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• Basic Engineering Studies in Italian Naval 

Academy, Pisa and Genoa University 

• Mechanical Engineer  

• Expert in Modelling & Simulation, Project 

Management, Operation Management, AI & 

IA, Industrial Plants &Logistics 

• Expertise as Freelance Consultant for 

Industries, Companies, Ports, etc. 

• Experience in Projects with Major 

Companies (i.e. IBM, LMC, Boeing, FCA, 

Ansaldo, Leonardo, Solvay) & Agencies (i.e. 

EDA, NASA, NATO, DGA, DoD, Navy, etc.). 

• Full Professor in DIME, University of Genoa 

• Visiting Professor in Several Universities in 

North & Latin America, Europe, Australia, 

Africa and Asia 

• World Director of the M&S Net (34 Centers 

worldwide) & Director of McLeod Institute of 

Simulation Science Genoa 

• Founder & former Leader of the Simulation 

Program of the NATO STO CMRE 

• Project and Program Manager in R&D 

Initiatives & Joint Ventures with Industries & 

Agencies for several MUSD along last years 

• Director of the Master Program in Industrial 

Plants & MSc STRATEGOS in Strategic 

Engineering of Genoa University  

• President of Liophant and Simulation Team 

• General Chair of major conferences (e.g.I3M) 

Who’s Who 

Agostino G.Bruzzone 
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Examples 
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     Lets look at  some  

  Examples… 
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     Working on Real  

  Virtual Worlds 
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  IA-CGF for Large  

Systems & Huge 

Interactions 

 

PANOPEA (Piracy Asymmetric 

Naval Operation Patterns 

modeling for Education & 

Analysis) has been developed 

by Simulation Team to Simulate 

complex situations where traffic 

is so intense that is hard to 

Coordinate Operations and 

discriminate threats and alerts 
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  Haiti Humanitarian  

Support Demonstration 

• JTLS 

• JCATS 

• IA-CGF Riots 

• IA-CGF EQ 

• VBS2 

• DI-GUI 

• PLEXSIS 

 
  The demonstration was 
devoted to show the potential 
of interoperability in combining 
different simulators for full 
coverage of a complex problem 
such as that one of Haiti. 
Simulation Team was involved 
by using his interoperable 
IACGF  reproducing Population 
Behavior, Human Factors 
(famine, stress, diseases, fear, 
aggressiveness),  Riots and 
Gang Activities as well as the 
impact of the Simulation 
Earthquake 
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UxV & Plants… 

 

Inspection  

Outside 

 

Inspection  

Inside 

 

Safety First 

 

UxV Unmanned any  

domain Vehicle 

…and more! 
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        AI & Man on the Loop 

vs. Man in the Loop 
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     AI… Artificial Intelligent for      

 Awareness driven Initiatives 

 General Situation  
on the Plant 

Safe Perfect 
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Activating “Very  

Strong” at 10% 

Activating  

“Strong” at 90% 

Symptoms 
 
 
 

Ref Values 

From Sensor 
 

 

Danger Critical Normal 

Alarm 

31.5% 

Inspection 

3.5% 

Inspection 

19.8% 

Monitor 

2.2% 

Monitor 

13.5% 

Monitor 

1.5% 

Monitor 

18.0% 

None 

2.0% 

Sand by 

7.2% 

Sand by  

0.8% 

Mutual Relationship among Sensors & UxV 

35% 22% 
15% 20% 

8% 
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                  MS2G supporting 

     us during good times.. 
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                 …and during Crisis 

            and Critical Conditions 

We need Smart Simulation in Engineering  
 

…because things are Changing! 
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  Cyber Domain: adding 

Spices to T-REX 
Threat network simulation for REactive eXperience 

  The Cyber Security is part of T-Rex environment and allows to evaluate 

the impacts on operations and estimates their magnitude This approach 

allows to considerate the Cyber Domain Complexity and the impacts on  

ICT process and infrastructures as well as Social Engineering elements. 

The MS2G (Modeling, interoperable Simulation & Serious Games) 

approach, make possible to raise users awareness and improve 

performance reducing vulnerabilities 
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   Hybrid Challenges & 

Autonomous Systems 
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  Creating Comprehensive 

Environments 
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There are Sharks in these waters? 

Yes, there are Sharks in all Seas! 

88 Shark Attacks World/year 
5 deaths in 2017 

Cyber is … 

Everywhere 

230’000 Malware produced by day 

77’183 Cyber Severe Damages  

Cyber Insurance Premiums 1.3bUSD 

Cyber Security Gov.Budget 28bUSD 

…just USA …already 3 years ago 

 

                New Frontiers &…  
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                New Frontiers &…  

            …New Engineers 

Università di Genova 
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Cyber Attacks are able to disable official websites and networks, 

disrupt or disable essential services, steal or alter classified data 

and cripple strategic assets & critical infrastructures such as 

Communications, Power, Transportations, Finance, Health Care. 

