Machine Translation

AsuLUan1#a8LASDY



Machine Translation

. . < v/ -y
e Machine Translation 1Jun1sulalaeaidana
VDYARAMIDYNNITHUATIUIUNNAE

o MT Wunilslulandnenianves Al uag NLP



Google udanisn

XA 29AN B enas
MNIIIVNBN DNNE Tng v Ping Tns NG {fjﬂu v
Once when | was six | saw a X IHDRAUDAVNIVAUAUNNATIBNN T
magnificent picture in a book about lumiiddafginuinnisenineeeasy

the jungle, called [True Stories. R,
Melx Chan xayu hk khwb chan hén phaph thi

swyngam ni hnangsix ketyw kab pa thi reiyk wa
reuxng cring

3 96/5000 v <0 0



@™ carlos Greg Diuk oo

¢ April 10 at 7:54 AM - @

Las dos noticias relevantes del dia : llegaron los fondos del FMI, y la foto
del agujero negro por el que sevan air.

The two relevant news of the day: IMF funds arrived, and the photo of
hole black for which they are going to go.

£+ - Rate this translation



kyoungtaek46
South Korea
@)(@)(®)(®)®) Reviewed 3 weeks ago [] via mobile
- - 1 = =
5 =™ O|X0f|A] st

Google Translation

ofFH T HL{7| Fe[gl0] ESLICLEg AT B SATEL CINEL CHELICE HE HaW ofF S MY
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"[f it's too hot, "
(@) (@) (@)(®)(® Mar 31, 2019 kyoungtaek46, South Korea
It's good to spend a day or so. There are many things to see, restaurants and desserts.

When I'm too hot, | spend a day at Siam Paragon, and | like children so | can hear it every
time | go.

This review is the subjective opinion of a TripAdvisor member and not of TripAdvisor LLC.
Translated by (](x)glc"



e speech to speech translation



e augmented-reality translation



AsaNS g MT

. User—initliated on-demand real-time
AAIWAN (Bing 4158 Google)

e Author-initiated ANTNEN



Al-assisted Translation

1 Lesrivieres isolees s'ecoulent vers la mer,

The isolated rivers flow to the sea,

https://lilt.com/
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A1uUsznaulunisasiansasnda

1. A79819N15HUAYRIANTYINADINAS
(parallel corpus)

2. ABUWAADILUSY & LUAISINTULULAE



Parallel corpora

COrpus
OpenSubtitles v2018
OpenSubtitles v2016
OpenSubtitles v2013

Tanzil vl

GNOME v1

Tatoeba v2

KDE4 v2

Ubuntu v14.10

OpenSubtitles v2012

OpenSubtitles v2011
total

4353
3656
1474
15
1201
1
567
2353
37
20

3.5M
2.9M
1.0M
93.5k
0.5M

0.2k
92.0k
46.6k
34 .4k
16.5k

11577 8.1M

8.5M
2.8M
2.3M
3.6M
0.5M
0.4M
0.3M
0.1IM

70.5M

doc's sent's en tokens th tokens

28 4M
23 4AM

7.8M
6.5M
2.2M
3.4M
3.5M

1.5k
0.2M
0.2M
0.1M
57.6k

24.0M

We going to get rich , Pa ?
1319£IIUNIDIE WD

Who knows ?
lasazs

Patrick !
LLNNSA

Wait a minute .
LABINDY

Look at the filth on your boots .
Clean 'em .

AHUNIDIUNNT 1TAT:
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developed to monitor and evaluate
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A1uUsznaulunisasiansasnda

1. A79819N15HUAYRIANTYINADINAS
(parallel corpus)

2. ABUWAADILUSY & LUAISINTULULAE
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UINLAN ?
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| have a dream END
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UINLAN X A2

|

I

| | | | |

| have a dream END



UINLAN X A2 ALY

|

I

| | | | |

| have a dream END
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Parallel Corpus

for Machine Translation



AMIAUAUU (Source language) A1 1UaN8ng (Target language)

A geographer is too important to go wandering about. lw1d1AuIAUNINTNNAULEULA
He never leaves his study. 1192 lloan lUNaNNYINaIUYa9LYN

But he receives the explorers there. LHLY1ALADUSUNNENTIT

He questions them, and he writes down what they A lpa1udnd1529 WwIRTUTINAIIUNSITIVBILN
remember d1579
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Machine Learning

