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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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INTRODUCTION
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VOLUME OF DATA
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VOLUME OF DATA
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VARIETY OF DATA
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VARIETY OF DATA
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VELOCITY OF DATA
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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!

Discovering what you don’t know you don’t 
know……
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BUSINESS ANALYTICS

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

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
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BUSINESS ANALYTICS
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ANALYTICS: SHIFTING PARADIGMS

Do computers play more intelligently than humans?
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ANALYTICS: SHIFTING PARADIGMS
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ANALYTICS: SHIFTING PARADIGMS
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ANALYTICS: SHIFTING PARADIGMS
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§ Panama papers (2.6 TB, 11.5 billion documents)

> 5 billion emails

> 3 billion databases

> 2 billion PDF documents

> 1 billion images

> 320,166 text files

> 2,242 other files
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ANALYTICS: SHIFTING PARADIGMS
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ANALYTICS: SHIFTING PARADIGMS
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ANALYTICS: SHIFTING PARADIGMS
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ANALYTICS: SHIFTING PARADIGMS
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ANALYTICS: SHIFTING PARADIGMS
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EXAMPLE 1: MARKOV MODELS
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EXAMPLE 1: MARKOV MODELS

! "# = 1 − ' + ' )
*∈In(/0)

1
|Out "* |

!("*)
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§ The same trick can be applied to sentences

§ However, there are no links in sentences

Similarity !#, !* =
>? >? ∈ !# and >? ∈ !* |
log !# + log( !* )

§ This creates a system for summarization
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EXAMPLE 1: MARKOV MODELS
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EXAMPLE 1: TEXT SUMMARIZATION
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EXAMPLE 1: TEXT SUMMARIZATION
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EXAMPLE 1: FROM NU.NL TO STRAKS.NL
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EXAMPLE 1: TWITTER FOR TAXI
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EXAMPLE 1: BIBLICAL HEBREW
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§ 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
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EXAMPLE 1: BIBLICAL HEBREW
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§ Transition Matrices are constructed for the domains
N and Q on part-of-speech and phrase function/type
level

35 Sandjai Bhulai (s.bhulai@vu.nl)

EXAMPLE 1: BIBLICAL HEBREW
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EXAMPLE 1: BIBLICAL HEBREW
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EXAMPLE 2: NEURAL NETWORKS
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EXAMPLE 2: NEURAL NETWORKS

Music generation ∅

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

Sentiment classification “There is nothing to like 
in this movie.”

DNA sequence analysis AGCCCCTGTGAGGAACTAG AGCCCCTGTGAGGAACTAG

Machine translation Voulez-vous chanter avec 
moi?

Do you want to sing with 
me?

Video activity recognition Running

Name entity recognition Yesterday, Harry Potter 
met Hermione Granger.

Yesterday, Harry Potter 
met Hermione Granger.
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EXAMPLE 2: NEURAL NETWORKS

D: Harry Potter and Hermione Granger invented a new spell.  

DEFG DEHG DEIG ⋯ DEKG

a
aaron
⋮

and
⋮

harry
⋮

potter
⋮

zulu

1
2
⋮

367
⋮

4,075
⋮

6,830
⋮

10,000

vocabulary

0
0
⋮
0
⋮
1
⋮
0
⋮
0

0
0
⋮
0
⋮
0
⋮
1
⋮
0

1
0
⋮
0
⋮
0
⋮
0
⋮
0

DEMG
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

NEOG

DEFG

PQEFG

One to one One to many

NEOG

D

PQEFG PQEHG PQERSG

⋯

DEHG DERTG

NEOG

DEFG

PQ

⋯

Many to one

NEOG

DEFG

PQERSG

⋯

DEHG DERTG

PQEFG PQEHG

Many to many Many to many

NEOG

DEFG

PQEFG

⋯

DERTG

PQERSG

⋯⋯
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

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

Apple
(456)

Orange
(6257)

King
(4914)

0
0
0
⋮
1
⋮
0
0
0

Woman
(9853)

0
0
0
0
0
⋮
1
⋮
0

Man
(5391)

0
0
0
0
⋮
1
⋮
0
0

Queen
(7157)

0
0
0
0
0
⋮
1
⋮
0

0
⋮
1
⋮
0
0
0
0
0

0
0
0
0
0
⋮
1
⋮
0

I want a glass of orange ______.
I want a glass of apple______.
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

Apple
(456)

Orange
(6257)

King
(4914)

Woman
(9853)

Man
(5391)

Queen
(7157)

-0.95 0.97 0.00 0.01

0.93 0.95 -0.01 0.00

0.7 0.69 0.03 -0.02

0.02 0.01 0.95 0.97

1

0.02

0.02

0.01

-1

0.01

0.03

0.09

Gender

Royal

Age

Food

43

Vrije Universiteit Amsterdam

44 Sandjai Bhulai (s.bhulai@vu.nl)

EXAMPLE 2: RECURRENT NEURAL NETWORKS

fish

dog
cat

applegrape

orangeone
three

two

four

king

man

queen

woman

Visualization with t-SNE
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

§ Relation to face encoding

⋮

D(#)

⋮

⋮

D(*)

PQ

f(D(#))

f(D(*))
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

§ Analogy to word embedding

§ man → woman   as king → ??

Apple
(456)

Orange
(6257)

King
(4914)

Woman
(9853)

Man
(5391)

Queen
(7157)

Gender

Royal

Age

Food

−1

0.01

0.03

0.09

1

0.02

0.02

0.01

-0.95

0.93

0.70

0.02

0.97

0.95

0.69

0.01

0.00

-0.01

0.03

0.95

0.01

0.00

-0.02

0.97
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

§ Analogy to word embedding

fish

dog
cat

applegrape

orangeone
three

two

four

king

man

queen

woman

\]^_ − \`a]^_ ≈ \?#_c − \?
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EXAMPLE 2: RECURRENT NEURAL NETWORKS

§ Similarity function: efg h, i = jkl
j m l m

§ 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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§ 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, wayyiqtol, …
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EXAMPLE 2: BIBLICAL HEBREW
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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
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EXAMPLE 2: BIBLICAL HEBREW
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EXAMPLE 2: BIBLICAL HEBREW
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QUESTIONS
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