This web page  complement the book it contains:

 A.  Table based procedure of converting type A data to type B data. 

B.  A step by step Procedure for backward induction in decision tree analysis. 

A. 
Obtaining Probabilities of External Information Events and Posterior Probabilities

I.  Prior and Conditional Probabilities

This is a given data
	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Forecast Oil
	Forecast

Not Oil
	

	.2
	Oil
	.9
	.1
	1.00

	.8
	Not Oil
	.3
	.7
	1.00


II.  Joint Probabilities and Probabilities of External Information
	.
	External Information

Event

	
	Forecast Oil
	Forecast

Not Oil

	Natural 

Event
	Oil
	.18
	.02

	
	Not Oil
	.24
	.56

	Probabilities of External Information events
	.42
	.58


III.   Posterior Probabilities
Input for the tree diagram
	
	Posterior Probabilities (Conditional Probabilities of Natural Events on External Information Event)

	
	External Information Event

	
	Forecast Oil
	Forecast Not Oil

	Natural Event
	Oil
	.18/.42=.429
	.02/.58=.034

	
	Not Oil
	.24/.42=.571
	.56/.58=.966


This is the end of the Process.
Advanced Material  

This is an advanced material.  While this is beyond this course requirement, it may be of interest for a student who had already mastered the rest of the material.  If you had not mastered the topics in Decision Making yet, I suggest you skip this section till you had the chance to do so. In any case this advance material is not required in the course .  

Specifically, since the given in the problems in the book is type B data.  it is interesting to observe how we can reproduce the Type A data that led to the given Type B data. 

This is done very simply, in reverse, moving from table III to table II and ultimately to table I, as follows: 

Suppose we have type B data, as in table III  together with the probabilities of the external information events(.42 and .58).   Multiply each column entries by the corresponding probability of the external information events, (.42 and .58).

You will obtain the (same!) joint distribution of the table in Step II.

Next, in the joint distribution table, add the entries in every row. You will obtain the probabilities of the natural events - - the Prior Probabilities,  (.2 and .8 respectively).
Finally, in every row, divide the joint distribution entries of table II by its Prior Probability,  (.2 for the first row and .8 for the second.).  The end result is table I.  It provides the Priors of the natural events, and the conditional probabilities of external information events on the natural events. 
Some Practice in converting Type A to Type B:
Problem 1.
	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Forecast Oil
	Forecast

Not Oil
	

	.2
	Oil
	.7
	.3
	1.00

	.8
	Not Oil
	.2
	.8
	1.00


Problem 2.
	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Forecast Oil
	Forecast

Not Oil
	

	.3
	Oil
	.6
	.4
	1.00

	.7
	Not Oil
	.1
	.9
	1.00


Next, the application to a realistic Decision Tree Analysis:

New Problems based on Initially Available Data (Type A)

The Data in the textbook’s problems, in its most recent edition, is not in the natural setting given above.  This data is consisted of the probabilities of the external information events and the posterior probabilities. Let call it Data of type B.

To remedy this situation, I am asking you to solve some problems with the alternative type of data presented below.  In this data the Prior and conditional probabilities are given, as in table I. We refer to this type of data as type A.

Solve every problem twice with type A and with type B.

To avoid a more complex statistical analysis, deliberately, no attempt was done to have the two types of data consistent with each other*.  Hence, treat the two versions of the problems as completely independent.  
In summary, some Type B data is given in the text book and the alternative data Type A is replacing this data as detailed below.  Thus you should not expect the results to be same.  Analyze every case separately.  
* Had we been given, for any textbook problem, a type A data that is consistent with the type B data of the problem, the end result would have been useless.  After the conversion of Type A to Type B, we would have obtained an identical problem.  We would have gained no experience in converting a type A data into a new Type B data and solving with the NEW data a new problem.  

Make sure in every problem below to conduct the conversion from type A data to type B data using both the Probability Tree diagram of page 61, and the Tables based procedure detailed above.
Q. 20.

