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Je tiens l'affaire! (I've got it!)

-- Champollion 1822/9/14

and then fainted away from his excitement.



The bond between the signifier and the signified is
arbitrary. Since I mean by sign the whole that
results from the associating of the signifier with
the signified, I can simply say: the linguistic sign is
arbitrary.

-- Saussure



The language faculty provides the means to construct
a digitally infinite array of structured expressions,

each of which has a semantic interpretation expressing
a thought, and each of which can be externalized by
means of some sensory modality. The infinite set of
semantically interpreted objects constitutes what has
sometimes been called a "language of thought”

-- Chomsky



We describe visualizations of the new system in action,
which provide early evidence of shared semantic
representations (interlingua) between languages.

-- Google
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Rule-based MT

> Parse SL to some more abstract form: the meaning?

The dog chases a cat
— chase; (dog;: [def], cati:[indef])

> Transfer to the target language abstract form
— B 91(R1: [def], J&1:[indef])

> (Generate from this

— K B Ju %= &I
inu ga nekowo ou
dog NOM cat ACC chase

https://goo0.qgl/syF]2P




Combinatory Categorial Grammars

square blue or round yellow pillow
ADJ ADJ C ADJ ADJ N
Az.square(x) Az.blue(x) disj Az.round(z) Az.yellow(x) Az.pillow(x)
N/N N/N N/N N/N
Af Az . f(z) A square(xz) Af.Az.f(x) A blue(z) Mz f(z) Around(z) Af.)z.f(x) A yellow(x)
3 B
N/N - N/N &
M.z, f(z) A square(x) A blue(z) Az f(z) A round(z) A yellow(x)

>

N/N
A z.f(z) A ((square(z) A blue(z)) V (round(z) A yellow(x)))

N
Az.pillow(z) A ((square(z) A blue(z)) V (round(z) A yellow(z)))

BHAELRT., JL—ILR—REER DI IR
ChomskyD EEEMmELERNH D,

https://goo.gl/PZES90A




show me flights to Boston

S/N N PPINP N
Afif Azx.flight(x) Ay.\x.to(z,y) BOSTON
>
V2
Az.to(x, BOSTON)
70 LI, Syntax N\N
AOTFIL. M.Az.f(x) Ato(x, BOSTON)
<
S ES i N
Rt incss  Ao.flight(z) A to(z, BOSTON)
>
S

Ax. flight(z) A to(x, BOSTON)

https://goo.gl/PZES90A



go to the chair

S AP/NP NP/N N
Aa.move(a) Ax.da.to(a,x) Af.ux.f(x) Ax.chair(x)
>
NP
vx.chair(x)
7D E X, Syntax AP &
DT, Aa.to(a, tx.chair(x))
SyntaxtSemantics# S\S
REISRO-MTES )\ f \a.f(a) A to(a, x.chair(z))
<
S

Aa.move(a) A to(a, tx.chair(z))

Curry-Howard-(Lambek)
correspondence https://goo.gl/PZE90A
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TNHHET I EIERET )L (Statistical Machine
Translation) T&h 5.
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19904 Peter F. Brown et al. "A
Statistical Approach To Machine
Translation" https://qgoo.gl/UnTIxo
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HMETHIBEMBERET LD EX

Statistical Machine Translation

> The Basic Idea (Brown et al 1990)

Find the most probable English sentence given a foreign language

_| Language Model

P(E)

sentence
E = argmax P(E|J)
E
Translation Model
P(J|E) ]
; _
7 Decoder E

argmaxp P(E)P(J|E)

"Machine Translation Introduction" https://goo.qgl/syF12P hhsiEFH




HMETHIBEMBERET LD EX

Statistical MT Framework

Ja-En Corpus

l
Statistical Analysis

Statistical Analysis

|

Japanese| Translation Model Various Language Model English
Text P(J|E) English P(E) Text
. . lwant strong coffee. I'd like
?% T et b s
g “Strong coffee please. to have
E —Hk A )
‘ I'd_like to have some some
2NVDTY ¥
" strong coffee. 2 strong
. p coffee
J Decoder E

argmaxp P(J|E)P(E)

"Machine Translation Introduction" https://goo.qgl/syF12P hhsiEFH




Alignment (1xf1&ERES7ELY)

