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Abstract

Abstract

Video captioning aims to generate a sentence to describe a short video clip. As a
typical task under artificial intelligence, a suitable description is expected to be fluent
and coherent in language and accurate and relevant to the salient objective, actions, and
background, which is therefore challenging. The task belongs to the overlapped area be-
tween computer vision and natural language processing. It embraces various applications,
including short-video captioning, news summarization, human-aided systems, and intelli-
gent agents. Due to complicated interactions in a video and the ambiguousness of natural
language, a single sentence cannot cover the video thoroughly, while human annotators
tend to provide multiple proper candidate sentences (i.e., one-to-many mapping). How-
ever, most current models are accuracy-based and generate one single sentence, ignoring
such multimodal distribution. Thus it fails to solve the areas which demand high security
or encourage diverse descriptions, such as auto-driving and education.

The thesis deals with the task of human-like diversity video captioning and proposes
a series of training mechanisms and models based on VAE, a type of latent generative
model. In the first part, we design a structured latent space, dubbed ATVAE, splitting ac-
tion and template variables and attempt to capture the diversity hidden in the interactions.
Meanwhile, a contrastive learning term is added to the objective function to further im-
prove diversity by alleviating the posterior collapse, which typically appears in the frame-
work of VAE. In the second part, we employ a two-stage learning strategy (STR) with
each stage based on the model proposed in the first part. The design utilizes the relation-
ship among different captions predicted, i.e., topic and expression. Specifically, first, we
train our model in a subset consisting of several topic sentences, then we rephrase the cap-
tions based on the second stage. Experiments in both parts demonstrate the effectiveness
and efliciency of our methods quantitatively and qualitatively. The last part introduces
two new metrics dubbed hau and 020 that combine accuracy and diversity. We conduct a
well-designed human evaluation on results from different models. Finally, our proposed
metrics prove a stronger correlation to human measurement, which has a significant role

in model evaluation and selection.

Keywords: diversity video captioning; variational autoencoders; structured latent space
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MEHI{ES (controllable signal) , A8 75 EA5 B 75 G35 HE 5 MEFRTHLR. 5
ZATS I TS B ARE 5 55 AT IIE 5 A 0 — e S Bz S 5 S
FEGIRA (aspect), BF: @M. FHERE. MEEARE T HAKR K & M
(attribute), FIUEKAF AN WHA. TR IR AT 55 v] DAARAE & A 2% 14 1 B
PRI IRATSS o T AT MR IR AT 55 5 W] 4% BUR F IR AT 55 A B 28 L, 1% LK
TN

RIS E U, — AN AT E S NAZE S A T THRRE: 1D FHaE
(event-compatible), BIA[E(E 5 NAZ @& Rid 1) E B FAF R —EB 5 2) FEAMeA M
(sample-compatible), HJ A #5455 N A LAR SRAGR AR N FIREAS . A, SCEHE AT
PES T RET (W) AREMMET GES) 41, D ETARNGES:
AIALHE I R ST 0 I UCTT 37 5 U8 PVRI R bR 801 0 2 JEF 25 1y 42 )
G5 BHNE S AR TR TIE LS. filan, A 7Kg R B | R R BT
B A EUY R SR,

EAEERR, EHME S5 AR E S 0 R AR S A oA i B AR 2 A A
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B1E
Az 4k Pl (55 ol DAL i e i, BIE A A48 pad A b AR Bl i fa A2
A B BB AR R R BRI T k. A R R AT R AR AR A
A DAL A Frie S AR O 2 TEIRK, ImgReE R,
n =t B ER IR, 2 AR AR AT R, X ] e A AR A (R
VERTE AR S A . PRI 5 BARRIE TR, & T RARER 4
“RIEREE

1.2.2.4 ZHEHUHHIA

A SO T B e Z AR (diverse video captioning), B A\ —EXAR4T,
[ I A2 FSAR 22 ST R R B ) B ) o 5 SR A SR R B VR F IR AN ], X
) Z [AANAEAE B R IR - PRI R 5 RS AR, B~
(= A U HNE T o X ARSI A By T A ) “—Xf 27
oA, RIRE— N RvE R 2 E R B OxF T BAs i EAE . DLE SRR TE
& AEJIMOT I ZE S H IR . A BT LA 5] A

AR I 7715 R BOAT LRIy 2R B — KR MM (RaAR &) AR i
A, Gl ER S B) T 2 UCKEE, B UCKAE AT DA 2 — R R RO A2 Bl 28 2R
WARHREAE, merd il AR - Ca, $URRED 17— 22 R
At W RTTEAAFEMHERME (Beam Search, fiifRk BS) fEA )T
A RS MR S B P BT SO R, AR S A AR A . 1B WS S A
RN, AR RN IR, IR A4 K E R 1375 T AL
FRAME. FERED], FFEHIX 32 DRGSR N ERR R 5

FRNATUXGA: D TP (Generative Adversarial Network,
fBIFR GAND [ SCE B2VF FH S A4 X B Ak s 48 6 A 2 21 31— AN AR s AT ik
RERIVEE S GRS, BT RRIERFERE AR AT G, &R T i)
177 RINGAERL . 55— AT GAN 13 E B3 @ Gumbel softmax TR A e Af
FEARERIL I 55— A7 iE B R AT B P ST 28k, R T F—A 0
WAE XN 2 AR, AR R AN RIFE IR 1A) (1 56 £/, AT AR 3R AT X 04 A B
INZAEERIEIR . 2) 3T VAE 1. 251F VAE |22 F T 2 FE 0 UG Rl b A, A
KEAT D NP — 08 BRAEAE R T AT O OC R I Z5 M AL RS 23 [A] o 512 Seq-
CVAEBSIRIF T —ANFFI 2], COS-CVAEBO it T —AN HARM AR 1R 305y
ES I REAE(A], 1f] VSSI-Cap 87 #4111V AH O B AN A)VE AR R R 23 ) o Jd i et
SE AL RE S TR AT DA KRR AR B 2 (M B ARk &, AT EE 25 G i 2 Hh SR R i 22 g
A B8), SRR S I T RIA M . ) — RO IR L T BB I SR B0 R S 58 4 A (R
B B 11 AG(GMM)-CVAE VR ER 1 al Jin e 173 A7 FHVE 75 19 73 A1« LENMM PO
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B1E

KA IENACT (normalizing flow) 2@ JeIe At . AL T EE TiX—
O, R R )2 B A T 2 5 1) R AR e 2 [ SR A A

BRI A% . DBS (Diverse Beam Search )1 £ 3 i f) 42 o1
ZHGIN TR Z AL, BR8240, 4 IR A s e s 1] 2 SR
ANE, WA ARG — AN A2 . GroupTalk P2 I GRAEA Y AASHI 4, B
S B3t 2 (IX TR 2 W53 A o GroupCap o3 T4 H — AN WL AR AT #4525 38 AN [F) R
WAE BEMI R R, 2R REB N Z 2R,

1.3 ANWEETE

ATCHF VAE R FRa ] BN SR 1 — R ekt Ui s, Rt T
PIASTT AZR & SR 2 FEPEAMERA I TR AR, DU AR EE TR 4.

(1) AICAE VAE 6l B3R T — Dt fER LR 30 (Bt o Bk e], Bl
ATVAE. @it/ B HahfEzE, BAFMEETHRZBIRNERR, [FREAR
AR T DI 2 R IR 5 RIA . RINAUSNE I 7 — X2z 2 pLl, rT Rt —2
£00) RET IS L1110 T i

(2) ARSCHIEE M 5rfE ATVAE &4l b, #f—B42 48 7 F— ik 2 MR R,
R N\ ) R B TR R A R BN TR, MR ORI GE P A A
Ao Z a3 17— MRl CIIGR-ti 7 5, BBl ZRpLAIRE, STR, A2
MR A R LA B (ED MF% ZHERE 5 RE.

R FR T T ORERA SRR AR (A, RAEE PR B AE B
Hh E B AT LU T AR SR H R 5 AN — e S 3 1) 2 AN Ik DA K A B )
ORI AT TR A AE R AT 22 A A P A T 45 2R, [R] IR R e 5 T AAIE B AN R R B
MIE L SEPEHT AT AL 1 —SeR B, R EE— 25 O R AR (1 45 2R

(3) EFXSIUA fa s i S e m AN 2R, R HERR I U 5 R8T RS —
i, eV NS R &S B VLRSI, AR SRS = JB 0 52t 1 AT
CARIE X P 5 THI A4 FR: hau A1 0200 EATREEEAAFRIAER I35 B T8 & 2 [A) R BE S
e, AMYAN T RE B A FI 6 & B H AL SR S RS EE— M, Mg 0 25— 7 [
A [l 30, DRI R DA B 2 i 1 4 8 £ PR RE

ASCIE I [ PP 5 SR BRI F8 AR 5 AN SVl AR OGP . SCE R A
BEUE T A FAUIEAS R T 25 2R L, IRl WA A 52l 0 98
M E AT N T IEHT 70, BHRA S AR W IR b AT AR 04, AT S8 iiE
B HH IR AR S AT DL — 5 R S RSP R B

10



1.4 AKNXHEWZHE

ANV S | G e AR i A B A BV M 2 R4 AU A B B0 AR BT 55 T 4
Mitie, UEWHARATEOE, PUT ST L

B E: HRE, EEGEIIHEA S TR AR S S R A
BT ASCHE T RS AR 2 A RIS 5 AR A O St [H N AMIFSUBUIR AT
B, RAERAIRE AR Z 2 AR A AR RN T ARSI F
AR AR ARSI Ei 24

82 B AR, EEEN T ASCH B R 2 SRR BT T
FEAN A, B AR A2 F i as A SRy B gAY A . R AN
BB LR Ty TR B XS R H AR pR B R A . T A A A R AR R
BT T AT RTR . SR T S ASUE S AR SR AN 52 TR

3 E: ABVEANA TASHRM A G A, BT SRR O
RIS A AR A . VEARN 2 7 i) LI AR X 2 (B 24T 20 18 1 0 3 A B A
RN ZRANHERT IS AL . SCU8 90 5 70 M A E PEAT 2 B i BER AR 45 SR GEAT T
R

O 4 T ARTENAES 3 WA L, $RH A Tt g0 e HAT
AR 3 IR, X T AT IR R o R R it s ZR AT A )|
R T BRI . SEER IR UE A AT IRALLEE 3 .

95 E: ABEWMNA T AR N NEGACT PSR b et VR . 2R
—HR R T BV ITEIRER, 5 MTRAEA 4 T A SCHR K hau A 020, BRJE—
HS o VR 41 1 A SCRAT BRI, IR TARSCRR I B TTVE 5 NSV AR
KAk, IR IGAE SR b A R -

JA—FRETRE S, HXASCIARAT 184, R AR ITARREAT 7 2.

il
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F2EF B=EH

X — T A — LR TR AT S B S AR UL, A2 7 B w28 (VAE).
FAAE Sy B misEE (CVAE) LA BS %3 [l CVAE. HT VAE A5 J& T #2342 il
WA, A A A (directed graphical model) & — i F B mT A0 AL AN S AR 572

2.1 HptaEsy

AP ETX ) — AN AR S5 —— (RUPRZRAT T D iR SO B RE S5 A
I A SCRIT R (R A A 5 T AR SO Y | [T DA e AR e A i Y, 55
A Ry 73 S PR AR TEAN R, A i AR 1 2 5] i A A2 B 2 Ta] B R B R 20 A
Fr IR T S A S e i 2 e 72 A2 1 o O 1 3RS AN R AR OB TR AR AR 2R, A
B AR SR A [ AR R R Y A ML AT A 3. AERE R R R R, i
PLAZ R B s, P oI B AR A2 R s (o B i 10, R
MENWARTE (NFRREERN 2), AEIBERRESN N AR, 1T
AR E I, 52N AN AR (S8R 6, ¢) MREM
THERAR, LR, FEkRoR e R, BTk oR i 28 8RR Sk 46 b

A B 194

211 gEYIER

U TIOR8 (el R e ) A REERR A A [R5 AT e, R
JETH B SR T B Z BT8R SRR A o N T

T
po(x) = pg (x1,*,xp) = pg (x1) 1_[299 (x; 1 Pa(x;)) 2-1)

j=2

Hort, D FoRMURMARE (SRS KD, Pa(e) F x; 15 BT o
AL A B A A P 2-1(a) R T T=3 A1 1 IO o .
] VD23 PR D28 4 AT 2,

Do (xj I x<j) = Do (xj| NeuralNet{) (Pa (x]))) (2-2)
X L B A 22 N 2% 4 RNN T 82 transformer P9 o 25 3 32 4 f] RNN %}

AT A, Mox B REEA 44 RNN. RNN (R & KK 2-100) fix. X, SO
SMBRRTNE . BEENGEZE, MNRESZEZMERESH U, v A w sk

12



(9

’ Vl<? KL(qllp)

®Q@ l; ::égi Vd‘>//2' @\NSO'D “ELBO
& ox ! ,,

(a) N=3 [ UL (b) RNNHUALR (c) EZHIL (d) oAk b6 K003
Bl 2-1 AR S H Ak DL R AR bR i s '

logp(x|6)

Fon, IR AT ATHSRAE S R 4 H -
Or=9gV-S)
Se=fWU-Xe+W-S-1)
W1 B B 2 5 1 R 51 75 22 URT /TR FR 817 A, BIRRAE — A 56 R
(ancestrial sampling), KIMERITHEERER 0(D), BN SFPHIRKE £ IEMHE. X
TEKM I ERAES KU, THEAESFIRIEZ .

