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Overview

• Due to Deerwester et al. 1990.

• One of the oldest and most widely used dimensionality
reduction techniques.

• Also known as Truncated Singular Value Decomposition
(Truncated SVD).

• Standard baseline, often very tough to beat.
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Guiding intuitions for LSA
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The LSA method

Singular value decomposition
For any matrix of real numbers A of dimension (m× n) there
exists a factorization into matrices T, S, D such that

Am×n = Tm×mSm×mD
T
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Idealized LSA example

d1 d2 d3 d4 d5 d6

gnarly 1 0 1 0 0 0
wicked 0 1 0 1 0 0

awesome 1 1 1 1 0 0
lame 0 0 0 0 1 1

terrible 0 0 0 0 0 1

⇓⇑

Distance from gnarly

1. gnarly
2. awesome
3. terrible
4. wicked
5. lame

T(erm)

gnarly 0.41 0.00 0.71 0.00 -0.58
wicked 0.41 0.00 -0.71 0.00 -0.58

awesome 0.82 -0.00 -0.00 -0.00 0.58
lame 0.00 0.85 0.00 -0.53 0.00

terrible 0.00 0.53 0.00 0.85 0.00

×

S(ingular values)

2.45 0.00 0.00 0.00 0.00
0.00 1.62 0.00 0.00 0.00
0.00 0.00 1.41 0.00 0.00
0.00 0.00 0.00 0.62 0.00
0.00 0.00 0.00 0.00 -0.00

×





















D(ocument)

d1 0.50 -0.00 0.50 0.00 -0.71
d2 0.50 0.00 -0.50 0.00 0.00
d3 0.50 -0.00 0.50 0.00 0.71
d4 0.50 -0.00 -0.50 -0.00 0.00
d5 -0.00 0.53 0.00 -0.85 0.00
d6 0.00 0.85 0.00 0.53 0.00





















T

gnarly 0.41 0.00
wicked 0.41 0.00

awesome 0.82 -0.00
lame 0.00 0.85

terrible 0.00 0.53

× 2.45 0.00
0.00 1.62 =

gnarly 1.00 0.00
wicked 1.00 0.00

awesome 2.00 0.00
lame 0.00 1.38

terrible 0.00 0.85

Distance from gnarly

1. gnarly
2. wicked
3. awesome
4. terrible
5. lame
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Cell-value comparisons (k = 100)
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Choosing the LSA dimensionality
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Related dimensionality reduction techniques

• Principal Components Analysis (PCA)
• Non-negative Matrix Factorization (NMF)
• Probabilistic LSA (PLSA; Hofmann 1999)
• Latent Dirichlet Allocation (LDA; Blei et al. 2003)
• t-SNE (van der Maaten and Hinton 2008)

See sklearn.decomposition and sklearn.manifold
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Code snippets pbKnHb�nbQHp2/

J�`+? k9- kykR

(R), BKTQ`i Qb
BKTQ`i T�M/�b �b T/
BKTQ`i pbK

(k), .�h�n>PJ1 4 QbXT�i?XDQBMU^/�i�^- ^pbK/�i�^V

;B;�8 4 T/X`2�/n+bpU
QbXT�i?XDQBMU.�h�n>PJ1- ^;B;�nrBM/Qr8@b+�H2/X+bpX;x^V- BM/2tn+QH4yV

(j), ;B;�8Xb?�T2

(j), U8yyy- 8yyyV

(9), ;B;�8nHb�Ryy 4 pbKXHb�U;B;�8- F4RyyV

(8), ;B;�8nHb�RyyXb?�T2

(8), U8yyy- RyyV

R
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Autoencoders

1. Latent Semantic Analysis
2. Autoencoders
3. GloVe
4. Visualization
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Overview

• Autoencoders are a flexible class of deep learning
architectures for learning reduced dimensional
representations.

• Chapter 14 of Goodfellow et al. (2016) is an excellent
discussion.
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The basic autoencoder model

x

x_hat = hW_hy + b_hy

h = f(xW_xh + b_xh)

Seeks to predict its own input.

High-dimensional inputs are fed 
through a narrow hidden layer 

(or multiple hidden layers).
This is the representation of 

interest – akin to LSA output.

