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2.3 Booleans
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 � � � � � � �� � ! � � � � � � � � �� ��" �

bool

� � � ! �� � �" � � � � � � �� � � �# � � �� � � �

$� � �� � � ��% &� � � �� � �� '� � � � � � � � � � � � � (� � � & � " � � � � �� � � � � $� � �� � � �

� � ! � �� � � �� &� � � & � �� � � � " � � � � �� � � � � ) � �� �* " � � � � � � � � �� � � �� � ��'� � � � � � �� �� � �� � �� �# � � � � �� �* " � � � � �� � � � � # � �# � �+ � �� ��" �

bool % � � � �+

, -./ 021 3 4/ 35 4 06 7 8 95 8 0 4 .: �

; - 8 0 4 , 0 -6 , 4< = 96 , 0 >? ? 0@ =6 @ . 5 3 8: 0 - 4: A . BC D BE 6 0 - 4: A . B 0@ =6 , 4: 06 / < ,

. B 0 -6 4/ 7 8 95 6 / 8: F6 ,HG 0 -6 : @ . 5 E 4 9 9 =/ . I 8 I 9@ 3 . < 6 5 = E 4 0 - 8 0@ =6 E - . ,6 7 8 95 6 / 8: F6

4 ,6 < = 0@ ./ 3 .: , 4 , 0 , . B .: 6 = . , , 4 I 96 7 8 95 6 .: 9@KJ L/ F5 8 I 9@ G 7 8 95 6 , . B ,5 3 - 0@ =6 , 8/ 6 76 / @

6 8 ,@ 0 . / 6 =/ 6 ,6 : 0 G 6 76 : E 4 0 - . 5 0 , =6 : M 4: F 8: @ < 6 < ./ @ / 6 , . 5 / 36 ,J N . E 6 76 / G 8 9 0 - . 5 F - ,5 3 -

0@ =6 , 8/ 6 5 ,6 B5 9 4: 36 / 0 8 4: 3 4/ 35 < , 0 8: 36 , G @ . 5 3 8: O 0 M. 8 9. 0 . B 4: 06 / 6 , 0 4: F 3 . < =5 0 8 0 4 .: ,

E 4 0 - 0 -6 < J L B 06 / 8 9 9G 0 -6 / 6 4 ,: . . =6 / 8 0 4 .: .: 0 -6 < . 0 -6 / 0 - 8: 0 -6 4 M6 : 0 4 0@KJP . G 96 0 5 ,/ 6 = -/ 8 ,6 0 -6 8 I . 76 Q5 6 , 0 4 .: R ; - 8 0 4 , 0 -6 , 4 < = 96 , 0: .: 1 0/ 4 7 4 8 9 >? ? 0@ =6 @ . 5

3 8: 0 - 4: A . BC L B 06 / 0 -6 8 I . 76 M 4 , 35 , , 4 .: E 6 36 / 0 8 4: 9@ - 8 76 .: 6 3 8: M 4 M 8 06 R 8 0@ =6 E 4 0 - 8

7 8 95 6 / 8: F6 0 - 8 0 3 .: , 4 , 0 , . B6 S 8 3 0 9@ 0E . 6 96 < 6 : 0 ,J L 0 T/ , 0 , 4 F - 0 G ,5 3 - 8 0@ =6 < 8@ 8 F 8 4:

8 = =6 8/ 76 / @ 9 4 < 4 06 MJ U6 76 / 0 -6 96 , , G E 6 E 4 9 9 ,6 6 I6 9 . E 0 - 8 0 4 0 8 9 9 . E , B./ < 8: @ 4: 06 / 6 , 0 4: F

. =6 / 8 0 4 .: ,J L 3 0 5 8 9 9@ G , 5 3 - 8 0@ =6 4 , , 5 V 3 46 : 0 8 , 8 I 8 , 4 , B./ 8 9 9 A 4: M , . B 3 . < =5 0 8 0 4 .: , @ . 5

3 8: 4 < 8 F 4: 6 J WX 6 3 8 9 9G B./ 6 S 8< = 96 G 0 - 8 0 4: 06 F/ 8 9: 5 < I6 / , 3 8: I6 / 6 =/ 6 ,6 : 06 M 4: I 4: 8/ @

B./ < 8 0 G 0 - 8 0 4 ,HG 5 , 4: F 0 -6 0E . 7 8 95 6 ,

0

8: M

1

.: 9@KJ Y

2.3.1 Boolean functions

Z -6 : 8< 6 [\ . . 96 8: ] , 06 < , B/ . < 0 -6 \ / 4 0 4 , - < 8 0 -6 < 8 0 4 3 4 8: ^6 ./ F6 \ . . 96 W

1815 _1864

Y

E -. = 4 .: 6 6 / 6 M 4: 6 , 0 8 I 9 4 , - 4: F 3 .: : 6 3 0 4 .: , I6 0E 6 6 : 9. F 4 3 8: M , @ < I . 9 4 3 8 9 F6 I/ 8J \ @ 0 -6

06 / < $� � �� � � & � �  � �� � E 6 M6 : . 06 8 B5 : 3 0 4 .:

f :

`

n →

`aG E -6 / 6 `

:= {0, 1}

8: M

n

b cJWX 6 8 M

0

8 , & � � � � 8: M

1

8 , �� ��J Y

> 96 8/ 9@ 0 -6 : 5 < I6 / . B M 4d 6 / 6 : 0 \ . . 96 8: B5 : 3 0 4 .: , 4 , T: 4 06 B./ 6 76 / @ T S6 M

n e f S6 / 1

3 4 ,6 gh 8 , A , @ . 5 0 . , - . E E - 8 0 6 S 8 3 0 9@ 0 -6 4/ : 5 < I6 / 4 ,J Z. F 4 76 @ . 5 8 T/ , 0 - 4: 0 R i./

n = 1

0 -6 / 6 8/ 6 .: 9@ B. 5 / \ . . 96 8: B5 : 3 0 4 .: , G 0 -6 0E . 3 .: , 0 8: 0 B5 : 3 0 4 .: ,

c0 : x j→ 0

8: M

c1 : x j→ 1G 0 -6 4 M6 : 0 4 0@ 4 M

: x j→ x

8: M 0 -6 : 6 F 8 0 4 .: U k Z

: x j→ xG E -6 / 6

0 := 1

8: M

1 := 0JD: 0 -6 B. 9 9 . E 4: F E 6 / 6 , 0/ 4 3 0 . 5 / B. 35 , 0 . 5 : 8/ @ 8: M I 4: 8/ @ \ . . 96 8: B5 : 3 0 4 .: ,HG 0 - 8 0