21.2 RRTE4HpiEE

A T3] P R SO 1) A R B O o, R SO A AR S A
T, R DE B RER GELEE BHNES) AlZEsiE s+
o Be AR i AR S 7R A i e 0 A R R el — S AN R UL 21 F AL B S 3,
M8 H 2 KRB AR R R TN — 8, (Hlh AT, A& T Bl g n)
Ry . WA R & SUEAE ROy B, $linF S Ak “67 A
“9” Hhox tHBLA S AR AE O] PR AR o IR L SR L A RE L R 2 KUk 7981 48
RAEAG B 10 TR AL & TR 9T sl 2 AR 1 (disentanglement!T, 1R 22 T
TR AT AR YIS = o

BRIz A1 x A4 AT ) B B R B A E TR S HE R po (x, 2) RER, 2R
AR R PRI AL A 0t O I Bl A i AR AT T, DRI b 5K B L Sk
oA

po (@) = [ poCx, )z 2-3)

XM R 0 1) GA%) IR R B A E 4R Y
i RS R 3, BPA S 2-3) BT IS ET, S K o) j 2 AR 7 4E
FEMELLE, :UERIA  (intractability ), T2 z IESRER . JEE 2B TRUA R

@ R evidence, J&T-iit=arh DI BRI B EORTE,  RIRFRHA E B HET R S ROMRAE, W O
TRV HHEAE X — K i KA.

13



N N N N
(a) VAE+IRZIAETY  (b) VAE+AAERS  (c) CVAEHRBIH T (d) CVAE+4: i i 7y

2-2  VAE Fll CVAE X} 3 MR A R =

AR, FEURR A pe (z]x) FIFEATIRL, 352 H DU A 20 %«

po(x,2)

pe(x)

T EF BRI G M0 pe(x, 2) HT AW R BRAERAE, HAERES KRBT,
R R 2 7RISR H pg (z]x) LA po(x) o —MERIIE ALK H 5 36 775 K

AT PSR P IO BTSRRI 7750, W MCMC 25, X 280775 R H I R

W, (ER A T B — AMEA S EHE T — AN R A, SEOCRIRT, LiEH

B 7o BB BR 4 534 —Fh o7 R R A4 77 5 8 A T — AN

1 5 5% o A e P R A o KGR E 5. AASCRAMZ G —Forl, &Y

oy B gmig ARty CF—iB40), EnT L/ R FIRFERCRL, R LA FH 21 K A

R E TR

Po(z | x) = (2-4)

2.2 TorBEmiEEs

VAE 02 B B0 1 A i e A — MIRZE I B2 T8) 2, M 2 W SRR L Ba
A7 (latent variables) z 2% x P2 AEI &M, X—A R0 RE (B 2-2(b)) AT LM
i aAEKIR:

po(x,2) = p(2)pe(x|2) (2-5)

Hr: p(2) N (BRAER) SR, pe(xlz) N CBERRD KRR, Bl
PR 2% 0 AT . EINZE RS, HTEdE x 2 A, Ktknr DHERH 2
MIEE AT p(z|lx) (B 2-2(a)). X T—RMEIREN S, p(x) BB LiES
PRI TGRS JE e AT P A, — M RER R LR 7 . AN AT 0 2R
BIRBEZ R RIS KHFE (Markov Chain Mento Carlo Sampling, i MCMC) %541t
J71%, AR HEWT (Variational Inference, fajFR VID FfixX — 3K Hi T L1447 1 In) AR AE
—AMEAG R B NE AR R B AT qg (21x) ONTTERME, %558 70 fiEAE
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db 5L

F2E RN

e AT K@ LR AR pzlx), HPIERambnS8 ¢ #1781k,
AT AR —ANEENZS S ¢, BRI LT BXTELER b 2L

logpe (x) = Eq,, (z1x) [log Po ()]

_E oo | PEX D) (x,2)
= Bgg(zlx) [108 pg(Z | x)
[ [ pe(x,2) qp(z1x)
=E 1 2-6
q¢(Z|X) i Og _CI¢(Z | x) pg(Z | x) ( )
_ [ po(x,2) qe(z | x)
- [ECI¢(z|x) _log rRa) l + ]EQ¢(z|x) [log lp D)
=Lg ¢ (x) =Di1(q4(zIx)pg(zIx))

58 IR S e I AR LR 36 ) KL SUStEAE 7, {8 R] BLAS 21 X BUBUA 25
BN A, 8E#FR2 N ELBO (Evidence Lower Bound, f&j# ELBO), R

Pe(x,2) ll

qe(z | x)

. [10 lpeu | Z)Pe(Z)”
q¢(zlx) (108 q¢(z | x)

= ]EQ¢(Z|X) log pe (x I Z) - Eq¢(zlx) llog [

== Liec

ELBO = ]Eq¢(z|x) [logl

@7
4o (z | x) l
pe(2)
=Dk1(q¢(z1%)[Ipe(2))
MHAT B B ELBO W] BAM iy — B @45k L, ORI I R IR KEIE %, &
AEERBENGRIPEH . TAESLPR i R E U, AR SR RIS R
XA, B

1 o o
ngl%x NZ log pg (x‘|z‘,c‘) s.t. Vi z' ~ qg(z]x, ) (2-8)
L=

T AE SRR A, N BUE N 1 RIAT, 1% 528 T NGB A A S 3 T 8L, W AR “ 37 7=
N S ASRIEAL T 17~ o R, H 5 T B AR & R R B e — N e, vk
A R R 1) 7 AT S ECE R, AR M “ESHETS” (reparameter
rickOUOH . DL fi i, z = u+ oe, Hp e KA —ARALE T AG, B
€ ~N(0,1), BI/RZ% 2-1(c).

HARFE RN E, 8 &K ELBO,  SE 5 /M 30 552 i 36 FH T BA S 36 1Y PR B
W2 AT Be S A5 A S B i S S 5, Wil 2-1(d) s . 2R, A EE e il
PE—A L5, M EFREN, @A R IEALRZE (approximation error)H04,

@O Z—ARIEREHMIBHL C(coding) , 78 R G E) 19 FaAL & R IR N — A RER B — A 2
(code) o KALT HAMAGHALIOT, %G M50 A7 bRpE, O TIRE IR EE, A “Hg” 1
& 3o
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F2E HHEMHA

WAl /N X — iR ZE R VAE R 512 75 B2 RE i n)

FH T 22 I 28 9K I R AERE 77, ARAE R Bk BNE A 538 70 A . FLARTT
5, BRZNESE: BMSE 0 MBS ¢, HL ¢ &M x HElT 2z, X
MR A GmIS 2 (encoder) B IRAIFEA (recognition model), #i 2% WX 2% 1% Hi I
ez BMEMTTZ: 0 &M z B x, X5 W AR iS4 (decoder) B A ik
i (generative model), WK 2-2f7R. XTS5 5, AR LA
DT £ 7 MLV R A $0 2, B,

(4,log ) = EncoderNeuralNet 4 (x)

(2-9)
qp(z | x) = N'(z; 4, 0)

JUERREA S AR ] LUHERT 2% B FR A R A0 A0, (H2 el 3 [ — 82
ZH . SHEGREN MR NS AR S SHONE (Flins g fHeD, &
b g B AR T 1 R, Bl DO BT e BR B 37 5% R . IXR T A

MERR N PAR 43 HEWT  (amortized variational inference )!100]

2.3 FHTHBERIDR

iR VAE A FiE S T Rl RPMES, T R2HMEEAES (R
SCHE TR IR ), B T EEMP H L E x LA, BH ARG Ll x NIRRT —
MNZE ¢ T MBHERMES TS, x MNT AR, o SN T, B 2-2(c)
(d) B/~ T CVAEUOT R B AL RN A A5 . CVAE FO#7 2k s % (ELBO B #1400
BZ5 % M VAE HES 1k, BRI,

Lg s = —ELBO = —%Z?’:l log pp (x|z,¢) + Dip[qe (2], ©), P (2|c)], s.t. Vi 2 ~ g4 (z|x,c) (2-10)

AR AR, CVAE [F#2 H U7 F T 45 M AL F () i, Byt 2 2 08
(mode) MBS, IX5ARSCH 2R @ H o2& — 20 M 1R 23 (A AS B it 2
—AMNERE GEZ) =N, FAERZHH G, B AS@# I CVAE L2
A

2.3.1 FHHE

Ja U3 (posteriori collapse) #& VAE ZE#4 1R 5 WL )/, $5 558 7040 J LT
e TR A, MER A A 2 1 O 25 T AR T 52 >3 2
5. 7E CVAE 35t T, AR ik 50 K g a5 11081091 1 fif 79485 00 JE 25

O XM z R FYGEZ Z AR AL, BT 200 R, NRIGE I, TR AREort—4EE
EHERFELRE

16



F2m HRAR
z, BN c BT UIREH x 17, (R REELIEAER SIER (Flungsi 2t
P o — AN B I 22 8 5 SR 0 7 2 A 2 (2-10) A E 18 AR A 1 26 — kAT
“IBK” ZJ3 (KL annealing) O, [,
L= Licon + BDKL(Q¢|Ip9) (2-11)

Horpr, BRIA—A “iBK” %, A T-PHEsetE (fidelity, RIVEMJEIAERTE)
IENRERE, i P e R VAT 2 R

2.4 A HEM

H % 3 5L P& Fh S ) AN E 1, WA BEHL S MR ST 12 W B & ELFR TR
SR, EFTATEOLT, HRES AR 5 U 2 L5 45 SN AN A 8 SR R L Tk
Feo ATHMLES 2 ST HR B 5 2 T R AR 32 T A S AR I e BN e S o
XEREAENTERE (AD RSN T S8 BTV Al H AT SEPE R 2501t AR A5 iRk
i A L0V R g s ISR P i ) Tl 2 52 380 e 75 RSS20 HE B R sz g 111
I, EARAIEET AL B RGP # RS A B DL S K 77 AR AN e M

A ENE FZERT LA AR, — KRR A e, XFRYE aleatoric uncer-
tainty®; — KRBT, NHEFRAE epistemic uncertainty® T ZE 282 5]
BT, FEATEELERERRRE (NNIAER “B{E”) S5%LbRE “HE”
Z AR o 220 B A LR 2, XA 5 R 10 A B RE P B
PEARSC, 0 DR I R e 38 B 2 oA 2 e a0 — AR 4R ) AR B R T B
PUAE A f S I E AR B A, B infE LS8 - & B AT FRiE 2R, 4 ma ™
A=A AR AT A e A BCE R TR E AR, WIoikEE ks B iR =
S o BUANH E H R (1) 2 1k A R I 2R 5% o RIS R TR < (R W 22, &
R T = 28 2 KA CHE R (FHRD preEun, BARE R it
38 R B R MR AN E

A J B ) 22 REE R A T DLARAE — M s A PR Rk . A iR Wi Bk
R, BT RN R R B GE S S MBI E R (ZF5FH0) ,
SE—BUY B 242 AR E AR A BE45 B R b TR 8 B A
RO NN AT RE LRI “ BB ™, AR 213 AT AARAVEAE o B in 1

O R SR AT I AT SFRAE IR 7, (ESEPRIERAR IE AR Il 2 0 L T30, BVFRH warm-up
Ehnéid.

@ WHELTE, KON 8T, SHBILIERREE,

@ WHPL T, Fom SRR R

@ X B N SRR
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AFTEEZ RIS of, R
xt=x* —o? (2-12)

5 FE S P Sl MR SGRIE T s A i —uiik 2], ax weng 7w DL
& EH B2 ARE T B AR & A FERAF R B () (Hhing 2 & S A
—HBr, RIBEEMRERMTT, SBHMEHOE. dER. WO, B, Skix Bl
RT3 — BN F R (AR RAE T ABE, EEE A A8 30, mAR
WHOMIESHE. IBENEFAH—BRIESELE (o). HEFEMNE, XLE
BREEAEEE -BAGHTA “RIMA XL (s, standing meaning) 715 834 5615,
AR e 4. (Bl T A A R 2 EH &, it
TR AR CRm 7 KAEMAT NI, BATFARE A, AR E R L
T, FAEEASEZRNRE A X, X T2 7] DO AN e PRI,
R A I S o N A

U = var(i) + var(e) (2-13)

BlanfER 4-10, RA @ FIZEN AT REE T AR E S, A AN E RS L
MR r AL, A58 5 RFIRAT, WX L I 2 >k B FR R RS, X HORIE T
ANEERPPANFIAE: Tk E e B2 NGRIE TR GO FERE, 5] HE
Iy O T VR, X AN ETIA .