This might be preceded by a 
separate dimensionality 

reduction step (e.g., LSA)

y_err = x_hat - x

d_b_hy = y_err

h_err = 
 y_err.dot(W_hy.T) * f’(h)

d_W_hy outer(h, y_err)

d_W_xh = outer(x, h_err)

d_b_xh = h_err

Assume f = tanh  and so f’(z) = 1.0 - z 2. Per example error is ∑i 0.5 * (x_hati - xi)
2
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Autoencoder code snippets

pbKn+Q/2dnbQHp2/

J�`+? k9- kykR

(R), 7`QK MTn�miQ2M+Q/2` BKTQ`i �miQ2M+Q/2`
BKTQ`i Qb
BKTQ`i T�M/�b �b T/
7`QK iQ`+?n�miQ2M+Q/2` BKTQ`i hQ`+?�miQ2M+Q/2`
BKTQ`i pbK

(k), .�h�n>PJ1 4 QbXT�i?XDQBMU^/�i�^- ^pbK/�i�^V

;B;�8 4 T/X`2�/n+bpU
QbXT�i?XDQBMU.�h�n>PJ1- ^;B;�nrBM/Qr8@b+�H2/X+bpX;x^V- BM/2tn+QH4yV

(j), O uQm^HH HBF2Hv M22/ � H�`;2` M2irQ`F- i`�BM2/ HQM;2`- 7Q` ;QQ/ `2bmHibX
�2 4 �miQ2M+Q/2`UK�tnBi2`4Ry- ?B//2Mn/BK48yV

(9), O a+�HBM; i?2 p�Hm2b 7B`bi rBHH ?2HT i?2 M2irQ`F H2�`M,
;B;�8nHk 4 ;B;�8X�TTHvUpbKXH2M;i?nMQ`K- �tBb4RV

(8), O h?2 <7Bi< K2i?Q/ `2im`Mb i?2 ?B//2M `2Tb,
;B;�8n�2 4 �2X7BiU;B;�8nHkV

6BMBb?2/ 2TQ+? Ry Q7 Ryc 2``Q` Bb yX933jj3eyeeN3dd99

(e), iQ`+?n�2 4 hQ`+?�miQ2M+Q/2`UK�tnBi2`4Ry- ?B//2Mn/BK48yV

(d), O � TQi2MiB�HHv BMi2`2biBM; TBT2HBM2,
;B;�8nTTKBnHb�Ryy 4 pbKXHb�UpbKXTKBU;B;�8V- F4RyyV

(3), ;B;�8nTTKBnHb�Ryyn�2 4 iQ`+?n�2X7BiU;B;�8nTTKBnHb�RyyV

6BMBb?2/ 2TQ+? Ry Q7 Ryc 2``Q` Bb RXkkjykd9eddkdeeRR

( ),

( ),

( ),

( ),

R
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Autoencoder code snippets( ),

(N), pbKXM2B;?#Q`bU]7BM�M+2]- ;B;�8VX?2�/UV

(N), 7BM�M+2 yXyyyyyy
KBMBbi2` yX3dyjyy
X yX33yyd9
IfT= yX3NeyRj
KBMBbi`v yX3Ndy8R
/ivT2, 7HQ�ie9

(Ry), pbKXM2B;?#Q`bU]7BM�M+2]- ;B;�8n�2VX?2�/UV

(Ry), 7BM�M+2 yXyyyyyy
�`iB+H2 yX8y9yde
bivH2 yX8ke9dj
/QK�BM yX8j3Nky
BMp2biB;�iQ`b yX893Nyj
/ivT2, 7HQ�ie9

(RR), pbKXM2B;?#Q`bU]7BM�M+2]- ;B;�8nTTKBnHb�Ryyn�2VX?2�/UV

(RR), 7BM�M+2 yXyyyyyy
�77�B`b yXkjkej8
K�M�;2K2Mi yXk93y3y
+QKK2`+2 yXk88yNN
#�MFBM; yXk8e9k3
/ivT2, 7HQ�ie9

k
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Global Vectors (GloVe)

1. Latent Semantic Analysis
2. Autoencoders
3. GloVe
4. Visualization
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Overview

• Pennington et al. (2014)

• Roughly speaking, the objective is to learn vectors for
words such that their dot product is proportional to their
log probability of co-occurrence.