Algorithm Machine Translation

Parallel Corpus



Limited Domain MT is very effective.

e domain: science vs sports vs law

e modality: spoken vs written



Parallel corpus 11210 1w

1. sunndaniwla text Mnsauld
2. 19nd151azUsenIAYDINUIITURAN §

= T
3. YANIINDULADILUS



1. 919uALUa

o ‘i’ljaa
o ARAINATITUUES
o VDLAY
o LLNIUN (2-10+ UN/Uszlem)

e UNANTYINIYIN
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Machine Learning
Algorithm

Parallel Corpus Machine Translation



Parallel corpus 11210 1w

1. sunndaniwla text Mnsauld
2. 19nd151azUsenIAYDINUIITURAN §

= T
3. YANIINDULADILUS



Parallel corpora LA y

¥ COrpus Domain
OpenSubtitles 60+ AW NUNLLAY series 1 - 400M
Europarl 20+ 179N 37897UNTUTEYN 0.4 - 2M

United Nations 6 A9 LDNANSAN 11M (lines)



2. 19N@13LLazUsENIAYDINUIYIIUANY ¢

o VDM
e WF LY LATAAINAITHUAZININ
o dauluniuuaussluasiausslunm

o YLAY

e domain 8133z lumssnunagnululey



The man looks intently at the window.

The sees a shadow. e-—
It was in the trees. @

What was it? @

He is alarmed and awake. @

He has long lived in the woods. -
He likes the isolation and solitude of his house.

It's small, but cozy. @—
The next village is miles away. ¢—

He only goes there once a week. @—

It just afterdusk. e

The hot sun finally set. @

The forest was still abuzz in chatter. O

Voices of birds and insects fill the air. @
A comforting sound. e

But the shadow was larger than those animanis

Only little creatures live here, not this. -
It seemed almost as large as aman. e¢—

But why that? e—

Nobody comes ever here. @—

So the man's eyes keep looking. o—

As the minutes passed, nothing happens. ¢—

But then, cast against the bright moonlit, it returns.

Der Mann schaut aus dem Fenster.

Er sieht einen Schatten in den Baumen.
Was war das?

Er war alamiert und wach.

Er hat schon lange im Wald gelebt.

Er genieB3t die Einsamkeit des Hauses
Es ist klein.

Aber es ist gemdutlich.

Das nachste Dorf ist meilenweit entfernt.
Er geht dorthin nur einmal in Monat.

Es ist nach der Untergang der hei3en Sonne.
Der Wald is voller Geschwatz.
Stimmen von Vogeln und Insekten dringen heruber.

Aber der Schatten war gréBer als diese Tiere.

Nur Kleingetier lebt hier.

Nicht soetwas Grof3es.

Es erschien fast so grof3 wie ein Mensch.

Aber warum, wenn hier niemand jemals herkommt?
Der Mann schaut.

Sein Augen aus dem Fenster gerichtet.

Minuten vergehen, aber nichts passiert.
Dann plotzlich kehrt er im Mondschein zurlck.




Parallel corpus 11210 1w

1. sunndaniwla text Mnsauld
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Typical Pipeline
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o document alignment 11 web page N1zVUIUNU
e sentence alignment MAUsElaANUNZVUIUNY
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https://www.central.co.th/en/dyson-cyclone-vacuum-cleaner-v10-fluffy-cds18033144

https://www.central.co.th/th/dyson-cyclone-vacuum-cleaner-v10-fluffy-cds18033144

STIEBEL ELTRON Water Heater

DYSON Cord-free Cyclone Vacuum Cleaner
* One main tool : QR Soft roller cleaner

(Fluffy) head

Four additional tools : QR mini
motorhead, QR crevice tool, QR
combination tool and QR mini soft
dusting brush

2 Tier RadialTM Cyclones increasing
airflow and capture fine dust without
loss of suction

nsosnniulyglaaunuulsany

S‘L! VlO Fluffy SV12FLUFFY 211

LUSUA DYSON mammﬂsuammwiums

NIAUEAL DA %ﬂﬂﬂﬁﬂuwuiﬂauawmwuﬂaﬂ T

UABILSY

- wnsnsgadulelaaunuulsane |

o mﬂwaﬂ 1 %7 mﬂmmuaﬂﬂmuu (Fluffy)