ASCHIS VAE £ @ BIX A E M, A5 T TR EREESIE K77
ZWBIRE, VAE B A e H TR & z A E B, BEd R z 1
Jai oA RS IR E R T 2D, R IA1E R s AN E 1. [EfRTER
P, TR NIRRT N — MR TR E (E2-2b), KX A e
J& T S EdE ANHf 2 7 (heteroscedastic aleatoric uncertainty )!M13), BIEEANH 4 i #0
B A AR s,

2.5 AKRE/N

RERJEH TAEME SEARN A w6 E B B AR AR &5
(AR AR, SRR T A SCET BB A8 5> B g ds iR . 2 Gt 24w fa s &
R ) VAE Fl CVAE 347 7 VI 4H. Bda, BT — 02 0 A0 2 B 4R U e
I FE R RIS ) R SRR, BIER T 2 EAE (A ISR, it
Ja — TR AN e MBS i T A4

@ 5 B2 R EdE AT e P, B homoscedastic uncertainty, ‘&R ATA BE A HA — FERL R e
TE P2 R 25457 BRI DU TR o, e/ NY O 245 0 B S TN AE AR M v 0 3 A A v eR 8, el U0 %
AR 2 (WD TR HEEH—3, RIEIRAE e R, SRR EEHERH—IE LT .
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3 E ST EE-ERO B AR AR R AR

FIE ETIERMOPENREEREER

F B RTE 5 R O T AR UAS 5T E A2 — Xt 2 RIS, B2l
A RE 2 MANEI A A BE 45 LA S AN R A o 2R, K 22 Btk Gt AL R A Y
HoE AER PR R, JF HOURIAUA A “oP357 Hig, shzxh AR Yk
M2 (8] R ORI E N AT B A o 2R R, A SO T 25142 7 H 3h %t & (CVAED,
S T B EATE A 7 B e s Tl AR A, DA R 58 37 D2 P A 28 B ) 2 A
RIER . BRI S, AR RS 4 18] 5 L i T8 AL AR 5 0 TR 2 AR, s {E e s B g
M2 SESTE R I 2 REPE . BUAN, — N X b I DU A T 3o 384 Ky [ — A
BRI ANBENL )7 Z [ RIEEE, ORZEMRTEAE IR 5t (mode collapse) [A]7, M
I AE AL A P ER PE RO TS D0 T S m 2 eI, = Edlede ERRILU] 7 AL
R AR T S BUMERS AR 2, (B EIN R A

3.1 5|5

MU I A AT 55 15 A A 2 AN R S HLR A R ) SRt IR A (14 5%t i
g, X WU T RSN B ARG AL B USRI 32 2 5. BEE LA A
R £ DO LTV e i (R S AR A Rl B BOR IS IBTRG 5N, BB D2 A vl g
PR NENRIRZN M TERE . AN AT SR AR rh g R 15 21 (1 P 510 388 5 T A S AL R 5
A, BUERE R R RMER I i . BRI, BT A B, R 748991 S Rl 2
BUBNSEIRE PR 2R . ASCE L RCEIMZ AR .

i FH D ) 20 R IR ) B S g A [80-1161 2 Bt ok Pl 4l . ER AR PRI R 0
SATALASURAE SN AN B AR EAIRZ I F 2 4k, (HAE S8R AH B AEER
KR, BN PR A 22 (B R 28 A2 ., X SR B . —J5if, R
A SE R RS B 2 A ELL BN AL . BIAnE 3-170, RV BT <= 10
KEM, A —ANHERHETEE, R EEAERSEGR AR E . X)Lk mt
EEFRR T, N HER, Flinze. ZaARMAESE. 5—J7m, REER—
i, AR REAERZTMRE S, KabnEd Rt 7 2MigHEoRREY
SRR Flan, i 3-1 fros, —ebritd skl N SMrZ a2 o, iR
IR BIE, M0 WERAREE STER R VR R R B, Bla T 3 A
A %4 IR, T 2 AR GRR R Tk, B 2 AR EAR i 2 20X
T 2 RETER RIS T
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A man and woman behind a boat/lift upward under a large parasail.
A couple islriding on a kite as a boat pulls them across the lake. i |
A couple is/going aloft on a parasail from the back of a loud boat | S——
A couple sitting on a boat and then lift off for parasailing on the water.

A couple have begun parasailing while attached|to a motorboat in the ocean.

K] 3-1 —/KE VATEX Bl 8 i s id i) -

N TR BEEAE AE B AN E PEREAT BB, A SRR T M R SRR
[f] (structured latent space) MZ&FAE 5 H B as 1077 1% . BARREL, Bazs A4 o
fif 2N ] 2 [ OB 25 (8], DARE GF gL A E ) 2 FE NG 5 B R SO A AR,
SERIAL ) AT B B AR B ] DA B 23 ) R B 1, T AR 3 vy L SE S 3 o A il
U PREE (fidelity 18] o AR SCHE X TP EMCONBAR -3/ 7 B () VAE B3, f&FK
ATVAE (Action-Template split VAE). b4k, XFhix it 5 NSRRI 0077 X —
i N RR S, 2 5 N B K A5 g 1) A v 17

SR, XA — > wR AR 25 ) A2 AR Y ] e 2> R T AE AR B, AT 523X VAE
HE 4 o e UL 52 3] 1) 5 4 S 33 L1 OB-109 e it T 432 5 B 2 BEPE IR IA . ARSI
JRPRI ] e Ao 26 A CEPARATD AN EA) T ER M ES K E, FIAEN
BN L B3 8 J5 56 70T R S 56 20 AT Pl R RE AR AT B ER g 21 7[Rl — AN 5 S o AT
AL, A& FERZ 2R N T M, A SCERTH 7 —Fo bk L
TR PR — RO A B ), AT B = 73 U 38 2 A o 3X AT AR 2
X A — AN IE L2 PR, 5 ELBO w548 5 % KL 8% 59— Tt 21 i 47F H
FE R

SCEETTHRUN T

o ESEH T A ES ML S A [ R Fl P FEoelE B2 E BE IS I 2 R

o R T AN b R DU T R P A 95 A 1) 5 9 3P 0 1) R A AR ) 5 T
A eR) T I 2 R

o E=ANFEMESIESE (B MSVD. MSRVTT Ml VATEX) |, ASCHEH A
TE =R S R ESEI AR s MAE A ERPE I AT IR T, SR A RENZ
FEPERIFE T
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3.2 AH&E
3.2.1 [ERRIEXftimd

e 45 0 ) U AT 2527 5] N — MV e B — 4R x fOmss, EI%
HANRIEZE . po(x|c), HA x H T MANCAKFIIRAG B, x = (xq, %2, -, X7)s
0 NUUARERISEL, RN N SE . ZFEERIR R & UAE——X 2
(ZUE)D) BRI, BRI ¢ BRI 3 —ANH 2 AL R A & G, B
fo ¢ - 2%/, JEFEFIRFTAE ATRESH AT x MBS0 O A T4 (s
&), R4 X G BICEE2E, HL bk HEERE MR I%k T
, MZNSHEE R, BAE I FEHE R EG THX A 2 U8R EL f (EE X R
ZH0), IHHMT—DHHPSEAE S ¢ W — DB EROES H.

VAE & — MM ETARGE R 0] 2 R S A s A o 3 R W] R i — AN 7 5
VAE, HPZH—A1iE x MIREANAIE x; #% N — AN RS FME4E d Bab & 7,
z; € R4, ZJEK P oA i e LB A BE 0] x, z b, HETRARENLASR
T AR A

logpg(x|z,c) = 10g2t:P9 (xelx<t, Zgts ¢) - Po(Zt|Z<t, X<, C) (3-D)

BRI, BT IR A B B 2 B R A, Bl idd., HA &
AT AR RO R DL AR R B X TIROR IS H AR (AR (3-5) Y
BT ERMBUR. FEUIZRI B B2 SR, AR AT US> i
UGS AT qp FRFE 2 TP, BRI S8 T 5658 01 pg HRFF zo

3.2.2 PEZTEFZHEL S EHEE

BB 2 IR, Wi B AR RBEE AT A TN R A AR
TR 2% A5 AT DASR R0t T B R 50 AR R AL AR S R L 98] o AR SRR By e e ST
FEXS TRFN LR SO RRaAR B 3EAT 4 B 1) COS-CVAER®! |, 4R, % B EI5)1E
X TR B BB, A, AR SCURE COS-CVAE #EAT 0, R a2+ EHR Y
Yk 18] 20 OB TR B E A0 27, 5Ok B 25 BRah R Ja RO AL 2 1a] 2™
R, BEANBEAR B ) o] AR N 2 = [27, 2], VRS %K 3-2. EARIIER ¢

@ ¢ fi# condition, fE CVAE ¥, MRS SRS TR T — N RIHMER, MORIESN v
KR

@ WA R, 2T REKMRE], ZRAREE AR, FARRERES, mEe b, T —4
WA VA IR R I A .

® fBLEE AR hypothesis set (711, FoRTMISE & (EALGEII B LR — 2 A IFAR N 2T E K]
AR, AR A T — 1]
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BARZE EZE (R
| e — ' | I——— _m ________ ._ -
| Z[% s m , i | hily ‘ m ,

: »— Prior Enc. =z | : ¥ > Prior Enc. > z/
¢ t—1
i :

I D - é@ | 17D E N

: R A | : RV e AN

| |1 R e _.t -z

| r |

| -

— e — — ——— —— — — — —— ——

______________ Tx_a7____________

a band is singing and playing guitar a band is singing and playing guitar

32 o TR IR AN N AR 2 TR JE RS B R B

WY HT B AR B W] AR RN
p(ze) = p(z128 22e) - P(2¢"]280) (3-2)
Jel8 oA p MG 340 q AT AR AH S 53 i N S E RIS P 4, B,
Do (Zt|Z<t, X<t) = Dov (2¢|224, 254, X2t) - Pom (2224, xZ3) (3-3)
A,
Ap (2t Z<t, X) = qov(2e|22¢, 251, x7) - qom (27" |25, x™) (3-4)
B2, AT RUHE S H o0 A R B AR 5 ot B2 ) KL TR,
Dk1.(q¢|1pg) = Dki(qgpm|Ipem) + Dki(q¢v|Ipev) (3-5)

3.2.3 HAXLE IJIENILAARIEES

S i 75 VS i R V07 b A K1 Rl TN /S SO ) B A W S a0 ERR
ARSCARE — R 22 SR FE Bk VAE AR Bk UL, — MU X B )5
Z IR BLZ S AT REAN A, PR AR ST AT 2 i RS IR — AN P #1180 anchor A1) ¢, ff
XFRLF R, AR HE A FRAE R x™ . ERSTR) i, WA 2
P22l ) F o e 280E LR

log pg (x| x<t, Z<t) + AA(xE, X7 |X<t) Z<t) (3-6)

He A R—A B R, HTHE xf M xf ZRIRZER, 12— TR
FRFER 2 FEPEIREIE . A BIETA RS, LLUnDIEEES, ASOCRM AN s
o BIBUHIREAR X R HORER o VER B AR I Boes . R, me%%
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INEREE PSR

Lrecon = _log pB(xg|x<t'Z<t) + /1p9 (x?|x<bz<t) (3'7)

VER B LA 0T He o 20 262840 T DBSPU X T BS ik, EIFERAELRS
(380 2 R PR 22l (B0 3 BLARDx bl 22 20 07 UG Tl 2R B, T DBS
T BN ARAERT B, PIASE M 45 5% e B ) e vt 25

AR R RS &% B AWK B IR EE xo TR TR R B TR AN B =
ZRENE, MRS BT AR AT RE MR . BRI, Wil 2 s, BRALRH TR
LSTM: 25— =#A B FRIER AR, EUL z AEFI70A0 5 AL sE R 1 Dy fa
N, B RS AR R I 2 5 R M BN RAIE: 28 R B S MR, M T
AT B — = (100 A R R AGE A A A I 8] i SRAF A B ] PR AR R

3.2.4 1RENIZRFNHERT
AR LS PR 7 B RR AN KL 4525, T
L= Lrecon + ﬁDKL(Ch]b”pH) (3'8)

Hrp B &— (50 B Kk% (annealing function )18, F S -1 sy 1t Al 22 BRI
Z WA S8 B IIFE S — R0 IR BME AR N 0.2, ) R IR E N Bmax

WM B, I 50 A T RAERe AR &, 31X L T B AN I ZRB BT DA 23 it
KA, X BRI — K, ZE RS A AR, BEE W EGEEE. XA
AR, ARERJE IR A0 IR AR FE g i 48 1AW 27 o) B — AN S A T . ml DUk
JREaH) T HARYE R & GRIE). AENRR B, B85 A 2 B 56 AR Je 50 A
HORAE,  ARAD B AR S B R T o JEIRFEZ IR, AT LAPE AR 2RI

3.3 SLIIHES AT
3.3.1 HIE&E

SO T FER T =AU K I TS R WA 2 . MSVD i 4R 1141
21970 BE A Youtube F#KHU B AN . AN 7 B A S — A EEIE,
KMEFRFSE 10 2 25 7. B ESLft 2B MHRIA, CEARRAE 7 9E, Hh
A 85500 AR, TS BURL) 40 MR . SCER A E WL A1 G50 uE i 2
2> 752, 58 1200 B, 100 BUFT 670 Br. MSRVTT i £ B0 2 57— AN
BRI EESE, E i 1 7B B, B4 B 20 scdtiik . H
FAIS 5 a9 Kl 2 A 20 2. I Eh/ae b/l A R 42 R 43 20 0 R 6513/497/2990,
VATEX B 5 /b — /MU TE K RGE R R4, E 3L a 8 41250 BOMAT A
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B DL S B BARAPS A 10 A) A SCHEIA R 10 A)F TR, 3£ 825000 45 A AN Ad H
AR . SR EIEEAE R Z, VATEX 46 5 KI5 iR Xt o [F
VATEX ¥fi 8 iz S 2 AN AF S, BItH 600 MAZKIESD, thH ik
Sof IR R N E Z 2k, AJRIEER). 1B NRIEENEE 24, ZHIEER
WERTE B IR R R 23 R I — IRk

0.6

s msvd mmm msvd
. msrvtt . msrvtt
0.5 B vatex 0.8 Bl vatex
0.4
0.2
0.2
0.1 I
0_0u||| [ ) I
10 12 14 -0.5 2.5
() ?ﬂﬁ%?ﬁﬁﬁﬂﬁﬁ’]z@bﬂiﬁ% i $i’]t$i’”ﬁiﬂ’]ﬁéﬂ§ﬁ§%7fﬁ
B msvd B msvd
0.08 s msrvtt . msrvtt
B vatex 0.20 s vatex
0.06
~ 015
= N
Ro.04 R
HI[ HHO.IO
0.00 |“ |||| ‘“IIIU..‘ “|II|I..... : 0.00 ‘ -I|.||..|.|.|.|.. ..............
50 20 25 35
}’* J&%Aﬂiﬂﬂ’ﬂmﬁzﬂﬂﬁiﬁﬂﬁ it J&%Aﬂiﬂﬂ’lﬁﬂﬂﬁziéﬂﬁ

B 3-3 = AEEE T B ST R A

B 338 T =AM EARE N ST 2 7. T3 n] DA E — ) H R ) o
FE, Bl (2 B (o) alER TP AR e & e s sE s (2R
FP ARG A& A ShiaEE 2 (R . ATLLEH VATEX £T
MSRVTT, MSRVTT % T MSVD, X 5 EAT =8 4E N E AR M2 e AR . 8

@ X HT VATEX SR KT T Kinetics600119 [,
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FRERM S, VATEX 78— MR & B A i 20 3hiA], ul B H A
S RETRRNERNANY . BEHS), #— DR\ PE - HIR ™ EHA L LA
E LA IR 3 5, Az 2 AR S Hrh . [R5 3 VATEX i 46
HAEAEIME ARG, —ADREERIE, REHAPES BB A (and).
B Cor) iR, & 3-30(1) (b) A1 (d) W4 D T~ S50 S% Fh iR M ik 5 & b i) i
WHEE DA, TSR], VATEX “FH—aiiA e B 1 A &L EER, X
S BRAE & (a) ' VATEX ARG B2 K30 b GRS EREZ NE L)
WD o XA VATEX $a)(H A] DL BT 22 (1185 3, XA T VATEX %
P ERAE VBRI AR Th A o P 4 ) o

3.3.1.1 1Hh$sFR

Bk SCEMAAIHR MM hau BrRE ARG RAMER. B LEENNE T hau
fahx.

