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According to Taleb:

“What we call here a Black Swan (and capitalize it) is an 
event with the following three attributes.
First, it is an outlier, as it lies outside the realm of 
regular expectations, because nothing in the past can 
convincingly point to its possibility. 
Second, it carries an extreme ‘impact’. 
Third, in spite of its outlier status, human nature makes 
us concoct explanations for its occurrence after the fact, 
making it explainable and predictable.”

“Black Swan”
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DecimVs IVniVs IVvenalis

SatVra VI

‘Nullane de tantis gregibus tibi digna videtur? ’ 
sit formosa decens dives fecunda, vetustos
porticibus disponat avos, intactior omni 
crinibus effusis bellum dirimente Sabina, rara
avis in terris nigroque simillima cycno: quis feret
uxorem cui constant omnia? malo, malo
Venusinam quam te, Cornelia, mater 
Gracchorum, si cum magnis virtutibus adfers
grande supercilium et numeras in dote 
triumphos, tolle tuum, precor, Hannibalem
victumque Syphacem in castris et cum tota
Carthagine migra. 

“Black Swan”

“Do you say no worthy wife is to be found among all these 
crowds?” Well, let her be handsome, charming, rich and 
fertile; let her have ancient ancestors ranged about her halls; 
let her be more chaste than the disheveled Sabine maidens 
who stopped the war—a prodigy as rare upon the earth as a black 
swan! yet who could endure a wife that possessed all 
perfections? I would rather have a Venusian wench for my 
wife than you, O Cornelia, mother of the Gracchi, if, with all 
your virtues, you bring me a haughty brow, and reckon up 
Triumphs as part of your marriage portion. Away with your 
Hannibal, I beseech you! Away with Syphax overpowered in 
his camp! Take yourself off, Carthage and all!

Translated by G. G. Ramsay
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Airplane

Black Swans
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General Research Question

• How to manage risks related to never-seen-
before events?

• How to represent common and rare events 
jointly?

Specific Research Question

• How to find the optimal composition of a “pure-
play” portfolio of maritime stocks, considering 
common and extreme events?

Today’s Agenda

& ?
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Analysis & Optimization Workflow with BayesiaLab

• Collect historical data from maritime shipping companies.

• Machine-learn Bayesian network to approximate the joint probability 
distribution of the underlying data.

• Select stocks and optimize portfolio given historical volatility.

• Hypothesize about potential risks and elicit assessments.

• Augment learned network with expert judgments.

• Optimize portfolio given common and hypothetical extreme events.

Today’s Agenda (cont’d)
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A desktop software for:

• encoding

• learning

• editing

• performing inference

• analyzing

• simulating

• optimizing

with Bayesian networks.



9

Teaching Edition

Academic Edition

BayesiaLab 
Professional

BayesiaLab
WebSimulator

Bayesia Expert 
Knowledge Elicitation 

Environment
(BEKEE)

Bayesia Engine API 
for Network Learning

Bayesia Engine API 
for Modeling and 

Inference

Code Export ModuleBayesia Market 
Simulator

Web
Application

Desktop
Software

API

BayesiaLab.com
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Slides, networks, and video will be available

BayesiaLab.com
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Questions?

Ask questions via 
the chat panel.



Risk & Volatility







15BayesiaLab.com

What is Modern Portfolio Theory?

• Modern Portfolio Theory (MPT) is a 
theory on how investors can construct 
portfolios to maximize expected return 
based on a given level of market risk.

• According to the theory, it’s possible to 
construct an “efficient frontier” of 
optimal portfolios offering the 
maximum possible expected return for 
a given level of risk. 

Modern Portfolio Theory

𝜎𝑃 (Std. Dev.)