4 ,HG B5 : 3 0 4 .: , B/ . < ` ./ `

2 0 . `J P 5 3 - B5 : 3 0 4 .: , 8/ 6 < . , 0 3 .: 76 : 46 : 0 9@ M6 , 3/ 4 I6 M 8 , 8

,< 8 9 9 0 8 I 96 0 - 8 0 9 4 , 0 , 0 -6 B5 : 3 0 4 .: 7 8 95 6 , B./ 8 9 9 = . , , 4 I 96 8/ F5 < 6 : 0 ,J L: 6 S 8< = 96 B./ 8

I 4: 8/ @ \ . . 96 8: B5 : 3 0 4 .: 4 , L Ul

: (x, y) j→ x ∧ y

, -. E : 4: i 4 F5 / 6 m W 8 YJ D 0 4 ,: 8< 6 M

L U l I6 3 85 ,6

x ∧ y = 1

4 B 8: M .: 9@ 4 B

x = 1

� � !

y = 1J n. 5 < 8@ F5 6 , , E -@ 0 -6

op qr �s t �u �� v �w 	 x � ty �	 


B5 : 3 0 4 .:

f : (x, y) j→ x ∨ y

M6 T: 6 M 4: i 4 F5 / 6 m W I Y 4 , 3 8 9 96 M kX J D: B 8 3 0 G 0 -6 / 6 8/ 6 0E .

= . , , 4 I 96 4: 06 / =/ 6 0 8 0 4 .: , . B 0 -6 E ./ M [ ./ ] R n. 5 3 8: / 6 8 M 4 0 8 , [ 8 0 96 8 , 0 .: 6 . B ] G I5 0

z 5 , 0 8 , E 6 9 9 4 0 3 8: < 6 8: [6 4 0 -6 / J J J ./ ] G 0 - 8 0 4 ,HG [6 S 8 3 0 9@ .: 6 . B ]J Z -6 B5 : 3 0 4 .: 0 - 8 0

3 ./ / 6 , = .: M , 0 . 0 -6 9 8 0 06 / 4: 06 / =/ 6 0 8 0 4 .: 4 , , - . E : 4: i 4 F5 / 6 m W 3 YJ D 0 4 , 5 ,5 8 9 9@ / 6 B6 / / 6 M 0 .

8 , { kX

: (x, y) j→ x

|

y

./ �*  � � � �# � � �J i 4 F5 / 6 m W6 Y M6 = 4 3 0 , 0 -6 0 8 I 96 B./ 0 -6 5 : 8/ @

B5 : 3 0 4 .: U k ZJ

x y x ∧ y

0 0 0

0 1 0

1 0 0

1 1 1}~ �� ����

x y x ∨ y

0 0 0

0 1 1

1 0 1

1 1 1}� �� ��

x y x

|

y

0 0 0

0 1 1

1 0 1

1 1 0}� �� � ��

x y x ↑ y

0 0 1

0 1 1

1 0 1

1 1 0}� � �� ����
x x

0 1

1 0}� � �� ��
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Completeness.

i 4 F5 / 6 m , -. E , z 5 , 0 8 B6 E 6 S 8< = 96 ,J N . E 6 76 / G 4: 8 36 / 0 8 4: ,6 : ,6 G 4 0

, - . E , @ . 5 6 76 / @ 0 - 4: F 8 I . 5 0 I 4: 8/ @ \ . . 96 8: B5 : 3 0 4 .: ,J P . < 6 . B 0 -6 ,6 B5 : 3 0 4 .: , 8/ 6

, . B5 : M 8< 6 : 0 8 9 0 - 8 0 �# � � � I 4: 8/ @ \ . . 96 8: B5 : 3 0 4 .: 3 8: I6 F6 : 6 / 8 06 M B/ . < 0 -6 < J i./

6 S 8< = 96 G { kX 3 8: I6 F6 : 6 / 8 06 M B/ . < L U l G kX 8: M U k Z R

{ kX

(x, y) =

L Ul

(
kX

(x, y),

U k Z

(

L U l

(x, y))).

D: B./ < 8 9 9@ G [6 4 0 -6 / ./ ] < 6 8: , [ ./ ] I5 0: . 0 [ 8: M ]J i./ < 5 9 8 , 9 4 A6 0 - 4 , 8/ 6 6 8 , 4 9@ 3 -6 3 A6 M

I@ F. 4: F 0 -/ . 5 F - 8 9 9 W B. 5 / Y = . , , 4 I 96 3 . < I 4: 8 0 4 .: , . B 8/ F5 < 6 : 0 ,JP 4 < 4 9 8/ 9@ G 0 -6 B5 : 3 0 4 .: U L Ul

: (x, y) j→ x ↑ y

M6 , 3/ 4 I6 M 4: i 4 F5 / 6 m W M Y 3 8: I6

F6 : 6 / 8 06 M B/ . < U k Z 8: M L Ul W -6 : 36 0 -6 : 8< 6 J J J Y R

U L U l
(x, y) =

U k Z

(

L Ul

(x, y)).

�6 0 5 , M6 T: 6 E - 8 0E 6 < 6 8: I@ [ F6 : 6 / 8 06 ]J

Definition 2
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f
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 � � �� !
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( �

F

� &

f

 � � (� �* " � � � � � ! ( � � &� � � � � � � � � � � � ��  � � � � � � � � ��

# �� � � ( �� �

x

� � !

y % � ��  � � � � � � � �

0

� � !

1% � � ! � �� & � �  � �� � � &� � �

F��� � � � � � � � & ( � � �� � & � �  � �� � ��% � � � �

F

� & ( � � �� � & � �  � �� � � � � � � � ! �� (�

complete� & � � ! � � �� � & �# � � � & � �  � �� �

f

b � � � (� + � � � � � �� ! ( �

F�

;6 8/ 6 : . E =/ 6 = 8/ 6 M B./ 8 3 . < = 96 06 : 6 , , =/ . . BJ

Theorem 1

 �� � � � � & & � �  � �� � �

{

L U l

,

kX

,

U k Z

}
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Proof.

