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Abstract— In Current world, sectors of engineering, 

management, science use the important techniques based on 

probabilistic methods. And because in these fields most 

common tool to relate with the thing is aiding in decision 

making under uncertainty. Because Logical Reasoning has 

limitations that it requires that assumptions be considered 

“certain”, also it typically uses general rules.  General rules 

that are reliable may be difficult to come by and also 

Logical reasoning can be awkward for certain structured 

domains such as time and space. In this paper, i basically 

focus on Bayes‟ Rule which is important to solve the 

problem in artificial Intelligence domain. Later the focus is 

on Bayes‟ network and how it helps to easily understand the 

problem domain and efficiently to solve the problem. Later 

the discussion on real time solved example in the domain of 

artificial Intelligence using the said Rule followed by 

benefits of Bayes‟ network for Expert System and Weakness 

of it. 
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I. INTRODUCTION 

Uncertainty    hardly   needs    an introduction. 

Incompleteness of information of the described Event, give 

all to the fact that we can make decision statements rarely, 

about the domain. Anyhow, we need to live in this uncertain 

globe and form decision based on our Uncertain Knowledge. 

Where to invest our Money, which Task to take, which 

place to live, or Physicians form decisions on a day-to-day 

basis and those decisions may impact life or death of the 

patient. None of the decisions are made under certainty. 

Uncertainty in the probabilistic theory is measure by    real 

numbers amidst 0.0and 1.0 which is basically the probability 

of an event.Conditional Probability is the probability of one 

thing, provided we already know another to be true. With 

the help of Bayes‟ rule if X is probability of an event and if 

we want to find conditional probability of event Y, given X 

to be true. We denote probability symbol by P. 

P (Y | X) = ((P (X | Y) . P (Y)) ÷ P (X))     (1.1) 

This states the probability of Y, given X. 

P(Y) - prior probability of Y. 

P(X) - prior probability of X. 

P(Y | X) -post probability of Y given probability of X. 

Below example shows that a joint probability 

distribution represents the combined probabilities of two or 

more variables.  e.g., with the help of below table we can 

make use of probability variable to solve our problems 

 X ⌐ Y 

Y 0.11 0.09 

⌐Y 0.63 0.17 

Table 1: Joint Probability 

Above table shows, an example, that  

P(XΛY)=0.11 probability of the event X and Y both will 

happen 

P(¬X Λ Y) = 0.09 probability of the event X will not happen 

and Y will happen 

Using this, we can calculate the probability of event X will 

occur: 

P(X)  = P(X Λ Y) + P(X Λ ¬Y) 

= 0.11 + 0.63 

= 0.74 

II. REAL WORLD EXAMPLES 

Below are Some Examples shows real world scenarios 

where we can apply Bayes‟ rule. 

A. Medical Diagnosis 

Given Data 

B: Red blood cell count of patient exceeds 120% of average. 

T:  The patient is infected by tetanus. 

P (B|T) = 0.7     (2.1) conditional probability 

P (B|~T) = 0.2   (2.2) conditional probability 

P (T) = 0.001     (2.3) prior probability 

Using (2.1), (2.2) and (2.3) we can calculate, 

Posterior probability P (T|B): which is probability 

that patient has tetanus given probability that patient blood 

cells exceed120% of average.  

P (T|B) = P (B|T) . P (T) ÷ P (B) 

= ((0.7) (0.001)) ÷ ((0.7) (0.001) + (0.2) (0.999)) 

= 0.007 ÷ 0.206 

= 0.0339 

B. Comparing Conditional Probabilities 

Medical diagnosis 

 Probability of fever (F) is 0.0001 

 Probability of High temperature given probability 

of fever is P(HT|F) = 0.8 

 Probability of ague (A) is 0.00001 

 Probability of High temperature given probability 

of ague is P(HT|A) = 0.99 

P (F|HT) =P (HT|F) . P (F) ÷ P (HT) (2.1) 

P (A|HT) = P (HT|A) . P (A) ÷ P (HT) (2.2) 

With the help of equations (2.1) and (2.2) we can 

say that Relative likelihood of fever and ague 

P (F|HT) ÷P (A|HT)=(P(HT|F) .P(F)) ÷(P(HT|A) .P(A)) 

(2.3) 

III. BAYESIAN BELIEF NETWORKS 

Belief networks or Bayesian network, or probabilistic 

network are a representation pattern, like semantic networks. 

