7 O 5
ANALYTICS: AN ERA OF CHANGE,

AND A CHANGE OF AN ERA

SANDJAI BHULAI
. S.BHULAI@VU.NL

t
|

[
A=
§i*

-
LAy

-y

“

7ol
-

| 5

-" .

!"ov":
5\
-

.‘ I—T—r—
A,. :
e
’F.
]

—

I

VRIJE .
UNIVERSITEIT [
AMSTERDAM

LOOKING FURTHER

INTRODUCTION

v

Prof. dr. S. (Sandjai) Bhulai

Full Professor of Business Analytics
Faculty of Science

Vrije Universiteit Amsterdam
Department: Mathematics
s.bhulai@vu.nl

Business Analytics: Optimization of Business Processes

Research / Education:

Decision making under uncertainty

Control of complex high-dimensional systems
Stochastic optimization

Data science / machine learning
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VOLUME OF DATA
BlG:. VOLUME
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VOLUME OF DATA

A

Deep neural networks

Medium neural networks

Performance

Shallow neural networks

Traditional machine learning

z— ,

Amount of data
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VARIETY OF DATA
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VELOCITY OF DATA

A Minute on the Internet in 2019

Estimated data created on the internet in one minute

38mrequests & n 1m logging in

4.5m
347,222 scrolls @ L videos watched

1m views @

87,500 people u

- 2.1m
3 snaps taken

o 1.4m swipes

on Twitter
4.8m GIFs 46,200
served ' @ new posts

694,444
hours watched

$996,956 X
spent online ‘

390,030
apps downloaded ‘

188m
+ emails sent

41.6m
e ° messages sent
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VELOCITY OF DATA
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BUSINESS ANALYTICS

Big data is more than simply a matter of size:
it is also about creating insights!

The THINGS YoU
lﬁ m— ﬂﬂ DoN'r KN%,;\./

You DON'T Kol

Customers Who Bought This Item Also Bought
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BUSINESS ANALYTICS

Big data is more than simply a matter of size:
it is also about creating insights!

it STORAGE = ©
s STORAG

Business Analytics

= Scientific process of transforming data into insight for making
better decisions

= Used for data-driven decision making, which is often seen as
more objective than other alternatives for decision making

S ¥ 3 s
Analyze l. d Decide ("
Data Insight Action
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BUSINESS ANALYTICS

e, lG& Big data is more than simply a matter of size:
] |- itis also about creating insights!

1 i
A ALY [
= oot s STORAGE =
% wn ge7g r:nv:nz | -

Analytics Human Input

Descriptive
Nhat happened?

Diagnostic
hy did & happer

Predictive
B o il haooen’ Decision

Prescriptive

What sho
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BUSINESS ANALYTICS

Big data is more than simply a matter of size:
it is also about creating insights!

U RTA S -
== ouetir, st STORAGE ™= \
T s g o § == \.
Optimization What's the best that can happen? |
Predictive modeling What will happen next? ﬁ S
§ | Forecasting/extrapotation What if these trends continue?
€ |
§ Statistical analysis Why is this happening? /
/
% Alerts Y What actions are needed? \,
| \
§ Query/drill down Where exactly is the problem? ‘
| ® - \_Access and
E Ad hoc reports How many, how often, where? .> reporting
} ® =
i Standard reports What happened? l
| ® "
. N S
Degree of intelligence
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BUSINESS ANALYTICS

Machine

Computer . ™™  Math and

Science/IT Statistics
Data

Science

Software Traditional
Development Research

Domains/Business
Knowledge
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ANALYTICS: SHIFTING PARADIGMS

Do computers play more intelligently than humans?

Geplaatst op 23/10/2014 Published in Schaken
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ANALYTICS: SHIFTING PARADIGMS

’mHAZERO

STOCKFISH

-Chcss -

Google's AlphaZero Destroys Stockfish In 100-Game
Match

- FM MikeKlein = 3
*,
. ® English ~

Chess changed forever today, And maybe the rest of the world did, 100
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ANALYTICS: SHIFTING PARADIGMS

Google Al algorithm masters ancient game of Go

Deep-learning software defeats human professional for first time.

