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3.1 A first C++ function
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double
O

�
// Prog: callpow.C
// Define and call a function for computing powers.�

�
#include <iostream >�

�
// PRE: e >= 0 || b != 0.0�
// POST: return value is b^e�
double pow (double b, int e)�
{���

double result = 1.0;���
if (e < 0) {��

// b^e = (1/b)^(-e)���
b = 1.0/b;���
e = -e;���

}���
for (int i = 0; i < e; ++i) result *= b;� �
return result;���

}���
��

int main()��
{�

std::cout << pow( 2.0, -2) << "\n"; // outputs 0.25��
std::cout << pow( 1.5 , 2) << "\n"; // outputs 2.25��
std::cout << pow( 5.0 , 1) << "\n"; // outputs 5��
std::cout << pow( 3.0 , 4) << "\n"; // outputs 81��
std::cout << pow(-2.0, 9) << "\n"; // outputs -512 �

��
return 0;��

}

Program 17:
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e
Z
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b
O_y_F7'M*�'<*�l�FW!;2�2%F7.
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for
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be = (1/b)−e
} !#CM2?.Y�
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if
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3.1.1 Pre- and postconditions
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Z&2%F7.
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e
@aG7*-2+(R.B0WAH0707.1N8!;2?'<68.�Z�A��pÓK'MC

e
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b �= 0
@kG7*-2+F7AHVM\DOsy�F7.
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// POST: return value is b^e2%.1V<VM*_GW*_2%F7.ÃCEG707"Y2%'<AH0S6#!#VMG7.�Z7\7.Y,/.107\7'M07NaAH0S2%F7.Ã!;�?NHGW@B.Y0�2%*1O Ò 0S2%F7'M*_"[!#*?.�Z72%F7.Y�%.o'M*�07Az.YØd.1"Y2[O
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"[!#V�CEGW07"Y2?'MAH07*�l�F7'M"�FmAH0WV)9nFW![68.U6#!#VMG7.1*YO � GP2qG7*?'M07Nh2%F7.B"1AH07"1.Y,72qAHC �D�1�YÆ��Y�8² �1�-�3�?�[�uÓàr&.Y"JI
2%'MAH0 � OÔ�&O � ÕJZ !¥��ÖwÖÚCEGW07"Y2?'MAH0È"1!#0�(R.B"1AH07*?'M\7.Y�%.1\·!#*q!^@f!;2%F7.1@f!X2%'M"[!#V�CEG707"Y2%'<AH0�2%FW!;2q@f!X,`*
,7�%AHN���!#@ *-2�!X2%.1*zÓ�'M@B@B.1\7'E!;2%.YV<9� Y�KÁ#�H�Y�]2%F7.zCEG707"Y2%'<AH0u"[!#VMVEÕ�2%Ap,7�%AHN���!#@ *-2�!;2?.1*zÓK'<@B@B.1\7'E!;2%.1V)9
��Á1�?�Y�B2%F7.wCEG707"Y2%'MAH0S"[!#VMVEÕJO

� 07\7.Y�S2?FW'<*U,/AH'M0�2pAHC>6L'M.Jl�Z�2?FW.¥,7�%.1"1AH07\7'<2%'<AH0g*b,/.1"1'<4W.1*f2%F7.i�7�H²¤�8�Î�¢AHCo2%F7.sCEG707"Y2%'<AH0~Z
2%F7.p*?.Y2aAHC�,7�%AHN���!#@ *-2%!;2%.1*k'M0ml�F7'M"�FÈ2%F7.pCEG70W"J2%'MAH0·@f!19n(/.f"[!;VMVM.1\DO Ò 0·"1!#*?.]AHC

pow
Z�2%F7.1*?.

!;�%.z!#VMV�,7�%AHN���!#@ *-2%!;2%.1*w'M0el�F7'M"�Fe2?FW.z!;�%NHG7@B.1032%*
b
!#07\

e
!;�%.a'M0n!f*?G7'<2�!;(WVM.+�%.1VM!;2%'MAH0DOay�F7.

,/AH*-2?"1AH07\W')2%'MAH0¥\7.1*?"Y�%')(/.1*>2%F7.aCEG707"Y2%'MAH0¤'<2%*?.YVMC:(�9¤*b,/.1"1'MCM9&'M07NSF7A{l�2%F7.SÓÎ�%.1VM.Y6#!#032w,`!;�?2oAHC�2%F7.{Õ
,7�%AHN���!#@ *-2%!;2%.qNH.Y2%*o2?��!#07*?CEA��%@B.Y\~O Ò 0u"[!#*?.kAHC

pow
ZD2%F7.k�%.J2%GP�%0e6#!#VMG7.

be
l�'MV<V Ó�2%.1@U,RA���!;�%'MV)97Õ

(/.>,WG72�!;2�*?AH@B.>@B.1@BA��?9zVMA&"[!X2%'MAH0DO
y5Am*?G7@B@f!;�%'��Y.�Z�2%F7.],/AH*b2%"1AH07\7'<2%'MAH0i2%.YVMVM*zG7*Bl�FW!;2zFW!;,7,/.107*Ul�F7.10¡2%F7.^,7�%.1"1AH07\7'<2%'MAH0·'M*

*%!;2?'M*-4W.1\DO���0^2%F7.wA�2?FW.J��FW!#07\DZ72?FW.o,/AH*-2%"YAH0W\7'<2?'MAH0SNH')68.1*o���SÆH�Ä�8�Y�8�D�?�J�B£��d�3�|�#���1¦L�Y�SCEA���2%F7.
"[!#*-.wl�F7.Y�?.w2%F7.w,7�%.Y"1AH07\W')2%'MAH0p'M*�07A�2�*%!;2%'M*b4`.Y\~O �L�%AH@ !q@f!;2%F7.1@f!X2%'M"[!#VW,/AH'M032�AHCÄ6L'M.YlÃZP2%F7'M*_'M*
4W07.�}�!qCEG707"Y2%'MAH0S'M*�*-'M@U,WV<9U07A�2�\W.J4`07.1\]CEA���!;�%NHG7@B.1032%*ðAHGP2%*?'M\7.o'<2%*_\7AH@f!#'M0DO

Arithmetic pre- and postconditions.
y_F7.+"[!;�%.1CEG7V5�?.[!#\7.Y��AHC:r&.1"Y2?'MAH0¤�&Oø�a@B'MNHF32�FW!168.��%.[!;VM'��1.1\

2%FW!;2B(/A�2?F¡,7�%.¨Ia!#07\g,/AH*b2%"1AH07\7'<2%'MAH0�AHC�2%F7.¥CEG70W"J2%'MAH0
pow

"[!#0707A�2U(/.¥"1A��-�%.1"Y2[O Ò C
e
'<*U2%A&A

VE!;�?NH.�ZðCEA��f.JT7!;@U,`V<.�Z�2%F7.^"1AH@U,WGP2�!;2?'MAH0·@B'MNHF32zA{68.Y� 
WA{l�Zð(WGP2B*?G7"�F
e
!X�%.h07A�2U.JTL"1VMG7\7.1\g(�9
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	[ä�á�ï�ê?íÔíÔâ¨ô3ã Ü ãøù�Ü�Ý;Þ�õ�î;ß;ì|Ü�ãøä�ß�������`ÜÎÝ#ê?Ü Ý#ê%ù5Ü�Ý;Þðý�ê?íÔî;Þðê?ß#ë+Þ��HÞÅìàÜbô�ú;î{Ü åRÞðùÎî{÷X÷;áKÞbùÎùÄÜ�ÝXãøù ùÎî{úXÜ�íøÞ|Ü±â����LýJÞÅßï�ê-Ü�Ý;Þàï�ê?ÜÎãøìàã�ê?ß#ù3Ü|ê?í���ê-ú8ä�î{ÜRê5õ�îXß#ì|ÜÎãøä¨ßðý%ê%í«î#Þ/å/Ý;ÞÅß_Ü�Ý;Þàâ ï_Þ-ê?ßðÜÎÝ#ÞDý�ê?íÔî;Þ/áKÞbù»î;í Ü�ãÔßXû5õøáKä¨ïmê?ß�Þàý�ê?íÔî�ê-ÜÎãøä�ß_ä�õHÜÎÝ#Þõ�îXß#ì|Ü�ãÔä¨ß�å/ã«Ü�Ý>ìÅÞ|á�ÜKê%ã«ß�ê-áKû¨îXï_ÞÅß1Ü�ù��
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2%F7.�,7�%.1"1AH07\7'<2%'<AH0~O � 68.10e'MC�2%F7.Y�?.+'M*�07ABAX68.J� 
WAXlÃZd2%F7.�6�!;VMG7.���!#07NH.�AHC�2%F7.�2à9&,/.
double

@f!19
FW!168.^!hF7AHVM.]!X2

be
Z�@B.[!#07'M07N^2%FW!;2q2%F7'M*q6#!#VMG7.f"[!#0707A�2a(/.f�%.Y2?G7�?0W.Y\·(&9m2%F7.pCEGW07"Y2?'MAH0DOÈy_F7.

,/AH*-2?"1AH07\W')2%'MAH0p'M*ð2%F7.Y�%.1CEA��%.w'M@U,7�%.1"1'<*?.o!#*�l_.YVMVKO
Ò 0^2%F7.Ã"1AH032%.JT&2�AHC�!;�?'<2%F7@B.Y2%'M"�A�,R.Y��!;2%'<AH0W*_A{68.Y��2%F7.wCEGW07\W!#@B.1032�!#V~��ÖwÖ�2à9&,/.Y*1Z`')2�'M*�AHCM2%.10

2%.1\7'MAHG7*f!#07\g.Y68.10 G707\7.1*?'<�%!;(WVM.]2%Aml��%')2%.^\7AXl�0g,7�%.Y"1'M*?.h,7�%.JIa!#07\g,/AH*-2%"1AH07\7'<2%'<AH0W*Yc�,`!;�?2fAHC
2%F7.f,W�?A�(`V<.1@ 'M*q2%FW!;2kCEGW07\W!#@B.1032�!#V�2à9�,/.1*k@f![9e(/.1FW!168.]\7'<ØR.J�%.10�2?V<9mAH0·\7'<Ød.Y�%.1032a,WVE!;2?CEA��%@B*1O
y_FW.J�%.1CEA��%.�Z�l_.¤AHCM2%.10¿"1AH0P4W07.¤AHGP�%*?.YV<68.1*S2?A·,7�%.JIU!#07\Ì,/AH*-2%"YAH0W\7'<2?'MAH07*U2%FW!;2]\7A�"1G7@B.10�2pAHGP�
²¤�3�|�R�Y²¤�3�K�-�¨�3§Ä'<0�2%.1032%'MAH0DZH(WG72�l_.�FW!168.�2%Ao$8.1.Y,S'M0U@B'M07\a2?F`!X2�'M0U�?.[!#VM'<2à98ZH2%F7.�CEG707"Y2%'<AH0B@B'MNHF�2
(/.1FW!168.Ã\7'<Ød.Y�%.1032%V<98O

Assertions.
r&AzC±!;�[Z7AHGP��,W�?.1"1AH07\7'<2%'MAH07*_!;�%.��ÅGW*b2�"1AH@B@B.Y0�2%*ðVM')$8.o'<0

// PRE: e >= 0 || b != 0.0

y_FW.J�%.1CEA��%.�ZW'MC52?FW.oCEG707"Y2%'MAH0
pow

'M*�"[!#V<VM.1\Sl�'<2%F]!;�%NHG7@B.10�2?*
b
!;0W\

e
2%FW!;2�6L'MAHVE!X2%.�2%F7.w,7�%.1"1AH0LI

\7'<2%'MAH0DZ82%F7'M*�,`!#*?*-.1*_GW0707A�2%'M"Y.1\DO ��0f2%F7.�*-9L032�!#"Y2%'<"[!#VRVM.J68.1VKZ�2?FW.J�%.>'M*ð07A�2%F7'M07NÃl_.�"[!#0p\7Aa!X(/AHGP2
'<2[}�2?FW.kCEG707"Y2%'MAH0¤"[!#VMV

pow (0.0, -1)
Z~CEA��Ã.JTP!#@U,WVM.�ZRl�'MVMV�"1AH@U,W'MV<.�O � GP2ol_.a"[!;0u@f!;$8.q*?GP�%.

2%FW!;2�2?FW'<*�(`V<GW07\7.Y��'<*�\7.Y2%.1"Y2?.1\u!;2��?GW032%'M@B.�O ��*?'M@U,WVM.ol�![9S2%Af\7Af2?FW'<*�G7*?.1*U�3�1�#�1�{�K�b�H�D�1O ��0
!#*?*-.Y�?2%'MAH0SFW!#*�2%F7.oCEA��%@
�������	��
 Ó ������ Õ

l�F7.Y�?. ������� 'M* !�,7�%.1\7'M"[!X2%.�Z8!#0a.JTL,7�%.1*-*?'MAH0zAHC`!�2à9&,/.ðl�F7AH*?. 6#!#VMG7.1* "[!;0a(/._"1AH0368.Y�?2%.1\a2%A
bool

O
��A^"YAH@B@f!U'M*Ã!;VMVMA{l_.1\e'M0 ������� Z�!p"1AH07*?.1t�GW.Y0W"Y.UAHC 2%F7.zC±!#"J2Ã2%FW!;2

assert
'M*o07A�2+!SCEG707"Y2%'<AH0

(WGP2+!s²s�7�1�1�8O �¢@f!;"Y�%A]'<*�!p,W'M.Y"1.UAHC @B.Y2%!XI|"1A�\7.k2%FW!;2w2%F7.z"1AH@U,W'MV<.Y�>�%.Y,WVE!#"1.Y*Ãl�'<2?Fu!#"Y2?G`!;V
��ÖwÖ�"1A�\W.>,7�%'MA���2%Ak"1AH@U,W'MVE!;2%'<AH0~O

� '<2%Fh!#*-*?.Y�?2%'<AH0W*YZ
pow

"[!#0](/.>l��?'<2?2%.10]!#*�CEAHVMVMA{l�*1O
// PRE: e >= 0 || b != 0.0

// POST: return value is b^e

double pow (double b, int e)

{

assert (e >= 0 || b != 0.0);

double result = 1.0;

// the remainder is as before

...

}

y�F7.k,`GP�?,RAH*?.zAHC�!#0m!#*?*?.J�?2%'MAH0u'<*o2%AS"�FW.Y"�$¤l�F7.Y2%F7.Y�Ã!f"1.Y�?2�!;'M0e,7�%.1\7'M"[!X2%.aF7AHVM\7*w!;2Ã!p"1.J�-I
2�!#'<0e,/AH'M032[OUy_F7.a,7�%.1"1'<*?.U*?.1@f!;0�2%'M"Y*oAHC_!;0m!#*?*?.Y�-2%'MAH0u'M*Ã!#*ÃCEAHV<VMAXl�*1O ������� 'M*Ã.Y6#!#VMGW!;2?.1\DZ5!#07\'MC�'<2��%.Y2%GP�%07*�� ������� Zd.¨TP.1"1GP2%'<AH0sAHC�2%F7.Ã,7�%AHN��%!#@ 2%.J�%@B'M0W!;2%.1*�'M@B@B.1\7'E!X2%.1V<9Ul�'<2%Fh!;0s.J�?�%A��>@B.1*bI
*%!#NH.a2%.1VMVM'<0WNSG7*Ã2%FW!;2Ã2?FW.a�%.1*-,/.Y"Y2%'<68.f!#*-*?.Y�?2%'<AH0ul�!#*Ã6L'<AHVE!;2%.1\DO Ò C ������ �%.Y2?G7�?0W* 
������ Z�.JTL.1"1GLI2%'MAH0e"1AH0�2%'<0&G7.1*o0WA��?@f!#VMV<98O Ò 0nAHGP�Ã"1!#*?.�Z52?FW'<*w@B.[!;0W*>2%FW!;2o2%F7.z.Y6#!#VMGW!;2?'MAH0eAHC�2?FW.a.JTL,7�%.Y*?*?'MAH0
pow (0.0,-1)

V<.[!#\7*�2?AB!f�[�`�D�K��²¤�]�1�[�1�H�{O_y_F7'M*�@B'MNHF�2_07A�2�(/.�!q68.Y�?9p,/AHVM'<2%.�l�!19SAHC52%.1VMV<'M07N
2%F7.oGW*-.Y��2%FW!;2_2%F7.w!;�%NHG7@B.1032%*ðl_.Y�%.o'MVMVM.1N8!;Vd(WG72�2%F7.>,/AH'M0�2_l�'MVMVR*?GP�%.YV<9]"YAH@B.w!;"Y�%AH*?*1O
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� AHGk"1!#0z!X�%NHG7. 2%FW!;2�'<2�'<*�"1AH*-2%V<9Ã2%A�2%.1*-2�2?FW._!;*?*?.Y�?2?'MAH0a'<0k.J68.Y�?9qCEG707"Y2%'MAH0k"[!#VMV�Z��ÅG7*-2�2%A>"[!;2%"�F
!�CE.Yl×vb(`!#\7x>"[!#VMV<*1O�Q�A{l_.Y68.Y�1Z3')2 'M*�,/AH*?*?')(`V<.�2%A>2%.1VMV&2?FW.ð"YAH@U,`'<VM.Y�52?Ao'<NH0WA��?. 2%F7.

assert
@f!#"J�%APZ

@B.[!#07'M07NÃ2?F`!X2�!#0].1@U,72à9U,W'M.1"Y.�AHC_��ÖoÖç"1A�\W.��%.J,`VM!#"1.1*_'<2[O y_F7.>GW*-G`!;VRl�![9B2?AkNHAk'M* 2%F7.Y�?.1CEA��%.
!#*�CEAHVMVMA{l�*1}Ä\7G7�?'M07No"YA&\7.�\7.Y68.YVMA�,W@B.10�2[Z�,WGP2�!#*?*?.Y�-2%'MAH07* .Y68.Y�?9�l�F7.Y�%.�98AHGzl�!#0�2 2%Ao(/.�*?GP�%.�2?F`!X2
*?AH@B.Y2?FW'<0WNp�%.[!#V<V<9uF7AHVM\7*1O � F7.10m2%F7.B"1A&\7.U'<*+*-2�!;(WVM.^ÓK!#07\�07A¥!#*-*?.Y�?2%'<AH0m6&'MAHVE!;2?'MAH07*w*?.Y.1@ 2%A
A&"Y"1GP��!#039L@BA��%.[ÕJZ&2%.1V<VR2%F7.w"1AH@U,W'MV<.Y� 2%Aq�%.1@BA{68.�2%F7.Ã!#*-*?.Y�?2%'<AH0W*YO:y_F7.w@f!;"¨F7'M07.�VE!;0WNHGW!#NH.�"YA&\7.
'M*_2%F7.10h!#*�.��z"1'M.1032�!#*�'MCÄ98AHGSl_AHGWV<\]07.Y68.Y��F`!168.>l��%')2?2%.10p2%F7.Ã!#*-*?.Y�?2%'<AH0W*�'M0p2%F7.o47�%*-2�,WVE!#"1.#O

y5AzG7*?.o2%F7.
assert

@f!#"Y�%APZ�l_.wFW!168.w2%Aa'M07"1VMG7\7.�2%F7.wF7.[!#\7.Y�
cassert

O

3.1.2 Function definitions
� 'M07.1* ��� �[� AHC � �%AHN���!;@ � ��\7.Y4W07. !�CEGW07"Y2?'MAH0+"[!#VMV<.1\

pow
O�y�F7. *b9L0�2%!XT+AHCP!�CEGW07"Y2?'MAH0�\7.Y4W07'<2%'MAH0

'M*�!#*�CEAHVMVMA{l�*1O
	 ��� ��� � Ó 	 � � � ��� � � Z 	
	 � � ��� � 	 ZDO<O)O<Z 	�� � � ��� � � Õ

 ����� �

y_FW'<*�\7.Y4W0W.Y*>!zCEG70W"J2%'MAH0¥"[!#VMV<.1\ ��� ��� � Z`l�'<2%Fu�1�1�K�d�[�g�K�X�R� 	 Zd!#07\¥l�'<2%FUÁ;�H�[²¤�3§ð�8�-ÆH�d²¤�1�D�|�
� � ��� � � Z<O¨O1O[Z � � ��� � � AHCD2à9&,/.Y* 	 � Z<OJO[O1Z 	�� ZL�%.1*-,R.1"Y2%'<68.YV<98ZP!#07\fl�'<2%FS!�ÁY�`���[�K�-�H�¡ 1�;�8�� ����� � O

r�9L032�!#"Y2%'<"[!#VMV<98Z 	 !#07\ 	 � Z<OYO[OYZ 	�� !;�%. 2à9&,/.�0W!#@B.1*1Z���� ��� � !#*Dl_.1VMV3!#* � � ��� � � Z<O¨O1O[Z � � ��� � �!;�%.�'M\7.10�2%')4`.J�%*�Ó|r&.1"Y2%'MAH0S�&O � OÔ�8ÕJZ3!#07\� ����� � '<*ð!o(WVMA�"�$dZL!o*?.1t&G7.107"1.�AHC/*b2�!;2%.1@B.Y0�2%*:.107"1VMAH*?.1\B(�9"1GP�%V<9f(7��!#"Y.1*wÓ|r&.1"Y2%'MAH0h�&O � O � Õ¨O
� .w"[!#0]2%F7'M0P$fAHC~2%F7.wCEA��%@f!;VD!;�%NHG7@B.10�2?*_!#*�,WVE!;"1.1F7AHVM\7.Y�%*_CEA���2?FW.w!#"Y2?G`!;VD!;�%NHG7@B.10�2?*_2?F`!X2

