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Abstract

People understand things more deeply through natural language. In recent years, the
development of computers has led to the development of methods for handling natu-
ral language, images and numerical information, and their capabilities have improved.
While various things can now be handled on computers, each thing has been handled
independently for each modality, and the relationship between modalities has not yet
been captured. Therefore, this paper addresses the issue of capturing and generating
correspondence between different modalities, with centered on language.

The first task is generating non-verbal sequences from language, the task of generating
robot behaviours from natural language. As a method for handling language on a com-
puter, the meaning of sentences are captured by using the frequency information of words
in the sentence and the similarity of words in the surrounding words to create a distributed
semantic representation that automatically assigns a meaning. Distributed representation
is used to automatically assign meanings based on the frequency information of words in
a sentence and the similarity of words by surrounding words. As a non-verbal series, this
task deals with robot movements. First, in order to generate movements for the robot
that are different from the movements of human joints ,we propose a framework that
can imitate human movements by combining basic movements that can be performed
by a robot. By combining these basic movements, it is possible to express and generate
complex movements. After achieving these goals, the task of learning the correspondence
between words and actions is tackled. As a method for capturing the correspondence
between the two, we use neural networks in this task. In particular, we propose and
validate a neural network structure that can learn the correspondence between various
robot actions and ambiguous expressions.

Secondly, as a task to generate language from non-verbal language, we tackle the task of
generating live video in the general domain. As there is no dataset available for this task,
the dataset is constructed by collecting the actual situation using an existing video corpus.
The task is then divided into two subtasks, timing estimation and speech generation, to
solve the task of generating the actual situation from the video alone. This is because the
actual situation is text that is output along with the video, so it is necessary to control the

timing of the start of the actual situation and the length of the actual situation text. For



timing estimation, a framework that can estimate human behaviour is used. For speech
generation, we use neural network models suitable for language generation, in particular

Transformer.

Finally, we address the problem of generating language from non-verbal data, which
arises when using real-world data and text, analyse the causes of the problem and propose
a solution. In particular, we address the problem of generating summary text from time-
series numerical data. Existing datasets for generating summary text for time-series
numerical data include The problem of inconsistent reference times inherent to data-to-
text for time-series data, and The problem of being asked to produce output containing
attributes that cannot be predicted from the input data, which can occur when using
real-world data and text. By understanding the procedures for creating datasets and
the characteristics of input and output data, we propose a way to solve these problems
without significantly changing the existing framework.

Through these three efforts, we propose a method for changing the direction of modality
with a focus on natural language, and discuss the future direction of the method.

Keywords: natural language, machine learning, humanoid robot, neural
network, mnatural language generation, data-to-text, vision-to-text
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1.1 B=

ANTHIBEDWIFE Y 1, THFTAMIC LD TERh o HIIT A %2 BN FEIT T 51
FES LHRW, ANHD XS BHIZHKRT 521213 5 THUIRWHOZEE T 2 /T
H3L. OF HFEMEINICIX, NTHBEDHFRIZ B OGRS ERN R L OBREDORH
HEBEMTRITTER X523 ThHs. ANBEMERED, GuziRnED, &%
Muwzb e, AR EEBEEOEETIRA TS, BHESABZERD B NRERZ 272
DX, TOIIREELZTLDTHRTEZIIICTINENRDS.

R4 72 8UE, g, S5F, SR 7T =20 ZEXY T4 (Modality) £WU,
BRL2EXV T4 LORREZIERATD, BROEXY T4 2llAGDETHVW I RER
< IVFE—Z)V (Multimodal) 1H#R%Z FWW/-FRE L R, B4, FHREBOFRE, FHZ GPU
DEZZED, =2 —F13xy VT ZHVWEKEXY 7 1 TOREMRRFIEDOFHED
HEZLW. 21X, 2010 FE2 5080 F o 72 KRB GO 2 > 7 1 2 2 ~ ImageNet
Large Scale Visual Recognition Challenge(ILSVRC) 1Z8WT, Krizhevsky et al. (2012)
X, GEYEZH W AlexNet 12 & D IERDFEE IR X 2 BHIGEEEEE 2 LRD, X5
WM RKE LG EHEL CER L7z, F£72 Mnih et al. (2013) &, 58S O TH)fifERI%L
Q DFEITHEEFE %2 H W7z Deep Q-Network 828 L, Arcade Learning Environment
(ALE) @ 7 2® Atari 2600 games D55, 6 DDF — A THERDYFEFIED R a7 % kb
D, 63207 —LTAE%Z EFE-7. AR ETEEZNS HiEb =2 —F 1% v
T =7 2 HOWTFENES L, FHZ word2vec (Mikolov et al., 2013a) 23R S AL TLLR,
ZDOEMIIZBCHEL TV S.

HBEXV T4 THUZLTHE L =2 —F 3y MU =21 X 2HERIRFILEL, HE
DEX) T 4 UL TEEMNII 2L FE—XLOREIHEAL XS b, BIEXEXER
YNFE—ZLBEDEEZH O RRDOMER T —&X Yy FORHBMTOIhTVS. iz
X, 2016 4 & D B X 1T\ % International Challenge on Activity Recognition? (& t{5
ENDEWEDRARMEEZR S v L FE—XVRHREEZRE L TB D, AHOEEZ D 7B
2 —,%R ActivityNet OEE2 5 EHER#Z1TS .  OEEEEEE 2B 5> KRDOXR—X Z

DEETEAMZ@B 2BELEOATHRESHELTEY, KL TAM) ME#HET2 2 HWT

BRWEEDH 5 (IE, 2020)
2http://activity-net.org/challenges/2016/index.html
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4 YEFILTIE, BROREEMEIC=2—5 1%y F7—2® C3D (Tran et al., 2015)
ZHWTWS.

< VT E—ZOVIERE FHWZEREICIE, RO 5 DOEMHIFE (Baltrusaitis et al., 2019)
DPEIEL, wAFE—XLFEE, o DEINHREIHAGDE 5TV 5.

1. ®IF (Representation)
RNVFE—XNT = RORITEREN TR OWTORE. RRLZEXY T 4D
T — X ZFE—2ETIRZ 20, REDHED—D.

2. Z#: (Translation)
HEZER)VT 4 OHOER) T 41T —XEEH (v ¥ 7)) T53E. HRH
BHSCAE R 72 IERER— DI SN WG E S IFET 5.

3. ERNLEAMER (Alignment)
BROEXY 7 1 BOEZNLREGREZHL 2T 285, HIZX, L EFIELH
HEWEO—HR 2 G T 2HER D EEN5.

i1

4. @& (Fusion)
HEFHUTS 2DICEBDER ) T4 DT —X2HWSE., FlZ21X, Bo#hzrs
LEHE L ZOEFREH W B bl E R EENS.

5. HFH (Co-learning)
HBHERXY) T 4 NTER SN TR TARLRRGEZHOEXY 7 4 ITEEET S
fH, e BESRPEERL, Zero-shot learning 72 ¥ D FIEE W 72 .

g&l

< LFE—SOUERZ FWBREIC BV T, FHTC 2. Z#3E R G (Hunt and Black, 1996)
REEFASCAER (Kojima et al., 2002) R EDRFETONT VWS, HFEIE, FEXV T4
TO=a2—JFy b7 =27 X 5ERIRFEDFREEL, HEPT XX M 2ilAarGbE
77 =&ty N TH% COCO dataset (Chen et al., 2015) IZREX XN B IV FE—X LR
KB T — &%ty POBEBIZED, MAFHELTWS., IVFE—XNLVZHECEITIE
PEREEICIE, UTRD 2207 Fa—FHERD 5.

¢ Example-based approaches

HoHrCOHBE LR ZITIC, WY TV KT 5Tk

e Generative approaches

ANT =2 2IRlHEL Y 74 DT — REAERT 2Tk

Generative approaches 121&, AT —X DM HFDEXY 7 4 OWHEEZHMHEL /=25 2T,
HHTF =R 2EWT 20EDRDHD, MEN X DEHICREZ s, IO~ LFE—-XL
THHRDEX Y 7 4 BHERETIX, Example-based approaches 23 LTz, L L,



1.2. O HM 3

Example-based approaches [3FF&ERAEDBET NV TH 570, ETADBKE IR DIFCHE
DELRD, FFEIHATH 2 0FHEDIFFEICRKELSRVED, AN7F =216 3 %
EREZR Y TADTEEICE T 2 LIRS Ve WS MR H 5. &l TN R
BOERRDAEERE TV (Goodfellow et al., 2014) 2, X D TG LEDERHAIRERET
)V (Bahdanau et al., 2015) DFHRY, =2 —F 00y bT—=JICXB2&KEXY T 4 TD
ENTFIEDFEIC X D, Example-based approaches (281} 2 [HRE % fi# it C & % Generative
approaches DR E 20 H 5.

Generative approaches 12 & 3 /L F E— X OUFROEHTFIRL, T AHNT—X %%
NEZNDEXY 7 4 OWEZ KM LR TEZHWTRE L BT, A oBIfREZHE
ZATET NN T —RIGE LI ANFIRCE > TEREITS 720, Roh/lzEXY 74
BOZBUFHE L - FiEe o T3, 2070, BHFOEX ) 74 BMFEZRLR D EX
VT A ZDEFHHTERWV. E5HIZ, Generative approaches THRHZ= 2 —F LA v
T =2 HWRGEIE, KEBRRT -2ty VORRBEL RS, KRBT —&€y NI
HfR e Z DAY T —& v b (Young et al., 2014; Chen et al., 2015) <@ & A\ DH)E
VDT —K+E v b (Fabian Caba Heilbron and Niebles, 2015), 7% X b & HiA LT H
FDTF7 =%+ b (Panayotov et al., 2015; Kohn et al., 2016; Ardila et al., 2020) 23%15
NTHH, ZhZNEGRGIAERRES B ERE, &bl H WS Z T
X5, ZNORBET -2ty PRI NTVWEYALFE—XLFETIIEXY T4 &
PFEOMFEIED N TWBE—T7, ZALHNDELXY 7 4 TEREBFEL+IITH L H
WRSTWRWY., (i, 77—ty IDEBFD F X4 VIZFHEL TW 35512, XY
TAZEHIR O NI P XA VIFRHE L 7 FiE e 2 2356 9 H 5 (Tanaka-Ishii et al., 1998;
Ishigaki et al., 2021). #7322 FX A YR REXV 7 4 BOEHUTHEYIRET V2155
WX, BT =&ty P RIERL7z BT, AMh 7 —& 0@l KRB Ez#EHL, €7
NEWERT 2REND 5.

% 7z, Generative approaches IZ & 5 <L FE— X IVHERMDZEHUTIX, BHFH kD £ 51
ATNIET B IEfED 1 DICR N 23 EDID 2 —75, B AR HEIRHASC AR R Y, B
BOEMOBPFEL S 2FEDDH 5. ZD XD RIEMP—DIZIRE SR VEREIZIE, AFFE
ffiz4T 5 (van den Oord et al., 2016; Kulkarni et al., 2013; Venugopalan et al., 2015b) 7%
EDOFHEGED TR, XV 7 4 ZHOAAMEZRET 574 8 OFEDOHREZIT 5 b
BEND 5.

1.2 KHAFEOEM

AR TEIALTFE—ZMEREHVEREDS S, =2 -ty PV =7 ZHW
Generative approaches 12 & 2 ZH#EREICH D fHTe. FHIEX Y 7 4 % ERICAT TT
5. BTE, StEBOREL-Z8 T, REDFEHRVEOND X5k os7—7, ANFIARE
W EDELNEREEVNCUHE T2 NEBED T, WECFHTEZTWARY. 20729,
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I ANFZMED T, AT O BREEDSEL TWa. XY 7 4 Bz FANZAT T
15283, TOXSBATFAEDOHENDHROFHRD &2 5 5.

FANBIEBREIC X o T, WHEL XV ES BT 2EANCDH 2720, HFEKDOILAPLRF
FHRSHEBEZEC T ZLRBIERICEETHS. ik - ESEROER Y 7 4 Bfan+
MTER IR, S FETEADE L RO R BN Ly V2 BREET
HELTEHATE2 L5121, S6R250M0M B, EBMHRL, EEEDR L2 AEE
B, FDRED, AFETIEIAFE—ZLDERY T4 ZHD S5, SEETOICHE
Z TR D A, SRECIESEOEXR Y 74 ZROBEHFEEHL 2T 5.

&5, BFELLIEE, DL SEAOEX) T 4 BE TN, Ik
EETF—XREEIRS 2T, SHELBEDEXY T4 HMICBII 2 SHEOBK IS SED
D RHFETBERY 74 BT S L 0MEE HIET.

1.3 ERREERTE

BFUDIZ, SErOIESEEERT2HEL LT, HASEL SRy MEIERAERT
ZEREICH D AT, 2L, 1 O0FEICH L TEHEDPRE D - THEFET 2, SHEOE
REXEEXY T4 EHUC K > TROFETH 2. HASHEI OB Ry NEHERERT 23R
BIX 30D 72271273 onb. —OHIK, SEOEKREZIEZA S WVWHIH TXRAIT
H3. SEOEKREFEMEETHES 29, BASHELUEOEMZH WS, XEOEKE
Z B ITERE RN EORMBH oM TWE. —7, SEOEWREILZ 2 /51EIX, HiER
TLAFF o TV A ERPLEKRNE G2 SBR A Yy NV — 7 B2ERT 2505 ENH 5. L
L, ZRSHIEETAFTHER L HELLL TR AELRW. 22 TARETIE, BROEZ
2R O BEE O SEE SR R HEEIC & 2 BEEOBLE 2 Y, BEINICERE NS
TAROMEREREZHA VWS, Z2huckh, BHELSHERRTH > THOHMEKEHR LT
—BIZEEY, BB ICKRD. ZoHIWIZ, ary MCEMERERIEIZ WS T X
A7 TH5. ARy bEHWBRRICEELRTFNERSRWZ e LT, vRy DR
O % N\ROBESOH X IZRRZL WS T THS. £ TrRY FHTR ZHAHE
PHAGDODEZZ2ICED, NOEEXE2EMTITA 2MHARIRETS. £z, ThooD
EAFEEHAGDLE D ZICXD, HMEREEEZRE, AT 235, &
%2, SECEEOMEERESEE T2V TR R TH 5. 2 00O0BHKREIEZ 2 51
Bk d2h, RFETE=2—I 1%y NV —2OHMiEHWS. %72, ZHZoRy b
B & BERK 72 R & DX GBI R E AR T 2 MMAZIRR LRGEST 2. U ED 320374
A7 RFERTZIET, NOBEICL2IER20o0 Ry FEERERLENEST 2 Z 2
AREL 72 2. 72, IO TITOEETH > THSEOER, MR L, vRy FAEEE
RS2 eHalaEL 12 5.

RICHEFREPOSHELEMNT 2HEL LT, BEKRT — X0 6 BARASEL2ERT 28R

||



1.4. AL ORER 5

A, FRC—% R X A4 > OBIEICN T 2 ENAERGREICHDHT. FX AL UV ERL VA —
TYRXALVOHELTE28T, DEIHERIN L TCSEDILNY ZFETI2HEL 12 5.
B CHEGIIN L THREE TZONE R IR T 2IHRELCITbhTE D, RFE
THY MHOEEOFENERD ZD—>ThH 5. LRENED SO HARSHELEROFE L, )
HADA XY FEHEL, Z2OA4 XY MIHLUTHAY (Fv 7> ay) 253 23080
XiFohsd, —7, RFEONRTH 2HE NI, HEEICHUBEONEEZDLI DRI ER
Bz, MG ICER LTHAITERD, MEBRHBETTFR M RENIZD T
27XANTH2. ZORDENRENRTIE, ENLHIBT 244 IV 0%, EoRE %
S 2B D 5. ZOLIRBRID, HENWEREW - 1R TIE, XA IV THE
EFGHERD 2 DDH T XA 73T TIREMR L T\ 5. ERARICE S 2 BEHFENZRIE,
KO L, FIZIEAR—Y DREDFEHRRY, FRFEDS %%ﬁ%&?%%@k@%h
TWe, ZOEIRREEDTHENGE UTHENEREIT S HFEDGE, 7HRE OEH
EHOWTERREREZITOGENMZLAYTHS. L L, ARETEDHREOERE H
WEIZEMNTET, MBRETXFRAMNDATHWS D, LHHLVWHERELEZ 5.

RIZ, IESEIOEHBEENRT 2HED > B, EHRTHRONT 27X+ 2
W358 IR ET 2MEICOWTED B, MEDRKEZSHT L, RREES. Bﬂfo
N7 =X HHEUNCHNDO T F X M 2ENT 2 FEOESTHD, HEOMBRHIAEE
T—=Rh5, BERIZL > THROAMMZIRET 2HEL BF R 5. %%%ﬁ@?—&%
FAWTTF X MEREITOMETIE, 774 XY "B RRIGE, 7T—X2 T7F X MR
BEDEL, ZRUCEDAERITEYDDPRET 22D INTVWS. iz, FEHA
TEONET—R2eTXF A Mo TT—&Xty P 2ERT 256, ABhEay to—
NTERNWED, ANT—ZroMNTFA M2 1 DOCHETERVHEDEET L. HE
HATHEONLRRINEET -2, 207 XL TEBREXREEINLTF X T
EHOWTHEINEZBED T — Xty MIBIT 3 LGt ORBBEICOWT, 98, ERR % B
D, HHOTF A M 2ERTES2 L5127 5.

1.4 FEXDIERK

RICARRmX O 2N S. B2ETIE, KX THWSA=2—J13xy bV =270
BEREMcOWT, B3ETE, SEOEREZEZ 2HFIMCOVTHHAT S, F4EDNS
EOETIX, SiBLIFFHEOMCBEREEREICOVWTHRD LiF5. B4ETE, FiEd
SLIESEEOAENGREY LT, HASHEHERIIB I 20Xy bOBEIEERICOWT, 55T
X, IESEIOSEOENRHEE LT, XA vOENERFEELIRD L1J5. £6
BTIE, ESELOSHEOENFETRETIMED > B, EF— X EH W data-to-text
2B AEEE R BT, ZhOMBREICOVWTIRRS, §BEIC, ETET, SELIESED
MG FRIES S Db 2 X 5 .
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2.1 JEERE XY FDO—2

—a—I%y P —Z R ABEOMHREREEBL2ETLTHSE. v VT —T %
W3 5644/ — RiEXK 2.1 D XS5 ITEBDO AT EZ T, 1 o0 %Z5ET 5.

W2 y

2.1: &/ —FD AN

ZZT, wilXi HEHDOAS 2, ITNTEHEEDEA, IILEWETHH, H1ylk

4
y=f <Z wiT; — 9) (2.1)
=1

ERING., ZZTHIR1IOEZINS 20 ZEAL, = (10, -+ ,74), w= (wo, " ,ws)
5B E,

4
yzf(EZwMJ::ﬂwT@ (2.2)
1=0

Y5, ZZT, wy=—-0Tdhb, B fIZIEELBEETH 3.

B > b T — 27 23—z, ANE, BERoBRNE (BB, HhE»57% 5,
AJED S HNBADBE—HNEEN BRI N2 5, 2.2 1> TEBEINE A v b
T—TH5b. /J—REIEYEIBETOAEEL, TRZNOMEECIIHEAEDEANE]
hYUTHATWS., BRFIZX221RT. KETOHhZRTRT L,



2.1. JBEEHEH Ay b —2 7

X 2.2: 3BDIEEREN Ay v —2

4
y](g) e (Zwijy§1)> — f(Z)(wJTy(l)) (2.3)
=0
3 - 2
y](c) e (Z wjky](- )) _ f(a)(wgy(z)) (2.4)
j=0

5. Bu—-1EO /) —FREi=1,--- I, BulBZj=1,-.-,JLE, Huld
TOHI y IZRD LS Ic— kb3 3.

I
= (L) = gy 25)
i=0
3y NI =7 DEDEAEZTLOTW T2, BEEFENAY bv—20H I, y=
f(@,W) DESITANRT PILEFEEDEAIZE o TIREENS.
2.1.1 JEMLREE

IETEILBEE f 1T E— IS BRI IS 2 IERIE B A VW o 5.

fl@) = (1+exp(-2))~ (2.6)
f(x) = tanh(x) (2.7)
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D& T AT 4 v 7B NHIRRERERE R e Wo 7o o 7B A FEIBD TITHEDI 2753,
FIRaZXPHAREL, LRV 2—F 02y POFEETEREHRSBZ 270, F
Tl ReLU (Nair and Hinton, 2010)

f(z) = max(z,0) (2.8)
X° Softplus B
f(z) = log(1+e") (2.9)
BHOWONEZ DD 5.
Lol — Iolgistic(x) /
— tanh(x) /
— RelU /
—— Softplus
05}

f(x)

0.0

-05F

-1.0

23 =2—F %y b7—27THOLNZRENLRIEHEBIE

2.1.2 HAOBDHKET

H 18 T oEM LRI RO X D #EYIR b 02 FH T 2. [MIRMETIZENE
BOAEREOFEROGEIEEFESHRE, EED [-1: 1) OGS EEERER WS, =
WO e Y RT 4 v 7B E, 2275 2A0HIBHNOERBN 1 REY 7~y
AR E WD Z e .



2.1. JBEEHEH Ay b —2 9
2.1.3 BREUGEE

IEEREH 2 b7 — 2 DI G 2 BT — & & I XN fR e O E B/
(LF22THB. DFD, FAEMEK ELERE = EO, - ,0\") oaitkitEL,
T w ICOWTERMET 2 2 e CHINBEKEENT 2. mEOR Y b V—2%2EX 5. k
BOW i/ — FAOANoff%E 1Y, Hi1%e 0, k-~ 1EOH i/ — K kBOH j
) — RO EOE T 0| EHELERE P e T2, The ORI T3,

ij

1
= S wPol (2.10)
=0
o = @) (2.11)
RUEMIE % wl) IZon Tl T2 L,
OE 9B 90" o1V
® ®) 478 5 (%)
ow;; 00;" 01;" Ow;
or 9fM(1Y) oSl g w0 )
o0 a1 o)
OE e
= 25 {rPa) ol (2.12)
DALY i '
0!
zzT
OE /
) = FEUM) (2.13)
- 2 ()
3%, k=mBEDEGE, oI,
OE OE .
_ (k) ( (k) (k—1)
J

i
k+1 k+1

S oE 90V i+t

l 3Ol(k+1) a]l(k+1) 80](16)

OF ! ! _

_ (k+1) ( 7(k+1) (k+1) k) (7(k) (k=1)

= <§l 3O(k+1) {f )(Il )} Wy > {f( (Ij )} 0;
l

!
_ <Z dk ”wj(.f“)) {rOa®)} oY (2.14)
l

J K3

{rou) ot




2.1, EEHFHEAY b —2

EEBHIRS. LEXD,

m) _ OE (o)
G = Som {rma™}
J
k E+1)  (k+1 B\
dg.) _ <Zdl(+)wj('l+)) {f(k)(jj( ))}
l
OFE  _ mok-D
3w(k) J 1

ij

WK o TRRENHIED & ATIBIZFD - TS 5.

2.1.4 BECFE

ok U iR 3 Ik Nk

wttD) = ) _ VE

10

(2.15)

(2.16)

(2.17)

(2.18)

PRHWVCEFT . 22T 3¥EReWIN, BEOEA w® 2EDARIH —eVE N
NI TEAZEHLTCEID/NSIREZRDL., c DNXTE D L EEEDEZ 2%
B RPEKRT S, —7, e DRETEL L ENEKRT 28802 DH 5. #EL)4

FERREERNIEN =2 —F N3y P DEETIEETH 5.

FERB MR A

MR AR IR L3, 7— XD —ME o CEABHE1T5 A FETHE. T
COAT — X T BRI E(w) = YN, Bu(w) 2EMET 389 FEBIZL B,
R AR RIS — 2 1 TUEHA D 2547 T & Dl MBIHIR S, 72, ANy
F B DU EEHGERI E(w) WEICRA L TH 27, HeRIARN Fik% v 2 & 5
THCRIZ 5 B, (w) D7, PEHCREFHRERICIORT 5 2 L 507 <, & DMucEy

HIET.

Adam

Adam (Kingma and Ba, 2015) 3%#ERZ2EH T2 FEDO 1 OTH D, HEOFFL I

et o4 DHELREREAHT 2. LRI 7 V3 Xa%2RT.
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Algorithm 1 Adam 1T & % F#E RBEE L
Require: «: stepsize

Require: (1,02 € [0,1): Exponential decay rates for the moment estimates
Require: f(6): Stochastic objective function with parameters 6
Require: 6y: Initial parameter vector
mg < 0 (Initialize 1st moment vector)
vo < 0 (Initialize 2nd moment vector)
t < 0 (Initialize timestep)
while 6; not converged do
t < t+ 1 (Initialize timestep)
gt < Vo fi(0i—1) (Get gradients w.r.t. stochastic objective at timestep t)
my¢ < B1-mi—1 + (1 — B1) - ¢+ (Update biased first moment estimate)
v < Bo-vi—1 + (1 — Ba) - g7 (Update biased second raw moment estimate)
my < my/(1 — ) (Compute bias-corrected first moment estimate)
O + v /(1 — B) (Compute bias-corrected second raw moment estimate)
0r < 011 — .- my/ (/0 + €) (Update parameters)
end while
return 6, (Resulting parameters)

2.2 BHBRE-a2—FJIIRXRYyETI—Y

Recurrent Neural Network (FI#fl—2—F1 % v 7 —2, RNN) (Z@EDERE —
RRNCREIR T X 2 o B — g e b, FERVIEREB X 02RO AHNICHIsT %
DR =2 =Ny NU—=0THY, RINT—&%Z2i5 BARGEEUHESLEFHLFHKO D
BT HWSNS. RNN BFFOEARNLRMEIANIE, THE, LHED3ENSR S
IEAZHE NN & FEkD b DTH 50, FHEEICHAFEE, TRbbL—-THELEE, £
DB DVWTDEANT X=X ERORNKERBNTH 5.

RNN EANRINF— & & = 21,29, ..., 27 12DOWT, ZRLITOZV e DODAS 2 %
ZUELD, FRRCRIIE S ¢ 2B REH T 2. 2o &, FRBEASED S o
Z, V—TREEIC X > TR t — 1 1I2B I 3 FhREOH I 2ZIFEY, FHEETS.
FkRIC, BiZlt — 1 OFEICIERA ¢ — 2 DIFROSBERINCE RSN T WS 729, Hig i
ZNETIZIW- 72 TORIMNIBI 2 AN ¢, = 21,20, ..., 241 ZRKILL Ty DIFHHE X
N3 ickhsd. FREEICET 20U, W 2&RNCB T2 A e (t=1,....T) «Z
I BFEEDEA, W 2B —RZRioFEEOH T hi_y (t=1,...,T) I
W 2EEEOEA, FHEBEOEECEEE f() T2,

hy = f(Whhi—1 + Woay) (t=1,..,7T) (2.19)
ho = 0 or initialized randomly (2.20)
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DEXIIHERED. hold 0, H2VEEETHIALEINS Z e DBZ VA, RAZIZIGH U TH
TEOBEZBL I3 H 3. 24 I NMHEHOFTNERT.

N N
heq = _E > h; _E—_’ hesq
t whh
J J
I |
Xt Xt41

2.4: RNN Ofid » LB o

HASIESAEBIC RNN ZHWS & 21X, XEHFEORIIT—2 (H5WIELFORS
T—&) £ LTRL, BEOXRD»S t HFHOHGEEZTHIT 5. ERIFRFZIORRIVIKEE (RiZl
15 t—1 OHFEER), EFRZOTHRERE (Rt -1 0HEE) 2 AT L, BRI
ROBFEDO TR ZEBED IR L TXERERT 2. XEKZITS RNNIZRNN SiEETL L
BN, Fx 7 a YMTTFREMEIERDO 2 X 7 THWLRTWS.

CDED B A Yy bV —2 L3RR FHELHEZ RO RNN TH 20, F¥EHZD
SDWIEEIE R Yy b7 =2 LIFE ALEMDO 7 VTV XLTITH 2 e TE 5. HiE
DN LB LR EZ 52 2D DD, HEHAZ AWV 2 REBALHIZOW
TRANRINTF—RZEZNZFNDERE 2, ICTOWTCR—DEANRT XA —XEHWS1-H, AH
NEREFAIZEETH Y B LFEHITREARTA-XIEEREBR-oTWS., £z, L—7H
B2 RV ORZAFANCER S 2 &, @EOIEEHRE Ry V-2 05t HEE LT—#ILT 2
EHNTE, HENEMELEDFE 7 LTY XLOBHMAREL 725, 2D X 51 RNN
%583 5 FE1E Backpropagation Through Time (BPTT) ¥ M 5.

LA L, fREER72 RNN Tld, EHRRERIIERIEIS e TETH, ROKRINIE
xS FLPWABRVE WS HEIERH SN TW2 (Bengio et al., 1994). RNN OA&MGETHE
BIRETAICERME N 270, BT X 2RIERZHS RNNEFETEL2=2—F L% v b
& [FRRICAECIH R ¥ ORISR E L T LS5 e RELEROV DL X
nas.

% Z T, Long Short-Term Memory (LSTM) < GRUIZRFEXN2, IHEWVWRIID
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THREEZITA S & 5 BEHBEZ RO RNN 2B RSN, KMEHShTVS.

2.2.1 LSTM

Ce—1

X 2.5: LSTM O#iE & Lo Fi

LSTM OMZEX %X 2.5 1Z7~rF. LSTM (Hochreiter and Schmidhuber, 1997) i RNN
DOHEE 1 JEICHE T 2HETH 5. Bl RNN oHfE e 2D, LSTM IZHHENIC
WEDEHEIERZFREAIREE LTRET 2 XEV L, BXEAHNOERESCAEY £
VD EH R RRIEICHIE S 57— F 2o, EHARZIOFEMRE LTHRONS by 72
TR, ZRNETORIEERE 7 — MK o TEAMIT U TGERICEHFEN S XEY
LD ¢, ZHWE Z 8T, WIHHORZIOERE RIAFBR T2 RAEZET L, RIIMK
FO¥EZAREIC LT W5, IO LSTM (Hochreiter and Schmidhuber, 1997) (213
Wy — ™3, = PEIARID 2D U730 720y, RIS — FDEAICE 5T
egEA B2 RiA®D 5 & &, BIETEANS — b, B — b, 75— o 3O —
FEHWS Z D2 (Gers et al., 1999). LI, Gers et al. (1999) DEF A ZFHAT 5.

AN 2y BEURIRERN DO by 7 — FIZERZNZITE - T, [0,1] OHEFHOEE &
D, ZOFX—rEEET 2 EREKMIEZBOEEEHIETS. XY LILOMEB LN
H he (EATT 2 ERIEDE ST by WA TRIZ D X BV RILDE ¢,y D HEIEIH
B0, F=H Lo TZENLDEREDHIRBEIND LHITR->TWSE. ANNEXEY L
BIUKT — NCEBT2EANRT XA —XE W Wi Wor Wit ERiDFRIVIRES X £
Ve BLUKS — MCEERT 2EANRT X—R%E W Wik Wb Wik v LU, Kltich
FBEANT =i, BEIF— N, MBS —boy, XEVERIL G, M, LFDES
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WHEEEIhS.
it = o(Whhe_y + W) t=1,..T) (2.21)
fi = o(WPh_y)+ W) (t=1,..,T) (2.22)
o = o(Wrhy_y + W) (t=1,..,T) (2.23)
¢ = fiOc1+it @ fFWhhy_y + W) t=1,..,T) (2.24)
hy = 0.0¢ (t=1,...T) (2.25)
hyo = 0 or initialized randomly (2.26)

7B, BHS— b OME L & TEMECBIE £(-) BMEER U TR L0, WE X GRT
bH%.

2.2.2 GRU

GRU OME K %X 2.6 12773 . LSTM 2 HHIKT 2 &, XEVLADFEET, #EHs>

he_y _ _E’i’é O D hy

wzh g it o
| Whh‘ o
ﬁmm4_|wn| H—f |
—(
|
Xt

X 2.6: GRU DG & B DAL

YINTHDH. LSTM &b nw)ty V= e EHS—bD 2007 — MN2F%ffio
T, SHILREOFEF 2 HME L, RIADERIERIIREN Y MVcENT 2. AJlz%Er 2, h
WEBETZEANRTA—XE W W Whe BRIORIVREEXZ MV h % r 2, h ITE
FTREHANTX—XE W W Whh v 32e, REAtIZBII2)12y b7F—Fr, BH
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7=t z, BRZIOREARETHD, GRUDEDE M X, UFD XS CHEZINS.

ht = Zt ® ht—l + (1 - Zt) ® f(Whh(Tt © ht—l + thl’t) (227)
re = o(WMhy_y + W) (t=1,..,T) (2.28)
u = o(Wh_y + Wz (t=1,..,T) (2.29)

LSTM ¥ GRU IZIZ KERBEEDEITR WD, GRUIWZLSTM b d 75— bk, ®
NHARBED=D, KREZHOHEMFE U THIUE, GRU DA LSTM & h AR WEtEET
Hi.

2.3 Sequence-to-Sequence 7 /L

Sequence-to-Sequence E 7L (RINIEHLE TV, seq2seq) &, FR¥| (Sequence) % AJJ
L, DR (Sequence) % )13 %5ET/NT, Sutskever et al. (2014) IZ X - TIREX
N7z, LSTM 2ZU®H e L7 RNN T, =>va—RLEEEEDORZ b2 T1T5 2
ELDTEY, REIDVOLLOLBRVANZUE LM ZERT 22 e LWV, 207k
O, FIZIXEFARMCEHRICRNN 22D FHWS Z 8 IXEE LA o7z, Sutskever et al.
(2014) @ Sequence-to-Sequencen E 7 /L TlE, ANRI%Z LSTM T a— KL TEEER
DART S VCEG LIk, ZDXZ MV LSTM T7 a— K UL CTHARIIEERT 5729,
RNN Z RINEHUCZ D E FHV 255 OMBEZ R TZ 5. Sequence-to-Sequence E 7 /L
DI L [FAIRFHIC Cho et al. (2014) ZAMDET LV ZRE L, Encoder-Decoder €7 /L&
MEAZS. SEAETIE, AN ZRINICES T, 2va—&—, FJa-X-szhzho At
HiZEDbERxYy b= F2HWET V%, i< Encoder-Decoder ET /L& MR Z & 53
Z\. %72, Sequence-to-Sequence ET LD X ST, 1 DDETINTIEREL T 0LE
Zma—I 0%y bEHWTETMLL, AMAERZET Z2# > T—RUSHEE T 2 57k %,
end-to-end E7 /L% end-to-end FH E MR Z e b H L. KimX T, RINERZS T
JL X Sequence-to-Sequence E 7L, LAV Tl Encoder-Decoder ETF /L EFERZ & &
35,

2.3.1 Attention {1

Sequence-to-Sequence E 7 /LTI, RINGHZ BIERD XY bVIZEERT 2703, RVWRY
THBIFEBANC AN ENNEHRD T a2 —X —FTEMLIC W, 22T, FEREN (Luong
et al., 2015) ZFHW5 Z & T, X DEHINCANERZ HCHHT 5.

REXTOANRIN X = {xy,..., 2} THLT, =>va—RNahiexZ bLE HE =
{hge), . .,h,ge)} 5%, BHED Sequence-to-Sequence &7 LTI, hge) T a—X—0DF]
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HABENIRAE hg © LTHAIH 5. Kt 07 a— X —DRENIREE h, KD ZKf, BHED
Sequence-to-Sequence € 7L DHEL, BIRZD T a2 — X —DEAVIKRE hy_y 2 HTT 0,1
2 HWT

ht = f(Wt[Ot_l;ht_l]) (2.30)

b, ZOR, fIXEELREETH B.

EEMEE V2 HE3 X512, by LTy a—X—0kNkE HE = (b9 nl9)
DBIEREE ap = {1, .., 001} KXo THEONT, TVya—X—DENIKEOEADZMT
HBXRARZ bL e ZHWVT,

ilt = f(Weler; hy]) (2.31)

7 a—XDORZ t 1B 2 REMNBRIVKEE 35, KLt 128133, =>a—&Z—0k
TUIRRE h; OBEEZ R AH T —EHOEA ar; & XXARRZ P e 1F, RDOAUT K o> TKRD
Y AR

<)y

exp(score(hy, hl(-e) )

ar; = align(h, b

_ (2.32)
S| exp(score(hy, hg,e))
I

e = > bl (2.33)
i=1

Z T, score(:) IIUTD 3MHOWITNrAHWSLN LD, ZOMBRIIKRELIBZEDS
AR

h/ ' dot
score(hy, hz(-e)) = htTWahEe) general (2.34)
W, hy; h(e)] concat

i

2.3.2 Copy #18

Copy B&HEIX Gu et al. (2016) IZ & » TIREZI N, FIZIIXEEN X R Z712BWT, #F
IEENRTOVRY, ANSUTHBA U BEEZ EW L TER L2 0WIHERYE, ANNCE %
NZEREZZOFFHNE LTHHLZZWEGSICHWSR S, BARIICIX, Attention HHE
TRIEIN DRSS, SANBEP AL —INIMHEREFIHEL, ZOMRIIE->T, ANE
FEZOEFHNT20R2RET B HETH 3.
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2.4 Transformer

Transformer (& Encoder-Decoder ET L %ERX—ZA LT HETILTHD, HP=—a—F)
BWEBIERDE T L U TIRE X N7z, Transformer 23ER X N2 LIENSE, HEIEEER 7 ¥ 0
BIZIE, LSTM % GRU IZfFK X5 RNN B2 L b Tz, LHL, RNNIZANX
NDZRINZUNEL, ZOMNH L R 2O TRONEZITS, BRI ZIT > TV
%7z, WHHKIIAAIRETH 5. £z, AMNRINOEZICEFRR L, A1 1O OK
FRRZ1E 5 Z L DT X 5 Attention #D3H %53, Attention X RNN A S HE
THEHINATVWE ZEDBIFEAETH o7z, £ T, Vaswani et al. (2017) 1%, FIRMEZER
%, ROVICATEHIDOED 7 va — OV KFERZ 15 % 72912, Attention D A%
fif 5 7= Transformer 2R L 7=.

2.4.1 Transformer OEREEE

Transformer I% Encoder ¥ Decoder Difj /71Z self-attention & Position-wise Feed-Forward
Network 2MEDODNZET N THS. Tra—XK, 7a—Xe b ANRINEHDIAARY b
JNERL, ZRUNEHDIAANY MLEINZ b DE AT T 5.

