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Theory of computation

Lecture 1: Introduction
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e Sipser. Introduction to the Theory of Computation, 2" Edition.
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e http://www.cs.science.cmu.ac.th/person/jakarin/doku.php?id=204753 2015
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Outline AILLIN

o NUNMUAUAFITAT
e Finite Automata

e Nondeterminism

e Regular Expression
e Nonregular Language

e Push-down Automata
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AUTOMATA,COMPUTABILITY,COMPLEXITY

lavialuud? theory of computation uAzWADITBS
RIVNITINEN G 3 F1VIHWAD

automata
computability

complexity

TINI 3 FIVIBIFUNUTNWAILEIDINNIN
What are the fundamental capabilities and limitations of

computers?
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Complexity Theory

TG RZ RV ﬁfﬂzﬁmﬁwﬁwmwﬁdwﬁlugwﬁmmﬁaﬁu
Complexity theory:
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Sauwgennindgyminiaiiusdaya
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Complexity Theory

What makes some problems computationally hard

and others easy?

dusronunanvad complexity theory %Gﬁ’]ﬂ’]&liﬁ’ﬂﬁiﬁ’]@@ﬂ&ﬂ
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AT WUITARE ) NUAITDINI9LAL
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Complexity Theory
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Complexity Theory

ik lusvUszendniinalauasinu Complexity theory @@
Cryptography (3N&1N1ILIN1TRFAL)

lasm ldusrdyrmmensswmniigazidunaasnisunnni
w1810 We ki Cryptography HudadmMITn1enn INTIZINIRRAL
A9 AITATLINLUNIUNLIREDN baiil secret key 38 password

Complexity theory i dunwINILANLURAENIRFIUATITITRF A
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Computability Theory

TIINAIVIANITIEN 20 Kurt Godel, Alan Turing, Alonzo Church
lanunuiTymnugwn snamuilaarsaaufiaad arasnini

gd > A 1 A 6 & a
pasfymikadumasinsaaiuwin Uszloansadiaenaasiduads
WI0LN s‘ﬁog]mﬁam'}mﬁ]ﬂ%’ﬂawﬁama%aﬂﬁ LG computer §aU
laile
ynunansewnu i ldinauwfelunisnaim lueaninguiues
aaufaassai ldgniainneniiiaeiaieg

1w computability theory ssazidunisutsuanifyniindynilaun le
oy lawn L e
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Automata Theory

Automata theory Lﬁﬂ’)ﬂvuﬁﬂﬂwLLE\]ZQN&&I‘J@%E}GI&JLﬂﬂﬂ’](‘lﬂﬂ@]ﬂ’]&@]g
TN lataamaiiunuinlunais 9 a1unves

Computer Science

§108719lULeaNLINL LS8 Finite automata Qﬂi"]ﬂ% Text

processing, compilers, hardware design

dnluLaafa context free grammar Qﬂ%ﬂu programming languages
LLae Al

13192130L58 % Automata Theory fioh

Computer Science, CMU




AUTOMATA,COMPUTABILITY,COMPLEXITY

m;iJ

Complexity theory: Classify problems as easy ones and hard ones.

Computability theory: Classify problems as solvable ones and

unsolvable ones.

Automata theory: Deal with the definitions and properties of

mathematical models of computation. Finite automaton, context-free

grammar
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Outline of the course contents

Computation

CPU

memory

37N www.cs.rpi.edu/~moorthy/Courses/modcomp/slides/Introduction.ppt
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Temporary memory

L

input

CPU

output

Program memory
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Example: T(X)= X3

Temporary memory

L

input

CPU

output

Program memory

compute X*X

compute X2 ® X
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Temporary memory

f(x)=x>

input

L

X =2

CPU

output

Program memory

compute X*X

compute X2 ® X
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temporary memory

f(x)=x>

2=2%2=4
f(X)=2*2=8
f input
. ——iX=2
CPU
- output

Program memory

compute X* X

compute X2 ® X
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temporary memory
1=2%2=4
f(X)=2*2=8

f(x)=x>

input

L

X =2

CPU

f(x)=8

Program memory

compute X* X

compute X2 ® X

output
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Automaton

Temporary memory

Automaton

CPU

Program memory

input

output
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Automaton

Temporary memory

Automaton

L

Q/%;ion
state

input

output
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Different Kinds of Automata

