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Google Al algorithm masters ancient game of Go

Deep-learning software defeats human professional for first time.

Elizabeth Gibney
27 January 2016 27 January 2016
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The computer that mastere d@o

Deep Iearnlng software (AIphaGo) defeated

human, Fan Hui 222, European Professional
Go Champlonshlp, for the flrst tlme in 2015.
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The Go Files: Al computer wraps up 4-1 victory
against human champion

Nature reports from AlphaGo's victory in Seoul.

Tanguy Chouard
15 March 2016
SEOUL, SOUTH KOREA
Seoul, South Korea
. Rights & Permissions

— AlphaGo wraps up 4-1 icory against
l human champion (Lee Sedol) in Seoul,
for a S1 million prize
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AlphaGo beat Ke Jie 3-0

in May 2017
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AlphaGo Zero

e Published in Nature in October 2017

* Created without using data from human
games

e Stronger than any previous AlphaGo version
by playing games against itself

— beat AlphaGo Lee in three days
— reached the level of AlphaGo Master in 21 days
— exceeded all the old versions in 40 days
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Why Google‘s Go Win Such a Big Deal?
Deep Blue Z=E= (IBM) beat chess grandmaster
Garry Kasparov in 1997

* Go vs Chess
— Bigger board, 19x19 vs 8x8
— Simpler rules, more move possibilities, 361 vs 28

— Longer game, 150 vs 80

* AlphaGo vs Deep Blue

— Deep Blue can only play Chess.

— AlphaGo is general-purpose, can win 49 different

arcade games
o BEEEER
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Why AlphaGo? What is next?

Silver: ” ... can learn from data and self-play to
figure out knowledge ...”

* no built-in expert knowledge
— reinforcement learning

Silver: “... more exciting was the manner in which
AlphaGo did it...”

e creativity and intuitive insights

Silver: “...many many different domains. We're by
no means done with AlphaGo.”

* Deep-learning can revolutionize everything
) ELEEBR&ER

Y
A # )] HANG SENG
MANAGEMENT COLLEGE




Google CEO Eric Schmidt:
This technology will be using in every one of the
Alphabet companies.

Google Jrage% [ N T3MiEBE S |

Google Ji = (4 H ) £ i il — & 5% 1
Bif - GLAEHIE T B aX B ARE FHE - BB SRR - e
BUEERATS - BRI T Google i A T8
REFCHT - Rz wllm) [N TR s | wm
AN - BB '-"Tflﬁl’:l"* Wi T

Google & 4 : shai) Fi - i J5 10
. Of’gle—ﬁ?'iﬂ.’lr?’hiﬂﬁ’
(‘mobile—first ) MIHEA » £E3E FAR 104E » Google
AFE RS [N TR REMESE | (Al-fint) 1
. Aiﬁﬁﬁ]%%f@ﬁﬂﬂﬁfk Pxxel?l"l%’ﬁﬁ :

Pixel ﬂ%ﬂﬁ 5000 yEESPRE fEE

Pixel f§ HTC A T » {H#% 5t 1 Google 4> /1
W %) L [ Google Wi | THE 0 BBLRS
Google HEMEHTH A1 =it mo it PO ET1 » EA S
IS A1 5.5 505 i WA <+ 4T 4GB RAM » N
TR AE i 23 1 32GB Al 128GB © B 3L oK 1 M A
FEE 15 SR GO 0T AT 7 /60 55— EE AT IR
B# - ERHM 1200 SR A HH  RHIENL MF

e e NS Lo Law LA Sead e b e s .

o, % ~ .‘ugi»
Google?ﬁﬂiﬁﬁ!ﬂn)ﬁ%‘ﬁﬁ?& Pixel( %) * &1
B [AHFRY )| ERRKEANRE(E)

(3&i\3)
M FH o I—Google WJEJ B RN S o]
AR P 32 AT — R FUEF - Google 3t
W » [ Google BhHH | 1§ & Google F ﬂﬂmgﬁ‘lﬂl
DH ) A i 7R 4 -

VR UESECRE SR H
Google % SENA hk 3 GIH M o A HT A

1 ks 2 1 L I

HH %y
Oct 2017



Machine Learning Daily Life Examples

GO gle machine learning § Q

LT
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Web search engine == .

