
CSE105 (Spring 2013): Homework 1

Instructor: Daniele Micciancio

Due on Monday, April 15, 2013, in class.

1 Warm up

Exercises 1.2 and 1.3 from Sipser.

2 DFA and NFA design

For each of the following languages, design a corresponding DFA or NFA as directed. For each language,
your solution should include a brief English description of the main ideas behind your construction, and
the state diagram of the DFA or NFA. You should use jflap to design (and “debug”) your automaton, and
print out the state diagram as part of your solution. (Notice that jflap automata allow several extensions
to the basic definition of DFA and NFA from the book. You should not use these extended features in yous
solution.)

(a) The set of all binary strings w ∈ {0, 1}∗ that contain the pattern 0011. For example, the strings
0011, 101010011101 are in the language, while ε, 101011 are not in the language.

(b) The set of all binary strings w ∈ {0, 1}∗ that do not contain the pattern 000111. For example,
ε, 0011, 111000 are in the language, while 100011101, 000111 are not.

(c) Design an NFA as described in Exercise 1.7 (c) from Sipser

(d) Design an NFA as described in Exercise 1.7(g) from Sipser

3 Adding numbers

Following the same guidelines from the previous problem, give DFAs or NFAs for the following languages.

(a) Consider the language L of all binary strings x1y1x2y2 . . . xnyn of even length 2n such that x = x1 . . . xn
and y = y1 . . . yn are the binary representation of two numbers that add up to x+y = 2n. For example
011011 is in L because x = 011, y = 101 are strings of length n = 3 such that 011 + 101 = 1000, i.e.,
3 + 5 = 8 which equals 23. Give an automaton (DFA or NFA) for the language L.

(b) Same as part (a), but now consider the sum of three numbers. Given an automaton (DFA or NFA)
for the set of all binary strings x1y1z1x2y2z2 . . . xnynzn such that x = x1 . . . xn, y = y1 . . . yn and
z = z1 . . . zn are the binary representation of three numbers that add up to x+ y + z = 2n. (For this
part, you may assume that binary numbers are written in reverse, i.e., the string x1 . . . xn represents
the number

∑
i 2i−1 · xi. This makes the problem sligthly easier.)
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4 Modeling computation

(a) Read the description of Finite State Transducer (FST) from Sipser Exercise 1.24. (You may want to
answer the questions in the exercise to improve your understanding, but you are not required to write down
your answers here.) Give a formal definition of this model as a mathematical object, following the pattern
in Definition 1.5 from the textbook (or lecture notes.) Notice that FSTs (as those depicted in Exercise 1.24)
may use different alphabets for input and output. For example, T2 uses input alphabet Σ = {a, b} and
output alphabet Γ = {0, 1}.

(b) Do exercise 1.26 from Sipser.

(c) A FST describes a function fT : Σ∗ → Γ∗ mapping strings (over the input alphabet Σ) to strings (over
a possibly different output alphabet Γ). Give a formal definition of the function fT computed by a FST,
following the pattern used in class to define the function fM : Σ→ {0, 1} computed by a DFA. (See Lecture
Notes.)

(d) Similar to part (c), but this time describe the computation performed by the FST, again following
the pattern used in class for DFAs. (See Lecture Notes.) As a reminder, your solution should include the
definition of a set of configurations C, a transition relation R ⊆ C × C, and input/output functions I,O.
[Hint: as a set of configurations, use C = Q× Σ∗ × Γ∗.]

5 From NFA to DFA

Exercise 1.16 from Sipser, parts (a) and (b).
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