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F/; cO sO LOGIC

Mathematical Logic is a tool for working with
complicated compound statements. It includes:

* A language for expressing them.
X A concise notation for writing them.

* A methodology for objectively reasoning about
their truth or falsity.

X It is the foundation for expressing formal proofs in
all branches of mathematics.



Propositional Logic

Propositional Logic is the logic of
compound statements built from simpler

statements using so-called Boolean
connectives.

George Boole
(1815-1864)

Some applications in computer science:
* Design of digital electronic circuits.

X Expressing conditions in programs.

X Queries to databases & search engines.

Chrysippus of Soli
(ca. 281 B.C. -205B.C))



X A Ménh dé va chan tri

“ Khai niém vé ménh dé:

“Ménh dé todn hoc 1a khai niém co ban cla
todn hoc khong dugc dinh nghia ma chi dugc
mo ta.

“Ménh dé toan hoc(goi tat 1a ménh dé) 1a
mOt khang dinh cé gia tri chan ly xac
dinh(dtiing hodc sai, nhung khong thé vUa
ding vUua sai).




AA Ménh dé va chan tri

% Vi du:
% “S@ 123 chia hét cho 3”12 1 ménh dé diing
““Thanh ph® HO Chi Minh 1a thU d6 cUa nudc
Viét Nam” 1a mOt ménh dé sai.
““Ban c6 khOe khong ? ” khong phai 1la moOt
ménh dé to4an hoc vi day 1a mOt cau hoi khong
th€ phdn 4nh mot diéu ding hay mOt diéu sai
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Examples of Propositions

¥ “It is raining.” (In a given situation.)
¥ “Beijing is the capital of China.” < “1 +2=3”
But, the following are NOT propositions:

X “Who’s there?” (interrogative, question)

¥ “La la la la la.” (meaningless interjection)

X “Just do it!” (imperative, command)
X “Yeah, I sorta dunno, whatever...” (vague)
X “1 + 2” (expression with a non-true/false value)



£ A Ménh dé va chan tri

“Kiém tra xem cdc khang dinh sau c6 la
ménh dé khéng? Néu cd, d6 la ménh dé
dung hay sai?

“Mon Toan r0i rac 1a moén bat budc chung cho
nganh tin hQc.

97 1a s6 nguyeén tO.

“N 1a sO nguyén tO




FA Ménh dé va chan tri

%Ky hiéu ménh dé :
“Nguoi ta thuong dung cac ky hi€u : P, Q, R,

% Chd y: Ménh dé phlc hop 1a ménh dé
dugc xay dung tUr cac ménh dé khac nho
lién k€t cUa ching lai bang cac lién tlr(va,
hay, né€u...thi...) hodc trang tU “khong”

Vi du : Néu troi tot thi toi di dao.




AA Ménh dé va chan tri

% Chan tri cla ménh dé:

% Theo khai niém, m6t ménh dé chi cé thé ding
hodc sai, khong thé dong thoi vUra ding vUa
sai. Khi ménh dé p ding ta néi p c6 chan tri
ding, nguQc 1ai ta néi p c6 chan tri sai.

“ Chan tri ding va chan tri sai s& dugc ky hiéu
lan lugtla 1 vao
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A/ Phép tinh ménh dé

“ Muc dich cUa phép tinh ménh dé:

X32<Ngh1en cUu chan tri clla mOt ménh dé phU‘c
hop tU chan tri clla cic ménh dé don glan
hon va cac phép nOi nhitng ménh dé nay biéu
hién qua lién tu hodc trang tu “khong”




Operators / Connectives

An operator or connective combines one or
more operand expressions into a larger
expression. (E.g., “+” in numeric exprs.)

Unary operators take 1 operand (e.g., —3);
binary operators take 2 operands (eg 3 X
4).

Propositional or Boolean operators operate on

propositions or truth values instead of on
numbers.



A

F . Some Popular Boolean Operators

Formal Name Nickname | Arity Symbol
Negation operator NOT Unary -
Conjunction operator |AND Binary ]
Disjunction operator OR Binary []
Exclusive-OR operator | XOR Binary []

i Implication operator IMPLIES |Binary —
Biconditional operator |IFF Binary o




X X Phép tinh ménh dé
” \‘A P '

Merh 6 oht dih cia méah b p, K hiew b P bay
~p (doc & "t " bay “ph dih cia ") 4 me de e dinh b §

fing & psa




Phép tinh ménh dé

The wunary negation operator “-” (NOT)
transforms a prop. into its logical negation.