Elizabeth Gibney

27 January 2016
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ANALYTICS: SHIFTING PARADIGMS

Zondag 01 december 2019 Het laatste nieuws het eerst op NU.nl Q

Professionele.gospel FStopt carriére na
nederlaag;e,‘g"e‘ﬁg -software
- T =

G fY¥ins

De Zuid-Koreaanse gospeler Lee Se-dol stopt met zijn professionele
carriére in het Chinese bordspel. De topsporter zegt tegen het Zuid-
Koreaanse persbureau Yonhap dat zijn keuze vooral gemotiveerd is door
zijn nederlaag tegen software van het Google-zusterbedrijf DeepMind in
2016.
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ANALYTICS: SHIFTING PARADIGMS

Computing

Google Unveils Neural
Network with
“Superhuman” Ability to
Determine the Location
of Aimost Any Image

Phets CC-BY-NC by stevebe

Guessing the location of arandomly
chosen Street View image is hard, even for
well-traveled humans. But Google's latest

arti ntelligence machine manages it

with relative ease.

P CC-BY-NC by edwin 11

ng Technology from the arXiv
,2016
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ANALYTICS: SHIFTING PARADIGMS
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ANALYTICS: SHIFTING PARADIGMS

v

= Panama papers (2.6 TB, 11.5 billion documents)

> 5 billion emails

> 3 billion databases

> 2 billion PDF documents questions —==
. ==alg onthm'h""'ﬁ”'“
> 1 billion images e complex objects maclghpe
——— or

e e, algorithifs e

> 320,166 text files interactions prrion
> 2,242 other files da a—StatIStlcal
US€ amounts -== @ social @

= «»-leammg S

classification'g™ lﬂl‘!" o

grap § clustering =" = =~
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ANALYTICS: SHIFTING PARADIGMS

Artécial Intelugence

N
The Verdict Is In: Al Oum)rms
Human Lawyers in Reviewing -
Legal Documents
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SUPREME COURT'S
DECISIONS




ANALYTICS: SHIFTING PARADIGMS
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ANALYTICS: SHIFTING PARADIGMS

expectations
Spark Predictive Analytics
Geospatial and Location Inteligence Machine Leaming
Event Stream Processing
|Prescriptive Analytics
Emoton Detection/Recognison

Optenization

Seif-Service Data Preparation
Real-Time Analytics

Citzen Data Sclence

Upift Modeling

P

Deep Leaming
Data Lakes

Model Factory
Natural Language Generaton
Chief Analytics Officer

Analytics Maruetplaces

Innovation Trough of Plateau of
Inflated
TGO g hctations  Disillusionment Siope of Enlightenment Productivity
time gl
Plateau will be reached in: obsolete

Olessthan 2 years O 2105years @510 10years A more than 10 years @ before plateau
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EXAMPLE 1: MARKOV MODELS

Google Search I'm Feeling Lucky

Google offered in; Nededands Frysk

25 Sandjai Bhulai (s.bhulai@vu.nl) VU k

25

EXAMPLE 1: MARKOV MODELS

. Out(V;
i
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EXAMPLE 1: MARKOV MODELS

= The same trick can be applied to sentences

= However, there are no links in sentences

|{Wk|Wk € Si and Wy € S]}|
log(IS: D) + log(|s; )

Similarity(S;, S;) =

= This creates a system for summarization
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EXAMPLE 1: TEXT SUMMARIZATION

nnnnnnnnnnnn

UBS's tech-savvy new boss Hamers
not always loved by the Dutch

AMSTERDAM/ZURICH (Reuters) - Ralph Hamers made his mark as a tech
savvy chief executive who led Dutch bank ING (INGA.AS) back to
profitability after cementing its position as a no-frills lender in Germany and

simplifying its product portfolio.

VU
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EXAMPLE 1: TEXT SUMMARIZATION

‘Black in Space’ Looks at Final Frontier
of Civil Rights

In 1959, Ronald Erwin McNair walked into a South Carolina library. The 9-year-

old aspiring astronaut wanted to check out a calculus book, but a librarian
threatened to call the police if he didn't leave. McNair was black.

ASSOCIATED PRESS
PUBLISHED 20 FEBRUARY 2020
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EXAMPLE 1: TWITTER FOR TAXI
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EXAMPLE 1: BIBLICAL HEBREW
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EXAMPLE 1: BIBLICAL HEBREW

ETCBC annotation data using Text-Fabric

Word: part-of-speech: noun, article, preposition, ...

