
1 

 
 

Cruise Liner Schedule 
 

OA 4202 Network Flows and Graphs 
 
 
 
 

Executive Summary 
 
 
 

 

 
 
 

Jason Deleon 

Steven Rockwell 
Will Wathen 

 
 
 
 
 
 



2 

Background 
In 2012, the vacation cruise industry had 

over 20 Million passengers and generated over 
$42 Billion in economic activity (US).  Cruises 
remain one of the most popular forms of vacation 
and thus are very profitable for the cruise 
providers.  With the amount of money to be made, 
every cruise liner has incentive to own as much 
market share as possible.  Looking to get an edge 
on the competition, Royal Caribbean has decided 
to reach out to our team of Operations Research 
(OR) analysts.  Our team is comprised of OR 
Consultants with a varied background of specialties.  Our tasks include: Analyze current voyage 
network, provide minimum cost itineraries, itinerary recommendations, and to analyze the 
resiliency of the network when it is attacked.   

 
Problem Statement 

The objective of this analysis is to determine an optimal route for a vacation cruise liner 
that minimizes costs while maintaining a certain level of utility, or fun.  This is accomplished by 
creating a time-layered network that connects all ports to possible cruise destinations over the 
specific days of a cruise.  Then, adding necessary constraints to confine the network to realistic 
and real world cruises.  Finally, minimize the overall cost, in terms of US Dollars, while at the 
same time ensuring the cruise maintains a certain level of fun.  Then by examining the resiliency 
of the network as ports are removed, we will determine alternate routes that will maintain a 
nearly equivalent level of fun. 

 
Model Formulation 

The problem is formulated as a shortest path model and solved using the General 
Algebraic Modeling System (GAMS). The model is built as a directed graph to simulate a 
Caribbean Cruise Liner’s Voyage routes between 16 ports. The network is a time-layered 
network where each layer represents a day in the course of the cruise. For a cruise length of 
seven days, there are 128 nodes (16 x 8).  

For modeling purposes, each node not only represents a port but also the current state or 
the day of the cruise. For example Haiti2 represents being in Haiti on day 2 of the cruise. An 
edge exists between two nodes if the distance between them is traversable in the difference 
between the amounts of days. For example, if the distance in days between DomRep2 and 
Aruba5 is 3, then draw the edge. Each edge has a cost equaling the transit cost that is determined 
by distance and assumed fuel costs, and the destination port fees.  

In order to model a real world cruise, we incorporated some design constraints. The 
constraints include, the cruise ship cannot stay in any port over night, the cruise ship cannot 
return to a port that it has already visited other than the homeport, and with a given number of 
days for the a cruise, the cruise ship has to be back at homeport by the last day.  
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The objective is to minimize port fees and transit costs given our design constraints. 
Since the cost on an edge is a function of distance, the shortest path is essentially the minimum 
costs. To be able to differentiate one port from another, we incorporated of a fun factor. The fun 
factor each port takes into account the number of excursions, affordability and general popularity. 
The fun factor is a constraint that allows us to find a solution at minimum cost and having a 
minimum level of fun. 
 
Analysis 
 

Our initial analysis focuses on finding the minimum cost cruise itinerary for a 4, 7, and 
10-day cruise. We then add utility to the model, as measured in terms of a fun factor.  We 
incorporated a constraint to ensure a certain level of fun was achieved while still minimizing cost.  
We set our base cruise timeframe to 7 days, and increased the fun factor incrementally from the 
minimal fun feasible solution to the maximum feasible solution.  Additionally, we compare the 
relationship of Cost and Fun, as well as provide suggestions for targeting various demographic 
groups (Figure 1). 

We analyze the resiliency of our network by showing the impact of random attacks on a 
route that initially provides the max fun route.  We essentially remove the attacked nodes from 
the network model and re-run the analyses to provide an alternate route that maintains as close a 
fun factor as possible to the original route.  We exhausted our network by attacking until the 
route became infeasible (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Fun Factor vs Cost 
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Figure 2: Comparison of Resiliency Curve: Cost & Fun Factor 

 
Results 

Utilizing a Shortest Path Mixed Integer Linear Program (MILP) that minimizes port costs 
and transit costs we analyzed the Fun Factor.  There is positive correlation between fun and cost.  
The most fun cruise 1.5X as expensive as least fun cruise.  This price ends up translating directly 
to the customer in the terms of more expensive cruises.   
 

References 

-crusing.org/regulatory/issues-facts 

-cruiseweb.com/royal-caribbean/eastern-caribbean/#itineraries 

-vacationstogo.com/cruise_port/Caribbean.cfm 

-www.timeanddate.com/ 
-www.latlong.net/ 

-www.cruisemarketwatch.com 

- Professor Ned Dimitrov’s Brain 
 