Encoder: N =6 QI LfgZHi>TED, &EITIE multi-head self-attention it &
Position-wise Feed-Forward Network @ 2 DDRE|EZ >, 2 DDEIE N Z Iz EHKIC
X, HEME CBIERIELEITS.

Decoder: TYa—Xr[FULL, N=6DHVLEELZFi->THBh, Tva—-X—-D2D
DEIEIZHZ T, multi-head self-attention #EDEIEZ 1 EEM L. SRIEZzHhZh%E
BRI, REME CEERILZITS.

2.4.2 Transformer DEZH

AIHTIX, Transformer Z K3 2 RDERIZDOWTEIAT % : 1. Positional Encoding,
2. Multi-head self-attention, 3. Position-wise Feed Forward Network,

1. Positional Encoding
AN DEDIABNR Y + L RINDBEZEL X dimoger) WNBIEH (Positional Embedding)
2595, ERONMEB XCANDOHDIAARY M A DRITTH—RITRE 5 (I EIF
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e AN DMDIABRZ S VTIRE T 2. MEFRIZTLORTHET 5.

PE(pos, 2i) = sin(pos/10000%"/ dmedet) (2.35)
PE(pos,2i 4+ 1) = cos(pos/10000%"/ @modet ) (2.36)

pos IXEZDPRINDMEH D, 20 (I ATIOHDIABLDRY MILVOMITTH» ZRT .
Bl 21X, 300 XITOHDIAAIZENT, 3HFEHDOEERED 13 Kot H DM EFRITRD X
WD

PE(3,13) = cos(3/10000'%/309), (2.37)

. Multi-head self-attention

Transformer THAL TV % Attention I Query-Key-Value B4 Attention HAH
TH%. Query & Key T Attention a7 Z5HH L, Z® Attention 227 % ffio
T Value ZEMT % Z & T Attention Z#H L - EHREZDOBERILZES T 2. Q&
K 3EXC d 285, VIIRIT dy 2FD. Transformer TIEHE/MT = D Attention
ZERALTHD, Attention DFHEIZZ LY b 2F—ONEIC L D Z OB EE 2R
L, VAK &#lo7%Y 7 b~y 7 B #EH XE 5. Attention Z{#H - 72EH 1D
AR, UToRXTRESN S.

QK™

Attention(Q, K, V) = softmax(
Vi

W (2.38)

(a) self-attention
Self-Attention &1, » % 1 XNOHFEZ I 2o TEtHE X7z, HFEROREE
FEZ2a70E58bDTHSE. ZORAT7EMF->TIXDONY MLVEREZESS
5. 2Fb, AJI (query) & XEV (key, value) DR LS DTH 5. H 5L
HEL S 2 BERI O BIERE (227, Attention) ZFHHE T 2 DICFDUHHHT 3
HEEDAEMS Z 25, Self-Attention £ 5T\ 3.

(b) Multi-head attention

Attention #EZ EEH W 2720, ROXTHEK XN S Multi-head attention &
w3

MultiHead(Q, K, V) = Concat(heady, ..., heady,)W©° (2.39)
head; = Attention(QWiQ, KW vw)). (2.40)

MultiHead D5 TH 3 Q, K,V IZRIDEDAANR Y MLEEKL, EA%EH
FAHIDBDTH 5. wILFAy FEEHMETIE, BOAFEBRMICE T2 Q, K,V
xR AECHEILT (RIIOBERE X dmeder/h), Z41LZH Scaled-Dot
Product Attention ZEH T 5. RI|IDHEDIAANRZ b LIZ WZ-Q, WE WY (i =
1,...h) 3 2 2 & TRIBCHEISNIATIZERT 2. 22T, W2 € Rimedexde WK ¢
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R%mode Xdk’ WiV € Rdmodel Xdk, WO ¢ RimodetXdmodet |3 EAHITHTH 5. F 7=,
dr, = dmoder/h T® 3. Scaled-Dot Product Attention Z&{#H L TT &7z head;
% hl7%5E (concat) §5 Z T, self-attention ¥ & Rk DITH DR (R
FIDBEZEIL X dimoder) 12725

Masked Attention

Decoder Tl Encoder T® Self-Attention £ 272D, H 2 RAID A S5 5 R DI
AoOREZTFHL, THRZZOTHMERODAINZEILTEDZ FlT 5. —
F, FEOL ZIZEITRTORZTRFICRORL O ER 2 Tl d 288 217
573, ZDIFT Self-Attention TFHNRTH 2AKDOERFONZ &, FED
BEADRZATLES Z2IZ2>TWA. £ 2T, Decoder Tl Self-Attention 1T
BWT Mask 217V, SETIIELBEROATHRST 5 X 512, J£D attention
weight 4T 01235 5.

3. Position-wise Feed Forward Network
2Dy VT =I5 oTED, LRI ReLU 23 5. 2 ICA
NI 2470 % z & l./, Wi, b1, Wa, bsy FHFEERTRA—RTH 5.

FFN(x) = max(0,2W; 4 b1)Wa + bo (2.41)
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E3RE SROEKKRE

BE, avEa—XTAOSELHRIE WM HAIRLITOATED, BiEkfHlT
B RBEFEECRRR DD IT o 5. LEOEKREMRIZIE, —RAINCHEEREK L G5
ZNEKRZHAGDE THVS. BENEKE IXEOHFTHEIHAGDOD IR I
LZEMRTHYD, MUtz HWa. —77, sBREINERC ITHEIF > TV A4 DEKRTH
D, WordNet 2¥ DY —F 2 Ay rtuad—2Hn3. LH»L, KEOLELZNHET 3
BUICZENSZHVWADEFHEIA N DEWEEZ 6N S 720, T/, Bag-of-Words £H %
FAWTXEZHR T 2D HADLD D, RS, HIEERZ ML LTET =D BoW £H %
HICHREXY, HEEOREKE DRERE TR L Word2vee MER I N2 8T, av P a—
R THARSHEEANH T2 FENRELIFE L. EEZ, XREZEELZHGEOHDIAAR
BHREEIN, O X5 BHEDIAARB 2 KRR 3 — A TEE LLEREEBEAET
R, HETFHBEAET AV ZE T, HNOX R 7 TaWERZG (2T 7 Tun—5F (77
AVFa—=2P) PREEINATVS.

3.1 HEMKKIR

SR 2 1%, Hinton (1984) IC X o TIRESINHEEZEERDESIITTOFERAR Y b
TEREAL, BFLOERZROHGELZILWARY MUSHIGE 28 TH 5. &&RIC—DD
AHAEEREZE|D YT 2 /TR (one-hot representation) IZEEX, X D HGERI L DREARE X
7 FVEILOBEFZRSIE DT b, RXT MUVERATEIEIREL 22007 Fu—F23bH 5.

1 213 BoW 0#& 2 Z v, HEEOERIZZ OBEIHIT 2 XRICL > TIRE S & W
5 734 (distributional representation) (Harris, 1954; Firth, 1957) ZJTIZ 32— %A A
DHGED MBISHE, HEEREOARPIRELR ¥ OMEHERE £ & D7ATHZ/ER, RITHl
LT Vi RD ZFIET, DMEMKRKD (Distributional Semantic Representations)
RIS . RS O EAMN T ICTHAIF#REZ Wz PPMI(Positive Pointwise Mutual
Information) 1230 < HEESARTTS (Bullinaria and Levy, 2007) %2, XICHIBIZ R ZiE5
fif % F W7z LSI(Latent Semantic Indexing)(Deerwester et al., 1990) 231 5T\ 5.

=77, SHREE D 2 SR EEED RIREED m ZOLTREN DS LRE LT b D
BRe A=A oFET2FEND D, Word embedding %77 BRI R I (Distributed
Semantic Representations) £ FHIN 5. DMERKRIULR, X DEIOTTHEIIEKRT L
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MTE, BIIRZ PFEBOITTH 5. K& D rHUERKI 2 KD 5 FEIZOWT
s 5.

3.2 Za—JILRYyrIJ—OFEETI

Bengio et al. (2003) 2R L7z=2—F vy bV —27FiEET /L (NNLM) I, Shannon
(1948) IZ X o TIRE XN/ N-gram Gt ET Ve =2 —F L%y MULZETALTHD, 3
BV &3 5T 2 HEE wy, ..., wr DIFEL, HES wiq, ..., w_pp1 DEZ DN
e &, ROBGE w, OMB T 260N EHREENTE2=2—-F 2y V-7 TH 5.
HifliZze BoW RBUIGEIEEZ E 8 L 22 WwA3, NNLM & N-gram % W 3 72 D FEIEIGHR & 15 %
TEHTES. K31ICBEERT.

0]
1
0
wt—ﬂ."‘l ? ------------- .. . EEEny
8 ® 40| &
b : O
00® @O i a 5
- H|i|U | 0
)| micoe_ 00|, @B U 8
Wg—2 (,? O‘., .O . O .. ....... » 1 wt
[ / . yO -
5 o
0 €T
Wi E)
5
0]

3.1: —2a—JIIEEETIL

B HEEX 1-0of-N coding I X D RBZXNTED, look-up 7—7VC LD CGH) 12z
NmXTTDORY bV ZFFD. n— VEDHGE w1, ..., wpny1 TRENIIHNT ZXZ FL
Clwi_1),...,Cwi_ps1) ZHEAEL, (n—1)m RXITOXRTZ ML a DA RE. ZOL X,
RN 2 EATHIZ H, TEBETOAN, 7 2% d, FHEETOEHLE % tanh BY
B, WrfED» o I E T 2 EATHIR U, ANED S AN T 2EATHIZ W, H
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NETDONA 7 A% b T 5 IEREETIOL T y &
y=0b+ Wz + Utanh(d + Hz) (3.1)

EREINDG. XoT, HEEw OHBT 25T 2 ERIX softmax BIELE FIWT,

ex
P(wt|wt717'--awtfn+1) = 1% p(yt) (3-2)

Zz‘:1 exp(y;)
ERRb.

3.3 Word2vec

Mikolov et al. (2013a) 12 & o TR X 17 Word2vechid, [FUXARDOHICH 2 HiEEIZHB
HWGEWEREZR DL SIC=2 -y VY= ZHOWTHED DHEKREZHR 2152
V=L THbY, ZO¥EHEL LTCBOW & Skip-gram @ 2 DD FEFREEL TS, &
LD, HEEDOEKRIINRZ VEHEICK > TREEAEEL 72 D, 21X ‘king’-‘man’+‘woman’
(TERED BB Z TR ZRLd D)) Z2RKDL5HEELT 2L, HEE ‘queen( ZE) ) D
N7 MVSGEWVEDNE SN D, LW\ o HFEDHEDIREICKR 5.

3.3.1 CBOW

Continuous Bag-of-Words model(CBOW) & &, & % HgE w, DB TV 5 AR TJEL
Wz o T w 2 PHT 2EFVTH 5. MDY 5 HiEE THT 5 NNLM L,
CBOW 34 A DHZEH ZHWB Z B TE S, 2% ) w, ZFHIT 355, ERID nfHOH
EII:?I‘ Wi—nyeee, Wt—1 ZIE?‘&O) n@$§§ Wit1y- .-y Wttn %*%ﬁ&%}: L"CJEHL‘Z) Z Z?ﬁ"@% 5.

CBOW 0i$§g Wt i)i\ t %E b:lﬁiﬁﬁ_%ﬁﬁz‘g‘ p(wt|wt—n7 sy W1, Wt 1, - - - 7wt+n) %iﬂé
20 TR 2n FOHGED S D, Bl Z1F w, DXXARE w, % SR OHGER 7 b LF
Hessde,

~

1
w; = %(wt—n + W1 Wi + -+ wt+n) (33>

PRI TE, K32 TREINS CBOW I,

~ T
exp(w; w
p(wt’wt—m---awt—lth+17---7wt+n) - v ( i N r;) (34>
> i—1 €xXp(Ww; w;)

"https://code.google.com /p/word2vec/



3.3. WORD2VEC 23

O ..... O
T
O ..... O
’///,//:;;LQQ::?\\\\\\
O ..... O O ..... O O ..... O O ..... O
Wt—2 Wt—1 Wt41  Wi42
X 3.2: CBOW

DEICEKENSE., ZITVIREBERRKTHS. ZDO%E, NNLM OHRETOIEELEE
e +HEF L L CTEEHRZI-DDLEZ DI ENTES.

B, w OXREHR w; X33 T2 HEDFEIEEERT LN TERLVDOT, H
FNBICER L Z2EAMT r ZODO SRR 2 b L% 2n ff % HEE U 2nr ZOCORZ bl e
KT AL BARETH 20, T X—XOFAHMMEZ 5.

3.3.2 Skip-gram

JELOHEED & HiFEZ T3 2 CBOW &3#EL, Continuous Skip-gram Model(Skip-gram)
3D 2 BiGE wy 2 S FUHGEEZ TS 2ETLTHD, M33DXIITREINS.

We—2 Wi—1 Wi4+1 W42

3.3: Skip-gram



3.4. HETFEHBEAET IV 24

H % BEE w, OSURANC B S 2 HIl D HLEE w; D HBIFER p(w;|w;) 1& log-bilinear model
ZHW,

T
exXplw; w;
p(/w]|wt) = V(wt)( t .7)

(3.5)
dic1 exp(w?wi)

CERIND. 2T V(wg) BHEE w, BEFNL RIS 25888 DEETDH 5.
$§§ Wy yoa) f’o)ﬁiﬂ%?ﬁﬁﬂ th = Wt—my++ oy Wt—1, Wt41y .., Wit %%{EUT% :‘Eij/l/bi,

p(Cuy|wr) = H p(wepiwe) (3.6)
—n<i<n,i#0
logp(Culwr) = Y logp(weyilw) (3.7)
—n<i<n,i£0
kb, HHEEE
1 X
J = Tz Z log p(we44|wy) (3.8)
t=1 —n<i<n,i#0
exp(wT ;W)
p(weilwy) = Viwr) = - (3.9)

Zj:l eXp(’wj wy)

ERACT 2 X218 ET S, BBR 3.9 plwes|w) ITOWTKR 3.5 DRZ FLONFE
ZRPFEAI A CTER LD TH 5. 3.9 DDFHIT— RRITEEN 22 TOHEEIZ
B3 2 NHEZ KD 2 7-0FtH 2 X P SEW. Z 2T Mikolov et al. (2013b) IZR YR T 1 v
7 Gz HWTERIL, EIZAH S(wiy)) &7 ¥ X LITEIRT % Negative Sampling %12
ZZ L 7z. Negative Sampling 12 & b, 3.9

exp(wl_wy)
p(wipi|wy) = ww)tﬂ ‘ ~o(wiw) [ o(—ww) (3.10)
2 j=1 exp(w;wy) w;i €S (wi5)

DEITB.

3.4 FERFBBFAETI

HEESDIA AR, HEEICRE T 2 — R AR Z RN TZ 2 L HIFFE N, S XX ERFiE
M 27 TR, LaL, word2vec 72 ¥ D HEEH D IAAII AR HUI DB X THB
D, XZZEEITNEZFETIE, RNNRETHry b= 2R, Blid D ¥EEZITH T
T, IS U Z T O BEDRDH -7z, £ 2T, XRICBI 2HBEOEKEZRITE
2 HEEHDIAAZ NN HEE T 2FRe LT, WM LSTM ZHWTEEE T V2%
T5ZLT, XEFREERLI-HEOEKRKRENRY L2 EISTE % ELMo (Peters et al.,
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2018) L EDMER ENTz. ELMo 28I & o TIF 6N HEER Y F U, contextualized word
embedding (ARILHFEHDIAA) L IHEN 2. HEEHDAARREZYETLET VL, £
NZHHT 2HEOET MIEY], ARSI TV, 2ok, FEHHINS
HDIABKBUZ, FTEE SNHDIABLRIOAT, Z0%¥EETILVONEIREZFIH
THZ ot ZHUIHL, HORAARBZEET2ETVE, ZREAHT 5
Bz E—OfRE L, FAEE SNHEDIAARBZ T TR, FHEEHICHWEZET L
DNFTA =R ZFBEZZDOEERNHL, 2087 X =2 Z2HFEOFMT — X CHFAHT 2
774 Fa—=YIRATIFEMREREN, ZOFAEIIRENATVS.

3.4.1 BERT

ELMo TIE 3D LSTM BHWHRNTW S, ZD% 12 8D Transformer D7 2 — X —
B2tk U, KB 2 — 22 W CEHRFE L7z GPT (Radford et al., 2018) 2R &
N7z, GPT TiX Transformer D7 2 —X =02 FH L7278, HiiZE ClERiOXkE S
ML, ROHGEZTHIT 2 X A7 ULHPRDHATWRY., Z 2T, Transformer DL I —
X =87 FHWT, WA HX 2SR 2 HAEE X A7 ZRE L7202 BERT (Devlin
et al., 2019) TH 5. BERT ZERDONMEDHFEZYZA I L, 2O A7 SNIHGEE T
TERRZHFFEICHWSE T, XER2SRI2ZEETNEFETS. 2561,
BERT (AN SLH 2 — X ZAHNZ BT 2 BESCE S Lo il 2 2 X 7 2 HFiEE I H»
7222 T, XOMDAARBZES T2 ®#HIEL. X342 BERT ODETFAMER
Y.

t £+ €+ ¢# ¢ @€ & € £ f 1®

Transformer Encoder

L I 1 L P:0 0 0 0 0 |

Transformer Encoder

Token Embeddings E[CLS] Emy Edog ES B E[SEP] Ehe Ejikes Ep\ay E##ing Eomis E[SEP]
+ + + + + + + + + + + +
Segment Embeddings E Ex Ea |[ Ex En Ea |[ Es Es [ B |[E Eg
+ + + + + + + + + + + +
Position Embeddings B |[ & |[E |J[E& |[ & B |[ & |[ & Bs |[ B |[ Ew ][ Eu |
BiZE/3H) & [CLS],[SEP)EM [CLS] my dog is cute | | [SEP] he likes play | | ##ing | tennis | [SEP]
ANXE my dog is cute he likes playing tennis

3.4: BERT o4& E X SANTER
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BERT D#&&

BERT & Transformer DT> a—X 02k 3 5MEZ2MHL TWwa. BERT i
BERThase & BERT arge 23E(ES 5. L iX Transformer O > 2 —XEOfEH, HIZfREH
JEIZBT 200 (HGEMHDIAADRIT), A ld Multi-head self-attention BEIC BT BN\ v
K (2.4 #id Multi-head self-attention $§M5I12351F % h ITHY) DL §2% ¢, BERT} e 1
L=12, H=768, A=12, /%5 X — X {E=110M, BERT ), & L=24, H=1024, A=16, <
TR — XM =340M TH 5. FFNBIZBIFZEAZ W, € REAH 1y, ¢ RUXH T3 7,

AHNDRI

BERT T3 7 74 ¥ F 2 —=V VORI A R RIRARAZITNIETES LS, v—2 v
DL TWA R ERIIIRTZANTEIeNTES. £, ANWILTE R EED
REDTXFAMNTHOANPARETH 5. ANERIE, XDOHIDIFIHT special classification
token (J[CLS]) TH 5. %7z, SURIZIE special token ([SEP]) ZASIL, X7 % ANIT 2
b, ZO[SEP] TRYIoTANTS. oD BERT ANDAN b—=2 VY —7r v R
CIEXR. BERT ICA I E N2y —7 2 R1FK 3.4 D X 512, Token Embeddings, Segment
Embeddings, Position Embeddings Of1% & 5 Z & T, HOAARFICEHFINS.

FMFEIRY

BERT I3~ A2 L7z b —2 > % THI$ % Masked Language Mode ¥, CFEDEfE % )
€3 % Next Sentence Prediction D 2 DD R X7 %{fi- T, HAEET5.

Masked Language Mode MLMIZAS] b= > D 15%D v =2 > Z2< A7 L (AN
F—22% [MASK] b =2 VICEZMZATHETS), SR Lk =22 THITE2ZX2T
Hb. TRZINTWVWS b—=27 Vi, ERIOHZEISDATIEIRL, XREZEL TR
HBOAN O TREND. £7215%D b =2 2Tk [MASK] b —27 VICEZ#Z F12,
5% EATE =2 2D55, 80%D b—2 2% [MASK| b—2 VICEZHZ, 10%DHGE
7Y R b= VICEEHRZ, BDD 10%D b —27 VIFE SR RV, WS FiEE
%, 5BIENSZ 15%D b —2 X, BKErSHNIRREMEZHWT /e b
P—%iEEr LTEET 5.

Next Sentence Prediction (NSP) NSPIIXDR7%Z AL, ZDXRT7 i LT
WA TH20% TS 2 20X R 7 TH5. BRIGEXZRZ (QA) S BARE EHEm
XA 27 (NLID) TIEXRT7OBAFRUENEETH 270, NSP XAV ZHFIFEEXAZ L
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THHT 2. ZZTRBANE LT, “BARI% L XRDEN D 777 & S
FELTOWTERICEN D DD I XRT D2 —V BT 3. ZOXAZTIX, XU
WCASI U7z [CLS) 2§ 2 MO 12 FHWT, 2R X A7 Z2f#< .

3.4.2 BART

BART (Lewis et al., 2020) 1%, Transformer D T>¥ 2 —& « 72— X DO /7 % fi§ 2 7= HH(
FERBEAETNTH 5. Transfomer D7 A —XDATHREI N GPT T2, A
IO FFD T 6N FREERE X 7 MR RWE 2hTws.

BART D#&&

BERT, GPT B XU BART Ot D7 O E %K 3.512/~r$. BERT TlX, b—2 ¥
DO—ifR% [MASK| WICE X, XET>a—F$ 5. Mask iz b—27 Vi3 L TFHl
XN 3728, BERT ZAICH S D LW, GPT TlE, b—727 Y% HBICHEMNICT
W3 270, LIS e TE3. LirL, HIEALSRORZOIREE TR 27
a—XDd, WHROXAREEE TE TV, 22T, 2 00RE% 8>, BART
DIRE XN/, K 3.5D BART Ti&, b—2 > O—% [Mask] Tl X2 &0z, MW
FiAD X% ST % % Transformer DT> aA—X Ty a— RKXH, HAHERDTa—
X—12&D, TOXEEERLTVWE. ZOLSIBERT YI3BRAL2D, XEEERTZZ
ETEZRD, ANMeHNIOREXZRZEZ DN TE, XICENFEOFIEICHBE
Bd5.

BART OFrIFE
BART T, XIXRXFEIZ/ A XML, HESEL (Fa-—Xolheiitox

FEOMoOruRLy buv—) RRELT SFEETETEAEEEZTS. /A4 Ao
JiEE BERT L ABOFED G EN DY, FilfMFEDREL TV S.

Token Masking BERT & [FIFRICT > X L ICHEER [MASK] TEZH#Z 5.

Token Deletion 7YX AICHGEZHIRRL, ZOHEZMDL-NERENRT LI 2%
B35, [MASK| CEZ#Z25ELRRD, COHGEMRITITVE0D05R0WDT,
Fid & Tl 205D H D, Token Masking & FERNTH#G ED L3 5.
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B D ABCDE
t t ittt
Transformer Transformer
Encoder Decoder
[ I | T
AN CHEE ABCDE
BERT ' ' ' ' QPT
A::‘l: B;::‘Il: C;::‘Il: [,')::1: E'::‘IL:
titrirt
Transformer Transformer
Encoder Decoder

T

111 AT
ABICDIE

i
AN CH E

R s g

BART

3.5: BART ¥ BERT B XX GPT Dtk

Text Infilling B OHEDIM U F o0 [MASK] THEEMHZS. B2z 2 HEHI,
A= 3DET Y VHTRICHES ELER S X TIRES 272, T4 310 (DD 3) DL
7 BighA MASK] I/ 2 b 3.

Sentence Permutation #WHOXEN»LREZXED, XEDIEHFZ ANER 5.

Document Rotation XE»OHGEEZ D&Y, ZOHEN—RHDIIKR S L HITLE
ZRELXES. FIZIE, TOXEN FA X R %2 fl-oT w3 Tthhux, TR %
filoT W3 FA 13 DESKEHREE, COHEDPVDDHFEBETH 0% FET 5.
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F4EF BASEIBMICKDZO1RY FOENE

RETE, SiBroIESHEOEBGRED 122 LT, HRSHEHMIC X 20Ky MEIfE
DAERGREZ S

4.1 MRE=ECBH

BE, HARIZBEREERICEALTWS., PFEMUE20RRICE 3 AN TFARER, 1
Ry VEHHT2 2 CRERRE 2SS T25HMMEZ e EZ6N5. TETIE,
ORy NEHCAFHEKZ X5k TED, £hukRy Mh 2Bz -2 8
Wb, ANtaRy beDaIa=r—2arBRELIRETSZARENDLD 2. FKEN
TuRy h2HWEEGE, Ry MPEFEFE AL CEL ST e TE25%M4 LT, B
EPLHIRD EHWWS 2 TREZFOREZO Ry NXRX, B Ry MIFREEML, ¥
B2 ePRBECRZEEZDL. O T2, NOSEICX2ER2HBERY b
DEWEZ AR UENET 2 Z e 2 HEEICT %

57, BRy P ANOFEZELTITS 22 TE S K512, HOHMMTRASHEATER
HAGDETO L ODITRZERT 2 VA ZMEL, BROEARIEr O EMZITHE
RELT 2 MBI GRZ BRI S 5.

X7, SECIMEONGBEREYET 220X oT, IO THSEETH->THEHE
OEWLSHER L, EERITRZZELD1CL, 2Ry FVEIfEL 2R ADSEDN
JERARE R T AMHAZIRBE LMAES 5. B, AETErARY FOFEr L CHEIC
B 28E2 MR L, REANTERY PADIERIZEA T RN —F =252 2
EHEETZ. 20752 2 SEOERIE, HERER, 23 Nocm HF2HH»T)
(03 1m CTHIK | REDBETIERL, TREL ] Y, ZORERIRIIC X > TESRED
235, BHRLZSEORFICEHTS. 20X ASEOEBKIZHAL, nky b
EL SEOMICBEREF 2 MHHAZIRET 5.
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4.2 BEERIE

Za—=INAFy FU—IRV ALY FZa—F %y FU—2 (RNN) ZHW», BRy b
WCEMEZ B S E B IZRIAIThIR T\ 5.

5% )1%#E 7 L MTRNN(Multiple Timescale Recurrent Neural Network)(Yamashita
and Tani, 2008) X RNN 2Lk L7 E 7L T, HERSEZHOZE ThHEETLELTD
WHzH>. BEOREZ AT L, XEZIOIEZE I T2bDTHD, #fEeFH,
Al AT S ENTES.

2z AW, Sugita and Tani (2005) & T Ogata et al. (2007) 1Z%F X =& 2HGT 3
MTRNN & RNN Z v, vy Mff e HEESZ2 zheh 832 22T, HAEREZ
KT 2ETNERE L. £/, Stramandinoli et al. (2012) XIS LT 2 {E20T
BT 2EEL SEOMICBERICEDSWT, RNN ZHWS Z e T EXuo#fEe 53t
KBLOMEZHIEL .

UL, WENOBESBIER K — > LEEOBEEMARDELRIO K-> LD
IS ETHS. KBTI, X0 AHOBEHIET 57DIC, <X — V¥R TR
<, BB £HE L, B SEOERIIIIS 0y N OBIFERETS.

4.3 0ORwv NENE

AHREIRENTORR Y FMRIHZHIEL TV 570, EHEREIEMTTRET, NihlE
TEohiTwadba—</4 FaRy b2HWS. XHiED, AKffSETCHVWS L 2 —~<
4 Fuady F HIRONXC IZDOW T OEEAG E, BIfEMK, EfFERICOWTHHT 5.

4.3.1 kbEa—</A4FOKRy b HIRONXC

HIRONXC 1 (#%) JIIHT¥MH# L 2 —~< /4 FuRy rTH%. HIRONXC ZA—F
V3V 7 b7 27 OpenHRP3 22075 v b 7 4 — AT, ME, WIRZEHRS, EAATFITIC
HRATZHPONT WA, Jython THEIET 5.

(BF) NIATEI O EEXNATVEY I 2L —&X %X 4.1 127F. Ubuntul?2.04 THIE
L, VKADORE, VKD, Ry bOEWENEE L FRIFIITH Bl TES. Zhef
W, BERAERR L Z R LT, ERTEMERRERT 5.



4.3. aRvy FEIfE 31

File Edit Navigate Search Project GrxUI Run Window Help

OF474 8 =0|oz=z

_____
¥ & simulationMode = )l
¥ & Simulation
[ simulationo
¥ & Model
» 8 HIRONXC
4l
4zl
>
> R
» & (ball_orange)
¥ = world state
@ worldstateo
¥ & Collision Pair
I CP#floor#HIRONXC
¥ CP#DemoTray_BASE#DemoTrs
I cP#tDemoTray #table
I cP#DemoTray #HIRONXC_
¥ cP#ball_blue_s#DemoTray_
I cP#ball_blue_HIRONXC_
I cPwball_blue_wball_orange_

w7 & SYte

-

¥ cP#ball_orange_s#DemoTray_
¥ CP#ball_orange_#HIRONXC_ =
. Graph Contents [ Ea- ) ZUSESTER W05 ®3:200.0

41: I a1l —%
HIRONXC D& =

4.2112 HIRONXC O %2R 7.

HIRONXC 25T 23 DDffizFi-> THh, K2k r#n»d 1o (Ba—ih:CY), &
OFEAETEENC2 D (Ha—NY, 5y Fl:NP), miics 6> (B3 —#:RSY,
HREY Y FiiRSP. G Yy F#I:REP, AFEH I —:RWY, HFEH Y v FHl:RWP, HF
B —Uil:RWR, /83 —#:LSY, £BY vy FiiLSP, £V y Fi#i.LEP, EFHa—
#IWY, £FEYy FEILWP, AFEu—il .LWR), WFI2& 4> (GFREHIRHAL,
RH2, RH3,RH4, /A FRHfi:LH1, LH2,LH3,LH4) OfizH>. Zhzn oA L R
TEBETHILT, THIPITHREIN-AEANLHEHZ2E#HH»T e AAHETH S, K
a1z Ehzh ol »H  HEERT. X2 TOMEIT, 1P TEEOAEICEHHE
RIEhbhd.

Jython Zffivy, HIRONXC % #i CEHIEX ¥ 258, 1EECOETO 7+ —~< v b
TOANDBRETHY, 2 TOBEAIEREY HIRONXC 123 L TEH 2 21T U7z 5720,

L[cY, NY, NP],[LSY, LSP, LEP, LWY, LWP, LWR],
[RSY, RSP, REP, RWY, RWP, RWR],
(RH1, RH2, RH3,RH4], [LH1, LH2,LH3,LH4],T]

'http://robot-support.kawada.jp/support /hiro/ & D 5|
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Right shoulder pitch axis
Left shoulder pitch ands

Right elbow pich axis
—

Reight wriat plich axis | i
Left elbow pitch ads

Righit 1
it st yaw s r Left wriat piich axis

Right wrigt roll axis (-.—:}

Left wrist yaw aods Left wrist rodl aods

4.2: Ry b DR

# 4.1: BAEIOB/E R REHIH

RAEREH-4 R 05 AEEE (deg) WmAIRE (deg/s)

= — il CY  -163 to +163 130
3 — NY -70 to +70 150
HE 7 NP -20 to +70 300
G 2 —Hih RSY -88 to +88 172
HEYyFE RSP -140 to +60 133
Gy 7 REP -158 to +0 229
HFEI -8 RWY -165 to +105 300
HFEHEYFill RWP  -100 to +100 223
AFEHue— il RWR  -163 to +163 300
o) 2 — i LSY -88 to +88 172
EREYyFH  LSP  -140 to +60 133
ey Fii  LEP -158 to +0 229
EFEI—8 LWY -105 to +165 300
EFEYyFili LWP  -100 to +100 223

EFEv =L LWR  -163 to +163 300
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4.3.2 ENEERR

BIEIERIZATHEDMER L, ERAF TRy FEERIER T 2RI METH S, [ &~
N=2F 2374 7R FEFE) 2FHT 2T, ETCOMHIFRZIERT 2R
<, BRy FOREDHEN. (BIZIXEFOHELY) ZHIMECEEFSE2 Z L bA[RETDH
B0, AR TEEMLENENDINRZZ 2, vkry M 2EARTEL» S XD EMLEIEE
W3 % 72912, Cheng et al. (2013) IZ X % Activity-Attribute Matrix Z2#& 127 5.

Activity - Attribute Matrix

Activity-Attribute Matrix(JA T AAM) 3B L FEICBIE L Tv 2 EREEZ 5L
bDTH5. BARHIZX 4.3 TRT.

BN
2 435
= wws 1] 1
< Y3
Bes | 1]1 ]
T Yy =z
Attribute X ' >1 5y
1 y
X

4.3: HIRONXC % F\W7= AAM fER%

M % Activity (GEE1), N % Attribute (BM%) &L, £EFKa;j(i € M,j € N)IZHEWT
Attribute @ Activity NDEHRARIZOWT Activity ¢ 2T 5 DI Attribute j 23 W
LATWVWAEHEIF 1, AR TORWES Attribute j 1X0 232, M x NATFNT X D H)
E2 RIS 5. [X4.3 TlE, Activity & U THMEEIEZHNCHE X, £ Attribute &
LT 4.3 DR & S ICEFOIRELZHIRICED?T (z), EACEH»T (y), ERCE#H»T
(2) BHARY PVEFREL. BIZIER, J28FCO0VT, 2=0,y=0,2=1%>T
WB5DT, ENCEPTEEXTHL 9, £/, U282 3xz=0y=1,2=1
X0, KA ETFTOEHENEZENTVWE I RN 5.
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RFRIIN IS AAM

Ry b 2HEERICERD TIIEZE NN THE T 2 ENDH D, £ T, Attribute
Dx,y, zZNFIUH LT, R 227 P OWERZ L 22 212X D, vRy FOBEE
ARETFIREICT . X 51T Activity 24T 2BRRICB VT, 220D Attribute DEE,
RGN, HEEDNEE L 125720, x, y, z DEFEIEICZ OEEEITH A — K p, = [0, 10]
ZAAAEDYETE [P, py, P2, ps] ZIRRING 0 ENEANTZ ([poy, Dy s P2ys Psi s [Pazs Pyas Do Pso]s
[P s Pyns Pons Dsn )] 522 22X DEWEDERERTREICT 2. K42 AL TIRET
BRERAIAHE AAM 2R3, REBEICTRA2DE D LS IHH X2 1200 T EARH & 3
R

4.3.3 EEERR

Ry b OEEAEROFNEZ LLNICTRT.

1. BEARRT ML
HRIMEE 722 x,y, 2 HRDERR Y b2 YT %

2. FRENRY ML DS
L THEfR L 72X 27 FATIANC & DREREN X ¥ 5 022" X7 ML (RERZ b))
AT

3. BEERRY MILEREBERY MILORTE
1. OEANRT bL e 2. TERI NIRRT PLVONBEZERE L, BEEAEBE (ML
R, T 2PER) ZRD 3B

4. BENFEZDRGF
3. CRtE SN BRI HREDFEAE 2 N 2. C, BEICOBELEE T 5. BERm T %2
BEL, BRY MCEZBFEED 7 +—< v MILIRORICKR 3.

[[cYy, NY, NP],[LSY, LSP, LEP, LWY, LWP, LWR],
[RSY, RSP, REP, RWY, RWP, RWR],
[RH1, RH2, RH3,RH4], [LH1, LH2,LH3,LH4], T]

2B T 13, REAFOEERAKHEE LD, ZLOMEITEOMEICD 1 BN THIER]
ReR7e®, T, =10 — ps, &3 5. BRHIZ LELDIEIZHE > TUTRITRT.

1. BARY MO %SE
XN DBFEARRT ML, R42D z,y, 2 \TRINHEL 5.
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#YIB

HERE D
Wwo< hY)s

A < 412
FIrFIRED

CYy
NY
NP
RSY
RSP
REP
RWY
RWP
RWR
LSY
LSP
LEP
LWY
LWP
LWR
RH1
RH2
RH3
RH4
LH1
LH2
LH3
LH4

7 4.2: FERVINIE AAM DREE
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p1 P2 Pn

0 0 -5 8 0 3.5 5 8 0 3.5 5 8
0 3.5 0 8 3.5 | -3.5 0 8 -3.5 0 0 8
0 0 -5 3 0 3.5 5 3 0 3.5 5 3
0 0 -5 5 0 1 5 5 0 1 5 5
0 6 0 8 6 -6 0 8 -6 0 0 8

Pz, Py Pz Psy Pza  Pya  Pzp Psy Pzn  Pyn Pzn Psp
T T T T T T T T T
T y z x y z T y z

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.1 | 1.8 | 0.7 0.1 | 1.8 | 0.7 0.1 | 1.8 | 0.7

-2.3 | 0.7 | 0.1 -2.3 | 0.7 | 0.1 -2.3 | 0.7 | 0.1

2.1 | -0.5 | -2.7 2.1 | -0.5 | -2.7 2.1 | -0.5 | -2.7

0.0 | 0.0 | 0.1 0.0 | 0.0 | 0.1 0.0 | 0.0 | 0.1

0.2 | 02| 27 0.2 | 02| 27 0.2 | 02| 27

0.0 | -1.8 | 0.0 0.0 | -1.8 | 0.0 0.0 | -1.8 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0

0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0
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2. RENRT MILDERK
FRBATHI DA N ZRHENE (V]2 2HNCHAT 5.

UI2EEEEIC e 20T (\ATROEFZIIRL), T 208 (FN) OoFfzzL, X
W2z IE (EAN) OFIEZ2 L6 y 2k (EN) 81, wHRE»roEREh
5. ZOrE, BMFOEVWERICy (EAOEE) LR ICX o THREZAERTE
5. K42%H 2, HROFEED Y2 WO EHEN, y &t DEICE > TEH
L2 TVBZebhr 5.