L: @ I 4: 8/ @ \ . . 96 8: B5 : 3 0 4 .:

f

4 , 3 . < = 96 06 9@ M6 , 3/ 4 I6 M I@ 4 0 , � �� � �� � � � � � # � ��� �

(f(0, 0), f(0, 1), f(1, 0), f(1, 1))J i./ 6 S 8< = 96 G L Ul - 8 , 3 - 8/ 8 3 06 / 4 , 0 4 3 76 3 0 ./

(0, 0, 0, 1)G./

0001

B./ , - ./ 0J �6 0

fb1b2b3b4

M6 : . 06 0 -6 \ . . 96 8: B5 : 3 0 4 .: E 4 0 - 3 - 8/ 8 3 06 / 4 , 0 4 3 76 3 0 ./

b1b2b3b4J i./ 6 S 8< = 96 G L Ul

= f0001JD: 0 -6 T/ , 0 , 06 = . B 0 -6 =/ . . BG E 6 , - . E 0 - 8 0 8 9 9 0 - . ,6 B5 : 3 0 4 .: , 3 8: I6 F6 : 6 / 8 06 ME - . ,6

3 - 8/ 8 3 06 / 4 , 0 4 3 76 3 0 ./ 3 .: 0 8 4: , 8 , 4: F 96

1J D: M6 6 MaG

f0001(x, y) =

L U l

(x, y),

f0010(x, y) =

L U l

(x,

U k Z

(y)),

f0100(x, y) =

L U l

(y,

U k Z

(x)),

f1000(x, y) =

U k Z

(

kX

(x, y)).

Z. 3 -6 3 A 0 -6 B./ < 5 9 8 B./

f0010G B./ 6 S 8< = 96 G E 6 3 8: 3/ 6 8 06 8 0 8 I 96 B./ 0 -6 B5 : 3 0 4 .:

L U l

(x,

U k Z

(y))

8 , 4: i 4 F5 / 6 m 8: M 3 .: 7 4: 36 . 5 / ,6 9 76 , 0 - 8 0 0 -6 / 6 ,5 9 0 4: F 3 - 8/ 8 3 06 / 4 , 0 4 3

76 3 0 ./ 4 ,

0010JD: 0 -6 ,6 3 .: M , 06 =�G E 6 , - . E 0 - 8 0 8: @ B5 : 3 0 4 .: E - . ,6 3 - 8/ 8 3 06 / 4 , 0 4 3 76 3 0 ./ 4 ,: .: �6 / .

3 8: I6 F6 : 6 / 8 06 MJ Z - 4 , 4 , M .: 6 I@ 3 . < I 4: 4: F 0 -6 8 9/ 6 8 M@ F6 : 6 / 8 06 M [ , 4: F 96 1 1 ] B5 : 3 0 4 .: ,

0 -/ . 5 F - kX G E - 4 3 - , 4 < = 9@ 8 M M , 5 = 0 -6 4/

1

O ,J i./ 6 S 8< = 96 G

f1100(x, y) =

kX

(f1000(x, y), f0100(x, y)),

f0111(x, y) =

kX

(

kX

(f0100(x, y), f0010(x, y)), f0001(x, y)).

;6 8 I , 0 8 4: B/ . < E ./ A 4: F 0 - 4 , 8/ F5 < 6 : 0 . 5 0 B./ < 8 9 9@ G , 4: 36 E 6 I6 9 46 76 0 - 8 0 @ . 5 F6 0 4 0 ,

4 M6 8J i 4: 8 9 9@ G E 6 F6 : 6 / 8 06

f0000

8 ,

f0000(x, y) = 0.

�

f S6 / 3 4 ,6 � g 8 , A , @ . 5 0 . , -. E 0 - 8 0 0 -6 ,6 0 ,

{

L U l

,

U k Z

}G {

kX

,

U k Z

}G 8: M6 76 : 0 -6 ,6 0

0 - 8 0 3 .: , 4 , 0 , . B 0 -6 , 4: F 96 B5 : 3 0 4 .:

{

U L Ul

}

8/ 6 3 . < = 96 06 B./ 0 -6 ,6 0 . B I 4: 8/ @ \ . . 96 8:

B5 : 3 0 4 .: ,J

2.3.2 The type bool

D: >? ? G \ . . 96 8: , 8/ 6 / 6 =/ 6 ,6 : 06 M I@ 0 -6 B5 : M 8< 6 : 0 8 9 0@ =6

boolJ D 0 , 7 8 95 6 / 8: F6 3 .: , 4 , 0 ,

. B 0 -6 0E . 6 96 < 6 : 0 , � � �� 8: M & � � � � 0 - 8 0 8/ 6 8 , , . 3 4 8 06 ME 4 0 - 0 -6 9 4 06 / 8 9 ,

true

8: M

falseG/ 6 , =6 3 0 4 76 9@KJ i./ 6 S 8< = 96 G

bool b = true;

M6 T: 6 , 8 7 8/ 4 8 I 96

b

. B 0@ =6

bool

8: M 4: 4 0 4 8 9 4 �6 , 4 0 0 . �� ��Ji./ < 8 9 9@ G 0 -6 0@ =6

bool

4 , 8: 4: 06 F/ 8 9 0@ =6 G M6 T: 6 M 0 . I6 96 , , F6 : 6 / 8 9 0 - 8:

int

WE - 4 3 -

4: 0 5 / : 4 , 96 , , F6 : 6 / 8 9 0 - 8:

unsigned intG ,6 6 P6 3 0 4 .: �J �J � YJ

o � qr �s t �u �� v �w 	 x � ty �	 

Logical operators.

Z -6 3 . < = 96 06 ,6 0 . B I 4: 8/ @ \ . . 96 8: B5 : 3 0 4 .: , 4 , 8 7 8 4 9 8 I 96 7 4 8 0 -6 ��+ �� � � � " � � � �� � �

&&

W L Ul Y G || W kX Y G 8: M

!

W U k Z YJ > . < = 8/ 6 M 0 . 0 -6 : . 0 8 0 4 .: 5 ,6 M 4:

P6 3 0 4 .: �J �J g E 6 , 4 < = 9@ 4 M6 : 0 4 B@ 1E 4 0 - �� �� 8: M

0E 4 0 - & � � � �J \ . 0 -

&&

8: M

||

8/ 6 I 41

: 8/ @ . =6 / 8 0 ./ , G E - 4 96

!

4 , 5 : 8/ @KJ L 9 9 . =6 / 8: M , 8/ 6 / 7 8 95 6 , . B 0@ =6

boolG 8: M 8 9 9 9. F 4 3 8 9

. =6 / 8 0 ./ , 8 9 , . / 6 0 5 / : / 7 8 95 6 , . B 0 =6

boolJ � 4 A6 4: 9. F 4 3 , G && I 4: M , < ./ 6 , 0/ .: F 9@ 0 - 8:

||G 8: M

!

I 4: M , < ./ 6 , 0/ .: F 9@ 0 - 8:

&&J �

Relational operators.

