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2.2 Integers � � �� �� � � �� �� � � �� � � � � �  � �� �� � � � � ��� � ��� � � � � � � � � �� � !� � � �� �" � � #%$'
&� �( � � � ) �� ��� # � ��  � � � �� �* �� �� � � � + � ��  �� �,� � * � -� � � � � �. /� � � � �� * � � 012 2 3 4

5 �   �� � � � �  � *   � � � � �6( � 

int

� � �

unsigned int

-� � ��( �� � � �  � � � � � � � � � � � �� �* �� � �* � �� � � �� ( �� � 7 � � 6 $ 8� * " � � � � � � � �� " �� � 7 � � * .� � � � �  � � � � � � �9 ( ��  � � � 7 � � �� � � �6( � $ 8� * " � � � � � * � �� � �� � � � ���  �  �� � � � � - � � � � �6( � � � � �;: �� � � � � � �� � �  : �� " � ��  � 7 � � * � � � � � ���( �� � � � � �  � � �� � � �( * � � � < � � �� �6 $

=>? > @A BC ? D>E F GH H I? BJ ? KLNM O F KA PA F Q> C A >? F B @ D IC F K F> L I >? K F C ? > @ D R> J ? > > AG> SA @C A;T K D R BC F IC F A @ F @ D R> J ? > > A U K Q? > D Q> @ FM V Q>W B DX >? A @ B D @A R> Y D> RZ [ F Q> \ B S S B] @ DJ\ B? L C S KM_
^ > J ? > > A U K Q? > D Q> @ F

=
9 ` ^ > J ? > > A G> SA @C A

5
+ 32.

a

// Program: fahrenheit.Cb

// Convert temperatures from Celsius to Fahrenheit.ced

#include <iostream >fhg

int main()i

{j

// Inputk

std::cout << "Temperature in degrees Celsius =? ";al

int celsius;a a

std::cin >> celsius;a ba c

// Computation and outputa d

std::cout << celsius << " degrees Celsius are "a f

<< 9 * celsius / 5 + 32 < < " degrees Fahrenheit.\n";a g

return 0;a i

}

Program 4:

( �� � m -� � �� � � �  ��$ nO \ [ BC F? [ BC F F Q> I? BJ ? KL B D F Q> @ D IC F B \o p R> J ? > > A G> SA @C A;T [ BC ] @ S S J > F F Q>\ B S S B] @ DJ BC F I C FM

15 degrees Celsius are 59 degrees Fahrenheit.
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V Q @A BC F I C F @A I? B RCW > R ] Q> D F Q> >E I? > A A @ B D A F K F > L > D F @ D S @ D> A o z|{ o p B \ F Q> I? BJ ? K L@A >E >W C F> RM =>? > ] > \ BW C A B D F Q> > X K SC K F @ B D B \ F Q> K? @ F Q L > F @W >E I? > A A @ B D

9 * celsius / 5 + 32@ D S @ D> o pM V Q @A >E I? > A A @ B DW B D F K @ DA F Q> I? @ L K? [ >E I? > A A @ B DA

9T 5T 32T K D R
celsiusT ] Q>? >

celsius

@A K X K? @ KZ S> B \ F [ I >

intM V Q @A \C D R KL > D F K S F [ I> @A B D> B \ F Q> � �  � � � � � � �6( � @ D GH HM

Literals of type int. 9T 5

K D R

32

K? > R>W @ L K S S @ F>? K SA B \ F [ I >

intT ] @ F Q F Q> @? X K SC > A @ L L >}R @ K F> S [ K I I K? > D FM ^ >W @ L K S S @ F>? K SA B \ F [ I >

int

W B DA @A F B \ K A >~ C > DW > B \ R @ J @ F A \? B L

0

F B

9T] Q>? > F Q> Y? A F R @ J @ F L C A F D B F Z >

0M V Q> X K SC > B \ K R>W @ L K S S @ F>? K S @A F Q> R>W @ L K S DC L Z >?? > I? > A > D F> R Z [ F Q> A >~ C > DW > B \ R @ J @ F AM V Q>? > K? > D B S @ F >? K SA \ B? D> J K F @ X > @ D F> J > ? AM � BCW K D J > F X K SC >

−9

Z [ ] ? @ F @ D J

-9T Z C F F Q @A @A KW B L I BA @ F> >E I? > A A @ B D Z C @ S F \? B L F Q> C D K? [A C Z F? KW F @ B D B I >? K F B? �� >W F @ B D �M �M z � K D R F Q> S @ F>? K S
9M

2.2.1 Associativity and precedence of operatorsV Q> > X K SC K F @ B D B \ K D >E I? > A A @ B D @A F B K S K? J > >E F > D F J BX >? D> R Z [ F Q> �   �� � �  7  �  � K D R( ��� � � � �� � B \ F Q> @ DX B S X > R B I >? K F B? AM O D A Q B? FT KA A BW @ K F @ X @ F @> A K D R I? >W > R> DW > AR> F>? L @ D> F Q> S BJ @W K S I K? > D F Q> A > A @ D K D >E I? > A A @ B D F Q K F @A D B FT B? B D S [ @ DW B L I S> F > S [TI K? > D F Q> A @� > RM �> Q KX > K S? > K R [ F BCW Q> R KA A BW @ K F @ X @ F [ @ DW B D D>W F @ B D ] @ F Q F Q> BC F IC FB I >? K F B? @ D � >W F @ B D �M o M o 
MGH H K S S B] A @ DW B L I S> F> S [ I K? > D F Q> A @� > R >E I? > A A @ B DA @ D B? R>? F B A KX > I K? > D F Q> A > A K FBZ X @ BC A I S KW > AM V Q @A @A S @ P> @ D L K F Q> L K F @W A;T ] Q>? > ] > ] ? @ F >

3 + 4 ` 5 ] Q> D ] > L > K D

3+(4 ` 5)M �> K SA B ] ? @ F>
3+4+5T > X > D F Q BC J Q @ F @A D B F K I? @ B? @W S> K? ] Q> F Q>? F Q @A L > K DA

(3+ 4)+ 5

B?

3+(4+ 5)M =>? > T F Q> � C A F @ YW K F @ B D @A F Q K F K R R @ F @ B D @A �   �� � �  7 � T A B @ F R B> AD B F L K F F>? ] Q @W Q X K? @ K D F ] > L > K DMV Q> I? @W > F B I K [ \ B? S> A A I K? > D F Q> A > A @A F Q K F ] > Q KX > F B P D B] F Q> � � � � � � I K? > D F Q> A > AM� C F F Q @A @A K L B R>? K F> I? @W > T A @ DW > F Q> F ] B? C S> A F Q K F K? > C A > R L BA F \? >~ C > D F S [ K? > ~ C @ F >@ D F C @ F @ X > K D R > KA [ F B? > L > L Z >? M � SA BT F Q>? > @A K S ] K [A F Q> B I F @ B D B \ >E I S @W @ F S [ K R R @ D JI K? > D F Q> A > A @ DW KA > [ BC K? > D B F A C ? > ] Q>? > GH H ] BC S R IC F F Q> LNM �> F C A A F K? F ] @ F Q F Q>F ] B > A A > D F @ K S? C S> A \ B? K? @ F Q L > F @W >E I? > A A @ B DAM

Arithmetic Evaluation Rule 1:

� C S F @ I S @W K F @ X > B I> ? K F B? A Q KX > Q @ J Q> ? I? >W > R> DW > F Q K DK R R @ F @ X > B I >? K F B? AM

V Q> >E I? > A A @ B D

9 * celsius / 5 + 32

@ DX B S X > A F Q> L C S F @ I S @W K F @ B D B I> ? K F B?

*T F Q> R @ X @}A @ B D B I> ? K F B?

/T K D R F Q> K R R @ F @ B D B I >? K F B?

+M � S S F Q? > > K? > Z @ D K? [ B I> ? K F B? AM O D GH HKA @ D L K F Q> L K F @W A;T F Q> L C S F @ I S @W K F @ X > B I >? K F B? A

*

K D R

/

Q KX > �  � � � � I? >W > R> DW > F Q K DF Q> K R R @ F @ X > B I >? K F B? A

+

K D R

-M �> K SA B A K [ F Q K F L C S F @ I S @W K F @ X > B I >? K F B? A �  � � L B? >A F? B DJ S [ F Q K D K R R @ F @ X > B D> AM � V Q @A L > K DA;T BC ? >E I? > A A @ B DW B D F K @ DA F Q> S B J @W K S I K? > D}��� ��� � ��� � �� � � �� ��� � � �� �� �� �� ��  ¡� � � ¢£ �¤ ¥ �¦§ � �� ¨ � � � �� � �� � � �� � � � © � ¢ ¨ ª ¥ ¤ �¦ § � � � « ��¬� �� � � � � © � ¢£ � � � �® ¯  � ¦ � � �� � �� � �� � � �§�°
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F Q> A > A

(9 * celsius / 5) + 32 � @ F @A KW B L I BA @ F> >E I? > A A @ B D Z C @ S F \? B L F Q> K R R @ F @ B DB I >? K F B? K D R @ F A B I >? K D RA

9 * celsius / 5

K D R

32M

Arithmetic Evaluation Rule 2:

� @ D K? [ K? @ F Q L > F @W B I> ? K F B? A K? > S> \ F KA A BW @ K F @ X >M

O D L K F Q> L K F @W A;T @ F R B> A D B F L K F F> ? Q B] F Q> A C Z } >E I? > A A @ B D

9 * celsius / 5

@A I K? > D F Q> }A @� > RM � C F @ D GH H T @ F @A R B D> \? B L � � - � �� �  � � �T F Q K F @A T F Q> F ] B S> \ F L BA F A C Z } >E I? > A A @ B DAK? > J ? BC I> R F B J > F Q>? M V Q @A @A KW B DA >~ C > DW > B \ F Q> \ KW F F Q K F F Q> Z @ D K? [ K? @ F Q L > F @W B I}>? K F B? A K? > R> Y D> R F B Z > � � - � KA A BW @ K F @ X >M V Q> >E I? > A A @ B D

9 * celsius / 5

@A F Q>? > \ B? >S BJ @W K S S [ I K? > D F Q> A @� > R KA

(9 * celsius) / 5T K D R BC ? B? @ J @ D K S >E I? > A A @ B D Q KA F BZ > ? > K RKA

((9 * celsius ) / 5) + 32

Identifying the operators in an expression.

