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Optimization of selecting codeshare flights in aviation 

Abstract 

Airlines are constantly on a look out for partnerships that could facilitate an increase in revenue without 

having to invest as much. Codesharing is one such solution, where a marketing carrier sells the tickets 

on another carrier’s flight as its own with its flight number. The codeshares are highly advantageous as 

they provide new itineraries for the passengers to choose from and increase the traffic for the airline 

without having to operate the flights. 

 The selection of codeshare flights can be time consuming, for the planners, in the absence of tools that 

help in the decision making. It not only requires a thorough network analysis but the legal and technical 

constraints to the codeshares have to be considered as well. This thesis aims to perform a research about 

the different kinds of codeshares and codeshare agreements along with the major decision factors that 

affect the choice of an airline to choose a codeshare partner. 

 The primary purpose of this thesis is to provide a prototype tool that can be developed further and be 

integrated into the Industrial optimizers’ MP2 software (Multiple purpose/ multiple processing 

optimization software), a tool used by the transport industry for network planning. The prototype 

support-tool is designed particularly for the marketing carrier with the devised algorithms which 

provides a possible method to perform the analysis considering the different options and constraints in 

regards to the selection of behind and beyond codeshare flights and itineraries.  

The tool processes the available data after which the feasible itineraries are built with respect to the 

technical, legal and planner specific constraints. To predict the number of passengers who would choose 

the newly created itineraries, two different models which are based on utility values have been evaluated. 

The historic passenger choices with the most important factors that affect them are used to create the 

utility values. The expected passengers and the possible revenues that can be gained from the itineraries 

then create the base for the final optimization model that suggests the best codeshare flight, along with 

the expected number of passengers on each itinerary that it is a part of. 

 It should be noted that the revenue management and revenue spilt ups have not been considered in 

detail for the tool, the most common and simple methods have been considered to perform the analysis, 

although the different kinds of revenue split ups have been a part of the research, so as to implement 

them in the MP2 software when required. 

 

 

 

 

 

 





     
     

 
 
 

 

Optimization of selecting codeshare flights in aviation 

Sammanfattning 

För flygbolag innebär ett partnerskap tillsammans med en eller flera flygbolag en möjlighet att öka 

intäkterna utan att behöva göra stora investeringar. Codesharing är en sådan lösning, där försäljning av 

flygbiljetter kan ske för ett annat flygbolags räkning, men det säljande bolaget erbjuder marknaden 

flygbiljetter under eget namn och med egen flygkod s.k. Marketing Carrier. Codeshare är mycket 

fördelaktigt eftersom det ger nya möjligheter och resvägar för passagerarna att välja mellan, utöver det 

ökar trafiken för säljande flygbolaget utan att bolaget behöver göra skapa en egen flygning. Det finns 

många fördelar, men även några tekniska och juridiska hinder existerar för skapandet av vissa 

codeshares.  

 

Valet av partners och codeshare-flygningar kräver ofta en grundlig nätverksanalys som kan vara mycket 

tidskrävande för en planerare i synnerhet om verktyg för metodiken saknas. Denna avhandling syftar till 

att undersöka vilka codeshares som existerar samt att se hur codeshareavtalen ser ut. Utöver det även 

studera de beslutsfaktorer som påverkar valet av flygbolag som en vald codeshare-partner. 

Huvudsyftet med denna avhandling är att tillhandahålla ett prototypverktyg som kan utvecklas och 

integreras med Industrial Optimizers programvara MP2 (Multiple Purpose / Multiple Process 

Optimization Software), ett verktyg som idag används av transportindustrin för optimering och 

planering av tidtabell. Prototypstödverktyget är särskilt utformat för det säljande flygbolaget (Marketing 

Carrier). Med förbättrade och utvecklade algoritmer går det att skapa en möjlig metod för att genomföra 

analyser med alla de olika alternativ och begränsningar som kan uppstå vid ett val av ett codeshareflyg 

och tänkta framtida resplaner.  

Verktyget behandlar all tillgänglig data efter hur och på vilket sätt resrutter är skapade med hänsyn taget 

till de tekniska, juridiska och planeringsspecifika begränsningar som kan existera. För att förutse antalet 

passagerare som kan tänkas välja de nya resvägarna har två olika modeller skapats, dessa modeller är 

baserade på nyttighetsvärden som sedan utvärderats. Det första handlar om de historiska passagerarnas 

val med de viktigaste faktorerna som påverkar dem. Utöver de historiska värden handlar det även om de 

förväntade passagerarna och de möjliga intäkter som kan erhållas från deras resvägar. Detta tillsammans 

skapar grunden för den sista optimeringsmodellen som föreslår det bästa codeshareflyget, men även med 

det förväntade antalet passagerare för varje resrutt där codeshareflyget ingår. 

 

Det bör noteras att intäkter inte har behandlats i detalj för denna modell. De vanligaste och enklaste 

metoderna har dock används för att kunna utföra själva analysen. Olika former av intäktsuppdelningar 

har varit en del av underlaget för att implementera dessa i MP2 systemet för ett eventuellt framtida behov. 

Ordförklaringar: 

 

Codeshare är en term inom främst trafikflyg som används i samarbeten mellan olika flygbolag, ofta 

men inte alltid inom samma flygbolagsallians. Begreppet kan översättas med nummerdelning. 

 

Marketing Carrier: Ett flygbolag som säljer biljetter till och marknadsför en flygning även om de inte 

själva utför flygningen. 
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1 Introduction 

Collaboration is a common strategy for airlines to increase revenue and their network size, without 

having to invest in large resources. Alliances are one of the most popular collaborations between multiple 

airlines. They are agreements between two or more airlines that allow them to cooperate to a certain level 

with each other. It can either facilitate just the frequent flyer programs1 or facilitate more complex 

agreements like codesharing. The formation of major international alliances began in the 1990s, which 

became popular since the deregulation of the US airlines (Brueckner, 2001).  One of the oldest alliances 

is the alliance between KLM and Northwest, the partnership started with KLM acquiring a 19.3% interest 

in Northwest airlines in 1989 and a codeshare flight in 1991 (KLM corporate). An open sky agreement 

was signed between the USA and the Netherlands and an anti-trust immunity2 was granted to the airlines 

by the Department of transportation in 1993 (KLM corporate). This allowed the air carriers to have 

unlimited market access among the parties involved and allowed carriers to continue their flights onto 

third-country markets (Alford, et al., 2007). It also allowed the carriers to no longer seek permission 

from either government to provide service or set particular fares (Gillespie, et al., 2011). This eventually 

led to one of the most profitable joint ventures of the airline industry.  

The three major alliances currently are the Star alliance, SkyTeam and Oneworld. A few important facts 

about the major alliances are summarized in the table below. The other existing alliances are Vanilla, 

Value and U-FLY. The Vanilla alliance is a collaboration between the Indian Oceanic airlines, which 

started off in September 2015 and has 5 members (Philo, et al., 2015). The Value alliance is a low-cost 

carrier alliance comprising of eight airlines, which serve 47 million passengers and have a combined fleet 

of 176 aircraft (Value alliance, 2016). The U-FLY alliance is also a low-cost carrier alliance, which consists 

of five airlines and provides air travel between 96 cities in Asia (U-FLY Alliance, 2016). It has been 

studied that such alliances benefit customers as it provides both new routes and lower prices (Gillespie, 

et al., 2011). 

Table 1: Summary of major alliances as in January 2017 

ALLIANCE INCEPTION MEMBERS PASSENGERS REVENUE 

STAR 

ALLIANCE3 

1997 28 689.98 m 173.94 B USD 

SKYTEAM4 2000 20 665.4 m 140.98 B USD 

ONEWOLD5 1999 14 558.2 m 130.92 B USD 

 

The primary focus of this thesis will be on codeshare agreements, which are an important part of 

alliances. Codesharing is an agreement between two airlines that allows one airline (marketing carrier) 

                                                             
1 The frequent flyer programs allow the customers to collect miles for the multiple trips in the same airline/alliance, 
which can later be used, after reaching a certain amount, for different offers within the same airline/alliance. 
2 Described in 3.9.2 

3 (Star alliance, 2016) 

4 (Skyteam, 2016) & (SkyTeam, 2015) 

5 (Oneworld, 2016) 



SF281x Degree Project in Systems Engineering                                                                                                      Thesis report 
Masters Aerospace engineering, KTH                                                                                                                      
Thesis: Optimization of selecting codeshare flights in aviation 
Nishita Vegi, nishita@kth.se 

2 
 

to sell and market the tickets on another airline’s (Operating carrier) flight.  For example, for the itinerary 

Stockholm –Chicago - Seattle, Scandinavian airlines(SAS) has a flight between Stockholm and Chicago 

with flight code SK0903, but not from Chicago to Seattle. United airlines has a flight between Chicago 

and Seattle with a flight code UA1696. SAS can codeshare with United for this particular flight and the 

SAS customers will see the flight number SK6812 on the second leg. The whole itinerary is marketed by 

Scandinavian airlines, but SAS operates only one part of the itinerary. This way the passenger obtains a 

seamless6, online itinerary7 with Scandinavian airlines.  

The codeshare agreements are often complex, varied and include the information about the split up of 

revenues between the operating carrier and the marketing carrier, type of codesharing, frequent flyer 

programs and lounge use etc. The codeshares are restricted by multiple legal, organizational and 

technical constraints. The partners have to be evaluated, the flights have to be complementary and it 

should be profitable to codeshare to achieve an ideal codeshare agreement. 

2 Purpose 

Codeshare flight selection process is important as it can help determine the increase in the revenue and 

additional network options. The purpose of this thesis is to create an optimization tool prototype to ease 

the selection of a flight to codeshare for the marketing carrier particularly for behind and beyond routes8 

considering the different kind of agreement options and constraints. It should also be able to allow the 

airlines to perform a what-if analysis on different agreement terms and implementation of new rules and 

to evaluate the already existing partners. 

