Problem 1
Let X (1,4). Use all the available information about the distribution of x to find the tightest possible lower bound L(s) and upper bound U(s) (both closed-form functions of s) for
L(s) < P(X>s) < U9s)
Evaluate the bounds at s = 2
Answer
Evidently
[bookmark: _GoBack]L(s) ≤ px ≤ Usimp (∆) ≤ U(s)
 L(s) = Lk(∆) = 
U(s) = U(s) = 
Usimp(∆) =  Uk:simp(∆) 
Evidently, the bounds at s = 2 have a lower and upper bounds for L(s) and U(s) on p are exact with an interval of [0, k -1]
Problem 2
The average yearly salary of a statistician working at Google is $150,000. Suppose we randomly pick a statistician working at Google.
1. Use Markov’s inequality to get an upper bound to the probability the employee’s yearly salary is larger than $200,000. 
Answer
The integrable random variable of X is defined from the Ω sample space with x(w)≥0 for x with ɯωΩ with a positive random variable of x is real number being positive. The Markov inequality is


2. Use Markov’s inequality to get an upper bound to the probability the employee’s yearly salary is larger than $200,000.

The integrable random variable of X is defined from the Ω sample space with x(w)≥0 for x with ɯωΩ with a positive random variable of x is real number being positive. The Markov inequality is



P(X>200,000) = 1 – P(X ≥ 200,000)
Applying the Markov inequality

Multiply the two sides by -1 inequality the answer is
-P(X ≥ 200,000) ≥ -1/8
The two sides add 1 to the inequality
1 – (P ≥ 200,000) ≥ 1/8
1/8 ≤ P(X > 200,000)

3. Suppose the standard deviation is $ 100,000. Use Chebyshev’s Inequality to get a lower bound to the probability the employee’s yearly salary is between $120,000 and $180,000. 10 points

Solution
E[X] = 100,000
P(120,000 < X < 180,000) = 1/8
Applying the Chebyshev’s inequality
Var [X] ≥ 200,0002 * P(X – E[X] ≥ 180,000)
=16*P(X ≥ 2)
= 16 * [1 – P(-180,000 < x < 120,000)]
= 16 * [1 – 1/8] = 3
The lower bound is 
Var [X] ≥ 120,000
The upper bound is
Var [X] ≤ 180,000
Problem 3
Let X and Y be random variables with finite means and positive variances. Use Cauchy-Swartz Inequality to prove that Cor(X,Y)<1
Answer
Considering that X and Y are finite means positive variance of two random variables with Correlation coefficient r(X,Y) and Covariance [Cov(X,Y)] 


It is thus evident that (1)
[image: ]
Therefore, the resulting solution
[image: ]
Considering that ai = yi – x̄y = xi - x̄bi
Squaring and simplifying the above equation (2) becomes
[image: ]
Therefore
Therefore, r2(X,Y)≤1



So in (1) , we get  (2)
Let   On simplification and squaring of (2)
then   (3)
According to Cauchy Schwartz inequality which says that if  , i = 1,2,3,4...n are real quantities then

Based on the inequality equation of Cauchy Schwartz which shows that ai, bi, I = 1,2,3,4…n the real qualities thus is 
[image: ]
The holding sign in this equality is 
From the 4th equation above

[image: ]


Considering that the Cauchy-Schwarz inequality is used in proving |ρ(X,Y)|≤1 there is need to have another proof after defining the W=(X−αY)2 variable. Considering the nonnegative WW value the value random variable of α∈Rα∈R will thus be



[image: ]
Problem 4
Let X be a random variable with mean u and variance σ2. Obtain a first order Taylor approximation of the mean and variance of a: a) Y = cos(x), and b) Z = Xe-x
Answer
Considering the  
Cos x = 
Therefore ((1/ (1-x)) = 1 + x2 + x4 +…..

Question b
Z = Xe-x
 the Taylor Series of e-x is 


Problem 5
Let X1,…Xk be independent sub-Gaussian random variables with mean zero and sub-Gaussian parameter b>0. Show that  is a sub-Gaussian with sub-Gaussianity parameter
Solution
E[exp(tx)] = 
= 
On the left hand side rearrange the first order
1 + gt +  ≤ 
Problem 6
Let X1,…Xk be independent random variables. Suppose Xi is sub-Gaussian with mean ui and sub-Gaussianity parameter bi > 0. Then,  is sub-Gaussian with parameter B. Find b.

Answer for the values of bi > 0
Exp
exp
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