Z -6 / 6 4 , 8 9 , . 8: 5 < I6 / . B . =6 / 8 0 ./ , .: 8/ 4 0 -< 6 0 4 3 0@ =6 ,E -. ,6 / 6 , 5 9 0

4 , . B 0@ =6

boolJ i./ 6 8 3 - 8/ 4 0 -< 6 0 4 3 0@ =6 0 -6 / 6 6 S 4 , 0 0 -6 , 4 S � � � � � �� � � � � " � � � �� � �

<G >G

<=G >=G ==G 8: M

!=J Z -6 ,6 8/ 6 I 4: 8/ @ . =6 / 8 0 ./ , E -. ,6 0E . / 7 8 95 6 . =6 / 8: M , 8/ 6 . B , . < 6

8/ 4 0 -< 6 0 4 3 0@ =6 8: M E - . ,6 / 6 ,5 9 0 4 , 8: / 7 8 95 6 . B 0@ =6

boolJ Z -6 . =6 / 8 0 ./ ,

<=

8: M

>=3 ./ / 6 , = .: M 0 . 0 -6 < 8 0 -6 < 8 0 4 3 8 9/ 6 9 8 0 4 .: , � 8: M � G / 6 , =6 3 0 4 76 9@KJ Z -6 . =6 / 8 0 ./

==

06 , 0 ,

B./ 6 Q5 8 9 4 0@ 8: M

!=

06 , 0 , B./ 4: 6 Q5 8 9 4 0@JP 4: 36

bool

4 , 8: 4: 06 F/ 8 9 0@ =6 G 0 -6 / 6 9 8 0 4 .: 8 9 . =6 / 8 0 ./ , < 8@ 8 9 , . - 8 76 . =6 / 8: M , . B 0@ =6

boolJ Z -6 / 6 , =6 3 0 4 76 3 . < = 8/ 4 , .: , 8/ 6 M .: 6 8 3 3 ./ M 4: F 0 . 0 -6 3 .: 76 : 0 4 .: & � � � �

<

�� ��J

Watch out!

L B/ 6 Q5 6 : 0 I6 F 4: : 6 / O , < 4 , 0 8 A6 4 , 0 . 5 ,6 0 -6 8 , , 4 F: < 6 : 0 . =6 / 8 0 ./

=E -6 / 6 0 -6 6 Q5 8 9 4 0@ . =6 / 8 0 ./

==

4 , < 6 8: 0J

L , 8 F6 : 6 / 8 9/ 5 96 G 8/ 4 0 -< 6 0 4 3 . =6 / 8 0 ./ , I 4: M < ./ 6 , 0/ .: F 9@ 0 - 8: / 6 9 8 0 4 .: 8 9 .: 6 , G 8: M

0 -6 ,6 4: 0 5 / : I 4: M < ./ 6 , 0/ .: F 9@ 0 - 8: 0 -6 9. F 4 3 8 9 . =6 / 8 0 ./ ,J

Boolean Evaluation Rule:

\ 4: 8/ @ 8/ 4 0 -< 6 0 4 3 . =6 / 8 0 ./ , - 8 76 - 4 F -6 / =/ 6 36 M6 : 36 0 - 8:

/ 6 9 8 0 4 .: 8 9 . =6 / 8 0 ./ ,HG 8: M 0 -6 ,6 - 8 76 - 4 F -6 / =/ 6 36 M6 : 36 0 - 8: I 4: 8/ @ 9. F 4 3 8 9 . =6 / 8 0 ./ ,J

i./ 6 S 8< = 96 G 0 -6 6 S =/ 6 , , 4 .:

7 + x < y && y != 3 * z

4 , 9 . F 4 3 8 9 9@ = 8/ 6 : 0 -6 , 4 �6 M 8 ,

((7 + x) < y) && (y != (3 * z)).

\ 6 3 8/ 6 B5 9E 4 0 - < 8 0 -6 < 8 0 4 3 8 9 , -./ 0 3 5 0: . 0 8 0 4 .: ,5 3 - 8 ,

a = b = cJ L , 8 >? ? 6 S =/ 6 , , 4 .: G

a == b == c

4 ,: . 06 Q5 4 7 8 96 : 0 0 .

a == b && b == c.

\ @ 96 B 0 8 , , . 3 4 8 0 4 7 4 0@ . B

==G 0 -6 6 S =/ 6 , , 4 .:

a == b == c

4 , 9. F 4 3 8 9 9@ = 8/ 6 : 0 -6 , 4 �6 M 8 ,

(a == b) == cJ D B 8 9 9 . B

aG bG 8: M

c

8/ 6 7 8/ 4 8 I 96 , . B 0@ =6

intE 4 0 - 7 8 95 6 0G 0 -6 6 7 8 95 8 0 4 .:

@ 46 9 M ,

(0 == 0) == 0 −→ true == 0 −→ 1 == 0 −→ false ,

z 5 , 0 0 -6 . = = . , 4 06 . BE - 8 0 @ . 5 5 , 5 8 9 9@ < 6 8: I@

a = b = cJ

� �� � ~ 	 	
 �~ 
 ~ � � �� ~ 
  � �� �� � � � � �
 �  � � 	� 
 �~ � ~ � 
 ��� � �� 
 � �~ � �� � �� � �� � � � � � �� ��
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De Morgan’s laws.

Z -6 E 6 9 91 A: . E : B./ < 5 9 86 . B - . E 0 . 6 S =/ 6 , , L U l 4: 06 / < , . B kX 8: M

7 4 36 76 / , 8E 4 0 - 0 -6 -6 9 = . B U k Z G 8/ 6 : 8< 6 M 8 B 06 / 0 -6 \ / 4 0 4 , - < 8 0 -6 < 8 0 4 3 4 8: L5 F5 , 0 5 , l 6

� ./ F 8: W gh p o _ gh � g YJ N6 E 8 , 8 = 4 .: 6 6 / 4: ,@ < I . 9 4 3 8 9 F6 I/ 8 8: M 9 . F 4 3 ,J L 9 , . 0 -6 / 4 F./ . 5 ,

B./ < 5 9 8 0 4 .: . B [< 8 0 -6 < 8 0 4 3 8 9 4: M5 3 0 4 .: ] 8 ,E 6 A: . E 8: M 5 ,6 4 0 0 . M 8@ F. 6 , I 8 3 A 0 . - 4 < JZ -6 M6 1 � ./ F 8: 1 B./ < 5 9 86 , 0 8 06 0 - 8 0 W 4: >? ? 1 9 8: F5 8 F6 Y

!(x && y) == (!x || !y)

8: M

!(x || y) == (!x && !y) .