Based on the studies by Gleave, 2007, on the flights within EU, it was found that 22% of the airlines 

operate with 90% of codeshares and the data also demonstrated that Marketing of flights is more evident 

when compared to the operation of flights. Hence the tool is made for the marketing carrier. 

Based on the study of codesharing between America West airlines and Continental by Du, et al., 2015 , it 

can be noticed that the airlines started codeshare on a few flights in the very beginning of the creation of 

an alliance and it continued till the alliance ended, but new codeshares were both added and dropped 

over the period. Codeshares can just be for a particular period like the summer to capture the vacation 

oriented customers. The markets are continuously accessed to check for new possibilities and change 

their codeshare agreements accordingly (Du, et al., 2008). The planning of codeshares takes up to 2 days 

to finish, with the use of optimization tools it can be reduced to a few hours (O'Neal, et al., 2007). 

3 Literature review  

3.1 Airline collaboration agreements 
The aviation industry carried up to 3.57 billion passengers around the world in 2015 with 104,000 flights 

each day (Air Transport Action Group, 2016). There are different kinds of agreements to increase 

passenger traffic and feed passengers from different locations on to one’s airline. The airline agreements 

are primarily classified to be of four types, the interline, the codeshare, joint ventures and alliances 

(Rarliff, et al., 2012). The Interline agreements allow a carrier to sell tickets of another airline to create a 

new itinerary but without sharing of codes. For example, the passengers can buy tickets with British 

airways for two legs from A to B and then to C, but one of the legs, B-C, is operated and marketed by 

                                                             
6 which involves single ticketing, check-in and baggage drop-off. 
7 where passengers travel on a single airline throughout the trip. 
8 Explained in 3.5.1 
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American Airlines. The passenger can also see the code of the American airlines on the leg operated by 

them. The Codeshare agreements also allow a marketing carrier to sell tickets of another airline to create 

a new itinerary but with its own code on the operating carrier’s flight. Joint venture partners have anti-

trust immunities, which allows them to coordinate all the planning by sharing the information which 

otherwise cannot be shared.  Alliances are agreements that are usually between two or more airlines, 

which allow them to unify certain services and provide a more elaborate network together.  

Mergers and acquisitions are also quite evident in the aviation industry. It is considered an effective way 

to survive in the competitive environment and increase profits and cut down on costs. It could be to 

obtain slots and facilities at airports, aircrafts or to extend networks and in turn increase the market 

shares and revenues. A lot of airlines merge with bigger airlines, or are acquired by them in case of slow 

growth and losses, which can save them from financial defaults (Merkert, et al., 2012). KLM and Air 

France for example merged in 2003 creating Europe’s largest airline group, but both of them retained 

their own brands.  

Another form of collaboration between airlines is the creation of subsidiaries and divisions. The 

subsidiaries and divisions work independently and try to maximize their own profit but are dependent 

on the subsidiary holding airline financially. For example, Austrian airlines, Brussels airlines, Euro 

wings, Lufthansa Cargo, Lufthansa Regional, Swiss international airlines are all subsidiaries of Lufthansa 

airlines as of 2015. 

3.2 Alliances  
Airlines choose partners so as to cope with increasing competition and cost for price-sensitive customers 

(Gerlach, et al., 2013). The alliance agreements between two or more alliances help in building a more 

profitable and efficient network. For example, a major airline can create an alliance at their hubs with 

other airlines that serve the smaller cities, this way it could increase the number of itineraries it offers to 

the passengers, without actually having to operate the flight. Gerlach, et al., 2013 Conducted a study to 

determine the revenue gap between alliances and the monopoly of single airline, which proved that 

alliances are more beneficial. 

The deregulation of the domestic air travel in the United States in 1970s and in the EU in 1993 

popularised codesharing and alliance agreements (Gleave, 2007). Alliances help overcome the 

restrictions set by the bilateral or multilateral agreements that deprive the services to foreign countries 

(Brueckner, 2001). The Focus of alliances is to expand networks in such a way that it reduces overlaps 

among the partners (Gerlach, et al., 2016).  

 The alliance agreements include the international routes that are included in the alliance (Gillespie, et 

al., 2011). But the aviation agreements do not permit another airline, for instance KLM, which is from 

Europe, to carry passengers that start and end their one-way trip in the USA (Gillespie, et al., 2011). The 

restrictions set can be overcome by codesharing and it is an integral part of most of the alliances and is 

described in detail in the following sections.  

3.3 Codesharing and its benefits 
Codesharing allows airlines to sell tickets on new routes without having to operate flights (Gillespie, et 

al., 2011). It expands the network tremendously, as in Lufthansa, where the number of marketed flights 

increased by 115% which is about 4100 flights a day in 2011, of which 90% of them are either operated or 

marketed by a codeshare partner (Gerlach, et al., 2016). An operating carrier can codeshare with multiple 

marketing carriers, for example, A flight from Abu Dhabi(AUH) to Los Angeles(LAX) operated by Etihad 

Airways as EY0170 is marketed by Jet airways as 9W6537, American airlines as AA9077, Air Seychelles 
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as HM5906 and by Pakistan International airlines as PK4171. Codesharing can be executed in multiple 

ways. It could just be only one of the partners marketing the itinerary, or both the partners marketing 

the itinerary in their own regions.   

Historically, it is considered that codeshare arrangements began due to the preference of the Computer 

reservation systems (CRS) to show the online itineraries first (Chua, et al., 2005) (Gleave, 2007). The 

airlines attempt to get a position on the first screen of the CRS as it is the most advantageous, codeshares 

can provide this advantage compared to the interline tickets (Oum, et al., 1996). The passengers also 

prefer a single airline online ticket when compared to an interline ticket of two airlines (Oum, et al., 1996) 

and most of them choose the flights which are on the very first screen.  

The codeshare itineraries are considered to be easier to advertise for the marketing carrier and therefore 

increase their visibility in the global distribution system, which are accessed by the travel agents.  

Ito, et al., 2007 suggest that the airlines prefer codeshare agreements when compared to interline based 

on their data study for the U.S Domestic airlines. But it is not always the case as mentioned by Wieland, 

2016 that codeshare is not a preferred way always in Scandinavian airlines and an SPA9 is enough to 

extend their networks. But codeshares are better than interline tickets, where the passengers might have 

to travel with different airlines for different legs, which is highly disadvantageous as it might involve 

multiple check-ins and baggage drops, long walking distance between gates and high prices because of 

double marginalisation10. But G.Gayle, 2013 investigated and found that double marginalization is not 

always eliminated in the case of codesharing as well. Alderighi, et al., 2015 also found that double 

marginalization is not eliminated because of different technical and legal barriers. 

Codeshare alliances help in reducing the airline costs. A study conducted by Goh, et al., 2006 which used 

truncated third order trans log estimation proved that the codeshares do have a statistically significant 

impact on the cost structure. Codesharing with both small and big airlines shows a reduction in the cost; 

however, Codesharing with large partners seems to impact the cost more.  

Codeshares expand the product portfolio for the marketing carrier and add more passengers to their 

network (Gerlach, et al., 2013) (Brueckner, 2001) (Gleave, 2007). Du, et al., 2015 also, stated that 

Codesharing helps generate traffic in the winter and spring season, which are off-seasons on the basis of 

their study. The brand loyalty of the marketing carrier also brings in passengers onto the operational 

carrier’s flights (Gerlach, et al., 2013) (Alderighi, et al., 2015) , which in turn provides Greater financial 

strength for smaller operating carriers (Gleave, 2007). The codeshare arrangements also reduce the risks 

associated in operating a new flight for the marketing carrier (Alderighi, et al., 2015) (Brueckner, 2001) 

(Gleave, 2007) and allows them to access foreign markets, and popularize their brand name (Brueckner, 

2001). 

Codesharing on routes that do not have a lot of demand, can reduce the number of flights on that route 

and thereby reducing the air traffic congestion and helping the industry. They also pave way to mergers 

like Alitalia and Air France (Alderighi, et al., 2015). A few airlines consider codesharing a way to test new 

markets. For example, a study of southwest and ATA airlines by Du, et al., 2008 revealed that Southwest 

codeshared to enter the Denver market to “test the water” before directly entering it.   

                                                             
9 Special prorate agreement explained in 3.6 
10  Double marginalization is a result of the airlines maximizing their own flights profits independently and setting 
a high price without taking into account the reduction of the demand of the other airline (Gillespie, et al., 2011) 
(Brueckner, 2001). 
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The codeshare flights within an alliance are considered more attractive to passengers as they have 

harmonized operations and similar services (Zou, et al., 2016). Alliances can create better customer 

relationship management in terms of unified frequent flyer programs, lounge facilities, priority boarding 

and late check-ins. They also allow the airlines to share infrastructure and terminals reducing the walking 

distance between the gates for the customers. The quality of service provided by all the members of the 

alliance is standardised to be good so it is highly beneficial. But not all codeshares are within an alliance. 

Zou, et al., 2016 empirically investigate the combined effects of alliances and codeshares on data collected 

between 2007-2012 for 81 airlines. The results displayed that the profit margin is higher for airlines that 

codeshare. The airlines that codeshare within the alliances on a higher extent show a greater profit 

margin.  

Codeshares reduce the ticket prices for passengers (Du, et al., 2008) and the frequency of flights for 

passengers to avail increases along with seamless journeys (Brueckner, 2001), which involves single 

ticketing, check-in and baggage drop-off (Gerlach, et al., 2013). They can have more itineraries to choose 

from and have convenient connecting time and arrangements (Gleave, 2007). Codeshares create a 

positive impact on the interline passengers but it can also cause a negative effect on the inter-hub 

passengers as prices tend to increase for them (Brueckner, 2001). 

