Chapter 1
The Foundation: Logic and Proot

1.5 Rules of Inference



1. Introduction

0 Please read the book (page 63)
o AhFRAN R OOE X
o H1,H2,.. Hn,CEZ—HEHEAN, HHNH
H1 H2 .. Hn—>CKEAXICRE —4hiH
H1,H2,...,HnE 8
o AWrERAE AR U AR .
o HITR: BAERD BRaukik. [HBaukik.
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2.Valid Arguments in Propositional Logic
a2 Modus Ponens (x5 )

= Hypotheses (Hj$t)------- D, pP—Q
= Conclusion (%5it)------- q
» also written as: p
P—(
.q

a The Correctness of Modus Ponens (fix 5 #ffEF i) 1
PE)

« (p/\ (p ~q))—q is a tautologyGKEAT)
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2.Valid Arguments in Propositional Logic

a Valid Arguments (5 303ERE)
= Definition (page 64)

o An argument form is called valid if
whenever all the hypotheses (Zi#ipremise,
Hi$2) are true, the conclusion (45) is also
true.

o Consequently, showing that g logically
follows from the hypotheses p1, p2, ..., pn
IS the same as showing that the implication
(p1 A p2 A ... /A pn) —q is tautology
UK E )
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3. Rules of Inferences in Propositional Logic

o Table 1 (page 66)
= Modus ponens ({5 #EH)

P
P—q
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3. Rules of Inferences in Propositional Logic

o Table 1 (page 66)
» Hypothetical syllogism ({85 =)
P—(d
q—r
“p—r
» Disjunctive syllogism (#TH=Ei8)
PV
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3. Rules of Inferences in Propositional Logic

o Table 1 (page 66)
= Addition (i n)

“pVvaQ
» Simplication (L&)

p AQ
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3. Rules of Inferences in Propositional Logic

o Table 1 (page 66)
= Conjunction (&)

“pAQ
s Resolution

PV
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3. Rules of Inferences in Propositional Logic

0 Example 5 (page 67)

s State which rule of inference In the
argument:

o“If it rains today, then we will not have a
parbecue (F¢¥%) today. If we do not have a
parbecue today, then we will have a
parbecue tomorrow. Therefore, If it rains
today, we will have a barbecue tomorrow.”
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3. Rules of Inferences in Propositional Logic

0 Example 5(cont.)

= Solution:
op------ It Is raining today.
og------ We will not have a barbecue today.
or------ We will have a barbecue tomorrow.

= Then this argument is of the form:
P—q
q—r
P—r
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4. Using Rules of Inference to Build Argument

o Example 6 (page 67)

1.

1.

Show that the hypotheses

“It Is not sunny this afternoon and it is colder
than yesterday.”

“We will go swimming only if it is sunny.”
“If we do not go swimming, then we will take a

canoe (JAKR}) trip.”

“If we take a canoe trip, then we will be home
by sunset.”

lead to the conclusion
“We will be home by sunset.”

Software Engineering Mathematics SEI of ECNU AU fi© 11



4. Using Rules of Inference to Build Argument

0 Example 6

= Solution:
op------ It Is sunny this afternoon.
og------ It Is colder than yesterday.
or------ We will go swimming.
OS------ We will take a canoe trip.
ot------- We will be home by sunset.

o The hypotheses are:—p /\ q, r—p, —r—s,
Ss—1

o The conclusion is: t
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4. Using Rules of Inference to Build Argument

0 Example 6

s Solution:
Step
—p A Qq

NSO A ONR
]
El
v
w

Software Engineering Mathematics

Reason

Hypothesis

Simplification using (1)
Hypothesis

Modus tollens using (2) and (3)
Hypothesis

Modus tollens using (4) and (5)
Hypothesis

Modus tollens using (6) and (7)
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4. Using Rules of Inference to Build Argument

0 Example 6
» Solution(JF]H30):
A IR

-p A Qg

N O A ONR
]
El
v
w

Software Engineering Mathematics

H

HIEEIPAN
A
HIEEIPAN

(2) (3)FH
HIEEIPAN
(4)(B) = e
HIEEIPAN

(6) (7)) fE =

SEI of ECNU JifUiri©
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4. Using Rules of Inference to Build Argument

o Example 7 (page 67)
= Show that the hypotheses

1. “If you send me an e-mail message, then | will
finish writing the program.”