The proposal will not now be implemented

=

Les propositions nc seront pas mises en application maintenant

— Pr( fertility = 1|John) x Pr(Jean|John) x
Fel‘tlllty Pr( fertility = 0|does) x

Pr( fertility = 2|beat) x Pr(est|beat)Pr(battu|beat) x
1t ZEFRORER Pr( fertility = 1|the) x Pr(Lel|the) x

Pr( fertility = 1|dog) x Pr(chien|dog) x
Pr( fertility = 1|{null)) x Pr( par{null)).
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Very Very Large Corpora

O 2001 FEMBankos®Miw3X “Scaling to Very Very Large
Corpora for Natural Language Disambiguation” M %
ARILIZH, 5L Em A IEICERN TS,
http://research.microsoft.com/pubs/66840/acl2001

.pdf
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“It's not who has the best algorithm that win. It's
who has the most data.”
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English

French

According to our survey, 1988 sales of
mineral water and soft drinks were much
higher than in 1987, reflecting the grow-
ing popularity of these products. Cola drink
manufacturers in particular achieved above-
average growth rates. The higher turnover
was largely due to an increase in the sales
volume. Employment and investment levels
also climbed. Following a two-year transi-
tional period, the new Foodstuffs Ordinance
for Mineral Water came into effect on April
1, 1988. Specifically, it contains more strin-
gent requirements regarding quality consis-
tency and purity guarantees.

Quant aux eaux minérales et aux limonades,
elles rencontrent toujours plus d’adeptes. En
effet, notre sondage fait ressortir des ventes
nettement supérieures a celles de 1987, pour
les boissons a base de cola notamment. La
progression des chiffres d'affaires résulte en
grande partie de I'accroissement du volume
des ventes. L'emploi et les investissements
ont également augmenté. La nouvelle ordon-
nance fédérale sur les denrées alimentaires
concernant entre autres les eaux minérales,
entrée en vigueur le ler avril 1988 apreés une
période transitoire de deux ans, exige surtout
une plus grande constance dans la qualité et
une garantie de la pureté.




mEVAV NI IE XN

English

French

According to our survey, 1988 sales of min-
eral water and soft drinks were much higher
than in 1987, reflecting the growing popular-
ity of these products. Cola drink manufac-
turers in particular achieved above-average
growth rates.

Quant aux eaux minérales et aux limonades,
elles rencontrent toujours plus d'adeptes. En
effet, notre sondage fait ressortir des ventes
nettement supérieures a celles de 1987, pour
les boissons a base de cola notamment.

The higher turnover was largely due to an
increase in the sales volume.

La progression des chiffres d’affaires résulte
en grande partie de I'accroissement du vol-
ume des ventes.

Employment and investment levels also
climbed.

L'emploi et les investissements ont égale-
ment augmenté.

Following a two-year transitional period, the
new Foodstuffs Ordinance for Mineral Wa-
ter came into effect on April 1, 1988. Specif-
ically, it contains more stringent require-
ments regarding quality consistency and pu-
rity guarantees.

La nouvelle ordonnance fédérale sur les
denrées alimentaires concernant entre autres
les eaux minérales, entrée en vigueur le ler
avril 1988 aprés une période transitoire de
deux ans, exige surtout une plus grande con-
stance dans la qualité et une garantie de la
pureté,
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[0 20104 Scienceif J. B. Mitchel et al. “Quantitative

Analysis of Culture Using Millions of Digitized
Books” https://goo.gl/kitog
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Find out what’s in a word, or five, with the Google

Books Ngram Viewer” https://goo.gl/KmGZ3j
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Google labs  Books Ngram Viewer

Graph thess cass-sensfive comma-separated phrases: flute guitar,rumpat drum

batacen 1750 and 2008 from the compus | Englnh

{Search lots of books )

0 D100,
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0 DO0ROr 1

0 00070

0 00060

0 00020

0 D000

B e [l vty B oun i et

¢] with smocthing of (5 ¢).