• We’ll use the implementation in torch_glove.py in the
course repo. There is a reference implementation in
vsm.py. For really big vocabularies, the GloVe team’s C
implementation is probably the best choice.

• We’ll make use of the GloVe team’s pretrained
representations throughout this course.
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The GloVe objective

Equation (6):

w>
i
ewk = log(Pik) = log(Xik)− log(Xi)

Allowing different rows and columns:

w>
i
ewk = log(Pik) = log(Xik)− log(Xi∗ · X∗k)

That’s PMI!

pmi(X, i, j) = log
�

Xij

expected(X, i, j)

�

= log
�

P(Xij)

P(Xi∗) · P(X∗j)

�

By the equivalence log(xy ) = log(x)− log(y)
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The weighted GloVe objective

Original

w>
i
ewk + bi + ebk = log(Xik)

Weighted

|V|
∑

i,j=1

f
�

Xij
�

�

w>
i
ewj + bi + ebj − logXij

�2

where V is the vocabulary and f is

f (x)

¨

(x/xmax)
α if x < xmax

1 otherwise

Typically, α is set to 0.75 and xmax to 100.
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GloVe hyperparameters

• Learned representation dimensionality.
• xmax, which flattens out all high counts.
• α, which scales the values as (x/xmax)

α.

f (x)

¨

(x/xmax)
α if x < xmax

1 otherwise

f
��

100 99 75 10 1
��

=
�

1.00 0.99 0.81 0.18 0.03
�
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GloVe learning
The loss calculations

f (Xij)
�

w>
i
ewj − logXij

�

show how gnarly and wicked are
pulled toward awesome. Bias
terms left out for simplicity.
gnarly and wicked deliberately
far apart in w0 and ew0.
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Counts gnarly wicked awesome terrible

gnarly 10 0 9 1
wicked 0 10 9 1
awesome 9 9 19 1
terrible 1 1 1 3

Weights(xmax = 10, α = 0.75)
gnarly wicked awesome terrible

gnarly 1.00 0.00 0.92 0.18
wicked 0.00 1.00 0.92 0.18
awesome 0.92 0.92 1.00 0.18
terrible 0.18 0.18 0.18 0.41

w0

gnarly 0.27 −0.27
wicked −0.27 0.27
awesome 0.36 −0.50
terrible 0.08 0.16

ew0

gnarly 0.18 −0.18
wicked −0.18 0.18
awesome 0.03 0.20
terrible 0.17 0.32

0.92
�

�

0.27 −0.27
�> � 0.03 0.20

�

− log( 9 )
�

= −2.06

0.92
�

�

−0.27 0.27
�> � 0.03 0.20

�

− log( 9 )
�

= −1.98

w1

gnarly 0.99 −0.85
wicked 0.74 −0.54
awesome 0.37 −0.26
terrible 0.12 0.21

ew1

gnarly 0.97 −0.82
wicked 0.73 −0.54
awesome 0.34 −0.25
terrible 0.20 0.34

0.92
�

�

0.99 −0.85
�> � 0.34 −0.25

�

− log( 9 )
�

= −1.51

0.92
�

�

0.74 −0.54
�> � 0.34 −0.25

�

− log( 9 )
�

= −1.66
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GloVe cell-value comparisons (n = 50)
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GloVe code snippets
pbKn;HQp2nbQHp2/

J�`+? k9- kykR

(R), 7`QK iQ`+?n;HQp2 BKTQ`i hQ`+?:HQo2
BKTQ`i Qb
BKTQ`i T�M/�b �b T/

(k), .�h�n>PJ1 4 QbXT�i?XDQBMU^/�i�^- ^pbK/�i�^V
v2HT8 4 T/X`2�/n+bpU

QbXT�i?XDQBMU.�h�n>PJ1- ^v2HTnrBM/Qr8@b+�H2/X+bpX;x^V- BM/2tn+QH4yV
v2HTky 4 T/X`2�/n+bpU