!;�%.o*?GP,7,WVM'M.1\¤ÓKA��Bvb,`!#*-*?.1\7x3Õ_\7GP�%'M07Na!kCEG707"Y2%'<AH0]"[!#V<VKO
�PGW07"Y2?'MAH0S\7.Y4W07'<2%'<AH0W*:@aG7*-2_07A�2�!;,7,/.1!;�_'M07*?'M\7.�(WVMA�"�$&*1ZLA�2%F7.Y��CEG707"Y2%'MAH07*1Z&A��_"1AH0�2?�?AHV/*-2�!;2%.¨I

@B.1032%*1OÄy�F7.Y9o@f!19�!;,7,/.1!;�~'M07*?'M\7.�0W!#@B.1*-,`!#"1.Y*1Z[2%F7AHGWNHFDZ{A��Ä!;2~NHVMA�(`!#V�*?"YA�,/.�ZXVM'<$8.�'M0
callpow.C

O
�Ñ,7�%AHN��%!#@¢@f!19k"1AH0�2%!#'M0f!#0f!;�-(`')2?��!;�?9a0&G7@q(/.Y�:AHC/CEG70W"J2%'MAH0B\7.Y4W07'<2%'MAH07*1Z3!;,7,/.[!X�%'M07NÃAH07.�!#CM2?.Y�
!#07A�2%F7.Y��l�'<2?FWAHGP2�!#039S\7.1V<'M@B'<2%.Y�?* (/.Y2àl_.1.10^2%F7.1@hO Ò 0^C±!#"J2[ZW2?FW.>,7�%AHN���!#@

callpow.C
"1AH07*?'M*b2%*

AHC��K£>�fCEG707"Y2%'MAH0]\W.J4`07'<2?'MAH07*1ZL*?'M07"1.>2%F7.
main

CEG707"Y2%'<AH0^'M*�!kCEG707"Y2%'<AH0h!#*_l_.1VMVKO

3.1.3 Function calls
Ò 0 � �%AHN���!#@ � �&Z

pow(2.0,-2)
'M*�AH07.wAHC~4W68.oCEG707"Y2%'MAH0^"1!#VMVM*1O��PA��%@f!;VMV<98Z�!kCEG707"Y2%'MAH0S"[!#VMVD'M*�!#0

.JT&,W�?.1*?*?'MAH0DOpy_FW.a*-9L032�!XTuAHC_!SCEG707"Y2%'MAH0n"[!;VMV�2?F`!X2Ã@f!;2?"¨F7.1*o2%F7.zNH.107.Y�%!#V�CEG707"Y2%'MAH0e\W.J4`07'<2?'MAH0
CM�%AH@ !;(/A{68.w'<*�!#*�CEAHVMVMA{l�*YO
��� ��� � Ó ������� � ZDO<O)O<Z ������ � Õ

Q�.Y�?.�Z ������� � Z<O[OYO1Z ������ � @kG7*-2+(/.f.JT&,W�?.1*?*?'MAH07*kAHC�2à9&,R.1*+l�F7AH*?.f6�!#V<GW.Y*k"1!#0È(/.f"1AH0368.Y�?2%.Y\·2%A
2%F7.zCEA��?@f!#V !;�%NHG7@B.1032o2à9�,/.1* 	 � Z<OYO1O1Z 	�� OUy�F7.1*?.a.JTL,7�%.Y*?*?'MAH07*�!X�%.a2%F7.s�J�3§�§��8�-Æ��d²e�Y�D�|�1O �PA��
!#VMV�2à9�,/.1*w2?F`!X2wl_.q$L07A{l×*-A]C±!;�[Z~2%F7.a"1!#VMV�!;�%NHG7@B.1032%*>!#*wl_.YVMV�!#*o2?FW.kCEG707"Y2%'MAH0u"1!#VMV�'<2%*-.1VMC !X�%.
�?6#!#VMG7.1*1O:y_FW.>2à9&,/.wAHCÄ2%F7.oCEG70W"J2%'MAH0^"[!;VMV/'M*_2%F7.wCEG707"Y2%'MAH0�� *��%.J2%GP�%0]2à9&,/. 	 O



������È�ç���|���~	 �����Ð��������	������ ��� �

� FW.Y0^!+CEG70W"J2%'MAH0f"[!#VMV/'<*ð.Y6�!;VMGW!;2%.1\DZ&2%F7.�"[!;VMV/!;�%NHG7@B.1032%*ð!;�?.o.J6�!#V<G`!X2%.1\f4W�?*-2>ÓK'M0S!#0pA��%\7.Y�
2%FW!;2�'<*�G70W*b,/.1"1'<4W.1\�(�9�2%F7.���ÖwÖ¡*-2�!#07\W!;�%\`ÕJO5y�F7. �%.1*-GWV)2%'M07N�6#!#VMG7.1*�!;�?. 2%F7.10qGW*-.1\k2?A�'M07'<2%'E!#V<'��1.
2%F7.]CEA��?@f!#V�!X�%NHG7@B.10�2%*YO �5'M0W!#VMV)98Z�2%F7.^CEG707"Y2%'<AH0·(/A&\P9È'M*z.¨TP.1"1GP2%.Y\~c�'M0i2%F7'M*a.JTP.1"YG72?'MAH0DZ�2%F7.
CEA��%@f!#V�!;�%NHG7@B.10�2?*f(R.1FW![68.sVM'<$8.^2?FW.J9gl_.J�%.s6#!;�%'M!;(WVM.1*f\7.Y4W0W.Y\Ì'M0g2%F7.s(/.YNH'M070W'<0WNnAHC  ����� � Z'M07'<2%'M!#VM'��1.Y\Ul�'<2%Fp2%F7.o6#!#VMG7.1*�AHC52%F7.o"[!#VMVD!X�%NHG7@B.10�2%*YO

y�F7.�.J6�!#V<G`!X2%'MAH0UAHC/!oCEG70W"J2%'MAH0B"[!#V<VW2%.J�%@B'M0W!;2%.1*�!#*�*?A&AH0f!#*�!o�%.J2%GP�%0f*-2�!;2%.Y@B.10�2:'M*:�?.[!#"�F7.1\DZ
*?.1.�r&.1"Y2%'<AH0¥�&O � O �1� O y�F7'M*_�%.Y2%GP�%0]*-2�!;2%.Y@B.10�2�@kGW*b2�(R.wAHC~2%F7.wCEA��%@

return
������� c

l�F7.Y�?. ������ '<*�!#0].JTL,7�%.1*-*?'MAH0hAHC�!+2à9&,/.ol�F7AH*?.>6�!#V<GW.Y*�"[!#0S(/.Ã"1AH0368.Y�?2%.Y\^2%Aa2%F7.o�%.Y2%GP�%0]2à9�,/.
	 O7y�F7.>�%.1*?G7V<2%'<0WN+6#!#VMG7.>'M*ð2%F7.o6#!#VMG7.>AHCÄ2?FW.>CEG707"Y2%'MAH0S"[!#VMV�O y�F7.o.YØR.1"J2�AHC~2%F7.wCEG707"Y2%'MAH0p"[!#V<V/'M*
\7.Y2%.Y�?@B'M07.1\B(&9U2%F7. �ÅAH'M0�2 .YØR.1"J2%*�AHCD2%F7.�"[!#V<V/!;�%NHG7@B.1032ð.Y6#!#VMGW!;2%'MAH07*1Z&!#07\SAHC~.JTL.1"1GP2%'M07N  ����� � Oy�F7.�CEGW07"Y2?'MAH0z(/A�\79k@f!19q"1AH032�!#'M0U*-.Y68.Y��!#VW�%.Y2%GP�%0z*-2�!;2%.Y@B.10�2%*YZ8(WGP2:'MCR07Aw�%.J2%GP�%0U*-2�!X2%.1@B.1032
'M*D�%.[!#"�F7.1\+\7GP�%'M07N_2%F7.:.JTL.1"1GP2%'MAH0ÃAHC� ����� � Z{6#!#VMG7.�!;0W\Ã.YØR.1"J2�AHC�2?FW.:CEG70W"J2%'MAH0Ã"1!#VMV3!;�%.�G70W\7.Y4W07.1\ÓKG707VM.1*?*_2%F7.>�%.Y2%GP�%0]2à9�,/.w'<*

void
ZW*-.1.+r&.1"J2%'MAH0 � O � O � (/.1VMA{l>ÕJO

�PA��+.JT7!;@U,`V<.�ZÄ\7GP�%'M07Np2%F7.U.JTP.Y"1GP2%'MAH0nAHC  ����� � '<0
pow(2.0,-2)

Z
b
!;0W\

e
'M07'<2?'E!#VMV<9^F`!168.

6#!#VMG7.1*
2
!#07\

−2
OÈy_FW.Y*?.]6#!#VMG7.1*a!;�%.p"¨FW!#07NH.1\�'<0È2%F7.

if
IK*-2�!;2%.Y@B.10�2q2%A

0.5
!#07\

2
Z:(/.YCEA��%.

2%F7.]*-G7(W*?.Yt&G7.10�2UVMA&A�,�*-.Y2%*
result

2%A
0.5

'M0i')2%*a47�%*-2U!#07\·2%A
0.25

'M0i'<2%*a*?.1"1AH07\¡!#07\�VE!;*-2
'<2%.J��!;2%'MAH0DOoy_FW'<*�6�!#V<GW.q'M*��%.J2%GP�%07.1\u!#07\¥(/.1"1AH@B.Y*�2%F7.q6#!#VMG7.qAHC 2%F7.kCEG707"Y2%'<AH0¤"[!;VMV�.JTL,7�%.Y*?*?'MAH0
pow(2.0,-2)

O

3.1.4 The type void
Ò 0]��ÖoÖqZP2%F7.Y�?.o'<*_!�CEGW07\W!#@B.1032�!#VW2Å9�,/.>"[!#VMV<.1\

void
ZPG7*?.1\]!#*ð�%.Y2%GP�%0f2à9&,/.>CEA���CEG70W"J2%'MAH07* 2%FW!;2

AH07V<9fFW!168.�!#0^.JØR.1"Y21Z7(WGP2�0WAk6�!;VMG7.�O r&G7"�FhCEG707"Y2%'MAH07*�!;�%.Ã!#VM*?Ak"[!#VMV<.1\¤¦L�H�Å�ÃÁJ�d���[�K�b�H�D�1O
��*o!#0s.JT7!#@U,WVM.#Zd"1AH07*?'M\7.Y�>2%F7.+CEAHVMV<AXl�'M07Nz,7�%AHN���!#@ Ó�0WA�2?.�2%FW!;2�2%F7.qCEGW07"Y2?'MAH0

print_pair�%.1t�G7'<�%.1*�07Aa,7�%.1"1AH07\7'<2%'<AH0~Z&*?'M07"1.o'<2�l_A��-$L*�CEA���!#039p"1AH@k(W'M0W!;2?'MAH0fAHC
int

6#!#VMG7.1*�ÕJO
�

#include <iostream >
�

// POST: "(i, j)" has been written to standard output�
void print_pair (int i, int j)�
{�

std::cout << "(" << i << " , " << j << ")\n";�
}�

�
int main()���
{���

print_pair(3 ,4); // outputs (3, 4)��
}y�F7.Ã2à9�,/.

void
F`!;*�.1@U,72à9S6#!#VMG7.o��!#07NH.�Z`!#07\^2%F7.Y�%.+!;�?.Ã07AUVM'<2?.Y��!#VM*YZ76#!;�%'M!;(WVM.1*1Z7A���CEA��?@f!#V

CEG707"Y2%'MAH0Ã!;�%NHG7@B.10�2?*/AHC�2à9&,/.
void

O�y�F7.Y�?.�!;�?.:.JT&,7�%.1*?*?'<AH0W*~AHC82Å9�,/.
void

Z;2?FWAHG7NHFDZ{CEA��5.¨T7!#@U,WVM.
print_pair(3,4)

O
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��68AH'M\¿CEG707"Y2%'MAH0¿\7A�.1*]07A�2^�%.Yt&G7'<�%.e!È�%.Y2%GP�%0¿*b2�!;2%.1@B.Y0�2[Z�(WGP2h'<2S@f!19Ì"1AH032�!#'M0Ñ�%.Y2%GP�%0
*-2�!X2%.1@B.1032%*ðl�'<2%F ������� AHC~2Å9�,/.

void
ZPA����?.Y2%GP�%0h*-2�!X2%.1@B.1032%*_AHCÄ2%F7.oCEA��%@

return
c

� 6�!#V<G`!X2%'MAH0·AHC�!s68AH'M\·CEGW07"Y2?'MAH0·"[!;VMVð2%.Y�%@B'M0W!;2?.1*+l�F7.10�!h�%.Y2%GP�%0�*b2�!;2%.1@B.Y0�2k'M*q�%.[!#"�F7.1\DZÃ�H�
l�F7.10S2%F7.w.JTL.1"1GP2%'MAH0]AHC  ����� � 'M*_4`07'M*-FW.Y\~O

3.1.5 Functions and scope
y_FW.k,`!;�%.1032%F7.1*?'��1.Y\e,`!;�?2wAHC !fCEGW07"Y2?'MAH0u\7.Y4W07'<2%'MAH0s"1AH0�2%!#'M07*o2?FW.k\7.1"1VE!X��!;2%'MAH07*�AHC�2?FW.kCEA��%@f!#V
!;�%NHG7@B.1032%*1O �7A���!#VMV&AHCL2?FW.Y@hZ;2%F7. \7.1"1VM!;��!;2%')68.:�%.1NH'<AH0k'<*52%F7. CEG707"Y2%'MAH0+\7.Y4W07'<2%'MAH0DZ;*?A�2%F7. CEA��%@f!#V
!;�%NHG7@B.1032%*oF`!168.aVMA&"[!;V�*-"1A�,/.^Óàr&.Y"Y2%'MAH0m�&O � O � ÕJOzy�F7.z,RA�2%.10�2?'E!#V�*?"1A�,R.UAHCð!SCEA��?@f!#V�!;�%NHG7@B.10�2
\7.1"1VE!X��!;2%'MAH0f(/.1NH'<0W*�!#CM2%.J��2%F7.o\W.Y"1VE!;��!X2%'MAH0^!;0W\].JTL2%.Y0W\7*�GW032%'MVR2%F7.w.107\^AHC52%F7.ÃCEG707"Y2%'<AH0S(/A�\798O
y_FW.J�%.1CEA��%.�Z`2%F7.ÃCEA��%@f!#V~!;�?NHGW@B.Y0�2%*�!;�%.�07A�2�6L'M*?')(`V<.wAHGP2%*?'<\W.o2%F7.ÃCEG707"Y2%'MAH0h\7.Y4W07'<2%'<AH0~O � ')2%F7'M0
2%F7.>(/A&\P98ZL2%F7.oCEA��%@f!#VD!;�%NHG7@B.1032%*ð(/.1FW!168.wV<'<$8.o6#!;�%'M!;(WVM.1*ð2%FW!;2�!;�%.oVMA&"1!#V/2%A  ����� � OÒ 0e,`!;�?2%'<"1G7VE!;�[ZR"�FW!#07NH.1*o@f!#\7.�2%Af2%F7.q6#!#VMG7.1*oAHC�CEA��?@f!#V�!;�%NHG7@B.1032%*+ÓKVM')$8.k'<0s2%F7.kCEG70W"J2%'MAH0
pow

Õ�!;�%.Èv-VMAH*-2%x¥!;CM2%.Y�+2%F7.fCEG70W"J2%'MAH0�"[!#VMV�!#07\ÈFW!168.f0WAs.YØd.1"Y2kAH0�2?FW.U6#!#VMG7.1*qAHC_2%F7.B"[!#VMV !;�-I
NHG7@B.10�2?*1O+y_FW'<*�'M*>0WA�2o*?GP�?,7�%'<*?'M07NPZ/*?'M07"1.q2%F7.q"[!#VMV !;�?NHGW@B.Y0�2%*>!;�?.q�-6�!#V<GW.Y*1Z~(WGP2>2%Ap@f!;$8.�2%F7.
,/AH'M032�"1VM.[!;�1ZPVM.Y2�GW*�"1AH07*?'M\7.Y��2%F7.oCEAHVMVMA{l�'M07Nk!#V<2%.J�%0W!;2%'<68.

main
CEG707"Y2%'MAH0^'<0

callpow.C
O

�
int main() {

double b = 2.0;�
int e = -2;�
std::cout << pow(b,e); // outputs 0.25�
std::cout << b; // outputs 2�
std::cout << e; // outputs -2�

�
return 0;�

}y_FW.>6#!#VMG7.1*�AHCÄ2%F7.�6�!X�%'E!;(WVM.1*
b
!#07\

e
\7.Y4W07.1\^'M0SVM'M07.1*�� � � *-2�!19f2%F7.o*?!#@B.�2%FP�%AHG7NHFWAHGP2[Z&*?'M07"1.

2%F7.�CEG707"Y2%'MAH0B(/A�\79UAHC
pow

'M* 07A�2_'M0B2%F7.�*?"1A�,R.�AHC~2%F7.1')�ð\7.1"1VE!;�%!;2%'MAH07*1Z3CEA��ð2àl_Aq�?.[!#*?AH07*1O �5'<�%*b2[Z
2%F7.�\7.Y4W07'<2%'MAH0zAHC

pow
!;,7,/.[!X�%*w 1��Á#�H�1�+2%F7.�\7.1"YVE!;��!;2?'MAH07*�AHC

b
!#07\

e
'M0BV<'M07.1*_� � � Z&*-A�2%F7.�(/A&\P9

AHC
pow

"[!#0707A�2>.Y68.10e(/.k'M0¥2%F7.��/�8�?�1�D�K�b�3§ð*-"1A�,/.kAHC�2%F7.1*-.a\7.1"1VM!;��!;2%'<AH0W*YO�r&.1"YAH0W\DZ~.Y68.10u'<C�l_.
l_AHG7VM\e@BA{68.q2%F7.z\7.1"1VE!X��!;2%'MAH07*�AHC�2?FW.k6�!X�%'E!;(WVM.1*

b
!;0W\

e
2%AS2%F7.q(/.1NH'M0707'M07NpAHC�2%F7.k,7�%AHN��%!#@

Ó�(/.YCEA��%.o2?FW.>\7.Y4W07'<2%'MAH0fAHC
pow

ZP*?Ak2%FW!;2ð2%F7.Y9pFW!168.wNHVMA�(`!#Vd*?"1A�,/.{Õ¨ZL2%F7.1'<��*?"1A�,/.>l_AHG7VM\p.JTP"1V<GW\7.
2%F7.�(RA&\P9kAHC

pow
Z�*?'<0W"Y.�2%FW!;2�(/A&\P9k'M*�'M0z2%F7._,/A�2%.1032%'E!#V7*?"YA�,/.1*�AHC`�%.1\7.1"1VE!X��!;2%'MAH07* AHCd2%F7.�0W!#@B.1*

b
!;0W\

e
Ó�2%F7.wCEA��?@f!#VD!;�%NHG7@B.1032%*�ÕJZL*-.1.+r&.1"J2%'MAH0h�&O � O � O

� GP2ð2%F7.�NH.107.Y��!#Vd*?"1A�,/.��%G7VM.1*�AHC5r&.Y"Y2%'MAH0S�&O � O � �7�a!#VMVMA{lÌCEG707"Y2%'<AH0f(RA&\7'M.1*�2?A+GW*-.�0`!;@B.1* AHC
NHVMA�(`!#VLA��:0W!#@B.1*-,`!#"Y.�*-"1A�,/.�c82%F7.�,7�%AHN��%!#@�AH0z,`!#NH. ��� �oCEA��:.JTP!#@U,WVM.ðG7*?.1*

std::cout
!#* *?G7"¨F

!B0W!#@B.�O�Q�.Y�%.k'M*o!f"YAH0�2?�%')68.1\¤,7�%AHN���!;@ 2?F`!X2>\W.Y@BAH0W*b2?��!;2%.Y*�FWA{l !B,W�?AHN���!#@ @f!19h@BA&\7'MCM9^!
Æ8§±�L Y�3§7¦&�8�[�b�P [§»�wÓ|!�6#!;�%'M!;(WVM.�l�F7AH*?.�\7.1"1VM!;��!;2%'<AH0ÃFW!#*5NHV<A�(d!;V3*-"1A�,/.{ÕJO � F7'MV<.:*?G7"�Fq"1AH07*-2?�%G7"Y2?'MAH07*
@f!19^(/.kG7*?.1CEG7V:'<0e"1.Y�-2�!#'M0¤"[!#*?.1*YZ~2%F7.Y9sG7*?GW!#VMV)9h@f!;$8.+2%F7.+,W�?AHN���!#@ VM.1*?*>�%.[!;\`!X(`V<.�Z/*?'M07"1.q2%F7.
.YØd.1"Y2�AHC5!kCEG707"Y2%'<AH0^"[!#VMV/@f!19B2%F7.10S(/.1"1AH@B.�68.Y�?9S07AH0LI|VMA�"[!#VKO
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�
#include <iostream >

�
int i = 0; // global variable�

�
void f()�
{�

++i; // in the scope of declaration in line 3�
}�

���
int main()���
{��

f();���
std::cout << i << "\n"; // outputs 1���

���
return 0;���

}

r&'M07"1.w2?FW.wCEA��%@f!#VD!;�?NHGW@B.Y0�2%*_AHC�!qCEG70W"J2%'MAH0^FW!168.ÃVMA�"[!#VD*?"1A�,R.�ZW2?FW.J9]!;VM*?AzFW!168.�!;G72?AH@f!;2%'M"
*-2%A��%!#NH.Ã\7GP��!;2%'<AH0~O_y_F7'M*�@B.[!;0W*_2%FW!;2�l_.�NH.Y2�!uv-CM�%.1*?F7xB*?.Y2�AHC�CEA��%@f!#VÄ!;�%NHG7@B.10�2?*�.Y68.J�?9^2%'M@B.
2%F7.ÃCEG707"Y2%'<AH0^'M*�"[!#VMVM.Y\~ZLl�'<2%F^@B.Y@BA��?9f!#*?*-'MNH07.1\]2%Ak2%F7.1@ AH07V<9pG70�2%'<VD2?FW.o�%.1*-,R.1"Y2%'<68.wCEG70W"J2%'MAH0
"[!#V<VD2?.Y�%@B'M0W!;2%.Y*1O

��!#@B.1*~\7.1"1VE!X�%.1\�'M07*?'<\W.�2%F7.:CEGW07"Y2?'MAH0Ã(/A�\79o@kG7*-2Ä(R.:\7'M*-2?'M07"Y2~CM�%AH@Ê2%F7.:0`!;@B.1*DAHCP!#VMV8CEA��%@f!#V
!;�%NHG7@B.1032%*1ZDG707VM.1*?*>2%F7.Y9¤!;,7,/.[!;�w'M0e!p07.1*-2?.1\u(WVMA&"%$ROky_F7'M*w@f!X$8.1*>*?.107*?.U*?'<0W"Y.aA�2%F7.Y�-l�'M*?.#Z~')2
l_AHG7VM\m(/.B,/AH*?*?'<(WVM.U2?A¤'<�-�%.Y68A&"1!;(WV<9nF7'M\7.U2%F7.f0`!;@B.BAHC�!hCEA��%@f!#Vð!X�%NHG7@B.10�2[O¤y_FW.J�%.1CEA��%.�Z�l_.
"[!#0707A�2�l��%'<2?.
int f (int i)

{

int i = 5; // invalid ; i hides formal argument

return i;

}

l�F7'MV<.�2%F7.wCEAHVMV<AXl�'M07Nk'<*�07A�2_�%.1"1AH@B@B.Y0W\7.1\f(WGP2�VM.YN8!#VKO
int f (int i)

{

{

int i = 5; // ok; i is local to nested block

}

return i; // the formal argument

}

y_FW.ðVM!;2?2%.Y��CEGW07"Y2?'MAH0a'<*52%F7.ð'M\7.10�2?'<2à98Z�*?'M07"1. 2%F7.ð*?"YA�,/._AHC72?FW._\7.1"1VM!;��!;2%'<AH0
int i = 5

'M*�VM'M@B')2%.1\
2%Ak2%F7.w07.1*-2?.1\^(WVMA&"%$RO

Function declarations.
�jCEG70W"J2%'MAH0m'<2%*?.YVMC_!#VM*?AhFW!#*q!^*-"1A�,/.�Z�!#07\n2%F7.BCEG70W"J2%'MAH0m"[!#0�AH07V<9e(/.