1750 -1733 19411581 1982 - 2008 L)
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Run your own experment! Raw data s avaliable for download hers.
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IWERZELI=DIE., RDOBengioDHmX TH S,

20034 Yoshua Bengio et al.

“A Neural Probabilistic Language Model”
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O Bengiold., B o, METHIBMBIERET ILICER NS A&
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JTTDWBLLY] Curse of Dimentionality EFEATE,
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575353, 100000M10=10"505E%E+H S !
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2003%F Yoshua Bengio et al.
“A Neural Probabilistic Language
Model” http://goo.gl/977AQp

O RSB ETILDBEIX. HAEEIZE THED—Y
VAN EHERBARNETFEFE TS LETHSH . InlE. Xk
TDRWND=OIZKEWIZHETHD, TDLTETILHE
’c“hé EDNU—TURIE. ETILAEERIZHEST=-2TO

SEDU—T U REIFELGE TS E[EEEAFLY, |
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O BEFEMICIE COEXT, KIF ROEIIGFEZFRET B,

1. BEROENENDEIZ. RMIZEHEDEZED. 2EIL
=EEDFEAIIL(word feature vector)”&*‘JJ’B’D(Té

2. EBOMVDHEEHERENZ. COMVDHDEDFHFHAIE
ILTRIRT B,

3. EBDFEANIMILECDIERRBBDINTGA—3—% ., RIEFIZF
EERAT

O Z(E, MEETILOLIIC, BISFEO LUV OMRETHIMEEIC
HI BT TIEL, %h%#’w) BICTHEANIMILIEWDEE

- OIEKRIDOXIGHES Do LT LRI \
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Word 2Vec
DI EBRANTRIL ]

201342, GooglelZLyf=Tomas Mikolovis (., EEHED
AFENT-AIZ—ZFERH, SEFMICCUEMIZD ., EKRA
MICH)EBEWVEEZFH > TSI EZRER T 5, %imb\ 4
DX TH 5,

Tomas Mikolov et al.

“Linguistic Regularities in Continuous Space
Word



20134 Tomas Mikolov et al.
“Linguistic Regularities in Continuous
Space Word http://goo.gl/j25y8s

[EFAR—RABEETILIL, L. SEIFLGIRIIZHT=-T
EBNT-HERZRLTWS, RHEXTIE. AWEBDEHAIZLH>THE
BMIZEETINFARINLERTOREERIRFH S,
noDREIE, FBOXEREERRAZIEIET 5 L TELS
FEENTHEY., ENETNOBERITIZDRERIZEFEEDANINLA
Tty ZE-oTHEM IFToNEIZELN LIS,

“hiZkY., BERBOAT7EYRNMIEDINT, RIMLIGRI D HE
MAETEEIZTE S, Bl A X, B/ ZEDREFZREIIBEFMICEE SN,
TIBEMEANTNILERITTIE, "KING - MAN +
WOMAN” (. "QUEEN” [ZIEZ(ZELAS LIS, |




Word2Vec® & i5

[0 Google CodelZ, #A—T Y —RELTRARHAEN.,
https://code.google.com/p/word2vec/ K=7%:BH
DTEEDH DL,

OCCTHEHNATLDSETILIE. RDZ=D,

B CBOW/(Continuus Bag-of-Word"”) €T /L
BHOZEOEFYD L, —#ICHELEIG—DDED
HERZHND,

B Skip-gram £FJ/L
—DDENEZoNT-FF, —RICHBRLZILEHD
SEDMERZTRND,




INPUT PROJECTION OUTPUT INPUT PROJECTION OUTPUT

-2
W( ) A\ n:;(ta.z 14 4
w(t-1) wit-1)
(“the”
| :
R wit) wit)
—T\onll W
wit+1) | w(t+1)
ELLDETILE EDOMFEYELTD “sat”
HIRFEE(CZE R D, TREEDI T, HEHiR —
wit+2) %*#O—CL\@L\o w(t+2
.\\Catll

Continuous Bag-of-Words

CBOW Skip-gram
http://arxiv.org/pdf/1301.3781.pdf



EATTRED . BZbnT=5EM:ia<IC

H8IA3

FRANCE JESUS XBOX
AUSTRIA GOD AMIGA
BELGIUM SATI  PLAYSTATION
GERMANY CHRIST MSX
ITALY SATAN IPOD
GREECE KALI SEGA
SWEDEN INDRA  PSNUMBER
NORWAY VISHNU HD
EUROPE ANANDA  DREAMCAST
HUNGARY PARVATI GEFORCE
SWITZERLAND  GRACE CAPCOM

ENOD?

REDDISH

GREENISH

BLUISH
PINKISH

PURPLISH
BROWNISH
GREYISH
GRAYISH

WHITISH
SILVERY

YELLOWISH

SCRATCHED ~ MEGABITS
NAILED OCTETS
SMASHED MB/S
PUNCHED BIT/S
POPPED BAUD
CRIMPED CARATS
SCRAPED KBIT/S
SCREWED  MEGAHERTZ
SECTIONED ~ MEGAPIXELS
SLASHED GBIT/S
RIPPED AMPERES

Collobert et al. (2011) http://arxiv.org/pdf/1103.0398v1.pdf




EANTGEN. AN T=3EN1ELIC
IEHAENSZH?

