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= Word0i| Ci3t dense 4= HIE 91 Word Embedding(WE)2 NLP 20f0A| Q17|18 @1 U= REZ, CHY
oo & &2

o= =SB (Turian et al, 2010; Collobert et al.,, 2011; Chen and Manning, 2014).
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745 4%t WE R Z Z2HEE|H, Chst
semantic tasksO[A TheEdtd WHE training2 2 7415110 4=

o
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o

2 EOICt (Tomas Mikolov et al., 2013)

Bilingual Word Embedding(BWE)

= Q0|9 ZFO| 4280l & 72l CH& A =22 E StLEL| shared spaced| TH0{E embeddingst= A

AN
(Zou et al. Bilingual Word Embeddings for Phrase-Based Machine Translation, 2013.)
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BWE with SBWES

= X2 Bilingual Word Embedding(BWE)Of| CHat 2410] F7tst QULCE

= BWE learning model2 Shared Bilingual Word Embedding Space(SBWES)2| R =0 =X 30, 00 &
TSHA FAFSE 2|0]2] EHO7F SBWES 2| FAFSH S 740 mappingk| =& SHCf,
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Fields Related to SBWES

= Computing cross-lingual/multilingual semantic word similarity (Faruqui and Dyer, 2014)
» G5 210/0f ZAof= EOfOff L2t RALE ALt
= Learning bilingual word lexicons (Mikolov et al., 2013a; Gouws et al., 2015; Vulic et al., 2016)
» = JIX CFE 910/0f C§3) word lexiconsS 8
= Cross-lingual entity linking (Tsai and Roth, 2016)
> A Lf &l & EO/7F OFE 210/ OfiH /0] 2 APEHEA] FE2
= Parsing (Guo et al., 2015; Johannsen et al., 2015)
» 2gE FHO F=E F4HotE AT
= Machine translation (Zou et al., 2013)
» 2/ZI0] AE SIS At QI0/E ZFEE AIESFG OfE 210/ =2 BT

= Cross-lingual information retrieval (Vulic and Moens, 2015; Mitra et al., 2016)
» AEAIF Alof= OFE P10/9] 2 E ZM =15 & o= 4 E
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=  P1) 8% monolingual training datag &35}, bilingual signal& O| &350 Zt A0{E HZE

Two Desirable Properties for BWE
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»  P2) CtYst 910] 8l 20fZ G E &&E = Q= E XA 39| bilingual signal2 = SBWES2| &&0| 753 X

Type 4 Operates as Follow

Approach 01

T 74e] HE= 2 FH| El non-aligned monolingual embedding spaces= monolingual WE
learning model= AI&9510 F=otA =ICH (YEHA QI MERZ SGNS).

Approach 02
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Problem of Existing Research

N AE3)

| 70| M= “High-quality training seed lexicons” 7} Z=X|&tCt0 7+

Google

rE

]
1

W] 3 ELY WY. TN - «,

Recently, as the environment that can consume the
desired content anytime and anywhere s created
with the development of communication

technology, it made a large scale of contents
distribution possible.

) s

MO ML Eots ZHES A 4H 2
HE EAM ?| &0 et 2 X2 0t
9| 2 £78 Jt=ai D

w0 A O <

“

High-Quality?

~\

J

8/ 44



= Controllable parameters®| #3}0|| (2 SBWES2| E& 2 L}2t5t0] “seed lexicon"2 =& [

AS5HoE Mt 4+ A== Bt
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pair
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source
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Control
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Contributions
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n using Seed Lexicons
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BWE Models and Bilingual Signals

= BWE model&2 &0 A8 &l+= bilingual signal 3¢

» Type 1 : Parallel-Only
» Type 2 : Joint-Bilingual Training

» Type 3 : Pseudo-Bilingual Training

JIIlI

» Type 4 : Post-Hoc Mapping with Seed Lexicons

(Type 1) Parallel-Only

= Data sourceE2 &% and/or TH0] HEEI parallel datadi| 2| =%t

= o5 A E25E monolingual dataset=2 AHESIX| %S (not satisfying P1)