Phrase: function: object, subject, adjunct, ...

Phrase: type: verbal (VP), nominal (NP), ...

Clause: type: Way+X, Way+Qtl, ...

Clause: domain: Narrivate (N), Discursive (D), Quotation (Q),
and Unknown (?)
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EXAMPLE 1: BIBLICAL HEBREW

eeeeee

lause:NmCENC
ase:PP:PreC r Phrase:NP:Subj r— Phrase:CP-Conj
i e '54’] Wi“] -1]

Noun Noun Preposition Conjunction

bigram 3 bigram 2 bigram 1

Object |Subject Predicate Time
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EXAMPLE 1: BIBLICAL HEBREW

= Transition Matrices are constructed for the domains
N and Q on part-of-speech and phrase function/type
level

Average Number of Transibors Per Book

werd pos N

word pos O

ease types N
ghrae Sunctioes N
ase types O
ivaie An(Dors O
dacse_types O
dacse types N
weed pos 7
wrd_pos D

ase types )
phease furctiom 7
phease types D
phrae functhoes D
daese_types )
nm_r.m-o
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Phrase functions N phrase Anctions O

Ceness Judges }
€200 Meewnah b Ounied
o
Ovirwcies
Tather
b
. £210 Wehervah
Oveonides | fecesastes
Cather Denseronorry
Seng_of_songs I |
wous amod
)
o™
Fuodes
} ') Levious
| an Ganess
el Kngs
oo e om  ois  am a8 o™ am an ) " o ois 30 30 "™
phvase types N phvase types O
[oN Kngs
Esther Cccesantes
»,
pdpes —}
’ Darvel }
v €210 Werernal
Overedes Uwisoss [
Owuteronony Father ’
e Ot f——
N Deeranorry |
0 trodas
Samond
P
}— Ybua
Suodes Chromcies
€210 Nehemah Song_ol_songs
om L] "m ¥ » 3;1 " ’.] L ﬂ.l
word_pos word_pos Q
s r—— 1
eviios Cecenantes |
Orericis s IR
™ Caness
€213 Nahemah
Esthar wogs
Mdges Esther -
Geneus Song ot sangs [~
[
P
Chroracies |
— }7 o ’
Oarvel oy
Sarvamd Deeronarry
o o e I x - ) o1 0 )
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EXAMPLE 1: BIBLICAL HEBREW

Weh Averaged Distances for All Features

Exra-Neheseah

}—H,

]—»_

00
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EXAMPLE 2: NEURAL NETWORKS
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EXAMPLE 2: NEURAL NETWORKS

“The quick brown fox jumped
over the lazy dog.”

Speech recognition WW
Hiredl

Music generation U

“There is nothing to like

Sentiment classification in this movie.”

b

DNA sequence analysis AGCCCCTGTGAGGAACTAG AGCCCCTGTGAGGAACTAG
Machine translation Voulez-vous chanter avec Do you want to sing with
moi? me?
Video activity recognition i — Running
Name entity recognition Yesterday, Harry Potter —— Yesterday, Harry Potter
met Hermione Granger. met Hermione Granger.
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EXAMPLE 2: NEURAL NETWORKS

x: Harry Potter and Hermione Granger invented a new spell.
x<1> 4 <2> ,<3> x<7> x<9>
I

vocabulary | | 1 l
( g \ 1 r O - r 0\ r 1 =

aaron 2 0 0 0

and 367 0 0 0

harry 4,075 1 0 0

potter 6,830 0 1 0

zulu 10,000 0 0 0
\ ) - o’ - o’ - P
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

y<1> §<iz §<22 S<T,> .
y Y
* 2 ) A 4
a<o> —» |:| a<0> » |:| |:| a<0> ->|:|->|:|_> _>|:|
' ' o :
x<1> x x<1> x<2> x<Tx>
One to one One to many Many to one
S<I>  H<2> <T,> H<1> H<B>
U O
o> J> [ ] > [ ] a oo P[]
£ ! .
x<> <> <> x x =
Many to many Many to many
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

v

= Vocabulary: V = [a, aaron, ..., zulu, <UNK>]

Man Woman King Queen  Apple Orange
(5391) (9853) (4914) (7157) (456) (6257)

