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Word Representations: A history
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Neural Language Models — Recurrent NNLM
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Neural Language Models — Continuous BOW
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Neural Language Models — Continuous BOW
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Linear Relationships

Semantic

Whing — Wman T Wwoman ~ Wqueen

Syntactic
Weasy — Weasiest + Wiyckiest ~ Wiucky
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Scalable Embedding Learning

Noise Contrastive Estimation
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Local Online Optimization

Lots of time spent scanning context windows to learn a distribution for
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classification into genres, and many of its themes, stock characters, and plot elements. Theatre artist Patrice Pavis defines
theatricality, theatrical language, stage writing, and the specificity of theatre as synonymous expressions that differentiate
theatre from the other performing arts, literature, and the arts in general.
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Matrix Factorization Methods

e.g. SVD, COALS, etc. directly on co-occurrence matrix.
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Matrix Factorization Methods

e.g. SVD, COALS, etc. directly on co-occurrence matrix.

Main drawback: frequent words like the and a have an outsized effect on
the representation learning.
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GloVe Model

\4
J = Z f(XU) (wZTﬁIj +b; + l~)j — logXij)Q

1,j=1
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Notation!

e X € RV*V word co-occurrence matrix

Chris Kedzie GloVe March 25, 2015 14 / 30



e X € RV*V word co-occurrence matrix

e X;; frequency of word i co-occurring with word j

Chris Kedzie GloVe March 25, 2015 14 / 30



e X € RV*V word co-occurrence matrix
e X;; frequency of word i co-occurring with word j

e X; = Zkv X, total number of occurrences of word 7 in corpus

Chris Kedzie GloVe March 25, 2015 14 / 30



o X € RV*V word co-occurrence matrix
e X;; frequency of word i co-occurring with word j

e X; = Zkv X, total number of occurrences of word 7 in corpus
e P =P(jli) = ))((” a.k.a. probability of word j occurring within the
context of word i

Chris Kedzie GloVe March 25, 2015 14 / 30



X € RV*V word co-occurrence matrix

X;; frequency of word ¢ co-occurring with word j

e X; = Zkv X, total number of occurrences of word 7 in corpus

e P =P(jli) = ))(gf a.k.a. probability of word j occurring within the
context of word ¢
o wcR? aword embedding of dimension d

Chris Kedzie GloVe March 25, 2015 14 / 30



X € RV*V word co-occurrence matrix

X;; frequency of word ¢ co-occurring with word j

e X; = Zkv X, total number of occurrences of word 7 in corpus

P;j = P(jli) = ))ifj a.k.a. probability of word j occurring within the
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Prob. and Ratio | k = solid k=gas k=water k= fashion
P(klice) 1.9x107* 6.6x107° 3.0x107% 1.7x107°
P(k|steam) |22x107° 78x107* 22x107% 1.8x107°
T 8.9 8.5 x 1072 1.36 0.96
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Derivation
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Derivation

Py,
Py,

F(wzawjaﬁ)k) =

F should encode information in the ratio %'
J
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Derivation

Some more desiderata:
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This requires that

F ((w; = wy)"g) =
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Derivation

exp (wZTsz — w]ka) =
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Derivation
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Derivation

exp (wiTﬁ)k)
exp (wTﬁ)k>

wka = log P;;, = log X;. — log X;

exp (wZTsz — w]ka) =

wl by = log X1, — b — by
w?uﬁk +b; + bk = log X1
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Derivation

This suggests a least-squares objective function,
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Derivation

This suggests a least-squares objective function, but...

14
Z (wl i+ b+ b - logXU)z

=J= Z f(XU) (U}ZTZI)] + b; —l—l;J —IOgXij)Z
=

where f has the following desiderata:

Q f(0)=
@ f(x) should be non-decreasing so that rare co-occurrences are not
overweighted.

@ f(x) should be relatively small for large values of x, so that frequent
co-occurrences are not overweighted.
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Derivation

This suggests a least-squares objective function, but...

v
~ 2
J = Z (w;-‘pﬁjj + b; +bj - IOgXij>
t,j=1

1%
~ 2
=J= f (le) (wZTZIJj + b; + bj — logXij)
ij=1

«
( z ) if £ < Tmax
Tmax

where f(z) = {

1 otherwise
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Weighting Function
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Figure 1: Weighting function f with o = 3/4.
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Optimization

1%
~ 2
J= 3" (i) (wl s+ bi+ by — log X,5)
ij=1

Tmax

@ .
(f) if £ < Tmax

where f(z) = {

In this paper: a = % and Tpmax = 100.