QbXT�i?XDQBMU.�h�n>PJ1- ^v2HTnrBM/Qrky@7H�iX+bpX;x^V- BM/2tn+QH4yV

(j), O q?�i T2`+2Mi�;2 Q7 i?2 MQM@x2`Q p�Hm2b �`2 #2BM; K�TT2/ iQ R #v 7\
/27 T2`+2Mi�;2nMQMx2`Qnp�Hbn�#Qp2U/7- M4RyyV,

p 4 /7Xp�Hm2bX`2b?�T2UR- @RVXb[m22x2UV
p 4 p(p = y)
�#Qp2 4 p(p = M)
`2im`M H2MU�#Qp2V f H2MUpV

(9), T2`+2Mi�;2nMQMx2`Qnp�Hbn�#Qp2Uv2HT8V

(9), yXy9N883y39dd99y99ee

(8), T2`+2Mi�;2nMQMx2`Qnp�Hbn�#Qp2Uv2HTkyV

(8), yXky9k8jjNdj839y3Rd

(e), ;Hp 4 hQ`+?:HQo2UK�tnBi2`4Ryy- 2K#2/n/BK48yV

(d), v2HT8n;Hp 4 ;HpX7BiUv2HT8V

6BMBb?2/ 2TQ+? Ryy Q7 Ryyc 2``Q` Bb kjeRk3RX9e3d8

(3), O �`2 /Qi T`Q/m+ib Q7 H2�`M2/ p2+iQ`b T`QTQ`iBQM�H
O iQ i?2 HQ; +Q@Q++m``2M+2 T`Q#�#BHBiB2b\
;HpXb+Q`2Uv2HT8V

(3), yXjk8kyNdjN8kdyjRNd

( ),

R
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Visualization

1. Latent Semantic Analysis
2. Autoencoders
3. GloVe
4. Visualization
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Techniques

• Our goal is to visualize very high-dimensional spaces in
two or three dimensions. This will inevitably involve
compromises.

• Still, visualization can give you a feel for what is in your
VSM, especially if you pair it with other kinds of
qualitative exploration (e.g., using vsm.neighbors).

• There are many visualization techniques implemented in
sklearn.manifold; see this user guide for an overview
and discussion of trade-offs.
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t-SNE on the giga20 PPMI VSM
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Code snippets

pbKnpBxnbQHp2/

J�`+? k9- kykR

(R), 7`QK MHiFX+Q`Tmb BKTQ`i QTBMBQMnH2tB+QM
BKTQ`i Qb
BKTQ`i T�M/�b �b T/
BKTQ`i pbK

(k), .�h�n>PJ1 4 QbXT�i?XDQBMU^/�i�^- ^pbK/�i�^V

v2HT8 4 T/X`2�/n+bpU
QbXT�i?XDQBMU.�h�n>PJ1- ^v2HTnrBM/Qr8@b+�H2/X+bpX;x^V- BM/2tn+QH4yV

(j), v2HT8nTTKB 4 pbKXTKBUv2HT8V

(9), O amTTHv � bi` 7BH2M�K2 iQ r`Bi2 i?2 QmiTmi iQ � 7BH2,
pbKXibM2npBxUv2HT8nTTKB- QmiTmin7BH2M�K24LQM2V

(8), O hQ /BbTH�v rQ`/b BM /B772`2Mi +QHQ`b #�b2/ QM 2ti2`M�H +`Bi2`B�,
TQbBiBp2 4 b2iUQTBMBQMnH2tB+QMXTQbBiBp2UVV
M2;�iBp2 4 b2iUQTBMBQMnH2tB+QMXM2;�iBp2UVV

+QHQ`b 4 ()
7Q` r BM v2HT8nTTKBXBM/2t,

B7 r BM TQbBiBp2,
+QHQ` 4 ^`2/^

2HB7 r BM M2;�iBp2,
+QHQ` 4 ^#Hm2^

2Hb2,
+QHQ` 4 ^;`�v^

+QHQ`bX�TT2M/U+QHQ`V

pbKXibM2npBxUv2HT8nTTKB- +QHQ`b4+QHQ`bV

R
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