V Q>? > @A B D> @A A C > ] > Q KX > D � F R @AW C A A > R [> FTD K L > S [ F Q K F �  �� �� � � GH H B I> ? K F B? A L K [ Q KX > F Q>  � � � F B P> DM U B? >E KL I S> T -

W K D Z >K Z @ D K? [ B I >? K F B? KA @ D

3 - 4T Z C F @ FW K D K SA B Z > K C D K? [ B I>? K F B? KA @ D

-5M � Q @W Q B D>@A L > K D F L C A F Z > @ D \>? ? > R \? B L F Q> W B D F>E FM �A C K S S [T F Q @A @AW S> K? T K D R @ DW KA > A ] Q>? > @ F@A D B F �Z C F K SA B @ D B F Q>? W KA > A �T @ F @A I? BZ KZ S [ K J B B R @ R> K F B K R R A B L > >E F? K I K? > D F Q> A > AF B L K P> F Q> >E I? > A A @ B D L B? > ? > K R KZ S> � A > > K SA B F Q> ^ > F K @ SA A >W F @ B D Z > S B] �M�> F C A W B DA @ R>? K D B F Q>? W B DW ? > F> >E KL I S> T F Q> >E I? > A A @ B D

-3 - 4M O F @A W S> K? F Q K FF Q> Y? A F

-

L C A F Z > C D K? [ � F Q>? > @A D B S> \ F Q K D R A @ R> B I >? K D R �T ] Q @ S> F Q> A >W B D R B D> @AZ @ D K? [ � F Q>? > K? > B I> ? K D RA B D Z B F Q A @ R> A �M � C F @A F Q @A >E I? > A A @ B D S B J @W K S S [ I K? > D F Q> A @� > RKA

-(3 - 4)T B? KA

(-3) - 4

� � @ DW > ] > J > F R @� >? > D F X K SC > A @ DZ B F QW KA > A;T ] > Z > F F> ? L K P>A C ? > F Q K F ] > P D B] F Q> K DA ] >? MV Q> W B? ? >W F S BJ @W K S I K? > D F Q> A > A K? >

(( − 3) − 4),

A B F Q> X K SC > B \ F Q> >E I? > A A @ B D

-3 - 4

@A

−7M V Q @A \ B S S B] A \? B L F Q> F Q @? R L BA F @ L I B? F K D F? C S> \ B? K? @ F Q L > F @W >E I? > A A @ B DAM

Arithmetic Evaluation Rule 3:

� D K? [ B I >? K F B? A H K D R} Q KX > Q @ J Q>? I? >W > R> DW > F Q K DF Q> @? Z @ D K? [W BC D F>? I K? F AM

� [ C A @ DJ �>E I S @W @ F � I K? > D F Q> A > A KA @ D

9 * (celsius + 5) * 32T I? >W > R> DW > A W K D Z >BX >? ? C S> RM V B J > F F Q> S B J @W K S I K? > D F Q> A > A \ B? A CW Q K I K? F @ K S S [ I K? > D F Q> A @� > R >E I? > A A @ B DT] > K I I S [ F Q> ? C S> A \? B L KZ BX > T W B DA @ R>? @ DJ F Q> K S? > K R [ I K? > D F Q> A @� > R I K? F A KA B I >? K D RAMO D F Q> >E KL I S> T F Q @A S> K RA F B F Q> S BJ @W K S I K? > D F Q> A > A

(9 * (celsius + 5)) * 32MV Q> ^ > F K @ SA A >W F @ B D R @AW C A A > A Q B] F B I K? K D F Q> A @� > K J > D>? K S >E I? > A A @ B D @ DX B S X @ D J K? }Z @ F? K? [ GH H B I >? K F B? A;T C A @ DJ F Q> @? K? @ F @> A;T I? >W > R> DW > A K D R KA A BW @ K F @ X @ F @> AM
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2.2.2 Expression treesO D K D [W B L I BA @ F> >E I? > A A @ B DT F Q> S B J @W K S I K? > D F Q> A > A R> F>? L @ D> K C D @~ C > � F B I} S> X > S	B I >? K F B? T D KL > S [ F Q> B D> F Q K F K I I > K? A ] @ F Q @ D K A L K S S> A F DC L Z > ? B \ I K? > D F Q> A > AM V Q>>E I? > A A @ B D @A F Q> D KW B L I BA @ F> >E I? > A A @ B DT Z C @ S F \? B L F Q> F B I} S> X > S B I> ? K F B? K D R @ F AB I >? K D RA F Q K F K? > KJ K @ D >E I? > A A @ B DAMV Q> ? >W C ? A @ X > A F? CW F C ? > B \ K D >E I? > A A @ B DW K D D @W > S [Z > X @A C K S @� > R @ D F Q> \ B? L B \ K D �9 .( ��  � � � �� �M O D U @ J C ? > 
T F Q> >E I? > A A @ B D F? > > \ B? F Q> >E I? > A A @ B D

9 * celsius / 5 + 32@A A Q B] DM

9 celsius

5

32

9 * celsius

(9 * celsius) / 5

((9 * celsius) / 5) + 32

* / +
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Figure 3:

� � �9 ( ��  � � � �� � -� �
9 * celsius / 5 + 32

� � �  � � � � � � � ( � �� � � � � � � � �

((9 * celsius) / 5) + 32 $ ,� � � � �� � � � � � � � - �� � � � � ��  � 7 � �$

= B] R B ] > J > F F Q @A F? > > � V Q> >E I? > A A @ B D @ F A > S \ R> Y D> A F Q> �� � � B \ F Q> F? > > T K D R F Q>B I >? K D RA B \ F Q> F B I} S> X > S B I >? K F B? Z >W B L > F Q> ? B B F � A � � � � �� � @ D F Q> F? > >M � KW Q B I >? K D RF Q> D A >? X > A KA F Q> ? B B F B \ K D B F Q>? A C Z F? > >M � Q> D ] > ? > KW Q K I? @ L K? [ >E I? > A A @ B DT @ FR> Y D> A K � � � - @ D F Q> F? > > T ] @ F Q D B \C ? F Q>? W Q @ S R? > DM

2.2.3 Evaluating expressionsU? B L K D >E I? > A A @ B D F? > > ] > W K D > KA @ S [? > K R B� F Q> I BA A @Z S> � 7 � � * � � � � �� * � �� � \ B?F Q> K? @ F Q L > F @W >E I? > A A @ B DM � CW Q K A >~ C > DW > W B D F K @ DA K S S A C Z } >E I? > A A @ B DA BW W C ? ? @ DJ @ DF Q> F? > > T B? R>? > R Z [ F Q> @? F @ L > B \ > X K SC K F @ B DM U B? F Q @A A > ~ C > DW > F B Z > X K S @ RT ] > Q KX > F BL K P> A C ? > F Q K F ] > > X K SC K F> K D >E I? > A A @ B D B D S [ � - � � � F Q> >E I? > A A @ B DA W B? ? > A I B D R @ D J F B� � � @ F AW Q @ S R? > D Q KX > Z > > D > X K SC K F > RM � [ S B B P @ D J K F U @ J C ? > 
T F Q @A Z >W B L > AW S> K? � Z > \ B? >> X K SC K F @ DJ

9 * celsiusT ] > Q KX > F B > X K SC K F>

9

K D R

celsiusT B F Q> ? ] @A > T ] > R B D � F Q KX >> D BC J Q @ D \ B? L K F @ B D F B I> ? \ B? L F Q> > X K SC K F @ B DM� Q> D ] > KA A BW @ K F > F Q> > X K SC K F @ B D A >~ C > DW > ] @ F Q F Q>W B? ? > A I B D R @ D J A >~ C > DW > B \ D B R> A@ D F Q> F? > > T K X K S @ R D B R> A >~ C > DW > � �( � � � � � � � � 6  � � � F Q> F? > >M V Q @A L > K DA F Q K F K D [ D B R>@ D F Q> A >~ C > DW > BW W C ? A B D S [ K \ F> ? K S S @ F AW Q @ S R? > D Q KX > BW W C ? ? > RM O D U @ J C ? > 
T \ B? >E KL I S> TF Q> D B R> A >~ C > DW >

(1, 2, 5, 3, 6, 4, 7)

@ D RCW > A K X K S @ R > X K SC K F @ B D A >~ C > DW >M �A A C L @ DJ F Q K F
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F Q> X K? @ KZ S> celsius Q KA X K SC > 15T ] > BZ F K @ D F Q> \ B S S B] @ D J > X K SC K F @ B D A >~ C > DW >M � O D > KW QA F > IT F Q> A C Z } >E I? > A A @ B D F B Z > > X K SC K F> R D>E F @A L K? P> R Z [ K A C ? ? BC D R @ D J Z BE M �

9 * celsius / 5 + 32 −→1 9

�

celsius

� p H 
 �

−→2 9 * 15

� p H 
 �

−→5 135

�

5

H 
 �

−→3 135 / 5

H 
 �

−→6 27

H

32

−→4 27 + 32

−→7 59V Q> A >~ C > DW >

(1, 2, 3, 4, 5, 6, 7)

@A K D B F Q>? X K S @ R D B R> A >~ C > DW > T @ D RCW @ D J K R @� > ? > D F> X K SC K F @ B D A >~ C > DW > � F Q> ? > A C S F @ D J X K SC > B \

59

@A F Q> A KL >M V Q>? > K? > L CW Q L B? > > X K SC K}F @ B D A >~ C > DW > A;T B \W BC ? A > T K D R @ F @A C DA I >W @ Y> R Z [ F Q> GH H A F K D R K? R ] Q @W Q B D> @A F B Z >C A > RM O D BC ? A L K S S >E KL I S> T K S S I BA A @Z S> > X K SC K F @ B D A >~ C > DW > A ] @ S S? > A C S F @ D X K SC >

59T Z C F@ F @A K SA B D B F Q K? R F B ] ? @ F> R B] D >E I? > A A @ B DA ] Q BA > X K SC > A K D R > � >W F A R> I> D R B D F Q>> X K SC K F @ B D A >~ C > DW > Z > @ D J W Q BA > D � A > > �E >? W @A > � 0 � 4T �E > ? W @A > o � 0 � 4T K D R F Q> ^ > F K @ SAA >W F @ B D Z > S B] �M � I? B J ? KL F Q K FW B D F K @ DA A CW Q K D >E I? > A A @ B D L @ J Q F >E Q @Z @ F C DA I >W @ Y> RZ > Q KX @ B? M � C F F Q? BC J Q J B B R I? B J ? KL L @ DJ A F [ S> T F Q @A @A A C > @A > KA [ F B KX B @ RT A @ DW > @ FF [ I @W K S S [ B D S [ BW W C ? A ] Q> D B D> F? @> A F B A~ C > > � > F B B L CW Q \C DW F @ B D K S @ F [ @ D F B K A @ D J S> S @ D>B \W B R>M

2.2.4 Arithmetic operators on the type intO D F Q> I? BJ ? KL

fahrenheit.CT ] > Q KX > K S? > K R [ > DW BC D F> ? > R F Q> L C S F @ I S @W K F @ X > B I >? K F B? A

*

K D R

/T KA ] > S S KA F Q> Z @ D K? [ K R R @ F @ B D B I >? K F B?

+M O F A BZ X @ BC AW BC D F >? I K? F @A F Q> Z @ D K? [A C Z F? KW F @ B D B I >? K F B?

