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Lecture Note



Logic Is the childhood of mathematics
and mathematics I1s the manhood of
logic.




From the drop of water, a logician could
Infer the possibility of an Atalantic
Ocean or Nigara Fall without having
seen or heard of the one or the other.
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His [IFE,
ALL His WORKS
AND MORE




Number iIs the guide and master of
human thought. Without its power,
everything would remain obsure and

confused
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1. Statements may be sentences ( or ) equations ( or)

Inequations ( or ) identities.
2 . A statement may be true or false, but not both

at the same time.
3. The opposite of false Is true and opposite of

true 1s false.



A and , Conjunction
Vv or , Disjunction
— implies ,  Conditional
< if and only if , Biconditional
- | such that

~, not,opposite,negation

=, FEquivalence



PAngq | Pvg|P=> q|Ps g
T T T T
F T a F
F T F F
F F T T




~ P ~q |~(prq)|~(Peq)
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Let p be “He 1s tall” and q be “ He 1s handsome ” . Write
each of the following statements in symbolic form using p and
q and find its truth value by using table.

(1) He is tall but not handsome.
(1) It iIs false that he is short or handsome
(111) He is neither tall nor handsome

(1v) He is tall, or he is short and handsome

(v) It iIs trute that heis short or not handsome
(I)p n~q (ii)~(~pvq) (iii) ~p r~q(or)~(pVvq)

(vypv(~pnanq) (v)~pv~q(or)~(prq)



(iI)p A~q

P ~q PN ~q
T F F
T T T
F F 2
I T F




(ii)~(~pVvq)

p g ~ P ~pVvVgqg | ~(~pvaqg)
T T F T F
T F F F T
F T T T 2
I r T T F




(iii)~p N~q

p ~ P ~q ~ P AN~ q
T F F F
T F T 2
F T 2 2
I T T T




(v) pv(~pArgq)

P q ~ P (~pnrqg) |pVvipAg)
T T F F T
T F 3 F T
F T T T T
F F T F F




P q ~ P ~q ~pP VvV ~(q
T T F F F
T F a T T
F T T F T
F F T T T




Determine the truth value of each of the following composite
statements.

(1) If 3+2=7, then 4+4 =8
p:3+2=1, q: 4+4 =8

P =4




(1) It is not true that 2+2=5, If and only If 4+4 =10
p:2+2=5, q: 4+4 =10

~(p <q)

p q P <= 4q |~(p < q)

(1) Yangon is in India or Tokyo is in Myanmar

P : Yangon is In India |, q: Tokyo is in Myanmar
(pvaq)
p q PV 4q




(iv) It i1s not true that 1+1=3 or 2+1=3
p:1+1=3, q: 2+1=3

~(pvVvaq)

P q PV q | ~(pv q)

(v) It is false that Yangon is in Japan then Paris Is In
Myanmar

p : Yangon is In Japan |, q: Paris Is In Myanmar
~(p=4q)

P q P=49 |[~(p= q)




(png)=>(pVvag)

p p AN q P V4 (prg)=(pVvg)
T T T T
T F T T
F F T T
F F F I




(v) (~pvag)n~r

(~pvq)A~r

~r

(~pVvq)

~P

T

T

I' T |F | F

I' ' F|F | F

F |\ T |F

F | F | F




(p=q)v~(p<=~q)

P9 |p=q|~q |(P=~9) |~(pe~q) | (p=q)v~(pS~q)
T|T| T |F F T T
T | F F T T F r
FlT| T | F T F r
F|F| T | T F I !




Two propositions P (p,q,r,..) and Q(p,q,r,...) are
said to be logically equivalent if their truth tables are indentical.

We denote this by p =0
Verify that p =>~q=q = ~p

pP q ~pP | Y4 | P=~9 | 4=>~P
F F
T T
T T
T T
= *

By the * columns p =>~q=q = ~p



Verify : pA(q v r)= (pArg)v(pAar)

P lqg|r | qvr | pAg PAFIPA@GVD)| (prg)v(par)
T|T |7 | T T T T T
T\ T|F| T T F T T
T\ F|T| T F T T T
T|\F|F| F F F F F
Flrp|T| T F F F F
| F T F F F F
Flp|T| T F F F F
FlF|EF | F a F a a

% %

By the * columns, they are equivalent




Verify

~(p = gq)=(p = ~q )=(gs ~ p)

*

By the * columns, they are equivalent

P q ~pl ~q| p=gipeqllpomq||9o P
T T F F T F F F
T F F T F T T T
F T T F F T T T
F F T T T F F F




A statement that a set of propositions P, P, ,Ps,....., P,
yields another proposition P is called an argument on
propositions.

The propositions P, P,, P, ,....., P, are called premises
and the proposition P is called concusion.

Argument form is shown as follows;

P (p,qg,r,.)

P,(p,q,r,..)
premises

P, (p,q,r,..)

P(p.,q,r,..) Conclusion



Since an argument Is also a statement it has a true value.

An argument on propositions is said to be valid if the

conclusion P is the true whenver the premises P,, P,, P,
are true

e



Example:

If everyone does not have love, he is lonely. A person who fells
loneliness can early die. Therefore, if he has no love, he can

early die.

Let p be “A person who does not have love”

q be “A person who 1s lonly ”

29

r be “ A person who can early die

—
P 1 } premises
q=r

Lo p=r Conclusion



e
e,
&U

plaq|r| pP=¢ g=>r p=r
T | T| T T T T
T | T| F T F F
T | F| T F T T
T | F| F F T F
F| T|T T T T
F| T|F T F T
F| F| T T T T
F| F| F T r | T

In 1st 5t 7t and 8™ rows, premises are true then conclusions
are true. Therefore, this argument is valid.



