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�� Service network design problems in transportation Service network design problems in transportation 
and logistics, subject to limited resources and and logistics, subject to limited resources and 
variable service demandsvariable service demands
�� Determine the cost minimizing or profit Determine the cost minimizing or profit 

maximizing set of services and their schedulesmaximizing set of services and their schedules
�� What is the best location and size of terminals such What is the best location and size of terminals such 

that overall costs are minimized? that overall costs are minimized? 
�� What is the best fleet composition and size such that What is the best fleet composition and size such that 

service requirements are met and profits are service requirements are met and profits are 
maximized?maximized?
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�� ExamplesExamples
�� Determining the set of flights and their Determining the set of flights and their 

schedules for an airlineschedules for an airline
�� Determining the routing and scheduling of Determining the routing and scheduling of 

tractors and trailers in a trucking operationtractors and trailers in a trucking operation
�� Jointly determining the aircraft flights, ground Jointly determining the aircraft flights, ground 

vehicle and package routes and schedules for vehicle and package routes and schedules for 
timetime--sensitive package deliverysensitive package delivery
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�� Rich history of research on network design Rich history of research on network design 
applicationsapplications
�� Network DesignNetwork Design

�� BalakrishnanBalakrishnan et al (1996);et al (1996); DesaulniersDesaulniers, et al (1994);, et al (1994); GendronGendron,,
CrainicCrainic andand FrangioniFrangioni (1999);(1999); GendronGendron andand CrainicCrainic (1995); (1995); 
Kim and Barnhart (1999);Kim and Barnhart (1999); MagnantiMagnanti (1981);(1981); MagnantiMagnanti and and 
Wong (1984);Wong (1984); MinouxMinoux (1989)(1989)

�� Freight Transportation Service Network DesignFreight Transportation Service Network Design
�� ArmacostArmacost, Barnhart and Ware (2002); , Barnhart and Ware (2002); CrainicCrainic and Rousseau and Rousseau 

(1986);(1986); CrainicCrainic (2000);(2000); FarvoldenFarvolden and Powell (1994); Lamar, and Powell (1994); Lamar, 
Sheffi Sheffi and Powell (1990); Newton (1996);and Powell (1990); Newton (1996); ZiaratiZiarati, et al (1995) , et al (1995) 

�� Fleet Routing and SchedulingFleet Routing and Scheduling
�� AppelgrenAppelgren (1969, 1971);(1969, 1971); DesaulniersDesaulniers, et al (1997); , et al (1997); DesrosiersDesrosiers, , 

et alet al (1995); Dumas,(1995); Dumas, DesrosiersDesrosiers,, SoumisSoumis (1991); Leung, (1991); Leung, 
MagnantiMagnanti and and Singhal Singhal (1990);(1990); RibeiroRibeiro and and Soumis Soumis (1994) (1994) 
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�� Service network design problems in transportation Service network design problems in transportation 
and logistics are characterized byand logistics are characterized by
�� Costly resources, tightly constrainedCostly resources, tightly constrained
�� Many highly interMany highly inter--connected decisionsconnected decisions
�� LargeLarge--scale networks involving time scale networks involving time and and spacespace
�� Integrality requirementsIntegrality requirements
�� Fixed costsFixed costs

�� Associated with sets of design decisions, not Associated with sets of design decisions, not 
a single design decisiona single design decision

�� Huge Huge mathematical programsmathematical programs
�� Notoriously weak linear programming relaxationsNotoriously weak linear programming relaxations
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�� Problem Description and BackgroundProblem Description and Background
�� Designing the Air NetworkDesigning the Air Network

�� OptimizationOptimization--based approachbased approach
�� Case StudyCase Study

Research conducted jointly with 
Prof. Andrew Armacost, USAFA
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�� AircraftAircraft
�� 168 available for Next168 available for Next--Day Air operationsDay Air operations
�� 727, 747, 757, 767, DC8, A300727, 747, 757, 767, DC8, A300

�� 101 domestic air “gateways”101 domestic air “gateways”
�� 7 hubs (Ontario, DFW, Rockford, Louisville, 7 hubs (Ontario, DFW, Rockford, Louisville, 

Columbia, Philadelphia, Hartford)Columbia, Philadelphia, Hartford)
�� Over one million packages nightlyOver one million packages nightly
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�� What aircraft routes and schedules provide What aircraft routes and schedules provide 
onon--time service for all packages while time service for all packages while 
minimizing total costs?minimizing total costs?
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Delivery Routes

Pickup Routes
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�� Select the minimum cost routes, fleet assignments, Select the minimum cost routes, fleet assignments, 
and package flowsand package flows