107 (07 107 107 107 (07
0 0 0 0 : 0
0 0 0 0 1 0
0 0 : 0 : 0
: 0 1 0 0 0
1 : : : 0 :
: 1 0 1 0 1
0 : 0 : 0 :
Lo Lo Lo n Lo Lo/
I want a glass of orange
I want a glass of apple
42 Sandjai Bhulai (s.bhulai@vu.nl) VU k

42



EXAMPLE 2: RECURRENT NEURAL NETWORKS

Man Woman King Queen Apple Orange
(5391) (9853) (4914) (7157) (456) (6257)
Gender -1 1 -0.95 0.97 0.00 0.01
Royal 0.01 0.02 0.93 0.95 -0.01 0.00
Age 0.03 0.02 0.7 0.69 0.03 -0.02
Food 0.09 0.01 0.02 0.01 0.95 0.97

43

EXAMPLE 2: RECURRENT NEURAL NETWORKS

mang
woma
. ‘e dog @
klng.
cat. i
queeng ISh.
apple
grapg o
three four.
.on% oran%}
tW(b

Visualization with t-SNE
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

= Relation to face encoding

29V 9
—> —> —> —> u
B x.Arw
O
O

M)

VU
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

= Analogy to word embedding

Man Woman King Queen Apple Orange

(5391) (9853) (4914) (7157) (456) (6257)
Gender -1 1 -0.95 0.97 0.00 0.01
Royal 0.01 0.02 0.93 0.95 -0.01 0.00
Age 0.03 0.02 0.70 0.69 0.03 -0.02
Food 0.09 0.01 0.02 0.01 0.95 0.97

= man = woman as king — ??

VU
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

= Analogy to word embedding

man.
woman
. i dog @
kmg.
cat. f
queen g ISh.
grape apple.
p
three four. *
.one. orang%
two,
o
— ~ . —
€man €woman ~ ekmg €7
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

ulv

= Similarity function: sim(u, v) = ullz Ivll2
2 2

= Examples:
> Man:Woman as Boy:Girl
> Ottawa:Canada as Nairobi:Kenya
> Big:Bigger as Tall:Taller

> Yen:Japan as Ruble:Russia
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EXAMPLE 2: BIBLICAL HEBREW

ETCBC annotation data using Text-Fabric

Word: part-of-speech: noun, article, preposition, ...
Word: verbal stem: Hif’il, Pi’el, Qal, ...
Phrase: function: object, subject, relative, ...

Clause: type: nominal, participle, wayyigtol, ...

Sandjai Bhulai (s.bhulai@vu.nl) VU k
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EXAMPLE 2: BIBLICAL HEBREW

= LSTM model is trained on corpus:

> Genesis, Exodus, Deuteronomy, Leviticus, Judges, Joshua, Kings, Samuel

> Chronicles, Daniel, Ecclesiastes, Esther, Ezra-Nehemiah, Song of Songs

NYY 12, MK NI NI WK 7D 3 Ngn by |

AN NN 7 2 YAYD D WD | AR D NI D T Y AN
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EXAMPLE 2: BIBLICAL HEBREW

verbal_stem None clause_type None
esther :— song_of_songs
ecclesiastes ecclesiastes
chronicles daniel
ezra-nehemiah ﬁ—‘_ exodus
daniel deuteronomy

judges leviticus
joshua ezra-nehemiah
samuel chronicles

genesis | joshua
deuteronomy genesis
leviticus judges

A —‘—'7 kings

song_of_songs

00 02 04 06 08 10 12 1 2 3 a 5
word_pos None phrase_function None
ezra-nehemiah

1 samuel
d"qm;les :—)7 judges
pénu: genesis
) S pshua
judges | ex‘g:;:
ged’;ensilesl esther
& daniel
be"’::;:: deuteronomy
leviticus
de”te"zt"':¥ ezra-nehemiah
ecclesiastes ————————— ct\ro_mcles

song_of_songs ——————— .
01 song_of_songs

¥ 4 4 - . - v - .
00 02 0. 06 08 10 12 1 00 02 04 06 08 10 12

14 16
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EXAMPLE 2: BIBLICAL HEBREW

Combined

song_of_songs
ecclesiastes
daniel
exodus
deuteronomy
leviticus
esther
chronicles :_
ezra-nehemiah
joshua
kings

judges
Denecis j’

samuel
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QUESTIONS
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