-MV KZ S> o S @A F A K? @ F Q L > F @W B I >? K F B? A � K D R F Q> R> ? @ X > R �    � � � � � � �( � �� �� � � F Q K F K? >KX K @ S KZ S> \ B? F Q> F [ I> intT ] @ F Q F Q> @? K? @ F @> A;T I? >W > R> DW > A K D R KA A BW @ K F @ X @ F @> AM V Q> KW F C K SDC L Z >? A F Q K F K I I > K? @ D F Q> I? >W > R> DW > W B SC L D K? > D B F? > S> X K D F � @ F @A F Q> � � � � � KL B D JI? >W > R> DW > A F Q K F L K F F >? AM�> F C A R @AW C A A F Q> \C DW F @ B D K S @ F @> A B \ F Q> A > B I >? K F B? A @ D F C ? DT ] Q>? >

*T +

K D R

-

K? >A > S \} >E I S K D K F B? [M � C F K S? > K R [ F Q> R @ X @A @ B D B I >? K F B? ? >~ C @? > A K R @AW C A A @ B DM

The division operator.

�W W B? R @ D J F B F Q> ? C S> A B \ L K F Q> L K F @W A;T ] > W BC S R? > I S KW > F Q> >E }I? > A A @ B D

9 * celsius / 5 + 32Z [ F Q> >E I? > A A @ B D

9 / 5 * celsius + 32
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Description Operator Arity Prec. Assoc.I BA F} @ DW ? > L > D F ++

o o � S> \ FI BA F} R>W ? > L > D F

--

o o � S> \ FI? >} @ DW ? > L > D F ++

o o � ? @ J Q FI? >} R>W ? > L > D F

--

o o � ? @ J Q FA @ J D

+

o o � ? @ J Q FA @ J D

-
o o � ? @ J Q FL C S F @ I S @W K F @ B D

*

� o z S> \ FR @ X @A @ B D � @ D F> J >? �
/

� o z S> \ FL B RC SC A

%

� o z S> \ FK R R @ F @ B D

+

� o 
 S> \ FA C Z F? KW F @ B D
-

� o 
 S> \ FKA A @ J D L > D F
=

� z ? @ J Q FL C S F KA A @ J D L > D F
*=

� z ? @ J Q FR @ X KA A @ J D L > D F
/=

� z ? @ J Q FL B R KA A @ J D L > D F

%=

� z ? @ J Q FK R R KA A @ J D L > D F

+=

� z ? @ J Q FA C Z KA A @ J D L > D F

-=

� z ? @ J Q F

Table 1:

� �  � � � � � � � � � �    � � � � � � �( � �� �� � -� � � � � � 6( �

int $ �� � �  �� �� � � � �� � � �� �� � � � � �( � �� �� � �9 ( �� � � � � 7 � � * � $ 5 � � � � �( �   � � �9 ( ��  � �  � �� 7 � � * � 0( �� .  �� �� � � � � � � �( �� . � �� �� � � � � 4 � � � � � �7 � � * � 0( �  � .  �� �� � � � �� � �( �  � . ��� �� � � � � 4 $ �� � � �    � � � � � � �( � �� �� � �9 ( �� � � � � 7 � � * � �  � � - ��( � �� � � � � � � � �7 � � * � �  �  � � � �( � �� � �� � � � � � �( �   � � �9 ( ��  � �  � �� 7 � � * � $ � � � � � � � � �( � �� �� �  �7 � � 7 � �7 � � * � � �� 6 � � � �� 7 � �� � ��� � $
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] @ F Q BC F K� >W F @ DJ @ F A X K SC > K D R F Q> \C DW F @ B D K S @ F [ B \ F Q> I? B J ? KL

fahrenheit.CM � C F @ \] > ? C D F Q> I? B J ? KL ] @ F Q F Q> S K F F>? X >? A @ B D B \ F Q> >E I? > A A @ B D B D F Q> @ D IC F B \

15

R> J ? > > AG> SA @C A;T ] > J > F F Q> \ B S S B] @ D J BC F I C F �

15 degrees Celsius are 47 degrees Fahrenheit.V Q @A ? > A C S F @A \ K @? S [ R @� > ? > D F \? B L BC ? I? > X @ BC A � K D RW B? ? >W F � ? > A C S F B \

59

R> J ? > > AU K Q? > D Q> @ FT A B ] Q K F @A J B @ DJ B D Q>? > � V Q> K DA ] >? @A F Q K F F Q> Z @ D K? [ R @ X @A @ B D B I >? K F B?

/

B D F Q> F [ I >

int

@ L I S> L > D F A F Q>  � � � � � � �  7  � �T @ D L K F Q> L K F @W A R> D B F > R Z [ R @ XMV Q @A R B> A D B FW B? ? > A I B D R F B F Q> ? > J C S K? R @ X @A @ B D ] Q>? > F Q> ~ C B F @> D F B \ F ] B @ D F> J >? A @A @ DJ > D> ? K S K D B D} @ D F> J ? K S? K F @ B D K S DC L Z > ? M

The modulus operator.

V Q> ? > L K @ D R>? B \ F Q> @ D F> J >? R @ X @A @ B DW K D Z > BZ F K @ D> R ] @ F Q F Q>Z @ D K? [ �� �* � *  B I >? K F B?

%T @ D L K F Q> L K F @W A R> D B F> R Z [ L B RM V Q> L K F Q> L K F @W K S? C S>

a = (a

R @ X

b)b + a

L B R

b

K SA B Q B S RA @ D GH H � \ B? >E KL I S> T @ \

a

K D R

b

K? > X K? @ KZ S> A B \ F [ I >

intT F Q> X K SC > B \

b

Z > @ D JD B D} � >? BT F Q> >E I? > A A @ B D

(a / b) * b + a % bQ KA F Q> A KL > X K SC > KA

aM V Q> L B RC SC A B I >? K F B? @AW B DA @ R>? > R KA K L C S F @ I S @W K F @ X > B I >? K F B?K D R Q KA F Q> A KL > I? >W > R> DW > �o z � K D R KA A BW @ K F @ X @ F [ � S> \ F � KA F Q> B F Q> ? F ] B L C S F @ I S @W K F @ X >B I >? K F B? A

*

K D R

/MO \ Z B F Q

a

K D R

b

Q KX > D B D} D> J K F @ X > X K SC > A;T F Q> D

a % b

Q KA K D B D} D> J K F @ X > X K SC > KA] > S SM V Q @A @ L I S @> A F Q K F F Q> @ D F> J >? R @ X @A @ B D? BC D RA �� " � @ D F Q @AW KA >M O \ � K F S> KA F � B D> B \

a

B?

b

Q KA K D> J K F @ X > X K SC > T @ F @A @ L I S> L > D F K F @ B D R> Y D> R ] Q> F Q>? R @ X @A @ B D? BC D RA C I B?R B] DM � � B F> F Q K F Z [ F Q> @ R> D F @ F [ (a / b) * b + a % bT F Q> ? BC D R @ D J L B R> \ B? R @ X @A @ B DK SA B R> F >? L @ D> A F Q> \C DW F @ B D K S @ F [ B \ F Q> L B RC SC A B I >? K F B? M O \

b

Q KA X K SC > 0T F Q> X K SC > AB \

a / b

K D R

a % b

K? > C D R> Y D> RMG B L @ DJ Z KW P F B BC ? >E KL I S> � K D R F K P @ D J I? >W > R> DW > A K D R KA A BW @ K F @ X @ F @> A @ D F B KW }W BC D F �T ] > J > F F Q> \ B S S B] @ D J X K S @ R > X K SC K F @ B D A >~ C > DW > \ B? BC ? K S F >? D K F @ X > G> SA @ C A} F B}U K Q? > D Q> @ FW B DX >? A @ B DM �

9 / 5 * celsius + 32 −→ 1 * celsius + 32

−→ 1 * 15 + 32

−→ 15 + 32

−→ 47=> ? > ] > A > > F Q> �>? ? B? 	 L K R> Z [ F Q> @ D F> J >? R @ X @A @ B D �

9 / 5

Q KA X K SC >

1M
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Unary additive operators.

�> Q KX > K S? > K R [ F BCW Q> R F Q> C D K? [ - B I >? K F B? T K D R F Q @A B I >? K F B?R B > A ] Q K F B D> >E I >W F A � F Q> X K SC > B \ F Q>W B L I BA @ F> >E I? > A A @ B D

-

�9 ( � @A F Q> D> J K F @ X > B \ F Q>X K SC > B \ �9 ( �M V Q>? > @A K C D K? [

+

B I >? K F B? T \ B? W B L I S> F> D> A A;T K S F Q BC J Q @ F A � \C DW F @ B D K S @ F [	@A D B D} >E @A F @ DJ � F Q> X K SC > B \ F Q> W B L I BA @ F > >E I? > A A @ B D

+

�9 ( � @A F Q> A KL > KA F Q> X K SC > B \�9 ( �M

Increment and decrement operators.

� KW Q B \ F Q> F B P> DA

++

K D R

--

@A KA A BW @ K F > R ] @ F Q F ] B�  �  �� � C D K? [ B I >? K F B? A F Q K F R @ � >? @ D I? >W > R> DW > K D R KA A BW @ K F @ X @ F [MV Q> I? >} @ DW ? > L > D F ++ K D R F Q> I? >} R>W ? > L > D F

--

K? > ? @ J Q F KA A BW @ K F @ X >M V Q> > � >W F B \F Q> W B L I BA @ F> >E I? > A A @ B DA

++

�9 ( � K D R

--

�9 ( � @A F B @ DW ? > KA > � R>W ? > KA > T ? > A I >W F @ X > S [ � F Q>X K SC > B \ �9 ( � Z [ 1M V Q> DT F Q> BZ � >W F? > \> ? ? > R F B Z [ � 9 ( � @A ? > F C ? D> RM U B? F Q @A F B L K P>A > DA > T �9 ( � Q KA F BZ > K D S X K SC >M �> K SA B A K [ F Q K F I? >} @ DW ? > L > D F @A ++ @ D( �� �9 �� �� � � �TK D R A @ L @ S K? S [ \ B? --MV Q> I BA F} @ DW ? > L > D F ++ K D R F Q> I BA F} R>W ? > L > D F
--

K? > S> \ F KA A BW @ K F @ X >M �A Z > \ B? > TF Q> > � >W F B \ F Q> W B L I BA @ F> >E I? > A A @ B DA �9 ( �
++

K D R �9 ( �

--

@A F B @ DW ? > KA > �? > A I >W F @ X > S [R>W ? > KA > � F Q> X K SC > B \ �9 ( � Z [ 1T K D R �9 ( � Q KA F B Z > K D S X K SC > \ B? F Q @A F B ] B? PM V Q>? > F C ? D X K SC > T F Q BC J QT @A K D? X K SC > W B? ? > A I B D R @ D J F B F Q> � � � X K SC > B \ �9 ( � �� -� �� F Q>@ DW ? > L > D F B? R>W ? > L > D F F B B P I S KW >M �> K SA B A K [ F Q K F I BA F} @ DW ? > L > D F @A ++

@ D( �  � �9�� �� � � �T K D R A @ L @ S K? S [ \ B?