. aﬂﬂsmmsu 4 YU: ‘Vi’)ﬂﬂﬁJ@WIE]’i‘UU’]ﬂLaﬂ ‘Vi’Jﬂﬂ
Jnuau NIQA 2-in-1 LLauLLﬂiﬂ{]ﬂNU‘?Juuu

 szuulalaau 2 Hu: VLSJL?{EJLLNQQ ATEY
UsEaNTNINNI5AA



https://www.chula.ac.th/en/impact/6081/

About research: Department of Food Technology,
Faculty of Science, Chulalongkorn University has
various research studies regarding the
development of carbohydrate and protein based
edible films. Those films can be used as food
packaging, where they can readily be consumed
together with the foods, and are 100%
biodegradable. These films provide unique
characteristics, including a high gloss and
transparent appearance, good barrier properties,
and can incorporate desirable compounds, such
as antioxidants and antimicrobial agents, in order
to increase the shelf life of the food products.

https://www.chula.ac.th/impact/3903/
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https://www.chula.ac.th/en/impact/6081/
https://www.chula.ac.th/impact/3903/

https://www.chula.ac.th/en/impact/6081/

About research:

Department of Food Technology, Faculty of Science,
Chulalongkorn University has various research studies

regarding the development of carbohydrate and protein
based edible films.

Those films can be used as food packaging, where they can
readily be consumed together with the foods, and are 100%
biodegradable.

These films provide unique characteristics, including a high
gloss and transparent appearance, good barrier properties,
and can incorporate desirable compounds, such as
antioxidants and antimicrobial agents, in order to increase
the shelf life of the food products.

https://www.chula.ac.th/impact/3903/
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https://www.chula.ac.th/en/impact/6081/
https://www.chula.ac.th/impact/3903/

Scraped Corpus

¥ COrpus Domain

News Commentary 12 AN U1 1,000 - 400,000

ParaCrawl 8 AW Website 1-73M
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Statistical Machine Translation



"ManeHbKn NPUHLL" - "The Little Prince" is a very
OYeHb MonynAapHas popular book that was
KHUra, nepepegeHHasa Ha translated into many
MHO>XeCTBO A3bIKOB. languages



When | look at an article in Russian, | say "This is really written in English, but
it has been coded in some strange symbols. | will now proceed to decode.”

=~ v A VY | A a v & QJ =
ATNHULAUUNAIIUAIYITELTY NUWANURNILDIIT "NITNUULUUNIYIBING Y LNEY
! Y @ v a6 Vo Q/ ¢ 9/ 9/ o A CY v
wignulasliidusianladydnuainlans 1rwnveaiiunisnansva o Uad"

—Warren Weaver




Statistical Machine Translation

o laLAunan: @379 probabilistic model 9 nvayan1suUa

e argmax P(Y|X) = argmax P(X]Y) P(Y)



Spanish/English
Bilingual Text

\ 4 \ 4
Statistical Analysis Statistical Analysis
Spanish Broken English
English

What hunger have 1

Que hambre tengo yo —— Hungry I am SO ———9 T am so hungry
I am so hungry

Have I that hunger



Spanish/English
Bilingual Text

4 \ 4
Statistical Analysis Statistical Analysis

English

Model Model

4
4

Decoding Algorithm
argmax P(e)*p(s|e)



Y
house
building
home

household
shell

Translation

Y Haus
8000
1600
200
150
50

Model

Y
house
building
home

household

shell

P(Y| Haus)
0.8
0.16
0.02
0.015
0.05



L anguage Model

e Bigram Language Model
P(wi, wa, Ws, ..., Wn) = P(wW1|START) P(w2|w1) P(ws|ws) ..
P(Wnlwn—l)

e Bangkok has many high buildings vs
Bangkok has many tall buildings



/AL UUNYEA

e Bangkok hat viele hohe Gebaude.

e Bangkok has many tall buildings.



Decoding for SMT

argmax, P(x|y)P(y)
——— "

/ \ Language Model
Question:

How to compute Translation Model

this argmax?

