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If these are the answers, what is the question?
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COMMON SIMPLIFYING ASSUMPTIONS

1. Encoding inputs as finite strings.
» Generalizing ‘everything's just bits”

2. Afocus on decision problems
» Described as the set of inputs (strings) where the answer is “yes”
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Languages

ALPHABET

An alphabet ¥ is a nonempty set.

The elements of X are called letters or symbols.

v We will always assume a finite alphabet.
v Examples?
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STRINGS

A string over L is a sequence

C]CZ"'Cn

wheren > 0 andeachc; € X.

v’ Every string is finite
V' We will write strings without quotation marks

Xyzzy
V' We write the empty string as €
Note: € ¢ L
)
What about my

alphabet?
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LANGUAGES

A language L over X is a set of strings over L.

v The set of all strings over X is written L*.

V' Theempty set 0 is a language.

v’ Languages may be finite or infinite, but they contain only finite strings!
V" Other examples?
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The set L* can be defined inductively:
v eel®
vV faeXlandx € X*thenaex € X*
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STRINGS (MORE FORMALLY)

The set L* can be defined inductively:
v eel®
vV faeXandx € X*thenax € L*

. ?ﬁ;z

Amlin Z* 2
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v’ Structural induction on strings: If P(¢) and
Vx € Z*.Vae . P(x) — P(ax)

thenVw € Z*. P(w).
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RESULTING INDUCTION PRINCIPLES

v’ Structural induction on strings: If P(¢) and
Vx € Z*.Vae . P(x) — P(ax)

thenVw € Z*. P(w).

v Strong induction by length: If

vn > 0. (Vw e X*. length(w) <n — P(w))
— (Vw € X*. length(w) =n — P(w))

thenvVw € Z*. P(w) .

The inductive definition of strings also justifies defining functions by
induction/recursion.
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OPERATIONS ON STRINGS

append(e,y) =y
append(ax,y) := aeappend(Xx,y)

length(e)
length(ax) :

0
1 + length(x)

rev(e)
rev(ax) :

€
append(rev(x),a)
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OPERATIONS ON STRINGS

append(e,y) =y ey =y
append(ax,y) := aeappend(x,y) (ax)y := a(xy)
length(e) =0 le] := 0
length(ax) := 1 + length(x) lax| := 1 + |x|
rev(e) = ¢ cR ‘= g

rev(ax) := append(rev(x),a) (ax)R = X"a
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OPERATIONS ON STRINGS

append(ﬁ,y) =y ey =y
append(ax,y) := aeappend(x,y) (ax)y := a(xy)
length(e) := 0 le| :=0
length(ax) := 1 + length(x) lax| := 1 + |x|
rev(e) = € eR = ¢
rev(ax) := append(rev(x),a) (ax)R := xRa
Prove

vV Yw e ¥ (we =w)

v Yw e Z*Vy,z € Z*. (wy)z = w(yz)

v Yw € £*Vz € L*. length(wz) = length(w) + length(z)
v Yw e L*Vz e I, (wz)R = zRwR
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OPERATIONS ON LANGUAGES

LUM
LNM
L\ M
LM = {xylxel,yeM}
| L0 := {e}
= 11"
L* =LULl'UL?U---

Lt =L"ul?u---
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EXAMPLE

Assume L ={ba,da} and M ={da,rk,e¢ }.

LUM =
LNM =
L\M =
M =
L3 =
L -
L =
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LANGUAGE EQUIVALENCES (NOT THE sAME L)

v L) = v =
v e} = v It =
v {ef = v (LUM)N =

v et = v (L)* =
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