O LlF=BEREHI2EEL. HUE=ARIMLEED,
OEF-EECEZTMATH. ELLVII. IELLVIZE D S,

“a few people sing well” IELLVX

l \ ¢

“a couple people sing well” IFELLX

O BRNMUTWVELKTH, ALIZSRADERETESHATE.
LWL, ELLWXIZE DS,

“the wall is blue” —»"the ceirling is red”
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0 Word EmbeddinglZ. $o:mEBEWVEEZE D, TD

y

DESZ. BEDSKEADANIRLEHAHELIICRZ S,

O WHwoman™)—W("man”) = W(Maunt™)—W("uncle”)
W('woman")-W("man") = W("'queen")—-W(“"'king")

WOMAN

MAN/ /

UNCLE

AUNT

QUEEN

KING
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l l Chinac¢ '
*Beijing
" Russia«
Japarx
B Moscow
Turkey Ankara T0kyo
Poland«
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France Warsaw
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- Italy< Paris
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Greeces ¢
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http://arxiv.org/pdf/1310.4546.pdf




NIV TREBESNDEZRDH

Relationship Example 1 Example 2 Example 3
France - Paris Italy: Rome Japan: Tokyo | Florida: Tallahassee
big - bigger small: larger cold: colder quick: quicker

Miami - Florida
Einstein - scientist
Sarkozy - France
copper - Cu
Berlusconi - Silvio
Microsoft - Windows
Microsoft - Ballmer
Japan - sushi

Baltimore: Maryland
Messi: midfielder
Berlusconi: Italy

zinc: Zn
Sarkozy: Nicolas
Google: Android
Google: Yahoo
Germany: bratwurst

Dallas: Texas
Mozart: violinist
Merkel: Germany

gold: Au
Putin: Medvedev
IBM: Linux

IBM: McNealy
France: tapas

Kona: Hawaii
Picasso: painter
Koizumi: Japan

uranium: plutonium
Obama: Barack
Apple: 1Phone
Apple: Jobs
USA: pizza

Mikolov et al (2013) http://arxiv.org/pdf/1301.3781.pdf




SGEMERER T ANVRLLEET S

Type of relationship Word Pair 1 Word Pair 2
Common capital city Athens Greece Oslo Norway
All capital cities Astana Kazakhstan Harare Zimbabwe
Currency Angola kwanza Iran rial
City-in-state Chicago Illinois Stockton California
Man-Woman brother sister grandson | granddaughter

Adjective to adverb apparent apparently rapid rapidly
Opposite possibly impossibly ethical unethical
Comparative great greater tough tougher
Superlative easy easiest lucky luckiest
Present Participle think thinking read reading
Nationality adjective |§ Switzerland Swiss Cambodia | Cambodian
Past tense walking walked swimming swam
Plural nouns mouse mice dollar dollars
Plural verbs _ work works speak speaks

Mikalov et al http://arxiv.org/pdf/1301.3781.pdf
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BengiomsMikolovIiZESFin (&, XEFETIL, TELK]
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£, FELLIE, FIEIDOTILLOTRNND & 1S BEINTf=LY,

==, 22X, WO DREED D Do
ZNIZTOWTIKI A& EDRIREIZSEBLTIZLLY,



/7~ https://goo.gl/sDAg81

.
N

2
~—"  1997%




—

N’

~~http://goo.gl/vHRHSN
20114

-
h



RNNDESAEHE

"The Unreasonable Effectiveness
of Recurrent Neural Networks

Andrej Karpathy
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OZNnoDHEYMBAIE. UM FIZIE. CEEEDFEITO.
LaTexDEX (L. [FIFFTEICEZE LTS IERLTEY.
FIRZENEDT=Z, 7L, BRASEDE R TIE, LX{DOH
DEFTENR NS,

OCDIEE. TRTSLEZBDOGERAIA, ERBIZIE
[XARBHAIGE(LARIL2) 1T, BRAESEDXEHRATH
B XARRFIGE(LANILD) IKYEHEMTHAHAED TN
ELTHEHETEDL, KFYBEMG, BEA—FTrTERDHS
NAIIERIGE(LARNILI) IDEEET. TOH I GHTE
I AHEEN., BREETEZVELT HEOIC, TR, B
KIZETENITHN TS,

