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Markov Chains
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Problem Description

Markov chains have been widely used to model stochastic processes. Markov chains have been applied in areas such as education, marketing, health services, finance, accounting, etc. The aim of this project is to build a decision support system that would enable the user to answer a number of questions related to Markov chains. 

Markov chains are a special type of discrete time stochastic process that evaluate the probability of a system being in a particular state at time t+1 by only using the knowledge of the state of the system at time t (it) and disregarding the states that the system had to pass through on the way to it. 
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Where, Xt is the relevant system characteristic at time t. The following formula shows how to calculate the probability that the system will be at state j in time t + n, given that the system is at state i at time t.  
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(2)

Where,  is the n-state probability of transition from state i to state j. 
[image: image3.wmf])

(

n

P

ij

 is the ijth element of the transition probability matrix
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Probability of being in state j at time n 
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Where, 
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is the probability that the chain is at state i in time 0; and s presents the total number of states. A state i is an absorbing state if
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. Given the transition matrix P for an s-state ergodic chain, the steady state probabilities (
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4)

To learn more about Markov chains we refer the students to Winston (1994).

Excel Spreadsheets
Build a spreadsheet that presents the transaction probability matrix
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User Interface

1. Build a welcome form.

2. Build a data entry form. The following are instructions to help you design this form. Insert a frame called “Problem Data.” The frame includes two option buttons. The user has the choice to select whether to read the data from a file or manually enter the data. Include a command button that, when clicked on, performs these actions: 

a. If the user chose to read the data from a file, a text box should appear where the user types in the name of the file.

b. If the user chose to enter the data manually, a text box should appear where the user types in the total number of states. Once the total number of states is submitted, a table with dimensions s by s appears. The user types in the transaction probabilities.

3. Build a form titled “Analyzes.” The following are suggestions to help design this form.

a. Insert a frame titled “Calculate n-Step Transaction Probabilities.” Include two option buttons on the frame, named “I know the state of the Markov chain at time 0” and “I don’t know the state of the Markov chain at time 0.”

i. If the user chose the first option button, the following controls appear: a combo box that enables the user to pick a current state i; a combo box that enables the user to pick the desired state (state j) after a number of periods; and a text box where the user can type in the number of periods (n) to move from i to j. Insert a command button that, when clicked on, submits the data and returns
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ii. If the user chose the second option button, build a form that, in addition to the controls described in part 3.b.i, has a list box where the user can type in the probability that the original state is state i (type in qi for i = 1,…,s). 

b. Insert a frame titled “Is State i Reachable from State j?” The frame includes two combo boxes that allow the user to select states i and j and a command button that, when clicked on, submits the information and returns an answer to the question of whether state i can be reached from state j.

c. Insert a command button titled “Calculate Steady-State Probabilities” that, when clicked on, returns the steady-state probabilities of the Markov chain.

d. Insert a command button named “List the Absorbing States” that, when clicked on, returns the absorbing states of the system. If the system has at least one absorbing state, a form appears that has three check buttons. The text next to the first check button states, “If the chain begins in a given transient state, and before we reach an absorbing state, what is the expected number of times that each state will be entered?” The text next to the second check button states, “How many periods do we expect to spend in a given transient state before absorbing takes place?” The text next to the third check button states, “If a chain begins in a given transient state, what is the probability that we end up in each absorbing state?” Include a command button that, when clicked on, submits the question selected by the user and returns an answer.

Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Give a network representation of the transition probabilities. In this network, nodes represent a state, and there is a directed arc between states i and j if state j can be reached from state i. Use text boxes to present the probability of reaching node j from node i. Interpret the results.

2. Report all the absorbing states of the system. Interpret the results.

3. Report the steady-state probabilities of the Markov chain. Interpret the results.

4. Report the answers to the questions posed in Form 3.f. 

Reference
Winston L.W., “Operations Research: Applications and Algorithms.” Duxbury Press, 3rd Ed., 1994.
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� EMBED Equation.3  ���
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