WM SCER A Oracle 2640 R (RPE APk IL H I RER 25 5D Bleu-4 (B4) .
Meteor (M- Cider (C)-Rouge ( R) 1 Spice (S) k3R~ —™ _EFRAE o F A48 AL )
FAE PR R AR5 o TR R JE 3045 FLE, ARSI COSCVAEBO (1
77 A AFEHIR-EHERF (Consensus Re-ranking, f&i#% CR) B/ 203REL, BISRH &I SC
TSR CLIP2Video 20V K2t 5 TIAR A B AH AL TN ZRAA, - P I 25 A
RIARE PR I R

ZEME CEE IR N RS R T (1D 4R 2R RN A A
A BT %5 . Gunis TS ITA Rk /b —J AT a . CEHEE R
Bl TR S e R ) BB, BT guniv, RIS )T SR Bl ] 5~ 55
T3 (2) R ER 2 FEIE AT B — N RRATOGS L I 7 B 1) 22 A, SR 3R [ A7 A )~ 2
775 Divl F1 Div2 #& A [A] 1] unigrams 1 bigrams 5 n-grams j= 20 [ X % ; luniv/lunis
KRR M —TE = 3hHE/A)F AR . MBLEU-n K- AN AN R FH 4R
FHEZI P BLEU-n 5250, 2000, 303 145 mix-mB = 1 — -mBLEU,:
Self-Cider (Self COU2 {5 i % AH AL 3 5 1) e KARFAEAEL T U AE, 5 AN ZBIPA 11
FHORPEEE mBLEU 520 X TR fEFR, Bm B MEARR B2 k.

3.3.2 BUTHT

WA E CESIEIL T RMNPY, S50 SR R AE L BR bR ST 5 A 2R dE b 1 7
Hibl, HBHERERNNE, FE& MSVD $i24E44 7,351 /M, MSR-VTT
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A 9,732 AMAIL, VATEX &4 10,525 AN BEAMEXT R — A 300 ZEFT#R A 1A
o IR AR ZEPRE B StanfordCoreNLP $2HX . #hia] (1R V1 % & e £+ 2 /0
LT 4 IR AL, ZE MSVD, MSR-VTT, VATEX )3 ia $& K /Ny 5l
N 1,137, 2,333 F1 4,294, FEERAES FREATHEE 0]

FRIESREY  7E 2054 ImageNet!!122] T ZR B InceptionResNet V211231 F F$
BTG — MU 25 [RIRAE, T 7E Kinetics £d5 82 1191 ¥l 2k 13D A2 U241 U
THRIUN BHREE . XM R B RHAE B R, 49 21 3004k J5 i A A

BRI & e

SEPRAETS BRAME AR 0.9 HAUEFERA 0.001 (1) SGD itk ds. 25—k B
B BOIRIEE S ST R BN 1.5 x 1072, FEREE RSB R . B4
RN B2 2 48 R /N iR 128 A1 10240 A 30 (4-9)F ) Brnax FESHUH T 1R 5 25 Ak
PR Z FEERIUHERA Y, R NEHEEMESE. &4, MSVD HHEEN . WE
4 0.5; MSRVTT #4570 VATEX 537124 0.7 A1 0.9, SCF R BE R hau 1E 5L
B RS I fOARME, BROKIISZEECN 20, HBKEEEE N 100.

3.3.3 MEEELER

S A#R MR £ 3-1RFR 320 3 ER T UM W AR 2 A4 318 77
VAR HERR IR 2 PR R I O T 3R15 5= 1Y) Oracle (1555, ARAY R 2 OCE R 4L
ATREMAEIAR b, JF HAE TN IX B AR P ME R A2 R R 1 v 80 SR BB, A
HEH AR ATVAE 7T DLEUAS 5 £ Oracle 174, FILAVERE 2|, ATVAE 5| A
o3 B Ba s i) 2 BN T AN AR, M B S — AN TR R R B S (AR A ) Seq-CVAE,
ATVAE 1t Cider A1 Bleu-4 F#A T X 0T HE & B 5m R s 4 1) 43 B8 25 8] v] fE
TN A2 AR IS SRR, TTiE SRHEE AR Rl s B . N AR 4
P&, ATVAE W H TR 2, JOHAE /N UE L BRI 285 55 MSRVTT #
VATEX b {53 MSVD EASCHINEMIR AL E, XATE2 HT MSVD K
REGRGHZ AR, sifEfide— (B 3-3) S8, HikEas s R
BS KA 773, ATVAE 7] LUKIRER T 2 FE 10, 3X .38 B 27 =) B (1) e 56 B A7 B 2% (AR
TR 2 T R UG R 206 A . [RI = AR A 7 St 2 AR b BS I — Kk si. 5
Seq-CVAE L, ATVAE MRHA 4/, X\ T EH2REEENERY, 5
ATVAE {UNAE T 38A 53 thahfERa S 8], HEEFVIARAE, JCHAE mix-mB HIfE
W b, XU ATVAE A RLUAE R A BRI R) oo I0AL, ~FIYTIE, ATVAE 4
R A FECE A FREA T A BA MR IAE, X R LLE luniv AT guniv Hs
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y - AR AR
LGS VARl
hau |[B4 C R M S
COS 22.5 (45.9 105.3 78.9 52.8
Seq-CVAE 24.1 [50.7 113.4 81.0 57.8 8.4
MSVD
BS 21.5 |47.8 108.6 78.9 52.7

ATVAE (A3)| 24.4 [53.1 113.9 81.6 57.5 84

CoS 19.1 |41.8 63.6 685 41.8
MSR- Seq-CVAE 196 (449 645 69.7 432 10.8
VTT BS 16.1 |39.1 594 67.2 40.7 8.3

ATVAE (A3)| 19.6 |44.0 65.1 69.3 43.2 10.5

COS 179 |344 674 55.1 28.2
Seq-CVAE 18.1 [36.9 69.6 56.7 28.6

VATEX
BS 174 |38.5 71.0 56.9 28.8

ATVAE (A0)| 18.2 [|37.5 703 56.9 28.7

R 3-1 ADBARERAEAR JTE LR R AR AT HE R 11 45 R

S5eAaHER FBAHLE & 3-3ffH Cider. Rouge F1 Meteor HJ Oracle 1§47 K& 7R
AR TTE Y. 2R TE N R A R R, RN EIRE AR
HARARE A MBI . BdER H ATVAE fEATR RSP E RIS T, TR RIR &
A F R 2, BPAR RCE 2 MR i B) 1 R Bl

3.4 HEASEIR

AR SR R ) — L R B RE ARG AT I A SE LS, BEERA A AR
Wi, — &4y B S I B s R SIE A =2 KL 1IE IR S5m0
DL a4 B2 7E MSRVTT £048 L1, 2| LN R 538 4-1R15R 42808 1A
—3, R HEEEES B kN 0.8, Mk 0.7,

3.4.1 HER=E

R 3-ARR T RE R PA BB FRER. Hh, w/o FoRE ek A R
BL, TN 0 E VE SRR A — R, AN I BUR T R AR AN A B A
PR R — S5, AT L) B AR A AIE . 2 )i PR 1 AN TRSR A e 1), A5
oy AR A ) AT AN s 4R 1) TR 30 2™ BLRREAL 2 3 — 23] A _E TR ST
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% . 2R
EAEITES Tii
Divl Div2 lunis gunis mix-mB Self-C luniv guniv
COS 264 34.6 49.1 406 11.7 289 146 1.02
Seq-CVAE | 28.0 37.8 55.7 440 13.8 351 1.52 1.02
MSVD
BS 30.3 45.0 98.3 534 204 587 1.83 095

ATVAE (A3)[27.7 379 575 450 140 362 1.49 1.01

COS 385 58.6 8.1 757 351 666 301 1.22
MSR- Seq-CVAE [39.9 61.0 893 752 364 682 278 1.17
VIT BS 28.6 41.1 969 392 142 - 1.87 1.09

ATVAE (A)|43.6 66.7 93.1 774 43.6 734 288 1.20

Seq-CVAE | 32.2 51.0 90.0 88.0 253 6l.1 5.29 2.55
VATEX BS 264 37.6 99.7 77.6 123 - 3.87 2.24
ATVAE (A3)[27.7 583 96.6 949 335 693 6.11 2.62

® 32 WD EHREAAFD L BB AR

z"o R T T E TR EE 20 XJ5 T Oracle Cider fl1 Oracle Meteor, " w/o 1
FEHLE M BS HERAE 20 . BN TIRYE CR HEF 5 1IRT .4 H TR 2 FEtE, X
BARIE T K2 AEPERR R . T RAE B 1 Shia B (A 1% 4 AT D4R B i A 1Y)
At DL S R 2 B 2 e, R WIRZ NG (R AR

3.4.2 ¥ftEET]

B SCEm R RIS EE A 2T, 38 3-54R1E 7 MSVD MTMSRVTT EAH (CL)
MAERXIEE 2] (NO CL) T kI ik (KL) e g aiisk CRIF ) B bl a8
fB) (NLL). X BRI E R kI H1k LRIE GBI : kI HiIRBAR
RH IR O RE R B A, 75 DU DU 7™ B, S 0 ) S P L A PR AR, R
ROR A, ST RN 2SS A a] DL H6F B 2% 2 R DU R0 38 g J5 i
L (fidelity) BUWERRRE, Z0ANIE RO KRR, AT PRI A B A) I 2 FEE

3.4.3 IENLRHK

NI (3-8) 1 B RIIE Ak O 472 i v 1k A 22 45 1 )1~ 4 e 38 S A T
3-4J&7R T AR B AR TR 2 REPERNAERAVE R M o PR 4 F Oracle
Cider f645, ZFPEMH] mix_mB. AR, BEE pEMEAK, SHEIEZ HR®E
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VG /TS Jii C R M |gunis guniv
COS 87.2 69.3 34.3|40.57 1.02
SAAT 81.0 69.4 33.5|44.0 1.00
MSVD

GRU-EVE 78.1 71.5 35.0

ATVAE (A3) (909 71.4 35.8|45.0 1.01

CoS 46.6 540 259|757 1.22
MSR- SAAT 491 60.9 282 31.0 1.04
VIT POS-CG  |43.4 60.1 2638
ATVAE (K30 |467 537 255| 77.4 1.0
CoS 453 42.8 20.6| 99.6 1.20
VATEXP!U | 443 469 21.6
VATEX

BS 45.0 47.6 213|999 224

ATVAE (A30) [48.7 45.0 214|949 2.60

R 3-3 G A AT IR 75 V2 I E R PR AT 22 R B

A C M Divl Div2 mix-mB Iv

wlo | 63.6 43.6 | 256 32.6 6.0 2.61
z"™ | 65.1 435 | 33.1 485 26.1 3.54
zl 1 662 438 | 379 564 34.2 4.18

z¥ | 67.7 447 | 38.6 57.6 334 3.90

R 3-4 ARSI T A 50 B R 2 1) 75 30 L R HERA PN 22 A5 P DA

Pk, T Oracle #ERATEN 56 ETHA NI, X5 SEI AT HUNART &, ATRERI IR A
rE: BEAOR, X IEMAE R PC AR e T BRI, AT i 6 73 A1 e U g
fIsEse A, SECEI B ERYHE (KL SR EBREAN ), WIS BAAF
)5 B 0 A RAE R A B B SB I 0 A R AR, 2B BRI 22 B i
Ao TMXET Oracle MVHERAEETE, RIEFE AT RE 1 b A4 R HERR 152 56 72 BE 2 11
A 8] R SRR BE AR KGN, 2 Ja B 2 2R R HHR K, 3B 2 2
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[
N
o

o
o
S]

Dataset Method | KL T NLLI
NOCL | 6.38 21.16
MSVD
CL 12.76  20.51
NOCL | 796 3148
MSR-VTT
CL 8.30 3145

35 PINEEELE LS A ST RUR FE AL

©
o
1

Acc&Div
o
o

N
o

N
o
1

0

02 03 04 05 06 07 08 09 1.0

(a) MSVD_E[PERERE B A5 1L

- 60 90 -

80 -

-50

70 -

-40 60 -

w
o
KL
Acc&Div
3

20-

-10

10-

0 0

ul
o
1

02 03 04 05 06 07 08 09 10

(b) MSRVTT_LfP:fERE B #2540

- 60

-50

- 40

0

K34 [t pEMAS L, MSVD Il MSRVTT $UiEE/EHEmitE (ZLtapBLl). ZHEE (4
szel) KL ik (B ESR) A8k, Hor KL 452 st T HHEFLRE .