AR TS ETH D, XFRYITERAGEL DT,
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Chomsky Hierarchy

O BRXWEEORKEIL. ROIHLGBEEFLGZT EN
Mo TlLvb, cnzxChomsky Hierarchy &FESS,

B 347-0 3EIF. 2 TORKAEEZEAET S,
B AA(7-1 XEIE, XIRMKGFEEEZERT D,
B AA(7-2 XEIZ, XIRBBEEEZEKT D,
B 347-3 XEIF, EREEEXERT S,

O A, CORSBORICMEMToNHE DRI
&’EIE - FE TSN EBZZDIENTES,

https://goo.gl/IR960c



Chomsky Hierarchy

Production rules

Grammar Languages Automaton :
(constraints)
Recursivel . : — b (no
Type-0 d Turing machine < ,’B,(
enumerable restrictions)
Context- Linear-bounded non-
Type-1 aAf — «
P sensitive deterministic Turing machine 2 2/
Non-deterministic pushdown
Type-2 Context-free : A— 7
automaton
A—a
Type-3 Regular Finite state automaton and
A — aB

https://en.wikipedia.org/wiki/Chomsky_hierarchy



Chomsky Hierarchy&
Deep Learning TO X EIEFZD ALY #HA

O #mA ., COBEDHICAEMIToNDEDRXMLEEE
B -FETSENEEZLHENTED,

0 Hochreiter® X ZE (&, W, BEEA—FTr TRIEIND
ERSGEE ., B -2 E TEAILETREBLTLS,

O Karpathy®D{tEFE . #mAS. BNF(Backus-Naur Form)T
RIFINSES5%, Latex, 7O S LS EDOXARE HIGEE.
HEE- R TSI L7, MmRELTLNS,




Chomsky Hierarchy&

iz D HR W #H A

Deep Learning

f?

Karpathy 20154

Hochreiter 19974

Deep Learning TAH 3 EE
X% 51l
Type-0 | IRARAYA] & Fa—YogIy
Type'l Kﬂﬁg{Kﬁyif g %Egg*
Type-2 | XARE HAIE JO9SLEE
Type-3 | IEFRIE BRA—FTL
BAEE

D ZLNDiklL, Contex-FreeTid ik TE 3,

Mildly Context Sensitive Languages',proposed

by Aravind Joshi.



Chomsky Hierarchy&
Deep Learning ThD 3 ;EIEAZ D ERY #HA

Xk 15l Deep Learning

Type-0 | JHFFARI ] E Fa—)ooIy

Google Neural

Typerl | XARIKAFIE  mprsca Machine Translation
R EE System ? 20164

Type-2 | XARBHXE  TRAJSLEEE Karpathy 20154

Type-3 | IEFR3E BEA—r,<F>  Hochreiter 19974
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AEBDXEIL, COREBDECIZMERITL

O fREIE. BASEDEN, COBRBOECIZHERIToN

BEMNEWLNSTETHAB,

O TDARERBORZIE, ERMEZHAENED THS, Context-
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Google’s Neural Machine Translation System: Bridging the Gap
between Human and Machine Translation

Yonghui Wu, Mike Schuster, Zhifeng Chen, Quoc V. Le, Mohammad Norouzi
yonghui,schuster,zhifengc,qvl,mnorouzi@google. com

Wolfgang Macherey, Maxim Krikun, Yuan Cao, Qin Gao, Klaus Macherey,
Jeff Klingner, Apurva Shah, Melvin Johnson, Xiaobing Liu, Lukasz Kaiser,
Stephan Gouws, Yoshikiyo Kato, Taku Kudo, Hideto Kazawa, Keith Stevens,
George Kurian, Nishant Patil, Wei Wang, Cliff Young, Jason Smith, Jason Riesa,
Alex Rudnick, Oriol Vinyals, Greg Corrado, Macduff Hughes, Jeffrey Dean