#) 26,800,000 InI|EE R (0.55 #)
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Machine learning - Wikipedia
https:/fen.wikipedia.org/wiki/Machine_learning ~ EEiZ{BE 1
Machine Iearmnq is the subfeld of computer science that "gives computers the ability to leam without
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Filtering Spam emails

omputational learning theory
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@ CBS NEWS swows  vipEo

By JOEL ARAK AP January 24. 2004, 5:36 PM

Gates: Spam To Be Canned
By 2006

-

-

C Dy JEMes Uenison / Marcn 11,
E

http://www.cnn.com/2004/TECH/internet/03/05/spam.charge.ap/index.html i



Machine Learning Daily Life Examples

GO gle machine learning $ Q
Web search engine == %z Ia

#) 26,800,000 IRIEJ|ER (0.55 #)

Machine learning - Wikipedia
https://fen.wikipedia.org/wiki/Machine_learning ~ EEiZ{BE T
Machine Iearmnq is the subf'eld of computer science that "gives computers the ability to leam without
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Filtering Spam emails

omputational learning theory

PEOPLE YOU MAY KNOW See All

William Fong Yan
1 mutual friend

1+ Add 1+ Add Friend 2+ Add Friend

Facebook: Find your friends
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Recent Quantum Leaps in Technology

* Machine translation
(google translate between over 100 languages)

e Speech recognition
* Image recognition
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Google search - “dog”
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Google search - “cat and dog”

C | & Secure https://www.google.com.hk/search?safe=active&espv=28biw=1

hitps://www.google.com hik/imgros?imguri=http % IA%2F %2Fblogs. W2F2014%2F08%

ELEEERR
HANG SENG
MANAGEMENT COLLEGE

14




Recent Quantum Leaps in Technology

 Machine translation
(google translate between over 100 languages)

* Speech recognition
* Image recognition
* Robotics

e Self-driving cars
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Self-driving cars (= & E1)

Nvidia taught a self-driving_car to drive like a human without telling it ...

Quartz - 20165E1081H

The self-driving Lincoln was able to navigate around real Mew Jersey
learning, the vehicle can be trained to have superhuman ...

T Baidu, nVidia To Build Independent Self-Driving Car Platform

ChinaTopix

HANG SENG

Forbes - 201659 B29H

e "With deep

Integrating nVidia's deep leaming expertise in processing the data and ... It should be

’1 5 F noted that for a safe experience in a self driving vehicle, ...

E &R Nvidia & 1F%E
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Recent Quantum Leaps in Technology

 Machine translation
(google translate between over 100 languages)

e Speech recognition
* Image recognition
* Robotics

* Self-driving cars

All these technology breakthroughs derive from the
same breakthrough in Artificial Intelligence machine
learning — Deep Learning
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How do Machine Learning and
Deep Learning Work?
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— FBRT“HE | Entertainment Apr|| 21’ 2017

ARTIFICIAL INTELLIGENCE

A Computer Is Deciding What Movies You're
Going to Watch Next (HLUK tk e VR ZEE 4 FL 2

Al Predicts This Summer's Opening Weekend Box-Office
Hauls ,
AT RET A E R E R 5

» BAYWATCH
$21.58m on 3,500 screens

 DIARY OF A WIMPY KID: THE LONG HAUL
$17.3m on 3,400 screens

* ROUGH NIGHT
$15.6m on 3,000 screens

* SNATCHED
$13.3m on 3,000 screens
Algorithms can use inputs like Amy Schumer’s popularity to project ticket
@ sales.
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A Machine Learning Example

Will this movie be popular? =3[/ 2

—a
=7

S A N7 BE)
S =/ Do —7

B o AR
x, = Type (romance, violence, detective, fiction, .. 584 (JE= » &7 > [HEE ...
X, = Language (English, Chinese, Korean, ... ;5=

<Ok

ste (JEEE 0 B 0 HjE, ..
X3 = Main actor (Tom Cruise, Tom Hanks, & f5%, HVFE, ...