Automata are distinguished by the temporary memory

* Finite Automata: no temporary memory

* Pushdown Automata: stack

* Turing Machines: random access memory
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Finite Automaton

Tempo emory

— Input

Finite 3\2 AL
Alu‘:oma‘ron C{ /};%

output

Example: Elevators, Vending Machines

(small computing power)



Pushdown Automaton

Temp.
memory Stack Push, Pop
Pushdown QD/OE;% —|_Input
Automaton C{/
T output

Example: Compilers for Programming Languages

(medium computing power) .,



Turing Machine

Temp.
memory | Random Access Memory

— Input

Turing O\.O/Q
K/E;%

Machine

output

Examples: Any Algorithm
(highest computing power)
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Simple
problems

Finite
Automata

Less power

Power of Automata

<

More complex Hardest
problems problems

Pushdown Turing
Automata Machine

» More power

Solve more

computational problems



Turing Machine is the most powerful
computational model known

Question: Are there computational
problems that a Turing Machine
cannot solve?

Answer: Yes (unsolvable problems)
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Time Complexity of Computational Problems:

NP-complete problems

Believed to take exponential
time to be solved

P problems
Solved in polynomial time

26



Mathematical Preliminaries

e Sets

e Functions
e Relations
e Graphs

e Proof Techniques
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Lo (Sets)

mjmaaﬁa@mq azgm’%'ﬂﬂ'j'] L H (Set) LTWLTAVDILADUNIRY
R4, LTOVDIIUNILIN YaY

irasnnTainuiagoiiaes lin ldaurisaaae, dyanwal, #ie
LANIENILTADU

% dl 1 = 1 a\ =

Tanfiegnulwiaa (Sund1 @u13n (Element %38 member)

lasm lUfsuasTalmamaaanesinguazdouwsansoiunusaaiain
N1 { } Aae9LT

A=1{1,23,..)

B = {football, basketball, running, swimming}
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NILU LT G

TR TLANLAIRNITNY DILT G4 mﬁ]ﬂ"ﬁm%aa%muqamﬂ (,) At
TERINRUITNLGRZAD AINRINUIBNINZLT ... N TREFNITAUIG b3 btk

a o
i la
o NMITUULTALLLUINLIIFNITN LT% A ={28, 29, 30, 31}

o MadsnmaLuuLaniowl Lﬂummwﬂmﬂ {’NTN | Fawlalunmsdu
RUTTN} DU "LTAVDY (FNTTN) Tagil LGE]%VL?J "o S={j|j>0,and =2k
for some k>0 }, T = {x | x Tuswananizfiunnnd 10}

191w X E A WNB "X LURNITNUDILTS A"

esdiow X € A unu 'x Lidusnndnuasaa A"
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LTOINNALRZLTO DG

L EaA1N6 (Finite set) AaLTANNIIWIBIFNITALYINALSIUIN

Y,

Lﬁwmﬂ%%gﬁuﬁ (LanIwInauTnle) 1w A = {4, -10, 55, 6}

IIUWIRFUITNVI A LILULNUEIE N(A) = 4

1ABTe (Infinite set) Aatmaf LlBioasne 11w
B ={2 4,68, 10, ..}

fow C = {1, 2, 3, 4, ..., 10} Lduimasnnansa byl
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LT INLAZLANANTUNNT

I A AN A A A Y A
A9 Aalad lilanndn Wawunuweiy ¢ nia {

(W) (W 6 dl o &’ a Y I 1
LANANTNAND LN AWOVWLANT AN RIIN1E L4l

: A A A o £ A
NENNNIRIlaUENLALE FANNFNITNVRITANRUAU (VBLLYANLT
Rula) Weauwnuas U

U

10

A={1,2 3,45} Uu={1,..,10}
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QY Qs

ARNLTIO

M UBRNITAN S LLre 2= T8I UNOWRRI JbLALAT

"ag" wio "lajag" lulaiu aaru sandndnngdraziuiduen
LALINY (DNFWLIAITIZILN multiset)

RULLAG mﬂlmeﬁ@m%zﬁ@]’é’u@m %‘%"aﬁlfmagﬁﬂ‘*ﬁu wIod

RUNTNL DU E9 TN LG LagRaNAITHUIIUIBFNITNIE LA 1 dauau
w30 1 LU dWINITN 1 FILTW
E = {5, (6,7), {8.9,10},11,(12,13)} 2=l¢41 n(E) = 5
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AN FUNBTIZAINILT G