�� Subject to:Subject to:
�� Fleet size restrictionsFleet size restrictions
�� Landing restrictionsLanding restrictions
�� Hub sort capacitiesHub sort capacities
�� Aircraft capacitiesAircraft capacities
�� Aircraft balance at all locationsAircraft balance at all locations
�� Pickup and delivery time requirementsPickup and delivery time requirements
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�� Conventional modelConventional model
�� Number of variables exceeds one Number of variables exceeds one 

billionbillion
�� Number of constraints exceeds Number of constraints exceeds 

200,000200,000
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Constraint MatrixConstraint Matrix

variables in thevariables in the
optimal solutionoptimal solution

variables not consideredvariables not considered

billions of variablesbillions of variables
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�� Determines Optimal Solutions to Huge Integer Determines Optimal Solutions to Huge Integer 
ProgramsPrograms
�� Combines BranchCombines Branch--andand--Bound with Column Bound with Column 

Generation and Cut Generation to solve the Generation and Cut Generation to solve the 
LP’sLP’s

x1 = 1 x1 = 1 x1=0x1=0

x2=1x2=1 x2=0x2=0 x3=1x3=1 x3=0x3=0

x4=1x4=1 x4=0x4=0
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�� Initial feasible solution about triple Initial feasible solution about triple 
the best boundthe best bound
�� Multiple day runtimes to achieve Multiple day runtimes to achieve 

first feasible solutionfirst feasible solution
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�� Algorithms are not enoughAlgorithms are not enough
�� Key to successful solution of these very Key to successful solution of these very 

largelarge--scale problems are the models scale problems are the models 
themselvesthemselves
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�� A given problem may have different A given problem may have different 
formulations that are all logically equivalent formulations that are all logically equivalent 
yet differ significantly from a computational yet differ significantly from a computational 
point of viewpoint of view

�� This has motivated the study of systematic This has motivated the study of systematic 
procedures for generating and solving procedures for generating and solving 
alternativealternative formulationsformulations
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Aircraft Route VariablesAircraft Route Variables

3000y1 + 8000y2 � 6000

Capacity-demand:

Cover:

g hdemand =
6000

capacity =3000

capacity =
8000

Cover:

Composite Variables

g hdemand =
6000

capacity =6000

capacity =
8000

y1 + y2 � 1
y3+ y2 � 1
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ESSND ARM
Rows 53 34
Cols 67 42
NZ 274 255
LP Solution 10663 28474
IP Solution 28474 28474
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Minimizing Operating Cost for UPS

�� Improvement (reduction)Improvement (reduction)
�� Operating cost: 6.96 %Operating cost: 6.96 %
�� Number of Aircraft: 10.74 %Number of Aircraft: 10.74 %
�� Aircraft ownership cost: 29.24 %Aircraft ownership cost: 29.24 %
�� Total Cost: 24.45 %Total Cost: 24.45 %

�� Running timeRunning time
�� Under 2 hoursUnder 2 hours
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Planners’ Solution

Routes for One Fleet Type

Pickup Routes Delivery Routes

ARM Solution 
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Non-intuitive double-leg routes

�� Model takes advantage of timing requirements, especially in caseModel takes advantage of timing requirements, especially in case of of 
AA--33--1, which exploits time zone changes1, which exploits time zone changes

�� Model takes advantage of ramp transfers at gateways 4 and 5Model takes advantage of ramp transfers at gateways 4 and 5
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Research conducted jointly with 
Stephane Bratu

�� Problem Description and BackgroundProblem Description and Background
�� AnalysisAnalysis
�� Some Research FindingsSome Research Findings
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Route individual aircraft honoring
maintenance restrictions

Assign aircraft types to flight legs 
such that contribution is maximized

Schedule Design

Fleet Assignment

Aircraft Routing

Crew Scheduling

Select optimal set of flight legs
in a schedule

Assign crew (pilots and/or flight 
attendants) to flight legs
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1.1. Distribution of flight delaysDistribution of flight delays
2.2. HubHub--andand--Spoke NetworksSpoke Networks
3.3. Flight cancellation rateFlight cancellation rate
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Number of Delayed 
Flights

The delay distribution has shifted from short to long 
delays
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Flight delays underestimate passenger delays  
Key explanation lies in the connecting passengers

Average Passenger and Flight Delays
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Cancellation Rate: Southwest and the Other 
Majors Airlines
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Southwest has a lower cancellation rate than any other Major from 1995 to 2000 due 
in part to increases in cancellation rates at some congested hubs
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�� DOT 15 minute onDOT 15 minute on--timetime--performance is inadequateperformance is inadequate
�� There are a number of alternative “flight schedules” with There are a number of alternative “flight schedules” with 

similar associated costs and profitability, but vastly similar associated costs and profitability, but vastly 
different associated passenger delaysdifferent associated passenger delays
�� ServiceService network design needs to incorporate network design needs to incorporate service service 

considerationsconsiderations
�� Flight cancellations can reduce overall passenger delayFlight cancellations can reduce overall passenger delay

�� High load factors together with flight delays can result High load factors together with flight delays can result 
in excessive passenger delaysin excessive passenger delays

�� DeDe--banking can result in much longer planned connection banking can result in much longer planned connection 
times, but only slightly longer connection times in actualitytimes, but only slightly longer connection times in actuality