X, = Main actress (Angelina Jolie, Meryl Streep, &= -1-|&, 1K= &

xs = Background (modern, ancient, animation, B4t 15 4&, 2l H HL52...
Xs = Length of the movie /5 =

x, = Director (Steven Spielberg, 5EE4:

Xg = Show time (summer, Christmas, New year, ... JiZHLHT B

e Study previous movies

SEd=
=857

and box office sales Z==
* Data:(my, s;), (my,s,), ..., (My, Sy)

— movie m described by <x,, X, , X5,..., X
ELERBR
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Machine Learning Model

ISEg=
B

(my, m,, ... my)

Movie Data

TR

* Wh

Unknown function
F:M —> B

Box office sale

(S, Sy, - Sp)

New Movie

atisG?

o) | SR
Learning Algorithm BAAE L
Hypothesis function Predicted

G=F

Box office sale

* Example: 2.5xActor(:XFE) + 3xDirector(7EEA:E) + ...
S = Wq + WXy + W)X, + ... + Wx, (linear dependence)

e Learn values of w/’s (also x's, e.g., weights of i\/}ig, & )f 55 ... )
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Perceptron

dendrite\'ﬁf’"'_. U 2 nucleus
Inspired by neurobiology (1954) x;{j\ e
=1 iy h) : EX lﬁl’ _\;?—:Q. Teell :‘\‘,‘"i:
RIBORBE ML) TR T
weights sum non-linearity
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Deep Neural Network (7%,

=2 S 4%)

* Data {(m]_l 51)1 (mll S2)1 > (mN' SN)}

e To train model (adjust W)

to minimize error (difference between s, and y,)

L 3 1! E E E E E ﬁ
L5 HANG SENG
S MANAGEMENT COLLEGE
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Training Perceptron

* Calculate output for each training sample
E :/E{E n/[”g*ﬂKZ[KEWEHU l_j

* For each sample, weights w. are adjusted so as
to minimize output error

FEEEEE % R |a )
b, LA i i = B /M E A =
: \Ci \\ A Ve
It is linear regression if o \\‘ s
mean square error is applied. »
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Historic review of Perceptron Jf% 5[0 gH

* Artificial neural network developed in 1950-60

e Perceptron (a book by M.Minsky) gives a very
pessimistic view on neural network
- cannot do XOR, connectedness, parity.

* Funding for neural network was cut and
direction on Al research was changed.

RSB TR A
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Limitation of Perceptron

Perceptron can Only Iearn outside umbrella result
linearly separable functions. Y Y Vi

HREER R Al T B PR B

XOR cannot be classified

by linear separator % X v

XORE 451 4315 -

(01) and (10) == 0 x E

(00) and (11) == 1 v 9 v %
ELXEERER Inside outside

el et
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Historic review of Perceptron Jf% 5 [jgH
continue....

Deep Learning
* Nonlinear activation function

* The neuron should connect to every input
(instead of some local inputs)

* Multi-levels with millions neurons
* Any function can be computed.
Neural network is now basic for machine learning

o) ELEEEZRR
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Why Deep Learning (DL)?

e Starting 2006, DL starts to outperform other
ML techniques

e What make DL work?