Z -6 ,6 B./ < 5 9 86 3 8: . B 06 : I6 5 ,6 M 0 . 0/ 8: , B./ < 8 $� � �� � � �* " � � � � �� � W 8: 6 S =/ 6 , , 4 .: . B

0@ =6

bool

Y 4: 0 . 8 [ , 4< = 96 / ] 6 Q5 4 7 8 96 : 0 B./ < J i./ 6 S 8< = 96 G

!(x < y || x + 1 > z) && !(y <= 5 * z || !(y > 7 * z))

3 8: 6 Q5 4 7 8 96 : 0 9@ I6 E / 4 0 06 : 8 ,

x >= y && x + 1 <= z && y > 5 * z && y > 7 * z

E - 4 3 - 4 , 3 96 8/ 9@ =/ 6 B6 / 8 I 96 4: 06 / < , . B/ 6 8 M 8 I 4 9 4 0@KJi./ < ./ 6 M6 0 8 4 9 , 8 I . 5 0 =/ 6 36 M6 : 36 , 8: M 8 , , . 3 4 8 0 4 7 4 0 46 , . B 0 -6 9 . F 4 3 8 9 8: M/ 6 9 8 0 4 .: 8 9

. =6 / 8 0 ./ ,HG ,6 6 Z 8 I 96 �J n. 5 < 8@ T: M 0 - 4 , 4: B./ < 8 0 4 .: -6 9 = B5 9 4: ./ M6 / 0 . , . 9 76 f S6 / 3 4 ,6 � �J

Description Operator Arity Prec. Assoc.9 . F 4 3 8 9: . 0

!

g g o / 4 F - 0

96 , ,

<

� g g 96 B 0

F/ 6 8 06 /

>

� g g 96 B 0

96 , , ./ 6 Q5 8 9

<=

� g g 96 B 0

F/ 6 8 06 / ./ 6 Q5 8 9

>=

� g g 96 B 0

6 Q5 8 9 4 0@

==

� g p 96 B 0

4: 6 Q5 8 9 4 0@

!=

� g p 96 B 0

9 . F 4 3 8 9 8: M

&&

� o 96 B 0

9 . F 4 3 8 9 ./

||

� � 96 B 0

Table 2:

�� � � !� �  � � � � ! � � ��  � � � �# � � �� � � & ��+ � � � � � ! � � � � � �� � � � � " � � � �� � �� � � �

� " � � � � ! � � � ! � � � �� � # � � �� � �� � �# � � �� ��

Conversion and promotion.

D 0 4 , = . , , 4 I 96 0 - 8 0 0 -6 0E . . =6 / 8: M , . B 8/ 6 9 8 0 4 .: 8 9 . =6 / 8 0 ./

- 8 76 M 4d 6 / 6 : 0 0@ =6 J Z - 4 , 3 8 ,6 4 , 0/ 6 8 06 M 4: 0 -6 , 8< 6 E 8@ 8 , B./ 0 -6 8/ 4 0 -< 6 0 4 3 . =6 / 8 0 ./ ,JZ -6 3 . < = . , 4 06 6 S =/ 6 , , 4 .: 4 ,6 7 8 95 8 06 M .: 0 -6 < ./ 6 F6 : 6 / 8 9 0@ =6 G 0 . E - 4 3 - 0 -6 . =6 / 8: M . B

0 -6 96 , , F6 : 6 / 8 9 0@ =6 4 , 4< = 9 4 3 4 0 9@ 3 .: 76 / 06 MJ D: = 8/ 0 4 3 5 9 8/ G bool . =6 / 8: M , 8/ 6 3 .: 76 / 06 M

0 . 0 -6 / 6 , =6 3 0 4 76 4: 06 F/ 8 9 0@ =6 . B 0 -6 . 0 -6 / . =6 / 8: MJ N6 / 6 G 0 -6 7 8 95 6 & � � � � 4 , 3 .: 76 / 06 M

0 .

0G 8: M �� �� 0 .

1J D B 0 -6 4: 06 F/ 8 9 0@ =6 4 ,

intG 0 - 4 , 3 .: 76 / , 4 .: 4 , M6 T: 6 M 0 . I6 8

" � � �� � �� � J L =/ . < . 0 4 .: 4 , 8 , =6 3 4 8 9 3 .: 76 / , 4 .: B./ E - 4 3 - 0 -6 >? ? , 0 8: M 8/ M F5 8/ 8: 06 6 ,

0 - 8 0: . 4: B./ < 8 0 4 .: F6 0 , 9. , 0J

o m qr �s t �u �� v �w 	 x � ty �	 


Z -6 3 .: 76 / , 4 .: F. 6 , 4: 0 . 0 -6 . 0 -6 / M 4/ 6 3 0 4 .: B./ 9. F 4 3 8 9 . =6 / 8 0 ./ ,J D: < 4 S6 M6 S =/ 6 ,1

, 4 .: ,HG 0 -6 4: 06 F/ 8 9 . =6 / 8: M , . B 9 . F 4 3 8 9 . =6 / 8 0 ./ , 8/ 6 3 .: 76 / 06 M 0 .

bool

4: ,5 3 - 8E 8@ 0 - 8 0
0

4 , 3 .: 76 / 06 M 0 . & � � � � 8: M 8: @ . 0 -6 / 7 8 95 6 4 , 3 .: 76 / 06 M 0 . � � ��JZ -6 ,6 3 .: 76 / , 4 .: , 8 9 , . 0 8 A6 = 9 8 36 4: 4: 4 0 4 8 9 4 � 8 0 4 .: , 8: M 8 , , 4 F: < 6 : 0 , G 8 , 4: 0 -6 B. 9 9. E 4: F

6 S 8< = 96 ,J

bool b = 5; // b is initialized to true

int i = b; // i is initialized to 1

2.3.3 Short circuit evaluation

Z -6 6 7 8 95 8 0 4 .: . B6 S =/ 6 , , 4 .: , 4: 7. 9 7 4: F 9. F 4 3 8 9 8: M/ 6 9 8 0 4 .: 8 9 . =6 / 8 0 ./ , =/ . 36 6 M , 8 3 3 ./ M14: F 0 . 0 -6 F6 : 6 / 8 9/ 5 96 , G 8 , M 4 , 35 , ,6 M 4: P6 3 0 4 .: , �J �J g 8: M �J �J �J N . E 6 76 / G 0 -6 / 6 4 , .: 6

4 < = ./ 0 8: 0 M 4d 6 / 6 : 36 / 6 F 8/ M 4: F 0 -6 ./ M6 / 4: E - 4 3 - 0 -6 . =6 / 8: M , . B 8: . =6 / 8 0 ./ 8/ 6 6 7 8 91