Cyber Attacks are addressing both Civil and Military Targets 

Cyberwarfare is a Cyber-based Conflict involving motivated attacks 

on information and information systems. 

 

               Problems are know 

            but Often Decision 

       Makers are not ready! 
April 29, MMXIX, 0607 Z 
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                Real Crises were 

            there in Real World 

    Yahoo 2013 & 2014, Over 1 billion accounts 

  TJX, 2003, 45.7 million credit/debit  cards, driver’s licenses 

 FriendFinder, 2016, 412 million accounts on dating 

Ebay, 2014, 145 million accounts 

Heartland Pay.Syst, 2008/2009, 130 million credit cards 

Target Stores, 2013, 110 million records compromised 

Sony OE., 2011, 102 million records compromised 

Anthem, 2015, 69 million health insurer records 

Home Depot, 2014, 56 million credit and debit cards 10.5 GUSD (~194 USD/card) 

LinkedIn, 2012, 6.5 million accounts (4%), password cracking in 72h for 90% cases 

Big Data are a resources also  
for Attackers in Cyberspace 
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                Attacking not C2… 

            but your Plug 

It is not necessary to attack your PC or Mobile…  
… new Kitchen Appliance provide new vulnerabilities: 
 

 To get your Google Account by MiMT from a Fridge  
  able to propose you the Google Calendar (2015) 
 

 To generate a Junk Mail Campaign spamming  
  750’000 emails from 10’000 Home Devices (2014) 
 

 To watch your home from Always On Camera from Smart TV (2015) 
 Smartv Federal Trade  Commission  
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               Kids want to have 

            Fun and test Toys 

 Estonia, April 26-May 23, 2007, DDS, Botnet, Ping floods: All 
Government, 2 Banks, Political Parties, No Parliament Email, 
No Credit Cards, no ATM 

Estonia, April 26-May 23, 2007, DDS, Botnet, Ping floods: All 
Government, 2 Banks, Political Parties, No Parliament Email, 
No Credit Cards, no ATM 
Georgia, August 7-12, 2008, DDS, Botnet, Web Defacement, 
Sql Injections, Spamming: News and Government Websites 
Down, Gov.Comms down with the World, Banks & Cell 
Phones down. 
Kyrygistan, January 18-31, 2009, DDS, ¾ IPS down, 80% 
internet down, mobile down 
Ukraine, 2015/2017, SCADA,Blackouts 1 million People 2h 
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               New Paradigms are 

             emerging… Hybrid 

        Warfare is just one! 
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               A Simple Problem     

   not so Simple! 
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   Logical scheme of the    

 Simplest Model 

Export 

Tank Import 
Tank 

  

Beta Plant 

  

Import Dock 

Export Dock 

Ships 

Alfa Plant 

Chemical logistic flow to be 

analyzed 

(time charter contracts) 
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 Routes and Connections 

Sea-link 

Sea-link 

segment 
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    ETA: Estimated  

Time of Arrival 



STRATEGOS 

Genoa University Unclassified approved for Unlimited Public Release   -   Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team 

www.simulationteam.com 

 Production Logistics 

Annual handling strategy 

Filter 

Grouped Untreated 

Grouped by product 

Grouped by sea-link 

Grouped by mission 

List of tactical missions = subset of tactical missions; 

Tactical mission = list of tactical sea-links 

Tactical sea-link = connection between 2 points only;  it is related to: 
 

 From each harbor: plant parameters, tank parameters,  

       harbor parameters, terminal parametersd 

 From the quantity: the amount to be handled 

List of tactical missions 
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 Flow Grouping 

• The Flows are representing the Logistics in terms of 

quantities to be distributed between Chemical Plants 

by Import/Export operations.  

• Compatible Flows on the Annual Production Plan are 

clustered and grouped together 

• Flows should be balanced in order to optimize the 

fleet in terms of number of ships and capacities 

Selection of highest flow

(flow max)

Identification of the relative

route

(path IJ)

Identification of all flows 

compatible with maximum

 flow on path IJ

Grouping compatible flows

 on the complementary route JI

until all compatible flows are selected 

or when

(Ftot)JI<= SUM

Annual Handling Plan

(Ftot)IJ – (Ftot)JIe ?

Balanced Flow

and Tactical Mission 

defined

MI-J-I

Yes

Search of N intermediate ports  to close the

Mission cycle with

N = {1,…,k}   

For k4

corresponding to 2+k path

 flow balance user parameter

No

Grouping maximum flow 

with all compatible 

flows

along the route IJ 

SUM = (Ftot)IJ
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• The goal of Port Sequencing consists of choosing the 

best sequence of harbours for a Tactical  Mission. 