Y o A &
e y = sentence ModaasrUIMAzUUIINUSElaamUulUlaly
N1Y1DINE



Word Alignment

Statistical Machine Translation - Part |



Jauinin
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» Parallel corpus Ap YaUszlanauuu walilauen
Frenlnunaduei
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p(thella) = 0.7 p(house|la) = 0.05

® PrObabllltles p(the‘maiSOﬂ) — 01 p(house‘maison) — 08

e Alignments

la®—® the la «—® the la® ®the lae_®the
: : N\ : :
maison®—® house maison® ® house maiso house maison® @ house



%

- T O

5 o x 2 &

Q. 8 — - > D

O © oo ®© OO O

Le _ ™ ) Q T - )
Japan O Japon Japan
shaken ——— secoueée ehakan

by —— par

two —— deux by
new e Nouveaux tWO
quakes —— séismes e
quakes

Examples from: The Mathematics of Statistical Machine Translation: Parameter Estimation", Brown et al., 1993



— 7))
© -
O L
The Le o & O
balance ——— reste o B g 3 5
« @© @© ®©
was
the appartenait The
territory balance
of j—aux Was
the the
aboriginal autochtones |
people / territory
of
the
aboriginal
people

Examples from: The Mathematics of Statistical Machine Translation: Parameter Estimation", Brown et al., 1993



We call this a

fertile word

programme
application

) L 2
And ._/— Le — © @O £ O
the -/— programme And
program f a the
has _/— ete
been mis program
implmened— — er has

application been
d e

Examples from: The Mathematics of Statistical Machine Translation: Parameter Estimation", Brown et al., 1993




© o
E 2 o© A
|| ——e he
a hit 4
m’ me |
m
‘entarté with
3 entarte
pie

This word has no single-
word equivalent in English

Examples from: The Mathematics of Statistical Machine Translation: Parameter Estimation", Brown et al., 1993



IBM Model 1

lexical translation

IBM Model 2 | adds absolute reordering model
IBM Model 3 | adds fertility model

IBM Model 4 | relative reordering model

IBM Model 5 | fixes deficiency




Phrase-based Machine
Translation

Statistical Machine Translation - Part Il



| exical Translation Table

Y Y Haus Y P(Y| Haus)
house 8000 house 0.8
building 1600 building 0.16
home 200 - > home 0.02
household 150 household 0.015

shell 50 shell 0.05



The Les
POOr ——— pauvres
don't sont
have démunis

any

money

The
poor
don’t
have
any
money

7p
O
-

pauvres

sont

déemunis




o -V
LUatUuNaue

o UNAIUYDIUTLLYANITILTYNLUATIINDUNTDUN

o 1 UAyUN lexical translation table 1Uu phrase
translation table



o

e phrase UsenauniaA1Nagnn michael

Y o assumes

AUNNADINTY
that

he

will

e 11AN0E LU phrase & word
alignment azmaaelunnaild tay

saulu phrase n
the

house

@nm Phrase alignment

michael

geht

davon

aus

dass

er

Im

haus

bleibt




Phrase Liila Constituent

e -
S £ 2 o % S o
£ES83 .85 E 83
michael
assumes
e assumes that he that
he
geht davon aus, dass wil
stay
N
the
house




Dear Dad, How are you doing? Lieber Papa, wie geht es dir?

(Polish) (Tape) How are you doing? (Polnisch) (Band) Wie geht es dir?

Comrade Major, how are you doing? Genosse Major, wie geht's?

Morning, how are you doing? Guten Morgen, wie geht's?

HAP: How are you doing? (Eckhart) Wie geht es Ihnen?

How are you doing? | haven't seen you in ages! Wie geht es Ihnen? Ich habe Sie seit Ewigkeiten nicht
gesehen!

How are you doing? | haven't seen you in ages! Wie geht es dir? Ich habe dich seit Ewigkeiten nicht
gesehen!

(Tape) How are you doing? (Band) Wie geht es dir?

How are you doing? Thank you. [Laut] Wie geht es dir?




Phrase Translation Table

océcu

e A4 phrases 8NN LHRUAIN word alignment (F1N1U)

e P(y phrase | x phrase ) = # y phrase <—>x phrase
# x phrase

o Uuiin?



| exical vs Phrase Translation Table

Y P(Y| Haus) Y P(Y| geht davon aus, dass)
house 0.8 assumes that 0.90
building 0.16
) 000 assumes 0.05
ome :
household 0015 is based on the fact that 0.03

shell 0.05 are regarded as 0.02



Log-linear model

/
p(e,alf) = exp(As Y _ log ¢(file:)+
1=1

)\dz |Og d((ll — b1 — 1>+

e

ALM Z log pras(e;ler...e;—1))