Abstract

Neural Machine Translation (NMT) is an end-to-end learning approach for automated translation,
with the potential to overcome many of the weaknesses of conventional phrase-based translation systems.
Unfortunately, NMT systems are known to be computationally expensive both in training and in translation
inference — sometimes prohibitively so in the case of very large data sets and large models. Several authors
have also charged that NMT systems lack robustness, particularly when input sentences contain rare words.
These issues have hindered NMT’s use in practical deployments and services, where both accuracy and
speed are essential. In this work, we present GNMT, Google’s Neural Machine Translation system, which
attempts to address many of these issues. Our model consists of a deep LSTM network with 8 encoder
and 8 decoder layers using residual connections as well as attention connections from the decoder network
to the encoder. To improve parallelism and therefore decrease training time, our attention mechanism
connects the bottom layer of the decoder to the top layer of the encoder. To accelerate the final translation

https://arxiv.org/pdf/1609.08144.pdf
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Quantizable Model and Quantized Inference

W = [W1, W3, W3, Wy, W5, W, Wy, Wg]
i; = sigmoid(W1x; + Wamy)

Input Gate
LSTM i; = tanh(W3x; + Wym,)
with Residual 't~ mEmoiiWbza £ W) Forget Gate
connection o, = sigmoid(Wrx; + Wgmy) Output Gate

ct=c—10fi +i: Qi

m; = c; & o

s; = max(abs(W|z,:]))
WQ/i, j| = round(W/i, j|/si x 127.0)

All accumulator values (¢, and x!,) are represented using 16-bit integers
All matrix multiplications are done using 8-bit integer multiplication
All other operations (Activation, elementwise operation) 16bit
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% echo "I saw a girl with a telescope." | spm_encode --model=m.model
_I _saw _a _girl _with _a _ te le s c o pe . 3:5%‘5<~ :5LT:5§51$75§GNMT®
ANICEZSNTVSDIEERS,
% echo "I saw a girl with a telescope." | spm_encode -- —-output_format=id

9 459 11 939 44 11 4 142 82 8 28 21 132 6

% echo "9 459 11 939 44 11 4 142 82 8 28 21 132 6" | spm_decode --model=m.model --input_format=id
I saw a girl with a telescope.
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Model Single Multi

WMT German—English (oversampling) 30.43  30.59
WMT French—English (oversampling) 35.50  35.73

WMT German—English (no oversampling) 30.43  30.54
WMT French—English (no oversampling) 35.50  36.77

Prod Japanese—English 23.41  23.87
Prod Korean—English  25.42  25.47

Prod Spanish—English  38.00 38.73
Prod Portuguese—English  44.40  45.19 | +0.79
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Model

Single

Multi

WMT English—German (oversamp
WMT English—French (oversamp!

ing)
ing)

24.67
38.95

24.97
36.84

WMT English—+German (no oversamp.

ing)

WMT English—French (no oversamp

ing)

24.67
38.95

22.61
38.16

Prod English— Japanese
Prod English— Korean

23.66
19.75

23.73  +0.07
19.58 -0.17

Prod English—Spanish
Prod English—Portuguese

34.50
38.40

35.40 +0.90
38.63 +0.23
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Model Single Multi  Diff

WMT English—+German (oversampling) 24.67 24.49 -0.18
WMT English—French (oversampling) 38.95 36.23 -2.72
WMT German—English (oversampling) 30.43 29.84 -0.59
WMT French—English (oversampling) 35.50 34.89 -0.61
WMT English—German (no oversampling) 24.67 22.61 -2.06
WMT English—French (no oversampling) 38.95 38.16 -0.79
WMT German—English (no oversampling) 30.43 29.22 -1.21
WMT French—English (no oversampling) 35.50 35.93 +0.43
Prod English—Japanese 23.66 23.12 -0.54

Prod English—+Korean 19.75 19.73 -0.02

Prod Japanese—English 23.41 22.86 -0.55

Prod Korean—English 2542 24.76 -0.66
Prod English—Spanish 34.50 34.69 +0.19

Prod English—Portuguese 38.40 37.25 -1.15

Prod Portuguese—English 44.40 44.02 -0.38

Prod Spanish—English 38.00 37.65 -0.35
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Model Single Multi

Prod English—Japanese 23.66 21.10
Prod English—Korean 19.75 18.41
Prod Japanese—English 23.41 21.62
Prod Korean—English 25.42 22.87
Prod English—Spanish 34.50 34.25
Prod English—Portuguese 38.40 37.35
Prod Portuguese—English 44.40 42.53
Prod Spanish—English 38.00 36.04
Prod English—German 2643 23.15
Prod English—French 35.37 34.00
Prod German—English 31.77 31.17
Prod French—English 36.47 34.40
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Portuguese—Spanish BLEU scores using various models.