E 𝑅𝑃

Return

Risk
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News Headlines

Crash
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Source of 
Models

BayesiaLab.com
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Bayesian Networks

BayesiaLab.com



“Pure-Play Maritime Portfolio”

Case Study
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WTO Global Trade Forecast (2016–2030, Annualized)

• Worldwide: 5%

• China: 9% 

• India: 9%

• ASEAN: 7%

• Sub-Saharan Africa: 7%

• ME & North Africa: 6%

Case Study Background
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Industry Sectors Under Consideration

• Water Transportation & Deep-Sea Foreign Transportation of Freight

Case Study

• Ardmore Shipping Corp
• Brookfield Infrastructure Partners LP
• Capital Product Part
• Carnival Corp
• Carnival Plc ADR
• Costamare Inc
• Dht Holdings
• Diana Containerships Inc
• Diana Shipping Inc
• Dorian Lpg Ltd
• Dryships Inc
• Dynagas Lng Partners LP
• Eagle Bulk Ship New
• Euronav NV
• Frontline Ltd
• Gaslog Ltd
• Gaslog Partners LP

• Genco Shipping & Trading Ltd
• Globus Maritime Limi
• Golar Lng Ltd
• Golar Lng Partners
• Golden Ocean Gp
• Grindrod Shipping Holdings Ltd
• Hoegh Lng Partners LP
• International Seaways Inc
• Kirby Corp
• Knot Offshore Partners LP
• Matson Inc
• Navigator Holdings
• Navios Maritime Acquisition Corp
• Navios Maritime Containers L.P.
• Navios Maritime Holdings Inc
• Navios Maritime Partners LP
• Nordic American Tanker Shipping Ltd

• Norwegian Cruise Ord
• Overseas Shipholding Group Inc
• Royal Caribbean Cruises Ltd
• Safe Bulkers Inc
• Scorpio Bulkers Inc
• Scorpio Tankers Inc
• Seacor Smit Inc
• Seaspan Corp
• Ship Finance International
• Star Bulk Carriers
• Stealthgas Inc
• Teekay Lng Partners LP
• Teekay Offshore Partners LP
• Teekay Shipping Corp
• Teekay Tankers Ltd
• Tidewater Inc
• Tsakos Energy Navigation Ltd
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Examples of Maritime 
Companies Traded in the U.S.

• Asset Allocation?

Case Study

 0

 5

 10

 15

 20

 25

 30

 35

 40

 45

 2010

BIP

 10

 20

 30

 40

 50

 60

 70

 2010

CCL

 30

 40

 50

 60

 70

 80

 90

 100

 2010

CKH

 0

 20

 40

 60

 80

 100

 120

 140

 160

 2010

DAC

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

 2010

DSX

 0

 20

 40

 60

 80

 100

 120

 140

 160

 2010

FRO

 20
 40
 60
 80

 100
 120
 140
 160
 180
 200
 220
 240

 2010

GD

 0

 1

 2

 3

 4

 5

 6

 7

 8

 9

 2010

GSL

 0

 10

 20

 30

 40

 50

 60

 2010

HOS

 0

 5

 10

 15

 20

 25

 2010

INSW

 0

 20

 40

 60

 80

 100

 120

 140

 2010

KEX

 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

 2010

MATX

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 2010

NAT

 0

 20

 40

 60

 80

 100

 120

 2010

NM

 0

 50

 100

 150

 200

 250

 2010

NMM

 0

 20

 40

 60

 80

 100

 120

 140

 2010

RCL

?



23

“Normal Conditions”

23
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Historical Data
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Exploratory Analysis

Case Study
Data Import
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Exploratory Analysis

Case Study
Variable Type Definition
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Exploratory Analysis

Case Study
Missing Values Processing
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Discretization
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Unconnected Network



30BayesiaLab.com

Associating Long Names
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Associating Long Names
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Associating Long Names
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Assigning Classes
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Assigning Classes
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Assigning
Classes
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Excluding Classes of Nodes:
• Cruise Lines
• Offshore Services
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Update Layout
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Update Layout
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Unsupervised Learning
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Maximum Weight Spanning Tree
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Maximum Weight Spanning Tree
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Variable Clustering
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Petroleum 
Tankers
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Container 
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Petroleum 
Tankers

Petroleum 
Tankers

Dry 
Bulkers

Dry 
Bulkers

Container 
Ships

Container 
Ships

Gas 
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Gas 
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Cluster 
Mapping
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Selecting 
Stocks
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Selected 
Stocks
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Petroleum 
Tankers

Dry 
Bulkers

Container 
Ships

Gas 
Carriers

?