1=1



Other features

e IUIUA
e 9TUIU phrase
e Bi-directional alignment

o LUAIANUTDU ¢



Statistical MT

-4 V ] V
e SEUU SMT Ineutinunng1zaaaAun1s1e il asues

o MDINYIYIUNN features UNATULEDZE) [ULAAZANTIEN



Beam Search Decoding



Decoding

score(ALLUa, AURAUU) = adequacyScore(ALUa, AURAUU) +
fluencyScore(ALUa)



qauluves Scoring Function

e MDIARNAZANANGY LUV LA

y 4

e Score("He hit", "Il m'a entarte”) =
Score("He"| "I1 m'a entarté") + s(+hit)

y 4

e Score("He hit me", "Il m'a entarte") =
Score("He hit"| "I1 m'a entarté") + s(+me)



Search AL Uanm (ﬁfjﬂ )

e Exhaustive search AUKILUUNUAIA
o Greedy search AUMILLUUAZ LU

e Beam search AUKRILUUATLLE



© o
E 2 o© A
|| ——e he
a hit 4
m’ me |
m
‘entarté with
3 entarte
pie

This word has no single-
word equivalent in English

Examples from: The Mathematics of Statistical Machine Translation: Parameter Estimation", Brown et al., 1993



he

EXhaUStive SearCh Il m'a entarté

it

he

hit

it

struck

hit

with

struck

on

with

d

on

one

d

pie

one

tart

pie

END

tart

END




EXhaUStive SearCh Il m'a entarté

he

it

he

hit

it

he

struck

hit

it

he

with

struck

hit

it

on

with

struck

hit

d

on

with

struck

one

d

on

with

pie

one

d

on

tart

pie

one

d

END

tart

pie

one

END

tart

pie

END

tart

END




Exhaustive Search (Viterbi)

M v p=| o Y 6
o 1 WJululule sizatwrdiauduatius

e 019871N829NNUELEANNAINET k AT WAL
vocab size = V 151920 29a94M41ua Vk Uszlenm

e 30,0000 = LwazIAUANDINYBIIL A



Greedy Search

he

it

he

hit

it

struck

hit

with

struck

on

with

d

on

one

d

pie

one

tart

pie

END

tart

END

Il m'a entarté

he

it

he

hit

it

struck

hit

with

struck

on

with

d

on

one

d

pie

one

tart

pie

END

tart

END




Greedy Search

o l
o 37961 LLEI...

o DNHNANDUAUS UUITAINA LUDINLUADVIINUA



Beam Search

e LAAY step LU hypothesis 18117 k A7

o UAAY hypothesis LO1UIVYIYLNUDAAN



Beam search decoding: example

Beam size = k = 2. Blue numbers =score(y;

<START>

cs224n.stanford.edu

Calculate prob

dist of next word

’’’’’

yt) — ZlogPLM(y'L|yl7 c o 7yi—17'r)
1=1



Beam search decoding: example

Beam size = k = 2. Blue numbers =score(y;

0.7 = log P, ,,(he| <START>)

he

>

<START>

N\

]

-0.9= log P, (/| <START>)

cs224n.stanford.edu and compute scores

Take top k words

.....

yt) — ZlogPLM(y'Llyh c o 7yi—17x)
1=1



Beam search decoding: example

Beam size = k = 2. Blue numbers =score(yy,...,y) = » log Pom(yilys, - - -, yi—1, )
1=1

-1.7 = log P, (hit| <START> he) + -0.7

-0.7 | it
he <
. 4 struck
/ -2.9= log P, (struck|<START> he) + -0.7
<START>
\ -1.6= log P (was|<START>I) + -0.9
. ” wdas
/ <
: ot
-0.9 5

-1.8=log P (g0t | <START> I) + -0.9

For each of the k hypotheses, find
cs224n.stanford.edu |top k next words and calculate scores




Beam search decoding: example

Beam size = k = 2. Blue numbers =score(y;

-1.7
'07 . h’t
he <
. { struck
/ 2.9
<START>
\ -1.6
, . Was
/ <
09 L %%
-1.8

32

Of these k2 hypotheses,
just keep k with highest scores

.....