2@1, ELYIZ) WO EIEZ R TAD g, [[pxlapylapzl>p31]a [pxzapyzapzzapsz]a
, [pxn,pyn,pzn,psn“ DA [[0,0,—5,8],[0,3.5,5,8],‘",[0,3.5,5,8“ o TH b, RFE DfE
e I FDEWER R TIREBAR T MANFRREINTWEZ bbb,

3. BEANYT MLEBRENY FILORTE, BETERORISE & HEREDENN
K42, DEYIZ ) ITB I 2ROIDFRENT DR, [poy, Py P21, Ps1 ] = (0,0, -5, 8]
THY, RBNRT MV [poy, Dy s Py | EERNZ PV ONEGER I

(0.0, 0.0, 0.0],

[-3.5, -0.5, 13.5, -0.5, -13.5, 0.0],

[ 0.6, 0, -100, -15.2, 9.4, -3.2],

(0.0, 0.0, 0.0, 0.0], [0.0, 0.0, 0.0, 0.0]]

L%, BEDOREKE, D% b HIHPIRED T

Initialpose = [[0.0, 0.0, 0.0],

[-0.6, 0, -100, 15.2, 9.4, 3.2],

[ 0.6, 0, -100, -15.2, 9.4, -3.2],

(0.0, 0.0, 0.0, 0.0], [0.0, 0.0, 0.0, 0.0]]

ENRRERICIZ, SHEEEDRAY = p;, 2 HEIHE LEIERE T = 10 —p,, %
HAEDE, UTDX 51245,

[[[0.0, 0.0, 0.0],

[-4.1, -0.5, -86.5, 14.7, -4.1, 3.2],

(0.6, 0.1, -100, -15.2, 9.4, -3.2],

(0.0, 0.0, 0.0, 0.0], [0.0, 0.0, 0.0, 0.0]], 2]

DA Z G ZHEE [Dryy Dyss Pros Pss) = [0,3.5,5, 8] ICHWH L7z#RDO B R v
s DEIER X 4.4 1TRT.

WEREE Y py R THZHRZ 2, oRy FOEFELRRIED TED, p TR RO
NDEWE po M TIREZEHEARZ &, Ry bOAEFENERND Fichhro-TEh, FELRYS
DEFWER B ARy P TERTETWS Z L DMERHEKS.
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IR RE py TR
14 THL Y5 QBRG]

4.4 SHERREDSO;MIEERK

e EEOERZERM
LiE a—sR INELY INELY

B s
~ATHEINEGS KO B % ga1n
------ \ BED | B3
PIFRECEET.

KELGot-AIRE...

SBLE
BRI SHEE

3
B R IR 22R ”fﬁ;“\

ﬁg BIIEAERL \

- wE

KECRES rES
4.5: ERFEOME ( Vha < BE 2 OEEHER)

R L X 2BHRRIR BER BRI 28ERBR L 2lAGLELSHYL, 205
NIRRT 2EEONICERDREATH 2 & 55, BIfE L OAIGEIRD 5 5 R WAH D
BENGZ NI, BEHIOFEL OBKEFR2 OIS T 28EZ AN T 2 FELRR
T3, K45 REFEOMERFI L RS, SEISEOEKRLERIC, BIfFIIBEIERE
LR ENZNEEBE SN, SECEEOBRICED 2 00 M OBREE¥2E T2 Z 2T,
SEPOEIFEEHEEL, BIENERTE S X512 5%. HIZIX, TKEL BE3), TAkEL
Yz, VNx ]3] O3 0D0FEL ZNZTHOENENBIHITH S T 5. ZOK, KA
D VN BEZ) BfERERL &5 5258, BAIO TkEL Y1z, haL Y3
OB S TREW) & UhEw) oBREE#HETE, TREL BE S 8iffr TREWV]
e Uhxwy oFFEEEZHWT WhE L BE %) BIfEe#EL, BEZAERT 5.
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4.5 ORy FEREIET ILOBE

AREITIE, BHRRE L BERHOMAGORICE o T, ERINIEENE(LT 2 ET L%
ATEENGE L, ZOETLVDOHERZITS. ETVOMEIIEETH 5. Gaier and Ha (2019)
d, =2—I2y FOBEAEEELLEE, —a—Flxy FOMEEZEET S LT, #
BDORR 7 THLHREOREZE. BASHEWHTEFTIE, Collobert and Weston (2008)
DR & I EH PIRE e HoB D S EEE 7V DR % I8 % W7z Multitask Learning
WEoTHIEL. %7, Kingma et al. (2014) l&—# 7 ~OLffiF &7z MNIST % SVHN
D7 —&K%ZHHW, Variational AutoEncoder (VAE) (Kingma and Welling, 2013) 12 &k 5T
HENC AT ORBZERZ, XF2RICEDOETHNT2ETAVEMEBE L. AR TIE
uh%%?fﬂﬁ%%%eu%ij%%hﬁj—é . F, AR ITNLE T B5E Y word2vec 1IZ

BRI E T 555812 OWTOHEZITV, THERBOARMEICOWTOREESITS.
724%, AR TIEATIORAEL ETVDEETDH 2729, HIITH2EFIZHEMLEEL
L7.

4.5.1 FHEREHR

SHLBEOMIGRE LB T 57212, =2—F 1%y FT7—2 (NN) 203, K461
3y NV =2 OBERTRT. Gy b7 — 2 OBEEL RO 4 B E T 5.

Netl : BEHFRH w, LEMERR w, 2HEELT—2DXRZ FLE2 LTANL, B Ry
FEMERFH o 2T 3D =2 —F 12y hv—2. HETOIEECEEENZ
A FEEERHWS.

Net2 : BREHR w, LEWERHR w, 225 ZNZEN_DOFME ha1,hae B E L by, by
RIS L, vRy FEIMERBl o T2y bU -7,

Net3 | BEHRER w, L BEERHR w, DZNZNOFEE h, BLX UL h, ZFEEL,
g h 2iE7-%u Ry VEWERBH o ZH Ty bU—2.

Net4 | BERBUC K o TEREBHIZ( T2 RET 5. £3, BHRERH w, )
R w, DZEhZhOFTHEE h, BEOF h, ZELEDYE, BIERBEIICLDE
LU BH®RERAOHTHEE hy &, BIERHOHEE h, Z 2 LEDYE, TRHE hy
RO Ry VEERBH o 2T Ay b — 7.

ERFize Ry MCEERZ € 25812, BRI o & 433 HDOFIHIC KD EHL, iR
2179, AJTOBEKRER w, B X OCHERH w, 1, 7L, D% D One-hot DY bl &
T 258 word2veec TIE-> e EAEMRERIL . 3258 CHEET 5. 2B, Netl OHfEE
TOEMREEZ> 74 PR, Net2, Net3, Netd OHEETOEELBERKIEY 7 75
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v NEntE

am

r

.
>
S

:

i Linear & Sigmoid i

concatenate

! !

S >

2 2

BRER R R
BERE

[ =]

i Linear & Sigmoid

( concatenate

_ Linear & Sigmoid
A

Q
| 3
| MLP,, | | MLP, | [ concatenate |
I R I
| _,\_ﬂa | 7\_4? | [vLP, [wLP, |
Wa WV Ha %
Y Y

Net3

L

i Linear & Sigmoid i

ﬁ concatenate g

h; —

MLP

concatenate )

Net4

4.6: Network DR
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ZBBE T 5. 2y V=7 OFRGIREEESEEEZ AV, $2u Ry FEIfEOHT
TIEME BRI 74 FERZH W, BEIE, 7y 7y FOL Y EICHET 5
HEERBF TR Z W 2 L 2FBBICZ W NEE2 ) RO ZITLTWABKRERD S
b, BIFORZIPHSIZRTERRF 120 ( X0k X0t HIF 7 T7oRD ]
TFEREV) =502 T L) Tl W Th xo2  TLodh  TEBAY T D)),
Z ORI L HAGDOE THEZ 2RI ST 28ERF 6 (1521 1525 o3
)z NEE 2] ToXF)) 2R 35, ASIOBEKRERER w, B X CEERK w, & 7
LT BHER, BREH w, 13 12200, ERB w, 136 XL TRT. 7HRHOLE
X, 7297y ROLIEERTZ v 7%y RTF—=XOMEa— 2 2fFE L LT MeCab TH
PHEHEXLDB, word2vec D skip-gram Z W TARZ UL L, 1 HEEZ 100 RoTD 77
MEHTRT. BREH 12 ( TXob ) ok ¥ 7¥ 7 2o TFERWN) [—
UTy AUy THiID WY T xok) TLo,D) TEBAL) TLo< D] ) D word2vec N
7 PADFERTIMAEROAFULER 4.7 1TRT. K47 XD, HEPIHRNZLE2RT [F

0.6 T T
*f=- A U
0.4r Xo &
oYy
0.2
Kok
0.0f Lol BsoE
v
-0.2y THAL
To<Y
—0.4f FRW
=k

70'760.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

4.7: word2vec IZ & % BERFRIED 73 EEERIHR

Buowy v I=%icy, PETH2Ze%2RT DL & THxok) BERZIVENZ &M
bbb, —HT, FOEKTH2 flrwv & 737 »5a0». ZHuX, word2vec 12
KX 2RI DIERREIHETH 5, MR D TR U SXARICEN 2 BHEEII I Bk 2 Fo
MICH 21 12K D, MEEERT D FFECRICHR T W0, FHFRGE 2 MFEEIEXXAT 5
ZENTERVWIEDFRRATH 5. FHFEFE L NREIIEL RIMEL T 572912, &
TER RN 2 N — R & U8B R 3 2 Fik, BEHRINICBEE L T\ 5 HEER X
Bl7zRZ PR E LT 7 AV Fa—= T 3FERD B0, KFLIHHERD
FEE HIT2 e AEMNTIE WD, #HLZW.

BRI, 4.3.2 IR LZRERYINS AAM ZHWTAFTIER L, BIfERH 6 ficown
TFE43ITRT LS tﬁpn = [pxnvpympznapsn] 0)4%773%7)6&5@]{/?%%14\, P1 yiN5) peg D
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% 4.3: EORERIINIG AAM

oat| o | ot et g

HHET 2 6 DDFEICED, 24 KITTDOXRZ ML TRLIZ. £43TRLULEEEDS B 4]
521 ¢ NEE3] ZIM48D XS ICRBIH RS,

X 4.8: mARy VEIE (815, £ EE2)

)2, OBEEZ2ENCE 2L, p1t DEIEIE, p1=[psy,PyssPz1sPsy) = 0,0, —5,5] XD py
DENEX, po=[Prys Pyss Pons Psy] = [0,3.5,5,5] TREINTBH, MEPICK48LETS p; T
ZzN\, pp Ty & 2z \OEIEZFEIFICIT-> TW5. BHREHIC X 2EEOREZ(IX, Flzx
WX IXor) bnadxx HEy T TREWV BEORRETH B LINEL, F43DEM
BRI R T p T RELTHIETRIT S, MMOBEHKRERIHADK 4.9 D X 5 ITEEZ
PIREL, TNZNEKA3IDECORL p, ZEET 2 Z e THIE2ALE 5. kB, #E
Ko TEIT B pyypy, . 3ERRD. F72, py,py, p, DRZF X [-10, 10] OHIPITFRE L
ER T %.

MUEZRWT, 2y N =2 2T 5. BREHOIOTENZ 7 NV D%E13 12, word2vec
DEEE 100, BERROXICENE 7 XNV DHEIX 6, word2vec DIFEIZ 100 2 L, ANk
5. WHED — FEZ p1 = [Py, Dyr s Pors Psi] 2B D6 = [Dags Pyss Pags Psg) D 24 & L7z,
HED  — REUZ 255 30 ZitT L, AJI% word2vec 12 L7258 2D T4 ki E
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=&
=245 ..:Fé;:.:fg

FEL
— Rz
Lo Hiod
=hAL AL
LoKY L

4.9: BIFERROEEOREZL

PWNEXL 07220322, AT —22 LT, 6 HMOBEHWERK Y, 12 {HDOBEKRHD S
bWIhh 7TlE ZNZHHAGDOE L2 L2 FBOSEIIHL, & 100 HOBEEZIRE L 7=
BERREAICA 2 X5 ICUIMER DI X DKL, 24200 HOBEEIER LT, 28
L7, AT —2 e LTH X BRERE  BIERBOMASDLED 42 1@, FIfT—%
WA WEIER L BRI OMA S OE D 30 MO EEZ 7L 7.

4.5.2 FHMEISIZ

IEREMERBLE X v b U — 212 XD W SN 7BIERB QA MG RO BBt D 2B X O
BDEZHWBAERIC X o T, EMEEREFHNS 5. FEKZaRy M TEEZ1T S 12U,
ARHERZ 4.3.3HOTFIEIC L DAL, f8RZ21T 5 REDD 203, VIFHNCED 3 L ikE
DET 2720, FHEIIZAERFIRZEHZEH WS, pr 225 pe DRI 7R O IEEHE & 4
HRAG R OFEREDE (BAL © cm) Z IEfFEMEOBBNERECHI - 22 8I& &, ZOEEICHD 5
[ D IEMRENE & AR ORRAE (B 0 #0) 2 EMREEORHE CHl - RG22 LabET
ZTDVHE %,

6 —— — — o
le(W& T -t Z m+ﬂt» o

/\%$
12 X2+ Y2+ 22 Ti

CRHAZSNLE LTGE, HRED 7 — PR 9 TS P FMAINI L B o7zh8, /—FE20 &
DEIMENTH o172, /— K20 #HNW3

I
yul

=1
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ZZTX;, Y, Z;, T3 p; OIERREIE, x5, vi, 2z, t ZERERTHS. ZOiHE
R0 ISEWVEE EREEL BI-8= o TED, IDIELLAERTETWIZ 2R
LTCTW53.

4.5.3 EERER

44054613 (4.1 OFREREZEMNL, —t > FTHELZFHOGRTH 5.

KA4FIATIDEEER T L, D% D One-hot IZ L7255 & word2vec 1T & % 7 HIFRIAIZ
L72GEDy VU= HOEREWEREROE 2R L TWD. 22T, FHEARE
CIIATIDOBERRE  BIERBLOMHA S ORIINIET 28ENFEE T —XICE&ENTWS
56 DA REEDAERTY, TRYERE) 2%, AIOBEKRRKRHA CEERA L HASD
BEEDEE T — RICEETNTORWEEDEREEDRAREGTH .

F 4.4 3y b= Lg

BERTY

BE ANWLE ZETEARIE RKFEHRR

Netl A V% 42.05 47.49
word2vec 40.74 47.70

Net2 7 )b 32.13 47.78
word2vec 32.08 46.91

Net3 A V% 8.79 14.00
word2vec 8.44 12.71

Net4 7 )L 8.93 12.54
word2vec 8.48 12.10

K44 XY, FREARBZ AN T LA TIRFERBZANE T 255 TH, Netl
DARFEBERIAD A Z RN T word2vee Z WG E DT 7 N2 WG E K D ik
ROPETNELK B ot LOALEDEIRELS L, ANMHEEID S, v b7 — 7
DHETHZ I ZRLTWVWIEERD.

v T —ZRHERIZOWT, Netl &R L, Net2, Net3, Netd TIFFEZERIVNI L Ko
oo ko T, ANOFEL UTEKRERH SRR ZERE LGS XD, 7 TATIEL
TG EPNERTH 3. £/ Net3, Netd 23 Net2 & D HRERDEININEX L RoTED,
BERA BHERHOSEEZE L&Y%, uRy FEIfERH AT 21— ERREE%
Bty NI OEENERTH 2 E R 5. F72 Netd IZDOARFEBFR D A S0t
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BIAERDVIIDRNTH D, REBVERBED AN LTCE, BEIfFRBIC & o THEKRE
BOENT 2L WS IREZHVE L AN THELEX 5.

# 4.5, £ 4.6 13 AT1% word2vec DX hL ¥ L7355 D Net2 ¥ Netd OEKENEDH
EREPRLTWVWS., ZOK, EHMOEIZERER L SELEROHEAS DI X 3EENEE
T=RIZEZENRY, REFRHDOANZE5 X568 THD, %huﬂ(Eé%)miﬁ
TR EENTVIERRA L HERFOMHATODEEANE T 258D AEL K- T
W5, R452RK46 ZHET S, Net2 DK 4513, @Wﬁﬁ@@ki%@?ﬁ#Lﬁ%
M5 50.6%ER->TED, X6DEDH 25—, Netd DF 4.6 TIIEERBIBORAERD
D 5.0%0 5 12.9% e KELIWFEDOLRWI &2 5, Netd TIEXEEEORBMERZ %
CEMTETCWBEERD. %72, 1 OOBHKRERRICB T 2EERRBEDIEAERICONWT,
Net2 D 4.5k, HAEHEEBTIESDOZNDH 52—, Netd DX 4.6 \ZHEH & B ETH

WRERENPERONZWZ 2 XD, BIRREPEEBRICE(LT2EETETWELLEERS.
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# 4.5: Net2 FAifS R
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5% | 555 | P05 |65 [RES | ORT
Xob . 30.6 269 184 [JBE
Xob 31.8 IR 23.0 30.7 [EZRS
VoY Pl 367 . BY 366 415
720D . . . .
ESEIN . . . 9.1 15.9

o - EDE 0 B NIEN
bL 1402 | 65.6 | 145.7
(0N 0 EEEEEEEN

Hxror || 39.0 31691 27.2

|
Lomh 1350\ 130.3

S S R

XhbAL 38.8 58.8 | 735
LolD s JENIEIE 238 |

IR 50.6\ 192 | 280 [145] 408 | 465 |
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HWTC, IEMEIERBZ XOTHIE L, IR L KR %X 4.10 12, Net2 & Netd DOHfEE
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Y 8% RITHITR LRl fRAL L7255 2 22X 4.11 BX UK 4.12 18T, FRLFN,
I X o TASDBKRERZXANL, ~—2Z7DFICE > TATTOEERRZXAILTW3.

X 4.10 DIEMEEERI L Net2 B LU Net2 ¥ Netd 22 &, [EEHFERETEX, FH
—Dv— 7 ZHBIBE KL TED, FRA—0EFRLSIEWVENCH S, F—0F)
PERBUC X 2BERBR LK, hRA—08ERBIC X 2 BERMEICIEE 203, F—D
BERRBUC X 2 BIERBIFEI L S IVMEANICH 2 £ E X 5. Netd DHNE B FREOMERNC D
L2Zebhrd. —7, Net2 DIHIEE, F—O~—2TlEE->TEH, FA—otaFLo
BREEALNEY. ZOZehs, BERREZEZ O TORWI D1 5.

FRRSJE & L3 % &, Net2,Netd ZRZHDORVIDOHFME hoi,hy B LK hye,h, T,
Fl—D~v—2Ft, dLLER—OBRLTEEE>TWS. ANIGEWHHETH 57
B, XD ATOBKREHSCEERRE KM L DMK ->TVWEEEZLNDS. RDET
1%, Net2 IZBWT heo BELR hy 13, BIOIDBEHART, EhFE—D~—2Ft, »L<
BE—DMFRLEINEL RoTWS. D% D, [FA—OBRRIEPENERINC X 2 FRHEDON
7 MVRIER X DIEWSH L 2o TW5. IEfREIEIZBBRRIC X 2 BIfERF OBSRME X
D, BIERBIC X 2EERBOBBRMEDO G DR OTD, &0 hp ERBLUIZH T o 25
meEZoND.

—7J7 Netd TlE hy, ho EBFRI—DO— 27 BIPFA—DEOMTIEWVEAICH S, D%
D, BRERS X OCEERB O T OHEEZRFOHEBEONRT ML EiioTng. ZDiE
R, 1)1 o BERERB LUFERTZRMTEEZONS.

AR LUIZEWERBZ e Ry MIERLBEICBEESIN 28 Z 0l %2 RT. oI5 7]
NEE2) Dp 225 p3 TTOEMEIIR4.13 D X 512725, Netl 12k Net2, Net3, Netd
D3ODFEIEX, &b NEEZ ) BB TETED, KT Net3, Netd T FHET—&2E LD
Bl7-8 =272 % 2 & DFERHIR 5.

word2vec F AN LTHEE LI2Ay b —21F, FETFT—RIHEELRWEHR (22T
BARAGEEMRZ 2 F2) AN LTEZX2ZMRARETH S, HlZ1E, BIERHOD
1% 4, REGED 52 A 2] @ word2vec DN MLEANICE X 1258, %
BF— RIHFET 2HMAGEOERKRED 54 ZANCEZGE, BXY, RHGE
D ¥ 2RV O word2vec DY M vi ANITE R 756, BIAREOBEKEHRO ¥~
P27 BEANCEZ 12550 FNZNOMNEEER 4.14 1 RT. TbeA k) U5 &
rxbAr) U2, TRFexy) W23 ¢ (292 Y3 3EhPEVEIETH
B0, DI PICERELROEENENRTE. [BoAb] & TEBAL), TFyRY) b
(¥ 27927 | 1% word2vec DX MR ZRZIVEV. SETOMKRMED S EEDE(L %
BL, BEERTETVWREERS.
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4.6 FrHrSEOHFE

AFETIISEL FHEOMICERFFIC X 2 0Ky MEIEERTIEORSE, BB OB E
RIS L7z Yy b7 —Z 1D W THRRE L 72, ﬁrﬁ@mﬁ@b{’mﬁa{ﬁxﬂﬂn@ e, TN
N AT UG ED  word2vec 2 AN L L7255, BHKER L BHERTHOMASHYE
WK B EHEEEEOBBRMEEZYEE L TOARWESICOEIEHEERTRETH D, FFIC word2vec
EPRHWEGEEEEEZ TNV LTE ARG EICHEEN NS o7z, —F, word2vec
PHOWEZ Ik 2EMELID S, SEEIFOBBRMESRICHW Ay b T —27 DR
RICEBIEEDENPKE L o7z, ANBIZOWT, BREE L EIfERB S L 255
WHREFNEZRANET o DB RWERE R o 72, %72, BUIRFEEOEZE, X5
WEIERINC X D BIREBHDIZT 2 2 WO RFD R E Nz, BB AT word2vec % H
Wty P —=21200WT, 2L {To= I DRWEERHEOEELZEN TS W TE,
IR DRI TETCWEEEZLNS. D EickD, SHETHLODE R
RRBCERBAZHAGDLELZELCIZERT, vRy VEHILT D TE, KEiE
NTRARY hADIFRIENRTOWRVWLZ - —DFHICE L ze Ry MEIEFIEZESEL
2. ARHHAIC LD, SEOBKRXZEEL WS EX Y 7 4 IZBRE L THIGE %R Z EE S
52T, ERVT AL THI BT,

SHBOFEL LT, Nz L g8drd, B2 EiIE22 80X D EMRe Ry
MEMEANDEH, NMICACAZ/NSLY)S ), TZIES>%2/NELY]5 ] TREIDZEDLS LS
W, BIESICN L TEIEDE D2 e E X N5 3 FELLED ATI~ADxEe, TEhwn
W1 TbeAtl DLS57%, KDBERLSED AN L TOBFERSETONS. £
72, KEWNTHS HEICEHETOIERYIEZ ON, IEECRE A Rikid h BHEE S
20, ZOXEe LT, BEOEEDL S OHEES, & D DRNZHIMTE 2 & 5 A0
BADPRELZEZ NS, RBAFETIE word2vee ZHH W T WA 728, LY Ea—R2R
WCHIB U TOWIRWHEEIZN LT, YalEREIR D 5 553, HlZ1E subword DAS
ODEIWCE-T, METE2EZLNS.
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EHE —MRE XA ERERN

AETIE, HEFEPOEHEEZAEMT 2MEL LT, RN XA UEREMGREZID b
F%. —fR N XA FEWEROME 2B, BEEEZHT 5. 7—Xty FOfF
RFIEDFHH, 7 =%ty b Doz, FEREICOWTHAT 5. FFRETH LT
FEEREITV, FHMET 5.

5.1 HE

BIE L EGRICN L THASHE TEONAZLDL T 2283 A< ThTWw5 (Vinyals
et al., 2015b; Xu et al., 2015; Venugopalan et al., 2015a; Gao et al., 2017; Pei et al., 2019;
Wang et al., 2018). BN 3 2 SEEMEE L L TRERNZREL LT, BiEix ¥ 7> =
YA (Krishna et al., 2017; Zhou et al., 2018a) 23 IF 605, Ziuk, BNEANOEE L
ARy M BB L, Zh eI U THAT 3 X M 2ER T 2ETHS. —77, BIHE
NTHEZTWE A XY M OFBRN R EEN 282, HIEESEE R4 e HicE
FELTHELS, HHAVETFETFI AP LTHlr Z e TE 2 ENMIE, HEEE D HHE DK
MEXDRCHBETE, SLHEGAEZIDELLILNTES. b5, EhefME
T3 Z ik b EhE o ffifEin EASEARF T & % (Schaffrath, 2003). Eiiik, HEEE KSR
NEEDLPDRTBZ S0, BB dIcHER LTHIINZD, BEBICTF R
FEWEIRREND TS, 2D, RNHEFEZHIBT 284 IV I7RHFEORS 2#
UNcHlEls 2 Z ek ohn s, EWAEBISBIEFERATH 28EF v 7> 3 VAR 2 B
T20, 1) RALARYTOERD, 2) R4 LAR Y TOREBOE AL S, BEFx v 7
YaVvAERCIZRERIFETH L. M5.11, BFOHEF Y > arr—Xty FTHD
ActivityNet Captions (Krishna et al., 2017) D ¥ ¥ 7> a ¥, B XOARWHRTENRZ HiE
THEIOFIZRT. BIEXx v 7> a VERTIEA XY MR E 3TV, 2hziucxil
XX T avERERT R0, ANV NORAETLIRUEIEPERZGEVRH L. —FH, E
MTIIFTDORFEIKRD > T O RDHEF LMD 2RENDH 5. X612, BEFx v > a
TRV 7NARA DCHEGET 2 ZePBEINTVRVWED, 51D 12OHDXF Y > ay
WRT &I, MORHIECN LEWTF R FMIEOL 2 b d. —7, FER TR
il & HEFEOR S HBGRT 2R D 5.
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5.2. BT 54

DX IICENZ, BENMNE, NE, ETARNOF 7Y =227 F MBS, EFFHD
ARY P EHATRNCLPEELTEST, CHAETOMEDOHBRF v > a Y AENBEY
EHIREICE 23D TH 3.

—fRHNCEIX, AR—Y RS — 2B W, BEPRE XY, BRAIEIEELRE
#H &> TWb (Schaffrath, 2003). ZO XS5 REEHIS, INETIKHMH T HEENRT
27 70 —FBREINTWEY, HHEEOBEMEIEHT 2 2 L XRERFIE T 2 N5
LD DD —RINTH 7. HlZIE, RoboCupH v h—>Ialb—yareEHLE
MAERK MIKE (Tanaka-Ishii et al., 1998) Tl%, XA DK & % & DEFDONER R — LN E
WX o THENERIMTDI, =270 — ZFZRARK (Ishigaki et al., 2021) TlE, L —
SUTH—DHEERL —ADEBE L Vo2 L —2 v 2 — AREOERE A WTER R
ToTW5s. 20X IIERDERERDIHA T, HTEEOERZIEHT 2 Z & 2357]
RERFFETE, DED /70— RXA VY ERNRE LD DIEOsN TV, ZZTARET
&, XDIHAMEOEWERE BIET 729, FERX A VTR~ X A4 ¥ OB Z N5
EEAEEOERERX A7 RRET 5. BRI, F—UH v h—REDIEIZE
BRAR=Y, YRR AYOT, FrUESRE, NOEEOHEEZ LD 7 ActivityNet
A= RARZEENDEENN U TEREERTE2E2R 735, TFEAEOEREFH T
52kl EREENT 2FEOEEEZHIEL, ZOWEREIN5Ze T, 7Ly
T D FERBOEERLAREENE D K IUT I, CMAERKZ Y, B XA ¥ DRE IR OB L
THA R EZMNE L WEEICERTEZ 25 M b 5 5.

9, AR XA YO ANBOEEZ ST E 7 AT UTHERZINGRL, # L WARHIKR
TRty FOWRERITRoT. T, EHERGEICIRY ML DT, kiR 2 —
TNty bV =7 IZEDLS FEEZRET 5. BT 2 FRORFCRAZHEST 257012,
Ta DT —2IED MK S 1R T 5.

5.2 BEERSE

B EZ AW TEE A ORI Z B § 2 BIMEEE TR DORFX, computer vision  (CV)
DR BASHEUHDO T OMGIZELD 5 TH 5. =72 F X4 OFEITH
LT, #AZ53 2B ICHD A ERAIDWEE Venugopalan et al. (2015b) TH 5.
COEHEX v 7 a YEEIE, 30 RO NEIEIIN LT, FeRE2NELHASET
R TZHETH o7, ZOREIIHKIC, Krishna et al. (2017) I2&k - T, ¥ 74 THE
THIEBDARY PR L, BAREE I TZENZTIDA XY b 2HT 2 3B ITHE
RSNz, TDEXHIE, BETFATRETZEBMOARY FERHL, S ZAR T 2 38
% Dense Video Captioning (DVC) & MR, DVCIE—#&INC, 1. 3 ANEEF D A R
b 23 = TV B T proposal ZREEL, 2. Z D&, FFE L7z proposal XENZH LT, F ¥
T2 a VERETADHAT XA P RERT D, DXL, 20DY TRAZITT TiRE
fgkz s L TWab. 2B, BL Tl Transformer & AWz end-to-end 7 70 —F H 2R
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INTWD (Zhou et al., 2018b; Wang et al., 2021).

Taniguchi et al. (2019) 1%, 7—X 257 F A MIEMLTERT 2 FEL LT, A0
ARV P TF—=% (5 LETF, By FHONME, T4 oG T—%)
EHWT, V27 R=JIZRRT 2V v I — OB DRER AR T 2 FEERE L. £
7B Tid, Kim and Choi (2020) BB ERO GG &, EDEMICERT 5 i &
HEERT 2 FEELRE L. LrLINS0FiKE, B —HIcERINs 22/
ELTOWRWEHEZERT 2 I 2HNE LTWS 70, KX CIRET i 138 R
5. ¥LINHOFEE, TNATHOFEZMRRT 272DIZ F XA VEFHDO T — X IHAF
LTWSHEHARFEEIIRELRLRIHATH 3.

Taniguchi et al. (2019) Tl&dHAADZ &, Kim and Choi (2020) T, fEHISZDAERL
W RXA VA bad—IRFET 2720 TRLE, ANEED? S — 208z ET UET
2Z2EEME L, W20 HTaryR—3x> b GEFMHIRORERERZ#RE L Y)
WKESOWTWS, X 5ICEE, Ishigaki et al. (2021) XL —3 > 70 — 5 — LA D% B
BERT 2RV EZRREL, F— LS VAFHE EERRDOT /) T—>aryT =2ty b
ZHDH TR LTz, Ishigaki et al. (2021) 3E I Niz7— &, BRI TLE S —
ALY Yy o EEMEI NI HOMBE L EE, N FLOAEEZELT LA M) T—X
ZHW, FEWREHRZER T2 ETMVCER L. 2o 0REERHST 2 28T, #E
BRE T FAPDAEANE T ZET VLD RIERMERER L2 EB L, BhsiNE %z 3
TEOREICBIT D F XA Y AEHROBEEN 2R TRL .

ARETITORRAZIE, VTAEA LA TIZITS RIZBWT, FIRGER cho (2016) &
BETWE GELLIE, 54 HiZ2SH) . 0L RFEDEE, XEEMT 572012%L
DIERERFOZ L, AV BEIXEERERTAILD ML — KA 7 2ZERBLIZ-ETLER
RT2REND 5.

53 T—Xtwvhk

—E XA CDFEENR T -2ty MERFIEE X X7 — X OHICONWTihRS. 7F—
SAERUGFHEIE FH DINER & XXFHEZ L D 2 B D FIETIT - 72,

5.3.1 ERFEIE

757 KV =¥ 7% —EAD Amazon Mechanical Turk (MTurk) %W, AOHIED
gl 2 £ 7z ActivityNet 2= —»¢Z (Fabian Caba Heilbron and Niebles, 2015) IZ& 41
% YouTube BjH[D 5 %, 2021 4 2 H DT YouTube FICTFAES 2 B & SZE AT 5015
L7 ¥£7, BEI 30 DL L4 T DITK -7z, EEHF I, K 5.2 1R T HH
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(HIT) #FRL, BEZHEL 2 SEEATREI o TWa 2 2 EHMREER YD E
DENT D2 LR LE. (FEEEPREZELLRWEGES, BIEK 7% 1 9%
FBEMEILEIN D XSRET L. MFEHEZ 2 o0BE N LT HEFSE 2T, 18I
DE 2N EOEEENFEREFRE L. 1 HEHORE CEEIEZ XU H THIEES 2550
Eh, 2MHOERTEEEONEZ T TIKEEL TVWARNTOEREZNETZ %
HfELTW3%. 7—&Xty MCEDIREOHEZRA LIV 2729, PydublZHWTEHR
FEIB L OHEFHIBR U2, £/, S0 8E R DSEIERERT 0 90% 2L 200% L R D b DITHE
D, BEHOEX L REREOSMGCTRREST 202 7 4 V20 V7 L. X561, B
MM I B WVERAVE 22835 2 BRIV T B 72012, FEE L TV AR EIH O£ X D 30%1L
F110% K TH 2 b DICRE L 7=

Read the Instructions
FEARGH

] Have you checked the instructions?

First commentary:

0:00 / 0:00

Second commentary:

. ‘ 0:00 / 0:00

R5 OYolube

5.2: MTurk THW5E M= H HIT Of

5.3.2 BIINXFEILECERTFI MEE

RICINELE NS FE L2 AWS OEFH DT X A FLEHREEE Amazon Transcribe? % Fw
THIIHEZ Lz, HEFIXFEZI LIZKD, HFEFEFPOBHEIIX A LAR Y TITHIffEXN

"https://github.com /jiaaro/pydub
2https://aws.amazon.com/jp/transcribe/
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£ 5.1 ERTFZ M

] TEIK
Amazon Transcribe “uh Let’s see uh there’s a man, there’s a man throwing darts

and I think oh it seems one of them,he threw three darts,
and I think 11 of them hit the center, didn’t it?.”

XFHe C LIELE “uh Let’s see uh there’s a man, there’s a man throwing darts
and I think oh it seems one of them, he threw three darts,
and I think one one of them hit the center, didn’t it?.”

7«1 5 —FHIFR “There is a man throwing darts. He threw three darts.

I think one of them hit the center.”

5. HEIXTRI LOBRIITGAD BE TN I GERD D, ERFEHEPIIEZT7 4 70
EADPEEND T, Mturk I TEEZFICXFR I LEBIEL, 74 7—FEWVIEA, 8VE
L OHIBRPBIEEEEKIE L 72, 7% X MEIEH® HIT Ol %X 5.3 12RT. EXEEICIE
HEICFEEZ LEN2T7 ¥ A M EFFERIICHE L THRRL,, FFEC L THEICTE
CLOBIEE, 74 7 —%0HIBRERR L. X512, ENER & HICENSRSRICHE L
T-EEZ AT 2 Ul 2 VT, ERNA L EE L ORMEI R VrZEHOE THERTE 5 X
I EXEF L7z, 2 5.1 12 Amazon Transcribe Z HHWTERZ 7 ¥ A FEHLL 24GE, MTurk
TXFRZ UEBELLER, 74 7—REZHIRLGEROFIZRS. (FEEEIRHL
FPEBETXFAIDIS, MFEARILT Y N TETWED, 74 7—%HIRTETWE D
PRAEL LT, BRI YFEZILBETFAMNBLO7 4 7 —FHIRBEER T F A b2
IR L 7.

5.3.3 T—RtY MBS IUVEIET - EOLER

TEREBEDERDO D 2 F MM L7 2 & 2R 5 57912, Krishna et al. (2017) TfF
KEDERDOD AR Y27 /) 7= a3y LTV 008 L7FiE (Baldassano et al.,
2017) IZHEV, BAVEEBEDERERXA LARY T MDIEEBZEDHRERA LRARYTD
HARDEZHE L. ZOHRE, temporal Intersection over Union (tIoU) 23 45.5% & 72 -
7z. 24U, Dense video captioning D7 —Xt v FTH 2 ActivityNet Captions (Krishna
et al., 2017) D 59.5% D tloU & h & T3S, ARFETHO» S EHICBITS, NZLk-
TERREZTORMEIETERZ VWS HE L, 3R EZ oM 5. £z, ActivityNet
Captions & RKFEHRT — X DFEF tIoU X 18. 7% & D, EMENA XY M2 K DA T 3
TDIWHREZELERD, HCENELD T 2012, FRLOEEF DA XY+ EHFE
EDRICHEVEENDR LW L 2HETRRLTWS L EALN5.

3Krishna et al. (2017) DFXMETIE 70.2%72 > 7243, B TE R o7
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Read the Instructions

FRANBRRHA

[ Have you checked the instructions?

Task

Audio Clip

P 0:00/0:15 =— ®

Transcription correction

% Ninja darhrew? Hick dart thro... o
> #TR3 | #E uh Let's see uh there's a man,
throwing darts

YoutubeE)[H| | |;ff;jff_§;ﬂf o2 men theres 2 men | S

——

@ YouTube
Transcription correction
¥I: Play sentence from start and I think oh it seems one of them, he )
#B: Rewind one second threw three darts,
%U: Pause and unpause
{Only when cursor s in a subtitle editing field) Transcription review:

5.3: MTurk THW/AXF#RZ L7 ¥ X MEIE HIT O

X5, ENMNEO—REFENEMTHET 2725, DVC D X 578X 27 %iHfis 2K
XfEbNs, BLEUA4 ¥ —> 77 70—HEE W% FETHHHi§ % SPICE (Anderson
et al., 2016) D 2FHEEHWS. K7 —%t v b & ActivityNet Captions D 2 DD 7 — X
vy bEZAEHY, F—EjEICEB 2 B2 2F(ED T X X 2 RRENEZ AT R
3 %. ActivityNet Captions Tl&. BLEU-4 ¥ SPICE OEDZNZF4 4.86 £ 0.12 T
HoleDITH L, RF—Xty bTREENZFN259 £ 0.034 TH-o72. ZORGERIE, FEhiE
ANZ Lo THABEDREDD 55205, RKFEOMEEZRML TV eEZLNS. K54k
X 5.51%, 7>&2GEIR L2 2 o08)E (@) ID 25 “cIRR1ecmSILU”, “KUSVVtam3ig”
DENE) 1hF B AF— &t v b & ActivityNet Captions ® BLEU-4 ¥ SPICE ®OHNE—
BEHoAS Rz 2 2 n b L= DTH 5. ActivityNet Captions & FERXT, K7 —%
ty FCHERLT7 /72 a YN L TRAEEONED—HEZRLTWVWS Z EBIET
X, ZOMRIEIAT -2ty POEROMELHIEEHRL TV EEZILNS.

