV, £, AN LEEEFEOEWABEREZ o0
558, FEDMWSGZHETETIEMARXX AR TERWHISHER L. HlZE, K44
> 7L h T, “look” WO EIEARFEE LTV, IEfESITIE “look like (& IR X
2) EWVWHHNGE L TWED, REFEOEBLTIE “look at (R 2)” WSV
ZLTW5., ko@D, BEFHRITBVTYH, HEHOYIKSEIE 2 RN 255
BROFFADHENSTBEZ SN DY5E, IEMAXEERT 5 2 L BRERILEEND 5.

Kz, K46 X 4.81%, M A44HFDOHF T ¥ >IN bIZBIT S, transformer
encoder D AJTFHEANRZ P LEIOBIR DR X 2B H L 7z self-attention v v 7 (EBY) ¥,
transformer decoder PUCHBWT L ¥ a — XD 5321 T B o 7= PRI & B/ E THEE S h

FEDFHENZ OB DORfROE X ZHH L 7z source-target-attention ¥ v 7 (T~
B onlf{bflZ RT3, self-attention ¥ v 71X, HEM#HE $12, transformer encoder D A
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R bV ZRS. v 7Dk E% (0,0) £ 32 & %, Meshed 5] L12RFE (w/o
SR-dec, w/ SR-dec) D self-attention ¥ v FIZDWT, #MEEHID 0 ~ 49 X E VYA D
YA DREANR Y SV eRd. 1852 FiE (w/o SR-dec, w/ SR-dec) O self-attention <
FIZOWT, M D 50 ~ 54 X €V H3EE (V) ORI bov, HERHEID 55 ~ 64 X E
U BEMRIE] Z XL (SR) OFFEAR 7 PV ZRT . SIS YIREEIR - OO S %,
I EYIREE e VSR OBIfRDIRE Z [k L TW3. source-target-attention < v 7
WCBWT, MEENXEHT E CTHEE L 7-HEEY %, Ml transformer encoder A TTEAD T
Shi SN EREZ R, vy 0L L% (0,0) £ 5L %, Meshed [5] LREF
% (w/o SR-dec, w/ SR-dec) @ source-target-attention < v FIZ-DWT, D 0 ~ 49
XEVIL, SYEREBORAZ bV transformer encoder N TEAD I I X7
HERETH 5. REFIE (w/o SR-dec, w/ SR-dec) @ source-target-attention ¥ v 712
Bl 3 50 ~ 54 DEEA (V) DRHEANRZ L, 55 ~ 64 XE VU BEKEEZ ~)L (SR) DFf
X7 P A ZENZ N transformer encoder N THEHAD T Sl X NP ERETH 5.
source-target-attention = v 7 DHMEED X £ VX L2 SIHICERTE CICHEE L/ZHGETH D,
ARDREIZ X E Y ZRLE L TRV, BRPHIERT £ THEE L5 & transformer encoder
WTHEADT S SN B YRER e OBGROME 2, FBRIERT X CHEE L 72 B
¢ transformer encoder NTEAD T AUl N7z VSR & DRAROIR X Z AL L TW»
%. transformer encoder A self-attention ¥ v FIZOWTEHIE T 5. FEED LD, R
FETEYRER L, HIEES0 VSR & OBRENRS KoTWa., 2o ehrs, R
FED transformer encoder AT, VSR & BARDIEWYIATEIHDEADTF N TWVWS Z &b