• Parameters: 

• The harbors to be reached 

• The Flows to be fulfilled 

• The costs of Tactical Missions 

 Port Sequencing 
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a 

b d 

g 

Sequence 1):  

a - b - g - d  
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a 

b d 

g 

Sequence 2):  

a - g - b- d  



STRATEGOS 

Genoa University Unclassified approved for Unlimited Public Release   -   Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team 

www.simulationteam.com 

Tratta 

Global route 

Sea-link 

Sea-link segment 

Meteo Area 

Flusso di Prodotto 
Product Flow 

Tactical Mission 

Missione Nave 
Missione Nave 
Ship Mission 

Ordine 
Ordine 
Order Ship 

Serbatoio 

Nave 
Serbatoio 

Nave 
Ship 

Tank 

Banchina 
Dock 

Linea  

di Piping 
Linea  

di Piping 

 

Piping  

Lines 
 

Attrezzatura 
Attrezzatura 
Equipment 

Prodotto 
Prodotto 

Product 

Calendar 

Serbatoio 

Stabilimento 
Factory 

Tank 

Porto 
Porto 
Port 

Objects 
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 Port 

Port 
Geo-position 

Regulatory 

constraints 

Operation 

Times 

Harbor  

costs 

Dock Tank 

Equipment 

Operativity 

Storage Piping 
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 Flow 

Amount Flow Plant 

Port 

Product 

Sea-link 

Producer 

Consumer 

Unloading 

 Loading 

Period 

     Flow is the amount of product to be transferred by sea, following  

  a prefixed Sea-link, in a certain time Period, from a producer plant 

to a consumer plant 

Beta 

Alfa 

  Product K   

  Flow 

X tons/day 
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 Mission 

Ship Mission Tactical Mission 

Mission 

Ship 

Route 

Sea-link 

Period 

Costs 

Times 

Product 

Flow 

       Mission is a predefined set of Flows (of one or more products)     

  to be realized in a prefixed time Period, comprising one or more 

Sea-links, using one or more Ships, with Costs and Times to be 

determined   

Beta 

Alfa 

  Flow  

k1 

Gamma 

Delta 

 

  Flow K2 

 

  Flow K3 

4 Ships 

Size Y 
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 Order  

Flow 

Order 

Plant 

Port 

Product 

Order Line 

Producer 

 Consumer 

Unloading 

Loading 

Amount 

Period 

Permissions 

Specific costs 
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 Sea-link/Segments 

Sea-link 

Mission Global route 

Port 

Departure 

Arrival 

Meteo Area 

Segment 

Distance 

Segment list 

Start/End 

Distance 

Validity period 

Global distance 

Sea-link list 

Forecast 

Period 
Coordinates 
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 Ship Object 

Product 

Ship type 

Load 

Contract 

Ship costs 

Position Ship 

compatibile con 

Tank 

Registration data 

Characteristics 

Operational  

constraints 

Operational times 

Reliability 

Setup times 
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   Ship Position 

SHIP Position 

Estimated 

Current 

Last 

Measured 

Geographic 

TimeTable 

Sea-link 

GMT Time 

Latitude 

Longitude 

Segment 

Curvilinear 
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 Ship Tank 

Product 

Ship 

Load 

Pump & hoses 

Tank Identity 

Characteristics 

Status 

Current 

Simulated 
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    Vector  

Model 
DSS 

Free 

Navigation 

Arrival  

in harbor 
Roadstead 

Nautical 

Operations A 

Operations 

Dock A 

unloading 

Loading 

Operations 

Dock D 

Nautical 

Operations D 

Ready  

to sail 

Waiting for 

unloading 

Waiting for 

loading 

Failure 

Repair 

Malfunction 
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 Terminal Model 

C SN 

R SN 

B SN 

P1 

P2 

P3 

P4 

P5 

S1 

S2 

Dock 
Ship 

Tank-ship 

Pompa 

S3 

Tube hose 

Equipment Piping network  

Factory-tank Equipment  

Unloading 

Piping line  

:   
  

M3 

M2 

M1 

I1 

I2 

I3 

I4 

b1 

b2 

b3 

NN1 

BB1 

PP_BB1_S1 

PP_BB1_S3 

PP_BB1_S2 

Example: the unloading of R (Red) is blocked by the piping line (P3) required by  

The piping network PP_BB1_S3, which is already used to unload C (cyan)  

Pump 
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Cost of the Mission 

• It is evaluated as a combination of the time required by the mission cycle,  

of the engaged capacity (Qmax) during this period and a coefficient of cost: 
 

  
 

• Cost Coeff [$/t·day] depends on the type of product to be transported, on 

its inherent risk, on the dimensions of the ship and on the type of 

stipulated contract (COA, Spot and Time Charter) 

• Qmax= Max(Qj-th sea-leg) with (j=1,….,s), where Qj-th sea-leg is the sum of the  

Flows pertaining to the j-th path 

• The time of mission cycle depends on the navigation time, on the impact 

factors typical of the ports, of the sea and of the docks, and on the time 

required for the uploading/downloading operations. 