"[!#V<VM.1\]l�'<2%F7'M0]')2%*�*?"YA�,/.�O�y�F7.�*?"YA�,/.�AHC !aCEG707"Y2%'<AH0h'M*�A�(72�!#'<0W.Y\](&9]"1AH@k(W'M07'M07Nq2%F7.Ã*?"YA�,/.1*�AHC
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!#VMVP')2%*>�7�J�[§E�8�Y�3�K�-�H�D�1O�y_F7.�,`!;�?2:AHC`2?FW.�CEG707"Y2%'MAH0a\W.J4`07'<2?'MAH0k(R.1CEA��%.  � ��� � '<*�!>\7.1"1VE!;�%!;2%'MAH0DZ#(WGP22%F7.Y�%.k@f!19h(/.kCEGW07"Y2?'MAH0e\7.1"1VM!;��!;2%'<AH0W*�2?F`!X2wFW!168.z07AS*?GP(`*-.1t&G7.1032  ����� � Oky�F7'M*o'M*>'M0e"YAH0�2?��!;*-22%A�6#!;�%'E!X(`V<.1*�l�F7.Y�?.�.Y68.Y�?9f\7.1"1VM!;��!;2%'<AH0B'M*ð!;2 2?FW.�*?!#@B.�2%'M@B.�!Ã\7.Y4W07'<2%'MAH0DO � CEG707"Y2%'<AH0S@f!19k(/.
\7.1"1VE!X�%.1\^*?.J68.Y��!#VD2%'M@B.1*YZ&(WG72�'<2�"[!#0S(/.w\7.Y4W07.1\^AH07"1.wAH07V<98O

y�F7.+CEAHVMV<AXl�'M07Nk,7�%AHN���!;@hZ`CEA���.¨T7!#@U,WVM.�ZW\7A&.1*�0WA�2�"1AH@U,W'MVM.�ZP*?'<0W"Y.�2%F7.�"[!#VMVÄAHC
f
'M0

main
'M*

07A�2�'<0S2%F7.o*?"1A�,/.wAHC
f
O

#include <iostream >

int main()

{

std::cout << f(1); // f undeclared

return 0;

}

int f (int i) // scope of f begins here

{

return i;

}

� GP2�l_.+"[!#0h,WGP2
f
'<0�2%AU2%F7.+*?"YA�,/.+AHC

main
(&9s!#\7\7'M07NB!U\7.1"1VM!;��!;2%'<AH0^(/.1CEA��%.

main
Z/!#07\s2?FW'<*

9L'<.1VM\7*�!q6#!#VM'M\p,7�%AHN���!#@hO

#include <iostream >

int f (int i); // scope of f begins here

int main()

{

std::cout << f(1); // ok , call is in scope of f

return 0;

}

int f (int i)

{

return i;

}

Ò 0B2%F7.�,7�%.Y6L'<AHGW*:,W�?AHN���!#@hZHl_.�"1AHG7VM\BNH.Y2��%'M\BAHCR2%F7.�.JT&2?��!Ã\7.1"YVE!;��!;2?'MAH0z(&9z*?'M@U,WV<9q\7.Y4W07'M07N
f
(/.1CEA��%.

main
Z&(WGP2ð*?AH@B.Y2%'<@B.1*1Z8*?.Y,`!;��!X2%.�CEG70W"J2%'MAH0f\7.1"1VE!;�%!;2%'MAH07*:!;�%.�'M07\7.1.1\f07.1"1.1*-*%!;�?98O��_AH0LI

*?'M\7.Y��2àl_AÃCEG707"Y2%'MAH07*
f
!#07\

g
*-GW"�FU2%FW!;2

g
'<*:"[!;VMVM.1\k'M0z2%F7.�CEG70W"J2%'MAH0z(/A�\P9qAHC

f
Z&!#07\

f
'M* "[!#VMVM.Y\

'M0p2%F7.oCEG707"Y2%'<AH0S(/A�\79UAHC
g
O � .k�d�8¦L�+2%Ak\W.J4`07.>AH07.wAHCD2%F7.>2Ål_AkCEG707"Y2%'MAH07*ð47�%*-2oÓ

f
ZP*%!197ÕJZL(WGP2

*?'M07"1.wl_.�"[!#VMV
g
l�'<2?FW'<0]2%F7.Ã(/A�\79SAHC

f
Z
g
@aG7*-2�FW!168.q!z\7.1"1VE!;�%!;2%'MAH0È Y�KÁ#�H�Y�U2%F7.�\7.Y4W07'<2%'MAH0^AHC

f
O
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3.1.6 Procedural programming

r&A]C±!X�[Z/l_.aFW!168.k(R.1.10n!;(WVM.+2%A·v-VM'<68.Yxpl�'<2%F7AHGP2�CEG70W"J2%'MAH07*>AH0WV)9¥*?'M07"1.q2%F7.q,7�%AHN��%!#@B*�2%FW!;2>l_.
FW!168.Ãl��%')2?2%.10h!X�%.w,7�%.Y2-2Å9]*?'M@U,WVM.�O � GP2�.Y68.10¥*?AH@B.oAHC�2%F7.1*?.�*-'M@U,WVM.>AH0W.Y*�l_AHG7VM\](/.107.Y472�CM�%AH@
CEG707"Y2%'MAH07*1Oe�_AH07*?'<\W.J�k!#*q!#0�.JT7!#@U,WVM.a2%F7.f,7�%AHN��%!#@

perfect.C
CM�?AH@ � TL.Y�%"1'M*-. � �LO Ò 0È2?FW'<*

.JTL.Y�%"1'M*-.�Z�l_.zFW!168.B!#*-$8.Y\m98AHGn2%AS4`07\u2%F7.k,/.Y�%CE.1"J2q0&G7@k(R.Y�%*>(/.Y2àl_.1.10
1
!;0W\

n
Z�CEA��+!SNH'<68.10

'M0P,WGP2Ã0�GW@q(/.Y�
n
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AHCð2%F7.f*?AHVMGP2%'MAH0DO ��07"1.Bl_.fNH.Y2+2%A^2?�%'),`V<.UA��qt&GW!#\P�%GP,WVM.UVMA�A�,W*1Z�2%F7.U,7�%AHN���!#@�(R.1"1AH@B.1*Ã68.J�?9
FW!;�%\]2?AzCEAHVMVMA{l�O
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test whether i is perfect
cL!#07\p2%Aq\7A+2%F7.�VE!;2?2?.Y�[Z�l_.�FW!168.�2%A

compute the sum of

all proper divisors of i
!;0W\z"¨F7.1"%$kl�F7.Y2%F7.Y��'<2�'M*�.1t�G`!;V72?A

i
O�y�F�G7*1ZHl_.�FW!168.�2àl_Ao"1VM.[!;�?V<9q\7.Y4W0W.Y\

*?GP(72�!#*-$&*ð2%FW!;2ð2%F7.�,W�?AHN���!#@jFW!#*ð2%Aq*?AHV<68.>CEA���.Y68.Y�-9S0�G7@k(/.J�
i
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�

// Program: perfect2 .C
// Find all perfect numbers up to an input number n�

�
#include <iostream >�

�
// POST: return value is the sum of all divisors of i�
// that are smaller than i�
unsigned int sum_of_proper_divisors ( unsigned int i)�
{���

unsigned int sum = 0;���
for ( unsigned int d = 1; d < i; ++d)��

if (i % d == 0) sum += d;���
return sum;���

}���
���

// POST: return value is true if and only if i is a� �
// perfect number���
bool is_perfect (unsigned int i)���
{��

return sum_of_proper_divisors (i) == i;��
}�

��
int main()��
{��

// input



� � � ��������	�
��������������	��������

��
std::cout << "Find perfect numbers up to n =? "; �
unsigned int n;��
std::cin >> n;��

���
// computation and output���
std::cout << "The following numbers are perfect .\n";��
for ( unsigned int i = 1; i <= n ; ++i)���

if ( is_perfect (i)) std::cout << i << " ";���
std::cout << "\n";���

���
return 0;� �

}

Program 18:
�D�1�JÆ8���P�/�1�|Á;�Y�[���R©|�

��\7@B'<2?2%.Y\WV)98Zd2%F7.a,7�%AHN���!;@ 'M*oVMAH07NH.Y�o2%FW!#0
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y�F7.+,7�%A&"Y.1\7G7�%!#V�,7�%AHN���!#@B@B'M07Nq,`!;��!#\7'MNH@ 'M*>0WA�2>*-AS*?.YVMC<I|.Y6&'M\7.10�2o!;*o')2>@f![9]*?.1.1@ 2%A�\W![98O
y_FW.w4W�?*-2�,7�%AHN���!;@B@B'M07N+VE!#07NHGW!#NH.w2%FW!;2�(/.1"1!#@B.�!#"Y"1.1*?*?')(`V<.w2%Af!kNH.107.Y��!#V5!#G7\W'<.107"1.Ã*?'<0W"Y.Ã2%F7.
� � � � �«*ðl�!#* � �>r Ò �çÓ
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Ò 0 � �>r Ò �>ZW2%F7.Y�%.�l_.Y�?.+0WABCEG707"Y2%'<AH0W*Ycd'M0¥A��%\7.Y��2?AB.JTP.1"YG72?.q!U"1A&\7.�CM��!;NH@B.10�2��%.1*-,/AH07*?')(`V<.
CEA��z!¥*-G7(72�!;*-$RZ�98AHG·FW!#\·2%AsG7*?.f2%F7.

GOTO
*-2%!;2%.1@B.1032fÓ�l�')2%F·!hVM'<0W.B0�G7@k(/.J�¨Õ��ÑA��

GOSUB
'M0
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GOTO

Ó
RETURN

Z
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'<2[O�y_F7'M*�G7*?GW!#V<V<9BVMA{l_.Y�%.1\S2%F7.w"1A�\7.wt�G`!;VM'<2à9f.Y68.10hCEGP�?2%F7.Y�1O

=�.1*-,W'<2%.>2%F7'M*1Z � �>r Ò �Ñl�!#*�!#0^.JT&2?�%.1@B.YV<9f*?G7"1"1.1*-*?CEG7V5,7�%AHN���!#@B@B'M07N�VM!#07NHG`!;NH.�O Ò 2��%.[!;"¨F7.1\
2%F7.B,/.[!;$mAHC�'<2%*�,RA�,`G7VE!X�%'<2à9u'M0m2%F7.fVE!;2%. � �8��� � *q!#07\È.1!;�%V<9 � � � � � *�l�F7.10È2?FW.U,7�%AHG7\ÈAXl�0W.J�%*
AHC 2%F7.�4W�?*-2oFWAH@B.Ã"1AH@U,WG72?.Y�%*�Ó|!;@BAH0WNU2?FW.Y@ 2%F7.q!#GP2%F7A��%*�Õ�"Y�%.1!;2%.1\s,W�?AHN���!#@B*�AHC�C±!#'<�%V)9^F7'MNHF
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3.1.7 Arrays as function arguments
� .�FW!168.�*?.1.Y0B'M0Br&.1"J2%'MAH0f�&O � Oø��2%FW!;2:!#0B!;�?�%![9k"[!;0W07A�2 (/.�'M07'<2%'E!;VM'��1.1\qCM�%AH@×!#07A�2%F7.Y�:!;�?�%![98Z3!#07\
2%F7'M*�'M@U,WVM'M.1*Ä2%FW!;2 !X�?��!19L*:F`!168.�2%AÃ�%.1"Y.1'<68.�*b,/.1"1'E!;V`!X2?2%.1032%'MAH0U'M0k2%F7.�"1AH032%.JT&2 AHCRCEG707"Y2%'MAH07*1O y_F7.
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�o'<68.Y0¤2%F7'M*1Z/')2>@B'MNHF�2�(R.k*-G7�-,W�?'M*?'M07NB2%FW!;2>CEA��%@f!#V�!;�%NHG7@B.10�2?*�AHC !;�-��!19h2Å9�,/.k!;�%.k!#VMV<AXl_.1\DO
�PA���.¨T7!#@U,WVM.�Z�l_.w"1AHG7VM\]\W.Y"1VE!;�%.w!qCEGW07"Y2?'MAH0
// PRE: a[0],...,a[n-1] are elements of an array

// POST: a[i] is set to value , for 0 <= i < n

void fill_n (int a[], int n, int value);

2%A^*-.Y2k!#VMV�.1VM.1@B.Y0�2%*oAHC�!#0m!;�?��!19¤2%A^*?AH@B.k47TL.1\n6�!;VMG7.�O]y_F7.U"1AH@U,W'MVM.J�[ZÄF7A{l_.Y68.Y�[Z5'M0�2%.J�%0W!#VMV<9
�P���1�d�1�|��2%F7'M*ð2%Ak2%F7.w"1AH@U,WVM.J2%.1V<9z.1t&G7'<6#!#VM.1032�\7.1"YVE!;��!;2?'MAH0
// PRE: a[0],...,a[n-1] are elements of an array

// POST: a[i] is set to value , for 0 <= i < n

void fill_n (int* a, int n, int value);

y_FW.B*?!#@B.B!#\�ÅG7*-2%@B.1032Ãl_AHG7VM\mFW!;,7,/.10�CEA��+2%F7.BCEA��%@f!#V !X�%NHG7@B.10�2
int a[5]

Z *%!198Z @B.[!#07'M07N
2%FW!;2�2%F7.�!;�?�%![9]VM.107N�2%F^'<*�'MNH07A��%.1\DO � AHGh"1AHG7VM\^'M0hC±!;"Y2+ÓKVM.YN8!#VMV<98ZL(WGP2�t�GW')2%.Ã"1AH07CEG7*?'M07NHV<9PÕ�FW!168.
!qCEA��%@f!#VD!;�%NHG7@B.1032

int a[5]
Z`!;0W\S2%F7.10^G7*?.�!;0h!;�?��!19pAHC5V<.107N�2%F
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y�F7.>@BA���!#VW'M* 2%FW!;2 'M0B�%.[!#VM')2Å98Z307AqCEA��%@f!#VR!X�%NHG7@B.10�2%*:AHC5!X�?��!19U2à9&,/.�.¨TP'M*-21ZP!#07\f'M0fA��%\7.Y�ð2%A
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Ò C�l_.Ul�!#032q2%Ah(`G7'MV<\È!hCEG707"Y2%'MAH0m2%FW!;2+l_A��?$&*+l�'<2%F�!;�-��!19L*1Z l_.B2%F7.Y�%.1CEA��%.fFW!168.p2?A¥2?FW'<07$
!;(/AHGP2:!#V<2?.Y�%0W!;2%'<68.ðl�!19L*�AHCd,`!#*?*-'M07No2%F7.�!;�?��!19k2%A>2%F7.�CEG707"Y2%'MAH0DO ��0zA�(&6L'<AHGW* l�!19k'M*:*-GWNHNH.Y*-2%.1\
(&9¥2%F7.k\7.1"1VE!;�%!;2%'MAH0¥AHC

fill_n
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6#!;�%'E!#032%*1Z7l_.Ã@f!19S!#"Y2%GW!#V<V<9p"¨F7A�AH*?.w2%F7.�"1!#VMV~!;�%NHG7@B.1032%*�'<0h*?G7"¨Fs!ql�![9p2%FW!;2�2%F7.Y9]\7.1*-"Y�%'<(/.Ã!
"1AH032%'MNHG7AHG7*��Y�~ Y�8�[�Y�8�]AHCR2%F7.�A��%'MNH'M0W!#VW!;�?�%![98O�y_F7'M* NH.107.Y��!;VM'��[!;2?'MAH0U'M*�,RAH*?*?'<(WVM.�*?'M07"1.�2%F7.�!;�-��!19
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�ð2Ä2%F7'M*D,/AH'M032[Z{'<2Ä*?.1.1@B*~VM'<$8.�!_@f!;2?2%.Y�~AHC32�!#*-2%. l�F7'M"�F�AHC32%F7.:2àl_A_6�!;�?'E!#0�2?*Ä'M*D,7�%.1CE.Y�%!;(WVM.�c#(WGP2
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fill_n
'M*�0W!;2%GP��!#V<V<9p'M@U,WVM.1@B.1032%.1\p'M0h(/A�2%Fh6�!X�%'E!#032%*1Z

l_.�*?.Y.�!w\7'<Ød.Y�%.107"1.�O:Q�.Y�?.�'M*�!w,7�%AHN���!#@Â2%FW!;2 \7.Y4W07.1*ð!;0W\BG7*?.Y*�2%F7.�2àl_AÃ6#!;�%'E!#032%*�ÓÎ2%F7.�*?.1"1AH07\
AH07.f'M*��bG7*-2a"[!#V<VM.1\

fill
*-'M07"1.B2%F7.Y�%.p'M*q0WA

n
ÕÃ2%FW!;2k0W!;2%GP��!#VMV)9e�%.1*-GWV)2[Z:NH')68.10È2%F7.f�%.1*-,R.1"Y2%'<68.