Yt) = Z log PLm(Yilyss - - - Yi-1, )
i=1



Beam search decoding: example

Beam size = k = 2. Blue numbers =score(yy,...,y) = » log Pom(yilys, - - -, yi—1, )

1.7
0.7 | hit
he <
~ { struck
/ 2.9
<START>
\ -1.6
y . wdas
/ <
09 L %ot
1.8

cs224n.stanford.edu

1=1

2.8 = log P, ,(a| <START> he hit) + -1.7

d

me

-2.5 = log P, (me|<START> he hit) + -1.7

-2.9 = log P, (hit|<START> | was) + -1.6

hit

<

struck

-3.8=log P, (struck|<START> | was) + -1.6

For each of the k hypotheses, find
top k next words and calculate scores




Beam search decoding: example

Beam size = k = 2. Blue numbers =score(ys,...,y) = log Pum(¥ily1,- - -

-2.8
1.7 [ 4
0.7 [ it <
he < { me
/~ { struck 75
-2.9
<START> -2.9
\ 1.6 | hit
, { was <
I < { struck
0.9 | 8ot -3.8
-1.8

cs224n.stanford.edu

1=1

Of these k2 hypotheses,

just keep k with highest scores

» Yi—1, ZB)



Beam search decoding: example

Beam size = k = 2. Blue numbers =score(yy, ..

0 = 3 log Posa(wilyns -

1=1

-4.0
1  tart
2.8 Z ,
" 1€
1.7 [ o P
0.7 [ hit < 3.4
he < 1 M€ 3.3
/~ { struck 75 with
2.9
<START> -2.9 on
\ 16 I hit 3.5
. ” wdas <
I < { struck
0.9 | 8ot -3.8
1.8

cs224n.stanford.edu

» Yi—1, CE)

For each of the k hypotheses, find
top k next words and calculate scores




Beam search decoding: example

Beam size = k = 2. Blue numbers =score(y,, . ..

1=1

-4.0
1 tart
2.8 Z ,
: ie
1.7 [ 4 P
0.7 [ hit < 3.4
he < 1 me -3.3
/~ { struck 75 ith
-2.9
<START> -2.9 on
\ 16 1 hit 3.5
, { was <
I < { struck
0.9 | 8ot -3.8
-1.8

cs224n.stanford.edu

’yt) — ZlogPLM(yZ‘yla ¢ oo

Of these k2 hypotheses,

just keep k with highest scores

» Yi—1, CE)



Beam search decoding: example

Beam size = k = 2. Blue numbers =score(yy, ..

L Yt) = ZIOgPLM(yi‘yla 3 Yim1,T)
i=1

-4.8

in

with

-4.5
-3.7

da

-4.0
1 tart
2.8 ! ,
: ie
1.7 [ 4 P
0.7 [ hit < 3.4
he < 1 me -3.3
/~ { struck 75 ith
-2.9
<START> -2.9 on
\ 16 1 hit 3.5
, { was <
I < { struck
0.9 | 8ot -3.8
-1.8

cs224n.stanford.edu

one

-4.3

For each of the k hypotheses, find
top k next words and calculate scores




Beam search decoding: example

Beam size = k = 2. Blue numbers =score(yy,...,y) = » log Pom(yilys, - - -, yi—1, )

1=1

4.0 -4.8
{ tart ] in
-2.8 : :
17 ! pie { with
: ] a
0.7 [ pit < -3.4 -4.5
he < 1 me 3.3 3.7
/ | | Struck -2.5 with : a
-2.9
<START> -2.9 \  on { one
\ 16 ' hit 3.5 4.3
, . was <
I < { struck
0.9 | 8ot -3.8
-1.8

Of these k2 hypotheses,
cs224n.stanford.edu just keep k with highest scores




Beam search decoding: example

Beam size = k = 2. Blue numbers =score(yy,...,y) = » log Pom(yilys, - - -, yi—1, )

1=1

4.0 -4.8
1 tart in
-2.8 :
1.7 Z pie with 4.3
: ) a pie
0.7 [ pit < -3.4 -4.5
he < 5 1 me 3.3 3.7 tart
/’ | Struc 2.5 with a 4.6
-2.9
<START > -2.9 on one -5.0
\ 161 hit 3.5 4.3 pie
, | was <
I < { struck tart
09 1 3% 3.8 5.3
-1.8

cs224n.stanford.edu

For each of the k hypotheses, find
top k next words and calculate scores



Beam search decoding: example

Beam size = k = 2. Blue numbers =score(y,, . ..