E.g. If p = “I have brown hair.”
then —-p = “I do not have brown hair.”




X /; Phép tinh ménh dé




-
Phép tinh ménh dé

“ Phép noi lién(phép hoi; phép giao):
“%Ménh dé noi lién clUa hai ménh dé P, Q duoc
ki hiéu boi P 0Q (doc 1a “P va Q”), 1a ménh
dé duogc dinh boi :

%P [Q ding < P va Q dong thoi diing




L
Phép tinh ménh dé

%Vi du: Ménh dé “Hom nay, cd ay dep va
thong minh ” chi dugc xem 1a ménh dé
ding khi cd hai di€éu ki€én “co6 ay dep” va
“cd ay thong minh” déu xdy ra. Nguoc
lai, chi 1 trong 2 diéu kién trén sai thi
ménh dé trén s€ sai.
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Phép tinh ménh dé

\

“Meanh nea “Hoam nay, An giuup
mel lau nhag vag roda cheun” chee
Ahuung khi hoam nay An giuup meli
cal hai coang vieac lau nhag vag
roda cheun. Ngo06ic lali, neau hoam
nay An chee giuup mei moat trong
hai coang vieac trean, hoaéc
khoang giuup mei cal hai thi
meanh nea trean sai.
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The Conjunction Operator

The binary conjunction operator “[’l (AND)
combines two propositions to form

LNID

their logical conjunction.

E.g. If p=“I will have salad for lunch.” and
g=“l will have steak for dinner.”, then
plg=“l will have salad for lunch and

I will have steak for dinner.”

Remember: “[? points up like an “A”, and it means “[dp”




—_

Conjunction Truth Table

% Note that a Operand columns
conjunction lé g 11; g
p, th,U... Lb,
of n propositions FooT F
will have 2"trows 1 F F
in its truth table. T T T

“* Also: — and [operations together are suffi-
cient to express any Boolean truth table!



£ Phéptinh ménh dé




-
Phép tinh ménh dé

% Phép nOi roi(phép tuyén; phép hop)
% Ménh dé noi rdi cla hai ménh dé P, Q duoc
ki hiéu bdi P 0Q (doc 1a “P hay Q”), 1a ménh
dé duogc dinh boi :

%P [Q sai < P va Q dong thoi sai




. Phép tinh ménh dé

% Vi du: Ménh dé “T6i dang choi béng da
hay béng r6”.

“Ménh dé nay chi sai khi t6i vira khong dang
choi béng da ciing nhu vua khong dang choi
bong 0.

“Ngudgc lai, toi choi bong da hay dang choi
bong rO hay dang choi cd hai thi ménh dé trén
dung.
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The Disjunction Operator

The binary disjunction operator “I' (OR)
combines two propositions to form t
logical disjunction.

p=“My car has a bad engine.”

g=“My car has a bad carburetor.”

plg=“FEither my car has a bad engine, or

my car has a bad carburetor.” | After the downward-

pointing “axe” of “[3
splits the wood, you
can take 1 piece OR the
other, or both.

‘ Meaning is like “and/or” in English. ‘




Disjunction Truth Table

“* Note that plg means p q |plq
that p is true, or q is F F F
F T

true, or both are true! T Note
* So, this operation is T F |IT } difference
also called inclusive or, T T |~ TmAND

because it includes the
possibility that both p and g are true.

@ “=” and “[7 together are also universal.
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Phép tinh ménh dé
P Q | FPvO

1 1 1

1 | 0 1

0 1 1

0 | 0 0




TN
Phép tinh ménh dé

X Chay:
% Can phan biét “hay” va “hodc”.
% Pua ra phép toan d€ thé hién truong hop loai
trur [

% Ky hiéu:
P Qsai « P va Q dong thOi cung ding hodc
cung sai.
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,f/ﬁ/l The Exclusive Or Operator

The binary exclusive-or operator “[1” (XOR)
combines two propositions to form their
logical “exclusive or” (exjunction?).

p = “I will earn an A in this course,”
g = “I will drop this course,”

p U g = “l will either earn an A {for this
course, or I will drop it (but not both!)”



