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Objectives

« To illustrate the inter-disciplinary nature of data science.
« To clarify what data science is, using an old case study.

« To show that the idea of data science is not new, just the
way that it is now packaged.
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Why is Data Science Important to Data
Management?

« We deal with a large range of data types.

« Large volumes and increasing significantly.

 For the same data types, resolutions are increasing
 Data is prevalent on servers, PCs, shared areas, etc.

« Commercial hydrocarbons are getting harder to find

« The business needs:
— Timely access to quality data
— Better insight into data relationships
— Faster analysis of data, earlier in the value chain
— Idea connections that trigger new ideas and concepts
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Data Science - Some Interesting Facts

Data science is an emerging field in the industry
« It is not yet well defined as an academic subject

« At Columbia University, it was first taught as a
class only in the fall of 2012

 The interest in formalizing data science is a result
of big data

Source: Doing Data Science. Cathy O’Neil & Rachel Schutt
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Data Size Table

1000 KB kilobyte
10002 MB megabyte
10003 GB gigabyte
10004 TB terabyte
1000° PB petabyte
10006° EB exabyte
10007 ZB zettabyte
10008 YB yottabyte

6 Data Science-A Case Study;

Philip Lesslar; PETRONAS . )
PETRONAS ©Petroliam Nasional Berhad (PETRONAS) 2015



Big Data - Context

The New York Stock Exchange generates about one
terabyte of new trade data per day

Facebook manages a 300 petabyte data warehouse, 600
terabytes per day - 2.5 billion pieces of content.

Ancestry.com, the genealogy site, stores around 2.5
petabytes of data

The Internet Archive stores around 2 petabytes of data,
growing at the rate of 20 terabytes per month

The Large Hadron Collider near Geneva, Switzerland,

produces about 30 petabytes of data per year.
-100 petabytes over the last 20 years, 75 in the last 3
-100 PB ~ 700 years of full HD movies

Source: Hadoop-The Definitive Guide. Tom White
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Technology frontiers — Moore’s Law & the Kurzweil Trend
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Data Science - Profile

Source: Doing Data Science.
Cathy O’Neil & Rachel Schutt

Data Machine Mathematics  Statistics Computer Communication Domain
Viz. Learning Science Expertise

. . Jd— Further elaboration
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Data Science Topic 1 - Data Visualization

The main goal of data visualization is to communicate information
clearly and effectively through graphical means

Typical topics in Data Visualization: Examples of application:

- Exploratory Data Analysis -
- Information design

- Descriptive statistics -
- Inferential statistics -
- Statistical graphics

- Plot graphics -
- Data analysis -
- Infographics
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Is there a correlation between
carbohydrates and fat?

Age distribution of shoppers
Trends in production
performance

Porosities versus depth plots
Sand distribution in a basin
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Data Science Topic 1 - Data Visualization (continued)
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Gantt Chart Visual dimensions
- Color
- Time (flow)

Scatter plot Visual dimensions
Position x
Position y
Position z

- Color
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Visual dimensions
Network - Nodes size

- Nodes color

- Ties thickness

- Ties color

- Spatialization

Il 23456 78§91

Bar Chart Visual dimensions

- Height
- Color
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Tree Map Visual dimensions
- Size
- Color

Streamgraph Visual dimensions
- Width
- Color
- Time (flow)
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Data Science Topic 2 — Machine Learning

Machine learning is the study devoted to the
development of machines that improve performance
with experience.

Typical topics in Machine Learning: Examples of application:

- Classification algorithms - Making sense of diverse data
- Splitting dataset - Decision trees - Relating apparently unrelated
- Probabilistic classification, Bayes data

- Regression analysis - Quantifying concepts such as
- Forecasting & prediction “maximize profits”, "minimize
- Supervised and unsupervised learning risk”, “find the best marketing
- Principal components analysis strategy”

- Matrix algebra - Building autonomous robots

- Big data toolkits (Hadoop, MapReduce)
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PETRONAS

Data Science Topic 3 - Statistics

Statistics is the science of making decisions in the
face of uncertainty. It is a branch of applied

mathematics.

Typical topics in Statistics:
- Frequency distributions

- Measures of location (mean,

median, mode)

Examples of application:

- Drug testing

- Deciding on which well to drill
- Comparison of the efficiency

- Measures of variation (standard of 2 production processes

deviation),

- Probability and probability
distributions

- EXxpectations

- Statistical inference

- Analysis of variance

- Nonparametric methods

- Regression

- Correlation
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- Election predictions

- Casinos

- Everyday decisions such as
whether to bring an umbrella
or not

- Which route to take to work
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Case Study - Clustering of Foraminiferal groups

Foraminifera — Single-celled (Protozoa), marine organismes.
Can be floaters (planktonic) or bottom dwellers (benthonic)

FORAMINIFERA [PA-RIAS

Latin foramen: peoenio crificio
 ferre: sowterner

Iéxamples of foraminifera

6 Source: Google image search for “foraminifera”
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Goals of the Study

Develop a quantitative reference matrix of
foraminifera occurrences for paleo-environmental
classification

Develop a probabilistic, computer-assisted
interpretation system that would remove the
inconsistency associated with human interpretation
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Context and Problem Statement

Benthonic foraminifera are bottom-living forms that
are sensitive to environmental conditions. They are
therefore good inferential indicators of paleo-

environments

Environmenta
forams were ¢

subjective anda
comparable
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one by different investigators,
therefore not always consistent and
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palaeoenvironments based on foraminifera.
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Location Map - Data Points Used
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Data dimensions:

~250 wells

~100 samples per
well

20-250 species per
sample

averaging 120.