— Faster machines and multicore CPU/GPU
— Big data — large dataset
— New models and algorithms

— Major companies, Google, Microsoft, SAS,
Amazon, eBay, Facebook, Alibaba, Baidu, Huawei
and Tencent, invest heavily on Deep Learning and
Data Analytics

B ELEEEE
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HSMC Awarded HKS7million

Establishment of DLC
Deep Learning Research & Applications Centre

Three-year grant starting 2016

One of the ongoing projects:
Machine Translation on IPO documents
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Phrase based Machine Translation

Translate :

* | want to go to the market today.
Break sentence into chunks

e | | want | to go | to the market | today.
Translate model
i e e S e e | SR

Language model

Rule base : adding rule to reorder the words
» WSKRIEEME or SKREEETS

Google translate FTH <K

More and more rules are added.

Machine Translation system becomes very complicated
o EEERER
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Translate using statistics

1. Break sentence into parts
| | want | to go | to the market | today.
2. Find all possible translates

RIE | = | 0 e
& 25 s
Tk I BT
BE ik e
A T

WA

3. Generate all possible sentences (combinations)
 EX & XH 5K
£34 HR TG BT
HR B SK s

4. Find the most common and similar one
SK Ik B E WHE

= B EERR
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Machine Translation and
Natural Language Processing (NLP)

e 1970-80’s, early NLP is rule-based (by hand)

e Using statistical inference to learn rules
through large collections of documents
— Spelling #t 5 (dtwhe, rtfgy, ...)
— Grammar &% (I go, he goes, one book, two books ...)
— Structure %514 (subject — verb — object,...)
— Style F£4
— Meaning = X
* Hypothesis: spelling, grammar, structure...
are all hidden patterns in documents

: Ef; What about word meaning?

\»”’ MANAGEMENT COLLEGE
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Progress in Machine Translation

26 1

24 1

294 —F 8

MT Quality (BLEU)

20 1

18 ¢

2013 2014 2015 2016 2017
Year

== Phrese hased SMT Syniax DESEd SMT =i Heural MT

Data from [Sennrich 2016, http: //www .meta-net.eu/events/meta-forum-2016/slides/09_sennrich.pdf]



Representing Words in NLP

One-hot representation:
One token for each word as an N-dim vector

man = (O O ,010,0,..0,0)
woman = g O, .0,1,0,0,..0)
human = ( ,1,..000,0,..0)
manly =(O O ,O, 0,00,1,0,.0)

* shortcomings:
— Size of space, RN
(size of vocabulary, N=13 million English words),
— semantic independent (each word is independent)

Word Vectors encode similarity and difference

between words in the vector.
_— EEEEER
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History of the development of
Vector Space Models (VSM)

* SMART information retrieval |, . °° ":..:
system (Salton, 1971) =N Sl o g

— Mappij ocuments to a vector

mk  How are library books — EUUSAUEEICIgsLle

— AU ESEER N R ER A E s close to query in
vector space

 Words are mapped to vectors, similar words
mapped to nearby vectors (embedding)

) EEEERR
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Word-context (similarity)

e Distributional hypothesis (in linguistics)

— words in similar contexts have similar meanings
(Harris 1954)

— “You shall know a word by the company it keeps.”

YILIJEEE (Firth 1957)
 Hypothesis: Related words often appear in same
documents

VT

money”, “finance”, “banks”,...},

’) Il II ’)

{”economlc

{“dogs”, pets”, ..} likely appear together

) VA (]

“money”, shrlmp”, “liver”, “north” seldom appear together

ve) BEEEBR
ST HANG SENG
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Word2Vec by Deep Learning

Fake task (continuous bag of words CBOW)
e To predict word by surrounding context

e j.e., guess ? from {“My”, “cat”, “on”, “the”, “mat”}

(supervised Iearning)
Possible words (“sits”, “sat”, “

»n 144 )

“crawls”, “pees”... :
Defmltely not (“iron”, “whale”, “north”,...) my?
Train DL network W|th many documents '
The hidden layer represents word “sits”

1/ (]

, “sleeps”, “slept”,

/a (] ”

cat P

Observations: 2 :

Similar words, “smart” and “intelligent” ™ : via
c c c & -aim
likely to have similar context,

and similar word vectors.
EABEBRE
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Probability of
each word