	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Test Favorable 
	Test 
Not Favorable
	

	.1
	Success
	.5
	.5
	1.00

	.9
	Failure
	.3
	.7
	1.00


Q21

	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Pass aptitude test
	Fail aptitude test 
	

	.2
	Satisfactory 
	.85
	.15
	1.00

	.8
	Not Satisfactory
	.35
	.65
	1.00


Q22

	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Test Favorable
	Test Unfavorable
	

	.2
	Sucess
	.9
	.1
	1.00

	.8
	Failure
	.3
	.7
	1.00


Q 23
	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Forecast Success (Favorable Test)
	Forecast

Failure (Unfavorable Test)
	

	.4
	Success
	.9
	.1
	1.00

	.6
	Failure
	.3
	.7
	1.00


Q25
	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Test Market Favorable
	Test Market Unfavorable
	

	.2
	Success
	.9
	.1
	1.00

	.8
	Failure
	.3
	.7
	1.00


	Natural events and their PRIOR (i.e. natural) probabilities.
	External Information

events and their conditional probabilities on natural events


	

	Prior Probability
	Natural

Event
	Attitude warm
	Attitude
Cold
	

	.2
	Success
	.8
	.2
	1.00

	.8
	Failure
	.4
	.6
	1.00


B.
A procedure for setting up the decision trees in a case involving no full information and external information: A step by step approach.

Decision trees are consisted of sequences of chronicled acts and events. These are organized along branches.  Every branch is a continuous path from the start of the decision tree to ending act or event.    
Step 1: Draw the decision tree with its act fork nodes event fork nodes. Typically, you would have the external information event node coming before the act node which in turn is followed by the natural event node. 

In this step avoid the assigning of the probabilities to the events or calculating the payoffs for each ultimate branch of the decision tree  

For example,

1.1.  A market research test (External Information Event Node) is drawn first. Its forks (external information events) are “indicated future success” and “indicated future failure”, based on the test.

1.2. Next, a decision whether to market the product or not is taken (Act Node) with two alternative acts (to market or not).

1.3. Then if the product is to be marketed we encounter the (Natural Event Node).  From this node fork the two natural events of market success and market failure.

Notice, in this example, the decision tree has only three branches, as there are only one ending act (not to market) and two ending events (market success and market failure).

Step 2. Branch by branch beginning with the top branch and progressing downward, perform the following.

On any given branch, along any act and any event write the associated monetary benefit or cost associated with the act or the event.

Sum up the (net) payoff for every branch. Write the payoff to the right of the ending act or event in the branch. 

To avoid confusion remember NOT to calculate or  post the probabilities of the events in this stage.

Step 3.  Obtaining Probabilities of type B data.

The decision tree structure in the case of no full information with external information requires Type B data: (1) Probabilities of external information events and (2) Conditional probabilities of natural events on external information events. (Posterior Probabilities).

Identify one of two possible alternatives:

Case I: Type B data is given to you in the problem.

Case II:     Type A data is given to you in the problem.  I.e. (1)(Prior) probabilities of natural events and (2) Conditional probabilities of external information events on natural events.

Case II. is the more realistic case.  In this case you must compute Type B data from type A data. 

The process of computing Type B data from  Type A data can be aided by using one of the following two procedures.  (However, to gain practice, in your homework you are required to perform both procedures.) 

(1) A procedure using probability tree diagrams (see page 61 of the textbook).  

(2) Using conversion tables as illustrated in this file.

The output of any of the two procedures is the Type B data necessary for the problem.

Step 4.  Write the appropriate Type B data from step 3 by the corresponding events.

Step 5.  Perform backward induction.

Beginning with the end acts or events, move backward to the beginning of the diagram.  At every event node fork calculate the expected monetary value for the node. At any act node fork select only the act with the higher expected monetary value, and eliminate the rest of the acts.

Step 6.  find the ultimate expected monetary value of the decision and state the decision rule.  Notice, the decision rule may be quite complicated and may or may not depend on event of external information. 

Things to rememeber:

· Don’t forget to pay special attention to negative monetary values (losses) in your calculation of the expected monetary value.  

· Never clip an event.

· As you perform the backward induction and arrive at act node fork you must eliminate (cut) all acts except the one with the highest expected monetary value. 

