
Exercises Computer Programming

December 4, 2009

Week 2

1. Write a program to print DNA which is read from standard input. The
input can be in mixed uppercase and lowercase. First write it out in all
uppercase, then in all lowercase. (Hint: have a look at the functions uc
and lc.)

2. RNA consists of the symbols A, C, G, U, DNA of A, C, G, T. Write a program
that transcribes a sequence of RNA to DNA.

3. Prompt the user to enter two DNA sequences, concatenate the two se-
quences and print them (see how many ways you can think of to accom-
plish this). Next, print the second sequence aligned with the concatena-
tion, e.g., if the sequences are ACCGAT and GCATTA respectively, the output
of the program should be

ACCGATGCATTA

GCATTA

(Hint: have a look at the function length.)

4. Write a program that prompts the user for a list of numbers. Compute
and print the mean, standard deviation, minimum and maximum of those
numbers.

5. Write a program to determine the fraction of the nucleotides A, C, G and
T occurring in a given DNA sequences.

6. Write a program that checks whether two given DNA sequences are one
another’s reverse complement.

1



Week 3

1. The primary structure of a protein is specified by its amino acid sequence.
Each of those 20 amino acids is represented by a character, hence a protein
can be represented by a sequence of such characters. Write a program that
prompts the user for a sequence, and that counts the number of times each
of the amino acids occurs in that sequence.

2. Write a program that can translate amino acids from their single character
representation to their corresponding three-letter code and vice versa.

3. Write a program generates a random DNA sequence, the length being
specified by the user. The program should have a function that takes the
sequence’s length as a parameter, and returns the random sequence as a
string.

4. Write a program that uses the function of the previous exercise, but that
writes it to a file, formatted so that all lines have 80 characters, except for
the last.

5. Write a program that reads a file that contains an RNA sequence, and
that writes a new file containing the corresponding DNA sequence.

6. Write a program that reads a file that contains potential email addresses,
one per line. Check whether the address is actually valid, for simplicity as-
sume that addresses have the form firstname.lastname@host.domain.tld.
Invalid addresses are reported to the user.
(Note that in reality the syntax of valid email addresses is very complex,
so don’t be tempted to use a program such as this.)
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Week 4

1. Write a program that given a DNA sequence, prints out triples of consec-
utive nucleotides, one on each line. Use a regular expression to accomplish
this, and report errors when a character is encountered that is not a nu-
cleotide.

2. Modify the previous program to count the number of times each triple
occurs.

3. Modify the previous program to show also triples that do no not occur in
the sequence. (Hint: there are 64 possible triplets)

4. Look up the semantics of the function substr in the Perl documenta-
tion. Use it to reimplement the previous program without using regular
expressions.

5. Use the program you developed for exercise 3.3 to generate a long se-
quence, e.g., 108 nucleotides and time the programs developed in exercises
3 and 4. Which is the faster?

6. Write a program to validate Belgian phone numbers. Those can be of
several forms. The area code can have 2, 3 or 4 digits. If the latter has
2 digits, it is followed by 7 digits, if it has a 3 or 4 digit area code, it is
always followed by 6 digits. Area codes and numbers are separated by a
/ or a -.
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Week 5

1. Use a hash to encode points in a 2-dimensional space, i.e., ( 'x' => 1.3, 'y' => −0.5).
Write a function to compute the Euclidian distance between two such
points.

2. Write a function that computes the cross product of two lists, i.e.,it com-
putes a list of tuples, the first element a member of the first list, the
second one of the second list. Consider, e.g., the lists ( 'a' , 'b' , 'c ' ) and
( '1' , '2'), the result of applying the function will be the list
([ 'a' , 1], [ 'a' , 2], [ 'b' , 1], [ 'b' , 2], [ 'c ' , 1], [ 'c ' , 2]).

3. Extend the function of previous question so that it computes the cross
product of an arbitrary number of lists.

4. Write a function that checks whether all elements in a firist list are mem-
bers of the second, i.e., test for list inclusion.

5. Write a function that sorts a list of numbers numerically. Analyze the
complexity of your implementation.
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Week 6

1. Implement a function using recursion that computes the Fibonacci func-
tion for a given natural number, i.e.,

fib(n) = fib(n− 1) + fib(n− 2)

fib(0) = 0

fib(1) = 1

2. Reimplement the function of the previous exercises without using recur-
sion. (Note: this is not easy.)

3. Implement a function to sort a list of numbers by first finding the smallest
element in the list, removing it from the list and sorting the remaining list
in a similar manner.
(Hint: look at the function splice.)

4. Write a function that, given a list, returns all its permutations, e.g., given
(1, 2, 3) the function will return the following list:
([1, 2, 3], [1, 3, 2], [2, 1, 3], [2, 3, 1], [3, 1, 2], [3, 2, 1])

5. Write a function that checks whether a given element is in a list, analyze
the complexity. Now suppose the list is ordered, can you come up with an
algorithm that has a better complexity than for the general case?
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Week 9

1. Write a program that reads a file containing sequence information. Se-
quences start with a line of the following form:
# 4734923

The number is the sequence identifier, and it may optionally be followed
by a comment, from which it is separated by --. The sequence itself is
specified on the next line(s), each line starting with > and containing any
number of A, C, G, T characters.
Sequences in the file may be separated by zero or more blank lines, and
whitespace can occur anywhere except within the sequence. The following
is an excerpt of such a file:

# 4734923

> ACCGTTATTCG

> AACGGTATTA

# 754930 -- Myeline, 2007 seqeuencing, PCR

> ACGGTATTAT

> ACCCTTACC

> TTAC

The program should report the number of sequences in the file, as well as
their average length.

2. Write a program that reads column data in a file. You may assume that
each row has the same number of column, separated by ,. However, some
rows have missing data, i.e., there is no value in one or more columns.
The program should write only those rows that have no missing values.

3. Modify the previous program so that it writes NULL for the missing data
(this means that it will now output all rows of the original file). Add a
command line option to specify the column separator.

4. Write a program that reads a file, and reports the number of lines, words,
and characters in that file to standard output.

5. Write a program that reads a file, and writes a random sample of size n of
the latter’s lines to standard output. The number of lines can be specified
as a command line option.
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