 

3.4 Effects of codesharing on planning and optimization 
 As described by L.Snowdon, et al., 2007 airline planning first starts with resource planning and then 

continues with market planning and control, operations planning and operations control as shown in 

Figure 1: Airline optimization. The important steps in planning are the schedule design, Fleet 

assignment, Aircrafts routing and the crew scheduling. The schedule design identifies the markets and 

the frequencies of flights. The fleet assignment involves assigning the aircraft size for each flight. Aircraft 

Figure 1: Airline optimization 
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routing is flying the different aircrafts in a way so as to serve the schedule design and maintenance 

requirements. The crew scheduling includes assigning crew to each flight (L.Snowdon, et al., 2007). 

The schedule design and the fleet assignment are highly affected by codeshares as the connection to the 

codeshare partner’s flights should be evaluated and the demand forecast should also consider the 

codeshare passengers. It is crucial to design the schedule in a way so as to complement the partner’s 

flights on parallel routes instead of competing. The demand forecasting which is used for fleet assignment 

should also consider the codeshare passengers, if profitable. It is essential to coordinate the resources in 

such a way so as to ease the processes and provide better service to passengers. The airlines will also have 

to adjust their private booking systems so as to allow the codeshare itineraries to be added.  

 

3.5 Types of codeshares 
Codeshares can be of different types, based on the geography, seat capacity and methods of revenue 

sharing. The following sections provide a brief description of the different types of codeshares. 

3.5.1 Based on geography 
Based on geography, codeshares can be classified as parallel codeshares, unilateral codeshares and 

behind & beyond route codeshares (Alderighi, et al., 2015) (Gleave, 2007). 

Parallel codesharing allows two carriers to either operate or market flights alternatively on a single route. 

The parallel operations are common in domestic markets where the partner’s flights overlap and compete 

for the same passengers (Gerlach, et al., 2013). In international alliances, the partners parallel codeshare 

on hub-hub routes. For example, as mentioned by Stanislav Stoychev (Stoychev, 2016) Air Berlin and Air 

Bulgaria had multiple flights between Sofia and Berlin and were competing for the same passengers but 

later on they parallel codeshared on the route so as to reduce the competition and losses. In parallel 

codesharing, the two airlines involved can increase the frequency of their flights by codesharing and 

capture the customers together. In parallel codeshares, the marketing carrier’s tickets for direct flights 

are almost always cheaper than the operating carrier’s tickets as the passengers with a marketing carrier’s 

ticket do not obtain services like free upgrades (Ito, et al., 2007).. 

“Unilateral codeshare” is where only a single airline operates and another airline markets it without a 

motive of feeding customers to other connecting flights. For example, British airways puts its code on an 

American Airlines flight between Manchester and Chicago. The complementary/unilateral operations in 

an international alliance are common where the airline’s networks don’t overlap, this in turn increases 

the reach in foreign markets (Gerlach, et al., 2013). Also, termed as virtual codeshare by Ito, et al., 2007, 

it can involve two or more legs, which are operated by a single airline, and the whole itinerary is marketed 

by another airline. The study also claims that virtual codeshares are in less dense, lower income routes 

to segment the passengers, which is a requirement for price discrimination11 and not specifically to 

increase the number of passengers.  

Behind and beyond route codeshares include multi-leg itineraries, which are operated by different 

carriers, and marketed by a single carrier for a particular market (Alderighi, et al., 2015) (Gleave, 2007).  

For example, British airways has a flight from London to Phoenix and American Airlines has a flight from 

Phoenix to San Diego. American Airlines codeshares and markets the flight of British so as to offer an 

                                                             
11 It is the process of selling a ticket on a flight for different prices to different passengers based on different factors 
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itinerary between London to San Diego.  The traditional codesharing as termed by Ito, et al., 2007, 

comprises 85% of the codeshares. 

3.5.2 Based on seat capacity 
Codeshares can also be classified based on type of seat capacity into free flow or block space. The free-

flow type of agreement allows the Operating Carrier and the marketing carrier to share the information 

of current availability of seats and sell as many Codeshare tickets as required. The block-space agreement 

involves the Operating carrier pre-allocating the seats to Marketing carrier, so there is minimum 

communication between them (Alderighi, et al., 2015). The Block-space can be further classified into soft 

and hard block, the soft block allows the Marketing carrier to return a few seats without a penalty before 

a set time, back to the operating carrier. In hard block, seats cannot be returned (Gleave, 2007). 

The free flow booking is most commonly used in codeshares as it considers both low-load of passengers 

and allows the marketing carrier to access even the last seat. It is considered more profitable and efficient 

as it can consider the marginal seat revenue of the partner as well (Rarliff, et al., 2012). The block space 

is primarily used when one of the carriers does not have a proper IT capability or if the air service 

agreements only permits block space like in multiple routes to Russia (Gleave, 2007). In the case of free 

flow bookings, the Global Distribution System has been developed to allow the virtual codesharing 

(Gleave, 2007). 

Codeshare agreements can also be classified based on revenue sharing agreements and is described in 

the following section. 

3.6 Revenue split-ups and fares  
In Codesharing, the marketing carrier collects the airfare from the passenger and then pays the required 

amount to the operating carrier based on the agreements (Rarliff, et al., 2012). The airlines maximize 

their revenue from codeshares individually while considering the overall profits, services and traffic. It 

is of common knowledge that the marketing carrier always makes a profit out of the codeshare agreement 

(Gleave, 2007) as they get both the codeshare commission and usually obtain 15-25% of the revenue 

generated (Stoychev, 2016) (Tiwari, 2016). 

For free sale, the default way to split revenue is the straight rate proration where the fare is split based 

on weighted mileage12. But an alternative to this is a proviso where a fixed amount of revenue is 

considered in the case of the straight rate proration not covering all the costs. This is usually restricted 

to 1700 miles (Gleave, 2007). For the block space, a fixed price is already set when the seats are 

exchanged.  

3.6.1 Static revenue management 
The revenue agreements in the static revenue management system are primarily of two types - special 

prorate agreements (SPA) or Revenue settlement agreements (RSA). The SPAs consist of how the 

revenue is split up, but the RSA is a more elaborate agreement with information related to the revenue 

split up, commissions and procedures (Gleave, 2007). The SPAs are more commonly used and are either 

net or gross SPAs. 

The ‘Net’ SPAs have a fixed amount that is paid for each seat to the Operating carrier which is “dependent 

solely on the booking class” and ‘Gross’ special prorate agreements are based on weighted mileage and a 

suitable commission from the operating carrier to marketing carrier (Gleave, 2007). In gross SPAs the 

                                                             
12 Mileage, which is weighted, based on other costs like airport costs and short- haul flights. 
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booking class mapping is important and is necessary to prevent the operating carrier to be vulnerable to 

the prices set by the marketing carrier. The net SPAs are sometimes disadvantageous for the operating 

carrier if the marketing carrier sets a higher fare for the ticket as it does not receive the revenue 

accordingly (Gleave, 2007).  

The static revenue management schemes have multiple deficiencies, as it does not consider the current 

seat inventory and prices. The split up of revenue based on mileage can be unfair; for example, an 

itinerary that consists of a Delta flight from Boston to Paris and an Air France flight between Paris and 

Stockholm. The Air France will receive lower revenue when compared to Delta, which might be lower 

than the current price of a seat on the Air France flight. This way Air France flight can refuse to sell the 

seat to the passenger of this itinerary marketed by Delta. To overcome these deficiencies a more dynamic 

revenue management model is coming into practice that depends on the bid prices13. But the bid prices 

are difficult to exchange between the airlines, as there are technical and legal barriers to exchange them, 

even if they can be more profitable to an alliance as a whole.   

3.6.2 Dynamic revenue management 
The new method of dynamic proration based on the bid prices of the partner for each time segment a 

ticket is booked (Rarliff, et al., 2012) is not yet adopted. This involves constant communication between 

the airlines to exchange bid prices and to store them. This requires changes to the current revenue 

management systems. Alliance revenue is maximized when the bid prices of the operating carrier and 

the marketing carrier are balanced (Wright, et al., 2009). This process of sharing bid-prices is now 

restricted to joint ventures (Rarliff, et al., 2012). 

The different methods in the dynamic revenue management are explained as in Wright, et al., 2009. In 

bid price schemes, the marketing carrier has to pay the bid-price to the operating carrier, this way the 

interline passengers won’t affect the revenue for the operating carrier and the marketing carrier can keep 

the rest of the revenue generated. In bid price proration, the revenue is prorated based on the value ratios 

of each airline that allow the operating carrier to always receive more than the bid price. One major 

disadvantage of these bid price methods is that the operating carrier might not get enough incentives to 

choose the interline but the partner price schemes can overcome this deficiency. The partner pricing 

schemes allows the operating carrier to set the prices that the marketing carrier has to pay. But again, 

this could cause inflation and affect the decision of the marketing carrier to choose them as the codeshare 

partner (Wright, et al., 2009). 

3.7 Exchange of information between the airlines  
The exchange of information for pricing and revenue management is of high importance so as to have 

efficient systems, and the common forecasting for the alliance will be advantageous (Gerlach, et al., 

2013). Sometimes, the information exchange is not extremely efficient, because of which one airline will 

have more information about a flight than the other. This affects the free sale partners as information 

about the classes and seats available have to be shared constantly (Gerlach, et al., 2016). It has been 

reviewed by Gerlach, et al., 2016 that information asymmetry occurs at three points of the codeshare 

revenue management. First, when the expected fares and the demand are kept private by the operating 

carrier. Second, when only the booking level of the airlines own flight is monitored. Third, when the 

operating carrier is seldom informed about the codeshare itinerary fare and bookings and the marketing 

carrier keeps track of the local bookings only. The information exchange is also hampered by antitrust 

laws, which are in place to prevent anti-competitive effects.  

                                                             
13 The expected marginal seat revenue 
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The information that is exchanged in practice is through availability status messages14. Bid price sharing 

which involves expected marginal revenue per seat requires partial anti-trust immunities. But in practice 

barely any information is exchanged in terms of demand, bookings and pricing (Gerlach, et al., 2013).  