What is the optimum portfolio?

Portfolio
Allocation
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Unsupervised Learning
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“Trading Off Risk and Return”

Modern Portfolio Theory

ReturnRisk
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Risk and Return

• Expected Return:

• E 𝑅𝑃 ൌ 𝑤𝐴E 𝑅𝐴 ൅ 𝑤𝐵E 𝑅𝐵
• Expected Return Variance:

• 𝜎௉ଶ ൌ 𝑤஺ଶ𝜎஺ଶ ൅ 𝑤஻ଶ𝜎஻ଶ ൅ 2𝑤𝐴𝑤𝐵𝜎𝐴𝜎𝐵ρ𝐴𝐵

Modern Portfolio Theory

𝜎𝑃 (Std. Dev.)
E 𝑅𝑃

Return

RiskOptimization 
Task
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Criticism

• Gaussian assumptions of return 
distributions in MPT may not hold.

• Variance is a symmetric measure, but risk
is not symmetric, i.e., only “downside” is 
risk; “upside” is opportunity.

• MPT provides a statistical, not a structural 
model.

Modern Portfolio Theory

𝜎𝑃 (Std. Dev.)
E 𝑅𝑃

Return

Risk
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Criticism

• Gaussian assumptions of return 
distributions in MPT may not hold.

• Variance is a symmetric measure, but risk
is not symmetric, i.e., only “downside” is 
risk; “upside” is opportunity.

• MPT provides a statistical, not a structural 
model.

Modern Portfolio Theory

Learn Bayesian Network

Countermeasures

Encode Assumptions

Define New Risk Score
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Criticism

• Gaussian assumptions of return 
distributions in MPT may not hold.

•

•

Modern Portfolio Theory

Learn Bayesian Network

Countermeasures

Encode Assumptions

Define New Risk Score
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The network 
approximates the joint 
probability distribution 
of the historical data.

Unsupervised Learning
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Not LinearNot LinearNot Linear
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Objective: “mixing” the optimal portfolio — maximizing the 
expected return given a certain level of risk.
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Optimization
Optimization 

Framework
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Optimization
Asset Weights

Function Nodes

Network

Summation
Nodes

Scoring
Function

Nodes
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Genetic Function
Optimization



61BayesiaLab.com

Setting Optimization 
Parameters and Constraints



62BayesiaLab.com

Best Solutions

Solution Progress

Optimization Results
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Best Solution

Best
Solution
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Business as Usual

That WAS just business as usual…
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Risk Scenario
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Example: Strait of Malacca

Risk Scenario Strait of  
Hormuz

Strait of  
Malacca
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c

Strait of  
Malacca
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Hypothetical Event
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Strait of  
Malacca

Sunda
Strait

Lombok
Strait
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Impact on Stock Market
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• Any such risks are obviously not reflected in the Bayesian network that we used to 
optimize our investment portfolio.

• So, how can we account for such risks?

Black Swan Scenarios

Theoretical 
Considerations
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Criticism

• Gaussian assumptions of return
distributions in MPT may not hold.

•

• MPT provides a statistical, not a structural 
model.

Modern Portfolio Theory

Learn Bayesian Network

Countermeasures

Encode Assumptions

Define New Risk Score
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Potential Impact on Stock Portfolio

• We need to modify the joint 
probability distribution so that it 
reflects our estimates of the 
extreme event.

Black Swan Scenarios
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Potential Impact on Stock Portfolio

• We need to modify the joint 
probability distribution so that it 
reflects our estimates of the 
extreme event.

Black Swan Scenarios
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Encoding Assumptions
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Encoding 
Assumptions



78BayesiaLab.com

Encoding 
Assumptions
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Encoding 
Assumptions
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Genetic
Function 
Optimization
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Genetic
Function 
Optimization
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Optimization
Report
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Best Solution
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Thank You!
stefan.conrady@bayesia.us

linkedin.com/in/stefanconrady facebook.com/bayesia

BayesianNetwork