Exclusive-Or Truth Table

B

“* Note tbat pllg means p q pr
that p is true, or g is TR
true, but not both!

. . F T| T

“* This operation is

. T F| T
called exclusive or, T T E
because it excludes the

possibility that both p and g are true.
@ “=” and “[]” together are not universal.

—_

Note
difference
from OR.




. Phép tinh ménh dé

“* Phép keéo theo:

“Ménh dé P kéo theo Q cUla hai ménh dé P va
Q, ki hiéu bdi P - Q(doc 1a “P kéo theo Q”
hay “Néu P thi Q” hay “P 1a diéu kién dU cla
Q” hay “Q la diéu kién can cla P”) 1a ménh
dé duogc dinh boi:

P - Qsai < P dang va Q sai




i
Phép tinh ménh dé

Vi du: Xét ménh dé sau :
“Néu toi dep trai thi téi c6 nhi€u ban gai”
Ta c6 céc truong hop sau:
T6i dep trai va c6 nhi€u ban gai : Ménh dé ro rang ding
T6i dep trai va khong c6 nhi€u ban gai : Ménh dé rd rang sai
% Toi khong dep trai ma van cé nhi€u ban gai : Ménh dé van
dung
xT6i khong dep trai va khong c6 nhi€u ban gai : Ménh dé van
dang




X /. Phép tinh ménh dé

“Meanh nea “Chieau nay, nheau
raldnh toai sed gheu thaém bain”
chae sai khi chieau nay toai radnh
nhong toai khoang gheu thaém
bain.

“ NgoOic lali, neau chieau nay toai
baan thi dug toai cou gheu thaém
bain hay khoang, meanh fea trean
vaan nuung. Ngoagi ra, taat nhiean
nalxit chiaair navy oAl cant ahar
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The Implication Operator

antecedgnjt consequent
The implicationp — ffstates that p implies q.
Le., If p is true, then g is true; but if p is not
true, then g could be either true or false.

Eg., let p = “You study hard.”
g = “You will get a good grade.”

p — g = “If you study hard, then you will get
a good grade.” (else, it could go either way)



Implication Truth Table

“p - qis false only when

| . P _q|p-qg
p is true but g is not true. F F| T
“p —q does not say F T T The
that p causes q! T F| F ol
“p - q does not require T T T fii?

that p or g are ever true!
“*E.g. “(1=0) - pigs can fly” is TRUE!



S,

Examples of Implications

 “If this lecture ends, then the sun will rise

tomorrow.”or False?

* “If Tuesday is a day of the week, then I am
a penguin.” True 0

““If 1+41=6, then Bush is president.”

r False?

“ “If the moon is made of green cheese, then I
am richer than Bill Gates.” False?




-
Phép tinh ménh dé

“ Chu y:
“ Lién hé phép kéo theo va ci phéap If P then Q
trong ngon ng(r lap trinh
“P,Q 1a 2 ménh dé <->P 1a ménh dé, Q 1a day dong
1énh..
% Ngoén ng(t hang ngdy, c6 su nham lan gilra
phép kéo theo va phép kéo theo hai chiéu.

% “Giao vien khoa Toan day nghiém tuc”



—_

Phép tinh ménh dé
P q P—Q
! !
0 0
0 | 1
0 | o




-

Phép tinh ménh dé

“* Phelip ketio theo haichigau:

“Meanh nea P keuo theo Q vag ngoodic
laii cuda hai meanh nea P vag Q, kyu
hieau boli P - Q (noic lag “P neau
vVag chae neau Q% hay
P khi vag chae khi Q” hay “P lag nieau
kiean caan vag nul cula Q"), lag
meanh nea Nooic nonh bddi:

P - Q nuung = P vag Q cou cugng
chaan tro,




e X

;{ N \ ! ) ) R !
A /; Pheép tinh méenh de

Menh d¢ “Tam g ABC vodng ti A khivd chikn BC" = A +
AC" A mdt ménh g€ ding v tam g ABC vocng i A s

ludincd B =AB"+ AC v ot

a1 (dmn 1 Ptagore



.