Bk, TSI MAA. K58, T Kmeans f$E K 134, 1)
ST B SR P A 2 R R 0 — B, DR LA N R 2 (Al %0
ft MSRVTT $iAE ) B 3E4E 4 0.8, MSVD MiRAEN B HIE)y 0.5) Sk FLFr i
W2 L — A 1

3.5

AENT

TP T A X B ST IR AR Y 73 B shir B (] (1 757% (ATVAE) RAEK
ZRALE . BT AR R R SR B Ak EE), IR KRR
SIFGHIE P2 g A TR BRI N B2
FESTAEAS TR 7% B
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04w BTN 2 AL A

£45 ETAERINZH S TTIE

ATEAEL — B0 B SEX T VAE 1 5t F IS FEPER IR A2 A 55 1 B B
MR E S, 55— 88 1 J5ERR gy, B = A SIS

4.1 3|

PR IR 308 4840 A A e =) ) TR — AN A B, “am s 2
SRAH IR 118 ) AT e AR PR R 3 ) T S TG 4 AR R S BT B B e ) <
IR DU B I 1 A SE S WA R bR AR IR S TR B
k. RGBSR T B X Eps SRS X EEH T A ARES VM H
Wi R, BN RSB HE B O W, B fhR A, N E AE RS
e, FALRRRR, 485 LEE UGS, BN, ABREF T T 5 IR
ZI PR R T BMSE BOZAE S N B IEA SR ), (HREMEZIETE (o,
MR AT 6 ) PR AN TRER T 275 K AR =M B RTE S R
AL I 5 e A, X8 T U — D N TR RESE 2 19 8 (Al-complete).

H—J7IH, A — MR B, AR 2GS Rk g, TR —A
“eXb 2 iR, BE g E SRR “ 208”7 (multimodality) HESS . BUA 1)
2 BRI AR Y BIS2R MR T aX — sl BT E M e PR, HRTEi
2 RTS8 2 [A) K FH — PR RN AR SR8 (Beam Search, f&FE BS) B0
EHATRAE, BRI REAE 2R ZE, HEH MR R BRI — MR, 1M
EEELZHMEE R, ZHEMEIFAZRFRITEREMN, RiET LT LR 2
HLERERE: 1D BHNER. IS 2INARE T, WL H
WA T E IR IR A A, BRI IR AR b B RE AR R B I SR R R A
R, FLor AN 2 5 I ZRER 2R E AR RUAR S A — 3L, 1R — AN e
PERRN, 2 IRSRUT S WS R I — S SRR A, A R I SR A 5
At LA—5F 2 15 BEATARVE, 140 MSRVTT B0V E s 45571 — NI ik 20 4%
ATREMERR . PRI, T — AN WA A, BRSSO X P 2 0 1t . 2) AR
R A S AR B RMAF MR R, 45 E A RER#RRST T, A
A AR ER SRR B ORI ERBIAFPME L. 3) BRIESBEA B B

it

® HARET (Natural Language) /28 ARIEI BEMHSIBMIES, LEEES. XA, FAERARIN, 5
FEFFES ML, HEAE S, JEgitt. SRS S,
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P, XTR AN S lor] DU 2 8007 AR IA

N T AR Z AN, f) A RO R B R — N E T AR 2 R i A
AL, Jf BAT AR5 B afdds 1977 NHEWT H 2 B9/5 %9341 g (posterior distribution),
TR Z e E B R — N B S RER AL AR . (SR, £ T VAE 5% C
LA AN R 7o R U A A G RH « EATR 2 B i —ASH ) z 25 18], )
i, AGVAEBI G T 0l fn s ks 2= (e fl i BriR & 25 8] Seq-CVAEBI 2 7 —A>
I 7 B 25 18]; - COS-CVAEBO TR I P a2 [ il &b htb A8 &, RIor & T B
& (object) F1_E R (context); VSSI-VAEBMIE ZuiE T, 708 17 A7 F KA
I (lexicon) J7THIANIA)YE (syntax) 5 TH IR AR & . (HIX LS R ER A0 B A) F A
RO 1 A)F AR B R ) 2 B &R, B TR — X 2 1504, &
BRI T 50 FZ RN R, 80F (BT srD 6N HR. HTE
) H Aw a2 I SREE X P —%F 2 Wi, DR o0 2 O 4 208 v A B A 1
Z g5

Z T RESE T IXF 2N 1D EEAR: RIS — A FEER
AL, HASE s s AR LR 2%, PRyt Cannotator) 475 T fE DRI 5 1 A [5] (1) (1]
145 AN RIS iR, AR R e, AEREB T RHEESE. 2) 188
RIEAE: AFEIRER ZAE S RIE T A FE, REAEARRFAC, Ak B2
FIETE LR ZESR . Bl 4-1V87R T 4000 — A EEEEE S B il 20 frdniEs
X AN ARTE IR EARBRIAE” WA sl AT AR . AR YR EA19E Sk
ITREE, AMKI, FIRERIPREEr R E T “RREE" (Hal 1D, 8 “8
H” CHA 3D, BN BE L RIS A4 (BE R AR —AMdEhtE, a0«
B (AR 2, WATRESH 2 MR E R E/RERNE, N—EKWE TR
DA “wgh g B 2O XA AU — A AR A, iR i 2 — A a ek
(A 4. F—7J71, BRI —MEH, 185 RIEWARAMEA, LA 3 41
CHAE” N, BRIREERIEL (R)2), FEBEMREL (A 4), FLH “7F
JKE” (Ginbed) (F] 1) KR, FLENTE “A” XADEE (7] 2), B3 8 Bkl
(7] 3, 4). Hrpa DIEHIA R — 58, HARMIE S RIE W) TR N A
X A)” (visual paraphrase )!122) o Fidolg— AN a2 1) A) FRRCRZ A A 1 — A
“ria]” (core sentence) (FEF 4-1HF AL tbniEHZA)) o RIS A F#f ]
LB AR R XA O AT R e s .

N TR BIX PSS 2, AR R W Bl s, BIRA —Fb
Wt N SRV, BART S, 5 —BrB, BERTTER DIRiE th— > A i a)
RN T D' BRI MRE I EE TR 7 ) 38— GRS R E.
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AEEEEEEEENEENEEEER SEEEE NN NN NN NN NN NN NN EEEENEEEEENEED (AR RNRRRRRRRIRRERIERRIN]]
gwRY . X A - —

paiih 4r#2: knocking

1. girl sending sms to some one 1. a girl in bed knocking on the wall

2. someone texting on an old phone 2. a girl is knocking on the wall

3. a woman lying in bed texting 3. a girl knocking on a wall

4. a woman taps on her bedroom 4. a woman is laying in bed knocking
wall before texting on her phone on the wall

44483: sitting 5. girl knocking on the wall

1. a girl in bed il

2. a woman is sitting 1. a clip from a movie is playing

3. a woman is sleeping in a bed in a 2. a young girl in a horror movie is
bedroom and looking at a phone haunted

4. a woman sitting on a bed 3. scene from a tv show

K 4-1 SKE MSRVTT HeiESd 4 i — Bl 6l 1

“Er BRI AN NSGES D EROAE —HrBS IR, TS —HrBiea s
B — AR A T T ) BT, BB T BOW B AR I AN A L, B ) BIRE S
R . SEERUE, B BUN RS AR B A AR R A . TR
FBENGERER. RIAN. FEM. P B — W BoH ) 2 85 11 R
Ja, MEMERRIESTRIEEFEE, MNIES M52 me 2 k.

MEBTTRAN T : (1D ARESRH 7 —NEEERIZR5E0E, #R2 Y STR (Show
Tell and Rephrase) ©2: 43 51l #4) 1% A2F: 15 (¥ 20K 3 1A OB 25 8], AT 5 %2
EEGEMPZENE. (2) RAELNEHEE LA 7 RIS, 7T RASIESR H Y
JiiE A LA R AR RE .

4.2 [a)@RIE I fETEid

G5 ) SR AT 5 ) — M e B — 5 H0A x MmL, B%%
PHULRBER : po(x[c), Ht x i T NENCARF IR B, x = (xq, %0, -+, x7)5
0 NIURHER S, Wirh MBS 8. ZRPERR AR DAUE — Xt 2
(ZUEND) AR, BUHAIA ¢ BB — A h 2 ML R fI 4L &R &, Bl
fo :c—=2%/0, JEEFRITA RS AT x MBI E] X A RCT B (R

O AKX — Wk SCR IR N RAEBAE — AN R K R X Cshow) KEd75, AJSESEMRIE R T
FH IR (el), 2 JE FIANA 75 5 RIERX A (rephrase).
@ ¢ i condition, {£ CVAE 5T, MFMCRIMGERFIEIRGE T HE R, SMRMMESH v RER.
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EEE SR s ENEA S BHE B

), SRIMTASE X TENIGM B R se A 060, H50 b A3 MR A0 i 4 7
%, TR NBHEL R, A S AR R B XN S VIR B £ (B X LR
SH0), 3 HAT—ANH IR & ¢ HEWF A LB P4 4 7

VAE & AMETFARAERE 7 1] 2 I A b o 33 L IR A5
VAE, EPSLA—H1E x (NI g 6B — AN RS (A d B i 2, oo
2 € RE. 2 JEH AU O 5 B A Mt 1] x, 2 b, JLIET s B SR B8
BT LR

logpg(x|2,c) = log Ztl Po (X¢|X<t Z<e €) - Po (2|2t X<t €) (4-1)

TEVERAOR, TR OB R AR 5, B did, HAE
TR T AR AR O BLA RS, TR B RS (AR (3-5) i
S0 TR, EIGREL, T ECR N, B AT LU 2 e
LR qp TPRAE 20 MR EL, BN ST T 956500 po hRAE 2.

4.3 3%

RTAEEEI L ATASIE, £, NGETHSEES R HEIE
AT IS, B AR I A E A MO (TS 1] A b, ASCHE H — AN kR
IGHLEL, SRFESIE4RA) T2 &,

431 EIBE

KITEAEE BB R A7 34738 OREE, DS EARZ AR R XT
F—NEH MAHRNSEES R = (x™), A — AT SR F R AL UL
R F R RS b I B —ANE . 2 SR AR AL T i, — P2
SRR T8 5 1Y Bert f&784 1261, |,

e' = Bert(E(x})) (4-2)

Horb E S8 SO P BT AR il RN BT 3 S AR B 2R 8 7 IR T 2 (D

IEFE T HRRRAT S [CLS] XM 4 AR & (2) BB RSN /ER-T- LA i 55 2,
SCEAE T AT P R Eh R O R R H AR B S 1

Fyhh—Fh 7 R HE T CLIP B35 & MAARFE ¢ R YIZR 6 ) RFAE T2 R 2

O BFEWERHRR R, ZTEMIRE, ZERMREEAR, FERBAERES, mEie L, $F—14
Yy m] U PR ARk 4] .

@ iEEAHED hypothesis set [H11E, RORTMES - (HALG I 71206 A R 1B — 28 A) IR A 2 e 1
IERET, T BB T — 1A

® fdH StanfordCoreNLP 27 J {142 B 7] 2 i) T B Al &)+ 8l i

34



04w BTN 2 AL A

Clip2video'20V, g3 T RSNt IR BT 1F e e BEAT I 25, TR w] DA% 2 3
LR FEHIRE, RN

e' = Clip2video(E(x}), ¢) (4-3)

FEAF BB RTE P N R AL S, B T 3R X HR A K-means J7 754
REAKNTEE, HF—"RplunE 4-1, HpGATERE A1 BAHLIE X
H, BNTERA] ARIEF G CGXAMEH B 5280, 7T LU hn B0 3, 41
SRR SR # 2= fE— AN . T EATRR R — A R — 5 @, LA
FRZ NARAEIE X 5] (visual paraphrase) 121, [E]i, a5 p Ay PLFR 21— AN 28 51
Huly, ZRPL R EA) TR B A, FTRARR b a) (] 4-1H 4L
AT P ORI R . B MRV A 2 BMESE, TR RAE
NIZFER— MK ZJF RS 0 G A) o Bk, #4 e — A4 /N
AR D', Horh D' W] UAE R B 4 — %0l U — MR T R Y 422
D WA LLACKATE D' R EA_F A5 T e fm) SR 3 A =E 2 T

4.3.2 HmERIIS

BE D BB N N
e, © w
K ! ()
"% . @z‘si&ﬁﬁz _4.
*.° \. /
KR ° D = N
: 4wy Wi
D
(a) MY (b) Rk (© 2R

B 4-2 itk SN ZRmss R Zry DL i R ok

AR g ORI, S NP B B B — B BOR B 2Rl A 7Y
#B A& 73 B B AN R SR [A] ) CVAE B8, S —Wr By, AALAE Hh A O F) AL R B
P D' RTINS, X B BN ZR S R AR E wi, BT E R T
BREEARW), B2 AR (global) BiF [A]Ji (homogeneous) A7 HBIAYHERT
HIRAEE (RO NEME (W A ZE (oga?)) 1B1E zf. 26 K B
R ZRAOm T 28 — B B, SR, i A S B B AR & 70 AlidE: wy A
zy. L, AR UMK z = (21, zn]. FLPEE BB E 2z 190 %
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4 TSRS R
AT VAT OB R A S0 i 2 TS, B

p(zn) = fp(z)dzl = fp(ZI»ZII)dZI (4-4)
Hr,

p(2) = p(zulzi, wi, wi, D) - p(z;|wy, D) 4-5)

BT A2 (4-5) 5 — WU R, AT wi F 2y 22— X R AH SR AR &, T
WHNEATX T 2y KAERIERE — BRI, B 7 PR HRR 5 -

o SRR, Al 4-2(b) Frs . BPES i B B AR S ORI Br i R AR
o [T EIRBOE AT MG A R RIS ARS8 E 21 A wy BISRHETS, 2
ST wyp, B

p(z) = p(zulz{, wn, D) - p(z{|wf,D") (4-6)

o LJRKHE . TN 4-2(c) AT o BIEE [ B AR AR AL B A% 6 T 28 — A B I A 7Y
B . AW FHMAAR K : B4 E wi Flwy ISR, zg MOLT 2z, B
p(z) = p(zulw, D) - p(z{ |wi,D") 4-7)

