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Conditional Statement:
• p is called the premise/evidence/Basis/Foundation/Idea/hypothesis/antecedent), 

• q is called the conclusion/consequent)
• p q is false when p is true and q is false.  True otherwise

“If he is the governor, then many schools will be built” : If p Then q  /  p  q
The statement is true in all cases except when he is the governor and no 

schools were built

1.12.A  Conditional Statement:  p  q
استلزام -تضمن –تورط 

The properties:
1. Idempotence.
2. Commutativity.
3. Associativity.
Do not hold for Implication.



P: A person is a father.
q: A person is a male.

English
Statement

Symbolic
Statement

If a person is a father, then
that person is a male.

IF p THEN q. p  q

A person is a male, if that 
person is a father.

q IF p.p  q

Being a father is sufficient for 
being a male.

p Is Sufficient For q.p  q

Being a male is necessary for 
being a father.

q Is Necessary For p.p  q

A person is a father only if
that person is a male .

p Only If q.p  q

Only if a person is a male, is 
that person is a father .

Only If q, p.p  q

٦

1.12.A      Conditional Statement  p  q 
Variety of ways to express the connectives that appear in 

compound statement



1.12.A  Conditional Statement  p  q 

• Variety of ways to express an implication

٧

 if p, then q p implies q

 if p, q q if p

 p is sufficient for q q is necessary for p

 From p follows q q whenever p, q when p

q follows from p

 a sufficient condition for q is p
 p only if q

a necessary condition for p is q
q unless  p

Conditional Statement: p  q is false when p is true and q is false. 
True otherwise

Example
p: you go, q: I go. P  q means “If you go, then I go” is equivalent 

to p only if q (“You go only if I go” )
(not the same as “I go only if you go” which is q only if p)



• p only if q:
– The statement is true, hence p

cannot be true when q is not true
– The statement is false if p is true

but q is false
– When p is false, q may be either

true or false
– Not to use “q only if p” to express

p  q

٨

• q unless  p : مالم
- If  p is false, then q must be true
- The statement is false when p is true but q is false, but the
statement is true otherwise.

1.12.A   Conditional Statement
p  q 



1.

2.

3.

4.

5.

6.
٩

1.12.A  Conditional Statement   p  q

The statement:

An Illustrative Example: Variety of ways to express 
the connectives that appear in compound statement.



1.12.A  Conditional Statement p  q 
Necessary And Sufficient Conditions

• A Necessary Condition is الضرورة شرط just that:
A condition that is necessary for a

particular outcome to be achieved. The condition does not
grantee the outcome; but, if the condition does not hold, the
outcome will not be achieved.

• A  Sufficient Condition is just that:
A condition that suffices to grantee a

particular outcome to be achieved. The condition does not
grantee the outcome. If the condition does not hold, the outcome
might be achieved in other ways or it might not be achieved at all;
but if the condition does hold, the outcome is guaranteed. ١٠



• If Ali learns discrete mathematics, then he 
will find a good job.

– Ali will find a good job is necessary to occur when
he learns discrete mathematics (q when p).

– For Ali to get a good job, it is sufficient for him to
learn discrete mathematics (sufficient condition
for q is p).

– Ali will find a good job unless he does not learn  لم ما
تعلم عدم على أقدم قد يكن discrete mathematics (q

unless not p).
١١

1.12.A   Conditional Statement
p  q 
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1.12.A  Conditional Statement  p  q
Variety of ways to express the connectives 

that appear in compound statement
Conditional statements in English often omit the
word then and simply use a comma. When then is
included, the comma can be included or omitted.
Here are some examples:

 If a person is a father, then that person is a
male.

 If a person is a father then that person is a
male.

 If a person is a father, that person is a male.
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1.

2.

Exercise Set  1.12.A



3. Exercises 1-8, let p and q represent the following simple
statements:

p: This is an alligator  تمساح أمريكي.  &  q: This is a reptile زاحف.
Write each of the following compound statements in
symbolic form.

1. If this is an alligator, then this is a reptile.
2. If this is a reptile, then this is an alligator.
3. If this is not an alligator, then this is not a reptile.
4. If this is not a reptile, then this is not an alligator.
5. This is not an alligator if it's not a reptile.
6. This is a reptile if it's an alligator.
7. Being a reptile is necessary for being an alligator.
8. Being an alligator is sufficient for being a reptile.