N-dim
Vector
for “sits”




Word Vector Analogies

Given incomplete analogy a:b=c:x
For example: boy : girl = man : x
ldentify the word x, s.t., girl - boy = x - man,

l.e., x=girl—boy+ man

waiter king
boy man
cock
waitress queen
girl %

l.\‘.;;_ in E E E E E E
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Download English Wikipedia Dump

L]

https://dumps.wikimedia.org/enwiki/latest/
enwiki-latest-pages—-articles.xml.bz2

13+ G file size, 4,000,000+ articles
+ Preprocess, 2G+ memory required

1| # Remove words occuring less than 20 times, and words

occuring In more than 10% of the documents. (keep n Is
the vocabulary slze)

wikl.dictlonary . fllter_extremes (no_below=20, no_above
=0.1,*"lkeep _n=100000)

[ ]

P

Train Word2Vec
Use Gensim for 24 hors training on virtual server

106 25



Word Analogy: Country-Captain Paris

_ _ &viepnam
dlanai-—=="""
o skhina
ﬁl.t.fi,""'i'”__ die Ljdgm === == === =TT T T
.I.l. ---------
d-l'-h—ri"_..._______________: hhhhh anada .
------------ &iapan
@@irara
----------- Lurkey
WeoCo®w i
_____________________ <russia
derlin
Rols.____ T TTEmmeal
_________________ & Tmany
. il S el er
md_l_"i_d ﬁ'cw‘h —————————————————— .ﬂl.H.l:I"
-------------- — gEpain




Word2Vec Result

1

£a

Word similarity:

model = gensim.models.Word2Vec. load (os.path. Join (MODEL PATH
, word2vec.model’), mmap="r"') # load large array

print(model. simlilarity ( 'apple’, 'mango’), model.simllarity (
‘apple’, 'lbm"))

0.465574139702 0.531822866913

google
. ﬁlggo @pp] e
an .
¢ o microsoft
juice
huawe1l gbm
samsung

12/ 25



— good :
— 000
— good :
— good :

Syntax testing

Superlative adjectives

oest = big : biggest
: best = bad : worst
oest = cold : coldest
pest = easy : easiest

Present and past tense

— Wd
— Wd
— Wd
— Wd
— Wd
ELEEERR
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King :
King :
KIng :
King :

King :

MANAGEMENT COLLEGE

wd
Wd
Wd
Wd
Wwd

ked = increasing : increased
ked = falling : fell

ked = going : went

ked = hitting : hit

ked = hiding : hid




Recurrent Neural Network (RNN)

Language is a sequence (not a bag)

of words.
 The food is good, not bad at all. E E e

 The food is bad, not good at all.
RNN is used to build language

model
1. maintain word order

2. share parameters across
the sequence

3. keep track of long-term
dependencies

(0000 | (ecee| (eceo)

Grace was hungry

B Ak 1% E E E E & ﬁ
AL HANG SENG
MANAGEMENT COLLEGE
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A BiLSTM Encoder and
LSTM with Attention Decoder

ﬂjo g:% IIQ <eos>
0.5 .
0.4

Encoder

0.5

) : 0.3
Attention . 0.2 0.1

— 02
0.2
\ o

0.2 0.4 0.1 0.3 0.0 ﬂﬂ \%ﬁ
word | 0.1 0.2 0.4 0.3 0.0 V
vector 0.0 0.1 0.2 0.1 0.0

0.4 0.1 0.3 0.2 0.0 Decoder

He likes to eat <eos>

n 1# E E E E ﬂ ﬁ
. HANG SENG
4 MANAGEMENT COLLEGE
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Our Translation Advantages

* Focused on financial documents
e Confidentiality — run on local servers
* Glossary for different fields

* Similar subsections and styles,
e.g., introduction of companies, CVs, financial
statement, declarations, ...