RTEL. BBV T, BEFIED w/o SR-dec & w/ SR-dec Z LT 2 &, w/
SR-dec DA BHHRAVE L 7o T3, SR-dec ZHH 3 % Z & T, transformer encoder A
BWT, MAREERELOBREDER L TW5 Z DR TE 5. source-target-attention
<y OV TE, BRET LD, IBEFETIE, BEREFTHEL-HEL, flEESD
VSR & DBIRMEDSRHCIR R o TWd. ROBFEEZHET T HFC, VSR ZHEEL TV
e EZOND. AT XD, HEE L EEGREE OGN Z K2 ¥, Meshed [5] &
DIBFEOINPEWED V7L, B> TWa. ERFIED transformer decoder N
T, ROHFEZHET 2FRICEH T 2REEBLIK O TWE e EZbNS. LEdo@D,
transformer @ attention ¥ v 7 Z AL T % Z £ T, VSR & ORI WYIARTEIBICE
HL7=D, VSRICEDWTROHFEIZERT 2 VAHEBZ L D IAA TV B TR S
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72. 72, SR-dec #E A3 % Z & T, transformer encoder AI'C VSR & D EAfRAFRWPIIK
FEBUCIEE LoD, [FRHICYATEER OBRED ER L TW AT R X 7.

4.5 Fro

AETIE, XOEREERNHAIE UTHE#E 7 V28R L, 18#E 7 XL OSXAERAND

AIEICOWTIHREEL 2. X A2 e LTHRF v 7> a=r 7Z2REL, HfE AL

RIS 2 1E L K 2 DOFLBHEERHEA) 28R LoD, HRZHH 5 LTIE
LWEMMEEZ D OXDEROFERZHIEL 2. [ECROMHEE 7 XL 2T 2 E G X v
Ty a =y IFEEZ, 30DHERICOVWTHILLZEROETAPHEZN, £ 6 DML
L7z E TV BERINAE XN TW . BRI, —2HDET ML, SR TH 5%
VSR ITHE T 2WIEDFET 2 WA Z HEE L, D HITHHX OEMMEE 2R3 SR D
e 2 HEE S 5. =D HIFHEE S WA & IHF 1T 57z SR 2 HEiI 2 AT 5.
BET MBI DR D DFHIAX DREEHCDOERK L7z oTwie. FRldEIT L4

R DFIASAERR & Hiz, FIANR & 72 2 VIR OHEE &, SR DIEFF OHEE % [ I
f# < End-to-End VSR-guided CIC E7 V2R L. 51T, SROIELWEFZHET
27012, 7Aa—XDANE UTHEHFETHIE L/ SR ZfH3 %, SR-guided captioning
decoder (SR-dec) Z1R#ZE L7z, 200D CIC 7—&t v M TOEERMBIIIERFEIBFTF
EED DESEEICIEMR X ZENAIRETH S Z 2R, BREFED End-to-End #1E12 &
D, BIFFECB T 2 MREBOHRR D 2, SR RIIOHER D 2R T 5 Z & 2R
2. 7 7L — a YIHIliTIE, SR-dec 23 SR DJEFHEE OREER FICHES5 T2 2 E2RL,
%7 % SR-dec 3, XD IEMELREMRMEDHANDERICIRYDH 2 Z e 2R L. £
7z, EFETIE, FAXOERMEEZHIE L5, HEEOZREZIFEL TV Z eh
MR T &, SBROFEL LT, HIGHNOYELENEDRERFRZ IS 2 /7RO D7
», oYiEHE T L OF| AR, meshed-memory transformer IS D 4 v + 7 — 2 i
ENR—RWEBRZITO e BT ond. i, BEFEOMBOAZIEET 27201 VSR IZM

FrREZHIENE 51BN T 274 Y, HEESOE L 2IROBE HEFE T 5N 5.
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BLHE LIV