CEA��%@f!#VD!X�%NHG7@B.10�2%*YO
�

// Program: fill.C
// define and use two functions to fill an array�

�
#include <iostream >�

�
// PRE: a[0],...,a[n-1] are elements of an array�
// POST: a[i] is set to value , for 0 <= i < n�
void fill_n (int* a, int n, int value) {�

// iteration by index���
for (int i = 0; i < n; ++i)���

a[i] = value;��
}���



� � � ��������	�
��������������	��������

���
// PRE: [first , last) is a valid range���
// POST: *p is set to value , for p in [first , last)���
void fill (int* first , int* last , int value) {� �

// iteration by pointer���
for (int* p = first; p != last; ++p)���

*p = value;��
}��

�
int main()��
{��

int a[5];��
fill_n (a, 5 , 0); // a == {0 , 0 , 0 , 0 , 0}��
fill (a, a+5 , 1); // a == {1 , 1 , 1 , 1 , 1} �
return 0;��

}

Program 19:
�D�1�JÆ8�����_§�§E©à�

Ò 0p2?FW.�4W�?*-2 6#!;�%'E!#032[Z�l_.�'<2%.Y��!X2%.�A{68.Y��!#VMVW'M07\7'M"1.1* '<0U2%F7.�*?.Y2
{0, . . . , n − 1}

Z�!#07\Bl_.�NH.Y2 2%F7.
!;�?�%![9u.1VM.1@B.1032%*w(�9u��!#07\7AH@ !#"Y"1.1*?*1O Ò 0m2%F7.B*?.1"YAH0W\m6#!;�%'E!#032[Z5l_.B'<2?.Y��!;2%.zAX68.Y�k!;VMV !#\7\P�%.1*-*?.1*
'M0¥2%F7.p�J�8�RÆP�

[first, last)
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[first, last)
@B.1!#07*>2?F`!X2w2%F7.k��!#07NH.a'<*wNH'<68.Y0u(&9

2%F7.�6#!#VMG7.1*�AHC
first

Z
first+1

ZdO[O1O1Z
last-1

O Ò 0BA�2%F7.Y��l_A��?\W*YZ
last

'<* !o,`!#*b2-IK2%F7.JIK.107\U,/AH'M032%.Y�
CEA���2%F7.Ã*?GP(`!;�?��!19p\7.1*?"Y�?'<(/.1\](�9f2%F7.o��!;0WNH.#O

��*ðl_.>F`!168.o!#V<�?.[!#\P9f!;�%NHG7.1\p'M0]r&.1"Y2%'<AH0h�&O � OÔ�&Z�2%F7.>*?.1"YAH0W\p6�!X�%'E!#032_'M@U,WVM.1@B.1032%*�2?FW.Sv-0W!;2-I
GP��!#VMxf'<2?.Y��!;2%'<AH0¤A{68.Y�Ã!#0n!;�?�%![98Z~!#07\s2%F7.Y�%.1CEA��%.a*?.1.1@B*�,7�%.1CE.J��!;(WVM.�O � GP2>2%F7.p�1�¨�3§ �%.[!#*-AH0el�F39
'<2�'M*�'M07\W.Y.1\^,7�%.1CE.Y��!X(`V<.ÃVM'M.Y*�*?AH@B.Jl�F7.Y�%.>.1VM*-.�O Ò 0¥��ÖwÖ+Z`2%F7.Y�?.�!;�%.o2%.1"�F707'Mt&G7.1*�2%Az@f!;$8.oCEG707"JI
2%'MAH07*ðVM')$8.

fill
A��

fill_n
!16#!#'MVE!X(`V<.�07A�2_AH0WV)9BCEA���!;�?��!19L*YZ&(WG72�CEA���@f!#039UA�2%F7.Y�_"YAH0�2�!#'<0W.J�%*�!;2

2%F7.�*%!;@B.w2%'M@B.#O Ò 0^2?FW'<*�NH.107.Y��!#VÄ*?.Y2?2?'M07NPZW2%F7.�CEG707"Y2%'<AH0W*�l_A��?$]l�'<2%F^'<2?.Y��!;2%A��?*1O � .Ã@f!19S2?FW'<07$
AHC 2%F7.1@�!#*�NH.107.Y��!;VM'��1.1\u,RAH'M0�2%.J�%*w2%A]"1AH0�2�!;'M07.Y��.1V<.1@B.10�2?*1ZÄ(WGP2Ã2%F7.UA�,R.Y��!;2%'<AH0W*>2%FW!;2wl_.U"[!#0
!#"Y2?G`!;VMV<9U,/.J�%CEA��%@ÚAH0]2%F7.1*?.^vb,/AH'M0�2?.Y�%*?xk\7.Y,/.107\^AH0]2?FW.o"1AH032�!#'M07.Y�[O

y�F7.Y�?.�!;�%.�@f!#0�9k0W!;2%GP��!#VW"1AH032�!#'M07.Y�%*�2%FW!;2:\WAÃ0WA�2�A�ØR.Y�:��!#07\7AH@j!#"Y"1.1*?*�2?AÃ2%F7.1'<��.1VM.1@B.1032%*1O
�PA���*?G7"�F+"1AH032�!#'M07.Y�%*YZ

fill_n
!#*�!;(RAX68. l_AH0�� 2~l_A��?$RZ;*?'M07"1. 2%F7.:*?GP(W*?"Y�?'<,72�A�,/.Y�%!;2%A��~'M*~0WA�25!16�!;'MV)I

!;(WVM._CEA���2%F7.1'<�Ãvb,/AH'M032%.Y�%*?xPO�y�F7.�GW07\7.Y�%V)9L'M07N>A�,/.Y��!X2%'MAH0kAHCR!#\7\7'M07Nw'<0�2%.1NH.J�%*�2%AÃ*?G7"�Fmvb,/AH'<0�2%.Y�?*?x
'M*_2%F7.10^07A�2�\7.Y4W0W.Y\~Z7.1')2%F7.Y�[O

�>0�2%F7.pA�2%F7.Y�UFW!#07\DZ:2?FW.pl�!19Èl_.SF`!168.S\W.J4`07.1\¡!¥"1AH032�!#'M07.Y�a'M0¡r&.1"J2%'MAH0g�&O � OÔ�&Z:l_.n�8�1�
NHGW!;��!#032%.1.1\U2?F`!X2�l_.�"[!;0p')2%.Y��!;2?.�A{68.Y�_'<2%*:.1VM.1@B.1032%*1O � 9U"1AH0�68.1032%'MAH0DZ82%F7'M* 'M*��%.[!#VM'	�1.1\U2%FP�%AHG7NHF
vb,/AH'M032%.Y�%xq'M07"Y�?.1@B.10�21ZLG7*?'M07Nk2?FW.>A�,/.J��!;2%A��

++
O Ò 0]C±!#"Y2[ZL2%F7.oA�,/.Y��!X2%'MAH0

++p
'M*�!16�!#'<VE!;(WVM.�Z�.Y68.10

'MC
p+1

'M*k0WA�21c 2%F7.SVE!X2?2%.Y�q'M*q��!#07\7AH@ !#"1"1.Y*?*zCEG707"Y2%'MAH0W!#V<'<2à9uCEA��k2%F7.S*-,R.1"1'E!#Vð�%'<NHF�2-IKF`!;0W\�*?'M\7.
A�,/.Y�%!#07\

1
O

y�F7.Y�?.1CEA��%.�Z�2%F7.UCEG707"Y2%'MAH0
fill

!#*q!;(/A{68.UFW!#*�2%F7.z,/A�2?.10�2%'M!#V�2?A^l_A��?$uCEA��q!;VMV�"1AH032�!#'M07.Y�?*1Z
*?'M07"1.o'<2�AH07V<9f�%.1t�GW')�%.1*zvb,/AH'M0�2?.Y�%xkCEGW07"Y2?'MAH0W!#VM'<2à9z2?F`!X2�'M*_A�Ød.Y�%.1\^(�9^!#V<V/"1AH0�2�!;'M07.Y��'<2%.Y��!X2%A��%*1O
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Mutating functions.
y_F7.Y�%._'M*�!�*?GP(W*-2�!#032%'E!#VL\7'<Ød.Y�%.107"1.ð(/.J2Ål_.Y.10a2?FW.ðCEG707"Y2%'<AH0

pow
AH0q2%F7._AH0W.

FW!#07\DZ7!#07\S2%F7.>CEG70W"J2%'MAH07*
fill

!#07\
fill_n

AH0S2%F7.>A�2%F7.Y��F`!;0W\DO �Ð"[!#VMV`2%Ak2?FW.oCEG707"Y2%'MAH0
powFW!#*�07AB.YØd.1"Y2[Z`*?'M07"1.Ã2?FW.w"1AH@U,WGP2�!;2%'MAH07*_AH07V<9p@BA&\7'MCM9pCEA��%@f!#V~!;�?NHGW@B.Y0�2�6�!#V<GW.Y*1c`2%F7.1*-.Ã6�!;VMG7.1*

!;�%.nv-VMA&"[!;VMxp2?A]2%F7.zCEG707"Y2%'MAH0n"1!#VMV:!#07\Év-\W'<*%!;,7,/.[!;�?x]GP,/AH0e2%.J�%@B'M0W!;2%'MAH0DO � '<2%F
pow

Z�'<2 � *o2%F7.
¦&�3§��5�kAHC�!+CEG707"Y2%'MAH0^"1!#VMV/2%FW!;2_l_.Ã!X�%.w'<0�2%.Y�?.1*-2%.1\]'M0DO

��!;VMVM* 2%A�2%F7.�CEG707"Y2%'MAH07*
fill

!#07\
fill_n

Z&AH0U2?FW.�A�2%F7.Y�ðFW!#07\DZ�FW!168.�.YØd.1"Y2%*Y} 2?FW.J9U@BA&\7'MCM9
2%F7.Ã6#!#VMG7.1*�AHC�!;�?�%![9].1VM.1@B.Y0�2%*1Zd!#07\h2%F7.1*?.�6#!#VMG7.1*>!;�%.a���8�oV<A&"[!#V~2%AU2%F7.�CEG707"Y2%'MAH0¥"[!;VMVKO � F7.10
l_.>l��%'<2?.
int a[5];

fill (a, a+5 , 0);
2%F7.+.YØd.1"Y2oAHC�2?FW.+.¨TL,7�%.1*?*-'MAH0

fill (a, a+5, 0)
'<*�2%FW!;2o!#VMVÄ.1VM.1@B.1032%*�AHC

a
�%.1"1.1')68.q6#!#VMG7.

0
O

y_FW'<*�'M*Ã,/AH*-*?'<(WVM.z*-'M07"1.U2%F7.Y�%.B!X�%.BCEA��%@f!#V:!;�%NHG7@B.1032%*ÃAHCð,/AH'M032%.Y�w2Å9�,/.�O � F7.10m2%F7.BCEG70W"J2%'MAH0
"[!#V<V

fill (a, a+5, 0)
'M*w.Y6�!;VMGW!;2%.1\DZD2%F7.zCEA��%@f!#V !X�%NHG7@B.10�2

first
'<*w'M07'<2?'E!#VM'��Y.1\hl�'<2%Fs2%F7.

�P�P�8�1�[�Y�aAHC
a
� *�47�%*-2�.YVM.1@B.1032[O Ò 0h2%F7.ÃCEG707"Y2%'MAH0^(RA&\P98ZP2%F7.Ã6�!;VMG7.�!;2�2%F7'M*�!#\7\P�%.1*-*�'M*�@BA�\7'<4W.1\

2%FP�%AHG7NHFS2?FW.oV<6#!#VMG7.
*p
ZW!#07\]2?FW.o*%!#@B.>FW!;,7,/.107*�CEA���2?FW.oA�2%F7.Y��CEAHGP��!;�?�%![9p.1V<.1@B.10�2?*�'<0S2%GP�%0DO

�PA��%@f!#V_!;�%NHG7@B.1032%*kAHC�,/AH'M032%.Y�k2à9&,/.S!;�%.p2%F7.Y�%.1CEA��%.]!¤@B.[!;0W*qAHC�"YAH0W*b2?�%G7"Y2%'M07NsCEG70W"J2%'MAH07*
l�')2%FS6#!#VMG7.JIK@BA&\7'MCM9L'<0WN+.JØR.1"Y2?*1O r&G7"�FhCEG707"Y2%'MAH07*�!;�%.o"[!#VMVM.Y\¤²]�d�-�3�K���RÆ8O

3.1.8 Modularization
y_FW.J�%.q!;�%.�CEG707"Y2%'<AH0W*�2%FW!;2�!X�%.�2�!#'MV<A��-I|@f!#\7.�CEA��>!a*-,/.1"1')4`"w,W�?AHN���!#@hZW!#07\¥'<2�l_AHG7VM\h07A�2�@f!X$8.
*?.107*?.�2%A�G7*?.�2%F7.1@ 'M0f!#07A�2%F7.Y��,7�%AHN���!#@hO � G72:2%F7.Y�%.�!;�%.�!;VM*?A�NH.107.Y�%!#VW,WGP�?,/AH*-.�CEG707"Y2%'MAH07*:2?F`!X2
!;�%._G7*?.1CEG7V7'M0k@f!#0�9w,7�%AHN���!#@B*1O Ò 2 'M* "1VM.[!X�%V<9�G707\7.1*?'<�%!;(WVM. 2%A>"1A�,&9+2?FW._"1A��-�%.1*-,/AH07\7'M07N>CEG70W"J2%'MAH0
\7.Y4W07'<2%'MAH0^'<0�2%AB!;0�9],7�%AHN��%!#@ 2%FW!;2�"[!#VMVM*�2%F7.�CEG707"Y2%'MAH0Dc`l�FW!;2�l_.�07.1.Y\¤'M*w²e�#�8�d§±�8�[���3�3�K�-�H�DZ`!
*?GP(/\7'<6&'M*?'MAH0pAHCÄ2%F7.>,7�%AHN���!#@ 'M032%Az'M07\7.Y,/.Y0W\7.1032_,d!X�?2%*1O

y�F7.k,/AXl_.J�ÃCEG707"Y2%'MAH0
pow

CM�%AH@ � �%AHN��%!#@ � �f'M*o"1.Y�?2�!;'M07V<9hNH.107.Y��!;V�,WGP�?,/AH*?.#O Ò 0uA��?\W.J�w2%A
@f!;$8.+'<2�![6#!#'MVM!;(WVM.Ã2%Ap!#VMV5AHG7�>,7�%AHN���!;@B*1Z`l_.q"[!#0¤*?'M@U,WV<9p,WG72�2?FW.qCEG707"Y2%'MAH0s\7.Y4W07'<2%'MAH0¥'M032%Af!
*?.Y,`!;�%!;2%.o*?AHGP�%"1.1"1A�\7.w4WVM.

pow.C
Z7*%!198ZP'M0^AHGP��l_A��?$L'M07Nk\7'<�%.1"Y2?A��?98O

�
#include <cassert >

�
// PRE: e >= 0 || b != 0.0�
// POST: return value is b^e�
double pow (double b, int e)�
{�

assert (e >= 0 || b != 0.0);�
double result = 1.0;�
if (e < 0) {���

// b^e = (1/b)^(-e)���
b = 1.0/b;��
e = -e;���

}���
for (int i=0; i<e; ++i) result *= b;



� � � ��������	�
��������������	��������

���
return result;���

}

Program 20:
�D�1�YÆ8� �P�/�H£�©à�

y�F7.10^l_.o"[!#0]'M07"1VMG7\7.>2?FW'<*_4WVM.oCM�%AH@ÚAHGP��@f!#'<0f,7�%AHN��%!#@Ú!#*�CEAHV<VMAXl�*1O
�

// Prog: callpow2 .C
// Call a function for computing powers.�

�
#include <iostream >�
#include "pow.C"�

�
int main()�
{�

std::cout << pow( 2.0, -2) << "\n"; // outputs 0.25���
std::cout << pow( 1.5 , 2) << "\n"; // outputs 2.25���
std::cout << pow( 5.0 , 1) << "\n"; // outputs 5��
std::cout << pow( 3.0 , 4) << "\n"; // outputs 81���
std::cout << pow(-2.0, 9) << "\n"; // outputs -512���

���
return 0;���

}

Program 21:
�D�1�JÆ8��� �J�3§Î§ �R�H£ �R©|�

��0^'M07"1V<GW\7.>\7'<�%.1"J2%'<68.oAHCÄ2%F7.oCEA��%@
#include

x�� ��� � ��� � x
VMAHNH'M"1!#VMV<9m�%.Y,WVE!;"1.1*B2%F7.¥'M07"1VMG7\7.^\7'<�%.1"Y2?'<68.^(&9�2%F7.¥"1AH032%.10�2?*pAHC>2%F7.¥*-,/.1"Y'<4W.1\g4WVM.#O � *-G`!;VMV<98Z
� ��� � ��� � 'M*�'M032%.Y�?,7�%.Y2?.1\]�%.1VM!;2%'<68.�2%Ak2%F7.ol_A��?$&'M07Na\7'<�?.1"Y2%A��?98O

Separate compilation and object code files.
y_F7.�"1A�\W.Ã*?.Y,`!;��!;2?'MAH0^@B.1"�FW!#07'M*?@ÚCM�%AH@ 2%F7.Ã,7�%.¨I

6L'<AHGW*�,`!;�%!#N���!;,WF¥FW!#*�AH07.k@f! �ÅA���\7�%![l�(`!#"%$R}�2?FW.+"YAH@U,`'<VM.Y��\7A�.1*�07A�2Sv-*?.1.1xp'<2[O � .1CEA��%.q"1AH@zI
,W'MVE!;2?'MAH0DZ

pow.C
'M*+VMAHNH'<"[!#VMV<9s"1A�,W'M.Y\�(`!#"%$n'M032%Ah2%F7.B@f!#'M0u4WVM.�Z�*-As2%F7.B"1AH@U,W'MV<.Y��*-2?'MVMV�FW!#*�2?A

2?��!;0W*-VE!;2%.�2%F7. CEG70W"J2%'MAH0q\7.Y4W0W')2%'MAH0�'M032%A�@f!#"�F7'M07.�VE!#07NHGW!#NH.w�1¦&�1�[�U�K�Î²e��'<25"1AH@U,W'MVM.1*Ä!�,7�%AHN���!;@
2%FW!;2�"[!#V<VM*

pow
O:y�F7'M*�'M*�!+l�!#*-2%.oAHC52%'M@B.�2?F`!X2�"1!#0](/.w!168AH'M\7.1\](&9s�#�b�R�8�Y�3�?�^�J�H²a�D�K§E�3�K�-�H�DO

Ò 0·AHGP�k"[!#*?.#Z�l_.Bl_AHG7VM\�"1AH@U,W'MVM.a2?FW.B4WVM.
pow.C

*?.J,d!X��!;2%.1V)98O � .SAH07V<9nFW!168.B2%A¥2%.1VMV�2?FW.
"1AH@U,W'MVM.J��2%FW!;2>'<2>*?F7AHG7VM\¤0WA�2oNH.107.Y�%!;2%.k!#0e.¨TP.1"1GP2�!X(`V<.q,7�%AHN��%!#@ ÓK'<2>"[!;0 � 2[ZD*?'M07"1.+2%F7.Y�%.q'M*>07A
main

CEG707"Y2%'MAH0`Õ�(WG72�!#0��L  ���J�[�w�J�#�7�q4WVM.�ZP"[!#V<VM.1\
pow.o

ZP*%!198O:y�F7'M*ð4WVM.�"1AH032�!#'M07*ð2%F7.>@f!#"�FW'<0W.
VE!#07NHGW!#NH.q'M07*-2?�?GW"J2%'MAH07*�2%FW!;2Ã"YA��?�%.1*-,RAH0W\u2?A]2%F7.U��ÖoÖ *-2%!;2%.1@B.1032%*o'M0e2%F7.zCEG707"Y2%'<AH0e(/A&\P9sAHC
pow

O

Header files.
y_FW.k*?.Y,`!;�%!;2%.k"1AH@U,W'MVE!;2%'<AH0^"1AH07"1.Y,72w'M*>@BA��%.�,/A{l_.Y�%CEG7V�2%FW!#0¤l_.kFW![68.k*?.1.Y0n*?A

C±!;�[}�*-G7�-,W�?'M*?'M07NHV<98ZR.J68.10e,7�%AHN���!#@B*�2%FW!;2>"[!#VMV�2?FW.qCEG707"Y2%'MAH0
pow

"[!#0s(/.q"1AH@U,W'MVM.1\h*-.Y,`!;��!;2%.YV<98Z
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l�')2%F7AHG72�$L07A{l�'M07Nf!;(/AHGP2�2?FW.q*?AHGP�%"Y.k"YA&\7.�4WVM.
pow.C

A���2%F7.qA�( �Å.1"J2>"1A&\7.�4WVM.
pow.o

O � FW!;2
2%F7.o"1AH@U,W'MVM.Y�_07.1.1\7*�2%AaFW!168.�Z72%F7AHG7NHF~ZP'<*�!q\7.1"1VE!X��!;2%'MAH0pAHC52%F7.oCEG70W"J2%'MAH0

pow
O

y�F7'M*_CEG707"Y2%'MAH0p\7.1"1VE!X��!;2%'MAH0B'<*_(R.1*-2ð,WGP2�'<0�2%Aq!+*?.Y,`!;�%!;2%.�4WVM.>!#* l_.1VMV�O Ò 0]AHGP��"[!#*?.�ZL2?FW'<* 4`V<.
pow.h

Z7*%!198Z7'M*_68.Y�?9S*?F7A��?2[c7'<2�"1AH032�!#'M07* �ÅGW*b2�2%F7.oVM'M07.1*
// PRE: e >= 0 || b != 0.0

// POST: return value is b^e

double pow (double b, int e);r&'M07"1. 2%F7'M*�'<*�2%F7.kv-FW.1!#\7.Y�%x>AHCP2%F7.�CEG707"Y2%'<AH0
pow

Z�2%F7.ð4WVM.
pow.h

'M*�"[!;VMVM.1\k!��R�J�P�7�Y� �_§±�[O Ò 0q2%F7.
"[!#V<VM'M07N � �%AHN��%!#@ � � ZPl_.w*?'M@U,WV<9U�%.J,`VM!#"1.w2?FW.w'M07"1VMG7*?'MAH0pAHC

pow.C
(&9p2%F7.w'M07"1V<GW*-'MAH0]AHC

pow.h
Z

�%.1*-GWV)2%'M07Na'<0S2%F7.oCEAHVMVMA{l�'M07N+,7�%AHN���!#@hO
�

// Prog: callpow3 .C
// Call a function for computing powers.�

�
#include <iostream >�
#include "pow.h"�

�
int main()�
{�

std::cout << pow( 2.0, -2) << "\n"; // outputs 0.25���
std::cout << pow( 1.5 , 2) << "\n"; // outputs 2.25���
std::cout << pow( 5.0 , 1) << "\n"; // outputs 5��
std::cout << pow( 3.0 , 4) << "\n"; // outputs 81���
std::cout << pow(-2.0, 9) << "\n"; // outputs -512���

���
return 0;���

}

Program 22:
�D�1�JÆ8��� �J�3§Î§ �R�H£�´`©|�

�L�%AH@ 2%F7'M*�,7�%AHN���!;@hZ`2%F7.+"1AH@U,W'MVM.J��"[!;0s2%F7.10sNH.107.Y��!X2%.q!#0sA�( �Å.1"Y2�"1A&\7.�4WVM.
callpow3.o