AR AR T /AR T R R AR E BN p(w) = p(wylwi)o
EHAERERE, EABCE LT S 2T M E0ER 177 LR AL 2
2-2, BIE L “IIZR-BE 7 AR R I 5 — I BEE ST B T — AN HER A
Mgt 2 B (6] 3 W BOE s — B BR R AT B T AT BLE S BRI R . RIE N
EZSIEF IR

4.3.3 1=EIIZ

BRI ZRR A B BT BOMN R it 7 30, R BeE IR, PIANBY Buif ok
PR AR, WE:

Lrecon = - vé:vzt: lOg Po (xtlxt—li Zt) ’U) (4'8)
HEARR I L E PR o AR KL #0125, 1T
L= Lrecon + BDKL((M)HPH) (4'9)

© 3K zy WL AT LR SRR 77 S B T8, B S ARG B & 0 A SR AE 2] Rz,
SR PR AR 2o

@ MBS E LR “NG-R” BRI EE 2 —8, BFE—BATFERE D, WASEREN Az
SRR, Bl EMG RS ImageNet U FiE o> EI B 4E CityScapel!, {HASCHANEY BOGH B B8 4 0
FEETFEMEERRR, DANZERBEDN, RN A7 200 RS ), A IHRA BaUE
BRI Z A
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Hr g fE—4 () iB K% (annealing function )81, FH S Py v iy 11 1 22 R
ZJERIFTA S B RS —RIRRIE AR A 0.2, FI NI EN Braxe

4.4 G

ZIS R AR v (N 1 AR A it R IR R 6 p SN [E (=R AN 31
JTR LR AAT AT s %*%IZ PRSER AR E B RS R, S ME L R
AE SRS RS 26 = 2 PRI AR G, B & PRI BT AP 45 3L Ba—
o AL J LA eI 4 %1& SENET T

441 SEIGYATS
4411 ¥IEE

SEEG R BUR A T =AU R I T O R ) AR SR . MSVD £ 4 4 f

T 1970 Bt A\ Youtube F#HU P AR AR, LA 85500 sk 4k, B BK

29 40 MR . MSRVTT £d 45 P02 5 — AN R B 48, &l 1 7B 4%

AT BRI B, R BUAL S 20 2648k . VATEX BU U 5 4h— N AR B8 K XUE

PR B R A, e LB 41250 BO v B UL AR B A 10 ) SR Al

10 A ZECHEAR, 3 825000 5% . MEIE AN . WA S 2 26 ME . 1B S 2 FEIERI A

H&, VATEX ¥#n4£ 258 T MSRVTT, 1ff MSRVTT M2 55T MSVD. =AM4d
LM HT LS E—E RN A .

4.41.2 HEigER

RIEAF G F o VAL 48R, SCRMNEAA . HERIEA 2 A7 T PP Al A
o BfR, CEAFHHIE N hau M2 RHIAE S FI AR .
o WERATE. CHER A Oracle 25140 NI RV EAEPRE H BRI 4 R) Bleu-4
(B4). Meteor (M). Cider (C). Rouge ( R) Fl Spice (S) f&#x.
o ZHEVE. CEBE SRS 0 N R A A R (1) 2R 2R I8
A STAE B BT e, Hort Gunis TR T IG5 Ak — e AT E A B
guniv W THEEEAN )T MRS R 8 (2) R 2 e & — AN
M FmEE R Z . Divl A Div2 2 AN [F ) unigrams 1 bigrams 5 n-grams 441
EEZ: luniv B0 lunis R84 M — L = 3h A B0 A1) 7% &E . MBLEU-n &
TSR R RS T A R PR [ 3 BLEU-n 730, 292 0L, “C& Rk
mix-mB = 1 — ZmBLEUn; Self-Cider (Self COM2M 55 ploxef A AL FE R B4 14 f K
TR R ECAE . X TR fabs, 5 m BRI 2 PR
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4.41.3 EEFE

SCE TSI T A EUR SRR AR S5 NI — 28 VAE B, SRIE R SCE TR T
LU B EASE Y . Forr, COSIBOLR A 1 H ki (A1) AL T 3243 55 i N 2% 1], 9 A
it 1 5 kAT 24 . Seq-CVAE B KN # CVAE, {H& A 4 E 5 4% 5] . ATVAE
AR w5, BT COSBO kAT A et , B R AU A o5
WEIAEN iR B “BhiE”, R IR 7oK R s (R 4 B A BV R s (R AN
BB A] (PG A28 E—&) . RN CEEE S TAEGREREER (BS) KX
ARG JT i, I Fa s s, B AR A 8 AR B A 1 IR IRV A G R BB K
AR SRR . WECTR, EE Y S BEILEL, HRE D &
AR, SRAFH N HHE T . <5, FHRYEEE T ILR-E A 07 Rk &5 e
ERRNT PR . 2B COSBONE S IR B, SCE M 2 A i R A T
JEIRFERT 5 NMRAERIA TR . 2 JEIE R T A AR Tk, W SAAT
GRU-EVE!'21 | POS-CG P!,

4.41.4 BHITAED

FALE  CHEZS IR RMNPY, GRS 2 7R 2 BRs s 555 A SR Hh i 7
Gid, IEBHREEHON/NG, & MSVD HEESH 7,351 NiAiL, MSRVTT |
T 9,732 MANL, VATEX &4 10,525 M. BN —4> 300 ZE TR A 4]
o IR AR PR B StanfordCoreNLP $2HX . #hia] R VE % & R EE 4+ 2 /0
LT 4 RIBhER, B&2% MSVD, MSRVTT, VATEX 1) 3R B8 kN
1,137, 2,333 F14,294, ReERAT5 FHREATH#EESh A .

FRIESREY  7E 2054 ImageNet!!122] T ZR AR InceptionResNetV2[123) F F-§2
B AT E— Mot (1) 25 [R)RFAAE , T 7E Kinetics 242 119 EFU)I Sk 13D #5730 11241y
T IR DR X MR R R IR R R, 49 BT b Ak J= i AR DA
WAFEIA & co KT HEF Ly, WX B B S ZRs T A, R
FA I 255 i) BERT #5874 1261 33k 4T 4 Y

SEPRAET  RAME FZh R 0.9 HAUEERECH 0.001 [ SGD flifhds. 5 —krBAl

5 I BIVIEE S S R BN 1.5 x 1072, HEEERIER AT N %, BAR R4

BRI Bk 2 45 B K/ ) 128 AT 1024 PEANEUEER B RAE M WK E N 4.

AREDF I Broax BSHH TR A IR Z PR, £ —NEZERHE

ZH. B, MSVD HHEEAEH DB Binax 779109 0.2 71 0.5; MSRVTT 4 £E

W53 51259 0.5 F10.7; VATEX EH5 50435108 0.9 F1 0.9, SCE R B & hau /F 5L
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o S AR HE, BRI BAEON 20, SRR EBE N 100,

442 TEHER
4421 MHEEELEKR
. . TR R
HlasE 7k
hau B4 C R M S
COS 225 1459 105.3 78.9 52.8 -
Seq-CVAE 24.1 |50.7 113.4 81.0 57.8 8.4
MSVD BS 21.5 |47.8 108.6 789 52.7 -
ATVAE (A30)| 244 [53.1 113.9 81.6 57.5 8.4
STR (A3) | 253 |54.8 117.8 82.4 58.9 8.9
COS 19.1 |41.8 63.6 685 41.8 -
Seq-CVAE 19.6 [44.9 64.5 69.7 43.2 10.8
MSR- BS 16.1 |39.1 59.4 67.2 40.7 83
VIT i ) 4 67. 7 8.
ATVAE (AR30)| 19.6 [44.0 65.1 69.3 43.2 10.5
STR (A3 | 20.0 (453 653 70.2 43.7 10.5
COS 179 |344 67.4 55.1 282 -
Seq-CVAE 18.1 [36.9 69.6 56.7 28.6 -
VATEX BS 17.4 |38.5 71.0 569 28.8 -
ATVAE (A30)| 182 [37.5 703 56.9 28.7 -
STR (A3 | 17.8 |354 66.6 562 282 -
R 41 N BAREELEANR J718 I o B AR RN VR 1 25 2R

5ZAfR AR R 413 T U 2 R IR 777 4E MSVD, MSR-VTT
PLK VATEX = A4 Rt Rk g, P oRAESGER N 20, 5 A2
T VAE 4L (Bl COS, Seq-CVAE LA J& ATVAE) LA AE%i ) Beam Search #HEE,
ESE TR FERT A fa b AU T IR B RS, 1K 3R W T ) e A B
InERf . JCHSHBARVERAENS, SCEREIEH FBA L i ALY ATVAE B8 5
0.9 73, XRH] T EAE H P By 2] SRS A Atk RN 2% K 42, BE
IR T MHT 20 ANSREEREAR ik 80T 5 AN BB A FIIES P2 SR . AL
FEH A STR FE1R 2 ZeME B RRbRaf L B 7k, EAE R, REN
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% . 2R
EAEITES Tii
Divl Div2 lunis gunis mix-mB Self-C luniv guniv
COS 264 34.6 49.1 406 11.7 289 146 1.02
Seq-CVAE | 28.0 37.8 55.7 440 13.8 351 1.52 1.02
MSVD BS 30.3 45.0 98.3 534 204 58.7 1.83 0.95

ATVAE (A30)(27.7 37.9 575 450 140 362 149 101
STR (A3) 353 50.6 764 629 278 532 161 1.00

COS 38.5 58.6 88.1 757 35.1 66.6 3.01 1.22
Seq-CVAE 399 61.0 89.3 752 364 682 278 1.17

MSR-
VTT BS 28.6 41.1 96.9 392 142 - 1.87 1.09

ATVAE (A30)|43.6 66.7 93.1 774 43.6 734 288 120
STR (A3) [433 66.6 93.5 782 432 733 3.32 1.30

Seq-CVAE | 322 51.0 90.0 88.0 253 61.1 529 255

BS 264 37.6 99.7 77.6 123 - 387 224
VATEX |ATVAE (A30)|27.7 583 96.6 949 335 693 6.11 2.62
STR (A3 |31.7 50.1 91.4 889 249 61.1 512 252

R 42 WABEEEAAF L R Z RS R

SRR R I T 500 SR AR 3 R sk, 2 ARk i /T2 K
FER T . I BEE R FEE (beam width) 3K, HARRHMOR M AR R
T

ERaR GBS £ 4388, STR 0] LU I IE R BI4L G (1 B a) i 1R A
%o FHLCCARTAEAY, ACSCHRH R AR RIR S T AR 2 FE, 1X R H] STR AT LR
5 22 AR PR ) R B 22 R R RO B3] o AR A5 0 T A0 A SO P ) S b A R 9
G EHERI AT IHT S5 2 3, Bl SAAT i HER /IS, STR LAEEK
ML ALE 2 FEVE FBRR T HARBERY, RIS PR FRAE A A M (22 FF I R A 1
AR AT E I MRS ), IXR T AT H iR 0 2k
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VG /TS Jii C R M |gunis guniv
COS 87.2 69.3 34.3|40.57 1.02
SAAT 81.0 69.4 33.5|44.0 1.00
MSVD GRU-EVE 78.1 71.5 35.0

ATVAE (A3) (909 71.4 35.8| 450 1.01

STR (AX) [87.9 69.3 34.6| 62.9 1.00

COS 46.6 54.0 259|757 1.22
SAAT 49.1 60.9 28.2| 31.0 1.04
MSR-
POS- 43.4 60.1 26.
VIT 0S-CG 3.4 60.1 26.8
ATVAE (B30 |46.7 53.7 255|714 1.20
STR (A3 |46.4 54.8 258|93.0 1.30
COS 453 42.8 20.6| 99.6 1.2
VATEXB! 1443 46.9 21.6
VATEX BS 45.0 47.6 21.3| 99.9 224

ATVAE (A&) |48.7 45.0 214|949 2.60

STR (AX) [47.7 455 215|914 2.52

F 43 5] UE AR A T 1 e AR T RN 2 R P AR
4422 HRSCLS

AU T — R AT RS, I — LB ) B, AR AR IR
SRS AIERR S £ Proa g BB AR 4-4

RREEEFE K 4-3/878 7 MSRVTT HHE AW BIHERRTE . 215
EYER R, H P e R Oracle_Cider 18Fr#F 2w, ZAEMEMS A mix_mB U3,
HAAE S FH HAU #ox. Hort Cider M1 mix_mB AR bRl g 21 (1) /2 2 Sl AL g«
HAU N5 14 50 . I () BT DA A M R 22 R A — /N A
A, TMARARYEN 578 K v 4 BT DUA B — AN s 1, AT A& i 3 B/
K A2 SEONGEN BN, A K KA e %K 7 b 28 s
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-20 -21
—-e- Cider
80 - 90 - —8— mix_mB

-20
-19

70 - 80 -

-19

=
®

-18

o
o
1
~
o
1

Acc&Div
3
HAU
Acc&Div
HAU

-17

S
o
[=)]
o

fun
o

-16

40 - \ / _15 50 -
N

-15

0 2 3 4 5 6 7 8 9 10 o o 2 3 4 5 6 7 8 9 10 e
(a) 25— BBtk BEREKI A2 4L (b) 2 BBt REREK AL AL

Kl 4-3 MSRVTT A SEREEBAEAERNTE . 2R DR ML RE AR AL

SR, SESE AU B KR, BN, 1%
B BOBAER SR B AR T bR ok, e KB/ i BUA B —AN P i1
N BRI Z 1 00 R N SO R e it 7 — 2 k. A (b) EE, B
B AR a S, B B hau Fabn i AF A i AR R 6 £ K E ks, BY
WMEFRIESRE K N 4.