51 F&&

AETE, T3, 3ETENEEERNRRZ W SCERE, 4 BTl EW G
HAIE W SXERICOWTHEZ LD 5. REBIZ, “ODORERREAIZ W= SRR
WOWTHH L7-F D 2R3,

5.1.1 3GEBERNRAZ BV ICBEAXER

X OSIEMEHRA e UCIRE BSGEZ2 /A L, XKIRBBEEZ@EH L THEENS
MR AR T 5 FEZRREL, REHSAEDSEBANDENEICOWTREEL 2. & &
JDREEL LT, XOFEBZERL Z2BEREGFEOLy b2 AN LT, ZhoDOHGEZE
A URH S, IEMED DFIRRHFERFEA OEIR Y, IE L WIIEME 2 2 7o XD Z B
L7z, XIREHSOEZ I U THEXXORZ MRS 218, SOREEBDMEZ 2 1RSI 2
RESCRIZIER L, BRBZEEDORESORD S IRBUTIL C 7@ R 2 R T 5 Z & 3
B85, RINEYRE R 2R T 272012, TV T ANVARERT LT Y X L%
A U7=SUIRE BSGEICE D S WAERTFEZRRE L. BV T AV AR, 2B THA
L7z#D, UCBI fEIcHESWT MHEKDEA (exploitation) | &, THEE (exploration) | @
NG Y RABRB BB OINRINIRR T 27 VTV XL THS. 6T, VT HLBARER
ZHH U CGEYIZSORZ R T 5B, RSO @EY)oaHli s 2 853 H 5. AETIEX
A7 ORGEL LT, Rz T 2B FERER L R 2 0B BEE (LK, “Situational
Input” &5 %. iz, {dogeat,bread} TH3.) ZANERE LTHZ, ZHHDHEE
WCHESD ZEYI LSO ER S N TV B 05 Hl L7z, BARRNCIE, ECoRiiisEe LT, B
FEDBEB D DOIEL S EERNEOBYS OBIRNHFHiL 2. 512, #BFIETEEY
7 AN KRR ZWNERANCAT 5 7= D1, BRRITHORE T L L RERE P DR D A A ST L%
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REL. BERAHORESFEL LT, XOFERERD)» SBRINICERT 2 HEZIRR
L7z, BARRNCIE, XOBERFENP XD TELERLRZ2L VW EZDb L, hiEzhE
FANTERR L 7e1%, e LD D AEOERAIZEM T2 2 & TEREMICEEZREKRL, &
BICAFE X D b EOCERAIZEH L. SRREH DR DIAATIEL LT, XDOFERE
Re R ZEEHFEDL v b “Situational Input” D REHGR X (\ZEDOWTSERRAIO Y > 7
VY OMERZFREL, RELLY YTV U THERICEDSWTEEROK D IAAZITo 7.

FERTIE, BALANLEXOFELRER RZ2EEHEDO L v MH WML 72 XH
AEREND Z L BHR L. SUEMEICOWTIE, SRS “TFE — bE - “HINGE O
JEFRTIEL  HEEEIREI N TV Z e MRS k. —77T, “Fa8, “daf”, “BHHEE
DEATAARBREREZFOHEEMNERI N, XK U TEKRIE S Wl iR X
72, Fio, HIERHAOEAANEARLH bER XN, SHOFEL LT, EEHED
AIEHT, XERL LTOEKRZERLEFEEZMEL, Xkt L TERIICHRL
PHERT S ZeBETFONS.