-0.7

he

%

<START>

N\

[

-0.9

cs224n.stanford.edu

’yt) — ZlogPLM(yZ‘yla ¢ oo

1=1

-4.8

y Yi—1, CU)

in

with

-4.5
-3.7

da

one

4.0
+ tart
2.8 ! ,
. 1@
1.7 [ a 1;4
hit < -3,
p— 1 me -3.3
Struc 25 with
2.9
2.9 on
1.6 | hit 3.5
wdas <
 struck
got 3.8
1.8

-4.3

-4.3

pie

tart

/

-4.6

-5.0

pie

tart

-5.3

This is the top-scoring hypothesis!




Beam search decoding: example

Beam size = k = 2. Blue numbers =score(y,, . ..

-0.7

-1.7

he

hit

y

<START>

N

struck

-2.9

-1.6

[

wdas

-0.9

cs224n.stanford.edu

got

-1.8

’yt) — ZlogPLM(yZ‘yla ¢ oo

1=1

-4.8

7:‘/2'—17513)

in

with

-4.5
-3.7

d

one

-4.0
{  tart
2.8 :
Z. pie
a
-3.4
me -3.3
-2.5 with
-2.9 on
hit -3.5
struck
-3.8

-4.3

-4.3

pie

tart

/

-4.6

-5.0

pie

tart

-5.3

Backtrack to obtain the full hypothesis




Beam Search U89 b

o expand U508 9UNI198L138 <END> H871
AUyl

. Y l (I~ | |
o Hypothesis lyiugaliiiasan search saluauninag
09AIUY1IFIEN

o YYANBULAANLUANANYIAIIIUIUNADINTS



d54

9

e Beam search decoding 113511511 translation
model uag scoring model due lulglunisuua
Uszlomasy ¢

e lulenananan uiinswazlanafuuusensula



Evaluation for MT



MT vs Sequence Tagging

ok

B-PE

d

I-PE

el

O

AGLRIRE

O

I
=

W

O

AntneA

B-PLACE

]
I~

b ®)

B-TIME

LU

[-TIME




n1sudalidl ground truth wne)

XA Wl /) Ze TiE B LLes] A i .

Israeli officials are responsible for airport security.

Israel is in charge of the security at this airport.

The security work for this airport is the responsibility of the Israel government.
Israeli side was in charge of the security of this airport.

Israel is responsible for the airport’s security.

Israel is responsible for safety work at this airport.

Israel presides over the security of the airport.

Israel took charge of the airport security.

The safety of this airport is taken charge of by Israel.

This airport’s security is the responsibility of the Israeli security officials.

(a typical example from the 2001 NIST evaluation set)



Adequacy and Fluency

e Adequacy:
. AuladonnunineREIfuUslen input it
o @15%070 1AL Wsadalowse

e Fluency:
o Hapmilountuiidivesnrenasivan

o HALI81NT0INY TUANA LULRUIZAUAITURUIYKI DL UA



~ Adequacy

all meaning

most meaning

Fluency
flawless English
good English

much meaning

| non-native English |

| little meaning |

= N WO B O

none

distfluent English

=N W B O

iIncomprehensible




12345 12345 12345 12345 12345

(from WMT 2006 evaluation)



N15IAAITUNDINU

e Kappa coefficient
p(A) — p(E)
1 —p(E)

— p(A): proportion of times that the evaluators agree
— p(L&): proportion of time that they would agree by chance
(5-point scale — p(FE) = #)

J

e Example: Inter-evaluator agreement in WMT 2007 evaluation campaign

Evaluation type P(A) P(E) K
Fluency 400 2 250
Adequacy .330 2 226




IAAINUAMAINVBINITHUA

o FTUINNADIDUY DULNUANIT KIDALVNNU
e NADANU consistent N2

Evaluation type  P(A) P(E) K

Fluency 400 2 250
Adequacy .330 2 226
Sentence ranking .582  .333  .373
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BLEU Score

SYSTEMA: | Israeli officials | responsibility of [airport| safety

2-GRAM MATCH

1-GRAM MATCH

REFERENCE: Israeli officials are responsible for airport security

SYSTEM B: |airport security | |Israeli officials are responsible

4-GRAM MATCH

2-GRAM MATCH

Metric System A | System B
precision (1gram) 3/6 6/6
precision (2gram) 1/5 4/5
precision (3gram) 0/4 2/4
precision (4gram) 0/3 1/3
brevity penalty 6/7 6/7
BLEU 0% 529%, BLEU = min (1

output-length

" reference-length

4
) ( H precision,.,;)
i=1

1