Model BLEU
(a) PBMT bridged 28.99
(b) NMT bridged 30.91
(c) NMT Pt—Es 31.50
(d) Model 1 (Pt—En, En—Es) 21.62
(e) Model 2 (En+{Es, Pt}) 24.75

(f) Model 2 + incremental training 31.77
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“"The stratosphere extends from
about 10km to about 50km in altitude.”
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e Japanese: FIIHFKFN¥4TF. — I am a student at Tokyo University.

e Korean: \}+= &3 tjgte] s+ Y4yttt — I am a student at Tokyo University.

e Mixed Japanese/Korean: FUIH A= Yyttt — I am a student of Tokyo University.
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Russian/Belarusian: I wonder what they’ll do next!
wy,. = 0.00 WNuTepecHo, 4To OHH cAeaioT gasbie!
wpe = 0.20 HNuTrepecHo, 4To OHM ¢/1e/1a10T jadbiie!
wpe = 0.30 Ilikargo, 4T0o oHM OyayT JesaTh jajibiie!
wpe = 0.44 IlikaBo, mo BoHHU 6 b uTH jgasi! _ .
wy. = 0.46 Ilikaro, mo BOHH 6§$b gggwm aadi! VITATENMETD !
wpe = 0.48 Ilikago, mTo siHbl 3pobsib gaeit!
wpe = 0.50 [likapa, mro sinel Oyaynus pabins gaseit!
wpe = 1.00 [likaBa, mTo sinul Oyayue pabins jgaseit!

Japanese/Korean: I must be getting somewhere near the centre of the earth.

Wi = 0.00 R HER D P LI IS E T RICIT > TS ICE VRN,
wy, = 0.40 I HERO H LT D ¥ THhICHFW TV BICE WL W,
Wio = 0.56 FITHIERD FUILDITL D E T HhIC R > TS ICE VLR W,
wio = 0.58 Fu A 20t 717}o) o o] & 7ol = 2343 §) o] of sk,
Wy, = 0.60 = 2l 2] A E 2] 7171o] ofl o] A 7t &= &H3faL Q) of oF it
Wk, = 0.70 U= A 2] F A 2 A o | 7ol = &) o3 o
wio = 0.90 R ol 9740 7.9) 2 A2 Aol = 23 ok gh o,
wio = 1.00 U= A7 9 F A 2 A ol = &3 oF g o

Spanish /Portuguese: Here the other guinea-pig cheered, and was suppressed.
wp = 0.00 Aqui el otro conejillo de indias animé, y fue suprimido.
wy = 0.30 Aqui el otro conejillo de indias animo, y fue suprimido.
wpe = 0.40 Aqui, o outro porquinho-da-india alegrou, e foi suprimido.
wp = 0.42 Aqui o outro porquinho-da-india alegrou, e foi suprimido.
wpe = 0.70 Aqui o outro porquinho-da-india alegrou, e foi suprimido.
wy = 0.80 Aqui a outra cobaia animou, e foi suprimida.

Wpt = 1.00

Aqui a outra cobaia animou, e foi suprimida.
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Alex Graves et al. "Hybrid computing
using a neural network with dynamic
external memory" https://goo.gl/r4g5xt
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Synthetic question answering experiments

John 1s 1n the playground.
Bob 1s 1n the office.
Where 1s John? A:playground

John 1s 1n the playground.

Bob 1s 1n the office.

John picked up the football.

Bob went to the kitchen.

Where 1s the football? A:playground

Where was Bob before the kitchen? A:office

John picked up the apple.

John went to the office.

John went to the kitchen.

John dropped the apple.

Where was the apple before the kitchen? A:office




Towards AI-Complete Question Answering:
A Set of Prerequisite Toy Tasks

[0 One long-term goal of machine learning research is
to produce methods that are applicable to
reasoning and natural language, in particular
building an intelligent dialogue agent. To measure
progress towards that goal, we argue for the
usefulness of a set of proxy tasks that evaluate
reading comprehension via question answering.
Our tasks measure understanding in several ways:
whether a system is able to answer questions via
chaining facts, simple induction, deduction and
many more.

https://arxiv.org/abs/1502.05698



[0 The tasks are designed to be prerequisites for any
system that aims to be capable of conversing with
a human. We believe many existing learning
systems can currently not solve them, and hence
our aim is to classify these tasks into skill sets, so
that researchers can identify (and then rectify) the
failings of their systems. We also extend and
improve the recently introduced Memory Networks
model, and show it is able to solve some, but not
all, of the tasks.

