Analytical Modelling

Assignment 2





Probability .. and Clear Thinking



A Student has a collection of red and green socks in a drawer.  If he pulls out three socks in the dark, what is the probability that he we be able to make up a matching pair?



There are 4 possible combinations of choosing three socks at random form the draw:

 				3 red, 0 green.

				2 red, 1 green.

				1 red, 2 green.

				0 red, 3 green.



In each case the are at least two of one type of sock, i.e. in the first two combinations there is a pair of red socks, and likewise in the bottom two combinations there is a pair of green socks.



Let x be There is a matching pair of socks from three socks pulled at random from a drawer.



Then P(x) is the 
probability
 that there is a matching pair of socks from three socks pulled at random from a drawer.



Let C(r) be the
 
probability
 of picking r red socks and 3 - r green socks from the drawer.



P(x) = C(3) + C(2) + C(1) + C(0).



As this is every combination



P(x) = 1.



A box contains two red and two green balls.  Three are selected at random from the box.  What is the probability of:



one red and two green balls?

 

Let P(x) be the probability of one red and two green balls.

Let r be a red ball, g be a green ball



P(x) = P(rgg) + P(grg) + P(ggr)

� EMBED Equation.2  ���

�ii)	one green and two red balls?



Let P(x) be the probability of two red and one green balls.

Let r be a red ball, g be a green ball



P(x) = P(rrg) + P(rgr) + P(grr)

� EMBED Equation.2  ���



c)	A box contains one red and two green balls.  Two are selected at random.  What is the probability of:



two green balls?



Let P(x) be the probability of two green balls.

Let g be a green ball



P(x) = P(gg)

� EMBED Equation.2  ���



one red and one green ball?



Let P(x) be the probability of one red and one green balls.

Let r be a red ball, g be a green ball



P(x) = P(rg) + P(gr) 

� EMBED Equation.2  ���



Red dice are biased so that [6] is three more times likely than any other face.  All other faces are equally likely.



Green dice are biased so that [1] is three more times likely than any other face.  All other faces are equally likely.



Two dice, one green and one red, are rolled.  What is the probability that their faces add up to 7?



Let x be the sum of the two dice total 7.

Let P(r, g) be the probability of getting r on the red dice and g on the green dice.



The combinations that will produce 7 are:

(1, 6), (2, 5), (3, 4), (4, 3), (5, 2), (6, 1).
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ii)	Two red dice are rolled.  What is the probability that their faces add up to 7?



Let x be the sum of the two dice total 7.

Let P(r1, r2) be the probability of getting r1 on the first dice and r2 on the second dice.



The combinations that will produce 7 are:

(1, 6), (2, 5), (3, 4), (4, 3), (5, 2), (6, 1).



� EMBED Equation.2  ���



Two fair dice are rolled.  What is the probability that their faces add up to 7?



Let x be the sum of the two dice total 7.

Let P(f1, f2) be the probability of getting f1 on the first dice and f2 on the second dice.



The combinations that will produce 7 are:

(1, 6), (2, 5), (3, 4), (4, 3), (5, 2), (6, 1).



� EMBED Equation.2  ���



Rank (i), (ii) and (iii) above in increasing order of likelihood.  Do you find the result surprising?  Why / why not?



Probability of (i)  	=� EMBED Equation.2  ���

Probability of (ii) 	= � EMBED Equation.2  ���

Probability of (iii) 	= � EMBED Equation.2  ���



Therefore the probability of getting a 7 on the red and green dice is greater than the fair dice.  Likewise, the probability of getting a 7 on the fair dice is greater than on the two red dice.



This result is not surprising due to that the most likely number on red dice is 6 and the most likely number on the green dice is 1,  so the most likely sum is 7.  Which skews the probability toward the target value compared with the fair dice.  The same follows for the two red dice;  the mostly likely number to come up on the dice is 6, so the most likely sum is 12 .Which skews the probability away from the target value compared with the fair dice. 



Graph Theory



Identify three pairs of isomorphic graphs from the ones shown.



Graphs (i)	and (iii)	are isomorphic.

Graphs (ii)	and (vi)	are isomorphic.

Graphs (iv)	and (v)	are isomorphic.



Explain why it is easy to pair them off.



In this case the each pair has a different number of vertices;  the first pair above both have 8 vertices,  the second pair both have 4 vertices, the final pair have 6 vertices.  Also each pairing has different number of edges;  the first pair both have 12 edges, the second pair both have 6 edge, the final pair both have 9 edges.



Explain what more you need to establish isomorphism.



To completely establish isomorphism, you also have to look at the degrees of each vertices.  In the first pairing all the vertices have degree 3.  In the second pairing all the vertices also have degree 3, the final pairing the same; all the vertices have degree 3.



Write down the adjacency matrix M of the graph K3,3.



Using the ordering a, b, c, d, e, f.



M =� EMBED Equation.2  ���

�c)	K3,3 is said to be ‘bipartite’.

What does this mean? How is this fact reflected in the matrix M?



“	A simple graph G is called ‘bipartite’ if its vertex set V an be partitioned into two disjoint nonempty sets V1 and V2 such that every edge in the graph connects a vertex in V1 and a vertex V2 (so that no edge in G connects either two vertices in V1 or two vertices in V2).”

Rosen - Ch 7.2, Definition 5



A bipartite graph is a graph that is in two halves so that every vertex connects to every vertex of the other half.  The graph must express an onto relationship and no there must be no edge connecting a vertex in the same half i.e. 
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This fact is reflected in matrix M by the way that: mij 
= 1 if
 and only if i(
V
1
 
and
 j
(
V2
 or 
i
(
V2 
and j
(
V
1�.
  
H
ence 
the two blocks of 1
’s in the top right
 and 
bottom left of matrix M.







Calculate M2 and explain the result in
 terms of the biparti
t
e nature of
 K
3,3.
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M2 is 
showing that there is three routes
 of length two
,
 from any ver
t
ices
 of 
one 
subset to any other 
 
vertices of the same subset.  This is true for both subsets.




Draw up a state transition diagram for an automaton that accepts strings of the form: 011011011
…0111 i.e. a repeating 
pattern
 of 011
, with a third
 1 acting as
 a terminator in the last repeat.




There are two possible state transition 
diagrams
 here
 the first allows the repeating pattern to repeat 0 or more times.  The second diagram forces the repeating pattern once.





0 or 
more 011 followed by a 1
,
 where 
s
 is the start state a
nd 
a
 is the accept state
:



�
 
EMBED 
CorelDRAW.Graphic.6 
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1 or m
ore 011 followed by a 1
,
 where 
s
 is the start state a
nd 
a
 is the accept state
:



�
 
EMBED 
CorelDRAW.Graphic.6 
 
�
�
�
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