Phép tinh ménh dé

P Q PoQ

o | O | = | =
e B R B
—_ | D D | =




,/ A The biconditional operator
N\

The biconditional p ~ q states that p is true if and
only if (IFF) q is true.

p = “Bush wins the 2004 election.”
g = “Bush will be president for all of 2005.”

p o g = “If, and only if, Bush wins the 2004
election, Bush will be president for all of 2005.”

w I still
| - here!
| 2005



http://images.google.com/imgres?imgurl=www.uncwil.edu/sga/election.gif&imgrefurl=http://www.uncwil.edu/sga/&h=178&w=178&prev=/images%3Fq%3Delection%26start%3D80%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN
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/ﬁ/A Biconditional Truth Table

“p ~ g means that p and g
have the same truth value.

“* Note this truth table is the
exact opposite of [1’s!

“p o gmeans ~(p [ q)

— TS
— 1 - [
— 1 1 |7

“p o gdoes not imply
p and g are true, or cause each other.
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Boolean Operations Summary

“* We have seen 1 unary operator (out of the 4
possible) and 5 binary operators (out of the
16 possible). Their truth tables are below.

pq —pplgplgblglp g-p <g-
FF T F F F T T
FT T F T T T F
T F F F T T F F
T T F T T F T T
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Some Alternative Notations

Name: not|and| or | xor |implies| iff
Propositional logic: —= [ 1r nar n .l % .
Boolean algebra: P |pg| + [ 11

C/C++/Java (wordwise):| | | && | | | = ==

C/C++/Java (bitwise): ~ | & | N

' Logic gates: o1 P> D>









Dang ménh dé

“Moat daing meanh fnea lag moat
bieau thouc n60Gic cadu taio toa:

“ Cauc haeng meanh nea, touc lag
cauc meanh nea naod xeut o0 trén.

“ Cauc biean meanh nea, touc lag cauc
biean laay giau tro lag cauc meanh
Nea, thoang qua cauc pheup toaun
meanh nea Nad xeut 60 muic trén theo
moat trinh toi nhaat Aonh nago nou,
thodong NnNodic chee rod boUdi cauc
dadu ngoac.



L
Dang ménh dé

% VOi E 1a mOt dang ménh dé cac bién ménh dé
p, q, r Ung vOi mOi gia tri cu thé P, Q, R (1a cac
ménh dé) cla p, g, r thi ta c6 duy nhat mOt ménh
dé E(P, Q, R). Ta viét E = E(p, q, 1).

“ Bang chan tri 1a bang ghi tat cd cac trudng hop
chan tri c6 thé xdy ra doi véi ménh dé E theo
chan tri cUa cic bién ménh dé p, q, r. Néu c6 n
bién, bdng nay sé cé 2/n dong, chua k€ dong
tiéu dé.



XétE = (pv p) = r 13 dang ménh d€ theo 3 bi€n p. q. r ta ¢6 bang
chan tri saw

(pvp >t

i
=

il
WL

=0 | o | D 2D === =
=2 | D= = | D = = LD
=2 = | D= | D= | 2D
- | O | = | = | = | = | =] =
— = | D= S = |
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' - \ / .\ ~n
(\ A Dang menh de
Cho E va F12 hai dang ménh dé theo n bién py, ps..... pp. Ta néi:

a) E 13 mét hing ding (twong wng, hing sai) ky hiéu
bdi 1 (tuong ng, 0), néu E luén luén nhin chin tri ddng (tweng w¥ng, sai).
b) F14 hé qui cia E. ky hiéu E = F, nfu dang ménhdé E - Fla

mdt hing ding.

¢) E tudng dudng logic (hay tudng dudng) véi F, ky hieu E © F,
néu dang ménh dé E © F 13 mdt hing ding.
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Tautologies and Contradictions

A tautology is a compound proposition that is
true no matter what the truth values of its
atomic propositions are!

Ex. p [kp [What is its truth table?]

A contradiction is a compound proposition
that is false no matter what! Ex. p [I-p
| Truth table?]

Other compound props. are contingencies.




Logical Equivalence

Compound proposition p is logically
equivalent to compound proposition g,
written p<qg, IFF the compound
proposition p - @ is a tautology.

