         The Maths of Google and the Ipod! 

             Chris Budd, University of Bath

Here are some problems for you to do. Choose those that you find interesting and have a go at them. You can work on your own or with a friend.

                                            Session One

1. Information is all around us. Think of as many different ways that you can of how information is stored and/or transmitted.

2.  An example of a one bit answer is YES or NO. Asking questions which can only be answered yes or no, see if you can find out information from your neighbour such as what their pet/brother/sister is called or what football/X-factor/strictly come dancing contestant/team they support.  

3. (i) Turn the following three bit binary numbers into usual numbers: 

                     101, 100, 010, 001

(ii) Turn the following numbers into three bit binary numbers:  4, 7, 3, and 2

4. The three questions we have to tell the truth about are:

(a) Is your number 4,5,6,7?  (b) Is your number 2,3,6,7?  (c) 1,3,5,7? 

Try asking each other these questions and see if you can work out their number.

5  .(i) Turn the following four bit binary numbers into usual numbers: 

                     1010, 1100, 0010, 1001

(In these numbers you multiply the first bit by 8, the second by 4, the third by 2 and the last by 1)

(ii) Turn the following numbers into four bit binary numbers:  12, 7, 15, and 9

6.   (i) Turn all of the numbers 0,1,2,3,4,…,14,15 into four bit binary numbers.

(ii) Using your answer to (i), work out four questions which if you answer them truthfully you to work out which number between 0 and 15 has been chosen.

7   (i) Try counting to 31 using the fingers of one hand

     (ii) If you are allowed to use both hands, how many numbers can you count up to?  Try this out.
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8. Estimate the number of bits of information in 

(a) a Harry Potter book

(b) a Harry Potter film

(c) the contents of your brain

                                                     Session Two

1.The check question for 3 bit binary numbers is

                                  ‘Is your number 1,2,4,7?’

Try asking this and the questions in Q.4 and see if you can catch out a liar.
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2. Work out a check question to add to the questions in 6 (ii) to catch out a liar. Try this on a friend to see if you can catch them out.
3. Write down a secret message. 

Now see if you can find ways to compress the message so that it  has the same information but takes up less space.   For example you could try leaving out all of the vowels. Can you think of ways of making it any shorter still?

See if a friend can work out what your original message is, starting with the compressed message
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4. A question on Google. 

Just to remind you how the page ranking system on Google works. 

If a web-site has rank R and it links to N other web-sites then it

contributes R/N to the rank of every web-site that it links to.

You have six friends with exciting web-sites,. The friends have names Ann, Brian, Caroline, Derek, Emily and Fred but you call them A,B,C,D,E and F.  In their computer network

A     links to web-sites     C  and  D, 

B     links to web-site      A,

C     links to web-sites     E and F,

D     links to web-sites     C and E,

E     links to web-site       F,

F     links  to web-site      B.

(a) Draw a network diagram showing how each web-site links to each other one.

(b)  EASY which web-sites have the most number of other web-sites pointing to them, which have the least?

(c) MEDIUM  find the rank of each of the web-sites.

HINT   Assign A the rank of 8. As A links to two web-sites it contributes 4 to each web-site it links to. Now work out the rank of D. Continue around the network, finding the rank of each web-site in turn.

       Which web-site has the lowest rank?

    (d) HARDER   Fred decides that he wants to link to Derek who up to now has not been very popular.  If A again has rank 8, what is the ranking of the web-sites now?                                                                        