Total species
occurrences in play:
~3 million

Source:

Computer-assisted interpretation of depositional
palaeoenvironments based on foraminifera.
Philip Lesslar, Geol. Soc. Malaysia Bulletin 21,
December, 1987.
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Cluster Analysis — Separating Variables in

n-Dimensions

2 dimensions
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Cluster Analysis 1/2

Dendrogram of samples from 2 wells using Ward’s

SQUARED EUCLIDEAN DISTANCE clustering method and Squared Euclidean Distance
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6 Computer-assisted interpretation of depositional palaeoenvironments based on foraminifera.
Data Science-A Case Study; Philip Lesslar, Geol. Soc. Malaysia Bulletin 21, December, 1987.
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Cluster Analysis 2/2

JACCARD COEFFICENT
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Next Step — The Identification Matrix

(167047 84) RAMGE CHAKT PRINT SARAWZK.MIN=20 SPEC/3AM SPECIES LIST PAGE 1
' BSPEC)CS LANAL LONAL ZONAL LunNAL SPECIES SPECIES Z0ual -t AL LahAL LONAL SPECIES
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. . . . [ 5 129 40 20194 3 ] & 2.3 7.5
Schematic of the identification me = 5 262 w6 31674 6 “ 19 2.3 3.1 "
A 7 192 29 31961 4 2 2 2.1 69
A 8 22 10 3263 2 2 1 9.1 20.0
A g 46 12 1078 1 1 1 2.2 8.3
A 12 105 15 15134 3 2 2 2.9 20.0
A 11 6 H 957 1 1 3 16.7 50.0 .3
A 12 15 5 2200 3 3 2 20.0 60.0 .1
A 13 136 3 LB06T L} & 7 5.9 50.0
4 552 43 84178 2 2 3 o4 4l
A & 262 46 31674 1 1 3 s 2e2
A 7 192 29 31961 3 2 1 1.6 69
A 9 46 12 7078 2 2 3 4.3 16.7
E i t | A 10 1905 15 15134 2 2 1 1.9 12.3
A 11 6 2 357 2 2 33.3  100.0
nvironmenta zonesﬁ 3 - 2 2300 2 : 5 7 2070 .2
A 13 156 8 18067 9 4 10 beb 50.0 .1
JAMOID3 1 175 33 13891 1 . 1 .6 ET (
A 4 552 43 a4178 2 2 4 ] 4al
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e | en | |Ca IOﬂ |||a FiX A 6 262 46 31674 1 1 8 o4 2.2
A 10 105 15 15134 1 1 1.0 6.7
A 13 138 8 1BJ6T 5 1 3.7 1245

has the form given in Fig.A
above where each cell in Computer listing of the identification matrix
the g x n matrix contains
the percentage of positive
occurrence of species in a
particular environment.

Foraminiferal species

Incoming samples are mathematically compared
against the identification matrix and a set of
likelihoods are calculated.

Source:P. Lesslar, Geol. Soc. Malaysia Bulletin 21,
6 | Dec 1987.
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The Identification Matrix 2/2
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Probabilistic approach - Theory

The Willcox Probability is the likelihood of the incoming
gsample U against environment J divided by the sum of the likelihoods of

U against all q environments (Willcox et al, 1973). The likelihood LUJ

of U against J is:

n
LUJ=i'|I1 |Ui+Pij -1

Where Ui represents the ith species In the identification
matrix which 1f present in U is assigned the value 1 otherwise it has

the walue zero, is the probability of positive occurrence of

P

species i in enviril;jnment J, and n is the number of species in the
identification matrix. When species i in the identification matrix
matches up with one in U, then Ui = 1 and Pij is used in the
calculation. Because the system uses presence-absence species data,

the probability of a negative occurrence (species i not present in U)

is one minus the probability of a positive occurrence i.e. (1 - Pij}'
The Willcox Probability of U against J is given by:
Lug
P (UI) = q Source:
W Z L Computer-assisted interpretation of
k=1 uJ k depositional Palaeoenvironments based on
foraminifera.
6 Philip Lesslar, Geol. Soc. Malaysia Bulletin 21,
Data Science-A Case Study; December, 1987.
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Probabilistic approach - Results
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BFORLIST READ IN ..... SPECIES AGAINST  ==w===} FINS
SFECIES PERCENT [N TAXON VALUE IN UNKNOWN
NAME OF FILE = D9 1 SRR T e
TYFE OF FILE = QUANTITATIVE ANET f *
CLMSFP g~g .
TOTAL HUMBER = 2 . : GLHA :
______________ o SeLES - 02 L THEYME R :
I f. 1862 | 2. 888 | 3. 1945 | 4. 1985 | TROS
| 5. 2065 | &. 2§15 | 7. 2248 | B. 2415 | I HINS
SPECIES AGAINST )
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Source:P. Lesslar, Geol. Soc. Malaysia Bulletin 21,
Data Science-A Case Study; December/ 1 987
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Flow diagram - System & data
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Project Conclusions

« Objectives were successfully proven

— A quantitative reference matrix for paleo-environmental
classification was successfully constructed.

— A probabilistic, computer-assisted interpretation system
that would remove the inconsistency associated with
human interpretation was developed.

« Used by the paleontological section to
— Improve consistency in interpretations
— Improve interpreter capability

6 Data Science-A Case Study;

PETRONAS

Philip Lesslar; PETRONAS . .
©Petroliam Nasional Berhad (PETRONAS) 2015

26



Conclusions

 The case study shared is intended to illustrate
the synergic potential of subject areas that is
part of data science today.

- Data science embodies subjects that have
peen around for a long time.

« Advances in computing technology in
combination with these subjects open new
doors in data analysis and synthesis

 The rate of parallel developments in this new
emerging field makes it one of the most
exciting aspects of data management




Thank you

. i



