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Exercises

Counting rule

1) Suppose you have three pairs of shoes, five pairs of pants, and seven shirts to wear today.  How many different outfits are possible? 3*5*7

2) Consider the letters T, C, G, and A.

a) Suppose we form a word, and the word contains just three out of these four letters, and the letters can repeat any number of times.  How many such words are possible? 4*4*4

b) Suppose we string together 500 of these words.  How many such strings are possible? (4*4*4)^500

c) Suppose we connect 50,000 of these strings into a book.  How many such books are possible (you don't need to show the final number, just the expresson with exponents)? (4*4*4)^(500*50,000)

d) Call a word a "codon", a string a "gene" and a book a "genome".  Assume a genome represents one human individual.  How many genetically unique individuals are possible given the above numbers? same as c)

3) Suppose you want to make a string of 23 beads, and each bead can be pink or blue.  

a) How many such strings are possible? 2^23 (ignoring symmetrical beads)

b) Call a bead a chromosome, call a pink bead a chromosome inherited from your mother, a blue bead a chromosome inherited from your father.  Call the string of 23 beads the set of chromosomes in one human gamete (sperm or egg cell).  What is the probability that all the chromosomes in a human gamete are inherited from that gamete's grandmother?  (Hint: what is the probability that all beads in a string of 23 are pink, assuming each color is equally likely?) (Biologists will notice that we are assuming no crossover here.) 1/2^23

Permutations and Combinations

4) Our class consists of 30 students.  Assume there are 30 chairs in the classroom.  How many distinct ways can 30 students be arranged in these 30 chairs? 30!, assuming the chairs are in a straight line

a) n times (n-1) equals the number of ___permut________ations of ____n__ items taken ___2____ at a time.

b) n times (n-1) times (n-2) equals the number of ____permut_______ations of __n____ items taken ___3____ at a time.

c) n times (n-1) times (n-2) times (n-3) equals the number of ___permut________ations of ___n___ items taken ___4____ at a time.

d) 6*5*4*3*2*1/(4*3*2*1) equals the number of ___permut________ations of ___6___ items taken ____2___ at a time.

e) 8!/3! equals the number of ___permut________ations of __8____ items taken ___5____ at a time.

f) 20!/7! equals the number of ______permut_____ations of ___20___ items taken ___3____ at a time.

g) n!/6 equals the number of ____permut_______ations of ___n___ items taken ___n-6____ at a time.

h) n!/(n-r)! equals the number of _____permut______ations of ___n___ items taken ___r____ at a time.

5) You want to make a bouquet of 5 flowers.  At the florist shop there are 9 species to choose from.  How many possible bouquets can you make (assume one flower per species, and the order of flowers doesn't matter)? 9!/(4! 5!)

6) A person must select committees from a group of 10 people. (A person may serve on more than one committee.)  Without making any calculations, do you think there would be:

a) more distinct possible committees of 8 people?

b) more distinct possible committees of 2 people?

c) the same number of committees of 8 as committees of 2?

Briefly explain your answer without using any formulas or calculations.  Same, because the number of subsets of 2 people out of 10 is the same as the number of subsets of 8 people out of 10, because each subset of 2 corresponds to a subset of 8.

7) A set contains the members Damir, Filip, and Marija.

a) List all possible combinations of two members of this set.  3  Under each of these combinations of two, list all possible permutations. 2 per combination

b) How many total permutations are possible of this set, taken two at a time? 3*2

c) Verify that your answer in (b) is equal to the factorial formula.

d) Verify that your answer in (a) is equal to the factorial formula.

8) For a given set, there are 720 possible permutations of the members of that set taken 3 at a time.  How many combinations of three items are possible from the set? 720/3!

9) How many different ways are there to arrange the letters in your first name?  Make sure you do not count permutations of repeated letters. "Tomislav" has 8! ways.  "Stewart" has 7!/2! ways.

10) For a given set, nCr = 330 and nPr = 7920.

a) What is rPr? 7920/330

b) What is r? 4

c) n times (n-1)/2 equals the number of ____combinations_______ations of __n____ items taken ___2 or n-2____ at a time.

d) n times (n-1) times (n-2)/(3*2*1) equals the number of _____combin______ations of __n____ items taken ___3 or n-3____ at a time.

e) n times (n-1) times (n-2) times (n-3)/(4*3*2*1) equals the number of ___combin________ations of ___n___ items taken __4_or n-4____ at a time.

f) 6*5*4*3*2*1/(4*3*2*1*2*1) equals the number of ___combinations________ations of ____6__ items taken ____2_ or 4__ at a time.

g) 8!/(3!5!) equals the number of _____combin______ations of __8____ items taken ___3 or 5____ at a time.

h) 20!/(7!13!) equals the number of _____combin______ations of __20____ items taken __7 or 13_____ at a time.

i) n!/(3!(n-3)!) equals the number of _____combin______ations of ___n___ items taken __3 or n-3_____ at a time.

j) n!/((n-r)!r!) equals the number of __combin_________ations of __n____ items taken ____r or n-r______ at a time.

11) In a study on optimal foraging, a marine zoologist presents moon wrasse, Thalassomus lunare, with seven potential food items.

a) When the items are abundant, the wrasse tend to be selective, choosing only the two "most profitable" food items.  How many diets of two different items are possible? 7!/(2! 5!) (assumes order does not matter)

b) When food is less abundant, the wrasse widen their diet and select four different items (the "beggars can't be choosers" strategy).  How many such diets are possible? 7!/(4! 3!) assumes order does not matter

c) How many different diet combinations are possible in total across the two experiments? the product of a) and b)

Binomial and Poisson distributions

12) Assume the probability that a child has green eyes is 0.1.  What is the probability that, in a family of five, there are each number of children below with blue eyes?

a) 0

b) 1

c) 2

d) 3

e) 4

f) 5

0.59049 0.32805 0.07290 0.00810 0.00045 0.00001 for 0 to 5 above

13) Suppose that the rate of genetic mutation in a plant follows a Poisson distribution, with mean of 1 new mutation per seed.  What is the probability that a seed contain each number of new mutations below?

a) 0 

b) 1 

c) 2 

d) 3 

e) 10 

  0.36787944 0.36787944 0.18393972 0.06131324

 1.013777e-07 for 0, 1, 2, 3, 10

Problem (Binomial distribution)

14) In a healthy person, lymphocytes make up 22% of white blood cells.  In a routine blood test of an individual, 100 white blood cells are counted and 32 of these are lymphocytes.

a) What is the probability of observing this result if the person tested were healthy? 0.005961187, or for the cumulative probability of 32 and above, 0.01336246

Suppose 40% of people with a cold will show this result, and at any given time, 5% of people have a cold.  If a random person has this test result, what is the probability that he/she has a cold? (Hint: screening test) SensSpec.demo(sens = .4, spec = 0.987, prev = .05)

b)  in R, PPV = 0.6182

c) If you were the doctor, what would you advise the patient? You have a 62% chance of having a cold.