AU LT 6

A WuguLTauas B fi”'mm%ﬂnﬂ@”waa A L uguNTNVUY B LASLY Y%

unuey ACH

151180731 A 14 proper subset 284 B Wauknualis ACEB @1 A
. subset Va9 B wé haitvinnu B

NISLNINWY D ILL 6

A = B NeaLie 1.am°‘fmnﬂ@”’maa A L JugNNTNVDY B LA

z.am%ﬂnﬂ@”’maa B LUwau1Tnuas A

wwha A = B neatila ACB uaz BCA
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QY Qs

ARNLTIO

fnILLTe A lag
e pCA
s ACA
s ACU
o Sungulmauay A Alwinnu A 41 sulsauriues A

o 01 A LTULTOFING e n(A) = m a2 A AEUFULTALANGIINUNIRUS

2™ JULTR
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LN DSLT 6

wanaﬁﬁmﬁam@ﬁmiqé‘aﬂa%’umﬁmmﬁl,ﬂuvlﬂvlﬁ NI DL TAVDT A
Wonunueasyaneo P(A) feulas P(4) = {B|B c A}

@819 TRUAlA A = {1,2,3} 29111 P(A)

azlain P(A) = {¢,{1},{2},{3},{1,2},{1,3},{2,3},{1,2,3}}

PasIlne §nTLTa A lag

o P(A) dawandsenavlUshosuimariniavad A
o ™ A Juwadnaua n(P(A)) = 2"®

e« pEP(A)uzA€EP(A)

« mAC Bum P(A) c P(B)

« P(A)UP(B) € P(AUB)

. P(A)NP(B) = P(ANB)
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NIIANLBWNNTVDILT G U=(12,34,56.7}

A={1,2 3} B={2,3, 4,5}
B

e Union:
e« AUB ={x|x € Aor x € B}

Q>

o Intersection:
« ANB ={x|x € Aand x € B}

e Complement:
. A’ = {x|x & A}

e Difference: o 6

e A— B ={x|x € Aand x € B} .
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§INTLLTR A, B ez C la g

AUA=A

ANA=A

AUB=BUA

ANB=BnNA

(AUB)UC=AU(BUC(C)

(ANnB)NC=ANn(BNC)

AUBNC)=(AUB)N(AUC)

AN(BUC)=(ANB)U(ANC)

(AUB) =A'nB’

(AnNB) =A"UB’

(A) =4
o' =U U=29
Aup=A ANP=0
A—Q0=A O—A=0
UUA=U UNA=A
U—A =A4A A—-U=0Q
AUA =U ANA' =0
A—B=AnNnDA

thA c B us B’

c A’
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TR IS URDININNLSEY 73 A I8 Ldw 45 auw Ausnud 26
At YN LUl wNIgada81d 18 A DN

1. 188 ndunazausadw Naw

2 Mo durIavusordn Naw
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Sequences and Tuples

Q/ Q/ 1

a1nl(Sequence) V84INYABNLNIVBNIAYNTIAUABUNAS 1312
N LAY 881 TWRNAY 7,21,57 1 Dawiln

(7,21,57)

lurasraunonnad lfaue lbsauduaIa a9t (7,21,57) bl
YN (57,7,21) @aNSINBNNANUSIATULT N

ANAUAIVTHIIMWININNANIA bD LG S19UTINANNITLIBNIN tuple
laad1aund k a13zt38n797 k-tuple 1% (7,21,57) Aa 3-tuple &34 2-
tuple t38NINABWAL(pair)
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Qs Qs 6 (e
AN NRNNWTLLAZNIN T

ADNAL

-

ﬂszﬂauﬁmam%ﬂaam‘”ﬂugﬂ (a,b) B9 lisauTnLURBURAUINNTN
AIRUNNUAINAI bA LaT (a,b) = (c,d) NGBLUD a =c waz b = d LWt

6l
NAaAtWAIINLD W
nuald A uaz B ilulwala g naaoia1ifiiBow (Cartesian product) U84 A Uas

B 119391580 Cross product LIBHUNKAIY A x B ALTAUIgawaLNFINENAILIANNNN

L6 A LRSRNITNOINRBINIANALTA B ASUNNA
AxB = {(a,b)|a € A and b € B}

Y

aqana laoniall AxB £BxA ue n(AxB) = n(BxA)=n(A)n(B)
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Cartesian Product