5.1.2 EESHRAIZRWBAXER

X DOEMMGEHFRRAIE U THRIEE 7 XV 28R L, #8E 7 XL OSXERNEHRT 577
EZME L, 18E S XV OXEBANDEIECOWTHIEL 2. X X7 & U TH{&F v
TraZ v RBEEL, ERE AL LT, BERIIHIET ZIEL < A DOFRRRHFELER
ZERLOD, ERZHHT 2 LTIELWEKEG 2 & OXDOERDOFERZ BIE L /2.
PERDISHEE 7 L 2T 2ERF v 7> 2 =¥ ZFiKIE, 3 20 OWTHNL L7
BROETFTAPHABIN, Zh5DH LT T ARBERINCAI I TV, BRI
&, —DOHDETIIZ, FIANRTDH 2% VSR ITHY T 2 VIRTFEET 2 VIR Z #HEE
L, ZOBEHHAXOEWMESEZ RS SR DIEFZHEE S 2. =2 BIEHEE S N7 YRR
CIEFAT &7z SR » HEA R AR T 5. FET /B 2 H#maR D 253 DFEE
BILOER o TWie. FEldREIT L4 1E, BEROBBASCAER I, FfAMNSRE
2 YRR OHEE £, SR DIEF OHEE % FIRFICfE < End-to-End VSR-guided CIC €7
NERE L. 261, SROELWVIHFZHET 272012, 7a—XD A1 LTHEFE
THEE L7z SR 2fH3 %, SR-guided captioning decoder (SR-dec) Z12HR L 7-.
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2007 =&ty P TOEBRRIZIERFESGFETELD RIS 2 ERAIRETDH
5 ZtZmL, RRFIED End-to-End #E1C & 0, BIFFEICB T 2 VIR OHERA D
X, SR RV DGR D BRI T 2 2 2R L7z, 7 7L —2 3 YFHliTlE, SR-dec 23
SR DEFHEE DG FICFHF G T 5 2 e 2R, 28T % SR-dec 23, X D IEMELREKNE
EORMASXDERICHRDL D 5 Z e 2R LTz, £/, REFIETIE, SO EKREE
ZHIE L2 5, HFEOZREZHFAL TV Z PR TE L. SROFEL LT, H
BAOYMERLENEDRFEF L HIT T 2 TIEDOEE D720, oYt €7 1 oRH e,
meshed-memory transformer AD v U — 7 &% N — RICEBEZITS 2 BET S
N5, Fi, BEAOMHEWHEIET 272012 VSR IS A ZFEEZHIEEESIEMS 272 2,
HHEYE 5 D HE 2R 2 HROMRET S ZEIT 5N 5.

5.1.3 NXOBENRAICED < BRAXER

AHEITIE, SCEMERIHA] & ERREE R R O ST AN O RIS DWW TRREE L 724G R
EE 5. XEMERFHANL, 3FEOREER KD, XOTEROHIEID A+ 7% 2 A
W5, FIZX, ERSFIOHFIZ, “another dog ate connecticut breads” % “another boy
play overweight soccer” 235 £, BRANC TN ERZ I ER I NS Z e DRIz, %
72, EhER DR o445 O Y - BEIE 2 ¥ D BEE DR AL O W THITEIZ A 71272 %
fHA23H 5. 21X, “another dog eaten smallest breads” % “these woman wrote letter
washington” DRI N7z, BEHRMEIRANE, 4 BEOMGEA R LD, ELVWEKMED
AR, [FRHICIE L WSGERE 2 oA R S 7z, filZ1E, “a man sitting on a
bench next to a white dog” I, 1L WEMEE “patient-verb(sit)-instrument-prediction”
RO LRI, 1ELWSEME “TaE-8E-RlF ) 2o, EWMEE2HIEs 2 2 e
TEAUIFRHCIE LWSXEEZ RO Z EMARETH 5.

M EORGEERR & D, BEREENFHRNCEDS S XDEM 2175 28T, RRHICIXOE
MEZZE TSI HARETH D, UEMERIMRANIED  SUERTE L D b HEATIERE
BXDEREFEBTELEZIOND.
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5.2 SEDRE

LETHRAED, Fex ANEDATE - HORRNML ABORENIRD 72912, B A
RO AR DOBEN 2 FET 2 e R HNE Lz &, KRESCTHEE L 22 FIEOFE A
EDEIIDOWTERL, SHRMRAINLZREFETOWTHERS.

FF, ARESCCHEE L 7e XAERTFEOEGZERICOWTIANS. EMEIHANCES S
FRICBOTE, FERHELY PEANE LT, ZALDOHGEERM -7 XEA 3 8 DH—
DR L7z, EWRMEHHRANCES SRR VT, BEgE A LT, Bz
AT 2 B—OXEER L. XEARNIERE L TWRWD, I 10 REOE X O
R Tz, SOEMEEMEIRI » BRGNS E O  MUERTFIE L b, oSk
HEOXXE 10 BEOR X DERDPFERHIN A DN TE 3.

