
CPSC 4211501 Sept 15

- Review strings (words & languages

w.fsanktet.hn?n" " "riot" for alphabets E. n

- Prove this thin using set theory ← InThursday
- Russell 's Paradox & Other paradoxes lthms with negation t self - references[
today and Cor Thursday
All this is in the first handout !

Self - referencing , Uncountablelily ,
and Uaeooumpotability

we'll go around 10:20 ( so minutes) , breakout rooms in Zoom

for some problems ( typically from 2019 homework

or 2019 webpages - review
midterm

- review final

meet back ; discussion ( question

I'll post office hours for tomorrow by this afternoon
.

-

Homework teams of up to 4 students ;

some problems written up by each - student

I ' ' '
ii ri by the team- -
-



Last time start of handout

{ C! O of textbook : Introduction to the

Theory of Computing , By Mico Sipser
3rd Edition

-

An alphabet ,
E

,
is any

finite
,
non- empty set

.

The elements of E are called symbols or letters
T P

textbooks very common In

the literature

{
k

= K - tuples of elements of E

E -

- ha}
,
S4 =L @a.a ,a,}

"H
{ aaaa}

or { a" }
↳
sxkx.it#

orderedk th Cartesian product

ptuples
E
'
= { E } E - empty string

{ = {a ,b] ,
E
-

= { aa , ab ,

ba
,
bb }

I
literally ab is really la , b)



E string !

Concatenation : aba o bb

= ababb

I
'

Eko El gktl

{ oaba
= aba
-

{ is an alphabet
"

set of strings over S
"

notation {
*

is just

{
°

us 'u5u
. . .

= Em
-

Cham '
. Any C - program is a string over

ASCII alphabet ,

( ASCII 1=256 ,
has a

,
. -
FA

.
. .-2,913,9



This is mostly true ,
( it does depend on how you

interpret a C
program

- what built in libraries
,
etc

. )
-

Similarly , any
book in English is an ASCII string

( ignore illustrations
,
etc

.)
-

There are many notions of -an algorithm
-

:

① C
program ② Javascript program

③ Turing machine ④ Deterministic finite Automaton

( ch :3) DFA ( Ch . 1)

All be written- with some understanding - as

finite strings over game fixed finite alphabet
.

-

e. g . indentation - you
have toageeonsome

convention

Turing machines & DFA s as well
-

compound wards : Antidisestablishmentarianism
-
- --- -



interpretation
finite lengthAlgorithms =)
strings over some

alphabet E
I

Language over an alphabet
,
E

, is a subset of

St
.

e.g ,

I = {0,1 , - . . 93 , languages ofer E include !
- -

*

PRIMES = { 2,3 , 5,7 , 11,13 ,
17,19 , - - - } CE
w

literally 17 mean ( 1,7 )

SQUARES = { 1 , 4 ,
9
,
16
, 25,36 , - . . } C E*

= { 0,1 , - - , 93£
Over Esha ,

b)
"

PALINDROMES OVER { a .bg
"

= { E
,
a
,
b
,
aa

,

bb
,
aaa

,
. . . }

not Is or tea or
acts



= { go. E* I g.
reverse

, y }
where

r = ( ri , . . . , th) , Treme :( oh , ok . . . - - , f)
or
r
,
- - ok I = 9. %

,
- -
T
,

=

A language E e.g . PRIMES

SQUARES

PALINDROME OVER E

can be viewed as decision problem

formally ! A decisimproblena-cwhoefaig.ge,)
is any subset of S*

. The setofalanguges

are E - power

where S any set , power ( s) = .

' set of all
subsets of S

-

Theomperm ! for any apple.at#ts E , A ,
any map f : {

*
→ Power )
-



is not snurjnectik ,
i.e

.

there is some

[ c- Power ( htt ) sit
.
there is no TEE

't

with

f ( o ) =L
.

Application ? For the notions of " algorithm
"

in

CPSC 421/501 ( DFA's
,Turing machines, etc . I there

are decision problems that can't be solved :

interpret as an algorithm
f ! {

*

tdi f
invalid descriptions
or

decides oscine language1
anger A

-

God is to prove this , and th#H it will be

useful to speak countable luncountable sets
.

-

Set : ( 1. 2,33
, Efa ,b} , { kagu-ges over A }

> power ( htt )

f ! S → T map of sets ST is

(1) if 9¥52 , 5,555 then

f ( s ? # flsa) ; e.g , student ID numbers-



fork students) → Lo , . . ,aY { same

(2) surjective if VTET 7. Sfs

for all t in T there is some SES

sit
. fcs) = t

.

(3) bijective if it is injective & surjective

( also called one -to - one correspondence )

e.s . { 1.2.33 Is
, , "② }

fli) s
, fcz) = ,

fl3) =

e.g . Eerjectwe Joel gardens :

Monday → Mint

Tuesday → Basil

wed →
Th } ghitmeuefythyFr

Sct
,
Sun → relax }



f ! { Monday , -→Sunday } → { Mint ,
Basil

,
relax}

f : S → T

t t
' '

domain"
"

range
"

f could map

f ? { mon . .
-

,
Sun } → { Mint

,
Basil

,
relax

,
lettuces
f-

if I never
work or lettuce

,

-
bad

. . .

Say that S and T have the scene size

if there is a bijection f : S -7T
.

We
say that

T is large than S if there is no

surjection S -7T
.

-

S
,
T finite

,
and / s) s # of elements

in S



F bijection S -7T iff 151 = IT /

but
my =L I

, 2,3 , 4,5, - - - }

Do = ④
so

= { positive rationals}

asian .
.

.

..
.
. . . , 1¥:

""

e 's . even thought IN C 7L
proper

1
,
2,3

, 4,5 , - - ,
← IN naturals

bijection Mf b b b b
← I integers0

,
l
, -1,2 ,

-2
,

-
-

-

-

Questions for discussion ( random breakout)

① Hw :

- do the followings sets have the same

size as IN

Hix ! Has the same - { functions from fo
, is → IN}Site



this one lddooesn't- { functions from IN→ {oil) }

① Give an

"

intuitive example
" of injection 1.surjection

③ Came up with a surprising injection / surjection / bijection

④ If f , g are surjection s
,

f : S -7T

g : T-W

is go.fi S → U and why ? can you prove ?

Tou can currently do ②
,
③ ,④ ←

Next time we will do ① ;
- -


