
UNIT 23: STRATEGIC PLANNING FOR AIR 
TRANSPORT



ESSENTIAL CONTENT

Evaluate the techniques 

involved in airline 

planning to optimise fleet 

assignments and 

maximise capabilities

➢ Hub and Spoke System

➢ Airline Fleeting and Crew 

Pairing

TOPIC



HUB AND SPOKE SYSTEM

ROUTE ARCHITECTURE CHOICE IS THE FOUNDATION OF AN AIRLINE'S

PRODUCT. POINT-TO-POINT AND HUB AND SPOKE ARCHITECTURES LIE AT THE

POLES OF A CONTINUUM WITH MOST LARGE AIRLINES OPERATING SOME

COMBINATION OF THE TWO.

ALL PASSENGERS IN A PURE POINT-TO-POINT SYSTEM BOARD AT FLIGHT

ORIGIN AND DEPLANE AT THE DESTINATION. IN THE HUB AND SPOKE SYSTEM, 

BY CONTRAST, ALL PASSENGERS EXCEPT THOSE WHOSE ORIGIN OR

DESTINATION IS THE BUB, TRANSFER AT THE HUB FOR A SECOND FLIGHT TO

THEIR DESTINATION.

(COOK AND GOODWIN, 2008)





HUB AND SPOKE SYSTEM

POINT-TO-POINT AND HUB-AND-SPOKE NETWORKS ARE AT THE OPPOSITE

ENDS OF THE CONNECTIVITY SPECTRUM. A POINT-TO-POINT NETWORK

CONNECTS DIRECTLY A SET OF LOCATIONS WITHOUT ANY INTERRUPTION OF

SERVICES EVEN IF THE ROUTE ITSELF MAY NOT BE DIRECT. 

A HUB-AND-SPOKE NETWORK CONNECTS EVERY LOCATION THROUGH A

SINGLE INTERMEDIARY LOCATION CALLED A HUB. HUB-AND-SPOKE, AS A

NETWORK STRUCTURE, ALLOWS FOR GREATER FLEXIBILITY WITHIN THE

TRANSPORT SYSTEM THROUGH A CONCENTRATION OF FLOWS.

(AVIA SOLUTIONS, 2006)



HUB AND SPOKE SYSTEM

THE H&S ROUTE SYSTEM BECAME THE POST-DEREGULATION STANDARD FOR

A VARIETY OF REASONS. THE SYSTEM IS OPTIMIZED WHEN PROVIDING AIR

SERVICE TO A WIDE GEOGRAPHIC AREA AND MANY DESTINATIONS.

PASSENGERS DEPARTING FROM ANY NON-HUB CITY BOUND TO ANOTHER

SPOKE IN THE NETWORK ARE FIRST FLOWN TO THE HUB WHERE THEY CONNECT

TO A SECOND FLIGHT TO THE DESTINATION.

(COOK AND GOODWIN, 2008)



HUB AND SPOKE SYSTEM; ADVANTAGES

• A HUB-AND-SPOKE NETWORK PROVIDES HIGH-FREQUENCY

SERVICE TO A LARGE NUMBER OF LOW-DENSITY CITY PAIRS. 

• THE HIGH DEMAND FOR NONSTOP SERVICE ALLOWS A HUB-
ANDSPOKE OPERATOR TO REALIZE HIGHER-THAN-AVERAGE

FARES ON A NONSTOP ROUTE THAT IT MONOPOLIZES. 

• THE LARGE NUMBER OF 0-AND-D MARKETS SERVED ALLOWS A

HUB-AND-SPOKE OPERATOR TO MINIMIZE ITS DEPENDENCE ON

ANY PARTICULAR MARKET OR GROUP OF MARKETS AND TO

REDUCE THE RISKS INVOLVED IN ADDING A NEW CITY TO ITS

SYSTEM. 



HUB AND SPOKE SYSTEM; ADVANTAGES

• A CARRIER WITH A HUB-AND-SPOKE SYSTEM CAN MARKET

A LARGE NUMBER OF POSSIBLE ITINERARIES AND THEREBY

INCREASE THE RATE AT WHICH PASSENGERS ARE RETAINED

ON-LINE. 