1 otherwise

The model is trained using AdaGrad and stochastically sampling non-zero
elements from X. An initial learning rate of .05 is used.
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@ Experiments
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Word Analogies

aistobascto?

Wp — Wq + We
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Word Analogies

aistobascto?
Paris is to France as Tokyo is to ?

Wp — Wq + We
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Word Analogies

aistobascto?
Paris is to France as Tokyo is to ?

. . /
arg max,,, cosine-sim(wp — wy + we, w')
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Analogies — Results

Model Dim. Size | Sem. Syn. Tot.
ivLBL 100 1.5B | 559 50.1 53.2
HPCA 100 1.6B | 42 164 108
Glove 100 1.6B | 67.5 543 60.3
SG 300 1B | 61 61 61
CBOW 300 1.6B | 16.1 526 36.1
vLBL 300 1.5B | 542 648 60.0
ivLBL 300 1.5B | 652 63.0 64.0
Glove 300 1.6B | 80.8 61.5 703
SVD 300 6B | 63 81 73
SVD-S 300 6B | 367 466 42.1
SVDL 300 6B | 566 630 60.1
CBOW' 300 6B | 63.6 674 657
sG¥ 300 6B | 73.0 660 69.1
Glove 300 6B | 77.4 670 717
CBOW 1000 6B | 57.3 689 63.7
SG 1000 6B | 66.1 651 656
SVDL 300 42B | 384 582 492
Glove 300 42B | 81.9 693 75.0
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Word Similarities

Humans scored similarity of word pairs.

word 1 word 2 human score (mean) (1-10) cosine-similarity (-1, 1)

king  cabbage 0.23 0.11
king queen 8.58 0.78
king rook 5.92 0.25

Chris Kedzie GloVe March 25, 2015 26 / 30



Word Similarities

Humans scored similarity of word pairs.

word 1 word 2 human score (mean) (1-10) cosine-similarity (-1, 1)

king  cabbage 0.23 0.11
king queen 8.58 0.78
king rook 5.92 0.25

Chris Kedzie GloVe March 25, 2015 26 / 30



Word Similarities

Humans scored similarity of word pairs.

word 1 word 2 human score (mean) (1-10) cosine-similarity (-1, 1)

king  cabbage 0.23 0.11
king queen 8.58 0.78
king rook 5.92 0.25

Embeddings are evaluated by Spearman rank correlation of human scores
to cosine similarity.
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Word Similarities — Results

Model Size [WS353 MC RG SCWS RW
SVD 6B | 353 351 425 383 256
SVD-S 6B | 565 71.5 71.0 53.6 347
SVD-L 6B | 657 727 751 565 37.0
CBOW' 6B | 572 65.6 682 57.0 325
SG* 6B | 628 652 69.7 58.1 372
GloVe 6B | 658 72.7 77.8 539 38.1
SVD-L 42B | 740 76.4 741 583 399
GloVe 42B| 759 83.6 829 59.6 47.8
CBOW™" 100B| 684 79.6 754 594 455
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Named Entity Recognition

NER is a sequence tagging task where the goal is to identify named
entities:

Jim  bought 300 shares of Acme Corp . in 2006 .
B-PER O O O O B-ORG I-ORG I-ORG O B-TIME O
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Combined discrete features of existing system (Stanford NER).

Word embeddings were treated as additional features in a linear-chain CRF
model.
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Named Entity Recognition — Results

Model | Dev Test ACE MUC7
Discrete | 91.0 854 774 734
SVD 90.8 857 773 73.7
SVD-S | 91.0 855 77.6 74.3
SVD-L | 90.5 84.8 73.6 71.5
HPCA | 92.6 88.7 81.7 80.7
HSMN | 90.5 85.7 78.7 74.7
CW 922 874 81.7 80.2
CBOW | 93.1 882 822 81.1
GloVe | 93.2 883 829 82.2
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The end! Thanks!
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