Model-Based Word Embeddings from
Decompositions of Count Matrices
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X ~ Poisson(np)
Var(X'/?) 5 1/4 (n — o)
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SVDETIL(IREFE)
o AJ] I HEESEE count(w, ¢), RITm, A —])lcca
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SVDE 7/l [Levy&Goldberg14]
o A HiSEEE count(w, ¢), RITm, , A7 —)Lppmi

- count(w) := ), count(w, c)

- count(c) := ), count(w,c)

o 71 I MRITTDEZENT ~NLv(w)
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SVDE 7 )L[Peninngton+14]
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 J—/\A ! English Wikipedia (1.4 billion words)
o FHMEY R
- Word similarity: AFOX D7 EDAE 7Y 2 1EE
» (money, cash) — 9.08, (king, cabbage) = 0.23
- Word analogy: Beijing : China ~ Tokyo : ?

- NER (CoNLL 2003): embeddingZ =&t & U TEFR

« NFEETIL
- GLOVE [Pennington+14]

- CBOW, SKIP [Mikolov+13]
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fase - Word similarity

« 1000°R7T
Wi 2 7 AR

log/ AT —ILIZ U 0.635
ZR7E L /ppmi 0.637
(1IREFiE)sqrt/cca 0.69
GLOVE 0.586
CBOW 0.509
SKIP 0.641
0.50 0.55 0.60 0.65 0.70
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« 1000°R7T

Worad analogy

*#E Il Accuracy

log/ AT —ILIZ U 0.687
ZH73 U /ppmi 0.638
(IREFE)sqrt/cca 0.777
GLOVE 0.787
CBOW 0.601
SKIP 0.834
0.50 0.60 0.70 0.80 0.90
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8 NER (CoNLL 2003)

» 30°R7T, Brown clustering(BROWN)IZ10007 S X %
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8%  skip-gram

c HHEHBNREM ZHZXRILT 2L DICEZE/XXARNT
L Z 328,

(Vy, V) = arg max J(u, v)

o ZOWEIFILFSHEE DPPMITdd B [Levy&Goldberg14]

0. v, = max (PMI (w,c),0)
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count(w, ¢)”

Qi =
" y/count(w)® x count(c)”
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S Word analogy
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Template of SVD model
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SPECTRAL-TEMPLATE
Input: word-context co-occurrence counts #(w, c¢), dimen-
sion m, transformation method ¢, scaling method s, context
smoothing exponent o < 1, singular value exponent 3 < 1
Output: vector v(w) € R™ for each word w € [n]
Definitions: #(w) := ) _#(w,c), #(c) :== > #(w,c),
N(a) i= 32, #(c)°”

1. Transform all #(w, ¢), #(w), and #(c):

ift =—

if t = log

if t = two-thirds
if ¢ = sqrt

2. Scale statistics to construct a matrix £ € R™*"™:

( #(w,c) ifs=—
##E'E”u’)? if s = reg
w,c) N (a . .
Qu,c — ¢ max <log i((w);;(c()a) : O) if s = ppmi
#(w7c) N(a) 1 —
\ Jaa@V ND if s = cca

3. Perform rank-m SVD on Q ~ ULV ' where & =
diag(o1,...,0m) is a diagonal matrix of ordered sin-
gular values o1 > -+ > 0, > 0.

4. Define v(w) € R™ to be the w-th row of UX” normal-
ized to have unit 2-norm.
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Performance of SVD model

Configuration 500 dimensions 1000 dimensions
Transform (¢) | Scale (s) || AVG-SIM SYN MIXED | AVG-SIM SYN MIXED

— — 0.514 31.58  28.39 0.522 29.84  32.15
sqrt — 0.656 60.77  65.84 0.646 5746  64.97
log — 0.669 59.28  66.86 0.672 35.66  68.62
— reg 0.530 29.61  36.90 0.562 3278  37.65
sqrt reg 0.625 63.97 67.30 0.638 65.98 70.04
— ppmi 0.638 41.62  58.80 0.665 47.11  65.34
sqrt cca 0.678 6640 74.73 0.690 65.14  77.70
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 Word similarity: 13 anotators
- ex) (money, cash, 9.08), (king, cabbage, 0.23)

 Word analogy: [Levy&Goldberg’14]
- a:b~cCc:X

- argmax cos(x, ¢) * cos(x, b) / (cos(x, a) + €)
x e V\{a,b,c}
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