ER L7727 =&ty bOMGEIER 52113, Gl 715 NOIEHEEZFIC X > T 6,771 KD
BECN LT, G351 25,000 FL EORR T F A FEED. K 5.1 IFERKICIE L 727 —
&T, 2 NOEREPFHE N L THNE LAREFORZ/RLTHD, Krishna et al. (2017)
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v_C1RR1cmSOLU: tmpxfOrfWCfPKPY wis UGHYKKTan-yJUJI

v_CIRR1cmS9LU: 1 wis 2
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5.4: ActivityNet Captions(/) ¥ A7 =&+t v b (£) D BLEU-4 12 & 2 NAE—BGEHiiR]
k.

WX AE—EHEO DVC 2L TWE. ook 5 X512, AT —XIGH)HE_FI12%
WKHHLTED, FIL CTEERRED 78 + 21% % HHTW3. AFRE L bW Ishigaki
etal. (2021) IC&LB7B—XRXAL VDT =Rty bTIE55 £ 1T%ThH D, ZhrXRT
HEDEITHML TV, £z, 1EEHDD OFIIHERIT 17.64 £72 D, Ishigaki et al.
(2021) D 52.25 WZHARIFF DR W, RF =&ty P TCREIASHOBERB DN &2
5, ROV RIEIAT -2ty PTHOWTRHE E WD LRI 5.

5.4 [BIRERE

REITE, —f& N X4 CEPERRECHTETVORERTS. Mk, 5260k
BEV e VBV ={o}f_, DEIBRTV—20>—r 2L LTRHENT 5M 2 L RE
T3, EREHEICE, BBRERTOXRALALRARY Tt ¢ t, TEBRINZIEERXHICE
W, DB o TV B h 2 HIEH L BRSHERTES — 7 VAU = {w}i,
MW7 )T —=aryINTns.

FERAEMREE LT, UPD 2 BEHORENEZOND.
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v_C1RR1cmSOLU: tmpxfOrfWCfPKPY wis UGH‘I'IKEIJ(Tan-yJUJI
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B 5.5: ActivityNet Captions(7) £ A&7 =&t v b (£5) @ SPICE T & % NE—BGEHA]
k.

o Off-line Live Commentary Generation: $%EH S AL7zBIENI0T S 2 gl D HEIARK. %
B e HERRIFICBIE 2RI Y 7 £ AT E 2.

o Real-time Live Commentary Generation: 7 A 7WUGIZXT3 2 @30 HENAERK, 1B
Mo7F—2%&F2Z e, ROBER LICHGEZERT S LD ML —FFT7DNT
VR ZRENDH L. FRHEFRICEM L2V FE—XNVIRFE L ATRT BT
%, XOPRRERETH 5.

AREFSCTIE Off-line BYEICES 2 YT 30, AREFEZEIE 5.2 i TRT L5112, S%ITHT
H A5 Real-time FREDREICEZR L TWVWAS,

BE3E# 3 2 SE1THFSE (Taniguchi et al., 2019; Kim and Choi, 2020) 7B —=X KX £ > D
FEMARK (Ishigaki et al., 2021) TIEFRKERZXRA I EZZOEFFNETZ 2L, 4T F
477 —FTHASDOEZ N TES, XDBEMAY TXR7ICHEIT2EEDH
5. AR THZNEREL, 2003 7 X X7 1I20ET 5.

o XAZIVIHWE: BRSO T ANDOEYILBHIAE R TDRA AR Y TRHBINT S
BT RRY. KFETHRETETFT XD XA 2 EETEE, ZOXRY
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#£ 5.2: RF—X+tv b & (Krishna et al., 2017), (Ishigaki et al., 2021) OFEFHELLES.

TRty bk Krishna et al. RK7F—%X+t v b Ishigaki et al.
FRRE DVC

FXA > —MREXA > JA—XRXAY
EETES 14,926 6,771 2,473
- B E SR 487:35:43 239:58:03 226:37:53
- BOKENE R R 755 s 238 s 452 s

- B/ NENE R R 1s 30 s 246 s
VA A= % < 19,811 25,817 2,473
- EEER - 715 5
-7 77— a vEo&E 742:23:29 904:01:24 226:37:53
- AERHCGER 71,957 455,485 129,226
- 1 EhE & 72 D O CER 3.63 17.64 52.25
-7 )T a VEER 10% 0% 0%

- BRI R - 0.84 s 3.46 s

YN T 5121%, ET VG ONTMEDERA LKL ¥ MZBWT, €7
ANOBHT 24 XY M EFMTEXL20EDD 5.

o FHEELER: AN S NTMBEDE 7 XY M UT, BYIRRERE2ERT 2227,

DIRE, fHE D7D, G2 o APV ICEREZYSTS. SXRTOHARXBVWT, FHEO
ANEHE 7 L — 2R BEREEDS -7 VA G ={g, c R} (n=1,...,N)IZvv 7§
ZEEITY Kt v, RALRRY Tt RRHEA VT v 7 AT {1,... N} ITEHTX
27y Y TBIBIPFEET 2 L IET 5.

541 RAIVITHE

CNFETOERRAEMTET 2 X4 I 2 ZHEEITZ, HEANOEHRZ LEEFHICHEH LT
oo KEZAZWE—REAAL TH 27D, ERILSNTHGEINR—Z, & LIZERXZ7IZHH
TG T TIER L TV 2 HEIMEEFADET AV ZAAL T, ORI 7 RXF
5ZENEETHDEERT. £ T, Temporal Action Localization (TAL) 21253 5.
TAL X CV OEAXZZT, ) IV 7SR TORVENE S — 5 > 25D NHOTEE) % K
M EDT 2 Z e ZHNE $5. ZOXAZIIERD 5 Dense Video Caption(DVC)

LZORy Y ZE T =(t - n-fps)/N ICkoTC, 7L—u/FlEA VT v 7 ARRANCENRT 5.
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WARAIRIZEZRTH Y, ETMI ActivityNet (Fabian Caba Heilbron and Niebles, 2015)
PRHLTEET 2 ZehZ 0. —RIZ, 7L “proposal”, $ibbH, HEIOEIWEDE
BEIN D BB OHEPHZENRT 5. T 2T, proposa Tl S 45 FAGAIR R & & T RFHE ¢,
te D py = (5,15, ) DERZP={p,}M_ R, ¢ ZBETNLOWENSLLETHS.

m’ “m>

proposal p, IS LT, XA LRAXR Y TR A > Ty 7 A 15 L 15101 <75 <715 <N
THIENIL, pn 2 G ZHWVWTK =75, — 75 + 1 llOF#&E g, ..., grc ERT. £T,
£ roposal IZXF 2 EEREZH p,, ZLLFOKXTRD 3 :

L = GRUE(gTﬁn+k—17$k—1) k=1,... K, (51)

ZOKE, zp ldxo =0 ZVIHIIREEL § 2 GRUg D k HFHORIVIRET, pn = [z 2] &
2 XY MNRETHB. /% proposal DELARFANCHE > T 7 X ¥ P EREEENANT, KITR
FTEICKRA Y E Iy bOIH a7 X A MREZAENRT 2%E ZHOHlD GRU IZ AT
35

h,, = GRUc(Pm, hm-1) m=1,..., M. (5.2)

GRU¢ OFIHARRIVIREEZ 0 (hg = 0) & L, ZOREDREIVIREZHWT, so=hy &L
T Pointer Net ZfJH{b$ 2. REFZILIEED proposal DESG % 1 D3O DIRL, LITFD
BERSATT 5 .

score(s;, ) = v! tanh([s;; ) (5.3)
exp(score(si, @m))

Qi m = 5.4

’ Z%zl exp(score(s;, Tm)) (5.4)

si = GRUp([xy+; pos(m™)], si—1) (5.5)

Z 2T, v FFEARER T X =R DT ML, a; \FREEZ M DT L, pos(m) 1& proposal
Pm BREZ dy DNAF V=R FLTIERLT 2BBTH D, m* = argmax,,(a;m)
(m*e{l,...,M}) TH%. X (5.5)TRFT@ED, {FRXT v FITHBWT proposal FLEFITH
TAHAMWERDMEFEL, HDATEEEDE W proposal #3F#IRT 5. XD X T v 7D Pointer
Net DFZAVIRREZ TR T 2 72, FEIRE N7z proposal I x,,- & Z N DAERIA & #AE L
TGRUp ITANT 5. AJNCEEH EOS £\ 5 proposal & pg & UL THAIAA, ET
I E T D proposal 2HEIRX N2 T, H5WiE Pointer Net 23 pg #3FIRT 5 FTRIER
MDIRT. ETFUE, DINCEET 2HEKEZR/IMEL, [EME S WEEZ D proposal %
BIRT 2 L5 18IS
R M
L=-— Z Z tIoU(sy, pm) 10g @y + (1 — tIoU(sy, pr)) log(1 — arm), (5.6)
r=1 m=1
22T, s} WFIEME proposal DRI, ay ., 1& v FH O proposal 25 m [B1H D K 1€ TiE
N2 IE, tloU(,-) i temporal Intersection over Union TH 5.
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5.4.2 FEELEM

FEHERET M, WL DDPDVILFE—RILIERZAZ (Chen et al., 2020; Hong et al.,
2021) THIMMEDREN TV S, Transformer E7 /L (Vaswani et al., 2017) ZHW 5. FAT
PFFECHtwy, BB K0T F A +0ay 7 XA MG ZET/MWIANT 5. BRI, i
HEEICHEKRT D M= VHlls; &L BIEET /) T —>a YD 3IWFIRHE T ETD (ts—3, 1)
DEFEE 7 X2 b oy ZASIT S, T, KT —XITBT 2 IR O FIREZEDHR 17
TH D, Ishigakiet al. (2021) L IR L THZALRHPATDH 5. €7 /ILREITR T HERE
RETIHEL, FlEhlr—2 VHl EfO =27 VHOBO 7Ry ba ¥ —%K
MEF 2 X5 IEEEINS.

Video Encoder & A IV IZHEELAMIZ, XA LRARY T (ts,t.) ZFROET A7 X
¥ N taus,, 8 WIS L, G ERAWVWTK =18 — 735 + 1L HORHEDY — 7 VR
vg1,..., 9k & LTRETS.

Text Encoder AJ]7F X b2 —#HODONRZ MU T 5. i BERT X— 2D H
FEOEITHEIXN, Bk —2 2 TH 5 CLS DRIBE XN, K%IZ SEP 258MmEhs. &
F—=7 NFFEININBE LY a—T 4 Y I PHAIAENTZ d,, KITDEE I NI DIAA
Wy 7E3b. b= UMEENIATORZIZ LT, L+ 1HOXRY Moz, ...,z
DRINNTE 3.

Multi-modal Encoder > I—X—IZX-oTHEOLNTZTFRA M ETADMA DR
%5275 Transformer. 7 F A MIEDIAENZTF A b =2 VHIZERATIL, B
B ETEEARLMIEEEZHWT g1,...,9xk ZEREAIOTITHEZ L, 61 ZUTEEEA
ONBELYa—F 4 v 7—REMAEDLETG,...,.gx £T5. ZD2O0DTYa—FX
N7=RT MFIEEZIFANSGERE L, 12 M@0 attention Ny FZ£> 12> a—x7
oy ZIZHEL, hy,....,hgxip &5 5.

Decoder cross attention 252 6 J8 8 v F® Transformer D7 a2 — X —. <)ILFE—
ZNKARIZIED R & vho, ... hgp 2D, HEERIIZE ¥ 7> a3 Y VERX
ns.

5.5 —MRBIEERREMICEITERA IV ITHERR

SAFTHRELIEY TRRIDSH, XA IV THEDEBRIZOWTIENS.,



5.5. —RENEENAERICEBT 2 XA I v IHEEFE 64

5.5.1 FHEFEIE

TR XN R HERERRDIE L\nh & S 2l 2 72012, JeATHIFED Krishna et al. (2017)
1> T, BIEMREZ XY F LD tloU 2V, tloU OEAFTHEDMIE (0.3, 0.5, 0.7, B &
0.9 UETH 200 %2R T 5. SRTOMECHEE L HHEEZAEL, 205 DHEIC
EOWTEIALL F1 2a7 0 2iHiifeRE e 4. 7, HidO proposal O EEE
BT ERETNVDEELFNDT201Z, proposal Dty M SAJEER TR TDORT 2L
BL, ZOo0EHEZPWBMATHEL, Fon FEEZFHbEE 55.

5.5.2 ERERHTE

off-line DENE % C3D (Tran et al., 2015) DFFEEICEHL, d, =500 T8 7L —4 T
CACHD . BIfERRERICIE DBG (Lin et al., 2020) @ ActivityNet 12 & 2 FRiFEEHEAE
TR L, soft-NMS 7LV X A2 & o TER S 7= B4 100 D proposal 2 A1 &
LTEM L. GRU & LSTM OFEAVRRED Y £ X1 512 T, d, =100 & L. €7V
RA 25 TRy 7 ¥ SN, BEbTFRICE Adam ZEHA L, 2EHRIT4x 1074 & L .

553 RN—XXT71>
I3D (Carreira and Zisserman, 2017) IZ X 258 & LS 5. %7z, ActivityNet Captions

(ANet Cap) @ DVC & X 7 D proposal #fitH112 5.4. 1 THTHIRE L= FEZHITL, Mun et al.
(2019) OMRE L LHERT 5.

£ 5.3: 24 I VAR TILORER.

T—R2tv k T7I)L BEFFHE Backend Props. F1 Overlap (s)

ANet Cap. Original C3D SST 2.85 56.66 -
ANet Cap.  #RZEFE C3D DBG 2.73  55.62 10.5
RETFT—ZXtvy b REFE 13D DBG  12.57 28.03 4.5

BERF—&Xty b BEFE C3D DBG 12.67 28.91 5.6
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5.5.4 fER

7 5.3 12, Activity Net Captions dataset e RT7T =Xty DX A IV ZEAIET LD
WMRZRT. T4 Z & D proposal DFEE (Props.) &, #ald F1 227 (tIoU O
i 0.3, 0.5, 0.7, 0.9 D F1 2a7), proposal DFEEW#2EHE (Overlap) Z/RT. K
EFNLDFEFL 227132891 THYH, C3D Db DHIZIID ZHWESGE, BTS2
ZEeNrA. F1 R 713 C3D A 13D % kAl 323, proposal DEZ D 1Z C3D A5 LA D,
WEDHEIC ML= KA I7BHZ e nnsd. Zhuk, FEBEOY YT V7L — 1 0#E
W2k, 3D ZHWAETADER X DML VEHNENEONE-DEEZILN5.

Fio. REXZRZ12BI1T 3T VOMRER, ANet Cap ¥ F1 22713 55.62 & HE L
TR, OB NEZARZ X725, EFTARLDKREREI X FDEy b 2iE
RS 2RED B 272 ANet Cap & IR L THBELIE WD el 5. —HREF
X, IR NA == F » T T—#HOREREZ I TE 5. 24X, ANet Cap DHEHE
I D HRBIMENZ T TR, Ny 72y FETIL (DGB) DEINRIBRDF —N—F v
TTH5 734 I DKL AR S.

TDOZXIE, BBELEZA IV IHEETNME, TAL ZARZ A7 ICHEA S8 2680 TF
EThHBZeZRELTWS, 727250, ZOFEIXTAL =7 LVOEBIHEHT27 /) 57—
TarvoOWEIZE-o THEREAGINS 3.

5.6 —MEXAVRREMICET D FHEEMRER

SAEITCHRELEY T RATZ DS, FeFEMERITOWTIENRS.

5.6.1 ERERHT

I3D I X 2 RER, AEiOFERT CID FEE L D  ROAR 21§72, KRHITH 13D
ZHWS. #EFHHEIE, Rodriguez-Opazo et al. (2021) 12 & - TIREX TV 3, 25fps,
256 X 256 7L —2LE AN LT, FHS—-1) 7DD ICX->Td, = 1024 ¥4 XL
MEL 7z, off-line By E % W 3. Transformer X—ZADETNIE d,, =512 ZFEHL,
Ny FH A X8, HEEFIRCERRFAEE 107, =Ry 7D 5%DFE 7 =—V > 7D
Adam ZHWTHEE T 5. ZhoDEE 2k, NVIDIA V100 GPU % 4 Offf L7, #s
Ri2lk, €= A4 X5 T =¥ —F%2175. FHiiicid BLEU-4 (Papineni et al., 2002)
PRV, B3 7 57 —&Z—0D% 7 X2 MR U TEBNCEHE L 7=,
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# 5.4: =S AHHILDRE.

Encoder Decoder BLEU-4
Random Random 2.11
Random BART-base Dec. 1.66
BERT-base Random 2.07

BERT-base BART-base Dec. 2.26

5.6.2 R

57, Tra—Xe7a-XeBFOYEERAET VYRS 2B 2#RS. =V
a2 —&21d BERT (Devlin et al., 2019) Z, 73 —&iZi& BART decoder (Lewis et al.,
2020) TEHAL S 2. K54 1TRT XD, EFLAYRE—% ¥ b OYIIHLICHATEE E A
DLrya—R—rr7a—X—%z[FRCHHT2 LT, KiELMEERLELPRADS. Zh
LOMRZEEZ, YUBTIE, IXRTOETLVAYR—3 FEEFEAET VT
LTER L.

FEWHEE D A XY+ EETRNCLA—H L TV WS X270 HZERL, £
TANRE LW ZENT 272012, BHBIOTF X FORIEORE (2> 7F X b)) 28
EDL BWREPERE TS, MTDEXY T 4ICBVWTETMIEZX2aYT7FAMD
BT 2ER 21T o7, T, ARFAERET AL 70 —X R XA VERIFETED LI
FEAES 2 D2 2N 5 7212, Ishigaki et al. (2021) D7 — X THEER%Z 1T o 7z. Ishigaki et al.
(2021) @ raw WG % 256 x 256 XITIZ VY H 4 XL, Carreira and Zisserman (2017) 232358
L TW53 Kinetics 77— Xt v M THANCFE INLZET VT K- T, 13D Rzt L.
T a—Xogticiz. HARGE BERT (Suzuki and Takahashi, 2021) XG0 k— 2 F A4
P—2MWiz. £, ZOT7F-XIHLTDH, B - 7FALDay7F 2 ~OFRENIZOW
TatrL .

X 5.6 ZEFNMMIEZ 28 - XA bDarTF A ORBEHIET 2 EBREREF L
DbDTHS. P, YHIASTF 2 &, XENIANEEGOREREEERL TV
ERE B TIE RV, ANMRRORX L EOHBEDNH 2). FlZIE, (ts,te) 1, EED
7 T=2arye A oM LEEREEHVS L REKT S, M7 —Xty
MZBWT, EDZBLOIAVFFAMREIDROAT 3= A %2db 0T VWO RER
FHMEICEBIR T2 2N TE S, T2, FADEX Y T4 TEOZLDaryTFA NS
T, MADEXRV T4 DT HIBEEMO D TETNVS. i, HinDMHL
A LAR Y T X OFIOREDAEZ T E5E, ETVE—HRINCHED RO 25
Ripolz. THUE. VTR A ZERAERREICBIT 2R /AR b L — N4 7 0EEN
ZRBL TV,
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Previaus 3

Previous 2

Previous 1

Prewvious 3 17.4

Previgus 2 8 16.53

Previous 1

Mo Text 16.8

5.6: —f KX A4 VFE (F) ¥ Ishigaki et al. (2021) I2& 227 —X KX A VF&E (F)
DETFNMCE X ZEH - 7% 2 b EEHIE L 72 iR

R, RET 2REELE T NVOMRE%, Ishigaki et al. (2021) OMERE L LL#ET 5.
Ishigaki et al. (2021) D7 70 —=F bV FE—XILETLTHD, ANF1HZLITx >
TF ¥ EINHT10 7L —LDFHE S —F VR, F— LT LA b ENEZ102y FO
gL 7 — &, BXUORINAOERREGE 3 5. ANEBRIE VIT TRHELL, ABHhT*
A2 MEIXLFHNT =27 b L, 2IKETMELSTM & HW = seq2seq TR XL T W 5.
550067005 K512, RETNVIFABEOHEH I Y TXF A MDAZHWSGE (t; D9
ETE 10 WETTIX, BLEU-4 T 10.35 & 7.46), KIEICENMERERZMTE . ZHEAR
BRI HERMHEMEFENZYTHE B RLTVWEREEZILNS. £/, IE
e DIFYEXR (¢4, 1) DENERFEZ A L7356, MEREIE BLEU-4 T 13.96 % Clf L3 %23,
te IATOMURZBML Td 2R EME LRV ¥ ER L. 75BN OB)Ha >~
TXAMNEEHTEZ2DE, 7FRAPaVTFRAMNIBT7 7 LRATELLGEDATHD, &
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5.5 RX AL voMEIC Kk 2EERE. S, T.VIiZFhZUEE(LT—&, T X+, B
aAVTFFAMNERT

RXA> EFIL FIBF—4 BLEU-4
BZEEF A% 1.24
il F)‘ /f ?/ par. —

# BEEFL V+T 2.38
BEEFIL \Y% 13.96
REETNL V+T 18.42
Z7a—ZXRXA4 > \ 7.46
S 23.39

Ishigaki et al. (2021
shigaki et al. (2021) o . 93.86
S+T+V 24.01

I BLEU-4 2 a 713Kk D 1842 ¥ o 7=, ZHUE, ANEHEEL I XY bpary T
VE—HLEVWDDEERTIVELDHZ L EIZ, TFA LAY THFAMNPETILORE
2T, FRDENCABT TIIEDN»EEBST 570 THLeEZILNS. KET IV
¥, Ishigaki et al. (2021) TIRDRBWIERTH % 24.01 DR a7 kG772 HKT 2
Y, FXA YWNIEROMBHA R SRR FICHESLTEY, ERERICBWT RIS VA
TBMOMHIEETCHL L ER 5.

5.7 FLHESRDFE
RETUE, — MR A4 > OBENCH L THREAERT 52 227 BRELE. Thid, 1

e KIBICHRR T 2D DTH 5. X6, RAXAVERORWA =TV KX 4 v OfEL T
5ZrT, HIFERIH L TCESHEDLEDLD ZiFET 2@ L Iro 7. ANEIL, Fi7zIZEA
LIeRRT DD, B2 XA BT 5 NE O A 21781 %2 & 6K M E OB & 52
TXRAIDT =Xty PERER L. RETRRELLBREOFEDOEMN & RFA 2R iH5E
L BiZ, RFEANDETNERE L. ZORERERF X, 51413 Ishigaki et al. (2021)
WEBMENNT —RDEIR AL VEEDHEHROMD AL I EMNTESL 70— R XA
v+ WILFE—X)L Transformer ETIVZHBTELLEZITWVWS. T, —REXA ¥
DEBARICTIZ, Hi DVC I U TR E 17z end-to-end E 7 /L (Wang et al., 2021) D
EHR, on-line FXEIC & B RREMIRICHIID N Z EFEZTWVD.

AEOEMIX, BHONBEZELL RN e BRIHHLTWE02EMRL TINEL
TW3., RERANCIE, ANEEZOT 2 X5 REKICEF - 280, MICEBAEDEMME
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70

EF6E ZETF—AX%EHMHHUL/-data-to-text

ZIKE"CGB’( ISEIOERBEAENT 2HEE LT, E7— 2% MW data-to-text 2%
. R, HEECEEWMT — 2 o7 ¥ A VEBICER L, ET7T—X2HWIESED
Eﬁg%ﬁiﬁi?éﬁaﬁﬁ&:i’o’b\fgﬁﬁi?é BIREICDOWT 20 h EiF 5. 20 o DRERE
RTBFIRICOVTERE - FHEBL, FHfis 5.

6.1 HIE

SRR ER, HHEEREDZLL OPFHICBWT, A LEROIESET— 22RO
IR TET WS, KR TEMR T — 2 2 HMHRRDO R WADEIRTE 5 X 512,
F—REDHT ST X R EEHEICAERT 2HEMOBEENEF > TB Y, TEIFHA %
7 — X & EMIZ, Encoder-Decoder €7 /L% W T end-to-end D2EE %175 Z 2T, &\
ERMEREE FEHE L T\ 3 (Puzikov and Gurevych, 2018; Liu et al., 2018a; Iso et al., 2019).

data-to-text D7 =&t v MZ, EMFCERIN LT —&2HWET—%ty b, A
Hhzary b=V UTAFTIEREINT =&ty FBEET 5. AFTIERSNT—
Kty POYE, TR TFRAIPBARRLIMAEDE 0TS, —77, EMHRTHES
NT =R TXAM2HioTT =2y V2IERT 258, 7T—XeT7FAMDT7 T4
XYME, ANFICEs7 /77— ars, 7— &ZT*’X MRS 2D T —&iI2k -
THIGEINS. T IA XY IO TRGE, 72873 X T OSREFMIAEEHNE
U, ZRUC X DERDDIFRET 5 Z DD % (Taniguchi et al., 2019). F7z, AFTIEKRZ
N7 —=2ty FOBERIEIANT =X oM N7 F X MZHEERRETH 2 X 5 1ML
TrF—&ty b 2E e TE 50, EHRTHRONLET R TFA M 2HoTT—
Xty P EERT 25, AMhEzaryra— L T&Ehnwzd, AhWTF—2rohhTx
ANZHETERVWGEDRD L. Z0HE, Arohz#ETE2 L5112, HIZEXS
NIUVBEEHWTEMTT =22 ANT20EBH L. NFTEREINT—XEy b
EF—FzZHVkT—2ty FEZOFREOHHE D EL L. fIZIX, NFTERINL
F—&+t v k&HWS E2E NLG Challenge (I2BWT, 2023 FEHRAER D&V BLEU 2a 7
1 Kale and Rastogi (2020) 12 & % 68.60 7223, E7— & Z W TIERE 117z WikiBio D4
BERE T, FRROMETH D 2235, bWV BLEU X2 71X Liu et al. (2018b) 12k 2
44.89TH5. ZOZe»bd, HEEDORIIFAMTH A 5. AETIIHREFEKMT — &
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226 DB T ¥ X MAERENGRIZ, EF—XEZHHE T 5BICET 2FEICOWTOI L, i
RRZHRD.

6.2 PBEESE

AT —R%ZHATZTF A MEERT %X 2713 data-to-text EFEEN, 2FXFD
BTSN TV, fIZIE, FRIIOKREHRD 5 RKATIMT ¥ X b2 HEER S 208
7% (Belz, 2007; Angeli et al., 2010) %2, KT — 20 68T % 2 M 24K T 2058 (Belz,
2007; Angeli et al., 2010), AR—=Y DHAET —EZ XA 7 [HEWRI LHAEGNEL T F A b
AT 2% (Liang et al., 2009) 72 EZEIT o5, BHHIIZ, data-to-text (& “what to
say (M%F 5D) 7 D content selection &, “how to say (LD X IITE D D) 7 D surface
realization D 2 DDHY 7 XA 72571} 45 (Kukich, 1983; Goldberg et al., 1994). X5
12, Reiter and Dale (1997) 1%, micro planning %= Z D 2DDH 7 XA ZIZIMAT, 32D
BT RRA7 ¥ LTz, Data-to-text DFIFARFETIX, FIT surface realization DX A7 ZHLD
A, 77— eV FE (van Deemter et al., 2005) 2, AFTIER S NIFHEE
W2 & o THGRHNZHEE S N E T V2 W 5 FiE (Belz, 2008; Konstas and Lapata, 2012)
PRE I NI,

o, HETIRAR, B SIS UREA RERT, A RO AR — X B K
RPEATED, 7R T FANORBIBLRT 7 — X2 FIH G R Z BB EE
L, T —RXDONEZET XA MNTERT 2 FEANDELIEE>TWVWAS. fl:%c:’ FE o7&
A% IR CE 2 = a— T %y N — 2R HVEFRRCEEIEZ S TED, 20
FT % Encoder-Decoder EF AV DRMAMNEHTH % £ SN T3S (Mei et al., 2016; Lebret
et al., 2016).

Murakami et al. (2017) & Data-to-text D—X X7 & LT, HEFHKMiOHH I X >~
FERAERT B XA ZED T, RERIBUET — &0 o2 MkeRE et L, 7—2 ol
Er T3 2 MELT 2FELRE L. fifa Xy bREDORERIIEET — X OB 7 % 2
FTE, TEDS], TR2%) Vo BB RHEZ IARE IR 2 DI TIdRw. BED
T—RDBIER, TXFAINDBEINDIRHHIC L o TENITRENFIIHLTH L. F,
BUEDIRRIN T — 2 D6, RRIIMOBIES, WAL AT ZHELENE SN D
EDZWV. Kiomiiaxy MBI 2 N DRERE R, 77— 2062k E
HEffH L, 73 A MET 200z rya—F/ Fa—- FFEZRELL. 7, THiE,
FEFICEET 21 2V o MRV 7 — X DR DEESRZ IR 2 72012, TR
B X ORI ZIGRA 7T — 2 2EH L. ], THiglTy, TRENF) swvwoZrfidia
A2 R E N B R ICKE T 2 KRB 2 LT 272912, 7a— FRKIKZIER &
AL7.

Za—I0Wty VI —=2I1I2X BT F X MERIZ, WGICT ¥R R T & 5 ki, B
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BRIYT 4T 4 —REZART 23 TERN. 22T, AN»SEEEELZaY—T
% 2% —M (Vinyals et al., 2015a; Gu et al., 2016) DFIFIC & D, REFIZ U 72EMA444F

SR (Yang et al., 2017) %° Wikipedia DA ¥ 7 4 Ry Z AP HDNA X757 4 =
% (Lebret et al., 2016; Chisholm et al., 2017; Sha et al., 2018; Liu et al., 2018a), AK—
VYDRAT7 K= REroD0REY Y —DEK (Wiseman et al., 2017; Li and Wan, 2018;
Puduppully et al., 2019) R TIEHRZ LT TW5s. LHL, a—HEETIEAIEN
SRBILENELPAERTET, BINEEZLEL T30 7V 3ERTERY. —7],
Joulin and Mikolov (2015) %° Neelakantan et al. (2016) 1%, BED =2 —F LET LTI,
MESHEZ Y OEMMEEEZ =2 —I 02y PV =7 EHWEFERTEE T 5 2 e BRE
THZERLTWVS. HiaxXy MR EOBEORRINT -2 DONEEE KRS 555, K
RN OEAESR, WBEE DEDEFBELENERINE Z e BE W, £ T, Murakami
et al. (2017) 1& 119,386 91, 1100 M &\ o 72O FMERRTH 22 & DL ERE 2 ¥ DI
fEZHHaX Y FTEKRT 2701, filgzEMEEICEZHZ 22T, FBRIIFOI
e, BREDENZFHELMEDERZITA S X5 L. BIEDHEHEE L 2EHE
BlEe A1 ORI T — X ZHWTEHAT 2 Z & TI75. KEITIE, Murakami et al.
(2017) IZDWT, FLLFAT 5.

6.3 HEFGKMOBLIRTF X MR

Murakami et al. (2017) 1%, Encoder-Decoder €7 /L (Sutskever et al., 2014) IZ-DW
T, HIRFEEWM T — X e ZOEEICEM LTS =a—ZNy RI74 V&HNZ, KRS
BIET— 22087 ¥ X P 2AERT 2 ETVERZFELZ.

6.3.1 BRIGKMET —XHSTRIXY ZEBERTZETIL

Murakami et al. (2017) 1, BT ¥ 2 P BIER I NRZ 2 &I, RN ZH)
ZRZB1-DDER M WEIHTOKMET — X Tiong = (Tlong,1, Tlong,2s - - - s Tlong, M) & »
IR ZEBZHZ 2720125 B R TINE LG T — X DEED N Hofii s —& %
Zshort = (Tshort,1> Tshort 2, - - - s Tshort,N) ZHUFL, A& LTHWS. 28 DT — &0
LT, TNZNLTNORLEZHEHT 5 ¢

T —

Taa = . (6.1)

Tmove; — Ti —Ti, (62)
2 X Tmove; — (Tmax T Tmin

Tnorm; — b ( 2 ) (63)

x max — Zmin
1D HIE (6.1) TEEN S T Y B 2 O TR 5 2 FETH D, 2 0HIE, Al
H % & O OB A 57512, R (6.2) 12 &> TERZRD AN T —ZIhH L
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THIEG | H DM r; 225 DZEDEFTE L, Z0ORKME Tunax, B/ME Ty ZHVT, K
(6.3) 12Xk 2T [-1, 1] NEHLZITOFHETH S, TS DHTLIEE, 210 B & K Tshort
WHEAL, By bk EhzEi astd move - gstd 33 F (K glmove p g3,

long? wlong’ Tshort short

I Y a—&—"TIlX, multi-layer perceptrons (MLP)! 2\ T, ZHZhDI %2155 :

Riong = [MLP(mf;gg); MLP (2{505)], (6.4)
hhort = [MLP (S ); MLP (25270)]. (6.5)

IhoZzfial, M7y —&E2Lya—FLERUVKE m 2185 :

m =W, [hlong§ hshort] + b (6.6)

7 aA—=XIFZLSTM Z v, 7a—XOWHifE s) & LT, #ib L7ZfEAVREm ZHW 5.
R t I8 5 7 a— X DRNEDIRE s; 1%, =2 —Z~vy F 54 > DEUSHL] (9 K= 13
RiZa & 1 R A D EE) % DA A TSR R DIAANR Y bLt &, [ERjOHGEE
DiAA w1, BRTORNEDIRE s, 1 ZHOWTRD LS ICEIHHEINS:

S§; = LSTM([t; wi_l], Si—l)- (6.7)

6.3.2 BUEDNLEHESS

BT 2 b T, TG Z Db D, ZNPI kL EOBEMERE 21T - 72 BUEHF
RENDZZ DBV, ZOXIREAZMHESIBELZ T2 — FFRRICERTEZ2 L5135 %
®IZ, Murakami et al. (2017) TIXEE X7 (£ 6.1) ZEAL, HEZHR 27D DHEEA
ZAIONRZIDPEIEEL TS, Ta—XPPULR T ZERT 2. ETNMIZDR T 2T
JB3 BEMBEEIC L > TR ONMEICE S, RIKINCEEE ST F A M EERT 5.
Murakami et al. (2017) TW&, BHED XA LA T v T OIS 2ohore1 % 2, Bl H OFME 210ng1
L2 DEE AT LTOXERHNC, T —2DOT7 %X MEHE X 7% FHW iz ORI
HTEEHAT 5.

(a) B¥EFH, B TR% %, 9 HE® 17024 H

AL CIE, 3K 6.1 PO TOEMBEREZITY, SHEX ZITHET 2 8EZFHETS
5. PIZIE, 7F AL (a) HPECLE S NRZIZ AL UT, ATHOMRME 21001 717,015, &
Hr DM Tsnore 1 317,024 DIFE, HE X 7' <operation1>IIHIGT 2 HUEIX 191 &7 5.
Rz, FHEEX ST 28 7F 2+ (a) FOBUAE 191, 17,0151 &L, 7%

"Murakami et al. (2017) Tl&, MLP, RNN,convolutional neural networks (CNN) 35 & T long short-term
memory networks (LSTM) % HIERFEER L7z, MLP Z W5 E IR BEN R o 727280, R TlE MLP
ZHWS.
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# 6.1: HEX 7 LXIGT 5 BEAMHEA.

BEYT BiREE
<operationl> A ZiRT
<operation2> A % 10 D TYIDH N
<operation3> A % 100 DA TYIDH RiF
<operation4> A % 10 D TYIDH LiF
<operation5> A % 100 D TYID LiF
<operation6> 2z ZiRT
<operation7> 2z % 100 DA TYID RIF
<operation8> z % 1,000 DL TYIH NIF
<operation9> z % 10,000 DAL TYID R
<operationl0> 2z % 100 DA TYIH EiF
<operationll> z % 1,000 DL TYID kiF
<operation12> z % 10,000 DA TYID kiF

2 b (a) ORIEZ N2 U DT VB R FHE L7 & 272 KD 5. BRI L7
B X/ CIEROREE B LT, MFORMLEREAT %2 b (b) 253 3.

(b) H#FFE, BT % %, <operationl>FfE D<operation6>H
BlEZz 07 F A M 2AERT 256, £T73—X—ICEoTTFRX b (¢) DX I RER
RIT2EZOT XA MERSINS.
(c) HFR ¥, K& Tlhi¥ 5, RiFlE<operation2>Fi, <operation7>MH

Z DRFATH OFAME 21ong 1 25 14,612, HHTDAME 2onore,1 73 14,508 DI, <operation2> 1
B LD 100 , <operation7> & 14,5001 rEtEINE. ZOHDHETTF A b
(c) DEBE X 7 ZBIL T, BB BIEZ ZL T XA (d) P Eh 3.

(d) H¥E VP, R THaE 5. FUJIE 100 FI#E. 14,500 &

6.4 BHEEEOARES

Murakami et al. (2017) %, BT 2 | 235K SN0 1, RIINAR 2T 2 2
728 DI M B OEIET — R Zrong = (Tlong, 1+ Tlong, 2+« - Tlong, 11) & » TR ZEDY
BHA B 72012 5 D ECIE L FEDED N DTN T — & Taport = (Zahort, 1, Tshort, 2, - - -» Tshort, )
BEUEL, ANE L. 207, HARRI NI (%, ERZD iz R
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U7z (DU, SHRAD o fBE3mHAxh e flzix, Kel1iwrLz (D »
5 (D) OXEEX, £ T1H29HIKESRIELNE TN TFRAITHD, T F 2
M COBAANA L ZRFLITOMEE X E—H LT3, (D X, EUMERA e SRRZID3FE U
720, BT ¥ X b OEFAANA L LHORERZZHAE Y UEFH XKL TWE. —
A, (D B D) Tl&, BERZ L SBREAPERL 2729, @7 ¥ 2 N OBRAE
CEMERIZI T OEE 3R> T\ 5.

ZIT, TX¥AIDPHERINLFRLANOELD T — X213 TR <, ZHLUET DR CTHL
BTEL7—&%2HVT, ZREXOTEESIRHET BI53. £, 7—XOHRA & R
DIEHRH 5, SIRZIZIE T 2B LA AT 2 & C, FBER_LICED M.

17200 e
1/29 th1E
17150 L% 17128.14F
1/27 &8 \
17100 17163.92
% 17050 j\
9:05 D EHHTE
17000 128 #1E  17064.26M  g.190p B¥F{E
17041.45/ 17039.22F
16950
16900
B s 5 us &8 s sy
> v 5 ¥ 9 o 5 9 8 5 9 9
& & L\
i\ S S
B

ez EERZOESHE BRTFIL (BERD)

(D 09:00 ¥, 86 M H#E W, RIETHES 86 HE
(I 09:05 3, 22 M HEEP, RETHES 86 MH&E. FHlEZ& Fax&an

m)  09:19 feeg, 2 F%& HREAF DA E, KE FMEZFE. 77 Fy ZI3KIEZ

M 6.1: HEEEEHKMoMEEI Xy, 1 H29H 9K 2SBNL L 3 287 F X b.