‘d (P1), (P2)O| k2t Ul 7HX| 2

= B2 bilingual signal2 22 2 3t (colliding with P2)

o=z 287} 7t

L

o

SCt.
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BWE Models and Bilingual Signals

(Type 2) Joint-Bilingual Training

= O] RHI2 35 A| cross-lingual regularizerZ cross-lingual objective 2 monolingual objectiveE SA|0f| XX 3}at

Objective function: y(Monog + Monor) + 6Bi

Monolingual objective= Zr HAO{O| A FALSH THO{O] R AFSH embedding 292 S0 A0 2F AO{2| semantic T+ &
St&2 JHE St cross-lingual objectives & A0 ZF FASH EHO{Of FALRE embeddingO| 2 E =28 =g

= O] BE2 SBWESH| £ 7§9| monolingual spacesE SA|0| =%t (satisfying P1)

Bilingual signal2 T56t7| 02 parallel dataE EHRE & (colliding with P2)
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BWE Models and Bilingual Signals

(Type 3) Pseudo-Bilingual Training
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: BWE Models and Bilingual Signals

What is Comparable Corpus?

= Comparable CorpusZt, 210{= CIEX|T L2 FAISH M ES2| = LoCH (EM 2 FALEO| Cioh H2tot
7122 9.
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: BWE Models and Bilingual Signals

(Type 4) Post-Hoc Mapping with Seed Lexicons

= O] RHI2 = Jo| CH2 A0{0f CHsl 7HEH O Z F = =l monolingual WE spaces AFO|2| AFZOfE functions &t& %
= 7|2 Type 4 model2 Google Translation(GT)&1t &2 A ALY = U= seed lexicond| 2[EEH(7HE)
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monolingual training setE A{Z % Z (satisfying P1)
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with Seed Lexicons

Key Intuition

=  Type 3 model2 &3l seed lexicon=2 M/ 435t11, O|F Type 4 model &0 AL EM QHHEH QI translation

o
pairs= AFESHA &M, 0|2{$t YRS AFE S Type-hybrid 2E 2 CHSO| Q@7 Atets SFAIL 5= ULCL

Type 1, Type 31H= 22| monolingual data2H£E| eH&%

=
translation pairs& A5t &= 712 monolingual space=

Type 1, Type 22t= HE| parallel data§ HRE S}X| 2o, 27 5= FE2 bilingual signal
= =A HA HO|Ct meEtA], 2 A ZF-Z2 O =2 Type 4 model2| HAHO|LC},
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m with Seed Lexicons

Key Intuition

Type 3] > [Make seed lexicon

The role of seed lexicon = The role of Google translation

Seed lexicon from Type 3] > [ Type 4

Overview - Standard Learning Setup

= Z2tZ9| monolingual embedding spaces Rds@F RirE CBOW(Continuous Bag Of Words) EE+= SGNSQF €2 BEE

monolingual WE model& A&310] { X otC} (d2F dyi= monolingual spaces®| A& 2| =)

= Bilingual seed lexicon = £t0] & (x;,y;), where x; € V3,y; € VT
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with Seed Lexicons

Learning Objectives

= Training2 multivariate regression problem2 = & £ U2, O|= training data(seed lexicon)& AF&E35}H0

source language vectorsE target language vector2 mappingst= function?| &2 2|0|3ICt

= Ao = = L2-reqularized least-squares error objectiveE At&5I0 mapping matrix WE

H
St&Sh= ZAO|LCE Linear mapOl W € Rés x dr 0| | map2 CHS 2| | X3t XM E sHET 2N S& 0}

. - - gmmmmTmmmmmSSSSmoooees X

min |([X)V\f —(: } “+ F:W‘\'\'%; """ >\ W : mapping function |

WeRds X dr =77 e " : )
__________________ et OUTPUT

INPUT

------------------------------------------------------------------- 19 / 44



with Seed Lexicons

Seed Lexicon Source and Translation Method
= O|TQ| AT E post-hoc mappingOll AHE & seed lexicon2 2 &2 Bl 2 LIEH F0| THOJE HY A|2-S
0| 85}0{ Czech, Spanish, Italian 52| CtE 20 = HASIO] 4GRULCE.

