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Which properties are the best to buy?



On Your Turn

• Roll two 6-sided dice.

• Move forward that many 
spaces.

• Follow the rules for 
whatever space you land 
on.



Spaces
• If you land on a property 

owned by someone else, pay 

them rent.

• If you land on an unowned 

property, you may buy it.

• Properties include streets, 

railroads, and utilities.



• If you land on Luxury/Income 

Tax, pay the amount shown on the 

board. 

• If you land on a 

Chance/Community 

Chest space, choose a card and 

follow its instructions.



• If you land on Free Parking 

or Just Visiting, nothing 

happens.

• If you land on Go To Jail, 

then you go to jail.



Dice Roll Probabilities

1 2 3 4 5 6 7 8 9 10 11 12

0 ¹⁄₃₆ ²⁄₃₆ ³⁄₃₆ ⁴⁄₃₆ ⁵⁄₃₆ ⁶⁄₃₆ ⁵⁄₃₆ ⁴⁄₃₆ ³⁄₃₆ ²⁄₃₆ ¹⁄₃₆

0% 2.78% 5.56% 8.33% 11.1% 13.9% 16.7% 13.9% 11.1% 8.33% 5.56% 2.78%

Most likely: 7 Least likely: 2 or 12



Example: Rolling a 4

The probability of 

rolling a 4 is 3 out 

of 36 possible 

combinations.

³⁄₃₆

D1 D2



Markov Chain
Definition: A sequence of random variables X₁, X₂, …, Xₙ so that the 
probability of the next state depends only on the current state and is 
independent of all previous states.

This allows us to create a transition matrix P from the transition 
probability    where:



- i x j matrix

- i is the starting space

- j is the ending space

- Example: The probability of going from 

Go     Baltic Ave you would find the value in 

the 1st row and 4th column of the matrix (²⁄₃₆).

- 40 x 40 matrix (40 spaces)

i=1j=4

Transition Matrix



Rules that Affect the Markov Chain

• Doubles        Roll Again

• 3 Doubles in a row         Jail

• Chance or Community Chest       Follow the card's instructions
o It could move you to another place on the board

• To get out of jail:
oRoll a double

▪ After 3 turns you must pay $50*

oGet Out of Jail Free card*
oPay $50

*For this analysis we will assume players choose to stay in jail and we will ignore the Get Out of Jail Free cards.



New Transition Matrix

• 120 x 120 matrix
oModify the matrix P to account for:

▪ Position
• 39 non-jail spaces

▪ Consecutive Doubles (0, 1, or 2 rolls)
• x3 states

▪ Time in Jail (0, 1, or 2 turns)
• +3 stationary turns

▪ 39 x 3 + 3 = 120



Short-Term Probabilities

•    is a 1 x 120 vector with 100% probability on the starting space
• Then, we have:

•    : short-term distribution which represents the probability of 
landing on a space after n turns



Short-Term Example



Long-Term Probabilities: Stationary Distribution

represents the stationary distribution in which:



Long-Term Example



Expected Return

• The long-term average return from a property per turn, averaged 
over all possible spaces.



Expected Return Example



Results

(Bishop & Ash)



Since Jail is the most 

visited space, Orange 

and Red properties 

have higher expected 

returns.



o Orange

Brown

(Maatje)



Conclusion

• The Monopoly board is not uniformly distributed.

• There is a unique long-term distribution since the Markov Chain 

is irreducible.

• The best properties to buy are Orange and Red.

• It is best to develop properties to 3 houses.

• The worst properties to buy are Brown and Utilities.



References

Maatje, Stijn. (2024). Mr. Monopoly and Mr. Markov play a game. The Network Pages. 
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/ 

Bishop, R., & Ash, R. (1972). Monopoly as a Markov process. 
https://www.researchgate.net/publication/257947135_Monopoly_as_a_Markov_Process 

Markov and Mr. Monopoly make millions. (2010). 
http://web.mit.edu/sp.268/www/probability_and_monopoly.pdf 

Stewart, I. (n.d.). Monopoly Revisited. 
https://abel.math.harvard.edu/archive/21b_fall_05/Articles/monopolyrevisited.pdf 

https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.networkpages.nl/mr-monopoly-and-mr-markov-play-a-game/
https://www.researchgate.net/publication/257947135_Monopoly_as_a_Markov_Process
http://web.mit.edu/sp.268/www/probability_and_monopoly.pdf

	Slide 1: Using Markov Chains to Find Probabilities in Monopoly
	Slide 2: On Your Turn
	Slide 3
	Slide 4
	Slide 5
	Slide 6: Dice Roll Probabilities
	Slide 7: Example: Rolling a 4
	Slide 8: Markov Chain
	Slide 9
	Slide 10: Rules that Affect the Markov Chain
	Slide 11: New Transition Matrix
	Slide 12: Short-Term Probabilities
	Slide 13: Short-Term Example
	Slide 14: Long-Term Probabilities: Stationary Distribution
	Slide 15: Long-Term Example
	Slide 16: Expected Return
	Slide 17: Expected Return Example
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Conclusion
	Slide 22: References

