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Who am |

About me o

Master in Computer Science (NLP) from [IT Mumbai
8 years of work experience in analytics and consulting
Data Scientist at Booking.cosince last 3ears

Partner ServiceBepartment(Scaled Content)
linkedin.com/in/nishikantdhanukia

About Booking.com

W2 NI #R Rebsite for booking hotels and othexccommodations
Founded in in Amsterdampart of The Pricelinéroupsince
properties in more thar countries; rooms
Over room nights are reserved on Booking.cewery
Employingnore than people in199 offices worldwide
Website available iri = languages
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Motivation



Mission: Empower people to boolany hotel in the world, while
browsinghigh qualitycontent in theirown language

" of daily bookings on Booking.com is made in a language
_ ) other than English

X thus it is important to havéocally relevant content at scale

How Locally Relevant? Why At Scale?

PresentHotel descriptiongn the One Million+ propertiesand

language of the user growing very fast

Allow partners and guests to Frequent change request®

consume and produce content in update the content

their own language 43 languagesnd more
Customer Reviews Newcustomer reviews / tickets
Customer Service Support every second
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CurrentlyHotel descriptiongranslated by humann 43

languages based owisitor demand

Booking (2] € b Recently seen Invite and earn &4 View all bookings @ Nishikant DhanukaJ
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Choose your preferred language. We speak English (UK) and 42 other languages

Most often used by people in the Netherlands

= Nederlands

@3 English (UK)

All languages
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Exampleof Lost Business Opportunitgecause of highly manual
and slow process

Put in humartranslation
pipeline ifthis happens often

EEE 8‘ > ;l > Lost Business ﬂ@
New Hotel in Profile visited Sees the Drops Off 9
China onB.comby a description in ¢ _
Initial content only in ~ ©€rman English How do we balance quality,
English & Chinese  customer speed and cost effectiveness?
Still makes the
booking
ChickenEgg SUCCEsS I]& Machine

problem

Translation
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MT Journey and
Lessons Learned



Our Journeyto discover the awesomeness of NMT

) rroses 2
General Purpose
Trained on SMT NMT l]& NMT

data

Booking.com
Trained on SMT I]& SMT NMT u&
data

In-domain General Purpose In-domain
SMT
> > >
General Purpose In-domain General Purpose
SMT SMT
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Lots of irdomain datato train the MT system

Age of child on 4 Jun 2017
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How to get to Mandarin Oriental,
Prague from Vaclav Havel

Airport Prague
&5 Public shuttle 50 minutes
& Private shuttle 40 minutes

[ Parking available

Like this one, but not quite sure yet?

Show similar properties

I I 0 P A DRSO D
(ot st ot S el [
P o i P 0 s

Stay in the heart of Prague = Excellent central location - show map

Occupying a carefully restored monastery dating back to the
14th century, the Mandarin Oriental, Prague is located in the
historic Mala Strana quarter below Prague Castle. Charles
Bridge is a 5-minute walk away.

The rooms at the Prague Mandarin Oriental feature underfloor heating, and
guests can choose from various bed linen and pillows. Maid service is offered
twice daily, including an evening turn-down. Bathroom cosmetics include
carefully selected essential oils.

The unigue spa is the only one in the world located in a former Renaissance
chapel. It offers a wide range of spa treatments, yoga classes and a beauty
room.

Spices Restaurant and Bar invites guests to a world of authentic Asian
flavours and aromas. Asian fares along with original cocktails, wine and tea
can be served either at the dining table in the restaurant, at the bar orina
private booth. Spices Lounge and a covered outdoor terrace offer light
relaxation and refreshment such as salads, traditional Asian bento boxes as
well as classic beef burgers.

The Hellichova Tram Stop is 100 yards away from the Mandarin Prague.

German

English

French

English

Booking.com

English -> German

171 M 845 K
10.5M
174 M 583 K
English -> French
193 M 588 K
11.3 M

188 M 581 K

16.3

16.5

17.7

16.7



Our NMT ModeIConfiguration Details

Split Data Train, Val, Model Type seq2seq Optimization Stochastic Gradient Beam
Test Method Descent Size
Input Text Word Input 1,000 Initial 1 Unknown Source with
Unit Level Embedding Learning Words Highest
Dimension Rate Handling Attention
Tokenization Aggressive RNN Type LSTM Decay Rate 0.5 Evaluate
Max Sentence 50 # of hidden 4 Decay Decrease in Validation Auto BLEU
Length layers Strategy Perplexity <=0 WER
Vocabulary 50,000 Hidden Layer 1,000 Number of 5-13 Human AlF
Size Dimension Epochs
Attention Global Stopping BLEU + sensitive Other Length
Mechanism Attention Criteria sentences +constraints A/B Test
** Approx. 220 Million Dropout 0.3 * MT pipeline based on
Parameters Harvard implementation
. of OpenNMT
Batch Size 250

** 1 Epoch takes approx. 2 days on a
single NVIDIA Tesla K80 GPU

Booking.com



1. Data PreparationTokenization and Vocabulary

Data Preparation

Split Data

Input Text
Unit

Tokenization

Max Sentence

Length

Vocabulary
Size

Train, Val,
Test

Word
Level

Aggressive

50

50,000

EN:The rooms at the Prague Mandarin Oriental feature
underfloor heating, and guests can choose from various
bed linen and pillows.

DE: Die Zimmer im Prague Mandarin Oriental bieten
eine FuRbodenheizung und eine Auswahl an

Bettwasche und Kissen.