o o
= O] B2 =2

= MH| =2 StH, o] A0 M= BNC tHol Bl 2=
O £ 6,3187H (BNC list) & AFE3ULCY,

i

ol ol o} A A0 XY
/
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L "
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¥
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‘ Spoken corpus - 10%
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m with Seed Lexicons

Another Option Proposed in this Paper

2 A0 A= CHE BWE model& AMH2310] “1Xt" SBWES-12 &&3t1, BNC list2| Z+ x, O] CHSH0] SBWES-14H0

M| 7} 712 cross-lingual word y, € VT & Y=L

= | ¥ (x,y;,)= type 4 220 A monolingual spaces 7t2| mappings &t&St=0 AHE & seed lexiconO| =Lt
A2|1 Of seed lexicon2 %|F SBWES-2€ §Est=0 A EICE

= =2 A0 = SBWES-1 250 document-level Type 3 BWE induction modeldl 2| =8HCHType 1,25 2).

>

o
—

o|

gt

= HYBWEE Type 3 model(SBWES-1) X Type 4 model(SBWES-2)2 ZA%2t5tH, O| seed lexicon %! BWE &t
BNC + HYBZ H3|7|2 Bt}
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m with Seed Lexicons

Another Option Proposed in this Paper

HIr

= SGNS2t #2 sAH RHo| Sdd &2 ez S¥T THoe] 2|0|7} . FEs| sh5k|0] ACh= 710 et
hybrid model2| seed lexicon source2 SBWES-1 training dataO| Al 7}& Xt LIELLE= EHOIE AMESHE A2
12572 o},

- O

=

Bl CHO{E2 SBWES-12 &9l Y50 seed lexicon pairs (x,y;) & €2, 0] seed lexicon= AL&%t
D2E2 HFQ + HYBE H3l7| 2 %iC

HFQ + HYB
[T Make seed lexicon ---=============~ \
[ High w i (
' | Frequency SBWES-1 , :;ec‘;n E | Translation
i words J i L
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with Seed Lexicons

Another Option Proposed in this Paper

Z2 HetEl ME22 22 =Z, mapping functiona St&5t7| |5 F 7HE| AHO] ALO|O|M SREl= THO{ESS AL
St 2ol AFO|M= Ol2fet B2 2o 451t otA Eot A2 7|2 otof.

Seed lexicon pairs: (x;,%;) where x, € V> andx; € V!

0| 243t seed lexicons AFESIE HYE L ORTHORE ASH7| 2 S} N

. Z
~~ English =~ - German --- / fﬁ \
o januar

\ \

! - i ! : i hund /| “_/

! Berlin ! ! Berlin ! dog * January
| |

&L EED) &L EED) ol &_X_

| | = | (Berin Berln} Paris_paris}

1 ' 1 :

[ paris )i i Paris ! ORTHO
| |

i‘ ZZA of2 )i i‘ ZgA g2 |

N s N / 23/ 44
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with Seed Lexicons

Seed Lexicon Size

= 7|EQ AN M= HSHE seed lexicon sizeOf| CHet Ao} B E|0 KYCHUBIH O Z 1K, 2K, 5K 7H). & A+

S
M= ChE + 7t S8 20 tiet tEs 7| 2o o STHHQ 28 =oALt

@ Type 4 SBWESE @% B 8 70| £Ho] WEH AFE 758t MBHE BHNM REE + AL

o Roal #W”Hhc[f:‘j’:ﬁ’gmpraxw
b r'df?g"s’ge%:s r“"“gﬂ;.cs 9o ]
| . . _ _ i
(2) egﬁérﬂngn'ifiiﬁt%a igh C| B2 seed lexicon pairs& AF&SICIH Type 4 model2 O 2 d&2 E0|=71?

gpges festrain a
egggage"’tmn%:ees’rfg °‘<§c|’a'rf'6§8s§:ﬁ
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with Seed Lexicons

Translation Pair Reliability

* SBWES-1S &9l seed lexicons 71=5% [f, MEE 4+ = THol ¥2| AHE0| I 248t SBWES-2Z O[0]H £ Rl

=
Cle O &QHSHY seed lexicon 7+3& Al HYo| ME|EE XS = Q= WS KN CtotLt

R

rot

ZHobSEX| B Aol MZ| = KO B2 symmetry constraintO|LCt.