2. “If you do not send me an e-mail message, then
| will go to sleep early.”

3. “If I go to sleep early, then | will wake up
feeling refreshed.”

s lead to the conclusion

1. “If 1 do not finish writing the program, then |
will wake up feeling refreshed.”
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4. Using Rules of Inference to Build Argument

o Example 7 (page 67)

1.

2.

Solution:

p----- You send me an e-mail message.
q----- I will finish writing the program.
r-----—- | will go to sleep early.

S-—--—- | will wake up feeling refreshed.

The hypotheses are: p—q, -p—1r, r—s
The conclusion is: ~g—s
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4. Using Rules of Inference to Build Argument

o Example 7 (page 67)

s Solution:

Step

1. p—q¢

2. —q—-q
3. —p—r
4. —q—r
5. r—s

6. —g—-S

Software Engineering Mathematics

Reason

Hypothesis

Contrapositive of (1)
Hypothesis

Hypothetical Syllogism using
(2) and (3)

Hypothesis

Hypothetical Syllogism using
(4) and (5)
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4. Using Rules of Inference to Build Argument

o Example 7 (page 67)
» Solution () :

IR

1. p—q

2. —q—-q
3. —p—r
4. —g—r
5. I—s

6. —Qq—-S

Software Engineering Mathematics

H H
A
(1) B (5B R (D) Sad)
FIEEEIPAN
Q)R E =ik
IEEEIPAN
A)B)KE =B
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4407 8 B 1 HoAl

a B INETHE 2
= 0T
(AL AN A2 A\ .. /A AK) ~ (A —B)
= - (AL A A2 A .. A AK) V (=A VB)
= (- (AL AA2 A .. NAK V -A) V B
=M1 AA2A .. ANAKAA VB

=A1LAA2A .. ANAK/\ A —B
It ABRATT AT AR ALE Hg B n iy 2
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4.7 % B ¥

I

d WJl: IEEUE

1 I

LRI 7 35 R 7

I THEHERL O AT RO R

= HiiE: p—q, (rv-s) - -q
s 458 p—~(—r/As)
= UEPH:

o JiAL: BYInErsEis

LR
P
P—Q
q

N oo o &~ 0 Db Pk

—-r \'S

Software Engineering Mathematics

(rV —s) -
q— —(r V —s)
—(r V —s)
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H
CRPIIETELIEPAN
[(IE-EIPAN
(D))= R
[E.2EIPAN
(4) &
(3) (B) =
(6) & it
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4.7 U AR HE R B 1 A 5 v (R D)

o 1. RN RN A R
= QiiE: p—~q, (rV-s) — -
s 458 p—~(arAs)

R
o J7k2: A e DU ERAE
IR H
1. (rV —s) - =g IEIEIPAN
2. g — —(r \/ —s) (1) B
s g — (=r A s) (2) 5 Hi
4. p—Qq ArE g A
5. p—~ (=r /A's) R E =it
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4. el i A R B LA T VA (R 7E)

o iR
n M
(A1 A\ A2 A ... N\ AK) = B (7 HKEAT)

_—.(Al/\A2/\.../\Ak)\/B
=— (A1 A A2 A ... A Ak A —B)

o 555 BN ANEL ) KR AR, =B A4 i’
AERS1 AN
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4.1 I8 A B PR Ay

a 12: UERTR D A R R .