Aggressive only keeps
sequences of letters /

number s

i . e.

allow mix of alphanumeric

as in: "E65", "soft-landing"

\ 4

EN: The rooms at the Prague Mandarin Oriental
feature underfloor heating , and guests can choose
from various bed linen and pillows .

DE: Die Zimmer im Prague Mandarin Oriental bieten
|[deme& RuBb8denheizung und eine Auswahl an
Bettwéasche und Kissen .

EN
<blank> 1
<unk> 2
<s>3
</s>4
ab

and 6
the 7

is 8
with 9
in 10

DE
<blank> 1
<unk> 2
<s>3
</s>4
und 5
sie 6
mit 7
einen 8
der 9
ein 10

\ 4

Tokenized text
represented as bag of
words vector based on

vocabulary ids
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2. Model Architecture:Approx. 220 Million Parameters

Model Type

Input
Embedding
Dimension

RNN Type

# of hidden
layers

Hidden Layer
Dimension

Attention
Mechanism

seqg2seq

1,000

LSTM

1,000

Global
Attention

Umfasst

wifi

.....

[
>

\ 4

\ 4

t t 1 t
B> B> .
A
Includes Wifi Umfasst wifi
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3. Training:1 Epoch takes approx. 2 days on a single NVIDIA
Tesla K8@PU

Optimization

Method

Initial
Learning
Rate

Decay Rate

Decay
Strategy

Number of
Epochs

Stopping
Criteria

Dropout

Batch Size

Stochastic Gradient
Descent

1

0.5

Decrease in Validation
Perplexity <=0

5 = 2]

BLEU + sensitive
sentences +constraints

0.3

250

=®—-English -> German =®=English -> French

Perplexity Development BLEU Score Development
3 2.1 o 52 41
s, 3 50 1
a T R
— 1.9 D
g 5 46 -
1.7 A o 42 A
16 T T T T T T T T : : 40 T T T T T T T T T 1
1234567891011 123456789101
Epoch # Epoch #

Stopping Criteria: Sensitive Sentence Example
The neighborhoot very nice and safe

Thereis a safe installed in this very niceighborhood
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4. Translate Unknown Word Handling

Good Example Bad Example

Beam 30 Source Offering a restaurant, Hodor Eco- Free access to The Game
Size lodge is located in Winterfell. entertainment Centre
S | Human Das Hodor Eco-Lodge begriiRt Sie  Kostenfreier Zugang zum
Words Highest Translati in Winterfell mit einem Restaurant.  Unterhalt trum Th
Handling  Attention ranslation in Winterfell mit einem Restaurant. nterhaltungszentrum The
Game
Raw Output Das <unk><unk> in <unk> bietet Kostenfreier Zugang zum
ein Restaurant. <unk>
Output with Das Hodor Eco-lodge in Winterfell ~ Kostenfreier Zugang zum
<unk> replaced bietet ein Restaurant. Centre

Booking.com



5. Evaluate Auto, Human, Length Analysis & A/B Tests

Auto

Human

Other

BLEU
WER

AlF

Length
A/B Test

# of words shared

between MT output

and human reference

U Benefits sequential
words

U Penalizes short

translations

Variation of the word-

level Levenshtein

distance

U Measures the
distance by counting
insertions, deletions
& substitutions

A/F Framework

c:

3 evaluators per language

Provided with original text and MT hypotheses,
including human reference

Not aware which system produced which hypothesis
Asked to assess the quality of 150 random sentences
from test corpus

U 4 level scale to both Adequacy & Fluency

c:

[

Example:

Minor Mistake:
- EN: ithere is a parking ar
- DE: esifist eine Garage verfugbaro

Major Mistake:
- EN: Athere is a parking a
- DE: esiist eine Aufbewahrungsstelle verfigbaro

€ a

Ir ea
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Evaluation Results 1/5:
BLEU Score f@derman & French

German

BLEU Score

55

50 A
45 A
40 A
35 A
30 A

25

35

46

31

28
- N

SMT

French
55 4
50 4
45 A
40 A
35 -

30 A

25

36

NMT

53

GP-SMT  GP-NMT

30 32
m B

SMT

NMT

GP-SMT GP-NMT

Booking.com

Both Neuralsystems
consistently outperform their
Statistical counterparts

In-domain T beats Genera
PurposeNMT

Compared to German, Frenc
improved much more from
SMT to NMT




EvaluationResults2/5:
Adequacy/Fluency Scores f@erman

-Human
4 Qe B 3.96
>, 3.8 1 :
1) 3.62 357 3.65 Both Neural systems still
© - - : :
= 36 consistently outperform their
g 347 statistical counter-parts
< 32 4
3 T T T 1
4 . SMT NMT GP-SMT  GP-NMT However General Purpose
g odman 378 3.82 NMT now beats Irdomain
> 3
Q .. 3.57 SMT
R 3.37
TR _
324 315 Particularly fluency score of
3 ] : : ; : our NMT engine is close to
SMT NMT GP-SMT  GP-NMT

human level
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EvaluationResults 3/5
Adequacy/Fluency Scores féirench

Adequacy

Fluency

4 -
3.8 A
3.6 A
3.4 A
3.2 A

3

4 -
3.8 -
3.6 A
3.4 -
3.2

3

3.78

SMT NMT GP-SMT GP-NMT

Human
------------------------------------------------ 3.75
3.4 3.41
= l B I
SMT NMT GP-SMT GP-NMT

Booking.com

Apparently General Purpose
NMT even outperforms
human level

Adequacyof both neural
engines isalmostat human
level; fluency veryfar though

Compared to German, A/F
scores are relatively less for
French; conflicts with BLEU