Mission cost  = Cost Coeff · Qmax · (time of mission cycle) 
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    Factors influencing the 

coefficient of cost:  
Mission cost  = Cost Coeff · Qmax · (time of mission cycle) 

Cost 

 coefficient 

Ship  

 dimension 

Type  

 of product 
Type  

 of contract 

Mandatory Situations: 

COA (Contract of 

Affreightment) 

Ship owner undertakes the 

obligation to carry specified 

cargoes between specified 

ports Optional Contract: 

-Spot charter terms 

-Flexible combinations 

Commercial classification 

of chemical products 
Commodity chemicals 

Specialties 

Fine chemicals 

Risk factors for chemicals: 
Inherent hazard of chemicals 

Chemical industry supply chain transportation 

risk 
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     Reference Models Worked  

                                  Out 
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• Developing alternative Systems of Analysis and  

Optimization Techniques for a Maritime Petrochemical 

Logistic System 

• Working out methods for the development of an 

innovative Decision Support System (DSS) for the 

maritime logistic management of a Petrochemical 

Industry 

   Petrochemical  

Logistics DSS 

 

• Validating and integrating the DSS in the 

holding system (i.e. Processes and ERP) 

Search the 

Maximum

Flow 

Compatible flows 

grouping

from A to B

MaxFlow: FoAB

Flow grouping

B-A until SoAB

Flows FiAB / FiAB 

compatible with FoAB

Compatible flows 

FjBA / FjAB 

with FoAB

& Sum FjBA<SUMoAB

SUMoAB = 

FoAB+Sum(i=1..n) FiAB

List all flows

FxA & FBy

RES =  [FoAB+Sum(i=1..n) FiAB]-Sum(j=1..m)FjBA

Calculate route distance

D=d(FxA)+d(Fby)+d(Fyx)

Sort (FxA & FBy)

increasing 

of distance D
If D<k d(FoAB)

if FxA<RES

add

F(xA & Fby)

RES=flow added

Iterate until

RES<=0

FoAB  maximum flow among all flows from A to B

FkXY flow k-th from X to Y

d(FXY) route length of the flow FXY

k defined coefficient

Consider the following flow, if not already selectedi

Caso k>4:

DSS Decision Support System 
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 DSS Objectives 

• Making the decision process independent of the role 
of a single expert person in the logistic sector 

• Realizing a real time monitoring of the tank levels, of 
the ship positions by GPS and calculating the relevant 
ETA (Estimated Time of Arrival) 

• Supplying methods, tools and basic information to 
obtain: 

• Strategic choices about the plants 

• Optimal fleet configuration 

• Better assessment, selection and trading of ship 
charter agreement 

• Better operative choices on ship 
Planning/Scheduling   
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        DSS Architecture 

Planner 

DSS 

Schedulator Simulator 

Strategic  
planning 

• Being a Complex System, it is essential to develop a 

campaign of tests for platform assessment and validation. 

• The approach here proposed refers to the Directive 5000.61 

and RPG enforced as Standard VV&A by DoD USA 
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Simulatore

Pianificatore

Schedulatore

Euristiche 

Planning

Funzionalita`

Manuale Planner

Funzionalita`

Manuale Schedulatore

Euristiche 

Schedulatore

DBase

Logos

 

Reality

SAPPPL

...

A
g

g
io

rn
a

m
en

to

PlanningPlanningPlan

PlanningPlanningSchedule

Metamodelli

Ottimizzatore

Funzioni e Check 

Vincoli di Campo

Fine Tuning

D
a

ta
 S

h
a

rin
g

O
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g

Q
u

ick E
va

lu
a

tio
n

 fo
r O

p
tm

izin
g

S
im

u
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tio
n

 S
cen

a
rio

Fast Generation of Simulation Scenario

Manual User

Manual User

Automatic 

Generation

Automatic 

Generation

SemiAutomatic

SemiAutomatic

Altri Sistemi

Informativi
Optmizing Process

Optmizing Process

Other  

information  

Systems 

DSS 

DSS 

Function and 

field 

constraints 

Metamodels 

Optimizer 

Simulator 

Manual planner 

 Planner 

Schedulator 

Manual 

    Schedulator    

Heuristic planner 

Heuristic 

    Schedulator    
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   CHARME Sequencer  
Utilities 

• Simulation of: 

• Navigation (Stochastic Estimated Time of Arrival) 

• Docks Upload/Download  

• Saturation level in ships 

• Tactical mission management  

• Evaluation of different port sequences 

• Evaluation of different grouping choices between Flows  

• Evaluation of the cost function of the tactical missions 

For  k>4:

Initial conditions:

k = 1  N = 1

             3 path

Calculation of additional distance

In respect of tratta J-I

Dk= Sum(DJ1…DkI)

With DAB =                            

(xA , yA) and (xB, yB) are the

coordinates of ports A and B

For  s= 1,…, k+2

(that is for each path) 

Check the flow balance

ABS{ (Ftot)s – (Ftot)IJ} /n* (Ftot)IJ} <= e  ?

with n=k+1

Furthermore if deviation

Of the route I-J-I is allowed

Dk <=  c*DIJ ?