u ﬁﬁ% p_’—lq,
n 4518 =P

r-q, r

i

R eI
AFE5IA

(1) (2) = HERE
[IE-EIPAN
(3)(4)FEHC
AFE5IA

u 1EHE
o 7kl HIHEZE
IR
1. p
2. p—~—q
3. —(
4. r—(
5. —r
6. r
7. ar \'r

(5)(6) 5]

A A] D] B e WA UE ]
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5. Rules of Inference for Quantified Statements

a Universal instantiation (ZFrRE 1775 25300,
U L))
VvV x P(X)

L. P(c)
m Here, c Is a particular member of the
domain

» Example:

oWe can conclude from the statement “All
women are wise” that “Lisa Is wise” where,
Lisa Is female.
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5. Rules of Inference for Quantified Statements

a Universal generalization (4 &1 5] AN, UGHLI))
P(c) for an arbitrary c

SV X P(X)
a Existential instantiation (f£7E =1 7H 2500, EDRI)
33X P(X)

..P(c) for some element c

o Existential generalization (745 &1 5| AN, EGHUN))
P(c) for some element c
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5. Rules of Inference for Quantified Statements

o Example 12 (page 70)
= Show that the premises

1. “Everyone in the discrete mathematics class has
taken a course in computer science”

2. “Marla i1s a student in this class”

= Imply
1. “Marla has taken a course in computer science”
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5. Rules of Inference for Quantified Statements

0 Example 12

= Solution:
oD(X)----- "X 1S In this discrete mathematics
class”
oC(X)----- "X has taken a course in computer
science”

oPremises: Vx (D(xX)—C(x)), D(Marla)
oConclusion: C(Marla)
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5. Rules of Inference for Quantified Statements

a Example 12

Step Reason

1. VX (D(X)—C(x)) Premise

2. D(Marla)—C(Marla) Universal instantiation from (1)

3. D(Marla) Premise

4. C(Marla) Modus tollens using (2) and (3)
o BHPOICRRUTE

IR HHH

1. Vx (D(X)—C(X)) IE AN

2. D(Marla)—C(Marla) (LU LEL

3. D(Marla) RPN

4. C(Marla) () (3) = R
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5. Rules of Inference for Quantified Statements

a0 Example 13 (page 71)

1.

Show that the premises

“A student In this class has not read the
book” and

“Everyone In this class passed the first
exam”

Imply the conclusion

“Someone who passed the first exam has
not read the book.”
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5. Rules of Inference for Quantified Statements

o Example 13

1.

2.

3.

1.

2.

Solution:

C(X)------ "X 1S In this class”
B(X)------ "X has read the book”
P(x)------ "X passed the first exam”

The premises:

Ix (C(x) N\ =B(X))

VX (C(X)—P(x))

The conclusion: FIx (P(x) /A =B(X))
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5. Rules of Inference for Quantified Statements

a Example 13

= Solution

Step Reason

1. dx (C(xX) A =B(X)) Premise

2. C(a) N\ =B(a) Existential instantiation from (1)
3. C(a) Simplification from (2)

4. Vx (C(xX)—P(Xx)) Premise

5. C(a)—P(a) Universal instantiation from (4)
6. P(a) Modus ponens from (3) and (5)
7. ~B(a) Simplification from (2)

8. P(a) A\ =B(a) Conjunction from (6) and (7)
9. dx (P(x) A\ =B(X)) Existential generation from (8)
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5. Rules of Inference for Quantified Statements

o Example 13
» Solution(F]H30)

1B 1

1. Ix (C(X) N\ =B(x)) IESEAPAN

2. C(a) A\—=B(a) (LU

3. C(a) (2) 1L T

4. Vx (C(X)—P(X)) FIEEAPAN

5. C(a)—P(a) (4) UL

6. P(a) () (B) =t
7. =B(a) ()11

8. P(a) A\ —B(a) (6)(7) &L

9. Ix (P(x) A =B(X)) (8) EGHHI
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Homework

Q0 page
| 12’ 24’
» fh7Eel H

Software Engineering Mathematics

26,

28, 30
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