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BASIC PROBABILITY


Probability of an Outcome: � EMBED Equation.3  ���





Addition Rule: probability of an event is sum of probabilities of all the elementary outcomes that make up event





Intersection: Prob (A and B)





Union (at least one event happens): Prob (A or B) = Prob (A) + Prob (B) - Prob (A and B)





Complement: Prob (not A) = 1 - Prob (A)





Exclusion: Prob (A and B) = 0 (mutually exclusive)





Quotient Rule: � EMBED Equation.3  ���


AKA	� EMBED Equation.3  ���





Product Rule (both events happen):


 Prob (A | B) x Prob (B) = Prob (A and B)





Independence: Prob (A | B) = Prob (A)


When independent, joint = product of marginals





Probability Table: (2 attributes)


joints in cells


marginals on edges (in the margins)





Probability Tree: (3 or more attributes)


marginals on branches of first node


conditionals on subsequent nodes


use product rule to compute joints of each branch








EXPECTED VALUES AND VARIANCES





Expected Value:


Probability-weighted average of random variable


E[X + Y] = E[X] + E[Y]


E[a + bX] = a + bE[X]





Variance:


Probability-weighted average of square deviations


Var[a + bX] = b2Var[X]


Var[X + Y] = Var[X] + Var[Y] + 2Cov[X,Y]


Var[aX + bY] = a2 Var[X] + b2 Var[Y] + 2abCov[X,Y]





Standard Deviation:


SD[X] = � EMBED Equation.3  ���


SD[a + bX] = |b| SD[X]








Covariance:


Cov[a + bX, c +dY] = bdCov[X,Y]


If independent, covariance = 0





Correlation:


r=Corr[X,Y] =  � EMBED Equation.3  ���





HYPOTHESIS TESTING





Argument by contradiction





Steps:


Identify problem and test


Specify the hypotheses (null and alternative in English)


Translate into probabilistic statements


Calculate test statistic / p value


Draw conclusion





1 SAMPLE


Large data set, not binary: � EMBED Equation.3  ���





Small data set, binary data: use binomial probabilities





Small data set, not binary, normal: � EMBED Equation.3  ���


use t table with n-1 degrees of freedom





2 SAMPLES


Large data set, binary data: � EMBED Equation.3  ���


where � EMBED Equation.3  ���, � EMBED Equation.3  ���


Large data set, not binary: � EMBED Equation.3  ���


check for independence





NORMAL PROBABILITIES





X~N ((, ()


= mean (=0 for standard normal)


( = SD (=1 for standard normal)


Standardize: � EMBED Equation.3  ��� ~N((=0, (=1)





Sum of Normals:


X ~ N(X, X) and Y ~ N(Y, Y) and Cov(X,Y)=XY


Then, X+Y ~ � EMBED Equation.3  ���





a+bX ~ N(a+bX, |b|X)





Central Limit Theorem: 


When? 


Sum or average of many (n>30) random variables


All random variables are independent


They have the same mean, same std. dev. and the same distribution (which is not necessarily normal)








X1,…,Xn  the n r.v.’s, which come from any distribution. to be added.


E[X1] =…=E[Xn]


Var(X1) =…=Var(Xn)





Sum: X1+…+Xn ~ N(n (, � EMBED Equation.3  ���() 


Average: (X1+…+Xn)/n ~ N((, (/� EMBED Equation.3  ���)





 





Law of Averages:


Var(average) = � EMBED Equation.3  ���


SD(average) = � EMBED Equation.3  ���


Normal Approximation for Binomials:





Consider a Binomial, X, with n trials and probability of success . If n is large, then X is approximately 


N ( n(, � EMBED Equation.3  ���)














BINOMIAL PROBABILITIES





Criteria:


Experiment repeated a fixed number of times: n


Two outcomes on each trial: success, failure


Trying to find total number of successes (or failures): x


Probability of success same for every trial: (


Trials are independent


� EMBED Equation.3  ��� 


x = number of successes


n = number of trials


( = probability of success on each trial





Sum of Random Variables:


Let X be the Binomial random variable that represents the number of successes. Then,


E[X] = n(


Var[X] = n((1-()


SD[X] = � EMBED Equation.3  ���








ACCURACY OF SAMPLES





Estimate population mean with sample mean


Sample  Mean � EMBED Equation.3  ��� = � EMBED Equation.3  ���





Estimate population variance with sample variance  


Sample Var  s2 = � EMBED Equation.3  ���


Sample SD s = � EMBED Equation.3  ���


Sample Cov � EMBED Equation.3  ���


Sample Corr � EMBED Equation.3  ���


					


Big Picture: The sample average is different from the population average.


General: 


Sample Average = Population Average + chance error


Opinion Polls:


Sample % = Population % + chance error





Standard Error: Gives the standard deviation of the chance error:


SE = Estimate for the� EMBED Equation.3  ���= � EMBED Equation.3  ���


Confidence Intervals (Large Sample Size n>30): 


I. General sample average problem:


SE = � EMBED Equation.3  ���


95% confidence interval: sample average ( 2SE


II. Opinion polls – Binary Data:


SE = � EMBED Equation.3  ���


95% confidence interval: sample % ( 2SE























Data and Decisions: Key Formulas








© Fall 2000, Stefanos A. Zenios. This note was prepared by a group of MBA 99 students under the supervision of Professor Zenios. Change at your own risk!
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