-0

= SBWES-1 &0 &= EHO{o] BIE 7 “ME2” 7 712 0| R BRUT = TH0f x, e VS, y; € VI'E seed lexicon2
E AE3trt,

- 023t M AL FIFS se

—

seed lexicong AtESH REH2 ZFZF BNC+HYB+SYM2F HFQ+HYB+SYMEZ #SI7| 2 S}
O, symmetry constraintO| 9= 222 BNC+HYB+ASYMS} HFQ+HYB+ASYMEZ & St7| 2 Bt
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m with Seed Lexicons

What is Symmetry Constraint?

Input-data Output-data

(Case 1) KO-EN [ AFES } >[ Human ]
I
[

(Case 2) EN-KO [ Human } >[ ALEf ]

= AHIM O Z &= Case 17 HFRA|F{E seed lexicon pairZ2 AFHESHK|PHe.g. GT)

symmetry constraintl| 4% Case 1, Case 25 B5F THSl= B seed lexicon pair2 ARE 2L
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with Seed Lexicons

Translation Pair Reliability

« O U2 MUEE Mo By =z, Tl x| HYS Rods +X[=td}

1

YB= M eretCt.

— -

rr

= Symmetry constraint with a threshold: & £0{ x,y;7} SBWES-1&0IM MZ 713 7712 0|R¢l A0 CI2 &

QEZA|Z AR seed lexicon pair (x,y;) = Z&HA|ZICH

sim(x;,y;) — sim(xi,2;) > THR
sim(yi, x;) — sim(y;,w;) > THR

Oz eyrE x2 A HHO|D, w, e VIE o A HHO[D, THR2 =M #HHI Xpid G AtO] AH2[2f &A
= 2|00k (=l AHE| ).
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m with Seed Lexicons

What is Symmetry Constraint?

Input-data Output-data
)
7

[ Man i THR
i
vg |

= F 7K O|ge| Y ZAutrt LiEtE o] R /do] ExE = ACE W20, Zf HHO similarityS
o

ALtote] €78 +X[(THR) LHO S0P BH2/d XS €2F 4 ALt A5 H|Astot,
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Task : Bilingual Lexicon Learning (BLL)

Source Y10{2| BHO{ n7f x, x,,0ll CHSEO] SBWESE O| 8310 2 THo{Q| target 22| MY tE &= A2 =

HEZ oLt t= 7 & = SBWES L{Q| source 210{2] EHO| x Off 7} Z11H2 target §10{2] THO{ = A], cross-lingual
nearest neighbort1 = BHC},

-l

O|HA Ol N9l THO| (x,t)E JE BLL test setit H| WS H& = E HASHCE

HT A0 et e A MO AP R 25 BHO x,,  x,=22 Type 4 modelA Q| && 8 seed lexicons
Ol M ®| A€ C.

» BLL BEE FA0) ALEE/= EFOIE seed lexicon2 2 A E F2

olEl 22Ol 5= FEoM BtE + &7 Y20
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Test Sets

= = AFOM= M 7Hel 20 ez O|F 0T A FE HF 1,0008= Sl BLL taskE B 7}2tC:
{Spanish (ES)-, Dutch (NL)-, Italian (IT)}-English (EN)

= O| dataset2 LHIH O Z non-parallel data2 2 E &&= BLL model®| &8 HItsles BEE HAEZ ArEEIC}

Evaluation Metrics

Z|:=Top 1 accuracy (Acc1)E AHEBHCE

o
=8 3718 7tsd =2 170 ZE D H[W)
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Baseline Models

= SBWES-12 =317 23l Vulic and Moens (2016)2| document-level embedding (Type 3) & AIE

= BiCVYM = Type 19/ LHH model
BilBOWA = Type 29/ Lj# model
BWESG = Type 39/ LH model

BNC+GT = Type 45/ LfH# model
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Training Data and Setup

= 0= 2= 220 tiol 442 AOoA 71 IMSHA| AFEE T 100K 71 2F AHESFRALE.