IR KM 4-AMEE sy, AT MSRVTT #URE& T, 405k A #br
Br (Bat/2 ATVAE) YIZRAXET BURI S — B BU 4 R e SCE S T IR AL HER
PEAN 22 AL PN 5 T R LA BB A VRS, IER T SO SR TR A STR P Be
WU A Rk o o S Bk AT R AR FE AR luniv LEICET AR S, Ui
W7 STR W] AP~ A: AN 2 AR R TE . AT, 2R B BUEN S € 7o 2RI
—RE TR, UATTLIE RS STR AHLLAITERE, KR, — R
1 3OS A DA 3 LE R HERA (1 ) 1o XA T FT DL B SERR BT 2 IR TR,
ANZFEIOEipeY Apes I p

RREME v VIR (R RAERIER, ASCEEE 7R NL P I EE
L= TR 75 (random) A1) HrE i K — AN K AR5 R B 5
% (mode) i 7 XfEESES:, SG5RSHEEK 4-4. &5 R L o) A7) DS 3 5
Gf (R IERA TR A 2 A, WS — N SCE IR R R 25 TR T 25 R 2. Rl S &
S VAR T BT RZE: (D FTRERA TR R SBERTHPLR
R LE S 250 ) 1 3Rom #EAT 1A, S A AR &) 7 BAR R T 5 CLS 104
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BAY C M S hau |luniv guniv

STR (AX) 65.2 434 10.6 19.9| 3.30 1.30

FALR B 65.1 432 105 19.6]2.88 1.20

H—HrE 63.7 43.0 10.0 19.2]2.69 1.20

mode 65.2 44.1 104 19.8|290 1.22
random 64.7 433 103 19.8|3.13 1.34
SBERT 61.3 41.3 109 194|355 1.38

MIAIESHIE 614 414 10.8 194(3.22 1.36

NEERPR 623 419 - 19.0]3.06 1.23
BRI Rk 613 41.1 - 188]297 122

# 4-4 1E MSRVTT L5 IIZRins (1) FIZZREIE () AHI A TH Rl 525

ZA)THRR, WOEF R A CLIP2Video 2, (2) KM, BENE
RRABEEIRIERPIRTT e RAARYE hau i € A SCR AR AL .

443 FEMSHT

AN R TR AT ) T AR, ] 4-4FTR . BR T RAERRIE, MRS
BS. S5ACHE B AL R B COS LA AR SCHE H AR STR #BX FH0I 25
RIEAT A . Forr, AUAIK P S T LA ST, A IS R 000 B g 1 s T
AR AR AR . A et 1 SRR R RS A R T . A
FRTLAE Y, ASARE I A S SR 82 MR I 2 A SC— FH iR i “ ARk,
Xt EEREIT S, RESRE 2T e e, RN, A,
R E O, T KB ERIGIF U E00 . Tk BRI T 5, BS IS5 R
JUTBA RAE KRG L84, T STR AH bU I & Wl 7772 mT DA B2 21 56 n 22
WL, BTN, EhnT DRI — € #9iE U 22, Wnes i K h BEA A
SR “B R R, M “HE X3, B STR B ax TR ARG FET
IR 2 18] (1 EL B 58 R AT AR

@© B P A IR IR B R “ERE, MR E S T M RIR T A M EAE N HERBT R, =
FIFARLLE”, KL TR W%
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GT: {"an amatuer wrestling event’, ‘two wrestlers begin
their match as the announcer introduces them’, ‘guys
wrestling each other in a competition’, ‘two people are
fighting’, ‘wrestling champions are fighting on the ground’}

COS: {'a man is wrestling’, ‘two people are wrestling’, ‘two
men are wrestling each other in a competition’, ‘two men
are wrestling’, ‘people are wrestling’}

BS: {two men are wrestling in a competition’, ‘two
people are wrestling in a competition’, ‘two people are
wrestling’, ‘two people are wrestling’, ‘two men are
wrestling’}

Ours: {two men are wrestling’, ‘two people are wrestling
on a competition’, ‘a man is talking about a wrestling
match’, ‘a wrestling match on the mat’, ‘two wrestlers
are wrestling on a competition’}

I llllllllllllll‘lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll;lllllllllll'llllllll

M

GT: {‘a soccer player hops over a wall’, ‘soccer players are
running around on a field’, ‘there are people playing
soccer and scores a goal’, ‘a soccer highlight video’,
‘compilation of popular soccer clips’}

COS: {‘men are playing soccer’, ‘people are playing soccer’,

‘people are playing soccer games’, ‘people are playing
during a soccer game’, ‘people are playing soccer games’}

BS: {‘men are playing soccer’, ‘people are playing soccer’,
‘people are playing soccer’, ‘people are playing soccer’,
‘some people are playing soccer’}

Ours: {‘a man is playing a soccer game’, ‘a man is
running in a soccer game’, ‘a soccer player kicks the
ball’, ‘a soccer match being played’, ‘the players were
playing and playing soccer’}

Kl 4-4 MSRVTT H— 2675 FAB AR A AR A AR v (R 7= 451

g SRR R R XS

b B A R BB R A R T SR R R U B AR R 22 1 R AT X,
WMUERE RIS SEIR A SRS R EF A M AL . AR e 2w i 2
DORIANER &, IF HART EATH Ja Bt i 2

THEBRARRE, ARF RO R), BRI U5 -

(1) “F UM, SR BRI R 73 B e BN ) T/ “BRE 7 B 1],
EOR AT AR LA R B AS AL, I BAERT PRI ETSE N, 32D X i Eh
BRI XU BOS ALK BRSO B BN R) TR AR — AN R X “F2
27, AL, eREBENTEESTR RN TREREE TR TR B
TAEBEMA “ B8 A, ZJFEERKN KL EEhEdt—DRIEE S
ZREME. MR U EA TGRS RR A A ] (BERR A B AN

(2) ZFHHART —Faitbie B Bl W (D png, —FHAGRT 72
[A]_E R B R, eSS B Ko 3 22 (] AR AL Ja — A LART— AN 2k B
B BOBERL ) s A 2 8] & LB TR SO TR DA 26 AR IR i X002 AR AR (1 2k =2 ) 2 A =
S R RS o SRR ) VTR T TR O B, R AT DA R
RV R PR A 2, DT I R 0 A e 9 1981

4.5

@© XHEAARRENE TR A NBAERA) TR OB E A REREME, FEEEAZIREA
371G SR
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(3) MBih&hity L&, XU BUESE— NP BUR AL I 254 5 3l Be i et e 4
— 8 KT BB B A CHOIZ-foR 7 R, AR T
URAR 2 S 1RO, BIPANB BAAAE SN 2 (A T AN, A Y S5 AN T A BT X031,
JITEART L B AR A S BOR AR AR o DRI OB B OV B AR s vl $h e . (ELAS
ERRE, REXE BT SRRz MR T AR R, HENEA
MNZERRE B, ESLbRBIINGRT, V9982 AR 7 BT, BEim S i
P

(4) Nseieeit B&, —FH PR, Ll R L i & DA LS
%, BN 22 KL B X T 2 FEPEANAER IR RIBCHT A FH AL PR 532 P AR A U
FETE AT AYRUR B T AT 21 Y AL S8 R AR B

Ak, ZH AT SRR X

(1) VAMRBNE, Fpr B AL 7 B 2 )ik 2 WA 21 7 AR X s 1), T XY
BB s A TR R RS TR TR R R, CERIE 1R 2R
TIREIRIEH) “—X 27 WA,

(2) PR B I 3 5 — M Bt A A 2 AN MR R S 1 T8, AL
BRI BL ARHESHRBUE T ERE, GInEE BB B AHUEAR LR B
IR HC BN SRIS RIS HO TR B AR A R BUR IR, {E
BT HE)E, AR BRI S AR . AR QA PR UEE 2 HCE /N R BN )
SRIEN A PRARAE B PR

TS 22, XU BRI AR R S A B BUR SRR B, AR RO B ah R
[A] il B ORI PR s M A7 2 [ OR &, AIMTRE— 2B 208 2 FEPERI R &R [,
THEAESHRBIT . MBS HOA RS EIAA E Sk y, T A S S
%

4.6 KRE/NZL

RESG T 2RI IR A S5 T ) 5 — Aot @RI gRbL . B
— AP BN ZRTT 3 BB BRI R RS T LR TR S T BT —
B Bok it 2B Zke € R LT RO 2 A0RRiE 2 RN OR G, AT B4R X —
XM HbR. ATADAAER E— B0k s, Hrh i) — Bl k2
E—BRMAINE. AEEAD TR E DR AR T, B AR PASRAIE Ty ik
Wa RN, e TALE AN TR ORI R, R T TARR)— BRAR K
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FH5E HFAKFEHITEGHIEIFZIT

A FEVERT R TR AR bR K R R, RIS AR S iR bs A S S %
ARV o BAKI S, 25— TR0 T ARG EE iAo ESE AR, 28 A
T AT IR AR hau AT 0205 5 ="M 0 M 1 ASSCRE H (0 AR5 A SEPPAG AR 2K
P, DLIEI HAT R

51 BHIEHx

DA HIR T 2 REIE A I8 2E AT 55 B NP A T T T8 #E4T 5 s AL vF
fiti: AEBRPEAMIZREIE . HERRVEAT B A RN A TR BTE, RN A 15 “B
A7, BUFRIVE R A58 & Z A AL, BET 2RI A1) T RIS R . AT S R
AL EXS R 2R B AR B A) 1 5 A 2 18] DA K ) PN IRV ) R 22 e A
B RS TRIENFEME. 2R, ZEWREN R ESEE. BT RE
FALSE I S R A E CnSe ik R SCR TR SCGRIEA e 55D, FEAN R IR &>
REEAT S5 T Bl I AR UL RC A “BE 7 ULEC, AEAE 5 ZECN B 2 1 B 3h iR bR AN [F]
WA AT AT R . LUR 2 &AM RPREAT U . EREERE, LT IRIRAH]
THAJUERTEVEAS, ZREIERRPRE L SCSEIRE Iy OO N, X A EEEE

IUA PRI R M B HR AR K 22 A B R TN A (B — > EAE SR %/\), Xt
T APINEE G KL, TR R TH SRR I 5 TR BT 1Y . FE X g AR
L, B =AME S RS HARE S S HH: BLEU (Bilingual Evaluation Under-
study)!13!1, ROUGE (Recall Oriented Understudy of Gisting Evaluation)!'32/ fil ME-
TEOR (Metric for Evaluation of Translation with Explicit Ordering)!'331; A 4NFAN g
Fx CIDER (Consensus-based Image Description Evaluation)!!3* §1 SPICE (Semantic
Propositional Image Caption Evaluation !33!I 3& % [ 1 &1 X6k G iR i e i1, At
EATRERE H TSR . TR 5- 1R H 1 LR R FR R

511 3B |:|'EE£1:H9E

BLEU BLEU!! ! H T B AN & A s SCA K i & 1 # W AR . BLEU 43 3075 &
7 TP unigrams CBANHLE])D B SO n-gram (n MAHAR SRR R A) 52
— A EZMRIESFH L) T AR ESERE . = BLEU H R MIZEKE FEEA
HRAER)ULEC, BIEIA DL EA TP 2R LG . an SR 52 4 VLAC, BLEU 3
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LT, T 3 JIE AN

BLEU!!Y  HLEHEHEE 2T n-gram K5 (precision)
ROUGE!™? S pif§%  J&T n-gram HEF (recall)
METEOR!33!  HLZ8FHEE 2T [F A1 n-gram JLHC
CIDER! K445k B TF-IDF JiAL n-gram VCAC
SPICE!®  EZ ik F T I SRR R SR UL AS

R5-1 H AU VA FE AR EL o

Rk 1 0. A, FEEERZ, BN EA TEE TS HH THE
%, RIGEE BLEU 2 8NPl puloR Car P T REVERCR) . B 2 TR
BHEGR VP SCA, AL, R AR BB (PPl FE AR rT BEAS 27 BLEU [if
N WAR

N
l
log BLEU = min (1 - li o) + Z w,, log py, (5-1)
n=1

c

B, O EUE R S G LA wy NIERUE, py AZIEJEH
n-gram KRR JUATFEE, PR, 5004 REFRIILRAH 15TV
3 Hl 235 4R B R AT 5 51«

ROUGE ROUGE!EFRT 2004 EF2H, FHRVPAG SCAME . B 1T 5 n-gram X
NFZHA) TN RAF AR (recall) 547 . 53T RE#F2 1) BLEU A, Rouge
FET A BME . EUR AR R PEAh b 458 AR A 72 Rouge (LD, BB THE B2 T
TR BN E IR 2 A K A7 51 (longest common sequence) 14 [FI{E
MUKERE, 1 5 I B AL TR0 ) 7 0 228 ) - 2 [A1 A K 1R A HL 350 43 P DA BE 407 F e ik
PR B2 B AR AL o EEULIC AR B m] 0 7 48, (ERGZH ILE RS, A5
AN

ZSERSum Zgnes )
25eRgym 2gnes C (Gn)
Hrp, n A% n-gram K, Rg,, REBEERHRES, C, (g9,) REFRKHIAES
AR TP EER n-gram )i KEE

ROUGE =

(5-2)

METEOR METEOR!3IA] DL 22 BLEU!SU &35 by ) — Lk 5. 73 = 3] ME-
TEOR 5| A T3& X ILES, 1A 2 efars BT Z R It . METEOR f#H T
WordNet 1361, X & —ANJUERCEE 2, TSR CEC A5, AR 0 1A
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BS5E EAKPIIVE R BT
JEULEC . 1] FUURC . [F) SCiA] L RS AR VLRSS
METEOR 73 £ H &P ) 7 1225 4] 1 IR0 AR . BN F# o — 4
unigram RS, FFE L VLEC TN &)+ F12 2% A) 5[] unigram >R 58 O 55 . FEVLEC
HFEA, FA) (Bi3%4A)) ) unigram BB RIS EA) (BFA)D, BN
KagH o WA ZAED ] H T RAA 7 2 M5, W8k B A 88 X
XFELE . RIS, 1A METEOR 7348,