Compound propositions p and g are logically
equivalent to each other IFF p and ¢
contain the same truth values as each other
in all rows of their truth tables.



S,

Proving Equivalence
via Truth Tables

—q —prL—gn —=pal —gr
T T
F F
T F
F F
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X _ /; Dang ménh dé

1. Quy tac thay thé thu 1:
Trong dang ménh dé E, néu ta thay thé bi€u thic
con F bdi mOt dang ménh dé tuong duong logic
thi dang ménh dé thu duoc van con tuong duong
logic vOi E.

1. Quy tac thay thé thir 2:
Gid st dang ménh dé E(p,q,r...) 1a mOt hang ding. Néu ta
thay thé nh(ing noi p xuat hién trong E bdi mOt F(p’,q’,r°)
thi dang ménh dé nhan dugc theo cic bién
q,r...,p’,q’,r’,... van con la 1 héng dung.
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X _ /; Dang ménh dé

Cac luat logic : V6i p, g, r 1a cac bién ménh
dé, 1 1a mOt hang ding va 0 1a mOt hang
sai, ta coO cac tuong duong logic sau day:

1) Luaat ludy naung
pLP <P
vag p LlIp « p




\(Iﬁ \ Dang ménh dé " \%\
'/ 2)Luatgiao hoan \
pAQ QAP \
vipvgeoqvp
3) Luat két hgp
PAPATSOPA(QATD) (PAQAT)
b,

vi(pvqvropvi(gvr
4) Luét phan phoi (Luét phin bo)

pari@v S (pPagVv(paL)
vapvi@Aan <= (@pvgapvr \\

\ - -



\ ‘\,\ \

5) Luat kéo theo

P—>q9q<=pVvg

6) Luat phu dinh cua phu dinh

(P) = »

7) Lut phd dinh De Morgan
PAQ&EDPVQ
pvq<epAaq

va P—>Qq=pAqQ

- <




8) Luat phan dao
pPp—>q<q—>p
9) Luat tuong duong
Pqo(P—>9AQ@—>p
10) Luat trung hoa
pAl Sp

va pv0Sp

N N

§

N



11) Ludt phan t& bu
pAap =0

va pvp &1

12) Ludt thong tri

pnrn0 =0
\ va pvlel

\ \ A U



\

13) Luat hap thu
PpA(PVQ =P

va pv(pAag <p

14) Luat don gian
(PAQ =P

15) Luat md rOng
Pp—(PVva

N N



Dang ménh dé

16) Luat vé phép kéo theo:
Pp-q<=-ply
17) Luat rut gon:
plg - p = 1(*)
p-(pLlg) =p-¢
plq -q <p-¢
p-(plg) < 1(*)
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Equivalence Laws - Examples

* Identity: plT «p plF <p
“* Domination: plT T plF < F

“ Idempotent:  plp < p  plp < p
“* Double negation: oap e p

“ Commutative: plq < qlp plg = glp
* Associative: (plg)lt < pligln)

(plg)t = pliqle)




e

,,/ A More Equivalence Laws
\

* Distributive:  pllg®) = (plg){plH)
pliglt) = (plg)liplr)

R
R

X De Morgan’s:
~(plg) = =p Lq
~(plg) = =p L~q
* Trivial tautology/contradiction: Augustus
pD—'p =T pD—'p - F De Morgan

(1806-1871)

0



—__
i Defining Operators via Equivalences

Using equivalences, we can define operators
in terms of other operators.

“ Exclusive or: plq < (plg)F(plq)
pllq < (pl=q)lglHp)

* Implies: p-q = 7ply

“ Biconditional: p - g = (p —q) (g —p)
p-q = ~(pUq)




An Example Problem

“* Check using a symbolic derivation whether
(plhq) -~(pUr) = -pliglor.
Pl =(pPUr) =
Expand definition of -] = (p [q) L(p LI r)
Defn. of 0] = =(p O~q) d(p [F) T~(p 1))
DeMorgan’s Law]
= (=p Lg) W(p L) L (p L)

= [associative law] cont.




Example Continued...