Monolingual WE spaces2| f+E0l= SGNS ¥ 112|F 1} Stochastic Gradient Descent(SGD), global learning rate
0.0255 AFESIACH, st HOIHE J2| A E23 & Wikipedia textE AFE5HRACE

BilIBOWA 22O Xjs2 & =21t XMXtO| X Qo 2} SGD, global learning rate 0.155 AM23H 20, window
size= 2-16A10[0| A 2 CHR|= HIYIID HEstn ds2 7HE S8 REe| ATE B A|SISICt sh& HO|H =

Europarl.v72| & 500K 7{2| Z& 2 ALESIRALY.

BWESG = 22| X{F0f= SGD, global learning rate 0.0255 A&}, & HO|HE J2| X EE3} =

Wikipedia HY ¥S 0|8310] 443t pseudo-bilingual documentsE A& SHRALCE,
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Training Data and Setup

. BICVM 2O T30l o XMX{7H B3 S AHRSIY 2D, 2 10| Kof T§510] FA| Europarlv7 S Bt T O]
2 AFRBI9ICH DE BiICVM 2 200H0| HHEE SRS AHCE

—

= OE Do CisHA, 40, 64, 300, 500 X2 BWE REES HZsIgH O
¢ BWESO0]| Cigt Za2t2 ®Of| LIEISHCE,

[ EF mAR S8 290 M2k 300 At

= CHE Of7§ ¥4~ 15 epochs, 15 negatives, 1e-42| subsampling rate
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4.

= 7[Z Type 4 modeld| AFE3UTE BLL test2t &0 source §10{2| tHO{E HEIE =2 = 5K

Exp. I: Standard BLL Setting

lexicon@ 2 ALE3}RULCtH

(@)
3EES
ot = Q

casamiento

>~

=)

—_——

[

input 2f2= ERUS O], 2 22 &= 7}E 7P ol 770 E
XMooz MM seed lexicon2 2E 7|&EQ| type 4 RH I} H|X8 7L O

| AFSECE, (EF ORTHO A 2))

fujo
i
Ot

IO seed

BNC+GT BNC+HYB+ASYM BNC+HYB+SYM HFQ+HYB+ASYM HFQ+HYB+SYM  ORTHO

casamiento casamiento casamiento casamiento casamiento casamiento
marriage marry marriage marriage marriage maria

marry marriage marry marry marry sefor
marrying marrying marrying betrothal betrothal dofia
betrothal wed wedding marrying marrying juana
wedding wedding betrothal wedding wedding noche
wed betrothal wed daughter wed amor
elopement remarry marriages betrothed elopement guerra
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4.

Exp. I: Standard BLL Setting

Model ES-EN NL-EN IT-EN

BICVM (TYPE 1) 0.532 0.583 0.569
BILBOWA (TYPE 2)  0.632 0.636 0.647
BWESG (TYPE 3) 0.676 0.626 0.643

BNC+GT (Type 4) 0.677  0.641  0.646

ORTHO 0233 0506  0.224
(T HXBEASYNL __ 0.673 __ 0,026 _ 0644,
LENCHHYB+SYM ____0.681 __ 0.6587  _0.6637 1

_HFQ+HYB+ASYM_ _ _ 0.673 __ 0596 _ _0.635

[Ml 20| HoflAe] 24 RO =]

kot

U

op ™ I N

- Results -------=========m=mmmmmmmmmmmmmm oo ~

4
PR

BNC/HFQ + HYB +SYM 22 B E HANWA Type 1, 2,

3 2o d5= d23Ct

|
) J R —————

N R R N R N N N SN SN SN SN SN SN SN N R R R R N N N SN SN SN SN SN NN NN R R R N R S
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4.