A={24) B={223,5)
AXB={(22),(2,3), (2 5),(4,2),(4,3), (4, 5))}

|A X B| = |Al |B

Generalizes to more than two sets

AXBX..XZ
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1 A = {1,2} uar B={x,y,z}

AxB = {(1,x),(1,y).(1,2),(2,x),(2,y),(2.2)}
LRIV Cartesian product Va4 k LTARE) A XAX. .. XA, lasg

dwaziluwimandsznavluddn nn ktuple (aa,....a) 1 Q; € A4;

11 AxBXA ¢ wa 89 LS
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WInDI(Function)

[+ 74

WanzwJuiaanas19u1naNUguNUSVa9 input-output

q

o A 6 w o . LY Y Y
nudawarTuaiie input 131 lUWAIR319 output 8NN

1%“(}7’]5] Wertuazilgmantfatanitafa input ALANZEIN output
GILANLAND

M L IuWeR U output 1w b 1l8 input 1w a Wl

f(a) = b

Computer Science, CMU




WINTULIIATIALLTHNTN mapping WAz f(a) = b 15192389 |
map 910 a 1 b

@ I & o Ao o & . A o
@lqaﬂqﬂﬁﬂﬂ"ﬁ% absolute abs NTUNILRY X L1 Input LLREAUAT X N1

& : A A & ' v o
X L‘]J%ﬂ']ll’)ﬂl;l:ﬂzﬂuﬂﬁl —X td8 X L‘]J%ﬂ']ﬂll QINEEY 2

abs(2) = abs(-2) = 2

MU wANAI8 819 aINIRTY L6 ﬁuia;&mﬂu@]’maaﬁ‘hmmaz
output L WNATINVDITININ
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Domain and Range

lravad input Nw bl lewaswsnauazianin Domain
€ A % = 1
Output 28IWINTUNNIAN set MULUIZONIENIN Range
guanwmuandd f iulenduain Domain D uaz Range R @8
F:D—R

lunsBwsnai abs H1L3191191%U integer Domain WAz range 3sb%

Z (v59289 integer) 1313z 8n @3N abs: Z — Z

luns@n15u9n Domain 3zt ZxZ &% Range 1% Z @91b14350081%
laidu add: zxz =2z

Wengunlnnau1dnlu Range 32138071 onto
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a 6 o 09// P=| ad ::2' dlca VA a Y
lumsabuneWsnTunuina1s3d mMenisnioulsasaTuraeis
ATEUIUANTANWIDE output IINNITAALA input DANInisAe D
a39uaann input Miulyldi1lA output azls

N TWINTY £:{0,1,2,3,4} —{0,1,2,3,4}

n f(n)
0 1
1 2
2 3
3 4
4 0
Wt suihiinen 1 1970 input HaaWEN L6 modulo 5
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TU19ATISNT 2 ﬁ@azgn‘lﬁﬁa Domain 2a3WInTwLiw Cartesian
product 184 2 L@ ¢ia lhiduaragIwentu g:2,xz, =2, \ia
Z =1{0,1,2,...i-1} 53 g AaWINTULINUAT modulo 4

WIN| = | O |0
WIN|IF-—, | O|O
O W |IN|F |k
R O W([IN|IN
N[Ol W|W
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LalatuuyaIwanTw f 1l AXAX...A FIRTULLDA A A . A
input VaIWanTU f 3w k-tuple (a,.a,,...a,) #aa3192580 a T

argument 124y f

WISTWAS Kk argument 13192158037 k-ary function LTuEN k=2 137

38N Binary function

IEULALAY Binary function Miaulugy infix notation (1audae
FyanualyaINITIITaEIzINg 2 argument &34 prefix notation

NIUANHIRZANTI O
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A28 TUNIITU add azanilisulugy infix notation drodm ANl +

J2WI 2 argument LD a+b WNUNIZLBLU add(a,b)

Predicate #38 property Huwanoun Range Nadn {TRUE,FALSE}

gl even 1w property Mtdlu TRUE 7 input ﬁlﬁﬁﬁml,ﬂmamgil,l,az
FALSE 21 input 1Julad @914 even(4)=TRUE &1 even(5)=FALSE
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Property N laLusduisauad k-tuples