O
Ò 07*-2%.[!;\hAHC�2%F7.Ã@f!#"�F7'M07.wVM!#07NHG`!;NH.w'M07*-2-�%G7"Y2%'MAH07*�CEA���.JTL.1"1GP2%'M07NU2%F7.w(RA&\P9]AHC

pow
ZW2%F7'M*�A�( �Å.1"Y2

"1A�\W.z"1AH0�2�!;'M07*+!p�~§E�7�Y�[�R�8§E�7�1�¤CEA��+2%F7.UVMA&"1!;2%'MAH0uG707\7.Y�+l�F7'M"�Fu2%F7.1*-.B'M07*-2?�%G7"Y2%'<AH0W*Ã!;�%.z2?A^(/.
CEAHG707\B'M0a2%F7.�.JTP.1"YG72%!;(WVM.�,7�%AHN��%!#@hO Ò 2:'M*�'M@U,/A��?2�!;0�2�2%AwGW07\7.Y�%*b2�!#07\z2%FW!;2

callpow3.o
"[!#0707A�2

(/.>!#0p.JTL.1"1GP2�!;(WVM.�,7�%AHN���!;@j98.Y2[} '<2Ã�7���1�+"1AH0�2�!;'M0f@f!#"�FW'<0W.�VE!#07NHGW!#NH.�"1A�\7.�CEA��
main

ZL(WG72����8�
CEA���!#07A�2%F7.Y��CEG707"Y2%'<AH0S2%FW!;2�'<2�07.1.1\7*1Z70W!#@B.1V<9

pow
O

The linker.
��07V<9Ñl�F7.10¿!#0 .¨TP.1"1GP2�!X(`V<.s,7�%AHN���!;@ '<*p(WG7'MV<2pCM�%AH@

callpow3.o
Z�2?FW.sA�( �b.Y"Y2

"1A�\W.h4WVM.
pow.o

"1AH@B.1*B'M032%Am,`VM![98O �o'<68.Y0 !#VMV�A�( �Å.1"Y2f4WVM.1*B2%FW!;2S!;�?.s'<0�68AHV<68.1\DZ�2%F7.�§����D¸��1�
(WG7'MVM\7*w2%F7.B.JTL.1"1GP2�!;(WVM.U,7�%AHN��%!#@ (�9nNHVMG7'M07N]2%AHNH.Y2?FW.J�q@f!#"�FW'<0W.aVE!#07NHGW!#NH.z"YA&\7.BCEA��qCEG70W"J2%'MAH0
"[!#V<VM*�Ó�'M0

callpow3.o
Õ�l�'<2?FU@f!#"�F7'M07.�VE!;0WNHGW!#NH._"1A�\7.�CEA�� 2%F7.�"YA��?�%.1*b,/AH07\W'<0WNwCEG70W"J2%'MAH0U(/A�\W'<.1*

ÓK'M0
pow.o

ÕJO�y5.Y"¨F707'M"[!;VMV<98Z�2%F7'M*k'M*q\WAH07.f(&9m,WGP2?2%'M07N¤!#VMVðA�( �b.Y"Y2q4`V<.1*k2?AHNH.Y2%F7.Y�a'M0�2%A¤!h*?'M07NHVM.
.JTL.1"1GP2�!;(WVM.z4WVM.#Z�!#07\n(&9¤4`V<VM'M07Np,WVE!;"1.1F7AHVM\7.Y�%*wCEA��+CEG70W"J2%'MAH0u(/A�\79¤VMA�"[!;2%'MAH07*>l�'<2?Fu2%F7.U!#"Y2?G`!;V
VMA�"[!;2%'MAH07*ð'M0p2%F7.w.¨TP.1"1GP2�!X(`V<.�O
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r&.Y,`!;��!;2?.k"YAH@U,`'<VE!;2%'MAH0S'M*�68.Y�?9sG7*?.1CEG7VKO Ò 2o!#VMV<AXl�*�2%Af"�F`!;0WNH.+2%F7.+\7.Y4W07'<2%'MAH0¥AHC�!BCEG70W"J2%'MAH0
l�')2%F7AHG72zFW![6&'M07Nu2%Au�%.1"YAH@U,`'<VM.^!u*?'<0WNHV<.],7�%AHN���!#@ 2?F`!X2B"[!#VMV<*U'<2[O ��*BVMAH07Nm!#*U2%F7.hCEG70W"J2%'MAH0
\7.1"1VE!X��!;2%'MAH0¤�%.1@f!#'M07*wGW07"�FW!#07NH.1\DZ�'<2�'<*�AH07V<9e2%F7.UV<'M0P$8.Y�Ã2%FW!;2�F`!;*Ã2%A^l_A��?$n'<0u2%F7.B.107\~c�!#07\
2%F7.ÃV<'M0P$8.Y��'M*�G7*?GW!#VMV<9f68.Y�?9]C±!#*-2[O Ò 2�CEAHVMVMA{l�*ð2%FW!;2�*-.Y,`!;��!;2%.w"1AH@U,W'MVE!;2?'MAH0p!#VM*?AU@f!X$8.1*�*-.107*?.+CEA��
CEG707"Y2%'MAH07*_2%FW!;2�!;�%.o*-,/.1"1')4`">2%AaAH0W.>,7�%AHN���!#@ AH07V<98O

r&.Y,`!;��!;2?.S"1AH@U,W'MVM!;2%'MAH0e�?.�
W.1"Y2%*q2%F7.Èv-"1G7*-2%AH@B.Y�%xh6&'M.Yl AHC_2%F7.S"[!;VMVM'M07N],7�%AHN���!;@h}B!#*qVMAH07N
!#*w!BCEGW07"Y2?'MAH0e\7A&.Y*>l�FW!;2o'<2%*�,7�%.JI�!#07\¤,/AH*b2%"1AH07\7'<2%'MAH0h,7�%AH@B'M*?.Ã'M0¤2%F7.kF7.[!#\7.Y�>4WVM.�ZD'<2>'M*o07A�2
'M@U,/A��-2�!#0�2o2%Ah$L07A{l �R�H£ ')2+\7A&.1*�2%F7'M*YO �>0�2%F7.BA�2%F7.Y�qFW!#07\~Z�'<C_2?FW.BCEG707"Y2%'<AH0È\7.Y4W07'<2%'MAH0e'M*
F7'M\7\7.10�CM�%AH@É2%F7. "[!#VMV<'M07N_,7�%AHN��%!#@hZ;"YVM.[!#0Ã,7�%.¨ID!#07\�,/AH*-2?"1AH07\W')2%'MAH07*D!;�%. AHC&"Y�%'<2%'<"[!#V8'M@U,/A��?2%!#07"1.�Z
*?'M07"1.>2%F7.Y9p@f!19B(/.>2%F7.ÃAH07V<9f'M07CEA��%@f!;2?'MAH0f!16�!#'<VE!;(WVM.>!;(/AHGP2�2%F7.wCEG707"Y2%'<AH0 � *ð(/.1FW!16L'MA��[O

Availability of sourcecode.
Ò C 98AHG¥FW!168.+"[!;�%.YCEGWV<V<9^NHAH07.Ã2%FP�%AHG7NHFhl�FW!;2�l_.+FW![68.+\7AH07.�*?AfC±!;�1Z

98AHG^�%.[!;VM'��1.>2%FW!;2�l_.Ã"1AHG7VM\^'<0],7�%'M07"1'<,WVM.>\7.1VM.Y2?.w2%F7.Ã*-AHG7�?"1.1"1A�\W.o4WVM.
pow.C

!#CM2%.Y��FW![6&'M07NzNH.10LI
.Y��!X2%.1\

pow.o
ZP*?'M07"1.oVE!;2%.J�[Z&2%F7.>CEG70W"J2%'MAH0p\W.J4`07'<2?'MAH0f'M*_0WA�2_07.1.Y\W.Y\h!#0�9&@BA��%.�O � F7.10]98AHGp(`GP9

"1AH@B@B.Y�?"1'E!#V/*?AHCM2àl�!;�?.�Z`98AHGs!;�%.wAHCM2%.10¥C±!#"1.Y\sl�'<2%F]2%F7.Ã!;(W*?.107"1.+AHC�*?AHGP�%"1.Y"1A&\7.Ã4WVM.1*YZ`*?'<0W"Y.Ã2%F7.
68.107\7A��_\7A&.1*ð07A�2 l�!#032ð"1G7*-2%AH@B.J�%*�2%A+@BA�\W'<CM9a2%F7.�*-AHG7�?"1.1"1A�\W.>'M07*-2?.[!#\BAHC/(WG79&'M07N+GP,/\W!;2%.1*1Z�A��
2%Aa\W'<*?"1A{68.Y��F7A{lÉ@aG7"�F]@BAH07.Y9B2%F7.Y9SFW!168.o,`!#'M\SCEA���VMAHG7*-9f*-AHCM2Ål�!X�%.Ã\7.1*?'<NH0~O��

Ò 0Ì!;"[!#\7.1@B'M"S*?AHCM2àl�!;�%.�Z�!16�!#'<VE!;(W'MVM'<2à9mAHC>*?AHGP�%"1.Y"1A&\7.¥NHA&.1*Ul�'<2%F7AHGP2z*?![9&'M07NPO Ò 0¡A��%\7.Y�B2%A
.Y6#!#VMGW!;2%.ðA����?.Y,7�%A&\7G7"1. 2%F7._"1AH0�2-�%'<(WGP2%'MAH0+AHC7*?G7"�Fz*?AHCM2àl�!;�%.ð2%A�2%F7. �%.Y*-,/.1"Y2?'<68.�!;�%.[!�AHCP�%.1*-.[!;�%"�FDZ
'<2�'M*�07.1"1.1*-*%!;�?9h2%ABFW!168.+*?AHGP�%"1.Y"1A&\7.�O � 68.10¤'M0h"1AH@B@B.Y�%"Y'E!#VD"1AH0�2?.JTL2%*YZ��1�/�1�g�#�H�`�1�Y�B*-AHCM2Ål�!X�%.
'M*w!#\P6�!;0W"Y'M07NPOay_F7.a@BAH*b2o,7�%AH@B'<0W.Y0�2>*?AHCM2àl�!;�%.q2%FW!;2o"1AH@B.1*>l�')2%Fe!;VMV *?AHGP�%"1.1"1A�\7.a4WVM.1*>'M*>2%F7.
A�,/.Y�%!;2%'M07N·*b9L*-2%.Y@ ���Î�/�7Í�O ��,/.10Ð*?AHGP�%"Y.u*?AHCM2àl�!;�%.u"1!#0 68.Y�?9Ì.��U"1'<.10�2%V)9Ñ(/.u!#\W!;,72%.1\¿!#07\
'M@U,7�%A{68.1\]'<C�@f!#0�9f,/.YA�,`V<.w"1AH032?�%'<(WGP2%.�O � G72�*?G7"�F¤!k"1AH0�2-�%'<(WGP2%'MAH0]'<*�,/AH*-*?'<(WVM.oAH0WV)9pl�F7.10^2%F7.
*?AHGP�%"1.Y"1A&\7.Ã'<*�!16#!#'MVE!;(WVM.#O

Libraries.
y_F7.BCEGW07"Y2?'MAH0

pow
l�'MVMV�07A�2k(R.U2%F7.pA�0WV)9u@f!;2%F7.1@f!X2%'M"[!#V CEG707"Y2%'MAH0n2%FW!;2+l_.Bl�!#032

2%A¥G7*?.B'M0mAHGP�+,7�%AHN���!#@B*1O^y5Ah@f!;$8.z2%F7.f!#\7\7'<2%'<AH0nAHC�07.YljCEGW07"Y2?'MAH07*+.[!#*-98Z�l_.B"[!;0�,WGP2+2%F7.
\7.Y4W07'<2%'MAH0pAHC

pow
Ó|!#07\^*?'<@B'MVE!;�_CEG707"Y2%'MAH07*_2%FW!;2�l_.Ã@f!19p!#\7\hVE!;2%.J�¨Õ 'M0�2%Az!a*?'<0WNHV<.o*-AHG7�?"1.1"1A�\W.

4WVM.
math.C

Z�*?![98Z�!#07\z2%F7.�"1A��?�%.Y*-,/AH07\7'M07NÃ\7.1"1VE!X��!;2%'MAH07*�'M032%A�!>*?'M07NHVM._F7.[!#\7.Y��4WVM.
math.h

O y�F7.
A�( �b.Y"Y2�"1A�\7.a4WVM.

math.o
2%F7.10n"1AH0�2%!#'M07*w@f!;"¨F7'M07.kVE!#07NHGW!#NH.k"1A&\7.zCEA��+!#VMV AHGP��@f!;2%F7.1@f!X2%'M"[!#V

CEG707"Y2%'MAH07*1O
��V<2%F7AHG7NHF+07A�2 *-2?�%'<"Y2%V<9Ã0W.Y"1.1*?*%!X�?98Z8'<2�'M*�NHA�A&\+,7��!#"Y2%'<"1.�2%A>'M07"1VMG7\7.

math.h
'M0+2%F7. (/.1NH'<0W07'M07N

AHC
math.C

O>y�F7'M*�.Y0W*-G7�?.1*>"1AH07*?'M*-2%.Y0W"J9^(/.Y2àl_.1.10sCEG707"Y2%'MAH0¥\7.1"1VE!X��!;2%'MAH07*�!#07\¤CEG707"Y2%'MAH0¥\7.Y4W07')I
2%'MAH07*ð!;0W\f,WGP2%* 2%F7.�"1A&\7.�'M0

math.C
'M032%A�2%F7.�*?"1A�,/.�AHCÄ!#VMV`CEG70W"J2%'MAH07* \7.1"1VE!X�%.1\p'M0

math.h
ZL*?.1.

r&.1"Y2?'MAH0 � O � OÔ�&O Ò 0S!;VMV`CEG707"Y2%'<AH0U(/A&\7'M.1*�'M0
math.C

Z3l_.�"[!#0B2%F7.Y�%.YCEA��%.�"[!#V<V`2%F7.�A�2?FW.J�ðCEG70W"J2%'MAH07*1Z
l�')2%F7AHG72_FW!16L'<0WNq2%Ak2%F7'M0P$p!;(/AHGP2_l�F7.Y2%F7.Y��2%F7.1*?.wCEGW07"Y2?'MAH07*�FW!168.�!;V<�%.[!#\P9B(/.Y.10h\7.1"1VE!;�?.1\DO

Ò 0qNH.107.Y��!#VKZ#*?.Y68.Y��!;VLA�( �Å.1"J2�"1A�\W.:4`V<.1*�@f!19>(/. 07.1.1\7.1\q2%A�NH.107.Y�%!;2%.ð!#0q.JTL.1"1GP2�!;(WVM.�,7�%AHN���!#@hZ
!#07\e')2�l_AHGWV<\s(/.k"1G7@q(/.Y�%*?AH@B.w2%Ap2?.1VMV�2%F7.kVM'M0P$8.Y�o!;(/AHGP2o!#V<V�AHC:2%F7.1@hO Ò 0W*b2%.[!#\DZDA�( �Å.1"J2w"YA&\7.
4WVM.1*�2%FW!;2�V<AHNH'M"[!#VMV)9�(/.1VMAH07No2%AHNH.Y2%F7.Y��"[!#0U(/.a�8�Y�[�L��¦L�¨�p'M0�2?A�!a§��b 1�Y�8�[�&O ��07V<9a2?FW.�0W!#@B.�AHCR2?FW'<*
VM'<(7��!X�?9�@kG7*-2�2%F7.10q(/._NH'<68.10a2?A>2?FW._VM'<07$8.J� 'M0aA��?\W.J��2?AoFW!168.�!#VMVLVM')(W�%!;�?9�CEG707"Y2%'<AH0W* !16#!#'MVE!X(`V<. CEA��

����ä ú8Þ/õ)ê?ã«á?ô¨åRÞDå/ê?ß1Ü7Ü�ä áKÞÅï�ê-á ��ÜÎÝ�ê-ÜWÜ�Ý;ÞàáKÞ~ê?áKÞ~ê%íÔù�ä�ï_ä�áKÞRÝ#ä�ß;Þbù±ÜWáKÞ-ê%ùÎä¨ß;ù&õËä�á`ß;ä�Ü`ûJã«ý1ãÔßXû�êbå/êbâ�ù�ä�îXáKìbÞÅìÅä1ë;Þ �
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2%F7.�.¨TP.1"1GP2�!X(`V<.�,7�%AHN���!#@hO Ò 0BAHG7��"[!#*?.#Z&l_.�*?A+C±!X� FW!168.�AH07V<9zAH07.�A�( �Å.1"Y2:4WVM.
math.o

�?.1*?G7V<2%'M07N
CM�%AH@

math.C
ZP(`GP2_l_.Ã"1!#0^*-2%'<VMVR(WGW'<VM\]!qVM'<(7��!X�?9U4WVM.

libmath.a
Z7*%!198Z7CM�%AH@Ú'<2[O

�5'MNHGP�%. � �s*?"�F7.1@f!;2%'<"[!#VMV<9u*?F7AXl�*zF7AXlÚA�( �Å.1"Y2U"YA&\7.p4WVM.Y*1Zð!¤V<'<(7��!;�?9�!#07\·4W0W!#VMV)9�!#0i.JTL.JI
"1GP2�!;(WVM.�,7�%AHN���!;@ !X�%.ÃA�(72�!#'<0W.Y\SCM�%AH@ !q0&G7@k(R.Y��AHC�*?AHGP�%"1.1"YA&\7.o4WVM.Y*1O

"1AH@U,W'MVE!;2%'<AH0"1AH@U,W'MVM!;2%'MAH0

'<0W"YVMG7*?'MAH0 'M07"1VMG7*?'MAH0

VM'<07$&'M07N
VM'M0P$L'<0WN

!;�%"�F7'<6&'M07N

libmath.a

math.h

math.o callpow4.o

math.C callpow4.C

callpow4

Figure 17:
¼��`�K§E�8���RÆ¤�L  ���J�[�Ã�J�#�7� �_§±�[�Y®�§��b [�Y�8�1�-�[�B�8���u�¨Í7�Y�1�d�-�P {§»���D�Y�YÆH�Y�8²]�;©

Centralization and namespaces
Ò 2q'<*+"1VM.[!;�Ã2%FW!;2+l_.B\7As07A�2+l�!#032�2%Ah$8.1.Y,·F7.[!#\7.Y�q4WVM.1*+!#07\

VM'<(7��!X�%'M.1*+AHC�NH.107.Y��!#V_'M032%.Y�%.1*b2z'M0ÈAHGP�al_A��?$&'M07N¤\7'<�?.1"Y2%A��?98Z�*?'M07"1.fl_.sÓ|!#07\·A�2%F7.Y�?*�Õq@f!19mFW!168.
@f!#039Bl_A��?$L'M07Nk\7'<�%.1"Y2?A��%'M.1*1O�Q�.1!#\7.Y��4WVM.Y*�!;0W\]VM'<(7��!;�%'<.1*ð*?F7AHG7VM\S(/.Ã!;2�*?AH@B.>"1.1032?��!#VD,WVE!#"1.�O

� .>"[!#0p@f!;$8.�AHGP�ð,7�%AHN���!;@B* 'M07\7.Y,/.107\7.10�2 CM�%AH@j2%F7.�VMA&"1!;2%'MAH0BAHC~F7.[!#\7.Y�ð4WVM.1* (�9Ul��%')2%'M07N

#include �
� � � � ��� ���

(WGP2�'M0+2%F7'M*�"[!;*?.�ZHl_.ðFW![68. 2?A>2?.1VMV�2?FW.ð"YAH@U,`'<VM.Y�:Ó�l�F7.10+l_.ð*-2�!X�?2 '<2¨Õ/l�F7.Y�%. 2%A�*-.[!;�%"�FzCEA���4WVM.Y*52%A
(/.:'M07"1VMG7\7.1\DO�y_FW'<*5'M*~.JT7!;"Y2%V<9o2%F7.�l�!19w2?F`!X25F7.[!#\7.Y�?*�VM'<$8.

iostream
CM�%AH@Ê2%F7.:*-2�!#07\W!;�%\+VM')(W�%!;�?9

!;�%.�'<0W"YVMG7\W.Y\~c32%F7.1'<�ðV<A&"[!;2?'MAH07* !;�%.�$&07AXl�0f2?Aq2?FW.�"1AH@U,W'MVM.Y�[Z3*?A+l_.�\7AH0�� 2ðFW!168.�2%A+,7�%AX6&'M\7.�!#039
'M07CEA��%@f!;2?'MAH0fFW.J�%.�O�r&'M@B'MVM!;�%V<98Z8l_.Ã"[!;0^2%.1VMVD2%F7.wV<'M0P$8.Y��l�F7.Y�%.w2?FW.wVM'<(7��!;�?'M.1*ðl_.Ã07.1.1\s!;�?.w2%Ak(/.
CEAHG707\~O ��N8!#'<0~Z&CEA���2%F7.>6�!;�?'MAHG7*�V<'<(7��!;�%'M.Y*�AHC~2%F7.w*b2�!#07\W!;�%\^VM')(W�%!;�?98Z�2?FW.o"1AH@U,W'MVM.J�ð$L07AXl�*�2?FW'<*1O