   22

ABAB yyxx --

For a fixed quantity e and c

       gs = unit cost for mile of

distance along the path “s”

Ye

s

List of feasible missions

With N intermediate ports

Sorted with

“Mission Performance”

 increasing

where

PMiss=Sum(gs*DS)+gIJ*DIJ

No

Addition of  one

intermediate

port  k=k+1

Up to k = 4
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Charme Sequencer 

Smart 

Optimizer  

& 

Simulator 
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   CHARME Procedure 

Sequencer 

List of Flows  

to be elaborated 

Flow  

Grouping  

Port 

Sequencing 

    Costs 

Estimation Mission  
Tactical  

Creation of the 
Ports 

Flows 

Tactical 

Missions 

Unprocessed 

Flows 
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    CHARME Tank 

Objectives: 

• Identifying the critical aspects in the 

management of the ships transporting 

chemical products; 

• Setting out a support methodology  

aiming at validating Complex Systems; 

• Applying the fundamentals of the 

Theory of Chaos to stochastic 

problems of the maritime logistic 

system 
Charme Thank 

Simulator 
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It is very important to 

conduct Validation, 

Verification and 

Accreditation of the 

model and to measure 

Experimental 

Error 
Discrete 

Event 

Stochastic 

Simulation 

Charme Tank with 6 Ships 
CHAotic inventoRy ManagEment 

www.liophant.org/projects 
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It is very important to 

conduct Validation, 

Verification and 

Accreditation of the 

model and to measure 

Experimental 

Error 
Discrete 

Event 

Stochastic 

Simulation 

Charme Tank with 8 Ships 
CHAotic inventoRy ManagEment 

www.liophant.org/projects 
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Tank Behaviour

0
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T
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n
k
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t]

Tank Alfa

Tank Beta

Deterministic Model 
The deterministic 

model with 3 ships 

shows a regular trend 

of the system. 
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Export  

Tank  

Level, 

α Port 

Chemical  

Process 

Flow 

Ships  

Arrival 

Time 

time 

The role of Stochasticity  
(1/2) 
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Import 

Tank  

Level, 

b Port 

Chemical  

Process 

Flow 

Ships  

Arrival 

Time 

time 

The role of Stochasticity  
(2/2) 
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Tank Behaviour

0

5

10

15

20

25

30

35

40

45

300 310 320 330 340 350 360

Time [days]

T
a

n
k
 [

t]

Tank Alfa

Tank Beta

Stochastic regime  
               with a limited number of ships A model with 3 ships, 

with some stochastic 

components, gives a 

more complex trend in 

the tank levels. 
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Risks and Interferences 
For a growing number of ships, there is a decrease in production losses & in the 

relevant risk levels, but the interference & the costs of Demourrages  increase 

Production Losses
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3 ships 5 ships 10 ships 

Simulation results obtained with Charme Tank on the same plant scenario 

Ship waiting time Ship waiting time Ship waiting time 

Production losses Production losses Production losses 
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Production Losses
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3 Ships 

Simulation results obtained with Charme Tank on the same plant scenario 

Ship Waiting Time 

Production Losses 

Case with 3 ships 



STRATEGOS 

Genoa University Unclassified approved for Unlimited Public Release   -   Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team 

www.simulationteam.com 

Risks and interferences  
5 ship 

Production Losses
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5 Ships 

Ship Waiting Time 

Production Losses 
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Production Losses
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Risks and interferences  
10 ship 

10 Ships 

Ship Waiting Time 

Production Losses 
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Phase Space Tank Alfa
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     Space of the state variables of the  

Export Tank in a deterministic regime 

(Multiple Ships) 

A deterministic system 

has a simple limit cycle  

in the space of state 

variables. 

        Storage [t x 1000]        

Phase SpaceTank Alfa 
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 Chaos Analysis Techniques 

The methodology of analysis is based on: 

• Time trend of the objective functions 

• Phase Space Analysis  of the objective functions 

       Poincaré Map of the objective functions 

• Lyapunov Exponent calculation on times for the 

classification of Chaotic Attractors 

Phase Space Tank Alfa
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• Chaotic Threshold Identification 

by bifurcation diagrams 
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If many ships are affected by a 

stochastic forcing, the space of state 

variables has a greater complexity. 

   Space of the state variables of the  

Export Tank in Stochastic Regime 

In a stochastic regime, with a 

limited number of ships, the 

space of the state variables gets 

progressively complex, but the 

map has still sharp contours. 
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Bifurcation Diagram 

It can be observed that, even with a minimum level of 

stochasticity, a  “chaotic” trend is easily generated. 
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 Chemical Logistics: Exerise 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Export 

Dock 

Ships 

Alfa Plant 

We will focuse on Simplest Case that could be further generalized to more ports & flows 

(time charter contracts) 
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      Logistics Exerise  

Basic Numbers 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Export  

Dock 

Ships 

Alfa Plant 

Time Charter Contracts 

Production: 4’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Capacity:  

28’000 tons 

Navigation Time: 

6 days 

Ship Loading Speed: 

2’000 tons/h 

Ship Unloading Speed: 

3’000 tons/h 

(time charter contracts) 
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Production Sites 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Alfa Plant 