3.8 Codesharing amongst the Low-cost airlines  
The low-cost airlines play a major role in the analysis of codeshare agreements and in the pricing 

equation (Alderighi, et al., 2015). The low-cost carriers are not modelled to be a part of alliances and are 

often dependent on low cost transactions and cheap point to point transfer. Codesharing requires 

technology investments, inventory controls and matching up of service that discourages the low-cost 

carriers to choose codeshare (Morandi, et al., 2014), But in 2002, Virgin Blue, a LCC started a codeshare 

agreement. Soon more carriers like the southwest followed the example (Morandi, et al., 2014). As 

mentioned earlier, Value and U-Fly are low-cost carrier alliances. In 2011, 34 out of the 93 low cost 

carriers codeshared. They mostly acted as the operating carriers. The large LCCs that have hybrid models, 

multiple classes, and high concentration in their network are more prone to codeshares (Morandi, et al., 

2014). 

3.9 Challenges to codeshares 

3.9.1 Technical and organizational challenges 
Codeshares involve multiple partners; hence new challenges arise to ease the operations. Airlines having 

different systems and methods of approaches for demand, fares and different legal rules can cause 

problems in the codeshare management. It is important to standardize the systems so as to create an 

interphase, which comes at a price. Often Codeshares are rejected in the case of two different systems of 

the airlines that cannot be integrated to a certain level as mentioned by Stanislav Stoychev, manager 

airline cooperation, Bulgaria Air in a personal interview (Stoychev, 2016). It is also important that the 

booking classes15 are mapped in a way that the passenger obtains the same or similar service on both the 

legs of the codeshared itinerary. 

Constant exchange of information is required for codeshare management and revenue management. The 

involved partners might want to maximize profits and in turn cheat by restricting the inventory in block 

space arrangements and reducing the number of seats in the codeshare arrangement, or by shifting the 

low-value customers to partner flights (Gerlach, et al., 2016). “The technical, organizational and 

fragmentation of codeshare partners is termed as decentralization” (Gerlach, et al., 2016). This reduces 

the efficiency of the alliance, optimizing for the whole network is a more efficient way but problems might 

arise due to legalities and large size of the problem. 

The flight compatibility is the most important constraint for codesharing. It is also quite important to 

evaluate the partner prior to codesharing, partner evaluation usually includes Safety & security, 

passenger handling capabilities, quality of service and ease of operation integration (Gleave, 2007). It is 

easier to codeshare within alliances and are quite common (Gleave, 2007). Most often the partners in an 

alliance have gates close to each other. The walking distance between the gates or the travel time between 

the terminals is also an important constraint while analysing the minimum connection times and it 

makes it convenient for the passengers as well (Du, et al., 2015) (Park, et al., 2000). 

The airlines are preferential to codeshares when their hubs are either the origin, destination or the 

intermediate stop as it can be more profitable (Du, et al., 2015). But codeshares Increase costs for the 

                                                             
14 The available seats in each class between partners 
15 The booking classes are classified based on the fare paid by the passenger to obtain a particular kind of service, 
seat and other offers, for example the business class, flexible economy class, non-refundable economy class etc. 
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non-interline, hub to hub passengers, but is usually ignored (I.Czerny, 2009). Also, If the codeshare 

itinerary demand is high, the low-value passengers of codeshare flights might replace the high-value local 

or intraline customers, which is disadvantageous. 

A few alliances like the Star require the member airline to seek permission before they codeshare with 

an airline outside of star alliance. A few U.S domestic carriers restrict their international codeshare 

partners to codeshare with other domestic carriers. The Unions are also concerned about the loss of jobs 

due to alliances and codeshares (Rarliff, et al., 2012) and hence set up limitations for such agreements, 

for example the Air line pilots association placed a restriction on the ratio of delta codeshared flights and 

the other airline’s codeshared flights (O'Neal, et al., 2007). 

The competition from the already existing flights is also a challenge, as it can be un-profitable to enter a 

market with all the demand served by other airlines already. The prices of the tickets also vary based on 

the competition. Chen, et al., 2007 present how if none of the codesharing partners have a single carrier 

product in the same market it leads to marginal cost pricing or it does not eliminate double 

marginalization. If one of the codeshare partners also offers a direct flight in the origin-destination 

market, the prices of the tickets are considerably low, even if it does not completely eliminate double 

marginalization. If another airline competes with the intermediate itinerary provided by the codeshare 

partner that has a single carrier product in the market, the codeshare agreement can foreclose this 

competition and increase the prices.  

3.9.2 Legal challenges 
International aviation agreements are either bilateral or multilateral, which allow operations of boarding 

and de-boarding passengers in a foreign country and restrict the number of carriers, flights and 

occasionally the fares (Gillespie, et al., 2011). This restricts some of the codeshare agreements.  revenue 

sharing agreements as discussed in 3.6, are either governed by the special prorate agreements between 

the partners or based on the rules set by the prorate agency of IATA.  

To maximize profits, sharing all the information can be highly profitable, but is restricted by anti-trust 

law. The law is mainly concerned about the anti-competitive effects that could be created if the airlines 

are immunised and this in turn will affect the passengers. When antitrust immunity is offered to two 

airlines on a route where they compete with each other, not only does it cut down on the competition, 

there is an increased opportunity of collusion and increase in the fares paid by the passengers (Gillespie, 

et al., 2011) (G.Gayle, 2007). G.Gayle, 2008 made an empirical analysis of the competitive effects in the 

alliance of Delta, Continental and Northwest. The Department of transportation, USA (DOT) were 

concerned about the possibility of collusion of prices and anti-competitive effects of the alliance. Once 

the alliance was created, based on the analysis it was determined that there was an increase in prices but 

there was also an increase in the traffic, hence this does not actually suggest a collusive behaviour.  

In the U.S, Department of transportation is in-charge of authorizing and processing the immunization 

of alliances from the U.S antitrust laws. If an alliance on immunity “substantially reduces or eliminates 

competition” then DOT disapproves the agreement. In this case, it will approve it only if “It is necessary 

to meet a serious transportation need or to achieve important public benefits” as described by Gillespie, 

et al., 2011. If an agreement does not affect the competition then DOT can approve it but only if it is 

benefitable for the public and is approved only to a certain extent (Gillespie, et al., 2011). Most often 

policy makers are hesitant to approve codeshares as it might facilitate collusion of prices on overlapping 

routes of partner (G.Gayle, 2007).  The analysis of data from the 2005-2010 by Gillespie, et al., 2011,   

shows that the price paid by the passengers of trans-Atlantic flights are higher on routes 

operated/marketed by fewer airlines. 
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Antitrust immunity is not required for non-competing airlines, but if the airlines are competing, the 

marketing carrier is in-charge of setting the prices for the codeshare itinerary which includes the fee paid 

to the operational carrier for the services. They can at the most adjust their schedules, services and unify 

the frequent flyer program to provide a seamless journey to the customer (Brueckner, 2001). If they are 

provided with an anti-trust immunity, they can jointly set fares, schedules and other competition 

sensitive factors on the routes that are in the alliance agreement (Gillespie, et al., 2011). Out of over 

twenty airlines that offer trans-Atlantic flights, three groups of carriers with the immunity of anti-trust 

carry over 82% of the passengers between Europe and the U.S as analysed by Gillespie, et al., 2011. 

The Federal aviation administration, department of transportation and the office of the secretary also 

monitor and provide guidelines for codeshare safety in the U.S (The Federal aviation administration, 

Department of transportation, The office of the secretary, 2015). 

The routes served and the number of codeshares is restricted as well. A few legalities require the airlines 

to serve particular routes, for example, DOT regulations require the airlines to serve small cities (O'Neal, 

et al., 2007). The global distribution system also restricts the number of marketing carriers for a flight to 

be 11 (Gleave, 2007), which has to be considered during selection of a flight that is already codeshared 

heavily. 

3.10 Existing - Codeshare Optimization models/methods 
Codeshare optimization has been of interest and a few models have been created. The delta airlines 

developed a codeshare flight profitability system (O'Neal, et al., 2007) avoiding complex over-booking 

schemes and carefully analysing the revenue increase based on the origin-destination market, but is 

designed specifically for the domestic market of the U.S. Their model starts with building an itinerary, 

forecasting and then optimizing along with projecting the incremental revenue. This method seems to be 

the most suitable as it can easily consider a lot of other requirements and constraints as discussed above.  

Abdelghany, et al., 2009, presented a non-linear model considering the losses due to displacement of 

high revenue non-codeshare passengers by low valued codeshare passengers. LaRoche, et al., 2012, 

proposed a heuristic model taking into account the effect of adding the codeshared flight in the network 

and by re-distributing the demand, but is limited to a small problem due to computation times. The linear 

passenger distribution model in the heuristic method that has been described has been modified and 

tested for the demand distribution. The heuristic model is a good way to make a what-if analysis, as it 

can study the effects of having the codeshare flight in the network and how it affects the other flights in 

the network. Du, et al., 2015 analyse decision factors about if an alliance has to remain in the codeshare 

or not for both virtual and traditional agreements.  

The following sections describe possible methods to choose the best codeshare flights in different 

scenarios and also includes a basic study of two passenger distribution models. 

4 The methodology 

4.1 Framework 
The selection of codeshare flights can either be just for a day, for a week or has to be chosen considering 

the availability of return flights. The basic method towards the selection of the best codeshare flights is 

as shown in the Figure 2: Flowchart of the method. Most part of it, tries to imitate the already existing 

methods in MP2, Especially the itinerary builder and the passenger distribution model, so as to make it 

easy to integrate the new changes easily into the system. The process starts with the input of the necessary 

data which the itinerary builder processes and builds new feasible itineraries as per the filters and 
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technical constraints. After which the fare of the created itineraries is calculated based on multiple 

assumptions and existing fare data. The utility values of the itineraries are calculated based on historical 

passenger trends and data. The utility values and the demand data in the markets are then used for 

passenger distribution through which the expected demand for each itinerary is calculated which is one 

of the inputs for the optimization model. The best codeshare flights are then chosen based on the 

solutions from the codeshare optimization.  