� .ql�!#0�2>2%Af�%.1@f!X�?$^2%FW!;2 � ��� � ��� � '<*o07A�2o07.1"1.1*-*%!;�%'MV)9h2%F7.a0W!#@B.�AHC�!U,`F39L*?'<"[!#V�4WVM.�c/2%F7.@f!;,7,W'M07N+AHC � ��� � ��� � 2%Az!#"Y2%GW!#V/4WVM.1*_'M*�'M@U,WVM.1@B.Y0�2�!;2?'MAH0z\7.Y4W07.1\DO
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�5'M0W!#VMV)98Z3')2 'M*:NHA&A&\a,W�%!#"Y2%'M"Y.�2%A�,WGP2ð!#V<V`CEG707"Y2%'MAH07*:AHCD!wVM'<(7��!X�?9k'M0�2%A�!w0W!#@B.1*-,`!#"Y.�Z�'<0BA��%\7.Y�
2%Af!168AH'M\¥"1VE!;*?F7.1*�l�'<2?F^G7*?.Y�-IK\W.Y"1VE!;�%.Y\¤0W!#@B.1*YZd*?.1.kr&.Y"Y2%'MAH0e�&O � O � O � .Y2>G7*�G7*?.�2%F7.�0W!#@B.1*-,`!#"Y.
ifm

F7.Y�%.�O
Q�.Y�%.p!;�?.f2?FW.fF7.[!#\7.Y�a!#07\È'M@U,WVM.1@B.1032�!;2%'MAH0¥4WVM.1*

math.h
!#07\

math.C
2%FW!;2+�?.1*?G7V<2qCM�%AH@

2%F7.1*?.wNHG7'M\7.1VM'M07.1*_CEA���AHGP��'M0�2?.107\W.Y\^VM'<(7��!;�-9fAHC�@f!;2%F7.1@f!;2?'M"[!#VWCEG70W"J2%'MAH07*wÓÎ2%FW!;2�"1GP�?�%.1032%V<9S"1AH0LI
2�!#'<0W*

pow
AH07V<9PÕJO

�
// math.h
// A small library of mathematical functions.�

�
namespace ifm {�

// PRE: e >= 0 || b != 0.0�
// POST: return value is b^e�
double pow (double b, int e);�

}

Program 23:
�D�Y�YÆ8���D²s�3�|�d©E�

�
// math.C
// A small library of mathematical functions.�

�
#include <cassert >�
#include <IFM/math.h>�

�
namespace ifm {�

�
double pow (double b, int e)���
{���

assert (e >= 0 || b != 0.0);��
// PRE: e >= 0 || b != 0.0���
// POST: return value is b^e���
double result = 1.0;���
if (e < 0) {���

// b^e = (1/b)^(-e)� �
b = 1.0/b;���
e = -e;���

}��
for (int i=0; i<e; ++i) result *= b;��
return result;�

}��
��

}

Program 24:
�D�1�YÆ8���D²s�3�|�d©à�
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�5'M0W!#VMV)98Z32%F7.�,7�%AHN��%!#@
callpow4.C

"[!#VMVM*:AHGP�ðVM'<(7��!;�-9zCEG707"Y2%'MAH0
ifm::pow

O Ò 2ð'M07"1V<GW\7.1*�2%F7.
F7.[!#\7.Y��4WVM.

math.h
CM�%AH@ !q"Y.10�2?�%!#VÄ\7'<�?.1"Y2%A��?9

IFM
O

�
// Prog: callpow4 .C
// Call library function for computing powers.�

�
#include <iostream >�
#include <IFM/math.h>�

�
int main()�
{�

std::cout << ifm::pow( 2.0, -2) << "\n"; // outputs 0.25���
std::cout << ifm::pow( 1.5 , 2) << "\n"; // outputs 2.25���
std::cout << ifm::pow( 5.0 , 1) << "\n"; // outputs 5��
std::cout << ifm::pow( 3.0 , 4) << "\n"; // outputs 81���
std::cout << ifm::pow(-2.0, 9) << "\n"; // outputs -512���

���
return 0;���

}

Program 25:
�D�1�JÆ8��� �J�3§Î§ �R�H£��Ä©|�

3.1.9 Using library functions
� AHG·"[!;0i'M@f!#NH'M07.z2?F`!X2al_.fl_.Y�%.p07A�2a2%F7.f47�%*-2k2%A¤,WGP2U!¥CEG707"Y2%'MAH0ÈVM'<$8.

pow
'M0�2?Ae!¥VM'<(7��!;�-98O

Ò 07\7.1.1\DZð2%F7.^*-2�!#07\W!;�%\�V<'<(7��!;�?9È"1AH0�2%!#'M07*U!eCEG707"Y2%'<AH0
std::pow

2%FW!;2z'M*U.Y68.Y0Ñ@BA��%.SNH.107.Y��!#V
2%FW!#0 AHGP�%*Y}·'<2p"[!#0¿"YAH@U,`GP2%.

be
CEA��e�1�¨�3§a.¨TL,/AH07.1032%*

e
O ��"1"1A��?\W'<0WNHV)98Z�2%F7.u!X�%NHG7@B.10�2%*fAHC

std::pow
!#07\p')2%*��%.Y2?G7�?0p6#!#VMG7.�!;�?.�AHCD2à9�,/.

double
O Ò 0pA��%\7.Y� 2%AqG7*?.�2%F7'M* CEG707"Y2%'<AH0~Z3l_.�FW![68.

2%As'M07"1VMG7\7.U2%F7.fFW.1!#\7.Y�
cmath

Ony_F7'M*qFW.1!#\7.Y�k"1AH0�2�!;'M07*+\W.Y"1VE!;��!X2%'MAH07*�CEA��z!h6#!;�%'<.Y2à9mAHC�A�2%F7.Y�
0&G7@B.Y�?'M"[!#V/CEG707"Y2%'MAH07*1O

� *?'M07N+CEG707"Y2%'MAH07*ðCM�%AH@j2?FW.�*b2�!#07\W!;�%\fVM'<(7��!;�-9U"[!#0pF7.1V<,pG7* 2%AqNH.Y2_*?F7A��?2%.J�[Z&(/.Y2-2%.Y�[ZLA��_@BA��?.
.��z"1'M.1032S"YA&\7.�Z_l�'<2%F7AHGP2BFW!16L'M07Nu2%Anl��%'<2%.h!u*-'M07NHVM.h07.Yl VM'M07.](�9¡AHGP�%*?.1V<68.Y*1O �PA��f.JTP!#@U,WVM.�Z
"1AH@U,WGP2%'M07NU���1�Ä�8�1�k�1���8�|�+"[!;0]*-,/.Y.1\^GP,^AHGP�_,7�%'M@f!#VM')2Å9q2%.Y*-2�'M0 � �%AHN���!#@Ú�&O � AHGS@B'<NHF�2ðFW!168.
�%.[!;VM'��1.1\p2%F7'M*_@aG7"�F].1!;�%VM'M.J�[Z&(WGP2�l�FW.Y0Sl_.w!;�%.oVMA&A�$&'M07N+CEA���*?AH@B.�,7�%A�,/.J��\7'<6&'M*?A��_AHC�!q0W!;2%GP��!#V
0&G7@q(/.Y�

n � 2
Z/')2>'M*�*?G �U"1'<.10�2>2%Af*?.[!X�%"�Fe'M0¥2%F7.+��!#07NH.

{2, . . . , ��� n � } O Ò 0W\7.1.Y\~Z/'<C n
"[!#0¥(/.

l��?'<2?2%.10e!#*�!B,7�%A&\7G7"Y2
n = dd 	 ZÄ2%F7.10u2%F7.k*?@f!#VMV<.Y�>AHC d

!#07\
d 	 @kG7*-2>(/.a(RAHGW07\7.1\e(�9 � n

c
*?'M07"1.>2%F7.o\W')6L'M*?A��?*�!X�%.Ã'M032%.1N���!;VKZ&l_.o.Y68.10hNH.Y2�!q(RAHGW07\SAHC � � n � Z � n

�%AHG70W\7.1\]\WA{l�0DO
y�F7._,7�%'M@f!#VM')2Å9o2%.1*b2�"1AHG7VM\k2%F7.Y�%.1CEA��?.�(/._l��%')2?2%.10k@BA��%._.��U"Y'M.10�2?V<9k!#*�'M0 � �%AHN���!#@¢� � Z8G7*?'M07N

2%F7.zCEG707"Y2%'<AH0
std::sqrt

CM�?AH@ 2%F7.UVM')(W�%!;�?9
cmath

Z5l�F7AH*?.U!;�?NHGW@B.Y0�2Ã!#07\u�%.Y2%GP�%0u2à9&,R.1*+!;�%.
double

O
�

// Program: prime2.C
// Test if a given natural number is prime.�



�[��� ��������	�
��������������	��������

�
#include <iostream >�
#include <cmath >�

�
int main ()�
{�

// Input���
unsigned int n;���
std::cout << "Test if n>1 is prime for n =? ";��
std::cin >> n;���

���
// Computation: test possible divisors d up to sqrt(n)���
unsigned int bound = ( unsigned int)(std::sqrt(n));���
unsigned int d;� �
for (d = 2; d <= bound && n % d != 0; ++d);���

���
// Output��
if (d <= bound)��

// d is a divisor of n in {2,...,[sqrt(n)]}�
std::cout << n << " = " << d << " * " << n / d << ".\n";��

else��
// no proper divisor found��
std::cout << n << " is prime.\n";��

 �
return 0;��

}

Program 26:
�D�1�YÆ8� �P�D�[��²e� �R©à�

y�F7.�,7�%AHN��%!#@×'<*:"1A��-�%.1"Y2[} 'MC
d <= bound

*-2?'MVMV7F7AHVM\7*�!#CM2?.Y� 2%F7.�V<A&A�,~ZHl_.�FW!168.�VM.1CM2�2%F7.�VMA�A�,
(/.1"1!#G7*?.a2%F7.¥�8�|�R�1�¥"1AH07\7'<2%'MAH0

n % d != 0
F`!;*wC±!#'<VM.1\DOky�F7'M*>@B.[!#07*�2%FW!;2>l_.zFW!168.kCEAHGW07\n!

\7'<6L'<*?A��[O Ò C
d > bound

F7AHVM\7*a!;CM2%.Y�q2%F7.SV<A&A�,~Z�l_.SFW!168.f2?�%'M.1\·!#VMV�,RAH*?*?'<(WVM.B\7'<6&'M*?A��%*q*?@f!#V<VM.Y�
A��p.1t&GW!#V�2%A

bound
Ó�l�F7AH*?.h6#!#VMG7.s'M* � � n � Z�*?'M07"1.¥2%F7.¥.JTL,WVM'M"Y'<2f"1AH0�68.J�%*?'MAH0Ì�?AHGW07\7*f\7AXl�0~Z*?.1.]r&.1"Y2?'MAH0i�&OÔ�&O � ÕJZ *?A¥l_.f"1.Y�?2%!#'M07V<9uFW!168.p0WA�2q@B'<*?*?.1\È!#0�9m\7'<6&'M*?A��[O � GP2+l_.fF`!168.f2%Ah(/.p!

VM'<2-2%VM.k"[!;�%.1CEG7VðF7.Y�%.#}aAHGP�k!;�%NHG7@B.1032%*�!;*?*?G7@B.z2%FW!;2
std::sqrt

l_A��?$&*+"1A��?�%.Y"Y2%V<9nCEA��q*-t&GW!;�%.1*YO
�PA��B.JTP!#@U,WVM.�Z

std::sqrt(121)
@kG7*-2k�%.Y2%GP�%0

11
ÓK!¤VM'<2-2%VM.f@BA��%.Sl_AHG7VM\70�� 2kF�G7�-2¨ÕJZ (WGP2]���8�

10.99998
Z7*%!198O Ò 0¥2?F`!X2�VE!;2-2%.Y��"1!#*?.�Z

(unsigned int)(std::sqrt(121))
l_AHG7VM\hFW!168.Ã6#!#VMG7.

10
Z�!#07\U(&9a@f!;$L'<0WN>2%F7'M*�AHGP��(/AHG707\DZ3l_.�@B'M*?* 2%F7.�\7'<6L'<*?A��

11
AHC

121
Z3.Y�?�?AH0W.YAHGW*-V<9z"YAH0W"YVMG7\W'<0WN

2%FW!;2
121

'M*_,7�%'M@B.�O
Ò 2�'M*wNH.107.Y��!#V<V<9e07A�2Ã*%!#CE.z2%AS�%.1V<9¤AH0n*?AH@B.a,7�%.Y"1'M*?.a*?.1@f!#032%'M"1*oAHCðVM'<(7��!;�-9¤CEG707"Y2%'<AH0W*YZ5.Y68.10

'MC�98AHGP�w,`VM!;2%CEA��%@ 'M@U,WVM.1@B.1032%* 
WA8!;2%'<0WNf,/AH'M032�!X�%'<2%F7@B.Y2%'<"+!#"1"1A��?\W'<0WNp2%A]2%F7. Ò � � � *b2�!#07\W!;�%\
�H� � ÓK*?.1.ar&.1"J2%'MAH0e�&Oø�&O � Õ¨Owy_F7.q*?t&GW!;�%.+�%A�A�2�CEG707"Y2%'MAH0s'M*�*-,/.Y"1'E!#V�'<0s2%F7.q*?.107*?.+2%FW!;2�2?FW. Ò � � �
*-2�!;0W\W!;�?\B*-2%'MVMVWNHGW!;��!#032%.1.1*:2%F7.��%.1*?G7V<2�AHC

std::sqrt
2?A�(/.�2%F7. 
WA8!;2%'<0WNo,/AH'M032�0�GW@q(/.Y��"1VMAH*?.Y*-2

2%Az2?FW.o�%.[!#V~*?t�G`!X�%.Ã�%A�A�2[c`"YAH0W*-.1t&G7.1032%V<98ZWAHG7��!;(/A{68.�'M@U,WVM.Y@B.10�2�!X2%'MAH0UAHC�2%F7.o,W�?'M@f!#VM'<2à9a2%.1*-2�'M*
*%!#CE.#O � GP2�*-'M@B'MVE!;��NHGW!;��!#032%.1.1*�\7AS���8��07.1"1.Y*?*%!;�%'<V<9pFWAHV<\]CEA���A�2%F7.Y��V<'<(7��!;�?9fCEG707"Y2%'MAH07*1O

��VM*?Aw'M0BAHGP� *?.Y"1AH07\U,W�?'M@B._0&G7@k(R.Y� !X,W,WVM'<"[!;2%'MAH0DZPº_�Y�3�?�8�1�|�R�1���1��� ���/�b�1¦L�[Z3l_. �«\U(R.Y2?2%.Y��"[!#VMV
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!�*-2�!;0W\W!;�?\SVM')(W�%!;�?9UCEG707"Y2%'<AH0S'M0pA��%\7.Y�ð2%Aq'M07'<2?'E!#VM'��Y.�AHGP��VM'M*-2 AHCÄ"Y�?AH*?*?.1\SAHG72_0�G7@k(/.J�%*1ZL'M07*-2?.[!#\
AHC5\7AH'M07Nk'<2�AHG7�?*?.1V<68.1*_l�')2%F^!qVMA&A�,~O��PA���2%F7'M*1ZLl_.wl_AHG7VM\f�%.Y,WVE!;"1.o2?FW.>2àl_AzVM'<0W.Y*

for (unsigned int i = 0; i < n; ++i)

crossed_out[i] = false;

AHC � �%AHN���!;@ �1� l�'<2%Ff2%F7.o*?'M07NHVM.>VM'M07.
std::fill (crossed_out , crossed_out + n, false);

y_FW.>,7�%.JI�!#07\S,RAH*-2%"1AH07\7'<2%'MAH07* AHC~2%F7'M*_*-2�!#07\W!;�%\SVM'<(7��!;�-9UCEG707"Y2%'MAH0S.JT7!#"J2%V<9f@f!;2%"�Ff2%F7.wAH07.1*�AHC
AHGP��A{l�0

fill
CEG707"Y2%'<AH0hCM�%AH@ � !#NH. � �H�&O�y_F7.�(/.107.Y472�F7.Y�%.+'<*�07A�2�2%F7.�*%!16&'M07NUAHC�AH07.�VM'M07.ÃAHC

"1A�\W.#c#2%F7'M*/*%!16L'<0WN_\7A&.Y*Ä07A�2D.Y68.10Ã.JTP'M*b2[Z;*-'M07"1.�l_.:!;\W\7'<2?'MAH0W!#VMV<9�FW!168.�2%A
#include <algorithm>'M0p2%F7.o(/.YNH'M070W'<0WNqAHC52?FW.>,7�%AHN���!#@hO

y�F7.>(/.107.Y472_'M*ð2%FW!;2ðl_.>.1VM'<@B'M0W!;2%.�,RAH*?*?'<(WVM.�*?AHGP�%"Y.1*�AHC~.Y�?�?A��wÓ�.Y68.10h!�2?�%')6L'E!#V`VMA&A�,SFW!#*ð2%F7.
,/A�2%.Y0�2%'E!;VdAHCD(/.1'M07N+l��%AH07N3ÕJZ&!#07\S2%FW!;2�l_.o*-'M@U,WVM'MCM9k2%F7.o"YAH0�2?�%AHV 
`A{l�ÓK*-.1.Ã!;VM*?Akr&.1"Y2?'MAH0h�&O � O � ÕJO

3.1.10 Details

Default arguments.
r&AH@B.�CEG707"Y2%'MAH07*:F`!168.�2?FW.�,7�%A�,/.Y�?2à9a2%FW!;2:2?FW.J�%.�!;�%.Bv-0`!X2%GP��!#VMx>6�!;VMG7.1* CEA��

AH07.�A��ð@BA��%.�AHCD2?FW.Y'<�ðCEA��%@f!#V`!;�%NHG7@B.1032%*1O �PA��_.JTP!#@U,WVM.�Z8l�F7.10B4WVMVM'M07Nw!#0S!;�?��!19UAHCDG707\7.Y�%V<9&'M07N
2à9&,/.

int
Z�2%F7.z6#!#VMG7.

0
'M*�*-GW"�FÈ!]0W!;2%GP��!#V�6�!;VMG7.�O Ò 0m*?G7"�Fi!]"[!;*?.�Z '<2�'<*Ã,/AH*?*?')(`V<.z2%Ah*-,/.Y"1'MCM9

2%F7'M*U6#!#VMG7.¥!#*p!Ì�7�KÁ;�8�d§)�^�8�-Æ��d²e�Y�D�[cw2%F7'M*f!#V<VMAXl�*a2%F7.¥"[!#V<VM.Y�fAHC>2%F7.sCEG707"Y2%'<AH0g2%AmAH@B'<2a2%F7.
"1A��?�?.1*-,/AH07\7'M07N¥"[!#VMVð!X�%NHG7@B.10�2�!#07\·VM.Y2+2?FW.B"YAH@U,`'<VM.Y��'<0W*-.Y�?2+2%F7.f\7.1C±!#G7V<2+6#!#VMG7.B'M07*-2%.[!;\~O Ò 0
"[!#*-.ÃAHCÄ2?FW.oCEG707"Y2%'MAH0

fill
CM�%AH@ � �%AHN���!#@ � �LZL2%F7'M*ðl_AHG7VM\]VMA�A�$p!#*�CEAHVMVMA{l�*1O

// PRE: [first , last) is a valid range

// POST: *p is set to value , for p in [first , last)

void fill (int* first , int* last , int value = 0) {

// iteration by pointer

for (int* p = first; p != last; ++p)

*p = value;

}

y�F7'M*�CEG707"Y2%'MAH0S"[!#0^07A{lÉ(R.w"[!;VMVM.1\pl�'<2%FS.1'<2%F7.Y�_2àl_AzA���2%FP�%.1.Ã!;�%NHG7@B.1032%*1ZP!#*�CEAHVMVMA{l�*YO
int a[5];

fill (a, a+5); // means: fill (a, a+5, 0)

fill (a, a+5 , 1);

Ò 0UNH.107.Y��!;VKZH2%F7.Y�%.�"[!#0a(R.�\7.1C±!#G7V<2 6#!#VMG7.1* CEA���!#0�9k0&G7@q(/.Y��AHCdCEA��?@f!#VP!;�%NHG7@B.1032%*1Z�(WGP2:2?FW.Y*?.
!;�%NHG7@B.1032%*o@aG7*-2o(/.U!X2Ã"1AH07*?.Y"1GP2%'<68.z,/AH*-'<2%'MAH07*

i, i + 1, . . . , k
!;@BAH0WNf2%F7.

k
!X�%NHG7@B.10�2%*YZÄCEA��

*?AH@B.
i
O¥y_F7.BCEGW07"Y2?'MAH0m"[!#0m2%F7.10�(R.U"[!#VMV<.1\nl�'<2%Fm!;0�9n0�GW@q(/.Y��AHC�"1!#VMV !X�%NHG7@B.10�2%*w(/.Y2àl_.1.10

i−1
!#07\

k
ZL!;0W\a2%F7.�"1AH@U,W'MVM.J��!#GP2%AH@f!;2%'M"1!#VMV<9o'M07*?.Y�-2%*:2%F7.�\W.YC±!#G7V<2:6#!#VMG7.1*:CEA���2%F7.�@B'M*?*?'<0WNo"[!#V<V

!;�%NHG7@B.1032%*1O
��CEG707"Y2%'MAH0¥@f!19]FW!168.+!z*-.Y,`!;��!;2%.Ã\W.Y"1VE!;��!X2%'MAH0^2%FW!;2�*-,/.1"1')4`.Y*�\7.1C±!#G7V<2>!;�?NHGW@B.Y0�2%*1ZWVM'<$8.w'M0

2%F7.oCEAHVMVMA{l�'M07Nq\7.1"1VE!;�%!;2%'MAH0pAHC
fill

O
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// PRE: [first , last) is a valid range

// POST: *p is set to value , for p in [first , last)

void fill (int* first , int* last , int value = 0);

Ò 0a2?FW'<*�"[!#*?.�ZH2%F7.�!#"Y2?G`!;VL\7.Y4W0W')2%'MAH0+@kGW*b2 0WA�2��?.Y,/.[!;2 2%F7.ð\7.1C±!#G7V<2�!X�%NHG7@B.10�2%*�Ó�2%F7.�!#"Y2%GW!#V&�?GWV<.1*
!;�%.w!+(`')2�@BA��?.o"YAH@U,`V<'M"[!;2%.Y\~Z3(WG72�2%F7'M*_'M*_2%F7.wGP,W*?F7A�2¨ÕJO

Function declarations and definitions.
�¿CEG707"Y2%'<AH0p@f!19zF`!168.>*?.Y68.J��!#V/\7.1"1VE!X��!;2%'MAH07*1Z�.Y68.10pl�'<2?F

2%F7.k*%!#@B.k\W.Y"1VE!;��!X2%'<68.+�%.1NH'MAH07*kÓ�2%F7.kVE!;2?2%.J�w'<*w07A�2Ã!#VMVMA{l_.1\sCEA��Ã6#!;�%'E!;(WVM.Y*1ZD*?.1.fr&.1"J2%'MAH0m�&O � O � ÕJO
y_FW. ,WGP�?,/AH*-. AHCW!�CEG70W"J2%'MAH0q\7.1"1VE!;�%!;2%'MAH0�'<*52%A�,WGP2�*?GP(W*?.1t&G7.1032�"1A&\7. 'M032%A�2%F7. CEG707"Y2%'MAH0�� *�*?"1A�,/.#Z
!#07\]2%F7.Y�?.w@f!19B(/.o*?.Y68.Y�%!#VÄ,WVE!#"Y.1*ðl�F7.Y�%.o2%F7'M*_'M*�07.1"Y.1*?*%!;�-98O

�>0s2%F7.+A�2%F7.Y�>FW!#07\DZd.Y68.Y�-9¤CEG707"Y2%'<AH0s"1!#0¤FW!168.+AH07V<9^AH07.q\7.Y4W07'<2%'MAH0DZ`!#07\¥2?FW'<*�'M*�2%F7.+AH07.
!#VMV/')2%*�\7.1"YVE!;��!;2?'MAH07* �%.1CE.Y��2%APO

Function signatures.
Ò 0ÈCEGW07"Y2?'MAH0È\7.1"YVE!;��!;2?'MAH07*1Z�2%F7.BCEA��%@f!#Vð!X�%NHG7@B.10�2+0W!#@B.Y* � � ��� � � Z<O¨O1O1Z

� � ��� � � "[!#0](R.wAH@B'<2-2%.1\DO
y�F7'M*�@f!;$8.1*�*-.107*?.q*?'M07"1.Ã2%F7.1*-.+0`!;@B.1*�!;�?.�AH07V<9]07.1.Y\W.Y\¤'M0h2%F7.�CEG707"Y2%'<AH0h\W.J4`07'<2?'MAH0DO�y_F7.