5 8 06 MJ ; - 4 96 4: F6 : 6 / 8 9 0 - 4 , ./ M6 / 4 , 5 : M6 T: 6 MG 0 -6 I 4: 8/ @ 9. F 4 3 8 9 . =6 / 8 0 ./ ,

&&

8: M

||8 9E 8@ , F5 8/ 8: 06 6 0 - 8 0 0 -6 4/ 96 B 0 . =6 / 8: M 4 , 6 7 8 95 8 06 M T/ , 0J � ./ 6 . 76 / G 4 B 0 -6 7 8 95 6 . B

0 -6 3 . < = . , 4 06 6 S =/ 6 , , 4 .: 4 , 8 9/ 6 8 M@ M6 T: 6 M I@ 0 -6 7 8 95 6 . B 0 -6 96 B 0 . =6 / 8: M 0 -6 : 0 -6

/ 4 F - 0 . =6 / 8: M 4 , � � � �# � � � � �� ! 8 0 8 9 9J Z - 4 ,6 7 8 95 8 0 4 .: , 3 -6 < 6 4 , A: . E : 8 , � �� � � �� � � �

�# � � � � � �� � JN . E 3 8: 4 0 - 8 = =6 : 0 - 8 0 0 -6 T: 8 9 7 8 95 6 4 , 8 9/ 6 8 M@ M6 06 / < 4: 6 M I@ 0 -6 96 B 0 . =6 / 8: M

.: 9@ C P 5 = = . ,6 0 - 8 0 4: 8:

&&

. =6 / 8 0 ./ 0 -6 96 B 0 . =6 / 8: M6 7 8 95 8 06 , 0 . & � � � � e 0 -6 : : . < 8 0 06 /

E - 8 0 0 -6 / 4 F - 0 . =6 / 8: M F 4 76 ,HG 0 -6 / 6 ,5 9 0E 4 9 9 8 9E 8@ , I6 & � � � �J N6 : 36 G 0 -6 / 6 4 ,: . : 6 6 M 0 .

6 7 8 95 8 06 0 -6 / 4 F - 0 . =6 / 8: M 8 0 8 9 9J Z -6 8: 8 9 . F. 5 , , 4 0 5 8 0 4 .: . 3 35 / , 4 B 4: 8:

||

. =6 / 8 0 ./

0 -6 96 B 0 . =6 / 8: M6 7 8 95 8 06 , 0 . �� ��JL 0 T/ , 0 , 4 F - 0 4 0 9 . . A , 8 , 4 B , - ./ 0 3 4/ 35 4 0 6 7 8 95 8 0 4 .: 4 , < 6 / 6 9@ 8 < 8 0 06 / . B6 V 3 46 : 3@KJ\ 5 0 0 -6 / 6 4 , 8: . 0 -6 / I6 : 6 T 0J D 0 . 3 35 / , E -6 : M6 8 9 4: FE 4 0 - 6 S =/ 6 , , 4 .: , 0 - 8 0 8/ 6 M6 T: 6 M

B./ 36 / 0 8 4: = 8/ 8< 6 06 / , .: 9@KJ > .: , 4 M6 / B./ 6 S 8< = 96 0 -6 M 4 7 4 , 4 .: . =6 / 8 0 4 .: 0 - 8 0 4 , M6 T: 6 M

B./ 8: .: �6 / . M 4 7 4 , ./ .: 9@KJ l 5 6 0 . , -./ 0 3 4/ 35 4 06 7 8 95 8 0 4 .: G E 6 3 8: E / 4 06

x != 0 && z / x > y

8: M I6 , 5 / 6 0 - 8 0 0 - 4 ,6 S =/ 6 , , 4 .: 4 , 8 9E 8@ , 7 8 9 4 MJ D B 0 -6 / 4 F - 0 . =6 / 8: ME 8 , 6 7 8 95 8 06 M B./

x==0G �� 0 -6 : 0 -6 / 6 , 5 9 0E . 5 9 M I6 5 : M6 T: 6 MJ

2.3.4 Details

Naming.

Z -6 { kX B5 : 3 0 4 .: 4 , 8 9 , . B/ 6 Q5 6 : 0 9@ 3 8 9 96 M � � � �# � �� �  � 8: M M6 : . 06 M I@

=JZ -6 U L U l B5 : 3 0 4 .: 4 , 8 9 , . A: . E : 8 , � � �� � � � �� !� � � � � ./ � �� �� � � �� � ��J Z -6 9 8 0 06 /

: 8< 6 4 , 8 B 06 / 0 -6 L< 6 / 4 3 8: < 8 0 -6 < 8 0 4 3 4 8: N6 : / @ �J P -6 d 6 / W gh h � _ g � o m Y E -. =/ . 76 M

0 - 8 0 8 9 9 . 0 -6 / 9. F 4 3 8 9 . =6 / 8 0 4 .: , 3 8: I6 6 S =/ 6 , ,6 M 4: 06 / < , . B U L U l J

�� �~� � � �
 �� �	 
~ 	� 
 �  � � � ~ 
  �� �� � ~ � � � 
 �� 
 �� � ~ � ~ � � � 
 � 

 � � 

x

� �

0

�



��� ��� � � �� � �	 
 o �

Bitwise operators.

;6 - 8 76 ,6 6 : 4: P6 3 0 4 .: �J �J h 0 - 8 0 4: 06 F6 / , 3 8: I6 / 6 =/ 6 ,6 : 06 M 4:

I 4: 8/ @ B./ < 8 0 G 0 - 8 0 4 ,HG 8 , 8 ,6 Q5 6 : 36 . B I 4 0 , 6 8 3 - . BE - 4 3 - 4 , 6 4 0 -6 /

0

./

1J \ . . 96 8:

B5 : 3 0 4 .: , 3 8: : 8 0 5 / 8 9 9@ I6 6 S 06 : M6 M 0 . 4: 06 F/ 8 9 0@ =6 , I@ 8 = = 9@ 4: F 0 -6 < I 4 0E 4 ,6 0 . 0 -6

I 4: 8/ @ / 6 =/ 6 ,6 : 0 8 0 4 .: ,J

Definition 3

�� � � � !� � � � � � � �+ � � �# � � � ��+ � �

b

� � ! �� � � � ��+ � � �

x =
∑b

i=0 ai2
i � � !

y =
∑b

i=0 bi2
i % &� � � � � �

ai, bi

b

{0, 1}

&� � � � �

0

�

i

�

b��� � � � � �� � $� � �� � � & � �  � �� �

f : {0, 1} → {0, 1}

� ��

bitwise operator ϕf

 � � � � �" � � !�� �+ ��

f

� � !� � � � ! � �

ϕf(x) =
∑b

i=0 f(ai)2
i��� � � ( � � �� � $� � �� � � & � �  � �� �

g : {0, 1}2 → {0, 1}

� ��

bitwise operator ϕg

 � � � ��

�" � � ! � �+ ��

g

� � !� � � � ! � �

ϕg(x, y) =
∑b

i=0 g(ai, bi)2
i�

i./ 4 9 95 , 0/ 8 0 4 .: G ,5 = = . ,6 0 - 8 0 E 6 - 8 76 8: 5 : , 4 F: 6 M 4: 06 F/ 8 9 0@ =6 E 4 0 - 8 m1 I 4 0/ 6 =/ 6 1

,6 : 0 8 0 4 .: J Z - 8 0 4 , G 0000

/ 6 =/ 6 ,6 : 0 ,

0G 0001

/ 6 =/ 6 ,6 : 0 ,

1G 8: M , . .: G 5 = 0 .