• THE LARGE NUMBER OF POSSIBLE ROUTINGS OF AIRCRAFT

AND CREW AT HUBS PERMITS GREATER USE OF EQUIPMENT

AND LABOR, AS WELL AS INCREASED OPERATIONAL

FLEXIBILITY.



HUB AND SPOKE SYSTEM; DISADVANTAGES

• A HUH-AND-SPOKE NETWORK CONTRIBUTES TO CONGESTION

AND DELAY AT MAJOR HUB AIRPORTS AND IN THE TRAFFIC

SECTORS THAT SERVE THESE AIRPORTS. 

• THE CONSOLIDATION OF OPERATIONS AT HUBS RESULTS IN

OVERUSE OF TERMINAL STAFF, GATES, AND EQUIPMENT AT A

CARRIER'S HUB STATIONS

• POOR WEATHER CONDITIONS AT HUB AIRPORTS CAN RESULT IN

INCREASED COSTS BECAUSE OF REACCOMMODATION OF

MISCONNECTED PASSENGERS, PREVENTION OF ILLEGAL CREWS, 
AND OTHER OPERATIONAL PROBLEMS. 



HUB AND SPOKE SYSTEM

THE TACTICAL PLANNING PROCESS OF AN AIRLINE IS TYPICALLY

DECOMPOSED INTO SEVERAL STAGES AMONG WHICH FLEETING, AIRCRAFT

ROUTING, AND CREW PAIRING FORM THE CORE.

IN SUCH A DECOMPOSED AND SEQUENTIAL APPROACH THE OUTPUT OF

FLEETING FORMS THE INPUT TO AIRCRAFT ROUTING AND CREW PAIRING. IN

TURN, THE OUTPUT TO AIRCRAFT ROUTING IS PART OF THE INPUT TO CREW

PAIRING.

(SANDHU AND KLABJAN, 2007)



AIRLINE FLEETING AND CREW PAIRING 

AIRLINE BUSINESS PROCESSES RELATED TO TACTICAL PLANNING CONSIST OF

SCHEDULE PLANNING, FLEETING, AIRCRAFT ROUTING, AND CREW PAIRING. 

IN SCHEDULE PLANNING, A SET OF FLIGHTS WITH SPECIFIC DEPARTURE AND

ARRIVAL TIMES IS CONSTRUCTED. 

NEXT IS FLEETING, WHICH ASSIGNS AN EQUIPMENT TYPE OR FLEET TO EACH

INDIVIDUAL FLIGHT. THE OBJECTIVE OF THE FLEET ASSIGNMENT MODEL

(FAM) IS TO MAXIMIZE PROFIT SUBJECT TO THE NUMBER OF AVAILABLE

AIRCRAFT AND OTHER OPERATIONAL CONSTRAINTS.

(SANDHU AND KLABJAN, 2007)



AIRLINE FLEETING AND CREW PAIRING 

THE AIRCRAFT ROTATION PROBLEM OR AIRCRAFT ROUTING IS TO FIND A SET

OF GENERIC AIRCRAFT ROUTES THAT SATISFY MAINTENANCE REQUIREMENTS

WITHOUT EXCEEDING THE NUMBER OF AVAILABLE AIRCRAFT. 

IN CREW PAIRING A SET OF CREW ITINERARIES OR PAIRINGS IS

CONSTRUCTED. THE GOAL IS TO MINIMIZE THE CREW COST WITH EACH

FLIGHT COVERED BY EXACTLY ONE PAIRING.

(SANDHU AND KLABJAN, 2007)



AIRLINE FLEETING AND CREW PAIRING 

THE AIRCRAFT ROTATION PROBLEM OR AIRCRAFT ROUTING IS TO FIND A SET

OF GENERIC AIRCRAFT ROUTES THAT SATISFY MAINTENANCE REQUIREMENTS

WITHOUT EXCEEDING THE NUMBER OF AVAILABLE AIRCRAFT. 