'M@U,/A��-2�!#0�2�'M07CEA��%@f!X2%'MAH0DZP0W!#@B.1V<9p\7AH@f!#'M0]!#07\¥�%!#07NH.�AHC�2%F7.�CEG70W"J2%'MAH0DZR!;�?.+!#V<�%.1!#\P9]*-,R.1"1'<4W.1\
(&9a2%F7.�!;�%NHG7@B.1032�2à9&,R.1*ð!#07\B2%F7.��%.Y2?G7�?0f2à9�,/.�O ��VMV72%F7.1*?.�2à9�,/.1* 2%AHNH.Y2?FW.J� CEA��%@¢2?FW.Ã�Y�ÎÆH���3�K�`�1�
AHCÄ2?FW.wCEG70W"J2%'MAH0DO

Ò 0
math.h

ZPl_.w"YAHGWV<\S2%F7.Y�%.YCEA��%.Ã.1t�G7'<6�!;VM.10�2?V<9Bl��%')2%.�2%F7.w\7.1"1VM!;��!;2%'<AH0

double pow (double , int);

y_FW.wAH07V<9B,7�%A�(WVM.1@ 'M*_2%FW!;2�l_.o07.1.1\^2%F7.wCEA��%@f!#VD!;�%NHG7@B.1032_0W!#@B.1*_2%Az*-,R.1"1'MCM9f,7�%.JI !#07\],/AH*-2bI
"1AH07\7'<2%'MAH07*1Z l�')2%F7AHG72kNHAH'M07N¥2%AeV<.107N�2%F�9�CEA��%@kG7VE!;2%'MAH07*+'M0368AHV<6L'<0WNÑvb2%F7.f47�%*-2B!X�%NHG7@B.10�2%xs!#07\
vb2%F7.�*?.Y"1AH07\]!;�?NHGW@B.Y0�2%xPO y_F7.Y�%.1CEA��%.#Z&l_.�G7*?GW!#VMV<9kl��%')2%.�2%F7.�CEA��%@f!;Vd!;�?NHGW@B.Y0�2 0W!#@B.Y*�.Y68.10S'M0
CEG707"Y2%'MAH0S\W.Y"1VE!;��!X2%'MAH07*1O

Mathematical functions.
�^!#0�9nAHC_2%F7.B@f!;2%F7.1@f!X2%'M"[!#V5CEGW07"Y2?'MAH07*�2%FW!;2q!;�%.f!16#!#'MVE!X(`V<.zAH0�*?"1')I

.1032%'<4W"w,/A�"%$8.Y2�"[!#V<"1G7VE!;2%A��%*�!;�?.+!#VM*?Az!16�!#'<VE!;(WVM.oCM�%AH@ 2%F7.�@f!X2%F]VM')(W�%!;�?9
cmath

O�y_FW.ÃCEAHVMVMA{l�'M07N
2�!;(WVM.pVM'M*b2%*a*-AH@B.SAHC�2?FW.Y@hO ��VMV�!;�%.]!16�!#'<VE!;(WVM.fCEA��U2%F7.S2?F7�?.1. 
WA8!;2%'<0WN¥,/AH'M032z0�G7@k(/.J�a2à9&,R.1*
float

Z
double

!#07\
long double

O
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0W!#@B. CEG707"Y2%'<AH0
std::abs |x|

std::sin
*?'<0

(x)

std::cos
"1AH*

(x)

std::tan
2�!;0

(x)

std::asin
*-'M0

−1(x)

std::acos
"YAH*

−1(x)

std::atan
2%!#0

−1(x)

std::exp ex

std::log
VM0

x

std::log10
V<AHN

10 x

std::sqrt � x

3.1.11 Goals

Dispositional.
�_2_2%F7'M*_,/AH'M032[Z&98AHG^*-FWAHG7VM\eO1O1O

� ÕU(/.w!;(WVM.o2?Aa.JT&,WVE!#'M0p2%F7.o,WGP�?,/AH*?.oAHC�CEG707"Y2%'MAH07*_'M0¥��ÖoÖqc
�HÕBG70W\7.Y�?*-2�!#07\f2%F7.�*-9L032�!XTp!#07\f*?.1@f!;0�2%'M"Y* AHCð��ÖwÖÉCEGW07"Y2?'MAH0f\W.J4`07'<2?'MAH07* !#07\f\7.1"1VE!;�%!;2%'MAH07*1c
� ÕU$L07A{lÉl�FW!;2_2%F7.o2%.J�%@ vb,7�%A�"1.1\7GP��!#V/,7�%AHN���!#@B@B'<0WNHxw@B.[!#07*1c
� ÕBG70W\7.Y�?*-2�!#07\¤2?FW.qCEG707"Y2%'MAH0

pow
CM�%AH@ � �%AHN���!#@ � �f!#07\¤2%F7.qCEG707"Y2%'MAH07*

fill_n
!#07\

fillCM�%AH@ � �%AHN���!;@ � �Lc
�HÕU$L07A{l�2%FW!;2>CEA��%@f!#V�!X�%NHG7@B.10�2%*�AHC ,/AH'M032%.Y��2à9&,R.k"1!#0¤(/.qG7*?.1\¤2%ABl��%'<2?.q!;�?��!19�I�,7�%A&"1.Y*?*?'M07N
CEGW07"Y2?'MAH07*1ZW!#07\]@kG72%!;2%'M07N+CEG707"Y2%'MAH07*1c

� ÕU$L07A{l l�F�9g'<2p@f!;$8.1*f*?.Y0W*-.e2%A�"1AH@U,W'MVM.hCEG707"Y2%'MAH0Ñ\W.J4`07'<2?'MAH07*B*?.Y,`!;��!;2?.1V<98Z�!#07\Ì2?A�,WGP2
CEGW07"Y2?'MAH07*�'M032%AkVM'<(7��!;�%'<.1*1O

Operational.
Ò 0],`!;�?2%'<"1G7VE!;�[Z398AHGh*?F7AHGWV<\S(/.w!;(WVM.�2%A]OYO[O

Ó � � ÕfNH')68.o2àl_Aq�%.[!#*?AH07*�l�F�9p'<2�'M*�\7.1*?'<�%!;(WVM.�2%Az*?GP(/\7'<6&'M\7.�,7�%AHN���!#@B*_'M032%AaCEG707"Y2%'<AH0W*Yc
Ó �w�HÕB4W07\^,7�%.JIð!#07\¥,RAH*-2%"1AH07\7'<2%'MAH07*�CEA���NH'<68.10hCEG707"Y2%'<AH0W*YZ`l�F7.Y�?.Ã2%F7.Ã,7�%.1"1AH07\7'<2%'<AH0W*�*?F7AHG7VM\

(/.w!#*>£>�J�3¸¥!#*_,/AH*?*?')(`V<.�Z7!#07\]2%F7.>,/AH*-2%"1AH07\7'<2%'<AH0W*ð*-FWAHG7VM\p(/.w!#*w�Y�K�1�H�RÆ¥!#*_,/AH*?*-'<(WVM.�c
Ó � � ÕB4W07\�*-9&0�2�!#"J2%'M"[!#V�!#07\�*?.1@f!;0�2%'M"1!#V_.Y�?�%A��%*z'M0iCEG707"Y2%'MAH0�\7.Y4W07'<2%'MAH07*1Z�!#07\�'M0i,7�%AHN���!#@B*

2%FW!;2�"1AH032�!#'M0SCEG70W"J2%'MAH0^\7.Y4W07'<2%'MAH07*1c
Ó � � Õf.J6�!#V<G`!X2%.>NH'<68.10^CEG707"Y2%'MAH0]"[!#VMV/.JT&,7�%.1*?*?'<AH0W*Yc
Ó �w�HÕBl��%'<2%.¥ÓK@kGP2�!;2%'<0WN3Õ>CEG70W"J2%'MAH07*aCEA��aNH'<68.10È2�!#*-$&*1Z !#07\·l��%'<2%.B,7�%AHN���!;@B*+CEA��zNH'<68.Y0·2�!#*-$&*

2%FW!;2�G7*?.wCEGW07"Y2?'MAH07*1c
Ó � � Õf*-G7(R\W')6L'M\7._!�NH'<68.10k2�!#*-$q'M032%Ao*?@f!#VMV�*?GP(W2%!#*-$L*YZ&!#07\ql��%')2%.�!�,7�%AHN��%!#@�CEA��:2?FW._NH'<68.Y0a2�!#*b$

2%FW!;2�G7*?.1*�CEG70W"J2%'MAH07*�2?Aa�%.[!;VM'��1.�2%F7.o*?GP(W2%!#*-$L*Yc
Ó �w�HÕB(WG7'MVM\]!zVM'<(7��!X�?9pAH0^98AHG7��,`VM!;2%CEA��%@hZPNH'<68.Y0^2%FW!;2�98AHGs!;�?.Ã2%AHVM\]2?FW.w07.1"1.1*?*?!;�?9^2%.Y"¨F707'M"[!;V

\7.Y2�!;'MVM*1O
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3.1.12 Exercises

Exercise 68 �
�����a�D�1�[¹+�8���z�/�8�Y�?�Y�H���8�K�K�b�H�D��Á;�H�U�|�R��Á#�8§�§±�H£_���RÆwÁY�`���[�K�-�H�D�;© Ó �Ã�HÕJÓ � � Õ

!�Õ
int f (double i, double j, double k)

{

if (i > j)

if (i > k)

return i;

else

return k;

else

if (j > k)

return j;

else

return k;

}

(dÕ
double g (int i, int j)

{

double r = 0.0;

for (int k = i; k <= j; ++k)

r += 1.0 / k;

return r;

}

Exercise 69
¶u�d�3�+�8�Y�f�|�R���D�1�L {§±�1²^�h�-� Áp�8�/�{ªh£_�K�|�m�|�R��Á;�8§�§±�H£��Î�RÆ+ÁY�`���[�K�-�H�D�L�

�
�±Íe�|�R�1²

�8��� �ð���¤�[�P�D�1�1�D�[�b�3�?�>�D�1�[¹+�8���z�R�8�1�?�Y�H���8���K�-�H�D�;© Ó �w�HÕJÓ � � Õ
!�Õ

bool is_even (int i)

{

if (i % 2 == 0) return true;

}

(dÕ
double inverse (double x)

{

double result;

if (x != 0.0)

result = 1.0 / x;

return result;

}

Exercise 70
¶u�d�3�f���u�|�R�¡�H�R�<�D�d�^�%Áu�|�R�fÁ#�8§Î§»�H£_���RÆe�D�1�YÆH�Y�8²S®¤�7�-�R�1���8���RÆÉ�H� �|�R�n���L�D�d�

�/�d²s 1�1�
i
���f�1�#�1�[�b Y�q�|�R�B�H�R�<�D�d�����n²s�3�|�R�1²¤�3�K�b�J�3§5�?�Y�[²^�Y® �»ÆH���H�[���RÆÃ�/�8�1�Y�Å {§»�z�H¦L�1�{¹w�8���

�d���7�Y���Ã�H£��;© Ó � � Õ
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#include <iostream >

int f (int i)

{

return i * i;

}

int g (int i)

{

return i * f(i) * f(f(i));

}

void h (int i)

{

std::cout << g(i) << "\n";

}

int main()

{

int i;

std::cin >> i;

h(i);

return 0;

}

Exercise 71 �
�����^�|�L�1�Y�w�D�1�L {§±�1²^�k���i�|�R��Á#�8§Î§»�H£_���RÆk�D�1�YÆ��Y�8²¤© Ó � � ÕJÓ � � Õ

#include <iostream >

double f (double x)

{

return g(2.0 * x);

}

bool g (double x)

{

return x % 2.0 == 0;

}

void h ()

{

std::cout << result;

}

int main()
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{

double result = f(3.0);

h();

return 0;

}

Exercise 72
�/��²k�~§Ë� ÁY�Ê�|�R�u�D�1�YÆH�Y�8² ÁJ�1�H² º�ÍW�1�1�Y�K�#�Ìµ �Ù [�ç�d�Y���RÆ¿�|�R�Ñ§��b 1�Y�8�[�·ÁJ�d���[�K�b�H�

std::pow
© Ó �Ã�HÕ

Exercise 73 � �1�Y�`²e���|�d�3� �H�s�W�H�d�:�~§±�3�ÔÁ;�H�[²]®��|�R�>§��b [�J�8�[��ÁY�`���[�K�-�H� std::sqrt
�������8��¦L�1�[�

�1�[§��b�P [§»�#©
�
�H�

x
�^¦&�3§Ë�Ä�^�%Áa�K�X�/�

double
�
x � 0

ªH®�£o�U§»�[�
s(x)

 1�B�|�R�U¦��3§Ë�Ä�U�1�[�K�`�[���J�� [�
std::sqrt(

�������
)
®�� Á ������ �d�3�S¦&�3§��5�

x
®U�8���m£>�e�3�Y�Y�d²¤�^�|�d�3��£>�n�H�D§Ë�È¸#���H£Ú�|�d�3� Á#�H�

�#�H²¤�o�/�8�J�K�K��¦&�a¦&�3§��5�
ε � 1/2

®_�|�R�z�Y�[§±�3�K�Î¦L�]�Y�[�1�H�B�;�3�K��� ���[�

|s(x) − � x|

� x
� ε, � x.

¬ �H£ �J�8�Ð�W�H���[�d�8�RÆP�¥_�1�YÆH�J�8² ���m�Y�Ä�[���|�d�3�+�K�B�Y�H�[�Y�Y�[�|§��¡£o�H�{¸#�^�d���7�1�s�|�L�K�^�Y�[§±�3�K�Î¦L�
�1�[�1�H�B Y�H�d���Ä� Ç��H�s²¤�8�¥�3�1�Y�d²¤���|�d�3�_�|�R� �Ã�;�3�K���RÆ+�/�H�Î�D�_�/�`²¤ Y�1�k�Y�&�Y�?�1² �R�;�J�¥�H�m�`�H�`�
�~§E�3�ÔÁ#�H�[²Ù�K�� [�Î���8�[��® �8���+�|�d�3� �3§�§&¦��3§Ë�Ä�[���%Á_�K�X�/�

unsigned int
�8�1�w��Í7�7�[�|§��+�1�-�D�1�[�;�1�D�-�P {§±�

���·�|�L�K�k�Y���1�?�1²¤©z�#�:�L�K�+�K�B�h�|�R�J�H�[�m�¨ÍW�1�1�Y�K�#�#© ª Ó �w�HÕ

Exercise 74

�[ª ¶e�[�K�?�p��ÁJ�d���[�K�b�H�
// POST: return value is true if and only if n is prime

bool is_prime (unsigned int n);

�8���p�R�;�q�|�L�K� ÁY�`���[�K�-�H�m�Î�¡�q�D�1�JÆH�Y�8² �?�s�Y�H�d�D���|�R�q�/�d²s 1�1�p�%Án2àl�'M0B,7�%'M@B.1*o���È�|�R�
�Y�8�RÆL�

{2, . . . , 10000000}
�?�K£>�·�3�Ê�?�i�?�1�Ê²]�K§Î§Ë�b�H�D�bªL© � �K£_�Î�Ñ�D�[��²¤�¤���e�¤�d�8���·�%Á

�/�`²¤ 1�Y�{�
(i, i + 2)

 Y�8�|�·�%Á+£��L�-�[�m�8�1�w�D�[�Î²e�#©
 ?ª����¥�|�R�m�[�P�D�1�#�7�[�Ð�%Áu�[ªÈ�|�R�� Y�[�1�]�b²e�8�1�p�KÏ��1�b�1�D�<ªÌ�H���¤�?�È�|�L�K�U�D�1�L {§±�1²����EÁh�`�H�

�¨�8�m�|�L���D¸S�%Áq�^ Y�[�|�?�1�B�[�P�D�1�#�7�[�L®��W�H���8�1��ÁY�1�J�+�?�U��²k�~§»�Y²e�1�D� �������D�1�?�¨�P�¥�%Áo�|�R�U�H���
�H�d�|§Ë�Î���J�^�Î�Ì�[ªL©

Ó �w�HÕ

Exercise 75
���R�ðÁJ�d���[�K�b�H�

pow
�Î�È_�1�YÆ��Y�8² ½	�U���Y�J�3�

|e|
²]�d§)�K�Ë�~§Ë�b�J�3�K�-�H�D�Ã�?�s�J�H²a�D�d�?�

be
©

�_�d�8�RÆP�h�|�R�ÃÁJ�d���[�K�b�H�� 1�#�8�È�Y�Ä�[�·�|�d�3�+§±�[�1�p²]�R§Ë�K�)�~§��-�¨�3�K�-�H�D�¥�8�1�z�/�1�|Á;�H�[²e�¨�P©�Ç��H�¡²¤�8�
�R�;�z�|�R��Á#�8§Î§»�H£_���RÆwÁ;�7�1�-©
�EÁ

e � 0
�8���

e
�d�3�U [�����8�[�¥�1�b�D�1�[�#�1�D�-�3�K�b�H�

e =

∞∑

i=0

bi2
i,
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�|�R�1�

be =

∞∏

i=0

�
b2i � bi

.