 

Figure 2: Flowchart of the method 

 A more thorough description is provided for each step of the flow first for selecting a codeshare flight for 

a day, after which the changes made to the procedure for the selection of codeshare flight for the entire 

week and the return flight availability are described.  

4.2 Input data 
 The most important input data would be the entire schedule data, so as to drill down to the probable and 

profitable codeshare flights. The schedule data should have the information of the time, distances, 

locations, capacity etc. It is also important to have the local arrival times of all the itineraries, which is 

used extensively in the calculation of utility values16. The schedule data has to be analysed to filter out 

the marketing flights, and have only the operational flights. 

The revenue or the fare for the itineraries is calculated based on the yield value which is the revenue 

obtained per passenger per Kilometre for each airline. This is not the most suitable approach, but due to 

                                                             
16 Explained in 4.4.3 
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the lack of data, this approach is chosen. The demand data for the different markets and the β coefficient 

values17 are to be given as an input. 

The various constraints and filters have to be chosen and threshold values for each of them have to be 

provided for the analysis.  

4.3 Itinerary builder 
The itinerary builder constructs the feasible itineraries by matching the already existing flights of the 

planning carrier and the other probable partner airlines’ flights considering multiple technical 

constraints and other filters as chosen by the planners.  Each itinerary will at least have one flight that 

belongs to the planner. For the prototype models, all the data and built itineraries are restricted to two 

legs. 

4.3.1 Technical constraints 
The itineraries are only built if the (i+1)th flight departs after the ith flight arrival and the connection time 

between the flights is over the minimum connection time that varies for different airports and different 

combination of gates within the same airport. The planner can set the maximum connection time as well. 

The generated itineraries should not be existing in the market already. 

The itineraries generated should be both feasible and practical. The practicality of the itineraries is kept 

in check with the help of detour factors set by the planner for both distance and time. The distance detour 

factor is calculated by dividing the total distance of the itinerary by the great circle distance between the 

start and end of the itinerary. The time detour factor is calculated by dividing the time taken by the 

itinerary by the time taken by a direct flight between the start and the end of the itinerary. It is quite 

unrealistic to have an itinerary that takes more than three times the time taken by a direct flight and it 

will obviously have a low utility value. The planner can instead also choose the maximum travel time to 

create realistic routes.  

4.3.2 Planning carrier’s decision filters 
The planning carriers in many instances already have an idea of the markets they want to assess or the 

airlines they want to codeshare with. So, a lot of feasible itineraries can be deleted even before the next 

step, speeding up the process. The itinerary builder filters according to the decision filters and values as 

selected by the planner. If the planner activates the market filter and selects the markets the airline would 

prefer entering, the itinerary builder generates itineraries in selected markets. The planner can also 

choose to partner with a particular airline or just within an alliance. This allows the planner to do a ‘what-

if’ analysis for the different markets and partners, before finalising certain agreements.  In certain 

scenarios, a planner might wish to feed passengers onto certain flights or airports, on selection, the 

itinerary builder will build itineraries including them. Transfer passengers can also be an added 

advantage, so if certain airports need to generate more traffic, on the planner’s choice, the itineraries 

created will have the selected airports as the hub airports.  

In addition to these filters, a larger set of filters can be applied, and the itineraries to analyse can be 

drastically reduced and hence reducing the computation time. 

4.3.3 Deletion of itineraries/codeshare flights 
The itineraries/probable codeshare flights generated can then be evaluated by the planner and cut down 

further. This can be facilitated by a warning system based on the start and end times of the itinerary. A 

                                                             
17 Explained in 4.4.3 
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warning can be issued, if there is a flight/itinerary that starts/ends within a certain chosen time by the 

planner. After the itineraries are generated with the different probable codeshare flights, it is used to 

calculate the probable fare and the utility values. 

4.4 Fare and Utility value calculations  

4.4.1 Market separation for single day codeshare flight 
So as to facilitate the demand distribution it is important to segregate all the flights that would compete 

with the feasible itineraries of the probable codeshare flights. This method is based on the reduced graph 

method as described in LaRoche, et al., 2012. Consider a probable codeshare flight NV2704 on a 

particular day as shown in the Figure 3: The market separation. All the feasible itineraries with the 

probable codeshare flight are considered, and then the competing flights in the markets in which the 

feasible itineraries are taken to create a reduced graph/ separate set of markets. The reduced graph 

consists of all the primary itineraries that are affected by the addition of the codeshare flight, but in 

reality, the entire flight network is affected by it. This is assumed to be negligible and only the reduced 

graph is considered for evaluation.  

 

Figure 3: The market separation 
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4.4.2 Fare 
The probable fare of the itinerary can vary based on the planning carrier and the different agreements. 

So as to facilitate the selection of the codeshare flight and to make it simple, A fare calculator using the 

average yield values for different airlines is used. The fare of the itinerary is simply a factor of the sum of 

the products of the yield value of each airline and the distance covered by them in the itinerary. The same 

method is used to calculate the fares of the already existing flights/itineraries, so as to make comparison 

more reasonable, instead of using the real fares. The fares are also calculated for all the return flights in 

the case of the planner wanting to analyse return flight opportunities.  

4.4.3 Utility Values  
Modelling the passenger choices has been a part of discrete choice modelling and one of the most 

common methods is the multinomial logit model. It involves giving a choice score or utility value to each 

choice, assuming the demand has to be catered by all these choices. The decision makers are the 

passengers and they have to choose an itinerary from the finite set of choices, it is assumed that they 

would first choose the choice/itinerary with the highest utility value and there is no option to not choose 

any of the itineraries. 

The preference of passengers is modelled as the utility value of each itinerary which will be of the form: 

𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒 =  𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋4 +  … .. 

Where the β are, constant coefficients obtained from historic data and X are the variables related to that 

particular coefficient. The variables can be binary or of integer form.  

The probability of a passenger choosing a particular itinerary can be given by  

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑗 =  
exp (𝑈𝑗)

∑ exp (𝑈𝑗)
 

The beta values are coefficients that determine how the variable factor will affect the passenger choice. 

For example, the beta value for the fare can be negative, as increase in fare denotes a reduction in the 

utility value. The absolute value also depends on how important that particular factor is. The beta values 

are to be calculated based on a data analysis of the historical data, and are considered available. The 

values can vary for different booking classes, regions, days and seasons, but for the purpose of not having 

a blown-out problem, the values are considered the same in all situations. 

The variables are the different factors that play a role in passenger preferences which can range from 

fare, arrival time, departure time, travel time, Connection time, Aircraft type, the number of layovers etc. 

To have the most accurate passenger distribution, it is important to have an accurate model of the utility 

values. It can be assumed that higher the number of variables, the higher the accuracy, but this only tends 

to ‘over fitting’ the data. So, for example, either the connection time or the total flight time can be used 

in the model instead of using both of them. Factors like Aircraft type, which might seem important but 

are actually not in terms of passenger choice are discarded as well. For simplicity sake, only the fare, the 

arrival time, the travel time and the day of week are used as the decision factors.  

4.4.3.1 The fare 

Fare is one of the most important decision factor for most of the passengers, particularly for the leisure 

passengers. The variable factor for the fare is calculated as the fare of the particular itinerary divided by 
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the average fare of all the itineraries with the same origin-destination within a market set. The lower the 

factor the higher the utility value as the beta coefficient is negative for fare. 

4.4.3.2 The arrival time 

The arrival time beta values are found for each minute in a 24-hour interval, and peaks when the demand 

is highest. The arrival time of each itinerary is matched to the beta value for that particular minute and 

is used. One such model for the utility values as per time of day is as seen in Figure 4: Utility values for 

time of day. The utility value is the highest during the peak hours of early morning 06:00  to 09:00 hours 

and again peaks between 19:00 to 21:00 hours.  

 

Figure 4: Utility values for time of day 

4.4.3.3 The travel time 

It can be assumed that the lower the travel time, the higher the chances of a passenger choosing it. So, 

the beta coefficient will be negative. The variable factor is the deviation from the mean travel time of all 

the itineraries with the same origin-destination within a market set.  

4.4.3.4 The day of week  

The variable for the day of week is a binary. For example, if the flight is flying on Monday, the variable 

for Monday will be one and the variables for the other days will be set to zero. The beta values can be 

extremely different for each day, and can vary drastically for different regions.  

4.5 Passenger/demand distribution models 
For the passenger distribution, two different methods have been identified. One of the method is based 

on the already existing model in MP2 which is based on the discrete choice modelling, it is iterative and 

recaptures the spill. The other model is a modified version of the linear model described in LaRoche, et 

al., 2012, which optimizes so as to obtain the maximum number of passengers with respect to the utility 

value and in a way, it considers the spill as well. The passenger distribution has to be done separately for 

each market set. A major drawback of the distribution is managing the available capacity, as the market 
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sets consists only a very small part of the itineraries, the allotment might not be the most accurate, as 

some flights might be a part of other itineraries that are not present in the market set. This problem can 

be overcome by setting a factor or percent of seats that are available. 

4.5.1 The iterative passenger distribution model  
The iterative passenger distribution model is a simplified version of the model that is already existing 

within the MP2 system. It starts with allocating the passengers according to their market shares, and first 

fills up the itinerary with the highest utility value. After that the market shares of the unfilled itineraries 

with respect to the spill are calculated and then a re-allocation is done. This can be repeated till all the 

capacity is filled or the demand has been catered to. The time limitations for such an exhaustive iterative 

process might be important, so the number of iterations can be controlled as per the time availability. 

Table 2: Iterative model distributions 

 

The number of passengers captured with each iteration is shown in Table 2: Iterative model 

distributions. The graphs corresponding to each iteration can be seen in Figure 5: Iterative passenger 

distribution – 1 iteration, Figure 6: Iterative passenger distribution – 2 iterations, Figure 7: Iterative 

passenger distribution – 3 iterations and Figure 8: Iterative passenger distribution –10 and more 

iterations. 