Exp. IL: Lexicon Size = BNC+HYB+SYM and HFQ+HYB+SYM —

symmetric pairs| set0] 2|E5IH, 0] REF2 BE lexicon size®|M X120 &2 =EoICt,

A
I
0.7 r +¥ 107 - : T T T T T
_ I
; : ' : : . hby |
0.6 -...........é.......,.......:.,.-.‘.::.'. foee- ...,.:.......,...,...:..,,.,.....i.,.........;.............._ : 0.6 ORTHO -
! . . ! . . . ] N
| 50 dEH=2 EF5tL,
0.5 + - 4 los
' ! T gAl 42 = Y=
8 i - I - . o
g ™ I B 1 :‘“ bilingual signal0 2|Z2H0f
w ]
— I + . i I . H 1 1 -+ =
E 0.3 : S S A N S — T =75t g2[HQl BLL
' . " ' ' ' ' I
A |
B A : B2 2oLt
0.2 bl s
RAT | | : : I
i : | | L AR |
T e R e o - L A |
'p‘, | - I I;L‘(—I#E—E—-h———— B 1
t}* .". ; ; ; : -I-E(J{l Ui l'l] :
0.1k 0.2k 0.5k 1k 2k 5k1 10k 20k 50k 0.1k 1
Lexicon size l___ Lexicon size :
. . I . |
(a) Spanish-English : (b) Dutch-English !
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4.

Exp. II: Lexicon Size

= Symmetry constraintS &%t £ HE2 THo| 49| 71 £F2 [fj dCfX = Zot 452 ERALC

« O B2 Tho| 4ol 7= BLL 952 2= O|0X|X] EQkLE. O|= SBWES-10] & Bl=7F &1, [2tA 2|0

o M=t 7t HO{X|= CHol= 293|3{ SBWES-22| st&2 Hille = USS AlAteiCt.

Quantity < Quality
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Exp. IV: Another Task — Suggesting Word Translations in Context (SWTC)

Vulic and Moens (2014)01 2|5l Xt =l

- —y
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__4 JResult and Discussion

The Difference between BLL and SWIC

BLL SWTcC

N
A candy bar: ]4----’[ arcy

Cae ]| )
[ A bar to }____{ P ]

legislation. ===
)

o )
[ Orange ]4----*[ 2 #lxf ]
Drinks at a A x/
rooftop bar. }---{ ==
"

[ Melon ]4----*[ = ]
= BLL taske= word-word%[ A translations =& 5}X| 2, SWTC= sentence-word| M translations =& HC}. 40 / 44
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= AF0M= SWTC H&0|AM BWE ZEC| 2utE FE|A|7 ZE5H7| fs 2= Z=>Of ofsh Ct2at 20| s Yot
HIHO Z MY CHO{E MYZUCH BEHOZ SESHE source HOOIA THO{E9| BIE = CHS A2 0|23}0] L=
2 XICt

Con(w) =cwj +cwy + ...+ cw,

0|2, WMol Sua Z0|7 target H0{0] THO|S & SBWESOIM Con(w)2t 7HE 712 THO|S Biof Crojz Mekst

Ct. (Cosine similarity AH2)

Bt set= M 7H2| A0 242 157h2] Tt 2|0 7L HALS 7|22 = of 360 == THIotRAL.

Ct2 B0 SWTC task®| Z1H(Accl scores)’t Q2|0 LIEfLE QICH
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Model ES-EN NL-EN IT-EN 7 “

! 1
NO CONTEXT 0406 0433 0408 | . A7 M5 BHS BNC+HYB+SYMS} HFQ+HYB+SYMOZ |
BEST SYSTEM 0703 0712 0.789 ; :
(Vuli¢ and Moens, 2014) ; LIEFSECE. i

1
BICVM (TYPE 1) 0.506 058  0.522 : i
BILBOWA (TYPE 2) 0.586 0.656 0.589 ' ) ooy !
BWESG (TYPE 3) 0783 0858  0.792 i * ASYMit SYMO| H|1l0llA symmetry constraints &% |
BNC+GT (TYPE 4) 0794  0.858  0.783 i translation pairs ZHE RS S 452 FE= 2R i
]
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— BNCAHYBASYM, _ _ 0.806% __0872__ 0778 | :
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_ HEQ:HYBrASYM _______0789 __0864_ _ 0.78L_ i " _ o o |
I HFQ+HYB+SYM (THR =None)  0.792 0869 0786 I 1 MR, Ol model&2 MER SWTC ds H7|52 & !
: HFQ+HYB+SYM (THR=0.01) 0.792 0.858 0.789 : | M3C} i
|__HFQ+HYB:SYM THR=0025) __0.800 __0853___07921 \ °"




and Future Work
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