
Naming Systems

To name things you use characters from an alphabet to form

strings.

For instance, the (lower case) English alphabet of letters

E = {a, b, c, . . . , x, y, z}

can be used to names things.

Perhaps,

giraffe, elephant, donkey, buzzard

The Name and the Thing

Notice the name can change without changing the thing. (Multiple

names could point to the same thing.)

You can change thing without changing the name. (Multiple things

could have the same name.)

If you change the thing it is good to change the name. (If you

don’t one name can point to many things.)

It would be nice if everything had a name. (The mapping from

names to things should be onto. But, there may be more things

than names.)

Naming Systems

The alphabet of decimal numerals can be used to name numbers.

D = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

Perhaps,

278, 314, 577, 999

If you augment the alphabet with a decimal point, you can name

rational numbers too.

0.278, 3.14, 57.7, 9.99
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Naming Systems: Basic Notation

Let Γ denote a generic alphabet, and let c ∈ Γ denote a generic

character.

• The empty string, λ, is the string with length |λ| = 0.

• Every character c ∈ Γ is a string with length |c| = 1.

• If s and t are strings, then the concatenation st is a string with

length |st| = |s|+ |t|.

Naming Systems

One basic problem about naming systems is:

Given an alphabet Γ with cardinality m, how many strings

of length n can be made?

For instance, using the alphabet B of bits you can construct a table

that answers the problem.

number of

length strings strings function

0 λ 1 1 = 20

1 0, 1 2 2 = 21

2 00, 01, 10, 11 4 4 = 22

3 000, 001, 010, 011
100, 101, 110, 111 8 8 = 23

n 0n to 2n − 1 2n 2n = 2n

Naming Things with Digits

For a second example, consider the alphabet D of digits

number of

length strings strings function

0 λ 1 1 = 100

1 0, 1, 2, . . . , 9 10 10 = 101

2 00 to 99 100 100 = 102

3 000 to 999 1000 1000 = 103

n 0n to 10n − 1 10n 10n = 10n
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The Number of Strings with a Fixed Length
The pattern for counting strings is this:

Theorem 1 (Strings of length n over an alphabet of size m). If an alphabet Γ has
m characters, then there are mn strings over Γ of length n.

For instance, on E, the alphabet of lower case English letters

• There are 262 two letter strings

• There are 265 five letter strings

• There are 26n n letter strings

The Number of Strings Varying Lengths
Counting strings of length 0, 1, 2, and so on up to m makes a

nice application of geometric sums.

If an alphabet Γ has m characters,

• There is m0 = 1 string of length 0 (the empty string)

• There are m1 strings of length 1.

• There are m2 strings of length 2.

• And so on, up to mn−1 strings of length n− 1.

Therefore, there are

n−1

∑
k=0

mk = 1 + m + m2 + · · ·+ mn−2 + mn−1 =
mn − 1
m− 1

strings whose length varies from 0 to n.

Example English Strings Varying Lengths
There is 1 English string with length 0. (The empty string)

There qre 26 English strings with length 1: a through z.

There qre 262 = 676 English strings with length 2: aa through zz.

Therefore, there are

n−1

∑
k=0

26k = 1 + 26 + 262 + · · ·+ 26n−2 + 26n−1 =
26n − 1
26− 1

=
26n − 1

25

English strings whose lengths varies from 0 to n− 1.
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Languages

Not all strings are words.

A language is a subset of strings.

A strings in a language are called words.

A language is defined by syntax and a grammar.

These are very important concepts in computer science, but be-

yond the scope of this course.

Although essential in the study of computer science, the study of

languages is beyond the scope of this course.
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