Test the validity of the argument. If it rain, then Mg Mya will
be sick. It did not rain. Therefore Mg Mya was not sick.

Solution:
Let p be “It rain”
q be “ Mg Mya 1s sick”

P =4

} premises
~P

~ ( Conclusion



In 4" row, premises is true then conclusions is false. Therefore,
this argument is not valid.



P =4

} premises
r—=~q

Sr=~p Conclusion



e
U~
NU

p g |r|~pP|~q9| P=>¢ r=~q r=~p
T|T|T |F|F T 2 F
T\ T|F|F|F T T T
T\ F|T|F | T F T T
T\ F|F | F | T F T T
Fl7|T|T|F T F T
Flor | F T F T T T .
F|lp|T|T|T T T T .
FlF|IF T T r | T | T x

In 2nd 6t 7t and 8™ rows, premises are true then conclusions
are true. Therefore, this argument is valid.



If Ma Aye gets married, then either Ma Hla is maid of honour
or Ma Mya maid of honour. If Ma Hla is maid of honour and
Ma Mya Is maid of honour, then there will be a quarrel at the
wedding. Therefore if Ma Aye gets married, then there will be

quarrel at the wedding.

p: Ma Aye gets married
q: Ma Hla is maid of honour
r. Ma Mya maid of honour

s: there Is a quarrel at the wedding

—
P ™ } premises
gAYy =S

Sop=S Conclusion



p =5

p=>(@gvr)|(gar)=s

qAnr

qVvr

T

T

T

T

S

F
Flrtlr

FIF|T

F|\F | F

r\r|r|rT

rir|ir|r
T
T

F|\ 7| T|F

F|l TI|F|T

rFlr|F|F
F|F|\T | T

Fy\F|T|F

Fl|l F|F|T

Fl p|F | F




In 4" row, premises is true then conclusions is false. Therefore,
this argument is not valid.

In 4" and 6™ rows, premises are true then conclusions are
false. Therefore, this argument is not valid.



Universal Quantifier
(VxeU)p(x) or Vx,p(x)

If {x/ xeU)p(x)}=U,thenVx,p(x)is true

If {x/ xeU)p(x)}#2U, thenV x,p(x)is flase



(dxeU)p(x) or dx,p(x)

If {x/ xeU)p(x)}#¢,thenIx,p(x)is true

If {x/ xeU)p(x)}=¢,then dx,p(x)is flase

Let p(Xx) be a statement. The equivalent form of a
negation of a statement which contain quantifiers Is given by
the following theorem.

(1) ~(VxeU)p(x)j=(FxelU)~p(x)

(2) ~(3x €U ) p(x) =(VxelU)~p(x)



Determine the truth value of each of the following. Here the
universal set U=R

(i) Vx,

Since

x|:x
-1 = -1

Tp # R
Therefore, it is false
(ii) Ix,x*=x
Since , 1% =1
Tp = @

Therefore | it iIs true



(1) Vx,x+1> x
I' =R

Therefore, it iIs true

(iv) dx, x‘zO
Since 0’:0
Tp;tgé

Therefore, it is true

(v) dx,x + 2 =X

Therefore | it Is false

(vi) Vx,x+ 2 >5
Since , 1+ 2 <5

Tp;éR

Therefore, it is false



Prove that the following statements are false. Here U = R =the
set of real numbers.

(i) Vx,x>=3x+2=0 (iv) Fx, x>~ 4% (x+2)(x—-2)
Tp:{l,Z};/—'R Tp:¢
Therefore , it is false Therefore | it is false

(ii) Vx, Sx+1=2x+9
(v) dx,x # x

T, = @
Therefore , it is false Therefore, it is false

8
Tp:{g}iR

(iii ) Vx,x"+9=(x+3)(x-3)
T p = ¢ # R
Therefore, it 1s false



Find the counter example for each of the following statement
where A = {2,3,4,5,6,7,8,9}

(i) Vx e d4d,x+ 5<12

Take 9 € A,
then 9 + 5> 12 is false

Therefore | this statement is false

(ii) Vx € A, x is prime
Take 9 € A4,
then 9 is not prime
Therefore, this statement is false
(iii ) Vx € A, x is even
Take 9 € A4,
then 9 is not even

Therefore , this statement is false

(iv) Vxe A4,

x—4|<3
Take 9 € A4,
then|9—4|>3

Therefore , this statement is false

(i) Vx e d,x* —1>7
Take 2 € A,
then 2° — 4 < 7

Therefore | this statement is false



Negate each of the statement .

(i) V x, x|:x
~(V x, x|:x
(ii) 3x,x° = x

~(3x,x*=x)

(m) Vx,x+1>x

)

~(VX,x+1>x)

(iv) dx,|x

~ (3 x,

=0

x|:O)

VAN



(v) dx,x + 2 = x

~(dx,x+ 2 =x) =

(vi) Vx,x+ 2 >5
~(Vx,x+2 >5) =

dx,x + 2 <5



(1)Fill the, ~ (3AABC,AB+BC < AC) =

(ii) Fill the —or<>: x = 0and y = 0 xy =0

e d—y=2x
dx

(iv)Fill the Vord:  AABC, ZA+/ZB=/C

(1) Fill the »or<>: y=x

(v)Fill the Vord: AABC:ZA+/£ZB+ZC =180



State the Pythagoras Theorem with logical notations
VAABC: /C=90 < AB? = AC? +BC?

Re-write the statement “ a divides b if and only if some
integer n,b=na” by using logic notations.

a divides b < dneJ:b=na



