
1

000

001

002

003

004

005

006

007

008

009

010

011

012

013

014

015

016

017

018

019

020

021

022

023

024

025

026

027

028

029

030

031

032

033

034

035

036

037

038

039

040

041

042

043

044

045

046

047

048

049

050

051

052

053

054

055

056

057

058

059

060

061

062

063

064

065

066

067

068

069

070

071

072

073

074

075

076

077

078

079

080

081

082

083

084

085

086

087

088

089

090

091

092

093

094

095

096

097

098

099

ACL 2019 Submission 1430. Confidential Review Copy. DO NOT DISTRIBUTE.

1 Proof of Proposition 2

Proof. Recall problem (P1):

min
P
〈D,P〉+ ε

∑
i,j

Pi,j logPi,j

s.t.Pi,j ≥ 0,
∑
j

Pi,j = 1,
1

m

∑
i

Pi,j =
1

n

. (P1)

We manipulate (P1) using method of Lagrangian multipliers. Introducing multipliers αi, i = 1, . . . ,m
and βj , j = 1, . . . , n. Define

L , 〈D,P〉+ ε
∑
i,j

Pi,j logPi,j −
∑
i

αi

∑
j

Pi,j − 1

−∑
j

βj

(∑
i

Pi,j −
m

n

)

The optimizer of (P1) is the optimizer of the following min-max problem,

min
P:Pi,j≥0

max
α,β
L(P,α,β),

The minimizer P∗ can be obtained by setting

∂L
∂Pi,j

= Di,j + ε (logPi,j + 1)− αi − βj = 0,

which gives the minimizer P∗

P ∗
i,j = exp

(
−Di,j − αi − βj

ε
− 1

)
.

Substitute the P ∗
i,j’s into L, simplify, gives

L(P∗,α,β) =
∑
i

αi +
m

n

∑
j

βj − ε
∑
i,j

exp

(
−Di,j − αi − βj

ε
− 1

)

We now study
max
α,β
L(P∗,α,β).

L(P∗,α,β) is a concave function of [α,β], whose maximizer can be obtained by setting its derivative
to zero. We therefore let

∂L(P∗,α,β)

∂αi
= 1−

∑
j

exp

(
−Di,j − αi − βj

ε
− 1

)
= 0,

which gives the optimal α∗
i ,

α∗
i = −ε log

∑
j

exp

(
−Di,j − βj

ε
− 1

)

Resubstitute into L(P∗,α,β), simplify, and we arrive at

L(P∗,α∗,β) =
∑
i

−ε log∑
j

exp

(
−Di,j − βj

ε

)
+

1

n

∑
j

βj

 .
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We want to solve maxβ L(P∗,α∗,β), which is equivalent to

min
β

∑
i

ε log∑
j

exp

(
βj −Di,j

ε

)
− 1

n

∑
j

βj

 .
Also, substituting the α∗ into P∗ gives

P∗ =
exp

(
βj−Di,j

ε

)
∑

j exp
(
βj−Di,j

ε

) .

2 Bilingual Lexicon Induction Results Using vocabularies of 200K

This section supplements Section 6.2 of the paper.

Table 1: P@1 values on the large test dictionary. Source and target vocabularies are both 200K

source
target

en es fr it pt de

en

NN 60.62 61.66 52.89 42.19 58.37
ISF 75.00 76.20 68.69 58.32 70.74

CSLS 75.18 76.35 69.08 58.81 71.06
GNN 75.17 76.95 69.16 58.64 69.69

es

NN 65.14 67.21 68.17 72.17 54.56
ISF 76.98 80.61 79.88 82.14 67.53

CSLS 76.94 80.36 79.87 82.95 67.67
GNN 77.82 81.49 80.83 83.72 66.62

fr

NN 66.86 67.70 65.92 52.12 62.62
ISF 78.34 79.92 77.72 65.71 74.37

CSLS 78.49 80.30 78.07 66.62 74.75
GNN 79.16 80.59 78.44 67.02 73.31

it

NN 57.10 70.50 67.79 58.38 57.06
ISF 70.34 81.80 80.80 72.35 69.75

CSLS 70.05 81.93 80.57 73.12 69.91
GNN 71.37 82.87 81.80 74.10 68.85

pt

NN 47.81 75.31 54.36 58.99 44.69
ISF 60.93 85.54 69.58 73.37 58.07

CSLS 60.60 85.66 69.14 73.25 58.32
GNN 62.49 87.13 70.90 74.90 57.08

de

NN 60.61 50.05 59.51 52.93 39.17
ISF 72.97 64.30 74.98 69.91 57.39

CSLS 72.21 63.60 73.96 68.73 55.97
GNN 72.33 64.03 73.52 69.62 56.58