5.1.2 W5 {EHHEX

CIDER  CIDEr!* R 5 51N (9 T MR R IR AE 55 (TG FR R - EIPAE A T
HUAH R BB ) 228 1) 1 TR I — B . B Je 3R B T IR e 1) 7 A1 225 4] 1
HI A SR e o e R AR 0. CIDEr R hnk S A TN — B 1 5 4
A HIA Y n-gram £ & . 4 T IS AT AIS AT A — 2k, ElE TR
M) n-gram BFLFEIHIILRIPER . &Ja, EIA RIS A) 7 AR 5 L
n-gram, 11 “the” %5, MR T EARKIBE, FOAEATATREX BE N RE BED,
o HARAA TSGR B n-gram B2 F RS-0 ORI (Term
Frequency Inverse Document Frequency, fij#% TF-IDFO)U37 {5/ TF Xf K% 2%
)RS H I n-gram B 58 S AR, T IDF 840 4 v R LI n-gram
AT BARHIAE . B )5, CIDEr_n K73 8ot5oN:

1 g" (c) - g" (si))
m & lig™ (el - llg™ (sij)|
Hrb g(c;) ARETMA) ¢; BIRSETHFE . &% 8] CIDEr 15558 n B 1 $ 4 1915
I35

CIDEI'n (Ci, Sl) =

(5-3)

SPICE  SPICE!SSU2 sl th 1) FH T~ BHGRIAL AT iR PEAli Fi bz .- SPICE 47 & TR0
F IR TR AT B 37 S B G2 B 2 A AR o T S s PR e o A4 o AT AR T %o
. BHERKRHFATIG . A7 ¢ KB G(c) mE ShrRcH s, Bl 5
K 0(c)s REFM R(c) MEMRE A(c), HP:

G(c) =(0(c),R(c), A(c)) (5-4)
SPICE & & T Pl il #18 A Al Je 4 5 2 [ (%) F1 43 #0tH ). 5 METEOR —#¥,
SPICE . { Ff WordNet KA K [F] Ui RFEATILEL . R W, 52 TR LK
KATRITREAFERIET R, SPICE fRbRH A Z R FFHERERRE, ]
‘& METEOR #I SPICE fEbr#f 2 & 115 ULEL, 1ERIEILES, ©AT IR Toikfg ik
[F) S B[R] SCRJ LT 1) R, AT SR A2 — M AR S B DL AL
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5.2 &Rt

A ZAT S ANE— MR ES H MSHES R MILEATS, 4R /L ITHLT
FEAE 5 R —" BlCx, TN ERR: hau M1 020, Bl 5-18R T =3
HIRBIEY . B (a) 1, hau <7 R R 2R 7 Sk R AN S8 45 75 DT I 1) fpe il
A — AR, RABANESTIER S HBOmiE B e, X 5 SEZH
BRI E AR A R AR HES Ao E e, B o) RxT
CSf 7 VLA, BRI — AN S AT PAVLED 5 — AN EA B — AN, XA AT RE
S AN S AT

@ o,

'Y M @ s
’ S 2 A HEESEH
\ ——» SERRILEC

A :
"""" > S FEILE

(a) hauzsf (b) 02074

5-1 PN &3 ) 348 b5 hau A1 020 7R = E

521 REABEIXRNESES

ARICRHESE RS2 KBS (Hausdorff distance) £ 21/ H Al R 2 [A]
FIBEES . R x; Al y; sl B H AR, MAERT S(, ) & A iE 2 (8 UL
FCAEE (50 Meteor), & X UNF:

¢y = min(minmax § (x;, y;), minmax S (x;, y;)) (5-5)
i Ji Ji i

precision recall
B e ), ZARXFEIE TR A B RN, AR /IMEE T
it iul P
TESEBRTF SR, A (5-5)4ME5 W EB I min 57 R8s i 22 TLRC 1) &) 11
NEGSEEGZIRPIREESCE AR, XA SR R “MEs, #
S F T RAE R A R, s R B MR AT, A T ()
FI B LGB E G Z MM R RIR Z . B, A SOK ™A% 1 min 575 0L

O FERREE PRI ARG H hau, BIAK (-5 €, XM TRERITE, HFAUIER
BB T X P B AT AN S AR IE R -
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S5 E EAKFRIEEERR BT
NEE IR AN mean HF, FrHFEARMT AN hau, € X UIR:

thau = min(mean max § (i, j), mean max (1, j)) (5-6)
i Jj j i

AR R, B 5-1 (a) Fras, hau FFABRE 2 AN S AT PAVLES 55—
MEG I —ASEH AL e “ X7 BULECRR AL, P R Bk AR T
TR RE A CENDFAZRERRER S, AdhFiea % —um, BN
FEES BITNELS TR, MRAASEG KSR 2 2 H TS AL
HIFREMTA TR R R 2 R, RIMIX —dm g gt —FhaMEpLsl. 25 BRI 020
f 3" FHIVL FC A XA 1)

522 —X—IENESES

N TR R RS T X — AEGHILR, 020 KM “—Xf—" ILECH)
B, Wk — MRS E A AT DAME— LS 53— NS I — A SEF],
Kl 5-1 (b) PFrow.e 3803 HR IS I UL BCARAE 2 2P EFR IR A @ (linear sum
assignment problem). — MM & 1% M8 75 2 € L —MEEBHRE €, MR 0] 2R 5
i RN T G T, ARG jRRESH T, RATHERIRME A TN 58S mES .
FE IS ) RUHS BB AE SR — AT Ik H bR ek B oAk 1)

maXZZSiJ-Xi’j (5-7)
i

Hodr, S AR E, T 00 W — A R B R R A6 R, HISRR B T A5 i 3
%95 j HARIRTE L
{0 | RARIRL
Xij = (5-8)
1 i Bk j
A SR B3k Y Jonker-Volgenant 55721381 2o SR i — A Ak 1) . HAKTAT LS %
python f] API 4% Y, ZEERIN G T A SCRGR TS, EIE
TEFRRZ, FEITHEE RN, AR SCHEZ AT PG T ZAEH hau 1E
LEE VP ARE, 020 UEAAR TR — N2 Fdebr. Ak, WESCHITFNES FRE
XA TR PR ATI R AT B R A DS A o

@ £%: https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.linear_sum_assignment.html
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5.3 1EUEXM

N T BAIEASSCHR Y 1 PR 2 R AR RS (Rl T HERRPEA Z AR 1985 hau
M o20 AR, SCEVEE 7NN TR RN SRR EREREAT 4T 7, 25
5 hau, o020 LARILEH MRS THEANE. AN &0 na 17 iR i
M, BB RN T AR T

5.3.1 o) EME T

PRI AT S I 2 A 32 E R 1138 RIS L X TR M UREAS, &
SEIRAE N M AR, R RAR PRI 5 AR (R 52511 7 ANF
PR T PR TN 45 SRAE HE R 1A 2 45 2 P A 4 P 1 R R EURY /0 61 R — AL A
MITNHER A, O T ORER WL, X BLEA S A SCAER A RO RY, T2 1 %
TAREAFHEFPEMN Z R e, i) CR T3, JFA R — A2 sk
R, 1 38 I R - EHE Y 07 3 Y 5 2 WA Q183 AR L AR I ) 3 3 F B
o ZJa, N T IRIERTEEE, T 1A 5 FE IR ORofr— 2. [ A A 2R f it ot
TRNIEEBEN LT EL, KR AT BLB 1R 52 52 2 T

B HERftE 2Rk
AR R v X
CRMELRIERE R |V v
COS (verb) v v
SCVAE v v
CR X v

52 R AR R (0 TN IR £ 15 B R

BENUREAT LR 5 MR R 22 E 1T 7, 365 NEES, B 1 35 7,
5 AN R AE, 1 RN ERZE . AR GRE S SRR SRR
S AT J7 AR A, T LSBT AERVEAE TR R
EPH IR R A S A2 ok, IF HABR)RY, T RiEAE R
LRGSR BOE F IEE. WILER TR (AT ESHHMEEE), 7
DA, BLEBRZE - SSHEN, Sehr 20— AW B, H2&RH R
EFERPAE R, EVFHL &R 5 ] LA R 9% 18 FLITE B i ABLICTE 70 7
K 5245 T RGBS, Hr, s A E B RIS, A
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W58 AESAKCERRTEAEFRR T
ARy N2 T BN A 7R B . SEBR A 45 B EXCEL R R . 2k E
SRR FT 0 i, 3 2 5 BT & A T3 0o A BT B2 T AR S AL )
TRINEE A UL AT R R0 E, e 18 & AN B HERf A 2 R SR I 4 &, LB T
HoFE 51 2 A AT 3o RS2 SEFRAT i fE b, AERZ A4 B B AR r B
H.

HESE FWES O

two men are fishing one in green top and one in red top a man putting a gummy worm as bate on his fishing hook
a man in a red and black shirt sunglasses and a backward bia man is going towards the river with a material for fishing
two persons are catching fishes on a river a man is walking and talking about fishing how delicious the ta man in a white shirt is talking about a

a person with a red shirt on is fishing and catches a fish there is @ man on a golf course talking about the fishing lure a man in a blue shirt is talking about a

a man in a red and black shirt and a black hat catches a fish a person is carrying a pole with a fishing line while walking thia man in a white shirt is standing next to the camera
wearing a black cap backwards and dark sunglasses stands/a man goes fishing in the watertrap at a golf course a man in a white shirt is standing next to a camera
a smiling man wears his cap backwards and holds a glistenir|guy holding a fish net and walking a man in a white shirt is standing in front of water

a man catching the fish on the water and posing to the came/a man preparing to fish for bass in a golf course pond a man in a white shirt is standing in front of a camer
a fisherman shows a fish that he caught as his friend takes a|a guy walking on a golf course with a fishing pole while talkin a man in a white shirt is standing in front of a mount
guy in red tishirt taking photos of the fish he caught in a lake ([man is putting some bait on his fishing strike on the grass a man in a white shirt is standing in front of a buildin
two men are fishing when one catches a small fish they take |person is putting some baits on the fishing strike and preparira man in a white shirt is standing in front of a water
two men transform a one pound fish into a world record catc|a man is walking with a gummy worm on a fishing pole at a ¢a man in a white shirt is standing in front of a body

FES 1
there is a man talking about something
a man in a black shirt is talking about a

famous youtuber named dude perfect catching a fish and be a water scene grass beside and holding in hand long stick spa man in a white shirt is standing in front of a

man in red shirt is pulling and catching a fish

man is catching some fish with his friend and taking photo
two men standing by a a river catching fish

a couple of men out fishing in a lake and telling jokes

a person is having a very big size fish in his hand

a man in red t=shirt gathering fish with needle

a guy with a red shirt and hat is fishing outside

ARV Sy TGO RO T SO A £ AT DURR B (f0 SR IRl 4 CAERYE B AT, % REYERFD

people wrestling at a match and one of a referee

a couple of people wrestling on a mat with a referee

men are wrestling with a referee and then a referee is laying
people are wrestling to a mat and one of a referee

two people competing in a gym and red motion

men are wrestling at the ground in a gym

two people are wrestling against each other in a gym

men are wrestling at an event

men wrestle on a mat and red motion music

\wrestling match and a guy in yellow shorts and red and red sl
wrestlers fighting match and down a ground and a referee is
people are wrestling match

two people wrestle on the ground and a referee goes on the
wrestlers are fighting and music with a referee

wrestlers fighting match with each other

people wrestling while fighting at a wrestling match

a person is sitting on a mat and another man is getting ready
men wrestling and competing on a mat

wrestlers are fighting with each other

two men are wrestling over a match in a gym

a man holding a fishing pole with a lure on the end talks abota man in a white shirt is standing in front of a white t
a man prepares to fish on a golf course lake with a gummy va man in a white shirt is standing in front of a large v
man walking around a golf course with a fishing rod a man in a white shirt is standing in front of a large t
first person footage of a man carrying a fishing pole across éa man in a white shirt is standing in front of a white t
a person showing the fishing tricks in the camera a man in a white shirt is standing in front of a large t
the man uses a gummy worm as bait on the fishing line a man in a white shirt is standing next to a man is st
a person is carrying a gummy worm on a golf course a man in a white shirt is standing in front of a large
[1 CERets, Aemts)

NEE 2 mWEE 3

man in black shirt and black shirt is doing a tutorial on a trman in red shirt is fishing and catching a fish

a man in a jacket and a black shirt and a cap is demonstr man in red shirt is fishing and gathering a fish
one persons on a show with a long shot on a track A man in red shirt is fishing and catching a fish
two men are in a gym in a large pool A man in red shirt is fishing and catching a fish
a man with a cap on a table and a man in a blue shirt witt A man in red shirt is fishing and catching a fish
the men are in a large tank and the camera on the side of A man in red shirt is fishing and catching a fish
a man is standing on a table and a man is holding a pieceman in red shirt is fishing and catching a fish
there is a man is talking about a bike man in red shirt is fishing and catching a fish

a man in a jacket and shirt and a cap is demonstrating ho man in red shirt is fishing and catching a fish
man in black shirt taking some tricks on a table man in red shirt is fishing then catches a fish

a bald man is standing on a table and a man is holding a man in red shirt is fishing and catching a fish
two men are on a show with a large camera on a track man in red shirt is fishing and catching a fish

a bald man in a black and black shirt is doing a video ganmman in red shirt is fishing and catching a fish
man is taking a selfie for a race man in red shirt is fishing

a man in a jacket is demonstrating different exercises with man in red shirt is fishing and catching a fish
the man is on the camera at the table and the camera man in red shirt is catching a fish and fishing

a man is in a large tank with a large body of water man in red shirt is fishing and catching a fish

a man in a jacket is demonstrating different exercises of aman in red shirt is fishing and catching a fish
one persons are doing a tutorial on a race man in red shirt is fishing and catching a fish

a guy wearing a cap and shirt and jeans on a table man in red shirt is fishing and catching a fish
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