--MV Q> R @� > ? > DW > Z > F ] > > D F Q> @ DW ? > L > D F B I >? K F B? A @ D I? >} K D R I BA F YE D B F K F @ B D @A @ S SC A}F? K F> R @ D F Q> \ B S S B] @ D J >E KL I S> I? B J ? KLNM

#include <iostream >

int main() {

int a = 7;

std::cout << ++a << "\n"; // outputs 8

std::cout << a++ << "\n"; // outputs 8

std::cout << a << "\n"; // outputs 9

return 0;

}

� BC L K [ K? J C > F Q K F F Q> @ DW ? > L > D F K D R R>W ? > L > D F B I >? K F B? A K? > A C I >? C BC A;T A @ DW > F Q> @?\C DW F @ B D K S @ F [W K DZ > ? > K S @� > RZ [W B L Z @ D @ DJ F Q> KA A @ J D L > D F B I >? K F B? �� >W F @ B D �M o M o 
 � ] @ F QK D K R R @ F @ X > B I> ? K F B? M O D R> > RT @ \

a

@A K X K? @ KZ S> T F Q> >E I? > A A @ B D

++a

@A >~ C @ X K S> D F @ D X K SC >K D R > � >W F F B F Q> >E I? > A A @ B D

a = a + 1M V Q> ? > @A B D> A C Z F S> F [T F Q BC J Q � @ \ �9 ( � @A KJ > D> ? K S S X K SC > T ++

�9 ( � @A �� � D>W > A A K? @ S [ >~ C @ X K S> D F F B �9 ( �

=

�9 ( �

+ 1M V Q> ? > KA B D@A F Q K F @ D F Q> \ B? L > ? >E I? > A A @ B DT �9 ( � @A > X K SC K F > R B D S [ B DW > T ] Q @ S> @ D F Q> S K F F >? T @ F @A> X K SC K F> R � " � �M O \ �9 ( � Q KA K D > � >W FT F Q @AW K D L K P> K R @ � >? > DW >M

� D F Q> B F Q>? Q K D RT F Q @A A C Z F S> F [ @A D B F F Q> ? > KA B D ] Q [ @ DW ? > L > D F K D R R>W ? > L > D FB I >? K F B? A K? > A B I B IC S K? K D R ] @ R> S [ C A > R @ D GH HM � \ F> ? K S ST @ F " � * � � Z > > KA [ F B KX B @ RF Q> L @ D I? KW F @W >M V Q> F? C F Q @A F Q K F @ DW ? > L > D F @ D J B? R>W ? > L > D F @ DJ X K SC > A Z [

1

K? > A CW Q\? >~ C > D F B I >? K F @ B DA @ D F [ I @W K S GH H W B R> F Q K F @ F I K [A B� F B Q KX > A Q B? FW C F A \ B? F Q> LNM
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Prefer pre-increment over post-increment.

V Q> A F K F > L > D F A

++i;

K D R

i++;

K? > BZ X @ BC A S [>~ C @ X K S> D FT KA F Q> @? > � >W F @A F Q> A KL > K D R F Q> X K SC > B \ F Q> >E I? > A A @ B D @A D B F C A > RM � BCW K D >E W Q K DJ > F Q> L ] @ F Q > KW Q B F Q>? K? Z @ F? K? @ S [ ] @ F Q BC F K� >W F @ D J F Q> Z > Q KX @ B? B \ F Q> A C ? }? BC D R @ D J I? B J ? KLNM � Q> D> X > ? [ BC Q KX > F Q @AW Q B @W > T [ BC A Q BC S R B I F \ B? F Q> I? >} @ DW ? > L > D FB I >? K F B? M �? >} @ DW ? > L > D F @A F Q> A @ L I S>? B I >? K F @ B DZ >W KC A > F Q> X K SC > B \

++i

W K D A @ L I S [Z >? > K R B� F Q> X K? @ KZ S>

iM O DW B D F? KA FT F Q> I BA F} @ DW ? > L > D F Q KA F B �? > L > L Z >? 	 F Q> B? @ J @ D K SX K SC > B \

iM �A I? > } @ DW ? > L > D F @A A @ L I S> ? T @ F K SA B F> D RA F B Z > L B? > > �W @> D FM

�� �� � #� �> ] ? @ F > � I? >} @ DW ? > L > D F F> D RA F B Z > L B? > > �W @> D F 	 Z >W KC A > @ D L K D [W KA > AF Q> W B L I @ S> ? ? > K S @� > A ] Q> D F Q> X K SC > B \ K D >E I? > A A @ B D @A D B F C A > RM O D A CW Q KW KA > T F Q>W B L I @ S>? L K [W Q B BA > B D @ F A B] D F B? > I S KW > F Q> I BA F} @ DW ? > L > D F @ D F Q> A BC ? W > W B R> Z [ K

� I? >} @ DW ? > L > D F 	 @ D L KW Q @ D> S K D J C KJ > KA K D B I F @ L @� K F @ B DM = B] > X >? T F Q> ? > @A KZ A B SC F > S [D B Z > D> Y F @ DW Q B BA @ DJ K I BA F} @ DW ? > L > D F ] Q>? > K I? >} @ DW ? > L > D F ] BC S R R B KA ] > S SM O D F Q @AW KA > T [ BC A Q BC S R F K P> F Q> Z C ? R> D \? B L F Q> W B L I @ S>? K D R B I F @ L @� > Z [ [ BC ? A > S \M� SA BT I BA F} @ DW ? > L > D F K D R I BA F} R>W ? > L > D F K? > F Q> B D S [ C D K? [ GH H B I >? K F B? A F Q K F K? >S> \ F KA A BW @ K F @ X >M V Q @A L K P> A F Q> @? C A KJ > K I I > K? A B L > ] Q K FW BC D F> ? @ D F C @ F @ X >M

Assignment operators.

V Q> KA A @ J D L > D F B I >? K F B?

=

@A KX K @ S KZ S> \ B? K S S F [ I > A T A > > � >W F @ B D�M o M o 
M � C F F Q>? > K? > A I>W @ YW B I >? K F B? A F Q K FW B L Z @ D> F Q> K? @ F Q L > F @W B I> ? K F B? A ] @ F Q K DKA A @ J D L > D FM V Q> A > K? > F Q> Z @ D K? [ B I> ? K F B? A

+=T -=T *=T /=

K D R

%=M V Q> >E I? > A A @ B D�9 ( � 1

+=

�9 ( � � Q KA F Q> > � >W F B \ K R R @ DJ F Q> X K SC > B \ �9 ( � � � K D? X K SC > � F B F Q> X K SC > B \�9 ( � 1 � K D S X K SC > �M V Q> BZ � >W F? > \>? ? > R F B Z [ �9 ( � 1 @A ? > F C ? D> RM V Q @A @A K J > D> ? K S @� K F @ B DB \ F Q> I? >} @ DW ? > L > D F � F Q> >E I? > A A @ B D

++

�9 ( � @A >~ C @ X K S> D F F B �9 ( �

+= 1M �A Z > \ B? > T�9 ( � 1

+=

�9 ( � � @A �� � >~ C @ X K S> D F F B �9 ( � 1

=

�9 ( � 1

+

�9 ( � � @ D J > D>? K ST A @ DW > F Q>S K F F>? >E I? > A A @ B D > X K SC K F > A �9 ( � 1 F ] @W >MV Q> B I> ? K F B? A

-=T *=T /=

K D R

%=

] B? P @ D F Q> A KL > \ KA Q @ B DT Z KA > R B D F Q> A C Z F? KW F @ B DTL C S F @ I S @W K F @ B DT R @ X @A @ B DT K D R L B RC SC A B I >? K F B? T ? > A I >W F @ X > S [M� S S F Q> KA A @ J D L > D F B I> ? K F B? A Q KX > I? >W > R> DW > zT @M >M F Q> [ Z @ D R L B? > ] > K P S [ F Q K D F Q>B F Q>? K? @ F Q L > F @W B I>? K F B? AM V Q @A @A ~ C @ F> @ D F C @ F @ X > �

a=b*c-dT A K [T L > K DA a=(b*c-d)M

2.2.5 Value range� X K? @ KZ S> B \ F [ I>

int

@A KA A BW @ K F > R ] @ F Q K �9 � � DC L Z >? B \ L > L B? [W > S SA T K D R F Q>? > \ B? >K SA B ] @ F Q K YE > R DC L Z >? B \Z @ F A T A K [ bM �> W K S S F Q @A K

b . �  � ��( �� � � �� � � �M� CW Q K? > I? > A > D F K F @ B D @ L I S @> A F Q K F K D BZ � >W F B \ F [ I > int

W K D KA A C L > B D S [ Y D @ F> S [L K D [ R @ � >? > D F X K SC > AM � @ DW > K D [ Z @ FW K D @ D R> I > D R> D F S [ Q KX > F ] B A F K F> A;T F Q> L KE @ L C LDC L Z >? B \? > I? > A > D F KZ S> X K SC > A @A 2bT K D R F Q> KW F C K S X K SC > ? K D J > @A R> Y D> R KA F Q> A > F

{−2b−1, −2b−1 + 1, . . . , −1, 0, 1, . . . , 2b−1 − 1}

� �

B \

2b DC L Z >? AM � � BC W K D Y D R BC F F Q> A L K S S> A F K D R S K? J > A F

int

X K SC > A B D [ BC ? W B L IC F>? TC A @ D J F Q> S @Z ? K? [

limitsM V Q> W B? ? > A I B D R @ D J W B R> @A J @ X > D @ D �? B J ? KL pM
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a

// Program: limits.Cb

// Output the smallest and the largest value of type int.ced

#include <iostream >f

#include <limits >g i

int main()j

{k

std::cout << "Minimum int value is "al

<< std::numeric_limits <int >::min() << ".\n"a a

<< "Maximum int value is "a b

<< std::numeric_limits <int >::max() << ".\n";a c

return 0;a d

}

Program 5:

( �� � m�  �  � $ n� Q> D [ BC ? C D F Q> I? B J ? KL

limits.C

B D K 
 �} Z @ F A [A F> L T [ BC ] @ S S L BA F S @ P> S [ J > F F Q>\ B S S B] @ DJ BC F I C FM

Minimum int value is -2147483648.

