EEC 693 / 793 Exam ( Solution
18 Problems
1. What type of computational intelligence is based on biological processes that take:

a. milliseconds
b. days, weeks, or years

c. millions of years


a ( neural networks, fuzzy logic
b ( ACM, swarm intelligence
c ( genetic algorithms
2. Suppose we are trying to evolve a giraffe. Height is represented by a 5-bit binary string that represents heights between 10 feet and 20 feet. What is the maximum phenotype, and what genotype corresponds to that maximum?

max phenotype = 20
max genotype = 11111 = 31


3. Suppose we have an L-digit, base M genetic algorithm (i.e., each individual has L digits, and each digit is between 0 and M(1). What is the total number of schema that can be written down for this type of population?

(M+1)L


4. The schema theorem gives a lower bound on the number of instances of a schema. Why is it a lower bound rather than an exact equality?

Because the crossover operation that occurs in the middle of a schema may or may not destroy the schema


5. What is the advantage of gray coding in a genetic algorithm?

Similar phenotypes have similar genotypes 


6. What is elitism?

Keeping the best individual(s) from one generation to the next

7. 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


8. How does a sharing mechanism increase diversity in a population?

It increases the fitness of individuals with a small number of similar individuals


9. What is the advantage of using multipoint crossover instead of single point crossover?

More complicated schema can be preserved with crossover


10. Suppose we have a population with four individuals A, B, C, and D, with fitness values 30, 20, 30, and 60 in that order (high is good). The average is 35 and the standard deviation is 15. Give the expected number of selections of each individual (in order) when:
a. Sigma scaling is used.

b. Rank weighting is used (the rankings are 2, 1, 2, and 4, in that order).
c. Normalized fitness weighting is used, where each fitness is normalized to the base value of 20.

a ( 1 + [ f(i) ( ave(f) ] / 2 ( = 25/30, 15/30, 25/30, 55/30
b ( Rank(i) / 9 = 4 × ( 2/9, 1/9, 2/9, 4/9 )
c ( Normalized fitnesses = 10, 0, 10, 40 ( E(i) = 4 × ( 1/6, 0, 1/6, 4/6 )



11. Suppose we have a population with four individuals A, B, C, and D, with fitness values 30, 20, 40, and 60 in that order (high is good). Linear ranking is used with a selection pressure equal to 2. Give the expected number of selections of each individual.

alpha = (1/6, beta = 1/6 ( E(i) = 4 × ( 1/6, 0, 2/6, 3/6 )


12. How many possible paths are there in an N-city traveling salesman problem?

N! / 2


13. The path representation of a six-city TSP is (3 4 1 6 5 2).

a. Give the adjacency representation of this path.

b. Give the ordinal representation of this path.

c. Give the matrix representation of this path.


(a) ( 6 3 4 1 2 5
(b) ( 3 3 1 3 2 1
(c) ( 
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14. Suppose we take four random samples of a process that are equal to 3, 2, 3, and 0. What is the sample mean? What is the sample standard deviation?

mean = 2, standard deviation = (2


15. Suppose we have two processes, one with a sample mean and standard deviation equal to 4 and 3 respectively, and the other with sample mean and standard deviation equal to 5 and 4 respectively. What is the t-statistic of these two processes?

t = (mean1 – mean2) / sqrt(s12 + s22) = 1 / 5



16. Which is more like a steady state GA: a (( + () ES, or a ((, () ES? Why?

A (( + () ES, because it keeps the best individuals from one generation to the next (like a steady state GA)

17. What is the “1/5 Rule” in evolutionary strategies?

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



18. How does the Baldwin effect incorporate learning into a GA?

Some bits are represented as ? instead of 0 or 1, and then each individual has an opportunity to “learn” the best value of its ? bits to improve its fitness during its lifetime
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