AXAX...A 238N0 k-ary relation %38 k-ary relation on A

N0 EI19LB b 2-ary relation 138N binary relation

01 R 10w binary relation U52lo@ aRb %u18A313431 aRb = TRUE
TUNWEN k-ary relation Uszlua R(a,.a,,...,a,) "u18AIININ
R(a,a,...,a) =TRUE
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matinulthdsgu sxliniauaainwiianaasannioa {SCISSORS,

PAPER, STONE)} thaanwdlawnudainbiisuluiludaiaandranuas

TAWABITUE AMUANUTNNWT beats

beats SCISSORS PAPER STONE

SCISSORS

PAPER

STONE
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Binary relation TiaNLe 1581731 equivalence relation Ta.Jun13

WANTUNIN 2 object INTINAURID b

Binary relation R 1w equivalence relation 01 R 1w equivalence

relation ©1 R RaAA82INY 3 LI L2
« reflexive 5’11’]]?1 9 X, XRX
.- symmetry ﬁ'w;ﬂe) X LAz y, XRy Bu18AI071 yRX

« transitive ﬁ’]‘VlﬂG] X, ¥ LA z, xRy LAy yRz B118A10I1 xRz
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AIBEHNIANNTNNWTLUL equivalence

R = ‘=
Reflexive: f33380U73N ﬁ%’m{U“Qﬂ X, XRx

X =X
Symmetric: m’maaud’]ﬁm%“unﬂe] X AT y, XRy RN YRX

X=y :>y=x

- 1 o et =
Transitive: ATIRAVIMRINILNNG X, y URE Z, XRy LA YRz AUNUD3 xRz

x=yandy=z::> X=2z
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81916 L4 relation DB WIBTITNTIALD LN A28 =
1130 i, j€ N 1313zuanini =_j 0 i udrwiwrinues 7

_+Iu equivalence relation W38 hal
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Undirected graph #3al38n&% ¢ 31 nTINALULINEEINTS

atiamaninuznaulddiy 2 Loada LTAv0IIALEA (Vertex, Node) V(G) Uaz
LIAUDILEULTON (Edge) E(G)

Mat19nIN G = (V,E) “7‘1' V(G)={A,B,C,D} uaz E(G)={AB,AC,BC,BD,CD} %38
21992 8L 1 E(G)={e1,e2,e3,e4,e5}
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o v A Aa o A D A A
® "ﬂ']%'ﬁuﬂla{'lLﬁ%L%@ﬂJ'ﬂ@]@ﬂUI%%@I@6] "ﬂZLjﬂﬂQq@ﬂjﬁJaGI%%@

o lunfiisnazaunlansainszninslunualag aeilaiaes 1 184

~

e FIAUNAWAY Lua A Jan3 2, lvua C Jan3 3
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AW lasnaly LLSTanﬂWLﬁ IECORRHE
1A BAD1EAN L DILN DILRELFWLTONDN1IR NI DIDWUNLT O N
LRI D
1A BA D1V DIFIBU TN OUNIIBLANN IO RN FLAS LW
A =< A A &
L TANDNIRNIYDIR ﬂWmmauqﬂmm

UNATILN AN RZAINLINETINAUNTE AN LA AR DL T
d é 1
BaNwaInIIW T992138N791 Labeled graph
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Subgraph

151322139113 G 1T subgraph 890N H g1 luualuniin G

1% subset Vadlrwali H waslgwaanluniin G wgwiTan o
H NaaaxaInu lAne
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Path ‘Lumwxlﬁaé’m”waﬂ%u@ﬁgﬂL%awé”ama%”m%aw

aag1dnTw ab.c.eb.ed
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Simple path 78 path 7133 lnuaddn

13722 T8N IININTINNY connected fi”mﬂaaﬂ%u@i@ 93 path
JERININU

path azLilu cycle tanTULATILTIIALALING

Simple cycle fa cycle NUsznaudIenInes 3 lRUALRzEINLLA
TAUALTN LLaﬂ%u@q@ﬁ’m
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nWazidn tree 813% connected waz bid simple cycle
P A A A :
tree 819924 LRUANLABNLILNIN root

AAdA A= AN 9 o A .
lnunansdansiduw 1 1 tree 71 L4lT root 2=158N731 leaves U4 tree
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nTWlanasunuiausan 1313:138n1 directed graph

FwruvesgnasnTaanaInlruaiunil outdegree

L%

o AA A = 1 .
ﬁ]ﬁ%l%@ﬂﬂiﬂ%ﬂ’]‘ﬂi‘ﬁ%@ﬁﬂﬂ?’] indegree
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1u directed graph 13 uasLdwTaNN | 1 j dugdouay (i)