6.4.1 Multi-timestep #81& ¥ Copy ¥tEE R W= T+ X FER

Murakami et al. (2017) 1%, & X2 Z Bt 5 2 7- DSMEKI ¢ BEREDE—TH 5 &
WOREZEE, EANLLYa—X - Ta—-XOMEZROETLVERELTVS. L
D L. FEBROSIRRI L BERZIORNICIERFHZED D 2720, Z DIREIFHFER TR,
ZIT, ZOEIRBRTFTARXY MK BREZMIRT 572912, Multi-timestep & % H
AL, EFARIRT 5. M6.212Z20MEZRT. ATHSEORMZEIC X 21682 2/
5702, T F A MPRERSINLFRLP GBI TEXZELED T — X2 TR, Th
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o = —
Xiong—>| —> |5 |—> h](mg
E —
o T _— (o]
Xo =g > |—> h04>ﬁ’ 8
0
g fi—>8 g g
X1 —>8 [ _|> h—=——|3 ; @
o] =2 Q
I = —> | ) 3 o
S RN | N | EN h2—>f2 S5 B> 8
. 8] g ; 8 g
: = . I3
. i T O
xk —> —> h..
k  I—
et
up 16870
T 0 0p1o (x,1) =16870
up q;
i
Y Nikkor opi(m1y) _op(ra) opren) ||
Nikkéi rebound gain
AL A N B.aB-n BERE é} ------------------
[ o ' Vocabulary P opio
| ! opi:
T Operation tags T
softmax MLP & softmax
ifwj_y # “ < PRICE >" if wi_y =" < PRICE >"
Yoy 1 )
-
o=
= Wii

]

4
concatenate jo - p

X 6.2: fEREFNLORAEX.

DETORZTERTE 27— 22 ATNTEMNT 2. FEBMXZ b, BEERLIOKDD
WEHIDRA LRAT Y THOIEE S g CHYET 2. ZHICED, EBEDOA R A
EEREZRE LTRSS 228 TE 3. 20 LT, F— XA & KEEOER» S, SR
RZNEEIR T2 TE2 X512, 7a—RIX77>>art& Copy BEEZEAL, /4 XD
BHRBEETF—EPHT—X e TFAMOMICERERBICFETE2 X517 5.

Multi-timestep Encoder

A% BN EB 26 2 2 720 OEE M BEIHS DT — X xiong &, IR
EHERZ 272D 5 7R TIE L 7T — X DEE N HOBIE xo iICZ, 127 v
THIPS n AT v THNICHISTE 24 N HOE z1,..., ©, £ 3 5. Murakami et al.
(2017) L [ARRS, BAINCHILERZ 3B 2720, @l ohoe, @i, o', ., =i BLK
Zove, ghove L glove 285, THABHDNRY PUZZAZNMLP ZHWVT, Ao &,
ho, hi,..., h, Z15%.

xp, DEEERG L7202, HilBHDAANRY M va, fi &, REHIHFRDIABLR Y
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MLt REAT S, a3 TF 2 bOREICET 2 X272, fi 13 x, OBRFEIIIG X 1
7 5RO L 2 RS, BEEL o 1%, HRT— X OMEER (hy) L <IE, BERR
(fp) OCHLPTREICHRESNDGD, T FA O a tRETHEICE-T, ZOY
HHEHAVEIEELS. HlZE, EERADTSOBMARZI L R 9 KT, F - 7284
WHEMEE N2 aX Y MDA, a Xy ME THEFEE, 15430 HTHE 2.1 O X1, @
HOROMIICERT 2. ZOHE, EEL 2 3T ff Tora— FSLRHEICE-
THEINDG. 2% D, IRES> LRI FE SN2 a X v 0SS, BLEREOZENCED
53, LG LABEINTHE. —7, EERLUPTGOMERLAEFRTTH -
ThH, PESLRANCEE NS a X P TRAEWVEGS, B2 9 RS offitgTidzz <,
Bl z1E TRTHORME L D 100 L EGEL o tze ) DX DI, MR EE Z 12OV T
kT 5. oG, BEL o BMREE (hy) KXo TRESNS.

7, hp(k=0,1,...,n) ZZNZTND ) ODFFEPEIIG S NRA f AL, 561,
RER TEAEDIAANR Y vt &, BT ¥ 2 b OFEICE T2 X7 a 256 L TMLP %
f79. ZOMEHR Tsoftmax $25Z 8T, DEEEEZRT o, 215 5.

e = MLP ([t; a; fo; ho; ... fnihn]) - (6.8)
ap = exp(ek)/z exp(e;). (6.9)
§=0

Bolz ap EHWVWT, hgon (&
hehort = Z aghy. (610)
k=0
DEIIZ, hp(k=0,1,...,n) DIMEFE L, X6.6 LFEERIZ, =>a— FLEREAIKEm
%z hlong i hshort 7 6?%5 .
m =W, [hlongQ hshort] + b (6.11)

INETa—XOUHE sg & LTHWS.

Copy #¥t8% H\\7c Decoder

Murakami et al. (2017) 1%, HEX ZIZRED XA LR T v TOMIME zhore1 & Al H DFE
fE Ziong,1 DAZHAUTHW. ZOHMIE TR, BERZ L 4 XY MO —H O ATREN:
PRI, ZOHE, SIRZITOBUE L 382 2 BUEER NS, £ 2T, ZREA
ZTRLTE 6.1 DRETT a— FRICEEUEZEYNERTZ 2 K512, Copy ¥ (Gu

2hE S RRZNCREEINEaX Y b, ZhLUo 2 fEE
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et al., 2016) ZE AL, T ALIIRT 5. BERIICIE, & zp ORIOME (T Offikg)
ThdHT—RM Ty, PHWTEHE XN, BUEEEIZS (0,k) XL To € {op1,- - ,op12}
TRT. BUEOERIZ, (0,k) DFEREBERDETICL YD S.

(0, k) ICX > THRE 2, BIEDIHRIiZRDZ. ZDL X, (0, k) DEMEBFEL, [A
USRS RTREMED B 5. BIRIE, B2 AT ap = 2z = 3200 DFE, ops & opr, opio &
2THUME (3200) 725,

FEER2E, BT 2 8UE w; 13 Attention BEEIC K > THEONLTZ Y a—XDEA o 1T
WE>T(0,k) DRAAT DEBMN EM o2 ) =w; TH5.

—f&H 7% Copy #EE L IXEA D, 72— X —2{KTHEED Attention A o, TRV 5.
X, EREBDOANY FIA4A Y THFRAMIENRT2EMR 1207 F A M@ L TELL
BWEDTHS., 0%h, BEER x, 131 OO T F A P TELT 3 Z i3z, Kx
DETIVIE, ZD Copy EEIC K> T, 7F A MOIRTOBIEZERT %, £D7D
W2 ETADRF Yy 75V =D oBEZRNT S, a¥—E—-FrIfav—e—-F2YD
BR 27012, FHT—XOFTXTOFMEDOHFNIHA S, XD b —7 Mt {ET D %
e ERTRAIR V=2 Y “<PRICE >” %ZBIN$ 5. ZhuZ&b, “<PRICE >" DXD
HEEDSHUETH 5 Z 2 2T . “<PRICE >” ZFH LT, WAl i ICHREGE w; HIEK X
NDEFMEHERERD XD ITERT S !

(6.12)

) peory(wilw<i,m), (wi—1 = “<PRICE >7)
p(wilw<;, m) = .
Paex(Wilw<;, m),  (otherwise)

Z DI, peen(wi|-) & generation mode 25, peopy (wi|-) V& copy mode 2> 5 ZNZFNE S
N5, ZOFEE, Seeet al. (2017) 12 X o TRE S N7z Pointer-generator network %2

Peex (wil-) = [softmax(Wyv; + by)]w, (6.13)

peorv(wil) = S ko) (6.14)
l;,o:o(:tkl):wi

q(k,0) = ay, - [softmax(Wec; + b.)],. (6.15)

v, £ ¢ lEEBLEHHILSTM D i HOH I s TRDO LI ICERSINS:

s; = LSTM([t; w;—1;qi—1], 8i-1) (6.16)
v; = Wys; + by, (617)
C; = MLP(SZ) (618)

t1X6.3.1HTCERLIED, REFEREDIAANZ ML THS. R (6.7) D LSTM I g;
ZEMLTED, %q; 13 qk,0) TH2. ZOXY MLERBMT 32 LT, EiffHERKR L
s WHEFE R X FICEYICEEI T2 e A TE 3.
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6.4.2 HERHTE
F—Rtwv

FERI, RiRYF—& 2 LT, Thomson Reuters DataScope Select®%2 5, 2010 4 12
A5 2016 4 9 A £ T oM O HEEFIIRITHTER DR RS 7 — 2 2 INE L, EBISHEHL
72, BT X2 P LT, HEE QUICK = 2 — ZAE24E A L TWw 2 HERCEEMmIC S R LT
W3 a—ZAFHEDOANY 4 2R LEZ. 2010 4 12 AH 5 2015 4 9 A M0 7 —
RE2EE 7 — & (15,035 ), 20154 10 H225 2016 4 3 HOHB O 7 — X BT — X
(1,759 1), 2016 4 4 A» 5 2016 £ 9 A DM D 7 — 2 277 — & (1,695 ) & LT
AL REBICHEHA LT —XI2oWT, BT F 2 MM HE RO EO B %
AT AR EINTODED, BFNTVIHEICIE, FORBLEB LT —X0
EHOHAB—H L TV E0EfHE L. TOMEHEEZE 6.2 1ITRT.

% 6.2: HH L 77— X OfEHE

Movement E)mFRIR

T— 2 TEE Ho =X-18
L

—® | 7%

28T —H | 3522 | 11,172 | 341 | 15,035

RET—2 | 378 | 1,346 35 1,759

RERERE

553 BTN U 7=t HECERIEE D 62 O T — & Xhort-latest, B 7 HEIH D
BT — & Xiong, BEOWRT XA b ORT2HHT 5. 7 FRERLLEIO 7 — 4
LT, 1 A7 7Bl Xonort-1step 22D 6 2T Y THI Xhor-gstep F CEBRFEINCHNS. 72
B, FERVIMG T — & 226 7 % A bHTE & SN 7AlME 2 YN H 13 % 72912, Murakami
et al. (2017) L [ABRIC, BT F X PHORIERB 2 ERE X 7ICEIR L. RIGEFORR
FIEAE T — X 2 X7 AAZHT 348 MLP OFERIVREEDRITIX 256, 6 DFRAVIREE
ERA LR, WEEBUCLI DOt E 256 £ Lz, Ta—XIE 18D LSTM T, [EiVIKEE
DRTTIE 256, HGEHDIAANR T MILORITIE 128, R ERIEDIAANS M ILDRITIE
64, FEZIEHEDIAANY bV fi DRITIE 80, it FHRX 7HDIAANRY h L a DRITIL 64
L7, B8 X=X OE#E{EFEICIE Adam (Kingma and Ba, 2015) 2 L, F#EHE
1 x1072 e Lz, S =N FH 4 F100, =Ry 78I 150 & L, FERHCBHRE T —

3https://hosted.datascope.reuters.com/DataScope/

tEysEoBE - e, KFE b, NAmoBE g, K&, N


https://hosted.datascope.reuters.com/DataScope/
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X TEHE SN/ BLEU 2 L TR o GBI FEEZHKT L, SRy Z7DET LD
T, BT — XIS % BLEURRAKE RoET A RMHLT, HiiZITS.

6.4.3 FHMEAE

AL, FEEEORMOMN 7 ¥ 2 + L ARSI N T F R FO—BEEGVWEHIS H
)& LT BLEU (Papineni et al., 2002) ZfiH 5 %. 7, [EfEHNT* X B IOEK
L7 7 % 2 b @, HEEPIRMEOFEIHN - RIS ZHAT 2 (MR, BERZIE
IEOBAET — X OB D —F - A —E 2 T U Calli s 2 TIR2# 72 ICRRT 5.

T — 20 i HFHOHERI L EFNVDERLEEDET (2w, w’) L, XD &
j Ki?kj 5.

B (w e { M, k3, LT}
movetext('w) = A (w S {%’/ﬂj’h?g, }i?g, ™ })
L (otherwise)

EAE (2 OEEOBIESEE > 0)
move(x) =< FAHA (x DEEOBEE)A < 0)
L (otherwise)

Cyold = {i]movetert(wf‘)ld) move(x;)}
Cpred = {ilmovesegt(w? md) move(x;)}
Dgyora = {i|movetemt(wf0ld) move(x;)}
Dypred = {z’|m0vetemt(wfwd) move(x;)}

o HWT, RO Kk D iHiis 5:
‘Cgold N Cpred’

_ﬁprecision = ‘Cpred‘
— _ |Cgold N Cpred’
ﬁrecall -
|Cgold’
D N D
Z:_ﬁprecision = | gold PT‘Ed’
|Dp1'ed|
D NnD
;F_ﬁrecall = ‘ gold p?“ed’
|D gold|

Z OFHlitERNE, T ADEUSRRIELORBIET — X OB TR L, ZALEIO AT v
T T =2 arTRRENOFHMi RN TES. 7—Xty VO T F R
t OENAIFR & BLERZIEL OBUE T — X DEjA D — « A —HOMEHEEE 6.2 1TRT.
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BLEU IZ & 2 §HilZ B3 7 — & B X 57— 2120t L TfTw», BT $ 2 ~ o#jhR
B BET— & & OHEIC X 2FHEFFE T — 210 LT T o /2. BB, FHEED seed &
0, 5, 10, 50, 100, 500 ® 6 FEFHY L, BE TN X 2FHiFERDOEE % 6.4.4 HiDHEE
FEEY L THW .

6.4.4 EERER

% 6.3: BLEU (%)

BI% ST | BAR S | IR VM@
R—Z5A4Y m372Lw\ - - \ - -

Multi-timesteps +Attention +Copy

n=>0 21.63 22.66 | 21.33 22.38 | 28.16 28.68
1 21.59 22.74 | 21.43 2225 | 27.90 28.54
2 21.64 23.03 | 21.20 2247 | 28.31 28.98
3 21.82 23.11 | 21.02 21.94 | 27.29 27.75
4 21.68 22.92 | 20.59 21.71 | 28.13 28.93
5 21.73 22.89 | 20.71 21.74 | 27.29 27.78
6 21.73 22.66 | 20.51 21.62 | 26.68 27.25

BLEU TORHMffifERZ % 6.3 12, Bjh—3 - A3 X 27HllitsiR 2 £ 6.4 1T~7. £ 6.3
WEdt, MEFEDS L, Copy BMMZEALLEGARIIZEAYDHBER—XF74 V% 1
b5 72, FHfiT— Xty T, 2TDOHATR—X74 V% EA-7-. FiZ, Copy H#
ZPHWE R =2 DBARRDEVAATERD, R=ZAF7 A4 Y EHRTT7.68KA > FEL
ol (R63Dbold 7T¥FRAMNEBBDOIL). —HT, Ta—XEIRN—2A74 Y LFEL
WL, Tya—XIZEREEMAZ% (+ Attention) 7213 T, $HENPBZVI L HRLTVS.
MLEWCE D, Attention #$ME 2 EH L 727213 TlE, 7—X e 7F A MONGEBREIEL 1§
521X TER VWD, Copy MR B 3L, ICBIRZIELLBGAZENTES N
O0b. BBn=0056DFERELERZE, RELRL VY IREDLLRVWI LD, R
Ty TEEHEPLTHMNT LD BLEU R 7 DA EICEFESLARVWEEZ 5.

XBHICK6.412kD e, REFEDIZLAEDBR—AF7 4 % EA-7. L»L, BLEU
TOFELFEL L, A7y PHOBEMIR a7 FICES LBV, K 6.3 133X MNiE
RZle 4 XY D RAERZORHZICET 250 TH 5. £3, 77—ty b ANMEIZE
Wieita Xy b e, EREREZHWS Z e TERMDa XY b2 (Regular ) % 5 Tk
W (Irregular) W2 LT, ERZDa XY b DEGE, ZOEROFERL L a X b
BLERZI DR ZE 5 2 HALT, HlZIE. 0=00~57DFh, 1=50~107D3FTNT
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100%
80%
8 60%
e
Q
S 40%
]
—ip—Train
20%
—3¢—\Valid
0%
5& Q Ny n ) ™ G o éb
&° Regular &

Article Type
6.3: 2 X ¥ MELBIREZI & 4 XY b BAERLIOREZICRE S 5 7 — 2 531,

DL OFD, K63 TlEn=5%2H0EE, 87— XT89.05%. Mifty hT
94.07%DRfEZE T — & (K 6.3 D Irregular fEE 05 DEED) ZAHAN—=LTWVW3 E/RL TV
5. LdL, o 2Z2EHT2 200 4 XNEL 57D, FL—FF7OBERTH
3. %63, X64BLUK 63 D, n=3 £XlEn=4 ZHVT, 8% &I N—F
M, ZOF—REy bTIEREREREEZ SN S,

# 6.5 ICABERONZRT. BRFETIE, ColdDFFRFERILL, BAREIR
MOBMEZE 57258 =B URWRHDIERTE /. 25612, Copy BEZ HWHEIC
&, BfEEIEL S AERTETWS., —7, mSICEBEIR->Tw3. flziE, “XX ME
B L WS REDHA, XX 13100, 1,000 H L <13 10,000 72 ¥ DHADAATEAE L 725
DVRERTHS. L LERSINZEEIZIDIAAZBIETIZ 0 o 72, BiAzREIE Gold
AR ORBDTE 2 —7, BIEEBIIEFELE > TWw 5.
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® 6.4: BT — X TCOHM— - A —BEHE (%, P=precision, R=recall)

—5 F—H
P R P R

Baseline
98.68 98.78 27.57 24.72

Multi-timesteps
n=0 098.61 9894 41.00 33.93
1 98.77 99.02 46.03 40.52
98.79 98.47 40.66 46.13
98.82 98.61 43.12 46.20
98.88 98.86 46.58 47.05
98.88 98.91 44.13 43.47
98.80 98.70 41.88 43.43

O O = W N

— = — =
p R P R p R p R

+Attention +Copy

n=0 98.90 99.08 51.35 45.28 | 98.85 99.25 53.90 42.61

1 98.76 99.28 56.83 41.91 | 98.81 99.02 45.86 39.80
98.99 98.78 45.00 49.74 | 98.71 99.06 47.08 38.56
98.93 98.87 44.65 46.25 | 98.73 98.95 45.38 38.79
98.80 98.44 30.60 36.29 | 98.68 98.68 36.46 36.06
98.69 98.14 27.88 34.92 | 98.57 98.57 34.04 31.54
98.70 97.11 25.54 38.74 | 98.46 98.81 32.35 26.17

S O o= W N




6.4. ZKHEOAES

7 6.5: EIrD 5778 L i H ORME & DA2H3-48.91 FHDAER T F A MMl

T EHTEFX b Fmen—%
f13:73%4 HAE VY, BT E 2 9MED 17024 X
N—RZ74Y HEHE, RETHE 2 16900 HE v
Multi-timesteps

n=3 HAZ ), /NMEGER T X 2 X
+Attention HAE -, /NMEFRTH X 2 X
+Copy HAE ), /IMERERTIHE 2 17024 AR} X

84
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6.5 THAREIREEREM

Data-to-text D7 — &ty MIRMHRTRH{oNLT—Z2 e 7F X OHAGDRICE T
fEohsdor, EMAZELT, D% DELUANCAENZEEL TF— &7 F X 2R
LT DhH 5. EERZELTEONT—&%y b, fIZIE7 7T FY—
PYTRXEoTT =R T FA LB LTSN T — XLy FTHB. TDLI7R
TRty ME, AHZary ba— A LTEREhTVS. flRiE, B2EF v L Y7 —
&+t v I+ (Novikova et al., 2017) D] 7 ¥ X ME AT D Meaning Representation(MR)
ZIRTEMRTEEMELNT WS, £/ ToTTo (Parikh et al., 2020) & wikipedia @
T—=TNeNA T4 MIETERT, I1XERERTEEZRAI70RDODT -2ty FT, A
Nersd7—2Z2HNOT XA MZEDETERLTE2T -2ty FEEZ 5.

—77, EERTcHBonT -2 7 XA M TCEON T -2ty VDGR, T—29°T7F
A+ EZDFFEFNAT 5720, HUDOTFZAMIEDODETANT—&X%2ay b — )L T&ER
W, FDRD, ANT—ZProHNTTFANEREICHEETERWI 23D 5. Rotowire 1
KT —XZHW data-to-text DT — Xty hD—DTH 3. Rotowire 7—Xt v F%iE
ZZ L7z Wiseman et al. (2017) T, 7—XZZDF FHHL T\, ZDROIFSE (Saleh
et al., 2019; Iso et al., 2019; Gong et al., 2019) T, HAHT7F A MEREZ > ba—LF
5792, AT =23 BT HIARATRER BT H 2 EEEIwZ W5 Z 2 T, content
selsction %° correct order DFEENEH L 2 D, ABFEESH LELTWE. 2D X5, E7—
&% W7z data-to-text TIE AN T =X X FHITE R WEMICET 2 EHRZEMT 5
ZrTHREMLIAONS.

HIE M OB 7 F 2 MERRY T — RIS U TERIER I NG TF A MTHD,
6.4 IR LK D1Z, noisy BT —&Xtwy bTHB. —/, EF—XeHvkr—%Xty
FCH 2720, EOFEMOVEED T —&ZtEy FThHB. BRIEREINZTHHTF— &2
XY ME, AT =22 R TOTHEKIC K> THEHIE-> TV, THDIKE
WG U TIERRE L5 XED, TRE o FRRZNHER S N2 ERECE D, Z LT, SDRNDA
ML TIERR X N 2 3R, SHROMRNE TRML TER SN XE,ICE->T, 5K
NERXENED S, EMRIIENOLERKIML 2XEE2HENTED, HERD 200
ENNEEZMHATS. 2FD, 7—XtEy bOTFAMIFEARDPYFa2x—2a iR
ML TEINLLETDHS. 2T, BIHETHOOATWE T =Xty FOATIT—
Z2eWhTF A e OBBREZSHL, TF R FOHEEICHERBINAN SNV ERET
5. ¥z, BIMATIZLDBEMEA I VWOV THEME L, ZYREBMEXA IV
WCOWTIRET 5.
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6.5.1 T—Rtv o

Z ZTIXSATIIZE (Murakami et al., 2017; Aoki et al., 2018) THWSN /2T —X £ v
MZDOWT, 7—=&ty FOERFIEZFHHAL, T Ko TRET 2MEZZT, o
L, fRIRRZH5.

F— 5y MERFE

Murakami et al. (2017) TER L7z 7 — &%t v MIHE KM L, HEFEHRMIZOW
TEMLTVWE o2 —RAREDOANY R4 U RFH L. HEEFIRMIEZIE T 125 R
fkE (158) TEHHL WS, ZOHET 22 ZDFEEHVL LIEFIZVT -2 &
L2570, —ANE I D REZFVEBTRY - THERT 2. SEEALZT—X1E5%
MK Y5727 =%, 2D 53T —XEHWS. ZOK, SEBOREMEIZXY]- 72
A OFRBRDOMEE A, ZOREMHED S22 LVRERIT — X 3MER SN 5. BB, 20
&S R ELIEE, ANT—XEHRATHI2HEECEB LKL, Z07—Xty
MEAOBETIE Y. 2O XS IHMER L IZRERY T — 22 HWT, 73 A+ efA
BEOETCT =Ry FEEKRT 2. 648 TlRNZED, T F R MIEZDORLEIESZ
SN EZINTEY, ZORAEREIANT—2e 73X M 2HAGDETY
. TDH, KF—Xty FTlX, H2 5 7HICEBOMN T F 2 DS SN 5E
Wi, ZNODANT—2FF LIRS, FEE, BEEH7 — %ty M2db &5 1,751 o
AT =22y FORTBEET 50, AT —XOMEIZ 1,176 BEHICL Y% b, 15t
ZDT7ITARXYIDPFHELTWEZ DR b0b. £z, 7—Xty MZEENAMN T F
Z MiiE, HEEY, 3L, HAFCHERTFAND 2HEENDH 2 Z b 2 EER
F o 72 CEREZD) WKEESNZTFAMNBEETZ 20> TWVW53,

ECAAT—RTEILIEBOBRT X bDLEE

#£ 6.6 12, MCANTOBRT XX boflznd. ERZNCEUE S N D 287 ¥ 2
k2 FHE (Pivot comment) & L, Fl—ANT—XOMOBN 7+ 2 b LT 5. ZDfE
B, Mo T F 2 Midd 7L HRD 4 DOD 5T Pivot comment £ B> TW\W53 Z &5
DhD
Content order: 7 & X NHONBERHDIEFE LR 5.

Lexical choice: WEIXE U223, REGE (HEE) KRR 5.
Informativeness: [HHENEL 5.

Others: _Ei0 DA

£ 6.6 13—, RICHHEINTVBEWVZ R DTH 3.
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% 6.6: RICANT—XTEZ BN T XX +ofl.

EVDRESE BR T X M

(Pivot comment) H#fEVHE, HfFTHE 2, 9HED 17024 H
Content order H#ZREY, OHED 17024 TR L T % 5,
Lexical choice HAE P, HiTaE 5, BIEIE 9 FED 17024

Informativeness HAEEE, Wi TlhE %,
Others H#EFE, EFiE 100 @2 5,

EReFTCER

WROF—RICEEN MM T F R FOHFICIE, 9, 10K, 11FF3047, 12K 3047,
141, 1572 EH 5 —EDREHOTIGORNE KM L TWEbD0H 5. ZHUE regular
reports T 5. —7J7, THNUNOBI T F 2 M, METNESHRPEE L 2 ITHE
XD prompt reports TH 3. Fiz, SHDOTF—XE vy M2, THEFEE) THES T F
Ar, WAL OB ESTXF A MDD 2ODRLLZEZXTIVDH 5. WatH7—&ty T
&, 62.70%DMH T ¥ X by THEEFI) TrRE D, Zoftld THAE THhE 2. 251,
HBTXFAMNIRHZ =T THZ ¢ 000HE->TED, TOTFRAMPEERTFR
FNCHBZEDREINTWVWES, Zhb 3DDEMEE regular/prompt, writing style, B X
° supposed-importance &3 5. XEiLIE, ZhoDEMEINTF A MDD X S BE
BB 250 %MEET 5.

BHREOD BT F A ORI, M7 F A MCEEN2HRELHELID 2 EZ,
BT % 2 b DN R EX 2o L. ZOME, regular) BT F X FDEEH +—2 >~
B1%8.04, Tprompt ) BT F A M DIFE +—27 V8T 6.14 272D, Tregular) BT F X b
DFHB & DFHIRIERZ EATNS Z ek oz, AU, BHEOMNT ¥ X FDFH &
DEFMREREZ ZATVWS Z 2 EKRT 5. [ARRIC, ¢ 2204hF % “supposed-importance”
BT ¥ 2 POV =27 Y BUE 821 THD, 5 TRV T F A MO+ —2 VI
X724 ThHolze ZDZEDH, “supposed-importance” B 7 ¥ X b DA DEHRENZ
WZEDBGm D, Fiz, writing style 1%, THEFE ) THEZ2MATF A MOFEG =2
D796 THo7eDITH L, THEE) THE 28T 2 b DV - — 2 VI T 6.99
A7z o7, zoZehrs, THREVE) THE 28T X b0, THEE THE 2
THFZALEDBIEMENZ NI DTN 5.

SHILHEIR ICHIBR X N3 720, AR Thbik .
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RARCIEF KEFREY ITIME J, #fiZRE% [PRICE), MMAEIFRE%Z MOVE] & L, %
M7 F A PHDNE (TIME, PRICE, MOVE) ¥ ZOJEFZMEEL -, Bl Z21E, THEEE,
B THEE %, 17024 HD 9 &, 1%, [TIME, MOVE, PRICE, PRICE, MOVE] ¥ & Xifi%
55,

Mregular |7 % 2 hTlE, [MOVE, TIME, PRICE, MOVE, PRICE] "&b %< (17.23%),
RNT [TIME, MOVE] 23%225 72 (16.34%). —77, 'prompt | 7% & b Tl&, [MOVE, PRICE]
Db Z Mo 72 (56.54%). Tregular] 7 F R MZIX TIME A& EN 2D, HERFTF 2 i
EEENRWV. “supposed-importance” #f7 ¥ & MiZiE, [MOVE, TIME, PRICE, MOVE,
PRICE] Db £ < 35.65%% idTWVW5b. Z5TRWVWTF X M [MOVE, TIME, PRICE,
MOVE, PRICE] %31,103D 5% 130U % 57-—77, [TIME, MOVE] 2¥k$ %0257z (19.95%).
regular /prompt 7 ¥ & X, “supposed-importance” 7 ¥ A s E 5 TRWO DO 7
2+ DEWE, TIME OGESLMNENER L 00 5.

writing style \(CEHT % &, THFEEE ) ThaE % 21.22% O 7 ¥ X M& [MOVE, TIME,
PRICE, MOVE, PRICE] 72D, RW\WT20.77%D T ¥ A + %3 [MOVE, PRICE] THho7z. —
F, THEE) THE 2T F X MR ZOMA27%% <, &DZVAE L ZDIEFI [TIME,
MOVE] C 28.79%% i T\ 5.

BEEROD FEBEEROEBWVIZOWTHE L. X 6.6 ® 3FHDHITIE, "IHE" &
WO RBANPEETNTWED, ZHIE Pivot 2 XY MZEEENTVARNL., TD2O00Da X
VD& BEBRBEIROEWVX, ANT—220l3 210w enELl, FHlTER
WEMHIKFT 22 e 03H 5.

BEHFRICELZA BRI, 5 DEWDITHIGMIS T — X 226 FHIFTEED ¥ 5 %
L. R6TICEDRREZRT.

X 6.7: BETH (%), X=X 74 YRIBREUEDOZHIRY T &ty P ThH® LEIG

Bt R=2Z1> BE
reqular/prompt 76.87 78.62
writing style 62.70 73.39
supposed-importance 62.99 65.87

SEICIE, 6.5.3 DEMET LD encoder & LT Murakami et al. (2017) 23 L 7z
encoder ¥ softmax JE2: 572 2 e A L7z, Tregular] 7F¥ A MW TF—&t v T
G BEIED 76.87% (FED D [prompt] 7F A b) THDH, AEBROEMETHNICE VT,
regular /prompt D3 FEEEIX 78.62% TdH o 7z. regular/prompt DFEIRDBZEIRD X — R
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FAVEDEATVWRWZ EZRMT 5. 72, “supposed-importance” B 7 ¥ 2 b D
DT HIREEIX 65.87T%TH D, “supposed-importance” THRWHEHL T F A 3T —& & v
FATED ZEED 62.99%0 5 KEKEZIEZIZ V. —F writing style DJEHETFH OFEE1X
73.39% T, RZExhDH 2 THEEVY) THE 2T XX F0HIE 62.70% % L[] - 7.
LoL, Z3Uud THIEE) 2o FE 2N 7T F A ML, Z202TH lregular] 7F X M TH
D, R BEL TV eEZI NS, lregular] 7% X WS T 2 ZR0 5
10 3% Z COHFICK > TEMETFHIZITo722 25, FBEIX65.96%THDH, R—X 5L
EREREI R o T,

CNoDORRN S, BIERIZIETHAARETH 2 Z LR Eh, FRO 3DD@EH
HRT 2T F 2 FOERIE, ANESNKRMEDORINDHIEIHRZ 5 Z LA TER.

6.5.2 SANIILEFRAVERTEX FER

6.5.1 HHTO SR Z 2, RIEHTIXFEBRO®Ef L U TFHIAREREEDFHREZ & D
IR T F A VERETNVICHE T 20 2@HT 5. £3, PHITERVEEREZERT
Z 0L e LT, writing style & importance €K T 5. ZL T, ZTHbHDT)LEBE
WE LIETMICOWTHAT 2. 7B, KEBROHMZ, Ll s ¥ X MERET
NERET L TRERL, PHTARREEROREZRL, Z0 X5 2 THIAARERE
WAL LTHXLNERETHZ I ETRTLZILTHS.

DI RILOFET

6.5.1 THTIE, B 7 2 b DEWICIE, Tregular] 7% A b2 lprompt | 7F R k2, THEE
) R E 20 THEE D OURE 20, TTDOT XA M3 ¢ 0 olaE - TWa “supposedly
important” DT ¥ XA M NE IR ENDHBZZ e Z2EH L. ZOXS TR TF A MDE
RENTH S, THITERVEEZKMSETER LT V2K 6.81T7RF. Murakami
et al. (2017); Aoki et al. (2018) DETILTEAZIN TV S ER-D time 7 NWIZHIZ,
7212 writing style ¥ importance D 2 DD 7~V EVERK L 7-.

writing style 70U, 6.5.1 HTOM LXKREEDOZRLTED, HEFEE Y, kD
20D B YL LPDEERD.

importance 7 NIIHTTZIZEFE S 5 7 ~ULT, lregular] 7% X b2 [prompt ] 7F X b2
DJEME Y, “supposedly important” 7 & A b2 ¥ 5 2 DJEtED 2 HEOEMEEZHAGDE
FNNVTHB. D% D, regular N supposedly-important, prompt N supposedly-important,
regular N not supposedly-important, and prompt N not supposedly-important @ 42D 5
LDVTND RO TNV THS.
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# 6.8: DS L F DL KEE

DEINILE DEE
writing style  HEEFE, HEE

importance regular N supposedly-important,
prompt N supposedly-important,
regular N not supposedly-important,
prompt N not supposedly important

time 9FE (9:00-9:59am), 10 K& (10:00-10:59m) | ...
Murakami et al. (2017) {2 X % F XL,

T

HIETRGE L7 7 V27 WZBINT 2358, Z0BMNEFRZ K 64D X 512(a) AN
7 — X L [ARIZEN, (b) Encoder D£IZIEN (Decoder DERTIZEM) , 3B & U (c) Decoder
DHAT v ZZBMOD 3@ HET 5.

Nikkei —Begak
AL A

)

X long ’

Jeaury

Xshort >

[ Buissano.daud ]

9]eU9]eOU0D

(a) - (b) (c)
6.4: BT X E AW T ¥ X MMERTE T IOLOIEE

TNV DEEL, FEICEoTELN2EDIAA L LTRIHENS. ThzHIZT L
DIABEML, 1 eRLT 5. 2y b7 —27DIREEEFHHE T 2% Murakami et al. (2017)
DETADPDLRDEICEET S, (a) DFHE, N (6.4) & (6.5) ZUTOXIICEHT 5.

Riong = MLP [}, 1], (6.19)
hghort = MLP [z, ;1) (6.20)
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(b) DA, K (6.6) EUATFD XS ICEET 3.
m = Wy, [Riong; Bshort; U] 4 bin. (6.21)

(c) D&HE, R (6.7) ZULTO XS ITEET 5.
s; = LSTM([w;_1;1], si_1). (6.22)

12O ED TV ERHWEIGE, FNLOEODIAANRY FLEEELTHWS. iz, 3
DDT)VE LEIFES5E, LIk 5:

l= [ltimeS lwriting styles limportance] (623)

CDEE, Lime (& time T XOUVHDIAL, Liiting style (& writing style 7 ~XOVIDIA A,
limportance (& importance 7 XNVHDABTH 5.

6.5.3 EERHTE

HIECRE LD, (1) time, (2) writing style, B X T (3) importance. D 3 DD F )L
ZHEHL, 207~V OEMEFZ(a) AT —& LRIKHZEN, (b) Encoder DRIZEN
(Decoder DERTIZIENM) 3B XU (c) Decoder DK R T v FIZBH, D 3D THEERZITS.

TRty

FERI1X, RiRYF7—& 2 LT, Thomson Reuters DataScope Select®72 5, 2011 4 12
A2 5 2016 4 9 A £ T oM D HEEFIIRIGHTER DR RY 7 — 2 2 INE L, EBISHEHL
7o, BT X R P LT, HEE QUICK = 2 — ZAE24E A L TWw 2 HERCEEMEIC S R LT
W32 —RRHDOANY R4 VY EFHALRE. 2B, RKEKRRSLHEEE 2 20 HEEI%
i LA DFEAIZE D Rz, £ 72 Murakami et al. (2017) & RIARC, flifsic B3 2 BEE
HEXCES L. 2011 F 12 A2 5 2015 F 9 Ao 07— 2 2228 57— & (12,391
fF), 20154F 10 A» 5 2016 4 3 HOMM O 7 — 2 27 —% (1,751 1), 2016 4F 4 A
25 2016 9 A O 7 — & 2 Ffi7— % (1,689 ) & L THAHL .

NTIN—=INTA—H

SEATHISE L [RIRE, ROKETEBREITS. % MLP OFRIVREEDXITIE 256, Decoder
LSTM DfEAVREED XTI 256, L RIIORZ PV ORI, Tipng & M =7, Tgport

Shttps://hosted.datascope.reuters.com/DataScope/


https://hosted.datascope.reuters.com/DataScope/
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WEN =623 5. HEEHODIAANRST bLIX 128, 3 DD T )L time, writing style, B XN
importance DIDIAANRZ FILDRICIZ 64 £ F 3. I =Ny FH 4 3100, =Ky 75
X150 & L, %7 X —XOfGE(EFIEICIZ Adam (Kingma and Ba, 2015) Z{#H L, %
TRIZ1x 1074 2 Lz, 22HRCHR T — X TitE X /2 BLEU 255t LT RS o 72358
WIEHEEEKRTL, SRy Z7DETNLOHT, BFET — X103 2 BLEU 25tk 2o
BT VEMHLT, FHiiE(TS.

Sl

AR DFHTIE, 1B O—Bz #Hfir]§E7% BLEU(Papineni et al., 2002) TfT - 7z.
F7e, EMRXELHEL, BRREDEL L HEETETW 22276 L 7.