(-p Lg) A(p L) [L~(p Lr)) <= [Lcommutes]

= (g [hp) (p Ur) [k(p L)) [Lhssociative]
= g =p [{(p Lr) [h(p LF))) [distrib. Lover []
| j(((_p__EOD L)) U(zp LH(p L))
assoc.] = q U((zpLb) LT) L(=p L=(p L))
trivail taut.] < g L((T Lr) L{—p [=(p L))
'domination] < q T O(-p O~(p [I)))
identity] = g U~p [R(p L)) < cont.




End of Long Example
q L(=p L(p L)
DeMorgan’s] < g L{-p (-p [r))
Assoc. ] = g A(=p Lhp) L}r)
Idempotent] < g [{-p [LFr)
Assoc. ] = (q Lhp) Lhr
Commut.] < =-pliglhr

Q.E.D. (quod erat demonstrandum)
(Which was to be shown.)



B
Dang ménh dé

% ChUng minh dang ménh dé ta c6 3 cach
Sdu.
“ Lap bang chan tri.
“ Lap bang chan tri m4 rOng.
“ SUr dung phép thay thé.




pr@v)S@Aagq v(pAaT
Nhin xét ring do dinh nghia cia cdc ménh @€ ndilién vi ndi 131 ta cé:

o . n 5 . o 75 e . n, o - v o .
— Néu p sai thi ca hai vé cua (1) déu sai ma khong can biét chan tri
cua céic biénq. .

el - 5, - = 7 . A A - =, o A
— Néu p ding va q dung thica hai vé cua (1) déu dung ma khong can
biét chdn tri cua biénr.

K



Ta ¢6 bang chéin tri nit gon sau:

P |q |T qwvr parn@@vo|pag|par| (parq@ v(pAT)
I |1 |x 1 1 1 X 1
0 |1 X 1 X 1 1
0 0 0 0 0 0
0 |x [|X X 0 0 0 0

(3 diy ta khéng can quan tim d€n chin tri tai cdc vi tri ¢é ddnh diu x).



riqlp|P | por|gor|(pooa@—r1) |poq|(po>q—r

1 [®lix [ = 1 1 I X 1
0|1 x| x X 0 0 1 0
S S 1 1 | 0 1




: Vi du:

\

Cho p, q, r 1a cdc bién ménh dé. Chitng minh ring:

(Pp—>0A(@go>1)=(p—>q) >

Chiing ta chitng minh (2) bang hai cdch.

@ |



Céach 1: Lap bang chan tri it gon.

r|q|p|P | P21 |a>1| (P>DAQ@—>D (p>q|(P>Q>T
LE (X (= 1 | 1 X 1
Q11 x| x X 0 0 1 0
0|10 1 | 1 0 1
0|1 0 X 0 1 0

So sdnh ta thidy cdc dang ménh dé & hai vé cia (2) c6 cung bang chin
tri va (2) dudc chitng minh.



Cdch 2: Bién d6i va st dung cac luit logic ta cé:

(P —>1)slg—£1)
Hipvrialg v —u)
SO @PAaq)vr

&Sp—o>qVvr

S(p—>q)—or

A <

(Luat kéo theo)
(Luat phan phoi) <
(Luat phu dinh De Morgan)

(Luat kéo theo)

<
D



\a
Cdch 2: Bién doi va st dung cdc luit logic ta cé: .
(P> A(Q—>1)
S (pvoa(qv 1) (Luat kéo theo)
S(PAQ)VT (Ludt phan phoi) \
SOpo>qVr (Luat phu dinh De Morgan)
< (p—>q)or (Luat kéo theo)

N
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/; Qui Tac Suy Dién

“ Trong Cac chUng minh to4an hoc,xuat phét t&r mOt
sO khang dinh ding p, g, r...(tién dé), ta ap dung
cac qui tac suy dién dé suy ra chan li cUa moét
ménh dé h ma ta goi 1a két luan.

% N6i cach khac, dung cac qui tac suy dién dé
chUng minh:

( plbgqlrl..) -h
la mOt khang dinh dung.



X X ui Tac Suy Dién
\A Q Y

Khang dinh (1) c6 dang:
((tién dé 1) ((tién dé 2) O...) — két luan
Do d6 néu chlng minh dugc dang ménh dé trén 1a mOt
hang ding thi khang dinh (1) chac chan la diing.

Ta thuOng
mo hinh hoa (2):
tién dé (1)
tién dé 2)...