١٤

Exercise Set  1.12.A



4. Exercises 1-8, let p and q represent the following simple
statements:

p: You are human.  &  q: You have feathers ريش.
Write each of the following compound statements in
symbolic form.

1. You do not have feathers if you are human.
2. You are not human if you have feathers.
3. Not being human is necessary for having feathers.
4. Not having feathers is necessary for being human.
5. Being human is sufficient for not having feathers.
6. Having feathers is sufficient for not being human.
7. You have feathers only if you're not human.
8. You’re human only if you do not have feathers. ١٥

Exercise Set  1.12.A
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1.12.B  Conditional Statement p  q
Hidden In An Everyday Expression (Distract)

Example
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1. Rewrite each statement using the If … Then
connective. Rearrange the wording or add words as
necessary

Exercise Set  1.12.B

11.
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Exercise Set  1.12.B
12.

13.

14.

15.

16.

17.
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Exercise Set  1.12.B
18.

19.

20.

21.

22.

23.
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Exercise Set  1.12.B
24.
25.
26.

27.
28.
29.

30.

31.
32.

33.
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1.12.C   Conditional Statement
p  q 



1.  Write the negation of each of 
the following Statements.

٢٢

1.

3.

5.

2.

4.

6.

Exercise Set  1.12.C
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2.  Write the negation of each of the following 
Statements.

1. If I am in Los Angeles, then I am in California.
2. If I am in Houston, then I am in Texas.
3. If it is purple, then it is not a carrot.
4. If the TV is playing, then I cannot concentrate.
5. If he doesn't, I will.
6. If she says yes, he says no.
7. If there is a blizzard, then all schools are closed.
8. If there is a tax cut, then all people have extra spending
money.
9. q  r 10. p  r

Exercise Set  1.12.C



• N.B.1
A conditional proposition that is true because the hypothesis is false is said

to be true by default or vacuously  stupidly  dimly  darkly true .

• N.B.2
The “if” part of the sentence and the “then” part of the sentence need

not be related in any intuitive sense. The truth or falsity of an “if-then”
statement is simply a fact about the logical values of its hypothesis and of its
conclusion. (Wit  Smartness  Intelligence)

• N.B.3
The proposition (A)  B  says the same thing as  A  B  .

• N.B.4
Common Mistake for p  q :

– Correct: p only if q .
– Mistake to think “q only if p” . ٢٤

1.12.D  Conditional Statement   p  q
Important Notes
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Exercise Set  1.12.D
1. Decide whether each of the following statement 

is true or false.
1.
2.

3.

5.

7.

9.

2.
2.

4.

6.

8.

10.
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Exercise Set  1.12.D
2.    Let T represents a true statement and F represents a 

false statement, tell whether each of the following 
conditional is true or false. 

1.

2.

3.

4.

5.

6.

3.    Let s represent “She has a snake for a pet”, p represent 
“He trains ponies,” and m represent “They raise monkeys.” 

Express each of the following compound statement in words. 

1.

2.

3.

4.

5.

6.



4. Let b represent “I ride my bike,” r represent “it rains,” and p 
represent “the play is cancelled.” Write each of the following 

compound statement in symbols.

٢٧

Exercise Set  1.12.D
1.

3.

5.

7.

2.

4.

6.

8.

5.  Let p and r are False, and q is true. Find the truth value of each 
of the following  statements.

1.

4.

7.

10.

2.

5.

8.

11.

3.

6.

9.

12.



6. Explain Why, if we know that p is true, we
also know that [r  (p  s)]  (p  q) is true,
even if we are not given the truth values of q, r,
and s.

٢٨

7. Construct a true statement involving a
conditional, a conjunction, a disjunction, and a
negation (not necessarily in that order), that
consists of component statements p, q, and r,
with all of these component statements False .

Exercise Set  1.12.D



8. Use truth tables to decide which of the pairs of
statements are equivalent.

٢٩

Exercise Set  1.12.D

9. Write each statement as an equivalent statement that
does not use the IF … Then connective. Remember that p 
q is equivalent to p  q .

1.
4.
7.

2.
5.
8.

3.
6.

1.

3.

5.