Maximum int value is 2147483647.O D R> > RT KA

2147483647 = 231−1T [ BC W K D R> RCW > F Q K F F Q> DC L Z >? B \Z @ F A C A > R F B? > I? > A > D FK D

int

X K SC > B D F Q @A A [A F > L @A
32M � F F Q @A I B @ D FT [ BC K? > D B F A C I I BA > R F B C D R>? A F K D R F Q>>E I? > A A @ B D

std::numeric_limits<int>::min()

@ D R> F K @ ST Z C F ] > Z > S @> X > F Q K F [ BC J > F @ F A@ R> KM O F @AW S> K? F Q K F F Q> K? @ F Q L > F @W B I >? K F B? A �>E W > I F F Q> C D K? [

+

K D R F Q> Z @ D K? [

/

K D R

%

�W K D D B F ] B? P >E KW F S [ S @ P> F Q> @? L K F Q> L K F @W K SW BC D F> ? I K? F A;T > X > D ] Q> D F Q> @? K? J C L > D F AK? > ? > A F? @W F > R F B? > I? > A > D F KZ S>

int

X K SC > AM V Q> ? > KA B D @A F Q K F F Q> X K SC > A B \W B L I BA @ F>>E I? > A A @ B DA W B DA F? CW F> R \? B L F Q> A > B I >? K F B? A W K D C D R>? } B? BX >?  B] F Q> X K SC > ? K D J > B \F Q> F [ I > intM V Q> L BA F BZ X @ BC A A CW Q >E KL I S> @A F Q> >E I? > A A @ B D

2147483647+1M �A ] >Q KX > � C A F A > > DT @ F A L K F Q> L K F @W K S S [W B? ? >W F X K SC > B \

2147483648

@A D B F? > I? > A > D F KZ S> BX >?F Q> F [ I> int

B D [ BC ? A [A F> L T A B [ BC ] @ S S @ D> X @ F KZ S [ J > F A B L > B F Q>? X K SC >M� CW Q C D R>? } K D R B X > ?  B] A K? > K A > X >? > I? BZ S> L @ D L K D [ I? KW F @W K S K I I S @W K F @ B DA;T Z C F@ F ] BC S R Z > K D > X > D L B? > A > X >? > I? BZ S> L D B F F B P D B] F Q K F F Q> [W K D BW W C ? M

2.2.6 The type unsigned int� D BZ � >W F B \ F [ I >

int

W K D Q KX > D> J K F @ X > X K SC > A;T Z C F B \ F> D ] > B D S [ ] B? P ] @ F Q D K F C ? K SDC L Z >? AM � � A @ D J K F [ I > F Q K F? > I? > A > D F A B D S [ D B D} D> J K F @ X > X K SC > A K S S B] A F B >E F > D R F Q>? K D J > B \ I BA @ F @ X > X K SC > A ] @ F Q BC F C A @ DJ L B? > Z @ F AM GH H I? BX @ R> A A CW Q K F [ I > T @ F @AW K S S> R

unsigned intM � D F Q @A F [ I> T ] > Q KX > K S S F Q> K? @ F Q L > F @W B I >? K F B? A ] > K SA B Q KX > \ B?

intT

�  � � � � � �� �� � �  �� � � � �� �� � � �� �� � �� � � � ¡ � � �

0� �

= {0, 1, 2, . . .}°



��� �� � �� � � �� 	 z �

] @ F Q F Q> A KL > K? @ F @> A;T I? >W > R> DW > A K D R KA A BW @ K F @ X @ F @> AM � @ X > D K b} Z @ F? > I? > A > D F K F @ B DT F Q>X K SC > ? K DJ > B \

unsigned int

@A F Q> A > F

{0, 1, . . . , 2b − 1}

� �

B \

2b D K F C ? K S DC L Z > ? AM O D R> > RT ] Q> D [ BC ? > I S KW > K S S BW W C ? ? > DW > A B \

int

Z [ unsigned int@ D F Q> I? B J ? KL

limits.CT @ F L K [ I? B RCW > F Q> \ B S S B] @ DJ BC F IC FM

Minimum value of an unsigned int object is 0.

Maximum value of an unsigned int object is 4294967295.

� @ F>? K SA B \ F [ I >

unsigned int

S B B P S @ P> S @ F >? K SA B \ F [ I>

intT \ B S S B] > R Z [ > @ F Q>? F Q>S> F F>?

u

B?

UM U B? >E KL I S> T 127u

K D R

0U

K? > S @ F>? K SA B \ F [ I > unsigned intT ] @ F Q F Q> @?X K SC > A @ L L > R @ K F > S [ K I I K? > D FM

2.2.7 Mixed expressions and conversions

�E I? > A A @ B DA L K [ @ DX B S X > A C Z } >E I? > A A @ B DA B \ F [ I >

int

� � � B \ F [ I >

unsigned intM U B?>E KL I S>

17+17u

@A K S> J K S K? @ F Q L > F @W >E I? > A A @ B DT Z C F ] Q K F K? > @ F A F [ I> K D R X K SC > � O DA CW Q � 9 � � �9 ( ��  � � T F Q> B I> ? K D RA K? > @ L I S @W @ F S [� � �7 � � � � � F B F Q> �� �� � � �� �� �F [ I >M � [ F Q> GH H A F K D R K? RT F Q> L B? > J > D>? K S F [ I > @A unsigned intM V Q>? > \ B? > T F Q>>E I? > A A @ B D

17+17u

@A B \ F [ I >

unsigned int

K D R J > F A > X K SC K F> R A F> I Z [ A F> I KA

17+17u −→ 17u+17u −→ 34uV Q @A L @ J Q FZ > A B L > ] Q K FW B D \C A @ D J T A @ DW > @ D L K F Q> L K F @W A;T @ F @A � C A F F Q> B F Q>? ] K [ K? BC D R �

� � F Q> A > F B \ @ D F> J >? A � @A L B? > J > D>? K S F Q K D � � F Q> A > F B \ D K F C ? K S DC L Z >? A �M �> K? > D B FK] K? > B \ K D [ R> > I >? � C A F @ YW K F @ B D \ B? F Q> ] K [ @ F @A R B D> @ D GH H T Z C F K F S> KA F F Q>W B D X > ? A @ B D@A ] > S S} R> Y D> R �

� B D} D> J K F @ X >

int

X K SC > A K? > �W B DX >? F > R	 F B F Q> A KL > X K SC > B \ F [ I >

unsigned int

�D> J K F @ X >

int

X K SC > A K? > W B DX > ? F> R F B F Q>

unsigned int

X K SC > F Q K F? > A C S F A \? B L � L K F Q>}L K F @W K S S [ � K R R @ DJ

2bM V Q @A ? C S> > A F KZ S @A Q> A K Z @ � >W F @ B D Z > F ] > > D F Q> X K SC > ? K DJ > A B \

intK D R

unsigned intMO L I S @W @ FW B DX >? A @ B DA @ D F Q> B F Q> ? R @? >W F @ B D L K [ K SA B BW W C ? Z C F K? > D B F K S ] K [A ] > S S}R> Y D> RM G B DA @ R>? \ B? >E KL I S> F Q> R>W S K? K F @ B DA

int a = 3u;

int b = 4294967295u;V Q> X K SC > B \

a

@A

3T A @ DW > F Q @A X K SC > @A @ D F Q> ? K D J > B \ F Q> F [ I>

intM � C F @ \ ] > KA A C L >F Q> 
 �} Z @ F A [A F> L \? B L KZ BX > T F Q> X K SC > B \

b

@A @ L I S> L > D F K F @ B D R> Y D> R KW W B? R @ DJ F B F Q>GH H A F K D R K? RT A @ DW > F Q> S @ F >? K S

4294967295

@A BC F A @ R> F Q> ? K D J > B \

intM

zq rs tu � �� �� v wx �y t� � w � 	
2.2.8 Binary representation�A A C L @ D J

b} Z @ F? > I? > A > D F K F @ B DT ] > K S? > K R [ P D B] F Q K F F Q> F [ I >

int

W B X >? A F Q> X K SC > A
−2b−1, . . . , 2b−1 − 1,] Q @ S>

unsigned int

W BX >? A

0, . . . , 2b − 1.O D F Q @A A C Z A >W F @ B DT ] > ] K D F F B F K P> KW S BA >? S B B P K F Q B] F Q> A > X K SC > A K? > ? > I? > A > D F > R@ D L > L B? [T C A @ DJ F Q>

b

KX K @ S KZ S> Z @ F AM V Q @A ] @ S S K SA B A Q> R L B? > S @ J Q F B D A B L > B \ F Q>L K F>? @ K S @ D F Q> I? > X @ BC A A C Z A >W F @ B DMV Q> �  �� �6 �9 ( � � � � B \ K D K F C ? K S DC L Z >?

n

� � @A F Q> A C L

n =

∞∑

i=0

bi2
i,

] Q>? > F Q>

bi

K? > C D @~ C > S [ R> F >? L @ D> RW B> �W @> D F A \? B L
{0, 1}T ] @ F Q B D S [ Y D @ F > S [ L K D [ B \F Q> L Z > @ D J D B D� > ? BM U B? >E KL I S> T

13 = 1 ` 20 + 0 ` 21 + 1 ` 22 + 1 ` 23.V Q> A > ~ C > DW > B \ F Q>

bi

@ D? > X > ? A > B? R>? @A W K S S> R F Q> Z @ D K? [? > I? > A > D F K F @ B D B \ nM V Q>Z @ D K? [? > I? > A > D F K F @ B D B \
13

@A
1101T \ B? >E KL I S>M

Conversion decimal → binary.

V Q> @ R> D F @ F [

n =

∞∑

i=0

bi2
i = b0 +

∞∑

i=1

bi2
i = b0 +

∞∑

i=0

bi+12
i+1 = b0 + 2

∞∑

i=0

bi+12
i

︸ ︷︷ ︸
=:n

�

I? BX @ R> A K A @ L I S> K SJ B? @ F Q L F BW B L IC F> F Q> Z @ D K? [? > I? > A > D F K F @ B D B \ K J @ X > D R>W @ L K SDC L Z >?
n

� �M V Q> S> KA F A @ J D @ YW K D FW B> �W @> D F

b0

B \ F Q> Z @ D K? [ >E I K DA @ B D B \

n

@A

n

L B R
2M V Q> B F Q>? W B> �W @> D F A

biT i

�

1T W K D A C Z A >~ C > D F S [ Z > >E F? KW F > R Z [ K I I S [ @ DJ F Q>A KL > F >W Q D @~ C > F B

n

�

= (n − b0)/2MU B? >E KL I S> T \ B?

n = 14 ] > J > F b0 = 14

L B R

2 = 0

K D R

n

�

= (14 − 0)/2 = 7M �>W B D F @ DC > ] @ F Q

n = 7

K D R J > F

b1 = 7

L B R

2 = 1

K D R

n

�

= (7 − 1)/2 = 3M U B?

n = 3

] > J > F

b2 = 3

L B R

2 = 1

K D R

n

�

= (3 − 1)/2 = 1

] Q @W Q S> KX > A C A ] @ F Q

n = b3 = 1M O D A C L L K? [TF Q> Z @ D K? [? > I? > A > D F K F @ B D B \

14

@A

b3b2b1b0 = 1110M

Conversion binary → decimal.