1111

E - 4 3 -

/ 6 =/ 6 ,6 : 0 ,

15JZ -6 : @ . 5 3 8: 3 -6 3 A 0 - 8 0

ϕ �� (4, 13) = 13G ϕ � � �� (13, 9) = 6G 8: M

ϕ � �� (2) = 13JP6 76 / 8 9 I 4 0E 4 ,6 . =6 / 8 0 ./ , 8/ 6 M6 T: 6 M B./ 0 -6 4: 06 F/ 8 9 0@ =6 , 4: >? ? J Z -6 / 6 4 , 8

I 4 0E 4 ,6 L Ul

&G 8 I 4 0E 4 ,6 kX

|G 8: M 8 I 4 0E 4 ,6 { kX

^G 8 ,E 6 9 9 8 , 8 I 4 0E 4 ,6 U k Z

~

0 - 8 0

4 , 5 ,5 8 9 9@ / 6 B6 / / 6 M 0 . 8 ,  � �" �� � � � �J L , 0 -6 8/ 4 0 -< 6 0 4 3 . =6 / 8 0 ./ , G 0 -6 I 4: 8/ @ I 4 0E 4 ,6

. =6 / 8 0 ./ , W6 S 36 = 0 B./

~

Y - 8 76 8 3 ./ / 6 , = .: M 4: F 8 , , 4 F: < 6 : 0 . =6 / 8 0 ./ J Z -6 =/ 6 36 M6 : 36 , 8: M

8 , , . 3 4 8 0 4 7 4 0@ . B 0 -6 ,6 . =6 / 8 0 ./ , 8/ 6 9 4 , 06 M 4: Z 8 I 96 �J

Description Operator Arity Prec. Assoc.I 4 0E 4 ,6 3 . < = 96 < 6 : 0

~

g g o / 4 F - 0

I 4 0E 4 ,6 8: M

&

� � 96 B 0

I 4 0E 4 ,6 S./

^

� h 96 B 0

I 4 0E 4 ,6 ./

|

� � 96 B 0

8: M 8 , , 4 F: < 6 : 0

&=

� m / 4 F - 0

S./ 8 , , 4 F: < 6 : 0

^=

� m / 4 F - 0

./ 8 , , 4 F: < 6 : 0

|=

� m / 4 F - 0

Table 3:

�� � � !� �  � � � ! � � ��  � � � �# � �� � & ( � �� � � � � " � � � �� � ��

U . 06 0 - 8 0 0 -6 B5 : 3 0 4 .: 8 9 4 0@ . B 0 -6 ,6 . =6 / 8 0 ./ , 4 , 4 < = 96 < 6 : 0 8 0 4 .: M6 T: 6 MG , 4: 36 0 -6

I 4 0E 4 ,6 / 6 =/ 6 ,6 : 0 8 0 4 .: , . B 4: 06 F/ 8 9 0@ =6 7 8 95 6 , 8/ 6 : . 0 , =6 3 4 T6 M I@ 0 -6 >? ? , 0 8: M 8/ MJ;6 - 8 76 .: 9@ M 4 , 35 , ,6 M 0 -6 < . , 0 B/ 6 Q5 6 : 0 W 8: M < . , 0 9 4 A6 9@ Y , 5 3 -/ 6 =/ 6 ,6 : 0 8 0 4 .: , 4:

P6 3 0 4 .: �J �J h J n. 5 , -. 5 9 M 0 -6 / 6 B./ 6 � � �� 5 ,6 0 -6 ,6 . =6 / 8 0 ./ , E -6 : @ . 5 � � � � 0 -6 / 6 =1

/ 6 ,6 : 0 8 0 4 .: J f 76 : 0 -6 : G 6 S =/ 6 , , 4 .: , 4: 7. 9 7 4: F 0 -6 I 4 0E 4 ,6 . =6 / 8 0 ./ , 8/ 6 4 < = 96 < 6 : 0 8 0 4 .:

M6 T: 6 MJZ - 4 , 4 , < . , 0 . I 7 4 . 5 ,E 4 0 - 0 -6 I 4 0E 4 ,6 3 . < = 96 < 6 : 0 R 6 76 : 4 BE 6 8 , , 5 < 6 0 -6 , 0 8: M 8/ M

I 4: 8/ @ / 6 =/ 6 ,6 : 0 8 0 4 .: . B P6 3 0 4 .: �J �J h G 0 -6 7 8 95 6 . B 0 -6 6 S =/ 6 , , 4 .:

~0

M6 =6 : M , .: 0 -6

: 5 < I6 /

b

. B I 4 0 , 4: 0 -6 / 6 =/ 6 ,6 : 0 8 0 4 .: J Z - 4 , 7 8 95 6 0 -6 / 6 B./ 6 3 - 8: F6 , E -6 : @ . 5 ,E 4 0 3 -

B/ . < 8

321 I 4 0 < 8 3 - 4: 6 0 . 8

641 I 4 0 < 8 3 - 4: 6 J

o o qr �s t �u �� v �w 	 x � ty �	 

2.3.5 Goals

Dispositional.

L 0 0 - 4 , = . 4: 0 G @ . 5 , -. 5 9 MJ J J

g Y A: . E 0 -6 I 8 , 4 3 06 / < 4: . 9 . F@ 8/ . 5 : M \ . . 96 8: B5 : 3 0 4 .: , 8: M 5 : M6 / , 0 8: M 0 -6 3 .: 36 = 0

. B 3 . < = 96 06 : 6 , , e

� Y A: . E 0 -6 0@ =6

boolG 4 0 , 7 8 95 6 / 8: F6 G 8: M 0 -6 3 .: 76 / , 4 .: , 8: M . =6 / 8 0 4 .: , 4: 7. 9 7 4: F

bool e

� Y 5 : M6 / , 0 8: M 0 -6 6 7 8 95 8 0 4 .: . B6 S =/ 6 , , 4 .: , 4: 7. 9 7 4: F 9 . F 4 3 8 9 8: M/ 6 9 8 0 4 .: 8 9 . =6 / 8 0 ./ ,HG4: = 8/ 0 4 35 9 8/ 0 -6 3 .: 36 = 0 . B , -./ 0 3 4/ 35 4 06 7 8 95 8 0 4 .: J

Operational.

