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» Sequence to sequence [Sutskever+, NIPS'14]
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:: Sutskever et al., “Sequence to Sequence Learning with Neural Networks”, In Proc. of NIPS, 2014.
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] You Need”, In Proc. of NIPS, 2017.
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Y. LeCun et al., “Gradient-Based Learning Applied
to Document Recognition”, Proceedings of the IEEE,
86(11):2278-2324, 1998.
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> | am a student.

RNN

decoder

—> a cat is trying to eat the food

RNN

decoder

—> This is a dog.

4@ ﬁ [Isola+,2016]
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Vision Language A gmu_P of People
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RNN outdoor market.
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— Q There are many
vegetables at the
fruit stand.

O. Vinyals et al., “Show and Tell: A Neural Image Caption Generator”, In Proc. CVPR, 2015.
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a woman is slicing some vegetables

a cat is trying to eat the food

a dog is swimming in the pool

Laokulrat et al., “Generating Video Description using Sequence-to-
sequence Model with Temporal Attention”, In Proc. of COLING, 2016.
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Laokulrat et al., “Generating Video Description using Sequence-to-
sequence Model with Temporal Attention”, In Proc. of COLING, 2016. 9
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translate

——’ Ein brauner Hund ...

Ie\-'ﬂ luate
(Gold Target:

Ein brauner Hund rennt dem schwarzen Hund
| hinterher.
Source:
A brown dog is running after the black dog.

[Specia+, 2016]
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| Userl: My son is ahead and surprised!

User2: Did he end up winning the race?

\ 'y Userl: Yes he won. he can’t believe it!

[Mostafazadeh+, 2017]

Specia et al., “A Shared Task on Multimodal Machine Translation and Crosslingual
Image Description”, In Proc. of WMT, 2016.

{» Mostafazadeh et al., “Image-Grounded Conversations: Multimodal Context for Natural 10

Question and Response Generation”, In Proc. of JCNLP, 2017.
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[Nakayama and Nishida, 2017]
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Nakayama and Nishida, “Zero-resource machine translation by multimodal encoder-decoder
network with multimedia pivot”, Machine Translation Journal, 2017.

Funaki and Nakayama, “Image-mediated learning for zero-shot cross-lingual document retrieval”, 11
In Proc. of EMNLP, 2015.
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A black dog sitting on grass next to a sidewalk.
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» IAPR-TC12 [Grubinger+, 2006]
o ZRAMDOEMF v TS 3 ATEEIBR

NP a photo of a brown sandy

YA peach; the dark blue sea
with small breaking waves
behind it; a dark green
palm tree in the
foreground on the left; a
blue sky with clouds on
the horizon in the
background;

ein Photo eines braunen -
Sandstrands; das dunkelblaue
Meer mit kleinen brechenden
Wellen dahinter; eine
dunkelgriine Palme im

E Vordergrund links; ein blauer

_ Himmel mit Wolken am Horizont

im Hintergrund;

» Multi30K [Elliott+, 2016]
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Topology | Training Strategy | Decoder training [APR-TCI2 | Multi30K
o De — En

175;7* 3-way end-to-end image 243 (17.2) | 18.1(3.4)
(EAYavh) 3-way end-to-end description 26.2 (19.8) | 18.9 (4.2)
3-way end-to-end image + description ||| 26.7 (20.2)| | 18.7(3.9)
Data Size [APR-TC12 | Mult30K

De — En
HERfTEFE [ 9000/14000 || 47.2(423) | 245(9.8)
(FEAE{E) 3000 32.9(26.5) | 18.9(3.8)
2000 29.2 (22.6) | 17.7(2.8)
1000 25.6 (18.4) | 16.3(2.2)
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Attribute, counting errors

ein  dunkelhautiges madchen mit lan-
gen schwarzen haaren und einem blauen
pullover steht an einem braunen ufer im
vordergrund; ein dunkelblauer see dahin-
ter; weiBle wolken an einem blauen himmel
im hintergrund;

a dark-skinned boy with long black hair
and a white sweater is standing in a brown
shore in the foreground; a dark blue lake
behind it; white clouds in a blue sky in the
background;

(a dark-skinned girl with long black hair
and a blue pullover is standing on a brown
shore in the foreground; a dark blue lake
behind it; white clouds in a blue sky in the
background;)

eine frau in elnem rosa kleid halt ein baby.

a voung in a blue shirt is holding a baby.
{a woman in a pink skirt is holding a baby.)

drei manner  stehen auf  einem
siegerpodium mit einer gelbblauweifien

wand dahinter;

a men are standing on a podium with a
yvellow, blue and white wall behind it;

(three men are standing on a podium with
a yellow, blue and white wall behind it;)

ein  blondes kind schaukelt auf einer
schaulel.

a little boy 1s on a swing,

(a blond child swinging on a swing.)

Gramatical errors

eine braune berglandschaft mit einigen
schneebedeckten bergen;

a brown mountain landscape with a snow
snow covered mountains;

(a brown mountain landscape with a few
snow covered peaks;)

blick auf die hauser einer stadt am meer
mit graunen wolken an einem blauen him-
mel im hintergrund;

view of a houses of a city at a sea; a clouds
in the city sky in the background;

(view of the houses of a city at the sea
with grey clouds in a blue sky in the back-
ground;)

21
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>3-4 | Ta—4%
English English
Japanese Japanese
Korean 5 Korean

https://ai.googleblog.com/2016/11/zero-shot-translation-with-googles.html

@ Johnson et al., “Google’s Multilingual Neural Machine Translation System:
NG Enabling Zero-Shot Translation”, Transactions of the ACL, 2017.
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negative
horse
beach

neutral
positive

A horse on Un caballo Un cheval Ein Pferd auf

a beach en una playa sur une plage einem Strand ﬁ

universal sentence
representation

A = W

Ein Pferd auf

A horse on —r-n_
a beach '~ .% einem Strand
{p Schwenk and Douze, “Learning Joint Multilingual Sentence Representations
with Neural Machine Translation”, In Proc. of RepL4NLP, 2017.
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