IN CREW PAIRING A SET OF CREW ITINERARIES OR PAIRINGS IS

CONSTRUCTED. THE GOAL IS TO MINIMIZE THE CREW COST WITH EACH

FLIGHT COVERED BY EXACTLY ONE PAIRING.

(SANDHU AND KLABJAN, 2007)



Example

The fleeting solution decomposes the problems that follow by 

equipment type or crew-compatible fleets. The aircraft rotation 

and crew pairing problems are then solved over a subset of flights 

pertaining to a single equipment type, or, in the case of crew 

pairing, to crew-compatible equipment types.



THE FLEET ASSIGNMENT MODEL 

MANY AIRLINES OPERATE BASED ON A HUB-AND-SPOKE FLIGHT NETWORK. 

MAJOR AIRPORTS WHERE THE ACTIVITY IS HIGH ARE CALLED HUBS AND THE

LOW ACTIVITY AIRPORTS, CALLED SPOKES, ARE MOSTLY SERVED FROM HUBS. 

MOST FLIGHTS EITHER ORIGINATE OR TERMINATE AT HUBS AND THERE ARE

ONLY A FEW SPOKE TO SPOKE FLIGHTS. 

AN ALTERNATIVE FLIGHT NETWORK IS THE SPOKE-TO-SPOKE NETWORK. IN

SUCH A NETWORK THE FLIGHTS ARE EQUALLY DISTRIBUTED THROUGHOUT THE

NETWORK WITHOUT THE NOTION OF HUBS.

(SANDHU AND KLABJAN, 2007)



THE FLEET ASSIGNMENT MODEL 

THE FLEETING PROBLEM IS TO FIND AN ASSIGNMENT OF EQUIPMENT TYPES OR

FLEETS TO FLIGHTS IN A GIVEN FLIGHT SCHEDULE WHILE MAXIMIZING PROFIT, 

SUBJECT TO ASSIGNMENT CONSTRAINTS, FLOW BALANCE, AND PLANE-

COUNT CONSTRAINTS. 

THE INPUT IS THE FLIGHT SCHEDULE, THE DIFFERENT EQUIPMENT TYPES, AND

THE AVAILABLE NUMBER OF AIRCRAFT FOR EACH EQUIPMENT TYPE. THE

OBJECTIVE FUNCTION IN FAM HAS TWO COMPONENTS – REVENUE AND

OPERATING COST.

(SANDHU AND KLABJAN, 2007)



AIRCRAFT ROUTING

AN AIRCRAFT ROUTE IS A SEQUENCE OF FLIGHTS FLOWN BY THE SAME

AIRCRAFT. A ROUTING OR ROTATION IS A SET OF AIRCRAFT ROUTES, WHICH

PARTITION ALL THE FLIGHTS IN THE SCHEDULE, I.E. EACH FLIGHT IS ASSIGNED

TO A UNIQUE ROUTE. REGULATORY AGENCIES IMPOSE SEVERAL RULES

REGARDING AIRCRAFT MAINTENANCE.

(SANDHU AND KLABJAN, 2007)



CREW PAIRING

THE CREW PAIRING PROBLEM IS TO FIND A SUBSET OF PAIRINGS OR CREW

ITINERARIES THAT PARTITION ALL THE FLIGHTS IN THE NETWORK WHILE

MINIMIZING THE CREW COST. THE INPUT TO THIS STAGE IS THE FLEETING AND

THE AIRCRAFT ROUTES OBTAINED IN THE PREVIOUS STAGES. SIMILARLY TO THE

AIRCRAFT ROUTING PROBLEM, 

THERE IS A SEPARATE CREW PAIRING PROBLEM FOR EACH FLEET FAMILY. A 

FLEET FAMILY IS A CREW-COMPATIBLE SET OF FLEETS ALL BELONG TO THE

SAME FLEET FAMILY. A PAIRING IS A SEQUENCE OF FLIGHTS THAT SATISFIES

SEVERAL REQUIREMENTS. 

(SANDHU AND KLABJAN, 2007)
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