It can be noticed that with each iteration the spilled passengers are being captured. The second iteration 

assumes that the demand is the spill from the previous itinerary, and the market shares are calculated 

considering the unfilled itineraries only. Once again for the next iteration the demand and the market 

shares change. This can be done n number of times, but after a certain number of iterations the solution 

is close to saturation as the constraints applied won’t permit the capture of the left-over passengers. As 

can be seen from the 10th and the 100th iteration, that they have the same solutions. A trade-0ff has to be 

done between capturing the maximum passengers and the time, as with the increase in the number of 

iterations, the computation time will increase rapidly. 

 

 

 

 

 

Iterations 1 2 3 10 100 

Total demand  180 180 180 180 180 

Passengers 

captured 

115 128 135 145 145 

Spilled 

passengers 

65 52 45 35 35 
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Figure 5: Iterative passenger distribution - 1 iteration Figure 6: Iterative passenger distribution - 2 iterations 

Figure 7: iterative passenger distribution - 3 
iterations 

Figure 8: iterative passenger distribution - 10 and 
more iterations 
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4.5.2 The optimized passenger distribution model 
The passenger preferences form the base of the distribution model. The utility values are used to calculate 

the market share of each itinerary which is equal to the utility value of the itinerary divided by the utility 

values of all the itineraries within a reduced graph and have the same origin destination. This is then 

multiplied with the demand within that market to identify the market share in terms of number of 

passengers. The objective of this model is to increase the number of seats allotted in the itineraries with 

high utility values. A penalty factor governs the redistribution of the passengers from the excess demand 

itineraries to itineraries with available capacity. It is the excess number of passengers, it has a value only 

if the difference between the allotted passengers and the market share of the itinerary is negative. 

In the linear model, all the flights are denoted by i, the itineraries are denoted by j and the origin-

destination markets are denoted by m. 

The parameter’s description:  
  
𝑈𝑗 : The utility value of each itinerary j 

𝐶𝑖  : The capacity of flight i 

𝐷𝑚 : The demand of market m 

The binary matrix input:  

𝑌𝑗,𝑚 : If itinerary j is a part of market m  

𝑀𝑖,𝑗:   if flight i is a part of itinerary j 

The decision variables 

𝑆𝑗 : The number of passengers allotted to each itinerary j 

𝑃𝑗   : The penalty for each itinerary j 

The parameters described above are used in the model as follows 

𝑀𝑎𝑥 ∑ 𝑆𝑗

𝑗

𝑈𝑗 −  ∑ 𝑃𝑗

𝑗

 

                  𝑆. 𝑡     ∑ 𝑆𝑗

𝐽

𝑀𝑖,𝑗 ≤  𝐶𝑖                              ∀𝑖 

                               ∑ 𝑆𝑗

𝑗

𝑌𝑗,𝑚 ≤  𝐷𝑚                  ∀ 𝑚 

                                                               𝑆𝑗 +  𝑃𝑗 ≥  (𝑈𝑗𝑌𝑗,𝑚𝐷𝑚) (∑(𝑌𝑗,𝑚𝑈𝑗)

𝑗

) ⁄  ∀ 𝑚, ∀ 𝑗 

 

The first constraint makes sure that the sum of seats allotted for all the itineraries which flight i is a part 

of is equal or lower than the available capacity of flight i. The passengers allotted to itineraries within a 

market is regulated by the second constraint, so as to not have it over the demand. The third constraint 

governs the penalty which is given to an itinerary if the number of seats allotted is less than the market 
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share which is described by the right-hand side of the equation. It is simply the expected demand for 

itinerary j, which is a function of the utility values and the total demand of the market.   

The objective of this model is to capture as many passengers as possible and allot them to the itineraries 

with the highest utility value, but the objective value is decreased by the penalty. So as to increase the 

objective value, the spill of high utility itinerary values is captured by the un-filled lower utility itineraries. 

The utility values have to be normalised so as to have all positive numbers for this model.  

4.6 Processing the input for the optimization model 

4.6.1 Revenue gained 
The revenue formulations are completely based on assumptions, which will vary from airline to airline. 

For the purpose of having a probable revenue that can be gained from the itineraries a prorate based on 

distance is considered, which is quite common in agreements like that of codeshares, but is not always 

the case. The revenue gained by the planning carrier from the entire itinerary is considered to be a factor 

of the total fare. The factor is the distance covered by the planner’s carrier divided by the total distance 

travelled by the itinerary.  

4.6.2 Capacity  
The passenger distribution assumes that the entire capacity of the flight is available for the codeshares, 

but might not always be the case. If required, the capacity on the flights can be modified by a factor so as 

to obtain a more accurate prediction of the best codeshare flight. 

4.6.3 Expected demand 
The passenger distribution model predicts the expected demand on each itinerary, this is used to cap the 

number of passengers allotted other than the capacity. 

4.7 Optimization model 
The final set of the newly created itineraries along with the expected demand and revenues are fed into 

the mixed integer linear optimization model so as to select the most-suited codeshare flight, after 

considering multiple constraints and calculating the expected demand and revenue from each itinerary 

the flights are involved in.  

The parameters 

Rj : The revenue obtained for the itinerary per each seat 

 Sj : The number of seats allotted to each itinerary j 

 Mi,j : Binary input matrix, where it is 1 if flight i is a part of itinerary j 

 Ci : the capacity of each flight i 

 Mi,j
CS: Binary input matrix, just for the codeshare flights 

 Ci
CS : The capacity of the codeshare flights.  

Xi : binary decision variable, if the flight has to be codeshared or not.  

Dj: The calculated probable demand for each itinerary. 
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N: The number of suggestions of flights 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 − ∑ 𝑅𝑗𝑆𝑗

𝑗 ∈ 𝐽

 

∑ 𝑀𝑖,𝑗𝑆𝑗 ≤  𝐶𝑖                                              ∀𝑖

𝑗 ∈ 𝐽

 

∑ 𝑀𝑖,𝑗
𝐶𝑆𝑆𝑗 −  𝐶𝑖

𝐶𝑆𝑋𝑐𝑠 ≤  0

𝑗 ∈ 𝐽

                  ∀𝑖 

∑ 𝑋𝑐𝑠 ≤ 𝑛 

0 ≤  𝑆𝑗 ≤ 𝐷𝑗 

𝑋𝑐𝑠𝑖𝑠 𝑏𝑖𝑛𝑎𝑟𝑦 

The first constraint checks if the seats allotted to the flights is not over the available capacity. The second 

constraint is similar to the first one, it makes sure that the seats allotted on the codeshare flight is within 

the capacity range. The presence of the decision variable, regulates which flight will be selected for 

codeshare. If 𝑋𝑐𝑠 is zero, no seats are allotted to the itineraries that have the flight in it. Only if the flight 

is selected, seats are allotted to those itineraries. The number of codeshare flight suggestions can be 

chosen as n, as in the third constraint. The fourth constraint makes sure that the number of seats allotted 

are equal or less than the expected demand, which is calculated through the passenger distribution 

method.  

It has to be noted that the flight suggestions just indicate the best flights in order and provide the number 

of passengers and revenue as if it is the only selected itinerary. If multiple flights have to be introduced 

simultaneously, during the market separation, the selected flights can be introduced within the same 

market set and evaluated about the number of passengers that would take both the flights together. For 

example, if there are multiple flights to choose from and the planner wants to introduce two flights into 

the market. The market sets for the different combinations of two itineraries have to be created, through 

which the best combination can be selected. Another method of doing it would be to choose the first 

codeshare flight, introduce into the existing itineraries data and then find the next best flight.  

For the case of finding a codeshare flight for a single day, each leg of the newly created itinerary is not 

considered as a separate itinerary, assuming that this does not happen. But if it is required to introduce, 

for example, just the codeshare flight as an itinerary, it can be added into the optimizer along with the 

expected passengers on that route and the revenue that can be obtained from it. 

4.8 Changes made to the method for codeshare -week 
The major difference is in the way the market separation for full week codeshare in comparison with the 

separation for single day codeshare flight is that instead of considering the same flight running on 

different days, it is considered as one single codeshare flight. So, within a market set, all the itineraries 

over the entire week for a flight with the same flight number are added, other than the already existing 

competition flights. This way the passengers for each day of the flight are calculated and then added to 

calculate the passengers over the entire week.  
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4.9 Changes made to the method for return-flight  

4.9.1 Market separation for the return codeshare flights itinerary 
The market set should also have the possible return flights. The planner again needs to decide if the 

return flight/itinerary has to be an already existing planner itinerary, or an already existing itinerary 

which belongs to a member of the same alliance, or one of the newly created itineraries.  

Other options such as creating a completely new itinerary with flights from different airlines or a return 

flight with any airline has been cut down from the options for the project, so as to reduce the problem 

size. But it can be added into the tool as and when required.  

The return flights have to be after a certain minimum and maximum time, similar to the minimum and 

maximum connection time.  

4.9.2 Return utility values  
When the return flights availability has to be analysed, the return utility value can be one of the factors 

that could model the passenger choice. As flights are often booked for return and the number of 

passengers travelling one way is not as common.  

The market separation provides insight on the feasible return flights, based on the planner’s selection. 

The utility value of the itineraries has to be modified accordingly before the passenger distribution.  

An assumption that a passenger will travel with the same airline on the return flight is considered, until 

and unless the planner would like to codeshare with more than one flight.  

In the presence of a return flight for a particular itinerary, the utility value is changed to be the average 

of the utility value of the to and return flight. In the presence of multiple return flights, the average is 

taken with the itinerary of the maximum utility value return flight. In the absence of any return itinerary, 

the utility value can either be set to zero, or it can be set to half of the original utility value.   

5 Analysis of the models  

5.1 Passenger distribution models’ comparison  
A choice had to be made for the appropriate passenger distribution model that will be included in the 

system. MP2 already had the iterative passenger distribution model, but tests were carried out to check 

if it is the most suited method. Various data sets were tested to analyse the differences and how close the 

models distributed the passengers in accordance to the market shares. To present the findings, a small 

market data set of 9 itineraries and 8 flights has been tested, analysed and a method has been chosen 

based on the results.  Each itinerary is represented on the x-axis and the flights in each itinerary are 

represented with respect to their capacity by the different coloured symbols. The demand of the market 

which the itinerary is a part of and the market share each itinerary within that market is represented in 

the graph for comparison to the actual number of passengers allotted. 