6.5.4 EERIER

# 6.9: BLEU (%)

@ (d) (o)
HET—4 Z~ULH L 35.82
time label 37.42 40.7% 40.44

writing style label  43.51  43.52  44.28
importance label ~ 48.78 48.50 50.18

il T — % 7~V L 36.79
time label 40.42 41.40 39.66

writing style label  46.69 46.54  47.36

importance label  52.77 51.90 52.15

BLEU fHiifi R 2 &K 6.9 12RT. TNLHDDGEIL, &HDRAATIMED)o7DIX (a) D
time 7 X)L T, Murakami et al. (2017); Aoki et al. (2018) DFEATHHIE TR L 7z time 5
NI T ANV L EHERTRa 7R EICEBLZZD DD, ROMEHZ IV EIEE X
Bhrolz. 7=ty MENZEETIER L7 writing style )L & importance 7 )LD
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importance label  65.01 65.08 65.19
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# -x- coding: utf-8 -x*-
import sys

import string

import numpy.random as rm
import math

furu = [0, 0, 3.5, 0.5, 0, 0, -3.5, 0.5]
5

furuu = [0, 3.5, 0, 0.5, 0, -3.5, 0, 0.5]
itameru = [3.5, 0, O, 0.5, -3.5, 0, 3, 0.5, 0, O ,-3, 0.5]
kiru = [0, O, -5, 0.5, 0, 5, 3.5, 0.5]
mazeru = [0, 3.5, 0, 0.5, 3.5, -3.5, 0, 0.5, -3.5, 0, 0, 0.5]
tsubusu = [0, O, -3.5, 0.5, 0, O, 3.5, 0.5]
def degree(bsn, adv_n):
num = 0
if bsn == "big":
while num <= 4.5 + adv_n or num >= 7.5 + adv_n
num = rm.normal(6 + adv_n, 1)
return num
elif bsn == "small":
while num <= 0.5 + (adv_n)*0.5 or num >= 2.5 + (adv_n)*0.5:
num = rm.normal(l1 + (adv_n)*0.5, 0.8)
return num
elif bsn == "normal":
num = 3.5
return num
def speed(fsn, adv_n):
spd = 0
if fsn == "fast":
while spd <= 6.5 + adv_n or spd >= 8 + adv_n:
spd = rm.normal(6 + adv_n ,1)

return spd

elif fsn == "slow":
while spd <= 0.5 + (adv_n)*0.5 or spd >= 3 + (adv_n)*0.5:
spd = rm.normal(2 + (adv_n)*0.5, 1)
return spd

= "normal":
spd = 5
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return spd

def change_num(adv):
if adv>=0 and adv<=2:
num = degree ("big", adv)
spd = speed("fast", adv)

elif adv == 3:
adv_n = 3-3
num = degree("big", adv_n)
spd = speed("normal", adv_n)
elif adv >= 4 and adv<=b:
adv_n = adv - 4
num = degree ("normal", adv_n)
spd = speed("fast", adv_n)
elif adv >= 6 and adv <= 8:
adv_n = adv - 6
num = degree("small", adv_n)
spd = speed("normal", adv_n)
elif adv >= 9 and adv <= 11:
adv_n = adv - 9
num = degree ("small", adv_n)

spd = speed("slow", adv_n)
return round(num, 6), round(spd, 6)

def save_list(list, verb, adv, count):
k =0
tanh_list = []
while k < len(list):
nums = list [k]
if k % 4 == 3:
newnum =round ((math.tanh(nums*0.2)), 6)
strnum=str (newnum)
else:
newnum = round ((math.tanh(nums*0.2))*0.5+0.5,
strnum=str (newnum)
tanh_list.append(strnum)

k+=1
if len(tanh_list) <=8:

act = "\t".join(tanh_list)

tanh_act = act + "\t" + act +"\t" + act
else:

act = "\t".join(tanh_list)

tanh_act = act + "\t" + act
model = "%d_%d_%d.txt" % (verb, adv, count)
#print (model)
with open(model, "w") as f:

f.write(tanh_act)
return True

adv_list = [[0, 2, 3, 4, 6, 8, 10], [1, 3, 4, 5, 7, 10, 111, [2, 3,
117, \
f(+, 2, 3, 5, 6, 9, 101, [0, 1, 3, 4, 6, 7, 91, [0, 3, 5, 7, 8,
#verb_list = [[0., 0., -1.*num, spd, 0., O., num, spdl,\
[0., num, 0., spd, 0., -1.*num, 0., spdl, \
[num, 0., 0., spd, -1.*num, 0., 3., spd, 0., 0., -3., spdl,\
[o., o., -5., spd, 0., 5., num, spd]l, \
[0., num, 0., spd, num, -1.%num, O, spd, -1.*num, O, O, spdl, \

[0, 0, -1.*num, spd, O, O, num, spd]ll]
j=0
for verb_adv in adv_list:
for adv in verb_adv:
i=0

6)
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while i < 100:

116

num, spd = change_num(adv)
verb_list = [[0., 0., num, spd, 0., 0., -1.*num, spd]l,\
[0., num, 0., spd, 0., -1.*num, O., spd]l, \
[num, 0., 0., spd, -1.*%num, 0., 3., spd, 0., 0., -3., spd]l,\
[o., 0., -5., spd, 0., num, 5., spdl, \
[0., num, O., spd, num, -1.%num, O, spd, -1.*num, O, O, spdl,\
[0, 0, -1.%num, spd, O, O, num, spd]l]
#furu = [0., 0., -1.*num, spd, O., O., num, spdl]
verb = verb_list[j]
save_list(verb, j, adv, i)
i+=1
j+=1
B.1.2 ORvy +EETOT I L4
#!/opt/grx/bin/hrpsyspy
import os
import sys
import socket
import math
import time
import rtm
import waitInput
import bodyinfo
import java.lang.System
import org.omg.CORBA.DoubleHolder
import OpenHRP
from OpenHRP.RobotHardwareServicePackage import SwitchStatus
from OpenHRP.RobotHardwareServicePackage import RobotStateHolder
import sample
import test
def init(host=’localhost’):
# global vs, vs_svc, cvp, CVp_svcC
# global vs_head, vs_head_svc, cvp_head, cvp_head_svc
sample.init (host)
def kugirimatome ():
ugoki = raw_input ("What is the name of ugoki?>")
ugokilist =[]
JAD = []
while True:
putJAD = input("get JointAnglesDeg? (if fisnish, put 0)> ")

if putJAD == O0:
break
else:

JAD = sample.getJointAnglesDeg ()

listl = []
Body = []
ArmR = []
ArmL = []
HandR = []
HandL = []

newJAD = [J#same format as bodyinfo.py
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for num in JAD:
listl.append(round(num,1))

Body = 1list1[0:3]
ArmR = 1list1[3:9]
ArmL = 1list1[9:15]

HandR = list1[15:19]

HandL = 1list1[19:23]

newJAD = [Body, ArmR, ArmL, HandR, HandL]
ttm = int (input ("How fast?> "))

newugoki = [newJAD, ttm]

ugokilist.append (newugoki)

print "%s = %r" % (ugoki,ugokilist)

kihon(sa):

ugoki = raw_input ("What is the name of kihon?>")
ugokilist =[]

JAD = []

while True:
putJAD = input("get JointAnglesDeg? (if fisnish,

if putJAD == O:
break

else:
JAD = sa
listl = []
Body = []
ArmR = []
ArmL = []
HandR = []
HandL = []

newJAD = [J#same format as bodyinfo.py

for num in JAD:
listl.append(round(num,1))

Body = list1[0:3]
ArmR = 1list1[3:9]
ArmL = 1ist1[9:15]

HandR = list1[15:19]

HandL = list1[19:23]

newJAD = [Body, ArmR, ArmL, HandR, HandL]
ttm = int (input ("How fast?> "))

newugoki = [newJAD, ttm]

ugokilist.append (newugoki)

print "%s = %r" %(ugoki,ugokilist)

wake (ugoki) :
JAD = ugoki

Body = []
ArmR = []
ArmL = []
HandR = []
HandL = []

newJAD = [J#same format as bodyinfo.py
Body = JAD[0:3]

ArmR JAD [3:9]

ArmL JAD[9:15]

HandR = JAD[15:19]

put 0)>

"y
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HandL = JAD[19:23]
newJAD = [Body, ArmR, ArmL, HandR, HandL]
return newJAD

f base_use():
fans=raw_input ("get first JointAnglesDeg?(yes/mno):")
while fans!="yes":
fans=raw_input ("get first JointAnglesDeg?(yes/mo):")
first=sample.getJointAnglesDeg ()

sans=raw_input ("get second JointAnglesDeg?(yes/no):")
while sans!="yes":

sans=raw_input ("get second JointAnglesDeg?(yes/mno):")
second=sample.getJointAnglesDeg ()

sa=[round ((y-x) ,1) for (x, y) in zip(first,second)]
return sa

f mkaction(s):

x=test.x

y=test.y

z=test.z

i=0

ugokis=[]

ugokiss=[]

ugoki=sample.getJointAnglesDeg ()

while i!=len(s):
#print s[i][3]
xd=[h*s[i]1[0] for h in x]
yd=[j*s[i][1] for j in y]
zd=[k*s[i]1[2] for k in z]
ugoki=[round ((xs+ys+zs+ugoki) ,1)for (xs,ys,zs,ugoki) in zip(xd,yd,zd,ugoki)

]

ugokis=wake (ugoki)
#print ugoki
ugokis=[ugokis,(s[i]1[3])]
ugokiss=ugokiss+[ugokis]
print ugokiss
i=i+1

return ugokiss

__name__ == ’__main__’ or __name__ == ’main’:
if len(sys.argv) > 1:
robotHost = sys.argv[1]
else:
robotHost = None
init (robotHost)
sample.showJointAnglesDeg ()
kugirimatome ()

sample.goInitial ()
s=[[0,0,-5,3]1,[0,0.5,5,31,[0,0,-5,31] BERFI#TEodDEANIL T 2 MMM
r=mkaction(s)
dblHolder = org.omg.CORBA.DoubleHolder ()
for p in r:
sample.setJointAnglesDeg(p[0], p[1], dblHolder)

sample.goInitial ()
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# -x- coding: utf-8 -x-
import sys

import string

import numpy.random as rm
import math

furu = [0, O, 3.5, 0.5, 0, 0, -3.5, 0.5]

furuu = [0, 3.5, 0, 0.5, 0, -3.5, 0, 0.5]

itameru = [3.5, 0, 0, 0.5, -3.5, 0, 3, 0.5, 0, 0 ,-3, 0.5]
kiru = [0, O, -5, 0.5, 0, 5, 3.5, 0.5]

mazeru = [0, 3.5, 0, 0.5, 3.5, -3.5, 0, 0.5, -3.5, 0, 0, 0.5]
tsubusu = [0, 0, -3.5, 0.5, 0, 0, 3.5, 0.5]

def degree(bsn, adv_n):
num = 0
if bsn == "big":

while num <= 4.5 + adv_n or num >= 7.5 + adv_n
num = rm.normal(6 + adv_n, 1)

return num

elif bsn == "small":

while num <= 0.5 + (adv_n)*0.5 or num >= 2.5 + (adv_n)*0.5:
num = rm.normal (1 + (adv_n)*0.5, 0.8)

return num

elif bsn == "normal":
num = 3.5
return num

def speed(fsn, adv_n):
spd = 0
if fsn == "fast":

while spd <= 6.5 + adv_n or spd >= 8 + adv_n:
spd = rm.normal(6 + adv_n ,1)

return spd

elif fsn == "slow":

while spd <= 0.5 + (adv_n)*0.5 or spd >= 3 + (adv_n)*0.5:
spd = rm.normal (2 + (adv_n)*0.5, 1)

return spd

elif fsn == "normal":
spd = 5

return spd

def change_num(adv):
if adv>=0 and adv<=2:

num = degree("big", adv)
spd = speed("fast", adv)

elif adv == 3:
adv_n 3-3
num =
spd = speed("normal",
elif adv >= 4 and adv<=b:
adv_n = adv - 4
num = degree ("normal",

degree ("big", adv_n)

adv_n)

adv_n)

spd = speed("fast", adv_n)
elif adv >= 6 and adv <= 8:

adv_n = adv - 6
num = degree("small",

adv_n)
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spd = speed("normal", adv_n)
elif adv >= 9 and adv <= 11:

adv_n = adv - 9

num = degree("small", adv_n)

spd = speed("slow", adv_n)
return round(num, 6), round(spd, 6)

def save_list(list, verb, adv, count):
k =0
tanh_list = []
while k < len(list):
nums = list [k]
if k % 4 == 3:
newnum =round ((math.tanh(nums*0.2)), 6)
strnum=str (newnum)
else:
newnum = round ((math.tanh(nums*0.2))*0.5+0.5, 6)
strnum=str (newnum)
tanh_list.append(strnum)

k+=1
if len(tanh_list) <=8:

act = "\t".join(tanh_list)

tanh_act = act + "\t" + act +"\t" + act
else:

act = "\t".join(tanh_list)

tanh_act = act + "\t" + act
model = "%d_%d_%d.txt" % (verb, adv, count)
#print (model)
with open(model, "w") as f:

f.write(tanh_act)
return True

adv_list = [[0, 2, 3, 4, 6, 8, 101, [1, 3, 4, 5, 7, 10, 111, [2, 3, 4, 7,
111, \
(1, 2, 3, 5, 6, 9, 101, [0, 1, 3, 4, 6, 7, 9], [0, 3, b, 7, 8, 9, 11]1]
#verb_list = [[0., 0., -1.*num, spd, 0., O., num, spd]l,\
[0., num, 0., spd, 0., -1.%num, O., spdl, \
[num, 0., 0., spd, -1.*num, O., 3., spd, 0., 0., -3., spdl,\
[o., o., -5., spd, 0., 5., num, spdl, \
[0., num, 0., spd, num, -1.*num, O, spd, -1.%num, O, O, spdl, \
[0, 0, -1.%num, spd, O, O, num, spdll
j=0
for verb_adv in adv_1list:
for adv in verb_adv:
i=20
while i < 100:
num, spd = change_num(adv)
verb_list = [[0., 0., num, spd, 0., 0., -1.*num, spd]l,\
[0., num, 0., spd, 0., -1.*num, O., spd]l, \
[num, 0., 0., spd, -1.*%num, 0., 3., spd, 0., 0., -3., spdl,\
[o., 0., -5., spd, 0., num, 5., spdl, \
[0., num, O., spd, num, -1.%num, O, spd, -1.*num, O, O, spdl,\
[0, 0, -1.%num, spd, O, O, num, spd]l]
#furu = [0., 0., -1.*num, spd, O., 0., num, spdl]

verb = verb_list[j]
save_list(verb, j, adv, i)
i+=1

j=1
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B.1.4 cookpad Jd—/YX MySQL H'5 word2vec HMER 2N DEH

\begin{small}
\begin{verbatim}

# -x- coding:utf-8 -x*-
import mysql.connector
import re

import MeCab

import unicodedata

tagger = MeCab.Tagger (’mecabrc -d /usr/local/lib/mecab/dic/mecab-ipadic-neologd’)
line_list = []

def make_sentence(line_list):

if not line_list[len(line_list)-1][1] == FmM"" and\
line_list[len(line_list)-1]1[0] == E&&E"" or\
line_list[len(line_list)-11[1] == BF"" or \
line_list[len(line_list)-11[2] == EAE"" or \@H
"" in line_list[len(line_list)-1]1[2] or \
line_list[len(line_list)-1]1[0] == &i"":
sentence = ""

for 1 in line_list:

sentence += (1[3]) + " "
print (sentence)
return True

def wakachi(line):
global line_list
node = tagger.parseToNode (line)
node = node.next
while node.next:
ftr = node.feature.split(",")
#print (ftr [0], ftr[1], ftr[5], ftr[6])

if ftr[6] == "x":
ftr [6] = node.surface
if ftr[0] == &’
#print (node.surface)
ftr [6] = node.surface
line_list.append ([ftr[0], ftr[1]l, ftr([5], ftr[611)
node = node.next

#print(line_list)

if make_sentence(line_list) is True:
line_list = []

#print (line_list)

def rm_return(line):
list = re.sub(’[\t\r\f\v]l’, ’’, line.strip())
return list

def normalise(s):

s = unicodedata.normalize (’NFKC’, s)IEf{b3 2 XF iy

#0)

s = re.sub(’[\UTF{02D7}\UTF{058A - }\UTF{2011} \

\UTF{2012}\UTF{2013}\UTF{2043}\UTF{207B}\UTF{208B—}+]’, ’-’, s)

= re.sub (’ [\UTF{FE63}\UTF{FFOD} " "ef~"bd~"~"—————Db0]+’, —’’, s)
= re.sub(’["\UTF{223C}\UTF{223E~}\UTF{3030}\UTF{FF5E}]’, ’’, s)
re.sub (’ [\UTF{2460}-\UTF{2468}]+’, ’’, s)
= re.sub°C(’’, E>7, s)
= re.sub, (°’, . ’’, s8)

n n n nu n
L[}
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s = re.sub. (’’, o ’’, s)

s = re.sub(’[\UTF{266C}\UTF ) {2764}\UTF{261D}\UTF{2661}\UTF{266B}\UTF{263A ¢
INUTF{2765}\CID{115}]’, ’\n’, s)

s = re.sub(’\UTF{273F}’, ’’, s)

s s.strip (’\x00’)

s = s.replace’ (’C’, &)

return s

put_return(s):

s = re.sub, (°’, 5, ’\n’, s)
list = s.split(’\n’)

for 1 in 1list:

l.strip()
if not 1 == ’’ and not 1 == > ’:
#print (1)

wakachi (1)

get_word_mysql (db_name, pw):

con = mysql.connector.connect(host=’localhost’, db=db_name, user=’root’, \
passwd=pw, buffered=True)
cur = con.cursor ()
select = "select memo from steps where memo like \—[IK

2%%°"  # where memo like LJ2%%°"
cur.execute (select)
res = cur.fetchall()
for row in res:

if not row[0] == Nomne and not row([0] == ’’: # and "\UTF{2764}" in row[O]:

#print (row)
put_return(rm_return(normalise (row[0])))
cur.close
con.close

get_recipe_id (db_name, pw):
con = mysql.connector.connect(host=’localhost’, db=db_name, user=’root’, \
passwd=pw, buffered=True)
cur = con.cursor ()
select = "select recipe_id from steps" # where memo like YJ’%%’"
cur.execute (select)
res = cur.fetchall()
min = nn
max nn
for row in res:
if min == "":
min = rowl[0]
if max == "":
max = rowl[0]
else:
max = rowl[0]
print (min, max)
cur.close
con.close

__name__ == "__main__":
get_word_mysql (’cookpad_data’, pw) #ID SRV — K% AJjpumysql
#get_recipe_id (’cookpad_data’, pw)
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B.1.5 Xy hcJ7—UDHFRFATOT I L

Listing B.1: Net2

# -x- coding: utf-8 -x*-
import chainer

import chainer.functions as F
import chainer.links as L

class act_prediction(chainer.Chain):

def __init__(self, verb_in, adv_in, unit, act_out):
super (act_prediction, self).__init__(
verb_11 = L.Linear(verb_in, unit),
verb_12 = L.Linear (unit, unit),
adv_11 = L.Linear (adv_in, unit),
adv_12 = L.Linear (unit, unit),
13 = L.Linear (unit, act_out),
)

def softplus(self, x):
return F.log(F.exp(x) + 1)

def call__(self, verb, adv):

verb_hl = self.softplus(self.verb_l1(verb))
verb_h2 = self.softplus(self.verb_12(verb_h1l))

adv_hl = self.softplus(self.adv_11(adv))
adv_h2 = self.softplus(self.adv_12(adv_h1l))

output = F.sigmoid(self.13(verb_h2 + adv_h2))

return output

Listing B.2: Net3

# -x- coding: utf-8 -x*-
import chainer

import chainer.functions as F
import chainer.links as L

class act_prediction(chainer.Chain):
def __init__(self, verb_in, adv_in, unit, act_out):

super (act_prediction, self).__init__(
verb_11 = L.Linear(verb_in, unit),

adv_11 = L.Linear (adv_in, unit),

12 = L.Linear (unit, unit),
13 L.Linear (unit, act_out),

)
def softplus(self, x):
return F.log(F.exp(x) + 1)

def __call__(self, verb, adv):
verb_hl = self.softplus(self.verb_1l1(verb))

adv_h1l = self.softplus(self.adv_11(adv))

h2 = self.softplus(self.l12(verb_hl + adv_h1))
output = F.sigmoid(self.13(h2))

return output




© XN U e W N

e e
=W N = O

15
16
17
18
19
20
21
22
23
24
25
26
27
28

© 0 N O U W N

T T S
N RO © XN Uk WwN RO

B.1l. BREED»rSOO Ry FEIEER 124

Listing B.3: Net4

# -x- coding: utf-8 -x*-
import chainer

import chainer.functions as F
import chainer.links as L

class act_prediction(chainer.Chain):
def __init__(self, verb_in, adv_in, unit, act_out):
super (act_prediction, self).__init__(
verb_11 = L.Linear(verb_in, unit),
adv_11 = L.Linear (adv_in, unit),
adv_verb_12 = L.Linear (unit, unit),
12 = L.Linear (unit, unit),
13 = L.Linear (unit, act_out),
)
def softplus(self, x):
return F.log(F.exp(x) + 1)

def __call__(self, verb, adv):
verb_hl = self.softplus(self.verb_1l1(verb))

adv_hl = self.softplus(self.adv_11(adv))
adv_verb_h2 = self.softplus(self.adv_verb_l2(verb_hl + adv_h1))

h2 = self.softplus(self.l2(verb_hl + adv_verb_h2))
output = F.sigmoid(self.13(h2))

return output

B.1.6 FIE7FOJ > L

# -*- coding: utf-8 -x*-

import argparse

from future import print_function

import numpy as np

import six

#import net3 as net

#import net2 as net

import netl as net 5%y MV —JICEOET#%EEX % import
import read_file

import time

import chainer

import chainer.functions as F
from chainer import optimizers
from chainer import serializers

import matplotlib
matplotlib.use ("Agg")

import matplotlib.pyplot as plt
import os
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parser = argparse.ArgumentParser (description=’NN for act prediction’)

parser.add_argument (’--gpu’, ’-g’, default=-1, type=int,
help=’GPU ID (negative value indicates CPU)’)

#%ﬁepoch

parser.add_argument (’--epoch’, ’-e’, default=20, type=int,
help=’number of epochs to learn’)HfED/ — FE

#

parser.add_argument (’--unit’, ’-u’, default=14, type=int,
help=’number of units ’)EIEATIED / — K

#

parser.add_argument (’--verb_input’, ’-vi’, default=6, type=int,
help=’number of input’)EFIANED ./ — K

parser.add_argument (’--adv_input’, ’-ai’, default=12, type=int,
help=’number of input’) Ny FH

parser.add_argument (’--batchsize’, ’-b’, type=int, default=100,
help=’learning minibatch size’)

parser.add_argument (’--dataset_dir’, "-d4", default = ’dataset1601’,
help=’Path to dataset’)

parser.add_argument (’--save_dir’, "-sd", default=’model’,
help=’Path to model name’)*v bV —27OfH

#
#parser.add_argument (’--network_name’, "-n", default=’net’,
# help=’Path to net name’)

args = parser.parse_args ()
if not os.path.exists(args.save_dir):
os.mkdir (args.save_dir)

batchsize = args.batchsize # default:100
n_epoch = args.epoch # default:20
n_units = args.unit # default:14
verb_in = args.verb_input # default:6
adv_in = args.adv_input # default:12
dataset_dir = args.dataset_dir

save_dir = args.save_dir

#network = args.network_name

print (’GPU: {}’.format (args.gpu))

print (’# unit: {}’.format (args.unit))

print (’# Minibatch-size: {}’.format (args.batchsize))
print (’# epoch: {}’.format(args.epoch))

print (?2) 7 — XUk

#

print (’load dataset...’)

all_verb, all_adv, all_act = read_file.read_file(dataset_dir)
print (’Done’)

#print (len(all_verb))

N = 3800

train_verb = all_verb[:N]
train_adv = all_adv[:N]
train_act = all_act[:N]

test_verb = all_verb[N:]
test_adv all_adv[N:]
test_act = all_act[N:]
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N_test = len(test_act)ET /Lty b

#
mlp = net.act_prediction(verb_in, adv_in, n_units, 24)

# GPU %555

if args.gpu >= 0:
chainer.cuda.get_device (args.gpu) .use ()
mlp.to_gpu() I

#l3xp, BRHCPUnp, BHET D) LWV BHEEDOWIGPUcupychainer

xp = np if args.gpu < O else chainer.cuda.cupy

# Setup optimizer
optimizer = optimizers.Adam()
#optimizer = optimizers.SGD(1lr=0.001) # RE(LEAEUIZEHAdan
optimizer.setup(mlp) # optimizer IZ model %tv b
# Learning loop
train_loss = []
test_loss = []
for epoch in six.moves.range(l, n_epoch + 1):
#print (’epoch’, epoch)
### training ###
perm = np.random.permutation(N) # fHADEF% 7V X AKIAICHINSN(shuffle)
sum_loss = 0
start = time.time () # FIEWRRIGHAIBA
for i in six.moves.range(0, N, batchsize):

verb = chainer.Variable(xp.asarray(train_verb[perm[i:i + batchsizell))
adv = chainer.Variable(xp.asarray(train_adv[perm[i:i + batchsizel]]))
act = chainer.Variable(xp.asarray(train_act[perm[i:i + batchsizell))

optimizer.zero_grads ()

#output, loss = mlp(verb, adv, act)

loss = F.mean_squared_error (mlp(verb, adv), act)
loss.backward ()

optimizer .update ()

sum_loss += float(loss.data)*len(act.data)

end = time.time ()

elapsed_time = end - start

throughput = N / elapsed_time

train_loss.append(sum_loss/N)

#print (’train mean loss = {}, throughput = {},\
images/sec’.format (sum_loss/N, throughput))

#test

sum_loss = O

for i in six.moves.range(O, N_test, batchsize):
verb = chainer.Variable(xp.asarray(train_verb[perm[i:i + batchsizel]),\
volatile=’on’) # L7z{RW\¥& Zlddorpouton
adv = chainer.Variable(xp.asarray(train_adv[perm[i:i + batchsizell),\
volatile=’on’)
act = chainer.Variable(xp.asarray(train_act[perm[i:i + batchsizel]l),\
volatile=’on’)
loss = F.mean_squared_error (mlp(verb, adv), act)

# Y73 Eforwvardloss , DR Lbackward

sum_loss += float(loss.data) * len(act.data)

# sum_accuracy += float(model.accuracy.data) * len(t.data)

# print(’test mean loss={}, \

accuracy={}’.format(sum_loss / N_test, sum_accuracy / N_test))
test_loss.append(sum_loss/N_test)
#print (’test mean loss={},\
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throughput={} images/sec’.format (sum_

if epoch % 1000 == O:
model_path =
#with open(model_path, "w") as f:
serializers.save_npz(model_path,

state_path =
#with open(state_path, "w") as f:
serializers.save_npz(state_path,

# Save the model and the optimizer
print (’save the model’)

model_path =
#with open(model_path, "w") as f:
serializers.save_npz(model_path, mlp)
print (’save the optimizer’)
state_path =
#with open(state_path, "w") as f:
serializers.save_npz(state_path,

plt.
plt.
plt.
plt.ylim(ymax=round (train_loss [0],1))
plt.plot(range(len(train_loss)),
plt.text(len(train_loss)-1,
round (train_loss[-1], 6), ha =

figure(figsize=(8,12))
subplot (2, 1, 1)

’right’,

plt.subplot (2, 1, 2)

plt.title("Loss of Test Data Recognition.
#plt.yscale("log")
plt.ylim(ymax=0.1)
plt.plot(range(len(test_loss)),
plt.text(len(test_loss)-1, test_loss[-1],
round (test_loss[-1], 6), ha = ’right’,
plt.tight_layout ()
plt.savefig(")s/loss.png" % (save_dir))

"%s/act_In_verb_adv_

"%s/act_In_verb_adv_

"%s/act_In_verb_adv_%d.model" %

"%s/act_In_verb_adv_%d.state" %

va =

va
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loss / N_test, throughput))

%d.model" % (save_dir, epoch)

mlp)
%d.state" %

(save_dir, epoch)

optimizer)

(save_dir,

epoch)

(save_dir, epoch)

optimizer)

title("Loss of Train Data Recognition.")

train_loss)
train_loss[-1],\

’bottom’)

n)

test_loss)

\
= ’bottom’)

B.1.7 3D #E7O0J 3 LA

from mpl_toolkits.mplot3d import Axes3D
import numpy as np

import matplotlib.pyplot as plt

# %HfFAxes3DSubplot
def make_fig(x, y, z, name):

fig = plt.figure()

ax = fig.gca(projection=’3d’)

Xz, Yz = np.meshgrid(np.arange (0,
Zz = 0
ax.plot_surface(Xz, Zz,
ax.plot_surface(Zz, Xz,
line, = ax.plot(x, y, z,
ax.view_init (15.0, 30.0)

8,

Yz,
Yz,
zdir=’z’)

rstride=1,
rstride=1,

7), np.arange (-7, 8, 7))
cstride=1,

cstride=1,

alpha = 0.1)
alpha

[
~
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plt.axis(’scaled’)
fig_name = name + ".png"
fig.savefig(fig_name)
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# -*- coding: utf-8 -x*-

from future__ import print_function

import argparse

import numpy as np

import six

import os

import time

import chainer

import chainer.functions as F

from chainer import optimizers

from chainer import serializers

import matplotlib.pyplot as plt

import math

import mkfig #3IZHIED

import mkdefact_0112 as mkdefact 7 7 #/\ b DENEEIER#
import read_file

#import netl as net X v P7—JWEHEDETER#
#import net2 as net

#import net3 as net

parser = argparse.ArgumentParser (description=’NN for act prediction’)

parser.add_argument (’--gpu’, ’-g’, default=-1, type=int,
help=’GPU ID (negative value indicates CPU)’)

#iﬂ(epoch

#parser.add_argument (’--epoch’, ’-e’, default=20, type=int,

# help=’number of epochs to learn’)HMED/ — K

#

parser.add_argument (’--unit’, ’-u’, default=14, type=int,
help=’number of units ’)EEASIED/ — K

#

parser.add_argument (’--verb_input’, ’-vi’, default=6, type=int,
help=’number of input’)RIFAANED / — K

#

parser.add_argument (’--adv_input’, ’-ai’, default=12, type=int,
help=’number of input’)¥FETIL

#

parser.add_argument (’--model’, "-m", default = ’mlp’,
help=’Path to trained all movement model’) v b7V —27 DOfEM

#

#parser.add_argument (’--network_name’, "-n", default=’net’,

# help=’Path to net name’)

args = parser.parse_args ()

if not os.path.exists(args.model):
os.mkdir (args.model)
#batchsize = args.batchsize # default:100
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#n_epoch = args.epoch # default:20
n_units = args.unit # default:1000
verb_in = args.verb_input # default:6
adv_in = args.adv_input # default:12
model = args.model + ".model"

print (’GPU: {}’.format (args.gpu))

print (’# unit: {}’.format (args.unit))

#print (°# Minibatch-size: {}’.format (args.batchsize))
#print (’# epoch: {}’.format(args.epoch))

print (’°)

if "share" in model:

import net_share as net
elif "hid" in model:

import net_hid2 as net
elif "sig" in model:

import net_sig as net
elif "sft" in model:

import net_softplus as net

mlp = net.act_prediction(verb_in, adv_in, n_units, 24)
serializers.load_npz(model, mlp)

loss_path = "Ys/loss_result.txt" % (args.model)
fl = open(loss_path, "w")

# GPU ZfEi515E

if args.gpu >= 0:
chainer.cuda.get_device (args.gpu) .use()
mlp.to_gpu() I

#l3¥xp, R HCPUnp, RH YT 3] W5 BFEDOWNGPUcupychainer
xp = np if args.gpu < O else chainer.cuda.cupy

verb_ja = AA[", 235, Bpzen, Gaen, BEZ, DRF]
adv_ja = ok ["", ok, FrHFEI, oRhrr, FROL L \—FIZ
un’ /J/\L/uu, %EHZ))L\"", EJ:’)Z"", L,)z))bnu’ %‘EAK“", E,)<]9uu]
defomove = mkdefact.mkdef ()

#print (defomove)

sum_traind_loss = 0
sum_non_loss = 0
sum_loss = 0
adv_list = [[0, 2, 3, 4, 6, 8, 10], [1, 3, 4, 5, 7, 10, 111, [2, 3, 4,
117 ,\
(+, 2, 3, 5, 6, 9, 101, [0, 1, 3, 4, 6, 7, 91, [0, 3, 5, 7, 8, 9, 11]]
str_list, vec_list = read_file.read_word_file(word_file)

#word_file=TfE>72R7 MLERFELZ T 7 4 lword2vec

for i in range(len(verb_ja)):
#np_verb = np.array([0.] * verb_in, dtype=np.float32)
#np_verb[i] = 1.

result_path = "Ys//d%s_result.txt" % (args.model, i, verb_jal[i])
f = open(result_path, "w")
v_sum_loss = 0

for j in range(len(adv_ja)):
#np_adv = np.array([0.] * adv_in, dtype=np.float32)
#np_adv[j]l = 1.

verb_vec = read_file.str_to_vec(str_list, vec_list, verb_jal[il)
adv_vec = read_file.str_to_vec(str_list, vec_list, adv_jaljl)
verb = chainer.Variable(xp.asarray([verb_vec]), volatile=’on’)

adv = chainer.Variable(xp.asarray([adv_vec]), volatile=’on’)
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out = mlp(verb, adv)
1 = (list(out.data))
for k in 1:

num = list (k)
t =0
sum = O
while t < len(num):
if t % 4 == 3:
num[t] =round (0.25*math.log((1+(float(num[t])))/ \
(1-(float(num[t]1)))),2)
else:
num[t] = round(2.5%math.log((1+((float (num[t]) -0.5)*2))\
/(1-((float(num[t])-0.5)%2))),
if i == 2 or i == 4:
loss = defomove[jl[il[t%12]-num[t]
else:
loss = defomove[jl1[il[t%8]-num([t]
loss_mean = loss*loss
sum += loss_mean
t += 1

#print (i, j)
rms = round(math.sqrt(sum/t), 4)
if j in adv_list[i]:
sum_traind_loss += rms
else:
sum_non_loss += rms
sum_loss += rms
v_sum_loss += rms
#print(verb_jalil, adv_jal[jl, rms)
#print ([num[r:r+4] for r in range (0, len(num), 4)])

num_list = [num[r:r+4] for r in range(0, len(num), 4)]
x = [0.]

y = [0.]

z = [0.]

countss=0

if i == 2 or i == 4:

while countss < 3:
x.append (x[countss] + num_list[countss][0])
y.append(y[countss] num_list [countss][1])
z.append(z[countss] + num_list[countss][2])
countss+=1

+

else:
while countss < 2:
x.append(x[countss] + num_list[countss][0])
y.append (y[countss] num_list [countss][1])
z.append (z[countss] + num_list[countss][2])
countss+=1

+

mkfig.make_fig(x, y, z, args.model+"/"+str(i)+"
ibh

result_path = "Ys/result.txt" % (args.model)

#with open(result_path, "a") as f:

f.write(verb_jali]l + "\t"+ adv_jal[j]l + "\n")

f.write(str(rms)+"\n")

f.write(str(num_list) + "\n")

fl.write(str(i)+"\t"+str(j)+"\t"+str(rms)+"\n")
f.close()
fl.write(str(i)+"\t"+str(round(v_sum_loss/12, 4))+ "\n")

fl.write("\n" + "all_loss\t"+ str(round(sum_loss/12/6, 4)) + "\n")
fl.write("traind_loss\t"+ str(round(sum_traind_loss/7/6, 4)) + "\n")
fl.write("nontraind_loss\t"+ str(round(sum_non_loss/5/6, 4)) + "\n")
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H7‘ fl.close ()
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Listing B.4: Recording

<script src="https://sdk.amazonaws.com/js/aws-sdk-2.142.0.min.js"></script><script
src="https://ajax.googleapis.com/ajax/libs/jquery/3.2.1/jquery.min. js"></script
>
<link href="https://s3.amazonaws.com/mturk-public/bs30/css/bootstrap.min.css" rel="
stylesheet" />
<link href="https://fonts.googleapis.com/icon?family=Material+Icons" rel="
stylesheet" />
<style type="text/css">fieldset {
padding: 10px;
background: #fbfbfb;
border-radius: 5px;
margin-bottom: 5px;
}
.fileUploadFieldset .record_button {
display: none;
}
.d-flex {
display: flex;
}
.ytplayer.nocontrol {
pointer-events: none;
}
.recordway {
display: none;
}
</style>
<section class="container" id="Other" style="margin-bottom:15px; padding: 10px 10px
; font-family: Verdana, Geneva, sans-serif; color:#333333; font-size:0.9em;">
<div class="row col-xs-12 col-md-12"><!-- Instructions -->
<fieldset ><label>Read the Instructions</label>
<div class="panel panel-primary">
<div class="panel-heading"><strong>Instructions</strong></div>

<div class="panel-body">

<p><b>Watch the videos, <span class="recordway">and </span>record live commentaries
<span class="uploadway">, and upload recorded files</span></b></p>

<!-- We are adding a template variable below which we will replace with an actual
link in our code later -->

<ul>
<1i>This survey gathers live commentaries of videos.<br />
<span class="uploadway">You need some recording tools.</span><br />
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36 You will be shown 2 videos.</1li>

37 <br />

38 <1i>This HIT&nbsp;allows for repeat participation if the videos are different.</

1i>

39 <li>Before starting, please make sure that following&nbsp;<strong>Videol</strong>

and <strong>Video2</strong>&nbsp;videos appear as shown in <strong>Example</
strong>. We have checked the videos&nbsp;before creating this&nbsp;HIT, but
depending on the timing or your situation, the video may not play. If you
cannot watch the video, please do not work on this HIT (You will not be able
to submit it).</li>

40 <li>Please record a live commentary <b>twice</b> for each of the video.