[ két ludn

Aristotle
" (ca. 384-322 B.C.)




p2 = 208 pn - q (2)

\ \ Aristotle \
= \ N (ca. 284-322 B'E°)
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£ 4 QuiTac Suy Dién

“% QUI TAC MODUS PONENS(Phuong phap
khang dinh)

Qui tac nay duoc thé hién bang hang ding:
Hp - q)OpB- q

Hodc dudi dang so do

p - q
p
g




.

*Néu An hoc cham thi An hoc tot.
Ma An hoc cham
Suy ra An hoc tot

*Hinh vuong la hinh binh hanh

*Ma hinh binh hanh cé hai dudng chéo cat
nhau tai trung di€m moi duong.
Suy ra hinh vuong c6 hai duong chéo cat
nhau tai trung di€m moi dudng :

(rDs) 5

ris

quﬂ

i

quﬂ

Aristotle
(ca. 384-322 B.C.)




o

Qui Tac Suy Dién

“ QUI TAC TAM POAN LUAN(Syllogism)
Qui tac nay dugc thé hién bang hang duing:

{p-q)0lq-r|g-(p -1

Hodc dudi dang so do )
p-4q
q-r
O(p - r) \
Aristotle

\ (ca. 384-322 B.C.)




*Hai tam giac vuoéng c6 canh huyén va 1
cap goc nhon bang nhau thi ching ta cé
moOt canh bang nhau kém gilra hai goc bang
nhau.

*Néu hai tam giac c6 canh bang nhau kém
gita hai goc bang nhau thi ching bang
nhau

Suy ra hai tam giac vudng c6 canh huyén
va 1 cap goéc nhon bang nhau thi bang
nhau.

*MOt con ngua ré la mot con ngua hiém
*Cai gi hiém thi dat
Suy ra mOt con ngua ré thi dat (©)




e

Qui Tac Suy Dién

“ QUI TAC MODUS TOLLENS

PHUONG PHAP PHU PINH

Qui tac nay duoc thé hién bang hang ding:

Hp - q)0-q8- -p ‘\
Hodc dudi dang so do P - q
~q o
p Aristotle \\

\\ (ca. 384-322 B.C.)




* Ta suy luan \
por
r - s
s ot .

Aristotle \

\ \ g | (ca. 384-322 B.C.)




A /4 QuiTac Suy Dien

“ QUI TAC TAM POAN LUAN ROI
Qui tac nay dugc thé hién bang hang duing:

HpOq)O-qg- p HpOq)O-pE- g

Y nghia cla qui tac: n€u trong hai triOng hop
c6 th€é xdy ra, ching ta bi€t c6 moOt truOng hop
sai thi chac chan truOng hop con lai sé ding



-
Qui Tac Suy Dién

% QUI TAC MAU THUAN

CHU'NG MINH BANG PHAN CHUNG

Ta co tuong duong logic
Hp, 0p,0..0p,) - qB= Hp,Op,0...0p,0-~q) - OB

“ Ta can chlUng minh v€ trdi cling 12 mOt hang
ding hay néi cach khac chUng minh khi thém
phU dinh cUa q vao cac tién dé ta dugc mOt mau
thuan.



& Hay chUng minh:

p-r
p-(g
q— S5
[I=r = s

viDU
“Cm bang phan
chL'I‘?g._) .
p-dq
-q
S

| Aristotle
1 (ca. 384-322 B.C.)
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£ 4 QuiTac Suy Dién

“ CHUNG MINH THEO TRUONG HOP
Dua trén hang duing:

ip - r)0(q-r)B- HpOq) - rE

Y nghia: n€u tU p va q c6 thé suy ra r thi tU dang
p hay q cfing c6 thé suy rar.




\ “ ChUng minh rang:

(n3 —4n) 3

Aristotle
(ca. 384-322 B.C.)
N —




MOt sO luat thém

9P Rule of Addition(Phép thém)
Uplq
¥ plq Phép don gidn noi lién
s Op
9D Luat vé phép noi
qd
Uplg
\ Aristote

A N Y (ca. 384-322 B.C.)




Vi DU TONG HOP




b

£ 4 QuiTac Suy Dién

“ PHAN Vi DU
DPé chling minh mOt phép suy ludn 1a sai hay
p, Up, U...Up. - @

khong 1a mOt hang ding. Ta chi can chi ra mot
phan vi du.