As described in Section 4.5.1 , the iterative model allocates passengers based on the market shares and 

the preference is given to the itinerary with the maximum utility value first. As it can be seen in the Figure 

9:a) iterated passenger distribution case, the passenger distribution is limited by the demand and 

capacity and it imitates the market share as much as possible. For itineraries 4, 5, 8 and 9 the passengers 

allotted are exactly the same as that of the market share. For itinerary-1, no passengers have been 

allotted, as the flight capacity represented by the red star is filled by itinerary 4 & itinerary 6, as they have 
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higher utility value. Similarly, all the capacity available for one of the flights in itinerary-2 has been 

allotted to itinerary-7. In the case of the itinerary-3, the passengers allotted has been constrained by the 

demand within the market it is a part of. Itinerary-6 and itinerary-4 share the capacity of the common 

flight, hence the allotted passengers for itinerary-6 is lower than the market share. 

It can be noticed that the model provides a solution, which seems realistic considering the market shares, 
utility values, demand and the available capacity. The total number of passengers captured by this model 
for this particular case is 145. 

5.1.1 Optimized passenger distribution model 
The optimized passenger model tries to capture the maximum number of passengers with respect to the 

utility value. Figure 9: b) Optimized passenger distribution case indicates a different solution when 

compared to the iterative model. The total number of passengers captured by this model is 160, which is 

10% more than the iterative model. But on inspection the passengers allotted is not controlled by the 

market share extensively. The capacity of the flights and demand constrain it. Due to which, not even a 

single itinerary has passengers allotted equal to the market share. The entire demand of market-1, which 

contains Itinerary-1, 2 and itinerary-3 is allotted to itinerary-3 due to high utility value and available 

demand. For the market-2 similarly all the demand has been distributed to the itinerary-5. In the market-

3 with itineraries 5 & 6 the distribution is constrained by the capacity of the flights present in the 

itineraries. In the market-4, once again itinerary-8 has been allotted the entire demand as it has a higher 

utility value.  

 

Figure 9:   a) iterated passenger distribution case                       b) Optimized passenger distribution case 

Despite the fact that the second model has captured a higher number of passengers, it is highly unlikely 
that all the passengers in the market will use the flight with the highest utility value, but instead will be 
distributed based on the market shares.  

5.2 Optimization model analysis  
The optimizer’s input are the newly created itineraries which have been filtered extensively and the 

expected demand for each of them is found based on their market shares which were calculated 

considering the utility values. The utility values are found and a utility value model is fitted to the existing 

data considering the important passenger choices in the history. The revenue that can be obtained from 

each itinerary, other than the expected demand and the capacity of the flights involved in each itinerary 

is one of the most important factors. The optimizer balances the maximum revenue and the seats allotted 
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to each itinerary that can be feasible with the codeshare flight, in a way, so as to maximize the revenue 

obtained by that particular flight. The model is sensitive to changes in the capacity, revenue and demand. 

6 List of assumptions and limitations 

The codeshare flight selection process is complex, and many assumptions have to be made. The 

agreements can vary from airline to airline, the legal limitations set by the countries and unions can be 

different in different scenarios. These varied differences make it difficult to model them mathematically, 

hence, multiple assumptions have been made through-out the entire process of the system. The number 

of options provided for a planner in the thesis are limited, but when it has to be implemented for an 

airline the options and constraints can be personalised for the airline based on the factor of importance 

for the different conditions. The following are some of the major assumptions considered in the thesis.  

• The flight times and capacity of the flights are considered to be fixed. 

• The revenue and fare calculations are made considering the yield values which might not provide 

the most accurate number as it is an average.  

• The revenue gained by the planner airline is prorated, but the agreement might have a different 

method on the assessment for the revenue gained.  

• The revenue gained on itineraries that do not belong to the planner, especially the return flights 

are considered to be 15% of the fare calculated based on yield values and distance.  

• When a new itinerary is created 90% of the sum of the fare of each flight is considered to be the 

fare of the new itinerary. 

• Availability of the full capacity of each flight including the probable codeshare flights are 

considered for the passenger distribution models. 

• Over-booking is neglected, as the expected demand of the itineraries are constrained by the 

capacity of the flights in the itineraries. 

• The restrictions set by the government and the unions are neglected.  

• Until and unless specified, it is assumed that all the flights of other airlines are available for 

codeshares.  

• Only the revenues generated by the codeshares in the network are considered, the codeshare 

agreement costs, management costs and the other fixed costs are neglected.  

• In the case of one-way itineraries, the local passengers on each flight are not considered and 

neglected. However, the capacity modulations or addition of the single flights into the reduced 

graph can easily integrate the local passengers into the system. The main reason of not adding 

the flights into the reduced graph is to keep the problem size small. 

• All the passengers are assumed to belong to the same class with similar fares, so as to simplify 

the problem size, and computation time.  
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7 Description of the prototype-tool and simulations  

A simple prototype tool that demonstrates the different functionalities and algorithm is built to be tested 

with different cases. The development is done with MATLAB R2016B and for the optimization purpose 

IBM ILOG CPLEX Optimization Studio 12.6.3 was integrated with MATLAB to perform the mixed-

integer linear optimization. 

First, the basic architecture of the tool as seen in Figure 10: Prototype architecture is explained, followed 

by the description of the input data, after which a simple case study is presented along with the prototype 

functionalities, the results obtained along with an analysis of the results.  

7.1 Prototype architecture 
The prototype model first reads the input data that is in the form of standard excel files, after all the data 

is loaded, the planner is prompted to choose the different constraints and threshold values. This 

information is then used to build the feasible itineraries. The itineraries are then displayed to the planner 

along with the warnings of other itineraries that are similar to the new feasible itineraries. The planner 

can then decide to delete some itineraries that need not be analysed. The final set of itineraries are then 

allotted with fares and utility values through a function, after which the expected demand along with the 

revenue that can be earned by the planner for each itinerary is calculated. This data is processed to create 

the necessary input for the CPLEX optimizer through the optimization function, the optimizer then 

processes the data and provides the best solution. This solution is then displayed to the planner.   

 

Figure 10: Prototype architecture 
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7.2 Input data structure 
The input data files are of excel format and need to be in a particular order for the tool to read it and 

analyse it. The different information that has to be available for the analysis is as follows 

• Schedule data: The flight number, arrival time, arrival airport, departure time, departure airport, 

connection time, capacity, distance travelled are some of the parameters that are a part of the 

schedule data. 

• Alliance data: The different alliances along with the IATA codes of the member airlines. 

• Airline data: The IATA code of the airlines along with the yield values.  

• Airport data: The airport code and the longitude of the airport 

• Market demand data: The IATA code of origin – destination airports and the demand  

• Choice selection: The planner has to choose the planning airline and if the codeshare flight has 

to be selected for a day, for a week or it has to have a return itinerary. If the choice is to have a 

return itinerary, A choice of planner’s itinerary, another itinerary operated by an airline within 

the same alliance or a new feasible itinerary has to be made for return. It has to be noted that the 

return codeshare has only been modelled for a single day.  

• Filters/constraints activation and values: The planner will also have to activate or deactivate 

constraints. The list of constraints that can be activated or deactivated are described in Table 3: 

list of constraints & descriptions and a list of the threshold values to be provided are described 

in Table 4: List of threshold values for constraints. The threshold values are only required when 

the related constraint is activated. 

Table 3: list of constraints & descriptions 

CONSTRAINT DESCRIPTION  

ALLIANCE If the codeshare partners should belong to the 

same alliance as the planner 

DETOUR FACTOR - DISTANCE If the detour factor for distance has to be checked 

DETOUR FACTOR - TIME If the detour factor for time has to be checked 

MAX FLIGHT TIME If the end-start time should be within the 

maximum 

AIRPORTS PREFERENCE The origin- destination or hub are to be the 

preferred airports 

HUB PREFERENCE The hub should be one of the preferred hubs 

PARTNER PREFERENCE Only itineraries with certain partner are to be 

analysed 
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FLIGHT PREFERENCE If certain flights have to be fed with passengers 

and itineraries with these flights are to be 

analysed 

DAY OF OPERATION If feasible itineraries are to operate only on 

certain days 

DELETE LOW DEMAND ITINERARIES  After the passenger distribution, low demand 

itineraries are automatically deleted before 

further analysis 

MARKETS PREFERENCE If itineraries within certain markets have to be 

analysed 

 

Table 4: List of threshold values for constraints 

CONTRAINT - VALUE DESCRIPTION 

MCT The minimum connection time 

MAXCT The maximum connection time 

DETOUR FACTOR - DISTANCE The maximum factor for the detour - distance 

DETOUR FACTOR- TIME The maximum factor for detour - time 

MAX FLIGHT TIME The maximum fly time of the itinerary 

 PREFERRED AIRPORTS The airports through which the new itineraries 

are to be generated 

PREFERRED HUBS The hubs of the newly created itineraries 

PREFERRED FLIGHTS The flights that have to be fed with the 

passengers 

PREFERRED DAYS OF OP The days of operation for the feasible flights 

THRESHOLD FOR DELETION The minimum number of passengers for the 

itinerary to be considered 

PREFERRED MARKETS The markets that have to analysed 

THE NUMBER OF C-S FLIGHTS The number of options for codeshare flights to 

be displayed in the results 

 
The Graphical user interphase for the selection and activation of constraints can be seen in Appendix 
11.1 
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7.3 Case study 

7.3.1 Case study description 
For the purpose of testing and presentation of results, a data set of about 900 airlines and 8000 airports 

were obtained from Openflights database (ope16). The current alliance data along with schedules 

between 12 cities, both single leg itineraries which range to 1200 and double leg itineraries which range 

to 3500 itineraries with each of them having around 21 data points. The itineraries over 2 legs have been 

neglected. The itinerary builder also builds only 2 leg itineraries for the case study.  