A belief network is a graph with the Following properties: 

 A set of nodes, one per variable 

 A directed, acyclic graph 

 A conditional distribution of each node given its 

parents: 

P (Xi|Parents (Xi)) 

A belief network shows the dependencies among a bunch of 

variables. If two event variables X and Y are independent of 

each other if there is chance that X will occur has nothing to 

relate whether Y occurs or not. 
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A and B are dependent on X; B and C are 

dependent on Y. The Bayesian belief network has 

probabilities associated with each link.  

 
Fig. 1: Bayesian Belief Network 

We can now calculate conditional probabilities: 

P(X,Y,A,B,C)=P(C|X,Y,A,B). P(X,Y,A,B) 

P(X,Y,A,B,C) = P(C|X,Y,A,B). P(B|X,Y,A). P(A|X,Y). 

P(Y|X). P(X) 

From the Figure We can see that, there are no 

dependencies between certain variable pair so we can 

simplify this equation to below simplified equation. 

P(X,Y,A,B,C)=P(C|Y).P(B|X,Y).P(A|X).P(Y).P(X) 

IV. BAYESIAN BELIEF NETWORKS 

A. Why Bayes Networks? 

When we want to reason about an event which involves 

many parts, generally requires that a joint probability 

distribution to be known. It may be the case that distribution 

require hundreds of parameters or more. It is not typically 

practical when we want to model this level of detail. 

B. Benefits of Bayes Nets 

The joint probability distribution normally requires 2
n
 – 1 

independent parameters. 

With Bayes Nets we only specify these parameters: 

1) Root node probabilities. e. g., P (A=true) = 0.2; P 

(A=false) =0.8 

2) For each non-root node, a table of 2
k
 values, where k 

is the number of parents of that node. 

3) Propagating probabilities happens along the paths in 

the net.  With a full joint prob. dist., many more 

computations may be needed. 

C. Weaknesses of Bayesian Approach 

 Sometimes it is difficult to have all joint 

probabilities and prior conditional probability. 

 It is difficult to modify database of priorities, lot 

numbers of interactions needed in this case. 

 Number of Calculation required is high. 

 Complete hypotheses determine accuracy. 

D. Use of Probabilistic Inference in problems Like 

 Available Information is varying in completeness 

or certainty 

 When we require  approximate optimal solutions 

 When we know the rules for inference or we can 

found for the problem. 

V. CONCLUSION 

A theorem which describes how the set of given conditional 

probabilities are useful for calculation probability of 

particular event outcome with the knowledge of observed 

probability of each event. Bayes' Theorem is the powerful 

tool of modern statistical decision theory, reasoning and 

predicting the outcomes. The rule is basically useful in „ 

what-if ‟ kinds of conditions.  

REFERENCES 

[1] en.wikipedia.org/wiki/Probabilistic_logic 

[2] http://groups.engin.umd.umich.edu/CIS/course.des/cis4

79/lectures/uncert.html 

[3] https://en.wikipedia.org/wiki/Bayesian_inference 

[4] https://en.wikipedia.org/wiki/Bayesian_probability 

[5] https://en.wikipedia.org/wiki/Bayes%27_theorem 

[6] http://www.eecs.qmul.ac.uk/~norman/BBNs/Bayes_rul

e.htm 

[7] http://stattrek.com/probability/bayestheorem.aspx 

[8] http://www.investopedia.com/terms/b/bayes-

theorem.asp 

[9] http://www.atatisticshowto.com/what-is-bayes-theorem/ 

http://groups.engin.umd.umich.edu/CIS/course.des/cis479/lectures/uncert.html
http://groups.engin.umd.umich.edu/CIS/course.des/cis479/lectures/uncert.html
https://en.wikipedia.org/wiki/Bayesian_inference
https://en.wikipedia.org/wiki/Bayesian_probability
https://en.wikipedia.org/wiki/Bayes%27_theorem
http://www.eecs.qmul.ac.uk/~norman/BBNs/Bayes_rule.htm
http://www.eecs.qmul.ac.uk/~norman/BBNs/Bayes_rule.htm
http://stattrek.com/probability/bayestheorem.aspx
http://www.investopedia.com/terms/b/bayes-theorem.asp
http://www.investopedia.com/terms/b/bayes-theorem.asp