Vi DU

X Ong Minh néi rang néu XX p:6ng Minh dugc ting
khong dugc tang luong thi luong.
ﬁﬁg ta ese nghé Vle%ll Meat XX q: ong Minh nghi viéc.
ac, neu ong ay nghi viec A : Py
va vg 6ng ay bi mat viéc thi ) r-Vf-’ 01\1g Mm}l, rn,at VIEC.
pha1 ban xe. Blet rang néu “X s:gia dinh phai ban xe.

vg 6ng Minh hay di lam tré %X t:vQ ong hay di lam tré.

thi tru’dc sau gi clng s€ bi

mat viéc va culi clng 6ng P -q s=0

Minh da dugc ting luong. gOr - s t=1
% Suy ra n€u 6ng Minh khong p=1

ban xe thi vQ ong ta da t ->r q=0

khong di lam tré r=1

p

[]=s - —t



Formal Proof Example

* Suppose we have the following premises:
“It 1s not sunny and it 1is cold.”
“Only if We will swim is it sunny.”
“If we do not swim, then we will canoe.”
“If we canoe, then we will be home early.”

X Given these premises, prove the theorem
“We will be home early” using inference rules.

A < <



,/( A Proof Example cont.
\

* Let us adopt the following abbreviations:

“sunny = “It is sunny”; cold = “It is cold”;
swim = “We will swim”; canoe = “We will
canoe”; early = “We will be home early”.

“*Then, the premises can be written as:

(1) =sunny U cold (2) swim — sunny

(3) =swim — canoe (4) canoe - early




Proof Example cont.

Step Proved by
1 -sunny [l cold Premise  #1.
2. —sunny Simplification of 1.
3 Swim —sunny Premise #2.
4. —swim Modus tollens on 2,3.
D. 1 SwWim —canoe Premise #3.
6. canoe Modus ponens on 4,5.
7 canoe —early Premise #4.
8. early Modus ponens on 6,7.



X /; Qui Tac Suy Dién

Kiém tra suy luin sau:
p—>(q—>r)
pVS

t —>q

S

- F 5



B

1) s (Tién dé)

M pvs (Tién dé)

aNn p (Tam doan Iuan rd1)

4) p—=>(@—>r1) (Tién dé)

5) Rq—>r (Qui tdc khing dinh)

0) t—q (Tién dé)

7)) tor (Tam doan luan)
SiEds (Luét phin ddo)

Vay suy luan trén la dung.



N

A Qui Tac Suy Dién

’ f‘\
4 (
A

Kiém tra suy ludn sau:

P —>q
rVvSs

pvr

S.qQ — 8



Qui Tac Suy Dién

1) Gidst @ »> s (Gid thiét phdn chitng)
2) qQAS (Luat phu dinh De Morgan)

va s (Luat don gian)

f b
j SR
T o

»q  (Tién dé)
5 p (Qui tic phi dinh)



.
Qui Tac Suy Dién

6) Tvs  (Tiéndé)

T) Ar (Tw 3, 6, do tam doan luan r61)
8) PAT (Pinh nghia phép noi lién)

9) pwvr (Luat phu dinh De Morgan)
10) pvr (Tién dé)

11) 0 (LuAt phan t& ba)

. Suy ludn trén 13 ding (Qui tic phdn chitng).



X X ui Tac Suy Dién
| \‘A Q y

Kiém tra suy ludn sau:
P
Py >1
p—>(QqvrT)
qVvs

i 0



Ta xét hé sau:

=l (1)
por=1 (2)
P->@Qvr=1 (3
gug—1 (4)
5=0 (H)

Chi ¥ ring néu hé trén vd nghiém thi suy ludn da cho 13 ding, con
néu hé trén c6 nghiém thi suy luin da cho 14 sai.

Ta thay ngay (4) 1a hé qud cua (5). Mt khdc, tit (1) va (2), (3) ta suy

e
gar=1

Doido e = 0 g = L T lat 4o thdavp = LLig =1t = 1
s = 0 1a mét nghiém cua hé trén. Do d6 suy ludn trén 13 sai.

ra.
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