* Training data:
about 900 IPO documents and 2.1 paired
sentences

* Got ITF support and industrial interest.

cem) BEEERR
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Machine translation

“l want to g0 Recurrent Encoding

0.4589, 2.443 2.6793
2.344 - 0.4456 0.0788
0.3456 1.2976 -0.2635
0.319 0.0056 3,45910

to the market f Neural
Network

today”

2.34 0.10865 .73899

?2/%\%3[:&2 Recurrent

l_:fi[:% — Neural

Network

ELEEERR
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Automatic Answering System

Google Chat logs
Employees and Tech Support Team:

Connection refused Recurrent .
or something like Neural Encoding

0.4589, 2.443 2.6793
th at. Network 2.344 -0.4456 0.0788

0.3456 1.2976 -0.2635
0.319 0.0056 3,45910

2.34 0.10865 .73899

May | know the Recurrent
version of network Neural
connect?

Network

») EBLEEERR
"'H’ HANG SENG
'"‘--_J/ MANAGEMENT COLLEGE
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Picture Caption

Input: picture

Output : iImage caption

. ) EEXEERKR

Recurrent
Neural
Network

Recurrent
Neural

Network

Encoding

0.4589, 2.443
2.344 - 0.4456

0.3456 1.2976
0.319 0.0056

2.34 0.10865

2.6793
0.0788
-0.2635
3,45910

.73899

49




Language Model for Style

All work of __, language
Shakespeare model (RNN)

Base on statistics, the
next word is generated
according to probability

o) ELEEEZRR
' HANG SENG
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KING LEAR:

0, if you were a feeble sight, the
courtesy of your law,

Your sight and several breath, will

— wear the gods

With his heads, and my hands are
wonder'd at the deeds,

So drop upon your lordship’s head,

and your opinion
Shall be against your honour.

50




o= .
* Deep Learn -&” ‘ I
and regres L | | 4
5 37:29 The righteous shall |nher|t 5
Other examp the land, and leave It for an |

* Image inheritance unto the children of
Gad according to the number of
steps that is linear in b.

e Speech

e Handwritin

 hath it not been for the singular
| taste of old Unix, “new Unix”




Bedrooms created by Generative models

h .‘.:‘NH;.\ : I.. '-y
hb‘%‘"-
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What projects can benefit from DL?

Problems with an hypothesis (data relationship)
* Existence of a pattern
* Large amount of data

Supervised learning for classification or regression
Input data with labels

Hypothesis: label is linked to a pattern

Ex: box office prediction, image recognition,
spam emails, ...

Unsupervised learning to learn about the data

Input raw data
EEERER
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Coin Classification

Training Data: Supervised learning
(<size, weight >, type)

14
A 1-dollar
13 +—
m 2-dollar
4 5-dollar
4= | —
I
<,

u ]
m ¥p T
8 _ =
A\
7 - A a AL 4
A AAT, A N
A

6

E E E E E ﬁ 2450 25.00 25.50 2¢ S i Ze 0 27.50 28.00 28.50

‘ HANG SENG
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Unsupervised Learning

15

14 ,/’—_‘“\\
Learn from raw S e
13 \ -
data and look for . R
12 \\~ ”
patterns - -
. . i ‘/’—_—~~\\
* Grouping exists : Ao i S
e m T T TSt e Tl
/ o L .\\\ * e //
l7——.oﬁo.—“ .oi e I <
\ . ‘/

T T ,I T T T T 1
24.50™ 22,00 &50’ 26.00 26.50 27.00 27.50 28.00 28.50

Diameter in mm

ELXEEEEEKR
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Where to go?

e Supervised learning
— More data, better the results
— Limited by the amount labeled data
* Unsupervised learning (unlimited data)

— Bigger model (more layers and neurons) better
the results

— Limited by ability to process data (raw)

* Reinforcement learning

— choose action to maximize expected long term
reward (example: AlphaGo)
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Language models

e “My cat sits on the mat” is assighed high
probability because a completely valid sentence,
syntactically and semantically.