Benuaenaduwn19nvey directed graph G=(V,E) 18 V 1Juloraues
lnuauas E Wulrauadduidas

Path Nignaslu path Tldlufiamadoinudenwduiug 13senin
directed path

Directed graph AzLn strongly connected 0" directed path L%aw"qﬂ

dlnualag
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String and Language

YaAINVBIDNV I (Strings of characters) LTWANLZIUVEI computer science
/ i . qu ~a v 1 t§/ /

loy anwszNUTnguu string Wusunsngnieny ldadiananransiuny

application

luniisnaziiony waanws(alphabet) 310% nonempty finite set laanau1Tn
YDILTAONVIZAD FYANWAVDIONYIE

azlrRyaneal Y, lunIasde
ALV BILTADNYI

21 = {0»1}
> =1{a,b,c,d,ef,g,..,x,v, 2}
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String over an alphabet

AORIALIINAVDIRY AN WIRINNLTADNYI
A ENILT
i Y1 = {0,1}usr 01001.Iw string niwaanase) 1

i1 w 1w string NNITAENTIZY. ANNBIVEI w LTBUEY |w] AB

° o > 6 A
PIUINY aaa@aﬂwmwﬂﬁﬂﬂglu w

string A2U817 0 923NN empty string WHBLNWAE E
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i1 w 40270817 n EanIadisnladn w=w,w,..w_Liaudaz w; € ¥

A Y R & , aivL Y = 1
Reverse a4 w LEBLNKAIL W™ A8 string N LANINNNTILVLY W Lib
RNALATITN (BAa w W ,..w,)
n " n-1 1
String z Ll substring Va4 w t1 z Usngadvsaibasnigle w

ga8819uT% cad L1 substring Va4 adfacadafgag
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ARISREY string x AU m AT string y AMUE1T n NS TaNADN
concatenations 289 x W8z y W8w oL xy Aa string A l@N1INNNT
§ia string y YN8 x

WINLIUNNTAD string AI8ABIRANLATI 2 MAILNVBNINIWINATI
A ENILT b

XXX...X = X®

—

k
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Lexicographic ordering 184 strings AN 3LIR1AUANNAIDN T
ﬂé}”’mﬂ”umﬂ%fmluwamgmm §INLI% string ﬁé“uﬂ’jwza%iriau string
A1AUE1ININ A9W lexicographic ordering 489N string U {0,1} Aa

{£,0,1,00,01,10,11,000,.....}

AN¥(Language) Ao set Vo strings
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PROOF TECHNIQUES

* Proof by induction

 Proof by contradiction



Induction

We have statements P, P,, P, ...

If we know
e for some b that P, P,, ..., P, are true
« for any k >= b that
P, Py ..., P, Imply P,
Then

Every P, Is true



Proof by Induction
* Inductive basis

Find P, P,, ..., P, which are true

* Inductive hypothesis
Let's assume P,, P,, ..., P, are true,

forany k >=D

* Inductive step

Show that P, Is true



Example

Theorem: A binary tree of height n

has at most 2" leaves.
Proof by induction:

let L(i) be the maximum number of
leaves of any subtree at height i

e
e

O/E O/\O
5y 4bd
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We want to show: L(i) <= 2!

* Inductive basis
L(0)=1 (the root node) O

* Inductive hypothesis

Let's assume L(i) <=2'foralli=0,1, ..., k

* Induction step

we need to show that L(k + 1) <= 2k+1



Induction Step

From Inductive hypothesis: L(k) <= 2k



Induction Step

L(k+1) <= 2*L(k) <= 2*2k = Dkl

(we add at most two nodes for every leaf of level k)



Remark

Recursion is another thing

Example of recursive function:

f(n) = f(n-1) + f(n-2)

f0)=1, f(1)=1



Proof by Contradiction

We want to prove that a statement P Is true

e we assume that P Is false
 then we arrive at an incorrect conclusion

e therefore, statement P must be true



Example

Theorem: ~/2 is not rational

Proof:

Assume by contradiction that it is rational

J2 = n/m

n and m have no common factors

We will show that this is impossible



J2 =n/m j> 2 m2 = n2

Therefore, n? is even

E niIs even

n=2Kk

m IS even
2m2=4k2 D) m2=2k2 D)

m=2p

Thus, m and n have common factor 2

Contradiction!
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