—77C, ANEDOXERDREN 2T 272012, Kod SN2 XEMBES DEFES IOV
TEZS. BIZIFEMERERICOWTHNICHAT 270D 2EWT 5 &, H—XT
F R SERCLC R B REED D 5. L —DIED HEFAT 27-0121F, “WCALAZ—M
RicH)z”, “EREEZL LYIDICYI2”, “iEiAk Ty, siciz L7 R oEBLT
BT ARENDH L. O E, “EEEATIERD, $ICHE L OXED RN, “TA
CAZ—ORICYIZ” R “EREELLYIDICYIZ” R DOFIEEFHHT 2XELHD, X
At OBERMEEZEE LD SIER IR, —D2DL T EAERINS. ARFBEDSCER
DRENZRET 2701213, X XOBRMEZ B R LA & 2 B R EF A7 5 H
EER T 2RENDRBEZ L EZ 6N 5.

F7, B THMAT AR, 10 A EOHFENREICZ 2L D 2. HIZX, H
DOREEZMANICHHAT 270D Z2ERT 5 & %, “When I was a student, I studied
natural language processing, but after joining the company, I started researching image
processing as a specialty.” R ¥, XE 10U ELORXE R 20[gEMENH 2. 0L =, XH
DHGERDBRMICOWT, & RN HEEMOBRIEZER T 2 0E ) DH 2. 4FETH
U7z Transformer RN XREBICHE L7243y N7 — 7S TH 503, KRimIZB
JBRAE TR 10 BEOLOERDBGRCE ¥ E-> T3, I ROWXOXIREZET
ZUERDHY, B—XHOXROERICONWT, BHEFIEOEESOMAE & O RH %
TEHEREDNDB.
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FREDSHOFEL LT, KO XROEVWXDERDI-DIC, Kb EMANLHGERD
BRIt OZ BOMGET &, X XOBERMEEZZ BT 2 FROMBBET 5N 5.
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ST EE

REE, BROKLZTFRE, NESUCRIBEERER, FEHK, [ElEY o — X id
TATERRE R O L RITERRIC B O TEEMT R ML E e Db DTT. O
&, 2L OFETTH S OMHEES, IR EDILHE - FE - %, ZoMORKNECTL S
B2 DR, EH 17 LTE, RRXOTBICIIRLTED FHATLRE. 205
ZED T, EHANOBEZRLET. TR, KaXOFEETHD, HEHIDZ K2
TGS, HEERE 2 W 72 720 T BA DKL F R AFEBEN B S C IR A e R 2 S G R
SFREIE - VA BRI ICER  EEIEL £ 5. IZITRT, MR AR OWTHB T 5
K2 2 S ENT W E & F L., FAAVEER 4 F O, MHAEICEE Lo &K 8 4,
e ZHEE2THE, BERE, MIVEINET, EB, 2 L G OHERUTHER L Vo f
FRICHT 2T RTOREIIBWT, HIHNERZHEZ WL Z LT, MEHICE -
TARARBRZEZZ L FRBTVLLELL e TEE L. £, BEIOBECESL
T, WICATHIGE - SiBUED O~ AF L UTERE LI 2 2 0fR%, A EEL 3
NEHOREFHWELTED, HAMRZHOEIH D1 2o TEhXd. REITb
72D ZTHREWEZE, IZHONESI T VELL. DEIDFEHBRLES. £/, KmX
DEHDBIRICBVT, BROKLFRKEOEHER., MO, PEEEIR. BHEEIX
BaxofBIE e EEEEZHD £ L. REBILLOVH, KRXOREIELZBIIEZITI IV
FLAEZEESRHBILEYS. HADT 4R Avay, I—F4 0 FEr@ELTHEL
DHBNE 2 W72V T/ RIS DFEICER S BE# W2 L E 3. k7, HE»HIF%RICD
WTHMmM S B TV TWERIT TR, HRARZ X = LTRFAIZED 2 z2h<
ZF AN, X2 TWERWiHAEEEFRA S NTT ARBEHRTFERT O F I 28 < JE#H
W LET. RRIC, SHICEZ ETIEIERMETHXA TV W, KK, KANTHEL
BB L ET.
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