The analysis is being carried out for the Scandinavian airlines with the constraint of detour factor- 

distance (2), detour factor-time (1.5) and the maximum fly time (900 minutes) other than the minimum 

and maximum connection time (60 and 200 minutes). Most of the data is randomized, other than the 

historic schedule data. 

7.3.2 Results and analysis- Codeshare for a single day 
The best solution is highly dependent on the revenue earned through the itinerary and the number of 

passengers who would choose to book that particular itinerary. The number of passengers is also a 

decision variable in the optimization process because of which the results are constrained by the expected 

demand and the available capacity for the codeshare itinerary. So, the higher the number of passengers 

and the revenue gained through that itinerary, the higher the chances of it being the best possible 

itinerary to be introduced. The codeshare flight within that itinerary might also be a part of other 

itineraries, which are not as profitable, so if there is still some capacity left and the demand for the other 

itineraries exist, even those itineraries are suggested. So, by codesharing with a single flight, different 

itineraries can be introduced into the market. This can be seen in the results Table 5: Results for 

codeshare for a day for the analysis with a choice of displaying the two best codeshare flight options.  

Table 5: Results for codeshare for a day 

Fl-1 Dep-

A/p 

Dep- 

time 

Hub Arr- 

time 

Fl-2 Dep- 

time 

Arr- 

A/p 

Arr- 

time 

Day 

-op 

Allotted  

Pax 

Rev 

 

Sk407 14:15 ARN CPH 15:25 TK1786 16:35 IST 19:55 7 88 2228 

SK1407 13:15 ARN CPH 14:25 VY1873 15:25 BCN 18:15 7 66 1856 

SK1723 12:30 HEL CPH 14:15 VY1873 15:25 BCN 18:15 7 83 642 

 
The red flights indicate the most suited codeshare flights. All the suggested flights along with their 
itineraries operate only on the 7th day of the week.  Codesharing with VY1873 will introduce two 
itineraries into the market, but codesharing with TK1786 will allow only one feasible itinerary. So, the 
first best option would be to codeshare with VY1873 as it results in both higher revenue and two different 
itineraries. The revenue is of a very small number, as the yield values which were randomized are of a 
very small value.  

7.3.3 Results and analysis - Codeshare for a week 
Now with similar constraints, the prototype is tested to obtain one single codeshare flight for the entire 

week. Again, the best itineraries are similar to the previous results, but the itinerary-1 is operated on day-

1,4,5,6 and 7 of the week with 327 passengers for the entire week. The passengers allotted to each day are 

governed by both the capacity and the demand for each day. The second itinerary with the same 

codeshare flight operated on the same days except day-6 of the week, which shows that all the constraints 
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and the schedules are checked for each day of the itinerary. The days the itineraries are not feasible are 

not included.  

Table 6: Results for codesharing for a week 

Fl-1 Dep-

A/p 

Dep- 

time 

Hub Arr- 

time 

Fl-2 Dep- 

time 

Arr- 

A/p 

Arr- 

time 

Day -

op 

Allotted  

Pax 

Rev 

 

SK1407 13:15 ARN CPH 14:25 VY1873 15:25 BCN 18:15 1..4567 327 5805 

SK1723 12:30 HEL CPH 14:15 VY1873 15:25 BCN 18:15 1..45.7 307 2372 

7.3.4 Results and analysis - Codeshare with a return itinerary 
The return itineraries are considered to be feasible if the return flight/itinerary is between 1 to 12 hours 

after the arrival of the to-itinerary. The return itineraries can be of three types, if the planner wants to 

return with one of their own itinerary, only the utility values are modified but no suggestion for the return 

flight are shown.  The second option is having either their own flights or ones that belong to an alliance, 

for which the available capacity on the planner’s return itineraries plays a major role. The third option is 

to search for a return itinerary through the planner’s itineraries, itineraries that belong to the alliance or 

to use one of the feasible itineraries that has been built by the itinerary builder.   

7.3.4.1 Return with planner’s carrier 

The utility values are modified in the case of presence or absence of return itineraries with the planner. 

In the absence of the planner the utility value can either be made half, or the utility value can be set to 

zero. When the utility value is halved, as seen in Table 7: Results for return with planner's carrier, the 

same results as the codeshare for a day are shown, but due to the absence of return itineraries the utility 

values have been halved and the number of passengers have been reduced but the codeshare flight 

selected adds the highest revenue, hence is chosen once again. 

Table 7: Results for return with planner's carrier 

Fl-1 Dep-

A/p 

Dep- 

time 

Hub Arr- 

time 

Fl-2 Dep- 

time 

Arr- 

A/p 

Arr- 

time 

Day 

-op 

Allotted  

Pax 

Rev 

 

SK1407 13:15 ARN CPH 14:25 VY1873 15:25 BCN 18:15 7 64 1800 

SK1723 12:30 HEL CPH 14:15 VY1873 15:25 BCN 18:15 7 77 596 

 

7.3.4.2 Return itinerary within the alliance 

When the entire itinerary must have codeshare flights within the alliance, the one-way itineraries should 

have the alliance constraint activated. First the one-way itineraries are generated and then are matched 

with appropriate return itineraries. In Table 8: Results for return itinerary within the alliance, we notice 

that both the codeshare flights belong to Turkish Airlines. The Scandinavian and Turkish airlines belong 

to the star alliance which restricts the codeshares outside the alliance, hence this option can help the 

planners make decisions quickly, instead of eliminating the itineraries which are outside the alliance. 
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Table 8: Results for return itinerary within the alliance 

Fl-1 Dep-

A/p 

Dep- 

time 

Hub Arr- 

time 

Fl-2 Dep- 

time 

Arr- 

A/p 

Arr- 

time 

Day 

-op 

Allotted  

Pax 

Rev 

 

Sk407 ARN 14:15 CPH 15:25 TK1786 16:35 IST 19:55 7 9 228 

TK1793 IST 04:05 - - - - ARN 07:35 6 18 43 

Combined 83 2068 

 

8 Future possibilities and improvements 

The codeshare optimizer is a tool that helps an airline analyse the different opportunities that can be 

considered so as to increase the revenue of the airline, without having to invest resources in operating 

flights to enter new markets, or introduce new itineraries. The algorithm that has been modelled and 

tested here has multiple limitations as explained in Section -6, hence the algorithm can be developed 

further to reduce the limitations and create a more realistic tool.   

Major changes have to be made in the revenue and fare calculations, but these vary from airline to airline 

and region to region. The simple calculation for the model was just an example, but the system and 

algorithm has to be adapted, so as to match the situation.  Moreover, the algorithm has been tested for 

only up to two-leg itineraries. It can further be developed to create 3 or 4 leg itineraries, but the number 

of takers for such itineraries are limited. In the one-way itinerary creation, only the revenue gained by a 

passenger who travelled the entire itinerary is considered, but there might be passengers who book on 

just the codeshare flight with the marketing carrier, even though it can be negligible, it is of importance 

to have accurate values. In the return itineraries, the passengers on each way of the itinerary are 

considered along with the passengers on the entire return itinerary, but the passengers on each leg of the 

itinerary can be added as well, to get accurate results.  

The prototype now only considers introduction of a single codeshare flight into the network, but this can 

be modified by having different combinations of codeshare flights in the reduced graph method, and then 

calculating the expected demand for each itinerary or by choosing a codeshare flight, adding it to the 

network, and then analysing for the next best flight. 

The selection of the best codeshare flight can also be based on how the entire network of the planner is 

affected by the addition of the codeshare flight, and how much profit is generated. As in some scenarios 

it is highly possible that the selected flight basically captures the passengers from another itinerary of the 

planner’s and the total revenue is actually reduced because of it. For this reason, the selected codeshare 

flight can be analysed further, by calculating revenues and costs with the codeshare flight in the network 

and then deleting the codeshare flight from the network. The revenue generated with and without having 

the flight, can give a good what-if analysis about how it affects the total revenue generated, and if there 

is an actual increase in the revenue or if the passengers have just been re-distributed, in a manner that 

the total revenue generated is almost the same. This will provide the network planners with methods of 

comparing different scenarios before finalising on the partners and flights. But doing this for all possible 

codeshare flights can be highly time-consuming, so by running the created algorithm, and finding the 

top few best codeshare flights, and then analysing them individually will be more reasonable.  
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Another possibility of the what-if analysis will be to test if replacing one of the planning carrier’s flight 

with a codeshare flight is more profitable. It would reduce the operational costs and also allow to 

introduce a new route with the aircraft where necessary.  

The algorithm has been built using MATLAB and CPLEX only for testing purpose, and after further 

development and testing, in the future, will be implemented into the MP2 system. 

9 Discussions & Conclusions 

Codesharing is extremely advantageous for the marketing carrier to increase both the revenue and the 

network reach. Optimizing to obtain the best flights to codeshare can increase the revenue further and a 

what if analysis of different kind of agreements would allow the carrier to choose the most profitable and 

acceptable agreement.  

The selection of the best codeshare flight is done in two steps to obtain more accurate data figures. First 

the optimization model can be used with simple assumptions to make the problem smaller and choose a 

set of best flights that can be marketed by the planning carrier. These options can then be analysed 

further by obtaining the correct, exact data and type of agreements. The entire network of the airline can 

be studied to see how it reacts to adding this new flight, after which a decision can be made. This also 

gives a choice to the network planners, to try replacing flights they are operating with codeshares and 

using the aircrafts in introducing new routes. The model should be useful and should be able to provide 

solution for the question “who and why” to choose as the codeshare partners. The final goal of this thesis 

is to integrate the model into MP2, which is a product of the Industrial Optimizers. 
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11 Appendix  

11.1 Appendix-1 
The Graphical user interphase to activate the different constraints and enter the values for the 

constraints. 

 

Figure 71: The GUI for constraint selection 
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Figure 12: The GUI for return flight options
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