41 <ul>

42 <li>Record a live commentary while watching a video.</1li>

43 <li>Record a live commentary again while watching the same video.</li>

44 <1li class="uploadway">Upload two recording files.</1li>

45 <li class="recordway">The video will start playing as you click the record
button.</1li>

46 <l--

47 <li>Please make sure the time length of each recorded commentary is

within its video’s time.</1li>

48 -=>

49 <li class="recordway">You will not be able to stop recording before the video
finishes. The recording will automatically shut off 60 seconds after the
video ends, if you don&#39;t stop it sooner.</1li>

50 <l--

51 <li>You cannot refer to any word in the video.</1li>

52 -=><!--

53 <1li>Use only English in your live commentaries.</li>

54 <1li><b>Keep talking and recording the commentary until the video is over.</b></
1i>

55 <li>Please ignore any written text you see in the video, and describe the video

in your own words.</li>

56 -=>

57 <1i>The audio of the video is muted.</1li>

58 <li>When recording starts, <strong>(recorded XX:XX/XX:XX)</strong> will be
displayed next to <strong>First commentary:</strong> or <strong>Second
commentary:</strong>. If not, your environment is not compatible with this
HIT, and you should stop working on it.</1li>

59 <li><b>Important!</b> (Check them all)

60 <div class="checkbox"><label><input name="Check_importantl" required="" type="
checkbox" value="check_ok" />Keep talking and recording the commentary
until the video is over.</label></div>

61

62 <div class="checkbox"><label><input name="Check_important2" required="" type="
checkbox" value="check_ok" />Please ignore any written text you see in the
video, and describe the video in your own words.</label></div>

63

64 <div class="checkbox"><label><input name="Check_important3" required="" type="
checkbox" value="check_ok" />Use only English in your live commentaries.</
label ></div>

65

66 <div class="checkbox"><label><input name="Check_important4" required="" type="
checkbox" value="check_ok" />Please do not start with the phrases like <em
>&quot;0K, this is the second recoding&quot;</em>, just describe what is on

the video.</label></div>

67

68 <div class="checkbox"><label><input name="Check_importantb5" required="" type="
checkbox" value="check_ok" />If an ad is played while recording, say <em>&
quot;ad starts&quot;</em> when the ad starts, and <em>&quot;ad ends&quot;</
em> when it ends.</label></div>

69

70 <div class="checkbox"><label><input name="Check_important6" required="" type="
checkbox" value="check_ok" /></label>Please check your recordings before
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submission. The auto-recognition function may reject it when your voice is
too quiet, there is too much noise, or the total time of the commentary
audio part only is less than 60% of the video duration.</div>
</1li>
</ul>
</1li>
<li>Also answer the questionnaire about the videos.
<ul>
<li>How difficult was it to record a live commentary? and why?</1li>
<li>How many scene cuts are there in this video?</1i>
<l--
<li>How fast is each scene cut?</1li>
<li>How many events are there in each scene cut?</1li>
-=>
</ul>
</1li>
<li>Finally answer the questionnaire about your background.
<ul>
<1li>The country you are living in</li>
<1i>The language(s) you can speak fluently</1li>
<li>Your familiarity with: Sports, Music,...etc</1li>
</ul>
</1i>
</ul>

<section>

<div class="checkbox"><label><input name="Check" required="" type="checkbox" value
="check_ok" />Have you checked the instructions?</label></div>

</section>

</div>

</div>

<div class="panel panel-primary">
<div class="panel-heading"><strong>Example</strong></div>

<div class="panel-body d-flex">
<div class="ytplayer" data-id="H6hb3SIqdL4">&nbsp;</div>

<div>

<fieldset class="fileUploadFieldset"><label>First commentary (sample audio):</label
><br />

<input class="fileUpload" disabled="disabled" single="" type="file" /><button class
="record_button" disabled="disabled"><i class="material-icons">mic</i></button>

<audio class="playback" controls="" data-loc="sample/sample_cl.mp3" disabled="
disabled">&nbsp;</audio>
</fieldset>

<fieldset class="fileUploadFieldset"><label>Second commentary (sample audio):</
label><br />

<input class="fileUpload" disabled="disabled" single="" type="file" /><button class
="record_button" disabled="disabled"><i class="material-icons">mic</i></button>

<audio class="playback" controls="" data-loc="sample/sample_c2.mp3" disabled="
disabled">&nbsp;</audio>

</fieldset>

</div>

</div>

</div>

</fieldset>

</div>

<!-- End Instructions --><!-- Content Body --><input id="audiomethod" name="method"
type="hidden" value="uploaded" />




123
124
125
126
127
128
129
130

131
132

134
135
136

138
139

140
141

142

143
144
145

146
147
148

149
150
151
152
153
154
155
156

157

158

160

161

162

B.2. —f&F XA EMNARK 134

<fieldset ><label>Video</label>

<div class="panel panel-primary">
<div class="panel-heading"><strong>Video 1</strong></div>

<div class="panel-body d-flex">
<div class="ytplayer" data-id="${VideoId1l}" data-set="${Datatypell}">&nbsp;</div>

<!-- test goat --><!-- <div class="ytplayer" data-id="jRxSRyrTANY" data-set="${
Datatypell}">&nbsp;</div> --><input class="videoDuration" name="vid" type="
hidden" />

<div>

<fieldset class="fileUploadFieldset"><label>First commentary<span class="timer">:</
span></label><br />

<input class="audioinput fileUpload" single="" type="file" /><button class="
audioinput record_button" disabled="disabled"><i class="material-icons">mic</i
></button>

<audio class="playback" controls="" disabled="disabled">&nbsp;</audio>

<input class="duration" data-cid="1" name="vlcld" type="hidden" /><input class="
filekey" data-cid="1" name="vlicl" type="hidden" />

<div class="status">&nbsp;</div>

Did any ads play while the video was playing?<br />

<input checked="checked" name="viclcm" required="" type="radio" value="0" /> No &
nbsp;<input name="viclcm" type="radio" value="1" /> Yes</fieldset>

<fieldset class="fileUploadFieldset"><label>Second commentary<span class="timer
">:</span></label><br />

<input class="audioinput fileUpload" single="" type="file" /><button class="
audioinput record_button" disabled="disabled"><i class="material-icons">mic</i
></button>

<audio class="playback" controls="" disabled="disabled">&nbsp;</audio>

<input class="duration" data-cid="2" name="vic2d" type="hidden" /><input class="
filekey" data-cid="2" name="v1c2" type="hidden" />

<div class="status">&nbsp;</div>

Did any ads play while the video was playing?<br />

<input checked="checked" name="vic2cm" required="" type="radio" value="0" /> No &
nbsp;<input name="vic2cm" type="radio" value="1" /> Yes</fieldset>

</div>

</div>

<div class="panel-body">
<p><b>Questionnaire about Video 1</b></p>

<ul>
<livY¢r>How difficult was it to record a live commentary with this video? (1:Easy &
larr; &rarr; 5:Difficult)<br />
<input name="vi_difficulty" required="" type="radio" value="1" /> 1 &nbsp;<input
name="v1l_difficulty" type="radio" value="2" /> 2 &nbsp;<input name="
vi_difficulty" type="radio" value="3" /> 3 &nbsp;<input name="vi_difficulty"
type="radio" value="4" /> 4 &nbsp;<input name="vi_difficulty" type="radio"
value="5" /> b&nbsp;</1li>
<1li>Why was it difficult?
<ul>
<li>Speed (1:Too slow&larr; &rarr;5:Too fast; Check <b>3</b> if you answered ¥
as 1:Easy)<br />
<input name="vl_speed" required="" type="radio" value="1" />1 &nbsp;<input name
="v1_speed" type="radio" value="2" /> 2 &nbsp;<input name="vl_speed" type="
radio" value="3" /> 3 &nbsp;<input name="vl_speed" type="radio" value="4"
/> 4 &nbsp;<input name="vl_speed" type="radio" value="5" /> 5&nbsp;</1li>
<li>Event changing in each scene cuts (1:Too few to continue describingé&larr; &
rarr;5:Too many to describe in time; Check <b>3</b> if you answered Pie
as 1:Easy)<br />
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<input name="vl_event" required="" type="radio" value="1" />1 &nbsp;<input name
="v1l_event" type="radio" value="2" /> 2 &nbsp;<input name="vl_event" type="
radio" value="3" /> 3 &nbsp;<input name="vl_event" type="radio" value="4"
/> 4 &nbsp;<input name="vl_event" type="radio" value="5" /> 5&nbsp;</1li>

<li>Video content (situation, object, event,...etc)<br />
<input name="vl_content" required="" type="radio" value="unknown" />&nbsp;
Unknown&nbsp;&nbsp;<input name="vl_content" type="radio" value="known" />&
nbsp;Known&nbsp;&nbsp;<input name="vl_content" required="" type="radio"
value="familiar" />&nbsp;Familiar&nbsp;&nbsp;</1i>
<1li>
<p>0ther<br\> <input class="form-control" id="vl_other" name="v1_other"
placeholder="e.g. ’The screen shakes so much that it is difficult to grasp
the situation’" type="text" /> </br\></p>
</1i>
</ul>
<t--
<li>How fast is each scene cut?<br />
(1: Scene cuts are too long, 3: Best speed for recording the commentary , 5:
Scene cuts are too fast)<br />
<input name="v1q3" required="" type="radio" value="1" /> 1 &nbsp;<input name="

v1ig3" type="radio" value="2" /> 2 &nbsp;<input name="v1g3" type="radio" value
="3" /> 3 &nbsp;<input name="v1g3" type="radio" value="4" /> 4 &nbsp;<input
name="v1g3" type="radio" value="5" /> 5&nbsp;</1li>

<li>How many events are there in each scene cut?<br />

(1: The events do not change* at all within one scene cut, 3: Best amount for
recording the commentary , 5: Too many events within one scene cut)<br />

* Event changing is such as a change in the behavior of a person or a change in
an object in the video.<br />

<input name="v1q4" required="" type="radio" value="1" /> 1 &nbsp;<input name="
v1ig4" type="radio" value="2" /> 2 &nbsp;<input name="v1qg4" type="radio" value
="3" /> 3 &nbsp;<input name="v1g4" type="radio" value="4" /> 4 &nbsp;<input
name="v1qg4" type="radio" value="5" /> b&nbsp;</1li>

-=></1i>
<li>How many scene cuts are there in this video?<br />
<input name="vl_scenecuts " required="" type="radio" value="1" /> 1 &nbsp;<input
name="vl_scenecuts " type="radio" value="2-4" /> 2-4 &nbsp;<input name="
vl_scenecuts " type="radio" value="5-8" /> 5-8 &nbsp;<input name="
vi_scenecuts " type="radio" value="9-14" /> 9-14 &nbsp;<input name="
vl_scenecuts " type="radio" value="overl5" /> over 15-&nbsp;</1i>
</ul>
</div>
</div>

<div class="panel panel-primary">
<div class="panel-heading"><strong>Video 2</strong></div>

<div class="panel-body d-flex">

<div class="ytplayer" data-id="${VideoId2}" data-set="${Datatype2}">&nbsp;</div>

<input class="videoDuration" name="v2d" type="hidden" />

<div>

<fieldset class="fileUploadFieldset"><label>First commentary<span class="timer">:</
span></label><br />

<input class="audioinput fileUpload" single="" type="file" /><button class="
audioinput record_button" disabled="disabled"><i class="material-icons">mic</i
></button>

<audio class="playback" controls="" disabled="disabled">&nbsp;</audio>

<input class="duration" data-cid="1" name="v2cld" type="hidden" /><input class="
filekey" data-cid="1" name="v2cl" type="hidden" />

<div class="status">&nbsp;</div>

Did any ads play while the video was playing?<br />

<input checked="checked" name="v2clcm" required="" type="radio" value="0" /> No &
nbsp;<input name="v2clcm" type="radio" value="1" /> Yes</fieldset>
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<fieldset class="fileUploadFieldset"><label>Second commentary<span class="timer
">:</span></label ><br />

<input class="audioinput fileUpload" single="" type="file" /><button class="
audioinput record_button" disabled="disabled"><i class="material-icons">mic</i
></button>

<audio class="playback" controls="" disabled="disabled">&nbsp;</audio>

<input class="duration" data-cid="2" name="v2c2d" type="hidden" /><input class="
filekey" data-cid="2" name="v2c2" type="hidden" />

<div class="status">&nbsp;</div>

Did any ads play while the video was playing?<br />

<input checked="checked" name="v2c2cm" required="" type="radio" value="0" /> No &
nbsp;<input name="v2c2cm" type="radio" value="1" /> Yes</fieldset>

</div>

</div>

<div class="panel-body">
<p><b>Questionnaire about Video 2</b></p>

<ul>
<liYt>How difficult was it to record a live commentary with this video? (1:Easy &
larr; &rarr; 5:Difficult)<br />
<input name="v2_difficulty" required="" type="radio" value="1" /> 1 &nbsp;<input
name="v2_difficulty" type="radio" value="2" /> 2 &nbsp;<input name="
v2_difficulty" type="radio" value="3" /> 3 &nbsp;<input name="v2_difficulty"
type="radio" value="4" /> 4 &nbsp;<input name="v2_difficulty" type="radio"
value="5" /> 5&nbsp;</1li>
<1li>Why was it difficult?
<ul>
<li>Speed (1:Too slow&larr; &rarr;5:Too fast; Check <b>3</b> if you answered Yo
as 1:Easy)<br />
<input name="v2_speed" required="" type="radio" value="1" />1 &nbsp;<input name
="vy2_speed" type="radio" value="2" /> 2 &nbsp;<input name="v2_speed" type="
radio" value="3" /> 3 &nbsp;<input name="v2_speed" type="radio" value="4"
/> 4 &nbsp;<input name="v2_speed" type="radio" value="5" /> 5&nbsp;</1li>
<li>Event changing in each scene cuts (1:Too few to continue describing&larr; &
rarr;5:Too many to describe in time; Check <b>3</b> if you answered W
as 1:Easy)<br />
<input name="v2_event" required="" type="radio" value="1" />1 &nbsp;<input name
="v2_event" type="radio" value="2" /> 2 &nbsp;<input name="v2_event" type="
radio" value="3" /> 3 &nbsp;<input name="v2_event" type="radio" value="4"
/> 4 &nbsp;<input name="v2_event" type="radio" value="5" /> 5&nbsp;</1li>

<li>Video content (situation, object, event,...etc)<br />
<input name="v2_content" required="" type="radio" value="unknown" />&nbsp;
Unknown&nbsp;&nbsp;<input name="v2_content" type="radio" value="known" />&
nbsp;Known&nbsp;&nbsp;<input name="v2_content" required="" type="radio"
value="familiar" />&nbsp;Familiar&nbsp;&nbsp;</1i>
<1li>
<p>0ther<br\> <input class="form-control" id="v2_other" name="v2_other"
placeholder="e.g. ’The screen shakes so much that it is difficult to grasp
the situation’" type="text" /> </br\></p>
</1i>
</ul>
</1li>
<li>How many scene cuts are there in this video?<br />
<input name="v2_scenecuts " required="" type="radio" value="1" /> 1 &nbsp;<input
name="v2_scenecuts " type="radio" value="2-4" /> 2-4 &nbsp;<input name="
v2_scenecuts " type="radio" value="5-8" /> 5-8 &nbsp;<input name="
v2_scenecuts " type="radio" value="9-14" /> 9-14 &nbsp;<input name="

v2_scenecuts "

type="radio" value="overl5" /> over 15-&nbsp;</1i>
</ul>

</div>
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</div>
</fieldset>

<fieldset><label>Questionnaire</label>

<div class="panel panel-primary">
<div class="panel-heading"><strong>Questionnaire about your background </strong></
div>

<div class="panel-body">
<p>The country you are living in<br\> <input class="form-control" id="livingplace"
name="livingplace" placeholder="e.g. UK" required="" type="text" /> </br\></p>

<p>The language(s) you can speak fluently<br\> <input class="form-control" id="
language" name="language" placeholder="e.g. English, German,...etc" required=""

type="text" /> </br\></p>

<p>Your familiarity with:</p>

<ul>
<li>Sports: football, basketball, skating, ...<br\> <input class="form-control"
id="sports" name="sports" placeholder="football, cricket,...etc or NONE"
required="" type="text" /> </br\></1li>
<1i>Music (instrument, genre): guitar, piano, rock, jazz, ...<br\> <input class="
form-control" id="music" name="music" placeholder="violin, classical,...etc
or NONE" required="" type="text" /></br\></li>
<li>0ther <br\> <input class="form-control" id="other" name="other" placeholder="
computer science, video game,...etc or NONE" required="" type="text" /></br
\></1i>
</ul>
</div>
</div>

</fieldset>
</section>

<script>
const disableMicrophone = false;
const config = {

region: ’ap-northeast-1’,
pool: ’ap-northeast-1:eaad08ff -2455-4c54-a19b-0cd9b21347£f7°,
bucket: ’nedo3-amt-worker-uploads’

}

AWS .config.region = config.region;
// Configure the credentials provider to use your identity pool
AWS .config.credentials = new AWS.CognitoIdentityCredentials ({
IdentityPoolId: config.pool,
RoleArn: ’arn:aws:iam::646640374441:role/
Cognito_AMT_upload_files_poolUnauth_Role’,
AccountId: 646640374441’ ,
b

// XXX DEBUG - for testing outside AMT HIT without actual uploaing
if (!window.turkGetParam) {

window.turkGetParam = () => 0;

window.AWS = {

S3: function() {
return {
upload: function(x, f) {
console.log("[fake] uploading:", x)




287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349

B.2. —f& XA UENAEK

f(null, "");
}’
getObject: function(x, f) {
console.log("[fake] downloading:", x)
f(null, {
ContentType: ’audio/mp3’,
Data: new Uint8Array(),
DN
},
};
},
config: {},
CognitoIdentityCredentials: function() {3},
3
}

const ytplayers = {};
window.onYouTubeIframeAPIReady = function() {
$(’.ytplayer’) .each(function(index, div) {
const $player = $(div);
const videoId = $player.data(’id’);
const player = new YT.Player (div, {
width: 640,
height: 390,
videoId: videold,
events: {
onReady: ytReady,
onStateChange: ytStateChange,

},
b
ytplayers[videoId] = player;
I
}
const ytTag = document.createElement (’script’);
ytTag.src = "https://www.youtube.com/iframe_api";

const firstScriptTag = document.getElementsByTagName (’script’) [0];

firstScriptTag.parentNode.insertBefore(ytTag, firstScriptTag);

function ytReady(evt) {
evt.target.mute () ;
$(’.audioinput.record_button’) .prop(’disabled’,
}

let $currentRecButton = null;
let currentPlayer = null;
let stopRecTimer = null;

let timerUpdateTimer = null;
let recStart = null;
let videoDuration = null;

function ytStateChange (evt) {
if (evt.data == YT.PlayerState.ENDED) {
videoDuration = evt.target.getDuration();
if ($currentRecButton) {
$currentRecButton.prop(’disabled’, false);
stopRecTimer = setTimeout (function() {
$currentRecButton.click();
}, 60 * 1000);
¥
}
}

false);

138
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350

351 function supportsDynamicImport () {

352 try {

353 new Function(’import("")’);

354 return true;

355 } catch (err) {

356 return false;

357 }

358 }

359

360 function minsec(time) {

361 const min = Math.floor(time / 60);

362 const sec = Math.round(time - min * 60);

363 const filler = sec > 9 7 ’’ : ’0’;

364 return min + ":" + filler + sec;

365 }

366

367 function updateTimer () {

368 const duration = Math.round(currentPlayer.getDuration());

369 const position = Math.round((new Date() - recStart) / 1000);

370 const displayText = " (recorded " + minsec(position) + " / " + minsec(duration)
+ ll)ll;

371 $currentRecButton.closest (’fieldset’).find(’.timer’) .text (displayText);

372 }

373

374 const recorderPromise = new Promise(function(resolve, reject) {

375 if (disableMicrophone || !navigator.permissions) {

376 reject ();

377 }

378

379 navigator.permissions.query({ name: ’microphone’ })

380 .then(function(permissions) {

381 const micStatus = permissions.state;

382 if (micStatus == ’prompt’ || micStatus == ’granted’) {

383 if (supportsDynamicImport()) {

384 const vmsgURL = "https://cdn.jsdelivr.net/npm/vmsg@0.3.6/"

385 import (vmsgURL + "vmsg.js")

386 .then(function(vmsg) {

387 if (vmsg && vmsg.Recorder) {

388 const Recorder = vmsg.Recorder.bind(null, {

389 wasmURL: vmsgURL + "vmsg.wasm",

390 shimURL: vmsgURL + "wasm-polyfill.js",

391 1

392 resolve (Recorder) ;

393 } else {

394 reject ();

395 }

396 b

397 } else {

398 reject ();

399 }

400 } else {

401 reject ();

402 }

403 b

404 IO

405

406 const s3 = new AWS.S3({

407 apiVersion: "2006-03-01",

408 params: { Bucket: config.bucket }

409 DM

410

411 const workerId = turkGetParam("workerId");
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412 const assignmentId = turkGetParam("assignmentId");

413 const hitId = turkGetParam("hitId");

414

415 $(’audio[data-1loc]’).each(function() {

416 const $this = $(this);

417 const fileKey = $this.data(’loc’);

418

419 s3.getObject (

420 {

421 Key: fileKey,

422 3,

423 function(err, data) {

424 if (err) {

425 console.error (err)

426 } else {

427 const mimeType = data.ContentType;

428 const buffer = data.Body.buffer;

429 const blob = new Blob([buffer], {type: mimeTypel})

430 const audioURL = URL.createObjectURL (blob);

431 $(’<source>’) .attr ({

432 src: audioURL,

433 type: mimeType,

434 }) .appendTo ($this);

435 $this.prop(’disabled’, false);

436 }

437 ¥

438 )

439 IO

440

441 function upload_file(file, videoId, commentaryId, videoSet) {

442 const extension = mimeTypes[file.typel;

443 const fileKey = hitId + "_" + assignmentId + "_" + workerId + "_" + videoId + "
_" + commentaryId + "_" + videoSet + "." + extension;

444

445 return new Promise(function(resolve, reject) {

446 s3.upload(

447 {

448 Key: fileKey,

449 Body: file,

450 ContentType: file.type,

451 ACL: "bucket-owner-full-control"

452 },

453 function(err, data) {

454 if (err) {

455 reject (err) ;

456 } else {

457 resolve(fileKey);

458 }

459 }

460 )

461 b

462 }

463

464 function do_input_upload(evt) {

465 const $fieldset = $(evt.target).closest("fieldset");

466 const $fileinput = $fieldset.find(".fileUpload");

467 const $status = $fieldset.find(".status");

468

469 const file = $fileinput.prop("files") [0];

470 if ('file) {

471 $status.text ("");

472 return;

473 }
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const mimeType = file.type;
const extension = mimeTypes[mimeTypel;

if (extension) {
receiveAudio(file, $fieldset);
} else {
$status.text ("Please only upload MP3 or M4A files.").addClass(’text-error’).
removeClass (’text-success’) ;
}
};

$(".fileUpload") .on("input", do_input_upload);
$(function() {
$("#submitButton") .prop("disabled", true);

b

const mimeTypes = {
’audio/webm; codecs=opus’: ’webm’,
>audio/ogg; codecs=opus’: ’ogg’,
’audio/mpeg’: ’mp3°’,
’audio/x-m4a’: ’méa’,

// TODO check uploaded mimetypes on other browsers (above is for Chrome)

};

function receiveAudio(blob, $fieldset) {
const $status = $fieldset.find(".status");
const $filekey = $fieldset.find(".filekey");
const $duration = $fieldset.find(".duration");
const $audioinputs = $fieldset.find(".audioinput");
const commentaryId = $filekey.data("cid");
const $player = $fieldset.closest(".panel-body").find(".ytplayer");
const $videoDuration = $fieldset.closest(".panel-body").find(".videoDuration");
const videoId = $player.data("id");
const videoSet = $player.data("set");

$status.text ("Uploading...");
$audioinputs.prop("disabled", true);

const audioURL = URL.createObjectURL (blob);
const $audio = $fieldset.find(’.playback’).empty().prop(’disabled’, false);
const audio = $audio [0];
$(’<source>’) .attr ({
src: audioURL,
type: blob.type,
}) . appendTo ($audio) ;

const displayError = function(error) {
$status.text (error).addClass (’text-danger’) .removeClass (’text-success’);
$filekey.val ("");
$audioinputs.prop("disabled", false);

}
audio.onloadedmetadata = function audioLoadedMetadata () {
const duration = audio.duration;
if (videoDuration === null) {
displayError ("Please watch the video.");
return;
¥

if (duration < videoDuration) {
displayError ("Please commentate the entire video.");
return;

}

$duration.val (duration);
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536 $videoDuration.val (videoDuration) ;

537

538 upload_file(blob, videoId, commentaryId, videoSet)

539 .then(function(fileKey) {

540 $status.text ("Success.") .removeClass (’text-danger ’).addClass (’text-success
)

541 $filekey.val(fileKey);

542 $audioinputs.prop("disabled", false);

543 const $noComment = $(’.fileUploadFieldset .filekey:not([valuel)’);

544 if (!$noComment.length) {

545 // all comments uploaded, allow form submission

546 $("#submitButton") .prop("disabled", false);

547 }

548 b

549 .catch(function() {

550 displayError ("Failed to upload.");

551 B

552 };

553

554 audio.onerror = function audioError (evt) {

555 displayError ("Audio file not valid.");

556 }

557

558 audio.load () ;

559 }

560

561 function getPlayerForSection(evt) {

562 const $audio = $(evt.target);

563 const videoId = $audio.closest(’.panel-body’).find(’.ytplayer’).data(’id’);

564 return ytplayers[videoId];

565 }

566

567 function onAudioPlay(evt) {

568 evt.target.ignorePause = true;

569 $(’audio’) .not (evt.target).each(function() {

570 this.ignorePause = true;

571 this.pause () ;

572 I

573 ignorePause = false;

574 const time = evt.target.currentTime;

575 const player = getPlayerForSection(evt);

576 player.seekTo(time) ;

577 $currentRecButton = null;

578 videoDuration = null;

579 player.playVideo ();

580 }

581

582 function onAudioPause(evt) {

583 if (evt.target.ignorePause) {

584 delete evt.target.ignorePause;

585 return;

586 }

587 const player = getPlayerForSection(evt);

588 player.pauseVideo () ;

589 }

590

591 function enableRecording(flag) {

592 if (flag !== false) {

593 $(’.ytplayer ’) .addClass (’nocontrol’);

594 $(’.fileUploadFieldset .fileupload, .uploadway’).hide();

595 $(’.fileUploadFieldset .record_button, .recordway’).show();

596 $(’#audiomethod’) .val(’recorded’) ;

597 } else {
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$(’.ytplayer’) .removeClass (’nocontrol ’) ;
$(’>.fileUploadFieldset .fileupload, .uploadway’).show();
$(’.fileUploadFieldset .record_button, .recordway’).hide();
$(’#audiomethod’) .val(’uploaded’);

}
}
$(’audio’)
.on(’play’, onAudioPlay)
.on(’pause’, onAudioPause);

recorderPromise
.then(function(Recorder) {
let recorder;

enableRecording () ;

function do_record(evt) {
const $recButton = $(evt.target).closest(’button’);
const $fieldset = $(evt.target).closest(’.fileUploadFieldset’);
const videoId = $fieldset.closest(’.panel-body’).find(’.ytplayer’).data(’id’)
currentPlayer = ytplayers[videoId];
const recording = $fieldset.data(’recording’);
if (recorder) {
recorder.stopRecording ()
.then(function(blob) {
clearTimeout (stopRecTimer) ;
stopRecTimer = null;
clearTimeout (timerUpdateTimer) ;
timerUpdateTimer = null;
updateTimer () ;

currentPlayer.stopVideo () ;

receiveAudio(blob, $fieldset);

$recButton.html (’<i class="material-icons">mic</i>’);

$(’.fileUploadFieldset ’) .not ($fieldset).find(’.record_button’) .prop(’
disabled’, false);

recorder = null;
B
} else {
stopRecTimer = null;

$recButton.html (’<i class="material-icons">stop</i>’);
$currentRecButton = $recButton;
$(’.fileUploadFieldset’).find(’.record_button’) .prop(’disabled’, true);
const chunks = [];
recorder = new Recorder () ;
recorder.initAudio ()
.then(function() { return recorder.initWorker () 1})
.then(function () {
currentPlayer.playVideo () ;
recStart = new Date();
videoDuration = null;
timerUpdateTimer = setInterval (updateTimer, 1000) ;
return recorder.startRecording();
»
.catch(function(...args) {
enableRecording (false) ;
B
¥
return false;

}
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$(".record_button").on("click", do_record);
»
</script>

B.2.2 XY MMEIEUI

Listing B.5: Transcribe

<script src="https://sdk.amazonaws.com/js/aws-sdk-2.142.0.min.js"></script>
<script src="https://ajax.googleapis.com/ajax/libs/jquery/3.2.1/jquery.min.js"></
script>
<link href="https://s3.amazonaws.com/mturk-public/bs30/css/bootstrap.min.css" rel="
stylesheet" />
<link href="https://fonts.googleapis.com/icon?family=Material+Icons" rel="
stylesheet" />
<style type="text/css">
/* https://css-tricks.com/auto-growing-inputs-textareas/ */
.input-sizer {
display: inline-grid;
vertical-align: top;
align-items: center;
position: relative;
/* border: solid 1px; */
/* padding: 0.25em O0.5em; */
margin: 5px;
}
.input-sizer.stacked {
/* padding: 0.5em; */
align-items: stretch;
}
.input-sizer.stacked::after,
.input-sizer.stacked input,
.input-sizer.stacked textarea {
grid-area: 2/1;
}
.input-sizer::after,
.input-sizer input,
.input-sizer textarea {
width: auto;
min-width: lem;
grid-area: 1/2;
font: inherit;
padding: 0.25em;
margin: O;
resize: none;
background: none;
appearance: none;
border: none;
}
.input-sizer span {
padding: 0.25em;
}
.input-sizer::after {
content: attr (data-value) " ";
visibility: hidden;
white-space: pre-wrap;
}
/*




48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

110

B.2. —f& XA UENAEK

.input-sizer:focus-within {
outline: solid 1px blue;
box-shadow: 4px 4px Opx blue;

}

.input-sizer:focus-within > span {
color: blue;

}

*/

.input-sizer:focus-within textarea:focus,

.input-sizer:focus-within input:focus {
outline: none;

}
/* end input-sizer x/
.players {
position: sticky;
top: 20px;
padding-right: 20px;
}
.ytplayer {
pointer-events: none;
}
audio {
outline: none;
}

.no-bold-labels label {
font-weight: normal;

}

.d-flex {
display: flex;
}

.align-items-start {
align-items: start;

}

.flex-row {
flex-direction: row;

}

.flex-grow-1 {
flex-grow: 1;
}

blockquote.example {
border: O;
padding: O;
margin: O;

}

blockquote.example:before {
content: "e.g. ";
color: #bbbbbb;

}

fieldset {
padding: 10px;
background: #fbfbfb;
border-radius: 5px;
margin-bottom: 5px;

145
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}

.material -icons.smaller {
margin: -3px;

}

.align-self-center {
align-self: center;

}

.form-check-inline {
display: inline-block;
margin-right: 10px;

}

.w=100 {
width: 100%;
}

.mb-10 {
margin-bottom: 10px;

}

.mb-20 {
margin-bottom: 20px;

}

textarea:required:invalid {
border: 2px solid #£f£0000;
}

fieldset.required {
border: 2px solid transparent;

}

fieldset.required:invalid {
border-bottom: 2px solid #£f£f0000;
border-radius: O0;

}

form:invalid input[type="submit"] {
pointer-events: none;
opacity: 0.38;

}

kbd {
font-weight: bold;
}
</style>
<main class="container" id="Other" style="margin-bottom:15px; padding: 10px 10px;
font-family: Verdana, Geneva, sans-serif; color:#333333; font-size:0.9em;">
<fieldset><label>Read the Instructions</label>
<div class="panel panel-primary">
<div class="panel-heading"><strong>Instructions</strong></div>

<div class="panel-body">
<!-- <p>This is a qualification test for the task explained below.</p> -->
<!-- <p>You can accept the actual HIT after you pass this qualification
task!</p> -->
<div>This HIT is a task of listening to audio and correcting the
transcription.</div>

<div>There are two audios, so correct those transcriptions.</div>




171
172

173

174

176

177
178
179

181
182

183
184

185
186
187
188
189

191
192
193
194
195
196

198
199
200
201
202
203
204

205
206

208
209
210
211
212
213
214
215
216
217
218
219

B.2. —f&F XA EMNARK 147

<!-- <div>If you do not follow the rules below,your job will be rejected.</
div> -->

<div>Please follow the instructions below to do both of the following <b>"
Transcription correction"</b> and <b>"Transcription review"</b>.

<div>Please check your work before submission, you cannot redo this HIT
after submission.</div>

<div>The reward of this task is determined by the number of chars in the
pre-transcription and the audio time.</div>

<h4>Transcription correction fields</h4>
<ul>
<li>Please add an appropriate punctuation mark (".", "?" etc.) at the end
, if you find the sentence is ending.</1i>

<1li>Please input <b>"(UNKNOWN)"</b> in places where you can’t hear or
recognise what was said.</1i>

<li>Please <b>correct</b> any part where the automatic transcription text
differs from the audio.
<blockquote class="example">

"So it z there a burning man?" &rarr; "So is there a burning man?"
</blockquote>
</1i>
<li>Please <b>write out</b> any <b>numbers</b> using <b>words</b> as it
is.

<blockquote class="example">
"1" &rarr; "one"
</blockquote>
<blockquote class="example">
"1234" &rarr; "one thousand two hundred and thirty four"
</blockquote>
<blockquote class="example">
"1st,2nd" &rarr; "first,second"
</blockquote>

</1li>
</ul>

<h4>Transcription review fields</h4>

<h5>In the tramnscription review fields, please perform all the corrections
listed for the Transcription correction fields, as well as the
following additional omes.</hb5>

<ul>

<!-- <1i>In the transcription review fields, please perform all the
corrections listed for the Transcription correction fields, as well as
the following additional omnes.</1i> -->

<li>Please <b>change</b> the <b>"(UNKNOWN)"</b> to appropriate word or <b
>remove</b> for natural sentence.
</1i>
<li>Please <b>correct</b> any incorrect grammar.
<blockquote class="example">
"They is talking." &rarr; "They are talking."
</blockquote >
<blockquote class="example">
"There are two mouses." &rarr; "There are two mice."
</blockquote>
</1li>
<1i>
Please <b>remove</b> rephrasing.
<blockquote class="example">
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220 "and I think oh it seems one of them, he threw three darts," &rarr; "
He threw three darts."

221 </blockquote>

222 </1i>

223 <1li>

224 Please <b>remove</b> any representations of fillers* words or
hesitation markers.

225 <br/><b>xfillers: </b><a href="https://en.wikipedia.org/wiki/Filler_(
linguistics)" target="_blank">>https://en.wikipedia.org/wiki/
Filler_(linguistics)</A>

226 <blockquote class="example">

227 fillers: <i>Mmm,Uh, uh, 0K, Yeah</i>...etc

228 </blockquote>

229

230 <blockquote class="example">

231 "uh Let’s see uh there’s a man, there’s a man throwing darts." &rarr;
"There’s a man throwing darts."

232 </blockquote >

233 <blockquote class="example">

234 "Mmm,is there a burning man?" &rarr; "Is there a burning man?"

235 </blockquote>

236 </1i>

237

238 <1i>If the field ends up as empty after such deletions, please input <b

>"(NONE) "</b>.

