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1. In the previous lecture we looked at regular expressions, or “regex”s— formulas that
define classes of strings. Examples:

• ab*

• a*b*

• (ab)*

• (a|b)*

• [^a]+a?

2. Question: how do you write a computer program for matching arbitrary regular ex-
pressions???

3. Clarification:

• When we look at practical applications of regexes, we are often interested in partial
matching—whether a given string has any substring that the regex matches.

• When we study the computational properties of regexes and, going forward, the
finite-state automata and regular languages that correspond to them, we will
generally be interested in total matches : what strings are and aren’t completely
matched to a given regex (that is, none of the string is left over in a single
matching)

• Partial matches are derivative of total matches: a string partially matches a regex
if there is a substring starting at position i and ending at position j that is a total
match to the regex

4. Answer: we define a class of mathematical objects called automata, or machines,
such that:

• a general-purpose algorithm can be used to run automaton/machine in the class
on any string; and

• for any regex r, an automaton corresponding to r can automatically be con-
structed
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5. For regular expressions, the class of mathematical objects we’ll examine is called finite-
state automata (FSAs).

• We’ll see how to automatically construct an FSA for any regex

• Actually, the mapping between FSAs and regexes is fully bidirectional: for any
FSA, some regex exists that corresponds to it.

6. Example:

q0start q1
a

b

What regular expression does this correspond to?

7. Definition: a finite-state automaton consists of:

• A finite set of N states Q = {q0, q1, . . . , qN−1}, with q0 the start state

• A finite input alphabet Σ of symbols (the symbols that comprise strings, like
in regexes)

• A set of final states F ⊆ Q

• A transition relation between states. The transition relation δ(q, i) takes two
arguments—a state q ∈ Q and an input symbol i ∈ Σ—and returns a new state
q′ ∈ Q.

8. For the example above, we have

• Q = {q0, q1}
• Σ = {a, b}
• F = {q1}

• δ(q0, a) = q1
δ(q1, b) = q1

9. In a deterministic FSA, there is never more than one transition possible given a state
and the current position in the string.

10. A deterministic FSA accepts a string if recursively applying the transition relation
to the current state (initializing at q0) and the current position in the string (initializing
at the beginning of the string) leaves you at a final state after the string is completely
consumed

11. A deterministic FSA rejects a string if it doesn’t accept it
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