2.

4.

6.



1.12.E    Inverse, Converse 
and  Contrapositive

• For conditional statement p q
– Inverse المعكوس : ┐p  ┐ q
– Converse المضاد : q  p
– Contrapositive الموضعي المعكوس : ┐q  ┐ p

N.B.
• Contrapositive and Conditional Statement are equivalent.
• Converse and Inverse are equivalent.

٣٠



Example 1 : Given the direct statement:
• If I live in Beraydah, then I live In

Kasseem.
• Let p represent: I live in Beraydah.
• Let q represent: I live in Kasseem.

Hence: 
i. The direct statement is:

p  q

ii. The Inverse is:
p  q

i.e. If I don’t live in Beraydah, then I don’t live in Kasseem.
Which is not necessarily true. ٣١

1.12.E    Inverse, Converse 
and  Contrapositive



iii. The Converse is:
q  p

i.e. If I live in Kasseem, then I live in Beraydah.
Which is not necessarily true, even though the direct
statement is.

iv. The Contrapositive is:
q  p

i.e. If I don’t live in Kasseem, then I don’t live in Beraydah.
Which is true, like the direct statement.

• N.B. 
It is clear that the Inverse and Converse of a true statement 

need not be true. They can be, but they need not be ٣٢

1.12.E    Inverse, Converse 
and  Contrapositive



Example 2 : Given the direct statement:
• If it is a BMW, it is a car.

• Let p represent: it is a BMW   &  Let q represent: it is a car.

Hence: 
i. The direct statement is:

p  q If it is a BMW, it is a car. (Consider it to be True)

ii. The Inverse is:
p  q If it is not a BMW, it isn’t a car. (Not necessarily true)

iii. The Converse is:
q  p If it is a car, it is a BMW. (Not necessarily true)

iv. The Contrapositive is:
 q  p If it isn’t a car, it isn’t a BMW. (Necessarily true) ٣٣

1.12.E    Inverse, Converse 
and  Contrapositive
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1.12.E    Inverse, Converse 
and  Contrapositive
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I. For each given direct statement, write (a) the converse, (b) the 
inverse, and (c) the contrapositive in If … Then form. In some of 

the exercises, it may be helpful to restate the direct statement in 
if … then, form 

Exercise Set  1.12.E
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Exercise Set  1.12.E
Cont.



1. If I am in Chicago, then I am in Illinois.
2. If I am in Birmingham, then I am in the South.
3. If the stereo is playing, then I cannot hear you.
4. It is blue, then it is not an apple.
5. "If you don't laugh, you die." (humorist Alan King)
6. "If it doesn't fit, you must acquit." (lawyer Johnnie Cochran)
7. If the president is telling the truth, then all troops were withdrawn.
8. If the review session is successful then no students fail the test.
9. If all institutions place profit above human need, then some people
suffer.
10. If all hard workers are successful then some people are not hard
workers.
11. q  r 12. p  r ٣٧

II. In Exercises 1 - 12, write (a) the converse, 
(b) the inverse, and (c) the contrapositive of 

each statement.

Exercise Set  1.12.E



In Exercises 1 - 4, express each statement in "if ... then"
form. (More than one correct wording in "if . . . then" form
is possible.) Then write the statement’s converse, inverse,
contrapositive, and negative.

1. No pain is sufficient for no gain.

2. Not observing the speed limit is necessary for getting a
speeding ticket.

3. Being neither hedonistic nor ascetic are necessary for
following Buddha's "Middle Way."

4. Going into heat and not finding a mate are sufficient for
a female ferrat’s death .

٣٨

Exercise Set    1.12.E



1.13    Transformation   of    Logic 
Expression To Switching Circuits

And Vice  Versa

٣٩
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1.13    Transformation   of    Logic 
Expression To Switching Circuits

And Vice Versa (Examples)



1. Write a logical statement representing each of the 
following circuits. Simplify each circuit when possible.

٤١

Exercise Set  1.13
1.

3.

5.

2.

4.

6.



2. Draw circuits representing the following statements as
they are given. Simplify if possible.

٤٢

Exercise Set  1.13

1.

3.

5.

7.

2.

4.

6.

8.

3. Explain why the following circuit will always have exactly
one open switch. What does this circuit simplify to?