D: = 8/ 0 4 35 9 8/ G @ . 5 , -. 5 9 M I6 8 I 96 0 . J J J

W ^ g Y =/ . 76 ./ M 4 , =/ . 76 I 8 , 4 3 , 0 8 06 < 6 : 0 , 8 I . 5 0 \ . . 96 8: B5 : 3 0 4 .: , e

W ^ � Y =/ . 76 E -6 0 -6 / ./ : . 0 8 F 4 76 : ,6 0 . B I 4: 8/ @ \ . . 96 8: B5 : 3 0 4 .: , 4 , 3 . < = 96 06 e

W ^ � Y 6 7 8 95 8 06 8 F 4 76 : 6 S =/ 6 , , 4 .: 4: 7. 9 7 4: F 8/ 4 0 -< 6 0 4 3HG 9 . F 4 3 8 9G 8: M/ 6 9 8 0 4 .: 8 9 . =6 / 8 0 ./ , e

W ^ m Y / 6 8 M 8: M 5 : M6 / , 0 8: M 8 F 4 76 : , 4< = 96 =/ . F/ 8< W ,6 6 I6 9. E Y G 4: 7. 9 7 4: F . I z6 3 0 , . B

8/ 4 0 -< 6 0 4 3 0@ =6 W 4: 3 95 M 4: F

bool
Y 8: M 8/ 4 0 -< 6 0 4 3HG 9. F 4 3 8 9G 8: M/ 6 9 8 0 4 .: 8 9 . =6 / 8 0 ./ ,J

Z -6 06 / < � � �" �� " � �+ � � �/ 6 B6 / , 0 . 8 =/ . F/ 8< 0 - 8 0 3 .: , 4 , 0 , . B 8 < 8 4: B5 : 3 0 4 .: E - 4 3 -

4: 0 5 / : 3 .: , 4 , 0 , . B 8 ,6 Q5 6 : 36 . B M6 3 9 8/ 8 0 4 .: 8: M6 S =/ 6 , , 4 .: , 0 8 06 < 6 : 0 ,J U 8 0 5 / 8 9 9@ G .: 9@

0 -6 B5 : M 8< 6 : 0 8 9 0@ =6 , 8: M . =6 / 8 0 4 .: , M 4 , 35 , ,6 M 4: 0 -6 =/ 6 36 M 4: F ,6 3 0 4 .: , 8/ 6 5 ,6 MJ

2.3.6 Exercises

Exercise 18

�� �

n
b c % �� � � � � � ! � �� � � � � $� � �� � � & � �  � �� � �

f :

`

n →

` �* � � � � W ^ g Y

Exercise 19
�� � # � � � ! � �" � � # � � � � � &� � � � �

x, y, z

b ` W ^ g Y

8 Y

(x
|

y)

|

z = x

|

(y

|

z)J W 4J 6 J G { kX 4 , 8 , , . 3 4 8 0 4 76 Y

I Y
(x ∧ y) ∨ z = (x ∨ z) ∧ (y ∨ z)J W 4J 6 J G (

L Ul

,

kX

)

4 , M 4 , 0/ 4 I5 0 4 76 Y

3 Y
(x ∨ y) ∧ z = (x ∧ z) ∨ (y ∧ z)J W 4J 6 J G (

kX

,

L U l

)

4 , M 4 , 0/ 4 I5 0 4 76 Y

M Y

(x ↑ y) ↑ z = x ↑ (y ↑ z)J W 4J 6 J G U L Ul 4 , 8 , , . 3 4 8 0 4 76 Y

Exercise 20

�� �

x1, . . . , xn % n

b c % + �# � �# � � ( � � !� � � �" � �� � � &

x1

|

x2

|

. . .

|

xn

� �

�� � � � � & � ��

xi % 1

�

i

�

n� W ^ g Y

Exercise 21

� �� � � � � � � �� &� � �� � � �+ � � � � � & & � �  � �� � � �� �  � �" �� �� &� � � �� � � � � &

( � � �� � $� � �� � � & � �  � �� � �� W ^ � Y

8 Y

{

L Ul

,

U k Z

}



��� ��� � � �� � �	 
 o �

I Y

{

kX

,

U k Z

}

3 Y

{

U L U l

}

M Y

{

U kX

}G E -6 / 6 U kX

:=

U k Z� kX J

6 Y

{

{ kX

,

L U l

}

n. 5 < 8@ 5 ,6 0 -6 B 8 3 0 0 - 8 0

{

L Ul

,

kX

,

U k Z

}

4 , 8 3 . < = 96 06 ,6 0 . B I 4: 8/ @ \ . . 96 8: B5 : 3 0 4 .: ,J

Exercise 22

� �" " � � �

a% b % � � !

c

�� � � � �# �� � � ( �� � � & � �" �

int� � � � ! # � � �� � &� �

a%

b % � � !

c

&� � � � � � � �� �* " � � � � �� � �

a < b < c

� � !

a < b && b < c

� �� � ! ! � �� � � � �

� � � � � � �� W ^ � Y

Exercise 23

� �� � � � �� � �� � � �� &� � �� � � �+ �* " � � � � �� � � �  � � ! � �+ �� � " � � � �� � " � � � !� �  � �

� � ! � � ��  � � � �# � � �� �� W ^ � Y

8 Y

x != 3 < 2 || y && -3 <= 4 - 2 * 3

I Y

z > 1 && ! x != 2 - 2 == 1 && y

3 Y

3 * z > z || 1 / x != 0 && 3 + 4 >= 7

Exercise 24

�# � � � � �� � �� �* " � � � � �� � �+ �# � � � � �* � � � � � �� � ��" � ( �� � ��" % � � � � � � �+ � � � �

x % y% � � !

z

�� � � � � � & ��" �

int

� � � �

x==0 % y==1 % � � !

z==2� W ^ � Y

Exercise 25

� � � � � � � � � � �� � (� � � � �� � � �" � � � & � �� &� � �� � � �+ " � �+ � � � � � � �� � ��� � � � � � � !�" � � ! � �+ � � � �� � � " � � � � ! �* " � � � � � � �� � � � �� � � �+ � W ^ m Y
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unsigned int a;


std::cin >> a;�
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unsigned int b = a;

b /= 2 + b / 2;��

std::cout << b << "\n";� �
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std::cout << c << "\n";� �
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return 0;� 


}

2.3.7 Challenges
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