https://arxiv.org/abs/1502.05698



Sample

1 Mary moved to the bathroom.

2 John went to the hallway.

3 Where is Mary? bathroom
4 Daniel went back to the hallway.
5 Sandra moved to the garden.

6 Where is Daniel? hallway 4

7 John moved to the office.

8 Sandra journeyed to the bathroom.
9 Where is Daniel? hallway 4
10 Mary moved to the hallway.

11 Daniel travelled to the office.
12 Where is Daniel?  office 11
13 John went back to the garden.
14 John moved to the bedroom.
15 Where is Sandra?  bathroom

1

3



We found that a single DNC, jointly trained on all 20
question types with 10,000 instances each, was able
to achieve a mean test error rate of 3.8% with task
failure(defined as > 5% error) on 2 types of
questions, compared to 7.5% mean error and 6 failed
tasks for the best previous jointly trained result.

We also found that DNCs performed much better than
both long shortterm memory (LSTM; at present the
benchmark neural network for most sequence
processing tasks) and the neural Turing machine.




Graph experiments

Such sentences could easily be rendered in graphical
form: for example “John is in the playground” can be
diagrammed as two named nodes, ‘Playground’ and

‘John’, connected by a named edge ‘Contains’. In this
sense, the propositional knowledge in many of the
bADbI tasks is equivalent to a set of constraints on an
underlying graph structure.

b London Underground




b London Underground
Underground input:

(OxfordCircus, TottenhamCtRd, Central)
(TottenhamCtRd, OxfordCircus, Central)
(BakerSt, Marylebone, Circle)
(BakerSt, Marylebone, Bakerloo)
(BdtetSt,OxiotdCiws.Bahadoo)

(IMSthamgGoeeNormem)
(TottenhamCtRd, LeicesterSq, Northem)

(OxfordCircus, PiccadillyCircus, Bakerioo]

{OxfordCircus, NottingHillGate, Central)

(OxfordCircus, Euston, Victona)

P Traversal Shortest-path
Traversal question: Shortest-path question:
(BondSt, _, Central), (Moorgate, PiccadillyCircus, _)

(. -, Circle), (_, _, Circle),
(, _. Circle), (_, _, Circle),
(_, _, Jubilee), (_, _, Jubileg),

Answer: Answer:
(BondSt, NottingHillGate, Central) (Moorgate, Bank, Northemn)
(NottingHillGate, GloucesterRd, Circle) (Bank, Holbomn, Central)

(Holborn, LeicestarSq, Piccadilly)
(Westminster, GreenPark, Jubiles) (LeicesterSq, PiccadillyCircus, Piccadilly)

(GreenPark, BondSt, Jubilee)



¢ Family tree

B

lan Jodie

s e

Mary Becky

_

Steve

E

Tom

® ¢ )=

Charlotte Alison

T

Jo

m o

Simon

e

Mat Liam Nina

-------------------------

._

Freya Maternal great uncle Natalie

Family tree input:
(Charlotte, Alan, Father)
(Simon, Steve, Father)
(Steve , Simon, Son1)
(Nina, Alison, Mother)
(Lindney.Fglnn.Som)

(Bob, Jane, Mother)
(Natalie, Alice, Mother)
(Mary, lan, Father)
(Jane, Alice, Daughter1)
(Mat, Charlotte, Mother)

54 adges in total

ia
.

Inference question:
(Freya, _, MaternalGreatUncle)

Answer:
(Freya, Fergus, MaternalGreatUncle)



As a benchmark we again compared DNCs with LSTM.
In this case, the best LSTM network we found in an
extensive hyper-parameter search failed to complete
the first level of its training curriculum of even the
easiest task (traversal), reaching an average of only
37% accuracy after almost two million training
examples; DNCs reached an average of 98.8%
accuracy on the final lesson of the same curriculum
after around one million training examples.




Block puzzle experiments

Our environment, which we term Mini-SHRDLU,
contains a set of numbered blocks on a grid board. An
agent, given a view of the board as input, can move
the top block from a column and deposit it on top of a
stack in another column. At every episode, we
generated a start board configuration and several
possible goals. Each goal, identified by a single-letter
label, was composed of several individual constraints
on adjacent block pairs that were transmitted one
constraint per time-step

(goal 'T" is “block 6 below 2; block 4 left of 1; ...")
After all of the goals were presented, a single goal
label was chosen at random, and the agent was cued
to satisfy that goal.
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