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What is a Chairlift?What is a Chairlift?



Waiting in Line to Board a ChairliftWaiting in Line to Board a Chairlift



ObjectiveObjective

►►Analyze how to equally disperse skiers Analyze how to equally disperse skiers 

across a mountain on ski slopes and across a mountain on ski slopes and 

chairlifts to reduce lift lines and crowdingchairlifts to reduce lift lines and crowding

►►Given a mountain layout, determine what Given a mountain layout, determine what 

type of lifts optimize the resort to minimize type of lifts optimize the resort to minimize 

wait time and reduce costwait time and reduce cost



Use Case DiagramUse Case Diagram



RequirementsRequirements
►► Resort Requirements Resort Requirements 

�� Combining the lifts, slopes, and outside walking areas, the resoCombining the lifts, slopes, and outside walking areas, the resort has a maximum capacity rt has a maximum capacity 
before crowds make it uncomfortable and unsafe.before crowds make it uncomfortable and unsafe.

�� The flow of the system follows the basic equation: Lift capacityThe flow of the system follows the basic equation: Lift capacity = Slope capacity + = Slope capacity + 
Waiting capacityWaiting capacity

�� All lifts have vehicles and motors suitable to support riders ofAll lifts have vehicles and motors suitable to support riders of any human size, weight, any human size, weight, 
and possible handicapand possible handicap

►► Lift Requirements Lift Requirements 
�� Lift lines should have a set maximum wait period before boardingLift lines should have a set maximum wait period before boarding (percentage of flow).(percentage of flow).

�� Each lift has a maximum capacity depending on number of vehiclesEach lift has a maximum capacity depending on number of vehicles (chairs), distance (chairs), distance 
between riders, and capacity per vehicle.between riders, and capacity per vehicle.

►► Slope RequirementsSlope Requirements
�� The maximum capacity of each slope is estimated at a point beforThe maximum capacity of each slope is estimated at a point before safety is jeopardized e safety is jeopardized 

(assuming slope capacity is much greater than lift capacity).(assuming slope capacity is much greater than lift capacity).

�� The resort must contain slopes of various difficulty levels to aThe resort must contain slopes of various difficulty levels to accommodate skiers of all ccommodate skiers of all 
abilities.abilities.

�� Lesser skilled skiers must be able to reach the entrance/exit ofLesser skilled skiers must be able to reach the entrance/exit of the resort via slopes of the resort via slopes of 
their ability.their ability.

►► Business RequirementsBusiness Requirements
�� Determine the maximum desired wait period to board a lift (basedDetermine the maximum desired wait period to board a lift (based on maximum capacity on maximum capacity 

of the resort)of the resort)

�� Determine the maximum capacity on the slopes based on the maximuDetermine the maximum capacity on the slopes based on the maximum capacity of the m capacity of the 
lifts lifts 

�� Determine the total capacity in the resortDetermine the total capacity in the resort

�� Determine the impact to the resort if one lift is not operating Determine the impact to the resort if one lift is not operating (bottlenecks, overcrowding, (bottlenecks, overcrowding, 
ability to remain open)ability to remain open)



Behavior and AssumptionsBehavior and Assumptions
►► The simulated ski resort is below the tree line.  There are no bThe simulated ski resort is below the tree line.  There are no bowls owls 

or open areas, only distinct paths from top to bottom and bottomor open areas, only distinct paths from top to bottom and bottom to to 
top of the mountain.top of the mountain.

►► Other factors that spread people around mountain are IGNORED:Other factors that spread people around mountain are IGNORED:
�� Falling and stopping (flow is based on average, which takes intoFalling and stopping (flow is based on average, which takes into account account 

more falls on beginner slopes)more falls on beginner slopes)

�� Location of a lodge (eating, bathroom, taking a break, meeting pLocation of a lodge (eating, bathroom, taking a break, meeting people, eople, 
etc)etc)

�� Weather and snowmakingWeather and snowmaking

�� Races (open/closed slopes)Races (open/closed slopes)

�� Terrain (moguls, grooming, ice, powder, etc are criteria for ratTerrain (moguls, grooming, ice, powder, etc are criteria for rating the ing the 
difficulty of a slope)difficulty of a slope)

►► The capacity of each lift varies with length, number of seats peThe capacity of each lift varies with length, number of seats per r 
chair, and distance between chairs.chair, and distance between chairs.

►► Weather, whatever it may be, is the same across the entire Weather, whatever it may be, is the same across the entire 
mountain.mountain.