V BW B D X > ? F K J @ X > D Z @ D K? [ DC L Z >? bk . . . b0

@ D F B R>W @ L K S? > I? > A > D F K F @ B DT ] > W K D B DW > KJ K @ D C A > F Q> @ R> D F @ F [ \? B L KZ BX >M

k∑

i=0

bi2
i = b0 + 2

k−1∑

i=0

bi+12
i = . . . = b0 + 2(b1 + 2(b2 + 2( ` ` ` + 2bk) . . . ))
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U B? >E KL I S> T F BW B DX >? F F Q> Z @ D K? [ DC L Z >? b4b3b2b1b0 = 10100

@ D F B R>W @ L K S? > I? >}A > D F K F @ B DT ] > W B L IC F>

(((b4

` 2 + b3)

` 2 + b2)

` 2 + b1)

` 2 + b0 = (((1 ` 2 + 0) ` 2 + 1) ` 2 + 0) ` 2 + 0 = 20.

Representing unsigned int values.

� @ DW > K D [

unsigned int

X K SC >

n

�

{0, . . . , 2b − 1}

Q KA KZ @ D K? [? > I? > A > D F K F @ B D B \ S> D J F Q >E KW F S [

b

� Y S S @ D J C I ] @ F Q S> K R @ D J � >? BA �T F Q @A Z @ D K? [? > I? > A > D F K F @ B D @A KW K D B D @W K S \ B? L K F \ B? A F B? @ DJ

n

C A @ DJ F Q>

b

KX K @ S KZ S> Z @ F AM � @ P> F Q>X K SC > ? K DJ > @ F A > S \T F Q @A A F B? KJ > \ B? L K F @A D B F >E I S @W @ F S [ I? > AW ? @Z > R Z [ F Q> GH H A F K D R K? RTZ C F Q K? R S [ K D [ F Q @ DJ > SA > L K P> A A > DA > @ D I? KW F @W >M �A F Q>? > K? >

2b unsigned int

X K SC > A;TK D R F Q> A KL > DC L Z >? B \

b} Z @ F I K F F >? DA;T > KW Q I K F F>? D > DW B R> A B D> X K SC >M U B?

b = 3T F Q @AS B B PA KA \ B S S B] AM

n

? > I? > A > D F K F @ B D

0 000

1 001

2 010

3 011

4 100

5 101

6 110

7 111

Representing int values.

�W B L L B D ] K [ B \? > I? > A > D F @ D J

int

X K SC > A C A @ D J F Q> A KL >

b

Z @ F AJ B> A KA \ B S S B] AM O \ F Q> X K SC >

n

@A D B D} D> J K F @ X > T ] > A F B? > F Q> Z @ D K? [? > I? > A > D F K F @ B D B \

n@ F A > S \ � K DC L Z >? \? B L

{0, . . . , 2b−1 − 1}.

V Q K F ] K [ ] > C A > K S S F Q>

b} Z @ F I K F F>? DA F Q K F A F K? F ] @ F Q 0MO \ F Q> X K SC > n

@A D> J K F @ X > T ] > A F B? > F Q> Z @ D K? [? > I? > A > D F K F @ B D B \ n + 2bT K DC L Z >?\? B L

{2b−1, . . . , 2b − 1}.

V Q @A [ @> S RA F Q> L @A A @ D J

b} Z @ F I K F F>? DA;T F Q> B D> A F Q K F A F K? F ] @ F Q

1M U B?

b = 3T F Q> ? > A C S F @ DJ? > I? > A > D F K F @ B DA K? >

p � rs tu � �� �� v wx �y t� � w � 	
n

? > I? > A > D F K F @ B D

−4 100

−3 101

−2 110

−1 111

0 000

1 001

2 010

3 011

V Q @A @AW K S S> R F Q> � " � < � � �( � � � � � �? > I? > A > D F K F @ B DM O D F Q @A ? > I? > A > D F K F @ B DT K R R @ D JF ] B

int

X K SC > A

n

K D R

n

� @A X >? [ > KA [ � A @ L I S [ K R R F Q> ? > I? > A > D F K F @ B DA KW W B? R @ DJ F B F Q>C A C K S? C S> A B \Z @ D K? [ DC L Z >? K R R @ F @ B DT K D R @ J D B? > F Q> BX >?  B] Z @ F � @ \ K D [ �M U B? >E KL I S> TF B K R R

−2

K D R

−1

@ DW KA > B \

b = 3T ] > W B L I C F >
110

+ 111

1101

O J D B? @ D J F Q> S> \ F L BA F B X > ?  B] Z @ FT F Q @A J @ X > A

101T F Q> ? > I? > A > D F K F @ B D B \ F Q> ? > A C S F

−3@ D F ] B � AW B L I S> L > D FM V Q @A ] B? PA A @ DW > F Q> Z @ D K? [ DC L Z > ? Z > Q @ D R F Q> > DW B R @ D J B \

n

@A> @ F Q> ?

n

B?

n + 2bM V QC A;T ] Q> D ] > K R R F Q> Z @ D K? [ DC L Z >? A \ B?

n

K D R

n

�T F Q> ? > A C S F @AW B DJ ? C > D F F B

n + n

� L B RC S B
2b K D R F Q> ? > \ B? > KJ ? > > A ] @ F Q

n + n

� @ D F Q>

b

? @ J Q F L BA F Z @ F AM

� A @ DJ F Q> F ] B � AW B L I S> L > D F? > I? > A > D F K F @ B D ] >W K D D B] Z > F F>? C D R>? A F K D R ] Q K F Q K I}I > DA ] Q> D K D> J K F @ X >
int

X K SC >

n

J > F AW B DX >? F > R F B F [ I>

unsigned intM V Q> A F K D R K? RA I >W @ Y> A F Q K F \ B? F Q @A;T n

Q KA F B Z > @ DW ? > L > D F> R Z [

2bM � C F C D R>? F Q> F ] B � AW B L I S> L > D FTF Q> D> J K F @ X >
int

X K SC >
n

K D R F Q> ? > A C S F @ DJ I BA @ F @ X >

unsigned int

X K SC >

n + 2b

Q KX > F Q>A KL > ? > I? > A > D F K F @ B D � V Q @A L > K DA F Q K F F Q>W B DX >? A @ B D @A I C ? > S [W B DW > I F C K ST K D R D B KW F C K SW B L IC F K F @ B D F K P> A I S KW >MV Q> GH H A F K D R K? R R B> A D B F I? > AW ? @Z > F Q> C A > B \ F Q> F ] B � AW B L I S> L > D FT Z C F F Q> ? C S>\ B? W B DX >? A @ B D \? B L

int

F B

unsigned int

@AW S> K? S [ L B F @ X K F> R Z [ @ FM

2.2.9 Integral typesV Q> ? > @A K DC L Z >? B \ B F Q>? \C D R KL > D F K S F [ I > A F B? > I? > A > D F A @ J D> R K D R C DA @ J D> R @ D F> J >? A;TA > > F Q> ^ > F K @ SA A >W F @ B DM V Q> A > F [ I > A L K [ R @ � >? \? B L

int

K D R

unsigned int

] @ F Q? > A I >W FF B F Q> @? X K SC > ? K DJ >M � S S F Q> A > F [ I > A K? > W K S S> R  � � � � �� � �6( � T K D R \ B? > KW Q B \ F Q> L TK S S F Q> B I >? K F B? A @ D V KZ S> o � � KJ > z � � K? > KX K @ S KZ S> T ] @ F Q F Q> A KL > K? @ F @> A;T I? >W > R> DW > A;TKA A BW @ K F @ X @ F @> A K D R \C DW F @ B D K S @ F @> A � C I F B F Q> BZ X @ BC A S @ L @ F A R @W F K F > R Z [ F Q> ? > A I >W F @ X >X K SC > ? K DJ > A �M
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2.2.10 Details

Literals.

V Q>? > K? > K SA B D B D} R>W @ L K S S @ F> ? K SA B \ F [ I>

intM � D �� �� � S @ F>? K S A F K? F A ] @ F QF Q> R @ J @ F

0T \ B S S B] > R Z [ K A >~ C > DW > B \ R @ J @ F A \? B L

0

F B

7M V Q> X K SC > @A F Q> BW F K S DC L Z >?? > I? > A > D F> R Z [ F Q> A >~ C > DW > B \ R @ J @ F A \ B S S B] @ D J F Q> S> K R @ D J

0M U B? >E K L I S> T F Q> S @ F>? K S

011

Q KA X K SC > 9 = 1 ` 81 + 1 ` 80M

��9 � ���  �� � S @ F>? K SA A F K? F ] @ F Q 0xT \ B S S B] > R Z [ K A >~ C > DW > B \ R @ J @ F A \? B L

0

F B

9

K D RS> F F>? A \? B L

A

F B

FM V Q> X K SC > @A F Q> Q>E K R>W @ L K S DC L Z >? ? > I? > A > D F> R Z [ F Q> A >~ C > DW >B \ R @ J @ F A K D R S> F F>? A \ B S S B] @ DJ F Q> S> K R @ DJ

0xM U B? >E KL I S> T F Q> S @ F>? K S

0x1F

Q KA X K SC >

31 = 1 ` 161 + 15 ` 160M

Logically parenthesizing a general expression.

� @ X > D K D >E I? > A A @ B D F Q K FW B DA @A F A B \ K A >}~ C > DW > B \ B I >? K F B? A K D R B I>? K D RA;T ] > ] K D F F B R> RCW > F Q> S B J @W K S I K? > D F Q> A > AM U B? > KW QB I >? K F B? @ D F Q> A > ~ C > DW > T ] > P D B] @ F A K? @ F [T @ F A I? >W > R> DW > � K DC L Z >? Z > F ] > > Do K D Ro q TA > > V KZ S> o B D � KJ > z � \ B? F Q> K? @ F Q L > F @W B I >? K F B? A �T K D R @ F A KA A BW @ K F @ X @ F [ � S> \ F B? ? @ J Q F �MO DW KA > B \ K C D K? [ B I >? K F B? T F Q> KA A BW @ K F @ X @ F [ A I >W @ Y> A B D ] Q @W Q A @ R> B \ F Q> B I> ? K F B? @ F AB I >? K D R @A F B Z > \ BC D RM�> F C AW B DA @ R> ? F Q> \ B S S B] @ DJ KZ A F? KW F >E KL I S> F B > L I Q KA @� > F Q K F ] Q K F ] > R B Q>? > @AW B L I S> F> S [ J > D>? K S K D R D B F? > A F? @W F> R F B K? @ F Q L > F @W >E I? > A A @ B DAM