e “car cold swim red the” has low probability
Unigram:

P(w,, W,, ..., W) = P(w,)P(w,)...P(w,)

Bigrams:

P(w,, W,, ..., W) = P(w,)P(w, | w,)..P(w |w_,)
Trigrams:

P(w,, W,, ..., W ) = P(w,)P(w, |w,)..P(w_|w_,w_ )
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Term-document
 Term-document (Matrix A)

 Rows: terms/words A5 /1A i
e Columns: documents 14
* A, = frequency of the word i occurs in document j

* Bag of words hypothesis (in information retrieval)
— document — bag of words (order does not matter)
— words indicate document topic 1% % 7~ RS T
— documents of similar topics use similar words
FEACURIE ] B SC A4S FH AH ACA ) ]
— their document vectors will be similar 3£ [r] & AH AL

* Focus: document similarity >
o ELEEERKR

Y
A # )] HANG SENG
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Document 1: My husband and | have three cats and two dogs,
and | consider myself a cat person and a dog person. In fact, cats
and dogs often come into our lives in unexpected ways....

Document 2: | like cats and dogs. My cat sits on the mat. My dog
like to play with my cat....

Document 3: Hong Kong is one of the world's most

significant financial centres, with the highest Financial
Development Index score and consistently ranks as the world's
most competitive and freest economic entity...

cat / cats 3 3 0

Dog / dogs 3 2 0

Hong Kong 0 0 1

financial 0 0 2

| / my / our / myself 5 4 0 »
0 0 0

BEL£E®E! economy
M#)) HANG SENG

e MANAGEMENT COLLEGE

61




Word-context (similarity)

* Word-context — generalization of term-document
— Rows: words

— Columns: context (document, phrases, sentences, paragraphs,
chapters, books, ...)

Word similarity Focus shifted from rows to columns;

Distributional hypothesis (in linguistics)
— words in similar contexts have similar meanings

FRARLTE 55 R 30 3R] 18 B AL & X (Harris 1954)

— “You shall know a word by the company it keeps.”

Y DIEEEX (Firth 1957)
Hypothesis: Related words often appear in same

documents FH < HL 1A &5 L ILAE [ — ey

/{4

“economic”, “money”, “finance”, “banks”, likely appear together

“money”, ”shnmp”, “liver”, “north” seldom appear together

ELEEERR
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Document 1: My husband and | have three cats and two dogs,
and | consider myself a cat person and a dog person. In fact, cats
and dogs often come into our lives in unexpected ways....

Document 2: | like cats and dogs. My cat sits on the mat. My dog
like to play with my cat....

Document 3: Hong Kong is one of the world's most

significant financial centres, with the highest Financial
Development Index score and consistently ranks as the world's
ptitive and freest economic entity...

IIDOg” and Ilcat”

cat / cats 3 3 0
Dog / dogs 3 2 0
Hong Kong 0 0 1
financial 0 0 2
| / my / our / myself 5 4 0

0 0 0

BEL£E®E! economy
""-”? HANG SENG
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Co-occurrence Matrix

Disadvantages of term-document matrix:
* size NxM is very large
e Number of documents, M, is not fixed

Window-based Co-occurrence Matrix
(affinity matrix)

— no of times each word appeared within
a window of particular size around word
of interest.

l.f._:;_:ll- EEEEEE
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| like cats and dogs. My dog likes my cat.
My cat and my dog sit on the mat.

Window size =1
| 1 |like | cat | and | dog | my | sit | on | the | mat
I 0 1 0 0 0 0 0 0 0

like

cat

and

X = dog
my

sit

on

the

©O O O O O o o o r
©O O O O B B O F O
©O O O O N O N O R
©O O O O B B O N O
O O O B N O Rk O m
©O O O O ON R N R
© O B O O r O O O
©O B O P O O O O O
~ O B O O O © O o
©O B O O OO O o o o

mat
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| like cats and dogs. My dog likes my cat.
and my dog sit on the mat.

