
Welcome to cons 3261 (CS Theory) !

Tonia nn (Toni ) Pitas si



i.
Course website :

www.cs.colvmbia.edu/~toni/Courses/cstTheoryZ023

z
.

Courseworks :

Lecture recordings see

office hour Links ( calendar )

gradescope : submit homework ,

Discussion (edstem)



3. t.ec#MW8:4o-q:sg
MW 10:10 - 11:25

4. offiiehours-IReuuids-ess.ms
See course calendar

s
.

Boots : Sipser Into
to theory of computation

3rd edition (or any
edition)



6
. Peregoy

Discrete math (graphs , directed , undirected

see chop 0

7. Evaluating

4 homeworks >
do each (28do )

2 tests (in class) 36% each ( 72h0 )

10123
,
12/11

* Late homeworks Not accepted
submit to gradescope . Deadline midnight
can submit early resubmit until deadline



8
.

Collaboration / Academic honesty

Don't search internet for solutions
,
related q's

Don't copy from anyone /any source

Cair collaborate with other students taking class

at end of collaboration ,
erase whiteboard

or paper .

Don't take pics

only keep ideas from discussion
.

Write down sows by yourself
write Names of collaborators on

AW



Intro

this course is about how hard problems are
"

languages
"
are problems. For NOW think of

languages as problems .

We will characterize problems into some classes

Regular languages /DF As

context - free languages (PDAs

computable/decidable languages /TMS
complexity theory



chaltenges

Lots of proofs

Abstract

some concepts may Not seem natural cat fist)

ie
.

Nondeteiminism



BackgoundMateri#

I. Not covered here but you need to know 8 ( chap o )

Boolean Logic, graphs, sets

1- Alphabet , Stringswords, languages



An alphabet E is a finite set of elements

7 Examples : E. = { 0,1}

Finite E = 191,2
,

. - -

, 8,9}

A string#É over E is a finite sequence of elements
from q

✗ Examples ( E- {0,13 ) : W : a

Finite w= 0011

A language L over E is a set of strings over E

T Examples L = Of (the empty language)
finite

L = { WI w has length ← 10}
or

infinite L= {WI w has an odd number of 1's}
L = {

*
= {W/ W is any string over E)



L = {w I w has Ceyth eco]

= { E, 0 , I
,
10
,
01
,
11
, 00,000,001, 010, • -

,

,
111
,

-

< = { w/ w has an odd number of y 's }

W = 00 111 0 C- L

w = 1010101 I C- (

w = E ☒ L

w = 11110000 ☒ L



E-- { 0,13

É = { E. , 0, 1,00 , 01,10 , 11,000,001 , .
. -

,

/ 11
,

i
- - }



String Notation

The length of a string s c- E*
,

1st
,

is the number of

characters in the string

The empty string ,

denoted by E
,

-

is the string of length zero

the concatenation of strings s and t , is denoted by s•t or
St

E
"

is the set of all strings over { of length
K

I :{ 00,0119 "}
E* is the set of ad strings over {

A language
L over E is a

subset of {
*

smallest language : L
= ¢

Largest language : L = {
*



Why are languages problems ?

Fix alphabet E ( i.e
.
E- {0,13)

problem associated with L :

given WEEE as input , decide if we L

Input : we E*

output :{yes
(accept) if we L

No Ireject) if WELL



Examples of Languages

L1 = { WE {0,15 f w has an even number of 1's}

12 = { we {0,13*1 w ends with oil } f- example :
W= 1101011 C- L

L} = { we { 0,13*1 W ' 0^1
"

,

n ? I }
g

w ' l l 1 1 10 ☒ L

Ly s { WE {0,1127 I w :O" I
" I
,
n 31}

Ls = { we {0,1]
"

I w encodes a connectedgrgÑ\
w= 000111 C- (

<6
= { WE 10,1]

'

/ w encodes a program that WE 00110011 ☒ Lruns forever}



Examples of Languages

L1 = { WE {0,13¥ f w has an even number of 1's}

Lz = { we {0,13*1 w ends with ° ' ' }
Regular

↳ = { we { 0,13*1 W ' 0^1
"

,

n ? I } DFA
D

Lcf = { WE {0,1125 I w :O" I
" I
,
n 31}

↳ = { we {0,1]
"

I w encodes a connected graph} context-Free

<6
= { WE 10,1]

'

/ w encodes a program that :
runs forever} Turing Decidable

•



Regular Languages and 'Finite Automata

Example of a DFA Cover E- {0,13 ) w= 01101 accepted
w= 1100 rejected
W= 1110

-→④É⑤7°
÷

s : a.fi:9, Eo oh
,

M={2=9913 , Q :{air, } 90$ F :{q , } , f:_→Q }~

YEE
'

& p
startalphabet states stage accept

transition

States function



Example's
0 21

→
→⑧→⑤⇐

1=43 →⑧ ?⃝QQ
'

L = § →0%291