Ó �w�HÕ

Exercise 76
¶e�[�K�?�q�Ã�D�1�YÆ��Y�8²

swap.C
�|�d�3���7� �ð���[�q�8���S�J�3§Î§)�+��ÁJ�d���[�K�b�H�zÁ;�H�w�Î�D�?�1�1�[�d�8�RÆ8¹

���RÆB�|�R�Ã¦&�3§��5�[�k�%ÁÃ�K£>�
int

�L  �#�Y�[�|�;©p�:�R���D�1�YÆ��Y�8² �1�R�H�d§±�U�d�8¦L�+�|�R� Á;�8§�§±�H£_���RÆz�1�K�[�5�[�K�`�1�#©
#include <iostream >

// your function definition goes here

int main() {

// input

std::cout << "i =? ";

int i; std::cin >> i;

std::cout << "j =? ";

int j; std::cin >> j;

// your function call goes here

// output

std::cout << "Values after swapping : i = " << i

<< ", j = " << j << ".\n";

return 0;

}¬ �1�Y�z�K�U�8� ��Í7�8²a�~§±�a�[�`� �%Áq�|�R�]�J�H²a�~§±�[�?�J�B�D�Y�YÆH�Y�8²��
i =? 5

j =? 8

Values after swapping : i = 8, j = 5. Ó �w�HÕ

Exercise 77 � �#�8�«ÁJ�p�|�R���D�1�YÆH�J�8² sort_array.C
ÁJ�1�H² º ÍW�Y�1�1�K�;� ���U���n�J�5�[�]£��8�S�|�d�3�ð�|�R�

�1�[�J�R§Ë�K���RÆz�D�Y�YÆH�Y�8²
sort_array2.C

�7� �ð���1�p�8���u�¨�3§�§Ë�f�ÃÁY�`���[�K�-�H�
// PRE: [first , last) is a valid range

// POST: the elements *p, p in [first , last) are

// in ascending order

void sort (int* first , int* last);�?�U�/�1�|Á;�H�[² �|�R�f�#�H�{�K�Î�RÆn�%Áa�|�R�^�8�[�Y�8�¤�Î�D�?�u�3�#�Y�Y���8���RÆm�H�Y�7�1��© ����²¤�8�m 1�f�?�1²k�~�K���RÆ��J 1�R�
���8���3§�§±�H£>�J�>Á;�H�U�L [¦��b�H�R�>�1�J�3�#�H�D�Åªf�?�B�R�#�

std::sort
�H�+�Y��²S�K§E�8���1�-�8���P�8�J�p§Ë�Å [�Y�8�[�oÁY�d���1¹

�K�-�H�D�B�Î�Ì�|�R�h 1�;�8���%Áf�|�R�oÁJ�d���[�K�b�H�
sort

�|�d�3�o�K�B�?�m 1�¥�7� �ð���J�P© ���a'M*^�3§Î§»�H£>�J�8®o�|�R�H�WÆ8�L®
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�?�n�Y�H²k�R�8�1�B�|�R�]�KÏ��1�b�1���1���%Áa�W�H�d�
sort

ÁY�`���[�K�-�H��£_���|�u�|�d�3���%Á
std::sort

�-£��L�b�[�u�d�3�
�|�R�U�X�8²e�>�D�1�[¹+�8���z�/�8�1�?�J�H���8�K�K�b�H�D�f�8���e�J�8�  1�a�R�#�¨�e��ÁY�?�1�

include<algorithm>
ªL©

�
�H�+�|�L�K�q�¨ÍW�1�Y�1�K�#�Y®��K�:�K�+�7�[�Y���J�P {§»�z�J [�d�:���8�ð�1�K�[�b�[�|§Ë�f���J�Y�[�1�X�8�[�Xªf�?�a�R�#�_�/�H�Î�D�?�1�+�����1�Y�[¹

²e�Y�D�o�
++p

ªS�3���|�R�B�H�D§Ë�s�1�/�1�J�3�K�-�H�¡�H�^�/�H���D�?�Y�{�B�J�[�R�8�{�RÁY�Y�H²����/���K�b�3§�� �3�3�K�b�H�·�8���h�3�1�Y�»ÆH�D¹
²e�Y�D�K®��%Áa�J�H�d�{�#�bªL© �EÁw�W�H�¤�Y�5�J�Y�J�f�Î�·�7�H���RÆB�#�H®:�W�H�d���#�H�{�K���RÆ�ÁY�d���1�K�-�H�m�d�3�o�|�R���/�8�?�1�D�K�Å�3§
�%Á�£>�H�{¸#�Î�RÆwÁ;�H�f�Y�H�D�-�8�����Y�{�k�|�d�3���7�f���8�o���+�Y�a�Y�8���7�H² �7�Y�Y�1�1�S�-�#�Y�U�3§Ë�#� ���Y�[�K�b�H��´`©�½L© �JªL©
Ó �w�HÕ

Exercise 78 � ,/.Y�-,/.Y2%GW!#V�"[!#VM.107\W!;�i�¨�8�Ú Y�n�R�#�¨�Ñ�?�Ð�7�1�?�1�[²]�Î���È�|�R�n£>�J�[¸��P�8��� � �H���P�8�3®©�©H©[® �/�d���P�8�{ª��%Áh�8�/�uÆH��¦L�Y�ç�P�3�?�#© Ç��H�·²¤�8�BÁ#�H�¤�¨Í7�8²k�~§»�]¸#���H£Ù�|�d�3���|�R�S¼��1�{§���� £��3§�§
�J�8²¤�a�7�H£_�·�H�e³z�H¦L�1²s 1�1�a¾8®�½L¾��W¾8®ð [�d�:£��d�3��£��3�>�|�R�Ã£>�Y�1¸��P�8����� ���:£��3�+�u�:�L�d�{�;�P�8�7©«ª
���k£��d�3�ð�K�w�|�R�+£>�Y�[¸��P�8�e�%ÁÃ�|�R�B½ � � �8�|�e�8�/�/�Î¦L�1�{�;�8�[�s�%Á��|�R� �/£_�K�Y�z�Y�H�HÁ;�J�7�1�Y�3�K�b�H�/®��?�^ 1�
�Y�1§»�# 1�Y�3�?�J���H� � �WÆH�R�1�o½H® � �R¾7½~�È� � �5�[¸;�K§���®_�|�L���f [�»Æa�d�8�{�K�s£_��§�§� 1�S�H�Ñ� ���3�K�d�Y�P�8�7©«ª
�[ª��:�R�U�-�3�1¸p�K�k�?�^£_�[�K�?�]�z�D�1�YÆH�Y�8² �|�d�3���H�R�<�D�d�|�a�|�R�a£o�J�[¸��P�8�·� � �H���P�8��®�©�©H©1® �/�`�D¹�P�8�{ªs�%Áf�SÆH��¦&�1�i���L�D�d�o�P�3�?�#©
�1�7�1�D�K� ÁY�s�^�#�1�o�%Á+�J�Ä {�-�3�1¸#�+�?�p£��L�b�[�s�W�H�i�¨�8�È�1�¨�8�5�J�z�|�L���+�-�3�1¸�© �/�5�[�u�]�#�[�_�K�Ã���8�
�`�/� �[�Ä�1® �%ÁÃ�J�H�d�{�#�Y®  [�R� �3§�§7���/�Î¦��b�8�~�3§7�Y�Ä {�-�3�Y¸����1�R�H�d§±�U Y�>�Y²¤�3§Î§Ä�-�#�q�Y²¤�3§Î§`�|�d�3���|�R�Y�
�J�H�R§E�e 1�a�1�J�3§�� �3�J�¥£_�K�|�kÁ#�1£Â§������[�f�%Áf�Y�#�7�bªL©
�����K�B�%Áf�Y�H�d�{�;�o�/�8�Y�Y�b {§±��Á#�H�S�^�Y�Ä [�-�3�1¸
�Î�g�W�H�d�f�;�[�>�?�¤�1�¨�8�5�J�S�?�m�8�|�R�1�p�Y�~ {�-�3�1¸��X©s�8¶e�K�|�R�H�R��ÆH�Î¦����RÆn�8£��8���8�/�&�|�L�Î�RÆH®+�H���
�Y�~ {�-�3¸��+�|�d�3�ð�W�H�i�Y�1�{�-�8�Î�D§Ë�]���Y�J�]�K�+�?�h�7�[�?�1�[²S�����q£��R�[�|�R�1�f�fÆH��¦L�Y�È�W�J�8�k�K�z�S§±�J�[�
�W�J�8�?ªL©

 ?ª ¶e�[�K�?�p�U�D�1�YÆ��Y�8²
perpetual_calendar.C

�|�d�3���1�J�P�3�f�u�P�3�?��ÁJ�1�H² �|�R�U���L�D�d�o�8���
�H�d�<�D�R�|�k�|�R�^�Y�H�[�1�1�b�/�H���8���RÆ¥£>�J�[¸��P�8�7©¤�:�R�z�J�8�RÆP�^�%Áf�P�3�?�[�z�|�d�3���|�R�w�D�1�YÆH�Y�8² �J�8�
�D�1�#�Y�[�1�p�1�R�H�d§±�¤�1�-�8�{�>���u§E�3�?�1�S�|�d�8���P�8�/�Ä�8�[�È½H®k½L¾ � ��� � �H���P�8�{ªL©·���R�+�D�1�YÆ��Y�8²�1�R�H�d§±�z�[�R�Y�1¸�£��R�1�|�R�1�o�|�R�����L�D�d�5�K�>�q§»�ÅÆL�3§~�P�3�?�Y®��8���q�«Á����8�K®��1� �#�Y�[� �K�-© � �n��Í7�8²a�~§±��[�`�Ì�%Ák�|�R�o�D�Y�YÆH�Y�8² ²]�ÎÆH�P��§±���8¸]§��K¸&�a�|�L�K�X©

day =? 13

month =? 11

year =? 2007

Tuesday

���U�1�K�[�5�[�K�`�1�+�W�H�d���D�1�JÆH�Y�8²]®ð�Î²a�~§±�1²e�Y�D�ð�|�R�+�Y�Ä [�-�3�1¸���ÁJ�1�H² �[ªS�3�:ÁY�`���[�K�-�H�D�J®��8���
�D�d���|�R�w�D�Y�YÆH�Y�8² �?�YÆP�[�|�R�Y��ÁY�1�H² �|�R�[�#��ÁY�`���[�K�-�H�D�;©

Ó �w�HÕJÓ � � Õ

Exercise 79
¼��d��§±� �g§��b 1�Y�8�[�Ê�H���W�H�d�S�~§±�3�ÔÁ;�H�[² ÁY�Y�H² �|�R� �_§±�[�

math.h
�8���

math.C
���

_�1�YÆH�Y�8² �W´g�8���n_�1�YÆ��Y�8² � �Ä©����#�]�|�L���S§��b 1�Y�8�[�·�?�sÆP�1���1�J�3�?�u�8���¨ÍW�J�1�R�-�P {§±�U�D�1�YÆ��Y�8²
ÁY�Y�H² _�1�YÆ��Y�8² �`µW© Ó �w�HÕJÓ �Ã�HÕ

Exercise 80
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�[ª��%²k�~§»�1²¤�1�D�>�|�R��Á#�8§Î§»�H£_���RÆÃÁY�`���[�K�-�H� �8���s�?�[�Y�>���-©mÇ��H��²¤�8�m�3�1�Y�d²¤�U�|�d�3���|�R�f�K�{�/�
double

�J�H²a�~§��-�[�w£����|�^�|�R� ��º�º�ºÉ�1�-�8���P�8�Y� �8µ �d®��#�Y�����Y�[�K�b�H� �R©±µW© �&©B�:�R� ÁJ�d���[�K�b�H�
���]�H�D§Ë�¤�1� �1�d���Y�J�e�?�s£>�H�{¸u�J�H�[�1�Y�[�|§��3®o� ÁU�|�R�B���¨�8�1�[�1�o���D�?�bÆL�1�S���z���¡�|�R�B¦��3§Ë�Ä�B�Y�8�RÆP�
�%Ák�|�R�a�K�X�/�

int
© Ó �Ã�HÕ

// POST: return value is the integer nearest to x

int round (double x);

 ?ª��:�R�o�R�8�1�?�Y�H���8���K�-�H� �%Ák�|�R��ÁY�d���1�K�-�H�Ì�7���1�k���8���X�8�h£��d�3���d�[�P�/�1�D�q�«Ák�|�R�1�1�S�8�1�z�K£>�
���¨�8�1�[�1���Î�D�?�bÆP�Y�{�;© �L�/�J�1�«ÁJ�s�|�R�p Y�[�d�8¦��-�H�p�%Á+�W�H�d�k��²a�~§±�1²¤�1�D�-�3�K�-�H�È���i�|�R�>�/�8�1�?�J�H�D¹
�8���K�-�H�Ì�%Á+�W�H�d��ÁY�`���[�K�-�H��© Ó �w�HÕ

"{Õ���\7\z!o\7.1"1VM!;��!;2%'<AH0aAHCW98AHG7�:CEG707"Y2%'MAH0k2%Aw2%F7.ð4WVM.
math.h

Ó � �%AHN���!;@¢� � Õ�!#07\B!�\7.Y4W07'<2%'MAH0
2%A

math.C
Ó � �%AHN���!#@¢� � ÕJO � G7'MVM\B!oVM'<(7��!;�-9qCM�%AH@×2%F7.1*-.�2àl_AÃ4WVM.1*1Z�!#07\U�%.Yl��%'<2%.�98AHG7�:2%.1*-2

CEG707"Y2%'MAH0SCM�%AH@ !HÕð2?Az"[!#V<VR2%F7.ÃVM'<(7��!X�?9U68.Y�%*-'MAH0^AHC52%F7.oCEG70W"J2%'MAH0
round

O Ó �Ã�HÕ

3.1.13 Challenges

Exercise 81 � �/�Ä�7�8¸#�z�D� � �#§±�>�K���/�8�#�¨�^�H���aÆH�[�Å�]�%Á
9 � 9

�Y�[§Î§)�Y®��Y�~ Y�8�Î¦��b�7�¨�z�Î�D�?�S¾z���[�Ä�8�Y�
 1�;Í7�[�¤�%Á

3 � 3
�Y�1§�§Ë�¤�J�7�1�d© ���H²¤�SÆH�[�Å�i�Y�1§�§Ë�¥�8�1�s�3§Ë�Y�J�P�8� �_§�§±�J�È [�m�/�d²¤ Y�1�{�s Y�[�K£>�Y�1�

1�8���
9 �
�|�R�pÆP�#�3§_�K�p�?� �_§�§_�|�R�]�Y�1²¤�8�Î�/���RÆ��J�[§�§Ë�¤ [�m�/�d²s 1�1�{�s 1�[�K£>�Y�Y�

1
�8���

9
���¿�J�5�[�

�¥£��8�e�|�d�3��£_���|�L���¿�J�7�1�m�Y�H£�®w�Y�8§��d²S�/®Ã�8���n 1�;Í��%Áz�|�R�^�Y�H²k�~§»�1�?�J�¥ÆH�[�b�8®w�1¦L�1�[�¤�/�d²s 1�1�
���J�1�d�{�p�¨Í7�7�[�|§��m�H���Y�#© ¬ �1�1�a�K�B�8�Ì�¨Í7�8²k�~§»�S�%ÁU� �/�~�7�8¸#�h�D� � �#§±� �

1 7 4

5 9 3 2

6 7 9

4 8

2 1

9 5

4 7 3

7 3 2 6

6 5 4
�%�u�#�8§�¦��Î�RÆU�|�R�_�D� � �;§»�1®_�H���o²¤�8�f�K�[�f�?�p�7�J�8�5�J��ÁJ�1�H² �|�R�a�3§��1�J�P�8� �_§Î§»�¨�U�/�`²¤ 1�Y�{�Ã�|�d�3�

.JTP!#"Y2%V<9sAH07.¥�/�d²¤ Y�1�^���h�·�J�8���8�Å�P�3�?�ÃÁ#�H�¥�n�J�d�K�-�P [§»�s�1²a�~�K���J�[§�§E© �:�R�1�Ì�|�L�K�f�/�d²¤ Y�1�^���
�_§�§±�J�^���D�?�h�|�R�S�Y�[§Î§Ë®>�8���¥�|�R�S�7�¨�8�5�[�K�b�H�e�D�1���J�[�1�z���k�Y�-�/�J�3�?�¨�P©e�:�R�1�1�p�8�1�B�K£>�h�Y���K�Ä�3�K�b�H�D�
£��R�1�1�>�Y�Ä�[�]�U�7�¨�8�5�[�K�b�H�kÁ;�H���|�R���J�[§�§W���h�1�H£

r
�m�J�8§Ë�`²]�

c
�8�����/�d²¤ Y�1�

n
�K�:�R�8�{�K�b�1�R§E�8�{§��

�J�3�J�i�8���UÁ#�8§Î§»�H£��f�|�R� �D�R�1�{§»�#�[¸ ¬ �8§�²e�1�h�[�P�D�Y�#�7�[�Ì�8Q�AXlÂAHCM2%.Y0uFW![68. Ò *?!#'M\¤2?Ap98AHGe2?F`!X2
l�F7.10p98AHG]FW!168.w.YVM'M@B'M0W!;2%.Y\z2%F7.>'M@U,/AH*?*?')(`V<.�Z3l�FW!;2%.Y68.Y�_�%.Y@f!#'M07*1Z&F7A{l_.Y68.Y��'M@U,7�%A�(`!;(WVM.�Z8@kGW*b2
(/.>2%F7.o2-�%GP2%F � ªL©
½L© � §�§��/�`²¤ 1�Y�{�S�8�K�1�K�Î���[�5ÁJ�1�H² n

�3§��1�J�P�8���[�P�/�J�8�U�#�H²e�1£��R�1�Y�B�����|�R�B�X�8²e�z�Y�H£�®w�Y�8§Ë¹
�`²]�/®>�H�B´8Í&´m 1�;Í7©]���L���k���J�Y�[�1�X�8�[�K§��s²¤�J�8�D�a�|�d�3���|�R�]�J�[§�§ �d�3�k�?�e 1� �_§�§±�J�^£_���|�

n
®

�Y�Î���Y�a£o�z�d�8¦L�p�[§Ë�Î²]�Î���3�?�J�u�3§Î§ �8�|�R�1�¥0&G7@q(/.Y�%*U�3�q��²a�R�8�1�Y�b [§»�#©
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�R© � §�§��8�|�R�1�e�J�[§�§Ë�p�Î� �|�R�S�;�8²e�f�1�H£_®k�H�]�Î�Ì�|�R�S�;�8²e�s�Y�8§��d²S�/®a�H�p���Ì�|�R�]�X�8²e�S´8Í&´
 Y�;Í��8�1�h�3§Ë�1�¨�P�8�u¸#���H£_�g���8�>�?���J�H�D�-�8���

n
© � ÆL�8�Î�/®��|�R�h�Y�[§Î§��d�3�U�?�n Y� �_§Î§»�¨�m [� n�|�R�1�/®:�Y�Î���Y�o£o�w�d�8¦L�q�[§���²S�����3�?�J�]�3§�§5�8�|�R�1�U"1.1VMVM*�Á;�H�Ã�|�R�o�/�d²s 1�1�

n
£_�K�|�L�Î�u�|�R�o�1�H£_®

�J�8§Ë�`²]�/®>�H�S Y�;Í7©
¶e�[�K�?�i�u�D�1�JÆH�Y�8²

sudoku.C
�|�d�3�B�-�3¸&�[�·�3�s���L�D�d�S� �/�Ä�7�8¸#�¡�D� � �#§»�¤����Á;�H�[² �%Ám�

�#� �[�5�1���J�B�%Á
81

�/�`²¤ 1�Y�{�a 1�[�K£>�J�1�
0
�8���

9
�?�|�R�wÆH�[�Å�B�/�d²s 1�1�{�>ÆH��¦&�1�n�1�H£� [�f�1�H£_®�£��R�1�1�

0
�Î���8�-�¨�3�?�[�k�8�i�Y²a�~�K�s�Y�[§Î§ ªL©p�:�R�w�/�`²¤ Y�1�{�Ã²]�»Æ8�P�� Y�+�#�-�R�8�J�3�?�J�h [�p£��L�K�?�[�b�d�7�Y�[�Y®��#�B�|�d�3�

�|�R� �/�~�7�8¸#�^�D� � �#§»��ÁY�Y�H² �P Y�H¦L�]�J�H�R§E�u�J�H�/¦L�1�/�-�Y�D�|§Ë�� 1�]�Y���Y�#�7�¨�s§Ë��¸&�z�|�L���k�Î�Ñ� �_§»� �
0 0 0 1 0 0 7 4 0

0 5 0 0 9 0 0 3 2

0 0 6 7 0 0 9 0 0

4 0 0 8 0 0 0 0 0

0 2 0 0 0 0 0 1 0

0 0 0 0 0 9 0 0 5

0 0 4 0 0 7 3 0 0

7 3 0 0 2 0 0 6 0

0 6 5 0 0 4 0 0 0

���R���D�1�JÆH�Y�8² �1�R�H�R§E�f���H£��K�[�h�?�]�#�8§Ë¦&�a�|�R���D� � �#§±�U [�h�R�Y�Î�RÆ¥�H�D§Ë�^�|�R�z�K£>� �D�R�1�{§»�#�[¸�¹
¬ �8§�²e�[�Y¹-�K�{�/�h�7�J�8�5�1�K�-�H�D��ÁY�1�H² �P 1�H¦L�#©·���R�h�H�d�<�D�R�>�1�R�H�d§±�m 1�h�·�Î�R�8�{�K�Å�3§�§��Xªn�J�H²a�~§±�[�?�J�
ÆH�[�Å�h�|�d�3�����p�Y�K�|�R�1�z�|�R�U�#�8§��R�K�b�H�·�?�]�|�R�w�D� � �#§»�Y®��H�U�|�R�k�d�/� �1�5�S�-£��L���bªs�R�8�{�K�b�3§ �#�8§��R�K�b�H�
���Ê£��L�-�[�¡��� �D�R�1�{§±���[¸#¹ ¬ �8§�²e�[�Y¹-�K�{�/�·�7�J�8�Ä�[�K�-�H�D�n�[�P�~§��Ì�8�/��²¤�H�1�i�¨�HÆL�8���/®p�1²a�~�K�Ð�J�[§�§Ë�
�1�R�H�d§±�s 1�a�����8�-�¨�3�?�J�u 1�¤�|�R�f�8�ÎÆ��K�

0
ªL©

�%���|�R�f�P 1�H¦L�S�¨Í7�8²a�~§±�1®��|�R�S�H�d�<�D�R�o�%Áf�e�Y�H�[�1�J�[� �D�1�YÆH�J�8² £_�K§Î§� 1�z�|�R�U�#�8§��R�K�b�H� �
3 9 2 1 8 5 7 4 6

8 5 7 4 9 6 1 3 2

1 4 6 7 3 2 9 5 8

4 7 9 8 5 1 6 2 3

5 2 8 6 7 3 4 1 9

6 1 3 2 4 9 8 7 5

2 8 4 5 6 7 3 9 1

7 3 1 9 2 8 5 6 4

9 6 5 3 1 4 2 8 7
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