239 </1i>

240 </ul>

241 <section>

242 <fieldset class="required">

243 <label>

244 <input name="Check" required type="checkbox" value="check_ok" />

245 Have you checked the instructions?

246 </label>

247 </checkbox>

248 </section>

249 </div>

250 </div>

251 </fieldset>

252

253 | <!-- (2022.02.02) -->

254

255 <fieldset class="task">

256 <label>Task</label>

257

258 <div class="panel panel-primary">

259 <div class="panel-heading"><strong>Audio Clip</strong></div>

260

261 <div class="panel-body d-flex align-items-start">

262 <div class="players" style="width: 480px; padding: 0">

263 <audio controls="controls" class="mb-20 w-100"></audio>

264 <div class="ytplayer mb-20"></div>

265 <table class="mb-10">

266 <tr>

267 <td><kbd class="modkey"></kbd><kbd>I</kbd>:</td>

268 <td>Play sentence from start</td>

269 </tr>

270 <tr>

271 <td><kbd class="modkey"></kbd><kbd>B</kbd>:</td>

272 <td>Rewind one second</td>

273 </tr>

274 <tr>

275 <td><kbd class="modkey"></kbd><kbd>U</kbd>:</td>

276 <td>Pause and unpause</td>
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</tr>
</table>
<br/><b>*Instructions: </b><a href="https://material-analyzer.airc.
aist.go.jp/InstructionsHelp.html" target="_blank">>Help
</A><br/>
<small style="border-top: 0.5px solid #000000">(0Only when cursor is in a
subtitle editing field)</small>
</div>

<div class="sentences flex-grow-1">
<!-- sentences go here -->
</div>
</div>
<section class="panel-body panel-primary">
<div class="panel-heading d-flex flex-row">
Questionnaire about this task

</div>
<div class="panel-body no-bold-labels">
<div>
Could you understand what was said?
</div>

<fieldset class="required">
<div class="form-check form-check-inline">
<input required class="form-check-input" type="radio" id="2
_understood_y" name="2_understood" value="1">
<label class="form-check-label" for="understood_y">Yes</label>
</div>
<div class="form-check form-check-inline">
<input required class="form-check-input" type="radio" id="2
_understood_n" name="2_understood" value="0">
<label class="form-check-label" for="understood_n">No</label>

</div>
</fieldset>
<div>

If not, why?
</div>

<fieldset>
<div class="form-check form-check-inline">
<input class="form-check-input" type="checkbox" id="2_low_volume"
name="2_problems" value="low_volume">
<label class="form-check-label" for="2_low_volume">Low volume</label>
</div>
<div class="form-check form-check-inline">
<input class="form-check-input" type="checkbox" id="2_too_fast" name
="2_problems" value="too_fast">
<label class="form-check-label" for="2_too_fast">Too fast</label>
</div>
<div class="form-check form-check-inline">
<input class="form-check-input" type="checkbox" id="2_unknown_meaning
" name="2_problems" value="unknown_meaning">
<label class="form-check-label" for="2_unknown_meaning">Words of
unknown meaning</label>
</div>
<div class="form-check form-check-inline">
<input class="form-check-input" type="checkbox" id="2_not_english"
name="2_problems" value="not_english">
<label class="form-check-label" for="2_not_english">Not English</
label>
</div>
<div class="form-check form-check-inline">
<input class="form-check-input" type="checkbox" id="2_too_much_noise"
name="2_problems" value="too_much_noise">
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<label class="form-check-label" for="2_too_much_noise">Too much noise
</label>
</div>
<div class="form-check form-check-inline">
<input class="form-check-input" type="checkbox" id="2_other" name="2
_problems" value="other">
<label class="form-check-label" for="2_other">0ther</label>

</div>
</fieldset>
<div>

Did the audio match the video?
</div>

<fieldset class="required">
<div class="form-check form-check-inline">
<input required class="form-check-input" type="radio" id="2_matched_y
" name="2_matched" value="1">
<label class="form-check-label" for="matched_y">Yes</label>
</div>
<div class="form-check form-check-inline">
<input required class="form-check-input" type="radio" id="2_matched_n
" name="2_matched" value="0">
<label class="form-check-label" for="matched_n">No</label>
</div>
</fieldset>
<div>
Was there any inappropriate language?
</div>
<fieldset class="required">
<div class="form-check form-check-inline">
<input required class="form-check-input" type="radio" id="2
_appropriate_y" name="2_appropriate" value="0">
<label class="form-check-label" for="appropriate_y">Yes</label>
</div>
<div class="form-check form-check-inline">
<input required class="form-check-input" type="radio" id="2
_appropriate_n" name="2_appropriate" value="1">
<label class="form-check-label" for="appropriate_n">No</label>
</div>
</fieldset>
</div>
</section>
</div>
</fieldset >
</main>
<input name="resultJSON" id="resultJSON" type="hidden"/>

<script id="realdata" type="text/json">${json}</script>
<script id="sampledata" type="text/json">
{"sentences":["uh Let’s see uh there’s a man, there’s a man throwing darts", "and
I think oh it seems one of them, he threw three darts,", "and I think 11 of

them hit the center, didn’t it?."], "defiller_sentences":["Let’s see... there
’s a man, there’s a man throwing darts", "and I think... it seems one of them
, he threw three darts,", "and I think 11 of them hit the center, didn’t it

?."], "timestamps":[[0.54,6.35],[6.35,10.01],[10.01,14.364]], "audio_s3_key
":"sample/sample_with_errors.mp3"}

</script>

<script id="testdata" type="text/json">

{"sentences":["All right.","So it z there a burning man? It’s a man and a woman

.","Man has some bongos.","Um, the woman has incentive for and feeds braided
hair with beads in it.","They’re having some kind of, ah, conversation.","She
wants to see him do something on his his bongos.","He’s got 12345 bongos.","
Another one comes in and taste the, uh uh, container.","Okay, so he’s the man
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is playing on the bongos.","He got a bicyclist, uh, in an odd costume I was
walking about.","She’s dancing.","She’s got a uh huh And tiny barely there in
little skirt in a very tight little T shirt.","And she is now dancing to his
his bongo playing.","And he has, ah, she’s doing some unique moves.","Her
her derriere is really hanging out of her out of her costume.","And behind
them, there’s, um, Kintz there in the desert.","Looks like that there got
some tents behind them with a bunch of bicycles just lined up.","And she’s
just dancing away to hiss bongo playing.","And he looks like he has attempt
behind him that is in the shape of a drum.","Bongo.","Possibly.","And she’s
clapping.","She’s She’s pleased with his bongo playing."],"defiller_sentences
":["Al1l right.","So it z there a burning man? It’s a man and a woman.","Man
has some bongos.","The woman has incentive for and feeds braided hair with
beads in it.","They’re having some kind of... conversation.","She wants to
see him do something on his his bongos.","He’s got 12345 bongos.","Another
one comes in and taste the... container.","Okay, so he’s the man is playing
on the bongos.","He got a bicyclist... in an odd costume I was walking about
.","She’s dancing.","She’s got a... And tiny barely there in little skirt in
a very tight little T shirt.","And she is now dancing to his his bongo
playing.","And he has... she’s doing some unique moves.","Her her derriere is
really hanging out of her out of her costume.","And behind them, there’s...
Kintz there in the desert.","Looks like that there got some tents behind them

with a bunch of bicycles just lined up.","And she’s just dancing away to
hiss bongo playing.","And he looks like he has attempt behind him that is in
the shape of a drum.","Bongo.","Possibly.","And she’s clapping.","She’s She’s

pleased with his bongo playing."],"timestamps
":[[2.34,2.82],[2.82,7.36]1,[7.36,8.961,[9.34,15.56] ,[16.54,18.85],[20.44,24.35]|,[24.74,26.75], |
audio_s3_key":"Batch_4345895/Approved/3
UDTAB6HID6XCUM4XL77KBQ5G7L90G_3C6FJU71TYOVG13MT6I8XJ3Q86UUYX_A440DU0O30POD9_ --
veKG73Di4_1_train.mp3"}

375 | </script>

376

377 | <script>

378 "use strict";

379

380 const config = {

381 region: ’ap-northeast-1’,

382 bucket: ’nedo3-amt-worker-uploads’,

383 };

384

385 const reallJson = $(’#realdata’).text();

386 const testJson = $(’#testdata’).text();

387 const sampleJson = $(’#sampledata’).text();

388 const data = JSON.parse(realJson === ’$’ + ’{jsonl}’ ? testJson : reallson);

389 const sampleData = JSON.parse(sampleJson);

390

391 const searchParams = (new URL(document.URL)).searchParams;

392 const workerId = searchParams.get(’workerId’);

393 const assignmentId = searchParams.get(’assignmentId’);

394

395 const audioURL = "https://" + config.bucket + ".s3-" + config.region + ".
amazonaws.com/" + data.audio_s3_key;

396 const videoID = data.audio_s3_key.match(/_(.{11})_[~_1+_["_1+\.mp3$/) [1];

397 const sampleAudioURL = "https://" + config.bucket + ".s3-" + config.region + ".
amazonaws.com/" + sampleData.audio_s3_key;

398 const sampleVideoID = "H6hb3SIqdL4";

399

400

401 const ytAPIPromise = new Promise((resolve, reject) => {

402 window.onYouTubeIframeAPIReady = resolve;

403 const ytTag = document.createElement (’script’);

404 ytTag.src = "https://www.youtube.com/iframe_api";

405 const firstScriptTag = document.getElementsByTagName (’script’) [0];

406 firstScriptTag.parentNode.insertBefore(ytTag, firstScriptTag);
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3

function makeYTPlayerPromise (wrapper, options) {
return ytAPIPromise.then(() =>
new Promise((resolve, reject) => {
const ytPlayer = new YT.Player (wrapper, {
..options,
events: {
...(options.events 77 {}),
onReady: () => {
ytPlayer .mute () ;
resolve (ytPlayer) ;
},
}
B
return ytPlayer;

b
}

let modKey;

if (navigator.platform === ’MacIntel’) {
$(’kbd.modkey ’) .html (>~ "e27"8c~"98")
modKey = ’metaKey’;

} else {
$(’kbd.modkey ’) .text (’Ctrl’).after(’-");
modKey = ’ctrlKey’;

}
const keys = {
play: ’i’,
back: ’b’,
pause: ’u’,
enter: ’Enter’,
};
const backJump = 1; // seconds

$(’form#mturk_form’) .submit (evt => {
const $invalid = $(’main.container’).find(’:invalid’);
if ($inva1id.1ength) {
return false;

}
const sampleBoxes = {}, actualBoxes = {};
$(’.task.sample input[type="radio"]:checked’).get().forEach(el => sampleBoxes|[

el .name.substr(2)] = !!+el.value);
$(’.task.sample input[type="checkbox"]’).get().forEach(el => (sampleBoxes[el.
name.substr(2)] ??= {}) [el.value] = el.checked);
$(’.task.actual input[type="radio"]:checked’).get().forEach(el => actualBoxes]|[
el.name.substr(2)] = !!+el.value);
$(’.task.actual input[type="checkbox"]’).get().forEach(el => (actualBoxes[el.
name.substr(2)] ??= {}) [el.value] = el.checked);
const result = {
actual: {
correction: $(’.task.actual .input-correction’).get().map(el => el.value),
review: $(’.task.actual .input-review’).get().map(el => el.value),
boxes: actualBoxes,
},
sample: {
correction: $(’.task.sample .input-correction’).get().map(el => el.value),
review: $(’.task.sample .input-review’).get().map(el => el.value),
boxes: sampleBoxes,
},
3
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466 $(’#resultJSON’) .val (JSON.stringify(result));

467 // no preventDefault

468 IO

469

470

471

472 function makeTask($task, which, audioURL, videoID, data) {
473 function playSentence(evt, back=0) {

474 const $element = $(evt.target).closest(’section’);
475 const startTime = $element.data(’from’);

476 const newTime = back

477 ? Math.max(startTime, audio.currentTime - back)
478 : startTime;

479

480 audio.currentTime = newTime;

481 audio.play();

482 };

483

484 $task.addClass (which);

485

486 const ytPlayerPromise = makeYTPlayerPromise ($task.find(’.ytplayer’) [0], {
487 width: 480,

488 height: 292,

489 videoId: videolID,

490 playerVars: {

491 autoplay: O,

492 controls: O,

493 disablekb: 1,

494 modestbranding: 1,

495 fs: O,

496 },

497 B

498

499 const $audio = $task.find(’audio’);

500 const audio = $audio [0];

501 console.log(audio) ;

502 const audioPromise = new Promise((resolve, reject) => {
503 audio.addEventListener (’canplaythrough’, () => resolve(audio));
504 $audio.attr(’src’, audioURL);

505 1D

506

507 Promise.all([ytPlayerPromise, audioPromise]).then(([ytPlayer, audio]) => {
508

509 audio.addEventListener (’seeked’, evt => {

510 ytPlayer.seekTo (audio.currentTime) ;

511 if (audio.paused) {

512 ytPlayer.pauseVideo () ;

513 } else {

514 ytPlayer.playVideo () ;

515 }

516 I

517

518 audio.addEventListener (’pause’, evt => {

519 ytPlayer.pauseVideo () ;

520 B

521

522 audio.addEventListener (’play’, evt => {

523 ytPlayer.playVideo () ;

524 b

525

526 const $sentences = $task.find(’.sentences’);

527 $sentences

528 .on(’click’, ’.reset-button’, (evt) => {
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529 const $input = $(evt.target).closest(’.sentbox’).find(’textarea’);

530 $input.val ($input.data(’original’));

531 b

532 .on(’click’, ’.play-button’, playSentence)

533 .on(’keydown’, ’textarea’, (evt) => {

534 let handled = false;

535 if (evt.key == keys.enter) {

536 evt.preventDefault ();

537 return;

538 }

539 if (evt[modKeyl) {

540 if (evt.key == keys.play) {

541 playSentence (evt);

542 handled = true;

543 } else if (evt.key == keys.back) {

544 playSentence (evt, backJump);

545 handled = true;

546 } else if (evt.key == keys.pause) {

547 if (audio.paused) {

548 audio.play();

549 } else {

550 audio.pause();

551 }

552 handled = true;

553 }

554 }

555 if (handled) {

556 evt.stopPropagation();

557 evt.preventDefault ();

558 }

559 B

560

561 data.timestamps.forEach (([from, tol, i) => {

562 const sentence = data.sentences[i];

563 const defillerSentence = data.defiller_sentences[i];

564 const $template = $(’°<div/>’) .html (¢

565 <section class="panel-body panel-primary">

566 <div class="panel-heading d-flex flex-row">

567 <div class="align-self-center">

568 <span class="from"></span>s&nbsp;&mdash;&nbsp;<span class="to"></
span>s

569 </div>

570 <div class="flex-grow-1"></div>

571 <i class="play-button smaller material-icons align-self-center btn

">play_arrow</i>

572 </div>

573 <div class="panel-body">

574 <div class="w-100 sentbox">

575 <label>Transcription correction</label>

576 <div class="d-flex flex-row">

577 <div class="input-sizer stacked flex-grow-1 align-self-start">

578 <textarea class="input-correction form-control w-100 h-100"

rows="1" value="" required /></textarea>
579 </div>
580 <i class="reset-button material-icons align-self-start btn">
replay</i>

581 </div>

582 </div>

583 <br/>

584 <div class="w-100 sentbox">

585 <label>Transcription review:</label>

586 <div class="d-flex flex-row">

587 <div class="input-sizer stacked flex-grow-1 align-self-start">
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<textarea class="input-review form-control w-100 h-100" rows
="1" value="" required /></textarea>
</div>
<i class="reset-button material-icons align-self-start btn">
replay</i>

</div>
</div>
</div>
</section>
D
const $element = $template.children(’:first’);

$sentences.append($element) ;

$element .data(’from’, from);

$element .find(’.from’) .text (from);

$element.find(’.to’) .text (to);

$element.find (’.input-correction’) .val(sentence).data(’original’, sentence)
.parent () .attr(’data-value’, sentence);

$element .find (’.input-review’) .attr(’placeholder’, defillerSentence) .data(’
original’, ’’).parent().attr(’data-value’, defillerSentence);

$element.find (’.input-sizer > textarea’).on(’input’, evt => {

evt.target.parentNode.dataset.value = evt.target.value || evt.target.
placeholder;
B
B
b

}
const task_els = $(’.task’).get();
<!-- makeTask($(task_els[0]), ’sample’, sampleAudioURL, sampleVideoID, sampleData

)y —=>
<!-- makeTask($(task_els[1]), ’actual’, audioURL, videoID, data); -->

makeTask ($(task_els[0]), ’actual’, audioURL, videoID, data);
</script>

B.3 #RTHF R ER

Listing B.6: Recording

import argparse

import warnings

from datetime import datetime
from functools import reduce
from pathlib import Path

import torch

from network_attention import (
AttnDecoder as Decoder,
Encoder_nonHigh as Encoder,
EncoderDecoder,
setup_attention
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def

def
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train import run

postprocessing.bleu import calc_bleu
postprocessing.export import export_results_to_csv
preprocessing.dataset import create_dataset
util.config import Config

util.constant import Phase, SpecialToken, SeqType
util.logging import create_logger
preprocessing.prepro import prepro

parse_args () -> argparse.Namespace:

parser = argparse.ArgumentParser (prog=’reporter’)
parser.add_argument (’--device’,
type=str,

metavar=’DEVICE’,

default=’cpu’,

help=’‘cuda:n‘ where ‘n‘ is an integer, or ‘cpu‘’)
parser.add_argument (’--debug’,

dest=’is_debug’,

action=’store_true’,

default=False,

help=’show detailed messages while execution’)
parser.add_argument (’--config’,

type=str,

dest=’dest_config’,

metavar=’>FILENAME’,

default=’config.toml’,

help=’specify config file (default: ‘config.toml‘)’)

parser.add_argument (’-m’,
’--model’,
type=str,
metavar=’FILENAME ’)
parser.add_argument (’-o’,
’--output -subdir’,
type=str,
metavar=’DIRNAME )
return parser.parse_args ()

main() -> None:
args = parse_args()

if not args.is_debug:
warnings.simplefilter (action=’ignore’, category=FutureWarning)

config = Config(args.dest_config)

device = torch.device(args.device)
nnn
now = datetime.today().strftime(’reporter-%Y-%m-%d-%H-%M-%S")
dest_dir = config.dir_output / Path(now) \

if args.output_subdir is None \

else config.dir_output / Path(args.output_subdir)
nnn
now = datetime.today().strftime (’reporter-%Y-%m-%d-%H-%M-%S’)
folder_name = "test"
dest_dir = config.dir_output / Path(folder_name) \

if args.output_subdir is None \

else config.dir_output / Path(args.output_subdir)
dest_log = dest_dir / Path(mow + ’_’ + ’reporter.log?’)

156
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78

79 nnn

80 now = "reporter-2019-09-11-11-36-21"

81 dest_dir = config.dir_output / Path(now) \

82 if args.output_subdir is Nome \

83 else config.dir_output / Path(args.output_subdir)

84 nnn

85

86 #dest_log = dest_dir / Path(’reporter.log’)

87

88 logger = create_logger (dest_log, is_debug=args.is_debug)

89 config.write_log(logger)

90

91 message = ’start main (is_debug: {}, device: {})’.format(args.is_debug, args.

device)

92 logger.info(message)

93

94 # === Alignment ===

95 has_all_alignments = \

96 reduce (lambda x, y: x and y,

97 [(config.dir_output / Path(’alignment-{}.json’.format (phase.value)))
.exists ()

98 for phase in list(Phase)])

99

100 # D2AUE, fEdalignment

101 if not has_all_alignments:

102 print ("not exist alignment file")

103 prepro(config, logger)

104

105 # === Dataset ===

106 (vocab, train, valid, test) = create_dataset(config, device)

107

108 vocab_size = len(vocab)

109 dest_vocab = dest_dir / Path(’reporter.vocab’)

110 with dest_vocab.open(mode=’wb’) as f:

111 torch.save(vocab, f)

112 seqtypes = [SeqType.NormMovRefLong,

113 SeqType.NormMovRefShort ,

114 SeqType.StdLong,

115 SeqType.StdShort] \

116 if config.use_standardization \

117 else [SeqType.NormMovReflong,

118 SeqType . NormMovRefShort]

119 attn = setup_attention(config, seqtypes)

120 encoder = Encoder (config, device)

121 decoder = Decoder (config, vocab_size, attn, device)

122 model = EncoderDecoder (encoder, decoder, device)

123 optimizer = torch.optim.Adam(model.parameters(), lr=config.learning_rate)

124 criterion = torch.nn.NLLLoss(reduction=’elementwise_mean’,

125 ignore_index=vocab.stoi[SpecialToken.Padding.value

iy

126

127 # === Train ===

128 dest_model = dest_dir / Path(’reporter.model’)

129 prev_valid_bleu = 0.0

130 max_bleu = 0.0

131 best_epoch = 0

132 early_stop_counter = 0

133 for epoch in range(config.n_epochs):

134 logger.info(’start epoch {}’.format (epoch))

135 train_result = run(train,

136 vocab,

137 model,
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optimizer,

criterion,

Phase.Train,

logger, "")
train_bleu = calc_bleu(train_result.gold_sents, train_result.pred_sents)
valid_result = run(valid,

vocab,

model,

optimizer,

criterion,

Phase.Valid,

logger, "")
valid_bleu = calc_bleu(valid_result.gold_sents, valid_result.pred_sents)

s =2 | ?.join([’epoch: {0:4d}’.format (epoch),
’training loss: {:.2f}’.format(train_result.loss),
training BLEU: {:.4f}’.format(train_bleu),
’validation loss: {:.2f}’.format(valid_result.loss),
’validation BLEU: {:.4f}’.format(valid_bleu)])
logger.info(s)

if max_bleu < valid_bleu:
torch.save(model.state_dict (), str(dest_model))
max_bleu = valid_bleu
best_epoch = epoch

early_stop_counter = early_stop_counter + 1 \
if prev_valid_bleu > valid_bleu \
else O
if early_stop_counter == config.patience:
logger.info (’EARLY STOPPING’)
break
prev_valid_bleu = valid_bleu
# === Test ===
with dest_model.open(mode=’rb’) as f:
model.load_state_dict (torch.load (f))
test_result = run(test,
vocab,
model,

optimizer,
criterion,
Phase.Test,
logger, dest_dir)
test_bleu = calc_bleu(test_result.gold_sents, test_result.pred_sents)

s = 7 | ?.join([’epoch: {:04d}’.format (best_epoch),
’Test Loss: {:.2f}’.format(test_result.loss),
>Test BLEU: {:.10f}’.format(test_bleu)l])
logger.info(s)

export_results_to_csv(dest_dir, test_result)

if __name__ == ’__main__"’:
main ()

158
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Listing B.7: Transcribe

1| from logging import Logger

2 | from typing import Dict, List

3

4 | import numpy

5 | import torch

6 | from nltk.translate.bleu_score import SmoothingFunction, sentence_bleu

7 | from torchtext.data import Iterator

8 | from torchtext.vocab import Vocab

9

10 | from network_attention import Attention, EncoderDecoder

11 | from operation import (

12 get_latest_closing_vals,

13 replace_tags_with_vals

14 | )

15 | from postprocessing.text import remove_bos

16 | from util.constant import SEED, Code, Phase, SeqType, SpecialToken

17 | from util.conversion import stringify_ric_seqtype

18 | from util.tool import takeuntil

19 | from pathlib import Path

20

21

22 | class RunResult:

23 def __init__(self,

24 loss: float,

25 article_ids: List[str],

26 gold_sents: List[List[strl],

27 gold_sents_num: List[List[strl]l,

28 pred_sents: List([List[strl],

29 pred_sents_num: List[List[str]]):

30

31 self.loss = loss

32 self.article_ids = article_ids

33 self.gold_sents = gold_sents

34 self.gold_sents_num = gold_sents_num

35 self .pred_sents = pred_sents

36 self .pred_sents_num = pred_sents_num

37

38

39 | import matplotlib.pyplot as plt

40 | import japanize_matplotlib

41 | plt.switch_backend (’agg’)

42 | import matplotlib.ticker as ticker

43

44

45 | def showAttention (input, output_words, attentions, save_file):

46 # Set up figure with colorbar

47 fig = plt.figure(figsize=(60, 40))

48 ax = fig.add_subplot (111)

49 cax = ax.matshow(attentions, cmap=’bone’)

50 fig.colorbar (cax)

51

52 # Set up axes

53 #print (input)

54 #print (input.cpu())

55 ax.set_xticklabels([’’] + [str(round(s, 3)) for s in input.cpu().numpy().tolist
O1 + [’’], rotation=90)

56 #ax.set_xticklabels ([’’] + input.split(’ ’) +[’<E0S>’], rotation=90)

57 ax.set_yticklabels([’’] + output_words)

58

59 # Show label at every tick

60 ax.xaxis.set_major_locator (ticker.MultipleLocator (1))
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ax.yaxis.set_major_locator (ticker.MultipleLocator (1))

plt.savefig(save_file)
plt.close()

def run(X: Iterator,
vocab: Vocab,
model: EncoderDecoder,
optimizer: Dict[SeqType, torch.optim.Optimizer],
criterion: torch.nn.modules.Module,
phase: Phase,
logger: Logger,
dest_dir) -> RunResult:

if phase in [Phase.Valid, Phase.Test]:
model.eval ()

else:
model.train ()

numpy . random.seed (SEED)

160

hort)

times)

accum_loss = 0.0

all_article_ids = []

all_gold_sents = []

all_pred_sents = []

all_gold_sents_with_number = []

all_pred_sents_with_number = []

attn_weights = []

for batch in X:
article_ids = batch.article_id
times = batch.time
tokens = batch.token
raw_short_field = stringify_ric_seqtype(Code.N225.value, SeqType.Raws
latest_vals = [x for x in getattr(batch, raw_short_field).datal[:, 0]]
raw_long_field = stringify_ric_seqtype(Code.N225.value, SeqType.Rawlong)
latest_closing_vals = get_latest_closing_vals(batch, raw_long_field,
max_n_tokens, _ = tokens.size()

# Forward
if phase == Phase.Test:

loss, pred, attn_weight, input_data = model(batch, batch.batch_size,

tokens, times, criterion, phase)

else:
loss, pred, attn_weight = model(batch, batch.batch_size, tokens,
criterion, phase)
if phase == Phase.Train:

optimizer.zero_grad()
loss.backward ()
optimizer.step ()

if isinstance(model.decoder.attn, Attention):
attn_weight = numpy.array(list(zip(*attn_weight)))
attn_weights.extend(attn_weight)

all_article_ids.extend(article_ids)
i_eos = vocab.stoi[SpecialToken.E0S.valuel

# Recover words from ids removing BOS and EOS from gold sentences for
evaluation

times,
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gold_sents = [remove_bos([vocab.itos[i] for i in takeuntil(i_eos, sent)])
for sent in zip(*tokens.cpu().numpy())]
all_gold_sents.extend(gold_sents)

pred_sents = [remove_bos([vocab.itos[i] for i in takeuntil(i_eos, sent)])
for sent in zip(*pred)]
all_pred_sents.extend(pred_sents)

if phase == Phase.Test:
z_iter = zip(article_ids, gold_sents, pred_sents, latest_vals,
latest_closing_vals, attn_weights, input_data)
for (article_id, gold_sent, pred_sent, latest_val, latest_closing_val,
att_we, input_d) in z_iter:

bleu = sentence_bleu([gold_sent],
pred_sent,
smoothing_function=SmoothingFunction () .methodl

)

gold_sent_num = replace_tags_with_vals(gold_sent,
latest_closing_val, latest_val)
all_gold_sents_with_number.append(gold_sent_num)

pred_sent_num = replace_tags_with_vals(pred_sent,
latest_closing_val, latest_val)
all_pred_sents_with_number.append(pred_sent_num)

description = \
’\n’.join([’=== {} ===’.format (phase.value.upper()),
’Article ID: {}’.format(article_id),
’Gold (tag): {}’.format(’, ’.join(gold_sent)),
’Gold (num): {}’.format(’, ’.join(gold_sent_num)),
’Pred (tag): {}’.format(’, ’.join(pred_sent)),
’Pred (num): {}’.format(’, ’.join(pred_sent_num)),
>BLEU: {:.5f}’.format(bleu),
’Loss: {:.5f}’.format(loss.item() / max_n_tokens),
’Latest: {:.2f}’.format(latest_val),
’Closing: {:.2f}’.format(latest_closing_val)l)
showAttention (input_d, pred_sent, att_we, dest_dir / Path(
article_id + ".png"))
logger.info(description) # TODO: info — debug in release

accum_loss += loss.item() / max_n_tokens

return RunResult (accum_loss,
all_article_ids,
all_gold_sents,
all_gold_sents_with_number,
all_pred_sents,
all_pred_sents_with_number)
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Listing B.8: Transcribe

import itertools
from collections import OrderedDict
from typing import List, Tuple, Union




© 0 N O o

10

12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40
41
42
43
44
45

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

B.3. # T R MERK 162

import torch
from torch import Temnsor, nn
from torchtext.data import Batch

from util.config import Config
from util.constant import (
GENERATION_LIMIT,
N_LONG_TERM,
N_SHORT_TERM,
TIMESLOT_SIZE,
Phase,
SeqType
)

from util.conversion import stringify_ric_seqtype

class Attention(nn.Module):
>?>’This implementation is based on ‘Luong et al. (2015) <https://arxiv.org/abs
/1508.04025> ¢ _.

PEE IS}

def init__(self):

super (Attention, self).__init__()

def forward(self, h_t: Tensor, h_s: Tensor) -> Tensor:
return self.align(h_t, h_s)

def align(self, h_t: Tensor, h_s: Tensor) -> Tensor:
r’)}
math:
a_{ij} =
\frac{%
\exp\left(
\operatorname{score}\left (
\boldsymbol{h}"\text{target}_j, \boldsymbol{h} " \text{
source}_i
\right)
\right)
%
\sum_{\iota = 1}°I
\exp\left (
\operatorname{scorel}\left(
\boldsymbol{h}"\text{target}_j, \boldsymbol{hl}"\
text{source}_\iota
\right)
\right)
}

ERE R

return nn.functional.softmax(self.score(h_t, h_s), dim=1)

def score(self, h_t: Tensor, h_s: Tensor) -> Tensor:
raise NotImplementedError

class GeneralAttention(Attention):

def __init__(self, h_t_size: int, h_s_size: int):
super (Attention, self).__init__()
r”)
Args:

h_t_size (int): the size of target hidden state
h_s_size (int): the size of source hidden state
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This calculates scores by
..math:
\boldsymbol{h} " {target}_j
\cdot
\boldsymbol{W} \text{attn} \boldsymbol{h} "\text{sourcel}_i.
PR A
self.w_a = nn.Linear(h_s_size, h_t_size, bias=False)
def score(self, h_t: Tensor, h_s: Tensor) -> Tensor:
return torch.bmm(self.w_a(h_s), h_t.transpose(l, 2))
def setup_attention(config: Config, seqtypes: List[SeqTypel) -> Union[None,
Attention]:
# enc_time_hidden_size = config.time_embed_size * len(seqtypes)
enc_time_hidden_size = 138
if config.attn_type == ’general ’:
# h_t""c2°"b7(W_a h_s)
return GeneralAttention(config.dec_hidden_size, enc_time_hidden_size)
else:
return None
class Encoder_nonHigh (nn.Module):
def __init__(self, config: Config, device: torch.device):
super (Encoder_nonHigh, self).__init__()
self .used_seqtypes = [SeqType.StdLong,
SeqType.StdShort,
SeqType .NormMovRefLong,
SeqType.NormMovRefShort] \
if config.use_standardization \
else [SeqType.NormMovRefLong,
SeqType .NormMovRefShort]
self .used_rics = config.rics
self .use_extra_rics = len(self.used_rics) > 1
# self.base_ric = config.base_ric
# self.extra_rics = [ric for ric in self.used_rics if ric != self.base_ric]
self.extra_rics = [ric for ric in self.used_rics]
self.base_ric_hidden_size = config.base_ric_hidden_size
self .ric_hidden_size = config.ric_hidden_size
self .hidden_size = config.enc_hidden_size
self .n_layers = config.enc_n_layers
# self.prior_encoding = int(self.base_ric in self.used_rics)
self .dropout = config.use_dropout
self .device = device

self.attn_vec_type = config.attn_vec_type

self .use_dropout = config.use_dropout
#self.ric_seqtype_to_mlp = dict ()

for (ric, seqtype) in itertools.product(self.used_rics, self.used_seqtypes)

input_size = N_LONG_TERM \
if seqtype.value.endswith(’long’) \
else N_SHORT_TERM

nnn

output_size = self.base_ric_hidden_size \
if ric == self.base_ric \

else self.ric_hidden_size
nnn
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def

output_size = input_size
nnn
mlp = MLP(input_size,
self .hidden_size,
output_size,
n_layers=self.n_layers).to(self.device)
self .ric_seqtype_to_mlp[(ric, seqtype)] = mlp

nun

lengths = [N_LONG_TERM if seqtype.value.endswith(’long’) else N_SHORT_TERM
for (_, seqtype) in itertools.product(self.used_rics, self.
used_seqtypes)]
self.total_length = sum(lengths)
self.cat_hidden_size = \
self.total_length if len(self.used_rics) == 1 \
else 1 # self.prior_encoding * len(self.used_seqtypes) * self.
base_ric_hidden_size + \
#(len(lengths) - self.prior_encoding * len(self.used_seqtypes)) * self.
ric_hidden_size
nnn
self.cat_hidden_size = \
total_length + self.prior_encoding * len(self.used_seqtypes) * self.
base_ric_hidden_size \
if len(self.used_rics) == 1 \
else self.prior_encoding * len(self.used_seqtypes) * self.
base_ric_hidden_size + \
(len(lengths) - self.prior_encoding * len(self.used_seqtypes)) * self.

ric_hidden_size
nnn

self.dense = nn.Linear(self.cat_hidden_size, self.hidden_size)
if self.attn_vec_type == "concat":

self.attn_linear = nn.Linear (1, self.hidden_size)
elif self.attn_vec_type == "cnn":

self .window = 3

self .move = 1

self.attn_linear = nn.Linear(self.window, self.hidden_size)

if self.use_dropout:
self.drop = nn.Dropout (p=0.30)

forward (self,
batch: Batch,
mini_batch_size: int) -> Tuple[Tensor, Temnsor]:

L = OrderedDict() # low-level representation
attn_vector = []

for (ric, seqtype) in itertools.product(self.used_rics, self.used_seqtypes)

vals = getattr(batch, stringify_ric_seqtype(ric, seqtype)).to(self.
device)

if seqtype in [SeqType.NormMovRefLong, SeqType.NormMovRefShort]:
# Switch the source to one which is not normalized
# to make our implementation compatible with Murakami 2017
L_seqtype = SeqType.MovRefLong \
if seqtype == SeqType.NormMovRefLong \
else SeqType.MovRefShort
L[(ric, seqtype)] = getattr(batch, stringify_ric_seqtype(ric,
L_seqtype)) .to(self.device)
else:
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L[(ric, seqtype)] = vals
nnn
for ric in self.used_rics:
attn_vector.extend ([num for num in [L[(ric, seq)] for seq in self.
used_seqtypes]])

nun

if self.attn_vec_type == "concat":
attn_vector = torch.cat(list(L.values()), 1)
elif self.attn_vec_type == "cnn":
head = 0
for ric in self.used_rics:
seq_vec_list = [L[(ric, seq)] for seq in self.used_seqtypes]

while head + self.window <= len(seq_vec_list):
attn_vector.extend([vec for vec in seq_vec_list[head:head+self.
window]])
self .head += self.move
head = 0

org_enc_hidden = torch.cat(list(L.values()), 1) # Murakami model
enc_hidden = self.dense(org_enc_hidden)
if self.use_dropout:

enc_hidden = self.drop(enc_hidden)

org_enc_hidden = self.drop(org_enc_hidden)

attn_vector = self.drop(attn_vector)

if len(attn_vector) > 0:

#attn_vector = torch.cat(attn_vector, 1)
if self.attn_vec_type == "concat":
attn_vector = attn_vector.view(mini_batch_size, self.total_length,
1)
elif self.attn_vec_type == "cnn":
org_enc_hidden = attn_vector
attn_vector = torch.cat(attn_vector, 1)
attn_vector = attn_vector.view(mini_batch_size, -1, self.window)
attn_vector = self.attn_linear(attn_vector)

return (org_enc_hidden, enc_hidden, attn_vector)

class AttnDecoder (nn.Module):
def __init__(self,
config: Config,
output_vocab_size: int,
attn: Union[None, Attention],
device: torch.device):
super (AttnDecoder, self).__init__()
self.device = device
self .dec_hidden_size
self.word_embed_size
self.time_embed_size
self.attn = attn

config.dec_hidden_size
config.word_embed_size
config.time_embed_size

self .word_embed_layer = nn.Embedding(output_vocab_size, self.
word_embed_size, padding_idx=0)

self.time_embed_layer = nn.Embedding(TIMESLOT_SIZE, self.time_embed_size)

self .output_layer = nn.Linear(self.dec_hidden_size, output_vocab_size)

self.softmax = nn.LogSoftmax(dim=1)
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def

def

166
self.dec_hidden_size = self.dec_hidden_size
self.input_hidden_size = self.time_embed_size + self.word_embed_size
self .recurrent_layer = nn.LSTMCell(self.input_hidden_size, self.
dec_hidden_size)
self.enc_hidden_size = config.enc_hidden_size
attn_size = self.enc_hidden_size + self.dec_hidden_size
self.linear_attn = nn.Linear (attn_size, self.dec_hidden_size)
init_hidden(self, batch_size: int) -> Tuple[Tensor, Temnsor]:
zeros = torch.zeros(batch_size, self.dec_hidden_size, device=self.device)
self .h_n = zeros
self.c_n = zeros

return (self.h_n, self.c_n)

forward (self,
word: Tensor,
time: Tensor,

seq_ric_tensor: Temnsor,
batch_size: int) -> Tuple[Tensor, Tensor]:

weight = 0.0

word_embed = self.word_embed_

word_embed_size)

layer (word) .view(batch_size, self.

time_embed = self.time_embed_layer (time).view(batch_size, self.
time_embed_size)
stream = torch.cat((word_embed, time_embed), 1)
self .h_n, self.c_n = self.recurrent_layer(stream, (self.h_n, self.c_n))
output, hidden = self.c_n, self.h_n
if isinstance(self.attn, Attention):
_, num_copy, _ = seq_ric_tensor.size()
copied_hidden = hidden.unsqueeze (1)
weight = self.attn(copied_hidden, seq_ric_tensor)
weighted_ric = torch.bmm(weight.view(batch_size, -1, num_copy),
seq_ric_tensor.view(batch_size, num_copy, -1))
weighted_ric = weighted_ric.squeeze ()

hidden = torch.tanh(self.
1)))
self .h_n = hidden

linear_attn(torch.cat ((hidden,

output = self.softmax(self.output_layer (hidden))

return (output, weight)

class MLP(nn.Module):

def

__init__(self,
input_size: int,
mid_size: int,
output_size: int,
n_layers: int = 3,
activation_function:

’?>Multi-Layer Perceptron
PR A

super (MLP, self).__init__()
self .n_layers = n_layers

assert(n_layers >= 1)

str = ’tanh’):

if activation_function == ’tanh’:

self.activation_function

= nn.Tanh ()

weighted_ric),
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elif activation_function == ’relu’:
self.activation_function = nn.ReLU()
else:
raise NotImplementedError

self .MLP = nn.ModuleList ()
if n_layers == 1:
self .MLP.append (nn.Linear (input_size, output_size))
else:
self .MLP.append(nn.Linear (input_size, mid_size))
for _ in range(n_layers - 2):
self .MLP.append(nn.Linear (mid_size, mid_size))
self .MLP.append(nn.Linear(mid_size, output_size))

def forward(self, x: Tensor) -> Tensor:
out = x
for i in range(self.n_layers):
out = self.MLP[i] (out)
out = self.activation_function(out)
return out

class EncoderDecoder (nn.Module):
def __init__(self,
encoder: Encoder_nonHigh,
decoder: AttnDecoder,
device: torch.device):
super (EncoderDecoder , self).__init__()

self.device = device
self.encoder = encoder.to(self.device)
self.decoder = decoder.to(self.device)

self .weight_lambda = 10 ** 0 # for supervised attention

def forward(self,
batch: Batch,
mini_batch_size: int,
tokens: Tensor,
time_embedding: Tensor,
criterion: nn.NLLLoss,

phase: Phase) -> Tuple[nn.NLLLoss, Tensor, Temsor]:

self.decoder.init_hidden(mini_batch_size)

concated_input, self.decoder.h_n, attn_vector = self.encoder(batch,

mini_batch_size)

loss = 0.0

n_tokens, _ = tokemns.size()

decoder_input = tokens [0]

time_embedding = time_embedding.squeeze ()
pred = []

attn_weight = []
pred.append (decoder_input.cpu() .numpy ())

if phase == Phase.Train:
for i in range(l, n_tokens):
decoder_output, weight = \
self.decoder(decoder_input, time_embedding,
mini_batch_size)
loss += criterion(decoder_output, tokemns[i])

attn_vector,
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topv, topi = decoder_output.data.topk (1)
pred.append ([t [0] for t in topi.cpu().numpy()])
if self.decoder.attn:
weight = weight.squeeze ()
attn_weight.append (weight)

decoder_input = tokens[i]

else:
for i in range(1l, GENERATION_LIMIT):
decoder_output, weight = \
self.decoder (decoder_input, time_embedding, attn_vector,
mini_batch_size)
if i < n_tokens:
loss += criterion(decoder_output, tokens[il])

topv, topi = decoder_output.detach().topk (1)
pred.append ([t [0] for t in topi.cpu().numpy()])
if self.decoder.attn:
weight = weight.squeeze(2).cpu().detach().numpy()
attn_weight.append (weight)

decoder_input = topi.squeeze ()
if phase == Phase.Test:
return (loss, pred, attn_weight, concated_input)

else:
return (loss, pred, attn_weight)
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