Production: 4’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Time Charter Contracts 

Capacity:  

28’000 tons 
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    Logistics as  

Virtual Pipeline 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 4’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

            Virtual  

Pipeline 

 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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            Virtual  

Pipeline 

 

Balancing Flows 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 4’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Wecan’t create Production by Logistics 

 

Conservation of Flows in  

average sense over Time 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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            Virtual  

Pipeline 

 

   Chemical Flows &  

Production 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Wecan’t create Production by Logistics 

 

Conservation of Flows in  

average sense over Time 

2’000 tons/day To other Customers 

So 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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            Virtual  

Pipeline 

 

    Out Exercise:  

Demposing 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Wecan’t create Production by Logistics 

 

Conservation of Flows in  

average sense over Time 

2’000 tons/day To other Customers 

So 

We focus just on our manageable flow 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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            Virtual  

Pipeline 

 

    From Continuous  

Flow to Discrete 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Our Virtual Pipeline is an echelon  

in Supply Chain, but flow is discontinuous 

 

So we need Autonomy to operate 

Autonomy:  __Tank Capacity__ [days] 

                       Production Flow 

Aalfa=  28’000 = 11.2 days 

            2’500 

Abeta=  32’000 = 12.8 days 

            2’500 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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            Virtual  

Pipeline 

 

Autonomy Concept 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = A min  = A alfa 
Aalfa=  28’000 = 11.2 days 

            2’500 

Abeta=  32’000 = 12.8 days 

            2’500 

Most Critical Autonomy  

Determines the Frequency  

of Ship Arrival 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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     Ship Cycle Time  

& Navigation 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = 11.2 days 

We need to compute the 

Ship Cycle Time 

 

TShip Cycle = TNav.+T Load/Unload +TTechn.Nautical Op. 

 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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      Ship Size:  

1st Tentative 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = 11.2 days 

We need to estimate a Ship Size 

to compute Loading Time: 

Biggest Ship should be ≤ Min Tank 

So in our case 28’000 tons capacity 

 

TShip Cycle = TNav.+T Load/Unload +TTechn.Nautical Op. 

 

 

TShip Cycle = 2 x 6 + __28’000 _+ _28’000___ + 4 x ___45’___  

                               2’000 x 24    3’000 x 24            24 x 3600 
 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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      Logistics  

as Calculation Model 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = 11.2 days 

If Time Charter Contract  

Nav.Time should be computed  

2 Times 

 

TShip Cycle = TNav.+T Load/Unload +TTechn.Nautical Op. 

 

 

TShip Cycle = 12 days 23h 23’ 
 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 



STRATEGOS 

Genoa University Unclassified approved for Unlimited Public Release   -   Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team 

www.simulationteam.com 

Number of Ships 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = 11.2 days 

We need to determine Interval 

of Arrivals and compare 

With Critical Autonomy 

 

TShip Cycle = TNav.+T Load/Unload +TTechn.Nautical Op. 

 

 

Interval Arrivals n = TShip Cycle / N Ships  ≤ Acritical  

 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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       Checking Times vs.  

Autonomy 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = 11.2 days 

To satisfy our Autonomy  

constraints we can use  

2 time charter ships 

 

TShip Cycle = TNav.+T Load/Unload +TTechn.Nautical Op. 

 

 

Interval Arrivals 2 = TShip Cycle / 2  ≤ Acritical  

 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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    2 Ships are  

enough Here 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Ship Cycle Time is > of  

Critical Autonomy so we can  

Add Ships to increase  

Frequence of Arrivals 

 

TShip Cycle = TNav.+T Load/Unload +TTechn.Nautical Op. 

 

 

Interval Arrivals 2 = 12 days 23h 23’ / 2 = 6 days 11h 41’  ≤ Acritical  

 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Acritical = 11.2 days 
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    Recomputing  

Ship Capacity 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

So we determine to use 2 ships  

with 28’000 tons capabilities 

Therefore their real capability should based  

on Production along Interval of Arrivals` 

 

SCsize 2nd tentative = Interval Arrivals 2 x Production = 15’792 tons 
 

In this case we can use 2 ships  

With 15’892 tons transportation 

capability 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Acritical = 11.2 days 
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       Updating  

our Solution 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Export Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 
Capacity:  

28’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

We could check, with  

New Ship Size, if it could be  

Possible to reduce the fleet 

We recalculate the Ship Cycle Time 

We still need two ships  
 

TShip Cyle 2 = 12days 14h 00’ 

Interval Arrivals 2 = 6days 7h 00’ 

SCsize 2nd tentative= 15’730 tons 

Time Charter Contracts 

 

TShip Cycle 2 = 2 x 6 + __15’892 _+ _15’892___ + 4 x ___45’___  

                               2’000 x 24    3’000 x 24            24 x 3600 
 

Acritical = 11.2 days 
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     Quick & 

Fine Tuning 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Production: 2’500 tons/day 

Production: 2’500 tons/day 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = 11.2 days 

