
Team Ski 
 
 For the time period 1967-2009 Lift tickets at major ski resorts 

has increased over 1200%.  Even taking into account of inflation this 

rate outpaces inflation by 90% per year.
1
  Today a family of 4 pays $356 

to ski at Big Sky Ski Resort for 1 day. Today’s skiing families are 

looking to get the most value for their money.  There are many factors 

to take into account when choosing a skiing destination; most are 

easily calculated: i.e. transportation cost, lodging etc.  Our Team 

intends to concentrate on the more difficult aspect of the problem; 

maximizing your value after the resort is known.  Our Team will 

accomplish this by modeling the best combinations of runs and lifts to 

take at a Major Ski Resort in order to maximize a patron’s experience.   

  
 We used Big Sky Ski Resort as the basis of our model because it 

is considered a top tier US Ski Resort.  Big Sky is also the largest 

ski resort by acreage in the US.  The size of the resort is a large 

factor in our model.  The fact that you cannot possibly ski all the 

runs in one day necessitates a plan of attack.  Included below is the 

trail map of Big Sky. 

 

  
 
 In order to model the system of lifts and runs, the top and 

bottom of the lifts are designated as nodes.  A few extra nodes needed 

to be created for some intersections to populate all the runs.  The 

runs and lifts are then assigned as edges in the model.  Our team 

decided on an 8 hour ski day.  Each lift time is a known based on a PDF 

from Big Sky’s official website.  To calculate run time we first needed 

to calculate the average speed on each run.  To do this we used the 

following formula: 

 

tan  
𝑅𝑢𝑛 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝐹𝑒𝑒𝑡

𝑅𝑢𝑛 𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝐹𝑒𝑒𝑡
 ∗

180

𝜋
= 𝐺𝑟𝑎𝑑𝑖𝑒𝑛𝑡 = 𝑆𝑝𝑒𝑒𝑑 𝑀𝑃𝐻 (𝑚𝑜𝑑𝑒𝑙 𝑎𝑠𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛) 

 

Then we use the Pythagorean theorem and unit conversion to get time in 

minutes: 

  𝑅𝑢𝑛 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 2 +  𝑅𝑢𝑛 𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 2 ∗  
60

5280
 ∗ (

1

𝑆𝑝𝑒𝑒𝑑
) 

 

Using these two formulas we now know how long it takes to ski every run 

on the mountain.  As a sanity check, our computed speeds fall between a 

range of 3-43mph matching those you typically see on a mountain.   

                                                        
1
 Source Ski Heritage Journal and http://www.thesnowjunkies.com 



 Next our team assigns a “Fun” value for each run.  In order to 

model various types of skiers we added a Skill Level Multiplier.  For 

our discussion we assume three types of skiers; Expert, Advance and 

Intermediate.  The Expert Skier prefers difficult runs and gains no 

“Fun” from easy runs.  The Advance Skier gains “Fun” on all runs, 

however the most difficult runs have a reduced “Fun” Skill Level 

Multiplier.  Intermediate Skiers are assigned a penalty for difficult 

and extremely difficult runs.  A table of the Skill Level Multiplier is 

provided below.   

 

 Expert  Advanced  Intermediate  

Double Black  3  .5  -1  

Diamond  2  2.5  -.5  

Blue Square 1  2  1  

Green Circle  0  1  1  

 

 

Finally “Fun” values are assigned to each edge according to the 

formula: 

 

Fun = 𝑆𝑝𝑒𝑒𝑑 ∗ 𝑇𝑖𝑚𝑒 ∗ 𝑆𝑘𝑖𝑙𝑙 𝐿𝑒𝑣𝑒𝑙 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 
 