“Dog” and “cat”

are more similar Size =2
than with

‘mat’, “sit”.. | 1| like | cat | and | dog | my | sit | on | the_
o 1 1 0o 0 0 O0 0 ©

like
cat
and
X = dog
my
sit
on

the

©O O O O O O O r k.
O O O O N P B N O
O O O O W »r N O N
O O O O N N O N -
O O L L N O N R~ -
O O O P O N N W N
o r - O = = O O O
P b O B O »r O O O
_ O B B O O O O o

mat
ELEEERR
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Singular Value Decomposition

Xnxn = Unen S Vi

S ) ST TR
g u1 — Sl O DN ]
o o s Pt 0s, ... Vi Vy .o [N

Based on the largest k values, s,, s,, ... 5, use the submatrix
Uy, for word embedding matrix

- i B e~ N
=Sl 57 0. bas |
N |,k b0 TN Vi V...

H.;;_ " E E E E & ﬁ
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Problems and Issues

* Matrix dimension changes because of new
words

e Large and extremely sparse matrix
(ignore words such as “the”, “has”, “is”, ...)

* Quadratic cost to perform SVD

Another Approach based on iteration.
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Continuous Bag of Words Models (CBOW)

Predict center word “sits” from surrounding
” Hmatll}
W

1 ll II (o

context {“My”, . “on”, “the

W., W4 W W

c+1 c+2 c+3

Input word matrix V € RN |
v.: the column of V represents w,,
i.e., v.= Vx.and x, = one-hot vector of w;

© =

N . .

| | =5 | 1 0

A o Cat= 0| matso

m Ve Vers Voo Ver1 Ve 0 1

| iy — ' 0

llcatll l(matll I(Myll llonll l(thell 3 ;
BEEERRR =0 HOS
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Pick up the column
vectorv_ of w__

Generate a vector

I * I N*I*1*)

One-hot vector
of thew_

c-m+1
Change to
probability
y’ = softmax (y)
X
oA Average vector V of
V= (Vc_m + Vc_m+1 +...+ Vc+m)
N-dim
ELXEEER
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Objective function for training

Train U and V to learn the generated probability y’ from
true (expected) probability y, which is one-hot vector.

* Objective function (cross entropy)
H(Y’y) = - 2i=1,.N Y] |08(V'j)
=-Y,log(y’.)
= - log(y’,)
Intuition:
* y'is perfect, i.e., y'.=1, H(y’,y) = 0 (no adjustment)
* y'isbad, ie., y'=0.01, H(y’y) = -log(0.01) = 4.6

cem) BEEERR
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Evaluation of word vectors

Extrinsic evaluation

Deep
Learning answer

system

Words to

Input

word vectors

* slow and unclear the problematic part

Intrinsic evaluation
— Word Vector Analogies
— Analogy Evaluations
— Correlation Evaluation

1 ) EXEBRR
F HANG SENG
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HSMC Awarded HKS7million
15 A B HEGTENTE F7008 ATt &5

Establishment of Deep Learning Research &
Applications Centre V& B 5% tff 57 Bl JE A .0
(i) support research through Deep Learning

(ii) provide Deep Learning environment
(Big Data and Cloud Computing)

(iii) train Deep Learning specialists
3-Year project with outside collaborators
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Vision and Image

Elephants Chairs
(eI, W
e e 10 MESAZHTH Y
Lttt el -y
| Iwinbim " ‘"‘ E‘El LN v '

ﬁﬁj;:;aﬁ ulﬂ”r" \]r'.u::

QEACEAINY NoscmiD= NANEE [HN WENIIETN
BEASECEN =5 == i o (LR Y 2N
NUEAl=a CRIVAA ) R Vel
REBEIENN = = WEPL RN NS
Cemb @ M | BoE LWANdE R ANBR
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