At this time we recheck, with  New Ship Size  

for a 3rd tentative, but obviously the changes 

are expected to be less & less important 

We still need two ships  
 

TShip Cyle 3 = 12days 13h 59’ 

IntervalArrivals 3 = 6days 6h 59’ 

SCsize 3rd tentative= 15’728 tons 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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Risks in Logistics 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Lets consider the Risks in 

Case the System is  

not Deterministic 
 

There are multiple Risk 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Production: μ = 2’500 tons/day 

      σ = 200 tons/day 

Navigation Time: 

μ = 6 days 

σ = 1 day 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Acritical = 11.2 days 
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Statistical Tables 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Export Dock 

Alfa Plant 

Capacity:  

32’000 tons 
Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = 11.2 days 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Production: μ = 2’500 tons/day 

      σ = 200 tons/day 

Navigation Time: 

μ = 6 days 

σ = 1 day 

We can use Central Limite 

Theorem and use N Distribution 

Time Charter Contracts 
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     Over Stock Risk in  

Export due to the Plant 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

1st Risk: 

Over Stock in Export Tank 
respect Production  

Standard Devision 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Safety Stockalfa = (Tacalfa – Taualfa)/2 
 

 Tacalfa = 28’000 tons 
 

Taualfa = SCsize = 15’728 tons 
 

Safety Stockalfa =12’272 / 2 = 6136 tons 

Export tank 

 

Used 

 

Productivy on Interval (PoI): 
 

PoI μ = μ Production x Interval Arrivals 
 

 PoI σ = Sqrt( Σ σ 2
Production ) 

 
Interval days 

PoI μ = 2’500 x 6.291 = 15’728 tons each 6.291 days 

PoI σ = 459.63 tons each 6.291 days 

  Zetp = Safety Stockalfa / PoI σ = 13.349 

           => Risk to Exceed due to Prod.= ~ 0%  

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Acritical = 11.2 days 
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       Over Stock in  

Export due to Ships 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

2st Risk: 

Over Stock in Export Tank 
respect Sailing Time 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Safety Stockalfa = (Tacalfa – Taualfa)/2 
 

 Tacalfa = 28’000 tons 
 

Taualfa = SCsize = 15’728 tons 
 

Safety Stockalfa =12’272 / 2 = 6136 tons 

Export tank 

 

Used 

 

Ship Potential Delay 
 

 Interval σ = Sqrt( Σ σ 2
Navigation) 

 
Interval days 

Interval σ = 2.30 days 

  Zetp = (Safety Stockalfa/ μ prod)/Interval σ = 1.06 

           => Risk to Exceed due to Prod.= ~ 14%  
Corresponding to 18 blocks per year 

Time Charter Contracts 

Export  

Dock 

Ship Loading Speed: 

2’000 tons/h 

Acritical = 11.2 days 
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    Stockout Risk in  

Import due to the Plant 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant Ship Unloading Speed: 

3’000 tons/h 

3rd Risk: 

Stockout in Export Tank 
respect Production  

Standard Devision 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Safety Stockbeta = (Tacbeta – Taubeta)/2 
 

 Tacbeta = 32’000 tons 
 

Taubeta = SCsize = 15’728 tons 
 

Safety Stockbeta =16’262/ 2 = 8136 tons 
 

Productivy on Interval (PoI): 
 

PoI μ = μ Production x Interval Arrivals 
 

 PoI σ = Sqrt( Σ σ 2
Production ) 

 
Interval days 

PoI μ = 2’500 x 6.291 = 15’728 tons each 6.291 days 

PoI σ = 459.63 tons each 6.291 days 

  Zetp = Safety Stockbeta / PoI σ = 17.700 

           => Risk to Exceed due to Prod.= ~ 0%  

Export tank 

 

Used 

Capacity:  

32’000 tons 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Acritical = 11.2 days 
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      Stockout Risk 

in Import due to Ships 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

4th  Risk: 

Stockout in Export Tank 
respect Sailing Time 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

 

Ship Potential Delay 
 

 Interval σ = Sqrt( Σ σ 2
Navigation) 

 
Interval days 

Export tank 

 

Used 

Capacity:  

32’000 tons 

Safety Stockbeta = (Tacbeta – Taubeta)/2 
 

 Tacbeta = 32’000 tons 
 

Taubeta = SCsize = 15’728 tons 
 

Safety Stockbeta =16’262/ 2 = 8136 tons 

Interval σ = 2.30 days 

  Zetp = (Safety Stockalfa/ μ prod)/Interval σ = 1.41 

           => Risk to Exceed due to Prod.= ~ 8%  
Corresponding to 4.64 blocks per year 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Acritical = 11.2 days 
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     Demourrages on  

Ships 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Unloading Speed: 

3’000 tons/h 

Acritical = 11.2 days 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Production: μ = 2’500 tons/day 

      σ = 200 tons/day 

Navigation Time: 

μ = 6 days 

σ = 1 day 

5th  Risk: 

