MAS1403/ACE2013 Extra Workshop 1

We have looked at two probability models for discrete data and three such models for continuous data:

	Data type


	Model
	Notation/parameters
	Formula
	Mean
	Variance

	Discrete
	Binomial
	X ~ Bin(n, p)
	P(X = r) =
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	Poisson
	X  ~ Po()
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	Continuous
	Normal
	X ~ N(, )
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	Exponential
	X ~ exp()
	
[image: image7.wmf]x

e

x

X

P

l

-

-

=

£

1

)

(


	
[image: image8.wmf]l

1


	
[image: image9.wmf]2

1

l



	
	Uniform
	X ~ U(a, b)
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So when do we use each of these models?

Binomial


· Data are discrete
· Data arrive as the result of “trials”, each “trial” having two possible outcomes (“success” or “failure”)
· Each “trial” is independent of every other trial
· The number of “trials” is known (n), and the probability of “success” is also known (p)
Poisson

· Data are discrete
· Data take the form of “counts” within a certain time interval
· These “counts” arrive randomly
· We know the rate of occurrence of our counts within this time interval ()
· No natural “upper limit” to the number of counts
Normal
· Data are continuous
· Sample takes the form of a “bell-shaped curve”
· We have the mean () and the variance (2)
Exponential

· Data are continuous
· Often used to model times between random events
· Sample is usually skewed to the left, or “positively skewed”
· We have the rate of occurrence of these random events ()
Uniform

· Data are continuous
· All possible outcomes are equally likely
· We have the lower and upper bounds (a and b respectively)
1. Identify which distribution would be most appropriate for the following scenarios:

(a) Weekly sales at H&M over the past year are summarised in the following histogram.  Over the past year weekly sales have averaged at about £60,000 with a standard deviation of £12500.  Let X be weekly sales (in £).   
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Distribution:
(b) The probability of receiving a bonus at a particular company is 0.05.  The Newcastle branch of this company employs eighteen people.  Let Y be the number of people who receive a bonus at this branch.  

Distribution:

(c) A parachutist jumps from a plane and will land randomly somewhere between village A and village B.  Villages A and B are 2 miles apart.  Let X be the distance (in miles) the parachutist lands from town A.  

Distribution:

(d)  Let Y be the number of people arriving at a queue in a bank in five minute intervals.  It is known that, typically, about three people will arrive every five minutes.  

Distribution:

(e) Let T be the time between arrivals at the bank queue in part (d) above.  

Distribution:

(f) Read the scenario in question 1(a) again.  Use the model you suggested to find:
(i) the probability that sales in any one week period are less than £45,000;

(ii) the probability that sales in any one week period exceed those for the week before Christmas last year of £92,000; 

(iii) The probability that sales in any one week period lie between £50,000 and £75,000.

(g) Read the scenario in question 1(b) again.  Use the model you suggested to find:

(i) the expected number of people receiving a bonus;

(ii) the variance and standard deviation of the number of people who receive a bonus;

(iii) the probability that exactly three people receive a bonus;

(iv) the probability that, at most, two people receive a bonus.

(h) Read the scenario in question 1(c) again.  Use the model you suggested to:

(i) sketch the PDF of X;

(ii) find E[X], the expected distance the parachutist will land from town A;

(iii) find Var(X) and s.d.(X).  

(iv) find the probability that the parachutist will land within half a mile of town A;

(v) find the probability that the parachutist will land closer to town B than town A.  

(i) Read the scenario in question 1(d) again.  Use the model you suggested to find:

(i) the expected number of people to arrive at the queue in any five minute period;

(ii) the variance and standard deviation of the number of people to arrive at the queue;

(iii) the probability that, in any five minute period, exactly five people will arrive at the queue;

(iv) the probability that, in any five minute period, at least three people arrive at the queue.

(j) Read the scenario in question 1(e) again.  Use the model you suggested to find:

(i) E[T], Var(T) and s.d.(T);

(ii) The probability that the time between arrivals at the bank queue will be less than 30 seconds.

(iii) Sketch the PDF of T.  
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(k) Sales of the Nintendo Wii at electrical stores in the U.K. follow a Normal distribution with mean £180 and standard deviation £7.50.
(i) Find the probability that, at a randomly selected electrical store, the Nintendo Wii will cost less than £170.  

(ii) Find the probability that, at a randomly selected electrical store, the Nintendo Wii will cost more than £200.  
(l) The probability that a Nintendo Wii will be sold on the day of it’s delivery at any branch of Woolworth’s is 0.85.  The Newcastle branch of Woolworth’s will receive a delivery of twenty Nintendo Wii consoles tomorrow morning.  
(i) Suggest an appropriate model for the number of Wiis sold tomorrow.

(ii) Find the expected number of Wiis that will be sold tomorrow.
(iii) Find the variance and standard deviation of the number of Wiis that will be sold.
(iv) Find the probability that exactly twelve Wiis will be sold tomorrow.
(v) Find the probability that when the shop closes tomorrow there will be two Wiis left on the shelf.

(m) The manager of the Newcastle branch of Woolworth’s believes the time that his stock of Nintendo Wii consoles will sell out tomorrow follows a Uniform distribution between the time of opening and closing (09:00 and 20:00).  

(i) Sketch the PDF for this model.

(ii) Find the expected time that the Wii will be sold out tomorrow.

(iii) Find the variance and standard deviation.

(iv) Find the probability that the Wii will sell out before 5pm tomorrow afternoon.  

(v) Look at your PDF in part (i).  Why might this model be inappropriate in this situation?

(n) This branch of Woolworth’s is operating a strictly first-come-first-served system for the Nintendo Wii.  However, phone calls from customers trying to pre-order this games console have arrived at a rate of seven per hour.  
(i) Suggest an appropriate model for the number of calls per hour.  

(ii) Write down the expected number of calls per hour.

(iii) Write down the variance of the number of calls per hour, and calculate the standard deviation.  

(iv) Find the probability that exactly ten calls are made to pre-order the Wii in any one hour period.  
(v) Find the probability that, in any one hour period, at least three calls are made to pre-order the Wii.  

(o) Given the number of telephone pre-orders taken today, the manager of this branch of Woolworth’s decides to review his model outlined in part (c).  In fact, he now assumes the time until the Nintendo Wii is sold out tomorrow follows an exponential distribution with rate 0.4 per hour.  

(i) Find the expected time that the Wii will be sold out tomorrow.

(ii) Find the variance and standard deviation.

(iii) Find the probability that the Wii will be sold out within the first hour of opening tomorrow morning.

(iv) Find the probability that the Wii will not sell out until after 2pm.  
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