>E I? > A A @ B D

x1

B I

1 x2

B I

2 x3

B I

3

B I

4 x4K? @ F [ 2 2 2 1I? >W > R> DW >

4 13 13 16KA A BW @ K F @ X @ F [

r l l r=>? > @A Q B] F Q> I K? > D F Q> A > A K? > BZ F K @ D> R � \ B? > KW Q B I> ? K F B? T ] > @ R> D F @ \ [ @ F A � � � �  � �B I >? K D RT R> Y D> R KA F Q> S> \ F Q K D R A @ R> B I >? K D R \ B? S> \ F KA A BW @ K F @ X > B I >? K F B? A T K D R KA F Q>? @ J Q F Q K D R A @ R> B I >? K D R B F Q>? ] @A >M V Q> S> K R @ DJ B I >? K D R \ B? B I

i

@ DW SC R> A > X >? [ F Q @ D J F BF Q> ? > S> X K D F A @ R> Z > F ] > > D B I

i

K D R F Q> D>E F B I >? K F B? B \ � � " � � I? >W > R> DW > F Q K D B I

i

M O DB F Q>? ] B? RA T > X >? [ F Q @ DJ @ D Z > F ] > > D F Q> A > F ] B B I >? K F B? A @A � J ? KZ Z > R	 Z [ F Q> �A F? B D J >? 	B I >? K F B? MO D BC ? >E KL I S> T F Q> S> K R @ DJ B I >? K D R B \ B I

3

@A F Q> A C Z A >~ C > DW >

x2

B I

2 x3

F B F Q> S> \ FB \ B I

3

T A @ DW > F Q> D>E F B I> ? K F B? B \ S B] >? I? >W > R> DW > F B F Q> S> \ F B \ B I

3

@A B I

1

MO D F Q> W KA > B \Z @ D K? [ B I >? K F B? A;T ] > K SA B Y D R F Q>  �� � � �� �6 B I >? K D RT F Q> B D> F B F Q>B F Q>? A @ R> B \ F Q> S> K R @ DJ B I >? K D RM V Q> A >W B D R K? [ B I >? K D R \ B? B I

i

@ DW SC R> A > X > ? [ F Q @ D J F BF Q> ? > S> X K D F A @ R> Z > F ] > > D B I

i

K D R F Q> D>E F B I >? K F B? B \ � ��  � � � � � � � " � � I? >W > R> DW >F Q K D B I

i

M V Q> B D S [ R @� > ? > DW > F B F Q> S> K R @ D J B I >? K D R? C S> @A F Q K F F Q> A >W B D R K? [ B I >? K D RK S? > K R [ > D RA ] Q> D K D B I >? K F B? B \ F Q>  � � � I? >W > R> DW > K I I > K? AM�W W B? R @ D J F B F Q @A R> Y D @ F @ B DT F Q> A >W B D R K? [ B I >? K D R B \ B I
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@A B I

4 x4

@ D BC ? >E KL I S>MU @ D K S S [T ] > I C F K I K @? B \ I K? > D F Q> A > A K? BC D R F Q> A C Z A >~ C > DW > W B? ? > A I B D R @ DJ F B F Q>S> K R @ DJ B I >? K D RT F Q> B I >? K F B? @ F A > S \T K D R F Q> A >W B D R K? [ B I> ? K D R � @ \ K D [ �M=>? > @A F Q> F KZ S> \ B? BC ? >E KL I S> KJ K @ DT > D Q K DW > R ] @ F Q F Q> A C Z A >~ C > DW > A B \ K S S \ BC ?B I >? K F B? A F Q K F K? > I C F @ D I K? > D F Q> A > A KW W B? R @ DJ F B F Q> ? C S> A � C A F R> AW ? @Z > RM
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>E I? > A A @ B D

x1

B I

1 x2

B I

2 x3

B I

3

B I

4 x4K? @ F [

2 2 2 1I? >W > R> DW >

4 13 13 16KA A BW @ K F @ X @ F [ r l l rB I

1 ( x1

B I

1 x2

B I

2 x3

B I

3

B I
4 x4 )B I

2 ( x2

B I

2 x3 )B I

3 ( x2

B I

2 x3

B I

3

B I
4 x4 )B I

4 (
B I

4 x4 )

� B] ] > A @ L I S [ IC F F BJ > F Q>? K S S I K? > D F Q> A > A F Q K F ] > Q KX > BZ F K @ D> RT F K P @ D J F Q> @?L C S F @ I S @W @ F @> A @ D F B KW W BC D FM O D BC ? >E KL I S> ] > J > F F Q> >E I? > A A @ B D
( x1

B I

1 (( x2

B I

2 x3 )

B I

3 (

B I

4 x4 ))).� [ A B L > L KJ @W T F Q @A ] B? P> R BC FT K D R ] > Q KX > K \C S S [ I K? > D F Q> A @� > R >E I? > A A @ B D � F Q> BC F >?I K @? B \ I K? > D F Q> A > A W K D Z > R? B I I> R KJ K @ DT B \W BC ? A > �M � C F D B F> F Q K F ] > W K D D B F >E I>W FA CW Q D @W > Z > Q KX @ B? @ D J > D>? K SM G B DA @ R>? F Q> \ B S S B] @ DJ >E KL I S>M>E I? > A A @ B D

x1

B I

1 x2
B I

2 x3K? @ F [

2 2I? >W > R> DW >

13 13KA A BW @ K F @ X @ F [

r lB I

1 ( x1
B I

1 x2

B I

2 x3 )B I

2 ( x1

B I
1 x2

B I

2 x3 )V Q> ? > A C S F @ DJ I K? > D F Q> A @� > R >E I? > A A @ B D @A

(( x1

B I
1 x2

B I
2 x3 )),] Q @W Q R B> A D B F A I >W @ \ [ F Q> > X K SC K F @ B D B? R>? M � Q K FW B L > A F B BC ? ? > AW C > @A F Q K F GH HB D S [ K S S B] A >E I? > A A @ B DA \ B? ] Q @W Q F Q> L KJ @W ] B? PA BC F � V Q> I? > X @ BC A Z K RW KA > @A @ L I BA}A @Z S> T \ B? >E KL I S> T A @ DW > K S S Z @ D K? [ B I >? K F B? A B \ F Q> A KL > I? >W > R> DW > K SA B Q KX > F Q> A KL >KA A BW @ K F @ X @ F [M

Unsigned arithmetic.

�> Q KX > R @AW C A A > R Q B] int X K SC > A K? > W B DX >? F> R F B

unsigned intX K SC > A;T K D R X @W > X >? A KM V Q> L K @ D @A A C > � ] Q K F F B R B ] @ F Q D B D} ? > I? > A > D F KZ S> X K SC > A �K SA B BW W C ? A RC ? @ D J > X K SC K F @ B D B \ K? @ F Q L > F @W >E I? > A A @ B DA @ DX B S X @ DJ B D S [ � �� B \ F Q> F [ I > AMV Q> GH H A F K D R K? RW B D F K @ DA B D> ? C S> \ B? F Q @AM U B? K S S C DA @ J D> R @ D F> J ? K S F [ I > A;T F Q>K? @ F Q L > F @W B I >? K F B? A ] B? P L B RC S B

2bT J @ X > D b} Z @ F? > I? > A > D F K F @ B DM V Q @A L > K DA F Q K F F Q>X K SC > B \ K D [ K? @ F Q L > F @W B I >? K F @ B D ] @ F Q B I >? K D RA B \ F [ I >

unsigned int

@A ] > S S} R> Y D> RM O FR B > A D B F D>W > A A K? @ S [ J @ X > F Q> L K F Q> L K F @W K S S [W B? ? >W F X K SC > T Z C F F Q> C D @~ C > X K SC > @ D F Q>

unsigned int

? K D J > F Q K F @AW B D J ? C > D F F B @ F L B RC S B

2bM U B? >E KL I S> T @ \

a

@A K X K? @ KZ S> B \F [ I >

unsigned int

] @ F Q D B D} � > ? B X K SC > T F Q> D

-a

Q KA X K SC >

2b − aM� B A CW Q? C S> >E @A F A \ B? F Q> A @ J D> R @ D F> J ? K S F [ I > A;T L > K D @ DJ F Q K F BX >? } K D R C D R>?  B]K? > R> K S F ] @ F Q K F F Q> R @AW ? > F @ B D B \ F Q> W B L I @ S> ? M
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Sequences of + and -.

�> Q KX > K? J C > R KZ B X > F Q K F @ F @A C A C K S S [W S> K? ] Q @W Q B I >? K F B? A BW W C ?@ D K D >E I? > A A @ B DT > X > D F Q BC J Q A B L > B \ F Q> L A Q K? > F Q> @? F B P> DM � C F A @ DW > F Q> W Q K? KW F>? A

+

K D R

-

K? > Q> KX @ S [ BX >? C A > R @ D B I >? K F B? F B P> DA;T A I >W @ K S? C S> A K? > D> > R> R F B? > A B S X > F Q>L > K D @ D J A B \ A >~ C > DW > A B \

+

� A;T B? B \

-

� AMU B? >E KL I S> T B D S [ \? B L K? @ F @> A;T I? >W > R> DW > A K D R KA A BW @ K F @ X @ F @> A @ F @A D B FW S> K? Q B] F B@ D F>? I? > F F Q> >E I? > A A @ B DA

a+++b

B?

---aM V Q> Y? A F >E I? > A A @ B DW BC S R L > K D

(a++)+bT Z C F @ FW BC S R KA ] > S S L > K D

a+(++b)

B?

a+(+(+b)M � @ L @ S K? S [T F Q> A >W B D R >E I? > A A @ B DW BC S R > @ F Q>?L > K D

-(--a)T --(-a)

B?

-(-(-a)MV Q> GH H A F K D R K? R? > A B S X > A F Q @A R @ S> L L KZ [ R> Y D @ D J F Q K F K A >~ C > DW >W B DA @A F @ DJ B D S [B \

+

� A;T B? B D S [ B \

-

� A;T Q KA F B Z > J ? BC I> R @ D F B I K @? A \? B L S> \ F F B? @ J Q FT ] @ F Q I BA A @Z S [ B D>? > L K @ D @ DJ

+

B?

-

K F F Q> > D RM V QC A;T a+++b

L > K DA

(a++)+bT K D R

---a

L > K DA

--(-a)M� B F > F Q K F \ B? >E KL I S> F Q> >E I? > A A @ B D

a++b

" � * � � L K P> A > DA > ] Q> D I K? > D F Q> A @� > R KA

a+(+b)T Z C F KW W B? R @ D J F B F Q> ? C S> � C A F > A F KZ S @A Q> RT @ F @A D B F K ] > S S} \ B? L > R >E I? > A A @ B DTA @ DW > K C D K? [ B I >? K F B?

++

W K D D B F Q KX > B I >? K D RA B D Z B F Q A @ R> AM V Q> >E I? > A A @ B D

---a] @ F Q @ F A S B J @W K S I K? > D F Q> A @� K F @ B D

--(-a)

@A @ DX K S @ R \ B? K D B F Q>? ? > KA B D � F Q> B I >? K D R B \ F Q>I? >} @ DW ? > L > D F L C A F Z > K D S X K SC > T Z C F F Q> >E I? > A A @ B D

-a

@A K D? X K SC >M

Other integral types.

