EEC 693/793, ESC 794 – Population-Based Optimization

Midterm Solution, Fall 2008

13 Problems optimally selected from the course material

If you have to make any assumptions in order to answer a question, state those assumptions clearly and succinctly at the beginning of your solution.

1. Why is randomness often considered an important part of intelligence? Answer in 40 words or less.

Intelligence includes unpredictability. This can be used to give an agent an advantage against an opponent. It can also be used to improve the agent’s chance of finding an optimal solution in a previously-unexplored region of search space.



2. Given the “Game of Life” grid shown below, sketch the grid at the next time step.
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3. Explain the difference between “exploration” and “exploitation” in optimization algorithms. Answer in 30 words or less.

Exploitation means that the algorithm is using the information that it already has in order to refine its search for an optimal solution. Exploration means that the algorithm is searching in previously-unexplored regions of search space.


4. There are 10 job openings in IEEE Spectrum. You want to apply for 5 of those jobs. How many different sets of 5 jobs are possible?

Solution: 
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5. Suppose we have a population with four individuals A, B, C, and D, with fitness values 30, 20, 10, and 40 in that order. High fitness is good. List the individuals in order that are selected for reproduction under the following selection methods.

a. Roulette wheel selection with four random numbers generated between 0 and 100. The random numbers are 80, 10, 70, and 20.

b. Stochastic universal sampling with one random number generated between 0 and 25. The random number is 20.

c. Tournament selection with four pairs of random numbers generated between 1 and 4. The random number pairs are (1, 3), (4, 2), (1, 2), and (2, 3).


a ( D, A, D, A
b ( A, B, D, D
c ( A, D, A, B


6. Describe in 30 words or less the “1/5 Rule” in evolutionary strategies.

Decrease the standard deviation of mutation if the number of mutations is beneficial less than 1/5 of the time, and otherwise increase it.

7. Name two problems with the schema theorem.


a. It applies to arbitrary subsets of the search space.

b. It does not account for the fact that similar individuals may not belong to the same schema.

c. It incorrectly focuses on the number of schema instances that survive generations, rather than which schema instances survive.

d. It deals only with the expected number of schema instances rather than the actual number of schema instances.
e. It applies only from one generation to the next, and not to the evolutionary algorithm behavior as a function of time. That is, a schema cannot both increase exponentially and have above average fitness.

8. How is a stud GA different from a standard GA? Answer in 30 words or less.

A stud GA always uses the most fit individual as one parent in each mating combination, while a standard GA uses randomly selected parents.


9. Suppose that x is a zero-mean random variable with standard deviation (. Derive the standard deviation of the random variable cx where c is a positive constant.

E[(cx)2] = c2E(x2) = c2(2
So the standard deviation of cx is c(.


10. What is the difference between a ((+()and a ((, () ES? Answer in 40 words or less.

In a ((+() ES, the most fit ( individuals of the (+( parents and children survive to the next generation. In a ((, () ES, the most fit ( individuals of the ( children survive to the next generation.


11. When confronted with a fork in the road at time t, the probability that an ant will choose the first road is given as 
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where k and h are constants, and mi(t) is the number of ants that have chosen road #i. Modify this equation to take pheromone evaporation into account.

Solution: 
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where ( is the evaporation rate.


12. Consider a PBIL algorithm with nbest = 1 and nworst = 0 and no mutation. Consider a problem where the optimal solution is the zero vector. Suppose that the zero vector is generated every iteration. Give an equation for the probability vector as a function of iteration number.

Solution:  


[image: image4.wmf]0

1

1

)

1

(

)

1

(

)

(

P

P

P

x

P

P

k

k

k

best

k

k

+

+

-

=

-

=

-

+

=

h

h

h

 


13. Suppose you have a four-member BBO population with s SIVs per solution. Immigration probabilities are 1/4, 2/4, 3/4, and 4/4, and emigration probabilities are 4/4, 3/4, 2/4, and 1/4. Assume that each SIV in the population is unique.

Assume that SIVs cannot migrate to their own island.

a. Suppose a random number is generated for each SIV and each island in order to decide whether or not to change that SIV. What is the probability that the most fit individual will remain unchanged after one migration cycle? 

b. Suppose a single random number is generated for each island in order to decide whether or not to change all of the SIVs in that island. What is the probability that the most fit individual will remain unchanged after one migration cycle?


Now suppose that SIVs can migrate to their own island, but that SIV position in each island is fixed. If immigration takes place, roulette wheel selection based on ( is used to choose the emigrating island. 

c. Answer question (a) under these assumptions.

d. Answer question (b) under these assumptions.


a. The immigration probability is 1/4 that each SIV will be changed. So the probability that none of the s SIVs will change is equal to (3/4)s.

b. The immigration probability for the entire island is 1/4. So the probability that no immigration will take place is equal to 3/4.

c. The probability that the first SIV will remain unchanged is equal to the probability that immigration does not take place, plus the probability that it does take place and the migrating SIV comes from itself. This is 3/4 plus (1/4)(4/10), where 4/10 is the relative emigration probability of the most fit island. 3/4+(1/4)(4/10) = 17/20. So the probability that none of the s SIVs will change is equal to (17/20)s.

d. As in the part (b) solution, the probability that no immigration will take place is equal to 3/4. The probability that immigration will take place and that each migrating SIV comes from itself is equal to (1/4)(4/10)s. So the probability that the most fit island does not change is equal to (3/4)+(1/4)(4/10)s.
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