Interference among Ships 
 

Lets assume there is just 

1 mooring slot on the Dock 

Ship arrivals per Year on each site 

Nsa = 365 / IntervalArrivals =~58 ships/year 
 

Ship Time at Alfa Dock 

 STAD = 15’728 / 2’000 = 7.86 hours 
  

Occupation of the Alfa Dock =~ 0.22%  

In this case the probability to have two ships  

concurrently at Alfa dock ~0% 

Time Charter Contracts 

Export  

Dock 

Capacity:  

28’000 tons 

Ship Loading Speed: 

2’000 tons/h 
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Another Example: Problem 1 

Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Ship Unloading Speed: 

3’000 tons/h 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Navigation Time: 

μ = 6 days 

σ = 1 day 

5th  Risk: 

Interference among Ships 
 

Lets assume there is just 

1 mooring slot on the Dock 

Ship arrivals per Year on each site 

Nsa = 365 / IntervalArrivals =~58 ships/year 
 

Ship Time at Alfa Dock 

 STAD = 15’728 / 2’000 = 7.86 hours 
  

Occupation of the Alfa Dock =~ 0.22%  

In this case the probability to have two ships  

concurrently at Alfa dock ~0% 

Problem 1 Discrete Event 

Stochastic 

Simulation 

MALOSI 

Maritime Logistics Simulator  

Time Charter Contracts 
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Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Ship Unloading Speed: 

3’000 tons/h 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Navigation Time: 

μ = 6 days 

σ = 1 day 

5th  Risk: 

Interference among Ships 
 

Lets assume there is just 

1 mooring slot on the Dock 

Ship arrivals per Year on each site 

Nsa = 365 / IntervalArrivals =~58 ships/year 
 

Ship Time at Alfa Dock 

 STAD = 15’728 / 2’000 = 7.86 hours 
  

Occupation of the Alfa Dock =~ 0.22%  

In this case the probability to have two ships  

concurrently at Alfa dock ~0% 

Solution 1 Discrete Event 

Stochastic 

Simulation 

Time Charter Contracts 

Problem 1 Solution 
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Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Ship Unloading Speed: 

3’000 tons/h 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Navigation Time: 

μ = 6 days 

σ = 1 day 

5th  Risk: 

Interference among Ships 
 

Lets assume there is just 

1 mooring slot on the Dock 

Ship arrivals per Year on each site 

Nsa = 365 / IntervalArrivals =~58 ships/year 
 

Ship Time at Alfa Dock 

 STAD = 15’728 / 2’000 = 7.86 hours 
  

Occupation of the Alfa Dock =~ 0.22%  

In this case the probability to have two ships  

concurrently at Alfa dock ~0% 

Problem 2 

Discrete Event 

Stochastic 

Simulation 

MALOSI 

Maritime Logistics Simulator  

Time Charter Contracts 

Another Example: Problem 2 
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Export 

Tank Import 
Tank 

  

Beta  Plant 

  

Import Dock 

Alfa Plant 

Capacity:  

32’000 tons 

Ship Loading Speed: 

2’000 tons/h 

Ship Unloading Speed: 

3’000 tons/h 

Production μ = 2’500 tons/day 

      σ = 200 tons/day 

Navigation Time: 

μ = 6 days 

σ = 1 day 

5th  Risk: 

Interference among Ships 
 

Lets assume there is just 

1 mooring slot on the Dock 

Ship arrivals per Year on each site 

Nsa = 365 / IntervalArrivals =~58 ships/year 
 

Ship Time at Alfa Dock 

 STAD = 15’728 / 2’000 = 7.86 hours 
  

Occupation of the Alfa Dock =~ 0.22%  

In this case the probability to have two ships  

concurrently at Alfa dock ~0% 

Solution 2 

Discrete Event 

Stochastic 

Simulation 

Time Charter Contracts 

Problem 2 Solution 
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DSS General Architecture 
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• A hierarchical Authorization System 

maintains the reference system, 

representative of the current state, to 

perform the Planning and the operative 

Scheduling. In general it is crucial to 

coordinate strategic investments, planning 

and operational schedule 

   Interactions:  

Data & Knowledge 
• The DSS database updates the holding information system in real-

time 

• The working scenarios may be created without affecting the current 

operative database 

• Each user may modify the scenarios provided he is duly autorized 

a

b
d

g
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Expected benefits 

• Reduction of Stock-Out and Over-Stock risk in the production plants 

• Reduction of Maritime-Logistical costs of chemical products 

• Helping in restructuring of port and production facilities with 

quantitative analyses 
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Summarizing 

• The use of DSS allows a better planning and management of the 
resources for the shipping of chemicals, with respect to the 
traditional techniques, reducing the global cost of transport and 
the relevant  risks 

• The CHARME models supply valid tools to 
perform tests for assessment, validation and 
accreditation of the Decision Support System 
here developed. In this way it becomes 
possible to finalize strategic decisions even 
in problem of difficulties 

• The Theories of Caos can be applied in the  study of 
maritime transport problems 

• The specific worked-out procedures  allow the 
integration of the DSS in the Holding  
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