►► Cost is not in dollars, but in terms of a cost factorCost is not in dollars, but in terms of a cost factor



Structure DiagramStructure Diagram



State DiagramState Diagram



Input/OutputInput/Output



The ModelThe Model

►►Flow going up mountain = Flow going down Flow going up mountain = Flow going down 
mountain + Wait period to board liftmountain + Wait period to board lift

►►Flow = Capacity/LengthFlow = Capacity/Length

►►Wait period has a capacityWait period has a capacity

►►Total population in resort (Input)Total population in resort (Input)

►►Lift info (size, speed, etc.) (Input)Lift info (size, speed, etc.) (Input)

►►Types of slopes (Input)Types of slopes (Input)

►►Outputs: Wait time and Cost factorOutputs: Wait time and Cost factor



WinterplaceWinterplace, WV, WV



1 Lift, 1 Slope1 Lift, 1 Slope

L1

S1



1 Lift, 1 Slope1 Lift, 1 Slope



Snowshoe, WVSnowshoe, WV



1 Lift, 2 Slopes1 Lift, 2 Slopes

S1

S2

L1



1 Lift, 2 Slopes1 Lift, 2 Slopes



Seven Springs, PASeven Springs, PA



2 Lifts in Parallel, 4 Slopes2 Lifts in Parallel, 4 Slopes
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2 Lifts in Parallel, 4 Slopes2 Lifts in Parallel, 4 Slopes



Liberty, PALiberty, PA



2 Lifts Converging, 2 Slopes2 Lifts Converging, 2 Slopes
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2 Lifts Converging, 2 Slopes2 Lifts Converging, 2 Slopes



Snowmass, COSnowmass, CO



2 Lifts in Series, 3 Slopes2 Lifts in Series, 3 Slopes
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2 Lifts in Series, 3 Slopes2 Lifts in Series, 3 Slopes



Holiday Valley, NYHoliday Valley, NY



3 Lifts, 7 Slopes3 Lifts, 7 Slopes
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3 Lifts, 3 Lifts, 

7 Slopes7 Slopes



Summary of ModelsSummary of Models



Variation of Input Within a ModelVariation of Input Within a Model
►►1 Lift, 2 Slopes: Input Variables1 Lift, 2 Slopes: Input Variables

�� SlopeSlope

►►Difficulty/Type of SlopeDifficulty/Type of Slope

►►Length of SlopeLength of Slope

�� LiftLift

►►Chair Size Chair Size 

►►Chair SpacingChair Spacing

►►Lift SpeedLift Speed

►►Lift LengthLift Length

�� ResortResort

►►Total PopulationTotal Population

►►Percentage of People Skiing Various Types of SlopesPercentage of People Skiing Various Types of Slopes



1 Lift, 2 Slopes Variation1 Lift, 2 Slopes Variation



Variation of Input SummaryVariation of Input Summary

►►All Variations of input compare to the baseAll Variations of input compare to the base

►►Wait Time, People Waiting decrease when:Wait Time, People Waiting decrease when:

�� Slope Type is slower (Green is slowest)Slope Type is slower (Green is slowest)

�� Total Slope Length is greaterTotal Slope Length is greater

�� Chair Size is greaterChair Size is greater

�� Chair Spacing is closerChair Spacing is closer

�� Lift Speed is fasterLift Speed is faster

�� Lift Length is longerLift Length is longer

�� Total Population is fewerTotal Population is fewer



Variation of Input SummaryVariation of Input Summary
►►Lift Cost Factor decreases when:Lift Cost Factor decreases when:

�� Chair Size is smallerChair Size is smaller

�� Chair Spacing is farther apartChair Spacing is farther apart

�� Lift Speed is slowerLift Speed is slower

�� Lift Length is shorterLift Length is shorter

►►Factors of significant impact:Factors of significant impact:

�� Chair Size, Chair Spacing, Lift Speed, and Chair Size, Chair Spacing, Lift Speed, and 

Resort Population affect Wait Time the mostResort Population affect Wait Time the most

�� Chair Size, Chair Spacing, and Lift Speed affect Chair Size, Chair Spacing, and Lift Speed affect 

Total Lift Cost Factor the mostTotal Lift Cost Factor the most



ConclusionsConclusions

►►Our model:Our model:

�� Designed for when skiers create lines at the Designed for when skiers create lines at the 

base of the liftsbase of the lifts

�� Input values can be modified to make Input values can be modified to make 

comparisons of different configurations of liftscomparisons of different configurations of lifts

�� With more precise cost info, alternative lift With more precise cost info, alternative lift 

configurations can be economically comparedconfigurations can be economically compared



TradeTrade--OffsOffs

►►Make slopes as long as possible to keep skiers on Make slopes as long as possible to keep skiers on 
slopes and out of lift linesslopes and out of lift lines
�� TradeTrade--off: covers more land which costs more moneyoff: covers more land which costs more money

►► Use more beginner slopes because they keep Use more beginner slopes because they keep 
skiers on the slope longerskiers on the slope longer
�� TradeTrade--off: advanced skiers get bored of easy terrainoff: advanced skiers get bored of easy terrain

►► Use many longer lifts to keep people out of lift Use many longer lifts to keep people out of lift 
lineslines
�� TradeTrade--off: fewer and shorter lifts conserve costoff: fewer and shorter lifts conserve cost

►► Attract many skiers to maximize profitAttract many skiers to maximize profit
�� TradeTrade--off: skiers desire shorter lines and minimal off: skiers desire shorter lines and minimal 
congestioncongestion



Potential Future WorkPotential Future Work

►►Create a Create a ““buildingbuilding--blockblock”” approach in order approach in order 

to combine the configurations weto combine the configurations we’’ve already ve already 

created/simulated to analyze an entire trail created/simulated to analyze an entire trail 

map from a resortmap from a resort

►►Expand to include info on time spend at the Expand to include info on time spend at the 

lodge, restaurants, or other activities at the lodge, restaurants, or other activities at the 

resortresort



Thanks!Thanks!