GH H W B D F K @ DA K DC L Z >? B \ \C D R KL > D F K S  � � � � K D R * �  � � � � @ D F>}J ? K S F [ I > AM V Q> A @ J D> R B D> A K? >

signed charT short intT int

K D R

long intM V Q> A F K D}R K? R A I >W @ Y> A F Q K F > KW Q B \ F Q> L @A ? > I? > A > D F> R Z [ K F S> KA F KA L K D [ Z @ F A KA F Q> I? > X @ BC AB D> @ D F Q> S @A FM V Q> DC L Z >? B \Z @ F A C A > R F B? > I? > A > D F

int

X K SC > A R> I > D RA B D F Q> I S K F \ B? LNMV Q> W B? ? > A I B D R @ DJ A > ~ C > DW > B \ C DA @ J D> R F [ I> A @A

unsigned charT unsigned short intT

unsigned int

K D R

unsigned long intMV Q> A > F [ I > A J @ X > W B L I @ S>? A F Q> \? > > R B L B \ B� > ? @ D J @ D F > J >? A ] @ F Q S K? J >? B? A L K S S>?X K SC > ? K DJ > A F Q K D

int

K D R

unsigned intM � L K S S>? X K SC > ? K D J > A K? > C A > \C S ] Q> D L > L B? [W B DA C L I F @ B D @A KW B DW > ? DT K D R S K? J >? B D> A K? > K F F? KW F @ X > ] Q> D BX >? } K D R C D R>?  B] BW }W C ? AM V Q> A @ J D @ YW K DW > B \ F Q> A > F [ I> A � ] Q @W Q K? > K S? > K R [ I? > A > D F @ D F Q> G I? B J ? KL L @ DJS K DJ C KJ > � Q KA \ K R> R @ D GH HM V Q> ? > KA B D @A F Q K F ] > W K D~ C @ F> > KA @ S [ @ L I S> L > D F BC ? B] DF K @ S B? } L K R> @ D F> J ? K S F [ I > A @ D GH H T @ \ ] > D> > R F Q> LNM O D G F Q @A @A L CW Q L B? > W C L Z >? }A B L >M G B DA >~ C > D F S [T L K D [ GH H W B L I @ S>? A A @ L I S [ L K P>

short int

K D R

long int

K DK S @ KA \ B?

intT K D R F Q> A KL > Q B S RA \ B? F Q> W B? ? > A I B D R @ DJ C DA @ J D> R F [ I > AM

Order of effects and sequence points

O DW ? > L > D F K D R R>W ? > L > D F B I> ? K F B? A KA ] > S S KA KA A @ J D}L > D F B I >? K F B? A W B DA F? CW F >E I? > A A @ B DA ] @ F Q K D > � >W FM � CW Q B I >? K F B? A Q KX > F B Z > C A > R] @ F QW K? > \ B? F ] B? > KA B DAMV Q> BZ X @ BC A ? > KA B D @A F Q K F � KA ] > K S? > K R [ S> K? D> R @ D F Q> > D R B \ � >W F @ B D �M o M o � F Q>> X K SC K F @ B D B? R>? \ B? F Q> A C Z } >E I? > A A @ B DA B \ K J @ X > D >E I? > A A @ B D @A D B F A I >W @ Y> R @ D J > D}>? K SM G B DA >~ C > D F S [T X K SC > K D R > � >W F L K [ R> I > D R B D F Q> > X K SC K F @ B D B? R> ? M G B DA @ R>? F Q>>E I? > A A @ B D

++i + i] Q>? > ] > A C I I BA > F Q K F

i

@A K X K? @ KZ S> B \ F [ I>

intM O \

i

@A @ D @ F @ K S S [

5T A K [T F Q> D F Q> X K SC >B \ F Q> W B L I BA @ F> >E I? > A A @ B D L K [ @ D I? KW F @W > Z >
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B?

12M V Q> ? > A C S F R> I > D RA B D ] Q> F Q>?
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B? D B F F Q> > � >W F B \ F Q> S> \ F B I >? K D R

++i

B \ F Q> K R R @ F @ B D @A I? BW > A A > R Z > \ B? > F Q> ? @ J Q FB I >? K D R

i

@A > X K SC K F> RM V Q> X K SC > B \ F Q> >E I? > A A @ B D

++i + i

@A F Q>? > \ B? > C DA I >W @ Y> R Z [F Q> GH H A F K D R K? RMV B >E I S K @ D F Q> A >W B D R � K D R L CW Q S> A A BZ X @ BC A;T Z C F \ B? F C D K F> S [ K SA B L CW Q S> A A ? > S> X K D F �? > KA B DT S> F C AW B DA @ R>? F Q> \ B S S B] @ D J @ D D BW > D F S B B P @ DJ >E I? > A A @ B D F Q K F @ DX B S X > A K X K? @ KZ S>

i

B \ F [ I > intM

i = ++i + 1V Q @A >E I? > A A @ B D Q KA F ] B > � >W F A � F Q> @ DW ? > L > D F B \

i

K D R F Q> KA A @ J D L > D F F B
iM �>W KC A >F Q> KA A @ J D L > D FW K D B D S [ Q K I I > D K \ F> ? F Q> B I >? K D RA Q KX > Z > > D > X K SC K F> RT @ F A > > L A F Q K FF Q> B? R>? B \ F Q> F ] B > � >W F A @AW S> K? � F Q> @ DW ? > L > D FW B L > A Z > \ B? > F Q> KA A @ J D L > D FT K D R F Q>BX >? K S S X K SC > K D R > � >W F K? > ] > S S} R> Y D> RM= B] > X >? T F Q @A @A D B F F? C > T \ B? ? > KA B DA F Q K F Q KX > F B R B ] @ F Q BC ? C D R>? S [ @ DJ W B L I C F>?L B R> ST F Q> X B D �> C L K D D K? W Q @ F>W F C ? >M U? B L F Q>W B L I C F >? � A I B @ D F B \ X @> ] T F Q> > X K SC K F @ B DB \ F Q> A C Z } >E I? > A A @ B D

++i

W B DA @A F A B \ F Q> \ B S S B] @ DJ A F> IAM

o M G B I [ F Q> X K SC > B \

i

\? B L F Q> L K @ D L > L B? [ @ D F B B D> B \ F Q> G � �? > J @A F> ? A �

�M � R R

1

F B F Q @A X K SC > @ D F Q> ? > J @A F>? �


M �? @ F > F Q> ? > J @A F >? W B D F> D F Z KW P F B L K @ D L > L B? [T K F F Q> K R R? > A A B \

i

�

G S> K? S [T F Q> Y? A F F ] B A F> IA K? > D>W > A A K? [ F B BZ F K @ D F Q> X K SC > B \ F Q> >E I? > A A @ B D

++i

K D RTQ> DW > T Q KX > F BZ > I? BW > A A > RZ > \ B? > F Q> KA A @ J D L > D FM � C F F Q> F Q @? R A F > I R B> A D B F D>W > A A K? @ S [Q KX > F B Z > W B L I S> F > R Z > \ B? > F Q> KA A @ J D L > D FM O D B? R> ? F B K S S B] F Q> W B L I @ S>? F B B I F @ L @� >F Q> F? K DA \>? B \ R K F K Z > F ] > > D G � � ? > J @A F>? A K D R L K @ D L > L B? [ � ] Q @W Q @A X >? [ L CW QI S K F \ B? L R> I > D R> D F �T F Q @A B? R>? Q KA D B F Z > > D A I >W @ Y> RM O D \ KW FT @ F @A D B F C D? > KA B D KZ S>F B KA A C L > F Q K F F Q> F? K �W Z > F ] > > D? > J @A F>? A K D R L K @ D L > L B? [ @A B? J K D @� > R A CW Q F Q K FA > X >? K S @ F > L A K? > F? K DA \>? > R K F B DW > B? ~ C @W P S [ K \ F> ? K D B F Q> ? T C A @ DJ A B} W K S S> R � * � � M� C I I BA > KA Z > \ B? > F Q K F

i

@ D @ F @ K S S [ Q KA X K SC >

5M O \ F Q> KA A @ J D L > D F @A I >? \ B? L > R K \ F> ?F Q> ? > J @A F >? W B D F > D F @A ] ? @ F F > D Z KW P F B L K @ D L > L B? [T i = ++i + 1

A > F A

i

F B

7M � C F @ \F Q> KA A @ J D L > D F Q K I I > DA �� -� �� T F Q> S K F >? F? K DA \>? B \ F Q> ? > J @A F>? X K SC >

6

BX >? ? @ R> A F Q>I? > X @ BC A X K SC > B \

7T K D R

i

@A A > F F B

6

@ DA F> K RMV Q> GH H A F K D R K? R R> Y D> A K �� * � �� � ( �  � � F B Z > K I B @ D F RC ? @ DJ F Q> > X K SC K F @ B D A > }~ C > DW > B \ K D >E I? > A A @ B D K F ] Q @W Q @A J C K? K D F> > R F Q K F K S S > � >W F A B \ I? > X @ BC A S [ > X K SC K F> R� A C Z � >E I? > A A @ B DA Q KX > Z > > DW K? ? @> R BC FM O F ] KA I? BZ KZ S [ F Q> >E @A F > DW > B \ Q @ J Q S [ B I F @}L @� > R GW B L I @ S>? A F Q K F S> F F Q> GH H A F K D R K? R? > \? K @ D \? B L R>W S K? @ D J F Q> KA A @ J D L > D F KA KA >~ C > DW > I B @ D FM O D B F Q>? ] B? RA;T ] Q> D F Q> KA A @ J D L > D F F B

i

F K P> A I S KW > @ D F Q> > X K SC K F @ B D

i = ++i + 1T @ F @A D B F A I >W @ Y> R ] Q> F Q>? F Q> > � >W F B \ F Q> I? > X @ BC A S [ > X K SC K F > R @ DW ? > L > D FB I >? K F B? Q KA Z > > DW K? ? @> R BC F B? D B FM O DW B D F? KA FT F Q> A > L @W B S B D F Q K F F>? L @ D K F > A K D>E I? > A A @ B D A F K F> L > D F @A K S ] K [A K A >~ C > DW > I B @ D FMV Q>? > \ B? > T ] > B D S [ Q KX > K D @A A C > ] @ F Q >E I? > A A @ B DA F Q K F Q KX > L B? > F Q K D B D> > � >W FM=> DW > T @ \ [ BC I? > \>? D B F F B ] B? ? [ KZ BC F > � >W F B? R>? T > DA C ? > F Q K F > KW Q >E I? > A A @ B D F Q K F[ BC ] ? @ F > J > D>? K F> A K F L BA F B D> > � >W FM �E I? > A A @ B DA ] @ F Q L B? > F Q K D B D> > � >W FW K D L K P>
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2.2.12 Exercises
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2.2.13 Challenges
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