 The next assumption in the model and the most difficult to 

calculate assumes the skier only has “Fun” on the first time down each 

run. This makes real world sense in that simply repeating the “most 

fun” runs over and over would make for an uninteresting model not to 

mention ski day.  Repetition limiting is accomplished by breaking each 

run edge into 4 edges and creating two extra nodes. The skier may only 

ski the “Fun” edge once, while the capacity of the repeat edge is set 

to infinity. The creation of the extra nodes is essential to ensuring 

our model is not a multi-graph as GAMS cannot process them. 
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There are many options to accomplish the “Fun” limiting 

constraint.  Many options were tried with varying levels of success; 

however, the most successful is accomplished with time layering.  The 

layering changes our model to a directed acyclic graph (DAG) allowing 

for use of vastly quicker shortest path algorithms if we assign 

negative “Fun” values. We used Python to construct the sizable csv 

files resulting from time layering. These allow us to quickly change 
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the length of the ski day, the size of the time layers, and the skill 

level used. After looking at the data we decided the optimal time 

interval is two minutes.  This size allows for minimal rounding while 

still providing easily discernible time bins.  

 

The introduction of time layering recreated the repeated “Fun” 

edges problem.  Due to switch from max flow to shortest path the 

capacity of each edge is now one allowing “Fun” edge to be reused in 

each time layer.  This was fixed by reconfiguring the python code to 

spit out a run identifier on all “Fun” edges for a particular run 

across all time layers.  We then added a constraint to the GAMS code to 

sum over all time layers for a run to ensure the value is no greater 

than one.  Now you may still take any run for transit but the “Fun” 

value is only gained once. 

 

 We plug all our edges and nodes into GAMS and the output is the 

route we should ski.  The file is similar to the output from the drug 

lord problem.  The last issue with our algorithm is dropping the binary 

constraint as our Y variables only remained integer values through the 

2 hour simulation.  For a period greater than 2 hours we received an 

accurate solution output with split Y variables which correspond to 

path probabilities but due to the number of decisions, the result was 

unusable.  To eliminate this issue we enforce a binary Y constraint and 

solve with a MIP vs. LP.   

 The following graph summarizes our results.  

 

 

  

 

 

 

 The model now outputs your optimal run selection for a day of 

skiing.  Assuming an 8 hour ski day our output is the runs and lifts to 

maximize “Fun”.  In addition another interesting problem can be solved.  

Where do we ski on day 2?  We increase the ski day to 16 hours.  The 

path from 8 to 16 hours gives you a day 2 ski plan.     

 

 Frequent visitors of Major Ski Resorts are familiar with lift 

closures.  These can be unplanned closures due to weather or mechanical 
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failures.  We can model “attacks”, which we call “Down Lifts” and chart 

Network resiliency with a corresponding Ski Plan.  We can compare the 

various Ski Plans with the “baseline”, meaning all Runs/Lifts are 

operational.  We use this to plot the reduced “Fun” value to obtain the 

impact of lift closure.  This information can be useful to the ski 

resort.  Big Sky can see where they are most susceptible to “Down 

Lifts” and can build resilience into the network.  A network resiliency 

graph for 3 different lift closure scenarios is provided in the 

following graph.    

 

 
 

 Big Sky Resort can now plan future lift expansion or upgrade 

based on this model.  Our conclusions indicate that the mountain is 

still skiable with a lot of “Fun” available with individual lift 

closures.  We determined that Swift Current has a huge effect on Big 

Sky operations.  If that one lift goes down once you complete an 8 hour 

ski day, you’ve had all the “Fun” available.  Our recommendation to Big 

Sky is to put in a connector trail from Explorer to Challenger.  This 

one connection doubles the resiliency to the Network.  

 

 Skiing is a huge industry with over $3 billion in revenue and 

over 60 million visits per year.
2
  Maximizing a guests experience will 

drive repeat business.  When “Down Lifts” occur it is even more 

important due to the nature that most ski resorts are in high wind/snow 

areas.  Thus a resort that can deliver “Fun” to their paying customers 

despite less than ideal conditions is paramount.  Using this model our 

team has solved the initial problem and outputs a path for skiers to 

attack a large resort.  As a bonus the resort can utilize the model to 

build resilience into their network of runs and lifts they currently 

have in place. 

   

     

  

 

 

 

 

 

 

                                                        
2 http://www.worldpropertychannel.com and http://www.ibisworld.com 
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